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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
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
and non-governmental, in liaison with ISO and IEC, also take part in the work. In the field of information
technofegy A6 have-established-ajointtechnicat-comts fttee

International Standards are drafted in accordance with the rules given in the ISO/IEC DireCtives| Part 2.

The mjain task of the joint technical committee is to prepare International Standards. Draft International
Standdrds adopted by the joint technical committee are circulated to national bodies for voting.| Publication as
an Intefnational Standard requires approval by at least 75 % of the national bodigs’casting a vofe.

Attention is drawn to the possibility that some of the elements of this document may be the sybject of patent
rights. |SO and IEC shall not be held responsible for identifying any or alhsuch patent rights.

ISO/IELC 26908 was prepared by Ecma International (as ECMA-369) and was adopted, under g special “fast-
track grocedure”, by Joint Technical Committee ISO/IEC JTC 1y’Information technology, in parallel with its
approvgl by national bodies of ISO and IEC.

This cqrrected and reprinted version of ISO/IEC 26908:2007 incorporates the following correctign:

— th¢ addition of “Telecommunications and infermation exchange between systems” as the second title
ele¢ment, which was missing in the original.

© ISO/IEC 2007 — All rights reserved Vv
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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 2007 — All rights reserved
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Information technology — Telecommunications and information
exchange between systems — MAC-PHY Interface for
ISO/IEC 26907
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6 Abbreviations and Acronyms

BM

CCA
CRC
ETSI

FCC

Burst Mode

Clear Channel Assessment

Cyclic Redundancy Code

European Telecommunications Standards Institute

Federal Communications Commission

© ISO/IEC 2007 — All rights reserved


https://iecnorm.com/api/?name=5efe9b41680539735b53b742170a40a2

ISO/IEC 26908:2007(E)

FCS Frame Check Sequence

FFI Fixed-Frequency Interleaving

FRC Free Running Clock

HCS Header Check Sequence

LQl Link Quality Indicator

Isb Least-Significant Bit

MAC Medium Access Control

MIFS Minimum Interframe Space

msb Most-Significant Bit

OFDM Orthogonal Frequency Division Modulation
PHY Physical (layer)

PLCP Physical Layer Convergence Protocol
PPM Parts per Million

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

X Transmit orTransmitter

uwB Ultra Wideband

7 Overview

Clause 8 definesthe tnterface signats, their directions and fanctions.

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.

There are two annexes to this specification. Annex A provides an Electrical Interface and Annex B defines
formats for two managed identifiers.

2 © ISO/IEC 2007 — All rights reserved
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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
TX/RX status to the MAC. The CCA Interface is used for Clear Channel Assessment status indication. The
Management Interface is used to access the PHY registers.

PHY Control Interface MAC
PHY_ _RESET

TX_EN
RX_EN
PHY_ACTIVE

A

A

\ J

STOPC

-

Data Interface

PCLK

\

DATA_EN

\

DATAI7:0]

\ 4

CCA Interface

CCA_STATUS

\ J

Management Interface
SERIAL_DATA

\ J

-

— L

Figure 1 — PHY-MAC interface signals

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

© ISO/IEC 2007 — 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 |DIR DESCRIPTION
(Bits)
IPHY_RESET 1 MAC to PHY |!PHY_RESET is asserted for PHY specific interval PHYResetTime

to clear all PHY variables and reset the PHY to its initial state. The
PHY writes STANDBY to PMMODE and transitions to STANDBY

e, L4 LD I\ L DO T (] e L L - i
o AIC AdllCl T TTT _INLOoL T 15 UC=dS353CIICU allU 131 UPCT AllUTTp haVe
completed.

IPHY_RESET is asynchronous to PCLK.
IPHY_RESET is ACTIVE LOW.

TX_EN 1 MAC to PHY | TX_EN is used to place the PHY in TRANSMIT State. [Its

secondary use (with RX_EN) is to transition from SLEEP to
STANDBY when the PHY clock sourcehas been stopped for
power saving.]

TX_EN is synchronous to PCLK except in SLEEP state.
TX_EN is ACTIVE HIGH.

RX_EN 1 MAC to PHY |RX_EN is used to place’the PHY in RECEIVE State. [lts

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 to PCLK except in SLEEP state.
RX_EN-is ACTIVE HIGH.

PHY_ACTIVE 1 PHY to MAC |PHY_ACTIVE is used by the PHY to indicate that it is either
transmitting or receiving a frame over the air. In TRANSMIT [state,
the rising edge of PHY_ACTIVE indicates the start of frame pt the
local antenna and the falling edge indicates that the entire frame
has been transmitted over the air. In RECEIVE state, the rising
edge of this signal indicates that the start of the preamble hgs
been detected (SyncDelay + the preceding synchronization fields
earlier) and the falling edge indicates that the entire frame has
been received (PHYActiveDelay earlier) at the local antennal
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.

STOPC 1 MAC to PHY | On/Off signal for PCLK in STANDBY state. PCLK is active when
STOPC is de-asserted and not active when STOPC is asserted.

STOPC is asynchronous to PCLK.
STOPC is ACTIVE HIGH.

(optional)

4 © ISO/IEC 2007 — All rights reserved
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Table 2 — Data Interface Signals

SIGNAL Width  |DIR DESCRIPTION

(Bits)

PCLK 1 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.

DATA_EN 1 PHY to MAC |In TRANSMIT state, this signal is used by the PHY to request
more data from the MACT. ITn RECEIVE state, iTis usad to indicate
to the MAC that there is valid data on the DATA[7:0] |bus.
DATA_EN is synchronous to PCLK.

DATA_EN is ACTIVE HIGH.

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

DATA[7:0] is synchronous-t6-PCLK whether driven by the PHY or
the MAC.
DATA[7:0] ONE is HIGH.
8.1.3 |CCA Interface
Table 3 —'CCA Interface Signals
N )
SIGNAL Width |DIR \QgSCRIPTION
Bits
(Bits) xO
CCA_STATUS (1 PHY to MAC | The PHY returns CCA_STATUS after a CCA request is initiated by

the MAC writing to the CCRE register via SERIAL_D|
CCA_STATUS is synchronous to PCLK.
CCA_STATUS is ACTIVE HIGH.

ATA.

8.1.4 |Management Interface
Table 4 — Management Interface Signals
SIGNAL Width |DIR DESCRIPTION
(Bits)
SERIAL_DATA |1 Bi-directional | The MAC writes control and address bits to SERIAL_DATA to

operations.
SERIAL_DATA is synchronous to PCLK.
SERIAL_DATA ONE is HIGH.

initiate register access. SERIAL_DATA is driven by the MAC for
Write operations. It is driven by the MAC for control and address
parts of Read operations and by the PHY for the data part of Read

© ISO/IEC 2007 — All rights reserved
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8.2 PHY Operational State

Table 5 — PHY Readiness State

STATE DESCRIPTION

RESET Transitlional stgte in which the configuration parameters are reset to default values.
PCLK is undefined (see 11.11.1).

SLEEP The radio is off. PCLK is off (see 11.11.2).

STANDBY ngv.rg,d;?;eﬁggsit}é: on (unless STOPC is asserted). STANDBY is a higher

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

TRANSMIT The PHY Tx paths and the radio transmit path are active. PCLK iscon-

RECEIVE The PHY Rx paths and the radio receive path are active. PClK'is on.

9 Registers

In registers, bi

Two sets of j
information to

STATIC P

These par
constants
given PHY]
The static

DYNAMIC
These par:
shall be in
specific pa
9.1 BitOrd

All data structy

lering and Interpretation

positions that are defined as reserved shall be ignored onreading and set to ZERO on |

arameters are defined to allow the MAC to control the operation of the PHY and
be provided by the PHY to the MAC.

hrameters
bmeters are fixed for a given instantiation of the MAC and PHY. They can be considere
or the purposes of the definition of the-MAC-PHY Interface and their values can be defin
data sheet, stored as constants in,the system implementation or provided by any other
barameters are defined in Table 6.

Parameters

hmeters may be changed during operation of the system, and affect operation of the PH

nplemented within-the PHY as registers and can be read and/or written (depending
rameter) via the Serial Management Interface. The dynamic registers are defined in Tabl

res, ‘except where explicitly stated, are defined with the bit order as shown in Figure 4.

vriting.

permit

d to be
edin a
means.

. They
on the
e7.

Reserved bits

shall be ignored on reading and set to ZERO on writing.

9.2 Register Address Spaces

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

Dynamic Register region defined by this specification:
Optional Static Parameter region defined by this specification:

Vendor Specific Register region for vender defined registers:

address 00(h)~1F(h)
address 20(h)~7F(h)

address 80(h)~FF(h)

© ISO/IEC 2007 — 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

[’)'ﬂ] Reserved

[3] European Region

[4] United States of America
[5] Canada
[6] Japan
[7] Korea
Second Octet
Bit Domain
[7:0] Reserved
SuppprtedDataRates 2 Set of supportedddata rates. Bit set to ONE if supported, ZERO
otherwise

Bit Data‘Rate Supported
[0] 53,33 Mbps
1] RESERVED
(2] 80 Mbps

[3] 106,7 Mbps
[4] RESERVED
[5] 160 Mbps
[6] 200 Mbps
[7 320 Mbps
[8] 400 Mbps
[9] 480 Mbps
[15:10] RESERVED

NumChannelsSupported 1 Number of supported channels

© ISO/IEC 2007 — 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

SupportedChannels 1 Supported Channels. Bit set to ONE if supported, ZERO otherwise
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
[7:5] RESERVED

TXPowerlLevsg| 16 Array of transmit power levels.

Each element from 0 to (NufmTxPowerLevels-1) of the array holds a
supported transmit power."The format of the power level datum fis
PHY vendor specific. Jhe other elements shall be set to zero.

Element 0 shall hold’the maximum transmit power supported.

NumTxPower]|evels

Number of transmit power levels supported. Permitted range (0{.15)
with 0 meanifg a single fixed power level only.

[3:0] number of levels (permitted range 0..15)
[7:4] RESERVED

SupportedPHJY States 1 Supported PHY States. Bit set to ONE if supported, ZERO othefwise.
[0] SLEEP
[1] STANDBY
[2] READY
[3] TRANSMIT
[4] RECEIVE
[7:5] — RESERVED
PHYClockAccuracy 1 Accuracy of PHY clock. Units ppm.
PHYResetTime 1 Interval during which 'PHY_RESET shall be held asserted for the
PHY to perform the RESET operation. Units us.
8 © ISO/IEC 2007 — Al 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 ps.
TurnOnDelay 2 Radio turn-on time during transition from STANDBY mode to READY

mode. Units 0,5 us.

TxDataDelay 1 Time period 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.
TxDelpy 2 Delay from the rising edge of TX_EN to the time when the PHY feeds
the leading edge of the preamble waveform to.the.antenna. Units ns.
RxDelay 2 Delay from the rising edge of RX_EN to the time when the PHY
begins the preamble acquisition processing. Units ns.
Tx2RxDwellTime 2 Minimum interval between PHY_ACTIVE de-assertion (in TRANSMIT
State) and RX_EN assertion. Units.ns.
Rx2TxDwellTime 2 Minimum interval between RX-EN de-assertion and TX| EN

assertion. Units ns.

SyncQelay 2 Delay from the end of the last symbol of the Frame Syng¢hronization
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 to
PCLK, PHX.vendors should provide this value for the sHortest
amount of'time before PHY_ACTIVE could be asserted pssuming
optimaltalignment of the received preamble and PCLK.

Units ns.

TxSetupTime 2 Minimum time between setting of transmit control registérs and
assertion of TX_EN.

Units PCLK cycles.

RxSefupTime 2 Minimum time between setting of receive control registefs and the
assertion of RX_EN or de-assertion of PHY_ACTIVE.

Units PCLK cycles.

TxHoldTime 2 Minimum time between the assertion of TX_EN and changing
transmit control registers for the next frame.

Units PCLK cycles.

RxHoldTime 2 Minimum time between the assertion of RX_EN or deassertion of
PHY_ACTIVE and changing receive control registers for the next
frame.

Units PCLK cycles.

PHYID 2 PHY identifier to specify vendor, product and version. See Annex B
for format and coding.

© ISO/IEC 2007 — All rights reserved 9
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Table 6 — Description of Static Parameters (concluded)

REGISTER OCTETS |DEFINITION
PHYVersion 1 Edition of the ISO/IEC 26907 PHY specification supported. See Annex B
for format and coding.
PHYActiveDelay 2 Delay from the end of the last symbol of the frame received in the local
antenna and PHY_ACTIVE de-assertion.
Note that since received frames arrive asynchronously with respect to
PCLK, PHY vendors should provide this value for the shortest amount of
time before PHY_ACTIVE could be de-asserted assuming optimal
alignmentof thereceivedframeand PCLK.
Units ns.
CCAValidTime 1 Interval following the MAC setting CCRE = ONE after which/the AHY
should respond with the CCA measurement result.
Units 0,5 ps.
MinPTChangellength 1 Minimum MAC Frame Payload length for the.preamble type of the¢ next
frame to be different to the current frame.
Fixed value = 1 octet
RangingSuppoited 1 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] Suppottfor 4 224MHz precision
[5] Support for RANGINGTIMER [23:16]
[6] Support for RANGINGTIMER [31:24]
[7 RESERVED
RANGING_TRANSMIT_ |2 The time from the generation of the ranging reference signal (staft of the
DELAY Channel Estimation sequence of the preamble), triggering the
RANGINGTIMER capture, to the time this signal reaches the dev|ce
antenna.
Units 1 /4 224 MHz - same as RANGINGTIMER (see Table 7)
RANGING_RECEIVE 2 The time from the arrival of the reference signal at the antenna to|the
DELAY time this signal is first detected in the PHY, triggering the
RANGINGTHMER-elock—eapture-
Units 1 /4 224 MHz - same as RANGINGTIMER (see Table 7)

10
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If the values of the static parameters are stored in the PHY, they should be implemented as read only values

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

| bit-7 ‘ ‘ ‘ bit-4 |‘ bit-3 ‘ ‘ ‘ bit-0 |
7F(h) Reserved
1
i Reserved
|
|
60(h) Reserved
TXPOWETLEVENS
5F(h) ‘ ‘ ‘ TxPowerL#veI15[7:0] ‘ ‘ ‘
i T
: | | | : | | |
: TxPowerLevel0
50(h) ‘ ‘ ‘ TxPowerLFveIOV:O] ‘ ‘ ‘
4F(h) Reserved
4E (h) Reserved
4D(h) ‘ ‘ ‘ RxHoIdTi‘me[15:8] ‘ ‘ ‘
RxHoldTime
4C(h) ‘ ‘ ‘ RxHoIdT‘ime[7:0] ‘ ‘ ‘
4B (h) ‘ ‘ ‘ TxHoIdTi%\e[15:8] ‘ ‘ ‘
TxHoldTime
4A(h) ‘ ‘ ‘ TxHoldT‘ime[7:0] ‘ ‘ ‘
49(h) ‘ ‘ ‘ RxSetupT‘ime[15:8] ‘ ‘ ‘
RxSetupTime
48(h) ‘ ‘ ‘ RxSetup#ime[?:O] ‘ ‘ ‘
47(h) ‘ ‘ ‘ TxSetupT}me[15:8] ‘ ‘ ‘
TxSetupTime
46(h) ‘ ‘ ‘ TxSetupT‘ime[7:O] ‘ ‘ ‘
45(h) ‘ ‘ ‘ SyncDeI%yHS:S] ‘ ‘ ‘
SyncDelay
44(h) ‘ ‘ ‘ SyncDe‘Iay[7:0] ‘ ‘ ‘
43(h) ‘ ‘ ‘ RxDeIaPHS:B] ‘ ‘ ‘
RxDelay
42(h) ‘ ‘ ‘ RxDeI%yU:O] ‘ ‘ ‘
A1(h) ‘ ‘ ‘ TxDelaL/[15:8] ‘ ‘ ‘
TxDelay
40(h) ‘ \ \ TxDe|4y[7:0] \ \ \

Figure 2 — Static Parameter Encoding 40(h) -7F(h)

© ISO/IEC 2007 — All rights reserved
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bit-7 ‘ ‘ ‘ bit-4 . bit-3 ‘ ‘ | bito |
3F(h) ‘ ‘ RAN ING_RECEIVE_DELAY[+5:8] ‘ ‘
RANGING_RECEIVE DELAY
3E(h) ‘ ‘ RAI+GINGiREC#IVEiDELAYdTU] ‘ ‘
3D(h) ‘ ‘ RAN#&ING_TRAN#MIT_DELAYh5:8] ‘ ‘
RANGING_TRANSMIT_DELAY
3C(h) ‘ ‘ RANFING_TRAN#MIT_DELA\)([?:O] ‘ ‘
3B(h) ‘ ‘ ‘ Rx2Twae‘ITime[15:8] ‘ ‘ ‘
Rx2TxDwellTime
3A(h) ‘ ‘ ‘ RxZTwa%IITime{?:D] ‘ ‘ ‘
39(h) ‘ ‘ ‘ Tx2Rwae‘ITime[15:8] ‘ ‘ ‘
Tx2RxDwellTime
38N i i i Tx2Rwa%ﬁTimq7:0] i i i
37(h) ‘ ‘ ‘ TurnOnD+|ay[15:e] ‘ ‘ ‘
TurnOnDelay
36(h) ‘ ‘ ‘ TurnOn[%elay[TU] ‘ ‘ ‘
35(h) ‘ ‘ ‘ wakeum:*elams;a] ‘ ‘ ‘
WakeUpDelay
34(h) ‘ ‘ ‘ WakeUp$elayW:0] ‘ ‘ ‘
33(h) ‘ ‘ ‘ PHYAc(ive‘DelamS:B] ‘ ‘ ‘
PHYActiveDelay
32(h) ‘ ‘ ‘ PHYActiv%Dela)U:O] ‘ ‘ ‘
TxDataDelay
31(h) ‘ ‘ ‘ TxDataDeelay[7:0] ‘ ‘ ‘
MinPTChangeLength
30(h) ‘ ‘ ‘MinPTChan%eLengﬂU:O] ‘ ‘ ‘
CCAValidTime
2F(h) ‘ ‘ ‘ CCAValidTimg7:0] ‘ ‘ ‘
PHYResetTime
2E(h) ‘ ‘ ‘ PHYRese*TimeU:U] ‘ ‘ ‘
PHY ClockAccuracy.
2D(h) ‘ ‘ ‘ PHY ClockAccuracy(7:0] ‘ ‘ ‘
RangingSupported
2C(h) | Reserved | 32 Bit | 24 Bit |4224MH2 2 112MHz | 1 056MHz | 528MHz | Sonands
uppottedPHY States
2B(h) Reserved ” RECEIVE TRANSMITl READY |STANDBY| SLEEP
NumTxPowerlLevel
2A(h) ‘ ‘ ‘ NumTxPowgrlLevel[7:0] ‘ ‘ ‘
SupportedChannels
29(h) Reserved‘*v [ rrcses | Treees [ treBes | TreBe2 | TR BGH
SupportedDiversity
28(h) Reserve("\\] TxDivelJFity[5:4] Reserved | RxDive&sityﬁ:U]
umChannelsSupported
27(h) ‘ ‘ l\{umchannels#upponedﬁ:#] ‘ ‘
SupportedDataRates2
26(h) O\ Reserved ” 480Mb/s | 400Mb/s
u SupportedDataRates1

12

25(h) 320Mb/s | 200Mb/s | 160Mb/s | Reserved 106.67Mb/s| 80Mb/s | Reserved | 53,3Mb/s
SupportedRegDomain2
24(h) Reserved
SupportedRegDomain1
23(h) MIC | ARIB | ICc | FCC ETSI | Reserved
PHYVersion
22(h) ‘ ‘ ‘ PHYVe+iod7:0] ‘ ‘ ‘
21(h) ‘ ‘ ‘ PHYﬁm:e] ‘ ‘ ‘
PHYID
20(h) ‘ ‘ ‘ PHYII#[7:0] ‘ ‘ ‘

Figure 3 — Static Parameter Encoding 20(h) - 3F(h)
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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.
00(h) rTECONTROL RAR PHy-Controtregister 0(h)
(Except |[0] RDY - Result of IPHY_RESET
RDY ZERO = Normal completion of initialization
g?iCh s ONE = Abnormal completion of initialization
[1] Reserved
[2] RNGEN

ZERO = Ranging disabled
ONE = Ranging enabled
[3] CCRE - CCA Request
ZERO = Stop CCA estimation
ONE = Stant'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 Region

4 United States of America
5 Canada

6 Japan

7

Korea

02(h) TXCHAN R/W [5:0] TXCH - Channel of next transmitted frame 0(h)
[7:6] RESERVED
(NOTE TXCH is coded as (3-bit Band Group | 3-bit TFC)

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

© ISO/IEC 2007 — All rights reserved 13
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Table 7 — Description of Dynamic Registers (continued)

Addr. Register R/W Description Init.
03(h) TXCTL R/W Transmit Control 0o(h)
[0] TXPT — Preamble type of next transmitted
frame.
ZERO = Standard Preamble
ONE = Burst Preamble
[1] Reserved
[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
04(h) RXCHAN R/W Receive Channel 0¢h)
[5:0] RXCH - Channel of-fiext received frame
[7:6] RESERVED
(See 11.2 of ISO/IEC-26907 for the mapping of Channel
Number to Band Gfoup and TFC)
05(h) RXCTL R/W Receive Contrel 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
11 identifies receive antenna 4
[7:4] RESERVED
14 © ISO/IEC 2007 — All rights 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) [31:01 RANGINGTIMER - 32-bit ranging countervalde o(h)
Note that this register requires multiple read operations
(07(h) to 0A(h)) to retrieve the full value.

0B(h) [ | CRDExtension R/W |Extension for 2" Octet of Regulatory-dofains ofh)

[7:0] RESERVED

9.6 Register Map

Figure 4 shows the register map. Gray portions in the map are reserved.

© ISO/IEC 2007 — All rights reserved 15
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| bit-7 bit-4 | bit-3 bit-0 |
1F(h) Resérved
| :
0C(h) Rese;rved
CRDEXxtension
0B(h) Reserved
RANGINGTIMER
0A(h) RANGINGTIMER [31:24] }
T RANGINGTIMER |
09(h) {RANGINGTIMER [23:16] |
RANGINGTIMER
08(h) { RANGINGTIMER[15:8]
T RANGINGTIVER ___
07(h) i RANGINGEIMER [7:0] :
: P ‘ . :
06(h) ! Reserved i { PMMODE |
: RXGCTL : :
05(h) Resérved RXANT PTON [ RXPT
; : RXCHAN
04(h) Reserved : RXCH
: : TXETL :
03(h) TXFWR TXANT Reserved | TXPT
: TXCHAR :
02(h) Resdrved TXCH
01(h) CRD : i Reserved i
; CONTROL : :
00(h) Reseirved E CCRE E RNGEN EReservedE RDY

9.7 Register Set Access Timing

9.7.1 Transmit Control Registers

Figure 4 — Register Map

Control Registers at any
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. They shall be set by the MAC at least TxSetupTime PCLK 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

-

PHY reads. Tx
. Control Registers
TxSetupTime during TxHoldTime
TX_EN ¥
> >
MACTTaYy Write TX TXEOaTIme

A

transmit frame operation corresponding to this TX_EN assertion.

16
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9.7.2 Receive Control Registers

RxHoldTime CPHtY 'l'erfdsl R;x

v ontrol Registers —————————————
/-

RX_EN L

f > < MAC writes Rx

RxSetupTime Control Registers
RxSetupTime
v
PHY_ACTIVE J \
RxHoldTime
— -—

Figure 6 — Receive Control Register Setup & Hold

RXCHAN and RXCTL (RXPT and RXANT) are registers used to specify parameters\for the nexf receive frame
operatipn. They shall be set by the MAC at least RxSetupTime PCLK cycles before the asseftion of RX_EN
and are held stable for at least RxHoldTime PCLK cycles. The PHY shall“read these rdggisters in this
RxHoldTime period ignoring any PTON setting and any previous BM of PT settings. The vplues of these
registels then control the parameters for the receive frame operation corresponding to this RX_EN assertion.

For burst mode reception, the MAC shall set the registers forcthe”next receive frame opgration at least
RxSetypTime PCLK cycles before PHY _ACTIVE de-assertion indicating the end of frame reception. The PHY
shall read the registers within RxHoldTime PCLK cycles following the de-assertion of PHY_ACTIVE. These
registefs then control the parameters for the reception of‘the next frame if RX_EN is not de-asserted. In
receivg burst mode (see 11.8.3) PTON together with.the: BM and PT bits of the preceding|frame’s PLCP
headerl may override the RXPT register setting.

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

Table 8 — Register Access Parameter Values

~

Parameter(\}~ Minimum Value | Maximum Value
C)\\ (PCLK Periods) | (PCLK Periods)
TxSetupTime 0 128
TxHoldTime 0 128
RxSetupTime 0 128
RxHoldTime 0 128

10 Frame Structures

According to the ISO/IEC 26907 specification, data is transmitted and received least-significant bit first (bit
zero octet zero ... bit 7 octet zero, bit 0 octet 1 ... bit 7 octet 1 etc.). Consequently, the PLCP header, as
shown in Figure 8, is presented to DATA[7:0] as shown in Figure 7.
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Octet 0

Tx Frame
B7 B6 B5 B4 B3 R Bl B

RATE
o ow W e m | R[RI[RO

Rx Frame
B7 B6 B5 B4 B3 R Bl BO

RATE
w |R2|R1|RO

Octet 0 BRI R
Octet 1 MEB 15 LENGTH[7:0] LB 8 Octet 1 MEB 15 LENGTH([7:0] LB 8
Octet 2 S2|S1|(R4|R3 N?;LENGTH[H:B] L?; Octet 2 S2[S1|R4|R3 N?;LENGTH[M:B] L{Sg
Octet 3 BG|T3|T2|T1|PT|BM|R6 [R5 Octet 3 BG|T3|T2|T1|PT|BM|R6|R5
Octet 4 R14|R13|R12|R11|R10| Ro | R8 [ R7 Octet 4 R14|R13|R12|R11|R10| R9 [ R8 | R7
Octet 5 Octet 5
MAC_HEADER MAC_HEADER
HEADER_ERROR([4:0]
Octet 15 Octet 15 B — o a0l
Octet 16
Octetm MAC_PAYLOAD Octetm MAC_PAYLOAD
Octet s - VEB Octet = 4 VB
LENGTH+15 | 2 Fesi:ol o LENGTH+16 |2 £es70] 31
L - L8 X
Py FCS[15:8] s P FCS[15:8] v
L FCS[23:16] vB = FCS23:16] s
Octet = Octet 2
LENGTH+18 | FCS[31:24] s LENGTH+19 3 FCS[31:24] ves
RSSI[7:0]
LQI[7:0]
Octet Reserved | RXERROR[4:0]
LENGTH+22 B4 B R Bl B

Figure 7 — Frame Structures for.Jransmit & Receive States

ww B
W 2
akF- >
S
RATE LENGTH SCRAMBLER Q < TX_TFC Q R:
(5 bits) (12 bits) (2 bits) S T (3bits) X Reserved
R R R|R1RZR3R4R5|LSB mMsB|R Rls1s2|R R[emPT[T1T2T3] |R R R R|R R R R
o 1]2]3]4|s]6]7]8]efrol11]12]13]14]15]16]17]18]19]20|21|22|23[24] 25)| 26| 27|28] 20] 30]31] 32|33]34] 35| 36]37] 38| 39]

Transmit Order (from left to right)

Figure 8 — PLCP Header Format

»
>

The MAC_HEADER, MAC_PAYLOAD and FCS are presented to the PLCP as defined in ISO/IEC 26907. As
defined in that specification, the coefficients (a1 ag) of the CRC result polynomial :

31 30 29 28 27 7 6 5 4 3 2
A3z1X" t+ AzpX  t aggX Tt agX taxyX ....... +azxX + agX '+ asX '+ auxX + azgx '+ ax + a X+ Qg

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

18
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bits: b31

b30

b29

b2

b1

b0

a0

al

a2

a29

a30

a31

Figure 9 — FCS Field format

Thus when presented to the PLCP least significant octet first (FCS[7:0]) the coefficients of the CRC are
transmitted in the order a3, ag.

The fo
be deli
e RA
to
e LE
FG
e S(
un

tra

00000’.

TE is the data rate at which the MAC Frame Payload is transmitted. If LENGTH+ 0, RA
NGTH is the MAC Frame Payload length in octets excluding the FCS octets. If LENG]
S field is not present.
RAMBLER (S1 and S2) is set to ZERO during initialization of/the’PHY or after any |PH
bigned binary integer set in SCRAMBLER is incremented by the MAC, modulo 4, f
hsmitted from the MAC to its PHY.

and PT shall be set in all transmitted fames according’to the rules defined in 11.6.

b MAC sets TX_TFC (T1-T3) and BG as derived\from TXCHAN (see Table 7) in all trans

lowing TxFrame control bits (see Figure 8) shall be set by the MAC in all transmittedframes and shall
Vered to the MAC by the PHY in the RxFrame format of all received frames:

IE shall be set

'H is zero, the

" RESET. The
br each frame

mitted frames.

© ISO/IEC 2007 — All rights reserved

19


https://iecnorm.com/api/?name=5efe9b41680539735b53b742170a40a2

ISO/IEC 26908:2007(E)

Table 9 — TX Frame Fields

Field Bits Description
RO, R1,R2,R3,R4, |1 RESERVED bits
E?ORI; |1:{7R|1:{§ 5193 On TRANSMIT, RESERVED bits SHALL be set to ZERO
R14
RATE 5 Indication of transmit data rate of MAC Frame Payload
Rate (Mb/s) R1-R5
80 00001
106,7 00010
160 00011
200 00100
320 00101
400 00110
480 00111
Reserved 01000 - 11114
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).
PT 1 Preamble type of the frame following this frame
ZERO = Standard Preamble
ONE = Burst Preamble

20
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Table 9 — TX Frame Fields (concluded)

Field Bits Description
TX _TFC 3 TF Code used at the transmitter (T1-T3)
TF Code T1-T3
1 100
2 010
3 110
5 101
6 011
7 111
Reserved 000

BG_LSB 1 Least-significant bit of the Band Group used at the trangmitter
Band Group BG_LSB (BG)
1,3,5 ONE
2,4 ZERQ

MAC_HEADER 80 MAC Frame header

MAC_PAYLOAD Frame Data

FCS 32 FrameFCS

© ISO/IEC 2007 — All rights reserved 21
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Table 10 — RX Frame Fields

Field Bits Description
RO, R1,R2, R3, R4, | 1 RESERVED bits
E?OR;??RTZS RR193 On RECEIVE, RESERVED bits SHALL be ignored
R14, R15, R16, R17,
R18
RATE 5 Same as Tx Frame Fields
LENGTH 12 Same as Tx Frame Fields
SCRAMBLER 2 Scrambiler initialization bits shall be ignored on receive.
BM 1 Burst Mode bit indicates the Inter-Frame Space following)this
receive frame
ZERO = Normal IFS (Depends on MAC context)
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 framgfollowing this frame
ZERO = Standard‘Preamble
ONE = Burst'Preamble
TX _THC 3 Same as Tx Frame Fields
BG L$B 1 Same as TxFrame Fields
MAC_HEADER 80 Same as~I'x Frame Fields
HEADER ERROR 5 Immediate Header Error reporting. Error is indicated by the
eorresponding bit set to ONE.
bit 0: RESERVED
bit 1: RESERVED
bit 2: RESERVED
bit 3: UNSUPPORTED_RATE
bit 4: HCS_ERROR
All bits = ZERO represents “NO_ERROR”
MAC_PAYLOAD Same as Tx Frame Fields
FCS 32 Same as Tx Frame Fields
RSSI 8 Receive power estimate of received signal
LQl 8 Quality estimate of received signal
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Table 10 — 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: RESERVED
bit3-UNSURPOQRTED RATE

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

11 Interface Theory of Operation
11.1 Qverview

A simplified PHY state diagram is shown in Figure 10.

"PHY_RESET PHY asserts PHY_ACTIVE.

PHY_ACTIVE is de-asserted

PHY_ACTIVE

Note: while PHY_RESET is asserted

When reset operations have complet

o PMMode= SLEEP

N

SLEEP )

( STANDBY

[
-

TX_EN&RX EN £—

PMMode = STANDBY

PMMode =
STANDBY| PMMode= READY

the

19%
o

SLEEP

/\V

 TX_EN&RX_EN TX_EN &RX_EN_

TRANSMIT) ( READY > < RECEIVE

Ll -

TX_EN &RX_EN TX_EN&RX_EN
&PHY_ACTIVE

Figure 10 — PHY State Transition Diagram
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11.1.1 PHY Reset Protocol

PHY RESET //J
PHY_ACTIVE 7
PCLK L

Figure 11 — PHY Reset Protocol

At any time and from any PHY state including after initial power on, the MAC may force the PHY into RESET

state by asse]
PHY_ACTIVE
case are asyn

During reset,
drives RX_EN
above.

The MAC maintains

After IPHY_RH
to PHY specifi
PHY is respon
PHY to indicq
undefined.

11.1.2 Exit frq

The MAC may
During SLEEP
contents of the
PHY is returne

rting control signal 'PHY_RESET. The PHY indicates entry to RESET state by, as

and optionally stopping PCLK. Transitions on both 'PHY_RESET and PHY_ACTIVE
hronous to PCLK.

he PHY drives CCA_STATUS, DATA _EN and DATA[7:0] to their inactive,values. Th
. TX_EN and SERIAL_DATA to their inactive values. PHY_ACTIVE jsdriven as de

IPHY_RESET asserted for at least PHY specific.¥interval PHYRes
ESET is de-asserted the PHY completes its reset operations. WWhen PCLK is stable (ac
c conditions) the PHY de-asserts PHY_ACTIVE to indicate ‘transition to STANDBY sta

Sible for setting PMMODE to STANDBY and RDY to the appropriate value. If RDY is set
te abnormal completion of RESET operation, the mieaning of all registers except |

)m Sleep State

place the PHY into SLEEP state by writing" SLEEP to the PMMODE register (see Ta

state, the PHY reduces power consumption by turning unnecessary functions off. Howe
Dynamic Registers are maintained-thtough SLEEP and can be assumed unchanged a
d to STANDBY state.

PCLK

CLL L LT

TX_EN

RX_EN

PHY_ACTIVE

STATE SLEEP UNDEFINED

STATDBY

serting
in this

ptTime.
cording
e. The
by the
RDY is

ble 7).
er, the
fter the

Figure 12 — Exit SLEEP protocol

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

24

The MAC asserts both TX_EN and RX_EN

When the MAC detects the rising edge of PHY_ACTIVE, it de-asserts TX_EN and RX_EN

The PHY responds by de-asserting PHY_ACTIVE.

© ISO/IEC 2007 — All rights
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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 before
commanding the PHY into TRANSMIT or RECEIVE state. After this delay, TRANSMIT or RECEIVE state can
be initiated 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 igback in READY state, the MAT may enrher Initiate another frame transmission or recgption by again
asserting TX_EN or RX_EN, or it may command the PHY back into STANDBY by writing toreg{ster PMMODE.

Table 11 gives the conditions for the PHY state transitions.

Table 11 — State Transition Conditions

TRANSITION TX_EN RX_EN %I'I‘:E TO
(_\\‘\ MODE

RESET — STANDBY LOW LOW —
STANDBY — SLEEP LOW LOW SLEEP
SLEEP — STANDBY HIGH HIGH —
STANDBY — READY LOW LOW READY
READY — SLEEP LOW LOW SLEEP
READY — STANDBY LOW, LOW STANDBY
READY — TRANSMIT Rising edge LOW —
TRANSMIT — READY Falling edge | LOW —
READY — RECEIVE LOW Rising edge —
RECEIVE — REABRY LOW Falling edge | —

11.2 KErame Timing

Precis¢ frame timing is provided by the MAC (except when in Burst Mode as described in 11.7].3) for transmit
operatipns and-by the PHY/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 a 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 r

eference to the frequency of the ranging counter.

RNGEN indicates whether the PHY should set the RANGINGTIMER register from the ranging counter during
transmission and reception.

The interface 4

The start
PHY_ACT

e The acquis

These transitid
or above the

timestamp valde is not tied to the PCLK timing associated with PHY_ACTIVE-fransitions. See 14.2 and

ISO/IEC 2690]
RANGING_TR

The processir
specification.
26907 uses th

¢ RANGING
RANGING
RANGING
e PHYClock
Calculations a

11.4 Transc

Figure 13 ang

RangingSupported,

vents associated with these timestamps are:

of transmission of the preamble at the local antenna as indicated by the)'asser
VE

ition of the preamble as indicated by the assertion of PHY_ACTIVE duripgeception.

ns on PHY_ACTIVE provide support for ranging procedures which¢dmay be implementeqg
MAC by indicating when ranging timestamps should be retrieved. However, the

 for a definition of the ranging timestamp reference and the“associated calibration parg
ANSMIT_DELAY and RANGING_RECEIVE_DELAY.

g of the timestamps by the MAC or higher layer functions is outside the scope
he Two-Way Time Transfer range measurements mechanism defined in 17.15 of 9
p following MAC-PHY interface registers and parameters:

TIMER;

| TRANSMIT_DELAY,

| RECEIVE_DELAY;

Accuracy.

e described innAnnex G of ISO/IEC 26907.
biver Delay Definitions

Figure 14 show the principle transceiver delay intervals for Transmit and Receive

tion of

within
anging
14.5 of
meters

of this
SO/IEC

cases

respectively.

TxDelay
> -

MAC indicates end
”A/ of frame data

TX_EN

PHY_ACTIVE

PHY indicates end

|/ of frame on air

TxDataDelay

MAC-P

HY UF > i

RADIO MEDIUM

MAC Frame Payload }

} Header }—‘

STATE

26

Standard PreambIeM Header M MAC Frame Payload }

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 shown 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 de-asserts PHY_ACTIVE on the rising edge of the PCLK following the transmission of the end of the

last syfnbol of the frame at the Tocal anienna.

RxDelay

PhyActiveDelay
> -

D~ |

SyncDelay

Figure 14 — Receive/Delay Intervals

> -
RX_EN
PHY_ACTIVE I
Begin o
Acquisition End of Frame Synchronization Sequence f
MAC-PHY I/F (
‘ } Header H MAC Frame Data }
RADIO MEDIUM /
} dard PreambleH Header H MAC Frame Data }
STATE STANDBY READY > |- RECEIVE

READY

RxDelay is the interval between the assertion of RX_EN and the start of the preamble acquisitign operation by

the PHJY.

Precis¢ start of frame timing is provided by the ' PHY via the assertion of PHY_ACTIVE a PHY-

lependent, but

fixed, gelay, SyncDelay, after the end of\last symbol of the preamble Frame Synchronization Sequence
(precedling the Channel Estimation Sequence) arrives at the local antenna.

End of frame timing is provided:by de-assertion of PHY_ACTIVE a PHY-dependent, but fixed, delay,

PHYAgtiveDelay, after the end_of the last symbol is received at the local antenna. P

compensates for the processing delay inherent in the PHY receive processing path.

PHY_ACTIVE

RADIO MEDIUM

HYActiveDelay

SyncDelay
- PHYActiveDeIayPI - :|

{End of previous Frame }—(StandardPreambleH Header |

MAC Frame Data

Figure 15 — PHYActiveDelay Timing

As shown 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
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.

© ISO/IEC 2007 — All rights reserved
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11.5 Transceiver Turnaround Times

11.5.1 RX-TX Turnaround Time

PHY_ACTIVE - PHYAcIiveDeIay>|

RADIO MEDIUM

—
End of Frame } Start of Frame Preamble }—

RX_EN —l

Ll [
Rx2TxDwellTime

»| TxDelayat

TX_EN [

Figure 16 — Rx-Tx Turnaround Time

The minimum |nterval between RX_EN de-assertion and TX_EN assertion shall be a fixed, PHY specific value,
Rx2TxDwellTime. The following inequality shall be respected:

PHYActiveDelay + Rx2TxDwellTime + TxDelay < pSIFS

11.5.2 TX-RX|Turnaround Time

PHY_ACTIVE | |

| -y
SyncDelay
RADIO MEDIUM
End of Frame Start of Frame Preamble |—
J RxDelay
» -

RX_EN |

> -
Tx2RxDwellTime

TX_EN |

Figure:17 — Tx-Rx Turnaround Time

The minimum jinterval between PHYA'ACTIVE de-assertion (in TRANSMIT State) and RX_EN assertign shall
be a fixed, PHY specific value, Tx2RxDwellTime. The following inequality shall be respected:

Tx2RxDwellTime + RxDelay < pSIFS

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.
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.
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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:

11.6.2.

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

1 Data Rates of 200 Mbps or Lower

For DATA RATES of 200 Mbps or lower, all frames in the burst shall use the Standard Preamble.

e PT]

11.6.2.

For DA
and su

As sho
normal

The 1°

shall be set to ZERO for data rates of 200 Mbps or lower.
2 Data Rates above 200 Mbps

TA RATES above 200 Mbps, the first frame in the burst shall use the Standard Preamb
bsequent frames of the burst may use the Burst Preamble or the StandardPreamble.

Previous Burst or Single
Frame Transmission

e. The second

| Frame (m-1) [ Bm=0 | P10 | |
- Frame.{m) EXIES |
| Framé (m+1) | BM=1 | s |
Burst Transmission i i
| Frame (n-1) | BM=1 | Proe |
@ Frame (n) | Bm=0 | PT=0 | |

| > | > |

| Frame (n+1)

Next Burst or Single
Frame Transmission

Figure 18 — Burst transmission preamble control

wn in Figure18 a burst transmission begins with a frame (m) carrying BM = ONE in the
y preceded by a frame (m-1) with BM = ZERO and PT = ZERO.

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

PLCP Header,

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

the pre

ceding (m,..., n-1) frame PLCP Header.

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

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.

© ISO/IEC 2007 — All rights reserved
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The MAC is responsible for all receive preamble control via register RXPT when register PTON is set to

ZERO.

A burst mode reception is terminated following reception of a frame with BM = ZERO or immediately after

RX_EN is de-asserted.

11.7 Transmit Operation

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

In single frame transmission, a single frame is transferred from the MAC to the PHY and on-air timing is
controlled by the state of TX _EN and the PHY transmission of symbols at the local antenna. There is no

specific operatjon following completion of the single frame transmission. The next operation could be another
transmit, a recgive or a transition to STANDBY.

In Burst Mode|Transmit there is an explicit relationship between each frame in a sequence of frames,
timing is contrplled by TX_EN for the start of the first frame only. Subsequent frame timing.is mainta

the PHY during the burst.

11.7.1 Data Blus Ownership

The DATA[7:0] bus is driven by the MAC in TRANSMIT state. The MAC takes control of DATA[7:(
clocks following TX_EN assertion. The MAC relinquishes control two ‘clecks after TX_EN de-as

regardless of the PHY requesting data by asserting DATA_EN.

11.7.2 Single|Frame Transmission Control

On-air
ned by

] three
sertion

The MAC has |complete control over the single frame transmission operation. For each frame transmitfed, the

MAC sets the PLCP Header parameters listed in Table 12 in,the Tx Frame format as defined in Figure T.

The MAC alsg sets the Transmit control registers listed in Table 13 respecting the setup and holq

defined in Figyre 5.

Table 12 — Single’Frame Transmit Parameters

y

times

N A
Paramgter Value CBC%mment
SCRAMBLER | |(S1..S2) + 45 + | 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..T3 TFC code used to transmit the frame.
BG LSB BGsb Least-sighificantbitef 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.

30
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Table 13 — 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..NumTxPwrLevels-1 Transmit power level index.

CONTROL- ZERO If RangingSupported = ZERO, RNGEN is set

RNGEN ONE to ZERO

If RangingSupported = ONE

RNGEN is set toZERO to dis
RANGINGTIMER setting

RNGEN is(set to ONE to enahb
RANGINGTIMER setting.

able

le

Figure
transm
it trans
by TXH

The tin
compe

In TRA
DATA |

19 illustrates the transmission of a single frame, starting. from READY state. The N
ssion by asserting TX_EN while keeping RX_EN low. When the PHY detects the rising ¢
tions to TRANSMIT state, turns on the radio transmit’path and begins to transmit the pre
T using its antenna defined by TXANT on the charinel defined by TXCHAN.

ning of TX_EN assertion should be TxDelay ahead of nominal frame timing at the lo
nsate for PHY transmit processing delay.

NSMIT State the PHY has full contrel;over data flow. Data is requested from the MA|
EN at the rising edge of PCLK. The.MAC must drive DATA[7:0] 2 clock cycles later.

PCLK

e

1AC starts the
dge of TX_EN
amble defined

cal antenna to

C by asserting

TXEN |
End fFrafme
RX_EN H at !0 tal antenna
¥:
PHY_ACTIVE : : L

DATA7:0] xx; :§ . :
DATA EN 3 ? : :

SfATES  READY TRANSMIT B READY

N <
J K J
Y 4 Y

DATAZ:0]

DATAL

.01

DATAIZl

Driven by PHY

Driven by MAC

Figure 19 — Single Frame Transmit Timing

The PHY performs the following operations:

Driven by PH

Y

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.

o |f 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).
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[ ]
respecting

TxDataDelay.

The MAC performs the following operations:

edge of DATA_EN.

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:

Requests Header and Payload data (as appropriate) from the MAC by asserting DATA_EN while

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

Completes the transmit operation by de-asserting TX_EN at the rising edge of the PCLK cycle after the

e De-asserti

the last sy
[ ]

Transitioni

This procedur
frame timing in

A frame transrj
the FCS (or M

11.7.3 Burst Mode Transmission Control

ng PHY_ACTIVE at the rising edge of PCLK following the transmission of the trailing ¢
mbol from the local antenna.

hg back to READY state.

b is repeated for each transmitted frame. The MAC is responsible for, calculating the
all cases.

nission can be aborted by the MAC at any time by de-asserting~FX_EN before the last
A\C Header if LENGTH is zero) has been transferred to the PHY"(see 11.9).

A burst is a
transmission,
The first fram
11.7.2 except 1

pdge of

start of

bctet of

sequence of MIFS separated frames transmitted from the same source. In bursf
he MAC has control over the timing of the first.frame in the sequence of burst mode

is transmitted in exactly the same manner’as a single frame transmission, as desc
or the PLCP Header parameters listed in Table 14.

Table 14 — Unique Burst:Mode PLCP Header Parameters

Parameter Value Co\r]ﬁgnt

Burst Mode must be set to ONE in the first frame of the
BM ONE

burst mode sequence.

PT = 0 if the next frame will be sent using the Standard
T ZERO Preamble.

ONE PT = ONE if the next frame will be sent using the Burst

Preamble.

LENQGTH 1...4 095 Number of Octets in MAC Frame Payload part of Frame.

]

mode
rames.
ibed in

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 shown in Figure 20. The minimum duration TX_EN shall remain de-asserted

before re-asse

32

rtion is three PCLK cycles.
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TX_EN de-asserted Window in which the
for atleast 3 PCLKs ’/NAC can reassert TX_EN
TxDelay m - y
TX_EN ! i l
» - TxDelay
PHY_ACTIVE
MAC-PHY I/F- I Header H MAC Frame Data I I Header H MAC Frame Data |7
RADIO MEDIUM——| Pifzgmaab'l"e | Header | MAC Frame Data | —————{ Burst Preamble | Header | MAC Frame Data  |———

-« MFS p»

If the N
the ne
frame.
synchr

In burs
ahead

Each s
PLCP
within

Figure 20 — Burst Mode Transmission

IAC re-asserts TX_EN in this window, the PHY assures the start of the first symbol of t
t frame is presented at the local antenna exactly MIFS after the end of thedast symbol
The MIFS interval is defined to be an exact number of symbols to enable the receiy
bnization from the Burst Preamble.

t transmission, the value of PT overrides TXPT in determination_af\Which preamble the
pf each PLCP header and MAC frame body (if present).

ubsequent frame in the burst mode sequence is transmitted-as in the single frame case
Header parameters in Table 14 and the assurance of the MIFS interval provided TX_EN

e preamble of
bf the previous
er to maintain

PHY transmits

except for the
is re-asserted

the window defined in Figure 20, until the last frame in the sequence which differs in the PLCP
parameters define in Table 15.
Table 15 — Unique Final'Frame PLCP Parameters
D
Parameter Value C‘anment
LS 0‘ .
BM ZERO Burst Mode must be set to ZERO in the last frame|of the
burst mode sequence.
PT ZERO PT must be set to ZERO in the last frame of the byrst
mode sequence.
Encoding of data rate for the MAC Frame Payload|part
RATE 00000 ... 00111 | of the frame. Value shall be set to 00000 if LENGTH is
zero.
Number of Octets in MAC Frame Payload part of
Frame. Note the special case of a frame with LENGTH
LENGHH 0..409 of zero is permitted since the MIFS interval will nof be
used following this frame.

11.7.4

Burst Mode Transmit Error Recovery

If TX_EN is re-asserted:

of the PHY is undefined;

later than TxDelay before MIFS, but earlier than MIFS, after the end of the previous frame, the behaviour

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 transmission
or the first frame of a new burst mode transmission.

© ISO/IEC 2007 — All rights reserved
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11.8 Receive Operation

11.8.1 Data Bus Ownership

The DATA[7:0] bus is driven by the PHY in RECEIVE state. Valid data is indicated by the rising edge of

DATA_EN being asserted at the 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 16, 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.
Table 16 — Receive Control Registers for Single Frame Receive
oM
Register Value Comment ('O.)Q
RXCHAN See 11.2 of ISO/IEC 26907 | Channel on which to perform thé 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 wsing the Standard Preamble,

RXCTL-RXANT | 0.. SupportedDiversity[1:0]

Identifies the reGeive antenna.

RXCTL-PTON | ZERO

PTON is ighored for single frame reception.

ONE
CONTRQL- 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 enable
RANGINGTIMER setting.

The reception pf a single frame is depicted in Figure 21, starting from the READY state. The MAC com
the PHY into RECEIVE state by asserting RX_EN while keeping TX_EN de-asserted.

When the PHY detects the rising edge of RX_EN, it transitions to RECEIVE state, turns on the radio
{Delay and then starts a preamble ach|S|t|on as defined by RXPT usmg its recelve 3

path, waits R
defined in RXAMN

mands

receive
ntenna

The PHY has full control over data flow during frame reception.

34

d path.
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The PH
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e Pre¢amble acquisition is signalled by the PHY asserting PHY_ ACTIVE, as indicated in H

de
the
de

e If A
14
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e Th
DA
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e Th
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The M
e Int

pe

FCEN __/ : : : : : 1 Endof Frame :
H : : H H ! atlocal antenna| * Acti
End of Frame Sync $e SyncDelay : : d : /PhyéctlveDelay
PHY_ACTIVE . atlocal antennaj\Jq: " o [ : 4 H
DATA7O] | | & T ) oo prif ed) p2i) osi) [ oni ) xx
DATAEN i N T i\
STATE  READY RECEIVE | ReADY
T J
Y

DATA[7:0]
Driven by PHY

Figure 21 — Single Frame Receive Timing Diagram

1Y performs the following operations:
b PHY will seek to acquire the specified preamble on the specified antenna and channe

assertion of RX_EN.

ay between the end of the last symbol of the Frame Synchronization Sequence of the pr
Channel Estimation Sequence) in the antenna @nd’ the raising edge of PHY_ACTI

bendent, but fixed, delay SyncDelay.

RNGEN = ONE sets Dynamic Register RANGINGTIMER at the Ranging Reference Sig

ble 7).

b PHY decodes the received symbols and transfers the PLCP Header to the MAC by t
TA _EN. At each PCLK rising.edge with DATA_EN asserted the MAC reads one octet ¢
Frame.

b PHY interprets the PLCP header parameters and computes the header checksum a
h the HCS field ,invthe received PLCP header. The PHY reports the status of
ADER_ERROR/as-defined in Figure 7.

\C performs, the following operations on the RX Frame fields:

form.ffame recovery by de-asserting and re-asserting RX_EN not less than 3 PCLK cycl

RxDelay after

Figure 21. The
pamble (before
VE is a PHY-

nal (defined in

2 of ISO/IEC 26907) according to the precision defined by the RangingSupported static parameter (see

he assertion of
f data into the

hd compares it
the header in

prprets-the HEADER_ERROR parameter. If any bit in HEADER_ERROR is set, the¢ MAC should

bs later

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

If the PLCP header payload RATE is not supported, the PHY terminates the rec
according to 11.11.2.2.

11.11.2.1.

eive operation

e Interprets RX Frame field LENGTH - the length in octets of the MAC Frame Payload. The MAC uses this
parameter as needed to support the transfer of received data from the DATA[7:0] bus.

The MAC continues the receive operation, if HEADER_ERROR reports no errors, transferring one octet of
data for each 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 receive quality information into the receive frame and
processes the remaining parameters:
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RX Frame field FCS. The MAC computes the FCS according to its specified CRC algorithm and

compares the result with the RX Frame FCS value to determine the validity of the MAC Frame Payload

data.

RX Frame field RSSI — received signal strength indication. The MAC uses this value as required to

support 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.

required to perform frame reception error handling.

RX Frame field RXERROR - receive error status. The MAC interprets any set bit in RXERROR as

If the PHY de
11.11.2.3.

The PHY com

De-asserti
PHYActive

The MAC com

De-asserti
which poin

ects an unrecoverable payload error, the receive operation shall be terminated accorn

bletes the receive operation by:

hg PHY_ACTIVE at the rising edge of PCLK a PHY-dependent,
Delay, after the trailing edge of the packet waveform at the local antenna.

but fixed,

bletes the receive operation by:

ng RX_EN. The PHY remains in RECEIVE state until RX)EN is de-asserted by the M
t it transitions back to READY.

ding to

delay,

AC, at

A frame recepfion can be aborted before completion by de-asserting RX_EN as described in section 11[.10

11.8.3 Burst Mode Reception Control

In Burst Mode
maintaining R
= ONE is proc
complete the 1
PHY can expld

There is one rgceive control register, specific to burst mode as shown in Table 17.

reception the receiving MAC commands the PHY to perform continuous frame recep
_EN asserted following reception of;a“frame with BM set to ONE. Each frame received |
essed in a manner identical to sipgle frame reception except for the de-assertion of RX
pception operation. The frame symbol timing is determined by the transmitter but the re
it the PLCP header BM and PT fields to improve receive performance.

Table 17 — Unique Burst Mode Receive Registers

tion by
yith BM
| EN to
ceiving

Parameter V@’ Comment
RXCTL-PTON Z‘ERO When PTON = ZERO, the MAC must control all receive
ONE preamble acquisition via RXPT.

When PTON = ONE, the PHY interprets the PT field in

PLCP headers with BM = ONE.

Following reception of a frame with BM =ONE, the PHY prepares to receive a new preamble exactly MIFS
after the end of that frame using the preamble indicated by RXPT if PTON = ZERO, or the preamble indicated

by PT if PTON

= ONE.

Figure 22 shows a sequence of burst mode received frames with MIFS separation. The timing of each frame
is bracketed by the assertion and de-assertion of PHY_ACTIVE with SyncDelay and PhyActiveDelay as in the
case of single frame reception.
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SyncDela PhyActiveDelay SyncDela PhyActiveDelay
—- -— — — —- -— — -—
PHY_ACTIVE
MAC-PHY I/F Header [ FrameData | Header [ FrameData |——
Radio Medium ———————{ stndaraPreamie | Header | Frame Data WIFS rroampie | Header | Frame Data
-— >

Figure 22 — Burst Mode Receive with MIFS

As long as each received frame carries BM = ONE, the MAC maintains RX_EN asserted and the PHY will

continue to perform acquisition and frame reception, each time using the preamble as defined by the

i abvracaivuad DT ol ik RYDT valua daoanandioa an tha cattina ~f DTN
preVIOL STy TCOTTVOUTT T vaTOC O triC Ty T vardC Ot PCTTaITTy UTT TG~ ST Ty~ OUT T T OTN,

The byrst is terminated upon receipt of a frame with BM = ZERO after which the MAC de-asserts RX_EN in
an identical manner to that for single frame reception.

11.8.4 |Burst Mode Reception Error Recovery

At any[time within a burst, the MAC may recover from reception errors and,términate Burst Mode reception by
de-assprting RX_EN.

11.8.5|Zero Length Frame Reception

SyncDelay-—m- - Ly —PHYActiveDelay

PHY_ACTIVE

MAC-PHY IF [ Headgr

Radio Medium Rreamble Header

T S
\ /

PCLK
DATA_EN
MAC-PHY I/F 4{ Last bytes of Header H;::gf’l RSS! l La l E?;f }7

Figure 23 — Zero Length Frame Reception

Figure [23- shows zero length frame reception and presentation of the associated receive parameter block
(RSSI,|LQland RXERROR) following the HEADER_ERROR octet. T

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

Note that DATA_EN is always used to qualify DATA[7:0] as the PHY retains full flow control during receive
operation.
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11.9 MAC Transmit Abort

TX_EN

|<— Disable analog path

PHY_ACTIVE

|
4>‘ |<— Flush Tx path
|

MAC-PHY IF ——{ Header H

Frame Data

Radio Medium 4| Long Preamble | Headerl Frame Data I

Figure 24 — MAC Aborted Transmit

Figure 24 sho

vs the operation of the interface when the MAC de-asserts TX_EN before delivering Ilhe last
octet of the F(S to the DATA[7:0] bus.

Upon detectin

) de-assertion of TX_EN, the PHY shall immediately disable the path to the-local ante
that no further[symbols are transmitted but may take the necessary time to flush the transmit logic bef
asserting PHY| isi

| ACTIVE at the rising edge of PCLK and returning to READY state

Note that it is
disabling the

pssumed that immediate cessation of transmission at the local antenna is expected to

nna so
bre de-

require
analog transmit path. The PHY will normally require additional time to reset the
transmission p i

ath before being ready to resume normal operation.

11.10 MAC Receive Abort

digital

PCLK
TX_EN :
M . M M Data r}lay be ﬁresentéd % : : ‘. .” :
RX EN \ after RX EN de-assertions™ : ’('I)rder of.events is not sp;ecn‘led
= H : H : . AN : : : : 7 : :
H : H H H H NN H : H :‘/I," : W, : : : // :
PHY ACTIVE| : : : : H PR : : H A A H : :
- : He : : : : HEEL S : : :
: BN : / : i I
. . W . . . . .
. . 3 LY . .
DATA[7:0] K Data Data Data: x Data:x Dath—b‘h'fX Data;x X% RSS! X XX X LQk: XRxErroX \XX' : :
DATA EN S E 3

E

-"——-
L=l

RECEIVE State “

66 PCLK clock cycles

21

Figure 25 — MAC Aborted Receive Timing Diagram

“ READY State

vS.the operation of the interface when the MAC de-asserts RX_EN before the end of fra

_ me has
been received at the local antenna. Normal RECEIVE operation requires that RX_EN be asserted until after

the last octet of the receive parameter block (RXERROR) has been presented to the MAC at the DATA[7:0]
bus and validated by DATA_EN.

The MAC may abort a receive operation at any time after asserting RX_EN by de-asserting RX_EN

If RX_EN is de-asserted at any time before this last octet transfer, irrespective of whether PHY_ACTIVE is
asserted or de-asserted, the following abort operation occurs:

38

Within 66 PCLK clock cycles of detecting the de-assertion of RX_EN, the PHY shall abort the receive
operation, shall stop transferring data to the MAC, shall present the receive parameter block which will be

qualified by DATA_EN and shall de-assert PHY_ACTIVE (if asserted)
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e If 19 or more octets of data, including the PHY header, the MAC header and HEADER_ERROR have
been delivered by the PHY, the MAC shall consider the last three octets delivered by the PHY within
these 66 PCLK clock cycles to be the receive parameter block.

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

The order in which PHY_ACTIVE is de-asserted and the receive parameter block is presented is not specified
but must complete within 66 PCLK cycles after de-assertion of RX_EN.

A special case should be noted for Burst Mode. If the acquisition of the next frame is signalled by the
assertion of PHY_ACTIVE before the completion of delivery of the data and receive quality block of the
preceding frame, de-assertion of RX_EN will abort both the delivery of the preceding frame and the incoming
frame.

11.11| Error Conditions

11.11.1 Transmit Error Conditions

There @re no defined error conditions that occur during transmit operations.
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 i{ with the value
in the header HCS field. If this check fails, the contents of the/header cannot be trusted — includling 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
behavgs as if a zero length frame had been received.

Even though the header checksum fails to validate the header, the Rx Frame will contain the following:
e The PLCP header including the RATE and LENGTH
e The MAC header

e The HEADER_ERROR:bits

e RSSI
o« LA
¢ RXERROR

The PHY shall de-assert PHY_ACTIVE at a suitable interval after detection of the header checksum failure. In
this HCS error case, end of frame timing derived from the de-assertion of PHY_ACTIVE is not valid. HEADER
CHECKSUM ERROR is set in both HEADER_ERROR and RXERROR fields.

If the MAC maintains RX_EN asserted following the indication of HCS error, the PHY will continue to seek to
acquire a frame using the same preamble type used in the frame whose header checksum failed.

If the Preamble type needs to be re-set (e.g. after failure to acquire a Burst Preamble, the MAC may set the
preamble to Standard Preamble) the MAC should de-assert RX_EN, set RXPT to the appropriate value and
re-start the PHY’s acquisition operation by re-asserting RX_EN. It is the MAC’s responsibility to determine the
timing of re-acquisition following a lost frame, including loss of an intermediate frame in a burst.
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11.11.2.2 Unsupported Data Rate

If the data values in the PHY and MAC Header are validated by the HCS but one or more of the parameters is
set to an unsupported value (e.g. Data Rate), the PHY sets the HEADER_ERROR bits in the receive frame

data structure and performs a zero length frame receive operation as described in 11.11.2.1.

The PHY shall de-assert PHY _ACTIVE at a suitable interval after detection of the unsupported data rate. The

corresponding error bits are set in both the HEADER_ERROR and RXERROR fields.

11.11.2.3 Unrecoverable Detected Payload Error

.y -« SyncDelay PHYActiveDelay
PHY_ACTIVE ! \
P
MAC-PHY I/F [ Header | [ Frame[ 7% ;la:;ss
, \X.pddded data
Radio Medium ——{ Long Preamble [ Header | Frame Bf77
‘ ‘ angled frame
PCLK
PHY_ACTIVE ‘
DATA_EN Can be flow controlled as needed by PHY,
MAC-PHY I/F ‘ Pad Bytes [ RSSI] Lal ] X }7
Figure 26 — Unrecoverable Payload Error Handling

Figure 26 shgws how an incoming frame aborted) by the PHY is signalled after the PHY detq
unrecoverable|error while receiving the frame body:

In this case, the PHY can use the content of-the PLCP header which has been received with a good H(C
PHY uses the LENGTH field to determineshow many octets of the frame body remain to be transferreg
MAC via the DATA[7:0] bus.

The PHY padq this many undefined*value octets at DATA[7:0], qualified by DATA_EN to complete the
frame operatign. PHY_ACTIVE. is de-asserted at the nominal end of frame at the local antenna that th
computes from} LENGTH plus\PHYActiveDelay (see Figure 26). The receive quality block is transferreq
a normally conppleted receive operation.

The PHY sets the-PAYLOAD_ ERROR bit in RXERROR to signal the aborted receive. In additi
undefined value pad-octets will in general cause the MAC FCS check to fail.

cts an

S. The
| to the

receive
e PHY
| as for

bn, the

11.12 Clear Channel Assessment

The CCA Interface is used for Clear Channel Assessment status indication. It consists of the CCA_STATUS

signal and the following dynamic registers:
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