METHODS AND SYSTEMS FOR PROVI DI NG EFFI CI ENT OPERATI ON
OF MULTI PLE MODES IN A WLAN SYSTEM [ 0001] FI ELD OF

| NVENTI ON [ 0002] The present invention generally
relates to wireless |ocal area networks (W.ANs). Mre
particularly it enhances operation of STAs in nultiple
METRHODS! AN DeSYSTEMSIFOR PROVIDING EEFCIENT OPERATION OF
BACKGROUND [ 0004] Currently, various proposals are

bei ng pr esenVIULHME MODES Hd A WLANSYSTEM 1n
extension to the 802.11 WLAN standard, which wll

al l ow for higher throughput W.AN devi ces. These

proposal s come fromvarious wreless consortiuns that
[0001116E%@FE‘U@,NT!% Joint Proposal and WN SE. The

foll owi ng describes aspects of these proposals

relevant to the present invention. [0005] Figure 1
[00021Bves peesentanyention SienerallCTalptes taywirelgss dogah@resonetmerks (WLANS).
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teansdy tter address (TA) field of the inmediately
cove a?evféglus Request to Send (RTS) frame to which the CTS
is a response. The duration value is the value

) mthe Duration field of the inmmediately
[Ooogfée@lt ous JIQIP% frame, mnus the time, required to

transmt the CTS frame and its short inter-frane
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frame need not always follow a RTS frame as descri bed
devides Theee §eshosdle cemarfoem dvaisecwirelass7cansdrtigins that gwhudeEWC, the
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for the transm ssion to foll ow Wen the
thepggfghf&g%@@s sent as the first franme by the initiating

station of an exchange, the CTS nay be addressed to

[000%]t I-sigdre 1aﬂ1%m}s a E%gle {d §gwat &T@ffr%% ats% lﬁﬁk control frame as defined in
the 802.1 1 standard. The receiver address (RA)} of the CTS frame is copied from the
transmitter address (TA) field of the immediately previous Request to Send (RTS) frame to
which the CTS is a response. The duration value is the value obtained from the Duration
field of the immediately previous RTS frame, minus the time, required to transmit the CTS
frame and its short inter-frame spacing (SIFS) interval. If the calculated duration includes a

fractional microsecond, that value is rounded up to the next higher integer.

[0006] The CTS frame need not always follow a RTS frame as described in the 802.11e
standard (section 7.2.1.2). It can be the first frame in an exchange and used for setting the
Network Allocation Vector (NAV) for MAC level protection for the transmission to follow.
When the CTS frame s sent as the first frame by the initiating station of an exchange, the

CTS may be addressed to itself and is referred to as CTS-to-self.

[0007] Figure 2 shows a Contention Free End (CF-End) frame, which is a MAC control



[0007] Figure 2 shows a Contention Free End (CF-End)

frame, which is a MAC control franme that may be sent

by the AP as a broadcast frame to reset the NAVs of

all stations in the systemand is described in the

802. 11 standard. A station receiving a CF-End frane
framaitht inbe bbasntchbystbe APcas skroadidas{ BSBE DY redet theeNBBSof dllstations in

which the station is associated, will reset its
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B I
and fEXL6OH8H, RAOISTEpRERlbliSfod, 0 Nor mal Range, A

secondary beacon is transmtted with a secondary

bemcosvilti Rropedal canttibetidnewc®02.11m, betapptoath cndesknited fiohanh AP to

the target beacon transmssion time (TBTT) for this
supppEar BREWRLl Oh ATAS PrRaseting in a dual mede, whresejhe twe masies are Extended

tati tart TX it h T [ { t P
rongh 5 ) ok S e B B Sl e s
suppoRiBtaHded Rgbé%é‘inpa%idmonctgrﬁcfrmal REE 1208k co Rl £y Haddfis transmitted

spacing (PIFS). Wen dual CTS protection enabled, the
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[0010] Figure 4 shows a new HT information el enent
according to the WN SE proposed Extended Range. The AP
signals new HT information el enents in nmanagenent
frames such as beacon, probe response etc. to nanage
the BSS (for exanple to support Extended Range). The
protmw XOP fontior NRSTARNEER SEAUSINgaignall sequéreepB@ls 30l raspedively. The
beacons and 8robe responses transmtted b a_station

ER ST Pasests i K0P Thaisnal PAYSICREAGIA S8NBERAUENER (oY & i Ln NR STA is
représeﬁ{e‘asby '(iﬁlgl ?e[%ut?ﬁcceoﬂglﬁém%ﬁ@?%na Eﬁ%&)ﬂ@i‘%%ﬁrg&eqtgd by signal

sequteh@e 30%.nh siggr@p@é@dencé hes, ®aAM Pfdiedwta Tixorerdr ahel STA@sing HCCA
si ze depends on the nunber of fields that are

formahotmdmvn The AP edrdls aither la GBS imreshenser iean £35S Sieowa particular
gure W t h ew fields earin t the_end of . ,
statignsceehn s .rrgffdfe.aé|ua%31 byxihg STRHOPAESL SRR R 1000k hETSSipselt signal in
Lelgfels to the Joint
the'ﬁ?@%éggft%pe0| ?%g%?ﬁ%%knfﬁgg%ﬂb speci ficati on,
following are some definitions related to Power Save
[001bgki%/lge%kﬂomkp§l}{@v e fHrotRation SOVBRt RYRIIMH ot the IPWISE proposed
('PS a frame that provides tinme schedule to
Extertdﬁdu&agie bite ARaigRSRetvrHINis foritation ehandAHVvA maegemensframes such

The tinme schedul e begins i nmedi ately subsequent to the
as beacaRshiodsi EFPQIEe tohie tPSIPNIgeathe. B3R (fanaramme to support Extended
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transm ssion (ULT) is a period of time described by a

fieldPSMR 83 Semndadyi lodacos, dud éfﬁﬂé,tcmq:rbecuge,detﬁ:oas sihevn in Figure 4.
transm ssi on of franes Eé. PSMP recelver [ 0012]

According iodhedoighBrogosahdiie feogtb is APbiAdkandih %wé%%&enfibpﬁﬁh%number
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new Fi¥IBSAPHEUrMP @t MRNaGEHERE e&@hh@ﬂeﬁg Ny fRN JHkASWR a8 the STA shall
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provi de MAC signaling to relinquish the renaining
unused TXOP to the system [0015] A need al so exists
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[0016] SUMVARY [0017] A first preferred enbodinent is
a nethod and system for extending a specific (STBC and
non- STBC) dual node operation in a W.AN systemto a
nore general nultiple node operation. A second
preferred enbodi nent is a nethod and system for
framenhigne 6ghowe tMA(STQrIof@'trt%rmtinecéianémrbrnnat details plich as Traffic
node_operat i parti cul.ar &gm sns to support a

(ot ST AR T ot 20drotion. UL ofisehenchQlPBIR| are i or t he

correspondlng nmode) frane sequence seat by the AP to

le efficient nediumutilization which al so appl
l001§bF'gur§|7n§51°évsrfeae°Sw SLAHPRGE] Consigtingeof %Dmphasep?céwrepébv a ULT

phasgrmﬁm ﬂB%odkSACR ([\T/FrtBFlggm oX¥Rd §{Hc£ REx mdlgngPW

sequences i1 n e operatl
objects and advantages are provi ded by a station,

[OOIQ\C&%dp&lﬂg t@%té@gg‘%gél AR Hlonst dlBF? n%o%lpﬁgﬂﬁ@dﬁ\‘altlple mode

nmns 1, 11 Preferre nts are

operstidn. Tad cumenthet Beprnolsust and bidicient in[HOdiBin BREEbecause it does not
DESCRI PTI ON OF THE DRAW NGS g0019 A nore detail ed
proviga e machanismdootecoves aniviese rﬁra«maswsyenmwwom {ROP) duration

f ol i d i pt i d
protfed, Y B s o iAo D Rac R BB et frons out
of daY\é {oRrdliki ﬂgﬂ%‘yﬂoﬂ&téﬁ DB GhE ImURGh & Wast[e@@@loﬂhe remalnder of
Figure 1 shows a CTS frame according to the 8
the TRO&nA aedd efift92d prdvidzuvaC 2igaslingtoaeltiquishdhé reamﬁnihg)lumﬂed TXOP

according to the 802.11 Standard;
to the system.

[0015] A need also exists for the PSMP sequence to operate in a multiple mode system in a
bandwidth efficient manner. The 802.11n specification contains inconsistencies with respect
to allowing only ACK/MTBA in ULT and no data for unscheduled PSMP. Also, there is no
guidance for truncation of TXOP under dual CTS protection for STAs that are not able to

interpret the CF-End frame.
[0016] SUMMARY

[0017] A first preferred embodiment is a method and system for extending a specific
(STBC and non-STBC) dual mode operation in a WLAN system to a more general multiple
mode operation. A second preferred embodiment is a method and system for enhancing
the MAC protection mechanisms in multiple mode operation, in particular, mechanisms to
support a multiple CF-End (each in a format appropriate for the corresponding mode)
frame sequence seat by the AP to enable efficient medium utilization which also applies to
a single mode as a trivial case. A third preferred embodiment is a method and system for
enhancing PSMP sequences in multiple mode operation. These and other objects and
advantages are provided by a station, an access point and methods according to the

appended claims 1, 11, 20, 29, 33. Preferred embodiments are defined in the dependent



[0022] Figure 3 shows a signaling diagramfor
sel f-managed extended range protection according to
WN SE; [0023] Figure 4 shows a managenent frame HT
information element format; [0024] Figure 5 shows a
PSMP paraneter set format; [0025] Figure 6 shows a
claim@SMP STA Info information el enent format; [0026]
Figure 7 shows the PSMP sequence consisting of a DLT
phase followed by a ULT phase; [0027] Figure 8 shows
[0018hBRIEEPPSGRIBTION IO TESDRAMINGSer at i ng in mul tipl e node;
[0028] Figure 9 shows a primary beacon format and a
secondary beacon format that includes primary and

[001SEA QRSIAT detBRACH ek faldifd 8Fthd MERlonFmayiR ALY FBAVEhedfollowing
managenent frame HT information el enent format that

desciiptidnuefespreferreak gmborimset givdaby wiyad erarhpig;andaode]understood in
i gures 15 shows a fr rre tr nsm ssion of a STA using

Conjlg‘lrcg?'élé‘ftf“ﬁ N WPPBY'“& E)ps(FhWhetBifle f or mat ;

[0020] Figure 1 shows a CTS frame according to the 802.11 Standard;

[0021] Figure 2 shows a CF-End frame format according to the 802.11 Standard;

[0022] Figure 3 shows a signaling diagram for self-managed extended range protection
according to WWISE;

[0023] Figure 4 shows a managementframe HT information element format;

[0024] Figure 5 shows a PSMP parameter set format;

[0025] Figure 6 shows a PSMP STA Info information element format;

[0026] Figure 7 shows the PSMP sequence consisting of a DLT phase followed by a ULT
phase;

[0027] Figure 8 shows an exemplary wireless LAN operating in multiple mode;

[0028] Figure 9 shows a primary beacon format and a secondary beacon format that

includes primary and secondary beacon ID fields;

[0029] Figure 10 shows a management frame HT information element format that

includes primary and secondary beacon IDS;

[0030] Figures 11 shows a frame transmission of a STA using protecting TXOP for a specific
mode format;

[0031] Figure 12shows a frame transmission of an AP protecting TXOP using EDCA;

[0032] Figure 13shows a frame transmission of an AP protecting TXOP using HCCA;

[0033] Figure 14 shows a frame transmission sequence of an STA releasing unused TXOP;
[0034] Figure 15 shows a frame transmission sequence of an AP releasing unused TXOP
using EDCA;

[0035] Figure 16 shows a frame transmission sequence of an STA releasing unused TXOP

using HCCA; and



[0031] Figure 12 shows a frame transm ssion of an AP
protecting TXOP using EDCA, [0032] Figure 13 shows a
frame transm ssion of an AP protecting TXOP using
HCCA; [0033] Figure 14 shows a frame transm ssion
sequence of an STA rel easi ng unused TXOP; [0034]
[003B] figure Wshgweamultifle modetPSkibSramssegueseguence of an AP
rel easi ng unused TXOP using EDCA; [0035] Figure 16
shows a frame transm ssion sequence of an STA
[0037E DEBSLATOD ESTREEUO N XER HESAREGE AHEC/AAMBOBIMANIG36] Fi gur e
17 shows a nultiple node PSMP frane sequence. [0037]
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
[003BPRSRbftEletRaftéinolbBE "§tafiohN et 0N "iftiaddsOBUt W noblitnited to a
includes but is not limted to a wirel ess
wnreltessammnntw/r@ewe\ueltdthRU {\ATRgy equipmeet (Uk) e mobike statips),,a fixed or
e statjon,

mObkl)%éléK}scntéer&@,tl Enpggert élCSElHafngele Iobg’r%ggégrﬁ%b&;{aj@smstant (PDA), a
comfift&t, 9 %Wo&g{l@bgfoﬁugem%&&apa%ﬁe SHbbePIE in BWARIAL eHifdhment.

vice Capa operating 1n a S environmnmen

Whelheferreg t @ heedften tﬂihefe@ﬂfrioﬁfg,y "bi stAToM" medly bubaskot llmlted toa
station" includes but is not limted to a Node-B, a

NodesBt @ Sﬁ@rﬂanDlﬂ@r an zgcess qwdy (AG).ner gMPytheotyrengf interéacing device

é\hy g I.nt erfaC| n deV| ce capabl e of operating in a
capagje PB%@“%’\W vy enVirgRmeNt Her eafter for the
pur poses of describlng the i nvention, "node" |s used

el o

[003%]29(&&%&3{ o) teacgl%urs 8ec f {e&?r- t'WO{hFe ila{l]egﬁbgsl%% r{a use'\éoio refer to

the s'b@&ﬁ@ﬁét%}k I%RCBeléé‘v thB At a:leﬁXﬁéd fdiréaﬂlrr‘rﬁjmdaﬁbﬁr(tfr%ﬁmssmn and
channel bandw dih (e.g., VHz versus 40 MHz)

receftion$ suchlas d:lm&‘mhimlagzat; tleemnehiatenfalce, chanrssh bandvitheh (m(gt Qﬁ MHz versus

that STAs in different nodes may not typically _lperate
40 Mz} ped @h‘(%'%ﬁ' &e@emeqatlprm charpsh 'bawﬂ%ee noted thajiTag dn different

cont r ol pr ot C ani sns
mod e o Al BRSIaEF itlalhly Wesli Ty £ 4000 &l 1S, uness
contr@ﬁed? and %ﬁ@ect‘éﬂ%ﬁl\/ﬁ@q@%&ﬁ ﬁ‘l@?{fﬂnﬁsnﬁnq‘hé PP&kNEirvBntion relates to a
ti pl e nodes (nore than one) in the sane coverage
multlafeeanode system (e.g., BSS) where STAs transmit and receive in multiple modes

(more than one) in the same coverage area.

[0040] Figure 8 shows an exemplary wireless LAN, comprising an AP, and a STA1l
operating in a Mode 1 operation, and a STA2 operating in a Mode 2 operation. For
simplicity, the preferred embodiments are described in the context of two modes, Mode 1
and Mode 2. However, the present invention may be extended to multiple mode operation

that includes additional modes beyond two.

[0041] The following describes three preferred embodiments of the present invention. The
first is a method and system for enhancing a specific (space time block coding (STBC) and
non-STBC) dual mode operation in a WLAN system to a more general multi- mode
operation. The second embodiment is a method and system for enhancing the MAC

protection mechanisms in multiple mode operation, in particular, mechanisms to support a



[0040] Figure 8 shows an exenplary wrel ess LAN,

conprising an AP, and a STAl operating in a Mde 1

operation, and a STA2 operating in a Mdde 2 operation.

For simplicity, the preferred enbodi nents are

described in the context of two nodes, Mbde 1 and Mbde
multnle HoRENE {eachhie priesmat approprinieofornihe berresaoedd\gdrrtode) frame

nmul ti pl e npde operation_that includes addit
SeqUSBER SN tt Roth e[%ﬁnfnaﬂreeffsrqnévm urae%t&'.Z?twsWFHFeaéso applies to a

smgl? rr%(fer 55(:“5i tr?\’m?r%smié %%d%?rﬁed%cﬁﬂé\s‘%n%e%d ar system for

od an stem ancing a specl
enha&ﬁmg@swsa@u&ic@aﬁ rﬁmdbrégn&c&T&ﬁ)rataﬂ\d non- STBC) dual
nmode operation in a WAN systemto a nore general
mul ti - node operation. The second enbodinent is a
[004ap Thedirgndmbyditrent fconceemhdefining MAe Méhapismt eot support multiple
mechanisnms in nmultiple node operation, in particular,
modﬁ@@h@ﬁlpsn&amlwmphcaaonﬁ{qrtmwtlelecmocaw@pe(r@%hmmda (1) legacy

appropriate for the cprrespond
svste5Biy Jeh SBAEE ARG s A S SAER B [ e bIch ey be in 2
transtlllidA e (h@wv"moﬁnlaﬁbﬁ ﬁpQ fofS shvftciing I Ral GrkEDAS rﬁéshanetworks
rivial case. The t odi ment déscribes a net
suppaftdwgsylﬁﬂtﬂm fm@d@nlmdc(ﬂ)gdé\’ﬁw@ SEgatigces maranthdn phe frequency
node operation. [0042] The first enbodi nent concerns
bandfefaniehg MAC mechani sms to support nultiple mode
operation. Exanples of applications for nultiple node

fooag]; w[)%%%r%ﬁgé%v?ké?ﬁ%m%éwﬁg Sabblimane b éir?nvféﬁﬁ"smumaty mode
opergt?orl G%S‘%N&/ ﬁfegﬁ r(tgﬁ%y 1 @uéeﬁé@ggauﬁg%c)rotn? cBhdary beacon

folloWtd tb?/ﬁhtﬂtlfﬂ%%ﬁoad@és@ daB) fol 4L AfodeREpFIrtedy ana 2By @uﬁﬂbﬁlﬂng the

one frequency band/channel. [0043] |In accordance with
sendtrige)ffmulsplepﬁ'Téffm&Bdeahtmdneamndlng toconaPofdbip pattide modes that are

mul tiple deo tion using two mai.n MAC nechanisns:
SUPP%te‘ByP'?eH{TﬁR ﬁ'(}ﬁea So'ﬁPg'@i“oﬁtPéireyp’BEe&EBﬁ if mtoﬁgd%%/ protection

fra m%JJrrLtjs{: B2 MtQ{p &Q& %? tthéj ﬁ‘n ffgrrma%fa(qbcr?a(i’%f\s H@{Fg&ﬁ?gratl@ﬂ detc ) by

each@Rerke Wc‘f&ﬁrﬁ@ﬁi@étﬁ@ etnmleenerh@g‘ .ﬂdﬂﬁmyhimg)é SpetHidesoded¥atmat, then
are supported. The challenge for the nultiple node

the @ropextedtion frame mawst theesedT Sindr eceived dm thataspesificnipsmabdo allow
i nter ed in the node format (nodul ation, link

recogniin Blﬁ‘:i’tﬁmn etc.) by each of the two communicating
entities. Thus, if a STAis using a specific node

l°“?ﬁ%§t?*%’§ﬁ?ﬁ%%f%§&%? EEPFGERREVE 81 & PINITPRaB0f T3 ormats
accomgﬁet@%oyé Jnegﬁa%’srn% S hBous Aa?ﬁ'.?q@ﬂf I‘%B};{E tFt‘%"ne' Somprises a

resentative a preferred set o rame formats

prim&GCisdadbn 9oL Cfol'lch@ecabw‘fﬁe Mﬁﬂlumdbmuw;s dafa 90%e TAR.prifnary beacon
primary node frame conprises a pri maqé beacon 901
mcludeﬂ aroblédnfbsmath?@ Hementc: Abebadietined ofises pggded, arspsondary mode

ot BB s SR BT 7 ST R0 e oo
follO\%\ﬁ_d %E?ﬁulﬁ&@f/br‘oﬁ%é@ﬁﬁa@gga?\ﬁ@% eYell&gacS @uROg e tdintdrd beacon

rmat 1 on El enent

servemﬂTtAllCb@aSﬁﬁ()di)elr p'gdoasSTRCaThe 9€HndMiythieacaf @rm(S&'AE avhithgusee mode
the primary beacon serves STAL on node 1'

2 (ST@ﬁbrwisprJ@) therperpose etrrample dwsonads y asd gipde 2\pavetbeen aligned

es node B le for t
with 3Gy B PP JeRpd s IR A YT 1T ey beacor
can skéf\ﬁec d@@aﬁ@@ﬁé@@{o}‘ndma@éﬂ%oﬁ%H%ENeVrﬁbéfe 1, dependmf on system
ternatively, the prinary beacon can serve node
t he secondary beacon can serve node 1, depending on
syst em . .



paraneters. Returning to our exanple, generally, the

primary beacon will serve all stations using node 1,

and the secondary beacon will service all stations

using node 2. For nultiple node operation, additiona

secondary beacons will serve each of the nodes used in
paratnieters \Ret@mingite speedimpld, gendroliy e Dumanygoaahen will teiryd &l stations

node gperation, the AP sends a beacon/seconda{ﬁ/ heaco

usingadand) #1cHhe SPiANgaRIieeeon Wilkserdce 4l satiogs fiane Sudednf & multiple
modg %éel%ﬁg ﬂﬁ%\%lu@&({ Ey‘;j bQXcoth%Y ﬁ%@&g%cﬂ B %é% HEPB?ed in the

ste veral beacons transmit
Systeﬁﬁquﬁgmml ng to the several nodes) is identified as

the primary beacon 901. Each secondary beacon 902 may

be transmtted with a tinme offset (wth reference to
[0045NBuiig tRY vulbiphcBd©Oderatiorgtlie AP b&ridstal bracdrybeoatagbeacon and

The tinme of fset be determ ned based on system
multisasifirdedcast waflc lﬂTawérmBh%ﬂT@bESf@t earlymere WpperikH hiythesystem. In

e DSBS by SRS Bl o
seve?a‘l %ﬁ&@@d@ﬁtlf&@%sw ha k!ﬁes’&ﬁ%@ 2R sé&%'d!arytb%atzcﬂﬁ%z may be

tinmesta er fields in the secondary

trandmﬁét@dnmﬂﬂa tmﬁ@oﬁfaif(&nitabiekremm thel primary Heeacon 901 or any other
corresponding fields in the prinmry beacon 901.
timerrpferencak The tivwdelfset maytbs dy@@ﬂtla%bﬁeﬂt@évaﬁmwmﬁeratwns The

time SFEY ALY o B DIRMER BT PUoRRet Rl f ekt iRty by
the /Qeﬁcﬂﬂl|r9gos1ynclﬁ%ﬁ€§jnd?1nﬂﬁ¥§6r?Wsﬁpﬂﬁ't'eﬁ%ﬁw?tdf‘%ﬂﬁ se@cﬁﬁlary beacon 902

secondary beacon 902 includes extra fields and data
shallbritheectual timestange All Altber fimdsid the ssgomtienybeacon 902 are preferably

consi derations, each npde nmay have extra
identifal tq @@sqorr@ﬁma@mﬂel#sl ig|the PaRrY AeacamPQudhe gnultigast/broadcast

004 ure 10 sh t he err
cate S e 6 5t SREEBD 5 Corl BB il Byl to ehe
multl'c@sftPrb?@Jdcé’s@ &lt& Bt £ O0dtertih pﬂ_h\%rﬂeﬁwn‘)@@?t B£&RBd on system
el ement 1000 conprises the following fields: el enent

considErationd, , eacle nedonddrdibacamA02 incluclearrieh fiddis18GB data unique to its

ext ensi on channel offset 1004, recommended
mOd@raNé‘Pn basesh RN dtsHstesy qmsieramops nBRfE 1ede may have extra

m”'t‘é?s r?%\érca%f i‘%es%‘%g enté’ [ 8891 mBg;?/gl STBC MCS
1011, L-SIG protection allomed 1013 and Basic MCS set
[004grﬂgﬁ§ugrgrrent§ﬁ?—\zfg Fh?}rgfgﬂegﬁ%gﬁg%{ % :)Fﬁawogﬁ\%tc’gg element 1000,

correEb&#Hnﬁ% to HirnREANSIRBRMMS Bo3, AP TRS 8t InFdtRfibh @bméht 1000
mul ti pl e node protection field 1012 and beacon | D

compfrised thel fdlibvame fielde| elehvent B 400hdengtmilop? ptomtrebdieannas ID 1003,

an exanple for dual node, the Beacon IDfjeld 1014
extensionogianpels offsgh 084 feCoREianHeq Arap aBRB L seta 1005, JBFS mode

1006 onQroll{a& al:c%ssogﬁlgqb& QS@&%WnteM‘# }anuFapiF\{ i’(quugﬁgrgﬂﬁé ﬁ\oae 1009,

'S a seconddr eacon
BaswhWB@WS 10115130 Ero@écttloh%ﬂ&/v@a 0B NAnd §asﬂ:XM€B@@cd101@ Bhese fields
si ze adequat e for identification of all existing nodes
correbparidiaitht the poposadymapagemekd BT dviarmatiomi glgrr@ni_l(jqrmahehown in

Figure & QLR ERFeBULIegH et THaRDer b%m%fpiep%%d?éprp“féﬁé@ field 1012
and e%r g )ﬁg‘?i‘gl'g JbO]t4na ?é@@ﬁ%}le?mousﬁkggrt ]n(?ul %A@Fg Oe%gﬁan for dual

modgtwﬂéc&ﬂlmoﬂnn@%mh@bﬁ | \Blﬁkﬂb llfﬂﬂe diﬁﬁfoaé’lérﬁéma‘s@fvalue of
a nultiple node systemusing n nodes that includes the

0, it APpramairyt beacen,aandoii tBF Aaluewkquals iL s thgpeitds iangpcondavt deeagon. For
and protecting a TXOP. An indication is provided by
the AP that multiple node TXOP protection is supported .
by the system The preferréﬁ mechani smfor this
indication is for the AP to signal a multiple CTS
protection field/bit in the new HT infornmation el enent
Multiple Mode Protection 1012 as shown in Figure 10.



based on other systemfactors. Once the multiple
CTS/CTS-to-self franmes 1102-1105 have been conpletely
sent, the Mode 2 TXOP 1106 commences. [0050] The
multiple CTS/CTS-to-Self franes sent by the AP in
response to the RTS franme applies to the follow ng
multipdes esodeVremever, BSSngie thit afio ARment doemendedtto rgsizenadequate for
mul ti pl e node operati on _usi ng mul tiple CTS si

I s,
'denr'frr@t%%a%@élsw BRdRs Besiqasdhepagnary md@hAasfgq%%erf@rs 10, the
beacoﬁqm?rekpl(t)ﬂe %qg@tby {rﬁsﬁpwﬂér%%( Is‘gel'ehtr)sé ?f Crle number of

eac A" can
sup;ﬂbﬂ%ﬂ%@ﬂé@r tdsr éruhr;irephe aCa;&cefn” 4IRS 16 Widdel, & Heacon ID field of 4 bits
particul arly useful in an independent basi c service
(B9-B& kt12BBSplettede. , where there is no AP and al |
stations are peers) or a nesh scenario. In such a
case, a selected STA plays the role of an AP by
[004§bﬁawﬁgllt HeowsLAnt mmlmg}r&lmammmﬂ@wpsé multiple mode system

using g ogien BT IaBs e A} Hie SEgl SIAL S RoPRe g dhjoge 2 and
protél_t')té?ﬁaé 'T&@Pd'ﬁﬁ'\grrﬂma%rgp sOprolfaed Ay RROtAChAY nﬂm‘\ﬂréiqnade TXOP

usi ng EDCA, |ch corresponds to the dual
protgatioh éc supporiedbyahe Spqerantiee pierodd iﬁleghﬂrﬁsrﬁforl-lhrsendrta’rt&n is for
AP initiates a Mode 2 TXOP for itself, beginning with
the AR, ke signe TIRltRle Qﬁfprrwamﬁglgmt 1020@ new T infgymagion element

f d
Bl e e e 6 4o B s e b hEa e s crygrotection
field Bt |§E@£’ By RE WP Und FeLRVedi Hafle l?ﬁﬁ%ﬁ SPR2, Sa\’ﬁ)kﬂms%ﬂéiited by the station

i npi enent ation considerations and based on priority
STA2amith gnedués tosdad (RTSXtamd hE0IAR Medel2 ia trfdbsiartﬂedR'BShe AP. The
frame 1204, which contains specific STA add
resparse HiofmthechP IS:;eeere;égea'pémﬂﬁ g Grip-self ferm@ 318? 140% i formats

correSBMeGip ahe TP bt SOBRE P kORI ErRiEneo that
static[ﬁig'oé)g@raﬁélﬁgwﬁﬁ(iﬁe WIRF embfed NANSBET RofiA thit MPAROB- has been

Fi gure 13 shows an exanpl e signaling diagram

reserv&dYpratéctethorMbderDstationspsuch a$ 80R2.f or a Mbde 2 STA

usi ng HCCA, which corresponds to the dual protection

si gnal sequence 306 of Figure 3. VWhen the multiple CTS
[0048) At shomindn Figued d1,6he AR@EPsMids s &iTS dradnes @H2 ibythe mpdameing used

t he AP rotects given_nmde with nultiple, ..
for therBQitb&iag prateairaey 1T SR SheTA B theieiips STAS Which intiated
the T%B‘bri??sg ﬁh%ﬁ\ M8gé EearﬂPt‘i’m%;{osﬁroﬂ of tﬂP%&@e{)b %FrSf 'n{U‘ufoz in the

used

multhTE*@ﬁr&%’sﬁtﬁrs@h@hﬁﬂk@@ EYIrithRIteﬁtRatr\)Ml} ete ptSsrtMM‘@r thid Mode's
this exanple. The order of the nultiple CIS-to-Self

CTS frarmylbbdist.l@rl@ desenngsgrb hylthegsystent hed hadedi gl prioribyl@ssigned to

may be arbitra or. determn d based on s ster? %l
modesySheAEntISR SesCBplec RriooTel amen ALt 'Bﬁ dpP? %;except in

O - -
he 5 68140 AP 368 h el G LS TELL, KT pode
CTS-totRETMbddTE...OT8-8 SeMModelf. hl'lﬁsreBhF(.Sord@Soﬂiﬁéﬁr(mslilﬁcteﬁ&ﬁeﬁﬁes can
on other systemfactors. As shown in Figure 13 the

be arkittary pt deteT@nedbesdd dir eystesn ABOIMpIGnEtatien ¢aislderasidnbhyndibased
CE- pol | 311 according to HCCA protocol, sent in
°"P’t%‘éyﬁsé'§89‘ﬁ) ‘EFsed for the TXOP, after a SIFS, PIFS
or ot her ti rre duratl on such as R FS, as determ ned

oonf %o T B S Sy e kb s (o

shown) or other time duration, such as Reduced Inter Frame Spacing (RIFS), as determined




[0053] Under this nultiple node TXOP protection

enbodi nent, where the TXOP for a STAis protected, the

STA nmust wait before it starts its transm ssions until

the nultiple CTS or CTS-to-Self frames fromthe AP are

transmtted. To achieve this, the follow ng preferable
basegdronadbierr systear factshys dince theimuiinle iCASCT b daraklf yrapres i1402-1105 have

vari ous, conbi nat.i erably, the amount of tine
beer (RIS P hENEARORe? TKARIATE ORentErL i o o
CTS/ CTS-to-Self franes will be made known to the STAs

K-t he t Ieof one Ros e _appr
roosp{rhe Erufiile EFSc TP e R Remsh sy RO MusftBe A ik s frame
applﬂeﬂcﬂ%ﬁ%ll&ﬁn&t&@?'Wh&@g@ﬁﬁ/% aRYPiN®municating in a multiple mode
Al'ternatively, a station will not start transmtting
operbiddronging multipleelMBasignalsFhE regopenbe ebah oftthe BRTAs isawith a Kingle CTS
such CTS response comes last, then no explicit tine

framg dnthe foanafecorsapandingtodis r@@mfaﬁaf?awnﬁe«#éqrn@twehfp BRI can be

o5 e WP e TR o BB OB myspgnaent
bas.a/@rhcé et fi m.,syrpce URhére thbtd s &c&mrah@w;yatré@ afré 9&@%) &f a mesh
her nodes 054] Alternatively, if

scenm‘apa:bkte:hca‘case aamindted $IA playgs thecrehewfargABlbyaemm@ﬁe multsple CTS
conmmon node format, even if they nornal | conmuni cat e
frames, O3hesisei §qogdinBiing therdd reppnwromdevers) \fations gould be difficult

preferably used for sendi ng protection control franmes
S and The podyl atiq S for sendin
1005 b g B 26T gwean Forik)p s g daeenagntlof theult preqingaMode 2
DDA 0 O 0] A g S 0
3. Hérasthe ARtifiSiated aaMode0ZgROATIr Msghetregrrmirfgsmnlmultualeoms-to self

preferred/specific node. In this case, a single RTS
frames B0d-1263 insalimgodesexept faihboded. A@alemhfaﬁger@ 3ethasequenapof the

V|ceS|nth comopnp, form
mutigfirpe Chg-te-ePERmEE oty b ORUET O AEHETRUNGY P fpupstem and
mple?é(éﬁ%rp&%l%lla‘ﬁens 519105?3 ed!dh ’o}utﬁssnﬁo RIRYSes. Next, theﬁP sends
rotection mechani sms for i ple e operation,
a MdaIEOZ ®]T$ iframe 120 wHidhatorasias Ypeuific SIAEaddrE@'sSi.nf&'ﬁﬁ}lon addressed
preferably set a NAV for the entire TXCP bei ngr
partigiagtyctot 42 forobBeXamplee hoigebqnsefEAR sendsrepbigded TS dfamehe

1205 DR RE R Y6 NS 2P e Ao BT P RE td SRR lwhere ap
transﬁﬂ@@g{g ,gm%&;el easi ng unused portions of the

pr ot ect ed Fi gures 14-16 show exanpl es si gnal
sequences of how the multiple CF-End frane
[0053] BAFEN S HOW FBkahpleYAdlid uig%rﬁ%@o %Hr‘eeﬂp EPS%’ctﬁm% #PXOP for
t'o enhance nedi um usage efficiency. [0057] Figure 14
a Moslb ST Aausireg HOPA, wtiéh tdsrees%ﬁdsrml mamluagpmumed sieX&Refuence 306
Mode 2. As in the signal (?uence shown in Figure 11,
I

of Figupre3. ¥¥fren the mudtinde %%erozeqnvs ieldghit 10hkis pgt amééemyéhwmhe AP

CTS/I CTS-t |
protellf b BOB, 4 ik mBas i WARS Cretershft dram@dadio sent in
formﬁ@%?’f%pon@-rn%ztortﬁ@qgéﬂe%e@ gl hﬁédJHilofnuilﬁlb%nf%ﬁFa'%lohsetc except in
avai |l able for transmssion prior to the end of

the rotePbéingumsed fdGthe IRA2 bding paeactsd dyshadiPe whidh i .fMEM a in this
frane 1416, which can be in the format of a CF-End
exampleafhe ofdes %ﬁhPéQWHHESCWHOrﬁ%ﬁV@mBSF a3@E13cervesperding to the

409 end f.ranes, a

mutigl ol el hearbi Y B e B0 AL SS9 bR T Apementaton

consii&aBaseand BaldioNgiliocHt) adRHed tBNodesOPh® MRIB Bl @B-to-Self frames
process can conmmence, initiated by another station or

the AP for its own transmn ssion on the nedi um
10 °



[0058] Figure 15 shows an exanpl e signal sequence of
the AP rel easi ng unused TXOP during EDCA in Mdde 2 as
an extension of the signal sequence shown in Figure
12. The AP sends multiple node CIS-to-self franes
1521- 1523, followed by a node 2 RTS frane 1524 to
1307-£3110er8dy be ddpdeat@d HXEIPS aschewh), BIFS oSEA&rrtes@dmdSomyi suth as RIFS,
Mode 2 CTS frame 1525, clearing the way for _t
as detgiBRe dasqdsonrsiher yskgra fadkers: AsshoMdein S g%rwg m!t'p'e CTS-to-
S
self ;I' )ﬂgze)s &5???#05%% foﬁc;Weidoﬁég o %%ﬂ Lﬁ%ﬁ‘r;é %Jr;ial cé&ﬂ{n%&atmf@\ protocol,

ransm sen
sentfu'i @H@mlaagﬁem s f&raRe bﬁ?OP,rhfie_hﬁ SIFe,r PTES ordfthér e @DEhtion such as
frame. The AP then sends multiple CF-End franes
RIFS,lé'sZcYetmﬁeed hasedl omothes systemdadtors. Hede, STRAIXORAB12 frefonMode 2,
as conpleted its Mdde 2 transm ssion in the current

thusTR@SFT fEmesbyllisdedes frane 1506 is then truncated
and the unused renmai nder of the TXOP frane 1506 is

oo e R e B P BT G LB 098 5
is er%(Sgeg]V\@helt §o Aabd Rt BefPPde ﬂr%?{#ﬂér@%lgﬁﬁg ru'ngﬁfﬂleemﬁ’l‘é?}e CTS or

gure 16 shows an exanpl e signal sequence o
CTS-tdaselSTramkee Ifoas titg AP RbS ednd\@ed 0Ty hdhievid@aiA, the fMMMnQ peeferable
an extension of the signal sequence shown in Figur
procgdurenrre ehersve leithen ndiduatly.os én varipusneambinatians 6 Brz;efwﬁblv, the

T e R
madé rkf‘;h'f;‘?ﬁn 160R 4135 5P He §9ni. Wﬁ Mogle%f-@ﬁ%ogilﬁg%g%@g@\ fs@b include

conmences. Durl ng the TXOP framne
this rrefongmmaem bhfedld iof ghé rreews MTsiafoomatiat &ldmaentb&@0® sent by the AP.
depleted, so it sends the End of Data frame 1612. The
Alterngtivedy, iaitasion wilknefiskask trasgitting hafore ifggeaivassiGTg reapepiaipdts RTS,

and [T B ETReoh SR o R TOBEORT AL A orpo-pyugiceted
befor:'eé‘\allr@3 Aﬁo@ﬁer@ppr&a‘:‘cﬂt@% k@ lon @eMdsseAtthg bRldRe @Emﬁﬁﬁ‘tmg, i.e. even
frames with MAC protocol data units ( MPDUs)

aftert reacising $st‘c'm th@lSﬂ'ratme(ldrrhdué ad wait,if thenkediomf is gtilk atqupred by CTS

etc.) corresponding to the nodes supported by the AP.
framps efiqiBergagress S| FS (or other time duration as

det erm ned based on other system factors) is included

et ween the CF-End franes {0061 Thefollﬁ? ng .are )

lOOSﬁheﬁt@me%\eﬁ'v, éﬁ(éﬂpﬂ@é S bl plotansreitings apd Haealyieg QN § single
coml%r 'rﬂogé)[mjn{lﬁtg e{pJ %&ﬁo“ﬁ'”g (]%I Ca'gr} Eﬁ@tmfap’&%uﬁc mode, that

LY ng prote
comt"n@ﬁ & ot M&r e ispreEfepdbiPaded fHFending pRdtettichntdrt®! ShMesasch as RTS
shown in Figure 14, (or for exanple a QoS-NULL frane
and ms hT}'anﬂMIKamcmspmdsfer fseMmgAlégmtvm#oa‘m& wriyeidallyrtbe el rate in a

. After receiving a - of - Dat MAC si %nal froamthe
glvergjﬂg\d% Jpeﬂwgﬁheé;@éﬁsdp@a erg used Weth“ﬁ S Issipf It is concelvable
for a S??\Qﬁ Ql?})%rc])frtr @mﬁg?etsw IFEO%E?HQe@.gH}?at;%(gﬁI i atg?% Er% Vﬁf%ci{speuflc

mod&lIAERiSEhsk rtESIHE@TS B8 neSdndRinghe0nd figm € Bkiag exchanged between two
communicating devices in that common format is sufficient to establish protection in

multiple mode system operation.

[0055] In all of the above protection mechanisms for multiple mode operation, the

protection frames that are used (i.e., RTS, CTS) preferably set a NAV for the entire TXOP

11 °



d. If the station which started the TXOP just stops

sendi ng data and the AP detects this by sone neans

(such as Carrier Sensing) and the AP does not have any

data to send; e. After any nediumrecovery procedure;

i.e. AP just recovered the nmedium and can send CF-End
being pantesed.o al |l ow stations to access the nedium f. |If

the AP initiated the TXOP and is done with downlink

transm ssion and does not expect any uplink
[0056} Anseriondi oreferred). embodimeniarofi e | priesentt fevemtigP prevides MAC

EDCA and is done with downlink transm ssion and, does ..
mechaiSras (e e4PPaHy S G EBRRT the TedRERITS Suiile (Rage” operation by

, . -0l .- ak: N
rele B TR Hb RIS DR REET  KEP Lo S AR armples sgnal
sequehceoARbiv the Infultiple CRRENdIfrdm @trankniibstonT X6eI bie lusédXcArebdabd unused

a CF-Poll and is done with downlink transm ssion and

TXORjgweas ta @nhanep aradiynysaggleffitiency.ansni ssi ons;

[0057] Figure 14 shows an example of the STA releasing unused TXOP in Mode 2. As in the
signal sequence shown in Figure 11, the STA2 sends a Mode 2 RTS 1401, the AP responds
with multiple CTS/CTS-to-self frames 1402-1405, and the STA2's TXOP commences in Mode
2. In this embodiment however, STA2 recognizes that no further data is available for
transmission prior to the end of the TXOP frame 1406. STA2 then sends a single End of Data
frame 1416, which can be in the format of a CF-End frame. The AP responds with multiple
CF-End frames 1407-1409in all modes. Once all CF-end frames are sent, the unused portion
of the TXOP frame 1406 is released to the medium, and a new TXOP protection process

can commence, initiated by another station or the AP for its own transmission on the

medium.

[0058] Figure 15 shows an example signal sequence of the AP releasing unused TXOP
during EDCA in Mode 2 as an extension of the signal sequence shown in Figure 12. The AP
sends multiple mode CTS-to-self frames 1521-1523, followed by a mode 2 RTS frame 1524
to request a Mode 2 TXOP protection. STA2 responds with a Mode 2 CTS frame 1525,
clearing the way for the AP to commence its TXOP frame 1506 in Mode 2. During the
TXOP frame 1506, the AP recognizes that there is no more data to transmit, so it sends an
End of Data frame 1526, which can be in the format of a CF-End frame. The AP then sends
multiple CF-End frames 1527-1529 in all modes to notify all STAs that the AP has completed
its Mode 2 transmission in the current TXOP frame 1506. The TXOP frame 1506 is then
truncated and the unused remainder of the TXOP frame 1506 is then released for access
to another STA or the AP in a different mode. Protection of the released TXOP follows the

multiple mode procedures described above.



If the AP initiated the TXOP in HCCA with a CF-Pol |

and receives an End-of-Data MAC signal fromthe STA,

as shown in Figure 16, (or for exanple a QoS- NULL

franme with an ACK response from AP) and the AP is done

with downlink transm ssion. [0062] The multiple CF-End
[0059) Eiges Ythsttovaran examipld gighhleseliBepcecbi theb$TA misasingeunused TXOP

fol l OWItl\ﬁ] rules individually or in corrblhnatl on

duringHEGAINMgses? TrAESXETFIOR AN FigTR! H58UERTRSNBAN P FIBurEHy AP sends
mult@?e”&‘?f SEIN frgr% er%ﬂi-'iig,&‘d{ 5ﬁ2-bo&re>§o&c8 orret%e mBiS thhJF TXOP

er m ne by "e mat i n renal nder

protéch@n TWiGiEh Eﬂdo@@!ﬁﬁﬂth@@xérﬁpkh‘?hé MﬁﬁerZ?QEHPbﬁﬁath B05ds sent and
all CF-End franes; b. If all the multiple CF-End

the MpéerésTX@dt’ninmne 4606 ot STR@{ comam e s D firegnth e TGP Bapierle86, STA2
only as many as .can be S?Pt before the curr

recoghifss a8 IGUNSIBESISR deta ha bepn OEpRted, 5 Bsehts @vsﬁ"@rﬂ%ata frame
161ZC?RQ'A5'%Qﬁles %Y%%tﬂefr SéHA%e? falISH esoLSlh?ent ;%1 l—ﬁdQFa’rﬁ&din the

anes cannot sent ore the cur expires,

respécheé/debsl TR TXd¥eresidinder Baheenéleean i f some or all of
t hem have to be sent outside the TXOP.

[0060] As shown in Figures 14-16, the AP sequentially sends multiple CF-End frames within
MAC protocol data units (MPDUs) with transmission formats (modulation, link
configuration, etc.) correspondingto the modes supported by the AP. A time gap of SIFS (or
other time duration as determined based on other system factors) is included between the

CF-End frames.

[0061] The following are additional examples of conditional cases (individually or in

combination), where this embodiment for releasing protected TXOP is applicable:

a. After receiving an End-of-Data MAC signal from the STA, as shown in Figure 14, (or
for example a QoS-NULL frame with an ACK response from AP) which started the TXOP;

b. After receiving an End-of-Data MAC signal from the STA (or for example a QoS-
NULL frame with an ACK response from AP) which started the TXOP and the AP not having
any data to send;

C. If the station which started the TXOP just stops sending data;

d. If the station which started the TXOP just stops sending data and the AP detects
this by some means (such as Carrier Sensing) and the AP does not have any data to send;

e. After any medium recovery procedure; i.e. AP just recovered the medium, and can
send CF-End frames to allow stations to access the medium;

f. If the AP initiated the TXOP and is done with downlink transmission and does not
expect any uplink transmissions;

g. If the AP initiated the TXOP in EDCA and is done with downlink transmission and

does not expect any further uplink transmissions (for example with an End-of-Data signal

13 °



[0063] The nultiple CFEnd frames sent by the AP

enable all other devices in the systemto update their

NAV and avoi d potential waste or inefficiency in

medi um usage. The nultiple CFEnd franmes fromthe AP

are separated by SIFS or other tinme duration, such as
(as sSRIVASIN Figurel@b)e oma Qed-NIlE éd mernwith e ACK yespemseffeard éPls The

mechani sm and order of transmission of the multip

h.  CFifghe AP ividated ithe TY@Pnig deGA with- Erd-Rallbanssisidong nwtj\ downlink
d t t by the AP t | d

tfansmaam”%gﬂe doaY BelPXpe et Ak uRERIRRNSAUSSINSK he opt i ons

i deﬁ'tﬁg gfatérdqﬁ'xer?%d 91' F&mﬁfﬂd C%W%n%%cg\?es ac? End -of-Data

t ransmi n an or priorsty as determn

MActsfge\awsheﬂmecsmf bPsHoR mnmgulpautsh(&aar atanhl®8 QoS-NULL frame with
dynam cal ly changed, where the priority corresponds to

an A€k agspasi feare d\P) and the APde denawith dpweltinkityanshassiopst em

b. The first CF-End corresponds to the node of the

current TXOP and the rest of the CF-End franes
[0062bThegpdtiplet 6F-Ené foarmesr thasders, sent. byrtibe diPd ereferpblyhebserve the

oo B e EJBBaRPAc B2 o9, 12, o0

a. The multiple CF-End frames will be sent only if they can be sent before the
current TXOP expires. This will be determined by the AP by estimating the remainder of the
TXOP and comparing to the time required to send all CF-End frames;

b. If all the multiple CF-End frames cannot be sent before the current TXOP expires
only as many as can be sent before the current TXOP expires will be sent;

C. In some cases or system conditions, even if all or some of the multiple CF-End
frames cannot be sent before the current TXOP expires, they will all be still be sent even if

some or all of them have to be sent outside the TXOP.

[0063] The multiple CF-End frames sent by the AP enable all other devices in the system to
update their NAV and avoid potential waste or inefficiency in medium usage. The multiple
CF-End frames from the AP are separated by SIFS or other time duration, such as RIFS, as
determined based on other system factors. The mechanism and order of transmission of
the multiple CF-End frames (including dual CF-End frames if in a dual mode system) sent by

the AP to release unused TXOP may be as follows depending on the options desired:

a. The multiple CF-End frames may be transmitted in an order of priority as
determined by the system configuration, which can also be dynamically changed, where
the priority corresponds to that assigned to the modes supported by the system;

b. The first CF-End corresponds to the mode of the current TXOP and the rest of the
CF-End frames correspond to the other modes;

C. The order of the multiple CF-End frames corresponding to the modes supported in



d. Just one CF-End frame in a format corresponding to
the node of the current TXOP is sent in which case the
mediumis opened up to all stations operating in that
node until the protection for that node expires, which
gives a preference to the stations operating in the

the sysbele nofy HeleebiftdP; e. If all stations can transmt and
receive a single comon node format -even if

( ! ey
d. nopeneCredHame Maformabcarseprdies othe. made 0@ Q}ﬁwﬁwent TXOP
. f Qr h f i: i _ngl .
s serilf S ciBt RURS BBEE 4ffq SERTLAR, Sl fiyt mode une
the pNAY¥ctidn Rr kh&trabdOdgires) vHith gToekesprefddOfce]to the sthobhsaydergting in
exanple is described with reference to a dual - node

the negdetadftheapXPR;cati on, where dual CF-End franes are in

alit

o S e RS T S B e
e g A5 D P O T o 0 s

for sORgiRg Bhe singlRl EPERE dtdndd whiicht Wils belyafficleht kndigda®nhe NAV of all
exanple. If dual CTS protection is enabled (i.e., STBC
statiofs iroall ®PEES. CTS franes sent by the AP when dual CTS
protection is enabled in the system typically
indicated in the beacon) and a STA obtains a TXOP and
[0064]Hkhe followdTen exampleods dsscribed msdtht seferensenior @ durbinqdee system

.STA I ndli “End of tr LSSi on” " E
oo e SR b PO EL e Rt e
functihalit)CadPvh&W Ih@ drlEERamPisQehdfAER ABCIASINI AN, HWnd%he other
TXOP 'duration will allowit (i.e., that there is

CF-Erehfrugh isiserhlie NRX@BnTBa M aiulatienhiThierfgll@bing rdestribeCBnErpssible
. franmes for release): Case 1: A CF-End frame with the .
implamaniatian efnthishdyal (GheEnd frame expmmley I drabETSprotesiogrineyabled (ie.,

: -Nul | f L h o th i,on. .
SToCGRONSTREIGTg Tretscenl BRans erdetn R Blosiioh I bpdsita inehe
systebn/ Bhi@ily MiicatdfiRhd bédcohPsHdCA$@Sont8iRsl a Ofx OF" AMtSiRe A ShOSTA runs

or "end of data" signal-essentially indicating that

out of fram&Td thasmip thanrtbe STAMay indicaeiEhd ¢fatmsinissibnhot Had of data”
transmssion of any one of the above indication franes
or "Trungatigihefits P Hy transmiging pae of thefgliowing frymess grevigeddhat the

s SR LEHA PRl JEALRE 2]l K5 i g, st
remalithg dMHePEHY GLEMD PRI EdT8r RI8E): STAs that are capabl e of
receiving it as a NAV reset. [0066] On receiving any

one of the above mentioned frames (theabove Cases 1 to
Case 3) A CFERU Aramic’With ithe PhodBla€idh BEatBRSSTA isaRinkHS TEd non-STBC).
respond with dual CF-End frames - one STBC CF- End
Case 21 A @S ahll feme with {ISTBCIGRiENthat ten$TA ialusieg (ST BSIoF8on-STBC).
uration (or other tine duration, such as R FS, as

d
Case defp AihSEEYPB£E MAGHaBERRA! iBgisatem $ka SrasmisaiBt Arend of data”
R L SRR T

ACK before sending the dual CTS frames. Dual CF-End
ooeSAE S Y1) AR B0 Rl s e cses

1 to By tHicst 2 dxplicRRGAdicadtes thecdn§iBtibs oPWRBdativn loh@s ARORNWhen the
dual CTS Protection is enabled in the syst egné‘usual Iy

transinittidctiamd i o CFhad frameolfased il degnterSTRd e other STAs that
nop- STBC STAs. are, present in the system, the AP may
arecaé’@ﬁ@ VA=Y Nggﬁ%%?t'if it runs out of frames to
transmt provided that the remai ning TXOP duration
will allowit.
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[0068] Further, in general when dual CTS Protection is

enabled in the systemas indicated in the beacon

(i.e., when both STBC and non- STBC STAs are present in

the system), the AP shall send dual CE-End franes- one

STBC CF-End frame and one non-STBC CF-End frane-to do
[0066] NAVereddrg anySThesof tthabevweemertpaiet dranfesiithtelaboviesentiyo 3) from

2 STA Wlhe ekeihes BT8R0 AP Sl oIS IF LS RO ITEY 19n 1B CF-Endl
frame and[ogrgﬁ‘ut h_eqﬁg sﬂ% W%g@%fﬂ%%%lﬁs% éjd*b?ll (opgt“h P?infercﬁmn such

sent or Ot er tine duration

as RISSIGH d@ﬁerﬂrﬁa,ba@éd 6l bEeRbsy18eh Pecsere). BRotieh pbssHyIRY %rthat in Case 2
factors. The order of franes in the dual CF-End framss

and wwotber fnahiet that pxeactodie AGK, thedd may fiset resresdrwitlo apACK before
firs In a fi i bl e enbodi nent, the S
sendi e dur ChSdrEp PUater-ERbTedie eﬁ@H@F%PP%H“%FééBWM; STAs that
o AR t he
e LMD A TITOD MO BERL ot e
ot her words, for a STBC TXOP the first CF-End is in
[006 7T BEhdTPHSP "i’sn&mﬁé?f bRtHORP FRBENANET St ABtdckibatis QFa‘bEdem'tﬁe system
I'n non- STBC node. [0070] Note that the solution above
(usudilgsndicitted inehe bedenoife Wher batheXTBO®RdH UoNLKTBICiSZA$ arlerpresent in the

efficiency and elimnation of unfairness towards
svstem%atheaﬁr*’emﬁbfse'& dyah éFiaﬁéram?aef ihunsput ghkampato Emf,mf H@V'ded

ITXOP i. Thi s because the CF-End sent
thatbhe '€ g%n g& '}J(?ucr %édlg ?’o'{truncate the TXOP cannot

be interpreted by the STAs of other nodes and they

i e . i il
oos} s B 581, Bl B SR R b AR cat
in thé Bea@RRE.AwhERBEHh STRCSAdINDA-STBOSPASSTE rédeAt XAk isPlerh)) the AP

general to the case of a systemw th several nodes

shall (seod @luah%EmMpmeﬁwmﬂBﬂre‘ -Ergl frowg ngd des aontsd8C &F-End frame-

articul ar__enbodi nent to the above
to oSNVt SPSRI08 Fra Dl 008 g pRAvEgST R dosl -Ehd frames
I .
e 33 RACA L R0 B TR DR SRR o
out of frames to transmt, the STA may then indicate
[006§fﬂ{écﬁfakﬂg b@&wéérﬁthzw | Cpléné'l Fr@ﬁ‘l%gns&ﬁt' Bi&he A(I;Fshgpgefsf@%? other
pr ovi the remai ning TXOP duration wl
timeiduratfony Stmhaa“prlES dshdeseretinet based smythee s@émrmmsd The order of

according to the follow ng determ nati on: whether the
framﬁ%rmtihﬁud@ QUEad framesfmayhke arribrary o gne A dherm Hagy boehasgto be

d
sent dstat] gn™h FROTR S ARG 7 difst G A0 WAl sge the same
modnfl?t‘icﬁr u?é’bdfotr%n%i:sgoqéjrlﬁtth@'?XOWbteh\gQr@FcaEé'bdaﬁd' tH®second CF-End

transm ssion, the STA explicitly i ndicates the
frame eingdll ek ithé othter ifadutztanom cafer werdE)XoP.a STBE TXGMtm firstt ORENd is
~_of a CF-End frane_shall be interpreted as _a NAV reset
in STBG mode apd frera mm&T&quaﬁOPatheﬂe%ﬁétﬁ%é igin noacEBGimRse: t |
recei ving a CF-End frane froma STA with a matching
an AP shall respond with dual CF-End franes
l007%1f wﬁ A the Ik DOV RES BtCoeRelEnal jncatRses MEdHe utilization

efﬂuencd g&_aﬁnﬁgggrggf fr{fgi egsh q\l\éatrgg gg%qgaﬂ aci'e?lh\gp %ij%%/sg‘#q}@% as the

one thE: HRYs &%WO‘F‘@mg@Fﬂrﬁ:@%df TR BShdchuéd tHeU@SE@dJEen@Bgl(the owner of
frames to transnmit provided that the renaining TXOP

the T&(OPaw trtuncamettlhe B{QRwaninbt bdinterpdied bygtheciTie oh othee m:hsda!s and they
d franes sent by the AP shall be SIFS. The fir

will tbﬁefzﬁa ot Re@blent9) Pcceésethewaeé'aweumfﬁdbﬁ 4 Hndadle df%‘rCF -End (or
transm ssions in the TXOP being truncated and the
second CF-End frame shall use the other nodul ation. In
other words, for a STBC TXOP the first CFEnd is in
STBC node and for a non-STBE TXOP the first CF-End is
i n non- STBC node. [0072] The foll ow ng descri bes
anot her solution or nmechanismwhich is sinple in that
there is no need to send a dual CF-End but is |ess



[0073] A STA, on receiving the CF End frame (or MP-DU)

Wi th a nodul ati on corresponding to its node, can

update its NAV (e.g., reset its NAV to 0) as foll ows:

a. The station updates its NAV after verifying that

the BSSID corresponds to its BSS (i.e. the BSS
multmimCF{EhH éultheyganeenl ABse)i Albo tiie atiove bauiBTRapplies in general to the case

associated). If th BSSI D does not match, the STA does
Ofa?YéF”hWHBtS%Veﬁ dnogey (Mofe theR tWele cases or

i npl enent ati ons, the STA updat es its NAV regardl ess of

R SR Ny
3 th?f?&élﬁéaﬁ\i_%ﬂﬁes ReNRe $004¢R %?anfdglrds Ap&idatiBh elf RsecTs cIJr{YE)ection is

SMP sequence of prior art is designe

enabdgrsmd & STAbbairs ATNGP ardiden S 3TA rappdut of frames tatraraidit, the STA
PSMP sequence in a multiple node system each node
may RN ifdiselgitrngatian qu‘é?ITXQ?SbY tsargértftmgraaﬁfe%nef Brmewsevigsd that the

remiie JAPRTURIOn WIF g GEdatr e el M SPRo iR bV be determined
accof GRER 8 ff)ﬂ’éwi‘ﬁ@(é@témﬂ?atl'éﬁ‘ WhethBEtHY l‘eﬂ{anﬂﬁ% dBaMBn of the TXOP is
sequence. This is not efficient usage of the nedium

greaten dharothefsbevdf IOF €ndifrace darbtiorpbSTBOGEEad rfmaai' du)rason a non-STBC
cannot be nade in a single PSMP sequence.

CF- Emi g‘Eﬁ'ée 1t gﬁmwnaha%&am @ngftwon 8IR Wr?ia% %%ap@ivﬁ'd frame

transrmqstu E ﬁggord Ln%agageﬁctgﬁecé%gai {op]ven gRQét,ot'?{e&erts trJaSP The
transrﬁﬂgs@orpa—istr tRESE Ml RAR Be iftatdrotats kéinA\W”rJésieP b?tﬁ@é’l‘her STAs that
PSMP frames, followed by the multiple node downlink
are capablel pf nenklvmg #nOnireceivingsa CAVEhd frpine fromade STENMAtH a ammtching BSSID,
fine the schedule for the nultlple nmpde downl i nk and

an Aaﬁh?lhwsw%@!ﬁh SupldrfsEndoiramepatien Y pHwation e opeiEPC CF-End frame
and %equlp gﬁBéjH{ ?lﬁ]ciﬁ?me Ipw&i '%I r[%?idtg/ng\%gg%gﬁaa C??Bf’rotectlon

is erlabled)indhé QGAEMONTe AP midySseht HubIITFSEAd fréies Wﬁrdﬁ@@@ﬁof flames to
any order as det ermi ned suitable for applications and

tranmpatnvidekiltha;t the remelndg\ﬂ‘X@@demmbn willadowlie{Tee ypacing between the
s of the allocatjon ord;rlng

dual GEENg Fiaries £ T I PE AP 9ol e IT5) Tl b CHERg ifara 3@l uSe the same
odﬁr&%\(\“{\ Hgér% ?)lrltpangls%[b?\s {. tﬁé‘%xéarﬁ%d{%é?&nég?{d Qﬁd ltl’gél[gezc%nd CF-End

here cou
frame &Rl YseBe bthek hﬁ)dwa'en nlﬂd)@hcﬂ%r@ﬁ%r%-rﬁﬂwxmhe first CF-End is in

STBC mode and for a non-STBC TXOP the first CF-End is in non-STBC mode.

[0072] The following describes another solution or mechanism which is simple in that
there is no need to send a dual CF-End but is less efficient in medium utilization. When an
STA or AP obtains a TXOP and uses the Long NAV mechanismto protect the TXOP duration,
a CF-End frame is sent when there are no more frames to be sent indicating truncation or
completion of TXOP. Our simplified solution is essentially to change the current rules for
TXOP truncation under Long NAV protection by disallowing sending of a CF-End frame by
the owner of the TXOP when dual CTS Protection is enabled in the system (preferably
indicated in the beacon). So under these conditions, the TXOP will not be truncated by the

owner even if it has no more frames to send. This also applies in general to the case of a
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DLT; (2) all the uplink allocations of the sanme node
may be | unped together; (3) all uplink allocations are
made after all the downlink allocations (Fig. 17);
(4) the order of the STAs in the downlink allocations
may be preserved in the uplink allocations (Fig. 17).
systdn @itB|sewdxalymoddsdmoveathaariws).ar e possi bl e on how t he
mul ti pl e node PSMP franes nmay define downlink tine
(DLT) allocations and uplink time (ULT) allocations.

[0075@[\ S?ﬁoaéégjegﬁl ﬁ%ﬂqe-rCFCé‘ﬁH ggm(e &J IQW?{HW o H%EUBB%E tegrrespondlng

er ~wor ccor
to itPmetiel daadipasieadiNreNle.g. & e s e INalvab Y) faé foHbws.e or derl ng
of ULT/DLT of any node suitable for the applications
and capabilities of the devices is possible. [0077]
a. Theharedatioplupdares és RSP afteavefying \th dethechssDateetbspyndsl tb ts BSS
or other time duration, such as RIFS (Reduced Inter

(i.e. the 896 copaeliasy, thas‘\PthtbrthWe@ebﬁéea agsaciatederlf hpsSSH does not

0078 ent invention may be
matq%ﬁl&p@ﬁéﬁpgan% Jpga ef havi ng an access point with
b, Muhtihe c§5€‘sorQanWatl@r¥s ttlli‘@ sfat @dhtdkitd @M‘?r regdRMsY B the

access control, and network |ayer, as an application
BSSpretttmdeeEndftee\gaf ated circuit (ASIC), digital signal
processor (DSP) or software. The present invention
relates to 802. 11 based W.LAN systens or OFDM M MO
[00745A ribird quieferred smubaimesin af dree imvefiRRVlefined @ mudidile mode PSMP

sequPRek (i oD %ﬁﬁéiﬁvétﬁﬁc)w[ﬁsﬁi 2 SHAHETER A IoB A fedesiEned to

oper&%ﬁfé}' ?I IeI IHO&QGSOHZ Jﬁg pqlg?%?ﬂ P& Se &r@@rlh'acgwluﬂrple mode

ons, éach f ure or el enent

systef, @Béh Woﬂ@@bbld%@@m%ﬂﬁduaﬂ CRHORHE f%ﬁ’esﬂ‘bmﬁ By ®#PsMP&rame and
preferred enbodi nents or in various conbinations with

the Sd'redmetdrdwmholt aret ufliok tranersissions. hie pratedurefwaulrthgye ésbeitepeated

¢ enél on. The net hods rovi ded_i.n. the &resen
or epgh/BAT BHARHLY REIST PHPTRHGIRAENGenThiS b GHEIentH53ge gfthe medium

and ﬁgtfn%%@:gg sifte ;nH g)‘f@rrﬁoéeag%g Xn?'@?r%jdtege'rﬂ @e m a smgle PSMP

r-reada tora Plmfor execut
sequ@fider al purpose conputer or a processor. Exanples of
conmput er -r eadabl e storage nmedi uns include a read only
menory (ROM), a random access nenory (RAM, a

[0075]eRig st &7 shows ireexuenpie yf theanultiple dumdeoPSME safuEnckeadcoriing to the
magnetic nmedi a such as internal hard disks and )
presené peabion. derekthe mlinke mrodp PSR sepuenca,is dalinegpas waltiple mode

CTS-to- seffe}rames foqﬁ')wda- by multiple mode PSMP frames, followed by the multiple
mode downlink and uplink transmissions. Multiple mode PSMP frames define the schedule
for the multiple mode downlink and uplink transmissions for the multiple mode PSMP
sequence duration. The multiple mode PSMP frames may define downlink time (DLT)
allocations and uplink time (ULT) allocations of the stations in various modes in any order
as determined suitable for applications and capabilities of the devices and is completely

flexible. Examples of the allocation ordering include, but are not limited to the following:

(1) all the downlink allocations of the same mode may be lumped together-for

example, there could be multiple STAs receiving in the same mode and one STA in each



ROM di sks, and digital versatile disks (DvDs). [0080]
Sui tabl e processors include, by way of exanple, a
general purpose processor, a special purpose
processor, a conventional processor, a digital signa
processor (DSP), a plurality of mcroprocessors, one

DLT;or nore m croprocessors in association with a DSP
core, a controller, a mcrocontroller, Application

(2) Speltttei uplihhblegatddracf the camd siofABla@de, luthped thgether;
Progranmabl e Gate Arrays (FPGAs) circuits, any other

(3) tysleuglinkiadcagoms 26 neide aftet al(thE€Howalilk Mocatiodt g 17);
machi ne. [0081] A processor in association with

(4) SofHenerder BRbhebSTAYSEhd BowAKEATRBAtichs sl Be bFeSENEMGY the uplink
transceiver for use in a station (STA), wreless

allocstiensqRigt14.ecei ve unit (WRU), user equi pment (UE),
terrri nal, base station, radio network controller
é or any host conputer. The STA may be used in
[007 bMaumtthejnvamaﬂh monﬂssble @mbp‘ertéﬂtredtlpﬁ madelR&ME frames may

et ST, o o SRR e B FRFERE o e,

DLT E’za‘?\vﬁé:ﬁ)’llo@e& @?aé(ﬁﬁ ofath s%ﬁ%%%‘éa 'In %tﬁ&l \ﬁ?fr‘d§'a%’ordmg to this third

transcel ver ands free headset, a keyboard

prefddtateérabddihient, aadmpetelq frékuemtma@ryn@mfduuwmEldof(a‘ﬁMnddaduma ble for
unit, a liquid crystal display (LCD) display unit, an

the agpligaiipes andgnpamltﬁqsmﬂ@ dﬁvwaélsmm display unit, a
digital nusic player, a nedia player, a video gane
pl ayer nodul e, an Internet browser, and/or any

[007¢] The mubiplomade awa fmemnky bwmatﬁébw PES or gthar Mge duration,

such s Fb e FRGLiatHs BEime ¥estineh o5 cofer Dedibabe R iReniates foctors

nnde i s defined by a phyS|caI Iayer nodul ati on schene,
met hod conpri si ng pective

(00780 Fheo R erait VAo St & BBBIETSALEh St haeS k MOKng GF rsess point
with %Ulttlap IS?AsI S \'iv'?ﬁu&ea%"%ﬁ& 'ﬂh%éel AIQQ?er, medium access control, and network

layer, as an application specific integrated circuit (ASIC), digital signal processor (DSP) or
software. The present invention relates to 802.11 based WLAN systems or OFDM/MIMO

using radio resource management (RRM) and a radio resource controller (RRC).

[0079] Although the features and elements of the present invention are described in the
preferred embodiments in particular combinations, each feature or element can be used
alone without the other features and elements of the preferred embodiments or in various
combinations with or without other features and elements of the present invention. The
methods provided in the present invention may be implemented in @ computer program,
software, or firmware tangibly embodied in a computer-readable storage medium for
execution by a general purpose computer or a processor. Examples of computer-readable
storage mediums include a read only memory (ROM), a random access memory (RAM), a
register, cache memory, semiconductor memory devices, magnetic media such as internal

hard disks and removable disks, magneto-optical media, and optical media such as CD-



supporting nmultiple clear to send (CTS) franes in

formats corresponding to the respective nodes; and

sending a nulticast/broadcast data for each node

supported by the AP. 2. The nmethod of claim 1,

wherei n one of the respective beacons transmtted is
ROM diskst arfd digitahwersatpe disks (PVPelacon by a prinmary beacon

field or in a high throughput (HT) informtion

element. 3. The nethod of claim1, wherein the
[008ﬂb§tp'abtei pcksacomsiudecbydey aif dxeawle, angerseal qrudpesg processor, a

acon that is identified by a secondary beacon

specis] PHFPOSE ITOGETGr AeOTtENAAREesS0Ta & JREAI AN @IsEsser (DSP),
pluraﬂv”‘ﬁ'ﬂn%{op‘ﬁ‘@&r frg‘ ({nlgeor%ocr ﬂﬂ@oér&@%%ﬂn §soEiraf}5‘r§mtfxtael5§P core, a

nclu erence rel ated

contfofled@ armmaobnb@ﬂ@.onAppl&aquesaéembomtgéraﬁaldalmacats (ASICs), Field
wherei n t he secondary beacon includes fields that are

Proguamrqatée Gotd Awaysd BR@AS) tivaitsaie othd. type afdntegthtpdeifcgitiiedl and/or
i station (STA) for multiple node operation in a

astag ’l“é?hé%% communi cati on system where a node is defined
by a physical |ayer nodul ati on schene, the nethod
conprising: obtaining a transm ssion opportunity

[008LITX(hthtessor in association with software may be used to implement a radio

frequency transceiver for use in a station (STA), wireless transmit receive unit (WTRU),
user equipment (UE), terminal, base station, radio network controller (RNC), or any host
computer. The STA may be used in conjunction with modules, implemented in hardware
and/or software, such as a camera, a video camera module, a videophone, a speaker-
phone, a vibration device, a speaker, a microphone, a television transceiver, a hands free
headset, a keyboard, a Bluetooth® module, a frequency modulated (FM) radio unit, a liquid
crystal display (LCD) display unit, an organic light-emitting diode (OLED) display unit, a
digital music player, a media player, a video game player module, an Internet browser,

and/or any wireless local area network (WLAN) module.



transm tting data; and sending an indication of
truncati on of the TXOP when a STA does not have any
further data to send. 7. The nmethod as in claim®6,
wherein indicating the truncation of the TXOP incl udes
sending a contention free (CF)-End frame in a node
CLAIMSat the STA is using if sufficient TXOP duration is
remai ning. 8. The method as in claim®6, wherein the
STA indicates the conpletion of its TXOP by sending a
1. QoA-rhithodfperfoemed Sy dhacoees hoidt #AP) for chdtipleGnodd epenation in a
the indication of conpletion or truncation of the TXOP
wireless pavwrsveiase appode és defined byraphysical Iayer wdilation scheme, the
al | ocation vector (NAV) reset. 10. An access point
metlz%{:‘jon?%ﬁ's'%l tiple node operation in a wirel esspnetvvor k

\;\’2 éerﬁ:lir?g H0d&pdchive Blehf3 fdtYedth RAYSE Sappordde by TREWPaH 9Format

nme, the AP configured to obtain a transm ssion

suitabpie tha Médpgctiviot@blle; transnit data, and send an
i ndi cation of end of transm ssion when the AP does not
hasupremingi atudtinle ckando send (CTS) frames in formats corresponding to the

respective modes; and

sending a multicast/broadcast data for each mode supported by the AP.

2. The method of claim 1, wherein one of the respective beacons transmitted is
identified as a primary beacon by a primary beacon field or in a high throughput (HT)

information element.

3. The method of claim 1, wherein the respective beacons include at least one
secondary beacon that is identified by a secondary beacon field or in a HT information

element.

4. The method of claim 3, wherein the secondary beacon is transmitted with a time

offset including a time reference related to a primary beacon.

5. The method of claim 3, wherein the secondary beacon includes fields that are

unique to its respective mode.

6. A method performed in a station (STA) for multiple mode operation in a wireless
communication system where a mode is defined by a physical layer modulation scheme,
the method comprising:

obtaining a transmission opportunity (TXOP);

transmitting data; and

sending an indication of truncation of the TXOP when a STA does not have any
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11. The AP of claim 10, wherein the indication of end
of transmssion is nmultiple CF-End franes in all
supported nodes. 12. The AP of claim 11 wherein the
AP is further configured to send one STBC CF-End frane
and one non- STBC CF-End frane, which forma dual

furtheiF deteckofseadre. 13. A station (STA) for nultiple node
operation in a wireless network where a node is
defi ned by a physical |ayer nodul ati on schene, the STA

%ﬁ)&u Ecl?e(?dait)]sglnlo atlrgwl ({1 gv%e&éﬁgggﬁa%‘nﬁgﬂg g{)t.{r)mg%tﬁog?oft t¥le TXOP includes
seno‘n{éjg CBhieRBoR fird NEFTERY AARNIN Henodb tHAPRRe BPA i @ér(i]:g #FWfficient
ther data to send, and receive at | east one
TXOIP daannms reacmingde supported by the STA. 14. The STA of

claim 13, further configured to send a CF-End frane
mat ching a BSSID. 15. The STA of cI aim 14, wherein the

is further configured.t ne if suffjcient.
8. T Bt onin SO b VAGEI s STevnicates ohe Bomalefialer iy ™op
%ﬂm; ni ng TXCP duratl on is greater than
by s eé;aeﬁogﬂ%"rf%nd frame duration used by the STA for
the truncation indication plus all of an access

point's (AP's) CF-End franes and any interfrane
9. spdiee neptidert a¢ incolain Gswhereth thetindieatidrhef CFrpletord patrescation of

the TXOP is interpreted by the other STAs as a network allocation vector (NAV) reset.

10. An access point (AP) for multiple mode operation in a wireless network where a
mode is defined by a physical layer modulation scheme, the AP configured to obtain a
transmission opportunity (TXOP), transmit data, and send an indication of end of

transmission when the AP does not have any data to send.

11. The AP of claim 10, wherein the indication of end of transmission is multiple CF-

End frames in all supported modes.

12.  The AP of claim 11 wherein the AP is further configured to send one STBC CF-End

frame and one non-STBC CF-End frame, which form a dual CF-End frame.

13. A station (STA) for multiple mode operation in a wireless network where a mode
is defined by a physical layer modulation scheme, the STA configured to obtain a
transmission opportunity (TXOP), transmit data, send an indication of truncation of the
TXOP when the STA does not have any further data to send, and receive at least one CF-

End frame in each mode supported by the STA.

14.  The STA of claim 13, further configured to send a CF-End frame matching a BSSID.



15. The STA of claim 14, wherein the STA is further configured to determine if
sufficient TXOP duration is available for truncation by assessing whether the remaining
TXOP duration is greater than the sum of a CF-End frame duration used by the STA for
the truncation indication plus all of an access point's (AP's) CF-End frames and any

interframe spacing durations inserted between the CF-end frames.
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