wo 2016/201132 A1 I} ] 000 0O O

(43) International Publication Date
15 December 2016 (15.12.2016)

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

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

=

\

WIPOIPCT

(10) International Publication Number

WO 2016/201132 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
1

International Patent Classification:
HO4W 74/00 (2009.01) HO4W 74/08 (2009.01)

International Application Number:
PCT/US2016/036746

International Filing Date:
9 June 2016 (09.06.2016)

English
English

Filing Language:
Publication Language:

Priority Data:
62/173,230
62/305,608

9 June 2015 (09.06.2015) Us

9 March 2016 (09.03.2016) Us

Applicant: MARVELL SEMICONDUCTOR, INC.
[US/US]; 5488 Marvell Lane, Santa Clara, CA 95054

(US).

Inventors; and

Applicants (for AL, AT, BA, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR, US only): SUN, Yakun [CN/US]; 1096 Hyde Av-
enue, Sunnyvale, CA 95129 (US). ZHANG, Hongyuan
[CN/US]; 4707 Paseo Padre Parkway, Fremont, CA 94555

(US).

)

(74

(8D

(84)

Inventors: CHU, Liwen; 5639 Lysander Way, San Ra-
mon, CA 94582 (US). WANG, Lei; 13519 Ginger Glen
Road, San Diego, CA 92130 (US). JIANG, Jinjing; 1920
Messina Drive, San Jose, CA 95132 (US). LOU, Hui-
Ling; 1485 Firebird Way, Sunnyvale, CA 94087 (US).

Agents: STANTON, Gregory, E. et al; DRINKER
BIDDLE & REATH LLP, 191 N. Wacker Drive, Suite
3700, Chicago, IL 60606-1698 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
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,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

[Continued on next page]

(54) Title: CHANNEL ACCESS FOR SIMULTANEOUS UPLINK
DEVICES

TRANSMISSONS BY MULTIPLE COMMUNICATION

FIG. 1 / 10 CLIENT
26
L~
ACCESS POINT
15
T HOST
[ HosT ] NETWORK | 27
INTERFACE
16 28
~—_1 Ll
NETWORK MAC
INTERFACE
18 34-3
~ P
20 241 342 ] | 30-1
\_-_ 1
PHY 242 / 30-2
21-1 TX/RX |-——/
\~—~| TX/RX 34-1
30-3
21-2 | 24-3 TXRX 1~
b -—--| TX/RX
=l
CLIENT
14 7 \

>

CLIENT

CLIENT

N 254

N\ 253

\ 252

(57) Abstract: A first communication device determines whether the first communication device is to use a first channel access
mode or a second channel access mode for accessing a communication channel when the first communication device is triggered for
uplink transmission by a second communication device. The first communication device receives a trigger frame from the second
communication device. The first communication device transmits, to the second communication device, a data unit triggered by the
trigger frame, including using the determined one of the first channel access mode or the second channel access mode to gain access
to the communication channel.



WO 2016/201132 A1 TR0V T 00RO N AU

DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, Published:
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, __
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

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



WO 2016/201132 PCT/US2016/036746

CHANNEL ACCESS FOR SIMULTANEOUS UPLINK TRANSMISSIONS BY
MULTIPLE COMMUNICATION DEVICES

Cross-References to Related Applications

[0001] This disclosure claims the benefit of U.S. Provisional Patent Application Nos.
62/173,230, filed June 9, 2015, and 62/305,608, filed March 9, 2016, both entitled “Uplink
Multi-User (UL MU) Channel Access,” the disclosures of which are hereby expressly

incorporated herein by reference in their entireties.

Field of the Disclosure

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

multiplexing (OFDM).

Background

[0003] Wireless local area networks (WLANs) 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 for communicating in a communication channel of a
wireless communication network includes: determining, at a first communication device,
whether the first communication device is to use a first channel access mode or a second channel
access mode for accessing the communication channel when the first communication device is
triggered for uplink transmission by a second communication device; receiving, at the first

communication device from the second communication device, a trigger frame; and transmitting,
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from the first communication device to the second communication device, a data unit triggered
by the trigger frame, wherein transmitting the data unit includes using the determined one of the
first channel access mode or the second channel access mode to gain access to the

communication channel.

[0005] In another embodiment, a first communication device comprises a network interface
device having one or more integrated circuits. The one or more integrated circuits are configured
to: determine whether the first communication device is to use a first channel access mode or a
second channel access mode for accessing the communication channel when the first
communication device is triggered for uplink transmission by a second communication device,
receive a trigger frame from the second communication device, and transmit, to the second
communication device, a data unit triggered by the trigger frame, wherein transmitting the data
unit includes using the determined one of the first channel access mode or the second channel

access mode to gain access to the communication channel.

Brief Description of the Drawings

[0006] Fig. 1 is a block diagram of an example wireless local area network (WLAN), according

to an embodiment;
[0007] Fig. 2 is a diagrams of a physical layer (PHY) data unit, according an embodiment;

[0008] Figs. 3A-3C are block diagrams of example PHY data units, according to some

embodiments;

[0009] Fig. 4 is a diagram of an example transmission sequence in a WLAN, according to an

embodiment;

[0010] Fig. 5 is a diagram of another example transmission sequence in a WLAN, according to

an embodiment;

[0011] Fig. 6 is a diagram of another example transmission sequence in a WLAN, according to

an embodiment;

[0012] Fig. 7 is a diagram of another example transmission sequence in a WLAN, according to

an embodiment;
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[0013] Fig. 8 is a diagram of another example transmission sequence in a WLAN, according to

an embodiment;

[0014] Fig. 9 is a block diagram that illustrates an example interframe space time interval,

according to an embodiment;

[0015] Fig. 10 is a diagram of another example transmission sequence in a WLAN, according to

an embodiment;

[0016] Fig. 11 is a diagram of another example transmission sequence in a WLAN, according to

an embodiment;

[0017] Fig. 12 is a diagram of another example transmission sequence in a WLAN, according to

an embodiment;

[0018] Fig. 12 is a block diagram of an example reduced PHY data unit, according to an

embodiment;

[0019] Fig. 13 is a block diagram of another example reduced PHY data unit, according to an

embodiment; and

[0020] Fig. 14 is a flow diagram of an example method for communicating in a wireless

communication network, according to an embodiment.

Detailed Description

[0021] 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
a client station and uplink direction from a client station to the AP. The first communication
protocol also 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
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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 subchannels of a
communication channel are used for simultaneous transmission to, or by, respective ones of

multiple client stations, in various embodiments.

[0022] Fig. 1 is a block diagram of an example wireless local area network (WLAN) 10,
according to an embodiment. The WLAN 10 supports downlink (DL) and uplink (UL) multiuser
(MU) communication between an access point (AP) and a plurality of client stations. The
WLAN 10 includes an AP 14, and the AP 14, in turn, includes a host processor 15 coupled to a
network interface 16. In an embodiment, the network interface 16 includes one or more integrate
circuits (ICs) configured to operate as discussed below. The network interface 16 includes a
medium access control (MAC) processor 18 and a physical layer (PHY) processor 20. The PHY
processor 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 some embodiments, the AP 14 includes a higher number
of antennas 24 than transceivers 21, and antenna switching techniques are utilized. In an
embodiment, the MAC processor 18 is implemented on at least a first IC, and the PHY processor
20 is implemented on at least a second IC. In an embodiment, at least a portion of the MAC

processor 18 and at least a portion of the PHY processor 20 are implemented on a single IC.

[0023] In an embodiment, the PHY processor 20 scrambles an MPDU (e.g., a PHY service data

unit) based on a scramble seed.

[0024] In various embodiments, the MAC processor 18 and the PHY processor 20 are
configured to operate according to a first communication protocol (e.g., a High Efficiency, HE,
or 802.11ax communication protocol). In some embodiments, the MAC processor 18 and the
PHY processor 20 are also configured to operate according to a second communication protocol
(e.g., according to the IEEE 802.11ac Standard). In yet another embodiment, the MAC

processor 18 and the PHY processor 20 are additionally configured to operate according to the
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second communication protocol, a third communication protocol, and/or a fourth communication

protocol (e.g., according to the IEEE 802.11a Standard and/or the IEEE 802.11n Standard).

[0025] The WLAN 10 includes a plurality of client stations 25. Although four client stations 25
are illustrated in Fig. 1, the WLAN 10 includes different numbers (e.g., 1, 2, 3, 5, 6, etc.) of

client stations 25 in various scenarios and embodiments.

[0026] A client station 25-1 includes a host processor 26 coupled to a network interface 27. In
an embodiment, the network interface 27 includes one or more ICs configured to operate as
discussed below. The network interface 27 includes a MAC processor 28 and a PHY processor
29. The PHY processor 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 some embodiments, the client
station 25-1 includes a higher number of antennas 34 than transceivers 30, and antenna switching
techniques are utilized. In an embodiment, the MAC processor 28 is implemented on at least a
first IC, and the PHY processor 29 is implemented on at least a second IC. In an embodiment, at
least a portion of the MAC processor 28 and at least a portion of the PHY processor 29 are

implemented on a single IC.

[0027] In an embodiment, one or more of the client stations 25-2, 25-3, and 25-4 has a structure
that is 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 (not shown), according to an embodiment.

[0028] In various embodiments, the MAC processor 18 and the PHY processor 20 of the AP 14
are configured to generate data units conforming to the first communication protocol and having
formats described herein. In an embodiment, the MAC processor 18 is configured to implement
MAC layer functions, including MAC layer functions of the first communication protocol. In an
embodiment, the PHY processor 20 is configured to implement PHY functions, including PHY

functions of the first communication protocol. For example, in an embodiment, the MAC
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processor 18 is configured to generate MAC layer data units such as MPDUs, MAC control
frames, etc., and provide the MAC layer data units to the PHY processor 20. In an embodiment,
the PHY processor 20 is configured to receive MAC layer data units from the MAC processor 18
and encapsulate the MAC layer data units to generate PHY data units such as PHY protocol data
units (PPDUs) for transmission via the antennas 24. Similarly, in an embodiment, the PHY
processor 20 is configured to receive PHY data units that were received via the antennas 24, and
extract MAC layer data units encapsulated within the PHY data units. In an embodiment, the
PHY processor 20 provides the extracted MAC layer data units to the MAC processor 18, which

processes the MAC layer data units.

[0029] The transceiver(s) 21 is/are configured to transmit the generated data units via the
antenna(s) 24. Similarly, the transceiver(s) 21 is/are configured to receive data units via the
antenna(s) 24. The MAC processor 18 and the PHY processor 20 of the AP 14 are 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.

[0030] In various embodiments, the MAC processor 28 and the PHY processor 29 of the client
device 25-1 are configured to generate data units conforming to the first communication protocol
and having formats described herein. In an embodiment, the MAC processor 28 is configured to
implement MAC layer functions, including MAC layer functions of the first communication
protocol. In an embodiment, the PHY processor 29 is configured to implement PHY functions,
including PHY functions of the first communication protocol. For example, in an embodiment,
the MAC processor 28 is configured to generate MAC layer data units such as MPDUs, MAC
control frames, etc., and provide the MAC layer data units to the PHY processor 29. In an
embodiment, the PHY processor 29 is configured to receive MAC layer data units from the
MAC processor 28 and encapsulate the MAC layer data units to generate PHY data units such as
PPDUs for transmission via the antennas 34. Similarly, in an embodiment, the PHY processor
29 is configured to receive PHY data units that were received via the antennas 34, and extract
MAC layer data units encapsulated within the PHY data units. In an embodiment, the PHY
processor 29 provides the extracted MAC layer data units to the MAC processor 28, which

processes the MAC layer data units.
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[0031] 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 MAC processor 28 and the PHY processor 29 of the client device 25-1 are
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.

[0032] In an embodiment, each AP 14 is configured to operate according to a wireless
communication protocol that utilizes Orthogonal Frequency Multiple Division Access (OFDMA)

technology and/or multi-user multiple input, multiple output (MU-MIMO) technology.

[0033] 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., the client stations 25-1), according to an
embodiment. In an embodiment, one or more client stations 25 (e.g., the client stations 25-1) are
also configured to transmit data units the same as or similar to the data unit 200 to the AP 14.
The data unit 200 conforms to the HE communication protocol and occupies a 20 MHz
bandwidth. Data units similar to the data unit 200 occupy other suitable bandwidth such as 40
MHz, 80 MHz, 160 MHz, 320 MHz, 640 MHz, 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.

[0034] In various embodiments and/or scenarios, the data unit 200 is a downlink (DL)
orthogonal frequency 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. Similarly, in various
embodiments and/or scenarios, the data unit 200 is an uplink (UL) OFDMA data unit transmitted
by a particular client station 25 as part of an OFDMA uplink transmission by multiple client
stations 25, wherein each of the multiple client stations 25 transmits data using a set of OFDM
tones and, in some cases, respective one or more spatial streams, allocated to the client station

25. For example, in an embodiment, available OFDM tones (e.g., OFDM tones that are not used
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as DC tone 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, or by,
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 is sometimes referred to herein as simply a “basic resource unit.” For
example, a basic resource unit includes K OFDM tones, wherein K is an integer greater than
zero, and each allocated resource unit is comprised of one or more K-OFDM tone basic resource
units, in an embodiment. As just an example, K = 26, in an embodiment. Accordingly, a basic
resource unit includes 26 OFDM tones, in this embodiment. A resource unit allocated to a client
station 25, or allocated to a multi-user group of client stations 25, includes a number of OFDM
tones that is an integer multiple of 26 OFDM tones, such as 26 OFDM tones, 52 OFDM tones,
78 OFDM tones, etc., in this 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.

[0035] The data unit 200 includes a preamble 202 including a legacy short training field (L-STF)
205, a legacy long training field (L-LTF) 210, a legacy signal field (L-SIG) 215, a first HE signal
field (HE-SIG-A) 220, a second HE signal field (HE-SIG-B) 222, an HE short training field
(HE-STF) 225, and M HE long training fields (HE-LTFs) 230. L-STF 205, L-LTF 210 and L-
SIG 215 comprise a legacy preamble portion 242 of the preamble 202. The HE-SIG-A 220, the
HE-SIG-B 222, the HE-STF 225 and the M HE-LTFs 230 comprise an HE preamble portion 244
of the preamble 202. In some embodiments and/or scenarios, the data unit 200 also includes a
data portion 240. In some embodiments and/or scenarios, the data unit 200 omits the data

portion 240.

[0036] In some embodiments and/or scenarios, the preamble 202 omits one or more of the fields
205-235. For example, the preamble 202 omits the HE-SIG-A 220 and/or the HE-SIG-B 222, in
an embodiment. In some embodiments, the preamble 202 includes additional fields not

illustrated in Fig. 2.

[0037] Each of the L-STF 205, the L-LTF 210, the L-SIG 215, the HE-SIG-A 220, the HE-SIG-
B 222, the HE-STF 225, and the M HE-LTFs 230 comprises one or more OFDM symbols. The
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HE-SIG-A 220 and the HE-SIG-B 222 is each individually encoded to generate the respective
number of OFDM symbols, in an embodiment. As merely an example, in an embodiment, the
HE-SIG-A 220 comprises two OFDM symbols, and the HE-SIG-B 222 comprises one OFDM
symbol. As merely another example, in another embodiment, the HE-SIG-A 220 comprises one
OFDM symbol, and the HE-SIG-B comprises two OFDM symbols. As yet another example, in
an embodiment, the HE-SIG-A 220 comprises two OFDM symbols, and the HE-SIG-B 222
comprises a variable number of OFDM symbols. In an embodiment in which the HE-SIG-B 222
comprises a variable number of OFDM symbols, the particular number of HE-S1G-B 222 OFDM
symbols in the data unit 200 is indicated in the HE-SIG-A 220.

[0038] In the embodiment of Fig. 2, the data unit 200 includes one of each of the L-STF 205, the
L-LTF 210, the L-SIG 215, the HE-SIG-A 220. In other embodiments in which a data unit
similar to the data unit 200 occupies a cumulative bandwidth other than 20MHz, each of the L-
STF 205, the L-LTF 210, the L-SIG 215 and HE-SIG-A 220 is repeated over a corresponding
number of 20MHz sub-bands of the whole bandwidth of the data unit, in an embodiment. For
example, in an embodiment, the data unit occupies an 80MHz bandwidth and, accordingly,
includes four of each of the L-STF 205, the L-LTF 210, the L-SIG 215, the HE-SIG-A 220. In
an embodiment in which a data unit similar to the data unit 200 occupies a cumulative bandwidth
other than 20MHz, the HE-SIG-B is repeated over a corresponding number of 20MHz sub-bands
of the whole bandwidth of the data unit. In another embodiment in which a data unit similar to
the data unit 200 occupies a cumulative bandwidth other than 20MHz, the HE-SIG-B 222
includes different channel-specific portions corresponding to different 20 MHz sub-bands of the
whole bandwidth of the data unit, and the different channel specific portions are transmitted in

parallel in the corresponding 20 MHz sub-bands of the whole bandwidth of the data unit 200.

[0039] In some embodiments, the modulation of different 20 MHz sub-bands signals is rotated
by different angles. For example, in one embodiment, all OFDM tones within a first subband are
rotated 0-degrees, all OFDM tones within a second subband is rotated 90-degrees, a third sub-
band is rotated 180-degrees, and a fourth sub-band is rotated 270-degrees. In other
embodiments, different suitable rotations are utilized. The different phases of the 20MHz sub-
band signals result in reduced peak to average power ratio (PAPR) of OFDM symbols in the data

unit 200, in at least some embodiments. In an embodiment, if the data unit that conforms to the



WO 2016/201132 PCT/US2016/036746

first communication protocol is an OFDM data unit that occupies a cumulative bandwidth such
as 20 MHz, 40 MHz, 80 MHz, 160 MHz, 320 MHz, 640 MHz, etc., the HE-STF, the HE-LTFs,
the HE-SIG-B and the HE data portion occupy the corresponding whole bandwidth of the data

unit.

[0040] In an embodiment, the HE-SIG-A 220 and the HE-SIG-B 222 generally carry
information about the format of the data unit 200, such as information needed to properly decode
at least a portion of the data unit 200, in an embodiment. In an embodiment in which the data
unit 200 is a multi-user data unit, HE-SIG-A 220 carries information commonly needed by
multiple intended receivers of the data unit 200. In some embodiments, HE-SIG-A 220
additionally includes information for receivers that are not intended receivers of the data unit
200, such as information needed for medium protection. On the other hand, HE-SIG-B 222
carries user-specific information individually needed by each intended receiver of the data unit
200, in an embodiment. In an embodiment, HE-SIG-A 220 includes information needed to
properly decode HE-SIG-B 222, and HE-SIG-B 222 includes information needed to properly
decode data streams in the data portion 240 of the data unit 200. In some embodiments and/or
scenarios, however, HE-SIG-A field 220 includes information needed to decode the data portion
240, and HE-SIG-B 222 is omitted from the data unit 200 in at least some such embodiments. In
at least some embodiments and scenarios in which an AP (e.g., the AP 14) is the intended
recipient of the data unit 200 (i.e., when the data unit 200 is an uplink data unit), information
needed to properly decode the data portion of the data unit 200 is known a priori to the intended
recipient of the data unit 200 and need not be included in the preamble of the data unit 200. In
some such embodiments, the HE-SIG-B 222 is omitted from the data unit 200.

[0041] In some embodiments, specific information included in the HE-SIG-A 220 and/or in the
HE-SIG-B 222 depends on the mode of transmission of the data unit 200. For example, in an
embodiment, different information is included in the HE-SIG-A 220 when the data unit 200 is a
downlink data unit as compared to information included in the HE-SIG-A 220 when the data unit
200 is an uplink data unit. Additionally or alternatively, different information is included in the
HE-SIG-A 220 when the data unit 200 is a multi-user data unit as compared to information
included in the HE-SIG-A 220 when the data unit 200 is a single-user data unit, in an

embodiment. In another embodiment, different information is included in the HE-SIG-B 222

10
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when the data unit 200 is a downlink data unit as compared to the information is included in the

HE-SIG-B 222 when the data unit 200 is an uplink data unit.

[0042] Figs. 3A-3C are block diagrams of example PHY data units that occupy an 80 MHz
bandwidth, according to embodiments. Referring first to Fig. 3A, a data unit 300 is generally
similar to the data unit 200 of Fig. 2, in an embodiment. The data unit 300 includes a preamble
portion 302 and a data portion 304. In an embodiment, the preamble portion 302 corresponds to
a legacy preamble and conforms to a preamble format according to a legacy communication
protocol, such as the IEEE 802.11a Standard, the IEEE 802.11n Standard, or the IEEE 802-11ac
Standard, for example, in an embodiment. In another embodiment, the preamble 302
corresponds to a non-legacy preamble that conforms to the IEEE 802.11ax Standard, for
example. For example, in an embodiment, the preamble portion 302 includes a preamble such as
the preamble 202 of Fig. 2. At least some fields in the preamble portion 302 are duplicated in
each 20 MHz bandwidth of the data unit 300. For example, the preamble portion 302 includes
an L-STF field, an L-LTF field, an L-SIG field, an HE-SIG-A field, an HE-SIG-B field, an HE-
STF field and HE-LTF fields such as the L-STF field 205, the L-LTF field 210, the L-SIG field
215, the HE-SIG-A field 220, the HE-SIG-B 222, the HE-STF 225, and HE-LTFs 230,
respectively, and each of the L-STF field, the L-LTF field, the L-SIG field and the HE-SIG-A
field, the HE-SIG-B field, the HE-STF field, and the HE-LTF fields is duplicated in each 20
MHz bands of the data unit 300, in an embodiment. In an embodiment, at least some fields in
the preamble portion 302 are different in different 20 MHz bands of the data unit 300. For
example, at least a portion of an HE-SIG-B field, such as the HE-SIG-B field 222, is different

(e.g., includes information) in different 20 MHz bands of the data unit 300, in an embodiment.

[0043] The data portion 304 of the data unit 300 is duplicated in each 20 MHz band of the data
unit 300, in an embodiment, e.g. when the preamble portion 302 is a legacy preamble and is and
duplicated in each 20 MHz band. In an embodiment, the data portion 304 includes a trigger
frame that triggers uplink OFDMA transmission by a plurality of client stations 25. In an
embodiment, the trigger frame includes information that indicates allocation of subchannels to be
used for uplink OFDMA transmission, in an embodiment. The trigger frame further indicates
other transmission parameters to the multiple client stations 25, such as which modulation and

coding scheme (MCS) each of the multiple client stations 25 should use, the OFDM numerology
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(e.g., guard interval, tone spacing, etc.) that each of the multiple client stations should use,
transmit power that each of the multiple client stations 25 should use, etc. In an embodiment, the
trigger frame is a duplicate broadcast frame transmitted to the multiple client stations 25 in each
20 MHz band of the data unit 300. In another embodiment, the trigger frame is a broadcast
frame that occupies the entire 80 MHz bandwidth of the data unit 300.

[0044] Referring now to Fig. 3B, a data unit 350 is generally similar to the data unit 200 of Fig.
2, in an embodiment. The data unit 350 includes a preamble portion 352 and a data portion 354.
The preamble portion 352 includes a legacy portion 356, an HE signal field portion 358 and an
HE training field portion 360. The legacy portion 356 includes an L-STF field, an L-LTF field
and an L-SIG field such as the L-STF field 205, the L-LTF field 210, the L-SIG field 215,
respectively, in an embodiment. The HE signal field portion 358 includes one or more HE signal
fields such as the HE-SIG-A 220 and/or the HE-SIG-B 222, in an embodiment. The HE signal
field portion 358 omits the HE-SIG-B 222, in some situations, in an embodiment. For example,
the HE signal field portion 358 omits the HE-SIG-B 222 when the data unit 300 is an uplink data
unit, in an embodiment. The HE training field portion 358 includes HE training fields such as

the HE-STF 225 and the HE-LTFs 230, in an embodiment.

[0045] In an embodiment, the data portion 354 of the data unit 350 includes a plurality of
aggregated MAC protocol data units (A-MPDU) respectively directed to ones of multiple client
stations 25. In an embodiment, at least some of the A-MPDUs in the data portion 354 occupy
subchannels that span a width of less than 20 MHz. For example, A-MPDU to (or from) STAI,
A-MPDU to (or from) STA2, and A-MPDU to (or from) STA3 each occupies subchannels that
span a width of less than 20 MHz, in an embodiment. In an embodiment, the legacy portion 356
and the HE SIG portion 358 of the preamble 352 spans multiple data units that collectively
occupy a 20 MHz bandwidth. On the other hand, the HE training portion 360 of the preamble
352 includes respective training field portions that occupy respective ones of the multiple

subchannels in the 20 MHz bandwidths, in an embodiment.

[0046] In another embodiment, at least some of the A-MPDUs in the data portion 354 occupy
subchannels that span a width of more than 20 MHz. As just an example, an A-MPDU in the

data portion 354 occupies a subchannel that spans 40 MHz, in an embodiment. For example A-
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MPDU to (or from) STAS in Fig. 3B spans a 40 MHz bandwidth, in an embodiment. In an
embodiment, the legacy portion 356 and the HE SIG portion 358 of the preamble 352 is
duplicated in each 20 MHz band of the 40 MHz bandwidth. On the other hand, the HE training
portion 360 of the preamble 352 spans the entire 40 MHz bandwidth, in an embodiment.

[0047] The data unit 350 is a downlink OFDMA data unit transmitted by the AP to a plurality of
client stations 25, in an embodiment. In another embodiment, respective A-MPDUSs in the data
portion 354 are transmitted by multiple client stations 25 as parts of an OFDMA transmission by
multiple client stations 25. In an embodiment, an uplink data unit transmitted by a client station
25 includes the legacy preamble portion 354 and the HE signal field portion 356. Additionally,
the uplink data unit transmitted by the client station 25 includes a portion of the HE training field
portion 260 corresponding to the subchannel allocated for the uplink transmission by the client
station 25. Referring briefly to Fig. 3C, an uplink unit 370 is transmitted by STA3, in an
embodiment. The uplink data unit 370 includes a preamble 372. The preamble 372 includes the
legacy portion 356 and the HE signal portion 358, in an embodiment. The preamble 372
additionally includes a portion of the HE training portion 360 that corresponds to the subchannel
allocated to STA3. The data unit 370 further includes a data portion 374. The data portion 374

includes a data unit (e.g., an A-MPDU) in the subchannel allocated to STA3, in an embodiment.

[0048] Referring back to Fig. 3B, in an embodiment in which the data unit 350 is a downlink
OFDMA transmission to multiple client stations 25, at least some of the A-MPDUs include
trigger frames, aggregated with data, to trigger uplink transmission by the client stations 25 to
follow transmission of the data unit 350. The trigger frames in the data portion 350 are unicast
trigger frames directed to respective ones of the multiple client stations 25, in an embodiment. In
an embodiment, a trigger frame transmitted to a particular client station 25 includes information
that indicates a subchannel to be used for uplink transmission by the particular client station 25,
in an embodiment. In an embodiment, the trigger frame to the particular client station 25 further
includes information that indicates other transmission parameters for the particular client station
25, such as which modulation and coding scheme (MCS) the client station should use for uplink
transmission, the OFDM numerology (e.g., guard interval, tone spacing, etc.) that the client
station should use for uplink transmission, transmit power the client station 25 should use for

uplink transmission, etc.
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[0049] Additionally or alternatively, in an embodiment, the data portion 354 includes a
subchannel, sometimes referred to as a control subchannel, allocated for transmission of a
broadcast trigger frame directed to multiple client stations 25. In this embodiment, at least some
of the client stations 25 that are triggered for uplink OFDMA transmission by the trigger frame
in the data unit 350 can be different from client stations 25 to which data is transmitted in the

data unit 350.

[0050] Fig. 4 is a diagram of an example transmission sequence 400 in a WLAN, such as the
WLAN 10 of Fig. 1, according to an embodiment, in which an AP, such as the AP 14, triggers a
UL OFDMA transmission by multiple client stations, such as multiple ones of the client stations
25, during a transmission opportunity period (TXOP) 402. During a time t1, the AP 14 transmits
a trigger frame 404 to a plurality of client stations 25. In an embodiment, the time t1 begins at
the beginning of a TXOP obtained by (e.g., based on a suitable channel assessment procedure,
such as a carrier sense multiple access with collision avoidance (CSMA/CA) procedure, a
backoff procedure, etc.), or scheduled for, the AP 14. In an embodiment, the trigger frame 404
provides, to the plurality of client stations 25, resource unit allocation indications and other
transmission parameters to be used for transmission of an uplink OFDMA data unit during the
TXOP 402. In an embodiment, the trigger frame 404 is a MAC control frame that includes the
uplink transmission information. In an embodiment, the MAC control frame is included in a
data portion a data unit, such as the data portion 304 of the data unit 300 of Fig. 3A. In an
embodiment, the trigger frame 404 is included in a physical layer convergence protocol (PLCP)
protocol data unit (PPDU), such as a legacy PPDU that conforms to the IEEE 802.11a or IEEE
802.11g Standard, for example. In another embodiment, the trigger frame 404 is a null data
packet (NDP) that includes uplink transmission information in a preamble, and omits a data
portion. In an embodiment and/or scenario, the trigger frame 404 is duplicated in each channel
(e.g., in each 20 MHz channel) of the entire bandwidth of the TXOP 402. In an embodiment in
which the trigger frame 404 is included in a legacy PPDU which is duplicated each channel (e.g.,
in each 20 MHz channel) of the entire bandwidth of the TXOP 402, communication medium is
protected from interference by any device in the network over the entire bandwidth of the TXOP
402, at least for the duration defined by a Duration field of the trigger frame 404, or for the

duration of the entire TXOP 402. In another embodiment and/or scenario, the trigger frame 404
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occupies the entire bandwidth of the TXOP 402, for example when each of the client stations 25
to which the trigger frame 404 is transmitted is capable of operating in the entire bandwidth of
the TXOP 402. In an embodiment, a trigger frame that occupies the entire bandwidth of the
TXOP 402 is relatively shorter, and accordingly is transmitted in a relatively shorter time period,
compared to a trigger frame that is duplicated in each narrowest channel bandwidth of the TXOP
402.

[0051] The trigger frame 404 indicates respective subchannels allocated for uplink OFDMA
transmission by six client stations STA1 through STA 6, in the illustrated embodiment. During a
time (2, client stations STA1 through STA 6 transmit respective OFDM data unit, such as an A-
MPDUs, 406 as parts of an OFDMA transmission 408 to the AP 14. In an embodiment, each A-
MPDU 406 is included in a physical layer data unit transmitted by a corresponding client station
25. In an embodiment, the OFDMA transmission 408 has a format the same as or similar to the
format of the data unit 350 of Fig. 3B. In another embodiment, the OFDMA transmission 408
has a suitable format different from the format of the data unit 350 of Fig. 3B.

[0052] Time t2 at each client station 25 begins upon expiration of a predetermined time interval,
such as for example a time interval corresponding to a short inter-frame space (SIFS), after
completion of reception of the trigger frame 404 at the client station 25, in an embodiment. In
another embodiment, a predetermined time period that is greater than SIFS is defined, and time
t2 at each client station 25 begins upon expiration of a predetermined time interval corresponding
to the predetermined time interval greater than SIFS. For example, a predetermined time period
that is greater than SIFS and less than point coordination function (PCF) interframe space (PIFS)
is defined. The greater predetermined time interval may provide sufficient time for the client
stations 25 to decode the trigger frame 404 and to prepare for uplink transmission based on the
uplink scheduling information provided by the trigger frame 404, in at least some embodiments.
Additionally or alternatively, the trigger frame 404 includes one or more padding bits at the end
of the trigger frame 404 and before an error detection code field, e.g., a field check sequence
(FCS) field, of the trigger frame 404 to provide sufficient time for the client stations 25 to
prepare for uplink transmission (which includes performing a clear channel assessment (CCA)
procedure) based on the uplink scheduling information provided by the trigger frame 404, in

some embodiments. For example, a MAC header included in the trigger frame 404 indicates a
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length of a valid payload, wherein the one or more padding bits follow the valid payload, in an
embodiment. In another embodiment, a specific padding pattern, e.g. a reserved AID value in
the rage of 2008 to 2047, can be used for padding where a STA detects the end of a valid
payload once the specific pattern is reached. Further, a signal field of a PHY preamble of the
trigger frame 404 includes an indication of the entire length of the trigger frame 404, which
includes the one or more padding bits at the end of the trigger frame 404 and before an error
detection code field, e.g., an FCS field, of the trigger frame 404, in an embodiment. A client
station 25 determines based on the length indications which portion of the payload includes
padding bits, and stops decoding the payload when it reaches the portion that includes the
padding bits, in an embodiment. As such, the one or more padding bits provide “buffer” time
that allows the client station 25 to process the trigger frame 404 before trigger frame 404 is

entirely received by the client station 25.

[0053] In an embodiment, each client station transmits its OFDM data unit 406 during the time
t2 in a respective subchannel, allocated to the client station, as indicated in the trigger frame 404.
In an embodiment, each client station transmits its OFDM data unit using transmission
parameters, such as a modulation and coding scheme, a coding type, transmission power, length
or duration of the data unit, etc. indicated in the trigger frame 404. In another embodiment, at
least some of the client stations transmit OFDM data unit using at least some transmission
parameters, such as a modulation and coding scheme, a coding type, transmission power, length
or duration of the data unit, etc. determined by the client stations and not indicated in the trigger

frame 404.

[0054] During a time (3, the AP 14 transmits respective acknowledgement (ACK) frames 410 to
the client stations 25 (STA1 through STA6) acknowledging receipt of the OFDM data units 406
from the client stations 25. In another embodiment, the AP 14 transmits a broadcast
acknowledgement frame that includes respective acknowledgements for the client stations 25
(STA1 through STA6). Time t3 begins upon expiration of a predetermined time interval, such as
for example a time interval corresponding to a short inter-frame space (SIFS), after completion
of reception of the OFDM data units 406 at the AP 14, in an embodiment. In an embodiment,
the AP 14 transmits the ACK frame 410 to the client stations 25, as parts of an OFDMA
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transmission to the client statins 25, in the respective subchannels allocated to the client stations

25 indicated in the trigger frame 404.

[0055] Fig. 5 is a diagram of an example transmission sequence 500 in a WLAN, such as the
WLAN 10 of Fig. 1, according to another embodiment, in which an AP, such as the AP 14,
triggers a UL OFDMA transmission by multiple client stations, such as multiple ones of the
client stations 25, during a transmission opportunity period (TXOP) 502. The transmission
sequence 500 is similar to the transmission sequence 400 of Fig. 4, except that in the
transmission sequence 500 a trigger frame is transmitted by the AP 15 to multiple client stations
25 in a same data unit in which the AP 14 transmits data to the multiple client stations 25. In an

embodiment.

[0056] During a time t1, the AP 14 transmits a downlink OFDMA data unit 504 to a plurality of
client stations 25. The downlink OFDMA data unit 504 includes data for multiple client stations
25 and also includes one or more unicast trigger frames to trigger uplink OFDMA transmission
by multiple client stations 25. In an embodiment, each of the one or more unicast trigger is
transmitted to a particular client station 25, in the downlink OFDMA data unit 504, using the
resource unit and/or the spatial streams allocated for downlink transmission to the particular
client station 25. In an embodiment, the one or more unicast trigger frames are aggregated with
data in the one or more A-MPDUSs, in the downlink OFDMA data unit 504, transmitted to the
corresponding client stations 25. In another embodiment, the one or more unicast trigger frames
are included in respective MAC headers of the one or more A-MPDUSs, in the downlink OFDMA

data unit 504, transmitted to the corresponding client stations 25.

[0057] During a time t2, each client station 235, after receiving the downlink A-MPDU directed
to the client station 25, transmits a respective uplink data unit to the AP 14 using trigger
information provided to the client station 25 in the unicast trigger frame in the downlink A-
MPDU, as part of an uplink OFDMA transmission 508 to the AP 14, in an embodiment. In an
embodiment, each uplink A-MPDU includes data from a client station 25 and an
acknowledgement frame to acknowledge receipt of the corresponding downlink data unit by the

client station 25.
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[0058] Time t2 at each client station begins upon expiration of a predetermined time interval,
such as for example a time interval corresponding to SIFS or another suitable time period, after
completion of reception of the corresponding A-MPDU in the data unit 504 by the client station
25, in an embodiment. In another embodiment, a predetermined time period that is greater than
SIFS is defined, and time t2 at each client station 25 begins upon expiration of a predetermined
time interval corresponding to the predetermined time interval greater than SIFS. For example, a
predetermined time period that is greater than SIFS and less than point coordination function
(PCF) interframe space (PIFS) is defined. The greater predetermined time interval may provide
sufficient time for the client stations 25 to decode the trigger frame included in the data unit 504
and to prepare for uplink transmission based on the uplink scheduling information provided by

the trigger frame, in at least some embodiments.

[0059] Additionally or alternatively, the data unit 504 includes one or more padding bits at the
end of the A-MPDUSs included in the data unit 504 to provide sufficient time for the client
stations 25 to prepare for uplink transmission based on the uplink scheduling information
provided by the trigger frames included in the data unit 504, in some embodiments. For
example, a MAC header of a trigger frame included in the data unit 504 indicates a length of a
valid payload in the trigger frame, wherein the one or more padding bits follow the valid payload
of the trigger frame, in an embodiment. Further, a signal field of a PHY preamble of the data
unit 504 includes an indication of the entire length of the data unit 504, which includes the one or
more padding bits at the end of the trigger frame (and before an error detection field, if included,
in the trigger frame) in the data unit 504, in an embodiment. A client station 25 determines
based on the length indications which portion of the payload includes padding bits, and stops
decoding the payload of the trigger frame when it reaches the portion that includes the padding
bits, in an embodiment. As such, the one or more padding bits provide “buffer” time that allows
the client station 25 to process the trigger frame included in the data unit 504 before the data unit
504 is entirely received by the client station 25. In another embodiment, HE PHY padding can
be added at the end of the data unit 504 (and before an error detection field, if included). The HE
PHY padding at the end of the data unit 504 (and before an error detection field, if included)
provides “buffer” time that allows the client station 25 to process the trigger frame included in

the data unit 504 before the data unit 504 is entirely received by the client station 25.
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[0060] During a time t3, the AP 14 transmits respective ACK frames 510 to the client stations 25
(STA1 through STA6) acknowledging receipt of the OFDM data units transmitted by the client
stations 25 as parts of the OFDMA transmission 508. In another embodiment, the AP 14
transmits a broadcast acknowledgement frame that includes respective acknowledgements for the
client stations 25 (STA1 through STA6). Time t3 begins upon expiration of a predetermined
time interval, such as for example a time interval corresponding to a short inter-frame space
(SIFS), after completion of reception of the OFDMA transmission 508 at the AP 14, in an
embodiment. In an embodiment, the AP 14 transmits the ACK frames 510 to the client stations
25, as parts of an OFDMA transmission to the client statins 25, in the respective subchannels

allocated to the client stations 25 indicated in the trigger frames included in the data unit 504.

[0061] In an embodiment, the AP 14 and the client stations 25 contend for communication
medium using carrier sense multiple access with collision avoidance (CSMA/CA) protocol or
another suitable medium access protocol. In an embodiment, the AP 14 and the client stations
implement a clear channel assessment (CCA) procedure, in which the AP/client station
determines the energy level of the medium in order to determine whether the medium is busy or
idle. If the medium is idle, the device can count down a backoff counter. If the backoff counter
reaches a predetermined number (e.g., 0), the device can transmit. If the medium is busy, the
device waits until the medium is idle and then counts down the backoff counter while the

medium is idle.

[0062] In some embodiments, a client station 25 (e.g., the client station 25-1) selectively utilizes
a first channel access mode or a second channel access mode for initiating transmission of an UL
data unit in response to receiving a trigger frame from the AP 14. In an embodiment, in the first
channel access mode, the client station 25-1 initiates transmission of an UL data unit upon
expiration of a predetermined time interval, such as SIFS, after reception of the trigger frame,
without sensing the medium. The client station 25-1 can transmit its uplink data unit without
sensing the medium because the client station 25-1 has sent a clear-to-send (CTS) frame at the
beginning of the TXOP and/or the client station 25-1 transmits an ACK or a block
acknowledgment (BA) frame, in an embodiment. On the other hand, in the second channel
access mode, the client station 25-1 employs a suitable channel sensing technique to ensure that

at least the subchannel assigned to the client station 25-1, or a channel (e.g., a 20 MHz channel)
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that includes the subchannel assigned to the client station 25-1, is idle, and initiates an UL
transmission only if the client station 25-1 determines that the at least the subchannel assigned to
the client station 25-1 or the channel (e.g., a 20 MHz channel) that includes the subchannel
assigned to the client station 25-1 is idle, according various embodiments. For example, the
client station 25-1 senses the medium to ensure that that at least the subchannel allocated to the
client station 25-1 for uplink transmission is not being used by other communication device, for
example by a communication device that is within the communication range of the client station
25-1 but is not within the communication range of the AP 14, such as a communication device
that is operating in a basic service set (BSS) serviced by an AP other than AP 14 (e.g., in an
overlapping BSS (OBSS)), in some embodiments. The first channel access mode is sometimes
referred to herein as a “non-sensing channel access mode,” and the second channel access mode

is sometimes referred to herein as a “sensing channel access mode.”

[0063] In some embodiments, the AP 14 determines a channel access mode (e.g., non-sensing
channel access mode or sensing channel access mode) should be used by client stations 25 for
uplink transmission triggered by a trigger frame received from AP 14. In such embodiments, the
AP 14 indicates to the client stations 25 which channel access mode (e.g., sensing channel access
mode or non-sensing channel access mode) the client stations 25 should use when transmitting
uplink data units triggered by a trigger frame received from the AP 14. For example, a trigger
frame transmitted by the AP 14 to a group of client station 25 indicates whether the sensing
channel access mode or the non-sensing channel access mode should be used by the group client
stations 25 for transmission of uplink data units in response to the trigger frame, in an
embodiment. In another embodiment, a trigger frame includes a respective channel access mode
indication for each client station 25 being triggered by the trigger frame. In yet another
embodiment, the AP 14 includes a channel access mode indication a suitable management frame
or control frame, other than a trigger frame, transmitted by the AP 14. The channel access mode
indication indicates to a client station 25 whether the sensing channel access technique or the
non-sensing channel access technique should be used for uplink transmission triggered by the AP
14, in an embodiment. A client station 25 determines, based on the channel access mode

indication in a received management frame or control frame, whether to use the sensing channel
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access technique or the non-sensing channel access technique for uplink transmissions triggered

by the AP 14, in an embodiment.

[0064] For example, in an embodiment, the AP 14 includes a channel access mode indication in
an association response management frame that the AP 14 transmits to a client station 25 during
association establishment with the client station 25. As another example, in an embodiment, the
AP 14 includes a channel access mode indication in a probe response management frame, or in
another suitable management frame. In another embodiment, the AP 14 includes a channel
access mode indication in a beacon frame transmitted by the AP 14. In this embodiment, client
stations 25 that receive the beacon frame determine which channel access mode should be used
by the client stations 25 based on the channel access mode indication included in the beacon
frame. In an embodiment, the client stations 25 utilize the channel access mode determined
based on an indication in a beacon frame for a duration of a beacon interval initiated by the
beacon frame. In other embodiments, the client stations 25 utilize the channel access mode
determined based on an indication in a beacon frame for a duration that is greater than a beacon

interval initiated by the beacon frame.

[0065] In some embodiments, a client station 25 independently determines a channel access
mode (e.g., sensing channel access mode or non-sensing channel access mode) that should be
used by the client station 25 for uplink transmission triggered by a trigger frame received from
AP 14, without any input from the AP 14. For example, if the client station 25 already sends a
CTS frame in a multi-user request-to-send (RTS)/CTS frame exchange scheduled by the AP 14
at the beginning of a TXOP, the client station 25 can ignore the channel sensing requirement in

the following trigger frame.

[0066] Fig. 6 is a block diagram of an example transmission sequence 600 in a WLAN, such as
the WLAN 10 of Fig. 1, in which a client station utilizes an example channel sensing technique
602 for uplink transmission triggered by an AP, according to an embodiment. In an
embodiment, a client station (e.g., the client station 25-1) utilizes the channel sensing technique
602 when the client station 25 is operating in a sensing channel access mode for uplink
transmission triggered by the AP 14. The transmission sequence 600 is generally the same as the

transmission sequence 400 of Fig. 4, in an embodiment. The transmission sequence 600 includes
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transmission of the trigger frame 404 by the AP 14 to multiple client stations 25, and
transmission of the OFDMA data units 408 by the multiple client stations 25 to the AP 14. In an
embodiment, at least some of the client stations 25 of the multiple client stations 25 conduct a
channel sensing procedure, such as a CCA procedure, prior to receiving the trigger frame 404, as
indicated in Fig. 6 by an arrow 612. When a client station 25 of the multiple client stations 25
receives the trigger frame 404, the client station 25 relies on the CCA procedure performed prior
to receiving the trigger frame 404 to determine whether at least the subchannel allocated to the
client station 25, as indicated by the trigger frame 404, in available. For example, in an
embodiment, the client station 25 generates a channel sensing report based on the channel
sensing procedure (e.g., CCA procedure) performed prior to receiving the trigger frame 404. In
an embodiment, the channel sensing report includes per-channel information that indicates
channel status of each channel (e.g., each 20 MHz channel) of the WLAN 10. For example, the
channel sensing report includes, for each of the channels (e.g., each of the 20 MHz channels) of
the WLAN 10, an indication that indicates whether the channel was determined to be busy or
idle by the channel sensing procedure, in an embodiment. In one embodiment, a per-20 MHz
CCA procedure includes 1) determining whether detected energy in each 20 MHz channel meets
a threshold (e.g., -62 dBm or another suitable threshold) a predetermined time period (e.g., PIFS
or another suitable time period) before reception of a trigger frame begins, and ii) virtual carry
sensing using a network allocation vector (NAV) timer. In an embodiment, if the NAV timer is
0 and the energy detected in a 20 MHz channel is lower than -62 dBm, the 20 MHz channel is

determined to be idle; otherwise the 20 MHz channel is determined to be busy.

[0067] In an embodiment, when the client station 25 receives the trigger frame 404 and
determines the subchannel allocated for uplink transmission by the client station 25 based on the
trigger frame 404, the client station 25 utilizes the channel sensing report generated based on the
CCA procedure conducted before receiving the trigger frame 404 to determine whether the
channel or channels (e.g., the 20 MHz channel(s)) that include the subchannel allocated for
uplink transmission by the client station 25 is/are busy or idle. If the client station 25 determines
that the 20 MHz channel(s) that include the subchannel allocated to the client station 25 is/are
idle, then the client station 25 transmits, during the time t2, an uplink data unit, in the subchannel

allocated to the client station 25, as part of the OFDMA transmission 408. In an embodiment,
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the uplink data unit transmitted by the client station 25 as part of the OFDMA transmission 408
to the AP 14 is the same as or similar to the uplink data unit 370 of Fig. 3C. In an embodiment,
the uplink data unit transmitted by the client station 25 includes a data portion transmitted in the
subchannel allocated for uplink transmission by the client station 25. In an embodiment, the
client station 25 transmits the uplink data unit upon expiration of a predetermined time interval,
such as SIFS or another suitable predetermined time interval, 614 after receiving the trigger

frame 404.

[0068] Fig. 7 is a block diagram of an example transmission sequence 700 in a WLAN, such as
the WLAN 10 of Fig. 1, in which a client station utilizes an example channel sensing technique
702 for uplink transmission triggered by an AP, according to an embodiment. In an
embodiment, a client station (e.g., the client station 25-1) utilizes the channel sensing technique
702 when the client station 25 is operating in a sensing channel access mode for uplink
transmission triggered by the AP 14. The transmission sequence 700 is generally the same as the
transmission sequence 400 of Fig. 4, in an embodiment. The transmission sequence 700 includes
transmission of the trigger frame 404 by the AP 14 to multiple client stations 25, and
transmission of the OFDMA data units 408 by the multiple client stations 25 to the AP 14.

[0069] In an embodiment, at least some of the client stations 25 of the multiple client stations 25
conduct a channel sensing procedure, such as a CCA procedure, after receiving the trigger frame
404, as indicated in Fig. 7 by an arrow 712. In an embodiment, the client station 25 determines,
based on the trigger frame 404 the subchannel allocated for uplink transmission by the client
station 25, and conducts a channel sensing procedure (e.g., CCA) in the subchannel allocated to
the client station 25. In one embodiment, a 20 MHz channel(s) CCA sensing procedure includes
1) comparing energy detected in the 20 MHz channel to a suitable threshold, and ii) a virtual
carry sensing procedure utilizing a NAV timer. In an embodiment, if the NAV timer is O and
detected energy in the 20 MHz channel is lower than the threshold, the 20 MHz channel is
determined to be idle; otherwise the 20 MHz channel is determined to be busy. If the client
station 25 determines that subchannel allocated to the client station 25 is idle, then the client
station 25 transmits, during the time t2, an uplink data unit, in the subchannel allocated to the
client station 25, as part of the OFDMA transmission 408, in this embodiment. In at least some

embodiments in which client stations 25 conducts a channel sensing procedure (e.g., CCA) in the
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respective subchannels allocated to the client station 25, a channel allocation scheme that allows
efficient sharing of channel bandwidth among overlapping basic service sets in implemented.
For example, in an embodiment, subchannel allocation in the WLAN 10 is performed such that a
client station 25 is allocated a subchannel that is not being used by client stations in a BSS that
overlaps with the WLAN 10. For example, in an embodiment, the AP 14 cooperates with an AP
of a BSS that overlaps with the WLAN 10 to ensure that different client station in the

overlapping BSS and the WLAN 10 are assigned different subchannels, in an embodiment.

[0070] In another embodiment, the client station 25 determines, based on the trigger frame 404
the subchannel allocated for uplink transmission by the client station 25, and conducts a channel
sensing procedure (e.g., CCA) in the channel (or channels) that includes the subchannel allocated
to the client station 25. In an embodiment, the client station 25 performs a per-channel CCA
procedure, e.g., the client station 25 performs a suitable CCA procedure for each 20 MHz
channel corresponding to subchannels allocated to the client station 25 to determine whether
each 20 MHz channel is idle. If the client station 25 determines that the 20 MHz channel(s) that
include the subchannel allocated to the client station 25 is/are idle, then the client station 25
transmits, during the time t2, an uplink data unit, in the subchannel allocated to the client station
25, as part of the OFDMA transmission 408, in this embodiment. In an embodiment, the uplink
data unit transmitted by the client station 25 as part of the OFDMA transmission 408 to the AP
14 is the same as or similar to the uplink data unit 370 of Fig. 3C. In an embodiment, the uplink
data unit transmitted by the client station 25 includes a data portion transmitted in the subchannel
allocated for uplink transmission by the client station 25. In an embodiment, the client station 25
transmits the uplink data unit upon expiration of a predetermined time interval 714 after
receiving the trigger frame 404. The predetermined time interval 714 is a time interval greater
than a standard shortest inter-frame time interval such as SIFS, in an embodiment. The
predetermined time interval 714 that is greater than SIFS is sufficiently long to allow the client
stations 25 to receive and at least partially decode the trigger frame 404, in an embodiment. The
predetermined time interval 714 is sufficiently long to allow the client station 25 to determine,
based on the trigger frame 404, the respective subchannels allocated to the client stations 25 and
to conduct a CCA procedure to determine whether the client stations 25 can transmit in the

subchannels allocated to the client stations 25, in an embodiment. In some embodiments, for
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example if the trigger frame 404 includes padding at the end of the trigger frame 404, the
predetermined time interval 714 is the standard shortest inter-frame time interval such as SIFS.
In an embodiment, padding at the end of the trigger frame 404 provides sufficient “buffer” time
to allow the client station 25 to determine, based on the trigger frame 404, the respective
subchannels allocated to the client stations 25 and to conduct a CCA procedure to determine
whether the client stations 25 can transmit in the subchannels allocated to the client stations 25

can transmit in the subchannels allocated to the client stations 25.

[0071] Fig. 8 is a block diagram of an example transmission sequence 800 in a WLAN, such as
the WLAN 10 of Fig. 1, in which a client station utilizes an example channel sensing technique
802 for uplink transmission triggered by an AP, according to an embodiment. In an
embodiment, a client station (e.g., the client station 25-1) utilizes the channel sensing technique
802 when the client station 25 is operating in a sensing channel access mode for uplink
transmission triggered by the AP 14. The transmission sequence 800 is generally the same as the
transmission sequence 500 of Fig. 5, in an embodiment. The transmission sequence 800 includes
transmission of the data unit 504 by the AP 14 to multiple client stations 25, the data unit 504
including a trigger frame to trigger transmission of the OFDMA data units 508 by the multiple

client stations 25 to the AP 14, in an embodiment.

[0072] Client stations 25 using the channel sensing technique 802 conduct a channel sensing
procedure, such as a CCA procedure, after receiving trigger frames in the data unit 504, as
indicated in Fig. 8 by an arrow 812, in an embodiment. The channel sensing technique 802 is
generally the same as the channel sensing technique 702 of Fig. 7, in an embodiment. In various
embodiments, a client station 25 determines, based on a trigger frame included in the data unit
504, the subchannel allocated for uplink transmission by the client station 25, and conducts a
channel sensing procedure (e.g., CCA) in the subchannel allocated to the client station 25 or in
the channel (or channels) that includes the subchannel allocated to the client station 25, as
discussed above with respect to the channel sensing technique 702 of Fig. 7. If the client station
25 determines that subchannel allocated to the client station 25 is idle, or the channel or channels
that include the subchannel allocated to the client station 25 is/are idle, then the client station 25
transmits, during the time t2, an uplink data unit, in the subchannel allocated to the client station

25, as part of the OFDMA transmission 508, in various embodiments.
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[0073] In an embodiment, the uplink data unit transmitted by the client station 25 as part of the
OFDMA transmission 508 to the AP 14 is the same as or similar to the uplink data unit 370 of
Fig. 3C. In an embodiment, the uplink data unit transmitted by the client station 25 includes a
data portion transmitted in the subchannel allocated for uplink transmission by the client station
25. In an embodiment, the client station 25 transmits the uplink data unit upon expiration of a
predetermined time interval 814 after receiving the data unit 504. The predetermined time
interval 814 is a time interval greater than a standard shortest inter-frame rime interval such as
SIFS, in an embodiment. The predetermined time interval 814 that is greater than SIFS is
sufficiently long to allow the client stations 25 to receive and at least partially decode the trigger
frame 404, in an embodiment. The predetermined time interval 814 is sufficiently long to allow
the client station 25 to determine, based on the trigger frame 404, the respective subchannels
allocated to the client stations 25 and to conduct a CCA procedure to determine whether the
client stations 25 can transmit in the subchannels allocated to the client stations 25, in an
embodiment. In an embodiment, the predetermined tie interval 814 is the same as the

predetermined time interval 714 of Fig. 7.

[0074] In some embodiments, for example if the data unit 504 includes padding at the end of the
trigger frame 404 (e.g., prior to an error detection field of the trigger frame 404) or if the PHY
padding is included at the end of data unit 504 (e.g., prior to an error detection field of the data
unit 504), the predetermined time interval 714 is the standard shortest inter-frame time interval
such as SIFS. In an embodiment, padding at the end of the data unit 504 provides sufficient
“buffer” time to allow the client station 25 to determine, based on the trigger frame included in
the data unit 504, the respective subchannels allocated to the client stations 25 and to conduct a
CCA procedure to determine whether the client stations 25 can transmit in the subchannels
allocated to the client stations 25 can transmit in the subchannels allocated to the client stations

25.

[0075] In an embodiment, client stations 25 utilizes either the channel sensing technique 602 of
Fig. 6 or the channel sensing technique 702 of Fig. 7 to determine channel availability for uplink
transmission triggered by an independently transmitted trigger frame such as the trigger frame
404. For example, the AP 14 informs client stations 25 whether the client stations 25 should use
the channel sensing technique 602 of Fig. 6 or the channel sensing technique 702 of Fig. 7 to
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determine channel availability for uplink transmission triggered by an independently transmitted
trigger frame, in an embodiment. In an embodiment, an independently transmitted trigger frame,
such as the trigger frame 404, is sufficiently short such that a channel sensing technique, such as
the channel sensing technique 602, according to which a client station 25 relies on channel
sensing procedure conducted before reception of the trigger frame, is a sufficiently reliable
predictor of channel availability after the trigger frame is received by the client station 25. On
the other hand, client stations 25 use the sensing technique 802 of Fig. 8 to determine channel
availability for uplink transmission triggered by a trigger frame that is included in a downlink
transmission that also includes data such as the data unit 504, in an embodiment. In an
embodiment, a downlink transmission that includes a trigger frame (or trigger frames) and also
includes data, such as the data unit 504, is relatively longer than an independently transmitted
trigger frame such as the trigger frame 404. In an embodiment, a channel sensing technique,
such as the channel sensing technique 602, according to which a client station 25 relies on
channel sensing procedure conducted before reception of the trigger frame, is not a reliable
predictor of channel availability after the data unit 504 is received by the client station 25, in at

least some scenarios.

[0076] In some embodiments, client stations 25 utilize different signal energy level threshold for
different bandwidth being sensed by the client station 25. For example, different signal energy
thresholds are used for different widths of subchannels that may be allocated to client stations 25,
in an embodiment. As another example, different signal energy thresholds are used for different
widths of channels that may need to be sensed by the stations 25, in an embodiment. For
example, a first signal energy threshold is used for sensing a 20 MHz channel, a second signal
energy threshold is used for sensing a 40 MHz channel, a third signal energy threshold is used
for sensing an 80 MHz channel, etc., in an embodiment. In an embodiment, the different signal
energy levels are defined by the first communication protocol and are implemented by the client
stations 25 configured according to the first communication protocol. In another embodiment,
the AP 14 indicates the different signal energy levels to the client stations 25. For example, the
AP 14 includes indications of different signal energy threshold in a management frame or a

control frame transmitted by the AP 14 such as a beacon frame, an association response frame, a
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probe response frame, or another suitable management or control frame transmitted by the AP

14.

[0077] Fig. 9 is a block diagram that illustrates a time interval 900 used by client stations 25 to
conduct a channel sensing procedure after reception of a trigger frame, according to an
embodiment. In an embodiment, the time interval 900 corresponds to the time interval 714 of
Fig. 7 and/or the time interval 814 of Fig. 8. The time interval 900 corresponds to a sensing
short interframe space (SSIFS), in an embodiment. The time interval 900 is longer than SIFS
and shorter than PIFS, in an embodiment. The time interval 900 begins at a client station 25
after reception of an independently transmitted trigger frame or of a downlink transmission that
includes a trigger frame (or trigger frames) as indicated, for example, by a PHY -
RXEND.indication generated by a PHY processor of the client station 25, in an embodiment.
The time interval 900 includes a D1 time interval 902, an M1 time interval 904, a CCAdel time
interval 906 and an Rx/Tx time interval 908. The D1 time interval 902 and the M1 time interval
904 correspond to a PHY processing delay and a MAC processing delay, respectively, in an
embodiment. The CCAdel time interval 906 corresponds to a time interval needed for channel
sensing, in an embodiment. CCAdel time interval 906 is equal to (a CCA time interval — D1), in
an embodiment. The Rx/Tx time interval 908 corresponds to a transceiver turn-around time, or a
time interval needed for switching from transmit mode to receive mode and back to transmit

mode, in an embodiment.

[0078] In some embodiments in which a longer sensing time interval, such as SSIFS time
interval 900, is used between reception of a trigger frame and the uplink OFDMA transmission
triggered by the trigger frame, the longer sensing time interval is used by each of the client
stations 25 being triggered, regardless of whether or not the client station 25 conducts a channel
sensing procedure after receiving the trigger frame. The longer sensing time interval is used by
each client station 25 being triggered such that the uplinks transmissions begin at least
substantially simultaneously by the client stations 25 being triggered, in an embodiment.
Accordingly, in an embodiment, if at least one client station 25 is required to perform conducts a
channel sensing procedure after receiving a trigger frame, then each client station 25 utilizes a
longer sensing time interval (e.g., SSIFS) as the time interval between reception of the trigger

frame and transmission of its uplink data unit being triggered by the trigger frame. On the other
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hand, if none of the client stations 25 being triggered by a trigger frame are required to conduct
channel sensing after receiving the trigger frame, then the client stations 25 utilizes a short time
interval, such as SIFS, as the time interval between reception of the trigger {frame and
transmission of its uplink data unit being triggered by the trigger frame, in an embodiment. In an
embodiment, the AP informs client stations 25 whether a shorter time interval (e.g., SIFS) or a
longer time interval (e.g., SSIFS) is to be used after receiving a trigger frame. For example, the
trigger frame includes an interframe space indication, in an embodiment. The interframe space
indication is set to indicate whether client stations 25 being triggered by the trigger frame are to
use a longer sensing time interval (e.g., SSIFS) or a shorter time interval (e.g., SIES) as the time
interval between reception of the trigger frame and transmission of its uplink data unit being

triggered by the trigger frame, in an embodiment.

[0079] In another embodiment, a longer time interval (e.g., SSIFS) is used by the client stations
25 as the time interval between reception of the trigger frame and transmission of uplink data
units being triggered by the trigger frame in all scenarios. In this embodiment, no signaling is
needed to inform client stations whether a shorter time interval or a longer time interval is to bed

used after receiving a trigger frame.

[0080] Fig. 10 is a diagram of an example transmission sequence 1000 in a WLAN, such as the
WLAN 10 of Fig. 1, according to another embodiment, in which an AP, such as the AP 14,
triggers a UL OFDMA transmission by multiple client stations, such as multiple ones of the
client stations 25, during a transmission opportunity period (TXOP) 1002. The transmission
sequence 1000 is similar to the transmission sequence 400 of Fig. 4, except that the transmission
sequence 1000 includes multiple triggered uplink transmissions by client stations 25 in the
TXOP 1002, in an embodiment. Transmission of the acknowledgement frame 410 is followed
by transmission, during a time t4, of a second trigger frame 1012. The second trigger frame
1012 triggers a second uplink OFDMA transmission 1014 by multiple client stations 25 to the
AP 14. During a time t5, multiple client stations 25 triggered by the trigger frame 1014 transmit
respective data units 1016 as parts of the OFDMA transmission 1014 to the AP 14, in an
embodiment. During a time t6, the AP 14 transmits respective ACK frames 1018 to the multiple

client stations 25 acknowledging receipt of the OFDM data units 1016 from the client stations

29



WO 2016/201132 PCT/US2016/036746

25. In another embodiment, the AP 14 transmits a broadcast acknowledgement frame that

includes respective acknowledgements for the multiple client stations 25.

[0081] Although in the transmission sequence 1000, OFDMA transmissions are triggered by
independently transmitted trigger frames 404, 1012, one or both of the trigger frames 404, 1012
are replaced with a downlink OFDMA data unit that combines downlink data and one or more
rigger frames, in some embodiments. For example, one or both of the trigger frames 404, 1012
are replaced with a data unit such as the data unit 504 of Fig. 5, in some embodiments. Further,
although the transmission sequence 1000 is illustrated in Fig. 10 as including only two triggered
OFDMA transmissions 408, 1014 in the TXOP 1002, the transmission sequence 1000 includes
other suitable numbers (e.g., 3, 4, 5, etc.) of triggered OFDMA transmissions, in some

embodiments.

[0082] The trigger frame 1012 is generally similar to the trigger frame 404, in an embodiment.
The trigger frame 1012 indicates respective subchannels allocated for uplink OFDMA
transmissions by a group of client stations 25 that includes same and/or different client stations
25 as the group of client stations 25 triggered by the trigger frame 404, in various embodiments.
The respective subchannels allocated for uplink OFDMA transmissions by the group of client
stations 25 are the same as or different from subchannel allocations for transmission of the
uplink transmission 408, in various embodiments. For example, in the embodiment of Fig. 10,
while the trigger frame 404 indicates respective subchannels allocated to six client stations STA1
through STAG6, the trigger frame 1012 indicates respective subchannels allocated to four client
stations STA4, STAS, STA6, and STA7. Further, subchannels allocated to client stations STA4
and STAG in the uplink OFDMA transmission 1014 are the same as the subchannels allocated to
client stations STA4 and STAG6 the uplink OFDMA transmission 408, in the illustrated
embodiment. On the other hand, the subchannel allocated to STA 5 in the uplink OFDMA
transmission 1014 is different from the subchannel allocated to client station STAS in the uplink

OFDMA transmission 408, in the illustrated embodiment.

[0083] In an embodiment, each client station 25 triggered by the trigger frame 404 utilizes a
channel sensing technique 1002, such as one of the channel sensing techniques 602, 702, 802

described above, to determine whether client station 25 can transmit in the subchannel allocated
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to the client station 25. Subsequently, if the client station 25 is again triggered for uplink
transmission by the trigger frame 1012, and if subchannel allocated to the client station 25 for
uplink transmission triggered by the trigger frame 1012 is covered by the same channel or
channels (e.g., same 20 MHz channel or channels) as the subchannel allocated to the client
station 25 for uplink transmission triggered by the trigger frame 404, then the client station 25
does not conduct a channel sensing procedure for transmission of its data unit in the uplink
transmission 1014. In another embodiment, the client station 25 does not conduct a channel
sensing procedure only if the subchannel allocated to the client station 25 for uplink transmission
triggered by the trigger frame 1012 is the same as the subchannel allocated to the client station
25 for uplink transmission triggered by the trigger frame 404. In such embodiments, the client
station 25 relies on results of the channel sensing procedure 1002 to determine whether the client
station 25 can transmit in the can transmit in the subchannel allocated to the client station 25.
Alternatively, each client station 25 triggered by the trigger frame 1012 utilizes a channel
sensing technique, such as one of the channel sensing techniques 602, 702, 802 described above,
regardless of whether or not the client station 25 conducted a conducts a channel sensing

procedure what it was previously triggered by the trigger frame 404.

[0084] Fig. 11 is a diagram of an example transmission sequence 1100 in a WLAN, such as the
WLAN 10 of Fig. 1, according to another embodiment, in which an AP, such as the AP 14,
triggers a UL OFDMA transmission by multiple client stations, such as multiple ones of the
client stations 25, during a transmission opportunity period (TXOP) 1102. The transmission
sequence 1100 is similar to the transmission sequence 400 of Fig. 4, except that the transmission
sequence 1000 includes a request to send (RTS) / clear to send (CTS) frame exchange, or a MU-
RTS/CTS frame exchange, which is sometimes referred to as “simultaneous RTS/CTS”, with
one or more client stations 25 prior to transmission of the trigger frame 404, in an embodiment.
For example, the AP 14 transmits an RTS frame 1102 to a client station 25, and the client station
25 responds with a CTS frame 1104. Thus, the TXOP 1102 is protected by the RTS/CTS frame
exchange, in an embodiment. Accordingly, the client stations 25 triggered by the trigger frame
404 are not required to perform additional channel sensing, in an embodiment. In an
embodiment, the trigger frame 404 includes a channel sense indication of whether the client

stations 25 should conduct a channel sensing procedure before responding to the trigger frame
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404. The channel sense indication is set to indicate that the client stations 25 should not conduct
channel sensing if a TXOP is protected by an RTS/CTS frame exchange, as is the case in the
TXOP 1102, in an embodiment. In another embodiment, the trigger frame 404 includes a
channel sense indication set to a value to indicate that client stations 25 should conduct channel
sensing; but when the client station 25 has already sent a CTS frame, the client station 25 does

not conduct the channel sensing procedure before responding to the trigger frame 404.

[0085] As discussed above, when a client station 25 implements a channel sensing technique to
determine whether the client station 25 can transmit in a subchannel allocated to the client
station, such as one of the channel sensing techniques 602, 702, 802, the client stations 25
transmits its uplink data unit when the client station 25 determine that the subchannel allocated
to the client station 25 or the channel or channels that include the subchannel allocated to the
client station 25 is/are idle, in various embodiments. In some embodiments, if the client station
25 determines that the subchannel allocated to the client station 25 or the channel or channels
that include the subchannel allocated to the client station 25 is/are busy, then the client station 25
refrains from transmission in the subchannel allocated to the client station 25. In another
embodiment, if the client station 25 determines that the subchannel allocated to the client station
25 or the channel or channels that include the subchannel allocated to the client station 25 is/are
busy, the client station 25 transmits a short data unit, such as non-data packet (NDP) or another
suitable short data unit, in the subchannel allocated to the client station 25. Fig. 12 is a block
diagram of an example short data unit 1200 transmitted by a client station 25 when the client
station 25 determines that the subchannel allocated to the client station 25 or the channel or
channels that include the subchannel allocated to the client station 25 is/are busy, according to an
embodiment. The short data unit 1200 is the same as or similar to the data unit 370 of Fig. 3C.
The short data unit 1200 includes a short data portion 1210, in an embodiment. The short data
unit 1200 omits the short data portion 1210, in another embodiment. The short data unit 1200 is
of a same or similar length (e.g., having same or similar transmission time) as a standard
acknowledgement data unit that the client station 25 is configured to transmit to the AP 14, in an
embodiment. The short data unit 12 is of another suitable length that is relatively shorter than a
regular uplink data unit that the client station 25 is configured to transmit to the AP 14, in

another embodiment.
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[0086] In yet another embodiment, the client station 25 transmits a regular uplink data unit in the
subchannel allocated to the client station 25 even if the client station that the subchannel
allocated to the client station 25 or the channel or channels that include the subchannel allocated

to the client station 25 is/are busy.

[0087] In some embodiments in which the 25 transmits an uplink data unit, such as a short
uplink data unit or a regular uplink data unit, in the subchannel allocated to the client station 25
even if the client station that the subchannel allocated to the client station 25 or the channel or
channels that include the subchannel allocated to the client station 25 is/are idle or busy, the
client station 25 includes in the uplink data unit 25 a channel status report to report results of
channel sensing to the AP 14. The AP 14 utilizes the channel status reports received from client
stations 25 for scheduling and subchannel allocation for uplink triggering subsequent

transmissions by the client station 25, in an embodiment.

[0088] In some scenarios, a client station 25 determines, using a channel sensing technique, such
as one of the channel sensing techniques 602, 702, 802, implemented by the client station 25 that
a subchannel allocated to the client station 25 is partially busy. Fig. 13 is a block diagram of an
example partial data unit 1300 transmitted by a client station 25 when the client station 25
determines that the subchannel allocated to the client station 25 is partially busy, according to an
embodiment. The data unit 1300 is generally similar to the data unit 370 of Fig. 3C. In the
embodiment of Fig. 13, a 40 MHz subchannel 1310 is allocated to a client station 25, but the
client station 25 determined that a first 20 MHz portion 1312 of the subchannel 1310 is idle and a
second 20 MHz portion 1314 of the subchannel 1310 is busy. For example the second 20 MHz
portion 1314 of the subchannel 1310 is being used by an OBSS, in an embodiment. The client
station 25 transmits a data unit 1340 in the available portion 1312 of the subchannel 1310, in the
illustrated embodiment. In another embodiment, the client station 25 transmits a uplink data
unit, such as a regular data unit or a short data unit, that occupies the whole bandwidth of the
subchannel allocated to the client station 25 even if the client station 25 determines that only a
portion of the subchannel allocated to the client station 25 is idle. In some embodiments, the
data unit In yet another embodiment, the client station 25 refrains from transmission in the
allocated subchannel when the client station 25 determines that only a portion of the allocated

subchannel is idle.
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[0089] In some embodiments in which the 25 transmits an uplink data unit, such as a short
uplink data unit or a regular uplink data unit, in an available portion of the subchannel allocated
to the client station 25 when the client station 25 determines that that only a portion the
subchannel allocated to the client station 25 is idle, or in the entire subchannel allocated to the
client station 25 even if the client station that only a portion the subchannel allocated to the client
station 25 is idle, the client station 25 includes in the uplink data unit 25 a channel status report
to report results of channel sensing to the AP 14. The AP 14 utilizes the channel status reports
received from client stations 25 for scheduling and subchannel allocation for uplink triggering

subsequent transmissions by the client station 25, in an embodiment.

[0090] In an embodiment, client stations 25 are allowed to transmit a “reduced” data unit, such
as the short data unit 1200 of Fig. 12 or the partial data unit 1300 of Fig. 13, only if the AP
indicates to the client stations 25 that the AP 14 is capable of receiving such reduced data units.
For example, in an embodiment, the AP 14 indicates its capability of receiving reduced data
units in a management frame or a control frame transmitted by the AP 14 such as a beacon
frame, an association response frame, a probe response frame, or another suitable management or
control frame transmitted by the AP 14. In another embodiment, the AP 14 indicates its
capability of receiving reduced data units in a trigger frame, such as the trigger frame 404 of Fig.
4 or the trigger frame included in the data unit 504 of Fig. 5, for example. Additionally, or
alternatively, the AP 14 indicates to the client stations 25 whether or not the client stations 25
should transmit such reduced data units in case that a client station 25 detects that the subchannel
allocated to the client station 25 or the channel or channels that include the subchannel allocated
to the client station 25 is/are fully or partially busy. When such indications are included in a
trigger frame, the respective indications are provided for each client station 25 being triggered by
the trigger frame, or a common indication is provided for all client stations 25 being triggered by

the trigger frame, in various embodiments.

[0091] In some embodiments, when the AP 14 receives a reduced data unit from a client station
25, such as the short data unit 1200 of Fig. 12 or the partial data unit 1300 of Fig. 13, the AP 14
determines, based on reception of the reduced data unit that the subchannel allocated to the client
station 25 is at least partially busy. In some such embodiments, the AP 14 utilizes such channel

state information determined based on reception of reduced data units from one or more client
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stations 25 for scheduling and subchannel allocation for subsequent uplink transmissions by the

one or more client stations 25.

[0092] As discussed above with respect, for example, to Figs. 4 and 5, the AP 14 transmits
acknowledgement information (e.g., in respective acknowledgement frames transmitted to
multiple client stations 25 or in a broadcast acknowledgment frame transmitted to multiple client
stations 25) to acknowledge receipt of uplink OFDMA data units received from multiple client
stations 25. In some embodiments, the AP 14 transmits a respective ACK frame, or includes
acknowledgement information in a broadcast frame, only to those client stations 25 from which
an uplink data unit was actually received by the AP 14. Referring, as just an example, to Fig. 4,
in an embodiment, if the AP 14 does not receive an uplink data unit 406 from a client station 25,
then the AP 14 transmits a negative acknowledgement (NAC) frame in place of an ACK frame
410 to the client station 25. In another embodiment, in which the AP 14 transmits a broadcast
ACK frame to multiple client stations 25, if the AP 14 does not receive an uplink data unit 406
for a client station 25, then the AP 14 includes negative acknowledgement (NAC) information
corresponding to the client station 25 in the broadcast ACK frame. In other embodiments, if the
AP 14 does not receive an uplink data unit 406 from a client station 25, then the AP 14 does not
transmit an ACK frame 410 to the client station 25, or does not include any acknowledgement
information corresponding to the client station 25 in a broadcast ACK frame transmitted to
multiple client stations 25. In some embodiments, if the AP 14 does not receive an uplink data
unit 406 from a client station 25, then the AP 14 subsequently triggers the client station 25 to
transmit an uplink OFDMA data unit to the AP 14. The AP 14 subsequently triggers the client
station 25 to transmit the uplink OFDMA data unit in a same subchannel that was allocated to
the client station 25 for transmission in the uplink transmission 408, or in a different subchannel,

depending on the embodiment and/or scenario.

[0093] In an embodiment, when the AP 14 receives a reduced data unit, such as the short data
unit 1200 of Fig. 12 or the partial data unit 1300 of Fig. 13, from a client station 25, the AP 14
acknowledges receipt of the reduced data unit by transmitting acknowledgement information, for
example in an acknowledgement frame transmitted to the client station 25 or in a broadcast

acknowledgement frame transmitted to multiple client stations 25. In another embodiment, when
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the AP 14 receives a reduced data unit from a client station 25, the AP 14 does not transmit

acknowledgement information to the client station 25.

[0094] In an embodiment, if a client station 25 does not receive an acknowledgement, or
receives a negative acknowledgement, from the AP 14 in response to transmission of an uplink
OFDMA data unit to the AP 14, the client station 25 awaits to be subsequently triggered for
uplink OFDMA transmission to the AP 14. Additionally or alternatively, the client station 25
contends for the communication channel between the client station 25 and the AP 14. For
example, the client station 25 implements an OFDMA random access technique to gain access to
the communication channel, or implements a CSMA/CS channel access technique to gain access
to the communication channel, in some embodiments. If the client station 25 gains access to the
communication channel, the client station 25 re-transmits the data unit that was not

acknowledged, or was negatively acknowledged, by the AP 14.

[0095] Fig. 14 is a flow diagram of an example method 1400 for communicating in a
communication channel of a wireless communication network, according to an embodiment.
With reference to Fig. 1, the method 1400 is implemented by the network interface device 27, in
an embodiment. For example, in one such embodiment, the PHY processing unit 29 is
configured to implement at least a portion of the method 1400. According to another
embodiment, the MAC processing 28 is also configured to implement at least a portion of the
method 1400. In other embodiments, the method 1400 is implemented by other suitable network

interface devices.

[0096] At block 1402, it is determined whether a first channel access mode or a second channel
access mode should be used for accessing the communication channel when triggered for uplink
transmission by a communication device. In an embodiment, the first channel access mode is the
non-sensing channel access mode described above. In another embodiment, the first channel
sensing mode is a suitable channel sensing mode different from the non-sensing channel access
mode described above. In an embodiment, the second channel access mode is the sensing
channel access mode described above. In another embodiment, the second channel sensing
mode is a suitable channel sensing mode different from the sensing channel access mode

described above. In an embodiment, it is determined, at block 1402, whether the first channel
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access mode or the second channel access mode should be used based on an indication received
from the communication device. In another embodiment, it is determined, at block 1402,
whether the first channel access mode or the second channel access mode should be used without

input from the communication device.

[0097] At block 1404, a trigger frame is received from the communication device. In an
embodiment, the trigger frame 404 of Fig. 4 is received. In another embodiment, a trigger frame
included in the data unit 504 of Fig. 5 is received. In other embodiments, other suitable trigger

frames are received.

[0098] At block 1406, a data unit triggered by the trigger frame received at block 1404 is
transmitted. In an embodiment, the data unit 370 of Fig. 3C is transmitted. In another
embodiment, another suitable data unit is transmitted. Transmitting the data unit includes using
the one of the first channel access mode or the second channel access mode determined at block
1404 is used to gain access to the communication channel. In an embodiment, using the first
channel access mode to gain access to the communication channel comprises accessing the
communication channel without relying on channel sensing. On the other hand, in an
embodiment, using the second channel access mode to gain access to the communication channel
includes determining, using a channel sensing technique, whether the communication channel is
available for transmission, and gaining access to the communication channel only if it is
determined that the communication channel is available for transmission. In an embodiment, the
channel access technique is the channel sensing technique 602 of Fig. 6. In another embodiment,
the channel access technique is the channel sensing technique 702 of Fig. 7 or the channel
sensing technique 802 of Fig. 8. In an embodiment, using the channel sensing technique
includes selecting the channel sensing technique from among a first channel sensing technique
(e.g., the channel sensing technique sensing technique 602 of Fig. 6 or similar) and a second
channel sensing technique (the channel sensing technique 702 of Fig. 7 or the channel sensing
technique 802 of Fig. 8 or similar). In other embodiments, other suitable channel sensing

techniques are used.

[0099] In an embodiment, a method for communicating in a communication channel of a

wireless communication network includes: determining, at a first communication device,

37



WO 2016/201132 PCT/US2016/036746

whether the first communication device is to use a first channel access mode or a second channel
access mode for accessing the communication channel when the first communication device is
triggered for uplink transmission by a second communication device; receiving, at the first
communication device from the second communication device, a trigger frame; and transmitting,
from the first communication device to the second communication device, a data unit triggered
by the trigger frame, wherein transmitting the data unit includes using the determined one of the
first channel access mode or the second channel access mode to gain access to the

communication channel.

[0100] In various other embodiments, the method includes one of, or any suitable combination

of two or more of, the following features.

[0101] Determining whether the first communication device is to use the first channel access
mode or the second channel access mode includes receiving, at the first communication device
from the second communication device, an indication that indicates whether the first channel
access mode or the second channel access mode should be used by the first communication

device.
[0102] Receiving the indication comprises receiving the indication included in the trigger frame.

[0103] Receiving the indication comprises receiving the indication included in a management

frame transmitted by the second communication device.

[0104] Transmitting the data unit using the first channel access mode comprises transmitting the
data unit without relying on channel sensing performed by the first communication device; and
transmitting the data unit using the second channel access mode comprises: determining, using a
channel sensing technique, whether at least a portion of the communication channel is available
for transmission by the first communication device, and transmitting the data unit only if it is
determined, based on the channel sensing technique, that at least the portion of the

communication channel is available for transmission by the first communication device.

[0105] Determining, using the channel sensing technique, whether at least the portion of the
communication channel is available for transmission by the first communication device

comprises: sensing the communication channel before receiving the trigger frame, generating a
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channel sensing report based on sensing of the communication channel before receiving the
trigger frame, and after receiving the trigger frame, determining, based on the channel sensing
report, whether at least the portion of the communication channel is available for transmission by

the first communication device.

[0106] Generating the channel sensing report includes generating respective indications for each
of a plurality of channels of the wireless communication network, wherein each indication
indicates whether a particular channel of the wireless communication network is busy or idle;
and the method further comprises: determining, based on the trigger frame, a subchannel
allocated for transmission by the first communication device, and determining that at least the
portion of the communication channel is available for transmission by the first communication
device if a channel, of the plurality of channels, that includes the subchannel allocated for

transmission by the first communication device is idle.

[0107] Determining, using the channel sensing technique, whether at least the portion of the
communication channel is available for transmission by the first communication device
comprises: sensing the communication channel after receiving the trigger frame, and
determining, based on sensing the communication channel after receiving the trigger frame,
whether at least the portion of the communication channel is available for transmission by the

first communication device.

[0108] The method further comprises: determining, based on the trigger frame, a subchannel
allocated for transmission by the first communication device, determining, based on sensing the
communication channel after receiving the trigger frame, whether a channel, of a plurality of
channels of the wireless communication network, that includes the subchannel allocated for
transmission by the first communication device is busy or idle, and determining that at least the
portion of the communication channel is available for transmission by the first communication
device if the channel that includes the subchannel allocated for transmission by the first

communication device is idle.

[0109] Determining, using the channel sensing technique, whether at least the portion of the
communication channel is available for transmission by the first communication device includes

selecting the channel sensing from among a first channel sensing technique and a second channel
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sensing technique, wherein (i) the first channel sensing technique includes sensing the
communication channel before receiving the trigger frame and (ii) the second channel sensing

technique includes sensing the communication channel after receiving the trigger frame.

[0110] Transmitting the data unit using the second channel access mode comprises: determining,
using a channel sensing technique, whether each of one or more 20 MHz channels corresponding
to an allocated subchannel is available for transmission by the first communication device; and
transmitting the data unit only if it is determined, based on the channel sensing technique, that all
of the one or more 20 MHz channels corresponding to the allocated subchannel are available for

transmission by the first communication device.

[0111] In another embodiment, a first communication device comprises a network interface
device having one or more integrated circuits. The one or more integrated circuits are configured
to: determine whether the first communication device is to use a first channel access mode or a
second channel access mode for accessing the communication channel when the first
communication device is triggered for uplink transmission by a second communication device,
receive a trigger frame from the second communication device, and transmit, to the second
communication device, a data unit triggered by the trigger frame, wherein transmitting the data
unit includes using the determined one of the first channel access mode or the second channel

access mode to gain access to the communication channel.

[0112] In various other embodiments, the first communication device includes one of, or any

suitable combination of two or more of, the following features.

[0113] The one or more integrate circuits are further configured to: receive, from the second
communication device, an indication that indicates whether the first communication device is to
use the first channel access mode or the second channel access mode, and determine whether the
first communication device is to use the first channel access mode or the second channel access

mode based on the indication received from the second communication device.

[0114] The indication is included in the trigger frame received from the second communication

device.
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[0115] The indication is included in a management frame transmitted by the second

communication device.

[0116] The one or more integrated circuits are configured to: when transmitting the data unit
using the first channel access mode, transmit the data unit without relying on channel sensing
performed by the first communication device; and when transmitting the data unit using the
second channel access mode: determine, using a channel sensing technique, whether at least a
portion of the communication channel is available for transmission by the first communication
device, and transmit the data unit only if it is determined, based on the channel sensing
technique, that at least the portion communication channel is available for transmission by the

first communication device.

[0117] The one or more integrated circuits are configured to: sense the communication channel
before receiving the trigger frame, generate a channel sensing report based on sensing of the
communication channel before receiving the trigger frame, and after receiving the trigger frame,
determine, based on the channel sensing report, whether at least the portion of the

communication channel is available for transmission by the first communication device.

[0118] The one or more integrated circuits are configured to: generate the channel sensing report
to include respective indications for each of a plurality of channels of the wireless
communication network, wherein each indication indicates whether a particular channel of the
wireless communication network is busy or idle, determine, based on the trigger {frame, a
subchannel allocated for transmission by the first communication device, and determine that at
least the portion of the communication channel is available for transmission by the first
communication device if a channel, of the plurality of channels, that includes the subchannel

allocated for transmission by the first communication device is idle.

[0119] The one or more integrated circuits are configured to: sense the communication channel
after receiving the trigger frame, and determine whether at least the portion of the
communication channel is available for transmission by the first communication device based on

sensing the communication channel after receiving the trigger frame.

[0120] The one or more integrated circuits are further configured to: determine, based on the

trigger frame, a subchannel allocated for transmission by the first communication device,
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determine, based on sensing the communication channel after receiving the trigger frame,
whether a channel, of a plurality of channels of the wireless communication network, that
includes the subchannel allocated for transmission by the first communication device is busy or
idle, and determine that at least the portion of the communication channel is available for
transmission by the first communication device if the channel that includes the subchannel

allocated for transmission by the first communication device is idle.

[0121] The one or more integrated circuits are further configured to, when transmitting the data
unit using the second channel access mode, select the channel sensing from among a first
channel sensing technique and a second channel sensing technique, wherein (i) the first channel
sensing technique includes sensing the communication channel before receiving the trigger
frame and (ii) the second channel sensing technique includes sensing the communication channel

after receiving the trigger frame.

[0122] The one or more integrated circuits are configured to, when transmitting the data unit
using the second channel access mode: determine, using a channel sensing technique, whether
each of one or more 20 MHz channels corresponding to an allocated subchannel is available for
transmission by the first communication device, and transmit the data unit only if it is
determined, based on the channel sensing technique, that all of the one or more 20 MHz channels
corresponding to the allocated subchannel are available for transmission by the first

communication device.

[0123] 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 memory such as on a magnetic disk, an optical disk, or other
storage medium, in a RAM or ROM or flash memory, processor, hard disk drive, optical disk
drive, 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.
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[0124] 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.
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What is claimed is:

1. A method for communicating in a communication channel of a wireless

communication network, the method comprising:

determining, at a first communication device, whether the first communication device is
to use a first channel access mode or a second channel access mode for accessing the
communication channel when the first communication device is triggered for uplink transmission

by a second communication device;

receiving, at the first communication device from the second communication device, a

trigger frame; and

transmitting, from the first communication device to the second communication device, a
data unit triggered by the trigger frame, wherein transmitting the data unit includes using the
determined one of the first channel access mode or the second channel access mode to gain

access to the communication channel.

2. The method of claim 1, wherein determining whether the first communication
device is to use the first channel access mode or the second channel access mode includes
receiving, at the first communication device from the second communication device, an
indication that indicates whether the first channel access mode or the second channel access

mode should be used by the first communication device.

3. The method of claim 2, wherein receiving the indication comprises receiving the

indication included in the trigger frame.

4. The method of claim 2, wherein receiving the indication comprises receiving the

indication included in a management frame transmitted by the second communication device.
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5. The method of claim 1, wherein:

transmitting the data unit using the first channel access mode comprises transmitting the

data unit without relying on channel sensing performed by the first communication device; and
transmitting the data unit using the second channel access mode comprises:

determining, using a channel sensing technique, whether at least a portion of the

communication channel is available for transmission by the first communication device, and

transmitting the data unit only if it is determined, based on the channel sensing
technique, that at least the portion of the communication channel is available for transmission by

the first communication device.

6. The method of claim 5, wherein determining, using the channel sensing
technique, whether at least the portion of the communication channel is available for

transmission by the first communication device comprises:
sensing the communication channel before receiving the trigger frame;

generating a channel sensing report based on sensing of the communication channel

before receiving the trigger frame; and

after receiving the trigger frame, determining, based on the channel sensing report,
whether at least the portion of the communication channel is available for transmission by the

first communication device.

7. The method of claim 6, wherein:

generating the channel sensing report includes generating respective indications for each
of a plurality of channels of the wireless communication network, wherein each indication
indicates whether a particular channel of the wireless communication network is busy or idle;

and

the method further comprises:
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determining, based on the trigger frame, a subchannel allocated for transmission

by the first communication device, and

determining that at least the portion of the communication channel is available for
transmission by the first communication device if a channel, of the plurality of channels, that

includes the subchannel allocated for transmission by the first communication device is idle.

8. The method of claim 5, wherein determining, using the channel sensing
technique, whether at least the portion of the communication channel is available for

transmission by the first communication device comprises:
sensing the communication channel after receiving the trigger frame; and

determining, based on sensing the communication channel after receiving the trigger
frame, whether at least the portion of the communication channel is available for transmission by

the first communication device.

9. The method of claim 8, further comprising

determining, based on the trigger frame, a subchannel allocated for transmission

by the first communication device;

determining, based on sensing the communication channel after receiving the
trigger frame, whether a channel, of a plurality of channels of the wireless communication
network, that includes the subchannel allocated for transmission by the first communication

device is busy or idle; and

determining that at least the portion of the communication channel is available for
transmission by the first communication device if the channel that includes the subchannel

allocated for transmission by the first communication device is idle.

10. The method of claim 5, wherein determining, using the channel sensing

technique, whether at least the portion of the communication channel is available for
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transmission by the first communication device includes selecting the channel sensing from

among a first channel sensing technique and a second channel sensing technique, wherein (i) the
first channel sensing technique includes sensing the communication channel before receiving the
trigger frame and (ii) the second channel sensing technique includes sensing the communication

channel after receiving the trigger frame.

11. The method of claim 5, wherein transmitting the data unit using the second

channel access mode comprises:

determining, using a channel sensing technique, whether each of one or more 20 MHz
channels corresponding to an allocated subchannel is available for transmission by the first

communication device; and

transmitting the data unit only if it is determined, based on the channel sensing technique,
that all of the one or more 20 MHz channels corresponding to the allocated subchannel are

available for transmission by the first communication device.

12. A first communication device, comprising:
a network interface device having one or more integrated circuits configured to

determine whether the first communication device is to use a first channel access
mode or a second channel access mode for accessing the communication channel when the first

communication device is triggered for uplink transmission by a second communication device,
receive a trigger frame from the second communication device, and

transmit, to the second communication device, a data unit triggered by the trigger
frame, wherein transmitting the data unit includes using the determined one of the first channel

access mode or the second channel access mode to gain access to the communication channel.

13. The first communication device of claim 12, wherein the one or more integrate

circuits are further configured to:

47



WO 2016/201132 PCT/US2016/036746

receive, from the second communication device, an indication that indicates whether the
first communication device is to use the first channel access mode or the second channel access

mode; and

determine whether the first communication device is to use the first channel access mode
or the second channel access mode based on the indication received from the second

communication device.

14. The first communication device of claim 13, wherein the indication is included in

the trigger frame received from the second communication device.

15. The first communication device of claim 13, wherein the indication is included in

a management {rame transmitted by the second communication device.

16. The first communication device of claim 12, wherein the one or more integrated

circuits are configured to:

when transmitting the data unit using the first channel access mode, transmit the data unit

without relying on channel sensing performed by the first communication device; and
when transmitting the data unit using the second channel access mode:

determine, using a channel sensing technique, whether at least a portion of the

communication channel is available for transmission by the first communication device, and

transmit the data unit only if it is determined, based on the channel sensing
technique, that at least the portion communication channel is available for transmission by the

first communication device.

17. The first communication device of claim 16, wherein the one or more integrated

circuits are configured to:
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sense the communication channel before receiving the trigger frame;

generate a channel sensing report based on sensing of the communication channel before

receiving the trigger frame; and

after receiving the trigger frame, determine, based on the channel sensing report, whether
at least the portion of the communication channel is available for transmission by the first

communication device.

18. The first communication device of claim 17, wherein the one or more integrated

circuits are configured to:

generate the channel sensing report to include respective indications for each of a
plurality of channels of the wireless communication network, wherein each indication indicates

whether a particular channel of the wireless communication network is busy or idle;

determine, based on the trigger frame, a subchannel allocated for transmission by the first

communication device; and

determine that at least the portion of the communication channel is available for
transmission by the first communication device if a channel, of the plurality of channels, that

includes the subchannel allocated for transmission by the first communication device is idle.

19. The first communication device of claim 16, wherein the one or more integrated

circuits are configured to:
sense the communication channel after receiving the trigger frame; and

determine whether at least the portion of the communication channel is available for
transmission by the first communication device based on sensing the communication channel

after receiving the trigger frame.
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20. The first communication device of claim 19, wherein the one or more integrated

circuits are further configured to:

determine, based on the trigger frame, a subchannel allocated for transmission by

the first communication device;

determine, based on sensing the communication channel after receiving the
trigger frame, whether a channel, of a plurality of channels of the wireless communication
network, that includes the subchannel allocated for transmission by the first communication

device is busy or idle; and

determine that at least the portion of the communication channel is available for
transmission by the first communication device if the channel that includes the subchannel

allocated for transmission by the first communication device is idle.

21. The first communication device of claim 16, wherein the one or more integrated
circuits are further configured to, when transmitting the data unit using the second channel
access mode, select the channel sensing from among a first channel sensing technique and a
second channel sensing technique, wherein (i) the first channel sensing technique includes
sensing the communication channel before receiving the trigger frame and (ii) the second
channel sensing technique includes sensing the communication channel after receiving the

trigger frame.

22. The first communication device of claim 12, wherein the one or more integrated

circuits are configured to, when transmitting the data unit using the second channel access mode:

determine, using a channel sensing technique, whether each of one or more 20 MHz
channels corresponding to an allocated subchannel is available for transmission by the first

communication device; and

transmit the data unit only if it is determined, based on the channel sensing technique,
that all of the one or more 20 MHz channels corresponding to the allocated subchannel are

available for transmission by the first communication device.
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FIG. 14

/ 1400

7 1402

Determine whether a first channel access mode or a
second channel access mode should be used for
accessing a communication channel when triggered for
uplink transmission by a communication device

l Ve 1404

Receive a trigger frame from the communication device

o]

l Vs 140

Transmit, to the communication device, a data unit
triggered by the trigger frame, wherein transmitting the
data unit includes using the determined one of the first

channel access mode or the second channel access mode
to gain access to the communication channel
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