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26. High Efficiency (HE) PHY specification 

26.1 Introduction 

26.1.1 Introduction to the HE PHY 

High Efficiency (HE) PHY specification specifies the PHY entity for a high efficiency (HE) orthogonal 
frequency division multiplexing (OFDM) system. In addition to the requirements in High Efficiency (HE) 
PHY specification, an HE STA shall be capable of transmitting and receiving PPDUs that are compliant 
with the mandatory requirements of the following PHY specifications:(#348) 

Clause 19 (High Throughput (HT) PHY specification) and Clause 21 (Very High Throughput 
(VHT) PHY specification)(#l021) when the HE STA with greater than or equal to 80 MHz 
capability is operating in the 5 GHz band(PHY Motion #163) 

Clause 19 (High Throughput (HT) PHY specification) when the 20 MHz only non-AP HE STA 
is operating in the 5 GHz band(PHY Motion #163) 

Clause 19 (High Throughput (HT) PHY specification) when the HE STA is operating in the 
2.4 GHz band 

The HE PHY with greater than or equal to 80 MHz capability is based on the VHT PHY defined in 
Clause 21 (Very High Throughput (VHT) PHY specification)(#l021), which in tum is based on the HT 
PHY defined in Clause 19 (High Throughput (HT) PHY specification)(#l021), which in turn is further 
based on the OFDM PHY defined in Clause 17 (Orthogonal frequency division multiplexing (OFDM) PHY 
specification)(# l021). The HE PHY with 20 MHz only capability (see Erreur ! Source du renvoi 
introuvable.) is based on the HT PHY defined in Clause 19, which in tum is based on the OFDM PHY 
defined in Clause 17.(PHY Motion #163) The HE PHY extends the maximum number of users supported 
for downlink multi-user MIMO (MU-MIMO) transmissions to eight and provides support for downlink and 
uplink orthogonal frequency division(#ll85) multiple access (OFDMA) as well as for uplink MU-MIMO. 
Both downlink and uplink MU-MI MO transmissions are supported on portions of the PPDU bandwidth (on 
resource units greater than or equal to 106 tones) and in an MU-MIMO resource unit, there is support for 
up to eight users with up to four space-time streams per user with the total number of space-time streams 
not exceeding eight. 

The HE PHY provides support for 20 MHz, 40 MHz, 80 MHz and 160 MHz contiguous channel widths 
and support for 80+80 MHz non-contiguous channel width, depending on the frequency band and 
capability(PHY Motion #163). For channel widths greater than or equal to 80 MHz, the HE PHY supports 
channel puncturing(PHY Motion #161) transmissions where one or more of the non-primary 20 MHz 
channels in an HE MU PPDU with more than one RU is zeroed out.(#879) 

The HE PHY provides support for 0 .8 µ s, 1.6 µs and 3.2 µ s(# 1922) guard interval durations. 

The HE PHY provides support for 3.2 µ s (lx LTF), 6.4 µs (2x LTF), and 12.8 µs (4x LTF) LTF symbol 
durations (symbol duration not including the guard interval). The HE PHY supports a single Data field 
OFDM symbol duration of 12.8 µs (excluding guard interval).(#269) 

The HE PHY data subcarrier frequency spacing is a quarter of VHT PHY and HT PHY subcarrier 
frequency spacing defined in Clause 21 (Very High Throughput (VHT) PHY specification) and Clause 19 
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(High Throughput (Hn PHY specification), respectively.(#1605) The HE PHY data subcarriers are 
modulated using binary phase shift keying (BPSK), quadrature phase shift keying (QPSK), 16-quadrature 
amplitude modulation ( 16-QAM), 64-QAM, 256-QAM and 1024-QAM. Forward error correction (FEC) 
coding (convolutional or LDPC coding) is used with coding rates of 1/2, 2/3, 3/4 and 5/6. 

An HE STA shall support the following High Efficiency (HE) PHY specification features:(#351) 

Binary convolutional coding for 26-, 52-, 106- and 242-tone RUs (transmit and receive) when 
the number of spatial streams is less than or equal to 4 

Binary convolution coding for a 20 MHz HE SU PPDU (transmit and receive) when the number 
of spatial streams is less than or equal to 4 

LDPC as the only coding scheme for 484-, 996- and 2x996-tone RUs (transmit and receive) 

LDPC coding for 40 MHz, 80 MHz, 160 MHz and 80+80 MHz HE SU PPDUs 

LDPC when declaring support for more than 4 spatial streams 

LDPC when declaring support for MCS 10 and MCS l l(PHY Motion #158) 

A combination of 2x LTF with 0.8 µs GI duration on both L TF and data 

A combination of 2x L TF with 1.6 µs GI duration on both L TF and data 

A combination of 4x L TF with 3.2 µs GI duration on both L TF and data 

An HE STA may support the following High Efficiency (HE) PHY specification features:(#351) 

Other combinations of L TF durations and GI durations 

LDPC coding for 26-, 52-, 106- and 242-tone RUs (transmit and receive) when the number of 
spatial streams is less than or equal to 4 

LDPC coding for a 20 MHz HE SU PPDU (transmit and receive) when the number of spatial 
streams is less than or equal to 4 

LDPC (transmit and receive) when declaring support for less than or equal to 4 spatial streams 
and when declaring not supporting MCSl0 and MCSl l(PHY Motion #158) 

Dual carrier modulation (transmit and receive) 

26.1.2 Scope 

The services provided to the MAC by the HE PHY consist of the following protocol functions: 

a) A function that maps the PSDU received from the MAC into a PPDU for transmission to one or 
more receiving ST As.(#2354) 

b) A function that defines the characteristics and method of transmitting and receiving data through 
a wireless medium between two or more ST As. Depending on the PPDU format, these STAs 
suppo1t a mixture of HE, Clause 21 (Very High Throughput (VHT) PHY spec ification), Clause 19 
(High Throughput (HT) PHY specification) and Clause 17 (Orthogonal frequency division 
multiplexing (OFDM) PHY specification) PHYs.(#1021) A non-AP STA with 20 MHz only 
capability supports a mixture of HE, Clause 19 and Clause 17 PHYs.(PHY Motion #163) 
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26.1.3 HE PHY functions 

26.1.3.1 General 

The HE PHY contains two functional entltles: the PHY function, and the physical layer management 
function (i.e., the PLME). Both of these functions are described in detail in HE PHY and HE PLME. The 
HE PHY service is provided to the MAC through the PHY service primitives defined in Clause 7 (PHY 
service specification). The HE PHY service interface is described in HE PHY service interface. 

26.1.3.2 PHY management entity (PLME) 

The PLME performs management of the local PHY functions in conjunction with the MLME. 

26.1.3.3 Service specification method 

The models represented by figures and state diagrams are intended to be illustrations of the functions 
provided. It is important to distinguish between a model and a real implementation. The models are 
optimized for simplicity and clarity of presentation; the actual method of implementation is left to the 
discretion of the HE-PHY-compliant developer. 

The service of a layer is the set of capabilities that it offers to a user in the next higher layer. Abstract 
services a.re specified here by describing the service primitives and parameters that characterize each 
service. This definition is independent of any particular implementation. 

26.1.4 PPDU formats 

The structure of the PPDU transmitted by an HE STA is determined by the TX.VECTOR parameters as 
defined in TXVECTOR and RXVECTOR parameters. 

The FORMAT parameter determines the overall structure of the PPDU and can take on one of the 
following values: 

Non-HT format (NON_HT), based on Clause 17 (Orthogonal frequency division multiplexing 
(OFDM) PHY specification) and including non-HT duplicate format. 

HT-mixed format (HT_MF) as specified in Clause 19 (High Throughput (HT) PHY 
specification) . 

HT-greenfield format (HT_GF) as specified in Clause 19 (High Throughput (HT) PHY 
specification). 

VHT format (VHT) as defined in Clause 21 (Very High Throughput (VHT) PHY 
specification).(#468) 

HE SU PPDU format (HE_SU) carries a single PSDU. With this format the HE-SIG-A field is 
not repeated. Support for the HE SU PPDU format is mandatory. 

HE extended range SU PPDU format (HE_EXT_SU) carries a single PSDU. It is similar to the 
SU format, except that the HE-SIG-A field is repeated. Support for the HE extended range SU 
PPDU format is mandatory(#834). 

HE MU PPDU format (HE_MU) carries one or more PSDUs to one or more users. Support for 
the HE MU PPDU format is mandatory. 
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HE trigger-based PPDU format (HE_TRIG) can-ies a single PSDU and is sent in response to a 
PPDU that can-ies a Trigger frame. The preamble format prior to the HE-STF field is identical to 
the HE SU PPDU. Support for the HE trigger-based PPDU format is mandatory(#834). 

26.2 HE PHY service interface 

26.2.1 Introduction 

(#Ed)The PHY provides an interface to the MAC through an extension of the generic PHY service 
interface defined in 8.3.4 (Basic service and options). The interface includes TXVECTOR, RXVECTOR, 
and PHYCONFIG_ VECTOR. 

Using the TXVECTOR, the MAC supplies the PHY with per-PPDU transmit parameters. Using the 
RXVECTOR, the PHY informs the MAC of the received PPDU parameters. Using the 
PHYCONFIG_ VECTOR, the MAC configures the PHY for operation, independent of frame transmission 
or reception. 

26.2.2 TXVECTOR and RXVECTOR parameters 

The parameters in TXVECTOR and RXVECTOR parameters are defined as part of the TXVECTOR 
parameter list in the PHY-TXSTART.request primitive and/or as part of the RXVECTOR parameter list in 
the PHY-RXSTART.indication primitive. 

Table 26-1-TXVECTOR and RXVECTOR parameters(#1780) 

... 0:: 0:: 
~ 0 0 
<I.I E-< E-< e Condition Value u u 
~ ..:l ..:l ... > > ~ 

=-- ~ ~ E-< 

Determines the format of the PPDU. y y 
Enumerated type: 

NON_HT indicates Clause 17 (Orthogonal frequency 
division multiplexing (OFDM) PHY specification) or 
non-HT duplicate PPDU fonnat. In this case, the 
modulation is determined by the 

f--, NON_HT _MODULATION parameter. 
~ HT_MF indicates HT-mixed fonuat. 
~ HT_GF indicates HT-greenfield format. 
0 VHT indicates VHT format. JJ:.; 

HE_SU indicates HE SU PPDU format. 
HE~MU indicates HE MU PPDU format. 
HE_EXT_SU indicates HE extended range SU PPDU 
format. 
HE_TRIG indicates HE trigger-based PPDU 
format(#l029). 
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::c: 
E--< 
0 

as 
~I 

See corresponding entry in Table 21-1 (TX VECTOR and RXVECTOR parameters). 

FORMAT is HE_SU or 
HE_MU or HE_EXT_SU 

FORMAT is HE_ TRIG 

Otherwise 

FORMAT is HE_S U or 
HE_MU or HE_EXT_SU or 
HE_TRIG 

Otherwise 

FORMAT is 1-IE_SU or 
HE_MU or HE_EXT_SU or 
HE_TRIG 

Otherwise 

FORMAT is HE_SU or 
HE_MU or HE_EXT_SU or 
HE_TRIG 

Not present. N 

NOTE-The Length field of the L-SIG for HE PPDU is 

Length = ITXTIME- 201 x 3 - 3 -m 

defined in 4 (#1 
using the TXTIME value defined in TXTIME and 
PSDU_LENGTH calculation, which in tum depend on other 
parameters including the TXVECTOR parameter 
APEP _LENGTH. 

Indicates the value in the Length field of the L-SIG in the 
range of l to 4095. The value comes from the trigger frame 
which triggers the HE trigger-based PPDU. 

y 

See corresponding entry in Table 21-1 (TXVECTOR and RXVECTOR 
parameters). 

Not present 

NOTE- The RATE field in the L-SIG field in HE PPDU is 
sel to the value representing 6 Mb/s in the 20 MHz channel 
spacing column of Table 17-6 (Contents of the SIGNAL 
field) . 

N 

See corresponding entry in Table 21-1 (TXVECTOR and RXVECTOR 
parameters). 

Not present N 

See corresponding entry in Table 21-1 (TXVECTOR and RXVECTOR 
parameters). 

Nol present N 
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Otherwise See corresponding entry in Table 21-1 (TXVECTOR and RXVECTOR 
parameters). 

FORMAT is HE_SU or Not present N N 

0 
HE_MU or HE_EXT_SU or 

6 HE_TR[G 
:i:: 
f-, 
0 
0 

Otherwise See corresponding entry in Table 21-1 (TXVECTOR and RXVECTOR ~ en parameters_). 

FORMAT is HE_S U or Not present N N 
z HE_MU or HE_EXT_SU or 
g HE_TR1G 
f-, 
~ 
0 
J.Ll 
1Z 

Otherwise See corresponding entry in Table 21-1 (TXVECTOR and RXVECTOR 0 
0 parameters). 
~ 

FORMAT is HE_SU or Not present N N 
en HE_MU or HE_EXT_SU or en 
ZI HE_TRlG 
J.Ll 
f-, 

>< 
J.Lll Otherwise See corresponding entry in Table 21-1 (TXVECTOR and RXVECTOR 
~ ::, parameters). 
z 

FORMAT is HE_SU or Not present N N 
f-, HE_MU or HE_EXT_SU or 
J.Ll en HE_TR[G 
~I 

z z 
J.Ll 

Otherwise See corresponding entry in Table 21-1 (TX VECTOR and RXVECTOR f-, 

~ parameters). 

FORMAT is HE_SU or Not present N N 
HE_MU or HE_EXT_SU or 
HE_TRIG 

>< f-, 
I z 

Otherwise See corresponding entry in Table 21-1 (TXVECTOR and RXVECTOR 
parameters). 

;:; f-, 
I FORMAT is HE_SU or Set to COMPRESSED_SV. y N 

~~ HE_MU or HE_EXT_SU or 
0... ~I HE_TR1G 
><z 
J.Ll 0 
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Otherwise See corresponding entry in Table 21-l (TXVECTOR and RXVECTOR 
parameters). 

FORMAT is HE_SU or Contains a vector in the number of selected subcarriers con- y N 
HE_EXT_SU or HE_TRIG taining feedback matrices as defined in Beamforming feed-

back matrix based on the channel measured during the 
training symbols of previous HE NDP PPDUs or VHT NDP 
PPDUs. 

E-< 
< 
~ 

FORMAT is HE_MU For each user, contains a vector in the number of all the sub- M N I z carriers within the RU which is assigned to this user. The u 0 
ui vector for each subcarrier contains feedback matrices as 

~ defined in in Beamforming feedback matrix based on the 
C. channel measured during the training symbols of previous HE ><: 
w NDP PPDUs or VHT NDP PPDUs. 

Otherwise See corresponding entry in Table 21-1 (TXVECTOR and RXVECTOR 
parameters). 

FORMAT is HE_SU or Set to COMPRESSED_SV. N y 
HE_MU or HE_EXT_SU or 
HE_TRIG 

w 
Q., 

>- FORMAT is HE_MU or Not present. N N E-<, 
E-< HE_EXT_SU or HE_TRIG 
< or (FORMAT is HE_SU and ~, PSDU_LENGTH is greater 

~ than 0) 
:i:: 
u 

Otherwise See corresponding entry in Table 21- 1 (TXVECTOR and RXVECTOR 
parameters). 

FORMAT is HE_SU and Contains a vector in the number of selected subcarriers con- N y 
PSDU_LENGTH equals 0 taining feedback matrices as defined in 26.3 .12.3.2 (Beam-

forming Feedback) based on the channel measured during the 

~ 
training symbols of previous HE NDP PPDU. 

~ 
I 

~ FORMAT is HE_MU or Not present. N N 
:i:: HE_EXT _SU or HE_ TRIG u 

or (FORMAT is HE_SU and 
PSDU_LENGTH is greater 
than 0) 
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Otherwise See corresponding entry in Table 2 l-1 (TXVECTOR and RXVECTOR 
parameters). 

FORMAT is HE_S U or Contains an array of delta SNR values as defined in 9.4.1.64 M y 
HE_MU or HE_EXT_SU or (HE MU Exclusive Beamforming Report field) based on the u 
HE_TRIG channel measured during the training symbols of the received 

VHT NDP PPDU or HE NDP PPDU. 
c::: z NOTE-In the RXVECTOR this parameter is present only en 

I for HE NDP PPDUs for MU sounding. <t: 
E-< 
,-l 
i:.t.l 
0 

Otherwise See corresponding entry in Table 21-1 (TXVECTOR and RXVECTOR 
parameters). 

ii: 
See corresponding entry in Table 21-1 (TXVECTOR and RXVECTOR parameters). 

u 
c::: 

FORMAT is HE_SU or or Contains an array of received SNR measurements for each N y 
HE_EXT_SU spatial stream. SNR indications of 8 bits are supported. SNR 

shall be the sum of the decibel values of SNR per tone divided 
by the number of tones represented in each stream as de-
scribed in 9.4.1.63 (HE Compressed Beamforming Report 
field) 

FORMAT is HE_MU Contains an array of received SNR measurements for each N y 
spatial stream of the receiver. SNR indications of 8 bits are 
supported. SNR shall he the sum of the decibel values of SNR 
per tone divided by the number of tones which are assigned to 
the receiver in each stream as described in 9.4.1.63 (HE 

c::: Compressed Beamforming Report field) z 
en 

FORMAT is HE_TRIG Contains an array of received SNR measurements for each N y 

spatial stream per user. SNR indications of 8 bits are sup-
ported. SNR shall be the sum of the decibel values of SNR 
per tone divided by the number of tones which are assigned to 
the user in each stream as described in 9.4.1.63 (HE Com-
pressed Beamforming Report field) 

Otherwise See corresponding entry in Table 2 1-1 (TXVECTOR and RXVECTOR 
parameters). 

FORMAT is HE_SU and Contains an array of received SNR measurements for each N y 

5 
PSDU_LENGTH equals 0 spatial stream per 26-tone RU. Each SNR is an absolute 

number represented by 6 bits, with 1 dB granularity and a u 
range of -10 dB to 53 dB 
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FORMAT is HE_MU or Not present. N N 
HE_EXT_SU or HE_TRIG 
or (FORMAT is HE_SU and 
PSDU_LENGTH is greater 
than 0) 

Otherwise See corresponding entry in Table 21-1 (TXVECTOR and RXVECTOR 
parameters). 

FORMAT is HE_SU or Not present. N N 
z HE_MU or HE_EXT_SU or 
E--< HE_TRIG >< 
Ll.ll 
0 
:=;j 

I Otherwise See corresponding entry in Table 21 -l (TXVECTOR and RXVECTOR 0 
z parameters). 

FORMAT is HE_SU or Indicates which FEC encoding is used. M M 
HE_MU or HE_EXT _SU or Enumerated type: u u 

0 HE_TRIG BCC_CODING indicates binary convolutional code. 
~ 
Cl LDPC_CODING indicates low-density parity check code. 
0 
u 

I u 
tl: Otherwise See corresponding entry in Table 21-1 (TX VECTOR and RXVECTOR 

parameters). 

FORMAT is HE_SU or Indicates if STBC is used. y y 
HE_MU or HE_EXT_SU or In an HE MU PPDU where each RU includes no more than l 
HE_TRIG user: 

Set to I to indicate all RUs are STBC encoded in the pay-
load 
Set to Oto indicate all RUs are not STBC encoded in the 
payload 

In HE SU PPDU, HE extended range SU PPDU or HE trig-

u ger-based PPDU : 
co Set to l to that indicate STBC is used in the payload E--< 
en Set to Oto indicate that STBC is not used in the payload 

STBC is not applied in MU-MlMO RUs, in case of HE MU 
PPDU if any RU is assigned to more than I user, STBC is set 
to Oto indicate a ll RlJs are not STBC encoded in the payload. 

Otherwise See corresponding entry in Table 21-1 (TXVECTOR and RXVECTOR 
parameters). 

FORMAT is HE_SU or Indicates the length of the GI for the HE-LTF and HE-Data y y 
HE_MU or HE_EXT_SU or fields. 

~ 
HE_TRIG Enumerated type: 

>, 
0.8 µs 

f--,1 1.6 µs 

0 3.2 µs 
NOTE-the length of GI for pre-HE modulated fields is 
0.8 µs. 

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

BNSDOCID: <XP _ __ 68137445A I > 

9



IEEE P802.11 ax/D0.5, September 2016 

Otherwise See corresponding entry in Table 21-1 (TXVECTOR and RXVECTOR 
parameters). 

FORMAT is HE_SU or The allowed values for the TXPWR_LEVEL _lNDEX param- y N 
><; HE_MU or HE_EXT_SU or eter are in the range from l to numberOtOctets 
w HE_TRIG (dotl 1 T xPowerLevelExtended)/2. This parameter is used to 0 
~ indicate which of the available transmit output power levels 

I 
defined in dot 11 TxPowerLevelExtended shall be used for the --l 

w current transmission. > w 
--ll 
0::: 
~ Otherwise See corresponding entry in Table 21-1 (TXVECTOR and RXVECTOR 
0.... 
><; parameters). 
E-< 

FORMAT is HE SU or or - The allowed values for the RSSI parameter are in the range 0 N y 
HE_EXT_SU to 255 inclusive. This parameter is a measure by the PHY of 

the power observed at the antennas used to receive the current 
PPDU measured during the reception of the HE-LTF field. 
RSSI is intended to be used in a relative manner, and it is a 
monotonically increasing function of the received power. 

FORMAT is HE_MU The allowed values for the RSSI parameter are in the range 0 N y 
to 255 inclusive. This parameter is a measure by the PHY of 

- the power observed at the antennas used to receive the current 
en PPDU measured during the reception of PHY legacy pream-en 
0::: hie. RSSI is intended to he used in a relative manner, and it is 

a monotonically increasing function of the received power. 

FORMAT is HE_ TRIG Not present N N 

Otherwise See corresponding entry in Table 21-1 (TXVECTOR and RXVECTOR 
parameters). 

FORMAT is HE_SU or Indicates the modulation and coding scheme used in the M M 
HE_MU or HE_EXT_SU or transmission of the PPDU. u u 
HE_TRIG Integer: range O to 11 

en u ::;s 
Otherwise See corresponding entry in Table 21-1 (TXVECT0R and RXVEC:TOR 

parameters). 
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FORMAT is HE_SU or Set to 1 to indicate that dual carrier modulation is used for the M M 
HE_MU or or HE_EXT_SU HE-Data field. u u 
orHE_TRIG Set to 0 to indicate that dual carrier modulation is not used for 

the HE-Data field. 

NOTE-DCM is only applied to MCS0, MCSl , MCS3 and 
MCS4. 

::E DCM is only applied to l and 2 spatial streams. 
u DCM is only applied to HE SU PPDU, HE extend range SU 0 

PPDU, and SU RVs in HE MU PPDU. 
DCM is not applied to MU-MlMO. 
DCM is not applied to STBC. 

Otherwise See corresponding entry in Table 21 -1 (TXVECTOR and RXVECTOR 
parameters). 

FORMAT is HE_MU Indicates the modulation and coding scheme used for y y 

CQ 
HE-SIG-8 field. 

I integer in the range 0 to 5 
0 
;:;; 

I 
r.tl 
u 

Otherwise Not present. N N ::E 

FORMAT is HE MU Set to l to indicate that dual carrier modulation is used for the y y -
HE-SlG-8 field . 

CQ Set to 0 to indicate that dual carrier modulation is not used for I g the HE-SIG-8 field. 
r.tl 

I 
::E 
u 
0 Otherwise Not present. N N 

Ll.l FORMAT is HE_MU Used to differentiate full bandwidth MU-MlMO from OFD- y N 
0 MA MU PPDU. In case of full bandwidth MU-MlMO set to 
0 

l, otherwise set to 0. ::E, 
z 
0 
;:;; 

Otherwise Not present. N N r.tl 
Ll.l 
~ 
~ 

::E 
0 
u 

I 

o:i, 
0 
;:;; 

FORMAT is HE_SU or Indicates the MCS that the receiver recommends N 0 

r.tl HE_MU or HE_EXT_SU 
u 
::E, 
u 
~ FORMAT is HE_TRIG Not present. N N 
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Otherwise See corresponding entry in Table 21- 1 (TXVECTO R and RXVECTOR 
parameters). 

FORMAT is HE_SU or Indicates the channel width of lhe transmitted PPDU. y y 

HE_EXT_SU or HE_TRIG Enumerated type: 
CBW20 for 20 M Hz 
CBW40 for40M Hz 
CBW80 for 80 MHz 

:r:: CBW 160 for 160 MHz 
E-< CBW 80+80 for 80+80 MHz 0 

~ 
0 

~ FORMAT is HE_M U Indicates the channe l occupied by the transmitted PPDU, y y 
cc supporting channel bonding. See the field of Bandwidth in I :r:: Table 26-16 (Fields in the HE-S lG-A for an HE MU PPDUJ u 

Otherwise See corresponding entry in Table 21 -1 (TXVECTOR and RXVECTOR 
paramete rs). 

E-< FORM AT is HE_SU or Not present. N N :r:: 
ZI HE_MU or HE_EXT _SU or 
0 HE_TRlG 
z 
~I 

I :r:: Otherwise See corresponding ent ry in Table 21- 1 (TXVECTOR and RXVECTOR E-< 
8 parameters). 
~ 
0 

~ 
cc 
Z I 

>-< 
0 

E-< FORMAT is HE_SU or Not present. N N 
:I:I HE_MU or HE_EXT_SU or 

~ HE_TRIG 

~I 
- I 

Otherwise See corresponding entry in Table 21 - 1 (TXVECTOR and RXVECTOR :r:: 
E-< parameters). 0 

~ 
0 

~ 
cc 

I :r:: 
u 

FORMAT is HE_SU or Not present. N N 
HE_MU or IIE_EXT_S U or 

:r:: HE_T RIG 
E-< 
0 z 
;j Otherwise See corresponding entry in Table 21-1 (TXVECTOR and RXVECTO R 

parameters). 
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FORMAT is HE_SU or If equal to 0, indicates an HE NDP PPDU. M N 

::i:: 
HE_MU or HE_EXT_SU or If greater than 0, indicates the number of octets in the range l u 

E-- HE_TRlG to 1048575 in the A-MPDU pre-EOF padding (see 10.13.2 
0 (A-MPDU length limit mies)) carried in the PSDU. z 
(J.l 
.....l 
0..1 

~ Otherwise See corresponding entry in Table 21-1 (TXVECTOR and RXVECTOR 
-<!'. parameters). 

FORMAT is 1-IE_SU or Indicates the number of octets in the HE PSDU in the range of N y 
::i:: HE_MU or HE_EXT _SU or 0 to aPSDUMaxLength octets (see HE PHY characteristics ). 
E-- 1-IE_TRIG A value of O indicates an HE NDP PPDU. 0 z 
P-l 
.....l 

I 
;::) 

Otherwise See corresponding entry in Table 21-1 (TXVECTOR and RXVECTOR 0 
r:ri paran1eters). 0... 

FORMAT is HE_SU or Not present. N N 
z HE_MU or HE_EXT _SU or 
Q 1-IE_TRIG 
f:-.. 
en 
0 
0... 
0::1 Otherwise See corresponding entry in Table 21-1 (TXVECTOR and RXVECTOR 
l.l.l parameters).(#1780) r:ri 
::::> 

FORMAT is HE_SU Indicates the number of space-time streams. y y 
Integer in the range 1-8. 

FORMAT is HE_EXT_SU Indicates the number of space-time streams. y y 
Integer in the range 1-2. 

FORMAT is HE_MU Indicates the number of space-time streams. Integer in the M M 
range: u u 

1-4 in the TXVECTOR per user 
r:ri 0-4 in the RXVECTOR per MU-MIMO RU 
E--
r:ri 1-8 per non MU-MIMO RU in the TXVECTOR 

I 
:::E 0-8 per non MU-MIMO RU in the RXVECTOR 
;::) 

z 
NUM_STS summed over all users per RU is not greater than 
8. 

FORMAT is HE_TRIG Indicates the number of space-time streams. [nteger in the M M 
range : u u 

1-4 in the TXVECTOR for MU-MIMO RU 
0-4 per user in the RXVECTOR per MU-MIMO RU 
1-8 in the TXVECTOR for non MU-MlMO RU 
0-8 per non MU-MlMO RU in the RXVECTOR 

NUM_STS summed over all users per RU is not greater than 
8. 

Copyrigh1 © 2016 IEEE. All rights reserved . 
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Otherwise See corresponding entry in Table 21-1 (TXVECTOR and RXVECTOR 
parameters). 

FORMAT is HE_SU or Not present N N 
HE_MU or HE_EXT_SU or 

8 HE_TRIG 
I 

Q., 
:::, 
0 
0:: Otherwise See corresponding entry in Table 21-1 (TXVECTOR and RXVECTOR 0 

parameters). 

FORMAT is HE_ SU or Not present N N 
Q HE_MU or HE_EXT_SU or 

':;:I HE_TRIG 

~ 
~ 
i::.::: Otherwise See corresponding entry in Table 21-1 (TXVECTOR and RXVECTOR < 
Q., parameters ). 

FORMAT is HE_ SU or Indicates a duration of time that is used to update the NAV for y y 
HE_MU or HE_EXT_SU or this TXOP (see 25.2.2 (Updating two NA Vs)), except for a 
HE_TRIG value of 127 (i.e., all ls) which indicates an invalid value of 

TXOP duration in the HE-SIG-A field (see 25.12 (TXVEC-
TOR parameter TXOP _DURATION for an HE 
PPDU(#2596))J. 

z 
BO indicates whether the granularity is 8 µs or 128 µs. § 

< 
When BO is 0, then B 1 to B6 indicate a duration, in units of 

0:: 8 µ s, starting from 0 to 504 us (i.e, duration = (8 µ s x value of 
:::, 

(Bl-B6)) µs). When BO is 1, then Bl to B6 indicate a dura-:, tion, in units of 128 µ s, starting from 512 µ s until 8448 µ s 
0 (i.e, duration= (512 + 128 x value of (B l-B6)) µs) . ;x: 
E--< 

See 25 .12 (TXVECTOR parameter TXOP _DURATION for 
an HE PPDU(#2596}) for more details.(#783) 

Otherwise Not present. N N 

FORMAT is HE_SU or Indicates the spatial reuse parameter. There is only one value y y 

r.i.l HE_MU or HE_EXT_SU or for an HE SU PPDU, HE extended range SU PPDU and HE 
r:ri HE_TRIG MU PPDU. There might be one to four values for an HE :::, 

~I 
trigger-based PPDU depending on the bandwidth of the 

~ 
PPDU. See the Spatial Reuse field definition in Content 

~ 
< 
Q., Otherwise Not present N N r:ri 

0:: FORMAT is IIE_SU or Indicates whether the doppler effect should be considered for y N r.i.l ..... HE_MU or HE_EXT_SU or the PPDU. 
Q., 
Q., HE_TRIG The value is 0 or l 
0 
Ci 

14 Copyright © 2016 IEEE. All rights reserved . 
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Otherwise Not present N N 

FORMAT is HE_SU or Not present. N N 
HE_MU or HE_EXT - SU or 
HE_TRIG NOTE-number of users for an HE SU PPDU, HE ex.tended 

r/l range SU PPDU and HE trigger-based PPDU is always 1. The 
°' w number of users for an HE MU PPDU is determined by 
r/l 
::> RU - ALLOCATION. 

I 
2; 
::> 
z 

Otherwise See corresponding entry in Table 21- 1 (TXVECTOR and RXVECTOR 
parameters). 

FORMAT is HE_MU Each 8 bit per 20 MHz PPDU BW for signaling: y y 
The RU arrangement in frequency domain 
Number of MU-MIMO allocations 

5 See HE-SIG-8 common content for details. 

~ 
<t: u 
0 FORMAT is HE_ TRIG 8 bit for RU allocation in the whole bandwidth. y y 
.....l 

~ See 9.3.1.23 (Trigger frame format) for details 
I 

::> 

°' Otherwise Not present N N 

FORMAT is HE_SU or Set to l if a beamforrning steering matrix. is applied to the y y 
HE_EXT_SU waveform in an SU transmission. Set to O otherwise . 

Q FORMAT is HE_M U or For a single user allocation in an RU, set to I if a beamform- M 0 w 

~ HE_TRIG ing steering matrix. is applied, and set to O otherwise. u 
0 
J.L. For each user in a mul ti-user allocation in an RU, always set 
~ to 0. 
'1-< 
co 

Otherwise See corresponding entry in Table 21 -1 (TXVECTOR and RXVECTOR 
parameters). 

FORMAT is HE_SU or Indicates the type of HE-L TF. y y 
HE_MU or HE_EXT_SU or Enumerated type: 

'1-< HE_TRIG Ix. HE-LTF 
c:i.. 2x HE-LTF >< 
bl 4x. HE-LTF 
J.L. See HE-LTF for details . ...... 
.....l 

I 
'1-< 
::::: 

Otherwise Not present. N N 
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FORMAT is HE_TRIG Indicates whether the UL MU MIMO transmission uses single y N 
>l.l stream pilots or a mask on each spatial stream of the LTF 
0 sequence by a distinct orthogonal code. It is only present for 
0 

:I 

full bandwidth MU-MIMO. 

-ll 
>l.l Otherwise Not present. N N ::i:: 

FORMAT is HE_TRIG Indicates the starting STS number in the global space-time y N 
:::8 streams for the UL MU MIMO. 
::i z 

I 
C/) 
[,-; 

Otherwise Not present. N N C/) 
I 

0 
~ 
b 
ci::; 
<( 
[,-; 
C/) 

FORMAT is HE_SU or Not present N N 
0 HE_MU or HE_EXT_SU or 
>l.l HE_TRIG :3:: 
0 
-l 

~ 
I Otherwise See corresponding entry in Table 21-1 (TXVECTOR and RXVECTOR [,-; 

0 parameters). 
Z I 
C/) 
0.. 

I 
0.. 
0 
p 

[,-; 0 See corresponding entry in Table 21- l (TXVECTOR and RXVECTOR parameters). 
i:i::; >l.l 
<( [,-; 
0.. C/) 

>l.l >l.l 
0 ::, 
>-L.1 Cl 
0~ 
>l.ll I 

2§ ~ 
[,-; ::i 

ci::; See corresponding entry in Table 21-1 (TXVECTOR and RXVECTOR parameters). 
>-1-,1 [,-; 
>-1-, >l.l 
0 C/) 

Iµ;.. 
[,-; >-1-, 

~ 0 1 
[,-; >l.l 

C/)1 ~ 
~ 

b FORMAT is NON_HT and Enumerated type: y y 
>l.ll NON_HT_MODULATION SHORTPREAMBLE 
-l >l.l is one of LONG PREAMBLE CQ 0.. 

~>, ERP-DSSS 

~ ERP-CCK 
0.. 
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Otherwise Not present N N 

z FORMAT is HE_SU or Determines the duration of PE field in an HE PPDU. y y 
0 HE_MU or HE_EXT_SU or Possible values are O µs, 4 µs, 8 µs , 12 µsand 16 µs. 
[:: HE_TRIG. < 
0:: 
::::i 
Q 

I 
w 
Cl., 

FORMAT is HE_SU or Boolean value : y y 
HE_EXT _SU(#2675) tme indicates that the pre-HE-STF portion of the PPDU is (# (# 

w spatially mapped differently from HE-L TFl. 21 21 
0 

~ 
false indicates that the pre-HE-STF portion of the PPDU is 53 53 

::c: spatially mapped the same way as HE-LTFl on each ) ) 

UI tone.(#481) 

~ 
w co Otherwise Not present(#2675) 

FORMAT is HE_SU or Set to a value of the AP' s choosing within the range O to y y 
HE_MU or HE_EXT_SU or 63(#835) (see 25.11 (TXVECTOR parameters 

0:: HE_TRIG STA_ID_LIST, UPLINK_FLAG, BEAM_CHANGE and 
0 
-l BSS_COLOR for m1 HE PPDU(#25 l 7})). 
0 u 

I 
r:r; 
r:r; 
co Otherwise Not present N N 

FORMAT is HE_SU or Set to l if the HE PPDU is addressed to an AP.(#161 l) y y 

0 HE_MU or HE_EXT_SU Set to O otherwise (see 25.11 (STA ID, Uplink Flag and BSS 
< Color in HE PPDUs)). -l 

~I 

~ 
-l Otherwise Not present N N 
Cl., 

::::i 

FORMAT is HE_MU fndicates the list of ST A IDs for an HE MU PPDU (see 25.11 M y 
(TXVECTOR parameters STA_ID_LIST, UPLINK_FLAG, u 

E- BEAM_CHANGE and BSS_COLOR for an HE r:r; 

:::l PPDU(#2517))). 
I 

8 
I 

< 
E- Otherwise Not present N N r:r; 

w r:r; FORMAT is NON_HT In TXVECTOR, if present, indicates the initial state of the 0 y 
-l ,1 

co '.:i: I scrambler of the transmitted PPDU. 

~ ~ f 

In RXVECTOR, indicates the Scrambler Initialization value 
in the Service field , prior to descrambling.(#127) 

U I 
rr; 0:: 
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FORMAT is HE_MU or Not present. N N 
HE_TRIG 

Otherwise [ndicates the Scrambler Initialization value in the Service N y 
field, prior to descrambling. 

NOTE-In the "TXVECTOR" and "RXVECTOR" columns, the following apply: 
Y = Present; 
N = Not present; 
0 = Optional; 
MU indicates that the parameter is present once for an HE SU PPDU and HE extended range SU PPDU and 
present per user for an HE MU PPDU. For an HE trigger-based PPDU, MU in the TXVECTOR column indicates 
that the parameter is present once and MU in the RXVECTOR column indicates the parameter is present per 
user. (#2676) Parameters specified to be present per user are conceptually supplied as an array of values indexed 
by u, where 11(#2356) takes values Oto NUM_USERS-1. 

26.3 HE PHY 

26.3.1 Introduction 

26.3.2 MU transmission(#507) 

26.3.2.1 Introduction 

The MU transmissions include DL MU transmissions and UL MU transmissions. 

The DL MU transmission allows an AP to simultaneously transmit frames to more than one non-AP STAs. 
For the DL MU transmission, the AP uses the HE MU PPDU format, and employs either DL OFDMA, DL 
MU-MIMO, or a mixture of both. The UL MU transmission allows an AP to receive simultaneous frames 
from more than one non-AP ST As. Non-AP ST As transmit their frames using HE trigger-based PPDU 
format and employ either UL OFDMA, UL MU-MIMO, or a mixture of both. 

The HE PHY supports OFDMA transmissions, both in the DL and the UL where different users can occupy 
different RUs in a PPDU (see Math). On an RU in a PPDU, it is allowed to have single stream 
transmissions to one user or spatial multiplexing to one user (SU-MIMO) or spatial multiplexing to 
multiple users (MU-MIMO). Note that the VHT PHY supports only full bandwidth DL MU-MIMO as 
described in 21.3.11 (SU-MIMO and DL-MU-MIMO Bearnforming). The HE PHY defines DL 
MU-MIMO and UL MU-MIMO, for the full bandwidth case as well as for the case where they are being 
used on only certain RUs in the PPDU. The combination of SU transmissions and MU-MIMO 
transmissions on different RUs in one PPDU is also supported. 

18 Copyright© 2016 IEEE. All rights reserved. 
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26.3.3 OFDMA and SU tone allocation 

Orthogonal Frequency Division Multiple Access (OFDMA) is an OFDM-based multiple access scheme 
where different subsets of subcarriers are allocated to different users(#l 946), allowing simultaneous data 
transmission to or from(#2524) several users. In OFDMA, in general, users are allocated different subsets 
of subcarriers which can change from one PPDU(#Ed) to the next(#2525). In HE, the time region covers 
the entire data portion of an HE PPDU, and the frequency region includes a number of contiguous 
subcarriers with the exception of the RUs which straddle DC where nulls are placed in the middle of the 
band. The difference between OFDM and OFDMA is illustrated in CH_BANDWlDTH and . Similar to 
OFDM, OFDMA employs multiple subcarriers, but the subcaITiers are divided into several groups of 
subcarriers where each group is denoted as a resource unit (RU). The grouping of subcarriers into groups of 
resource units is referred to as subchannelization. In HE, the subcarriers that form an RU(#l948) are 
physically adjacent (contiguous except at the middle of the band where nulls are placed at DC). 

= 
.... 

G 

l 
~F:r., s,,, 1.,.1, Ti·~ 

Figure 26-1-lllustration of OFDM and OFDMA 
concepts 

Subchannelization defines subchannels that can be allocated to stations depending on their channel 
conditions and service requirements. An OFDMA system may allocate different transmit powers to 
different subchannels.(# 1949) 

(#2365)(#2526)1n OFDMA, an OFDM symbol is constructed of subcarriers, the number of which is a 
function of the DFT(#2366) size. There are several subcarrier types: 1) Data subcarriers which are used for 
data transmission; defined in Resource unit, guard and DC subcarriers, 2) Pilot subcarriers which are 
utilized for phase information and parameter tracking; defined in Pilot tones, and 3) unused subcarriers 
which are not used for data/pilot transmission. The unused subcarriers are the DC subcarrier (defined in 
Resource unit, guard and DC subcarriers), the Guard band subcarriers at the band edges (defined in 
Resource unit, guard and DC subcarriers), and the Null subcarriers (defined in Null subcarriers). 
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26.3.3.1 Resource unit, guard and DC subcarriers(#1951) 

The following resource units (RUs) are defined for DL and UL transmission: a 26-tone RU, 52-tone RU, 
106-tone RU , 242-tone RU, 484-tone RU and 996-tone RU and 2x996-tone RU(#838)(#1337)(#353). 

The 26-tone RU, 52-tone RU, 106-tone RU and 242-tone RU(PHY Motion #172) are used in the 20 MHz, 
40 MHz, 80 MHz, 160 MHz and 80+80 MHz HE MU PPDU formats or HE trigger-based PPDU formats 
using OFDMA transmission. The 484-tone RU(#838) is used in the 40 MHz, 80 MHz, 160 MHz and 80+80 
MHz HE MU PPDU formats or HE trigger-based PPDU fmmats using OFDMA transmission. The 
996-tone RU(#838) is used in the 80 MHz, 160 MHz and 80+80 MHz HE MU PPDU formats or HE 
trigger-based PPDU formats using OFDMA transmission. The 2 x996-tone RU is used in the 160 MHz and 
80+80 MHz HE MU PPDU formats or HE trigger-based PPDU formats using OFDMA 
transmission.(#888) 

The 242-tone and larger RUs are used in the HE SU PPDU formats. The 242-tone RU(#838) is used in the 
20 MHz HE SU PPDU format. The 484-tone RU(#838) is used in the 40 MHz HE SU PPDU format. The 
996-tone R U(#838) is used in the 80 MHz HE SU PPDU format. The 2x996-tone RU(#838)(#1337) is used 
in the 160 MHz and 80+80 MHz HE SU PPDU formats.(#888) 

The maximum number(#Ed) of RUs in the 20 MHz, 40 MHz, 80 MHz, 160 MHZ and 80+80 MHz HE 
PPDU formats are defined in Maximum number of RUs for each channel width.(#285). 

Table 26-2-Maximum number of RUs for each channel width(#1850) 

RU type CBW20 CBW40 CBW80 CB W80+80 and 
CBW160 

26-tone RU(#838) 9 18 37 74 

52-tone RU 4 8 16 32 

106-tone RU 2 4 8 16 

242-tone RU 1-SU/MU-MIMO 2 4 8 

484-tone RU NIA 1-SUIMU-MIMO 2 4 

996-tone RU NIA NIA 1-SUIMU-MIMO 2 

2x996 tone NIA NIA NIA 1-SU/MU-MlMO 
RU(#l337) 

An HE MU PPDU us ing OFDMA transmission can carry a mixture of 26-, 52- and 106-tone RUs within 
any of the 242-tone RU(#838) boundaries(#888). 

Table 26-3-Subcarrier indices for RUs in a 20 MHz HE PPDU 
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RU type 

RU l RU2 RU 3 RU4 RU 5 

[-121: [-95 : -70] [-68: -43] [-42: -17] [-16: - 4, 4: 

-96](#1111) 16](#1111) 
26-tone RU(#838) 

RU6 RU7 RU8 RU9 
[17: 42] [43: 68] [70: 95] [96: 121 ) 

RU l RU2 RU 3 RU4 
52-tone RU [-12 I: -70] [-68: -17] [17: 68) [70 : 121) 

RU I RU 2 
106-tone RU [-122: -17] [17: 122] 

RU 1 
242-lone RU [-122: -2, 2: 122] 

Table 26-4-Subcarrier indices for RUs in a 40 MHz HE PPDU 

RU type 

RU l RU2 RU3 RU4 RU 5 

[ -243: - 218] [- 217: -192] [-189: -164] [-163:- 138] [- 136: -111] 

RU6 RU7 RU 8 RU9 

[-109: - 84] [-83: - 58] [- 55: -30] [-29: -4] 

26-tone RU(#838) 
RU 10 RU 11 RU 12 RU 13 RU 14 
[4: 29] [30: 55] [58: 83] [84: 1091 flll : 136] 

RU 15 RU 16 RU 17 RU 18 
[138: 163] [164: 189] [192: 217] [21 8: 243] 

RU 1 RU2 RU 3 RU 4 

[-243: - 192] [-1 89: -138] [- 109: -58] [-55 : - 4] 

52-tone RU 
RU5 RU6 RU7 RU 8 

[4: 55] [5 8: 109] [ 138: 189] [192: 243] 

RU 1 RU2 RU 3 RU 4 
106-tone RU [- 243 : -1 38] [-1 09: -4] [4: 109] [13 8: 243) 

RU l RU2 
242-tone RU [-244: -3) [3: 244] 
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484-tone RU 

RU type 

26-tone RU 

52-tone RU 

106-tone RU 

22 
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RU 1 
[-244: -3, 3: 244] 

Table 26-5-Subcarrier indices for RUs in an 80 MHz HE PPDU 

RU 1 RU 2 RU 3 RU4 
[-499: -474] [-473: -448] [-445: -420] [-419: -394] 

RU6 RU7 RU8 RU9 
[-365: -340] [-339: -314] [-311: -286] [-285: -260] 

RU 10 RU 11 RU 12 RU 13 
[-257: -232] [-231: -206] [-203: -178] [-177: -152] 

RUl5 RU 16 RU 17 RU 18 
[-123: -98] [-97: -72] [-69: -44] [-43: -18] 

RU20 RU21 RU 22 RU23 
[ 18: 43] [44: 69] [72: 97] [98: 123] 

RU25 RU26 RU27 RU28 
[ 152: 177] [178: 203] [206: 231] [232: 257] 

RU 29 RU 30 RU 31 RU 32 
[260: 285] [286: 311) [314: 339] [340: 365] 

RU34 RU35 RU36 RU37 
[394: 419] [420: 445] [448: 473] [474: 499] 

RU l RU2 RU3 RU4 
[-499: -448] [-445: - 394) [-365: -314] [-311: -260] 

RU 5 RU6 RU7 RU8 
[- 257: -206] [-203: -152] [-123: -72] [-69: -18] 

RU9 RU 10 RU 11 RU 12 
[18: 69] [72: 123] [152: 203] [206: 257] 

RU 13 RU 14 RU 15 RU 16 
[260: 311] [314: 365] [394: 445] [448: 499] 

RU 1 RU 2 RU3 RU4 
[- 499: - 394] [ 365: 260] [- 257: -- 152] [-123 : -18] 
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RU 5 
[-392: -3c7] 

RU 14 

[-150: -125] 

RU 19 
[-16:-4,4: 16] 

RU24 
[125: 150] 

RU 33 
[367: 392] 
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RU 5 RU 6 RU7 RU 8 
[18: 123] [152: 257] [260: 365] [394: 499] 

RU l RU2 RU 3 RU4 
242-tone RU [-500: -259] [-258: -17] (17: 258] [259: 500] 

RU I RU 2 
484-tone RU [-500: -17) [17: 500)(#2758) 

RU l 
996-tone RU (-500: -3, 3: 500] 

A 26-tone RU(#838) consists of 24 data subcarriers and 2 pilot subcaniers. The positions of the pilots for 
the 26-tone RU(#838) are(#l957) defined in Pilot tones. The location of the 26-tone RUs(#838) are fixed as 
defined in Subcarrier indices for RUs in a 20 MHz HE PPDU, Subca.ITier indices for RUs in a 40 MHz HE 
PPDU and Subcarrier indices for RUs in an 80 MHz HE PPDU(#l958) and shown in RU locations in a 20 
MHz HE PPDU, RU locations in a 40 MHz HE PPDU and RU locations in an 80 MHz HE PPDU(#2759) 
for the 20 MHz, 40 MHz and 80 MHz HE MU PPDU formats or HE trigger-based PPDU formats using 
OFDMA transmission, respectively. The same structure as used for the 80 MHz HE MU PPDU formats or 
HE trigger-based PPDU formats using OFDMA transmission is used for each 80 MHz frequency segment 
of the 160 MHz and 80+80 MHz HE MU PPDU or HE trigger-based PPDU formats using OFDMA 
transmiss ion . The center 26-tone RU(#838) in the 20 MHz and 80 MHz HE MU PPDU or HE trigger-based 
PPDU formats using OFDMA transmission (RU locations in a 20 MHz HE PPDU and RU locations in an 
80 MHz HE PPDU) is located on subcarriers [-16: -4, 4: 16] .(#888) 
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Figure 26-2-RU locations in a 20 MHz HE PPDU 
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Figure 26-3-RU locations in a 40 MHz HE PPDU 
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Figure 26-4-RU locations in an 80 MHz HE PPDU 

A 52-tone RU(#838) consists of 48 data subcarriers and 4 pilot suhcarriers. The positions of the pilot<; for 
the 52-tone RU(#838) are(#l960) defined in Pilot tones. The locations of the 52-tone RUs(#838) are fixed 
as defined in Subcarrier indices for RUs in a 20 MHz HE PPDU, Subcarrier indices for RUs in a 40 MHz 
HE PPDU and Subcarrier indices for RUs in an 80 MHz HE PPDU and illustrated in RU locations in a 20 
MHz HE PPDU, RU locations in a 40 MHz HE PPDU and RU locations in an 80 MHz HE PPDU for the 
20 MHz, 40 MHz and 80 MHz HE MU PPDU formats or HE trigger-based PPDU formats using OFDMA 
transmission, respectively. The same structure as used in the 80 MHz HE MU PPDU format or HE 
trigger-based PPDU formats using OFDMA transmission is used for each 80 MHz frequency segment of 
the 160 MHz and 80+80 MHz HE MU PPDU formats or HE trigger-based PPDU formats using OFDMA 
transmission.(#888) 

A 106-tone RU(#838) consists of 102 data subcarriers and 4 pilot subcarriers. The positions of the pilots for 
the 106-tone RU(#838) are(#l961) defined in Pilot tones. The locations of the 106-tone RUs(#838) are 
fixed as defined in Subcarrier indices for RUs in a 20 MHz HE PPDU, Subcarrier indices for RUs in a 40 
MHz HE PPDU and Subcarrier indices for RUs in an 80 MHz HE PPDU and illustrated in RU locations in 
a 20 MHz HE PPDU, RU locations in a 40 MHz HE PPDU and RU locations in an 80 MHz HE PPDU for 
the 20 MHz, 40 MHz and 80 MHz HE MU PPDU formats or HE trigger-based PPDU format'> us ing 
OFDMA transmission, respectively. The same structure as used in the 80 MHz HE MU PPDU formats or 
HE trigger-based PPDU formats using OFDMA transmission is used for each 80 MHz frequency segment 
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of the 160 MHz and 80+80 MHz HE MU PPDU formats or HE trigger-based PPDU formats using 
OFDMA transmission. 

A 242-tone RU(#838) consists of 234 data subcarriers and 8 pilot subcarriers. The positions of pilots for the 
242-tone RU(#838) are(#l962) defined in Pilot tones. The locations of the 242-tone RUs(#838) are fixed as 
defined in Subcarrier indices for RUs in a 20 MHz HE PPDU,(#1669) Subcarrier indices for RUs in a 40 
MHz HE PPDU and Subcarrier indices for RUs in an 80 MHz HE PPDU and illustrated in RU locations in 
a 20 MHz HE PPDU, RU locations in a 40 MHz HE PPDU and RU locations in an 80 MHz HE PPDU for 
the 20 MHz, 40 MHz and 80 MHz HE PPDU formats, respectively. The same structure as used in the 
80 MHz HE PPDU formats is used for each 80 MHz frequency segment of the 160 MHz and 80+80 MHz 
HE PPDU formats.(#888) 

A 484-tone RU(#838) consists of 468 data subcarriers and 16 pilot subcarriers. The position of the pilots 
for the 484-tone RU(#838) is defined in Pilot tones. The locations of the 484-tone RUs(#838) are fixed as 
defined in Subcarrier indices for RUs in a 40 MHz HE PPDU and Subcarrier indices for RUs in an 80 MHz 
HE PPDU and illustrated in RU locations in a 40 MHz HE PPDU and RU locations in an 80 MHz HE 
PPDU for the 40 MHz and 80 MHz HE PPDU formats. The same structure as used for the 80 MHz HE 
PPDU formats is used for each 80 MHz frequency segment of the 160 MHz and 80+80 MHz HE PPDU 
formats.(#888) 

A 996-tone RU(#838) consists of 980 data subcarriers and 16 pilot subcatTiers. The position of the pilots 
for the 996-tone RU(#838) is defined in Pilot tones. The locations of the 996-tone RUs(#838) are fixed and 
located on subcarrier [-1012: -515, -509: -12] and [12: 509, 515: 1012] for each half of the BW, 
respectively, for 160 MHz and 80+80 MHz(#Ed) HE PPDU formats. (#888) 

The 20 MHz HE MU PPDU and HE trigger-based PPDU with more than one RU has 7 DC subcarriers 
located at [- 3: 3]. The 20 MHz HE SU PPDU with a 242-tone RU(#838) has 3 DC subcarriers located at 
[-1: l] . The 40 MHz HE PPDU with a 484-tone RU has 5 DC subcarriers located at [-2: 2]. An 80 MHz 
HE MU PPDU and HE trigger-based PPDU with more than one RU has 7 DC subcatTiers located at [-3: 
3]. The 80 MHz HE SU PPDU with a 996-tone RU has 5 DC subcarriers located at [-2: 2]. The same 
structure as used in the 80 MHz HE PPDU is used for each 80 MHz frequency segment of the 160 MHz 
and 80+80 MHz HE PPDU. The DC tones are located on subcatTiers [-11: ll].(#1963)(#888) 

The 20 MHz HE PPDU format has 11 guard subcan·iers (6, 5) located at [-128: -123] and [123: 127] as 
shown in RU locations in a 20 MHz HE PPDU. The 40 MHz HE PPDU has 23 guard subcarriers (12, 11) 
located at [- 256: -245] and [245: 255] as shown in RU locations in a 40 MHz HE PPDU. The 80 MHz HE 
PPDU has 23 guard subcarriers (12, 11) located at [-512: -501] and [501: 5ll] as shown in RU locations 
in an 80 MHz HE PPDU. For 160 MHz and 80+80 MHz HE PPDUs, the same number of leftmost and 
rightmost guard subcarriers as 80 MHz are defined at each edge of the 160 MHz. 

(PHY Motion #165)In an HE MU PPDU, at least Nx4x26 subcarriers (contiguous or non-contiguous), 
where N is the number of 20 MHz channels' legacy preambles present, shall be occupied throughout the 
signaled BW. 

26.3.3.2 Null subcarriers 

There are null subcaniers between the 26-, 52- and 106-tone RU(#838) locations as illustrated in RU 
locations in a 20 MHz HE PPDU, RU locations in a 40 MHz HE PPDU and RU locations in an 80 MHz 
HE PPDU . The null subcarriers have zero energy. The indices of the null subcarrier are enumerated in 
Null subcaITier indices. 

Table 26-6- Null subcarrier indices 
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Channel Width RU Size Null Subcarrier Indices 

26, 52 ±69, ±122 

20MHz 106 none 

242 none 

26.52 ±3, ±56, ±57, ±110, ±137, ±190, ±19 l , ±244 

40MHz 106 ±3,±110, ± 137,±244 

242, 484 none 

26, 52 ±17, ±70, ±71 , ±124, ±151, ±204, ±205, ±258, ±259, ±312, 
±313, ±366,±393, ±446,±447, ±500 

l06 ±17, ±124, ±151,±258,±259, ±366,±393, ±500 

80MHz 

242.484 none 

996 none 

26.3.3.3 Pilot tones 

If pilot tones are present in the HE-LTF field, the pilot tone locations in the HE-LTF field and Data field 
shall be the same. All pilot tones are at the even indices enumerated in Pilot tone indices .(#1789) 

Table 26-7- Pilot tone indices 

Channel Width RU Size Pilot Tone Indices 

26, 52 ±10, ±22, ±36, ±48, ±62, ±76, ±90, ±102, ±116 

20MHz 
106, 242 ±22,±48, ±90, ±116 

26, 52 ±10, ±24, ±36, ±50, ±64, ±78, ±90, ±104, ±116, ±130, ±144, 
±158,±170, ±184, ±198, ±212,±224, ±238 

40MHz 

106, 242, 484 ±10, ±36, ±78, ±104, ±144, ±170, ±212, +738 
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26,52 ±10, ±24, ±38, ±50, ±64, ±78, ±92, ±104, ±118, ±130, ±144, 
±158, ±172, ±184, ±198, ±212, +"26, ±238, ±252, ±266, ±280, 
±292, ±306, ±320,±334, ±346,±360,±372,±386, ±400, ±414, 
±426,±440,±454,±468,±480,±494 

80MHz 
106,242,484 ±24,±50,±92,±118,±158,±184,±226,±252,±266,±292, 

±334,±360,±400,±426,±468,±494 

996 ±24,±92,±158,±226,±266,±334,±400,±468 

26, 52, 106, 242, ( pilot tone indices in 80 MHz - 512, pilot tone indices in 
484 80MHz +512) 

160MHz 
996 { for the first 80 MHz, pilot tone indices in 80 MHz -512, for 

the second 80 MHz, pilot tone indices in 80 MHz +5121(#841) 

The pilot tones locations for 160 MHz or 80+80 MHz shall use the same 80 MHz locations for both 80 
MHz. 

26.3.3.4 RU restriction rules when operating 20 MHz(#854) 

A non-AP ST A can operate with 20 MHz, because either it is a 20 MHz-only HE device (see Erreur ! 
Source du renvoi introuvable.), or it reduces operating channel width to 20 MHz by ROM (see 25.8 
(Operating mode indication)). When a 20 MHz operating non-AP STA is either a recipient of 40, 80, 80+80 
or 160 MHz DL-OFDMA, or one of transmitters of 40, 80, 80+80 or 160 MHz UL-OFDMA, RU tone 
mapping in 20 MHz is not aligned with 40, 80, 80+80 or 160 MHz RU tone mapping (see Resource unit, 
guard and DC subcarriers). Due to misalignment of these RU locations, some of these RUs may cause 
significant perfonnance penalty or interference to neighbor RUs. To improve the throughput and 
interoperability, some RUs in 20 MHz operating ST As are restricted to be used in 40, 80, 80+80 or 160 
MHz OFDMA operation. 

An AP shall not assign the following RUs to 20 MHz operating STAs 

For 26-tone RUs, [Subcarrier indices for RU s in a 40 MHz HE PPDU and Subcarrier indices for 
RUs in an 80 MHz HE PPDU] 

RU 5 and 14 in 40 MHz DL/UL OFDMA (2 26-tone RUs are restricted) 
RU 5, 10, 14, 19, 24, 28, 33 in 80 MHz DL/UL OFDMA (7 26-tone RUs are restricted) 
RU 5, IO, 14, 19, 24, 28, 33 in lower 80 MHz and upper 80 MHz, in 80+80 or 160 MHz 

DUUL OFDMA (14 26-tone RUs are restricted) 

For 52-tone RUs, [Subcarrier indices for RU s in a 40 MHz HE PPDU and Subcarrier indices for 
RUs in an 80 MHz HE PPDU] 

RU 5, 12 in 80 MHz DL/UL OFDMA (2 of 52-tone RUs are restricted) 
RU 5, 12 in lower 80 MHz and upper 80 MHz, in 80+80 or 160 MHz DL/UL OFDMA 

(4 of 52-tone RUs are restricted) 

For 106-tone RUs, [Subcarrier indices for RUs in a 40 MHz HE PPDU and Subcarrier indices 
for RUs in an 80 MHz HE PPDUJ 

RU 3, 6 in 80MHz DUUL OFDMA (2 of 106-tone RUs are restricted) 
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RU 3, 6 in lower 80 MHz and upper 80 MHz, in 80+80 or 160 MHz DL/UL OFDMA (4 
of 106-tone RUs are restricted) 

Center 26-tone RU in primary 20 channel shall not be assigned to any ST As where 20 MHz operating 
ST As are recipients of 40/80/160/80+80 OFDMA. 

It is optional whether all 242-tone RUs of 20 MHz operating STAs to be suppotted in 40/80/160/80+80 
MHz DL-OFDMA. If supported, there is no restriction on 242-tone RUs. A 242-tone RU shall not be 
allocated to 20 MHz operating ST As in 40/80/160/80+80 for UL-OFDMA. 

26.3.3.5 20 MHz only HE ST As 

(PHY Motion #163)A 20 MHz only HE STA operates with 20 MHz channel width only, in frequency 
bands between 1 GHz and 6 GHz. A 20 MHz only HE ST A operates in the primary 20 MHz channel as a 
mandatory mode. It is indicated in the capability field , whether an HE STA is 20 MHz only, 80 MHz, 160 
MHz or 80+80MHz capable. Only a non-AP HE STA can be a 20 MHz-only STA. 

An HE AP in 5 GHz shall be 80 MHz capable and operate for both 80 MHz capable non-AP HE ST As and 
20 MHz only non-AP HE ST As. 

A 20 MHz only non-AP HE STA supports tone mapping of 26-tone RU, 52-tone RU, 106-tone RU and 
242-tone RU, for 20 MHz and 40 MHz OF DMA in 2.4 GHz and 5 GHz frequency band, and for 80 MHz, 
80+80 MHz and 160 MHz OFDMA in 5 GHz frequency band, where some of RUs are restricted to operate 
(see RU res triction rules when operating 20 MHz). 

26.3.3.6 DL MU transmission 

DL MU transmission allows an AP to simultaneously transmit to more than one non-AP STA. The AP uses 
the HE MU PPDU for DL MU transmission. 

26.3.3.7 DL MU-MIMO 

26.3.3.7.1 Minimum RU size in DL MU-MIMO 

A STA capable of receiving DL MU-MIMO transmission on an RU that does not span the entire PPDU 
bandwidth in an HE MU PPDU shall support reception of DL MU-MIMO transmissions for all RU sizes 
greater than or equal to 106-tones. 

26.3.3.7.2 Maximum number of spatial streams in an HE MU PPDU 

An HE STA shall suppo1t reception of DL MU-MIMO transmissions on full bandwidth with maximum 
number of space-time streams (per user) equal to minimum of 4 and the maximum number of space-time 
streams supported for reception of HE SU PPDUs. The maximum number of space-time streams supported 
for reception of HE SU PPDUs is indicated for various bandwidths in 'HE-MCS and Nss Map' field in the 
HE Capabilities element. 

An HE STA shall support reception of DL MU-MIMO transmissions on full bandwidth with the total 
number of space-time streams (across NUM_ USERS) less than or equal to a maximum value indicated by 
the Beamformee STS Capability in the HE Capabilities element(#l 785). 
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All of the aforementioned restnct1ons on the per-user and total number of space-time-streams a.re also 
applicable to an MU-MIMO transmission on an RU in an HE MU PPDU where the RU does not span the 
entire PPDU bandwidth . 

26.3.3.7.3 Maximum number of total spatial streams in an HE MU PPDU(#1863) 

A DL MU-MIMO capable ST A shall support receptio n of DL MU PPDUs with the total number of 
space-time streams across the N,,scr users being less than or equal to its DL MU-MIMO STS Capability in 
the HE Capabilities. 

26.3.3.7 .4 Resource indication in an HE MU PPDU(#Ed) 

An AP that transmits an HE M U PPDU shall set the UL/DL field in the HE-SIG-A field to 0.(#1 862) A full 
bandwidth M U MIMO transmission us ing HE MU PPDU format has a value of I for the SlGB 
Compression field in HE-SIG-A and the SIGB Common field is not present.(#2126) If the value of SIGB 
Compression field in HE-SIG-A is 0 , the RU allocation signaling in the HE-SIG-B common field indicates 
the combination of RUs in current PPDU bandwidth and the number of ST As on each RU for 
SU/MU-MIMO(#l507) transmiss ion . The number of users in RU r for MU-MIMO transmiss ion , Nuse,., is 
indicated together with the RU allocation as defined in RU allocation signaling: arrangement and number 
of MU-MIMO al. If the value of the SIGB Compression field in HE-SIG-A is 1, there is no RU allocation 
signaling in HE-SIG-B Common field and HE-SIG-B contains only User specific fields. The number of 
STAs in the MU-MIMO(#l507) group is indicated in the Number Of HE-SIG-B Symbols Or MU-MIMO 
Users field (#853) in HE-SIG-A. For bandwidths larger than 20 MHz, the User block fields are split 
equitably between two SIG-B channels, i.e., for a k user MU-MIMO PPDU, 1, . .. . , ce il(k/2) User fblock 
fields are carried in HE-SlG-B content channel 1 and ceil(k/2) + I, .. . , k User block fields in HE-SlG-B 
content channel 2 .(#1005) The number of spatial streams, Nss. ,.,., is indicated by the NSTS field in user 
specific block as defined in Fields of the HE-SIG-B user field for an and Fields of the HE-SIG-B user field 
for an.(#946) The allocated spatial streams for a designated MU-MIMO(#1507) user and the total number 
of spatial streams on the RU are indicated in spatial configuration field of user specific block containing the 
STA ID of designated MU-MIMO(#l507) STA as defined in Spatial Configuration subfield encoding . 

When processing the HE-SIG-B, a STA will look at information of each RU to find out its membership 
status, i.e., if it belongs to a beamformee group in a certain RU. If N,.,,,,, ST As are scheduled in RU r, there 
are Nu.w ·. , user specific blocks for RU r. Each user specific block has an 11-bit field indicating the ST A ID. 
A STA identifies itself as a member in the beamformee group in the RU , if its STA ID matches one of the 
ST A IDs. The user position is indicated by the block index. From a multiplexing information lookup table 
for Nuser,r, the ordered number of spatial streams for all members in the beamformee group in RU r, Nss,r,u , 
u = 1, .. . , N,, . .-er.r, is obtained. The spatial streams of different users are ordered in accordance to user 
position values, i.e., the spatial s treams for the user in user position O come first, followed by the spatial 
streams for the user in position 1, followed by the spatial streams for the user in position 2, and followed by 
the spatial su·eams for the user in position 3, and so on. 

A STA is al so able to identify the space-time streams intended for other ST As that act as interference. 
HE-LTF symbols in the DL HE MU PPDU are used to measure the channel for the space-time streams 
intended for the STA and can also be used to measure the channel for the interfering space-time streams. 
To successfully demodulate the space-time streams intended for the ST A, it is recommended that the ST A 
uses the channel knowledge for all space-time streams to reduce the effect of interfering space-time 
streams. 

If a STA finds that it is a member of the beamformee group in RU r, its conesponding NsTS,,.u interpreted 
from the HE-SIG-B user specific blocks shall not be zero for the ST A in the PPDU. If a ST A finds that it is 
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not a member of the beamformee group in RU r, then the ST A may elect not to process RU r in the 
remainder of the PPDU. 

26.3.3.8 UL MU transmission 

26.3.3.8.1 Introduction 

UL MU transmissions allow an AP to receive simu ltaneous frames from more than one non-AP STA. UL 
MU transmissions are preceded by a Trigger frame from the AP. The non-AP STA uses the HE 
trigger-based PPDU for UL MU transmission. 

26.3.3.9 UL MU-MIMO 

26.3.3.9.1 Introduction 

UL MU-MIMO is a technique to allow multiple ST As to transmit simultaneously over the same frequency 
resource to the receiver. The concept is very similar to SU-MIMO where multiple space-time streams are 
transmitted simultaneously over the same frequency resource utilizing spatial multiplexing through 
multiple antennas at the transmitter and receiver. The key difference from SU-MIMO is that in UL 
MU-MIMO, the transmitted streams originate from multiple STAs. 

26.3.3.9.2 Minimum RU size in UL MU-MIMO 

A STA capable of an UL MU-MIMO transmission on an RU that does not span the entire PPDU bandwidth 
in an HE trigger-based PPDU shall support UL MU-MIMO transmission for all RU sizes greater than or 
equal to 106 subcarriers.(#1862) 

26.3.3.9.3 MU-MIMO L TF Mode 

A ST A capable of UL MU-MIMO transmission on full bandwidth shall support single stream pilot and 
masking L TF sequence of each spatial stream by a distinct orthogonal code. 

A STA capable of UL OFDMA with MU-MIMO transmission on an RU in an HE trigger-based PPDU 
shall support s ingle stream pilot for a~y UL OFDMA transmission, including UL OFDMA with 
MU-MIMO transmission on an RU in an HE trigger-based PPDU. 

26.3.3.9.4 Maximum number of spatial streams in an HE trigger-based PPDU 

A ST A capable of UL MU-MIMO transmission shall support UL MU-MIMO transmissions on full 
bandwidth with maximum number of space-time streams (per user) equal to minimum of 4 and the 
maximum number of space-time streams supported for transmission of HE SU PPDUs. The maximum 
number of space-time streams supported for transmission of HE SU PPDUs is indicated for various 
bandwidths in 'HE-MCS and Nss Map' field in the HE Capabilities element(# 1785). 

A ST A capable of UL MU-MIMO transmission on the full bandwidth shall support a total of up to 8 
space-time streams in the UL MU-MIMO transmission. 
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All of the aforementioned restnct1ons on the per-user and total number of space-time-streams are also 
applicable to an MU-MIMO transmission on an RU in an HE MU PPDU where the RU does not span the 
entire PPDU bandwidth. 

26.3.3.9.5 Resource allocation for an HE trigger-based PPDU 

UL MU transmissions are preceded by a Trigger frame from the AP. The Trigger frame indicates the 
transmitting STAs in the Common Info field(#948) about when to transmit the UL MU-MIMO PPDUs, the 
duration of the payload, and packet-extension. The GI duration(#l420) for UL OFDMNMU-MIMO 
transmissions shall also be explicitly indicated by AP in the Trigger frame . The value of GI 
duration(#l420) for all users addressed by the Trigger frame shall be the same. The Trigger frame indicates 
whether the UL MU transmission following it uses single stream pilots or a mask on each spatial stream of 
the L TF sequence by a distinct orthogonal code. When single stream pilot is used, no masking is applied to 
the HE-L TF. Single stream pilot is used for any UL OFDMA transmission, including UL OFDMA with 
MU-MlMO transmissions. The appropriate MU-MIMO LTF mode indicated by the Trigger frame is used 
for full bandwidth UL MU-MIMO transmission.(#1862) The allocated RU and spatial streams are carried 
in the fields of RU allocation info and SS allocation of User Info(# 1520) field, where Address field is set as 
the AID of designated MU-MIMO(#l507) STA.(PHY Motion #169) 

If a STA finds that there is no User Info(#l520) field in Trigger frame carrying the STA' s AID in the 
Address field, then the ST A will not transmit in the following HE trigger-based PPDU. 

26.3.4 HE PPDU formats 

Four HE PPDU formats are defined: HE SU PPDU, HE MU PPDU, HE extended range SU PPDU and HE 
trigger-based PPDU. 

The format of the HE SU PPDU is defined as in HE SU PPDU format. This PPDU format is used for SU 
transmission and, in this format, the HE-SIG-A field is not repeated(#l838). 

Figure 26-5-HE SU PPDU format 

The format of the HE MU PPDU is defined as in HE MU PPDU format. This format is used for 
transmission to one or more users that is not a response of a Trigger frame .(#271) The HE-SIG-B field is 
present in this format.(# 1839) 

Figure 26-6-HE MU PPDU format 
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The format of the HE extended range SU PPDU is defined as in HE extended range SU PPDU format. This 
format is used for SU transmission and, in this format, (#1840) the HE-SIG-A field is repeated. 

Figure 26-7-HE extended range SU PPDU format 

The format of the HE trigger-based PPDU is defined as in HE trigger-based PPDU format. This format is 
used for a transmission that is a response to a Trigger frame.(#1032) The HE trigger-based PPDU format is 
identical to the HE SU PPDU format for the L-STF, L-L TF, L-SIG, RL-SIG, HE-SIG-A fields. The 
duration of the HE-STF field is 8 µs.(#88 l) 

Figure 26-8-HE trigger-based PPDU format 

The fields of the HE PPDU formats are summarized in HE PPDU fields. 

Table 26-8-HE PPDU fields(#2343) 

Field Description 

L-STF Non-HT Short Training field 

L-LTF Non-HT Long Training field 

L-SIG Non-HT SIGNAL field 

RL-SIG Repeated Non-HT SIGNAL field 

HE-SIG-A HE Signal A field 

HE-SIG-B HE Signal B field 
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HE-STF HE Short Training field 

HE-LTF HE Long Training field 

Data The Data field carrying the PSDU(s) 

PE Packet Extension field 

The RL-SIG, HE-SIG-A, HE-SIG-B, HE-STF, HE-LTF, and PE fields exist only in HE PPDUs. 
(#1612)The HE-SIG-B field is present only in the HE MU PPDU. The duration of the PE field is 
determined by the TX VECTOR parameter PE_DU RATION. 

(#206l)The HE NOP PPDU has the following properties: 

Uses the HE SU PPDU format but without the Data field 

Has a Packet Extension field that is 4 µs in duration 

NOTE-The number of HE-LTF OFDM symbols, N11E-t]F, (#l612)is a function of the total number of space-time 
streams Nsrs as shown in Frequently used parameters. 

(#883)The L-STF, L-LTF, L-SIG, RL-SIG, HE-SIG-A, HE-SIG-A-R, and HE-SIG-B fields are referred to 
as the Pre-HE modulated fields, while the HE-STF, HE-L TF and Data fields are referred to as the HE 
modulated fields.(#472) 

26.3.5 Transmitter block diagram 

The generation of each field in an(#2829) HE PPDU uses many of the following blocks: 

a) pre-FEC PHY padding 

b) Scrambler 

c) FEC (BCC or LDPC) encoders 

d) post-FEC PHY padding 

e) Stream parser 

f) Segment parser (for contiguous 160 MHz and noncontiguous 80+80 MHz transmissions) 

g) BCC interleaver 

h) Constellation mapper 

i) DCM tone mapper 

j) Pilot insertion 

k) Replicate over multiple 20 MHz (if BW > 20 MHz) 

I) Multiply by 1st column of PHE-LrF(#l090) 

m) LDPC tone mapper 
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n) Segment deparser 

o) Space time block code (STBC) encoder 

p) Cyclic shift diversity (CSD) per STS inse11ion 

q) Spatial mapper 

r) Spatial and frequency mapping(PHY Motion #172) 

s) Inverse discrete Fom;er transform (IDFf) 

t) Cyclic shift diversity (CSD) per chain insertion 

u) Guard interval (GI) insertion 

v) Windowing 

Transmitter block diagram for the L-SIG, RL-SIG and HE-SIG-A fields for an HE to Transmitter block 
diagram for the Data field of an HE SU PPDU in 80+80 MHz with LO show example transmitter block 
diagrams. The actual structure of the transmitter is implementation dependent. 

In particular, Transmitter block diagram for the L-SIG, RL-SIG and HE-SIG-A fields for an HE shows the 
transmit process for the L-SIG, RL-SIG, and HE-SIG-A fields of an(#2829) HE PPDU using one frequency 
segment, when the Beam Change subfield in HE-SIG-A field is set to 1. These transmit blocks are also 
used to generate the L-STF and L-L TF fields(#470) of the HE PPDU when the Beam Change subfield in 
HE-SIG-A field is set to 1, with the following exceptions(#Ed): 

The BCC encoder and interleaver are not used when generating the L-STF and L-L TF fields. 

The BCC interleaver is not applied in the repeated HE-SIG-A symbols (i.e. the 2nd and the 4th 
OFDM symbols of HE-SIG-A field) in the HE extended range SU PPDU. 

r:::7 ~ 
L:::.r 

Figure 26-9-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) 

Transmitter block diagram for the L-SIG, RL-SIG and HE-SIG-A fields for an HE shows the transmit 
process for the L-SIG, RL-SIG, and HE-SIG-A fields of an(#2829) HE PPDU using one frequency 
segment, when the Beam Change subfield in HE-SIG-A field is set to 0. These transmit blocks are also 
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used to generate the L-STF and L-L TF fields(#47 l) of the HE PPDU when the Beam Change subfield in 
HE-SIG-A field is set to 0, with the following exceptions: 

The BCC encoder and interleaver are not used when generating the L-STF and L-L TF fields. 

The BCC interleaver is not applied in the repeated HE-SIG-A field OFDM symbols (i.e., the 2nd 
and the 4th OFDM symbols of HE-SIG-A field) in the HE extended range SU PPDU. 

~ -r,; -{~)~~"To~ 
-~~~ 

-~ .... ~~ 
:a,,:~~ ____... 

Figure 26-10-Transmitter block diagram for the L-SIG, AL-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) 

Transmitter block diagram for the L-SIG, RL-SIG and HE-SIG-A fields of an HE shows the transmit 
process for the L-SIG, RL-SIG and HE-SIG-A fields of an HE trigger-based PPDU using one frequency 
segment. In the HE trigger-based PPDU, the pre-HE-STF preamble, which includes legacy preamble, 
RL-SIG and HE-SIG-A fields, is sent only on the 20 MHz channels where the HE modulated fields are 
located. When the HE modulated fields are located in more than one 20 MHz channel, the pre-HE-STF 
preamble is duplicated over the multiple 20 MHz channels. The BCC encoder and interleaver are not used 
when generating the L-STF and L-L TF fields. 
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(#1659) 

Figure 26-11-Transmitter block diagram for the L-SIG, RL-SIG and 
HE-SIG-A fields of an HE trigger-based PPDU(#1659) 

Transmitter block diagram for the HE-SIG-B field shows the transmit process for the HE-SIG-B field of an 
HE MU PPDU using one frequency segment. This block diagram is for transmitting HE-SIG-B in one 20 
MHz subchannel. Refer to Encoding and modul ation for the methods of transmitting HE-SfG-B in 40 MHz, 
80 MHz and 160 MHz. The DCM tone mapper is applied only if the DCM indication in HE-SIG-A field is 
set to l.(#519) 

-------~ 

Figure 26-12-Transmitter block diagram for the HE-SIG-B field 

Transmitter block diagram for the Data field of an HE SU transrmss1on in a 26-, 52-, lO shows the 
transmitter blocks used to generate the Data field of a single user HE transmission within a 26-, 52-, 106-, 
or 242-tone RU(#838) with BCC encoding for a single frequency segment when the number of spatial 
stream is less than or equal to 4 . This also includes the SU transmission in an RU that is part of a downlink 
or uplink OFDMA PPDU, and a transmission from one STA that is part of an UL MU-MIMO transmission 
in current RU. The STBC block may be applied only for single spatial stream and only when DCM is not 
applied. The DCM tone mapper is applied only when the DCM indication for the RU is set to 1. A subset of 
these transmitter blocks consisting of the constellation mapper and CSD blocks, as well as the blocks to the 
right of, and including, the spatial mapping block, are also used to generate the HE-L TF fields . This is 
illustrated in Generation of HE-LTF symbols per frequency segment in an HE SU PPDU, HE. A subset of 
these transmitter blocks consisting of the constellation mapper and CSD blocks, as well as the blocks to the 
right of, and including, the spatial and frequency mapping block of Transmitter block diagram for the Data 
field of an HE SU transmission in a 26-, 52-, 10(#1117), are also used to generate the HE-STF field. 
(#520)This figure also applies to the data field with BCC encoding in an(#2829) HE trigger-based PPDU. 
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Figure 26-13-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 

Transmitter block diagram for the Data field of an HE SU transmission in 26-, 52-, 10 shows the 
transmitter blocks used to generate the Data field of a s ingle user HE transmission within a 26-, 52-, 106-, 
242-, 484-, or 996-tone(#838) RU with LDPC encoding for a single frequency segment. This also includes 
the SU transmission in an RU that is part of a downlink or uplink OFDMA PPDU, and a transmission from 
one STA that is part of an UL MU-MIMO transmission in current RU . The STBC block may be applied 
only for single spatial stream and only when DCM is not applied. The DCM tone M apper is applied only 
when the DCM indication for the RU is set to l. (#519)This figure also applies to the data field with LDPC 
encoding in an(#2829) HE trigger-based PPDU. 

't>..ls::,!: ($8} Spa;::-~ fon;:: 
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Figure 26-14-Transmitter block diagram for the Data field of an HE SU transmission in 26-, 
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52-, 106-, 242-, 484- or 996-tone(#838) RU with LDPC encoding 

Transmitter block diagram for the Data field of an HE downlink MU-MIMO transmissi shows the 
transmitter blocks used to generate the Data field of an(#2829) HE downlink MU-MIMO transmission 
within a 106-, 242-, 484-, or 996-tone(#838) RU with LDPC encoding. This also includes the downlink 
MU-MIMO transmission in an RU that is part of a downlink (#276)OFDMA PPDU. 

u:;;;,,:: 
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Figure 26-15-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) 

Transmitter block diagram for the Data field of an HE SU PPDU in 160 MHz with LO shows the 
transmitter blocks used to generate the Data field of a single-user HE transmission in 160 MHz with LDPC 
encoding. 
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Figure 26-16-Transmitter block diagram for the Data field of an HE SU PPDU in 160 MHz with 
LDPC encoding 

Transmitter block diagram for the Data field of an HE SU PPDU in 80+80 MHz with LO shows the 
transmitter blocks used to generate the Data field of a s ingle-user HE transmission in 80+80 MHz with 
LDPC encoding. 
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Figure 26-17-Transmitter block diagram for the Data field of an HE SU PPDU in 80+80 MHz 
with LDPC encoding 

26.3.6 Overview of the PPDU encoding process 

26.3.7 HE modulation and coding schemes (HE-MCSs) 

The HE-MCS is a compact representation of the modulation and coding used in the Data field of the PPDU. 
For an HE SU PPDU and an HE extended range SU PPDU it is carried in the HE-SIG-A field. For an HE 
MU PPDU it is carried in the HE-SIG-B field. For an HE trigger-based PPDU, it is carried in the User Info 
fields(#Ed) of the Trigger frame. 

The HE-SIG-B-MCS is a compact representation of the modulation and coding used in the HE-SIG-B field 
of the PPDU. For an HE MU PPDU, it is carried in the HE-SIG-A field. HE-SIG-B-MCS consists of 
indices O to 5 and each HE-SIG-B-MCS represents the same mcxlulation and coding as the HE-MCS with 
the same index.(#2518) 

Rate-dependent parameters for the full set of HE-MCSs are shown in HE-MCSs for mandatory 26-tone 
RU, to HE-MCSs for optional non-OFDMA 160 MHz and 80+80 MHz, (in Parameters for HE-MCSs). 
These tables give rate-dependent parameters for HE-MCSs with indices O to 11 , with number of spatial 
streams from 1 to 8, RU options of 26-tone, 52-tone, 106-tone, 242-tone, 484-tone and 996-tone, and 
bandwidth options of 20 MHz, 40 MHz, 80 MHz, and either 160 MHz or 80+80 MHz. HE-MCSs with 
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indices 10 and 11 (1024-QAM) are optionally applied to the Data field of an HE PPDU with RUs equal to 
or larger than 242-tone. The HE extended range SU PPDU is 20 MHz and can only be transmitted with the 
<HE-MCS, NSS> tuples <MCS 0, l>, <MCS 1, 1> and <MCS 2, 1>(#1616)(#278). The 106-tone RU can 
only be transmitted with the <HE-MCS, NSS> tuples <MCS 0, l> . The 106-tone RU location within the 
20MHz tone plan is fixed as the right one.(PHY Motion #166) 

DCM is an optional modulation scheme used for the HE-SIG-B field and the Data field in an HE PPDU. It 
is indicated in the HE-SIG-A field for the HE-SIG-B field in an HE MU PPDU and for the Data field in HE 
SU PPDU, HE trigger-based PPDU and HE extended range SU PPDU and indicated in the HE-SIG-B field 
for the Data field in an HE MU PPDU. It is only applied for the HE-MCSs with indices 0, I, 3 and 4. 

26.3.8 Timing-related parameters 

Refer to Table 19-6 (Timing-related constants) and Table 21-5 (Timing-related constants) for 
timing-related parameters for non-HE PPDU formats. 

Timing-related constants defines the timing-related parameters for HE PPDU formats .. 

Table 26-9-- Timing-related constants 

Parameter Values Description 

f"1F , Pre-HE 312.5kHz Subcarrier frequency spacing for the pre-HE 
modulated fields(#279). 

f"1F, HE 78.125 kHz Subcarrier frequency spacing for the HE 
modulated fields(#279) . 

T oFT.Pre-HE 3.2 µs IDFT/DFT period for the pre-HE modulated 
fields( #279). 

ToFT.HE 12.8 µs IDFT/DFT period for the HE Data 
field(#279)(#Ed). 

T Gt. LegacyPreamble 0.8 µs Guard interval duration for the legacy 
preamble, RL-SIG, HE-SIG-A and 
HE-SIG-B 

T c i .L-LTF 1.6 µ s Guard interval duration for the L-L TF field. 

T c i .HE -LTF T c11.Da10, T c 12.Da10 or T c 14.Da1a depending on the Guard interval duration for the HE-L TF 
GI used for data field, same as Tct.Dma 

T c 1.Data T c11.Da1a, Tc12.o aw or T c t4.Dma depending on the Guard interval duration for the HE-Data field 
GI used for data 

Ten.Dara 0.8 µs Base guard interval duration for the HE-Data 
field. 

T c ,2,Data 1.6 µs Double guard interval duration for the 
HE-Data field. 
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Tc/4,Dalfl 3.2 µs Quadrnple guard interval duration for the 
HE-Data field. 

TsrMJ 13.6 µ s = ToFTHE +Ten.Daw= l.0625 x OFDM symbol duration with base 
T oFT.11£ GI(#l 108)(#279) 

T sYM2 14.4 µs = Ton :HE + T c12.Dma = l.125 x ToFT.IIE OFDM symbol duration with double 
Gl(# l 109) 

TsrM4 16 µs = ToFT.!-IE + Tc/4.Data = l.25 x T oFT.HE OFDM symbol duration with quadmple 
GI(#lll0) 

J'.wM T srMJ, Tsn12, or TsYM4 depending on the GI Symbol interval 
used (see Tone scaling factor and guard 
interval duration values for HE PPDU 
fields (#2757)) 

TL-STF 8 µs = 10 x ToFT,Pre-HE /4 Non-HT Short Training field duration 

TLLTF(#l040) 8 µs = 2 X Tovr.Prc-HE + Tc/2.Data Non-HT Long Training field duration 

TLS!G 4 µs Non-HT SIGNAL field duration 

TRL-S!G 4 µs Repeated non-HT SIGNAL field duration 

THES!G-A 8 µs = 2 x 4 µs HE-SCG-A field duration in an HE SU 
PPDU, HE MU PPDU and HE trigger-based 
PPDU 

THE-SIG-A-R 16 µs = 4 x 4 µs(#279) HE-SIG-A field duration in an HE extended 
range SU PPDU 

THE-STF-r 8 µs = 5 x l.6 µs HE-STF field duration for an HE 
trigger-based PPDU 

THE-STF-NT 4 µs = 5 x 0.8 µ s HE-STF field duration for an HE SU PPDU, 
HE extended range SU PPDU and HE MU 
PPDU 

THE-LTF-IX 3 .2 µs Duration of each lx HE-LTF OFDM symbol 
without GI 

THE-LTF-2X 6.4 µs Duration of each 2x HE-L TF OFDM symbol 
without GI 

T11E-LTF-4X 12.8 µs Duration of each 4x HE-L TF OFDM symbol 
without GI 

THE-LTF T1m-LTl'-IX, T11c-L.Tr--2x or T11c-LTF-4X depending Duration of each OFDM symbol without Gl 
upon the L TF duration used in the HE-L TF field (#279) 

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

BNSDOCID: <XP ___ 68137445A~I_> 

44



IEEE P802.11 ax/D0.5, September 2016 

THE-LTF-S YM sum of T HE-LTF and T c;1. HE-LTF Duration of each OFDM symbol including 
Gl in the HE-L TF field 

THE-SIG-B 4 µs = TOFT.Pre-HE+ Tm.LegacyPrearnble Duration of each OFDM symbol in the 
HE-SIG-B field(#Ed ) 

N sen •ice 16 Number of bits in the SERVICE field 

N rai! 6 for BCC encoder, 0 for LDPC encoder Number of tail bits per encoder(#2521) 

Tsn tL 4 µs Symbol duration including G[ prior to the 
HE-STF field 

TPE 0 , 4 µs , 8 µs, 12 µs or 16 µs depending on the Duration of the Packet Extension field(#279) 
actual extension duration used 

Tone allocation related constants for Data field in a non-OFDMA HE PPDU defines tone allocation related 
parameters for a non-OFDMA HE PPDU. 

Table 26-10-Tone allocation related constants for Data field in a non-OFDMA HE PPDU 

Parameter CBW20 CBW40 CBW80 CBW80+80 CBW160 Description 

Nso 234 468 980 980 1960 Number of complex 
data numbers per 
frequency segment 

NsP 8 16 16 16 32 Number of pilot 
values per 
frequency segment 

Nsr 242 484 996 996 1992 Total number of 
subcarriers per 
frequency segment 

NsR 122 244 5(X) 500 1012 Highest data 
subcarrier index per 
frequency segment 

Nseg l l l 2 I Number of 
frequency segments 

Noc 3 5 5 5 23 Number of null 
tones at DC per 
segment 

l\/ Gum-d, Left 6 12 12 12 12 Number of guard 
tones at the lower 
side of the spectmm 

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

BNSDOCID: <XP _ _ ~68137445A I > 

45



IEEE P802 .1 1 ax/D0.5, September 2016 

N Gw1rd,Rish t 5 11 11 lI 11 Number of guard 
tones at the higher 
end of the spectrum 

NOTE: NST = N so+ NsP 

Tone allocation related constants for RUs in an OFDMA HE PPDU(#28 l ) defines tone allocation related 
parameters for a O FDMA HE PPDU. 

Table 26-11-Tone allocation related constants for RUs in an OFDMA HE PPDU(#2522) 

RU Size (tones) 

Parameter Description 

26 52 106 242 484 996 2x996 

Nso 24 48 102 234 468 980 1%0 Number of complex data 
numbers per RU 

NsP 2 4 4 8 16 16 32 Number of pilot values per 
RU 

NsT 26 52 106 242 484 996 1992 Total number of 
subcarriers per RU 

NOTE: NsT = N so+ N sP 

Frequently used parameters defines parameters used frequently in High Efficiency (HE) PHY specification. 

Table 26-12-Frequently used parameters(#282) 

Symbol Explanation 

NcBPS. NcBPs ... Number of coded bits per symbol at r-th RU for user u, u = 0, ... , Nuser.wwl - l.(#2522) 
For an HE SU PPDU, NcBPs = N rnPso.0(# 1042) 
For an HE MU PPDU, N cBPS is undefined 

NcBPSS, NcBPss,,, Number of coded bits per symbol per spatial stream. 
For the Data field, Nrn PSS.r,,, equals the number of coded bits per symbol per spatial stream 
at r-th RU for user It, u = 0, ... , N user,1<>1al - l.(#2522) 
For the Data field of an HE SU PPDU, No1Pss = N c RPss.oo 
Fo r the Data field of an HE MU PPDU, NrnPss is undefined 
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NBrscs, NsPscs.11 

NRu 

Nuser.r( # l 043) 

Ns-rs, Nsrs.r.r, 

NsrS,r,total 

Nss, Nss. ,._,,, Nss,,, 
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Number of data bits per symbol for user u, u = 0, ... , Nu,er,1ow1 - l.(#2522) 
For an HE SU PPDU, Nosrs = NoBrs.o 
For an HE MU PPDU, Nosps is undefined 

Number of coded bits per subcarrier per spatial stream at r-th RU for user 11, 

lt = 0, ... , N user.rou,/ - 1.(#2522) 
For an HE SU PPDU, Nsrscs = Nsrscs.o.o 
For an HE MU PPDU, NsPscs is undefined 

Number of receive chain s 

For pre-HE modulated fields, NRu = l. For HE modulated fields, NRu represents the 
number of RUs in the transmission (equal to the TXVECTOR parameter NUM_RUS). 

For pre-HE modula ted fields, N11ser.r = l. For HE modulated fie lds, N11ser.r represents the 
number of users a t r-th RU in the transmission (summing over all RUs equals to the 
TXVECTOR parameter NUM_ USERS_ TOT AL). 

For pre-HE modula ted fields, = l (see NOTE). For HE modulated fields, 
Nsn·,r,i, NsTS,r,u 

represents(#l044) the number of space-time streams at r-th RU for user 11, 

11 = 0, ... , Nuser,r - l. In case of STBC, N _ = 2 
S TS.1 ,u 

For an HE SU PPDU, = 
Nsrs N;Ts.o.o 

NRu -1 

For an HE MU PPDU, NsTs = maxr = o NsTs, r, , oral 

For HE modulated fields, N (#522) is the total number of space-time streams at the 
STS,r.torn l 

r-th RU in a PPDU. 

N sTS, r, tora l = L NsTS,r.u 
u=O 

For pre-HE modulated fields, N is unde fined when the TXVECTOR parameter 
STS.r.ro ta l 

BEAM_CIIANGE is 1 and N = Nsrs when BEAM_Cl·IANGE is 0(#2531). 
S1S r tow! 

Note that N = N' fo r an HE SU PPDU. 
STS.r.101nl STS 

Number of spatial s treams . For the Data field , is the number of spatial streams at 
Nss.r.u 

r-th RU for user u , 11 = 0, .. . , Nuser., - l and is the number of spatial streams for user 11 , 
Nss.11 

II= 0 , .. . , Nuser.rowl - l.(#2522) 

For the Data field of an HE SU PPDU, N = 
ss Nss.o.o 

NRu-1 

For the Data field of an HE M U PPDU , Nss = maxr = O Nss, r, total 
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Nss.r. total For HE modulated fie lds , is the total number of spatial streams at r-th RU in a 
Nss. r.totul 

PPDU. 
JVuser_ r - 1 

Nss. r , t ota l = I: N ss, ,.," 
u=O 

For pre-HE modulated fields, is undefined. 
N s S,r,total 

Note that = for an HE SU PPDU. 
Nss,r.101al Nss 

Nrx Number of transmit chains 

1VHELTF The number of OFDM symbols in the HE-L TF fie ld (see 26.3.9.10 (HE-L TF)) 

Nm.·-s1G-B The number of OFDM symbols in the I-IE-S [G-B field 

K , Set of subcarrier indices in the r-th RU 

R, R,. R,, is the coding rate for user u, u = 0, ... , Nuser.101al - 1.(#2522) 
For an HE SU PPDU, R = Ro 
For an HE MU PPDU, R is undefined 

M ,.,u For pre-HE modulated fields, M,_,, = 0. For HE modulated fields, M ,.o = 0 for u = 0 and 

Mr, u = z:::•-t N l = o STS, r, u' 
for 11, ll = l, ... , N user.r - l. 

(#472)NOTE-For pre-HE modulated fields, u and rare zeros only since N,m,.r = l and NRu = 1. 

26.3.9 Mathematical description of signals 

For a description of the conventions used for the mathematical description of the signals, see 17.3.2.5 
(Mathematical conventions in the signal descriptions). In addition, the following notational conventions are 
used in High Efficiency (HE) PHY specification: 

[Q]m.n indicates the element in row m and column n of matrix, where 1 :Sm :S N,ow and 
l :Sn :S N -ol#2369) 

N row and N,-01 are the number of rows and columns, respectively, of the matrix Q. 
[Qlm.11 indicates a matrix consisting of columns m ton(# 1966) of matrix Q. 

For a description on subcarrier indices over which the signal is transmitted for non-HT, HT and VHT 
PPDUs, see 22.3.7 (Mathematical description of signals). 

For a 20 MHz non-OFDMA HE PPDU(#Ed) transmission, the 20 MHz is divided into 256 subcarriers. The 
signal is transmitted on subcaITiers - 122 to -2 and 2 to 122, with O being the center (DC) subcatrier. 
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For a 20 MHz OFDMA HE PPDU(#Ed) transmission, the 20 MHz is divided into 256 subcarriers. The 
signal is transmitted on subcarriers -122 to -4 and 4 to 122, with O being the center (DC) subcarrier. 

For a 40 MHz non-OFDMA and OFDMA HE PPDU(#Ed) transmission, the 40 MHz is divided into 512 
subcarriers. The signal is transmitted on subcarriers -244 to -3 and 3 to 244. 

For an 80 MHz non-OFDMA HE PPDU(#Ed) transmission, the 80 MHz is divided into 1024 subcarriers. 
The signal is transmitted on subcarriers -500 to -3 and 3 to 500. 

For an 80 MHz OFDMA HE PPDU(#Ed) transmission, the 80 MHz is divided into 1024 subcan-iers. The 
signal is transmitted on subcarriers -500 to -4 and 4 to 500. 

For a 160 MHz HE PPDU transmission or a noncontiguous 80+80 MHz trans01Jss10n, and each half 
80 MHz bandwidth is divided into 1024 subcarriers, and the subcarriers on which the signal is transmitted 
in each 80 MHz bandwidth is identical to an 80 MHz HE PPDU transmission, depending on non-OFDMA 
or OFDMA transmission within the con-esponding(#898) 80 MHz. 

The transmitted signal is described in complex baseband signal notation. The actual transmitted signal on 
transmit chain io: and frequency segment is,8(# 1967) is related to the complex b aseband signal by the 
relation shown in Erreur ! Source du renvoi introuvable .. 

where 
Nseg 

Us .. -8, irx> 
,-PPDU 

1, ... , NTX 

represents the number of frequency segments in the transmit signal as defined in Tone 
allocation related constants for Data field in a non-OFDMA HE PPDU(#l671) 

represents the complex baseband signal of frequency segment is,g and transmit chain in 

represents the center frequency of frequency segment iSe8(#1968) 

The transmitted RF signal is derived by up-converting the complex baseband signal, which consists of 
several fields. The timing boundaries for the various fields are shown in Timing boundaries for HE PPDU 
fields, where NHE-LTF is the number of HE-L TF symbols and is defined in Frequently used parameters, 
NHE-SIG-B is the number of symbols in the HE-SIG-B field, and NsYM is the number of symbols in the Data 
field. 

l~',i;"W"'~~*~-~~1----------------,,;i~-: ~~~ :1 ------.~ ...... ~--~~r~-a------ ________ _,... :-:- ~~~~-:'.:!!':•~---------..i 

Figure 26-18-Timing boundaries for HE PPDU fields(#899) 
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The time offset, tField, determines the starting time of the corresponding field relative to the start of L-STF 
(t = 0). 

(26-2)The signal transmitted on frequency segment isex of transmit chain frx shall be as shown in 

(26-2) 

ere 
,.Us,g,iTX)ft-[ l 

HESIG- O. HE-SIGW is only applicable to an HE MU PPDU(#l970) 
O~iseg~ Nse g -1 

l ~ irx ~Nrx 

tL-LTF = TL-STF 

IL-SIG = tL-LIF+ TL-L1F 

1RL-SIG = fL-SIG + TL-SIG 

tHE-SIG-A = tRL-SIG + T RL-SIG 

= {tHE-SIG-A + THE-SIG-A> for an HE MU PPDU 
tHE•SIG•B 

undefined, otherwise 

_ { tHE-SIG-A +THE-SIG-A> for an HE SU PPDU and HE trigger-based PPDU 

tHE-STF - tHE-SIG-A +THE-SIG-A-~ for an HE extended range SU PPDU 

tHE-SIG-B+ NHE-SIG-BTHE-SIG-B' for an HE MU PPDU 

where NHE-SIG-B is the number of OFDM symbols in the HE-SIG-B field 

{

tHE-STF. + THE-STF-T, for an HE trigger-based PPDU 
tHE- LTF = 

tHE-STF + T HE-STF-N T> otherwise 

{ 

tHE-LTF+ NHE-LTF . (THE-LTF-1x+ TGI.HE-LTF), for Ix HE-LTF 

tHE- Data = tHE-LTF+ NHE-l:rF· (THE-LTF-2)(+ TGI.HE-LnJ, for 2x HE-LTF 

tHE-LTF+ NHE-LTF . (THE-LTF-4X + TGI.HE-LTF), for 4x HE-LTF 

!HE- PE= f1IF~Data+NsyMTSYM 

(26-3)In an HE SU PPDU, HE MU PPDU and HE extended range SU PPDU, for each field excluding 
(iseg, iTx) 

the PE field, ,.Field ( t) is defined in 

(26-4) and 

wh 

as the summation of one or more subfields. Each subfield is defined to be an inverse discrete Fourier 
transform(#2158).(#526)(#286)(#1976)(#197 I)(PHY Motion #172) 
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(26-3) 

N Ru -1 Fie ld Nuser.r -1 Nsrs, r.u 

Us,_., irxl() CX. J3 [ ( J 
rFie ld I = WTF, , 1/ t) L ~,.,. __ L_ TlField , k L L Q is,, ) . . Yk, /3W 

k 1,--1{ , (Mr u +m) 
r = 0 No , m, , k E Kr ll = 0 m = I . . 

(26-4) 
Us,8 , irx l ( ) 

In an HE trigger-based PPDU, transmitted by user-11 in the r-th RU, each field, rFi eld t , is defined in 

.(#526)(#286) 

(26-4) 

Us,., irx)( ) 
rFie ld t 

r:,.Fi e ld 
(X.rl-'r 
----wT . (t) ' llField, k r;;:;--_ F, <Id L., 
,J l VNorm.1 kEKr 

m = I 

In the remainder of thi s subclause, pre-HE modulated fields refer to the L-STF, L-L TF, L-SIG, RL-SIG, 
HE-SIG-A, and HE-SIG-B fields, while HE modulated fields refer to the HE-STF, HE-LTF, Data, and PE 
fields, as shown in Timing boundaries for HE PPDU fields. The total power of the time domain HE 
modulated field signals summed over all transmit chains should not exceed the total power of the time 
domain pre-HE modulated field signals summed over all transmit chains. For notational simplicity, the 
parameter BW is omitted from some bandwidth dependent terms. 

(26-3)In 

the following notations(#l975) are used: 
N,vonn,r If the TXVECTOR parameter BEAM_CHANGE is l, then for pre-HE modulated fields, 

N ,v0 ,,,,_,. = N rx- If the TXVECTOR parameter BEAM_CHAi'\lGE is 0 , then for pre-HE 
modulated fields N ,va,111,r = N srs.,.10,,,1, where Nsrs,r,1aw1 is given in Frequently used parameters. 
For HE modulated fields N Narm,r = N srs,r,IOWI· 

WTFidd(t) WT (t) 
is a windowing function. An example function, Fidd , is given in 18.3.2.5 (Mathematical 
conventions in the signal descriptio ns). 

K,. For pre-HE modulated fields, K,.(#2760) is the set of subcarriers indices from -Ns« to N s« as 
defined in Highest data subcarrier index . 

BNSDOCID: <XP ___ 68 137445A I > 

Table 26-13-Highest data subcarrier index NsRfor 
pre-HE modulated fields 

Ns« 
as a function of bandwidth 

Field 

20MHz 40MHz 80MHz 
160 

MHz 
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52 

L-STF 26 52 104 208 

L-LTF 26 52 104 208 

L-SlG 28 56 112 224 

RL-SlG 28 56 112 224 

HE-SIG-A 28 56 112 224 

HE-SlG-B 28 56 112 224 

(#289) For HE modulated fields in a 11011-OFDMA HE PPDU, Kr is the set of subcarriers indices from 
- N sR to N sR as defined in Tone alJocation related constants for Data field in a non-OFDMA 
HE PPDU(#289). For HE modulated fields in an OFDMA HE PPDU, Kr is the set of 
subcarrier indices for the tones in the r-th RU. 

Tl Field , k is the power boost factor per OFDM symbol, which is J2 for the L-STF, L-L TF, HE-STF 
and HE-L TF fields in the HE extended range SU PPDU, and l otherwise.(#526) 

(26-5) 

(26-6) 

= { ,/2. 2, /,; = -28, - 27, 27, 28 for an HE extended range SU PPDU 
11L-SIG, k 

1, otherwise 
(#526) 

is the power boost factor for the r-th RU. A STA shall support ur in the range [0.7, Ji] . A 

STA may support u r in the range [0.5, 2].(#1689) 

is the power normalization factor and is defined in 

f',Fie l d 
Pre-HE modulated fields when BEAM_CHANGE = l 

NR u 

L a;IKrl, otherwise 

r = l 
(#5(#286) 

Pre-HE modulated fields when BEAM_CHANGE = l 

N Ru 

L a;IK,.I, otherwise 

r = l 
(#526) 

IK,.I is the cardinality of the set of subcarriers Kr 
l<ieldl 

is the cardinality of the set of modulated subcarriers within K, for each 
field.(#298)(#1978) 
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Tone 
NField Tone scaling factor and guard interval duration values for HE PPDU fields summarizes the 

NTone 

various values of F,eld as a function of bandwidth per frequency segment. In the case of an 
N Tone 

HE OFDMA PPDU, the Field value of HE-STF, HE-LTF and HE-Data fields is variable, 
and is determined by which RUs of the current full bandwidth are transmitted in the PPDU. 

Table 26-14-Tone scaling factor and guard interval duration values for HE PPDU 
fields 

Tone 
NFi eld 

as a function of bandwidth, and RU 

Field 
size per frequency segment Guard interval 

duration 

20MHz 40MHz 80MHz 160 
MHz 

L-STF 12 24 48 96 -

L-LTF 52 104 208 416 
T c12.L -LTF 

L-SIG in an HE PPDU 56 112 224 448 

L-SIG in a non-HT duplicate - 104 208 416 T c r.LegacyPreambk 

PPDU(#l 988) 

RL-SIG 56 112 224 448 
T G!.LegacyPrearnble 

HE-SIG-A 56 112 224 448 
T c 1.LcgacyPreamble 

IIE-SIG-B 56 112 224 448 
T cI.LegacyPreamble 

HE-STF not in an HE 14 30 62 124(#287 
trigger-based PPDU ) -

IIE-STF in an HE trigger-based 30 60 124 248 
PPDU -

HE-LTF lx Duration 60 122 250 500 
T GJ.HE-LTFI 

HE-L TF 2x Duration 122 242 498 996 
T Gi .HE-LTF2 

HE-L TF 4x Duration 242 484 996 1992 
T c i .HE-LTF4 

HE-Data 242 484 996 1992 
Tc;J.Da ta 

NON -HT _DUP _OFDM-Data(# - 104 208 416 
1988) T GJ,LegacyPreamble 
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Nfone 
NOTE-in the case of an HE OFDMA PPDU. the F,etd value of HE-STF. HE-LTF and HE-Data fields is 
variable, and is detem1ined by which RUs of the current full bandwidth are transmitted in the PPDlJ. 

(#1977) 

8 Field 

t'!,.F, F i eld 

X,iseg, 111_) 

k, r_, u 

Tcr, Field 

NL-LTF, For the L-STF and L-LTF fields 

{ 

Tone 

Tone 
NL-SIG 

1, other\Nlse (#526) 

is the spatial mapping matrix for the subcarrier kin frequency segment iseg- For HE modulated 
Cis,,l 

fields, Qk is a matrix with Nrx rows and Nsn.,awI columns. If the TXVECTOR parameter 
Q((,,, l 

BEAM_CHANGE is 1, then for pre-HE modulated fields k is a column vector with Nrx 

(-'2 k~ ~TX) T~' 
elements with element i-rx being exp 1 1t F,Pre-HE'cs , where cs represents the cyclic 
shift for the transmitter chain whose values are TBD; otherwise it is identical to the spatial 

Q(is,,l 

mapping k for HE modulated fields(#l848). 

is the subcarrier frequency spacing. For pre-HE modulated fields, /1,,.F, Field = /1,,.F, Pre-HE given 

in Table 26 3. For HE modulated fields, /1,,.F, Field = /1,,.F, HE given in Timing-related 
constants. 

is the frequency-domain symbol in subcarrier k of user u in the r-th RU for frequency segment 
(iseg~ m) 

. f . s fth xk,r,u 'h' -NSR~k~NsR h l f lseg o space-time stream m. ome o e wit m , ave a va ue o 
zero. Examples of such cases include the DC tones, guard tones on each side of the transmit 
spectrum, the null subcarriers(#902) in an HE OFDMA PPDU, as well as the unmodulated 

Ak 
tones of L-STF, HE-STF, and HE-LTF fields. Note that the multiplication matrices HE LTF 

xiseg• m) 

are included in the calculation of k, r, 11 for the HE-STF and HE-L TF fields. When the 
TXVECTOR parameter BEAM_CHANGE is 0, the first column of the multiplication 

Ak . (is,, ,m) 

matrices HE L TF are included in the calculation of Xk, r, " for the pre-HE modulated fields. 

is the guard interval duration used for each OFDM symbol in the field. The value for each 
field is as defined in Timing-related constants (#1674). 

T (I) = 0 T (/) For pre-HE modulated fields, cs, HE · • For HE modulated fields, cs, HE 

represents the cyclic shift per space-time stream, whose value is defined in Table 25-xx 
(Cyclic shift values for the HE modulated fields of a PPDU). 

is used to represent tone rotation. BW in 
1 

k, BW is determined by the TXVECTOR parameter 
CH_BANDWIDTH as defined in CH_BANDWIDTH and . In HE modulated fields, 

y k, Bw = 1 
in all the subcarriers. In pre-HE modulated fields, y k, BW is defined as in 

21.3.7.5 (Definition of tone rotation) when TXVECTOR parameter BEAM_CHANGE is set 

to 1 and y k, Bw = 1 
for all the tones when TXVECTOR parameter BEAM_CHANGE is set 

to 0. When the TXVECTOR parameter BEAM_CHANGE is not present (such as in an HE 
MU PPDU and HE trigger-based PPDU), BEAM_CHANGE is assumed to be set to 
1.(#2761 )(#293) 

Table 26-15-CH_BANDWIDTH and Yk, Bw for pre-HE 
modulated fields 
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CH_BANDWIDTH Yk,BW 

CBW20 Yk, 20 

CBW40 y k,40 

CBWS0 Y k, 80 

CBW160 Yk, 160 

CBW80+80 Y k, 80 per frequency segment 

26.3.10 HE preamble 

26.3.10.1 Introduction 

The HE portion of HE fonnat preamble consists of pre-HE modulated fields and HE modulated fields. The 
HE modulated fields consist of HE-STF, HE-L TF and Data fields(#2762). The pre-HE modulated fields for 
the various HE PPDlJ formats are the following(#29 l): 

RL-SIG and HE-SIG-A fields of an HE SU PPDU 

RL-SIG, HE-SIG-A and HE-SIG-B fields of an HE MU PPDU 

RL-SIG, HE-SIG-A and repeated HE-SIG-A fields of an HE extended range SU PPDU 

RL-SIG and HE-SIG-A fields of an HE trigger-based PPDU 

26.3.10.2 Cyclic shift(#1052) 

26.3.10.2.1 Cyclic shift for pre-HE modulated fields 

When the TXVECTOR parameter BEAM_CHANGE is l(#Ed), the cyclic shift value iJl for the L-STF, 
L-L TF, L-SIG, RL-SIG, HE-SIG-A and HE-SIG-B fields of the PPDU for transmit chain iTX out of a total 
of Nrx are defined in Table 21-10 (Cyclic shift values for L-STF, L-LTF, L-SIG, and VHT-SIG-A fields of 

i.' \ 
the PPDU)(PHY Motion #172). In lJL MU transmission the cyclic shift value c.-. is based on the u·ansmit 
chain index of each ST A. 

-f.rx 
When the TXVECTOR parameter BEAM_CHA:l\/GE is 0(#Ed), the cyclic shift value cs for the L-STF, 
L-LTF, L-SIG, RL-SIG, and HE-SIG-A fields is not specified. 
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26.3.10.2.2 Cyclic shift for HE modulated fields 

The cyclic shift values defined in this subclause apply to the HE-STF, HE-L TF and Data fields of the HE 
PPDU when the TXVECTOR parameter BEAM_CHANGE is l(#Ed), and apply to the entire PPDU when 
the TXVECTOR parameter BEAM_CHANGE is 0(#Ed). 

Throughout the HE modulated fields of the preamble, cyclic shifts are applied to prevent unintended 
beamforming when correlated signals are transmitted in multiple space-time streams. The same cyclic shift 
is also applied to these streams during the transmission of the Data field of the HE PPDU. The cyclic shift 

value T cs. HE(n) for the HE modulated fields for space-time stream n out of N.'iTs,101a1 total space-time 
streams is shown in Table 21-11 (Cyclic shift values for the VHT modulated fields of a PPDU)(PHY 
Motion #172). 

26.3.10.3 L-STF 

(26-7)If the TXVECTOR parameter BEAM_CHANGE is 1, the time domain representation of the 
L-STF field shall be as specified in 

. The equation applies to all contiguous signals up to 160 MHz and non contiguous 80+80 MHz. 

56 

(26-7) 

11L-STF, k 

(#525)where 

is a power scaling factor with the value 

is a PPDU format dependent scaling factor for the L-STF field on tone index k with the 
following value 

Tlt.-STF, k { 
./i, for an HE extended range SU PPDU 

l, otherwise 
(26-8) (#1986) 

N20MHz is defined in 22.3.8.3.4 (L-SIG definition) 
K_~hifr (i) = (Nzol\1J-lz - 1 - 2i) · 32 

1'!1 

T one 
NL-STF 

represents the cyclic shift for transmit chain irx with a value given in Cyclic shift for pre-HE 
modulated fields. 

has the value given in Tone scaling factor and guard interva l duration values for HE PPDU 
fields (#1988). 
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is a set of 20 MHz channels that contains the channels where pre-HE modulated fields are 
located and the channel indices are within 0 to N 20MHz - 1 in an HE trigger-based PPDU or 
HE MU PPDU with preamble puncturing, or equal to {0, 1, ... , N20MHz - 1} otherwise. 
is defined as S .26.26 in Equation (18-6).(#1985)(#1989) 

If the TXVECTOR parameter BEAM_CHANGE is 0, the time domain representation of the L-STF field of 
contiguous 20 MHz, 40 MHz, 80 MHz and 160 MHz transmission shall be as specified in 

N20f\1H1. - I 

t -;:======WT (t) 

J Tone L ·STF 

N STS, 101a / • NL -STF 

equation applies to all contiguous signals up to 160 MHz and non contiguous 80+80 MHz. 

t -;======= WT (t) 

J Tone L -ST F 

N STS, roral . NL-STF 

L L llr -STF k 4(k-Kshir,< isw >U irx, m LA HE -LTF J m , I k, 20 

(#2. The 

(26-9) 

26 Nsrs [[Q(is,g ) 7 I 4(k - K s»r,U8 .,- )~ S J 
k = -26m = l . expU2n:(k - Kshif,(law))t..F, Pre-1-fr.-(t-Tcs, HE(m)) (#2531 

(#1050)(#525)where 
Tes. HE(m) represents the cyclic shift for space time stream m as defined in Cyclic shift for 

HE modulated fields(#l052) 

Q
Us,g) 
k is the spatial mapping/steering matrix for subcarrier k, in frequency segment iseg on the data 

symbols over tone spacing t..F. HE as defined in Timing-related constants . Refer to the 

descriptions in 22.3.10. l 1. l (Transmission in VHT format) for examples of Qi;s,,> .(#1991) 

k 

(26-56) A1rn-LTF 

26.3.10.4 L-L TF 

is defined in 

(26-l0)Ifthe TXVECTOR parameter BEAM_CHANGE is 1, the time domain representation of the 
L-LTF field shall be as specified in 

. The equation applies to all contiguous signals up to 160 MHz and non contiguous 80+80 MHz.(PHY 
Motion # 172) 

(26-10) 

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

BNSDOCID: <XP _ __ 68 137445A I > 

57



IEEE P802.11 ax/O0.5, September 2016 

8 -----:=====wr (t) 
✓ Tone L -LT F 

Nyx.. NL-LTF 

11L-LTF, k is a PPDU format dependent scaling factor for the L-LTF field on tone index k 

with the same value as llL-STF, k .(#525) 
N20MHz is defined in 21.3.7.3 (Channel frequencies) 
Ks1,;1i( i) = (N20MHz - 1 - 2i) · 32 

iJ-1 represents the cyclic shift for transmit chain irx with a value given in Cyclic shift for pre-HE 
modulated fields. 

has the value given in Tone scaling factor and guard interval duration values for HE PPDU 
fields (#1988). 
is defined as L26,26 in Equation (18-8).(# 1992) 

(26-11 )If the TXVECTOR parameter BEAM_ CHANGE is 0, the time domain representation of the 
L-L TF field of contiguous 20 MHz, 40 MHz, 80 MHz and 160 MHz transmission shall be as specified in 

. The equation applies to all contiguous signals up to 160 MHz and non contiguous 80+80 MHz. 

(26-11) 

8 
Wy _ (t) 

✓ Tone L -LT F 

NsTS, total· NL -LTF 

[[Qfis,, l J [A4(k-Ksh; r,UBwl~ L J L L L11L-lTFk 4(k-Ksh; r,U Bw));rs, m HE-LTF Jm, lk, 20 

iBw = 0 k = - 26111 = l . . . exp(j2n(k - Kshift(iBW ))AF. Pre Hit- T GI, Legacy Preamble Tes, HE(m)) 

N 20MHz. 26 

(#253 l)(#l050)where 
Tcs,HE(m) represents the cyclic shift for space time stream m as defined in Cyclic shift for 

HE modulated fields(#l052) 

is defined in Erreur ! Source du renvoi introuvable.(#1094) 

is defined in 

26.3.10.5 L-SIG 

The L-SIG field is used to communicate rate and length information. The structure of the L-SIG field is 
defined in Figure 17-5 (SIGNAL field bit assignment)(#l835). 
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In an(#2829) HE PPDU, the RATE field shall be set to the value representing 6 Mb/s in the 20 MHz 
channel spacing column of Table 17-6 (Contents of the SIGNAL field)(#l835). In a non-HT duplicate 
PPDU, the RATE field is defined in 17.3.4.2 (RATE field)(#l835) using the L_DATARATE parameter in 
the TXVECTOR. 

Length = rTXTIME- 201 x 3 - 3 - m 

The LENGTH field shall be set to the value given by 4 (#1. 

Length = rTXTIME- 201 x 3 - 3 -m 

(26-12) 4 (#1683) 

where 
TXTIME (in µs) is defined in 26.4.3 (TXTIME and PSDU_LENGTH calculation). 
m is 1 for an HE MU PPDU and HE extended range SU PPDU, and 2 othe1wise. 

The LSB of the binary expression of the Length value shall be mapped to B5. In a non-HT duplicate PPDU, 
the LENGTH field is defined in 17.3.4.3 (LENGTH field)(#2859) using the L_LENGTH parameter in the 
TXVECTOR. 

The Reserved (R) field shall be set to 0. 

The Parity (P) field has the even parity of bits 0-16. 

The SIGN ALT AIL field shall be set to 0. 

The L-SIG field shall be encoded, interleaved, and mapped folJowing the steps described in 17.3.5.6 
(Convolutiona l encoder), 17.3.5.7 (Data interleaving), and 17.3.5.8 (Subcarrier modulation mapping). The 

stream of 48 complex numbers generated by these steps is denoted by d k' k = O, · · ·' 
4 7 

. Pilots shall be 
inserted as desct;bed in 17.3 .5.9 (Pilot subcaITiers). Extra 4 BPSK modulated tones are added(#l997). The 
4 extra tones [-28, -27, 27, 28] of L-SIG in 20 MHz HE PPDU is [-1, -1, -1, 1) .(#1835) 

(26-13)1f the TXVECTOR parameter BEAM_CHANGE is 1, the time domain waveform of the L-SIG 
field shall be as given by 

(26-13) 

N20MHz is defined in 21.3.7.3 (Channel frequencies) 
Kshiji(i) = (N2ol\1Hz - 1 - 2i) · 32 
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NTonc 
L-SIG 

TTX cs 

[ 0, k = 0, ±7, ±21 
- l, k = -28, -27, 27 

l, k = 28 

d , . , otherwise 
M 20(k) 

(#1684) 

k + 26, -26 s ks -22 

k + 25, -20 s ks -8 
k + 24, -6 s k s - l 
k+ 23, 1 s ks 6 

k + 22, 8 s ks 20 

k + 2 l, 22 s k s 26 

is defined in 17.3.5.10 (OFDM modulation)(#l835) 

is the first pilot value in the sequence defined in 17.3.5.10 (OFDM modulation) 

is defined in Tone scaling factor and guard interval duration values for HE PPDU 
fields (#476) 

represents the cyclic shift for transmit chain irx with a value given in Cyclic shift for pre-HE 
modulated fields. 

NOTE-Mzo(k) is a " reverse" function of the function M(k) defined in 17 .3 .5.10 (OFDM modulation)(# 1835). 

(26-14)Ifthe TXVECTOR parameter BEAM_CHANGE is 0, the time domain waveform of the L-SIG 
field shall be as given by 

(26-14) 

N,oMih 28 Nsrs [[ ,; ) J [ 4(k-K (" )·~ D p J \. Scg Shift lBW · • • + . 
"""' """' """' Q4(k-K . (i .)) . . AHE-I TF 11L-SIG. k ( k, 20 Po k) L-1 L....J L..J Sluft BW . 'Tx•/11 -• -• m , l 

inw = O k = - 28 m = I · exp(j2rc(k - Kshift Cisw) )AF, Pce-Hb{ t - T GI, Legacy Preamble T cs, HE(m)) 
(#25 

3 l)(#l050)(#525)where 
1"1L-SIG, k 

60 
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is a PPDU dependent scaling factor for the L-SIG field on the tone index k with the following 
value: 

11L-SIG, k { 
Ji, k = ±28, ±27 for an HE extended range SUPP DU 

1, otherwise 
(#525) 

represents the cyclic shift for space time stream m as defined in Cyclic shift for 
HE modulated fields(#l052) 
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is defined in Erreur ! Source du renvoi introuvable.(# 1094) 

k 

(26-56) A HE-LTF 

26.3.10.6 RL-SIG 

is defmed in 

The RL-SIG field is used to identify an(#2829) HE PPDU. 

(26-15)If the TXYECTOR parameter BEAM_CHANGE is 1, the time domain waveform of the RL-SIG 
field shall be as given by 

.(#294) 

(26-15) 

(26-16) 

I -;::=====WT ( t) 

J Tone RL ,STG 

NTX. NRL-SIG 

Shift B\V ' ' ' -

28 
. (I(k-K (i )) BW11L-SIG. k( Dk ~O + P1 p. k) J 

L L 11 L-SIG.k . . ;T.\" 

is w E n,oMHzk = -28 . exp(j2n(k - Kshif1(1sw) )~F, Pre-HJ!t - T G I. Legacy P ream ble T cs) 

If the TXYECTOR parameter BEAM_CHANGE is 1, the time domain waveform of the RL-SIG field shall 
be as given by 

.(#294) 

(26-16) 

-;::=====WT (t) 

J Tone RL-SIG 

26.3.10.7 
HE-SIG-A 

NlOMHz - I 

26.3.10.7.1 General 

N STS . N RL-SIG 

28 N,rs [[Q(is~,) . 7 [A4(k -Kss;r,Ciewl ~ (Dk._ 20 + PoPk) J L ll L-SIG,k L 4(k-KSh,r,('ew) Ll in:, m HE-LTF J m, I 

k = -28 Ill= l . exp(j2n(k - Kshif1Usw ))~F, Pre-Hilt - T G I , Legacy Preamble Tes, HE( m)) 

The HE-SIG-A field cat.Ties information required to interpret HE PPDUs.(#1846) 
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26.3.10.7.2 Content 

The HE-SIG-A field for an HE SU PPDU or an HE extended range SU PPDU contains the fields listed in 

HE-SIG-A field of an HE SU PPDU and HE extended range SU PPDU. 

Table 26-16-HE-SIG-A field of an HE SU PPDU and HE extended range SU PPDU(#Ed) 

Two Parts of 
Bit Field 

Number 
Description HE-SIG-A of bits 

BO Format l Differentiate an HE SU PPDU from an HE trig-

HE-SIG- ger-based PPDU:(#1685) 

Al Set to 0 for HE trigger-based PPDU 
Set to l for HE SU PPDU 

This field is reserved and set to l for an HE extended 
range SU PPDU.(#1196) 

Bl Beam l Set to l indicates that the pre-HE-STF portion of the 
Change PPDU(#481 ) is spatially mapped differently from 

HE-LTFl. 
Set to 0 indicates that the pre-HE-STF portion of the 
PPDU(#481 ) is spatially mapped the same way as 
HE-LTFl on each tone. 

B2 UL/DL 1 Indicates whether the PPDU is sent UL or DL: 
Set to 0 for DL 
Set to 1 for UL(#2002) 

This field indicates DL for TDLS, mesh and 
IBSS(#2864). 

NOTE-The TDLS peer can identify the TDLS frame 
by To DS and From DS fie lds in the MAC header of 
theMPDU. 

B3-B6 MCS 4 For an HE SU PPDU: 
Setton for MCS11 , where n = 0 , I , 2, .... , 11 
Values l2-15 are reserved 

For HE extended range SU PPDU with Bandwidth 
field set to 0 (242-tone RU) : 

Setton for MC Sn , where n = 0 , 1, 2 
Values 3-15 are reserved 

For HE extended range SU PPDU with Bandwidth 
field set to 1 (right 106-tone RU in P20): 

Set to 0 for MCS 0 
Values l-15 are reserved 
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B7 DCM 1 Indicates whether or not DCM is applied to the Data 
field for the MCS indicated. 

Set to l to indicate that DCM is applied to the Data 
field 
Set to 0 to indicate that DCM is not applied to the 
Data field. 

DCM is only applied for MCS0, MCS I, MCS3 and 
MCS4. 
DCM is only applied for 1 and 2 spatial streams. 
DCM is not applied when STBC is used.(#2007) 

B8-B13 BSS Color 6 The BSS Color field is an identifier of the BSS 

B14 Reserved 1 Reserved and set to l(PHY Motion #162) 

B15-B18 Spatial Re- 4 Set to SR Disallowed to disallow SRP-based spatial 
use reuse (see 25.9 (Spatial. reuse operation) and 25.1 la 

(TXVECTOR parameters SPATIAL_REUSE for an 
HE PPDU)).(#226) 

NOTE-This part needs further development.(#2169) 

B19-B20 Bandwidth 2 For an HE SU PPDU: 
Set to 0 for 20 MHz 
Set to 1 for 40 MHz 
Set to 2 for 80 MHz 
Set to 3 for 160 MHz and 80+80 MHz(#Ed) 

For an HE extended range SU PPDU: 
Set to 0 for 242-tone RU 
Set to l for right 106-tone RU within the primary 20 
MHz 

B21-B22 GI+LTF 3 Indicates the GI duration(#l420) and HE-LTF size. 
Size(#l420) Set to Oto indicate a lx HE-LTF and 0.8 µs GI 

Set to 1 to indicate a 2x HE-LTF and 0 .8 µs GI 
Set to 2 to indicate a 2x HE-LTF and 1.6 µs GI 
Set to 3 to indicate a 4x HE-LTF and 3.2 µs 
Gl(#2005) 

B23-B25 Nsts 3 Indicates the number of space time streams.(#1457) 
For an HE SU PPDU: 

Set to the number of space time streams minus l 
For an HE extended range SU PPDU: 

Set to 0 for one space time stream when STBC field 
is set to 0 
Set to l for two space time streams when STBC 
field is set to 1(#200 I) 
Values 2-7 are reserved 
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B0-B6 TXOP Dura- 7 Set to 127 to indicate no duration information . Set to 

HE-SIG- tion value other than 127 to indicate duration information 

A2 for NA V setting and protection of the TXOP. 

NOTE-The encoding of TXOP Duration field is the 
same as the TXOP _DURATION parameter(#Ed) in 
TXVECTOR and RXVECTOR parameters.(#783) 

B7 Coding I Indicates whether BCC or LDPC is used: 
Set to Oto indicate BCC 
Set to 1 to indicate LDPC(#l 197) 

B8 LDPC Extra 1 Indicates the presence of the extra OFDM symbol for 
Symbol LDPC.(#1197) 

Set to 1 if an extra OFDM symbol for LDPC is pre-
sent 
Set to 0 if an extra OFDM symbol for LDPC is pre-
sent 

Reserved and set to 1 when the Coding field is 0. 

B9 STBC I Set to I if space time block coding is used 
Set to 0 otherwise 

BlO TxBF l Set to 1 if a Beamforming steering matrix is applied to 
the waveform in an SU transmission 
Set to 0 otherwise 

811-812 Pre-FEC 2 Indicates the pre-FEC padding factor(#l626)(#2564) 
Padding value as defined in Pre-FEC Padding Factor.(#2534) 
Fae-
tor(#2564) 

B13 PE Disam- l Indicate PE Disambiguity as defined in Packet exten-
biguity sion.(#2534) 

B14 Reserved l Reserved and set to 1 

815 Doppler 1 Set to 0 if Doppler mode is not used 
Set to 1 if Doppler mode is used(#2 l 67) 

B16-819 CRC 4 CRC for bits 0-41 of the HE-SIG-A field (see CRC 
computation). The first bit to be transmitted is bit c7 as 
explained in CRC computation).(#2535) 
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820-825 Tail 6 Used to tem1inate the trellis of the convolutional de-
coder. 
Set to 0. 

NOTE-Integer field s are transmitted in unsigned binary fo rmat, LSB first, where the LSB is in the lowest 
numbered bit position. 

(#475)The HE-SIG-A field of an HE MU PPDU contains the fields listed in HE-SIG-A field of an HE MU 
PPDU. 

Table 26-17-HE-SIG-A field of an HE MU PPDU(#Ed) 

Two Parts of 
Bil Field Number 

Description HE-SIG-A of bits 

BO UL/DL 1 Indicates whether the PPDU is sent UL or DL: 
Set to 0 for DL 
Set to 1 for UL(#2002) 

This field indicates DL for TDLS, mesh and 
HE-SIG-Al lBSS(#2864) . 

NOTE-The TDLS peer can ide nti fy the TDLS frame 
by To DS and From DS fields in the MAC heade r of 
the MPDU . 

B 1-B3 SIG8 MCS 3 Indic ates the MCS of the HE-SIG-8 field : 
Set to 0 fo r MCS 0 
Set to I for MCS I 
Set to 2 for MCS 2 
Set to 3 for MCS 3 
Set to 4 for MCS 4 
Set to 5 for MCS 5(#1 6 16 ) 
The values 6 and 7 are reserved(#847) 

84 SIG8 DCM 1 Set to l indicates that the HE-SIG-8 is modulated w ith 
dual sub-carrier modulation for the MCS . 
Set to 0 indicates that the HE-SIB-B is not modulated 
with dual sub-carrier modula tio n for the MCS . 
DCM is only applicable to M CS0, MCSl, MCS3, and 
MCS4. 

85-810 8SS Color 6 The BSS Color fie ld is an identifier of the BSS 
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B11-814 Spatial Re- 4 Set to SR Disallowed to disallow SRP-based spatial 
use reuse (see 25.9 (Spatial reuse operation) and 25.lla 

(TXVECTOR parameters SPATIAL_REUSE for an 
HE PPDU)J.(#226) 

NOTE-This part needs further development.(#2169) 

B15-817 Bandwidth 3(#846) Set to O for full '.:W MHz 
Set to 1 for full 40 MHz 
Set to 2 for full 80 MH z 
Set to 3 for full 160 MHz and 80+80 MHz(#Ed) 
Set to 4 for preamble puncturing in 80 MHz, where in 
the preamble only the secondary 20 MHz is punctured 
Set to 5 for preamble puncturing in 80 MHz, where in 
the preamble only one of the two 20 MHz 
sub-channels in secondary 40 MHz is punctured 
Set to 6 for preamble puncturing in 160 MHz or 
80+80 MHz, where in the primary 80 MHz of the 
preamble only the secondary 20 MHz is punctured 
Set to 7 for preamble puncturing in 160 MHz or 
80+80 MHz, where in the primary 80 MHz of the 
preamble the primary 40 MHz is present.(PHY Motion 
#161) 

B 18-821 Number Of 4 [f the SIG8 Compression field is 0, indicates the 
HE-SIG-B number of OFDM symbols in the HE-SIG-8 field 
Symbols Or minus 1.(#821) 
MU-MIMO 
Users If the SIGB Compression field is 1, indicates the 

number of MU-MIMO users minus 1.(#296) 

822 SIG8 Com- 1 Set to l for full BW MU-MIMO. 
pression Set to O otherwise. 

823-824 GI+LTF 3 [ndicates the GI duration(#l420) and HE-LTF size. 
Size(#l420) Set to I to indicate a 2x HE-LTF and 0.8 µs GI 

Set to 2 to indicate a 2x HE-L TF and 1.6 µs GI 
Set to 3 to indicate a 4x HE-L TF and 3.2 µs 
Gl(#2005) 

The value O is reserved(#Ed) 

825 Doppler 1 Set to O if Doppler mode is not used 
Set to 1 if Doppler mode is used(#2167) 

80-86 TXOP Dura- 7 Set to 127 to indicate no duration information. Set to 

HE-SIG- lion value other than 127 to indicate duration infom1ation 

A2 for NAY setting and protection of the TXOP. 

NOTE- The encoding of TXOP Duration field is the 
same as the TXOP _DURAT[ON parameter(#Ed) in 
TXVECTOR and RXVECTOR parameters .(#783) 
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B7 Reserved l Reserved and set lo l 

B8-B10 Number of 3 Indicates the number of HE-LTF symbols: 
HE-LTF Set to 0 for l HE-L TF symbol 
Symbols Set to l for 2 HE-L TF symbols 

Set to 2 for 4 HE-L TF symbols 
Set to 3 for 6 HE-L TF symbols 
Set to 4 for 8 HE-L TF symbols 
Other values are reserved.(#2127) 

B11 LPDC Extra l Indication of the presence of the extra OFDM symbol 
Symbol for LDPC. 

B12 STBC l [n an HE MU PPDU where each RU includes no more 
than l user, set to l to indicate all RUs are STBC 
encoded in the payload, set to Oto indicate all RUs are 
not STBC encoded in the payload. 
STBC is not applied in MU-MIMO RUs. 
STBC doesn't apply to HE-S[G-B .(#540) 

B13-B14 Pre-FEC 2 Indicates the pre-FEC padding factor(#l 626)(#2564) 
Padding value as defined in Pre-FEC Padding Factor.(#2534) 
Fae-
tor(#2564) 

B15 PE Disam- l Indicate PE Disambiguity as defined in Packet exten-
biguity sion.(#2534) 

B16-B19 CRC 4 CRC for bits 0-41 of the HE-SIG-A field (see CRC 
computation). The first bit to be transmitted is bit cl as 
explained in CRC computation).(#2535) 

B:20-B25 Tail 6 Used to terminate the trellis of the convolutional de-
coder. 
Set to 0. 

NOTE-Integer fields are transmitted in unsigned binary fom1at , LSB first , where the LSB is in the lowest 
numbered bit position. 

When the Bandwidth field is set to 5 or 7, the HE-SIG-B field may indicate which 20 MHz sub-channel(s) 
in the preamble of secondary 40 MHz channel are punctured by its RU allocation signaling; when the 
Bandwidth field is set to 6 or 7, the HE-SIG-B field may indicate which 20 MHz sub-channel(s) in the 
preamble of secondary 80 MHz channel are punctured by its RU allocation signaling. See HE-SIG-B for 
the RU allocation signaling. 
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It is optional for an HE STA to receive a preamble-punctured HE MU PPDU with the Bandwidth field in 
HE-SIG-A setting to a values 4 to 7. Whether or not an HE STA is capable of receiving 
preamble-punctured HE MU PPDU w ith the Bandwidth field of HE-SIG-A field setting to 4 , 5, 6, 7 are 
indicated by the Preamble Puncturing Receive Capable subfield in the HE Capabilities field (see 9.4.2.218 
(HE Capabilities element)). 

The HE-SIG-A field for an HE trigger-based PPDU contains the field s listed in HE-SIG-A field of an HE 
trigger-based PPDU. 

Table 26-18-HE-SIG-A field of an HE trigger-based PPDU(#Ed) 

Two Parts or 
Bit Field 

Number 
Description HE-SIG-A or hits 

BO Format l Set to O for an HE SU PPDU 
HE-SIG-Al Set to l for an HE trigger-based PPDU 

Bl-B6 BSS Color 6 The BSS Color field is an identifier of the BSS 

B7-B10 Spatial Re- 4 [f the Bandwidth field indicates 20 MHz, 40 MHz, or 
use l(SR 80MHz: 
Motion #11) Spatial Reuse field for the first 20 MHz subband 

(see NOTE 1) 

If the Bandwidth field indicates 160/80+80 MHz: 
Spatial Reuse field for first 40 MHz subband of the 
160 MHz operating band. (see NOTE I ) 

Set to O (SR disallowed Entry ) to disallow SRP-based 
spatial reuse (see 25.9 (Spatial reuse operation ) and 
25. 1 la (TXVECTOR parameters SPATlAL_REUSE 
for an HE PPDU)). 

Set to value 1 to 14 corresponding to SRP value (see 
Spatial Reuse subfield encoding) for SRP-based SR 
operation. 

The value 15 is reserved.(#226) 
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811-814 Spatial Re- 4 ff the Bandwidth field indicates 20 MHz, 40 MHz, or 
use 2 80MHz: 

Spatial Reuse field for the second 20 MHz subband 
(see NOTE 1) 
When operating 20 MHz, this field is set to same 
value as Spatial Reuse 1 field. 
When operating 40 MHz in 2 .4 GHz band, this field 
is set to same value as Spatial Reuse 1 field 

If the Bandwidth field indicates 160/80+80 MHz: 
Spatial Reuse field for second 40 MHz subband of 
the 160 MHz operating band. (see NOTE 1) 

Set to O (SR disallowed Entry) to disallow SRP-based 
spatial reuse (see 25.9 (Spatial reuse operation) and 
25.1 la (TXVECTOR parameters SPATIAL_REUSE 
for an HE PPDU)). 

Set to value 1 to 14 corresponding to SRP value (see 
Spatial Reuse subfield encoding ) for SRP-based SR 
operation. 

The value I 5 is reserved.(#226) 

B15-B18 Spatial Re- 4 If the Bandwidth field indicates 20 MHz, 40 MHz or 
use 3 80MHz: 

Spatial Reuse field for the third 20 MHz subband 
(see NOTE 1) 

When operating in 20 MHz or 40 MHz, this field is 
set to same value as Spatial Reuse 1 field. 

If the Bandwidth field indicates 160/80+80 MHz: 
Spatial Reuse field for third 40 MHz subband of the 
160 MHz operating band. (see NOTE 1) 
When operating in 80+80 MHz, this field is set to 
same value as Spatial Reuse l field. 

Set to O (SR disallowed Entry) to disallow SRP-based 
spatial reuse (see 25.9 (Spatial reuse operation) and 
25. l la (TXVECTOR parameters SPATIAL_REUSE 
for an HE PPDU)). 

Set to value 1 to 14 corresponding to SRP value (see 
Spatial Reuse subfield encoding ) for SRP-based SR 
operation. 

The value 15 is reserved.(#226) 
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B19-B22 Spatial Re- 4 If the Bandwidth field indicates 20 MHz, 40 MHz or 
use4 80MHz: 

Spatial Reuse field for the fourth 20 MHz subband 
(see NOTE 1) 
When operating in 20 MHz, this field is set to same 
value as Spatial Reuse 1 field. 
When operating in 40 MHz, this field is set to same 
value as Spatial Reuse 2 field. 

[f the Bandwidth field indicates 160/80+80 MHz: 
Spatial Reuse field for fourth 40 MHz subband of 
the 160 MHz operating band. (see NOTE l) 
When operating in 80+80 MHz, this field is set to 
same value as Spatial Reuse 2 field 

Set to O (SR disallowed Entry) to disallow SRP-based 
spatial reuse (see 25.9 (Spatial reuse operation) and 
25 . l la (TXVECTOR parameters SPATIAL_REUSE 
for an HE PPDU)). 

Set to value l to 14 corresponding to SRP value (see 
Spatial Reuse subfield encoding ) for SRP-based SR 
operation. 

The value 15 is reserved.(#226) 

B23 Reserved 1 Reserved and set to 1. 

NOTE-Unlike other Reserved fields in HE-SIG-A of 
the HE trigger-based PPDU, B23 does not have a 
corresponding bit in the Trigger frame.(PHY Motion 
#169) 

B24-B25 Bandwidth 2 For HE trigger-based PPDU: 
Set to O for 20 MHz 
Set to l for 40 MHz 
Set to 2 for 80 MHz 
Set to 3 for 160 MHz and 80+80 MHz(#2001) 

BO-B6 TXOP Dura- 7 Set to 127 to indicate no duration information. Set to 

HE-SIG- tion value other than 127 to indicate duration information 

A2 for NAV setting and protection of the TXOP. 

NOTE- The encoding of TXOP Duration field is the 
same as the TXOP _DURATION paran1eter(#Ed) in 
TXVECTOR and RXVECTOR parameters.(#783) 

B7-Bl5 Reserved 9 Reserved and set to value indicated in the Trigger 
frame 

Bl6-Bl9 CRC 4 CRC of bits 0-41 of the HE-SIG-A field. See CRC 
computation. The first bit to be transmitted is bit C3 as 
explained in CRC computation).(#2535) 
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Used to terminate the trellis of the convolutional de­
coder. 
Set to 0. 

NOTE 1-The four Spatial Reuse fields, 1, 2, 3, and 4 , are arranged in increasing order of frequency and 
correspond to: 

- For 20 MHz one Spatial Reuse field corresponding to the entire 20 MHz (other 3 fields indicate 
identical values) 

For 40 MHz two Spatial Reuse fields for each 20 MHz sub-band (other 2 fields indicate identical 
values) 

- For 80 MHz four Spatial Reuse fields for each 20 MHz sub-band 

• For an OFDMA transmission of a given BW, each of the Spatial Reuse fields that corresponds 
to a 20 MHz sub-band is also applicable to the 242-tone RU which is most closely aligned in frequen­
cy (in the tone-plan of that BW) with the aforementioned 20 MHz sub-band. The correspondence from 
an Spatial Reuse field to a 242-tone RU also holds for a ny RlJ wi thin the 242-tone RU. The above also 
implies that a 20 MHz OBSS ST A uses the Spatial Reuse field corresponding to its 20 MHz channel, a 
40 MHz OBSS ST A located on the lower frequency half of the 80 MHz BSS uses Spatial Reuse 1 
field, Spatial Reuse 2 field values and a 40 MHz OBSS ST A located on the upper frequency half of the 
80 MHz BSS uses Spatial Reuse 3 field , Spatial Reuse 4 field values 

- For 160 MHz and 80+80 MHz four Spatial Reuse fields for each 40 MHz sub-band 

• For an OFDMA transmission of a given BW, each of the Spatial Reuse fields that corresponds 
to a 40 MHz sub-band is also applicable to the 484-tone RU which is most closely aligned in frequen­
cy (in the tone-plan of that BW) with the aforementioned 40 MHz sub-band. The correspondence from 
an Spatia l Reuse field to a 484-tone RU also holds for any RU within the 484-tone RU. 

NOTE 2-lnteger fields are transmitted in uns igned binary format, LSB first, where the LSB is in the lowest 
numbered bit position. 

(#226)Spatial Reuse subfield encoding defines the encoding for the Spatial Reuse l, Spatial Reuse 2, 
Spatial Reuse 3 and Spatial Reuse 4 subfields. 
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Table 26-19-Spatial Reuse sub­
field encoding 

Value Meaning 

SR disallow 

SRP = -80 dBm 

SRP = -74 dBm 

SRP= -68 dBm 

SRP=-62 dBm 

SRP = - 56 dBm 

SRP= -50 dBm 

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

71



IEEE P802.11 ax/D0.5, September 2016 

7 SRP= -47 dBm 

8 SRP = -44 dBm 

9 SRP= -41 dBm 

10 SRP = -38 dBm 

11 SRP= -35 dBm 

12 SRP= -32 dBm 

13 SRP= -29 dBm 

14 SRP= -26 dBm 

15 Reserved 

SRP = TX PWRAP + Acceptable Receiver Interference levelAP 

Adjustment range for parameters (referenced to the antenna connector and normalized to 20 MHz 
bandwidth): 

TX PWRAr : - 10 dBm to 26 dBm 

Acceptable Receiver Interference LeveC\P: -82dBm to -36 dBm 

If SRP is below < -80 dBm, set Spatial Reuse to 1, if SRP is above - 26 dBm, set Spatial Reuse to 14. 
Same table is used for AP and ST A. 

26.3.1 O. 7 .3 CRC computation 

The CRC computation defined in this subclause applies to HE-SIG-A, the Common field of HE-SIG-B and 
the User Specific field of HE-SIG-B. 

The CRC is calculated over(#2015) bits 0 to 41 of the HE-SIG-A field and over bits 0 to L of the 
HE-SIG-B field (L = x for each HE-SIG-B common block field where x = N x 8 when the Center 26-tone 
RU subfield is present, and x = N x 8 - 1 otherwise, and L = 20 for the HE-SIG-B user specific fields). 
Refer to Common Block field for N and the conditions under which the Center 26-tone RU subfield is 
present. ( #2016)( #Ed) 

The value of the CRC field shall be the ls complement of 

crc(D) = (M(D) + l(D) )D
8
mod G( D) 

where 
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L 

M(D) = L llll_p' 
i = 0 

where 
L 

i = L-7 

G(D) is defined in Equation (19-18)(#2018) 

The CRC field is transmitted from c4 to c7 with c7 first.(#2286) 

Figure 19-8 (HT-SIG CRC calculation) shows the operation of the CRC, where the serial input are from mL 

to mo, and the output is stopped at c4. 

26.3.10.7.4 Encoding and modulation 

(26-l 7)For an HE SU PPDU, HE MU PPDU and HE trigger-based PPDU, the HE-SIG-A field is 
composed of two parts, HE-SIG-Al and HE-SIG-A2, each containing 26 data bits. HE-SIG-Al is 
transmitted before HE-SIG-A2. The HE-SIG-A symbols shall be BCC encoded at rate, R = 1/2, interleaved, 
mapped to a BPSK constellation, and have pilots inserted following the steps described in 17 .3.5.6 
(Convolutional encoder), BCC interleavers(#2183), 17 .3 .5.8 (Subcarrier modulation mapping), and 
17.3.5.9 (Pilot subcarriers)(#2771), respectively. The constellation mappings of HE-SIG-A in HE SU 
PPDU, HE MU PPDU and HE trigger-based PPDU are shown in Data tone constellation of HE-SIG-A 
symbols(#2772). The firs t and second half of the stream of 104 complex numbers generated by these steps 
(before pilot insertion) is divided into two groups of 52 complex numbers, where respectively, the first 52 
complex numbers form the first symbol of HE-SIG-A and the second 52 complex numbers form the second 
symbol of HE-SIG-A. If the TXVECTOR parameter BEAM_CHANGE is l , the time domain waveform 
for the HE-SIG-A field of an HE SU PPDU, HE MU PPDU and HE trigger-based PPDU shall be as 
specified in 

.(#2287)(#525) 

(26-17) 

N 20M Hz is defined in 21.3.7.3 (Channel frequencies) 
KSruft(i) = (NzoMHz - 1 - 2i) · 32 

Dk "0 = { 'H, ..., 

0, k = 0, ±7, ±21 

d r k , otherwise 
M20( · ),11 
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k + 28, -28 s. ks. -22 

k + 27, -20 s. ks. -8 

k + 26, -6 s. k s. -1 

k + 25, 1 s. k s. 6 

k + 24, 8 s. k s. 20 

k + 23, 22 s. ks. 28 
(#525) 

Pk and p,, are defined in 17.3.5.10 (OFDM modulation) 
NTone 

HE SIG A is defined in Tone scaling factor and guard interval duration values for HE PPDU 
fields (#476) 

,.Jrx 
l CS represents the cyclic shift for transmit chain irx with a value given in Cyclic shift for pre-HE 

modulated fields. 

(26- l8)If the TXVECTOR parameter BEAM_CHANGE is 0, the time domain waveform of the 
HE-SIG-A field shall be as given by 

(26-18) 

(#2288)( 
# 1050)(#525)where 

Tes, HE(m) represents the cyclic shift for space time stream m as defined in Cyclic shift for 
HE modulated fields(#l052) 

is defined in Erreur ! Source du renvoi introuvable.(#1094) 

k 

(26-56)AHELTF is defined in 

For an HE extended range SU PPDU, the HE-SIG-A field is composed of four parts, i.e. HE-SIG-Al, 
HE-SIG-A2, HE-SIG-A3 and HE-SIG-A4, each part containing 26 data bits. These four parts are 
transmitted sequentially from HE-SIG-Al to HE-SIG-A4. HE-SIG-Al and HE-SIG-A2 have the same data 
bits. HE-SIG-A3 and HE-SIG-A4 have same data bits. The data bits of HE-SIG-Al and HE-SIG-A3 shall 
be BCC encoded at rate, R = 1/2, interleaved, mapped to a BPSK constellation, and have pilots inserted. 
HE-SIG-A2 shall be BCC encoded at rate, R = 112, mapped to a QBPSK constellation without 
interleaving(#912) and have pilots inserted. The constellation mappings of the HE-SIG-A field in an HE 
extended range SU PPDU is shown in Data tone constellation of HE-SIG-A symbols. The QBPSK 
constellation on HE-SIG-A2 is used to differentiate between an HE extended range SU PPDU and an HE 
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Length = rTXTIME- 201 X 3 - 3 - m 

MU PPDU when m = 1 in 4 (# 1, which indicates HE MU PPDU or 
HE extended range SU PPDU(# l687). HE-SIG-A4 shall be BCC encoded at rate, R = 1/2, mapped to a 
BPSK constellation without interleaving(#913) and have pilots inserted. BCC encoding, Data interleaving, 
constellation mapping and pilot insertion follow the steps described in 17.3.5.6 (Convolutional encoder), 
BCC interleavers(#2183) , 17.3.5.8 (Subcarrier modulation mapping), and 17.3.5.9 (Pilot 
subcarriers)(#2774), respectively. 
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Figure 26-19--Data tone constellation of HE-SIG-A symbols 

(26-19)If the TXVECTOR parameter BEAM_CHANGE is 1, the time domain waveform for the 
HE-SIG-A field in an HE extended range SU PPDU, shall be as specified in 

(26-19) 

N20MHz-l 18 (y (RD + p) J (k- Ksmn<i8 w).), BW " k,n,20 Pn+2 k 

~ ~ . . ~ 
;B\V = 0 J.: = -28 . e xp(j2n(k - Kshut( 1BW ) )LlF, Pre-Hit - nTsYML - Te i, Legacy Pream ble Tes) 

2289)where 
R,, is a phase rotation vector defined as [l,j, 1, 1J(#2372) 

(26-20)If the TXVECTOR parameter BEA.i.vl_CHANGE is 0, the time domain waveform for the 
HE-SIG-A field in an HE extended range SU PPDU, shall be as specified in 

.(#2290)(#2531) 

(26-20) 
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26.3.10.8 
HE-SIG-B 

NlOM l:-l z. - I 

3 
l --;::======'WT. (t-nTSYMl.) 

J Tone L... SJ ML 

Nsrs · NHE-S1G-A11 = o 

28 
Nsrs [ [Q(i_,_.,, ) J [A4(k-Ksh;r,(inw)~ (RD +p ,.,Pk) J 

, , 4('· K · )) . 11 k. 11 20 11 + -L.... k-1 ,.,,- Shi n <tn1t· trx,m HE-LTF m, l · ' 

k = - 28 m = I .. exp(j2n(k- KShift(iBW) )liF. Pre-Hit - fl TSYML - TGI, Legacy Preamble Tes, HE(m)) 

26.3.10.8.1 Encoding and modulation 

The HE-SIG-B field is separately encoded on each 20 MHz band. The encoding structure in one such 20 
MHz band is shown in HE-SIG-B field encoding structure in each 20 MHz. It consists of a Common Block 
field followed by a User Specific field which together are referred to as the HE-SIG-B content 
channel(#2020). 

t~~~~Il~~ll 
l:-.•<C~l(f. N,..._~ 

Figure 26-20-HE-SIG-B field encoding structure 
in each 20 MHz 

The Common Block field of a HE-SIG-B content channel(#2020) contains information regarding the 
resource unit allocation such as the RU arrangement in frequency domain, the RUs allocated for 
MU-MIMO and the number of users in MU-MIMO allocations. The Common Block field is described in 
detail in HE-SIG-B common content. 

The User Specific field of a HE-SIG-B content channel(#2020) consists of one or more(#2022) User Block 
fields. Each User Block field is made up of two user fields that contain(#2020) information for two ST As to 
decode their payloads. The last User Block field may contain information for one or two STAs depending 
on whether the number of users indicated by the RU allocation signaling is odd and depending on the 
signaling of the center 26-tone RU(#302). See HE-SIG-B per-user content for a description of the contents 
of the User Block field. 

When the SIGB Compression field in the HE-SIG-A field of an HE MU PPDU is set to 1 (indicating full 
bandwidth MU-MIMO transmission), the Common Block field is not present and the content channel 
consists of only the User Specific field.(#2543) 
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26.3.10.8.2 Frequency domain mapping 

The 20 MHz PPDU contains one content channel in which the Common Block field and User Specific field 
are carried as shown in HE-SIG-B content channel for a 20 MHz PPDU. The Common Block field contains 
the RU allocation signaling for RUs that occur within the 242-tone RU boundary. 

~~-~~~-~~~~~ 
:;::r :=I,;;:,,: ~~~.;:~•_;;:-~~ ::~l.l.':. 

Figure 26-21-HE-SIG-B content channel for a 20 MHz PPDU 

:+:--S~ 
:w:~ 
:eru...~ 

The 40 MHz PPDU contains two content channels, each occupying a 20 MHz segment. Each content 
channel contains a Common Block field followed by User Specific field as shown in HE-SIG-B content 
channel for a 40 MHz PPDU. The content channels are ordered in increasing order of the absolute 
frequency i.e., the first content channel carries Common Block field and User Specific field corresponding 
to RUs whose subcarrier indices fall between [-244: - 3) and the second content channel carries Common 
Block field and User Specific field corresponding to RUs whose subcarrier indices fall between 
[3:244).(#2544) If a 484-tone RU is signaled, both content channels will carry Common Block field and 
Use1· Specific field corresponding to the 484-subcarrier RU. 

Figure 26-22-HE-SIG-B content channel for a 40 MHz PPDU 

The 80 MHz PPDU contains two content channels each of which are duplicated once as shown in Default 
mapping of the two HE-SIG-B channels and their duplication in an 80. The arrangement of the content 
channels are in increasing order of the absolute frequency where HE-SIG-B content channel 1 occupies the 
tones in the 20 MHz segment with the lowest subcarrier indices followed by the HE-SIG-B content channel 
2 in the adjacent 20 MHz segment. This structure of the first content channel occupying the lower 
subcanier index followed by the second content channel is repeated with content duplication in the 
remaining two 20 MHz segments, respectively. The first content channel appearing in the 20 MHz 
segments canies a Common Block field and User Specific field corresponding to RUs whose subcatTiers 
indices overlap those segments.(#2544) The Common Block field of content channel 1 contains the 
following: an RU allocation signaling field for RUs with subcarrier indices in the range [-500:-259), 
followed by a second RU allocation signaling field for RUs with subcarrier indices between [17:258) and 1 
bit to indicate the presence of the user field corresponding to the center 26-tone RU that spans subcaniers 
[- 16> 4, 4: 16).(#1692) The second content channel carries a Common Block field and User Specific field 
corresponding to RUs whose subcarrier indices fall in those segments. The Common Block field of content 
channel 2 contains the following: an RU allocation signaling field for RUs whose subcarrier indices fall in 
the range [-258:-17], followed by a second RU allocation signaling field for RUs with subcaITier indices 
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between [259:500) and l bit to indicate presence of the user field corresponding to the center 26-tone RU 
that spans subcarriers [-16:-4, 4 : 16). The same value for the bit signaling presence of the center 26-tone 
RU is carried in both content channels.(#1692) The user fields in the User Specific field that follow the 
common field are arranged in the same order as the RU allocation signaling. When assigned, the user field 
corresponding to the center 26-tone RU that spans subcarriers [-16:-4, 4: 16] is carried as the last user field 
in the HE-SIG-B content channel l.(#1692)(#2023) When RUs greater than 242 subcarriers are signaled in 
the RU allocation signaling in a portion of the bandwidth, the signaling is carried in both content channels 
placed in the order of the absolute subcarrier index. 

------1 .- ~ .. - ~=·~~;~,_...:_ -. ~-, -.-,_-_-..... ~-----~. ;;,l."='"YC:&~ '.~~;-..· ----~ 
~:,., I ~ ~~~.,~~:- ~"'~-~:-.~~~~ ... ~~~> 
>:i:ii ~J /~--~ :t,..~~~~-~~~ 

><,;~ r---J(" . ~ ' "'-~:m->;1'\..'CS~C<r : ~~~~:""~,..,_~~<:Sl;, --- i .. ).:.,.V>- .... ~~"l3s -~~~ ..... ~~~. 
~ - ·~ :~_ .i;:$,.~ ~ • 

-.1!,,;> (_,...1\:.:-'_ ~;,,_~~,~~~ ~~~~~~--~~."<'.::i~:~:u~ 
:«: --Jt ' =,..,,,.;,i;!:<,.--,.,3;;: CJ \.,, s:;,;AA:=e,~~~~~:'.~~-~"~' 

,.-;:~= 
,:;.~~ 
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Figure 26-23-Default mapping of the two HE-SIG-B channels and their duplication in an 
80 MHz PPDU 

The 160 MHz PPDU contains two content channels each of which are duplicated four times as shown in 
Default mapping of the two HE-SIG-B channels and their duplication in a 16. The arrangement of the 
content channels are in increasing order of the absolute frequency.(#2023) The first content channel 
occupies the tones in the 20 MHz segment with the lowest subcarrier indices and the second content 
channel in the adjacent 20 MHz segment. This pattern of arranging HE-SIG-B content channel l and 
HE-SIG-B content channel 2 is duplicated over the other segments. The HE-SIG-B content channel l and 
HE-SIG-B content channel 2 carries RU allocation signaling at 242-tone RU granularity that overlap with 
the 20 MHz segments in which the content channels are carried (including duplication). The signaling for 
the presence of the user field con-esponding to a center 26-tone RU in the 80 MHz segment with the lower 
sub-carrier index is carried in HE-SIG-B content channel I as a I-bit sub-field placed at the end of the 
Common field. Similarly, signaling for the center 26-tone RU in the 80 MHz segment with the higher 
subcarrier index is can-ied in HE-SIG-B content channel 2 as I-bit sub-field placed at the end of the 
common field . When assigned, the user field corresponding to the center 26-tone RU in the 80 MHz 
segments is carried as the last user field in their respective content channels.(# 1692) When RUs greater 
than 242 subcarriers are signaled in the RU allocation signaling in a portion of the bandwidth, the signaling 
is carried in both content channels placed in the order of the absolute sub-carrier index. 
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Figure 26-24-Default mapping of the two HE-SIG-B channels and their duplication in a 
160 MHz PPDU 

For an MU-MIMO allocation of RU size greater than 242 subcarriers(#2546), the User Block subfields are 
dynamically split between the two HE-SIG-B content channels (1/2) and the split is decided by the AP (on 
a per case basis) . See HE-SJG-B common content and HE-SIG-B per-user content(#l006) for more details. 

(PHY Motion #l6l)When preamble puncturing is present as indicated by values 4 to 7 in the Bandwidth 
field of HE-SIG-A field of an HE MU PPDU (see HE-SIG-A field of an HE MU PPDU), the frequency 
domain structure of HE-SIG-B is the same as defined for the full bandwidth, i.e. the HE-SIG-B field 
frequency domain structure is solely dependent on the total bandwidth. 

26.3.10.8.3 Time domain encoding 

In each 20 MHz band, the bits in the Common Block field shall have CRC and tail bits added and then be 
BCC encoded at rate R = ½. The CRC bits are computed as described in CRC computation.(#2025) 
Padding bits are not added after the common block. 

In the User Specific field, in any 20 MHz band, the bits corresponding to two STAs (i.e. two User fields) 
are encoded together. Specifically, the STAs scheduled in the HE MU PPDU(#Ed) are split into groups of 
two. Each group of two User fields shall have CRC and tail bits added and then BCC encoded at rate R = ½ 
using the encoder described in 17.3.5.6 (Convolutional encoder)(#307). If the number of users in the 
content channel is odd, the User Block field corresponding to the last user, who is not grouped, is encoded 
after adding tail and CRC bits. After encoding, padding bits are added to each content channel to round up 
the number of symbols the content channel occupies to the nearest integer value. Further padding is added 
to each content channel until the number of OFDM symbols in the content channel equals the Number of 
HE-SIG-B symbols signaled by a 4-bit field in the HE-SIG-A field for an HE MU PPDU. Thus, padding 
ensures that the content channels in different 20 MHz bands end at the same OFDM symbol.(#306) 
(#2027)For both the Common Block and User Specific fields, when the code rate is not equal to ½, the 
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convolutional encoder output bits for each field (including padding bits) are concatenated, then the 
concatenated bit streams are punctured as described in 17.3.5.6 (Convolutional encoder)(#307)(#2028). 

The coded bits are interleaved as in BCC interleavers. The interleaved bits are mapped to constellation 
points from the MCS specified in HE-SIG-A and have pilots inserted following the steps described in 
17.3.5.8 (Subcarrier modulation mapping) and 17.3.5.9 (Pilot subcarriers)(#307), respectively.(#2183) 

The guard interval(#915) used for HE-SIG-B shall be 0 .8 µs.(#2030) 

The number of OFDM symbols in the HE-SfG-B field, denoted by N s rM,HE-SJG-B, shall be signaled by a 4-bit 
field in the HE-SIG-A field of a HE MU PPDU(#477) (see (#1304)Content(#2781)). 

(26-21)(#203l)For the c-th content channel (c = l or 2), denote the sample on the k-th data(#525) 
subcaITier of then-th symbol by dk.n .c• The time domain waveform for the HE-SIG-B follows 

(26-21) 

#525)where 
r 

l',f,_Jk) 

NsrM. HE -SIG __ A 

J Tone 
N7-x. NHE-S[G-B n=O 

is the phase rotation value for HE-SIG-B field PAPR reduction. When the HE-SIG-B field is 
r,1,l ,k) = l 

modulated with MCS=0 and DCM=l, 2
"' • For aJI other modulation schemes of 

HE-SIG-B field, 

(#525) 
N20MHz and Ks11 ;r,(i) are defined in 21.3.8.2.4 (L-SIG definition)(#2782) 

80 

; { 0, k = 0, ± 7, ±21 D Seg . 

k~
11

,'aw d ,. . . .-, 'otherwise 
M2</k), 11, (1 8 wmod ~>+I 

k + 28, - 28 s ks -22 

k + 27, - 20 s ks -8 

k + 26, -6 s k s -1 

k+ 25, 1 s ks 6 

k + 24, 8 s k s 20 

k + 23, 22 s ks 28 
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Pk andp,, are defined in 17.3.5.10 (OFDM modulation)(#307) 
NSYM, HE-SIG-B his the number of OFDM symbols in the HE-SIG-B field 

26.3.10.8.4 HE-SIG-B common content 

The Common Block field in the HE-SIG-B field carries the RU allocation subfields . Depending on the 
PPDU bandwidth, the Common Block field can contain multiple RU Allocation subfields. The format of 
the Common Block field is defined in Common Block field . 

Table 26-20-Common Block field(#2024) 

Subfield Number Description 
of bits 

RU Allocation Nx8 Indicates the RU arrangement in the frequency domain. It 
also indicates the number of user fields in each RU. For RUs 
of size greater than or equal to 106-tones that support 
MU-MIMO, it indicates the number of users multiplexed 
using MU-MIMO. 
N = 1 for a 20 MH z and a 40 MHz HE MU PPDU 
N = 2 for an 80 MHz HE MU PPDU 
N = 4 for a 160 MHz or 80+80 MHz HE MU PPDU 

Center 26-tone l This field is present only for full bandwidth 80 MHz, 
RU 160 MHz and 80+80 MHz. 

For full bandwidth 80 MHz: 
Set to I to indicate that the center 26-tone RU is allocated 
in the Common Block fields of both HE-SIG-B content 
channels with the same value. 
Set to 0, otherwise . 

For full bandwidth 160 MHz or 80+80 MHz: 
Set to I to indica te that the center 26-tone RU is a llocated 
for one individual 80 MHz in the Common Block fields of 
both HE-SIG-B content channels. 
Set to 0, otherwise. 

CRC 4 See CRC computation 

Tail 6 Used to terminate the trellis of the convolutional decoder. Set 
to0 

NOTE-Integer fields are transmitted in unsigned binary format, LSB first, where the LSB is in 
the lowest numbered bit position .(#1010) 

An RU Allocation subfield in the Common Block field of HE-SJG-B consists of 8 bits that indicates the 
following for a 20 MHz PPDU BW: 

The RU arrangement in the frequency domain: indexes the size of the RUs and their placement 
in the frequency domain_ 
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Number of user fields in each RU in the HE-SIG-B content channel: the number of users 
multiplexed in the RUs indicated by the arrangement; for RUs of size greater than or equal to 106 
tones that support MU-MIMO, it indicates the number of users multiplexed using MU-MIMO. 

The mapping of the 8-bit RU Allocation subfield to the RU arrangement and the number of user fields per 
RU is defined in the RU allocation signaling: arrangement and number of MU-MIMO al. In the table, the 
number of entries column refers to the number of 8-bit indices that refer to the same RU arrangement in the 
frequency domain but differ in the number of users fields per RU. The RU arrangement and the number of 
user fields per RU together indicate the number of user-fields in the User specific field of HE-SIG-B. 
Signaling for the center 26-tone RU in BW:::: 80 MHz follows the RU Allocation subfields. For full BW 
80 MHz, 1 bit is added to indicate if center 26-tone RU is allocated in the Common Block fields of both 
HE-SIG-B content channels with same value. For full BW 160 MHz, I bit is added to indicate if cen•~r 
26-tone RU is allocated for one individual 80 MHz in common block fields of both HE-SIG-B content 
channels(#lO0l). 

82 

Table 26-21-RU allocation signaling: arrangement and number of MU-MIMO alloca­
tions(#2032) 

8 bits indices 
Number 

(B7 B6 BS B4 #1 #2 #3 #4 #5 #6 #7 #8 #9 
of entries 

B3 B2 Bl BO) 

00000000 26 26 26 26 26 26 26 26 26 1 

00000001 26 26 26 26 26 26 26 52 1 

00000010 26 26 26 26 26 52 26 26 l 

00000011 26 26 26 26 26 52 52 1 

00000100 26 26 52 26 26 26 26 26 l 

00000101 26 26 52 26 26 26 52 1 

000001 10 26 26 52 26 52 26 26 1 

0000011 l 26 26 5 2 26(# 52 52 I 
1060 

) 

00001000 52 26 26 26 26 26 26 26 I 

00001001 52 26 26 26 26 26 52 1 
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00001010 52 26 26 26 52 26 26 l 

00001011 52 26 26 26 52 52 l 

00001 100 52 52 26 26 26 26 26 I 

00001101 52 52 26 26 26 52 1 

00001 110 52 52 26 52 26 26 l 

00001 111 52 52 26(# 52 52 1 
1060 

) 

00010y1y1yo 52 52 - 106 8 

OOO l ly2y1yo 106 - 52 52 8 

OOlOOy1y1yo 26 26 26 26 26 106 8 

00101y1y1 yo 26 26 52 26(# 106 8 
1060 

) 

OOl lOy2y1yo 52 26 26 26 106 8 

OOllly1y1yo 52 52 26 106 8 

OlOOOy 2y1yo 106 26 26 26 26 26 8 

OlOOly1y1yo 106 26 26 26 52 8 

OlOlOy2y 1yo 106 26 52 26 26 8 

0 l01 ly2y1yo 106 26 52 52 8 

01 IOy1yoz1zo l06 - 106 16 

Copyright © 201 6 IEEE. All rights reserved. 1 
This is an unapproved IEEE Standards Draft , subject to change. 

BNSDOCID: <XP _ _ 68137445A I > 

83



IEEE P802.11 ax/O0.5, September 2016 

01110000 52 52 - 52 52 1 

01110001 242-tone RU empty l 

Oil 10010 484-tone RU w ith ze ro HE-S[G-B User Specific field in the corresponding l 
HE-S[G-B Content Channe l 

01110011 996-tone RU with zero J-IE-S[G-B User Specific fie ld in the corresponding l 
HE-S[G-B Content Channel 

Oll lOl x1xo Reserved( #2035) 4 

Olllll x1xo Reserved(#2035) 8 

lOy2y 1yoz2z1zo 106 26 106 64 

l lOOOy 2y1yo 242 8 

l lOOly2y1yo 484 8 

l l010y2y1yo 996 8 

l l0 l l y2y1yo 2 x 996 8 

l l lx4XJX2x 1xo Reserved( #2035) 32 
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y2y1yo = 000-111 indicates number of STAs multiplexed in the only 106-tone RU or the left 106-tone RU if 
there are two 106-tone RUs(#2035). The binary vector y2y1yo is indexed as [y[3]y[2]y[l]] indicates 
22 x y[3] + 21 x y[2] + y[l] + 1 ST As multiplexed in the RU. 

z2z1zo = 000-111 indicates number of STAs multiplexed in the right 106-tone RU if there are two 106-tone 
RUs(#2035). The binary vector z2z1zo is indexed as [z[3]z[2]z[l]] indicates 22 x z[3] + 21 x z[2] + z[l] + 1 
ST As multiplexed in the RU. 

Similarly, y1yo = 00-11 indicates number of STAs multiplexed in the left 106-tone RU#2035). The binary 
vector y1yo is indexed as [y[2Jy[lJ] indicates 21 x y[2] + y(lj + l ST As multiplexed in the RU . 

Similarly, z1zo = 00-11 indicates the number of STAs multiplexed in the right 106-tone RU(#2035). The 
binary vector z1zo is indexed as [z[2]z[l]] indicates 21 x z[2] + z[l] + l ST As multiplexed in the RU. 

#1 to #9 (from left to the right) is ordered in increasing order of the absolute frequency .(#2035) 

XI XO= 00- [ l, X4X3X2X I XO= 00000-1 1111.(#2035) 

·- ' means no STA in that RU. 

The number of RU Allocation subfields in the Common Block field depends on the PPDU bandwidth 

In the default mode, for a 20 MHz and a 40 MHz PPDU, each HE-SIG-B content channel 
contains one RU Allocation subfield followed by multiple user fields. The position of the user-field 
in the user-specific field together with the 8-bit RU AJlocation subfield indicates the RU 
assignment to the user. 

In the default mode for an 80 MHz PPDU, each HE-SIG-B content channel contains two RU 
Allocation subfields for a total of 16 bits of RU allocation signaling, one each for the RUs in the 
two 20 MHz segments of the HE-SIG-B content channel. The user fields corresponding to the first 
RU allocation signaling field are followed by the user fields indicated by the second RU allocation 
signaling field in the user specific field. 

In the default mode for a 160 MHz PPDU, each HE-SIG-B content channel contains four RU 
Allocation subfields for a total of 32 bits of RU allocation signaling, one each for the RUs in the 
four 20 MHz segments of the HE-SIG-B content channel. The user fields for each of the 20 MHz 
segments in the content channel are arranged by the order in which their RU allocation signaling 
fields appear in the common field.(#2784) 

26.3.10.8.5 HE-SIG-B per-user content 

The user-specific field consists of multiple user fields. The user fields follow the common block field of 
HE-SIG-B. The RU allocation subfield in the Common block field and the position of the user field in the 
HE-SIG-B user specific field together identify the RU used to transmit a STA ' s data. Multiple RU 
allocations addressed to a single ST A shall not be allowed in 802.1 lax. Therefore, the signaling that 
enables STAs to decode its data is carried in only one user field.(#1010) An example for the mapping of the 
8-bit RU allocation subfield and the position of the user field to an ST A's data is illustrated in Illustration 
for the mapping of the 8-bit RU allocation subfield and the positi. The RU arrangement signaling indicates 
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an arrangement of 106-tone RU followed by five 26-tone RUs and that the 106-tone RU contains three 
user-fields, i.e., the 106-tone RU supports multiplexing of three users using MU-MIMO. The eight user 
fields in the HE-SIG-8 user-specific field thus map to the 6 RUs, with the first three user fields indicating 
MU-MIMO allocations in the first 106-tone RU followed by user fields corresponding to the each of the 
five 26-tone RUs. 
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Figure 26-25--lllustration for the mapping of the 8-bit RU allocation subfield 
and the position of the user-field to the ST A's assignment(PHY Motion #172) 

The contents of the user field differ based o n whether the field addresses a single-STA in an RU or a STA 
in an(#2817) MU-MIMO allocation in an RU. Irrespective of whether the allocation is for a STA in 
an(#l96) SU or an MU-MIMO allocation, the size of the user field is the same. 

The HE-SIG-B user field for an(#916) SU allocation contain the subfields show n in Fields of the 
HE-SIG-Buser field for an. 

Bil 
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Table 26-22-Fields of the HE-SIG-Buser field for an(#916) 
non-MU-MIMO(#1101) allocation(#2037) 

I 

Number 
Field of hits Description 
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The STA-ID refers to the AID described in 9.4.1.8 
(AID field). The 11 LSBs of the AID field are used to 
address the STAs in this field.(#1002) 

For RUs tha t carry a broadcast allocation: 

- For single 8SS AP, the STAID for 
broadcast will be 0 

- For Multiple 8SS AP, the STAID for 
broadcast to a specific 8SS will follow the 
group addressed AID assignment in the TIM 
according to the existing Multi-8SSID TIM 
operation 

For multiple 8SS AP. the ST AID for 
broadcast to al l BSS of the AP is set to 
2047(#2681) 

STAID value 2046 is used to indicate that 
the RU carries no data 

- When a ST A transmits on the uplink using 
the HE MU PPDU format , the STA-ID field 
is populated by the AID of the transmitter 
ass igned by the AP 

Number of spatial streams. 

Set to the number of space time streams minus I .(#Ed) 

Use of transmit beamforming. 

Set to l if a beamforming steering matrix is applied to 
the waveform in an SU transmission. 
Set to O otherwise. 

Modulation and coding scheme 

Set to n for MC Sn, where n = 0. I .2 ..... 11 
Values 12 to 15 are reserved 

Indicates whether or not dual carrier modulation is 
used. 

Set to I to indicate that the payload of the HE MU 
PPDU is modulated with dual carrier modulation 
for the MCS. 
Set to O indicates that the payload of the PPDU is 
not modulated with dual carrier modulation for the 
MCS . 

Indicates whether BCC or LDPC is used. 
Set to O for 8CC 
Set to l for LDPC 
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NOTE-lnteger fields are transmitted in unsigned binary format, LSB firs t, where the LSB is in 
the lowest numbered bit position.(#10 10) 

T he HE-SIG-Buser field for an STA in MU-MIMO allocation contain the subfields shown in Fields of the 
HE-SIG-Buser field for an. 

Table 26-23-Fields of the HE-SIG-B user field for an(#2817) MU-MIMO 
allocation(#2037) 

Bit Field 
Numher 

Description of hits 

80-BLO STA-ID 11 
The STA-ID refers to the AID described in 9.4.l.8 
(AID field). The 11 LSBs of the AID field are used to 
address ST As in this fie ld .(#1003) 

B11-B14 Spatial Con- 4 Indication for the number of spatial streams for a ST A 
figuration in an(#2817) MU-MIMO allocation. See Spatial Con-

figurat ion subfield encoding . 

815-B18 MCS 4 Modulation and coding scheme. 

Setton for MCSn , where n = 0 , I, 2, . . .. ll 
Values 12 to 15 are reserved 

B19 DCM l Indicates whether or not dual carrier modulation is 
used. 

Set to I to indicate that the payload of the HE MU 
PPDU is modulated with dual carrier modulation 
for the MCS . 
Set to O indicates that the payload of the PPDU is 
not modulated with dual carrier modulation for the 
MCS. 

820 Coding I [ndicates whether BCC or LDPC is used . 
Set to O for BCC 
Set to I for LDPC 

NOTE- Integer fields are transmitted in unsigned binary format, LSB first, where the LSB is in 
the lowes t numbered bit position .(#10 10) 

A user field for an MU-MIMO allocation includes a Spatial Configuration subfield consisting of 4 bits that 
indicates the number of spatial streams for each ST A and the to tal number of spatial streams in the 
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MU-MIMO allocation. The subfield shown in Spatial Configuration subfield encoding is constructed by 
using the entries corresponding to the value of number of users (Nuser) multiplexed using MU-MIMO in an 
RU. When MU-MIMO is used in an RU of size less than or equal to 242 subcarriers(#310), the number of 
users (Nuser) in an MU-MIMO allocation is equal to the number of user fields per RU signaled for the RU in 
the RU allocation subfield of an HE-SIG-B Common block field. When MU-MIMO is used in RUs of size 
greater than 242 subcarriers(#310), the number of users (Nu ser) in an MU-MIMO allocation is computed as 
the sum of the number of user-fields per RU indicated for the RU by the 8-bit RU allocation subfield in 
each HE-SIG-B content channel. For a given value of Nuse/#2786), the four bits of the spatial configuration 
subfield are used as follows : A ST A with a ST A-ID that matches the 11-bit ID signaled in the user field for 
an MU-MIMO allocation derives the number of spatial streams all.ocated to it us ing the row corresponding 
to the signaled 4-bit spatial configuration subfield and the column c01Tesponding to the position of the user 
field in the user-specific field. The starting stream index for the ST A is computed by summing the Nsts in 
the columns prior to the column indicated by the STA' s user-field position. In the case of load balancing 
for RUs of size greater than 242 subcarriers(#3 l0) where user fields corresponding to the same MU-MIMO 
allocations are split into two HE-SIG-B content channels, the user-field positions are logically continuous 
with the first user field corresponding to the same RU(#3 IO) in the second HE-SIG-B content channel 
updating its position (and therefore, column index) from that of the last user field in the first HE-SIG-B 
content channel. 

Table 26-24-Spatial Configuration subfield encoding 

Nuser 
B3 ... B0(#2 Nsts Nsts Nsts Nsts Nsts Nsts Nsts Nsts Total Number 

035) [1] [2] [3] [4] [5] [6] [7] [8] Nsts of entries 

0000-0011 1-4 1 2-5 

0100-0110 2-4 2 4-6 

2 10 
0111-1000 3-4 3 6-7 

1001 4 4 8 

0000-0011 1-4 1 1 3-6 

0100-0110 2-4 2 1 5-7 

3 
0111-1000 3-4 3 1 7-8 

13 

1001-1011 2-4 2 2 6-8 

1100 3 3 2 8 

4 
0000-0011 1-4 1 l 1 4-7 

11 
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0100-0110 2-4 2 1 l 6-8 

0111 3 3 l 1 8 

1000-1001 2-3 2 2 l 7-8 

1010 2 2 2 2 8 

5 0000-0011 1-4 l 1 l 1 5-8 6 

0100-0101 2-3 2 1 1 1 7-8 

6 0000-0010 1-3 l l l l l 6-8 4 

0011 2 2 1 l l l 8 

7 lXJ00-0001 1-2 l l l l I l 7-8 2 

8 0000 I 1 I l 1 l l I 8 1 

When the SIGB Compression field in the HE-SIG-A field of an HE MU PPDU is set to I (indicating full 
bandwidth MU-MIMO transmission), the number of STAs in the MU-MIMO group is indicated in the 
'SIGB Number of Symbols/Number of MU-MIMO users field' in the HE-SIG-A field. For bandwidths 
larger than 20 MHz, the User block fields are split equitably between two HE-SIG-B content channels, i.e., 

for a k user MU-MIMO PPDU, l, · · ·, f k/ 27 User block fields are carried in HE-SIG-B content channel l 

and f k/ll + l, · · ., k User block fields in HE-SIG-B content channel 2 .(#2543) 

The total number of spatial streams (total Nsrs) is computed by summing all columns for the row signaled 
by the spatial configuration subfield and is indicated in Spatial Configuration subfield encoding under the 
column Total Nsts(#3 l l ). 

26.3.10.9 HE-STF 

(26-22)The main purpose of the HE-STF field is to improve automatic gain control estimation in a 
MIMO transmission. The duration of the HE-STF field for HE PPDUs except HE trigger-based PPDUs is 
THE-STF-NT(#3 l2) (periodicity of 0.8 µs with 5 periods) and the duration of the HE-STF field for an HE 
trigger-based PPDU is THE-STF-T(#312) (periodicity of 1.6 µs with 5 periods). The tone indices for HE-STF 
field for HE PPDUs except HE trigger-based PPDUs is defined in 
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(26-22) 

(26_23lsrF: HE-SfF tone index 

trigger-based PPDU are defined in 

(26-23) 

isrF: HE-SfF tone index 

IEEE P802.11 ax/O0.5, September 2016 

The tone indices for HE-STF fields for an HE 

For the HE-STF field, the M sequence is defined by M. 

(26-24)M= {-1, -1, -1, 1, l, 1, -1, 1, l, 1, -1, 1, 1, -1, l} 

The HE-STF field is constructed from the M sequence(s) multiplied by ( 1 + }) / .fi or (- 1 - }) / .fi and 

extra coefficients se lected out of ( 1 + }) / .fi or ( - 1 - j) / .fi at tone indices which are null but shall 
have the HE-STF coefficients after mapping M sequences to each 20 MHz subchannel.(#313) 

(26-25)For a 20 MHz transmission, the frequency domain sequence for HE PPDUs except HE 
trigger-based PPDUs is given by 

(26-25) 

H£S_1 12:16: 112 

HES0 = 0 

= {M}-(l+j)/✓2 

where HES":b:.: means coefficients of the HE-STF on every b tone 
indices from a to c tone indices and coefficients on other tone indices are set to zero. 

(26-26)For a 40 MHz transmission, the frequency domain sequence for HE PPDUs except HE 
trigger-based PPDUs is given by 

(26-26) 

HES , 10.16-,, ,w = { M, 0, -M} · (1 + j) l ./i . . . . 
(26-27) ·-· · ·- For an 80 MHz trans1111ss10n, the frequency domam 

sequence for HE PPDU s except HE trigger-based PPDUs is given by 
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(26-27) 

(26 28) HES_496·16-496 = {M, l, -M, 0, -M, l, -M}. ( 1 + j)/ Ji F 160 MH . . h - · · · · or a 1 z transrruss1on, t e 
frequency domain sequence for HE PPDUs except HE trigger-based PPDUs is given by 

.(#529) 

(26-28) 

(
26

_
27

)HES __ 1008 ,16,1008 = {M, l, -M, 0, - M, 1, -M, 0, - M, - 1, M, 0, - M, 1, -M} · (1 + j) / Ji For an 

80+80 MHz transmission, the primary 80 MHz segment for HE PPDUs except HE trigger-based PPDUs 
shall use the HE-STF pattern for the 80 MHz defined in 

(26-29)For an 80+80 MHz transmission, the frequency domain sequence of the secondary 80 MHz 
segment for HE PPDUs except HE trigger-based PPDUs is given by 

.(#529) 

(26-29) 

(26-30)HES-496:J 6 :4% = {-M, -l, M, O,-M, l, -M} · (l + j) / ./2.For a 20 MHz transmission, the 

frequency domain sequence for HE trigger-based PPDUs is given by 

(26-30) 

26 3l)HES PO·S·PO = {M, 0, -M}. ( l + j)/ Ji F 40 MH . . th f d . ( - · - · · - or a 1 z transm1ss10n, e requency omam 
sequence for HE trigger-based PPDUs is given by 

(26-31) 

f/ES_z4s,s:24s = {M,-1, -M, 0, M, -1, M} · (1 + j) / Ji 

(26-32)f/ES.1_z43 = O For an 80 MHz transmission, the 
frequency domain sequence for HE trigger-based PPDUs is given by 
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(26-32) 

HES_504 ,8504 = {M, - 1, M, -1, -M, - 1, M, 0, -M, 1, M, l, - M, 1, -M} · ( 1 + j)/ Ji 
(26-33)HES±504 = O For a 160 
MHz transmission, the frequency domain sequence for HE trigger-based PPDUs is given by 

.(#530) 

(26-33) 

H£S_1016 ,8,1016 = {M, -1, M, -1, -M, -1, M, 0, -M, 1, M, 1, -M, 1, -M, 0 

-M, l, -M, 1, M, l, -M, 0, -M, l, M, 1, -M, l, -M} · (1 + j) / Ji 
(26-32)H£S±8 = 0, HES=. 1016 = 0 For an 

80+80 MHz transmission, the primary 80 MHz segment for HE nigger-based PPDUs shall use the HE-STF 
pattern for the 80 MHz defined in 

.(#530) 

(26-34)For an 80+80 MHz transmission, the frequency domain sequence of the secondary 80 MHz 
segment for HE trigger-based PPDUs is given by 

.(#530) 

(26-34) 

H£S_504 ,8,504 = {-M, 1,-M, l,M, l,-M,0,-M, l,M, 1, -M, 1,-M} ·(l +j) l -fi 

(26-25)H£S±504 = 0 

OFDMA transmission, the coefficients in 

(26-32) to 

For an 

are set to zero if those values are con-esponding to tone indices for which no RUs are defined (see 
Math)(#9 l 7). 

(26-35)The time domain representation of the signal for HE PPDUs except HE trigger-based PPDUs on 
frequency segment iseg of transmit chain irx shall be as specified in 

(26-35) 
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e 

N user, r- l Ns rs, r, u 

I: 
k E K 

L L (riHE STr'. k [ Q~is,glrx, M , . • +mHESk, exp(j2rck!),,.F, IIE(t- Tes, HEf-Mr," + m)))) 

u=O m=l wher 

a.r is the power boost factor for the r-th RU. A ST A shall support a.r in the range [0. 7, Ji]. A 

STA may support a.r in the range [0.5 , 2] .(#1689) 
TIHE-STF.k is an HE PPDU format dependent scaling factor, defined by 

Q
(is , ,) 
k 

_ f ./2, for an HE extended range SU PPDU 
11HE-STF, k - 1 I . 

l l ot 1erwtse 
' (#2045)(#526) 

is ilie pe,-RU ;~:'( "~~~:;t":[JI ~;1::rd by 

, r = l (#315) 

IKrl is the cardinality of the set of subcarriers Kr 
HE•STF 

Kr is the set of subcarriers that have non-zero values within K , in the HE-STF 
field(#2046) 

represents the cyclic shift for space time stream M,-,u + m as defined in Cyclic 
shift for HE modulated fields(#l052) 

is defined in Erreur ! Source du renvoi introuvable.(#1094) 

is the windowing function for HE-STF field in the non-HE trigger-based PPDU 

The time domain representation of the signal for HE trigger-based PPDUs on frequency segment iseg of 
transmit chain irx shall be as specified in 

Us,, irx ) l ) 
r , (t) = -;::=======w (t 

HE-STF JI HE,STFJ T H E ST F-T 

Kr 1NsTS.r. total 
Nsrs, r,u 

L L ([Qus,)_ _ HESk•exp(j2rck!),,.F. HE(t-Tcs. HE(Mr.u +m)))1 
k J ,r y_, (i\,fr u +m) I) 

k E K Ill = I . • 

(#3. 

(26-36) (#316) 

where 

is the windowing function for HE-STF field in the HE trigger-based PPDU 

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

BNSDOCID: < XP~~-68137445A I > 

94



IEEE P802.11ax/D0.5, September 2016 

26.3.10.10 HE-L TF 

The HE-LTF field(#918) provides a means for the receiver to estimate the MIMO channel between the set 
of constellation mapper outputs (or, if STBC is applied, the STBC encoder outputs) and the receive chains. 
In an HE SU PPDU, HE extended range SU PPDU and HE MU PPDU, the transmitter provides training for 
Nsrs. r.wrat space-time streams (spatial mapper inputs) used for the transmission of the PSDU(s) in the r-th 
RU. In an HE trigger-based PPDU, the transmitter of user 11 in the r-th RU provides training for Nsrs.r,u 
space-time streams used for the transmission of the PSDU. For each tone in the r-th RU, the MIMO 
channel that can be estimated is an NRx x Nsrs.r.,orat matrix. A HE transmission has a preamble that contains 
HE-L TF symbols, where the data tones of each HE-L TF symbol are multiplied by entries belonging to a 
matrix PHE-LTF, to enable channel estimation at the receiver. The pilot tones of each HE-L TF symbol are 
multiplied by the entries of a matrix RHE-LTF defined in the following text. The multiplication of the pilot 
tones in the HE-LTF symbol by the RHE-LTF matrix instead of the P HE-LTF mat1ix allows receivers to track 
phase and frequency offset during MIMO channel estimation using the HE-L TF. In an HE SU PPDU, HE 
extended range SU PPDU and HE MU PPDU with a single RU (the RU having an MU-MIMO aJlocation 
or an SU allocation)(PHY Motion #159), the number of HE-LTF symbols, NHE-LTF, is a function of the total 
number of space-time streams Nsrs as shown in Frequently used parameters(#2792). In an HE trigger-based 
PPDU, NHE-LTr-(#922) is indicated in the Trigger frame that triggers the transmission of the PPDU. In an HE 
MU PPDU, N8 u TF(#922) is indicated in the HE-SIG-A field. In an HE MU PPDU with more than one RU 
and an HE trigger-based PPDU, NHE-LTF(#922) may take any value among one, two, four, six or eight, 
which is greater than or equal to the maximum value of the function in Frequently used parameters when it 
is calculated for each Nsrs, r,roral separately.(PHY Motion #159) 

An HE PPDU supports 3 HE-LTF modes, which are Ix HE-LTF, 2x HE-LTF and 4x HE-LTF. It is 
optional to support the Ix HE-L TF mode in an HE SU PPDU, HE extended range SU PPDU and HE MU 
PPDU. It is mandatory to support transmission of lx HE-LTF in an UL MU-MIMO PPDU over the full 
bandwidth, for a STA decl aring support for UL MU-MIMO. The lx HE-LTF mode is disallowed in an HE 
MU PPDU and in an HE trigger-based PPDU with more than one RU s, and is also disallowed in an HE 
MU PPDU with one RU whenever the RU has an MU-MIMO allocation .(PHY Motion #159) In an HE SU 
PPDU, HE MU PPDU and HE extended range SU PPDU, the combination of HE-LTF modes and GI 
duration is indicated in HE-SIG-A field . In an HE trigger-based PPDU, the combination of HE-LTF modes 
and GI duration is indicated in the Trigger frame that triggers the transmission of the PPDU. The 
mandatory combinations of HE-L TF modes and GI duration are: 

2x HE-LTF, Tcn .oa,,,(#2498) 

2x HE-L TF, Tc12,oaw(#2496) 

4x HE-LTF, TcN,oa,0 (#2497) 

The optional combinations of HE-L TF mode and GI duration are: 

lx HE-LTF, Tcn .oma(#2499) in an(#2829) HE SU PPDU or HE extended SU PPDU 

lx HE-LTF, Tcn .oa,J#2500) in a non-OFDMA, MU-MIMO HE MU PPDU 

lx HE-LTF, Tc12.o,11,,(#250l) in a non-OFDMA, MU-MIMO HE trigger-based PPDU 

(26-37)The duration of each HE-LTF symbol is THE-uF(#2875) is defined in 

. In an HE SU PPDU, HE MU PPDU or HE extended range SU PPDU, the HE-LTF symbol duration is 
indicated in HE-SIG-A field. In an HE trigger-based PPDU, the HE-LTF symbol duration is indicated in 
the Trigger frame that triggers the transmission of the PPDU. 
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(26-37) 

THE-LTF = THE- LTF-'.!X• if 2x HE-LTF 
{ 

THE-LTF-IX• if lx HE-LTF 

THE-LTF-4x, if 4x HE-LTF 
where THE-LlF-IX, T HE-L1F-2X, T HE-L1F-4X are defined in 

Timing-related constants . 

In a 20 MHz transmission, the lx HE-L TF sequence transmitted and located on subcarriers 
[-122: 122](#2553) is given by . 

HELTF.122,122 = 
{O, 0, - 1, 0, 0, 0 , + l, 0, 0, 0, +l, 0, 0, 0, - 1, 0, 0, 0, +l , 0, 0, 0, -1, 0 , 0, 0, +l, 0, 0, 0, + 
1,o,o,o,+1,o,o, o,+1,o, o,o,-1,o, o,o,-1 ,o,o,o,+1,o, ~o,+1,~o,o, +1,o, o, 
O,-l,0,0, 0,-1,~0,C~-l , O, O,O,+l,O, O,O,-l,O,~O,- l ,~ O,O,+l , O, O,O,+l,O 
, 0, 0 , -1, 0, 0, 0, -1, 0 , 0, 0, +l, 0, 0, 0, -1 , 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, 0, 
0, 0, 0, -1, 0, 0, 0, +1, 0, 0, 0, +l, 0, 0, 0, + l, 0, 0, 0, +1, 0, 0, 0, + 1, 0, 0, 0, +l, 0, 0, 0 , 
-1,0,0,~ - l, O,~ O,-l,O,O,O, - l,0, ~0,-1,0,0,0,+l, O,~O, -l , ~O,O,-l,O,O 
, 0, - 1, 0 , 0, 0, +1, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +1, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +l, 
0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, - 1, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, - 1, 0, O} 

(26-38 

In a 20 MHz transrruss10n, the 2x HE-LTF sequence transmitted and located on subcarriers 
[-122:122)(#2553) is g iven by. 

HELTF. 122.122 = 
{-l,O,-l,0, - 1, ~+1,0,+l,O,-l ,O,+l , O,- l,O,-l,O, - l,O,-l ,0,+1,0,-l,O, +l, 
O, - l,~ - l,0,+1,0,+l,O,-l,O,+l,O,+l,O,+l,0,+1,0,+l,~-l,~+1,0,-1,0,+l 
, 0, -1, 0, -1, 0, +1, 0, +1, 0, - 1, 0, +1, 0, - 1, 0, -1, 0, -1, 0, - 1, 0, + 1, 0, - 1, 0, +1, 0, + 
1,0,+l,~-l,~ - l , O,+l,O,-l,0,-1,0, - 1,0,-1,~-l,O,+l,0,-1,0,-1,0,-1,0, 
+ l, 0, + l, 0, + 1, 0, - 1, 0, - 1, 0, + l, 0, 0, 0 , + l, 0, - 1, 0, + l, 0, +l, 0, - 1, 0, + l, 0, + l, 0, 
- l , O, + l,O,+ l ,~-l, ~ - l,0,+1 ,0, - l , O,+l , 0,+1,0,+l,O,+l,0,-1,0,+1, 0,-1,0 
, +l , 0, +1, 0, - 1, 0, - 1, 0, +l, 0, - 1, 0 , - 1, 0 , - 1, 0, - 1, 0, -1, 0, + 1, 0, - 1, 0, + 1, 0, +l, 
0, - 1, 0, - l , 0, + 1, 0, + l,O, - l,~+l,O,-l,0, - 1,0,-l,0, - 1,0,+1,~ - l , O,+l,O,+l 
, 0, +1, 0, - 1, 0, - 1, 0 , + l , 0, - 1, 0 , - 1, 0, - 1, 0, - 1, 0, -1 , 0, + l , 0, - 1, 0, +l } 

(26-39: 

In a 20 MHz transrruss10n, the 4x HE-LTF sequence transmitted and located on subcarriers 
[- 122:122](#2553) is given by. 
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HELTF12:!.122 = 
{-1, -1, +l, -1, +l, -1, +l, +1, +1, - 1, + l, +l, +l, -1, -1, +l, -1, - 1, -1, - 1, - 1, +l, + 
1, - 1, - 1, -1, -1, +l, +l, -1, +l, -1, +1, +l, +l, +1, -1, +l, -1, - 1, + I, +l, -1 , +l, +l, 
+l, +l, - 1, - 1, +l, -1, -1, - 1, +l, + 1, +1, +1, - 1, +1, +1, -1, -1, - 1, - 1, +1, - 1, -1, + 
1, +1, -1, +l, -1, -1, -1, -1, +l, -1, +l, -1, -1, -1, -1, -1, -1, +l, +l, -1, -1, -1, -1, 
-1, +l, -1, -1, +l, +l, +l, -1, +l, +l, +l, -1, +l, -1, +l, -1, -1, - 1, -1, -1, +l, +l, + 
1, -1, -1, - 1, +I, -1, +l, +l, +I, 0, 0, 0, -1, +1, -1, +l, -1, +1, +l, -1, +l, +l, +l, -1, 
-1, +l, -1, -1, +l, -1, +l, -1, +l, +l, +l, - 1, +l, +1, +1, -1, - 1, +l, -1, -1, -1, -1, -
1, +l, +l, - 1, - 1, -1, -1, -1, -1, +l, -1, +l, -1, -1, -1, -1, +l, -1, +I, +1, - 1, -1, +l, 
-1, -1, -1, -1, +l, +l, -1, +l, +1, +l, +l, +l, +l, +1, -1, +l, +1, -1, -1, -1, -1, +l, -
1, -1, +l, +l, - 1, +1, -1, -1, -1, - 1, +l, -1, +l, -1, -1, +l, + l, +1, +l, - 1, - 1, +l, +l, 
+l, +1, +l, -1, +l, +l, -1, -1, -1, +l, - 1, - 1, -1, +l, -1, +l, -1, +l, +l} 

(26-40: 

In a 40 MHz transm1ss10n, the lx HE-LTF sequence transmitted and located on subcarriers 
[-244:244)(#2553) is given by . 

HELTF244_141 = 
{+1,0,0,~+1,~0,0,+l,O,O,~+l,~O,O,-l,O,O,O,+l,~O,O,+l,0,0,0,-1,0, 
0, 0, -1, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, - 1, 0, 0, 0, -1, 
0, 0, 0, +l, 0, 0, 0, - 1, 0, 0, 0, +l, 0, 0, 0, +1, 0, 0, 0, +l, 0, 0, 0, - 1, 0, 0, 0, -1, 0, 0, 0, 
+1,0,0,0,+l,0,0,0,+1,0,0,0,+l,~0,0,+1,0,0,0,+1,~0,0,+1,0,0,0,+l,O,O, 
O,-l,O,O,C~+l,~O.O,+l,0,0,0, - 1,0,0,0, - l,0,0,~+1,0,0,0, - 1,0,0,~ + l,O 
, 0, 0, - 1, 0, 0, 0, +l, 0 , 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0 , 0, -1, 0, 0, 0, +1, 0, 0, 0, + 
1, 0, 0, 0, +l, 0, 0, 0, - 1, 0 , 0, 0, -1, 0, 0, 0, +1, 0, 0 , 0, +1, 0, 0, 0, + l, 0, 0, 0, + l, 0, 0, 
O,-l,0,0,0,+l,0,0,~-l,O,~O,+l,O,O,O,-l,0,0,0, - 1,0,0,~-l,O,O,O,O,~ 
0, 0, +l, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, - 1, 0, 0, 0, +1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, +l, 
O,~O,+l,~0,0,+1,0,0,0,+l,~O,O,+l,0,0,0,-1,~0,0,+l,0,~0,+l,O,O,O, 
-1, 0, 0, 0, - 1, 0, 0, 0, +l, 0, 0, 0, - 1, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 
O,+l,O,O,C~-l,O,O,O,+l,O,O,~-l,O,O,O, - l,0,0,0,-1,~0,0,+l,0,0,0,+1,0 

, 0, 0, -1, 0 , 0, 0, - 1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, -
l, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0 , -1, 0, 0, 0, +l, 0, 0, 
0, -1, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, - 1, 0, 0, 0, + l, 0, 
0, 0, +l, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, + l, 0, 0, 0, +l} 

(26-41 : 

In a 40 MHz transn11ss1on, the 2x HE-L TF sequence transmitted and located on subcarriers 
[-244:244)(#2553) is given by. 
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l-JELTF244,244 = 
{+l, 0, -1, 0, - 1, 0, - 1, 0, -1, 0, -1, 0, +1, 0, +1 , 0, -1, 0, -1, 0, +l, 0, -1, 0, +l, 0, -1, 
O, - l,0, - 1,0, - 1,0,-l,O, - l ,~+l,O,+l,O,+l,0,+1,0,-l,0,+1,~-l,O,+l, 0, + 1 
.~-l,(~ - 1.o, - 1,o,-1,o,-1,o,+1,~+l,O,-l,O,-l,O,+l,O, - l,(~+l,O,-l,O,+ 
l ,0,+1,0,+l,O,+l ,0,+1,0,-l,O, -l,O,-l,~-1 , 0,+l ,O,-l,O,+l,O,- l ,O,+l ,~ 
+l, 0, +l, 0, +l, 0, +1, 0, -1 , 0, +1, 0, -1, 0, -1 , 0, + l , 0, - 1, 0, + l , 0, -1, 0, -1, 0, +l, 0 
, +l, 0, +l, 0, + l , 0, +l, 0, -1 , 0, -1 , 0, + 1, 0, +l, 0, -1, 0, +l, 0, - 1, 0, +l, 0, +l, 0, +l, 
~+l,0,+1,0,+l,O,-l,O,-l,O, - l,~-l,O,+l,O,-l,O,+l,0,-1,0,-l,O,-l,O,-l 
, O, - l,O,-l ,O,- l , 0,+1 , 0,+1,0,-l ,~- l,O,+l , 0,-1,0,+l,0,-1,~ +1, ~+l,O, + 
l,O,+l,O,+l,O,-l, 0,-1,0,-l,0, - 1,0,+l,~-l,~+l,O, - l,0,0,0,0,~0,0,-1, 
O,-l,O,-l,0,-1,0,-l,0,+1,~+l,O,-l,O,-l,0,+1,0,-l,O,+l,~-l,O,-l,0,-1 
,O,-l,O,-l,O, - l , O,+l,O,-l,O,+l,~ +l,0,-1,0,+l,0, -1,0,+ l ,~+1,~+l,O,+ 
1, 0, +l, 0, +l, 0, +l, 0, -1, 0, -1, 0, +l, 0, +l, 0, - 1, 0, +l, 0, -1, 0, +l, 0, -1, 0 , - 1, 0, 
-1, 0, -1 , 0, - 1, 0, +1, 0, -1, 0, + l , 0, + l , 0, -1, 0, +l , 0, -1 , 0, +1, 0, +1, 0, +l, 0, +l, 0 
, + l , 0, +1, 0, +l, 0, -1, 0, -1, 0, + l , 0, +l , 0, - 1, 0, +1, 0, -l, 0, + l , 0, -1 , 0, -1, 0, -1, 
~-l,0,-1,0,+l,O,+l,O,-l,~-l,~+l,O,-l,O,+l,O,-l,O,-l,~-l,0,-1,0,-l 
.~-l,O,+l,0,-1,0,+l,O, +l ,O,-l,~+l,0,-1,0,+l,O, + l,O, -l,~-l,~-l,O,­
l, 0, -1, 0, +1, 0, +l, 0, -1, 0, -1, 0 , + l , 0, -1, 0, +1, 0, -1, 0, +1, 0, +l, 0, +l, 0, +l, 0, 
+l,O,-l,O, +l,O,-l,~-l,O,+l,O,-l,O, + l,0,-1,~+l} 

(26-42: 

In a 40 MHz transmission, the 4x HE-L TF sequence transmitted and located on subcarriers 
[-244:244) (#2553) is given by. 

l-JELTF.1,1,1.2<1<1 = 
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{+l , - 1, - 1, - 1, - 1, + l, -1, - 1, + 1, +1, - 1, + l, - 1, +1, - 1, +1, + 1, - 1, +l, - 1, - 1, -1, + 
1, + l , -1, -1, -1 , -1, - 1, -1, -1, +l, -1, -1 , + l , + l, -1, + 1, -1, -1, -1, - 1, - 1, + l , -1, 
+l, +1, +l, -1, - 1, +l, +1, +l, -1, -1, +1, +l, + l, +l, -1, +l, +l, - 1, - 1, +l, -1, +l, -1 
, +l, - 1, - 1, +1, - 1, +1, +l, +l, - 1, - 1, +1, + l, +l, -1, -1, -1, -1, +l, -1, -1, +1, +l, -
1, +l, - 1, - 1, -1, -1, -1, +1, - 1, +l, +l, +l, -1 , - 1, +l, +l, +l, +l, +l , +l, + l, +l, -1, 
+l, +1, -1 , -1, +l, - 1, +l , +1, +l, +1, +1, - 1, +l, -1, -1, -1, +l, +1, - 1, - 1, -1, -1, -1 
, -1, -1, -1 , +l , - 1, -1, +l, +l, - 1, +l, - 1, +l, -1, +l, + l, - 1, +l, -1 , -1, -1, +l, +l, -
1, -1, - 1, - 1, -1, -1, -1, +l, -1, -1, +l, +l, -1 , +1 , -1, -1, -1, -1 , -1 , +l, -1, +l, +1, 
+ l , - 1, -1 , +l, +l, +l, -1, -1, -1, -1 , - 1, - 1, +l, -1, -1, +l, +l, - 1, +l, - 1, +l, -1, +l 
, +l, - 1, + 1, - 1, -1, -1, +l, +1, -1, - 1, -1 , +l, + l, + 1, +1, - 1, +l, +l , -1, - 1, + l, - 1, + 
1, +1, +l, +l, +l, -1, + l , -1, - 1, -1 , +l , +l, -1, -1, -1, +l, 0, 0, 0, 0, 0, - 1, +l, +l, +l, 
+l, - 1, +1, +1, - 1, - 1, + l, -1, +l, -1, +l, - 1, -1, +l, -1, +1, +1, +l, -1 , -1, +l, +1, + 
1, + 1, +l, +l, +1, -1, +l, + 1, - 1, -1, +l, - 1, + 1, +l, +1, +l, +l, -1 , +1, - 1, - 1, - 1, +1, 
+l, -1, -1, -1, +1, + l, -1, -1, -1, -1 , +l, - 1, - 1, +l, +1, -1, +1, - 1, +l, - 1, +l, +l, -1 
, +l, - 1, - 1, - 1, + l , +l, - 1, - 1, - 1, + l , + 1, + l , +l, - 1, +l, +l, - 1, - 1, +l, - 1, +l, +l, + 
1, +l, +1, -1, +l, - 1, - 1, -1, +1, +l, - 1, - 1, - 1, +l, - 1, - 1, - 1, - 1, + l, - 1, - 1, + 1, +1, 
- 1, +l, - 1, +l, - 1, +l, +l, - 1, +l, - 1, - 1, - 1, +l, +l, - 1, - 1, - 1, +1, - 1, - 1, -1, - 1, +l 
, - l , - 1, +l, +l, - 1, + 1, - 1, + 1, - 1, +l, + l, - 1, +1 , -1, - 1, - 1, +1, + l , - 1, -1, - 1, -1, -
1, -1, - 1, +l, -1, -1, +1, +l, - 1, + l , -1, -1 , -1, - 1, -1, +l, -1, + l , +l, +l, - 1, - 1, +l, 
+ l, + l , - 1, + l, - 1, - 1, - 1, - 1, + l, -1, - 1, + l , +l, - 1, +l, - 1, +1, - 1, +l, +1, -1, +l, -1 
, -1, - 1, +l, +l, -1 , -1, -1, +l, +l, +l, + 1, - 1, + l, + 1, - 1, - 1, +1, - 1, +l, + l, + l , +1, + 
1, -1, + l , -1, -1, - 1, + l, + l, -1, - 1, -1 , -1 } 
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In an 80 MHz transrruss10n, the lx HE-LTF sequence transmitted and located on subcarriers 
[-500:500](#2553) is given by. 

HELTF.soo.soo = 
{-J,0,0,0,-J,~0,0,+l,0,0,~+1,~~0,+l,O,O,O,+J,~0.0,+1,0,0,0,-J,O, 
0,0,-l,~O,O,-l,O,O,O,+l,O,O,O,+l,O,~O,-l,0,0,0,-J,0,~0,+l,~0,0,-1, 
0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, 
+l, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +I, 0, 0, 0, -1, 0, 0, 0, +I, 0, 0, 0, -1, 0, 0, 
o,-1,0.~o.-1,~o.o,-1,o,o,o,-1,o,o,o,+1,o,o,~+1,~o.o,-1,o,o,o,-1,o 

, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, +I, 0, 0, 0, +1, 0, 0, 0, +l, 0, 0, 0, + 
1,o,o.~+1,o,~o.-1,o,o,o,-1,o,~o.+1,o,o,o,+1,o,~o.-1,o,o,o,+1,o,o, 
0,-1,o,o,o,+1,o,o,~-l.O,O,O,-l,O,O,O,-J,O,~O.-l,O,O,O,+l,O,O,O,-l,O, 
o.~-1.o,~o.-1,o,o,o,-1,o,o,o,-1,o,o,~-l.O,~O.+l,O,O,O,+l,O,~O.+l 

, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, 
+1.~o.o,+1,o,~o.+1,~o.o,+1,o,o,o,+1,~o.o,+1,o,~o.-1,~o.c~-1.o,o 

, 0, +1, 0, 0, 0, +1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, +l, 
0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, 
-l,0,0,~+1,~0,0,-1,0,0,0,+1,~0,0,+1,0,0,0,+1,~0,0,+1,0,0,0,+l,O,O, 
0,-1,0,0,0,-1,0,0,0,+1,0,0,0,+1,0,0,0,-1,0,0,~+l,0,0,0,-1,0,0,0,+1,0 
, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, - 1, 0, 0, 0, +l, 0, 0, 0, -
1, 0, 0, 0, -1, 0, 0, 0, 0, 0, 0, 0, - 1, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, 
+l, 0, Cl, 0, +l, 0, Cl, 0, -1, 0, 0, 0, -1, 0, 0, 0, +1, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0 
, 0, - 1, Cl, Cl, 0, +1, 0, 0, 0, +l, 0, 0, Cl, +I, 0, 0, Cl, +l, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, -1, 
O,l~O,-l,O,O,O,+J,0,0,0,+1,0,0,0, - l,~O,O,+l,O,O,~-l,~C~0,+1,0,0,0, 
+ 1, 0, Cl, 0, + 1, 0, 0, 0, +I, Cl, 0, 0, + l, Cl, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, + 1, 0, 0, 0, + l, 0, 0, 
0,-1,o,o,~+1,~o.o,-1,o,o,o,+1,o,o,o,-1,o,o,~-1.~o.o,-1,o,o,~-1.o 
, 0, 0, -1, 0, 0, 0, +1, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, + 
1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 
0, -1, 0, Cl, 0, -1, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, +l, 0, 
0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, +I, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, +l 
, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, +1, 0, 0, 0, +l, Cl, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, 
+l, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, +I, 0, 0, 0, +l, 0, 0 
, 0, +1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +1, 0, 0, 0, -1, 
~o.o,+1,o,o,~-l.~O.O,+l,O,O,O,+l,O,O,O,+l,O,O,O,+l,O,O,O,+l,O,O,~ 
-l,O,O,O,-l,O,O,O,+l,O,O,O,+l,~O,O,-l,O,O,~+l,~O,O,-l,O,O,O,+l,0,0, 
0, -1, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, -1, 0 
, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +1, 0, 0, 0, +1} 

(26-44: 

In an 80 MHz transrruss10n, the 2x HE-L TF sequence transmitted and located on subcarriers 
[-500:500)(#2553) is given by. 
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HELTF.500.500 = 
{+l , O,+l , 0,-l , 0,+1,~ +1,0,+l,O, - l , 0,+1,0, +1,~ +l,O,+l,0,-1, 0, - 1,0,-l, 
~ +1,0, - l ,O, - l , 0, +1,0,+l,~ - l,O, +l,O,+l,0,+1,0, - l,0, - 1,0,- l,O, - l,O, +l 
, 0,+1,~ +l,O,+l , 0,-1,0,+1 , 0,+l ,~+l,0,-1,0,+l, 0,-1,0,-l, 0,+1,~-l , 0,-
1,0,-1,~+l,~+l,0,-1,0,-l,O,-l,0,+1,0,-1,~-l,O,+l,O,-l,0,+1,0,+l,~ 
-l ,0,+1,0, +l , ~-l,0,+1,0, -1,0,-1,0, -1 ,0,+l, O,-l,0,-1, 0,- l ,0,-1, 0,+l , O 
, - 1, 0, - 1, 0, +1, 0, +1, 0, -1, 0, +l, 0, + I, 0, + l, 0, -1, 0, -1, 0, -1 , 0, -1, 0, + l, 0, -1, 
O,+l ,O, +l,O,+l , 0, -l ,0,+1,~+1,0, +l,O,+l,O,-l,0,-1,0, - 1,0,+1, 0, +l,0,+1 
, O, - l,~ - l,0,+1,0,+l,O,+l,0, - 1,0, + l ,0,+1,0,-l, 0,+1,0,- l, O, -l, O,-l,O,­
l, 0, +l, 0, -1 , 0, -1, 0, -1, 0, +l, 0, -1, 0, +l , 0, +l, 0, -1, 0, +l, 0, + l, 0, - 1, 0, -1, 0, 
-l,O,+l,0, - 1,0,-l,~ -l,O,+l,0,-1,0, +l, O,+l ,O,- l , 0, +1,0, +l,O,+l,O,-l , O 
, - 1, 0, +l , 0, + l , 0, +l, 0, -1, 0, +l, 0, + l, 0, -1, 0, +l, 0, -1, 0, - 1, 0, + l , 0, - 1, 0, +l, 
O,+l,O, + l ,O,- l,O,+l,0,+1,~ +l ,O,+l,O,- l,O, -l , O, - l,O, +l,0, -1 , 0,-l,0, +1 
.~+l,~-l,O,+l,O,+l,O,+l,0, - 1,~-1,0,-1,0,-1,0,+1,0,+l ,O,+l ,0,-1,0,­
l, Cl , -1 , Cl, -1 , 0, +1, 0, - 1, 0, -1, Cl, -1, 0, +l , 0, - 1, 0, +l, 0, +l, 0, + 1, 0, -1, 0, -1 , 0, 
+1,0,+l,O,+l,O,-l,O,+l,0,+1,0,-l,0,+1,0,-l,~-l,O,-l,O, -l,0,+1,0,-l , O 
, - 1, 0, -1, 0, +l , 0, -1, 0, +l, 0, +l, 0, -1, 0, +1, 0, +1, 0, -1, 0, +1, 0, +1, 0, -1, 0, -1, 
O,+ l,0,-1,0,- l ,O, -l,0,+1,0,+1,~+l,O,+l,O,- l,O, + l ,O, -l ,0, -1,0,-1,0,+1 
.~ - l .~-1,0,-1, 0,-1,0, +l,O,+l ,~+l,0,+1,0,- l,0,-1, 0,-l ,C~+l,O,+l,O,+ 
1,0,0,~0,0,~0,+l,0,-1,0, - l,O,+l,O,+l,0,-1,0,+l,O, - l,~ - 1,0,-1,0,+l, 
O,+l , 0,+1,0,+1,0,-1,0,+l,O,+l,O,+l, 0, - 1,0,+1,0, - 1,0,-1, 0,- l,O,-l,0,+1 
,O,+l,0,+1,0, - l , O,+l,O,+l,O, - l ,0,-1, 0, +l, 0,-1,~ -1,0,+ l ,0,-1,0, - 1,C~+ 
1, 0, -1, 0, +l, 0, +l, 0, +l, 0, - 1, 0, + l , 0, + l, 0, +1, 0, +l , 0, - 1, 0, + l , 0, - 1, 0, -1, 0, 
+ l,O, - l ,0, - 1,0,- l , O,+l,O,+l ,0,-1,0,- l ,O,-l,~+l,O, - l,O,+ l,O, + l,0,+1,0 
, - 1, 0, +I , 0, +l, 0 , +l, 0, + l, 0, - 1, 0, - 1, 0 , -1, 0, +l, Cl, +l, 0, +1, 0, +l , 0, -1, 0,-1, 
~-l ,O, +l , O,-l,O,-l,O,+l,~+l,~-l , O,+l,O,+l,O,+l , O,- l ,O,- l,(~-1 ,(~-l 
,O,+l,~-l,O,-l,O,-l,O,+l,O,-l,O, +l, O, +l,O, -l ,O,+l ,0,- L,O, -l ,O,+ l,O,­
l,C~ - l ,O,-l,0, +l,O,+l,O, - l,0, - 1,0, - l ,O, +l,0,-1,0,-l ,0,+1,0,-1, 0,+l , O, 
+l,O,+l,O,-l,O,+l,O,+l,O,+l,O,-l,O,+l,O,-l,~+l,O,+l,0, - 1,0,+1,0,-l,O 
, -1, 0, -1, 0, +l, 0, -1, 0, -1, 0, -1, 0, -1, 0, +l , 0, -1, 0, +l, 0, +l , 0, -1 , 0, +l, 0, +1, 
~+l,O, - l,0, -1,0,+l,O,+l , 0,+1,0, - l , O,-l,0,-1,0,+l,O,+l , O,+l, O,+l,0,-1 
.~+l,~+l,O,+l,0,-1,0, + l,O, - l,O,-l,0,-1,0,-l,O,+l,O,+l,O,+l,O,-l,O,+ 
l, 0, +l, 0, - 1, 0, - 1, 0, +l , 0, -1, 0, -1, 0, -1, 0, - 1, 0, +1, 0, -1, 0, -1 , 0, -1, 0, +l , 0, 
- l,O,+l , O,+l,O,-l,C~+l,O,+l,O, - l ,O,+l , 0,-1,~-l,0, +1,0,-l,O,- l , O, - l,O 
, +l, 0, +l, 0, - 1, 0, -1, 0, -1 , 0, +l , 0, -1, 0, -1 , 0, +l, 0, -1, 0, +l, 0, + l, 0, +1, 0, -1 , 
0, +l, 0, +l , 0, +l, 0, +1, 0, - 1, 0, -1, 0, -1, 0, - 1, 0, +1, 0, +1, 0, +l, 0, -1 , 0, +l, 0, +l 
, 0, - 1,~-l,0,+1,0,-l,O,-l,O,-l,~+l,O,+l , 0,+1 ,~+l ,O,- l ,0,+1,0,+l,O, + 
1, 0, -1 , 0, +l, 0, +l} 

(26-45: 

In an 80 MHz transmission, the 4x HE-L TF sequence transmitted and located on subcarriers 
[-500:500](#2553) is given by. 
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HELTF500.5oo = 
{+l, +l, -1, +1, -1, +l, -1, -1, - 1, +l, -1, -1, - 1, +l, +l, -1 , +1, +l, +l, +l, +l, -1, -
1, +l, +l, +l, +l, -1, + 1, -1, +l, -1, - 1, +l, +l, -1, +l, +l, +l, -1, -1, +l, -1, -1, -1, 
-1, +1, +1, +l, - 1, -1, -1, -1, - 1, - 1, +l, +l, +l, +l, +l, +l, - 1, +l, +l, +l, - 1, +1, +1 
, -1, -1, -1, +l, -1, +1 , -1, -1, +1, +1, -1, +l, - 1, +l, +l, +1, +l, +1, -1, -1, +l, +l, + 
1, -1, +l, +l, -1, -1 , - 1, +1, -1, +l, +1, -1, +l, +l, -1, +1, -1, -1, +l, +l, +l, +l, -1, 
-1, +l, +I, +1, +l , +1, -1, +l, +l, - 1, -1, -1, +l, -1, -1, -1, +l , - 1, +l, -1, +1, +l, -1 
, +l, - 1, + l, -1, +l, +l, +l, -1, +1, +1, +1, -1, -1, +l, -1, -1, -1, -1, -1, +l, +l, -1, -
1, -1, -1, +l, -1, +l, -1, +l, +l, -1, -1, +l, -1, -1, -1, +1, +l, - 1, +l, +l, +l, +1, -1, 
-1, - 1, +1, +l, +l, +l, - 1, +l, +l, +l, +l, +l, +l, +l, -1, +l, +l, +1, -1, +l, +l, -1, -1 
, -1, +l, -1 , +l, -1, -1, +l, +l, -1, +l, -1, +l , +l, +l, +l, +l, - 1, -1, +l, +l, +l, -1, + 
1, +l, - 1, -1, -1, +l, - 1, +l, +l, -1 , + 1, +l, -1, +1, -1, -1, +l, -1 , +l, -1, +l, -1, +l, 
+l, +l, -1, +l, +l, +l, -1, -1, +l, -1, -1, -1, -1, -1, +1, +l, -1, -1, -1, -1, +l, -1, +l 
, -1, +l, +1, -1, -1, +l, - 1, -1, -1, +l, + l, -1, +l, +l, +l, +1, -1, -1, -1, +l, +l, +l, + 
1, -1, +l, -1, -1, -1, -1, -1, -1, +l, -1, -1, -1, +l, -1, -1, +l, +l, +l, -1, +l, -1, +l, 
+l, - 1, -1, +1, -1, +l, - 1, -1, -1, -1, - 1, +l, +1, -1, -1, -1, +l, -1, -1, +l, +l, +l, -1 
, +1, -1 , -1, +l, -1, -1 , +l, -1 , +l, +1, +l, +l, +l, +l, -1, -1 , +l , +1, +1, +l, +l, -1, + 
1, +l, - 1, - 1, -1, +1, -1, -1, -1, +l , -1, +l, - 1, +l, +l, -1, +l, -1, +l, -1, + l, +l, +l, 
-1 , +l, +l, +l, -1, -1, +l, -1, -1, -1, - 1, -1, +l, +l, -1, -1, -1, -1, +l, - 1, +1, -1, +l 
, +1, -1, -1, +l, -1, -1, -1, +l, +l, -1, +l, +l, +1, +l, -1, -1, - 1, +l, +l, +l, +1, -1, -
1, +l, +1, +I, +1, +l, +l, - 1, +l, +l, + l, -1, +1, + l, -1, -1, -1, +l, -1, +l, - 1, -1, +l, 
+l, -1, +l, -1, +l, + l , +l, +l, +l, - 1, -1, +l, +l, +l, - 1, +l, +l, - 1, -1, -1, +1 , -1, +l 
, +l, -1, +1, +l, - 1, +l, - 1, - 1, - 1, +l, - 1, +1, - 1, -1, -1, -1, +l, +l, +l, - 1, - 1, +l, 0 
, 0, 0, 0, 0, +l, -1, - 1, - 1, -1, -1, -1 , +l, - 1, + l, +l, -1, -1, + l, +l, -1, +l, -1, +l , +1 
, -1, -1, +l, -1, +l, -1, -1, -1, +l, +l, -1, +I, +l, +l, -1, +l , +l, +l, +l, +1, +l, +l, -
1, +l, -1, -1, +1, -1, -1, +l, -1, +l, +l, +l, -1, -1, +l, -1, -1, -1, +l, +l, - 1, - 1, -1, 
-1, -I, +l, -1, -1, - 1, - 1, -1, +I, +l, - 1, -1, -1, - 1, -1, +l, -1 , -1, +l, +1, +l, -1, +l 
, +l, +l , -1, +l, -1, +l, -1, -1, - 1, - 1, -1, +l, +l, +1, -1, -1, - 1, - 1, +l, -1, -1, +1, + 
1, +l, - 1, +l, +l, -1, -1, +l, -1, +l , -1, -1, -1, -1 , -1, -1, -1, +l, +1, -1, -1, -1, +l, 
-1, -1, +l, +l, +l , -1 , +l, -1, -1 , +l, - 1, -1, +l , - 1, +l, +l, +l, -1, +l, -1, -1, +l, +1 
, -1, +l, -1, +1, +l, +1, -1, -1, +l, - 1, -1, -1, +l, - 1, -1, -1 , -1, - 1, -1, -1, +l, -1, + 
1, +l, -1, +l, +l, -1, +l, -1, -1, -1, +1, +1, -1 , +l, +1, +1, -1, - 1, +l, +l, +1, +1, +l, 
-1, + l, -1, -1, -1, - 1, +1, +l, -1, -1, -1, -1, -1, +l, -1, -1, +l, +l, +1, -1, +l , +l, +l 
, -1, +l, -1, +l, -1, -1, -1, -1, - 1, +l, +l, +l, - 1, -1, -1, -1, +l, - 1, -1, +1, +l, +l, -
1, +l, +l, -1, -1, +l, -1, +l, -1, +l, +l, +l, -1, +l, -1, -1, +l, +l, -1, +l, - 1, +l, +l, 
+1, -1, -1, +l, -1, - 1, -1, +l, -1, -1, -1, -1, -1, - 1, -1, +l, -1, +l, +l, -1, +l, +l, -1 
, +l, -1, - 1, -1, +1, +l, -1, +l, +1, +l, -1, -1 , +l, +1, +l, +1, +l, -1, +l, +l, +1, +l, + 
1, -1, - 1, +l, +l, +l, + l, +1, -1, +l, +l, -1, -1, -1 , + l, -1, -1, -1, +1, -1, +l, -1, +l, 
+l, +l, +l, +l, -1, -1, -1, +l, +l, +l, +l, -1, +1, +1, -1, -1, -1, +l , -1, -1, +l , +l, -1 
, + l , - 1, + 1, -1, -1, -1, - 1, -1, -1, +1, + l, -1, - 1, -1, +l, -1, - 1, + 1, +l, +l, - 1, +l, -
1, -1, +l, -1, -1, +l, - 1, +l, -1, +l, - 1, +l, -1, - 1, + l, +l, - 1, + l, -1, +l, +l, +l, -1, 
-1, + l, - 1, -1, - 1, + I, -1, -1, - 1, - 1, -1, - 1, - 1, +l, -1, +l, +l , - 1, +l, +l , - 1, + l, -1 
, - 1, -1, + l , +l, - 1, + 1, +l, +l, -1, - 1, + l, +l, + l, + l, +l, -1, +I, - 1, -1, - 1, -1, +l, + 
1, - 1, - 1, -1, -1, -1, +l, -1, -1, +1, + I, +l, -1, +l , +l, +l, -1, +1, -1, +l , -1, - 1, -1, 
-1, -1 , +l, +l, +l, - 1, - 1, -1, -1, +l, - 1, -1, +l, +l, +l, -1, +I, +l, -1, -1, +l, -1, + l 
, -1, +l} 

In a 160 MHz transmission, the lx HE-L TF sequence is given by . 
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HELTF-1012.1012 = 
(26-47' 

where 

{LTFso:MHz_primary_lx, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 , 0, 0, 0, 0, 0, 0, 0, LTFsoMHz_ 

secondary_ I x. } 

LTFsoMHz_primary_h = {LTFsoMHz_lef1_1x, 0, LTFsoMHz_rigti,_1,} and shall be used in the primary 80 MHz 
frequency segment 

LTFsoMHz_secondary_lx = {LTFsoMHz_left_lx, 0, (-l)*LTFsoMHz_right_lx} and shall be used in the secondary 80 
MHz frequency segment 

LTFsoMHz_left_lx 
(-1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, -
l,O,~O,-l,O,O,~+l,O,O,O,+l,O,O,O,-l,0,~0,-1,0,C~O,+l,0,0,0,-1,0,0,~+l, 
0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, +l, 0, 
0,0,-1,0,~0,-l,O,O,O,+l,O,O,O,-l,O,O,O,+l,O,~O,-l,~O,O,-l,O,~O,-l,~O, 
0, -1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, 
+l, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, -1, 
~0,0,+1,0,~0,+1,0,0,0,-l,O,~O,+l,0,0, 0,-1,0,0,0,+l,O,O,O,-l,O,O,O,-l,~ 
0,0,-1,0,~0,-l,0,0,0,+1,0,0,0,-1,~0,0,-1,0,0,0,-l,~O,O,-l,0,0,0,-1,~0, 
0, -1, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +1, 0, 0, 0, +l, 0, 0, 0, 
-1, 0, 0, 0, +I, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, +1, 0, 0, 0, +1, 0, 0, 0, +l, 0, 0, 0, +I, 
0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, +1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 
0,0,+1,0,~0,+1,0,0,0,+1,0,0,0,-l,C~O,O,+l,O,O,O,+l,0,0,0,-1,0,0,0,-l,~O, 
O,+l,O,O,~-l,O,~O,+l,O,C~O,-l,O,~O,+l,O,O,~+l,0,0,0,+1,0,0,0,+l,O,~O, 
+l, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, +1, 0, 0, 0, -1, 0, 0, 0, +l, 
0, 0, 0, -1, 0, 0, 0, -l, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, +1, 0, 0, 0, -1, 0, 

0, 0,-1, 0, 0, O} 
LTFsorv1Hz_right_lx = 

(0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, -1, 0, 
~O,-l,O,O,~+l,0,0,0,+1,0,0,0,-1,0,0,0,+l,O,O,O,-l,0,~0,+l,O,O,O,+l,O,~ 

0, +l, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +1, 0, 0, 0, +l, 0, 0, 0, 
-1, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, +1, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, -1, 
0, 0, 0, -1, 0, 0, 0, +1, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, +1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, -1, 0, 

0, 0, -1, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +1, 0, 0, 0, +1, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 
O,+l,O,O,~-l,0,0,0,+1,0,0,0,-1,0,0,0,+l,O,O,O,+l,O,~O,+l,0,0,0,+1,0,~0, 
-1, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, +l, 
0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +1, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, -1, 0, 
0,0,+1,0,~0,+l,~0,0,+1,0,0,0,+l,~0,0,+1,0,~0,+1,0,0,0,-l,0,0,0,-1,~0, 
0,+1,0,0,~+1,0,0,0, - l,O,O,~+l,0,0,0,-1,0,0,0,+1,0,0,0,+l,O,O,O,+l,O,~O, 
+l, 0, 0, 0, - 1, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, +l, 
0, 0, 0, -1, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, +l, 0, 0, 0, -1, 0, 0, 0, - 1, 0, 
C~O,+l,O,~O,+l,O,O,O,-l,O,~O,+l,~0,0,-1,0,~0,+l,O,O,O,-l,O,O,O,-l,~O, 
C~-l,0,0,~-1,0,~0,+l,O,O,O,-l,O,C~0,+1,0,0,~-l,C~O,O,-l,O,O,O,-l,O,~O, 
+l, 0, 0, 0, +l }(#2558)(#2554)(#1865) 

[n a 160 MHz transmission, the 2x HE-LTF sequence is given by. 

lfELTF.1012,w12 
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{LTFsoMHz_primary_2x, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, L 
TFsoMHz_secondary_2x} 
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where 

LTFsoMHz_primary_2x = { LTFsoMHz_part 1_2x, LTFsoMHz_part2_2x, LTFsoMHz_partJ_2x, LTFsoMHz_part4_2x, 

LTFsoMHz_part5_2x} (26-49: 

LTFsoMHz_secondary_2x = { LTFsoMHz_partl_h, LTFsoMHz_part2_2x, LTFsoMHz_JJart3_2x, 

LTFsoMHz_part4_2x, LTFsoMHz_part5_2x} (26-so: 

LTF 80MHz_part 1_2x 

{+l, 0, +l, 0, -1, 0, +I, 0, +1, 0, +l, 0, -1, 0, +l, 0, +1, 0, +1, 0, +l, 0, -1, 0, -1, 0, -1, 0, +1, 
O,-l,O,-l,~+1,0,+1,0,-l,0,+1,0,+l,O,+l,~-1,0,-l,O,-l,O,-l,O,+l,~+l,~+1 
,0,+1,0,-l,O,+l,~+l,~+l,0,-1,0,+l,O,-l,O,-l,~+1,0,-l,0,-1,0,-l,0,+1,~+ 
1,0,-l,0,-1,0,-l,O,+l,O,-l,~-l,O,+l,0,-1,0,+l,0,+1,0,-1,0,+1,0,+l,0,-1,0, 
+l,~-1.o,-1,o,-1,o,+1,o,-1,~-l,O,-l,O,-l,O,+l,O,-l,O,-l,~+l,O,+l,O,-l,O 
, +1, 0, +l, 0, +l, 0, -1, 0, -1, 0, -1, 0, -1, 0, +l, 0, -1, 0, +1, 0, +l, 0, +1, 0, -1, 0, +l, 0, +1, 
0, +1, 0, +1, 0, -1, 0, -1, 0, -1, 0, +1, 0, +l, 0, +l, 0, -1, 0, -1, 0, +l, 0, +l, 0, +1, 0, -1, 0, +1 
,O,+l,O,-l,0,+1,~-l,~-l.O,-l,O,-l,O,+l,0,-1,~-l,O,-l,O,+l,0,-1,0,+1,0,+ 
1, 0, -1, 0, +l, O} 

LTFsoMHz_partl_lx 
{+l, 0, -1, 0, -1, 0, -1, 0, +1, 0, -1, 0, -1, 0, -1, 0, +1, 0, -1, 0, +l, 0, +l, 0, -1, 0, +1, 0, +1, 
0, +l, 0, -1, 0, -1, 0, +1, 0, +l, 0, +l, 0, -1, 0, +l, 0, +l, 0, -1, 0, +l, 0, -1, 0, -1, 0, +I, 0, -1 
,0,+1,0,+1,0,+l,~-l,O,+l,O,+l,O,+l,O,+l,0,-1,~-1,0,-l,O,+l,0,-1,0,-1,0,+ 
1,0,+1,0,-1,0,+l,O,+l,~+1,~-l,O,-l,O,-l,0,-1,0,+1,~+1,0,+l,O,-l,O,-l,O, 
-l,~-l,O,+l,O,-l,O,-l,O, - l,~+l,O,-l,O,+l,O,+l,O,+l,~-1,~ - l,0,+1,0,+l,O 
, +1, 0, -1, 0, +l, 0, +1, 0, -1, 0, +l, 0, -1, 0, -1, 0, -1, 0, -1, 0, +l, 0, -1, 0, -1, 0, -1, 0, +l, 
O,-l,O,+l,~+l,0,-1,0,+l,O,+l,O,-l,O,+l,O,+l,O,-l,0,-1,0,+l,O,-l,~-1,~-l 
,O,+l,O,+l,O,+l,O,+l,~-l,O,+l,O,-l,O,-l,~-l,O,+l,O,-l,C~-l,O,-l,~-1,0,+ 
1, 0, +l, 0, +l, O} 

LTFsoMHz_part3_2x = 
{+1,0,-1,0,-1,0,-l,~+l,0,+1,~+1,0,C~O,O,O,O,O,+l,0,-1,0,-1,0,+l,O,+l,(~-
1, 0, +1} 

LTF 80MHz_part4_2x 

{O,-l,O,-l,~-l,~+l,O,+l,O,+l,O,+l,O,-l,O, +l,O,+l,0,+1,0,-l,O,+l,~-l,0,-
1, 0, -1, 0, -1, 0, +l, 0, +l, 0, +l, 0, -1, 0, +l, 0, +l, 0, -1, 0, -1, 0, +l, 0, -1, 0, -1, 0, +l, 0, 
-l,~-l,O,+l,0,-1,C~+l,O,+l,~+l,O,-l,O,+l,O,+l,C~+l,0,+1,~-l,O,+l,0,-1,0 
, -1, 0, +1, 0, -1, 0, -1, 0, -1, 0, +l, 0, +I, 0, -1, 0, -1, 0, -1, 0, +l, 0, -1, 0, +l, 0, +I, 0, +1, 
0, -1, 0, +l, 0, +l, 0, +I, 0, +I, 0, -1, 0, -1, 0, -1, 0, +I, 0, +l, 0, +l, 0, +l, 0, -1, 0, -1, 0, -1 
,O,+l,O,-l,O,-l,~+l,~+1,0,-l,O,+l,O,+l,~ +l,0,-1,0,-l,0,-1,0,-l,O,+l,O,­
l, 0, -1, 0, -1, 0, +l, 0, -1, 0, +1, 0, +I, 0, -1, 0, +1, 0, -1, 0, -1, 0, +I, 0, -1, 0, -1, 0, -1, 0, 
+I, 0, +l, 0, -1, 0, -1, 0, -1, 0, +I, 0, -1, 0, -1, 0, +1, 0, -1, 0, +l, 0, +l, 0, +l, 0, -1, 0, +l, 0 
, + 1, 0, + l, 0, - I } 

LTFsoMHz_part5_2x 

{O,+l,0,-1,0,+l,~+1,0,-1,0,+1,0,-1,0,-1,~-l,0,+1,0,-l,0,-1,0,-l,~-1,0,+ 
l,0,-1,0,+1,0,+l,0,-1,~+l,~+l,O,+l,0,-1,0,-1,0,+l,~+1,~+l,0,-1,0,-1,0, 
-l,O,+l,O,+l,O,+l,O,+l,O,-l,~+l,O,+l,O,+l,O,-l,O,+l,~-1.~-1.o,-1,0,-1,o 
, +l, 0, +l, 0, +1, 0, -1, 0, +l, 0, +l, 0, -1, 0, -1, 0, +1, 0, -1, 0, -1, 0, -1, 0, -1, 0, +1, 0, -1, 
0,-1,0,-1,~+1,0,-l,O,+l,0,+1,0,-1,0,+l,~+l,O,-l,O,+l,O,-l,0,-1,~+1,0,-l 
,0,-1,0,-l,0,+1,0,+l,~-1,0,-l,0,-1,0,+1,~-l,~-l,O,+l,0,-1,0,+l,~+l,O,+ 
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1,0,-l , 0,+l,0, + l,0,+1,~+l , 0,-l,0,-l,O,-l,0,-l,0, +1,~+l,O,+l,0,-l,0,+l ,0, 
+l,0, -l,0,-l , 0,+l,0, -l,0,-l,~ -l.0,+1,0, +l,0,+l,0,+l , ~-l,~+l,0,+l,0,+l,0 
, - 1, 0, + l, 0, +1 }(#2556) 

In a 160 MHz transmission, the 4x HE-LTF sequence is given by. 

HELTF- 1012.1012 

where 

{LTFsoMHz_primary_4x, 0, 0, 0, 0, 0, 0 , 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, L 
TFsoMHz_sernndary_4x} 

(26-51: 

(26-52)LTFsoMHz_primary_4x = ( LTFsoMHz_lcft_4x, 0, LTFsoMHz_right_4 x} 

(26-53)LTFsoMHz_secondary_4x = { LTFsoMHz_left_4x, 0, (-1 )* LTFsoMHz_right_4x } 

LTFsoMHz_left_4x = 
{+l, +l, - 1, +1, -1, +l, -1, -1, -1 , + l, - 1, - 1, -1, +l, +l, -1, +l , +l, +l, +1, +l, - 1, - 1, +l, 
+l, +1, + l, - 1, +l, -1, +l, -1, -1, + l , +l, -1 , +l, +1, +l, - 1, - 1, +l, - 1, -1, -1 , -1, + l , +l , + 
1, -1 , -1, -1, -1, -1, -1, + l, +l, +l, +l, +l , +l, -1, + l, +l, +l, -1, +l, +1, -1, -1, -1, +l, -1 
, +l, -1, - 1, +1, +l, -1, +l, -1, +l , +l, +1, +l, +l, -1, -1, +l, +l , +l, -1, + l, +l, - 1, - 1, - 1, 
+l, - 1, +l, +l, -1, +1, +l, -1 , +l, - 1, - 1, +1, +l, +l, +l, - 1, - 1, +l , +l, +l , +l , +l, -1, +l, + 
1, -1, -1 , -1, +l, -1, -1 , - 1, + l , -1, +l, -1, +1, +l, -1, +l, - 1, +1, -1, +l, +l , +l, -1, +l, +l 
, + 1, - 1, -1, + l , - 1, - 1, - 1, - 1, - 1, +1, +1, - 1, - 1, - 1, - 1, +l, - 1, +l, - 1, +l, +l, - 1, - 1, + l, 
- 1, - 1, - 1, +1, +1, -1, +l, +l, +l, +l, - 1, - 1, -1, +l, +l, + 1, + l, - 1, + l, + l, +l , + l , +l, + l, + 
1, -1, + l , +1, +1, -1, +1, + 1, - 1, - 1, - 1, + 1, - 1, +1, - 1, -1, + l, + 1, -1, + l, -1, +1, +l, +l, + 1 
, +1, - 1, - 1, +l, +l, +l, - 1, +l, + l , -1, - 1, - 1, +l, - 1, +l, + l, - 1, +l, + l, -1, +I, - 1, - 1, + l, 
- 1, + l, -1, +l, -1, +l, +l, +1, -1 , +l, + l, +1, -1, -1, +l, - 1, - 1, - 1, - 1, -1, +l, +l, -1, -1 , -
1, -1, +l, -1, +l, -1, +l, + l , - 1, -1, +l, -1, -1, -1, + l, +l , -1 , +l , +l, +l, +l, -1, -1, -1, + 1 
, +1 , +l, +l, - 1, +1, -1, - 1, -1 , -1 , -1, -1, +l, -1, -1, -1, +l , -1, -1, +l, +1, +1, - 1, +l, - 1, 
+l, +l, -1, - 1, +1, -1, + 1, -1, -1 , - 1, - 1, -1, +1, +l, -1, - 1, - 1, +l , - 1, - 1, +1, +l, +l, -1 , + 
1, -1 , -1, +l, -1, -1, +l, - 1, +1, +1, +1, +1, +1 , +l, -1, -1, +l, +l, +1, +1, +l, -1 , +l, +l, -1 
, - 1, - 1, + l, - 1, - 1, - 1, + l , -1, + l , -1, +l, +l, - 1, +l, - 1, +l, -1, +l, +l, +l, -1, +l, + 1, +l, 
- 1, - 1, +1, - 1, -1, -1, -1, -1, +l , + l, - 1, -1, -1, -1, +l, - 1, +l, - 1, + l, +l , -1, -1, +l, -1, -
1, -1, +l , +1, -1, +l, +l , +l, +l, -1, -1 , -1, +l, +1, +l, +l, -1 , -1, +1, +l, +l , +l, +1, +1, - 1 
, +l, +l, + l , - 1, +1, +l, -1, -1, -1 , +l, - 1, +l, -1, -1, +1, +l, - 1, + l , - 1, +l, + 1, +l, + l, +l, 
- 1, -1, +l, +l, +l, -1, +1, + l, -1, - 1, -1, +l, -1, +l, + l, - 1, + 1, +l, - 1, +l, -1, -1, -1, +l, -
1, +l, -1, - 1, -1, -1, +l , +l, +l , -1, -1 , + 1, 0, 0} 

LTFsoMHz_right_4x = 

l04 
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{0, 0, +l, - 1, -1, - 1, - 1, - 1, - 1, +1, - 1, +l, +l, - 1, -1, +l, + l , - 1, +l, -1, +1, +l, - 1, - 1, + l 
, - 1, + l, - 1, - 1, -1, +l, + l, - 1, +1, + l, +l , - 1, +l, +l, +l, +1, +1, +l, + l, - 1, + 1, - 1, -1, +1, 
- 1, - 1, +1, - 1, +l, +l, +1, - 1, - 1, +1, - 1, -1, -1, +l, +1, - 1, - 1, -1, -1, -1, +l, - 1, - 1, - 1, -
l, - 1, +l, + 1, - 1, -1, - 1, - 1, - 1, + l, - 1, - 1, + 1, +1, +l, - 1, +l, +l, +l, - 1, +1, - 1, +1, - 1, - 1 
, - 1, - 1, - 1, +l, +1, +l, -1 , - 1, - 1, - 1, + l , -1, - 1, +l, + l, + l, - 1, +l, + l, -1, -1, +l, - 1, +1, 
-1, - 1, - 1, - 1, - 1, -1, - 1, +l, +l, - 1, - 1, - 1, +1, -1 , -1, +l, +l, +1, - 1, +l, - 1, - 1, +l, -1 , -
1, +l, -1 , +l, +l, +l, - 1, + 1, - 1, -1, +l, +l, -1, +1, -1 , +l, +I , +l, -1, -1, +l, -1, -1, -1, + l 
, - 1, - 1, - 1, - 1, - 1, -1, -1, +l, -1, +l, + l , -1, +I, + l, - 1, +l, - 1, - 1, -1, +l, +l, -1, +1, +l, 
+l, -1 , -1, +l, +l, +l, + l, +l, -1, +l, -1, -1, -1, -1, +l, +l , -1, -1, -1, -1, -1, + 1, - 1, - 1, + 
1, +1, + l , - 1, +l, +l, +l , -1, +l, -1, +l, -1, -1, -1, -1, -1 , +l, +1, +l, - 1, -1, -1, -1, +l, -1 
, -1 , +1, +l, +l, -1, +1, +l, -1, -1, +l, -1, +l, -1, +l, +l, +l, -1, +l, -1, -1, +l, +l, - 1, +l, 
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-1, +l , +l, +l, - 1, -1, +l, - 1, - 1, -1, +l, - 1, - 1, -1, -1, -1, -1, -1, +1 , -1, +l, +1, - 1, +l, + 
1, - 1, +l, -1, -1, -1, +1, +l, -1 , +l, +1, + l, -1, -1, +l, + 1, +l, +l, +1, -1, + 1, +1, +1, +l, +I 
, -1 , -1 , + l, +1, +1, +1, +l, -1, +1, +l, -1, -1 , -1, +1, -1, -1, -1 , +l, -1, +1, -1, +1, +l, +1, 
+ l , +1, -1 , -1, - 1, +l, +l, + l, +1, -1 , +l , +l, -1, -1 , -1, +1, -1 , -1 , +l, + l, -1, +l , -1, +l, -
1, -1, - 1, -1 , -1, -1, +1, + l , -1 , - 1, - 1, + l, -1, -1, +l, + l, +l, - 1, +l, -1, -1 , +l, -1, -1 , +l 
, -1 , +!, - 1, +1, -1, +l, -1 , -1, +1, +l , -1 , +1, -1, +l , +l, +l, -1 , - 1, + l , -1, -1 , -1, +1, - 1, 
-1 , - 1, -1 , -1 , -1 , -1, +l, -1, +l, +l, - 1, + l , +I, -1 , +l, -1, -1 , - 1, +l , + l, -1 , + l, +I , +l, -
1, -1, + l, + l, +1, + l, +l, -1 , + 1, -1, -1 , - 1, -1, +l, +l, -1, -1, - 1, - 1, - 1, +l, - 1, - 1, +l, +1 
, +l, -1, +l, +1, +1, -1, +l, - 1, + 1, -1, -1, -1, -1, -1, +1, +1, +l, - 1, - 1, - 1, -1, +1, - 1, - 1, 
+ ! , + l, + l , - 1, +l , +l, - 1, -1, +l, - 1, + l , - 1, +l} 

For an 80+80 MHz transmission, the primary 80 MHz frequency segment shall use the 80 MHz 1 x 
HE-LTF sequence, HELTF.soo,5oo = LTFsoMHz_primary_l x, and the secondary 80 MHz frequency segment shall 
use the 80 MHz lx HE-LTF sequence, HELTF.s1X),500 = LTFsoM Hz_secondary_ lx, 

For an 80+80 MHz transmission, the primary 80 MHz frequency segment shall use the 80 MHz 2x 
HE-LTF sequence, HELTF.500,500 = LTFsoMH2_primary_2x, and secondary 80 MHz frequency segment shall use 
the 80 MHz 2x HE-L TF sequence, HELTF.soo,500 = LTFsoMHz_second:rry_2x-

For an 80+80 MHz transmission, the primary 80 MHz frequency segment shall use the 80 MHz 4x 
HE-LTF sequence, HELTF.500.soo = LTFsoMHz_prim:rry_4x, and secondary 80 MHz frequency segment shall use 
the 80 MHz 4x HE-LTF sequence, HELTF.500,500 = LTFsoMHz_secondary_4x,(#323)(#2557) 

(26-54)In an UL MU-MIMO transmission not using single stream pilots, the generation of the HE-L TF 
sequence per frequency segment is to mask the non-zero elements in the common HE-L TF sequence 
repeatedly by a distinct orthogonal code as defined by 

(26-54) 

HELTF/ = { HELTFk · Porth /, if HELTFk * 0 

HELTFk, if HELTFk = 0 
(26-55) Where HELTFk is the k-th element of the 

common HE-L TF sequence generated by the o ne of the bandwidth specific H ELTF equations above(#Ed). 

Porth / 
For user u of any UL MU-MIMO frequency allocation, the orthogonal code is defined by 

(26-55) 

Pnrth," = { [r. . J:,. [r, ,J'., •··• [P, .t ;'u: [r,. ,J..., M} 
Where 

; lN j [p 7 i = l 2 112-HE-LTF 
8 X sJ u' ' ' • • •) 8 p 

is the i-th repetition of the u-th row of the 8 ' 8 matrix defined in 
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Equation (22-46) . Nnz-HE-LTF is the number of nonzero elements in the common HE-LTF. [P8
' J ", J:M is 

the first M elements of the u-th row of the Ps · 8 . If Nnz-HE-LTF is not a multiple of 8, the remaining M 

nonzero elements of the common HE-L TF sequence are masked by the first M elements of the orthogonal 
code.(#1059) 

(26-56)The generation of the time domain HE-L TF symbols per frequency segment in an HE SU PPDU, 
HE MU PPDU, HE extended range SU PPDU, H E trigger-based PPDU (#1059)is shown in Generation of 

k 

HE-LTF symbols per frequency segment in an HE SU PPDU, HE where AHE-L TF is given by 

Figure 26-26-Generation of HE-L TF symbols per frequency segment in an HE SU 
PPDU, HE MU PPDU, HE extended range SU PPDU and HE trigger-based PPDU(#1059) 

k 

(26-56/HE-LTF is given by 

(26-56) 

k { RHE LTP if k E K_ Pilot and single stream pilots are used 
AHE-LTF = 

PHE-LTP o therwtse 
where 

KPilot is the set of subcan-ier indices for the pilot tones as defined in Pilot tones(#2794). 

(26-57)RHE-LTF is a NHE-LTF x NHE-LTF mauix whose elements are defined in 

(#2877). 
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(26-57) 

= [PHE-L-rd '1 s:; m , n s:; NHE-LTI 
l ,n p HE-LTF is defined in 

(26-58) 

{ 

P4 , 4, NHE-LTF:::; 4 

pHE-LTF = P 6 ,6•NHE-LTF=6 

P s ,s, NHE-LTF= 8 P P 
where 4 ' 4 is defined in Equation (19-27), 6 ·• 6 is defined in 

Equation (21-45), and Ps ' 8 is defined in Equation (22-46)(#2878). 

When the lx HE-L TF is used for non-OFDMA UL MU-MIMO, single stream pilot are not used .(#1059) 

(26-59)In an HE SU PPDU, HE MU PPDU, HE extended range SU PPDU and HE trigger-based 
PPDU(#l059), the time domain representation of the waveform transmitted on frequency segment iseg of 
transmit chain irx shall be as described by 

(#2798). 

(26-59) 

(#1050)where 
HELTF/' = HELTFk if single stream pilots are used or when the l x HE-LTF is used for non-O FDMA 

UL MU-MIMO, and HELTFk" = HELTFk' if single stream pilots are not used.(# 1059) 

26.3.11 Data field 

26.3.11.1 General 

The number of OFDM symbols in the Data field is determined by the Length field in L-SIG (see 

Length = rTXTIME- 201 x 3 - 3 -m 
4 (#1(#1625)), the preamble duration and the settings of the GI+LTF 

Size(#l420), Pre-FEC Padding Factor(#2564) and PE Disambiguity fields(#2560) in the HE-SIG-A field 
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(see HE-SIG-A). Data symbols in an HE PPDU shall use a DFT period of 12.8 µ s and suhcarrier spacing of 
78.125 kHz. Data symbols in an HE PPDU shall support guard interval durations of 0.8 µs, 1.6 µs and 3.2 
µs. HE PPDUs shall have single stream pilots in the Data field . In UL MU-MIMO transmissions, all 
streams use the same pilot sequence.(#2561) 

When BCC encoding is used, the Data field shall consist of the SERVICE field, the PSDU, the tail hits, the 
post-FEC padding bits and the packet extension (bits for SU and bits for each user u in MU). When LDPC 
encoding is used, the Data field shall consist of the SERVICE field, the PSDU, the post-FEC padding bits 
and the packet extens ion. No tail hits are present when LDPC encoding is used. 

The Data field of the H E PPDU contains data for one or more users. 

26.3.11.2 Pre-FEC encoding process 

A two-step padding process is applied on all H E PPDUs. A pre-FEC padding with both MAC and PHY 
padding is applied before conducting FEC coding, and a post-FEC PHY padding is applied on the FEC 
encoded bits. 

The pre-FEC padding may pad toward 4 poss ible boundaries in the last one (in the case of non STBC), or 
two (in the case of STBC) OFDM symbols of an(#2829) HE PPDU, the 4 possible boundaries 
partition(#l837) the FEC output bit stream of the last OFDM symbol(s) into 4 symbol segments. The 4 
possible boundaries are represented by a pre-FEC padding factor parameter(#326)(#2564). 

HE PPDU padding process in the last OFDM symbol (non STBC) when illustrates these 4 poss ible 
symbol segments in the last OFDM symbol of a non STBC case, and the genera l padding process assuming 
the desired pre-FEC padding boundary, pre-FEC padding factor, is l. In the case of STBC, the FEC output 
bits and post-FEC padding bits as shown in HE PPDU padding process in the last OFDM symbol (STBC) 
when , are modulated into the last two OFDM symhols by STBC encoding, each with the same number of 
effective symbol segments, the pre-FEC padding factor(#2564) being 1. 
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Figure 26-27-HE PPDU padding process in the last OFDM symbol (non 
STBC) when a = 1 
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Figure 26-28-HE PPDU padding process in the last OFDM symbol (STBC) 
when a= 1 

The pre-FEC padding process is described in this subclause, and the encoding and post-FEC padding 
process are described in Coding(#l 113). While this subclause describes the pre-FEC padding processing of 
an SU transmission, its extension to MU transmission is described in 25.3 .10.3.4 (Encoding Process for HE 
MU PPDUs) . 

(26-60)1n an HE SU PPDU transmission, the transmitter first computes the number of excess bits in the 
last OFDM symbol(s). Specifically, for HE SU PPDU, the number of excess bits is calculated based on 

(26-60) 

Nfa cess = n1od(8. APEP _LENGTHt-NTail + Nservice• nisTBC. Nosps ) where 

m sTBc is 2 when STBC is used, and l otherwise 
APEP _LENGTH is the TXVECTOR parameter APEP _LENGTH 

(#252 l )Based(#2060) on N facess , compute the initial number of symbol segments in the last OFDM 
symbol(s), pre-FEC padding factor(#l626)(#2564) value or as shown in 

a;,,;, {:,nt""' :,,:,,, l• 4). otherwise 
I msrsc · NDBPS,SHORT 

(PH. 
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(26-61) 

{

4, if NExcess = 0 

min(I NExce.u 14) otherwise 
I msTBC · No BPS, SHORT ' ' 

(PHY Motion# 174) 

where 

NDBPS, SHORT = NcBPS, SHORT· R, in which R is the coding rate, and 

N C BPS, Sf/ORT = N.sD, SHORT. N.s-s • NBl'SCS" ' 

The parameter Nso,s110RT values for different RU sizes are as shown in N . 

Table 26-25-Nso,sHoRr values(#1857) 

NsD,SHORT 

RU Size 

DCM=O DCM=l 

26-tone 6 2 

52-tone 12 6 

106-tone 24 12 

242-tone 60 30 

484-tone 120 60 

996-tone 240 120 

2:<996-tone 492 246 

(26-62)Given the a;n;, values, the initial number of data bits per symbol and the initial number of coded 
bits per symbol in the last OFDM symbol(s) are defined in 

(26-62) 
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NDBPS.LAST.i11i1 = { 

C BPS. LAST .i11i1 = 

ai11ilNDBPS.SHORT• if a;,,;,< 4 

NDBPS• if a;,,il = 4 

N { a;,,i/NCBPS.SHORT• if a;,,;, < 4 

NcBPS• if a;,,; , = 4 
(26-63) For an(#2829) HE SU PPDU with BCC 

encoding, the number of pre-FEC pad bits is calculated using 

(26-63) 

NPAD, Pre-FEC : (Ns rM.i11it - 111s-rsc) N DBPS + nzSTBCN DBP S.LAST.i11it 

(26-71) - 8 · APEP _LENGTH- N Ta il - N s,,,-vice where 

N _ ,8·APEP_ LENGTH+NTail +N5en·icel 
SYM, i11 it - 111STB C . 

Nsn,t .init is defined as in lllsrscNDBPS (#2 for BCC 
encoding, and 

(#2802) for LDPC encoding. 

(26-64)For an(#2829) HE SU PPDU with LDPC encoding, the number ofpre-FEC pad bits is calculated 
using 

(26-64) 

N PAD, Pre-FEC : (NSYM.i11i1 - 111sTsc )N DBPS + 111STBCN DBPS.LAST. i11i t 

(26-65) - 8 . APEP _LENGTH--Nse rvi ce Among the 

pre-FEC padding bits, the MAC delivers a PSDU that fills the available octets in the Data field of the HE 
PPDU, toward the desired pre-FEC padding boundary, represented by a_init value, in the the last OFDM 
symbol(s). The PHY then determines the number of pad bits to add and appends them to the PSDU. The 
number ofpre-FEC pad bits added by PHY will always be Oto 7 . The procedure is defined in 

(26-65) 

NPAD, Pre -FEC,l'vlAC = l NPAD,;re -FECJ · 8 

26.3.11.3 N PAD. Pre -FEC.PHY = N PAD, Pre FEC mod 8 SERVICE field 

The SERVICE field of HE PPDU is as shown in SERVICE field. 
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Table 26-26-SERVICE field 

Bits Field Description 

80-B6 Scrambler Initialization Set to 0 

B7-B 15 Reserved Set to 0 

26.3.11.4 Scrambler 

The SERVICE field, PSDU, and PHY padding of the Data field shall be scrambled by the scrambler 
defined in 17 .3.5.5 (PHY DAT A scrambler and descrambler) . The Clause 17 (Orthogonal frequency 
division multiplexing (OFDM) PHY specification) TXVECTOR parameters 
CH_BANDWIDTH_ IN_NON_HT and DYN_BANDWIDTH_IN_NON_HT are not present and therefore 
the initial state of the scrambler is set to a nonzero pseudorandom seed. A different nonzero pseudorandom 
seed may be used for each user in a HE MU PPDU.(#2442) 

26.3.11.5 Coding 

The Data field shall be encoded using either the binary convolutional code (BCC) defined in Binary 
convolutional coding and puncturing or the low density parity check (LDPC) code defined in LDPC 
coding(#2803). The encoder is selected by the Coding field in HE-SIG-A in an HE SU PPDU or an HE 
extended range SU PPDU, or HE-SIG-B per-user subfield(s) in an(#2829) HE MU PPDU , as defined in 
HE-SIG-A and HE-SIG-B respectively. 

When conducting BCC FEC encoding for an HE PPDU, the number of encoders is always 1. 

LDPC is the only FEC coding scheme in the HE PPDU Data field for a 484-, 996-, and 2 x996-tone 
RU(#838). LDPC is the only FEC coding scheme in the HE PPDU Data field for MCSl0 and MCSl l in a 
242- 484-, 996- and 2 x996-tone RU.(PHY Motion #158) Support of BCC code is limited to less than or 
equal to four spatial streams and MCS0 to MCS9 (per user in case of MU-MIMO), and is mandatory (for 
both transmit and receive) for RU sizes less than or equal to a 242-tone RU(#838). Support of LDPC code 
(for both transmit and receive) is mandatory for HE ST As declaring support for at least one of HE 
40/80/160/80+80 SU PPDU bandwidths, for HE STAs declaring support for more than 4 spatial streams, or 
for HE STAs declaring suppmt for MCSlO and MCSll(PHY Motion #158), according to HE capabilities 
field as defined in 9.4.2.218 (HE Capabilities element). Otherwise, supprnt of LDPC code for either 
transmit or receive is optional. 

26.3.11.5.1 Binary convolutional coding and puncturing 

The information bits and pre-FEC padding bits of user u are encoded by a rate R = ½ convolutional encoder 
defined in 17.3.5 .6 (Convoluti.onal encoder). After encoding, the encoded data is punctured by the method 
defined in 17.3.5.6 (Convolutional encoder)(#2804) (except for rate 5/6), to achieve the rate selected by the 

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

BNSDOCID: <XP __ 68137445A_ I_> 

112



IEEE P802.11 ax/O0.5, September 2016 

modulation and coding scheme. In the case that rate 5/6 coding is selected, the puncturing scheme will be 
the same as described in 21.3.10.5.3 (Binary convolutional coding and puncturing)(#2805). 

The initial number of OFDM symbols in the Data field with BCC encoding in an(#2829) HE SU PPDU is 
N - . · 18 . APEP _LENGfH+ NTail + N se rvice l 

SYM, in it - msTBC N 
calculated using m srnc DBPS (#2. 

. N . - . · 18. APEP _LENGfH+ NTail +Nservice l 
SYM. i11i1 - 111STBC 

(26-66) 111
srncNoBPs (#282) 

For an(#2829) HE SU PPDU with BCC encoding, 

(26-67/VSYM = N s rM.init 

and 

The number of data bits per symbol in the last OFDM symbol(s) of an HE SU PPDU is 
NoBPS.L-IST = NoBPs.usr.;,,;,.(#328) 

(26-69)The number of coded bits per symbol in the last OFDM symbol(s) of an(#2829) HE SU PPDU is 
given by 

(26-69) 

26.3.11.5.2 
{

a · N CBPS._ s_"HORT> if a < 4 
NCBPS,LAST = 

NCBPS• II ll = 4 
LDPC coding 

(26-70)For an(#2829) HE SU PPDU using LDPC coding to encode the Data field, the LDPC code and 
encoding process described in L 9.3. l L 7 (LDPC codes)(#2806) shall be used with the following 
modifications. First, all bits in the Data field including the scrambled SERVICE, PSDU , and pre-FEC pad 
bits are encoded, i.e., Np/d = N s,rvice + 8 x APEP _LENGTH+ NPAD.Pre-FEc-(#2067). Thus, Npld for HE PPDUs 
shall be computed using 

instead of Equation (20-35). 

(26-70) 
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(26-71) 

N _ . 18 · APEP _LENCITH+ Nservicel 
SYM.i11it - msTBC • N 

(26-72) msrnc • DBPS Following the calculation of Nptd, Navbirs 

shall be computed using 

instead of Equation (20-36). 

(26-72) 

N b. = (N,•v•1 · · - msTac·) · Nc'BPS + m.sTac- · Nc•sp~ LAST.· ·1 · · · · 
av 11s •" ' '. 

1
"'

1 
· · ·•· , '"' In add1t10n, m step d) of LDPC encodmg 

process as described in 19.3.11.7.5 (LDPC PPDU encoding process)(#l405)(#2807), if the following 
condition is met: 

(Npw,c > 0.1 X New X LLDPC X ( 1 -R)) AND ( Nshrt < 1.2 X Npur,c X l ~ R) 

is true OR if 
Npu11c > 0.3 x N cw x LLD PC x ( 1 - R) is true, 

(26-73)then the LDPC Extra OFDM Symbol field of HE-SIG-A shalJ be set to 1, and increment Navbits by 
the following 

instead of Equations (19-39), followed by recomputing Npunc as in Equation (19-40)(#2808): 

(26-73) 

(26-74) 

= {Nav.bits + msTBC · (Neaps- 3NcBPS.SHOR. T), if ainit 
Na vb its h 

N,,,-bits + mSTBC. N CBPS.SHORT, ot envise 

3 

and then update a and NsYM 

values by the following 

(26-74) 

{

NSYM = NsrM.init + msTBC and a = 1, if a;,,;, = 4 

NsYM = NsY!'.t .init and a =a;,,;,+ 1, otherwise . . . . 
If m step d) of LDPC encodmg process as descnbed m 

19.3.11.7.5 (LDPC PPDU encoding process)(#l405)(#2809), the above mentioned condition is not met, 
then the LDPC Extra OFDM Symbol field of HE-SIG-A shall be set to 0, and 

(26-75) (#2068) 

With the final pre-FEC padding factor(#2564) value a, update the Nc8 ps of the last symbol as: 
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(26-76) 
{

a · NCBP_s~SH. ORT> if a< 4 
N CB PS.LAST = . 

N c 8 ps, 1t a = 4 

For completeness, the number of data bits of the last symbol NonPs.LAST = NosPs.L1sr. ,,,,,. (#329) 

LDPC codes used in HE MU PPDUs shall also follow the definitions in 19.3.11.7 (LDPC codes)(#2810). 
Refer to Encoding process for an HE MU PPDU(#2069) for a description of the LDPC encoding process 
for HE MU PPDUs. 

26.3.11.5.3 Post-FEC padding 

The number of post-FEC padding bits in each of the last m srnc symbol(s) is computed by: 

\16-77-l{PAD.POST-FEC = N cBPS - NcnPS.LAST 

The last msrnc symbols shall consist of N c sPs.L-1sr bits from the FEC output followed by NPAD.POST-FEC 

post-FEC padding bits. The values of the post-FEC padding bits are not specified and are left up to 
implementation.(#2070) 

26.3.11.5.4 Encoding process for an HE MU PPDU 

For an HE MU PPDU, all the users shall use a common pre-FEC padding factor(#2564) value and a 
common N sYM value. The padding process is described as follows. 

(26-7 l)First compute initial pre-FEC padding factor(#2564) value (a;,,;1_,,) for each user II using 

{

4, if N Etcess = 0 

a,,,,, nun( I N E,cess 14) otherwise 
I msTBC · N oBPS,SHORT ' ' 

(PH, and the initial number of OFDM symbols 

(Mm,.tm,)(#2071) for each user u using 
user u is BCC encoded, or 

N _ _ _ 18 · APEP _LENGfH+ N Tail + N service l 
SYM, /11 /1 - 111STBC 

111 !->'TBCNDBPS (#2 if 

(26-78) if user u is LDPC encoded. Among all the users, derive the user index with the longest encoded 
packet duration, as in 

(26-78) 

N.,- 1 

I/max = arg max,,= o (NsYM.ini1.11 - m sTBC + 0.25msrsc ll ;,,;1.1, ) w here m srnc is the common STBC setting 

among all the users, as described in 26.3.10.8. 

(26-79)Then the common a,111, and N,,,,, values among all the users are derived by 
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(26-79) 

Nsn.-r.;,,;r 

(26-80) 

Update each user's initial number of coded bits in its last symbol as below: 

NDBPS.LAST.i11it .11 = { 

CBPS.L4ST.init .u = 

ai11 itNDBPS.SHORT.u • if ai11it < 4 

N DBPS.u• if ai11it = 4 

N { ai 11 itNCBPS.SIIORT. u , if ai11it < 4 

NcBPS.u• if ai11it = 4 
(26-81) For each user with LDPC encoding, the 

number of pre-FEC padding bits is computed as in 

(26-81) 

(26-82) 

N PAD, Pre-ffic;,. = (NsYM.init - ms-rsc)N DBPS, 11 + 111 .s--racNoars.l.A ST.init .u 

- 8 · APEP _ LENGfl\, - N sen- ice 

each user with LDPC encoding, the parameters N ptd,u and Navbits_,, are computed using 

(26-83) and 

respectively: 

(26-82) 

(26-83) Npld, u 

For 

N avhits, ,, = (Nsv,w.i 11it- msrsc)NcBPS," + msrscNcBPS.l.AST.init.u For each user(#2072) with LDPC 

encoding continue LDPC encoding process as in 19.3.11.7.5 (LDPC PPDU encoding 
process)(#l405)(#28 l l) starting with the parameters Nptd,,, and '"b" s.u- If there is at least one user with LDPC 
encoding, where step d) of its LDPC encoding process of 19.3.11.7.5 (LDPC PPDU encoding 
process)(#l405)(#2812), meets the following condition: 

( 
R,, .) 

(Npu 11 c, u > 0.1 X Ncw, 11 X LLDPC, u X (1 -R,.)) AND Nshrt, u < l.2 X Npu nc, u X 1 -R. 
" is true OR if 

Npu11c, u > 0.3 X New, u X LLDPC, u X ( 1 -Ru) is true, 
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where Npw, c.u, N e w. ," LLDPC.11 and N shrr,u are the LDPC encoding parameters for user u, as defined in 
19.3.11.7.5 (LDPC PPDU encoding process)(#2813), and R,. is the coding rate of user u, then the LDPC 
Extra symbol bit in HE-SIG-A shall be set to 1, and all the users with LDPC encoding shall increment 
N avbirs and recomputed N punc, by the following two equations once: 

(26-84) 
{

Na vbits, 11 + mSTBC' (NCB P S - 3NC BPS .SHORT .11 ) , if ain it 

= Na vbi1 s, 11 + inSTBC' N CBP S.S HORT.11> otherv.ise 

3 

(26-85)NPllllC, II = inax(O, (New, u X LLDPC, ,,) - N avbits, II -Nshrt, ,,) 

Update the common pre-FEC padding factor(#2564) and NSYiw values for all users by the following 
equation: 

(26-86) 

{
NsrM: N s rM.inir + m !>TB~- and a= 1, if a,-11;1 = 4 

NS.TM - N::.-YM.in ir and a - a;11 ;, + 1, otherwise 
If among all the users with LDPC encoding, in step d) 

of 19.3.11.7.5 (LDPC PPDU encoding process)(#l405)(#28 l4), the above mentioned condition is not met, 
or if all the users in the HE MU PPDU are BCC encoded, then the LDPC Extra symbol bit in HE-SIG-A 
shall be set to 0, and : 

(26-87) 

(26-86) a= ai11i1• N s n,1 

and a parameters as in 

(#2073). 

NsrM, illir Note that users with BCC encoding shall also use the common N sr,w 

(#331)For the users with LDPC encoding, NosPS.LAST.u = NoBPS.IAST.inir.11• 

For the users with BCC encoding, update the N08ps of the last symbol as 

N _ { - a· NoBPS.SHORT.11• if a < 4 
DBPS .LAST.11 - N .f _ 

4 DBPS. 11• l Cl -

For each user with either LDPC or BCC encoding, update the Nc'BPS of the last symbol as 

N _ { a· N c sPS.SHORT.11• if a < 4 
CBPS. LAST.11 - N . . _ 

4 CBPS. 11• tf (li11i1 -

(26-88)For the users with BCC encoding, the number of pre-FEC padding bits is shown in 

(26-88) 
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NPAD, Pre-FE(:11 = (NsyM- msTnc)NDBPS, II+ msTBCNDBPS.LAST.u 

- 8 · APEP _ LENGTH;, - NTail - N se rvice For each user with 
either LDPC or BCC encoding, the number of post-FEC padding bits in each of the last msrnc symbol(s) is 

computed as in Nf'A[), Post-FH:11 = NCIJPS, u -NCBl'S. lAST.u(#2 : 

(26-89)NPAD. Pos1- FEC, u = NcBPS. u -NcBPS.lAST.u (#2070) 

(26-90)Among the pre-FEC padding bits, the MAC delivers a PSDU that fills the available octets in the 
Data field of the HE PPDU, toward the desired pre-FEC padding boundary, represented by a;11;,, in the last 
OFDM symbol(s). The PHY then determines the number of pad bits to add and appends them to the PSDU. 
The number of pre-FEC pad bits added by PHY will always be Oto 7. The procedure is defined in 

(26-91) and 

.(#2076) 

(26-90) 

NPAD, Pre - FEG MAC = 8 · lNPAD,;re-FECJ 

(26-91) 

26.3.11.5.5 Nl'AD, Pre-FEC P/-IY = NPAD, Pre-T'EC mod 8 Encoding process for an HE trigger-based 
PPDU 

The AP indicates the common NsYM, pre-FEC padding factor(#2564), STBC indication and LDPC Extra 
Symbol in the Trigger frame. 

For an HE trigger-based PPDU with BCC encoding, follow the HE SU PPDU padding and encoding 
process as introduced in 25.3.10.1.l (pre-1--tC padding process), Binary convolutional coding and 
puncturing, and Post-FEC padding, with initial parameters setting to NsYM.ini, = NsYM, and a;11;, = a, where 
N sYM and a are the common number of symbols and pre-FEC padding factor(#2564) indicated in the 
T1igger frame, respectively. 

For an HE trigger-based PPDU with LDPC encoding, follow the HE SU PPDU padding and encoding 
process as introduced in Pre-FEC encoding process, LDPC coding, and Post-FEC padding, with the 
following exceptions: 

(26-92)When the Trigger frame indicates LDPC Extra Symbol= 1, set the initial parameters following 

(26-92) 
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{
a;,,;,: 4 :nd.NsYM.init = N~YM -msTBC• ~f-~ = l 

a;,,;, - a l and NsYM.init - N sYM• othe1wise 
(26-73) where N srM and a are the common number of 

symbols and pre-FEC padding factor(#2564) indicated in the Trigger frame respectively, and m srne is 2 if 
the Trigger frame indicates STBC and I otherwise. Then continue with the LDPC encoding process as in 
20.3. I 1.7.5 (LDPC PPDU encoding process)(#l405), during which in step d) of 20.3.11.7 .5 (LDPC PPDU 
encoding process)(#l405), always increment Na vbi,s as in 

, and always recompute Npw,c as in Equation (20-40), followed by updating a = a1,,1, + I if a,,,,, < 4, or a= l if 
a;,,;, =4. 

When the Trigger frame indicates LDPC Extra Symbol = 0, set initial parameters to Nrnu,111;, = NsrM, and 
a1111, = a, where NsrM and a are the common number of symbols and pre-FEC padding factor(#l626)(#2564) 
indicated in the Trigger frame respectively. Then continue with the LDPC encoding process as in 
20.3.11.7.5 (LDPC PPDU encoding process)(#l405), during which in step d) of 20.3.11.7.5 (LDPC PPDU 
encoding process)(#l405), N avbirs and Npunc are not changed, and a= a;,,;,. 

26.3.11.6 Stream parser 

After coding, scrambling,(#2078) puncturing and post-FEC padding, the data bit streams at the output of 
the FEC encoder are processed in groups of N eaps bits. Each of these groups is re-arranged into N.,s blocks 
of NeaPss bits (Nss.11 blocks of NeaPss,u bits in the case of an(#2829) HE MU transmission). This operation is 
referred to as " stream parsing" and is described in this subclause(#l304). 

The description is given in terms of an SU transmission. For MU transmissions, the rearrangements are 
carried out in the same way per user. 

(26-93)The number of bits assigned to a single axis (real or imaginary) in a constellation point in a 
spatial stream is denoted by 

(26-93) 

NB PSCS 
s = max(l, --.,-) s N 

- The sum of these over all streams is = ss · s 

Consecutive blocks of s bits are assigned to different spatial streams in a round robin fashion. 

For the Neaps bits of each OFDM symbol, S bi.ts from the output of the encoder are divided among all 
spatial streams, s bits per stream. 

Note that for all RU sizes the coded bits of each OFDM symbol are always evenly allocated to Nss spatial 
streams.(#2079)(#Ed) 

The following equations are an equivalent description to the above procedure. Bit i at the output of the 
encoder is assigned to input bit k of spatial s tream iss where 

i = Ciss-l)s+S·l~J+(kmods) 
s (#2080) 
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(~s = 1, 2, ... , Nss 

i = 0, 1, ... , NCBPS- 1 

k = 0, I, ... ,NcsPss- 1 (#2081) 

26.3.11.7 Segment parser 

The description in this subclause is for an SU transmission. For an MU transmissions, the rearrangements 
are carried out in the same way but per user.(#E<i) 

(26-94)For a 20 MHz, 40 MHz, 80 MHz, 160 MHz and 80+80 MHz transmission with a 26-, 52-, 106-, 
242-, 484- or 996-tone RU, the segment parser is bypassed and the output bits of each stream parser are as 
specified in 

(26-94) 

Yk, I = xk where 

Xk is bit k of a block of N csPSS bits, k = 0 to NcnPss- 1 
is the frequency subblock index and/= 0 for a 26-, 52-, 106-, 242-, 484- and 996-tone RU. 

Yk.t is bit k of the frequency subblock l 

(26-95)For a 160 MHz and 80+80 MHz transmission with a 2x996-tone RU, the output bits of each 
stream parser are first divided into blocks of NcnPss bits (NcsPss,u bits in the case of an MU transmission). 
Then, each block is further divided into two frequency subblocks of NcnPs.J2 bits as shown in 

(26-95) 

- . m=2s·l~J+t•s+(kmods), k = 0 1 NcBPSS_l y \ ' ' . . . , 2 
(26-96)· k, 1 - . "' S 

and 
.,:m is bit m of a block of Nrnpss bits and m = 0, ... , Ncnpss - 1 

is the frequency subblock index and / = 0, 1 
}'k,1 is bit k of the frequency subblock l 

(26-93)s is defined in 

(#2566) 
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26.3.11.8 BCC interleavers 

(#1866)For ease of explanation, the operation of the interleaver is described only for the SU case. For user 
u of an MU transmission, the interleaver operates in the same way on the output bits for the user from the 
stream parser by replacing Nss, N cnPSS, N cnPS, and Nnpscs with N ss,,,, N cnPSS,u, N cnPs.u and Nnpscs.u, 
respectively(#2522) . That is, the operation of the interleaver is the same as if the transmission were an SU 
one, consisting of bits from only that user. 

The BCC interleaver operation is specified in 21 .3.10.8 (BCC interleaver). When DCM is used with BPSK 
modulation in a 106-tone RU or a 242-tone RU with N ss = l, after the 2xNonPs coded bits in each OFDM 
symbol, 1 padding bit is added before the bits are interleaved.(#482) (#2183)The interleaver parameters, 
NcrJL, NRow, and NRoT, for the Data field depend on the RU size and whether or not DCM is used and are 
defined in the RU size column of BCC interleaver parameters . 

Table 26-27-BCC interleaver parameters 

HE-SIG-A/ 
RU size (tones) HE-SIG-B 

DCM Parameter 
(tones) 

26 52 106 242 56 

N coL 8 16 17 26 13 

Not used NROW 3 X NnPSCS 3 X NBPSCS 6 X N BPSCS 9 x Nn!'scs 4 X NsPSCS 

NRoT (2:;; N ss:;; 4) 2 11 29 58 -

N coL 48 8 17 13 13 

Used NROW 3 X Nnl'SCS 3 X NnPSCS 3 X NnPSCS 9 X N nPSCS 2 X NsPSCS 

N ROT ( N ss = 2} 2 2 11 29 -

The interleaver parameters, Nco1, and NRo w, for the HE-SIG-A and HE-SIG-B fields are defined in the 
HE-SIG-A/HE-SIG-B column of BCC interleaver parameters . 

NOTE-DCM is not used on the HE-SIG-A field . 

26.3.11.9 Constellation mapping 

The mapping between the input bits of the constellation mapper and complex constellation points for 
BPSK, QPSK, 16-QAM, 64-QAM and 256-QAM is as defined in 21.3.10.9 (Conste llation mapping). 

1024-QAM is optional for SU and MU for RUs equal to or larger than 242 subcarriers(#l782)(#Ed) . For 
1024-QAM, the mapping of the bits at the output of the interleaver to the complex constellation points is 
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defined in Constellation bit encoding for 1024-QAM ( I st quadrant), Constellation bit encoding for 
1024-QAM (2nd quadrant), Constellation bit encoding for 1024-QAM (3rd quadrant) and Constellation bit 
encoding for 1024-QAM (4th quadrant). 
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Figure 26-29-Constellation bit encoding for 1024-QAM (1st quadrant) 
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Figure 26-30-Constellation bit encoding for 1024-QAM (2nd quad­
rant) 
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Figure 26-31-Constellation bit encoding for 1024-QAM (3rd quadrant) 
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t 
·· ·r · t- --.-.---.---l ·-- ----- ---r 

Figure 26-32-Constellation bit encoding for 1024-QAM (4th quadrant) 

The normalization factor Kmvd for 1024 QAM is l / ./682 .(#1782) 

Dual subcarrier modulation (DCM) is an optional modulation scheme for the HE-SIG-B and Data fields. 
DCM can be applied to an HE SU PPDU and an HE extended range SU PPDU. In an HE MU PPDU, DCM 
can be applied only to RUs containing data for l user.(#482) 

DCM is only applied to MCS0, MCS l, MCS 3 and MCS 4. DCM is applied only with Nss = I or N,s = 2 
(in the case of single user RU in an HE MU PPDU, Nss,,,u = 1 or N ss.r.u = 2). DCM is not applied with 
MU-MIMO or with STBC. 

When DCM is employed, bit sequences are mapped to a pair symbols (dk, dq<k J) where k is in the range of 
0~k~Nrn-1 q(k) .. th f Nrn~k~Nrn-1 . d l. t· d. · T ' and ts m e range o · ' m or er to exp mt requency 1vers1ty. o 

. . h f d. . h . d" f . f DCM b · (k q(k)) · q(k) = k + NSD max1m1ze t e requency 1vers1ty, t e m ices o a pair o su earners ' - 1s . 
The Nso here refers to the Nm with DCM= 1, which is half the value of Nso with DCM= 0.(#482) 

For BPSK modulation with DCM, the input stream is broken into groups of NcsPs or NcsPs.u bits 

(Bo, 
81

' ... , 
8

NcsPs.u -
1 )(#2522). Each bit Bk is BPSK modulated to a sample dk. This generates the samples 

for the lower half uf the data subcarriers. For the upper half of the subcarriers, the samples are generated as 
j(k + Nsn>rr 

dk+Nsn = dk x e ,k = 0,1, ... ,Nsn 1 
. The Nso here refers to the Nm with DCM= l, which is 

half the value of Nm with DCM = 0.(#482) 
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For QPSK modulation with DCM, the input stream is broken into groups of N cnPs or NcnPs.,,(#333) bits 
(Bo, B1, ... , B N 1) (B,k B,k 1) d 

CBPs." - (#2522). Each pair of bits - ' - + is QPSK modulated to a symbol k. This 
generates the constellation points for the lower half the data subcarriers in the RU. For the upper half of the 

dk + N = conj(dk) 
data sub-carriers in the RU, so (#482). 

For 16-QAM modulation with DCM, the input stream is broken into groups of NcsPs or N csPs.u bits 

(Bo, Bi, . .. , B NCBPs .• -l )(#2522). A group of 4 bits (B4k, B1k+t, B 1k+2, B1k+J) is 16-QAM modulated to a 
sample dk as described in 18.3.5.8. This is the sample on subcaITier k in the lower half. In the upper half, 

the sample dk + N,,, on subcarrier k + N so is obtained by 16-QAM modulating a permutation of the bits 
d 

(B1k, B1k+1, B 1k+2, B1k+J). Specifically, k + Ns,, is obtained by applying the 16-QAM modulation procedure 
in 18.3.5.8 to the bit group (B1k+J, B1k, B1k+J, B1k+2) . he N so here refers to the Nso with DCM= 1, which is 
half the value of Nso with DCM = 0.(#482) 

26.3.11.10 Space-time block coding 

This subclause defines a set of optional robust transmission techniques that are applicable only when using 
STBC coding. For an HE PPDU, STBC is allowed only with single spatial stream and two space-time 
streams, and its application is as indicated by the STBC bit in HE-SIG-A (TBD: undecided whether in 
HE-SIG-A for HE_MU). In an HE MU PPDU, STBC coding is used in all RUs or not used in any of the 
RUs. If in an RU , DL MU-MIMO is applied, STBC shall not be used in any RU in the HE MU PPDU . 

The STBC encoding process is as described in 22.3.10.9.4 (Space-time block coding)(#l405), with 
Nss,o = 1 and Ns-rs.o = 2 . 

26.3.11.11 LDPC tone mapper 

(#1859)The LDPC tone mapping shall be performed on all LDPC encoded streams mapped in an(#Ed) RU 
as described in this subclause. LDPC tone mapping shall not be performed on streams that are encoded 
using BCC. When DCM is applied to LDPC encoded streams, DTM_nn iC#l860) shall be applied on both the 
lower half data subcarriers in an(#Ed) RU and the upper half data subcaITiers of the RU. The LDPC 
tone-mapping distance parameters DTM and Dn,_ocM are constant for each RU s ize and the values for 
different RU sizes are given in LDPC tone mapping distance for each RU size . 

Table 26-28-LDPC tone mapping distance for each RU size 

RU Size (tones) 

Parameter 

26 52 106 242 484 996 2x996(#l 
337) 

Dn, l 3 6 9 12 20 20 

D TM_DCII l l 3 9 9 14 14(#1861 
) 
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NOTE-The LDPC tone mapping parameters DTM and DrM_ncM are applied for each frequency subblock, / = 0 and 
I= 1.(#1866) 

For an HE PPDU without DCM, the LDPC tone mapping for the LDPC encoded stream for user II in the 
r-th RU is done by permuting the stream of complex numbers generated by the constellation mappers (see 
Constellation mapping) to 

d' ttk ), i, n. l. r. u = cf k, i, n, l~ r, u; k = 0, 1, ... , N50 - 1 for a 26-, 52-, 106-, 242-, 484- and 996-tone R 

(26-97) 

N 
k = 0, 1, ... , ;o - l for a 2x996-tone RU 

i = 1, · · -, Nss, r, 11 

n = 0, 1, ... , NSYM - I 

0 for a 26-, 52-, 106-, 242-, 484- and 996-tone RU 

0, l for a 2x996-tone RU 

II = 0 , ... , N,, ser.r- 1 

where N 50 is the number of data tones in the r-th RU. 

t(k) 

(26-98) 
!

D™(k mod;;~+ l k ~::M J for a 26-, 52-, 106-, 242-. 484- and 996-tooe R 

o™(k mod N~D/ ~ + lk · DrM J, for a 2x996-tone RU 
r,w N5 0 / 2 

For an(#2829) HE PPDU with DCM, the LDPC tone mapping for the LDPC encoded stream c01Tesponding 
to user u in the r-th RU is done by permuting the stream of complex numbers generated by the constellation 
mappers (see 25.3. l0.7) to 

(26-99) 

where 

-J d~ ,~ ... ,-.,._., ;. 

l d:-_t.~,{.~·.~;. 

Nso 
k = 0, 1, ... , 2 - 1 

k' = k - N s D for k 
2 ' 

i = I, ... ,Nss.r,u 
n = 0, 1, ... , N s YM - I 

{
O for a 26-. 52 -. 106-, 242-. 494- and 996-tone R 

l = 
0, 1 for a 2x996- tone RU 

U = 0, ... , N,,ser. ,.-1 
r = 0, ... ,NRu- 1 
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NsD is the number of data tones in the r-th RU and 

D™ D CM k mod + TM DCM , for a 26-, 52-, 106-, 242-, 484- and 996-tone RU ( Nsvl B- lk . D J 
- DTM_D N 50 1 2 

t(k) = DTM_D0\,1 k' mod so - + · TM DCM + ~0
, for a 26-, 52-, ( N / 'J ) lk' D J N 

DTM_DCM N 5v l 2 -
l 06- , 242-, 484- and 996-tone Rl 

(26-100) 

( Nsvl;)" lk • D J D™ DO\,l k mod + TM DCM , for a 2x996-tone RU 
- Dn,1_0 N 50 1 2 

DTM_ocM is the LDPC tone mapping distance for the r-th RU when DCM is applied. 

NOTE-LDPC tone mapper for a 26-, 52-, 106-, 242-, 484- and 996-tone RU is defined as one segment(#2088). LDPC 
tone mapping is performed separately for the upper and lower 80 MHz frequency segments of a 2 :<996-tone RU(#l337) 
as indicated by the frequency subblock index I in Error! Reference source not found . and Error! Reference source not 
found. 

Since LDPC tone mapping is not performed on BCC-coded streams, for BCC-coded streams, the following 
applies: 

cf'k, i, n, l, r, u = d k, i, n, I, r, u; k = 0, I, ... , N 50 - l for a 26-, 52-, 106-, 242-, 484- and 996-tone Rl 

N 
k = 0, l, ... , ~ - l for a 2x996-tone RU 

2 

(26-101) 

26.3.11.12 Segment deparser 

i = l, .. ,,Nss,r, ll 

n = 0, l , ... , Ns yM-1 

0 for a 26-, 52-, 106-, 242-, 484- and 996-tune RU 

l = 0, l for a 2x996-tone RU 

U = 0, ... , N,. ser, r - 1 

(26-102)For a 26-, 52-, 106-, 242-, 484- and 996-tone RU(#Ed), the segment deparsing is not performed 
du,.,, l 

and k, i, ", I , r, " is specified in 

(26-102) 

d (is~,> = cf' . 
(26- 103) k, 1, 11, I, r, u k, 1, 11, 0, r, u• if 0 s, k s, N so - l, i s = 0 . 

eg For a 2 x996-tone RU 111 a 160 MHz HE 
PPDU(#Ed), the two frequency subblocks at the output of the LDPC tone mapper are combined into one 
frequency segment as specified in 
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(26-103) 

(26-104) 
l

d' if Os k .s Nso - 1 
k. i , n. 0, r, "' 2 

N ' i seg = 0 
d' N,o , if ;o s k .s N 50 - l 

k - T ' ,. n, l, r, u 

For a 2 x996-tone RU in an 
/is,, ) 

80+80 MHz HE PPDU, the segment deparsing is not performed and l k, i, "· 1• ' · " is specified in 

(26-104) 

l (is,,> - d' 'f O < k < N - l . - 0 1 
L k i 11 r ll - k i 11 i r u' t - - SD · ' ' seo - ' · ' · ' ' ' ' ' s,,. ' ~ NOTE-As per Table 21-7 (center frequency for 

/
01 

/" d"k,i,n,O, r , u frequency segment iSeg = 0), c is always less than ·'" in case of 80+80 MHz HE PPDU. Hence, 
f" 

(frequency subblock 0) is always transmitted in the frequency segment lower in frequency, while ' k, ,, ", 
1
• ' · " 

(frequency suhhlock I) is always transmitted in the frequency segment higher in frequency .(#2092) 

26.3.11.13 Pilot subcarriers 

Por a user transmitting on the i-th 26-tone RU in a given PPDU BW, two pilot tones shall be inserted in 

b · k E KR 26 h KR,6 · · b th (#926) . h ·1 . d . th f . PPDU su earners ', w ere - ' 1s given y e i-t p1 ot 111 ex set m e row o given 
BW of Pilot indices for a 26-tone RU. 

Table 26-29-Pilot indices for a 26-tone RU 

PPDU BW KR26, 

20 MHz, i = 1;9 -116/-102, - 90/-76, -62/-48, -36/-22, -10/10, 22/36, 48/62, 76/90, 102/116 

40 MHz, i = 1: 18 -238/-224, -212/-198, - 184/-170, -158/-144, -130/- 116, - 104/-90, -78/-64, 
-50/-36, - 24/-10, l 0/24, 36/50, 64/78, 90/104, 116/l 30, 144/158, 170/184, 198/212, 
224/238 

80 MHz, i = L37 - 494/- 480, - 468/-454, - 440/- 426, - 414/-400, - 386/- 372, -360/-346, -334/-320, 
- 306/-292, - 280/- 266, - 252/- 238, -226/-212, - 198/- 184, - 172/- 158, - 144/- 130, 

- 118/- 104, - 92/- 78, - 64/-50, -38/-24, - 10/LO, 24/38, 50/64, 78/92, 104/118, 130/144, 
l 58/l 72, 184/ 198, 212/226, 238/252, 266/280, 292/306, 320/334, 346/360, 372/386, 
400/414, 426/440, 454/468, 480/494 

160 MHz, i = 1:74 {pilot tone indices in 80 MHz -512, pilot tone indices in 80 MHz +512} 
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The pilot mapping ~ (#346) for the(#927) subcarrier k for symbol n shall be as specified in 
KR 16 

P,. ' = { 'f',, mod 2> 'f'(,, +I) mod 2} 

k <' KR2 6 

P,, '= 0 
(#3. 

{ 'f',, m od 2> 'f'( n +I ) m od 2} 

k e KR,,6 

(26-105)?,, - ' = O (#347) 

where 
\pm 

is defined in The 2 pilot values for a 26-tone RU 

Table 26-30-Th 
e 2 pilot values 

for a 26-tone 
RU(#347) 

'Po 

-1 

For a user transmitting on the i-th 52-tone RU in a given PPDU BW, four pilot tones shall be inserted in 

subcarriers k e KR
52

', where KR 52
, is given by the(#Ed) i-th pilot index set in the row of given PPDU BW 

of Pilot indices for 52-tone RU transmission . 

Table 26-31-Pilot indices for 52-tone RU transmission 

PPDBW KR52, 

20 MHz, i = l:4 -116/-102/-90/-76, -62/-48/-36/-22, 22/36/48/62, 76/90/102/116 

40 MHz, i = l:8 -238/-224/-212/- [98, -184/-170/-158/- 144, -104/-90/-78/-64, -50/- 36/-24/-10, 
L0/24/36/50, 64/78/90/[04, 144/158/170/184, 198/212/224/238 

80 MHz, i = 1:16 -494/- 480/-468/- 454, -440/-426/- 414/-400, - 360/-346/-334/-3 20, 

-306/-292/-280/-266, -252/-238/-226/- 212, -198/- 184/-172/-158, 

- l 18/- 104/-92/- 78, - 64/-50/-38/- 24, 24/38/50/64, 78/92/104/118, 158/172/184/ l 98, 
212/226/238/252, 266/280/292/306, 320/334/346/360, 400/414/426/440, 454/468/480/494 

160 MHz, i = 1:32 l pilot tone indices in 80 MHz -5 l 2, pilot tone indices in 80 MHz +512} 
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The pilot mapping 
I:_ 

n (#346) for the(#933) subcarrier k for symbol n shall be as specified in 
KR52 . 

pfl I 

0 
(#3. 

{'f'nrnod4> 'f'(n+l)mod4' 'f'(n+2)mod4' 'f'(n+3)mod4} 

k E KR521 

(26-106)p" = 0 (#347) 

where 
'I'm 

is defined in The 4 pilot values in a 52- and 106-tone RU 

Table 26-32-The 4 pilot values in a 
52- and 106-tone RU(#347) 

For a user trnnsmitting on the i-th 106-tone RU in a given PPDU BW, four pilot tones shall be inserted in 

b · k E KRHJ6 h KRI06 · · b h (#932) . h ·1 . d . th f . PPDlJ su earners ' , w ere ' 1s given y t e . . . i-t p1 ot m ex set m e row o given 
BW of Pilot indices for 106-tone RU transmission. 

Table 26-33-Pilot indices for 106-tone RU transmission 

PPDBW KR !06, 

20 MHz, i = 1:2 -l 16/-90/-48/-22, 22/48/90/116 

40 MHz, i = 1:4 -238/-212/-170/-144, -104/-78/-36/-10, 10/36/78/104, 144/170/212/238 

80 MHz, i = 1:8 -494/-468/-426/-400, -360/-334/-292/-266, -252/-226/-184/-158, 

-118/-92/-50/-24, 24/50/92/118, 158/184/226/252, 266/292/334/360, 400/426/468/494 

160 MHz, i = 1:16 { pilot tone indices in 80 MHz -512, pilot tone indices in 80 MHz +512) 

(26- l07)The pilot mapping P':z (#346) for the(#930) subcarrier k for symbol n shall be as specified in 

(26-107) 
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KRI06 

P,. '= {'f'nmod4' 'f\11+l ) mod4' q,(11+2 ) mod4' 't'(n + 3) mod4} 

0 
where 

is defined in The 4 pilot values in a 52- and l06-tone RU 

For a user transmitting on the i-th 242-tone RU in a given PPDU BW, eight pilot tones shall be inserted in 

b . k E KR~42 h KR'4 ' . . b h (.#929) . th ·1 . d . th f . PPDU su can1ers - ' , w ere - -, 1s given y t e 1- p1 ot 111 ex set 111 e row o given 
BW of Pilot indices for 242-tone RU transmission . 

Table 26-34-Pilot indices for 242-tone RU transmission 

PPDBW KR242, 

20 MHz, i = l - I l 6/-90/-48/-22/22/48/90/ I 16 

40 MHz, i = 1:2 - 238/-212/-l 70/- 144/-104/-78/-36/- 10, 10/36/78/ 104/144/170/212/238 

80 MHz, i = 1:4 -494/- 468/-426/-400/-360/- 334/-292/-266, -252/-226/- 184/-158/-l 18/-92/-50/- 24, 
24/50/92/ 118/ 158/184/226/252, 266/292/334/360/400/426/468/494 

160 MHz, i = 1:8 {pilot tone indices in 80 MHz - 512, pilot tone indices in 80 MHz +51 2} 

(26-108)The pilot mapping P,, (#346) for the(#936) subcarrier k for symbol 11 shall be as specified in 

(26-108) 

K R24 2 
P,. , 

{ 'f' n mod g, '-fl n + I mod 8• 'f' n + 2 mod 8' '-fl n + 3 mod 8' 

q,(11 +4 ) mod 8' q,(11 + 5) mod 8' q,(11 + 6) m od~ q, ( 11 + 7) mod 8 } 

0 
where 

is defined in The 8 pilot values in a 242-tone RU 

Table 26-35-The 8 pilot values in a 242-tone RU(#347) 

I % I ~ I ~ I : I : I ~ I % I ~ I 
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For a 484-tone RU transmission, the pilot mapping for 8 pilots in 242-tone RU is replicated in the two 
242-RUs of the 484-tone RU transmission. Specifically, for(#347) a user transmitting on the i-th 484-tone 

Ru . . PPDU BW . ·1 h 11 be . d . b . k E K R484 h K R4 84 . m a given , sixteen pt ot tones s a mserte · m su carriers ' w ere · 1s 
given by the(#938) i-th pilot index set in the row of given PPDU BW of Pilot indices for 484-tone RU 
transmission . 

Table 26-36-Pilot indices for 484-tone RU transmission 

PPDBW KR484, 

40 MHz, i == 1 -238/-212/-170/-144/-104/-78/- 36/-10/10/36/78/104/144/l 70/212/238 

80 MHz, i == 1:2 -494/-468/-426/-400/-360/-334/-292/-266/-252/-226/-184/- 158/-l 18/-92/-50/- 24, 
24/50/92/ l I 8/ 158/ 184/226/252/266/292/ 3 34/360/400/426/468/494 

160 MHz, i == I :4 (pilot tone indices in 80 MHz -512, pilot tone indices in 80 MHz +512) 

k 

The pilot mapping pn (#346) for the(#942) subcarrier k for symbol n shall be as specified in 

where 
\pm 

{'l'nmod8' \f'n+ lmodS, \}1n+ 2modS, \P 11 + 3 mod8' 

'l'(n +4) m od 8' lf'(,, + 5) m od 8' 'l'(n + 6) mod 8' tp(n + 7 ) mod 8' 

'l'(n+8) mod 8, 'l'(n+9) m od8• \f'(n+ JO) modS, '1'(11+ II ) modS, 

'l'(11+12Jmod8' 'l'(n+l3)mod8• '1'(11+14) rnod8' 'l' (11+15Jmod8} 

{ 'I' 11 mod 8• 'l'n + I mod S, 'l'n + 2 m od g, 'I' 11 + 3 mod g, 

(#3. 

'1'(11+4) mod 8' 'l'(n+5) mod8' tp(n+6) mod8' 'l'(n+7) mod8' 

'I' (n + 8) mod 8' lJ\ 11 + 9) mod S, 'I'(,,+ 10) m od S, 'l'( n + 11 J m od 8' 

'l'(n+ 12) mod8' tp(11+ 13Jmod8' 'l'(n+ 14) mod8' 'l' (n+ 15) mod8} 

is defined in The 8 pilot values in a 242-tone RU 

(#347) 

For a 996-tone RU transmission, the pilot mapping for its 16 pilots is the same as the mapping for 484-tone 
RU transmission. Specifically, for(#347) a user transmitting on the i-th 996-tone RU in a given PPDU BW, 

k E KR996 KR996 
sixteen pilot tones shall be inserted in subcarriers ' , where • is given by the(#941) i-th pilot 
index set in the row of given PPDU BW of Pilot indices for 996-tone RU transmission . 

Table 26-37-Pilot indices for 996-tone RU transmission 
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PPDBW KR996, 

80MHz, i= 1 - 468/-400/-334/-266/-226/-158/-92/- 24/24/92/ 158/226/266/3 34/400/468 

160 MHz, i = 1:2 {for i = 1 pilot tone indices in 80 MHz -512, for i = 2 pilot tone indices in 80 MHz 
+512)(#2095) 

k 

The pilot mapping pn (#346) for the(#939) subcarrier k for symbol n shall be as specified in 
K R996 . 

P,. ' {'-f'nmod8• '-f'(n+l)mod8' '-f'(rt+2)m od 8' '-I'(11+3)mod 8' 

k 'ic KR 996 

'-I'(n +4) mod 8' '-P(n + 5) mod 8' '-P(,, + 6) mod 8' 't'(,. + 7) mod 8' 

q.,(n+8)mod8' '-I'(11+9)mod8' 'P(11+IO)mod8' 't'(n+ll ) mod8' 

q., {n + 11) mod 8• 4'(11 + 13) mod S, q.,(n + 14 ) mod 8' '-I'( n + 15) mod 8} 

P,, '= 0 
(#3. 

K R996 
p1f I= 

k e K R996 

{'Pl! mod S, 4'(11+ I) mod 8• '-I'(n+l ) m od8' ~l\n+ 3 ) rn od 8' 

'-I'v, +4) mod8• 'I'(,. +5) mod 8' '1'(11+6) mod 8' 4'(11+7 ) m od 8• 

't'(n +8) mod8' '1'(11 +9) mod 8' q.,(11+ JO) m<x18' '-I'(n + 11 ) mod g, 

't' ( 11 + 12) mod 8' 4'(11 + 13 ) mod 8' 'P (11 + 14) mod g, 'P (11 + 15) mod 8} 

(26-110{11 , = 0 

where 
'PIil is defined in The 8 pilot values in a 242-tone RU 

(#347) 

For a 160 MHz transmission (equivalently two 996-tone RU transmissions), the 80 MHz (equivalently 
996-tone RU)(#347) pilot mapping is replicated in the two 80 MHz subchannels of the 160 MHz 

. k E KR2x996 
transmission . Specifically, thirty-two pilot tones shall be inserted in subcarners ; , where 
K 

R2x
9 9

6; is given by {-980, -912, -846, -778, -738, -670, -604, -536, -488, - 420, -354, -286, -246, 
-178, -112, -44, 44, 112,178,246,286,354,420,488,536,604,670, 738,778,846,912,980}. The pilot 
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mapping 
KR?.x.9% 

p/1 l = 

k ~ KR 2x.996 

p/1 ' 

where 
'Pm 

(#346) for the(#944) subcarrier k for symbol n shall be 

{ 'l'" mod 8• 'l'(n + I) mod 8• 'l'(n +2) mod S, 'l'(I, + 3) mod S, 

'l'u, +4) mod 8' 'l'(/1 + 5) mod S, 'l'(/1 + 6) mod 8' 'l'(I, + 7) mod g, 

'l:'(11+8) mod8' '1'(11+9) mod8' '1'(11+ IO) mod8' 'l:'(11+ II) mod8' 

lJ\11+ 12) mod 8' 'l'(n + 13) mod S, '1\n + 14) mod S, tp( 11 + 15) mod 8• 

'F n mod 8' 'l'(n + I) mod 8• 'I'( n + 2) mod S, 'l' (11 + 3) mod S, 

'l:'(11+4) mod8' 'l:'(11+5) mod8' 'l\11+6) mod8' 'P(11+7) mod8• 

'P(I, +8) mod8' '1'(11 +9) mod S, tp(n+ 10) mod 8' 'l'(n+ II) mod8• 

tp(n+ 12) m od8' lJ\11+ 13) mod8' '1'(11+ 14) mod8' 'l'(ri+ 15) mod&} 

0 

KR1 x.996. 

(#3. 

pn ' {ll'nmodS, 'l'(n+l)modS, 'l'(n+2)modS, 'l'(11+3)moct&, 

'P(,,+4) mod8• '1'(11+5)mod8> tp(n+6)mod8' '-l'(n+7)mod8' 

'l'(n + 8 ) mod 8• '1'(1, + 9) mod 8' '1'(11 + 10) mod S, '-l'(n + 11) mod S, 

'l'(n+ 12) mod&, '1'(11+ 13) mod&, 'l'(n+ 14) rnod8• 'l'(n+ 15) mod&, 

'l'n modS, 'l'(n+ I) modS, '1'(11+2) mod8' 'l'(t,+3) mod8' 

'1'(11+4) mod8' 'l'(n+5)mod8' '-l\n+6)mod8' '1'(11+ 7 )mod8' 

'l'(,. +8) mod8' 'P(I, +9) mod S, '-P(n+ IO) mod8' 'l'(t, + II) mod S, 

'l' (11 + 12) mod S, 'l'(n + 13) mod S, 'l'(n + 14) m od 8• 'l' (n + 15) mod 8} 

is defined in The 8 pilot values in a 242-tone RU 

(#347) 

as specified in 

For a noncontiguous 80+80 MHz transmission, each frequency segment shall follow the 80 MHz pilot tone 
allocation and values defined for 996-tone RU in 80 MHz transmission as specified in 

KR 996 
p ' 

n 

k" KR 9% 

{lPn mod 8• 'I'(,,+\) mod 8• 'l'(n+2) mod S, 'I'(,, +3) mod8' 

'l'(n+4) mod8' 'l:'(11+5) mod8' 'l'<n+6) mod8' 'l'(n+7) mod8' 

tp(ri+8)mod8' tp(n + 9)mod8' tp(n+IO) modS, 'P(n+ll)modS, 

'-l'(n + 12) mod 8' tp(n + 13) mod 8' tp(ri + 14) mod 8' '-P(n + 15) mod 8} 

pn '= 0 
(#3 and TBD pilot values for 996-tone 

RU in 80 MHz PPDU BW. 

The above pilot mapping shall be copied to all space-time streams before the space-time stream cyclic 
shifts are applied. 
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26.3.11.14 OFDM modulation 

(26-l 12)The time domain waveform of the Data field of an HE PPDU that is not an HE trigger-based 
. 1 < . < N 

PPDU, from transmit chain ' rx, - 'rx - rx and frequency segment iseg(#2097), shall be as defined in 

(26-112) 

I! = 0 

r = I 

"7 Nu,~ - INs;,'·" [ [Qk(_is,,~. (D~51
~: •,~\- + P 11 + 2 + NH E-SIG-A +NHE s,a BP~) ) 

L- L. k..J J ,rx, l ,Wr. 1,+ 111 ) 

k E K, 11 = 0 m = I -exp(j'2nkliF.HE(t-nTsyM - TG!,Da1a - T cs, HE(Mr,u +m) )) 
where 

p,, is defined in 18.3.5.10 (OFDM modulation) 
p'_ 

n is defined in Pilot subcarriers(#l056)(#334) 
Tone 

NHE-Daia is defined in T one scaling factor and guard interval duration values for HE PPDU 
fields (#476) 

Tes, HE(Mr. ,, + m) represents the cyclic shift for space time stream M r,u + m as defined in Cyclic 
shift for HE modulated fields(#l052) 

TG/, Dara is the guard interva l duration as defined in T iming-related constants 

~ Us,,, u) 

(26-113) D k. m, " · ,. is the transmitted constellation for user u in the r-th RU at subcarrier k, 
space-time stream m, and Data field OFDM symbol n and is defined by 

(26-113) 

- Useg, u.) 
D k, m, 11 ~r 

K Pilot 

{
o, k E Kpj(ol 

~ (is,_. ) , 
.d M (k ) ,,, n.,. ,,, Ot herwtse h 

' ' ' · ' w ere 
is the set of subcarrier indices of pilot tones, as defined in Pilot tones 

(26-l 14)M,(k) is defined in 

(26-114) 

M rCk) k - Kr, min-l{k':Kr, min:S: k' < k } n Kp;10J where 
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K r,miri 

l<DI 
is the minimum value of the set K, 

is the cardinality of a set <I> 

NOTE - M ,(k) translates a subcarrier index k (-NsR :C:: k :C:: N sR) into the index of data symbols in a transmission over an 
RU(#l 948) (0 S M,(k) S Nso.,) . The subcarrier index k for the data tone is first offset by the minimum value of 
subcarrier index Kr.min (for the lower edge tone) in this RU, and then subtracted by the number of pilot tones falling in 
between the data tone and the edge tone. 

In a noncontiguous 80+80 MHz transmission, each frequency segment shall follow the 80 MHz HE 
subcarrier mapping as specified in Math. 

The time domain waveform of the Data field of an HE trigger-based PPDU for user u in the r-th RU from 

transmit 

(26-115) 

where 
Q~is,8 l 

chain i-,-x, l s irx s N-,-x 
shall be as defined in 

(#2. 

(#2099) 

is a spatial mapping/steering matrix with N1x rows and Nsrs.r.1a1a1 columns for subcarrier k in 

frequency segment iseg- Q~'s,g l may be frequency dependent, and the dimension may be 
variant in each RU. Refer to the descriptions in 22.3.10. l l. l (Transmission in VHT format) 

Q(is,8 l 

for examples of k 

26.3.11.15 Dual carrier modulation 

Dual carrier modulation (DCM)(#2567) modulates the same information on a pair of sub-carriers. DCM is 
an optional modulation scheme for the HE-SIG-B and Data fields. DCM is only applied to BPSK, QPSK 
and 16-QAM modulations. 

The constellation mapper for DCM is defined in Constellation mapping. The LDPC tone mapper for DCM 
is defined in LDPC tone mapper. The BCC interleaver for DCM is defined in BCC 
interleavers(#2 l 83). ( #3 35) 
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26.3.12 Packet extension(#1781) 

A HE PPDU may have a Packet Extension (PE) field appended at the end of the PPDU, with possible 
durations being O µs, 4 µs, 8 µs, 12 µs, or 16 µs. The PE field, when present, shall be transmitted with the 
same average power as the Data field, and its content is arbitrary(#2100). 

The PE field is applied for the recipient of the PPDU to obtain longer processing time at the end of 
an(#2829) HE PPDU, and its duration is determined by both the pre-FEC padding factor(#2564) value in 
the last OFDM symbol(s) of the Data field, and the maximum PE duration requested by the recipient for the 
signal bandwidth (or RU size), the number of spatial streams, and the constellation size of the current 
PPDU, which is based on the PPE Thresholds(#l459) field in HE Capabilities element (see 9.4.2.218 (HE 
Capabilities element))(# 1460)( #Ed). 

For an(#2829) HE PPDU, the maximum PE durations as defined by the PPE Thresholds field in the HE 
Capabilities element (see 9.4.2.218 (HE Capabilities element))(#l459)(#Ed) are O µs , 8 µsand 16 µs . 

A O µs maximum PE du.ration means no PE is present. 

A 8 µs maximum PE du.ration means that a PE field of O µs, 0 µs, 4 µs, and 8 µs are appended at 
the end of the PPDU, corresponding to a pre-FEC padding factor of(#2564) l, 2, 3 and 4, 
respectively, as shown in PE field when maximum PE duration is 8 µs (non STBC). 

A 16 µs maximum PE duration means that a PE field of 4 µs, 8 µs, 12 µs, and 16 µs are 
appended at the end of the PPDU, corresponding to a pre-FEC padding factor of(#2564) 1, 2, 3 and 
4, respectively, as shown in PE field when maximum PE duration is 16 µs (non STBC). 
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Figure 26-33-PE field when maximum PE duration is 8 µs (non 
STBC) 
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Figure 26-34-PE field when maximum PE duration is 16 µs (non STBC) 

For an HE MU PPDU, the AP computes the PE duration, TPE.u, for each user u, according to the common 
pre-FEC padding factor(#l626)(#2564) value among all users as described in Encoding process for an HE 
MU PPDU, the Maximum PE Duration capabilities, the RU size, the number of spatial streams and 
constellation size for user u. The AP shall choose the largest PE duration among all the users as the 
common PE duration of the current HE MU PPDU as: 

(26-116) 

TPE max,,(TPE, ,,) and then append the PE field at the end of the cu1Tent HE MU PPDU, with duration 
Tp£. 

(26-l l 7)For an HE trigger-based PPDU, the AP indicates the packet extension duration information for 
all users in the Packet Extension subfield in the Common Infr1 field of the Trigger frame(#Ed). The first 
two bits in the Packet Extension subfield indicate the pre-FEC padding factor(#2564) and the third bit 
indicates the PE-Disambiguity. Each user, when responding to(#2103) the Trigger frame with an HE 
trigger-based PPDU, shall append PE field at the end of the cmTent HE trigger-based PPDU, with a 
duration TPE- The value of TPE can be calculated using 

.(#2135) 

(26-117) 

138 
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l( LENGf~ + 
111 

+ 
3 

x 4- T RL-SIG - THE-SIG -A - TI-IE-PREAMBL~ - NsrMTSYM j 
Tp£ = ------------------------------ x 4 

4 where 

l(LENGfH+m+3 1 J 
NSYM = 3 x 4 - T RL-SIG - T~IE-SIG -A - THE-PREAMBLE) I Tsn,1 - bPE-Disambiguity 

LENGTH is the value indicated by Length subfield of the Common Info field in the Trigger frame 
bPE-Disambiguity is B2 of the Packet Extension subfield of the Common Info field in the Trigger frame 
THE-PREAMBLE= T HE-SIF-T+ NHE-L1FT HE-LTF, SYM 

THE-STF-T, TH E-LTF.SYM, T RL-SIG and THE-SIG-A are defined in Timing-related constants 

The 3-bit Packet Extension field in HE-SIG-A are defined as in Packet Extension field in HE-SIG-A . 

Table 26-38-Packet Extension field in HE-SIG-A 

Name bits Definition 

Pre-FEC Padding BO-Bl Indicates the pre-FEC padding 
Factor(#2564) factor(#l 626)(#2564) value of the current PPDU 

PE Disambiguity B2 Indicates PE disarnbiguity 

The Pre-FEC Padding Factor(#2564) subfield of the Packet Extension field is encoded as shown in 
Pre-FEC Padding Factor. 

Table 26-39-Pre-FEC Padding Factor(#2564) 
subfield encoding 

Pre-FEC padding Pre-FEC Padding Factor 
factor value subfield encoding 

l bOl 

2 blO 

3 bll 

4 bOO 

(26-11 S)The PE Disambiguity(#l049) subfield of the Packet Extension field shall be set to 1 if the 
condition in 

is met, otherwise it shall be set to 0. 
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(26-118) 

T 4 (rTXTIME- 201 _ (TXTIME-20'1) > T 
PE+ X 

4 
4 ) - SYM 

where 
TPE: is the PE field duration 

26.3.8 TsYM is the symbol duration of the Data field as defined in Timing-related param-
eters 

TXTIME (in µs) is defined in TXTIME and PSDU_LENGTH calculation. 

(26-l l9)(#2105)The receiver computes Nrnw and TPI,· using 

(26-120) and 

, respectively. 

(26-119) 

Ns,M 
(26-120) 

l(L LENGTH+m+3 ') j 
_ 3 x 4 - TI-IE-PREAMBLF) /TSYM - bPE-Disambiguity 

=l(-LL-EN-GTH-+m-+3 ___ ' __ j 3 x 4 - THE PREAMBLE) -NSYMTSYM 
x 4 

4 where 

THE-PREAMBLE = l 
T RL-SIG + THE-SIG-A+ T HE-STF-T + N HE-L nT HE-STF, SYM• for an HE trigger-based PPDU 

T RL-SIG + THE-SIG-A+ T HE-STF-NT + NHE-LnT HE-STF. SYM• for an HE SU PP DU 

T RL-SIG +THE-SIG-A+ NHE-SIG-BTHE-SIG-B+ THE-STF-NT + NHE-LTFT HE-STF.SYM> for an HE MU PPDU 

T RL-SIG +THE-SIG-A+ THE-SIG-A-R+ T HE-STF-NT + NHE-LTFTHE-STF, SYM• for an HE extended range SU PPDl 

TRL-SIG, Tm,-STF-T, Tm,-sTF-NT, Tm,-LTF.SYM, Tm,-sIG-A, T1-m-s1G-A-R, Tm,-sIG-B are defined in 
Timing-related constants 

NHE-sJG-B, NHE-Ln· are defined in Frequently used parameters 
brFA)isambiguity is PE Disambiguity subfield in the Packet Extension subfield of the HE-SIG-A field 

26.3.13 Non-HT duplicate transmission 

When the TXVECTOR parameter FORMAT is NON HT and the TXVECTOR parameter 
NON_HT_MODULATION is NON_HT_DUP_OFDM, the transmitted PPDU is a non-HT duplicate. 
Non-HT duplicate transmission is used to transmit to non-HT OFDM STAs, HT STAs, VHT STAs, HE 
ST As that may be present in a part of a 40 MHz, 80 MHz, or 160 MHz channel (see Error! Reference 
source not found.). The RL-SIG, HE-SIG-A, HE-SIG-B, HE-STF, and HE-LTF fields are not transmitted. 
The L-STF, L-LTF, and L-SIG fields shall be transmitted in the same way as in the HE transmission when 
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the TXVECTOR parameter BEAM_CHANGE is 0, with the exceptions for the Rate and Length fields 
which shall follow 17.3.4 (SIGNAL field) . 

(26-60)In a 40 MHz non-HT duplicate transmission, the Data field shall be as defined by 

For 80 MHz and 160 MHz non-HT duplicate transmissions, the Data field shall be as defined by Error! 
Reference source not found .. 

In a noncontiguous 80+80 MHz non-HT duplicate transrruss1on, data transrmss1on in each frequency 
segment shall be as defined for an 80 MHz non-HT duplicate transmission in Error! Reference source not 
found .. 

26.3.14 Transmit requirements for an HE trigger-based PPDU(#340) 

26.3.14.1 Introduction 

HE trigger-based PPDU transrruss10ns are preceded by a Trigger frame from the AP. Since multiple 
transmitters take part in an HE trigger-based PPDU transmission, it requires transmission time, frequency, 
sampling symbol clock, and power pre-correction by the participating ST As to mitigate the synchronization 
related issues at the AP. Frequency and sampling clock pre-corrections are needed to prevent inter-carrier 
interference. Power pre-correction is required to control interference among participating STAs HE 
trigger-based PPDU transmission. An AP can schedule in the same HE trigger-based PPDU transmission 
both Class A and Class B devices. A ST A participating in HE trigger-based PPDU transmissions shall 
support power pre-correction described in Erreur ! Source du renvoi introuvable. and shall meet 
pre-correction accuracy requirements described in Pre-correction accuracy requirements. 

26.3.14.2 Power pre-correction 

An AP indicates in the AP Tx Power subfield of the Common Info field in Trigger frame the combined 
transmit power of all the transmit antennas used to transmit the Trigger frame normalized to 20 MHz 
bandwidth. An AP indicates in the Target RSSI subfield of the User Info field in Trigger frame the target 
receive signal power averaged over the AP's antennas for the HE trigger-based PPDU. 

ST1\ 
Tx

1
,.., , 

Each ST A that is scheduled in the Trigger frame calculates UL transmit power, of the HE 
trigger-based PPDU for the assigned MCS using Erreur ! Source du renvoi introuvable .. 

STA 
(26-12l)Txpwr = PLoL + TargetRSSJ 

where PLoL represents DL pathloss and TargetRss1 represents target receive signal power averaged over the 
AP's antennas for the HE trigger-based PPDU. TargeTRss1 is dBm value of Target RSSI subfield of User 
Info field in Trigger frame, the encoding of which is specified in Table 9-25g (Target RSSI subfield 
encoding). Note that an encoded value of 127 in Target RSSI subfield indicates to the STA to transmit an 
HE trigger-based PPDU at its maximum transmit power for the assigned MCS. 

Each STA computes PLoL using Erreur ! Source du renvoi introuvable .. 
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where Tx:,,:,r represents AP's comhined transmit power of all the transmit antennas used to transmit the 
Trigger frame normalized to 20 MHz bandwidth and DLRss1 represents measured received power from the 

legacy preamble portion of the Trigger frame at the STA, also normalized to 20 MHz bandwidth. Tx:,::r is 
dBm value of AP Tx Power subfield of the Common Info field in Trigger frame, the encoding of which is 
specified in Table 9-25e (AP Tx Power subfield encoding). DLRss1 is an average of the received power over 
the antennas on which the average PLoL is being computed. 

A ST A that applies beamforming (BF) in the UL should take the BF gain into account when calculating the 
transmit power needed to meet the target RSSI.(PHY Motion #170) 

The UL transmit power of HE trigger-based PPDU is further subject to a ST A's minimum and maximum 
transmit power limit due to hardware capability, regulatory requirements as well as non-802.11 in-device 
coexistence requirements. 

(26-123)Each STA that is scheduled in the Trigger frame transmits UL Power headroom HRsTA in the HE 
trigger-based PPDU to assist in the AP's MCS selection. The UL power headroom for the assigned MCS is 
defined in 

(26-123) 

[IR T Max T STA T .Max T STA 
· STA = xpwr - xpwr where xpwr and xpwr represent maximum UL transmit power of HE 

trigger-based PPDU for the assigned MCS and current UL transmit power of HE trigger-based PPDU for 
the assigned MCS, respectively. HRsTA is dB value of UL Headroom in HE trigger-based PPDU, the 
encoding of which is specified in 9.2.4.6.5.l (UL power headroom). Note that the MSB bit of the UL 
Headroom subfield being set to 1 indicates that the STA is transmitting the HE trigger-based PPDU at its 

TxSTA 
minimum pivr for the assigned MCS. 

26.3.14.3 Pre-correction accuracy requirements 

A STA that transmits an HE trigger-based PPDU shall support per chain max(P-32, -10 dBm)(#l422) as 
the minimum transmit power, with P the maximum power the ST A can transmit at the antenna connector of 
that chain using MCS 0(#1616) while meeting the TX EVM and spectral mask requirements. A STA 
transnuttmg at and above the minimum power shall support the EVM requirements for 
MCS 7(#1616)(PHY Motion #173). 

A ST A that transmits an HE trigger-based PPDU shall support the absolute transmit power requirements 
and the RSSI measurement accuracy requirements defined in Transmit power and RSSI measurement 
accuracy. 

Table 26-40-Transmit power and RSSI measurement accuracy 

Parameter Minimum Requirement Comments 
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Class A Class B 

Absolute transmit power ±3 dB ±9dB Accuracy of achieving a spec ified transmit power 
accuracy 

RSSI measurement ±3 d8 (#340) ±5 dB The difference between the RSSI and the received 
accuracy power(#l 786) 

Requirements are valid from minimum Rx to 
maximum Rx input power 

Relative transmit power - ±3 dB Accuracy o f achieving a change in transmit 
accuracy power for consecutive HE trigger-based PPDU 

The relative transmit power accuracy is appli cable 
only to Class B devices.(#340) 

The absolute transmjt power accuracy is applicable for the entire range of transmit power that the STA is 
capable of. The RSSI accuracy requirements shall be applied to receive signal level range from - 82 dBm to 
-20 dBm in 2.4 GHz and -82 dBm to -30 dBm in 5 GHz. The requirements a.re for nominal (room) 
temperature conditions. The RSSI shall be measured during the reception of the PHY legacy 
preamble.(#340) 

A STA that transmits an HE trigger-based PPDU shall pre-compensate for carrier frequency offset (CFO) 
error and symbol clock error. After compensation, the absolute value of residual CFO eJTor with respect to 
the PPDU carrying the associated Trigger frame shall not exceed 350 Hz for data subcarrie.rs when 
measured as the IO% point of CCDF of CFO errors in A WGN at a received power of -60 dBm in the 
primary 20 MHz. The res idual CFO error measurement shall be made on the HE trigger-based PPDU 
following the HE-SIG-A fi eld . The symbol clock error shall be pre-compensated by the same ppm amount 
as CFO error.(#340) 

A ST A that transmits an HE trigger-based PPDU shall have tinling accuracy of ±0.4 µ s relative to the 
PPDU carrying the Trigger frame. This requirement does not include round trip delay. 

26.3.15 SU-MIMO and DL MU-MIMO beamforming 

26.3.15.1 General 

(26-124)(#507)For SU-MIMO DL MU-MIMO beamforming in RU r, the receive s ignal vector in 
kE K . 

subcaITier k (where subca.rrier k is one of the subcarrie.rs in RU r, ' ) at beamformee u, 
1 

Y k, u = [ Yk,o, Yk, 1• ···, Yk, NRv _ i] . . 
" 1s shown m 

T T T T 
x k = [x k o,Xk 1, ... , x k N . - 11 

where ' ' ' "'"'·' denotes the transmit signal vector in subcanier k for all Naser 
T 

xk, 11 = [xk o, xk, 1, , .. , xk,N -11 . . . 
beamfo.rmees, with ' srs.,.. bemg the transmit signal for beamfo.rmee u. 

(26-124) 

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

BNSDOCID: <XP _ __ 68137445A I > 

143



IEEE P802.11ax/D0.5, September 2016 

where 
lh,,. is the channel matrix from the beamformer to beamformee u in subcarrier k with dimensions 

NRx,. x Nyx 

is the number of receive antennas at beamformee u 

is a steering matrix for beamformee u in subcarrier k 

with dimensions Nyx x NsTS, r," 

Nu:;er,r is the number of HE MU PPOU recipients (see Frequently used parameters) 
in RU r 

11 is a vector of additive noise 
and may include interference 

Qk = [Qk,O,Qk,t,···,Qk,N,.m., i) 
The OL MU-MIMO steering matrix can be determined by the 
beamformer using the beamforming feedback for subcarrier k from beamformee u, where 
ll = 0, 1, ... , Nuser, r - 1 The feedback report format is described in 9.4.1.63 (HE Compressed 
Beamforming Report field) and 9.4.1.64 (HE MU Exclusive Beamforming Report field). The steering 
matrix that is computed (or updated) using new beamforming feedback from some or all of participating 

beamformees might replace the existing steering matrix Qk for the next OL MU-MIMO data transmission. 

For SU-MIMO beamforming, the steering matrix Qk can be determined from the beamforming feedback 
matrix Vi that is sent back to the beamformer by the beamformee using the compressed beamforming 
feedback matrix format as defined in 19.3.12.3.6 (Compressed beamforming feedback matrix). The 
feedback report format is described in 9 .4.1.63 (HE Compressed Beamforming Report field). 

26.3.15.2 Beamforming feedback matrix V 

Upon receipt of a HE NOP PPOU, the beamformee computes a set of matrices for feedback to the 
beamformer as described in 21.3.11.2 (Beamforming Feedback Matrix V). The eligible beamformees shall 
remove the space-time stream CSO in Table 21-11 (Cyclic shift values for the VHT modulated fields of a 
PPOU) from the measured channel before computing a set of matrices for feedback to the beamformer. 

The beamforming feedback matrix, Vi_,., found by the beamformee u for subcarrier k in RU r shall be 
compressed in the form of angles using the method described in 20.3.12.3.6. The angles, ¢(k,v) and v,(.k,u), 
are quantized according to Table 8-53e. The number of bits for quantization is set by the beamformer, i.e., 
HE AP. The number of bits for quantization, tone grouping factor, and the number of columns in the HE 
Compressed beamforming feedback are set by the beamformee, i.e., non-AP STA, only if the NOP 
Announcement frame is addressed to a single non-AP STA and SU type feedback is solicited. The 
compressed beamforming feedback matrix as defined in(#Ed) 19.3.12.3.6 (Compressed beamforming 
feedback matrix) is the only Clause 26 beamforming feedback matrix defined. 

The beamformee shall generate the beamforming feedback matrices with the number of rows (Nr) equal to 
the Nsrs of the NOP. 

After receiving the angle information, ¢(k, v) and v,(.k,u), the beamformer reconstructs Vi,u using Equation 
(20-79). For SU-MIMO beamforming, the beamformer uses Vi,o, matrix to determine the steering matrix 
Qk, For MU-MIMO beamforming, the beamformer may calculate a steering matrix 
Qk = [Qk o, Qk I• ... , Qk,N - tl . . 

' • .. .w,' usmg vk,u and SNRk,u (0 s u s Nuser.r-1) m order to suppress crosstalk 
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between participating beamformees. The method used by the beamformer to calculate the steering matrix 
Qk is implementation specific. 

26.3.15.3 COi-oniy feedback 

Whenever the HE NOP Announcement frame is requesting a CQI-only feedback, upon receipt of the HE 
NOP, the beamformee computes HE CQI-only feedback as described in 9.4.1.64. The CQI-only feedback 
CQis,r,u, in RU r for space time stream s shall be estimated using the method described in 9 .4.1.64. The CQI 
values to be fed back are derived from quantized SNRs according to Table XX-4. The bearnformee shall 
transmit the HE CQI-only feedback for space-time stream I, ... , Ne for each of the RU indices for which 
the CQI-only report is being requested by the beamformer. After receiving the CQI information, the 
beamformer may use it to identify the best range of RUs for compressed beamforming feedback or for RU 
assignment during subsequent MU transmissions. The actual use is implementation specific. 

26.3.16 Transmit specification 

26.3.16.1 Transmit spectral mask 

(#235 l)The bandwidth of the spectral mask applied to an HE PPOU(#Ed) shall be determined by the 
bandwidth indicated in the Bandwidth subfield of the HE-SIG-A field. All HE PPOU formats shall be 
compliant with the transmit spectral mask described in this section. 

NOTE I-In the presence of additional regula tory restrictions, the device has to meet both the regulatory requirements 
and the mask defined in this subclause. 

NOTE 2-Transmit spectral mask figures in this subclause are not drawn to scale. 

NOTE 3- For rules regarding TX center frequency leakage levels, see Transmit center frequency leakage. The spectral 
mask requirements in this subclause do not apply to the RF LO. 

For a 20 MHz mask PPOU of HE format, the interim transmit spectral mask shall have a O dBr (dB relative 
to the maximum spectral density of the signal) bandwidth of 19.5 MHz, -20 dBr at 10.25 MHz frequency 
offset, -28 dBr at 20 MHz frequency offset, and -40 dBr at 30 MHz frequency offset and above. The 
interim transmit spectral mask for frequency offsets in between 9.75 and 10.25 MHz, 10.25 and 20 MHz, 
and 20 and 30 MHz shall be linearly interpolated in dB domain from the requirements for 9.75 MHz, 10.25 
MHz, 20 MHz, and 30 MHz frequency offsets. The transmit spectrum shall not exceed the maximum of the 
interim transmit spectral mask and -53 dBm/MHz at any frequency offset. Example transmit spectral mask 
for a 20 MHz mask PPOU shows an example of the resulting overall spectral mask when the -40 dBr 
spectrum level is above -53 dBm/MHz. 
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Figure 26-35-Example transmit spectral mask for a 20 MHz mask PPDU 

For a 40 MHz mask PPDU of HE format, the interim transmit spectral mask shall have a 0 dBr (dB relative 
to the maximum spectral density of the signal) bandwidth of 39 MHz, -20 dBr at 20.5 MHz frequency 
offset, -28 dBr at 40 MHz frequency offset, and -40 dBr at 60 MHz frequency offset and above. The 
interim transmit spectral mask for frequency offsets in between 19.5 and 20.5 MHz, 20.5 and 40 MHz, and 
40 and 60 MHz shall be linearly interpolated in dB domain from the requirements for 19.5 MHz, 20.5 
MHz, 40 MHz, and 60 MHz frequency offsets. The transmit spectrum shall not exceed the maximum of the 
interim transmit spectral mask and -56 dBm/MHz at any frequency offset greater than 19.5 MHz. Example 
transmit spectral mask for a 40 MHz mask PPDU shows an example of the resulting overall spectral mask 
when the -40 dBr spectrum level is above -56 dBm/MHz. 

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

BNSDOCID: <XP ___ 68137445A_I_> 

146



IEEE P802.1 1 ax/00.5, September 2016 

Figure 26-36-Example transmit spectral mask for a 40 MHz mask PPDU 

For an 80 MHz mask PPDU of HE format, the interim transmit spectral mask shall have a 0 dBr (dB 
relative to the maximum spectral density of the signal) bandwidth of 79 MHz, -20 dBr at 40.5 MHz 
frequency offset, -28 dBr at 80 MHz frequency offset, and -40 dBr at 120 MHz frequency offset and 
above. The interim transmit spectral mask for frequency offsets in between 39.5 and 40.5 MHz, 40.5 and 
80 MHz, and 80 and 120 MHz shall be linearly interpolated in dB domain from the requirements for 39.5 
MHz, 40.5 MHz, 80 MHz, and 120 MHz frequency offsets. The transmit spectrum shall not exceed the 
maximum of the interim transmit spectrum mask and - 59 dBm/MHz at any frequency offset. Example 
transmit spectral mask for a 80 MHz mask PPDU shows an example of the resulting overall spectral mask 
when the -40 dBr spectrum level is above -59 dBm/MHz. 

00 

Figure 26-37-Example transmit spectral mask for a 80 MHz mask PPDU 

For a 160 MHz mask PPDU of HE format, the interim transmit spectral mask shall have a 0 dBr (dB 
relative to the maximum spectral density of the signal) bandwidth of 159 MHz, -20 dBr at 80.5 MHz 
frequency offset, -28 dBr at 160 MHz frequency offset, and -40 dBr at 240 MHz frequency offset and 
above. The interim transmit spectral mask for frequency offsets in between 79.5 and 80.5 MHz, 80.5 and 
160 MHz, and 160 and 240 MHz shall be linearly interpolated in dB domain from the requirements for 79.5 
MHz, 80.5 MHz, 160 MHz, and 240 MHz frequency offsets. The transmit spectrum shall not exceed the 
maximum of the interim transmit spectrum mask and -59 dBm/MHz at any frequency offset. Example 
transmit spectral mask for a 160 MHz mask PPDU shows an example of the resulting overall spectral mask 
when the -40 dBr spectrum level is above -59 dBm/MHz. 
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Figure 26-38-Example transmit spectral mask for a 160 MHz mask PPDU 

For an 80+80 MHz mask PPDU of HE format, the overall transmit spectral mask is constructed in the 
following manner. First, the 80 MHz interim spectral mask is placed on each of the two 80 MHz segments. 
Then, for each frequency at which both of the 80 MHz interim spectral masks have values greater than 
- 40 dBr and less than - 20 dBr, the sum of the two interim mask values (summed in linear domain) shall be 
taken as the overall spectral mask value. Next, for each frequency at which neither of the two 80 MHz 
interim masks have values greater than or equal to -20 dBr and less than or equal to 0 dBr, the higher value 
of the two interim masks shall be taken as the overall interim spectral value. Finally, for any frequency 
region where the mask value has not been defined yet, linear interpolation (in dB domain) between the 
nearest two frequency points with the interim spectral mask value defined shall be used to define the 
interim spectral mask value. The transmit spectrum shall not exceed the maximum of the interim transmit 
spectrum mask and - 59 dBm/MHz at any frequency offset. Example transmit spectral mask for a 80+80 
MHz mask PPDU shows an example of a transmit spectral mask for a noncontiguous transmission using 
two 80 MHz channels where the center frequency of the two 80 MHz channels are separated by 160 MHz 
and the - 40 dBr spectrum level is above -59 dBm/MHz. 
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Figure 26-39-Example transmit spectral mask for a 80+80 MHz mask PPDU 

Different center frequency separation between the two 80 MHz frequency segments of the spectral mask as 
well as different peak levels of each 80 MHz frequency segment of the spectral mask are possible, in which 
case a similar procedure in determining the spectral mask as in Example transmit spectral mask for a 80+80 
MHz mask PPDU is followed. 

The transmit spectral mask for noncontiguous transmissions using two nonadjacent 80 MHz channels is 
applicable only in regulatory domains that allow for such transmissions . 

Measurements shall be made using a 25 kHz resolution bandwidth and a 7 .5 kHz video bandwidth. 

(PHY Motion #161)When channel puncturing happens in an HE MU PPDU, the HE MU PPDU is still 
treated as an 80 MHz or 160 MHz (80+80 MHz) PPDU, therefore the spectral mask is the same as those 
defined for the total channel width. 
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26.3.16.2 Spectral flatness 

(#2351 )Spectral flatness measurements shall be conducted using BPSK modulated HE PPDU s. 
Demodulate the HE PPDUs according to the following (or equivalent) procedure: 

a) Start of PPDU shall be detected. 

b) Transition from L-STF to L-LTF shall be detected and fine timing shall be established. 

c) Coarse and fine frequency offsets shall be estimated. 

d) Symbols in a PPDU shall be manipulated to account for both frequency error and timing drift 
error. 

e) For each HE-LTF symbol, transform the symbol into subcarrier received values, estimate the 
phase from the pilot subcarriers, and compensate the subcarrier values according to the estimated 
phase. 

f) For each of the data OFDM symbols: transform the symbol into subcarrier received values. 

The spectral flatness test shall be performed over at least 20 HE PPDUs. The PPDUs under test shall be at 
least 16 data OFDM symbols long. 

Evaluate spectral flatness using the subcarrier received values or the magnitude of the channel estimation of 
the occupied subcarriers of the transmission HE PPDUs. Non-occupied subcatTiers of the transmitted HE 
PPDUs shall be ignored during averaging and testing. Resource unit power boosting and beamforming 
should not be used when measuring spectral flatness. 

Let E,.avg denote the magnitude of the channel estimation on subcarrier i or the average constellation energy 
of a BPSK modulated subcanier i in a HE data symbol. In a contiguous HE transmission having a 
bandwidth listed in Maximum transmit spectral flatness deviations, E;_avg of each of the suhcarriers with 
indices listed as tested subcarrier indices shall not deviate by more than the specified maximum deviation 
in Maximum transmit spectral flatness deviations from the average of E,.avg over subcarrier indices listed as 
averaging subcarrier indices. Averaging of E ,.a,g is done in the linear domain. 

Table 26-41-Maximum transmit spectral flatness deviations 

Bandwidth of 
Averaging subcarrier Tested subcarrier indices Maximum 

transmission deviation 
(MHz) indices (inclusive) (inclusive) 

(dB) 

-84 to -2 and +2 to +84 -84 to -2 and +2 to +84 ±4 

20 
- 122 to - 85 and +85 to+ 122 +4/-6 

-168 to -3 and +3 to +168 -168 to -3 and +3 to +168 ±4 

40 
-244 to -169 and +169 to +244 +4/-6 

-344 to - 3 and +3 to +3441 -344 to -3 and +3 to +344 ±4 

80 
-500 to -345 and +345 to +500 +4/-6 
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-696 to -515, -509 to -166, -696 to -515, -509 to -166, +166 ±4 
+166 to +509, and +515 to to +509, and +515 to +696 
+696 

160 
-1012 to -697, -165 to -12, +12 +4/-6 
to +165, and +697 to +1012 

In an 80+80 MHz o·ansmission, each segment shall meet the spectral flatness requirement for an 80 MHz 
transmission. 

For the spectral flatness test, the transmitting ST A shall be configured to use a spatial mapping matrix Qk 
(see OFDM modulation) with flat frequency response. Each output port under test of the transmitting STA 
shall be connected through a cable to one input port of the testing instrumentation. The requirements apply 
to 20 MHz, 40 MHz, 80 MHz, and 160 MHz contiguous transmissions as well as 80+80 MHz 
transmissions. 

26.3.16.3 Transmit center frequency and symbol clock frequency tolerance 

Transmit center frequency and the symbol clock frequency for all transmit antennas and frequency 
segments shall be derived from the same reference oscillator. The symbol clock frequency and transmit 
center frequency maximum tolerance shall be ±20 ppm. HE trigger-based PPDU format is subject to 
additional requirements as defined in Tra.(#2351) 

26.3.16.4 Modulation accuracy 

26.3.16.4.1 Introduction to modulation accuracy tests 

Transmit modulation accuracy specifications are described in Transmit center frequency leakage and 
Transmitter constellation error. The test method is described in Transmitter modulation accuracy (EVM) 
test.(#2351) 

26.3.16.4.2 Transmit center frequency leakage 

The TX LO leakage requirement for all transmission modes shall be the following. The power measured at 
the location of the RF LO using resolution BW 78.125 kHz shall not exceed the maximum of -32 dB 
relative to the total transmit power and -20 dBm, or equivalently max(P-32, -20), where Pis the transmit 
power per antenna in dBm. The transmit center frequency leakage is specified per antenna. 

For an 80+80 MHz transmission where the RF LO falls outside both frequency segments, the RF LO shall 
additionally met the spectral mask requirements as defined in Transmit spectral mask.(#235 l) 

26.3.16.4.3 Transmitter constellation error 

(26-125)(#235 l)The relative constellation RMS error, calculated by first averaging over subcarriers, 
frequency segments, HE PPDUs, and spatial streams (see 
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) shall not exceed a data-rate dependent value according to Allowed relative consteJlation error versus 
constellation size and coding rate. The number of spatial streams under test shall be equal to the number of 
utilized transmitting ST A antenna ( output) ports and also equal to the number of utilized testing 
instrumentation input ports. In the test, N.ss = NsTS (no STBC) shall be used. Each output port of the 
transmitting ST A shall be connected through a cable to one input po1t of the testing instrumentation. The 
requirements apply to 20 MHz, 40 MHz, 80 MHz, and 160 MHz contiguous transmissions as well as 80+80 
MHz noncontiguous transmissions. 

Table 26-42-Allowed relative constellation error versus constellation size and coding 
rate 

Modulation 
Relative constellation error in an Relative constellation error in 

Coding HE SU PPDU, HE extended rate HE MU PPDU with preambling 
SU PPDU and HE MU PPDU rate without preamble puncturing 

puncturing and HE 
Without With DCM trigger-based PPDU (dB) 

DCM (dB) 

NIA BPSK 1/2 -5 TBD 

BPSK QPSK 112 - 5 TBD 

QPSK 16-QAM 112 - 10 TBD 

QPSK 16-QAM 314 - 13 TBD 

16-QAA1 NIA 1/2 - 16 TBD 

16-QAM NIA 314 - 19 TBD 

64-QAM NIA 213 -22 TBD 

64-QAM NIA 314 - 25 TBD 

64-QAM NIA 516 -27 TBD 

256-QAM NIA 314 -30 TBD 

256-QAM NIA 516 - 32 TBD 

1024-QAM NIA 314 - 35 TBD 

1024-QAM NIA 516 -35 TBD 
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26.3.16.4.4 Transmitter modulation accuracy (EVM) test 

(#235l)The transmit modulation accuracy test shall be performed by instrumentation capable of converting 
the transmitted signals into a stream of complex samples at sampling rate greater than or equal to the 
bandwidth of the signal being transmitted except that for a noncontiguous transmissions each frequency 
segment may be tested independently. 

In this case, transmit modulation accuracy of each segment shall meet the required value in Allowed 
relative constellation error versus constellation size and coding rate us ing only the occupied data 
subcarriers within the corresponding segment. 

LO leakage that can potentially show up in center frequency of the HE PPDU tone plan and its ±3 tone 
neighbors shall be excluded from the computation of the transmitter modulation accuracy test. The 
potential LO leakage tones for 20 MHz operating devices are the center of primary 20 MHz of the HE 
PPDU tone plan and ±3 tones. The potential LO leakage tones for 40MHz operating devices are the center 
of the primary 40 MHz of the PPDU tone plan and ±3 tones. For 80 MHz capable devices that transmits 
20 MHz or 40 MHz PPDU, the potential LO leakage tone exist outside the PPDU bandwidth and should 
not affect the transmitter modulation accuracy test. 

The instrument shall have sufficient accuracy in terms of 1/Q branch amplin1de and phase balance, DC 
offsets, phase noise, and analog to digital quantization noise. A possible embodiment of such a setup is 
converting the signals to a low IF frequency with a microwave synthesizer, sampling the signal with a 
digital oscilloscope and decomposing it digitally into quadrature components. The sampled signal shall be 
processed in a manner similar to an actual receiver, according to the following steps, or equivalent 
procedure : 

a) Start of PPDU shall be detected. 

b) Transition from L-STF to L-LTF shall be detected and fine timing shall be established. 

c) Coarse and fine frequency offsets shall be estimated. 

d) Symbols in a PPDU shall be derotated according to estimated frequency offset. Sampling offset 
drift shall be also compensated. Note that amplitude drift shall not be compensated by the testing 
instrument. 

e) For each HE-L TF symbol, transform the symbol into subcarrier received values, estimate the 
phase from the pilot subcarriers, and derotate the subcarrier values according to the estimated 
phase. 

f) Estimate the complex channel response coefficient for each of the subcarriers and each of the 
transmit streams. 

g) For each of the data OFDM symbols: transform the symbol into subcarrier received values, 
estimate the phase from the pilot subcarriers, and compensate the subcarrier values according to the 
estimated phase, group the results from all of the receiver chains in each subcarrier to a vector, and 
multiply the vector by a zero-forcing equalization matrix generated from the e stimated channel. 

h) For each data-carrying subcarrier in each spatial stream of RU under test, find the closest 
constellation point and compute the Euclidean distance from it. 

(26-125)Compute the average across PPDUs of the RMS of all errors per PPDU as given by 

i) 

(26-125) 
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ErrorRMS 

Nsn .. , Nss Ns, 

L L L UeCif' is, iss' i,c) - fo(i.f' i,, is s• is)/+ (Q/ip is, iss, isc) - QO(i.f' is, iss' isc))
2 

i =Ii =Ii = I 

where 
lo(i1; is, iss, i.c) QuUJ, i,, im i.«-) denotes the ideal symbol point in the complex plane in isc-th data tone of 

the RU under test, spatial stream iss, and the OFDM symbol of frame ~r-
le(i1, is, iss, isc) Q,(iJ, is, iss, isc) denotes the equalized observed symbol point in the complex plane of the 

isc-th data tone of the RU under test, spatial stream iss, and the OFDM symbol of frame i1. 

Po is the average power of constellation 
N1 is the number of tested frames 
N~r is the number of data tones of the occupied RU 
Nss is the number of spatial streams of the data 
Nsr,w is the number of data OFDM symbols 

NOTE 1-ln the case the transmit modulation accuracy test is performed simultaneously for the two frequency 
segments of the 80+80 MHz transmissions with 2 :<996-subcarrier RU. 

(26-125)The test shall be performed over at least 20 PPDUs (N1 as defined in 

). The PPDUs under test shall be at least 16 data OFDM symbols long. Random data shall be used for the 
symbols. 

For an HE trigger-based PPDU and a preamble-punctured HE MU PPDU, additional transmit modulation 
accuracy test for the unoccupied subcarriers of the PPDU shall be performed. The transmit modulation 
accuracy of unoccupied subcarriers of the PPDU test shall be performed by instrumentation capable of 
converting the transmitted signals into a stream of complex samples at sampling rate greater than or equal 
to the bandwidth of the signal being transmitted except that for noncontiguous transmissions, only the 
frequency segment with occupied subcarriers is tested. The transmit modulation accuracy of maximum 
average unoccupied subcarriers error of the PPDU shall meet relative constellation error minus TBD 
margin in dB scale for each modulation and code rates using the unoccupied subcarriers within the 
corresponding segment. 

The instrument shall have sufficient accuracy in terms of 1/Q branch amplitude and phase balance, DC 
offsets, phase noise, and analog to digital quantization noise. A possible embodiment of such a setup is 
converting the signals to a low IF frequency with a microwave synthesizer, sampling the signal with a 
digital oscilloscope and decomposing it digitaliy into quadrature components. "The sampled signal shall be 
processed in a manner similar to an actual receiver, according to the following steps, or equivalent 
procedure: 

a) Start of PPDU shall be detected. 

b) Transition from L-STF to L-LTF shall be detected and fine timing shall be established. 

c) Coarse and fine frequency offsets shall be estimated. 

d) Symbols in a PPDU shall be derotated according to estimated frequency offset. Sampling offset 
drift shall be also compensated. Note that amplitude drift shall not be compensated by the testing 
instrument. 
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e) For each of the data OFDM symbols: transform the symbol into subcarrier received values, 
estimate the power of each subcai.Tiers. 

(26-l26)Compute the average un-occupied subcarrier error vetor magnitude for each PPDU over 26 
subcarriers and average across PPDUs of the RMS of all errors per PPDU as given by 

f) 

(26-126) 

(26_ 127) UnusedToneErrorRMs(k) 

error vector magnitude as given by 

TBDC h . . d b . ompute t e maximum average unoccup1e su cainer 

g) 

(26-127) 

UnusedToneErrorMAX-RMS 

(26-125) 
over at least 20 PPDUs (NJ as defined in 

max(U nusedTone ErrorRM5{k)) 
\:/k 

The test shall be pe1formed 

). The PPDUs under test shall be at least 16 data OFDM symbols long. The unequalized observed symbol 
of potential LO leakage subcarrier locations shall be treated as zero during un-occupied subcarriers transmit 
modulation accuracy test. Random data shall be used for the symbols. 

26.3.16.5 Time of Departure accuracy 

(#235 l)The Time of Departure accuracy test evaluates TIME_OF_DEPARTURE against 
aTxPHYTxStartRMS and aTxPHYTxStartRMS against 
TIME_OF_DEPARTURE_ACCURACY_TEST_THRESH as defined in Annex P with the following test 
parameters: 

MUL TICHANNEL_SAMPLING_RA TE is: 

20x 106( 1 + 1 :;-;.:~ ~ 
40 x 1()6(1 + I fH-fL 71 

I 40 MHz V 

80 X 1()6(1 + r Ji;- ji_ 71 
I so MHz V 

sample/s, for a CH_BANDWIDTH parameter equal to CBW20 

sample/s, for a CH_BANDWIDTH parameter equal to CBW40 

sample/s, for a CH_BANDWlDTH parameter equal to CBW80 

l60 x 106(1 + I fH-fL 71 
I 160 MHz V sample/s, for a CH_BANDWIDTH parameter equal to CBW160 or 

where 
fH 
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fL is the nominal center frequency in Hz of the lowest channel in the channel set, the channel set 
is the set of channels upon which frames providing measurements are transmitted, the channel 
set comprises channels uniformly spaced across. 

ARST_TRANSITION_FIELD is L-STF. 

SECOND_TRANSITION_FIELD is L-LTF. 

TRAINING_AELD is L-LTF windowed in a manner which should approximate the windowing 
described in 17 .3.2.5 (Mathematical conventions in the signal descriptions) with TTR = 100 ns. 

TIME_OF_DEPARTURE_ACCURACY_TEST_THRESH is 80 ns. 

NOTE-The indicated windowing applies to the time of departure accuracy test equipment, and not the transmitter or 
receiver. 

26.3.17 HE transmit procedure 

(#493)There are five options for the transmit PHY procedure. The first four options, for which typical 
transmit procedures are shown in PHY transmit procedure for an HE SU PPDU, PHY transmit procedure 
for an HE MU PPDU, PHY transmit procedure for an HE extended range SU PPDU and PHY transmit 
procedure for an HE trigger-based PPDU, are selected if the FORMAT field of the 
PHY-TXSTART.request(TXVECTOR) primitive is equal to HE_SU, HE_MU, HE_EXT_SU, or 
HT_TRIG, respectively. These transmit procedures do not describe the operation of optional features, such 
as DCM(PHY Motion #173). 

~~:..: :;;..,;,$.~-:.,~.. :-1:r-~;"~~~-... 
~~ .. :tit-,~::; f ~-~"""'1;.i.,~':, 

Figure 26-40-PHY transmit procedure for an HE SU PPDU 
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Figure 26-41-PHY transmit procedure for an HE extended range SU PPDU 

~:A:~:.e.:::;:-;;,. .. ~~ •~-... .»>-..... &~-•;_. 

~~y.:NI,. ... ~ ·:- i~:;:: ... ~'1:'.~ 

Figure 26-42-PHY transmit procedure for an HE MU PPDU 
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Figure 26-43-PHY transmit procedure for an HE trigger-based PPOU 

The fifth option is to follow the transmit procedure in Clause 17 (Orthogonal frequency division 
multiplexing (OFDM) PHY specification) if the FORMAT parameter of the 
PHYTXSTART.request(TXVECTOR) prinuttve is NON_HT and the NON_HT_MODULATION 
parameter is set to NON_HT_DUP _ OFDM except that the signal referred to in Clause 17 (Orthogonal 
frequency division multiplexing (OFDM) PHY specification) is instead generated simultaneously on each 
of the 20 MHz channels that are indicated by the CH_BANDWIDTH parameter as defined in HE preamble 
and Non-HT duplicate transmission. 

NOTE 1-For an HE MU PPDU the A-MPDU is per user in the MAC sublayer and the HE Training Symbols, and 
Data are per user in the PHY in PHY transmit procedure for an HE MU PPDU, with the number HE Training Symbols 
depending on the maximum total number of space-time streams across all RUs. 

NOTE 2-The transmit procedure for NON_HT, HT_MF, HT_GF. and VHT format are specified in 26.2.x (Support 
for NON-HT, HT, and VHT formats). 

fn all options, in order to transmit data, the MAC generates a PHY -TXSTART.request primitive, which 
causes the PHY entity to enter the transmit state. Further, the PHY is set to operate at the appropriate 
frequency through station management via the PLME, as specified in 26.4 (HE PLME). Other transmit 
parameters, such as HE-MCS Coding types and transmit power, are set via the PHY-SAP using the 
PHYTXST ART.request(TXVECTOR) prinutive, as described in TXVECTOR and RXVECTOR 
parameters. The remainder of the clause applies to the first four options. 

The PHY indicates the state of the primary channel and other channels (if any) via the 
PHY-CCA.indication primitive (see 22.3.18.5 (CCA sensitivity) and 7.3.5.12 (PHY-CCA.indication)). 
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Transmission of the PPDU shall be initiated by the PHY after receiving the 
PHY -TXST ART.request(TXVECTOR) pmmt1ve. The TXVECTOR elements for the 
PHY -TXST ART.request primitive are specified in TX VECTOR and RXVECTOR parameters. 

Transmjssion of the PHY preamble may start if TIME_OF _DEPARTURE_REQUESTED is false, and 
shall start immediately if TIME_OF _DEPARTURE_REQUESTED is true, based on the parameters passed 
in the PHY -TXST ART.request primitive. 

If all of the following conditions are met: 

if dotl lTODimplemented and dotl lTODActivated are true or if dotl l TimingMsmtActivated is 
true, 

the TXVECTOR parameter TIME_OF_DEPARTURE_REQUESTED is true, 

then the PHY shall issue a PHY-TXST ART.confirm(TXST ATUS) primitive to the MAC, forwarding the 
TIME_OF_DEPARTURE corresponding to the time when the first frame energy is sent by the transmitting 
port and TIME_OF _DEPARTURE_ClockRate parameter within the TXSTATUS vector. If 
dotl lTimingMsmtActivated is true, then the PHY shall forward the value of 
TX_START_OF_FRAME_OFFSET in TXSTATUS vector. 

After the PHY preamble transmission is started, the PHY entity immediately initiates data scrambling and 
data encoding. The encoding method for the Data field is based on the FEC_CODING, 
CH_BANDWIDTH, NUM_STS, STBC, MCS, and NUM USERS parameter of the TXVECTOR, as 
described in HE PPDU formats. 

The SERVICE field and PSDU are encoded as described in Transmitter block diagram. The data shall be 
exchanged between the MAC and the PHY through a series of PHY -DATA.request(DATA) primitives 
issued by the MAC, and PHY-DATA.confirm primitives issued by the PHY. PHY padding bits are 
appended to the PSDU to make the number of bits in the coded PSDU an integral multiple of the number of 
coded bits per OFDM symbol. 

Transmission can be prematurely terminated by the MAC through the PHY-TXEND.request primitive. 
PSDU transrmss1on is terminated by receiving a PHY-TXEND.request pnm1t1ve. Each 
PHYTXEND.request primitive is acknowledged with a PHY-TXEND.confirm primitive from the PHY. 

A packet extension and/or a signal extension may be present in the PPDU. When no packet extension and 
signal extension are present, the PHY-TXEND.confirm primitive is generated at the end of last symbol of 
the PPDU. When a packet extension and/or a signal extension present, the PHY-TXEND.confirm primitive 
is generated at the end of the packet extension or signal extension. 

In the PHY, the GI with GI duration indicated in GI_TYPE parameter of the TXVECTOR is inserted in 
every data OFDM symbol as a countermeasure against delay spread. 

When the PPDU transmission is completed the PHY entity enters the receive state. 

A typical state machine implementation of the transmit PHY for an HE PPDU transmission is provided in 
PHY transmit state machine for an HE PPDU. Request (.request) and confirmation(.confirm) primitives are 
issued once per state as shown. This state machine does not describe the operation of optional features, 
such as DCM. 

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

BNSOOCID: <XP _ _ 68 137445A I > 

159



IEEE P802.11 ax/O0.5, September 2016 

~~~~: -
.....,.._1:•~· ~ --
""""-~ 

;~=-~~; ;:-:!.~: 
·t~~ ... : -J'l>•~:l:;-.r.a)o; 

n~'->-·t• 
~'~"-x~·~ -· 

1-... '".,._,"-,_."'.·~"°-L,.."';-_-.,,--,c-+() 
~:w:-:.;:::;,i,i.:::.~!11 

=--- ·~ 
:,I,._'-: ,{! .. ,:..: ,­

~,...:-- :::...:..111111 :? -~ 

~~~-..:."t~:4.,.._-1:.: .. 
~_,.,_. ... . .. ~s-_1:.-:,.._ . .:a:.;. , 

----- :~-.: 

~ ;:. -:&:!,. 
-~,: :,,:,.~ 

·i:-:. : .. -i~ :l"~X~ 
~~•:t::::r~'-:~ 

.J?:~{{_ .... . . 

:-...\1:._~:::..-: 

':' ... ... ._·~ x-, :; -1:--1 :...;:;. 
·:::,: ""+i.._~ .. :,;,_3 ~t~1~­
~N 3t-3:0~ 
·,-:.:"'!'•·~,--:-c,~ :1:,V'I~ 

::.:.:- ::.~::r. ---~-- •• -
o:...•-~·-~-.:;.-;;,, ~ 
r-::;.~!-~ 
:;:a~,_..,.._~,_~....:• . 
~ .. ~ ...... ~t~-::::---•w ... ~~ 

~ ...... -,:..."'l."t-.1~!:-~ 
lar ~--•--•,a :~~ts:< 

:-~"""'X'·': -
~~-S:)~: .... ~ 

~ --3~~ ~.-: ::S,•1-..:-;. 
~~~....:.:•~~·~~: 
"'t''!. ""-~~ -;,;.~ :,S~l~ . 
~ ~~ ..... ~ ~:--&.'-:~-

~ ~ --~----~ :s:,-...a 

0 
..... .... :,- a.-..~ , -;..,.. 
es:.'ll,b,,..-.-.~•:,oo, ~·• 
~ -r.~....._x-;;._,~,..-m :..... 

~:----~- .... ~~ 
-~N __ aa_a..,. 
-:cb · 
::,,;........._.,_,~,"'l 

:L::"!il :-:init"Ol -:,,,,i • 
illi,--.:O:...t01'1 .,'eh": .... 
... •• \;...'llt• - · 
- ·,w 'r a- UZ!' 

,., .... 9t'..:X 111..:J. 

... '=' ... ::-.!."t-.•.-~v.:~-~;-

., .. :,r-._-.,: -.· 

,.-: .. s~~ _ .... ~.-~ .... ~----3.~"'lil~ 
~:.::ov::~~•:-!';-> 

Figure 26-44-PHY transmit state machine for an HE PPDU 

26.3.18 HE receive procedure 

(#494)Typical PHY receive procedures are shown in PHY receive procedure for an HE SU PPDU, PHY 
receive procedure for an HE extended range SU PPDU, PHY receive procedure for an HE MU PPDU , and 
PHY receive procedure for an HE trigger-based PPDU respectively. A typical state machine 
implementation of the receive PHY is given in PHY receive state machine. This receive procedure and state 
machine do not describe the operation of optional features, such as DCM. If the detected format indicates a 
Non-HT PPDU, refer to the receive procedure and state machine in Clause 17 (Orthogonal frequency 
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division multiplexing (OFDM) PHY specification). If the detected format indicates an HT PPDU format, 
refer to the receive procedure and state machine in Clause 19 (High Throughput (HT) PHY specification). 
If the detected format indicates a VHT PPDU format , refer to the receive procedure and state machine in 
Clause 2 1 (Very High Throughput (VHT) PHY specification).Through station management (via the PLME) 
the PHY is set to the appropriate frequency, as specified in HE PLME. The PHY has also been co nfigured 
with cell identification information and ST A identification information (i.e., BSS C olor value and ST A ID 
in the cell) so that it can receive data intended for the STA in the specific cell. Other receive parameters, 
such as RSSI and indicated DAT ARA TE, may be accessed via the PHY -SAP. 

t 
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Figure 26-47-PHY receive procedure for an HE MU PPDU 
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Figure 26-48-PHY receive procedure for an HE trigger-based PPDU 

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

163



IEEE P802 .1 1 ax/O0.5, September 2016 

;:::(~:.-~ 'l._ __ ~ __ _.,. 

_l,3,-r-~:-::. ... -. ...:..ll:a.at ...... ""'-~:,.,.;r<""''"'.._..;-~ ::• 

-~,-. .-;a--~ 
1---·'~•--~ ....... _:~ ... :~ ... ~•~~- =:i 

=~~T?·-Th~:, :~ :~ ~$.~,-.x: :;::~ , .~ :~ .;i:s'3'~~ 

~ =-= ~~~~- ~~~::c-:~:r~:._::--.: :~ r.J:§:m 

~="'5::r-~r:~ , 

~-::::-: .... 
l------------4 l!:.:..~ 

.~ - ~ .4 -.-~,~-.,,.;,,. -.~ .. . ~':':Y'·~ ­
:,:,..~ r .. ,.i: ~ .. ,~. :bir}'..:1._.~..,,... 

"'1'o ~.Jt.-S- ~~'(I ! :io-..v'.~-..:-;..e~ 

.l 

: ~_-.. :::~::~ i 
-::...--.•:•.eS...:-. ,_ ! 

;h-! ..):-t·, -_,1:-: JX: ~ .... ~- ~~,:-,.-,...,; .. .. ,~- : '7-l!: ~~:st-:.:- ! 

J __ ~ 

1 
·,•--.:f-,v-:a.-. 

1---"'=' ... a.a.•·""' •a.•aa:: ....... ,;.:=;.... ...... o ;:y: .. ,.......:.~ .. 
,.._.,..'."'!,.~ ~ ~ 

"~· ·""'.-~-~ .. 1 
..... ,. .. ,.,sc<.,% .l . 

() 

;,r :r~.-.:\)~ 
't•••- ~~-:,,:.;.J.~ 

=•~-c~:~•,:~ ... -­
~~-;❖!~ 

::s .... ~:-:-._,......_ --c.a""- -x~, 
:.i .. ~ .~"'\ _,:~~:1'7:~~~~:a: ~:.....'= 

~-· '-~'-'"1""'-•;' 

j 

J,-, .• ,""" .L ,, ....... ~: 
i ,..·"" • .,.,. ~,, I I .,._,,. ,,,...,.., I 

1
.1 .. :-::t: .. -~ .. ~ :i.~:.i..--.:i - 11 ::..-•--;:-;:. I 
;;.,,,.,,,""''· ""'" ""'...:.·,,,,., ... ,:~,..., 

l .I. 
.:so ....... - ~ ,~.. ~--.. ~~..,. .... .. ~~ 
1------1 1-- --------1 i 

: ~~~-.. ,&.~ ~•:t~ ~ 

,,:,. :-:-~ :~ ,-.._ 
-::..,,w---. .~.JI,: ~---~-----

:t-~Jr -♦·.N2 ~ .!: 
j 

~:~y_::;:.'!:~ ~-.,Q- :.~ , -Q~ ~:­
t_~~= ....... -.q;.;-~~-~--Jt.~~ 
~-~~ :..")i .. ~"f'\~ 

l "-~'-"''-"' 
!C:;.'-.,..,),i;.,....:';ir.;:y ,v,. 
:+J~:N& ...s.: ... ,, 

,,~ ........ ~~-~ 
::O':\a~:a,-~.vor: 

~·~~ 

f ~~.:=- :-li~ ~t I 
I::::~~:::~~-~ I 

y,~, ; :,.., ✓ ... , ... 
w, .. ~ .--,i:,~ :-:!,,.• :t 

>:..~._..-: .. ~-..w 
,,...•,« --..-: -->·.>:~:+ 

_J 

~_.,~ -;: -~~~.:,.~'I · 

~-"'-"-=~ .. ""! -,!-: .... ':t':,:-o ~:-

:~~:.Sv,~ .:e- - •:,.,... . . -.-: :(.,.:...d .. ..., 

7:--"·"~~~-'.::c:~~= 

,.,,, ~y,Jf~;L~:-~ 
.... :,a,;-:+1 :1 

~~ .. ..:,:::i: 1-:;:..~~ 
~ .... , ...... -~~-~-~ 
~:"t~:~-
,.., ~ 

~ !I ...... ~,.. """"".r'¥',,t~-:.r ... , ~ Jal::-. 

~::i:::-~~;v-~~~ -
.11"::-:-": ·::;:.;, :,J:- ,\li_ ',,'J:.:::''.'w~; 

I 
.I. 

::If:-:,.):·-~~~~~ ~~Jo;~<# -:,,,~-:,e,s.: ... ,•::};,f ~~"..,i ,.,. 
!w :C:.-..~~.a•-.~ -;:~~,. .... ... ,- ✓-~ ~ ... "I" 

'------------------------1"'-1-T-~-,~:,;-,.;~-·-~-'T-= -I 18) 
'-------------------------' ._ ________ _,_ __ _,~--j 

Figure 26-49-PHY receive state machine 
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Upon receiving the transmitted PHY preamble overlapping the primary 20 MHz channel in a greater than 
or equal to 20 MHz BSS, the PHY measures a receive signal strength. This activity is indicated by the PHY 
to the MAC via a PHY-CCA.indication primitive. A PHY -CCA.indication(B USY, channel-list) primitive is 
also issued as an initial indication of reception of a signal as specified in 22.3 .18.5 (CCA sensitivity). The 
channel-list parameter of the PHYCCA.indication primitive is absent when the operating channel width is 
20 MHz. The channel-list parameter is present and includes the element primary when the operating 
channel width is 40 MHz, 80 MHz, 160 MHz, or 80+80 MHz. 

The PHY shall not issue a PHY -RX.ST ART.indication primitive in response to a PPDU that does not 
overlap the primary channel, except when the PHY at an AP receives the HE-trigger based PPDU. In such 
case, the PHY shall issue a PHY-RX.START.indication primitive in response to a PPDU transmission 
either at the primary or at the secondary channel. 

The PHY includes the most recently measured RSSI value 
PHY-RXSTART.indication(RXVECTOR) primitive issued to the MAC.(PHY Motion #173) 

in the 

After the PHY-CCA.indication(BUSY, channel-lis t) primitive is issued, the PHY entity shall begin 
receiving the training symbols and searching for the preambles for NON-HT, HT, VHT, and HE PPDUs, 
respectively. If the constellation used in the first symbol after the first long traing field is QBPSK, the PHY 
entity shall continue to detect the received signal using the receive procedure for HT-GF depicted in Clause 
19. Otherwise, for detecting the HE preamble, the PHY entity shall search for L -SIG and RL-SIG in order 
to set the maximum duration of the data stream. If RL-SIG is detected, the PHY entity should check the 
parity bit and RATE fields in L-SIG and RL-SIG. If either the check of the parity bit is invalid or the 
RATE field is not set to MCS0 in NON-HT, a PHY-RX.START.indication primitive is not issued. If the 
check of the parity bit is valid and the RA TE field is set to MCS0 but the LENGTH field value in L-SIG is 
a multiple of 3, a PHY-RX.START.indication primitive is not issued. In both cases, the PHY should 
continue to detect the received signal using non-HT, HT, and VHT receive procedure in Clauses I 7, 19, 
and 21, respectively. 

If a valid parity bit and the RATE with MCS0 are indicated in L-SIG and RL-SIG and the LENGTH field 
value in L-SIG and RL-SIG meet the condition that the remainder is 1 after LENGTH divided by 3, the 
PHY entity should begin receiving the sequence of HE-SIG-A, HE-STF, and HE-L TF for HE SU PPDU 
and HE trigger-based PPDU as shown in PHY receive procedure for an HE SU PPDU and PHY receive 
procedure for an HE trigger-based PPDU, respectively. After RL-SIG, the PHY entity shall receive two 
symbols of HE-SIG-A immediately followed by HE-STF. The PHY entity shall check CRC of HE-SIG-A. 
If the CRC check is valid, the PHY entity shall report TXOP, BSS Color and check Format field, and 
continue to receive HE-STF. The PHY entity shall report to the MAC entity the predicted duration of the 
TXOP in HE-SIG-A. The PHY entity shall check the BSS color in HE-SIG-A. If the BSS color doesn't 
contain an intended value, the PHY entity shall set PHY _RXSTART.indication(RXVECTOR) then set 
PHY _RXEND.indication(Filtered). The PHY entity shall check Fonnat field in HE-SIG-A. If the Fom1at 
field indicates an HE SU PPDU, the PHY entity shall receive HE-STF for 4 µ s after HE-SIG-A. If the 
Format field indicates an HE trigger-based PPDU, the PHY entity shall receive HE-STF for 8 µ s after 
HE-SIG-A. The PHY entity shall maintain PHY-CCA.indication(BUSY, channellist) primitive for the 
predicted duration of the transmitted PPDU, as defined by RX.TIME in Equation (21-106), for all supported 
modes, unsupported modes, Reserved HE-SIG-A Indication, and invalid HE-SIG-A CRC. Reserved 
HE-SIG-A Indication is defined as an HE-SIG-A with Reserved bits equal to 0(PHY Motion #169). If the 
HE-SIG-A indicates an unsupported mode, the PHY shall issue a 
PHY -RXEND.indication(UnsupportedRate)primitive. If the HE-SIG-A indicates an invalid CRC or 
Reserved HE-SIG-A Indication, the PHY shall issue the error condition 
PHY-RXEND.indication(FormatViolation)primitive. 

If a valid parity bit of L-SIG and RL-SIG is indicated and the LENGTH field value in L-SIG and RL-SIG 
meet the condition that the remainder is 2 after LENGTH divided by 3, the PHY entity should detect the 
signal constellations in the second symbol after RL-SIG. If the constellation is QBPSK, the PHY entity 
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shall continue receiving the sequence of HE-SIG-A, HE-STF, and HE-L TF for HE_EXT _SU PPDU shown 
in Figure 26-42. After RL-SIG, the PHY entity shall receive four symbols of HE-SIG-A immediately 
followed by HE-STF. The PHY entity shall check CRC of HE-SIG-A. If the CRC check is valid, the PHY 
entity shall report TXOP, BSS Color, and continue to receive HE-STF. The PHY entity shall report to the 
MAC entity the predicted duration of the TXOP in HE-SIG-A. The PHY entity shall check the BSS color 
in HE-SIG-A. If the BSS color doesn't contain an intended value, the PHY entity shall set 
PHY_RXSTART.indication(RXYECTOR) then set PHY_RXEND.indication(Filtered). The PHY entity 
shall receive HE-STF for 4 µs after HE-SIG-A. The PHY entity shall maintain 
PHY-CCA.indication(BUSY, channellist) primitive for the predicted duration of the transmitted PPDU, as 
defined by RXTIME in Equation (21-106), for all supported modes, unsupported modes, Reserved 
HE-SIG-A Indication, and invalid HE-SIG-A CRC. Reserved HE-SIG-A Indication is defined as an 
HE-SIG-A with Reserved bits equal to 0(PHY Motion #169). If the HE-SIG-A indicates an unsupported 
mode, the PHY shall issue a PHY-RXEND.indication(UnsupportedRate)primitive. If the HE-SIG-A 
indicates an invalid CRC or Reserved HE-SIG-A Indication, the PHY shall issue the error condition 
PHY -RXEND.indication(FormatYiolation)primitive. 

(26-128)If a valid parity bit of L-SIG and RL-SIG is indicated and the LENGTH field value in L-SIG 
and RL-SIG meet the condition that the remainder is 2 after LENGTH divided by 3, the PHY entity should 
detect the signal constellations in the second symbol after RL-SIG. If the constellation is BPSK, the PHY 
entity shall continue receiving the sequence of HE-SIG-A, HE-SIG-B, HE-STF, and HE-LTF for HE_MU 
PPDU shown in Figure 26-43. After RL-SIG, the PHY entity shall receive two symbols of HE-SIG-A 
immediately followed by HE-SIG-B. The PHY entity shall check CRC of HE-SIG-A. If the CRC check is 
valid, the PHY entity shall report TXOP, BSS Color, and continue to receive HE-SIG-B. The PHY entity 
shall report to the MAC entity the predicted duration of the TXOP in HE-SIG-A. The PHY entity shall 
check the BSS color in HE-SIG-A. If the BSS color doesn't contain an intended value, the PHY entity shall 
set PHY _RXST ART.indication(RXVECTOR) then set PHY _RXEND.indication(Filtered). After 
HE-SIG-A, the PHY entity shall receive HE-SIG-B for the number of symbols predicted from HE-SIG-A. 
If the common field presents in HE-SIG-B, the PHY entity shall check the CRC of the common field. If the 
CRC in the common field is valid or the common field is not present, the PHY entity shall search for 
intended STA-1O in each user-specific subfield with a valid CRC. If no CRC is valid or no intended 
STA-ID is detected, the PHY entity shall set PHY_ RXSTART.indication(RXYECTOR) then set 
PHY _RXEND.indication(Filtered). If a complete allocation of an intended ST A-ID is detected in block 
with valid CRC, the PHY entity shall continue receiving HE-STF for 4 µs after HE-SIG-B for the detected 
and intended STA. The PHY entity shall maintain PHY-CCA.indication(BUSY, channellist) primitive for 
the predicted duration of the transmitted PPDU, as defined by RXTIME in 

, for all supported modes, unsupported modes, Reserved HE-SIG-A Indication, and invalid HE-SIG-A 
CRC. Reserved HE-SIG-A Indication is defined as an HE-SIG-A with Reserved bits equal to 0(PHY 
Motion #169) . If the HE-SIG-A indicates an unsupported mode, the PHY shall issue a 
PHY-RXEND.indication(UnsupportedRate)primitive. If the HE-SIG-A indicates an invalid CRC or 
Reserved HE-SIG-A Indication, the PHY shall issue the error condition 
PHY -RXEND.indication(FormatViolation)primitive. 

(26- I 28)ff signal loss occurs during reception prior to completion of the PSDU reception, the eITor 
condition PHYRXEND. indication(CarrierLost) shall be reported to the MAC. After waiting for the end of 
the PPDU as determined by 

the PHY shall set the PHY -CCA.indication (IDLE) primitive and return to the RX IDLE state. 

(26-128) 
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RXTIMEµs) = IL LEN~TH+ 3 14 +20+ Signal Extension 
Signal Extension is O µs when 

TXVECTOR parameter NO_SIG_EXTN is true and is aSignalExtension as defined in Table xxx of HE 
PHY when TXVECTOR parameter NO_SIG_EXTN is false. 

(26- l l.9)Except in an HE NOP PPDU, a Data field follows the HE-STF and HE-LTF fields. The number 
of symbols in the Data field and the packet extension duration are computed from 

(26-120) and 

, respectively .(#2105) 

The received PSDU bits are assembled into octets, decoded, and present to the MAC using a series of 
PHY -DAT A.indication(DAT A) primitive exchanges. Any final bits that cannot be assembled into a 
complete octet are considered pad bits and discarded. After the reception of the final bit of the last PSDU 
octet, and possible padding and tail bits, the PHY entity shall check whether packet extension and/or signal 
extension is applied. If packet extension and/or signal extension is applied, the PHY entity shall wait until 
the packet extension and/or signal extension expires before returning to the RX IDLE state, as shown in 
PHY receive state machine. 

The receiving procedures are subject to further changes depending on the decisions of spatial reuse and 
20 MHz only devices. 

26.4 HE PLME 

26.4.1 PLME_SAP sublayer management primitives 

Table 25-1 (HE PHY MIB attributes (l lax)) lists the MIB attributes that may be accessed by the PHY 
entities and the intralayer of higher level LMEs. These attributes are accessed via the PLME-GET, 
PLME-SET, PLME-RESET, and PLME-CHARACTERISTICS primitives defined in 6.5 (PLME SAP 
interface).(PHY Motion #173) 

26.4.2 TXTIME and PSDU_LENGTH calculation 

(26-129)The value of the TXTIME parameter returned by the PLME-TXTIME.confirm primitive shall 
be calculated for an(#2829) HE PPDU using 

(26-130) for an HE SU PPDU and HE trigger-based PPDU, 

(26-131) for an HE MU PPDU and 

for an HE extended range SU PPDU. 

(26-129) 
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(26-131) 

TXTIME = T LEG PREA lvIBLE +TL-SIG+ T RL-SIG +THE-SIG-A+ NHE-SIG-BTHE-SIG-B 
+ T1;;;,_PREAMBLE + NsyM Ts YM + Tp£ 

-rx·rThJ:E-T~_F~~+~-.S..Q:+ T~-.s.~~."+-T~-$~-.d.+ T)JE_-V,.~~~ ~r..r.G:_.,;-.~+ :.\t'~.J,.:r~•T;-swhere 

TLEG_PREAMBLE = Jl.- STF + Jl.- LTF 

{ 
THE-STF-T + NHELTFT HE-LTF.SYM• for an HE trigger-based PPDU 

THE PREAMBLE = 
- THE-STF-NT+ NII EL Tl'.THE-LT F,SYM! otherwise 

TL-STF, TL-LTF, THE-STF-T, THE-STF-NT, THE-LTF.S YM, TL-SIG, TRL-s1G, THE-SIG-A, THE-SIG-A-R, THE-SIG-B, and T s YM are 
defined in Timing-related constants 

NHE-SIG-B and NttE-LTF are defined in Frequently used parameters 

For an HE NOP PPDU, there is no Data field and NsrM = 0. 

For an HE SU PPDU and HE extended range SU PPDU u sing BCC encoding, the total number of OFDM 
symbols in the Data field is given by N(#2108). 

For an HE SU PPDU and HE extended range SU PPDU using LDPC encoding, the total number of OFDM 
symbols in the Data field , N rn,1, is given in LDPC coding_ 

For an HE MU PPDU (including both MU-MIMO and OFDMA), the total number of OFDM symbols in 
the Data field , NSYM, is given in Encoding process for an HE MU PPDU. 

For an HE trigger-based PPDU, the total number of OFDM symbols in the Data field , N s rn,, is given in 
Encoding process for an HE trigger-based PPDU. 

(26-116)TP£ is given by 

(26-l32)The value of the PSDU_LENGTH parameter returned in the PLME-TXTIME.confirm primitive 
for an HE SU PPDU and HE extended range SU PPDU is calculated using 

.(#2521) 

(26-132) 

PSDU_LENGTH = l (NSYM, inic - m STBc)NDB PS + m S TBCNDBPS, Last, i11i1 -Nservice - N,ail j 

8 where 

(26-7 l)Nsr,w.11111 is given by 
encoding and b y 

for LDPC encoding; 

168 

N sYM,init 18 · APEP _LE .. NGrH+ NTail +Nservice l = m s TBC . 

m srncNDBPS (#2 for BCC 
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msrnc is 2 when STBC is used, and I otherwise; 
NonPs is given in 26.5 (Parameters for HE-MCSs); 

(26-62)NooPS,Las1,ini1 is given by 

(26-133)The value of the PSDU_LENGTH parameter for user u returned in the PLME-TXTIME.confirm 
primitive and in the RX.VECTOR for an(#2829) HE MU PPDU is calculated using 

.(#2521) 

(26-133) 

PSDU_LENGfHll 
(26-79) 

,w,;,,;, is given by 

= l (NSYM, init - mSTBC )N DBPS + nlsT;cN DBPS, Last, inil - N service - Ntailj 

(26-80)N DBPS,last,inll is given by 

Nsy 

The value of the PSDU_LENGTH parameter returned in the PLME-TXTIME.confirm primitive for an HE 
NOP PPDU is 0. 

26.4.3 HE PHY 

The static HE PHY characteristics, provided through the PLME-CHARACTERISTICS service primitive, 
shall be as shown in Table 20-25 (HT PHY characteristics) unless othe1wise listed in HE PHY 
characteristics . The definitions for these characteristics are given in 6.5 (PLME SAP interface). 

Table 26-43-HE PHY characteristics 

Characteristic Value 

aTxPHYDelay Implementation dependent 

aRxPHYDelay [mplementation dependent 

aCCAMidTime 25 µs 

aPPDUMaxTime 5.484 111S 

aPSDUMax.Lt:ngth TBD 
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26.5 Parameters for HE-MCSs(#552) 

The rate-dependent parameters for 26-tone RU, 52-tone RU, 106-tone RU, 242-tone RU and non-OFDMA 
20 MHz, 484-tone RU and non-OFDMA 40 MHz, 996-tone RU and non -OFDMA 80 MHz, non-OFDMA 
160 MHz and 80+80 MHz Nss = 1, ... , 8 are given in HE-MCSs for optional non-OFDMA 160 MHz and 
80+80 MHz, through HE-MCSs for optional non-OFDMA 160 MHz and 80+80 MHz, . Support for 
HE-MCS 8, 9, 10, and 11 (when valid) is optional in all cases. HE-MCS 10 and 11 (1024-QAM) are 
applicable only to RU sizes equal to or larger than 242 tones. 

Dual sub-carrier modulation (DCM) is an optional modulation scheme for any OFDMA and non OFDMA 
transmissions. DCM is only applied to MCS 0, MCS 1, MCS 3 and MCS 4. DCM is applied only with 
Nss = I or N ss = 2 (in the case of single user RU in a n HE MU PPDU, N ss,r,u = l or Nss,r,u = 2).(PHY Motion 
#171) A HE STA sha ll support single spatial stream HE-MCSs within the range HE-MCS Oto HE-MCS 7 
for all channel widths for which it has indicated support regardless of the Tx or Rx Highest Supported Long 
GI Data Rate subfield values in the Supported HE-MCS and NSS Set field . When more than one spatial 
stream is supported, the Tx or Rx Highest Supported Long GI Data Rate subfield values in the Supported 
HE-MCS and NSS Set field may result in a reduced HE-MCS range (cut-off) for N ss = 2, ... , 8. Support for 
OFDMA 26-tone RU, 52-tone RU, 106-tone RU, 242-tone RU and 996-tone RU with N ss = I is 
mandatory(PHY Motion #173). Support for non-OFDMA 20 MHz, 40 MHz, and 80 MHz with N ss = l is 
mandatory. Support for more than one spatial stream is optional in all cases. Support for OFDMA and 
non-OFDMA 160 MHz and 80+80 MHz with N ss = 1, .. .. 8 is optional. (#282) 

HE-MCSs for mandatory 26-tone RU, to HE-MCSs for optional non-OFDMA 160 MHz and 80+80 MHz, 
define HE-MCSs not only for SU transmission but also for user u at r-th RU of an MU transmission. In the 
case of HE-MCSs for MU transmissions, the parameters, Nss, R, NnPscs, NcnPs, and Nonps are replaced with 
N ss.u, R ,., Nnpscs,u, N rnPs.u, and NonPs,11, respectively(#2522). 

In the tables below, the number of streams and RU sizes that DCM is applicable to are TBD. 

Table 26-44-HE-MCSs for mandatory 26-tone RU, Nss = 1 

Data rate (Mbps) 
HE-M Modulat cs DCM ion R Nnrcs Nsv Nsr Ncnrs Nonrs 
Index 0.8 µs 1.6 µs 3.2 µs 

GI GI GI 

0 l 
L/4 

I 24 6 0.4 0.4 0.4 

BPSK 

0 0 
1/2 

I 24 12 0.9 0 .8 0.8 

l 1 1/4 2 48 12 0 .9 0.8 0.8 

24 2 

1 0 QPSK 1/2 
2 48 24 1.8 1.7 1.5 

2 NIA 
3/4 

2 48 36 2.6 2.5 2 .3 

3 1 16-QAM 
1/4 

4 96 24 1.8 1.7 1.5 
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3 0 
1/2 

4 96 48 3.5 3.3 3.0 

4 1 
3/8 

4 96 36 2.6 2.5 2.3 

4 0 
3/4 

4 96 72 5 .3 5.0 4.5 

5 
2/3 

6 144 96 7.1 6.7 6.0 

6 64-QAM 
3/4 

6 144 108 7.9 7.5 6.8 

7 NIA 
5/6 

6 144 120 8 .8 8.3 7.5 

8 
3/4 

8 192 144 10.6 1.0 9.0 
256-QA 

M 
9 5/6 8 192 160 11.8 11.1 10.0 

Table 26-45-HE-MCSs for mandatory 26-tone RU, Nss = 2 

Data rate (Mbps) 
HE-M Modulat cs DCM 

ion R NBPCS N.m Nsp NcnPs NDBPS 

Index o.aµs 1.6 µs 3.2 µs 
GI GI GI 

0 I 
1/4 

1 48 12 0 .9 0.8 0.8 

BPSK 

0 0 
1/2 

l 48 24 1.8 1.7 1.5 

1 1 1/4 2 96 24 1.8 1.7 1.5 

1 0 QPSK 1/2 
2 96 48 3.5 3.3 3.0 

2 NIA 
3/4 

2 24 2 96 72 5.3 5.0 4.5 

3 I 
1/4 

4 192 48 3.5 3.3 3.0 

3 0 
1/2 

4 192 96 7.1 6.7 6.0 

16-QAM 

4 1 
3/8 

4 192 72 5.3 5.0 4.5 

4 0 
3/4 

4 192 144 10.6 10.0 9.0 
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5 
2/3 

6 288 192 14.1 13.3 12.0 

6 64-QAM 
3/4 

6 288 216 15.9 15.0 13.5 

7 NIA 6 288 240 17.6 16.7 15.0 
516 

8 
314 

8 384 288 21 .2 20.0 18.0 
256-QA 

M 
9 516 8 384 320 23.5 22.2 20.0 

Table 26-46--HE-MCSs for mandatory 26-tone RU, Nss = 3 

Data rate (Mbps) 
HE-M Modulat cs DCM 

ion 
R NnPcs Nsv Nsp NcnPs NDBPS 

Index 0.8 µ.s 1.6 µs 3.2 µs 
GI GI GI 

0 I 
1/4 

l 72 18 1.3 1.3 L.l 

BPSK 

0 0 
1/2 

l 72 36 2.6 2.5 2.3 

l l 1/4 2 144 36 2.6 2.5 2.3 

l 0 QPSK 1/2 
2 144 72 5.3 5.0 4.5 

2 NIA 
314 

2 144 108 7.9 7.5 6.8 

3 l 
1/4 

4 288 72 5.3 5.0 4.5 

24 2 

3 0 
1/2 

4 288 144 L0.6 10.0 9.0 

16-QAM 

4 l 
318 

4 288 108 7.9 7.5 6.8 

4 0 
314 

4 288 216 15.9 15.0 13.5 

5 
213 

6 432 288 21.2 20.0 20.3 

6 NIA 64-QAM 
314 

6 432 324 23 .8 22.5 20.3 

7 
5/6 

6 432 360 26.5 25.0 22.5 

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

BNSDOCID: <XP __ 68137445A I > 

172



IEEE P802 .1 1ax/D0.5, September 2016 

8 314 8 576 432 31.8 30.0 27.0 
256-QA 

M 
9 516 8 576 480 35.3 33.3 30.0 

Table 26-47-HE-MCSs for mandatory 26-tone RU, Nss = 4 

Data rate (Mbps) 
HE-M 

Modulat cs DCM 
ion 

R NnPcs Nm NsP NcnPs NonPs 
Index 0.8µs 1.6 µs 3.2 µs 

GI GI GI 

0 l 
114 

1 96 24 l.8 l.7 1.5 

BPSK 

0 0 
1/2 

1 96 48 3.5 3.3 3.0 

l I 1/4 2 192 48 3.5 3.3 3.0 

1 0 QPSK 112 
2 192 96 7 . 1 6.7 6.0 

2 NIA 314 
2 192 144 10.6 LO.O 9.0 

3 l 
1/4 

4 384 96 7.1 6 .7 6 .0 

3 0 
1/2 

4 384 192 14. 1 13.3 12.0 

16-QAM 24 2 

4 l 
318 

4 384 144 10.6 10.0 9 .0 

4 0 314 4 384 288 21.2 20.0 18.0 

5 213 6 576 384 28.2 26.7 24.0 

6 64-QAM 314 6 576 432 31.8 30.0 :21.0 

7 NIA 
516 6 576 480 35.3 33.3 30.0 

8 314 8 768 576 42 .4 40.0 36.0 
256-QA 

M 
9 516 8 768 640 47.l 44.4 40.0 

Table 26-48-HE-MCSs for mandatory 26-tone RU, Nss = 5 
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Data rate (Mbps) 
HE-M Modnlat cs DCM 

ion 
R NBPCS Nso Nsp NcBPS NoBPS 

Index 0.8µs 1.6 µs 3.2 µs 
GI GI GI 

0 l 
1/4 

L 120 30 2.2 2. l l.9 

BPSK 

0 0 
1/2 

l 120 60 4.4 4.2 3.8 

-

1 l 1/4 2 240 60 4.4 4.2 3.8 

l 0 QPSK 1/2 
2 240 120 8 .8 8.3 7 .5 

2 N/A 
3/4 

2 240 180 13.2 12.5 11.3 

3 l 
1/4 

4 480 120 8.8 8.3 7 .5 

3 0 
1/2 

4 480 240 17.6 16.7 15.0 

16-QAM 24 2 

4 l 
3/8 

4 480 180 13 .2 12.5 11.3 

4 0 
3/4 

4 480 360 26.5 25.0 22.5 

5 
2/3 

6 720 480 35.3 33.3 30.0 

6 64-QAM 
3/4 

6 720 540 39.7 37.5 33.8 

7 N/A 6 720 600 44.l 41.7 37.5 
5/6 

8 3/4 8 960 720 52.9 50.0 45 .0 
256-QA 

M 
9 5/6 8 960 800 58.8 55.6 50.0 

Table 26-49-HE-MCSs for mandatory 26-tone RU, Nss = 6 

Data rate (Mbps) 
HE-M Modulat cs DCM ion R NBPCS N so Nsp NcBPS NoBPS 
Index 0.8µs 1.6 µs 3.2 µs 

GI GI GI 

() l BPSK 
1/4 

l 24 2 144 36 2.6 2 .5 2.3 
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0 0 1/2 
1 144 Tl. 5.3 5.0 4.5 

1 1 1/4 2 288 72 5.3 5 .0 4.5 

1 0 QPSK 1/2 
2 288 144 10.6 10.0 9.0 

2 NIA 
3/4 2 288 2 16 15.9 15.0 13.5 

3 l 
1/4 

4 576 144 10.6 10.0 9 .0 

3 0 
1/2 

4 576 288 21.2 20.0 18.0 

16-QAM 

4 l 
3/8 

4 576 2 16 15.9 15.0 13 .5 

4 0 
3/4 

4 576 432 31.8 30.0 27.0 

5 
2/3 

6 864 576 42.4 40.0 36.0 

6 64-QAM 
3/4 

6 864 648 47 .6 45 .0 40.5 

7 NIA 
5/6 

6 864 720 52.9 50.0 45.0 

8 
3/4 

8 l 152 864 63.5 60.0 54.0 
256-QA 

M 
9 5/6 8 1 152 960 70.6 66.7 60.0 

Table 26-50-HE-MCSs for mandatory 26-tone RU, Nss = 7 

Data rate (M bps) 
HE-M 

Modulal cs DCM 
ion 

R NBPCS Nsv Nsp NcnPs NvnPs 
[ndex 0.8 µ.s 1.6 µs 3.2 µ.s 

GI GI GI 

0 1 
1/4 

l 168 42 3.1 2.9 2.6 

BPSK 

0 0 
1/2 

1 168 84 6.2 5.8 5.3 

24 2 

1 1 1/4 2 336 84 6 .2 5.8 5.3 

QPS K 

1 0 
1/2 

2 336 168 12.4 11. 7 10.5 
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2 NIA 
314 

2 336 252 18.5 17.5 15.8 

3 1 
1/4 4 672 168 12.4 11.7 10.5 

3 0 
112 

4 672 336 24.7 23.3 21.0 

16-QAM 

4 I 
318 

4 672 252 18.5 17.5 15 .8 

4 0 
314 

4 672 504 37.1 35.0 31.5 

5 
213 6 l 008 672 49.4 46.7 42.0 

6 64-QAM 
314 

6 I 008 756 55.6 52.5 47.3 

7 NIA 6 I 008 840 61.8 58.3 52.5 516 

8 
314 

8 l 344 1 008 74.1 70.0 63.0 
256-QA 

M 
9 516 8 l 344 1 120 82.4 77.8 70.0 

Table 26-51-HE-MCSs for mandatory 26-tone RU, Nss = 8 

Data rate (Mbps) 
HE-M 

Modulat cs DCM 
ion R NBPCS Nsv Nsp NcnPs NlJBPS 

Index 0.8µ.s 1.6 µs 3.2 µs 
GI GI GI 

0 1 
1/4 

1 192 48 3.5 3.3 3.0 

BPSK 

0 0 
l/2 

l 192 96 7.1 6.7 6.0 

I I 114 2 384 96 7.1 6.7 6 .0 

I 0 QPSK 1/2 
2 24 2 384 192 14. l 13.3 12.0 

2 NIA 
314 

2 384 288 21.2 20.0 18.0 

3 1 
114 

4 768 192 14.1 13.3 12.0 

16-QAM 

3 0 
1/2 

4 768 384 28.2 26.7 24.0 
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4 1 
3/8 

4 768 288 21.2 20.0 18.0 

4 0 314 4 768 576 42.4 40.0 36.0 

5 213 6 1 152 768 56.5 53.3 48.0 

6 64-QAM 314 6 l 152 864 63.5 60.0 54.0 

7 NIA 
516 6 1 152 960 70.6 66.7 60.0 

8 314 8 l 536 I 152 84.7 80.0 72.0 
256-QA 

M 
9 516 8 1 536 l 280 94.l 88.9 80.0 

Table 26-52-HE-MCSs for mandatory 52-tone RU, Nss = 1 

Data rate (Mbps) 
HE-M Modulat cs DCM ion 

R NBPCS Nso NsP NcBPS NoBPS 
Index 0.8µ.s 1.6 µs 3.2 µs 

GI GI GI 

0 1 
l/4 

l 48 12 0.9 0.8 0.8 

BPSK 

0 0 
112 

l 48 24 1.8 1.7 1.5 

1 1 1/4 2 96 24 1.8 1.7 1.5 

1 0 QPSK 112 
2 96 48 3.5 3.3 3.0 

2 NIA 
314 

2 96 72 5.3 5.0 4.5 

48 4 

3 1 
114 

4 192 48 3.5 3.3 3.0 

3 0 
1/2 

4 192 96 7.1 6.7 6.0 

16-QAM 

4 1 
318 

4 192 72 5.3 5.0 4.5 

4 0 314 4 192 144 10.6 10.0 9.0 

5 NIA 64-QAM 
2/3 

6 288 192 14.1 13.3 12 .0 
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6 
3/4 

6 288 216 15.9 15.0 13.5 

7 
5/6 

6 288 240 17.6 16.7 15.0 

8 
3/4 8 384 288 21.2 20.0 18.0 

256-QA 
M 

9 5/6 8 384 320 23.5 22.2 20.0 

Table 26-53-HE-MCSs for mandatory 52-tone RU, Nss = 2 

Data rate (Mbps) 
HE-M 

Modulat cs DCM 
ion 

R NBPCS Nsv Nsp NcBPS NDBPS 

Index 0.8µs 1.6 µs 3.2 µs 
GI GI GI 

0 1 
1/4 

1 96 24 1.8 l.7 1.5 

BPSK 

0 0 
1/2 

1 96 48 3.5 3.3 3.0 

I 1 1/4 2 192 48 3 .5 3.3 3 .0 

l 0 QPSK 1/2 
2 192 96 7.1 6.7 6 .0 

2 N/A 
3/4 

2 192 144 10.6 10.0 9 .0 

3 l 
1/4 

4 384 96 7.1 6 .7 6 .0 

3 0 
1/2 

4 48 4 384 192 14. 1 13.3 12.0 

16-QAM 

4 1 
3/8 

4 384 144 10.6 10.0 9 .0 

4 0 
3/4 

4 384 288 21.2 20.0 18.0 

5 
2/3 6 576 384 28.2 26.7 24.0 

6 64-QAM 
3/4 

6 576 432 31.8 30.0 27.0 

N/A 

7 
5/6 

6 576 480 35.3 33.3 30.0 

8 
256-QA 

8 768 576 42.4 40.0 36.0 
M 3/4 
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9 5/6 8 768 640 47.1 44.4 40.0 

Table 26-54-HE-MCSs for mandatory 52-tone RU, Nss = 3 

Data rate (Mbps) 
HE-M 

Modulat cs DCM 
ion 

R NBPCS Nso Nsp NcBPS NDBPS 

Index 0.8µs 1.6 µs 3.2 µs 
GI GI GI 

0 1 
1/4 

l 144 36 2.6 2.5 2.3 

BPSK 

0 0 
1/2 

l 144 72 5.3 5.0 4.5 

1 l 1/4 2 288 72 5.3 5.0 4.5 

1 0 QPSK 1/2 
2 288 144 10.6 10.0 9 .0 

2 N/A 
3/4 

2 288 216 15 .9 15.0 13.5 

3 I 
1/4 

4 576 144 10.6 LO.O 9.0 

3 0 
l/2 

4 576 288 21.2 20.0 18.0 

16-QAM 48 4 

4 1 
3/8 

4 576 216 15.9 15.0 13.5 

4 0 
3/4 

4 576 432 31.8 30.0 27.0 

5 
2/3 

6 864 576 42.4 40.0 36.0 

6 64-QAM 
3/4 

6 864 648 47.6 45.0 40.5 

7 N/A 
5/6 

6 864 720 52.9 50.0 45.0 

8 
3/4 

8 1 152 864 63.5 60.0 54.0 
256-QA 

M 
9 5/6 8 l 152 960 70.6 66.7 60.0 

Table 26-55--HE-MCSs for mandatory 52-tone RU, Nss = 4 

HE-M DCM 
Modulat 

R NBPCS Nso Nsp NcBl'S NDBl'S Data rate (Mbps) cs ion 
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Index 
0.8 µ.s 1.6 µ.s 3.2 µ.s 

GI GI GI 

0 l 
1/4 

1 192 48 3.5 3.3 3.0 

BPSK 

0 0 
1/2 

1 192 96 7.1 6.7 6 .0 

1 l 1/4 2 384 96 7.1 6.7 6 .0 

1 0 QPSK 1/2 
2 384 192 14.1 13.3 12.0 

2 N/A 
3/4 

2 384 288 21.2 20.0 18.0 

3 l 
1/4 

4 768 192 14. l 13.3 12.0 

3 0 
1/2 

4 768 384 28.2 26.7 24.0 

16-QAfv1 48 4 

4 1 
3/8 

4 768 288 21.2 20.0 18.0 

4 0 
3/4 

4 768 576 42.4 40.0 36.0 

5 
2/3 

6 1 152 768 56.5 53.3 48.0 

6 64-QAfvi 
3/4 6 1 152 864 63.5 60.0 54.0 

7 N/A 6 l 152 960 70.6 66.7 60.0 5/6 

8 
3/4 

8 l 536 l 152 84.7 80.0 72.0 
256-QA 

M 
9 5/6 8 l 536 1 280 94.1 88.9 80.0 

Table 26-56--HE-MCSs for mandatory 52-tone RU, Nss = 5 

Data rate (Mbps) 
HE-M Modulat cs DCM 

ion R NBPCS NsD NsP 1V CBPS NDBPS 

Index 0.8 µ.s 1.6 µ.s 3.2 µ.s 
GI GI GI 

0 1 
1/4 

1 240 60 4.4 4.2 3.8 

BPSK 48 4 

0 0 
1/2 

L 240 120 8.8 8.3 7.5 
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1 1 1/4 2 480 120 8 .8 8.3 7.5 

1 0 QPSK 1/2 
2 480 240 17.6 16.7 15.0 

2 NIA 
3/4 2 480 360 26.5 25.0 22.5 

3 I 
1/4 

4 960 240 17.6 16.7 15.0 

3 0 
1/2 

4 960 480 35 .3 33.3 30.0 

16-QAM 

4 l 
3/8 

4 960 360 26.5 25.0 45 .0 

4 0 
3/4 

4 960 720 52.9 50.0 45.0 

5 
2/3 

6 1440 960 70.6 66.7 60.0 

6 64-QAM 
3/4 

6 1440 1080 79.4 75.0 67.5 

7 NIA 6 1440 l 200 88.2 83.3 75.0 
5/6 

8 
3/4 

8 l 920 1440 105.9 100.0 90.0 
256-QA 

M 
9 5/6 8 l 920 l 600 117.6 11 l.l 100.0 

Table 26-57-HE-MCSs for mandatory 52-tone RU, Nss = 6 

Data rate (Mbps) 
HE-M 

Modulat cs DCM 
ion 

R NBPCS Nsv Nsp NcBPs NDBPS 
Index 0.8 µs 1.6 µs 3.2 µs 

GI GI GI 

0 l 
1/4 

l 288 72 5 .3 5.0 4.5 

BPSK 

0 0 
1/2 

1 288 144 10.6 10.0 9.0 

l l l/4 2 48 4 576 144 l0.6 10.0 9.0 

l 0 QPSK 1/2 
2 576 288 21.2 20.0 18.0 

2 NIA 
3/4 

2 576 432 31.8 30.0 27 .0 
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3 l 
1/4 

4 l 152 288 21.2 20.0 18.0 

3 0 
1/2 

4 1 152 576 42.4 40.0 36.0 

16-QAM 

4 1 
3/8 

4 l 152 432 31.8 30.0 27 .0 

4 0 
3/4 

4 l 152 864 63.5 60.0 54.0 

5 
2/3 

6 I 728 I 152 84.7 80.0 72.0 

6 64-QAM 
3/4 

6 1 728 I 296 95.3 90.0 81.0 

7 N/A 6 I 728 1440 105.9 100.0 90.0 5/6 

8 
3/4 

8 2 304 l 728 127.1 120.0 108.0 
256-QA 

M 
9 5/6 8 2 304 l 920 141.2 133.3 120.0 

Table 26-58-HE-MCSs for mandatory 52-tone RU, Nss = 7 

Data rate (Mbps) 
HE-M 

Modulat cs DCM ion R NBPCS Nso Nsp NcnPs NDBPS 
Index 0.8 µs 1.6 µs 3.2 µs 

GI GI GI 

0 1 
1/4 

1 336 84 6.2 5 .8 5.3 

BPSK 

0 0 
1/2 

1 336 168 12.4 11.7 10.5 

1 1 1/4 2 672 168 12.4 11.7 10.5 

l 0 QPSK 1/2 
2 672 336 24.7 23.3 21.0 

48 4 

2 N/A 
3/4 

2 672 504 37.l 35.0 31.5 

3 l 
1/4 

4 l 344 336 24.7 23.3 21.0 

3 0 16-QAM 
1/2 

4 1 344 672 49.4 46.7 42.0 

4 l 
3/8 

4 1 344 504 37. l 35.0 31.5 
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4 0 
314 

4 1 344 1 008 74. l 70.0 63.0 

5 
2/3 

6 2 016 1 344 98.8 93 .3 84.0 

6 64-QAM 
314 

6 2 016 1 512 111.2 105.0 94.5 

7 NIA 
516 

6 2 016 1680 123.5 116.7 105.0 

8 
314 

8 2 688 2 016 148.2 140.0 126.0 
256-QA 

M 
9 516 8 2 688 2 240 164.7 155.6 140.0 

Table 26-59-HE-MCSs for mandatory 52-tone RU, Nss = 8 

Data rate (Mbps) 
HE-M Modulat cs DCM ion R NBPCS Nso NsP Neaps NDBPS 
Index 0.8µs 1.6 µs 3.2 µs 

GI GI GI 

0 l 
114 

l 384 96 7.1 6.7 6.0 

BPSK 

0 0 
1/2 

l 384 192 14.l 13.3 12.0 

l l 114 2 768 192 14.1 13.3 12.0 

l 0 QPSK 1/2 
2 768 384 28.2 26.7 24.0 

2 NIA 
314 

2 768 576 42.4 40.0 36.0 

3 l 
1/4 

4 48 4 l 536 384 28 .2 26.7 24.0 

3 0 
112 

4 l 536 768 56.5 53.3 48.0 

16-QAM 

4 1 
3/8 

4 l 536 576 42.4 40.0 36.0 

4 0 
314 

4 l 536 l 152 84.7 80.0 72.0 

5 
2/3 

6 2 304 1536 112.9 106.7 96.0 

NIA 64-QAM 

6 3/4 
6 2 304 1 728 127.1 120.0 108.0 
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7 
5/6 

6 2 304 1 920 141.2 133.3 120.0 

8 
3/4 

8 3 072 2 304 169.4 160.0 144.0 
256-QA 

M 
9 5/6 8 3 072 2 560 188.2 177.8 160.0 

Table 26-60-HE-MCSs for mandatory 106-tone RU, Nss = 1 

i 25 

3 .E 3.5 

1.. 3.5 

1. !. 7..5 

102: 7.5 
3 14.2 12.-S 

113 

4 

6 459 1 
-5:t.2 35.4 

47.2 42.5 

Table 26-61-HE-MCSs for mandatory 106-tone RU, Nss = 2 
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R 0.8 ~--s,ec :l..-6 ~"'{ 3 .2 u..~ 

GI Gt GI 

l. 

7 .5 5 .. 4 

2 

15 .. 0 14.2 t2..-s 

l: !. 2:2 . .5 

4 14.2 

4 28. 3' 
4 

4 2::t.3 

3-/4 4 

2/3 

3-/4 6 1 67 . .5 

lfi32 

100.0 

Table 26-62-HE-MCSs for mandatory 106-tone RU, Nss = 3 

0.-S file!: :t,:6 b'S-& 3,2 US& 

G :I Gt GI 

11.3 

CFSK 2 1 22.5 2L3 

1 3-1..9 

1./4 4 22: . .:5 
1224 45 . .0 42:c:. 

.<1 

4 1224 57.5 57..4 

i;224 

11.4.S 

g .244S 

Table 26-63-HE-MCSs for mandatory 106-tone RU, Nss = 4 
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HE-MCS 

fnde."< 

l 

l. 

2 

3 

4 

4 

7 

HE-1\i,C::S 

lndi!!X 

1. 

1 

4 

4 

7 
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:1. 

1 

1. 

GI GI Gt. 

t/2 12 .. S 

2: 14.2 12.B 

28.3 2:5 .. 5 

2: El.§ 

4 408 25.5 

4 

4 

4 

f.13.3 

244:ii 

1.:ro .. :0 153.0 

l. 2.00.0 

Table 26-64-HE-MCSs for mandatory 106-tone AU, Nss = 5 

Oi!:t.a: rate {~l~ 

Ne O.S ~i!>'C :t.6 't.\'3.& 3,2 'l.l,-s& 

GI Gf GI' 

i 

!. 

i0.20 

QF-SK 1/l :1 37.5 

4 

4 47.8 

4 

1.41-7 127.5 

15'9.4 

E i 225.0 

212.5 

Table 26-65-HE-MCSs for mandatory 106-tone AU, Nss = 6 
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R: 

GI GI GI: 

15.3 

6f2 22.5 

1224 

57.4 

45.0 

4 
2448 :i ,,224 1. 

fil..E 57.4 

2/3 2 .,4,:l.5 

3-£72 

2i2.S 

1 229.5-

1. 

Table 26-66-HE-MCSs for mandatory 106-tone RU, Nss = 7 

Moohda,1:ion 

GI Gf GI 

:i.2.4 

714 24.E 

1425 .22.03-

QP:S.l( 1/l 2 714 44.5 

1./J71 i 74.4 

4 l.ES-5 714 52 . ..5 

:t/2 4 
4 

4 74.4 

4 157 .. =5 148-E 

200.-E 

247_9 ZB.i 

g 

Table 26-67-HE-MCSs for mandatory 106-tone RU, Nss = 8 
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H:E-MCS 

Ind,e.,°" 

l 

l 

2 

4 

4 

5 

7 

OC-M 

1. 

1. 

1. 

1. 

A: 

1. 

1/2. 

3/4 4 

6 

1.632 

4 

3254 

GI Gt GI 

1.4.2 12. S: 

25.5 

15.5 

S.-6. 7 

113.3 1.02.0 

i,2:ZA- 76.5 

1. 100.0 1:53 .. 0 

229.5 

l. 

1 300.0 

l. 400.0 340.>D 

Table 26-68-HE-MCSs for mandatory 242-tone RU and mandatory non-OFDMA 20 MHz, Nss = 
1 

:t 
1 

3 

0 

4 i 
1€--0.Al'>,t: 

4 

1-------1 
~/A 

1.0 

1.1 

1/2 1 

2 

2 

2 

4 

1..l2 4 

3./S 4 
-~--4---1 234 

3/4 

5 

234 

46:ili 

1404 

1.!IT2 

18TI. 

2340 

N;e,, O.Smi!:e I..6~'S& 3'.2: :ru:-ec 
GI Gt GI, 

1 4.3 4.0 

7.3 

1.1.7 7.3 
234 i 

24.4 

234 14.5 

1. 25..S 

1 77.4 

Table 26-69-HE-MCSs for mandatory 242-tone RU and mandatory non-OFDMA 20 MHz, Nss = 
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0,8 fil& :I..6 U:S.& 3-.2 US& 

GI Gt GI 

lf.7 7 .. 3-

234 f. i.7.2 1.45 

.2.34 l.7.2 

f. 34.4 

702 

i,404 

145 ... 3 
2.,340 

1. 229.4 

.2.1S.4 

Table 26-70-HE-MCSs for mandatory 242-tone RU and mandatory non-OFDMA 20 MHz, Nss = 
3 

H£...;1v,ic_:s; 

tn~'ti 

0 

1. 

3 

4 

4 

7 
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=DCM 

1 

54-QAM 

1024--QAM 

R 

1/4 

l. 

2 

2 

2 

4 

3/ 8 4 
t---+----t 2:34 

-~./4 4 

2/ 3 

S/ 5 

1.7.S 

3:5:1. 

!.404 

200ii 

g 

4212 

4212 
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Table 26-71-HE-MCSs for mandatory 242-tone RU and mandatory non-OFDMA 20 MHz, Nss = 
4 

l :1./ 4 t 

1 1/4 2 1.BTI 

2 

2 2 

1 1./4 4 .3744 

3 fl 1/ 2 4 

4 

64--QAM 

7 

~/.4 
t------1 

10 

11. 

234 

1,404 

3 ,744 

N,f!!i, 0.8m& 

Gf 

f.7..2 

!. 3.-44 

1. 1.re.2 

1. 2.-00.5 

i 

412.9 

573.:5 

4B.7.5 

541. ?' 

3 . .2fil"& 

GI, 

3 :5-1..0 

4 E7 . .5 

Table 26-72-HE-MCSs for mandatory 242-tone RU and mandatory non-OFDMA 20 MHz, Nss = 
5 
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3-/.S 4 
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3/ 4 4 

f5 

2340 
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2.:1.5 20 .. 3 

1. 172.:1 :1.45 .. 3-

i29 .. 0 

243- .S 

4!F.5-

:54:L.7 

a.ns- i. 
_i 077 .. .i 

Table 26-73-HE-MCSs for mandatory 242-tone RU and mandatory non-OFDMA 20 MHz, Nss = 
6 

GI Gt GI 

l.4.4 

:t,l.2 

l 1 :t/ 4 
2 

2 2 

4 57 .8 

1/Z 4 

4 3./S 4 

4 ------➔ 2:34 3./4 4 
g 

s. 
B-424 

7 5/5 4875 

:t:t.2:32 

f 7743 

i. 

Table 26-74-HE-MCSs for mandatory 242-tone RU and mandatory non-OFDMA 20 MHz, Nss = 
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1 l. 

1 

1. 2: 

i QPSK 

2 

3 1 

:t/2 4 

4 

4 0 

3-/8 4 
t----+------t 2.::,-4 

3',/ 4 4 

2:./3-

7 

N / tl,. 
-----I 

7 

3276 

6552 

£652 

1.800 

2 _,4.S7 

f. 

l. 

<· 
-" 

i 

:t 

GI GI GI, 

.2E.4 

:!20.4 

:!20.4 

227.:.5-

34!..3 

48:LB. 

Table 26-75-HE-MCSs for mandatory 242-tone RU and mandatory non-OFDMA 20 MHz, Nss = 
8 

N:r'!> O,SmiM: l.,:6 U:rec 3..2 ~K 

GI Gt GI, 

1 !.. 29.3 

l. i 

1 1 2 1. 

1. 2 1 137 .. £ :tl7 .0 

2 2 3-744 f. 

3 1 1.l4 4 .1,S72. i. 

f. 275.3 

4 1 
s: 

4 1. 41.2.'9 

l:L23:2 520.0 

54-QAM 11232 

7 if.232 

25--5-QA.M 
700.0 

1B.720 14.040 
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Table 26-76-HE-MCSs for mandatory 484-tone RU and mandatory non-OFDMA 40 MHz, Nss = 
1 

1.17 

0 1. 

:!.. 1. 1. / 4 2 234 

2. 

1. 

0 iS72 
4 1 1.BTI 

4 0 

i----~----1 -~ / A 3-744 

1.0 

Table 26-77-HE-MCSs for mandatory 484-tone RU and mandatory non-OFDMA 40 MHz, Nss = 
2 
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:l./4 :l. 

1 

1. 

2 

1 3-744 

3 

4 1. 

4 

5 

7 

l. 412.S 35:LO 

l. 515.2 

541. .. 7 

Table 26-78--HE-MCSs for mandatory 484-tone RU and mandatory non-OFDMA 40 MHz, Nss = 
3 

N~ ,e.,g~~ :l.-..£~ 3.2:~"{: 

GI Gt GI: 

0 l. 24.4 

4S.f\ 

i i i/4 Si .. :6 

i 1,4>,."4 

2 

3 1 l A>,.."4 :t :tre .. 2 97.5 

1/2 4 1.75 .. 5 

4 

4 0 2S3 .. 3 

5 351..0 

8424 

7 

1-----~ 
~/-~ 11.232 

:11.232 

731..3· 

Table 26-79-HE-MCSs for mandatory 484-tone RU and mandatory non-OFDMA 40 MHz, Nss = 
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4 

GI Gt GI 

il.5 

1/2 1 

1. £5.0 

1 QF'SK .3-744 137 .. 6 11.7.0 

2 i.95.0 

134..0 

4 

4 

7 1:C:37 

-~/~ 
1-------1 

700.0 

877..5 

Table 26-80-HE-MCSs for mandatory 484-tone RU and mandatory non-OFDMA 40 MHz, Nss = 
5 

GI GI GI 

i 

0 2340 73 .. !. 

1 :t 4600 l 

0 2..340 f . 

2 2 l. 

.3 4 :t :1.72. .. 1. 

1/2 4 1 325.0 

4 f. 

4 

14040 1. 774.3 

7 

g 

10 23400 

1.,433.B :t.21.ii;.S: 
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Table 26-81-HE-MCSs for mandatory 484-tone RU and mandatory non-OFDMA 40 MHz, Nss = 
6 

:t 

i 1. 1./4 

1 1.i2. z 
2 

l 

3 X./t 4 

4 

10 

11 
1.02.4--0;AM 

2ros 

Dat:a rate {:Mib/.s} 

0.8~ 

Gl 

4S.S 

3...2 m& 

GI, 

4.:LB: 

Table 26-82-HE-MCSs for mandatory 484-tone RU and mandatory non-OFDMA 40 MHz, Nss = 
7 
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1. 

i 2 3'.27S 204.E 

2 3/4 2 

l .2275 204.§ 
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1-----~ ~/A 1 1._, 44:..'i-.3-
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1. 2.,007.4 

Table 26-83-HE-MCSs for mandatory 484-tone RU and mandatory non-OFDMA 40 MHz, Nss = 
8 

N:offl- 1£~ 3 .• 2:U...~ 

GI Gt GI 

l,i4 1 ·3.744 €-8 . .S: 
1----... --------... ------.1------4-------

37 44 
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i. Q:!='SK 
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3-,-'~ 4 
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-----1 4'5S i-5 

l4S7~ 
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Table 26-84-HE-MCSs for mandatory 996-tone RU and mandatory non-OFDMA 80 MHz, Nss = 
1 

N~ N,:.,;; 0.8~ :1 .• 6:u.:s:et 32 :ik>if?C 

GI GI GI: 

SPSK 
1. 245 i 

1.l2: 

1. 1 

1 l. 72.l. 

2 2 

1./4 4 !.. 721. ,5-8.1 

4 

4 l. 

4 

3./-8 4 
-3'~/-4-t--4-----1 ~00 1'5 

1.,470 1.08 .. 1 1.02 ... 1. 

Sc 5 

4,410 i 

7 

g l. 4®0.4 

11. 

Table 26-85-HE-MCSs for mandatory 996-tone RU and mandatory non-OFDMA 80 MHz, Nss = 
2 
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Table 26-86-HE-MCSs for mandatory 996-tone RU and mandatory non-OFDMA 80 MHz, Nss = 
3 
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Table 26-87-HE-MCSs for mandatory 996-tone RU and mandatory non-OFDMA 80 MHz, Nss = 
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Table 26-89-HE-MCSs for mandatory 996-tone RU and mandatory non-OFDMA 80 MHz, Nss = 
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Table 26-91-HE-MCSs for mandatory 996-tone RU and mandatory non-OFDMA 80 MHz, Nss = 
8 

1 

i. 

l :l. 24.5.0 

1 2: 15-560 

2 

1/4 4 

1/2 4 

4 1 

4 

7 47\."\40 2,58.2.4 2,722..2. 

10 3/4 10 7E400 :58,SOO 

78400 

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

BNSDOCID: <XP ___ 68137445A~I_> 

202



IEEE P802.11ax/D0.5 , September 2016 

Table 26-92-HE-MCSs for optional non-OFDMA 160 MHz and 80+80 MHz, Nss = 1 
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Table 26-94-HE-MCSs for optional non-OFDMA 160 MHz and 80+80 MHz, Nss = 3 
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Table 26-95-HE-MCSs for optional non-OFDMA 160 MHz and 80+80 MHz, Nss = 4 
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Table 26-96-HE-MCSs for optional non-OFDMA 160 MHz and 80+80 MHz, Nss = 5 
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Table 26-98-HE-MCSs for optional non-OFDMA 160 MHz and 80+80 MHz, Nss = 7 
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Table 26-99-HE-MCSs for optional non-OFDMA 160 MHz and 80+80 MHz, Nss = 8 
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