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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 high efficiency operation in frequency bands 
between 1 GHz and 6 GHz.
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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 high efficiency operation in frequency bands between 1 GHz and 6 GHz. 

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Users of IEEE standards should be aware that these documents may be superseded at any time by the 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 

This introduction is not part of IEEE P802.11ax /D0.3, August 2016, IEEE Standard for Information technology—
Telecommunications and information exchange between systems—Local and metropolitan area network—Spe-
cific requirements—Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) Specifica-
tions—Amendment 6: Enhancements for High Efficiency WLAN(#1121).
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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.
iv Copyright © 2016 IEEE. All rights reserved.
This is an unapproved IEEE Standards Draft, subject to change.

4



IEEE P802.11ax/D0.3, August 2016

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
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, 1st Vice Chair

Dorothy Stanley, 2nd Vice Chair

Stephen McCann, Secretary

The officers and members of the Task Group ax(#2112) Working Group ballot pool are as follows:

Osama Aboul-Magd, Chair

Simone Merlin, 1st Vice Chair

Ron Porat, 2nd Vice Chair

Yasuhiko Inoue, Secretary

Robert Stacey, 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
Copyright © 2016 IEEE. All rights reserved. v
This is an unapproved IEEE Standards Draft, subject to change.

5



IEEE P802.11ax/D0.3, August 2016
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
vi Copyright © 2016 IEEE. All rights reserved.
This is an unapproved IEEE Standards Draft, subject to change.

6



IEEE P802.11ax/D0.3, August 2016

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
Copyright © 2016 IEEE. All rights reserved. vii
This is an unapproved IEEE Standards Draft, subject to change.

7



IEEE P802.11ax/D0.3, August 2016
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
viii Copyright © 2016 IEEE. All rights reserved.
This is an unapproved IEEE Standards Draft, subject to change.

8



IEEE P802.11ax/D0.3, August 2016

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
Contents

Editorial Notes ..................................................................................................................................... 1

3. Definitions, acronyms, and abbreviations............................................................................................ 3

3.2 Definitions specific to IEEE 802.11 ............................................................................................ 3
3.4 Abbreviations and acronyms ....................................................................................................... 3

4. General description .............................................................................................................................. 5

4.3 Components of the IEEE Std 802.11 architecture ....................................................................... 5
4.3.12aHigh efficiency (HE) STA............................................................................................... 5

6. Layer management............................................................................................................................... 7

6.1 Overview of management model ................................................................................................. 7
6.2 Generic management primitives .................................................................................................. 7
6.3 MLME SAP interface .................................................................................................................. 7

6.3.7 Associate .......................................................................................................................... 7
6.3.7.2 MLME-ASSOCIATE.request.......................................................................... 7
6.3.7.3 MLME-ASSOCIATE.confirm ........................................................................ 7

6.3.8 Reassociate....................................................................................................................... 8
6.3.8.2 MLME-REASSOCIATE.request .................................................................... 8
6.3.8.3 MLME-REASSOCIATE.confirm ................................................................... 8

6.3.11 Start .................................................................................................................................. 9
6.3.11.2 MLME-START.request ................................................................................... 9

9. Frame formats .................................................................................................................................... 11

9.2 MAC frame formats................................................................................................................... 11
9.2.4 Frame fields ................................................................................................................... 11

9.2.4.1 Frame Control field........................................................................................ 11
9.2.4.5 QoS Control field........................................................................................... 11
9.2.4.6 HT Control field............................................................................................. 12

9.2.5 Duration/ID field (QoS STA) ........................................................................................ 18
9.2.5.2 Setting for single and multiple protection under enhanced distributed channel 

access (EDCA) 18
9.2.5.7 Setting for control response frames ............................................................... 19

9.3 Format of individual frame types............................................................................................... 19
9.3.1 Control frames ............................................................................................................... 19

9.3.1.3 CTS frame format .......................................................................................... 19
9.3.1.8 BlockAckReq frame format........................................................................... 19
9.3.1.9 BlockAck frame format ................................................................................. 20
9.3.1.23 Trigger frame format ..................................................................................... 25

9.3.2 Data frames .................................................................................................................... 35
9.3.3 Management frames....................................................................................................... 35

9.3.3.1 Beacon frame format ..................................................................................... 35
9.3.3.5 Association Request frame format................................................................. 36
9.3.3.6 Association Response frame format .............................................................. 36
9.3.3.7 Reassociation Request frame format ............................................................. 36
9.3.3.8 Reassociation Response frame format ........................................................... 37
9.3.3.9 Probe Request frame format .......................................................................... 37
Copyright © 2016 IEEE. All rights reserved. ix
This is an unapproved IEEE Standards Draft, subject to change.

9



IEEE P802.11ax/D0.3, August 2016

1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
5
5
5
6
6
6
6
6
6

1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5

9.3.3.10 Probe Response frame format........................................................................ 37
9.4 Management and Extension frame body components ............................................................... 38

9.4.1 Fields that are not elements ........................................................................................... 38
9.4.1.62 HE Compressed Beamforming Report field .................................................. 38
9.4.1.63 HE MU Exclusive Beamforming Report field .............................................. 38

9.4.2 Elements......................................................................................................................... 38
9.4.2.1 General........................................................................................................... 38
9.4.2.196 TWT element ................................................................................................. 39
9.4.2.213 HE Capabilities element ................................................................................ 42
9.4.2.214 HE Operation element ................................................................................... 48

9.7 Aggregate MPDU (A-MPDU)................................................................................................... 49
9.7.1 A-MPDU format ............................................................................................................ 49
9.7.3 A-MPDU contents ......................................................................................................... 50

10. MAC sublayer functional description................................................................................................ 55

10.3 DCF............................................................................................................................................ 55
10.3.1 General........................................................................................................................... 55
10.3.2 Procedures common to the DCF and EDCAF ............................................................... 55

10.3.2.1 CS mechanism ............................................................................................... 55
10.3.2.3 IFS.................................................................................................................. 55
10.3.2.4 Setting and resetting the NAV ....................................................................... 55
10.3.2.8a MU-RTS/CTS procedure(#1432) .................................................................. 56
10.3.2.11 MU acknowledgement procedure .................................................................. 58

10.5 Fragmentation ............................................................................................................................ 61
10.7 Multirate support........................................................................................................................ 61

10.7.6 Rate selection for Control frames .................................................................................. 61
10.7.6.5 Rate selection for control response frames .................................................... 61

10.9 HT Control field operation ........................................................................................................ 62
10.13A-MPDU operation................................................................................................................... 63

10.13.1A-MPDU contents ......................................................................................................... 63
10.22HCF........................................................................................................................................... 63

10.22.2HCF contention based channel access (EDCA) ............................................................ 63
10.22.2.9 Truncation of TXOP ...................................................................................... 63

10.24Block acknowledgement (block ack)........................................................................................ 63
10.24.10GCR block ack............................................................................................................. 63

10.24.10.3GCR block ack BlockAckReq and BlockAck frame exchanges .................. 63
10.44Target wake time (TWT) .......................................................................................................... 66

10.44.1TWT overview............................................................................................................... 66
10.44.2Individual TWT agreements .......................................................................................... 66
10.44.3Implicit TWT operation ................................................................................................. 67
10.44.4Broadcast TWT operation.............................................................................................. 68

10.44.4.1 General........................................................................................................... 68
10.44.4.2 Rules for TWT scheduling STA .................................................................... 68
10.44.4.3 Negotiation of TBTT and listen interval........................................................ 69

25. High Efficiency (HE) MAC specification ......................................................................................... 71

25.1 Introduction................................................................................................................................ 71
25.2 Channel Access.......................................................................................................................... 71

25.2.1 Intra-BSS and inter-BSS frame detection...................................................................... 71
25.2.2 Updating two NAVs ...................................................................................................... 72

25.3 Fragmentation ............................................................................................................................ 73
25.3.1 General........................................................................................................................... 73
x Copyright © 2016 IEEE. All rights reserved.
This is an unapproved IEEE Standards Draft, subject to change.

10



IEEE P802.11ax/D0.3, August 2016

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
25.3.2 Support and requirements for dynamic fragmentation .................................................. 73
25.3.3 Procedure at the originator(#1484) ................................................................................ 73

25.3.3.1 General(#Ed).................................................................................................. 73
25.3.3.2 Level 1 dynamic fragmentation(#1484) ........................................................ 74
25.3.3.3 Level 2 dynamic fragmentation(#1484) ........................................................ 74
25.3.3.4 Level 3 dynamic fragmentation(#1484) ........................................................ 74

25.3.4 Procedure at the recipient .............................................................................................. 75
25.3.4.1 General(#Ed).................................................................................................. 75
25.3.4.2 Level 1 dynamic defragmentation ................................................................. 75
25.3.4.3 Level 2 dynamic fragmentation(#1484) ........................................................ 75
25.3.4.4 Level 3 dynamic fragmentation(#1484) ........................................................ 76

25.4 Block acknowledgement............................................................................................................ 77
25.4.1 Selection of BlockAck and BlockAckReq variants ....................................................... 77

25.5 MU operation ............................................................................................................................. 77
25.5.1 HE DL MU operation .................................................................................................... 77

25.5.1.1 General........................................................................................................... 77
25.5.1.2 HE MU PPDU payload.................................................................................. 77

25.5.2 UL MU operation........................................................................................................... 78
25.5.2.1 General........................................................................................................... 78
25.5.2.2 Rules for soliciting UL MU frames ............................................................... 78
25.5.2.3 STA behavior ................................................................................................. 80
25.5.2.4 UL MU CS mechanism.................................................................................. 82
25.5.2.5 HE buffer status feedback operation for UL MU .......................................... 82
25.5.2.6 UL OFDMA-based random access................................................................ 84

25.5.3 HE MU cascading operation.......................................................................................... 85
25.6 HE sounding protocol ................................................................................................................ 85

25.6.1 General........................................................................................................................... 86
25.6.2 Rules for HE sounding protocol sequences ................................................................... 86

25.7 TWT operation........................................................................................................................... 88
25.8 Receive operating mode............................................................................................................. 88

25.8.1 General........................................................................................................................... 88
25.8.2 Rules for ROM indication.............................................................................................. 89

25.9 Spatial reuse operation............................................................................................................... 89
25.9.1 General........................................................................................................................... 89
25.9.2 Color code based CCA rules.......................................................................................... 89
25.9.3 Adaptive CCA and transmit power control ................................................................... 90

25.10A-MPDU operation................................................................................................................... 90
25.10.1General........................................................................................................................... 90
25.10.2A-MPDU padding for an HE MU PPDU ...................................................................... 90
25.10.3A-MPDU padding for an HE trigger-based PPDU(#1585) ........................................... 90
25.10.4A-MPDU with multiple TIDs ........................................................................................ 91

25.11TXVECTOR parameters STA_ID_LIST, UPLINK_FLAG, BEAM_CHANGE and BSS_COL-
OR for an HE PPDU(#2517)92

25.12TXVECTOR parameter TXOP_DURATION for an HE PPDU(#2596) ................................. 94
25.13HE PPDU post FEC padding and packet extension ................................................................. 95
25.14Power management................................................................................................................... 95

25.14.1Intra-PPDU power save for HE non-AP STAs.............................................................. 95
25.14.2Power save with UL OFDMA-based random access .................................................... 96

26. High Efficiency (HE) PHY specification .......................................................................................... 97

26.1 Introduction................................................................................................................................ 97
26.1.1 Introduction to the HE PHY .......................................................................................... 97
26.1.2 Scope.............................................................................................................................. 98
Copyright © 2016 IEEE. All rights reserved. xi
This is an unapproved IEEE Standards Draft, subject to change.

11



IEEE P802.11ax/D0.3, August 2016

1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
5
5
5
6
6
6
6
6
6

1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5

26.1.3 HE PHY functions ......................................................................................................... 98
26.1.3.1 General........................................................................................................... 98
26.1.3.2 PHY management entity (PLME).................................................................. 98
26.1.3.3 Service specification method ......................................................................... 98

26.1.4 PPDU formats ................................................................................................................ 99
26.2 HE PHY service interface........................................................................................................ 100

26.2.1 Introduction.................................................................................................................. 100
26.2.2 TXVECTOR and RXVECTOR parameters ................................................................ 100

26.3 HE PHY ................................................................................................................................... 111
26.3.1 Introduction.................................................................................................................. 111
26.3.2 HE PPDU formats........................................................................................................ 111
26.3.3 Transmitter block diagram........................................................................................... 113
26.3.4 Overview of the PPDU encoding process.................................................................... 120
26.3.5 HE modulation and coding schemes (HE-MCSs) ....................................................... 120
26.3.6 Timing-related parameters ........................................................................................... 121
26.3.7 OFDMA and SU tone allocation ................................................................................. 125

26.3.7.1 Resource unit, guard and DC subcarriers(#1951)........................................ 127
26.3.7.2 Null subcarriers............................................................................................ 133
26.3.7.3 Pilot tones .................................................................................................... 134
26.3.7.4 RU restriction rules when operating 20 MHz(#854) ................................... 134

26.3.8 Mathematical description of signals ............................................................................ 135
26.3.9 HE preamble ................................................................................................................ 141

26.3.9.1 Introduction.................................................................................................. 141
26.3.9.2 Cyclic shift(#1052) ...................................................................................... 141
26.3.9.3 L-STF........................................................................................................... 142
26.3.9.4 L-LTF........................................................................................................... 143
26.3.9.5 L-SIG ........................................................................................................... 144
26.3.9.6 RL-SIG......................................................................................................... 146
26.3.9.7 HE-SIG-A .................................................................................................... 146
26.3.9.8 HE-SIG-B .................................................................................................... 154
26.3.9.9 HE-STF........................................................................................................ 166
26.3.9.10 HE-LTF........................................................................................................ 169

26.3.10Data field...................................................................................................................... 179
26.3.10.1 General......................................................................................................... 179
26.3.10.2 Pre-FEC encoding process........................................................................... 180
26.3.10.3 SERVICE field ............................................................................................ 183
26.3.10.4 Coding.......................................................................................................... 183
26.3.10.5 Stream parser ............................................................................................... 188
26.3.10.6 Segment parser............................................................................................. 188
26.3.10.7 BCC interleavers.......................................................................................... 189
26.3.10.8 Constellation mapping ................................................................................. 190
26.3.10.9 Space-time block coding.............................................................................. 193
26.3.10.10LDPC tone mapper ..................................................................................... 193
26.3.10.11Segment deparser ........................................................................................ 195
26.3.10.12Pilot subcarriers .......................................................................................... 196
26.3.10.13OFDM modulation...................................................................................... 201
26.3.10.14Dual carrier modulation .............................................................................. 202

26.3.11Packet extension(#1781).............................................................................................. 202
26.3.12Non-HT duplicate transmission ................................................................................... 205
26.3.13MU transmission(#507) ............................................................................................... 205

26.3.13.1 Introduction.................................................................................................. 205
26.3.13.2 DL MU transmission ................................................................................... 205
26.3.13.3 DL MU-MIMO ............................................................................................ 206
26.3.13.4 UL MU transmission ................................................................................... 207
xii Copyright © 2016 IEEE. All rights reserved.
This is an unapproved IEEE Standards Draft, subject to change.

12



IEEE P802.11ax/D0.3, August 2016

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
26.3.13.5 UL MU-MIMO ............................................................................................ 207
26.3.14Transmit requirements for an HE trigger-based PPDU(#340) .................................... 208

26.3.14.1 Introduction.................................................................................................. 208
26.3.14.2 Power pre-correction.................................................................................... 209
26.3.14.3 Pre-correction accuracy requirements ......................................................... 210

26.3.15SU-MIMO and DL MU-MIMO beamforming............................................................ 211
26.3.15.1 General......................................................................................................... 211
26.3.15.2 Beamforming feedback matrix V ................................................................ 211
26.3.15.3 CQI-only feedback....................................................................................... 212

26.3.16Transmit specification.................................................................................................. 212
26.3.16.1 Transmit spectral mask ................................................................................ 212
26.3.16.2 Spectral flatness ........................................................................................... 212
26.3.16.3 Transmit center frequency and symbol clock frequency tolerance ............. 212
26.3.16.4 Modulation accuracy.................................................................................... 212

26.3.17HE transmit procedure ................................................................................................. 212
26.3.18HE receive procedure................................................................................................... 217

26.4 HE PLME ................................................................................................................................ 224
26.4.1 PLME_SAP sublayer management primitives ............................................................ 224
26.4.2 PHY MIB..................................................................................................................... 224
26.4.3 TXTIME and PSDU_LENGTH calculation................................................................ 224
26.4.4 HE PHY ....................................................................................................................... 226

26.5 Parameters for HE-MCSs(#552).............................................................................................. 226

Annex C ...................................................................................................................................................... 275

C.3 MIB Detail ....................................................................................................................... 275
Copyright © 2016 IEEE. All rights reserved. xiii
This is an unapproved IEEE Standards Draft, subject to change.

13



IEEE P802.11ax/D0.3, August 2016
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
xiv Copyright © 2016 IEEE. All rights reserved.
This is an unapproved IEEE Standards Draft, subject to change.

14



IEEE P802.11ax/D0.3, August 2016

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
List of figures

Figure 9-13—VHT Control Middle subfield of the VHT variant HT Control field ..................................... 13
Figure 9-15a—Aggregated Control subfield of the HE variant HT Control field(#360)(#792)(#1711)(#2204)
13
Figure 9-15b—Control subfield format ......................................................................................................... 13
Figure 9-15c—Control Information subfield format when Control ID subfield is 0 .................................... 14
Figure 9-15d—Control Information subfield format when Control ID subfield is 1 .................................... 15
Figure 9-15f—Control Information subfield format when Control ID subfield is 3..................................... 16
Figure 9-15e—Control Information subfield format when Control ID subfield is 2 .................................... 16
Figure 9-15g—Control Information subfield format when the Control ID subfield is 4 .............................. 18
Figure 9-28—Block Ack Starting Sequence Control subfield(#515)............................................................ 19
Figure 9-33—BA Control field...................................................................................................................... 20
Figure 9-34—BA Information field (Compressed BlockAck) ...................................................................... 22
Figure 9-38a—Per STA Info subfield format................................................................................................ 23
Figure 9-38b—Per AID TID Info subfield format ........................................................................................ 23
Figure 9-52a—Trigger frame......................................................................................................................... 25
Figure 9-52b—Common Info field(#2134)(#101) ........................................................................................ 26
Figure 9-52c—User Info(#1520) field(#262)(#663) ..................................................................................... 29
Figure 9-52d—SS Allocation subfield format............................................................................................... 31
Figure 9-52e—Trigger Dependent User Info field for the Basic Trigger variant.......................................... 32
Figure 9-52f—Trigger Dependent User Info field for the Beamforming Report Poll variant ...................... 33
Figure 9-52h—Trigger Dependent User Info field for the MU-BAR variant(#2700)................................... 34
Figure 9-52g—Trigger Dependent Common Info field for the MU-BAR variant(#614) ............................. 34
Figure 9-586ax—Control field format........................................................................................................... 39
Figure 9-586ay—Request Type field format................................................................................................. 39
Figure 9-ax1—HE Capabilities element format ............................................................................................ 42
Figure 9-ax2—HE Capabilities Information field format ............................................................................. 43
Figure 9-ax3—PPE Thresholds field format ................................................................................................. 45
Figure 9-ax4—PPE Thresholds Info field format.......................................................................................... 45
Figure 9-ax5—HE Operation element format ............................................................................................... 48
Figure 9-ax6—HE Operation Parameters(#1350) field format ..................................................................... 48
Figure 10-ax1—Example of MU-RTS/CTS/DL MU PPDU/Acknowledgement Response and NAV set-
ting(#2224)..................................................................................................................................................... 56
Figure 10-ax2—Example of MU-RTS/CTS/Trigger/HE trigger-based PPDU/Multi-STA BlockAck and 
NAV setting(#2224) ...................................................................................................................................... 56
Figure 10-ax3—An example of an MU-RTS frame soliciting CTS frame(#Ed)(#1396) responses on the pri-
mary 40 MHz channel(#2224) ....................................................................................................................... 58
Figure 10-ax4—An example of a TXOP containing an HE MU PPDU transmission with an immediate UL 
OFDMA acknowledgement ........................................................................................................................... 59
Figure 10-ax5—An example of a TXOP containing an UL MU transmission with an immediate DL MU trans-
mission containing individually addressed(#1512) BlockAck frames acknowledging the frames received 
from the respective STAs .............................................................................................................................. 60
Figure 10-ax6—An example of a TXOP containing UL MU transmissions with an immediate Multi-STA 
BlockAck frame(#1407) acknowledging the MPDUs that were correctly received from each STA. The UL 
MU transmission may be OFDMA or MU-MIMO ....................................................................................... 60
Figure 10-ax7—An example of a TXOP containing UL MU transmissions with an immediate DL non-HT 
duplicate PPDU containing the Multi-STA BlockAck frame. The UL MU transmissions may be OFDMA or 
MU-MIMO .................................................................................................................................................... 60
Figure 10-ax8—An example of a TXOP containing UL MU transmissions with an immediate OFDMA HE 
MU PPDU containing Multi-STA BlockAck frames. The UL MU transmissions may be OFDMA or MU-
MIMO ............................................................................................................................................................ 61
Figure 10-36a—Example of a frame exchange with GCR block ack retransmission policy(#22)(#415)(#1442)
Copyright © 2016 IEEE. All rights reserved. xv
This is an unapproved IEEE Standards Draft, subject to change.

15



IEEE P802.11ax/D0.3, August 2016

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
65
Figure 10-ax2—Example of broadcast TWT operation ................................................................................ 68
Figure 25-1—Illustration of the UL OFDMA-based random access procedure ........................................... 84
Figure 25-2—An example of cascading sequence of MU PPDUs................................................................ 85
Figure 25-3—An example of the HE sounding protocol using MU operation ............................................. 85
Figure 25-4—An example of the sounding protocol with a single HE beamformee .................................... 87
Figure 25-5—An example of the sounding protocol with a single HE beamformee .................................... 88
Figure 25-6—Trigger frame (TF) start time in the Beacon frame for power save operation with random access 
operation(#2852)............................................................................................................................................ 96
Figure 26-1—HE SU PPDU format ............................................................................................................ 112
Figure 26-2—HE MU PPDU format ........................................................................................................... 112
Figure 26-3—HE extended range SU PPDU format ................................................................................... 112
Figure 26-4—HE trigger-based PPDU format ............................................................................................ 112
Figure 26-5—Transmitter block diagram for the L-SIG, RL-SIG and HE-SIG-A fields for an HE SU PPDU 
and HE extended range SU PPDU when the Beam Change field is 1 and the HE MU PPDU(#1659) ...... 114
Figure 26-6—Transmitter block diagram for the L-SIG, RL-SIG and HE-SIG-A fields for an HE SU PPDU 
and HE extended range SU PPDU when the Beam Change field is 0(#2360)(#1659) ............................... 115
Figure 26-7—Transmitter block diagram for the L-SIG, RL-SIG and HE-SIG-A fields of an HE trigger-based 
PPDU(#1659)............................................................................................................................................... 115
Figure 26-8—Transmitter block diagram for the HE-SIG-B field .............................................................. 116
Figure 26-9—Transmitter block diagram for the Data field of an HE SU transmission in a 26-, 52-, 106- or 
242-tone RU(#838) with BCC encoding ..................................................................................................... 117
Figure 26-10—Transmitter block diagram for the Data field of an HE SU transmission in 26-, 52-, 106-, 242-
, 484- or 996-tone(#838) RU with LDPC encoding .................................................................................... 117
Figure 26-11—Transmitter block diagram for the Data field of an HE downlink MU-MIMO transmission in 
106-, 242-, 484- or 996-tone(#838) RU with LDPC encoding(#277) ......................................................... 118
Figure 26-12—Transmitter block diagram for the Data field of an HE SU PPDU in 160 MHz with LDPC en-
coding........................................................................................................................................................... 119
Figure 26-13—Transmitter block diagram for the Data field of an HE SU PPDU in 80+80 MHz with LDPC 
encoding....................................................................................................................................................... 120
Figure 26-14—Illustration of OFDM and OFDMA concepts ..................................................................... 126
Figure 26-15—RU locations in a 20 MHz HE PPDU ................................................................................. 130
Figure 26-16—RU locations in a 40 MHz HE PPDU ................................................................................. 131
Figure 26-17—RU locations in an 80 MHz HE PPDU ............................................................................... 132
Figure 26-18—Timing boundaries for HE PPDU fields(#899)................................................................... 136
Figure 26-19—Data tone constellation of HE-SIG-A symbols................................................................... 154
Figure 26-20—HE-SIG-B field encoding structure in each 20 MHz.......................................................... 155
Figure 26-21—HE-SIG-B content channel for a 20 MHz PPDU ............................................................... 155
Figure 26-22—HE-SIG-B content channel for a 40 MHz PPDU ............................................................... 156
Figure 26-23—Default mapping of the two HE-SIG-B channels and their duplication in an 80 MHz PPDU.
156
Figure 26-24—Default mapping of the two HE-SIG-B channels and their duplication in a 160 MHz PPDU.
157
Figure 26-25—Illustration for the mapping of the 8-bit RU allocation subfield and the position of the user-
field to the STA's assignment ...................................................................................................................... 163
Figure 26-26—Generation of HE-LTF symbols per frequency segment in an HE SU PPDU, HE MU PPDU, 
HE extended range SU PPDU, and HE trigger-based PPDU using single stream pilots ............................ 177
Figure 26-27—Generation of 1x HE-LTF symbols per frequency segment ............................................... 177
Figure 26-28—Generation of 2x HE-LTF symbols per frequency segment ............................................... 178
Figure 26-29—HE PPDU padding process in the last OFDM symbol (non STBC) when a = 1 ................ 180
Figure 26-30—HE PPDU padding process in the last OFDM symbol (STBC) when a = 1 ....................... 181
Figure 26-31—Constellation bit encoding for 1024-QAM (1st quadrant).................................................. 190
Figure 26-32—Constellation bit encoding for 1024-QAM (2nd quadrant) ................................................ 191
Figure 26-33—Constellation bit encoding for 1024-QAM (3rd quadrant) ................................................. 191
xvi Copyright © 2016 IEEE. All rights reserved.
This is an unapproved IEEE Standards Draft, subject to change.

16



IEEE P802.11ax/D0.3, August 2016

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
Figure 26-34—Constellation bit encoding for 1024-QAM (4th quadrant) ................................................. 192
Figure 26-35—PE field when maximum PE duration is 8 µs (non STBC)................................................. 203
Figure 26-36—PE field when maximum PE duration is 16 µs (non STBC)............................................... 203
Figure 26-37—PHY transmit procedure for an HE SU PPDU ................................................................... 213
Figure 26-38—PHY transmit procedure for an HE extended range SU PPDU .......................................... 213
Figure 26-39—PHY transmit procedure for an HE MU PPDU .................................................................. 214
Figure 26-40—PHY transmit procedure for an HE trigger-based PPDU.................................................... 214
Figure 26-41—PHY transmit state machine for an HE PPDU.................................................................... 216
Figure 26-42—PHY receive procedure for an HE SU PPDU ..................................................................... 217
Figure 26-43—PHY receive procedure for an HE extended range SU PPDU............................................ 218
Figure 26-44—PHY receive procedure for an HE MU PPDU.................................................................... 218
Figure 26-45—PHY receive procedure for an HE trigger-based PPDU ..................................................... 219
Figure 26-46—PHY receive state machine ................................................................................................. 220
Copyright © 2016 IEEE. All rights reserved. xvii
This is an unapproved IEEE Standards Draft, subject to change.

17



IEEE P802.11ax/D0.3, August 2016
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
xviii Copyright © 2016 IEEE. All rights reserved.
This is an unapproved IEEE Standards Draft, subject to change.

18






















































































































































































































































































































































































































































































































































































