wo 2017/180751 A1 || I} NP0 O R

(43) International Publication Date

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

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

=

\

19 October 2017 (19.10.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/180751 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
1

International Patent Classification:
HO4W 84/12 (2009.01) HO4W 28/20 (2009.01)

International Application Number:
PCT/US2017/027219

International Filing Date:
12 April 2017 (12.04.2017)

Filing Language: English

Publication Language: English
Priority Data:

62/321,708 12 April 2016 (12.04.2016) 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): WANG, Lei [CA/US]; 13519 Ginger
Glen Road, San Diego, CA 92130 (US). ZHANG, Hongy-

)

(74

(8D

uan [US/US]; 4707 Paseo Padre Parkway, Fremond, CA
94555 (US). SUN, Yakun [US/US]; 1096 Hyde Avenue,
San Jose, CA 95129 (US).

Inventors: CHU, Liwen; 5639 Lysander Way, San Ra-
mon, CA 94582 (US). JIANG, Jinjing; 1920 Messina Dr.,
San Diego, CA 95132 (US). LOU, Hui-Ling; 1485 Fire-
bird Way, Sunnyvale, CA 94087 (US).

Agents: STANTON, Gregory, E. et al.; Drinker Biddle &
Reath LLP, 191 North 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, DJ, 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, KH, KN,
KP, KR, KW, 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, S@G, SK, SL, SM, ST, SV, SY,

[Continued on next page]

(54) Title: REPORTING BANDWIDTH CAPABILITY OF A BANDWIDTH-LIMITED COMMUNICATION DEVICE

FIG. 5

5 500

Generate a PHY data unit that indicates capability to use a
channel bandwidth greater than a maximum channel
bandwidth of client station 504

A 4

association process 508

Transmit PHY data unit generated at block 504 to AP during an

A 4

Generate a PHY data unit that indicates capability to use at
most the maximum channel bandwidth of client station 512

client station is associated with the AP 516

Transmit PHY data unit generated at block 512 to AP when the

(57) Abstract: A first communication device generates a
first physical layer (PHY) data unit that includes informa-
tion indicating a capability to use a channel bandwidth
greater than a maximum channel bandwidth of the first
communication device, and transmits the first PHY data
unit to a second communication device during an associ-
ation process with the second communication device. The
first communication device generates a second PHY data
unit that includes information indicating a capability to
use at most the maximum channel bandwidth of the first
communication device, and transmits the second PHY
data unit to the second communication device when the
first communication device is associated with the second
communication device.



WO 2017/180751 A1 WK 00T 000 VO A A

DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,

TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,
VN, ZA, ZM, ZW. LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA.
(84) Designated States (unless otherwise indicated, for every GI,\I, G(,l G\;V, K%\,/[, ML, 1\(/[R:NE: SN: TD:TGS. T

kind of regional protection available): ARTIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, Published:
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU SO ,

» AL, DA, O, B8 BV With international search report (Art. 21(3
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, with international search report (drt. 21(3))



WO 2017/180751 PCT/US2017/027219

REPORTING BANDWIDTH CAPABILITY OF A BANDWIDTH-LIMITED
COMMUNICATION DEVICE

Cross References to Related Applications

[0001] This application claims the benefit of U.S. Provisional Patent App. No.
62/321,708, entitled “HE 20MHZ ONLY DEVICES IN 5GHZ BAND,” filed on April
12, 2016, the disclosure of which is hereby expressly incorporated herein by reference in

its entirety.

Field of Technology

[0002] The present disclosure relates generally to wireless communication systems,
and more particularly wireless communication devices reporting bandwidth capabilities

to other communication devices.

Background

[0003] Wireless local area networks (WLANSs) have evolved rapidly over the past
decade, and development of WLAN standards such as the Institute for Electrical and
Electronics Engineers (IEEE) 802.11 Standard family 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 throughput, such as throughputs in the tens of Gbps

range.
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Summary

[0004] In an embodiment, a method includes: generating, at a first communication
device, a first physical layer (PHY) data unit that includes information indicating a
capability to use a channel bandwidth greater than a maximum channel bandwidth of the
first communication device; causing the first communication device to transmit the first
PHY data unit to a second communication device during an association process with the
second communication device; generating, at the first communication device, a second
PHY data unit that includes information indicating a capability to use at most the
maximum channel bandwidth of the first communication device; and causing the first
communication device to transmit the second PHY data unit to the second
communication device when the first communication device is associated with the second

communication device.

[0005] In another embodiment, an apparatus comprises a network interface device
associated with a first communication device, the network interface device including one
or more integrated circuits (ICs). The network interface device includes a physical layer
(PHY) processor implemented using the one or more ICs, and the one or more ICs are
configured to: generate a PHY data unit that includes information indicating a capability
to use a channel bandwidth greater than a maximum channel bandwidth of the first
communication device; cause the first communication device to transmit the first PHY
data unit to a second communication device during an association process with the
second communication device; generate a second PHY data unit that indicates capability
to use at most the maximum channel bandwidth of the first communication device; and
cause the first communication to transmit the second PHY data unit to the second
communication device when the first communication device is associated with the second

communication device.

[0006] In yet another embodiment, a method includes: generating, at a first

communication device, a first physical layer (PHY) data unit that includes information
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indicating a capability to use a channel bandwidth greater than a maximum channel
bandwidth of the first communication device; causing the first communication device to
transmit the first PHY data unit to a second communication device during an association
process with the second communication device; generating, at the first communication
device, a second PHY data unit that includes information indicating a capability to use at
most the maximum channel bandwidth of the first communication device; and causing
the first communication device to transmit the second PHY data unit to the second
communication device 1) during the association process and 1ii) after the first

communication device transmits the first PHY data unit.

[0007] In still another embodiment, an apparatus comprises a network interface device
associated with a first communication device, the network interface device including one
or more integrated circuits (ICs). The network interface device includes a physical layer
(PHY) processor implemented using the one or more ICs, and the one or more ICs are
configured to: generate a first PHY data unit that includes information indicating a
capability to use a channel bandwidth greater than a maximum channel bandwidth of the
first communication device; cause the first communication device to transmit the first
PHY data unit to a second communication device during an association process with the
second communication device; generate a second PHY data unit that includes
information indicating a capability to use at most the maximum channel bandwidth of the
first communication device; and cause the first communication device to transmit the
second PHY data unit to the second communication device 1) during the association

process and i1) after the first communication device transmits the first PHY data unit.

Brief Description of the Drawings

[0008] Fig. 1 is a block diagram of an example wireless local area network (WLAN),

according to an embodiment.
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[0009] Fig. 2 1s a timing diagram of an example communication frame sequence in
which a bandwidth-limited client station reports bandwidth capabilities to an access point

(AP) of a WLAN, according to an embodiment.

[0010] Fig. 3 is a block diagram of an example physical layer (PHY) data unit that
includes a probe request frame, which a bandwidth-limited client station uses to report

bandwidth capabilities to an AP, according to an embodiment.

[0011] Fig. 4 is a block diagram of an example PHY data unit that includes an action
frame, which a bandwidth-limited client station uses to report bandwidth capabilities to

an AP, according to an embodiment.

[0012] Fig. 5 is a flow diagram of an example method for a bandwidth-limited client
station to report bandwidth capabilities to an AP of a WLAN, according to an
embodiment.

[0013] Fig. 6 is a timing diagram of another example communication frame sequence
in which a bandwidth-limited client station reports bandwidth capabilities to an AP,

according to another embodiment.

[0014] Fig. 7 is a flow diagram of another example method for a bandwidth-limited
client station to report bandwidth capabilities to an AP of a WLAN, according to another

embodiment.

Detailed Description

[0015] In embodiments described below, a bandwidth-limited wireless communication
device (e.g., the communication device is capable of using at most a maximum
bandwidth that is less than a maximum bandwidth defined by a communication protocol),
when associating with an access point (AP), reports to the AP a capability to use a
bandwidth greater than the maximum bandwidth of the bandwidth-limited wireless
communication device. For example, if the maximum bandwidth of a bandwidth-limited

HE (high efficiency) wireless communication device is 20 MHz, the bandwidth-limited
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communication device reports to a VHT (very high throughput) AP, during an
association process, where the VHT AP assumes the bandwidth-limited HE wireless
communication device supports VHT features which at least supports 80 MHz, for
example, the bandwidth-limited wireless communication device is capable of using a
bandwidth such as 40 MHz, 80 MHz, etc. After the bandwidth-limited wireless
communication device becomes associated with the AP, the bandwidth-limited wireless
communication device reports to the AP that the bandwidth-limited wireless
communication device can utilize at most the maximum bandwidth of the bandwidth-

limited wireless communication device.

[0016] Embodiments of methods and apparatus are described below in the context of a
wireless local area network (WLAN) merely for explanatory purposes. In other
embodiments, methods and apparatus such as described below are utilize in other suitable
networks such as wired local area networks, metropolitan area networks (MANs), wide

area networks (WANSs), mobile wireless networks, etc.

[0017] Fig. 1 1s a block diagram of an example WLAN 110, according to an
embodiment. The WLAN 110 includes an access point (AP) 114 that comprises a host
processor 118 coupled to a network interface device 122. The network interface 122
includes a medium access control (MAC) processor 126 and a physical layer (PHY)
processor 130. The PHY processor 130 includes a plurality of transceivers 134, and the
transceivers 134 are coupled to a plurality of antennas 138. Although three transceivers
134 and three antennas 138 are illustrated in Fig. 1, the AP 114 includes other suitable
numbers (e.g., 1, 2, 4, 5, etc.) of transceivers 134 and antennas 138 in other embodiments.
In some embodiments, the AP 114 includes a higher number of antennas 138 than
transceivers 134, and antenna switching techniques are utilized. The PHY processor 130
includes circuitry, coupled to the antennas 138, that is configured to upconvert baseband
signals to radio frequency (RF) signals for transmission via the antennas 138. The PHY
processor 130 also includes circuitry, coupled to the antennas 138, that 1s configured to

downconvert RF signals received via the antennas 138 to baseband signals. Such
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upconvert and downconvert circuitry may be included, at least partially, in the

transceivers 134, in some embodiments.

[0018]  The network interface 122 is implemented using one or more integrate circuits
(ICs) configured to operate as discussed below. For example, the MAC processor 126
may be implemented, at least partially, on a first IC, and the PHY processor 130 may be
implemented, at least partially, on a second IC. As another example, at least a portion of
the MAC processor 126 and at least a portion of the PHY processor 130 may be
implemented on a single IC. For instance, the network interface 122 may be implemented
using a system on a chip (SoC), where the SoC includes at least a portion of the MAC
processor 126 and at least a portion of the PHY processor 130.

[0019] In various embodiments, the MAC processor 126 and/or the PHY processor
130 of the AP 114 are configured to generate data units, and process received data units,
that conform to a WLAN communication protocol such as a communication protocol
conforming to the IEEE 802.11 Standard or another suitable wireless communication
protocol. For example, the MAC processor 126 may be configured to implement MAC
layer functions, including MAC layer functions of the WLAN communication protocol,
and the PHY processor 130 may be configured to implement PHY functions, including
PHY functions of the WLAN communication protocol. For instance, the MAC processor
126 may be configured to generate MAC layer data units such as MAC service data units
(MSDUs), MAC protocol data units (MPDUs), etc., and provide the MAC layer data
units to the PHY processor 130. The PHY processor 130 may be configured to receive
MAC layer data units from the MAC processor 126 and encapsulate the MAC layer data
units to generate PHY data units such as PHY protocol data units (PPDUs) for
transmission via the antennas 138. The PHY processor 130 may be configured to cause
the AP 114 to transmit a signal by providing a baseband signal that includes a PPDU to
the circuitry configured to upconvert baseband signals to RF signals. The circuitry
configured to upconvert baseband signals to RF signals responsively provides the RF

signal that includes the PPDU to the antennas 138.
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[0020]  Similarly, the PHY processor 130 may be configured to receive PHY data units
that were received via the antennas 138, and extract MAC layer data units encapsulated
within the PHY data units. For example, the circuitry configured to downconvert RF
signals to baseband signals may output a baseband signal that includes a received PPDU,
and the PHY processor 130 may extract one or more MAC layer data units encapsulated
in the PPDU. The PHY processor 130 may provide the extracted MAC layer data units
to the MAC processor 126, which processes the MAC layer data units.

[0021] The WLAN 110 includes a plurality of client stations 154. Although three
client stations 154 are illustrated in Fig. 1, the WLAN 110 includes other suitable
numbers (e.g., 1, 2, 4, 5, 6, etc.) of client stations 154 in various embodiments. The client
station 154-1 includes a host processor 158 coupled to a network interface device 162.
The network interface 162 includes a MAC processor 166 and a PHY processor 170. The
PHY processor 170 includes a plurality of transceivers 174, and the transceivers 174 are
coupled to a plurality of antennas 178. Although three transceivers 174 and three
antennas 178 are illustrated in Fig. 1, the client station 154-1 includes other suitable
numbers (e.g., 1, 2, 4, 5, etc.) of transceivers 174 and antennas 178 in other embodiments.
In some embodiments, the client station 154-1 includes a higher number of antennas 178
than transceivers 174, and antenna switching techniques are utilized. The PHY processor
170 includes circuitry, coupled to the antennas 178, that is configured to upconvert
baseband signals to RF signals for transmission via the antennas 178. The PHY
processor 170 also includes circuitry, coupled to the antennas 178, that 1s configured to
downconvert RF signals received via the antennas 178 to baseband signals. Such
upconvert and downconvert circuitry may be included, at least partially, in the

transceivers 174, in some embodiments.

[0022]  The network interface 162 is implemented using one or more ICs configured to
operate as discussed below. For example, the MAC processor 166 may be implemented
on at least a first IC, and the PHY processor 170 may be implemented on at least a

second IC. As another example, at least a portion of the MAC processor 166 and at least
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a portion of the PHY processor 170 may be implemented on a single IC. For instance, the
network interface 162 may be implemented using an SoC, where the SoC includes at
least a portion of the MAC processor 166 and at least a portion of the PHY processor
170.

[0023] In various embodiments, the MAC processor 166 and the PHY processor 170
of the client station 154-1 are configured to generate data units, and process received data
units, that conform to the WLAN communication protocol or another suitable
communication protocol. For example, the MAC processor 166 may be configured to
implement MAC layer functions, including MAC layer functions of the WLAN
communication protocol, and the PHY processor 170 may be configured to implement
PHY functions, including PHY functions of the WLAN communication protocol. The
MAC processor 166 may be configured to generate MAC layer data units such as
MSDUs, MPDUs, etc., and provide the MAC layer data units to the PHY processor 170.
The PHY processor 170 may be configured to receive MAC layer data units from the
MAC processor 166 and encapsulate the MAC layer data units to generate PHY data
units such as PPDUs for transmission via the antennas 178. The PHY processor 170 may
be configured to cause the client station 154-1 to transmit a signal by providing a
baseband signal that includes a PPDU to the circuitry configured to upconvert baseband
signals to RF signals. The circuitry configured to upconvert baseband signals to RF

signals responsively provides the RF signal that includes the PPDU to the antennas 178.

[0024]  Similarly, the PHY processor 170 may be configured to receive PHY data units
that were received via the antennas 178, and extract MAC layer data units encapsulated
within the PHY data units. For example, the circuitry configured to downconvert RF
signals to baseband signals may output a baseband signal that includes a received PPDU,
and the PHY processor 170 may extract one or more MAC layer data units encapsulated
in the PPDU. The PHY processor 170 may provide the extracted MAC layer data units
to the MAC processor 166, which processes the MAC layer data units.
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[0025] In an embodiment, each of the client stations 154-2 and 154-3 has a structure
that 1s the same as or similar to the client station 154-1. Each of the client stations 154-2
and 154-3 has the same or a different number of transceivers and antennas. For example,
the client station 154-2 and/or the client station 154-3 each have only two transceivers

and two antennas (not shown), according to an embodiment.

[0026] Fig. 2 is a timing diagram of an example communication frame sequence 200
mvolving an association process 204 between a bandwidth-limited client station and an
AP, according to an embodiment. As will be described in more detail below, the client

station reports bandwidth capabilities multiple times during the sequence 200.

[0027] The AP and the client station are configured to operate according to a
communication protocol that permits use of channels having bandwidths greater than the
maximum channel bandwidth of the client station, and the AP is capable of using one or
more channel bandwidths greater than the maximum channel bandwidth of the client
station. According to one illustrative embodiment, the communication protocol permits
use of a channel having a bandwidth of 40 MHz, 80 MHz, 160 MHz, etc., whereas the
maximum channel bandwidth of the client station is 20 MHz. In other embodiments, the
maximum channel bandwidth of the client station is a suitable bandwidth other than 20
MHz (e.g., 1| MHz, 5 MHz, 10 MHz, etc.), and the communication protocol permits use
of suitable bandwidths other than 40 MHz, 80 MHz, 160 MHz, etc.

[0028]  The client station transmits a probe request frame 208 to the AP, where the
probe request frame includes a field that indicates the client station is capable of using a
channel bandwidth that 1s greater than the maximum channel bandwidth of the client
station. In an embodiment, the probe request frame 208 includes a field that indicates the
client station is capable of using a channel bandwidth of 40 MHz, whereas the maximum
channel bandwidth of the client station is 20 MHz. In another embodiment, the probe
request frame 208 includes a field that indicates the client station is capable of using a

channel bandwidth of 80 MHz, whereas the maximum channel bandwidth of the client
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station 18 20 MHz. In other embodiments, the maximum channel bandwidth of the client
station 1s a suitable bandwidth other than 20 MHz (e.g., 1 MHz, 5 MHz, 10 MHz, etc.)
and the probe request frame 208 includes a field that indicates the client station is capable

of using a channel bandwidth other than 40 MHz or 80 MHz.

[0029] The AP generates a probe response frame 212 and, in response to the probe
request frame 208, transmits the probe response frame 212 to the client station.
Subsequently, the client station generates and transmits an association request frame 216.
The AP generates an association response frame 220 and, in response to the association
request frame 216, transmits the association response frame 220 to the client station. The
association response frame 220 includes information that indicates to the client station
that the client station has become associated with the AP. Upon receiving the association
response frame 220, the client station is associated with the AP and the association
process 204 ends. During the association process 204, the client station and the AP may
exchange other communication frames (not shown in Fig. 2) prior to the association
request frame 216 and the association response frame 220, such as communication

frames corresponding to authentication.

[0030] The client station generates an action frame 224, and after the association
process 204 is ended, the client station transmits the action frame 224 to the AP. In an
embodiment, the action frame 224 includes a field that indicates the client station can
utilize at most the maximum bandwidth of the client station. In an embodiment, the probe
request frame 208 includes a field that indicates the client station is capable of using a
channel bandwidth of 40 MHz, whereas the field of the action frame 224 indicates that
the client station can use a maximum channel bandwidth of 20 MHz. In another
embodiment, the probe request frame 208 includes a field that indicates the client station
1s capable of using a channel bandwidth of 80 MHz, whereas the field of the action frame

224 indicates that the client station can use a maximum channel bandwidth of 20 MHz.

10
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[0031] In an embodiment, the client station transmits the action frame 224 in response
to the client station determining that the client station has become associated with the AP
and/or that the association process 204 has ended. In an embodiment, the client station
transmits the action frame 224 in response to receiving the association response frame
220. For example, in response to 1) determining that the client station has become
associated with the AP and/or 1) receiving the association response 220, the client station
may transmit the action frame 224 at a next available opportunity, e.g., when the client

station determines that a wireless medium utilized by the WLAN is idle.

[0032] The communication frames illustrated in Fig. 2 are transmitted within PHY
data units according to an embodiment. For instance, Fig. 3 is a diagram of a PHY data
unit 300 (e.g., a PPDU) that includes the probe request frame 208 of Fig. 2, according to
an embodiment. The PHY data unit 300 includes a PHY preamble 304 and a PHY
payload 308. In an embodiment, the PHY preamble 304 includes one or more training
fields for one or more of signal detection, synchronization, automatic gain control (AGC)
adjustment, channel estimation, etc. In an embodiment, the PHY preamble 304 includes
one or more PHY header fields that include PHY information regarding the PHY payload
308, such as a modulation utilized for the PHY payload 308, a length of the PHY data
unit 300, etc.

[0033] The PHY payload 308 includes a probe request frame 312, in an embodiment.
Referring to Fig. 1, in an embodiment, the MAC processor 166 generates the probe
request frame 312 and provides the probe request frame 312 to the PHY processor 170.
The PHY processor 170 then generates the PHY data unit 300 to encapsulate the probe
request frame 312, including generating the PHY preamble 304.

[0034] The probe request frame 312 includes a MAC header 316 and a MAC payload
320. The MAC header 316 includes MAC layer information such as a destination
address, duration information regarding the probe request frame 312, etc. The MAC

payload 320 includes an information element 332, which in turn includes a field 340 that

11
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indicates a maximum bandwidth that the client station is capable of using. In an
embodiment, the MAC processor 166 generates the field 340 to indicate that the client
station is capable of using a bandwidth that is greater than the maximum bandwidth that

the client station 1s actually capable of using.

[0035] In an embodiment, the element 332 is an HT capabilities information element
as defined by the IEEE 802.11 Standard, and the field 340 is a Supported Channel Width
Set field as also defined by the IEEE 802.11 Standard. In this embodiment, the MAC
processor 166 generates the Supported Channel Width Set field 340 to indicate that the
client station is capable of using a 40 MHz-wide channel, whereas the client station is

actually capable of using at most a 20 MHz-wide channel.

[0036] In an embodiment, the MAC payload 320 optionally also includes an
information element 352, which in turn includes a field 360 that indicates a maximum
bandwidth that the client station is capable of using. In an embodiment, the MAC
processor 166 generates the field 360 to indicate that the client station is capable of using
a bandwidth that 1s greater than the maximum bandwidth that the client station is actually

capable of using.

[0037] In an embodiment, the element 352 is a VHT capabilities information element
as defined by the IEEE 802.11 Standard, and the field 360 is a Supported Channel Width
Set field as also defined by the IEEE 802.11 Standard. In this embodiment, the MAC
processor 166 generates the Supported Channel Width Set field 360 to indicate that the
client station is capable of using an 80 MHz-wide channel, whereas the client station is

actually capable of using at most a 20 MHz-wide channel.

[0038] Fig. 4 is a diagram of a PHY data unit 400 (e.g., a PPDU) that includes the
action frame 224 of Fig. 2, according to an embodiment. The PHY data unit 400 includes
a PHY preamble 404 and a PHY payload 408. In an embodiment, the PHY preamble 404
includes one or more training fields for one or more of signal detection, synchronization,

AGC adjustment, channel estimation, etc. In an embodiment, the PHY preamble 404

12
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includes one or more PHY header fields that include PHY information regarding the
PHY payload 408, such as a modulation utilized for the PHY payload 408, a length of the
PHY data unit 400, etc.

[0039] The PHY payload 408 includes an action frame 412, in an embodiment.
Referring to Fig. 1, in an embodiment, the MAC processor 166 generates the action
frame 412 and provides the action frame 412 to the PHY processor 170. The PHY
processor 170 then generates the PHY data unit 400 to encapsulate the action frame 412,

including generating the PHY preamble 404.

[0040] The action frame 412 includes a MAC header 416 and a MAC payload 420.
The MAC header 416 includes MAC layer information such as a destination address,
duration information regarding the action frame 412, etc. The MAC payload 420 includes
an information element 432, which in turn includes a field 440 that indicates a maximum
bandwidth that the client station can use. In an embodiment, the MAC processor 166
generates the field 440 to indicate that the client station can use a bandwidth no greater

than the maximum bandwidth of the client station.

[0041] In an embodiment, the action frame 412 is a Notify Channel Width frame as
defined by the IEEE 802.11 Standard, the element 432 1s a Notify Channel Width action
field as defined by the IEEE 802.11 Standard, and the field 440 is a Channel Width field
as also defined by the IEEE 802.11 Standard. In this embodiment, the MAC processor
166 generates the Channel Width field 440 to indicate that the client station is capable of

receiving using at most a 20 MHz-wide channel.

[0042] In another embodiment, the action frame 412 1s an Operating Mode
Notification frame as defined by the IEEE 802.11 Standard, the element 432 is an
Operating Mode Notification element as defined by the IEEE 802.11 Standard, and the
field 440 is a Channel Width field within an Operating Mode field of the Operating Mode
Notification element as also defined by the IEEE 802.11 Standard. In this embodiment,

13
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the MAC processor 166 generates the Channel Width field 440 to indicate that the client

station is capable of receiving using at most a 20 MHz-wide channel.

[0043] In other embodiments, the frame 412 is another suitable communication frame
that permits the client station to report that the client station is capable of receiving using
at most a 20 MHz-wide channel. For example, the frame 412 may be an association
request frame that includes an Operating Mode Notification element as defined by the
IEEE 802.11 Standard, and the field 440 is a Channel Width field within an Operating
Mode field of the Operating Mode Notification element as also defined by the IEEE
802.11 Standard. In this embodiment, the MAC processor 166 generates the Channel
Width field 440 to indicate that the client station is capable of receiving using at most a
20 MHz-wide channel. As another example, the frame 412 may be a reassociation
request frame that includes an Operating Mode Notification element as defined by the
IEEE 802.11 Standard, and the field 440 is a Channel Width field within an Operating
Mode field of the Operating Mode Notification element as also defined by the IEEE
802.11 Standard. In this embodiment, the MAC processor 166 generates the Channel
Width field 440 to indicate that the client station is capable of receiving using at most a

20 MHz-wide channel.

[0044] Fig. 5 is a flow diagram of an example method 500 for a bandwidth-limited
client station to report bandwidth capabilities to an AP of a WLAN, according to an
embodiment. In some embodiments, the network interface device 162 of Fig. 1 1s
configured to implement the method 500. The method 500 1s described, however, in the
context of the network interface device 162 merely for explanatory purposes and, in other

embodiments, the method 500 is implemented by another suitable device.

[0045] At block 504, the network interface device 162 generates a PHY data unit (e.g.,
a PPDU) that includes information reporting that the client station 154-1 is capable of

using a channel bandwidth that is greater than a maximum channel bandwidth of the

14
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client station 154-1. At block 508, the client station 154-1 transmits the PHY data unit

generated at block 504 to an AP during an association process with the AP.

[0046] In an embodiment, the PHY data unit generated at block 504 includes a probe
request frame as discussed above with respect to Fig. 2. In an embodiment, the PHY data
unit generated at block 504 1s the PHY data unit 300 of Fig. 3. In other embodiments, the
PHY data unit generated at block 504 is another suitable PHY data unit that includes
information reporting that the client station 154-1 is capable of using a channel
bandwidth that is greater than the maximum channel bandwidth of the client station 154-

1.

[0047] At block 512, the network interface device 162 generates a PHY data unit (e.g.,
a PPDU) that includes information reporting that the client station 154-1 can use at most
the maximum channel bandwidth of the client station 154-1. At block 516, the client
station 154-1 transmits the PHY data unit generated at block 512 to the AP when the
client station has become associated with the AP. In an embodiment, the client station
154-1 transmits the PHY data unit generated at block 512 after the association process
has ended. In an embodiment, the client station 154-1 transmits the PHY data unit
generated at block 512 to the AP in response to at least one of 1) determining that the
client station 154-1 has become associated with the AP, and ii) receiving an association
response frame from the AP indicating that the client station 154-1 has become
associated with the AP. For example, in response to 1) determining that the client station
has become associated with the AP and/or i1) receiving the association response frame,
the client station 154-1 may transmit the PHY data unit generated at block 512 at a next
available opportunity, e.g., when the client station 154-1 determines that a wireless

medium utilized by the WLAN is idle.

[0048] In an embodiment, the PHY data unit generated at block 512 includes an action
frame as discussed above with respect to Fig. 2. In an embodiment, the PHY data unit

generated at block 512 is the PHY data unit 400 of Fig. 4. In other embodiments, the
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PHY data unit generated at block 512 is another suitable PHY data unit that includes
information reporting that the client station 154-1 is capable of using at most the

maximum channel bandwidth of the client station 154-1.

[0049] Fig. 6 is a timing diagram of an example communication frame sequence 600
ivolving an association process 604 between a bandwidth-limited client station and an
AP, according to another embodiment. The sequence 600 is similar to the sequence 200

of Fig. 2, and like-numbered elements are not described in detail for purposes of brevity.

[0050] During the association process 604, the client station generates and transmits
an association request frame 608. The association request frame 608 is transmitted after
the client station receives the probe response frame 212. The association request frame
608 includes information that reports to the AP that the client station is capable of
receiving using at most a 20 MHz-wide channel. For example, the association request
frame 608 includes an Operating Mode Notification element as defined by the IEEE
802.11 Standard. Referring to Fig. 4, the association request frame 608 may have a
structure similar to the action frame 412, where the element 432 is the Operating Mode
Notification element, and the field 440 is a Channel Width field within an Operating
Mode field of the Operating Mode Notification element as also defined by the IEEE
802.11 Standard. In this embodiment, the MAC processor 166 generates the Channel
Width field 440 to indicate that the client station is capable of receiving using at most a

20 MHz-wide channel.

[0051] The AP generates an association response frame 220 and, in response to the
association request frame 608, transmits the association response frame 220 to the client
station. The association response frame 220 includes information that indicates to the
client station that the client station has become associated with the AP. Upon receiving
the association response frame 220, the client station is associated with the AP and the
association process 604 ends. During the association process 204, the client station and

the AP may exchange other communication frames (not shown in Fig. 2) prior to the
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association request frame 608 and the association response frame 220, such as

communication frames corresponding to authentication.

[0052] The communication frames illustrated in Fig. 6 are transmitted within PHY

data units according to an embodiment.

[0053] Fig. 7 is a flow diagram of an example method 700 for a bandwidth-limited
client station to report bandwidth capabilities to an AP of a WLAN, according to an
embodiment. In some embodiments, the network interface device 162 of Fig. 1 1s
configured to implement the method 700. The method 700 1s described, however, in the
context of the network interface device 162 merely for explanatory purposes and, in other

embodiments, the method 700 is implemented by another suitable device.

[0054] The flow diagram 700 is similar to the flow diagram 500 of Fig. 5, and like-

numbered elements are not described in detail for purposes of brevity.

[0055] At block 704, the network interface device 162 generates a PHY data unit (e.g.,
a PPDU) that includes information reporting that the client station 154-1 can use at most
the maximum channel bandwidth of the client station 154-1. For example, the PHY data
unit generated at block 704 may include an association request frame, as discussed above
with respect to Fig. 6, that includes information that reports to the AP that the client
station is capable of receiving using at most a 20 MHz-wide channel. For example, the
association request frame includes an Operating Mode Notification element as defined by
the IEEE 802.11 Standard, an Operating Mode field, which includes a Channel Width
field set to a value to indicate that the client station is capable of receiving using at most a

20 MHz-wide channel.

[0056] At block 708, the client station 154-1 transmits the PHY data unit generated at
block 704 to the AP during the association process and after transmitting the PHY data
unit at block 508.

[0057] At least some of the various blocks, operations, and techniques described

above may be implemented utilizing hardware, a processor executing firmware
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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 onec or more procCessors, cause the one or more processors to perform various acts.

[0058] 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.

[0059] While the present invention has been described with reference to specific
examples, which are intended to be illustrative only and not to be limiting of the
invention, changes, additions and/or deletions may be made to the disclosed

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

1. A method, comprising:

generating, at a first communication device, a first physical layer (PHY) data unit
that includes information indicating a capability to use a channel bandwidth greater than
a maximum channel bandwidth of the first communication device;

causing the first communication device to transmit the first PHY data unit to a
second communication device during an association process with the second
communication device;

generating, at the first communication device, a second PHY data unit that
includes information indicating a capability to use at most the maximum channel
bandwidth of the first communication device; and

causing the first communication device to transmit the second PHY data unit to
the second communication device when the first communication device is associated with

the second communication device.

2. The method of claim 1, wherein causing the first communication device to
transmit the second PHY data unit to the second communication device includes:

causing the first communication device to transmit the second PHY data unit to
the second communication device in response to determining that the association process

with the second communication device has ended.

3. The method of claim 1, wherein causing the first communication device to
transmit the second PHY data unit to the second communication device includes:

causing the first communication device to transmit the second PHY data unit to
the second communication device in response to at least one of 1) determining that the
first communication device has become associated with the second communication

device and 11) receiving, at the first communication device, an association response frame
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indicating that the first communication device has become associated with the second

communication device.

4. The method of claim 1, wherein the first PHY data unit includes a probe
request frame, the probe request frame including the information indicating the capability
to use a channel bandwidth greater than a maximum channel bandwidth of the first

communication device.

5. The method of claim 4, wherein the information indicating the capability to
use a channel bandwidth greater than a maximum channel bandwidth of the first

communication device is included in an information element of the probe request frame.

6. The method of claim 1, wherein:

the maximum channel bandwidth of the first communication device is 20 MHz;
and

the first PHY data unit includes information that indicates a capability to use a

channel bandwidth greater than 20 MHz.

7. The method of claim 6, wherein the first PHY data unit includes
information that indicates capability to use a channel bandwidth of (1) 40 MHz or (i1) 80
MHz.

8. The method of claim 1, wherein the second PHY data unit includes an

action frame, the action frame including the information indicating the capability to use at

most the maximum channel bandwidth of the first communication device.
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0. The method of claim 8§, wherein the information indicating the capability to
use at most the maximum channel bandwidth of the first communication device is

included in an information element of the action frame.

10.  The method of claim 8, wherein:

causing the first communication device to transmit the first PHY data unit includes
providing, at the first communication device, a baseband signal that includes the first
PHY data unit to circuitry configured to upconvert the baseband signal to a radio
frequency for transmission; and

causing the first communication device to transmit the second PHY data unit
includes providing, at the first communication device, a baseband signal that includes the
second PHY data unit to the circuitry configured to upconvert the baseband signal to a

radio frequency for transmission.

11.  An apparatus, comprising:
a network interface device associated with a first communication device, the
network interface device including one or more integrated circuits (ICs);
wherein the network interface device includes a physical layer (PHY) processor
implemented using the one or more ICs, wherein the one or more ICs are configured to:
generate a PHY data unit that includes information indicating a capability
to use a channel bandwidth greater than a maximum channel bandwidth of the first
communication device,
cause the first communication device to transmit the first PHY data unit to
a second communication device during an association process with the second
communication device,
generate a second PHY data unit that indicates capability to use at most the

maximum channel bandwidth of the first communication device, and
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cause the first communication to transmit the second PHY data unit to the
second communication device when the first communication device is associated with the

second communication device.

12.  The apparatus of claim 11, wherein the one or more ICs are configured to:
cause the first communication device to transmit the second PHY data unit to the
second communication device in response to determining that the association process

with the second communication device has ended.

13.  The apparatus of claim 11, wherein the one or more ICs are further
configured to:

cause the first communication device to transmit the second PHY data unit to the
second communication device in response to at least one of 1) determining that the first
communication device has become associated with the second communication device and
11) recelving an association response frame from the second communication device
indicating that the first communication device has become associated with the second

communication device.

14.  The apparatus of claim 11, wherein the one or more ICs are configured to
generate the first PHY data unit to include a probe request frame, the probe request frame
including the information indicating the capability to use a channel bandwidth greater

than a maximum channel bandwidth of the first communication device.

15.  The apparatus of claim 14, wherein the network interface device includes a
media access control layer (MAC) processor implemented using the one or more ICs,
wherein the MAC processor is configured to generate an information element of the

probe request frame that includes the information indicating the capability to use a
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channel bandwidth greater than a maximum channel bandwidth of the first

communication device.

16.  The apparatus of claim 11, wherein:

the maximum channel bandwidth of the first communication device is 20 MHz;
and

the one or more ICs are configured to generate the first PHY data unit to include

information that indicates a capability to use a channel bandwidth greater than 20 MHz.

17.  The apparatus of claim 16, wherein the one or more ICs are configured to
generate the first PHY data unit to include information indicating a capability to use a

channel bandwidth of (i) 40 MHz or (11) 80 MHz.

18.  The apparatus of claim 11, wherein the one or more ICs are configured to
generate the second PHY data unit to include an action frame, the action frame including
the information indicating the capability to use at most the maximum channel bandwidth

of the first communication device.

19.  The apparatus of claim 18, wherein the one or more ICs are configured to
generate an information element of the action frame that includes the information
indicating the capability to use at most the maximum channel bandwidth of the first

communication device.

20.  The apparatus of claim 18, wherein:
the PHY processor includes circuitry configured to upconvert baseband signals to
radio frequency signals for transmission; and

the PHY processor is configured to:
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cause the first communication device to transmit the first PHY data unit at
least by providing a baseband signal that includes the first PHY data unit to the circuitry
configured to upconvert baseband signals to radio frequency signals, and

cause the first communication device to transmit the second PHY data unit
at least by providing a baseband signal that includes the second PHY data unit to the

circuitry configured to upconvert baseband signals to radio frequency signals.

21. A method, comprising:

generating, at a first communication device, a first physical layer (PHY) data unit
that includes information indicating a capability to use a channel bandwidth greater than
a maximum channel bandwidth of the first communication device;

causing the first communication device to transmit the first PHY data unit to a
second communication device during an association process with the second
communication device;

generating, at the first communication device, a second PHY data unit that
includes information indicating a capability to use at most the maximum channel
bandwidth of the first communication device; and

causing the first communication device to transmit the second PHY data unit to
the second communication device 1) during the association process and i1) after the first

communication device transmits the first PHY data unit.

22.  The method of claim 21, wherein:

the first PHY data unit includes information that indicates capability to use a
channel bandwidth of (1) 40 MHz or (i1) 80 MHz; and

the second PHY data unit includes information that indicates capability to receive

via a channel having at most a channel bandwidth of 20 MHz.

23.  The method of claim 21, wherein:
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the second PHY data unit includes an association request frame that includes the
information indicating the capability to use at most the maximum channel bandwidth of

the first communication device.

24.  An apparatus, comprising:
a network interface device associated with a first communication device, the
network interface device including one or more integrated circuits (ICs);
wherein the network interface device includes a physical layer (PHY) processor
implemented using the one or more ICs, wherein the one or more ICs are configured to:
generate a first PHY data unit that includes information indicating a
capability to use a channel bandwidth greater than a maximum channel bandwidth of the
first communication device;
cause the first communication device to transmit the first PHY data unit to
a second communication device during an association process with the second
communication device;
generate a second PHY data unit that includes information indicating a
capability to use at most the maximum channel bandwidth of the first communication
device; and
cause the first communication device to transmit the second PHY data unit
to the second communication device 1) during the association process and i1) after the first

communication device transmits the first PHY data unit.

25.  The apparatus of claim 24, wherein the one or more ICs are configured to:

generate the first PHY data unit to include information that indicates capability to
use a channel bandwidth of (1) 40 MHz or (11) 80 MHz; and

generate the second PHY data unit to include information that indicates capability

to receive via a channel having at most a channel bandwidth of 20 MHz.
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26.  The apparatus of claim 24, wherein the one or more ICs are configured to:
generate the second PHY data unit to include an association request frame that
includes the information indicating the capability to use at most the maximum channel

bandwidth of the first communication device.
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