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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees

Infernational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Par
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hnical committees collaborate in fields of mutual interest. Other international organizations, go
d non-governmental, in liaison with ISO and IEC, also take part in the work. In the field\of i
hnology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

e main task of the joint technical committee is to prepare International Standards. Draft In
andards adopted by the joint technical committee are circulated to national bedies for voting. Pub
International Standard requires approval by at least 75 % of the national bodies casting a vote.

ention is drawn to the possibility that some of the elements of this dosiment may be the subjec
hts. ISO and IEC shall not be held responsible for identifying any,orfall such patent rights.

D/IEC 26908 was prepared by Ecma International (as ECMA3*369) and was adopted, under a sp
ck procedure”, by Joint Technical Committee ISO/IEC JTC"1, Information technology, in paral
proval by national bodies of ISO and IEC.

is second edition cancels and replaces the first edition (ISO/IEC 26908:2007), which has been ted
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Introduction

ISO/IEC 26907 specifies the PHY and MAC for a high rate ultra wideband wireless transceiver.

Implementations of ISO/IEC 26907 may expose the interface between the PHY and MAC as specified
herein.

vi © ISO/IEC 2009 - All rights reserved
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Scope
is International Standard specifies the interface between implementations of the PHY,"and MAC a
SO/IEC 26907.

Conformance

1Y and MAC implementations of ISO/IEC 26907 conform to this Intépnational Standard by implem

Normative references
e following referenced documents are indispensable for the application of this document.
cument (including any amendments) applies.
D/IEC 26907:2009, Information technelogy — Telecommunications and information exchang
stems — High-rate ultra-wideband:«\PHY and MAC standard (also published by Ecma as
[MA-368)
Terms and definitions

r the purposes of this'document, the terms and definitions given in ISO/IEC 26907 apply.

Notatiorral conventions

e use-of the word shall is meant to indicate a requirement which is mandated by the Standar

re

th¢ word should is meant to recommend one particular course of action over several other pg

uired to implement that particular feature with no deviation in order to conform to the Standard. ]

5 specified

enting the

For dated

erences, only the edition cited applies. Forundated references, the latest edition of the neferenced

e between
btandard

d, i.e. it is
'he use of

ssibilities,

however without mentioning or excluding these others. The use of the word may is meant to indicate that a
particular course of action is permitted. The use of the word can is synonymous with is able to — it is meant to
indicate a capability or a possibility.

All

floating-point values have been rounded to 4 decimal places.

An exclamation mark preceding a signal indicates that the signal is active low.

©lI
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6 Abbreviations and acronyms

BM Burst Mode

CCA Clear Channel Assessment
CRC Cyclic Redundancy Code
FCS Frame Check Sequence

FFI Fixed-Frequency Tnterleaving
HCS Header Check Sequence
LQl Link Quality Indicator

Isb Least-Significant Bit

MAC Medium Access Control
MIFS Minimum Interframe Space
msb Most-Significant Bit

PHY Physical (layer)

PLCP Physical Layer Convergence Protocol
PT Preamble Type

RSSI Received Signal Strength Indicator
RX Receive or Receiver

SIFS Short Interframe Space

TF Time-Frequency

TFC Time-Frequency Code

TFI Time-Frequency Interleaving
TX Transmit or Transmitter

7 Ovefview

Clause 8 defines the interface signals, their directions and functions.

Clause 9 defines the interface parameters and registers. A recommended mapping for PHY parameters is
provided along with the register map for PHY registers and setup and hold timing for register access.

Clause 10 defines the frame formats for data exchanges over the interface.
Clause 11 is the Theory of Operation for the complete interface covering the PHY states and transitions, reset
and sleep protocols, frame timing references, preamble control and transmit and receive operations for both

single frame and burst mode operation as well as receive error cases. The section is completed by definition
of the CCA and Management interface protocols.

2 © ISO/IEC 2009 - All rights reserved
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There are two annexes to this specification. Annex A provides an Electrical Interface and Annex B defines
formats for two managed identifiers.

8 Interface Signal Description

The MAC-PHY signal interface is depicted in Figure 1. It consists of the Data Interface including an 8-bit data
bus, the Control Interface, the CCA Interface and the Management Interface. The Data Interface, which is
used to transfer data to and from the MAC, operates differently depending on the state of the PHY. The
Control Interface is used by the MAC to control the operating state of the PHY and by the PHY to indicate
THA/RX status to the MAC. The CCA Interface is used for Clear Channel Assessment status indichtion. The
Management Interface is used to access the PHY registers.

PHY || Control Interface MAC
PHY_RESET

TX_EN
RX_EN
PHY_ACTIVE

A

A

STOPC

-

Data Interface

PCLK

A

DATA_EN

\

DATA[7:0]

\

CCA Interface

CCA_STATUS

\ J

Management Interface

SERIAL_DATA

A

Figure 1 — PHY-MAC interface signals

Tgble)1, Table 2, Table 3 and Table 4 define the signals in the Control Interface, Data Interface, CCA
Interface and Management Interface, respectively. The operational mode of the Data Interface in each PHY
state is summarized in Table 5.

© ISO/IEC 2009 - All rights reserved 3
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8.1 Interface Signal Definitions

8.1.1 Control Interface

Table 1 — Control Interface Signals

SIGNAL

Width
(Bits)

DIR

DESCRIPTION

IPHY_RESET

MAC to PHY

IPHY RESET is-assertedfor PHY specificinterval PHYRssetTime toclear

all PHY variables and reset the PHY to its initial state. The PHY writes
STANDBY to PMMODE and transitions to STANDBY state after
IPHY_RESET is de-asserted and reset operations have completed.

IPHY_RESET is asynchronous to PCLK.
'IPHY_RESET is ACTIVE LOW.

TX_EN

MAC to PHY

TX_EN is used to place the PHY in TRANSMIT State) [Its secondary us
(with RX_EN) is to transition from SLEEP to STANDBY when the PHY
clock source has been stopped for power saving.]

TX_EN is synchronous to PCLK except innSLEEP state.
TX_ENis ACTIVE HIGH.

N7

RX_EN

MAC to PHY

RX_EN is used to place the PHY.in RECEIVE State. [Its secondary use
(with TX_EN) is to transition.from SLEEP to STANDBY when the PHY
clock source has been stopped for power saving.]

RX_EN is synchronous(te PCLK except in SLEEP state.
RX_EN is ACTIVE HIGH.

PHY_ACTIVE

PHY to MAC

PHY_ACTIVE.islused by the PHY to indicate that it is either transmitting
receiving a-frame over the air. In TRANSMIT state, the rising edge of
PHY_ACTVE indicates the start of frame at the local antenna and the
fallingedge indicates that the entire frame has been transmitted over thg

aif. I'RECEIVE state, the rising edge of this signal indicates that the start

of the preamble has been detected (SyncDelay + the preceding
synchronization fields earlier) and the falling edge indicates that the enti
frame has been received (PHYActiveDelay earlier) at the local antenna.
PHY_ACTIVE is also used in the special cases of Exit from SLEEP and
RESET.

PHY_ACTIVE is synchronous to PCLK.
PHY_ACTIVE is ACTIVE HIGH.

or

h

e

STOPC

(optional)

MAC to PHY

On/Off signal for PCLK in STANDBY state. PCLK is active when STOP(

is de-asserted and not active when STOPC is asserted.
STOPC is asynchronous to PCLK.

STOPC is ACTIVE HIGH.

© ISO/IEC 2009 - All rights reserved
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Table 2 — Data Interface Signals

SIGNAL

Width
(Bits)

DIR

DESCRIPTION

PCLK

PHY to MAC

Interface clock provided by the PHY. Interface signals are synchronous to

the rising edge of PCLK (see Annex A).
The nominal rate of PCLK is 66MHz

DA

TA_EN

PHY to MAC

In TRANSMIT state, this signal is used by the PHY to request’nf
from the MAC. In RECEIVE state, it is used to indicate tothe’'M
there is valid data on the DATA[7:0] bus.

DATA_EN is synchronous to PCLK.
DATA_EN is ACTIVE HIGH.

ore data
\C that

DA

TA[7:0]

Bi-directional

DATA[7:0] is an 8-bit wide data bus driven by the MAC in TRAN
state and by the PHY in all other states.including SLEEP.

DATA[7:0] is synchronous to PCLK ‘whether driven by the PHY
MAC.

DATA[7:0] ONE is HIGH.

SMIT

or the

.1.3 CCA Interface

Table 3 — CCAInterface Signals

Sl

SNAL

Width
(Bits)

DIR

DESC@§|0N
Q\
e\

C(

A_STATUS

—_

PHY to MAC

The PHY returns CCA_STATUS after a CCA request is initiated
MAC writing to the CCRE register via SERIAL_DATA.

CCA_STATUS is synchronous to PCLK.
CCA_STATUS is ACTIVE HIGH.

by the

.1.4 Management Interface

Table 4 — Management Interface Signals

SI

AS
SNAL

Y

Width
(Bits)

DIR

DESCRIPTION

SH

RIAL_DATA

-

Bi-directional

The MAC writes control and address bits to SERIAL_DATA to i

itiate

register access. SERIAL_DATA is driven by the MAC for Write pperations.

It is driven by the MAC for control and address parts of Read operations

and by the PHY for the data part of Read operations.
SERIAL_DATA is synchronous to PCLK.
SERIAL_DATA ONE is HIGH.

© ISO/IEC 2009 - All rights reserved
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8.2 PHY Operational State

Table 5 — PHY Readiness State

STATE DESCRIPTION
RESET Transitional state in which the configuration parameters are reset to default values. RESET is
asynchronous to PCLK (see 11.1.1).
SLEEP The radio is off. PCLK is off (see 11.1.2).
STANDBY The radio is off. PCLK is on (unless STOPC is asserted). STANDBY is a higher activity-statp
than SLEE.

READY Parts of the radio are on. PCLK is on.

TRANSMIT The PHY Tx paths and the radio transmit path are active. PCLK is on.

RECEIVE The PHY Rx paths and the radio receive path are active. PCLK is on,

9 Registers

In registerg, bit positions that are defined as reserved shall be ignored on reading and set to ZERO on writing.

Two sets|of parameters are defined to allow the MAC to control*the operation of the PHY and permit

informatioh to be provided by the PHY to the MAC.

e STAT|C Parameters
Thesq parameters are fixed for a given instantiation of the MAC and PHY. They can be considered to pe
constants for the purposes of the definition of the-MAC-PHY Interface and their values can be defined i
given PHY data sheet, stored as constants in\the system implementation or provided by any other means.
The sfatic parameters are defined in Table 6.

¢ DYNAMIC Parameters
Thesg parameters may be chafnged during operation of the system, and affect operation of the PHY. They
shall be implemented within the PHY as registers and can be read and/or written (depending on the
specifjc parameter) via the-Serial Management Interface. The dynamic registers are defined in Table 7.

9.1 BitOrdering and-Interpretation

All data stfuctures;except where explicitly stated, are defined with the bit order as defined in Figure 4.

Reserved |bjts shall be ignored on reading and set to ZERO on writing.

9.2 Register Address Spaces

The PHY interface shall have 256 addressable 8-bit registers (8-bit address, 8-bit data) divided into 3 regions:

Dynamic Register region defined by this specification: address 00(h)~1F(h)
Optional Static Parameter region defined by this specification: address 20(h)~7F(h)
Vendor Specific Register region for vender defined registers: address 80(h)~FF(h)
6 © ISO/IEC 2009 - All rights reserved
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9.3 Static Parameter Definitions

Table 6 — Description of Static Parameters

REGISTER OCTETS |DEFINITION
SupportedRegDomains 2 Supported regulatory regions. Bit set to ONE if supported, ZERO otherwise
First Octet
Bit Domain
[2:0] Reserved
[3] European Telecommunications Standards Institute (ET$I)
[4] Federal Communications Commission (FCC)
[5] Industry Canada (IC)
[6] Association of Radio Industries and Businesses (ARIB)
[7] Ministry of Information and Communications (MIC)
Second Octet
Bit Domain
[7:0] Reserved
YupportedDataRates 2 Set of supported data rates.Bit'set to ONE if supported, ZERO otfherwise
Bit Data Rate Supported
[0] 53,33 Mbps
[1] RESERVED
[2] 80 Mbps
[3] 106,7 Mbps
[4] RESERVED
[5] 160 Mbps
[61 200 Mbps
[7 320 Mbps
[8] 400 Mbps
[9] 480 Mbps
[15:10] RESERVED
NumChannelsSupported 1 Number of supported channels

© ISO/IEC 2009 - All rights reserved 7
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Table 6 — Description of Static Parameters (continued)

REGISTER OCTETS |DEFINITION

SupportedDiversity 1 Number of additional antennas provided for diversity
[1:0] Number of additional receive antennas
[3:2] Reserved
[5:4] Number of additional transmit antennas
[7:6] Reserved

SupportedCiranmets 1 Supported-ChanmetsBit settoONE-if supported; ZEROotherwise—
Bit Channel Supported
[0] TFC channels in band group 1 supported
[1] TFC channels in band group 2 supported
[2] TFC channels in band group 3 supported
[3] TFC channels in band group 4 supported
[4] TFC channels in band group 5 supported
[5] TFC channels in band group 6 supported
[7:6] RESERVED

TXPowerllevel 16 Array of transmit power levels.

Each element from 0 to (NumTxPowerlLevels-1) of the array holds a
supported transmit power. The forimat’of the power level datum is PHY
vendor specific. The other elements shall be set to zero.

Element 0 shall hold the maximum transmit power supported.

NumTxPoerLevels 1 Number of transmit power.levels supported. Permitted range (0..15) with O
meaning a single fixedpower level only.
[3:0] number 'Of Tevels (permitted range 0..15)
[7:4] RESERVED
SupportedPHY States 1 Supported PHY States. Bit set to ONE if supported, ZERO otherwise.
[0] SLEEP
[1] STANDBY
[2] READY
[3] TRANSMIT
[4] RECEIVE

[7:5]  RESERVED

Accuracy of PHY clock in parts per million.

—

PHYClockAccuracy

PHYRese{Time 1 Interval during which IPHY_RESET shall be held asserted for the PHY to
perform the RESET operation. Units us.

8 © ISO/IEC 2009 - All rights reserved
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Table 6 — Description of Static Parameters (continued)

REGISTER

OCTETS

DEFINITION

WakeUpDelay

2

Time to transition from SLEEP mode to STANDBY mode. Units 0,5 us.

TurnOnDelay

2

Radio turn-on time during transition from STANDBY mode to READY mode.
Units 0,5 ps.

TxDataDelay

Delay, not greater than 4 us, before the end of the preamble at the local
antenna before which the PHY will not assert DATA_EN to request the first
octet of header data. (See 11.4)Units ps.

X

kDataDelay

Maximum delay from the end of the received PLCP header at the)idcal
antenna to the transfer of the last octet of the PLCP header and HepderError
octet across the MAC-PHY interface. Units ns

TXEOFDelay

Minimum delay from the transfer of the last octet of the frame across the
MAC-PHY interface to the end of the frame at the locallantenna. Unjits ns

X

XEOFDelay53.3

Maximum delay, at 53,3 Mbps, from the de-assertion of PHY_ACTINE to the
last de-assertion of DATA_EN corresponding, to-the transfer of the last octet
of the frame and receive quality block across'the MAC-PHY. Units: PCLK

cycles

X

KEOFDelayOther

Maximum delay, at all rates other than 53,3 Mbps, from the de-assgrtion of

PHY_ACTIVE to the de-assertion-of the last DATA_EN corresponding to the
transfer of last octet of the frame and receive quality block across the MAC-
PHY. Units: PCLK cycles

TxDelay

Delay from the rising edge of TX_EN to the time when the PHY feefls the
leading edge of the.preamble waveform to the antenna. Units ns.

X

KDelay

Delay from the rising edge of RX_EN to the time when the PHY begins the
preamble acquisition processing. Units ns.

Tx2RxDwellTime

Minimum\interval between PHY_ACTIVE de-assertion (in TRANSMIT State)
and RX) EN assertion. Units ns.

X

k2TxDwellTime

Minimum interval between RX_EN de-assertion and TX_EN assertipn. Units
ns.

n

ncDelay

Delay from the end of the last symbol of the Frame Synchronizatior]
Sequence of the preamble waveform in the local antenna to the time when
the PHY asserts PHY_ACTIVE.

Note that since the preamble arrives asynchronously with respect t¢ PCLK,

PHY vendors should provide this value for the shortest amount of time before
PHY_ACTIVE could be asserted assuming optimal alignment of thq received
preamble and PCLK.

Units ns.

TxSetupTime

Minimum time between setting of transmit control registers and assgrtion of
TX_EN. Range defined in Table 8.

Units PCLK cycles.
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Table 6 — Description of Static Parameters (continued)

REGISTER

OCTETS

DEFINITION

RxSetupTime

2

Minimum time between setting of receive control registers and the assertion of
RX_EN or de-assertion of PHY_ACTIVE. Range defined in Table 8.

Units PCLK cycles.

TxHoldTime

Minimum time between the assertion of TX_EN and changing transmit control
registers for the next frame. Range defined in Table 8.

Units PCLK cycles.

RxHoldTims

Minimum time between the assertion of RX_EN or deassertion of PHY_ACTIVE
and changing receive control registers for the next frame. Range defined
in Table 8.

Units PCLK cycles.

PHYID

PHY identifier to specify vendor, product and version. See Anriex B for format
and coding.

PHYVersion

Edition of the ISO/IEC 26907 PHY specification supported. See Annex B for
format and coding.

PHYActiveD

elay

Delay from the end of the last symbol of the frame’received in the local antenfa
and PHY_ACTIVE de-assertion.

Note that since received frames arrive asynchronously with respect to PCLK,
PHY vendors should provide this valug\for the shortest amount of time before
PHY_ACTIVE could be de-assertéd assuming optimal alignment of the received
frame and PCLK.

Units ns.

CCAValidTime

Interval following the MAC setting CCRE = ONE after which the PHY should
respond with the CCA’measurement result.

Units 0,5 ps.

MinPTChan

pelLength

Minimum MAC Frame Payload length for the preamble type of the next frame|to
be different\to the current frame.

Fixed value = 1 octet

RangingSup

ported

Support of ranging

[0] Set to ONE if supported, otherwise set to ZERO
1] Support for 528MHz precision (Mandatory)

[2] Support for 1 056MHz precision

[3] Support for 2 112MHz precision

[4] Support for 4 224MHz precision

[5] Support for RANGINGTIMER [23:16]

[6] Support for RANGINGTIMER [31:24]

71 RESERVED

10
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Table 6 — Description of Static Parameters (concluded)

REGISTER OCTETS |DEFINITION

RANGING_TRANSMIT_ |2 See 14.5 in ISO/IEC 26907 for the definition of RANGING_TRANSMIT_DELAY.
DELAY Units 1/ 4 224 MHz - same as RANGINGTIMER (see Table 7)
RANGING_RECEIVE_ 2 See 14.5 in ISO/IEC 26907 for the definition of RANGING_RECEIVE_DELAY.

DELAY

Units 1 /4 224 MHz - same as RANGINGTIMER (see Table 7)

STOP_OFF

Number of PCLK cycles from de-assertion of STOPC to PCLK stable.

Units PCLER cycles

ToneNullingSupported

Level of support for Tone-Nulling information
[0] Set to ONE if supported, otherwise set to ZERO
[7:1] RESERVED

9.4 Static Parameter Coding

If fhe values of the static parameters are stored in the PHY, they should bé implemented as read only values

using the addresses and formats defined in Figure 2 and Figure 3.

© ISO/IEC 2009 - All rights reserved
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| bit-7 bit-4 | bit-3 bit-0 |
7F(h) Reserved
% Reserved
6A‘(h) Reserved
69(h) RXEOFDelayOther [15:8]
RxEOFDelayOther
68(h) RxEOFDelayOther [7:0]
2 ] ] e OrDetat | ] ]
ik I I { ] I I
RxEOFDelay53.3
66(h) RXEOFDeldy53.3 [7:0]
65(h) TxEOFDelay [15:8]
TxEOFDelay
64(h) TXEOFDglay [7:0]
63(h) ‘ ‘ RxDataD%Iay [15:8] ‘ ‘ ‘
RxDataDelay
62(h) ‘ ‘ RxDataDglay [7:0] ‘ ‘ ‘
ToneNullingSupported
61(h) Reserved ” TNS
STOPC_OFF
60(h) ‘ ‘ ‘ STOPC7¢>FF 70l ‘ ‘ ‘
TxPowerLevel15
5F(h) ‘ ‘ TxPowerL%veHS[?:O] ‘ ‘ ‘
| I N A N S B
| TxPowerLevel0
50(h) ‘ ‘ ‘ TxPowerLFveIU[TO] ‘ ‘ ‘
4F(h) Reserved\‘\
4E(h) a‘e@W
4D(h) ‘ ‘ ‘ RxHoldTime[15:8] ‘ ‘ ‘
RxHoldTime
4C(h) ‘ ‘ ‘ RxHoldT}me[m] ‘ ‘ ‘
4B(h) ‘ ‘ ‘ TxHoIdTi~'ne[15:8] ‘ ‘ ‘
TxHoldTime
4A(h) ‘ ‘ ‘ TxHoIdT*me[7:0] ‘ ‘ ‘
49(h) ‘ ‘ ‘ RxSetupT}meHS:B] ‘ ‘ ‘
RxSetupTime
48(h) ‘ ‘ ‘ RxSetup*ime[TO] ‘ ‘ ‘
47(hy ‘ ‘ ‘ TxSetupT*me[15:8] ‘ ‘ ‘
TxSetupTime
46(h) ‘ ‘ ‘ TxSetup'lTime[TO] ‘ ‘ ‘
45(h) ‘ ‘ ‘ SyncDel%yHS:B] ‘ ‘ ‘
SyncDelay
44(h) ‘ ‘ ‘ SyncDelay[7:0] ‘ ‘ ‘
43(h) [ [ [ B nnlgllnq-g] [ [ [
i i i T i i i
42(h) ‘ ‘ ‘ RxDeI%y[TO] ‘ ‘ ‘
41(h) ‘ ‘ ‘ TxDelaPns:s] ‘ ‘ ‘
TxDelay
40(h) \ \ [ moedyzo) | \ \

12

Figure 2 — Static Parameter Encoding 40(h) -7F(h)
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bit-7 ‘ ‘ ‘ bit-4 . bit3 | ‘ | bito |
3F(h) ‘ ‘ RANFING_RECE’VE_DELAY[?S 8] ‘ ‘
RANGING_RECEIVE_DELAY
3E(h) ‘ ‘ RAI\*GING_RECE*IVE_DELAYdTO] ‘ ‘
3D(h) ‘ ‘ RANéFING_TRAN#MIT_DELAYk5:8] ‘ ‘
RANGING_TRANSMIT_DELAY
3c(h) | | RANGING_TRANEMIT_DELAY[70 ‘ ‘
3B(h) ‘ ‘ ‘ Rx2TwaeI’Time[15:8] ‘ ‘ ‘
Rx2TxDwellTime
Sau i i i KXAIXUWWI.U] i i i
39(h) ‘ ‘ | TxeRxDwelTime[15:8] | ‘ ‘
Tx2RxDwellTime
38(h) ‘ ‘ ‘ Tx2Rwa%lITime[7:O] ‘ ‘ ‘
37(h) ‘ ‘ ‘ TurnOnD+Iay[15:8] ‘ ‘ ‘
TurnOnDelay
36(h) ‘ ‘ ‘ Tumanelay[m] ‘ ‘ ‘
35(h) ‘ ‘ ‘ WakeUpD}elay[15:8] ‘ ‘ ‘
WakeUpDelay
34(h) ‘ ‘ ‘ WakeUp#}elay[?:O] ‘ ‘ ‘
33(h) ‘ ‘ ‘ PHYActiveDelay|[15:8] ‘ ‘ ‘
PHYActiveDelay
32(h) ‘ ‘ ‘ PHYActive{DeIay[?:O] ‘ ‘ ‘
TxDataDelay
31(h) ‘ ‘ ‘ TxDatal DFIay[TO] ‘ ‘ ‘
MinPTChangeLength
30(h) ‘ ‘ ‘MinPTChan Length[7:0]‘ ‘ ‘
CCAValidTime
2F(h) ‘ ‘ ‘ CCAValidTime(7:0] ‘ ‘ ‘
PHYResetTime
2E(h) ‘ ‘ ‘ PHYRese{Time[7:0] ‘ ‘ ‘
PHYClockAccuracy
2D(h) ‘ ‘ ‘ PHYCIockA%;curacy[TO] ‘ ‘ ‘
RangingSupported
2C(h) | Reserved |‘ 32'Bit |‘ 24 Bit |4224 MHz ‘2112 MHz | 1 056 MHzl 528 MHz | Fanging
SupportedPHY States
2B(h) N * .R:served ” RECEIVE ”TRANSMIT |‘ READY | STANDBY |‘ SLEEP
NumTxPowerlLevel
2A(h) ‘ ‘ ‘ NumTxPowerlevel[7:0] ‘ ‘ ‘
SupportedChannels
29(h) ~ Reserved |‘ TFC BG6 |‘ TFC BG5 | TFC BG4 |‘ TFC BG3 | TFC BG2 |‘ TFC BG1
SupportedDiversity
28(h) Reserved |‘ TxDiver%ity[5:4] | Reserved | RxDivelJFityH :0]
NumChannelsSupported
27(h) ‘ ‘ V\{umChannels upported[7:0] ‘ ‘
SupportedDataRates2
26(h) Reserved ” 480Mbl/s |‘ 400Mb/s
SupportedDataRates1
25(h) 320Mb/s |‘ 200Mb/s |‘ 160Mb/s ‘ Reserved |‘106,67Mb/s|‘ 80Mb/s | Reserved ” 53,3Mb/s
SupportedRegDomain2
24(h) Reserved
SupporfedRegDomainT
23(h) MIC |‘ ARIB |‘ IC FCC |‘ ETSI | Reserved
PHYVersion
22(h) ‘ ‘ ‘ PHYVer%ion[?:O] ‘ ‘ ‘
21(h) ‘ ‘ ‘ PHYIO[15:8] ‘ ‘ ‘
PHYID
oo [T T s [ ]

Figure 3 — Static Parameter Encoding 20(h) - 3F(h)

© ISO/IEC 2009 - All rights reserved

13


https://standardsiso.com/api/?name=e61b51d7500cacea2d391e4102cbe116

ISO/IEC 26908:2009(E)

9.5 Dynamic Register Definitions

All registers in the Dynamic Register area are readable (R) and writable (W) by the MAC except RDY in the
CONTROL register and RANGINGTIMER which are Read Only.

NOTE Although the Current Regulatory Domain (CRD) register is both readable and writable, the end-user should
not be given the ability to change the contents at will. Some regulatory regions may have strict requirements in this regard.

Table 7 — Description of Dynamic Registers

Addr. Register R/W Description Init%
o

00(h) CONTROL R/W PHY Control register Q(h)

(Except |[0] RDY - Result of IPHY_RESET

RDY ZERO = Normal completion of initialization

which is ONE = Abnormal completion of initialization

R) [1] Reserved

[2] RNGEN

ZERO = Ranging disabled
ONE = Ranging enabled
[3] CCRE - CCA Request
ZERO = Stop CCA estimatiah
ONE = Start CCA estimation
[7:4] RESERVED

01(h) CRD R/W [2:0] RESERVED 0(h)
[7:3] CRD - Current regulatory domain

Each domain is mapped to a bit in the register, as follows:
Bit Domain

3 European Telecommunications Standards
Institute (ETSI).

Federal Communications Commission (FCC).
Industry Canada (IC).

Association of Radio Industries and Businesses
(ARIB).

7 Ministry of Information and Communication (MIC)

02(h) TXCHAN RIW TXCH - Channel of next transmitted frame 0(h)
[2:0] TFC[2:0] — least-significant 3 bits of TFC

[5:3] BG[2:0] — 3-bit Band Group

[6] TFC[3] — most-significant bit of TFC

[7] RESERVED

(NOTE: TXCH is coded as a 3-bit Band Group and a 4-bit TFC.E

(See 11.2 of ISO/IEC 26907 for the mapping of Channel Number to
Band Group and TFC)
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Table 7 — Description of Dynamic Registers (continued)

Addr. Register R/W Description Init.
03(h) TXCTL R/W Transmit Control 0(h)
[0] TXPT — Preamble type of next transmitted
frame.

ZERO = Standard Preamble
ONE = Burst Preamble

[11 Raserved
L]

[3:2] TXANT — Transmit antenna to be used.
Value 0..SupportedDiversity[5:4] where:

00 identifies transmit antenna 1
01 identifies transmit antenna 2
10 identifies transmit antenna 3
11 identifies transmit antenna 4

[7:4] TXPWR - Index into TxPowerLevels for
transmit power level

D4(h) RXCHAN R/W RXCH - Channel of next received ffame 0(h)
[2:0] TFC[2:0] — least-significant 3 bits of TFC
[5:3] BG[2:0] — 3-bit Band.Group

[6] TFC[3] — most=significant bit of TFC

[7] RESERVED

(See 11.2 of ISQHEC 26907 for the mapping of Channel Number to
Band Group and TFC)

D5(h) RXCTL R/W Receive Control 0(h)
[0] RXPT - Preamble type of next received frame
ZERO = Standard Preamble
ONE = Burst Preamble
[1] PTON (R/W)
ZERO = PHY does not process PT bit in
PLCP header
ONE = PHY does process PT bit in
PLCP header

[3:2] RXANT — Receive antenna to be used.
Value 0..SupportedDiversity[1:0] where:

00 identifies receive antenna 1
01 identifies receive antenna 2
10 identifies receive antenna 3

4.4 3l e H 4 4
T IOQCTOme S TeCCTVEartteT e =

[7:4]  RESERVED
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Table 7 — Description of Dynamic Registers (concluded)

Addr. Register R/W | Description Init.
06(h) PMMODE R/W |[2:0] Power management mode. Values: 1(h)
0 READY
1 STANDBY
2 SLEEP
3-7 RESERVED
[7:3] RESERVED
07(h) — |RANGINGTIMER R Ranging Timer (units 1 / 4 224MHz)
0A(h) [31:0] RANGINGTIMER — 32-bit ranging counter value ¥
Note that this register requires multiple read operations (07(h) t6
0A(h)) to retrieve the full value.
0B(h) CRDEXxtension R/W | Extension for 2™ Octet of Regulatory domains o(h)
[7:0] RESERVED
0C(h) VTONEMAPADDRESS |R/W | Tone-Nulling Map Address
[3:0] ADDRESS - address used by WTONENULLDATA to
select which set of 8 Tone Nulls_to be written or read
[5:4] BAND - Selected band withifvthe Band Group
00 = Lower band of frequencies in the Band Group
01 = Middle band ef frequencies in the Band Group
10 = Upper band-of frequencies in the Band Group
11 = Only used when bit 6 is set to ONE to reset the tone-
nulling map for all band IDs
0(h)
[6] RESET™- When set to ONE will reset all tone-nulling map
values for the band of frequencies selected by
WTONEMAPADDRESS[5:4]
[7] Reserved
NOTE
Bits [5:0] will auto post increment, wrapping from 0b101111 to
0b000000 on every access to WTONENULLDATA
NOTE
See 9.2 Tone-Nulling in ISO/IEC 26907 .
[7:0] The value of the 8 tone nulls addressed by
WTONEMAPADDRESS. For each bit in
WTONENULLDATA
ZERO = Tone is to be nulled f(h)
ONE =Tone is not to be nulled (reset value)
NOTE
Every access to this register will cause bit [5:0] of
WTONEMAPADDRESS to post increment with wrap.

9.6 Register Map

Figure 4 shows the register map. Gray portions in the map are reserved.
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| bit-7 bit-4 | bit-3 bit-0 |
1F(h) Reserved
|
0E(h) Reserved
WTONENULLDATA
0D(h) WTONENULLDATA [7:0]
WTONEMAPOFFSET
0C(h) | Reserved | RESET BAND ADDRESS
CRDEXENnsIon
0B(h) Reserved
RANGINGTIMER
0A(h) RANGINGTIMER [31:24]
RANGINGTIMER
09(h) RANGINGTIMER [23:16]
RANGINGTIMER
08(h) RANGINGTIMER [15:8]
RANGINGTIMER
07(h) RANGINGTIMER [7:0]
PM
06(h) Reserved | PMMODE
RXCTL
05(h) Reserved | RXANT | PTON l RXPT
RXCHAN
04(h) Reserved| TFC[3] | BG[2] | BG[1] BGI0] | TFC[2] | TFC] | TFCIO]
TXCTL
03(h) TXPWR TXANT | Reserved “ TXPT
TXCHAN
02(h) Resen/edl TFC[3] | BG[2] | BG[1] BGI0] l TFC[2] l TFC[1] l TFC[O]
CRD
01(h) CRD | Reserved
CONTROL
00(h) Reserved | CCRE I RNGEN |Reservedl RDY
Figure 4 — Register Map
9.Y RegisterSet Access Timing
9.7.1 Transmit Control Registers
> - Csr:::glreRae?ﬁI:rs
XSetupTime during TxHoldTime
TX_EN ¥
MAC may wiite Tx TxHoldTime
Qontrol Registers at any — - T
time except TxSetupTime

or TxHoldTime

Figure 5 — Transmit Control Register Setup & Hold

TXCHAN and TXCTL (TXPT, TXANT and TXPWR) are registers used to specify parameters for the next
transmit frame operation. As defined in Figure 5, they shall be set by the MAC at least TxSetupTime PCLK
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cycles before the assertion of TX_EN and are held stable for at least TxHoldTime PCLK cycles. The PHY
shall read these registers within this TxHoldTime period. The values of these registers then control the
parameters for the transmit frame operation corresponding to this TX_EN assertion.

9.7.2 Receive Control Registers

_»?xHoIdT|me<_ CPHtY Irt;ads_ TX

v — ontrol Registers
%
RX_EN

f —> - MAC writes Rx

RxSetupTime Control Registers
RxSetupTime
# —> -
PHY_ACTIVE

Figure 6 — Receive Control Register Setup & Hold

RXCHAN jJand RXCTL (RXPT and RXANT) are registers used to specify parameters for the next receive frame
operation.|As defined in Figure 6, they shall be set by the MAC at least RxSetupTime PCLK cycles before the
assertion jof RX_EN and are held stable for at least RxHoldTime PCLK\¢ycles. The PHY shall read these
registers In this RxHoldTime period ignoring any PTON setting and-any previous BM or PT settings. The
values of [these registers then control the parameters for the receiveframe operation corresponding to this
RX_EN agsertion.

For burstmode reception, the MAC shall set the registers‘for the next receive frame operation at legst
RxSetupTjme PCLK cycles before PHY_ACTIVE de-assertian indicating the end of frame reception. The PHY
shall read| the registers within RxHoldTime PCLK cyclesZfollowing the de-assertion of PHY_ACTIVE. Thgse
registers lhen control the parameters for the reception of the next frame if RX_EN is not de-asserted.|In

receive byirst mode (see 11.8.3) PTON together with the BM and PT bits of the preceding frame’s PLCP
header may override the RXPT register setting.

RX_EN dg-assertion and re-assertion has precedence over PHY_ ACTIVE de-assertion and will cause the
PHY to overwrite any internal values loaded from the receive control registers.

Table 8 — Register Access Parameter Values

Pa@“(ger Minimum Value Maximum Value
O

(PCLK Periods) (PCLK Periods)

TxSetupTime 0 128
TxHoldTime 0 128
RxSetupTime 0 128
RxHoldTime 0 128

9.8 TONE-NULLING MAP CONTROL

At any time respecting the setup and hold timings, the MAC may write the tone-nulling information to the PHY.
WTONEMAPADDRESS and WTONENULLDATA are not Transmit Control or Receive Control registers and
do not require double buffering. The protocol for writing the tone-nulling information is an address followed by
data protocol with auto address post increment.

Writing WTONEMAPADDRESS sets the address pointer in the PHY to the data location of the first tone to be
accessed. Subsequent read/writes to WTONENULLDATA will retrieve/update the tone-nulling information of 8
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tones per access while post incrementing the address pointer in the PHY. Setting bits to ZERO indicates that
the tone is to be nulled.

Table 9 — Tone-Nulling Mapping to PHY Parameters

As
fre

TH
us
re

1d

Ad
ze)
de

WTONEMAPADDRESS Frequency
bit [5:4] bit [3:0] Band in Band Subcarriers
BAND ADDRESS Group (LSB .. MSB)
0b00 0b0000 Lower -64..-57
0b00 0b0001 Lower -56..-49
0b00 0Ob1111 Lower 56..63
0b01 0b0000 Middle -64..-57
0b10 0b0000 Upper 64-.-57

Frame Structures

illustrated in Table 9, subcarrier ordering is from {-64,...-1,0,1,
quency band in the band group.

...68}for each band, starting with

e entire tone-nulling map or just the portion of the map associated with a particular band ID ca
ng bit [6] of WTONEMAPADDRESS along with bits [5:4}to identify the area to be reset. Tong
bet to ONE indicating that they are not to be nulled.

cording to the ISO/IEC 26907 specification, data is transmitted and received least-significant 4
ro octet zero ... bit 7 octet zero, bit.Qsoctet 1 ... bit 7 octet 1 etc.). Consequently, the PLCP |
fined in Figure 8, is presented to DATA[7:0] as defined in Figure 7.

the lowest

N be reset
nulls are

it first (bit
eader, as
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R

Rx Frame

Tx Frame
57 B6 B5 B4 B3 B2 Bi BO B7 B6 B5 B4 B3 B2 Bi BO
Octet 0 s om T m R | R2 | R1 | RO Octet 0 T S | R2 | R1 | RO
Octet 1 MSB 15 LENGTH[7:0] LsB 8 Octet 1 MSB 15 LENGTH[7:0] LSB 8
Octet 2 S2|S1| R4 | R3 | "8 LenaTHittg 1S Octet 2 S2| S1| R4 | R3 Y5 LenaTH{11:8) 52
Octet 3 BG|T3|T2[T1[PT|BM|R6|RS5 Octet 3 BG|T3|T2|T1|PT|BM|R6 [R5
Octet 4 R14|R13|R12|R11|R10| T4 | R8 | R7 Octet 4 R14[R13|R12(R11|R10| T4 | R8 | R7
Octet 5 Octet 5
MAC_HEADER MAC_HEADER
Octet 15 Octet 15 Rosorved | o
Octet 16
Octetm MAC_PAYLOAD Octetm MAC_PAYLOAD
Octet LsB . NSB Octet Lse : NSB
LENGTH+15 % FCS[7:0] 3 LENGTH+16 % F@sSJ7:0] 3
188 FCS[15:8] MsB Ls8 FCS[15:8] wsB
16 23 16 2
158 FCS[23:16] s 7 FCS[23:16] e
Octet LSB B MsB Octet LSE' B MSB
LENGTH+18 | FCS[31:24] : LENGTH+9 {5 FCS[31:24] :
RSSI[7:0]
LQI[7:0]
Octet RXERROR[4:0)
LENGTH+22 Reserved |BA A
Figure 7 — Frame Structures forsTransmit & Receive States
[an)
Ll
o 4
w g
8w 2 TxTFC
=m % (4 bits)
[T
RATE LENGTH SCRAMBLER &) < .
(5 bits) (12 bits) (2 bits Lo Z R:Reserved
m o o T
R|R1 R2 R3 R4 RS S1S2|R R |BMPT BG|R R R R R
| 2] 3] 4] 5 6] 7 8| 9|10|11|12|13|14|15|16|17|18|19 2o|21 2223|2425 2627 [28|58 3|31 32|33 34 35|36|37|38| 3&1

The MAC|

defined in

are mapped to the bits of the FCS as defined in Figure 9 and presented to the PLCP as defined in Figure 7.

Figure 8 — PLCP Header Format

that specification, the coefficients (a3, ag) of the CRC result polynomial:

| HEADER, MAC_PAYLOAD and FCS are presented to the PLCP as defined in ISO/IEC 26907.

As

31 30 29 28 27
a31X" + AzeX T AxeX T+ AgeX” t+ AzrX

7 4 2
....... +ax + agk®+ agC+ axt agt a+ ax+ ag

bits: b31

b30

b29

b2

bl

b0

a0

al

a2

a29

a30

a3l

20

Figure 9 — FCS Field format
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Thus when presented to the PLCP least-significant octet first (FCS[7:0]) the coefficients of the CRC are

transmitted in the order az;_ag

The following TxFrame control bits (see Figure 8) shall be set by the MAC in all transmitted frames and shall
be delivered to the MAC by the PHY in the RxFrame format of all received frames:

o [RATE S the dataTate atwhich the MAC Frame Payload s transmittedHf tENGTH=0, RATE Shall be set

to ‘00000’.

e | LENGTH is the MAC Frame Payload length in octets excluding the FCS octets. If LENGTH ig zero, the

FCS field is not present.

e | SCRAMBLER (S1 and S2) is set to ZERO during initialization of the PHY or afterany !PHY_RHESET. The

e | BM and PT shall be set in all transmitted fames according to the rules'defined in 11.6.

e | The MAC sets TX_TFC and BG as derived from TXCHAN (se€_Table 7) in all transmitted frame$.

Table 10 — TX Frame. Fields

unsigned binary integer set in SCRAMBLER is incremented by the MAC,_modulo 4, for egch frame
transmitted from the MAC to its PHY.

N\
Field Bits Description %)
pion &
RO, R1, R2, R3, R4, 1 RESERVEDbits
RS, R6, R7, R8, R10, On TRANSMIT, RESERVED bits SHALL be set to ZERO
R11,R12, R13, R14
RATE 5 Indication of transmit data rate of MAC Frame Payload

Rate (Mb/s) R1-R5
53,3 00000
80 00001
106,7 00010
160 00011
200 00100
320 00101
400 00110
480 00111
Reserved 01000 - 11111
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Table 10 — TX Frame Fields (concluded)

Field Bits Description
LENGTH 12 Length of MAC Frame Payload in octets
12-bit unsigned binary integer Isb 8 --- msb 19
SCRAMBLER 2 Scrambler initialization bits S1 and S2
BM 1 Burst Mode bit (Interframe Space following this frame)
ZERO = Normal Mode (SIFS or other)
ONE = Burst Mode (MIFS)
(NOTE
SIFS = pSIFS
MIFS = pMIFS
as defined in 11.3 of ISO/IEC 26907).
P 1 Preamble type of the frame following this frame
ZERO = Standard Preamble
ONE = Burst Preamble
TA_TFC 4 TF Code used at the transmitter
TF Code T1,-T4
1 1000
2 0100
3 1100
4 0010
5 1010
6 0110
7 1110
8 0001
9 1001
10 0101
0000
Reserved 1101
Reserved 0011
Reserved 1011
Reserved 0111
Reserved 1111
BG LSB 1 Least-significant bit of the Band Group used at the transmitter
Band Group BG_LSB (BG)
1,3,5 ONE
2,4,6 ZERO
MAC_HEADER 80 MAC Frame header
MAC_PAYLOAD -—- Frame Data
FCS 32 Frame FCS
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Table 11 — RX Frame Fields

Field Bits Description
RO, R1, R2, R3, R4, 1 RESERVED bits
RS, R6, R7, R8, R10, On RECEIVE, RESERVED bits SHALL be ignored
R11, R12, R13, R14,
R15, R16, R17, R18
RATE 5 Same as Tx Frame Fields
HENGTH 1+2 Sameas Tx FrameFietds
SCRAMBLER 2 Scrambler initialization bits shall be ignored on receive.
BM 1 Burst Mode bit indicates the Inter-Frame Space following this, receiye
frame
ZERO = Normal IFS (Depends on MAC contéext)
ONE = Burst Mode IFS (MIFS)
(NOTE
SIFS = pSIFS
MIFS = pMIFS
as defined in 11.3 of ISO/IEC 26907):
PT 1 Preamble Type for the frame following this frame
ZERO = Standard\Preamble
ONE = Burst\Rreamble
TX_TFC 4 Same as Tx Frame Fields
BG_LSB Same as Tx FrameFields
MAC_HEADER 80 Same as Tx frame Fields
HEADER_ERROR 5 Immediaté-Header Error reporting. Error is indicated by the
corresponding bit set to ONE.
bit!0: RESERVED
bit 1: RESERVED
bit 2: WRONG CHANNEL
bit 3: UNSUPPORTED_RATE
bit 4: HCS_ERROR
All bits = ZERO represents “NO_ERROR”
MAC_PAYLQAD --- Same as Tx Frame Fields
FCS 32 Same as Tx Frame Fields
RSSI Receive power estimate of received signal
Lal Quality estimate of received signal
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Table 11 — RX Frame Fields (concluded)

Field

Bits

Description

RXERROR

5

Receiving results of Rx frame

Each bit represents the cause of error
bit 0: PAYLOAD_ERROR

bit 1: RESERVED

bit 2: WRONG CHANNEL

bit 3: UNSUPPORTED_RATE
bit 4: HCS_ERROR
All bits = ZERO represents “NO_ERROR”

11 Intenface Theory of Operation

11.1 Overview

A simplifigd PHY state diagram is defined in Figure 10.

PHY_RESET

PHY: ACTIVE

Note: while PHY_RESET is asserted the
PHY asserts PHY_ACTIVE.

When’reset operations have completed,
PHY:_ACTIVE is de-asserted

A
_ PMMode= SLEEP /J

PMMode=
SLEEP

PMMode =
STANDBY PMMode= READY

Note: SLEEP state is entered
STANDBY ) by writing to PMMode. See
11.1.2 EXIT FROM SLEEP

TX-EN&RX EN I—1 STATE for the exit protocol.

TRANSMI

 TX_EN&RX_EN /\K TX_EN&RX_EN

)

-

TX_EN&RX_EN TX_EN&RX_EN

& PHY_ACTIVE

< READY > <RECEIVE

24

Figure 10 — PHY State Transition Diagram
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11.1.1 PHY Reset Protocol

PHY RESET //J
PHY_ACTIVE 7
rec | L0 L L LT L L

At

Figure 11 — PHY Reset Protocol

any time and from any PHY state including after initial power on, the MAC may force thePHY in

state by asserting control signal 'PHY_RESET. The PHY indicates entry to RESEI /state by

PH
ca

Dy
dri
ab

Th
Af]
to

PH
PH
un

11

TH
Du
co
PH

1Y _ACTIVE and optionally stopping PCLK. Transitions on both 'PHY_RESET andyRPHY_ACTI
se are asynchronous to PCLK.

ring reset, the PHY drives CCA_STATUS, DATA_EN and DATA[7:0] to their‘inactive values.
ves RX_EN, TX_EN and SERIAL_DATA to their inactive values. PHY_ ACTIVE is driven as
ove.

e MAC maintains !PHY_RESET asserted for at least PHY specific interval PHYR
er IPHY_RESET is de-asserted the PHY completes its reset opérations. When PCLK is stable
PHY specific conditions) the PHY de-asserts PHY_ACTIVE-te/indicate transition to STANDBY
1Y is responsible for setting PMMODE to STANDBY and RDY to the appropriate value. If RDY is

defined.

.1.2 Exit from Sleep State

e MAC may place the PHY into SLEEP state by writing SLEEP to the PMMODE register (see
ring SLEEP state, the PHY reduces power consumption by turning unnecessary functions off. Ho
htents of the Dynamic Registers are-maintained through SLEEP and can be assumed unchange
1Y is returned to STANDBY state.

g N B

TX-EN

RX_EN

PHY_ACTIVE

STATE SLEEP UNDEFINED STANDBY

to RESET
asserting
VE in this

The MAC
described

esetTime.
according
state. The
set by the

1Y to indicate abnormal completion of RESET operation, the meaning of all registers except RDY is

Table 7).
lvever, the
i after the

Figure 12 — Exit SLEEP protocol

Exit from SLEEP state is carried out by the following operations:

The MAC asserts both TX_EN and RX_EN

When the PHY has reached STANDBY state, it asserts PHY_ACTIVE and sets PMMODE to STANDBY

When the MAC detects the rising edge of PHY_ACTIVE, it de-asserts TX_EN and RX_EN
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e The PHY responds by de-asserting PHY_ACTIVE.

11.1.3 Normal Operation

By writing to the PHY configuration register PMMODE (see Clause 9), the MAC controls transitions between
any two of the three PHY states: SLEEP, STANDBY and READY except for transitions from SLEEP state
which requires a special operation as described in 11.1.2.

When the PHY is not actively transmitting or receiving, it will be in STANDBY state. In preparation for an
active time period, the MAC must first put the PHY in READY state by writing into configuration register
PMMODE. The MAC must put the PHY In READY state at least TurnOnDelay microseconds befgre
command|ng the PHY into TRANSMIT or RECEIVE state. After this delay, TRANSMIT or RECEIVE state-can
be initiategl by the MAC asserting TX_EN or RX_EN respectively. The PHY is returned to READY state by de-
asserting the same signal. (For complete transition conditions, see Transmit and Receive clauses.) Once the
PHY is bgck in READY state, the MAC may either initiate another frame transmission or reception by again
asserting ’X_EN or RX_EN, or it may command the PHY back into STANDBY by writing to register PMMODE.

Table 12 gives the conditions for the PHY state transitions.

Table 12 — State Transition Conditions

TRANSITION TX_EN RX_EN QW@}'E TO PMMODE
RESET — STANDBY LOW LOW —
STANDBY — SLEEP LOW LOW SLEEP
SLEEP — STANDBY HIGH HIGH —
STANDBY — READY LOW LOW READY
READY — SLEEP LOW Eow SLEEP
READY — STANDBY LOW LOW STANDBY
READY — TRANSMIT Rising edge LOW —
TRANSMIT — READY Falling edge LOW —
READY — RECEIVE LOW Rising edge —
RECEIVE — READY LOW Falling edge —

11.2 Frame Timing

Precise frame timing is provided by the MAC (except when in Burst Mode as described in 11.7.3) for transimit
operationg and by the RHY/MAC for receive operations.

The start|of the transmitted frame is indicated by the rising edge of TX_EN associated with the PHY-
dependent, but:fixed, PHY transmit processing delay TxDelay for single frame transmission and for the [1%
frame of g Burst'transmission.

The end of the transmit frame is indicated by the falling edge of PHY_ACTIVE.

The start of the receive frame is indicated by the rising edge of PHY_ACTIVE associated with the PHY-
dependent, but fixed, PHY receive processing delay SyncDelay.

The end of the receive frame is indicated by the falling edge of PHY_ACTIVE associated with the PHY-
dependent, but fixed, PHY receive delay PhyActiveDelay.
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11.3 Ranging Support

Ranging estimation may be optionally supported by the PHY. Capabilities are indicated by static parameter
RangingSupported. If ranging is supported, timing of transmission and reception events may be controlled via
the RNGEN bit [2] in the CONTROL [00h] dynamic parameter register.

PHYs which support ranging must provide up to a 32-bit ranging counter and indicate the precision of the
timestamp by reference to the frequency of the ranging counter.

RNGEN indicates whether the PHY should set the RANGINGTIMER register from the ranging counter during

trgrsmisSiomTand Teception.

THe interface events associated with these timestamps are:

o | The start of transmission of the preamble at the local antenna as indicated(by the as
PHY_ACTIVE.

o | The acquisition of the preamble as indicated by the assertion of PHY_ACTIVE_ during reception.

THese transitions on PHY_ACTIVE provide support for ranging procedures which may be implemer

or| above the MAC by indicating when ranging timestamps should «be’ retrieved. However, th

timpestamp value is not tied to the PCLK timing associated with PHY_ACTIVE transitions. See 14.2 g

IS
RA

Th

sp
IS

C4

11

re

D/IEC 26907 for a definition of the ranging timestamp reference’and the associated calibration p
ANGING_TRANSMIT_DELAY and RANGING_RECEIVE_DELAY.

e processing of the timestamps by the MAC or higher' layer functions is outside the sco
ecification. The Two-Way Time Transfer range,. measurement mechanism defined in
D/IEC 26907 uses the following MAC-PHY interfaceregisters and parameters:

RANGINGTIMER,;

RangingSupported,

RANGING_TRANSMIT_DELAY,

RANGING_RECEIVE_DELAY;

sertion of

ted within
e ranging
nd 14.5 of
arameters

be of this
17.15 of

ive cases

PHYClockAccuracy.
Iculations are described in Annex G of ISO/IEC 26907.
.4 Transceiver Delay Definitions
Figure 13-and Figure 14 show the principle transceiver delay intervals for Transmit and Rece
Epectively.
- - MAC indicates end
TX_EN | ’4/ offlrnarf::asz;n
s e
xDataDelay
MAC-PHY I/F > ™ e
} Header H MAC Frame Payload }
RADIO MEDIUM
}.q.ldard PreambleM Header M MAC Frame Payload }
STATE READY TRANSMIT READY

Figure 13 — Transmit Delay Intervals
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TxDelay is the interval between the assertion of TX_EN and the start of the first symbol of the preamble being

present at the local antenna.

The PHY requests header data by asserting DATA_EN no earlier than TxDataDelay before the end of the
preamble as defined in Figure 13. TxDataDelay is measured backwards from the end of the preamble to
provide a fixed, preamble independent, header processing interval for PHY implementations and a fixed
interval between TX_EN assertion and the first assertion of DATA_EN to be used by the MAC for end of

previous frame processing.

The MAC must drive valid data to DATA[7:0] 2 PCLK periods after DATA_EN is asserted.

The PHY

asserting PHY_ACTIVE.

The PHY
last symbol of the frame at the local antenna.

SyncDelay
> -

RxDelay
> -

requests the last octet of data by asserting DATA _EN not less than TxEOFDelay before/q

e-

He-asserts PHY_ACTIVE on the rising edge of the PCLK following the transmission of the’end of the

PhyActiveDelay

L - {

RX_EN

PHY_ACTIVE

Begin

R

RxDelay i
the PHY.

Precise st

fixed, delqy, SyncDelay, after the end of last symbol of the preamble Frame Synchronization Sequen

(preceding

The PHY
after the ¢

End of fr

PHYActiveDelay, after_thé end of the last symbol is received at the local antenna. PHYActiveDe
tes for the processing delay inherent in the PHY receive processing path. The PHY transfers
of the\frame across the MAC-PHY Interface no later than RxEOFDelay after de-assert

compensz
last octet
PHY_ACT

Acquisition

End of Frame Synchronization Sequence

MAC-PHY I/F

MAC Frame Data

‘ } Header {

JADIO MEDIUM

MAC Frame Data

}.a..ua.u PreambleH Header {

> -
RxDataDelay

TATE STANDBY READY RECEIVE

Figure 14 — Receive Delay Intervals

the Channel Estimation Sequence) arrives at the local antenna.

nd of the PLCP header.at the local antenna.

IVE,

5 the interval between the assertion of RX EN and the start of the preamble acquisition operation

transfers the HEADER_ERROR octet across the MAC-PHY Interface no later than RxDataDe

ame timing is¢provided by de-assertion of PHY_ACTIVE a PHY-dependent, but fixed, deIIf,

> -

RXEOFDelay
READY

by

art of frame timing is provided by theyPHY via the assertion of PHY_ACTIVE a PHY- dependent, fut

Ce

ay

Yy
e

ng

RADIO MEDIUM

PHY_ACTIVE

SyncDelay
- PHYActiveDelay>| n :|

End of previous Frame Standard PreambIeH Header |

MAC Frame Data

Figure 15 — PHYActiveDelay Timing

As defined in Figure 15, PHYActiveDelay may overlap with the start of the preamble of the next receive frame
but must permit PHY_ACTIVE to be de-asserted before the end of the Frame Synchronization sequence to

28
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permit acquisition of the incoming frame to be signalled. It is the responsibility of the PHY vendor to specify
the value of PHYActiveDelay such that this condition can be met for a zero length frame.

Precise end of frame timing can also be calculated from the known precise start of frame timing, preamble,
PHY Header and MAC Frame Data structures, data rates and symbol encoding.

11.5 Transceiver Turnaround Times

11.5.1 RX-TX Turnaround Time

» o« | ——Rx2TxDwellTime—p{¢—TxDelay—p|
iveljela

TX_EN

RX_EN

PHY_ACTIVE

MAC-PHY I/F 2 Frame Payload Header H Frarfié Payload S

RXEOF TxData
Delay | [ Delay,

RADIO Frame Payload Std Preamble Header l Frame Payload S

Figure 16 — Rx-Tx Turnaround Time

The minimum interval between RX_EN de-assertion and TX_ EN asSsertion shall be a fixed, PHY spdcific value,
RA2TxDwellTime. The following inequality shall be respected:

PHYActiveDelay + RxEOFDelay + RX2TxDwellTime + TxDelay < SIFS

111.5.2 TX-RX Turnaround Time

———————SIFS——p|

| €——Tx2RxDwalITime—pl¢—— RxDelay—— | | |(Snebelay
TX_EN
RX_EN
PHY_ACTIVE
MAC-PHY I/F 2 Frame Payload { Header —{ Frame Paylopd S

TXEOF, RxData
* Delay ”l <« Delay >

RADIO 2 Frame Payload Std Preamble I Header Frame Payload S

Figure 17 — Tx-Rx Turnaround Time

THeminimum interval between PHY_ACTIVE de-assertion (in TRANSMIT State) and RX_EN assqrtion shall

b £ DL IN H l TR L. Tl £o11 + + Lt ball l ool
A TIATU, T TTT opPTUNIL VAIUT, TAZTNADWTUITTITTIC. TTTC TUNMTUWITTY Toyudiity ol'idilh VT TCopPTUITU.

Tx2RxDwellTime + RxDelay < SIFS

11.6 PREAMBLE CONTROL

11.6.1 Single Frame Transmission and Reception
In each single frame transmission the Standard Preamble shall be used.

BM shall be set to ZERO for single frame transmission.
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PT shall be set to ZERO for single frame transmission.

In single frame reception, the preamble to be acquired by the receiver is defined by register RXPT which must
be set, respecting the receive setup and hold times defined in 9.7.2, to indicate the Standard Preamble.

11.6.2 Burst Mode Transmission

A burst is defined as a MIFS separated sequence of frames (see 11.7.3). In burst transmission, the PHY
ensures the accurate MIFS timing between frames. The preamble to be transmitted with each frame is defined
by the rules summarized below:

e BM shall be set to ONE for Burst Mode frame transmission.

11.6.2.1 |Data Rates of 200 Mbps or Lower

For DATAIRATES of 200 Mbps or lower, all frames in the burst shall use the Standard Preamble.
e PT shpll be set to ZERO for data rates of 200 Mbps or lower.

11.6.2.2 |Data Rates above 200 Mbps

For DATA RATES above 200 Mbps, the first frame in the burst shall use the ‘Standard Preamble. The second
and subsgquent frames of the burst may use the Burst Preamble or the Standard Preamble.

Previous Burst or Single
Frame Transmission

Next Burstor Single
Framé Transmission

| Frame (1) | BM=0 | PT=0 | |
- Frame (m) | Bm=1 | |
| Frame (m+1) ERIES |
Burst Transmission i i
| Frame (n'-1) | Bw=1 | PFT:;S;"
\_ | Frame (n) | BM=0 | PT=0 |

Frame (n+1)

Figure 18 — Burst transmission preamble control

As defined in Figure 18 a burst transmission begins with a frame (m) carrying BM = ONE in the PLCP Header,
normally preceded by a frame (m-1) with BM = ZERO and PT = ZERO.

The 1 frame in the burst (frame m) is transmitted with the Standard Preamble.

The 2™ and subsequent frames (m+1,..., n) of the burst are transmitted with a preamble type defined by PT in

the preceding (m,..., n-1) frame PLCP Header.

The last frame (n) in the burst is transmitted with BM = ZERO and PT = ZERO.

30
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11.6.3 Burst Mode Reception

In

burst mode reception the MAC maintains RX_EN asserted between frames within the burst.

During burst mode reception, processing of PT when BM = ONE is performed automatically by the PHY when
register PTON is set to ONE.

The MAC is responsible for all receive preamble control via register RXPT when register PTON is set to

ZERO.
A purstmode Teceptionmis—termitated—fottowinmgTeceptionm of @ framewittr Bivi—ZERS—ormmedi
RX_EN is de-asserted.

11

Th

In
Co|
Sp|
tra

In

.7 Transmit Operation

ere are two transmit operations — Single Frame transmit and Burst Mode transmit.

single frame transmission, a single frame is transferred from the MAC to’the’ PHY and on-ai
htrolled by the state of TX_EN and the PHY transmission of symbols at thé local antenna. T
ecific operation following completion of the single frame transmission. The/next operation could &

nsmit, a receive or a transition to STANDBY.

Burst Mode Transmit there is an explicit relationship between €ach frame in a sequence of fram

i
th

11
Th

cld
re

11

Th
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TH
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ing is controlled by TX EN for the start of the first frame only.)Subsequent frame timing is mai
PHY during the burst.

.7.1 Data Bus Ownership

e DATA[7:0] bus is driven by the MAC in TRANSMIT state. The MAC takes control of DATA
cks following TX_EN assertion. The MAC:relinquishes control two clocks after TX_EN de
pardless of the PHY requesting data by asserting DATA_EN.

.7.2 Single Frame Transmission Caontrol

\C sets the PLCP Header patameters listed in Table 13 in the Tx Frame format as defined in Figu

fined in Figure 5.

Table 13 — Single Frame Transmit Parameters

ptely after

[ timing is
ere is no
e another

es. On-air
ntained by

7:0] three
-assertion

e MAC has complete control aver. the single frame transmission operation. For each frame transiitted, the

e 7.

e MAC also sets the-Transmit control registers listed in Table 14 respecting the setup and hold times

Pa‘r&@tg Value Comment

SCRAMBLER [(S1..82) + 14 S1 & S2 are treated as a 2-bit unsigned integer and incremented
for each frame sent from the MAC to the PHY.

BM ZERO Burst Mode is always ZERO for single frame transmissions.
PT ZERO Preamble Type is always ZERO for single frame transmission.
TX_TFC T1..T4 TFC code used to transmit the frame.
BG_LSB BG Isb Least-significant bit of Band Group.
RATE 00000 Encoding of data rate for the MAC Frame Payload part of the
frame. Value shall be set to 00000 if LENGTH is zero.
00111
LENGTH 0...4 095 Number of Octets in MAC Frame Payload part of Frame.
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Table 14 — Transmit Control Registers for Single Frame Transmit

Register Value Comment
TXCHAN See 11.2 of ISO/IEC 26907 Channel on which to perform the transmit
operation.
TXCTL-TXPT ZERO The preamble is always the Standard Preamble in
single frame transmissions.
TXCTL-TXANT 0.. SupportedDiversity[5:4] Identifies the transmit antenna.
TXCTL-TXPWR 0. .NumTxPwrl evels-1 Transmit power level index
CONTROL- ZERO If RangingSupported = ZERO, RNGEN is set to
RNGEN ONE ZERO
If RangingSupported = ONE
RNGEN is set to ZERO to disable
RANGINGTIMER setting
RNGEN is set to ONE to énable
RANGINGTIMER setting.

Figure 19| illustrates the transmission of a single frame, starting from READY."state. The MAC starts the
transmission by asserting TX_EN while keeping RX_EN low. When the PHY detects the rising edge of TX_EN
it transitions to TRANSMIT state, turns on the radio transmit path and begins to transmit the preamble defined
by TXPT ysing its antenna defined by TXANT on the channel defined by TXCHAN.

The timing of TX_EN assertion should be TxDelay ahead of néminal frame timing at the local antenna|to
compensdte for PHY transmit processing delay.

In TRANJMIT State the PHY has full control over data flow. Data is requested from the MAC by asserting
DATA_EN at the rising edge of PCLK. The MAC must drive DATA[7:0] 2 clock cycles later.

PCLK

TX_EN [

I
Eg

End of Frame
RX_EN at local antenna

[ i ¥
PHY_ACTIVE ) \
DATA[7:0] XX . XX N o | D1 % Dn-1| Dn xx
DATA_EN ) \ / ; ; V\
STATE READY. TRANSMIT READY
N\ J N\ N\ J
hd Y Y
DATA[7:0] DATA[7:0] DATA([7:0]
Driven by PHY Driven by MAC Driven by PHY

Figure 19 — Single Frame Transmit Timing

The PHY performs the following operations:

e Asserts PHY_ACTIVE at the rising edge of PCLK following the transmission of the leading edge of the first
symbol of the preamble at the local antenna.

e If RNGEN = ONE sets Dynamic Register RANGINGTIMER at the Ranging Reference Signal (defined in
14.2 of ISO/IEC 26907 as the first sample of the first Channel Estimation Sequence of the preamble)
according to the precision defined by the RangingSupported static parameter (see Table 7).

e Requests Header and Payload data (as appropriate) from the MAC by asserting DATA _EN while
respecting TxDataDelay.
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The MAC performs the following operations:

o Transfers one octet of header or payload data (as appropriate) for each request from the PHY via a rising
edge of DATA_EN.

e Completes the transmit operation by de-asserting TX_EN at the rising edge of the PCLK cycle after the
last octet of the frame FCS (or MAC Header if LENGTH is zero) has been transferred to the PHY.

The PHY completes the single frame transmit operation by:

e [ De-asserting PHY_ACTTIVE at the rising edge of PCLK following the transmission of the trailirjg edge of
the last symbol from the local antenna.

e | Transitioning back to READY state.

THis procedure is repeated for each transmitted frame. The MAC is responsible for-calculating the start of
frgme timing in all cases.

A frame transmission can be aborted by the MAC at any time by de-asserting.’X_EN before the Igst octet of
th¢ FCS (or MAC Header if LENGTH is zero) has been transferred to the PHY (see 11.9).

11{.7.3 Burst Mode Transmission Control

A |burst is a sequence of MIFS separated frames transmitted from the same source. In byrst mode
trgnsmission, the MAC has control over the timing of the first frame in the sequence of burst mode frames.
THe first frame is transmitted in exactly the same manner as a single frame transmission, as |described
in 11.7.2 except for the PLCP Header parameters listed in, Table 15.

Table 15 — Unique Bursf;Mode PLCP Header Parameters

Parameter Value CQ@Te‘nt

BM ONE ‘it;r;ta h;lg;ijer:g:t be set to ONE in the first frame of the burst

- ZERO PT = 0 if the next frame will be sent using the Standard Preamblgd.
ONE PT = ONE if the next frame will be sent using the Burst Preamble|

LENGTH 154 095 Number of Octets in MAC Frame Payload part of Frame.

Timing for the transmission of subsequent frames in the burst is maintained by the PHY provided that TX_EN
is re-asserted within the window defined in Figure 20. The minimum duration TX_EN shall remain d¢-asserted
before re-assertion is three PCLK cycles.

TX_EN de-asserted Window in which the

for at least 3 PCLKs hMAc can reassert TX_EN
TxDelay - - )y

TX_EN [

T | —

> - TxDelay

PHY_ACTIVE
MAC-PHY I/F [ Header |- mAC Frame Data | [ Header H MAC Frame Data —
andard
—{ —
RADIO MEDIU Preamble | Header | MAC Frame Data Burst Preamble | Header | MAC Frame Data |—

-« MIFFS »

Figure 20 — Burst Mode Transmission
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If the MAC re-asserts TX_EN in this window, the PHY assures the start of the first symbol of the preamble of
the next frame is presented at the local antenna exactly MIFS after the end of the last symbol of the previous
frame. The MIFS interval is defined to be an exact number of symbols to enable the receiver to maintain
synchronization from the Burst Preamble.

In burst transmission, the value of PT overrides TXPT in determination of which preamble the PHY transmits
ahead of each PLCP header and MAC frame body (if present).

Each subsequent frame in the burst mode sequence is transmitted as in the single frame case except for the
PLCP Header parameters in Table 15 and the assurance of the MIFS interval provided TX_EN is re-asserted

'th' th H | alaf: ol = a0 ol Ll | 4+ £ + +lo ol L + +lo Dl f'\P
WI In WITTUUVV  UTITIICuUu 1T T Tyurc LU, Uritar uic idot 1rartic 1 uic oCTYUTTIVT WG Uincro 1 uic T L\

parameteis define in Table 16.

Table 16 — Unique Final Frame PLCP Parameters

Parameter Value Comment qQ)Q)
4
BV ZERO Burst Mode must be set to ZERO in the last frame of the burst

mode sequence.

PT must be set to ZERO in the last frame ‘ef the burst mode
sequence.

AT ZERO

Encoding of data rate for the MAC Frame Payload part of the
frame. Value shall be set to 00000 if LENGTH is zero.

Number of Octets in MAC _Frame Payload part of Frame. Note
LENGTH 0...4095 the special case of a frame.with LENGTH of zero is permitted
since the MIFS interval will not be used following this frame.

RATE 00000 ... 00111

11.7.4 Byrst Mode Transmit Error Recovery
If TX_EN {s re-asserted:

e later than TxDelay before MIFS, but earlier:than MIFS, after the end of the previous frame, the behavigur
of the|PHY is undefined;

e later than MIFS after the end of(the previous frame, the PHY shall abort burst mode transmission and

return|to normal transmission. The next assertion of TX_EN will be treated as a single frame transmissipn
or thelfirst frame of a new budrst ' mode transmission.

11.8 Regeive Operation

11.8.1 Dgta Bus Ownership

The DATA[7:0]\bus is driven by the PHY in RECEIVE state. Valid data is indicated by DATA_EN being
asserted gtthe'rising edge of PCLK.

11.8.2 Single Frame Reception Control

The MAC controls frame reception operations via the RX_EN control signal. For each frame received, the
MAC sets the Receive control registers listed in Table 17, respecting the setup and hold times defined
in Figure 6. The PHY reports the received PLCP Header parameters in the receive frame format as described
in Figure 7.
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Table 17 — Receive Control Registers for Single Frame Receive

Register Value Comment
RXCHAN See 11.2 of ISO/IEC 26907 Channel on which to perform the receive operation.
RXCTL-RXPT ZERO RXPT is set to ZERO if the PHY should seek to acquire

a Standard Preamble. Single frames are always
transmitted using the Standard Preamble.

RXCTL-RXANT

0.. SupportedDiversity[1:0]

Identifies the receive antenna.

TH

W

RXCTL-PTON ZERO PTON is ignored for single frame reception

ONE
CONTROL- ZERO If RangingSupported = ZERO, RNGEN is set.fo ZBERO.
RNGEN ONE If RangingSupported = ONE

RNGEN is set to ZERO to'disable
RANGINGTIMER setting

RNGEN is set to ONE/to enable
RANGINGTIMER sétting.

e reception of a single frame is depicted in Figure 21, starting from the' READY state. The MAC gommands
th¢ PHY into RECEIVE state by asserting RX_EN while keeping TX_EN de-asserted.

nen the PHY detects the rising edge of RX_EN, it transitions’/to’ RECEIVE state, turns on the radio receive

path, waits RxDelay and then starts a preamble acquisitionyas defined by RXPT using its receive antenna

d€

Th

TX_EN

e PHY has full control over data flow during frame, reception.

fined in RXANT on the channel defined in RXCHAN. RxBelay is the turn-on time for the radio recgive path.

RX_EN

PHY_ACTIVE

]

End of Frame Sync Se«

Il ]I

]I =f

End of Frame
at local antenna

| — PhyActiveDglay

SyncD?!ay [

atlocal anterjna

DATA[7:0]

DATA_EN

/

STATE READY

C I xxEXEXE xxEXH on: [

= 0

RECEIVE READY

=

Figure 21 — Single Frame Receive Timing Diagram

hd
DATA[7:0]
Driven by PHY

The PHY performs the following operations:

The PHY will seek to acquire the specified preamble on the specified antenna and channel RxDelay after
the assertion of RX_EN.

Preamble acquisition is signalled by the PHY asserting PHY_ACTIVE, as indicated in Figure 21. The
delay between the end of the last symbol of the Frame Synchronization Sequence of the preamble (before
the Channel Estimation Sequence) in the antenna and the raising edge of PHY_ACTIVE is a PHY-
dependent, but fixed, delay SyncDelay.
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e If RNGEN = ONE sets Dynamic Register RANGINGTIMER at the Ranging Reference Signal (defined in
14.2 of ISO/IEC 26907) according to the precision defined by the RangingSupported static parameter
(see Table 7).

e The PHY decodes the received symbols and transfers the PLCP Header to the MAC by the assertion of
DATA_EN. At each PCLK rising edge with DATA_EN asserted the MAC reads one octet of data into the
RX Frame.

e The PHY interprets the PLCP header parameters and computes the header checksum and compares it
with the HCS field in the received PLCP header. The PHY reports the status of the header in
HEADER_ERROR a5 defined tn Figure 7.

The MAC [performs the following operations on the RX Frame fields:

e Interpfets the HEADER_ERROR parameter. If any bit in HEADER_ERROR is set, the\ MAC sholild
perform frame recovery by de-asserting and re-asserting RX_EN not less than 3 PCLK cygles later

o0 If header checksum verification failed, the receive operation is terminated according to 11.11.2.1.

o If|the PLCP header payload RATE is not supported, the PHY terminates the receive operation
agcording to 11.11.2.2.

e Interpfets RX Frame field LENGTH — the length in octets of the MAC £rame Payload. The MAC uses th
paranjeter as needed to support the transfer of received data from the DATA[7:0] bus.

S

The MAC]| continues the receive operation, if HEADER_ERROR; reports no errors, transferring one octet|of
data for efich rising edge of PCLK while DATA_EN is asserted. After LENGTH octets have been received the
MAC transfers the 4 octets of the FCS and 3 octets of receivé quality information into the receive frame and
processeqd the remaining parameters:

e RXFrpme field FCS. The MAC computes the FCS-according to its specified CRC algorithm and compatrles
the repult with the RX Frame FCS value to determine the validity of the MAC Frame Payload data.

e RX Frame field RSSI - received signal strength indication. The MAC uses this value as required|to
suppdrt links with the transmitting device:

e RX Frame field LQI - link quality(indicator. The MAC uses this value as required to support links with the
transmitting device.

¢ RX Frame field RXERROR' — receive error status. The MAC interprets any set bit in RXERROR Jas
required to perform franie’reception error handling.

If the PH)Y detects_anm-unrecoverable payload error, the receive operation shall be terminated according
to 11.11.2{3.

The PHY tompletes the receive operation by:

e De-asserting PHY ACTIVE at the rising edge of PCLK a PHY-dependent, but fixed, delay,
PHYActiveDelay, after the trailing edge of the packet waveform at the local antenna.

The MAC completes the receive operation by:

e De-asserting RX_EN. The PHY remains in RECEIVE state until RX_EN is de-asserted by the MAC, at
which point it transitions back to READY.

A frame reception can be aborted before completion by de-asserting RX_EN as described in section 11.10.

36 © ISO/IEC 2009 — Al rights reserved


https://standardsiso.com/api/?name=e61b51d7500cacea2d391e4102cbe116

11.

ISO/IEC 26908

8.3 Burst Mode Reception Control
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In Burst Mode reception the receiving MAC commands the PHY to perform continuous frame reception by
maintaining RX_EN asserted following reception of a frame with BM set to ONE. Each frame received with BM
= ONE is processed in a manner identical to single frame reception except for the de-assertion of RX_EN to
complete the reception operation. The frame symbol timing is determined by the transmitter but the receiving
PHY can exploit the PLCP header BM and PT fields to improve receive performance.

There is one receive control register specific to burst mode as shown in Table 18.

Fdllowing reception of a frame with BM =ONE, the PHY prepares to receive a new preamble exa
after the end of that frame using the preamble indicated by RXPT if PFON = ZERO, or the preambile

by]

Figure 22 shows a sequence of burst mode received frames with MIFS separation. The timing of e
is pracketed by the assertion and de-assertion of PHY_ACTIVE with SyncDelay and PhyActiveDela
case of single frame reception.

11

Table 18 — Unique Burst Mode Receive Registers

Q\J
Parameter Value Comment (1/
o .
RXCTL-PTON ZERO When PTON = ZERO, the MAC must control all.receive preamble
ONE acquisition via RXPT.
When PTON = ONE, the PHY interprets the PT field in PLCP
headers with BM = ONE.

PT if PTON = ONE.

ctly MIFS
indicated

ach frame
y as in the

SyncDela! PhyActiveDelay SyncDela! PhyActi
—

PHY_ACTIVE

MAC-PHY I/F } Header } | Frame Data } Header } Frame

Data }7

o

Radio Medium ———————  swndara Preamble | Header | Frame Data WS rroame | Header | Frame Data
e

Figure 22 — Burst Mode Receive with MIFS

e burst is_terminated upon receipt of a frame with BM = ZERO after which the MAC de-asserts
identical'manner to that for single frame reception.

long as each received frame carries BM = ONE, the MAC maintains RX_EN asserted and th¢ PHY will
continue to perform”~acquisition and frame reception, each time using the preamble as defin
previously received/PT value or the RXPT value depending on the setting of PTON.

bd by the

RX_EN in

.84 Burst Mode Reception Error Recovery

At any time within a burst, the MAC may recover from reception errors and terminate Burst Mode reception by

de

©lI

-asserting RX_EN.

SO/IEC 2009 - All rights reserved

37


https://standardsiso.com/api/?name=e61b51d7500cacea2d391e4102cbe116

ISO/IEC 26908:2009(E)

11.8.5 Zero Length Frame Reception

SyncDelay—m - «—PHYActiveDelay

PHY_ACTIVE
MAC-PHY IIF [Headér | +————

Radio Medium Preamble Header

PCLK L L
DATA_EN \;
MAC-PHY I/F 4{ Last bytes of Header Hgﬁ:f’l RSS! l Lal l E?;, }7

Figure 23 — Zero Length Frame Reception

Figure 23| shows zero length frame reception and presentation of thé.associated receive parameter bldck
(RSSI, LQI and RXERROR) following the HEADER _ERROR octet.

The receiye parameters do not necessarily follow immediately after the HEADER_ERROR octet as the PHY
may expldit flow control via DATA_EN when delivering the recéive parameter block.

Note that DATA_EN is always used to qualify DATA[7:Q]yas the PHY retains full flow control during recejve
operation.

11.9 MALC Transmit Abort

TX_EN ‘4— Disable analog path

PHY_ACTIVE ﬂ l«— Flush T patn
MAC-PHY IIF ——2—{ Header H Frame Data |

Radio Medium ——{ Long Preamble I Header [ Frame Data }

Figure 24 — MAC Aborted Transmit

Figure 24|shows the operation of the interface when the MAC de-asserts TX_EN before delivering the Ifst
octet of the ECS ta the DATA[7:0] bus

Upon detecting de-assertion of TX_EN, the PHY shall immediately disable the path to the local antenna so
that no further symbols are transmitted but may take the necessary time to flush the transmit logic before de-
asserting PHY_ACTIVE at the rising edge of PCLK and returning to READY state.

Note that it is assumed that immediate cessation of transmission at the local antenna is expected to require

disabling the analog transmit path. The PHY will normally require additional time to reset the digital
transmission path before being ready to resume normal operation.
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11.10 MAC Receive Abort

PCLK

TX_EN

RX_EN : : : : : \ after RX_EN de-assertion. ?’reer szevents |:s not spgqf ed. *

Data r;nay be hresemeﬁ : “ :

PHY_ACTIVE

i

”mjmxh o Vo - FHA ; ;H
omen [ [ L | e
RECEIVE State \\ “ READY State
66 PCLK clock cycles

21

Figure 25 — MAC Aborted Receive Timing Diagram

b
th
bu

TH
bu

A
as|
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F%ure 25 shows the operation of the interface when the MAC de-asserts RX_EN before the end of

n received at the local antenna. Normal RECEIVE operation requires that RX_EN be asserted
last octet of the receive parameter block (RXERROR) has beén presented to the MAC at the
s and validated by DATA_EN.

The MAC may abort a receive operation at any time afterasserting RX_EN by de-asserting RX_|
RX_EN is de-asserted at any time before this lastoctet transfer, irrespective of whether PHY _
serted or de-asserted, the following abort operation occurs:

operation, shall stop transferring data to\the MAC, shall present the receive parameter block wh
qualified by DATA_EN and shall de-assert PHY_ACTIVE (if asserted).
If 19 or more octets of data, including the PHY header, the MAC header and HEADER ERF
been delivered by the PHY «the MAC shall consider the last three octets delivered by the PHY w
66 PCLK clock cycles to_be the receive parameter block.

Otherwise, all data.delivered by the PHY for the aborted receive operation is undefined.

e order in which-PHY_ACTIVE is de-asserted and the receive parameter block is presented is no
t must completewithin 66 PCLK cycles after de-assertion of RX_EN.

special ‘Case should be noted for Burst Mode. If the acquisition of the next frame is signall
sertion,.of PHY_ACTIVE before the completion of delivery of the data and receive quality bl
pceding frame, de-assertion of RX_EN will abort both the delivery of the preceding frame and thq

frame has
until after
DATA[7:0]
EN.

\CTIVE is

Within 66 PCLK clock cycles of detecting the de-assertion of RX_EN, the PHY shall abort the receive

ich will be

ROR have
thin these

t specified

ed by the
bck of the
incoming

frd

me:

11.11 Error Conditions

11.11.1 Transmit Error Conditions

There are no defined error conditions that occur during transmit operations.
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11.11.2 Receive Error Conditions

11.11.2.1

Header Checksum Error

The PHY computes the header checksum (HCS) for the received PHY Header and compares it with the value
in the header HCS field. If this check fails, the contents of the header cannot be trusted — including the critical
LENGTH parameter that defines the extent of the MAC Frame Payload field.

In this case, the PHY sets the HEADER _ERROR bits in the receive frame data structure. The PHY then
behaves as if a zero length frame had been received.

Even thou
e TheP
e TheM

e The HEADER_ERROR bits

e RSSI

e LQI

¢ RXERROR

The PHY ghall de-assert PHY_ACTIVE at a suitable interval after‘detection of the header checksum failure.
this HCS ¢rror case, end of frame timing derived from the de-asSertion of PHY_ACTIVE is not valid. HEADL
CHECKSUM ERROR is set in both HEADER_ERROR and RXERROR fields.

If the MAC
acquire a

If the Preamble type needs to be re-set (e.g. after failure to acquire a Burst Preamble, the MAC may set {

preamble
re-start th
timing of r

11.11.2.2
If the data
set to an

data struc

The PHY
correspon

gh the header checksum fails to validate the header, the Rx Frame will contain the following:
| CP header including the RATE and LENGTH

AC header

[ maintains RX_EN asserted following the indic¢ation of HCS error, the PHY will continue to seek
frame using the same preamble type used in the frame whose header checksum failed.

to Standard Preamble) the MAC should de-assert RX_EN, set RXPT to the appropriate value a
b PHY’s acquisition operation by ‘re-asserting RX_EN. It is the MAC’s responsibility to determine {
b-acquisition following a lost frame, including loss of an intermediate frame in a burst.

Unsupported Data Rate
values in the PHY..and MAC Header are validated by the HCS but one or more of the parameters
ure and performs a zero length frame receive operation as described in 11.8.5.

shall de-assert PHY_ACTIVE at a suitable interval after detection of the unsupported data rate. T]
ding error bits are set in both the HEADER_ERROR and RXERROR fields.

In
FR

he
nd
he

S

Linsupported value (e.g. Data Rate), the PHY sets the HEADER_ERROR bits in the receive frafne

he

40

© ISO/IEC 2009 - All rights reserved


https://standardsiso.com/api/?name=e61b51d7500cacea2d391e4102cbe116

	1 Scope
	2 Conformance
	3 Normative references
	4 Terms and Definitions
	5 Notational Conventions
	6 Abbreviations and Acronyms
	7 Overview
	8 Interface Signal Description
	8.1 Interface Signal Definitions
	8.1.1 Control Interface
	8.1.2 Data Interface
	8.1.3 CCA Interface
	8.1.4 Management Interface

	8.2 PHY Operational State

	9 Registers
	9.1 Bit Ordering and Interpretation
	9.2 Register Address Spaces
	9.3 Static Parameter Definitions
	9.4 Static Parameter Coding
	9.5 Dynamic Register Definitions
	9.6 Register Map
	9.7 Register Set Access Timing
	9.7.1 Transmit Control Registers
	9.7.2 Receive Control Registers

	9.8 TONE-NULLING MAP CONTROL

	10 Frame Structures
	11 Interface Theory of Operation
	11.1 Overview
	11.1.1 PHY Reset Protocol
	11.1.2 Exit from Sleep State
	11.1.3 Normal Operation

	11.2 Frame Timing
	11.3 Ranging Support
	11.4 Transceiver Delay Definitions
	11.5 Transceiver Turnaround Times
	11.5.1 RX-TX Turnaround Time
	11.5.2 TX-RX Turnaround Time

	11.6 PREAMBLE CONTROL
	11.6.1 Single Frame Transmission and Reception
	11.6.2 Burst Mode Transmission
	11.6.2.1 Data Rates of 200 Mbps or Lower
	11.6.2.2 Data Rates above 200 Mbps

	11.6.3 Burst Mode Reception

	11.7 Transmit Operation
	11.7.1 Data Bus Ownership
	11.7.2 Single Frame Transmission Control
	11.7.3 Burst Mode Transmission Control
	11.7.4 Burst Mode Transmit Error Recovery

	11.8 Receive Operation
	11.8.1 Data Bus Ownership
	11.8.2 Single Frame Reception Control
	11.8.3 Burst Mode Reception Control
	11.8.4 Burst Mode Reception Error Recovery
	11.8.5 Zero Length Frame Reception

	11.9 MAC Transmit Abort
	11.10 MAC Receive Abort
	11.11 Error Conditions
	11.11.1 Transmit Error Conditions
	11.11.2 Receive Error Conditions
	11.11.2.1 Header Checksum Error
	11.11.2.2 Unsupported Data Rate
	11.11.2.3 Unrecoverable Detected Payload Error
	11.11.2.4 WRONG CHANNEL


	11.12 Clear Channel Assessment
	11.12.1 CCA Interface Signals
	11.12.2 Operation of the CCA Interface

	11.13 Management Interface
	11.13.1 Management Interface Signals
	11.13.2 Operation of the Management Interface
	11.13.2.1 Read Operation
	11.13.2.2 Write Operation

	11.13.3 Examples
	11.13.3.1 Read Operation Example
	11.13.3.2 Write Operation Example






