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Title: HEW PPDU Protection Mechanism Date: 2014/10/30

The present invention relates to an IEEE 802.11ax High Efficiecncy WLAN (HEW) PPDU transmission which
operates in 2.4 GHz and 5 GHz bands, and defines HEW PPDU Protection Mechanism in HEW Basic Service
Set (BSS) supporting Orthogonal Frequency Division Multiple Access (OFDMA) technology.

The following figure shows the HEW PPDP format proposed in the present invention.
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‘L-STF’ stands for ‘Lcgacy Short Training Ficld” which is used to perform frequency offsct estimation and
phase offset estimation for preamble decoding of a legacy station (STA) such as that of IEEE 802.11a/g/n/ac.
‘L-LTF’ stands for ‘Legacy Long Training Field” which is used to perform channel estimation for preamble
decoding of a legacy STA, such as that of IEEE 802.11a/g/n/ac. ‘L-SIG’ stands for ‘Legacy Signal Field’
which provides the function of preamble decoding of the legacy STA, such as that of IEEE 802.11a/g/n/ac
and protection against PPDU transmission by a third party.

‘HEW SIG-A’ stands for ‘High Efficiency WLAN (HEW) Signal A Field’ which provides HEW PPDU mod-
ulation parameters or the like for HEW preamble decoding of a HEW STA. The parameters included in the
HEW SIG-A field include very high throughput (VHT) PPDU modulation parameters, which are transmitted
by the following IEEE 802.11ac terminals, so as (o realize compalibility with the IEEE 802.11ac terminals.

Treagoeei of S 2 Nuosber
PR B Wk

Pewsiption focsiagdon

SR, o

VT S 43
LI A

However, the HEW PPDU format proposed in the present invention is intended to support MU MIMO-
OFDMA and, for this, information about sub-channels allocated to respective HEW STAs may be included in
the HEW SIG-A field.
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Title: HEW PPDU Protection Mechanism Date: 2014/10/30

The sub-channel information allocated to each HEW STA 1is configured by including a group ID and Ngyw in
the HEW SIG-A field. When each HEW STA accesses the HEW AP, the HEW AP allocates a group ID and
the STA position information of the corresponding HEW STA for the group ID to the HEW STA.

For example, the following table shows that STA position 1 is allocated to group ID 1, STA position 2 is allo-
cated to group ID 2, STA position 4 is allocated to group ID 61, and STA position 1 is allocated to group ID
62. The HEW STA to which the information of the table of the group IDs and STA positions is allocated re-
ceives an HEW PPDU and then determines its own sub-channel in the following manner.,

Group ID 1 Group ID 2 Group ID 61 Group 1D 62

STA position 1 2 . 4 1

For example, it is assumed that, in the received HEW PPDU, the group ID value of the HEW SIG-A field is
61 and the values of Ngw are b001, b001, b001, and b010.

The Npw value is for notifying the HEW STAs corresponding to STA position 1, STA position 2, STA posi-
tion 3, and STA position 4 of sub-channel bandwidths respectively allocated thereto. It HEW PPDU trans-
mission of 5 MHz, 10 MHz, 20 MHz, 40 MHz, 80 MHz, and 160 MHz is permitted, Ngw is composed of 12
bits to support a total of four HEW STAs in such a way as to include 3 bits of the sub-channel bandwidth of
the HEW STA corresponding to STA position 1, 3 bits of the sub-channel bandwidth of the HEW STA corre-
sponding to STA position 2, 3 bits of the sub-channel bandwidth of the HEW STA corresponding to STA po-
sition 3, and 3 bits of the sub-channel bandwidth of the HEW STA corresponding to STA position 4.

In the above example, the corresponding HEW STA has been allocated as STA position 4 for group ID 61.
Therefore, the HEW STA is aware that sub-channel bandwidth allocated thereto is 10 MHz, with reference to
the Npw value of b010 corresponding to the STA position 4 of the received HEW PPDU. Here, for the encod-
ing of Npw, it is assumed that b000 is 0 MHyz, b001 is 5 MHz, b010 is 10 MHz, b011 is 20 MHz, b100 is 40
MHz, b101 is 80 MHz, and b110 is 160 MHz. However, the encoding scheme may be set in different forms
depending on the implementation.

Further, in relation to the group ID and Ngy, it can be seen from the above example that a sub-channel band-
width of 0 MHz is assigned to the HEW STA to which STA position 1 has been allocated for group ID 61.
That is, it means that no HEW PPDU transmission is performed. Further, it can be seen that a sub-channel
bandwidth of 5 MHz is assigned to the HEW STA to which STA position 2 has been allocated for group ID
61, and that a sub-channel bandwidth of 5 MHz is assigned to the HEW STA to which STA position 3 has
been allocated for group ID 61. The following figure shows the HEW PPDU transmission based on the above
example.
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In such HEW PPDU transmission, sub-channels allocated to the respective HEW STAs must be sequential to
each other, and as a result, empty sub-channels, which are not allocated, must not be present within a single
20 MHz channel. Further, sub-channels allocated to the respective HEW STAs must be implemented only in
a single channel on a 20 MHz channel basis. Consequently, in each of multiple 20 MHz channels, the alloca-
tion of partially overlapping sub-channels must be prohibited.

The HEW PPDU format proposed in the present invention is intended to support MU MIMO-OFDMA. For
this, information about the numbers of spatial streams to be transmitted to HEW STAs that are allocated to
respective sub-channels may be included in the HEW SIG-A field. The sequence of fields to be transmitted
after the HEW SIG-A field is determined according to the number of spatial streams to be transmitted. A HEW-
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Title: HEW PPDU Protection Mechanism Date: 2014/10/30

STE, a HEW-LTF, a HEW SIG-B, a HEW-LTF, and a HEW-SIG-C arc transmittcd on the respective sub-
channels after the HEW SIG-A field. The HEW-STF is used for frequency offset estimation and phase offset
estimation for one sub-channel. The HEW-LTF is used for channel estimation for one sub-channel. The present
invention proposes a scheme in which, when the total number of spatial streams to be transmitted is 2, a total
of two HEW-LTFs are transmitted, when the total number of spatial streams to be transmitted is 3, a total of
four HEW-LTFs are transmitted, when the total number of spatial streams to be transmitted is 4, a total of four
HEW-LTFs are transmitted, when the total number of spatial streams to be transmitted is 5, a total of six
HEW-LTFs are transmitted, when the total number of spatial streams to be transmitted is 6, a total of six
HEW-LTFs are transmitted, when the total number of spatial streams to be transmitted is 7, a total of 8 HEW-
LTFs are transmitted, and when the total number of spatial streams to be transmitted is 8, a total of eight
HEW-LTFs are transmitted.

In order to more effectively support Multi-User (MU)-MIMO, independent signaling information needs to be
transmitted through each sub-channel. In the case of MU-MIMO, different numbers of spatial streams may be
transmitted to multiple HEW STAs, which are destination terminals of MU-MIMO transmission. For this,
information about the number of spatial streams to be transmitted to each of the HEW STAs must be trans-
ferred. If the maximum number of spatial streams that can be transferred to a single HCW STA via MU-
MIMO transmission 1s 4, and the maximum number of destination terminals of MU-MIMO transmission is 4,
a total of 12 bits is required for each sub-channel. When a maximum of four sub-channels can be configured
in a 20 MHz channel, a total of 48 bits of signaling information is required. Therefore, for the purpose of re-
ducing protocol overhead, it is preferable to independently transmit such spatial stream allocation information
for each sub-channel. For this purpose, the HEW SIG-B field in the HEW-PPDU format includes spatial
stream allocation information for each sub-channel, and indicates the number of spatial streams (Ngrs) to be
transmitted to STAs belonging to the corresponding group (group ID) of MU-MIMO in the form of a group
1D and NSTS-

Finally, the HEW-SIG-C field transmitted after the HEW-LTFs includes Modulation and Coding Scheme
(MCS) information and PSDU length information for each PSDU.

In the foregoing proposed HEW PPDU format, it is necessary to align the timings of OFDM symbols transmit-
tcd on the respective sub-channcls according to the implementation complexity of transmitting STAs. For this
purpose, the present invention proposes a HEW PPDU format in which the same number of HEW-LTFs are
transmitted on the respective sub-channels after the HEW SIG-Bs. Thus, the transmission timings of PSDUs are
aligned between the sub-channels.

HEW. | HEW- HEW. T

57F | oA LIF PEDU ESTAL 16 AP}

v | SiE iy PROU E9TAT 10 4P}

T LT e ?’E\; v oy R T W HEW

o ol By X Fu o i 2RO £S % AR

sre |oare 1 oses oo §ouE 3F PRI IBTAZ W APy

i | e HER HEW. | HEW. HEW. SRR CINTA Y fry AN

s¥e | e | auas § 1R | LIF wrr § omoe PRI (TS f AP

If the foregoing proposed HEW PPDU format is used, a plurality of STAs can be allocated to their respective
sub-channels by the AP and simultaneously transmit PSDUSs on the sub-channels. On the other hand, the AP can
allocale respective sub-channels to a plurality of STAs and transmit PSDUSs simultaneously to the STAs on the
sub-channels.

Regarding the configuration of the subfields of an L-SIG field, the L LENGTH and L. DATARATE HEW sub-
fields of the L-SIG field are set as follows to protect a PPDU from a third legacy STA.
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Title: HEW PPDU Protection Mechanism Date: 2014/10/30

Signal Extension is O pis when TXVECTOR paramcter NO_SIG_EXTN is truc and is the duration of signal
extension as defined by aSignalExtension (6 us for 2.4GHz and 0 us for 5§GHz) when TXVECTOR parameter
NO_SIG_EXTN is false

aSvmbolLength is the duration of a symbol (in microseconds). Normally, aSymbolLength is fixed to 4.
(aPreambleLength + aPHYHeaderLength) is the duration (in microseconds) of the non-HT PHY preamble
and L-SIG, defined in 6.5.4 (PLME-CHARACTERISTICS.confirm)

Noye is the number of octets transmitted during a period of aSymbolLength at the rate specified by
L_DATARATE. Normally, L DATARATE is fixed to 6 Mbps and N, is fixed to 4.

aPHYServiceLength is the number of bits in the PHY SERVICE field

aPHY ConvolutionalTailL.ength is the number of bits in the convolutional code tail bit sequence

In the case of a HEW PPDU, L LENGTH is modified to

1 LENGTH = }'(’( TXTIME — Signal Extension) — 20)1 w33
4

TXTIME indicates the duration of the HEW PPDU, determined by

TXTIME =
Trste + Trorr + Trsic T TaEw-sica T
ceiling((Turw-srv T Nukwirs Taeworv + Thew-sic-s ¥ NsymTsymn)/ Tsymi)

Tr.str:Non-HT Short Training field duration (8us)

Tr.rrr :Non-HT Long Training field duration (8us)

TrL sic :Non-HT SIGNAL field duration (4us)

Tuew.sic.a :HEW Signal A field duration (8us or 12 us)
Turw.sics :HEW Signal B ficld duration (16us or 15.6us)
Taew.str :HEW Short Training tield duration (16us or 15.6us)
Tuew.L1r :HEW Long Training field duration (16us or 15.6us)
Nugwrrr :Number of HEW-LTF symbols

Tsymp :Double GI symbol interval (16us or 15.6us)

Tsymr :Long GI symbol interval (4us)

Ngym : Number of symbols in the Data ficld

If a plurality of STAs are allocated to respective sub-channels by an AP or the AP allocates the respective chan-
nels to the plurality of STAs, the following EDCA Channel Access mechanism is performed as follows.

If a HEW STA is permitted to begin a TXOP (as shown in the below figure) and the HEW STA has at least one
MSDU pending for transmission for the AC of the permitted TXOP, the STA shall perform exactly one of the
following actions:

a) Transmil a 160 MHz or 80+80 MHz mask PPDU il the secondary channel, the secondary 40 MHz channel,
and the secondary 80 MHz channel were idle during an interval of PIFS immediately preceding the start of the
TXOP.

b) Transmit an 80 MHz mask PPDU on the primary 80 MHz channel if both the secondary channel and the sec-
ondary 40 MHz channel were idle during an interval of PIFS immediately preceding the start of the TXOP.
¢) Transmit a 40 MHz mask PPDU on the primary 40 MHz channel if the secondary channel was idle during an
interval of PIFS immediately preceding the start of the TXOP.
d) Transmit a 20 MHz mask PPDU on the primary 20 MHz channel.
¢) Restart the channel access attempt by invoking the backoff procedure as though the medium is busy on the
primary channel as indicated by either physical or virtual CS and the backoftf timer has a value of 0.
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Title: HEW PPDU Protection Mechanism Date: 2014/10/30
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To acquire a TXOP, an STA performs a back-off mechanism on a primary channel. If the primary channel is idle
during a Distributed Inter Frame Space (DIFS) or an Arbitrary Inter Frame Space (AIFS), the STA selects a ran-
dom number from a range of [0, Contention Window] and runs a back-off timer during a time period corre-
sponding to the sclected random number. The back-off timer deercascs its count by 1 if the primacy channcl is
idle during a back-off slot time. If the back-off timer reaches 0, the STA checks the CCA (idle or busy) of sec-
ondary channels. If  the secondary channels are idle, the STA  transmits a
20MHz/40MHz/80MHz/160MHz/80+80MHz mask PPDU on the secondary channels.

A 20MHz mask PPDU refers to a PPDU corresponding to a TXVECTOR parameter CH BANDWIDTH equal
to CBW20, satisfying a transmit spectral mask as illustrated in the following drawing.
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el Ry R & 11 falal 3

The STA may indicate its Operating Mode to the AP by transmitting an Operating Mode Notification frame or
element (o the AP. The (ollowing drawing illustrates the field format of an Operating Mode Notification (Oper-
ating Mode may be included in (Re-)Association Request/Response frames, and Probe Request/Response
frames).

84 21 B2 B3 Be B4 a7
hannel Wik Regsevss BoMas Ry WSS Ty
ks 2 2 % L]
Channel Width -

If the Rx NSS Type subfield is 0, indicates the supported channel width:
Set to 0 for 20 MHz

Setto 1 for 40 MHz

Set to 2 for 80 MHz

Set to 3 for 160 MHz or 80+80 MHz

Reserved if the Rx NSS Type subfield is 1.

Rx NSS -

If the Rx NSS Type subfield is 0, indicates the maximum number of spatial streams that the STA can receive.

If the Rx NSS Type subficld is 1, indicates the maximum number of spatial streams that the STA can receive as
a beamlormee in an SU PPDU using a beamlorming stecring maltrix derived rom a Compressed Beamlorming
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Title: HEW PPDU Protection Mechanism Date: 2014/10/30

report with Feedback Type subficld indicating MU in the corresponding Compresscd Beamforming frame sent
by the STA.

Setto 0 for NSS =1

Setto 1 for NSS =2

Setto 7 for NSS =8

Rx NSS Type -

Set to 0 to indicate that the Rx NSS subfield carries the maximum number of spatial streams that the STA can
receive.

Set to 1 to indicate that the Rx NSS subfield carries the maximum number of spatial streams that the STA can
receive in an SU PPDU using a beamforming steering matrix derived from a Compressed Beamforming report
with the Feedback Type subficld indicating MU in the corresponding Compressed Beamforming frame sent by
the STA.

NOTE—An AP always sets this field to 0.

In addition, the STA may transmit its supported channel list to the AP by a Supported Channel element. The
following drawing illustrates a format of a Supported Channel element (the Supported Channel element may be
included in (Re-)Association Request/Response frames).
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Further, the STA may transmit its Supported Channel Width Set to the AP in a Supported Channel Width Set
field of a Capabilities element. The following drawing illustrates a format of a Supported Channel Width Set
field (a Capabilities element including a Supported Channel Width Set field may be included in the (Re-
)Association Request/Response frames).

3 £ 82 SR B35 BS BY 88 By ¥ a3 ¥4 BEx B

Bits. el 2 1 3 B 1 3 N 2 3

Supported Channel Width Set -

Indicates the channel widths supported by the STA.

Set to 0 if the STA does not support either 160 or 80+80 MHz.
Set to 1 if the STA supports 160 MHz.

Set to 2 if the STA supports 160 MHz and 80+80 MHz.

The value 3 is reserved.

If a plurality of STAs are allocated to respective sub-channels by an AP or the AP allocates the respective sub-
channels to the plurality of STAs, the AP should allocate the sub-channels, taking into account the Operating
Channel Widths, Supported Channels, and Supported Channel Width Sets of the STAs.

In the above drawing, it is assumed that STA1, STA2, STA3, STA4, STAS, and STA6 have notified that they
cannot receive a PPDU transmitted on a secondary 20MHz/secondary 40MHz/secondary 80MHz channel by
setting the Channel Width field of the Operating Mode Notification element to 20MHz, and STA7, STA8, STA9,
STA10, STA11, and STA12 have notified that they can receive a PPDU transmitted on a secondary 20MHz
channel but cannot receive a PPDU transmitted on a secondary 40MHz/secondary 80MHz channel by setting
the Channel Width field of the Operating Mode Notification element to 40MHz. In the case where the AP allo-
cates sub-channels to STA1, STA2, STA3, STA4, STAS, STA6, STA7, STA8, STA9, STA10, STA1l, and
STA12 and transmits data simultaneously to them on the sub-channels in downlink OFDMA, the AP should
allocate the sub-channels only within the primary 20MHz channel to STA1, STA2, STA3, STA4, STAS, and
STAG6. This mcans that STA1, STA2, STA3, STA4, STAS, and STA6 should not be allocated to sub-channcls of
the secondary 20MHz channel other than their declared Channel Widths, that is, the primary 20MHz channel.
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Title: HEW PPDU Protection Mechanism Date: 2014/10/30

Mcanwhilc, the AP allocates sub-channcls to STA7, STAS8, STA9, STA10, STA11, and STA12 in the primary
20MHz channel and the secondary 20MHz channel in which they operate.

If the AP allocates sub-channels to STAs, taking into account the Operating Channel Widths, Supported Chan-
nels, and Supported Channel Width Sets of the STAs, the STAs may overcome the constraint that they should
set their Channel Widths to receive the total Channel Width (e.g., TXVECTOR parameter CH_ BANDWIDTH)
of an OFDMA PPDU, when receiving the OFDMA PPDU from the AP. This offers the benefit of reducing the
power consumption of the STAs.

Meanwhile, in the case of a Single-User (SU) PPDU or a Multi-User (MU) MIMO PPDU, a channel width that
is not included in a receivable Channel Width Set that a destination STA indicates by the Supported Channel
Width Set field of the Capabilities element should not be used as the Channel Width of the PPDU, that is, a
TXVECTOR parametler CH BANDWIDTH. Likewise, a Channel Width exceeding a receivable Channel Width
that the destination STA indicates by the Channel Width field of the Operating Mode Notification element
should not be used as the Channel Width of the PPDU, that is, the TXVECTOR parameter CH_BANDWIDTH.
Likewise, a Channel Width including a channel that is not listed in a supported channel list that the destination
STA indicates by the Supported Channel element should not be used as the Channel Width of the PPDU, that is,
the TXVECTOR parameter CH_ BANDWIDTH.

In the case of an OFDMA PPDU proposed by the present invention, however, a channel width that is not includ-
ed in a receivable Channel Width Set that a destination STA indicates by the Supported Channel Width Set field
of the Capabilities element may be used as the Channel Width of the PPDU, that is, a TXVECTOR parameter
CH_BANDWIDTH. Likewise, a Channel Width exceeding a receivable Channel Width that the destination STA
indicates by the Channel Width field of the Operating Mode Notification element may be used as the Channel
Width of the PPDU, that is, the TXVECTOR parameter CH_BANDWIDTH. Likewise, a Channel Width includ-
ing a channel that is not listed in a supported channel list that the destination STA indicates by the Supported
Channel element may be used as the Channel Width of the PPDU, that is, the TXVECTOR parameter
CH_BANDWIDTH. For this purpose, the AP is required to allocate sub-channels to STAs, taking into account
the Operating Channel Widths, Supported Channels, and Supported Channel Width Sets of the STAs, as de-
scribed before. If the Channel Width of sub-channels that the AP allocates to STAs when transmitting an OFD-
MA PPDU is a TXVECTOR parameter SUBCH_BANDWIDTH, a channel width that is not included in a re-
ccivable Channcl Width Sct that a dcstination STA indicates by the Supported Channcl Width Sct ficld of the
Capabilities element should not be used as the Channel Width of the PPDU, that is, a TXVECTOR parameter
CH_BANDWIDTH. Likewise, a Channel Width exceeding a receivable Channel Width that the destination STA
indicates by the Channel Width field of the Operating Mode Notification element should not be used as the
Channel Widths of the sub-channels allocated to the STAs, that is, the TXVECTOR parameter
CH_BANDWIDTH. Likewise, a Channel Width including a channel that is not listed in a supported channel list
that the destination STA indicates by the Supported Channcl clement should not be uscd as the Channcl Widths
of the sub-channels allocated to the STAs.

Upon receipt of an OFDMA DATA PPDU, STAs perform the following Block ACK mechanism.
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In the above drawing, the AP has transmitted a plurality of DATA PPDUs simultancously to STA1, STA2,
STA3, STA4, STAS, STA6, STA7, and STAR by conliguring a total of eight SMHz sub-channels out of a
40MHz channel. Also, the AP has transmitted an RTS PPDU simultancously to STA1 and STAS on 20-MHz
channcls and has rcccived CTS PPDUs from STA1 and STAS on the respective 20MHz channcels before trans-

7 Inventor: Yongho SEOK

DM_US 67087847-1.096809.0032

ZYXEL-1023
Page 009 (of 39)



Title: HEW PPDU Protection Mechanism Date: 2014/10/30

mitting the plurality of DATA PPDU .

It is noted that when simultancously (ransmitting the plurality of DATA PPDUs to STA2, STA3, STA4, STAS,
STAG6, STA7, and STAS8 by configuring the respective SMHz sub-channels out of the 40MHz channel, the ACK
Policy of a DATA PPDU may be set to implicit Block ACK Request only for one destination STA on a 20MHz
channel basis. This is done to prevent collision caused by simultaneous transmissions of Block ACK PPDUs
from the plurality of destination STAs.

When the destination STAs transmit Control Responsc frames such as Block ACK PPDUs as illustrated in the
above drawing, they should use the same Transmit Spectrum Mask. This is done to reduce the implementation
complexity of a receiving STA. If the destination STAs simultaneously transmit the Control Response frames
using different Transmit Spectrum Masks, the receiving STA should have a function of simultaneously receiving
a plurality ol Spectrum Masks. To enable use of the same transmit Spectrum Mask when the Control Response
frames are simultancously transmitted, the destination STAs determine a Spectrum Mask to be used for trans-
mission of the Control Response frames based on the total Channel Width (RXVECTOR parameter
CH_BANDWIDTH) of the received OFDMA PPDU.

For example, if the destination STAs rececive a 40MHz OFDMA PPDU (an RXVECTOR parameter
CH_BANDWIDTH equal to CBW40) as in the foregoing example, they always use a 40MHz Transmit Spec-
trum Mask suitable for 40MHz Channel Width transmission in the Control Response frames. In the above ex-
ample, STA1 and STAS which receive the OFDMA PPDU and transmit Block ACK PPDUs after an SIFS in
response to the OFDMA PPDU use the same 40MHz Transmit Spectrum Mask despite the Channel Widths of
their Block ACK PPDUs being 20MHz. It is apparent that this rule includes the following embodiment. If the
destination STAs receive an 80MHz OFDMA PPDU (an RXVECTOR parameter CH_BANDWIDTH equal to
CBW80), they always use an 80MHz Transmit Spectrum Mask suitable for 80MHz Channel Width transmission
in the Control Response frames. If the destination STAs receive a 160MHz OFDMA PPDU (an RXVECTOR
parameter CH BANDWIDTH equal to CBW160), they always use a 160MHz Transmit Spectrum Mask suita-
ble for 160MHz Channel Width transmission in the Control Response frames. If the destination STAs receive a
20MHz OFDMA PPDU (an RXVECTOR parameter CH_ BANDWIDTH equal to CBW20), they always use a
20MHz Transmit Spectrum Mask suitable for 80MHz Channel Width transmission in the Control Response
frames.

In order to protect transmission of a HEW PPDU from third HEW STAs, a Duration field may be used in the
MAC Header of a PSDU included in the HEW PPDU. The third HEW STAs set their Network Allocation Vec-
tors (NAVs) to the value of the Duration field included in the MAC Header and thus regard a channel as busy
during the corrcsponding time. Thercfore, cven though the channcl is physically idle, the third HEW STAs arc
not allowed to access the channel during the corresponding time.

In the case of a HEW PPDU, the channel bandwidth of a PSDU including a MAC Header may be smaller than
the channel bandwidth of the HEW PPDU. If the HEW PPDU and the PSDU have an equal channel bandwidth,
a NAV setting of an STA may be defined as follows.

A HEW STA shall update its NAV using the Duration/ID field value in any frame that does not have an RA
matching the STA’s MAC address and that was received in a 20 MHz PPDU in the primary 20 MHz channel or
received in a 40 MHz PPDU in the primary 40 MHz channel or received in an 80 MHz PPDU in the primary 80
MHz channel or received in a 160 MHz or 80+80 MHz PPDU.

However, if the channel bandwidth of the PSDU is smaller than the channel bandwidth of the HEW PPDU, that
is, OFDMA is used, the NAV setting of an STA may be defined as follows.

A HEW STA shall update its NAV using the Duration/ID field value in any frame that does not have an RA
matching the STA’s MAC address and that was received in any sub-channel of a 20 MHz OFDMA PPDU in the
primary 20 MHz channel or received in any sub-channel of a 40 MHz OFDMA PPDU in the primary 40 MHz
channel or received in any sub-channel of an 80 MHz OFDMA PPDU in the primary 80 MHz channel or re-
ceived in any sub-channel of a 160 MHz or 80+80 MHz OFDMA PPDU.
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The above drawing illustrates an operation of a third HEW STA, STA21, when a downlink OFDMA PPDU is
transmitted to STA1, STA2, STA3, STA4, STAS, STA6, STA7, STA8, STA9, STA10, STA11, and STA12.

A plurality of destination STAs may acquire their allocated sub-channel information from a HEW SIG-A field in
the downlink OFDMA PPDU. However, the destination STAs to which sub-channels are allocated are not con-
fined to a single STA because the number of available bits for the HEW SIG-A field is limited. In other words,
although some of the plurality of STAs receiving the downlink OFDMA PPDU may consider itself to be a desti-
nation STA, a sub-channel may actually not be allocated to the STA. Such an STA is STA21 and sub-channel
allocation information is shown as sharcd between STA1L and STA21 in the HEW SIG-A ficld in the above
drawing. In other words, it means that STA11 and STA21 cannot be serviced simultaneously in the downlink
OFDMA PPDU.

STA21 considers that a sub-channel allocated to it by the HEW SIG-A field corresponds to the third 5-MHz
channel from the bottom in the secondary 20-MHz channel (above 20MHz channel). Accordingly, STA21 starts
to receive a HEW-STF, a HEW-LTF, a HEW SIG-B, and a PSDU by switching to the sub-channel after the
HEW SIG-A. However, after receiving the PSDU, STA21 may be aware that the destination STA of the PSDU
is not STA21 but STA11 from the Receiver Address field of the MAC Header. In this case, STA21 corresponds
to the afore-described NAC setting rule for an OFDMA PPDU, that is, a case in which a received frame has
been transmitted on an arbitrary sub-channel of a 40-MHz OFDMA PPDU on a primary 40-MHz channel and
an RA field does not match, and thus the NAV is set to the value of the Duration field of the MAC Header of the
received [rame.

It is concluded that third HEW STAs receiving an OFDMA PPDU set their NAVs to the value of the Duration
field of the MAC Header of the received [rame, even though the received [rame has been transmitted only on a
secondary channel, not on a primary 20-MHz channel.
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Country il us Paostal Code 92618
Phone Number Fax Number
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | A303AA-004500PV

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention HEW PPDU PROTECTION MECHANISM

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the Office.

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication . An assignee-applicant identified in the "Applicant Information" section will appear on the patent application
publication as an applicant. For an assighee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. []

Prefix Given Name Middle Name Family Name Suffix
Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province

Country i Postal Code

Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by e
selecting the Add button.

Signature:

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications

Signature [/Steve Y. Cho/ Date (YYYY-MM-DD)| 2014-11-03

First Name | Steve Last Name | Cho Registration Number | 44612

Additional Sighature may be generated within this form by selecting the Add button. Add
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Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention HEW PPDU PROTECTION MECHANISM

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark OCffice, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.5.C. 2(b)(2); (2) furnishing of the information sclicited is voluntary; and (3) the principal purpose for which the information is
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S5.C. 552)
and the Privacy Act (& U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U_.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GS8A regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.
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Howlg o 2 4GHz, 5GHz 3520l 4 525l IEEE 802.11ax High Efficiency WLAN (HEW) PPDU
g0 3 Z S 2, Orthogonal Frequency Division Multiple Access (OFDMA) A4S A 135l HEW

Basic Service Set (BSS) 4] HEW PPDU Protection Mechanism & 7 2] gt}

obgff 7 & E Wk o) A A ¢kl HEW PPDU format = H.o] =T},

HEW- | HEW- HEW BEW- § BEW .
STF LTF SIG-B LTF SiG-C PSDU (STA ta AF)
HEW- | HEW- | HEW | HEW- | HEW o S o A
r PSDU (T3 to AP}
LSTE | LT LS | gl HSET\/F\:' HLET‘F;‘ i’:\j H!g:l :fwc HEW
ste | F | siee § 4F § LOF §SI6G PSDU(8TAZ fo AP)
HEW- | HEW- | HEW § HEW- | HEW. | HEW- | HEW. | HEW
ste | oF | sies § urF | gF §ogF | gF {siee ‘ PSDU (STAT o AP

L-STF & Legacy Short Traning Field | &% ™, IEEE 802.11a/g/n/ac & 72 legacy STA 2] preamble
decoding & 9%t frequency offset estimation, phase offset estimation < ¢t 8 =2 AME-HT} L-LTF &
Legacy Long Traning Field ol 3l &% ™, IEEE 802.11a/g/n/ac &} %2 legacy STA 2] preamble decoding &
$]3t channel estimation &= 2 AM&-F T L-SIG + Legacy Signal Field ©l| 8 &% ™, IEEE 802.11a/g/n/ac
o} 28 legacy STA 2] preamble decoding 2 3rd party PPDU <59l ! 3} protection 7] &S A & 3T}

HEW SIG-A =, High Efficiency WLAN Signal A field ©l| 3] %™, HEW STA 2] HEW preamble decoding
£ 9]§F HEW PPDU modulation parameter 5+ A8 g-Th HEW SIG-A ol 335+ parameter £+, IEEE
802.11ac T&# S 3HS $J+) ofg b & IEEE 802.11ac ©HE©] A48} VHT PPDU modulation pa-

rameter =< X H3l o},

Twoparts of N - Nunbrer ceviotion Twopartsof N . Number i
st ebiig Bii Field bt Pescription e Biv Field Prrend Deseriprion
BG-BI BW 2 Seri0 0 ¥ 40 MHz 2 for 80 Mz ad 3 foy | -3 ShoreGE i Setiod
: Sette {
B2 Reserved 1 B! it GI !
B STRC { Dissnhiguats
o
B2 suasp) |
Coding
BaRY | Croup D 5
DY0-D2E ToPatial | 2 B3 1

v
5%

437

VUT-SIG-AL
YHT-NIG-AY

BS Beaminrmed 1
Peserverd and s
WOTE—Hf squal 10 L smsothiag is notvecommended.
2 . s i I Ep—— N Reserved t Reserved md et w1
L e o BiN-B1? | (RO N
B18-BI3 | Tait N Usedd i temninate the weldis of the convniution
B Reserved 1 Setto (n
1y ]_ AL s
1 =B A e
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SR wh, 2wk ol A A QFsHE HEW PPDU format & MU MIMO-OFDMA & A 99817] $J3ke], o] &
$J8) Z+2-e] HEW STA ol Al &5 & sub-channel ol th3F A B 7} HEW SIG-A o 32 4= gt}

HEW STA ol Al &5+ sub-channel A X+, Group ID, Ngw = HEW SIG-A °of] %30 & 0]—3%0% At}
HEW STA ©] HEW AP ol A <:3}4] ™, HEW AP + 3| & HEW STA | A Group ID £} ] Group ID
W2 35 HEW STA 9] STA Position 4 B8 33t}

_]\I
L

of| & Eof, ol Ho]E¢] 4% Group ID 1 & STA Position 1, Group ID 2 & STA Position 2, Group ID 61
2 STA Position 4, Group ID 62 < STA Position 1 ©] & 2& 2 U] 3t} o] 2%k Group ID, STA Position
HolE FHE &gve HEW STA & HEW PPDU <& *1 3 3 o3k o) e g =AY sub-
channel & 273t}

Group ID 1 Group ID 2 Group ID 61 Group ID 62

STA Pusition 1 2 4 1

& Eof, 4415 HEW PPDU °l 41 HEW SIG-A ] Group ID #ko] 61 ©1213L, ©]©f Npy gko] b000, b001,
b001, b010 1Tk 7Hg Eht.

Npw > STA Position 1, STA Position 2, STA Position 3, STA Position 4 °l| 3| &3+ HEW STA &l Al 2+2t
& ¥ sub-channel bandwidth & ¢#<=t}. WHeF, 5SMHz, 10MHz, 20MHz, 40MHz, 80MHz, 160MHz HEW
PPPDU A% 0] 385+ A9 Npgw= STA Position 1 9l 3] &3F+= HEW STA 2] sub-channel bandwidth 3
bits, STA Position 2 ©l 3 @3} HEW STA 9] sub-channel bandwidth 3 bits, STA Position 3 ©l 333+
HEW STA 2] sub-channel bandwidth 3 bits, STA Position 4 ©] & &-3}+= HEW STA 2] sub-channel bandwidth
3 bits, ] F A Z 4 71 2] HEW STA & A1 €3t7] 918l 12bits © 2 74 E}.

$1¢] Ao A s HEW STA ¥ Group ID 61 ©ll thalA] STA Position © = 4 & 3 w9k}, whalA,
413 HEW PPDU 2] STA Position 4 2] Npw &k b010 & Z 8 x}4le)l 4] & 3H sub-channel bandwidth 7}
10MHz 4& &A Ft} o] 714, Npw €] encoding < b000 < 0MHz, b001 & 5MHz, b010 & 10MHz, b011
& 20MHz, b100 & 40MHz, b101 & 80MHz, b110 & 160MHz ¢S 7} 3L 1, encoding 2] &
T e e Py e 4y g 5 9l

hu

3k, Group ID, Npw #H e, $19] A& Zs) <& “’F A+ F1E, Group ID 61 | STA Postion 1 & &
"S- HEW STA & 0MHz sub-channel bandwidth 7} &3 HA T Flolt} &, o] ¢ HEW PPDU A4 =

o] FoJAA] &S YEMTE 18] 3L, Group ID 61 oﬂ STA Postion 2 & &3 & HEW STA £ 5MHz
sub-channel bandwidth 7} & H AT A3} Group ID 61 ©| STA Postion 3 & & ¥ HEW STA &
5MHz sub-channel bandwidth 7} &3 =tk Foltt, o] 2¥€2 9]9] Ao & HEW PPDU
AEsE Bl 1 o)

T
s 5

HEW- | HEW- | HEW- | HEW-
aTF | WTF | \TF LTF Hew PSOU (10851
HEW- | HEW | HEWS | [ HEw -
LSTF | LUTE | LSiG | S0y STE | LFF | LTF LTF
SIG-A | HEW- | HEW- | HEW- HEW- | HEW PSDU (8MHz)
STF | u3F | L7 < | osies £
HEW- | HEW- | HEW- HEW- | HEW e
st | e [ ur | o | uF | sice PSDU (5MHz)
2 g 2} A8
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ol9} F+& HEW PPDU Aol 2lof, Z17te] HEW STA £l @35+ sub-channel & M E
sequential 3] oF 3}, A o & s}i}e] 20MHz channel ¢toll 1 H 2] &3 57kl Hlo] A+ sub-
channel E°] &4 s+ orH T} W3l 27} HEW STA £ A 45+ sub-channel 2 20MHz
channel &9 2 3F+9] channel ¢Foll A RE o] Fo]xok sln], Ay}2] o &2 E4=9] 20MHz channel ¢Fell A
BEA o2 A7 sub-channel = &85 A] gFotok gk},

B ghgo A A¢tsk= HEW PPDU format & MU MIMO-OFDMA & #|€13817] $18to]H, o] & 2|3
717} 2] sub-channel o 3HH HEW STA £2 %49 spatial steam ol o3k 3 B7}F HEW SIG-A el
Forg 4 9l av|a, A4 spatial stream <o WEF, HEW SIG-A ©]13-o] <2 fields sequence 7}
A7 ¥t HEW SIG-A 01 F-ol HEW-STF, HEW-LTF HEW SIG-B, HEW-LTF, HEW-SIG-C 7} Z}7}+2] sub-
channel & Z-3 #<% ¥} HEW-STF =, 3}1}+2] sub-channel | th$t frquency offset estimation, phase off-
set estimation =8 AFE-HT} HEW-LTF £, 3119 subchannel © ™3+ channel estimation £ =&
AbgEh 1 oA, A A WSS spartial stream 77 2 27 751%, HEW-LTF & & 2 7|7}
A, AH AEHE spartial stream 57 2 37] & 49 HEW-LTF & % 4717} A$9w, A4
X% %+ spartial stream 7} & 47 & ﬁ—r HEW-LTF & % 4 717} Xq—&—ﬂﬂﬂ A A== spartial
stream 77F & 570 & A HEW-LTF + % 6 7117} A= w, A 5%+ spartial stream 57} % 6 71|
4 A9 HEW-LTF & % 6717} A45H, Xdiﬂ A% 5 spartial stream 571 & 7 7] & 7% HEW-LTF
= % 8/ AgHY, AA AEHE spartial stream 527+ F 8 7} 2 F$- HEW-LTF & & 8 7)7}
AE e A& Adgeh

Multi-User (MU)-MIMO < Wt} 340 & x|3sl7] Y8)A, 22-2] sub-channel 'H & 5 H ¥ signaling
information ©] ¥4 Ha7} vl MU-MIMO 9] 74-%-, MU-MIMO 52| =41 ©@ito] T =4=9]
HEW STA £l t]d] A2 ThZ spatial stream <=7} 22t AEd <= Q) o] & 98| A, ZH2F2] HEW STA

Eoll Al 247} A59 spatial stream =7} AEEo]oF o} wkek, slube] HEW STA o Al MU-MIMO
Xd%% T8 A2 F v AU spartial stream T7F 4 7, MU-MIMO 59] 41 ©@hdo] Hj
4 712 H, 7+7}+9] sub-channel M & % 12 bits ©] 8.7 ¥ T} 20MHz channel $toll # o] 4 71 €] sub-channel
S FAE £ b, F 48 bit 9 signaling information ©] 2.7 F T W ERA | protocol overhead & £ ©]7]
$ek B o0& o]2| 3l spartial stream T AW = ZH2+9] sub-channel H 2 S HA o2 HEH3HE F o
utek A she}, o2k £ 2 HEW PPDU format ol 4 HEW SIG-B ¥ Z}219] sub-channel '8 & spartial
stream & A RS L3, Group ID, Ngrs 9 22 g2 MU-MIMO 9] 313 group (Group ID)°l]
435} STA Sl thajA A4 spatial stream 75 (Ngrg)E LHEFI T

o

npx]gto & HEW-LTF ©|3ol #<%5%% HEW SIG-C field £ PSDU & MCS A R 9 PSDU Length
ARE Feksit

¢ka] A ¢ksk HEW PPDU format ol A, =41 ©hde] 18 H3fof wpa} 22}2] sub-channel ' 2 A4 %] +=
OFDM symbol & timing & %t= H 87} It o] & $laA], & e & ofzff 1H 3} o] HEW SIG-B
o] 5ol AE¥t= HEW-LTF o] 7/}5E Z+2+e] sub-channel © thelr #E gE 7IA =5 st HEW
PPDU format & #|¢F3tt}. o] & 24, 2-2+9] sub-channel |41 PSDU 9] A% A ) %X]Q—E Zh7 o]

0]
P

T o

HEW- | HEW- HEW HEW- § HEW- | HEW- | HEW- HEW
STF LTF 51G-8 LTF LTF LTF LI 8IG-C

HEW- | HEW- HEW HEW.- § BEW- | HEW- | BEW- HEW
HEW STF LIk SIG-B LTE LTF LTE LTF SIG-C

PSDU (STAL to AP)

PSOU (STAS fo AP)

L-STF | L-LTF | L-91G

SIG-A | HEW- | MEW- | MEW § HEW- § HEW- | HEW- | HEW- | HEW ;
STe | 13F | sie8 § LyF § LTF § LTF | UF | siGC PSDU (STAZ 0 AR}
HEW- | HEW- | HEW | HEW- | HEW- § HEW- | HEW- § HEW PSDU (STAT to AP)

STF LTF SIG-B LTF LTE LTF LTE sie-C

3 iz A8
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ok A ¢FsF HEW PPDU format < AH&-31A &d, & Z+¢] sub-channel & &3
glol EAle] PSDU & A43slE A o] 7153 Fth w2, AP 7} B49] v s 7+7+e] sub-channel &
gdate] E Ao PSDU & A3k 4 3 71aa) 2

5
1o
i
iz}
o
>
a~}
U
-
5
o)

N

N
10

e BE nasly]) 93

a
0
&
&
i

o}
L-SIG ¢ AMB #H= FA5 #Es), HEW PPDU o o3k #] 3 ¢
2202 L-SIG 9 L LENGTH, L DATARATE A H Z ==

L LENGTH = P (TXTIME - Signal Extension) — (aPreambleLength + aPHYHeaderLen gth))—‘
B aSymbolLength
% Ny {‘ aPHY ServiceLength + aPHYComfoiutionalTailLengthw
- 8

Signal Extension is 0 pus when TXVECTOR parameter NO_SIG_EXTN is true and is the duration of signal
extension as defined by aSignalExtension (6 us for 2.4GHz and 0 us for 5GHz) when TXVECTOR parameter
NO_SIG_EXTN is false

aSymbolLength is the duration of a symbol (in microseconds). Normally, aSymbolLength is fixed to 4.
(aPreamblel.ength + aPHYHeaderLength) is the duration (in microseconds) of the non-HT PHY preamble
and L-SIG, defined in 6.5.4 (PLME-CHARACTERISTICS.confirm)

Nops is the number of octets transmitted during a period of aSymbolLength at the rate specified by
L_DATARATE. Normally, L_DATARATE is fixed to 6 Mbps and N is fixed to 4.

aPHYServiceLength is the number of bits in the PHY SERVICE field

aPHYConvolutionalTaill.ength is the number of bits in the convolutional code tail bit sequence

HEW PPDU €] 7 -$-, L LENGTH = t}&-3} 7ho] W¥al Hu}

I. LENGTH = [((TXTIMF -~ Slgna] EX[CHSiOﬂ) - 20)-‘ x3-3
- 1

TXTIME & HEW PPDU ¢} Duration & Ve ® T}-&3} 74T},

TXTIME =
TL-S.TF + Trrrt+ Trsic + Taew-sic-a
ceiling((Tupw-str + Nugwrtr Tuew-L1r T Trew-sic-s + NsymTsymp) Tsymr)

Tr.str :Non-HT Short Training field duration (8us)

Tr1rr Non-HT Long Training field duration (8us)

Tr.sic :Non-HT SIGNAL field duration (4us)

Trew.sic-a :HEW Signal A field duration (8us or 12 us)
Trew.sic-s :HEW Signal B field duration (16us or 15.6us)
Trew.str :HEW Short Training field duration (16us or 15.6us)
Trew.ctr :HEW Long Training field duration (16us or 15.6us)
Nuewrrr :Number of HEW-LTF symbols

Tsyao :Double GI symbol interval (16us or 15.6us)

Tsya :Long GI symbol interval (4us)

Nsvur : Number of symbols in the Data field

o Jz

i

T ko] AP 258 ZH7e] sub-channel & F BEAY, AP 7} H49] ©E R Z}7F9] sub-channel
33} 7 -9, EDCA Channel Access mechanism & T3} 7o},

il

If a HEW STA is permitted to begin a TXOP (as shown in the below figure) and the HEW STA has at least one
MSDU pending for transmission for the AC of the permitted TXOP, the STA shall perform exactly one of the

4 A A g
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following actions:

a) Transmit a 160 MHz or 80+80 MHz mask PPDU if the secondary channel, the secondary 40 MHz channel,
and the secondary 80 MHz channel were idle during an interval of PIFS immediately preceding the start of the
TXOP.

b) Transmit an 80 MHz mask PPDU on the primary 80 MHz channel if both the secondary channel and the sec-
ondary 40 MHz channel were idle during an interval of PIFS immediately preceding the start of the TXOP.
¢) Transmit a 40 MHz mask PPDU on the primary 40 MHz channel if the secondary channel was idle during an
interval of PIFS immediately preceding the start of the TXOP.
d) Transmit a 20 MHz mask PPDU on the primary 20 MHz  channel.
e) Restart the channel access attempt by invoking the backoff procedure as though the medium is busy on the
primary channel as indicated by either physical or virtual CS and the backoff timer has a value of 0.

HEW- | HEW. | HEW N i
e e | cae PSDU (AP to STA1Z)
HEW. §HEW. W PSOU (AP to STATT)
. N HEW STF UF | siGR
—— FIFS —— LSTF | LATF | LSIG SHoA o
= HEW- | HEW- § OHEW- | HEW ! o
o e o | see | PSDU (AP fo STAS, STATD
HEW- | HEW- | HEW- § HEW- | HEW- § HEW )} .
STF UTF LTF LTF | LTF S68 | PSDU (AP to STA7, $TAS)
HEW- | HEW. HEW - ]
Jusds e | sios P3DU (AP fo STAG)
REW- | HEW. | HEW N o
] e s e Ses PSOU (AP to STAS)
o ——>] LSTF | LT | LsiG SoA Gen
7 HEW. | HEW. } HEW- : 5 o
e ek GF | SIGE | PSDU (AP to STA3, STA4}
HEW- | HEW- | HEW- § HEW. | HEW.- } o . ST
i TF TF ae | oo | PSDI (AP 10 STAT, $TA2)

ko] TXOP & E35H7] Y3, primary channel ol 4] back-off mechanism £ <=3 ¢+ T}, Distributed Inter
Frame Space (DIFS) or Abitrary Inter Frame Space (AIFS) A13F ‘5 9F primary channel ©] idle g+ -, [0,
Contention Window] 3F2 ¢kell 4] 21 2] 2] random number < A ¥ 3} 3 A # ¥ random number | &) &3}
AT &-9F back-off timer & 5230} Back-off timer = back-off slot time & St primary channel ©] idle ¢t
7%, back-off timer & 14 743 W7l B4 o]t} Back-off timer 7} 0 o] =& 3}H, ¥ -2 secondary
channel £} CCA (idle or busy) A EHE &<215}4] secondary channel E¢] idle g+ -, 31 secondary
channel &< AF8-3)] 20MHz/40MHz/80MHz/160MHz/80+80MHz mask PPDU & 7143} A H t}.

20MHz mask PPDU =, TXVECTOR parameter CH BANDWIDTH equal to CBW20 ©l| 333} PPDU
24 otgll 1€ I} 1 transmit spectral mask = T35 PPDU < W3kt

D Feg ifaRE

T2 Operating Mode Notificaton frame or element & AP 2 53], Z419] Operating Mode & AP ©ll
9l o} & Operating Mode Notification < 7/ 1 field format & X.o] £}, (Operating Mode

ne

Wy 4§ 5

[¢)]
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+ (Re-)Association Request/Response frames, Probe Request/Response frames ©ll 323 € 4= 9l t})

B0 BY B2 B3 B4 B6 87

Channel Width Reserved Rx NSS Rx MSS Type

Bits. 2 2 3 1

Channel Width -

If the Rx NSS Type subfield is 0, indicates the supported channel width:
Set to 0 for 20 MHz

Set to 1 for 40 MHz

Set to 2 for 80 MHz

Set to 3 for 160 MHz or 80+80 MHz

Reserved if the Rx NSS Type subfield is 1.

Rx NSS -

If the Rx NSS Type subfield is 0, indicates the maximum number of spatial streams that the STA can receive.

If the Rx NSS Type subfield is 1, indicates the maximum number of spatial streams that the STA can receive as a
beamformee in an SU PPDU using a beamforming steering matrix derived from a Compressed Beamforming report with
Feedback Type subfield indicating MU in the corresponding Compressed Beamforming frame sent by the STA.

Set to 0 for Nss= 1

Setto 1 for Nss=2

Set to 7 for Nss =8

Rx NSS Type -

Set to 0 to indicate that the Rx NSS subfield carries the maximum number of spatial streams that the STA can receive.

Set to 1 to indicate that the Rx NSS subfield carries the maximum number of spatial streams that the STA can receive in an
SU PPDU using a beamforming steering matrix derived from a Compressed Beamforming report with the Feedback Type
subfield indicating MU in the corresponding Compressed Beamforming frame sent by the STA.

NOTE—An AP always sets this field to 0.

g, wh-& Supported Channel element S E3 4, xFAlo] 2] 913} channel list S AP ol Al A &
1tk ol Supported Channel element format & 1. T} (Supported Channel element = (Re-
)Association Request/Response frames °l] 238 & %= lT})

One {first channel, number of
channels) tuple for each subband

' First Channel Number of
ElementiD tength Number Channels
Octets: 1 1 1 1

g @& Capabilities element 2] Supported Channel Width Set field & Z3) 4, XH4l¢o] A48} Sup-
ported Channel Width Set & AP ol Al 42 & 5 Ut} o} & Supported Channel Width Set field format <
Re] Z=t) (Supported Channel Width Set field & 3 -3} Capabilities element ¥= (Re-)Association Re-
quest/Response frames °ll 3 & 4= 3lt})

B0 81 B2 B3 B4 BS BE 57 B8 BiG B 812 B13 EB13
Short Gi
Maxdimum | Supporied | . [ShontGi| for 160 Tx Ry SU Su Beamformes
Channel |, D{DC for 80 and S“I"D c ST’BA Beamformer | Beamfcrmee 8§78
Length Width Set | ~ MHz 80+30 = v Capable Capable Capakbility
MHz
Bits: 2 2 1 1 1 1 3 1 4 2

Supported Channel Width Set -

Indicates the channel widths supported by the STA.

Set to 0 if the STA does not support either 160 or 80+80 MHz.
Set to 1 if the STA supports 160 MHz.

Set to 2 if the STA supports 160 MHz and 80+80 MHz.

The value 3 is reserved.
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B0 thbo] AP 275 24749 sub-channel & & WAL AP 7} 50 TR Z42Ee] sub-channel
=1 = 9FE 9] Operating Channel Width, Supported Channel, Supported Channel Width
Set & 112 3)] sub-channel T3-& 7 d ] of st}

$o] 1ol A, STAIL, STA2, STA3, STA4, STAS, STA6 ©] Operating Mode Notification element 2] Channel
Width field & 20MHz & 47 3}o], A2l E 0] secondary 20MHz/secondary 40MHz/secondary 80MHz chan-
nel oA AEE = PPDU & 5418 4= 98-8 d3ivtal 71g 3t} 18] al, STA7, STAS, STA9, STA10,
STAI11, STA12 ©] Operating Mode Notification element 2] Channel Width field & 40MHz 2 A3},
A2 E 0] secondary 20MHz 7}#] 53+ PPDU & 418 4 YA secondary 40MHz/secondary
80MHz channel °l| 4] &%= PPDU & 418 4 5S Lot 74 &t o] 4%, AP 7} downlink
OFDMA 7|9 © & STAI, STA2, STA3, STA4, STAS5, STA6, STA7, STA8, STA9, STA10, STA11, STA12 &
sub-channel & @3te] FA| HES FAsE B-7, AP £ STAIL, STA2, STA3, STA4, STAS5, STA6 I
efAq g o] TASE primary 20MHz channel ©| A TF sub-channel & 38 Fofof gt}
o] 71, STA1, STA2, STA3, STA4, STAS, STA6 ©] A}4le] 44 A% Channel Width, 2 primary 20MHz chan-
nel 9]l secondary 20MHz channel 5 S 2 -5 sub-channel & & 7] golof & oJu| it} -3, AP
= STA7, STAS, STA9, STA10, STA11, STA12 of thalA s|F wrto] 523+ primary 20MHz channel,
secondary 20MHz ©l| 4 sub-channel < &3k},

AP 7} ©E 2] Operating Channel Width, Supported Channel, Supported Channel Width Set £ &3} sub-
channel TF A Hd, FLEL AP 7} 31 OFDMA PPDU < FA18H=H 9loiA, &lF
OFDMA PPDU 2] A Channel Width (e.g., TXVECTOR parameter CH BANDWIDTH) < <=A13}7] $3)
241] Channel Width B3 7] AAslof ahi= o4& a|de & ot} olzle, we] g 428

=Y T AT o5& 7HAA .

318 Single-User (SU) PPDU, Multi-User (MU) MIMO PPDU 7-%-, 319 PPDU ¢ Channel Width, &
TXVECTOR parameter CH BANDWIDTH + 5% wito] Capabilities element 2] Supported Channel
Width Set field & SejA A3l 441 71553 Channel Width Set ] E &% 2] &+ Channel Width &
AR 4= gk rhREA & Sl E PPDU 2] Channel Width, & TXVECTOR parameter CH BANDWIDTH
+ 54 wdo] Operating Mode Notification element 2] Channel Width field & E81A4 A L3 41 7153k
Channel Width & Z 7%} Channel Width & AH8-& 5= gl rhz 72| 2, @ d PPDU ] Channel Width,
TXVECTOR parameter CH BANDWIDTH + 5% ©@3o] Supported Channel element & E-3]4 A& st
AFAl o] A1 Q43 channel list 9] ol A} @& 3 33 Channel Width £ AH8-3 4= glt}

Sk RE, 2 g ol Al A Q3= OFDMA PPDU 9] 74 -9, 3ll'd PPDU ] Channel Width, & TXVECTOR
parameter CH BANDWIDTH + 54| 5 o] Capabilities element ] Supported Channel Width Set field &
e Agd 4241 7153 Channel Width Set o F3% %] 9+ Channel Width & A8 4=t}
27} A| 2, 3] PPDU 2] Channel Width, & TXVECTOR parameter CH BANDWIDTH += &4 hito]
Operating Mode Notification element 2] Channel Width field & EafA A3t 441 7153k Channel Width
£ %33 Channel Width & AH8-E 5= dth PF27FA] 2, 8l @ PPDU ©] Channel Width, 2 TXVECTOR
parameter CH BANDWIDTH + 5% wWio] Supported Channel element & E3|A HAE3dE Ao
A Y5l channel list ol AES 333 Channel Width & AF8-E 4= Qth o, o]& 3k &7
Alglo g o AHsl o] AP 7} WEE 2] Operating Channel Width, Supported Channel, Supported
Channel Width Set < X2 3] sub-channel &3 733} Fo|th. AP 7| OFDMA PPDU & #%&
GtEof Al &3 sub-channel ] Channel Width & TXVECTOR parameter SUBCH_BANDWIDTH &1L
3}¥, TXVECTOR parameter SUBCH_BANDWIDTH 2 4 wio] Capabilities element 2] Supported
Channel Width Set field & B3] A =g 4241 715k Channel Width Set ] 32 8% =] 9+ Channel Width
S AREE 5 Qi TR 2 Sl Al & 3§ sub-channel €] Channel Width, & TXVECTOR param-
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eter SUBCH_BANDWIDTH & &4 whito] Operating Mode Notification element 2] Channel Width field &
T3 AEs A 715%E Channel Width & if’%{?} Channel Width & A8 4 glo} vl Z712| &2,
GtEof Al T3 sub-channel €] Channel Width, & TXVECTOR parameter SUBCH BANDWIDTH &
=2 o] Supported Channel element = %3l A] @%T’?} ZFAlo] A DSk channel list &l AE&
3E%HgE Channel Width & AH&-& 4= 1T},

OFDMA DATA PPDU & =418 @it 22 1453} 72 Block ACK mechansim & =8 0}

DATAPPDU (AP i 5TAR) - MCS_tow

| Black ACK Block ACK |1 o,

RBiock AT

RISk ACK

: Binck AGK |
RS PPoy oo ppoy | DATRBPING (AP 10 STAT) - MCS,_low R el e
TS TH ST E LN o o
{AP 1o (BTASda ! APWU (5TAE fo £ PD;U
SIAS) AFE T AvA PRDU (AP 1o STAS)- MCS_high bag o am i B3
: ATA 3 } by AU |- MCS _fow i o

DATA PPD MOS_high

DATAPPDUAR 1o 8TAL) - MCS_high

i1 Block ACK !
PELa

{273 to
AP O

-MCS_tow it

: fnex acK || BlckA
RS PROU | oTsproy |1 DATAPEDU (AP 10 STA% - SICS_high opni 1 Req
(AP 1o 5Tatt0

At} APl DATA PRDU AR 1o STAD) - MGS_fow

{63 Jow

DATAPRDL (AP 10 STAT) - MCS tow
impiicht Block ACK Reg

9] ¥ ol AP £ 40MHz channel & A}H83)] STAIL, STA2, STA3, STA4, STAS, STA6, STA7, STAS & =
8 719 5MHz sub-channel 52 7438 £929] DATA PPDU < 5 A AE3lgch E3F E929] DATA
PPDU & FA] HE3st7] Hell RTS PPDU £ 20MHz channel 2+2& A}ﬁﬁﬁ STAIL, STAS & T4
g3l a, STAL, STAS & 58 20MHz channel 242+ AR8-3] CTS PPDU & =41 Hkght),

40MHz channel < A}8-3) STAIL, STA2, STA3, STA4, STAS, STA6, STA7, STA8 & Z}Z} SMHz sub-channel
< TAE) 542 DATAPPDU & 54 A43 w], DATA PPDU £9] ACK Policy & 2 ®W¥H 20MHz
chamnel ¥-$] & 2.7 3}ife] &4 whabe] o3& implicit Block ACK Request 7} 274 € 4= &5 & &
otk olAL B0l BA o] F Ao Block ACK PPDU €& A3 collision ©] ZAHE AS
WA 5h7] $1gkolth

o] a3} o] 24 ©iE ] Block ACK PPDU 9 28 Control Response frame < 54| 53 wj,
Transmit Spectrum Mask & A &2 543t Z1 & AbE-dfoF 3t} o] A& G4l v o] 3+ B8 £o)7]
_,4 gloj, ghek B0 4 wvhuto] M 2 U2 Transmit Spectrum Mask & AF-8-3l Control Response frame

S A HAEste A, 4 3 S 5429] Spectrum Mask o] theE 5 A] 241 7|5 71 oF gt} Con-
trol Response frame < 54| <53k W], Transmit Spectrum Mask & A2 T UsA 37| ¢35 dHo =,
54 @re 42218 OFDMA PPDU 2] %4 Channel Width (RXVECTOR parameter CH_BANDWIDTH)
S 7% 2 & Control Response frame 21 <50l AR89 Spectrum Mask & 44 3} F ot}

45 Eo], 919 oA o] 40MHz OFDMA PPDU & <FAlIgH 4% (RXVECTOR parameter
CH_BANDWIDTH equal to CBW40), Control Response frame < %3 40MHz Channel Width %<l
2 &+%F 40MHz Transmit Spectrum Mask = AR8-3} Zlolt} $12] o Ao OFDMA PPDU & =413}
SIFS A17F F-of Block ACK PPDU & & Hah= STAL STAS &, AH4l¢] #& 3k Block ACK PPDU ¢
Channel Width 7} 20MHz ¢ | = &3} I Transmit Spectrum Mask += 40MHz Transmit Spectrum Mask <
247y B=As)A g5t slolt) o8 ek A w1 v 3 e AXgE E3slE 1L Rt
ek 80MHz OFDMA PPDU & <=A1%E -$- (RXVECTOR parameter CH_BANDWIDTH equal to CBWS0),
Control Response frame < 3}’ 80MHz Channel Width %<l %] 3¢t 80MHz Transmit Spectrum Mask <
A3 slojth. wreF 160MHz OFDMA PPDU & 418k 49 (RXVECTOR parameter

CH_BANDWIDTH equal to CBW160), Control Response frame < 34 160MHz Channel Width 7§l
: D RIRIEE
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A 3tsk 160MHz Transmit Spectrum Mask & AF8-3E Zlolt}. wkeF 20MHz OFDMA PPDU < 5418
7%~ (RXVECTOR parameter CH BANDWIDTH equal to CBW20), Control Response frame < &3 20MHz
Channel Width 5ol 4] 3¢t 20MHz Transmit Spectrum Mask & A8} Z o]t}

HEW PPDU A< A 3 ] HEW STA 25-8 B 33l7] 913 55 o &2 HEW PPDU °| ¥& % PSDU
©] MAC Header ¢+l Duration field & 8% = 1Th MAC Header ¢+l Duration field + A| 3 ©] HEW
STA E& 3}oF Network Allication Vector (NAV) 2 Duration field ¢5HE A sl did A17F 59
AL Busy 302 FFstA gt o] Fall, Al 3 o] HEW STA ¢ 8822 ] Idle
A s, S Al ek A A& ShA] KEhA gkt

HEW PPDU 2] -9, MAC Header 7| 3 3rH PSDU 9] channel bandwidth 7} HEW PPDU 2] channel
bandwidth Bt} 2S5 4= 9t} v+ HEW PPDU 9] channel bandwidth ¢ PSDU 9] channel bandwidth 7}
Zopd, 9o NAV A2 0 &3 ol Ao & 4

A HEW STA shall update its NAV using the Duration/ID field value in any frame that does not have an RA
matching the STA’s MAC address and that was received in a 20 MHz PPDU in the primary 20 MHz channel or
received in a 40 MHz PPDU in the primary 40 MHz channel or received in an 80 MHz PPDU in the primary 80
MHz channel or received in a 160 MHz or 80+80 MHz PPDU.

A RE, PSDU 2] channel bandwidth 7} HEW PPDU 2] channel bandwidth X.t} 2F2 74 -$- & OFDMA 7}
ALEE A, G NAV AR 2 oha3) o] go] T 4 9l

A HEW STA shall update its NAV using the Duration/ID field value in any frame that does not have an RA
matching the STA’s MAC address and that was received in any sub-channel of a 20 MHz OFDMA PPDU in the
primary 20 MHz channel or received in any sub-channel of a 40 MHz OFDMA PPDU in the primary 40 MHz
channel or received in any sub-channel of an 80 MHz OFDMA PPDU in the primary 80 MHz channel or re-
ceived in any sub-channel of a 160 MHz or 80+80 MHz OFDMA PPDU.
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HEW. HEW- HEW
STF LTF | SiGB PSOU (AP o STATZ}
: HEW- | HEW- | HEW
5 HEW STE | F | sisd PSOU (AP 1o STAT1)
§OLBTIE D OLATF LSS By S

HEW- HEW- HEW- HEW
STF [Rid L | SIG-B

HEW- 1 HEW- | BEW- | HEW. | REW. HEW |

PSDU (AR ta 5TA9, STA1G}

FSDU {AP to BTA?, STAS)

Ao STF | LTF | 17F | LFF | i1F | SiGE
""""""""""""""""""""""""""""" HEW. | REWC OHEW | e e
el Sl B FSDU (AP fo 5TAG)
HEW. | HEW. | HEW
| e | ST L | see PSDU AR to STAS)
PR EE L s e e e | rew PSBU {AF to STASZ, STAX)
STF | uTF | o7F | S168 . |
HEw. | BEW. | HEW | BEW. | BEW. | HEW |
STF | &7F | i3F | U7F | wF | sSlea | PSDU (AP to 8TAL 3TAZ)
— L
LoHEw. | HEW. | HEW |
g B A PSDU (AP to STAM)
- ---'I------'-I------‘--‘-I'I---l
STAZT mem o e m mmm wmom

HEW

L-8YF L-LYF L-SIG SIGA

----—---ﬁ--\------ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

99 73S Downlink OFDMA PPDU 7} STAL, STA2, STA3, STA4, STAS, STA6, STA7, STAS, STA9
STAL0, STALL, STAI2 & A% dwj], A 3 ] HEW STA ©l] 3 23} STA21 & E2HS Bof H1,

Downlink OFDMA PPDU ©ll 4 E4=2] 23 © &8 xp4alo] ¥ sub-channel 3 B E HEW SIG-A &
F8) #gad & 9t} FA|gF HEW SIG-A ol A A8 7153 bits =71 AJgFE o] 919], sub-channel ©]

P 54 ko] shuhe] RN 545 88 4 vl =, Downlink OFDMA PPDU & =41 %
o] GEEFe] HEW SIG-A & 538 #pale] &3 wdolgly k¢ o & XN A4 s
2 = gub-channel ©] THHA| && 5 Atk 999 - STA21 ¢ o83k whdel sjEdHH,
HEW SIG-A 4] STA1l 3} STA21 ¢ sub-channel &% A7} A2 F5H AL Ho] &0 g2 s,
Downlink OFDMA PPDU ©| 4 STA11, STA21 & ‘FA]el Mu] 2 E 4= givke AL on| i},

[RUR T T

STA21 & HEW SIG-A & Z3&] A}Alell &% sub-channel ©], secondary 20MHz (above 20MHz channel)
Zoll ofgoll A A A 5MHz channel ©ll 8]23F Ao 1t th whelA, HEW SIG-A ©]5-o] &%
sub-channel & ©]-58}o1 HEW-STF, HEW-LTF, HEW SIG-B, PSDU & 413}7] A]2hght}. spA] 7k, STA21
o] PSDU & 418 §-ol 3 PSDU o] 54 T Zpale] ofy il STALL o] 2t A4S MAC Header
©] Receiver Address field & &3 291 & 4= vt o] 4§, STA21 & ¢4 A3 OFDMA PPDU 2
NAV A7 73] & 5218 frame ©] primary 40MHz channel °l 4 40MHz OFDMA PPDU 2] < 2] 2] sub-
channel 9| 4] A% 3L RA field 7] L 2| 3}A] F& Aol s)dH o], =413 frame & MAC Header 2
Duration field ;22 NAV gto] A4 = A "

AE Ao & OFDMA PPDU & 4413k 7] 3 ¢] HEW STA 58 AF4lo] $24138F frame ©] primary 20MHz
IR %

AN ES AFES] HFHRA] U secondary channel THS B4 HAEH HA-Ux|EE, sjEste
A 3e HEW STA ©HE& zAlo] 42418 frame ©l 4] MAC Header ©] Duration field $1C. 2 NAV #4<
A= AL s

10 w2} 85
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