(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/191739 Al

1 December 2016 (01.12.2016) WIPO | PCT
(51) International Patent Classification: (74) Agents: STANTON, Gregory, E. et al.; Drinker Biddle &
HO4L 5/00 (2006.01) HO4W 84/12 (2009.01) Reath LLP, 191 N. Wacker Drive, Suite 3700, Chicago, IL
HO04W 72/04 (2009.01) 60606-1698 (US).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/US2016/034827 kind of national protection available). AE, AG, AL, AM,
. . AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Filing Date: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
27 May 2016 (27.05.2016) DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(26) Publication Language: English MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(30) Priority Data: PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
62/166,856 27 May 2015 (27.05.2015) Us SD, SE, 8G, 8K, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant: MARVELL SEMICONDUCTOR, INC. . o
[US/US]; 5488 Marvell Lane, Santa Clara, CA 95054 (84) Designated States (uniess otherwise indicated, for every
(US). kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(72) Inventors; and TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(71) Applicants (for AM, AZ, BY, KG, KZ, MD, RU, 1J, TM, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
US only): CHU, Liwen [CN/US]; 5639 Lysander Way, DK, EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
San Ramon, CA 94582 (US). SUN, Yakun [CN/US]; 1096 LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
Hyde Avenue, Sunnyvale, CA 95129 (US). SM, TR), OAPI (BF, BI, CF, CG, CIL, CM, GA, GN, GQ,
(72) Inventors: ZHANG, Hongyuan; 4707 Paseo Padre Park- GW, KM, ML, MR, NE, SN, TD, TG).
way, Fremont, CA 94555 (US). WANG, Lei; 13519 Published:

Ginger Glen Road, San Diego, CA 92130 (US). JIANG,
Jinjing; 1920 Messina Dr., San Jose, CA 95132 (US).

with international search report (Art. 21(3))

(54) Title: SIGNALING RESOURCE ALLOCATIONS IN MULTI-USER DATA UNITS

FiG. 1 / 10 CLIENT
26
|-
ACCESS POINT
15
T HOST
NETWORK ||— 27
INTERFACE
16 28
—, |
NETWORK
INTERFACE
18 34-3
T PHY 1 %
20 241 34-2 TRX 30-1
\‘¥ 11
PHY 242 / 302
211 TX/RX }—/
TR 1
21-2 24-3 TX/RX F* 303
\~—~| TX/RX
21-3
]
([ merx] T
CLENT
14
I 25-2

25-

EN

25-3

(57) Abstract: A physical layer (PHY) preamble of a multi-user (MU) PHY data unit is generated. The PHY preamble is generated
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to include formatting information regarding the MU PHY data unit, including a field to be transmitted within a first individual com -
munication channel among a plurality of individual communication channels that collectively span a bandwidth of a composite chan-
nel, each individual communication channel including a plurality of basic resource allocation (RA) units that collectively span a
bandwidth of the individual communication channel. The field is generated to indicate one or more groupings of basic RA units,
wherein at least one of the one or more groupings of basic RA which includes basic RA units of one or more other individual com -
munication channels. A data portion of the MU PHY data unit is generated according to the formatting information in the PHY pre-
amble, and the MU PHY data unit is generated to include the PHY preamble and the data portion.
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SIGNALING RESOURCE ALLOCATIONS IN MULTI-USER DATA UNITS

Cross-References to Related Applications

[0001] This disclosure claims the benefit of U.S. Provisional Patent Application No.
62/166,856, entitled “Individual OFDMA Resource Allocation Signaling for WiFi,” filed
on May 27, 2015, the disclosure of which is hereby incorporated by reference herein in

its entirety.

Field of the Disclosure

[0002] The present disclosure relates generally to communication networks and, more
particularly, to wireless local area networks (WLANSs) that utilize orthogonal frequency

division multiple access (OFDMA) technology.

Background
[0003] Wireless local area networks (WL ANs) have evolved rapidly over the past decade.
Development of WLAN standards such as the Institute for Electrical and Electronics
Engineers (IEEE) 802.11a, 802.11b, 802.11g, and 802.11n Standards has improved
single-user peak data throughput. For example, the IEEE 802.11b Standard specifies a
single-user peak throughput of 11 megabits per second (Mbps), the IEEE 802.11a and
802.11g Standards specify a single-user peak throughput of 54 Mbps, the IEEE 802.11n
Standard specifies a single-user peak throughput of 600 Mbps, and the IEEE 802.11ac
Standard specifies a single-user peak throughput in the gigabits per second (Gbps) range.
Future standards promise to provide even greater throughputs, such as throughputs in the

tens of Gbps range.

Summary

[0004] In an embodiment, a method corresponds to generating multi-user (MU) physical
layer (PHY) data unit for transmission via a composite communication channel that
comprises a plurality of individual communication channels that collectively span a

bandwidth of the composite communication channel, wherein each individual
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communication channel includes a plurality of basic resource allocation (RA) units that
collectively span a bandwidth of the individual communication channel. The method
includes: generating, at a communication device, a PHY preamble that includes
formatting information regarding the MU PHY data unit, including generating a field of
the PHY preamble to be transmitted within a first individual communication channel
among the plurality of individual communication channels, wherein the field is generated
to indicate one or more groupings of basic RA units, wherein at least one of the one or
more groupings of basic RA units includes basic RA units of one or more other
individual communication channels; generating, at the communication device, a data
portion of the MU PHY data unit according to the formatting information in the PHY
preamble; and generating, at the communication device, the MU PHY data unit to include

the PHY preamble and the data portion.

[0005] In another embodiment, an apparatus comprises: a network interface device
having one or more integrated circuits configured to generate a PHY preamble of an MU
PHY data unit for transmission via a composite communication channel that comprises a
plurality of individual communication channels that collectively span a bandwidth of the
composite communication channel, wherein each individual communication channel
includes a plurality of basic RA units that collectively span a bandwidth of the individual
communication channel. The PHY preamble is generated to include formatting
information regarding the MU PHY data unit, including: generating a field of the PHY
preamble to be transmitted within a first individual communication channel among the
plurality of individual communication channels, wherein the field is generated to indicate
one or more groupings of basic RA units, wherein at least one of the one or more
groupings of basic RA units includes basic RA units of one or more other individual
communication channels. The one or more integrated circuits are further configured to:
generate a data portion of the MU PHY data unit according to the formatting information
in the PHY preamble, and generate the MU PHY data unit to include the PHY preamble

and the data portion.
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Brief Description of the Drawings

[0006] Fig. 1 is a block diagram of an example wireless local area network (WLAN) in
which methods and apparatuses described herein are utilized, according to an

embodiment.

[0007] Fig. 2 is a diagram of an example multi-user (MU) physical layer (PHY) data unit,

according an embodiment.

[0008] Fig. 3 is a diagram of an example resource allocation information element in a

PHY preamble, according to an embodiment.

[0009] Fig. 4 is a diagram of an example resource allocation scheme used for allocation
of resources for a 20 MHz-wide individual communication channel, according to an

embodiment.

[0010] Fig. 5 is a diagram of an example information element that is included in a field

304 of the example information element of Fig. 3, according to an embodiment.

[0011] Fig. 6 is a diagram of an example information element that is included in the field

304 of the example information element of Fig. 3, according to another embodiment.

[0012] Fig. 7 is a diagram of example subfields that are included in a field of the example

information element of Fig. 3, according to another embodiment.

[0013] Figs. 8 A-D are diagrams of example error correction encoding techniques for

encoding the example information element of Fig. 3, according to various embodiments.

[0014] Figs. 9A-B are diagrams of example error correction encoding techniques for

encoding the example subfields of Fig. 73, according to various embodiments.

[0015] Fig. 10 1s a flow diagram of an example method for generating an MU PHY data

unit, according to an embodiment.
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Detailed Description

[0016] In embodiments described below, a wireless network device such as an access
point (AP) of a wireless local area network (WLAN) transmits data streams to one or
more client stations. The AP is configured to operate with client stations according to at
least a first communication protocol. The first communication protocol is sometimes
referred herein as “high efficiency WiFi,” “HEW” communication protocol, “HE”
communication protocol, or IEEE 802.11ax communication protocol. In an embodiment,
the first communication protocol supports orthogonal frequency division (OFDM)
communication in both downlink direction from the AP to one or more client station and
uplink direction from one or more client stations to the AP. In an embodiment, the first
communication protocol supports one or more multi-user (MU) modes in which the AP
transmits multiple independent data streams simultaneously to multiple client stations, or
receives independent data streams simultaneously transmitted by multiple client stations,
in some embodiments. Multi-user transmission to, or by, multiple client stations is
performed using MU multiple input multiple output (MU-MIMO) transmission in which
respective spatial streams are used for transmission to, or by, respective ones of the
multiple client stations, and/or using orthogonal frequency division multiple access
(OFDMA) transmission in which respective frequency sub-channels of a communication
channel are used for simultaneous transmission to, or by, respective ones of multiple

client stations, in various embodiments.

[0017] In various embodiments, a data unit transmitted in the downlink direction from the
AP to one or more client stations 25 (“DL data unit”), includes in a physical layer (PHY)
preamble one or more fields that include formatting information needed at the receiving
device(s) to properly receive and decode the DL data unit. For example, for a DL MU
data unit utilizing OFDMA, the PHY preamble includes one or more fields that include
information indicating how frequency resources in a PHY data portion of the data unit
have been allocated among multiple receiving devices, according to some embodiments.

The multiple receiving devices then use such information in the PHY preamble to decode
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information in the PHY payload of the DL OFDMA data unit at appropriate frequency

portions.

[0018] Fig. 1 is a block diagram of an example wireless local area network (WLAN) 10 in
which techniques described below are utilized, according to an embodiment. The WLAN
10 supports downlink (DL) and/or uplink (UL) OFDMA communication between an
access point (AP) and a plurality of client stations, in some embodiments. The WLAN

10 also supports DL and/or uplink UL multiuser multiple-input and multiple-output (MU-
MIMO) communication between the AP and a plurality of client stations, in some
embodiments. Additionally, the WLAN 10 supports DL and UL single-user (SU)
communication between the AP and each of a plurality of client stations, in some

embodiments.

[0019] The WLAN 10 includes an AP 14, and the AP 14, in turn, includes a host
processor 15 coupled to a network interface device 16. The network interface device 16
includes a medium access control (MAC) processing unit 18 and a physical layer (PHY)
processing unit 20. The PHY processing unit 20 includes a plurality of transceivers 21,
and the transceivers 21 are coupled to a plurality of antennas 24. Although three
transceivers 21 and three antennas 24 are illustrated in Fig. 1, the AP 14 includes other
suitable numbers (e.g., 1, 2, 4, 5, etc.) of transceivers 21 and antennas 24 in other
embodiments. In an embodiment, the MAC processing unit 18 and the PHY processing
unit 20 are configured to operate according to the first communication protocol (e.g., HE
communication protocol). In an embodiment, the network interface device 16 includes
one or more integrated circuit (IC) devices. For example, at least some of the
functionality of the MAC processing unit 18 and at least some of the functionality of the
PHY processing unit 20 are implemented on a single IC device, according to an
embodiment. As another example, at least some of the functionality of the MAC
processing unit 18 is implemented on a first IC device, and at least some of the
functionality of the PHY processing unit 20 is implemented on a second IC device,

according to an embodiment.



WO 2016/191739 PCT/US2016/034827

[0020] The WLAN 10 includes a plurality of client stations 25. Although four client
stations 25 are illustrated in Fig. 1, the WLAN 10 includes other suitable numbers (e.g.,
1,2, 3,5, 6, etc.) of client stations 25 in various scenarios and embodiments. At least one
of the client stations 25 (e.g., client station 25-1) 1s configured to operate at least
according to the first communication protocol. In some embodiments, at least one of the
client stations 25 1s not configured to operate according to the first communication
protocol but is configured to operate according to a legacy communication protocol

(referred to herein as a “legacy client station”).

[0021] The client station 25-1 includes a host processor 26 coupled to a network interface
device 27. The network interface device 27 includes a MAC processing unit 28 and a
PHY processing unit 29. The PHY processing unit 29 includes a plurality of transceivers
30, and the transceivers 30 are coupled to a plurality of antennas 34. Although three
transceivers 30 and three antennas 34 are illustrated in Fig. 1, the client station 25-1
includes other suitable numbers (e.g., 1, 2, 4, 5, etc.) of transceivers 30 and antennas 34
in other embodiments. In an embodiment, the MAC processing unit 28 and the PHY
processing unit 29 are configured to operate according to the first communication
protocol (e.g., HE communication protocol). In an embodiment, the network interface
device 27 includes one or more IC devices. For example, at least some of the
functionality of the MAC processing unit 28 and at least some of the functionality of the
PHY processing unit 29 are implemented on a single IC device, according to an
embodiment. As another example, at least some of the functionality of the MAC
processing unit 28 1s implemented on a first IC device, and at least some of the
functionality of the PHY processing unit 29 is implemented on a second IC device,

according to an embodiment.

[0022] According to an embodiment, the client station 25-4 1s a legacy client station, i.e.,
the client station 25-4 is not enabled to receive and fully decode a data unit that is
transmitted by the AP 14 or another client station 25 according to the first communication

protocol. Similarly, according to an embodiment, the legacy client station 25-4 is not
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enabled to transmit data units according to the first communication protocol. On the
other hand, the legacy client station 25-4 1s enabled to receive and fully decode and

transmit data units according to a second, legacy communication protocol.

[0023] In an embodiment, one or both of the client stations 25-2 and 25-3, has a structure

the same as or similar to the client station 25-1. In an embodiment, the client station 25-4
has a structure similar to the client station 25-1. In these embodiments, the client stations
25 structured the same as or similar to the client station 25-1 have the same or a different

number of transceivers and antennas. For example, the client station 25-2 has only two

transceivers and two antennas, according to an embodiment.

[0024] In various embodiments, the PHY processing unit 20 of the AP 14 is configured to
generate data units conforming to the first communication protocol and having formats
described herein. The transceiver(s) 21 is/are configured to transmit the generated data
units via the antenna(s) 24. Similarly, the transceiver(s) 24 is/are configured to receive
the data units via the antenna(s) 24. The PHY processing unit 20 of the AP 14 is
configured to process received data units conforming to the first communication protocol
and having formats described herein and to determine that such data units conform to the

first communication protocol, according to various embodiments.

[0025] In various embodiments, the PHY processing unit 29 of the client device 25-1 is
configured to generate data units conforming to the first communication protocol and
having formats described herein. The transceiver(s) 30 is/are configured to transmit the
generated data units via the antenna(s) 34. Similarly, the transceiver(s) 30 is/are
configured to receive data units via the antenna(s) 34. The PHY processing unit 29 of the
client device 25-1 is configured to process received data units conforming to the first
communication protocol and having formats described hereinafter and to determine that
such data units conform to the first communication protocol, according to various

embodiments.
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[0026] Fig. 2 is a diagram of a physical layer (PHY) data unit 200 that the AP 14 is
configured to transmit to one or more client stations 25 (e.g., one or more of the client
stations 25-1, 25-2, 25-3), according to an embodiment. The data unit 200 conforms to
the HE communication protocol and occupies an 80 MHz bandwidth. Data units similar
to the data unit 200 occupy other suitable bandwidth such as 20 MHz, 40 MHz, 120
MHz, 160 MHz, 320 MHz, 640 MHz, etc., for example, or other suitable bandwidths, in
other embodiments. The data unit 200 is suitable for “mixed mode” situations, i.e. when
the WLAN 10 includes a client station (e.g., the legacy client station 24-4) that conforms
to a legacy communication protocol, but not the first communication protocol. The data

unit 200 is utilized in other situations as well, in some embodiments.

[0027] In various embodiments and/or scenarios, the data unit 200 is a downlink (DL)
orthogonal {requency division multiple access (OFDMA) unit in which independent data
streams are transmitted to multiple client stations 25 using respective sets of OFDM tones
and, in some cases respective spatial streams, allocated to the client stations 25. Thus,

the AP 14 generates and transmits the data unit 200, in some embodiments.

[0028] In an embodiment, available OFDM tones (e.g., OFDM tones that are not used as
direct current (DC) tones and/or guard tones) are partitioned into multiple resource units
(RUs), and each of the multiple RUs is allocated to one or more client stations 25 for
transmission of data to the one or more of the client stations 25. In an embodiment,
allocation of OFDM tones is performed using basic resource unit blocks defined by the
first communication protocol. A basic resource unit block 1s sometimes referred to herein
as simply a “basic resource unit.” For example, a basic resource unit includes K OFDM
tones, wherein K 1s an integer greater than zero, in an embodiment. In an embodiment,
each allocated resource unit includes one or more K-OFDM tone basic resource units. As
just an example, K = 26, in an embodiment. According to this illustrative example, a

basic resource unit includes 26 OFDM tones, in this embodiment.
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[0029] A resource unit allocated to a client station 25, or allocated to multiple client
stations 25, includes a number of OFDM tones that is an integer multiple of K (e.g., 26)
OFDM tones, such as K*1 (e.g., 26) OFDM tones, K*2 (e.g., 52) OFDM tones, K*3 (e.g.,
78) OFDM tones, etc., in an embodiment. In another embodiment, K is any suitable
integer other than 26, and a basic resource unit includes a corresponding number of

OFDM tones other than 26.

[0030] In some embodiments, the first protocol defines individual communication
channels of a suitable bandwidth (e.g., 1 MHz, 5 MHz, 10 MHz, 20 MHz, etc.), and
composite communication channels can be formed by aggregating or “bonding together”
multiple individual channels. Thus, in the example of Fig. 2, the data unit 200 spans a
composite communication channel comprising four individual communication channels,
according to an embodiment. In other embodiments and/or scenarios, a composite
communication channel can consist of different suitable numbers of individual
communication channels, such as two, three, four, five, six, seven, etc. In one illustrative
embodiment, the first communication protocol permits composite communication

channels consisting of two, four, eight, or sixteen individual communication channels.

[0031] In an embodiment, each individual communication channel comprises a suitable
number of basic resource units. In one illustrative embodiment, each individual
communication channel spans a bandwidth of 20 MHz, and each individual
communication channel comprises nine basic resource units, where each basic resource
unit comprises 26 OFDM tones. In other embodiments, each individual communication
channel includes a suitable number of basic resource units different than nine, such as

two, three, four, five, etc.

[0032] The data unit 200 includes a PHY preamble 204 and a PHY data portion 208. The
PHY preamble 204 includes a legacy portion 212 and an HE portion 216.

[0033] The legacy portion 212 includes a legacy short training field (L-STF) 220, a
legacy long training field (L-LTF) 224, and a legacy signal field (L.-SIG) 228. In an
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embodiment, each L-STF 220, L-LTF 224, and L-SIG 228 spans an individual
communication channel and is duplicated in other individual communication channels.
For example, in an embodiment, each L-STF 220, L-LTF 224, and L-SIG 228 spans an
individual 20 MHz communication channel and 1s duplicated in other individual 20 MHz
communication channels.

[0034] The HE portion 216 includes a first HE signal field (HE-SIGA) 240, an HE short
training field (HE-STF) 244, one or more HE long training fields (HE-LTF(s)) 248, and a
second HE signal field (HE-SIGB) 252. In an embodiment, each HE-SIG-A 240 spans
an individual communication channel and is duplicated in other individual
communication channels. For example, in an embodiment, each HE-SIGA 240 spans an
individual 20 MHz communication channel and 1s duplicated in other individual 20 MHz
communication channels. In other embodiments, respective HE-SIGAs 240 in respective
individual channels are not duplicates but rather may include different information (e.g.,
different allocation information), as will be described in more detail below.

[0035] Each of the HE-STF 244 and the HE-LTF(s) 248 span the composite
communication channel, in an embodiment. In an embodiment, respective HE-SIGBs
252 span respective individual communication channels similar to the HE-SIGAs 240. In
some embodiments, at least one of the HE-SIGBs 252 includes different information than
another HE-SIGB 252.

[0036] In embodiments in which the data unit 200 spans only a single individual channel,
the data unit includes a single L-STF 220, a single L-LTF 224, a single L-SIG 228, single
HE-SIGA 240, and a single HE-SIGB 252.

[0037] In some embodiments, the preamble 204 includes additional fields not illustrated
in Fig. 2.

[0038] Each of the L-STF 220, the L-LTF 224, the L-SIG 228, the HE-SIG-A 240, the
HE-STF 244, the HE-LTF(s) 248, and the HE-SIG-B 252, comprises one or more OFDM
symbols. As merely an example, in an embodiment, the HE-SIG-A 224 comprises two

OFDM symbols, and the HE-SIG-B 252 comprises one OFDM symbol. As merely

10
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another example, in another embodiment, the HE-SIG-A 224 comprises one OFDM
symbol, the HE-SIG-B 252 comprises two OFDM symbols. As yet another example, in
an embodiment, the HE-SIG-A 224 comprises two OFDM symbols, and the HE-SIG-B
252 comprises a variable number of OFDM symbols. In an embodiment in which the
HE-SIG-B 252 comprises a variable number of OFDM symbols, the particular number of
HE-SIG-B 252 OFDM symbols in the data unit 200 is indicated in the HE-SIG-A 224.

[0039] In some embodiments, the modulation of signals in different individual
communication channels signals is rotated by different angles. For example, in one
embodiment, all OFDM tones within a first individual communication channel are rotated
0-degrees, all OFDM tones within a second individual communication channel are
rotated 90-degrees, a third individual communication channel is rotated 180-degrees, and
a fourth individual communication channel is rotated 270-degrees. In other
embodiments, different suitable rotations are utilized. The different phases of the
individual communication channel signals result in reduced peak to average power ratio

(PAPR) of OFDM symbols in the data unit 200, in at least some embodiments.

[0040] In an embodiment, each of the HE-SIG-A 224 and the HE-SIG-B 252 generally
carries information about the format of the data unit 200, such as information needed to
properly decode at least the data portion 208, in an embodiment. In an embodiment in
which the data unit 200 is a multi-user data unit, HE-SIG-A 224 carries information
commonly needed by multiple intended receivers of the data unit 200. In some
embodiments, HE-SIG-A 224 additionally includes information for client stations 25 that
are not intended receivers of the data unit 200, such as information needed for medium

protection from the client stations 25 that are not receivers of the data unit 200.

[0041] In some embodiments, the HE-SIGA 340 includes general resource allocation
information regarding the MU UL transmission 308 that is to follow, such any suitable
combination of one or more of subchannel partition information, spatial channel partition

information, an indicator of a format of station identifiers, etc. In various other

11
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embodiments, any of the general resource allocation information mentioned above are not
included in the HE-SIGA 340, and/or other suitable general resource allocation

information is included.

[0042] In some embodiments, the HE-SIGBs 252 includes resource allocation
information regarding the PHY data portion 208, such as how basic resource units are
allocated and which stations 25 correspond to which allocations. Resource allocation
information included in the HE-SIGBs 252 are indicated in Fig. 2 as 260. In some
embodiments, resource allocation information is additionally or alternatively included in

HE-SIGAs 240.

[0043] Fig. 3 is a diagram of an information element 300 in which resource allocation

information is included, according to an embodiment. In an embodiment, the information
element 300 is an example of resource allocation information 260 in Fig. 2. The network
interface 16 1s configured to generate the HE-SIGBs 252 to include information elements

such as the information element 300, in some embodiments.

[0044] The OFDMA information element 300 includes a plurality of subfields, including
a resource allocation (RA) subfield 304 and a plurality of RA configuration subfields
308. In an embodiment, the resource allocation subfield 304 indicates a mapping
between subcarrier blocks (e.g., basic resource units, as described above) and resource
units in the data unit 200. For example, the RA subfield 304 includes a bitmap with bits
corresponding to basic resource units in the data unit 200, wherein the respective bits
indicate allocation of the basic resource units to particular resource units in the data unit
200. In another embodiment, the RA subfield 304 includes a codebook, other than a
bitmap, that indicates a mapping between basic resource units and resource units. Each
resource unit is allocated to transmission of data to a single client station 25, as is the case
with a single user resource unit, or 1s allocated to transmission of data to a group of client
stations 25 (e.g., an MU-MIMO transmission), as is the case with a multi-user resource

unit, in an embodiment.

12
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[0045] The RA configuration subfields 308 correspond to particular ones of the resource
units, and indicate respective transmission parameters used for the corresponding ones of
the resource units in the data unit 200, in an embodiment. Accordingly, the number of
RA configuration subfields 308 in the OFDMA information element 300 corresponds to
the number of allocated resource units in the data unit 200 as indicated by the RA
subfield 304, in an embodiment. Each RA configuration subfield 308 includes
transmission parameters used for a single client station 25 or used for respective client

stations 25 in an MU-MIMO group of client stations 25, in an embodiment.

[0046] With continued reference to Fig. 3, in an embodiment, the RA subfield 304
includes a variable number of bits, wherein the particular number of bits in the RA
subfield 304 depends on the bandwidth of the data unit 200. For example, more bits are
used to indicate resource allocation in a data unit with a relatively wider bandwidth as
compared to the number of bits used to indicate resource allocation in a data unit with a
relatively narrower bandwidth, in an embodiment. In an embodiment, the RA
configuration subfields 308 include variable numbers of bits, wherein the particular
number of bits in an RA configuration subfield 308 depends, for example, on whether the
RA configuration subfield 308 corresponds to a single user resource unit or a multiple
user resource unit. In some embodiments, the RA subfield 304 indicates an allocation of
basic resource units to one or more resource units, and each RA configuration subfield
308 indicates which station(s) correspond to which resource units. In some
embodiments, the RA subfield 304 indicates both 1) an allocation of basic resource units

to one or more resource units, and i1) which station(s) correspond to which resource units.

[0047] Referring now to Figs. 2 and 3, one or more information elements 300 are
included in one or more HE-SIGBs 252, in some embodiments. For example, in an
embodiment, each HE-SIGB 252 includes at least one information element 300. In some
embodiments, a first information element 300 in a first HE-SIGB 252 includes different
information than a second information element 300 in a second HE-SIGB 252.

Additionally or alternatively, the first information element 300 in the first HE-SIGB 252

13
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includes the same information as a third information element 300 in a third HE-SIGB
252, in some embodiments. Similarly, additionally or alternatively, the second
information element 300 in the second HE-SIGB 252 includes the same information as a

fourth information element 300 in a fourth HE-SIGB 252, in some embodiments.

[0048] Fig. 4 is a diagram of an example resource allocation scheme 400 used for
allocation of resources for a 20 MHz-wide individual communication channel, according
to an embodiment. The resource allocation scheme 400 is based on a tone plan that
includes 242 data/pilot tones in the 20 MHz-wide communication channel, in an
embodiment. The resource allocation scheme 400 is based on a tone plan that includes
242 data/pilot tones in the 20 MHz-wide communication channel, in an embodiment.
The resource allocation scheme 400 allocates basic resource unit blocks 404 to resource
units, wherein each resource unit comprises one or more of the basic resource unit blocks
404, in an embodiment. Each basic resource unit block 404 includes a respective subset
of the 242 data/pilot tones, in an embodiment. For example, each basic resource unit 404
includes 26 consecutive data/pilot tones, in the illustrated embodiment. Accordingly, the
tone plan 400 includes nine basic resource units 404, collectively spanning 234 OFDM
tones, and eight leftover tones, in this embodiment. The eight leftover tones remain
unused in the resource allocation scheme 400, according to an embodiment. In another
embodiment, one or more of the leftover tones are combined with one or more of the
resource units 404. In yet another embodiment, the leftover tones are unused in some
situations, and are combined with one or more of the basic resource units 404 in other
situations. For example, if all of the basic resource units 404 are allocated to a same
resource unit, then the leftover tones are combined with the basic resource unit blocks
404 to form a 242-tone resource unit 416, in an embodiment. On the other hand, if the
basic resource units 404 are allocated to multiple resource units, then the leftover tone

remain unused, in an embodiment.

[0049] In an embodiment, basic resource units 404a and 404b can be allocated together as

a resource unit 408a; basic resource units 404c and 404d can be allocated together as a
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resource unit 408b; basic resource units 404f and 404g can be allocated together as a
resource unit 408c; and basic resource units 404h and 4041 can be allocated together as a
resource unit 408d. In an embodiment, basic resource units 404a-404d can be allocated
together as a resource unit 412a; and basic resource units 404{-4041 can be allocated
together as a resource unit 412b. In an embodiment, all of the basic resource units 404a-

4041 can be allocated together as the 242-tone resource unit 416.

[0050] Referring now to Figs. 3 and 4, in an embodiment, resource allocation indication
304 used with the resource allocation scheme 400 includes a bitmap, wherein each bit in
the bitmap corresponds to a particular basic resource unit 404. Thus, for example, in the
embodiment of Fig. 4, a resource allocation bitmap used with the RA plan 400 includes
nine bits corresponding to the nine basic resource unit 404, in an embodiment. A set of
one or more consecutive bits that have a same value (e.g., 0 or 1) indicate allocation of
the corresponding basic resource to a same resource unit, in an embodiment. On the
other hand, a change in value between two consecutive bits in the bitmap (e.g., from 1 to
0 or from O to 1) indicates that the corresponding basic resource units are allocated to
different resource units, in an embodiment. Accordingly, a change in value between two
consecutive bits indicates a beginning of a new resource unit, in this embodiment. Such
bitmap also indicates the total number of resource units allocated, in an embodiment. As
just an example the values of “110010100” of the resource allocation bitmap bits indicate
that six resource units are allocated, and that the six resource units respectively include 2,

2,1, 1, 1 and 2 basic resource units 404a, in an embodiment.

[0051] In an embodiment, if all of the basic resource units 404 are allocated to a single
resource unit in the data unit 200, then the leftover tones are included in the tone
allocated for the single unit. On the other hand, if the basic resource units 404 are
respectively allocated to two or more resource units in the data unit 200, the leftover
tones are not allocated to any of the resource units and are unused, in an embodiment.
For example, in an embodiment, an indication that all of the basic resource units 404 are

allocated to a same resource unit also indicates allocation of the leftover tones to the
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same resource unit. Thus, for example, the value of “111111111” in the resource
allocation bitmap indicates that all 242 tones in the channel are allocated to the single

resource unit 416, in an embodiment.

[0052] Although the resource units 404 are illustrated in Fig. 4 as each including 26
consecutive OFDM tones, the basic resource units 404 include other suitable numbers of
OFDM tones and/or least some of the basic resource units 404 include at least some non-
consecutive OFDM tones, in some embodiments. Similarly, although the allocation
scheme 400 includes nine basic resource units 404, other suitable numbers of basic
resource units are utilized in other embodiments. Additionally, although the example
scheme 400 was discussed in the context of a communication channel spanning 20 MHz,
the scheme 400, or other suitable schemes, can be utilized with communication channels
having other suitable bandwidths. For example, a resource allocation scheme similar to
the resource allocation scheme 400 1s used with data units that occupy 40 MHz-wide, 80
MHz-wide, 160 MHz-wide, etc., communication channels, in some embodiments and/or
scenarios. As a more specific example, in various embodiments and scenarios that utilize
basic resource units having 26 data/pilot tones, a resource allocation scheme used with a
40 MHz communication channel includes 19 basic resource units, a 40 MHz
communication channel includes 38 basic resource units, and a 160 MHz communication
channel includes 76 basic resource units. Accordingly, bitmaps used to signal resource
allocation include 19, 28 and 76 bits for signaling allocation in 40 MHz-wide, 80 MHz-

wide and 160 MHz-wide channels, respectively, in an embodiment.

[0053] In other embodiments, a codebook or look up table, instead of a bit map, is utilized
to indicate how basic resource units are allocated. For example, a codebook corresponds
to a plurality of possible allocations, and a codebook entry is utilized to indicate which
allocation is being utilized, in an embodiment. As another example, a look up table
corresponds to a plurality of possible allocations, and an index to the look up table is

utilized to indicate how basic resource units are allocated, in an embodiment.
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[0054] Referring now to Figs. 2-4, a bit map, a codebook entry, look up table index, etc.,
described above for indicating allocation of an individual communication channel is
included in an RA indication field 304, which is included in a HE-SIGB field 252, in an
embodiment. The bit map, codebook, look up table, etc., may correspond to allocation of
resources in the same individual communication channel in which the bit map, codebook,
look up table, etc., is transmitted, in some embodiments. In some embodiments, basic
resource units in the individual communication channel may be part of an allocation that
includes basic resource units in one or more individual communication channels. For
example, in an embodiment, all basic resource units from two individual communication
channels may be allocated as a single resource unit. As another example, in an
embodiment, all basic resource units from four individual communication channels may
be allocated as a single resource unit. As yet another example, in an embodiment, all
basic resource units from eight individual communication channels may be allocated as a
single resource unit. As still another example, in an embodiment, all basic resource units
from sixteen individual communication channels may be allocated as a single resource

unit.

[0055] In some embodiments, the RA indication field 304 includes one or more bits that
indicate whether the basic resource units in the individual communication channel to
which the RA indication field 304 corresponds are part of a large allocation involving
basic resource units from one or more other individual communication channels. Fig. 5 is
a diagram of an example information element 500 that is included in the RA indication
field 304, in some embodiments. The information element 500 includes an RA
information subfield 504 that indicates basic resource unit allocation within the
individual communication channel in which the information element 500 is transmitted,
in an embodiment. In some embodiments, the RA information subfield 504 includes a bit

map, a codebook entry, a look up table index, etc.,

[0056] The information element 500 also includes a wider allocation indication subfield

508 that indicates whether basic resource units within the individual communication

17



WO 2016/191739 PCT/US2016/034827

channel in which the information element 500 1s transmitted are part of an allocation that
includes basic resource units in other individual communication channels, in an

embodiment.

[0057] In an embodiment, the wider allocation indication subfield 508 includes A bits,
where A = ceil(log,(K+1)), where K is a number of possible wider allocations. Referring
to the example allocation scheme 400 of Fig. 4, if the only wider allocation corresponds
to an allocation of 484 tones in a 40 MHz bandwidth, then K =1, and A = 1. As another
example, if there are two wider allocations (e.g., 484 tones in a 40 MHz bandwidth, and
968 tones in an 80 MHz bandwidth), then K =2, and A = 2. As yet another example, if
there are three wider allocations (e.g., 484 tones in a 40 MHz bandwidth, 968 tones in an
80 MHz bandwidth, and 1936 tones in a 160 MHz bandwidth), then K = 3, and A = 2.

As another example, if there are four wider allocations (e.g., 484 tones in a 40 MHz
bandwidth, 968 tones in an 80 MHz bandwidth, 1936 tones in a 160 MHz bandwidth, and
3872 tones in a 320 MHz bandwidth), then K =4, and A = 3. Table 1 is an illustrative
example in which the wider allocation indication subfield 508 includes three bits,

according to an illustrative embodiment.

Table 1
Bit Value Interpretation

000 No wider allocation
001 40 MHz-wide allocation
010 80 MHz-wide allocation
011 160 MHz-wide allocation
100 320 MHz-wide allocation
101 Reserved

110 Reserved
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111 Reserved

[0058] Table 1 is merely an illustrative example of how to interpret three bits in the wider
allocation indication subfield 508, and other suitable interpretations may be utilized in
other embodiments. Similarly, in other embodiments, other suitable interpretations are
utilized when the wider allocation indication subfield 508 includes a suitable number of

bits other than three.

[0059] In some embodiments, when the wider allocation indication subfield 508 indicates
a wider allocation, the subfield 504 is omitted. In some embodiments, when the wider
allocation indication subfield 508 indicates a wider allocation, the subfield 504 is
shortened as compared to when the allocation indication subfield 508 indicates no wider
allocation. In some embodiments, when the wider allocation indication subfield 508
indicates a wider allocation, the subfield 504 is the same length as when the allocation

indication subfield 508 indicates no wider allocation.

[0060] Referring again to Fig. 2, in some embodiments, the RA indication field 304
includes resource allocation information corresponding to an individual communication
channel different than the individual communication channel in which the RA indication
field 304 1s transmitted. Thus, in some embodiments, the RA indication field 304
includes a subfield that indicates to which channel, within a plurality of individual

communication channels, the RA indication field 304 corresponds.

[0061] Fig. 6 is a diagram of an example information element 600 that is included in the
RA indication field 304, in some embodiments. The information element 600 is similar
to the information element 500 of Fig. 5, and like-numbered elements are not discussed in
detail for purposes of brevity. The information element 600 includes a channel indication
subfield 604 that indicates an individual communication channel to which the

information 600 corresponds, in an embodiment.
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[0062] In an embodiment, the channel indication subfield 604 includes a suitable number
of bits that varies depending on the number of individual communication channels that

are to be supported.

[0063] In examples described above, the RA indication field 304 includes a joint
indication of multiple allocations to multiple resource units. In other embodiments,
however, each allocated resource unit is indicated separately by a respective subfield
within the RA indication field 304. For example, an allocation of a first resource unit is
indicated by a first set of bits in the RA indication field 304, and an allocation of a second
resource unit 1s indicated by a second set of bits in the RA indication field 304, according

to an embodiment.

[0064] Fig. 7 is a diagram of an example set 700 of individual allocation subfields that are
included in the RA indication field 304, according to an embodiment. For instance, a
first subfield 704 corresponds to a first allocation and a second subfield 708 corresponds
to a second allocation. If more than two allocations are to be indicated, the set 700

includes one or more additional subfields.

[0065] In an embodiment, each resource unit allocation for a single individual
communication channel in which 16 different allocations are possible is indicated by a
subfield consisting of four bits. Referring to Fig. 7, for example, each subfield 704, 708,
etc., consists of four bits, in an embodiment. In other embodiments, each subfield 704,
708, etc., consists of a suitable number of bits different than four. In an embodiment that
utilizes the example allocation scheme 400 of Fig. 4, each resource unit allocation is

indicated by each subfield 704, 708, etc., as specified by Table 2.

Table 2
Bit Value of Subfield Interpretation
0000 404a
0001 404b
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0010 404c
0011 404d
0100 404e
0101 404f
0110 404g
0111 404h
1000 404
1001 4082
1010 408b
1011 408¢
1100 408d
1101 412a
1110 412b
1111 416

[0066] Table 2 is merely an illustrative example of how to interpret four bits in each
subfield 704, 708, etc., and other suitable interpretations may be utilized in other
embodiments. Similarly, in other embodiments, other suitable interpretations are utilized

when each subfield 704, 708, etc., includes a suitable number of bits other than four.

[0067] The embodiment corresponding to Table 2 is suitable for situations in which the
communication channel consists of a single individual communication channel.

However, when the communication channel is an aggregate channel comprising multiple
individual communication channels, each subfield 704, 708, etc., may require additional
bits. For example, in an embodiment, when the communication channel is a 40 MHz-
wide aggregate channel comprising two 20 MHz individual communication channel, each
subfield 704, 708, etc., consists of at most six bits. For example, a first bit indicates

whether the allocation corresponds to a 484-tone allocation that includes all of the basic
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resource units in both individual communication channels, in an embodiment. A second
bit indicates whether the allocation corresponds to 1) a first individual communication
channel, or 11) a second individual communication channel, in an embodiment. Third
through sixth bits are utilized to an allocation corresponding to one of 1) the first
individual communication channel, or 11) the second individual communication channel
(as indicated by the second bit), in an embodiment. The third through sixth bits are

specified the same as in Table 2, in an embodiment.

[0068] In an embodiment, when the first bit indicates a 484-tone allocation, the second
through sixth bits are set to a predefined value. In another embodiment, when the first bit

indicates a 484-tone allocation, the second through sixth bits are omitted.

[0069] As another example, in an embodiment, when the communication channel is an 80
MHz-wide aggregate channel comprising four 20 MHz individual communication
channel, each subfield 704, 708, etc., consists of at most eight bits. For example, a first
bit indicates whether the allocation corresponds to all of the basic resource units in both a
first individual communication channel and a second individual communication channel
(e.g., a first set of 484 tones), in an embodiment. A second bit indicates whether the
allocation corresponds to all of the basic resource units in both a third individual
communication channel and a fourth individual communication channel (e.g., a second

set of 484 tones), in an embodiment.

[0070] In another embodiment, the first bit and the second bit are utilized to indicate
whether the allocation is 1) a 968-tone allocation corresponding to the first through fourth
individual communication channels, i1) a 484-tone allocation corresponding to the first
and second individual communication channels, or iii) a 484-tone allocation

corresponding to the third and fourth individual communication channels.

[0071] In an embodiment, third and fourth bits are utilized to indicate whether the
allocation corresponds to 1) the first individual communication channel, 1) the second

individual communication channel, 1i1) the third individual communication channel, or 1v)

22



WO 2016/191739 PCT/US2016/034827

the fourth individual communication channel, in an embodiment. Thus, in some
embodiments, the third and fourth bits act as a channel indicator that indicates one of 1)
the first individual communication channel, 11) the second individual communication
channel, 111) the third individual communication channel, or 1v) the fourth individual
communication channel. In an embodiment in which the subfield 704, 708 is transmitted
in the same communication channel corresponding to the allocation, the third and fourth
bits and one of the first and second bits are omitted. Thus, in an embodiment in which
the subfield 704, 708 is transmitted in the same communication channel corresponding to

the allocation, the subfield 704, 708 consists of at most four bits.

[0072] Fifth through eighth bits are utilized to an allocation corresponding to one of 1) the
first individual communication channel, 11) the second individual communication
channel, 111) the third individual communication channel, or 1v) the fourth individual
communication channel (as indicated by the third and fourth bits (when included)), in an
embodiment. The fifth through eighth bits are specified the same as in Table 2, in an

embodiment.

[0073] In some embodiments, when the first bit indicates a first 484 tone allocation, the
second through eighth bits are set to a predefined value or omitted. In another
embodiment, when the first and second bits indicate a second 484 tone allocation, the

third through eighth bits are set to a predefined value or omitted.

[0074] In some embodiments, when the first and second bits indicate a 968-tone

allocation, the third through eighth bits are set to a predefined value or are omitted.

[0075] In another embodiment corresponding to an 80 MHz-wide composite channel,
each subfield 704, 708, etc., consists of at most seven bits. In this embodiments, first

through third bits are specified according to Table 3.

Table 3

First through third bits Interpretation
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000 First set of 484 tones
001 Second set of 484 tones
010 First set of 242 tones
011 Second set of 242 tones
100 Third set of 242 tones
101 Fourth set of 242 tones
110 Reserved

111 Reserved

[0076] Table 3 is merely an illustrative example of how to interpret the first through third
bits in each subfield 704, 708, etc., and other suitable interpretations may be utilized in
other embodiments. Similarly, in other embodiments, other suitable interpretations are
utilized when each subfield 704, 708, etc., includes a suitable number of bits other than
four. In some embodiments, the first through third bits can also be utilized to indicate a

968-tone allocation.

[0077] In an embodiment, fourth through seventh bits are utilized to indicate within an
individual communication channel. The fourth through seventh bits are specified the

same as in Table 2, in an embodiment.

[0078] In an embodiment, when the first through third bits indicate a 484 tone allocation,
the fourth through seventh bits are set to a predefined value. In another embodiment,
when the first through third bits indicate a 484 tone allocation, the fourth through seventh

bits are omitted.

[0079] As another example, in an embodiment, when the communication channel is a 160
MHz-wide aggregate channel comprising eight 20 MHz individual communication
channel, each subfield 704, 708, etc., consists of at most twelve bits. For example, first
through fourth bits indicate whether the allocation corresponds to 1) all of the basic

resource units in both a first individual communication channel and a second individual
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communication channel (e.g., a first set of 484 tones), i1) all of the basic resource units in
both a third individual communication channel and a fourth individual communication
channel (e.g., a second set of 484 tones), 1ii) all of the basic resource units in both a fifth
individual communication channel and a sixth individual communication channel (e.g., a
third set of 484 tones), of 1v) all of the basic resource units in both a seventh individual
communication channel and an eighth individual communication channel (e.g., a fourth

set of 484 tones),in an embodiment.

[0080] In another embodiment, the first through fourth bits are utilized to indicate
whether the allocation is 1) a 968-tone allocation corresponding to the first through fourth
individual communication channels, or i1) a 968-tone allocation corresponding to the fifth
through eighth individual communication channels. In another embodiment, the first
through fourth bits are utilized to indicate whether the allocation is a 1936-tone allocation

corresponding to the first through eighth individual communication channels.

[0081] In an embodiment, fifth through eighth bits are utilized to indicate whether the
allocation corresponds to 1) the first individual communication channel, 1) the second
individual communication channel, 1ii) the third individual communication channel, 1v)
the fourth individual communication channel, v) the fifth individual communication
channel, vi) the sixth individual communication channel, vii) the seventh individual
communication channel, or viii) the eighth individual communication channel, in an
embodiment. Thus, in some embodiments, the fifth through eighth bits act as a channel
indicator. In an embodiment in which the subfield 704, 708 is transmitted in the same
communication channel corresponding to the allocation, the fifth through eighth bits and
three of the first through fourth bits are omitted. Thus, in an embodiment in which the
subfield 704, 708 is transmitted in the same communication channel corresponding to the

allocation, the subfield 704, 708 consists of at most five bits.

[0082] Ninth through twelfth bits are utilized to indicate an allocation corresponding to

one of first through eighth individual communication channel (as indicated by the fifth
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through eighth bits (when included)), in an embodiment. The ninth through twelfth bits

are specified the same as in Table 2, in an embodiment.

[0083] In some embodiments, when the first bit indicates a first 484 tone allocation, the
second through twelfth bits are set to a predefined value or omitted. In an embodiment,
when the first and second bits indicate a second 484 tone allocation, the third through
twelfth bits are set to a predefined value or omitted. In an embodiment, when the first
through third bits indicate a third 484 tone allocation, the fourth through twelfth bits are
set to a predefined value or omitted. In an embodiment, when the first through fourth bits
indicate a fourth 484 tone allocation, the fifth through twelfth bits are set to a predefined

value or omitted.

[0084] In some embodiments, when the first and second bits indicate a 968-tone
allocation, the third through twelfth bits are set to a predefined value or are omitted. In
some embodiments, when the first through fourth bits indicate a 968-tone allocation or

larger, the fifth through twelfth bits are set to a predefined value or are omitted.

[0085] In another embodiment corresponding to a 160 MHz-wide composite channel,
each subfield 704, 708, etc., consists of at most eight bits. In this embodiment, first
through fourth bits are specified according to Table 4.

Table 4
First through fourth bits Interpretation
0000 First set of 484 tones
0001 Second set of 484 tones
0010 Third set of 484 tones
0011 Fourth set of 484 tones
0100 First set of 242 tones
0101 Second set of 242 tones
0110 Third set of 242 tones

26



WO 2016/191739 PCT/US2016/034827

0111 Fourth set of 242 tones
1000 Fifth set of 242 tones
1001 Sixth set of 242 tones
1010 Seventh set of 242 tones
1011 Eighth set of 242 tones
1100-1111 Reserved

[0086] Table 4 1s merely an illustrative example of how to interpret the first through
fourth bits in each subfield 704, 708, etc., and other suitable interpretations may be
utilized in other embodiments. Similarly, in other embodiments, other suitable
interpretations are utilized when each subfield 704, 708, etc., includes a suitable number
of bits other than eight. In some embodiments, the first through fourth bits can also be
utilized to indicate a 968-tone allocation. In some embodiments, the first through fourth

bits can also be utilized to indicate a 1936-tone allocation.

[0087] In an embodiment, fifth through eighth bits are utilized to indicate within an
individual communication channel. The fifth through eighth bits are specified the same

as in Table 2, in an embodiment.

[0088] In an embodiment, when the first through fourth bits indicate a 484 tone allocation
or larger, the fifth through eighth bits are set to a predefined value. In another
embodiment, when the first through fourth bits indicate a 484 tone allocation or larger,

the fifth through eighth bits are omitted.

[0089] The various RA information subfields and RA configuration subfields described
herein are encoded jointly, individually, or in blocks, in various embodiments. Figs. 8 A-
8D are diagrams that illustrate different methods of encoding RA information subfields

and RA configuration subfields, according to some embodiments.

[0090] For instance, Fig. 8A is a diagram of an example encoding 800 of the example

information element 300 discussed above in connection with Fig. 3. The RA indication
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subfield 304 encoded as a block 804, and each of the RA configuration subfields 308 is
each encoded as a separate block 808, in the illustrated embodiment. The channel
specific common subfield RA indication subfield 304 and the RA configuration subfields
308 are encoded using binary convolutional coding (BCC) encoding, in an embodiment.
Although not shown in Fig. 8 A, the encoded blocks 804, 808 include respective CRC bits
and respective tail bits, in an embodiment. In another embodiment, the RA indication
subfield 304 and the RA configuration subfields 308 are encoded using tail biting
convolutional coding (TBCC). In some embodiments using TBCC, the encoded blocks

804, 808 omit tail bits.

[0091] Fig. 8B is a diagram of an example encoding 820, in which the RA indication
subfield 304 is encoded as the block 804, and all of the RA configuration subfields 308
are encoded as a single block 824, in the illustrated embodiment. The RA indication
subfield 304 and the RA configuration subfields 308 are encoded using BCC encoding, in
an embodiment. Although not shown in Fig. 8B, the encoded blocks 804, 824 include
respective CRC bits and respective tail bits, in an embodiment. In another embodiment,
the RA indication subfield 304 and the RA configuration subfields 308 are encoded using
TBCC encoding. In some embodiments using TBCC, the encoded blocks 804, 824 omit
tail bits.

[0092] Fig. 8C 1s a diagram of an example encoding 840 in which the RA indication
subfield 304 and all of the RA configuration subfields 308 are encoded as a single block
844, in the illustrated embodiment. The RA indication subfield 304 and the RA
configuration subfields 308 are encoded using BCC encoding, in an embodiment.
Although not shown in Fig. 8B, the encoded block 844 includes CRC bits and tail bits, in
an embodiment. In another embodiment, the RA indication subfield 304 and the RA
configuration subfields 308 are encoded using TBCC encoding. In some embodiments

using TBCC, the encoded block 844 omits tail bits.
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[0093] Fig. 8D is a diagram of an example encoding 860 in which the RA indication
subfield 304 is encoded as the block 804, and groups of RA configuration subfields 308
are encoded as respective blocks 864, in the illustrated embodiment. The RA indication
subfield 304 and the RA configuration subfields 308 are encoded using BCC encoding, in
an embodiment. Although not shown in Fig. 8D, the encoded blocks 804, 864 include
respective CRC bits and respective tail bits, in an embodiment. In another embodiment,
the RA indication subfield 304 and the RA configuration subfields 308 are encoded using
TBCC encoding. In some embodiments using TBCC, the encoded blocks 804, 864 omit
tail bits.

[0094] In an embodiment, each group of K RA configuration subfields 308 is encoded as
a separate block 864, wherein K is a positive integer. In an embodiment, if the number N
of RA configuration subfields 308 is not divisible by the number K of RA configuration
subfields 308 per coding group, the last L RA configuration subfields 308 are encoded as
a separate block 808m, wherein L is a positive integer and wherein L < K. In the
embodiment of Fig. 8D, K is equal to 2 and L is equal to 0. Accordingly, each group of
two RA configuration subfields 308 is encoded as a separate block 808, in the illustrated

embodiment.

[0095] Referring to Figs. 8A, 8B, and 8D, in some embodiments, the RA indication
subfield 304 is encoded as a single encoding block 804. As discussed above, in some
embodiments, each allocated resource unit is indicated separately by a respective subfield
within the RA indication field 304. Referring to Fig. 7, for example, an allocation of a
first resource unit is indicated by a first subfield 704 in the RA indication field 304, and
an allocation of a second resource unit is indicated by a second subfield 708 in the RA
indication field 304, according to an embodiment. If more than two allocations are to be

indicated, the set 700 includes one or more additional subfields, in some embodiments.

[0096] In embodiments in which the each allocated resource unit is indicated separately

by a respective subfield within the RA indication field 304, each subfield within the RA
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indication field 304 1s encoded separately. For example, Fig. 9A is a diagram of an
example encoding 900 of the example RA indication field 304 discussed above in
connection with Figs. 3 and 7, according to an embodiment. Each of the subfields 704,
708, etc., is encoded as a respective block 904, in the illustrated embodiment. The
subfields 704, 708, etc., are encoded using BCC encoding, in an embodiment. Although
not shown in Fig. 9A, the encoded blocks 904 include respective CRC bits and respective
tail bits, in an embodiment. In another embodiment, the subfields 704, 708, etc., are
encoded using TBCC encoding. In some embodiments using TBCC, the encoded blocks

904 omit tail bits.

[0097] Fig. 9B is an example encoding 920 of the example RA indication field 304
discussed above in connection with Figs. 3 and 7, according to an embodiment. In an
embodiment, each group of K subfields 704, 708, etc., is encoded as a separate block 924,
wherein K is a positive integer. In an embodiment, if the number N of 704, 708, etc., is
not divisible by the number K of subfields 704, 708, etc., per coding group, the last L
subfields 704, 708, etc., in the RA indicator field 304 are encoded as a separate block,
wherein L is a positive integer and wherein L < K. In the embodiment of Fig. 9B, K is
equal to 2 and L is equal to 0. Accordingly, each group of two subfields 704, 708, etc., is

encoded as a separate block 924, in the illustrated embodiment.

[0098] The subfields 704, 708, etc., are encoded using BCC encoding, in an embodiment.
Although not shown in Fig. 9B, the encoded blocks 924 include respective CRC bits and
respective tail bits, in an embodiment. In another embodiment, the subfields 704, 708,
etc., are encoded using TBCC encoding. In some embodiments using TBCC, the

encoded blocks 924 omit tail bits.

[0099] Fig. 10 1s a flow diagram of an example method 1000 for generating a MU PHY
data unit, according to an embodiment. With reference to Fig. 1, the method 1000 is
implemented by the network interface device 16, in an embodiment. For example, in one

such embodiment, the PHY processing unit 20 is configured to implement at least a
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portion of the method 1000. According to another embodiment, the MAC processing 18
1s also configured to implement at least a portion of the method 1000. With continued
reference to Fig. 1, in yet another embodiment, the method 1000 1s implemented by the
network interface device 27 (e.g., the PHY processing unit 29 and/or the MAC
processing unit 28). In other embodiments, the method 1000 is implemented by other

suitable network interface devices.

[0100] At block 1004, a PHY preamble of a MU PHY data unit is generated to include
formatting information regarding the MU PHY data unit. In an embodiment, block 1004
includes generating a field of the PHY preamble to be transmitted within a first individual
communication channel among the plurality of individual communication channels that
collectively span a bandwidth of a composite communication channel. In an
embodiment, each individual communication channel includes a plurality of basic RA

units that collectively span a bandwidth of the individual communication channel.

[0101] In an embodiment, the field is generated at block 1004 to indicate one or more
groupings of basic RA units, wherein at least one of the one or more groupings of basic
RA units includes basic RA units of one or more other individual communication

channels.

[0102] In various embodiments, the field generated at block 1004 is generated according
to various methods for generating the RA indicator field 304 as discussed above with

respect to one or more of Figs. 3-7, 8A-D, and 9A-B.

[0103] At block 1008, a PHY data portion of the MU PHY data unit is generated

according to the formatting information in the PHY preamble.

[0104] At block 1012, the MU PHY data unit is generated to include the PHY preamble
generated at block 1004 and the PHY data portion generated at block 1008.

[0105] At block 1016, the MU PHY data unit generated at block 1012 is transmitted via
the composite communication channel. In some embodiments, a first portion of the

network interface device implements blocks 1004, 1008, and 1012, and a second portion
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of the network interface device implements block 1016. For example, block 1016 is
implemented by transceivers 21, in an embodiment, whereas other portions of the

network interface device 16 implements blocks 1004, 1008, and 1012.

[0106] In an embodiment, a method corresponds to generating multi-user (MU) physical
layer (PHY) data unit for transmission via a composite communication channel that
comprises a plurality of individual communication channels that collectively span a
bandwidth of the composite communication channel, wherein each individual
communication channel includes a plurality of basic resource allocation (RA) units that
collectively span a bandwidth of the individual communication channel. The method
includes: generating, at a communication device, a PHY preamble that includes
formatting information regarding the MU PHY data unit, including generating a field of
the PHY preamble to be transmitted within a first individual communication channel
among the plurality of individual communication channels, wherein the field is generated
to indicate one or more groupings of basic RA units, wherein at least one of the one or
more groupings of basic RA units includes basic RA units of one or more other
individual communication channels; generating, at the communication device, a data
portion of the MU PHY data unit according to the formatting information in the PHY
preamble; and generating, at the communication device, the MU PHY data unit to include

the PHY preamble and the data portion.

[0107] In other embodiments, the method includes one of, or any suitable combination of

two or more of, the following features.

[0108] Generating the field that indicates the one or more groupings of basic RA units
comprises: generating, at the communication device, a bitmap that indicates the one or

more groupings of basic RA units; and including the bitmap in the field.

[0109] Generating the field that indicates the one or more groupings of basic RA units

comprises: selecting, at the communication device, a codebook entry from a codebook
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that includes a plurality of codebook entries indicating a plurality of different groupings

of basic RA units; and including the selected codebook entry in the field.

[0110] Generating the field that indicates the one or more groupings of basic RA units
comprises: selecting, at the communication device, an index to a look up table that
includes a plurality of entries indicating a plurality of different groupings of basic RA

units; and including the selected index in the field.

[0111] Generating the field that indicates the one or more groupings of basic RA units
comprises: generating, at the communication device, a plurality of subfields to indicate a

plurality of respective groupings of basic RA units.

[0112] The method further includes: separately encoding, at the communication device,
each subfield in the plurality of subfields according to an error correcting code to

generate a respective encoding block that corresponds to the subfield.

[0113] The method further includes: encoding, at the communication device, multiple
subfields in the plurality of subfields according to an error correcting code to generate an

encoding block that corresponds to the multiple subfields.

[0114] Generating the plurality of subfields comprises: generating a first subfield to
include an indicator that a first grouping corresponds to a grouping that includes 1) all of
basic RA units in the first individual communication channel, and ii) all of the basic RA

units in one or more other individual communication channels.

[0115] Allowed groupings of basic RA units include multiple different groupings of all
basic RA units of two or more individual communication channels; and generating the
plurality of subfields comprises generating a first subfield to include an indicator of
which one of the multiple different groupings of all basic RA units of two or more

individual communication channels.
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[0116] Generating the plurality of subfields comprises: generating a first subfield to
include an indicator of one of the individual communication channels to which a first

grouping corresponds.

[0117] In another embodiment, an apparatus comprises: a network interface device
having one or more integrated circuits configured to generate a physical layer (PHY)
preamble of a multi-user (MU) PHY data unit for transmission via a composite
communication channel that comprises a plurality of individual communication channels
that collectively span a bandwidth of the composite communication channel, wherein
each individual communication channel includes a plurality of basic resource allocation
(RA) units that collectively span a bandwidth of the individual communication channel.
The PHY preamble is generated to include formatting information regarding the MU
PHY data unit, including: generating a field of the PHY preamble to be transmitted
within a first individual communication channel among the plurality of individual
communication channels, wherein the field is generated to indicate one or more
groupings of basic RA units, wherein at least one of the one or more groupings of basic
RA units includes basic RA units of one or more other individual communication
channels. The one or more integrated circuits are further configured to: generate a data
portion of the MU PHY data unit according to the formatting information in the PHY
preamble, and generate the MU PHY data unit to include the PHY preamble and the data

portion.

[0118] In other embodiments, the apparatus includes one of, or any suitable combination

of two or more of, the following features.

[0119] The one or more integrated circuits are configured to: generate a bitmap that
indicates the one or more groupings of basic RA units; and include the bitmap in the field

that indicates the one or more groupings of basic RA units.

[0120] The one or more integrated circuits are configured to: select a codebook entry

from a codebook that includes a plurality of codebook entries indicating a plurality of
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different groupings of basic RA units; and include the selected codebook entry in the

field that indicates the one or more groupings of basic RA units.

[0121] The one or more integrated circuits are configured to: select an index to a look up
table that includes a plurality of entries indicating a plurality of different groupings of
basic RA units; and include the selected index in the field that indicates the one or more

groupings of basic RA units.

[0122] The one or more integrated circuits are configured to generate the field to include

a plurality of subfields to indicate a plurality of respective groupings of basic RA units.

[0123] The one or more integrated circuits are configured to: separately encode each
subfield in the plurality of subfields according to an error correcting code to generate a

respective encoding block that corresponds to the subfield.

[0124] The one or more integrated circuits are configured to: encode multiple subfields in
the plurality of subfields according to an error correcting code to generate an encoding

block that corresponds to the multiple subfields.

[0125] The one or more integrated circuits are configured to: generate a first subfield of
the field to include an indicator that a first grouping corresponds to a grouping that
includes 1) all of basic RA units in the first individual communication channel, and 11) all

of the basic RA units in one or more other individual communication channels.

[0126] Allowed groupings of basic RA units include multiple different groupings of all
basic RA units of two or more individual communication channels; and the one or more
integrated circuits are configured to: generate a first subfield of the field to include an
indicator of which one of the multiple different groupings of all basic RA units of two or

more individual communication channels.

[0127] The one or more integrated circuits are configured to: generate a first subfield of
the field to include an indicator of one of the individual communication channels to

which a first grouping corresponds.
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[0128] At least some of the various blocks, operations, and techniques described above
may be implemented utilizing hardware, a processor executing firmware instructions, a
processor executing software instructions, or any combination thereof. When
implemented utilizing a processor executing software or firmware instructions, the
software or firmware instructions may be stored in any computer readable medium, or
media, such as a magnetic disk, an optical disk, a random access memory (RAM), a read
only memory (ROM), a flash memory, a memory of a processor, a tape drive, etc. The
software or firmware instructions may include machine readable instructions that, when
executed by one or more processors, cause the one or more processors to perform various

acts.

[0129] When implemented in hardware, the hardware may comprise one or more of
discrete components, an integrated circuit, an application-specific integrated circuit

(ASIC), a programmable logic device (PLD), etc.

[0130] While the present invention has been described with reference to specific
examples, which are intended to be illustrative only and not to be limiting of the
invention, changes, additions and/or deletions may be made to the disclosed

embodiments without departing from the scope of the invention.
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What is claimed is:

1. A method for generating multi-user (MU) physical layer (PHY) data unit
for transmission via a composite communication channel that comprises a plurality of
individual communication channels that collectively span a bandwidth of the composite
communication channel, wherein each individual communication channel includes a
plurality of basic resource allocation (RA) units that collectively span a bandwidth of the

individual communication channel, the method comprising:

generating, at a communication device, a PHY preamble that includes formatting
information regarding the MU PHY data unit, including generating a field of the PHY
preamble to be transmitted within a first individual communication channel among the
plurality of individual communication channels, wherein the field is generated to indicate
one or more groupings of basic RA units, wherein at least one of the one or more
groupings of basic RA units includes basic RA units of one or more other individual

communication channels;

generating, at the communication device, a data portion of the MU PHY data unit

according to the formatting information in the PHY preamble; and

generating, at the communication device, the MU PHY data unit to include the

PHY preamble and the data portion.

2. The method of claim 1, wherein generating the field that indicates the one

or more groupings of basic RA units comprises:

generating, at the communication device, a bitmap that indicates the one or more

groupings of basic RA units; and

including the bitmap in the field.
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3. The method of claim 1, wherein generating the field that indicates the one

or more groupings of basic RA units comprises:

selecting, at the communication device, a codebook entry from a codebook that
includes a plurality of codebook entries indicating a plurality of different groupings of

basic RA units; and

including the selected codebook entry in the field.

4. The method of claim 1, wherein generating the field that indicates the one

or more groupings of basic RA units comprises:

selecting, at the communication device, an index to a look up table that includes a

plurality of entries indicating a plurality of different groupings of basic RA units; and

including the selected index in the field.

5. The method of claim 1, wherein generating the field that indicates the one

or more groupings of basic RA units comprises:

generating, at the communication device, a plurality of subfields to indicate a

plurality of respective groupings of basic RA units.

6. The method of claim 5, further comprising:

separately encoding, at the communication device, each subfield in the plurality of
subfields according to an error correcting code to generate a respective encoding block

that corresponds to the subfield.

7. The method of claim 5, further comprising:
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encoding, at the communication device, multiple subfields in the plurality of
subfields according to an error correcting code to generate an encoding block that

corresponds to the multiple subfields.

8. The method of claim 5, wherein generating the plurality of subfields

comprises:

generating a first subfield to include an indicator that a first grouping corresponds
to a grouping that includes 1) all of basic RA units in the first individual communication
channel, and i1) all of the basic RA units in one or more other individual communication

channels.

0. The method of claim 5, wherein:

allowed groupings of basic RA units include multiple different groupings of all

basic RA units of two or more individual communication channels; and

generating the plurality of subfields comprises generating a first subfield to
include an indicator of which one of the multiple different groupings of all basic RA units

of two or more individual communication channels.

10.  The method of claim 5, wherein generating the plurality of subfields

comprises:

generating a first subfield to include an indicator of one of the individual

communication channels to which a first grouping corresponds.

11.  An apparatus, comprising:

a network interface device having one or more integrated circuits configured to
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generate a physical layer (PHY) preamble of a multi-user (MU) PHY data
unit for transmission via a composite communication channel that comprises a plurality
of individual communication channels that collectively span a bandwidth of the
composite communication channel, wherein each individual communication channel
includes a plurality of basic resource allocation (RA) units that collectively span a
bandwidth of the individual communication channel, and wherein the PHY preamble is
generated to include formatting information regarding the MU PHY data unit, including

generating a field of the PHY preamble to be transmitted within a

first individual communication channel among the plurality of individual communication
channels, wherein the field is generated to indicate one or more groupings of basic RA
units, wherein at least one of the one or more groupings of basic RA units includes basic

RA units of one or more other individual communication channels;
wherein the one or more integrated circuits are further configured to

generate a data portion of the MU PHY data unit according to the

formatting information in the PHY preamble, and

generate the MU PHY data unit to include the PHY preamble and the data

portion.

12.  The apparatus of claim 11, wherein the one or more integrated circuits are

configured to:
generate a bitmap that indicates the one or more groupings of basic RA units; and

include the bitmap in the field that indicates the one or more groupings of basic

RA units.

13.  The apparatus of claim 11, wherein the one or more integrated circuits are

configured to:
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select a codebook entry from a codebook that includes a plurality of codebook

entries indicating a plurality of different groupings of basic RA units; and

include the selected codebook entry in the field that indicates the one or more

groupings of basic RA units.

14.  The apparatus of claim 11, wherein the one or more integrated circuits are

configured to:

select an index to a look up table that includes a plurality of entries indicating a

plurality of different groupings of basic RA units; and

include the selected index in the field that indicates the one or more groupings of

basic RA units.

15.  The apparatus of claim 14, wherein the one or more integrated circuits are
configured to generate the field to include a plurality of subfields to indicate a plurality of

respective groupings of basic RA units.

16.  The apparatus of claim 15, wherein the one or more integrated circuits are

configured to:

separately encode each subfield in the plurality of subfields according to an error

correcting code to generate a respective encoding block that corresponds to the subfield.

17.  The apparatus of 15, wherein the one or more integrated circuits are

configured to:

encode multiple subfields in the plurality of subfields according to an error

correcting code to generate an encoding block that corresponds to the multiple subfields.
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18.  The apparatus of claim 15, wherein the one or more integrated circuits are

configured to:

generate a first subfield of the field to include an indicator that a first grouping
corresponds to a grouping that includes 1) all of basic RA units in the first individual
communication channel, and i1) all of the basic RA units in one or more other individual

communication channels.

19.  The apparatus of claim 15, wherein:

allowed groupings of basic RA units include multiple different groupings of all

basic RA units of two or more individual communication channels; and
the one or more integrated circuits are configured to

generate a first subfield of the field to include an indicator of which one of
the multiple different groupings of all basic RA units of two or more individual

communication channels.

20.  The apparatus of claim 15, wherein the one or more integrated circuits are

configured to:

generate a first subfield of the field to include an indicator of one of the individual

communication channels to which a first grouping corresponds.

42



PCT/US2016/034827

1/9

WO 2016/191739

ST~

€-5C ~ IN3ITD
IN3IMO
ATAN
14’
IN3IMO 4
SN XA/XL
e-Lc
XX, H-
e-0e T T L&XL evZ [ Tzz
[ L]
e R bve XX T~ 112
z-0¢ AN e zvz Ad L
411 Xd/XL A 0z
1-0€ v e
B OVIN  [—
6C A c-pre T sl
JOV4YILNI
MYOMLIN
oz 1T OVIN = T
JOV4YILNI ol
—T1 MYOMLIN A 4
/2 > LSOH  [——0_ ..
Y LNIOd SS300V
L1 1soH
o \A
IN3ITD ol .
L '9Old



PCT/US2016/034827

WO 2016/191739

2/9

144

a|quieald
AHd
>
- N
80¢ 9l¢ c¢lg uoljod
eled AHd uolod 3H foebo
A AL A
swiL /7 e ~ N
-
v5T =iz I
vaee | vvez | voee
¥-092 | @oIs-aH vOIS-3H
Nl £-092 o181 | 4071 | 4187
Felesnvis | B oz | T | o | o
_H_\ ave _ OIS-1 | 4111 | 4181
e
= @an1 | 7
e cese 3 W | ooz | 79z | Zoe
ped FZIEbnvis | 89IS3H voisan | G&C | Gree | coe
ped T2IT EN-Y1S 1252 / T2 | —o | — [ ——
o R goisan  |©0% voigaH | £8¢¢ | bvee | 1oce
¥R envis o181 | 4071 | 4187
ped | ..F-NmS-ﬁm\ |
1-092 "bai4
‘o4u] “00]1Y Y
A
00¢

¢ Old



PCT/US2016/034827

WO 2016/191739

3/9

uonedo|y |

SUonedolY ¢

SUonEeIOlY v

SUOneIO|lY 6

X80¢

(

AN AN A

[1-NI
uoneinbiuod vy

[2UUBYD ZHN 0C

A
4 )
Zve
oLy
X+201 X+201
aziy -~ eziy-
4 4 4 zs
pgov- 0280V~ agoy- egov-/
oz|oz|o9z|9z|oz|oz|oz|oz| 9oz

J Uyov J oy J P¥OtV J av0ov J
140174 (30]7 o0¥ 0V 13 40} 4
ooy

EQ0€

(

1401%

(

v ‘Old

o]
uoneinbiuod vy

uonedIpul v

00¢

€ Old



PCT/US2016/034827

WO 2016/191739

4/9

140 808 09
uoneaipul uoneaipul
Ojul v [eutielo UIUiM uoneoo|e JapipA | jeuueyn

009

¥0S

(

809

(

OJUl VY [SUUEYI UIYNAA

uopnedipul
uoneoole Japipp

009

9 'OId

g "Old



PCT/US2016/034827

WO 2016/191739

5/9

004

80.

(

0.

(

uoneaipul
uoneoo||e puosag

uoneaipul
uoneso|le 1S4

A

YAIE |



PCT/US2016/034827

WO 2016/191739

6/9

¥28 708
3001g pepooul 3001g pepooul
A A
r X80¢ egog Y »0E N
[1-N] [0l
uonesnbiuod vy e uoIRINBIUOD) Yy uoneaipul vy
oze %
X808 e808 708
3o01g pspooul 3o01gd papooud 300|g papooul]
- xgog ) - egos Y - N
[1-N] [0l
uonesnbiuod vy e uoIRINBIUOD) Yy uoneaipul vy
oog %



PCT/US2016/034827

WO 2016/191739

wgos 108 08
220|g pepodu] A20]g pespodouz }oo|g papooug
r X80€ mgoe ) r qgoe egoe Y yO€ N
[1-NI [2-NI [1] [o]
uonesnByuod vy | uoneinbyuo) vy uoneinbyuo) vy | uoneinbyuod vy uoiesipul vy
098
(0]
~
N~
¥¥8
200|g papoduy
A
r X80¢ Bg0E »0g N
[1-N] [0l
uonesnbiuod vy uoIRINBIUOD) Yy uoneaipul vy
0]%°]



PCT/US2016/034827

WO 2016/191739

8/9

ByCo
3oolg papoouz

A
s A
80. 0.
uoledipul uoneaipul

uoneso|e puooag | uoneooje 1S4

oz6 %
dv06 Ev¥06
320|g papodu] 320|g papodu]
A A
Is Y
80.L 0L
uoljesipul uoljesipul
UOIIEDO||Ee PU0DaS |  UONEDo|E 18114
006 ¥

V6 Oid



WO 2016/191739 PCT/US2016/034827

9/9

FIG. 10

1000
-

Generate PHY preamble of MU PHY data unit to include a field
to be transmitted within a first individual communication
channel, wherein the field indicates one or more groupings of
basic RA units 1004

l

Generate a data portion of the MU PHY data unit 1008

l

Generate the MU PHY data unit to include the PHY preamble
and the data portion 1012

l

Transmit the MU PHY data unit 1016
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