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present appl2pesaisasa clains priority to provisional U S PABAISR@S081562
Serial No. 60/862,146, entitled "POAER SAVE ENHANCEMENTS FOR AD- HOC
W RELESS COMMUNI CATION, " filed October 19, 2006, assigned to the
assi gnee hereof and incorporated herein by reference. BACKGROUND I .
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[0002] The present disclosure relates generally to communication, and more
specifically to techniques for improving battery life of stations in wireless

communication networks.

II.  Background

[0003] Wircless communication networks are widely deployed to provide various
communication services such as voice, video, packet data, messaging, broadcast, etc.
These wireless networks include wireless wide area networks (WWANSs) that provide
communication coverage for very large geographic areas, wireless metropolitan area
networks (WMANS) that provide communication coverage for large geographic areas,
wireless local area networks (WLANs) that provide communication coverage for
medium geographic areas, and wireless personal area networks (WPANGS) that provide
communication coverage for small geographic areas. Different wireless networks
typically have different capabilities, requirements, and coverage areas.

[0004] A station (e.g., a cellular phone) may be capable of communicating with one
or more wireless networks (e.g., 2 WWAN and/or a WLAN). The station may be
portable and powered by an internal battery. The station may consume battery power
whenever it is turned on, e.g., to transmit and/or receive data. It is desirable to reduce
battery power consumption as much as possible in order to extend both standby time
between battery recharges and operating time when the station is exchanging data.

There is therefore a need in the art for techniques to improve battery life of the station.
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[0007] The power save buffer status and TXOP bursting features may be used for
various power save modes and various wireless networks, as described below. Various

aspects and features of the disclosure are also described in further detail below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] FIG. 1 shows a wireless network.
[0009] FIG. 2 shows transmission timelines for multiple stations.
[0010] FIG. 3 shows a frame capable of conveying power save buffer status.
[0011] FIG. 4 shows operation in an unscheduled power save mode with the power

save buffer status feature,



[0009] FIG 2 shows transmission tinelines for nmultiple stations.

[ 0010] FI G¥O0edigeE82za frame capabl e of conveyi ng power s®RCEFUSAINTHE1562
status. [0011]FIG 4 shows operation in an unschedul ed power save
node with the power save buffer status flature. 3 [0012] FIG 5 shows
transm ssion of data frames with separate channel accesses.

[ 0013] FI GS.[06¥2] andFRB sdhewshiaaskissieapadite fidnes Anuaypdrtte TXEMePaicsistnd
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[0014] FIG. 7 shows transmission of data frames with TXOP bursting receive
capability.

[0015] FIGS. 8 and 9 show operation in a scheduled power save mode and a PSMP
mode, respectively, with the power save buffer status and TXOP bursting features.
f0016] FIGS. 10 and 11 show a process and an apparatus, respectively, for
transmitting data with power save buffer status.

[0017] FIGS. 12 and 13 show a process and an apparatus, respectively, for receiving
data with power save buffer status.

[0018] FIGS. 14 and 15 show a process and an apparatus, respectively, for
transmitting data with TXOP bursting capability.

[0019] FIGS. 16 and 17 show a process and an apparatus, respectively, for receiving
data sent with TXOP bursting capability.

[0020] FIG. 18 shows a block diagram of two stations.

DETAILED DESCRIPTION

[0021] The techniques described herein may be used for various wireless networks
such as WLANs, WMANs, WWANs, WPANSs, etc. A WLAN may implement IEEE
802.11, Hiperlan, etc. A WWAN may be a cellular network such as a Code Division
Multiple Access (CDMA) network, a Time Division Multiple Access (TDMA) network,
a Frequency Division Multiple Access (FDMA) network, an Orthogonal FDMA
(OFDMA) network, a Single-Carrier FDMA (SC-FDMA) network, etc. A WMAN may
implement IEEE 802.16 (which is commonly referred to as WiMAX), IEEE 802.20, etc.
A WPAN may implement Bluetooth., For clarity, the techniques are described below
for an IEEE 802.11 WLAN.

[0022] FIG. 1 shows a wireless network 100 with multiple stations 120. In general,
a wircless network may include any number of access points and any number of
stations. A station is a device that can communicate with another station via a wireless
medium. The terms “wireless medium” and “channel” are often used interchangeably.
A station may communicate with an access point or peer-to-peer with another station.

A station may also be called, and may contain some or all of the functionality of, a
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Engineers (IEEE). For example, wireless network 100 may implement IEEE 802.11
standard, including one or more of its addendum such as 802.11a, 802.11b, 802.11e
and/or 802.11g. Wireless network 100 may also implement IEEE 802.11n and/or
802.11s, which are IEEE 802.11 standards being formed. IEEE 802.11, 802.11a,
802.11b, 802.11g and 802.11n cover different radio technologies and have different
capabilities. TEEE 802.11e covers quality of service (QoS) enhancements for a Medium
Access Control (MAC) layer.
[0024] Wireless network 100 may be an infrastructure network or an ad hoc
network. An infrastructure network includes one or more access points and possibly
other entities that support communication for stations. An infrastructure network is also
referred to as a Basic Service Set (BSS) in IEEE 802.11. An ad hoc network is
composed solely of stations within mutual communication range of each other via the
wireless medium. An ad hoc network may be formed on the fly as needed, typically
without a central controlling entity such as an access point, and may be dissolved when
no longer needed. An ad hoc network is also referred to as an Independent BSS (IBSS)
in IEEE 802.11. Much of the following description assumes that wireless network 100
is an ad hoc network.

[0025] Wireless network 100 may support one or more of the following power save

modes or mechanisms:

e Unscheduled power save - data is transmitted whenever there is data to send
during awake periods,
o Scheduled power save - data is transmitted at scheduled service times during

awalke periods, and
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exchange data frames for each traffic stream.

[0029] The unscheduled power save mode may be used in an ad hoc network (or
IBSS) in IEEE 802.11. In this case, station X may select a suitable duration for an
Announcement Traffic Indication Message (ATIM) window and may broadcast the
ATIM window duration in each beacon frame. All stations in the wireless network,
including those operating in the unscheduled power save mode, are required to be
awake during each ATIM window in order to receive frames applicable for these
stations. An ATIM window starts at a TBTT and ends when the ATIM window
duration has elapsed.

[0030] Operation in the unscheduled power save mode may occur as follows. When

a given station A has one or more data frames to transmit to another station B, station A
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ATI M W ndowegidndthtedVul hider @bRB&E8E an indication of buffered traffic in the ATIM window
may result in excessive battery power consumption. This extended awake time may be
undesirable for stations that receive only a few data frames in the beacon interval and
complete the reception of these data frames early in the beacon interval.
[0032] In an aspect, a source station may include a power save buffer status in an
ATIM frame or an RTS frame sent to a recipient station. The power save buffer status
may convey the amount of data (e.g., the number of data frames or MSDUs, or the
number of data bytes or bits) to be sent to the recipient station. The recipient station
would then know how much data (e.g., how many data frames) to expect from the
source station. The recipient station may go to sleep after completing the reception of
the expected amount of data (or number of data frames), instead of having to wait until
the end of the next ATIM window, which may save battery power. For example, if the
recipient station receives an ATIM frame or an RTS frame with the power save buffer

status indicating two data frames, then the recipient station may go to sleep after
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bytes, whi ¢hyrily de: @Sl o8 oYtk {hagmenbatidon doh, MAGuiLBIEY MERHd data
frames or bytes, etc. The power save buffer status may be conveyed in an ATIM frame,
an RTS frame, a data frame, or some other frame.
[0037] FIG. 4 shows an example operation in the unscheduled power save mode
with the power save buffer status feature. In this example, station A has one data frame
to transmit to station B. Station A transmits an ATIM frame during an ATIM window
to station B. The ATIM frame includes a power save buffer status (PSBS) that indicates
one data frame buffered for station B. Station B returns an ACK for the ATIM frame.
In this example, no other ATIM frames are transmitted during the ATIM window. At



[0033]FIG 3 shows a design of a frame 300 capabl e of conveying the
power saV¥OR0#%1d5283t at us. Frane 300 may be used for an ARTFMSRGIAGRIS62an
RTS frame, etc. Franme 300 includes a Frgme Control field that

provi des various pieces of information, Destination Address field
that identifies a recipient station of the frame, a Source Address
field that thelemnd iof ites ATISOWitdovat Aitiods A raad SBirkhbingawdle. f Kafen @ has not
Franme Body field that includes_a Power Save Buffer Status field, and
possi bl y otisasmitied o geceiyst any & THY: frameaid Gan thysgo to skegp- cl arity.

[ 0034] The | 1rof b ' f :

reld o POMST Nanagcon o Boy ey BRI Bhitoulo AR det
in FIG 3. filire ffgmpetasiobfA. eSetioms thmsmes thealatz0famée,cnd atanan &getend an ACK

frame or 'Q1' faor contral frame. The Suybtype field my be set to .
1001 °F or Warihadteio iime A TRRTCER e B R, P S eHa B ot PRl Breive
to "1011" fgy nape HhE f;réﬁan%atitg}mlkc%[ﬂd;o%n%%?tots)l% er WAREMRInd HRMBCKTRE the

Power Managenent fi el e se o indicate that the station
is in the potadransaviiterotmsontiing theglata Bamediatiand) dorsmot havesngman dpt for

in an active, .nmode. [0035] For, the. ATl M.and ne, the. Fra Bo
Fleta s cORiane g et st pAettioRg AR RS b mapi o
I'n the desisgfiosaWndIBImEY Go tSsleép@urijanead sty Biglth oaitingl the dnt @I thermRyt
be included in the Frame Body field and nay indicate the nunber of
data framedldM WBDYS -t hat the source station has buffered for the

reci pi ent on. r r oM

o s subt 1 0GR RRRR s RAMEIRY) offriSh Shitmol Ry B BieRALR! AMeRithe,
managenent tieramey e cant mblkerd statiom AowilBngotateeeif¢ dreACK by staiondd after

[0036] I n general, th ower save buffer status yay jndicate the

avai | abi | 1 C5FeBhOh of 1B QR cten TpgieqHomy Batest Ano YACCORMNE b (b cpfiiel access
buf fered datéhedliRs sHIRCA noly Rihidlietheda Aafal RIRS whEn BY WEXK AR recERRd,
power save buffer 'status may be conveyed in an ATIM frane, an RTS

frame, a dandnfayassimothassiatoroB hes ndtsanghe POKFTERNGE, it Hassindwecaslad the data

exanpl e operatiop in.t unschedul [ sav d KipR . th I
save buff e&raﬁeat ﬁsﬁrﬁﬂg’&thxg R ?%af?ﬁgggﬁgﬁ%’%g gﬁhﬁ&oﬁec\ﬁﬁ%gg rgﬁ%&ﬁg SHns-
frame to tranpm A ke ﬁée@tlie@mns;ﬁmtﬁg nitiD it adhed MisdVinbSingin AdhMdundne which
during an ATIM wi ndow to station B. The ATIM franme includes a power

save buf f estage drwidl qbpgaky renemissieni This awyspulidacacaspippower draingdgr stafion

xaml o, nd BEnePa RO P, Dbkl ol e hB Bpeb ey Gynions A

At 8 and B, station B may opt to sleep as soon as possible after sending ACK for the last data

frame (e.g., station B may be power limited and may not be concerned by station A’s
power supply), or station B may opt to stay awake for some amount of time after
sending this ACK (e.g., stations A and B may both be power limited). Staying awake
after sending the ACK for the last data frame would allow station B to send ACK(s)
should station A retransmit after the original ACK was erased by the wireless channel.
Station B may use the SIFS, DIFS, contention window size, wireless medium load,
pumber of stations in the IBSS, etc., to estimate how long to stay awake in order to
improve power saving by both stations A and B as well as to reduce network load. If
station B receives duplicate frames, then only one is accounted for when deciding how
long to stay awake.

[0040] In general, the source and recipient stations may negotiate a termination
strategy in case the ACK for the last data frame (or any data frame) is not received by

the source station. The recipient station may remain awake for an amount of time to



the end of the ATIM w ndow, stations A and B remain awake. Station C
has not tWeargws/is288 or recei ved any ATIM frane and can PREASFW7H$1562
sl eep. 100381Based on the power save buffer status, station B expects
to receive one data frame fromstation A Station A transnits the
data frame, and station B returns an ACK for the data franme. After
recei vi ng tégivdatsdipi@Meetrisalidstn B e @buR¥PeGtioh,0 akeEicYBe@N¥bove.
nore data fromstation A and can go to sleep after transmtting the
ACK for thélgamaivelyaths sonfacestationamayrskipiraigansméssipar of the dapb datgtfameAurmg

does not have . t:] - f

recei ving ?%ec'%%ét ?%%l?et lgeg{oga{f g{efg;g%el.é quh%g‘%@%ioﬁﬁggggfe}cgjﬁ%hE%giﬁg' E%E“"né'%

go to sl eephecsiikge dtatiinemay odtranamitntistdatawidrhe iind bhbstiene adaled pdrive drendy

ATI M wi ndow, [OOﬁQ%iTr nsm ssj on of c!%ta over a w.rel ess channel may.

be unrel i alissrdthedat dranc. v thea :dgwebe FepiEntstalion dn 2 laisleeD Febt
fi n th r the'la t me. tehhifdti a o be

recei ve thgrACK 38t QXC‘%{?%' RO18 &fid 8% Ee@ﬁl&ltr'%ﬁaf dnN\&ral getare ds

frame fromstation A According to the channel access proc
stati on A megotragtdrimtsedn the heurbastd aipzenf stammswhen an ACK i s not

received, y assune that station B has t.sent, the ACK, because
[t has not D Ge TG e S M7 mpF PR o ol SRR
station B \iatibn Rl A8L a8fsntihent ebfafsit $5haise. bAkhd@Ndfa Taind eRPsource
retransmtting until it reaches the maximumretry count, at which

stage it wistationseyt perfosmeohanagliasedss i sahiagcesnlp theshimmel And ey Jengyait the
power drain,f tati . of wi rel ess nmedi um Dependi ng
on the pom@?ta%ap?zeb‘lﬁ%iﬂ?eln%k@n%%lqlgpg%%hn aﬁﬁ%ﬁd B, station B may opt to
sl eep as sqo0¥23s PPES. Pkicoval trarsmesivdi afgniitifleldara frireed Bsstadat A t6 rsaten B
(e.qg., station_B may be power limted and may _not bhe copcerned by
station A &ifoRestrilighCoyrdmgtion Fynctpnn & mclﬁﬁ%t YistlayStafiak e oy data to
sonme anoun [ ' ' e Shad WaBS ARG aBel
may bot h btetrag%n\}\%raﬁﬁism t%55'5&%?{5’3‘?1%&6{%@@%&g?de;eené?%lg tgt%g ACK faore .
the | ast dausy éridie Mthd chaahé¢losvidi¢ &iriagreriBd o6 tiserm uACK (as) CE hotatfthme space

tati A it aft th i gi [ A db .h
stalion A LSIEGNeILL glisr Neon oL, ACC e e aRR b LS T e
size, wirel-essyEgipym 's?&%nm%'wk’&?éﬁfes Qfid AERLORR ddt FhGe | TRPPstaBbl A, hfer

estimate how | dng to stay awake 1 n order to | nprove power saving by

both stati gpser dnle &taFranR! dt tia T.0sthesHIB Gvaeth\wask intedidmel shasd (SIFink
recei ves duplicate frames, then only one is accounted for when

deci di ng hewd tengmitoans AGK sifetiog. at oo Dy mhetgeler 4} 2 SIRe SinsecdFaagshorter
reci pient stations may negoti ate termnation strategy in case th
ACK for t héhanaR{FSy SiakionrR wan @eqesaﬂr;ﬁ @@paelﬁbemm% Sheons attes @@dﬂnsﬁ the

the source dﬁﬁaaﬁa{rgé? : 5&59 Endf& tﬂétes@artiogtﬁ?‘rsirpﬂ%cé@é’th%m% YR fQhndh

anount of tinme recei ve possible retransm ssion fromthe source
station, agoe4sicri Brtombovs.andihcedaiafiamelty frandnet solisterts ssnsing dire chaymel at

skip retransm ssion of .the | ast data frape during.the current, awake ..
period if (e i‘dﬂ eterpgie \Wlé%tg?r\}gﬁglp@aﬁ], 1 HESYr(gdii ié%m%?’%?ﬁpgﬁthe il is

Instead, thesEuiAE bit BLdoRibs By hEtFRMEN StalidH A MaY thdn 4R uhfil Me channel
subsequent awake period or may discard the data frame. This woul d

t hen al | owbebemesexilpaetimesTatndmaydfughert wais ferether dhghmel & ther idiee fdinBIF'S

2l 0 be nedetPa e abautal (RS o apnhaRelrh rar L ERi e Pl
source st atzRMdiycdhdt@iolHihidl €CUB! Tht ke Baekff dNGd@t tto beoid 2 scenario in
rectpient which multiple stations transmit simultaneously after sensing the channel idle for DIFS
time. Station A then counts down the random backoff, pausing whenever the channel
becomes busy and restarting the countdown after the channel is idle for DIFS time (not
shown in FIG. 5). Station can transmit the data frame when the countdown reaches zero

at time Ty. Station B receives and decodes the data frame from station A. After the end



station and may transmt one data frane at a tine. For each data
frame, th&¥020108283t ati on may perform channel access toPGaUS2ECHBES2
to the channel and may transmt the data frane via the channel upon
gai ni ng access. [0042] FIG 5 shows trandfission of multiple data
frames by station Ato station Bwith Distributed Coordination

Function (€ dafe frERE 2aBRfe I, sBtial BOaifd JIBS it A ditRAnkmASTACKAE ing at
starts sensing the channel at tine Tl to determ ne whether the

channel i s tiwesTnowhérdlTe, — Tf, 2HESchannel is idle for a period of tine
equal to a DCF interfrane space (DIPS), then station A can transmt a
data frane [884#ti nsshownns FiE. Swperermipg pianis] aecesh @ pash elafe ramgdgnay

decodes th %xgﬁﬁ 3}}4 egrﬁg%t IS)E?L@GS[B %Iah%t ‘Sg’wét’r{ﬁlé Iﬁ%t{ltﬁtl &N Q'h%fis B%F%a%g)channei

frame at tine waits a erframe space
time and trcandatdnse busyAtitingtaay tchagehbcdessyand the sohseastalibn-wiail SR .need to
Since SIPS is sh?rtﬁr %han Dl stat.iion B Egﬁ access the chann

¢ e

S I
bef ore ot hEPRERA{ITIHE chnmet Wth@ﬂ@ﬁaﬁaB?nst e Aress o9 ot drle and
that stati o oo@ihesd CPhEibited Aetishlsion ity eRIEbIe debiCfbleRliitly @Rt

A has anot her gata frame to transmt and starts sensing the channe
at time T5 it thedetieemind ecoipiettistationhbeing awaled longerbusy or idle. In this

le, t | is initially idl t b ti.me 16,
Satton A M hentaiohe perela ot agic pEEGRBEN WGP AT SEoEy hep
may furtherry@p tad Mdvetin@ tBRANEP binQtiRerdceive chbilay k) RBePgited, TRETXODP

occurs at time Tg. Station A may then select a random backoff between
zero and a butstingmededie Gappkibl Suopprts delvervapionpitiplecdest frames iiseng THOP with

atter ensingd RenRRM BRI Fn bRl e AR (BT EARGR Belaac

down t he rgnge backof f, pausi ng whenever the channel becones busy

and restarting the countdown after the channel . is.idle for D PS tinme
(not shown (006 G Agfatiogi gy %ﬁvdéa%napﬁ%maffme%@néﬁgm FLAESORIEAR #ﬁ@uest

Count doun ERRMERASED o [ L oRy ke S R aadcea

time T10, <SLaptbitity Bfwwadtion Slefdint aond THIdrameamswintesother ra@Kagsimantt framge.aThe

time TiL, Vg]a%;l%li;ryl j[nfo%gti% I?i%ld may contain information on whether TXOP bursting
reception is supported by the station and the number of data frames that can be received
by the station in one TXOP, which may be given by an N-bit value (e.g., an 8-bit value).
In one design, a value of all zeros may indicate that TXOP bursting reception is not
supported. A value of all ones may indicate that the station can receive any number of
data frames in one TXOP at the highest data rate. The remaining values may indicate
the number of data frames that can be received per TXOP. In another design, the
number of data frames that can be received per TXOP may be restricted to certain
allowed values, e.g., 0, 1, 2, 4, and all ones, and all stations may be mandated to support
this. In general, whether or not TXOP bursting is supported and the number of data
frames that can be received per TXOP may be provided in one or more fields and using
any format.
[0047] FIG. 6A shows a design of a frame 600 capable of conveying TXOP
bursting receive capability. Frame 600 may be used for an Association Request frame,
an Authentication frame, or some other management frame, control frame, or data
frame. Frame 600 includes a Frame Control field, a Destination Address field, a Source

Address field, a Frame Body field, and possibly other fields that are not shown in FIG.



[ 0044] As shown in FIG 5, perform ng channel access for each data
frame maywexb@vdsiske anount of tinme to transmt nul tipl ecuaisacoziosrses.
This i s because the channel can becone busy during any channel
access, and the source station would théh need to contend for the
channel with other stations. Each channel access adds access del ay

and ACK OV%Ahe&ddarT@e ThE em@@ Ec’ic@”ﬁ@ﬁdsﬁb@xﬂest b "®apfabllity 'lﬁfo‘i@ﬂlaﬁérplf%ld and
data frames may r esul in the source and reci PI ent stations bei ng

awake | ong@pss@m@ﬂl&]rlﬂﬁl@nfb@mrﬁ ngé pleeyn i FKY. £tA. oA he isaphibityoinforenatipy ifigll
multiple d Y F n
ecei ve cagéfb 4| ty ?Q%Pﬁm‘% gg‘{clmé%s I&ﬁd‘ (?ap%J%E& %)H)rﬁ:? {4 %\ib?rng ;B%/g3§ned as

capabi | i ty descpiped taboee! lI‘heI‘ISD((OP bidtingpleeei vt apablldyresay lsobe cohX@yedidshn
a single channel access, i may shorten the ampunt of time to

transnit tRePanie fiefd amtke F{a@mﬁpsiy diclt Pomaelf ¥@hdn & TARRRSTICNE yfame or a
I nformatio I ti

foi ne the G firidin¥haRALER! THR TGP Bty REEREMHINS pRb A st
| nf or mat i om §ared othentyae oAbkt f . g,nm a)ﬁrss(hamfmmh eentrbgribhe sovecet sta’ttrcmma

The Capabil j | nf Qr mat f.iel y.contain information.on er,.
Tier poe ot by o0 cSalen 50 Biigh Emiedng 30 s hebikrih ok otk Fo TGl Bresiipe
data framegedehat caﬁ@tﬁhﬁ@s 516‘9&&1\/&%@@ ih hﬁ‘e 84 Bbd Aftwiolk, Qe dufp; asdbiigibn by
may be given by an N-bit val ue 8-bit val ue) I n one demg_@
g€

a val ue of thgsg s@éom Statyon Kdn@abr@agmftthErSE@@Pob:ursmgw@cw@@éfmaubdﬁles of
support ed. {A val u e, of &J[a ones may indicate that the station can
receive an§ Hﬁ%‘é 8? 4at@*Fr anes in one TXOP at the hi ghest data

rate. The 1@ ni NPIV.4BISioWBY désiel 6 Beabheframaisel capabtivdeonkeyieg TXOP
that can be received per TXOP. In another design, the nunber of

dat

franmes t hatupHAg Bece e 6prAbiitiss rofSioNNep the adelas netwverk.t Per iﬁaﬁlae 610

al | oved Vag& deg & ame Ganhol feldta Fade pbamaasanmﬁe%éldgﬁﬁﬁ b3t B
to | S. XOP

be mandate support n’ genera et her or ursting
i s support éd Fa@d 6Bhfor nlentter Tie Bane Bodyréisid maludesn Becor detewat fipki that

TXOP b ded
(00471 Bl & A IES Ded] JAvETe o Cahebigo TEARHE R dEN, dhe ey Ricater s
bursti ng r%%&bﬂ?ﬂﬁ%%@%gﬁbht}y anmﬁ%eﬁﬁget%l&'%@ 1r{di’éatékna 43 20 phudteRRs

Request fra an Authentication frame, or sone other management
frame, contusa:d tofsuppm‘t theraddac acfwalnée.g. FthensTIB0W iideoy deteon), FAXQAP Bursting

Fram Body HerE CRAM BoLEPBr s Rap piEpdnytPn gReL IR, N Tk

FIG 11 6Acboive Q'Ja%}&bﬂit‘y ffemitic B eRogky fihdhek b€ letlle o chepatiibn those
Information field and possibly other fields that are not shown in

FIG 6A THEXQRpursing rseeiviercspakitityois breadrest i hgeeondfranxeopThe ealry fy each
recel ve (Rl (SRRAR bk 7 WA for a@?’i‘tlgﬁq&etn%%efjgg ddapeds perAsns %&Jgg%bsﬁeéd

above. The |ng fecelve capa conveye
separate fifgl thel TXORe UrstigercBeidy cﬁp@ildy@f thim;staluensemte THOR lﬁms‘tmgeﬂafemtze

frane or a control frame in other nmanners. The TX burstin nc!'/ecelv

capabi | i ty cApAPilfes ool Bes¥ponsimaY HsoobHh bFroadeask i other gpannegs gnd/og i gther
first data d} sent by the source station. [0048] Station X (Whl ch
fornmed the ‘ad hoc network) nmay receive TXOP bursting

[0050] In yet another aspect, a station capable of transmitting multiple data frames

in one TXOP can advertise this TXOP bursting transmit capability to other stations.
The TXOP bursting transmit capability allows for transmission of multiple data frames
in one TXOP with a single channel access. The TXOP bursting transmit capability may
be conveyed and advertised in similar manner as the TXOP bursting receive capability.

[0051] FIG. 7 shows transmission of multiple data frames by station A to station B
with TXOP bursting capability. Station A has data to transmit and starts sensing the

channel at time T,. After sensing the channel idle for DIFS time, station A transmits the



receive capabilities of other stations in the ad hoc network, e.g.,
during aswocneiisaszby these stations. Station X may brodTamsooviogls62
TXOP bursting receive capabilities of these stations via beacon
frames. [0049] FI G 6B shows a design of 14 beacon frame 610 capabl e of
conveyi ng TXOP bursting receive capabilities of stations in the ad
hoc net wor lgirstBRACHANE AN LA AndTT). USiesoPB FeaiRs GaAtde@ideb kiRl fhst dutf Han®.,
Body field, and other fields that are not shown in FIG 6B for
clarity. Theits Sahe tiBedgitarithe end atthgdust detpEament HmeeFw and frevgnaitst e CK

i ndi cat es the.beacon terval, Ll | nf.or i.on freld that
| ndi cat oo PRERERAGHRE 18 SRl adefRRNLE Wok | DLAT R B bbb e e e
that indi c®s aatiget TOlandanasmies Scddde dataofr&hip partingt stainae ThoSine SIS ks

(e.g., the ATI M w ndow duration), a TXOP Bursting_ Receive Capability

| nf or mat i oshertethan REW, sghen K Gandtananit thegyeaend dpf e ihgpisontgtion from
Recei ve Ca (R r 1. onR §i-el i : £ ar >

ctatl on whallr ping MR wilfhd K6 Mo TRl WSRO i kB!, Eth 5
beacon frameeivEhenédédodes the seanhl dutaaframe wailg SRS fudeafwr shebdnid elf dthef erormal

station identifier or addres STA Yk) d a subfi.eld.for the TXOR
bur St § g S6 ARG ApHBE bt SR 0 ARGHATIRAA: ed st Pigbe of data
recei ve capabickiahi @CI0E niah %eStfaﬁsxhg%g 8ﬁ|§m9alr $unR6r, MHARE GgShe IMXOH B@kting

manners and/or in other frames. [0050]In é.et anot her aspect, a _
station capedsive capaliliyrafistationdy Avutime giee whichds PHaEhEme pfieohe edeithe arior

advertise this T bur.sting-{rapsm,t, ca il r i .
The  TXOP btk (it TPRHIRFICTEL SRRy ERRERAS Bt A Rl ST EpfiBetves
nul ti pl e dah@ dbecHE shd Rstona ke, whithSIFSsimebhRectharne of geclessdataThieme at
TXOP bursting transmt capability nmay be conveyed and advertised in

si nilar madimes Tasidienyrepap d(ds agingst Emgeizapabi lity. [0051] FIG

7 shows tr hSSi il f I I;

B wi th X ot Ag SRhulH PP eGP chR TRRrY o BB Adbd RERL i ne
starts sendiXQP twWith @lvacinehelatccdss,mehith makf sherters dresimaunt o€ tivtean s lthee

f D1FS ti , tation At its th 2 fi t data,f .starti
At time T7 098 GeTen Bhaet QU B WEncs athB i L SeRP i hich ey
wai ts SIPS s&&é&%&(@é;r% govs}elf‘.e tad 8o ri‘)ﬁrs'lﬁ:in'ia%/t bE bR af IRPRgRle %dﬁg&A%%h ANgh

transmts an ting at tinme T4. Station A receives
wai ts Sl PS Adgregagf M@DU he-MRAGUdin IHEE 2@ lax tine T5, and transnits a

second dat me starting,at tinme T6. .Since Sl i hort e han

51 S, st at T4 calf s PPHEF D SR Prodeh M e ot
from ot her ;g¢Atdansell Mtin dbMbnRkibhNA tehbinkEoC BRMHIE th® fdeurtdhay fresvide
DIFS tine. Station B receives and decodes the second data frane

waits Sl PS aceurgteanfoamationsfos adeeipientdativagegaidiag e impaning datg frapstqr/for this

dt its CK start. i
and AGKo maytBE FPERUMAD TR bk ol obter A BHIBELs Bl faldhy G REmes
bursting reaeiveTRapaRirkting/reoéivs t@jabidity Bididdtestsixrgatd fAmeppec TXOP, BlcRShe

time after the end of the prior, ACK (not shown in FIG é), statioq)Af
transmits tSARCE sgtioaangy FdniBe farfatofamey Beets ESnalfde sawsr 4y buffer

I d f ' i i i u
ast data Fﬁ%ﬁﬁadﬁﬁ@k& ?oé{p??c&%@ﬂ%%ﬂsa??s ah@?)ﬁﬁdbﬁfstlﬁ#ﬁsc Iﬁ[ﬁjt&)gg?%sf)ﬁm’

at time T1f transm rting at tinme T12.
shown in Fltkgn The s¢capient stticmrcahr @osine tonangatmdibey abfa datcaald @oeto sleep

one TXOP wi.th one .channel .access, which horten the anount of
time to tréﬁ’é‘%ﬁdfat?lﬁé?ré%ﬁlﬁufnr%%gecqlﬁ}n@ %u;%‘gra‘%t% A6 h stations A and

B to go topheap eehl bEker YL CFERMaSQYRY/BRhE AOP BWREng Thaeurd ¥ be used
burst may be for an aggregate packet such as an Aggregate MPDU
: g&@\?@fe@nlr%emay also

(A- MPDU) i rin cEBEENGOR. With any 00G8pbreyeaye maddes tipfed g

status and ,TXOP, bursting,features may be used separately or in

conbi nat i orP® uﬁ\e%lf‘:‘?ﬁ?w&@ﬁoﬁwﬁe@@%r &\‘/\‘ber?%cgeg'ur es may provide accurate

i nformationgHss] a FEEkY BMdchedddd poweegaedndde, an sturpesitiog st mclude the
power save buffer status for a recipient station in an ATIM frame or an RTS frame sent

in an ATIM window, as shown in FIG. 4. The source station may transmit one or more



[ 0054] The power save buffer status and/or the TXOP bursting feature
may be uswWe 2098/G6Eunction with any of the power save nBGERISRGOSHSIE62
above. These features nmay al so be used independently of these power
save nodes. [0055] For the unschedul ed pé%er save node, a source
station may include the power save buffer status for a recipient

station indaf fidhdd foriasgeed@fiednstdtion It-aiie SRNGS the AITM FIMoMW BOewh BSOP.
shown in FIG 4. The source station may transmt one or nore 13 data

frames to tihe unseticgnled powensaverimedet with theepoxyea seve uiter AREW anidfpadhe LK OP

each TXOP. j L. [y f
ctatus andPARTpHIRRIEHH 6 ROMEL SRR REEy WokBud O BRUEL SRR LRl
st ations witlidn capesierad sona dfley endjitter aTlhe andchadulelbpowe! savateds aiith these

delay and jitter. Thgp&nsch dul ed power save node with these features
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[0057] FIG. 8 shows example operation in the scheduled power save mode with the
power save buffer status and TXOP bursting features. In this example, stations A and B
have negotiated a service time of T}, and both stations wake up prior to the service time
to exchange data.

[0058] At service time T, station A accesses the channel and transmits a first data
frame to station B. This data frame may include the power save buffer status indicating
the number of data frames that station A has buffered for station B. The TXOP bursting
receive capability of station B may be made known to station A during service period
negotiation. In any case, station B may have information on the number of data frames
to expect from station A, and station A may have information on the TXOP bursting
receive capability of station B. Station B returns an ACK for the first data frame.
Station A then transmits remaining data frames to station B, e.g., using the TXOP
bursting receive capability of station B as described above for FIG. 7.

[0059] Station B may then access the channel and transmit a first data frame to
station A. This data frame may include the power save buffer status indicating the
number of data frames that station B has buffered for station A or some other buffer
information. The TXOP bursting receive capability of station A may be made known to
station B during service period negotiation. In any case, station A may have

information on the number of data frames to expect from station B, and station B may
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both stations Aa .
frames in an interlaced manner. For example, following the first data frame transmitted

by station A, station B may transmit its first data frame along with the ACK for the data
frame received from station A. Station A may then transmit its second data frame along
with the ACK for the data frame received from station B.

[0063] When TXOP bursting is used, the receiving station may acknowledge data
frames individually with ACK or may acknowledge several data frames with a Block
ACK. Similar to ACK, the station that transmits Block ACK after receiving the last
expected data frame may determine how long to stay awake after sending the Block
ACK, in case the Block ACK is not received by the other station. Block ACK

capability may be negotiated between the source and recipient stations.



to transmt data. In general, each station nay or may not use the
TXOP bur sWPrg0%dai8re. Station A may transmt all of it @CHARS200708156S
before station B transmts any data frane, as shown in FIG 8.
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stations. Station A (or any other station in the ad hoc network) may indicate its
capability to generate and receive PSMP frames in the Capability Information field.
Station A may exchange this information with station X (which is the station that forms
the ad hoc network and periodically transmits beacon frames) during IBSS setup.
Station X may broadcast the PSMP capabilities of other stations in the ad hoc network
in the beacon frames. Alternatively or additionally, station A may convey its PSMP
capability directly with other stations in the ad hoc network. Only stations capable of
receiving PSMP frames are included in the PSMP service period.
[0068] FIG. 6B shows a design of beacon frame 610 capable of conveying the
PSMP capabilities of stations in the ad hoc network. Beacon frame 610 includes a

PSMP Capability Information field in the Frame Body field. The PSMP Capability



source station to announce buffered data and possibly a schedule for
mul ti pl e Ween@asiszst ati ons. Station A (or any ot her st &CTars2001/081562
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ATI M wi ndovibllowing a subsequent channel access. In one design, the second PSMP frame
indicates a schedule for each station identified in the first and/or second PSMP frame.
Station A then services one recipient station at a time and at the start time for that
station. Station A may transmit to each recipient station using the TXOP bursting
receive capability of that recipient station, which may be conveyed in any manner.
Each recipient station may receive the second PSMP frame, sleep until its start time as
indicated by the PSMP frame, and wake up prior to its start time to exchange data with
station A. In another design, the second PSMP frame indicates the power save buffer
status of the recipient stations and may not include the schedule. Station A may then
transmit to each recipient station using the TXOP bursting receive capability of that

recipient station. In general, the second PSMP frame may be used to announce a



foll owi ng a subsequent channel access. In one design, the second PSMP
frame indivoapesgliszseachedul e for each station identified PET{US200TH81SE2
and/ or second PSMP franme. Station A then servi ces one recipient
station at a time and at the start timelfor that station. Station A
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conprising a buffer status for a second station may be received from
a first statdtons (module 1116), and means for sending at least one data frame to the second

station as indicated by the buffer status (module 1118).
[0075] FIG. 12 shows a design of a process 1200 for receiving data. A frame
comprising a buffer status for a second station may be received from a first station

during an awake time for both the first and second stations (block 1212). At least one



during an awake tinme for both the first and second stations (block

1212). Atwbeoas1itase 18 data franme nmay be received frompClrastioresiss2
station as indicated by the buffer status (block 1214). The second

station may operate in a power save nodé8in an ad hoc networKk.

Whet her or not to go to sleep may be determnined based on the buffer

stat us and dalal frhad Mal b3 RRSiVeB GRNY B firkmtionas nlid'léitedsﬁ}aﬂie%ff(epét%g (block
1216) . [0076{The frame with the buffer status nmay be ‘an ATIM franeg,

an RTS frarfglder The pSopd fstagine magidoprasic e arnoper vas: Hede ﬁgaaradﬂnppmetwork

W ndow i n &ﬁl g nggh\)é(y A eekq%q;ﬁﬁe g&gl%hngc{]?ﬁgghﬁ ﬂ% @1} LRd all data

recei ved af fame W tus may

al so be a dﬂ:tr&:sﬁéc&ﬁ&da’ﬂdnmﬁrbt&taﬁme{bmﬁ 1918)i ng a serV| ce |nterval
for the second statjon. Additional data frames, i

recei ved ad00T0di calbaifrape prlk thePrifer statug may be ﬁnéﬂ;ﬂ%’%@l@e %T%@é@ﬁdora
station ma I d
t he bufferx)s'?%': Elgmgngg oﬁre %%%erlt eu\éﬁggngi Tlﬁfi@%egg%%%ag%fn]%{rﬁ THY o
second st aﬂeasnommxdameina:ind\@léyobe Biconkd AQKr fher ATHY windewv e@hal fitvene w1th the
frame(s) thelat e eteddtafrarre second .statio
my g0 1o DRSS B8 ACaoA (g SHTC ORI BT R B Yip e LAl or
The second yad @lchPd staBYn. AKAGitidRAIGtd HEMAEG &y nial Cz%err@é&&édeis ia84t8d LY the
cope with a situation where its ACK or Bl ock is lost and sone

dat a franeduffeestesr dnsnytcred thy sechad fiatien mayagd nsleqroafier|reatying 31l data

1300 i ncl udderauiEnrd I FAEb ey ofil afFr B BaPFuf nARPEiALNEL. The

conpri si ng sacoadfst@ionshayd b@df@CKaostl@@IﬂdxCSI{ ab1 the réhd:ﬁveﬂgiaamframa(s@ itdluding
for both the first and second stations (nodule 1312), ags for
recei ving ate lashetresicd datn fiamearkherseapRd Fatiqn may getarsiesn atier rergiving aud

by the buff, @%&l@{l%ﬁ% (agD&i&fé Grahos?) | Tgéggcdmaﬁaﬁn ﬁgilﬁf ALY e biets

or not to go ased on the er status and all data franes
recei ved f reseitehehdinnstcopd amhcmm(uzmdm héle&&m%CK[ QOBBLKIAGK ig losh e scane

desi gn of cess 1400 for a data. A frame conprising
informatio %n/‘o r‘BEFrt@P?rﬂ]ﬁtebﬁé’é'gﬁ‘?/ t cB’i lity of a second station

operating %m’ﬁ]_]_pOV\FfGSPyglO%dﬁ (;*F%mr §1‘a‘ei%dl3bﬁ fér febgiSingatt | Pparatus
(block 141 he information he TXOP bursting receive capability

may i ndi catlé 06 recludesbeanofor d@cteanmg fimmsn fitsbstaticarn Hame eemprisiag bputfprestatus

second stat on in e.TXOP. The.fr

and may be'? %%%?C\‘?%%S@h?r?ﬂ]émé%%%@iv%ﬁe tHRe %’n%ﬂg?%g%gégga %?‘atl Oon§ qrﬁ%le
franme may aisg), beads Reac@ivihg atRagnthe WA BandiroadbaSirstatation tag igitated by
beacon transmt tinme (TBTT). The frane nmay_ al so be ,a data franme sent

by the secdhel buffen stafs (mdahym&%eandnmmrwpﬁore d@@framrrgaw@@th%w pet Kep

(2,1 Seoald il 0 4B AeaL 0k, PURLOAR AR o RS 0 spyon
(module 1316).
[0078] FIG. 14 shows a design of a process 1400 for transmitting data. A frame
comprising information on TXOP bursting receive capability of a second station
operating in a power save mode may be received by a first station (block 1412). The
information on the TXOP bursting receive capability may indicate the number of data
frames that can be received by the second station in a single TXOP. The frame may be
a management frame and may be received during association with the second station.
The frame may also be a beacon frame and may be broadcast at a target beacon transmit
time (TBTT). The frame may also be a data frame sent by the second station. In any
case, multiple data frames may be sent to the second station in a single TXOP based on

the TXOP bursting receive capability of the second station (block 1414). For block



1414, channel access may be perfornmed by the first station at the
start of WRe0WBAIRZ82The nultiple data frames may then bePEFAIS2097/081562
first station in the TXOP w thout perform ng another channel access,
e.g., as shown in FIGS. 7 through 9. [0(])3’9] FIG 15 shows a design of
an apparatus 1500 for transmtting data. Apparatus 1500 incl udes

nmeans for riage dhaffeladcedssfhiysbe taﬂéﬂnwa 18y Thieafivet GeHgH hﬁih@@htdrﬂbpﬂﬁHFXQP
on TXOP bursting receive capabi of a second station oBeratl ng
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station in a single TXOP based on the TXOP bursting recelve

capability potvet lafe:;vef mpde (mbdule did] 2yayd ecane d@i seadinglholtiplel dat4 Yrames to the

0081l FIG 17 .d .
hopar atus. SFRICRRAdES SRARI I BuBRRAe XK Rl teRaR o i) Brhe

i nf or mat i oRegyhd k0N PbatleNg14ecei ve capability of a first station
operating in a power save node ém)dul e 1712), and neans, for receivVving

mul tiple dd0880 r anBEGshtshpys 4 designal &tnecsn 1600 foreraceiving datat i Arframe

asingle T

First stat (OMPLRDR S Rebdd) O PGB TR eh TP LA ARPBEL Phiptifibn biGpring
desi gn of d# a@b@essa%@@)wrdaﬁ‘a@sent (blddkG612). Miultqihe date fitwes, exentipl asegond
stations. At stati 120x, .a transm roce 812
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for transmg Qt%na rocessor 1820, and
schedul i ng ?ﬁ% %?%ﬁ@r%m a gﬁ:kqﬁ]u e Bl%lﬂl{%iﬁe, if scheduling is
utilized). [0081]conFIGI l'ﬂshcavsrmglesagmq:fransa@pmmmwﬁa\fer teafifmig dataat Agpapdtus
stations ta i.c ata wl TXOP burstin rec eive .
capabiliti elgﬂg TR enggwsCthb ‘f“i‘% P Lany C%‘P%Hsil%ér%f) 'r‘?(lil Ut F&s bursting
network, angdpe &&)Qﬁm}} 5f OtifR 1880 obaa&egﬁﬁr@%@w&céae@ #dd8 gmBBYle Q71 7BYnd
not be utilized by each station. Franes e transmtted between
stations baseds for racriving carteple d@fa fmmefSéﬁ@thyOPase&mQCbstgﬂon igshe frshFiafpn in a
RTS, and/ or and nt I.on t G

ot her - appr SEe L OFIE of Bt EROP I BR oLl AP Ghe Bloe HEREE b
interl eave,;7mpydul ate, and scranble) the data for each station based
on a rate selected for that statiaon, process control data . a

and
schedul i ng [P9820r maFiGn18 shewyandedt diagisnpaf adesiga of stativgs (120n apd ([ 20F in
(TMIR) 181

11 equendy poradEps i enonBRRY Siitohe A0ekdlen ATDL' bharkbl(T2g det
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for transmission, control data from a controller/processor 1820, and scheduling
information from a scheduler 1824 (e.g., if scheduling is utilized). The control data may
comprise power save buffer status of stations to which data will be sent, TXOP bursting
receive capabilities and/or PSMP capabilities of stations in the wireless network, and/or
other information. In general, scheduling may or may not be utilized by each station.
Frames may be transmitted between stations based on announcement of buffered data
(c.g., using ATIM, RTS, and/or PSMP frames) and contention for the channel or based
on other approaches. TX data processor 1812 may process (e.g., encode, interleave,
modulate, and scramble) the data for each station based on a rate selected for that

station, process control data and scheduling information, and generate output chips. A



[ 0083] At station 120a, an antenna 1852 may recei ve nodul ated signals
from st atwor0®20%28and/ or ot her stations and may provi dePETAUSeE7H81562
signal . A receiver (RCVR) 1854 may process the received signal and
provi de sanples. A receive (RX) data prggessor 1856 may process
(e.g., descranble, denodulate, deinterleave, and decode) the sanples,

provi de degpdadit@at@MTR) $¢Rt ﬂr@@s’&s t(e.ga dhavet 36 Mrab8o8mpaRe filter, and
provi de control data and _scheduling information to a

cont rol | er fisABesysmeonesy thy gmauq Aupssangk gemaraiopmodalated wgnad, whish asayobe
1872 may r ?ﬁﬁ&r}{ﬁteﬁrﬁ%f:ﬁ !ng ‘ggﬁrg‘ 1f8r18% gthg%%ur ce 1870 and control
er ‘status

data (e.g., power save ursting receive
capabi | i ty [i){FBI}/P CApstbiidr 130a, &t mt&nrfark&ffﬁ@mﬁmmlif@mbMIMésgﬁalsfﬂﬁOstafféﬁ

data processor rocess the traffic and control data for _eac
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chi ps and genierate a nodul ate I gna may be transm'tted from
ant enna 183856 maatphmessteag j @sgamp&OSail@dulstb,aimmm@ze;@ndmc@iﬂ) thelsgples,

may recelvermulat ignal s from.station 120 nd/ or ot

Sttt one, - Rt Genc By il o PRAA0 L Pa o i amiant datpape
1816 and prs@h’dddﬁn@ﬁﬂ&‘n%on@@a%tﬂﬁleﬂl ek $890, 1832 may process the
sanpl es and provi de decoded data for each station to a data sink 1834

and provi dd0@ht r ot giatian t1é0% ent Xdlate pyosessele $86r magzeceive traffic data from a

0086] Cont I 18 t 4 .
bt st att ondREiETGh A8 TEaRR" ubfe @ ¢ B et GRS e JEROR LG ine
and/ or 186Qedviy: edpabilipgr PSVIIN gipabitiss el@p(ﬁolnrn chhttallelProcpssoc dS60. 12DX) dare

FIG 12, process 1400 in FIG 14 ess 1600 in FIG 16, and/o
ot her pr oc @585 874 FeY (ERdes &@é@%@ Fde H@tﬁé%eacwg%w@éfsstaijsed

and 1862 oy 1AL & ROPEANEOIaR A %ﬁl bud Byt AbONS #40iAAC 50y

respectively. 824 may perform sc for stations
based on amyocss theeoulpsi grijss aek gerichaiel aabotdated GUAT], iech evlynbatresmitted

descri bed herei enent ed by various neans. For exanpl e,

t he techni Wﬁ@%]ﬁﬁﬁ‘b%ﬁﬁté?}lrn hardware, firmware, software, or
a conbi nat ijgggg) her RoktatibRM 20x, F@ﬁéimarms rm{)efseawa&ﬁ&mlatédﬁﬁgﬂm%ﬁs btBon
units used to perfoi mthe techni ques e inplemented wthin one or

nmore appl i ddds @lmd/slp@belf jtafianat dgieedivel léﬁg@mytmoqm Gspived siginelairons agisana
processors I%IP a’prow gaankples' anlRﬁrd%%epsr 'cer}.gor 128]32 may process the samples and

provide decoded data for each station to a data sink 1834 and provide control data to
controller/processor 1820.

[0086] Controllers/processors 1820 and 1860 may direct the operation at stations
120x and 120a, respectively. Controller/processor 1820 and/or 1860 may also perform
process 1000 in FIG. 10, process 1200 in FIG. 12, process 1400 in FIG. 14, process
1600 in FIG. 16, and/or other processes for the techniques described herein. Memories
1822 and 1862 may store program codes and data for stations 120x and 120a,
respectively. Scheduler 1824 may perform scheduling for stations based on any of the
designs described above.

[0087] The techniques described herein may be implemented by various means. For
example, the techniques may be implemented in hardware, firmware, software, or a
combination thereof. For a hardware implementation, the processing units used to
perform the techniques may be implemented within one or more application specific

integrated circuits (ASICs), digital signal processors (DSPs), digital signal processing



devi ces (DSPDs), progranmable |ogic devices (PLDs), field
pr ogr anma¥O20efk18283r r ays ( FPGAs), processors, control | eP€T/US2007/081562
m cro-controllers, mcroprocessors, el eg roni ¢ devi ces, other
el ectronic units designed to performthé“functions described herein,
a conputer, or a conbination thereof. [0088] For a firmvare and/ or

sof t war e i nighieeeDSRDONproghenthaisib ﬂﬂgj@d&wé@}@bﬁ)sj fRlEpRatLani¥le Bate arrays
nodul es (e. procedures, functjons, etc.) that performthe
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i nstructi onglee f%t YelB&ront O a? Yied B4R
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one or DI @ryetReI800 SrABd0)aThe atsRory RayPbo Gapleat)l Withinahd @tdkssor or
certain aspects _of the functiognality described herein. [0089] An

appar at us .eﬁﬁr@%thwomémt eEniiauuere gadior sefbueR dRETuStitRsjcads mapy also be
stand- alo [ r e V, ey,
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previous description of the disciosure is provi'ded to enabl e any
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applied to g heetictalibpddsefibedhdréigut departing fromthe spirit or
scope of the disclosure. Thus, the disclosure is not intended to be

limted to [00%)exafiplappatahg @@Wgnﬂ@sectﬁﬁweﬁéﬁ@irﬁeéh@r%n@b bpa stand-
accorded t e n

features d|q go \éﬁo”gled‘{E hergBg p%qg%l C%%ﬂ %S%ﬁehdév%f% ﬁgéﬁ asﬁ%rﬁi o Ml%gr ated
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pl e da n

send nul ti a franes 1n a single t he second Station
based on t hendXORr wbsleiung, (vécdc.ve capability of the second station;
and

[0090] The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other variations without departing from the spirit or scope of
the disclosure. Thus, the disclosure is not intended to be limited to the examples and
designs described herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.



a nenory coupled to the at | east one processor. 2. The
apparatus of claiml, wherein the informati on on the TXOP bursting
receive capability indicates nunber of data frames that can be

recei ved by the second station in one TXOP burst. 3. The
apparatus of claiml, wherein the fratke is a beacon frame, and
wherein the at | east one processor is configured to receive the
beacon frane froma third station %} %N&?rget beacon transmt tine
(TBTT). 4. The apparatus of gf |, wherein the frame is a
data franme received fromthe second station. 5. The apparat us

of claim1, wherein the at |east one processor is configured to
per f orm channdl ac@8&BPYpLUS forpyirelgss coAMENERIONNEPRYISNEd t he nul ti pl e

data frames i gt e odeSBcitbdtoHtigREd foQbEiVitht 3TR4tREE R AR coRBRESS -
6. A nethod of wreless comunication, conprising: recerving at

a first détfapmasien gnrapsreissienppiosivaigy (T¥QP rtrstiog rmi\tertanquﬁitgsnif@neqond
oppor t uni ) | I iyl f n tation
opor at 1 ng o GPEitng 15 BolBAa 6 Y and RSl I8 el RFEP IS0 e
in a si ngXOPTHOR teoondsatiechondl @t tht TAOAsethgeacehraapAORylf fietsetgd
receive capability of the second station. 23 7. The net hod of
claim 6, S\ia\ﬁ%'}’élpﬁ the frame is a beacon frame, and wherein the

recei ving theafeaitRy cQipRid t5 g% Eﬁ%_@d@ﬁ%@g;&&g@r‘beacon frame froma third
station at a target beacon transmt tinme (TBTT).
2. The apparatus of claim 1, wherein the information on the TXOP bursting
receive capability indicates number of data frames that can be received by the second
station in one TXOP burst.
3. The apparatus of claim 1, wherein the frame is a beacon frame, and
wherein the at least one processor is configured to receive the beacon frame from a third

station at a target beacon transmit time (TBTT).

4. The apparatus of claim 1, wherein the frame is a data frame received from

the second station.

5. The apparatus of claim 1, wherein the at least one processor is configured
to perform channel access at start of the TXOP and to send the multiple data frames in

the TXOP without performing another channel access.

6. A method of wireless communication, comprising:

receiving at a first station a frame comprising information on transmission
opportunity (TXOP) bursting receive capability of a second station operating in a power
save mode; and

sending multiple data frames in a single TXOP to the second station based on the

TXOP bursting receive capability of the second station.



8. The method of claim®6, wherein the sending the nultiple data
frames conprises perform ng channel access at start of the TXOP, and
sending the nultiple data franes in the TXOP wi thout performng

anot her channel access. 9. An gfparatus for wirel ess

communi cati on, conpri sing: means2¥or receiving at a first
station a frame conprising information on transm ssion opportunity
(TXOP) bursting receive capability of a second station operating in a
power save node; and nmeans for sending nultiple data franes in a

singl e TXOP td.t he Theariddsfaking, Wased tlﬁﬁ;%érl‘i@}iﬁmc&hbﬁa?ﬁé, @Scfl ﬁvﬁl&%inve
capability of the second station. , . . e apparatus of claim
9, p\l\/ner oith OFRVINE Hjeianae SPpEELEECHyBgdhe beaepniameitomabirdatatien atar

recei Vi nga b8 eddodMBnSa Bkl RTT$CEl Vi ng the beacon frame froma third
station a?ga fargetnbeacoﬁ%trgggnit time (TBTT). 11. The

apparatus of claim9, wherein the neans for sending the nultiple data
frames conpri 3ES n?ﬂ@ﬁqe{h%ﬁ o?glrafn? %,newﬁgei%r%haens%%ing Shaltipte d%%a r:&ltme(.g,]c the
p
TXOP, and
comprises
performing channel access at start of the TXOP, and
sending the multiple data frames in the TXOP without performing another

channel access.

9. An apparatus for wireless communication, comprising:

means for receiving at a first station a frame comprising information on
transmission opportunity (TXOP) bursting receive capability of a second station
operating in a power save mode; and

means for sending multiple data frames in a single TXOP to the second station

based on the TXOP bursting receive capability of the second station.

10.  The apparatus of claim 9, wherein the frame is a beacon frame, and
wherein the means for receiving the frame comprises receiving the beacon frame from a

third station at a target beacon transmit time (TBTT).

I1. The apparatus of claim 9, wherein the means for sending the multiple data
frames comprises

means for performing channel access at start of the TXOP, and

means for sending the multiple data frames in the TXOP without performing

another channel access.

12. A computer program product, comprising:

computer-readable medium comprising:



means for sending the nmultiple data frames in the TXOP w t hout
perform ng anot her channel access. 12. A conputer program product,
conpri sing: conputer-readabl e nmedi um conprising: 24 code
for causing a conmputer to receive at a first station a franme
conprising information on transnissio%*opportunity (TXOP) bursting
receive capability of a second station operating in a power save
node; and r. causing the c ter.to nd nul t.iple
data franes in a sfccr)ldg %P‘d[a;é]fg%tao(:% g{eg g)crg?le Veszggﬁuir R Eaﬁlgrslél 0K CRE" 1‘?5%]3
bur st i ng infeceation onapakinissioy opportunéty SEXORDbisttlig reteive capabilitylod.a sédbnd
apparatus for wirel ess conmuni cation, conprising: at | east one

pr ocessor 48R LPYBIES N APO¥EREVE M5 de onpri si ng i nf or mati on on

transni ssi on oppor tudy foy cAulik@ile QM pttdr ROsch8 GRiIVSe AARFRANeL tVa Qheld
first station operating in a power save node, and to receive nultiple
data franeOB @ntge Bgrond statiernbnsad an the TXQP burglinggeesiRx@pabibity ¢féhd seeestd
station Q@@gg.on the TXOP bursting receive capability of the first
station; and a nmenory coupled to the at | east one processor.

14. The apparatus of claim 13, wherein the frame is a nmanagenent
frame, and mhqgein t he at rocessor is configured to send

| t.
t he managenent fraﬁ@jﬁBWFH@%ﬁéggﬁggfﬁBﬁmﬂfﬁﬁﬁhﬁ%?ﬂ%?“%tation in a

Wi rel ess netwar ksast one processor configured to send a frame comprising information on
transmission opportunity (TXOP) bursting receive capability of a first station operating in
a power save mode, and to receive multiple data frames sent by a second station in a
single TXOP to the first station based on the TXOP bursting receive capability of the first
station; and

a memory coupled to the at least one processor.

14.  The apparatus of claim 13, wherein the frame is a management frame, and
wherein the at least one processor is configured to send the management frame during

association with another station in a wireless network.



