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0 Introduction

0.1 General

This clause and its subclauses do not form an integral part of this Recommendation | International Standard.

0.2 Prologue

As the costs for both processing power and memory have reduced, network support for coded video data has
diversified, and advances in video coding technology have progressed, the need has arisen for an industry standard for
COmpress=d video errPQanﬁnn with snbstantially increased (‘nding efficiency and enhanced robustness to network
environmgnts. Toward these ends the ITU-T Video Coding Experts Group (VCEG) and the ISO/IEC Mdéwving Picture
Experts Qroup (MPEG) formed a Joint Collaborative Team on Video Coding (JCT-VC) in 2010 for deyelogment of a
new Rec¢mmendation | International Standard. This Recommendation | International Standard was ‘developled in the
JCT-VC.

0.3 Purpose

This Rec¢gmmendation | International Standard was developed in response to the growing ‘need for higher compression
of moving pictures for various applications such as videoconferencing, digital storagé media, television bropdcasting,
internet sfreaming, and communications. It is also designed to enable the use,of\the coded video represenfation in a
flexible njanner for a wide variety of network environments as well as to enable-the use of multi-core parallel encoding
and decoding devices. The use of this Recommendation | International Standard allows motion video to be manipulated
as a formfof computer data and to be stored on various storage media, trafismitted and received over existing aind future
networks |and distributed on existing and future broadcasting chann¢l§. Supports for higher bit depths and|enhanced
chroma fprmats, including the use of full-resolution chroma arg\provided. Support for scalability enaljles video
transmissjon on networks with varying transmission conditions.:and other scenarios involving multiple bit rat¢ services.
Support for multiview enables representation of video comtent with multiple camera views and optional| auxiliary
informatign.

0.4 Applications

This Recpmmendation | International Standard.is“designed to cover a broad range of applications for vidgo content
including|but not limited to the following:

e |Broadcast (cable TV on opticaknetworks / copper, satellite, terrestrial, etc.)
e  |Camcorders

e  [Content production @nddistribution

e [Digital cinema

e [Home cinenta

e [Internetstreaming, download and play

e [Mecdical imaging

Mobile streaming, broadcast and communications

Real-time conversational services (videoconferencing, videophone, telepresence, etc.)

. Remote video surveillance

Storage media (optical disks, digital video tape recorder, etc.)

Wireless display

0.5 Publication and versions of this Specification

This Specification has been jointly developed by ITU-T Video Coding Experts Group (VCEG) and the ISO/IEC
Moving Picture Experts Group (MPEQG). It is published as technically-aligned twin text in both ITU-T and ISO/IEC. As
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the basis text has been drafted to become both an ITU-T Recommendation and an ISO/IEC International Standard, the
term "Specification" (with capitalization to indicate that it refers to the whole of the text) is used herein when the text
refers to itself.

This is the second version of this Specification. Additional versions are anticipated.

Rec. ITU-T H.265 | ISO/IEC 23008-2 version 1 refers to the first approved version of this Recommendation |
International Standard.

Rec. ITU-T H.265 | ISO/IEC 23008-2 version 2 refers to the integrated text containing format range extensions,
scalability extensions, multiview extensions, additional supplement enhancement information, and corrections to
various minor defects in the prior content of the specification.

0.6 Profiles, tiers, and levels

range of
al storage
h, various
oped, and
ce among

of subsets
e formally

A "profilg" is a subset of the entire bitstream syntax that is specified in this Récommendation | International|Standard.
Within the bounds imposed by the syntax of a given profile it is still possible’to require a very large variafion in the
performance of encoders and decoders depending upon the values taken by syntax elements in the bitstream spch as the
specified fize of the decoded pictures. In many applications, it is currefitly neither practical nor economic to implement
a decoder|capable of dealing with all hypothetical uses of the syntax{within a particular profile.

In order tp deal with this problem, "tiers" and "levels" are specified within each profile. A level of a tier is g specified
set of confstraints imposed on values of the syntax elements in\the bitstream. These constraints may be simplq limits on
values. Alternatively they may take the form of constrainfs; on arithmetic combinations of values (e.g., picfure width
multiplied by picture height multiplied by number of pictures decoded per second). A level specified for a lower tier is
more congtrained than a level specified for a higher tiér:

Coded vidleo content conforming to this Recommendation | International Standard uses a common syntax. Ih order to
achieve afsubset of the complete syntax, flags;.parameters, and other syntax elements are included in the bitsfream that
signal the|presence or absence of syntactic'¢lements that occur later in the bitstream.

0.7 Qverview of the design-characteristics

The codedl representation spegified in the syntax is designed to enable a high compression capability for a desired image
or video quality. The algorithimi is typically not lossless, as the exact source sample values are typically not [preserved
through the encoding and -decoding processes. A number of techniques may be used to achieve highly efficient
compressfon. Encodirig-algorithms (not specified in this Recommendation | International Standard) may seledt between
inter and [intra coding for block-shaped regions of each picture. Inter coding uses motion vectors for block-hased inter
predictior] to exploit temporal statistical dependencies between different pictures. Intra coding uses varigqus spatial
predictior] modes to exploit spatial statistical dependencies in the source signal for a single picture. Motion vgctors and
intra predjctioh modes may be specified for a variety of block sizes in the picture. The prediction residual mgy then be
further compressed using a transform to remove spatial correlation inside the transform block before it is quantized,
producing a possibly irreversible process that typically discards less important visual information while forming a close
approximation to the source samples. Finally, the motion vectors or intra prediction modes may also be further
compressed using a variety of prediction mechanisms, and, after prediction, are combined with the quantized transform
coefficient information and encoded using arithmetic coding.

0.8 How to read this Specification

It is suggested that the reader starts with clause 1 (Scope) and moves on to clause 3 (Definitions). Clause 6 should be
read for the geometrical relationship of the source, input, and output of the decoder. Clause 7 (Syntax and semantics)
specifies the order to parse syntax elements from the bitstream. See clauses 7.1-7.3 for syntactical order and see
clause 7.4 for semantics; e.g., the scope, restrictions, and conditions that are imposed on the syntax elements. The actual
parsing for most syntax elements is specified in clause 9 (Parsing process). Clause 10 (Sub-bitstream extraction process)
specifies the sub-bitstream extraction process. Finally, clause 8 (Decoding process) specifies how the syntax elements
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are mapped into decoded samples. Throughout reading this Specification, the reader should refer to clauses 2
(Normative references), 4 (Abbreviations), and 5 (Conventions) as needed. Annexes A through E also form an integral
part of this Recommendation | International Standard.

Annex A specifies profiles each being tailored to certain application domains, and defines the so-called tiers and levels
of the profiles. Annex B specifies syntax and semantics of a byte stream format for delivery of coded video as an
ordered stream of bytes. Annex C specifies the hypothetical reference decoder, bitstream conformance, decoder
conformance, and the use of the hypothetical reference decoder to check bitstream and decoder conformance. Annex D
specifies syntax and semantics for supplemental enhancement information message payloads. Annex E specifies syntax
and semantics of the video usability information parameters of the sequence parameter set. Annex F specifies general
multi-layer support for bitstreams and decoders. Annex G contains support for multiview coding. Annex H contains
support for scalability.

Throughout this Specification, statements appearing with the preamble "NOTE —" are informative and are not an

integral part of this Recommendation | International Standard.
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INTERNATIONAL STANDARD

1

heterogeneous environments —

Part 2: High efficiency video coding

Scope

This Recommendation | International Standard specifies high efficiency video coding.

ISO/IEC 23008-

2:2015(E)

Information technology — High efficiency coding and media delivery in

2 Normative references
2.1 General
The following Recommendations and International Standards contain provisions which, through referénce ip this text,

constitute [provisions of this Recommendation | International Standard. At the time of publication, the edition
were valigl. All Recommendations and Standards are subject to revision, and parties to_dgreements bas
Recommepdation | International Standard are encouraged to investigate the possibility ofiapplying the nj
edition of|the Recommendations and Standards listed below. Members of IEC and ISO‘maintain registers o
valid Intefnational Standards. The Telecommunication Standardization Bureau of theé ITU maintains a list o
valid ITU{T Recommendations.

2.2

2.3

2.4

3

)

lentical Recommendations | International Standards

+ None

i~}

aired Recommendations | International Standards equivalent in technical content

+ None

Additional references

+ Recommendation ITU-T T.35 (in.force), Procedure for the allocation of ITU-T defined
non-standard facilities.

1+ ISO/IEC 11578: in force, Information technology — Open Systems Interconnection — Remote
Call (RPC).

1+ ISO 11664-1: in force, Colorimetry — Part 1: CIE standard colorimetric observers.

+ ISO 12232: in forcey Photography — Digital still cameras — Determination of exposure index,
ratings, standatd output sensitivity, and recommended exposure index.

+ IETF RFCW321 (in force), The MD5 Message-Digest Algorithm.
+ ISO/MIECLL0646: in force, Information technology — Universal Coded Character Set (UCS).
1+ IETERFC 5646 (in force), Tags for Identifying Languages.

indicated
ed on this
ost recent
[ currently
[ currently

codes for

Procedure

ISO speed

Defimitions

For the purposes of this Recommendation | International Standard, the following definitions apply:

31

3.2

access unit: A set of NAL units that are associated with each other according to a specified classification rule,

are consecutive in decoding order, and contain exactly one coded picture with nuh_layer id equal to

0.

NOTE 1 - In addition to containing the VCL NAL units of the coded picture with nuh_layer id equal to 0, an access
unit may also contain non-VCL NAL units. The decoding of an access unit with the decoding process specified in

clause 8 always results in a decoded picture with nuh_layer id equal to 0.

NOTE 2 — An access unit is defined differently in Annex F and does not need to contain a coded picture with

nuh_layer id equal to 0.

AC transform coefficient: Any transform coefficient for which the frequency index in at least one
dimensions is non-zero.

Rec. ITU-T H.265 (2015 E)
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33

34
35

3.6
3.7
3.8
3.9

3.10

3.11

3.12

3.13
3.14

3.15

3.16

3.17

3.18

3.19

3.20

3.21
3.22

3.23

associated non-VCL NAL unit: A non-VCL NAL unit (when present) for a VCL NAL unit where the VCL NAL
unit is the associated VCL NAL unit of the non-VCL NAL unit.

associated IRAP picture: The previous /RAP picture in decoding order (when present).

associated VCL NAL unit: The preceding VCL NAL unit in decoding order for a non-VCL NAL unit with
nal_unit type equal to EOS NUT, EOB NUT, FD NUT, or SUFFIX SEI NUT, or in the ranges of
RSV _NVCL45..RSV_NVCL47 or UNSPEC56..UNSPECG63; or otherwise the next VCL NAL unit in decoding
order.

base layer: A layer in which all NAL units have nuh_layer id equal to 0.
bin: One bit of a bin string.
binarization: A set of bin strings for all possible values of a syntax element.

set of bin

trings.

bin string: An intermediate binary representation of values of syntax elements from the bingrization of the
yntax element.

bi-predictive (B) slice: A slice that may be decoded using intra prediction or intep-preédiction using at most
wo motion vectors and reference indices to predict the sample values of each block.

bitstream: A sequence of bits, in the form of a NAL unit stream or a byte streamisthat forms the repgesentation
f coded pictures and associated data forming one or more CVSs.

block: An MxN (M-column by N-row) array of samples, or an MxN array.of transform coefficients.

broken link: A location in a bitstream at which it is indicated that some subsequent pictures in decolling order
may contain serious visual artefacts due to unspecified operations'performed in the generation of the pitstream.

broken link access (BLA) access unit: An access unit it"which the coded picture with nuh_laydr id equal
0 0 is a BLA picture.

broken link access (BLA) picture: An /RAP pictuie for which each VCL NAL unit has nal_unit_type equal to
BLA_W_LP,BLA W _RADL, or BLA N_LP.

NOTE — A BLA picture contains only I slicesj\and may be the first picture in the bitstream in decoding order, or may
appear later in the bitstream. Each BLA piéture begins a new CVS, and has the same effect on the decoding process
as an IDR picture. However, a BLA pictlite contains syntax elements that specify a non-empty RPS. When a BLA
picture for which each VCL NAL unit has nal unit type equal to BLA W_LP, it may have associpted RASL
pictures, which are not output bythe’ decoder and may not be decodable, as they may contain referenceq to pictures
that are not present in the bitsfream. When a BLA picture for which each VCL NAL unit has nal unit_type equal to
BLA_W_LP, it may also have'associated RADL pictures, which are specified to be decoded. When a BLA picture for
which each VCL NAL unit’has nal unit_type equal to BLA' W _RADL, it does not have associated RASL pictures
but may have associated RADL pictures. When a BLA picture for which each VCL NAL unit has nal unif type equal
to BLA N _LP, it dees not have any associated leading pictures.

buffering period: The set of access units starting with an access unit that contains a buffering period SEI
message and containing all subsequent access units in decoding order up to but not including the next access
nit (when present) that contains a buffering period SEI message.

byte: A-sequence of 8 bits, within which, when written or read as a sequence of bit values, the leff-most and
ight‘most bits represent the most and least significant bits, respectively.

by te. qllﬂnad A_positionin-a bitstreaniis hvfp q|1nhpr1 when-the positionis-an-integer mn]hh]p of$ bltS from
B4 F P t=3

the pos1t10n of the first bit in the bitstream, and a blt or byte or syntax element is said to be byte aligned when
the position at which it appears in a bitstream is byte-aligned.

byte stream: An encapsulation of a NAL unit stream containing start code prefixes and NAL units as specified
in Annex B.

can: A term used to refer to behaviour that is allowed, but not necessarily required.

chroma: An adjective, represented by the symbols Cb and Cr, specifying that a sample array or single sample
is representing one of the two colour difference signals related to the primary colours.

NOTE — The term chroma is used rather than the term chrominance in order to avoid the implication of the use of
linear light transfer characteristics that is often associated with the term chrominance.

clean random access (CRA) access unit: An access unit in which the coded picture with nuh_layer id equal
to 0 is a CRA picture.
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clean random access (CRA) picture: An /IRAP picture for which each VCL NAL unit has nal unit_type equal
to CRA_NUT.

NOTE — A CRA picture contains only I slices, and may be the first picture in the bitstream in decoding order, or may
appear later in the bitstream. A CRA picture may have associated RADL or RASL pictures. When a CRA picture has
NoRaslOutputFlag equal to 1, the associated RASL pictures are not output by the decoder, because they may not be
decodable, as they may contain references to pictures that are not present in the bitstream.

coded picture: A coded representation of a picture containing all coding tree units of the picture.

coded picture buffer (CPB): A first-in first-out buffer containing decoding units in decoding order specified
in the hypothetical reference decoder in Annex C.

coded representation: A data eclement as represented in its coded form.

coded slice segment NAL unit: A NAL unit that has nal_unit_type in the range of TRAIL N to RASL R,
inclusive, or in the range of BLA W _LP to RSV_IRAP_ VCL23, inclusive, which indicates that the NAL unit
ontains a coded slice segment.

foded layer-wise video sequence (CLVS): A sequence of pictures and the associated non-WCL"NAL units of
the base layer of a CV'S.

foded video sequence (CVS): A sequence of access units that consists, in decoding order, of an IRAP access
nit with NoRaslOutputFlag equal to 1, followed by zero or more access units that-are not IRAP afcess units
with NoRaslOutputFlag equal to 1, including all subsequent access units AlpHto but not inclpding any
ubsequent access unit that is an IRAP access unit with NoRaslOutputFlag equal t6 1.
NOTE — An IRAP access unit may be an IDR access unit, a BLA access ufiit, or a CRA access unit. The value of
NoRaslOutputFlag is equal to 1 for each IDR access unit, each BLA access\unit, and each CRA access unjt that is the
first access unit in the bitstream in decoding order, is the first access unitithat follows an end of sequence NAL unit in
decoding order, or has HandleCraAsBlaFlag equal to 1.

foded video sequence group (CVSG): One or more consecutive CVSs in decoding order that cpllectively
onsist of an /RAP access unit that activates a VPS RBSP firstVpsRbsp that was not already active followed by
111 subsequent access units, in decoding order, for which(firstVpsRbsp is the active VPS RBSP up to[the end of
the bitstream or up to but excluding the access unit that activates a different VPS RBSP than firstVpsRbsp,
whichever is earlier in decoding order.

toding block: An NxN block of samples for sofite value of N such that the division of a coding tree|block into
Foding blocks is a partitioning.

foding tree block: An NxN block of samples for some value of N such that the division of a compgonent into
Foding tree blocks is a partitioning.

oding tree unit: A coding tree block of luma samples, two corresponding coding tree blocks pf chroma
amples of a picture that has-three sample arrays, or a coding tree block of samples of a monochrome picture
r a picture that is coded using three separate colour planes and syntax structures used to code the samples.

oding unit: A coding block of luma samples, two corresponding coding blocks of chroma samples of a
picture that has thre¢-sample arrays, or a coding block of samples of a monochrome picture or a picfure that is
oded using three s€parate colour planes and syntax structures used to code the samples.

fomponent;An array or single sample from one of the three arrays (luma and two chroma) that gompose a
picture in4:2:0, 4:2:2, or 4:4:4 colour format or the array or a single sample of the array that composg a picture
n mgnochrome format.

ontéxt variable: A variable specified for the adaptive binary arithmetic decoding process of a|bin by an
equation containing recently decoded bins.

cropped decoded picture: The result of cropping a decoded picture based on the conformance cropping
window specified in the SPS that is referred to by the corresponding coded picture.

decoded picture: A decoded picture is derived by decoding a coded picture.

decoded picture buffer (DPB): A buffer holding decoded pictures for reference, output reordering, or output
delay specified for the hypothetical reference decoder in Annex C.

decoder: An embodiment of a decoding process.

decoder under test (DUT): A decoder that is tested for conformance to this Specification by operating the
hypothetical stream scheduler to deliver a conforming bitstream to the decoder and to the hypothetical
reference decoder and comparing the values and timing or order of the output of the two decoders.
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3.45
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3.48

3.49

3.50

3.51

3.52
3.53
3.54
3.55

3.56

3.57

3.58

3.59

3.60

3.61

3.62

3.63
3.64

3.65
3.66

decoding order: The order in which syntax elements are processed by the decoding process.

decoding process: The process specified in this Specification that reads a bitstream and derives decoded
pictures from it.

decoding unit: An access unit if SubPicHrdFlag is equal to 0 or a subset of an access unit otherwise,
consisting of one or more VCL NAL units in an access unit and the associated non-VCL NAL units.

dependent slice segment: A slice segment for which the values of some syntax elements of the slice segment
header are inferred from the values for the preceding independent slice segment in decoding order.

display process: A process not specified in this Specification having, as its input, the cropped decoded
pictures that are the output of the decoding process.

elementary stream: A sequence of one or more bitstreams.

NOTE — An elementary stream that consists of two or more bitstreams would typically have been formed by splicing
Together two Of MOTc Ditstreams (O parts thereol).

bmulation prevention byte: A byfe equal to 0x03 that is present within a NAL unit when the-syntajx elements
f the bitstream form certain patterns of byfe values in a manner that ensures that no sequence of cpnsecutive
byte-aligned bytes in the NAL unit can contain a start code prefix.

bncoder: An embodiment of an encoding process.

encoding process: A process not specified in this Specification that produces @ bitstream conforming to this
Bpecification.

field: An assembly of alternative rows of samples of a frame.
iller data NAL units: NAL units with nal unit_type equal to FD NUT".
lag: A variable or single-bit syntax element that can take one ofthe two possible values: 0 and 1.

rame: The composition of a top field and a bottom field, vheére sample rows 0, 2, 4, ... originate frpm the top
ield and sample rows 1, 3, 5, ... originate from the bottom/field.

requency index: A one-dimensional or two-dimenSional index associated with a transform coefficignt prior to
\in inverse transform part of the decoding processt

hypothetical reference decoder (HRD): A hypothetical decoder model that specifies constraipts on the
Fariability of conforming NAL unit streamy 0r conforming byte streams that an encoding process may produce.

hypothetical stream scheduler (HSS): A hypothetical delivery mechanism used for checking the
onformance of a bitstream or a.decoder with regards to the timing and data flow of the input of g bitstream
nto the hypothetical reference decoder.

ndependent slice segment:-A slice segment for which the values of the syntax elements of the sli¢de segment
header are not inferred from the values for a preceding slice segment.

Eformative: A term~used to refer to content provided in this Specification that does not estaiblish any
andatory requiretents for conformance to this Specification and thus is not considered an integral part of this
Bpecification:

nstantaneous decoding refresh (IDR) access unit: An access unit in which the coded pi¢ture with
nh layer id equal to 0 is an /DR picture.

instantaneous decoding refresh (IDR) picture: An /RAP picture for which each VCL NAI unit has
nal unit type equal to IDR. W RADL or IDR N LP.

NOTE — An IDR picture contains only I slices, and may be the first picture in the bitstream in decoding order, or may
appear later in the bitstream. Each IDR picture is the first picture of a CVS in decoding order. When an IDR picture
for which each VCL NAL unit has nal_unit type equal to IDR_ W_RADL, it may have associated RADL pictures.
When an IDR picture for which each VCL NAL unit has nal unit_type equal to IDR_N_LP, it does not have any
associated leading pictures. An IDR picture does not have associated RASL pictures.

inter coding: Coding of a coding block, slice, or picture that uses inter prediction.

inter prediction: A prediction derived in a manner that is dependent on data elements (e.g., sample values or
motion vectors) of pictures other than the current picture.

intra coding: Coding of a coding block, slice, or picture that uses intra prediction.

intra prediction: A prediction derived from only data elements (e.g., sample values) of the same decoded
slice.
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intra random access point (IRAP) access unit: An access unit in which the coded picture with nuh_layer id
equal to 0 is an IRAP picture.

intra random access point (IRAP) picture: A coded picture for which each VCL NAL unit has nal_unit_type
in the range of BLA_ W _LP to RSV_IRAP VCL23, inclusive.
NOTE — An IRAP picture contains only I slices, and may be a BLA picture, a CRA picture or an IDR picture. The
first picture in the bitstream in decoding order must be an IRAP picture. Provided the necessary parameter sets are
available when they need to be activated, the IRAP picture and all subsequent non-RASL pictures in decoding order
can be correctly decoded without performing the decoding process of any pictures that precede the IRAP picture in
decoding order. There may be pictures in a bitstream that contain only I slices that are not IRAP pictures.

intra (I) slice: A slice that is decoded using intra prediction only.

inverse transform: A part of the decoding process by which a set of transform coefficients are converted into
spatial-domain values.

ayer: A set of VCL NAL units that all have a parficular value of nuh_layer_i1d and the associated non-VCL
NAL units, or one of a set of syntactical structures having a hierarchical relationship.
NOTE — Depending on the context, either the first layer concept or the second layer concept applies. The first layer
concept is also referred to as a scalable layer, wherein a layer may be a spatial scalable layer, @quality scglable layer,
a view, etc. A temporal true subset of a scalable layer is not referred to as a layer but referred to as a gub-layer or
temporal sub-layer. The second layer concept is also referred to as a coding layer, whereify higher layers cqntain lower
layers, and the coding layers are the CVS, picture, slice, slice segment, and coding tree unit layers.

ayer identifier list: A list of nuh_layer id values that is associated with a layerset or an operation point and
an be used as an input to the sub-bitstream extraction process.

ayer set: A set of layers represented within a bitstream created from ‘another bitstream by operation of the
ub-bitstream extraction process with the another bitstream, the targed highest Temporalld equal to|6, and the
arget layer identifier list equal to the layer identifier list associated with the layer set as inputs.

eading picture: A picture that precedes the associated IRAPpicture in output order.
eaf: A terminating node of a tree that is a root node of a‘ttee of depth 0.

evel: A defined set of constraints on the values that'may be taken by the syntax elements and variables of this
Bpecification, or the value of a transform coefficiért prior to scaling.
NOTE — The same set of levels is defined for all profiles, with most aspects of the definition of each leyel being in

common across different profiles. Individital implementations may, within the specified constraints| support a
different level for each supported profile.

list 0 (list 1) motion vector: A motion vector associated with a reference index pointing into reference picture
ist 0 (list 1).

list 0 (list 1) prediction: nter prediction of the content of a slice using a reference index polnting into
eference picture list 0 (list 1).

ong-term referencé picture: A picture that is marked as "used for long-term reference".
ong-term reference picture set: The two RPS lists that may contain long-term reference pictures.

uma: An.adjective, represented by the symbol or subscript Y or L, specifying that a sample array or single
ample is.representing the monochrome signal related to the primary colours.

NQTE — The term luma is used rather than the term luminance in order to avoid the implication of the yse of linear
light transfer characteristics that is often associated with the term luminance. The symbol L is sometimes ysed instead

ertical location

may: A term that is used to refer to behaviour that is allowed, but not necessarily required.

NOTE - In some places where the optional nature of the described behaviour is intended to be emphasized, the phrase
"may or may not" is used to provide emphasis.

motion vector: A two-dimensional vector used for inter prediction that provides an offset from the coordinates
in the decoded picture to the coordinates in a reference picture.

must: A term that is used in expressing an observation about a requirement or an implication of a requirement
that is specified elsewhere in this Specification (used exclusively in an informative context).

nested SEI message: An SEI message that is contained in a scalable nesting SEI message.
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3.86

3.87
3.88
3.89

3.90
391
3.92

3.93

3.94

3.95

3.96

3.97

3.98

3.99

3.100

3.101
3.102
3.103

3.104

3.105

3.106

3.107
3.108

network abstraction layer (NAL) unit: A syntax structure containing an indication of the type of data to
follow and bytes containing that data in the form of an RBSP interspersed as necessary with emulation
prevention bytes.

network abstraction layer (NAL) unit stream: A sequence of NAL units.
non-nested SEI message: An SEI message that is not contained in a scalable nesting SEI message.

non-reference picture: A picture that is marked as "unused for reference".

NOTE — A non-reference picture contains samples that cannot be used for inter prediction in the decoding process of
subsequent pictures in decoding order. In other words, once a picture is marked as "unused for reference", it can never
be marked back as "used for reference".

non-VCL NAL unit: A NAL unit that is not a VCL NAL unit.

note: A term that is used to prefix informative remarks (used exclusively in an informative context).

pperation point: A bitstream created from another bitstream by operation of the sub-bitstream |extraction
process with the another bitstream, a target highest Temporalld, and a target layer identifier list.as.inputs.

NOTE - If the target highest Temporalld of an operation point is equal to the greatest value 6fl Tempdralld in the
layer set associated with the target layer identification list, the operation point is identical to the|layer set. Ptherwise it
is a subset of the layer set.

putput order: The order in which the decoded pictures are output from the decoded picture buffer (for the
lecoded pictures that are to be output from the decoded picture buffer).

putput time: A time when a decoded picture is to be output as specifieddy the HRD according to[the output
iming DPB operation.

barameter: A syntax element of a VPS, SPS or PPS, or the second’ word of the defined term guantization
parameter.

partitioning: The division of a set into subsets such that~gach element of the set is in exactly pne of the
ubsets.

bicture: An array of /uma samples in monochrome format or an array of /uma samples and two corfesponding
wrrays of chroma samples in 4:2:0, 4:2:2, and 4:4:4, colour format.
NOTE — A picture may be either a frame or a‘field. However, in one CVS, either all pictures are frames orall pictures
are fields.

picture parameter set (PPS): A syntax\StFucture containing syntax elements that apply to zero or more entire
oded pictures as determined by a syntax element found in each slice segment header.

picture order count (POC): Avariable that is associated with each picture, uniquely identifies the [associated
picture among all pictures in the CVS, and, when the associated picture is to be output from the decoded
picture buffer, indicates the position of the associated picture in output order relative to the ouffput order
positions of the other pictures in the same CVS that are to be output from the decoded picture buffer.

bicture unit: A set 0f' NAL units that contain all VCL NAL units of a coded picture and their assodiated non-
VCL NAL units.

brediction:. A" embodiment of the prediction process.
brediction block: A rectangular MxN block of samples on which the same prediction is applied.

brediction process: The use of a predictor to provide an estimate of the data element (e.g., sample value or
OTIOT VeCToT) curtently peing decoded.

prediction unit: A prediction block of luma samples, two corresponding prediction blocks of chroma samples
of a picture that has three sample arrays, or a prediction block of samples of a monochrome picture or a picture
that is coded using three separate colour planes and syntax structures used to predict the prediction block
samples.

predictive (P) slice: A slice that may be decoded using intra prediction or inter prediction using at most one
motion vector and reference index to predict the sample values of each block.

predictor: A combination of specified values or previously decoded data elements (e.g., sample value or
motion vector) used in the decoding process of subsequent data elements.

prefix SEI message: An SEI message that is contained in a prefix SEI NAL unit.
prefix SEI NAL unit: An SEI NAL unit that has nal_unit_type equal to PREFIX SEI NUT.
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profile: A specified subset of the syntax of this Specification.

pulse code modulation (PCM): Coding of the samples of a block by directly representing the sample values
without prediction or application of a transform.

quadtree: A free in which a parent node can be split into four child nodes, each of which may become parent
node for another split into four child nodes.

quantization parameter: A variable used by the decoding process for scaling of transform coefficient levels.

random access: The act of starting the decoding process for a bitstream at a point other than the beginning of
the stream.

random access decodable leading (RADL) access unit: An access unit in which the coded picture with
nuh_layer id equal to 0 is a RADL picture.

[ unit has

CaAdINng [\ A

d (1€ L A
nal unit type equal to RADL R or RADL N.

NOTE — All RADL pictures are leading pictures. RADL pictures are not used as reference pictures\for the decoding
process of trailing pictures of the same associated IRAP picture. When present, all RADL ‘pictures [precede, in
decoding order, all trailing pictures of the same associated IRAP picture.

-andom access skipped leading (RASL) access unit: An access unit in which ‘the coded pitture with
iuh layer id equal to 0 is a RASL picture.

random access skipped leading (RASL) picture: A coded picture forrwhich each VCL NAL unit has
hal unit type equal to RASL R or RASL N.
NOTE — All RASL pictures are leading pictures of an associated BLA ©1CRA picture. When the assodiated IRAP
picture has NoRaslOutputFlag equal to 1, the RASL picture is not output-and may not be correctly decodable, as the
RASL picture may contain references to pictures that are not present ‘i the bitstream. RASL pictures are[not used as
reference pictures for the decoding process of non-RASL pictufes. When present, all RASL pictures [precede, in
decoding order, all trailing pictures of the same associated IRAP picture.

raster scan: A mapping of a rectangular two-dimensional pattern to a one-dimensional pattern su¢h that the
first entries in the one-dimensional pattern are from the first top row of the two-dimensional pattetn scanned
rom left to right, followed similarly by the second;‘third, etc., rows of the pattern (going down) ea¢h scanned
rom left to right.

-aw byte sequence payload (RBSP): A ssyntax structure containing an integer number of byfes that is
bncapsulated in a NAL unit and that is ¢ither empty or has the form of a string of data bits containing syntax
blements followed by an RBSP stop bit and zero or more subsequent bits equal to 0.

-aw byte sequence payload (RBSP) stop bit: A bit equal to 1 present within a raw byte sequenge payload
RBSP) after a string of data. bits, for which the location of the end within an RBSP can be id¢ntified by
earching from the end of the RBSP for the RBSP stop bit, which is the last non-zero bit in the RBSP.

recovery point: A point\in the bitstream at which the recovery of an exact or an approximate represgntation of
the decoded pictures.represented by the bitstream is achieved after a random access or broken link.

reference index) An index into a reference picture list.

reference picture: A picture that is a short-term reference picture or a long-term reference picture.

NOTE — A reference picture contains samples that may be used for inter prediction in the decoding| process of
subsequent pictures in decoding order.

Feference I\i(‘hlrp list: A list of rpfprprmppiﬁfurpc that is used for infpr[nrpr]ir'ﬁnn ofa PorRBslice

NOTE - For the decoding process of a P slice, there is one reference picture list — reference picture list 0. For the
decoding process of a B slice, there are two reference picture lists — reference picture list 0 and reference picture
list 1.

reference picture list 0: The reference picture list used for inter prediction of a P or the first reference picture
list used for inter prediction of a B slice.

reference picture list 1: The second reference picture list used for inter prediction of a B slice.

reference picture set (RPS): A set of reference pictures associated with a picture, consisting of all reference
pictures that are prior to the associated picture in decoding order, that may be used for inter prediction of the
associated picture or any picture following the associated picture in decoding order.

NOTE — The RPS of a picture consists of five RPS lists, three of which are to contain short-term reference pictures
and the other two are to contain long-term reference pictures.
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3.128

3.129
3.130

3.131
3.132

3.133

3.134
3.135
3.136

3.137

3.138

3.139

3.140

3.141
3.142

3.143

3.144

3.145

3.146

reserved: A term that may be used to specify that some values of a particular syntax element are for future use
by ITU-T | ISO/IEC and shall not be used in bitstreams conforming to this version of this Specification, but
may be used in bitstreams conforming to future extensions of this Specification by ITU-T | ISO/IEC.

residual: The decoded difference between a prediction of a sample or data element and its decoded value.

sample aspect ratio: The ratio between the intended horizontal distance between the columns and the intended
vertical distance between the rows of the luma sample array in a picture, which is specified for assisting the
display process (not specified in this Specification) and expressed as 4:v, where /4 is the horizontal width and v
is the vertical height, in arbitrary units of spatial distance.

scaling: The process of multiplying transform coefficient levels by a factor, resulting in transform coefficients.

sequence parameter set (SPS): A syntax structure containing syntax elements that apply to zero or more
entire CVSs as determined by the content of a syntax element found in the PPS referred to by a syntax element
found in each slice segment header.

hall: A term used to express mandatory requirements for conformance to this Specification.

NOTE — When used to express a mandatory constraint on the values of syntax elements or on the,results pbtained by
operation of the specified decoding process, it is the responsibility of the encoder to ensure ‘that the donstraint is
fulfilled. When used in reference to operations performed by the decoding process, any,décoding process that
produces identical cropped decoded pictures to those output from the decoding process described in this Specification
conforms to the decoding process requirements of this Specification.

hort-term reference picture: A picture that is marked as "used for short-term reference".
hort-term reference picture set: The three RPS lists that may contain shoft-term reference pictured.

hould: A term used to refer to behaviour of an implementation that'is encouraged to be follofved under
inticipated ordinary circumstances, but is not a mandatory requirement for conformance to this Specification.

lice: An integer number of coding tree units contained in one‘independent slice segment and all Jubsequent
lependent slice segments (if any) that precede the next inndependent slice segment (if any) withir] the same
iccess unit.

lice header: The slice segment header of the independent slice segment that is a current slice segment or the
most recent independent slice segment that precedes a current dependent slice segment in decoding ofder.

lice segment: An integer number of coding tree units ordered consecutively in the tile scan and conftained in a
ingle NAL unit.

lice segment header: A part of a coded slice segment containing the data elements pertaining to thd first or all
toding tree units represented in the stice segment.

ource: A term used to describethe video material or some of its attributes before encoding.
tart code prefix: A unigue sequence of three byzes equal to 0x000001 embedded in the byte stream fas a prefix

0 each NAL unit.

NOTE — The location of a start code prefix can be used by a decoder to identify the beginning of a new NAL unit and
the end of ayprevious NAL unit. Emulation of start code prefixes is prevented within NAL units by the {nclusion of
emulation prevention bytes.

tep-wise\temporal sub-layer access (STSA) access unit: An access unit in which the coded picture with
iuh layer id equal to 0 is an STSA4 picture.

tep-wise temporal sub-layer access (STSA) picture: A coded picture for which each VCL NAL unit has
nal unit_type equal to STSA_ R or STSA_N.

NOTE — An STSA picture does not use pictures with the same Temporalld as the STSA picture for inter prediction
reference. Pictures following an STSA picture in decoding order with the same Temporalld as the STSA picture do
not use pictures prior to the STSA picture in decoding order with the same Temporalld as the STSA picture for inter
prediction reference. An STSA picture enables up-switching, at the STSA picture, to the sub-layer containing the
STSA picture, from the immediately lower sub-layer. STSA pictures must have Temporalld greater than 0.

string of data bits (SODB): A sequence of some number of bits representing syntax elements present within a
raw byte sequence payload prior to the raw byte sequence payload stop bit, where the left-most bit is
considered to be the first and most significant bit, and the right-most bit is considered to be the last and least
significant bit.

sub-bitstream extraction process: A specified process by which NAL units in a bitstream that do not belong
to a target set, determined by a target highest Temporalld and a target layer identifier list, are removed from
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the bitstream, with the output sub-bitstream consisting of the NAL units in the bitstream that belong to the
target set.

sub-layer: A temporal scalable layer of a temporal scalable bitstream, consisting of VCL NAL units with a
particular value of the Temporalld variable and the associated non-VCL NAL units.

sub-layer non-reference (SLNR) picture: A picture that contains samples that cannot be used for inter
prediction in the decoding process of subsequent pictures of the same sub-layer in decoding order.
NOTE — Samples of an SLNR picture may be used for inter prediction in the decoding process of subsequent pictures
of higher sub-layers in decoding order.

sub-layer reference picture: A picture that contains samples that may be used for inter prediction in the
decoding process of subsequent pictures of the same sub-layer in decoding order.

NOTE — Samples of a sub-layer reference picture may also be used for inter prediction in the decoding process of
subsequent pictures of higher sub-layers in decoding order.

ub-layer representation: A subset of the bitstream consisting of NAL units of a particular sub<layer and the
ower sub-layers.

buffix SEI message: An SEI message that is contained in a suffix SEI NAL unit.
uffix SEI NAL unit: An SEI NAL unit that has nal_unit_type equal to SUFFIX SEI-NUT.

upplemental enhancement information (SEI) NAL unit: A NAL unit that*lias nal unit typ¢ equal to
PREFIX SEI NUT or SUFFIX SEI NUT.

yntax element: An element of data represented in the bitstream.
yntax structure: Zero or more syntax elements present together in the.bitstream in a specified order
emporal sub-layer: Same as sub-layer.

emporal sub-layer access (TSA) access unit: An access-iit in which the coded picture with nuh layer id
pqual to 0 is a 7S4 picture.

emporal sub-layer access (TSA) picture: A coded-picture for which each VCL NAL unit has nal| unit_type
pqual to TSA R or TSA_N.
NOTE — A TSA picture and pictures following the TSA picture in decoding order do not use pictures prior to the
TSA picture in decoding order with Temporalld greater than or equal to that of the TSA picture for inter prediction
reference. A TSA picture enables up-switching, at the TSA picture, to the sub-layer containing the TSA pifture or any
higher sub-layer, from the immediately\lower sub-layer. TSA pictures must have Temporalld greater than .

ier: A specified category of level constraints imposed on values of the syntax elements in the bitstrdam, where
the level constraints are nested (within a tier and a decoder conforming to a certain tier and level] would be
apable of decoding all bitstreams that conform to the same tier or the lower tier of that level of any level
pelow it.

ile: A rectangular region of coding tree blocks within a particular tile column and a particular tilp row in a
picture.

ile column: Asrectangular region of coding tree blocks having a height equal to the height of the pi¢ture and a
width specified by syntax elements in the picture parameter set.

ile row A rectangular region of coding tree blocks having a height specified by syntax elements in the picture
parvtyneter set and a width equal to the width of the picture.

fle scan; A Specitic sequentiat Ordering of coding Iree blocks pariifioning a piciure i wWiich e coding tree
blocks are ordered consecutively in coding tree block raster scan in a tile whereas tiles in a picture are ordered
consecutively in a raster scan of the tiles of the picture.

trailing picture: A non-IRAP picture that follows the associated IRAP picture in output order.

NOTE — Trailing pictures associated with an IRAP picture also follow the IRAP picture in decoding order. Pictures
that follow the associated IRAP picture in output order and precede the associated IRAP picture in decoding order are
not allowed.

transform block: A rectangular MxN block of samples on which the same transform is applied.

transform coefficient: A scalar quantity, considered to be in a frequency domain, that is associated with a
particular one-dimensional or two-dimensional frequency index in an inverse transform part of the decoding
process.
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For the pukposes of this Recommiendation | International Standard, the following abbreviations apply:

B
BLA

CABAC

CB
CBR
CLVS
CPB
CRA
CTB
CTU
CU
CVS
CVSG

10

transform coefficient level: An integer quantity representing the value associated with a particular
two-dimensional frequency index in the decoding process prior to scaling for computation of a transform
coefficient value.

transform unit: A transform block of luma samples of size 8x8, 16x16, or 32x32 or four transform blocks of
luma samples of size 4x4, two corresponding transform blocks of chroma samples of a picture in 4:2:0 colour
format; or a transform block of luma samples of size 8x8, 16x16, or 32x32, and four corresponding transform
blocks of chroma samples, or four transform blocks of luma samples of size 4x4, and four corresponding
transform blocks of chroma samples of a picture in 4:2:2 colour format; or a transform block of luma samples
of size 4x4, 8x8, 16x16, or 32x32, and two corresponding transform blocks of chroma samples of a picture in
4:4:4 colour format that is not coded using three separate colour planes and syntax structures used to transform
the transform block samples; or a transform block of luma samples of size 8x8, 16x16, or 32x32 or four
transform blocks of luma samples of size 4x4 of a monochrome picture or a picture in 4:4:4 colour format that

is coded using three separate colour planes; and the associated synfax structures used to transform the
transform block samples

ree: A tree is a finite set of nodes with a unique root node.

universal unique identifier (UUID): An identifier that is unique with respect to the space-of al] universal
inique identifiers.

unspecified: A term that may be used to specify some values of a particular syntaxcelement to indicgte that the
balues have no specified meaning in this Specification and will not have a specifiédyneaning in the fliture as an
ntegral part of future versions of this Specification.

yideo coding layer (VCL) NAL unit: A collective term for coded slicességment NAL units and th¢ subset of
NAL units that have reserved values of nal unit type that are classified as VCL NAL unfts in this
Bpecification.

yideo parameter set (VPS): A syntax structure containing synfax elements that apply to zero or more entire
[CV'Ss as determined by the content of a syntax element founddn the SPS referred to by a syntax element found
n the PPS referred to by a syntax element found in each shice’segment header.

r-scan order: A specified sequential ordering of blocks partitioning a picture, where the order is identical to
toding tree block raster scan of the picture when the blocks are of the same size as coding tree blocks, and,
when the blocks are of a smaller size than coding-tree blocks, i.e., coding tree blocks are further partitioned into
maller coding blocks, the order traverses fiom coding tree block to coding tree block in coding |tree block
raster scan of the picture, and inside €ach coding tree block, which may be divided into |quadtrees
nierarchically to lower levels, the order traverses from quadtree to quadtree of a particular level in| quadtree-
f-the-particular-level raster scan of the quadtree of the immediately higher level.

Abbreviations

Bi-predictive

Broken LinkAccess

Context-based Adaptive Binary Arithmetic Coding
Coding Block

Constant BitRate

Coded Layer-wise Video Sequence
Coded Picture Buffer

Clean Random Access

Coding Tree Block

Coding Tree Unit

Coding Unit

Coded Video Sequence

Coded Video Sequence Group
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DPB
DUT
EG
FIFO
FIR
FL
GDR
HRD
HSS

IDR
INBLD
IRAP
LPS
LSB
MPS
MSB
MVP
NAL

PB
PCM
PPS
PU
RADL
RASL
RBSP
RPS
SEI
SLNR
SODB
SPS
STSA
TB
TR
TSA
TU
ucCs
UTF
UUID

Decoded Picture Buffer
Decoder Under Test
Exponential-Golomb

First-In, First-Out

Finite Impulse Response
Fixed-Length

Gradual Decoding Refresh
Hypothetical Reference Decoder

Hypothetical Stream Scheduler
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Intra

Instantaneous Decoding Refresh
Independent Non-Base Layer Decoding
Intra Random Access Point

Least Probable Symbol

Least Significant Bit

Most Probable Symbol

Most Significant Bit

Motion Vector Prediction

Network Abstraction Layer

Predictive

Prediction Block

Pulse Code Modulation

Picture Parameter Set

Prediction Unit

Random Access Decodableleading (Picture)
Random Access Skipped Leading (Picture)
Raw Byte Sequence,Rayload

Reference Picture’Set

Suppleméntal Enhancement Information
Sub-Layer Non-Reference (Picture)
Strifig Of Data Bits

Sequence Parameter Set

Step-wise Temporal Sub-layer Access
Transform Block

Truncated Rice

Temporal Sub-layer Access
Transform Unit

Universal Coded Character Set

UCS Transmission Format

Universal Unique Identifier
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VBR
VCL
VPS
VUI

5

5.1

Variable Bit Rate
Video Coding Layer
Video Parameter Set

Video Usability Information

Conventions

General

NOTE - The mathematical operators used in this Specification are similar to those used in the C programming language.
However, the results of 1nteger division and arlthmetlc shift operatlons are deﬁned more prec1sely, and addltlonal operatlons are

first" is| equlvalent to the 0- th "the second" is equlvalent to the 1-th, etc

5.2

The following arithmetic operators are defined as follows:

5.3

The following logical operators-are defined as follows:

5.4

~

x && y Boolean logical "and" of x and y

X |
!

x?

Arithmetic operators

Z f (l) The summation of f( i) with i taking all integer values from x up to and including y.

Iogical operators

Addition
Subtraction (as a two-argument operator) or negation (as a unary prefix operator)
Multiplication, including matrix multiplication

Exponentiation. Specifies x to the power of y. In other contexts; such notation is used for sup
not intended for interpretation as exponentiation.

to 1 and —7 /4 and 7 / —4 are truncated to —1.

y Modulus. Remainder of x\divided by y, defined only for integers x and y withx >= O andy

| v Booleanlogical "or" of x and y
Boolean logical "not"

y : z( If x is TRUE or not equal to 0, evaluates to the value of y; otherwise, evaluates to the value o

Used to denote division in mathematical equation§)where no truncation or rounding is intend¢d.

Used to denote division in mathematical equations where no truncation or rounding is intendg¢d.

erscripting

Integer division with truncation of the result toward zero~For example, 7 / 4 and —7 / —4 ar¢ truncated

Relational operators

The following relational operators are defined as follows:

12

Greater than
Greater than or equal to
Less than

Less than or equal to

== Equal to

Not equal to
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When a relational operator is applied to a syntax element or variable that has been assigned the value "na" (not
applicable), the value "na" is treated as a distinct value for the syntax element or variable. The value "na" is considered
not to be equal to any other value.

5.5 Bit-wise operators

The following bit-wise operators are defined as follows:

& Bit-wise "and". When operating on integer arguments, operates on a two's complement representation
of the integer value. When operating on a binary argument that contains fewer bits than another
argument, the shorter argument is extended by adding more significant bits equal to 0.

Bit-wise "or". When operating on integer arguments, operates on a two's complement representation of
the integer value. When operating on a binary argument that contains fewer bits than another argument,
the shorter argument is extended by adding more significant bits equal to 0.

n Bit-wise "exclusive or". When operating on integer arguments, operates on a two's,c¢mplement
representation of the integer value. When operating on a binary argument that contains fewqr bits than
another argument, the shorter argument is extended by adding more significant bits equal to (.

X 3>y Arithmetic right shift of a two's complement integer representation of x by y|binary digits. This
function is defined only for non-negative integer values of y. Bits shifted into‘the MSBs as|a result of
the right shift have a value equal to the MSB of x prior to the shift operation:

x §< 'y Arithmetic left shift of a two's complement integer representation of x byl y’binary digits. This function
is defined only for non-negative integer values of y. Bits shifted info the LSBs as a result|of the left
shift have a value equal to 0.

5.6 Assignment operators

The following arithmetic operators are defined as follows:
= Assignment operator

++ Increment, i.e., x++ is equivalent to x = x + 1; Wwhen used in an array index, evaluates to the vjalue of the
variable prior to the increment operation.

- Decrement, i.e., x— — is equivalent to x=x’— 1; when used in an array index, evaluates to the value of
the variable prior to the decrement operation.

+= Increment by amount specified, i.&.) x += 3 is equivalent to x = x + 3, and x += (—3) isjequivalent
tox =x+(-3).
—= Decrement by amount specified, i.e., x —= 3 is equivalent to x = x — 3, and x —= (—3) is fequivalent
tox=x—(-3).
5.7 Range notation

The following notation is used\te specify a range of values:

x=y..z x takes.on integer values starting from y to z, inclusive, with x, y, and z being integer numbers and z
being greater than y.

5.8 athematical functions

H 41 ol £ ™ E - |
The follow mgmatrmncmatrcar rafretrons-arcacriear

X ; x>=0
Abs(x)= (5-1)
-x ; x<0
Ceil(x ) the smallest integer greater than or equal to x. (5-2)
Cliply(x)=Clip3(0, (1 << BitDepthy ) — 1, x) (5-3)
Cliple(x)=Clip3(0, (1 << BitDepthc)—1,x) 54
X ; z<x
Clip3(x,y,z)= y i oz>y (5-5)
z ; otherwise
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Floor( x ) the largest integer less than or equal to x. (5-6)
pm+ml ; pl—cl>=ml/2
GetCurtMsb( cl, pl, pm, ml) =3y — 5 ¢l pl>mi/2 (5-7)
pm ; otherwise
Log2(x) the base-2 logarithm of x. (5-8)
Logl0( x ) the base-10 logarithm of x. (5-9)
X 5 x<=y
Min(x,y)= (5-10)
y o5 x>y
(v hd X >—\L
Maik(x,y)= (5-11)
y 5 X<y
Ropind( x ) = Sign( x ) * Floor( Abs(x)+0.5) (5-12)
1 ; x>0
Sigh(x)=J0 ; x=0 (5-13)
-1 ; x<0
Sqit( x ) = Vx (5-14)
Swap(x,y)=(y,x) (5-15)
5.9 Order of operation precedence
When ord¢r of precedence in an expression is not indicated explicitly by use of parentheses, the following ruleg apply:
—  Operjtions of a higher precedence are evaluated before any-operation of a lower precedence.
—  Operjtions of the same precedence are evaluated sequentially from left to right.
Table 5-1 ppecifies the precedence of operations fromthighest to lowest; a higher position in the table indicat¢s a higher
precedencg.
NOTE { For those operators that are also used ifi'the C programming language, the order of precedence used in this Specification
is the sgme as used in the C programming language.

14
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Table 5-1 — Operation precedence from highest (at top of table) to lowest (at bottom of table)

operations (with operands x, y, and z)

"X++", "y— "

"1x", "—x" (as a unary prefix operator)

)

xY

X
HX E3 yll’ "X / yH’ HX = y"’ " — H, HX % yH
Y

y
"x +y","x —y" (as a two-argument operator), " E J (l) "

=X

HX << yVl HX >> yH

E)

n n nn nn "

"x<y,"x <=y"."x>y"."x >=y

nn n
)

”X:y", " 4= y X =y

5.10  Variables, syntax elements, and tables

Syntax elgments in the bitstream are represented in bold type. Each syntax element is described by its name]|(all lower
case letterp with underscore characters), and one’descriptor for its method of coded representation. The decodihg process
behaves a¢cording to the value of the syntax-element and to the values of previously decoded syntax elements. When a
value of a[syntax element is used in the-Syntax tables or the text, it appears in regular (i.e., not bold) type.

In some dases the syntax tablesymay use the values of other variables derived from syntax elements values. Such
variables gppear in the syntax-tables, or text, named by a mixture of lower case and upper case letter and wfithout any
underscor¢ characters. Variables starting with an upper case letter are derived for the decoding of the current syntax
structure gnd all depending Syntax structures. Variables starting with an upper case letter may be used in th¢ decoding
process fop later syntax)structures without mentioning the originating syntax structure of the variable. Variables starting
with a lowfer case letterare only used within the clause in which they are derived.

In some dasesy"'mnemonic" names for syntax element values or variable values are used interchangeably|with their
numerical [values. Sometimes "mnemonic" names are used without any associated numerical values. The asspciation of
i i i : avated by an

NOTE - The syntax is described in a manner that closely follows the C-language syntactic constructs.

Functions that specify properties of the current position in the bitstream are referred to as syntax functions. These
functions are specified in clause 7.2 and assume the existence of a bitstream pointer with an indication of the position of
the next bit to be read by the decoding process from the bitstream. Syntax functions are described by their names, which
are constructed as syntax element names and end with left and right round parentheses including zero or more variable
names (for definition) or values (for usage), separated by commas (if more than one variable).

Functions that are not syntax functions (including mathematical functions specified in clause 5.8) are described by their
names, which start with an upper case letter, contain a mixture of lower and upper case letters without any underscore
character, and end with left and right parentheses including zero or more variable names (for definition) or values (for
usage) separated by commas (if more than one variable).
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A one-dimensional array is referred to as a list. A two-dimensional array is referred to as a matrix. Arrays can either be
syntax elements or variables. Subscripts or square parentheses are used for the indexing of arrays. In reference to a visual
depiction of a matrix, the first subscript is used as a row (vertical) index and the second subscript is used as a column
(horizontal) index. The indexing order is reversed when using square parentheses rather than subscripts for indexing.
Thus, an element of a matrix s at horizontal position x and vertical position y may be denoted either as s[ x ][ y ] or as
Syx. A single column of a matrix may be referred to as a list and denoted by omission of the row index. Thus, the column
of a matrix s at horizontal position x may be referred to as the list s[ x ].

A specification of values of the entries in rows and columns of an array may be denoted by { {...} {...} }, where each
inner pair of brackets specifies the values of the elements within a row in increasing column order and the rows are
ordered in increasing row order. Thus, setting a matrix s equalto { { 1 6 } {4 9 } specifies that s[ 0 ][ 0 ] is set equal
tol,s[1][0]issetequalto6,s[0][1]issetequalto4,ands[1][1]issetequalto9.

Binary notation is indicated by enclosing the string of bit values by single quote marks. For example, '01000001'
represents an eight-bit string having only its second and its last bits (counted from the most to the least significant bit)
equal to 1

Hexadecirpal notation, indicated by prefixing the hexadecimal number by "0x", may be used instead of*binafy notation
when the pumber of bits is an integer multiple of 4. For example, 0x41 represents an eight-bit string: having only its
second andl its last bits (counted from the most to the least significant bit) equal to 1.

Numerical values not enclosed in single quotes and not prefixed by "0x" are decimal values.

A value equal to 0 represents a FALSE condition in a test statement. The value TRUE Js represented by |any value
different ffom zero.

5.11 Text description of logical operations
In the text] a statement of logical operations as would be described mathematically in the following form:

ifi( condition 0 )
statement O

e|se if( condition 1)
statement 1

[CI

se /* informative remark on remaining condition */
Statement n

may be depcribed in the following manner:

.. as follows / ... the following applies:

+  Ifcondition 0, statement O

1+  Otherwise, if condition‘\l,/statement 1

1+  Otherwise (informative remark on remaining condition), statement n

Each "If .|. Otherwise, if.\» Otherwise, ..." statement in the text is introduced with "... as follows" or "... the| following
applies" immediately foHowed by "If ... ". The last condition of the "If ... Otherwise, if ... Otherwise, ..." is|always an
"Otherwisp, ...". Interleaved "If ... Otherwise, if ... Otherwise, ..." statements can be identified by matching "... as

follows" o "... the\following applies” with the ending "Otherwise, ...".

In the text| aStdtement of logical operations as would be described mathematically in the following form:

if( condition 0a && condition Ob )
statement 0

else if( condition la || condition 1b)
statement 1

else
statement n
may be described in the following manner:

... as follows / ... the following applies:
— If all of the following conditions are true, statement 0:

—  condition Oa
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—  condition Ob

—  Otherwise, if one or more of the following conditions are true, statement 1:

—  condition la

—  condition 1b

—  Otherwise, statement n

In the text, a statement of logical operations as would be described mathematically in the following form:

if( condition 0 )

statement 0

if( condition 1)

statement 1
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rocesses

are used to describe the decoding of syntax elements. A process has a separate specification and iny

n the process specification and invoking. A process specification may“also have a lower cas
specified as input. Each process specification has explicitly specified\an output. The output is a va
be an upper case variable or a lower case variable.

king a process, the assignment of variables is specified as follows:

variables at the invoking and the process specification do*not have the same name, the variables arg
ned to lower case input or output variables of the process'§pecification.

wise (the variables at the invoking and the process specification have the same name), assignment is

ification of a process, a specific coding block may be referred to by the variable name having a val
5 of the specific coding block.

plationships

itstream formats

e specifies the relationship between the NAL unit stream and byte stream, either of which are referrg

am can be in‘ene of two formats: the NAL unit stream format or the byte stream format. The NAL
conceptually the more "basic" type. It consists of a sequence of syntax structures called NAL {
s ordered’in decoding order. There are constraints imposed on the decoding order (and contents) o
e NAE-unit stream.

itstream and picture formats; partitionings, scanning processes, and neighbour

oking. All

ments and upper case variables that pertain to the current syntax structure/and’depending syntax strijictures are

e variable
riable that

explicitly
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e equal to
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ng

d to as the

Init stream
inits. This
f the NAL

The byte stream Tormat can be construcied Irom the NAL unit stream Tormat by ordering the NAL units 1r

decoding

order and prefixing each NAL unit with a start code prefix and zero or more zero-valued bytes to form a stream of bytes.
The NAL unit stream format can be extracted from the byte stream format by searching for the location of the unique
start code prefix pattern within this stream of bytes. Methods of framing the NAL units in a manner other than use of the
byte stream format are outside the scope of this Specification. The byte stream format is specified in Annex B.

6.2 S

ource, decoded, and output picture formats

This clause specifies the relationship between source and decoded pictures that is given via the bitstream.

The video

source that is represented by the bitstream is a sequence of pictures in decoding order.

The source and decoded pictures are each comprised of one or more sample arrays:

—  Luma (Y) only (monochrome).
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Luma and two chroma (YCbCr or YCgCo).
Green, Blue and Red (GBR, also known as RGB).

Arrays representing other unspecified monochrome or tri-stimulus colour samplings (for example, YZX, also

known as XY7Z).

For convenience of notation and terminology in this Specification, the variables and terms associated with these arrays
are referred to as luma (or L or Y) and chroma, where the two chroma arrays are referred to as Cb and Cr; regardless of
the actual colour representation method in use. The actual colour representation method in use can be indicated in syntax
that is specified in Annex E.

The variables SubWidthC, and SubHeightC are specified in Table 6-1, depending on the chroma format sampling
which is specified through chroma format idc and separate colour plane flag. Other values of
chroma format_idc, SubWidthC, and SubHeightC may be specified in the future by ITU-T | ISO/IEC.

structure,

Tabte 6-T—SubW ldtllﬁ, and S[IbHE'lglltﬁ vatues dertved from

chroma_format idc and separate_colour_plane_flag

chroma_format idc |separate colour_plane flag Chroma format SubWidthC SubHeightC
0 0 monochrome 1 1
1 0 4:2:0 2 2
2 0 4:2:2 2 1
3 0 4:4:4 1 1
3 1 4:4:4 1 1

In monoch
In 4:2:0 s4
In 4:2:2 s4

In 4:4:4 s9

—  If sep
luma

—  Othel
mond

The numb
sequence
of bits use

When the
chroma sa
video usah

rome sampling there is only one sample array, which is nomifally considered the luma array.
mpling, each of the two chroma arrays has half the height.and half the width of the luma array.
mpling, each of the two chroma arrays has the saméheight and half the width of the luma array.

mpling, depending on the value of separate_celour plane flag, the following applies:

arate colour plane flag is equal to 0, eachiof the two chroma arrays has the same height and w
array.

'wise (separate colour plane flagxis) equal to 1), the three colour planes are separately prd
chrome sampled pictures.

er of bits necessary for the representation of each of the samples in the luma and chroma arrays
s in the range of 8 to 16, inclusive, and the number of bits used in the luma array may differ from t
d in the chroma arrays:

value of chroma (format idc is equal to 1, the nominal vertical and horizontal relative locations of

ility information (see Annex E).

dth as the

cessed as

in a video
he number

luma and

mples in pictures are shown in Figure 6-1. Alternative chroma sample relative locations may be ipdicated in
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Guide:

X = Location of luma sample

O = Location of chroma sample

Figure 6-1 — Nominal vertical and horizontal locations of 4:2:0 luma and chroma samples in a picture

When the|value of chroma format idc is equal to 2, the chroma samples_are Co-sited with the correspon

samples afd the nominal locations in a picture are as shown in Figure 6-2.

B X ® X B®

e B W W W ®
X X _ X X X
B B ®W ¥ ®
X X X ®. X
B & B ® ®&

Guide:

X = Location of luma sample

X

X X X X X

O = Location of chroma sample

ding luma

Figure 6-2 — Nominal vertical and horizontal Tocations of 4:2:2 Tuma and chroma samples in a picture

When the value of chroma format idc is equal to 3, all array samples are co-sited for all cases of pictures and the
nominal locations in a picture are as shown in Figure 6-3.
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B B B ¥ B ®

B OB OB B B &

B OB B ¥ OB ®

B OB B ¥ OB ®
¥ OB O OB OB X
B B B B B ®
Guide:

X = Location of luma sample

O = Location of chroma sample

Figure 6-3 — Nominal vertical and horizontal locations of 4:4:4 luma and chroma samples in a picture

6.3 Bartitioning of pictures, slices, slice segments, tiles, coding trée units, and coding tree blocks

6.3.1 Partitioning of pictures into slices, slice segments, and tiles

This clausp specifies how a picture is partitioned into slices, slice Segments, and tiles. Pictures are divided into| slices and
tiles. A slice is a sequence of one or more slice segments starting with an independent slice segment and cortaining all
subsequent dependent slice segments (if any) that precede the.next independent slice segment (if any) withif the same
picture. Alslice segment is a sequence of coding tree units~ISikewise, a tile is a sequence of coding tree units.

For example, a picture may be divided into two slices.as shown in Figure 6-4. In this example, the first slice is|composed
of an inddpendent slice segment containing 4 coding tree units, a dependent slice segment containing 32 goding tree
units, and|another dependent slice segment containing 24 coding tree units; and the second slice consists ¢f a single
independept slice segment containing the remaining 39 coding tree units of the picture.

As anothef example, a picture may be divided into two tiles separated by a vertical tile boundary as shown in Figure 6-5.
The left sifle of the figure illustrates a ‘case in which the picture only contains one slice, starting with an indepehdent slice
segment and followed by four dependent slice segments. The right side of the figure illustrates an alternative case in
which the picture contains twaorslices in the first tile and one slice in the second tile.

Unlike sli¢es, tiles are always-rectangular. A tile always contains an integer number of coding tree units, and npay consist
of coding [tree units coritained in more than one slice. Similarly, a slice may consist of coding tree units cqntained in
more thanfone tile.

One or both of the following conditions shall be fulfilled for each slice and tile:

—  All cpdidg tree units in a slice belong to the same tile.

—  All coding tree units in a tile belong to the same slice.
NOTE 1 — Within the same picture, there may be both slices that contain multiple tiles and tiles that contain multiple slices.

One or both of the following conditions shall be fulfilled for each slice segment and tile:
—  All coding tree units in a slice segment belong to the same tile.

—  All coding tree units in a tile belong to the same slice segment.

When a picture is coded using three separate colour planes (separate_colour plane flag is equal to 1), a slice contains
only coding tree blocks of one colour component being identified by the corresponding value of colour plane id, and
each colour component array of a picture consists of slices having the same colour_plane id value. Coded slices with
different values of colour plane id within a picture may be interleaved with each other under the constraint that for each
value of colour plane id, the coded slice segment NAL units with that value of colour plane id shall be in the order of
increasing coding tree block address in tile scan order for the first coding tree block of each coded slice segment NAL
unit.
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NOTE 2 — When separate_colour plane flag is equal to 0, each coding tree block of a picture is contained in exactly one slice.
When separate_colour plane flag is equal to 1, each coding tree block of a colour component is contained in exactly one slice
(i.e., information for each coding tree block of a picture is present in exactly three slices and these three slices have different
values of colour_plane id).

- .
— slice segment

independent
boundary

slice segment

dependent
slice segment

™ Vo / slice boundary

Figure 644 — A picture with 11 by 9 luma coding tree blocks that is partitioned into two §lices, the first of which is
partitioned into three slice segments (informative)

tile, \v—
| boundary

Figure 645 — A picture with 11:by*9 luma coding tree blocks that is partitioned into two tiles and one slice (left) or
is-partitioned into two tiles and three slices (right) (informative)

6.3.2  Block and(quadtree structures

The samples are processed in units of coding tree blocks. The array size for each luma coding tree block in both width
and height i$«CtbSizeY in units of samples. The width and height of the array for each chroma coding treq block are

Cthdth [ A UL T o o loa 4 1 . 14 ol 1
1 _ daliu \/LUllblslll,\/, lbDP\/bllvbl_y, I UIIts Ul DalllPlbb.

Each coding tree block is assigned a partition signalling to identify the block sizes for intra or inter prediction and for
transform coding. The partitioning is a recursive quadtree partitioning. The root of the quadtree is associated with the
coding tree block. The quadtree is split until a leaf is reached, which is referred to as the coding block. When the
component width is not an integer number of the coding tree block size, the coding tree blocks at the right component
boundary are incomplete. When the component height is not an integer multiple of the coding tree block size, the coding
tree blocks at the bottom component boundary are incomplete.

The coding block is the root node of two trees, the prediction tree and the transform tree. The prediction tree specifies the
position and size of prediction blocks. The transform tree specifies the position and size of transform blocks. The
splitting information for luma and chroma is identical for the prediction tree and may or may not be identical for the
transform tree.
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The blocks and associated syntax structures are grouped into "unit" structures as follows:

— One prediction block (monochrome picture or separate _colour plane flag is equal to 1) or three prediction blocks
(luma and chroma components of a picture in 4:2:0 or 4:4:4 colour format) or five prediction blocks (luma and
chroma components of a picture in 4:2:2 colour format) and the associated prediction syntax structures units are
associated with a prediction unit.

— One transform block (monochrome picture or separate colour plane flag is equal to 1) or three transform blocks
(luma and chroma components of a picture in 4:2:0 or 4:4:4 colour format) or five transform blocks (luma and
chroma components of a picture in 4:2:2 colour format) and the associated transform syntax structures units are
associated with a transform unit.

— One coding block (monochrome picture or separate_colour plane flag is equal to 1) or three coding blocks (luma
and chroma), the associated coding syntax structures and the associated prediction and transform units are associated
with a coding unit.

— One cqding tree block (monochrome picture or separate_colour plane flag is equal to 1) or three coding {ree blocks
(luma find chroma), the associated coding tree syntax structures and the associated coding units are assecigted with a
coding|tree unit.

6.3.3  Spatial or component-wise partitionings
The following divisions of processing elements of this Specification form spatial or componeftswise partitionings:
— The diyision of each picture into components

— The di}ision of each component into coding tree blocks

— The diyision of each picture into tile columns

— The diyision of each picture into tile rows

— The diyision of each tile column into tiles

— The diyision of each tile row into tiles

— The di}ision of each tile into coding tree units

— The diyision of each picture into slices

— The diyision of each slice into slice segments

— The diyision of each slice segment into coding tree units

— The diyision of each coding tree unit intd.coding tree blocks

— The difision of each coding tree block into coding blocks, except that the coding tree blocks are incomplete at the
right cpmponent boundary when‘the component width is not an integer multiple of the coding tree block sjze and the
coding| tree blocks are incomplete at the bottom component boundary when the component height is not|an integer
multiple of the coding tree'block size

— The diision of each ceding tree unit into coding units, except that the coding tree units are incomplete gt the right
picturg boundary whien the picture width in luma samples is not an integer multiple of the luma coding tree|block size
and th¢ coding free units are incomplete at the bottom picture boundary when the picture height in luma gamples is
not an [integermultiple of the luma coding tree block size

— The diyision of each coding unit into prediction units

— The division of each coding unit into transform units

— The division of each coding unit into coding blocks

— The division of each coding block into prediction blocks
— The division of each coding block into transform blocks
— The division of each prediction unit into prediction blocks

— The division of each transform unit into transform blocks.
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6.4 Availability processes

6.4.1 Derivation process for z-scan order block availability

Inputs to this process are:

—  The luma location ( xCurr, yCurr ) of the top-left sample of the current block relative to the top-left luma sample of
the current picture

—  The luma location ( xNbY, yNbY ) covered by a neighbouring block relative to the top-left luma sample of the
current picture.

Output of this process is the availability of the neighbouring block covering the location ( xXNbY, yNbY ), denoted as
availableN.

The minimum luma block address in z-scan order minBlockAddrCurr of the current block is derived as follows:

1

The minir
(xNbY, y

— Ifone

- X

The neigh
— Ifone

— 1

642 D
Inputs to t|
-  the Iy

inBlockAddrCurr = MinTbAddrZs[ xCurr >> MinTbLog2SizeY ][ yCurr >> MinTbLog2SizeY.]

hum luma block address in z-scan order minBlockAddrN of the neighbouring block covyetihg th
NbY ) is derived as follows:

br more of the following conditions are true, minBlockAddrN is set equal to —1:
NbY is less than 0

NbY is less than 0

NbY is greater than or equal to pic_width in luma samples

NbY is greater than or equal to pic_height in_luma samples

ise (xXNbY and yNbY are inside the picture boundaries),

inBlockAddrN = MinTbAddrZs[ xNbY >> MinTbLog28izeY ][ yNbY >> MinTbLog2SizeY |
pouring block availability availableN is derived as follows:

br more of the following conditions are true, availableN is set equal to FALSE:
inBlockAddrN is less than 0,

inBlockAddrN is greater than minBlockAddrCurr,

inimum luma block address minBlockAddrN differs in value from the variable SliceAddrRs assod
e slice segment containing the ¢utrent block with the minimum Iuma block address minBlockAddrC

e neighbouring block with the minimum luma block address minBlockAddrN is contained in a di
an the current block withithe minimum luma block address minBlockAddrCurr.

ise, availableN igSetequal to TRUE.
erivation process for prediction block availability
his process.dare:

ma lecation ( XCb, yCb ) of the top-left sample of the current luma coding block relative to the to

samp

(6-1)

e location

(6-2)

e variable SliceAddrRs associated('with the slice segment containing the neighbouring block with the

iated with
uirT.

fferent tile

-left luma

e'ofthe current picture,

— avariable nCbS specifying the size of the current luma coding block,

—  the luma location ( xPb, yPb ) of the top-left sample of the current luma prediction block relative to the top-left

luma

sample of the current picture,

—  two variables nPbW and nPbH specifying the width and the height of the current luma prediction block,

— avariable partldx specifying the partition index of the current prediction unit within the current coding unit,

—  the luma location ( xXNbY, yNbY ) covered by a neighbouring prediction block relative to the top-left luma sample
of the current picture.

Output of this process is the availability of the neighbouring prediction block covering the location ( xNbY, yNbY ),
denoted as availableN is derived as follows:
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The variable sameCb specifying whether the current luma prediction block and the neighbouring luma prediction block
cover the same luma coding block.

— If all of the following conditions are true, sameCb is set equal to TRUE:

xCb is less than or equal than xXNbY,
— yCb is less than or equal than yNbY,
(xCb +nCbS) is greater than xNbY,
(yCb + nCbS) is greater than yNbY.

— Otherwise, sameCb is set equal to FALSE.

The neighbouring prediction block availability availableN is derived as follows:

— If same = s - alonp 5o orderblock-awvailab ified-n-elayse 6.4.1 is
invoked with ( xCurr, yCurr ) set equal to ( xPb, yPb) and the luma location ( xNbY, yNbY ) as inpufs, and the
outputlis assigned to availableN.

— Othervise, if all of the following conditions are true, availableN is set equal to FALSE:

nPbW << 1) is equal to nCbS,
hPbH << 1) is equal to nCbS,

yCb + nPbH ) is less than or equal to yNbY,

(
(
—  partldx is equal to 1,
(
(kCb + nPbW ) is greater than xNbY.

— Otherwise, availableN is set equal to TRUE.

When avafilableN is equal to TRUE and CuPredMode[ xNbY ][ yNbY ] is equal to MODE INTRA, availableN is set
equal to FALSE.

6.5 Scanning processes

6.5.1  ({oding tree block raster and tile scanning conversion process

The list clWidth[ i ] for i ranging from 0 to num\ tile columns_minusl, inclusive, specifying the width of the i-th tile
column infunits of CTBs, is derived as follows:

f( uniform_spacing_flag )
for(1=0;1 <= num_til¢ ¢olumns_minusl; i++)
colWidth[ i ]=((i+ ) * PicWidthInCtbsY )/ ( num_tile columns minusl +1) —
(¥\PicWidthInCtbsY ) / (num_tile columns minusl + 1)
plse {
colWidth[ num-tile columns minusl | = PicWidthInCtbsY (6-3)
for( 1= 0;js<inum_tile columns minusl; i++) {
colWidth[ i ] = column_width minusl[i]+ 1
colWidth[ num_tile columns minusl | —= colWidth[ i ]

}

The list rowHeight[ j ] for j ranging from 0 to num_tile rows minusl, inclusive, specifying the height of the j-th tile row
in units of CTBs, is derived as follows:

if( uniform_spacing flag)
for(j=0;j <= num_tile rows minusl; j++)
rowHeight[ j ]=((j + 1) * PicHeightInCtbsY )/ (num_tile rows minusl +1)—
(j * PicHeightInCtbsY ) / (num _tile rows minusl + 1)
else {
rowHeight[ num _tile rows minusl ] = PicHeightInCtbsY (6-4)
for(j=0;j <num tile rows minusl; j++) {
rowHeight[ j ] = row_height minus1[j ]+ 1
rowHeight[ num_tile rows minusl ] —= rowHeight[ j ]
H
}
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The list colBd[ i ] for i ranging from 0 to num_tile columns minusl + 1, inclusive, specifying the location of the i-th tile
column boundary in units of coding tree blocks, is derived as follows:

for( colBd[0]=0,i=0;1 <= num_tile columns minusl; i++)
colBd[i+1]=colBd[i]+ colWidth[i] (6-5)

The list rowBd[ j ] for j ranging from 0 to num_tile rows minusl + 1, inclusive, specifying the location of the j-th tile
row boundary in units of coding tree blocks, is derived as follows:

for(rowBd[ 0 ]=0,j=0;j <= num_tile rows minusl; j++)
rowBd[ j+ 1 ] =rowBd[ j ] + rowHeight][ j ] (6-6)

The list CtbAddrRsToTs[ ctbAddrRs ] for ctbAddrRs ranging from 0 to PicSizeInCtbsY — 1, inclusive, specifying the
conversion from a CTB address in CTB raster scan of a picture to a CTB address in tile scan, is derived as follows:

for( ctbAddrRs = 0; ctbAddrRs < PicSizeInCtbsY; ctbAddrRs++) {
thX—CtbAddrRs %6 PreWidthinCtbs
tbY = ctbAddrRs / PicWidthInCtbsY
for(i=0;1 <= num_tile columns minusl; i++ )
if( tbX >= colBd[i])
tileX =1
for(j=0;j <= num_tile rows_minusl; j++) (6-7)
if( tbY >= rowBd[]])
tileY =]
CtbAddrRsToTs[ ctbAddrRs | =0
for(i=0;1 <tileX; i++)
CtbAddrRsToTs[ ctbAddrRs | += rowHeight][ tileY | * colWidth{\ ]
for(j=0;j <tileY;j++)
CtbAddrRsToTs[ ctbAddrRs | += PicWidthInCtbsY * rowHeight[ j ]
CtbAddrRsToTs[ ctbAddrRs | += (tbY —rowBd] tileY }) *-¢olWidth[ tileX ] + tbX — colBd] tileX ]

The list OtbAddrTsToRs[ ctbAddrTs ] for ctbAddrTs ranging from 0 to PicSizeInCtbsY — 1, inclusive, spe¢ifying the
conversion from a CTB address in tile scan to a CTB address an €TB raster scan of a picture, is derived as follgws:

for( ctbAddrRs = 0; ctbAddrRs < PicSizeInCtbs¥.<¢tbAddrRs++ ) (6-8)
CtbAddrTsToRs[ CtbAddrRsToTs[ ctbAddiRs ] ] = ctbAddrRs

The list Tjleld[ ctbAddrTs ] for ctbAddrTs rangingdtrom 0 to PicSizeInCtbsY — 1, inclusive, specifying the ¢onversion
from a CT|B address in tile scan to a tile ID, is derived as follows:

for(j =0, tileldx = 0; ] <= num_tile rows minusl; j++)
for(1=0;1 <= num_tile_eolumns minusl; i++, tileldx++ )
for(y=rowBd[j ]; y<rowBd[j+ 1 ]; yt++) (6-9)
for( x = colBdf\i s x <colBd[ i+ 1 ]; x++)
Tileld[ CtbAddrRsToTs[ y * PicWidthInCtbsY+ x ] | = tileldx

The valuep of ColumnWidthInLumaSamples][ i ], specifying the width of the i-th tile column in units of lump samples,
are set eqyal to colWidthfi] << CtbLog2SizeY for i ranging from 0 to num_tile columns minusl, inclusive.

The valuep of RowHeightInLumaSamples| j ], specifying the height of the j-th tile row in units of luma samples, are set
equal to rqwHeight['j ] << CtbLog2SizeY for j ranging from 0 to num_tile rows minusl, inclusive.

6.5.2  7Z-scan order array initialization process

The array MinTbAddrZs with  elements MinTbAddrZs[x][y] for x ranging from 0 to
( PicWidthInCtbsY << ( CtbLog2SizeY —MinTbLog2SizeY ))— 1, inclusive, and y ranging from 0 to
( PicHeightInCtbsY << ( CtbLog2SizeY —MinTbLog2SizeY ) ) — 1, specifying the conversion from a location (x,y )
in units of minimum blocks to a minimum block address in z-scan order, inclusive is derived as follows:

for(y = 0; y < ( PicHeightInCtbsY << ( CtbLog2SizeY —MinTbLog2SizeY ) ); y++)
for( x = 0; x < ( PicWidthInCtbsY << ( CtbLog2SizeY — MinTbLog2SizeY ) ); x++) {
tbX = (x << MinTbLog2SizeY ) >> CtbLog2SizeY
tbY = (y << MinTbLog2SizeY ) >> CtbLog2SizeY
ctbAddrRs = PicWidthInCtbsY * tbY + tbX
MinTbAddrZs[ x ][ y ] = CtbAddrRsToTs[ ctbAddrRs | << (6-10)
( (CtbLog2SizeY — MinTbLog2SizeY ) * 2 )
for(i=0, p=0;1<(CtbLog2SizeY — MinTbLog2SizeY ); i++) {
m=1 << i
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6.5.3

ptH=(m&x?7m*m:0)+(m&y?2*m*m:0)
}
MinTbAddrZs[ x ][y ] += p

}

Up-right diagonal scan order array initialization process

Input to this process is a block size blkSize.

Output of this process is the array diagScan[ sPos ][ sComp ]. The array index sPos specify the scan position ranging
from 0 to ( blkSize * blkSize ) — 1. The array index sComp equal to O specifies the horizontal component and the array
index sComp equal to 1 specifies the vertical component. Depending on the value of blkSize, the array diagScan is
derived as follows:

i=0

6.5.4

Input to th

Output of]
from 0 to
index sCo
derived as|

6.5.5

x=0

H

N

=0
topLoop = FALSE
vhile( !stopLoop ) {
while(y >= 0) {
if( x <blkSize && y <blkSize) {
diagScan[i][0]=x
diagScan[i][1]=y
it++
H
y——
X++

X
=0

if(1 >= blkSize * blkSize )
stopLoop = TRUE

}
y=
x

orizontal scan order array initialization process
is process is a block size blkSize.

this process is the array horScan[ sPos|[ sComp ]. The array index sPos specifies the scan positi

blkSize * blkSize ) — 1. The array<index sComp equal to 0 specifies the horizontal component an
mp equal to 1 specifies the vertical component. Depending on the value of blkSize, the array
follows:

=0

for( y = 0; y <blkSize;y++)

for( x = 0; x <blkSize; x++) {
horScan[yi |[[0 ] =x
horScanfi ][ 1 ]=y
i+

}

ertical scan order array initialization process

(6-11)

n ranging
I the array
horScan is

(6-12)

Input to this process is a block size blkSize.

Output of this process is the array verScan[ sPos ][ sComp ]. The array index sPos specifies the scan position ranging
from 0 to ( blkSize * blkSize ) — 1. The array index sComp equal to 0 specifies the horizontal component and the array
index sComp equal to 1 specifies the vertical component. Depending on the value of blkSize, the array verScan is
derived as follows:

i=0
for( x = 0; x < blkSize; x++)

26

for( y = 0; y <blkSize; y++) {
verScan[1][ 0] =x
verScan[i][1]=y
i++

(6-13)
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7 Syntax and semantics
7.1 Method of specifying syntax in tabular form

The syntax tables specify a superset of the syntax of all allowed bitstreams. Additional constraints on the syntax may be
specified, either directly or indirectly, in other clauses.
NOTE — An actual decoder should implement some means for identifying entry points into the bitstream and some means to

identify and handle non-conforming bitstreams. The methods for identifying and handling errors and other such situations are not
specified in this Specification.

The following table lists examples of the syntax specification format. When syntax_element appears, it specifies that a
syntax element is parsed from the bitstream and the bitstream pointer is advanced to the next position beyond the syntax
element in the bitstream parsing process.

Desexriptor
/* Alstatement can be a syntax element with an associated descriptor or can be an expression
used|to specify conditions for the existence, type, and quantity of syntax elements, as in the
follopving two examples */
syntax_element ue(y)

condjtioning statement

/* Algroup of statements enclosed in curly brackets is a compound statement and is freated
funcfionally as a single statement. */

{

statement

statement

/* Al'while" structure specifies a test of whether a condition is true, and if true, specifies
evalyation of a statement (or compound statement) tepeatedly until the condition is no longer
true f/

whil¢( condition )

statement

/* Al'do ... while" structure specifiés evaluation of a statement once, followed by a test of
whether a condition is true, and if true, specifies repeated evaluation of the statement until the
condjtion is no longer trye~¥/

do

statement

whilg( conditipny)

/* AT "if».else" structure specifies a test of whether a condition is true and, if the condition is
true, QpP(‘iﬁPQ evaluation of a primm'v statement_otherwise QPP(‘iﬁF‘Q evaluation of an

alternative statement. The "else" part of the structure and the associated alternative statement is
omitted if no alternative statement evaluation is needed */

if( condition )

primary statement

else

alternative statement

/* A "for" structure specifies evaluation of an initial statement, followed by a test of a
condition, and if the condition is true, specifies repeated evaluation of a primary statement
followed by a subsequent statement until the condition is no longer true. */

for( initial statement; condition; subsequent statement )
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primary statement

7.2 Specification of syntax functions and descriptors

The functions presented here are used in the syntactical description. These functions are expressed in terms of the value
of a bitstream pointer that indicates the position of the next bit to be read by the decoding process from the bitstream.

byte aligned( ) is specified as follows:

— If the current position in the bitstream is on a byte boundary, i.e., the next bit in the bitstream is the first bit in a
byte, the return value of byte aligned( ) is equal to TRUE.

—  Otherwise, the return value of byte aligned( ) is equal to FALSE.

nnex B, is

more_dat
specified 4

- I
- 0
more_datg

- I
8
1

- 0
more_rbsy]

1

—

in_byte stream( ), which is used only in the byte stream NAL unit syntax structure specified in
s follows:

more data follow in the byte stream, the return value of more_data_in_byte stream( ) is equalto TR
therwise, the return value of more data in byte stream( ) is equal to FALSE.
| in_payload( ) is specified as follows:

byte aligned() is equal to TRUE and the current position in the sei payload() syntax s
* payloadSize bits from the beginning of the sei payload() syntax( structure, the return
ore_data in_payload( ) is equal to FALSE.

therwise, the return value of more data in_payload( ) is equal to TRUE.
_data( ) is specified as follows:
there is no more data in the RBSP, the return value of more‘tbsp data( ) is equal to FALSE.

therwise, the RBSP data are searched for the last (least ‘significant, right-most) bit equal to 1 that is|

If there is more data in an RBSP beforé<the rbsp trailing bits() syntax structure, the returt
more_rbsp_data( ) is equal to TRUE.

Otherwise, the return value of more “tbsp_data( ) is equal to FALSE.

UE.

ructure is
value of

present in

e RBSP. Given the position of this bit, which is thefirst bit (rbsp_stop one_bit) of the rbsp_trailing bits()
yntax structure, the following applies:

n value of

The npethod for enabling determination of'whether there is more data in the RBSP is specified by the application (or

in An
more_rbsy
- I
- 0
payload ¢

- I
1
H

=

hex B for applications that use the byte stream format).

| trailing_data( ) is specified"as follows:

there is more data in-airRBSP, the return value of more rbsp_trailing_data( ) is equal to TRUE.
therwise, the returnvalue of more rbsp_trailing_data( ) is equal to FALSE.

ktension présent( ) is specified as follows:

the current’position in the sei_payload( ) syntax structure is not the position of the last (least signifi
ost) bitythat is equal to 1 that is less than 8 * payloadSize bits from the beginning of the syntax stry

ant, right-
cture (i.e.,

e.position of the payload bit_equal to one syntax element), the return value of payload extension

.=

| present( )

is

VI ni o % s
Ccyuario 1NuUkrL.

— Otherwise, the return value of payload extension_present( ) is equal to FALSE.
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next bits( n ) provides the next bits in the bitstream for comparison purposes, without advancing the bitstream pointer.
Provides a look at the next n bits in the bitstream with n being its argument. When used within the byte stream format as
specified in Annex B and fewer than n bits remain within the byte stream, next bits( n ) returns a value of 0.

read bits( n ) reads the next n bits from the bitstream and advances the bitstream pointer by n bit positions. When n is

equal to 0,

read_bits( n ) is specified to return a value equal to 0 and to not advance the bitstream pointer.

The following descriptors specify the parsing process of each syntax element:

— ae(v): context-adaptive arithmetic entropy-coded syntax element. The parsing process for this descriptor is
specified in clause 9.3.

— b(8): byte having any pattern of bit string (8 bits). The parsing process for this descriptor is specified by the
return value of the function read_bits( 8 ).

— f(n): fixed-pattern bit string using n bits written (from left to right) with the left bit first. The parsing process for

+1
r

— i
d
G
si

— s
h

=

- st
!
b

W

o o

G
si

= =

7.3 S
7.3.1

Z

7.3.1.1

fsdescriptor s specificd by the Tetur vatue of the furction read—bitst -

nen

h): signed integer using n bits. When n is "v" in the syntax table, the number of bits variessin
ependent on the value of other syntax elements. The parsing process for this descriptor is| specif]
turn value of the function read bits( n ) interpreted as a two's complement integer representation
onificant bit written first.

(v): signed integer 0-th order Exp-Golomb-coded syntax element with the left bitfirst. The parsing
is descriptor is specified in clause 9.2.

v): null-terminated string encoded as UTF-8 characters as specified in ISO/IEC 10646. The parsing
ecified as follows: st(v) begins at a byte-aligned position in the bitstream and reads and returns
btes from the bitstream, beginning at the current position and continting up to but not including the

aligned byte that is equal to 0x00, and advances the bitstream pointer by ( stringLength + 1) * 8 bif

here stringlength is equal to the number of bytes returned.

NOTE — The st(v) syntax descriptor is only used in this Speeification when the current position in the bi
byte-aligned position.

n): unsigned integer using n bits. When n is "v" in‘the syntax table, the number of bits varies in
ependent on the value of other syntax elements,.The parsing process for this descriptor is specif]
turn value of the function read_bits( n ) interpteted as a binary representation of an unsigned integer]
onificant bit written first.

p(v): unsigned integer 0-th order Exp-Gelomb-coded syntax element with the left bit first. The parsi
r this descriptor is specified in clause9.2.

yntax in tabular form
AL unit syntax

General NAL unjtsyntax

a manner
ied by the
with most

brocess for

process is
h series of
next byte-
positions,

tstream is a

a manner
ied by the
with most

ng process

nal_gnit( NumBytesInNalUnit ) { Descr

ptor

ndl_unit_header( )

N

hmBytesInRbsp = 0

fol

(1="2-1 < NumBvtesInNalllnit: i++)

if( 1+ 2 <NumBytesInNalUnit && next bits( 24 ) == 0x000003 ) {

rbsp_byte[ NumBytesInRbsp++ ] b(8)

rbsp_byte[ NumBytesInRbsp++ ] b(8)

i +=2

emulation_prevention_three byte /* equal to 0x03 */ f(8)

} else

rbsp_byte[ NumBytesInRbsp++ ] b(8)
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7.3.1.2 NAL unit header syntax

nal_unit_header( ) {

Descriptor
forbidden_zero_bit f(1)
nal_unit_type u(6)
nuh_layer_id u(6)
nuh_temporal_id_plusl u(3)
}
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7.3.2  Raw byte sequence payloads, trailing bits, and byte alignment syntax

7.3.2.1 Video parameter set RBSP syntax

video_ parameter set rbsp() { Descriptor
vps_video_parameter_set id u(4)
vps_base layer_internal flag u(l)
vps_base layer_available flag u(l)
vps_max_layers_minusl u(6)
vps_max_sub_layers minusl u(3)
vps_temporal_id_nesting flag u(l)
vps—reserved Oxffff 16bits ary)

prpfile tier level( 1, vps_max_sub_layers minusl )

vps_sub_layer ordering_info present flag u(l)

fof(i=( vps_sub_layer ordering info present flag ? 0 : vps_max_sub_layers minusl );
i <= vps_max sub layers minusl;i++) {

vps_max_dec_pic_buffering_minus1[ i ] ue(y)
vps_max_num_reorder_pics[ i ] ue(y)
vps_max_latency_increase_plusl[i ] ue(y)
}
vps_max_layer_id u(4)
vls_num_layer sets minusl ue(y)

fop(i=1;1 <= vps_num layer sets minusl; it+)

for(j=0;j <= vps_max layer id;j++)

layer_id_included_flag[i][j ] u(l)
vis_timing_info_present_flag u(l)
if{ vps_timing_info_present flag ) {

vps_num_units_in_tick u(3p)
vps_time_scale u(3R)
vps_poc_proportional_to_timing ‘flag u(l)
if( vps_poc_proportional to iming_flag )

vps_num_ticks poc_diff-one_minusl ue(p)

vps_num_hrd_parameters ue()

for(1=0;1<vpsonum hrd parameters; i++ ) {

hrd_layer_sSet.idx[ i ] ue(f)
if(1>0)
cprins_present_flag[ i | u(l)
hrd Jparameters( cprms_present flag[ i ], vps_max_sub layers minus] )
}
}
vps_extension_flag u(1)

if( vps_extension flag )

while( more rbsp data( ) )

vps_extension_data_flag u(l)

rbsp_trailing_bits( )
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7.3.2.2 Sequence parameter set RBSP syntax

7.3.2.2.1 General sequence parameter set RBSP syntax

seq_parameter_set rbsp( ) { Descriptor

sps_video parameter_set id u(4)
sps_max_sub_layers minusl u(3)
sps_temporal_id_nesting_flag u(l)
profile tier level( 1, sps_max sub layers minusl )
sps_seq_parameter_set_id ue(v)
chroma_format_idc ue(v)
if( chroma format ide == 3

separate_colour_plane_flag a(l)
pip_width_in_luma_samples ue(f)
pik_height_in_luma_samples ue(y)
cdnformance_window_ﬂag u(l)
if({ conformance window_flag) {

conf_win_left offset ue(f)

conf_win_right_offset ue(y)

conf_win_top_offset ue(f)

conf_win_bottom_offset ue(y)
§
bif_depth_luma_minus8 ue(y)
bik_depth_chroma_minuss ue(f)
log2 max_pic_order_cnt_Isb_minus4 ue(y)
spis_sub_layer_ordering_info_present_flag u(l)

fop(1=(sps_sub layer ordering info present\flag ? 0 : sps_max sub layers minusl );
i <= sps_max sub layers minusl; i+ {

sps_max_dec_pic_buffering minus1+i ] ue(f)

sps_max_num_reorder_pics[ i | ue(y)

sps_max_latency_increase plusl|i] ue(f)
}
log2 min luma_coding. block_size_minus3 ue(y)
log2 diff max_min-luma_coding block_size ue(p)
log2 min_luma_transform_block size minus2 ue(y)
log2 diff max min_luma_transform_block_ size ue(p)
mpx_transform_hierarchy_depth_inter ue(y)
mIax transform_hierarchy depth_intra ue(p)

schling list_enabled_flag ucl)

if( scaling list enabled flag) {

sps_scaling list data_present_flag u(1)

if( sps_scaling list data present flag )

scaling_list data( )

}
amp_enabled_flag u(1)
sample_adaptive_offset_enabled_flag u(l)
pcm_enabled_flag u(l)
if( pcm_enabled flag) {

pcem_sample bit depth luma minusl u(4)
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pem_sample bit_depth_chroma_ minusl u(4)
log2_min_pcm_luma_coding_block_size minus3 ue(v)
log2_diff max_min pcm_luma_coding_block_size ue(v)
pem_loop_filter_disabled_flag u(l)
§
num_short_term_ref pic_sets ue(v)

for(1=0; 1 <num_short term ref pic_sets; i++)

st ref pic_set(1i)

long_term_ref pics present_flag u(l)

if( long term ref pics present flag) {

num_long_term_ref pics_sps ue(v)

for(1=0;1<num long term ref pics sps; i++ ) {

It_ref pic_poc_Isb_sps[i] u(y)
used_by_curr_pic_lt_sps_flag[ i ] u(l)
}
}
sps_temporal_mvp_enabled_flag u(l)
stfong_intra_smoothing_enabled_flag u(l)
vyi_parameters_present_flag u(l)

if{ vui_parameters_present flag )

vui_parameters( )

sps_extension_present_flag u(l)

if( sps_extension_present flag) {

sps_range_extension_flag u(l)
sps_multilayer_extension_flag u(l)
sps_extension_6bits u(4)

if( sps_range extension flag)

sps_range_extension( )

if( sps_multilayer extension_flag()

sps_multilayer extension( )../* specified in Annex F */

if({ sps_extension_6bits )

while( more_rbsp-data( ) )

sps_extension_.data_flag u(l)
rbpp_trailing bits( )
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7.3.2.2.2 Sequence parameter set range extension syntax

34

sps_range_extension( ) { Descriptor
transform_skip_rotation_enabled_flag u(l)
transform_skip_context_enabled_flag u(l)
implicit rdpcm_enabled_flag u(l)
explicit_rdpcm_enabled_flag u(l)
extended_precision_processing_flag u(l)
intra_smoothing disabled flag u(l)
high_precision_offsets_enabled_flag u(l)
persistent_rice_adaptation_enabled flag u(l)
cdbac_bypass_alignment_enabled_ﬂag ull)

}
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7.3.2.3 Picture parameter set RBSP syntax

7.3.2.3.1 General picture parameter set RBSP syntax

pic_parameter_set rbsp( ) { Descriptor

pPps_pic_parameter_set_id ue(v)
pps_seq_parameter_set_id ue(v)
dependent_slice_segments_enabled_flag u(l)
output_flag present_flag u(l)
num_extra_slice_header_bits u(3)
sign_data_hiding_enabled_flag u(l)
cabac_init present flag ud)
n4m_ref_idx_lO_default_active_minus1 uel(y)
nllm_ref_idx_l1_default_active_minusl ue(y)
in't_qp_minu526 se(y)
cdnstrained_intra _pred_flag u(l)
transform_skip_enabled_flag u(l)
cu _qp_delta_enabled_flag u(l)
if(cu_gp_delta_enabled flag)

diff cu_qp_delta_depth ue(f)
pRs_cb_qp_offset se(y)
pds_cr_qp_offset se(y)
pﬂs_slice_chroma_qp_offsets _present_flag u(l)
weighted pred_flag u(l)
weighted bipred_flag u(l)
transquant_bypass_enabled_flag u(l)
tiles_enabled_flag u(l)
er‘tropy_coding_sync_enabled_ﬂag u(])
if| tiles_enabled flag) {

num_tile _columns_minusl ue(f)

num_tile rows_minusl ue(y)

uniform_spacing_flag u(h

if( luniform_spacingflag ) {

for(1=0; 1 <nunitile columns minusl; i++)

columnewidth_minus1[i ] ue(y)

for(1 =0 <num_tile rows minusl; i++)

row:_height_minus1[ i ] ue(p)
}
toop_filter—across_tiles—enabled_flag ud)
}
pps_loop _filter_across_slices_enabled_flag u(l)
deblocking_filter control_present_flag u(1)
if( deblocking filter control present flag) {
deblocking_filter_override_enabled flag u(1)
pps_deblocking_filter_disabled_flag u(l)
if( !pps_deblocking_filter disabled flag) {
pps_beta_offset div2 se(v)
pps_tc_offset_div2 se(v)
!
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}
pps_scaling_list_data present flag u(l)
if( pps_scaling_list data_present flag)
scaling_list_data( )
lists_modification_present flag u(l)
log2_parallel_merge level minus2 ue(v)
slice_segment_header_extension_present_flag u(1)
pps_extension_present_flag u(l)
if( pps_extension present flag) {
pps_range_extension_flag u(l)
pps_multilayer_extension_flag u(l)
pps_extension_6bits @)
}
if(( pps_range extension flag)
pps_range extension( )
if( pps_multilayer extension_flag )
pps_multilayer extension( ) /* specified in Annex F */
if({ pps_extension_6bits )
while( more rbsp data( ) )
pps_extension_data_flag u(l)
rbpp_trailing_bits( )
}
7.3.2.3.2 Picture parameter set range extension syntax
pps_fange extension( ) { Descriptor
if{| transform_skip enabled flag)
log2_max_transform_skip_block<size minus2 ue(y)
crpss_component_prediction_enabled_flag u(l)
chroma_qp_offset_list enabled’ flag u(h
if{chroma qgp offset listtenabled flag) {
diff cu_chroma_qgp offset_depth ue(y)
chroma_qp_offset’list len_minusl ue(p)
for(1=0; i/x="chroma qp_offset list len minusl;it+) {
cb_qp.offset list[ i ] se(y)
cr_qp_offset list[i] se(y)
f
j
log2 _sao_offset_scale luma ue(v)
log2_sao_offset_scale chroma ue(v)
}
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7.3.2.4 Supplemental enhancement information RBSP syntax

sei_rbsp( ) { Descriptor
do

sei_message( )

while( more rbsp data( ) )

rbsp_trailing_bits( )

7.3.2.5 Access unit delimiter RBSP syntax

accegs unit delimiter rbsp( ) { Descriptor
pic_type ul)
rbpp_trailing_bits( )

}

7.3.2.6 End of sequence RBSP syntax

end pf seq rbsp() { Descriptor

7.3.2.7 End of bitstream RBSP syntax

end pf bitstream rbsp( ) { Descriptor

7.3.2.8 Filler data RBSP syntax

filler| data rbsp() { Descriptor
while( next_bits( 8 ) == 0xFF)
ff byte /* equalto OxFF */ f(§)
rbpp_trailing~bits( )
}

7.3.2.9 Slice segment layer RBSP syntax

slice_segment_layer rbsp() { Descriptor

slice_segment_header( )

slice_segment_data( )

rbsp_slice_segment _trailing_bits( )
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7.3.2.10 RBSP slice segment trailing bits syntax

rtbsp_slice_segment_trailing_bits( ) { Descriptor

rbsp_trailing bits( )

while( more rbsp _trailing_data( ) )
cabac_zero_word /* equal to 0x0000 */ f(16)

7.3.2.11 RBSP trailing bits syntax

rbsp | trailing_bits( ) { Descriptor
rhsp_stop_one_bit /* equal to 1 */ (1)

while( !byte aligned( ) )

rbsp_alignment_zero_bit /* equal to 0 */ (1)

7.3.2.12 Byte alignment syntax

byte |alignment( ) { Descriptor
aljgnment_bit equal to_one /* equal to 1 */ f(1)
while( !byte aligned( ) )
alignment_bit _equal to_zero /* equalto 0 */ f(1)
}
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7.3.3  Profile, tier and level syntax

profile tier level( profilePresentFlag, maxNumSubLayersMinusl ) { Descriptor
if( profilePresentFlag ) {
general_profile_space u(2)
general _tier_flag u(l)
general_profile_idc u(s)
for(j=0;j <32;j++)
general_profile_compatibility flag[j ] u(l)
general progressive_source flag u(l)
general_interlaced_source_flag u(l)
general _non_packed_constraint_flag u(h)
general_frame_only constraint_flag u(l)

if( general profile idc == 4 || general profile compatibility flag[ 4] ||
general profile idc == 5 || general profile compatibility flag[ 5] ||
general profile idc == 6 || general profile compatibility flag[ 6] ||
general profile ide == 7 || general profile compatibility flag[ 7]) {
/* The number of bits in this syntax structure is not affected by this condition 7/

general_max_12bit_constraint_flag u(l)
general_ max_10bit_constraint_flag u(l)
general_max_8bit_constraint_flag u(l)
general max_422chroma_constraint_flag u(l)
general_max_420chroma_constraint_flag u(l)
general max_monochrome_constraint_flag u(l)
general_intra_constraint_flag u(l)
general_one_picture only constraint_flag u(l)
general_lower_bit rate_constraint_flag u(l)
general_reserved_zero_34bits u(3¢h)
} else
general_reserved_zero_43bits u(4B)

if( ( general profile idc >= 1.(&& general profile idc <= 5) ||
general profile compatibility flag[ 1 ] || general profile compatibility flag[ 2
general profile compatibility flag[ 3] || general profile compatibility flag[ 4
general profile compatibility flag[ 5])
/* The number-efbits in this syntax structure is not affected by this condition */

111
111

general_inbld. flag u(l)
else
general reserved_zero_bit u(l)
h
gdneral level idc u(g)
for(i=0; i < maxNumSubLayersMinusl; i++) {
sub_layer_profile present flag[i ] u(l)
sub_layer_level present flag[ i ] u(l)

}
if( maxNumSubLayersMinus1 >0 )

for( 1= maxNumSubLayersMinusl; i <8; i++)
reserved_zero_2bits[ i | u2)
for( 1= 0; i < maxNumSubLayersMinus1; i++ ) {

if( sub_layer profile present flag[i]) {

sub_layer profile space[i ] u2)
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sub_layer_tier flag[i] u(l)
sub_layer_profile_idc[ i ] u(s)
for(j=0;j<32;j++)
sub_layer_profile_compatibility flag[i][] ] u(l)
sub_layer progressive_source flag[ i ] u(1)
sub_layer_interlaced_source flag[ i | u(l)
sub_layer non_packed_constraint flag[ i ] u(1)
sub_layer_frame only_constraint_flag[ i ] u(l)
if( sub_layer profile idc[i] == 4 || sub_layer profile compatibility flag[i][4] ||
sub_layer profile idc[i] == 5 || sub_layer profile compatibility flag[i][5] ||
sub_layer profile idc[i] == 6 || sub_layer profile compatibility flag[i][6] ||
sub _layer profile ide[i] == 7 || sub layer profile compatibility flagliJ[71) {
/* The number of bits in this syntax structure is not affected by this condition */
sub_layer max_12bit_constraint flag[ i ] u(l)
sub_layer_max_10bit_constraint_flag[ i | u(h
sub_layer max_8bit_constraint flag[ i ] u(l)
sub_layer_max_422chroma_constraint_flag[ i ] u(h
sub_layer_max_420chroma_constraint_flag[ i ] u(l)
sub_layer_max_monochrome_constraint_flag[ i ] u(h
sub_layer_intra_constraint_flag[ i | u(l)
sub_layer_one_picture_only_constraint_flag[ i | u(h
sub_layer lower_bit rate constraint flag[i ] u(l)
sub_layer_reserved_zero_34bits[ i ] u(3g)
} else
sub_layer_reserved_zero_ 43bits| i | u(4B)
if( (sub_layer profile idc[ 1] >= 1 && subslayer profile idc[i] <= 5) ||
sub_layer profile compatibility flag[ 1.} }]
sub_layer profile compatibility flagf2 | ||
sub_layer profile compatibility flag[ 3 ] ||
sub_layer profile compatibility flag[ 4] ||
sub_layer profile compatibility flag[ 5])
/* The number of bits in this;syntax structure is not affected by this condition */
sub_layer_inbld_flag[ 1 u(l)
else
sub_layer_reseérved_zero_bit[ i | u(l)
}
if( sub_layer, Tevel present flag[i])
sub_layer_level idc[1] u(g)
}
}
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scaling_list data( ) { Descriptor
for( sizeld = 0; sizeld < 4; sizeld++)
for( matrixId = 0; matrixId < 6; matrixId += (sizeld == 3)?3:1){
scaling_list_pred_mode_flag[ sizeld ][ matrixId ] u(l)
if( !scaling_list pred mode flag[ sizeld ][ matrixId ])
scaling_list_pred_matrix_id_delta[ sizeld ][ matrixId ] ue(v)
else {
nextCoef = 8
coefNum = Min( 64, (1 << (4 +(sizeld << 1))))
if( sizeld>1) {
scaling_list_dc_coef minus8[ sizeld — 2 ][ matrixId ] se(y)
nextCoef = scaling_list dc_coef minus§[ sizeld — 2 ][ matrixId ]+ 8
}
for(i=0; 1< coefNum; i++) {
scaling_list_delta_coef se(y)
nextCoef = ( nextCoef + scaling_list delta coef+ 256 ) % 256
ScalingList[ sizeld ][ matrixId ][ i ] = nextCoef
}
}
}
}
7.3.5  Supplemental enhancement information message syntax
sei_rpessage( ) { Descriptor
payloadType =0
while( next_bits( 8 ) == OxFF ) {
ff_byte /* equal to OxFF */ f(§)
payloadType += 255
}
lajt_payload_type ‘byte u(§)
payloadType A=\1ast_payload type byte
payloadSize. =0
while( fiext bits( 8 ) == O0xFF) {
ff.byte /* equal to OxFF */ f(§)
payloadSize += 255
}
last_payload_size byte u(8)
payloadSize += last payload size byte
sei_payload( payloadType, payloadSize )
}
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7.3.6

7.3.6.

Slice segment header syntax

1 General slice segment header syntax

slice_segment_header( ) { Descriptor
first_slice_segment in_pic_flag u(l)
if( nal_unit_type >= BLA W _LP && nal unit type <= RSV_IRAP VCL23)
no_output_of prior_pics flag u(l)
slice_pic_parameter_set id ue(v)
if( first_slice_segment in pic_flag) {
if( dependent slice segments enabled flag)
—dependent slice segment flag ud)
slice_segment_address al)
§
if( !dependent_slice segment flag ) {
for(i=0;1<num_extra slice_header bits; i++)
slice_reserved_flag[ i | u(l)
slice_type ue(y)
if( output flag present flag)
pic_output_flag u(l)
if( separate_colour plane flag == 1)
colour_plane_id u(?)
if( nal unit type != IDR W _RADL && nal unit_type<“DR N LP) {
slice_pic_order_cnt_Isb u(y)
short_term_ref pic_set sps flag u(l)
if( !short_term ref pic set sps flag)
st_ref pic_set( num_short term_ref pic ‘sets )
else if( num_short_term_ref pic_sets. 1)
short_term_ref pic_set idx u(y)
if( long_term_ref pics present_flag ) {
if( num_long_term_ref pics sps>0)
num_long_term:sps ue(y)
num_long_term. pics ue(p)
for(1=0;1&num_long_term_sps + num_long_term_pics; i++ ) {
if( i <aum_long term sps) {
if( num_long_term_ref pics sps>1)
It_idx_sps[i] u(y)
}else {
poelsb—it )
used_by curr_pic_It_flag[i] u(1)
}
delta_poc_msb_present_flag[ i ] u(1)
if( delta_poc_msb_present flag[i])
delta_poc_msb_cycle It[i] ue(v)
}
}
if( sps_temporal mvp enabled flag)
slice_temporal_mvp_enabled_flag u(1)
}
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if( sample adaptive offset enabled flag) {

slice_sao_luma_flag u(l)

if( ChromaArrayType != 0)

slice_sao_chroma_flag u(1)

}
if( slice type == P || slice type == B) {

num_ref idx_active_override flag u(l)

if( num_ref idx active override flag) {

num_ref idx 10_active_minusl ue(v)

if( slice type == B)

num_ref idx 11 _active_minusl ue(v)

}
if( lists_modification present flag && NumPicTotalCurr> 1))

ref pic_lists modification( )

if( slice_type == B)

mvd_11_zero_flag u(l)
if( cabac_init_present flag )
cabac_init_flag u(l)

if( slice_temporal mvp enabled flag) {

if( slice type == B)
collocated_from_10_flag u(l)

if( ( collocated from 10 flag && num_ref idx 10 active minusl >0) ||
(!collocated from 10 flag && num_ref idx liactive minusl >0))

collocated_ref_idx ue(y)

}
if( ( weighted pred flag && slice type =£\P) ||
( weighted bipred flag && slice type == B))

pred_weight table( )

five_minus_max_num_merge . cand ue(y)
}
slice_qp_delta se(y)
if( pps_slice_chroma_qp ‘offsets present flag) {
slice_cb_qp_offset se(})
slice_cr_qp_offset se(y)
}
if( chroma™qp offset list enabled flag)
cu-chroma_qp_offset_enabled flag u(l)
if(deblocking_filter override enabled flag)
deblocking_Tilter_override_ilag u(l)
if( deblocking_filter override flag) {
slice_deblocking_filter_disabled_flag u(l)
if( !slice_deblocking_filter disabled flag) {
slice_beta_offset_div2 se(v)
slice_tc_offset_div2 se(v)
}
}

if( pps_loop_filter across_slices enabled flag &&
(slice sao luma flag || slice sao _chroma flag ||
Islice_deblocking_filter disabled flag))
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slice_loop_filter_across_slices_enabled_flag u(l)
}
if( tiles_enabled flag || entropy coding sync enabled flag) {
num_entry point_offsets ue(v)
if( num_entry point offsets >0 ) {
offset len_minusl ue(v)
for(1=0;1<num_entry point offsets; i++)
entry_point_offset_minus1[i ] u(v)
}
}
if( slice_segment _header extension present flag) {
slice_segment_header_extension_length de(y)
for(i=0;1<slice segment header extension length; i++)
slice_segment_header_extension_data_byte[ i ] u(g)
§
byjte alignment( )
§
7.3.6.2 Reference picture list modification syntax
ref pic_lists modification( ) { Descriptor
ref pic_list modification_flag 10 u(h
if{ref pic list modification flag 10)
for(1=0;1 <= num_ref idx 10 active minusl; i+%)
list_entry _10[ i ] u(y)
if(| slice_type == B) {
ref pic_list_modification_flag 11 u(l)
if( ref pic_list modification flag )
for(1=0;1 <= num_ref idx }N active minusl;i++)
list_entry 111 ] u(y)
!
}

44

Rec. ITU-T H.265 (2015 E)


https://iecnorm.com/api/?name=ef24e739dd45de9e323cd214b25399a9

ISO/TIEC 23008-2:2015(E)

7.3.6.3 Weighted prediction parameters syntax

pred_weight table( ) { Descriptor
luma_log2 weight denom ue(v)
if( ChromaArrayType != 0)
delta_chroma_log2 weight denom se(v)
for(1=0;1 <= num_ref idx 10 active minusl; i++)
luma_weight_10_flag[ i ] u(l)
if( ChromaArrayType != 0)
for(1=0;1 <= num_ref idx 10 active minusl; i++)
chroma_weight 10 _flag[ i ] u(l)
fof(1=0;1 <= num_ref idx 10 active minusl;i++) {
if( luma_weight 10 flag[i]) {
delta_luma_weight 10[ i ] se(y)
luma_offset 10[ i ] se(V)
}
if( chroma_weight 10 flag[i])
for(j=0;j<2;j++) {
delta_chroma_weight 10[i ][] ] se(y)
delta_chroma_offset 10[i][j ] se(y)
j
}
if| slice_type == B) {
for(i=0;1 <= num_ref idx 11 active_minus]; i++)
luma_weight 11_flag[ i ] u(l)
if( ChromaArrayType != 0)
for(1=0;1 <= num_ref idx 11 activesmiinusl; i++)
chroma_weight 11 flag[i ] u(l)
for(1=0;1 <= num_ref idx 11 active minusl;i++) {
if( luma_weight 11 _flag[ i) {
delta_luma_weight M1 | se(y)
luma_offset 11[i\] se(y)
j
if( chroma_weight 11_flag[i])
for(j£03) <2;j++) {
delta_chroma_weight 11[1 ][] ] se(y)
delta_chroma_offset 11[1 ][] ] se(V)
!
j
}
j
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7.3.7

46

Short-term reference picture set syntax

st_ref pic_set( stRpsldx ) { Descriptor
if( stRpsldx != 0)
inter_ref pic_set_prediction_flag u(l)
if( inter ref pic set prediction flag) {
if( stRpsldx == num_short_term_ref pic_sets )
delta_idx_minusl ue(v)
delta_rps_sign u(1)
abs_delta_rps_minusl ue(v)
for(j=0;j <= NumDeltaPocs[ RefRpsldx ]; j++) {
used_by curr_pic_flag[j | o)
if( lused by curr pic_flag[j])
use_delta_flag[ j | u(l)
}
} ¢lse {
num_negative_ pics ue()
num_positive_pics ue(y)
for(1=0; 1 <num_negative pics; it+) {
delta_poc_s0_minus1[ i ] ue(y)
used_by_curr_pic_s0_flag[i] u(l)
}
for(1=0;1<num_positive pics; i++) {
delta_poc_s1_minusl[i ] ue(p)
used_by_curr_pic_s1_flag[i] u(l)
}
}
}
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7.3.8  Slice segment data syntax

7.3.8.1 General slice segment data syntax

slice_segment_data( ) { Descriptor
do {
coding_tree_unit( )
end_of slice_segment_flag ae(v)
CtbAddrInTs++

CtbAddrInRs = CtbAddrTsToRs[ CtbAddrInTs ]
if( !lend of slice_segment flag &&
((tiles enabled flag && Tileld][ CtbAddrInTs ] != Tileld] CtbAddrinTs—117) ||
(‘entropy_coding_sync_enabled flag &&
( CtbAddrInTs % PicWidthInCtbsY == 0 ||
Tileld[ CtbAddrInTs ] != Tileld[ CtbAddrRsToTs[ CtbAddrInRs—11]1)))
) {

end_of subset one bit /* equal to 1 */ ae(y)

byte alignment( )

}

while( lend of slice_segment flag )

——

7.3.8.2 (Coding tree unit syntax

coding tree unit( ) { Descriptor
x(tb = ( CtbAddrInRs % PicWidthInCtbsY ) << CtbLog2SizeY
y(tb = ( CtbAddrInRs / PicWidthInCtbsY ) <<*CtbLog2SizeY
if slice_sao luma flag || slice_sao chroma-flag)

sao( xCtb >> CtbLog2SizeY, yCtb >\ CtbLog2SizeY )

cdding_quadtree( xCtb, yCtb, CtbLog2SizeY, 0 )

7.3.8.3 BPample adaptive offset'syntax

sao( Ix, ry ){ Descriptor
if{rx >0 N

leftCtbInSliceSeg = CtbAddrInRs > SliceAddrRs

left€tbInTile = Tileld[ CtbAddrInTs | == Tileld[ CtbAddrRsToTs[ CtbAddrInRs — 1 ] ]

if( leftCtbInSliceSeg && leftCtbInTile )

sao_merge_left flag ae(v)

}
if(ry>0 && !sao merge left flag) {
upCtbInSliceSeg = ( CtbAddrInRs — PicWidthInCtbsY ) >= SliceAddrRs

upCtbInTile = Tileld[ CtbAddrInTs ] ==
Tileld[ CtbAddrRsToTs[ CtbAddrInRs — PicWidthInCtbsY ] |

if( upCtbInSliceSeg && upCtbInTile )

sao_merge_up_flag ae(v)

}
if( !sao_merge up flag && !sao _merge left flag)
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for( cldx = 0; cldx < ( ChromaArrayType != 0?3 :1); cldx++)
if( (slice_sao luma flag && cldx == 0) ||
(slice_sao_chroma flag && cldx>0)) {
if(cldx == 0)
sao_type_idx_luma ae(v)
else if( cldx == 1)
sao_type_idx_chroma ae(v)
if( SaoTypeldx[ cldx [[rx ][ty ] != 0) {
for(i=0;1<4;i++)
sao_offset abs[ cldx [[rx ][ry ][ 1] ae(v)
if( SaoTypeldx[ cldx [[rx ][ry] == 1) {
for(1=0;1<4;1++)
if( sao_offset abs[ cldx J[rx][ry][i] != 0)
sao_offset sign[ cldx [[rx J[ry ][ 1] ae(p)
sao_band_position[ cldx ][ rx ][ ry ] ae(y)
} else {
if( cldx == 0)
sao_eo_class_luma ae(y)
if(cldx == 1)
sao_eo_class_chroma ae(y)
}
}
}
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7.3.8.4 Coding quadtree syntax

coding_quadtree( x0, y0, log2CbSize, cqtDepth ) { Descriptor

if(x0+ (1 << log2CbSize ) <= pic_width in luma samples &&
yO + (1 << log2CbSize ) <= pic_height in luma samples &&
log2CbSize > MinCbLog2SizeY )

split_cu_flag[ x0 ][ yO ] ae(v)
if( cu_gp delta enabled flag && log2CbSize >= Log2MinCuQpDeltaSize ) {
IsCuQpDeltaCoded = 0
CuQpDeltaVal =0

fl 1 e ot lol o L1 o0
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log2CbSize >= Log2MinCuChromaQpOffsetSize )
IsCuChromaQpOffsetCoded = 0
split cu flag[x0 ][y0]) {
x1=x0+(1 << (log2CbSize—1))
yl=y0+ (1 << (log2CbSize—1))
coding_quadtree( x0, y0, log2CbSize — 1, cqtDepth + 1)
if( x1 <pic_width_in_luma samples )

coding_quadtree( x1, y0, log2CbSize — 1, cqtDepth + 1)
if( y1 <pic_height_in_luma_samples )

coding_quadtree( x0, y1, log2CbSize — 1, cqtDepth + 1)

if( x1 <pic_width_in luma samples && yl <pic_height~ia luma samples )

=X

1

coding_quadtree( x1, y1, log2CbSize — 1, cqtDepth +4 )
} ¢lse
coding_unit( x0, y0, log2CbSize )
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7.3.8.5 Coding unit syntax

50

coding_unit( x0, y0, log2CbSize ) {

Descriptor

if( transquant_bypass_enabled flag)

cu_transquant_bypass_flag

ae(v)

if( slice_type !=1)

cu_skip_flag[ x0 ][ yO ]

ae(v)

nCbS = (1 << log2CbSize )

if( cu_skip flag[ x0 ][ y0])

prediction_unit( x0, y0, nCbS, nCbS )

else {

if( slice_type !=1)

pred_mode_flag

ae(y)

if( CuPredMode[ x0 ][ yO ] != MODE INTRA || log2CbSize ==

MinCbLog2SizeY )

part_mode

ae(y)

if( CuPredMode[ x0 ][ y0 ] == MODE_INTRA ) {

if( PartMode == PART 2Nx2N && pcm_enabled flag &&
log2CbSize >= Log2MinlpcmCbSizeY &&
log2CbSize <= Log2MaxIpcmCbSizeY )

pem_flag[ x0 ][ yO ]

ae(y)

if( pem_flag[ x0 ][ y0 ) {

while( !byte_aligned( ) )

pcem_alignment_zero_bit

fcl)

pem_sample( x0, y0, log2CbSize )

}else {

pbOffset = ( PartMode == PART NxN)2( nCbS/2): nCbS

for(j = 0; j <nCbS; j = j + pbOffset )

for(1=0;1<nCbS;i=1+ pbOffset )

prev_intra_luma_pred_flag[ x0+i][ y0+] ]

ae(y)

for(j =0; j <nCbS; j =] +pbOffset )

for(i=0; 1 <nCbSs1=' + pbOffset )

if( prev_intra luma_pred flag[ x0+i][y0+j])

mpm_Adx[x0 +1][ y0O+j ]

ae(y)

else

rem_intra luma pred _mode[ x0 +1i][ y0+j ]

ae(y)

if( ChromaArrayType == 3)

for(j =0;j <nCbS; j =j + pbOffset )

for(1=0;1<nCbS;i=1+ pbOffset)

intra_chroma_pred_mode] X0 1 [ YO F7 ]

ac(v)

else if( ChromaArrayType != 0)

intra_chroma_pred_mode[ x0 ][ yO ]

ae(v)

}

}else {

if( PartMode == PART 2Nx2N )

prediction_unit( x0, y0, nCbS, nCbS )

else if( PartMode == PART 2NxN) {

prediction_unit( x0, y0, nCbS, nCbS /2 )

prediction_unit( x0, y0 + (nCbS /2 ), nCbS, nCbS /2)

} else if( PartMode == PART Nx2N) {
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prediction_unit( x0, y0, nCbS /2, nCbS)

prediction_unit( x0 + (nCbS /2 ), y0, nCbS /2, nCbS )
} else if( PartMode == PART 2NxnU ) {

prediction_unit( x0, y0, nCbS, nCbS / 4 )

prediction_unit( x0, y0 + (nCbS /4 ), nCbS, nCbS *3/4)
} else if( PartMode == PART 2NxnD) {

prediction_unit( x0, y0, nCbS, nCbS *3/4)

prediction_unit( X0, y0 + ( nCbS * 3 /4 ), nCbS, nCbS /4 )
} else if( PartMode == PART nLx2N) {

prediction_unit( x0, y0, nCbS / 4, nCbS )

prediction_unit( x0 + (nCbS /4 ), y0, nCbS * 3 /4, nCbS )
} else if( PartMode == PART nRx2N) {

prediction_unit( x0, y0, nCbS * 3 /4, nCbS )

prediction_unit( x0 + ( nCbS * 3/4), y0, nCbS / 4, nCbS )
} else { /* PART NxN */

prediction_unit( x0, y0, nCbS /2, nCbS /2)

prediction_unit( x0 + (nCbS /2 ), y0, nCbS/2,nCbS/2)

prediction_unit( X0, y0 + (nCbS /2 ),nCbS /2, nCbS /2)

prediction_unit( x0 + (nCbS /2 ), y0 + (nCbS/2),nCbS /2, nCbS¥?2)

}
if( 'pcm_flag[ x0 ][ y0]) {
if( CuPredMode[ x0 ][ yO ] != MODE INTRA &&
!(PartMode == PART 2Nx2N && merge flag[x0][y01]))

rqt_root_cbf ae(y)
if( rqt_root_cbf) {
MaxTrafoDepth = ( CuPredMode[ x0Jfy0 | == MODE _ INTRA ?

( max_transform<hierarchy depth_intra + IntraSplitFlag ) :
max_transform hierarchy depth_inter )

transform_tree( x0, y0, x0,y0,10g2CbSize, 0, 0 )
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7.3.8.6 Prediction unit syntax

prediction_unit( x0, y0, nPbW, nPbH ) { Descriptor
if( cu_skip flag[ x0 ][ y0]) {
if MaxNumMergeCand > 1)

merge_idx[ x0 ][ yO ] ae(v)
} else { /* MODE_INTER */
merge_flag[ x0 ][ yO0 ] ae(v)

if( merge flag[ x0 ][ y0]) {
if MaxNumMergeCand > 1)
merge_idx[ x0 ][ yO ] ae(v)
}else {
if( slice_type == B)

inter_pred_idc[ x0 ][ yO ] ae(y)
if( inter_pred idc[ x0 ][ y0] !'= PRED L1) {
if( num_ref idx 10 active minusl >0)

ref idx _10[ x0 ][ yO ] ae(y)
mvd_coding( x0, y0, 0)
mvp_10_flag[ x0 ][ yO0 ] ae(y)

}
if( inter_pred idc[ x0 ][ y0] !'= PRED LO0) {
if( num_ref idx Il active minusl >0)
ref idx 11] x0 ][ yO0 ] ae(y)
if( mvd 11 zero flag && inter pred idc[ x0 [[\y0 ] == PRED BI) {
MvdL1[x0][y0][0]=0
MvdL1[x0][y0O][1]=0

} else

mvd_coding( x0, y0, 1)
mvp_11_flag[ x0 ][ yO0 ] ae(y)

7.3.8.7 PCM sample syntax

pem | sample( x0, y0, log2CbSize ) { Descriptor
for(i=0;1<1 << (log2CbSize << 1);i++)
pcem_sample lumal i | u(v)

if( ChromaArrayType != 0)
for(i=0;1<((2 << (log2CbSize << 1))/ ( SubWidthC * SubHeightC ) ); i++)

pcm_sample_chromal i ] u(v)
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7.3.8.8 Transform tree syntax

transform_tree( x0, y0, xBase, yBase, log2TrafoSize, trafoDepth, blkldx ) { Descriptor

if( log2TrafoSize <= MaxTbLog2SizeY &&
log2TrafoSize > MinTbLog2SizeY &&
trafoDepth < MaxTrafoDepth && !( IntraSplitFlag && (trafoDepth == 0)))

split_transform_flag[ x0 ][ yO ][ trafoDepth ] ae(v)
if( (log2TrafoSize > 2 && ChromaArrayType != 0) || ChromaArrayType == 3) {
if( trafoDepth == 0 || cbf cb[ xBase ][ yBase ][ trafoDepth — 1 ]) {

cbf _cb[ x0 ][ yO ][ trafoDepth ] ae(v)
if( ChromaArrayType == 2 &&
(Isplit transform flag[ x0 ][ vO [ trafoDepth ] || log2TrafoSize == 3))
cbf eb[x0][y0+ (1 << (log2TrafoSize — 1)) ][ trafoDepth ] ae(y)
}
if( trafoDepth == 0 || cbf cr[ xBase ][ yBase ][ trafoDepth—1]) {
cbf _cr[ x0 ][ yO ][ trafoDepth ] ae(y)

if( ChromaArrayType == 2 &&
(!split_transform_flag[ x0 ][ yO ][ trafoDepth | || log2TrafoSize == 3))

cbf er[ x0 ][ yO+ (1 << (log2TrafoSize — 1)) ][ trafoDepth ] ae(y)

if(| split_transform_flag[ x0 ][ yO ][ trafoDepth ]) {

x1=x0+ (1 << (log2TrafoSize—1))

yl=y0+ (1 << (log2TrafoSize—1))

transform_tree( x0, y0, x0, y0, log2TrafoSize — 1, trafeDepth + 1, 0 )
transform_tree( x1, y0, x0, y0, log2TrafoSize — lptrafoDepth + 1, 1)

transform_tree( x0, y1, x0, y0, log2TrafoSize*<\I, trafoDepth + 1, 2 )

transform_tree( x1, y1, x0, y0, log2TrafoSize — 1, trafoDepth + 1, 3 )

} else {

if( CuPredMode[ x0 ][ yO ] == MODE_INTRA || trafoDepth != 0 ||
cbf cb[ x0 [ yO ][ trafoDepth [} | | cbf cr[ x0 ][ yO ][ trafoDepth ] | |
( ChromaArrayType =7 2v&&

(cbf cb[ x0 ][ yO +( I"<< (log2TrafoSize — 1)) ][ trafoDepth ] ||
cbf cr[ x0 ][ ¥0% (1 << (log2TrafoSize — 1)) ][ trafoDepth ])))

cbf lumal x0 }f y¥0'][ trafoDepth ] ae(y)

transform_unit(x0, y0, xBase, yBase, log2TrafoSize, trafoDepth, blkIdx )
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7.3.8.9 Motion vector difference syntax

54

mvd_coding( x0, y0, refList ) { Descriptor
abs_mvd_greater(_flag[ 0 ] ae(v)
abs_mvd_greater(_flag[ 1 ] ae(v)
if( abs mvd greater0 flag[ 0])
abs_mvd_greater1_flag[ 0 ] ae(v)
if( abs mvd greater0 flag[ 1])
abs_mvd_greater1_flag[ 1] ae(v)
if( abs mvd greater0 flag[ 0]) {
if( abs mvd_greater]l flag[ 0])
abs_mvd_minus2[ 0 ] ae(y)
mvd_sign_flag[ 0 ] ae(y)
}
if( abs_mvd_greater0 flag[ 1]) {
if( abs mvd greater] flag[ 1])
abs_mvd_minus2[ 1 ] ae(y)
mvd_sign_flag[ 1 ] ae(y)
}
}
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7.3.8.10 Transform unit syntax

transform_unit( x0, y0, xBase, yBase, log2TrafoSize, trafoDepth, blkldx ) { Descriptor
log2TrafoSizeC = Max( 2, log2TrafoSize — ( ChromaArrayType == 3?0:1))
cbfDepthC = trafoDepth — ( ChromaArrayType != 3 && log2TrafoSize == 2?1:0)
xC = ( ChromaArrayType != 3 && log2TrafoSize == 2 ) ? xBase : x0
yC = ( ChromaArrayType != 3 && log2TrafoSize == 2) ? yBase : y0
cbfLuma = cbf luma[ x0 ][ yO ][ trafoDepth ]

cbfChroma =

cbf cb[ xC ][ yC ][ cbfDepthC ] | |

cbf cr[ xC ][ yC ][ cbfDepthC ] ||

(ChromaArrayType == 2 &&
(cbf cb[ xC ][ yC+ (1 << log2TrafoSizeC ) ][ cbfDepthC ] | |
cbf cr[ xC J[ yC + (1 << log2TrafoSizeC ) ][ cbfDepthC ]))

if( cbfLuma || cbfChroma ) {
if( cu_gp_delta_enabled flag && !IsCuQpDeltaCoded ) {
cu_qp_delta_abs ae(y)

if( cu_qp_delta_abs)

cu_qp_delta_sign_flag ae(y)

}

if( cu_chroma_qp_offset enabled flag && cbfChroma &&
lcu_transquant_bypass flag && !IsCuChromaQpOffsetCoded )

cu_chroma_qp_offset_flag ae(y)
if( cu_chroma qp offset flag && chroma qp offset<list’ len minusl >0)
cu_chroma_qp_offset_idx ae(y)
§
if( cbfLuma )

residual coding( x0, y0, log2TrafoSize, QY)
if( log2TrafoSize > 2 || ChromaArrayType == 3) {
if( cross_component_prediction, gnabled flag && cbfLuma &&

( CuPredMode[ x0 ][ yO ] ="MODE_INTER ||
intra_chroma pred mode[ x0[[y0] == 4))

cross_comp_pred( x0,0, 0)
for( tldx = 0; tldx <(\€hromaArrayType == 2?2 :1); tldx++)
if( cbf _cb[ x04[y0 + (tldx << log2TrafoSizeC ) ][ trafoDepth ] )
residudh coding( x0, y0 + ( tldx << log2TrafoSizeC ), log2TrafoSizeC, 1)

if( crossScomponent prediction _enabled flag && cbfLuma &&
( GuPredMode[ x0 ][ y0 ] == MODE INTER ||
intra_chroma pred mode[ x0 ][y0] == 4))

cross_comp_pred( x0, y0, 1)
for( tldx = 0; tldx < ( ChromaArrayType == 2?72 :1); tldx++)
if( cbf cr[ x0 ][ yO + (tldx << log2TrafoSizeC ) ][ trafoDepth | )
residual coding( x0, y0 + ( tldx << log2TrafoSizeC ), log2TrafoSizeC, 2 )
} else if( blkldx == 3) {
for( tldx = 0; tldx < ( ChromaArrayType == 2?2 :1); tldx++)
if( cbf cb[ xBase |[ yBase + ( tIdx << log2TrafoSizeC ) ][ trafoDepth—1])
residual coding( xBase, yBase + ( tldx << log2TrafoSizeC ), log2TrafoSize, 1)
for( tldx = 0; tldx < ( ChromaArrayType == 2?2 :1); tldx++)
if( cbf cr[ xBase ][ yBase + (tldx << log2TrafoSizeC ) ][ trafoDepth—11])
residual coding( xBase, yBase + ( tldx << log2TrafoSizeC ), log2TrafoSize, 2 )
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7.3.8.11 Residual coding syntax

residual_coding( x0, y0, log2TrafoSize, cldx ) { Descriptor

if( transform_skip enabled flag && !cu transquant bypass flag &&
(log2TrafoSize <= Log2MaxTransformSkipSize ) )
transform_skip_flag[ x0 ][ yO ][ cldx ] ae(v)

if( CuPredMode[ x0 ][ y0 ] == MODE_INTER && explicit rdpcm_enabled flag &&
( transform_skip flag[ x0 ][ yO ][ cIdx ] || cu_transquant_bypass flag)) {

explicit_rdpem_flag[ x0 ][ yO ][ cldx ] ae(v)
if( explicit_rdpecm_flag[ x0 ][ yO ][ cldx ] )
explicit_rdpem_dir_flag[ x0 ][ yO ][ cldx ] ae(v)
§
lapt_sig_coeff x prefix aely)
lapt_sig_coeff y prefix ae(y)

if| last_sig_coeff x prefix >3)

last_sig_coeff x_suffix ae(y)

if(| last_sig_coeff y prefix >3)

last_sig_coeff y suffix ae(y)

lagtScanPos = 16

lagtSubBlock = (1 << (log2TrafoSize —2)) * (1 << (log2TrafoSize=2))—1

espapeDataPresent = 0

dd {

if( lastScanPos == 0) {
lastScanPos = 16
lastSubBlock— —

}

lastScanPos— —
xS = ScanOrder| log2TrafoSize — 2 ][ scanldx ][ lastSubBlock ][ 0 ]
yS = ScanOrder| log2TrafoSize — 2 ][ seanldx ][ lastSubBlock ][ 1 ]
xC = (xS << 2)+ ScanOrder[ 2 [[\scanldx ][ lastScanPos ][ 0 ]
yC =(yS << 2)+ ScanOrder[.2"][ scanldx ][ lastScanPos ][ 1 ]
vhile( (xC != LastSignificantCoeffX ) || (yC != LastSignificantCoeffY ) )
fop( 1= lastSubBlock; i >=\0;i——) {
xS = ScanOrder[ log2TrafoSize — 2 ][ scanldx ][1 ][ 0 ]
yS = ScanOrdes| log2TrafoSize — 2 ][ scanldx J[i][ 1]
inferSbDcSigCoeffFlag = 0
if( (1 <dastSubBlock ) && (i>0)) {
coded_sub_block flag[ xS ][ yS ] ae(y)
inferSbDcSigCoeffFlag = 1
}
for(n= (1 == lastSubBlock ) ? lastScanPos — 1 : 15;n >= 0;n——) {
xC = (xS << 2)+ ScanOrder[ 2 ][ scanldx [[n ][ 0 ]
yC=(yS << 2)+ ScanOrder[ 2 J[ scanldx [[n ][ 1]
if( coded sub_block flag[ xS][yS] && (n>0 || linferSbDcSigCoeffFlag ) ) {
sig_coeff flag[ xC ][ yC ] ae(v)
if( sig_coeff flag[ xC ][ yC])
inferSbDcSigCoeffFlag = 0

——

H
firstSigScanPos = 16
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lastSigScanPos = —1

numGreater1Flag =0

lastGreater1ScanPos = —1
for(n=15;n >= 0;n——) {
xC = (xS << 2)+ ScanOrder[ 2 ][ scanldx ][ n ][ 0]
yC=(yS << 2)+ ScanOrder[ 2 J[ scanldx [[n ][ 1]
if( sig_coeff flag[ xC ][ yC]) {
if( numGreater1Flag <8 ) {
coeff_abs_level greaterl_flag[ n | ae(v)

numGreater1Flag++
if( coeff abs level greaterl flag[ n] && lastGreaterlScanPos == —1)
lastGreater] ScanPos =n

else if( coeff abs level greaterl flag[n])

escapeDataPresent = 1

} else

escapeDataPresent = 1
if( lastSigScanPos == —1)
lastSigScanPos = n

firstSigScanPos = n

§
if( cu_transquant bypass flag ||
( CuPredMode[ x0 ][ y0 ] == MODE INTRA &&
implicit_ rdpcm_enabled flag && transform_skip/flag[ x0 ][ yO ][ cldx | &&
( predModelntra == 10 || predModelntra ==.26)) ||
explicit rdpem_flag[ x0 ][ yO ][ cIdx ])
signHidden = 0
else

signHidden = lastSigScanPos — firstSigScanPos > 3
if( lastGreaterlScanPos != —1) {
coeff _abs_level_greater2_flag| lastGreaterlScanPos ] ae(y)

if( coeff abs_level greater2."flag[ lastGreaterlScanPos ] )

escapeDataPresent = 1

}
for(n=15;n >= 0;n——) {

xC = (xS.%<"2 ) + ScanOrder[ 2 ][ scanldx [[n ][ 0 ]

yC = (¥S+<< 2 )+ ScanOrder| 2 ][ scanldx J[n ][ 1]

if(-sig-coeff flag[ xC J[ yC ] &&

(!sign_data_hiding_enabled flag || !signHidden || (n != firstSigScanPos)))
——coeft_signflagf n aely)
}
numSigCoeff =0
sumAbsLevel =0
for(n=15;n >= 0;n——) {

xC = (xS << 2)+ ScanOrder[ 2 ][ scanldx [[n ][ 0 ]
yC=(yS << 2)+ ScanOrder[ 2 ][ scanldx J[n ][ 1]
if( sig_coeff flag[ xC ][ yC ) {

baseLevel = 1 + coeff abs level greaterl flag[n]+

coeff abs level greater2 flag[ n ]

if( baseLevel == (( numSigCoeff<8)?

((n == lastGreaterlScanPos)?3:2):1))
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coeff_abs_level remaining[ n ] ae(v)

TransCoeffLevel[ x0 ][ yO ][ cldx ][ xC ][ yC ] =
( coeff abs_level remaining[ n | + baseLevel ) * (1 —2 * coeff sign flag[n])

if( sign_data_hiding enabled flag && signHidden ) {

sumAbsLevel += (coeff abs level remaining[ n ] + baseLevel )

if( (n == firstSigScanPos ) && ((sumAbsLevel %2) == 1))

TransCoeffLevel[ x0 ][ yO ][ cldx ][ xC ][ yC ] =
—TransCoeffLevel[ x0 ][ yO0 ][ cldx ][ xC ][ yC ]

}

numSigCoeff++

3~

8.12

Cross-component prediction syntax

crosy comp pred( x0, y0, c) { Descr

ptor

lo

b2 res_scale_abs_plusl[ c ] ae(

)

ifi

log2 res scale abs plusl[c] != 0)

res_scale_sign_flag|[ c ] ae(

)

2 NAL unit semantics

7.4.2.1

NumBytedInNalUnit specifies)the size of the NAL unit in bytes. This value is required for decoding of the
Some forth of demarcationnof NAL unit boundaries is necessary to enable inference of NumBytesInNalUnit

demarcati

outside of|this Specifi¢ation.

NOTE

providg header information in a manner appropriate for conveyance on a variety of communication channels or storagg

data arq contained in NAL units. each of which contains an integer number of bytes. A NAL unit specifies a generic fo1

Semantics

[General NAL unit semantics

n method i§8pecified in Annex B for the byte stream format. Other methods of demarcation may b

| — The V.CL is specified to efficiently represent the content of the video data. The NAL is specified to format t

fied in this

NAL unit.
One such
b specified

hat data and
media. All

fmat for use

in both packet-oriented and bitstream systems. The format of NAL units for both packet-oriented transport and byte stream is
identical except that each NAL unit can be preceded by a start code prefix and extra padding bytes in the byte stream format
specified in Annex B.

rbsp_byte[ i ] is the i-th byte of an RBSP. An RBSP is specified as an ordered sequence of bytes as follows:

The RBSP contains an SODB as follows:
If the SODB is empty (i.e., zero bits in length), the RBSP is also empty.
Otherwise, the RBSP contains the SODB as follows:

1) The first byte of the RBSP contains the (most significant, left-most) eight bits of the SODB; the next byte of
the RBSP contains the next eight bits of the SODB, etc., until fewer than eight bits of the SODB remain.

2)

rbsp_trailing_bits( ) are present after the SODB as follows:
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i)  The first (most significant, left-most) bits of the final RBSP byte contains the remaining bits of

(if any).

ii) The next bit consists of a single rbsp_stop_one_bit equal to 1.

iii) When the rbsp stop one bit is not the last bit of a byte-aligned byte, one

rbsp_alignment_zero_bit is present to result in byte alignment.

the SODB

or more

3) One or more cabac_zero word 16-bit syntax elements equal to 0x0000 may be present in some RBSPs after
the rbsp_trailing_bits( ) at the end of the RBSP.

Syntax structures having these RBSP properties are denoted in the syntax tables using an "

_rbsp" suffix. These structures

are carried within NAL units as the content of the rbsp byte[ i] data bytes. The association of the RBSP syntax
structures to the NAL units is as specified in Table 7-1.

NOTE 2 — When the boundaries of the RBSP are known, the decoder can extract the SODB from the RBSP by concatenating the
bits of the bytes of the RBSP and d1scard1ng the rbsp stop one - bit, wh1ch is the last (least s1gn1ﬁcant rlght-most) bit equal to 1,

and disga
the dec

emulation
NAL unit,

The last by

Within thg
- 0x00
- 0x00
- 0x00

Within th

occur at anny byte-aligned position:

- 0x00
- 0x00
- 0x00
- 0x00

7.4.2.2
forbidden
nal_unit |

NAL unit
specified,
NOTE

dlng process is contamed in the SODB part of the RBSP

_prevention_three byte is a byte equal to 0x03. When an emulation_prevention_three byteus pre
it shall be discarded by the decoding process.

te of the NAL unit shall not be equal to 0x00.

NAL unit, the following three-byte sequences shall not occur at any byte-aligned position:
000

001

002

NAL unit, any four-byte sequence that starts with 0x000003 other than the following sequence

00300

00301

00302

00303

NAL unit header semantics

| zero_bit shall be equal to 0.

bype specifies the type of RBSP, data structure contained in the NAL unit as specified in Table 7-1.

5 that have nal unit_type in_the range of UNSPEC48..UNSPECG63, inclusive, for which semanti
Khall not affect the decoding process specified in this Specification.

| — NAL unit types insthesrange of UNSPEC48..UNSPEC63 may be used as determined by the application. N

proces
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for these values of/mal=tinit_type is specified in this Specification. Since different applications might use the
br different purpeses;” particular care must be exercised in the design of encoders that generate NAL unit
if type values,andin the design of decoders that interpret the content of NAL units with these nal unit_type val

necessary for

sent in the

5 shall not

cs are not

o decoding

NAL unit
with these
ies.
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Table 7-1 — NAL unit type codes and NAL unit type classes

nal_unit_type Name of Content of NAL unit and RBSP syntax structure NAL unit
nal_unit_type type class
0 TRAIL N Coded slice segment of a non-TSA, non-STSA trailing VCL
1 TRAIL R picture
slice_segment layer rbsp()
2 TSA N Coded slice segment of a TSA picture VCL
3 TSA R slice_segment_layer rbsp( )
4 STSA N Coded slice segment of an STSA picture VCL
5 STSA R slice_segment_layer rbsp( )
6 RADL N Coded slice segment of a RADL picture VCL
7 RADL_R slice_segment layer rbsp()
8 RASL N Coded slice segment of a RASL picture YCL
9 RASL R slice_segment layer rbsp()
1 RSV_VCL N10 Reserved non-IRAP SLNR VCL NAL unit types YCL
13 RSV_VCL NI12
14 RSV_VCL N14
11 RSV_VCL R11 Reserved non-IRAP sub-layer reference YVEL/NAL unit YCL
13 RSV _VCL R13 types
15 RSV_VCL R15
16 BLA W _LP Coded slice segment of a BLA picture YCL
17 BLA W _RADL slice_segment_layer rbsp( )
14 BLA N LP
19 IDR W _RADL Coded slice segment.of‘an IDR picture YCL
2 IDR N LP slice_segment_layer\rbsp( )
2] CRA NUT Coded slice segiment of a CRA picture YCL
slice_segment."layer rbsp()
23 RSV _IRAP VCL22 | Reserved@IRAP VCL NAL unit types YCL
23 RSV _IRAP VCL23
24.B1 RSV _VCL24.. Reserved non-IRAP VCL NAL unit types YCL
RSV _VCL31
32 VPS NUT Video parameter set non-VCL
video_parameter _set rbsp( )
33 SPS NUTI Sequence parameter set non-VCL
seq_parameter_set rbsp( )
34 PPSNUT Picture parameter set non-VCL
pic_parameter_set rbsp( )
35 AUD NUT Access unit delimiter non-VCL
access_unit_delimiter rbsp( )
34 F()Q_NT IT End of sequence non-VCL
end of seq rbsp()
37 EOB NUT End of bitstream non-VCL
end of bitstream rbsp()
38 FD NUT Filler data non-VCL
filler_data rbsp()
39 PREFIX SEI NUT | Supplemental enhancement information non-VCL
40 SUFFIX SEI NUT | sei_rbsp()
41..47 RSV_NVCLA4I1.. Reserved non-VCL
RSV_NVCL47
48..63 UNSPEC4S.. Unspecified non-VCL
UNSPEC63
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NOTE 3 — A CRA picture may have associated RASL or RADL pictures present in the bitstream.

NOTE 4 — A BLA picture having nal _unit type equal to BLA W_LP may have associated RASL or RADL pictures present in the
bitstream. A BLA picture having nal unit type equal to BLA ' W_RADL does not have associated RASL pictures present in the
bitstream, but may have associated RADL pictures in the bitstream. A BLA picture having nal unit type equal to BLA N LP
does not have associated leading pictures present in the bitstream.

NOTE 5 — An IDR picture having nal unit_type equal to IDR N LP does not have associated leading pictures present in the
bitstream. An IDR picture having nal unit_type equal to IDR._W_RADL does not have associated RASL pictures present in the
bitstream, but may have associated RADL pictures in the bitstream.

NOTE 6 — An SLNR picture is not included in any of RefPicSetStCurrBefore, RefPicSetStCurrAfter and RefPicSetLtCurr of any
picture with the same value of Temporalld, and may be discarded without affecting the decodability of other pictures with the
same value of Temporalld.

All coded slice segment NAL units of an access unit shall have the same value of nal_unit_type. A picture or an access

unit is als

referred to as having a nal unit type equal to the nal unit type of the coded slice segment NAI

nits of the

picture or

If a pictyire has nal unit type equal to TRAIL N, TSA N, STSA N, RADL N, RASL N,~RSV }

RSV V(I
picture.

Each pictyire, other than the first picture in the bitstream in decoding order, is considered t0"be associate

previous |
When a pi
When a pi

When a p
same IRA

No RASL
BLA W |

No RASL

No RADIL|

BLA N I
NOTE
IRAP 4

providg
needs t

Any pictu
picture in

Any RAS
BLA picty

Any RASI
picture in

When sps|
TSA R, T

hccess unit.

L N12, or RSV_VCL N14, the picture is an SLNR picture. Otherwise, the picture is a,sub-laye;

RAP picture in decoding order.
cture is a leading picture, it shall be a RADL or RASL picture.
cture is a trailing picture, it shall not be a RADL or RASL picture.

cture is a leading picture, it shall precede, in decoding order, all trafling pictures that are associatg
.
picture.

pictures shall be present in the bitstream that are associated'with a BLA picture having nal unit_tyj
RADL or BLA N LP.

pictures shall be present in the bitstream that are assoctated with an IDR picture.

pictures shall be present in the bitstream that,are‘associated with a BLA picture having nal unit_tyj
P or that are associated with an IDR picture having nal unit type equal to IDR N LP.

 — It is possible to perform random access at flie position of an IRAP access unit by discarding all access unit
ccess unit (and to correctly decode the FRAP picture and all the subsequent non-RASL pictures in deco
d each parameter set is available (either(in the bitstream or by external means not specified in this Specificati
be activated.

e that has PicOutputFlag equal*to 1 that precedes an IRAP picture in decoding order shall precedd
butput order and shall precede any RADL picture associated with the IRAP picture in output order.

| picture associated with' a CRA or BLA picture shall precede any RADL picture associated with tl
re in output order

| picture assogiated with a CRA picture shall follow, in output order, any IRAP picture that precede
ecoding erder.

| temporal” id nesting_flag is equal to 1 and Temporalld is greater than 0, the nal unit type shall b
SAC NYRADL R,RADL N, RASL R, or RASL N.

VCL NI10,
reference

1 with the

d with the

pe equal to

be equal to

5 before the
ling order),
bon) when it

the IRAP

he CRA or

s the CRA

e equal to

nuh_layer_id specifies the identitier ol the layer to which a VCL NAL unit belongs or the identitier of a layer to which
a non-VCL NAL unit applies. The value of nuh_layer id shall be in the range of 0 to 62, inclusive. The value of 63 may
be specified in the future by ITU-T | ISO/IEC. For purposes other than determining the amount of data in the decoding
units of the bitstream, decoders shall ignore all data that follow the value 63 for nuh layer id in a NAL unit, and
decoders conforming to a profile specified in Annex A and not supporting the INBLD capability specified in Annex F
shall ignore (i.e., remove from the bitstream and discard) all NAL units with values of nuh_layer id not equal to 0.

NOTE 8 — The value of 63 for nuh_layer id may be used to indicate an extended layer identifier in a future extension of this
specification.

The value of nuh layer id shall be the same for all VCL NAL units of a coded picture. The value of nuh_layer id of a

coded pict

ure is the value of the nuh_layer id of the VCL NAL units of the coded picture.

When nal_unit_type is equal to EOB_NUT, the value of nuh_layer id shall be equal to 0.
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nuh_temporal_id_plusl minus 1 specifies a temporal identifier for the NAL unit. The value of nuh_temporal id plusl
shall not be equal to 0.
The variable Temporalld is specified as follows:

Temporalld = nuh_temporal id plusl — 1 (7-1)

When nal_unit_type is in the range of BLA_ W _LP to RSV_IRAP VCL23, inclusive, i.e., the coded slice segment
belongs to an IRAP picture, Temporalld shall be equal to 0.

When nal_unit_type is equal to TSA_ R or TSA_ N, Temporalld shall not be equal to 0.
When nuh_layer id is equal to 0 and nal unit_type is equal to STSA R or STSA N, Temporalld shall not be equal to 0.

The value of Temporalld shall be the same for all VCL NAL units of an access unit. The value of Temporalld of a coded
picture or an access unit is the value of the Temporalld of the VCL NAL units of the coded picture or the access unit.
The value of Temporalld of a sub-layer representation is the greatest value of Temporalld of all VCI, NAT, ynits in the
sub-layer fepresentation.

The value|of Temporalld for non-VCL NAL units is constrained as follows:

—  If nal] unit type is equal to VPS NUT or SPS_NUT, Temporalld shall be equal to 0 and the /Temporalld of the
access unit containing the NAL unit shall be equal to 0.

—  Othegwise if nal unit type is equal to EOS NUT or EOB NUT, Temporalld shall be équal to 0.

—  Othegwise, if nal unit type is equal to AUD_NUT or FD NUT, Temporalld shall be equal to the Temporalld of the
access unit containing the NAL unit.

—  Othetwise, Temporalld shall be greater than or equal to the Temporalld of-the/access unit containing the NAL unit.

NOTE p — When the NAL unit is a non-VCL NAL unit, the value of Temporalld is\équal to the minimum value of the [Temporalld
values ¢f all access units to which the non-VCL NAL unit applies. When nal_ynit_type is equal to PPS_NUT, Temporplld may be
greater [than or equal to the Temporalld of the containing access unit, as all PPSs may be included in the beginning of p bitstream,
whereiny the first coded picture has Temporalld equal to 0. When nal unit type is equal to PREFIX SHI NUT or
SUFFIX_SEI NUT, Temporalld may be greater than or equal to the Temporalld of the containing access unit, as an SHI NAL unit
may contain information, e.g., in a buffering period SEI message 0r a picture timing SEI message, that applies to [a bitstream
subset that includes access units for which the Temporalld values\are greater than the Temporalld of the access unit coptaining the
SEI NAL unit.

7.4.2.3 Encapsulation of an SODB within an RBSP. (informative)
This clausp does not form an integral part of this Specification.

The form|of encapsulation of an SODB, within an RBSP and the use of the emulation prevention threg byte for
encapsulafion of an RBSP within a NAL unit is described for the following purposes:

—  To pfevent the emulation of start_.codes within NAL units while allowing any arbitrary SODB to be rgpresented
withip a NAL unit,

— To enable identification of the end of the SODB within the NAL unit by searching the RBSP for the
rbsp |stop _one bit starting at the end of the RBSP,

—  To erable a NAL~mit to have a size greater than that of the SODB under some circumstances (using ofie or more
cabaq zero word 'syntax elements).

The encoder camr produce a NAL unit from an RBSP by the following procedure:

1.  The®RBSP data are searched for byte-aligned bits of the following binary patterns:
'00000000 00000000 000000xx' (where 'xx' represents any two-bit pattern: '00', '01', '10', or '11"),

and a byte equal to 0x03 is inserted to replace the bit pattern with the pattern:
'00000000 00000000 00000011 000000xx',

and finally, when the last byte of the RBSP data is equal to 0x00 (which can only occur when the RBSP ends in
a cabac_zero_word), a final byte equal to 0x03 is appended to the end of the data. The last zero byte of a
byte-aligned three-byte sequence 0x000000 in the RBSP (which is replaced by the four-byte sequence
0x00000300) is taken into account when searching the RBSP data for the next occurrence of byte-aligned bits
with the binary patterns specified above.

2. The resulting sequence of bytes is then prefixed with the NAL unit header, within which the nal unit type
indicates the type of RBSP data structure in the NAL unit.

The process specified above results in the construction of the entire NAL unit.
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This process can allow any SODB to be represented in a NAL unit while ensuring both of the following:
—  No byte-aligned start code prefix is emulated within the NAL unit.

—  No sequence of 8 zero-valued bits followed by a start code prefix, regardless of byte-alignment, is emulated within
the NAL unit.

7.4.2.4 Order of NAL units and association to coded pictures, access units, and coded video sequences

7.4.2.4.1 General
This clause specifies constraints on the order of NAL units in the bitstream.

Any order of NAL units in the bitstream obeying these constraints is referred to in the text as the decoding order of NAL
units. Within a NAL unit, the syntax in clauses 7.3, D.2, and E.2 specifies the decoding order of syntax elements.
Decoders shall be capable of receiving NAL units and their syntax elements in decoding order.

7.4.2.4.2 Order of VPS, SPS and PPS RBSPs and their activation

This clausp specifies the activation process of VPSs, SPSs, and PPSs.

NOTE || — The VPS, SPS, and PPS mechanism decouples the transmission of infrequently changing~infermation from the
transmifsion of coded block data. VPSs, SPSs, and PPSs may, in some applications, be conveyed "out-of-band".

A PPS RBSP includes parameters that can be referred to by the coded slice segment NAL @nits of one or nmpore coded
pictures. Hach PPS RBSP is initially considered not active for the base layer at the start of\the operation of th¢ decoding
process. At most one PPS RBSP is considered active for the base layer at any given mement during the operation of the
decoding process, and the activation of any particular PPS RBSP for the base layér results in the deactivafion of the
previouslyf-active PPS RBSP for the base layer (if any).

When a PPS RBSP (with a particular value of pps_pic_parameter_set id) is not“active for the base layer and it|is referred
to by a cogled slice segment NAL unit with nuh_layer id equal to 0 (using a‘value of slice pic parameter set |d equal to
the pps_pic_parameter_set_id value), it is activated for the base layer. This"PPS RBSP is called the active PP RBSP for
the base Igyer until it is deactivated by the activation of another PRS'RBSP for the base layer. A PPS RBSP, with that
particular [value of pps_pic_parameter set id, shall be available tothe decoding process prior to its activation, included
in at leastl one access unit with Temporalld less than or equalto the Temporalld of the PPS NAL unit of provided
through external means, and the PPS NAL unit containing the'PPS RBSP shall have nuh_layer id equal to 0.

Any PPS NAL unit containing the value of pps_pic parameter set id for the active PPS RBSP for a coded pjcture (and
consequently for the layer containing the coded picture) shall have the same content as that of the active PPS|RBSP for
the coded |picture, unless it follows the last VCL NAL unit of the coded picture and precedes the first VCL NAL unit of
another coded picture.

An SPS RBSP includes parameters that can-be referred to by one or more PPS RBSPs or one or more SEI NAL units
containing an active parameter sets SERmessage. Each SPS RBSP is initially considered not active for the base layer at
the start of the operation of the decoding process. At most one SPS RBSP is considered active for the base Igyer at any
given morpent during the operation_of the decoding process, and the activation of any particular SPS RBSP fgr the base
layer results in the deactivatiomefithe previously-active SPS RBSP for the base layer (if any).

When an $PS RBSP (with a-particular value of sps_seq parameter_set id) is not already active for the base layer and it
is referred|to by activationiof a PPS RBSP (in which pps_seq parameter_set id is equal to the sps_seq paramgter set id
value) for [the base lay€r or, when vps_base layer internal flag is equal to 1 and vps_base layer available flag is equal
to 1, is|referredt0 by an SEI NAL unit containing an active parameter sets SEI message (in which
active_seq parameter set id[ O ] is equal to the sps_seq parameter set id value), it is activated for the base |ayer. This
SPS RBSF iscalled the active SPS RBSP for the base layer until it is deactivated by the activation of another $PS RBSP

1 A QDC _ DNOD 4l 4] - 1 1 £ el 1 111 b |
for the basctayer—Am—SPSRBSP—with—thatparticutar—vatueofsps—seqparameter—sct—id;—shattbe—avatldble to the

decoding process prior to its activation, included in at least one access unit with Temporalld equal to 0 or provided
through external means, and the SPS NAL unit containing the SPS RBSP shall have nuh layer id equal to 0. An
activated SPS RBSP for the base layer shall remain active for the entire CVS.

NOTE 2 — Because an IRAP access unit with NoRaslOutputFlag equal to 1 begins a new CVS and an activated SPS RBSP for the

base layer must remain active for the entire CVS, an SPS RBSP can only be activated for the base layer by an active parameter
sets SEI message when the active parameter sets SEI message is part of an IRAP access unit with NoRaslOutputFlag equal to 1.

Any SPS NAL unit with nuh_layer id equal to 0 containing the value of sps_seq parameter set id for the active SPS
RBSP for the base layer for a CVS shall have the same content as that of the active SPS RBSP for the base layer for the
CVS, unless it follows the last access unit of the CVS and precedes the first VCL NAL unit and the first SEI NAL unit
containing an active parameter sets SEI message (when present) of another CVS.

A VPS RBSP includes parameters that can be referred to by one or more SPS RBSPs or one or more SEI NAL units
containing an active parameter sets SEI message. Each VPS RBSP is initially considered not active at the start of the
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operation of the decoding process. At most one VPS RBSP is considered active at any given moment during the
operation of the decoding process, and the activation of any particular VPS RBSP results in the deactivation of the
previously-active VPS RBSP (if any).

When a VPS RBSP (with a particular value of vps video parameter set id) is not already active and it is referred to by
activation of an SPS RBSP (in which sps_video parameter set id is equal to the vps video parameter set id value) for
the base layer, or is referred to by an SEI NAL unit containing an active parameter sets SEI message (in which
active _video parameter set id is equal to the vps video parameter set id value), it is activated. This VPS RBSP is
called the active VPS RBSP until it is deactivated by the activation of another VPS RBSP. A VPS RBSP, with that
particular value of vps video parameter set id, shall be available to the decoding process prior to its activation,
included in at least one access unit with Temporalld equal to 0 or provided through external means, and the VPS NAL
unit containing the VPS RBSP shall have nuh_layer id equal to 0. An activated VPS RBSP shall remain active for the
entire CVS.

NOTE 3 - Because an IRAP access umt w1th NoRaleutputFlag equal to 1 beglns anew CVS and an activated VPS RBSP must

remain @ he ¢ 2 2 an-3 AL sets en the active
paramefer sets SEI message is part of an IRAP access umt w1th NoRaleutputFlag equal to 1.

Any VPS NAL unit containing the value of vps_video parameter set id for the active VPS RBSP for-a.CVS|shall have
the same ¢ontent as that of the active VPS RBSP for the CVS, unless it follows the last access anit“of thg CVS and
precedes the first VCL NAL unit, the first SPS NAL unit, and the first SEI NAL unit containingansactive pargmeter sets
SEI message (when present) of another CVS.
NOTE # —If VPS RBSP, SPS RBSP, or PPS RBSP are conveyed within the bitstream, thése)Constraints impoge an order
constrajnt on the NAL units that contain the VPS RBSP, SPS RBSP, or PPS RBSP, respectively. Otherwise (VPS RBSP, SPS
RBSP, jor PPS RBSP are conveyed by other means not specified in this Specification), they/must be available to the decoding
process'Lin a timely fashion such that these constraints are obeyed.

All constiints that are expressed on the relationship between the values of the syntax elements and the| values of
variables ¢lerived from those syntax elements in VPSs, SPSs, and PPSs and\other syntax elements are expiessions of
constraintg that apply only to the active VPS RBSP, the active SPS RBSP*for the base layer, and the active PPS RBSP
for the bage layer. If any VPS RBSP, SPS RBSP, and PPS RBSP is présent that is never activated in the bifstream, its
syntax elements shall have values that would conform to the specified constraints if it was activated by refedence in an
otherwise conforming bitstream.
NOTE p — In the context of this clause, acitvation of a parametef$et'RBSP is for the base layer only. Thus, the constraipnt above on
never-activated parameter set RBSPs applies to those parametey set RBSPs with nuh_layer id equal to 0 only, becausp parameter
set RBYPs with nuh_layer id greater than 0 are not allowed to*be referred to by the base layer.

During operation of the decoding process (see clause™8), the values of parameters of the active VPS RBSP,|the active
SPS RBSP for the base layer, and the active PPS RBSP for the base layer are considered in effect. For interpyretation of
SEI messages, the values of the active VPS RBSP, the active SPS RBSP for the base layer, and the active PP§ RBSP for
the base 1gyer for the operation of the deceding process for the VCL NAL units of the coded picture with nup layer id
equal to Ofin the same access unit are considered in effect unless otherwise specified in the SEI message semantics.

7.4.2.4.3 Order of access units and association to CVSs

A bitstreain conforming to thig”Specification consists of one or more CVSs.

A CVS cdnsists of one onymote access units. The order of NAL units and coded pictures and their association to access
units is depcribed in clause'7.4.2.4.4.

The first agcess unitoof a CVS is an IRAP access unit with NoRaslOutputFlag equal to 1.

It is a requirement of bitstream conformance that, when present, the next access unit after an access unit that qontains an
end of sequenee NAL unit or an end of bitstream NAL unit shall be an IRAP access unit, which may be an DR access
unit, a BLA access unit, or a CRA access unit.

7.4.2.4.4 Order of NAL units and coded pictures and their association to access units

This clause specifies the order of NAL units and coded pictures and their association to access units for CVSs that
conform to one or more of the profiles specified in Annex A and that are decoded using the decoding process specified in
clauses 2 through 10.

An access unit consists of one coded picture with nuh layer id equal to 0, zero or more VCL NAL units with
nuh_layer id greater than 0, and zero or more non-VCL NAL units. The association of VCL NAL units to coded pictures
is described in clause 7.4.2.4.5.

The first access unit in the bitstream starts with the first NAL unit of the bitstream.
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Let firstBIPicNalUnit be the first VCL NAL unit of a coded picture with nuh_layer id equal to 0. The first of any of the
following NAL units preceding firstBIPicNalUnit and succeeding the last VCL NAL unit preceding firstBIPicNalUnit, if
any, specifies the start of a new access unit:

NOTE 1 — The last VCL NAL unit preceding firstBIPicNalUnit in decoding order may have nuh_layer id greater than 0.

— access unit delimiter NAL unit with nuh_layer id equal to O (when present),

—  VPS NAL unit with nuh_layer id equal to 0 (when present),

—  SPS NAL unit with nuh_layer id equal to 0 (when present),

—  PPS NAL unit with nuh_layer_id equal to 0 (when present),

—  Prefix SEI NAL unit with nuh_layer id equal to 0 (when present),

—  NAL units with nal unit type in the range of RSV_NVCL41..RSV_NVCL44 with nuh layer id equal to 0 (when

present),

- NAL
present).

NOTH
any, d

‘When thej
firstB1Pic]

The order

—  Wher
shall

—  Whert any VPS NAL units, SPS NAL units, PPS NAL units, prefix SEI NAL units, NAL units with nal

in tl
UNS
—  NAL

RSV
unit.

—  Wher an end of sequence NAL unit with nuh.layer id equal to O is present, it shall be the last NAL unit

NAL

—  Whet

NOTE
access
NAL u
and deg

The struc
SPS NUT
RSV_VC(I
RSV_NV

units with nal unit type in the range of UNSPEC48..UNSPEC55 with nuh layer id equal tq

2 - The first NAL unit preceding firstBIPicNalUnit and succeeding the last VCL NAL unit pre¢eding firstBIPi
pn only be one of the above-listed NAL units.

e is none of the above NAL units preceding firstBIPicNalUnit and succeedingythe last VCL NAL
NalUnit, if any, firstBIPicNalUnit starts a new access unit.

of the coded pictures and non-VCL NAL units within an access unit shall\ob€y the following constra

| an access unit delimiter NAL unit with nuh layer id equal to 0 is pTesent, it shall be the first NAL {
be at most one access unit delimiter NAL unit with nuh_layer idequal to 0 in any access unit.

e range of RSV _NVCL41.RSV _NVCL44, or NAL) units with nal unit type in the
PEC48..UNSPECSS are present, they shall not follow thedast VCL NAL unit of the access unit.

units having nal unit type equal to FD NUT or SUFFIX SEI NUT, or in the
| NVCL45..RSV_NVCL47 or UNSPEC56..UNSPEC63 shall not precede the first VCL NAL unit of]

units with nuh_layer id equal to 0 in_the'access unit other than an end of bitstream NAL unit (when

) an end of bitstream NAL unit is.present, it shall be the last NAL unit in the access unit.

B — Decoders conforming to profiles’specified in Annex A do not use NAL units with nuh_layer id greater
init delimiter NAL units with nub' layer id greater than 0, for access unit boundary detection, except for identi
it as a VCL or non-VCL NAL unit. Consequently, HRD parameters carried in non-nested buffering period, pig
oding unit information. SERmessages apply to access units based on such access unit boundary detection.

ure of access uhits not containing any NAL units with nal unit_type equal to FD NUT, \
, PPS NUT,.RSV_VCL N10, RSV_VCL RI11, RSV _VCL N12, RSV_VCL R13, RSV _VCI
L R15, RSV-IRAP VCL22, or RSV _IRAP VCL23, or in the range of RSV VCL24..RS)
[L41..RSV_NVCLA47, or UNSPEC48..UNSPEC63 is shown in Figure 7-1.

0 (when

tNalUnit, if

preceding

ints:

hnit. There

| unit_type
range of

range of
the access

among all
present).

han 0, e.g.,
fication of a
fure timing,
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End of sequence
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End of bitstream
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end

Figure|7-1 — Structure of an access unit not containing any NAL units with nal_unit_type equal to FD
SUFHIX SEI NUT, VPS_NUT, SPS_NUT, PPS_NUT, RSV_VCLN10, RSV_VCL_R11, RSV_VCL

RSV_V(

7.4.2.4.5

of RSV_VCL24..RSV_VCL31, RSV_NVCL41..RSY-NVCL47, or UNSPEC48..UNSPEC63

Drder of VCL NAL units and association to coded pictures

This clausp specifies the order of VCL NAL units and dssociation to coded pictures.

Each VCI] NAL unit is part of a coded picture.

The order jof the VCL NAL units within a coded-picture is constrained as follows:

— The

first VCL NAL unit of the coded.picture shall have first_slice segment in_pic_flag equal to 1.

—  Let sliceSegAddrA and sliceSegAddrB be the slice_segment_address values of any two coded slice seg
units A and B within the same coded picture. When either of the following conditions is true, coded slid
NAL pnit A shall precedelthe coded slice segment NAL unit B:

7.4.3
7.4.3.1

ileId[ CtbAddrRsToTs[ sliceSegAddrA ] ] is less than Tileld[ CtbAddrRsToTs[ sliceSegAddrB ] ].

T

TlileId[ CtbAddrRsToTs[ sliceSegAddrA ]] is equal to Tileld[ CtbAddrRsToTs[ sliceSegAddr
(JtbAddrRsToTs][ sliceSegAddrA ] is less than CtbAddrRsToTs[ sliceSegAddrB ].
R

| NUT,
[ N12,

'L_R13, RSV_VCL_N14, RSV_VCL_R15, RSV_IRAP_V{CL22, or RSV_IRAP_VCL23, or in the range

ment NAL
e segment

B]] and

aw/byte sequence payloads, trailing bits, and byte alignment semantics

Video parameter set RBSP semantics

NOTE 1 — VPS NAL units are required to be available to the decoding process prior to their activation (either in the bitstream or
by external means), as specified in clause 7.4.2.4.2. However, the VPS RBSP contains information that is not necessary for
operation of the decoding process specified in clauses 2 through 10 of this Specification. For purposes other than determining the
amount of data in the decoding units of the bitstream (as specified in Annex C), decoders conforming to a profile specified in
Annex A but not supporting the INBLD capability specified in Annex F may ignore (remove from the bitstream and discard) the
content of all VPS NAL units.

Any two instances of the syntax structure hrd_parameters( ) included in a VPS RBSP shall not have the same content.

vps_video parameter_set id identifies the VPS for reference by other syntax elements.

vps_base_layer_internal flag and vps_base_layer_available_flag specify the following:

— If vps_base layer internal flag is equal to 1 and vps base layer available flag is equal to 1, the base layer is
present in the bitstream.
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—  Otherwise, if vps_base_layer internal flag is equal to 0 and vps_base layer available flag is equal to 1, the base
layer is provided by an external means not specified in this Specification.

—  Otherwise, if vps_base layer internal flag is equal to 1 and vps base layer available flag is equal to 0, the base
layer is not available (neither present in the bitstream nor provided by external means) but the VPS includes
information of the base layer as if it were present in the bitstream.

—  Otherwise (vps_base layer internal flag is equal to 0 and vps base layer available flag is equal to 0), the base
layer is not available (neither present in the bitstream nor provided by external means) but the VPS includes
information of the base layer as if it were provided by an external means not specified in this Specification.

vps_max_layers_minusl plus 1 specifies the maximum allowed number of layers in each CVS referring to the VPS. It
is a requirement of bitstream conformance that, when vps base layer internal flag is equal to O,
vps_max_layers minusl shall be greater than 0. vps_max_layers minus! shall be less than 63 in bitstreams conforming
to this version of this Specification. The value of 63 for vps_max layers minus] is reserved for future use by ITU-T |
ISO/IEC. Although the value of vps max layers minusl is required to be less than 63 in this version of this
Specificatjon, decoders shall allow the value of vps_max_layers minusl equal to 63 to appear in the syntax,

NOTE P — The value of 63 for vps_max_layers minusl may be used to indicate an extended number of layers in-a futufe extention
where thore than 63 layers in a bitstream need to be supported.

The varialile MaxLayersMinusl is set equal to Min( 62, vps_max_layers_minus1 ).

vps_max [sub_layers minusl plus 1 specifies the maximum number of temporal sub-layersthat may be pres¢nt in each
CVS referfing to the VPS. The value of vps_max_sub_layers minusl shall be in the range-0£0 to 6, inclusive.

vps_temppral_id_nesting_flag, when vps_max_sub_layers minus] is greater than 0,\specifies whether inter|prediction
is additiopally restricted for CVSs referring to the VPS. When vps maxstb layers minusl is equal to O,
vps_tempgral id nesting_ flag shall be equal to 1.
NOTE B — The syntax element vps temporal id nesting flag is used to indicate/that temporal sub-layer up-swifching, i.e.,
switchipng from decoding of up to any Temporalld tIdN to decoding up to any Temporalld tIdM that is greater than tIdIN, is always
possibl¢.

vps_reseryved Oxffff 16bits shall be equal to OXFFFF in bitstreams/conforming to this version of this Spgcification.
Other valyes for vps_reserved Oxffff 16bits are reserved for future use by ITU-T | ISO/IEC. Decoders shall [ignore the
value of vps_reserved Oxffff 16bits.

vps_sub_layer ordering info_present flag equal to(\I” specifies that vps max dec pic_buffering minusl[1i],
vps_max_pum_reorder pics[i ], and vps_.max_latency increase plusl[i ] are presenf for
vps_max_pub layers minusl + 1 sub-layers. vps. sub’ layer ordering info present flag equal to O specifigs that the
values of vps max_dec pic buffering minusl[ vps_max sub_layers| minusl1 ],
vps_max_pum_reorder pics[ vps max_sub layers minusl ], and
vps_max_Jatency increase plusl[ vps max/sub layers minusl ] apply to all sub-layers. When
vps_base [layer internal flag is equal to.0;'vps sub_layer ordering info present flag shall be equal to 0, angl decoders
shall ignofe the value of vps_sub_layer_ordering_info present flag.

vps_max |dec_pic_buffering_minusl1[ i | plus 1 specifies the maximum required size of the decoded picture| buffer for
the CV{ in units of-'picture storage buffers when HighestTid is equal to i. The |value of
vps_max_fec pic buffering—minusi[i] shall be in the range of 0 to MaxDpbSize — 1 (as specified in clause A.4),
inclusive. | When 1 is.greater than 0, vps max_ dec pic buffering minusl[i] shall be greater than o1 equal to
vps max_fec pic buffering minusl[i—1]. When vps max_dec pic buffering minuslI[i] is not present fpr i in the
range of O to vps_miax sub layers minusl — 1, inclusive, due to vps_sub layer ordering info present flag being equal
to 0, it [is  ifferred to be equal to vps max dec pic buffering minusl[ vps max sub layers minus] ]. When
vps_base [layel internal flag is equal to 0, vps_max_dec pic_buffering_ minus1[ i ] shall be equal to 0, and decoders

1 J 1 ad | - 1 £L. - M o I |
shall 1gnoretire-vatuc ot vps—max dec preouttermgmmusiT -

vps_max_num_reorder_pics| i ] indicates the maximum allowed number of pictures with PicOutputFlag equal to 1 that
can precede any picture with PicOutputFlag equal to 1 in the CVS in decoding order and follow that picture with
PicOutputFlag equal to 1 in output order when HighestTid is equal to i. The value of vps_max num reorder pics[1i ]
shall be in the range of 0 to vps max_dec pic buffering minusl[i], inclusive. When i is greater than O,
vps_max_num_reorder pics[i] shall be greater than or equal to vps max num reorder pics[i—1]. When
vps_max_num_reorder pics[ i ] is not present for i in the range of 0 to vps_max_sub layers minusl — 1, inclusive, due
to vps_sub layer ordering info present flag being equal to 0, it is inferred to be equal to
vps_max_num_reorder pics[ vps_max sub layers minusl ]. When vps base layer internal flag is equal to O,
vps_max_num_reorder pics[i] shall be equal to 0, and decoders shall ignore the wvalue of
vps_max_num_reorder pics[ i ].

vps_max_latency increase plusl[ i ] not equal to 0 is used to compute the value of VpsMaxLatencyPictures| i ], which
specifies the maximum number of pictures with PicOutputFlag equal to 1 that can precede any picture with
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PicOutputFlag equal to 1 in the CVS in output order and follow that picture with PicOutputFlag equal to 1 in decoding
order when HighestTid is equal to i.

When vps_max_latency increase plusl[i] is not equal to 0, the value of VpsMaxLatencyPictures[ i] is specified as
follows:

VpsMaxLatencyPictures[ i | = vps_max_num_reorder pics[i]+ (7-2)
vps_max_latency increase plusi[i]—1

When vps_max_latency_increase plusl[ i ] is equal to 0, no corresponding limit is expressed.

The value of vps max latency increase plusi[i] shall be in the range of 0 to 2**—2, inclusive. When
vps_max_latency increase plusl[i ] is not present for i in the range of 0 to vps_max_sub_layers minusl — 1, inclusive,
due to vps sub layer ordering info present flag being equal to 0, it is inferred to be equal to
vps_max_latency increase plusl[ vps max sub layers minusl ].

When vps[basetayer imtermat fiag isequatto6; vps Tmax_tatency increase_piosti 11 shattbeequatto0;aml decoders
shall ignote the value of vps_max_latency_increase plusl[i ].

vps_max [layer_id specifies the maximum allowed value of nuh_layer id of all NAL units in each CVS-referring to the
VPS. vps |max_layer id shall be less than 63 in bitstreams conforming to this version of this Spécification.|The value
of 63 for yps_max layer id is reserved for future use by ITU-T | ISO/IEC. Although the value‘of vps max |ayer id is
required t¢ be less than 63 in this version of this Specification, decoders shall allow a value©fwps max_laydr id equal
to 63 to afjpear in the syntax.

vps_num [layer_sets minusl plus | specifies the number of layer sets that are specified by the VPS. The value of
vps_num _[layer sets minusl shall be in the range of 0 to 1023, inclusive.

layer_id_jncluded_flag[ i ][ j ] equal to 1 specifies that the value of nuh lager-id equal to j is included i the layer
identifier list LayerSetLayerldList[ i |. layer id included flag[ i ][ j ] equakto\0 specifies that the value of nuh layer id
equal to j {s not included in the layer identifier list LayerSetLayerIdList[ i ].

The value|of NumLayersInldList[ 0 ] is set equal to 1 and the value of LayerSetLayerldList[ 0 ][ 0 ] is set equa] to 0.

For each yalue of i in the range of 1 to vps_num_layer sets minaus], inclusive, the variable NumLayersInldList[ i | and
the layer iflentifier list LayerSetLayerldList[ i ] are derived as*follows:

=0
for(m =0; m <= vps_max_layer id; m++)
if( layer id included flag[i][m]) (7-3)

LayerSetLayerldList[ i ][ n++J$=m
NumLayersInldList[ i | =n

For each yalue of i in the range of 1 to'¥ps num layer sets minusl, inclusive, NumLayersInldList[ i ] shal] be in the
range of 1|to vps_max_layers minusl{+)I, inclusive.

When NymLayersInldList[ iA J.is. equal to NumLayersInldList[ iB] for any iA and iB in the rang¢ of 0 to
vps_num _[layer sets minusl, in¢lusive, with iA not equal to iB, the value of LayerSetLayerldList[ iA ][ n ] shall not be
equal to LhyerSetLayerIdList[JiB ][ n ] for at least one value of n in the range of 0 to NumLayersInldList[ iA ],|inclusive.

A layer sqt is identified by the associated layer identifier list. The i-th layer set specified by the VPS is assog¢iated with
the layer ilentifier list\LayerSetLayerIdList[ i ], for i in the range of 0 to vps num_layer sets minusl, inclusive.

A layer sef conSists of all operation points that are associated with the same layer identifier list.

Each operptieff point is identified by the associated layer identifier list, denoted as OpLayerldList, which con$ists of the
list of nuh_layer id values of all NAL units included in the operation point, in increasing order of nuh_layer id values,
and a variable OpTid, which is equal to the highest Temporalld of all NAL units included in the operation point. The
bitstream subset associated with the operation point identified by OpLayerldList and OpTid is the output of the sub-
bitstream extraction process as specified in clause 10 with the bitstream, the target highest Temporalld equal to OpTid,
and the target layer identifier list equal to OpLayerldList as inputs. The OpLayerldList and OpTid that identify an
operation point are also referred to as the OpLayerldList and OpTid associated with the operation point, respectively.

vps_timing_info_present flag equal to 1  specifies that vps num units in tick, vps_time scale,
vps_poc_proportional to timing_flag, and vps_num_hrd parameters are present in the VPS.
vps_timing_info present flag equal to 0  specifies that  vps num units in _tick,  vps_time scale,
vps_poc_proportional to timing_ flag, and vps_num_hrd parameters are not present in the VPS.

vps_num_units_in_tick is the number of time units of a clock operating at the frequency vps_time scale Hz that
corresponds to one increment (called a clock tick) of a clock tick counter. The value of vps_num_units_in_tick shall be
greater than 0. A clock tick, in units of seconds, is equal to the quotient of vps num units in tick divided by
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vps_time scale. For example, when the picture rate of a video signal is 25 Hz, vps time scale may be equal to
27 000 000 and vps_num_units_in_tick may be equal to 1 080 000, and consequently a clock tick may be 0.04 seconds.

vps_time_scale is the number of time units that pass in one second. For example, a time coordinate system that measures
time using a 27 MHz clock has a vps_time_scale of 27 000 000. The value of vps_time_scale shall be greater than 0.

vps_poc_proportional to timing flag equal to 1 indicates that the picture order count value for each picture in the
CVS that is not the first picture in the CVS, in decoding order, is proportional to the output time of the picture relative to
the output time of the first picture in the CVS. vps_poc_proportional to timing_flag equal to 0 indicates that the picture
order count value for each picture in the CVS that is not the first picture in the CVS, in decoding order, may or may not
be proportional to the output time of the picture relative to the output time of the first picture in the CVS.

vps_num_ticks poc_diff one minusl plus 1 specifies the number of clock ticks corresponding to a difference of
picture order count values equal to 1. The value of vps num ticks poc diff one minusl shall be in the range of 0
to 2°2 — 2, inclusive.

vps_num [hrd parameters specifies the number of hrd_parameters( ) syntax structures present in the VPSRBSP before
the vps dxtension flag syntax element. The value of vps num hrd parameters shall be in the_rang¢ of 0 to
vps_num [layer sets minusl + 1, inclusive.

hrd_layer set_idx[ i ] specifies the index, into the list of layer sets specified by the VPS, of the layer set to|which the
i-th hrd pprameters( ) syntax structure in the VPS applies. The value of hrd layer set idx[ i shall be in the range of
( vps_basq layer internal flag? 0: 1) to vps_num_layer sets minusl, inclusive.

It is a reqpirement of bitstream conformance that the value of hrd layer set idx[ i ] shall'not be equal to the value of
hrd_layer |set idx] j ] for any value of j not equal to i.

cprms_present_flag[ i ] equal to 1 specifies that the HRD parameters that are ¢ommon for all sub-layers are|present in
the i-th hyd parameters( ) syntax structure in the VPS. cprms_present flagli | equal to O specifies that|the HRD
parameter$ that are common for all sub-layers are not present in the i-th hfd parameters( ) syntax structure in the VPS
and are defived to be the same as the (1 — 1 )-th hrd parameters( ) syntax structure in the VPS. cprms_present [flag[ 0 ] is
inferred td be equal to 1.

vps_extzl"]lsion_ﬂag equal to 0 specifies that no vps_extension «data flag syntax elements are present in the YPS RBSP
syntax striicture. vps_extension flag equal to 1 specifies thatithere are vps_extension data flag syntax elements present
in the VPY RBSP syntax structure. Decoders conforming to@;,profile specified in Annex A but not supporting the INBLD
capability [specified in Annex F shall ignore all data thatfollow the value 1 for vps_extension_flag in a VPS NAL unit.

vps_extenfsion_data_flag may have any value. Itsgpresence and value do not affect decoder conformance fo profiles
specified in Annex A. Decoders conforming to a-profile specified in Annex A but not supporting the INBLD| capability
specified in Annex F shall ignore all vps_extension_data_flag syntax elements.

7.4.3.2 Pequence parameter set RBSP.semantics

7.4.3.2.1 (General sequence parameter set RBSP semantics

sps_video| parameter_set_id/specifies the value of the vps_video parameter_set _id of the active VPS.

sps_max_pub_layers minus1 plus 1 specifies the maximum number of temporal sub-layers that may be pres¢nt in each
CVS referfing to the SBS;"The value of sps_max_sub layers minus! shall be in the range of 0 to 6, inclusive.| The value

sps_tempgral dd nesting flag, when sps_max_sub_layers minus] is greater than 0, specifies whether inter|prediction
is additio ally restrlcted for CVSs referrlng to the SPS. When vps_| temporal 1d nestmg ﬂag is edqual to 1,
Sps_tempadra : ax—sub S S )l to 0,
Sps_ temporal id nestmg ﬂag shall be equal to 1.

NOTE 1 — The syntax element sps_temporal id nesting_flag is used to indicate that temporal up-switching, i.e., switching from
decoding up to any Temporalld tIdN to decoding up to any Temporalld tIdM that is greater than tIdN, is always possible in the
CVS.

sps_seq_parameter_set_id provides an identifier for the SPS for reference by other syntax elements. The value of
sps_seq parameter set id shall be in the range of 0 to 15, inclusive.

chroma_format _idc specifies the chroma sampling relative to the luma sampling as specified in clause 6.2. The value of
chroma format idc shall be in the range of 0 to 3, inclusive.

separate_colour_plane_flag equal to 1 specifies that the three colour components of the 4:4:4 chroma format are coded
separately. separate_colour plane flag equal to 0 specifies that the colour components are not coded separately. When
separate_colour plane flag is not present, it is inferred to be equal to 0. When separate _colour plane flag is equal to 1,
the coded picture consists of three separate components, each of which consists of coded samples of one colour plane (Y,
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Cb, or Cr) and uses the monochrome coding syntax. In this case, each colour plane is associated with a specific
colour plane id value.

NOTE 2 — There is no dependency in decoding processes between the colour planes having different colour plane id values. For
example, the decoding process of a monochrome picture with one value of colour plane id does not use any data from
monochrome pictures having different values of colour plane id for inter prediction.

Depending on the value of separate colour plane flag, the value of the variable ChromaArrayType is assigned as
follows:

—  Ifseparate colour plane flag is equal to 0, ChromaArrayType is set equal to chroma format idc.

—  Otherwise (separate_colour_plane_flag is equal to 1), ChromaArrayType is set equal to 0.

pic_width_in_luma_samples specifies the width of each decoded picture in wunits of luma samples.
pic_width in luma samples shall not be equal to 0 and shall be an integer multiple of MinCbSizeY.

pic_height_in luma_sampl f luma

pic_heigh{ in luma samples shall not be equal to 0 and shall be an integer multiple of MinCbSizeY.

samples.

conformapnce window_flag equal to 1 indicates that the conformance cropping window offset parameters follow next in
the SPS. donformance window_flag equal to 0 indicates that the conformance cropping window effset parameters are
not presen.

conf_win |left_offset, conf_win_right offset, conf_win_top_offset, and conf_win_bottom_ offset specify the samples
of the pictpires in the CVS that are output from the decoding process, in terms of a rectangular region specified in picture
coordinatgs for output. When conformance window flag is equal to 0, the (values of conf win left offset,
conf win |right offset, conf win top offset, and conf win bottom_offset are inferréd o be equal to 0.

The conformance cropping window contains the luma samples with (horizontal picture coordingtes from
SubWidthC * conf win left offset to pic width in luma samples — ( SubWidthC * conf win right offsetf+ 1) and
vertical picture coordinates from SubHeightC * conf win_top_offset to
pic_heigh{ in_luma_samples — ( SubHeightC * conf win_bottom_offs¢t +1 ), inclusive.

The vilue of  SubWidthC * ( conf win_left offset + conf ‘win_right _offset ) shall be leps than
pic_width|in luma samples, and the value of SubHeightC * ( conf* win_top_offset + conf win_bottom_offse} ) shall be
less than gic_height in luma samples.

When ChrpmaArrayType is not equal to 0, the corresponding specified samples of the two chroma arrays are the samples
having pidture coordinates ( x / SubWidthC, y / SubHeightC ), where ( X, y ) are the picture coordinates of th¢ specified
luma sampples.

NOTE B — The conformance cropping window offset parameters are only applied at the output. All internal decoding pfocesses are
applied|to the uncropped picture size.

bit_depth| luma_minus8 specifies the bif depth of the samples of the luma array BitDepthy and the value of the luma
quantizatipn parameter range offset QpBdOffsety as follows:

BitDepthy = 8 + bit_depth luma_ minus8 (7-4)
DpBdOffsety = 6 #*bit’ depth luma minus8 (7-5)
bit_depth [luma minus8shall be in the range of 0 to 8, inclusive.

bit_depth| chroma( minus8 specifies the bit depth of the samples of the chroma arrays BitDepthc and the value of the
chroma quantization parameter range offset QpBdOffsetc as follows:

BifDepthc = 8 + bit_depth_chroma minus8 (7-6)
QpBdOffsetc = 6 * bit_depth _chroma minus8 7-7)

bit _depth chroma minus8 shall be in the range of 0 to 8, inclusive.

log2_max_pic_order_cnt_Isb_minus4 specifies the value of the variable MaxPicOrderCntLsb that is used in the
decoding process for picture order count as follows:

MaxPicOrderCntLsb = 2( log2_max_pic_order_cnt_lsb_minus4 +4) (7-8)
The value of log2 max_pic_order _cnt Isb_minus4 shall be in the range of 0 to 12, inclusive.

sps_sub_layer_ordering_info_present flag equal to 1 specifies that sps max dec pic_buffering minusl[i ],

sps_max_num_reorder pics[i ], and sps_max_latency increase plusl[i ] are present for
sps_max_sub_layers minusl + 1 sub-layers. sps_sub_layer ordering info present flag equal to 0 specifies that the
values of sps_max_dec_pic_buffering minusl[ sps_max_sub_layers minusl ],
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sps_max_num_reorder pics[ sps_max_sub_layers minusl ], and
sps_max latency increase plusl[ sps max sub layers minusl ] apply to all sub-layers.

sps_max_dec_pic_buffering minus1[ i ] plus 1 specifies the maximum required size of the decoded picture buffer for
the CVS in units of picture storage buffers when HighestTid is equal to i, The value of
sps_max_dec_pic_buffering minusl[ i | shall be in the range of 0 to MaxDpbSize — 1, inclusive, where MaxDpbSize is
as specified in clause A.4. When i is greater than 0, sps max dec pic buffering minusl[i] shall be greater than or
equal to sps_max_dec pic buffering minusl[i— 1 ]. The value of sps_ max dec pic buffering minusl[ i ] shall be less
than or equal to  vps _max dec pic buffering minusl[1i ] for each  value of 1 When
sps_max_dec_pic_buffering minusl[i] is not present for i in the range of 0 to sps_max_sub layers minusl — 1,
inclusive, due to sps_sub layer ordering info present flag being equal to 0, it is inferred to be equal to
sps_max_dec_pic_buffering minusl[ sps_max sub_layers minusl ].

sps_max_num_reorder_pics[ i | indicates the maximum allowed number of pictures with PicOutputFlag equal to 1 that
can precede any picture with PicOutputFlag equal to 1 in the CVS in decoding order and follow that picture with
PicOutputflag equal to I in output order when HighestT1d 1s equal to 1. The value of sps max num reordgr pics[1i ]
shall be |in the range of 0 to sps _max dec pic buffering minusl[i], inclusive. When i is gteatey than O,
sps_max_pum_reorder pics[i] shall be greater than or equal to sps max num reorder pics[i—cJ.) Thg value of
sps_max_pum_reorder pics[ i ] shall be less than or equal to vps max num_reorder pics| i ] for each Walue ¢f i. When
sps_max_hum_reorder pics[i] is not present for i in the range of 0 to sps_max_sub_layers minus!'— 1, inclusive, due
to sps qub layer ordering info present flag being equal to 0, it is inferred) "to be pqual to
sps_max_fum_reorder pics[ sps_max_sub_layers minusl ].

sps_max [latency _increase plusl[i] not equal to 0 is used to compute the value of SpsMaxLatencyPictures| i ], which
specifies the maximum number of pictures with PicOutputFlag equal to 1 .thdt can precede any pi¢ture with
PicOutputFlag equal to 1 in the CVS in output order and follow that picture withn\RicOutputFlag equal to 1 in decoding
order whep HighestTid is equal to i.

When sps| max latency increase plusl[i] is not equal to 0, the value of\SpsMaxLatencyPictures[ i] is specified as
follows:

bpsMaxLatencyPictures[ i | = sps_max_num_reorder pi€s[ 1] + (7-9)
sps_max_latency increase plusl[i]—1

When sps|max_latency_increase plusl[i ] is equal to 0, no-corresponding limit is expressed.

The valup of sps max_latency increase plusi[i] .shall be in the range of 0 to 2**—2, inclusife. When
vps_max_Jatency increase plusl[i] is not equal te0, the value of sps max latency increase plusl[i] sHall not be
equal to P and shall be less than or equal to“vps max latency increase plusl[i] for each value of i. When
sps_max_Jatency_increase plusl[i] is not preSent for i in the range of 0 to sps_max_sub_layers minusl — 1] inclusive,
due to |sps_sub layer ordering info present flag being equal to 0, it is inferred to be [equal to
sps_max_Jatency increase plusl[ sps miax’sub layers minusl ].

log2_min|luma_coding_block size minus3 plus 3 specifies the minimum luma coding block size.

log2_diff |Imax_min_luma_coding block size specifies the difference between the maximum and minithum luma
coding bldck size.

The variaples MinCbLog2SizeY, CtbLog2SizeY, MinCbSizeY, CtbSizeY, PicWidthInMinCbsY, PicWidthInCtbsY,
PicHeight[nMinCbs¥, PicHeightInCtbsY, PicSizeInMinCbsY, PicSizeInCtbsY, PicSizelnpamplesY,
PicWidthInSamples€; and PicHeightInSamplesC are derived as follows:

MirlCbLog2SizeY =log2 min_luma coding block size minus3 + 3 (7-10)
CibL0ogZSizeY = MinCbLogZSizeY T logZ dilf max min luma coding_block size (7-11)
MinCbSizeY =1 << MinCbLog2SizeY (7-12)
CtbSizeY =1 << CtbLog2SizeY (7-13)
PicWidthInMinCbsY = pic_width _in luma samples / MinCbSizeY (7-14)
PicWidthInCtbsY = Ceil( pic_width _in luma samples + CtbSizeY ) (7-15)
PicHeightInMinCbsY = pic_height in_luma_samples / MinCbSizeY (7-16)
PicHeightInCtbsY = Ceil( pic_height_in_luma_samples + CtbSizeY ) (7-17)
PicSizeInMinCbsY = PicWidthInMinCbsY * PicHeightInMinCbsY (7-18)
PicSizeInCtbsY = PicWidthInCtbsY * PicHeightInCtbsY (7-19)
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PicSizeInSamplesY = pic_width in luma samples * pic_height in luma samples (7-20)
PicWidthInSamplesC = pic_width_in_luma_samples / SubWidthC (7-21)
PicHeightInSamplesC = pic_height in luma samples / SubHeightC (7-22)

The variables CtbWidthC and CtbHeightC, which specify the width and height, respectively, of the array for each
chroma coding tree block, are derived as follows:

—  If chroma_format idc is equal to 0 (monochrome) or separate colour plane flag is equal to 1, CtbWidthC and
CtbHeightC are both equal to 0.

—  Otherwise, CtbWidthC and CtbHeightC are derived as follows:
CtbWidthC = CtbSizeY / SubWidthC (7-23)
CtbHeightC = CtbSizeY / SubHeightC (7-24)

log2_min|luma_transform_block_size_minus2 plus 2 specifies the minimum luma transform block size.

The variable MinTbLog2SizeY is set equal to log2 min luma transform block size minus2 + 2. ThenCV$ shall not
contain dafa that result in MinTbLog2SizeY greater than or equal to MinCbLog2SizeY.

log2_diff [max_min_luma_transform_block_size specifies the difference between the maximym and mininum luma
transform plock size.

The vafiable MaxTbLog2SizeY is set equal to log2 min luma transform block size mipus2 +2 +
log2 diff jmax_min_luma_transform block size.

The CVS shall not contain data that result in MaxTbLog2SizeY greater than Min(-CtbLog2SizeY, 5 ).

The array| ScanOrder| log2BlockSize ][ scanldx ][ sPos ][ sComp ] specifies, the mapping of the scan position sPos,
ranging from 0 to (1 << log2BlockSize ) * (1 << log2BlockSize )=\, inclusive, to horizontal anfd vertical
componenjts of the scan-order matrix. The array index scanldx equal to 0 specifies an up-right diagonal qcan order,
scanldx equal to 1 specifies a horizontal scan order, and scanldx _equal to 2 specifies a vertical scan order.|The array
index sCojmp equal to 0 specifies the horizontal component and the array index sComp equal to 1 specifies the vertical
componenft. The array ScanOrder is derived as follows:

For the vatiable log2BlockSize ranging from 0 to 3, inclusivé; the scanning order array ScanOrder is derived ag follows:

—  The pp-right diagonal scan order array initialization process as specified in clause 6.5.3 is invpked with
1 < log2BlockSize as input, and the output.ig-assigned to ScanOrder| log2BlockSize ][ 0 ].

—  The |horizontal scan order array initialization process as specified in clause 6.5.4 is invdked with
1 << log2BlockSize as input, and the ouitput is assigned to ScanOrder[ log2BlockSize ][ 1 ].

—  The yertical scan order array initialization process as specified in clause 6.5.5 is invoked with 1 << log2BlockSize
as inlut, and the output is assignéd to ScanOrder[ log2BlockSize ][ 2 ].

max_transform_hierarchy_depth. inter specifies the maximum hierarchy depth for transform units of cdqding units
coded in [inter prediction made.* The value of max transform_ hierarchy depth inter shall be in the range of 0 to
CtbLog2SjizeY — MinTbLog2SizeY, inclusive.

max_transform_hierarchy_depth_intra specifies the maximum hierarchy depth for transform units of cqding units
coded in [intra prediction mode. The value of max_ transform hierarchy depth intra shall be in the range of 0 to
CtbLog2SjizeY —MinTbLog2SizeY, inclusive.

scaling_list ©enabled_flag equal to 1 specifies that a scaling list is used for the scaling process for transform cqefficients.
scaling_lidt—enabledfla 43 0—speci ha ing list is—n he—scalin e transform
coefficients.

sps_scaling_list_data_ present flag equal to 1 specifies that the scaling list data( ) syntax structure is present in the
SPS. sps_scaling list_data present flag equal to O specifies that the scaling list_data( ) syntax structure is not present in
the SPS. When not present, the value of sps_scaling_list data present flag is inferred to be equal to 0.

amp_enabled_flag equal to 1 specifies that asymmetric motion partitions, i.e., PartMode equal to PART 2NxnU,
PART 2NxnD, PART nLx2N, or PART nRx2N, may be used in coding tree blocks. amp enabled flag equal to 0
specifies that asymmetric motion partitions cannot be used in coding tree blocks.

sample_adaptive_ offset_enabled_flag equal to 1 specifies that the sample adaptive offset process is applied to the
reconstructed picture after the deblocking filter process. sample_adaptive offset enabled flag equal to 0 specifies that
the sample adaptive offset process is not applied to the reconstructed picture after the deblocking filter process.

pem_enabled_flag equal to O specifies that PCM data are not present in the CVS.
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NOTE 4 — When MinCbLog2SizeY is equal to 6, PCM data are not present in the CVS even when pcm_enabled flag is equal
to 1. The maximum size of coding block with pcm enabled flag equal to 1 is restricted to be less than or equal to
Min( CtbLog2SizeY, 5 ). Encoders are encouraged to use an appropriate combination of
log2 min luma_coding block size minus3, log2 min_pcm_luma coding block size minus3, and
log2 diff max_min pem luma coding block size values when sending PCM data in the CVS.

pcem_sample bit_depth luma_minusl specifies the number of bits used to represent each of PCM sample values of the
luma component as follows:

PcmBitDepthy = pcm_sample bit depth luma minusl + 1 (7-25)
The value of PcmBitDepthy shall be less than or equal to the value of BitDepthy.

pem_sample bit_depth_chroma_minusl1 specifies the number of bits used to represent each of PCM sample values of
the chroma components as follows:

PcmBitDepthe = pcm_sample_bit_depth_chroma_minusl + 1 (7-26)

The value|of PcmBitDepthc shall be less than or equal to the value of BitDepthc. When ChromaArrayType ‘is'equal to 0,
pcm_sample bit depth chroma minusl is not used in the decoding process and decoders shall ignore its valud.

log2_min|pem_luma_coding_block_size_minus3 plus 3 specifies the minimum size of coding blocks with pcm_flag
equal to 1

The variaple Log2MinlpcmCbSizeY is set equal to log2 min_pcm luma coding block size-minus3 + 3. The value of
Log2MinlpecmCbSizeY shall be in the range of Min( MinCbLog2SizeY, 5 ) to Min( CtbLog2SizeY, 5 ), inclus]ve.

log2_diff |max_min_pcm_luma_coding block_size specifies the difference between, the maximum and minimum size
of coding plocks with pcm_flag equal to 1.

The varfable Log2MaxIpcmCbSizeY is set equal to log2 diff\max min pcm luma coding blpck size +
Log2MinlpemCbSizeY. The value of Log2MaxIpecmCbSizeY shall be less-than or equal to Min( CtbLog2SizeY, 5 ).

pem_loop| filter disabled flag specifies whether the loop filter process is disabled on reconstructed sarhples in a
coding unft with pcm_flag equal to 1 as follows:

— If pcin_loop filter disabled flag is equal to 1, the deblocking filter and sample adaptive offset filter prpcesses on
the rdconstructed samples in a coding unit with pcm_flag equal to 1 are disabled.

—  Othetwise (pcm_loop_filter disabled flag value is ‘equal to 0), the deblocking filter and sample adaptive ¢ffset filter
procgsses on the reconstructed samples in a codirgiunit with pcm_flag equal to 1 are not disabled.

When pcnp_loop_filter disabled flag is not present, it is inferred to be equal to 0.

num_short_term_ref pic_sets specifies the number of st ref pic_set( ) syntax structures included in the|SPS. The
value of npm_short term_ref pic sets shallibe in the range of 0 to 64, inclusive.
NOTE p — A decoder should allocate\memory for a total number of num_short_term_ref pic_sets + 1 st_ref pic_spt( ) syntax
structutles since there may be a st tef pic_set( ) syntax structure directly signalled in the slice headers of a currenf picture. A
st ref pic set() syntax structure,“directly signalled in the slice headers of a current picture has an index equal to
num_sHort term_ref pic_sets,

long_term ref pics present flag equal to O specifies that no long-term reference picture is used for inter pre¢diction of
any coded picture in4he*CVS. long term ref pics present flag equal to 1 specifies that long-term referenge pictures
may be uspd for intér prediction of one or more coded pictures in the CVS.

num_long_terin ref pics_sps specifies the number of candidate long-term reference pictures that are speciffied in the
SPS. Theilalue of num_long term_ref pics_sps shall be in the range of 0 to 32, inclusive.

It_ref pic_poc_Isb_sps[ i ] specifies the picture order count modulo MaxPicOrderCntLsb of the i-th candidate long-term
reference picture specified in the SPS. The number of bits used to represent It ref pic poc Isb sps[i] is equal to
log2 max_ pic order cnt Isb minus4 + 4.

used_by curr_pic_It_sps flag[ i | equal to O specifies that the i-th candidate long-term reference picture specified in the
SPS is not used for reference by a picture that includes in its long-term RPS the i-th candidate long-term reference
picture specified in the SPS.

sps_temporal_mvp_enabled_flag equal to 1 specifies that slice temporal mvp enabled flag is present in the slice
headers of non-IDR pictures in the CVS. sps temporal mvp enabled flag equal to 0 specifies that
slice_temporal mvp enabled flag is not present in slice headers and that temporal motion vector predictors are not used
in the CVS.
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strong_intra_smoothing_enabled_flag equal to 1 specifies that bi-linear interpolation is conditionally used in the intra
prediction filtering process in the CVS as specified in clause 8.4.4.2.3. strong_intra_smoothing enabled flag equal to 0
specifies that the bi-linear interpolation is not used in the CVS.

vui_parameters_present_flag equal to 1 specifies that the vui_parameters( ) syntax structure as specified in Annex E is
present. vui_parameters_present flag equal to 0 specifies that the vui_parameters( ) syntax structure as specified in
Annex E is not present.

sps_extension_present flag equal to 1 specifies that the syntax elements sps range extension flag,
sps_multilayer extension flag, and sps_extension 6bits are present in the SPS RBSP syntax structure.
sps_extension present flag equal to O specifies that these syntax elements are not present.

sps_range_extension_flag equal to 1 specifies that the sps_range extension( ) syntax structure is present in the SPS
RBSP syntax structure. sps_range extension_flag equal to 0 specifies that this syntax structure is not present. When not
present, the value of sps_range extension flag is inferred to be equal to 0.

sps_multilayer extension_flag equal to 1 specifies that the sps_multilayer extension() syntax structure/(specified in
Annex F)|is present in the SPS RBSP syntax structure. sps_multilayer extension flag equal to 0 speeifigs that the
sps_multilayer extension( ) syntax structure is not present. When not present, the value of sps_multilayer—extepsion_flag
is inferred|to be equal to 0.

sps_extenfion_6bits equal to 0 specifies that no sps_extension_data flag syntax elements are(present in the $PS RBSP
syntax strjicture. When present, sps_extension_6bits shall be equal to 0 in bitstreams conferming to this versfion of this
Specificatjon. Values of sps_extension_6bits not equal to 0 are reserved for future use by ITU-T | ISO/IEC| Decoders
shall alloy the value of sps extension 6bits to be not equal to 0 and shall ignore all sps extension data flag syntax
elements ih an SPS NAL unit. When not present, the value of sps_extension_6bits is ififerred to be equal to 0.

sps_extenpion_data_flag may have any value. Its presence and value do net affect decoder conformance fo profiles
specified In this version of this Specification. Decoders conforming to this version of this Specification shall ignore all
sps_extengion data flag syntax elements.

7.4.3.2.2 Bequence parameter set range extension semantics

transforn)_skip_rotation_enabled_flag equal to 1 specifies that\a rotation is applied to the residual data blogk for intra
4x4 blockp coded using a transform skip operation. transformskip rotation enabled flag equal to O specifigs that this
rotation isnot applied. When not present, the value of transform skip rotation enabled flag is inferred to be efjual to 0.

transforn)_skip_context_enabled_flag equal to 1 specifies that a particular context is used for the parsing of the
sig_coeff [flag for transform blocks with a skipped transform. transform skip context enabled flag equal to P specifies
that the presence or absence of transform skippirig or a transform bypass for transform blocks is not used in the context
selection fpr this flag. When not present, the valde of transform_skip context enabled flag is inferred to be eqpal to 0.

implicit_ndpcm_enabled_flag equal te;l\specifies that the residual modification process for blocks using a transform
bypass m3y be used for intra blocks.in ‘the CVS. implicit rdpcm_enabled flag equal to O specifies that the residual
modificatipn process is not (used for intra blocks in the CVS. When not present, the [value of
implicit_r@lpcm_enabled_flag isinferred to be equal to 0.

explicit_ rflpcm_enabled_flag cqual to 1 specifies that the residual modification process for blocks using al transform
bypass mgy be used for.anfer blocks in the CVS. explicit rdpcm_enabled flag equal to 0 specifies that the residual
modificatipn process¢—is not wused for inter blocks in the CVS. When not present, the |value of
explicit_ rdpcm_enabled flag is inferred to be equal to 0.

extended |precision_processing flag equal to 1 specifies that an extended dynamic range is used for coeffici¢nt parsing
and inverde“ransform processing. extended precision processing_flag equal to O specifies that the extendefl dynamic
range is not used. When not present, the value of extended precision processing_flag is inferred to be equal to 0.

The variables CoeffMiny, CoeffMinc, CoeffMaxy and CoeffMax are derived as follows:

CoeffMiny = —( 1 << (extended precision_processing_flag ? Max( 15, BitDepthy + 6 ) : 15)) (7-27)
CoeffMinc = —( 1 << (‘extended precision_processing_flag ? Max( 15, BitDepthc + 6 ) : 15)) (7-28)
CoeffMaxy = (1 << (‘extended precision_processing_flag ? Max( 15, BitDepthy +6): 15))— 1 (7-29)
CoeffMaxc = (1 << (extended precision processing flag ? Max( 15, BitDepthc +6):15))—1 (7-30)

intra_smoothing_disabled_flag equal to 1 specifies that the filtering process of neighbouring samples is
unconditionally disabled for intra prediction. intra_smoothing_disabled flag equal to 0 specifies that the filtering process
of neighbouring samples is not disabled. When not present, the value of intra_smoothing_disabled flag is inferred to be
equal to 0.
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high_precision_offsets_enabled_flag equal to 1 specifies that weighted prediction offset values are signalled using a
bit-depth-dependent precision. high precision_offsets enabled flag equal to 0 specifies that weighted prediction offset
values are signalled with a precision equivalent to eight bit processing.

The variables WpOffsetBdShifty, WpOffsetBdShiftc, WpOffsetHalfRangey and WpOffsetHalfRangec are derived as
follows:

WpOffsetBdShifty = high precision_offsets enabled flag ? 0 : ( BitDepthy — 8) (7-31)
WpOffsetBdShiftc = high_precision_offsets enabled flag ? 0 : ( BitDepthe — 8) (7-32)
WpOffsetHalfRangey = 1 << (‘high precision_offsets_enabled flag ? ( BitDepthy —1):7) (7-33)
WpOffsetHalfRangec = 1 << (‘high precision_offsets_enabled flag ? ( BitDepthc —1):7) (7-34)

persistent_rice_adaptation_enabled_flag equal to 1 specifies that the Rice parameter derivation for the binarization of
coeff abs level remaining[ ] is initialized at the start of each sub-block using mode dependent statistics accumulated
from prevjous sub-blocks. persistent rice_adaptation_enabled flag equal to 0 specifies that no previous sub-block state
is used in |Rice parameter derivation. When not present, the value of persistent rice adaptation enabled flag|is inferred
to be equal to 0.

cabac_bypass_alignment_enabled flag equal to 1 specifies that a CABAC alignment process-is’used prior] to bypass
decoding of the syntax elements coeff sign flag[ ] and coeff\abs_level refnaining] ].
cabac_bypass_alignment enabled flag equal to 0 specifies that no CABAC alignment process is used prior|to bypass
decoding. [When not present, the value of cabac_bypass_alignment_enabled flag is inferred to be equal to 0.

7.4.3.3 Picture parameter set RBSP semantics

7.4.3.3.1 (General picture parameter set RBSP semantics

pps_pic_parameter_set id identifies the PPS for reference by ~other syntax elements. The |value of
pps_pic_pprameter_set_id shall be in the range of 0 to 63, inclusive.

pps_seq_parameter_set id specifies the value of sps _seq parameter set id for the active SPS. The| value of
pps_seq_parameter_set_id shall be in the range of 0 to 15, inclusive.

dependeng_slice_segments_enabled flag equal to 1, ‘specifies the presence of the syntax| element
dependent] slice segment flag in the slice segmenf™ headers for coded pictures referring to |the PPS.
dependent] slice_segments_enabled flag equal to) 0 specifies the absence of the syntax| element
dependent] slice segment_flag in the slice segment headers for coded pictures referring to the PPS.

output_flag present_flag equal to 1 indicatesthat the pic_output flag syntax element is present in the assodiated slice
headers. dqutput flag present flag equal to(0 ‘indicates that the pic_output flag syntax element is not pregent in the
associated|slice headers.

num_extra_slice_header_bits specifies the number of extra slice header bits that are present in the slice hegder RBSP
for coded|pictures referring to.the. PPS. The value of num_extra_slice header bits shall be in the range jof 0 to 2,
inclusive, |in bitstreams confofming to this version of this Specification. Other values for num_extra slice Header bits
are reservgd for future use by ITU-T | ISO/IEC. However, decoders shall allow num_extra_slice_header bits tp have any
value.

sign_data| hiding_énabled_flag equal to 0 specifies that sign bit hiding is disabled. sign data hiding_enhbled flag
equal to 1[specifies-that sign bit hiding is enabled.

the PPS.
ePPS.

num_ref idx_l0_default_active_minus1 specifies the inferred value of num ref idx 10 active minusl for P and B
slices with num_ref idx active override flag equal to 0. The value of num_ref idx 10 default active minusl shall be
in the range of 0 to 14, inclusive.

num_ref idx_l1_default_active_minusl specifies the inferred value of num ref idx 11 active minusl with
num_ref idx_active override flag equal to 0. The value of num ref idx 11 default active minusl shall be in the range
of 0 to 14, inclusive.

init_qp_minus26 plus 26 specifies the initial value of SliceQpy for each slice referring to the PPS. The initial value of
SliceQpy is modified at the slice segment layer when a non-zero value of slice_qp delta is decoded. The value of
init_qp_minus26 shall be in the range of —( 26 + QpBdOffsety ) to +25, inclusive.

constrained_intra_pred_flag equal to 0 specifies that intra prediction allows usage of residual data and decoded
samples of neighbouring coding blocks coded using either intra or inter prediction modes. constrained intra_pred flag
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equal to 1 specifies constrained intra prediction, in which case intra prediction only uses residual data and decoded
samples from neighbouring coding blocks coded using intra prediction modes.

transform_skip enabled_flag equal to 1 specifies that transform skip flag may be present in the residual coding
syntax. transform_skip enabled flag equal to O specifies that transform_skip flag is not present in the residual coding
syntax.

cu_qp_delta_enabled_flag equal to 1 specifies that the diff cu_qp delta depth syntax element is present in the PPS and
that cu_gp_delta_abs may be present in the transform unit syntax. cu_qp_delta_enabled flag equal to 0 specifies that the
diff cu gp delta_depth syntax element is not present in the PPS and that cu_gp delta_abs is not present in the transform
unit syntax.

diff cu_qp_delta_depth specifies the difference between the luma coding tree block size and the minimum luma coding
block size of coding units that convey cu_qp_delta _abs and cu_qp _delta_sign flag. The value of diff cu _qp_delta depth
shall be in the range of 0 to log2 diff max min luma coding block size, inclusive. When not present, the value of

diff_cu_qp—detta—depthistterredto-beeguatte-b-
The varialile Log2MinCuQpDeltaSize is derived as follows:
L0og2MinCuQpDeltaSize = CtbLog2SizeY — diff cu gp delta depth (7-35)

pps_cb_qp_offset and pps_cr_qp_offset specify the offsets to the luma quantization parametet(Qp'y used for deriving
Qp'cy and |Qp'c;, respectively. The values of pps_cb_qp_offset and pps_cr_qp_offset shall be(inthe range of {12 to +12,
inclusive. [When ChromaArrayType is equal to 0, pps_cb_qp_offset and pps_cr_qp_offset aie not used in th¢ decoding
process anld decoders shall ignore their value.

pps_slice |chroma_qp_offsets_present_flag equal to | indicates that the sliceveb/qp_ offset and slice cr| qp_offset
syntax el¢gments are present in the associated slice headers. pps_slice chroima'qp offsets present flag ¢qual to 0
indicates that these syntax elements are not present in the associated slice {icaders. When ChromaArrayType is equal
to 0, pps_glice_chroma qp_offsets present flag shall be equal to 0.

weighted [pred_flag equal to 0 specifies that weighted prediction is-n0t applied to P slices. weighted pred |flag equal
to 1 speciffies that weighted prediction is applied to P slices.

weighted |bipred_flag equal to 0 specifies that the default weighted prediction is applied to |B slices.
weighted pipred flag equal to 1 specifies that weighted prediction is applied to B slices.

transquant_bypass_enabled_flag equal to 1 *$pecifies that cu transquant bypass flag is| present.
transquan{| bypass enabled flag equal to 0 specifies that cu_transquant bypass flag is not present.

tiles_enaljled_flag equal to 1 specifies that there is more than one tile in each picture referring to| the PPS.
tiles_enabled flag equal to O specifies that theéres only one tile in each picture referring to the PPS.

It is a reqirement of bitstream conformiance that the value of tiles_enabled flag shall be the same for all PPSs that are
activated Yithin a CVS.

entropy_doding_sync_enabled.flag equal to 1 specifies that a specific synchronization process for context yariables is
invoked bgfore decoding the coding tree unit which includes the first coding tree block of a row of coding tre¢ blocks in
each tile |n each picture referring to the PPS, and a specific storage process for context variables is invpked after
decoding the coding tree-unit which includes the second coding tree block of a row of coding tree blocks in gach tile in
each picthre referring=~to the PPS. entropy coding sync enabled flag equal to O specifies that n¢ specific
synchronifation process for context variables is required to be invoked before decoding the coding tree ynit which
includes the first coding tree block of a row of coding tree blocks in each tile in each picture referring to the PPS, and no
specific strage process for context Varlables is requlred to be 1nvoked after decodlng the codlng tree unit whigh includes
the second | . | : :

It is a requirement of bitstream conformance that the value of entropy coding_sync_enabled flag shall be the same for
all PPSs that are activated within a CVS.

When entropy coding_sync_enabled flag is equal to 1 and the first coding tree block in a slice is not the first coding tree
block of a row of coding tree blocks in a tile, it is a requirement of bitstream conformance that the last coding tree block
in the slice shall belong to the same row of coding tree blocks as the first coding tree block in the slice.

When entropy_coding_sync_enabled flag is equal to 1 and the first coding tree block in a slice segment is not the first
coding tree block of a row of coding tree blocks in a tile, it is a requirement of bitstream conformance that the last coding
tree block in the slice segment shall belong to the same row of coding tree blocks as the first coding tree block in the
slice segment.

Rec. ITU-T H.265 (2015 E) 77


https://iecnorm.com/api/?name=ef24e739dd45de9e323cd214b25399a9

ISO/IEC 23008-2:2015(E)

num_tile_columns_minusl plus 1 specifies the number of tile columns partitioning the picture.
num_tile columns minus! shall be in the range of 0 to PicWidthInCtbsY — 1, inclusive. When not present, the value of
num_tile columns minusl is inferred to be equal to 0.

num_tile_rows_minus1 plus | specifies the number of tile rows partitioning the picture. num_tile rows minusl shall be
in the range of 0 to PicHeightInCtbsY — 1, inclusive. When not present, the value of num _tile rows minusl is inferred
to be equal to 0.

When tiles enabled flag is equal to 1, num_tile columns minusl and num_tile rows minusl shall not be both equal
to 0.

uniform_spacing_flag equal to 1 specifies that tile column boundaries and likewise tile row boundaries are distributed
uniformly across the picture. uniform_spacing_flag equal to 0 specifies that tile column boundaries and likewise tile row
boundaries are not distributed uniformly across the picture but signalled explicitly using the syntax elements
column_width minusl[i] and row_height minusl[ i ]. When not present, the value of uniform_spacing_flag is inferred
to be equapte—+=

column_width_minus1[ i ] plus 1 specifies the width of the i-th tile column in units of coding tree blocks!
row_height minus1[ i ] plus 1 specifies the height of the i-th tile row in units of coding tree blocks,

The folloying variables are derived by invoking the coding tree block raster and tile scanning conversion process as
specified in clause 6.5.1:

—  The list CtbAddrRsToTs[ ctbAddrRs ] for ctbAddrRs ranging from 0 to PicSizeInCtbsY — 1, inclusive, [specifying
the cgnversion from a CTB address in CTB raster scan of a picture to a CTB addréss)in tile scan,

—  the list CtbAddrTsToRs[ ctbAddrTs ] for ctbAddrTs ranging from O to PicSizeInCtbsY — 1, inclusive, [specifying
the cpnversion from a CTB address in tile scan to a CTB address in CTB raster scan of a picture,

—  the ljst Tileld[ ctbAddrTs ] for ctbAddrTs ranging from 0 to PicSizeInCtbsY — 1, inclusive, specjifying the
convgrsion from a CTB address in tile scan to a tile ID,

— the lipt ColumnWidthInLumaSamples[ i | for i ranging from 04£0ynum_tile columns minusl, inclusive, [specifying
the wjidth of the i-th tile column in units of luma samples,

—  the list RowHeightInLumaSamples[ j ] for j ranging from,0 to num_tile rows minusl, inclusive, spe¢ifying the
height of the j-th tile row in units of luma samples.

The valugs of ColumnWidthInLumaSamples[i] for i ranging from 0 to num tile columns minusl, inclpsive, and
RowHeightInLumaSamples[ j ] for j ranging from 0 tostum_tile rows minusl, inclusive, shall all be greater than 0.

The arfay MinTbAddrZs with  elements MinTbAddrZs[x][y] for x ranging from| 0 to
( PicWidthInCtbsY << ( CtbLog2SizeY — MinTbLog2SizeY ))— 1, inclusive, and y ranging from 0 to
( PicHeighitInCtbsY << ( CtbLog2SizeY ~MinTbLog2SizeY ))— 1, inclusive, specifying the conversiop from a
location (Jx,y ) in units of minimum-transform blocks to a transform block address in z-scan order, is derived by
invoking the z-scan order array initialization process as specified in clause 6.5.2.

loop_filter_across_tiles_enabled *flag equal to 1 specifies that in-loop filtering operations may be performed|across tile
boundarie$ in pictures referring to the PPS. loop filter across tiles enabled flag equal to O specifies that in-loop
filtering operations are net.performed across tile boundaries in pictures referring to the PPS. The in-loop filtering
operationg include thedeblocking filter and sample adaptive offset filter operations. When not present, the value of
loop_filter] across_tiles: enabled flag is inferred to be equal to 1.

pps_loop [filter” across_slices_enabled flag equal to 1 specifies that in-loop filtering operations may be [performed
across leff and upper boundar1es of sl1ces refemng to the PPS. pps_loop filter across_. sl1ces enabled ﬂag equal to 0
specifies that+s P M eftan e es—referting to the
PPS. The in-loop ﬁltermg operat1ons 1nclude the deblocklng ﬁlter and sample adapt1ve offset ﬁlter operat1ons

NOTE 1 — Loop filtering across slice boundaries can be enabled while loop filtering across tile boundaries is disabled and vice
versa.

deblocking_filter _control present flag equal to 1 specifies the presence of deblocking filter control syntax elements in
the PPS. deblocking_filter control present flag equal to O specifies the absence of deblocking filter control syntax
elements in the PPS.

deblocking_filter override enabled_flag equal to 1 specifies the presence of deblocking filter override flag in the
slice headers for pictures referring to the PPS. deblocking_filter override enabled flag equal to 0 specifies the absence
of deblocking_filter override flag in the slice headers for pictures referring to the PPS. When not present, the value of
deblocking_filter override enabled flag is inferred to be equal to 0.

pps_deblocking_filter disabled flag equal to 1 specifies that the operation of deblocking filter is not applied for slices
referring to the PPS in which slice_deblocking_filter disabled flag is not present. pps_deblocking filter disabled flag
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equal to O specifies that the operation of the deblocking filter is applied for slices referring to the PPS in which
slice_deblocking filter disabled flag is not present. When not present, the value of pps deblocking filter disabled flag
is inferred to be equal to 0.

pps_beta_offset_div2 and pps_tc_offset_div2 specify the default deblocking parameter offsets for § and tC (divided
by 2) that are applied for slices referring to the PPS, unless the default deblocking parameter offsets are overridden by
the deblocking parameter offsets present in the slice headers of the slices referring to the PPS. The values of
pps_beta_offset div2 and pps_tc_offset div2 shall both be in the range of —6 to 6, inclusive. When not present, the value
of pps_beta offset div2 and pps_tc_offset div2 are inferred to be equal to 0.

pps_scaling _list data_present_flag equal to 1 specifies that parameters are present in the PPS to modify the scaling
lists specified by the active SPS. pps_scaling list data present flag equal to 0 specifies that the scaling list data used for
the pictures referring to the PPS are inferred to be equal to those specified by the active SPS. When
scaling_list enabled flag is equal to 0, the value of pps scaling list data present flag shall be equal to 0. When
scaling_list enabled flag is equal to 1, sps scaling list data present flag is equal to 0, and
pps_scalirfg_list data present flag 1s equal to 0, the default scaling list data are used to derive the array ScalingFactor as
described |n the scaling list data semantics as specified in clause 7.4.5.

lists_modjfication_present_flag equal to 1 specifies that the syntax structure ref pic lists modification( ) is|present in
the slice| segment header. lists modification present flag equal to O specifies that the, syntax| structure
ref pic_lidts modification( ) is not present in the slice segment header.

log2 pardllel_merge level minus2 plus 2 specifies the value of the variable Log2ParMrglevel, which is ysed in the
derivation|process for luma motion vectors for merge mode as specified in clause 8.5.3,2.2 land the derivation process for
spatial merging candidates as specified in clause 8.5.3.2.3. The value of log2 parallel-merge level minus2 fhall be in
the range ¢f 0 to CtbLog2SizeY — 2, inclusive.

The varialile Log2ParMrgl evel is derived as follows:

Log2ParMrglevel = log2 parallel merge level minus2 + 2 (7-36)

NOTE P — The value of Log2ParMrgLevel indicates the built-in capability.of parallel derivation of the merging candidgte lists. For
examplp, when Log2ParMrgLevel is equal to 6, the merging candidate, lists for all the PUs and CUs contained in a ¢4x64 block
can be dlerived in parallel.

slice_segment_header_ extension present flag equal to 0 “specifies that no slice segment header extension syntax
elements | are present in the slice segment . headers for coded pictures referring to the PPS.
slice_segment_header extension present flag equal to, INspecifies that slice segment header extension syntax elements
are presenf in the slice segment headers for coded pictures referring to the PPS.

pps_extension_present flag equal to 1 _ specifies that the syntax elements pps range extemsion flag,
pps_multilayer extension flag, and pps_extenision_6bits are present in the picture parameter set RBSP syntay structure.
pps_extenpion present flag equal to 0 specifies that these syntax elements are not present.

pps_range extension_flag equal to l.specifies that the pps range extension( ) syntax structure is present in the PPS
RBSP synfax structure. pps_rangeyextension flag equal to 0 specifies that this syntax structure is not present.| When not
present, thie value of pps_range—extension_flag is inferred to be equal to 0.

pps_mult]layer_extension ‘flag cqual to 1 specifies that the pps multilayer extension( ) syntax structure is|present in
the PPS RIBSP syntax structure. pps_multilayer extension_flag equal to 0 specifies that the pps_multilayer ektension( )
syntax strycture is net;présent. When not present, the value of pps_multilayer extension_flag is inferred to be gqual to 0.

pps_extersion -6bits equal to 0 specifies that no pps_extension data flag syntax elements are present in the PPS RBSP
syntax strjictire-"When present, pps_extension_6bits shall be equal to 0 in bitstreams conforming to this vergion of this
Specificatjon.*Values of pps_extension_6bits not equal to 0 are reserved for future use by ITU-T | ISO/IEC]| Decoders
shall allow the value of pps_extension 6bits to be not equal to 0 and shall ignore all pps_extension_data flag syntax
elements in a PPS NAL unit. When not present, the value of pps_extension_6bits is inferred to be equal to 0.

pps_extension_data_flag may have any value. Its presence and value do not affect decoder conformance to profiles
specified in this version of this Specification. Decoders conforming to this version of this Specification shall ignore all
pps_extension_data flag syntax elements.

7.4.3.3.2 Picture parameter set range extension semantics

log2_max_transform_skip_block_size_minus2 plus 2 specifies the maximum transform block size for which
transform_skip flag may be present in coded pictures referring to the PPS. When not present, the value of
log2 max_transform_skip block size minus2 is inferred to be equal to 0. When present, the value of
log2 max_transform_skip block size minus2 shall be less than or equal to Log2MaxTrafoSize — 2.

The variable Log2MaxTransformSkipSize is derived as follows:
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Log2MaxTransformSkipSize = log2 max_transform_skip block size minus2 + 2 (7-37)

cross_component_prediction_enabled_flag equal to 1 specifies that log2 res_scale abs plusl and res_scale sign flag
may be present in the transform unit syntax for pictures referring to the PPS. cross component prediction_enabled flag
equal to O specifies that log2 res scale abs plusl and res scale sign flag are not present for pictures referring to the
PPS. When not present, the value of cross_component prediction_enabled flag is inferred to be equal to 0. When
ChromaArrayType is not equal to 3, it is a requirement of bitstream conformance that the value of
cross_component_prediction_enabled flag shall be equal to 0.

chroma_qp_offset_list enabled_flag equal to 1 specifies that the cu chroma qp offset flag may be present in the
transform unit syntax. chroma_qp_offset list enabled flag equal to 0 specifies that the cu chroma qp offset flag is not
present in the transform unit syntax. When ChromaArrayType is equal to 0, it is a requirement of bitstream conformance
that the value of chroma qp offset list enabled flag shall be equal to 0.

diff _cu_ chroma qp 0ffset depth speuﬁes the dlfference between the luma codmg tree block size and the minimum
luma co e : S e oty ctt—ehrom e : he—value of
diff cu chroma gp offset depth shall be in the range of 0 to 10g2 dlff max_min_| luma codmg block sizéyirfclusive.

The variabjle Log2MinCuChromaQpOffsetSize is derived as follows:
_0g2MinCuChromaQpOffsetSize = CtbLog2SizeY — diff cu chroma qp offset depth (7-38)

chroma_(p_offset _list len_minusl plus 1 specifies the number of cb_qp offset list[ i{~and cr _qp_ offpet list[1i ]
syntax elements that are present in the PPS. The value of chroma qp offset list len minps1shall be in the rapge of 0 to
5, inclusive.

cb_qp_offset list[ i ] and cr_qp_offset_list[ i ] specify offsets used in the derivation”of Qp’c, and Qp’c,, reppectively.
The values of cb_qp offset list[ i ] and cr qp offset list[ i ] shall be in the rangé of' —12 to +12, inclusive.

log2_sao_loffset_scale luma is the base 2 logarithm of the scaling parameter'that is used to scale SAO offset|values for
luma samples. The value of log2 sao_offset scale luma shall be in the rarige of 0 to Max( 0, BitDepthy — 10 )] inclusive.
When not present, the value of log2 sao_offset scale luma is inferred.t¢ be equal to 0.

log2_sao_loffset_scale_chroma is the base 2 logarithm of the scaling parameter that is used to scale SAO offset values
for chromjy samples. The value of log2 sao offset scale chroma shall be in the range of 0 to Max( 0, BitDegjth¢c — 10 ),
inclusive. When not present, the value of log2 sao offset scale chroma is inferred to be equal to 0.

7.4.3.4 PSupplemental enhancement information RBSP semantics

Supplemental Enhancement Information (SEI) contains information that is not necessary to decode the samples of coded
pictures frpm VCL NAL units. An SEI RBSP contains one or more SEI messages.

7.4.3.5 Access unit delimiter RBSP semantics

The accesp unit delimiter may be used)to indicate the type of slices present in the coded pictures in the gccess unit
containing the access unit delimiter NAL unit and to simplify the detection of the boundary between access upits. There
is no nornjative decoding process:associated with the access unit delimiter.

pic_type indicates that the slice type values for all slices of the coded pictures in the access unit containing [the access
unit delimjter NAL unitsare-imembers of the set listed in Table 7-2 for the given value of pic_type. The value af pic_type
shall be equal to 0, 15©r2 in bitstreams conforming to this version of this Specification. Other values of pic_type are
reserved flor future\use by ITU-T | ISO/IEC. Decoders conforming to this version of this Specification shall ignore
reserved vpluesofpic_type.

Table 7-2 — Interpretation of pictype
| N o

pic_type | slice_type values that may be present in the coded picture

0 I
1 P, 1
2 B,P,1

7.4.3.6 End of sequence RBSP semantics

When included in a NAL unit with nuh_layer id equal to 0, the end of sequence RBSP specifies that the current access
unit is the last access unit in the coded video sequence in decoding order and the next subsequent access unit in the
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bitstream in decoding order (if any) is an IRAP access unit with NoRaslOutputFlag equal to 1. The syntax content of the
SODB and RBSP for the end of sequence RBSP are empty.

7.4.3.7 End of bitstream RBSP semantics

The end of bitstream RBSP indicates that no additional NAL units are present in the bitstream that are subsequent to the
end of bitstream RBSP in decoding order. The syntax content of the SODB and RBSP for the end of bitstream RBSP are
empty.

NOTE — When an elementary stream contains more than one bitstream, the last NAL unit of the last access unit of a bitstream

must contain an end of bitstream NAL unit and the first access unit of the subsequent bitstream must be an IRAP access unit. This
IRAP access unit may be a CRA, BLA, or IDR access unit.

7.4.3.8 Filler data RBSP semantics

The filler data RBSP contains bytes whose value shall be equal to 0xFF. No normative decoding process is specified for
a filler data-RBSE-

ff_byte isja byte equal to OxFF.

7.4.3.9 Blice segment layer RBSP semantics

The slice Jegment layer RBSP consists of a slice segment header and slice segment data.

7.4.3.10 RBSP slice segment trailing bits semantics
cabac_zento_word is a byte-aligned sequence of two bytes equal to 0x0000.
Let NumBytesInVclINalUnits be the sum of the values of NumBytesInNalUnit for-al['VCL NAL units of a cod¢d picture.

Let BinCpuntsInNalUnits be the number of times that the parsing procéss function DecodeBin( ), specified in
clause 9.34.3, is invoked to decode the contents of all VCL NAL units of a-coded picture.

Let the variable RawMinCuBits be derived as follows:

RawMinCuBits = MinCbSizeY * MinCbSizeY *
( BitDepthy + 2 * BitDepth¢ / ( SubWidthC * SubHeightC ) ) (7-39)

The value of BinCountsInNalUnits shall be less . than or equal to (32+3)* NumBytesInVclNalUnits +
( RawMinuBits * PicSizeInMinCbsY ) + 32.

NOTE } The constraint on the maximum number of bins resulting from decoding the contents of the coded slice segment NAL
units cdn be met by inserting a number of cabac .zero_word syntax elements to increase the value of NumBytesInV|cINalUnits.
Each cdbac_zero word is represented in a NAL(unit by the three-byte sequence 0x000003 (as a result of the constraifits on NAL
unit coftents that result in requiring inclusion of*an emulation_prevention_three byte for each cabac_zero word).

7.4.3.11 RBSP trailing bits semantics
rbsp_stop_one_bit shall be equaltto 1.
rbsp_alighment_zero_bit shallbe equal to 0.
7.4.3.12 Byte alignment'Semantics
alignment_bit_equal)to_one shall be equal to 1.

alignment_bit(equal_to_zero shall be equal to 0.

7.4.4 ]?rn‘filn-'-7 ﬁnr7 and level semantics

general profile space  specifies the context for the interpretation of general profile idc and
general profile compatibility flag[j] for all values of j in the range of 0 to 31, inclusive. The value of
general_profile space shall be equal to 0 in bitstreams conforming to this version of this Specification. Other values for
general profile space are reserved for future use by ITU-T | ISO/IEC. Decoders shall ignore the CVS when
general profile space is not equal to 0.

general_tier_flag specifies the tier context for the interpretation of general level idc as specified in Annex A.

general _profile_idc, when general profile space is equal to 0, indicates a profile to which the CVS conforms as
specified in Annex A. Bitstreams shall not contain values of general profile idc other than those specified in Annex A.
Other values of general profile idc are reserved for future use by ITU-T | ISO/IEC.

general_profile_compatibility flag[ j ] equal to 1, when general profile space is equal to 0, indicates that the CVS
conforms to the profile indicated by general profile idc equal to j as specified in Annex A. When general profile space
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is equal to 0, general profile compatibility flag[ general profile idc] shall be equal to 1. The value of
general profile compatibility flag[ j ] shall be equal to 0 for any value of j that is not specified as an allowed value of
general profile idc in Annex A.

general_progressive_source_flag and general_interlaced_source_flag are interpreted as follows:

—  If general progressive source flag is equal to 1 and general interlaced source flag is equal to 0, the source scan
type of the pictures in the CVS should be interpreted as progressive only.

—  Otherwise, if general progressive source flag is equal to 0 and general interlaced source flag is equal to 1, the
source scan type of the pictures in the CVS should be interpreted as interlaced only.

—  Otherwise, if general progressive source flag is equal to 0 and general interlaced source flag is equal to 0, the
source scan type of the pictures in the CVS should be interpreted as unknown or unspecified.

—  Otherwise (general progressive source flag is equal to 1 and general interlaced source flag is equal to 1), the
source scan type of each picture in the CVS is indicated at the picture level using the syntax element
sourcg_scan_type in a picture timing SEI message.

NOTE |l — Decoders may ignore the values of general progressive source flag and general interlaced source_flag-fpr purposes
other than determining the value to be inferred for frame field info present flag when vui_parameters_present\flag ig equal to 0,
as ther¢ are no other decoding process requirements associated with the values of these flags. Moreover~thevactual pource scan
type off the pictures is outside the scope of this Specification, and the method by which the encoderiSelects thg values of
general| progressive_source flag and general interlaced source flag is unspecified.

general_non_packed_constraint_flag equal to 1 specifies that there are neither frame)packing arranggment SEI
messages | nor segmented rectangular frame packing arrangement SEI messagés present in the CVS.
general ngn packed constraint flag equal to 0 indicates that there may or may sot-be one or more franje packing
arrangemgnt SEI messages or segmented rectangular frame packing arrangement SELessages present in the ¢'VS.
NOTE P — Decoders may ignore the value of general non_packed constraint flagsas-there are no decoding process r¢quirements
associafed with the presence or interpretation of frame packing arrangement SET messages or segmented rectangular frame
packing arrangement SEI messages.

general_frame only constraint flag equal to 1  specifies\™ that field seq flag is equal| to O.
general frpme only constraint flag equal to 0 indicates that field <seq” flag may or may not be equal to 0.
NOTE B — Decoders may ignore the value of general frame only «constraint_flag, as there are no decoding process r¢quirements
associafed with the value of field seq flag.

NOTE # — When general progressive_source flag is equal(to-1, general frame only constraint flag may or may npt be equal
to 1.

general_max_12bit_constraint_flag, general. max_10bit_constraint flag, general max_8bit_constraint flag,
general max_422chroma_constraint_flag, general max 420chroma_constraint flag, general max _monpchrome
constraing_flag, general_intra_constraint_flag, general_one_picture_only_constraint_flag, and
general_lpwer bit rate constraint_flags 'when present, have semantics specified in Annex A when the profile
indicated py general profile idc or general profile compatibility flag[j] is a profile specified in Annex| A. When
profilePresentFlag is equal to -1, general profile idc is not in the range of 4 to 7, inclusive, and
general_profile compatibility flaglj ] is not equal to 1 for any value of j in the range of 4 to 7, inclusive, these syntax
elements gre not present and(are inferred to be equal to 0. When general profile idc is not in the range |of 4 to 7,
inclusive, pnd general profile)compatibility flag[ j ] is not equal to 1 for any value of j in the range of 4 to 7] inclusive,
the value ¢f each of these.syntax elements shall be equal to 0.

general_rgserved_zeyo_34bits, when present, shall be equal to 0 in bitstreams conforming to this version of this
Specificatjon. Other values for general reserved zero 34bits are reserved for future use by ITU-T | ISO/IEC| Decoders
shall ignote the\value of general reserved zero 34bits.

general_reserved—zero—43bits—when—present—shat-be—equat—+to cams—confo g—to—thts—verston of this
Specification. Other values for general reserved zero 43bits are reserved for future use by ITU-T | ISO/IEC. Decoders
shall ignore the value of general reserved zero 43bits.

general_inbld_flag equal to 1 specifies that the INBLD capability as specified in Annex F is required for decoding of
the layer to which the profile tier level( ) syntax structure applies. general inbld flag equal to O specifies that the
INBLD capability as specified in Annex F is not required for decoding of the layer to which the profile tier level()
syntax structure applies. When profilePresentFlag is equal to 1, general profile idc is not in the range of 1 to 5,
inclusive, and general profile compatibility flag[ j ] is not equal to 1 for any value of j in the range of 1 to 5, inclusive,
the syntax element general inbld flag is not present and is inferred to be equal to 0. When general profile idc is not in
the range of 1 to 5, inclusive, and general profile compatibility flag[ j ] is not equal to 1 for any value of j in the range
of 1 to 5, inclusive, the value of general inbld flag shall be equal to 0.
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general_reserved_zero_bit, when present, shall be equal to 0 in bitstreams conforming to this version of this
Specification. The value 1 for general reserved zero 1bit is reserved for future use by ITU-T | ISO/IEC. Decoders shall
ignore the value of general reserved zero bit.

general_level idc indicates a level to which the CVS conforms as specified in Annex A. Bitstreams shall not contain
values of general level idc other than those specified in Annex A. Other values of general level idc are reserved for
future use by ITU-T | ISO/IEC.

NOTE 5 — A greater value of general _level idc indicates a higher level. The maximum level signalled in the VPS for a CVS may
be higher than the level signalled in the SPS for the same CVS.

NOTE 6 — When the coded video sequence conforms to multiple profiles, general profile idc should indicate the profile that
provides the preferred decoded result or the preferred bitstream identification, as determined by the encoder (in a manner not
specified in this Specification).

NOTE 7 — The syntax elements general reserved zero 34bits and general reserved zero 43bits may be used in future versions of

this Specification to indicate further constraints on the bitstream (e.g., that a particular syntax combination that would otherwise be
indi tibility flagl i1 is notnsed)

rofile_present_flag[ i ] equal to 1, specifies that profile information is present in the profile -tjer level( )
syntax strjicture for the sub-layer representation with Temporalld equal to i. sub layer profile present) flag[ i ] equal
to 0 specifies that profile information is not present in the profile tier level() syntax structyr¢ for the| sub-layer
representafion with Temporalld equal to i. When profilePresentFlag is equal to 0, sub_layer (profile presept flag[i ]
shall be equal to 0.

sub_layer] level present flag[ i ] equal to 1 specifies that level information is present in‘the’profile tier levgl( ) syntax
structure for the sub-layer representation with Temporalld equal to i. sub layer level present flag[i] gqual to 0
specifies that level information is not present in the profile tier level( ) syntax struéture for the sub-layer repfesentation
with Tem[[loralld equal to 1.

reserved

ero_2bits[ i ] shall be equal to 0 in bitstreams conforming to this\version of this Specification. Other values
for reservied zero 2bits[ 1] are reserved for future use by ITU-T | ISO/IEC. Decoders shall ignore thg value of
reserved Zero 2bits[ i ].

The sgmantics of  the syntax elements sub dayer_profile_space[ i], sub_layer_tiep flag[i],
sub_layer| profile_idc[i], sub_layer_ profile_compatibility:flag[ i ][ j], sub_layer_progressive source flag[i],
sub_layer] interlaced_source flag[ i ], sub_layer_non_‘packed_constraint_flag[ i ], sub_layer_frame_only_
constraing_flag[ i ], sub_layer_max_12bit_constraint flag[ i], sub_layer_max_10bit_constraint flag[ i ],
sub_layer] max_8bit constraint flag[i], sub_layer max_422chroma_constraint flag[i],
sub_layer] max_ 420chroma_constraint_flag[i], sub_layer max_monochrome_constraint flag[i],
sub_layer] intra_constraint_flag[ i ], sub_layer\eone_picture_only constraint_flag[ i ], sub_layer lower|bit rate
constrainf flag[i], sub_layer reserved_zero 34bits[ i ], sub_layer reserved_zero u3bits[ i |,
sub_layer] inbld_flag[ i ], sub_layer reserved zero bit[i], and sub_layer level idc[i] are, apart |from the
specificatipn of the inference of not. (resent values, the same as the syntax eclements general profile space,
general_tigr flag, general profile ido,” general profile compatibility flag[j], general progressive squrce flag,
general_interlaced source flag, general non packed constraint flag, general frame only constraint flag,
general njax 12bit constraint_flag, general max 10bit constraint flag, general max 8bit consfraint flag,
general nmjax 422chroma constraint flag,  general max 420chroma constraint flag,  general max monochrome
constraint| flag, general, intra_constraint_flag, general one picture only constraint flag, general lower bit rate
constraint| flag, general reserved zero 34bits, general reserved zero_ 43bits, general inbld flag,
general rgserved zere<bit, and general level idc, respectively, but apply to the sub-layer representgtion with
Temporalld equal o1/

When not [present, the value of sub_layer tier flag[ i ] is inferred to be equal to 0.

NOTE B— s—possible that sub laver ter flag is-not-present-and-sublayer level
value of sub_layer tier flag[ i]is needed for interpretation of sub_layer level idc[1i ].

case, a default

When the profile tier level( ) syntax structure is included in an SPS or is the first profile tier level( ) syntax structure in
a VPS, and any of the syntax elements sub_layer profile space[i], sub layer tier flag[i], sub layer profile idc[ 1],
sub_layer profile compatibility flag[i][] ], sub_layer progressive source flag[i],
sub _layer interlaced source flag[i], sub_layer non packed constraint flag[i], sub_layer frame only
constraint flag[ i ], sub_layer max 12bit constraint flag[i ], sub_layer max 10bit constraint flag[ i ],
sub_layer max S8bit constraint flag[i], sub layer max 422chroma constraint flag[i], sub layer max 420chroma
constraint flag[ i ], sub_layer max monochrome constraint flag[i], sub_layer intra constraint flag[i],
sub_layer one picture only constraint flag[i], sub_layer lower bit rate constraint flag[i],
sub_layer reserved zero 34bits[ i ], sub_layer reserved zero 43bits[ i ], sub_layer inbld flag[i],
sub_layer reserved zero 1bit[i], and sub_layer level idc[i] is not present for any value of i in the range of 0 to
maxNumSubLayersMinusl — 1, inclusive, in the profile tier level( ) syntax structure, the value of the syntax element is
inferred as follows (in decreasing order of i values from maxNumSubLayersMinus1 — 1 to 0):
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—  If the value of i is equal to maxNumSubLayersMinus1, the value of the syntax element is inferred to be equal to the
value of the corresponding syntax element prefixed with "general " of the same profile tier level() syntax
structure.

NOTE 9 — For example, in this case, if sub_layer profile space[i] is not present, the value is inferred to be equal to

general_profile_space of the same profile tier level( ) syntax structure.

—  Otherwise (the value of i is less than maxNumSubLayersMinusl1), the value of the syntax element is inferred to be
equal to the corresponding syntax element with i being replaced with i + 1 of the same profile tier level( ) syntax
structure.

7.4.5

NOTE 10 — For example, in this case, if sub_layer profile space[i] is not present, the value is inferred to
sub_layer profile space[ i+ 1 ] of the same profile tier level( ) syntax structure.

Scaling list data semantics

be equal to

scaling_list pred_mode_flag[ sizeld ][ matrixId ] equal to O specifies that the values of the scaling list are the same as

the

scaling_list pred_matrix_id_delta[ sizeld ][ matrixId ] specifies the reference scaling list) , used
ScalingLigt[ sizeld ][ matrixId ] as follows:

—  If scdling list pred matrix id delta[ sizeld ][ matrixId ] is equal to 0, the scaling list,is)inferred from
scaligg list  ScalingList[ sizeld ][ matrixId [[i] as specified in Tablé¥-5 and Table
1=0[Min( 63, (1 << (4+(sizeld << 1)))—1).

—  Othetwise, the scaling list is inferred from the reference scaling list as follows:

If sizeld ip less than or equal to 2, the value of scaling list pred matrix_id delta[ sizeld ][ matrixId ] shal

range

scaling ligt pred matrix id delta[ sizeld ][ matrixId ] shallde in the range of 0 to matrixId / 3, inclusive.

efMatrixId = matrixId —
scaling_list pred matrix_id_delta[ sizeld ][ matrixId ] * ( sizeld == 3?3 :1)

BcalingList| sizeld ][ matrixId ][ i ] = ScalingList[ sizeld ][ refMatrixId ][ i ]
vith 1 =0..Min( 63, (1 << (4+(sizeld << 1)))—-1)

df 0 to matrixld, inclusive. Otherwise\™ (sizeld is equal to 3), the VY

Table 7-3.=Specification of sizeld

Size of quantization matrix sizeld
4x4 0
8x8 1
16x16 2
32x32 3

Val LIS Uf a ICfCI CIILU bbdlillg libt. TIIU leCl CIICU Dbdlillé Ilbt 15 apcujlfied by
scaling_ligt pred matrix_id delta[ sizeld ][ matrixId ]. scaling_list pred _mode flag[ sizeld ][ matrixId ], “€q
specifies that the values of the scaling list are explicitly signalled.

ual to 1

o derive

he default
7-6  for

(7-40)

(7-41)

be in the
alue of

Table 7-4 ~Specification of matrixId according to sizeld, prediction mode and colour componer
sizeld CuPredMode (colour g)(:r)l(ponen t) matrixId
0, 1,23 MODE _INTRA 0Y) 0
0,1,2,3 MODE_INTRA 1 (Cb) 1
0,1,2,3 MODE_INTRA 2 (Cr) 2
0,1,2,3 MODE_INTER 0 (Y) 3
0,1,2,3 MODE_INTER 1 (Cb) 4
0,1,2,3 MODE INTER 2 (Cr) 5

scaling_list dc_coef minus8[ sizeld —2 ][ matrixId] plus 8  specifies the value of the
ScalingFactor[ 2 ][ matrixId ][ 0 ][ 0 ] for the scaling list for the 16x16 size when sizeld is equal to 2 and specifies the
value of ScalingFactor[ 3 ][ matrixId ][ 0 ][ 0 ] for the scaling list for the 32x32 size when sizeld is equal to 3. The value
of scaling_list dc_coef minus8[ sizeld — 2 ][ matrixId ] shall be in the range of —7 to 247, inclusive.
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When scaling list pred mode flag[ sizeld ][ matrixId ] is equal to 0,
scaling list pred matrix id delta[ sizeld ][ matrixId ] is equal to 0, and sizeld is greater than 1, the value of
scaling_list dc_coef minus8[ sizeld — 2 ][ matrixId ] is inferred to be equal to 8.

When scaling list pred matrix id delta[ sizeld ][ matrixId ] is not equal to 0 and sizeld is greater than 1, the value of
scaling list dc coef minus8[ sizeld — 2 ][ matrixId ] is inferred to be equal to
scaling_list dc_coef minus§[ sizeld — 2 ][ refMatrixId ], where the value of refMatrixId is given by Equation 7-40.

scaling_list delta_coef specifies the difference between the current matrix coefficient
ScalingList[ sizeld ][ matrixId ][ 1] and the previous matrix coefficient ScalingList[ sizeld ][ matrixId J[i— 1 ], when
scaling list pred mode flag[ sizeld ][ matrixId ] is equal to 1. The value of scaling_list delta coef shall be in the range
of —128 to 127, inclusive. The value of ScalingList[ sizeld ][ matrixId ][ i ] shall be greater than 0.

Table 7-5 — Specification of default values of ScalingList[ 0 ][ matrixId |[ i ] with i=0..15

T LU N /2 O N I I L O O /B S - A

ScalingList[ 0 ][ 0.5 [i] |16|16|16]16]16|16|16]|16]16[16|16]16]16]16|16]16

Table 7-6 — Specification of default values of ScalingList[ 1..3 |[ matrixId ][ i ] with i = 0..63

i o1 |2|3|4|5|6|7|8|9|10anP12|13|14] 1
calingList[ 1.3 ][ 0.2 ][i] |16|16|16|16|16]16[16|16|16]16 A7 P16 |17|16]17] 1
calingList[ 1.3 ][3..5][i] | 16| 16|16 |16|16|16[16|16| 16|16 N7 [17|17]17]17] 1

i-16 0|1|2|3|4|5|6|7|8hy|10|11|12|13]|14] 1
calingList[ 1..3][ 0.2 ][i] | 17| 18| 18| 17| 18|21 |19|20421|20| 19|21 |24|22|22] 2
calingList[ 1.3 ][ 3..5][i] | 18|18 |18 |18]18]20[20420(20(20[20 (20|24 |24 |24| 2

1
3
2
1

Or

10}

&L

4

105}

0]
=

i-32 0|1|2|3|4|5f6]7|8|9|10|11|12|13]14
calingList[ 1.3 ][ 0.2 1[i] |24 222224 |25{25]27|30|27|25]25|29|31|35]35
calingList[ 1.3 ][ 3.5 ][] |24 |24 |24 |24 ] 25| 25| 25| 25| 25|25 |25 |28 |28 |28 |28

i—48 0|1|2|314|5|6|7|8|9|10|11|12|13]|14
calingList[ 1.3 ][ 0.2 ][i] |29 |36 | 41944 | 41|36 |47 |54 |54|47|65|70|65]|88]|88] 115
calingList[ 1..3 ][ 3..5][i] |28 |33133 (33|33 (33|41 |41|41|41|54|54|54|71|71] 9

4

105}

&L

4

105}

&L

The fourrdimensional array ScalingFactor| sizeld ][ matrixId [[x ][y ], with x,y=0..(1 << (2+sizgld))—1,
specifies the array of scaling factors according to the variables sizeld specified in Table 7-3 and matrixId specified
in Table 7t4.

The elemgnts of the quantization matrix of size 4x4, ScalingFactor[ 0 ][ matrixId ][ ][ ], are derived as follows:

BcalingFactor[~0 ][ matrixId ][ x ][ y ] = ScalingList[ 0 ][ matrixId ][ i ] (7-42)
with 1 = Q\15, matrixId = 0..5, x = ScanOrder[ 2 ][0 ][ 1][ 0 ], and y = ScanOrder[ 2 O J[1 ][ 1 ]

The elemgnts-of.the quantization matrix of size 8x8, ScalingFactor[ 1 ][ matrixId ][ ][ ], are derived as follows:

Fratrixtd (7-43)
0], andy=ScanOrder[ 3 ][0 ][i][ 1]

1. I 4 1 1L VO = i I 1L 1 Q 1. J il
\,auugl aCtULl 1T J U IAIU 7 A T y 1 obauugpmq_

with 1= 0..63, matrixId = 0..5, x = ScanOrder[ 3 ][ 0 ][

1

N
1
1

The elements of the quantization matrix of size 16x16, ScalingFactor[ 2 ][ matrixId ][ ][ ], are derived as follows:

ScalingFactor[ 2 ][ matrixId [ x * 2+ k ][ y * 2 +j ] = ScalingList[ 2 ][ matrixId ][ i ] (7-44)
with1=10..63,j=0..1, k=0..1, matrixId = 0..5, x = ScanOrder[ 3 ][0 ][i][ 0 ],
andy =ScanOrder[ 3 ][O J[i][ 1]

ScalingFactor| 2 ][ matrixId ][ 0 ][ 0 ] = scaling_list dc_coef minus8[ 0 ][ matrixId ] + 8 (7-45)
with matrixId = 0..5

The elements of the quantization matrix of size 32x32, ScalingFactor[ 3 ][ matrixId ][ ][ ], are derived as follows:
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ScalingFactor[ 3 ][ matrixId ][ x ¥4 +k ][ y * 4 +j ] = ScalingList[ 3 ][ matrixId ][ i] (7-46)
with1=0..63,j=0..3, k=0..3, matrixld =0, 3, x = ScanOrder[ 3 ][0 ][i][ 0],
andy =ScanOrder[ 3 ][O J[i][ 1]

ScalingFactor| 3 ][ matrixId ][ 0 ][ 0 ] = scaling_list dc_coef minus8[ 1 ][ matrixId ] + 8 (7-47)
with matrixId =0, 3

When ChromaArrayType is equal to 3, the elements of the chroma quantization matrix of size 32x32,
ScalingFactor[ 3 ][ matrixId ][ ][ ], with matrixIld =1, 2, 4, and 5, are derived as follows:

ScalingFactor[ 3 ][ matrixId ][ x ¥4 +k ][ y * 4 +j ] = ScalingList[ 2 ][ matrixId ][ 1] (7-48)
withi1=0..63,j=0.3,k=0.3,x=ScanOrder[ 3][0][i][ 0], and y=ScanOrder[ 3 ][O J[i][ 1]
ScalingFactor[ 3 ][ matrixId ][ 0 ][ 0 ] = scaling_list dc_coef minus8[ 0 ][ matrixId ] + 8 (7-49)

7.4.6  Supplemental enhancement information message semantics

Each SEI jmessage consists of the variables specifying the type payloadType and size payloadSize of the‘SHI message
payload. $EI message payloads are specified in Annex D. The derived SEI message payload size“paylpadSize is
specified in bytes and shall be equal to the number of RBSP bytes in the SEI message payload.

NOTE } The NAL unit byte sequence containing the SEI message might include one or more emulation prevention bytes

(repres¢gnted by emulation prevention_three byte syntax elements). Since the payload size of an SEl'message is $pecified in
RBSP Bytes, the quantity of emulation prevention bytes is not included in the size payloadSize of anhSET payload.

ff_byte is ja byte equal to OxFF identifying a need for a longer representation of the syntax structure that it is usged within.
last_paylgad_type_byte is the last byte of the payload type of an SEI message.
last_paylgad_size_byte is the last byte of the payload size of an SEI message.

7.4.7  Slice segment header semantics

7.4.77.1 (eneral slice segment header semantics

When present, the value of the slice segment header syntax:elements slice pic_parameter set id, pic_ofyitput flag,
no_output| of prior pics_flag, slice pic_order cnt Isb, shout term ref pic_set sps flag, short term ref plc set idx,
num_long| term_sps, num_long term pics, and slice tempgral mvp enabled flag shall be the same in all slige segment
headers of a coded picture. When present, the valuecef the slice segment header syntax elements It idx sps[i],
poc Isb 1f i], used by curr pic It flag[i], delta poc, msb present flag[ i], and delta poc msb cycle It[ 1] shall be
the same ih all slice segment headers of a coded picfure for each possible value of 1.

first_slice] segment_in_pic_flag equal to 1 specifies that the slice segment is the first slice segment of the| picture in
decoding ¢rder. first slice segment in_pic./flag equal to O specifies that the slice segment is not the first slige segment
of the pictpre in decoding order.

NOTE [l — This syntax element may bewused for detection of the boundary between coded pictures that are consecutive in decoding
order. Hlowever, when IDR pictures are consecutive in decoding order and have the same NAL unit type, loss of the first slice of
an ID{picture can cause a problem with detection of the boundary between the coded pictures. This can occur, [e.g., in the
transmipsion of all-intra-coded-video in an error-prone environment. This problem can be mitigated by alternately uding the two
differerft IDR NAL unititypes (IDR_W_RADL and IDR N LP) for any two consecutive IDR pictures. The use of the temporal
sub-laypr zero index SElmiessage can be also be helpful, as that SEI message includes the syntax element irap pic_id, the value of
which i different fordRAP pictures that are consecutive in decoding order. Some system environments have other prqvisions that
can be helpful for'picture boundary detection as well, such as the use of presentation timestamps in Rec. ITU-T H.222.p | ISO/IEC
13818-| systems, access unit framing in the ISO/IEC 14496-12 ISO base media file format, or the marker bit in IETH RFC 3550
real-tinje transport protocol headers.

no_output_oI_prior_pics_1lag aifects the output ol previously-decoded pictures in the decoded picture butler after the
decoding of an IDR or a BLA picture that is not the first picture in the bitstream as specified in Annex C.

slice_pic_parameter_set_id specifies the value of pps pic parameter set id for the PPS in use. The value of
slice_pic parameter_set id shall be in the range of 0 to 63, inclusive.

Let activePPS be the PPS that has pps_pic_parameter_set id equal to slice_pic_parameter_set id, and let activeSPS be
the SPS that has sps seq parameter set id equal to pps_seq parameter set id of activePPS. It is a requirement of
bitstream conformance that the following constraints apply:

—  The value of Temporalld of activePPS shall be less than or equal to the value of Temporalld of the current picture.

—  The value of nuh_layer id of activePPS shall be less than or equal to the value of nuh layer id of the current
picture.
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—  The value of nuh layer id of activeSPS shall be less than or equal to the value of nuh layer id of the current
picture.

dependent_slice segment flag equal to 1 specifies that the value of each slice segment header syntax element that is
not present is inferred to be equal to the value of the corresponding slice segment header syntax element in the slice
header. When not present, the value of dependent_slice segment_flag is inferred to be equal to 0.

The variable SliceAddrRs is derived as follows:
— Ifdependent slice segment flag is equal to 0, SliceAddrRs is set equal to slice_segment address.

—  Otherwise, SliceAddrRs is set equal to SliceAddrRs of the preceding slice segment containing the coding tree block
for which the coding tree block address is CtbAddrTsToRs[ CtbAddrRsToTs[ slice_segment_address | — 1 ].

slice_segment_address specifies the address of the first coding tree block in the slice segment, in coding tree block
raster scan of a picture. The length of the slice_segment address syntax element is Ceil( Log2( PicSizeInCtbsY ) ) bits.

" e value of
ent_address shall not be equal to the value of slice_segment address of any other coded slice,ségment NAL
unit of the[same coded picture. When slice _segment address is not present, it is inferred to be equal to 0t

The variable CtbAddrInRs, specifying a coding tree block address in coding tree block raster scan of a picfure, is set
equal to slice segment address. The variable CtbAddrInTs, specifying a coding tree block address in tile scan, is set
equal to CtbAddrRsToTs[ CtbAddrInRs ]. The variable CuQpDeltaVal, specifying the difference betwe¢n a luma
quantizatipn parameter for the coding unit containing cu_qp_delta abs and its prediction,is ‘set equal to 0. Th¢ variables
CuQpOffsetc, and CuQpOffsetc,, specifying values to be used when determining the pespective values of the|Qp’c, and
Qp'c; quarftization parameters for the coding unit containing cu_chroma qp_offset flag;-are both set equal to 0

slice_reserved_flag[ i ] has semantics and values that are reserved for future use)by ITU-T | ISO/IEC. Decgders shall
ignore the|presence and value of slice reserved flag[i].

slice_typd specifies the coding type of the slice according to Table 7-7.

Table 7-7 — Name association 'to slice_type

slice_type Name of slice_type
0 B/(B slice)
1 P (P slice)
2 I (I slice)

When nal| unit_type has a value in the:range of BLA W _LP to RSV _IRAP VCL23, inclusive, i.e., the pi¢ture is an
IRAP pictpre, and nuh_layer id is equal to 0, slice type shall be equal to 2.

When sps|max_dec_pic_buffering\minus1[ Temporalld ] is equal to 0 and nuh_layer id is equal to 0, slice_type shall be
equal to 2

pic_outpyt flag affectsqthe” decoded picture output and removal processes as specified in Annex|C. When
pic_output flag is not present, it is inferred to be equal to 1.

colour_plane_id specifies the colour plane associated with the current slice RBSP when separate _colour plgne flag is
, 1, and 2

gl tothe'Y, Cb, and Cr planes, respectively.

U UCTPUIIUC y U W UCTULUU 2 v v T C l' 2 Hffere vdad C dllt id.

slice_pic_order_cnt_Isb specifies the picture order count modulo MaxPicOrderCntLsb for the current picture. The
length of the slice pic order cnt Isb syntax element is log2 max_pic_order cnt_Isb_minus4 + 4 bits. The value of the
slice_pic_order cnt Isb shall be in the range of 0 to MaxPicOrderCntLsb — 1, inclusive. When slice pic_order cnt Isb is
not present, slice pic_order cnt lIsb is inferred to be equal to 0, except as specified in clause 8.3.3.1.

short_term_ref pic_set sps_flag equal to 1 specifies that the short-term RPS of the current picture is derived based on
one of the st ref pic set() syntax structures in the active SPS that is identified by the syntax element
short term ref pic_set idx in the slice header. short term ref pic set sps flag equal to O specifies that the short-term
RPS of the current picture is derived based on the st_ref pic set( ) syntax structure that is directly included in the slice
headers of the current picture. When num short term ref pic sets is equal to O, the value of
short_term ref pic_set sps_flag shall be equal to 0.

short_term_ref pic_set_idx specifies the index, into the list of the st ref pic set( ) syntax structures included in the
active SPS, of the st ref pic set() syntax structure that is used for derivation of the short-term RPS of the current
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picture. The syntax element short term ref pic set idx is represented by Ceil( Log2( num_short term ref pic sets))
bits. When not present, the value of short term ref pic set idx is inferred to be equal to 0. The value of
short term ref pic set idx shall be in the range of 0 to num_short term ref pic sets — 1, inclusive.

The variable CurrRpsldx is derived as follows:
— Ifshort term ref pic set sps flagis equal to 1, CurrRpsldx is set equal to short term ref pic set idx.

—  Otherwise, CurrRpsldx is set equal to num_short_term_ref pic_sets.

num_long_term_sps specifies the number of entries in the long-term RPS of the current picture that are derived based
on the candidate long-term reference pictures specified in the active SPS. The value of num_long_term_sps shall be in
the range of 0 to num_long term ref pics_sps, inclusive. When not present, the value of num_long term sps is inferred
to be equal to 0.

num_long_term_pics specifies the number of entries in the long-term RPS of the current picture that are directly
signalled in the slice header. When not present, the value of num long term pics is inferred to be equal to 0

When nuh_layer id is equal to 0, the sum of NumNegativePics[ CurrRpsldx ], NumPositivePicspCufrRpsldx ],
num_long| term_sps, and num_long_term pics shall be less than or eqpal to
sps_max_(lec pic_buffering minusl[ sps_ max_sub layers minusl] ].

It_idx_spq[ i | specifies an index, into the list of candidate long-term reference pictures specified.in’the active $PS, of the
i-th entry [in the long-term RPS of the current picture. The number of bits used to represent™\t’ idx sps[i] {s equal to
Ceil( Log2( num_long term ref pics sps ) ). When not present, the value of It idx_sps[d)]-s inferred to be ¢qual to 0.
The value|of It_idx_sps[ i ] shall be in the range of 0 to num_long term ref pics_sps 1, inclusive.

poc_lIsb 1] i] specifies the value of the picture order count modulo MaxPicQrderCntLsb of the i-th entry in the
long-term| RPS of the current picture. The length of the _ (poc Isb Itfi] syntax el¢gment is
log2 max| pic_order cnt Isb minus4 + 4 bits.

used_by ¢urr pic_It flag[ i ] equal to 0 specifies that the i-th entry in the long-term RPS of the current pigture is not
used for rgference by the current picture.

The variabiles PocLsbLt[ i ] and UsedByCurrPicLt[ i ] are derived as follows:

— If i 1is less than num long term sps, PocLsbLt[i] iskset equal to It ref pic poc Isb sps[ 1t idx sp$[i]] and
UsedByCurrPicLt[ i ] is set equal to used by curr picdt sps flag[ It idx sps[i]].
—  Othefwise, PocLsbLt[i] is set equal to poc Isb Itfi] and UsedByCurrPicLt[i] 1is set [equal to
used |by curr_pic_It flag[i].

delta_poc| msb_present flag[i] equal te, 1 specifies that delta poc msb cycle Itfi] is| present.
delta poc|msb_present flag[ i ] equal to 0 speeifies that delta poc msb_cycle It[ i ] is not present.

Let prevT|dOPic be the previous picturéinrdecoding order that has Temporalld equal to 0 and is not a RASI] picture, a
RADL pigture, or an SLNR picture. Let-setOfPrevPocVals be a set consisting of the following:

—  the P{cOrderCntVal of prevl1d0Pic,
—  the P{cOrderCntVal of each’picture in the RPS of prevTidOPic,

—  the PjcOrderCntVal of each picture that follows prevTidOPic in decoding order and precedes the currenf picture in
decoding order.

When thefe is mere than one value in setOfPrevPocVals for which the value modulo MaxPicOrderCntLsb |s equal to
PocLsbLt]|i ], delta poc_msb _present_ﬂag[ i ] shall be equal to 1.

delta_pocL eIt s-used ete e-the 2 of thepicture ordercount value of
the i-th entry in the long term RPS of the current p1cture When delta _poc msb cycle It[ i ] is not present 1t is inferred
to be equal to 0.

The variable DeltaPocMsbCycleLt[ i ] is derived as follows:

if(i == 0 || i == num_long_term_sps )
DeltaPocMsbCycleLt[ i ] = delta poc_msb_cycle It[ 1]

else (7-50)
DeltaPocMsbCycleLt[ i | = delta_poc_msb_cycle It[ i | + DeltaPocMsbCycleLt[ i — 1 ]

slice_temporal mvp enabled_flag specifies whether temporal motion vector predictors can be used for inter prediction.
If slice_temporal mvp enabled flag is equal to 0, the syntax elements of the current picture shall be constrained such
that no temporal motion vector predictor is used in decoding of the current picture. Otherwise
(slice_temporal mvp_enabled flag is equal to 1), temporal motion vector predictors may be used in decoding of the
current picture. When not present, the value of slice temporal mvp enabled flag is inferred to be equal to 0.
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Let currLayerld be equal to nuh layer id of the current NAL unit. When both slice temporal mvp enabled flag and
Temporalld are equal to 0, the syntax elements for all coded pictures with nuh_layer id equal to currLayerld that follow
the current picture in decoding order shall be constrained such that no temporal motion vector from any picture with
nuh_layer id equal to currLayerld that precedes the current picture in decoding order is used in decoding of any coded
picture that follows the current picture in decoding order.
NOTE 3 — When slice_temporal_mvp_enabled flag is equal to 0 in an I slice, it has no impact on the normative decoding process
of the picture but merely expresses a bitstream constraint.

NOTE 4 — When slice temporal mvp enabled flag is equal to 0 in a slice with Temporalld are equal to 0, decoders may empty
"motion vector storage" for all reference pictures with nuh_layer id equal to currLayerld in the decoded picture bufter.

slice_sao luma_flag equal to 1 specifies that SAO is enabled for the luma component in the current slice;
slice_sao luma_flag equal to O specifies that SAO is disabled for the luma component in the current slice. When
slice_sao luma_flag is not present, it is inferred to be equal to 0.

slice_sao_chroma flag equal to 1 specifies that SAO is enabled for the chroma component in the current slice;
slice_sao_[chroma_flag equal to 0 specifies that SAO is disabled for the chroma component in the current slice. When
slice_sao_[chroma_flag is not present, it is inferred to be equal to 0.

num_ref idx_active_override flag equal to 1 specifies that the syntax element num ref idx_l0 active [minusl is
present fqr P and B slices and that the syntax element num ref idx 11 active minusl is, present for| B slices.
num_ref idx active override flag equal to O specifies that the syntax elements num ref idx“0 active njinusl and
num_ref idx 11 active minusl are not present.

num_ref jidx_10_active_minusl specifies the maximum reference index for reference-pictare list 0 that may [be used to
decode thg slice. num_ref idx 10 active minusl shall be in the range of 0 to 14, inelusive. When the current §lice is a P
or B sliceland num_ref idx 10 _active minusl is not present, num_ref idx 10 active” minusl is inferred to Qe equal to
num_ref idx 10 default active minusl.

num_ref [idx 11_active_minusl specifies the maximum reference index for reference picture list 1 that may |be used to
decode the slice. num ref idx 1l active minusl shall be inthe” range of 0 to 14, inclusife. When
num_ref idx 11 active minusl is not present, num_ref idx K aective minusl is inferred to be [equal to
num_ref idx 11 default active minusl.

mvd_11_zpro_flag equal to 1 indicates that the mvd geding( x0,y0,1) syntax structure is not pprsed and
MvdL1[ xP ][ yO ][ compldx ] is set equal to O for compldx =0..1. mvd 11 _zero flag equal to O indicatds that the
mvd_codipg( x0, y0, 1) syntax structure is parsed.

cabac_init_flag specifies the method for determining the initialization table used in the initialization process for context
variables. When cabac_init_flag is not present, it4s,inferred to be equal to 0.

collocated_from_10_flag equal to 1 specifies\that the collocated picture used for temporal motion vector prediction is
derived frpm reference picture list 0. collocated from 10 flag equal to O specifies that the collocated pictuge used for
temporal hotion vector prediction is derived from reference picture list 1. When collocated from 10 flag is njot present,
it is inferr¢d to be equal to 1.

collocated_ref _idx specifies theyreference index of the collocated picture used for temporal motion vector prediction.

When slige type is equal t0 P or when slice type is equal to B and collocated from 10 flag is equal to 1,
collocated| ref idx refers:to a picture in list 0, and the value of collocated ref idx shall be in the range of 0 to
num_ref idx 10 active. minusl, inclusive.

When slicp_type is equal to B and collocated from 10 flag is equal to 0, collocated ref idx refers to a pictuge in list 1,
and the vajue ofcollocated ref idx shall be in the range of 0 to num_ref idx 11 active minusl, inclusive.

It is a requirement of bitstream conformance that the picture referred to by collocated ref idx shall be the same for all
slices of a coded picture.

five_minus_max_num_merge_cand specifies the maximum number of merging MVP candidates supported in the slice
subtracted from 5. The maximum number of merging MVP candidates, MaxNumMergeCand is derived as follows:

MaxNumMergeCand = 5 — five_minus_max_num_merge cand (7-51)
The value of MaxNumMergeCand shall be in the range of 1 to 5, inclusive.

slice_qp_delta specifies the initial value of Qpy to be used for the coding blocks in the slice until modified by the value
of CuQpDeltaVal in the coding unit layer. The initial value of the Qpy quantization parameter for the slice, SliceQpy, is
derived as follows:

SliceQpy = 26 + init_qp_minus26 + slice qp_delta (7-52)
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The value of SliceQpy shall be in the range of —QpBdOffsety to +51, inclusive.

slice_cb_qp_offset specifies a difference to be added to the value of pps_cb_qp_offset when determining the value of
the Qp’c, quantization parameter. The value of slice cb_qp_offset shall be in the range of —12 to +12, inclusive. When
slice_cb_qp_offset is not present, it is inferred to be equal to 0. The value of pps_cb_qp_offset + slice_cb_qp_offset shall
be in the range of —12 to +12, inclusive.

slice_cr_qp_offset specifies a difference to be added to the value of pps_cr_qp_offset when determining the value of the
Qp'cr quantization parameter. The value of slice cr_qp offset shall be in the range of —12 to +12, inclusive. When
slice_cr_gp_offset is not present, it is inferred to be equal to 0. The value of pps_cr_qp_offset + slice_cr_qp_offset shall
be in the range of —12 to +12, inclusive.

cu_chroma_qp_offset_enabled flag equal to 1 specifies that the cu chroma qp offset flag may be present in the
transform unit syntax. cu_chroma qp offset enabled flag equal to O specifies that the cu _chroma qp offset flag is not
present in the transform unit syntax. When not present, the value of cu_chroma_qp offset enabled flag is inferred to be
equal to 0

deblockinig filter override flag equal to 1 specifies that deblocking parameters are present in thé\slige header.
deblocking_filter override flag equal to 0 specifies that deblocking parameters are not present in the shice header. When
not presenf, the value of deblocking_filter override flag is inferred to be equal to 0.

slice_deblocking_filter disabled_flag equal to 1 specifies that the operation of the deblocking, filter is not applied for
the current slice. slice_deblocking_filter disabled flag equal to 0 specifies that the operatien_of the deblockinhg filter is
applied fgr the current slice. When slice deblocking_filter disabled flag is not present,) it’is inferred to bg equal to
pps_deblogking_filter disabled flag.

slice_betal offset div2 and slice tc_offset div2 specify the deblocking parameter offsets for f and tC (dividefl by 2) for
the current slice. The values of slice beta offset div2 and slice tc_offset div2-shall both be in the range of —6 to 6,
inclusive. [When not present, the values of slice beta offset div2 and sliceNe” offset div2 are inferred to Be equal to
pps_beta pffset div2 and pps_tc_offset div2, respectively.

slice_loop| filter across_slices_enabled_flag equal to 1 specifies ¢hat in-loop filtering operations may be [performed
across the|left and upper boundaries of the current slice. slice_loop\filter_across_slices_enabled flag equal to P specifies
that in-lodp operations are not performed across left and upper boundaries of the current slice. The in-loqgp filtering
operations include the deblocking filter and sample adaptive offset filter. When
slice_loop| filter across_slices enabled flag is  not~“present, it is inferred to be dqual to
pps_loop [filter across_slices_enabled flag.

num_entijy_point_offsets specifies the number of'€entry point offset minusl[i ] syntax elements in the slice header.
When not [present, the value of num_entry point_offsets is inferred to be equal to 0.

The valuelof num_entry point_offsets is constrained as follows:

— If tiles_enabled flag is equalto~*0 and entropy coding sync enabled flag is equal to 1, the| value of
num |entry point_offsets shall be ih the range of 0 to PicHeightInCtbsY — 1, inclusive.

ise, if tiles enablediflag is equal to 1 and entropy coding sync enabled flag is equal to 0, the value of
num |entry point offsets\/shall be in the 7range of 0 to (num tile columns minpsl +1)*

—  Othefwise, whenctiles enabled flag is equal to 1 and entropy coding sync enabled flag is equal to 1, tije value of
num |entry_point) offsets shall be in the range of 0 to ( num_tile_columns minusl + 1) * PicHeightIn{tbsY — 1,
inclugive.

offset_len| minus1 plus | specifies the length, in bits, of the entry point offset minusl[ i ] syntax elements.|The value
of offset lem_minustshatt be im the range of 0 1o 31, iNclusive.

entry_point_offset_minusl{i] plus 1 specifies the i-th entry point offset in bytes, and is represented by
offset len minusl plus 1 bits. The slice segment data that follows the slice segment header consists of
num_entry_point_offsets + 1 subsets, with subset index values ranging from 0 to num_entry point_offsets, inclusive.
The first byte of the slice segment data is considered byte 0. When present, emulation prevention bytes that appear in the
slice segment data portion of the coded slice segment NAL unit are counted as part of the slice segment data for purposes
of subset identification. Subset 0 consists of bytes 0 to entry point offset minusl[ 0 ], inclusive, of the coded slice
segment data, subset k, with k in the range of 1 to num_entry point_offsets — 1, inclusive, consists of bytes firstByte[ k ]
to lastByte[ k ], inclusive, of the coded slice segment data with firstByte[ k ] and lastByte[ k ] defined as:

k
firstByte[k ]= ) _(entry_point_offset minusl[n—1]+1) (7-53)

n=l1

lastByte[ k | = firstByte[ k ] + entry_point_offset minus1[ k ] (7-54)
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The last subset (with subset index equal to num_entry point offsets) consists of the remaining bytes of the coded slice
segment data.

When tiles_enabled flag is equal to 1 and entropy coding_sync_enabled flag is equal to 0, each subset shall consist of
all coded bits of all coding tree units in the slice segment that are within the same tile, and the number of subsets (i.c., the
value of num_entry point offsets + 1) shall be equal to the number of tiles that contain coding tree units that are in the
coded slice segment.
NOTE 5 — When tiles_enabled flag is equal to 1 and entropy coding sync enabled flag is equal to 0, each slice must include
either a subset of the coding tree units of one tile (in which case the syntax element entry point offset minusl[ i ] is not present)
or must include all coding tree units of an integer number of complete tiles.

When tiles_enabled flag is equal to 0 and entropy coding sync enabled flag is equal to 1, each subset k with k in the
range of 0 to num entry point offsets, inclusive, shall consist of all coded bits of all coding tree units in the slice
segment that include luma coding tree blocks that are in the same luma coding tree block row of the picture, and the
number of subsets (i.e., the value of num_entry point offsets + 1) shall be equal to the number of coding tree block rows
of the pictire that contain coding tree units that are in the coded slice segment.

NOTE p — The last subset (i.e., subset k for k equal to num_entry point_offsets) may or may not contain all coding tr¢e units that
include{luma coding tree blocks that are in a luma coding tree block row of the picture.

When tiles enabled flag is equal to 1 and entropy_coding_sync_enabled flag is equal to 1, each subset k with k in the
range of () to num_entry point_offsets, inclusive, shall consist of all coded bits of all codingltree units in the slice
segment that include luma coding tree blocks that are in the same luma coding tree block row\of a tile, and the [number of
subsets (i.¢., the value of num_entry point_offsets + 1) shall be equal to the number of lufha-coding tree blocK rows of a
tile that cdntain coding tree units that are in the coded slice segment.

slice_segment header_extension_length specifies the length of the slice segment\header extension data in|bytes, not
including | the bits used for signalling slice segment header extension length itself. The palue of
slice_segment _header extension length shall be in the range of 0 to 256,“inelusive. When not present, thg value of
slice_segment header extension_length is inferred to be equal to 0.

slice_segment _header extension_data _byte may have any ~alue. Decoders shall ignore the |value of
slice_segment header extension data_byte. Its value does not afféct decoder conformance to profiles specified in Annex
A.

7.4.7.2 Reference picture list modification semantics

ref_pic_list_modification_flag 10 equal to 1 indicates that reference picture list 0 is specified explicitly by a list of
list_entry |10[ i ] values. ref pic_list modification. flag 10 equal to 0 indicates that reference picture list 0 is determined
implicitly| When ref pic list modification flag 10.is not present in the slice header, it is inferred to be equal t¢ O.

list_entry| 10[ i ] specifies the index of the reference picture in RefPicListTempO to be placed at the current position of
reference picture list 0. The length of the(list_entry 10[ i ] syntax element is Ceil( Log2( NumPicTotalCurr ) |) bits. The
value of list_entry 10[ 1] shall be i the range of 0 to NumPicTotalCurr — 1, inclusive. When the syntax element
list_entry |10[ i ] is not present in the'slice header, it is inferred to be equal to 0.

The varialle NumPicTotalCurf is'derived as follows:

NumPicTotalCutr =0
for( 1= 0; 1 s*NumNegativePics[ CurrRpsldx [; i++)
if( Us€dByCurrPicSO[ CurrRpsldx J[i])

NumPicTotalCurr++
for(,i'=10; 1 < NumPositivePics[ CurrRpsldx ]; i++) (7-55)
( UsedByCurrPicS1[ CurrRpsldx J[1])
NumPicTotalCurr++

for(1=0;1<num long term sps + num long term pics; i++ )
if( UsedByCurrPicLt[ 1])
NumPicTotalCurr++

ref_pic_list_modification_flag 11 equal to 1 indicates that reference picture list 1 is specified explicitly by a list of
list entry 11 1] values. ref pic list modification flag 11 equal to 0 indicates that reference picture list 1 is determined
implicitly. When ref pic list modification flag 11 is not present in the slice header, it is inferred to be equal to 0.

list_entry 11[ i ] specifies the index of the reference picture in RefPicListTempl to be placed at the current position of
reference picture list 1. The length of the list entry 11[ i ] syntax element is Ceil( Log2( NumPicTotalCurr ) ) bits. The
value of list entry 11[ 1] shall be in the range of 0 to NumPicTotalCurr — 1, inclusive. When the syntax element
list entry 11] 1] is not present in the slice header, it is inferred to be equal to 0.
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7.4.7.3 Weighted prediction parameters semantics

luma_log2_weight_denom is the base 2 logarithm of the denominator for all luma weighting factors. The value of
luma log2 weight denom shall be in the range of 0 to 7, inclusive.

delta_chroma_log2 weight _denom is the difference of the base 2 logarithm of the denominator for all chroma
weighting factors. When delta_chroma log2 weight denom is not present, it is inferred to be equal to 0.

The variable ChromalLog2WeightDenom is derived to be equal to luma log2 weight denom +
delta chroma log2 weight denom, and the value shall be in the range of 0 to 7, inclusive.

luma_weight 10 flag[ i ] equal to 1 specifies that weighting factors for the luma component of list 0 prediction using
RefPicList0[ i ] are present. luma_ weight 10 flag[ i ] equal to 0 specifies that these weighting factors are not present.

chroma_weight 10 _flag[ i] equal to 1 specifies that weighting factors for the chroma prediction values of list 0
prediction using RefPicList0[ i ] are present. chroma weight 10 flag[ i ] equal to O specifies that these weighting factors
are not prqsermt. Wi chronma_weigit 10— ftagi T s ot presemt; tis inferred to-be equat to o-

delta_lumja_weight 10[ i ] is the difference of the weighting factor applied to the luma prediction~value| for list 0
predictionfusing RefPicListO[ i ].

The vagiable LumaWeightLO[i] is derived to be equal to (1 << luma dog2” weight |[denom )+
delta lumy weight 10[ i ]. When luma_weight 10 flag[ i ] is equal to 1, the value of delta_luma weight 10[ | ] shall be
in the range of —128 to 127, inclusive. When luma_weight 10_flag[ i ] is equal to 0, LumaWeightLO[ i ] is infprred to be
equal to 21 maﬁlogZiwelghtidenom'

luma_offdet 10[ i ] is the additive offset applied to the luma prediction value for list.0,prediction using RefPicListO[ i .
The value|of luma_offset 10[ i ] shall be in the range of —WpOffsetHalfRangey-to\WpOffsetHalfRangey — 1) inclusive.
When luma weight 10 flag[ i ] is equal to 0, luma_offset 10[ i ] is inferred to be,equal to 0.

delta_chrpma_weight 10[ i ][ j ] is the difference of the weighting factor applied to the chroma prediction valpes for list
0 predictign using RefPicListO[ i ] with j equal to 0 for Cb and j equal t0,1 for Cr.

The wvarlable ChromaWeightLO[i][j] is derived to be{)¢qual to (1 << Chromalog2WeightDenom )+
delta chrqma weight 10[i][j]. When chroma weight 10.:flag[i] is equal to 1, the value of
delta_chrqma weight 10[ i ][ j ] shall be in the range of —128-to 127, inclusive. When chroma weight 10 |flag[i] is
equal to 0] ChromaWeightLO[ i ][ j ] is inferred to be equal fgy2-MomaLog2WeightDenom

delta_chrpma_offset 10[ i ][ j ] is the difference of thé additive offset applied to the chroma prediction valugs for list 0
predictionfusing RefPicListO[ i ] with j equal to 0 fob and j equal to 1 for Cr.

The varialile ChromaOffsetLO[ i ][ j ] is derived as follows:

ChromaOffsetLO[ i ][ j ] = Clip3¢ =WpOffsetHalfRange., WpOffsetHalfRangec — 1,
( WpOffsetHalfRangec+ delta_chroma offset 10[i][j]— (7-56)
( ( WpOftsetHalfRangec™ ChromaWeightLO[i][j]) >> ChromaLog2WeightDenom ) ) )

The wvalge of delta chromavoffset 10[i][j] shall be in the range of —4* WpOffsetHalfRangec to
4 * WpOffsetHalfRangec — (I ;inclusive. When chroma weight 10 flag[ i] is equal to 0, ChromaOffsetLQ[i][j] is
inferred td be equal to 0.

luma_weight_11_flag[G], chroma_weight_11_flag[ i ], delta_luma_weight 11[ i ], luma_offset 111 ],
delta_chrpma_we¢ight 11[i][j], and delta_chroma offset 11[i][j] have the same semaptics as
luma_weight 10 flag[ 1], chroma_weight 10 flag[i], delta_luma_weight 10[ 1], luma offset 10[ i ],

delta_chrqma¢weight 10[ i ][ j ], and delta_chroma offset 10[ i ][ j ], respectively, with 10, LO, list 0, and List0 replaced

by 11, Ll, Hst 1, atrd Lictl, umpupﬁvul_y.

The variable sumWeightLOFlags is derived to be equal to the sum of
luma_weight 10 flag[ 1]+ 2 * chroma weight 10 flag[i], for i =0..num_ref idx 10 active minusl.

When slice type is equal to B, the variable sumWeightL.1Flags is derived to be equal to the sum of
luma weight 11 flag[ i ]+ 2 * chroma weight 11 flag[i], fori=0..num ref idx 11 active minusl.

It is a requirement of bitstream conformance that, when slice type is equal to P, sumWeightLOFlags shall be less than or
equal to 24, and when slice type is equal to B, the sum of sumWeightL.OFlags and sumWeightL1Flags shall be less than
or equal to 24.

7.4.8  Short-term reference picture set semantics

A st_ref pic_set( stRpsldx ) syntax structure may be present in an SPS or in a slice header. Depending on whether the
syntax structure is included in a slice header or an SPS, the following applies:
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— If present in a slice header, the st ref pic_set( stRpsldx ) syntax structure specifies the short-term RPS of the
current picture (the picture containing the slice), and the following applies:

—  The content of the st ref pic_set( stRpsldx ) syntax structure shall be the same in all slice headers of the
current picture.

—  The value of stRpsldx shall be equal to the syntax element num_short_term_ref pic_sets in the active SPS.

—  The short-term RPS of the current picture is also referred to as the num_short term_ref pic_sets-th candidate
short-term RPS in the semantics specified in the remainder of this clause.

—  Otherwise (present in an SPS), the st_ref pic_set( stRpsldx ) syntax structure specifies a candidate short-term RPS,
and the term "the current picture" in the semantics specified in the remainder of this clause refers to each picture
that has short_term_ref pic_set idx equal to stRpsldx in a CVS that has the SPS as the active SPS.

inter_ref pic_set_prediction_flag equal to 1 specifies that the stRpsldx-th candidate short-term RPS is predicted from

another ¢
inter_ref {

delta_idx|
candidate
shall be in|

The variah

delta_rps

The varia
candidate
RPS. The

used_by
reference |

andidate —shorttermrRPS;—which—Ts—Teferred—to—as—the—source candidate —short=ternr—RT
ic_set_prediction flag is not present, it is inferred to be equal to 0.

| minus1 plus | specifies the difference between the value of stRpsldx and the index, imto~the
short-term RPSs specified in the SPS, of the source candidate short-term RPS. The valué of ‘delta i
the range of 0 to stRpsldx — 1, inclusive. When delta idx minus] is not present, it is-inferred to be ¢

le RefRpsldx is derived as follows:

RefRpsldx = stRpsldx — ( delta_idx minusl + 1)

| sign and abs_delta_rps_minus1 together specify the value of the variable'deltaRps as follows:
leltaRps = (1 —2 * delta_rps_sign ) * (abs_delta rps_minusl + 1)

ble deltaRps represents the value to be added to the picturecorder count difference values of
short-term RPS to obtain the picture order count difference’values of the stRpsldx-th candidate
value of abs_delta_rps minusl shall be in the range of 0t6:2* — 1, inclusive.

turr_pic_flag[ j ] equal to 0 specifies that the j-th enttynin the source candidate short-term RPS is n
by the current picture.

use_delta

short-te
value is 1

When

UsedByC

UsedByCt
i=0
for(j

stRpsIdiiI candidate short-term RPS. use delta flaglyj ] equal to 0 specifies that the j-th entry in the sourcg

| flag[ j ] equal to 1 specifies that the j-th enfry” in the source candidate short-term RPS is inclu

RPS is not included in the stRpsldx-th;candidate short-term RPS. When use delta flag[ j ] is not |
erred to be equal to 1.

irrPicSO[ stRpsldx J[ 1], NumNegativePics[ stRpsldx ], DeltaPocS1[ stRy
irrPicS1[ stRpsldx ][ i ], andNumPositivePics[ stRpsldx ] are derived as follows:

= NumPositivePics[RefRpsldx | — 1;j >= 0;j——) {
{Poc = DeltaPocS1[/RefRpsldx ][ j ] + deltaRps
f( dPoc <0 && ‘use delta flag] NumNegativePics[ RefRpsldx | +j]) {
DeltaPo¢SO[ stRpsldx ][ i ] = dPoc
UsedByCurrPicS0[ stRpsldx ][ i++ ] =used by curr pic flag] NumNegativePics[ RefRpsldx ]

S. When

list of the
Ix minusl
qual to 0.

(7-57)

(7-58)
he source
short-term

bt used for

ded in the
candidate
bresent, its

nter ref pic_set prediction flagi\l~ is equal to 1, the wvariables DeltaPocSO[ stRpsldx ][ 1],

sldx ][],

raY

}
if( de
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DeltaPocSO[ stRpsldx ][ i ] = deltaRps
UsedByCurrPicSO[ stRpsldx ][ i++ ] =used_by curr pic_flag[ NumDeltaPocs[ RefRpsldx ] ]

H
for( j

=0; j < NumNegativePics[ RefRpsldx ]; j++) {

dPoc = DeltaPocSO[ RefRpsldx ][ j ] + deltaRps
if(dPoc <0 && use delta flag[j]) {

DeltaPocS0[ stRpsldx ][ i ] = dPoc
UsedByCurrPicSO[ stRpsldx ][ i++ ] =used by curr pic flag[j ]

}

}

NumNegativePics[ stRpsldx ] =1

i=0
for(j

= NumNegativePics[ RefRpsldx ] —1;j >= 0;j——) {
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num_negative_pics specifies the number of entries in the stRpsldx-th candidate short-term RPStthat have pi
count valyges less than the picture order count value of the current picture. When nuh_layer\id of the curren

dPoc = DeltaPocSO[ RefRpsldx ][ j ] + deltaRps
if(dPoc > 0 && use delta flag[j]) {

DeltaPocS1[ stRpsldx ][ i ] = dPoc

UsedByCurrPicS1[ stRpsldx ][ i++ ] =used by curr pic flag[j ]
}

¥
if( deltaRps >0 && use delta flag] NumDeltaPocs[ RefRpsldx ] 1) {

}

DeltaPocS1[ stRpsldx ][ i ] = deltaRps
UsedByCurrPicS1[ stRpsldx ][ i++ ] =used_by curr pic_flag[ NumDeltaPocs[ RefRpsldx ] ]

for( j = 0; j < NumPositivePics[ RefRpsldx ]; j++) {

}

NumPositivePics[ stRpsldx | =1

equal

sps_max_{lec pic_buffering minusl[ sps_max_sub_layers_minusl ], inclusive.

num_positive_pics specifies the number of entries in the stRpsldx-th candidate short-term RPS that have pi
count values greater than the picture order count value of the current picture. Whén nuh_layer id of the curren|

equal

sps_max_(lec pic_buffering minus1[ sps_max_sub_layers minus] ] —num’ negative pics, inclusive.

delta_poc| s0_minusl1[i] plus 1, when i is equal to 0, specifies the difference between the picture order coun|
the currenf picture and i-th entry in the stRpsldx-th candidate shert‘term RPS that has picture order count valy
that of the| current picture, or, when i is greater than 0, specifiesithe difference between the picture order coun|
the (i—1
less than the picture order count value of the current picfure. The value of delta_poc sO minusl1[ i ] shall be i
of 0 to 2|~ 1, inclusive.

used_by ¢urr_pic_s0 flag[ i ] equal to 0 specifigs-that the i-th entry in the stRpsldx-th candidate short-tern
has pictur¢ order count value less than that of.tlie current picture is not used for reference by the current picturd.

delta_poc| s1_minusl1[ i ] plus 1, when i is}équal to 0, specifies the difference between the picture order coun
the current picture and the i-th entrysinithe stRpsldx-th candidate short-term RPS that has picture order ¢
greater thgn that of the current picture; or, when i is greater than 0, specifies the difference between the pig
count valyes of the i-th entry and\the (i— 1 )-th entry in the current candidate short-term RPS that have pig
count values greater than the picture order count value of the current picture. The value of delta poc sl minug
be in the rhnge of 0 to 2" — (1, inclusive.

used_by turr_pic_sl flag[ i | equal to O specifies that the i-th entry in the current candidate short-term RH
picture order count yalue greater than that of the current picture is not used for reference by the current picture,

When

NumPosit]veRics| stRpsldx ], UsedByCurrPicSO[ stRpsldx ][ 1], UsedByCurrPicS1][ stRy
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dPoc = DeltaPocS1[ RefRpsldx ][ j ] + deltaRps

if( dPoc > 0 && use delta flag] NumNegativePics[ RefRpsldx ]+ 1) {

DeltaPocS1[ stRpsldx ][ i ] = dPoc
. o et

OScdByCU RT

to 0, the wvalue of num negative pics shall be in (the’ range of

to 0, the wvalue of num positive pics shall ¢be in the range of

-th entry and the i-th entry in the stRpsldx-th candidate short-term RPS that have picture order co

ipter @ef pic set prediction flag is equal to 0, the wvariables NumNegativePics|

(7-60)

ture order
picture is
0 to

ture order
[ picture is
0 to

t values of
e less than
t values of
unt values

the range

) RPS that

t values of
bunt value
ture order
ture order
1[ 1] shall

S that has

tRpsldx ],

dDaliaD Q1 ot Ids]

sldx ][],

NumNegativePics[ stRpsldx ] = num_negative pics

NumPositivePics[ stRpsldx ] = num_positive pics

UsedByCurrPicSO[ stRpsldx ][ i ] =used by _curr_pic sO_flag[i ]

UsedByCurrPicS1[ stRpsldx ][ i ] =used by curr pic sl flag[i]

If i is equal to 0, the following applies:
DeltaPocSO[ stRpsldx ][ i]=—(delta poc sO minusl[i]+ 1)
DeltaPocS1[ stRpsldx ][ i ] = delta_poc_sl minusl[i]+ 1

Otherwise, the following applies:
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DeltaPocSO[ stRpsldx ][ i ] = DeltaPocSO[ stRpsldx J[i— 1 ]— (delta poc sO minusl[i]+ 1)
DeltaPocS1[ stRpsldx ][ i ] = DeltaPocS1[ stRpsldx ][ i— 1]+ (delta poc sl minusl[i]+1)
The variable NumDeltaPocs[ stRpsldx ] is derived as follows:
NumbDeltaPocs[ stRpsldx | = NumNegativePics[ stRpsldx ] + NumPositivePics[ stRpsldx ]

7.4.9  Slice segment data semantics

7.4.9.1 General slice segment data semantics

end of slice segment flag equal to 0 specifies that another coding tree unit is following in

2:2015(E)

(7-67)
(7-68)

(7-69)

the slice.

end of slice segment flag equal to 1 specifies the end of the slice segment, i.e., that no further coding tree unit follows

in the slice segment.

end_of sybset one bit shall be equal to |

7.4.9.2 (oding tree unit semantics

The codinf tree unit is the root node of the coding quadtree structure.

7.4.9.3 Pample adaptive offset semantics

sao_merge_left flag equal to 1 specifies that the syntax elements sao type idx_luma, sao type id|
sao_band |position, sao_eo class luma, sao eo class chroma, sao offset abs, and sag.offset sign are derive
correspondling syntax elements of the left coding tree block. sao merge left flag equal’'to O specifies that th|
elements |are not derived from the corresponding syntax elements of theVleft coding tree blo
sao_mergg left flag is not present, it is inferred to be equal to 0.

sao_merge_up_flag equal to 1 specifies that the syntax elements&sao type idx luma, sao type id|
sao_band |position, sao_eo_class luma, sao eo class chroma, sao_offset\abs, and sao offset sign are derive
correspondling syntax elements of the above coding tree block. sao_mefge up flag equal to 0 specifies that th
elements |are not derived from the corresponding syntax eléments of the above coding tree blo
sao_mergg¢ up_flag is not present, it is inferred to be equal to 0.

sao_type_lidx_luma specifies the offset type for the luma gomponent. The array SaoTypeldx[ cldx ][ rx ][ ry
the offset fype as specified in Table 7-8 for the coding tree block at the location ( rx, ry ) for the colour compqg
The value|of SaoTypeldx[ 0 ][ rx ][ ry ] is derived as follows:

— Ifsaq type idx luma is present, SaoTypeldx[\07][ rx ][ ry ] is set equal to sao_type idx luma.
—  Otheqwise (sao_type idx luma is not present), SaoTypeldx[ O ][ rx ][ ry ] is derived as follows:
— ]fsao_merge left flag is equalte’l, SaoTypeldx[ O ][ rx ][ ry ] is set equal to SaoTypeldx[ 0 ][ rx —

—  Otherwise, if sao merge up flag is equal to 1, SaoTypeldx[O][rx][ry] 1is set
RaoTypeldx[ 0 ][ rx ][y~ 1 1.

—  Dtherwise, SaoTypeldx[ 0 ][ rx ][ ry ] is set equal to O.

sao_type lidx_chroma-specifies the offset type for the chroma components. The values of SaoTypeldx|[ cldx
are derivedl as follows,for cldx equal to 1..2:

— Ifsaq type-1dx chroma is present, SaoTypeldx[ cldx ][ rx ][ ry ] is set equal to sao_type idx chroma.

X chroma,
d from the
£se syntax
tk.  When

X chroma,
d from the
ese syntax
k. When

| specifies
nent cldx.

| ][ty 1.

equal to

[rx]lry]

—  OthefwiSe(sao_type_idx_chroma is not present), SaoTypeldx[ cldx ][ rx ][ ry ] is derived as follows:

— If sao merge left flag is equal to 1, SaoTypeldx[cldx][rx][ry] is set equal to

SaoTypeldx[ cldx [[rx — 1 ][ ry ].

— Otherwise, if sao merge up flag is equal to 1, SaoTypeldx[cldx][rx][ry] is set
SaoTypeldx[ cldx [[rx J[ry—1].

—  Otherwise, SaoTypeldx[ cldx ][ rx ][ ry ] is set equal to 0.
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Table 7-8 — Specification of the SAO type

SaoTypeldx| cldx ][ rx ][ ry] | SAO type (informative)
0 Not applied
1 Band offset
2 Edge offset

sao_offset _abs[ cldx ][ rx ][ ry ][ 1] specifies the offset value of i-th category for the coding tree block at the location
(rx, ry ) for the colour component cldx.

When sao_offset_abs[ cldx ][ rx ][ ry ][ 1] is not present, it is inferred as follows:

— If sa

o _merge left flag is equal to 1. sao offset abs[cldx J[rx][ry][i] is inferred to be

sao_(

—  Othet
sao_d

—  Other

sao_offset
location (

When sao|

— If s4
$ao0_d

—  Othet
sao_d

—  Othet

—  Otheqwise, sao_offset_sign[ cldx ][ rx ][ ry ][.1 78 inferred to be equal 0.

The variah
- Ifcld
—  Othey
The list S4

sao_band
SaoTypeld

ffset abs[ cldx J[rx—1][ry][1].

ffset abs[ cldx [[rx J[ry—1][1].
wise, sao_offset_abs[ cldx ][ rx ][ ry ][ 1] is inferred to be equal to 0.

| sign[ cldx ][ rx ][ ry ][ i ] specifies the sign of the offset value of i-th category fop-the coding tree b
%, ry ) for the colour component cldx.

| offset sign[ cldx ][ rx ][ ry ][ i] is not present, it is inferred as follows:

o _merge left flag is equal to 1, sao offset sign[ cldx J[rx JEryJ[i] is inferred to be
ffset sign[cldx J[rx—1][ry ][1]-

fset sign[ cldx [[rx J[ry—1][1].
wise, if SaoTypeldx[ cldx ][ rx ][ ry ] is equal to 2, the.following applies:
fiisequaltoOor 1, sao offset sign[ cldx ][ rx ][ ry~][ 1] is inferred to be equal 0.

Dtherwise (i is equal to 2 or 3), sao_offset sign[\cldx ][ rx ][ ry ][ i ] is inferred to be equal 1.

le log2OffsetScale is derived as follows:

X is equal to 0, log2OffsetScale is'set equal to log2 sao offset scale luma.

wise (cldx is equal to 1 or 2), Jog2OffsetScale is set equal to log2 sao_offset scale chroma.
oOffsetVal[ cldx ][ rxJsy ][ 1] for i ranging from 0 to 4, inclusive, is derived as follows:
BaoOffsetVal[ cldS [fFrx J[ry ][0]=0

for(1=0;1<4;%7F)

BaoOffsetValloldx [[rx J[ry J[i+1]=(1—2 *sao_offset sign[ cldx [[rx ][ry][i])*
Sap" offset abs[ cldx J[rx J[ry ][1] << log2OffsetScale

| position[ cldx ][ rx ][ ry ] specifies the displacement of the band offset of the sample ra
Ix[\cldx ][ rx ][ ry ] is equal to 1.

wise, if sao merge up flag is equal to 1, sao offset abs[cldx J[rx ]J[ry ][i] is inferred. to b¢

wise, if sao_merge up flag is equal to 1, sao offset sign{ cldx ][ rx J[ry ][ i] is inferred to b¢

equal to

equal to

ock at the

equal to

equal to

(7-70)

hge when

When sao_band_position[ cldx ][ rx ][ ry ] is not present, it is inferred as follows:

— If sao merge left flag is equal to 1, sao band position] cldx J[rx ][ry] is inferred to be
sao_band position[ cldx J[rx—1 ][ ry ].

equal to

—  Otherwise, if sao_merge up flag is equal to 1, sao band position[ cIdx ][ rx ][ ry ] is inferred to be equal to
sao_band position[ cldx J[rx J[ry—11].

—  Otherwise, sao_band position[ cldx ][ rx ][ ry ] is inferred to be equal to 0.

sao_eo_class luma specifies the edge offset class for the luma component. The array SaoEoClass[ cldx ][ rx ][ ry ]
specifies the offset type as specified in Table 7-9 for the coding tree block at the location (rx,ry) for the colour
component cldx. The value of SaoEoClass[ 0 ][ rx ][ ry ] is derived as follows:

— Ifsao_eo class luma is present, SaoEoClass[ 0 ][ rx ][ ry ] is set equal to sao_eo_class_luma.
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—  Otherwise (sao_eo_class_luma is not present), SaoEoClass[ 0 ][ rx ][ ry ] is derived as follows:

— Ifsao_merge left flag is equal to 1, SaoEoClass[ 0 ][ rx ][ ry ] is set equal to SaoEoClass[ 0 J[rx — 1 ][ ry ].

—  Otherwise, if sao merge up flag is equal to 1, SaoEoClass[0][rx][ry] is set

SaoEoClass[ 0 ][ rx J[ry —11].

—  Otherwise, SaoEoClass[ 0 ][ rx ][ ry ] is set equal to 0.

sao_eo_cl

equal to

ass_chroma specifies the edge offset class for the chroma components. The values of
SaoEoClass[ cldx ][ rx ][ ry ] are derived as follows for cldx equal to 1..2:

— Ifsao_eo class_chroma is present, SaoEoClass[ cldx ][ rx ][ ry ] is set equal to sao_eo_class_chroma.

—  Otherwise (sao_co_class_chroma is not present), SaoEoClass[ cldx ][ rx ][ ry ] is derived as follows:

— If sao merge left flag is equal to 1, SaoEoClass[cldx][rx][ry] is set equal to

7.4.9.4

split_cu_fllag[ x0 ][ yO0 ] specifies whether a coding unit\s split into coding units with half horizontal and v¢

The array
to the top-

When spli
— Iflog2

—  Otherv
to 0.

The array
split_cu f]
y =y0..y0

7.4.9.5

cu_transg

baokoClass| cldx [[rx =1 [[ry |.

Dtherwise, if sao merge up flag is equal to 1, SaoEoClass[cldx J[rx][ry] isCset
SaoEoClass[ cldx J[rx [[ry—11].

Dtherwise, SaoEoClass[ cldx ][ rx ][ ry ] is set equal to 0.

Table 7-9 — Specification of the SAO edge offset class

SaoEoClass| cldx |[ rx ][ ry ] SAQ edge offset class (informative)
0 1D 0-degree edge offset
1 1D 90-degree edgeloffset
2 1D 135-degreeedge offset
3 1D 45-degree edge offset

Coding quadtree semantics

indices x0, y0 specify the location ( x0, y0-)-of the top-left luma sample of the considered coding blo
left luma sample of the picture.

-~ cu_flag[ x0 ][ yO0 ] is not present, the following applies:
CbSize is greater than MinCbliog2SizeY, the value of split cu flag[ x0 ][ yO0 ] is inferred to be equa
ise (log2CbSize is equal-to MinCbLog2SizeY), the value of split cu flag[ x0 ][ yO ] is inferred t

CtDepth[ x ][ y ] 8pecifies the coding tree depth for a luma coding block covering the location ( X,
ag[ x0 ][ y0 ].isvequal to 0, CtDepth[ x ][ y ] is inferred to be equal to cqtDepth for x = x0..x0 + nC
+nCbS — K

Coding:unit semantics

equal to

rtical size.
ck relative

to 1.

b be equal

y ). When
pS — 1 and

.6 and the

uant’ bypass_flag equal to 1 specifies that the scaling and transform process as specified in clause

in-loop fi

inferred to be equal to 0.

Ter process as speciiied i clause 8.7 are bypassed. when cu_transquant bypass ilag is not present, it is

cu_skip flag[ x0 ][ y0 ] equal to 1 specifies that for the current coding unit, when decoding a P or B slice, no more
syntax elements except the merging candidate index merge idx[ x0 ][ yO ] are parsed after cu_skip flag[ x0 ][ yO ].
cu_skip flag[ x0 ][ yO ] equal to O specifies that the coding unit is not skipped. The array indices x0, y0 specify the
location ( x0, y0 ) of the top-left luma sample of the considered coding block relative to the top-left luma sample of the

picture.

When cu_skip flag[ x0 ][ y0 ] is not present, it is inferred to be equal to 0.

pred_mode_flag equal to O specifies that the current coding unit is coded in inter prediction mode. pred mode flag
equal to 1 specifies that the current coding unit is coded in intra prediction mode. The variable CuPredMode[ x ][ y | is

derived as

follows for x = x0..x0 + nCbS — 1 and y = y0..y0 + nCbS — 1:
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— Ifpred mode flag is equal to 0, CuPredMode[ x ][ y ] is set equal to MODE INTER.

— Otherwise (pred_mode flag is equal to 1), CuPredMode[ x ][ y ] is set equal to MODE_INTRA.

When pred mode flag is not present, the variable CuPredMode[ x ][ y ] is derived as follows for x =x0..x0 + nCbS — 1
and y = y0..y0 + nCbS — 1:

— Ifslice_type is equal to I, CuPredMode[ x ][ y ] is inferred to be equal to MODE _INTRA.

— Otherwise (slice_type is equal to P or B), when cu_skip flag[ x0 ][ y0 ] is equal to 1, CuPredMode[ x ][y ] is
inferred to be equal to MODE_SKIP.

part_mode specifies partitioning mode of the current coding unit. The semantics of part mode depend on
CuPredMode[ x0 ][ yO ]. The variables PartMode and IntraSplitFlag are derived from the value of part mode as defined
in Table 7-10.

The value

of part_mode is restricted as follows:

— IfCuP
—  Otherv
- I

—

-
1S

-

When part
— PartM
— IntraSy
pem_flag

syntax stfucture is not present in the coding unit including the luma coding block at the location

pcm_flag]|
not presen|

The valu
pem_flag]|

pem_alighment_zero_bit is a bit equal.td\0.

shall be in the range of 0 to 3, inclusive.

redMode[ x0 ][ yO0 ] is equal to MODE_INTRA, part mode shall be equal to 0 or 1.
Fise (CuPredMode[ x0 ][ yO ] is equal to MODE_INTER), the following applies:

log2CbSize is greater than MinCbLog2SizeY and amp_enabled flag is equal to 1, part’ mode shal
inge of 0 to 2, inclusive, or in the range of 4 to 7, inclusive.

therwise, if log2CbSize is greater than MinCbLog2SizeY and amp enabled flag is equal to 0, or 1
equal to 3, part mode shall be in the range of 0 to 2, inclusive.

therwise (log2CbSize is greater than 3 and less than or equal to MinCbbog2SizeY), the value of

| mode is not present, the variables PartMode and IntraSplitFlag ate derived as follows:
de is set equal to PART 2Nx2N.
litFlag is set equal to 0.

x0 ][ yO ] equal to 1 specifies that the pcm_sample(') syntax structure is present and the transfq

x0 ][ y0 ] equal to O specifies that pcm_sample(*) syntax structure is not present. When pcm_flag[ x|
L, it is inferred to be equal to 0.

e of pcm flag[x0+i][y0O+j] with i=1.nCbS—1, j=1.nCbS—1 is inferred to be
x0 ][ yO 1.

Table 7-10— Name association to prediction mode and partitioning type

I be in the

g2CbSize

part mode

rm_tree( )
(x0,y0).
0 1[y0]is

equal to

CuPredMode[x0](y0] |  part_mode IntraSplitFlag PartMode
0 0 PART 2Nx2N
MODE INTRA 1 1 PART 2Ny,
0 0 PART 2Nx2N
! 0 PART 2NxN
2 V PART Nx2N
MODE_INTER 3 0 PART NxN
) 4 0 PART 2NxnU
> 0 PART 2NxnD
6 0 PART nLx2N
7 0 PART nRx2N

The syntax ~ elements  prev_intra_luma_pred_flag[ x0+i][y0+j ], mpm_idx[ x0+1i][y0+j] and
rem_intra_luma_pred_mode[ x0 +1i ][ yO +j | specify the intra prediction mode for luma samples. The array indices
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x0 + 1, y0 + j specify the location ( x0 + i, yO +j ) of the top-left luma sample of the considered prediction block relative
to the top-left luma sample of the picture. When prev_intra luma pred flag[ x0+1][ yO+j] is equal to 1, the intra
prediction mode is inferred from a neighbouring intra-predicted prediction unit according to clause 8.4.2.

intra_chroma_pred_mode[ x0 ][ yO ] specifies the intra prediction mode for chroma samples. The array indices x0, y0
specify the location ( x0, y0 ) of the top-left luma sample of the considered prediction block relative to the top-left luma
sample of the picture.

rqt_root_cbf equal to 1 specifies that the transform tree( ) syntax structure is present for the current coding unit.
rqt_root_cbf equal to 0 specifies that the transform_tree( ) syntax structure is not present for the current coding unit.

When rqt_root_cbf is not present, its value is inferred to be equal to 1.

7.4.9.6 Prediction unit semantics

mvp 10 flag[ x0 ][ yO ] specifies the motion vector predictor index of list 0 where x0, y0 specify the location ( x0, y0 )
of the top{left Tuma sample of the considered prediction block relative to the top-left uma sample of the picturg.

When mvp 10 flag[ x0 ][ yO ] is not present, it is inferred to be equal to 0.
mvp_I1_flag[ x0 ][ yO ] has the same semantics as mvp 10 flag, with 10 and list O replaced by 11 andylist 1, respectively.

merge_flqg[ x0 ][ yO0 ] specifies whether the inter prediction parameters for the current prediction-unit are infprred from
a neighbopring inter-predicted partition. The array indices x0, yO specify the location (x0,y0 ) of the top-left luma
sample of [the considered prediction block relative to the top-left luma sample of the picturel

When merjge flag[ x0 ][ yO ] is not present, it is inferred as follows:
—  If CuPredMode[ x0 ][ yO ] is equal to MODE_SKIP, merge flag[ x0 ][ y0 ]@s inferred to be equal to 1.
—  Otheqwise, merge flag[ x0 ][ y0 ] is inferred to be equal to 0.

merge_idk[ x0 ][ yO ] specifies the merging candidate index of the dherging candidate list where x0, y0 dpecify the
location ( k0, y0 ) of the top-left luma sample of the considered predidtion block relative to the top-left luma|sample of
the picturd.

When menfe_idx[ x0 ][ yO ] is not present, it is inferred to be ‘equal to 0.

inter_preg_idc[ x0 ][ yO ] specifies whether list0, list1,,07 bi-prediction is used for the current prediction unitf according

to Table 7-11. The array indices x0, yO specify the Jocation ( x0, y0 ) of the top-left luma sample of the gonsidered
prediction|block relative to the top-left luma sample(@f the picture.

Table 7-11 — Name association to inter prediction mode

inter_pred_idc Name of inter pred_idc

(nPbW +nPbH) != 12 | (nPbW +nPbH) == 12

0 PRED L0 PRED L0
} PRED L1 PRED L1
2 PRED BI na

When inter_pred idc[ x0 ][ v0 ]is not present, it is inferred to be equal to PRED 1.0

ref_idx_10[ x0 ][ yO ] specifies the list O reference picture index for the current prediction unit. The array indices x0, y0
specify the location ( x0, y0 ) of the top-left luma sample of the considered prediction block relative to the top-left luma
sample of the picture.

When ref idx 10[ x0 ][ yO ] is not present it is inferred to be equal to 0.
ref_idx_I1[ x0 ][ yO ] has the same semantics as ref idx 10, with 10 and list O replaced by 11 and list 1, respectively.
7.4.9.7 PCM sample semantics

pcem_sample lumal i ] represents a coded luma sample value in the raster scan within the coding unit. The number of
bits used to represent each of these samples is PcmBitDepthy.
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pem_sample _chromal i | represents a coded chroma sample value in the raster scan within the coding unit. The first
half of the values represent coded Cb samples and the remaining half of the values represent coded Cr samples. The
number of bits used to represent each of these samples is PcmBitDepth.

7.4.9.8 Transform tree semantics

split_transform_flag[ x0 ][ yO ][ trafoDepth ] specifies whether a block is split into four blocks with half horizontal and
half vertical size for the purpose of transform coding. The array indices x0, y0 specify the location ( x0, y0 ) of the top-
left luma sample of the considered block relative to the top-left luma sample of the picture. The array index trafoDepth
specifies the current subdivision level of a coding block into blocks for the purpose of transform coding. trafoDepth is
equal to 0 for blocks that correspond to coding blocks.

The variable interSplitFlag is derived as follows:

— If max_transform hierarchy depth_inter is equal to 0 and CuPredMode[ x0 ][ yO ] is equal to MODE INTER and
PartMade is not equal to PART 2Nx2N and trafoDepth is equal to 0_interSplitFlag is set equal to |

—  Otheqwise, interSplitFlag is set equal to 0.
When spli}_transform_flag[ x0 ][ yO ][ trafoDepth ] is not present, it is inferred as follows:

— If ong or more of the following conditions are true, the value of split transform_flag[ xO[ yO ][ trafdDepth ] is
inferried to be equal to 1:

— log2TrafoSize is greater than MaxTbLog2SizeY.
— IntraSplitFlag is equal to 1 and trafoDepth is equal to 0.
— InterSplitFlag is equal to 1.
—  Otheqwise, the value of split_transform_flag[ x0 ][ yO0 ][ trafoDepth ] is.inférred to be equal to 0.

cbf luma| x0 ][ yO ][ trafoDepth ] equal to 1 specifies that the lumadransform block contains one or more| transform
coefficienf levels not equal to 0. The array indices x0, y0 specify theflocation ( x0, y0 ) of the top-left luma sarpiple of the
considered transform block relative to the top-left luma sample of¢he picture. The array index trafoDepth splecifies the
current supdivision level of a coding block into blocks for the purpose of transform coding. trafoDepth is eqyal to 0 for
blocks tha} correspond to coding blocks.

When cbf| luma[ x0 ][ yO ][ trafoDepth ] is not present, it\s inferred to be equal to 1.

cbf _cb[ x0 ][ yO ][ trafoDepth | equal to 1 specifies that the Cb transform block contains one or more|transform
coefficient levels not equal to 0. The array indices x0, y0O specify the top-left location ( x0,y0 ) of the gonsidered
transform [plock. The array index trafoDepth specifies the current subdivision level of a coding block into blogks for the
purpose of transform coding. trafoDepth is-equal to 0 for blocks that correspond to coding blocks.

When cbf|cb[ x0 ][ y0 ][ trafoDepth ](is miot present, it is inferred to be equal to 0.

cbf _cr[ x( ][ yO ][ trafoDepth ] equal to 1 specifies that the Cr transform block contains one or more|transform
coefficient levels not equal to 0 The array indices x0, yO specify the top-left location ( x0, y0) of the gonsidered
transform [plock. The array index trafoDepth specifies the current subdivision level of a coding block into blogks for the
purpose of transform coding: trafoDepth is equal to 0 for blocks that correspond to coding blocks.

When cbf] cr[ x0 J[ §0)][ trafoDepth ] is not present, it is inferred to be equal to 0.

7.4.9.9 Motionmvector difference semantics

abs_mvd_grpnferﬂ_ﬂng[ r‘nmpde ] Qper‘iﬁec whether the ahsolute value of a motion vector component difference is
greater than 0.

abs_mvd_greater1l flag] compldx ] specifies whether the absolute value of a motion vector component difference is
greater than 1.

When abs_mvd _greater]l flag[ compldx ] is not present, it is inferred to be equal to 0.

abs_mvd_minus2[ compldx ] plus 2 specifies the absolute value of a motion vector component difference.
When abs_mvd_minus2[ compldx ] is not present, it is inferred to be equal to —1.

mvd_sign_flag[ compldx ] specifies the sign of a motion vector component difference as follows:

— If mvd sign flag[ compldx ] is equal to O, the corresponding motion vector component difference has a positive
value.
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—  Otherwise (mvd_sign_flag[ compldx ] is equal to 1), the corresponding motion vector component difference has a
negative value.
When mvd_sign_flag[ compldx ] is not present, it is inferred to be equal to 0.
The motion vector difference IMvd[ compldx ] for compldx = 0..1 is derived as follows:

IMvd[ compldx | = abs_mvd_greater0 flag[ compldx ] *
(abs_mvd minus2[ compldx | +2 ) * (1 —2 * mvd_sign_flag[ compldx ]) (7-71)

The variable MvdLX[ x0 ][ yO ][ compldx ], with X being 0 or 1, specifies the difference between a list X vector
component to be used and its prediction. The value of MvdLX[ x0 ][ yO ][ compldx ] shall be in the range of —2'
to 2% — 1, inclusive. The array indices x0, y0 specify the location ( x0, y0 ) of the top-left luma sample of the considered
prediction block relative to the top-left luma sample of the picture. The horizontal motion vector component difference is
assigned compldx = 0 and the vertical motion vector component is assigned compldx = 1.

—  Ifre

—  Otherwise (refList is equal to 1), MvdL1[ x0 ][ yO ][ compldx ] is set equal to IMvd[ compldx ] for eomplfx = 0..1.

7.4.9.10 Transform unit semantics

The transflorm coefficient levels are represented by the arrays TransCoeffLevel[ x0 ][ yO ][ cldx}'xC ][ yC ],|which are
either spegified in clause 7.3.8.11 or inferred as follows. The array indices x0, yO specify the) location ( x0, y0 ) of the
top-left luma sample of the considered transform block relative to the top-left luma sample of the picture.|The array
index cldy specifies an indicator for the colour component; it is equal to 0 for Y, 1 for Cby and 2 for Cr. The arfay indices
xC and y( specify the transform coefficient location ( xC, yC ) within the current tfansform block. When the value of
TransCoeffLevel[ x0 ][ yO ][ cldx ][ xC ][ yC ] is not specified in clause 7.3.8.11¢7itis inferred to be equal to 0.

cu_qp_defta_abs specifies the absolute value of the difference CuQpDeltaVal-between the luma quantization|parameter
of the curent coding unit and its prediction.

cu_qp_defta_sign_flag specifies the sign of CuQpDeltaVal as follows:

— Ifcufqp delta sign flag is equal to 0, the corresponding CuQpDeltaVal has a positive value.

—  Othetwise (cu_gp_delta_sign_flag is equal to 1), the corrésponding CuQpDeltaVal has a negative value.
When cu_pp_delta_sign_flag is not present, it is inferred‘to be equal to 0.

When cu_fp_delta_abs is present, the variables Is€CuQpDeltaCoded and CuQpDeltaVal are derived as follows:
sCuQpDeltaCoded = 1 (7-72)
CuQpDeltaVal = cu_qp delta .aps™ (1 —2 * cu_qp_delta sign flag) (7-73)
The value|of CuQpDeltaVal shall be in_the range of —( 26 + QpBdOffsety / 2 ) to +( 25 + QpBdOffsety / 2 ), influsive.

cu_chroma_qp_offset_flag, when present and equal to 1, specifies that an entry in the cb_qp offset list[ ]|is used to
determine|the value of CuQpQffsetc, and a corresponding entry in the cr_qp_offset list[ ] is used to determing the value
of CuQpUffsetc,. cu_chroma_qp offset flag equal to 0 specifies that these lists are not used to determine th¢ values of
CuQpOffsetc, and CuQp©Offsetc,.

cu_chroma_qp_offset idx, when present, specifies the index into the cb_qp_offset list[ ] and cr_qp_offset lipt[ ] that is
used to ddtermin€ the value of CuQpOffsetc, and CuQpOffsete,. When present, the value of cu_chroma_qp |offset idx
shall be [in/the’ range of 0 to chroma qp offset list len minusl, inclusive. When not present, the| value of
cu_chromg_gp” offset idx is inferred to be equal to 0.

When cu_chroma_qp_offset flag is present, the following applies:
—  The variable IsCuChromaQpOffsetCoded is set equal to 1.
—  The variables CuQpOffsetc, and CuQpOffsetc, are derived as follows:
— Ifcu chroma qp offset flag is equal to 1, the following applies:
CuQpOffsetc, = cb_qp_offset list[ cu_chroma qp offset idx ] (7-74)
CuQpOffsetc, = cr_qp_offset list[ cu_chroma qp offset idx ] (7-75)

—  Otherwise (cu_chroma qp_offset_flag is equal to 0), CuQpOffsetc, and CuQpOffsetc, are both set equal to 0.

NOTE — When cu_chroma_qp_offset enabled flag is equal to 0, CuQpOffsetc, and CuQpOffsetc, are not modified after being
initialized to O for the slice as specified in clause 7.4.7.1.
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7.4.9.11 Residual coding semantics

For intra prediction, different scanning orders are used. The variable scanldx specifies which scan order is used where
scanldx equal to O specifies an up-right diagonal scan order, scanldx equal to 1 specifies a horizontal scan order, and
scanldx equal to 2 specifies a vertical scan order. The value of scanldx is derived as follows:

—  If CuPredMode[ x0 ][ yO ] is equal to MODE INTRA and one or more of the following conditions are true:
— log2TrafoSize is equal to 2.
— log2TrafoSize is equal to 3 and cldx is equal to 0.
— log2TrafoSize is equal to 3 and ChromaArrayType is equal to 3.
predModelntra is derived as follows:

— Ifcldx is equal to 0, predModelntra is set equal to IntraPredModeY[ x0 ][ yO ].

—  ODtherwise, predModelntra is set equal to IntraPredModeC.
scan|dx is derived as follows:
— If predModelntra is in the range of 6 to 14, inclusive, scanldx is set equal to 2.
—  Otherwise if predModelntra is in the range of 22 to 30, inclusive, scanldx is set equakteo’ 1.
—  ODtherwise, scanldx is set equal to 0.
—  Othefwise, scanldx is set equal to 0.

transform_skip_flag[ x0 ][ yO ][ cldx ] specifies whether a transform is applied‘to)the associated transform blpck or not:
The array|indices x0, y0 specify the location ( x0, y0 ) of the top-left luma.Sample of the considered transform block
relative to|the top-left luma sample of the picture. The array index cldx spegifies an indicator for the colour cpmponent;
it is equal to 0 for luma, equal to 1 for Cb, and equal to 2 for Cr.{ransform_skip flag[ x0 ][ y0 ][ cIdx ] pqual to 1
specifies that no transform is applied to the current transform block. transform skip flag[ x0 ][ yO ][ cldx ] [equal to 0
specifies that the decision whether transform is applied to the curfent transform block or not depends on other syntax
elements. When transform_skip flag[ x0 ][ yO ][ cIdx ] is not present, it is inferred to be equal to O.

explicit_rfpem_flag[ x0 ][ yO ][ cldx ] specifies whether thé residual modification process for blocks using 4 transform
bypass is gpplied to the associated transform block or not> The array indices x0, y0 specify the location ( x0, y0 ) of the
top-left luma sample of the considered transform block relative to the top-left luma sample of the picture.|The array
index cldy specifies an indicator for the colour component; it is equal to 0 for luma, equal to 1 for Cb, and equal to 2 for
Cr. explicjt_rdpem_flag[ x0 ][ yO ][ cIdx ] equal to 1 specifies that the residual modification process is applied to the
current transform block. explicit_rdpecm_flag[ %0 ][ yO0 ][ cldx ] equal to 0 specifies that no residual modificatipn process
is applied [to the current transform block, When explicit rdpem_flag[ x0 ][ yO ][ cIdx ] is not present, it is inf¢rred to be

explicit rfpem_dir_flag[ x0 ][ yO\][ cldx ] specifies the direction to be used by the residual modification prodess for the
associated| transform block. Theyarray indices x0, y0 specify the location ( x0, y0 ) of the top-left luma sanmple of the
considered transform block telative to the top-left luma sample of the picture. The array index cldx specifies ap indicator

last_sig_cpeff x_prefix specifies the prefix of the column position of the last significant coefficient in scanhing order
within a trpnsform-block. The values of last _sig _coeff x prefix shall be in the range of 0 to ( log2TrafoSize < 1)—1,
inclusive.

last_sig_che X . hing order
within a transform block. The values of last_sig coeff 'y _preﬁx shall be in the range of 0 to ( 10g2Traf081ze << 1)-1,
inclusive.

last_sig_coeff x_suffix specifies the suffix of the column position of the last significant coefficient in scanning order
within a transform block. The values of last sig coeff x suffix shall be in the range of 0 to
(1 << ((last_sig_coeff x prefix >> 1)—1))— 1, inclusive.

The column position of the last significant coefficient in scanning order within a transform block LastSignificantCoeffX
is derived as follows:

— Iflast sig coeff x suffix is not present, the following applies:
LastSignificantCoeffX = last_sig_coeff x prefix (7-76)

—  Otherwise (last_sig_coeff x _suffix is present), the following applies:
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LastSignificantCoeffX = (1 << ((last sig coeff x prefix >> 1)—1))* (7-77)
(2 + (last_sig coeff x prefix & 1)) + last sig coeff x_suffix

last_sig_coeff y suffix specifies the suffix of the row position of the last significant coefficient in scanning order within
a transform block. The values of last sig coeff y suffix shall be in the range of 0 to
(1 << ((last_sig coeff y prefix >> 1)—1))— 1, inclusive.

The row position of the last significant coefficient in scanning order within a transform block LastSignificantCoeffY is
derived as follows:

— Iflast_sig coeff y suffix is not present, the following applies:
LastSignificantCoeftY = last_sig_coeff y prefix (7-78)
—  Otherwise (last_sig _coeff y suffix is present), the following applies:

astSignificantCoeff¥Y = (1 << ((last sig coeff y prefix >> 1)—1))* (7-79)
(2 + (last sig_coeff y prefix & 1))+ last_sig _coeff y suffix

When scapldx is equal to 2, the coordinates are swapped as follows:

LastSignificantCoeffX, LastSignificantCoeffY ) =
Swap( LastSignificantCoeffX, LastSignificantCoeffY ) (7-80)

coded_sub block flag[ xS ][ yS ] specifies the following for the sub-block at location (xS, yS ) within the current
transform plock, where a sub-block is a (4x4) array of 16 transform coefficient levels:

— If coded sub block flag[ xS ][ yS] is equal to 0, the 16 transform coefficientdevels of the sub-block at location
(xS, ¥S) are inferred to be equal to 0.

—  Othervise (coded_sub_block flag[ xS ][ yS ] is equal to 1), the following.applies:

— [f(xS,yS) is equal to (0, 0) and ( LastSignificantCoeffX, LastSignificantCoeffY ) is not equal to[( 0, 0 ), at
east one of the 16 sig_coeff flag syntax elements is present for the sub-block at location ( xS, yS) .

—  Ptherwise, at least one of the 16 transform coefficient\levels of the sub-block at location ( xS, yS )| has a non
vero value.

When codpd sub_block flag[ xS ][ yS ] is not present, itris\inferred as follows:
— If ong or more of the following conditions are trué;coded sub block flag[ xS ][ yS ] is inferred to be equgl to 1:
- xS,yS)isequalto (0,0)
- xS, yS ) is equal to ( LastSignificantCoeffX >> 2, LastSignificantCoeffY >> 2)
—  Otherpvise, coded _sub_block flagf-xS ][ yS ] is inferred to be equal to 0.

sig_coeff [flag[ xC ][ yC ] specifies for the transform coefficient location ( xC, yC ) within the current transform block
whether tHe corresponding transform coefficient level at the location ( xC, yC ) is non-zero as follows:

—  Ifsig| coeff flag[ xC J[\yC ] is equal to 0, the transform coefficient level at the location ( xC, yC ) is set equal to 0.

—  Othetwise (sig_coeff flag[ xC ][ yC ] is equal to 1), the transform coefficient level at the location ( xC,[yC ) has a
non-zpro value!

When sig |coeff flag[ xC ][ yC ] is not present, it is inferred as follows:

—  If (xCyC) is the last significant location (T .astSignificantCoeffX [ astSignificantCoeffY ) in scan order or all of
the following conditions are true, sig_coeff flag[ xC ][ yC ] is inferred to be equal to 1:

~ (xC&3,yC&3)isequalto(0,0)

— inferSbDcSigCoeffFlag is equal to 1
— coded sub block flag[ xS ][ yS ]is equal to 1
—  Otherwise, sig_coeff flag[ xC ][ yC ] is inferred to be equal to 0.

coeff_abs_level greaterl flag[ n | specifies for the scanning position n whether there are absolute values of transform
coefficient levels greater than 1.

When coeff abs_level greaterl flag[ n ] is not present, it is inferred to be equal to 0.
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coeff_abs_level greater2 flag[ n | specifies for the scanning position n whether there are absolute values of transform
coefficient levels greater than 2.

When coeff abs level greater2 flag[ n ] is not present, it is inferred to be equal to 0.

coeff_sign_flag[ n | specifies the sign of a transform coefficient level for the scanning position n as follows:

—  If coeff sign flag[ n ] is equal to 0, the corresponding transform coefficient level has a positive value.

—  Otherwise (coeff sign flag[ n ] is equal to 1), the corresponding transform coefficient level has a negative value.

When coeff sign_flag[ n ] is not present, it is inferred to be equal to 0.

coeff_abs level remaining[ n ] is the remaining absolute value of a transform coefficient level that is coded with
Golomb-Rice code at the scanning position n. When coeff abs level remaining[ n ] is not present, it is inferred to be

equal to 0.
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Cross-component prediction semantics

scale_abs_plusl[ c ] minus | specifies the base 2 logarithm of the magnitude of-the)scaling factor Rq
ss-component residual prediction. When not present, log2 res scale abs plus] is inferred to be equl

sign_flag| c | specifies the sign of the scaling factor used in cross-componént residual prediction as
| scale sign_flag[ ¢ ] is equal to 0, the corresponding ResScaleVal has-a-positive value.
'wise (res_scale sign flag[ c ] is equal to 1), the corresponding ResScaleVal has a negative value.

le ResScaleVal[ cldx ][ x0 ][ yO ] specifies the scaling factorused in cross-component residual pred
es x0, y0 specify the location ( x0, y0 ) of the top-left ldma’sample of the considered transform blo
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le ResScaleVal[ cldx ][ x0 ][ yO0 ] is derived ag follows:

P res_scale abs plusl[ cIdx — 1 ] is equalito 0, the following applies:

ResScaleVal[ cldx J[ x0 ][y0]=0

(wise (log2_res_scale abs_pluslficldx — 1 ] is not equal to 0), the following applies:

ResScaleVal[ cldx [ x0 ][ yO[= (1 << (log2 res scale abs plusl[cldx—1]-1))*
(1—2*res >scale sign flag[ cldx —11])
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Input to tk

TS process Tsa bitstreanT Output of thisprocess 5o st of decoded pictures:

The decoding process is specified such that all decoders that conform to a specified profile, tier, and level will produce
numerically identical cropped decoded output pictures when invoking the decoding process associated with that profile
for a bitstream conforming to that profile, tier and level. Any decoding process that produces identical cropped decoded
output pictures to those produced by the process described herein (with the correct output order or output timing, as

specified)

conforms to the decoding process requirements of this Specification.

NOTE 1 — For the purpose of best-effort decoding, a decoder that conforms to a particular profile at a given tier and level may
additionally decode some bitstreams conforming to a different tier, level or profile without necessarily using a decoding process
that produces numerically identical cropped decoded output pictures to those produced by the process specified herein (without

claimin

g conformance to the other profile, tier and level).

At the beginning of decoding a CVSG, after activating the VPS RBSP that is active for the entire CVSG and before
decoding any VCL NAL units of the CVSG, clause 8.1.2 is invoked with the CVSG as input.
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8.1.2  CVSG decoding process
Input to this process is a CVSG. Output of this process is a list of decoded pictures.

The layer identifier list TargetDecLayerldList, which specifies the list of nuh_layer id values, in increasing order of
nuh_layer id values, of the NAL units to be decoded, is specified as follows:

— If some external means, not specified in this Specification, is available to set TargetDecLayerldList,
TargetDecLayerldList is set by the external means.

—  Otherwise, if the decoding process is invoked in a bitstream conformance test as specified in clause C.1,
TargetDecLayerldList is set as specified in clause C.1.

—  Otherwise, TargetDecLayerldList contains only one nuh_layer id value that is equal to 0.

The variable HighestTid, which identifies the highest temporal sub-layer to be decoded, is specified as follows:

—  If soine external means, nof specified in this Specification, i1s available to set HighestT1d, HighestT1id is|set by the
exterpal means.

—  Othetwise, if the decoding process is invoked in a bitstream conformance test as specified in clause/C.1, HighestTid
is setlas specified in clause C.1.

—  Othetwise, HighestTid is set equal to sps_max_sub_layers_minusl1.
The varialile SubPicHrdFlag is specified as follows:

—  If thg decoding process is invoked in a bitstream conformance test as specified/in*elause C.1, SubPicHrdFlag is set
as sp¢cified in clause C.1.

—  Othetwise, SubPicHrdFlag is set equal to ( SubPicHrdPreferredFlag &&“sub pic hrd params present flag ).

The sub-bitstream extraction process as specified in clause 10 is (applied with the CVSG, HighegtTid, and
TargetDedLayerIdList as inputs, and the output is assigned to a bitstream referred to as BitstreamToDecode.

Clause 8.].3 is repeatedly invoked for each coded picture with{nuh layer id equal to 0 in BitstreamToDecode in
decoding ¢rder.

8.1.3  Decoding process for a coded picture with nuh-layer_id equal to 0

The decoding processes specified in this clause applytto each coded picture with nuh layer id equal to 0, refprred to as
the current picture and denoted by the variable CuttRic, in BitstreamToDecode.

Depending on the value of chroma format idc{the number of sample arrays of the current picture is as followg:

— Ifchfjoma format idc is equal to 0,.thie,current picture consists of 1 sample array S;.
—  Othetwise (chroma_format_idc issnot equal to 0), the current picture consists of 3 sample arrays Sy, Scy, Scr.

The decoding process for the cufrent picture takes as inputs the syntax elements and upper-case variables frorh clause 7.
When interpreting the semanties/of each syntax element in each NAL unit, the term "the bitstream" (or part thpreof, e.g.,
a CVS of the bitstream) refers’to BitstreamToDecode (or part thereof).

When the purrent pictlire-is a BLA picture that has nal unit_type equal to BLA_W_LP or is a CRA picture, thq following
applies:

—  If sothe extetnal means not specified in this Specification is available to set the variable UseAltCpbParamsFlag to a
valug, ¥UseAltCpbParamsFlag is set equal to the value provided by the external means. Hll

—  Otherwise, the value of UseAltCpbParamsFlag is set equal to 0.
When the current picture is an IRAP picture, the following applies:

—  Ifthe current picture is an IDR picture, a BLA picture, the first picture in the bitstream in decoding order, or the first
picture that follows an end of sequence NAL unit in decoding order, the variable NoRaslOutputFlag is set equal
to 1.

—  Otherwise, if some external means not specified in this Specification is available to set the variable
HandleCraAsBlaFlag to a value for the current picture, the variable HandleCraAsBlaFlag is set equal to the value
provided by the external means and the variable NoRaslOutputFlag is set equal to HandleCraAsBlaFlag.

—  Otherwise, the variable HandleCraAsBlaFlag is set equal to 0 and the variable NoRaslOutputFlag is set equal to 0.

Depending on the value of separate_colour plane flag, the decoding process is structured as follows:
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—  If separate_colour plane flag is equal to 0, the decoding process is invoked a single time with the current picture
being the output.

—  Otherwise (separate_colour_plane flag is equal to 1), the decoding process is invoked three times. Inputs to the
decoding process are all NAL units of the coded picture with identical value of colour plane id. The decoding
process of NAL units with a particular value of colour plane id is specified as if only a CVS with monochrome
colour format with that particular value of colour plane id would be present in the bitstream. The output of each of
the three decoding processes is assigned to one of the 3 sample arrays of the current picture, with the NAL units
with colour_plane_id equal to 0, 1, and 2 being assigned to Sy, Sy, and Sc;, respectively.

NOTE 1 — The variable ChromaArrayType is derived as equal to 0 when separate colour plane flag is equal to 1 and

chroma_format_idc is equal to 3. In the decoding process, the value of this variable is evaluated resulting in operations identical to
that of monochrome pictures (when chroma_format_idc is equal to 0).

The decoding process operates as follows for the current picture CurrPic:

1. The-decodingofNAL—unitsis-specified-in-clause8-2

2. The processes in clause 8.3 specify the following decoding processes using syntax elements in thésslige segment
layer and above:

+  Variables and functions relating to picture order count are derived as specified in clause 8.3.1. This needs
to be invoked only for the first slice segment of a picture.

+  The decoding process for RPS in clause 8.3.2 is invoked, wherein reference_pictures may be jmarked as
"unused for reference" or "used for long-term reference". This needs to/be invoked only for th¢ first slice
segment of a picture.

+  When the current picture is a BLA picture or is a CRA picture(with NoRaslOutputFlag equdl to 1, the
decoding process for generating unavailable reference pictures'specified in clause 8.3.3 is invoked, which
needs to be invoked only for the first slice segment of a pictute.

1+  PicOutputFlag is set as follows:

—  If the current picture is a RASL picture and WoRaslOutputFlag of the associated IRAP| picture is
equal to 1, PicOutputFlag is set equal to 0.

—  Otherwise, PicOutputFlag is set equal topic_output flag.

+ At the beginning of the decoding process for each P or B slice, the decoding process for referefce picture
lists construction specified in clause 8.3.4 is invoked for derivation of reference pictpre list O
(RefPicList0) and, when decoding'a B slice, reference picture list 1 (RefPicListl), and thd decoding
process for collocated picturexand no backward prediction flag specified in clause 8.3.5 is igvoked for
derivation of the variables ColPic and NoBackwardPredFlag.

3. The processes in clauses 8.4{8)5, 8.6, and 8.7 specify decoding processes using syntax elements infall syntax
s:Eucture layers. It is a requirement of bitstream conformance that the coded slices of the picture shpll contain
slice segment data for-¢very coding tree unit of the picture, such that the division of the picture into|slices, the

djvision of the slices-into slice segments, and the division of the slice segments into coding tree units ¢ach forms

alpartitioning of the picture.

4. Alfter all slicés of the current picture have been decoded, the decoded picture is marked as "used for [short-term
rdference",

8.2 NAE unit decoding process

Inputs to this process are NAL units of the current picture and their associated non-VCL NAL units.
Outputs of this process are the parsed RBSP syntax structures encapsulated within the NAL units.

The decoding process for each NAL unit extracts the RBSP syntax structure from the NAL unit and then parses the
RBSP syntax structure.
8.3 Slice decoding process

8.3.1 Decoding process for picture order count
Output of this process is PicOrderCntVal, the picture order count of the current picture.

Picture order counts are used to identify pictures, for deriving motion parameters in merge mode and motion vector
prediction, and for decoder conformance checking (see clause C.5).
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Each coded picture is associated with a picture order count variable, denoted as PicOrderCntVal.

When the current picture is not an IRAP picture with NoRaslOutputFlag equal to 1, the variables prevPicOrderCntLsb
and prevPicOrderCntMsb are derived as follows:

— Let prevTidOPic be the previous picture in decoding order that has Temporalld equal to 0 and that is not a RASL
picture, a RADL picture, or an SLNR picture.

—  The variable prevPicOrderCntLsb is set equal to slice_pic_order cnt Isb of prevTidOPic.

—  The variable prevPicOrderCntMsb is set equal to PicOrderCntMsb of prevTidOPic.

The variable PicOrderCntMsb of the current picture is derived as follows:

—  Ifthe current picture is an IRAP picture with NoRaslOutputFlag equal to 1, PicOrderCntMsb is set equal to 0.

—  Otherwise, PicOrderCntMsb is derived as follows:

if({ slice_pic_order cnt Isb < prevPicOrderCntLsb ) &&

( ( prevPicOrderCntLsb — slice_pic_order cnt Isb ) >= ( MaxPicOrderCntLsb/2)))
PicOrderCntMsb = prevPicOrderCntMsb + MaxPicOrderCntLsb 8-1)
els¢ if( (slice_pic_order cnt Isb > prevPicOrderCntLsb ) &&

( (slice pic_order cnt Isb — prevPicOrderCntLsb ) > ( MaxPicOrderCntLsb / 2 ).)
PicOrderCntMsb = prevPicOrderCntMsb — MaxPicOrderCntLsb
elsg
PicOrderCntMsb = prevPicOrderCntMsb

PicOrder(ntVal is derived as follows:

PicPrderCntVal = PicOrderCntMsb + slice_pic_order cnt Isb (8-2)

NOTE [l — All IDR pictures will have PicOrderCntVal equal to 0 since slice pie,'order cnt Isb is inferred to be 0 for IPR pictures
and prepPicOrderCntLsb and prevPicOrderCntMsb are both set equal to 0.

—_

The value|of PicOrderCntVal shall be in the range of 231 to 23" # 1 Ninclusive. In one CVS, the PicOrderCnt[Val values
for any twp coded pictures shall not be the same.

The function PicOrderCnt( picX ) is specified as follows:
PicPrderCnt( picX ) = PicOrderCntVal of the picture picX (8-3)
The functipon DiffPicOrderCnt( picA, picB ) is specified as follows:
DififPicOrderCnt( picA, picB ) = PicOrdetCnt( picA ) — PicOrderCnt( picB ) (8-4)

The bitstr¢gam shall not contain data that result in values of DiffPicOrderCnt( picA, picB ) used in the decodihg process
that are ndt in the range of —2" to 2'° # 1}inclusive.
NOTE P — Let X be the current pictiice and Y and Z be two other pictures in the same CVS, Y and Z are considered [to be in the
same optput order direction from\X when both DiffPicOrderCnt( X, Y ) and DiffPicOrderCnt( X, Z ) are positive [or both are
negativg.

8.3.2  Decoding process.for reference picture set

This procgss is invoked once per picture, after decoding of a slice header but prior to the decoding of any coding unit and
prior to thg decoding process for reference picture list construction for the slice as specified in clause 8.3.3. This process
may resul{ in,one) or more reference pictures in the DPB being marked as "unused for reference" or "used for| long-term
reference"

NOTE 1 — The RPS is an absolute description of the reference pictures used in the decoding process of the current and future
coded pictures. The RPS signalling is explicit in the sense that all reference pictures included in the RPS are listed explicitly.

A decoded picture in the DPB can be marked as "unused for reference", "used for short-term reference", or "used for
long-term reference", but only one among these three at any given moment during the operation of the decoding process.
Assigning one of these markings to a picture implicitly removes another of these markings when applicable. When a
picture is referred to as being marked as "used for reference", this collectively refers to the picture being marked as "used
for short-term reference" or "used for long-term reference" (but not both).

The variable currPicLayerld is set equal to nuh_layer id of the current picture.

When the current picture is an IRAP picture with NoRaslOutputFlag equal to 1, all reference pictures with nuh_layer id
equal to currPicLayerld currently in the DPB (if any) are marked as "unused for reference".

Short-term reference pictures are identified by their PicOrderCntVal values. Long-term reference pictures are identified
either by their PicOrderCntVal values or their slice pic_order cnt Isb values.
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Five lists of picture order count values are constructed to derive the RPS. These five lists are PocStCurrBefore,
PocStCurrAfter, PocStFoll, PocLtCurr, and PocLtFoll, with NumPocStCurrBefore, NumPocStCurrAfter, NumPocStFoll,
NumPocLtCurr, and NumPocLtFoll number of elements, respectively. The five lists and the five variables are derived as

follows:

—  If the current picture is an IDR picture, PocStCurrBefore, PocStCurrAfter, PocStFoll, PocLtCurr, and PocLtFoll are
all set to be empty, and NumPocStCurrBefore, NumPocStCurrAfter, NumPocStFoll, NumPocLtCurr, and
NumPocLtFoll are all set equal to 0.

—  Otherwise, the following applies:

for(i=0,j=0, k=0; i <NumNegativePics[ CurrRpsldx ] ; i++)

if( UsedByCurrPicSO[ CurrRpsldx J[1])
PocStCurrBefore[ j++ ] = PicOrderCntVal + DeltaPocSO[ CurrRpsldx ][ i ]
else

for

Nu
for

}
Nu

Nu

where Pic

NOTE
short-te
RPS in
num_sh

For each i
requireme

—  Therd
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mPocStCurrBefore = j

1=0,j=0; i <NumPositivePics[ CurrRpsldx ]; i++)
if( UsedByCurrPicS1[ CurrRpsldx ][ i])
PocStCurrAfter[ j++ ] = PicOrderCntVal + DeltaPocS1[ CurrRpsldx ][ i ]
else
PocStFoll[ k++ ] = PicOrderCntVal + DeltaPocS1[ CurrRpsldx ][ i ]
mPocStCurrAfter =j
mPocStFoll = k
i=0,j=0,k=0;1<num long term sps +num long term_pics; i+7#)\{
pocLt =PocLsbLt[ 1]
if( delta poc_msb_present flag[i])
pocLt += PicOrderCntVal — DeltaPocMsbCycleLt[ i | * MaxPicOrderCntLsb —
PicOrderCntVal & ( MaxPicOrder€ntLsb — 1)
if( UsedByCurrPicLt[i]) {
PocLtCurr] j ] = pocLt
CurrDeltaPocMsbPresentFlag[ j++ ] = delta_poe insb_present flag[ i |
} else {
PocLtFoll[ k ] = pocLt
FollDeltaPocMsbPresentFlag[ k++ ] = delta poc_msb present flag[ i ]

b

mPocLtCurr = j
mPocLtFoll =k

DrderCntVal is the picture order count of the current picture as specified in clause 8.3.1.

P — A value of CurrRpsldx\in the range of 0 to num_short term ref pic sets — 1, inclusive, indicates that
rm RPS from the actiye€ SPS for the current layer is being used, where CurrRpsldx is the index of the candidatg
to the list of candidate short-term RPSs signalled in the active SPS for the current layer. CurrRpsId
ort_term_ref pichsefs indicates that the short-term RPS of the current picture is directly signalled in the slice hg

in the rangef 0 to NumPocLtCurr — 1, inclusive, when CurrDeltaPocMsbPresentFlag[ i ] is equal
ht of bitstream conformance that the following conditions apply:

shall-be no j in the range of 0 to NumPocStCurrBefore — 1, inclusive, for which PocLtCurt][ i ]

(8-5)

h candidate

short-term
x equal to
ader.

ol,itisa

s equal to

PocS

CurrBefore[ j 1.

—  There shall be no j in the range of 0 to NumPocStCurrAfter — 1, inclusive, for which PocLtCurr[ i ] is equal to
PocStCurrAfter| j ].

—  There shall be no j in the range of 0 to NumPocStFoll — 1, inclusive, for which PocLtCurr[i] is equal to
PocStFoll[ j ].

—  There shall be no j in the range of 0 to NumPocLtCurr — 1, inclusive, where j is not equal to i, for which
PocLtCurr] i ] is equal to PocLtCurr] j ].

For each i in the range of 0 to NumPocLtFoll — 1, inclusive, when FollDeltaPocMsbPresentFlag[ i ] is equal to 1, it is a
requirement of bitstream conformance that the following conditions apply:

—  There shall be no j in the range of 0 to NumPocStCurrBefore — 1, inclusive, for which PocLtFoll[i] is equal to
PocStCurrBefore] j ].
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There shall be no j in the range of 0 to NumPocStCurrAfter — 1, inclusive, for which PocLtFoll[i] is equal to
PocStCurrAfter| j ].

There shall be no j in the range of 0 to NumPocStFoll — 1, inclusive, for which PocLtFoll[i] is equal to
PocStFoll[ j ].

There shall be no j in the range of 0 to NumPocLtFoll — 1, inclusive, where j is not equal to i, for which
PocLtFoll[ i ] is equal to PocLtFoll[ j ].

There shall be no j in the range of 0 to NumPocLtCurr — 1, inclusive, for which PocLtFoll[i] is equal to
PocLtCurr] j ].

For each i in the range of 0 to NumPocLtCurr — 1, inclusive, when CurrDeltaPocMsbPresentFlag| i ] is equal to 0, it is a
requirement of bitstream conformance that the following conditions apply:

There shall be no j in the range of 0 to NumPocStCurrBefore — 1, inclusive, for which PocLtCurt[ i ] is equal to
( Pocpt€urrBeforef & MaxPicOrderCmtsb—177-

Therg shall be no j in the range of 0 to NumPocStCurrAfter — 1, inclusive, for which PocLtCur[ i] 1s equal to
( PocptCurrAfter[ j ] & ( MaxPicOrderCntLsb — 1) ).

Therg shall be no j in the range of 0 to NumPocStFoll — 1, inclusive, for which PoeLtCurr[i] i$ equal to
( PocBtFoll[ j ] & ( MaxPicOrderCntLsb — 1) ).

Therg shall be no j in the range of 0 to NumPocLtCurr — 1, inclusive, where jjis/not equal to i, |[for which
PocLCurr] 1] is equal to ( PocLtCurr[ j ] & ( MaxPicOrderCntLsb — 1) ).

For each ilin the range of 0 to NumPocLtFoll — 1, inclusive, when FollDeltaPocMsbPresentFlag[ i | is equal fo 0, it is a

requiremeht of bitstream conformance that the following conditions apply:

Therg shall be no j in the range of 0 to NumPocStCurrBefore — 1, ificlusive, for which PocLtFoll[i] {s equal to
( PocptCurrBefore[ j ] & ( MaxPicOrderCntLsb —1)).

Therg shall be no j in the range of 0 to NumPocStCurrAftes'< 1, inclusive, for which PocLtFoll[i] is equal to
( PocptCurrAfter[ j ] & ( MaxPicOrderCntLsb — 1) ).

Therg shall be no j in the range of 0 to NumPocStEoll — 1, inclusive, for which PocLtFoll[i] i$ equal to
( PocptFoll[ j ] & ( MaxPicOrderCntLsb— 1) ).

Therg shall be no j in the range of 0 to NumPocLtFoll — 1, inclusive, where j is not equal to i, [for which
PocL}Foll[ i ] is equal to ( PocLtFoll[ j | & ( MaxPicOrderCntLsb — 1) ).

Therg shall be no j in the range of 0(to NumPocLtCurr — 1, inclusive, for which PocLtFoll[i] i$ equal to
( PocftCurt] j ] & ( MaxPicOrderCntlhgb — 1) ).

The varialjle NumPicTotalCurr is deriyved as specified in clause 7.4.7.2. It is a requirement of bitstream conformance that

the followjng applies to the value of NumPicTotalCurr:

If the|current picture is a BRA or CRA picture, the value of NumPicTotalCurr shall be equal to 0.

Othefwise, when thecurrent picture contains a P or B slice, the value of NumPicTotalCurr shall not be eq

The RPS| of the gurrent picture consists of five RPS lists; RefPicSetStCurrBefore, RefPicSetStCurrAfter,
RefPicSetptFoll, «RefPicSetLtCurr and RefPicSetLtFoll. RefPicSetStCurrBefore, RefPicSetStCurrAffter, and
RefPicSetptFoll-are collectively referred to as the short-term RPS. RefPicSetLtCurr and RefPicSetLtFoll are cpllectively

referred to as'thelong-term RPS.

aDRofD. C o e\ a aa-d-RafPRial o
3 t

NOTE efPie —aHird HrE-contatna epee-preturesthatmasd be used for
inter prediction of the current picture and one or more pictures that follow the current picture in decoding order. RefPicSetStFoll
and RefPicSetLtFoll consist of all reference pictures that are not used for inter prediction of the current picture but may be used in
inter prediction for one or more pictures that follow the current picture in decoding order.

The derivation process for the RPS and picture marking are performed according to the following ordered steps:

1. The following applies:

for(i=0; 1 < NumPocLtCurr; i++)
if( !CurrDeltaPocMsbPresentFlag[ i ])
if( there is a reference picture picX in the DPB with PicOrderCntVal & ( MaxPicOrderCntLsb — 1)
equal to PocLtCurr[ i ] and nuh_layer_id equal to currPicLayerld )
RefPicSetLtCurr| i | = picX
else
RefPicSetLtCurr| i | = "no reference picture"
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else
if( there is a reference picture picX in the DPB with PicOrderCntVal equal to PocLtCurr| i ]
and nuh_layer id equal to currPicLayerld )
RefPicSetLtCurt][ i ] = picX
else
RefPicSetLtCurr[ i ] = "no reference picture" (8-6)
for( 1= 0; 1 <NumPocLtFoll; i++)
if( !FollDeltaPocMsbPresentFlag[ i ])
if( there is a reference picture picX in the DPB with PicOrderCntVal & ( MaxPicOrderCntLsb — 1)
equal to PocLtFoll[ i ] and nuh_layer id equal to currPicLayerld )
RefPicSetLtFoll[ i ] = picX
else
RefPicSetLtFoll[ i ] = "no reference picture”
else

Tf(There S a reference pictuie picX i the DP B Wit PicOrdercntval equat 1o PocLtE ol 1]
and nuh_layer id equal to currPicLayerld )
RefPicSetLtFoll[ i ] = picX
else
RefPicSetLtFoll[ i ] = "no reference picture"

[\S)
>

11 reference pictures that are included in RefPicSetLtCurr or RefPicSetLtFoll and tiave nuh layer 1d equal to
hrrPicLayerld are marked as "used for long-term reference".

[e]

3. The following applies:
fi

r( i=0; i < NumPocStCurrBefore; i++)
if( there is a short-term reference picture picX in the DPB
with PicOrderCntVal equal to PocStCurrBefore[ i ] and'nuh_layer id equal to currPicLalyerld )
RefPicSetStCurrBefore[ i ] = picX
else
RefPicSetStCurrBefore[ 1 | = "no reference picturg"

for( 1= 0; i < NumPocStCurrAfter; i++)
if( there is a short-term reference picture picX in the DPB
with PicOrderCntVal equal to PocSf€urrAfter| i ] and nuh_layer id equal to currPicLaygrld )
RefPicSetStCurrAfter[ i ] = picX
else
RefPicSetStCurrAfter[ i ] = "no-teference picture" (8-7)

for( 1= 0; i < NumPocStFoll; i++)
if( there is a short-term referénce picture picX in the DPB
with PicOrderCntyal equal to PocStFoll[ i ] and nuh_layer id equal to currPicLayerld )
RefPicSetStFoll] i°],= picX
else
RefPicSetStEoll[ i ] = "no reference picture"

4. All reference. pictures in the DPB that are not included in RefPicSetLtCurr, RefPigSetLtFoll,
RefPicSetSt€urrBefore, RefPicSetStCurrAfter, or RefPicSetStFoll and have nuh layer id |equal to
cprrPicLayerld are marked as "unused for reference".
NOTE # — There.may be one or more entries in the RPS lists that are equal to "no reference picture" because the cofresponding
pictureg aremot present in the DPB. Entries in RefPicSetStFoll or RefPicSetLtFoll that are equal to "no reference picture" should
be igndred: "An unintentional picture loss should be inferred for each entry in RefPicSetStCurrBefore, RefPicSetStCurrAfter, or
RefPicSetLtCurr that is equal to "no reference picture".

NOTE 5 — A picture cannot be included in more than one of the five RPS lists.

It is a requirement of bitstream conformance that the RPS is restricted as follows:

—  There shall be no entry in RefPicSetStCurrBefore, RefPicSetStCurrAfter, or RefPicSetLtCurr for which one or more
of the following are true:

—  The entry is equal to "no reference picture".
—  The entry is an SLNR picture and has Temporalld equal to that of the current picture.
—  The entry is a picture that has Temporalld greater than that of the current picture.

—  There shall be no entry in RefPicSetLtCurr or RefPicSetLtFoll for which the difference between the picture order
count value of the current picture and the picture order count value of the entry is greater than or equal to 2%*.
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When the current picture is a TSA picture, there shall be no picture included in the RPS with Temporalld greater
than or equal to the Temporalld of the current picture.

When the current picture is an STSA picture, there shall be no picture included in RefPicSetStCurrBefore,
RefPicSetStCurrAfter, or RefPicSetLtCurr that has Temporalld equal to that of the current picture.

When the current picture is a picture that follows, in decoding order, an STSA picture that has Temporalld equal to
that of the current picture, there shall be no picture that has Temporalld equal to that of the current picture included
in RefPicSetStCurrBefore, RefPicSetStCurrAfter, or RefPicSetLtCurr that precedes the STSA picture in decoding
order.

When the current picture is a CRA picture, there shall be no picture included in the RPS that precedes, in output
order or decoding order, any preceding IRAP picture in decoding order (when present).

When the current picture is a trailing picture, there shall be no picture in RefPicSetStCurrBefore,
RefPicSetStCurrAfter, or RefPicSetLtCurr that was generated by the decoding process for generating unavailable
refergnce pictures as specified in clause 8.3.3.

When| the current picture is a trailing picture, there shall be no picture in the RPS that precedes the(associpted IRAP
pictufe in output order or decoding order.

Wher| the current picture is a RADL picture, there shall be no picture included in.‘RefPicSetStCurrBefore,
RefPicSetStCurrAfter, or RefPicSetLtCurr that is any of the following:

-{ A RASL picture

-| A picture that was generated by the decoding process for generating’ unavailable reference pictures as
specified in clause 8.3.3

- A picture that precedes the associated IRAP picture in decoding\order
When sps_temporal_id nesting_flag is equal to 1, the following applies:
—{ Let tIdA be the value of Temporalld of the current pictire’picA.

- Any picture picB with Temporalld equal to tIdB that is less than or equal to tIdA shall not be ipcluded in
RefPicSetStCurrBefore, RefPicSetStCurrAfter, “or’ RefPicSetLtCurr of picA when there exist{y a picture
picC that has Temporalld less than tIdB, folléws picB in decoding order, and precedes picA i decoding
order.

This proc¢ss is invoked once per coded\picture when the current picture is a BLA picture or is a CRA picture with

NoRaslOytputFlag equal to 1.

When this|precess is invoked, the following applies:

NOTE } This process is primarily, specified only for the specification of syntax constraints for RASL pictures.| The entire
specifidation of the decoding preeess for RASL pictures associated with an IRAP picture that has NoRaslOutputFlag dqual to 1 is
includefl herein only for putposes of specifying constraints on the allowed syntax content of such RASL pictures.|During the
decodirlg process, any RAST pictures associated with an IRAP picture that has NoRaslOutputFlag equal to 1 may be|ignored, as
these pjctures are not-specified for output and have no effect on the decoding process of any other pictures that are specified for
output. |[However, mHRD operations as specified in Annex C, RASL access units may need to be taken into consjderation in
derivatjon of CPB arrival and removal times.

For eachr RefPicSetStFolif 11, with T im tire Tange of Oto NumPocStFoit=1; nciusive; that s equat to*mo reference
picture", a picture is generated as specified in clause 8.3.3.2, and the following applies:

—  The value of PicOrderCntVal for the generated picture is set equal to PocStFoll[ i ].

—  The value of PicOutputFlag for the generated picture is set equal to 0.

—  The generated picture is marked as "used for short-term reference".

— RefPicSetStFoll[ i ] is set to be the generated reference picture.

—  The value of nuh_layer id for the generated picture is set equal to nuh_layer id of the current picture.

For each RefPicSetLtFoll[ i ], with i in the range of 0 to NumPocLtFoll — 1, inclusive, that is equal to "no reference
picture", a picture is generated as specified in clause 8.3.3.2, and the following applies:

—  The value of PicOrderCntVal for the generated picture is set equal to PocLtFoll[ i ].
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The value of slice pic order cnt Isb for the generated picture is inferred to be equal to ( PocLt
( MaxPicOrderCntLsb — 1) ).

The value of PicOutputFlag for the generated picture is set equal to 0.
The generated picture is marked as "used for long-term reference".

RefPicSetLtFoll[ i ] is set to be the generated reference picture.

Foll[i] &

The value of nuh_layer id for the generated picture is set equal to nuh_layer id of the current picture.

8.3.3.2 Generation of one unavailable picture

When this process is invoked, an unavailable picture is generated as follows:
—  The value of each element in the sample array S; for the picture is set equal to 1 << ( BitDepthy — 1).
—  Whe . T o) & the picture
is setlequal to 1 << ( BitDepthc — 1).
—  The prediction mode CuPredMode[ x J[ y ] is set equal to MODE JINTRA for
x = 0f.pic_width_in_luma samples — 1, y = 0..pic_height in luma samples — 1.
8.3.4  Decoding process for reference picture lists construction
This procdss is invoked at the beginning of the decoding process for each P or B slice.
Reference|pictures are addressed through reference indices as specified in clause 8.5/3.3-2. A reference index {s an index
into a refeyence picture list. When decoding a P slice, there is a single reference picture list RefPicList0. When decoding
a B slice, there is a second independent reference picture list RefPicListl in addition to RefPicList0.
At the beginning of the decoding process for each slice, the reference*picture lists RefPicList0 and, for B slices,
RefPicListl are derived as follows:
The varialple NumRpsCurrTempList0 is set equal to Max( num_ref idx 10 active minusl + 1, NumPicTotalCurr ) and
the list RefPicListTempO is constructed as follows:
rldx=0
while( rldx < NumRpsCurrTempList0 ) {
for( i =0; i < NumPocStCurrBefore && rldx < NumRpsCurrTempList0; rIdx++, i++)
RefPicListTempO[ rldx ] = RefPicSetStCurrBefore| i ]
for(1=0; i <NumPocStCurrAfter &&\rldx < NumRpsCurrTempList0; rldx++, i++ ) (8-8)
RefPicListTempO[ rldx | = RefRicSetStCurrAfter[ i ]
for(1=0; i <NumPocLtCurr &&-rldx < NumRpsCurrTempList0; rIdx++, i++ )
RefPicListTempO[ rldx ] =ReéfPicSetLtCurr| i ]
}
The list R¢fPicList0 is constructed\as follows:
for{ rIdx = 0; rldx <# num_ref idx 10 active minusl; rldx++) (8-9)
RefPicListO[ rldx | = ref pic list modification flag 10 ? RefPicListTempO[ list entry 10[ rIdx ]]:
RefPicListTempO[ rldx ]
When he slice” is a B slice, the wvariable NumRpsCurrTempListl is set dqual to
Max( nurrijref_idx_ll_active_minus1 + 1, NumPicTotalCurr ) and the list RefPicListTemp]1 is constructed as follows:
rldk =0
while( rldx < NumRpsCurrTempListl ) {
for(i=0; i <NumPocStCurrAfter && rldx < NumRpsCurrTempListl; rldx++, i++)
RefPicListTempl[ rldx ] = RefPicSetStCurrAfter| i |
for(i=0; i <NumPocStCurrBefore && rldx < NumRpsCurrTempListl; rldx++, i++) (8-10)
RefPicListTempl[ rldx ] = RefPicSetStCurrBefore[ i ]
for(1=0; i <NumPocLtCurr && rldx < NumRpsCurrTempListl; rldx++, i++ )
RefPicListTemp1[ rldx ] = RefPicSetLtCurr| i ]
H
When the slice is a B slice, the list RefPicList1 is constructed as follows:
for( rIdx = 0; rldx <= num_ref idx 11 active minusl; rldx++) (8-11)

112

RefPicList][ rIdx | = ref pic_list modification flag 11 ? RefPicListTempl[ list entry 11[ rIdx ] ]:
RefPicListTempl[ rldx ]
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8.3.5  Decoding process for collocated picture and no backward prediction flag

This process is invoked at the beginning of the decoding process for each P or B slice, after decoding of the slice header
as well as the invocation of the decoding process for reference picture set as specified in clause 8.3.2 and the invocation
of the decoding process for reference picture list construction for the slice as specified in clause 8.3.4, but prior to the
decoding of any coding unit.

When slice_temporal mvp enabled flag is equal to 1, the variable ColPic is derived as follows:

— If slice type is equal to B and collocated from 10 flag is equal to 0, ColPic is set equal to
RefPicList1[ collocated ref idx ].

—  Otherwise (slice_type is equal to B and collocated from 10 flag is equal to 1, or slice type is equal to P), ColPic is
set equal to RefPicListO[ collocated ref idx ].

The variable NoBackwardPredFlag is derived as follows:

—  If DiffPicOrderCnt( aPic, CurrPic ) is less than or equal to O for each picture aPic in RefPicList0 or RefPicListl of
the cyrrent slice, NoBackwardPredFlag is set equal to 1.

—  Otheqwise, NoBackwardPredFlag is set equal to 0.

8.4 Decoding process for coding units coded in intra prediction mode

8.4.1  (eneral decoding process for coding units coded in intra prediction mode
Inputs to this process are:

— a lumq location ( xCb, yCb ) specifying the top-left sample of the current luma' coding block relative to the top-left
luma spmple of the current picture,

— avariaple log2CbSize specifying the size of the current luma coding ble¢k.
Output of this process is a modified reconstructed picture before deblocking filtering.

The derivption process for quantization parameters as specified in clause 8.6.1 is invoked with the luma location
(xCb, yCb ) as input.

A variablg nCbS is set equal to 1 << log2CbSize.

Depending on the values of pem flag[ xCb ][ yCb]* and IntraSplitFlag, the decoding process for luma $amples is
specified gs follows:

— If pem| flag[ xCb ][ yCb ] is equal to 1, the'veconstructed picture is modified as follows:

SE[xCb+i][yCb+j]=
pecm_sample luma[ (nCbS *j)+i] << ( BitDepthy — PcmBitDepthy ), with i, j = 0..nCbS — 1 (8-12)

— Otherwyise (pcm_flag[ xCb J[fyCb ] is equal to 0), if IntraSplitFlag is equal to 0, the following ordered steps apply:

1. The derivation pracess for the intra prediction mode as specified in clause 8.4.2 is invoked with the luma
Igcation ( xCb,yCb") as input.

2. The general"decoding process for intra blocks as specified in clause 8.4.4.1 is invoked with the luma location
(KCb, yE&by), the variable log2TrafoSize set equal to log2CbSize, the variable trafoDepth set equal to 0, the
vhriable JpredModelntra set equal to IntraPredModeY[ xCb ][ yCb ], and the variable cldx set eqal to O as
ifjputss’and the output is a modified reconstructed picture before deblocking filtering.

— Otherwise (pcm_flag[ xCb ][ yCb ] is equal to 0 and IntraSplitFlag is equal to 1), for the variable blkldx proceeding
over the values 0..3, the following ordered steps apply:

1. The variable xPb is set equal to xCb + ( nCbS >> 1) * ( blkldx % 2 ).
2. The variable yPb is set equal to yCb + (nCbS >> 1) * (blkldx /2).

3. The derivation process for the intra prediction mode as specified in clause 8.4.2 is invoked with the luma
location ( xPb, yPb ) as input.

4. The general decoding process for intra blocks as specified in clause 8.4.4.1 is invoked with the luma location
( xPb, yPb ), the variable log2TrafoSize set equal to log2CbSize — 1, the variable trafoDepth set equal to 1, the
variable predModelntra set equal to IntraPredModeY[ xPb ][ yPb ], and the variable cldx set equal to 0 as
inputs, and the output is a modified reconstructed picture before deblocking filtering.

When ChromaArrayType is not equal to 0, the following applies.
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The variable 10g2CbSizeC is set equal to 1og2CbSize — ( ChromaArrayType == 3?0:1).

Depending on the values of pcm_flag[ xCb ][ yCb ] and IntraSplitFlag, the decoding process for chroma samples is
specified as follows:

— Ifpem_flag[ xCb ][ yCb ] is equal to 1, the reconstructed picture is modified as follows:
Scp[ XCb / SubWidthC + i ][ yCb / SubHeightC +j ] =

pem_sample _chroma[ ( nCbS / SubWidthC * j ) +1i] << ( BitDepthc — PcmBitDepthc ),
with 1= 0..nCbS / SubWidthC — 1 and j = 0..nCbS / SubHeightC — 1

Sc:[ xCb / SubWidthC +1 ][ yCb / SubHeightC +j ] =

pem_sample_chroma[ ( nCbS / SubWidthC * (j + nCbS / SubHeightC ) ) +1i] <<
( BitDepthc — PcmBitDepthc ),

with 1 = 0.nCbS / SubWidthC — 1 and j = 0..nCbS / SubHeightC — 1
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he variable yPb is set equal to yCb + ( nCbS %) * (blkldx /2).
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XPb, yPb ), the variable log2TrafoSize set equal to log2CbSizeC — 1, the variable trafoDepth set equ
hriable predModelntra set equal to IntraPredModeC, and the variable cldx set equal to 2 as inpu
hitput is a medified reconstructed picture before deblocking filtering.
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In this process, the luma intra prediction mode IntraPredModeY[ xPb ][ yPb ] is derived.

Table 8-1 specifies the value for the intra prediction mode and the associated names.
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Table 8-1 — Specification of intra prediction mode and associated names

Intra prediction mode Associated name
0 INTRA PLANAR
1 INTRA DC
2.34 INTRA ANGULAR2.INTRA ANGULAR34
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IntraPredModeY|[ xPb ][ yPb ] labelled 0..34 represents directions of predictions as illustrated in Figure 8-1.
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1 :Intra_DC

Figure 8-1 — Intra prediction modediréctions (informative)

IntraPredNodeY[ xPb ][ yPb ] is derived by the following-efdered steps:

1. The neighbouring locations ( xXNbA, yNbA») and (xNbB,yNbB) are set equal to (xPb—1,yPb) and
xPb, yPb — 1), respectively.

~

2. Fpr X being replaced by either A or B{ the variables candIntraPredModeX are derived as follows:

- The availability derivation pracess for a block in z-scan order as specified in clause 6.4.1 is invok¢d with the
location ( xCurr, yCurr ) setequal to ( xPb, yPb ) and the neighbouring location ( xXNbY, yNbY ) set equal to
( xNbX, yNbX ) as inputs, and the output is assigned to availableX.

— The candidate intraprediction mode candIntraPredModeX is derived as follows:
— If availableX'is equal to FALSE, candIntraPredModeX is set equal to INTRA DC.

— Otherwise, if CuPredMode[ xNbX J[yNbX] is not equal to MODE INJRA or
pemiflag] xXNbX ][ yNbX ] is equal to 1, candIntraPredModeX is set equal to INTRA DC,

— \Otherwise, if X is equal to B and yPb — 1 is less than ( (yPb >> CtbLog2SizeY ) << CtbLog2SizeY ),
candIntraPredModeB is set equal to INTRA DC.

— Otherwise, candIntraPredModeX is set equal to IntraPredModeY[ xNbX ][ yNbX ].
3. The candModeList[ x ] with x = 0..2 is derived as follows:

—  If candIntraPredModeB is equal to candIntraPredModeA, the following applies:

— If candIntraPredModeA is less than 2 (i.e,, equal to INTRA PLANAR or INTRA DC),
candModeList[ x ] with x =0..2 is derived as follows:

candModeList[ 0 ] =INTRA PLANAR (8-15)
candModeList[ 1 ]=INTRA DC (8-16)
candModeList[ 2 ] = INTRA_ANGULAR26 (8-17)

—  Otherwise, candModeList[ x ] with x =0..2 is derived as follows:
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candModeList[ 0 | = candIntraPredModeA (8-18)
candModeList[ 1 ] =2 + ( ( candIntraPredModeA + 29 ) % 32) (8-19)
candModeList[ 2 ] =2 + ( ( candIntraPredModeA —2 + 1) % 32) (8-20)

—  Otherwise (candIntraPredModeB is not equal to candIntraPredModeA), the following applies:
— candModeList[ 0 ] and candModeList[ 1 ] are derived as follows:
candModeList[ 0 ] = candIntraPredModeA (8-21)
candModeList[ 1 ] = candIntraPredModeB (8-22)

— If neither of candModeListf 0] and candModeList[ 1] is equal to INTRA PLANAR,
candModeList[ 2 ] is set equal to INTRA PLANAR,

Otherwise—H—neither—of candModelistf 0 and—ecandMeodelis 1s—equa TRA DC,
candModeList[ 2 ] is set equal to INTRA DC,

—  Otherwise, candModeList[ 2 ] is set equal to INTRA ANGULAR?26.

4. IptraPredModeY] xPb ][ yPb ] is derived by applying the following procedure:

-{ Ifprev intra luma pred flag[ xPb ][ yPb ] is equal to 1, the IntraPredModeY[xPb ][ yPb ] is spt equal to
candModeList[ mpm_idx ].

Otherwise, IntraPredModeY[ xPb ][ yPb ] is derived by applying the following ordered steps:
1) The array candModeList[ x ], x =0..2 is modified as the following ordered steps:
i.  When candModeList[ 0 ] is greater than candModeList[* "]/ both values are swapped as fgllows:
( candModeList[ 0 ], candModeList[ 1 ] ) = Swap(.candModeList[ 0 ], candModeList[ 1 ]) (8-23)
ii. ~ When candModeList[ 0 ] is greater than candMedeList[ 2 ], both values are swapped as follows:
( candModeList[ 0 ], candModeList[ 2 ] ) == Swap( candModeList[ 0 ], candModeList[ 2 ]|) (8-24)
iii. ~ When candModeList[ 1 ] is greater than,candModeList[ 2 ], both values are swapped as f¢llows:
( candModeList[ 1 ], candModeList[*2 ] ) = Swap( candModeList[ 1 ], candModeList[ 2 ]|) (8-25)
2) IntraPredModeY[ xPb ][ yPb ] isidetived by the following ordered steps:
i.  IntraPredModeY[ xPb ][yPb ] is set equal to rem_intra_luma_pred mode[ xPb ][ yPb ].

ii.  For i equal to 0 to.2"inclusive, when IntraPredModeY[ xPb ][ yPb | is greater than dr equal to
candModeList[ i(], the value of IntraPredModeY[ xPb ][ yPb ] is incremented by one.

8.4.3  Derivation process forcliroma intra prediction mode
This procdss is only invoked when ChromaArrayType is not equal to 0.

Input to this process is-a‘luma location ( xPb, yPb ) specifying the top-left sample of the current chroma predigtion block
relative to[the top-leftJuma sample of the current picture.

Output of this proeess is the variable IntraPredModeC.

The variaple‘miodeldx is derived using intra chroma pred mode[ xPb ][ yPb ] and IntraPredModeY[ xPb |[ yPb ] as
specified in Table 8-2.

The chroma intra prediction mode IntraPredModeC is derived as follows:
— If ChromaArrayType is equal to 2, IntraPredModeC is set using modeldx as specified in Table 8-3.

— Otherwise, IntraPredModeC is set equal to modeldx.
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Table 8-2 — Specification of modeldx

IntraPredModeY[ xPb |[ yPb ]
intra_chroma_pred_mode[ xPb ][ yPb ]
0 26 10 1 X(0<=X<=34)

0 34 0 0 0 0
1 26 | 34 26 | 26 26
2 10 10 34 10 10
3 1 1 1 34 1
4 0 26 10 1 X

Table 8-3 — Specification of intraPredModeC when ChromaArrayType is equal to 2

modeldx X <=2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
IntraPrédModeC X 2 2 2 3 5 7 8 10 12 13 15 17 18 19 20
modeldx 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
IntraPrédModeC 21 22 23 23 24 24 25 25 26 27 27 28 28 29 29 30 31

8.4.4  Decoding process for intra blocks

8.4.4.1 (eneral decoding process for intra blocks
Inputs to this process are:

— a samyjle location ( xTb0, yTb0 ) specifying the top-left sample of the current transform block relative to the top-left
samplq of the current picture,

— avariaple log2TrafoSize specifying the size of the gurrent transform block,

— avariaple trafoDepth specifying the hierarchy depth of the current block relative to the coding unit,
— avariaple predModelntra specifying the intra’prediction mode,

— avariaple cldx specifying the colour.component of the current block.

Output of this process is a modified reconstructed picture before deblocking filtering.

The luma pample location ( xXTbY.,'yTbY ) specifying the top-left sample of the current luma transform block|relative to
the top-left luma sample of the'ctirrent picture is derived as follows:

(xTbY, yTbY )=¢cldx == 0)? (xTb0, yTb0 ) : (xTb0 * SubWidthC, yTb0 * SubHeightC ) (8-26)
The variable splitElag)is derived as follows:

— If cldx]is edual'to 0, splitFlag is set equal to split transform_flag[ xTbY ][ yTbY ][ trafoDepth ].

—  Otherwiskif all of the following conditions are trne _splitFlag is set equal to |
—  cldx is greater than 0
—  split_transform_flag[ xTbY ][ yTbY ][ trafoDepth ] is equal to 1
—  log2TrafoSize is greater than 2
— Otherwise, splitFlag is set equal to 0.
Depending on the value of splitFlag, the following applies:
— If splitFlag is equal to 1, the following ordered steps apply:
1. The variables xTb1 and yTb1 are derived as follows:

— Ifcldx is equal to 0 or ChromaArrayType is not equal to 2, the following applies:
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—  The variable xTbl is set equal to xTb0 + (1 << (log2TrafoSize —1)).
—  The variable yTbl is set equal to yTb0 + (1 << (log2TrafoSize —1)).
—  Otherwise (ChromaArrayType is equal to 2 and cldx is greater than 0), the following applies:
—  The variable xTbl is set equal to xTb0 + (1 << (log2TrafoSize —1)).
—  The variable yTbl is set equal to yTb0 + (2 << (log2TrafoSize —1)).

The general decoding process for intra blocks as specified in this clause is invoked with the location
(xTb0, yTbO0 ), the variable log2TrafoSize set equal to log2TrafoSize — 1, the variable trafoDepth set equal to
trafoDepth + 1, the intra prediction mode predModelntra, and the variable cldx as inputs, and the output is a
modified reconstructed picture before deblocking filtering.

The general decoding process for intra blocks as specified in this clause is invoked with the location
(xThl, yTh0), the variable log2TrafoSize set equal to log2TrafoSize — 1, the variable trafoDepth set equal to
tqpfoDepth + 1, the intra prediction mode predModelntra, and the variable cldx as inputs, and thie\putput is a
njodified reconstructed picture before deblocking filtering.

he general decoding process for intra blocks as specified in this clause is invoked® with the location
kTb0, yTbl ), the variable log2TrafoSize set equal to log2TrafoSize — 1, the variable-rafoDepth s¢t equal to
afoDepth + 1, the intra prediction mode predModelntra, and the variable cldx as iaputs, and the utput is a
odified reconstructed picture before deblocking filtering.

= 7 —]

he general decoding process for intra blocks as specified in this clause,is invoked with the location
kTb1, yTbl ), the variable log2TrafoSize set equal to log2TrafoSize — 1,<the variable trafoDepth s¢t equal to
afoDepth + 1, the intra prediction mode predModelntra, and the variable*cldx as inputs, and the ¢utput is a
odified reconstructed picture before deblocking filtering.

S~ 3

=

— Otherwise  (splitFlag is equal to 0), for the wvariable blkldx proceeding dver the

values|0..( cldx > 0 && ChromaArrayType == 2? 1:0), the following ordered steps apply:
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—

he variable nTbS is set equal to 1 << log2TrafoSize.
he variable yTbOffset is set equal to blkIdx * nTbSc
he variable yTbOffsetY is set equal to yTbOffset®*’SubHeightC.

= o -

he variable residualDpcm is derived as follows:
—{ If all of the following conditions are-friie, residualDpem is set equal to 1.
— implicit_rdpcm_enabled . flag-is equal to 1.

— either  transform skipflag[ xTbY ][ yTbY + yTbOffsetY J[cldx ] is equal to I, or
cu_transquant_bypass/ flag is equal to 1.

— either predModelntra is equal to 10, or predModelntra is equal to 26.
—| Otherwise, residualDpcm is set equal to 0.

The general infra sample prediction process as specified in clause 8.4.4.2.1 is invoked with the transform block
Igcation ( XTb0, yTb0 + yTbOffset ), the intra prediction mode predModelntra, the transform block pize nTbS,
hd the variable cldx as inputs, and the output is an (nTbS)x(nTbS) array predSamples.

& Scaling and transformation process as specified in clause 8.6.2 is invoked with the lump location
b b he—vartabletrafoDepththe—vartab dx—a he—trans ize-trafoSize set

equal to nTbS as inputs, and the output is an (nTbS)x(nTbS) array resSamples.
When residualDpcem is equal to 1, the directional residual modification process for blocks using a transform
bypass as specified in clause 8.6.5 is invoked with the variable mDir set equal to predModelntra /26, the
variable nTbS, and the (nTbS)x(nTbS) array r set equal to the array resSamples as inputs, and the output is a

modified (nTbS)x(nTbS) array resSamples.

When cross_component_prediction_enabled flag is equal to 1, ChromaArrayType is equal to 3, and cldx is not
equal to 0, the residual modification process for transform blocks using cross-component prediction as specified
in clause 8.6.6 is invoked with the current luma transform block location ( xXTbY, yTbY ), the variable nTbS, the
variable cldx, the (nTbS)x(nTbS) array ry set equal to the corresponding luma residual sample array resSamples
of the current transform block, and the (nTbS)x(nTbS) array r set equal to the array resSamples as inputs, and
the output is a modified (nTbS)x(nTbS) array resSamples.
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The picture construction process prior to in-loop filtering for a colour component as specified in clause 8.6.7 is
invoked with the transform block location ( xTb0, yTb0 + yTbOffset ), the variables nCurrSw and nCurrSh both
set equal to nTbS, the variable cldx, the (nTbS)x(nTbS) array predSamples, and the (nTbS)x(nTbS) array

resSamples as inputs.
8.4.4.2 Intra sample prediction

8.4.4.2.1 General intra sample prediction

Inputs to this process are:

— a sample location ( xXTbCmp, yTbCmp ) specifying the top-left sample of the current transform block relative to the

top-left sample of the current picture,

— avariable predModelntra specifying the intra prediction mode,

— a variaptenTbSspecifymg thetramsfornm btock size;
— avariaple cldx specifying the colour component of the current block.
Outputs of this process are the predicted samples predSamples[ x ][ y ], with x, y = 0..nTbS — 1.
The nTbS|* 4 + 1 neighbouring samples p[ x ][ y ] that are constructed samples prior to the deblocking filt¢r process,
withx=—l,y=—1..nTbS *2 — 1 and x = 0..nTbS * 2 — 1, y = —1, are derived as follows:
— The ndighbouring location ( xNbCmp, yNbCmp ) is specified by:
( xINbCmp, yNbCmp ) = (xTbCmp + x, yTbCmp +y ) (8-27)
— The cfrrent luma location (xTbY, yTbY ) and the neighbouring luma Jocation (xNbY, yNbY ) are {lerived as
folloyvs:
(xTbY, yTbY ) =
(cldx == 0)? (xTbCmp, yTbCmp ) : ( xTbCmp * SubWidthC, yTbCmp * SubHeightC ) (8-28)
(xINbY, yNbY ) =
(cldx == 0)? (xNbCmp, yNbCmp ) : ( xNbCmp * SubWidthC, yNbCmp * SubHeightC ) (8-29)
— The availability derivation process for a block in z-sgan‘order as specified in clause 6.4.1 is invoked with the current
luma 1pcation ( xCurr, yCurr ) set equal to ( xTbYs yTbY ) and the neighbouring luma location ( xNbY, yNbY ) as
inputs,|and the output is assigned to availableN.
— Each shmple p[ x ][ y ] is derived as follows:
—  Iff one or more of the following conditions are true, the sample p[ x ][ y ] is marked as "not available for intra
prediction":
—|  The variable availableN is equal to FALSE.
—|  CuPredMode[ xNBY ][ yNbY ] is not equal to MODE INTRA and constrained intra pred fldg is equal
to 1.
—  Qtherwise, the sample p[ x ][ y ] is marked as "available for intra prediction" and the sample at the location
(KNbCmp{yNbCmp ) is assigned to p[ x ][ ¥ ]
When at Igast gnie'sample p[ x ][ y ] with x=—1, y=—1..nTbS * 2 — 1 and x = 0.nTbS * 2 — 1, y =—1 is marked as "not
available forfintra prediction", the reference sample substitution process for intra sample prediction in clause §.4.4.2.2 is
invoked with-the-samplesploc iy withse——t5——1-51TbS = 2 =1 and e —0-nTbSE 2= —==1-uTbS;dand cldx as

inputs, and the modified samples p[ x ][ y ] withx =—1,y=—1..nTbS * 2 — 1 and x =0..nTbS * 2 — 1, y =—1 as output.

Depending on the value of predModelntra, the following ordered steps apply:
1. When intra_smoothing_disabled flag is equal to 0 and either cldx is equal to 0 or ChromaArrayType

is equal to

3, the filtering process of neighbouring samples specified in clause 8.4.4.2.3 is invoked with the sample array p,
the transform block size nTbS, and the colour component index cldx as inputs, and the output is reassigned to

the sample array p.

2. The intra sample prediction process according to predModelntra applies as follows:

—  If predModelntra is equal to INTRA PLANAR, the corresponding intra prediction mode specified in
clause 8.4.4.2.4 is invoked with the sample array p and the transform block size nTbS as inputs, and the

output is the predicted sample array predSamples.
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—  Otherwise, if predModelntra is equal to INTRA DC, the corresponding intra prediction mode specified in
clause 8.4.4.2.5 is invoked with the sample array p, the transform block size nTbS, and the colour
component index cldx as inputs, and the output is the predicted sample array predSamples.

—  Otherwise (predModelntra is in the range of INTRA ANGULAR2.INTRA ANGULAR34), the
corresponding intra prediction mode specified in clause 8.4.4.2.6 is invoked with the intra prediction mode
predModelntra, the sample array p, the transform block size nTbS, and the colour component index cldx as
inputs, and the output is the predicted sample array predSamples.

8.4.4.2.2 Reference sample substitution process for intra sample prediction
Inputs to this process are:

— reference samples p[x [[y] with x=—1,y=—1.nTbS*2 -1 and x=0..nTbS *2 -1, y=—1 for intra sample
prediction,

— atranptorm block size n'1bS,

— avaripible cldx specifying the colour component of the current block.

a varifible cldx specifying the colour component of the current block.

Outputs ¢f this process are the modified reference samples p[x][y] with x=—-1,y<=~1.nTbS*P -1 and
x =0..nTHS * 2 — 1, y =—1 for intra sample prediction.

The varialyle bitDepth is derived as follows:
— If cldx]is equal to 0, bitDepth is set equal to BitDepthy.
— Otherwise, bitDepth is set equal to BitDepthc.

The valuep of the samples p[ x ][y ] with x=—1,y=—1..nTbS * 2 — 1 and\x = 0..nTbS * 2 — 1, y =—1 are njodified as
follows:

— If all|samples p[x ][y ] with x=-1,y=—1..nTbS * 2 — 1 @nd’x =0..nTbS *2 — 1, y=—1 are mark¢d as "not
available for intra prediction", the value 1 << (' bitDepth —:1\) is substituted for the values of all samples g[ x ][ y ].

— Otherpvise (at least one but not all samples p[ x ][ y] are marked as "not available for intra prediction"), the
following ordered steps are performed:

1. When p[ —1 ][ nTbS * 2 — 1 ] is marked as “not available for intra prediction", search sequentially stdrting from
x]=—1,y=nTbS *2 - 1tox=-1, y=2Iythen from x =0, y=—1 to x=nTbS *2 — 1, y =—1. Oncg a sample
pl x ][ y ] marked as "available for intrayprediction” is found, the search is terminated and the value of p[ x ][ v |
if assigned to p[ —1 ][ nTbS * 2 —J(].

2. Sgarch sequentially starting frontx =—1, y=nTbS *2 —2 to x=—1, y=—1, when p[ x ][ y ] is marKed as "not
ayailable for intra prediction",the value of p[ x ][ y + 1 ] is substituted for the value of p[ x ][ y ].

3. Hor x =0..nTbS * 2 -4,\y = —1, when p[ x ][ y ] is marked as "not available for intra prediction", the value of
pl x — 1 ][ y ] is substituted for the value of p[ x ][ ¥ ]

All samplps p[ x J[ y L.with x=—1,y=—-1.nTbS *2 -1 and x=0..nTbS * 2 — 1, y=—1 are marked as "avpilable for
intra prediction".

8.4.4.2.3 Filtering process of neighbouring samples

Inputs to thisprocess are:

— the neighbouring samples p[ x ][ y ], withx=—1,y=—-1.nTbS *2 -1 and x =0..nTbS *2 - 1,y =—1,
— avariable nTbS specifying the transform block size.

Outputs of this process are the filtered samples pF[x][y], with x=-1,y=—-1.nTbS*2—-1 and
x=0.nTbS*2 -1, y=—1.

The variable filterFlag is derived as follows:

— If one or more of the following conditions are true, filterFlag is set equal to 0:
—  predModelntra is equal to INTRA DC.
— nTbS is equal 4.
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— Otherwise, the following applies:

—  The variable minDistVerHor is set equal to Min( Abs( predModelntra — 26 ), Abs( predModelntra — 10 ) ).

- T
- T

he variable intraHorVerDistThres[ nTbS ] is specified in Table 8-4.
he variable filterFlag is derived as follows:
If minDistVerHor is greater than intraHorVerDistThres[ nTbS ], filterFlag is set equal to 1.

Otherwise, filterFlag is set equal to 0.

Table 8-4 — Specification of intraHorVerDistThres| nTbS ] for various transform block sizes

nTbS =8 nTbS =16 nTbS =32
intraHorVerDistThres| nTbS | 7 1 0

When filte
— The va
- If

— Otherwise, bilntFlag is set equal to 0.

rFlag is equal to 1, the following applies:

riable bilntFlag is derived as follows:

h1] of the following conditions are true, bilntFlag is set equal to 1:
strong_intra_smoothing_enabled flag is equal to 1.
cldx is equal to 0.

nTbS is equal to 32.

Abs(p[—1][-1]+p[nTbS*2—-1][-1]1-2*p[nTbS — 1 jf=1]) is less than 1 << ( BitDepthy —5).
Abs(p[-1][-1]+p[-1][nTbS *2—-1]1-2*p[—1 JfnEbS — 1 ]) is less than 1 << ( BitDepthy —5).

— The filfering is performed as follows:
— If pilntFlag is equal to 1, the filtered sample values pF[ x ][ y ] with x =—1,y=-1..63 and x = 0..63,][y = —1 are
defived as follows:
pPF[—1][-1]=p[-1][—1] (8-30)
PF[-11[y]1=((63—y)*p[ =L [~1]+(y+1)*p[-1][63]+32) >> 6fory=0.62 (8-31)
pF[—1][63 ]=p[—1][63} (8-32)
PF[x[-1]1=((63—x)*p[—-1][-1]+(x+1)*p[63][-1]+32) >> 6forx=0..62 (8-33)
PF[63 ][ -1 ]=p[63][ 1] (8-34)
— Oftherwise (bilntFlagis equal to 0), the filtered sample values pF[ x ][ y ] with x=—1,y=—1..nTbS 2 -1 and
x F 0.nTbS *2)=1, y = —1 are derived as follows:

pF[ LR 1= (p[~1 1[0 ]+2* p[~1 ][ -1 ] +p[0O][~1]+2) >> 2 (8-35)
pEL~F][y]l=(p[-11[y+1]+2*p[-1][yl+p[-1][y—-1]+2) > 2fory=0.nTbS *2—|2 (8-36)
PF[ -1 [ nIbS *2— L ]=pl L] nIbS T 2— 1] (8-37)
pF[x][-1]=(p[x—1][-1]+2*p[x][-1]+p[x+1][-1]+2) >> 2forx=0.nTbS *2 -2 (8-38)
pF[nTbS *2—-1][-1]=p[nTbS *2—-1][ 1] (8-39)

8.4.4.2.4 Specification of intra prediction mode INTRA_PLANAR

Inputs to this process are:

— the neighbouring samples p[ x ][ y ], withx=—1,y=—-1.nTbS *2 -1 and x =0..nTbS *2 - 1,y =—1,

— avariable nTbS specifying the transform block size.

Outputs of this process are the predicted samples predSamples[ x ][ y |, with x, y = 0..nTbS — 1.

The values of the prediction samples predSamples[ x ][ v |, with x, y = 0..nTbS — 1, are derived as follows:
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predSamples[ x [y | =((nTbS—1—-x)*p[-1][y]+(x+1)*p[nTbS][-1]+
(nTbS—1-y)*p[x][-1]+
(y+1)*p[—1][nTbS ]+ nTbS) >> (Log2(nTbS)+1)

8.4.4.2.5 Specification of intra prediction mode INTRA_DC

Inputs to this process are:

— the neighbouring samples p[ x [[y ], withx=—-1,y=—1.nTbS *2 -1l and x=0..nTbS *2 -1, y=—1,
— avariable nTbS specifying the transform block size,

— avariable cldx specifying the colour component of the current block.

Outputs of this process are the predicted samples predSamples[ x ][ y ], with x, y = 0..nTbS — 1.

(8-40)

The values of the prediction samples predSamples[ x ][ v ], with x, y = 0..nTbS — 1, are derived by the following ordered

steps:

1. A variable dcVal is derived as follows:

_ (n1S -1 nTbS -1
dcVal = > pLel-1+ > -1 ¥+ nTbS |>> (k+1)

*'=0 »'=0

b=

here k = Log2( nTbS).

[\)
o)

epending on the value of the colour component index cldx, the following applies:

—| Ifcldxis equal to 0 and nTbS is less than 32, the following applies;
predSamples[ 0 ][0 ]=(p[—-1][0]+2*dcVal+p[O0][ -1 ]*2) >> 2
predSamples[ x ][0 ]=(p[x][-1]+3 *dcVal+2) >> 2y-withx=1..nTbS — 1
predSamples[ 0 ][y ]=(p[ -1 ][y ]+ 3 *dcVal +2)y2> 2, withy=1..nTbS — 1
predSamples[ x ][ y ] =dcVal, with x, y =1..nTbS=~1

—| Otherwise, the prediction samples predSamples|, x ][ y ] are derived as follows:

predSamples[ x ][ y ] = dcVal, with x, y= 02.nTbS — 1

8.4.4.2.6 Bpecification of intra prediction mode'in the range of INTRA_ANGULAR2.. INTRA_ANGUL/

Inputs to this process are:

— the intfa prediction mode predModelutra,

— the neighbouring samples p[ x ][y, ], withx=—-1,y=—1.nTbS *2 -1l and x=0..nTbS *2 -1, y=—1,
— avariaple nTbS specifyingthe'transform block size,

— avariaple cldx specifying-the colour component of the current block.

Outputs of this processcare the predicted samples predSamples[ x ][ y ], with x, y =0..nTbS — 1.

Figure 8-2 illustrates the total 33 intra angles and Table 8-5 specifies the mapping table between predModeln

angle parameter.intraPredAngle.

(8-41)

(8-42)
(8-43)
(8-44)
(8-45)

(8-46)
AR34

ra and the
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Figure 8-2 — Intra prediction angle definition (informative)

Table 8-5 — Specification ofintraPredAngle

predModelntra 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

intraPriedAngle | - | 32 | 26 | 21 | 17 | 13 2O s | 2 | 0 | 2| -5 | -9 [ 13|17 | {21 | 26

predMédelntra | 18 | 19 | 20 | 21 | 22 | 235 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | B3 | 34

intraPriedAngle | 32 | 26 | 21 | 17 | -13°859 | =s | 2 [ 0 | 2 | 5 | 9 | 13 [ 17| 21 | p6 | 32

132

Table 8-6 ffurther specifies the mapping table between predModelntra and the inverse angle parameter invAngl

Table 8-6 — Specification of invAngle

predModelntra 11 12 13 14 15 16 17 18
invAngle —4096 —1638 -910 —630 —482 -390 -315 -25
predMeodelntra 19 20 21 22 23 24 25 26
invAngle -315 -390 —482 —630 -910 —1638 —4096 -

The variable disableIntraBoundaryFilter is derived as follows:

— If implicit rdpem_enabled flag and cu_transquant bypass flag are both equal to 1, disableIntraBoundaryFilter is set
equal to 1.

— Otherwise, disableIntraBoundaryFilter is set equal to 0.
The values of the prediction samples predSamples[ x ][ y ], with x, y = 0..nTbS — 1 are derived as follows:
— If predModelntra is greater than or equal to 18, the following ordered steps apply:

1. The reference sample array ref] x ] is specified as follows:

— The following applies:
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reff x ]=p[—1+x ][ -1 ], with x =0..nTbS (8-47)
— If intraPredAngle is less than 0, the main reference sample array is extended as follows:
—  When (nTbS * intraPredAngle ) >> 5 is less than —1,

reff x ]=p[—1 ][ -1+ ((x *invAngle + 128 ) >> 8)],
with x = —1..(nTbS * intraPredAngle ) >> 5 (8-48)

— Otherwise,
refl x |=p[—1+x ][ —1], withx =nTbS + 1..2 * nTbS (8-49)
2. The values of the prediction samples predSamples[ x ][ y ], with x, y = 0..nTbS — 1 are derived as follows:

a. The index variable ildx and the multiplication factor iFact are derived as follows:

Heb—y1)EintralredAnale) 3 (8-50)
iFact=((y+ 1) * intraPredAngle ) & 31 (8-51)
b.| Depending on the value of iFact, the following applies:
— IfiFact is not equal to 0, the value of the prediction samples predSamples[ x ][ y.}Jds derived as|follows:

predSamples[ x ][y ] =
((32—iFact) *refl x +ildx + 1 ]+ iFact *ref[ x + ildx +2 | + 16 ) >> 5 (8-52)

— Otherwise, the value of the prediction samples predSamples[ x ][ y ]4s/derived as follows:
predSamples[ x ][y | =refl x +ildx + 1 ] (8-53)

c.| When predModelntra is equal to 26 (vertical), cldx is ¢%equal to 0, nTbS is less thany 32, and
disablelntraBoundaryFilter is equal to 0, the following filtering.applies with x =0, y = 0.nTbS — 1}

predSamples[ x 1['y 1= Cliply(p[ x [ =1 1+ ((pE<} [y 1-p[—11[-11) >> 1)) (8-54)
— Otherwise (predModelntra is less than 18), the following ordered steps apply:
1. THe reference sample array ref] x ] is specified as follows:
— | The following applies:
reff x ]=p[—1 ][ -1 + x ], with x=0..nTbS (8-55)
— | If intraPred Angle is less than 0, the main reference sample array is extended as follows:
—  When (nTbS * intraPredAngle ) >> 5 is less than —1,

ref[ x | =p[ =1+ ((x * invAngle + 128 ) >> 8) ][ -11,
with x =—1..(nTbS * intraPredAngle ) >> 5 (8-56)

— | Otherwise,
refl xd=p[ -1 ][ -1 + x ], with x =nTbS + 1..2 * nTbS (8-57)
2. THe values 0f the prediction samples predSamples[ x ][ y ], with X, y = 0.nTbS — 1 are derived as follops:

a.| The index variable ildx and the multiplication factor iFact are derived as follows:

ildx=((x+1)* intraPredAngle) >> 5 (8-58)

iFact=((x+ 1) * intraPredAngle ) & 31 (8-59)
b. Depending on the value of iFact, the following applies:
— IfiFact is not equal to 0, the value of the prediction samples predSamples[ x ][ y ] is derived as follows:

predSamples[ x ][y | =
((32—1iFact) *refl y +ildx + 1 ] +iFact *refl y +ildx +2 ]+ 16 ) >> 5 (8-60)

— Otherwise, the value of the prediction samples predSamples[ x ][ y ] is derived as follows:

predSamples[ x [y | =refl y +ildx + 1 ] (8-61)
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c. When predModelntra is equal to 10 (horizontal), cldx is equal to 0, nTbS is less than 32, and
disablelntraBoundaryFilter is equal to 0, the following filtering applies with x = 0.nTbS — 1, y = 0:

predSamples[ x ][y ]=Cliply(p[ —1 ][y 1+ ((p[x[-11-p[-1][-11) >> 1)) (8-62)
8.5 Decoding process for coding units coded in inter prediction mode

8.5.1 General decoding process for coding units coded in inter prediction mode
Inputs to this process are:

— a luma location ( XCb, yCb ) specifying the top-left sample of the current luma coding block relative to the top-left
luma sample of the current picture,

— avariable log2CbSize specifying the size of the current coding block.

Output of fhis process 1s a modified reconstructed picture before deblocking filtering.

The derivption process for quantization parameters as specified in clause 8.6.1 is invoked with thre, luma location
( xCb, yCb ) as input.

The varialile nCbSy is set equal to 1 << log2CbSize. When ChromaArrayType is not equal to O¢thie variable nCbSwc is
set equpl to (1 << log2CbSize )/SubWidthC and the variable nCbShenDis  set  ¢qual  to
(1 << log2CbSize ) / SubHeightC.

The decoding process for coding units coded in inter prediction mode consists of following ordered steps:

1. The inter prediction process as specified in clause 8.5.2 is invoked with-the Tuma location ( xCb, yCp ) and the
Ilyma coding block size log2CbSize as inputs, and the outputs are/the array predSamples; dand, when
(hromaArrayType is not equal to 0, the arrays predSamplesc;, and predSamplesc;.

2.  The decoding process for the residual signal of coding units ‘coded in inter prediction mode specified in
clause 8.5.4 is invoked with the luma location ( xCb, yCb)yand the luma coding block size log2CbSize as
ijputs, and the outputs are the array resSamples; and, when ChromaArrayType is not equal to 0, |the arrays
r¢sSamplescy, and resSamplesc;.

3. The reconstructed samples of the current coding umit, are derived as follows:

—| The picture construction process prior to in-loop filtering for a colour component as specified in clause 8.6.7
is invoked with the luma coding blockdecation ( xCb, yCb ), the variable nCurrSw set equal to nCbS,, the
variable nCurrSh set equal to nCbS;, the variable cldx set equal to 0, the (nCbSp)x(nChS,) array
predSamples set equal to predSamples;, and the (nCbSy )x(nCbS;) array resSamples set equal to rgsSamples
as inputs.

—| When ChromaArrayType(is not equal to 0, the picture construction process prior to in-loop filt¢ring for a
colour component as ‘specified in clause 8.6.7 is invoked with the chroma coding block location
( xCb / SubWidthC,syCb / SubHeightC ), the variable nCurrSw set equal to nCbSwc, the variable nCurrSh
set equal to nCbShg,/the variable cldx set equal to 1, the (nCbSw¢)x(nCbSh¢) array predSamples set equal to
predSamplesgy,, ‘and the (nCbSw)x(nCbSh¢) array resSamples set equal to resSamplesc, as inputs.

—| When ChfemaArrayType is not equal to 0, the picture construction process prior to in-loop filtgring for a
colour, (component as specified in clause 8.6.7 is invoked with the chroma coding block location
( xCb7*SubWidthC, yCb / SubHeightC ), the variable nCurrSw set equal to nCbSwc, the variable nCurrSh
sét'equal to nCbShc, the variable cldx set equal to 2, the (nCbSw¢)x(nCbSh¢) array predSamples set equal to
prédSamplesc,, and the (nCbSwc)x(nCbShe) array resSamples set equal to resSamplesc, as inputs.

8.5.2  Inter prediction process
This process is invoked when decoding coding unit whose CuPredMode[ xCb ][ yCb ] is not equal to MODE_INTRA.
Inputs to this process are:

— a luma location ( xCb, yCb ) specifying the top-left sample of the current luma coding block relative to the top-left
luma sample of the current picture,

— avariable log2CbSize specifying the size of the current luma coding block.
Outputs of this process are:

— an (nCbSy)x(nCbS; ) array predSamples; of luma prediction samples, where nCbS; is derived as specified below,
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— when ChromaArrayType is not equal to 0, an (nCbSwc)x(nCbSh¢) array predSamplesc, of chroma prediction
samples for the component Cb, where nCbSwc and nCbSh¢ are derived as specified below,

— when ChromaArrayType is not equal to 0, an (nCbSw)x(nCbSh¢) array predSamplesc, of chroma prediction samples
for the component Cr, where nCbSwc and nCbShc are derived as specified below.

The variable nCbSy is set equal to 1 << log2CbSize. When ChromaArrayType is not equal to 0, the variable nCbSwc is
set equal to nCbS / SubWidthC and the variable nCbShc is set equal to nCbS; / SubHeightC.

The variable nCbS1y is set equal to nCbS; >> 1.

Depending on the value of PartMode, the following applies:

— If PartMode is equal to PART 2Nx2N, the decoding process for prediction units in inter prediction mode as specified
in clause 8.5.3 is invoked with the luma location ( xCb, yCb ), the luma location ( xBI, yBl ) set equal to (0, 0), the
size of the luma coding block nCbS,, the width of the luma prediction block nPbW set equal to nCbS;, the height of
the lugraprediction block mPbH et TqUatto mCh ST, amd o partition imdex partidx setequat to O—asnpuys, and the
outputy are an (nCbSp)x(nCbS,) array predSamples; and, when ChromaArrayType is not equaldfo 0, two

(nCbSWc)x(nCbShc) arrays predSamplesc, and predSamplesc,.
— Otherwise, if PartMode is equal to PART 2NxN, the following ordered steps apply:
1.

— Otherwise, if PartMode is equal to PART Nx2N, the following ordered steps apply:
1.

— Otherwise, if PartMode is equal to PART 2NxnU, the following ordered steps apply:
1.

126

The decoding process for prediction units in inter prediction mode as specified in clause’ 8.5.3 is inyoked with
the luma location ( xCb, yCb ), the luma location ( xBl, yBl) set equal to ( 0, 0 );)the size of the luma coding
block nCbS,, the width of the luma prediction block nPbW set equal to nCbS;, the height of the luma(prediction
block nPbH set equal to nCbS, >> 1, and a partition index partldx set equal'to/0 as inputs, and the ¢utputs are
ah  (nCbSp)x(nCbS.) array predSamples; and, when ChromaArrayType is not equal tq 0, two
(CbSw)x(nCbShc) arrays predSamplesc, and predSamplesc,.

Tlhe decoding process for prediction units in inter prediction mode as specified in clause 8.5.3 is inyoked with
the luma location ( xCb, yCb ), the luma location ( xBl, yBI ) séb equal to (0, nCbS. >> 1), the gize of the
Iyma coding block nCbS,, the width of the luma prediction-block nPbW set equal to nCbS,, the hejght of the
Iyma prediction block nPbH set equal to nCbS; >> 1, and)a'partition index partldx set equal to 1 as fnputs, and
the outputs are the modified (nCbSy )x(nCbS,) array prédSamples; and, when ChromaArrayType is npt equal to
0] the two modified (nCbSwc)x(nCbShc) arrays predSamplesc, and predSamplesc,.

The decoding process for prediction units indinter prediction mode as specified in clause 8.5.3 is inyoked with
the luma location ( xCb, yCb ), the lumaylocation ( xBl, yBl) set equal to (0, 0), the size of the luma coding
block nCbS;, the width of the luma prediction block nPbW set equal to nCbS; >> 1, the height of the luma
ptediction block nPbH set equal to nCbS,, and a partition index partldx set equal to 0 as inputs, and fhe outputs
afe an (nCbSp)x(nCbS;) array ,predSamples; and, when ChromaArrayType is not equal to 0, two
(mCbSwc)x(nCbShc) arrays predSamplesc, and predSamplesc,.

The decoding process fofprediction units in inter prediction mode as specified in clause 8.5.3 is inyoked with
the luma location ( xCh,yCb ), the luma location ( xBl, yBIl) set equal to (nCbS. >> 1, 0), the $ize of the
Iyma coding block mGbS;, the width of the luma prediction block nPbW set equal to nCbS, >> 1, thg height of
the luma predictionblock nPbH set equal to nCbS;, and a partition index partldx set equal to 1 as inpyts, and the
optputs are thegtmodified (nCbS; )x(nCbSy) array predSamples; and, when ChromaArrayType is not gqual to 0,
the two mgdified (nCbSwc)x(nCbShc) arrays predSamplesc, and predSamplesc,.

The r‘]pr‘nrﬁng PLocess for prpﬂin‘rinn ynits in inter prpr]ir‘h'nn mode as cppr‘iﬁpd in clause 8. 5.3 is invoked with
the luma location ( XCb, yCb ), the luma location ( xBl, yBl) set equal to ( 0, 0), the size of the luma coding
block nCbS;, the width of the luma prediction block nPbW set equal to nCbS;, the height of the luma prediction
block nPbH set equal to nCbS; >> 2, and a partition index partldx set equal to 0 as inputs, and the outputs are
an (nCbSp)x(nCbSy) array predSamples; and, when ChromaArrayType is not equal to 0, two
(nCbSwc)x(nCbShc) arrays predSamplescy, and predSamplesc,.

The decoding process for prediction units in inter prediction mode as specified in clause 8.5.3 is invoked with
the luma location ( xCb, yCb ), the luma location ( xBl, yBl) set equal to (0, nCbS; >> 2), the size of the
luma coding block nCbS;, the width of the luma prediction block nPbW set equal to nCbS;, the height of the
luma prediction block nPbH set equal to (nCbSy >> 1)+ (nCbSy >> 2), and a partition index partldx set
equal to 1 as inputs, and the outputs are the modified (nCbS;)x(nCbS;) array predSamples; and, when
ChromaArrayType is not equal to 0, the two modified (nCbSwc)x(nCbShc) arrays predSamplesc, and
predSamplesc;.
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Otherwise, if PartMode is equal to PART 2NxnD, the following ordered steps apply:

1.

Otherwise, if PartMode is equal to PART nLx2N, the following ordered steps apply:
1.

Otherwise, if PartMode is equal to PART nRx2N, the following ordered steps apply:
1.

Otherwise (PartMode is equal to PART NxN), the following ordered steps apply:
1.

The decoding process for prediction units in inter prediction mode as specified in clause 8.5.3 is invoked with
the luma location ( XCb, yCb ), the luma location ( xBl, yBl) set equal to (0, 0), the size of the luma coding
block nCbS;, the width of the luma prediction block nPbW set equal to nCbS;, the height of the luma prediction
block nPbH set equal to (nCbSp >> 1)+ (nCbS. >> 2), and a partition index partldx set equal to 0 as
inputs, and the outputs are an (nCbSy)x(nCbS;) array predSamples, and, when ChromaArrayType is not equal
to 0, two (nCbSwc)x(nCbShc) arrays predSamplesc, and predSamplesc;.

The decoding process for prediction units in inter prediction mode as specified in clause 8.5.3 is invoked with
the luma location (xCb, yCb), the luma location (xBI, yBI) set equal to
(0,(nCbS; >> 1)+ (nCbS, >> 2)), the size of the luma coding block nCbS;, the width of the luma
prediction block nPbW set equal to nCbS;, the height of the luma prediction block nPbH set equal to
nCbS, >> 2, and a partition index partldx set equal to 1 as inputs, and the outputs are the modified
(nCbS )x(nCbS;) array predSamples; and, when ChromaArrayType is not equal to 0, the two modified
(@CbSwc)x(nCbShc) arrays predSamplesc, and predSamplesc,.

he decoding process for prediction units in inter prediction mode as specified in clause 8)5:3 is inyoked with
e luma location ( xCb, yCb ), the luma location ( xBl, yBl1) set equal to (0, 0 ), the Size of the luma coding
ock nCbS;, the width of the luma prediction block nPbW set equal to nCbS; >>2, the height of the luma
ptediction block nPbH set equal to nCbS;, and a partition index partldx set equal-fo-0-as inputs, and fhe outputs
e an (nCbSp )x(nCbS,) array predSamples; and, when ChromaArrayType’ is not equal tp 0, two
(RCbSw)x(nCbShc) arrays predSamplesc, and predSamplesc,.

=

o

he decoding process for prediction units in inter prediction mode as specified in clause 8.5.3 is inyoked with
¢ luma location ( xCb, yCb ), the luma location ( xBl, yBl) set equal to (nCbS. >> 2,0), the gize of the
Ilyma coding block nCbS;, the width of the luma fpreédiction block nPbW set [equal to
hCbS. >> 1)+ (nCbS, >> 2), the height of the luma predietion block nPbH set equal to nChS;, and a
partition index partldx set equal to 1 as inputs, and the-ontputs are the modified (nCbSy)x(nCpSy) array
ptedSamples; and, when ChromaArrayType is not equalto”0, the two modified (nCbSwc)x(nCbShc) arrays
ptedSamplescy, and predSamplesc,.

= =

~

The decoding process for prediction units in intetr prediction mode as specified in clause 8.5.3 is inyoked with
tHe luma location ( XCb, yCb ), the luma_ lpcation ( xBl, yBl) set equal to ( 0, 0), the size of the luma coding
block nCbS,, the width of the luma prediction block nPbW set equal to (nCbS; >> 1)+ (nCbS,. ¥> 2), the
height of the luma prediction block niPbH set equal to nCbS;, and a partition index partldx set eqyial to 0 as
ifputs, and the outputs are an (nCbS; )x(nCbS;) array predSamples; and, when ChromaArrayType i§ not equal
td 0, two (nCbSw)x(nCbShc) drrays predSamplesc, and predSamplesc,.

The decoding process for prediction units in inter prediction mode as specified in clause 8.5.3 is inyoked with
tHe luma location ( xChb, yCb ), the luma location ( xBl, yBl) set equal to (nCS1y + (nCbS. >> 2),0), the
size of the luma coding)block nCbS;, the width of the luma prediction block nPbW set equal to nCpS; >> 2,
tHe height of the luma prediction block nPbH set equal to nCbS;, and a partition index partldx set equal to 1 as
ifputs, and the<eutputs are the modified (nCbSy)x(nCbS;) array predSamples; and, when ChromaArtayType is
npt equal to-Qythe two modified (nCbSwc)x(nCbShc) arrays predSamplesc, and predSamplesc,.

The \decoding process for prediction units in inter prediction mode as specified in clause 8.5.3 is inyoked with
thetmatocatronr(xCb;yEb ) thetumatocatronr(xByBH)—sctequat-to (- 6;0);-thesizeof thetuma coding
block nCbS;, the width of the luma prediction block nPbW set equal to nCbS; >> 1, the height of the luma
prediction block nPbH set equal to nCbS; >> 1, and a partition index partldx set equal to 0 as inputs, and the
outputs are an (nCbSp)x(nCbS;) array predSamples; and, when ChromaArrayType is not equal to 0, two
(nCbSwc)x(nCbShc) arrays predSamplesc, and predSamplesc;.

The decoding process for prediction units in inter prediction mode as specified in clause 8.5.3 is invoked with
the luma location ( xCb, yCb ), the luma location ( xBl, yBl) set equal to (nCbSy >> 1,0), the size of the
luma coding block nCbSy, the width of the luma prediction block nPbW set equal to nCbS; >> 1, the height of
the luma prediction block nPbH set equal to nCbS; >> 1, and a partition index partldx set equal to 1 as inputs,
and the outputs are the modified (nCbSy)x(nCbS;) array predSamples; and, when ChromaArrayType is not
equal to 0, the two modified (nCbSwc)x(nCbShc) arrays predSamplesc, and predSamplesc;.

The decoding process for prediction units in inter prediction mode as specified in clause 8.5.3 is invoked with
the luma location ( xCb, yCb ), the luma location ( xBI, yBI) set equal to (0, nCbS; >> 1), the size of the
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8.5.3
8.5.3.1

Inputs to this process are:

luma coding block nCbS;, the width of the luma prediction block nPbW set equal to nCbS; >> 1, the height of
the luma prediction block nPbH set equal to nCbS, >> 1, and a partition index partldx set equal to 2 as inputs,
and the outputs are the modified (nCbSp)x(nCbS;) array predSamples, and, when ChromaArrayType is not
equal to 0, the two modified (nCbSw¢)x(nCbShc) arrays predSamplesc, and predSamplesc;.

The decoding process for prediction units in inter prediction mode as specified in clause 8.5.3 is invoked with
the luma location ( xCb, yCb ), the luma location ( xBI, yBl) set equal to (nCbS; >> 1,nCbS; >> 1), the
size of the luma coding block nCbS;, the width of the luma prediction block nPbW set equal to nCbS, >> 1,
the height of the luma prediction block nPbH set equal to nCbS, >> 1, and a partition index partldx set equal to
3 as inputs, and the outputs are the modified (nCbSp)x(nCbS,) array predSamples; and, when
ChromaArrayType is not equal to 0, the two modified (nCbSwc)x(nCbShc) arrays predSamplesc, and
predSamplesc;.

Decoding process for prediction units in inter prediction mode

[General

— a lumg location ( xCb, yCb ) specifying the top-left sample of the current luma coding block relative to the top-left

luma spmple of the current picture,

— aluma|location ( xBl, yBl ) specifying the top-left sample of the current luma predictiomblock relative to the top-left

sampld of the current luma coding block,
— avariaple nCbS specifying the size of the current luma coding block,
— avariaple nPbW specifying the width of the current luma prediction block,
— avariaple nPbH specifying the height of the current luma prediction blogk,
— avariaple partldx specifying the index of the current prediction unifwithin the current coding unit.

Outputs of this process are:

— an (nCpSy)x(nCbS, ) array predSamples; of luma predictién.samples, where nCS; is derived as specified bdlow,

— when [ChromaArrayType is not equal to 0, an (n€bSWwc)x(nCbSh¢) array predSamplesc, of chroma |prediction

samplds for the component Cb, where nCbSwc and nCbSh¢ are derived as specified below,

— when ChromaArrayType is not equal to 0, an (HCbSwc)x(nCbShc) array predSamplesc, of chroma predictign samples

for

the|component Cr, where nCbSwc and nEbShc are derived as specified below.

The varialile nCbS; is set equal to nCbS. When ChromaArrayType is not equal to 0, the variable nCbSw is set equal to

nCbS/

The decoding process for prediction units in inter prediction mode consists of the following ordered steps:

1.

SupWidthC and the variable nGbShc is set equal to nCbS / SubHeightC.

e derivation process)for motion vector components and reference indices as specified in clause] 8.5.3.2 is
ifjvoked with the luma coding block location ( xCb, yCb ), the luma prediction block location ( xBl] yBI ), the
Iyma coding bleck size block nCbS, the luma prediction block width nPbW, the luma prediction blpck height
nPbH, and the™prediction unit index partldx as inputs, and the luma motion vectors mvL0O and myLI, when

romaAtrayType is not equal to 0, the chroma motion vectors mvCLO and mvCL1, the reference indices
r¢fldxE0 and refldxL1, and the prediction list utilization flags predFlagl.0 and predFlagL1 as outputs.

e.décoding process for inter sample prediction as specified in clause 8.5.3.3 is invoked with the lyma coding
block location ( xCb, yCb ), the luma prediction block location ( xBl, yBl ), the luma coding block size block
nCbS, the luma prediction block width nPbW, the luma prediction block height nPbH, the luma motion vectors
mvL0 and mvL1, when ChromaArrayType is not equal to 0, the chroma motion vectors mvCL0O and mvCL1,
the reference indices refldxL0 and refldxL1, and the prediction list utilization flags predFlagl.0 and predFlagL.1
as inputs, and the inter prediction samples (predSamples) that are an (nCbS.)x(nCbS,) array predSamples; of
prediction luma samples and, when ChromaArrayType is not equal to 0, two (nCbSwc)x(nCbShc) arrays
predSamplesc, and predSamplesc, of prediction chroma samples, one for each of the chroma components Cb
and Cr, as outputs.

For use in derivation processes of variables invoked later in the decoding process, the following assignments are made

for x =

128

xBL.xBl + nPbW — 1 and y = yBl..yBl + nPbH — 1:
MvLO[ xCb + x ][ yCb +y ] = mvL0 (8-63)
MvVLI[xCb+x ][ yCb+y ] =mvLl (8-64)
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RefldxLO[ xCb + x ][ yCb +y | = refldxL0
RefldxL1[ xCb + x ][ yCb +y | = refldxL1
PredFlagLO[ xCb + x ][ yCb +y ] = predFlagL0
PredFlagL1[ xCb + x ][ yCb +y ] = predFlagL1

8.5.3.2 Derivation process for motion vector components and reference indices

8.5.3.2.1 General

Inputs to this process are:

(8-65)
(8-66)
(8-67)
(8-68)

— a luma location ( xCb, yCb ) of the top-left sample of the current luma coding block relative to the top-left luma
sample of the current picture,

—  alun
of thg

- avar
- two V
- avar
Outputs of
—  thely
—  when
—  therd
— thep

Let ( xPb,
sample of

Let the v4
respective

The functi

—  If thg
pictu
Long

—  Othe

For the de
following

—  If mg
speci
varia
vecto

a location ( xBI, yBI') of the top-Ieft sample of the current [uma prediction block relative to the top-
current luma coding block,

able nCbS specifying the size of the current luma coding block,

ariables nPbW and nPbH specifying the width and the height of the luma prediction bloek,
able partldx specifying the index of the current prediction unit within the current eoding unit.
this process are:

ma motion vectors mvL0 and mvL1,

ChromaArrayType is not equal to 0, the chroma motion vectors mv€L60/and mvCL1,
ference indices refldxL0 and refIdxL1,

ediction list utilization flags predFlagl.0 and predFlagl1.

yPb ) specify the top-left sample location of the current luma prediction block relative to the top
the current picture where xPb = xCb + xBl and yPb.='yCb + yBL

riables currPic and LX be the current picture and RefPicListX, with X being 0 or 1, of the curre
y.
on LongTermRefPic( aPic, aPb, refldx, 1.X), with X being 0 or 1, is defined as follows:

picture with index refldx from reférence picture list LX of the slice containing prediction block
e aPic was marked as "used ‘for long-term reference" at the time when aPic was the curre
TermRefPic( aPic, aPb, refldx;\[bX ) is equal to 1.

wise, LongTermRefPic( aPic, aPb, refldx, LX) is equal to 0.

rivation of the variables mvL0 and mvL1, refldxLO and refldxL1, as well as predFlaglL.0 and predH
ppplies:

rge_flag[ xPb3PyPb | is equal to 1, the derivation process for luma motion vectors for mergg
fied in clause 8.5.3.2.2 is invoked with the luma location ( xCb, yCb ), the luma location ( xPb,

rs myL0, mvL1, the reference indices refldxL0, refldxL1, and the prediction list utilization flags p

eft sample

-left luma

nt picture,

aPb in the

ht picture,

lagl1, the

mode as
yPb), the

bles nCHS;"nPbW, nPbH, and the partition index partldx as inputs, and the output being the luma motion

redFlaglL0

and p

redFlagl1.

—  Otherwise, for X being replaced by either 0 or 1 in the variables predFlaglLX, mvLX, and refldxLX, in PRED LX,
and in the syntax elements ref idx 1X and MvdLX, the following applies:

1. The variables refldxLX and predFlagLX are derived as follows:

— Ifinter pred idc[ xPb ][ yPb ] is equal to PRED_LX or PRED BI,
refldxLX = ref idx_1X[ xPb ][ yPb ]
predFlagLX =1

—  Otherwise, the variables refldxL.X and predFlagLX are specified by:
refldxLX =—1
predFlagLX =0
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2. The variable mvdLX is derived as follows:

mvdLX[ 0 ]=MvdLX[ xPb ][ yPb ][ 0]
mvdLX[ 1 ]=MvdLX[xPb ][ yPb ][ 1]

(8-73)
(8-74)

When predFlagLX is equal to 1, the derivation process for luma motion vector prediction in

clause 8.5.3.2.6 is invoked with the luma coding block location ( xCb, yCb ), the coding block size nCbS,
the luma prediction block location ( xPb, yPb ), the variables nPbW, nPbH, refldxLLX, and the partition

index partldx as inputs, and the output being mvpLX.

4.  When predFlagLX is equal to 1, the luma motion vector mvLX is derived as follows:

When Chy
chroma m

8.5.3.2.2
This procg

of the curgent luma prediction block relative to the top-left luma sample of the ‘etrrent picture.

Inputs to ¢

—  a lun
samp

—  alun
samp

- avar
- two
- avar
Outputs of
—  thely
—  therg
— thep

The locat|
( xPb, yPb

uLX[ 0]=(mvpLX[0]+mvdLX[0]+2")%2'"
mvLX[0]=(uLX[0] >= 2")?2 (uLX[0]—2"):uLX[ 0]

(8-75)
(8-76)

WX T = (mvpLX[ T [T mvdLX[ T T+ 2 % 2t
mvLX[1]=(ulLX[1] >=2")2 (uLX[1]-2"):ulLX[1]

NOTE — The resulting values of mvLX[ 0 ] and mvLX[ 1] as specified above will always be’ inf the ra
to 2! — 1, inclusive.

btion vectors in clause 8.5.3.2.10 is invoked with mvLX as input, and the outputbeing mvCLX.

PDerivation process for luma motion vectors for merge mode

ss is only invoked when merge flag[ xPb ][ yPb ] is equal to 1, wher¢ (%Pb, yPb ) specify the top-]

his process are:

a location ( xCb, yCb ) of the top-left sample of the current'luma coding block relative to the toy
e of the current picture,

a location ( xPb, yPb ) of the top-left sample of thé&eurrent luma prediction block relative to the toj
e of the current picture,

able nCbS specifying the size of the current Juma coding block,

ariables nPbW and nPbH specifying the\width and the height of the luma prediction block,
able partldx specifying the index ofithe current prediction unit within the current coding unit.
this process are:

ma motion vectors mvL0 and mvL]1,

ference indices refldx[>0'and refldxL1,

ediction list utilization flags predFlagL0 and predFlagL1.

on (xOrigP;«yOrigP ) and the variables nOrigPbW and nOrigPbH are derived to store the
), nPbWj.and nPbH as follows:

(xOrigP, yOrigP ) is set equal to ( xPb, yPb )

(8-77)
(8-78)
hge of —21°

omaArrayType is not equal to 0 and predFlagLX, with X being 0 or 1, is equal to_{;\the derivation process for

eft sample

-left luma

-left luma

values of

(8-79)

A0r1 gpk\U = nPhW

nOrigPbH = nPbH

(8-80)
(8-81)

When Log2ParMrgLevel is greater than 2 and nCbS is equal to 8, ( xPb, yPb ), nPbW, nPbH, and partldx are modified as

follows:

( xPb, yPb ) = ( xCb, yCb )

nPbW =nCbS
nPbH = nCbS
partldx =0

(8-82)
(8-83)
(8-84)
(8-85)

NOTE — When Log2ParMrgLevel is greater than 2 and nCbS is equal to 8, all the prediction units of the current coding unit share

a single
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merge candidate list, which is identical to the merge candidate list of the 2Nx2N prediction unit.
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The motion vectors mvL0O and mvL1, the reference indices refldxLO and refldxL1, and the prediction utilization flags
predFlagL0 and predFlagL1 are derived by the following ordered steps:

1.

The derivation process for merging candidates from neighbouring prediction unit partitions in clause 8.5.3.2.3 is
invoked with the luma coding block location ( xCb, yCb ), the coding block size nCbS, the luma prediction
block location ( xPb, yPb ), the luma prediction block width nPbW, the luma prediction block height nPbH, and
the partition index partldx as inputs, and the output being the availability flags availableFlagA,,
availableFlagA,, availableFlagB,, availableFlagB;, and availableFlagB,, the reference indices refldxLXA,,
refldxLXA, refldxLXB,, refldxLXB;, and refldxLXB,, the prediction list utilization flags predFlagLXA,,
predFlagLXA,, predFlagl. XB,, predFlagLXB, and predFlagLXB,, and the motion vectors mvLXA,, mvLXA,,
mvLXBy, mvLXB,, and mvLXB,, with X being 0 or 1.

The reference indices for the temporal merging candidate, refldxLXCol, with X being 0 or 1, are set equal to 0.

The der1vat10n process for temporal luma motion vector predlctlon in clause 8 5 328 1is 1nvoked W1th the luma
lge b—the B e bH, and the
Vll‘lable reﬂdeOCol as 1nputs and the output belng the avallab1l1ty ﬂag avaﬂableFlagLOCol and'the temporal
nmjotion vector mvLOCol.The variables availableFlagCol, predFlagl0Col and predFlagl.1Col~are flerived as
follows:

availableFlagCol = availableFlagL.0Col (8-86)
predFlagL0Col = availableFlagL.OCol (8-87)
predFlagL1Col =0 (8-88)

When slice type is equal to B, the derivation process for temporal\luma motion vector pragdiction in
clause 8.5.3.2.8 is invoked with the luma location ( xPb, yPb ), the lumad prediction block width nPbW, the luma
prediction block height nPbH, and the variable refldxL1Col as inputsyand the output being the availgbility flag
ayailableFlagl.1Col and the temporal motion vector mvL1€ol. The variables availableFlagCol and
ptedFlagL1Col are derived as follows:
availableFlagCol = availableFlagl.0Col || availableFlaglsCol (8-89)
predFlagl.1Col = availableFlagL.1Col (8-90)

Tlhe merging candidate list, mergeCandList, is con§tructed as follows:

i=0
if( availableFlagA, )
mergeCandList[ i++ ] = A,
if( availableFlagB, )
mergeCandList[ i++ ] = B,
if( availableFlagBy )
mergeCandList[ i++.] =B, (8-91)
if( availableFlagA )
mergeCandList[i++ ] = Ay
if( availableFlagBj ")
mergeCandList[ i++ ] =B,
if( availableFlagCol )
mergeCandList[ i++ ] = Col

Thhe variable numCurrMergeCand and numOrigMergeCand are set equal to the number of merging candidates
in} the, mergeCandList.

When slice_type is equal to B, the derivation process for combined bi-predictive merging candidates specified
in clause 8.5.3.2.4 is invoked with mergeCandList, the reference indices refldxLON and refldxLIN, the
prediction list utilization flags predFlagLON and predFlagL 1N, the motion vectors mvLON and mvLIN of every
candidate N in mergeCandList, numCurrMergeCand, and numOrigMergeCand as inputs, and the output is
assigned to mergeCandList, numCurrMergeCand, the reference indices refldxLOcombCand, and
refldxL.1combCandy, the prediction list utilization flags predFlagl.OcombCandy and predFlagl.1combCandy, and
the motion vectors mvLOcombCand, and mvL1combCandy of every new candidate combCand, being added
into mergeCandList. The number of candidates being added, numCombMergeCand, is set equal to
( numCurrMergeCand — numOrigMergeCand ). When numCombMergeCand is greater than 0, k ranges from 0
to numCombMergeCand — 1, inclusive.

The derivation process for zero motion vector merging candidates specified in clause 8.5.3.2.5 is invoked with
the mergeCandList, the reference indices refldxLON and refldxLIN, the prediction list utilization flags
predFlagLON and predFlaglLIN, the motion vectors mvLON and mvLIN of every candidate N in
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8.5.3.2.3 Perivation process for spatial merging candidates

Inputs to this process are:

Outputs of this process are as follows, with X*being 0 or 1:

For the defivation of availableFlagA, refldxLXA, predFlagL XA, and mvLXA, the following applies:

132

mergeCandList, and numCurrMergeCand as inputs, and the output is assigned to mergeCandList,
numCurrMergeCand, the reference indices refldxLOzeroCand,, and refldxL1zeroCand,,, the prediction list
utilization flags predFlagl0OzeroCand,, and predFlagl.1zeroCand,,, and the motion vectors mvL0zeroCand,, and
mvL1zeroCand,, of every new candidate zeroCand, being added into mergeCandList. The number of
candidates being added, numZeroMergeCand, is set equal to
( numCurrMergeCand — numOrigMergeCand — numCombMergeCand ). When numZeroMergeCand is greater
than 0, m ranges from 0 to numZeroMergeCand — 1, inclusive.

9. The following assignments are made with N being the candidate at position merge idx[ xOrigP ][ yOrigP ] in

the merging candidate list mergeCandList ( N = mergeCandList[ merge idx[ xOrigP ][ yOrigP ] ]) and X being
replaced by 0 or 1:

mvLX[ 0]=mvLXN[ 0] (8-92)
mvLX[1]=mvLXN[1 ] (8-93)
refldxLX = refldxLXN (8-94)
predFlagLX = predFlagL XN (8-95)

10. When predFlagL0 is equal to 1 and predFlagL1 is equal to 1, and ( nOrigPbW + nOrigPbH]) is equal to 12, the
fgllowing applies:

refldxL1 =—1 (8-96)

predFlagl1 =0 (8-97)

a lunja location ( xCb, yCb ) of the top-left sample of the current luma coding block relative to the top-left luma
sample of the current picture,

a varjable nCbS specifying the size of the current luma coding®block,

a lunja location ( xPb, yPb ) specifying the top-left sample’of the current luma prediction block relative fo the top-
left [fma sample of the current picture,

two variables nPbW and nPbH specifying the width and the height of the luma prediction block,

a varlable partldx specifying the index of the current prediction unit within the current coding unit.

the apailability flags availableFlagAy; availableFlagA,, availableFlagB,, availableFlagB,, and availablgFlagB, of
the n¢ighbouring prediction unitsj

the reference indices refldxbXA,, refldxLXA|, refldxLXB,, refldxLXB;, and refldxLXB, of the nelghbouring
prediftion units,

the prediction list\\utilization flags predFlaglXA,, predFlagLXA;, predFlagLXB,, predFlagLXB,;, and
predilagLXB, of the neighbouring prediction units,

the nfotion vectors mvLXA,, mvLXA,, mvLXB,, mvLXB,, and mvLXB, of the neighbouring prediction ynits.

The Tuma Tocation (xNbA|, yNbA|) inside the neighbouring ITuma coding block is set equal to
(xPb—1, yPb+nPbH—-1).

The availability derivation process for a prediction block as specified in clause 6.4.2 is invoked with the luma
location ( xCb, yCb ), the current luma coding block size nCbS, the luma prediction block location ( xPb, yPb ), the
luma prediction block width nPbW, the luma prediction block height nPbH, the luma location ( xNbA|, yNbA, ),
and the partition index partldx as inputs, and the output is assigned to the prediction block availability flag
availableA .

When one or more of the following conditions are true, availableA, is set equal to FALSE:

— xPb >> Log2ParMrgLevel is equal to xNbA; >> Log2ParMrglLevel and yPb >> Log2ParMrgLevel is
equal to yYNbA,| >> Log2ParMrgLevel.

— PartMode of the current prediction unit is equal to PART Nx2N, PART nLx2N, or PART nRx2N, and
partldx is equal to 1.
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The variables availableFlagA, refldxLXA |, predFlagLXA,, and mvLXA, are derived as follows:

— IfavailableA; is equal to FALSE, availableFlagA, is set equal to 0, both components of mvLXA, are set equal
to 0, refldxL. XA, is set equal to —1 and predFlagL. XA, is set equal to 0, with X being 0 or 1.

—  Otherwise, availableFlagA, is set equal to 1 and the following assignments are made:

mvLXA; = MvLX[ xNbA, ][ yNbA, ] (8-98)
refldxLXA| = RefldxLX[ xNbA,; ][ yNbA; ] (8-99)
predFlagL XA, = PredFlagLX[ xXNbA; ][ yNbA, ] (8-100)

For the derivation of availableFlagB, refldxLXB, predFlagLXB;, and mvLXB; the following applies:

For the detivation of availableFlagB,, refldxLXB,, predFlagLXB,, and mvLXB, the following applies:

The luma location (xNbB;, yNbB;) inside the neighbouring luma coding block is set equal to
(xPb+nPbW —1,yPb—1).

The pvailability derivation process for a prediction block as specified in clause 6.4.2 is invoked with the luma
locatjon ( xCb, yCb ), the current luma coding block size nCbS, the luma prediction block location ¢.xPb] yPb ), the
luma) prediction block width nPbW, the luma prediction block height nPbH, the luma location’(|xNbB{, yNbB, ),
and fhe partition index partldx as inputs, and the output is assigned to the prediction blogk availgbility flag
availpbleB;.

When one or more of the following conditions are true, availableB; is set equal to FAL(SE:

— xPb >> Log2ParMrgLevel is equal to xXNbB; >> Log2ParMrgLevel and yPb,>> Log2ParMrgLevel is equal
fo yNbB; >> Log2ParMrgLevel.

— PartMode of the current prediction unit is equal to PART 2NxN; ‘PART 2NxnU, or PART 2NxnD, and
partldx is equal to 1.

The variables availableFlagB,, refldxLXB;, predFlaglLXB;, and mvLXB, are derived as follows:

— If one or more of the following conditions are true, availableFlagB, is set equal to 0, both components of
mvLXB, are set equal to 0, refldxLXB is set equal te’s I} and predFlagLXB; is set equal to 0, with|X being 0
rl:

- availableB; is equal to FALSE.

- availableA, is equal to TRUE and the-prediction units covering the luma locations ( XNbA;, yNbA, ) and
( xNbB,, yNbB; ) have the same mation vectors and the same reference indices.

—  Otherwise, availableFlagB, is set equal to 1 and the following assignments are made:

mvLXB; = MvLX][ xNbB; [.yNbB; ] (8-101)
refldxLXB, = RefldxLX[ xNbB, ][ yNbB; ] (8-102)
predFlagLXB; = PredFlagLX[ xNbB, ][ yNbB; ] (8-103)

The | luma locdation ( xNbBy, yNbB,) inside the neighbouring luma coding block is set |equal to
(xPY +nPbW(yPb—1).

The pvailabjlity derivation process for a prediction block as specified in clause 6.4.2 is invoked with the luma
locatjou{,xCb, yCb ), the current luma coding block size nCbS, the luma prediction block location ( xPb] yPb ), the
luma prediction btock width mPb W, theturma prediction biock heigit P b, the tumatocation t xINbBy, yNbBy ),
and the partition index partldx as inputs, and the output is assigned to the prediction block availability flag
availableB,.

When xPb >> Log2ParMrglLevel is equal to xNbB, >> Log2ParMrglLevel and yPb >> Log2ParMrgLevel is
equal to yNbB, >> Log2ParMrglevel, availableB is set equal to FALSE.

The variables availableFlagB,, refldxLXB,, predFlagL XB,, and mvLXB, are derived as follows:

— If one or more of the following conditions are true, availableFlagB, is set equal to 0, both components of
mvLXB, are set equal to 0, refldxLXB, is set equal to —1, and predFlagLXB, is set equal to 0, with X being 0
or 1:

— availableB is equal to FALSE.
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— availableB, is equal to TRUE and the prediction units covering the luma locations ( xXNbB;, yNbB; ) and

( xNbB, yNbBy, ) have the same motion vectors and the same reference indices.
Otherwise, availableFlagB, is set equal to 1 and the following assignments are made:
mvLXBy=MvLX][ xNbBy ][ yNbBy ]
refldxLXB, = RefldxLX[ xNbB, ][ yNbBy ]
predFlagLXB, = PredFlagL X[ xNbB, ][ yNbB; ]

For the derivation of availableFlagA,, refldxLXA,, predFlaglLXA,, and mvLXA, the following applies:

For the defivation of availableFlagB,, refldxL.XB,, predFlaglL.XB,, and mvLXB, the following applies:
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The

luma location (xNbAy, yNbAy) inside the neighbouring luma coding block is set

(xPb—1, yPb +nPbH ).

(8-104)
(8-105)
(8-106)

equal to

The availability derivation process for a prediction block as specified in clause 6.4.2 is invoked with the luma

locatfon ( xCb, yCb ), the current [uma coding block size nCbS, the Tuma prediction block Tocation ( XPb
luma| prediction block width nPbW, the luma prediction block height nPbH, the luma location ( XINDA!
he partition index partldx as inputs, and the output is assigned to the prediction block‘availability flag
availpbleA,.

and

yPb ), the

» YNDA, ),

Wheh xPb >> Log2ParMrgLevel is equal to xXNbA, >> Log2ParMrglLevel and yPb &=>)Log2ParMfgLevel is

equal to yA, >> Log2ParMrgLevel, availableA, is set equal to FALSE.

The

The
The

locatjon ( xCb, yCb ), the-euitrent luma coding block size nCbS, the luma prediction block location ( xPb
luma) prediction block/width nPbW, the luma prediction block height nPbH, the luma location ( xNbB

and

availpbleB,.

When xPb >>-Jog2ParMrglevel is equal to xNbB, >> Log2ParMrgLevel and yPb >> Log2ParM
equal to yNbB, >> Log2ParMrgLevel, availableB, is set equal to FALSE.

The

Yariables availableFlagA,, refldxLXA,, predFlagLXA,, and mvLXA, are derivedlas follows:

mvLXA, are set equal to 0, refldxLXA, is set equal to —1, and predFlaghb XA, is set equal to 0, with
rl:

- availableA, is equal to FALSE.

- availableA, is equal to TRUE and the prediction unit§ covering the luma locations ( XNbA, yN
( xNbA,, yNbA, ) have the same motion vectors and.he same reference indices.

Dtherwise, availableFlagA, is set equal to 1 and thetfollowing assignments are made:
mvLXA,=MvLX[ xXNbA, ][ yNbA, ]

refldxL XA, = RefldxLX[ xNbA, ][ yNbAy\]

predFlagLXA, = PredFlagL X[ xNbAy{ yNbA, ]

uma location ( xNbB,, yNbB5 )inside the neighbouring luma coding block is set equal to (xPb — 1,

hvailability derivation process for a prediction block as specified in clause 6.4.2 is invoked with

he partition index partldx as inputs, and the output is assigned to the prediction block availa

variables availableFlagB,, refldxLXB,, predFlagl.XB,, and mvL.XB, are derived as follows:

f one or more of the following conditions are true, availableFlagA, is s€t equal to 0, both components of
X being 0

\bA; ) and

(8-107)
(8-108)
(8-109)

/Pb— 1).

the luma
yPb ), the
, YNbB; ),

bility flag

relLevel is

If one or more of the following conditions are true, availableFlagB, is set equal to 0, both components of

mvLXB, are set equal to 0, refldxLXB, is set equal to —1, and predFlagl.XB, is set equal to 0, with
or 1:

— availableB, is equal to FALSE.

X being 0

— availableA; is equal to TRUE and prediction units covering the luma locations ( xNbA,, yNbA; ) and

( xNbB,, yNbB, ) have the same motion vectors and the same reference indices.

— availableB, is equal to TRUE and the prediction units covering the luma locations ( xXNbB;, yNbB; ) and

( xNbB,, yNbB, ) have the same motion vectors and the same reference indices.
— availableFlagA, + availableFlagA, + availableFlagB, + availableFlagB, is equal to 4.

Otherwise, availableFlagB; is set equal to 1, and the following assignments are made:
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mvLXB, = MvLX][ xNbB, ][ yNbB, ]
refldxLXB, = RefldxLX[ xNbB, ][ yNbB; ]
predFlagLXB, = PredFlagL X[ xNbB, ][ yNbB; ]

8.5.3.2.4 Derivation process for combined bi-predictive merging candidates

Inputs to this process are:

- a mer,

the re

ging candidate list mergeCandList,

ference indices refldxLON and refldxL1N of every candidate N in mergeCandList,

(8-110)
(8-111)
(8-112)

—  the prediction list utilization flags predFlaglLON and predFlagL1N of every candidate N in mergeCandList,

— them

otion vectors mvLON and mvL1N of every candidate N in mergeCandList,

—  the npmber of elements numCurrMergeCand within mergeCandList,

—  the fumber of elements numOrigMergeCand within the mergeCandList after the spatial and \tempg
candidate derivation process.

Outputs of

—  them

—  the nimber of elements numCurrMergeCand within mergeCandList,

—  the rg

—  the grediction list utilization flags predFlagLOcombCand, and predFlagl.lcombCand, of every new

comb

—  the thotion vectors mvLOcombCand, and mvLlcombCandy of every new candidate combCandy 4

merg|

When numOrigMergeCand is greater than 1 and less than MaxNumMergeCand, the variable numInputMerge

equal to n
the follow

1. T

2. T
th

this process are:

erging candidate list mergeCandList,

Candy added into mergeCandList during the invocation of this,process,
eCandList during the invocation of this process.

mCurrMergeCand, the variable combldx is set"€qual to 0, the variable combStop is set equal to F4
ng steps are repeated until combStop is equal to TRUE:

he variables 10Candldx and 11Candldx ar¢“derived using combldx as specified in Table 8-7.

he following assignments are made;'with 10Cand being the candidate at position 10Candldx and 11d
e candidate at position 11CandIdxtin the merging candidate list mergeCandList:

- 10Cand = mergeCandList[' 10CandIdx ]
- 11Cand = mergeCandList[ 11CandIdx ]
Vhen all of the following conditions are true:
- predFlagl0l0Cand == 1

- predFlagl1l1Cand == 1

-, ( DiffPicOrderCnt( RefPicListO[ refldxL010Cand ], RefPicList1[ refldxL111Cand ]) != 0) ||
¢mvLO0l0Cand != mvL1l1Cand )

ral merge

ference indices refldxLOcombCandy and refldxL1combCandy of every new candidate combCandy pdded into
mergpCandList during the invocation of this process,

candidate

dded into

Cand is set
ALSE, and

and being

the candidate combCand, with k equal to ( numCurrMergeCand — numInputMergeCand ) is added at the end of
mergeCandList, i.e., mergeCandList[ numCurrMergeCand ] is set equal to combCand,, and the reference
indices, the prediction list utilization flags, and the motion vectors of combCandy are derived as follows and
numCurrMergeCand is incremented by 1:

refldxLOcombCand, = refldxL.0O10Cand
refldxL1combCandy = refldxL.111Cand
predFlagLOcombCandy = 1
predFlagl1combCand, = 1
mvLOcombCand,[ 0 ] = mvL010Cand[ 0 ]
mvLOcombCand,[ 1 ] =mvL0l0Cand[ 1 ]
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8.5.3.2.5

Inputs to this process are:

Outputs of this process are:

The variallle numRefldx is derived as follows:

a meqging candidate list mergeCandList,

the rdference indices refldxLON and refldxL1N of every candidate N in mergeCandList,
the pfediction list utilization flags predFlaglL.ON and predFlagL 1N of every-¢andidate N in mergeCandLis{,
the mjotion vectors mvLON and mvL1N of every candidate N in merge€andList,

the nfimber of elements numCurrMergeCand within mergeCandList.

the nferging candidate list mergeCandList,

the npmber of elements numCurrMergeCand within‘mergeCandList,

If slide_type is equalto P, numRefldx is set equal to num_ref idx 10 active minusl + 1.

mvL1combCand,[ 0 ]=mvL111Cand[ 0 ] (8-119)
mvLlcombCand,[ 1 ]=mvL111Cand[ 1 ] (8-120)
numCurrMergeCand = numCurrMergeCand + 1 (8-121)

The variable combldx is incremented by 1.

When combldx is equal to ( numOrigMergeCand * ( numOrigMergeCand — 1)) or numCurrMergeCand is
equal to MaxNumMergeCand, combStop is set equal to TRUE.

Table 8-7 — Specification of I0CandlIdx and 11CandIdx

combldx 0 1 2 3 4 5 6 7 8 9 10 | 11

10Candldx 0 1 0 2 1 2 0 3 1 3 2 3

11Candldx 1 0 2 0 2 1 3 0 3 1 3 2

Derivation process for zero motion vector merging candidates

the r¢ference indices refldxLOzeroCand,, and #efldxL10zeroCand,, of every new candidate zeroCand,, pdded into
mergpCandList during the invocation of this-process,

the prediction list utilization flags predFlagl.OzeroCand,, and predFlagl.10zeroCand,, of every new| candidate
zero(fand,,, added into mergeCandList during the invocation of this process,

the thotion vectors mvLOzeroCand,, and mvL10zeroCand,, of every new candidate zeroCand,, gdded into
mergpCandList during the invecation of this process.

Othefwise (slice) type is equal to B), numRefldx is set equal to Min( num_ref idx 10 active npinusl + 1,
num |ref idXC11 active minusl +1).

When numCuarrMergeCand is less than MaxNumMergeCand, the variable numInputMergeCand is sef equal to
numCurrMergeCand; —the —variable—zeroldx 15 —set —equat —to0; —amnd—the—fottowimg—steps—are Tepeated until
numCurrMergeCand is equal to MaxNumMergeCand:

136

1.

For the derivation of the reference indices, the prediction list utilization flags and the motion vectors of the zero
motion vector merging candidate, the following applies:

— If slice type is equal to P, the candidate zeroCand, with m equal to
( numCurrMergeCand — numInputMergeCand ) is added at the end of mergeCandList, i.e.,
mergeCandList[ numCurrMergeCand ] is set equal to zeroCand,,, and the reference indices, the prediction
list utilization flags, and the motion vectors of zeroCand,, are derived as follows and numCurrMergeCand
is incremented by 1:

refldxLOzeroCand,, = ( zeroldx < numRefldx ) ? zeroldx : 0 (8-122)
refldxL1zeroCand,, = —1 (8-123)
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predFlagl0zeroCand,, = 1 (8-124)
predFlagL.1zeroCand,, = 0 (8-125)
mvLOzeroCand,,[ 0]=0 (8-126)
mvLOzeroCand,,[ 1]=0 (8-127)
mvL1zeroCand,[ 0 ]=0 (8-128)
mvL1zeroCand,,[ 1 ]=0 (8-129)
numCurrMergeCand = numCurrMergeCand + 1 (8-130)

—  Otherwise (slice type is equal to B), the candidate zeroCand, with m equal to
( numCurrMergeCand — numInputMergeCand ) is added at the end of mergeCandList, i.e.,
mergeCandList] numCurrMergeCand ] is set equal to zeroCand,,, and the reference indices, the prediction
Tist utilization Tlags, and the motion vectors of zeroCand,, are derived as follows and numCurrMlergeCand
is incremented by 1:

refldxLOzeroCand,, = ( zeroldx < numRefldx ) ? zeroldx : 0 (8-131)
refldxL1zeroCand,, = ( zeroldx < numRefldx ) ? zeroldx : 0 (8-132)
predFlagl0zeroCand,, = 1 (8-133)
predFlagL1zeroCand,,, = 1 (8-134)
mvLOzeroCand,,[ 0] =0 (8-135)
mvLO0OzeroCand,,[ 1 ]=0 (8-136)
mvL1zeroCand,,[ 0 ]=0 (8-137)
mvL1zeroCand,,[ 1]=0 (8-138)
numCurrMergeCand = numCurrMergeCand « 1 (8-139)

2. The variable zeroldx is incremented by 1.

8.5.3.2.6 Derivation process for luma motion vector prediction
Inputs to this process are:

— a lunja location ( xCb, yCb ) of the top:left sample of the current luma coding block relative to the top-left luma
sample of the current picture,

— avarfable nCbS specifying the size of the current luma coding block,

— alunja location ( xPb, yPb ) specifying the top-left sample of the current luma prediction block relative fo the top-
left lhma sample of the current picture,

—  two Variables nPbW and nPbH specifying the width and the height of the luma prediction block,
— the rdference inde¢x.0f the current prediction unit partition refldxLX, with X being 0 or 1,
— avarjable partldx specifying the index of the current prediction unit within the current coding unit.

Output of thig process is the prediction mvpLX of the motion vector mvLX, with X being 0 or 1.

The motion vector predictor mvpLX is derived in the Tollowing ordered steps:

1. The derivation process for motion vector predictor candidates from neighbouring prediction unit partitions in
clause 8.5.3.2.7 is invoked with the luma coding block location ( xCb, yCb ), the coding block size nCbS, the
luma prediction block location ( xPb, yPb ), the luma prediction block width nPbW, the luma prediction block
height nPbH, refldxLX, with X being 0 or 1, and the partition index partldx as inputs, and the availability flags
availableFlagL. XN and the motion vectors mvLXN, with N being replaced by A or B, as output.

2. If both availableFlagLXA and availableFlagLXB are equal to 1 and mvLXA is not equal to mvLXB,
availableFlagl. XCol is set equal to 0. Otherwise, the derivation process for temporal luma motion vector
prediction in clause 8.5.3.2.8 is invoked with luma prediction block location ( xPb, yPb ), the luma prediction
block width nPbW, the luma prediction block height nPbH, and refldxLX, with X being 0 or 1, as inputs, and
with the output being the availability flag availableFlagLXCol and the temporal motion vector predictor
mvLXCol.
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3. The motion vector predictor candidate list, mvpListLX, is constructed as follows:

i=0

if( availableFlagL XA ) {
mvpListLX[ i++ ] = mvLXA
if( availableFlagLXB && (mvLXA != mvLXB))

mvpListLX][ i++ ] = mvLXB

} else if( availableFlagLXB )
mvpListLX] i++ ] = mvLXB

if(1<2 && availableFlagL.XCol )
mvpListLX[ i++ ] = mvLXCol

while(1<2) {
mvpListLX[1][ 0]
mvpListLX[1][ 1 ]
it

=0
=0

(8-140)

4.  The motion vector of mvpListLX[ mvp IX flag[ xPb ][ yPb ]] is assigned to mvpLX.

8.5.3.2.7
Inputs to ¢

—  a lun]
samp

- avar

— alun
left W

- two
—  therd
- avar
Outputs of
—  the nj

—  the ay

}

Derivation process for motion vector predictor candidates
his process are:

a location ( xCb, yCb ) of the top-left sample of the current luma coding block relative to the toy
e of the current picture,

able nCbS specifying the size of the current luma coding block,

a location ( xPb, yPb ) specifying the top-left sample of the currenfluma prediction block relative
ma sample of the current picture,

ariables nPbW and nPbH specifying the width and the height‘ef the luma prediction block,
ference index of the current prediction unit partition refldxLX, with X being 0 or 1,

able partldx specifying the index of the current prediction unit within the current coding unit.

this process are (with N being replaced by A ‘er.B):

otion vectors mvLXN of the neighbouringptrediction units,

ailability flags availableFlagLXN of-the neighbouring prediction units.
B, B, | By
A
Ao

-left luma

to the top-

Figure 8-3 — Spatial motion vector neighbours (informative)

The variable currPb specifies the current luma prediction block at luma location ( xPb, yPb ) and the variable currPic
specifies the current picture.

The variable isScaledFlagLX, with X being 0 or 1, is set equal to 0.

The motion vector mvLXA and the availability flag availableFlagL.XA are derived in the following ordered steps:

1. The sample location (xNbAo, yNbA,) is set equal to (xPb—1,yPb+nPbH) and the sample location

(

xNbA |, yNbA| ) is set equal to ( xNbAy, yNbAg—1).

2.  The availability flag availableFlagl. XA is set equal to 0 and both components of mvLXA are set equal to 0.

3. The availability derivation process for a prediction block as specified in clause 6.4.2 is invoked with the luma
location ( xCb, yCb ), the current luma coding block size nCbS, the luma prediction block location ( xPb, yPb ),
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the luma prediction block width nPbW, the luma prediction block height nPbH, the luma location
(xNbY, yNbY ) set equal to ( xNbA,, yNbA, ), and the partition index partldx as inputs, and the output is
assigned to the prediction block availability flag availableA,.

4. The availability derivation process for a prediction block as specified in clause 6.4.2 is invoked with the luma
location ( xCb, yCb ), the current luma coding block size nCbS, the luma prediction block location ( xPb, yPb ),
the luma prediction block width nPbW, the luma prediction block height nPbH, the luma location
(xNbY, yNbY ) set equal to (xNbA,, yNbA, ), and the partition index partldx as inputs, and the output is
assigned to the prediction block availability flag availableA;.

5. When availableA or availableA; is equal to TRUE, the variable isScaledFlagLX is set equal to 1.
6. The following applies for ( xNbAy, yNbA ) from ( xNbA,, yNbA, ) to ( xNbA [, yNbA; ):
—  When availableAy is equal to TRUE and availableFlagL. XA is equal to 0, the following applies:

=1f PredFtag X <INDAL 1T yINDAL ] TS Tquat to T and
DiffPicOrderCnt( RefPicListX[ RefldxL X[ xNbAy ][ yNbAy ] ], RefPicListX[ refldxLX })fis equal to
0, availableFlagl. XA is set equal to 1 and the following applies:

mvLXA = MvLX[ xNbA, ][ yNbA ] (8-141)

—  Otherwise, when PredFlagLY[ xNbA ][ yNbA,] (with Y =1!X) Gy~ equal to| 1 and
DiffPicOrderCnt( RefPicListY[ RefldxL Y[ xNbAy ][ yNbAy ] ], RefPicLdstX[ refldxLX ]) [is equal to
0, availableFlagL. XA is set equal to 1 and the following applies:

mvLXA = MvLY[ xNbA; ][ yNbAy ] (8-142)
7. When availableFlagL XA is equal to 0, the following applies for ( xXNbAjL, yNbAy ) from ( xXNbA,, YNbA, ) to

(KNbA|, yNbA ) or until availableFlagL XA is equal to 1:
4+  When availableAy is equal to TRUE and availableFlagL. XA is’equal to 0, the following applies:
- If PredFlaglL X[ xNbAy ][ yNbA ] 1s equal to 1 and
LongTermRefPic( currPic, currPb, refldxLX,-RetPicListX ) is equal to

LongTermRefPic( currPic, currPb, RefldxLX[xNbAy ][ yNbA |, RefPicListX ), availablpFlagl. XA
is set equal to 1 and the following assignments are made:

mvLXA = MvLX[ xNbAy ][ yNbA; ] (8-143)

refldxA = RefldxLX[ xNbAY ][ yNbA ] (8-144)
refPicListA = RefPiclfistX (8-145)

—  Otherwise, when _.RredFlagLY[ xNbAy ][ yNbAx] (with Y =!X) is equal to|] 1 and
LongTermRefPic( CurrPic, currPb, refldxLX, RefPicListX ) is equal to

LongTermRefPic( currPic, currPb, RefldxLY[ xNbAy ][ yNbAy ], RefPicListY ), availablpFlaglL. XA
is set equal tosl\and the following assignments are made:

mvLXA = MvLY[ xNbAy ][ yNbAy ] (8-146)
tefldxA = RefldxLY[ xNbAy ][ yNbAy ] (8-147)
refPicListA = RefPicListY (8-148)
+ ~When availableFlagL XA is equal to 1

DiffPicOrderCnt( refPicListA[ refldxA ], RefPicListX[ refldxLX ]) is not equal to 0, fnd both
refPicListA[ refldxA ] and RefPicListX] refldxLX | are short-term reference pictures, mvLXA is derived

as follows:
tx =(16384+ (Abs(td) >> 1))/td (8-149)
distScaleFactor = Clip3( —4096, 4095, (tb *tx +32) >> 6) (8-150)
mvLXA = Clip3( —32768, 32767, Sign( distScaleFactor * mvLXA ) *
( ( Abs( distScaleFactor * mvLXA )+ 127) >> §8)) (8-151)
where td and tb are derived as follows:
td = Clip3( —128, 127, DiffPicOrderCnt( currPic, refPicListA[ refldxA ])) (8-152)
tb = Clip3( —128, 127, DiffPicOrderCnt( currPic, RefPicListX][ refldxLX ])) (8-153)

The motion vector mvLXB and the availability flag availableFlaglL.XB are derived in the following ordered steps:
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1.
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The sample locations (xNbBy, yNbB;), (xNbB;, yNbB;), and (xNbB,, yNbB,) are set equal to
(xPb+nPbW, yPb—1), (xPb+nPbW — 1, yPb— 1), and (xPb — 1, yPb — 1), respectively.

The availability flag availableFlagL.XB is set equal to 0 and the both components of mvLXB are set equal to 0.
The following applies for ( xNbBy, yNbBy ) from ( xXNbB,, yNbB, ) to ( xXNbB,, yNbB, ):

The availability derivation process for a prediction block as specified in clause 6.4.2 is invoked with the
luma location ( xCb, yCb ), the current luma coding block size nCbS, the luma prediction block location
( xPb, yPb ), the luma prediction block width nPbW, the luma prediction block height nPbH, the luma
location ( XxNbY, yNbY ) set equal to ( xNbBy, yNbBy ), and the partition index partldx as inputs, and the
output is assigned to the prediction block availability flag availableBy.

When availableBy is equal to TRUE and availableFlagLXB is equal to 0, the following applies:
- If PredFlaglL X[ xNbBy ][ yNbBy ] is equal to 1, and
1

=

H

=

~

DiffPicOrderCmt RefPicEistXf Refidx X <IN B 1T yINDBr 1 1; RefPictistXf refidxEX 1) s equal to
0, availableFlagl. XB is set equal to 1 and the following assignments are made:

mvLXB = MvLX[ xNbBy ][ yNbBy ] (8-154)
refldxB = RefldxLX[ xNbBy ][ yNbBy ] (8-155)

—  Otherwise, when PredFlagLY[xNbBy ][ yNbB,] (with Y =1!X) (4" equal to| 1 and
DiffPicOrderCnt( RefPicListY[ RefldxLY[ xNbBy ][ yNbBy ] ], RefPichistX[ refldxLX ]) |s equal to
0, availableFlagl. XB is set equal to 1 and the following assignments ace made:

mvLXB = MvLY[ xNbB, ][ yNbBy ] (8-156)
refldxB = RefldxL Y[ xNbBy ][ yNbB; ] (8-157)

Vhen isScaledFlaglX is equal to 0 and availableFlagLXB is equal'to 1, availableFlagL XA is set equpl to 1 and
e following applies:

mvLXA =mvLXB (8-158)

When isScaledFlagl. X is equal to 0, availableFlagDXB is set equal to 0 and the following dpplies for
KNbBy, yNbBy ) from ( xNbBy, yNbBy ) to ( xNbB», yNbB, ) or until availableFlagl. XB is equal to 1f.

The availability derivation process for a\prediction block as specified in clause 6.4.2 is invoked with the
luma location ( xCb, yCb ), the current,luma coding block size nCbS, the luma location ( xPb,|yPb ), the
luma prediction block width nPbW, the luma prediction block height nPbH, the lumg location
( xNbY, yNbY ) set equal to ( xNbBy, yNbBy ), and the partition index partldx as inputs, and thg output is
assigned to the prediction block availability flag availableBy.

When availableBy is equal;to TRUE and availableFlagLXB is equal to 0, the following applies:

- If PredFlagl X[ xNbBy ][ yNbBy ] is equal to 1 and
LongTermRefPic( currPic, currPb, refldxLX, RefPicListX ) is equal to
LongTertnRefPic( currPic, currPb, RefldxLX[ xNbBy ][ yNbBy ], RefPicListX ), availableFlagL XB is
set equal to 1 and the following assignments are made:

mvLXB = MvLX[ xNbBy ][ yNbBy ] (8-159)

refldxB = RefldxLX[ xNbBy ][ yNbBy | (8-160)
refPicListB = RefPicListX (8-161)

—  Otherwise, when PredFlagLY[xNbBy ][ yNbB,] (with Y=1!X) is equal to 1 and
LongTermRefPic( currPic, currPb, refldxLX, RefPicListX ) is equal to

LongTermRefPic( currPic, currPb, RefldxLY[ xNbBy ][ yNbBy ], RefPicListY ), availableFlagL. XB is
set equal to 1 and the following assignments are made:

mvLXB = MvLY[ xNbBy ][ yNbBy ] (8-162)
refldxB = RefldxLY[ xNbBy ][ yNbBy ] (8-163)
refPicListB = RefPicListY (8-164)

When availableFlagl. XB is equal to 1, DiffPicOrderCnt( refPicListB][ refldxB ], RefPicListX][ refldxLX ])
is not equal to 0, and both refPicListB[ refldxB ] and RefPicListX[ refldxL.X ] are short-term reference
pictures, mvLXB is derived as follows;
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tx =(16384+ (Abs(td) >> 1))/td
distScaleFactor = Clip3( —4096, 4095, (tb * tx +32) >> 6)

mvLXB = Clip3( —32768, 32767, Sign( distScaleFactor * mvLXB ) *
( ( Abs( distScaleFactor * mvLXB )+ 127 ) >> 8))

where td and tb are derived as follows:
td = Clip3( —128, 127, DiffPicOrderCnt( currPic, refPicListB[ refldxB ] ) )
tb = Clip3( —128, 127, DiffPicOrderCnt( currPic, RefPicListX][ refldxLX ]))

8.5.3.2.8 Derivation process for temporal luma motion vector prediction

Inputs to this process are:

(8-165)
(8-166)

(8-167)

(8-168)
(8-169)

- a lun
left Iy

- twoV
—  arefdq
Outputs of
—  then
—  the ay
The varial

The variah

- If sl
avail

—  Othe
1.

d 1ULdliUll k)&P‘U, _)’F‘U ) bpcuifyiug LilC lUp‘iUfl. bdlllpic Uf l.hE CUITCII 1u111a plUdibLiUll blUbk lCldliVC
ma sample of the current picture,

ariables nPbW and nPbH specifying the width and the height of the luma prediction block,
rence index refldxLX, with X being 0 or 1.

this process are:

otion vector prediction mvLXCol,

ailability flag availableFlagL.XCol.

le currPb specifies the current luma prediction block at luma location (xPb, yPb ).

les mvLXCol and availableFlagl. XCol are derived as follows:

ce_temporal mvp enabled flag is equal to 0, both comiponents of mvLXCol are set equal
ibleFlagl. XCol is set equal to 0.

(wise, the following ordered steps apply:

[he bottom right collocated motion vector is derived as follows:
xColBr = xPb + nPbW
yColBr = yPb + nPbH

— If yPb >> CtbLog2SizeY *is' equal to yColBr >> CtbLog2SizeY, yColBr is
pic_height in luma samples;” and xColBr is less than pic width in luma samples, the
applies:

—  The variable «olPb specifies the luma prediction block covering the modified location
((xColBr=%*4) << 4, (yColBr >> 4) << 4) inside the collocated picture specified t

—  The luma’location ( xColPb, yColPb ) is set equal to the top-left sample of the collod
prediction block specified by colPb relative to the top-left luma sample of the collocat
specified by ColPic.

=<The derivation process for collocated motion vectors as specified in clause 8.5.3.2.9 is iny
currPb, colPb, ( xColPb, yColPb ), and refldxLX as inputs, and the output is assigned to

and availableFlagl XCol.

o the top-

to 0 and

(8-170)
(8-171)

ess than
following

given by
y ColPic.

ated luma
ed picture

oked with
mvLXCol

—  Otherwise, both components of mvLXCol are set equal to 0 and availableFlagL.XCol is set equal to 0.

2. When availableFlagl.XCol is equal to 0, the central collocated motion vector is derived as follows:

xColCtr =xPb + (nPbW >> 1)
yColCtr =yPb + (nPbH >> 1)

—  The variable colPb specifies the luma prediction block covering the modified location

(8-172)
(8-173)
given by

((xColCtr >> 4) << 4, (yColCtr >> 4) << 4) inside the collocated picture specified by ColPic.

—  The luma location ( xColPb, yColPb ) is set equal to the top-left sample of the collocated luma

prediction

block specified by colPb relative to the top-left luma sample of the collocated picture specified by

ColPic.
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—  The derivation process for collocated motion vectors as specified in clause 8.5.3.2.9 is invoked with
currPb, colPb, ( xColPb, yColPb ), and refldxL.X as inputs, and the output is assigned to mvLXCol and

availableFlagL.XCol.

8.5.3.2.9 Derivation process for collocated motion vectors

Inputs to this process are:

— avariable currPb specifying the current prediction block,

— avariable colPb specifying the collocated prediction block inside the collocated picture specified by ColPic,

—  aluma location ( xColPb, yColPb ) specifying the top-left sample of the collocated luma prediction block specified

by co

IPb relative to the top-left luma sample of the collocated picture specified by ColPic,

— areference index refldxLX, with X being O or 1.

Outputs of
—  the n
—  the ay
The varial

The array
MvLO[ x ]
predFlagl)
MvLI1[ x ]

The variah

— If co
availa

—  Otbher]
derivg

- I

-
t
14

I
S O

and n

mvL1Col[ xColPb ][ yColPb ], refldxL1Col[ xCelPb ][ yColPb ], and L1, respectively.

¢ 1), the following assignments are made:

this process are:

otion vector prediction mvLXCol,
ailability flag availableFlagL.XCol.

le currPic specifies the current picture.

5 predFlagl.0Col[ x ][y ], mvLOCol[ x ][y ], and refldxLOCol[ x ][ y ] are set"equal to PredFlagL
[ y1, and RefldxLO[ x ][ y ], respectively, of the collocated picture specified by ColPic, and
ICol[x][y], mvL1Col[x][y], and refldxL1Col[x][y] are set” equal to PredFlagl]
[ v 1, and RefldxL1[ x ][ y ], respectively, of the collocated picture speeified by ColPic.

les mvLXCol and availableFlagl. XCol are derived as follows:

Pb is coded in an intra prediction mode, both components of mvLXCol are set equal
bleFlagl. XCol is set equal to 0.

wise, the motion vector mvCol, the reference index.refldxCol, and the reference list identifier
d as follows:

predFlagLOCol[ xColPb ][ yColPb ] is equalto 0, mvCol, refldxCol, and listCol are set

therwise, if predFlagLOCol[ xColPb ][ yC0lPb ] is equal to 1 and predFlagL.1Col[ xColPb ][ yColPt
0, mvCol, refldxCol, and  listCol are set equal to mvLOCol[ xColPb ]
fldxLOCol[ xColPb ][ yColPb ], and:E0, respectively.

therwise (predFlagL0Col[ xCGolPb ][ yColPb ] is equal to 1 and predFlagL.1Col[ xColPb ][ yColPh

If NoBackwardPredFlag is equal to 1, mvCol, refldxCol, and listCol are set
mvLXCol[ xColPbJ][ yColPb ], refldxLXCol[ xColPb ][ yColPb ], and LX, respectively.

Otherwise, \mvCol, refldxCol, and listCol are set equal to mvLNCol[ xColPb ]
refldxLNCol[ xColPb ][ yColPb ], and LN, respectively, with N being the |
collocated from 10 flag.

vL XCol'and availableFlagL.XCol are derived as follows:

oL x1ly]
the arrays

IIx1ly]

to 0 and

istCol are

equal to

] is equal
yColPb ],

] is equal

equal to

yColPb ],
value  of

- 1

DongTermRefPic( cnrrPic  cnrrPh refldxI X TX ) is not equal to TongTermRefPic( ColH

ic, colPb,

refldxCol, listCol ), both components of mvLXCol are set equal to 0 and availableFlagL.XCol is set equal to 0.

—  Otherwise, the variable availableFlagl. XCol is set equal to 1, refPicListCol[ refldxCol ] is set to be the picture
with reference index refldxCol in the reference picture list listCol of the slice containing prediction block colPb
in the collocated picture specified by ColPic, and the following applies:

142

colPocDiff = DiffPicOrderCnt( ColPic, refPicListCol[ refldxCol ])
currPocDiff = DiffPicOrderCnt( currPic, RefPicListX[ refldxLX ] )

(8-174)
(8-175)

If RefPicListX[ refldxLX ] is a long-term reference picture, or colPocDiff is equal to currPocDiff,

mvLXCol is derived as follows:
mvLXCol = mvCol

Otherwise, mvLXCol is derived as a scaled version of the motion vector mvCol as follows:
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tx =(16384 + (Abs(td) >> 1))/td
distScaleFactor = Clip3( —4096, 4095, (tb * tx +32) >> 6)

mvLXCol = Clip3(—32768, 32767, Sign( distScaleFactor * mvCol ) *
( ( Abs( distScaleFactor * mvCol ) + 127 ) >> 8))

where td and tb are derived as follows:
td = Clip3( —128, 127, colPocDiff )
tb = Clip3( —128, 127, currPocDiff )

Derivation process for chroma motion vectors

This process is only invoked when ChromaArrayType is not equal to 0.

Input to tk
Output of
A chroma

For the de

8.5.3.3
8.5.3.3.1

Inputs to ¢

— aluma
luma s

— alumaj
samplg

— avarig
— two v
— the lun
— when

—  the refj
— the prg
Outputs of
— an (nC

— when
sample

[SPTOCESS TS @ U TIOHOT VeTtor TIvEXS

this process is a chroma motion vector mvCLX.

motion vector is derived from the corresponding luma motion vector.
Fivation of the chroma motion vector mvCLX, the following applies:
mvCLX[ 0 ]=mvLX[ 0] * 2/ SubWidthC

mvCLX[ 1 ]=mvLX[ 1] * 2/ SubHeightC

Decoding process for inter prediction samples

[Seneral

his process are:

hmple of the current picture,

of the current luma coding block,

ble nCbS specifying the size of the current litma coding block,

Fiables nPbW and nPbH specifying the-width and the height of the luma prediction block,

ia motion vectors mvL0O and mvL],

hromaArrayType is not equalioe 0, the chroma motion vectors mvCLO and mvCL1,

brence indices refldxL0and refldxL1,

diction list utilization flags, predFlagl.0, and predFlagL1.

this process aré;

bS1 )x(nCbhSy) array predSamples; of luma prediction samples, where nCbS, is derived as specified b

ChromaAtrayType is not equal to 0, an (nCbSwc)x(nCbShc) array predSamplesc, of chroma
s for the component Cb, where nCbSwc and nCbShc are derived as specified below,

— when
for the

(8-177)
(8-178)

(8-179)

(8-180)
(8-181)

(8-182)
(8-183)

location ( xCb, yCb ) specifying the top-left sample oftlie/current luma coding block relative to the top-left

location ( xBl, yBl) specifying the top-left sample of the current luma prediction block relative to the top-left

elow,

prediction

hromaArray Iype 1s not equal to U, an (nCbSw¢)X(nCbShc) array predSamplesc, of chroma residual samples

component Cr, where nCbSwc and nCbSh¢ are derived as specified below.

The variable nCbS; is set equal to nCbS. When ChromaArrayType is not equal to 0, the variable nCbSwc is set equal to
nCbS / SubWidthC and the variable nCbShc is set equal to nCbS / SubHeightC.

Let predSamplesLO; and predSamplesL1l; be (nPbW)x(nPbH) arrays of predicted luma sample values and, when
ChromaArrayType is not equal to 0, predSamplesLO¢y,, predSamplesL1c,, predSamplesLO¢,, and predSamplesL1c, be

(nPbW / S

ubWidthC)x(nPbH / SubHeightC) arrays of predicted chroma sample values.

For X being each of 0 and 1, when predFlagLX is equal to 1, the following applies:

— The reference picture consisting of an ordered two-dimensional array refPicLX; of luma samples and, when
ChromaArrayType is not equal to 0, two ordered two-dimensional arrays refPicLX¢, and refPicLXc, of chroma
samples is derived by invoking the process specified in clause 8.5.3.3.2 with refldxLLX as input.

Rec. ITU-T H.265 (2015 E)

143


https://iecnorm.com/api/?name=ef24e739dd45de9e323cd214b25399a9

ISO/IEC 23008-2:2015(E)

— The array predSamplesLX; and, when ChromaArrayType is not equal to 0, the arrays predSamplesLX¢, and
predSamplesL X, are derived by invoking the fractional sample interpolation process specified in clause 8.5.3.3.3
with the luma locations ( xCb, yCb ) and ( xBl, yBl), the luma prediction block width nPbW, the luma prediction
block height nPbH, the motion vectors mvLX and, when ChromaArrayType is not equal to 0, mvCLX, and the
reference arrays refPicL X, refPicL Xy, and refPicLXc, as inputs.

The prediction samples inside the current luma prediction block, predSamples [ x; +xBl ][y, +yBl] with
xp =0..nPbW — 1 and y; = 0..nPbH — 1, are derived by invoking the weighted sample prediction process specified in
clause 8.5.3.3.4 with the prediction block width nPbW, the prediction block height nPbH, and the sample arrays
predSamplesL0; and predSamplesL1;, and the variables predFlaglL0, predFlagL1, refldxL0, refldxL.1, and cldx equal to
0 as inputs.

When ChromaArrayType is not equal to 0, the prediction samples inside the current chroma component Cb prediction
block, predSamplescy[ xc + xBl/ SubWidthC ][ yc + yBl/ SubHeightC ] with xc=0..nPbW / SubWidthC—1 and
yc = 0..nPbH / SubHeightC — 1, are derived by invoking the weighted sample prediction process specified in
clause 8.5]3.3.4 with the prediction block width nPbW set equal to nPbW / SubWidthC, the prediction block-hdight nPbH
set equal|to nPbH /SubHeightC, the sample arrays predSamplesLOc, and predSamplesL1c,, andithe| variables
predFlagli0, predFlagL1, refldxL0, refldxL1, and cldx equal to 1 as inputs.

When ChjomaArrayType is not equal to 0, the prediction samples inside the current chroma compoenent Cr [prediction
block, predSamplesc,[ x¢ +xBl/ SubWidthC ][ yc + yBl/ SubHeightC ] with x¢ = 0.nPbW{JSubWidthd — 1 and
yc = 0..nPpH / SubHeightC — 1, are derived by invoking the weighted sample predidtion process specified in
clause 8.5]3.3.4 with the prediction block width nPbW set equal to nPbW / SubWidthC, th€)prediction block hgight nPbH
set equal| to nPbH /SubHeightC, the sample arrays predSamplesLOc, and predSamplesL1c,, and the| variables
predFlagli0, predFlagL1, refldxL0, refldxL1, and cldx equal to 2 as inputs.

8.5.3.3.2 Reference picture selection process
Input to thiis process is a reference index refldxLX.

Output of fthis process is a reference picture consisting of a two-dimensional array of luma samples refPicLX; |Jand, when
ChromaAtrayType is not equal to 0, two two-dimensional arrays of ghroma samples refPicL X, and refPicLX;.

The output reference picture RefPicListX[ refldxLX Js\Nconsists of a pic_width in luma samples by
pic_heigh{ in luma samples array of luma samples refPicl. X; and, when ChromaArrayType is not equal|to 0, two
PicWidthInSamplesC by PicHeightInSamplesC arrays of\chroma samples refPicLXc, and refPicLXc;.

The reference picture sample arrays refPicLX;, refPieEXcy, and refPicLXc, correspond to decoded sample arrdys Sy, Scy,
and S¢; defived in clause 8.7 for a previously-decoded picture.

8.5.3.3.3 Fractional sample interpolation process

8.5.3.3.3.1 General
Inputs to this process are:

— a lumd location ( xCb, yCb ) Specifying the top-left sample of the current luma coding block relative to the top-left
luma shmple of the currént/picture

— alumalocation ( xBL\yBI ) specifying the top-left sample of the current luma prediction block relative to the top-left
samplq of the cutrent luma coding block

— two vafiablés nPbW and nPbH specifying the width and the height of the luma prediction block

— aluma]metion vector mvLX given in quarter-luma-sample units

— when ChromaArrayType is not equal to 0, a chroma motion vector mvCLX given in eighth-chroma-sample units

— the selected reference picture sample array refPicLX; and, when ChromaArrayType is not equal to 0, the arrays
refPicLXcy, and refPicLXc,.

Outputs of this process are:
— an (nPbW)x(nPbH) array predSamplesLX; of prediction luma sample values

— when ChromaArrayType is not equal to 0, two (nPbW / SubWidthC)x(nPbH / SubHeightC) arrays predSamplesLXcy,
and predSamplesL X, of prediction chroma sample values.

The location (xPb, yPb) given in full-sample units of the upper-left luma samples of the current prediction block
relative to the upper-left luma sample location of the given reference sample arrays is derived as follows:

xPb = xCb + xBl (8-184)
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(8-185)

Let ( xInt, yInt; ) be a luma location given in full-sample units and ( xFrac;, yFrac, ) be an offset given in quarter-

sample units. These variables are used only inside this clause for specifying fractional-sample locations
reference sample arrays refPicLX;, refPicLXcy, and refPicLX,.

inside the

For each luma sample location (x;=0..nPbW — 1,y =0..nPbH — 1) inside the prediction luma sample array
predSamplesLX;, the corresponding prediction luma sample value predSamplesL.X; [ x; ][ yi ] is derived as follows:

— The variables xInt;, yInt;, xFrac;, and yFrac are derived as follows:
xIntp =xPb+(mvLX[ 0] >> 2)+x¢
ylntp =yPb+(mvLX[ 1] >> 2)+yL
xFracp =mvLX[ 0] & 3

(8-186)
(8-187)
(8-188)

yFfac, =mvLX[ T T & 3

— The prgdiction luma sample value predSamplesLX [ x. ][ y. ] is derived by invoking the process specifie
8.5.3.3[3.2 with ( xInt;, yInt; ), ( xFracy, yFrac, ), and refPicLX| as inputs.

When ChrpmaArrayType is not equal to 0, the following applies.

Let ( xIntd, yIntc ) be a chroma location given in full-sample units and ( xFracc, yFracc ) be-an offset given in
sample unjits. These variables are used only inside this clause for specifying general fractional-sample locati
the refererfce sample arrays refPicLXc, and refPicLXc,.

For each| chroma sample location (xc=0.nPbW /SubWidthC — 1, yc = 0..nPbH / SubHeightC — 1) i
prediction|chroma sample arrays predSamplesL. X, and predSamplesLXc,, the-corresponding prediction chro
values preSamplesLXcp[ Xc ][ yc ] and predSamplesL X[ xc ][ yc ] are derived’as follows:

— The vdriables xIntc, yIntc, xFracc, and yFracc are derived as follows:
xInfc = (xPb / SubWidthC ) + (mvCLX[ 0] >> 3) + xc
yInfc = (yPb / SubHeightC ) + (mvCLX[ 1] >> 3 )+ y¢
xFfacc =mvCLX[0] & 7
yFacc =mvCLX[ 1] & 7

— The prediction sample value predSampleskXcy[ Xc ][ yc] is derived by invoking the process sp
clause[8.5.3.3.3.3 with ( xIntc, yIntc ), ( xEragc, yFracce ), and refPicLXc, as inputs.

— The prediction sample value predSamplesLXc[ xc][yc] is derived by invoking the process sp
clause [8.5.3.3.3.3 with ( xIntc, yInte )y ( xFracc, yFrace ), and refPicLXc; as inputs.

8.5.3.3.3.2 Luma sample interpoldation process

Inputs to this process are:

— alumallocation in full>sample units ( xInt;, yInt ),

— alumallocation in*fractional-sample units ( xFrac;, yFrac ),

— the luma reference sample array refPicL.X.

(8-189)

l in clause

pne-eighth
ons inside

nside the
ma sample

(8-190)
(8-191)
(8-192)
(8-193)

ecified in

ecified in

Output of this'process is a predicted luma sample value predSampleLX;
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L4 — Integer samples (shaded blocks with upper-case letters) and fractional sample positions (un-shaded
blocks with lower-case letters) for‘quarter sample luma interpolation

B-4, the positions labelled with upper=ease letters A, j within shaded blocks represent luma samp
ations inside the given two-dimensional array refPicLX; of luma samples. These samples may b
the predicted luma sample valuetpredSampleLX; . The locations ( XA, j, YA ;) for each of the cort
luma samples A; ; inside the given arraytefPicLX; of luma samples are derived as follows:

;= Clip3( 0, pic_width, in_.luma_samples — 1, xInt, +1)

| = Clip3( 0, pic_height _in_luma_samples — 1, yInt; +j)

ons labelled with Tower-case letters within un-shaded blocks represent luma samples at quarter-j
locations. JThe“luma location offset in fractional-sample units ( xFrac, yFrac, ) specifies wh
luma saniples at full-sample and fractional-sample locations is assigned to the predicted luma sar
eL X .<Fhis assignment is as specified in Table 8-8. The value of predSampleLX| is the output.

leSshiftl, shift2, and shift3 are derived as follows:

es at full-
e used for
esponding

(8-194)
(8-195)

el sample
ch of the
nple value

— The variable shiftl is set equal to Min( 4, BitDepthy — 8 ), the variable shift2 is set equal to 6, and the variable shift3
is set equal to Max( 2, 14 — BitDepthy ).

Given the luma samples A, j at full-sample locations ( XA; j, YA; j), the luma samples agy to 1 at fractional sample
positions are derived as follows:

— The samples labelled ag, boo, Co0, doo, hoo, and ngp are derived by applying an 8-tap filter to the nearest integer
position samples as follows:

0= (A0t 4%A 20— 10%A 1o+ 58 % Ago+ 17 % Ajg—5* Ayg+Asg) >> shiftl

boo=(—Asot4*A,0—11%A 1g+40% Agg+40* Ajg— 11 % Ayg+4* Ayg—Ayy) >> shifil

Co,0 = ( A72’0 —5%* Afl’() +17* AO,O + 58 * AI,O —10* AZ,O +4%* A3’0 - A4‘0 ) >> shiftl
doo=(—Ao3+4%Ag 5~ 10% Ag_ +58% Agg+ 17 % Agy — 5 * Aga + Ags) >> shiftl
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(8-196)
(8-197)
(8-198)
(8-199)
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hoo=(—A¢g3+4*Ag,—11*Ag 1 +40* Ago+40* Ag; — 11 * Ag, +4* Ag3— Aps) >> shiftl
Noo = ( A()’fz —5%* AO,*I +17* AO,O + 58 * AO,I —10* A(),2 +4%* A0,3 - A0’4) >> shiftl

ISO/TIEC 23008-2:2015(E)

(8-200)
(8-201)

— The samples labelled e, i0,0, Po.0> f0.0» Jo.0» 900> 800> Koo, and 1o are derived by applying an 8-tap filter to the samples

g, bo; and co; with 1 =—3..4 in the vertical direction as follows:

€o=("a3+4*ay,—10%ag_; +58*agg+ 17 *ag; —5*ap,+aps) >> shift2 (8-202)
lgp=(—ap3+4%*ay,—11*ay+40*apy+40 *ap; — 11 *ap, +4 *ag;—apy) >> shift2 (8-203)
Poo=(ap—5%*ay_+17*apg+58*ay; — 10 *agr +4 *ag3 —apq ) >> shift2 (8-204)
foo=(-bo3+4*by,—10* by +58 *boy+ 17 *bg; —5 * by +bp3) >> shift2 (8-205)
Joo=("bo3+4*byo—11*bg_1+40 *boo+40*by; — 11 ¥ by, +4 *bys—bps) >> shift2 (8-206)
qQo.or~—br—=3Eby—r+37 2 bry-58E byr=10-% bor==4-E byr="bp1) shift2 (8-207)
goo|=(—Co3t+4*copo—10%co1 +58*coo+ 17 *co1—5*contcos3) >> shift2 (8-208)
koo|=(—co—3+4*co—p— 11 * oy +40 * coo+40 *coy — 11 * cop+4 * co3—Coq) >> shift2 (8-209)
ToofF (Co2—5*co1+ 17 * oo+ 58 * o1 — 10 * cop+4 * co3 —Coa ) >> shift2 (8-210)
Table 8-8 — Assignment of the luma prediction sample predSampleLX,
xFracL 0 OjojoOf1 1|1 {12222 |3|3|3|3
yFracL 0 1121301123 ]0fHKy2|3|0]1 3
predSampleLX; | A << shift3 |d|h|n|a|le|i|p]Jb{f|j|q|c|gl|k]|T
8.5.3.3.3.3 Chroma sample interpolation process
This procgss is only invoked when ChromaArrayType is not équal to 0.
Inputs to this process are:
— achromna location in full-sample units ( xIntc, ylnte),
— achroina location in eighth fractional-sample units ( xFracc, yFracc ),
— the chjoma reference sample array refPicLXc.
Output of this process is a predicted chroma sample value predSampleLXc
Rec. ITU-T H.265 (2015 E) 147
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hag_¢ | hbo1|hco.1 [hdo.1|heg.1| hfo_1 [hgg.1|hho_1

ah_qo| Boo |abgo | acop | adop | @eop | afoo | @goo | @hoo | Bio

bh_10] bago | bbog | bCoo | bdog | bego | bfoo | bGog | Phog | baite

ch_1g] cagp | Chgo | CCoo | Cdoo | C00 | Cfoo | €0 | Choo | Ca10

dh_4g] dago | dbgo | dcog | ddoo | degp | dfoo | oo | dhoo | daqo

Figure 8

In Figure
sample lo
generating
correspon

xB
yBj

The positi
fractional
generated
value pred

The variah

— The va
is set ¢

eh_ygleapo | €boo | €Cop | €dop | €€00 | €foo | €00 | €Noo | €a10

fhoqo] fago | fboo | fCoo | fdoo | feoo | ffoo | f00 | fhoo | a1,

gh_10] 90,0 | 9boo | 9Co0 | 9900 | 9€00 | Ifo0 | 9900 | GNooPTa10

hh_1 o] hago | hbgo [ hcop | hdog | hegp | hfgg | hgoeihoo | haq

Bo1 | a@bo1 | @Coq | @do s | @1 | @fo1¢|@do1 | @hos | Bis

blocks with lower-case letters) for eighth sample chroma interpolation

B-5, the positions labelled with upper-case letters B; ; within shaded blocks represent chroma samp
ations inside the given two-dimensional arfay refPicLXc of chroma samples. These samples may b

the predicted chroma sample value.predSampleLXc. The locations (xB;;, yBij) for ea
ling chroma samples B; ; inside the given array refPicLXc of chroma samples are derived as follows:

i=Clip3( 0, ( pic_width_in_lumd-samples / SubWidthC ) — 1, xIntc +1)
;= Clip3( 0, ( pic_height_ifi_luma_samples / SubHeightC ) — 1, yIntc +j )

pns labelled with lowefscase letters within un-shaded blocks represent chroma samples at eighth-j

chroma samples (at full-sample and fractional-sample locations is assigned to the predicted chroti

les shiftlsshift2, and shift3 are derived as follows:

riable-shiftl is set equal to Min( 4, BitDepthc — 8 ), the variable shift2 is set equal to 6, and the vari
qual to' Max( 2, 14 — BitDepthc ).

SampleLX. This assignment is as specified in Table 8-9. The output is the value of predSampleLX.

LS — Integer samples (shaded blocks with upper-case letters) and fractional sample positions (un-shaded

les at full-
e used for
h of the

(8-211)
(8-212)

bel sample

locations. The chrgma location offset in fractional-sample units ( xFracc, yFracc ) specifies which of the

na sample

able shift3

Given the chroma samples B; ; at full-sample locations ( xB; j, yBi j ), the chroma samples ab,, to hhy, at fractional
sample positions are derived as follows:

— The samples labelled aby o, acy, adg o, aco, afoo, agoo, and ahg are derived by applying a 4-tap filter to the nearest
integer position samples as follows:

aboy=(—2*B_, o+ 58 * Boy + 10 * B, )~ 2 * By ) >> shiftl

acy,

0=(—4*B 14 +54*Byo+16*Bjy—2*B,y) >> shiftl

ad0,0 = ( —6 * Bflﬂo +46 * BO,O +28 * B]v() —4%* BZ,O) >> shiftl

aey,

0= ( —4 * Bfl’() +36* BO,O +36* BI,O —4%* BZ,O ) >> ghiftl

afyo=(—4* B0+ 28 * Byo+ 46 * By~ 6 * Byy) >> shiftl
ago,o = ( -2 * B—I,O +16 * B0,0 +54 * BI,O —4%* Bz’()) >> ghiftl
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ahovo = ( 2 * Bflﬂo +10* BO,O + 58 * BI,O —2%* BZ,O) >> shiftl

(8-219)

— The samples labelled bag g, cag, dago, €ao, fago, gaop, and hag are derived by applying a 4-tap filter to the nearest

integer

position samples as follows:

bagg = (2 * By_; + 58 * Boy+ 10 * By; —2 * By, ) >> shiftl
cage=(—4* By + 54 *Bog+ 16 * Byy — 2 * By, ) >> shiftl
dago=(—6* By_; +46 * By + 28 * By, — 4 * By, ) >> shiftl
eago=(—4* By +36 * Byy+36* By, —4 *Bg,) >> shiftl
fage=(—4 * By, +28 * Byg+ 46 * Byy — 6 * By, ) >> shifil

gapp = ( -2 * BO,—l +16 * B0,0 +54 * BO,] —4%* Bo’z) >> ghiftl
hagr=t—2%Bo+10%B - L5¢* B 0% p 3 s ghing

— The samples labelled bXg 0, ¢X¢0, dX00, €Xo0.0, {X0.0, 8Xo,0, and hX for X being replaced by b, c, d)\e; 1
ively, are derived by applying an 4-tap filter to the intermediate values aX,; with i=—1.2’in the vertical

respec
directi

bX
cX
dX
eX
X
gX
hX

Table 8

8.5.3.34

n as follows:

o0=("2%*aXo1 +58 *aXpop+ 10 * aX,; —2 * aXp, ) >> shift2
o0=(—4%aXo_1 +54*aXpp+ 16 *aXp; —2 *aXp,) >> shift2
0=(—6*aX,_ +46 *aXoo+28 *aX, —4 * aXp,) >> shift2
0=(—4%*aX, ; +36*aXgo+36*aX,, —4*aXp,) >> shift2
0=(—4*aXo 1 +28*aXo+46 *aXy; — 6 *aX,,) >> shift2
o0=("2%aXo_1+16*aXpo+ 54 * aX; —4 * aXp, ) >> shift2
o0=("2*aXp-1+10*aXo+ 58 *aXy; —2 *aXq,) > shift2

9 — Assignment of the chroma prediction sample predSampleLXc for ( X, Y ) being replaced b)
(2,¢),(3,d),(4,e),(5,f), (6,2),and (7, h), respectively

xFracC 0 0 0 0 0 0 0 0
yFracC 0 1 2 3 4 1516 7

predSampleLX¢ | B's< shift3 | ba | ca | da | ea | fa | ga | ha

xFracC X X1 XX | X | X | X | X
yEraeC 0 1 2 3 4 | 5 6 7
predSampleLXc aYy bY | cY | dY | eY | fY | gY | hY

Weighted sample prediction process

(8-220)
(8-221)
(8-222)
(8-223)
(8-224)
(8-225)
(8-226)
, g, and h,

(8-227)
(8-228)
(8-229)
(8-230)
(8-231)
(8-232)
(8-233)

(1, b),

8.5.3.3.4.1

Géneral

Inputs to this process are:

— two variables nPbW and nPbH specifying the width and the height of the current prediction block,

— two (nPbW)x(nPbH) arrays predSamplesL.O and predSamplesL1,

— the pre

diction list utilization flags, predFlagl0, and predFlagL1,

— the reference indices refldxL0 and refldxL1,

— avariable cldx specifying colour component index.

Output of this process is the (nPbW)x(nPbH) array pbSamples of prediction sample values.

The variable bitDepth is derived as follows:

— Ifcldx

is equal to 0, bitDepth is set equal to BitDepthy.

Rec. ITU-T H.265 (2015 E)
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— Otherwise, bitDepth is set equal to BitDepthc.

The variable weightedPredFlag is derived as follows:

— Ifslice type is equal to P, weightedPredFlag is set equal to weighted pred flag.

— Otherwise (slice_type is equal to B), weightedPredFlag is set equal to weighted bipred flag.

The following applies:

— If weightedPredFlag is equal to 0, the array pbSamples of the prediction samples is derived by invoking the default
weighted sample prediction process as specified in clause 8.5.3.3.4.2 with the prediction block width nPbW, the
prediction block height nPbH, two (nPbW)x(nPbH) arrays predSamplesLO and predSamplesL1, the prediction list
utilization flags predFlagl0 and predFlagl 1, and the bit depth bitDepth as inputs.

— Otherwise (weightedPredFlag is equal to 1), the array pbSamples of the prediction samples is derived by invoking the

weigh
predic

8.5.3.3.4.2
Inputs to t
— two va
— two (n
— the pre
— abit dg
Output of
Variables

— The
Max( 3

— The va
— The va

Depending
x =0..nPh

— IfpredFlaglO is equal to 1 and predFlagL.1 is equal to 0, the prediction sample values are derived as follow:

pbSa
—  Otherw

follows:

pbSa
—  Otherw

follows:

ion block height nPbH, two (nPbW)x(nPbH) arrays predSamplesL.O and predSamplesL1, the pre
ion flags predFlagl0 and predFlagl1, the reference indices refldxLO and refldxL1, the celour
Idx, and the bit depth bitDepth as inputs.

Default weighted sample prediction process

his process are:

Fiables nPbW and nPbH specifying the width and the height of the current prediction block,
PbW)x(nPbH) arrays predSamplesL.O and predSamplesL1,

diction list utilization flags, predFlagl0, and predFlagL1,

pth of samples, bitDepth.

this process is the (nPbW)x(nPbH) array pbSamples of prediction sample values.

Bhiftl, shift2, offsetl, and offset2 are derived as follows:

ariable shiftl is set equal to Max(2, 14 —bitDepth) and the variable shift2 is set
, 15 — bitDepth ).

riable offsetl is set equal to 1 << ( shiftl —l).
riable offset2 is set equal to 1 << ( shift2—1).

y on the values of predFlagl.Ovand predFlagll, the prediction samples pbSamples[ x ]
W — 1 and y = 0.nPbH — 1 are derived as follows:

mples[ x ][ y ] = Clip3¢0, (1 << bitDepth ) — 1, ( predSamplesLO[ x ][ y ] + offsetl ) >> shiftl )

rise, if predFlagll0 is equal to 0 and predFlagL1 is equal to 1, the prediction sample values are

b

mples[ x {['y"] = Clip3( 0, (1 << bitDepth ) — 1, ( predSamplesL1[ x ][ y | + offsetl ) >> shiftl )
ise (predFlagl0 is equal to 1 and predFlagl1 is equal to 1), the prediction sample values are

P

nPbW, the
liction list
omponent

equal to

[ y] with

(8-234)

derived as

(8-235)

derived as

pbSamples[ x [[ y ] =Clip3( 0, (1 << bitDepth ) — 1,

( predSamplesLO[ x ][ y ] + predSamplesL1[ x ][ y ] + offset2 ) >> shift2

8.5.3.3.4.3 Explicit weighted sample prediction process

Inputs to this process are:

— two variables nPbW and nPbH specifying the width and the height of the current prediction block,

— two (nPbW)x(nPbH) arrays predSamplesL.O and predSamplesL1,

— the pre

diction list utilization flags, predFlagl0, and predFlagL1,

— the reference indices, refldxL0 and refldxL]1,

— avariable cldx specifying colour component index,
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— abit depth of samples, bitDepth.

Output of this process is the (nPbW)x(nPbH) array pbSamples of prediction sample values.
The variable shiftl is set equal to Max( 2, 14 — bitDepth ).

The variables log2Wd, 00, o1, and w0, w1 are derived as follows:

— Ifcldx is equal to 0 for luma samples, the following applies:

log2Wd = luma log2 weight denom + shiftl (8-237)
w0 = LumaWeightLO[ refldxLO0 ] (8-238)
w1 = LumaWeightL1[ refldxL1 ] (8-239)
00 = luma_offset 10[ refldxL0 ] << WpOffsetBdShifty (8-240)
ol =|luma_offset 11] refldxL1 ] << WpOffsetBdShifty (8-241)
— Othervwise (cldx is not equal to 0 for chroma samples), the following applies:
log2Wd = Chromalog2WeightDenom + shiftl (8-242)
w0 5 ChromaWeightLO[ refldxL0 ][ cldx — 1 ] (8-243)
w1 o ChromaWeightL1[ refldxL1 ][ cldx — 1] (8-244)
00 =[ChromaOffsetLO[ refldxL0 ][ cldx — 1] << WpOffsetBdShiftc (8-245)
ol =|ChromaOffsetL1[ refldxL.1 ][ cldx — 1 ] << WpOffsetBdShiftc (8-246)

The predigtion sample pbSamples[ x ][ y ] with x = 0.nPbW — 1 and y = 0..nPbH — 1 are derived as follows:
— IfthepredFlagl0 is equal to 1 and predFlagL1 is equal to 0, the prediction sample values are derived as folllows:

if( log2Wd >= 1)

pbSamples[ x ][ y ] =Clip3(0, (1 << bitDepth ) —J,
( ( predSamplesLO[ x ][ y ] * w0 + 2"°2V4" 1) x5 0g2Wd ) + 00 ) (8-247)

elsq

pbSamples[ x ][ y ] =Clip3(0, (1 << bitDepth ) — 1, predSamplesLO[ x ][ y | * w0 + 00 )

—  Otherpise, if the predFlagl0 is equal to 0 and predFlagL1 is equal to 1, the prediction sample values are|derived as
follows:

if( log2Wd >= 1)

pbSamples[ x ][ y ] =Clip3(0; (1 << bitDepth ) — 1,
( (predSamplesL1[ x [y * wl + 22V 1) >> Jog2Wd ) + ol ) (8-248)

elsq

pbSamples[ x |[ y ] =€Clip3( 0, (1 << bitDepth ) — 1, predSamplesL1[ x ][y | * wl + 0ol )

—  Otherpvise (predFlagL0(isequal to 1 and predFlagl1 is equal to 1), the prediction sample values are derived as
follows:

pbJamples[ x4[%y ]=Clip3( 0, (1 << bitDepth ) — 1,
( predSamplesLO[ x ][ y ] ¥ w0 + predSamplesL1[ x ][ y
(Go0+o0l+1) << log2Wd)) >> (log2Wd+1)

1% wl +
) (8-249)

8.54 ecoding process for the residual signal of coding units coded in inter prediction mode

8.5.4.1 General
Inputs to this process are:

— a luma location ( XxCb, yCb ) specifying the top-left sample of the current luma coding block relative to the top-left
luma sample of the current picture,

— avariable log2CbSize specifying the size of the current luma coding block.
Outputs of this process are:
— an (nCbS; )x(nCbS,) array resSamples; of luma residual samples, where nCbS| is derived as specified below,

— when ChromaArrayType is not equal to 0, an (nCbSwc)x(nCbSh¢) array resSamplesc, of chroma residual samples
for the component Cb, where nCbSw and nCbSh¢ are derived as specified below,
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— when ChromaArrayType is not equal to 0, an (nCbSwc)x(nCbShc) array resSamplesc, of chroma residual samples for
the component Cr, where nCbSwc and nCbSh¢ are derived as specified below.

The variable nCbSy is set equal to 1 << log2CbSize. When ChromaArrayType is not equal to 0, the variable nCbSwc is
set equal to nCbS / SubWidthC and the variable nCbShc is set equal to nCbS; / SubHeightC.

Let resSamples; be an (nCbS;)x(nCbS;) array of luma residual samples and, when ChromaArrayType is not equal to 0,
let resSamplesc, and resSamplesc, be two (nCbSwc)x(nCbShc) arrays of chroma residual samples.

Depending on the value of rqt_root cbf, the following applies:

— Ifrqt_root_cbf is equal to 0 or cu_skip flag[ xCb ][ yCb ] is equal to 1, all samples of the (nCbS.)x(nCbS,) array
resSamples; and, when ChromaArrayType is not equal to 0, all samples of the two (nCbSw¢)x(nCbSh¢) arrays
resSamplescy, and resSamplesc;, are set equal to 0.

—  Otherwise (rqt_root_cbfis equal to 1), the following ordered steps apply:

1.

8.54.2

Inputs to this process are:

he decoding process for luma residual blocks as specified in clause 8.5.4.2 below is invoked with the luma
cation ( XCb, yCb ), the luma location ( xB0, yBO0 ) set equal to (0, 0 ), the variable log2TrafoSize set equal to
g2CbSize, the variable trafoDepth set equal to 0, the variable nCbS set equal to )Jn€bS;, and the
CbSp )x(nCbSy) array resSamples, as inputs, and the output is a modified version of the ‘(nCbS|)x(nCbS;)
fray resSamples .

Do ==

Vhen ChromaArrayType is not equal to 0, the decoding process for chroma residual blocks as specified in
ause 8.5.4.3 below is invoked with the luma location ( xCb, yCb ), the luma location ( xBO0, yBO0 ) set equal to
0, 0 ), the variable log2TrafoSize set equal to log2CbSize, the variable trafoDepth set equal to 0, the variable
dx set equal to 1, the variable nCbSw set equal to nCbSwc, the variable\n€bSh set equal to nCbSl, and the
ICbSWC)X(anShC) array resSamplesc, as inputs, and the oufput is a modified versi of the
CbSw)x(nCbShc) array resSamplescy,.

O~ O <

~ ~

Vhen ChromaArrayType is not equal to 0, the decoding process for chroma residual blocks as specified in
ause 8.5.4.3 below is invoked with the luma location ( xCb, ¥Cb ), the luma location ( xB0, yBO0 ) set equal to
0, 0 ), the variable log2TrafoSize set equal to log2CbSize,‘the variable trafoDepth set equal to 0, the variable
dx set equal to 2, the variable nCbSw set equal to nCbSwc, the variable nCbSh set equal to nCbSlc, and the
ICbSWC)X(anShC) array resSamplesc, as inputs) and the output is a modified version of the
CbSwc)x(nCbShc) array resSamplesc,.

o~ 0 <

~ A~

Decoding process for luma residual blocks

— a lumg location ( xCb, yCb ) specifying thetop-left sample of the current luma coding block relative to the top-left

luma spmple of the current picture,

— alumalocation ( xB0, yBO0 ) specifying the top-left sample of the current luma block relative to the top-leff sample of

the cuprent luma coding block;

— avariaple log2TrafoSize specifying the size of the current luma block,

— avariaple trafoDepth specifying the hierarchy depth of the current luma block relative to the luma coding bfock,

— avariaple nCbSspecifying the size of the current luma coding block,
— an (nCpS)xmCbS) array resSamples of luma residual samples.

Output of fhis\process is a modified version of the (nCbS)x(nCbS) array of luma residual samples.

Depending on the value of split transform_flag[ xCb + xB0 ][ yCb + yBO ][ trafoDepth ], the following applies:

— Ifsplit_transform_flag[ xCb + xB0 ][ yCb + yBO ][ trafoDepth ] is equal to 1, the following ordered steps apply:

1.

152

The variables xB1 and yB1 are derived as follows:
— The variable xBl1 is set equal to xBO + (1 << (log2TrafoSize —1)).
— The variable yBl1 is set equal to yBO + (1 << (log2TrafoSize—1)).

The decoding process for luma residual blocks as specified in this clause is invoked with the luma location
(xCb, yCb ), the luma location ( xB0, yB0 ), the variable log2TrafoSize set equal to log2TrafoSize — 1, the
variable trafoDepth set equal to trafoDepth + 1, the variable nCbS, and the (nCbS)x(nCbS) array resSamples as
inputs, and the output is a modified version of the (nCbS)x(nCbS) array resSamples.
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2.

8.54.3

This procgss is only invoked when ChromaArrayType is netéqual to 0.

Inputs to this process are:

ISO/TIEC 23008-2:2015(E)

The decoding process for luma residual blocks as specified in this clause is invoked with the luma location
(xCb, yCb ), the luma location ( xB1, yB0 ), the variable log2TrafoSize set equal to log2TrafoSize — 1, the
variable trafoDepth set equal to trafoDepth + 1, the variable nCbS, and the (nCbS)x(nCbS) array resSamples as
inputs, and the output is a modified version of the (nCbS)x(nCbS) array resSamples.

The decoding process for luma residual blocks as specified in this clause is invoked with the luma location
(xCb, yCb ), the luma location ( xB0, yB1), the variable log2TrafoSize set equal to log2TrafoSize — 1, the
variable trafoDepth set equal to trafoDepth + 1, the variable nCbS, and the (nCbS)x(nCbS) array resSamples as
inputs, and the output is a modified version of the (nCbS)x(nCbS) array resSamples.

The decoding process for luma residual blocks as specified in this clause is invoked with the luma location
(xCb, yCb ), the luma location ( xB1, yB1), the variable log2TrafoSize set equal to log2TrafoSize — 1, the
variable trafoDepth set equal to trafoDepth + 1, the variable nCbS, and the (nCbS)x(nCbS) array resSamples as
inputs, and the output is a modified version of the (nCbS)x(nCbS) array resSamples.

ered steps

he variable nTbS is set equal to 1 << log2TrafoSize.

he scaling and transformation process as specified in clause 8.6.2 is invoked withithe lump location
kCb + xB0, yCb + yB0 ), the variable trafoDepth, the variable cldx set equal to Q)and the trangform size
hafoSize set equal to nTbS as inputs, and the output is an (nTbS)x(nTbS) array transformBlock.

'hen explicit rdpem_flag[ xCb +xB0 ][ yCb +yB0 ][ 0] is equal to 1, the-direCtional residual mpdification
focess for blocks using a transform bypass as specified in clause 8.6.5 is(inyoked with the variablg mDir set
ual to explicit rdpcm_dir flag[ xCb + xB0 ][ yCb + yBO ][ 0 ], the yamable nTbS, and the (nTbS)x(nTbS)
ray r set equal to the array transformBlock as inputs, and the output is a modified (nTbS)x(nTbS) array
ansformBlock.

H 92 0T < g

he (nCbS)x(nCbS) residual sample array of the current coding,block resSamples is modified as follopws:

resSamples[ xBO + i, yBO + j ] = transformBlock][ i, j ],ewith'i = 0.nTbS — 1, j = 0..nTbS — 1 (8-250)

Decoding process for chroma residual blocks

— a lumq location ( xCb, yCb ) specifying the tep-left sample of the current luma coding block relative to the top-left

luma spmple of the current picture,

— a lumd location ( xB0, yBO0 ) specifying,the top-left luma sample of the current chroma block relative to the top-left

samplq of the current luma coding(bleck,

— avariaple log2TrafoSize specifying the size of the current chroma block in luma samples,

— avariaple trafoDepth speeifying the hierarchy depth of the current chroma block relative to the chroma codjng block,

— avariaple cldx specifying the chroma component of the current block,

— the varjiables nCbSw and nCbSh specifying the width and height, respectively, of the current chroma coding block,

— an (nCpSw)X(1CbSh) array resSamples of chroma residual samples.

Output of this‘process is a modified version of the (nCbSw)x(nCbSh) array of chroma residual samples.

The variable splitChromaFlag is derived as follows:

— If split_transform flag[ xCb + xB0 ][ yCb + yBO ][ trafoDepth ] is equal to 1 and one or more of the following
conditions are met, splitChromaFlag is set equal to 1:

log2TrafoSize is greater than 3.

ChromaArrayType is equal to 3.

— Otherwise (split_transform_flag[ xCb + xB0 ][ yCb + yBO0 ][ trafoDepth ] is equal to 0 or both log2TrafoSize is equal
to 3 and ChromaArrayType is not equal to 3), splitChromaFlag is set equal to O.

Depending on the value of splitChromaFlag, the following applies:

— If splitChromaFlag is equal to 1, the following ordered steps apply:
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1.

The variables xB1 and yB1 are derived as follows:
— The variable xB1 is set equal to xBO + (1 << (log2TrafoSize —1)).
— The variable yBl1 is set equal to yBO + (1 << (log2TrafoSize —1)).

The decoding process for residual chroma blocks as specified in this clause is invoked with the luma location
(xCb, yCb), the luma location ( xB0, yB0 ), the variable log2TrafoSize set equal to log2TrafoSize — 1, the
variable trafoDepth set equal to trafoDepth + 1, the variable cIdx, the variable nCbSw, the variable nCbSh, and
the (nCbSw)x(nCbSh) array resSamples as inputs, and the output is a modified version of the (nCbSw)x(nCbSh)
array resSamples.

The decoding process for residual chroma blocks as specified in this clause is invoked with the luma location
(xCb, yCb), the luma location ( xB1, yB0 ), the variable log2TrafoSize set equal to log2TrafoSize — 1, the
variable trafoDepth set equal to trafoDepth + 1, the variable cIdx, the variable nCbSw, the variable nCbSh, and
the (nCbSw)x(nCbSh) array resSamples as inputs, and the output is a modified version of the (nCbSw)x(nCbSh)
afray resSamples.

Tihe decoding process for residual chroma blocks as specified in this clause is invoked with the [uma location
kKCb, yCb ), the luma location ( xB0, yB1), the variable log2TrafoSize set equal to log2TrafoSite — 1, the
vhriable trafoDepth set equal to trafoDepth + 1, the variable cldx, the variable nCbSw, the variable nCbSh, and
the (nCbSw)x(nCbSh) array resSamples as inputs, and the output is a modified version ofthe (nCbSw))x(nCbSh)
afray resSamples.

~

Tihe decoding process for residual chroma blocks as specified in this clause is invoked with the luma location
(KCb, yCb), the luma location ( xBI1, yB1), the variable log2TrafoSizeet-¢qual to log2TrafoSize — 1, the
vhriable trafoDepth set equal to trafoDepth + 1, the variable cldx, the variable nCbSw, the variable nCbSh, and
the (nCbSw)x(nCbSh) array resSamples as inputs, and the output is a/medified version of the (nCbSw{)x(nCbSh)
afray resSamples.

— Otheryise (splitChromaFlag is equal to 0), for the, ‘variable blkldx proceeding pver the

values|0..( ChromaArrayType == 2?1 :0), the following ordeted steps apply:

8.6

8.6.1

The variable nTbS is set equal to ( 1 << log2TrafoSize})./ SubWidthC.
The variable yBN is set equal to yBO + blkldx * nTbS+* SubHeightC.

The scaling and transformation process as_ Specified in clause 8.6.2 is invoked with the lump location
(KCb + xB0, yCb + yBN ), the variable trafoDepth, the variable cldx, and the transform size trafoSizf set equal
tq nTbS as inputs, and the output is an (nTbS)x(nTbS) array transformBlock.

When explicit rdpcm_flag[ xCb +%B0 ][ yCb + yBN ][ cldx ] is equal to 1, the directional residual
njodification process for blocks using a transform bypass as specified in clause 8.6.5 is invoked with the
vhriable mDir set equal to explicit rdpecm_dir flag[ xCb + xB0 ][ yCb + yBN ][ cldx ], the variable pTbS, and
the (nTbS)x(nTbS) array r set equal to the array transformBlock as inputs, and the output is § modified
@TbS)x(nTbS) array transformBlock.

When cross_component prediction enabled flag is equal to 1 and ChromaArrayType is equal to 3, the residual
njodification progess” for transform blocks using cross-component prediction as specified in claugse 8.6.6 is
ifjvoked with.the transform block location ( xCb + xB0, yCb + yB0 ), the variable nTbS, the variabl¢ cldx, the
@TbS)x(nTbS) array ry set equal to the corresponding luma residual sample array transformBlock of the current
trpnsform-block, and the (nTbS)x(nTbS) array r set equal to the array transformBlock as inputs, and thie output is
ajmodified (nTbS)x(nTbS) array resSamples.

The (thQ)Y(nPhQ) residuyal cqmplp array of the current r\nding block rchqmplpq is- modified as follows, for

i=0.nTbS —1,j=0.nTbS — 1:
resSamples[ ( xCb + xB0 ) / SubWidthC + i, ( yCb + yBN ) / SubHeightC + j ] = transformBlock] i, j ](8-251)

Scaling, transformation and array construction process prior to deblocking filter process

Derivation process for quantization parameters

Input to this process is a luma location ( XxCb, yCb ) specifying the top-left sample of the current luma coding block
relative to the top-left luma sample of the current picture.

In this process, the variable Qpy, the luma quantization parameter Qp'y, and the chroma quantization parameters Qp’cy,

and Qp'c;, are derived.
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The Iuma location (xQg, yQg ), specifies the top-left luma sample of the current quantization group relative to the
top-left luma sample of the current picture. The horizontal and vertical positions xQg and yQg are set equal to
xCb — (xCb & (( 1 << Log2MinCuQpDeltaSize) — 1)) and yCb — (yCb & ((1 << Log2MinCuQpDeltaSize) — 1)),
respectively. The luma size of a quantization group, Log2MinCuQpDeltaSize, determines the luma size of the smallest
area inside a coding tree block that shares the same qPy prep.

The predicted luma quantization parameter qPy prep is derived by the following ordered steps:

1.

The variable qPy prgy is derived as follows:

If one or more of the following conditions are true, qPy prgy is set equal to SliceQpy:
— The current quantization group is the first quantization group in a slice.

— The current quantization group is the first quantization group in a tile.

—_—

q

~

= -

q

~

entropy coding_sync_enabled flag is equal to 1.

Otherwise, qPy prev is set equal to the luma quantization parameter Qpy of the last eoding
previous quantization group in decoding order.

he availability derivation process for a block in z-scan order as specified in clause6.4)1 is invoke
cation ( xCurr, yCurr ) set equal to ( XCb, yCb ) and the neighbouring location (XNbY, yNbY ) s
xQg — 1, yQg ) as inputs, and the output is assigned to availableA. The variableqqPy 4 is derived as f

If one or more of the following conditions are true, qPy 4 is set equal to gPy—prev:
— availableA is equal to FALSE.

— the coding tree block address ctbAddrA of the coding tree\block containing the luma coq
covering the luma location ( xQg — 1, yQg ) is not equal to\CtbAddrInTs, where ctbAddrA is
follows:

xTmp =(xQg—1) >> MinTbLog2Size¥

yTmp =yQg >> MinTbLog2SizeY

minTbAddrA = MinTbAddrZs[ xTmp. ]| yTmp ]

ctbAddrA = minTbAddrA >> (2 ( CtbLog2SizeY — MinTbLog2SizeY ))

Otherwise, qPy 4 is set equal to the luma guantization parameter Qpy of the coding unit containin|
coding block covering ( xQg — 1, yQgJ:

he availability derivation process fot_a block in z-scan order as specified in clause 6.4.1 is invoke
cation ( xCurr, yCurr ) set equakito ( xCb, yCb ) and the neighbouring location ( xNbY, yNbY ) s
kQg, yQg — 1) as inputs, and\the’output is assigned to availableB. The variable qPy g is derived as fi

If one or more of the following conditions are true, qPy g is set equal to qPy prev:
— availableB is equal to FALSE.

— the coding_tree block address ctbAddrB of the coding tree block containing the luma co
covering'the luma location ( xQg, yQg — 1) is not equal to CtbAddrInTs, where ctbAddrB is
follows:

xTmp =xQg >> MinTbLog2SizeY
yTmp =(yQg—1) >> MinTbLog2SizeY

— The current gquantization group is the first quantization group in a coding tree block row of a tile and

init in the

d with the
bt equal to
bllows:

ling block
derived as

(8-252)
o the luma
d with the

bt equal to
bllows:

ling block
derived as

minThAddrB = MinThAddr7q[ Y’T‘mp ][ v’T‘mP ]
ctbAddrB = minTbAddrB >> (2 * ( CtbLog2SizeY — MinTbLog2SizeY ) )

(8-253)

— Otherwise, qPy p is set equal to the luma quantization parameter Qpy of the coding unit containing the luma

coding block covering ( xQg, yQg—1).

4. The predicted luma quantization parameter qPy prep is derived as follows:

Py prep =(qPy At qPy g+ 1) >> 1

The variable Qpy is derived as follows:

Qpy = (( qPy prep + CuQpDeltaVal + 52 + 2 * QpBdOffsety )%( 52 + QpBdOffsety ) ) — QpBdOffsety

The luma quantization parameter Qp'y is derived as follows:
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Qp’

\'S pr + QdeOffsety

When ChromaArrayType is not equal to 0, the following applies:

The variables qP¢, and qPc, are derived as follows:

qPic, = Clip3( —QpBdOffsetc, 57, Qpy + pps_cb_qp_offset + slice_cb_qp_offset + CuQpOffsetcy, )

qPic, = Clip3( —QpBdOffsetc, 57, Qpy + pps_cr_qp_offset + slice_cr_qp_offset + CuQpOffsetc; )

(8-256)

(8-257)
(8-258)

— If ChromaArrayType is equal to 1, the variables qP¢, and qP¢, are set equal to the value of Qpc as specified in
Table 8-10 based on the index qPiequal to qPic, and qPic,, respectively.

— Otherwise, the variables qP¢, and qP¢; are set equal to Min( qPi, 51 ), based on the index qPiequal to qPic, and qPic;,
respectively.

— Thec

oma auantization narameters for the Cbh and Cr components _ On'.. and On'c _are derived as follows:
1 r r XTI ©U ~1 T

Qp
Qp

Cb — qPCb + QdeOffSCtC
Cr — qPCr + QdeOffSCtC

Table 8-10 — Specification of Qpc as a function of qPi for ChromaArrayType-equal to 1

(8-259)
(8-260)

gPi | <30 |30 |31 323334 |35[36]37|38[39]40 |41 (42743 |>43

Qpc | =qPi |29 30|31 |32]33 [33]34]34|35]35]36[86,137|37|=qPi—6

8.6.2 S
Inputs to t

— a lum4
top-lef

— avarig
— avarig
— avariaj
Output of
The quant
— Ifcldx

qP
— Otherv

qP
— Otherv

caling and transformation process

his process are:

location ( xTbY, yTbY ) specifying the top-left samplé.of the current luma transform block rela

luma sample of the current picture,
ble trafoDepth specifying the hierarchy depth of-thé current block relative to the coding block,
ble cldx specifying the colour component ofithe current block,
ble nTbS specifying the size of the current transform block.
this process is the (nTbS)x(nTbS) array of residual samples r with elements 1 x ][ y ].
zation parameter qP is deriyed.as follows:
is equal to 0,
= Qp'y
ise, if cldx is equalto 1,
= Qp'op
ise (cldx'is equal to 2),

qP

B Qp/Cr

live to the

(8-261)

(8-262)

(8-263)

The variables bitDepth, bdShift and tsShift are derived as follows:
bitDepth = ( cIldx == 0) ? BitDepthy : BitDepthc

bdShift = Max( 20 — bitDepth, extended precision_processing_flag? 11 :0)

tsShift = ( extended precision_processing_flag ? Min( 5, bdShift —2 ) : 5) + Log2( nTbS)

The variable rotateCoeffs is derived as follows:

— Ifall of the following conditions are true, rotateCoeffs is set equal to 1:

— transform_skip rotation enabled flag is equal to 1.

— nTbS is equal to 4.
— CuPredMode[ xTbY ][ yTbY ] is equal to MODE INTRA.
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Otherwise, rotateCoeffs is set equal to 0.

The (nTbS)x(nTbS) array of residual samples r is derived as follows:

— Ifcu_transquant bypass_flag is equal to 1, the following applies:

r[ x ][ y ] = TransCoeffLevel[ xTbY ][ yTbY ][ cldx ][ nTbS —x—1 ][ nTbS —y — 1]

Otherwise, the following ordered steps apply:

1.

8.6.3

Inputs to this process are:

Output of this process is.the (nTbS)x(nTbS) array d of scaled transform coefficients with elements d[ x ][ y ].

The variables log2 TratisformRange, bdShift, coeffMin and coeffMax are derived as follows:

a lumq location (xTbY, yTbY ) specifying-the top-left sample of the current luma transform block rela
top-leff luma sample of the current picture,

a variaple nTbS specifying the size-ofithe current transform block,
a variaple cldx specifying the eolour component of the current block,

a variaple qP specifying the quantization parameter.

If cldx]is equal.fo 0, the following applies:

logp TransformRange = extended precision_processing flag ? Max( 15, BitDepthy + 6 ) : 15

If rotateCoeffs is equal to 1, the residual sample array values r[ x ][ y ] with x =0..0TbS — 1, y =0..nTbS — 1 are
derived as follows:

(8-267)

Otherwise, the (nTbS)x(nTbS) array r is set equal to the (nTbS)x(nTbS) array of transform coefficients
TransCoeffLevel[ xTbY ][ yTbY ][ cldx ].

The scaling process for transform coefficients as specified in clause 8.6.3 is invoked with the transform block

—

cation ( x1bY, yIbY ), the size of the transtorm block n'1bS, the colour component variable ¢l
q
d
The (nTbS)x(nTbS) array of residual samples r is derived as follows:

If transform_skip flag[ xXTbY ][ yTbY ][ cIdx ] is equal to 1, the residual sample array value
with x = 0..nTbS — 1, y = 0..0nTbS — 1 are derived as follows:

[ x ][ y ] = (rotateCoeffs ? d[ nTbS —x =1 [[ nTbS —y —1 ] : d[ x(J[)y ] << tsShift)

(xTbY, yTbY ), the size of the transform block nTbS, the ‘colour component variable cld

array of residual samples r.
Thhe residual sample values r[ x ][ y ] with x = 0.nTbS — Iy = 0..nTbS — 1 are modified as follows:
ffx][y]1=([x][y]+ (1 << (bdShift— 1 %)) >> bdShift

Skcaling process for transform coefficients

x, and the

llantization parameter qP as inputs, and the output is an (nTbS)x(nTbS) array of scaled transform-cpefficients

ix]ly]

(8-268)

Otherwise (transform_skip flag[ xTbY ][ yTbY ][ cldx ] is equal-to™0), the transformation process for
scaled transform coefficients as specified in clause 8.6.4 is inyvoked with the transform blogk location

k, and the

(nTbS)x(nTbS) array of scaled transform coefficients d a§ inputs, and the output is an (nTbS)x(nTbS)

(8-269)

live to the

(8-270)

bdShift = BitDepthy + Log2( nTbS ) + 10 — log2TransformRange
coeffMin = CoeffMiny
coeffMax = CoeffMaxy

Otherwise, the following applies:

log2TransformRange = extended precision_processing_flag ? Max( 15, BitDepthc + 6 ) : 15
bdShift = BitDepthc + Log2( nTbS ) + 10 — log2 TransformRange

coeffMin = CoeffMinc

coeffMax = CoeffMaxc

The list levelScale[ ] is specified as levelScale[ k | = { 40, 45, 51, 57, 64, 72 } with k=0..5.
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For the derivation of the scaled transform coefficients d[ x ][ y ] with x=0..0nTbS — 1, y=0..nTbS — 1, the following
applies:

The scaling factor m[ x ][ y ] is derived as follows:

— If one or more of the following conditions are true, m[ x ][ y ] is set equal to 16:

— scaling_list_enabled flag is equal to 0.

— transform_skip flag[ xTbY ][ yTbY ] is equal to 1 and nTbS is greater than 4.

— Otherwise, the following applies:

m[ x ][ y ] = ScalingFactor][ sizeld ][ matrixId [ x ][ v ] (8-278)

Where sizeld is specified in Table 7-3 for the size of the quantization matrix equal to (nTbS)x(nTbS) and matrixId is
specified in Table 7-4 for sizeld, CuPredMode[ xTbY ][ yTbY ], and cldx, respectively.

8.6.4  ransformation process for scaled transform coefficients

8.6.4.1 (General

Inputs to this process are:

Output of fhis process is the (nTbS)x(nTbS) array r of residual samples with elements r[ x ][ y ].

The variables coeffMin and coeffMax are derived as follows:

The schled transform coefficient d[ x ][ y ] is derived as follows:

d[ X ][ y ] = Clip3( coeffMin, coeffMax, ( ( TransCoeffLevel[ xTbY J[ yTbY J[cldx J[x [y ] *mfx ][ ] *
levelScale[ qP%6 ] << (qP/6))+ (1 << (bdShift—1))) >> bdShift) (8-279)

a lumg location ( xTbY, yTbY ) specifying the top-left sample of the current) luma transform block relafive to the
top-leff luma sample of the current picture,

a variaple nTbS specifying the size of the current transform block,
a variaple cldx specifying the colour component of the current block,

an (nTpS)x(nTbS) array d of scaled transform coefficients with elements d[ x ][ y .

If cldx|is equal to 0, the following applies:

cogffMin = CoeffMiny (8-280)

codffMax = CoeffMaxy (8-281)
Otherwise, the following applies:

codffMin = CoeffMinc (8-282)

cogffMax = CoeffMax¢ (8-283)

Depending on the valugs.of CuPredMode[ xTbY ][ yTbY ], nTbS, and cldx, the variable trType is derived as f¢llows:

If CyPredMode[ xTbY ][ yTbY ] is equal to MODE INTRA, nTbS is equal to 4, and cldx is equal to 0} trType is
set equal fo 1.

Othelwise trType is set eqnal to 0

The (nTbS)x(nTbS) array r of residual samples is derived as follows:

1.

158

Each (vertical) column of scaled transform coefficients d[x ][y ] with x=0.0TbS—1, y=0.nTbS—1 is
transformed to e[ x ][ y ] with x=0..0TbS — 1, y=0..0TbS — 1 by invoking the one-dimensional transformation
process as specified in clause 8.6.4.2 for each column x = 0..nTbS — 1 with the size of the transform block nTbS, the
list d[ x ][y ] with y =0..nTbS — 1, and the transform type variable trType as inputs, and the output is the list
e[x ][ y]withy=0.nTbS — 1.

The intermediate sample values g[ x ][ y ] with x =0..nTbS — 1, y=0..nTbS — 1 are derived as follows:
gl x ][ y ] = Clip3( coeffMin, coeffMax, (e[x ][y ] +64) >> 7) (8-284)

Each (horizontal) row of the resulting array g[ x ][y ] with x=0..nTbS — 1, y=0..nTbS — 1 is transformed to
r[ x ][y ] with x =0..nTbS — 1, y = 0..nTbS — 1 by invoking the one-dimensional transformation process as specified
in clause 8.6.4.2 for each row y=0..nTbS — 1 with the size of the transform block nTbS, the list g[ x ][ y | with
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x =0.nTbS — 1, and the transform type variable trType as inputs, and the output is the list rf[ x ][y ] with
x=0.nTbS - 1.

8.6.4.2 Transformation process

Inputs to this process are:

— avariable nTbS specifying the sample size of scaled transform coefficients,

— alist of scaled transform coefficients x with elements X[ j ], with j = 0..nTbS — 1.

— atransform type variable trType

Output of this process is the list of transformed samples y with elements y[ i ], with i = 0..nTbS — 1.

Depending on the value of trType, the following applies:

. 1 1 Fomedd . £ . LRI k) . 1
- IftrT_pr 15 Tudl 1O 11, UIC TONOWIITZ U AIISTOIIT HTIa U IX TITUIUPIICAUOIN dPPIICS .

nTbS-1
y[i]= ZtransMatrix[i][j] *x[j] withi=0..nTbS — 1 (8-285)
Jj=0

wher¢ the transform coefficient array transMatrix is specified as follows:

transMatrix = (8-286)
{
(29 55 74 84}
(74 74 0 -74}
(84 -29 -74 55)
{55 -84 74 -29)
}

—  Othefwise (trType is equal to 0), the following transform matrix multiplication applies:

nTbS—1
y[i]= ZtransMatrix[i][ #2357 Loe2TOS) 1wy [ 7] with 1= 0.nTbS — 1, (8-287)
j=0

wherg the transform coefficient array transMatrix isSpecified as follows:
transMatrix[ m ][ n ] = transMatrixColOto+5| m ][ n ] with m=0..15,n = 0..31 (8-288)

transMatrixColOto15 = (8-289)
{
(64 64 64 64 64 64l64 64 64 64 64 64 64 64 64 64}
{90 90 88 85 82 .\ 48) 73 67 61 54 46 38 31 22 13 4}
{90 87 80 70 57 3 25 9 -9 -25 -43 -57 =70 -80 -87 -90}
{90 82 67 46 227 -4 -31 -54 -73 -85 -90 -88 -78 -61 -38 -13}
(89 75 50 18%18 -50 -75 -89 -89 -75 -50 -18 18 50 75 89}
(88 67 31 B354 -82 -90 -78 -46 -4 38 73 90 85 61 22}
{87 57  9-=43 -80 -90 -70 -25 25 70 90 80 43 -9 -57 -87}
(85 46 z13.267 -90 -73 -22 38 82 88 54 -4 -61 -90 -78 -31}
(83 365236 -83 -83 -36 36 83 83 36 -36 -83 -83 -36 36 83}
(82 £2.54 -90 -61 13 78 85 31 -46 -90 -67 4 73 88 38}
(80()9 -70 -87 -25 57 90 43 -43 -90 -57 25 87 70 -9 -80}
(28.%4 -82 -73 13 85 67 -22 -88 -61 31 90 54 -38 -90 -46}
{75 -18 -89 -50 50 89 18 -75 -75 18 89 50 -50 -89 -18 75}
73 -31 -90 -22 78 67 -38 -90 -13 82 61 -46 -88 -4 85 54}
{70 -43 -87 9 90 25 -80 -57 57 80 -25 -90 -9 87 43 -70}
(67 -54 —78 38 85 -22 -90 4 90 13 -88 -31 82 46 -73 -61)
{64 -64 —64 64 64 —64 —64 64 64 —64 —64 64 64 -64 —64 64}
{61 -73 -46 82 31 -88 -13 90 -4 -90 22 85 -38 -78 54 67}
{57 -80 -25 90 -9 -87 43 70 -70 -43 87 9 -90 25 80 -57}
{54 -85 -4 88 -46 -61 82 13 -90 38 67 -78 -22 90 -31 -73)
{50 -89 18 75 -75 -18 89 -50 -50 89 -18 -75 75 18 -89 50}
{46 -90 38 54 -90 31 61 -88 22 67 -85 13 73 -82 4 78}
{43 -90 57 25 -87 70 9 -80 80 -9 -70 87 -25 -57 90 -43}
{38 -88 73 -4 -67 90 -46 -31 85 -78 13 61 -90 54 22 -82}
{36 -83 83 -36 -36 83 -83 36 36 -83 83 -36 -36 83 -83 36}
{31 -78 90 -61 4 54 -88 82 -38 -22 73 -90 67 -13 -46 85}
{25 =70 90 -80 43 9 -57 87 -87 57 -9 -43 80 -90 70 -25}
{22 -61 85 -90 73 -38 -4 46 -78 90 -82 54 -13 -31 67 -88}
{18 -50 75 -89 89 -75 50 -18 -18 50 -75 89 -89 75 -50 18}
{13 -38 61 -78 88 -90 85 -73 54 -31 4 22 -46 67 -82 90}
{ 9 -25 43 -57 70 -80 87 -90 90 -87 80 -70 57 -43 25 -9}
{ 4 -13 22 -31 38 -46 54 -61 67 -73 78 -82 85 -88 90 -90}
}y
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8.6.5

Inputs to ¢
— avarig
— avariaj
— an (nT
Output of
Depending

— If mDij
the val

—  Otherv
values

8.6.6

R

[

>

transMatrix[ m ][ n ] = transMatrixCol16to31[ m— 16 ][ n | with m = 16..31,n=0..31,

transMatrixCol16to31 =

{

{ 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64}
{ -4 -13 -22 -31 -38 -46 -54 -61 -67 -73 -78 —-82 -85 —-88 -90 -90}
{-90 -87 -80 -70 -57 -43 -25 -9 9 25 43 57 70 80 87 90}
{ 13 38 61 78 88 90 85 73 54 31 4 -22 -46 -67 -82 -90}
{89 75 50 18 -18 -50 -75 -89 -89 -75 -50 -18 18 50 75 89}
{-22 -61 -85 -90 -73 -38 4 46 78 90 82 54 13 -31 -67 -88}
{-87 -57 -9 43 80 90 70 25 -25 -70 -90 -80 -43 9 57 87}
{31 78 90 61 4 -54 -88 -82 -38 22 73 90 67 13 -46 -85}
{ 83 36 -36 -83 -83 -36 36 83 83 36 -36 -83 -83 -36 36 83}
{-38 -88 -73 -4 67 90 46 -31 -85 -78 -13 61 90 54 -22 -82}
{-80 -9 70 87 25 -57 -90 -43 43 90 57 -25 -87 =70 9 80}
{ 46 90 38 -54 -90 -31 61 88 22 -67 -85 -13 73 82 4 -78})
{ 75 -18 -89 -50 50 89 18 -75 -75 18 89 50 -50 -89 -18 75}
{-54 -85 4 88 46 -61 -82 13 90 38 -67 -78 22 90 31 -73}

(8-290)
(8-291)

{-70 43 87 -9 -90 -25 80 57 -57 -80 25 90 9 -87 -43 70}
{ 61 73 -46 -82 31 88 -13 -90 -4 90 22 -85 -38 78 54 -67}
{ 64 -64 -64 64 64 -64 -64 64 64 -64 -64 64 64 -64 -64 64}
{-67 -54 78 38 -85 -22 90 4 -90 13 88 -31 -82 46 73 -61}
{-57 80 25 -90 9 87 -43 -70 70 43 -87 -9 90 -25 -80 57}
{ 73 31 -90 22 78 -67 -38 90 -13 -82 61 46 -88 4 85 -54}
{ 50 -89 18 75 -75 -18 89 -50 -50 89 -18 -75 75 18 -89 50}
{-78 -4 82 -73 -13 85 -67 -22 88 -61 -31 90 -54 -38 90 -46¢)
{-43 90 -57 -25 87 -70 -9 80 -80 9 70 -87 25 57 -90 43}
{ 82 -22 -54 90 -61 -13 78 -85 31 46 -90 67 4 =73 88.-38%
{ 36 -83 83 -36 -36 83 -83 36 36 —-83 83 -36 —-36 83 -88_J36}
{-85 46 13 -67 90 -73 22 38 -82 88 -54 -4 61 -90.& -31}
{-25 70 -90 80 -43 -9 57 -87 87 -57 9 43 -80 Q96,\-70 25}
{ 88 -67 31 13 -54 82 -90 78 -4¢6 4 38 =73 90,~-85 61 -22}
{ 18 -50 75 -89 89 -75 50 -18 -18 50 -75 89 -89 .75 -50 18}
{-90 82 -67 46 -22 -4 31 -54 73 -85 90 -88 #8 -61 38 -13}
{ -9 25 -43 57 -70 80 -87 90 -90 87 -80 720 =57 43 -25 9}
{ 90 -90 88 -85 82 -78 73 -67 61 -54 46,88 31 -22 13 -4}
}

esidual modification process for blocks using a transform bypass

his process are:

ble mDir specifying the residual modificationdirection,

ble nTbS specifying the transform block'size,

bS)x(nTbS) array of residual samples't with elements 1 x ][ y ].

this process is the modified (@TbS)x(nTbS) array of residual samples.

¥ upon the value of mDir, the (nTbS)x(nTbS) array of samples r is modified as follows:

r is equal to O (horizontal direction), the array values 1| x ][ y ] are modified as follows, for x proce
pes 1.nTbS — 1, and y = 0..nTbS — 1:

Tyl +=x=1]y]

ise (vertical direction), the array values r[ x ][y ] are modified as follows, for y proceeding
1.nPbS+— 1, and for x = 0..nTbS — 1:

1

eding over

(8-292)

over the

Ity = x][y—1]

(8-293)

Residual modification process for transform blocks using cross-component prediction

This process is only invoked when ChromaArrayType is equal to 3.

Inputs to this process are:

— a luma location ( xTbY, yTbY ) specifying the top-left sample of the current luma transform block relative to the
top-left luma sample of the current picture,

— avariable nTbS specifying the transform block size,

— avariable cldx specifying the colour component of the current block,

— an (nTbS)x(nTbS) array of luma residual samples ry with elements ry[ X ][ y ],

— an (nTbS)x(nTbS) array of residual samples r with elements r[ x ][ y ].
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this process is the modified (nTbS)x(nTbS) array r of residual samples.

The (nTbS)x(nTbS) array of residual samples r with x =0..nTbS — 1, y = 0.nTbS — 1 is modified as follows:
[ x ][ y] += (ResScaleVal[ cldx ][ xTbY ][ yTbY ] *

((ry[x][y] << BitDepthc ) >> BitDepthy )) >> 3

8.6.7  Picture construction process prior to in-loop filter process

Inputs to this process are:

(8-294)

— a location ( xCurr, yCurr ) specifying the top-left sample of the current block relative to the top-left sample of the
current picture component,

— the variables nCurrSw and nCurrSh specifying the width and height, respectively, of the current block,

— avaria

le cIdx Qpp(‘ifving the colonr component of the current block

— an (nC
— an(nC
Depending

— If cldx
corres

—  Otherv
functid

— Otherw
clipCi

The (nCutrSw)x(nCurrSh) block of the reconstructed sample array recSamples at location ( xCurr, yCurr ) is

follows:

1rec

8.7 I

871 (

This claus
Annex A,

The two
following

1. Forth

— Th
St
re
aff

— Th

urrSw)x(nCurrSh) array predSamples specifying the predicted samples of the current block,
prrSw)x(nCurrSh) array resSamples specifying the residual samples of the current block.
r on the value of the colour component cldx, the following assignments are made:

is equal to 0, recSamples corresponds to the reconstructed picture sample array Sy and the function
onds to Cliply.

hise, if cldx is equal to 1, recSamples corresponds to the reconstructed ,chfoma sample array S
n clipCidx1 corresponds to Clip1c.

ise (cldx is equal to 2), recSamples corresponds to the reconstructed’chroma sample array Sc, and tH
[x1 corresponds to Cliplc.

Bamples[ xCurr + i ][ yCurr + j ] = clipCidx1( predSamiples[ i ][ j ] + resSamples[ i ][] ])
with i = 0.nCurrSw — 1, j = 0.nCurrSh — 1

n-loop filter process

feneral

e specifies the application of two_in-loop filters. When the in-loop filter process is specified as
the application of either or both'of these filters is optional.

n-loop filters, namely deblocking filter and sample adaptive offset filter, are applied as specifi
prdered steps:

e deblocking filter, the following applies:

e deblocking filter process as specified in clause 8.7.2 is invoked with the reconstructed picture sa
and, when<{ChromaArrayType is not equal to 0, the arrays Sc, and S¢; as inputs, and the
onstructed-picture sample array S't and, when ChromaArrayType is not equal to 0, the arrays S’
er deblocking as outputs.

clipCidx|1

L, and the

e function

derived as

(8-295)

ptional in

ed by the

nple array
modified
by and S'c,

e arfay St and, when ChromaArrayType is not equal to 0, the arrays S’ and S'c, are assigned to th

e array Sp

and, when ChromaArrayType is not equal to 0, the arrays Sc, and S¢,; (which represent the decoded picture),
respectively.

2. When sample adaptive offset enabled flag is equal to 1, the following applies:

— The sample adaptive offset process as specified in clause 8.7.3 is invoked with the reconstructed picture sample
array S;p and, when ChromaArrayType is not equal to 0, the arrays Sc, and S, as inputs, and the modified
reconstructed picture sample array St and, when ChromaArrayType is not equal to 0, the arrays S'cy, and S'c;
after sample adaptive offset as outputs.

— The array St and, when ChromaArrayType is not equal to 0, the arrays S'c, and S'c; are assigned to the array Sp
and, when ChromaArrayType is not equal to 0, the arrays Scy, and Sc, (which represent the decoded picture),
respectively.
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8.7.2  Deblocking filter process

8.7.2.1 General

Inputs to this process are the reconstructed picture prior to deblocking, i.e., the array recPicture, and, when
ChromaArrayType is not equal to 0, the arrays recPicturec, and recPicturec,.

Outputs of this process are the modified reconstructed picture after deblocking, i.e., the array recPicture; and, when
ChromaArrayType is not equal to 0, the arrays recPicturec, and recPicturec;.

The vertical edges in a picture are filtered first. Then the horizontal edges in a picture are filtered with samples modified
by the vertical edge filtering process as input. The vertical and horizontal edges in the coding tree blocks of each coding
tree unit are processed separately on a coding unit basis. The vertical edges of the coding blocks in a coding unit are
filtered starting with the edge on the left-hand side of the coding blocks proceeding through the edges towards the right-
hand side of the coding blocks in their geometrical order. The horizontal edges of the coding blocks in a coding unit are

om of the

filtered starting with the edge on the top of the coding blocks proceeding through the edges towards the hot
coding bldcks in their geometrical order.

NOTE

implemented on a coding unit basis with an equivalent result, provided the decoder properly accounts [for the

depend
The deblo

ency order so as to produce the same output values.

- Although the filtering process is specified on a picture basis in this specification, the filtering\process can be

processing

Cking filter process is applied to all prediction block edges and transform block edgesyof a picture, lexcept the

edges thdt are at the boundary of the picture, for which the deblocking filtery-process is disabled by

slice_debl
equal to 0

pcking_ filter disabled flag, that coincide with tile boundaries when loop_filtet sacross_tiles enab

ed flag is

or that coincide with upper or left slice boundaries of slices with slice loop\filter across_slices enpbled flag

equal to () For the transform units and prediction units with block edges less than8 samples in either the vertical or

horizontal

The edge fype, vertical or horizontal, is represented by the variable edgeType as specified in Table 8-11.

direction, only the edges lying on the 8x8 sample grid of the consideréd component are filtered.

Table 8-11 — Name of association'to edgeType

edgeType Name of edgeType
0 (vertical edge) EDGE_VER
1 (horizontal edge) EDGE_HOR

When slige_deblocking_filter disabled flag of the current slice is equal to 0, for each coding unit with luma coding

block sizg log2CbSize and location of top-léft’sample of the luma coding block ( xCb, yCb ), the vertical
filtered by|the following ordered steps:

1. The luma coding block size nCbS is set equal to 1 << log2CbSize.
2. The variable filterLeftCbEdgeFlag is derived as follows:

- If one or more of the following conditions are true, filterLeftCbEdgeFlag is set equal to 0:
—  The'left boundary of the current luma coding block is the left boundary of the picture.

— «\The left boundary of the current luma coding block is the left boundary of thg
loop_filter across_tiles enabled flag is equal to 0.

edges are

tile and

< The left boundary of the current luma coding block is the left boundary of the
slice loop_filter across_slices_enabled flag 1s equal to 0.

—  Otherwise, filterLeftCbEdgeFlag is set equal to 1.

slice and

3. All elements of the two-dimensional (nCbS)x(nCbS) array verEdgeFlags are initialized to be equal to zero.

4. The derivation process of transform block boundary specified in clause 8.7.2.2 is invoked with the luma
location ( xCb, yCb ), the luma location ( xB0, yBO0 ) set equal to ( 0, 0 ), the transform block size log2TrafoSize
set equal to log2CbSize, the variable trafoDepth set equal to 0, the variable filterLeftCbEdgeFlag, the array
verEdgeFlags, and the variable edgeType set equal to EDGE VER as inputs, and the modified array
verEdgeFlags as output.

5. The derivation process of prediction block boundary specified in clause 8.7.2.3 is invoked with the luma coding
block size log2CbSize, the prediction partition mode PartMode, the array verEdgeFlags, and the variable
edgeType set equal to EDGE_VER as inputs, and the modified array verEdgeFlags as output.
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The derivation process of the boundary filtering strength specified in clause 8.7.2.4 is invoked with the
reconstructed luma picture sample array prior to deblocking recPicturer, the luma location ( xCb, yCb ), the
luma coding block size log2CbSize, the variable edgeType set equal to EDGE VER, and the array
verEdgeFlags as inputs, and an (nCbS)x(nCbS) array verBs as output.

The vertical edge filtering process for a coding unit as specified in clause 8.7.2.5.1 is invoked with the
reconstructed picture prior to deblocking, i.e., the array recPicture; and, when ChromaArrayType is not equal
to 0, the arrays recPicturec, and recPicturec,, the luma location (xCb, yCb ), the luma coding block size
log2CbSize, and the array verBs as inputs, and the modified reconstructed picture, i.e., the array recPicture; and,
when ChromaArrayType is not equal to 0, the arrays recPicturec, and recPicturec,, as output.

When slice_deblocking_filter disabled flag of the current slice is equal to 0, for each coding unit with luma coding
block size log2CbSize and location of top-left sample of the luma coding block ( xCb, yCb ), the horizontal edges are
filtered by the following ordered steps:

1.
2.

8.7.2.2

e ciza o CLQ oo oot alta 1 1 oYl NP9

halinaa dinabloo [ pore
Thetume-codinebloelcsize RCbS-is-set-equattet—<<tos2ChSize-

Tlhe variable filterTopCbEdgeFlag is derived as follows:
- If one or more of the following conditions are true, the variable filterTopCbEdgeFlag.is set equdl to 0:
—  The top boundary of the current luma coding block is the top boundary of thépicture.

— The top boundary of the current luma coding block is the topibeundary of th¢ tile and
loop filter across_tiles enabled flag is equal to 0.

— The top boundary of the current luma coding block is the’ top boundary of the |slice and
slice loop _filter across_slices_enabled flag is equal to 0.

- Otherwise, the variable filterTopCbEdgeFlag is set equal to 1.
All elements of the two-dimensional (nCbS)x(nCbS) array horEdgeFlags are initialized to zero.

The derivation process of transform block boundary spéeified in clause 8.7.2.2 is invoked with| the luma
Idcation ( xCb, yCb ), the luma location ( xB0, yBO ) set.equal to ( 0, 0 ), the transform block size log?TrafoSize
s¢t equal to log2CbSize, the variable trafoDepth set.equal to 0, the variable filterTopCbEdgeFlag| the array
hprEdgeFlags, and the variable edgeType set equal to EDGE HOR as inputs, and the modified array
hprEdgeFlags as output.
T
b
e

he derivation process of prediction block boundary specified in clause 8.7.2.3 is invoked with the luma coding
ock size 1log2CbSize, the prediction partition mode PartMode, the array horEdgeFlags, and the variable
HoeType set equal to EDGE _HOR ag(inputs, and the modified array horEdgeFlags as output.

he derivation process of the boundary filtering strength specified in clause 8.7.2.4 is invoked with the
gconstructed luma picture sample array prior to deblocking recPicture;, the luma location ( xCb,[yCb ), the
ma coding block size log2CbSize, the variable edgeType set equal to EDGE HOR, and |the array
brEdgeFlags as inputsgand an (nCbS)x(nCbS) array horBs as output.

he horizontal edgg  filtering process for a coding unit as specified in clause 8.7.2.5.2 is invoke¢l with the
odified reconstructed picture, i.e., the array recPicture, and, when ChromaArrayType is not equal to 0, the
rays recPictliree, and recPicturec,, the luma location ( xCb, yCb ), the luma coding block size log2(bSize, and
e array_horBs as inputs, and the modified reconstructed picture, i.e., the array recPicture; @nd, when
hromaArrayType is not equal to 0, the arrays recPicturec, and recPicturec,, as output.

o= 8 4 =5 =2 4

Derivation process of transform block boundary

Inputs to this process are:

— a luma location ( XxCb, yCb ) specifying the top-left sample of the current luma coding block relative to the top-left
luma sample of the current picture,

— aluma location ( xB0, yBO ) specifying the top-left sample of the current luma block relative to the top-left sample of
the current luma coding block,

— avariable log2TrafoSize specifying the size of the current block,

— avariable trafoDepth,

— avariable filterEdgeFlag,

— atwo-dimensional (nCbS)x(nCbS) array edgeFlags,
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— avariable edgeType specifying whether a vertical (EDGE_VER) or a horizontal (EDGE_HOR) edge is filtered.

Output of this process is the modified two-dimensional (nCbS)x(nCbS) array edgeFlags.

Depending on the value of split_transform_flag[ xCb + xB0 ][ yCb + yBO ][ trafoDepth ], the following applies:

— Ifsplit_transform_flag[ xCb + xB0 ][ yCb + yBO ][ trafoDepth ] is equal to 1, the following ordered steps apply:

1. The variables xB1 and yB1 are derived as follows:

—  The variable xB1 is set equal to xB0 + (1 << (log2TrafoSize — 1) ).

—  The variable yBI is set equal to yBO + (1 << (log2TrafoSize —1)).

2. The derivation process of transform block boundary as specified in this clause is invoked with the luma location
(xCb, yCb ), the luma location ( xB0, yB0 ), the variable log2TrafoSize set equal to log2TrafoSize — 1, the
variable trafoDepth set equal to trafoDepth + 1, the variable filterEdgeFlag, the array edgeFlags, and the

8.7.2.3
Inputs to t
— avaria

— apredi

hriable edgeType as inputs, and the output is the modified version of array edgeFlags.

\
T
(
\
\
T
(KCb, yCb), the luma location ( xB0, yB1), the variable log2TrafoSize set-equal to log2TrafoSi
\
\
T
(
\
\

he derivation process of transform block boundary as specified in this clause is invoked with the lun
XCb, yCb ), the luma location (xB1, yB0), the variable log2TrafoSize set equal to log2TrafoSi
hriable trafoDepth set equal to trafoDepth + 1, the variable filterEdgeFlag, the array, ledgeFlag
hriable edgeType as inputs, and the output is the modified version of array edgeFlagse

he derivation process of transform block boundary as specified in this clause is invoked with the lun

hriable trafoDepth set equal to trafoDepth + 1, the variable filterEdgeFlag; the array edgeFlag
hriable edgeType as inputs, and the output is the modified version of array‘edgeFlags.

he derivation process of transform block boundary as specified in this clause is invoked with the lun
XCb, yCb ), the luma location (xB1, yB1), the variable log2TrafoSize set equal to log2TrafoSi
hriable trafoDepth set equal to trafoDepth + 1, the variable filterEdgeFlag, the array edgeFlag
hriable edgeType as inputs, and the output is the modified ¥exsion of array edgeFlags.

Fise (split_transform_flag[ xCb + xBO0 ][ yCb + yBO ][.trafoDepth ] is equal to 0), the following appli

Kk =0..(1 << log2TrafoSize ) — 1 is derived as.felows:
If xBO is equal to 0, edgeFlags[ xB0O J[-yB0 + k ] is set equal to filterEdgeFlag.
Otherwise, edgeFlags[ xB0O ][ yBO=K ] is set equal to 1.

k =0..(1 << log2TrafoSize )<{Dis derived as follows:
If yBO is equal to 0, edgeFlags[ xBO + k ][ yBO ] is set equal to filterEdgeFlag.
Otherwise, edgeFlags[ xB0 + k ][ yBO ] is set equal to 1.

Derivation process-of prediction block boundary
his process are:
ble log2CbSize specifying the luma coding block size,

ction partition mode PartMode,

a two-dimensional (nCbS)x(nCbS) array edgeFlags,

f edgeType is -equal to EDGE VER,“"the value of edgeFlags[xB0 ][ yBO{

ha location
re — 1, the
5, and the

ha location
re — 1, the
5, and the

ha location
re — 1, the
5, and the

k] for

Dtherwise (edgeType is equal “to EDGE HOR), the value of edgeFlags[xB0+k][yB0O] for

— avariable edgeType specifying whether a vertical (EDGE_VER) or a horizontal (EDGE_HOR) edge is filtered.

Output of this process is the modified two-dimensional (nCbS)x(nCbS) array edgeFlags.

Depending on the values of edgeType and PartMode, the following applies fork =0..( 1 << log2CbSize ) — 1:

— IfedgeType is equal to EDGE_VER, the following applies:

— When PartMode is equal to PART Nx2N or PART NxN, edgeFlags[ 1 << (log2CbSize — 1) ][ k ] is set equal

to 1l
— Wh

en PartMode is equal to PART nLx2N, edgeFlags[ | << (log2CbSize —2) ][ k ] is set equal to 1.

— When PartMode is equal to PART nRx2N, edgeFlags[ 3 * (1 << (1og2CbSize —2)) ][ k ] is set equal to 1.

164

Rec. ITU-T H.265

(2015 E)


https://iecnorm.com/api/?name=ef24e739dd45de9e323cd214b25399a9

ISO/TIEC 23008-2:2015(E)

— Otherwise (edgeType is equal to EDGE HOR), the following applies:

— When PartMode is equal to PART 2NxN or PART NxN, edgeFlags[ k ][ 1 << (1og2CbSize — 1) ] is set equal

to1

— When PartMode is equal to PART 2NxnU, edgeFlags[ k ][ 1 << (log2CbSize —2) ] is set equal to 1.
— When PartMode is equal to PART 2NxnD, edgeFlags[ k][ 3 * (1 << (1og2CbSize —2)) ] is set equal to 1.

8.7.2.4 Derivation process of boundary filtering strength

Inputs to this process are:

a luma

picture sample array recPicture,

luma sample of the current picture,

a luma location ( xCb, yCb ) specifying the top-left sample of the current luma coding block relative to the top-left

— avariaj
— avariaj
— atwo-
Output of
The variah

-  Ifed
(1

—  Othsg
set e

For xD; w

ble log2CbSize specifying the size of the current luma coding block,

ble edgeType specifying whether a vertical (EDGE_VER) or a horizontal (EDGE_HOR) edgg is filt
limensional (nCbS)x(nCbS) array edgeFlags.

this process is a two-dimensional (nCbS)x(nCbS) array bS specifying the boundary(filtering strength
les xD;, yDj, xN, and yN are derived as follows:

seType is equal to EDGE_VER, xD; is set equal to (i << 3 ), yD;is set€qual to (j << 2),xNiss
< (log2CbSize —3))— 1, and yN is set equal to ( 1 << (1log2CbSize5\2))— 1.

rwise (edgeType is equal to EDGE_HOR), xD; is set equal to (i <2 ), yD; is set equal to (j <<
jual to (1 << (log2CbSize —2)) — 1, and yN is set equal to ( Fy<< (1og2CbSize—3))— 1.

thi=0..xN and yD; with j = 0..yN, the following applies:

fedgeFlags[ xD; ][ yD;j ] is equal to 0, the variable bS[xD; ][ yD; ] is set equal to 0.
Dtherwise (edgeFlags[ xD; ][ yDj ] is equal to 1), thefollowing applies:

- The sample values py and qq are derived as follows:

—  IfedgeType is equal to EDGE.VER, p, is set equal to recPicture; [ xCb + xD; — 1 ][ yCb A
qo is set equal to recPicture [ xCb + xD; ][ yCb + yD; ].

—  Otherwise  (edgeType ¥ is equal to EDGE HOR), p, is set ¢
recPicture. [ XCb + xDiJ[ yCb + yD; — 1] and do is set equ
recPicture [ XCb £ xD; ][ yCb + yD; ].

- The variable bS[ xDy][ yD;j ] is derived as follows:

—  If the sample p, or qp is in the luma coding block of a coding unit coded with intra predic
bS[ xB; J['yD; ] is set equal to 2.

—  Othierwise, if the block edge is also a transform block edge and the sample py or qq is
transform block which contains one or more non-zero transform coefficient levels, bS[ xD
set equal to 1.

red,

et equal to

3), xN is

- yD; ] and

qual  to

h] to

ion mode,

in a luma
1L yDj]is

-~ Otherwise, if one or more of the following conditions are true, bS[ xD; ][ yD; ] is set equal

ol:

—  For the prediction of the luma prediction block containing the sample p, different reference
pictures or a different number of motion vectors are used than for the prediction of the luma

prediction block containing the sample q.

NOTE 1 — The determination of whether the reference pictures used for the two luma prediction
blocks are the same or different is based only on which pictures are referenced, without regard to
whether a prediction is formed using an index into reference picture list 0 or an index into reference
picture list 1, and also without regard to whether the index position within a reference picture list is

different.

NOTE 2 — The number of motion vectors that are used for the prediction of a luma prediction block

with top-left luma sample covering (xPb,yPb), is equal to PredFlagLO[ xPb
PredFlagL1[ xPb ][ yPb ].

—  One motion vector is used to predict the luma prediction block containing the sample

ItyPb] +

Po and one

motion vector is used to predict the luma prediction block containing the sample qo, and the
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8.7.2.5
8.7.2.5.1

Inputs to ¢

— the pig
recPict

— aluma
luma s

— avariaj
— an arrg

Outputs o
the arrays

The filteri
steps:

absolute difference between the horizontal or vertical component of the motion vectors used is

greater than or equal to 4 in units of quarter luma samples.

—  Two motion vectors and two different reference pictures are used to predict the luma

prediction

block containing the sample p,, two motion vectors for the same two reference pictures are used

to predict the luma prediction block containing the sample qo, and the absolute

difference

between the horizontal or vertical component of the two motion vectors used in the prediction of
the two luma prediction blocks for the same reference picture is greater than or equal to 4 in

units of quarter luma samples.

—  Two motion vectors for the same reference picture are used to predict the luma prediction block

containing the sample po, two motion vectors for the same reference picture are used

to predict

the luma prediction block containing the sample qo, and both of the following conditions are

true:

vectors used in the prediction of the two luma prediction blocks is greater tharivoy,
in quarter luma samples, or the absolute difference between the horizontal
component of the list 1 motion vectors used in the prediction of the two duma
blocks is greater than or equal to 4 in units of quarter luma samples.

— The absolute difference between the horizontal or vertical cemponent of list
vector used in the prediction of the luma prediction block codtaiing the sample
list 1 motion vector used in the prediction of the luma-prediction block cont
sample q is greater than or equal to 4 in units of qudrter’ luma samples, or th
difference between the horizontal or vertical component-of the list 1 motion vec
the prediction of the luma prediction block containing the sample py and list
vector used in the prediction of the luma prédiction block containing the sai
greater than or equal to 4 in units of quarter luma samples.

—  Otherwise, the variable bS[ xD; ][ yD; ] is set equahyto 0.
Fdge filtering process

Vertical edge filtering process
his process are:

ture sample array recPicture; and, when“ChromaArrayType is not equal to 0, the arrays recPid
urccr,

hmple of the current picture,
ble 1og2CbSize specifying the size of the current luma coding block,
y bS specifying the boundary filtering strength.

this process are the modified picture sample array recPicture;, and, when ChromaArrayType is not
recPicturecyand'recPicturec,.

0 motion
equal to 4
br vertical
prediction

0 motion
po and the
aining the
e absolute
or used in
0 motion
mple qo is

turec, and

location ( xCb, yCb ) specifyinglthe top-left sample of the current luma coding block relative to the top-left

cqual to 0,

hg process.for edges in the luma coding block of the current coding unit consists of the following ordered

. T

he.vdriable nD is set equal to 1 << (1og2CbSize —3).

2. For xDy equal to k << 3 with k=0..nD — 1 and yD,, equal to m << 2 with m=0..nD * 2 — 1, the following
applies:

166

—  When bS[ xDy ][ yDy, ] is greater than 0, the following ordered steps apply:

a. The decision process for luma block edges as specified in clause 8.7.2.5.3 is invoked with the

luma picture sample array recPicture;, the location of the luma coding block ( xCb,

yCb ), the

luma location of the block ( xDy, yD,, ), a variable edgeType set equal to EDGE VER, and the
boundary filtering strength bS[ xDy ][ yD,, ] as inputs, and the decisions dE, dEp, and dEq, and the

variables § and tc as outputs.

b. The filtering process for luma block edges as specified in clause 8.7.2.5.4 is invoked with the luma

picture sample array recPicturer, the location of the luma coding block ( xCb, yCb )

, the luma

location of the block ( xDy, yDy, ), a variable edgeType set equal to EDGE_VER, the decisions dE,
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dEp, and dEq, and the variables B and tc as inputs, and the modified luma picture sample array

recPicturey as output.

When ChromaArrayType is not equal to 0, the following applies.

The filtering process for edges in the chroma coding blocks of current coding unit consists of the following ordered

steps:

1. T
2. T
3. T
4

he variable nD is set equal to 1 << (1og2CbSize —3).
he variable edgeSpacing is set equal to 8 / SubWidthC.
he variable edgeSections is set equal to nD * ( 2 / SubHeightC ).

the following applies:

For xDy equal to k * edgeSpacing with k =0..nD — 1 and yD,, equal to m << 2 with m = 0..edgeSections — 1,

8.7.2.5.2
Inputs to ¢

— the pig
recPict

— aluma
luma s

— avarial
— an arrg

Outputs o
the arrays

The filteri
steps:

1.
2.

el

When bS] xDy * SubWidthC || yDy, ™ SubHeightC' | 18 equal to 2
(((xCb/SubWidthC + xDy ) >> 3) << 3) is equal to xCb/SubWidthC + xD,, the follews

steps apply:

a. The filtering process for chroma block edges as specified in clause 8.7.2.5.5" is invoke
chroma picture sample array recPicturec, the location of the ~chioma codi
(xCb / SubWidthC, yCb / SubHeightC ), the chroma location of the blo€ky( XDy, yDy, ),
edgeType set equal to EDGE _VER, and a variable cQpPicOffset set"equal to pps cb_q
inputs, and the modified chroma picture sample array recPicturec, as@utput.

b. The filtering process for chroma block edges as specified in\clatise 8.7.2.5.5 is invoke
chroma picture sample array recPicturec,, the location of the chroma codi
(xCb / SubWidthC, yCb / SubHeightC ), the chroma location of the block ( XDy, yDy, ),
edgeType set equal to EDGE VER, and a variable cQpPicOffset set equal to pps_cr qr
inputs, and the modified chroma picture sample arrayrecPicturec, as output.

Horizontal edge filtering process
his process are:

ture sample array recPicture; and, when ChromaArrayType is not equal to 0, the arrays recPid
urccr,

hmple of the current picture,
ble 10g2CbSize specifying the size-of the current luma coding block,
y bS specifying the boundaty filtering strength.

this process are the modified picture sample array recPicture;, and, when ChromaArrayType is not
recPicturec, and recPicturec,.

he variable-nD is set equal to 1 << (1og2CbSize — 3 ).
br ¥Di equal to m << 3 with m=0..nD — 1, and xDy equal to k << 2 with k=0..nD * 2 — 1, the

o

and
g ordered

| with the
ng block
a variable
offset as

| with the
ng block
a variable
offset as

turec, and

location ( xCb, yCb ) specifying the top<left sample of the current luma coding block relative to the top-left

cqual to 0,

hg process for edges in the luma coding block of the current coding unit consists of the following ordered

following

bplies:

When bS[ xDy ][ yDy, ] is greater than 0, the following ordered steps apply:

a. The decision process for luma block edges as specified in clause 8.7.2.5.3 is invoked with the luma
picture sample array recPicture;, the location of the luma coding block ( xCb, yCb ), the luma location
of the block ( xDy, yDy, ), a variable edgeType set equal to EDGE HOR, and the boundary filtering
strength bS[ xDy ][ yDy, ] as inputs, and the decisions dE, dEp, and dEq, and the variables § and tc as

outputs.

b. The filtering process for luma block edges as specified in clause 8.7.2.5.4 is invoked with the luma
picture sample array recPicture;, the location of the luma coding block ( xCb, yCb ), the luma location

of the block ( xDy, yDy, ), a variable edgeType set equal to EDGE_HOR, the decisions dEp

, dEp, and

dEq, and the variables B and tc as inputs, and the modified luma picture sample array recPicture, as

output.
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When ChromaArrayType is not equal to 0, the following applies.

The filtering process for edges in the chroma coding blocks of current coding unit consists of the following ordered
steps:

1. The variable nD is set equal to 1 << (log2CbSize —3).

2. The variable edgeSpacing is set equal to 8 / SubHeightC.

3.  The variable edgeSections is set equal to nD * (2 / SubWidthC ).
4

For yD,, equal to m * edgeSpacing with m = 0..nD — 1 and xDy equal to k << 2 with k = 0..edgeSections — 1,
the following applies:

—  When bS[ xDy * SubWidthC ][ yD,, * SubHeightC ] is equal to 2 and
( ((yCb/SubHeightC + yD,, ) >> 3) << 3)is equal to yCb / SubHeightC + yD,,, the following ordered

steps apply:

a. The filtering process for chroma block edges as specified in clause 8.7.2.5.5 is inveked with the
chroma picture sample array recPicturec, the location of the chroma' codihg block
(xCb / SubWidthC, yCb / SubHeightC ), the chroma location of the block ( xBg, yDi, ), [a variable
edgeType set equal to EDGE_HOR, and a variable cQpPicOffset set equal (to-pps_cb_qp offset as
inputs, and the modified chroma picture sample array recPicturec, as output.

b. The filtering process for chroma block edges as specified in clause8.72.5.5 is invokedl with the
chroma picture sample array recPicturec, the location of ,the chroma codihg block
(xCb / SubWidthC, yCb / SubHeightC ), the chroma location of the block ( xDy, yDy, ), [a variable
edgeType set equal to EDGE _HOR, and a variable cQpPicOffset set equal to pps_cr _qp offset as
inputs, and the modified chroma picture sample array recPictureg; as output.

8.7.2.5.3 Decision process for luma block edges
Inputs to this process are:
— alumalpicture sample array recPicturep,

— a lumd location ( xCb, yCb ) specifying the top-left sample of the current luma coding block relative to the top-left
luma shmple of the current picture,

— a luma|location ( xBl, yBI) specifying the top-left'sample of the current luma block relative to the top-leftf sample of
the cufrent luma coding block,

— avariaple edgeType specifying whether awertical (EDGE_VER) or a horizontal (EDGE_HOR) edge is filt¢red,
— avariaple bS specifying the boundary:filtering strength.

Outputs of this process are:

— the varjiables dE, dEp, and dEq containing decisions,

— the varjiables B and tc.

If edgeType is equal t¢ EDGE VER, the sample values p; and q; with i =0..3 and k = 0 and 3 are derived as follows:
ix = recRicture [ xCb + xBl+1 ][ yCb +yBl + k ] (8-296)
7 tecPicture [ xCb +xBl—i—1 ][ yCb+yBl + k] (8-297)

Otherwise (edgeType is equal to EDGE_HOR), the sample values p;, and q;x with 1=0..3 and k = 0 and 3 are derived as
follows:

qix = recPicture [ xCb + xBl+ k ][ yCb + yBl +1i ] (8-298)
pix = recPicture [ xCb + xBl +k J[ yCb +yBl —i— 1] (8-299)

The variables Qpq and Qpp are set equal to the Qpy values of the coding units which include the coding blocks
containing the sample qg and po o, respectively.

A variable qPy is derived as follows:
qPL=((Qpo+Qpp+1) >> 1) (8-300)

The value of the variable B’ is determined as specified in Table 8-12 based on the luma quantization parameter Q derived
as follows:
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Q=Clip3(0, 51, gP. + (slice_beta offset div2 << 1)) (8-301)

where slice_beta offset div2 is the value of the syntax element slice beta_offset div2 for the slice that contains sample
qo,0-

The variable B is derived as follows:
B=p *(1 << (BitDepthy —8)) (8-302)

The value of the variable tc' is determined as specified in Table 8-12 based on the luma quantization parameter Q derived
as follows:

Q=Clip3(0,53,qP. +2* (bS—1)+(slice tc offset div2 << 1)) (8-303)
where slice_tc_offset_div2 is the value of the syntax element slice_tc_offset_div2 for the slice that contains sample qg .
The variable t¢ is derived as follows:

o =tc'* (1 << (BitDepthy — 8)) (8-304)

Depending on the value of edgeType, the following applies:
— IfedgdType is equal to EDGE_VER, the following ordered steps apply:
1. Thhe variables dpq0, dpq3, dp, dq, and d are derived as follows:

dp0 = Abs( p20—2 * p1o + Poo ) (8-305)
dp3 = Abs(p2; —2 * p13+Pos) (8-306)
dq0 = Abs( q20—2 * q1,0 + qoo ) (8-307)
dq3 = Abs( Q235 —2* qi13+qos) (8-308)
dpq0 = dp0 + dq0 (8-309)
dpg3 = dp3 + dg3 (8-310)
dp = dp0 + dp3 (8-311)
dq =dq0 + dg3 (8-312)
d = dpq0 + dpq3 (8-313)

2. The variables dE, dEp, and dEq are set equal to 0.
3. When d is less than B, the following ordered steps apply:
al The variable dpq is set equalio 2 * dpq0.

b| For the sample location: ( xCb + xBl, yCb + yBl ), the decision process for a luma sample as specified in
clause 8.7.2.5.6 is~nvoked with sample values pio, qip With i =0..3, the variables dpq, B, and td as inputs,
and the output s assigned to the decision dSam0.

c| The variable\dpq is set equal to 2 * dpq3.

d| For the sample location ( xCb + xBl, yCb + yBI + 3 ), the decision process for a luma sample as specified in
claise*8.7.2.5.6 is invoked with sample values pi3, qi; with 1= 0..3, the variables dpq, B, and t{ as inputs,
and-the output is assigned to the decision dSam3.

e.—The varrabledE s setequatto -
When dSam0 is equal to 1 and dSam3 is equal to 1, the variable dE is set equal to 2.
When dp is less than (f+ ( >> 1)) >> 3, the variable dEp is set equal to 1.

o o

When dq is less than (B + (p >> 1)) >> 3, the variable dEq is set equal to 1.
— Otherwise (edgeType is equal to EDGE_HOR), the following ordered steps apply:
1. The variables dpq0, dpq3, dp, dq, and d are derived as follows:

de = AbS( pz’o - 2 * PI,O + p0,0 ) (8-3 14)
dp3 = AbS( P23 — 2% P13 + Po3 ) (8-3 15)
dq0 = Abs( q20—2 * q1,0 + qoo ) (8-316)
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dgq3 =Abs(q23 2% qi3+qo3) (8-317)
dpq0 = dp0 + dq0 (8-318)
dpq3 = dp3 + dq3 (8-319)
dp = dp0 + dp3 (8-320)
dq = dq0 + dq3 (8-321)
d =dpq0 + dpq3 (8-322)

2. The variables dE, dEp, and dEq are set equal to 0.
3. When d is less than B, the following ordered steps apply:
a. The variable dpq is set equal to 2 * dpq0.

b| For the sample location ( xCb + xBl, yCb + yBI ), the decision process for a luma sample ag specified in
clause 8.7.2.5.6 is invoked with sample values pg, P3,0, qo,0, and qs o, the variables dpq, B, anhdtd as inputs,
and the output is assigned to the decision dSam0.

c¢| The variable dpq is set equal to 2 * dpq3.

d| For the sample location ( xCb + xBI + 3, yCb + yBl ), the decision process for aduma sample as specified in
clause 8.7.2.5.6 is invoked with sample values pos, P33, qo3, and qs 3, the variables dpq, B, and t{ as inputs,
and the output is assigned to the decision dSam3.

el The variable dE is set equal to 1.

f| When dSam0 is equal to 1 and dSam3 is equal to 1, the variable dE.is’set equal to 2.
gl Whendpislessthan (B+ (B >> 1)) >> 3, the variable dEp\is set equal to 1.
h] Whendqislessthan (B+ (B >> 1)) >> 3, the variabl¢‘dEq is set equal to 1.

Table 8-12 — Derivation of threshold variables B’ and tc’ from input Q

Q| 0 1 2 3 4 5 6 7 8 9 |10 | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18
B | O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 7 8
tc’ | 0 0 0 0 0 0 0 (i 0 0 0 0 0 0 0 0 0 0 1
Q | 1920 | 21 |22 |23 |24 | 25(p26 |27 |28 |29 |30 |31 | 32|33 |34]|35]|p6 |37
B | 9| 10 | 11 | 12 | 13 | 14 ¢35 | 16 | 17 | 18 | 20 | 22 | 24 | 26 | 28 | 30 | 32 | B4 | 36
tc' | 1 1 1 1 1 1 1 1 2 2 2 2 3 3 3 3 4 4 4
Q | 3§ |39 |40 | 41 | 42|43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53
B’ | 34 | 40 | 42 | 44-1..46 | 48 | 50 | 52 | 54 | 56 | 58 | 60 | 62 | 64 | - -
tc' | S 5 6 6 7 8 9 |10 | 11 | 13 | 14| 16 | 18 | 20 | 22 | 24

8.7.2.5.4 Filteting process for luma block edges

Inputs to this\process are:

— aluma picture sample array recPicturey,

— a luma location ( xCb, yCb ) specifying the top-left sample of the current luma coding block relative to the top-left
luma sample of the current picture,

— aluma location ( xBl, yBI) specifying the top-left sample of the current luma block relative to the top-left sample of
the current luma coding block,

— avariable edgeType specifying whether a vertical (EDGE_VER) or a horizontal (EDGE_HOR) edge is filtered,
— the variables dE, dEp, and dEq containing decisions,
— the variables B and tc.

Output of this process is the modified luma picture sample array recPicturey .
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Depending on the value of edgeType, the following applies:

— IfedgeType is equal to EDGE_VER, the following ordered steps apply:

1.
2.
a.
b
c
—  Otherw
1. T
2. W
0
a
b
c
8.7.2.5.5

The sample values pix and q;x with 1=0..3 and k = 0..3 are derived as follows:

qix = recPicture; [ xCb + xBl +1 ][ yCb + yBl + k ]
pix =recPicture; [ xCb + xBl—i—1 ][ yCb+ yBl + k ]

(8-323)
(8-324)

When dE is not equal to 0, for each sample location ( xCb + xBl, yCb + yBl+k ), k=0..3, the following
ordered steps apply:

The filtering process for a luma sample as specified in clause 8.7.2.5.7 is invoked with the sample values
Pix» Qix Wwith 1=0.3, the locations (xP;, yP;) set equal to (xCb+xBl—i1—1,yCb+yBl+k) and
(xQ;, yQ;) set equal to (xCb +xBl+1, yCb + yBl + k) with i=0..2, the decision dE, the variables dEp

and dEq, and the variable t¢ as inputs, and the number of filtered samples nDp and nDq from each side of

the block boundary, and the filtered sample values p;' and g;' as outputs.

When nDp is greater than 0, the filtered sample values p;' with i =0..nDp — 1 replace the)corfesponding

samples inside the sample array recPicture; as follows:

recPicture [ xCb + xBl—i—1 ][ yCb + yBl + k | =p{

(8-325)

When nDq is greater than 0, the filtered sample values q;' with j = 0..nDq*lyreplace the corfesponding

samples inside the sample array recPicture; as follows:

recPicture [ xCb + xBl+j ][ yCb+ yBl +k ] = ¢g{

ise (edgeType is equal to EDGE_HOR), the following ordered steps-apply:

he sample values p;x and gy with i = 0..3 and k = 0..3 are derived-as follows:

qix = recPicturer [ xCb +xBl +k ][ yCb + yBl +1 ]
pix = recPicture [ XCb + xBl + k ][ yCb + yBl —i < I

Vhen dE is not equal to 0, for each sample location (xCb +xBl+k, yCb+yBl), k=0..3, the
rdered steps apply:

The filtering process for a luma sample ds specified in clause 8.7.2.5.7 is invoked with the sam
Pix» Qix with 1=0.3, the locations((xP;, yP;) set equal to (xCb -+ xBl+k,yCb+yBl—1i
(xQ;, yQ;) set equal to ( xCb + xBlst 'k, yCb + yBl +1) with 1 =0..2, the decision dE, the var
and dEq, and the variable tc as igputs, and the number of filtered samples nDp and nDq from e3
the block boundary and the filtered sample values p;' and q;' as outputs.

When nDp is greater than)0, the filtered sample values p;' with i=0..nDp — 1 replace the cort
samples inside the sample array recPicture; as follows:

recPicture [ xCb +xBl+ k [ yCb+yBl—i—1 ]=p{

When nDq is,_gfeater than 0, the filtered sample values q;' with j=0..n1Dq — 1 replace the cort
samples inside the sample array recPicture as follows:

recPicture; [ xCb + xBl+k ][ yCb + yBl +j ] =g}

Filtering process for chroma block edges

(8-326)

(8-327)
(8-328)
following
ple values
—1) and

ables dEp
ch side of

esponding

(8-329)

esponding

(8-330)

This process is only invoked when ChromaArrayType is not equal to 0.

Inputs to this process are:

a chroma picture sample array s’,

— a chroma location ( xCb, yCb ) specifying the top-left sample of the current chroma coding block relative to the top-
left chroma sample of the current picture,

— a chroma location ( xBl, yBl) specifying the top-left sample of the current chroma block relative to the top-left
sample of the current chroma coding block,

— avariable edgeType specifying whether a vertical (EDGE_VER) or a horizontal (EDGE_HOR) edge is filtered,

— avariable cQpPicOffset specifying the picture-level chroma quantization parameter offset.

Output of this process is the modified chroma picture sample array s'.
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If edgeType is equal to EDGE VER, the values p; and q; with i = 0..1 and k = 0..3 are derived as follows:
Qix=s[xCb+xBl+1][yCb+yBl+k] (8-331)
pix=s[xCb+xBl—i—1][yCb+yBl+k] (8-332)

Otherwise (edgeType is equal to EDGE_HOR), the sample values p; and g; with i=0..1 and k=0..3 are derived as
follows:

Qix=s[xCb+xBl+k][yCb+yBl+1i] (8-333)
Pix =sTxCb+xBl+k J[yCb+yBl—1—1] (8-334)

The variables Qpg and Qpp are set equal to the Qpy values of the coding units which include the coding blocks
containing the sample q and po, respectively.

If ChromaArrayType is equal to 1, the variable Qpc is determined as specified in Table 8-10 based on the index qPi
derived as[follows:

qPi=((Qpo+Qpp+1) >> 1)+ cQpPicOffset (8-335)

Otherwise|(ChromaArrayType is greater than 1), the variable Qpc is set equal to Min( qPi, 51 ).

NOTE } The variable cQpPicOffset provides an adjustment for the value of pps_cb_qp_offset or pps.'ery qp_offset, gccording to
whethet the filtered chroma component is the Cb or Cr component. However, to avoid the need\o vary the ampunt of the
adjustnjent within the picture, the filtering process does not include an adjustment for the/value of slice cb _qp offset or
slice_ci qp_offset, nor (when chroma_qp_offset list enabled flag is equal to 1) for the value of CuQpOffsetc, or CuQpOffsetc,.

The value| of the variable tc' is determined as specified in Table 8-12 based on thie’chroma quantization parameter Q
derived as|follows:

Q = Clip3( 0, 53, Qpc + 2 + (slice_tc_offset div2 << 1)) (8-336)
where slicg_tc_offset div2 is the value of the syntax element slice tc offset’ div2 for the slice that contains safple qq .

The variahle tc is derived as follows:
tc=tc' * (1 << (BitDepthc —8)) (8-337)
Depending on the value of edgeType, the following applies:

— If edgqType is equal to EDGE_VER, for each samplé location ( xCb + xBl, yCb + yBl + k ), k = 0..3, the| following
ordereql steps apply:

1. The filtering process for a chroma sample as specified in clause 8.7.2.5.8 is invoked with the sample values piy,
qlx, with i=0..1, the locations (xCb +xBl—1,yCb +yBl+k) and (xCb+xBl, yCb+yBl+k}), and the
vhriable tc as inputs, and the filteted sample values p,' and qo’ as outputs.

2. The filtered sample values py"and qo’ replace the corresponding samples inside the sample array s’ as follows:

s'[ xCb +xBIl ][ yCb++ yBl+k ]=qy’ (8-338)
s'[ xCb +xBl<1 [ yCb + yBl+k ] =po’ (8-339)

— Otherwise (edgeTypenis equal to EDGE _HOR), for each sample location ( xCb + xBl + k, yCb + yBI ), k[= 0..3, the
follow|ng orderéd steps apply:

1. The filtering process for a chroma sample as specified in clause 8.7.2.5.8 is invoked with the sample alues p;y,
Qe with 1=0..1, the locations (xCb+xBl+k,yCb+yBl—1) and (xCb+xBl+k, yCb+yBl}), and the

salala & . £ 41 £1e A 1 1 ! | L 4 4
vartaorc C ads llll.lulb, AllU IV ITItere Dalllplb varuvs PO alra \.10 adsS UULPUI,D.

2. The filtered sample values p,y’ and qy’ replace the corresponding samples inside the sample array s’ as follows:
s'[xCb+xBl+k ][ yCb+yBl]=q (8-340)
s[xCb+xBl+k][yCb+yBl—1]=p, (8-341)

8.7.2.5.6 Decision process for a luma sample
Inputs to this process are:

— the sample values py, p3, qo, and qs,

— the variables dpq, B, and tc.

Output of this process is the variable dSam containing a decision.
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The variable dSam is specified as follows:

— If dpq is less than (B >> 2), Abs(ps —po )+ Abs(qo— q3 ) is less than ( >> 3), and Abs( py— qo ) is less than
(5*tc+1) >> 1,dSam is set equal to 1.

— Otherwise, dSam is set equal to 0.

8.7.2.5.7 Filtering process for a luma sample

Inputs to this process are:

— the luma sample values p; and g; with i =0..3,

— the luma locations of p; and q;, ( xP;, yP; ) and ( xQ;, yQ; ) withi=0..2,

— avariable dE,

— the varrablesdEpamd-dEqcontammg dectstons to-fitter samptes ptamd i espectivety,
— avariaple tc.

Outputs of this process are:

— the nufnber of filtered samples nDp and nDq,

— the filtpred sample values p;' and gj withi=0..nDp — 1, j=0..nDq — 1.

Depending on the value of dE, the following applies:

— If the yariable dE is equal to 2, nDp and nDq are both set equal to 3, and the following strong filtering applies:

Po' F Clip3(po—2 * te, po+ 2 *te, (P2 +2*p1 +2*po+2 % qo+q £4) >> 3) (8-342)
pi' FClLip3(p1 =2 *te, pr +2 *te, (p2tpitpotqot+2) >> 2) (8-343)
p2' F Clip3(p2 =2 * te, pa + 2%tc, (2% p3 +3 *po+p1 +po £ Qo) 4) >> 3) (8-344)
Q' FCUp3(qo—2*te, Qo T2 *te, (p1+2*po+2*q+r2*¥q+q+4) > 3) (8-345)
Q' FCLp3(qi =2 *te, 1 +2*te, (pot Qo+ qi + o 2) >> 2) (8-346)
QRFCLEp3(@—2*te, 2 +2* te, (Ppo+ Qo+ qF3*qu+2*qs+4) >> 3) (8-347)

— Otherwise, nDp and nDq are set both equal to 0,‘and the following weak filtering applies:
—  The following applies:

A=(9%(qo— po)—3*(qu~p1)+8) >4 (8-348)

—  When Abs(A) is less than tc *410, the following ordered steps apply:

- The filtered samplevalues py’' and qy' are specified as follows:

A= Clip3(=té, tc, A) (8-349)

po’ =Cliply(po+A) (8-350)

qo= Cliply(qo—A) (8-351)
- {When dEp is equal to 1, the filtered sample value p;’ is specified as follows:

Ap=Clip3(—(tc > 1),tc > L(((ptpot1) > 1)-piT4) > 1) (8-352)

pi’ =Cliply(p; +Ap) (8-353)
—  When dEq is equal to 1, the filtered sample value q,’ is specified as follows:

Aq=Clip3(—(tc >> 1),tc >> 1,(((qp+tq+1)>1)—-q —A) > 1) (8-354)

qi' = Cliply(q1 +Aq) (8-355)

— nDpis set equal to dEp + 1 and nDq is set equal to dEq + 1.
When nDp is greater than 0 and one or more of the following conditions are true, nDp is set equal to O:

— pecm_loop filter disabled flag is equal to 1 and pem_flag[ xPy ][ yP, ] is equal to 1.
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— cu_transquant_bypass flag of the coding unit that includes the coding block containing the sample p, is equal
to L.

When nDq is greater than 0 and one or more of the following conditions are true, nDq is set equal to 0:

— pcem_loop_filter disabled flag is equal to 1 and pecm_flag[ xQ, ][ yQo ] is equal to 1.

— cu_transquant_bypass_flag of the coding unit that includes the coding block containing the sample q, is equal
to 1.

8.7.2.5.8 Filtering process for a chroma sample

This process is only invoked when ChromaArrayType is not equal to 0.

Inputs to this process are:

— the chroma sample values p; and q; withi=0..1,

— the chrloma locations of py and gy, ( xPg, yPy ) and ( xQy, yQo ),
— avariaple tc.
Outputs of this process are the filtered sample values p,' and q'.

The filtergd sample values p,' and q' are derived as follows:

A=A Clip3(—te, te, ((((qo—po) << 2)+pi—qit4) >>3))

Po

Qo

When one

input sample value py:

— perp_loop_filter disabled flag is equal to 1 and pcm_flag[ xPy* SubWidthC ][ yP, * SubHeightC ] is ¢

- cuj
to

When one

- cu]
to

8.7.3  Sample adaptive offset process

8.7.3.1

Inputs to this process are'the reconstructed picture sample array prior to sample adaptive offset recPicture,

ChromaAu

Outputs o
when Chr

= Cliple(po+A)
= Cliplc(qo—A)

or more of the following conditions are true, the filtered sample-value, p,’ is substituted by the cori

transquant_bypass flag of the coding unit that ineludes the coding block containing the sample |

transquant_bypass_flag of the odding unit that includes the coding block containing the sample

[Seneral

ray Type ishot-equal to 0, the arrays recPicturec, and recPicturec,.

this process are the modified reconstructed picture sample array after sample adaptive offset saoPi
maArrayType is not equal to 0, the arrays saoPicturec, and saoPicturec;.

(8-356)
(8-357)
(8-358)

esponding

qual to 1.

ho 1s equal

or more of the following conditions are true, the filtered sample value, qo’ is substituted by the corfesponding
input sample value qo:

— peip_loop filter disabled flag is equal to T"and pem_flag[ xQ, * SubWidthC ][ yQo * SubHeightC ] is

bqual to 1.

1o is equal

and, when

ture; and,

ale bocic oftar. 1 £ 4o Jd 11

This proc

i £ d on o daan " N lat:ion
OSSP oM CO— O a—CoOtIM g e C—oOr0 0 oass—artCr T C—Comproton—o0T

decoded picture.

the—debloekingftterproeéss for the

The sample values in the modified reconstructed picture sample array saoPicture; and, when ChromaArrayType is not
equal to 0, the arrays saoPicturec, and saoPicturec, are initially set equal to the sample values in the reconstructed picture
sample array recPicture;, and, when ChromaArrayType is not equal to 0, the arrays recPicturec, and recPicturec,,
respectively.

For every coding tree unit with coding tree block location (rx,ry), where rx=0..PicWidthInCtbsY —1 and
ry = 0..PicHeightInCtbsY — 1, the following applies:

— When slice_sao_luma_flag of the current slice is equal to 1, the coding tree block modification process as specified in
clause 8.7.3.2 is invoked with recPicture set equal to recPicture, cldx set equal to 0, ( rx, ry ), and both nCtbSw and
nCtbSh set equal to CtbSizeY as inputs, and the modified luma picture sample array saoPicture; as output.
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— When ChromaArrayType is not equal to 0 and slice_sao _chroma flag of the current slice is equal to 1, the coding
tree block modification process as specified in clause 8.7.3.2 is invoked with recPicture set equal to recPicturecy, cldx
set equal to 1, (rx,ry), nCtbSw set equal to (1 << CtbLog2SizeY )/ SubWidthC, and nCtbSh set equal to
(1 << CtbLog2SizeY )/ SubHeightC as inputs, and the modified chroma picture sample array saoPicturec, as
output.

—  When ChromaArrayType is not equal to 0 and slice sao chroma flag of the current slice is equal to 1, the coding
tree block modification process as specified in clause 8.7.3.2 is invoked with recPicture set equal to recPicturec,, cldx
set equal to 2, (rx,ry), nCtbSw set equal to (1 << CtbLog2SizeY )/ SubWidthC, and nCtbSh set equal to
(1 << CtbLog2SizeY )/ SubHeightC as inputs, and the modified chroma picture sample array saoPicturec, as
output.

8.7.3.2 Coding tree block modification process

Inputs to this process are:

the pic

a variaj

— apair

the cod

Output of
The variah
— Ifcldx]
— Otherv

The locati
relative to

(x
The sampl
(x{
(x]

For all saj
values of
which incl

— Ifone

—  Otherw
1. T

fure sample array recPicture for the colour component cldx,

ble cldx specifying the colour component index,

f variables ( rx, ry ) specifying the coding tree block location,

ing tree block width nCtbSw and height nCtbSh.

this process is a modified picture sample array saoPicture for the colour component’cldx.
le bitDepth is derived as follows:

is equal to 0, bitDepth is set equal to BitDepthy.

ise, bitDepth is set equal to BitDepthc.

bn ( xCtb, yCtb ), specifying the top-left sample of the current,coding tree block for the colour comp|
the top-left sample of the current picture component cldx,s derived as follows:

Cth, yCtb ) = (rx * nCtbSw, ry * nCtbSh )

e locations inside the current coding tree block are,dérived as follows:

bi, ¥Sj ) = (xCtb +1, yCtb +j )

Vi, YY) =(cldx == 0)? (xS, ySj) : (X5; * SubWidthC, yS; * SubHeightC )

mple locations (xS;, yS;) and (xY§)yY;) with i=0.nCtbSw -1 and j =0..nCtbSh— 1, depend
pem_loop_filter_disabled_flag,~pcm_flag[ xY; ][ yY;], and cu_transquant_bypass_flag of the c
udes the coding block covering.recPicture[ xS; ][ yS; ], the following applies:

br more of the following conditions are true, saoPicture[ xS; ][ yS; ] is not modified:
pcm_loop_filter (disabled_flag and pem_flag[ xY; ][ yY; ] are both equal to 1.
cu_transquant bypass_flag is equal to 1.
SaoTypeldX[ cldx ][ rx ][ ry ] is equal to O.

ise, if Sao Typeldx[ cldx ][ rx ][ ry ] is equal to 2, the following ordered steps apply:

he values of hPos[k] and vPos[k] for k=0.1 are specified in Table 8-13

pnent cldx

(8-359)

(8-360)

(8-361)

ng on the
ding unit

pased on

S

oEoCtassfchidx i< if v 1

2. The variable edgeldx is derived as follows:

The modified sample locations ( xSy, ySi' ) and ( xYi', yYj¢' ) are derived as follows:
( Xsik’, ijk’ ) = ( xSi + hPOS[ k ], ySJ + VPOS[ k ] )
(xYiu, yYj' )= (cldx == 0)? (xSi’, ySi' ) : (xSi’ * SubWidthC, yS;’ * SubHeightC )

If one or more of the following conditions for all sample locations ( xS;’, ySi' ) and ( xYi', yYj'
k=0..1 are true, edgeldx is set equal to 0:

—  The sample at location ( xSi', ySj' ) is outside the picture boundaries.

= The sample at location ( xSy, ySjc" ) belongs to a different slice and one of the following two

conditions is true:

Rec. ITU-T H.265 (2015 E)

(8-362)
(8-363)

) with

175


https://iecnorm.com/api/?name=ef24e739dd45de9e323cd214b25399a9

ISO/IEC 23008-2:2015(E)

— MinTbAddrZs[ xY;' >> MinTbLog2SizeY ][ yYj' >> MinTbLog2SizeY ] is less  than
MinTbAddrZs[ xY; >> MinTbLog2SizeY ][ yY; >> MinTbLog2SizeY ] and
slice_loop_filter_across_slices_enabled_flag in the slice which the sample recPicture[ xS; ][ yS; ]
belongs to is equal to 0.

=~ MinTbAddrZs[ xY; >> MinTbLog2SizeY ][ yY; >> MinTbLog2SizeY ] is less than
MinTbAddrZs[ xYi' >> MinTbLog2SizeY ][ yYj’ >> MinTbLog2SizeY ] and
slice_loop_filter_across_slices_enabled_flag in the slice which the sample recPicture[ xSi" ][ ySi' ]
belongs to is equal to 0.

— loop_filter_across_tiles_enabled_flag is equal to 0 and the sample at location ( xSy, ySj" ) belongs to a
different tile.

-  Otherwise, edgeldx is derived as follows:

= The follovwina annlics:
o Trr

edgeldx = 2 + Sign( recPicture[ xS; ][ yS; ] — recPicture[ xS; + hPos[ 0 ] ][ yS; + vPos[ O/\]9|+
Sign( recPicture[ xS; ][ yS; ] — recPicture[ xS; + hPos[ 1 ] ][ yS;+ vPos[ 1 ]{) (8-364)

- When edgeldx is equal to 0, 1, or 2, edgeldx is modified as follows:
edgeldx = (edgeldx == 2)?0:(edgeldx+1) (8-365)
3. The modified picture sample array saoPicture[ xS; ][ yS; ] is derived as follows:

saoPicture[ xS; ][ yS; ] = Clip3( 0, (1 << bitDepth ) — 1, recPicture[ xS{J[.¥S; ] +
SaoOffsetVal[ cldx ][ rx ][ ry J[redgeldx ] ) (8-366)
—  Othetwise (SaoTypeldx][ cldx ][ rx ][ ry ] is equal to 1), the following ord€ied steps apply:

1. The variable bandShift is set equal to bitDepth — 5.
2. The variable saoLeftClass is set equal to sao_band_positionfeldx ][ rx ][ ry ].

3. The list bandTable is defined with 32 elements and all. elements are initially set equal to 0. Then, [four of its
elements (indicating the starting position of bands for.explicit offsets) are modified as follows:

for(k=0; k <4; k++)
bandTable[ ( k + saoLeftClass ) & 31 |=k+ 1 (8-367)

he variable bandldx is set equal to bandTable[ recPicture[ xS; ][ yS;] >> bandShift ].

N
ﬁ

5. The modified picture sample array saoPicture[ xS; ][ yS; ] is derived as follows:

saoPicture[ xS; ][ yS; ] = Clip3(0, (1 << bitDepth ) — 1, recPicture[ xS; ][ yS; ] +
SaoOffsetVal[ cldx ][ rx ][ ry ][ bandIdx ]) (8-368)

Table 8-13 — Specification of hPos and vPos according to the sample adaptive offset class

SaoEoClass[ cldx J[rx ]J[ry] | O 1 {2 |3
hPos[ 0 ] -1 0|-1 1
hPos[ 1 ] 1 0 1|-1
vPos[ 0 ] oO(-1]-1]-1
vPos[ 11 0 | | |

9 Parsing process

9.1 General
Inputs to this process are bits from the RBSP.
Outputs of this process are syntax element values.

This process is invoked when the descriptor of a syntax element in the syntax tables is equal to ue(v), se(v) (see
clause 9.2), or ae(v) (see clause 9.3).
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9.2 Parsing process for 0-th order Exp-Golomb codes

9.2.1 General

This process is invoked when the descriptor of a syntax element in the syntax tables is equal to ue(v) or se(v).
Inputs to this process are bits from the RBSP.

Outputs of this process are syntax element values.

Syntax elements coded as ue(v) or se(v) are Exp-Golomb-coded. The parsing process for these syntax elements begins
with reading the bits starting at the current location in the bitstream up to and including the first non-zero bit, and
counting the number of leading bits that are equal to 0. This process is specified as follows:

leadingZeroBits = —1
for( b =0; !b; leadingZeroBits++ ) -1

1 A Jectal 1 0
U vdld UIS 1)

The varialile codeNum is then assigned as follows:
odeNum = 2'eadingZeroBits _ 1 4 reaqd bits( leadingZeroBits ) (9-2)

where the| value returned from read bits( leadingZeroBits ) is interpreted as a binary represcutation of ar] unsigned
integer with most significant bit written first.

Table 9-1 |llustrates the structure of the Exp-Golomb code by separating the bit string into 'prefix" and "suffix" bits. The
"prefix" bits are those bits that are parsed as specified above for the computation of leadingZeroBits, and arg shown as
either 0 o1 1 in the bit string column of Table 9-1. The "suffix" bits are those bits that are parsed in the computation of
codeNum jand are shown as Xx; in Table 9-1, with i in the range of 0 to leadingZéroBits — 1, inclusive. Each x; fis equal to
either 0 or] 1.

Table 9-1 — Bit strings with "prefix" and "suffix" bits and assignment to codeNum ranges (informative)

Bit string form Range of codeNum
1 0
01xo 1.2
00 1x(xq 3.6
0001 x, X1 Xq 7..14
0000 1 x3 X5 X1 Xo 15..30
000001 x4x3X;, X X 31..62
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Table 9-2 illustrates explicitly the assignment of bit strings to codeNum values.

Table 9-2 — Exp-Golomb bit strings and codeNum in explicit form and used as ue(v) (informative)

Depending
—  Ifthe

—  Othe
mapp

Bit string codeNum
1 0
010 1
011 2
00100 3
00101 4
00110 5
00111 6
0001000 7
0001001 8
0001010 9

¥ on the descriptor, the value of a syntax element is derived ag follows:

syntax element is coded as ue(v), the value of the syntax-¢lement is equal to codeNum.

9.2.2  Mapping process for signed Exp-Golomb codes

'wise (the syntax element is coded as se(v)), the value of the syntax element is derived by inyoking the
ing process for signed Exp-Golomb codes as specified in clause 9.2.2 with codeNum as input.

Input to thiis process is codeNum as specified in clauge 9.2.
Output of this process is a value of a syntax element coded as se(v).
The syntax element is assigned to the codelNum by ordering the syntax element by its absolute value in incregsing order
and repregenting the positive valuefor*a given absolute value with the lower codeNum. Table 9-3 prpvides the
assignmert rule.
Table|9-3 — Assignment of syntax element to codeNum for signed Exp-Golomb coded syntax elementp se(v)
codeNum | syntax element value
0 0
1 1
p) =T
3 2
4 -2
5 3
6 -3
k (D Ceil(k+2)
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9.3 CABAC parsing process for slice segment data

9.3.1 General

This proce

ss is invoked when parsing syntax elements with descriptor ae(v) in clauses 7.3.8.1 through 7.3.8.12.

Inputs to this process are a request for a value of a syntax element and values of prior parsed syntax elements.

Output of this process is the value of the syntax element.

The initialization process of the CABAC parsing process as specified in clause 9.3.2 is invoked when starting the parsing
of one or more of the following:

—  thesli

ce segment data syntax specified in clause 7.3.8.1

— the coding tree unit syntax specified in clause 7.3.8.2 and the coding tree unit is the first coding tree unit in a tile

— the ¢
assoc

The parsin

When cabpc_bypass_alignment_enabled flag is equal to 1, the request for a value of a syntax element is for

syntax elej
process pr

For each 1|

The binar
described

In case thg
pcm_flag
pcm_samy

The storag

—  When
equal
Tileld
varialj
Table

—  When|
depen
proce
Table

The wholsg

difig tree umit syntax specitied in clause 7.3.8.2, entfopy_coding_sync_enabled_tlag is equat o
ated luma coding tree block is the first luma coding tree block in a coding tree unit row of a tile

g of syntax elements proceeds as follows:

ments coeff abs level remaining[ ] or coeff sign flag[ ], and escapeDataPresent jsiequal to 1, the
or to aligned bypass decoding as specified in clasue 9.3.4.3.6 is invoked.

bquested value of a syntax element a binarization is derived as specified in clause9.3.3.

zation for the syntax element and the sequence of parsed bins detetmires the decoding proce
n clause 9.3.4.

request for a value of a syntax element is processed for the syntdx element pcm_flag and the decodg
is equal to 1, the decoding engine is initialized after the decoding of any pcm_alignment zero |
le luma and pcm_sample chroma data as specified in clause9.3.2.5.

e process for context variables is applied as follows:

ending the parsing of the coding tree unit syntax.in clause 7.3.8.2, entropy coding sync_enab

[ CtbAddrInTs ] is not equal to Tileld[ CtbAddrRsToTs[ CtbAddrinRs — 2 ] ], the storage process 1
les and Rice parameter initialization states as specified in clause 9.3.2.3 is invoked with TableSta
MpsValWpp, and TableStatCoeffWpp a§ outputs.

ending the parsing of  the general slice segment data syntax in clause
dent slice segments enabled. flag is equal to 1 and end of slice segment flag is equal to 1, ¢
s for context variables and"Rice parameter initialization states as specified in clause 9.3.2.3 is iny
StateldxDs, TableMpsValDs; and TableStatCoeffDs as outputs.

CABAC parsing proeess for a syntax element synEl is illustrated in Figure 9-1.

1, and the

either the
alignment

bs flow as

d value of
bit and all

ed flag is

to 1 and either CtbAddrInRs % PicWidthInCtbs¥Y is equal to 1 or both CtbAddrInRs is greater than 1 and

or context
teldxWpp,

7.3.8.1,
he storage
oked with
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CABACParsing(synEl)

First synEl in:
a slice segment | |
atile||
a CTU row?

Yesj

Initialization

Get Binarization(synEl)

v

binldx =—1

binldx++

Get ctxTable, ctxldx, and bypassFlag for
binldx

v

DecodeBin(ctxTable, ctxIdx, bypassFlag)

(bo, - -»bpintax) in
Binarization(synEl)?

synEl == pcm_flag &&

Yesj

Initialization of
decoding engine

Dast.synEl in CTU
ot slice segment?

YesT

Storage

Eigure 9-1 — Illustration of CABAC parsing process for a syntax element synEl (informative)
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9.3.2 Initialization process

9.3.2.1 General

Outputs of this process are initialized CABAC internal variables and the initialized Rice parameter initialization states

StatCoeft.

Two coding tree blocks

5

Figur

The conte

— Ifthe

!
1

Current
coding tree
block

Left edge of picture Right edge of picture

b 9-2 — Spatial neighbour T that is used to invoke the coding tree block availability derivation process

relative to the current coding tree block (informative)

kt variables of the arithmetic decoding engine\are initialized as follows:

coding tree unit is the first coding tree unit in a tile, the following applies:

he initialization process for context variables is invoked as specified in clause 9.3.2.2.
he variables StatCoeff[ k ] are-set equal to 0, for k in the range 0 to 3, inclusive.

wise, if entropy coding, sync enabled flag is equal to 1 and either CtbAddrInRs % PicWidthInCtbs
I TileId[ CtbAddrInTs s not equal to Tileld[ CtbAddrRsToTs[ CtbAddrInRs — 1 ] ], the following

he location ( XxNbI)yNbT ) of the top-left luma sample of the spatial neighbouring block T (Fig
erived using the\location ( x0, y0 ) of the top-left luma sample of the current coding tree block as fol

( xNbT, gNbT ) = ( x0 + CtbSizeY, y0 — CtbSizeY )

he ayailability derivation process for a block in z-scan order as specified in clause 6.4.1 is invoke

Y is equal
ipplies:

ure 9-2) is
ows:

(9-3)

d with the
t equal to

cation ( xCurr, yCurr) set equal to (xO yO) and the neighbouring location ( xNbY, yNbY ) sd

NBT < NWhT ottt o d +ha Aitnaat 10 accigma dta o mlnl-\lalﬂnn”r‘

(5

TN uA,]A O oo mhputS, oG tho-outpat oot s HoOtO v o rag T

— The synchronization process for context variables is invoked as follows:

— If availableFlagT is equal to 1, the synchronization process for context variables and Rice parameter
initialization states as specified in clause 9.3.2.4 is invoked with TableStateldxWpp, TableMpsValWpp, and

TableStatCoeffWpp as inputs.
Otherwise, the following applies:
— The initialization process for context variables is invoked as specified in clause 9.3.2.2.

— The variables StatCoeff] k ] are set equal to 0, for k in the range 0 to 3, inclusive.

—  Otherwise, if CtbAddrInRs is equal to slice_segment address and dependent slice segment flag is equal to 1, the
synchronization process for context variables and Rice parameter initialization states as specified in clause 9.3.2.4 is
invoked with TableStateldxDs, TableMpsValDs, and TableStatCoeffDs as inputs.
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—  Otherwise, the following applies:
— The initialization process for context variables is invoked as specified in clause 9.3.2.2.
— The variables StatCoeff] k ] are set equal to 0, for k in the range 0 to 3, inclusive.
The initialization process for the arithmetic decoding engine is invoked as specified in clause 9.3.2.5.

The whole initialization process for a syntax element synEl is illustrated in the flowchart of Figure 9-3.

Initialization

First synEl in

independent slice segment | | Yes
\ti;M

No

First CTU in row &&

entfopy_coding_sync_enabled flag? Yes
Y
Availability,process
for spatial
No neighbouring block T

irst CTU in slice segment and

]
<ependent_slice_segment_ﬂag?
Yes

availableFlagT == 0?

No

4 v

Initializatjon of

Synchronizatioh of
context variables with
TableStateldxDs and
TableMpsValDs

Synchronization of
context variables with
TableStateldxWpp and

TableMpsValWpp

context vai

iables

Y
Initialization of
decoding engine

Figure 9-3 — Illustration of CABAC initialization process (informative)

9.3.2.2 Initialization process for context variables

Outputs of this process are the initialized CABAC context variables indexed by ctxTable and ctxIdx.

Table 9-5 to Table 9-37contain the values of the 8 bit variable initValue used in the initialization of context variables that
are assigned to all syntax elements in clauses 7.3.8.1 through7.3.8.12, except end of slice segment flag,
end of subset one bit, and pcm_flag.

For each context variable, the two variables pStateldx and valMps are initialized.

NOTE 1 — The variable pStateldx corresponds to a probability state index and the variable valMps corresponds to the value of the
most probable symbol as further described in clause 9.3.4.3.
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From the 8 bit table entry initValue, the two 4 bit variables slopeldx and offsetldx are derived as follows:

slopeldx = initValue >> 4
offsetldx = initValue & 15

(9-4)

The variables m and n, used in the initialization of context variables, are derived from slopeldx and offsetldx as follows:

m = slopeldx * 5 — 45
n=(offsetldx << 3)—-16

(9-5)

The two values assigned to pStateldx and valMps for the initialization are derived from SliceQpy, which is derived in
Equation 7-52. Given the variables m and n, the initialization is specified as follows:

preCtxState = Clip3( 1, 126, ( (m * Clip3( 0, 51, SliceQpy ) ) >> 4)+n)
valMps = ( preCtxState <= 63)?0:1
pStateldx = valMps ? ( preCtxState — 64 ) : ( 63 — preCtxState )

(9-6)

In Table 9

-4, the ctxIdx for which initialization is needed for each of the three initialization types, speCif]

variable ifitType, are listed. Also listed is the table number that includes the values of initValue~need
bn. For P and B slice types, the derivation of initType depends on the value of the cabac jiit flag syntax

initializati
element. T

he variable initType is derived as follows:

if( slice type == 1)

initType =0
else if( slice type == P)

initType = cabac_init flag?2:1
else

initType = cabac_init flag? 1:2

ed by the
bd for the

-7
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Table 9-4 — Association of ctxIdx and syntax elements for each initializationType in the initialization process

initType
Syntax structure Syntax element ctxTable
0 1 2
sao_merge left flag Table 9-5
0 1 2
sao_merge up flag
sao( )
sao_type idx_luma Table 9-6 0 1 2
sao_type idx chroma
coding_quadtree( ) split cu flag[ ][ ] Table 9-7 0.2 3.5 6..8
cu_transquant bypass flag Table 9-8 0 1 2
cu_skip flag Table 9-9 0.2 3.5
r\ﬂad_mndp_ﬂag Table 9_10 0 1
doding_unit( ) part_mode Table 9-11 0 1.4 5.8
prev intra luma pred flag[ ][ ] Table 9-12 0 1 2
intra_chroma pred mode[ ][ ] Table 9-13 0 1 2
rqt_root_cbf Table 9-14 0 1
merge flag[ ][ ] Table 9-15 0 1
merge idx[ ][ ] Table 9-16 0 1
drediction_unit() inter_pred_idc[ ][ ] Table 9-17 0.4 5.9
ref idx_10[ ][ ], ref idx I1[ ][] Table 9-18 0..1 2.3
mvp_l10_flag[ ][ ], Table 9-19 0 !
mvp 11 flag[ ][]
split transform flag[ ][ ][ ] Table 9-20 0.2 3.5 6..8
tfansform_tree( ) cbf luma[ [ ][] Table 9-21 0..1 2.3 4.5
Table 9-22 0.3 4.7 8..11
cbf cb[ J[1[ 1, ebf e 1[1[ ] 12 13 14
abs mvd greaterQ flag][ ] Table 9-23 0 2
hvd_coding( )
abs mvd greaterl flag][ ] Table 9-23 1 3
cu_gp_delta_abs Table 9-24 0..1 2.3 4.5
tfansform_unit( ) cu_chroma gp_ offset flag Table 9-34 0 1 2
cu chroma (p offset idx Table 9-35 0 1 2
log2 “tes scale abs plusl[ ] Table 9-36 0.7 8..15 16..23
dross_comp_pred( )
res scale sign flag[ ] Table 9-37 0..1 2.3 4.5
transform_skip flag[ J[][ 0] Table 9-25 0 1 2
transform_skip flag[ J[][ 1] Table 9-25 3 4 5
transform_skip flag[ J[1[2]
explicit_rdpem flag[ ][ ][ 0] Table 9-32 0 1
eXplicit Tdpem Tag[ L[ T ] Tablc 9-32 2 3
explicit_rdpem flag[ J[ ][ 2]
explicit rdpcm _dir flag[ J[]J[0] | Table 9-33 0 1
residual_coding( ) explicit_ rdpem_dir flag[ ][ ][ 1] | Table 9-33 5 3
explicit_rdpem dir flag[ ][ ][ 2]
last sig coeff x_prefix Table 9-26 0..17 18..35 36..53
last_sig_coeff y prefix Table 9-27 0..17 18..35 36..53
coded sub block flag[ ][ ] Table 9-28 0.3 4.7 8..11
. Table 9-29 0.41 42..83 84..125
sig_coeff flagl ][] 126..127 128..129 130..131
coeff abs level greaterl flag[] | Table 9-30 0..23 24.47 48..71
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coeff abs level greater2 flag[ ] | Table 9-31 0.5 6..11 12..17

NOTE 2 — ctxTable equal to 0 and ctxIdx equal to 0 are associated with end of slice segment flag, end of subset one bit, and
pem_flag. The decoding process specified in clause 9.3.4.3.5 applies to ctxTable equal to 0 and ctxIdx equal to 0. This decoding
process, however, may also be implemented by using the decoding process specified in clause 9.3.4.3.2. In this case, the initial
values associated with ctxTable equal to 0 and ctxIdx equal to O are specified to be pStateldx = 63 and valMps =0, where
pStateldx = 63 represents a non-adapting probability state.

Table 9-5 — Values of initValue for ctxIdx of sao_merge_left flag and sao_merge up_flag

ctxIdx of
s e L sao_merge_left_flag and
Initialization <20 merge up fla
variable - ge_up_tlag
0 1 2
initValue 153 153 153

Table 9-6 — Values of initValue for ctxIdx of sao_type_idx_luma and sao_type)idx_chroma

ctxIdx of
Initialization S:;);ti,p e;l(ilg;hcl;ﬁ_ 2:)::::1
variable —ype_lax_
0 1 2
initValue 200 185 160

Table 9-7 — Values of initValue for ctxIdx of split_cu_flag

Initialization otxIdx of split_cu_flag
variable 0 1 2 3 4 5 6 7 8
initValue 139 141 157 107 139 126 107 139 126

Table 9-8 < Values of initValue for ctxIdx of cu_transquant_bypass_flag

ctxldx of
Initialization | cu_transquant_bypass_flag
variable
0 1 2
initValue 154 154 154

Table 9-9 — Values of initValue for ctxIdx of cu_skip_flag

Initialization ctxIdx of cu_skip_flag
variable
0 1 2 3 4 5
initValue 197 185 201 197 185 201
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Table 9-10 — Values of initValue for ctxIdx of pred_mode_flag

Initialization ctxIdx of pred_mode_flag
iabl
variable 0 1
initValue 149 134

Table 9-11 — Values of initValue for ctxIdx of part mode

Initialization ctxIdx of part_mode
variable 0 1 2 3 4 5 6 7 8
initValue 184 | 154 | 139 | 154 | 154 | 154 | 139 | 154 | 154

Table 9-12 — Values of initValue for ctxIdx of prev_intra_luma_pred flag

Table 9-13 — Values of initValue for ctxIdx of intra_chroma_pred_mode

Table 9-14<Values of initValue for ctxIdx of rqt_root_cbf

Table 9-15 — Value of initValue for ctxIdx of merge flag

Initialization ctxldx of prev_intra_luma_pred_flag
variable 0 1 5
initValue 184 154 183

ctxldx of
Initialization intra_chroma_pred_mode
variable
0 1 2
initValue 63 152 152

ctxIdx of
Initialization rqt_root_cbf
variable
0 1
initValue 79 79

Initialization ctxldx of merge _flag
variable
0 1
initValue 110 154
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Table 9-16 — Values of initValue for ctxIdx of merge idx

Initialization ctxIdx of merge_idx
iabl
variable 0 1
initValue 122 137

Table 9-17 — Values of initValue for ctxIdx of inter_pred_idc

Initialization ctxIdx of inter_pred_idc
variable 0 | 1| 2|3 |4 |s5]6|7]|8]09
initValue 95 79 63 31 31 | 95|79 |63 | 31|31

Table 9-18 — Values of initValue for ctxIdx of ref idx_l0 and ref idx-I1

e ctxIdx of ref idx 10 and ref idx 11
Initialization - - - -

variable 0 1 2 3
initValue 153 153 153 153

Table 9-19 — Values of initValue for ctxIdx ofimyp 10 _flag and mvp_I1_flag

ctxldx.of mvp_l0_flag
Initialization andunvp_11_flag
variable
0 1
initValue 168 168

Table 9-20 —Values of initValue for ctxIdx of split_transform_flag

Initialization ctxIdx of split_transform_flag
varialfe 0 1 2 3 4 5 6 7 8
initValue 153 138 138 124 138 94 224 167 122

Table 9-21 — Values of initValue for ctxIdx of cbf luma

PSR ctxIdx of cbf luma
Initialization -

variable 0 1 2 3 4 5
initValue 111 | 141 153 | 111 153 | 111
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Table 9-22 — Values of initValue for ctxIdx of cbf cb and cbf cr

ere pe s ctxIdx of cbf cb and cbf cr
Initialization - -
variable o | 1| 2|3 |45 |6 | 7|89 |1w0|nun|12]13]|14
initValue 94 | 138 | 182 | 154 | 149 | 107 | 167 | 154 | 149 | 92 | 167 | 154 | 154 | 154 | 154

Table 9-23 — Values of initValue for ctxIdx of abs_mvd_greater0_flag and abs_mvd_greaterl_flag

ctxIldx of abs_mvd_greater0_flag
Initialization and abs_mvd_greater1_flag
variable
initValue 140 198 169 198

Table 9-24 — Values of initValue for ctxIdx of cu_qp_delta_abs

Initialization ctxIdx of cu_qp_delta_abs
variable 0 1 2 3 4 4
initValue 154 154 154 154 154 154

Table 9-25 — Values of initValue for ctxldx of transform_skip_flag

Initialization ctxldx ofitransform_skip_flag
variable 0 1 2 3 4 5
initValue 139,71 139 | 139 | 139 | 139 | 139

Table 9-26 — V-alues of initValue for ctxIdx of last_sig_coeff x_prefix

Initiklization ctxIdx of last_sig_coeff_x_prefix
veriable
0 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17
initValue 110 | 907 124 | 125 | 140 | 153 | 125 | 127 | 140 | 109 | 111 | 143 | 127 | 111 | 79 | 108 | 123 | 63
184719 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35
initValue 125 | 110 | 94 | 110 | 95 | 79 | 125 | 111 | 110 | 78 | 110 | 111 | 111 | 95 | 94 | 108 | 123 | 108
36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53
initValue 125 | 110 [ 124 | 110 | 95 | 94 | 125 [ 111 [ 111 ] 79 | 125 | 126 | 111 | 111 | 79 | 108 | 123 | 93
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Table 9-27 — Values of initValue for ctxIdx of last_sig_coeff y prefix

Initialization ctxIdx of last_sig_coeff_y_prefix
variable
0 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17
initValue 110 | 110 | 124 | 125 | 140 | 153 | 125 | 127 | 140 | 109 | 111 | 143 | 127 | 111 | 79 | 108 | 123 | 63
18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35
initValue 125 |1 110 | 94 | 110 | 95 | 79 | 125 | 111 | 110 | 78 | 110 | 111 | 111 | 95 | 94 | 108 | 123 | 108
36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53
initValue 125 | 110 | 124 [ 110 | 95 | 94 | 125 { qqq | 110 | 79 | 125 | 126 | 111 | 111 | 79 | 108 | 123 | 93

Table 9-28 — Values of initValue for ctxIdx of coded_sub_block flag

Initialization ctxIdx of coded_sub_block_flag
variable 0o | 1 | 2|3 |45 |6 7]|8] 09 |10]|mn0
initValue 91 171 | 134 | 141 | 121 | 140 61 154 | 121 | 140 61 154
Table 9-29 — Values of initValue for ctxIdx of sig_coéff flag
Initialization ctxIdx of sig_coeff flag

variabfe 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
linitValue 111 111 125 110 110 94 124 108 124 107 125 141 179 153 125 107
16 17 18 19 20 21 22 23 24 25 26 27 28 29 3 31
initValue 125 | 141 | 179 | 153 | 125 | 107 | 125 | 14% [M179 | 153 | 125 | 140 | 139 | 182 | 18p | 152
32 33 34 35 36 37 38 39 40 41 42 43 44 45 44 47
initValue 136 | 152 | 136 | 153 | 136 | 139 | WASY 136 | 139 | 111 | 155 | 154 | 139 | 153 | 13p | 123
48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
linitValue 123 63 153 166 183 140 136 153 154 166 183 140 136 153 154 166
64 65 66 67 68 69 70 71 72 73 74 75 76 77 79 79
initValue 183 | 140 | 136 | 153 | J54 170 | 153 | 123 | 123 | 107 | 121 | 107 | 121 | 167 | 150 | 183
80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95
linitValue 140 | 151 | 183 | 140-| 170 | 154 | 139 | 153 | 139 | 123 | 123 | 63 | 124 | 166 | 18p | 140
96 97 98 99 100 101 102 103 104 105 106 107 108 109 11 111
linitValue 136 153 154 166 183 140 136 153 154 166 183 140 136 153 154 170
112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127
initValue 153 |A38 | 138 | 122 | 121 | 122 | 121 | 167 | 151 | 183 | 140 | 151 | 183 | 140 | 14 111

128} 129 | 130 | 131

linitValue 140 | 140 | 140 | 140
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Table 9-30 — Values of initValue for ctxIdx of coeff_abs_level greaterl flag

Initialization ctxIdx of coeff_abs_level_greaterl_flag
variable
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
initValue 140 92 137 | 138 | 140 | 152 | 138 | 139 | 153 74 149 92 139 | 107 122 152
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
initValue 140 | 179 | 166 | 182 | 140 | 227 | 122 | 197 | 154 | 196 196 167 | 154 | 152 167 182
32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
initValue 182 | 134 | 149 | 136 | 153 121 | 136 | 137 | 169 | 194 | 166 167 | 154 | 167 137 182
48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
initValue 154 | 196 | 167 | 167 | 154 | 152 | 167 | 182 | 182 | 134 | 149 136 | 153 | 121 136 122
64 65 66 67 68 69 70 71
initValug 169 | 208 | 166 | 167 | 154 | 152 | 167 | 182

Table 9-31 — Values of initValue for ctxIdx of coeff _abs_level greater2 flag

Initialization ctxIdx of coeff_abs_level_greater2_flag
variable
0 1 2 3 4 5 6 1 8
initValue 138 | 153 | 136 | 167 | 152 | 152 | 107 \\1}67 91
9 10 1 12 13 14 15 16 17
initValue 122 | 107 | 167 | 107 | 167 91 107 | 107 167

Table 9-32 — Values of initValue for ctxIdx of explicit rdpcm_flag

ctxIdx of
Initialization explicit_rdpem_flag
variable
0 1 2 3
initValue 139 139 139 139

Table 9-33 — Values of initValue for ctxIdx of explicit rdpcm_dir_flag

ctxIdx of
Initialization | explicit rdpcm_dir_flag
variable
0 1 2 3
initValue 139 | 139 | 139 | 139

Table 9-34 — Values of initValue for ctxIdx of cu_chroma_qp_offset_flag

ctxIdx of
Initialization | cu_chroma_qp_offset_flag
variable
0 1 2
initValue 154 154 154
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Table 9-35 — Values of initValue for ctxIdx of cu_chroma_qp_offset_idx

ctxIdx of
Initialization | cu_chroma_qp_offset_idx

variable

0 1 2

initValue 154 154 154

Table 9-36 — Values of initValue for ctxIdx of log2_res_scale_abs_plusl

e e e ctxIdx of log2_res_scale_abs_plusl
Initialization

variable

2:2015(E)

9.3.2.3

Inputs to ¢
The C/
The Ri

Outputs of

The va
the ini
elemer]
pcm_f]

The v

P
R

[ 2

Y 2 4 3 “~
= g =¥ > Ay

EN

initValue 154 | 154 | 154 | 154 | 154 | 154 | 154 | 154 | 154

10 11 12 13 14 15 16 17

initValue 154 | 154 | 154 | 154 | 154 | 154 | 154 | 154 | 154

18 19 20 21 22 23

initValue 154 | 154 | 154 | 154 | 154 | 154

Table 9-37 — Values of initValue for ctxIdx of@res scale_sign flag

Initialization ctxldx of res_scale, sign_flag

variable

1 2 3 4

initValue 154 | 1547) 154 | 154 | 154 | 154

Btorage process for context variables and Rice parameter initialization states
his process are:

ABAC context variables indéxed by ctxTable and ctxIdx.

ce parameter initialization states indexed by k.

this process are:

riables tableStateSync and tableMPSSync containing the values of the variables pStateldx and valM
ialization_proeess of context variables and Rice parameter initialization states that are assigned to
ts in clauses 7.3.8.1 through 7.3.8.12, except end of slice segment flag, end of subset on

ag.

ps used in
all syntax
b bit, and

tialization

riables tableStatCoeffSync containing the values of the variables StatCoeff] k ] used in the in

process of context variables and Rice parameter initialization states.

For each context variable, the corresponding entries pStateldx and valMps of tables tableStateSync and tableMPSSync
are initialized to the corresponding pStateldx and valMps.

For each Rice parameter initialization state k, each entry of the table tableStatCoeffSync is initialized to the
corresponding value of StatCoeff] k ].

The storage process for context variables is illustrated in the flowchart of Figure 9-4.
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Second CTU in row &&
entropy_coding_sync_enabled_flag?

Y681

Storage of context variables in
TableStateldxWpp and
TableMpsValWpp

No |

end of slice segment flag && Yes
dependent slice segments enabled flag? 1
Storage of context variables if
TableStateIdxDs and
TableMpsValDs
No |

i
)

Done

Figure 9-4 — Illustration of CABAC stonage process (informative)

9.3.2.4 Bynchronization process for context variables-and Rice parameter initialization states
Inputs to this process are:

— The vdriables tableStateSync and tableMPSSyn¢ containing the values of the variables pStateldx and valMps used in
the storage process of context variables that)are assigned to all syntax elements in clauses 7.3.8.1 through 7.3.8.12,
exceptlend of slice segment flag, end\of subset one bit, and pcm_flag.

— The vdriable tableStatCoeffSync ¢ontaining the values of the variables StatCoeff] k ] used in the storage [process of
contex} variables and Rice parameter initialization states.

Outputs of this process are:
— The injtialized CABAC centext variables indexed by ctxTable and ctxIdx.
— The injtialized Rice/parameter initialization states StatCoeff indexed by k.

For each dontext«variable, the corresponding context variables pStateldx and valMps are initialized to the corfesponding
entries pSfateldx and valMps of tables tableStateSync and tableMPSSync.

For each Riee of table

tableStatCoeffSync.

9.3.2.5 Initialization process for the arithmetic decoding engine

Outputs of this process are the initialized decoding engine registers iviCurrRange and ivlOffset both in 16 bit register
precision.

The status of the arithmetic decoding engine is represented by the variables iviCurrRange and ivlOffset. In the
initialization procedure of the arithmetic decoding process, iviCurrRange is set equal to 510 and ivlOffset is set equal to
the value returned from read bits( 9 ) interpreted as a 9 bit binary representation of an unsigned integer with the most
significant bit written first.

The bitstream shall not contain data that result in a value of ivlOffset being equal to 510 or 511.

NOTE — The description of the arithmetic decoding engine in this Specification utilizes 16 bit register precision. However, a
minimum register precision of 9 bits is required for storing the values of the variables iviCurrRange and ivlOffset after invocation
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of the arithmetic decoding process (DecodeBin) as specified in clause 9.3.4.3. The arithmetic decoding process for a binary
decision (DecodeDecision) as specified in clause 9.3.4.3.2 and the decoding process for a binary decision before termination
(DecodeTerminate) as specified in clause 9.3.4.3.5 require a minimum register precision of 9 bits for the variables iviCurrRange
and ivlOffset. The bypass decoding process for binary decisions (DecodeBypass) as specified in clause 9.3.4.3.4 requires a
minimum register precision of 10 bits for the variable ivlOffset and a minimum register precision of 9 bits for the variable
ivlCurrRange.

9.3.3  Binarization process

9.3.3.1 General

Input to this process is a request for a syntax element.

Output of this process is the binarization of the syntax element.

Table 9-38 specifies the type of binarization process associated with each syntax element and corresponding inputs.

The specification of the truncated Rice (TR) binarization process, the k-th order Exp-Golomb (EGky bjnarization
process, limited k-th order Exp-Golomb (EGk) binarization process and the fixed-length (FL) binarization fjrocess are
given in| clauses 9.3.3.2 through 9.3.3.5, respectively. Other binarizations are specified dn“-clauses 9.3.3.6
through 9.8.3.10.
Table 9-38 — Syntax elements and associated binarizations
Syntay structure Syntax element Binarization
Process Input parameters
slice_segment_data() | end of slice segment flag FL cMax =1
end_of subset one bit FL cMax =1
sao( ) sao_merge left flag FL cMax < 1
sao_merge up_flag FL ¢Max =1
sao_type idx_luma TR cMax = 2, cRiceParam = 0
sao_type idx_chroma TR cMax = 2, cRiceParam = 0
sao_offset_abs[ ][ ][ ][ ] TR cMax = (1 << (Min( bitDepth, 10)—5)) — 1, cRicePargm = 0
sao_offset_sign[ [ ][ [ ] FL cMax =1
sao_band_position[][N[ ] FL cMax =31
sao_eo_classluma FL cMax =3
sao_eo~class_chroma FL cMax =3
coding_quadtree( ) split, cu_flag[ ][ ] FL cMax =1
coding_upit( ) cu_transquant_bypass_flag FL cMax = 1
cu_skip flag FL cMax =1
pred_mode flag FL cMax =1
part_mode 9.3.3.6 (xCb, yCb ) = ( x0, y0), log2CbSize
pem_flag[ ][ ] FL cMax =1
prev_intra luma pred flag[ ][ ] FL cMax =1
mpm_idx[ [ ] TR cMax =2, cRiceParam = 0
rem_intra_luma_pred mode[ ][ ] FL cMax =31
intra_chroma_pred mode[ ][ ] 93.3.7 -
rqt_root_cbf FL cMax = 1
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Table 9-38 — Syntax elements and associated binarizations

Syntax structure Syntax element Binarization
Process Input parameters
prediction_unit( ) merge_flag[ ][ ] FL cMax =1
merge_idx[ ][ ] TR cMax = MaxNumMergeCand — 1, cRiceParam = 0
inter_pred_idc[ x0 ][ yO ] 93.3.8 nPbW, nPbH
ref idx _10[ ][ ] TR cMax =num_ref idx 10_active _minusl, cRiceParam = 0
mvp 10 flag[ ][ ] FL cMax = 1
ref idx I1[ ][] TR cMax =num_ref idx_11_active_minusl, cRiceParamy="0
mvp_11_flag[ ][ ] FL cMax =1
transforny_tree( ) split_transform_flag[ ][ ][ ] FL cMax =1
cbf luma[ ][ ][ ] FL cMax =1
cbf cb[ ][ ][] FL cMax =1
cbf er[ ][] FL cMax = 1
mvd_coding( ) abs_mvd_greater0_flag] ] FL cMax = 1
abs_mvd_greaterl flag][ ] FL cMax =
abs_mvd_minus2[ ] EGl -
mvd_sign_flag[ ] FL cMax = 1
transforn)_unit( ) cu_qgp_delta_abs 9.3.39 -
cu_gp_delta sign flag FL cMax =1
cu_chroma_qp_offset flag FL cMax = 1
cu_chroma_qp_offset idx TR cMax = chroma_qp_offset_list_len_minusl, cRiceParam =0
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Table 9-38 — Syntax elements and associated binarizations

Syntax structure

Syntax element

Binarization

Process Input parameters
cross_comp_pred( ) log2 res_scale abs_plusl TR cMax =4, cRiceParam = 0
res_scale sign_flag FL cMax = 1
residual_coding( ) transform_skip flag[ ][ [ ] FL cMax = 1
explicit_rdpem_flag[ ][ ][ ] FL cMax =1
explicit rdpcm_dir flag[ ][ [ ] FL cMax = 1
last_sig_coeff x_prefix TR cMax = (log2TrafoSize << 1)— I, cRiceParam =0
last_sig_coeff y prefix TR cMax = (log2TrafoSize << 1)— 1, cRiceParam =40
last_sig_coeff x_suffix FL cMax = (1 << ((last_sig coeff x_prefix'>> 1)—-1)—|)
last_sig_coeff y suffix FL cMax = (1 << ((last_sig_coeff_y ‘prefix >> 1)—1)—|)
coded_sub_block flag[ ][ ] FL cMax =1
sig_coeff flag[ ][ ] FL cMax = 1
coeff abs level greater]l flag][ ] FL cMax = 1
coeff abs level greater2 flag[ | FL cMax = |
coeff abs level remaining| ] 9.3.3.10 curfent sub-block scan index i, baseLevel
coeff sign_flag[ ] FL cMax = 1

9.3.3.2

I'runcated Rice (TR) binarization procéss

Input to thiis process is a request for a TR binarization, cMax, and cRiceParam.

Output of fhis process is the TR binarizatipnidssociating each value symbolVal with a corresponding bin string

A TR bin ftring is a concatenation of a.ptefix bin string and, when present, a suffix bin string.

For the defivation of the prefix bin\string, the following applies:

—  The grefix value of symbelVal, prefixVal, is derived as follows:

prefixVal = symbolVal >> cRiceParam

—  The grefix of'the TR bin string is specified as follows:

—

f prefixVal is less than cMax >> cRiceParam, the prefix bin string is a bit string of length prd
ipdexed by binldx. The bins for binldx less than prefixVal are equal to 1. The bin with binldx equal tq

(9-8)

fixVal + 1

prefixVal

is equal to 0. Table 9-39 illustrates the bin strings of this unary binarization for prefixVal.

—  Otherwise, the bin string is a bit string of length cMax >> cRiceParam with all bins being equal to 1.
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Table 9-39 — Bin string of the unary binarization (informative)

When cM
is derived

—  The

—  The {
clausg

NOTE
invokeq

9.3.3.3
Inputs to ¢
Output of

The bin string of the EGk binarization process foi&¢ach value symbolVal is specified as follows, where each

function p

prefixVal Bin string

0 0

1 110

2 1110

3 111]1]0

4 1{1(1(1]0

5 11117170
binldx. [0 |1]|2]3]4]5

WX is greater than symbolVal and cRiceParam is greater than 0, the suffix of the TR-bin string is pre
as follows:

uffix value suffixVal is derived as follows:
uffixVal = symbolVal — ( ( prefixVal ) << cRiceParam )

uffix of the TR bin string is specified by invoking the fixed-length(FL) binarization process as s
9.3.3.5 for suffixVal with a cMax value equal to (1 << cRicePatam ) — 1.

- For the input parameter cRiceParam = 0 the TR binarization is €xactly a truncated unary binarization and
with a cMax value equal to the largest possible value of the syntax)element being decoded.

k-th order Exp-Golomb (EGK) binarization process
his process is a request for an EGk binarization.

this process is the EGk binarization associating'each value symbolVal with a corresponding bin strin|

1t( X ), with X being equal to 0 or 1, ,adds the binary value X at the end of the bin string:
ibsV = Abs( symbolVal )

sent and it

(9-9)

pecified in

it is always

o,
call of the

(9-10)

topLoop =0
o
if(absV >= (1 <€k ) {
put( 1)
absV =dbsV— (1 << k)
k++
} else §
pui( 0)
while( k——)
put( (absV >> k)& 1)
stopLoop =1

}

while( !stopLoop )
NOTE - The specification for the k-th order Exp-Golomb (EGk) code uses 1's and 0's in reverse meaning for the unary part of the
Exp-Golomb code of 0-th order as specified in clause 9.2.

9.3.3.4 Limited k-th order Exp-Golomb (EGK) binarization process

This process is only invoked when extended precision_processing_flag is equal to 1.

Inputs to this process is a request for a limited EGk binarization, the Rice parameter riceParam, and the colour
component cldx.

Output of this process is the limited EGk binarization associating each value symbolVal with a corresponding bin string.

The variables log2TransformRange and maxPrefixExtensionLength are derived as follows:
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log2TransformRange = cldx == 0 ? Max( 15, BitDepthy + 6 ) : Max( 15, BitDepth¢ + 6 )

maxPrefixExtensionLength = 28 — log2 TransformRange

(9-11)
(9-12)

The bin string of the limited EGk binarization process for each value symbolVal is specified as follows, where each call

of the function put( X ), with X being equal to 0 or 1, adds the binary value X at the end of the bin string:

codeValue = symbolVal >> riceParam
PrefixExtensionLength = 0
while( ( PrefixExtensionLength < maxPrefixExtensionLength ) &&
( codeValue > ( (2 << PrefixExtensionLength ) —2))) {
PrefixExtensionLength++

put( 1)

if( PrefixExtensionLength == maxPrefixExtensionLength )
nnnnnn I aoancth —1 D Teoncf Roxnga
eseapelensth—los2 TransformRange

else {
escapeLength = PrefixExtensionLength + riceParam
put(0)

ymbolVal = symbolVal — ( ( (1 << PrefixExtensionLength ) — 1) << riceParam )
while( ( escapeLength——)>0)
put( ( symbolVal >> escapelLength ) & 1)

9.3.3.5 Fixed-length (FL) binarization process
Inputs to this process are a request for a FL binarization and cMax.
Output of this process is the FL binarization associating each value symbolValwith a corresponding bin string

FL binarigation is constructed by using the fixedLength-bit unsigned ifiteger bin string of the symbol value s
where fix¢dLength = Ceil( Log2( cMax + 1) ). The indexing of binS, for the FL binarization is such that the
relates to the most significant bit with increasing values of binldx towards the least significant bit.

9.3.3.6 Binarization process for part_mode

Inputs to this process are a request for a binarization fer.the syntax element part mode, a luma location ( ¥
specifying] the top-left sample of the current luma coding block relative to the top-left luma sample of the currg
and a varigble log2CbSize specifying the current laudd coding block size.

Output of this process is the binarization of the(syntax element.

The binafization for the syntax elemént part mode is specified in Table 9-40 depending on the
CuPredMgde[ xCb ][ yCb ] and log2CbSize.

(9-13)

ymbolVal,
binldx = 0

Cb, yCb ),
nt picture,

values of
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Table 9-40 — Binarization for part_mode

Bin string
CuPredMode[ xCb ][ yCb ]|part_mode| PartMode Mliflz‘ézt)izsgi;giZeY log2CbSize == MinCbLog2SizeY
lamp_enabled flag| amp_enabled flag | log2CbSize == log2CbSize > 3

0 PART 2Nx2N | - - 1 1

MODE INTRA
1 PART NxN - - 0 0
0 PART 2Nx2N | 1 1 1 1
1 PART 2NxN | 01 011 01 01
2 PART Nx2N | 00 001 00 001
3 PART NxN - - - 000

MODE INTER
4 PART 2NxnU | - 0100 - -
5 PART 2NxnD | - 0101 - -
6 PART nLx2N | - 0000 . ;
7 PART nRx2N | - 0001 - -

9.3.3.7 Binarization process for intra_chroma_pred_mode
Input to thiis process is a request for a binarization for the syntax el€ment intra chroma pred mode.
Output of fhis process is the binarization of the syntax element:

The binarifation for the syntax element intra_chroma pred.imode is specified in Table 9-41.

Table 9-41 — Binarization for intra_chroma_pred_mode

. Veueof Bin string
intra_chroma pred _mode

4 0

0 100

1 101

2 110

3 111

9.3.3.8 Binarization process for inter_pred_idc

Inputs to this process are a request for a binarization for the syntax element inter pred idc, the current luma prediction
block width nPbW, and the current luma prediction block height nPbH.

Output of this process is the binarization of the syntax element.

The binarization for the syntax element inter_pred_idc is specified in Table 9-42.
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Table 9-42 — Binarization for inter_pred_idc

Value of Name of Bin string
inter_pred_idc inter_pred_idc (nPbW +nPbH ) != 12 | (nPbW +nPbH ) == 12
0 PRED_LO 00 0
1 PRED L1 01 1
2 PRED BI 1 -

9.3.3.9 Binarization process for cu_qp_delta_abs

Input to this process is a request for a binarization for the syntax element cu gp delta abs.

Output of this process is the binarization of the syntax element.

The binarfzation of the syntax element cu_qp_delta abs is a concatenation of a prefix bin string and (When
suffix bin ptring.

For the defivation of the prefix bin string, the following applies:
—  The grefix value of cu_qp_delta_abs, prefixVal, is derived as follows:
prefixVal = Min( cu_qgp delta abs, 5)

—  The pfefix bin string is specified by invoking the TR binarization process as’specified in clause 9.3.3.2 for
with Max = 5 and cRiceParam = 0.

When prefixVal is greater than 4, the suffix bin string is present and it is derived as follows:
—  The quffix value of cu_qp delta abs, suffixVal, is derived as folloys:
uffixVal =cu _qgp delta abs —5

—  The spffix bin string is specified by invoking the k-th order EGk binarization process as specified in cla
for suffixVal with the Exp-Golomb order k set equal\to.0.

9.3.3.10 Binarization process for coeff abs level-remaining] |

present) a

(9-14)
prefixVal

(9-15)
1se 9.3.3.3

Input to this process is a request for a binarization for the syntax element coeff abs level remaining[ n ], 31116 current

sub-block |scan index i, baseLevel, the colour.component cldx, and the luma location ( x0, y0 ) specifying
sample of the current luma transform block relative to the top-left luma sample of the picture.

Output of fhis process is the binarizatien/of the syntax element.

Depending on the value of persistent rice adaptation_enabled flag, the following applies:

— Ifpergistent rice_adaptation enabled flag is equal to 0, the variable initRiceValue is set equal to 0.
—  Otherpvise (persistent:‘rice_adaptation_enabled flag is equal to 1), the following applies:

—  Thhe variable.sbType is derived as follows:

e top-left

d Af\transform skip flag[ x0 ][ yO ][ cldx ] is equal to 0, and cu_transquant bypass flag is equa
fellowing applies:

to 0, the

sbType=2*(cldx == 0?1:0)
o Otherwise, the following applies:
sbType=2*(cldx == 0?1:0)+1
—  The variable initRiceValue is derived as follows:

initRiceValue = StatCoeff] sbType ]/ 4

(9-16)

(9-17)

(9-18)

— If this process is invoked for the first time for the current sub-block scan index i, StatCoeff] sbType ] is

modified as follows:

if( coeff _abs_level remaining[ n] >= (3 << ( StatCoeff] sbType]/4)))
StatCoeff] sbType J++
else if( 2 * coeff abs_level remaining[ n ] < (1 << ( StatCoeff] sbType]/4)) &&
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StatCoeff] sbType ]>0)
StatCoeff] sbType ]— — (9-19)

The variables cLastAbsLevel and cLastRiceParam are derived as follows:

—  If this process is invoked for the first time for the current sub-block scan index i, cLastAbsLevel is set equal to 0
and cLastRiceParam is set equal to initRiceValue.

—  Otherwise (this process is not invoked for the first time for the current sub-block scan index 1), cLastAbsLevel and
cLastRiceParam are set equal to the values of cAbsLevel and cRiceParam, respectively, that have been derived
during the last invocation of the binarization process for the syntax element coeff abs level remaining[ n] as
specified in this clause.

The variable cAbsLevel is set equal to baseLevel + coeff abs_level remaining[ n ].

The variable cRiceParam is derived from cLastAbsLevel and cLastRiceParam as follows:

- If peljsistent_rice_adaptation_enabled_ﬂag is equal to 0, the following applies:
RiceParam = Min( cLastRiceParam + ( cLastAbsLevel > (3 * (1 << cLastRiceParam ) ) 2A\.0 ), 4 ) (9-20)
—  Othetwise (persistent_rice_adaptation_enabled flag is equal to 1), the following applies:
RiceParam = cLastRiceParam + ( cLastAbsLevel > (3 * (1 << cLastRiceParam })\21 : 0) (9-21)
The varialile cMax is derived from cRiceParam as:

cMay =4 << cRiceParam (9-22)

The binarization of the syntax element coeff abs level remaining[ n ] is a concdtenation of a prefix bin string jand (when
present) a jsuffix bin string.

For the defivation of the prefix bin string, the following applies:
—  The grefix value of coeff abs level remaining[ n ], prefixVal, is derived as follows:
prefixVal = Min( cMax, coeff abs level remaining[ n}\) (9-23)

—  The ppefix bin string is specified by invoking the TR binarization process as specified in clause 9.3.3.2 for prefixVal
with the variables cMax and cRiceParam as inputs.

When the prefix bin string is equal to the bit string of-length 4 with all bits equal to 1, the suffix bin string is gresent and
it is derivgd as follows:

—  The dquffix value of coeff abs level remaiming[ n ], suffixVal, is derived as follows:
uffixVal = coeff abs level remaining[ n ] — cMax (9-24)

— Ifext¢gnded precision_processing flag is equal to 0, the suffix bin string is specified by invoking the k-th order EGk
binarifation process as specified in clause 9.3.3.3 for the binarization of suffixVal with the Exp-Golomb prder k set
equal fto cRiceParam + 1.

—  Otherpvise (extended‘precision_processing_flag is equal to 1), the suffix bin string is specified by inyoking the
limitefd k-th order’ EGk binarization process as specified in clause 9.3.3.4 for the binarization of suffixVal with the
varialjle ricePatam set equal to cRiceParam + 1 and the colour component cldx.

9.3.4  Decoding process flow

9.34.1 Gemerat
Inputs to this process are all bin strings of the binarization of the requested syntax element as specified in clause 9.3.3.
Output of this process is the value of the syntax element.

This process specifies how each bin of a bin string is parsed for each syntax element. After parsing each bin, the resulting
bin string is compared to all bin strings of the binarization of the syntax element and the following applies:

—  If the bin string is equal to one of the bin strings, the corresponding value of the syntax element is the output.
—  Otherwise (the bin string is not equal to one of the bin strings), the next bit is parsed.
While parsing each bin, the variable binldx is incremented by 1 starting with binldx being set equal to O for the first bin.

The parsing of each bin is specified by the following two ordered steps:
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binldx as input and ctxTable, ctxIdx, and bypassFlag as outputs.

. The derivation process for ctxTable, ctxIdx, and bypassFlag as specified in clause 9.3.4.2 is invoked with

The arithmetic decoding process as specified in clause 9.3.4.3 is invoked with ctxTable, ctxIdx, and

bypassFlag as inputs and the value of the bin as output.

9.3.4.2 Derivation process for ctxTable, ctxIdx and bypassFlag

9.3.4.2.1 General

Input to this process is the position of the current bin within the bin string, binldx.

Outputs of this process are ctxTable, ctxIdx, and bypassFlag.

The values of ctxTable, ctxldx, and bypassFlag are derived as follows based on the entries for binldx of the
corresponding syntax element in Table 9-43:

If the
invok

- 1

Othet
Deco|

- 1

Other
Deco|

- 1

entry in Table 9-43 is not equal to "bypass", "terminate", and "na", the values of binldx ar¢-d|
ing the DecodeDecision process as specified in clause 9.3.4.3.2 and the following applies:

txTable is specified in Table 9-4.

[he variable ctxInc is specified by the corresponding entry in Table 9-43 and when.more than of

blauses given in parenthesis.

value of initType.
txIdx is set equal to the sum of ctxInc and ctxIdxOffset.
pypass Flag is set equal to 0.

wise, if the entry in Table 9-43 is equal to "bypass", the, values of binldx are decoded by iny
deBypass process as specified in clause 9.3.4.3.4 and thé.following applies:

txTable is set equal to 0.
txIdx is set equal to 0.
pypassFlag is set equal to 1.

(wise, if the entry in Table 9-43 is equal to "terminate", the values of binldx are decoded by in
deTerminate process as specified in«¢lause 9.3.4.3.5 and the following applies:

txTable is set equal to 0.
txIdx is set equal to 0.

pypassFlag is set equalto 0.

ecoded by

e value is
isted in Table 9-43 for a binldx, the assignment process for ctxInc for that binldx 15" further speciffied in the

[he variable ctxIdxOffset is specified by the lowest value of ctxIdx in Table 9-4 depending on the current

roking the

oking the

—  Othetwise (the entry,innTable 9-43 is equal to "na"), the values of binldx do not occur for the corresponding syntax

elem¢nt.
Fable 9-43 — Assignment of ctxInc to syntax elements with context coded bins
binldx
| Syntax element

0 1 2 3 4 >=5
end of slice segment flag terminate na na na na na
end of subset one bit terminate na na na na na
sao_merge left flag 0 na na na na na
sao_merge up flag 0 na na na na na
sao type idx luma 0 bypass na na na na
sao_type_idx_chroma 0 bypass na na na na
sao_offset abs[ [ [ ][ ] bypass bypass bypass bypass bypass na
sao_offset sign[ J[1[1[ ] bypass na na na na na
sao_band position[ ][ ][ ] bypass bypass bypass bypass bypass bypass
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Table 9-43 — Assignment of ctxInc to syntax elements with context coded bins

binldx
Syntax element
0 1 2 3 4 >= 5

sao_eo class luma bypass bypass bypass na na na
sao_eo class chroma bypass bypass bypass na na na
spiiteu_ Mgl (clausg ,91.,5.4.2.2) na na na na na
cu_transquant _bypass flag 0 na na na na na
cu_skip flag 0,1,2

(clause 9.3.4.2.2) na na na na na
pred m¢de flag 0 na na na na na
ﬂzrztﬁglso S: = = MinCbLog2SizeY 0 ! 2 bypass na a
E)agrztﬁrl?so See > MinCbLog2SizeY 0 ! 3 bypass & 2
pem flajs[ [ ] terminate na na na na na
prev_infra luma pred flag[ ][ ] 0 na na na na na
mpm_idx[ ][ ] bypass bypass na nd na ha
remiintlailumaipredimode[ 11 bypass bypass bypass bypass bypass ha
intra_chfoma pred mode[ ][ ] 0 bypass bypass na na ha
rqt_root] cbf 0 na ha na na na
merge flag[ [ ] 0 na na na na ha
merge dx[ ][ ] 0 bypass bypass bypass na a
. | . 1=
inter_prgd idc[ x0 ][ yO0 ] ?( g}t’ggrf)tﬁ[nf(l))ﬁ 1}0 : li 4 na na na a
ref idx JIO[ [ ] 0 1 bypass bypass bypass bypass
ref idx JII[ ][] 0 1 bypass bypass bypass bypass
mvp 10| flag[ ][ ] 0 na na na na fa
mvp_11|flag[ [ ] 0 na na na na ha
split_trajnsform flag[ ][ ][ ] 5 — log2TrafoSize na na na na a
cbf cb[[I[ [ ] trafoDepth na na na na na
cbf e[ [ 1] trafoDepth na na na na ha
cbf lump[ [ ][ ] trafoDepth==0?1:0 na na na na ha
abs mv{dl greaterQ, flag[ ] 0 na na na na a
abs_mv{l gredterl " flag][ ] 0 na na na na ha
abs mv{l mitius2[ ] bypass bypass bypass bypass bypass bypass
mvd_sign flag[ ] bypass na na na na na
cu gp delta abs 0 1 1 1 1 bypass
cu_gp delta sign flag bypass na na na na na
cu_chroma qgp offset flag 0 na na na na na
cu_chroma gp offset idx 0 0 0 0 0 na
log2 res_scale abs plusl[c ] 4*c+0 4*c+1 4*c+2 4*c+3 na na
res_scale sign flag[ c] c na na na na na
transform_skip flag[ ][ 1[ ] 0 na na na na na
explicit rdpem flag[ ][ ][ ] 0 na na na na na
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Table 9-43 — Assignment of ctxInc to syntax elements with context coded bins

binldx
Syntax element
0 1 2 3 4 >= 5
explicit_rdpem dir flag[ ][ ][ ] 0 na na na na na
last sig coeff x prefix 0..17 (clause 9.3.4.2.3)
last_sig_coeff y prefix 0..17 (clause 9.3.4.2.3)
last sig coeff x suffix bypass bypass bypass bypass bypass bypass
last_sig_coeff y suffix bypass bypass bypass bypass bypass bypass
coded_sub_block flag[ ][ ] 0.3 na na na na na
tchause93427h
sig_coelf flag[ ][ ] 0..43 na na na na a
(clause 9.3.4.2.5)
coeff alps level greater]l flag[ ] 0..23 na na na na a
(clause 9.3.4.2.6)
coeff alps level greater2 flag[ | 0..5 na na na na a
(clause 9.3.4.2.7)
coeff alps level remaining[ ] bypass bypass bypass bypass bypass bypass
coeff sipn flag[ ] bypass na na na na a
9.3.4.2.2 Derivation process of ctxInc using left and above syntax elemients

Input to this process is the luma location ( x0, y0 ) specifying the top=left luma sample of the current luma block relative

to the top-
Output of

The locati
block locs
block in
neighbour

The locati
coding bl
block in
neighbour

The assig
in Table 9

this process is ctxInc.

44,

left sample of the current picture.

Table 9-44 — Specification of ctxInc using left and above syntax elements

pn ( XNbL, yNbL ) is set equal to ( x0 — 1, yO).and the variable availableL, specifying the availab]lity of the
ted directly to the left of the current block\is derived by invoking the availability derivation prgcess for a
z-scan order as specified in clause 6.4.1¢with the location ( xCurr, yCurr ) set equal to (x0, y0[) and the
ng location ( xXNbY, yNbY ) set equal to*( xNbL, yNbL ) as inputs, and the output is assigned to avajlableL.

bn ( xXNbA, yNbA ) is set equal t0_( X0, y0 — 1) and the variable availableA specifying the availab|lity of the
ck located directly above the-current block, is derived by invoking the availability derivation prqcess for a
z-scan order as specified in_tlause 6.4.1 with the location ( xCurr, yCurr ) set equal to (x0, y0[) and the
ng location ( xXNbY, yNbY") set equal to ( xNbA, yNbA ) as inputs, and the output is assigned to availableA.

hment of ctxInc for the syntax elements split cu flag[ x0 ][ yO ] and cu_skip flag[ x0 ][ yO ] if specified

Synt|

hx element

condLL

condA

ctxIne

split_cu_

lag[x0 ][ y0 ]

CtDepth[ xNbL ][ yNbL ] > cqtDepth

CtDepth[ xXNbA ][ yNbA ] > cqtDepth

(condL && availablleL ) +

(condA XX availableA )

cu_skip flag[ x0 ][ y0 ]

cu_skip_flag[ xXNbL ][ yNbL ]

cu_skip flag[ xXNbA ][ yNbA ]

(condL && availableL ) +
(condA && availableA )

9.3.4.2.3 Derivation process of ctxInc for the syntax elements last_sig_coeff x_prefix and last_sig_coeff y prefix

Inputs to this process are the variable binldx, the colour component index cldx, and the transform block size
log2TrafoSize.

Output of this process is the variable ctxInc.

The variables ctxOffset and ctxShift are derived as follows:
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— Ifcldx is equal to 0, ctxOffset is set equal to 3 * ( log2TrafoSize — 2 ) + ( (log2TrafoSize — 1) >> 2) and ctxShift
is set equal to ( log2TrafoSize +1) >> 2.

—  Otherwise (cldx is greater than 0), ctxOffset is set equal to 15 and ctxShift is set equal to log2TrafoSize — 2.
The variable ctxInc is derived as follows:

ctxInc = ( binldx >> ctxShift ) + ctxOffset (9-25)

9.3.4.2.4 Derivation process of ctxInc for the syntax element coded_sub_block_flag

Inputs to this process are the colour component index cldx, the current sub-block scan location ( xS, yS ), the previously
decoded bins of the syntax element coded sub_block flag, and the transform block size log2TrafoSize.

Output of this process is the variable ctxInc.

The variable csbfCtx is derived using the current location ( xS, yS ), two previously decoded bins of the syntax element
coded sulj block flag in scan order, and the transform block size log2TrafoSize, as follows:

—  csbf{tx is initialized with O as follows:

csbfCtx =0 (9-26)
—  Whenp xS is less than (1 << (log2TrafoSize —2)) — 1, csbfCtx is modified as follows:

csbfCtx += coded sub block flag[ xS+ 1][yS] (9-27)
—  When ySisless than (1 << (log2TrafoSize —2)) — 1, csbfCtx is modified as follows:

csbfCtx += coded sub block flag[ xS ][yS+1 ] (9-28)

The context index increment ctxInc is derived using the colour component index’cldx and csbfCtx as follows:
—  Ifcldx is equal to O, ctxInc is derived as follows:

ctxInc = Min( c¢sbfCtx, 1) (9-29)
—  Othegwise (cldx is greater than 0), ctxInc is derived as follows:

ctxInc = 2 + Min( ¢sbfCtx, 1) (9-30)

9.3.4.2.5 Perivation process of ctxInc for the syntax-element sig_coeff_flag

Inputs to this process are the colour component index cldx, the luma location ( x0, y0 ) specifying the top-left sample of
the currenft transform block relative to the top-left sample of the current picture, the current coefficient scgn location
( xC, yC)] the scan order index scanldx, and.the transform block size log2TrafoSize.

Output of this process is the variable ¢fxInc.

The variaple sigCtx depends onithe current location (xC,yC), the colour component index cldx, thq value of
transform |skip flag, the valugoficu_transquant bypass flag, the transform block size, and previously decoded bins of
the syntax|element coded sub,block flag. For the derivation of sigCtx, the following applies:

— If trapsform_skip~context enabled flag is equal to 1 and either or both transform skip flag[ x0 ][ yO |[ cldx ] is
equaljto 1 or cu~transquant bypass flag is equal to 1, sigCtx is derived as follows:

sigCtx = (cldx == 0)?42: 16 (9-31)

—  Othetwase? if log2TrafoSize is equal to 2, sigCtx is derived using ctxIdxMap][ ] specified in Table 9-45 as follows:
sigCtx = ctxIdxMap[ (yC << 2)+xC ] (9-32)

—  Otherwise, if xC + yC is equal to 0, sigCtx is derived as follows:
sigCtx =0 (9-33)
—  Otherwise, sigCtx is derived using previous values of coded _sub_block flag as follows:
—  The sub-block location ( xS, yS ) is set equal to (xC >> 2,yC >> 2).
—  The variable prevCsbf is set equal to 0.
—  When xS is less than (1 << (log2TrafoSize —2)) — 1, the following applies:
prevCsbf += coded sub block flag[ xS+ 1 ][ yS ] (9-34)
—  When ySis less than (1 << (log2TrafoSize —2)) — 1, the following applies:
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prevCsbf += (coded sub block flag[ xS][yS+1] << 1) (9-35)
—  The inner sub-block location ( xP, yP ) is set equal to (xC & 3, yC & 3).
—  The variable sigCtx is derived as follows:
— IfprevCsbfis equal to 0, the following applies:
sigCtx=(xP+yP == 0)?2:(xP+yP<3)?1:0 (9-36)
—  Otherwise, if prevCsbf is equal to 1, the following applies:
sigCtx=(yP == 0)?2:(yP==1)?1:0 (9-37)
—  Otherwise, if prevCsbf is equal to 2, the following applies:
sigCtx=(xP ==0)?2:(xP ==1)?1:0 (9-38)

Otherwise (prevCsbf is equal to 3), the following applies:
sigCtx =2 (9-39)

—  The variable sigCtx is modified as follows:

If cldx is equal to 0, the following applies:
—  When ( xS +yS ) is greater than 0, the following applies:
sigCtx += 3 (9-40)
—  The variable sigCtx is modified as follows:
— Iflog2TrafoSize is equal to 3, the following applies:
sigCtx += (scanldx == 0)?9:15 (9-41)
—  Otherwise, the following applies:
sigCtx += 21 (9-42)
—{ Otherwise (cldx is greater than 0), the following applies:
— Iflog2TrafoSize is equal to 3, the following applies:
sigCtx += 9 (9-43)
—  Otherwise, the following applics:
sigCtx += 12 (9-44)
The context index increment ctxInc is derived using the colour component index cldx and sigCtx as follows:
—  Ifcldx is equal to 0, ctxIncis derived as follows:
ctxInc = sigCtx (9-45)
—  Othefwise (cldx is‘gteater than 0), ctxInc is derived as follows:

ctxlhc= 27 + sigCtx (9-406)

Table 9-45 — Specification of ctxIdxMap] i |

i 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

ctxIdxMap[ i | 0 1 4 5 2 3 4 5 6 6 8 8 7 7 8

9.3.4.2.6 Derivation process of ctxInc for the syntax element coeff abs level greaterl_flag

Inputs to this process are the colour component index cldx, the current sub-block scan index i, and the current coefficient
scan index n within the current sub-block.

Output of this process is the variable ctxInc.
The variable ctxSet specifies the current context set and for its derivation the following applies:

—  If this process is invoked for the first time for the current sub-block scan index i, the following applies:
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The variable ctxSet is initialized as follows:
—  Ifthe current sub-block scan index i is equal to 0 or cldx is greater than 0, the following applies:

ctxSet =0 (9-47)
—  Otherwise (i is greater than 0 and cldx is equal to 0), the following applies:

ctxSet =2 (9-48)
The variable lastGreater1Ctx is derived as follows:

— If the current sub-block with scan index i is the first one to be processed in this clause for the current
transform block, the variable lastGreater1 Ctx is set equal to 1.

—  Otherwise, the following applies:

ived-during the

last invocation of the process specified in this clause for a previous sub-block.
—  When lastGreater1Ctx is greater than 0, the variable lastGreater1Flag is set equal to‘the value of the

syntax element coeff abs level greater]l flag that has been used during the last invocatjon of the
process specified in this clause for a previous sub-block and lastGreater1 Ctx is@ngdified as fpllows:

— IflastGreater1Flag is equal to 1, lastGreater1Ctx is set equal to 0.

—  Otherwise (lastGreater1Flag is equal to 0), lastGreater1 Ctx is incremented by 1.
When lastGreater1 Ctx is equal to 0, ctxSet is incremented by one as follows:

ctxSet = ctxSet + 1 (9-49)

Thhe variable greater1 Ctx is set equal to 1.

—  Othetwise (this process is not invoked for the first time for th&\ current sub-block scan index i), the|following

applids:

The variable ctxSet is set equal to the variable ctxSetythat has been derived during the last invocafion of the
focess specified in this clause.

p
The variable greater1 Ctx is set equal to the variable greater1Ctx that has been derived during the last invocation
of the process specified in this clause.

Vhen greater1Ctx is greater than 0, ‘the variable lastGreaterlFlag is set equal to the syntak element
beff abs level greaterl flag that Has been used during the last invocation of the process speciffed in this
ause and greater1 Ctx is modified;as follows:

o O

If lastGreater1Flag is equal'to 1, greater 1 Ctx is set equal to 0.

Otherwise (lastGreater! Flag is equal to 0), greater] Ctx is incremented by 1.

The contekt index increment ctXInc is derived using the current context set ctxSet and the current context gregter1 Ctx as

follows:

When cldx is greater than 0, ctxInc is modified as follows:

ctxIne==( ctxSet * 4 ) + Min( 3, greater1 Ctx ) (9-50)

¢txInc = ctxInc + 16 (9-51)

9.3.4.2.7 Derivation process of ctxInc for the syntax element coeff_abs level greater2 flag

Inputs to this process are the colour component index cldx, the current sub-block scan index i, and the current coefficient
scan index n within the current sub-block.

Output of this process is the variable ctxInc.

The variable ctxSet specifies the current context set and is set equal to the value of the variable ctxSet that has been
derived in clause 9.3.4.2.6 for the same subset i.

The context index increment ctxInc is set equal to the variable ctxSet as follows:

ctxInc = ctxSet (9-52)

When cldx is greater than 0, ctxInc is modified as follows:
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ctxInc = ctxInc + 4 (9-53)

9.3.4.3 Arithmetic decoding process

9.3.4.3.1 General

Inputs to this process are ctxTable, ctxIdx, and bypassFlag, as derived in clause 9.3.4.2, and the state variables
ivlCurrRange and ivlOffset of the arithmetic decoding engine.

Output of this process is the value of the bin.

Figure 9-5 illustrates the whole arithmetic decoding process for a single bin. For decoding the value of a bin, the context
index table ctxTable and the ctxIdx are passed to the arithmetic decoding process DecodeBin( ctxTable, ctxIdx ), which
is specified as follows:

If bypassFlag is equal to 1, DecodeBypass( ) as specified in clause 9.3.4.3.4 is invoked.

Othefwise, if bypassFlag is equal to 0, ctxTable is equal to 0, and ctxIdx is equal to 0, DecodeTernlinate( ) as

specified in clause 9.3.4.3.5 is invoked.

Othefwise (bypassFlag is equal to 0 and ctxTable is not equal to 0), DecodeDecision()“as specified in

clausg 9.3.4.3.2 is invoked.

@codeBin(cthable, ctxIdx, bypassF 1@

bypassFlag==1?

Yes:

\ 4

No DecodeBypass

ctxTable ==0
&& ctxldx==07?

Y\/b
v

DecodeTerminate

No

v

DecodeDecision(ctxTable, ctxIdxylbypassFlag)

Figure9-5 — Overview of the arithmetic decoding process for a single bin (informative)

NOTE {-Axithmetic coding is based on the principle of recursive interval subdivision. Given a probability estimatiop p( 0 ) and
p( 1) ="t=ptoyofabmary decistomr(0; 1), amr mitiatty giverr code sub-imtervat-with the range vi€urrRange witt be' subdivided
into two sub-intervals having range p( 0 ) * ivlCurrRange and iviICurrRange — p( 0 ) * ivlCurrRange, respectively. Depending on
the decision, which has been observed, the corresponding sub-interval will be chosen as the new code interval, and a binary code
string pointing into that interval will represent the sequence of observed binary decisions. It is useful to distinguish between the
most probable symbol (MPS) and the least probable symbol (LPS), so that binary decisions have to be identified as either MPS or
LPS, rather than 0 or 1. Given this terminology, each context is specified by the probability p; pg of the LPS and the value of MPS
(valMps), which is either 0 or 1. The arithmetic core engine in this Specification has three distinct properties:

The probability estimation is performed by means of a finite-state machine with a table-based transition process between 64
different representative probability states { pps( pStateldx )|0 <= pStateldx <64 } for the LPS probability pips. The
numbering of the states is arranged in such a way that the probability state with index pStateldx = 0 corresponds to an LPS
probability value of 0.5, with decreasing LPS probability towards higher state indices.

The range ivlCurrRange representing the state of the coding engine is quantized to a small set {Qy,...,Q4} of pre-set
quantization values prior to the calculation of the new interval range. Storing a table containing all 64x4 pre-computed
product values of Q; * prps(pStateldx ) allows a multiplication-free  approximation of the product
ivlCurrRange * py ps( pStateldx ).
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— For syntax elements or parts thereof for which an approximately uniform probability distribution is assumed to be given a
separate simplified encoding and decoding bypass process is used.

9.3.4.3.2 Arithmetic decoding process for a binary decision

9.3.4.3.2.1

General

Inputs to this process are the variables ctxTable, ctxIdx, ivlCurrRange, and ivlOffset.

Outputs of this process are the decoded value binVal, and the updated variables iviCurrRange and ivlOffset.

Figure 9-6

shows the flowchart for decoding a single decision (DecodeDecision):

1. The value of the variable ivlLpsRange is derived as follows:

Given the current value of ivlCurrRange, the variable qRangeldx is derived as follows:

Given the
value of iy

9.3.4.3.2.2

Inputs to
associated

Outputs of

Depending
derived as|

if(

elsd

H
Table 9-4]
1 — valMp

B haE] e baY 22
URAIECIUX = IVICUITRAIIZEC U)&X O

as specified in Table 9-46 is assigned to ivlLpsRange:
ivlLpsRange = rangeTabLps[ pStateldx ][ qRangeldx ]
e variable ivlCurrRange is set equal to ivICurrRange — ivILpsRange and the following applies:

If ivlOffset is greater than or equal to ivlCurrRange, the variable binVal is set equal to 1 — valMp{
is decremented by ivlCurrRange, and ivlCurrRange is set equal to ivlLpsRange.

Otherwise, the variable binVal is set equal to valMps.

value of binVal, the state transition is performed as specified in clause 9.3.4.3.2.2. Depending on
1CurrRange, renormalization is performed as specified in clause9,3.4.3.3.

State transition process

his process are the current pStateldx, the decoded value binVal and valMps values of the conte
with ctxTable and ctxIdx.

this process are the updated pStateldx and valMps of the context variable associated with ctxIdx.

r on the decoded value binVal, the update-0f the two variables pStateldx and valMps associated wit]
follows:

pinVal == valMps )
pStateldx = transIdxMps( pStateldx )

{
if( pStateldx == 0)
valMps = 1 — valMps
pStateldx = transIdxLps( pStateldx )

specifies the Mransition rules transIdxMps() and transldxLps( ) after decoding the value of v
5, respectively.

(9-54)

Given qRangeldx and pStateldx associated with ctxTable and ctxIdx, the value of the variablesrangeTabLps

(9-55)

, ivlOffset

he current

kt variable

h ctxIdx is

(9-56)

1IMps and
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(DecodeDecisiorl(cthable, cthdx))

v
gqRangeldx = (ivlCurrRange >> 6) & 3

iviLpsRange = rangeTabLps[pStateldx][qRangeldx]
iviCurrRange = iviCurrRange - ivlILpsRange

ivlOffset >=
iviCurrRange?

£Yes

binVal = !valMps
ivlOffset = ivlOffset — iviCurrRange
ivlCurrRange = ivlLpsRange
>

“

binVal = valMps
pStateldx = transldxMps[pStateldx]

pStateldx == 0?

Ye51

valMps = 1 — valMps

No

A
pStateldx = transIdxLps[pStateldx]
[

v

RenormD

Figure 9-6 — Flowchart for decoding a decision
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Table 9-46 — Specification of rangeTabLps depending on the values of pStateldx and qRangeldx

qRangeldx qRangeldx
pStateldx pStateldx

0 1 2 3 0 1 2 3
0 128 176 208 240 32 27 33 39 45
1 128 167 197 227 33 26 31 37 43
2 128 158 187 216 34 24 30 35 41
3 123 150 178 205 35 23 28 33 39
4 116 142 169 195 36 22 27 32 37
5 I'T1 135 160 185 37 21 26 30 35
6 105 128 152 175 38 20 24 29 33
7 100 122 144 166 39 19 23 27 31
8 95 116 137 158 40 18 22 26 30
9 90 110 130 150 41 17 21 25 28
10 85 104 123 142 42 16 20 23 27
11 81 99 117 135 43 15 19 22 25
12 77 94 111 128 44 14 18 21 24
13 73 89 105 122 45 14 17 20 23
14 69 85 100 116 46 13 16 19 22
15 66 80 95 110 47 12 15 18 21
16 62 76 90 104 48 12 14 17 20
17 59 72 86 99 49 11 14 16 19
18 56 69 81 94 50 11 13 15 18
19 53 65 7. 89 51 10 12 15 17
20 51 62 73 85 52 10 12 14 16
21 48 59 69 80 53 9 11 13 15
22 46 56 66 76 54 9 11 12 14
23 43 53 63 72 55 8 10 12 14
24 41 50 59 69 56 8 9 11 13
25 39 4% 56 65 57 7 5 H 12
26 37 45 54 62 58 7 9 10 12
27 35 43 51 59 59 7 8 10 11
28 33 41 48 56 60 6 8 9 11
29 32 39 46 53 61 6 7 9 10
30 30 37 43 50 62 6 7 8 9
31 29 35 41 48 63 2 2 2 2
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Table 9-47 — State transition table

pStateldx 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
transIdxLps 0 0 1 2 2 4 4 5 6 7 8 9 9 11 11 12
transIdxMps 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
pStateldx 16 |17 |18 |19 |20 |21 22 |23 |24 |25 |26 27 28 29 30 |31
transIdxLps 13 13 15 15 16 16 18 18 19 19 21 21 22 22 23 24
transldxMps | 17 18 19 |20 |21 22 |23 |24 |25 |26 |27 28 29 30 31 32
pStateldx 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
transIdxL{ps 24 25 26 26 27 27 28 29 29 30 30 30 31 32 32) 33
transIdxMIps 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48
pStateldx 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62] 63
transldxIlps | 33 [ 33 |34 |34 |35 35 35 36 |36 |36 |37 37 37 38 38 63
transIdxMIps 49 50 51 52 53 54 55 56 57 58 59 60 61 62 62 63
9.3.4.3.3 Renormalization process in the arithmetic decoding engine
Inputs to this process are bits from slice segment data and the variables iviCurrRange and ivlOffset.
Outputs of this process are the updated variables ivlICurrRange and ivlOffset.
A flowchdrt of the renormalization is shown in Figure 9-7. Thelcurrent value of ivlCurrRange is first compajed to 256
and furthe} steps are specified as follows:
— IfivlCurrRange is greater than or equal to 256, no r¢normalization is needed and the RenormD process is [finished;
—  Othegwise (ivlCurrRange is less than 256), the\renormalization loop is entered. Within this loop, th¢ value of
ivlCyrrRange is doubled, i.e., left-shifted by_L'and a single bit is shifted into ivlOffset by using read bits( |l ).
The bitstrgam shall not contain data that resultiin a value of ivlOffset being greater than or equal to ivlCurrRange upon
completiop of this process.
ivlCurrRange < 256?
Yes
A 4
ivlCurrRange = ivlCurrRange <<1
ivlOffset = iviOffset << 1
ivlOffset = ivlOffset | read_bits(1)
No
|
Figure 9-7 — Flowchart of renormalization
9.3.4.3.4 Bypass decoding process for binary decisions
Inputs to this process are bits from slice segment data and the variables ivlCurrRange and ivlOffset.
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Outputs of this process are the updated variable ivlOffset and the decoded value binVal.

The bypass decoding process is invoked when bypassFlag is equal to 1. Figure 9-8 shows a flowchart of the
corresponding process.

First, the value of ivlOffset is doubled, i.e., left-shifted by 1 and a single bit is shifted into ivIOffset by using
read bits( 1). Then, the value of ivlOffset is compared to the value of iviCurrRange and further steps are specified as
follows:

— If ivlOffset is greater than or equal to ivlCurrRange, the variable binVal is set equal to 1 and ivIOffset is
decremented by ivlCurrRange.

—  Otherwise (ivlOffset is less than ivlCurrRange), the variable binVal is set equal to 0.

The bitstream shall not contain data that result in a value of ivlOffset being greater than or equal to ivlCurrRange upon

completion of this process.
DecodeBypass

ivlOffset = ivlOffset << 1
ivlOftset = ivlOffset | read_bits(1)

ivlOffset >=
ivlCurrRange?

NOj

binvVal=0

+—Yes

binVal =1
ivlOffset = ivlOffset — ivlCurrRange

Figure 9-8 — Flowchart-of bypass decoding process

9.3.4.3.5 Decoding process for binary decisions-before termination
Inputs to this process are bits from slice segment data and the variables ivlCurrRange and ivlOffset.
Outputs of this process are the updated-variables ivlCurrRange and ivlOffset, and the decoded value binVal.

This decading process applies ¢o decoding of end of slice segment flag, end of subset one bit and| pcm flag
correspongdling to ctxTable equal:to 0 and ctxIdx equal to 0. Figure 9-9 shows the flowchart of the corfesponding
decoding process, which is speeified as follows:

First, the [value of ivlGurrRange is decremented by 2. Then, the value of ivlOffset is compared to th¢ value of
ivlCurrRange and furth€r steps are specified as follows:

— If ivIDffsetis-greater than or equal to ivlCurrRange, the variable binVal is set equal to 1, no renormdlization is
carrigd out,;and CABAC decoding is terminated. The last bit inserted in register ivlOffset is equal t¢ 1. When
decodingvend of slice segment flag, this last bit inserted in register ivlOffset is interpreted as rbsp_sto(t)_one_bit.
When decoding end of subset one bit, this last bit inserted in register ivlOffset is interpreted as
alignment_bit_equal to_one.

—  Otherwise (ivlOffset is less than ivlCurrRange), the variable binVal is set equal to 0 and renormalization is
performed as specified in clause 9.3.4.3.3.
NOTE — This procedure may also be implemented using DecodeDecision( ctxTable, ctxIdx, bypassFlag) with ctxTable =0,
ctxIdx =0 and bypassFlag=0. In the case where the decoded value is equal to 1, seven more bits would be read by
DecodeDecision( ctxTable, ctxIdx, bypassFlag ) and a decoding process would have to adjust its bitstream pointer accordingly to
properly decode following syntax elements.
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ivlCurrRange = iviCurrRange — 2

binVal =1 binVal =0

v

RenormD

2:2015(E)

9.3.4.3.6

Input to th
Output of
This procg

ivlCurrRa

NOTE
signific

935 A
9.3.5.1

This claus|
Inputs to ¢
Outputs of

This infor
in clause ¢
the same

EncodeTe
respective
lower end
interval.

Done

Figure 9-9 — Flowchart of decoding a decision before termination

Alignment process prior to aligned bypass decoding
is process is the variable ivlCurrRange.

this process is the updated variable iviCurrRange.

ss applies prior to the decoding of syntax elements coeff abslevel remaining[ | and coeff sign flag

hge is set equal to 256.

=
—
[a—

- When ivlCurrRange is 256, ivlOffset and the bit-stredni.¢an be considered as a shift register, and binVal gs the most-

ant-bit-but-1 (the most significant bit is always 0 due tgthe restriction of ivlOffset being less than ivlCurrRange)).

rithmetic encoding process (informative)

[seneral

e does not form an integral part of, this”Specification.

his process are decisions that.ateto be encoded and written.
this process are bits that are written to the RBSP.

mative clause describés*an arithmetic encoding engine that matches the arithmetic decoding enging
.3.4.3. The encoding engine is essentially symmetric with the decoding engine, i.e., procedures ar|
brder. The following procedures are described in this clause: InitEncoder, EncodeDecision, Encq
'minate, whieh correspond to InitDecoder, DecodeDecision, DecodeBypass, and Decode
y. The state of the arithmetic encoding engine is represented by a value of the variable ivlLow poin
of a-sub-interval and a value of the variable iviCurrRange specifying the corresponding range o

described
e called in
deBypass,
lerminate,
ting to the
[ that sub-

9.3.5.2 Initialization process for the arithmetic encoding engine (informative)

This clause does not form an integral part of this Specification.

This process is invoked before encoding the first coding block of a slice segment, and after encoding any
pcm_alignment zero bit and all pcm_sample luma and pcm_sample chroma data for a coding unit with pcm_flag equal

to 1.

Outputs of this process are the values ivlLow, ivICurrRange, firstBitFlag, bitsOutstanding, and BinCountsInNalUnits of
the arithmetic encoding engine.

In the initialization procedure of the encoder, ivlLow is set equal to 0, and iviCurrRange is set equal to 510. Furthermore,
firstBitFlag is set equal to 1 and the counter bitsOutstanding is set equal to 0.

Depending on whether the current slice segment is the first slice segment of a coded picture, the following applies:
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If the current slice segment is the first slice segment of a coded picture, the counter BinCountsInNalUnits is set
equal to 0.

Otherwise (the current slice segment is not the first slice segment of a coded picture), the counter
BinCountsInNalUnits is not modified. The value of BinCountsInNalUnits is the result of encoding all the slice
segments of a coded picture that precede the current slice segment in decoding order. After initializing for the first
slice segment of a coded picture as specified in this clause, BinCountsInNalUnits is incremented as specified in
clauses 9.3.5.3,9.3.5.5, and 9.3.5.6.

NOTE — The minimum register precision required for storing the values of the variables ivILow and ivlCurrRange after invocation
of any of the arithmetic encoding processes specified in clauses 9.3.5.3, 9.3.5.5, and 9.3.5.6 is 10 bits and 9 bits, respectively. The
encoding process for a binary decision (EncodeDecision) as specified in clause 9.3.5.3 and the encoding process for a binary
decision before termination (EncodeTerminate) as specified in clause 9.3.5.6 require a minimum register precision of 10 bits for
the variable ivlLow and a minimum register precision of 9 bits for the variable ivlCurrRange. The bypass encoding process for
binary decisions (EncodeBypass) as specified in clause 9.3.5.5 requires a minimum register precision of 11 bits for the variable
ivlLow and a minimum register precision of 9 bits for the variable ivlCurrRange. The precision required for the counters

bitsOut
maxBif]
maxBir
require
Ceil( L

9.3.5.3

This claus|

CountInSlice denotes the maximum total number of binary decisions to encode in one slicg Vs
CountInPic denotes the maximum total number of binary decisions to encode a picture, the minimum regist
I for the variables bitsOutstanding and BinCountsInNalUnits is given by Ceil( Log2( maxBinCountInSlicg
g2( maxBinCountInPic + 1) ), respectively.

fEncoding process for a binary decision (informative)

e does not form an integral part of this Specification.

Inputs to this process are the context index ctxIdx, the value of binVal to be encoded, and the variables ivI(

ivlLow an|
Outputs of

Figure 9-1
follows:

Given the
ivlCurrRa
used to de
The value

In a secor]
valMps, 1y
decision,

iviCurrRa
increment

H BinCountsInNalUnits.
this process are the variables ivlCurrRange, ivlLow, and BinCountsInNalUnits.

0 shows the flowchart for encoding a single decision. In a firststep, the variable ivlLpsRange is

current value of ivlCurrRange, ivlCurrRange is mapped to the index qRangeldx of a quantize
ge by using Equation 9-54. The value of qRangeldx and the value of pStateldx associated with
termine the value of the variable rangeTabLps as,specified in Table 9-46, which is assigned to ivl
of iviCurrRange — ivlLpsRange is assigned to,iylCurrRange.

d step, the value of binVal is compared-to ‘valMps associated with ctxIdx. When binVal is diffi
rICurrRange is added to ivlLow and ivlCurrRange is set equal to the value iviLpsRange. Given th
the state transition is performed asy specified in clause 9.3.4.3.2.2. Depending on the currenf
nge, renormalization is performed as’specified in clause 9.3.5.4. Finally, the variable BinCountsIn}
bd by 1.

Kfanding and BinCountsInNalUnits should be sufficiently large to prevent overilow of the related regijters. When

oment and
br precision
+1)) and

urrRange,

derived as

i value of
ctxIdx are
[ psRange.

erent from
e encoded

value of
ValUnits is
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<EncodeDecision(cthable, ctxIdx, binVal))

v

qRangeldx = (iviCurrRange >> 6) & 3
ivILpsRange = rangeTabLps[pStateldx][qRangeldx]
ivlCurrRange = ivlCurrRange — ivlLpsRange

9.3.5.4
This claus|
Inputs to ¢

Outputs o
firstBitFlal

£YCS binVal != valMps?
ivlLow = ivlLow + ivlCurrRange
ivlCurrRange = ivlLpsRange
No
pStateldx != 0? N01
valMps = 1 — valMps
Yes
\ 4
pStateldx = transIdxLps[pStateldx] | pStateldx =/transldxMps[pStateldx]
[ ]
RenormE
v
| BinCountsInNalUnits++ |

Dene

Figure 9-10 —Flowchart for encoding a decision

Renormalization process in the arithmetic encoding engine (informative)
e does not form an integral part of this Specification.
his process are the-variables ivlCurrRange, ivlLow, firstBitFlag, and bitsOutstanding.

[ this processsare zero or more bits written to the RBSP and the updated variables ivlCurrRang]
p. and bitsQutstanding.

e, ivlLow,
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Renormalization is illustrated in Figure 9-11.

ivlCurrRange < 256?

Yes No
v

iviLow = ivlLow — 256

Yesl

iviLow = ivlLow — 512

The PutBi
writes N b

encoding |

1o m
ortsoutstamaT T

Y
PutBit(0)

v

PutBit(1)

A

ivlCurrRange = ivlCurrRange << 1
ivlLow = ivlLow << 1

[

Figure 9-11 — Flowchart of renormalization in the encoder

t( ) procedure described in Figure 9-12 provides cdriy’over control. It uses the function WriteBits( B, N ) that
its with value B to the bitstream and advances thebitstream pointer by N bit positions. This functiqn assumes
the existerice of a bitstream pointer with an indication ofithe position of the next bit to be written to the bitstr¢am by the

TOCESS.

PutBit(B)

firstBitFlag != 0?

chs

No—;

firstBitFlag = 0

WriteBits(B, 1)

bitsOutstanding > 0?

Yes—_l-

9.3.5.5 Bypass encoding process for binary decisions (informative)

A 4

N

No

WriteBits(1 — B, 1)
bitsOutstanding— —

Done

|

Figure 9-12 — Flowchart of PutBit(B)

This clause does not form an integral part of this Specification.

Inputs to this process are the variables binVal, ivlLow, ivlCurrRange, bitsOutstanding, and BinCountsInNalUnits.
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Output of this process is a bit written to the RBSP and the updated variables ivlLow, bitsOutstanding, and
BinCountsInNalUnits.

This encoding process applies to all binary decisions with bypassFlag equal to 1.

When cabac bypass alignment enabled flag is equal to 1 and coeff abs level remaining[ ] is present for any
coefficients in the current sub-block, an alignment process is performed. This alignment process applies prior to the
encoding of the syntax elements coeff abs level remaining[ ] and coeff sign flag[ ] and sets ivICurrRange to 256.

Renormalization is included in the specification of this bypass encoding process as given in Figure 9-13.

EncodeBypass(binVal)

ivlLow = ivlLow << 1

binVal I=0?

rYCS

ivlLow = ivlLow + ivlCurrRange

No ivlLow >= 1024? Yesl
Yes PutBit(1)
v No v
PutBit(0) ivlLow = iviLow — 1024

ivlow = ivlLow — 512
bitsOutstanding++

A

BinCountsInNalUnits++

Figure 9-13 — Flowchart of encoding bypass

9.3.5.6 Encodingprocess for a binary decision before termination (informative)

This clausp does-not form an integral part of this Specification.

i 1 =11 PRI S B = D LT 1 1 1o I ATk o
Inputs to thts PIOCTSS aIrc UIT vdartavITS UITV dl, TVICUITRAIIZT, TVILOW, DITSUUSTAIIUIITE, a1l BITC OUITTSITINGTUTIILS.

Outputs of this process are zero or more bits written to the RBSP and the updated variables ivlLow, iviCurrRange,
bitsOutstanding, and BinCountsInNalUnits.

This encoding routine shown in Figure 9-14 applies to encoding of end of slice segment flag, end of subset one bit,
and pcm_flag, all associated with ctxIdx equal to 0.
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GﬂcodeTerminate(binVaD

v

ivlCurrRange = ivlCurrRange — 2

binVal !=0?

rYes N0_¢

ivlLow = ivlLow + ivlCurrRange RenormE

v

EncodeFlush

v

BinCountsInNalUnits++

Figure 9-14 — Flowchart of encoding a decision before tetmination

value of binVal to encode is equal to 1, CABAC encoding is terminated and the flushing procedurg

ce_segment_flag, this last bit is interpreted as rbsp_stop on&<¢bit. When encoding end of subset of

( EncodeFlush >

wlCurrRange = 2

v

RenormE

v

PutBit((ivlILow >>9) & 1)

v

WriteBits(((ivlLow >>7) & 3) | 1, 2)

Done

shown in

5 is applied. In this flushing procedure, the last bit written by WriteBits( B, N ) is equal to 1. When encoding

le_bit, this

Figure 9-15 — Flowchart of flushing at termination
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9.3.5.7 Byte stuffing process (informative)
This clause does not form an integral part of this Specification.
This process is invoked after encoding the last coding block of the last slice segment of a picture and after encapsulation.

Inputs to this process are the number of bytes NumBytesInVcINalUnits of all VCL NAL units of a picture, the number of
minimum CUs PicSizeInMinCbsY in the picture, and the number of binary symbols BinCountsInNalUnits resulting from
encoding the contents of all VCL NAL units of the picture.

NOTE — The value of BinCountsInNalUnits is the result of encoding all slice segments of a coded picture. After initializing for the

first slice segment of a coded picture as specified in clause 9.3.5.2, BinCountsInNalUnits is incremented as specified in
clauses 9.3.5.3,9.3.5.5, and 9.3.5.6.

Outputs of this process are zero or more bytes appended to the NAL unit.

Let the variable k be set equal to Ceil( ( Ceil( 3 * ( 32 * BinCountsInNalUnits — RawMinCuBits * PicSizeInMinCbsY )

. - . T e d DT e 2 B 1. 1 1 el FAET] - 1
- 1024 ) INUILID yICS TV CIINAIUIIILS ) 57 ). DJCPTHULLE O UIT VAIUuC U1 K UIC TOHOWIITE dPPIICS.

—  Ifk i§ less than or equal to 0, no cabac_zero word is appended to the NAL unit.

—  Othetwise (k is greater than 0), the 3-byte sequence 0x000003 is appended k times to the¢"NAL [unit after
encapsulation, where the first two bytes 0x0000 represent a cabac_zero word and the third byte’0x03 represents an
emulfition_prevention_three byte.

10 Sub-bitstream extraction process

Inputs to fhis process are a bitstream, a target highest Temporalld value tldTarget, and a target layer idgntifier list
layerIdLisfTarget.

Output of fhis process is a sub-bitstream.

It is a reqyirement of bitstream conformance for the input bitstream that'any output sub-bitstream that is the output of the
process sglecified in this clause with the bitsteam, tldTarget equal’to any value in the range of 0 to 6, inclusive, and
layerldLisfTarget either equal to the layer identifier list associated with a layer set specified in the actiye VPS or
consisting|of all the nuh _layer id values of the VCL NAL unitspresent in the input bitstream as inputs, and that satisfies
both of th¢ following conditions shall be a conforming bitstream:

—  The qutput sub-bitstream contains at least one VEL NAL unit with nuh_layer id equal to each of the nuh_layer id
values in layerldListTarget.

—  The qutput sub-bitstream contains at least‘onhe VCL NAL unit with Temporalld equal to tIdTarget.

NOTE [l — A bitstream conforming to a profile specified in Annex A contains one or more coded slice segment NAL units with
nuh_layer id equal to 0.

NOTE P — A conforming bitstream contdins one or more coded slice segment NAL units with Temporalld equal to 0.
The outpuf sub-bitstream is derived as follows:

—  Wher one or more of the/following two conditions are true, remove all SEI NAL units that have nuh_laygr id equal
to 0 gnd that contain-a'non-nested buffering period SEI message, a non-nested picture timing SEI messagg, or a non-
nestefl decoding.uit information SEI message:

—  layerldEistTarget does not include all the values of nuh_layer id in all NAL units in the bitstream.

—  {ldTarget is less than the greatest Temporalld in all NAL units in the bitstream.

NOTE 3 — A "smart" bitstream extractor may include appropriate non-nested buffering picture SEI messages, non-nested
picture timing SEI messages, and non-nested decoding unit information SEI messages in the extracted sub-bitstream,
provided that the SEI messages applicable to the sub-bitstream were present as nested SEI messages in the original
bitstream.

— Remove all NAL units with Temporalld greater than tldTarget or nuh _layer id not among the values included in
layerldListTarget.
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Annex A

Profiles, tiers and levels

(This annex forms an integral part of this Recommendation | International Standard.)

A.l Overview of profiles, tiers and levels

Profiles, tiers and levels specify restrictions on bitstreams and hence limits on the capabilities needed to decode the
bitstreams. Profiles, tiers and levels may also be used to indicate interoperability points between individual decoder
implementations.

NOTE
interop

Each prof]
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— This Specification does not include individually selectable "options” at the decoder, as this woul
prability difficulties.

le specifies a subset of algorithmic features and limits that shall be supported by all decodérs con

D — Encoders are not required to make use of any particular subset of features supported in a profile!

of a tier specifies a set of limits on the values that may be taken by the syntax ¢lements of this Spq
set of tier and level definitions is used with all profiles, but individual implementations may support
rithin a tier a different level for each supported profile. For any given/profile, a level of a tiet
Is to a particular decoder processing load and memory capability.

s that are specified in clause A.3 are also referred to as the profiles §pecified in Annex A.

Requirements on video decoder capability

bs of video decoders conforming to this Specification @re“specified in terms of the ability to deq
bnforming to the constraints of profiles, tiers andilevels specified in this annex. When expr
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vel idc, sub_layer profile idc[i], sub layer tier flag[i], and sub layer level idc[i]. All other
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d in this Specification that this indieates intermediate capabilities between the specified profiles, as there are no
method to be chosen by ITU-TAISO/IEC for the use of such future reserved values. However, decoders should
1 value of general level idc“er sub layer level idc[i] associated with a particular value of general
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The variable RawCtuBits is derived as follows:

RawCtuBits = CtbSizeY * CtbSizeY * BitDepthy +
2 * ( CtbWidthC * CtbHeightC ) * BitDepthc

A.3.2 Main profile

Bitstreams conforming to the Main profile shall obey the following constraints:

(A-T)

—  Active VPSs shall have vps_base layer internal flag and vps_base layer available flag both equal to 1 only.

—  Active SPSs for the base layer shall have chroma format_idc equal to 1 only.

—  Active SPSs for the base layer shall have bit_depth luma minus8 equal to 0 only.

—  Active SPSs for the base layer shall have bit_depth_chroma minus8 equal to 0 only.
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Active SPSs for the base layer shall have transform_skip rotation enabled flag,
transform_skip context enabled flag, implicit rdpcm_enabled flag, explicit rdpem_enabled flag,
extended precision processing_flag, intra_smoothing disabled flag, high precision offsets enabled flag,
persistent rice_adaptation_enabled flag, and cabac_bypass_alignment_enabled flag, when present, equal to 0 only.

CtbLog2SizeY derived according to active SPSs for the base layer shall be in the range of 4 to 6, inclusive.

Active PPSs for the base layer shall have log2 max transform skip block size minus2 and
chroma qgp offset list enabled flag, when present, equal to 0 only.

When an active PPS for the base layer has tiles enabled flag equal to 1, it shall have
entropy_coding_sync_enabled flag equal to 0.

When an active PPS for the base layer has tiles_enabled flag equal to 1, ColumnWidthInLumaSamples][ i ] shall be
greater than or equal to 256 for all values of i in the range of 0 to num_tile columns minusl, inclusive, and
RowHeightInLumaSamples[ j ] shall be greater than or equal to 64 for all values of j in the range of 0 to
num_file rows minusl, inclusive.

The rjumber of times read bits( 1) is called in clauses 9.3.4.3.3 and 9.3.4.3.4 when parsing coding({tsee¢ init( ) data
for anly coding tree unit shall be less than or equal to 5 * RawCtuBits / 3.

generfl level idc and sub layer level idc[ i ] for all values of i in active SPSs for the base‘layer shall ngt be equal
to 259 (which indicates level 8.5).

The Ipvel constraints specified for the Main profile in clause A.4 shall be fulfilled.

Conformapce of a bitstream to the Main profile is indicated by generalptofile idc being equal| to 1 or
general profile compatibility flag[ 1 ] being equal to 1. Conformance of a sub-layer representation with Tlemporalld
equal to|] i to the Main profile is indicated by sub layer profil€ idc[i] being equal fo 1 or

sub_layer |profile compatibility flag[i][ 1 ] being equal to 1.
NOTE { When general_profile compatibility flag[ 1 ] is equal to 1, general profile compatibility flag[ 2 ] should also be equal
to 1 When sub_layer profile_compatibility flag[i][ 1] is equal to 1 for a  value of 1,
sub_layler profile_compatibility flag[ i ][ 2 ] should also be equal to

Decoders conforming to the Main profile at a specific level (identified by a specific value of general leve] idc) of a
specific ti¢r (identified by a specific value of general tier flag) shall be capable of decoding all bitstreams and sub-layer

representations for which all of the following conditions, apply:

A.3.3 Main 10 profile

Bitstreamq conforming to the Main 10 profile shall obey the following constraints:

The bitstream or sub-layer representation is indicated to conform to the Main profile or the Main Still Picture
profilg.

The Bitstream or sub-layer representation is’indicated to conform to a level that is not level 8.5 and is lower than or
equal fto the specified level.

The Bitstream or sub-layer representation is indicated to conform to a tier that is lower than or equal to th¢ specified
tier.

Activg VPSs shall*have vps base layer internal flag and vps base layer available flag both equal to 1 only.

Activie SPSs for the base layer shall have chroma format idc equal to 1 only.

Activie'SPSs for the base layer shall have bit depth luma minus8 in the range of 0 to 2, inclusive.

Active SPSs for the base layer shall have bit_depth _chroma_minus8 in the range of 0 to 2, inclusive.

Active SPSs for the base layer shall have transform_skip rotation_enabled flag,
transform_skip context _enabled flag, implicit rdpcm_enabled flag, explicit rdpcm_enabled flag,
extended_precision_processing_flag, intra_smoothing_disabled flag, high precision_offsets_enabled flag,
persistent rice_adaptation_enabled flag, and cabac_bypass_alignment_enabled flag, when present, equal to 0 only.

CtbLog2SizeY derived according to active SPSs for the base layer shall be in the range of 4 to 6, inclusive.

Active PPSs for the base layer shall have log2 max transform skip block size minus2 and
chroma qp offset list enabled flag, when present, equal to O only.

When an active PPS for the base layer has tiles enabled flag equal to 1, it shall have
entropy_coding_sync_enabled flag equal to 0.
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—  When an active PPS for the base layer has tiles_enabled flag equal to 1, ColumnWidthInLumaSamples| i ] shall be
greater than or equal to 256 for all values of i in the range of 0 to num tile columns minusl, inclusive, and
RowHeightInLumaSamples[ j ] shall be greater than or equal to 64 for all values of j in the range of 0 to
num_tile rows_minusl, inclusive.

—  The number of times read_bits( 1 ) is called in clauses 9.3.4.3.3 and 9.3.4.3.4 when parsing coding_tree unit( ) data
for any coding tree unit shall be less than or equal to 5 * RawCtuBits / 3.

— general level idc and sub_layer level idc[ i] for all values of i in active SPSs for the base layer shall not be equal
to 255 (which indicates level 8.5).

—  The level constraints specified for the Main 10 profile in clause A.4 shall be fulfilled.

Conformance of a bitstream to the Main 10 profile is indicated by general profile idc being equal to 2 or
general_profile compatibility flag[ 2 ] being equal to 1. Conformance of a sub-layer representation with Temporalld
equal to i to the Main 10 profile is indicated by sub layer profile idc[i] being equal to 2 or
sub_layer |profile compatibility flag[i][ 2 ] being equal to 1.

Decoders ponforming to the Main 10 profile at a specific level (identified by a specific value of general level| idc) shall
be capabld of decoding all bitstreams and sub-layer representations for which all of the following conditions apply:

—  The bitstream or sub-layer representation is indicated to conform to the Main 10 profile, the Main profile, or the
Main Still Picture profile.

—  The Bitstream or sub-layer representation is indicated to conform to a level that is not|level 8.5 and is lower than or
equal fto the specified level.

—  The Bitstream or sub-layer representation is indicated to conform to a tier that,is'lower than or equal to the specified
tier.

A.3.4 Main Still Picture profile

Bitstreamq conforming to the Main Still Picture profile shall obey the folowing constraints:
—  The Bitstream shall contain only one picture with nuh_layerhid equal to 0.

—  Activg VPSs shall have vps_base layer internal flag and'vps base layer available flag both equal to 1 only.
—  Activle SPSs for the base layer shall have chroma férmat _idc equal to 1 only.

—  Activje SPSs for the base layer shall have bit dépth luma minus8 equal to 0 only.

—  Activie SPSs for the base layer shall have bit depth chroma minus8 equal to 0 only.

— Actije SPSs for the base layer shall"have sps max dec pic buffering minusl[ sps max_sub layery minusl ]
equalito O only.

—  Activg SPSs for the base layer shall have transform_skip rotation_engbled flag,
transfprm_skip context enabled flag, implicit rdpcm_enabled flag, explicit rdpcm_engbled flag,
extendled precision procCessing_flag, intra_smoothing_disabled flag, high precision_offsets_engbled flag,
persistent rice adaptation_enabled flag, and cabac_bypass_alignment_enabled flag, when present, equalfto 0 only.

—  CtbLpg2SizeY detived according to active SPSs for the base layer shall be in the range of 4 to 6, inclusivg.

— Active PPSs* for the base layer shall have log2 max transform skip block size minus2 and
chronja gp-offset list enabled flag, when present, equal to 0 only.

—  Whemr—am active PPS—for the basc 1ayer has  tiics_enabied frag equal to 1, it shall have
entropy_coding_sync_enabled flag equal to 0.

—  When an active PPS for the base layer has tiles_enabled flag equal to 1, ColumnWidthInLumaSamples| i ] shall be
greater than or equal to 256 for all values of i in the range of 0 to num tile columns minusl, inclusive, and
RowHeightInLumaSamples[ j ] shall be greater than or equal to 64 for all values of j in the range of 0 to
num_tile rows_minusl, inclusive.

—  The number of times read bits( 1) is called in clauses 9.3.4.3.3 and 9.3.4.3.4 when parsing coding_tree unit( ) data
for any coding tree unit shall be less than or equal to 5 * RawCtuBits / 3.

—  The level constraints specified for the Main Still Picture profile in clause A.4 shall be fulfilled.

Conformance of a bitstream to the Main Still Picture profile is indicated by general profile idc being equal to 3 or
general_profile compatibility flag[ 3 ] being equal to 1.
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NOTE — When  general profile compatibility flag[ 3] 1is equal to 1, general profile compatibility flag[ 1] and
general profile compatibility flag[ 2 ] should also be equal to 1. When sub_layer profile compatibility flag[i][ 3 ] is equal to 1
for a value of i, sub_layer profile compatibility flag[i][ 1] and sub_layer profile compatibility flag[i][ 2 ] should also be
equal to 1.

Decoders conforming to the Main Still Picture profile at a specific level (identified by a specific value of
general level idc) shall be capable of decoding all bitstreams for which all of the following conditions apply:

—  general profile idc is equal to 3 or general profile compatibility flag[ 3 ] is equal to 1.
— general_level idc is not equal to 255 and represents a level lower than or equal to the specified level.

—  general tier flag represents a tier lower than or equal to the specified tier.

A.3.5 Format range extensions profiles

The following profiles, collectively referred to as the format range extensions profiles, are specified in this clause:

—  The Monochrome, Monochrome 12 and Monochrome 16 profiles
—  The Mlain 12 profile

—  The Main 4:2:2 10 and Main 4:2:2 12 profiles

—  The Main 4:4:4, Main 4:4:4 10, and Main 4:4:4 12 profiles

—  The Main Intra, Main 10 Intra, Main 12 Intra, Main 4:2:2 10 Intra, Main 4:2:2 12 Intra, Main 4:4:4 Iptra, Main
4:4:4 110 Intra, Main 4:4:4 12 Intra, and Main 4:4:4 16 Intra profiles

—  The Mlain 4:4:4 Still Picture and Main 4:4:4 16 Still Picture profiles
Bitstreamq conforming to the format range extensions profiles shall obey the folowing constraints:

—  The cpnstraints specified in Table A.1 shall apply, in which entriessmarked with "-" indicate that the table [entry does
not inppose a profile-specific constraint on the corresponding synfax‘clement.

NOTE — For some syntax elements with table entries marked 'With "-", a constraint may be imposed indirectly — e.g., by
emantics constraints that are imposed elsewhere in this Specification when other specified constraints are fulfilled.

—  Activg VPSs shall have vps_base layer internal flag and vps_base layer available flag both equal to 1 only.

— Activg SPSs for the base layer shall have separate colour plane flag and cabac bypass alignment engbled flag,
when [present, equal to 0 only.

— CtbLqg2SizeY derived according to active-SPSs for the base layer shall be in the range of 4 to 6, inclusive

— Wheny an active PPS for the“:base layer has tiles enabled flag equal to 1, it shall have
entropy coding sync_enabled flag'€qual to 0.

—  When an active PPS for the base.layer has tiles enabled flag equal to 1, ColumnWidthInLumaSamples[ | | shall be
greatdr than or equal to 256 for all values of i in the range of 0 to num tile columns minusl, inclpsive, and
RowHeightInLumaSamples{ j ] shall be greater than or equal to 64 for all values of j in the range of 0 to
num _file rows_minus],inclusive.

— In bit$treams conforming to the Main Intra, Main 10 Intra, Main 12 Intra, Main 4:2:2 10 Intra, Main 4:2;P 12 Intra,
Main |4:4:4 10 Jatra, Main 4:4:4 12 Intra, or Main 4:4:4 16 Intra profiles, all pictures with nuh_layer id [equal to 0
shall be IRAP-pictures and the output order indicated in the bitstream shall be the same as the decoding orIer.

—  The numbér of times read bits( 1) is called in clauses 9.3.4.3.3 and 9.3.4.3.4 when parsing coding_tree ymit( ) data
for any coding tree unit shall be less than or equal to 5 * RawCtuBits / 3.

— In bitstreams conforming to the Main 4:4:4 Still Picture and Main 4:4:4 16 Still Picture profiles, the bitstream shall
contain only one picture with nuh_layer id equal to 0.

— In bitstreams conforming to the Monochrome, Monochrome 12, Monochrome 16, Main 12, Main 4:2:2 10, Main
4:2:2 12, Main 4:4:4, Main 4:4:4 10, Main 4:4:4 12, Main Intra, Main 10 Intra, Main 12 Intra, Main 4:2:2 10 Intra,
Main 4:2:2 12 Intra, Main 4:4:4 Intra, Main 4:4:4 10 Intra, Main 4:4:4 12 Intra, or Main 4:4:4 16 Intra profiles,
general level idc and sub layer level idc[ i ] for all values of i in active SPSs for the base layer shall not be equal
to 255 (which indicates level 8.5).

— The level constraints specified for the Monochrome, Monochrome 12, Monochrome 16, Main 12, Main 4:2:2 10,
Main 4:2:2 12, Main 4:4:4 10, Main 4:4:4 12, Main Intra, Main 10 Intra, Main 12 Intra, Main 4:2:2 10 Intra, Main
4:2:2 12 Intra, Main 4:4:4 10 Intra, Main 4:4:4 12 Intra, or Main 4:4:4 16 Intra profiles in clause A.4, as applicable,
shall be fulfilled.
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Table A.1 — Allowed values for syntax elements in the format range extensions profiles
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Monochrome 0 0 0 0 0
Monochrome 12 0 0.4 0 0 0
Monochrome 16 0 - - — 0

Main 12 Oorl 0.4 0 0 0

Main 4:2:2 10 0.2 0.2 0 0 —

Main 4:2:2 12 0.2 0.4 0 0 —

Main 4:4:4 — 0 - 0 —
Main 4:4:4 10 - 02 — 0 —
Main 4:4:4 12 — 0.4 - 0 —
Main Intra 0 or-} 0 0 0 0

Main 10 Intra Ovor 1 0.2 0 0 0
Main 12 Intra Oorl 0.4 0 0 0
Main 4:2:2 10 Intra 0.2 0.2 0 0 —
Main 4:2:2 (2)Intra 0.2 0.4 0 0 —
Main4:474 Intra - 0 - 0 —
Maid4:4:4 10 Intra — 0.2 - 0 —
Main 4:4:4 12 Intra — 0.4 - 0 —
Main 4:4:4 16 Intra — — — — —
Main 4:4:4 Still Picture - 0 - 0 —
Main 4:4:4 16 Still Picture - - - — —

Conformance of a bitstream to the format range extensions profiles is indicated by general profile idc being equal to 4
or general profile compatibility flag][ 4 ] being equal to 1 with the additional indications specified in Table A.2.
Conformance of a sub-layer representation with Temporalld equal to i to the format range extensions profiles is indicated
by sub_layer profile idc[ i ] being equal to 4 or sub_layer profile compatibility flag[ i ][ 4 ] being equal to 1 with the
additional indications specified in Table A.2, with general max 12bit constraint flag, general max 10bit
constraint_flag, general max_8bit constraint flag, general max 422chroma_constraint flag, general max 420chroma_
constraint_flag, general max_monochrome constraint flag, general intra_constraint flag, general one picture only
constraint_flag, and general lower bit rate constraint flag replaced by sub layer max 12bit constraint flag[i],
sub_layer max 10bit constraint flag[ i ], sub_layer max 8bit constraint flag[i], sub_layer max 422chroma
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constraint flag[i], sub layer max 420chroma constraint flag[i], sub layer max monochrome constraint flag[i ],
sub_layer intra constraint flag[i], sub layer one picture only constraint flag[i], and sub layer lower bit rate
constraint flag|[ i ], respectively.

All other combinations of general max 12bit constraint flag, general max 10bit constraint flag, general max S8bit
constraint flag, general max 422chroma constraint flag, general max 420chroma constraint flag,
general max monochrome constraint flag, general intra constraint flag, general one picture only constraint flag,
and general lower bit rate constraint flag with general profile idc equal to 4 or
general profile compatibility flag[ 4 ] equal to 1 are reserved for future use by ITU-T | ISO/IEC. All other combinations
of  sub layer max 12bit constraint flag[i ], sub_layer max_10bit _constraint_flag[i], sub_layer max_8bit
constraint_flag[ 1], sub_layer max 422chroma constraint flag[i], sub layer max 420chroma_constraint flag[ i ],
sub_layer max _monochrome constraint flag[i], sub _layer intra constraint flag[i], sub _layer one picture only
constraint flag[ 1], and sub_layer lower bit rate constraint flag[ i] with sub layer profile idc[i] equal to 4 or
sub_layer profile compatlbrlrty ﬂag[ 1[4] equal to 1 are reserved for future use by ITU-T | ISO/IEC. Such
combinations sha itstre & ing to the
format rajge extensions proﬁles shall allow other combmatlons as spe01ﬁed below in this clause to<ecpur in the
bitstream.

Rec. ITU-T H.265 (2015 E) 225


https://iecnorm.com/api/?name=ef24e739dd45de9e323cd214b25399a9

ISO/IEC 23008-2:2015(E)

Table A.2 — Bitstream indications for conformance to format range extensions profiles
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Monochrome 1 1 1 1 1 1 0 0 1
Mpnochrome 12 1 0 0 1 1 1 0 0 1
Mpnochrome 16 0 0 0 1 1 1 0 0 1

Main 12 1 0 0 1 1 0 0 0 1

Main 4:2:2 10 1 1 0 1 0 0 0 0 1

Main 4:2:2 12 1 0 0 1 0 0 0 0 1

Main 4:4:4 1 1 1 0 0 0 0 0 1

Main 4:4:4 10 1 1 0 0 0 0 0 0 1

Main 4:4:4 12 1 0 0 0 0 0 0 0 1
Main Intra 1 1 1 1 1 0 1 0 Oorl
Main 10 Intra 1 1 0 1 1 0 1 0 Oorl
Main 12 Intra 1 0 0 1 1 0 1 0 Oorl
Main 4:2:2 10 Intra 1 1 0 1 0 0 1 0 Oorl
Main 4:2:2 12 Intra 1 0 0 1 0 0 1 0 Oorl
Mhin 4:4:4 Intra 1 1 1 0 0 0 1 0 Oorl
Main 4:4:4 10 Intra 1 1 0 0 0 0 1 0 Oorl
Main 4:4:4 12 Intra 1 0 0 0 0 0 1 0 Oorl
Main 4:4:4 16 Intra 0 0 0 0 0 0 1 0 Oorl
Main §:4:4.Still Picture 1 1 1 0 0 0 1 1 Oorl
Main 4 A:A 16 Still Picture 0 0 Q Q Q Q 1 1 0 or 1

Decoders conforming to a format range extensions profile at a specific level (identified by a specific value of
general _level idc) shall be capable of decoding all bitstreams and sub-layer representations for which all of the
following conditions apply:

—  Any of the following conditions apply:

—  The decoder conforms to the Main 12, Main 4:2:2 10, Main 4:2:2 12, Main 4:4:4, Main 4:4:4 10, or Main
4:4:4 12 profile, and the bitstream or sub-layer representation is indicated to conform to the Main profile or the
Main Still Picture profile.

226 Rec. ITU-T H.265 (2015 E)


https://iecnorm.com/api/?name=ef24e739dd45de9e323cd214b25399a9

ISO/TIEC 23008-2:2015(E)

The decoder conforms to the Main 12, Main 4:2:2 10, Main 4:2:2 12, Main 4:4:4 10, or Main 4:4:4 12 profile,
and the bitstream or sub-layer representation is indicated to conform to the Main 10 profile, the Main profile,
or the Main Still Picture profile.

—  The decoder conforms to the Main Intra, Main 10 Intra, Main 12 Intra, Main 4:2:2 10 Intra, Main 4:2:2 12
Intra, Main 4:4:4 Intra, Main 4:4:4 10 Intra, or Main 4:4:4 12 Intra, Main 4:4:4 16 Intra, Main 4:4:4 Still
Picture, or Main 4:4:4 16 Still Picture profile, and the bitstream or sub-layer representation is indicated to
conform to the Main Still Picture profile.

general profile idc is equal to 4 or general profile compatibility flag[ 4 ] is equal to 1 for the bitstream, and
the value of each constraint flag listed in Table A.2 is greater than or equal to the value(s) specified in the row
of Table A.2 for the format range extensions profile for which the decoder conformance is evaluated.

sub_layer profile idc[i] is equal to 4 or sub_layer profile compatibility flag[i][ 4] is equal to 1 for the
sub-layer representation, and the value of each constraint flag listed in Table A.2 is greater than or equal to the

alae(sy-speeified—in—h ble—A- A—FAHS p whieh—he decoder
conformance is evaluated, with general max 12bit constraint flag, general max 10bit consfraint flag,
beneral max_8bit constraint flag,  general max 422chroma constraint flag,  general myax“420chroma
Constraint_flag, general max_monochrome constraint_flag, general_intra,cons
beneral one picture only constraint flag, and  general lower bit rate constraint flag  replhced by
sub_layer max_12bit_constraint flag[ i], sub layer max 10bit constraint flag[ idyOsub_layer max 8bit
constraint_flag[ i ], sub_layer max 422chroma_constraint flag[ i], sub, layer max 430chroma
constraint_flag[ 1], sub_layer max monochrome constraint flag[ 1], sub dayer intra constraigt flag[i],
sub_layer one picture_only constraint_flag[ i ], and sub_layer lower bit rate constraint flag[i],
respectively.

a a a alkla_A a ha 11331 G AR a a

The bjitstream or sub-layer representation is indicated to conform to a level'that is not level 8.5 and is lower than or
equal fto the specified level.

—  The b
tier.

For decod
Main 4:4:4
picture pr
optional.

A3.6 K
The follov

this clausd:

ormat range extensions high throughput profiles

bing profiles, collectively referred to-as the format range extensions high throughput profiles, are s

itstream or sub-layer representation is indicated to conform te a'‘tier that is lower than or equal to the specified

brs conforming to the Main Intra, Main 10 Intra, Mainsl 2\ntra, Main 4:2:2 10 Intra, Main 4:2:2 12 Intra, Main
| Intra, 4:4:4 10 Intra, Main 4:4:4 12 Intra, Main 4:4:4,16 Intra, Main 4:4:4 Still Picture, or Main 4:4:4 16 Still
file, the application of either or both of the in-logp, filters of the in-loop filter process specified in clpuse 8.7 is

pecified in

Bitstreams
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The High Throughput 4:4:4 16 Intra-profile
conforming to the format range extensions high throughput profiles shall obey the following constrgints:
Activg VPSs shall have vps )base layer internal flag and vps base layer available flag both equal to 1 only.
Active SPSs for the base Tayer shall have separate _colour plane flag, when present, equal to 0 only.
Active SPSs for-the base layer shall have cabac_bypass_alignment enabled flag equal to 1 only.

CtbLqg28SizeY derived according to active SPSs for the base layer shall be in the range of 4 to 6, inclusive

When| andactive PPS for the base layer has tiles_enabled flag equal to 1, ColumnWidthInLumaSamples] | ] shall be
greater than or equal to 250 for all values of 1 in the range of U to num _tile_columns minusi, inclusive, and
RowHeightInLumaSamples[ j ] shall be greater than or equal to 64 for all values of j in the range of 0 to
num_tile rows_minusl, inclusive.

In bitstreams conforming to the High Throughput 4:4:4 16 Intra profile, all pictures with nuh_layer id equal to 0
shall be IRAP pictures and the output order indicated in the bitstream shall be the same as the decoding order.

The number of times read bits( 1) is called in clauses 9.3.4.3.3 and 9.3.4.3.4 when parsing coding_tree unit( ) data
for any coding tree unit shall be less than or equal to 5 * RawCtuBits / 3.

In bitstreams conforming to the High Throughput 4:4:4 16 Intra profile, general level idc and
sub_layer level idc[ i] for all values of i in active SPSs for the base layer shall not be equal to 255 (which indicates
level 8.5).

The level constraints specified for the High Throughput 4:4:4 16 Intra profile in clause A.4, as applicable, shall be
fulfilled.
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Conformance of a bitstream to the format range extensions high throughput profiles is indicated by general profile idc
being equal to 5 or general profile compatibility flag[ 5] being equal to 1 with the additional indications specified
in Table A.3. Conformance of a sub-layer representation with Temporalld equal to i to the format range extensions high
throughput profiles is indicated by sub_layer profile idc[ i ] being equal to 5 or
sub_layer profile compatibility flag[ i ][ 5 ] being equal to 1 with the additional indications specified in Table A.3, with
general max_12bit_constraint_flag, general _max_10bit_constraint_flag, general max_8bit_constraint flag,
general max 422chroma constraint flag,  general max 420chroma constraint flag,  general max monochrome
constraint_flag, general intra constraint flag, general one picture only constraint flag, and general lower bit rate
constraint_flag being replaced by sub layer max 12bit constraint flag[i], sub layer max 10bit_constraint flag[i],
sub_layer max S8bit constraint flag[i], sub layer max 422chroma constraint flag[i], sub layer max 420chroma
constraint_flag[ i ], sub_layer max monochrome constraint flag[i], sub_layer intra constraint flag[i],
sub_layer one picture only constraint flag[ i ], and sub_layer lower bit rate constraint flag[ i ], respectively.

All other combinations of general max_12bit_constraint ﬂag, general max_10bit_constraint flag, general max_ 8bit
constraint fla < 2 ene X : -
general mjax monochrome constraint ﬂag, general intra_« constramt - flag, general one chture only consfraint flag,

and peneral lower bit_rate constraint flag with general profile idc equal to 5 or
general profile compatibility flag[ 5 ] equal to 1 are reserved for future use by ITU-T | ISO/IEC. All other coibinations
of  sub|layer max 12bit constraint flag[i], sub_layer max 10bit constraint flag[i ], sub’ layer max_S8bit

constraint|flag[ i ], sub_layer max 422chroma constraint flag[i], sub layer max 420chroma constraint flag[i],
sub_layer |max monochrome constraint flag[ i], sub layer intra constraint flag[i], subylayer one picfure only
constraint| flag[ i ], and sub layer lower bit rate constraint flag[i], with sub layer profile idc[i1] equal to 5 or
sub_layer |profile compatibility flag[i][ 5] equal to 1 are reserved for future use by ITU-T | ISO/IFC. Such
combinatipns shall not be present in bitstreams conforming to this Specification. However, decoders confornying to the
format rapge extensions profiles shall allow other combinations as specified-below in this clause to ocpur in the
bitstream.

Table A.3 — Bitstream indications for conformance to format range extensions high throughput prqfiles
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Decoders conforming to a format range extensions high throughput profile at a specific level (identified by a specific
value of general level idc) shall be capable of decoding all bitstreams or sub-layer representations for which all of the
following conditions apply:

—  Any of the following conditions apply:

—  general _profile idc is equal to 5 or general profile compatibility flag[ 5] is equal to 1 for the bitstream, and
the value of each constraint flag listed in Table A.3 is greater than or equal to the value(s) specified in the row
of Table A.3 for the format range extensions profile for which the decoder conformance is evaluated.

— sub_layer profile idc[i] is equal to 5 or sub layer profile compatibility flag[i][ 5] is equal to 1 for the
sub-layer representation, and the value of each constraint flag listed in Table A.3 is greater than or equal to the
value(s) specified in the row of Table A.3 for the format range extensions profile for which the decoder
conformance is evaluated, with general max 12bit constraint flag, general max 10bit constraint flag,
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general max 8bit constraint flag,  general max 422chroma constraint flag,  general max 420chroma
constraint_flag, general max monochrome constraint flag, general _intra_constraint flag,
general one picture only constraint flag, and general lower bit rate constraint flag being replaced by
sub_layer max_12bit_constraint_flag[ i], sub_layer max 10bit constraint flag[i], sub layer max_ 8bit

constraint_flag[ i], sub_layer max 422chroma_constraint flag[ i ], sub_layer max_420chroma_
constraint_flag[ 1], sub_layer max_monochrome constraint flag[i], sub_layer intra constraint flag[i],
sub_layer one picture only constraint flag[i], and sub_layer lower bit rate constraint flag[i],
respectively.

— The bitstream or sub-layer representation is indicated to conform to a level that is not level 8.5 and is lower than or
equal to the specified level.

— The bitstream or sub-layer representation is indicated to conform to a tier that is lower than or equal to the specified

tier.

For decodgrs-eentforming : g g
filters of the in-loop filter process specified in

A4

A4l

(Jeneral tier and level limits

4-4.-4

6 oushpti—44- PR the in-loop
clause 8.7 is optional.

Fiers and levels

For purpopes of comparison of tier capabilities, the tier with general tier flag or sub_layep tier flag[i] eqpal to 0 is

considered to be a lower tier than the tier with general tier flag or sub_layer tier flag[ ] equal to 1.

For purposes of comparison of level capabilities, a particular level of a specific tieris\€onsidered to be a lower] level than
some othar level of the same tier when the value of the general level idc or §ub'layer level idc[i] of the particular

level is legs than that of the other level.

The following is specified for expressing the constraints in this annex:

—  Let agcess unit n be the n-th access unit in decoding order, with‘the first access unit being access unit 0 (i.g., the 0-th

acces$ unit).

—  Let pjcture n be the coded picture or the corresponding déceded picture of access unit n.

When the|specified level is not level 8.5, bitstreams conforming to a profile at a specified tier and level shall obey the

following [constraints for each bitstream conformance_test as specified in Annex C:

a)
b)

¢)
d)

g

h)

RicSizeInSamplesY shall be less than or.gqual to MaxLumaPs, where MaxLumaPs is specified in Tahle A.4.
The value of pic width in luma _samples shall be less than or equal to Sqrt( MaxLumaPs * 8 ).
The value of pic_height_in_luma-samples shall be less than or equal to Sqrt( MaxLumaPs * 8 ).

The value of sps_max_dec’ pic_buffering minus1[ HighestTid ] + 1 shall be less than or equal to MaxDpbSize,
which is derived as follows:

if( PicSizeInSamplesY <= ( MaxLumaPs >> 2))
MaxDpbSize = Min( 4 * maxDpbPicBuf, 16 )

else if((PicSizeInSamplesY <= ( MaxLumaPs >> 1))
MaxDpbSize = Min( 2 * maxDpbPicBuf, 16 ) (A-2)

else 1f( PicSizeInSamplesY <= ((3 * MaxLumaPs) >> 2))
MaxDpbSize = Min( ( 4 * maxDpbPicBuf) /3, 16)

else

MaxDpbSize = maxDpbPicBuf
where MaxLumaPs is specified in Table A.4 and maxDpbPicBuf is equal to 6.
For level 5 and higher levels, the value of CtbSizeY shall be equal to 32 or 64.
The value of NumPicTotalCurr shall be less than or equal to §.

The value of num_tile columns minus! shall be less than MaxTileCols and num_tile rows minusl shall be
less than MaxTileRows, where MaxTileCols and MaxTileRows are specified in Table A.4.

For the VCL HRD parameters, CpbSize[ i ] shall be less than or equal to CpbVclFactor * MaxCPB for at least
one value of i in the range of 0 to cpb_cnt_minus1[ HighestTid ], inclusive, where CpbSize[ i ] is specified in
clause E.3.3 based on parameters selected as specified in clause C.1, CpbVclFactor is specified in Table A.6,
and MaxCPB is specified in Table A.4 in units of CpbVclFactor bits.
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i) For the NAL HRD parameters, CpbSize][ i ] shall be less than or equal to CpbNalFactor * MaxCPB for at least
one value of i in the range of 0 to cpb_cnt_minus1[ HighestTid ], inclusive, where CpbSize[ i ] is specified in
clause E.3.3 based on parameters selected as specified in clause C.1, CpbNalFactor is specified in Table A.6,
and MaxCPB is specified in Table A.4 in units of CpbNalFactor bits.

Table A.4 specifies the limits for each level of each tier for levels other than level 8.5.

A tier and level to which a bitstream conforms are indicated by the syntax elements general tier flag and
general level idc, and a tier and level to which a sub-layer representation conforms are indicated by the syntax elements
sub_layer tier flag[i]and sub_layer level idc[i ], as follows:

—  If the specified level is not level 8.5, general tier flag or sub_layer tier flag[ i ] equal to 0 indicates conformance
to the Main tier, general tier flag or sub layer tier flag[i] equal to 1 indicates conformance to the High tier,
according to the tier constraints specified in Table A.4, and general tier flag and sub_layer tier flag[ i] shall be
equal to O for levels below level 4 (corresponding to the entries in Table A.4 marked with "-"). Otherwise (the
speci i it i i i ier, flag and

sub_layer tier flag[i] shall be equal to 1 and the value O for general tier flag and sub_layer_?ier_ﬂag[ i] is
reseryed for future use by ITU-T | ISO/IEC, and decoders shall ignore the value of general ‘tiey flag and
sub_layer tier flag[i].
—  genetffal level idc and sub_layer level idc[i] shall be set equal to a value of 30 times the-leviel numbef specified
in Taple A.4.
Table A.4 — General tier and level limits
y == ZSSRaEE == = ==
< RS 2 AT R RS S RS
s =] 0= % = B i~ =]
- - g @) 27 T -
£ £ g S Q 5= o 5o
28 £5%g EEND 2| &%
TE Iz & 2 & | 27
~ g g 8 g E Ug - [}
g £ g " e a = =3
S 2 = ES-1 : E
= 52
s | =] 32| £| °
g 5| T | &
- fu = 8 o
= & 5 = ~
- - o = =)
® 3
1 36 864 350 - 16 1 1
2 122 880 1500 - 16 1 1
2.1 245 760 3000 - 20 1 1
3 552960 6 000 - 30 2 2
3.1 983 040 10 000 - 40 3 3
4 2228224 12 000 30 000 75 5 5
4.1 2228224 20 000 50 000 75 5 5
S 8912 896 25000 | 100 000 200 11 10
5.1 8912 896 40 000 | 160 000 200 11 10
5.2 8912 896 60 000 | 240000 200 11 10
6 35651 584 60 000 | 240000 600 22 20
61 35 651 584 120000 480 000 600 22 20
6.2 35651584 | 240000 | 800 000 600 22 20

A4.2 Profile-specific level limits for the video profiles

NOTE - Video profiles refer to those profiles that are not still picture profiles. The still picture profiles include the Main Still
Picture profile, the Main 4:4:4 Still Picture profile, and the Main 4:4:4 16 Still Picture profile.

The following is specified for expressing the constraints in this annex:

—  Let the variable fR be set equal to 1 + 300.
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The variable HbrFactor is defined as follows:

—  If the bitstream or sub-layer representation is indicated to conform to the Main profile or the Main 10 profile,
HbrFactor is set equal to 1.

—  Otherwise, if the bitstream or sub-layer representation is indicated to conform to a format range extensions high
throughput profiles, HbrFactor is set equal to 24— (12 * general lower bit rate constraint flag) or
24 — (12 * sub_layer lower bit rate constraint flag[i]).

—  Otherwise, HbrFactor is set equal to 2 — general lower bit rate constraint flag or
2 —sub_layer lower bit rate constraint flag[i].

The variable BrVclFactor, which represents the VCL bit rate scale factor, is set equal to CpbVclFactor * HbrFactor.

The variable BrNalFactor, which represents the NAL bit rate scale factor, is set equal to CpbNalFactor * HbrFactor.

The variable MinCr is set equal to MinCrBase * MinCrScaleFactor + HbrFactor

Bitstreamy and sub-layer representations conforming to the Monochrome, Monochrome 12, Monochreme|16, Main,
Main 10, Main 12, Main 4:2:2 10, Main 4:2:2 12, Main 4:4:4 10, Main 4:4:4 12, Main Intra, Main-'0 Intra, Main 12
Intra, Maih 4:2:2 10 Intra, Main 4:2:2 12 Intra, Main 4:4:4 10 Intra, Main 4:4:4 12 Intra, Main 44:4.16 Intrp, or High
Throughpyt 4:4:4 16 Intra profile at a specified tier and level shall obey the following constraints” for eacl bitstream
conformarjce test as specified in Annex C:

a) The nominal removal time of access unit n (with n greater than 0) from the CPB, as specified in clguse C.2.3,
hall satisfy the constraint that AuNominalRemovalTime[ n ] — AuCpbRemovalTime[ n — 1 ] is greafer than or
qual to Max( PicSizeInSamplesY + MaxLumaSr, fR ) for the value of Pi¢SizeInSamplesY of picfure n— 1,

here MaxLumaSr is the value specified in Table A.5 that applies to pictute n — 1.

DL

b) The difference between consecutive output times of pictures from ‘the/DPB, as specified in clause (.3.3, shall
satisfy  the  constraint  that  DpbOutputinterval[ n] ~Ns  greater than or  egual to
Max( PicSizeInSamplesY + MaxLumaSr, fR ) for the values of PicSizeInSamplesY of picture |n, where
MaxLumaSr is the value specified in Table A.5 for picturé\n) provided that picture n is a picture thgt is output
4

nd is not the last picture of the bitstream that is output:

The removal time of access unit 0 shall satisfy the ¢onstraint that the number of slice segments in picture 0 is
less than or equal to Min( Max(.Js‘MaxSliceSegmentsPerPicture ¥ MaxLumaSr / MajLumaPs *
(JAuCpbRemovalTime[ 0 ] — AuNominalRemovalTime[ 0 ]) + MaxSliceSegmentsPerPicture *
H
!
i

icSizeInSamplesY / MaxLumaPs ), MaxSlieeSegmentsPerPicture ), for the value of PicSizeInSamplesY of
icture 0, where MaxSliceSegmentsPerPicture, MaxLumaPs and MaxLumaSr are the values| specified
ih Table A.4 and Table A.5, respectively, that apply to picture 0.

d) The difference between consecutive CPB removal times of access units n and n — 1 (with n greater t
atisfy the constraint that~the number of slice segments in picture n is less than or| equal to

] an 0) shall
S
Min( (Max( 1, MaxSliceSegmentsPerPicture * MaxLumaSr / MaxLumaPs * ( AuCpbRemovalTime[n]—
4
\

AuCpbRemovalTime[ ns~1])), MaxSliceSegmentsPerPicture ), where MaxSliceSegmentsPerPicture,
laxLumaPs, and MaxLumaSr are the values specified in Table A.4 and Table A.5 that apply to picture n.

e) Hor the VCL HRD.parameters, BitRate[ i ] shall be less than or equal to BrVclFactor * MaxBR for 4t least one
value of i imthe range of 0 to cpb_cnt minusl[ HighestTid ], inclusive, where BitRate[i] is specified in
dlause E.3(3"based on parameters selected as specified in clause C.1 and MaxBR is specified in Tgble A.5 in
U

nits of BrVclFactor bits/s.

at least one
g = pb—ent—trit g d+ HSHE;—W 8 specified in
clause E.3.3 based on parameters selected as specified in clause C.1 and MaxBR is specified in Table A.5 in
units of BrNalFactor bits/s.

f) Horthe NAL HRD parameters, BitRate[ i ] shall be less than or equal to BrNalFactor * MaxBR for

g) The sum of the NumBytesInNalUnit variables for access unit O shall be less than or equal to
FormatCapabilityFactor * ( Max( PicSizeInSamplesY, fR * MaxLumaSr ) + MaxLumaSr *
( AuCpbRemovalTime[ 0 ] — AuNominalRemovalTime[ 0 ] ) ) + MinCr for the value of PicSizeInSamplesY of
picture 0, where MaxLumaSr and FormatCapabilityFactor are the values specified in Table A.5 and Table A.6,
respectively, that apply to picture 0.

h) The sum of the NumBytesInNalUnit variables for access unit n (with n greater than 0) shall be less than or
equal to FormatCapabilityFactor * MaxLumaSr * ( AuCpbRemovalTime[ n | — AuCpbRemovalTime[n—1])
+ MinCr, where MaxLumaSr and FormatCapabilityFactor are the values specified in Table A.5 and Table A.6,
respectively, that apply to picture n.
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i)

),

The removal time of access unit 0 shall satisfy the constraint that the number of tiles in picture 0 is less than or
equal to Min( Max( 1, MaxTileCols * MaxTileRows * 120 * ( AuCpbRemovalTime[0] -
AuNominalRemovalTime[ 0 ] ) + MaxTileCols * MaxTileRows * PicSizeInSamplesY / MaxLumaPs ),
MaxTileCols * MaxTileRows ), for the value of PicSizeInSamplesY of picture 0, where MaxTileCols and
MaxTileRows are the values specified in Table A.4 that apply to picture 0.

The difference between consecutive CPB removal times of access units n and n — 1 (with n greater than 0) shall
satisfy the constraint that the number of tiles in picture n is less than or equal to Min( Max( 1, MaxTileCols *
MaxTileRows * 120 * ( AuCpbRemovalTime[n] — AuCpbRemovalTime[n—11])), MaxTileCols *
MaxTileRows ), where MaxTileCols and MaxTileRows are the values specified in Table A.4 that apply to
picture n.

k)

Table A.5 — Tier and level limits for the video profiles

e ’g Z=2 FTeZ2=2 = =
< S Z‘ - N =3
2| ZEE| Eiif F
5EE TERE =g
2353 2" 2 52
25> g2 = 0%
e L2 g 8 = ~ a
R = S =g
£ S e o g
° >
2
o
2 = | E| &
=1 o = =
= = = =
1 552960 128 - 2 2
2 3686 400 1500 - 2 2
2.1 7 372 800 3000 - 2 2
3 16 588 800 6 000 - 2 2
3.1 33177 600 10 000 - 2 2
4 66 846 720 120000 30 000 4 4
4.1 133 693 440 20 000 50 000 4 4
5 267 386 880 25000 | 100 000 6 4
5.1 534 7737760 40 000 160 000 8 4
5.2 1 069547 520 60 000 | 240000 8 4
6 17069 547 520 60 000 | 240 000 8 4
6.1 2139095040 | 120000 | 480 000 8 4
6:2 4278 190 080 | 240000 | 800 000 6 4
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Table A.6 — Specification of CpbVclFactor, CpbNalFactor, FormatCapabilityFactor, and MinCrScaleFactor

Profile CpbVclFactor CpbNalFactor FormatCapabilityFactor | MinCrScaleFactor
Monochrome 667 733 1.000 1.0
Monochrome 12 1000 1100 1.500 1.0
Monochrome 16 1333 1467 2.000 1.0
Main 1000 1100 1.500 1.0
Main 10 1000 1100 1.875 1.0
Main 12 1500 1650 2.250 1.0
Main Still Picture 1000 1100 1.500 1.0
Maih 4:2:2 10 1667 1833 2.500 0.5
Maih 4:2:2 12 2000 2200 3.000 0.5
Maiph 4:4:4 10 2500 2750 3.750 05
Maip 4:4:4 12 3000 3300 4.500 0.5
Miin 4:4:4 2000 2200 3.000 0.5
Mpin Intra 1000 1100 1.500 1.0
Main 10 Intra 1000 1100 1.875 1.0
Main 12 Intra 1500 1650 2.250 1.0
Main 4:2:2 10 Intra | 1667 1833 2.500 0.5
Main 4:2:2 12 Intra | 2000 2200 3.000 0.5
Main 4:4:4 Intra 2000 2200 3.000 0.5
Main 4:4:4 10 Intra | 2500 2750 3.750 0.5
Main 4:4:4 12 Intra | 3000 3300 4.500 0.5
Main 4:4:4 16 Intra | 4000 4400 6.000 0.5
Main 4:4:4 Still Picture | 2000 2200 3.000 0.5
Main 4:4:4 16 Still {4000 4400 6.000 0.5
Picture
High Thjoughput 4:4:4 | 4000 4400 6.000 0.5
16 Intra
Informative clause A=4<3 shows the effect of these limits on picture rates for several example picture formats.
A.4.3 Hffectoflevel limits on picture rate for the video profiles (informative)
This clausp ‘does not form an integral part of this Specification.

Informative Tables A.7 and A.8 provide examples of maximum picture rates for the Monochrome, Monochrome 12,
Monochrome 16, Main, Main 10, Main 12, Main 4:2:2 10, Main 4:2:2 12, Main 4:4:4, Main 4:4:4 10, Main 4:4:4 12,
Main Intra, Main 10 Intra, Main 12 Intra, Main 4:2:2 10 Intra, Main 4:2:2 12 Intra, Main 4:4:4 Intra, Main 4:4:4 10 Intra,
Main 4:4:4 12 Intra, Main 4:4:4 16 Intra and High Throughput 4:4:4 16 Intra profiles for various picture formats when
MinCbSizeY is equal to 64.
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Table A.7 — Maximum picture rates (pictures per second) at level 1 to 4.1 for some example picture sizes
when MinCbSizeY is equal to 64

Level: 1 2 2.1 3 3.1 4 4.1
Max luma picture

size (samples): 36 864 122 880 245 760 552 960 983 040 2228224 2228224
Max luma sample

rate (samples/sec) 552 960 3 686 400 7372800 | 16588800 | 33177600 | 66846720 | 133 693 440

Luma Luma Luma

Format nickname width height | picture size

SQCIF 128 96 16384 33.7 225.0 300.0 300.0 300.0 300.0 300.0
QCIF 176 144 36 864 15.0 100.0 200.0 300.0 300.0 300.0 300.0
QVGA 320 240 81920 - 45.0 90.0 202.5 300.0 300.0 300.0
525 SIF 352 240 98 304 - 375 75.0 168.7 300.0 300.0 300.0
CIF 352 288 122-880 = 360 6670 1356 Ay 3000 300.0
525 HHR 352 480 196 608 - - 375 843 168.7 3000 300.0
625 HHR 352 576 221184 - - 333 75.0 150.0 30010 300.0
Q720p 640 360 245 760 - - 30.0 67.5 135.0 272.0 300.0
VGA 640 480 327 680 - - - 50.6 101.2 204.0 300.0
525 4SIF 704 480 360 448 - - - 46.0 92.0 185.4 300.0
525SD 720 480 393216 - - - 42.1 84.3 170.0 300.0
4CIF 704 576 405 504 - - - 40.9 81.8 164.8 300.0
625 SD 720 576 442 368 - - - 378 75.0 151.1 300.0
480p (16:9 864 480 458 752 - - - 86.1 72.3 145.7 291.4
SVGA 800 600 532480 - - - 31.1 62.3 1255 251.0
QHD 960 540 552960 - - - 30.0 60.0 120.8 241.7
XGA 1024 768 786 432 - - - - 42.1 85.0 170.0
720p HD 1280 720 983 040 - - - - 33.7 68.0 136.0
4VGA 1280 960 1228 800 - - - - - 54.4 108.8
SXGA 1280 1024 1310720 - - - - - 51.0 102.0
525 16SIF 1408 960 1351 680 - - - - - 49.4 98.9
16CIF 1408 1152 1622016 - - - - - 412 824
4SVGA 1600 1200 1 945 600 s - - - - 343 68.7
1080 HD 1920 1080 2 088 960 - - - - - 32.0 64.0
2Kx1K 2048 1024 2097 152 - - - - - 31.8 63.7
2Kx1080 2048 1080 2228224, - - - - - 30.0 60.0
4XGA 2048 1536 8 145728 - - - - - - -
16VGA 2560 1920 4915200 - - - - - - -
3616x1536 [2.35:1) 3616 1536 5603 328 - - - - - - -
3672x1536 (2.39:1) 3680 1536 5701 632 - - - - - - -
3840x2160 [4*HD) 3840 2160 8355 840 - - - - - - -
4Kx2K 4096 2048 8388 608 - - - - - - -
4096x2160 4096 2160 8912896 - - - - - - -
4096x2304 [(16:9) 4096 2304 9437184 - - - - - - -
7680x4320 7680 4320 33423 360 - - - - - - -
8192x4096 3192 4096 33554432 - - - - - - -
8192x4320 8192 4320 35651 584 - - - - - - -
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Table A.8 — Maximum picture rates (pictures per second) at level 5 to 6.2 for some example picture sizes
when MinCbSizeY is equal to 64

Level: 5 5.1 5.2 6 6.1 6.2
Max luma picture
size (samples): 8912 896 8912 896 8912 896 35651 584 35651584 35651584
Max luma sample 267 386 8
rate (samples/sec) 80 534773 760 1069 547 520 1069 547520 | 2139095040 | 4278 190 080
Luma Luma Luma
Format nickname width height picture size
SQCIF 128 96 16384 300.0 300.0 300.0 300.0 300.0 300.0
QCIF 176 144 36 864 300.0 300.0 300.0 300.0 300.0 300.0
QVGA 320 240 81920 300.0 300.0 300.0 300.0 300.0 300.0
525 SIF 352 240 98 304 300.0 300.0 300.0 300.0 300.0 300.0
CIF 35 288 122-880 3600 3600 3600 3600 3666 300.0
525 HHR 352 480 196 608 300.0 300.0 300.0 300.0 300.0 300.0
625 HHR 352 576 221184 300.0 300.0 300.0 300.0 300.0 300.0
Q720p 640 360 245 760 300.0 300.0 300.0 300.0 300.0 300.0
VGA 640 480 327 680 300.0 300.0 300.0 300.0 300.0 300.0
525 4SIF 704 480 360 448 300.0 300.0 300.0 300.0 300.0 300.0
525SD 720 480 393216 300.0 300.0 300.0 300.0 300.0 300.0
4CIF 704 576 405 504 300.0 300.0 300.0 300.0 300.0 300.0
625 SD 720 576 442 368 300.0 300.0 300.0 300.0 300.0 300.0
480p (16:9) 864 480 458 752 300.0 300.0 300.0 300.0 300.0 300.0
SVGA 800 600 532480 300.0 300.0 360070 300.0 300.0 300.0
QHD 960 540 552 960 300.0 300.0 300.0 300.0 300.0 300.0
XGA 1024 768 786 432 300.0 300.0 300.0 300.0 300.0 300.0
720p HD 1280 720 983 040 272.0 300.0 300.0 300.0 300.0 300.0
4VGA 1280 960 1228 800 217.6 3000 300.0 300.0 300.0 300.0
SXGA 1280 1024 1310720 204.0 300.0 300.0 300.0 300.0 300.0
525 16SIF 1408 960 1351 680 197.8 300.0 300.0 300.0 300.0 300.0
16CIF 1408 1152 1622016 164.8 300.0 300.0 300.0 300.0 300.0
4SVGA 1600 1200 1 945 600 1374 274.8 300.0 300.0 300.0 300.0
1080 HD 1920 1080 2 088 960 128.0 256.0 300.0 300.0 300.0 300.0
2Kx1K 2048 1024 2097 152 127.5 255.0 300.0 300.0 300.0 300.0
2Kx1080 2048 1080 2228224 120.0 240.0 300.0 300.0 300.0 300.0
4XGA 2048 1536 3 145,728 85.0 170.0 300.0 300.0 300.0 300.0
16VGA 2560 1920 4915200 54.4 108.8 217.6 217.6 300.0 300.0
3616x1536 [2.35:1) 3616 1536 5603 328 47.7 95.4 190.8 190.8 300.0 300.0
3672x1536 [2.39:1) 3680 1536 5701 632 46.8 93.7 187.5 187.5 300.0 300.0
3840x2160 [4*HD) 3840 2160 8355840 32.0 64.0 128.0 128.0 256.0 300.0
4Kx2K 4096 2048 8388 608 31.8 63.7 127.5 127.5 255.0 300.0
4096x2160 4096 2160 8912 896 30.0 60.0 120.0 120.0 240.0 300.0
4096x2304 [16:9) 4096 2304 9437184 - - - 1133 226.6 300.0
4096x3072 4096 3072 12582912 - - - 85.0 170.0 300.0
7680x4320 7680 4320 33425360 - - - 320 64.0 128.0
8192x4096 8192 4096 33554432 - - - 31.8 63.7 127.5
8192x4320 8192 4320 35651584 - - - 30.0 60.0 120.0

The following should be noted in regard to the examples shown in Tables A.7 and A.8:
—  This is a variable-picture-size Specification. The specific listed picture sizes are illustrative examples only.

—  The example luma picture sizes were computed by rounding up the luma width and luma height to multiples of 64
before computing the product of these quantities, to reflect the potential use of MinCbSizeY equal to 64 for these
picture sizes, as pic_width_in luma samples and pic_height in luma samples are each required to be a multiple of
MinCbSizeY. For some illustrated values of luma width and luma height, a somewhat higher number of pictures per
second can be supported when MinCbSizeY is less than 64.
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In cases where the maximum picture rate value is not an integer multiple of 0.1 pictures per second, the given
maximum picture rate values have been rounded down to the largest integer multiple of 0.1 frames per second that
does not exceed the exact value. For example, for level 3.1, the maximum picture rate for 720p HD has been
rounded down to 33.7 from an exact value of 33.75.

As used in the examples, "525" refers to typical use for environments using 525 analogue scan lines (of which
approximately 480 lines contain the visible picture region), and "625" refers to environments using 625 analogue
scan lines (of which approximately 576 lines contain the visible picture region).

XGA is also known as (aka) XVGA, 4SVGA aka UXGA, 16XGA aka 4Kx3K, CIF aka 625 SIF, 625 HHR aka
2CIF aka half 625 D-1, aka half 625 ITU-R BT.601, 525 SD aka 525 D-1 aka 525 ITU-R BT.601, 625 SD aka 625
D-1 aka 625 ITU-R BT.601.
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Annex B

Byte stream format

(This annex forms an integral part of this Recommendation | International Standard.)

B.1 General

This annex specifies syntax and semantics of a byte stream format specified for use by applications that deliver some or
all of the NAL unit stream as an ordered stream of bytes or bits within which the locations of NAL unit boundaries need
to be identifiable from patterns in the data, such as Rec. ITU-T H.222.0 | ISO/IEC 13818-1 systems or Rec. ITU-T H.320
systems. For bit-oriented delivery, the bit order for the byte stream format is specified to start with the MSB of the first

b h +} J-QR il il 1 + el - +} AT il 3] + +
yte, procgedtotirc =SB ot tiefrstoyte; totfowed by tircviSBot tircscromdoyte; ©te:

The byte $tream format consists of a sequence of byte stream NAL unit syntax structures. Each byte stréam|NAL unit
syntax strjicture contains one start code prefix followed by one nal unit( NumBytesInNalUnit ) syntax) structyre. It may
(and undef some circumstances, it shall) also contain an additional zero byte syntax element. It mdy] also confain one or
more addifional trailing zero 8bits syntax elements. When it is the first byte stream NAL unit‘in the bitstream, it may
also contaln one or more additional leading_zero 8bits syntax elements.

B.2 Byte stream NAL unit syntax and semantics

B.2.1 Byte stream NAL unit syntax

byte [stream nal unit( NumBytesInNalUnit ) { Descriptor
while( next_bits(24) != 0x000001 && next bits(32) !=,.0x00000001 )
leading_zero_8bits /* equal to 0x00 */ f(8)
if( next_bits( 24 ) != 0x000001 )
zero_byte /* equal to 0x00 */ f(8)
start_code_prefix_one_3bytes /* equal to 0x000001 */ f(24)

ndl unit( NumBytesInNalUnit )

while( more data_in_byte stream( ) &&-next bits( 24 ) !'= 0x000001 &&
next bits(32) != 0x00000001.)
trailing_zero_8bits /* equal to'0x00 */ f(8)

B.2.2  Byte stream NAL@unit semantics

The order jof byte streanNAL units in the byte stream shall follow the decoding order of the NAL units contajned in the
byte strean NAL unitsi(see clause 7.4.2.4). The content of each byte stream NAL unit is associated with the sgme access
unit as the| NAL unit-contained in the byte stream NAL unit (see clause 7.4.2.4.4).

leading_zpre’ 8bits is a byte equal to 0x00.
NOTE LThe leading zero 8bits syntax elemen t can-only be present in the first byte strea Lunit of the bitstream Ibecause (as
shown in the syntax diagram of clause B.2.1) any bytes equal to 0x00 that follow a NAL unit syntax structure and precede the
four-byte sequence 0x00000001 (which is to be interpreted as a zero_byte followed by a start code prefix _one 3bytes) will be
considered to be trailing_zero 8bits syntax elements that are part of the preceding byte stream NAL unit.

aa BIANWA'

zero_byte is a single byte equal to 0x00.
When one or more of the following conditions are true, the zero byte syntax element shall be present:
—  The nal_unit_type within the nal_unit( ) syntax structure is equal to VPS_NUT, SPS_NUT or PPS_NUT.

—  The byte stream NAL unit syntax structure contains the first NAL unit of an access unit in decoding order, as
specified in clause 7.4.2.4.4.

start_code_prefix_one_3bytes is a fixed-value sequence of 3 bytes equal to 0x000001. This syntax element is called a
start code prefix.

trailing_zero_8bits is a byte equal to 0x00.
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B.3 Byte stream NAL unit decoding process

Input to this process consists of an ordered stream of bytes consisting of a sequence of byte stream NAL unit syntax
structures.

Output of this process consists of a sequence of NAL unit syntax structures.

At the beginning of the decoding process, the decoder initializes its current position in the byte stream to the beginning
of the byte stream. It then extracts and discards each leading zero 8bits syntax element (when present), moving the
current position in the byte stream forward one byte at a time, until the current position in the byte stream is such that the
next four bytes in the bitstream form the four-byte sequence 0x00000001.

The decoder then performs the following step-wise process repeatedly to extract and decode each NAL unit syntax
structure in the byte stream until the end of the byte stream has been encountered (as determined by unspecified means)
and the last NAL unit in the byte stream has been decoded:

; n the byte
sfream (which is a zero byte syntax element) is extracted and discarded and the current positionin the byte
sfream is set equal to the position of the byte following this discarded byte.

e next three-byte sequence in the byte stream (which is a start code prefix one 3bytes) is extfacted and
scarded and the current position in the byte stream is set equal to the position of the byte follpwing this
hiree-byte sequence.

(98]
A =>

umBytesInNalUnit is set equal to the number of bytes starting with the byte at the current position jn the byte
ream up to and including the last byte that precedes the location of one or more of the following conflitions:

22}

- A subsequent byte-aligned three-byte sequence equal to 0x000000;
- A subsequent byte-aligned three-byte sequence equal to 0x000001),
- The end of the byte stream, as determined by unspecified means.

umBytesInNalUnit bytes are removed from the bitstream ‘and the current position in the byte| stream is

lvanced by NumBytesInNalUnit bytes. This sequenc€)of bytes is nal unit( NumBytesInNalUnft ) and is
pcoded using the NAL unit decoding process.

Vhen the current position in the byte stream is not,at'the end of the byte stream (as determined by ynspecified
leans) and the next bytes in the byte stream do not start with a three-byte sequence equal to 0x000001 and the
ext bytes in the byte stream do not start with,a four byte sequence equal to 0x00000001, the decoder extracts
hd discards each trailing zero 8bits syntax element, moving the current position in the byte stream forward
he byte at a time, until the current positien in the byte stream is such that the next bytes in the byte sfream form
e four-byte sequence 0x00000001<or the end of the byte stream has been encountered (as detefmined by
hspecified means).

9
o OB B8 < o ® 7

e =

B.4 Decoder byte-alignment recovery (informative)
This clausp does not form an ifitégral part of this Specification.

Many applications provide data to a decoder in a manner that is inherently byte aligned, and thus have no n¢ed for the
bit-oriented byte alignment detection procedure described in this clause.

A decoder] is said tehave byte alignment with a bitstream when the decoder has determined whether or not the positions
of data in [the Witstream are byte-aligned. When a decoder does not have byte alignment with the bitstream, the decoder
may exanfingdhe incoming bitstream for the binary pattern '00000000 00000000 00000000 00000001' (31 cpnsecutive
bits equal to-8-fotowedby-abitcquatto D—TFhe bitimmedatety fotowmgthts patternts-thefirst-bitofanatigned byte
following a start code prefix. Upon detecting this pattern, the decoder will be byte-aligned with the bitstream and
positioned at the start of a NAL unit in the bitstream.

Once byte aligned with the bitstream, the decoder can examine the incoming bitstream data for subsequent three-byte
sequences 0x000001 and 0x000003.

When the three-byte sequence 0x000001 is detected, this is a start code prefix.

When the three-byte sequence 0x000003 is detected, the third byte (0x03) is an emulation_prevention_three byte to be
discarded as specified in clause 7.4.2.

When an error in the bitstream syntax is detected (e.g., a non-zero value of the forbidden zero bit or one of the
three-byte or four-byte sequences that are prohibited in clause 7.4.2), the decoder may consider the detected condition as
an indication that byte alignment may have been lost and may discard all bitstream data until the detection of byte
alignment at a later position in the bitstream as described above in this clause.
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Annex C

Hypothetical reference decoder

(This annex forms an integral part of this Recommendation | International Standard.)

Cl1 General
This annex specifies the hypothetical reference decoder (HRD) and its use to check bitstream and decoder conformance.

Two types of bitstreams or bitstream subsets are subject to HRD conformance checking for this Specification. The first
type, called a Type I bitstream, is a NAT, unit stream containing only the VCI, NAIL units and NAIL units with
nal unit type equal to FD_NUT (filler data NAL units) for all access units in the bitstream. The second type, called a
Type 1II bjtstream, contains, in addition to the VCL NAL units and filler data NAL units for all aceess upits in the
bitstream, [at least one of the following:

— additfonal non-VCL NAL units other than filler data NAL units,

— all lepding zero 8bits, zero byte, start code prefix one 3bytes, and trailing zero 8bits.syntax elementg that form
a byt¢ stream from the NAL unit stream (as specified in Annex B).

Figure C.1 shows the types of bitstream conformance points checked by the HRD.

Non ~VCL NAL units other
VCL NAL units than' filler data NAL units

Filler data NAL units

Byte stream format
encapsulation
(see Annex B)

Type T HRD Type I HRD Type I HRD
conformance point conformance point when conformance point when
not using using
byte stream format byte stream format

Figure C.1 — Structure of byte streams and NAL unit streams for HRD conformance checks

The syntax elements of on-VCL NAL units (or their default values for some of the syntax elements), requifed for the
HRD, are ppecified imthe semantic clauses of clause 7, Annexes D and E.

Two typeq of HRD. parameter sets (NAL HRD parameters and VCL HRD parameters) are used. The HRD pargmeter sets
are signalled{thtough the hrd parameters( ) syntax structure, which may be part of the SPS syntax structure ¢r the VPS
syntax structiwe

Two sets of bitstream conformance tests are needed for checking the conformance of a bitstream, which is referred to as
the entire bitstream, denoted as entireBitstream. The first set of bitstream conformance tests are for testing the
conformance of the entire bitstream and its temporal subsets, regardless of whether there is a layer set specified by the
active VPS that contains all the nuh_layer id values of VCL NAL units present in the entire bitstream. The second set of
bitstream conformance tests are for testing the conformance of the layer sets specified by the active VPS and their
temporal subsets. For all these tests, only the base layer pictures (i.e., pictures with nuh_layer id equal to 0) are decoded
and other pictures are ignored by the decoder when the decoding process is invoked.

For each test, the following steps apply in the order listed, followed by the processes described after these steps in this
clause:

1. An operation point under test, denoted as TargetOp, is selected by selecting a layer identifier list OpLayerIdList
and a target highest Temporalld value OpTid. The layer identifier list OpLayerldList of TargetOp either consists
of all the nuh layer id values of the VCL NAL units present in entireBitstream or consists of all the
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nuh_layer id values of a layer set specified by the active VPS. The value of OpTid is in the range of 0 to
sps_max_sub_layers_minusl, inclusive. The values of OpLayerldList and QpTid are such that the sub-bitstream
BitstreamToDecode that is the output by invoking the sub-bitstream extraction process as specified in clause 10
with entireBitstream, OpTid, and OpLayerIdList as inputs satisify both of the following conditions:

—  There is at least one VCL NAL unit in BitstreamToDecode with nuh layer id equal to each of the
nuh_layer id values in OpLayerldList.

—  There is at least one VCL NAL unit with Temporalld equal to QpTid in BitstreamToDecode.

TargetDecLayerldList is set equal to OpLayerldList of TargetOp and HighestTid is set equal to OpTid of
TargetOp.

The hrd parameters( ) syntax structure and the sub layer hrd parameters() syntax structure applicable to
TargetOp are selected. If TargetDecLayerldList contains all nuh _layer id values present in entireBitstream, the
hrd parameters( ) syntax structure in the active SPS (or provided through an external means not specified in this
Specification) is selected. Otherwise, the hrd paramete ntax structure in the active VPS (or provided
through some external means not specified in this Specification) that applies to TargetOp is selected. Within the
s¢lected hrd parameters() syntax structure, if BitstreamToDecode is a Type I ~bitstjeam, the
spb_layer hrd parameters( HighestTid ) syntax structure that immediately follows) ‘the | condition
"If( vel_hrd_parameters_present flag )" is selected and the variable NalHrdModeFlag Jis* set equal to O;
otherwise (BitstreamToDecode is a Type II bitstream), the sub layer hrd parametérs( HighestTid ) syntax
sfructure that immediately follows either the condition "if( vel hrd parameters present’ flag )" (in thiis case the
vpriable NalHrdModeFlag is set equal to 0) or the condition "if( nal hrd parameters_present flag|)" (in this
cpse the variable NalHrdModeFlag is set equal to 1) is selected. When BitstreamToDecode is ja Type 11
bjtstream and NalHrdModeFlag is equal to 0, all non-VCL NAL units eXeept filler data NAL units, and all
Igading_zero 8bits, zero byte, start code prefix one 3bytes, and trailing\ zero 8bits syntax elements that form
al byte stream from the NAL unit stream (as specified in AnnexB), when present, are discafded from
HitstreamToDecode, and the remaining bitstream is assigned to BitstreamToDecode.

An access unit associated with a buffering period SEI messagé{(present in BitstreamToDecode of available
through external means not specified in this Specification)\applicable to TargetOp is selected as| the HRD
initialization point and referred to as access unit 0. If TapgetDecLayerldList contains all nuh layer id values
pkesent in entireBitstream, the assocciated buffering\period SEI message shall be either a non-fjested SEI

essage or provided by external means. Otherwise, the/assocciated buffering period SEI message shall be either
a|nested SEI message or provided by external means:

hen sub pic _hrd params present flag in the“selected hrd parameters( ) syntax structure is equal to 1, the
(IPB is scheduled to operate either at thecaccess unit level (in which case the variable SubPicHrdFlag is set
efjual to 0) or at the sub-picture level (in\which case the variable SubPicHrdFlag is set equal to 1). Ptherwise,
bPicHrdFlag is set equal to 0 and the)CPB is scheduled to operate at the partition unit level.

or each access unit in BitstreamToDecode starting from access unit 0, the buffering period SHI message
(present in BitstreamToDecode or available through external means not specified in this Specification) that is
apsociated with the access unit’and applies to TargetOp is selected, the picture timing SEI message {present in
RitstreamToDecode or.available through external means not specified in this Specification) that is |associated

ith the access unif and applies to TargetOp is selected, and when SubPicHrdFlag is equal|to 1 and
spib_pic_cpb params)in_pic timing sei flag is equal to 0, the decoding unit information SEI messagps (present
in BitstreamTeDecode or available through external means not specified in this Specification)) that are
apsociated with-decoding units in the access unit and apply to TargetOp are selected. If TargetDecl{ayerIdList
cpntains all nuh layer id values present in entireBitstream, the selected buffering period, picture tjming, and
decoding\unit information SEI messages shall be either non-nested SEI messages or provided by external
peans, Otherwise, the selected buffering period, picture timing, and decoding unit information SEJ messages
shall he either nested SET messages or provided hy external means

A wvalue of SchedSelldx is selected. The selected SchedSelldx shall be in the range of 0 to
cpb_cnt minusl[ HighestTid ], inclusive, where cpb_cnt minusl[ HighestTid] is found in the
hrd parameters( ) syntax structure as selected above.

When the coded picture in access unit 0 has nal unit type equal to CRA NUT or BLA W _LP, and
irap_cpb_params_present flag in the selected buffering period SEI message is equal to 1, either of the following
applies for selection of the initial CPB removal delay and delay offset:

— If NalHrdModeFlag is equal to 1, the default initial CPB removal delay and delay offset represented by
nal_initial cpb removal delay[ SchedSelldx ] and nal_initial cpb removal offset[ SchedSelldx ],
respectively, in the selected buffering period SEI message are selected. Otherwise, the default initial CPB
removal delay and delay offset represented by vcl initial cpb removal delay[ SchedSelldx ] and
vel initial cpb_removal offset[ SchedSelldx ], respectively, in the selected buffering period SEI message
are selected. The variable DefaultInitCpbParamsFlag is set equal to 1.
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— If NalHrdModeFlag is equal to 1, the alternative initial CPB removal delay and delay offset represented by
nal_initial alt cpb removal delay[ SchedSelldx ] and nal initial alt cpb removal offset[ SchedSelldx ],
respectively, in the selected buffering period SEI message are selected. Otherwise, the alternative initial
CPB removal delay and delay offset represented by vcl initial alt cpb _removal delay[ SchedSelldx ] and
vel initial_alt cpb_removal offset] SchedSelldx ], respectively, in the selected buffering period SEI
message are selected. The variable DefaultInitCpbParamsFlag is set equal to 0, and the RASL access units
associated with access unit 0 are discarded from BitstreamToDecode and the remaining bitstream is
assigned to BitstreamToDecode.

Each conformance test consists of a combination of one option in each of the above steps. When there is more than one
option for a step, for any particular conformance test only one option is chosen. All possible combinations of all the steps
form the entire set of conformance tests.

For each operation point under test, the number of bitstream conformance tests to be performed is equal to
n0 *nl * (n2 * 2 + n3 ) * n4, where the values of n0, nl, n2, n3, and n4 are specified as follows:

— n0 isderived as follows:

— Jf BitstreamToDecode is a Type I bitstream, n0 is equal to 1.

—  Otherwise (BitstreamToDecode is a Type II bitstream), n0 is equal to 2.
— nlisfqual to cpb_cnt minusl[ HighestTid ] + 1.

—  n2 is|the number of access units in BitstreamToDecode that each is associated with a buffering period SHI message
appligable to TargetOp and for each of which both of the following conditions are truet

- nal unit type is equal to CRA NUT or BLA W_LP for the VCL NAL/ units.

—| The associated buffering period SEI message applicable to TargetOp has irap cpb params piesent flag
equal to 1.

— 3 is|the number of access units in BitstreamToDecode BitstreamToDgcode that each is associated with 3 buffering
periofl SEI message applicable to TargetOp and for each of whichoneor both of the following conditions|are true:

- nal unit type is equal to neither CRA_NUT nor BLAyW’ LP for the VCL NAL units.

—  The associated buffering period SEI message applicable to TargetOp has irap cpb params ptesent flag
equal to 0.

—  n4 isderived as follows:

If sub_pic_hrd params_present flag in the selected hrd parameters( ) syntax structure is equal [to 0, n4 is
equal to 1.

Otherwise, n4 is equal to 2.

When BitdtreamToDecode is a Type II bitstream, the following applies:

— If the sub_layer hrd parametérs(‘HighestTid ) syntax structure that immediately follows the | condition
"if( vel_hrd_parameters_present.flag )" is selected, the test is conducted at the Type I conformance pgint shown
in Figure C.1, and only VCE:and filler data NAL units are counted for the input bit rate and CPB storage.

—  Othetwise (the sub_layer hrd parameters( HighestTid ) syntax structure that immediately follows the| condition
"if( npl_hrd parameters present flag )" is selected), the test is conducted at the Type II conformance pgint shown
in Figure C.1, and/all bytes of the Type II bitstream, which may be a NAL unit stream or a byte stream, are counted
for thie input bit rate and CPB storage.

NOTE [l - NALHRD parameters established by a value of SchedSelldx for the Type II conformance point shown in| Figure C.1
are sufficient'to also establish VCL HRD conformance for the Type I conformance point shown in Figure C.1 for the Jame values
of InftCpbRemovalDelay[ SchedSelldx ], BitRate[ SchedSelldx ], and CpbSize[ SchedSelldx ] for the YBR case
(cbr_flag[ SchedSelldx | equal to 0). This is because the data flow into the Type I conformance point is a subset of the data flow
into the Type II conformance point and because, for the VBR case, the CPB is allowed to become empty and stay empty until the
time a next picture is scheduled to begin to arrive. For example, when decoding a CVS conforming to one or more of the profiles
specified in Annex A using the decoding process specified in clauses 2 through 10, when NAL HRD parameters are provided for
the Type II conformance point that not only fall within the bounds set for NAL HRD parameters for profile conformance in item f)
of clause A.4.2 but also fall within the bounds set for VCL HRD parameters for profile conformance in item ¢) of clause A.4.2,
conformance of the VCL HRD for the Typel conformance point is also assured to fall within the bounds of iteme) of
clause A.4.2.

All VPSs, SPSs and PPSs referred to in the VCL NAL units, and the corresponding buffering period, picture timing and
decoding unit information SEI messages shall be conveyed to the HRD, in a timely manner, either in the bitstream (by
non-VCL NAL units), or by other means not specified in this Specification.

In Annexes C, D, and E, the specification for "presence" of non-VCL NAL units that contain VPSs, SPSs, PPSs,
buffering period SEI messages, picture timing SEI messages, or decoding unit information SEI messages is also satisfied
when those NAL units (or just some of them) are conveyed to decoders (or to the HRD) by other means not specified in
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this Specification. For the purpose of counting bits, only the appropriate bits that are actually present in the bitstream are
counted.
NOTE 2 — As an example, synchronization of such a non-VCL NAL unit, conveyed by means other than presence in the bitstream,
with the NAL units that are present in the bitstream, can be achieved by indicating two points in the bitstream, between which the
non-VCL NAL unit would have been present in the bitstream, had the encoder decided to convey it in the bitstream.

When the content of such a non-VCL NAL unit is conveyed for the application by some means other than presence
within the bitstream, the representation of the content of the non-VCL NAL unit is not required to use the same syntax as
specified in this Specification.
NOTE 3 — When HRD information is contained within the bitstream, it is possible to verify the conformance of a bitstream to the
requirements of this clause based solely on information contained in the bitstream. When the HRD information is not present in

the bitstream, as is the case for all "stand-alone" Type I bitstreams, conformance can only be verified when the HRD data are
supplied by some other means not specified in this Specification.

The HRD contains a coded picture buffer (CPB), an instantaneous decoding process, a decoded picture buffer (DPB),
and outpuf{Tropping as SHown N Figure C.2-

Hypothetical stream scheduler
(HSS)

Type I or Type 1II bitstream

Coded picture buffer (CPB)

Decoding units

Decoding process
(instantaneous)

Reference

pictures Decoded decoding units

Decoded picture buffer (DPB)

Rictures

Qutput cropping

JOutput cropped pictures
Figure C.2 — HRD buffer model

For each |bitstream conformancéntest, the CPB size (number of bits) is CpbSize[ SchedSelldx ] as specified in
clause E.3|3, where SchedSelldx'and the HRD parameters are specified above in this clause. The DPB size (number of
picture stgrage buffers) is sps_max_dec_pic_buffering minus1[ HighestTid ] + 1.

If SubPicHirdFlag is equalto 0, the HRD operates at access unit level and each decoding unit is an access unit.[Otherwise
the HRD gperates atsub-picture level and each decoding unit is a subset of an access unit.

NOTE 4:=1If the HRD operates at access unit level, each time when some bits are removed from the CPB, a ddcoding unit
hat.is.an entire access unit is removed from the CPB. Otherwise (the HRD operates at sub-picture level), eacl] time when
ome blts are removed from the CPB, a decodlng unit that is a subset of an access umt is removed fI‘OI’l the CPB.

S C are is output
from the DPB an entire decoded plcture is output from the DPB though the plcture output time is derlved based on the
differently derived CPB removal times and the differently signalled DPB output delays.

The following is specified for expressing the constraints in this annex:

— Each access unit is referred to as access unit n, where the number n identifies the particular access unit. Access
unit 0 is selected per step 4 above. The value of n is incremented by 1 for each subsequent access unit in decoding
order.

— Each decoding unit is referred to as decoding unit m, where the number m identifies the particular decoding unit.
The first decoding unit in decoding order in access unit 0 is referred to as decoding unit 0. The value of m is
incremented by 1 for each subsequent decoding unit in decoding order.

NOTE 5 — The numbering of decoding units is relative to the first decoding unit in access unit 0.

—  Picture n refers to the coded picture or the decoded picture of access unit n.
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The HRD operates as follows:

The HRD is initialized at decoding unit 0, with the both the CPB and the DPB being set to be empty (the DPB
fullness is set equal to 0).

NOTE 6 — After initialization, the HRD is not initialized again by subsequent buffering period SEI messages.

Data associated with decoding units that flow into the CPB according to a specified arrival schedule are delivered by
the HSS.

The data associated with each decoding unit are removed and decoded instantancously by the instantaneous
decoding process at the CPB removal time of the decoding unit.

Each decoded picture is placed in the DPB.

A decoded picture is removed from the DPB when it becomes no longer needed for inter prediction reference and no
longer needed for output.

For each pitstream conformance test, the operation of the CPB is specified in clause C.2, the instantanemlls decoder
operation [is specified in clauses 2 through 10, the operation of the DPB is specified in clause C.3;~and fthe output

cropping if specified in clause C.3.3 and clause C.5.2.2.

HSS and HRD information concerning the number of enumerated delivery schedules and theircassociated bif rates and
buffer siz¢s is specified in clauses E.2.2 and E.3.2. The HRD is initialized as specified by.the buffering period SEI
message specified in clauses D.2.2 and D.3.2. The removal timing of decoding units from flie*CPB and outpuf timing of
decoded pjctures from the DPB is specified using information in picture timing SEI messages (specified in clauses D.2.3
and D.3.3) or in decoding unit information SEI messages (specified in clauses,'D:2.21 and D.3.21). All timing

informatign relating to a specific decoding unit shall arrive prior to the CPB removahtime of the decoding unit

The requifements for bitstream conformance are specified in clause C.4, and the HRD is used to check confqrmance of

bitstreams|as specified above in this clause and to check conformance of decoders as specified in clause C.5.

NOTE [ — While conformance is guaranteed under the assumption that allpicture-rates and clocks used to generate the bitstream
match gxactly the values signalled in the bitstream, in a real system each/of\these may vary from the signalled or specifled value.

All the arithmetic in this annex is performed with real values, so\that no rounding errors can propagate. For example, the

number off bits in a CPB just prior to or after removal of a decoding unit is not necessarily an integer.

The varialjle ClockTick is derived as follows and is called-a%lock tick:

The varialjle ClockSubTick is derived as follows and is called a clock sub-tick:

C.2

C.2.1 (eneral

(lockTick = vui_num_units_in_tick + vui_tifhe scale (C-3)

(lockSubTick = ClockTick + ( tick  divisor minus2 + 2 ) (C-4)

Dperation of coded picture buffer (CPB)

The speciffications in this clause apply independently to each set of CPB parameters that is present and to both|the Type I
and Type|Il conformafice points shown in Figure C.1, and the set of CPB parameters is selected as specified in

clause C.1

C.2.2 T’ming of decoding unit arrival

If SubPicHrdFlag is equal to 0, the variable subPicParamsFlag is set equal to 0, and the process in specified in the
remainder of this clause 1s invoked with a decoding unit being considered as an access unit, for derivation of the initial
and final CPB arrival times for access unit n.

Otherwise (SubPicHrdFlag is equal to 1), the process in specified in the remainder of this clause is first invoked with the
variable subPicParamsFlag set equal to 0 and a decoding unit being considered as an access unit, for derivation of the
initial and final CPB arrival times for access unit n, and then invoked with subPicParamsFlag set equal to 1 and a
decoding unit being considered as a subset of an access unit, for derivation of the initial and final CPB arrival times for
the decoding units in access unit n.

The variables InitCpbRemovalDelay[ SchedSelldx ] and InitCpbRemovalDelayOffset] SchedSelldx | are derived as
follows:

If one or more of the following conditions are true, InitCpbRemovalDelay[ SchedSelldx] and
InitCpbRemovalDelayOffset] SchedSelldx ] are set equal to the values of the buffering period SEI message syntax
elements nal_initial alt cpb_removal delay[ SchedSelldx ] and nal_initial alt cpb removal offset][ SchedSelldx ],
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respectively, when NalHrdModeFlag is equal to 1, or vcl initial alt cpb removal delay[ SchedSelldx ] and

vel initial alt cpb removal offset[ SchedSelldx ], respectively, when NalHrdModeFlag is equal to 0,
buffering period SEI message syntax elements are selected as specified in clause C.1:

where the

— Access unit 0 is a BLA access unit for which the coded picture has nal unit type equal to BLA W _RADL or
BLA N LP, and the value of irap_cpb params_present flag of the buffering period SEI message is equal to 1.

— Access unit 0 is a BLA access unit for which the coded picture has nal unit type equal to BLA W LPorisa
CRA access unit, and the value of irap_cpb_params_present_flag of the buffering period SEI message is equal

to 1, and one or more of the following conditions are true:
— UseAltCpbParamsFlag for access unit 0 is equal to 1.
— DefaultInitCpbParamsFlag is equal to 0.

—  The value of subPicParamsFlag is equal to 1.

Othefwise, InttCpbRemovalDelay[ SchedSelldx | and InitCpbRemovalDelayOlTsef] SchedSelldx | are s¢t equal to
the values of the buffering period SEI message syntax elements nal initial cpb_removal delay[ SchedS¢lldx ] and

nal ipitial cpb _removal offset[ SchedSelldx ], respectively, when NalHrdModeFlag is equal

o 1, or

vcl _ihitial cpb_removal delay[ SchedSelldx | and wvcl initial cpb _removal offset[ SchedSelldx”], reppectively,

when| NalHrdModeFlag is equal to 0, where the buffering period SEI message syntax elements are §
specified in clause C.1.

elected as

The time jat which the first bit of decoding unit m begins to enter the CPB is referred, to' as the initial afrival time

initArrivalTime[ m ].

The initiall arrival time of decoding unit m is derived as follows:
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If theldecoding unit is decoding unit O (i.e., when m is equal to 0), initArrivalTime[ 0 ] is set equal to 0.
Othegwise (the decoding unit is decoding unit m with m > 0), the following applies:

— If cbr_flag[ SchedSelldx ] is equal to 1, the initial arrival time for decoding unit m is equal to the f}
ime (which is derived below) of decoding unit m — 1, .64

if( !subPicParamsFlag )

initArrivalTime[ m | = AuFinalArrivalTime[ m — 1 ]
else

initArrivalTime[ m | = DuFinalArrivalTime[ m — 1 ]

—  PDtherwise (cbr_flag[ SchedSelldx ] is -equal to 0), the initial arrival time for decoding unit m is
follows:

if( !subPicParamsFlag )

initArrivalTime[ m],= Max( AuFinalArrivalTime[ m — 1 ], initArrivalEarliestTime[ m ] )
else

initArrival Time[ m | = Max( DuFinalArrivalTime[ m — 1 ], initArrivalEarliestTime[ m ] )

vhere initArrivalEarliestTime[ m ] is derived as follows:
- The variable tmpNominalRemovalTime is derived as follows:

if()!subPicParamsFlag )
tmpNominalRemovalTime = AuNominalRemovalTime[ m ]
else

nal arrival

(C-5)

derived as

(C-6)

(C-7)

tmpNominalRemovalTime = DuNominalRemovalTime[ m ]

where AuNominalRemovalTime[ m ] and DuNominalRemovalTime[ m ] are the nominal CPB removal

time of access unit m and decoding unit m, respectively, as specified in clause C.2.3.

— If decoding unit m is not the first decoding unit of a subsequent buffering period,

initArrivalEarliestTime[ m ] is derived as follows:

initArrivalEarliestTime[ m | = tmpNominalRemovalTime — ( InitCpbRemovalDelay[ SchedSelldx ]

+ InitCpbRemovalDelayOffset] SchedSelldx ] ) + 90000

(C-8)

—  Otherwise (decoding unit m is the first decoding unit of a subsequent buffering period),

initArrivalEarliestTime[ m ] is derived as follows:

initArrivalEarliestTime[ m ] = tmpNominalRemovalTime —
( InitCpbRemovalDelay[ SchedSelldx ]+ 90000 )
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The final arrival time for decoding unit m is derived as follows:

if( !subPicParamsFlag )

AuFinalArrivalTime[ m ] = initArrivalTime[ m ] + sizelnbits[ m ] + BitRate[ SchedSelldx ] (C-10)
else

DuFinalArrivalTime[ m ] = initArrivalTime[ m ] + sizelnbits[ m ] + BitRate[ SchedSelldx ]

where sizelnbits[ m ] is the size in bits of decoding unit m, counting the bits of the VCL NAL units and the filler data
NAL units for the Type 1 conformance point or all bits of the Type II bitstream for the Type II conformance point, where
the Type I and Type II conformance points are as shown in Figure C.1.

The values of SchedSelldx, BitRate[ SchedSelldx ], and CpbSize[ SchedSelldx ] are constrained as follows:

If the content of the selected hrd parameters( ) syntax structures for the access unit containing decoding unit m and
the previous access unit differ, the HSS selects a value SchedSelldx1 of SchedSelldx from among the values of
SchedSelldx provided in the selected hrd parameters() syntax structures for the access unit containing decoding
unit th that results in a BitRate[ SchedSelldx1 ] or CpbSize[ SchedSelldx1 ] for the access unit containing decoding
unit m. The value of BitRate[ SchedSelldx1 ] or CpbSize[ SchedSelldx1 ] may differ from  ‘the| value of
BitRgte[ SchedSelldx0 ] or CpbSize[ SchedSelldx0 ] for the value SchedSelldx0 of SchedSelldxthat waq in use for
the pfevious access unit.

Othegwise, the HSS continues to operate with the previous values of SchedSelldx, BitRate[ SchedSglldx ] and
CpbSize[ SchedSelldx ].

When the [HSS selects values of BitRate[ SchedSelldx ] or CpbSize[ SchedSelldx ] that™differ from those of the previous

access unif, the following applies:

C.2.3 Tliming of decoding unit removal and decoding of decoding unit

The yariable BitRate[ SchedSelldx ] comes into effect at the initial CPB arrival time of the current access unit.
The yariable CpbSize[ SchedSelldx ] comes into effect as follows:

— f the new value of CpbSize[ SchedSelldx ] is greater than the old CPB size, it comes into effect af the initial
CPB arrival time of the current access unit.

—  Otherwise, the new value of CpbSize[ SchedSelldx ] comes into effect at the CPB removal time of the current
ccess unit.

The variables InitCpbRemovalDelay[ SchedSelldx {7;IhitCpbRemovalDelayOffset] SchedSelldx ], CpbDelayQffset, and

DpbDelayPffset are derived as follows:

If on¢ or more of the following conditions are true, CpbDelayOffset is set equal to the value of the buffefing period
SEI rhessage syntax element cpb_delay" offset, DpbDelayOffset is set equal to the value of the buffering period SEI
messgige syntax element dpb_delay offset, and InitCpbRemovalDelay[ SchedSelldy ] and
InitCpbRemovalDelayOffset| SchedSelldx ] are set equal to the values of the buffering period SEI messpge syntax
elem¢nts nal initial alt cpbsreémoval delay[ SchedSelldx | and nal initial alt cpb removal offset[ Sch¢dSelldx ],
respeftively, when NalHrdModeFlag is equal to 1, or vcl initial alt cpb removal delay[ SchedSe]ldx ] and
vel ipitial alt cpb_remeval offset[ SchedSelldx ], respectively, when NalHrdModeFlag is equal to 0, [where the
buffering period SEL.message containing the syntax elements is selected as specified in clause C.1:

—  RAccess unit.0 is a BLA access unit for which the coded picture has nal unit type equal to BLA W| RADL or
BLAN\LP, and the value of irap_cpb_params_present_flag of the buffering period SEI message is ¢qual to 1.

—  Access unit 0 is a BLA access unit for which the coded picture has nal_unit_type equal to BLA W [LP oris a
CRA access unit, and the value of irap_cpb_params_present flag of the buffering period SEI message is equal
to 1, and one or more of the following conditions are true:

— UseAltCpbParamsFlag for access unit 0 is equal to 1.
— DefaultInitCpbParamsFlag is equal to 0.

Otherwise, InitCpbRemovalDelay[ SchedSelldx ] and InitCpbRemovalDelayOffset] SchedSelldx | are set equal to
the values of the buffering period SEI message syntax elements nal initial cpb removal delay[ SchedSelldx | and
nal initial cpb removal offset[ SchedSelldx ], respectively, when NalHrdModeFlag is equal to 1, or
vel initial cpb_removal delay[ SchedSelldx ] and wvcl initial cpb removal offset[ SchedSelldx ], respectively,
when NalHrdModeFlag is equal to 0, where the buffering period SEI message containing the syntax elements is
selected as specified in clause C.1, CpbDelayOffset and DpbDelayOffset are both set equal to 0.

The nominal removal time of the access unit n from the CPB is specified as follows:
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—  If access unit n is the access unit with n equal to 0 (the access unit that initializes the HRD), the nominal removal
time of the access unit from the CPB is specified by:

AuNominalRemovalTime[ 0 | = InitCpbRemovalDelay[ SchedSelldx ] + 90000

—  Otherwise, the following applies:

(C-11)

When access unit n is the first access unit of a buffering period that does not initialize the HRD, the following

applies:
The nominal removal time of the access unit n from the CPB is specified by:

if( !concatenationFlag ) {
baseTime = AuNominalRemovalTime][ firstPicInPrevBuffPeriod ]
tmpCpbRemovalDelay = AuCpbRemovalDelayVal

}else {
baseTime — AuNominalRemovat I ime| previNonbiscardabieric |
tmpCpbRemovalDelay =

Max( ( auCpbRemovalDelayDeltaMinus1 + 1),
Ceil( ( InitCpbRemovalDelay[ SchedSelldx ] + 90000 +

}
AuNominalRemovalTime[ n | = baseTime + ClockTick * ( tmpCpbRemovalDelay — CpbDelayO

init of the previous buffering period, AuNominalRemovalTime[ prevNenDiscardablePic ] is th
removal time of the preceding picture in decoding order with Temporalld\equal to O that is not a RA
br SLNR picture, AuCpbRemovalDelayVal is the value of AuCpbRemovalDelayVal derived ac
hu_cpb_removal delay minusl in the picture timing SEI message, selected as specified in
hssociated with access unit n, and concatenationFlag and auCpbRemovalDelayDeltaMinus] are thg
he syntax elements concatenation flag and au cpb removal delay delta minusl, respectivel
buffering period SEI message, selected as specified in clause’C.1, associated with access unit n.

After the derivation of the nominal CPB removal time*and before the derivation of the DPB outp
hccess unit n, the values of CpbDelayOffset and DpbDelayOffset are updated as follows:

- If one or more of the following conditions are true, CpbDelayOffset is set equal to the va
buffering period SEI message syntax-element cpb_delay offset, and DpbDelayOffset is set e
SEI message containing the syntax elements is selected as specified in clause C.1:

— Access unit n is a BEA access unit for which the coded picture has nal unit typq
BLA W RADL ofr"BLA N LP, and the value of irap cpb params present flag of thd
period SEI message-is equal to 1.

— Access unit'n*is a BLA access unit for which the coded picture has nal unit typq
BLA W-LP or is a CRA access unit, and the value of irap cpb params present fl
buffering-period SEI message is equal to 1, and UseAltCpbParamsFlag for access unit n is

- Otherwise; CpbDelayOffset and DpbDelayOffset are both set equal to 0.

When_acéess unit n is not the first access unit of a buffering period, the nominal removal time of
nit n.ffom the CPB is specified by:

(C-12)

AuFinalArrivalTime[ n — 1 ] — AuNominalRemovalTime[ n — 1 ]9+ ClockTick ) )

ffset )

where AuNominalRemovalTime][ firstPicInPrevBuffPeriod ] is the nominal temoval time of the first access

e nominal
5L, RADL
cording to
lause C.1,
values of
y, in the

ut time of

lue of the
jual to the

value of the buffering period SEI méssage syntax element dpb_delay offset, where the buffefing period

equal to
buffering

equal to
ag of the
equal to 1.

the access
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ClockTick * ( AuCpbRemovalDelayVal — CpbDelayOffset )

(C-13)

where AuNominalRemovalTime[ firstPicInCurrBuffPeriod ] is the nominal removal time of the first access
unit of the current buffering period, and AuCpbRemovalDelayVal is the value of AuCpbRemovalDelayVal
derived according to au_cpb_removal delay minusl in the picture timing SEI message, selected as specified

in clause C.1, associated with access unit n.

When SubPicHrdFlag is equal to 1, the following applies:

—  The variable duCpbRemovalDelaylnc is derived as follows:

246

If sub_pic_cpb_params_in pic_timing_sei flag is equal to 0, duCpbRemovalDelaylnc is set equal to the value
of du_spt_cpb_removal delay increment in the decoding unit information SEI message, selected as specified

in clause C.1, associated with decoding unit m.
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Otherwise, if du_common_cpb_removal delay flag is equal to 0, duCpbRemovalDelaylnc is set equal to the
value of du_cpb removal delay increment minusl[i]+ 1 for decoding unit m in the picture timing SEI
message, selected as specified in clause C.1, associated with access unit n, where the value of i is 0 for the first
num_nalus_in_du minusI[ 0 ] + 1 consecutive NAL units in the access unit that contains decoding unit m, 1
for the subsequent num_nalus_in_du minusl[ 1 ]+ I NAL units in the same access unit, 2 for the subsequent
num_nalus_in_du minusl[ 2 ]+ 1 NAL units in the same access unit, etc.

Otherwise, duCpbRemovalDelaylnc is set equal to the value of
du_common_cpb_removal delay increment minusl + 1 in the picture timing SEI message, selected as
specified in clause C.1, associated with access unit n.

nominal removal time of decoding unit m from the CPB is specified as follows, where

AuNominalRemovalTime[ n | is the nominal removal time of access unit n:

If SubPic
AuFinal A
time, resp

if(

If decoding unit m is the last decoding unit in access unit n, the nominal removal time of decoding unit m
nnnnnnnnn 1o AN 1
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Dtherwise (decoding unit m is not the last decoding unit in access unit n), the nominal removal time of
ecoding unit m DuNominalRemovalTime[ m ] is derived as follows:

if( sub_pic_cpb_params_in_pic_timing_sei flag)
DuNominalRemovalTime[ m ] = DuNominalRemovalTime[ m + 1 ] —
ClockSubTick * duCpbRemovalDelayInc (C-14)
else
DuNominalRemovalTime[ m | = AuNominalRemovalTime[ n ] —
ClockSubTick * duCpbRemovalDelaylnc

HrdFlag is equal to 0, the removal time of access unit n fromthe/CPB is specified as follows, where
rivalTime[ n ] and AuNominalRemovalTime[ n ] are the final CPB~arrival time and nominal CPB removal
ctively, of access unit n:

low_delay hrd flag[ HighestTid ] || AuNominalRemovalTime[ n ] >= AuFinalArrivalTime[ n ]
AuCpbRemovalTime[ n ] = AuNominalRemovalTime[ 7/]

els (C-15)

NOTE

AuFinaJArrivalTime[ n ], the size of access unit n is.sgrlarge that it prevents