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Abstract: This amendment defines modifications to both the IEEE 802.11 physical layer (PHY)
and the medium access control (MAC) sublayer for wake-up radio operation.
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Introduction

This amendment defines modifications to both the IEEE 802.11 physical layer (PHY) and the medium
access control (MAC) sublayer for wake-up radio operation.

Laws and regulations

Users of these documents should consult all applicable laws and regulations. Compliance with the
provisions of this standard does not imply compliance to any applicable regulatory requirements.
Implementers of the standard are responsible for observing or referring to the applicable regulatory
requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and private
uses. These include both use, by reference, in laws and regulations, and use in private self-regulation,
standardization, and the promotion of engineering practices and methods. By making this document
available for use and adoption by public authorities and private users, the IEEE does not waive any rights in
copyright to this document.

Updating of IEEE documents

Users of IEEE standards should be aware that these documents may be superseded at any time by the
issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether
a given document is the current edition and whether it has been amended through the issuance
of amendments, corrigenda, or errata, visit the IEEE Standards Association website at http://
ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously.

For more information about the IEEE Standards Association or the IEEE standards development process,
visit the IEEE-SA website at http://standards.ieee.org.

Errata

Errata, if any, for this and all other standards can be accessed at the following URL: http:/
standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata
periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. A patent holder or patent applicant has filed a statement
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of assurance that it will grant licenses under these rights without compensation or under reasonable rates,
with reasonable terms and conditions that are demonstrably free of any unfair discrimination to applicants
desiring to obtain such licenses. Other Essential Patent Claims may exist for which a statement of assurance
has not been received. The IEEE is not responsible for identifying Essential Patent Claims for which a
license may be required, for conducting inquiries into the legal validity or scope of Patents Claims, or
determining whether any licensing terms or conditions are reasonable or non-discriminatory. Further
information may be obtained from the IEEE Standards Association.

Copyright © 2017 IEEE. All rights reserved. 5
This is an unapproved IEEE Standards Draft, subject to change.



O 001N WU A W

IEEE P802.11ba/D0.01, November 2017

Participants

At the time this revision was sent to sponsor ballot, the IEEE 802.11 Working Group had the following
officers:

Adrian P Stephens, Chair
Jon W. Rosdahl, /st Vice Chair
Dorothy Stanley, 2nd Vice Chair

Stephen McCann, Secretary

The officers and members of the Task Group ax Working Group ballot pool are as follows:

Minyoung Park, Chair
Yunsong Yang, /st Vice Chair
Eunsung Park, 2nd Vice Chair

Leif Wilhelmsson, Secretary
Po-Kai Huang, Technical Editor

Editor’s Note: A 3-column list of working group voters at the time the working group first approved the
draft will be inserted here.

Major contributions were received from the following individuals:

Editor’s Note: A 3-column list of those who made major contributions will be inserted here.

The following members of the individual balloting committee voted on this revision. Balloters may have
voted for approval, disapproval, or abstention.

Editor’s Note: A 3-column list of sponsor ballot voters will be inserted here.

Editor’s Note: The date of approval will be inserted on the following line.

When the IEEE-SA Standards Board approved this revision_on <date>, it had the following membership:
Editor’s Note: The officers of the IEEE-SA Standards board will be inserted here.

Editor’s Note: A 3-column list of the IEEE-SA Standards board members will be inserted here.

Also included are the following nonvoting IEEE-SA Standards Board liaisons:

Editor’s Note: The Standards Program Manager and Staff liaison will be inserted below.

<name>

IEEE Standards Program Manager, Document Development

<name>
IEEE Standards Program Managers, Technical Program Development

6 Copyright © 2017 IEEE. All rights reserved.
This is an unapproved |IEEE Standards Draft, subject to change.



O 001N WU A W

IEEE P802.11ba/D0.01, November 2017

Copyright © 2017 IEEE. All rights reserved. 7
This is an unapproved IEEE Standards Draft, subject to change.



O 001N WU A W

IEEE P802.11ba/D0.01, November 2017

8 Copyright © 2017 IEEE. All rights reserved.
This is an unapproved |IEEE Standards Draft, subject to change.



IEEE P802.11ba/D0.01, November 2017

Contents
EdIEOTTAl INOTES ...ttt ettt ettt et bt et s bt et bt e st e e bt et e ebe et e eaeenteeeie 15
3. Definitions, acronyms, and abbreViations............ccueiviecieeeieriieerieenieeeeseesieeseesreesteesaeereessaeeseenes 17
3.2 Definitions specific to IEEE 802.11 ......ccviiiiiiiiiiiieiieieeeie ettt et sveeseeebeesaneesne e 17
3.4 AbDbreviations and ACTOMYITIS .....c.ceiveeruieriieriierieentesreeseesseeesteessaeesseessseesseesseessseesseessseesssessseses 17
4. GENETAL AESCIIPLION ...eevtieiiieeie et ectte ettt e et e et e et e st e eteestbeebeessaeesbeessaeesseessseenseessesnseenseessseesssenssennes 19
4.3 Components of the IEEE Std 802.11 architecture ............ccceerviiiienieiiieieeieeieeseeeieesve e 19
4.3.15aWake-up radio (WUR) STA ....ooooiieiieeeee ettt ettt sveeve e s ve e e snbeessaeenseenes 19
9. Frame fOTMAS .....cc.oiiiiiiieie ettt ettt bttt b ettt et b et eae et e 21
0.1 GeNETal TEQUITEIMENLS .....veevieeeieeiieiieeteerteesteesteesteeeteesseeesseessaeesseeseeansaenseessseesaessseesseesssessseenes 21
9.4 Management and Extension frame body cOmMPONENts ...........cecerueereerieieneenenieieneee e 21
9.4.1 Fields that are n0ot 1EMENLS .........coviiiiiiriieieiee et 21
9.4.1.11 Action fIeld ...c.ooiiieiiiiee e e 21
0.4.2  EICIMENLS....ccvieitiieieeitieeteeitesite et eett e et e ete e teeesbeesseeeaseesssaasseesseesssaesseessseansaessseenseenssennss 21
9.4.2.262 WUR MO0Ode CIEMENL .......eeiiiiiiieiieciiieiieete ettt eeeveesveesveeseeeeseesree s 21
9.4.2.263 WUR Capabilities element ............ccooierierieiienenienieiee e 21
9.6 Action frame format detailS ..........ccceeevuieiiiiiiieiiccie et aaeebe e 21
9.6.31 WUR ACHION AEAILS.....cvieciieieiieiieciieeie ettt ettt te et saeebee s veesbeesaaeenbeessneennas 21
9.10 WUR frame fOIMALS........ccviiiiiiiiieiieeieeie et ete et et teestaeesteestaeebeesebeesseesssessseesssessseesssessseenes 21
31. Wake-Up Radio (WUR) MAC SPeCIfiCation..........ceeeieruieriieiieiieiiesee et 23
31,1 INEOAUCTION . ..ccutiiieiietieiie ettt ettt e ettt e e et e s v e et e e sta e e beesaaeesbeesseesseesssaasseesseensaesssassseesssenssennes 23
31.2 CRANNEL ACCESS ..uvviiviieeiieiieeieestee et eeteeetteeteesteeteestbe e beessseebeassseesseasssaasseesseassaesssassseesssessseenes 23
31.3 Maintaining SYNCRIONIZALION .......cceeiuieieiieieee ettt ettt ee et s ee e e e eneas 23
31.4 WURX duty CYCLE OPEIAtION .....eoueieiriieiieiieieeiiete ettt sttt ettt ee e eee et e sneeeesseeneeenean 23
31.5 Power management with WUR mMOde .........ccoociiiiiiiiiiiiiiiieeeeee e 23
31.6 WaKE@-UP OPCIATION . ....eueeieeiieitietiete et tete et e e st e e seeeeesteeeesbeenee s st eneeeseenseeseeneeeseenseeneennesseensennean 23
32. Wake-Up Radio (WUR) PHY SPecification..........ccccuerueeiieriiriieiisieee et 25
32,1 INEEOUCTION ...ttt sttt bbbttt eb et s b e b b s een 25
32.2 WUR PHY SEIVICe INTETTACE ....c.veiiuieiieiiiiiiierieriertctciteeeteete ettt s 25
32.3 WUR PHY ottt sttt ettt s b e bt 25
32.3.1 INErOQUCLION . ..c.eiuiiiieiieiieiieitetert ettt ettt ettt eb bbb s ees 25
32.3.2 WUR PPDU fOIMAL ....ccueriiiiiiienieteteeeeeiteteeee sttt e 25
32.3.3 Transmitter block diagrami..........ccocevvieiiriieiierieieie et e 25
32.3.4 Overview of the PPDU encoding ProCeSsS........cccvervierieruerierierieniesreeseneesesseessesseensesns 25
32.3.5 WUR modulation and coding schemes (WUR-MCSS) ........cccccerrrieriinieninieieeeeee e 25
32.3.6 Timing related PArameEters .......cccveeverveeieriieierieeeieieetesteseeesesseessesseensessaensesseansesseensennes 25
32.3.7 Mathematical description Of SIZNALS .........c.ecerieciiriiiierie e e 25
32.3.8 WUR PIEAMDIE ....c.eeeuieiieiieieeieie sttt st te st sa e e eneanseeseeseens 25
32.3.8.1  INEFOAUCTION. ...cueiuiriiiiiitietertereet ettt sttt ettt st 25
32.3.8.2 Non-WUR portion of WUR format preamble ...........ccoccveeverrecinienerienennen. 26
32.3.8.3  WUR SYNC fIeld ...cueiuiiiiiieieieieeeieieeseeeeee et 26
32.3.9 WUR Data fleld .....c.coeiiiiiiiiiiiinieeee ettt e 26
Copyright © 2017 IEEE. All rights reserved. 9

This is an unapproved IEEE Standards Draft, subject to change.



O 001N WU A W

IEEE P802.11ba/D0.01, November 2017

10

32.3.10WUR transmit SPECIfICAtION. ... .c.ueeriertieiirtieieeiieeceie ettt eeee 27
32.3.11WUR receiver SPeCifiCation ........cceereruieriieiieiieeieie ettt eeee 27
32.3.12WUR transSmit PrOCEAULE .......ccueiuerieriieiiertieiereeeteeee et certesteeaeeseeseesseentesseenteeaeeneeeneeneeenes 27
32.3. 13WUR 1eCEIVE PrOCEAUIE.....c.eiuieiieetieiietieiieeieee et ettt ettt esee st e nee e eneeneeeneeneeens 27

324 WURPLME ......coooviiiiiiiiiiieeeeeee
32.5 Parameters for WUR-MCSs

Copyright © 2017 IEEE. All rights reserved.
This is an unapproved |IEEE Standards Draft, subject to change.



List of figures

IEEE P802.11ba/D0.01, November 2017

Copyright © 2017 IEEE. All rights reserved. 11
This is an unapproved IEEE Standards Draft, subject to change.



O 001N WU A W

IEEE P802.11ba/D0.01, November 2017

12 Copyright © 2017 IEEE. All rights reserved.
This is an unapproved |IEEE Standards Draft, subject to change.



O 001N WU A W

List of tables

Table 1—Draft Status

Table 32-1— Timing-related constants ..
Table 32-2— Frequently used parameters

IEEE P802.11ba/D0.01, November 2017

Copyright © 2017 IEEE. All rights reserved. 13
This is an unapproved IEEE Standards Draft, subject to change.



O 001N WU A W

IEEE P802.11ba/D0.01, November 2017

14 Copyright © 2017 IEEE. All rights reserved.
This is an unapproved |IEEE Standards Draft, subject to change.



O 001N WU A W

IEEE P802.11ba/D0.01, November 2017

IEEE P802.11ba™/D0.01

Draft STANDARD for

Information Technology—

Telecommunications and information exchange
between systems—

Local and metropolitan area networks—

Specific requirements

Part 11: Wireless LAN Medium Access Control
(MAC) and Physical Layer (PHY) specifications

Amendment 9: Wake-Up Radio Operation

[This amendment is based on IEEE Std 802.11-
2016 amended by IEEE Std 802.11ai-2016, IEEE
P802.11ah-2016, IEEE P802.11aq/D12.0, IEEE
P802.11ak/D4.3, IEEE P802.11aj/D8.0, IEEE
P802.11ax/D2.0, IEEE P802.11ay/D0.5, and IEEE
P802.11az/D0.0]

NOTE—The editing instructions contained in this amendment define how to merge the material contained therein into
the existing base standard and its amendments to form the comprehensive standard.

The editing instructions are shown in bold italic. Four editing instructions are used: change, delete, insert, and replace.
Change is used to make corrections in existing text or tables. The editing instruction specifies the location of the change
and describes what is being changed by using strikethrengh (to remove old material) and underscore (to add new mate-
rial). Delete removes existing material. Insert adds new material without disturbing the existing material. Insertions may
require renumbering. If so, renumbering instructions are given in the editing instruction. Replace is used to make
changes in figures or equations by removing the existing figure or equation and replacing it with a new one. Editorial
instructions, change markings and this NOTE will not be carried over into future editions because the changes will be
incorporated into the base standard.

Editorial Notes

Editor’s Note: Editorial Notes in the body of the standard appear like this. They will be removed before
publication. They may highlight some issue that the editor has had to address during the implementation
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of a change. Where there may be any technical impact from an editing issue, the editor will raise a tech-
nical letter ballot comment. There is no need for voters to comment on such issues unless they have a spe-
cific resolution they wish to present.

Editor’s Note: Headings with empty content or Headings preceding editing instructions that modify the
contents of the referenced subclause are there to provide context to the reader of this document, they have
no other significance.

Editor’s Note: The default IEEE-SA style for tables is to "float". This means that they be repositioned
later, usually at the head of the next page, to avoid splitting the table and reduce the amount of blank
space. The table can appear to move out of the subclause it is referenced first from, and can even split a
paragraph. This is the intended IEEE-SA behavior, please do not report it as a defect in the draft. In
many cases, additional line feeds have been inserted to force tables to follow text, rather than float beyond
sequential text. The additional line feeds will be removed before publication, please do not report them as
a defect in the text.

Editor’s Note: Line numbering is only approximate. This is a limitation of the FrameMaker tool.
Whitespace between paragraphs is part of the IEEE-SA style, as defined in their templates. The combina-
tion of these two facts leads to the appearance of blank lines in the draft between every paragraph. Please
do not report this as an editorial defect as it is the unavoidable behavior.

Tags:
Tags are placed in this draft near changes to identify the source of the change. Changes resulting from incor-
poration of an approved proposal are shown like this: (#<number>), where <number> identifies the submis-

sion/revision that introduced that change.

These tags will be hidden in versions of the draft sent out to letter ballot - i.e., they are present only to assist
the editorial review panel in checking that changes have been properly applied.

Tags are shown close to the point of change. When a whole subclause is new, the heading is tagged.

Otherwise, when a whole paragraph is new, the paragraph is tagged. Otherwise tags are placed after a section
of changes within a paragraph or at the end of the paragraph if the changes are substantial.

New tables are tagged in the table caption (if there is one), or in the introductory paragraph. Otherwise, new
rows in existing tables are tagged only in the first column, to avoid distraction. Otherwise, a modified cell is

tagged.

Finally, any other changes made by the editor (e.g., for grammar, language, style & consistency with other
comment resolutions, baseline, etc.) are tagged (#Ed).

Editor’s Note: A cumulative status of the versions of this draft is shown below.

Table 1—Draft Status

Draft Date Status
DO0.0 2017-10-23 Proposed draft specification
D0.01 2017-11-20 Updated WUR PHY structure and added basic WUR PHY parameters
16 Copyright © 2017 IEEE. All rights reserved.
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3. Definitions, acronyms, and abbreviations

3.2 Definitions specific to IEEE 802.11
Insert the following definitions maintaining alphabetical order:

primary connectivity radio (PCR): A radio with the capability to transmit and receive 20 MHz non-HT
PPDU.

wake-up radio (WUR): A companion radio to a primary connectivity radio with the capability to transmit
or receive WUR PPDU.

wake-up receiver (WURX): A companion receiver to a primary connectivity radio with the capability to
receive WUR PPDU.

wake-up radio (WUR) physical layer (PHY) protocol data unit (PPDU): A PPDU transmitted with the
TXVECTOR parameter FORMAT equal to WUR.

3.4 Abbreviations and acronyms

Insert the following acronym definitions (maintaining alphabetical order):

OOK on-off keying
PCR primary connectivity radio
TD type dependent
WUR wake-up radio
WURx wake-up receiver
Copyright © 2017 IEEE. All rights reserved. 17
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4. General description

4.3 Components of the IEEE Std 802.11 architecture

Insert a new subclause after subclause 4.3.15 as follows:
4.3.15a Wake-up radio (WUR) STA

The main PHY features in a WUR STA are the following:
— <Texts to be filled>

The main MAC features in a WUR STA are the following:
—  <Texts to be filled>

A WUR non-AP STA can receive a wake-up frame from a WUR AP STA to trigger a transition of the corre-

sponding primary connectivity radio to the awake state.

Copyright © 2017 IEEE. All rights reserved.
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9. Frame formats

9.1 General requirements

Change the paragraph as follows:

The format of the MAC frames is specified in this clause. WUR frame format is defined in Subclause 9.10,

and other MAC frame formats are defined in Subclauses 9.2 to0 9.9. A STA shall be able to properly
construct a subset of the frames specified in this clause for transmission and to decode a (potentially
different) subset of the frames specified in this clause upon validation following reception. The particular

subset of these frames that a STA constructs and decodes is determined by the functions supported by that
particular STA. A STA shall be able to validate every received frame using the frame check sequence (FCS)

and to interpret certain fields from the MAC headers of all frames.

A STA shall transmit frames using only the frame formats described in Clause 9.

9.4 Management and Extension frame body components
9.4.1 Fields that are not elements

9.4.1.11 Action field

<Texts to be modified>

9.4.2 Elements

Insert the following new subclauses after the last subclause in 9.4.2:
9.4.2.262 WUR Mode element

<Texts to be filled>

9.4.2.263 WUR Capabilities element

<Texts to be filled>

9.6 Action frame format details

Insert the following new subclause after the last subclause in 9.6:
9.6.31 WUR Action details

<Texts to be filled>

Insert the following new subclause after the last subclause in 9:

9.10 WUR frame formats

<Texts to be filled>

Copyright © 2017 IEEE. All rights reserved.
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Insert new Clauses 31 and 32 following Clause 30 as follows:

31. Wake-Up Radio (WUR) MAC specification

31.1 Introduction

<Texts to be filled>

31.2 Channel access

<Texts to be filled>

31.3 Maintaining synchronization

<Texts to be filled>

31.4 WURXx duty cycle operation

<Texts to be filled>

31.5 Power management with WUR mode

<Texts to be filled>

31.6 Wake-up operation

<Texts to be filled>

Copyright © 2017 IEEE. All rights reserved.

IEEE P802.11ba/D0.01, November 2017

23

This is an unapproved IEEE Standards Draft, subject to change.



O 001N WU A W

IEEE P802.11ba/D0.01, November 2017

24 Copyright © 2017 IEEE. All rights reserved.
This is an unapproved |IEEE Standards Draft, subject to change.



O 001N WU A W

IEEE P802.11ba/D0.01, November 2017

32. Wake-Up Radio (WUR) PHY specification

32.1 Introduction

<Texts to be filled>

32.2 WUR PHY service interface

<Texts to be filled>

32.3 WUR PHY

32.3.1 Introduction

<Texts to be filled>

32.3.2 WUR PPDU format

<Texts to be filled>

32.3.3 Transmitter block diagram

<Texts to be filled>

32.3.4 Overview of the PPDU encoding process

<Texts to be filled>

32.3.5 WUR modulation and coding schemes (WUR-MCSs)
<Texts to be filled>

32.3.6 Timing related parameters

<Texts to be filled>

Table 32-1 (Timing-related constants) defines the timing-related parameters for WUR PPDU formats.

Table 32-2 (Frequently used parameters) defines parameters used frequently in Clause 32 (Wake-Up Radio
(WUR) PHY specification).

32.3.7 Mathematical description of signals
<Texts to be filled>

32.3.8 WUR preamble

32.3.8.1 Introduction

<Texts to be filled>
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Table 32-1— Timing-related constants

Parameter Value Description

A F. WUR 312.5kHz Subcarrier frequency spacing for WUR PPDU

TpFrwUR 32ps IDFT/DFT period for the WUR PPDU

TGrwur 0.8 us Guard interval duration for the WUR PPDU

TGrL-LTF 1.6 pus Guard interval duration for the L-LTF field

Tsypo,0N 4 us ON duration of WUR MCS0 OOK symbol in WUR
Data field

Tsymo.0FF 4 us OFF duration of WUR MCS0 OOK symbol in WUR
Data field

TSYM() 4 us = TSYMO,ON = TSYMO,OFF Duration of WUR MCS0 OOK symbol in WUR Data
field

Tsymi.on 2 ps ON duration of WUR MCS1 OOK symbol in WUR
Data field

Tsyy1,0FF 2 ps OFF duration of WUR MCS1 OOK symbol in WUR
Data field

Tsymi 2 us = Tsyrpp.0n = Tsypr,orr | Duration of WUR MCS1 OOK symbol in WUR Data
field

Toyyr Tsyp or Tsyp depending on | Duration of OOK symbol in WUR Data field

WUR MCS

Tsyne TBD Duration of OOK symbol in WUR SYNC field

Ty sTF 8 us =10 x Tpprwur /4 Non-HT Short Training field duration

Ty LR 8 us =2 x Tpprwur T TgrL- | Non-HT Long Training field duration

LTF

T1-s1G 4 us Non-HT SIGNAL field duration

TWUR-MARK 4 us WUR MARK field duration

TWUR-SYNCO 64 us WUR SYNC field duration for WUR MCS0

TWUR-SYNC1 128 us WUR SYNC field duration for WUR MCS1

32.3.8.2 Non-WUR portion of WUR format preamble

<Texts to be filled>

32.3.8.3 WUR SYNC field

<Texts to be filled>

32.3.9 WUR Data field

<Texts to be filled>
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Table 32-2— Frequently used parameters

Symbol Explanation
Nsppp Number of OOK symbols per data bit.
For WUR MCSO0, Ngppp =4.
For WUR MCSI, NSPDB =2.
Ngpcp Number of OOK symbols per encoded
blt NSPCB =1.
Ncgpps Number of coded bits per data bit.
For WUR MCSO, NCBPDB =4,
For WUR MCSI1 N NCBPDB =2.
Nry Number of transmit chains
Nwur-sync Number of OOK symbols in the WUR
SYNC field
32.3.10 WUR transmit specification
<Texts to be filled>
32.3.11 WUR receiver specification
<Texts to be filled>
32.3.12 WUR transmit procedure
<Texts to be filled>
32.3.13 WUR receive procedure
<Texts to be filled>
32.4 WUR PLME
<Texts to be filled>
32.5 Parameters for WUR-MCSs
<Texts to be filled>
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