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ACCESS POINT (AP, BSTATION (STA) AND METHODS FOR SIGNALING
OF BASIC SERVICE SET (BS8) COLORS

()]

PRIORITY CLAM

THCHY Thig application claims the benefit of priority o United States
Provisional Patent Application Serial No. 62/412,914, filed October 26, 2016,

1 which is incorporated herein by reference in #is entivety.

TECHNICAL FIELD

{00021 Embodimenis periain to wireless comomunications. Some
15 embodiments relate 1o wireless focal area networks (WLANS)Y and Wi-Fi

neiworks including networks operating in accordance with the 1TEEE 802,11

famuly of standards, including but not lvated 1o IEEE ROZ L iax. Sone

embodiments relafe 1o basic service set (B85) colors, including signaling of BES

colors,
20
BACKGROUND
{8003 Wireless comnumications have been evoelving toward ever

25  moreasing data rates (2., from [EEE 802 11a/g to IEEE 402 1 into IEEE
802 1lac and [EEE 802 11ad) In high-density deployment stiuations, overall
svatem efficiency may becore more foportant than higher data rates. For
example, i high-density hotspot and cellular offloading scenanos, roany devices
competing for the wireless medium mav have fow (o moderate data rate

30 regquirements {with respect to the very high data rales of IEEE 802 11ac). A
recentiv-formed study group for Wi-Fi evolution referred 1o as the IREE 802,11
High Efficiency WLAN (HEW) study group (83G) (2., IEEE 802 1lax} s

addressing these high-denstly deplovment scenarios. In addition, IEEE
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802 1lad, IEEE 802, H1ay and/or other technologias may be used in these and

other scenarios, i some Casss.

BRIEF BESCRIPTION OF THE DRAWINGS

0041 FiG. 1 llustrates a wiveless network i accordance with some
embodiments;

LSS FHG 2 ifhustraies an example machine in accordance with some
embodiments;

{8006} FIG 3 ilhustrates a station (S8TA)Y in accordance with sone
embodiments and an access poinnt (AP} in accordance with some embodiments;
{8007} FIG. 4 is a block diagram of a radio architecture in accordance
with some embodimends;

THCERY Fiz 5 ilastrates a front-end module civemtry for use in the radic
archutecture of FIG. 4 i accordance with some embodiments,

{B0091 FIG 6 illustrates a radio 0 cironityy for use inthe radio
architecture of FIfx 4 in accordance with some embodiments;

(8010} FIG. 7 dlustrates a baseband procassing circuitry for use in the
radio architecture of FIG. 4 in accordance with some embodiments,

janii] FIG. 8 illustrates the operation of a method of comnumication in

accordance with some embodiments;

B8 2] FiG. 9 ilhastrales an example scenario in accordancs with some
embodiments;
{9013} FIG 10 llustrates an example color switch announcement (TS A}

element in accordance with some embodiments; and
{9914} FIG. 1 illustrates the operation of another method of

compmmncation in accordance with some embodirnents,
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DETAILED BESCRIPTION

HHIEY The following description and the drawings sutficierdly dlustrate

spectfic embodiments to enable those skifled m the art to practice them. {her

()]

embodiments may incorporate structural, logical, electrical, process, and other

changes. Portions and features of some embodiments may be mcluded m, or

substituted for, those of other embodiments. Embodunents get forth in the olaims

encompass aff avatiable equivalents of those claims.

Y FIG. 1 iBustrates g wiveless network i accordance with some

1 embodiments. In some embodiments, the network 100 may be a High Efficiency
{HE) Wireless Local Area Network (WLAN) network. In some embodiments,
ihe network 100 may be a WLAN or a Wi-Fi network. These embodiments ars
not Bimiting, however, a8 some ershodiments of the network 100 may include a
corabination of such networks. That 13, the network 100 may support MU

15 operation {for example HE} devices in some cases, non MU operation davices in

some cases, and a combination of MU operation devices and non MU operation

devices m some cases. Accardingly, it s understood that although techmques

described herein may refer to eithar a non MU operation device or to an MU

operaiion device, such technigues may be apphlicable {0 both non MU operation

o

devices and MU operation devices in some cases,

10017 Referving to FIG. 1, the nebtwork 100 may include any or all of the

componenis shown, and embodiments ara not hoited o the number of each

componeni shown m FIG. 1. In some embodiments, the network 106 may

mclude an access point (AP} 102 and moay include any nomber (ncluding 7er0)

25 ofstations {8TAg) 103 and/or HE devices 104, In some embodiments, the AP
102 may be a master STA, mav operate as a master STA and/or mayv be
configured 1o operale a8 3 master ST4, although the scope of emboduments s
not hivited i thus respect. In some embodiments, the AP 102 may recaive
and/or detect signals from one or more 8TAs 103, and may transmit signals o

30 oneor more STAs 103, These embodiments will be described in move detail

below,

D018} The AP 102 may be arranged (o conununicate with one or nmore

of the components shown in FIG 1 in accordance with one or more HHEE 302 11
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standards (ncluding 802 11ax and/or others), other standards and/or other
compmmication protocots. 1 should be noted that ermbodiments are not hited
to usage of an AP 102, References herein 1o the AP 102 gre not Himtting and
references herein 1o a master station are alsc not Hmiting. In some embodiments,
a 8TA 103, an MU operation device {device capable of MU operation), an HE
device 104 and/or other device may be configurable {0 operate as g master
station.  Accordingly, w such embodiments, operations that roay be performed
by the AP 102 as described herein may be performed by the §TA 103, an MU
operation devige, an HE device 104 and/or other device that is configirable to
operate as the master station.

18019 In some embodiments, onie or more of the STAs 143 mav be
tegacy stations {(for instance, a non MU operation device and/or device not
capable of MU operation). These embodirnents are not limiling, however, as the
ST As 103 may be configured to aperate as MU operation devices or operaie as
HE devices 104 or may support MU operation or mav support HE operation, in
some embodiments. The AP 102 may be arranged o coromunicate with the
8TAs 103 and/or the HE stations and/or the MU operation stations in sccordance
with one or more of the IEEE #0211 standards, meluding 302 11ax and/or
others. In accordance with some HE operation embodiments and/or MU
operation embodiments, an access potnt (AP} may operate a9 a master station
and may be arranged 1o contend for a wireless medium {e.g.. during g contention
pertod) to receive exclusive contrad of the medium for an 80Z. 11 air access
control period (Lo, a transmussion opportunity {TXOR. The AP 102 may, for
example, transnal a master-syne or control fransnussion at the beginning of the
80211 air access control period (ncluding bu not linwted 1o an HE corvdrol
pertod) to wndicate, among other things, which MU operation siations and/or HE
stations 104 are scheduled for commnmcation during the 802 T air access
cortrol pertod. During the 80211 air access contrad pentod, the scheduled MU
operation stations 104 may cormnmumucate with the AP 102 in accordance with a
non-contention based multiple air access techmgue. This s unlike conventional
Wi-Fi corpmurucations mn whach devices convnunicate n accordance with a
cortention-based commumication technigue, rather than 3 non-contention basad

mudtiple access technique. Druring the 802 11 arr access control period, the AP
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102 may comprnuucate with HE siations 194 using one or more MU PPDUs,
Drarng the 802 1 air access control period, STAs 103 vot operating as MU
operation devices mav refrain from commumeating in some cases. In some
embodiments, the master-syne fransnussion may be referred 1o as a condrol and

schedule fransmussion.

()]

{80261 In some embodiments, the ymubtiple-air access fechmigue use
during the 802,11 air access control period may be a scheduled orthogonal
frequency-division multiple access (OFDMA) technigue, although this is not a
requirement. In some embodiments, the moltiple access technique may be g

10 fme~-division multiple access (TDIMAY technigue or a frequency~division
muftiple access (FDMA) technigque In some embodiments. the nwlupie access
fechnigue may be g space-division muttiple access (SEMA) technigue including
g mait-user (MUY multiple-input mudtiple-ocutput (MIMO) (MU-MIMO}
iechnigue or combinanon of the above. These multiple-access technigues used

15 dunng the 802 11 air access control period may be configured for uplink or
downlink data communications,
{B023 The AP 102 may also communicate with $TAs 103 and/or other
tegacy stations in accordance with legacy IEEE 02,11 communication

technigques. In some embodimenis, the AP 102 may also be configiwable to

o

corpmuricate with the M1 operation stations and/or HE stations 104 outside the

802, 11 atr access control pertod i accordance with legacy TEEE 802 1

cornmrucation techiiques. although this is not a requiremsnt.

8221 In some embodiments, conwmmications {imcluding bt not limited

to the MU conwnunications) during the control penod moav be configurable to

25 wuseoneaof IMHz 2 MHz 2.5 MHz 4 MHz SMHz 8 MHz, 10 MHz 16 MHze,
Z0MEH 2z, 40MHZ, or 8GMHMH 2 contigucus bandwidths or an 80+80MHz (160MEH 7}
non~contiguous bandwidth, In sorse embodiments, a 320MHz channel width
may be used. In some embodiments, sub-channel bandwidths less than 20MH2
may also be usad. In these embodiments, gach channe! or sub-chamnel of a

3¢ commumications {including but not Hmited 1o the MU communications) may be

configured for transwtling a nomber of spatial strearos,

{B023] In some embodiments, MU techniques may be used, although the

scope of embodiments s not limited m this respect. As an exampls, techniques
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mchuded m 802 11 ax standards and/or other siandards may be used. In
accordance with some embodiments, an AP 1062, an 8TA 103, MU operation
STAs and/or HE stations 104 may generale an MU packet in accordance with a
short preamble format or a fong preamble format. The MU packet may comypise
g legacy signal field (L-81G} foliowed by one or more MU signal fields (HE-
SEGy and an MU ong-tramning Held (MU -LTF). For the short preamble format,
ihe ficlds may be configured for shorter-delay spread channels. For the long
preambie format, the fields may be configured for longer-delay spread channels.
These erabodiments are described i more detad below, Tt should be noted that
the terms “HEW” aod “"HE” may be used interchangeably and both terms yoay
refer to high-efficiency Wireless Local Area MNetwork operation and/or high-
efficiency Wi-Fi operation.

10024} It should adso be noted that the AP 102 wmav operate as an STA
103, 1w some embodimends. Some techoigues, operations and/or methods may
be described herein in terms of commumnication between two 8TAs 103, but such
deseriptions are not lmiting. Sowme or alf of those techniques, operations and/or
methods may be apphicable o scenarios wy which an 8TA 103 and an AP 102
comumunicaie. in addition, some fechniques, operations and/or methods may be
described herein in terms of communication between an 8TA 103 and an AP
102, but such descriplions are not Hvating Some or all of those techniques,
operations and/or roethods may be apphicable o scenanos m which two or mare
ST As 103 commmmicate.

{25 In some embodiments, the 5TAs 103, AP 102, other mobile
devices, other base stations and/or other devices may be contigured to perform
operations refated to contention based commumication. As an example. the
commonication between the STAs 103 and/or AR 102 and/or the comummication
between the STAs 103 may be perfonmed i accordance with contention based
iechnigues. Insuch cases, the STAs 103 and/or AP 102 may be arranged {o
cordend for a wireless medinm (2.2, during a conention periad) o receive
exclustve control of the medium for a transmission period. For instance, the
transmussion period may inchude a transnussion apportunity (TXOPY, which may

be mcluded in an 80211 standard and/or other standard.
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{8026} It should be noted that embodiments are not limtied o usage of
contention based fechmaues, however, a3 sorme commnuonication {such as that
between mobile devices and/or cornmurication bebween a molile device and g

base station} may be performed i accordance with schedule based fechmiques.

()]

Some embodiments may include a combination of confention based technigues
and schedule based techniques,
{8027} In some embodiments, the commumcation between mobile
devices and/or between a mobile device and a base siation may be performad in
accordance with single carnier techmques. As an exarople, a protocol data umit
19 (PR and/or other frame{s) may be modulated on a siogle cardier frequency o
accordance with a single carrier modulation (SCM) techiuque.
{8828} in some embodiments, the commumication between mobile
devices and/or between a mobile device and a base station maay be performed in
accordance with any suitable moultiple-access techmgues and/or muliipleing
15 techmuques. Accordinglv, one or more of orthogonal frequency division multiple
access {OFDIMA)Y, orthogonal freguency division roulfiplexing {OFDM), code-
drvision mutiiple access (CDMAY, sme-division muliiple access {TDMA),
frequency division multiplesing {FEDMA), space-division multiple access

{SEMA), mubtiple-input muliple-output (MIMO), mudti-oser (MU} multiple-

o

faput muitiple-output (MIMO)} (MUMIMG} and/or other techniques may be
eroployed 1o some embodiments.
1840291 As used herein, the term "ctrouitry” may refer to, be part of, or
mchude an Application Specific Integrated Circuit (ASICY, an elecironic circut,
a processor {shared, dedicated, or group). and/or memory {shared. dedicated, or
25 group} that execuie one or more software or firnyware programs, a combinational
fogio circutt, and/or other suniable hardware components that provide
the described funclicnalily. In some embodiments, the circuitry may be
imiplemented in, or functions associated with the cireutiry may be implemented
by, one or more software or firroware modules. in some embodiuments, circuitry
30 way include logic, at least partially operable i hardware. Embodiments
described herein may be implemented mio a svsiem using any suiiably

configured hardware and/or software,
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TRt Fiz 2 dlastrates a block diagram of an example machine in
accordance with some embodiments. The machine 200 1s an example machine
upon which any one or more of the technigues and/or roethodologies discussed

herem may be perfrrmed. In alternative embodiments, the machine 200 may

()]

operaie as a standalone device or may be connected {e g, networked} 1o other
machines. Ina networked deplovinent, the machine 200 gy operale i the
capacity of a server machine, a chont machine, or bothuin server-chont network
environments. In an exanple, the machine 200 may act as a peer machine m
peer-io-peer {P2P} {or other distributed) network environment. The machine 260
10 woay bean AP 102, STA 103, User Equipment (UE), Hvolved MNode-B (eNB),
mohiie device, base station, personal computer {PL), a tablet PC. a set-top box
{STBY. a personal digital assistant {PDAY, a mobile telephone, a smart phone, a
web apphance, a network router, switch or bridge, an internet-ofvthings (F10T)
device or any machine capable of executing mstruchons {sequential or
i85 otherwise) that specify actions to be taken by that machine. Further, while only
a single machine ¢ iHlusirated, the term “machine” shall alse be taken 1o 1ochide
any collection of machines that mdividually or jonily execute g set {or multiple
sats} of ingtructions o perform any one or more of the methodologies discussed

g, softwarg as a sarvice {828}, other compniter

o5

hergin, such as cloud computin

o

clustey configurahons.
8031} Exaroples as described berain, may include, or may operate on,
fogic or a numnber of components, modules, or mechanisms. Modules are
tangible entities (. g., hardware} capable of performing specified operations and
may be configured or arranged m a centain manner. 1n an example, circuils may
25 be arranged {e g.. indernally or with respect to external entifies such as other
circuits) in a specified manner as a module. In an example, the whole or part of
one oy more computer sysiems {e. 2., a standalone, chent or server computer
svstony a7 one of maore hardware processors may be configured by firmware or
software {e.g., insiructions, an apphication portion, or an apphication) as a module
30 that operates to perfurm specified operations. In an example, the software may
reside on a machine readable medivm. In an exgrople. the software, when
executed by the underlving hardware of the module, causes the hardware o

perform the specified operations.
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{80321 Accordingly, the term “maodule” ig undersiood to encompass a
tangible entity, be that an enlity that is physically constructed, specifically
configured {e g, hardwired}, or temporaridy {e.g., transitonilyy configured {e.g.,

programuned} to operate in a speciiied manner or 1o perform part or all of any

()]

operation described herem. Considering examples in which modules are
temporaridy configured, each of the wodules need not be instantiated at any one
moment it tme, For exarople, where the modules comprise a general-purposs
hardware processor configured using soflware, the general-purpose hardware
processor roay be configured as respective different modules at ditferent tiroes.
10 Software may accordingly configure a hardware processor, for example,

constituiz a pariicular module &t one instance of ime and 1o constitute a different

modife at a different instance of ime.

{8033} The machine {&.g., computer sysiem} 200 way mclude a hardware

processor 202 {e.g, a central processing wut {CPU), g grapbics processing wut
15 {GPU), a hardware processor core. of any combination thereof, a main memory
204 and astatic memory 206, some or all of which wmay comamurecate with each
other via an oterlink {e.g, bus) 208, The machine 200 may further include a
display device 210, an alphavumeric input device 212 {ag.. a keyhoard). and a

user interface (L) navigation device 214 (e g, a mouse). In an example, the

4 B

o

display device 210, input device 212 and Ul navigation device 2id may be a
touch soreen display. The machine 200 may additonally include mass storage
216 {such as g storage device, dnive unit and/or other), a signal generation device
218 {e.g., a speaker), a network mterface device 226, and ong or mors sensors
221, such as g global posinoning svstom {(GFS) sensor, coropass, acceloromeier,
25 or other sensor. The machine 200 may include an output condroller 228, such as
g serial {e g, universal serial bus (USE), paratiel. or other wired or wiveless {(2.g.,
infrared (1K), near field commumicaiion (NFC), efe.} connection io communicate
or control one or more peripheral devices {e.g.. a printer, card reader, i),
10034 ‘The nmass storage 216 may include a machine readable medunm
30 222 on which is stored one or more sets of data structures or instructions 224
{e g, software} embadyving or uttlized by any one or more of the techniques or
functions described heretn. The mstructions 224 mav also resude, completely or

at least partially, within the main memory 204, within static memory 206, or
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within the hardware processor 202 dunng execution thereof by the machine
200, Inan example, one or any combination of the hardware processor 202, the
main memory 204, the static memaory 206, or the mass storage 216 may

constiiute machine readable media. In somie embodiments, the machine readable

3 mediom may be or may include a non-iransitory compuier-readabls storage
medinm.
[B3&] While the machine readable oedium 222 15 iHusirated as a single

medium, the term "maching readable mediom” may include g single medium or

wuttiple media (e g, 8 centralized or distributed database, and/or associated

19 caches aond servers) configured 1o siore the one or roore instructions 224, The
term “machine readable medivm’ may include anw medium that ic capable of
storing, encoding, or carrving mstruciions for execution by the machine 200 and
that cause the roachine 200 to perform any one or more of the technigues of the
present disclosure, or that is capable of storing, encoding or carrying data

15 stractures used by or associated with such instructions. MNon-limiting machine
readable mediom examples may nclude sohid-state memones, and optical and
magnetic edia. Specific examples of machine readable media may nclude:
non-volatile mamory, such as semconductor memory devices {a.g., Elecinically

Programmable Read-Omly Memory (EPROM), Electrically Erasable

o

Programmable Read-Ouly Memory (EEPROM)) and flash memory devices;

magnetic disks, such as internal hard disks and remaovable disks: magneto-opiical

disks; Random Access Memory {RAM), and CI-ROM and DVD-ROM

dicks.  In some examples, machine readable media may include non-transitory

machine readable media. 1o sorne exaroples, roachine readable media may

25 nclude machine readable media that 15 not a iransitory propagating signal.
{9936} The instructions 224 may further be transmitted or received over
g communications network 226 wsing a fransoussion medium via the network
mterface device 220 vilizing any ove of a rursher of trarsfer protocoels (eg,
frame relav, internet protocol {IP), transnussion contred protoca! (TP, user

3¢ datagram protocol {LDPY, hyperiext transfer protocol (HTTP), gic ) Example

comymunicaiion networks may nclude a local area network (LAN), a wide area

network {WARNY, a packet data network (2.3, the Internet), mobile telephone

networks {e g, cellular networks), Plain Old Telephone (POTS) networks, and

bl
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wirgtess data networks {e.3., Institute of Elecinical and Electronics Fngineers
(IEEE) 80211 famaly of standards known as Wi-Fi®, IEEE 802,16 famuly of
standards known as WiMax®), TEEE 802 154 family of standards, a Long Term

Evohution (L TE) fanuly of standards, a Universal Mobile Telecommunications

()]

System {UMTE)Y family of standards, pear-io-peer (P2P} networks, among
others. In an example, the network wnterface device 220 roay include one or
more phvsical jacks (e.g, Ethernet, coassal, or phone jacks) or one or more
ardennas o connedt to the conmmumications network 226, In an example, the
neitwork interface device 220 ey mclude a phwality of antenuas 1o wirelessly
19 comymumicaie using at feast one of single-input nudiiple-cutput {(SIMIO),
muftiple-ingut multiple-output {(MIMO), or muitiple-input single-cutput (MIS()
techniques. In some examples, the network interface device 220 way wirelessly
corpmuricate using Multiple User MIMO techniques. The term “ransmission
medium” shall be taken to nclude any imdangible medium that is capable of
15 storing, encoding or carrying instructions for execution by the machine 200, and
mclhudes digital or analog commumications signals or other intangible redium to
facilitate conwmunicanon of such software,
{80373 FIG 3 ilhustrates a station (S8TA)Y in accordance with sone

embodiments and an access pont (AP} in accordance with some embodiments.

o

1t should be noted that i some embodiments, an 8TA or other mobile device
may nchude one or more conponens shownin any of FIG. 2, FIG 3 {as 1o 300)
or Fi(zs. 4-7. In some embodiments, the 8TA 300 mav be suitable for use as an
BTA 103 as depicted i FIG. 1, although the scope of embodiments is not Himited
i this respect. H shounld also be noted that 1o some embodiments, an AP or other
25  base station may ncluds one or more components shown in any of FEG. 2, FIG
3 {asin 350% or FIGs. 4-7. In some embodimenis, the AP 350 may be suitable
for use as an AP 102 as depicted in FIG. 1, although the scope of embodiuments
13 not bmited 1 this respect.
038} The 8TA 300 mav mclude physical laver circuitry 302 and a
3¢ wansceiver 305, one or both of which may enable transmission and reception of
signals to and from componends such as the AP 102 (F1G 1), other STAs or
other devices using one or more antennas 301 As an example, the phvsical

Fayer circuttry 302 may perform vartous encoding and decoding functions that
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may 1nclude formation of baseband signals for transmussion and decoding of
recerved signals. As another example, the transceiver 308 may perform vanous
transmussion and reception funchions such as conversion of signals between a
basehand range and a Radio Frequency {R¥) range. Accordingly, the physical
Fayer circuttry 302 and the transceiver 305 may be separate componsanis or may
be part of a combined component. o addihon, some of the described
functionality related 1o transmission and recepuon of signals may be performed
bv a combination that may inchude one, anv or alf of the physical layer circuitry
302, the transceiver 303, and other components or layers. The 8TA 300 may
also mclude medium access control (MAC) layver cirowmiry 304 for controlling
access to the wireless medium. The STA 300 may also inchude processing
cirewitry 3036 and memory 308 arranged io perforny the operations descnibed
hergin,
{039 The AP 350 may mchude phvsical laver circuitry 352 and a
transceiver 335, ong or both of which may enable transmission and reception of
signals to and from componends such as the STA 103 (FIG. 1}, other APs or
other devices using oue or more antennas 351 As an example, the physical
tayer circuttry 352 may perforrn various encoding and decoding functions that
may inchade formation of baseband signals for transmission and decoding of
received signals. As another exarople, the transcerver 333 may perform vanous
iransrission and recepiion funckons such as conversion of signals betweern g
baseband range and a Radio Frequency (RF) range. Accordingly. the physical
fayer circuniry 352 and the fransceiver 355 may be separate components of may
be part of a combined component. In addition, some of the desenbed
functionality related to fransnussion and reception of signals may he parformad
b‘y a combtnation that may include one, any or all of the physical laver circutry
, the transceiver 355, and other corpponents or lavers. The AP 330 may also
miclude medium access control (MAC) faver cireuiiny 354 for controlhing aceess
to the wireless medium. The AP 350 may also mclude processing circuitry 356
and wemory 358 arranged to perfurm the operations deacribed herain,
{EhEp443] The antenmas 301, 3531, 230 may comprise ong or more
directional or omnidirectional antennas, including, for example. dipole antennas,

monopcle antennas, paich antennas, loop antennas, microstrip antennas or other
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tvpes of antennas suitable for fransnussion of R¥ signals. In some nmltiple-input
wuttiple~ouiput (MIMO} embodiments, the antenmas 301, 351, 230 may be
stfectively separated 1o take advaniage of spatigh diversity and the differem

channel characteristics that may result.

()]

{9941} in some embodiments, the 8TA 300 may be configurad fo
cormmuricate using OFDM and/or OFDMA commuonication signals over a
multicarrier comwnunication chanpel, In some embodiments, the AP 3530 may be
cordfigured to cornmurucate using OF DM and/or OFDMA comprunication
signals over a multicarrier conwnunication chamnel, Accordingly, in some cases,
19 the STA 300 and/or AP 330 may be configured to receive signals 1o accordance
with specific conwmutication standards, such as the Institute of Electrical and
Flectronics Enginesrs (JEEE} standards inchading IEEE 802.11-2016, 3021 In-
2009, 8072, 11a¢-2013 standards, 302 1 Lax standards {and/or proposed standards),
802, Hlay standards {and/or proposed standards) and/or other, although the scope
15 ofthe embodiments is not limited 1 this respect as they mav also be sustable to
transimi and/or recetve communications n accordance with other technigues and
standards. Insome other embodiments, the AP 350 and/or the STA 300 may be
configured o receive signals that were ransmiited using one of more other

modifation technigues such as spread spectnam moeduolaiion (e g, divect

o

sequence code division multiple access (DS-CDMA} and/or frequency hopping

code division multipte access (FH-CDMA)Y, time-division multipleang {TDM}

modulation, and/or frequency-division nmltiplexing (FDBM) modulation,

although the scope of the embodiments 1S not limited in this respect.

{B04 21 in some embodiments, the STA 300 and/or AP 350 may be a

25  mobile device and may be a poriable wireless conwomnication device, such as a
personal digttal assistant (PDA), alaptop or portable computer with wireless
corpmunication capability, 2 web tablet, a wireless telephone, a sroariphone, a
wirgless headset, a pager, an nstant messaging device. a digital camera, an
access point, a felevision, a wearable device such as a medical device{eg¢. a

3¢ heart rate montior, a blood prassure monitor, et ), or other device that may

recetve and/or fransnet informanon wirelessly, ¥n some embodiments, the STA

300 and/or AP 350 may be configured o operate inn accordance with 80Z.11

standards, although the scope of the embodiments 15 not fimited 1 this respect.
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Mobile devices or other devices in some embodiments may be configured (o
operate according o other protocols oy standards, mncluding other IEEE
standards, Third Generation Partoership Project (3GPP) standards or other
standards. In some gmbodiments, the STA 300 and/or AP 350 mav mclude one
or more of a keyboard, a display, a non-volatife memory port, nudtiple antennas,
a graphics processor, an application processor, speakers, and other mobile device
elemenis. The display may be an LOD soreen mehuding a touch soreen,

[43] Although the 8TA 300 and the AP 350 are each iHusirated as
having several separate fonctional elemenis, one or more of the functional
elements may be combined and may be oplemented by combinations of
software-contigured elaments, such as processing elements including digiial
signal processors {DSPs}, and/or other hardware elemenis. For example, some
elements way CompIise one OF more uoroprocessors, BAPs, field-
progravomable gate arravs (FPGAs), apphicaiion specific miegrated circuils
{ASICs), radio-frequency integrated circutis {RFI1{s) and combinations of
various hardware and logic ciremtry for performing at least the functions
described hererm. In some embodiments, the functional elemenis mav refer o
OBE OF MIOFe Procasses Operating on one Of more processing elements.

{8044} Embodimenis may be implemented in one or a combination of
hardware, firmoware and software, Erobodiments may also be implemented as
mstructions stored on a compuler-readable storage device, which mav be read
and execwied by at least one processor 1o perform the operations described
herein. A computer-readable storage device may include any non-transtiory

mechamsm for storimg imformation in a form readable by a machine {e.g., &

comyputer). For exarnple. a computer-readable storage device may mclude read-
only memory {ROM), randome-access memory {RAM), magnetic disk storage
media, optical siorage wedia, fash-memory devices, and other storage devices
and media. Some embodiments may incluade one or more processors and may be
configured with instructions stored on a computer-readable storage devica,

REIE LY It should be noted that m some embodiments, an apparatus of the
STA 300 may include vanous components of the 8TA 300 as shown i FIG. 3
and/or the example machine 200 as shown in FI(G 2 and/or various componsnds

shown m Fi(zs 4-7. Accordingly, technigues and operations described heren
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that refar to the 8TA 300 {or 103} may be applicable to an apparatus of an 8TA,
1 some embodiments. 1t should also be noted that 1n some embodiments, an
apparatus of the AP 330 may molude various coroponents of the AP 350 as

shown in FIG. 3 and/or the exarople machine 200 as shown 1o FIG. 2 and/or

()]

vanous componenis shown in FiGe, 427 Accordingly, technigues and
operations described herein that refer (o the AP 350 (or 102} may be appheable
i an apparatus of an AP, i some erchodirserds, In addition, an apparatus of a
mobile device and/or base station may include one o more conmponents shown
w FlGs, 2-7, in some ernbodimoents. Accordingly, techniques and operations
1 described herem that refer {0 a mobile device and/or base siation may be
apphicable to an apparatus of a mobile device and/or hase station, 1 some
embodiments.
{80446} FIG. 4 is a block diagram of a radio architecture 40010
accordance with some embodiments. Radio architecture 400 voay melude rado
15 front-end module (FEM) ciraumitry 404, radio I{ ciromitry 406 and baseband
processing oircuitry 408, Radio architecture 400 a8 shown mcludes both
Wireless Local Area Network (WLAN) funciionality and Blusiooth (BT
functionality although embodiments are not so linuted. In tlus disclosure,

CWELANT and “Wi-Fi7 are used mterchangeably.

o

199471 1t shiould be noted that the radio architecture 400 and components
shown 1 FiGs. 5-7 support WLAN and BT, but embodiments are not brotied to
WEAN or BT, In some embadiments, two technologies supporied by the radio
architecture 400 may or may not include WLAN or BT, Gther technologies may
be supported. In some embodurents, WLAN and a second technology moay be
25 supported. In some embodiments, BT and a second technology may be
supporied. In some embodiments, two technologies other than WLAN and BT
may be supported. In addition, the radio architecture 400 may be extended {o
support mare than two protocols, technologies and/or standards, in soroe
erebodiments. Embodiments are also not inuted 1o the frequencies dlustrated in
38 Fis 447
{B04%] It should also be noted that vanations of the radio architecture
400 are possible. Alithough discussion herein may refer 1o a dual mode

arrangement in which two iechnologies (WELAN and BT in thiz example) are

pe
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supporied, it is understood that single mode arrangementis are also possible. In
some embodiments, the radio architecture 400 may vot necessarily support BT
operaiion of may not necessartly support BT operation w the arrangement shown
i FiGG 4. For ingtance, the radio architecture 400 may include components
4044, 400A, and 4084, byt may not necessanly include components such as
4048, 4068, 4088, 403 and/or 413, Accordingly, the dual mode arrangement
{for WLAN and BT} may be modilied, in soroe embodiments, 1o support WLAN
without support of BT or othar protocaols.

{80491 FEM circuitry 404 may include a WLAN or Wi-Fi FEM oiveuitiy
404 A and a Blustooth (BTY FEM circurtry 4048, The WLAN FEM circuitry
404 A may nclude a receive signal path comprising circuitry configured 1o
operate on WELAN RF signals recetved from one or more antennas 401, o
amplify the recetved signals and fo provide the amphified versions of the
received sigoals to the WLAN radio 1C areuitry 406 A For further processing,
The BT FEM circutry 404B may mclude a receive signal path which may
mchude circuitry configured o operate on BT RF sigoals received from one or
more ardennas 401, 1o arophty the received signals and to provide the amphiied
versions of the recerved signats to the BT radic IC circuitry 4068 for further
processing. FEM circuttry 404A may alse inchide a transimi stgnal path which
may nchide circuttry configured to amphty WLAN signals provided by the
racdio 1O ciromtry 4064 for wireless transnission by one or mwore of the antennas
401, In addition, FEM circuitry 4048 may also include a transnut signal path
which may mciode circutiry configwred fo amplify BT signals provided by the
racdio IC ciroutry 400h for wireless trapsroission by the one or more antennas,
in the embodiment of FIG. 4, although FEM 404A and FEM 4048 are shown as
being distinet from one another, embodiments are not so linuted, and inclode
withun their scope the use of an FEM (not shown} that includes a transout path
and/or a receive path for both WLAN and BT signals, or the use of one or more
FEM circutinies where at ieast some of the FEM circuitries share transnut and/or
receive signal paths for both WLAN and BT signals,

{B054] Radio ¥C cirowtry 406 as shown moay vwlade WLAN radio IC
ciremtry 4064 and BT radio € cirenitry 4068, The WLAN radic 1C circuitry

406A may include a receive signal path which may include cireuitry to downe-
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convert WEAN RF signals received from the FEM circuiiry 404 A and provide
baseband signals 0 WLAN baseband processing crenitry 408a. BT radio IC
cireuttry 406E may 1o turn nchude a recenve signal path which may mnclude
cirewtsy to down-convert BT RF signals recetvad from the FEM circuitry 4048
and provide baseband signals 10 BT basshand processing circiniry 4088,
WELAN radio IC circuitry 4064 may also mclude a travamat signal path which
may nchude circutiry 1o up-convert WLAN baseband signals provided by the
WI.AN baseband processing circuitry 408A and provide WLAN RF output
signals to the FEM ciramiry 404A for subsequent wiveless transmission by the
one or more antennas 401 BT radio Y cirowiry 4068 may also include a
transnut signal path which may include cirowiry to up-convert BT bassband
signals provided by the BT baseband processing circuitry 4088 and provide BT
RF output signals (o the FEM circuitry 4048 for subsequent wireless
pransroission by the one or roore andennas 401, ¥o the embodiment of FIG 4,
although radio U circuitries 400 A and 4008 are shown as being distinct from
one another, embodiients are not so lmited, and include withan thetr scope the
use of a radio 10 cireuitry (ot shown) that includes a transnut sigoal path and/or
a recetve signal path for both WLAN and BT signals, or the use of one or more
radio IC circntries where at least some of the radio B circuitries share transsmt
and/or recerve signal paths Tor both WLAN and BT signals.

10051 Basehand processing cireuity 408 may mclude a WLAN
baseband processing circwtry 408A and a BT baseband procassing circwtry
4088, The WLADNM baseband processing circuitry 408A may inclode a mamory,
such as, for example, a set of RAM arrays ina Fast Fournter Transform or Inverse
Fast Founer Transform block {not shown} of the WL AN baseband processing
cireuitry 408A. Each of the WLAN baseband cirauntry 408A and the BY
baseband circuitry 4088 may further inclode one or more processors and control
fage to process the signals received from the corresponding WLAN or BT
receive signal path of the radic IC circuitry 406, and 1o also generate
corresponding WLAN or BT baseband signals for the transmit signal path of the
racdio IC circunry 406, Each of the baseband processing circustries 4084 and
4088 may further include physical laver (PHY) and medium access condrol laver

{MAC) circaitry, and may Durther interface with application processor 431 for
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seneration and processing of the baseband signals and for controlling operations
of the radio I cirautry 406,

{8052} Reterring still 1o FIG. 4, according o the shown embadiment,
WELAN-BT coexistence circutry 413 may melude logic providing an imterface
between the WLAN baseband circuitry 4084 and the BT baseband circoitry
4088 to enable use cases requiving WLAN and BT coexastence. In addihon, a
switch 403 may be provided between the WLAN FEM cuouttry 4044 and the
BT FEM cucuitry 4048 to allow swiiching between the WLAN and BT radios
according to appheation needs. In addition, although the antermas 401 are
depictad a3 being respectively connected 1o the WLAN FEM circuitry 4044 and
the BT FEM curcuitry 4048, embodiments include within their scope the sharing
of one or more antennas as between the WLAN and BT FEMs, or the proviston
of more than one anlenna connecied to cach of FEM 4044 or 4048,

[B083] In some embodiments. the frond-end module circuitry 404, the
radio 1 circwtry 406, and baseband procassing circuitry 408 may be provided
on a single radio card, such as wireless radio card 402, o some other
embodiments, the one or more antennas 401, the FEM cirowiry 404 and the
radio IC cirewiry 406 may be provided on a single radio card. in some other
embodiments, the radio IC circuttry 406 and the baseband processing cirgutry
408 may be provided on a single chip or ntegrated civeuit {JC), such as IC 412,
{80841 In some embodiments, the wireless radio card 407 may melude a
WL AN radio card and may be configurad for Wi-Fi conumunications, although
the scope of the embodiments 1s not lmied in this respect. In some of these
embodiments. the radio archutecture 400 may be configured to recetve and
transnut orthagonal frequency division multipiexed (OFDM} or orthogonal
frequency division multiple access {OFDMA) conwmmication signals over a
sudticarrier comanonication chanoel, The OFDM or OFDIMA signals moay
corpprise a plurality of orthogonal subcarriers.

[HRET In some of these multicarer embodimants, radio architecture 400
may be part of a Wi-Fi commmumication station {S8TA) such as g wireless access
pomi (AP, a base stasion or a mobile device meluding a Wi-Fi device. In some
of these embodiments, radio architecture 400 may be configured to transnut and

recetve signals in accordance with specific communication standards and/or
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protocols, such as any of the fnstitute of Electnical and Electronics Engineers
(EEE) standards mcluding, 3021 1n-2009, IFEER 802 11-2012, 502 Hn-2009,
802 11ac, and/or 802 1lax standards and/or proposed specifications for WLANs,

although the scope of embodiments 13 not himited inn this respect. Radio

()]

architecture 400 may alzo be sutalde to transnut and/or receive comnmurications
in gceordance with other technigues and standards.
{H084] In some embodiments, the radio archeieciure 400 may be
cordigurad for high-efficiency (HE) Wi-Fi (HEW) conwmmications i
accordance with the IEEE 802 1 ax standard. In these embodiments, the radio
19 archutecture 400 may he configured fo commumicate in accordance with an
OFDMA technigue, although the scope of the embodiments is not Hmited i this
respect.
{80871 In some other esbodiments, the radio architecture 400 way be
cordigured 1o transroit and recerve signals ransroitted using one of roore oiher
15 meodulation technigues such as spread spectrum modulation {e.g. | direct
sequence code division muiniple access (DS-COMA) and/or frequency hopping
code division multiple access (FH-UDMAYL pme-division nuluplexing (TR
modulation, and/or frequency-division multiplexing (FDM) modulation,

although the scope of the embodiments is not limited in this respect.

o

{8058} In some embodiments, as further shown in FIG 4, the BT

haseband circuitry 4088 may be comphant with a Bluctooth (BT) connechivity

standard such as Bluetooth, Bluetooth 4.0 or Bluetooth 5.0, or any other iteration

of the Bluetooth Standard. In embodiments that include BT functionality as

shown for example in Fig. 4, the radio architecture 400 roav be condfigured 1o

25  establish a BT synchronous connection oriented (SCO} link and/or a BT low
energy (BT LE} link. In some of the embodiments that mclude funclionahity, the
radio architecture 400 may be configured 1o estabhish an extended SCO (&8C0)
hnk for BY coronnpacations, alibough the scope of the embodiments 1s not
fimited inn thus respect. In some of these smbodiments that inciude a BT

3¢ functionality, the radio architecture may be configured to engage in a BT

Asynchronous Connection~-Less (ACL) conwounications, although the scope of

the embodiments is nod limuted i this raepect. In some embodiments, as shown

in FIG. 4, the functions of a BT radio card and WLAN radio card may be
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combined on a single wireless radio card, such as single wireless radio card 402,
although embodiments are not so lmited, and mchade within thelr scope discrete
WLAN and BT radio cards.

{B059] In some embodiments, the radic-architecture 400 may mclude

()]

other radic cards, such as 3 cellular radio card configurad for celhddar {e g, 3GPP
such as LTE, LTE-Advanced or 5U communications}.
HEESH In some IEFE 802,11 embodimenis, the radic archiiecture 400
may be configured for compumication over varnous channel bandwidths
mchuding bandwidths having center frequencies of abowut 900 Mz, 2.4 GHz, §
10 GH2 In soroe embodimenis, the bandwidths may be about | MH7, 2 MHz 2.5
Mz, 4 MHr, SMHz, 8 MHz, 10 MHz, 16 MHz. 20 MHz, 40MHz, $0MHz
{with contiguous bandwidths} or 804802 (160MH2Y {with non-contigucus
bandwidths) In some embodiments, a 320 MMz channel bandwidth way be
gsed. In some embodiments, the bandwidihs may be about 2,16 GH», 4 32 GH»,
18 6.48 GHz, 8.72 GHz and/or other suitable value. The scope of the embaodiments
is not lioyted sith respect (o the above center frequencies or bandwidths,
however.
{8061} FIG. 8 slustrates FEM circuttry 300 in accordance with some

embodiments. The FEM circuitry 300 15 one example of circutry that mav be

20 suttable for use as the WLAN and/or BT FEM circuitry 404474048 (FIG 4),
although other ciroutiry condfigurations roay also be suttable. i some
grebodiments, one or more components {inciuding but not imited {2 one or mwore
componenis describad herein related {o the FEM civcuwtry 5003 may be
miegrated as part of gradio IC

25 {0862} in some embodiments, the FEM circwtry 500 may include a

TX/RX switch 302 to switch between transmit mode and receive mods

operation. The FEM circuilry 500 may nchide a recetve signal path and a

pransroit signal path. The recerve sigoal path of the FEM circuitry 500 may

include a low-noise amplifier (LNA) 506 to anmplify received RF signals 303 and
30 provide the amphified recetved RY signals 507 as an output (2.2, o the radio I{
circutry 406G (FIG. 43 The wansroit signal path of the arcwtry 300 may include
a power amphifier (PA) 510 to amphify mput RF signals 589 (e g, providad by

the radio 1 circuitry 406), and ong or more filters 512, such as band-pass filters
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{(BPFs), low-pass fifters {LPFs) or other types of filters, fo generate RF signals
S18 for subsequent fransmission {2.g., by one or more of the antennas 401 (FIG,
43,

{8063} in some dual-mode embodimends for Wi-F1 comnwmication, the

()]

FEM cirainiry 300 mav be contfigured to operate in either the 2.4 {Hz frequency
spectrum or the 3 GHz frequency spectrum. To these embodiments, the recetve
signal path of the FEM cirouiiry 300 may include a recerve signal path duplexer
504 to separate the signals from each spectrum as well as provide a sgparate
LNA 306 for each spectrum as shown, In these embodiments, the transwit signal
19 path of the FEM cirawiry 500 mav slso mclude a power arophifier 510 and a
filter 512, such as a BPF, a LPF or another tvpe of filter for each frequensy
spectrum and a ransmit signal path duplexer 514 1o provide the signals of ong of
the different specinuns ondo a single trassitt path for subsequent transnussion
by the one or more of the ardennas 401 {(FIG. 4). {n some embodiments, BT
15 compuwucations may unlize the 2.4 GHYZ signal paths and may utilize the same
FEM civeuitry 300 a3 the one used for WLAN comyounications,
{B064] FIG 6 1llustrates radio 1€ airowitry 600 1o accordance with some
embodiments. The radic IC cirowtry 600 is one example of circuitry that may be

swtable for use as the WLAN or BT radio IC circmiry 406A/406B (FIG. 4),

o

although other cucuiry configurations roay aleo be sutable.

{H068] In some embodiments, the radio 1C cirowtry 600 mav include

receive signal path and a fransnut signal path. The recetve signal path of the

radio I cirauitry 600 may inclode at feast mixer circuniry 602, such as, for

example, down-conversion maxer circuitry, amphifier curowiry 606 and filter

25 circuityy 608, The transmt signat path of the radio IC circmitry 600 may mnclude
at least filter cirenitry 612 and muxer ciraniry 614, such as, for example, up-
conversion puxer cirouttry. Radio IC civcuiiry 500 may also mnchude syunthesizer
cireuitry 604 for synthesizing g frequency 605 for use by the muxer arcwitry 602
and the mixer circwitry 614, The nuxer circwtry 602 and/or 614 mav each.

3¢ according to somre embodiments, be configored to provide direct conversion

funcuonaliey. The iatter type of cireuitry presenis a much simpler architecture as

compared with standard super-heterodyne nuxer circuitries, and any flicker noise

brought about by the same may be alleviated for example through the use of
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OFDM modulation. Fig. 6 iHustrates only a simpdified version of a radic IC
cirewiiry, and yoay mclude, although not shown, embodiments where sach of the
depictad circutries may mclude more than one component. For justance, nexer
cirewtry 602 and/or 614 may each include one or more mixers, and filter
circuitiies 608 and/or 612 may each mcinde one or more filters, such as one or
more BPFs and/or LPFs according to application needs. For example, when
muxer cireuitnies are of the divect-conversion type, they may each include two or
A0S IHINEES.

{H066] In some embodiyents, yixer cireuitry 602 may be configured o
dowr-convert RF signals 307 recetved from the FEM arowtry 404 (FIG. 4}
based on the synthesized frequency 605 provided by synthesizer circuitry 604,
The amphifier circuiry 606 may be contfigured o amplity the down-converted
signals and the flter circuitry 608 may inchide a LPF configured to reroove
unwanted signale from the down-converted signals (o generate output baseband
signals 607, (niput basebhand signais 607 may be provided to the baseband
processing oivcuitry 408 (FIG. 4) for further processing. To some embodiments,
the ouiput baseband signals 607 may be zero-frequency baseband signals,
although this 1s not a requitement. In some embodiments, niver circuiiry 602
nay comprise passive mixers, although the scope of the embodiments 15 not
hmited in this respect.

[B67] In some embodiments, the naxer civcwitry 614 may be configured
to up-convert input baseband signals 611 based on the synthesized frequency
605 provided by the svnthesizer circuitry 604 1o generate BF output signalz 509
for the FEM crcuitry 404 The baseband signats 611 may be provided by the
baseband processing circuitry 408 and may be filtered by filter circuitry 612, The
filter cirenitry 612 may include a LPF or a BPF, although the scope of the
ernbodiments 1 not luveted 1o s respect.

jB068] In some embodiments, the naxer civcuwitry 602 and the miver
circwtry 614 may each 1nclude two or more mixers and may be arranged for
guadrature down-conversion and/or up-conversion respectively with the help of
synthesizer 604, In some embodiments, the naxer arcuitry 602 and the miver
cirewtry 614 may each include two or more nuxers each configured for image

rejection {e.g.. Hartley imags rgjection). In some embodiments, the mixer



WO 2018/080603 PCT/US2017/039708

()]

o

38

23

circwtry 002 and the mixer ciremiry 614 may be arrangad for direct down-
conversion and/or divect up-conversion, regpectively. In some smbodiments, the
mwixer cirgury 602 and the vuxer civcuitty 514 may be configured for super-
heterodyne operation, although this 15 not a requirerent.

18069} Mixer circuitry 602 may comprise, according to ong embodiment:

quadrature passive mixers {e.g., for the in-phase (I and guadrature phase ({3}

paths). In such an embodiment, RF mput signat 507 from Fig. o may be dowie-

corveried 1o provide | and (& basehand output signals to be sent to the baseband

PYOCESSOT,
{874 Quadrature passive misers may be driven by zero and ninety

degree ime~-varving LO swiiching signats provided by a quadrature cirenitry
which may be configured to receive a LO frequency (fio) from a local oscillator
or a synthesizer, such as LO frequency 605 of synthesizer 604 (FIG 6). In some
eypbodiments, the LO frequency roay be the camier frequency. while m other
grobodiments, the LO frequency may be a fraction of the carrier fraquency (2.2,
one-hall the carner frequency, one-therd the camer frequency ). Tn some
embodiments, the zero and ninety degree fime-varving swiiching signals may be
generated by the synthesizer, although the scope of the smbodiments is not
Hmited in this respect.

{88711 In some embodiments, the LO signals may differ in duty oycle
{ihe percentage of one pentod n whach the LO signal 18 high and/or offset (the
difference betweaen siart points of the peniod). In some embodiments, the LO
signals mav have a 25% dotv cvele and a 50% offset. o some embodiments,
sach branch of the miver cirauiiry {e.g., the in-phase (1) and guadrature phase
{{2} path} mav operate at a 25% duty ¢vele, which may result in a significant
reduciion I8 power conswmpton.

{8072} The RF input signal SO7 (FI(G 3) may comprise a balanced
signal, although the scope of the embodiments 18 not livnited in this respect. The
{ and {3 baseband output signals may be provided 1o low-nose amplifier, such as
amplifter circuitry 606 (FIG. 63 or to filter circuitry 608 (Pl 6}

{B073 In some embodiments, the output baseband signals 607 and the
imput baseband signale 611 may be analog baseband signals, aithough the scope

of the embodiments 1s not limiled in this respect. Iy some altemate
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grebodiments, the output baseband signals 607 and the input baseband signals
611 may be digital baseband signals. In these alfernate emboduments, the radio
IC awrewtry may inchude analog-to-diguial converter {ADC) and digitai-to-analog
converier {DAL) circuitry,

19974} fn some duad-mode embodiments, a separaie radio I cirquiny
may be provided for processing signals for each spectrum, or for other spectrums
not mentioned here, although the scope of the embodimoents 13 not Hnuted 1w this
£2spact.

{075} In some embodiments, the synthesizer civcutity 604 may be a
fractional-M synthesizer or g fractional N/MN+1 syothesizer, although the scope of
the embodinents 15 not linuted n this respect as other tvpes of frequency
svathesizers mav be suitable For example, synthesizer circuitry 604 mav bea
delta-sigma synthesizer, a frequency multipher, or a syothesizer cornprising a
phase-locked toop with a fregquency divider. According to some embodiments,
the synthesizer cirouiiry 604 may mclude digual synthesizer circwutry. An
advantage of using a digital svothesizer civenitry 1s that, although 1 way sull
mclude some analog components, its footprind may be scaled down much more
than the fooipring of an analog synthesizer circuitry. i some giobodirends,
frequency mput ino svathesizer circuity 604 may be provided by a voltage
controlled osciltator (VCO), although that 1s not a requirernent. A divider control
st roay further be provided by either the baseband processing circuitry 408
{F1G. 4) or the application processor 411 {FIG. 4} depending on the desirad
output frequsncy 605, In some embodiments, a divider control input (g, N)
may be deternmuned from g look-up table (e g.. within a Wi-Fi card} based on g
channiel number and a channel cener frequency as determined or indicatad by
the application processor 411

{8076} In some embodiments, svothesizer civcuitty 604 may be
cordigured 1o generate a carner frequency as the output frequency 603, whule
other embodiments, the owiput frequency 603 may be a fraction of the carrigr
frequency {2.g., one-half the carrigr fraquency, one-third the carrier frequency).
in some embodirsents, the output frequency 503 may be a LO frequency (o).
{8977 FiG 7 illustrates a functional block diagram of baseband

processing cirautry 700 in accordance with some embodiments. The baseband
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processing circuttry 700 15 one example of circuttry that may be suitable for use
as the baseband processing cirautiry 408 (FIG. 4), although other cirenitry
configurations may aiso be suitable. The basehand processing civcuriry 700 may
mclude a receive baseband processor (RX BBP) 702 for processing recetve
baseband signals 609 provided by the radio IC ciromiry 406 (FIG 4)and a
transrit baseband processor (TX BBP) 704 for generating transmit baseband
signals 611 for the radio IC civcuitry 406 The baseband processing circutlry 700

may also mclude control logic 706 for conrdinating the operations of the

baseband processing cirauiry 700,

TR fn soroe ermwbodiments (e.g, when analog baseband signals are
exchanged between the baseband processing circuitry 700 and the radio {0

cireuitry 406}, the bassband processing circuniry 700 may inclode ADC 7100
convert analog baseband signals recetved from the vadio IC civcuitry 406 1o
digiial baschand signals for processing by the RX BRE 702, Inthese
grebodiments, the baseband processing circuitry 700 may also mnclude BAC 712
to convert digital baseband sigoals from the TX BBP 704 {0 analog baseband
signals,

18079 in some embodiments that conynunicate OFDM signals or
OFDMA signals, such ag through baseband processor 408 A, the transmmi
baseband processor 704 rmoay be configured to generate OFDM or OFDMA
signals as approprate Tor transmission by performoing an mverse fast Founer
transform {IFFT) The raceive baseband processor 702 may be configured fo
process received OFDM signals or OFDMA signals by performing an FFT. In
some embodimentis, the receive baseband processor 702 may be configured to
detect the presence of an OFDM signal or OFDIMA signat by performing an
gutocorrelation, to deiect g preamble, such as a short preamble, and by
performing a cross~correlation, o detect g long preamble. The prearsbles may be
part of a predeterroimed frame structure for Wi-Fi commmication,

08 Referring back to FIG. 4, in some embodiments, the antennas 4G
(FIG. 4} may each comprise one or more directional or ommidivectional antennas,
mcluding, for example, dipole andennas, roonopele anfeunas, paich antennas,
foop antennas, nucrosirip anfennas of other tvpes of antennas suitable for

transrussion of RF signals. In some mudtiple-inpot mudtiple-output (MIMO}
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embodiments, the antennas may be effectivaly separated o take advaniage of
spatial diversity and the different channel characteristios that may result,
Arntennas 401 mway each melude a set of phased-array antennas, although
embodiments are not so hmited.

{8081} Although the radic-architecture 400 is ithustrated as having
several separate functional elements, one or more of the functional elements may
he comnbined and may be wmplemenied by corshinations of software-configured
elements, such as processing elements mcluding digital signal processors
{D38Pe), and/or other hardware elements. For exarople. some elements may
COMPTISE one oF more ricroprocessors, D8P, feld-progranymable gale arrays
{FP(GAg), application specific indegrated circuits (ARICS), radio-frequsncy
itegrated circuits {RFICR) and combinations of various hardware and logic
cirewttry Tor performing at feast the Binctions described herein, o some
erbodiments, the functional elarserds may refer 10 one or rore processes
operating of One Of more processing elaments,

{43821 Embodiroents may be implemented jo one or a combination of
bardware, firntware and software, Embodiments may also be unplernended as
mstrackions stored on a compmuter-readable storage device, which mav be read
ard execoted by at least one processor to perform the operations described
herein. A computer-readable storage device mav juclude any noo-transitory
mechanism for stormg nformation 1 a forro readable by amwachine {e.g., 2
corputer}. For exanple, a computer-readable storage device may inchude read-
onty memory {ROM), random-access memory {RAM}, magnetic disk siorage
media, optical storage media. Bash-rmemory devices, and other storage devices
and media. Some embadiments may mclude one or more processors and may be
configured with mstructions siored on a compuier-readable stovage device,
{BO83] In accordance with some embodiments, the AP 102 may contend
for a transnussion opportunity {TXOP) (o obtain access 1o an operating channel.
The AP 102 may transnut, in the operating channe! during the TXOP, o
downlink physical laver convergence procedurs protocol data unit (PPBUD that
mcludes a used basic service set {BS88) color that indicates communication
between the AP 1402 and one or more associated stafions {8TAsg) 103, The AP

102 may detect another FPRU from an STA 103 that 18 unassociated with the AP
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102, The AP 102 may. if a header portion of the detected PPDU ncludes the
wsed BAS color determine an allernate BSS color (o be used (o mndicate the
conummicaiion belween the AP 102 and the associated ST As 103; and transnut

a color switch announcemernt (TS A} element that indicates the alternate BSS

()]

color. The {SA elemeni mav be configurable to further indicate whether the AP
102 and the assoctated 8T As 103 are to switch from the operating charnel 10 an
alternate channel for the conwounicaiion between the AP 102 and the associated
ST As 103, These embodiments are described in more detail below,
{61841 It should be noted that references herein 1o a “used BSS color”
19 and/or “aliernate BSS color” are not Hrotting. In somme embodiments described
herein, a “first BSS color” mav be used instead of 2 "used BSS color,” and &
“second BSE color” may be used instead of an “aliemate BSS color”
{8085} Tt should be noted that veferences herein o an “operating
channel” and/or “alternate chanvel” are not irsting. In some embodiments
15 described herein, a “first channel” mav be used 1nstead of an “operating

chamnel,” and a “second channel” mav be used instead of an “alternate channel
[B0861 FiG. 8 ilustrates the operation of a method of conmunication in
accordance with some embodiments. It is irmportant o note that embodiments of

the method 800 may inchude additional or even fewer operations or processes in

o

corpparison to what 13 lustrated in FIG. 8. Some ersbodiments of the methoed
800 mav not necessanily wnclude alt operations shown m FIG 8. In addition,
erebodiments of the method 800 are not necessardy linuted to the chronological
order that is shown in FEG. 8. In describing the method 800, reference may be
roade to FIGs, 1-7 and 9-11, although 1 15 understond that the method 800 may
25 be practived with any other suitable systems, interfaces and components.
{9987} in addiion, the method 300 and other methods described herain
may refer to STAs 103 or APs 102 operating m accordance with an 802,11
standard, protocel and/or specification and/or WLAN standard, protocol and/or
spectfication, in somg cases. Embodiments of those methods are not limited o
30 justthose STAs 103 or APs 102 and may also be practiced on other devices,
such as a User Equipment (UE), an Hvolvad Node-B {eNB) and/or other devica.
in addition, the method 800 and other methods described herein may he

practiced by wireless devices configured {0 operate in other suitable types of
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wirgless commumnication svsterns, mehuding sysiems configured 1o operate
according to various Thurd Generation Partnership Protocol (3GPP) standards,
mcluding but not bited to Long Term Evolution (LTE}) The method 800 may

also be practiced by an apparatus of an 8TA 103 and/or AP 102 and/or other

()]

device, it some ambodimenis,

[B088] I should also be noted that emboduments are nof bmited by
references herern {such as in descriptions of the methods 800 and 1100 and/or
other descriptions herein} o fransnussion, reception and/or exchanging of
elements such as frames, messages, requests, imdicators, signals or other

10 elements. In sorse emboduments, such an element may be generated, encoded or
otherwisa processed by processing circuitry {such as by a baseband processor
mcluded in the processing circuttry ) for transmvssion. The transmssion may be
performed by a transceiver or other component, 1o some cases. In some
erbodiments, such an element may be decoded. detected or atherwise processed

i5 by the processing circutiry {such as bv the baseband processor). The element

[S2581%

‘.

may be received by a transceiver or other componend, in some cases. In
embodiments, the processing circutiry and the transceiver may be ncluded ina
same apparatus. The scope of embodimenis 1s not limited in this respect,

however, as the transcetver may be separaie from the apparaios that comprises

o

the processing circuiry, i soroe embodiments,

[B089] In addition, references to an AP 107 are not Bmiting. One or

more operations, techniques and/or methods described herem mav be applicable

to a BSS, in some embodiments.

s At operation 8035, the AP 102 yoay deternune a used basic service

25 set{BSS)color. Atoperation 810, the AP 102 may transmit a color switch
annmmeement {TSAY elerment that mdicates the used BSS color. In some
embodiments, the AP 102 may {ranemit the C8A as aresponse (0 3 reguest from
the 8TA 103 Gnoluding but not limited to a probe requesty. At operation 815,
the AP 102 nay recetve ong or more ACK frames for the CRA element.

30 Embodiments are not brmted to ACK frames, however, Other frames and/or

messages may be used o acknowledge and/or tndicate recepiion of the CSA

elemant. i should be noted that the ACK frame(s} may be sent from the 8TA(s}

103 if the AP 102 transmits the {USA in accordance with a unicast fechnigue.
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Howevar, the §TA{s) 103 may not necessarily send the ACK frame(s) if the AP
102 transouts the O3S A wy accordance with a broadeast technigue.
B9 in some embodiments, the used BSS color may idenndy

conumumication between the AP 102 and one or more 8T As 103 associated with

()]

the AP 102 In some cases, such comnmmication may be parformed betwesn the

AP 102 and one or more STAs 103, o some cases, such coromunication may

also be performed batween two ot more STAs 103,

{80921 In somie embodiments, the used BSS color may be a number that

may be represenied by a number of bite. For instance, a 6-bit number may be

19 used Hmbodiments are not Himtted fo 6 bits, however, as any suttable sive may
be used for the used BSS color. In some embadiments, the used BSS color may
be selected from candidate BSS colors. For instance, the candidate BSS colors
may inchude some or all numbers that may be represented by a nurmber of bits,
in a non-liraiting exarople. a subset of the 64 possible o-bit numbers may be

15 used In another non-Hmiting example, alf of the 64 possible 6-bit numbars may

be used.

{8083 The AP 102 may conwnunicate the used BSS color to one or mare

STAs 103 that are associated with the AP 102, In some emibodiments, a CSA

element (1o be described below) may be used. In addition, one or more frames

o

exchanged between the AP 102 and the associated STAs 103 may beused o
coromunicate the used BSS color. Such frames may be exchanged as part of g
process that may be the same as or simular o a channel switch procadure {which
may be included in 8 WLAN standard and/or other standard, in some cases}.
{B094} i1 soroe embodiments, the AP 102 and 8T As 103 may melude the
25 used BSS color {the one selected by the AP 102} 1n physical faver convergence
procedure protocol data units (PRDUs) to indicate that the PPDUs are
transroitted as part of the coromurieation between the AP 102 and the associated
STA{s) 103, For metance, the used BSS color may be included m a header
portion of a PPDU
RICENEEL LY In some embodiments, a device (AP 102 and/or STA 103} may
detect a FPDU and roay deternune, based ou a BSS color field mcluded ina
header of the PPD, whether the PPDU oniginated from the AP 102 or from one

of the associated 8TAs 103, For instance, the device (AP 102 and/or 8TA 103}
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may compare & vahue included i the BES color field with the used BSS color,
In some cases, the device moay determuine whether the PPDU was transmatted (by
the AP 102 or by one of the associated STAs 103} as part of the commumcation
iderttified by the used BSS color.

{8996} At operation 824, the AP 102 may condend for a fransmuission
opportunity {TXOP) o obtain access to an operating chaonel. In sorpe
erbodiments, the AP 102 roay condend for access (o channel resources {such as
the operating charmel). The AP 102 may contend for 3 TXOP dunng which the
AP 102 15 to control access 1o the channel resources. In some embodiments, the
AP 102 mav contend for g wireless oedium during a contention period 1o
receive exclusive controd of the medium during a penod, mcluding but not
Hmited fo a TROP and/or HE control period. The AP 102 way iransmil, recaive
and/or schadule one or more frames and/or signale during the period. However,
it should be noted that embodirents are not innied to scheduled
transmissisn/reception of {0 ransmission/reception it accordance with the
exchistve control of the wmedium. Accordingly, a PPDU and/or other frarse may
be fransnutied/recarved in cordention-based scenarios and/or other scenarios, in
some embodiments. Ay suttable contention methods, opsarations and/or
fechnigues may be used, which may or may not be part of a standard, F should
be noted that embodirments are not hinnied to contention based transmissions,
however,

{097 In 3 non-limiting exanple, one or more contention methods,
operations and/or technigues of an 802,11 standard/protocol and/or WLAN
standard/protocol may be used. In ancther non~-limiting example, the AP 102
may condend for access to the channel resources multipie times. For instance, a
first contention may be performed befure a first ransmission and a second
cortention may be performed before a second transmission, o another non-
howting example, the AP 102 may contend for g TXOP nuluple tmes. For
mnstance, the AP 102 may transnut, receive and/or schedule ong or mors
slements {frames, signals and/or othery during each of multiple TX{Ps

{B0981 Atoperation 825, the AP 192 may travsioit, in the operating
channel, a downlmk PPDU that includes the used BES color. Insoms

embodiments, the AR 102 may transnut, in the operating channel during the
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TXOP, a downlink PPDU that includes the used BSS color. The used BSS caolor
may ndicate commnunication between the AP 102 and one or more associated
STAs 103 Inanon-houting example, the used BSS color may be included m a
BSS8 color field of the downlink PPDIU The BSS color field mav be in a header
portion of the downlink PRDIJ, although the scope of embodiments is not
houted in this respect. Tt should be noted that the selected BSS color may be
used may he used in all PPDUs transnatted in the TXOP 1o some embodiments,
although the scope of ermbodiments is not linuted in this respect.

{80991 In some embodiments, the downlink PPDU may be transmitted o
one or more $TAs 103 A broadeast transmission, a nulticast transmission {0
muftiple STAs 103 and/or unicast transnussion o an STA 103 may be used.
{80166} At operation 834, the AP 102 may monitor the operating channel
for PPDUs. At operation 833, the AP 102 may detect another PPDU from
another AP 102 or unassociated STA 103, As part of operation 830 and/or 833,
the AP 102 may perform one or more of ! detervine a value in a BSS color field
of g detected PPDU determane whether the value matches the used BSS color
and/or other operation{s}.

190101} iInn some embodiments, the AP 102 may also receive a report from
an STA 103 that includes a BSS color that the 8TA 103 requesis to be used. For
instance, a particular BSS color may be recetved from other STAs) 103 and/or
AP{sy 102 that are not connected to the AP 102 In some embodimenis, the BSS
color may be commumicated to the AP 102 by a network component.

{0102 In some embodiments, a swiich may be from the operating
charmel to the same chamnel using a different BSS color

{80103] In some embediments, the AP 102 may momntor for PPDUs from
devices other than associated STAs 103, In anon-linwting example, the AP 102
may monitor the operating channel for PPDUS from unassociated 5TAs 103
{ihat is. unassociaied with the AP 102} In another non-hinuting example, the AP
102 may monttor the operating charnel for PPDUs from other APs 102 and/or
unassociated STAs 103, In another non-limiting example, the AP 102 may
raonitor the operating channel for overlapping basic service set {OBER) PPDUs,
Such OBSS PPDUs may include one or more oft PPDUs from other APs 102,

PPDUs from S5TAs 103 unasseciated with the AP 102 and/or other PPDUs. In
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another non-finuting exampie, the AP 102 may detect one or more PPDUs 1 the
operating channel from one or more overlapping basic service set {OBSS) APs
102 or OBSS 5TAs 103

190104] At operation 340, the AP 102 may deternune whether fo swiich to
another BSS color. Af operation 345, the AP 102 mav determine an aliernate
color, In some embodiments, the AP 102 may determine an allernate BSS color
i be used to mdicate the comomurucation between the AP 102 and the associated
ST As 103,

EEOEERY It should be noted that, in some embodiments, performance of
one or more of operations 840-865 may be based on one or more resulis of one
or more other oparations. In some cases, all of operations 840-8635 may nat
ntecessantly be performed. For instance, one or more of operations 345-865 may
be performoed if it 13 determuned (af operation 3403 that the AP 102 and
associated 8T A5 103 are to switch to another color. Such operations may not
necessartly be performed if 1t 15 determined that the AP 102 and associated STAs
103 are not 1o switch to another color,

{B0106] In a non-howting example. the AP 102 may determine that the AP
102 and the associated ST As 103 arg to switch o another color if a header
portion of a detected PPDU (such as a PPDU from another AP 102 and/or 3TA
103 unassociated with the AP 102} iochides the used BES color, This example
is not bmttng, a3 any suiable technique(s) roay be used, by the AP 102,10
deternune that the AP 102 and the associated ST As 103 are to switch {0 another
color. For instance, the AP 102 may use information mncluded in such PPDUS
{such as desunation addresses, source addresses and/or other identiliers) to
determine whether such PPDUS are mitended for the AP 102 For example, such
PPDUs may not be intended for the AP 102 although they mclude the same BSS
color (the used BSS colory used by the AP 102,

{80107 In another nonc-himuimg example, the AP 102 roav detect oultinle
PPOUs from another AP and/or 8TALS) 103 unassociated with the AP 162, The
AP 102 may determine that the AP 102 and the associated STAs 103 are to
switch to another color if at least one of those PPDUs incudes the used BSS

color,
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{0108 In another non-linuung example, the AP 102 may deternune that
the AP 102 and the associated 8TAs 103 are to switch to another color based on
a mnber of detected PPDUs (such as PPIUs from other AP(s) 102 and/or

STA{e) 103 unassociated with the AP 102) inchude the used BSS colar. For

()]

mstance, if the number of such PPDUS is greater than a predetermined threshold

and/or percentage, the AP 102 may determive that the AP 102 and the associated

STAs 103 are to swiich {o another color.

{0109] The AP 102 may use any suttabls techuuque(s) to deternune the

alternate BSS color. Although emboduments are not oited as such, previously

19 described technigqueds) for detervunation of the used BSS color may be used.
For instance, the AP 102 may select the alternate BES color from the candidate
BSS colors previously described. In anon-limifing example, a 6-bit nuomber
may be used for the aliernate BSS color. Embodiuments are not hnuted o thas
size, however, a5 any suitable size may be used for the alteroate BSS color,

EOCR LU UL L1 At operation 850, the AP 10Z may detarmine whether to switch to

an alternate chanvel. Any suitable technique(s) may be used. Inanon-hmiting

example, the AP 102 mayv determine whether the AP 102 and the assotiated

ST As 103 are to switch from the operating channel to the alternate channel based

on a signal guality measerement of the operating channel (for instance, if the

o

signal quality measurement 1s greater than a predetermumed threshold) Any
suttable signal quality measurerments may be used, including but not brasted o
average of signal qualitv measurements, average received power levels. received
signal strength indicator {RESH measurements, signal-to-noise ratios (SNRa}
and/or other. Such measurements may be performed at the AP 102 and/or 8T As
25 103
LR R Y fn another non-limiting example, the AP 102 may moniior the
operating channel for PPD¥Us {such as PPDUs from other AP(s) 102 and/or
STALY 103 unassociated with the AP 102). The AP 102 may determane BSS
colors of those PPDUs. The AP 102 mav deternune whether the AP 102 and the
3¢ associated STAs 103 are to switch from the operating channel 1o the alternate
charmel based on a rurober of the BSS colors of those PPOUS that mateh the

used BSS color.
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LU RS In some embodiments, the AP 102 may switch primary channel
{such as a 20 MHz privoary chaonely while remaining o a same chanmel and/or
at a same handwidth (BW).

{B0113] At operation 855, the AP 102 may transmit a3 CS A element that

()]

mdicates the alternate BSS color. In some embodiments, the CS A element may
be broadeast. In some emboduvents, the C5A element may be unicast. In some
erbodiments, the CSA element mav mdicate when a BSS color swiich 1810
oceur. In soine embodiments, the S A elemsnt may be configurable to further
mndicate whether the AP 102 and the associated STAs 103 are to switch from the
1 operating chamnel io an alternate channel for the convpunication between the AP
102 and the associated STAs 103, In somme embodiments, the {'SA elament mav
be configurable to indicate ither or both of a channel switch and B3R color
switch. In some ersbodiments, the CSA element may be configurable to indicate
one or more of) whether the AP 102 and the associated 8T As 103 are (o switch
i85 fromthe usad BSS color (o the alternate BSS color for the compmmication
between the AP 102 and the associaled 5TAs 103, whether the AP 102 and the
associgted STAs 103 are to use the same chamnel, s different channel or the same
channel with a different confipuration for the coromurucation befween the AP

102 and the associated STAs 103 and whether the AP 102 and the associated

o

STAs 103 are to switch from the operating channel {o an aliernate channed for
ithe commnumication between the AP and the associated 8T As
HEUREY In some embodiments, the U84 slemernt may indicate one of the
alternate BSS color and the alternate channel, i 11 is determined that the AP 102
and the associated 8TAs 103 are o swiich from the operating channel to the
25 alternate channel; the alternate BREK color and the operating channel, if i ig
determined thai the AP 102 and the associated 8TAs 103 are not to switch from
the operating chanmel (o the aliernate channel;, and/or other mformation.
{80115 Arv suitable techmguels), such as broadeast, multicast snd/or
unicast, may be used to transnut the CSA glement that indicates the altermats
30 BBS color In anop-limsting example, the AP 102 may inchade the US A elemaent
i a beacon frame for broadeast transrmssion (ncluding b not brasted to
broadeast transnussion in the operating channel}. In ancther non-hnuiting

example, the AP 102 may mnclude the CSA element in a management frame for
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unicast transinission (o one of the associated 8TAs 103 or for nwlticast
transmssion 1o two or more of the associated 8TAs 103, These examples are
not linating. a5 other types of frames rmoay be used.

{80116} In some embodiments, g reliabie BSS color switch method may

()]

be performed, wherein a unicast US A element 13 transmiited to each associated
STA 103, The switch may be performed after the CSA elersents are transnutied
and after ACK frames are received at the AP 102 for each of the U85 A elements,
LU At operation 860, the AP 102 may recaive one or more ACK
frames for the C8 A element. In some embodiments, the ACK frames may be
19 recetved 1f the CSA element s transioitted in aceordance with 4 urdcast
technigque. The ACK frame(s} may indicate mformation such as one or more of!
acknowledgement of reception of the TS A element, acknowledgement of a BSS
color switch (to the alternate BSS colory, acknowledgement of a channel switch
{such as 1o the second channel), and/or other. Embodiments are not hmited to
15 ACK frames, however, as other frames and/or messages mayv be used.
{58 18 In some embodiments, the CSA element may be fransitted as
part of a process that may be the same gs or sivlar to a chanwel switch
procedure {which may be included in a WLAN standard and/or sther standard, in

sorme casesy In some embodiments, the U8 A element and ACK frame(s) for the

o

CSA elemeant may be exchanged as pari of a process that may be the same as or
strilar 1o g channel swiich procedure (which may be included 1 a WLAN
standard and/or other standard, in some cageas)
LU ERY At operation 865, the AP 102 may fransmit a second downhlink
PP that includes the alternaie BSS color, The shiemate BSS color may be
25 ncluded based on the defernunation (by the AP 102} that the AP 102 and
associated 5TAs 103 are to switch to the alternate BES color.
19801267 In some embodiments, if timing i3 not ndicated in the CSA
element, the STA 103 may decode the BSS color. When the BSS color appears
inn a decoded PP, the STA 103 may deternune that the BSS color switch has
3¢ occorrad
{B01211 In some embodiments, the AP 102 may transrmit the second
dowrdink PPDU in the operating channel {if no channel switch 13 10 be

performed) or in the alternale channel (¢ the channel gwiich is {0 be performed).
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The second PPD mav include the alternate BSS color (if the BSE color switch
15 10 be performed). In some embodiments, the AP 102 may tranemit the second
PP during another TXOP, although the scope of embodimenis 1s not hinuted

i this respect. fn a non-himuting examypde, the alternate BSS color may be

mcluded in a BSS color field of the second downbink PPDU. The BSS color

()]

field mav be i a header portion of the second downlink PPDU, although the
scope of embodurenis 1s not hnutad 1 thas respect.

0122 In somie embodiments, an apparatus of an AP 102 may comprise
memory. The memory mav be configorable 1o store the alfernate BSS color,

1 The memory may siore one or more other elemenis and the apparatus may use
them for performance of one or more operations. In some embadimants, the
apparatus of the AP 102 mayv inclode a franscetver io fransmut the downlink
PPI3U and the US4 element. The franscetver may transnut and/or receive other
frames, PPDUSs, messages and/or other elememis. The apparatus may meiude

iS5 processing cirowtry, which may parform one or more operations {(including g
not Hmeted to operahion{s) of the roethod 800 and/or other methods deseribed
beremn} The processing crculry may inchude a baseband processor. The
baseband circwitry and/or the procassing circuitry may parform one or more

operations deacribed herein, inchuling but not imited to determination of the

o

alternate BRS color.

{8023 FiG. 9 llustrates an example scenario i accordance with some

erbodiments. FI{z 10 iHusirates an example color switch announcement (TS A}

glement in accordance with some embodiments. 1t should be noted that the

examples showr in FIGs, 9-10 may dhustrate some or sl of the concepts and

25 technigues described herein in soie cases, but embodiments are not bmuted by
the examples. For instance, embodiments are not imited by the name, number,
bvpe, size, ordering, arrangement and/or other aspects of the componenis,
devices, operations, packets, frames, headers, data portions, Helds, plots, curves
and other elements as shown in FiGs. 9-10. Alithough some of the elemends

30 shown in the examples of FIGs. 9-10 may be inchuded in a standard, such as

40711, 202 1iay, WLAN and/or other, erobodimoents are not hovted 1o usage of

such slements that are included in standards.
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1801 241 Referring to Fiz 9, the AP 210 may communicaie with STAs
012 over wireless links 914 Another AP 920 may comwnunicate with the STA
927 over the wireless ok 924, As indicated by 930, a PFPDU transnutied by the
AP 920 mav be detected, in some ¢ases, by the AP 910 In anon-linuting
example, the AP 910 and §TAs 912 may comnmumicaie uung a used BS3 color.
Accordingly, the AP 910 and the §TAs 812 may inchude the used BSS color o
ransiiited PPDUs If the AP 910 determines that a PPDU transmoitted by the
AP 920 inchudes the used BSS color, the AP 910 may determine g alternate BSS
color o use for comminication between the AP 910 and the 8TAs 912 The AP
910 may trarsmat a CSA element to the STAs 917 1o indicate that the AP 910
and the ST As 912 are 1o use the alternate BSS color. The AP 910 and the STAs
212 mav subsequently inclode the alternate BSS color in transnutied PPDUS.
{001 25] Referring to FIG. 10, the example CSA element 1000 mcludes an
element 13 1005, alength 1010, a charmel switch mode 1015, anew channgl
number parameter 1020, and a channel swiich count 1025 The CSA element
1000 may also wclude a BSS eolor mndication parameter 1030, The BSS color
mdication pararmeter 1030 may nclude a new BSS color parameter 1035, One
or more of those parameters may be the same as, or sinular to, parameiers
incloded in an 802,11 standard, WLAN standard and/or other standard, although
the scope of ersbodiments 3 not limited wn this respect

{001 26 In some embodiments, the CSA elerent 1000 may mchude one or
more reservad bits 1040, In a non-limiting exarople. the reserved bits 1040 may
be used to indicate mformation about timing of a BES color switeh {auch ags
when the new BSS color i3 expectad 1o be used).

{80127} In a non-hmifing example. the USA elament 1000 may be
configurable 1o indicate a new channel {as in 1020} and/or new BES color (as in
1035} In anon-limihing exarople, the CSA element 1000 may be configurable
to indicate an alternate channel {ag in 1020} and/or altemate BSS color {as in
1035},

801 28] Embodiments are not limited 1o the above parameters. In soms
embodiments, one or more of the parameters shown in FIG. 10 may not
necessarthy be inclidad. In some embodiments, one or more additional

parameters mayv be incloded.
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O 29 Fiz 11 dlustrates the operation of ancther method of
comymnicaiion in accordance with some embodiments. As menfioned
previcusly regarding the method 800, embodiments of the roethed 1100 may
mclude additional or even fewer operations or procagses in comparison to what
15 thestrated 1w FIG. 11 and embodiments of the method 1108 are not necessanly
hmted o the chironological order that is shown i FIG. 11 In deseribing the
method 1100, reference may be made 1o any of FiGs. 1-10, alihough its
undersiood that the method 1100 may be practiced with any other suitable
sysiems, inderfaces and componenis. o addition, evabodiments of the method
1100 may be apphicable 1o STAs 103, APs 102, UKs, eNBs and/or ather wircless
or miobtle devices. The mathod 1100 may also be applicabie 1o an apparatus of
an STA 103, AP 102 and/or other device, in some embodiments.

{081 36] Tt should be noted that the method 800 mayv be practiced by an AP
102 and may imclude exchanging of elements, such as frames. signals, messages
and/or other elements with an 8TA 103, The method 1100 may be practiced by
an 3TA 103 and may mclode exchanging of elerents, such as frames, signals,
messages and/or ather elements with an AP 102, Insome cases, operations and
techniques described as part of the method 800 may be relevant 1o the method
1106, In addition, embodiments of the method 1100 may include ong or more
operations that mayv be the sare as, sumalar to or reciprocal (o one or more
operations of the method 800 (and/or other operation(s) descriibed heraim). For
instance, an operation of the methad 1100 mav include reception of a message
by an 8TA 103 and the method 304 may include fransmission of a same or
siroilar message by the AP 102

{90131] in addition, previous discussion of various technigues, operations
and/or concepts may be applicable to the method 1100 m some cases, incloding
TXOP, contention for access 1o a channel, BSS color, BSS color ewiteh, channel
switch, CSA element, ACK frames for the CSA element and/or others.

{0132] The method 1100 may be pracucad by an 8TA 103, although the
scope of embodiments ix not bnuted in this respect. In some cases, one or more
operations of the roethod 1100 may be practiced by another mobile device and/or

by another device,
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{0133] At operation 1105, the STA 103 may receive a first color switch
announcement {CSA} element that mndicates a used BSS color. Al operation
1110, the STA 103 may send an ACK frame for the first (84 element. Al
operation F115, the STA 103 may receive, in an operating channel, a downlink
PPDU that mcludes the used BSS color. At operation 1120, the 5TA 103 may
receive a second TS A element that indicates an alternate BSS color. At
operation 1123, the 8TA 103 mav send an ACK frame for the second CSA
glement. Atoperation 1130, the STA 103 may receive a downlink PPDU that
mcludes the alternate BSS color,

{607 34} i1 soroe embodiments, the STA 103 may receive a first downlink
PPDU received in a operating channel from an AP 102 during a transmission
opportumity {TXOP) obtained by the AP 102, The STA 103 may determine that
the downhink PPDLT 15 from the AP 102 based on a used BSS color in a header
of the downlink PPDU that mdicates compmumication between the AP 107 and
one of more associated STAs 163, The STA 193 may recaive, from the AP 102,
a coloy switch armouncerment {CRA)Y elernent that indicates; whether the 8STA
103 13 to switch fromthe used BSS color to an alternate BSS color for the
conumunication between the AP 102 and the associated STAs 103; and whether
the 8TA 193 is to swiich from the operating chanpel (0 an alternate channel for
the commminication between the AP 102 and the associated STAg¢ 103, The 8TA
103 may receive a second downlink PPDU from the AP 102 in accordance with
the ('S A element (such as on a channel mdicated in the CRA element and/or
using a BSS color indicated in the {SA elemant}.

{60138] fr a non-hoting example. the C8A elerent moay be nchuded ing
beacon frame broadeast from the AP 102 The 8TA 103 may fransnut an
acknowledgement {ACK) frame that indicates reception of the S A element.
{80136} In another non-lineting example, the CSA element may be
meluded 1o g management frame fransnutied from the AP 102 to the STA 103
a unicast transymssion. The 8TA 103 may transnut an acknowledgement {ACK)
frame that mdicates reception of the CSA element.

R £ soroe embodiments, an AP 102 and/or 8TA 103 may include a
BSS eolor field in PPDUs as an idendifier for mwult-BRSID located at the same

device. The BSE color may be used (0 support dense networks and power save
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functionalities, m some cases. The BSS color may be usad to enable Intra PPDU
power save operation, HE NAY (HE Virtual C8 - Inter-BES 8TA, Intra-BSS
STA)Y, overlapping BSS (OBSSY Spatial Reuse with Color Codes/ color code

based CCA rule and varicus features {such as in WLAN, 402 11ax and/or other

()]

protocoly. Forinstance, the BSE color may be used in features that may depend

on a differeniiation of BSS,

{001 38] In some embodiments, there may be a mited number such a3 6

11 802, 11ax} of fits allocated for BSS color in HE PPDUs. In some casss, each

P2P group may be an independent B3S and way be assigned with one color.

1 Hence, 1 1s possible that 1o a dense network, two differend BSSs may choose the
samg color. A BSS color change scheme may be beneficial in these and other
cases.

190139} In some embodiments, 2 BSS color change procedure may be
corpbined with a channel switch procedure. For instance. broadeast and unicast
i5  BSS color change indications may be sgnt

LT In some embodiments, a color switeh announcement {TSA)

slement roay include g BSS color field, In a non-hmiting example, a CSA

element of a standard {such as 802, 11ax and/or other) may be extended to

include the BSS color change mdication. In addition, channel switch frame

20 exchange flows may be 1o signal when and how the BSS color s going 1o be
changed.
HEUEYE In some embodiments, the AP 102 may choose the channpel

switch procedure to the same channel or different channel and may further
mdicate a new BSE color, For mstance, 3 C8A eleroent may beused. The AP

25 102 mav send this indication using a broadeast frame exchange flow and/or
uniicast frame exchange flow (such as 1o a particular 8TA 103 and/or particplar
group of 8TAs 103} The STAs 103 may then, i response o a reception of the
mdication of the new BSS color {and/or the U84 element) begin to use the
mndicated BSS color after a ime indicated by the U8 A slement,

30 4] In Example 1, an apparates of an access point (AP} may compriss
memory. The apparatus may further comprise processing aircutry. The
processing circuitty may be confipured to contend for a transmussion opporiumity

{TXOP) 1o obtain access to an operating channel. The processing circuitry may
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be further configured to encode, for transnussion in the operating channe! duning
the TXOP, a downlink physical laver convergence procedure protocol data anit
{PPDL)Y that nclodes a used basic service set {(BSS) color that indicates
conumumication between the AP and one or more associated stations (5 TAs),
The processing circuitry may be further configured 1o detect, in the operating
channel, another PPDU from an 5TA that 1 unassociated with the AP, The
processing ciroutiry may be further configured to, 1f a header portion of the
detected PP mcludes the used BSS color determine an altemnate BSS color
that 18 to indicate the coromurication between the AP and the associated STAg,
and encode, for ransnussion, a color switch announcement (T8 A} element that
mdicates that the AF and the associated 8TAs are o swiich to the alternate BSS
color for the communication belween the AP and the associated 8T As.

{80143} In Example 2, the subject matter of Example 1, wherein the CRA
element may be configurable 1o mdicate whether the AP and the assocated

ST As are o switch from the operating channel (o an alfemnate channel for the
commmication between the AP and the associated 8T As.

{33441 in Example 3, the subject matier of one or any combanation of
Examples -2, wheremn the processing circuitry may be further configured to
determine a signal quality measurament of the operating channel. The
processing cirawiry may be further configured o determune, based at least partly
on the signal guality weasurement: whether the AP and the associated STAs are
to switch from the used BSS color 1o the aliemate BSS color for the
communicaiion belween the AP and the associzied STAS, or whether the AP and
the associated STAs are to switch from the operating channel o the slemale
channel for the conwmuticaiion between the AP and the associated STAs.
{B01458] inn Example 4, the subject matter of one or anv combination of
Examples 13, wherein the processing oiveuitry yoay be further configured to
atteropt to detect, in the operating chamnel, PPDUs that inchude the used BSS
color. The processing circuitry may be further configured to determine a
channel {oad estimate based on a number of detected PPDUs in the operating
charmel that include the used BSS color. The processing ciremtry may be
further configurad to determine, based at least parily on the channel load

estimate. whether the AP and the associagted STAs are to switch from the used
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BSEK color to the alternate BSS color for the conunmmication between the AP and
the associated STAs, or whether the AP and the associated STAs are to switch
from the operating channel to the alternate channel for the communication

between the AP and the associated STAs.

()]

{88148] in Example 5, the subject matter of one or anv combination of
Examples T4, wherein the processing oiveuitry yoay be further configured to
enicode the U84 element 10 mdicaie one of the alternate BSS color and the
aiternate channel, 1f #f 15 deternuned that the AP and the associated 8TAs are o
awitch from the used BSS color o the altemate BSS color and that the AP and
1 the associated ST As are to switch from the operating channel o the gliemate
channel; and the aliemate BSS color and the operafing channel, if 115
determined thai the AP and the associated STAs are to switch from the used BSS
color to the alternate BSS color and that the AP and the associated 8T As are not
i switeh from the operating channel 1o the aliemate channel
15 [BE47] In Fxample &, the subject matier of one or any combination of
Examples 1-3, wheretn the processing cirauiiry may be further configured o
raonitor the operating channel for overlapping basic service set {OBSS) PPDUs
from ST Ag unassociated with the AP, The processing circuitry may be further

configured io determine BSS colors of the OBSS PPDUs. The processing

o

cirewttry oy be further configured to determime whether the AP and the
associated 8T As are to switch fromuthe operating chanuvel 1o the sliemnate
channe! hased on a number of the BSS colors of the OBSS PPDUs that match
the used BSS color,
{3481 In Example 7, the subject matier of one or any combanation of
25 Examples 16, wheremn the processing circuttry may be further configured to
encode the CSA element for broadeast fransnussion.
{80340} In Example 8, the subject matter of one or any combmation of
Examples -7, wherein the processing civcuitry roay be further configured o
encode the USA element in a beacon frame for broadeast fransnussion.
30 jaEsn) In Example 9, the subject matier of one or any combination of
Examples -8, wherein the processing ciroutiry may be further condigured 1o
encade the TS A element n a management frame for unicast fransnussion 1o one

of the associaled ST As or for multicast transmission 1o two or more of the
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associgted 8TAs. The processing circuiry may be further configured 1o decode
one of more acknowledgersent (ACK) frames that indicate successiul reception
of the oanagement fraroe at one or more of the associated 8T As.

190151] in Example 10, the subject matter of ong or anv combination of

Examples 1-9, wherein the processing civcuitry further configured fo, if the ACK

()]

frares are received from a predetermaned group of 5TAs, encode one or more
PEDUs, for transnussion after the ACK frames gre recerved, to include the
alternate BSS color.
{11321 In Example 11, the subject matier of one or any combination of
19 Examples 1-10, wherein the AP may be arranged o operate n accordance with a
wireless 1ocal area network (WL AN) protocol. The used BES color may inchule
six bits. The aliernate B3S color may includs six bits.
{80183} In Example 12, the sabject matter of one or any combination of
Examples 1-11, wherein the apparatus mav further include a transceiver fo
15 tronsioit the downlink PP and the CRA element.
811 341 In Example 13, the subject matier of one or any combination of
Examples 1-12, wherein the gpparatus may be configurable 1o store the alternate
BSS color in the memory,

{BO158] inn Example 14, the sobject matter of one or anv combination of

o

Examples 1-13, wherein the processing cireaitry way mclude 4 baseband
processor io determane the aliemate BSS color,
HEU RS In Fxample 15, & non-transitory computer-readable siorage
median may siore instructions for execulion by one or more processoers 1o
perform operations for comanunication by an access poind {APY The operations
25 may configure the one oF more processors o contend for a fransnussion
opportunity {TXOP) to obiain access (o an operating channel. The oparations
may further configure the one or more processors 1o encode, Tor fransmission in
the operating chanvel during the TXOP, g downbink physical layer convergence
procedure protocol data unit (PPDUY that includes g used basic service set (BS5}
30 color that indicates commmumication between the AP and one or more associated
stations (8TAs)Y The operations may further configure the one or more
processors to encode, for transmission, a color switch arnouncemerd (TS A}

element configurable to indicate: whether the AP and the associated 3TAz are to
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switch from the used BSS color to an alternate BSR color for the comumunication
between the AP and the associated 5T As; and whether the AP and the associated
ST As are to switch from the operating chaonel 1o an alternaie channel for the

conumunication between the AP and the associated 8T As.

()]

{80187} in Example 16, the sobject matter of Example 15, wherain the
operaiions may further configure the one or more processors to detect one or
more PPDUs i the operating channel that include the used BSS color and that
are from one of more overlapping basic sgrvice set {DBSS)Y APs or OBSS STAs.
The operations may further configure the one or more processors io determane,
19 based at least partly onthe PPDUs from the OBSS APs or OBSS STAs, whether
the AP and the associated STAs arg to switch from the used BSS color to the
alternate BAS color for the communication between the AP and the associated
STAs
{80158 In Frample 17, the subject matter of one or any combination of
15 Examples 13-10, wherein the operations may further configure the ong or mors
processors to deterruine whether the AP and the associated STAg are fo swilch
from the used BSS color and the operating channel 1o the aliernate BSS color
and the alternate channgl for the conunumnication between the AP and the

associaied STAs.

o

HEUESY: In Example 18, the sabject matter of one or any combination of
Examples 15-17, wherein the operations may further configure the one or more
processors 1o deternune that the AP and the associated ST As are 1o switch from
the used BSS color to the alternate BSE color i at feast one of the PPDUs from
the OBSS APs or OBSS STAs mdicates the used BSS color,

25 {9816G] in Example 19, the subject matter of ong or anv combination of
Examples 15-18, wherein the operations mayv {urther configurs the one or more
processors to deterovne a sigoal guality measurement and/or BSS eolor usage
measurernerd based at teast partly on the PFDUS fromo the OBSS APs or ORSS
STAs. The operations may further configure the one or MOrE Processors o

30 determine that the AP and the associated STAS are to switch from the used BSS

colar to the aliernate BES color if the determined signal quality measureroend 18

tess than a first predetermined threshold and/or if the BSS color usage

measurement is fess than a second predetermined threshold.
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HEuIgh In Fxample 20, & method of communication af a station {8TA)
may comprise contending for a transroission opportunity (TXOP) o obtain
aceess i an operating channel. The method may further comprise encoding, for
transnussion in the operating channel during the TXOP, a first uplink physical
faver convergence procedure protoco! data anit (PPDU} that mclodes a
predetermined used basic service set (BSS) color, wherein the 8TA 13 associated
with an access point {AFY, The used BSS color may indicale coromumcation
between the AP and one or more associated 8TAs. The method may further
compnse delecting another PPDU from another STA that 13 umassociated with
the AP, The method may further coroprise, f a header portion of the detecter
PP includes the used BSS color: determuning an altemnate B85 color to be
used {0 indicate the communication between the AP and the associated STAs,
encoding, for transmission, a message that indicates the alternate BSS eolor: and
encoding, for transmission, a second uplink PPDU that mcludes the alternate
BEK color.

[83162] In Example 21, the subject matter of Example 20, wherein the
method roay further comprise atiempting to detect for PPDUs that are from the
AP or from associated ST As and that further inchide the alfernate BSS calor.
The method may further comprise encoding the second uplink PPEU to include
the aliernate BSS color after detection of at least one PPDU that s from the AP
or from associated STAs and thas further includes the alternate BSS color,
10163 In Example 22, an apparatus of a siation {8TA) may comyuise
memory. The apparatus may further comprise proeessing cirenitry. The
processing circuifry yoav be cordfigured o decode a fust dowolink physical layver
convergence procedure protocol data unit (PP received n an operating
channel from an access point (AP} during a transimssion opportunity {TXOP)
obitained by the AP, The processing circuitry wmayv be forther configured to
deternune that the downlink PPDU 5 from the AP based on a used basic service
set {BSR) color in a header of the downlink PPDU that indicates communication
between the AP and one or more assoctated STAs. The processing circuiry may
be further configured 1o decode, from the AP, a color switch anmouncerent
{{_5A) element that indicates: whether the STA 15 1o swiich from the used BES

color to an alternate BSS color for the comumunication between the AP and the
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associated STAs. and whether the STA 13 to switch from the operating channel
to an alternate channgl for the communication between the AP and the associated
STAs. The processing ciroutiry may be further condigured 1o decode a second
downlink PP from the AP in accordance with the (84 elemert

{80164} in Example 23, the sobject matter of Example 22, wherain the
CSA element may be mcluded in a beacon frame broadeast from the AP, The
processing ciroutiry may be further configured 1o encode, for transmission, an
acknowledgement { ALK frame that indicates raception of the CSA element,
[(3168] In Example 24, the subject matier of one or any combination of
Examples 22-23, wherein the U8 A element may be mcluded in a manageoent
frame transmutted from the AP 1o the 8T A in a unicast fransnussion. The
processing circuniry may be further configured to encode, for transmussion, an
acknowledgement {ACK) frarse that ndicates reception of the CSA element.
{801 661 In Frample 23, an apparatus of an access pomnt (AP may
comprise means for contending for g ransmission opportunity {TXOP) 1o obiam
access to an operating channel. The apparatus may further comprise means for
encading, for transnussion 1 the operating channel dunng the TXOF, a
downiink physical laver convergence procedure mrotocal data umit (PPDL) that
mcludes an operating basic service set (BS3} color that indicates communication
between the AP and one or more associated stations (8T As). The apparatus may
further compnise roeans for encoding, For transroission, a color switch
announcersent (U8 A} element contigurable to indicate: whether the AP and the
associated STAs are to switch from the usaed BSS color (o an alternate B3S color
for the conwnunication between the AP and the associated 8T As, and whether
the AP and the associated STAs are to swiich from the operating channel 1o an
alternate channel for the communication between the AP and the associated
STAs.

{80167 In Exanple 26, the subject matter of Example 25, wherein the
apparatus may Nurther comprise means for detecting ong or more PPDUs in the
operating channel that include the used BSS color and that are from one or more
overiapping basic service set {OBSS) APs or GBSS 8TAs. The apparatus may
further comprise means for determining, based at least partly on the PPDUS from

the OBXS APs or OBAS 8T As, whether the AP and the associated STAs are {0
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switch from the used BSS color to the sliemate BSS color for the
comymunicaiion between the AP and the associated 8T As,
{01681 in Example 27, the subject matier of one or any combination of

Examples 25-26, wherein the apparatus may further coraprise means for

()]

determining whether the AP and the associated STAs are 1o swiich frony the used
BSS color and the operating channel to the altemate BSS color and the alternale
channel for the commumcation hetwoen the AP and the associated 8T As.
{0169] In Example 28, the subject matter of one or any combination of
Examples 23-27, wherein the apparatus may further comprise means for
19 determimng that the AP and the associated 8T As are o switch fron the used
BSS color to the alternate BSS color if at feast one of the PPDUs from the OBSS
APz or OBSS 8T As indicates the used BSS color.
{80176} In Example 29, the subject matter of one or aoy combination of
Examples 25-28, wherein the apparatus roay further comprise roeans for
15 deternuning a signal guality measurement and/or B&S color usags measurement
based at least partly on the PPDU from the OBSS APs or OBSS §TAs. The
apparatus may further comprise means for detervuning that the AP and the
assaciated STAs are to swiich from the used BSS color to the alternate BSS

color if the determined signal quality measurement is less than a first

o

predetermined threshold and/or o the BSS color usage measurement 15 less than
a secomd pradeterouned threshold

180171 Tha Abstract is provided to comply with 37 £ F R Section
1.72{b} requiring an abstract that will allow the reader {0 ascertan the nature and
gist of the technical disclosure. 1t is submatted with the understandimg that it wilk
25 wnot be used o [t or interpret the scope or meaning of the clams. The
foliowing claims are hereby incorporated inio the detailed description, with each

claivo standing on s own a3 a separate embodiment,
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CLAIMS
What is claimed is:
3 I An apparatus of an access point {AP), the apparatus comprising:

memory; and processing circuilry, configured o
contend for a transroission opporiurnty (TXOF) 1o obtain access 1o an
operating channel;
encode, for ransroizsion in the operating channel during the TXOP, a
19 downdink physical laver convergence procedure protocod data unit (PP that
includes a used basic service set {BS8) color that indicates conmumunication
between the AP and one or more associated stations (53TAs);
detect, in the operating channel, another PPDU from an 8TA that s
unassociated with the AP
i5 if a headar portion of the detected PPDU inclides the used BIS color
deterroine an aliernate BSS color that 15 to indicale the
convmumicanon between the AP and the assotiated STAs; and
encode, for transmission, a color switch announcement {CSA)

element that indicates thai the AP and the associated STAg¢ ars to sawitch to the

o

alternaie BRS color for the conmnunicanion bebwesn the AP and the associated

STAs,

2. The apparatus according to claim 1, whergin the CSA element is
configurable to indicate whether the AP and the associated STAs are fo switch
25 from the operating channel 1o an alternate channel for the coronmuucation

between the AP and the associated STAs,

3. The apparatus according to olaim 2, the processing curouttry funther
corfigured 1o
36 determmine a signal quality measurement of the operating chanpel; and

deternune, based at least partly on the signal qualiey measurersent:
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whether the AP and the associated 8T As are to switch from the
used BAS color to the alternaie BSS color for the communication bebween the
AP and the associated 8TAs, or

whether the AP and the associated STAS are io swiich from the

()]

operating channel to the alternaie channel for the commmmicaiion between the

AP and the assocated STAs.

4. The apparatus according to clain 2, the processing circuityy further
configured o
i attempt 1o detect, in the operating channel, PPDUs that include the used
BSS eolor;
deterraine a channel load estimate based on a number of detected FPDUS
11 the operating channel that mclude the used BSS color,
determune, based al least partly on the channel load estimate:
15 whether the AP and the associgted ST Ag are o swiich from the
used BSS color to the alternate BSS color for the commuuucation between the
AP and the associated STAs, or
whether the AP and the associated 8T As are {0 switch {rom the
operating channel to the alternate channel for the communication between the

20 AP and the assogiated 8T As.

5 The apparatus according to claim 2, the processing cirewitry further
configured o

encode the {8 A element fo indicate one of

o]
L

the alternate BSS color and the ablernate chanmed, 1f it
deternuned that the AP and the associgied STAs are io swiich from the used BSS
color io the aliernate BSS color and that the AP and the associated STAs are {o
switch from the operating channel to the alternate channel, and

the alternate BSS color and the operating channel, i 113

3
e

determined thai the AP and the associated 8TAs are to switch from the used BSS
color to the alternate BSS cofor and that the AP and the associated STAS are not

to switch from the operating channel 1o the altemate channel.
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. The apparatus according to claim 2, the processing cireutry further
configured tor
monitor the operating channel for overdapping basic service set {OBSS)

PPDUs from STAS unassociated with the AP

()]

determune BSK colors of the OBSY PPDUS; and
determine whether the AP and the associated STAs are o switch from
the operating charmel o the gliernate channel based on a ranober of the BSS

codors of the OBSS PPDUSs that match the used BSS color.

16 7. The apparatus according to claim 2, the processing cireuityy further

configured 1o encade the US A element for broadeast fransnussion.

8. The apparatus according o anv of claime 2-7, the processing circutry
further configured to encode the CS A element in a beacon frame for broadeast

15 transimissicit

9. The apparatus according to clain 2, the processing circuityy further
configured o

encode the CSA slement 1y a management frame for wmeast transmission

20 to one of the associaled 8T As or for molticast ransmission 1o two or more of the
associated STAs; and
decode one or more acknowledgement {ACK) frames that indicate
successful reception of the management frame at one or more of the associated
STAs.
25

10. The apparatus according to claim 9, the processing circuitry further
configured 1o

it the ACK frames are received fror a predeterouned group of 8T As,
encode one or more PPOUS, for fransnussion after the ACK frames are recaived,

30 toinchude the alternaie BRS color,

11 The apparatus according to claim 2 or @, wherein:
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the AP is arranged to operate in accordance with a wireless local area
natwork (WELAN) profocol,
the used BSS color includes six bitg, and

the alternate BSS color includes six bus.

12, The apparatus according to claim 2, wherein the appavatus further

includes a transcsiver to transnud the downlink PPDU and the CSA salement

13, The apparatus according o claim 2, whevein the apparatos is

configurable 1o store the altemate BSE color in the memory.

14, The apparatus according to anyv of clamms 2, 12 and 13, wherein the
processing cirauiny inclodes a baseband processor to determine the alternate

BSS eolor

13 A computer-readable storage medni that stores mstnuctions for
execution by one or yoore processars o perforn operations for communication
by an access point {AP}, the operations to configure the one or more processors
0!

contend for a travsrnission opportuaty (TXOP) to obtain access o aun
operating channel;

encodde, for fransmussion in the operating channe! during the TXO0P, a
downlink physical laver convergence procedors protocol data unit (PPBUD that
mcludes a used basic service set {BS88) color that indicates communication
between the AP and one or more associated stations (STAs);

encode, for transmission, a color swiich announcement {CSA) element
configurable to indicate:

whether the AP and the associaied ST As are o switch froni the
used BES color to an altemate BYS color for the communication between the AP
and the associated 8TAS, and

whether the AP and the associgted STAS are 1o switch from the
operating channel 1o an alternate channel for the conununication between the AP

and ihe associated STAs.
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16 The computer-readable storage roedium according 1o clairg 13, the

operations to further configure the one or more processors 1o

()]

detect one or more PPDUs in the operating channel that include the used
BSS color and that are from one or more overlapping basic service set (OBRS)
APs or OBSS ST As and

detarmine, based at least partly on the PPDUS from the OBSS APs or
OBSS 8T As, whether the AP and the assoquated STAs are to swiich from the
10 used BSS color to the alternaie BSS color for the communication between the

AP and the associated STAs.

17, The computer-readable storage medinm according to clam 13 or 15,
the aperations 1o further configure the one or More processors 1o
is determine whether the AP and the associated 8T As are to switch from
the used BSS color and the operating chanoel (o the aliernate BSS color and the
alternate channel {or the cormmurication between the AP and the associated

STAs.

o

18, The computer-readable storage mediom according to clam 13, the
operations 1o further configure the one or more processars (o

determine that the AP and the associated STAs are to swiich from the
used BAS color to the alternaie BAS color if at leasi one of the PPDUs from ths

GBSS APs or OBSS 8T As mdicatss the used BSS color,

19, The compuder-readable storage medium according to claim 18, the
operations to further configure the one or more processors (o
deterraine a signal qualiy measurerment and/or BSS color usage
measurarmert based at least partly on the PPDUs from the OBSS APs or OBSS
30 5TAs and
deternune that the AP and the assooated STAs are to swiich from the

used BSS color to the alternate BSS color if the determined signal quality



WO 2018/080603 PCT/US2017/039708
53

measurarernt is 1ess than a first predetermined threshold and/or if the BSS color

usage measurement 15 Tess than a second predetermined threshold

20. A method of conwnunication at a station (STA}, the method

()]

COMHISING.
contending for a fransmussion opportunily {TXOP) to obtain access (o an
operating channel;
encodding, for transnussion in the operating channe! duning the TX0OF, a
first uplink physical layer convergence procedure protocol data omit (PPDLD that
10 wmcludes a predeterouned used basic service set (BSS) color, wherein the 8TA s
asgocigted with an access point {AP), wherein the used BSS color indicates
communication between the AP and one or more associated STAs;
detecting another PPDYU from another STA thal is unassociated with the
AF;
i5 if a header portion of the detected PPDU inchides the used BIS color
determining an alternate BS8 color o be used to mndicate the
comymunicaiion between the AP and the assoviated ST As;
encoding, for iransnussion, a message that indicates the alternate

BSS color; and

o

encoding, for fransmission, a second uplink PPD that includes

the aliemats BSS color,

21, The method according to claim 20, further comprising:
atternpting 1o detect for PPDUs that are from the AF or from associated
25 STAs and that further include the alternate BSS color; and
encoding the second uplink PPEU to include the alternate BSS color
after detection of at least one PPDU that s from the AP or from associated STAs

and that further includes the aliomate BSS color

30 22. An apparatus of a station (8TA}, the apparatus comprising. memory;

and processing cireuitry, configurad 1o
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decode a first downbink physical laver convergence procedurs protocs!
data unit (PPDL) received in an operating channel from an access poind (AP)
during a trarsnussion opportunity {TX0OP) obtained by the AP,

determine that the downlink PPDU is from the AP based on g used basic

()]

service eet (BSS) color in a header of the downlink PPDLU that indicates
cormpmmrication bebween the AP and one or more assoaated STAs;
decode, from the AP, a color swiich amnouncement (CSA) element that
mdicates:
whether the 8TA ¢ 1o switch from the ueed BSS color o an
10 altemate BSS color for the commumication between the AP and the associated
STAs, and
whether the STA 13 to switch from the operating channel to an
aiternaie channel Tor the copwnunicaiion beiweean the AT and the associated
STAs and
15 decode a second downdink PPDYU from the AP in accordance with the

CSA element

23, The apparatus according to claim 22, wheareir:

the CSA element 1 included 1 a beacon frame broadeast from the AR,

20 and
the processing cwrowmtry s further configured (o encode, for transmission,
an acknowledgement { ALK frame that imdicates reception of the CS A element,
24, The apparatus according to claim 22, wherei
25 the CSA element is included i a management frame transnutied from the

AP o the 8TA in a vnicast transimession, and
the processing cireuitry 1s further configured (o encode, for ransrission,

an acknowledgement {ACK) frame that indicates reception of the CSA element.

38
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