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[0006]

[0002] The present invention relates generally to
communi cations, and nore specifically to nmedi um access
w@ ews088133 Backgr ound [ 0003] Wrel ess comuni carCDIS2004/034063
systens are w dely deploye® to provide various types
of communi cation such as voice and data. A typical
W reless data system or network, provides nultiple
users access to one or nore shared resources. A system
may use a variety of multiple access techni ques such
as Frequency Division Multiplexing (FDM, Tine
Di vi sion Mul tipl exi gadKEROUNDde Di vi sion
Mul tiplexing (CDM, and others. [0004] Exanple
Fiegilr el ess networ ks include cellul ar-based data systens.

The [l owing .are..cev sych exanpl es- (1) &
" AR RRSEE RGPE Bl R I FmlatafiiR, and more
spédfigll/itd nlediun Sicassdandolf or Dual - Mode W deband Spread
Spectrum Cel lul ar Systent (the 1S-95 standard), (2)
the standard offered by a consortium naned "3rd
Ba@ﬁgﬁflﬁ’l i on Partnership Project” (3GPP) and enbodied in
a

of documents including Document Nos. 3G TS
25. MircleSGohBn@iic2ba, syd&nT SrowidelBdedontd36 preyigs varions types

the W CDVAv standard), e .standard fered b
of RGBT Sah VR Pk o HEPARERES Rl Sty S pftwort,
prévidés3Ehiidle Ak S¥BRAL IR moBshRe® réddiResalA &6t may use a
Standard for cdma200Q Spread Spectrum Systens” (the
t(p(-lmg (FDM),

valigyxgaaulspleragesd fechaiques wirh @p ErqguepeydaivisiouaMal

. . t hat f . . S- d
iR R GRARLT Y ChlE T R AR D Bt
\(M'V\rbqo\il\%iﬁ)léswﬁ%&%?eﬁsﬁkgg%h‘é%d;@lilelm&tbh@gadatwy(e&nﬁet’mgrzﬂoﬁciwing
suc as e . st an r l.. €. . .
arg gpvergly puchy exqaplps: | () r B9 enA R AsdenB 311@31@ ﬁ@f%%@ée Station
1 g . . . | i i re
Ao SRR IRBAR Aol ks Akl
(tHai 18-%S standded)t (D) thi istagddrOeiieyednind alcabsooinr eeimei {BrsGeneration

Pl oivet SHPEL 70 RBEOUPY B BUF U OO TR pgument

N$L9BOTs AS Wi I s esso sy st 8 499593, Arvecagyangsed the W-CDMA
I gher data rates have becone avail abl e. H gher data

standtely, (Gatte sspeiastofiped hp apogsirtithinaged " 3xdGenreelipn Partnership

e RR & B and APPRUET o R G Bl LR iRt e Stazooo
Sprédd SptetraRbs ytahd" Qe ISE3000aNddid)f ehd (9) tedqujl dsmnte (HDR)
for their respective datatransfer. Many types of data

systen thabweenfoame i hedhd/ RIYISuivtandael(ther tséndgid)need
SonPOtgéIalekér}{%lg;e r?gm}ﬁ‘él?sﬁ §ygé§)s &Uﬁﬁ@pbﬁ@less\/\;ﬂ)@ﬂuAteablgIetworks

resour ce nan e capacity of a system nay
(WEANgp dsucknas tthe ESER eB02ridy stentlardpe(iat e8GATH opnibly.or (g)-
mggw S{S‘%gt]h?%cgcpst%ggcg?}gggbe(aw e&) rlrcl) tdg;():l%lylsngag ?\/Iultiple Input

Multiple Output (MIMO) WLAN comprising Orthogonal Frequency Division
Multiplexing (OFDM) modulation techniques. IEEE 802.11(e) has been introduced to

improve upon some of the shortcomings of previous 802.11 standards.

As wireless system designs have advanced, higher data rates have become
available. Higher data rates have opened up the possibility of advanced applications,
among which are voice, video, fast data transfer, and various other applications.

However, various applications may have differing requirements for their respective data
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|

shared communi cation resource between a nunber of
users. MAC protocols comonly interface higher |ayers

wao ooosia9iphysi cal | ayer used to transmt and r eRPET/US2004/034063
data. To benefit froman iBdcrease in data rates, a MAC
protocol nust be designed to utilize the shared
resource efficiently. It is also generally desirable
to maintain interoperability with alternate or |egacy

R VS PG B ROLRHG rshess g RGPS o thsng br eed
sdlﬁé Q‘dgﬁtﬁl&f SEMAde(WoS) bafastek.S Withduk kdi6tirch ﬁﬁﬁagéﬂlénh Qh@éatp acity

for suc processing that is backward conpat

ol n%wtenamab bg quylp@is and thesystom mapsnas @pera’f@fﬁmggl}?c 0008]
E
ot oo ST AGHCE PR AEAGL I EPCHE e EPBIGRpHeY o Heate

slﬁayat @ﬁiﬁnﬁﬁ@htioh&ésduﬁcehﬁ@kmraduﬁﬂf@ af ubre MiIACpreRIcbRUSMmMonly
ypes of |egacy systens. In one aspect a first signa

m‘r@rchﬁ dngher deyess s s physisal dayer %@%@y tian%m% #hd gpesive data.  To

bé&ﬁmn& 8} {nErdale/fn & 9a[té§ QME ﬁ%@{ ﬁqst%ddegf&ecﬂbdutﬂlze the
Zomminrcat IS e Bor Ing to'a ond transm ssi

sﬁawdmdsoﬁrbaeﬁmemky diris alyot geﬁenaﬁy elesiexble tr tniamtiam [1 }arabxhty

not ner a ect a conmmun tion EVI ce cont
ra fec lggricy m@aawa@ygis@ﬁ? arghg T F&rs &1@%. auge W the art
f&%@bﬂ‘)%sts Rigol ePh SR SRe 68 WBHHhFRIchAR @5@51@0%3}% Isha further

one or nore renote communi cation devices during t
negslde ke pefor such MA Giprot¢ssing dkgs é&backwaubcmmmtlhhwlﬂewmgs types
S a shared nedi um according to a | egacy

g&g?éggﬁ Mind, upon grant of access, the device nay

conmuni cate with one or more rempte stations (or
facilitate comunicati on between two or nore renote
stations) according t SEVAMMRYr ot ocol . [0010] In

anot ﬁﬁ{bo@i%%ﬁ%t dlS@loQi,g &%le%’? SadffesE SiRe pﬁ)éeﬁt fo?I M% tp?gcegsing for
contenti on free period and a contention perio

effieidnt ase of high ﬂlrcs@gﬁpan bysteind arelethpetsibadkwdrd @eﬁlﬁaeﬁblé @vith various

communi cation according to a new class protocol,. and a
t¥pgs BhIgSaSystEmS-ofn P1feaspeRt @dHE] Benaf isdEang@itiedgocording to a legacy
trﬁﬁgnlu?ﬁﬁl |l th Cr@ée‘?\ge L0 %&ﬂgﬁ' ¥ £3h4a8 rﬂ&ﬁlﬁ{]d Bﬁn‘glmcatlon

egacy communi cation protocol. The contention perio

aamydmgm esectrel trarsotissool foroat tansmrdsidnehg te rea‘er\mdlpbrtlon

e B e R e R BB T s on a tegacy
sﬁ@ﬂ%@ RSB ate facfording 6 B ARE hM@B &ﬁmﬁuﬂbz&ﬁhﬁﬁ%%l with

[0012] FIG 2 depicts an exanpl e enbodi nent of
ORg PrINgISIeBOiRRgMINBET¢aEAT dév/lp@sedunnigithmamsﬁ ngdodohr angthee @ispect
r n 3

?%V]%g { S%zgrgi&efi’ %Es A aﬁa?%dp%n%fﬂmg %Jédrorél qg éor é;lega%r p§otocol, and,

upon grant of access, the dev1ce may communicate with one or more remote stations (or

facilitate communication between two or more remote stations) according to a new
protocol.

In another aspect, a new class access point allocates a contention free period and
a contention period, a portion of the contention free period allocated to communication
according to a new class protocol, and a second portion of the contention free period
optionally allocated to communication according to a legacy communication protocol.
The contention period may use either protocol, or a combination of both. Various other

aspects are also presented.
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[0023]

[0024]
[0025)
[0026]
[0027]
[0028]

[0014] FIG 4 depicts an exanpl e physical |ayer (PHY)

transm ssion segnent illustrating the use of D FS plus
whawkosf13F or access according to the DCF; [001B¢T/B51804/634063

depi cts an exanpl e physical4 | ayer (PHY) transm ssion

segnent illustrating the use of SIFS before an ACK,

with higher priority than a DI FS access; [0016] FIG 6

illustrates segnenting |arge packets into smaller

fragnents with associated SIFS; [0017] FIG 7 depicts

an exanpl e physical |ayer (PHY) transm ssion segnent

i | | ustr atgRepR DRSERIPIION OF THEBRAGKINGSedgment ;
[0018] FIG 8 illustrates a TXCOP with bl ock,

ackidi &aymeeramploons)dimpa of g syden dncuding akighppeed WLAN;

physi.cal, | ayer (P r 1: SS1.0 [ : ] .
2 Y aIFEa AR iR plsc AR Y F SRR kiR Wavice,
wiseRady e Rbn®furéd d9dFadcas lpothi bguserieinflag consecuti ve
transm ssions wi thout any gaps; [0021] FIG depicts an
exarfife3 dapietidie i BerfRmMoecPE PUEERfSng reduci ng t he

ano o] 1L $Sd: i ; Lo
depi aFs "B HE SRBRET RSO, SR PREY parmbsib Segment
illufieming eieaise g DIBES plusbacksyiBfor sceessrrbadinggodlonCFj dat i ng
preanbl es, renovi ng gaps such as. SIFS d.insert.i ng
Q1 FeFiGs apfFRie | 3 coxple FRreh layst JREND; o fegment
i i sﬁ;% AnARERI with AEhSEEHERRY thahlSIFSalcEAE;
ﬂlgﬁaz%g?ﬁdﬁadtlsgﬁgggﬁ( S arrﬁjn?ﬂgi’r reg{)gectl_ve SIFX(Psa; 0024l .
FI G Flfie pb cilsistates xagpertingrBode neasketsf ingo ramaliler Hagments with
conso(%é ting polls; [0025] FIG illustrates an
ASEOCIHY C frame; [0026] FIG 16 illustrates an
exanpi® WAGeR&Y, ad 08&dlpld | fhysital dsel CPSTV)N texaniskion segment
peer-to-peer communi cation; [0028] FIG depicts a

illpstrasingar KX QR yethaper-framecackpewlsdemedno] FI G 19 depicts
. i . ' be depl oyed
For R ulg SRR BB happ ey 12 et

exanpice ondesitweni efangpldAdiybicaimiayien c(PEN ndraasmission segment
_optional ad _hoc segnment: [0031] FIG 2 1 depicts an
ilgripee nokgd e payeHWbst; [0032] FIG 22 depicts
an g}g@.‘E{Oés %%gé&gglgi@émﬂ&ﬁﬁléﬂte&f a HROP EROHY BB consecutive

[ 00 Icts an exanpl e nethod for peer-peer
tramizsivns atithont any gaps;

FIG. 11 depicts an example embodiment of a TXOP illustrating reducing the
amount of preamble transmission required, |

FIG. 12 depicts an example embodiment of a method for incorporating various
aspects, including consolidating preambles, removing gaps such as SIFS, and inserting
GIFs as appropriate;

FIG. 13 depicts an example physical layer (PHY) transmission segment
illustrating consolidated polls and their respective TXOPs;

FIG. 14 depicts an example embodiment of a method for consolidating polls;

FIG. 15 illustrates an example MAC frame;

FIG. 16 illustrates an example MAC PDU;

FIG. 17 depicts an example peer-to-peer communication;

FIG. 18 depicts a prior art physical layer burst;



[0034] FIG 24 depicts an exanple nethod for providing

rate feedback for use in peerpeer connection; [0035]
WO-L@5/028633 | | ustrat es managed peer-peer connectPORUS2004/034063

between two stations and ar access point; [0036] FIG

26 illustrates a contention based (or ad hoc)
peer - peer connection; [0037] FIG 27 depicts an
exanple MAC frame illustrating nanaged peer-peer

co Lcat i;on between stations; [0038] FI.G 28
002911, r]l]g@'a e $oRGS paélr?ﬁa%’@febﬁl?wqagéaé}@ﬁ/ gﬁ’ﬁ W@é‘%é‘?a‘é’s‘%ﬂ deployed for
p&irpetoiighsofissidhe sanme frequency assignnment; [0039] FIG

29 illustrates the conbination of |egacy and new cl ass
[0030]  hedi G ldepidninm pxampls enhodimeni®f aid G fremerineuding ke optional
. earning a transmt opportunity; [0041] FIG
adggi%%rsr{eg% exanpl e nethod for sharing a single FA wth
[0031] nul t Fb.@ 1RBRts fniRd@bleghisicAdaydr bust;r at es over | appi ng
BSSs A9, a. single FA, [0043] FIG 33 depicts an
[0032] oy an’fn@ R ieRists sapgpleraethoch T RReytResh data trewmispiens
0033] COMERE OBtV bt ' | egacy BSS;
[0033] [0044] FI (36934&4%] %&PE&%@%@E&’%&S& é&cnm%ﬁc%é#on
[0034]  usi nBIGV2dGIapithmi epaaplbmethod tfanpionglifgoratefeedssk @) e in peer-
éeega%%/e ﬁ%ﬁ [0045] FIG 35 depicts encapsul ation of
PR &OHTC e MAC frames (or fragnents) within an
[0035] aggr BN ST ERTEs 8lpebileer UMt i
frame; [0047] FIG 3 i%pleusrtﬁ}egt es eané%ggﬂ‘n”%%z%()%&ns and an
aGABPPessed frame; [0048] FIG 38 illustrates an

d frame:. [0049] .EIG 39 illustrat
00361 SIS 28 MRS B ol AELbrsrd (oead hpginssy pesr eomagston:
[0037] i || UBNG. aR®Sdepicte XanRekangig OVERt irie H@ﬁ@l@éth{go%ﬁlégeﬁ' {eer-peer

illustrates an exanpl e enbodi nent of a Schedul e
compReatop heheanSERENE SCAP) for use in the ACF: [0052]

FI G il Wyt nmay . be used, i.n
[0038] conj %Ig%tz:go{r%lﬁ\%\n& {t Wl\gﬁ &]% Eb%g;ggf Blﬁfggfwlf?ﬁs Sfpgions on the same

fréquiencyt asaitgemeBgacon i nterval s conprising a nunber of
ersed wth_contentjon-based access

SCARs, j nj et
00391 per |]§)[8§s né% @%E]ateitlt@ cgmbpmafign tqfalegacyl awl aepless media access
copration with a | arge nunber of MVO STAs;

[0040] FIG. 30 depicts an example method for earning a transmit opportunity;

[0041] FIG. 31 depicts an example method for sharing a single FA with multiple BSSs;

[0042] FIG. 32 illustrates overlapping BSSs using a single FA;

[0043] FIG. 33 depicts an example method for performing high-speed peer-peer
communication while interoperating with a legacy BSS;

[0044] FIG. 34 illustrates peer-peer communication using MIMO techniques by
contending for access on a legacy BSS;

[0045] FIG. 35 depicts encapsulation of one or more MAC frames (or fragments) within
an aggregated frame;

[0046] FIG. 36 depicts a legacy MAC frame;

[0047] FIG. 37 illustrates an example uncompressed frame;

[0048] FIG. 38 illustrates an example compressed frame;

[0049] FIG. 39 illustrates another example compressed frame;

[0050] FIG. 40 illustrates an example Aggregation Header;
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[0054]
[0055]
[0056]
[0057]
[0058]
[0059]
[0060]
[0061]
[0062]
[0063]

[0064]

[0065]

[0055] FIG 45 illustrates an exanpl e SCHED nessage;
[0056] FIG 46 depicts an exanpl e Power Managenent

WO p@bd391BD057] FI G 47 depicts an exanpl e MAP PCEUM004/034063
[0058] FIG 48 illustrates @exanple SCHED control
frames for TXOP assignnent; [0059] FIG 49 depicts a
| egacy 802. PPDU; [0060] FIG 50 depicts an exanple
M MO PPDU format for data transm ssions; [0061] FIG

depi n.exanpl e SCHED PPDY, 062 I 52 depicts

e FiG O BsReble rRgn e oer Schaslod esb biiod Frame
(SOAR) fophgahityeaerbodi ment of a nethod of

interoperability with | egacy systens. DETAI LED

DESCRIG 20\ uftogexhovEsznPC APandsoblé neadtia canjenetioncwitls CCA and
in that support highly efficient operation in

conj’unction with very high bit rate physical |ayers
for BIGV436llgstatds/Béacor inddrivals a6mpRthg € AlinBASOAAITA PUsRrspersed
new y emargi ng transm ssion technol ogi es). The exanpl &

Wb ARDisHMPased Beaess RATOdsii n excess of 100 Mops (million
bits r ] | ! .
Var | bRy A BEAN. 100 AR ek ol bR 00VTvp sTAS
and FEhubtiHesmtafantehemplie SCHED hedsapepr di nat i on

operatio f.l egac AN systens, exanples of which
ar e %ﬁ@;q% lcésoag‘eiéi/‘mp\/\é%)wg; agereitisfes of the
var i pis. AR R hEm! @gfi eved whil e maintaining

backward conpatibility wth such | egacy systems. (Note
t hat F1G.8tiHestéas exipple SCHIED contrd et foryEX @Rmssigrenent;

descgibe S. ex |l e stens. Those of skill in
t he gi(? A@nqae l_c Seafgg?ﬁyzégagﬁ%@ﬁ’e i mprovenents are al so
C OMPRIG. H0alepictsanadxb AP ANVEMEYBRBUFomi for data transmissions;
standards. )| 0066]. A exanple W.AN may conprise a

sub- B&#-wd PWF%WP&%EDW@QMb net wor k pr ot ocol
st ackdray ot  hi Iﬂ@& . hi.gh bandw dt h
physFIcaiI @9@% reggfélg%rt ngléglg;rﬁ[g’rr%di n general,

i ncl Bi.ngp, iltustrateotan laltginatde embodinese obas@ethed oOmiMoperability
single carrier nodul ati on techni ques,

A gul ation,
Wg@ PRBRESYRS™Yy nultiple transmit and nultiple receive
antennas (Multiple Input Miultiple Qutput (MM
systens, including Multiple Input Single Qutput (M SO
systens) for verDERAFhEDDHESCRIRTEON ci ency operation,
systens _usin |tiple transmt .and recei ve antennas .
in cgﬁj_“ﬁﬁgt F‘ghcr’%nfeﬂtgs P&t flgf’ﬁ’ﬁf{ tffeﬁ?lgxfhﬂb SPEWEi}&glgg plicient
opdraftinintcofiftihatidOwih vEFOMEABitirbR| physiR8lNaf@t Bridlteless LAN (or
during the sane tine interval, and systens using code
sigiilar aprdisatiqnsithyl use aevbsemergidgiyansmission technologies). The example

WLAN supports bit rates in excess of 100 Mbps (million bits per second) in bandwidths
of 20 MHz.

Various example embodiments preserve the simplicity and robustness of the
distributed coordination operation of legacy WLAN systems, examples of which are
found in 802.11 (a-e). The advantages of the various embodiments may be achieved
while maintaining backward compatibility with such legacy systems. (Note that, in the
description below, 802.11 systems are described as example legacy systems. Those of
skill in the art will recognize that the improvements are also compatible with alternate

systems and standards.)



[0066]

techniques to allow transm ssions for nultiple users
si mul taneously. Alternate exanples include Single
WO p@an3dBd ti pl e Qutput (SIMO) and Single | nputPCI/NF1084/034063

Qut put (SISO systens. [0067] One or nore exenplary

enbodi nents described herein are set forth in the

context of a wireless data communi cation system Wile
use within this context is advantageous, different

enbodi ments of _the invention may _be incorporated in

di f f évlerample iWbnRe ey emmisara Jlraatversprofasol siagk.al The sub-
[ r . .
D P U BT SEPGA HIRE (28 Bl HIBY oo Bhvsical layer
transpouti thechavismdiis gewdral, imfiding, Poenotalimited tos tthiase thasadson OFDM
C nds, i.nformatiqgn, signals, s ol s, .and chi.ps .
Ry H0° T BT SIRCB OB TBLES THERS BRF SR tgpgmit and
nRMYF0 kRGRRUStn AL AIERBIY RulVukDld 68§%t (ANVIDS RYstems, including
el ectromagneti ¢ waves, magnetic fields or particles,

Mygtiplealnpeti Single Outpya rMISOY systems)a fayovdsy ragh dandwidtte efficiency

In.addition  the blocks. sho in_each bl ock diagram.. .
opattih sves ol MulplS st ehdrERE3. e, dn 2ehilion wim
spaial Benlipleing hadimashewi tb hesmbmademad to g fré %ﬁﬁi?legs fs¥P Germinals

of the present, invention. The word "exenplary” is used
dpdngths stige HEgrintesah ind §ydemapsiscads divisipn sruliie accgss (CDMA)

tépinlﬁgﬁé{ B! Albw m@gﬁ)ﬁg' f&e%u RC rlfsggdshg}%[tgﬁ%uﬁg Alternate
exenpl ary” 1's not necessarily to be construed a

exangfles mehhde Sirgly Bxputlybidtiysle Queput (SIMO) ardSidgledni.Single Output
%g 8;, FIG 1 is an exanple enbodi nent of system 100,

( E)SP €PHY an Access Point (AP) 104 connected to one

[0067] OF MPnE d#SBlorel @kdhMahS efnbldnetiCdescribed Her@fﬁc%d%?gﬁrcﬁh in the

[0068]

with 802.11 termnology, in this docunent the A
cortfextUifsa avirelesh slotar efrempeidation systest. atWisibs uger wBliss thisTbentext is
P and the. JTs commyni cate.via Wreless.Local Area. ..
iaplisret Siigh ERBOU oo s AT TRa A Aesmrmor ey different
edvifoninfen® &t @RfisResshdYMa LInbIM, ISV RTBus ’ﬂ?y’@ﬁ‘@ HescHb&iNhdréth may
may be any wireless LAN.  Access point 104conmuni cates )
baifermednysing) aefbr argfcontreliadnprocesears.ciategtated einerbtss es distrgte logic.
r . 0 .be _the |nternet n
TRERME, ot ond EOHBIabal e PR OHG st LRt g tht may e
raferenendk thréiphoel the apglidaticlraié edvidigzeptidi$ i eplesdnddfeby voltages,
signals fromthe network to the access, point 104,

CEERT @iﬂ%?%&%f&é%@sa@%@c B8R eEPEHCIes apBieqidigldsigparticles,
oPh Bibikfioh herddB MOMMESGI, WS HioPES S éﬁ@h\ﬁ'&&‘ﬂh&izgm may
connected to r

Exanpl es of devices that ray be el the
rapetsetr kard@areo or \Migthbd 2@pisnc Medteodp biepe san Per sderahanged  without

Digita i St ant PDAs),,. conputers of, various, t.ypes i
R S A A R S P
tPfe@NYschMRE hs atY bRERAp1EEMERD, STINstPHi08 M AMF Bmbodiment described

cancorders, webcans, and virtually agi/ ot her type of

@

hergingasdevpiaplarysy i g seeessagyy fmbé¢ censtived eeprefartedoor adlaantageous

over other embodiments.

FIG. 1 is an example embodiment of system 100, comprising an Access Point
(AP) 104 connected to one or more User Terminals (UTs) 106A — N. In accordance
with 802.11 terminology, in this document the AP and the UTs are also referred to as
stations or STAs. The AP and the UTs communicate via Wireless Local Area Network
(WLAN) 120. In the example embodiment, WLAN 120 is a high speed MIMO OFDM
system. However, WLAN 120 may be any wireless LAN. Access point 104



[0069]

[0070]

[0071]

[0072]

conmuni cations, etc. Various data streans may have

varying transm ssion requirenments, which nay be
w@ewsnsmant ed by using varying Quality of ServPCEUSI008)34063

techni ques. [0069] System 100 nay be deployed with a

centralized AP 104. AU UTs 106 communicate with the AP

in one exanple enbodinent. In an alternate enbodi nent,

di rect peer-to-peer communi cation between two UTs may

cofnBEGRETRIR B imi PSSR, 4 phlEY T Bl 102
N&W8AP €5 behthe Miahet, iah libigdneato? dnb @ltigs. wihel; edfeld¥g Yoriptical
managed by an AP, or ad, hoc_(i.e. contention based),
networlet Gonusatione L Yhcarrigs gy physicsh davensigaplydiam thepnaigerk to the
1 d t her.net i on.q | j P
w5 HufET0F! DB 08 AR el Ak ER8FipIBras U

Vi E@ticttfors AdeRiii)ah Wo.AN T 20T Kxdbpled ofdevides o tmayibewopnected
Et hernet franes ma betransferre% en th

bet .router,
to agither REtors NGO WETARh d 20 RSIHdE, B ARtwd R OpEo Db ssistants
I t t.at | i Vi :
PR bombpp BF vaHGE Fhee” a5 7 POREEN ¥irhihu G kdations,

tetniieal AR ppeyivés Hevidgapicht dsocamdras, tdainsondkss, wabagms, and
AP _acts as a gate router or the set.o onnect e
viesd B it SheE (it LN SO, FRiceMER RS PRty RS ko, data

cof¥urliGatiofyt &tt. by vhRudPdd84 str@andd dmby ORaveN&vablifig 1@%hsmission
I P adaptation and connectivity are wel| known in the

requitemen0) PaiichRngy be actepinsedatedrbyexsngy Byagsdulitepf Savica (QoS)
i el ess comuni cati on device, which nmay be configured
S-access poi nt 104 or user term nal 106. An access

POi Myskdd 100NMmag WA lesIBydd withowncdntrafitdd AZ. 104. All UTs 106
Transcei ver 210 receives and transmts_on connection ..

copypunieatd Mafnige tAP itheng pyasmria cmbggiEent.o gy iep & egpbodiment,

. ; . . . _
o] Mol B0 Jeul i 505,y P GRkAGARS, vt

mpdificgtisend 2. sydtoms es il he apprrers fte throsel of skilén dierarexamples of
flows

260. Flows may have different characterjstic X
whigh %yﬁv%aéﬁdr belevs t Aroesse rﬁ%@&@?ﬁ*@%i%&ﬂ P ﬂrea@ﬁ?g (e
cher@BRbh&AY, 120 Qe33O ed W th the flow For exanple,
video or vGice may be characterized as | ow atency

f | ovin (nei ahslmdiyeersy AP| W4tmaovides Rihgimst addptasioghpdn this case, an IP

require ts than vpice n ata application
o grhe Aemipteds B JEHER p MR TR PRndBE oA B Fonk 102
(defat18 861 Shvwh UBihEREERiEed haPbe triefaeedBRYwentth usstand the UTs
of sone packet loss, file transfer is generally

106tayerrthnt WIEAN aswbenetvess ) (depiesy Jrelaynlc p Fdesagt opdaptagion and
I ' MG . rocesses themfor transm ssion

°°6’§18%qi¥\ét§§ﬁéyl§. ca gv?lgl);lgt?gaﬁmc processor 220 al so receives
physincal altayse enhdbdinment] the dPebBeprovides IP Adaptation. In this case,

te

the AP acts as a gateway router for the set of connected UTs (details not shown). In this
case, IP datagrams may be routed by the AP 104 to and from the UTs 106. IP
adaptation and connectivity are well known in the art.

FIG. 2 depicts an example embodiment of a wireless communication device,
which may be configured as an access point 104 or user terminal 106. An access point
104 configuration is shown in FIG. 2. Transceiver 210 receives and transmits on
connection 110 according to the physical layer requirements of network 102. Data from

or to devices or applications connected to network 102 are delivered to MAC processor



the data to form packets for outgoing flows 260.

Internal control and signaling is al so communi cat ed
whedsesn3z he AP and the UTs. MAC Protocol Dat aP@niusz04/034063

(MAC PDUs), also referred t as Physical |ayer (PHY)

Protocol Data Units (PPDUs), or franmes (in 802.11

parl ance) are delivered to and received fromw rel ess

LAN transcei ver 240 on connection 270. Exanple

t echni ques for conversion fromflows and commands to
2kPc Pross  dafpn arey redrrede fos erednt @s dfiaves P& J8pwsvmay have different

g j ; n I QN _—
PusREnae FEIRG RS TR oOAaADbaERITE Bl of pppticaion
abdaCiateDswitha thebBlow e tRor rezdmplep Wideb eor ployezi sy bt ai@hicteridd) as low-

40 t9 MAC .processoy 220 for, vari ous. purposes. )
lé‘?ﬁ’é{ bEkS g‘é‘@“ﬁ&ﬁ“@@ﬁ% rhagglgahlgxﬁh%?l&gélpuq Ipgafrements than voice).
M ipfiBationd GHELSnsi i
A A SO SOPES Lk, AU 08 pERBRL Sty
regyietaingnts ¢ie.f vriommay dredolesant ofi soroe Ipeckep uss it érassfer is generally
.[,0074 n exanpl e enbodi nent, the Adaptation |ayer
“_Et%\%}fﬁ’;o%ﬁﬁ%é?sgﬁu nk Control |ayer (DLC) are perforned

[0073] in MMAQ@ §RPR2@ 28eivEl BloRR B0 @Rl pkR¥QEs HRHYIor h3nsmission on

performed on wireless LAN transceiver 240. Those of

thgphypicpldaysie MALC mpsdssqr2@gitozisceivestphysical deyamdatazanid pmocesses

[ ction e in a of.a .. .
o AL 3 A, T 88 G Y Bl S i i
cp@nfunicated beBvesn tid APaihd tieUDE. 00856 iPagioéd DAt B ACAPDUS),
ayer. A wireless LAN transceiver include a
alﬁPdE%%

bifo o P hpdeal dayar @Hm@rewse@ngé rignitsoP P} spagr ames (in
8%@.@[ SHlancé) Yre URDEEA 6 aRA 9%%?&13%;@0% 3@%@&%%&% gtglg.&giver 240 on

ardwar e, ‘or conbination t
cpBTEin RAL fioogds techiRQesriyr bmvarsgpenfoml fpws pod @ommands to

S B AT A, DH ot S
afP BoYReEsRE 18EHHIqRD CLde@badk W FOGRrIFSHING B the vASAIsSVAIC DS may

various tasks (details not shown). Various
ba gpiumedt e sherpfysiealr layero®HEXY 244 IMACopmesst@d220 for various

SSQrS as_anl0 externally. connected caonput.er, ..
B85S Pttt 20 Rl KRR S o P BHet, st {ho fauding
SWSPOLEISIS Orated f0R1 chaBh€le SEnod@iing Mélficds0Qls HERWY unfbst "Bh4nnels),

run. an MAC groces_sor 220 itself. MAC processor 220 is

MOABIAHOR: B¥iate fodIvQUR OfsRBRAIEESS. whi ch may be used for
[0074] SO NG, dALA RS MBohindst] g&%‘d‘é@é@&g éig%# i(%zidd[}ﬁr Nd'Data Link

t he vari ous rocedures an ereln.
Cohivsldayst (RKC) hreiperfotmedintMnO procasadDz Thé blagsicakiey(PHY) is

oI 6 RGN by Sy L € TR Y COMPANEN S ¢ ot
tHRakdemtntalibR MAhePVASRRS Afnchal: n{ago‘g@]rrfla{da fd %% | N3 Wriety of

storing instructions and data fof performng Tunctions
cerdigurativayd MAC processor 220 may perform some or all of the processing for the

physical layer. A wireless LAN transceiver may include a processor for performing
MAC processing, or subparts thereof. Any number of processors, special purpose
hardware, or combination thereof may be deployed.

[0075] MAC processor 220 may be a general-purpose microprocessor, a digital signal
processor (DSP), or a special-purpose processor. MAC processor 220 may be
connected with special-purpose hardware to assist in various tasks (details not shown).

Various applications may be run on externally connected processors, such as an



herein, menory 255 may al so be used for storing data
associ ated with various queues. [0077] Wrel ess LAN
w0 e@smsEByer 240 may be any type of transcei vePCT/US20841034063
exanpl e enbodi nent, wireled8 LAN transceiver 240 is an
OFDM transcei ver, which nmay be operated with a MBVI Qor
M SO interface. OFDM MWVI O and M SO are known to
those of skill in the art. Various exanple OFDM MEVI O
and M SO transceivers are detailed in co-pending U S.
CRISHEHY CARRSCIed QomBteOr ioaFr ARSIWOK @30cdDs, matin pegn additional

" _ C S| -

PGS0 ARE R RSB ke ! SHPvally o e o AL Bretehier 220

itaglfi YHed praxesdoe 228 38 groee @hntdial witk sembory 286 vhieh.may be used
t er.nate enbodi nents may i n¢lude, SIMO or SISO

f%%%ﬂ% datana gelhps SISNGTIqBENOF PSHORRIGeihe 2ADiops peprsdires and

SIS AbREbLYA h&te AN URINRAST %c'ﬂ?irﬁh@art’%ﬂﬂ r&fn‘;?]%!é % memory 255 may

antennas may be supported in various enbodi ments.
bamosptiaed 25®neagr bwreisecndy conmosents alndirioas diypes, dimt may be

A 20, 079] W N t [ 240
e]\gl%’ﬁ%érl §%W§ng°§tl Bt %’ﬁmpr%%g% Idvf E) eachmg%/ t he

[0076] One O af8difien & VAN SnARRonEdShA ]fcﬁrlupe@foﬁﬁﬁﬁgsmct]g@ﬁé described

process the data for transm ssion independently for
hergin merrosY A2 Bey jalsobelugedsfon sterng dafe asseciatedevtisvagioas queues.

" A . i ndepend
I N T | Ly

efnbodintent WdifelessHiaANetransosiesrs24inis &1 OFDMIttboei@h, FhitBrmay be
t echni ques _knao in the art. The @Eocessi ng.is

OB@PTFEr a MiMG A MIYP mtesfage; PO, MBYD; and MSOcarsikmgwn to

036 BPSHHER the/aft! Wstidus B2 3ble GEFISVO MINIO Sanki S (V&% %@ﬁfers are
beam form ng, beam steering, eigen-steering, or St her

dstpred ah tepbmlingield.S oPatemtr dqpphcationoSehigduiNot 01 Gi6ED, 295 nentitled

“TRPRl RS RO A& RIS RO A Rlped Ao narso

AN SERE0 SYSIEMS TS RuSisb25 203, Bssi PRAAIGS 354581 ch& of the present
_processi ng each of the DM subchannel s, or bi'ns. 11

ifveoBo) Alteraste exhaginentymaineludh SIMO oS Qaysies.

oo7s) e ess 3P A ERRAR Ak Cu P St BB RE 2 RS Ay

nifhberfofvantdn@hymal bsappdtedtis & BfibURsh JddhertsP AAWINAg 250 may be
t hr oughput using these nultiple paths are known in the
usgdito trapsmait epdhregciye g WEANSI?0t Diversity (STTD) system

[0079] (al squirgdsad tI'aglsgéE& iﬁogg%%g%ﬁr{]@ﬁs%i 4 %}Qti’al gfo%gsssp} §§11%1g:9ted to

data I's %orrmtte enc sen across a
cahtefrthasnaer mosd agbmnas 2656.afhe fspalial arocw¥sbhnidlytpregessritie data for

ant ennas. and recei ve antennas there may he MN (M.
A GRS i PEh AHEE OB B A ey Signals on
. alMnkdnRhLX I MG Bf itBe TRPEIHIBRRBASHY nPIt B v38d BRYchannel
transmt different data on each
estimates, feedback from the UT, channel inversion, or a variety of other techniques
known in the art. The processing is performed using any of a variety of spatial
processing techniques. Various transceivers of this type may use beam forming, beam
steering, eigen-steering, or other spatial techniques to increase throughput to and from a
given user terminal. In an example embodiment, in which OFDM symbols are
transmitted, the spatial processor may comprise sub-spatial processors for processing

each of the OFDM subchannels, or bins.



[0080]

[0081]

[0082]

[0083]

[0084]

of the independent paths, to increase the transm ssion
rate. [0081] Various techniques are known for |earning
w@e00adagsi ng to the characteristics of the chaPeEUS2004/034063
between the AP and a UT. Udlque pilots may be
transmtted fromeach transmt antenna. The pilots are
recei ved at each receive antenna and neasured. Channel
state information feedback may then be returned to the
transm tting device for use in transm ssion. Eigen
decdifds @vfairrml\e Byfstenh dherd@sme e dava Nradenagt ad,anrgggmple UT may
K h
hENE AR, cHRE STy LB SRR e AEAHBARR offfb AP and the
UTha ‘Z‘dﬂﬁt}ﬂ@ﬂ spﬁﬁztl nécknifued foe 1rhﬁ1©emg€th1;oughpltt asing ¢hese multiple paths

a‘rgI gq?\?%fr} hea n%g%{@tagqe T]tr%pl | o%ag%&?@ﬁ?ér?%%éﬂ%ﬂ%y@tg% (also referred

toRRGRHS ﬁ&v&eﬂg'ﬂ el Rl GHARTSINAR0 Fhll bARRIed WAd Ynf oross all
ata rates nay be ava or transm ssion

the aanienusgs as er sitgle simah soft datougMohtMt transsyis ammmds rend N receive

e epaiiy SRV B o0 el eREHRARE RN KGAT sy Dipprmicd: Spatil
mhrt@?éiﬁfgséxﬂldnmh&éaqhdéma&e ﬁﬁt‘ﬁél R4 nfdyomadsher Afefedt 884 6n each

han one UT. anpl es of is are detailed further
Oﬁibt md«epéﬂdenwaﬂ‘él @sgcrsmthmmmwraMO may det erni ne

t he Qr.t e rat base t.i al I

or oc LSRRy Rt A5 RR o b i bRl R pmpesssos of
th k21 ®6ﬁvdethéJIxP ad 5 U"[nf Uhithicl givtshiy e tr@gmiredkiran each

connection 280 for use in MAC pr OCGSSI ng. [0083] The
transiade AntgRnaa nt snpidotareaye pecciiveg| Yy eashgrsseivei JEsA  aod gmeasured.
s 8RR IR 2R 642 AP A e o
udeoin exmmitsion. f @igenaddcompasitionlwé the nidasured ghatueeh dwatrit may be

qU|re nts il PDA may i sfied w.th
oot A CaiEE e BIR SIS Hthe AP eI BrHELS [o0ppi sigen
de%oiﬁ?)@&tl&ﬁ’ b tHRhardeP nfBYx BEhERRER¥ESs tonusaleggénagteehﬁg B @ pilot
he "access point 104 depicted i'n . Rat her
artdhdate. fossitnplfyfspatiad pﬁ@@ssmgﬂtélmrewwfbr a LAN transceiver

(al thoug i ncl ude .suc ranscei ver,

i r o0 dgPengieny tersttat SR e st ERR PRy ¢ ey be
availghle Ofordﬁ‘hﬂ%ﬁk‘?&'l t® RRBUSMusEP rt&nﬁﬁﬂlsl ®edugBO® e system. In
processes operating on the UT or a device connected

partietlannithenspetifie lkgbriwesrothe| AP @adhgach Bd ey bethgher performance

o8 R R OB V5 A0S
ERsmpientt diedreadstaited fuethérchedovemitici wieless HANairhreceiver 240 may
d&%ﬁ'@%} Gy PRSP op OBuaH ey Pespep BIOFS=Be s b pied for
'tHeSp dllﬂ?éjﬁéﬁ@%fh gﬁ":&ﬁtah& li&e Wit hTﬁi@ﬁhfo%a@&?nﬁi be fed back on

sta I nc es various features that wl
connec’uon 280 for use in MAC processing.

The number of antennas may be deployed depending on the UT’s data needs as
well as size and form factor. For example, a high definition video display may
comprise, for example, four antennas, due to its high bandwidth requirements, while a
PDA may be satisfied with two. An example access point may have four antennas.

A user terminal 106 may be deployed in similar fashion to the access point 104
depicted in FIG. 2. Rather than having flows 260 connect with a LAN trahsceiver

(although a UT may include such a transceiver, either wired or wireless), flows 260 are



[0085]

[0086]

[0087]

[0088]

be sunmmarized in this section, along with features
introduced in earlier standards. For a detailed
waele®snsqss on of these functions, refer to the PCT/US2004/034063
respective | EEE 802. 11 stan2lard. [0086] The basic
802.11 MAC consists of a Carrier Sense Miltiple
Access/ Col I'i si on Avoi dance (CSMA CA) based Distributed
Coor di nati on Function (DCF) and a Point Coordination
Fungtion.
SR FRIYER G SRR SIS ORT BT Mo Bt BER oS ChRist Gy et ongpating

orfihe AT bPa et eoneRt tBdrewRA! IMhk . highee 1dveks o’éﬁﬂeo‘f@Fto either AP -
utilize various gaps between consecutive transm ssions

104@r Aol @ way be of Bdyperrlaaysra deseéied hatedn predlaisiralive nlys
frames, and a gap between franes is referred to as an
Interframe Spacing (IFS). Frames nay be user data

Léoaan®®.1IcMING ol franmes or managenent franes. [0087]
Interframe spacing tinme durations vary dependi ng on
the type of gap inserted. FIG 3 depicts 802.11
| nt egd ﬁl%r%@aa%b@ RS R EL S Bmefts %@@{léd haterhs }aﬂfdeployed SO

Spaci ng , a Point Interframe Spacing (PI'F
asgo BEpompatin¢ withrdegBpyp syshemy. DIESEEENSA 21 h(@dba@tel—'@t IS turn

< DI ES. Thus, t hort ti .
e Lt AL N S AR N
beBdfimatBed 1ﬂ QRORELHAE hRhe vall RiRldsNatrd®catBeaflic B@ndards. For a

channel . 88! Accor di ng to the carrier sense iCS

deﬁaﬁbﬂ dﬁs.cn@flo gAunciions.aefesitp hsTapedivy [EBES034 é@@d%ré
t
0 EOARE oL F SR K1 CHARP ek MR E g onsion

Atlidarize )y CERACA)baaey Didtebuted GroedissionghmcbADCEN dncnmyPomt
i n¢cl ude access points _as _well as user term nal s)
Cegréimationy fPﬁl@lC’@n{) P(ddcnTher Ridaptlews ferapesst 9t & @@@@al without

c ﬁ&ll%%il ol. %ﬁ is%gfo?epét':aﬁ %g Ecﬁgxﬁgzﬁ'l% %ﬁxﬁt‘?&l R80ttd1€ The DCF and

anne onger notice when a
PEF ghtdize pvarmust gapSTwetWe@i rentecatienittansmigsions tidieavoid collisions.

channel and thu avoi d_col lidi th t.hat. ST
TGRSR 7 AECSTh A HTFodlt e BPO Ut BERe fo o an

mk¥frihe SPregt (]PfS) ti Pi%nie& %tlf‘ed &t 958 BHAS, NBnBBl frames or
alternate transm ssi on on the channel, thus

mpgagementframesi t s relative priority.) Thus, foll ow ng

t he i Si on _avoj.da CA) fe tur of t rot.ocol

t e SRt S b Ml kb ipthdind op B pii el ¥ jiserted.
FIGN3 \dbsice 08/ 11S intéMifiaind! & cm@omﬁm&tersbe aQNor Inttfilame  Spacing

i ncreases by a factor of two at every collisiaon, unti

(SEF Pax Prinkinjerfigme SpacipgHBIFS). god 9 DEY Literlrapg Spagisg (DIFS). Note

R FP RS TIPS, TS e PRAENEY PEGRIMER it iin wil
have adagheapeiorit)i than boe whish[ukst wAt kengcstbeftge bttanmstingsteiaocess the

410 utilizes the channel. Wen transm ssion 410
‘?lnnates inthis

According to the carrier sense (CSMA) feature of CSMA/CA, a station (STA)

may gain access to the channel after sensing the channel to be idle for at least a DIFS

duration. (As used herein, the term STA may refer to any station accessing a WLAN,
and may include access points as well as user terminals). To avoid collision, each STA
waits a randomly selected backoff in addition to DIFS before accessing the channel.
STAs with a longer backoff will notice when a higher priority STA begins transmitting
on the channel, and will thus avoid colliding with that STA. (Each waiting STA may



[0089]

[0090]

[0091]

exanpl e, no higher priority accesses occur, and so new

transm ssion 420 begins after D FS and the associ at ed
whaowkosfi3peri od. I n the discussion bel ow, the BIHUS2004/034063

maki ng transm ssion 420 is18aid to have earned this

opportunity to transmt, in this case through

contention. [0090] SIFS is used during a frane

sequence in which only a specific STA is expected to

respond to the current transm ssion. For exanple, when

regHCK Frepctitig brrknfl RyAbr pmpentrof At Peied beforessping an algernate
RS B e AR o DL SR SR e

céllikien avoidasri(€4\) dentire oif eiegestonsly thel SPA backs SIfFSrandbmesiiod of
franes. Regquest To . Send (RTS), frame be fol | owed
timey %qnﬁ@ CN b here e is T‘Bglgg\hah‘{s@"ré‘) be AR, bk icEgqges by a

FRAIRFERY aliS by MR LRHH @.ﬁ%h (4168 of OF kS, after
which an ACK'may follow the data after SIFS. As noted,

suchFiG.ahdemes erampgls physicalllayer (PEY3 pransaidsion s¢gn8nE300, which

.ghe SIES d ' b d f th t ' f. ..

BB B R AT RSl B o R OB fising

triRiniSARE 420R0tilizks Ehe chiiRieLhannel teh&§aissiba 410) tehhiitesOin this
decode the previ ous nessage and determ ne whet her an

exaorple.r RaBighen Prigrifyiaeeaseestaseus; aath SHnewi eansssioneARd; hagins after
rect ' O t T scalvers .
CERS A e e Sl TRAIESERNC TR 89 mating
trhRRiddio 418 is3aidep hetsewnalthiseppbyteiitab traayisit, i0RiY)kcase through
transm ssi on segnent 500, which illustrates the use of
ca)igioPef ore an ACK, with higher priority than a DI FS

accesgs RMist i 9 bR Rsdlefsd AwhiLH ol 4 &febiici A is expected
I es, inthis

channel . When transm ssion 510 term na ,
toe xesppid to AlBK cBéntf wirdsoussidnh e Fendxampter avteni &siAckndi@dgement

r. SIF Note that ACK 520 hegins hefore,a DI
BT is o Feshate (@ EASSiR e PR L b it ACK may be
trhAANREA $HhRBiavdy fsliRAhg SHE 6@8fed | datd Biug XSNPOher Mah§hission
the ACK 520 conpl etes, no higher priority accesses

sespentes maydleooisp SWY betwser Bamen A ReqhesyTaSend (RFS)Hr4as: may be

RS B e G0 B 690 B o1 obF dityy may be

trhhaditte@BISTES afi@athel OTS) afferywhieh ds @CK Gndyll6weahe data after SIFS.
protection for the data frane transm ssion.

The RTS
AgRgtedTeich dnme seqpencat srillinferpaned BithidYS. Kbe S?eFS duration may
b RBLEN o etk S Enf of e AT 0 BUERE Whother enerey
hashgonecagyi @d., dher citanoel denrd)hé) rtinde tordedodé\theogrationsn message and
" Vect.or an eat the diym as busy for the
AR afpotbey i ALK G e e RO S8 Efeppeg comecty,
a1|f1c?@>§1 tithedbethP StAeedRekivirt B ﬂ%h@zﬁa réBivk S0 BRANTEAnd vice versa.

rames _are transmtted unprotected.
FIG. 5 depicts example physical layer (PHY) transmission segment 500, which

illustrates the use of SIFS before an ACK, with higher priority than a DIFS access. An

existing transmission 510 utilizes the channel. When transmission 510 terminates, in
this example, ACK 520 follows the end of transmission 510 after a SIFS. Note that
ACK 520 begins before a DIFS expires, thus any other STAs attempting to earn a
transmission would not succeed. In this example, after the ACK 520 completes, no
higher priority accesses occur, and so new transmission 530 begins after DIFS and the

associated backoff period, if any.
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[0093]

[0093] The PCF may be used to allow an AP to provide

centralized control of the channel. An AP may gain
weonwsnsd13df the nedi um after sensing the nmedi uPCT/US1904/034063

idle for a PIFS duration. The PIFS is shorter than the

DI FS and thus has higher priority than DIFS. Once the

AP has gai ned access to the channel it can provide

contention-free access opportunities to other STAs and
t husj C efficiency c ared to, DCF. Note that
51 FoTPERIR/ERR A5, sierye (mfroRensto R VihRE Bow asnisel foatures)
ibe ugéd tol indpRoy e PrbiecRRARE AEEStS ARk fafsRREBH € Thalk
nlg%n,trol of the e?ﬁ@mnel. [ 0094] Once th% A%’lggair[ﬁéslﬁﬁgand CTS
copdpsdurpion Hefopmafianmiosithy subeqmimtSdite frame emtdalGIS hard any

. i Fr. Per - ( CFP i, n [ the AP can )

HSPILERL SIS "SI TRALRY S5 e 28 VAR g OF 62 i

duratiore ot itesie Nete@rlp Alllocteh- Pedtés) (NAV) aﬂldrgha\t tR®hdediuhP as busy for
a

trgnsm’tted,b the AP and is followed by
ther diations sT@callyo iamee lopEsrethagTA specifipd laweth Qe @rotected with

i ﬂ‘ér'ﬁ%ﬁfa it f g? ation follow ng
R?Egﬁ(?l'—*-v&lil’hcl)ll%ls, al t ouaﬁﬁ{tﬁaémg%tﬁ%e%% qér{#:éed not wait for
DI ESIhQ)iPCEnmajo@elmlcség to &mzwﬁaﬂ ¢ td pfdvtixtweﬁilﬂrlaﬁ%di 884%ro] of the
enhance ts, includi nhancenments to polling, an
CHERAL AR BF et qoatpLoELfe Bisdrin ik setecahe ot to be dle for
a PEEDEGhtib® ThEPT®s i 9088 thihend i tqﬂ&e RS fp;ﬁ%gr P%fority than

the AP establishes the duration
DEiSyi Qaee e ALihng sritedorcc@FSottbe phannehit @angrevitdé @ontention-free

ess. wever, hi n termnal prob n still
R hor L ottt SR, i G @ MR sl compared to
DBEacNte thatt SIAB Ase highen pAbSAS MBS PIRY, JoHhe ' | {yBit unti
]{Fr ansm ssi ons schedgllfeg_ byﬁylt he AP. Furt her@érﬁlg#e%?ﬁt gﬁtﬂ any
SIFS sgeieares compigtebefprertplng senterl of therBanwelsel f by each

o8 088 O 05684/ ARG EIAD RIS o S

[0095]

[0096]

Céntentn-Erael Peeiyd (EFP) clutiglg dwitich thd aAR dana 'deo%dlréar ¥6Ess to
MACe({ghéhe%. Note that the SIFS < Pl < DI'FS )
aspsflade i & %PBW’&%I-%@%% (A Roldice sgrplyrmollyis transmitted by
hERTNAR ; 0 T 0N, 8CCLSS .
S e a8l B P PEL R AR R o
the §TR-wnst wriclonniSIRS duBOeT follavihy tHROCF-Pbllsilthodgh the palls®STA

i d ti | ts jnt [
ool 1 95l o BES ERY it 2. 3 S ot v&oon phapgemens,
inetudiag ehmameﬁagmﬁolﬁﬁgwnrk&&dpfeséf WBikh @@&é&&%@ AR NRbw with

an error in a larger packet. One drawbac
respsgfite At in these standards is, for acknow edged

A S B U B AT
sirpidarrte apMERTH of WTSaddirevedn abntdEon access. However, hidden terminal
problems can still occur from terminals that are unable to hear the Beacon, but whose
transmissions may interfere with transmissions scheduled by the AP. Further protection
ig possible through the use of a CTS-to-self by each terminal that begins a transmission
in the CFP.

ACKs and CF-Polls are permitted to be included in one frame, and may be
included with data frames to improve MAC efficiency. Note that the SIFS < PIFS <

DIFS relationship provides a deterministic priority mechanism for channel access. The



[0097]

[0098]

[0099]

transm ssions and fragnent transm ssions. This is
illustrated in FIG 6. The exanpl e physical |ayer
W@ BigFp3d1sansm ssi on segnent 600 il ustrates thBCT/US2004/034063
transm ssion of N segnents1and their respective
acknow edgenent. Existing transm ssion 610 is
transmtted. At the end of transm ssion 610, a first
STA waits DI FS 620 and backoff 630 to earn access to
the channel. The first STA transmts N fragnments 640A
contgHioN dceesy bebwesidSEAa, inghe PCIHS PFPbRbisEp dasadyven the back-off
H%%ﬁh of SIFS 650A - 650N nust transpire. The second
ransmts N ACK frames 660A - 660N. Between each
f r agBedy 802.he sfahd®ds i proisdedidt tegildnfing $agé badketsan® smaller
N-I S F88270A - 670N-1 as well,. Thus, in contrast to,
fiagments g Ops depefitialtsuck segmening i thap AR cxsprin a segrpeniaeuags less
_ Ly . : L ecion.;
<BEASR LR 85y SR bR RO SRS i e
stendandkaisdfoa ddknenlbdgedemensmissian, ithgorequiecnoent tolf drapsmidtingVMCACK

S n oy Sl e b comvitontl oot effbfoset AK
tiaRsnbdidRr M RARAS randRhib G4, T E@E W BRstedted MVBIG. P EERe example
MAC protocol s, such as 802.1 I( gg)ﬂe were carried

physicad rlayer o PEDEX &mesisgion rsagheri rillgsitnates athe stransmission of N

introduckng i neffiencie detailed furt.her bel ow . .
sqelissBy 40 "ol KOs oo ERpREH, | i, M Rlissipp 0 s
trafsndifted. NAt Hhacetirddsalidsionud 18] aGiretSTEA vAsts a3IFS(60GAN. backoff

The primary Quality of Servic QS) .enhancenent s of

680 to qarraccgisdo thechannglodbe firg ﬁeTeé trapsmits B fFagmensn640A — 640N to

. ; y _ s Soci : '
o ghPIOGRR RIRN Rieolye il of SSeas ol tfepice
Theyeaoné SAAFSarfsidits WA IACES fididet S6@At— 660NN Bhisvesh ESfh fragment, the

val yes that ar 'l owed to he d th her S .
RS R sy st Moy ST 60 ot oRk T @il ¢ ghus, in
cbitisPloFendit: DRk Wasieet AdeShCk  lafid 90880, o %eﬁfedjﬁé@t requires

to DIFS. By default, the AIEFS for "voice" and "Vi deo"
thersaf itimeqdfpeelent tragsnaibsies iwithoN B eClegaral 2N-d SIFFS. A

| ar i pl ving | owe riority.is chosen for
t £ af £ S0 TUEL BB oy hpBientinly b smbuP e Pilgr MAC from
3bD01@P1(bY rafnds(ﬁ;c.e soIz.mEgr)tagat P BrebitH OFDHL §stetndIBdfctfare very
function of the TC. The highest priority class is
skyulaps ot epprete 118 differnd bawis) Variows feafgespfd ket speebMASE pegtocols,
N e ; ; : . d ovi .

s B S0P (D ey a0 BRbARY' o' T AL S RC g it rates,
immidheue ind € enyicg Uit dlet d@ther beIO®01] 802.1 | (e)

ortunity (TX

i ntrodyced the Transm ssi on. Op . To . .

| pr BV RO fira BF Brie yahanseh s Sfaredciquas e Eelyincrd Bigputed
ChiRY R EPEDOA ) MO Pahafy BRLEGDERIRES EQ&S)' Llihincehddfts of the

STA may be permi’tted to transnit nore thana single
EDGéere thhanipedaiction of an Arbitration Interframe Spacing (AIFS). AIFS[i] is
associated with a Traffic Class (TC) identified with index 1. The AP may use AIFSJi]
values different from the AIFS[i] values that are allowed to be used by the other STAs.
Only the AP may use an AIFS[i] value that is equal to the PIFS. Otherwise AIFSJ[i] is
greater than or equal to DIFS. By default, the AIFS for “voice” and “video” traffic
classes is chosen to be equal to DIFS. A larger AIFS implying lower priority is chosen

for traffic classes “best effort” and “background”.



nore frames are referred to as the TXOP. The maxi num

 ength of a TXOP on the nedi um depends on the traffic
web@s®3asxl i s established by the AP. Al so, in PCEHUSHSE034063

of a polled TXOP, the AP indicates the permtted

duration of the TXOP. During the TXOP, the STA can

transmt a series of franes, interspersed with SIFS

and ACKs fromthe destination. In addition to rem)vi ng

need to_wait DI FS plus backoff for each fr

t he
[00100] STA “ﬁ%ﬁlﬁlﬁ@ obghntamion vmdw Andlse Bada ierfgetinant th@ Té%mThe highest

TSRt BperiaRR, sy s CHRAHU P bAdS FoP SSFTCs, the different
cduﬁeqmsn windowe s(zas pravideay priobabiBOR. rﬁ:th’ﬂ%ﬁﬂ))l,‘ltyo bummymonslm used to
%1 rg‘rg i ate or delayed bl ock ACK as discussed bel ow.
§G delay gYaRBRCS 0] i cy i s pernmitted for certain traffic
[00101] f | ovgg2. £1(8) 1ntr9&195éd Ql?eﬁ‘ra%mﬁ&il)ﬁ Sttanity0@HEIM). FFd3mpfove MAC

depi cts exarrSp ysical [ayer HY) transm’ssi on
eféi@@ney;twlw@ TA |ag@nreatthenge<humxmough tEE)Cp% or through a polled access
nt. ;An existing transm ssion 71Q i.s
IO R R By el Hb R R TR b fle e ibg ome or
iR Frioigs BloRSfoFRd Nk acakadP. T3, mhtin@AY lengthSIFa S OB on the
TXOP 790. TXOP 790 conprises N franmes 740A - 740N,
medium depsads aruihe Gatic dgssand issqstebliphed te) the APs oAlso, ingigngase of a

PR 00 SR SRR SRR I TP on,

the 79\ can Mahenit kaderienof filamasEinéddesedpvitls SHF S apt AKX £om the
as header .and packet 780.

770 as

%qnnéwﬁtaé ditigg fFamayingehe RecddP vt Pﬁrgépgg%qigff for each frame,
ﬂfee§T‘R' N8t ) @ RBBR UNITEDP a8 ”c%?ﬂaﬁl%b Alatt it Bl RIGH ViR Jh%ﬁnel for
preanbles.” [00104] FIG 8 illustrates a TXOP 810 w
sibiseqientitdosovdsmaignent . The TXOP 810 nmay be ear ned

ot " OHSE PREEON AL B0 0Bl 58, PRASES i e

SOESPREACYEO ? B3 imnibanhe of@élh%%@ eck PEK as discussed below.
transm ssion of franes 820 and SIFS 830, a bl ock ACK

Alseqtiae ACGKIpolicy is permitied foe gertain waffisdlaws, ag-» SToadeass pomglicast.

R i R T

iinktrithg 4 THOPNWviR iperfiaine ackhlondéd gatert.r AiPsxistiie thagmidgion 710 is
del a d to permt receiver ,?rocesm ng in software

tragseies).  Exligying tesiersmitsins’1 dé@%@ﬁ%wwmswmﬁﬂ@v@nﬂdqackoff
780, SRt o SFNG, afil JRepamRL X Gb b g&ﬂrﬁ?énﬂgﬁoﬁngg@MOA — 740N,

frames n thi's exanp
eahifodiaibwed b espsctine SHEEH GtA0— d’éDHy Thetreesgéving STA responds

oGRS ACRETER DL 1he BRI el AT PN s
736203MORSH. ONofeQh&RhaEh frAms 70 @J)m??iie@ %ﬁir@ﬁnlblé 7d€fab QR as header

whi ch adds additional del ay he end each frane.
anglpacket 780. Example embodiments, detalled below, allow for greatly reducing the

amount of transmission time reserved for preambles.

[00104] FIG. 8 illustrates a TXOP 810 with block acknowledgment. The TXOP 810
may be earned through contention or polling. TXOP 810 comprises N frames 820A
820N, each frame followed by N respective SIFS 830A — 830N. Following the
transmission of frames 820 and SIFS 830, a block ACK request 840 is transmitted. The
receiving STA responds to the block ACK request at a time in the future. The Block



not technically included in the definition of SIFS,
various enbodi nents, detailed below also allow for

wao b@sosarey/al of the signal extensions. [00107]PdiEsS2004/034063
Bl ock ACK feature provideslinproved efficiency. In one
exanple, up to 64 MAC Service Data Units (SDUs) (each
possi bly fragnented to 16 fragnents) corresponding to
1024 frames may be transmtted by a STA, while the
destination STAis pernmtted to provide a single

prske immedizte dptiowingtthe complekionfoifthe xasmiseipi &f ianklock of

Afks
Al t h.. of . fr. ypi cal ly,
g 05 S 8 1o SRt oA i Ol Wit G811
[00105] f or Eganplaieabodimehiynestailddcseldd b Bbgreatipyedneing the amount of
transmtted before requiring a Block ACK fromthe

trapseppsion fUHA between fiames (FIFS an thiy exqraplehi In some cabedimens there

- Lot ' ' . g + + M ACK

i Biftea i [ Qe GBI QR MO IR e MaleRly :

[00106] EnboNiotesthbts ind 8021 1(ejpadnkbiher staptaodse fancdrtam trhimsokssi@kformats, a

.efficiency.eyen further.. 108] . The Di.rec i n .

SIBR) GIEOMOf .99 et HIT<OcIEe GO SCIEY (q 1 Sodk ARG fmer AVhile

nétQed A MRY St REES tHl deBifftior of QI QhiBhs dRSdimaits, Mtaridd below,
within a”Basic Service Set (BSS) (controlled by the

alsa aAkovafr. thertemonpl ofihe siakad extepeiphsed TXOP avai | abl e for

thi sdirect t sfer of .frames bhetween STAs. Prior.tQ
w0107 1 *7fe BEGHATS R o il 3B B ey fbonesyaibie fp o 64
MBAC eSérvice P athe $1nite a{S ) O{eath ibily oifagnitatddokd el FbBments)

was al ways the AP, which would in turn forward the
cqrregperding tor H24 desnes maay Rentragpmittqd biep Skin athila ghe destination STA

o for . : R : o
808 b AL U ROEN e i
AsTibstbimn bf edchef thecliOA dipmtes. Dighicaltygashigh sated, @INIAIC SDU will not
oSGl e P RS R TR o oty Pl
bt%f‘énfég]hiﬂgigca? BIokHEER) fromhthe ARsiimatdh! OREshch® @&E,elﬁxlstel’gﬁbﬁlit M

chann any tinme either to establish a Contro

framen dke Ritel Sang BARYucedfiiochM Famek ¢ MHEEFEFPMandKs §- MskdIFS, to

ro¥i m > | oocfit d isti a e an_){ L rxrze%%theblock

Ve o dipgts ghed hriRh mpiah

AlCH b@vidney bha fBgsgon. The AP accesses the nmedi um by
waiting for a PIFS with no back-off. [00110

(00108 dopi 08 Riseshpink Brijedos dPLPAy Biofwrsd) by 8AdMebSHlows o STA to
R B0l AL IRReRS) 14 TR AR sl

(dbﬁtrsllédﬂgy the anBeAP3. Dhe Aﬁﬁnéﬁmﬁkmpaﬁlddt "EXIOP Eghilaﬁw fogthis direct
t transm ssion 910, e AP waits PLFS, and then .

| trppefrrth oS B e 3?9\% FPasiodhe fyroduesion o e deags during polled
2B th A ABA LS ﬁqm@aﬁri%fg{]thg 2811@5"?&%%%%}9&6@@)@, $Bich would

wal t at least D FS, es not occur
in turn forward the frames to the destination STA. By eliminating the two-hop frame

forwarding, medium efficiency is improved. Embodiments detailed further below add
substantial efficiency to DLP transfers.

[00109] 802.11(e) also introduces an enhanced PCF, called the Hybrid Coordination
Function (HCF). In HCF Controlled Channel Access (HCCA), the AP is allowed to
access the channel at any time either to establish a Controlled Access Phase (CAP),

which is like the CFP and is used to provide transmission opportunities at any time



to the transmtted poll 920, as shown. The polled STA

transmts polled TXOP 940 foll ow ng the poll 920 and
WERHS 098683 The AP nay continue to poll, waiti nBCRPUSSH04/034063

bet ween each polled TXOP 9489 and poll 920. In an

alternate scenario, the AP nay establish a CAP by

waiting PIFS froma transm ssion 910. The AP may

transmt one or nore polls during the CAP. MAC

vene 11] As descrihed aboye,. vari qus
TR} BEPBR b hipgundionly Fomeniaes? oS ink Jhelicacon. The AP
aé@emﬂfb Ih@hhxﬁtb@rrwauﬁﬁ%fc%%lmé;%h%%% Bfr. very long
anbl es, desi Mops vs. 64 Moips, introduce

[00110] | et FIGi Snéspictascxmplanbyscdt bust (PEYA thistmidsDishgment 50,

t t h
RSB PRORI A" 5 05 Gt ShE Rl et b e po
Aamm&tmgarmismg;sﬂﬁcsrl@aﬁ @rahfmEean MRllowirg théatan@RissfoR 910, the AP

?Eblﬁe 3 gh data rate MEVI O MPDU transm ssi on nay
“ﬁgs agdyt %‘ H??’&Srnéi&SeE‘?ih 820,jaddressrdttn, 2 EEApaNett thet other STAs

El t
céflggfh%llléng)g} SRS SVE@.Ed ﬁaJeé&E@alp%tﬁgeﬁg i) §(tv%llﬁgr]? ga%sl 1ot 08 occur due
t(aﬁwimnsmtmmujlb%w ds| showar eBlsepdllydoSDA Atdns@ite polled TXOP 940

el Bl et SO IR, BB Del i PIFS

b@tﬁ/@&ﬁ@éﬁh' et I u
e O SR e, OIONTAT kOB sePls i AF moy

eg@d@b AtG/AR by WaitingdIFS dioyn g tpesnfistom@ite Thd APwidytrdds@it one or
mﬁgé: lfs%ﬂ#‘ih# r%ngXCP 810, depicted in FIG 8). The

inthe TXOP is limted only by the
buffer and the decodi ng capability of the receiver.

&gn a STAis transmtting consecutive frames with a
5 Sa TXOP 1010, it is unnecessary to
i ntersperse SIFS durations since no other STA needs to
gain access to the nediumin between consecutive

[00111] fr ans destnibep tboveglvatibecinefiiciont Feut@ss ol §3idr MABBRARE %@'ought
Certain classes of traffic may not

fto Qe N19 fr.ane

PSR Lt HEFE N o P8 FERTIDIeAYSEY RIS DReRTbles GeBEnsrhipt B Mbps vs.
| W fiall

of s, LmRAL L) bl NAC B UEE ), R

shnglqmgra@ rgfeg madreasg ksepingrbe vmxm Jh&iﬂalﬁa)sphﬁngﬁeﬁidmt%ieambles

BEV T R RO R
ddtar ams MVIBRIO0 MIDU SIS @lobe iy CO S8 Ut 'fé&;@ 1{1{] A EBSorld8 éfll length,

TXOP, when all frames are transmtted e sane

cmﬁrqslewe&%hl (s wdich kpsggz2 ps p(e@mbles uE]mngmpsg\mweﬂucmg delays
L8 S g e el
utﬂeammrbfah@lchahﬁeIG me OFDM si gnal extension

[00112] FIG. 10 is an example embodiment of a TXOP 1010 including multiple
consecutive transmissions without any gaps. TXOP 1010 comprises N frames 1020A —
1020N which are transmitted sequentially without any gaps (compare this with the SIFS
required in TXOP 810, depicted in FIG. 8). The number of frames in the TXOP is
limited only by the buffer and the decoding capability of the receiver. When a STA is
transmitting consecutive frames with a Block ACK in a TXOP 1010, it is unnecessary
to intersperse SIFS durations since no other STA needs to gain access to the medium in

between consecutive frames. An optional block ACK request 1030 is appended to the N



provide the receiver with a total of 16 ns for

processing the received frane (including denodul ati on
wa@eesdaaexli ng) . However, at |arge PHY rates, tPCBHUIBNE34063

results in significant ineflficiency. In sone

enbodi nents, with the introduction of M MO processing,

even the 16 ns may be insufficient to conplete

processing. Instead, in this exanple enbodi nent, the

SIFS and OFDM si gnal ext ensi on bet ween consecutive
fremghs (esiainorlasses Bhitatlie Igmnpbrqqﬁee Apkugrviedgemest. hér bigPa ACK

424 LS o AL AU KR 0 e
adaimptlmel dﬁ’hediamdsel (lzl()ahsmt&eqmm sifnonl eMtelvidone c EFXOP 1010 may be

SRR R anTel e R P Se s aY) Wity SRX OB iselnb e
[00113] f unc iz QRSwiHiH FR3. tl'@%ﬂ@ﬁf&nk’rﬁlsb%m WS Sgtwfeeﬁ cé}@gélﬁfvg %{nes ina

transni ssi on. An acknow ment may be transmtted at
TXQEatwelent plirdtanzes anreétansmmdatboﬂ@ ﬁame S@Ab|m&,3kb@\©ﬂ{mllﬁab¢d In

SR et RO e B e Bt SR PR By 7 Y v

ISR 0ZEN (Hetmamal teeld By SIHSApiodendaHs 6t/ @FDMsignal extension
collisions at a receiver between consecutive

provigdesthe sadebiss With a tetal ipd dous for pracassitgthereceyRdstanprotincluding
ut I t n
d@ﬁgér{}ﬁ%? E%@gego%l gg aﬂgg;gr %{ej rlélirge Iki%{’ 191%50%“1'6 ;ﬁ%?esults n
sigdifieant irefBdidcyCi dnt soher ealbbdigfpatsat witky tﬁevmfrodmsafm Sof MIMO
for 802.1 . Transm ssions from.the _sane STA to
PEACESSHenVPestiEndli ofs SPAY @s HB%“ ﬁ@é@t t19 ompdgar Rrasgssing.

TiYeal URY ﬁinsp@ia!nﬁﬁé efn@§dlﬁ{e ?1 éﬁ le$nsion between
further below, these gua er| ods erred

cmse@nare dtaamjlsd;mnﬁrbmaxm SS“wam ﬂhgsAP( @I ﬂ6$)mt}{ef) STAKpsing the Direct
SI.LFS, and/ or . SI .ext engi.an, .t he

Llkhroten ot Bt ek Srts Vo TERFEE ohPRBCpI o8sad pfer the

c&ﬂﬁleﬂ@& ol iitDirardsAfissORA TR RIMIRYecBR eP gafaeesg&%gbaﬂ& ai4ghelt RBoding

use of a W ndow based ARQ schene (e.g ack N or
(s@| Beha/canvombenaJLDR e cdespdjngs m@ryomfoml tthesse fupftierisi while the

niggshe s Bt 0 BB AR S YR e ity 5P Bt
ammfeaﬁnfe;ramasmwd ab@vel@lgﬂigfbﬂc&km pAdxdBhplek ACK, in
exanple, It may be preferable to introduce a

[00114] st an@&? &Wﬁ@m%&gewgm@ fstapra hebwesna s, taasmissiens between
difter ciligﬁaﬁg_%@m glea{’édg%%ugﬂ Vﬁ%d@ th (age{d COlllSlOl’(lf at a

he nmaxi nu per tted
rdoyivee betiveen CpllSﬁClE%l trapsmassioine ont the ammﬂnhnfﬁ‘c&n idifferenE 8T As (not

Sy i FLG 10, (it 8P GuRE Bifiat Relat S Ho Pesharmi cpp@iment  guard
p@§dl 6V 8R¢ OHRPNIVSAIbol 18 sy A sutiesl F&cal %ﬁéraﬁ&gét Envn%%fnents for

exarrpl e, Slnce the receiver pr ocessi ng
891 keE@ngiplssmns from the same STA to different destmatlon STAs do not need to

be separated by guard periods (as shown in FIG. 10). Detailed further below, these
guard periods may be referred to as Guardband Interframe Spacings (GIFS).

[00115] Instead of using SIFS and/or signal extension, the required receiver processing
time (for MIMO processing and decoding, for example) may be provided through the
use of a window-based ARQ scheme (e.g. go back N or selective repeat), techniques
known to those of skill in the art. The stop-and-wait MAC layer ACK of legacy 802.11

has been enhanced in 802.11(¢e) to a window-like mechanism with up to 1024 frames



with the PHY rate, the receiver may need to store soft

denodul ator outputs until they can be decoded.
wah@sesasx, the buffering requirenments for phyRCT/EE2004/034063

| ayer processing at the peak PHY rate may be used to

determ ne the maxi num perm tted wi ndow. [00117] h an

exanpl e enbodi nent, the receiver may advertise the

maxi mum perm tted PHY bl ock size that it can process

at _a given PHY rate without overflow ng its physica

andg3leek AGHKE én this pyammia alt epay, beypreferablcdoviaitodgg asthndardiveadow-
i itted PHY i hat i : .
L e e A

802t (®hysi cal | ayer buffers. At |ower PHY rates, |onger

bl ock sizes may be, processed w thout buffer overfl ow. .
[00116] A Kk nERSNIIRBHRIR @eﬁagttgée\m@%w B3 OF afﬁéﬁﬂnmeér%v fepeRghPIRCEssing

odiflelB T ERARE Fhe it BRY bEbERIUE 1o tabith data to
fil ithe redeivieh evindooi mtirthéifale PEB. rht@Ochlalile Hetveeen the transmitter-
advertised maxi num PHY bl ock size is. a stati

TefAY ST RAe r 1Ot FREAP{SH SISFERFTCCH % PLORCSHIDE JRaY ngbepmg fekgep up

wiRYIR PR Hey shdR¥eib& Iﬁﬁ% a8&5R0stedGo R IR Jutpuls until they
ready for the next PHY burst is another receiver

capehreatecodad. tThereforey theebuitfsong requirements forpinisicekleyenrpfocessing at

al s the schedul er. .Alternatel t he adverti.sed
BTy e PO te o MRl Bkt PRI Hig B
[00117] accOmtinngahPld fRbOERBRA TR rebfiviériBayphiteitiialihd ALinum permitted
buffers. [00119] The recei ver processing del% may,. be .
PHY ddoqkosigrihal i #epioprss aby giyer P%af #6 withew overflowapggts physical

' ' t t ' t : '
) B, OB, B St it o
bisele sizethat it biepioersait the thaRkiunl KX raté withowtyovbeldving ttephysical
toarils: At oaer BHS Qi Ionget HeCle e Aeaiohe Hogsp) whiout buffer
oY A0V £ XnBRm BARIIE Gy B Eedldy Qraﬁé?fﬁ@t&fsst_%sco%;ﬁﬁé;g{ge@aximum

1120 fol Il owed by N corisecutive transm ssions 11¢ )
perdBoN. PEY dyadkosiaé bt aic kivACKPI¥ quats t framh4 thenadvepissed maximum

a n.this, exanpl.e ansm ssion 1130
p?%ﬁ%%ﬁgggb(mﬁégﬁéfﬁﬁﬁgg%mB%@%%??QEbntrast TXOP 1110
[00118] W t hif iIXORd(8Rised niekéaurh, PHY Biock hiRARNZ btdticap@aiéd@r, then the

conprises a preanble, in addition to the header and = .
apetgtk of tingybefenedhe ghysieal dryier bpHes mayebe pieeessedyand dg receiver is
Y . , ;

S s 10 SIS AU SRRk B F o e
tri3lik |and halk®, at tieeschediderd | Al Rficlyatheldvatised matiathnt PHY block
.successive .transm ssjons. The injtial greaq%l 1%?0
i e be YaHED JYRHBICARY ALCRIHINE l0a LGCHPANGY & g’ﬁaﬂ’ lysigal layer
bt as for fine frequency acquisition for OFDM For

M

MO transm ssions, the initial preanble
[00119] The receiver processing delay may be used to determine the round-trip delay for

the ARQ, which in turn may be used to determine the delays seen by the applications.
Therefore, to enable low-latency services, the permitted PHY block size may be limited.
[00120] FIG. 11 depicts an example embodiment of a TXOP 1110 illustrating reducing
the amount of preamble transmission required. TXOP 1110 comprises preamble 1120
followed by N consecutive transmissions 1130A — 1130N. An optional block ACK
request 1140 may be appended. In this example, a transmission 1130 comprises a

header and a packet. Contrast TXOP 1110 with TXOP 790 of FIG. 7, in which each



120 may be extended conpared to the current OFDM

preanble to enable the receiver to estinmate the
wa@pasisdi3zhannel s. However, subsequent franes RET/052004/034063

the sane TXOP may not requi2te additional preanbles.

Pilot tones within the OFDM synbol s are general ly

sufficient for signal tracking. In an alternate

enbodi ment, additional (preanble-Ilike) synbols may be

I ntersper sed periodically during the TXOP 1110.

reonpseso @reamblep rne additien &y 8renlesademang pasket. By sending a

Sign] tl e sent. o
siBEATpekBEt, pe LERMEE pradide REAETR G dRyory “paEEY oA of
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[00121] .ncoifb%% theepreanablg 1420 gry |bégh@@na§%ﬂsﬁr@ﬁ§u%€§sm franspygsions. The
t
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t(ﬂ@:ﬁﬁ{d‘c@% PhOMShahipllE foRERST sﬁb@@éuehhﬁmﬂ@@%ﬂfmﬁ @€ same TXOP

consecutive transm ssions 1130 to the sane recel vi ng
By Anatapqies @ddlppmdswdammﬁs e>Pa}op|tenqsf witbimpthesOFBY!L symbols are

%ﬁ%ﬂl téugﬁleé'g a‘aﬁﬁl zg‘@m&a&%n? eIB {Ql}lff‘ 63] 5 g‘mfl%ﬂ% additional

(drB&as180ika) lsi]ﬂbdlafm@jﬂoeaﬁlmi‘ﬁieﬁseﬂuﬁénddﬁﬁﬂyl deBhg the TXOP 1110.
i ncl udi ng consolidating preanbl es, renoving gaps such

Hewewpr-the eyl preamblergyctierd may bepwigwfeanilyareduued. The preamble

o 36350 SR ik l) AR ARSI AR EOA R i Brme
elhgstd, siree prpeauitlsty iransinitiedspredniisld. as necessary. Again,

t he eanbl e nmay be | onger. or shorter than a | egacy
[00122] eaﬁl[%?Feetha g ?{%91’\/1&#9 R BRIPA IO Fralues fulseyar St as well
O an, W Piod ARKES oPIORE Ubf hihlont ATRSTMY IR Sppporicd. Bven
s@sd laysaregaph eucﬂIEaA Olspanaybe chbstitated fonthsl lookerlIFS, (phh;esignal

A trapsm.t ne_or packet s e .gener al
et SR TR o ulTot Bty af RV ol 40K Embis ora
1685t pArRbl, OR- dd¥efiBed RBSveAd Atk OfidtheD HRR ML Efcal§e SorN&dnsecutive

be transnitted. In an alternate embodi nent, one or
tragsnaissiensi 1130nial the rsemnﬁb@svmmﬁé\pmawm ¢ompyessed. An example of

I e22 synbol may be
c&&?{é?@%{}%@gs?&r daited 1 er?’e b‘r ock 1240, the STA may

[00123] opti BIG&I 1Yy dteplamsam ¢xahplaembodiiiehoof b mehed 120QY f&ThcorpBrating
this case, (53! FS is.inserted as necessar and one or
VARAUS aseReioivst dereribedainatding enrsolidaling Preamies,remeying gaps such

a§ §ﬁ*"SaQ1qd fsetak gg gé %}%ﬂ}gprg{ Tﬂ—és‘ﬁ;%c%r%%egfng‘ﬁ?ﬁﬁcﬂqilo where a

various-e cont1 nue t
Sﬂ‘Aaca'ms . TXORouseng by of \tiee &Emiquéméﬁaiﬂednber@nFSIrachb ri220, a

%%%Hablse@an%r?m‘[e%qgsl rrle%gssl;lgrr ztl\ga%ndt %I preamble may be longer or shorter

than a legacy preamble, and may vary depending on various parameters such as time
elapsed since the last transmitted preamble as necessary to enable the receiving STA to
estimate the MIMO spatial channel. In block 1230, the STA transmits one or more
packets (or, more generally, consecutive transmissions of any kind), to a destination.
Note that additional preambles need not be transmitted. In an alternate embodiment,

one or more additional preambles may optionally be transmitted, or a preamble-like



| evel of performance. [00124] Hence, as descri bed
above, MAC efficiency nmay be further inproved by
W@ oovsobd1amat i ng transm ssions froma STA to nmul PCPUS2004/034063
destination STAs into cons@Zutive transm ssions, thus
elimnating many or all of the guard periods and
reduci ng preanbl e overhead. A single preanble (or
pilot transm ssion) nay be used for nultiple
consecutive transm ssions_from a TA to.. .
symbpk wpyhe IMEEeRdEs dpsistadn bl[oeleig‘gq %%nngif%aMP“"nany transmit
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n-one exanpl e odi nent, Sever al
@emheodav@ transmissienscioay el traniaitted) to rénz aadﬁlt@Qaloﬁecwmg S TA.

are detailed belo In one e l.e
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when_sever al h . CE- Pol r
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co'ﬁlséautlﬂré trafuntlsdi etfstiioat the>sa:mip ISé“ A tardiffadesioddastindtiod &0 As.

he 00126] A |
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r@ﬁ@fu‘ﬂ%ﬁ‘t el Cﬁgﬁﬁnafﬁe Qofidhghéd iBtdP8!donftBiS Eid@lfell exaiples of

be en daccording to the channel quallt
whﬁhmdletmﬂmi bafovanth ¢ttecsxaimple, TeeAB mapsr trasmitrtg gariinle riéﬁmatlon

e SR SRIFE 0SS 32y T O Do
ea[cﬁbPﬁbP }_@re&e@@d—%?]a EFCFolllﬁoﬁlﬁﬂieCAB fBKaW‘éd bynhSH%’SC almproved

layer transm ssi on segnment 1300, ill ustratd 9
effictenoy mmttedvlpnlsp@erdrﬂchr% olﬂ ARGSEREE \PEe Fouspldated 1nfo a single

cgﬁ-ro? Fgﬂ&%‘f edsesg éréferrg(} & A on% ‘CE; ;{g}g%stggg I %ﬁl]%% Bﬁhé émb&ment,

d&é@m&@w}lﬁdsew @sﬁlg’mrs&vﬁgl "ﬂ)l(D@GI e . @meraloambreliméng, any period of
transnmitted using nyr al ternate techni

tgei maobe pleratert o ppap isfed Rols B Sfeit specif TPt AR example
exlkmﬁ?&ﬁ‘pﬁt f‘s)(@éi'meﬁ bel %Jlﬂlnﬂe:s}?&@tc; Pﬁ? 3191686 fhiffher examples are also

rame spaci ng et wee he polls and any forward
icluided hxERs forvvard link TXOPs 1320 are transmitted

onize 5 S S SOOIk
sthatdng 4 33 impRABNfRdiendy! amcodtdihgd, a poll fndskdz® td %:ﬁ) STA may

I nserted as appropriate. Note t hat G FS need not %
be encoded according to the channel quality between the AP and the STA. The order of

ﬁ

transmission of poll messages need not be the order of the assigned TXOPs, but may be
ordered according to coding robustness.

[00127] FIG. 13 depicts example physical layer (PHY) transmission segment 1300,
illustrating consolidated polls and their respective TXOPs. Consolidated polls 1310 are
transmitted. The polls may be transmitted using a control chammel structure, examples
of which are detailed herein, or may be transmitted using myriad alternate techniques,

which will be readily apparent to one of skill in the art. In this example, to eliminate the



i ncl uded when sequential transm ssions fromone STA
are made (simlar to the |ack of G FS requirenent for

w0 o008@8d33 i nk transm ssions emanati ng from t heP@RPUS04/034063
various STAs). In this exadple, reverse |ink TXOPs
include STA to STA (i.e. peer to peer) TXOPs (using
DLP, for exanple). Note that the order of transm ssion
shown is for illustration only. Forward and reverse

i nk TXOPs (|nclud|n%wfeer to peer transnlsS|01)
nesdl fon ftpiftaaegwacing befwreartbp @ple and apyndorwsrt figk a&@%ﬁaiorward
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GES ectmiienmgnt fovcoiward ink transdepiang eunaneting font e ZKRCl@ various

T e
KOIEAubHAUROR, o clRARIK). 1838 tHah eheCOAE0bS Hatsasddt ktfown is for

are transmtted to one or nore STAs on one oOr nore
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S G ershehe®l, & R R S ASL ARG RIRT B e in the

elihﬁnﬂﬁ@ﬂl @yed rhanyt gapasds éthéﬂwmxﬁ@mbnd atIeldsep of Issﬂl innthe art will
bl ock 1440, STAs transm.t TXOPs. accordi n‘g to the

raagily é%?P&MY@éQW@H%tC Pﬁlbpweeeﬁgéllghb%ﬁ%teﬁ fipghereien t he
[00128] P OCERS. fﬁaﬁe th Cg%:;r% cnglgt e‘g po SIH&RMX%’O consohdatmg

conjunctlon Intervals o
pbndite, pmdfuss:hegmﬂndﬁnqkrhélé 8, whdére ohaqna} tesafrcdshage slyzca’emmto one

of REEF iPXOBR | 7EHPABPE dRedon A df giaed o, sk gie JTXOP

aﬂ?&ﬂahbﬂ‘ QeteARINARSE" [rpﬁﬁkcﬁhqy@ pdIi3, i@f‘a l‘%ﬁﬁ?ﬂé exeoftsRty to the
1400 may be repeated periodically, or in

aléwbmd arecensglidated: frebloplad i ey @nselmtﬁdawlleymieansmltted to one

op i A S et PR RS BBk AT EPRPTpgf the SCHED

méBdalzOUf aRERBEBHR dnthodBheéit ldediled béloW??Sl}BQﬁ altéindtt ©Bboditent, any
and 16. This VAC protocol is detailed further in

mesERG; tsehninus mpattémdep ] teransaitsiie; eomsqlisigted polls. In block

1&%@%&sm %85@? M eéﬁ]ﬁtogﬁfléengrlﬁetﬁe consolidated

pONY. REhdnSK2 $prdchdd ﬁRQI‘QiOT hssTierhod Iﬁa}l edldepdowadrinenhjuyiction with
- herewith, assigned.to e as | nee of the esent

conpBitbhol FopTae Pt Ay SReEpHSE Al o1 Radk ofdhe system

BJ-;@&Q ihrval | Qéﬁs’bﬁ&aﬁgd f)élhﬁé gla?]ljo@ usdd BiterPfteRily Wit Joﬁfeﬁhon based

DD MAC frane interval in this context refers to
ag@ss, onllegficyt patking, ms déscobed above. In an example embodiment, method 1400

may be repeated periodically, or in accordance with other parameters, such as system
loading or data transmission demand.

[00129] An example embodiment of a MAC protocol illustrating various aspects is
detailed with respect to FIGS. 15 and 16. This MAC protocol is detailed further in co-
pending U.S. Patent Application Serial Nos. XX/XXX, XXX, XX/XXX, XXX, and
XX/XXX XXX (Attorney Docket Nos. 030428, 030433, 030436) entitled “WIRELESS



the various transm ssion segnents detail ed bel ow are
defined. The TDD MAC frame interval 1500 is

waele@siosgss shed fromthe generic use of the terpeT/Dsame4/034063
to describe a transm ssion2¢n an 802.11 system In
802.11 terns, TDD MAC frane interval 1500 may be
anal ogous to the Beacon interval or a fraction of the
Beacon interval . The paraneters detailed with respect

to FIGS. 15 and 16 are illustrative only. One of
LM iR JOGRL PTAGKY héledrqonwrrqnﬂwémvmh Aggipred toi e assignee of

fpriad al ternate enmbodi nents, using sone or
B R -

conponents described, and with various
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(b e O3 PR Ty 6 A Ot TPHErY o dhe PPoeH oBg in which
tﬁ@@m%wahé}hls%ﬁ%egﬁé}ﬁs g&%ﬂéﬁ(beﬁ Sa?e déﬁfeﬁ n%é/gbﬁ MAC frame

and random access. 01 In the exanple e I ment,
lmefIV@DlMl(Cla‘ dlamlnmeérﬁeﬁl thé @endrs d¥enef ieviiesn dieme to describe a

exed r 2 i i nt er ed Lnto

(PGP 8 B A02Ch arvart s By MATTL it 1B aBHC e vt 1500
n?dyt B¢ BAdl6edUs A6 the BtdcdH fr@vdING 4 HABRorS bZ 8% BBYcoRSinterval. The
depl oyed in alternate enbodi nents. Durations of

PaTANsERs idstasled rvithh gespesd tRAAGS: ddeatidhi@ravalillussetiveraplybe One of

o%ﬁﬁﬂ'g )?%ﬁfé tet e?rg gﬁ ?%ﬁ% a a%[r{ﬁﬁsneXdE e tlont e \r/cli a}tﬁgla%ﬁ@sbc]dlments

ukihgneemiendre sl aif tﬁé&@mpﬁﬁénweescﬁbéd tdﬁ& \Biﬂ@&)dﬁ&&d F@aﬁlﬁt&@values

I\&ﬁ 1510 V\,hl ch carries the Broadcast Contro
§ #“%\@P tierp ey -is @lpcaters ameng (the folleynng| transpgy) chepnpl segments:

b%udeé‘st C&h&b?%ﬁ%‘?d %h@g&égéanne 5%@%@848,1&5%%?% gaﬁgse and

Random Access Feedbac
uplinkk phese,)regpectivialyf fndratfimmaedes{. TCH), whi ch carri es

N
xk@ (’Y‘ED§i o{f%‘nrtht ﬁfg ‘i‘l}u{eévlgare?;eam ﬁl‘ﬁfﬁé’@ﬁl&?ﬁ% ’&Msﬁﬁrt @Hﬁ[‘l@?ée gments

15&&@ es@ﬁh&ﬁh@m ( Rltepnatessders whd differimg rfraeme sihes ThBY bs éeployed in

SR AR, DAl & oo R B RO BUAT, Fhaps ryervat 1500

nﬁ@tlab?q&bntma tél @cymé skl phasen Gefif@AR1. 1500 conpri ses
nts 1510 - 1530. The uplink phase conprises

[00132] segngh@sexmw fid; Granspoginehnnals Goim R MAG fiame interval 1500
lki)(]q‘&i %eoﬁn%":ég@af E‘Lﬂgrﬁl%}‘ ?@Hg%d\%léﬂ ?zﬂ:ﬁeé ﬁ{eeﬁlvo%!iCasmontrol
altern npa - peer

I ment enc sing peer
Ghasmd I"leC‘ﬂH))’] (b} thé |GemtrohiChaniel r((]liéi‘) b&20ovwhicR Cchirdds fheeFrame

R e ) AP B S2500 ARk T B o
f&PARP ']mlihl(@' il TrRNECHAMR haedT), SHEth 38Rk Bkr data and control
R information, and is subdivided into (i) the Forward Traffic Channel (F-TCH) 1530 on
the forward link and (ii) the Reverse Traffic Channel (R-TCH) 1540 on the reverse link;
and (d) the Random Access Channel (RCH) 1550, which carries the Access Request
Channel (ARCH) (for UT access requests). A pilot beacon is transmitted as well in

segment 1510.
[00133] The downlink phase of frame 1500 comprises segments 1510 — 1530. The
uplink phase comprises segments 1540-1550. Segment 1560 indicates the beginning of



signals, including timng and frequency acqui sition

pilot. In an exanpl e enbodi nent, the beacon consists
w®@R002/03h183t OFDM synbol s used for frequency aneCT/U8i004034063

acqui sition by the UTs fol R2dwed by 8 short OFDM

synbol s of common M MO pilot used by the UTs to

estimate the channel. [00135] The second portion of

the BCH 0 is the data portion The BCH dat a portion

ocation of t
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oth signal i ng techni be.depl gyed . n .
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conmposition of the remainder of the TDD MAC fra

chppne sogipentsindCH 1326 Fat@d 1538, BsECH 136hand RGHY 6250, and also
d 9164 . CIH]?) %? fi ('JéHt\{fltﬁp?%é cg lzg‘ eIiH 9 i r&%ﬁ e, the
on no channe

ransm ss eac
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traneiitsdnis sz(can’ﬁlmen &raemsmtn@nefs‘iﬂyc(&élﬁﬁ?)) rrmde wsingorate 1/4 coded
bl di t t .
B3R g SR o RO Taribe qeer el et of theicd ip fred o
10dseRd ©FM panngkidud Bitek @%a}iﬁg héchBiles Atk deployed in

fails. The transport channel segnent in each franme
alﬁematn‘emlmduramts | ength, the |ength depending on the

s T8y R RFROTEH, G580, UBSIRRN Y. s Ap, a0

coaippsitioh loff 6@ roMaintier sTabd TDDOMAC frhine $dtprval) behahisedtedthe use of
the, CCH. 26 [00137] The CCH contai ns assi gnnents of

- coppRfidated) qu]&y el he G s 58 1 HRmFBtiRd reing, Biehey Ebyg transmission
mbdddi miBpR g %g%nélg %ﬂ%ﬁf)él‘%ﬂﬁ R0k diediRht ii:ffpf . Th first

si‘gnen or tran data on t orwar d
subthanavieis Ske moskrobug:emdrlalexp@tqdhtya@ecd&coﬂdgle byalirthe UTs. In an

e)q%ﬁ% E‘Cglilqgﬂ‘% g‘%l Zﬁ? clogiﬁcL ngswc llls[e):d &b)the ﬁrsa% BEH sub-channel.

Several other subchannels with decreasing robustness (and increasing efficiency) are

also available. In an example embodiment, up to three additional sub-channels are used.
Each UT attempts to decode all subchannels in order until a decoding fails. The CCH
transport channel segment in each frame is of variable length, the length depending on
the number of CCH messages in each subchannel. Acknowledgments for reverse link

random access bursts are carried on the most robust (first) subchannel of the CCH.



allocation within the frane (in the F-TCH or the
R-TCH); (c) the length of the allocation; (d) the
wo enwgobe1ad t he dedi cat ed physical | ayer over heRd/U§®)4/034063
the transm ssion node; and2¢f) the codi ng and
nodul ati on schenme to be used for the physical |ayer
burst. [00138] O her exanple types of assignnents on
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104. ];? urst 1s directed to a particular MAC ID as
revesiedinkdar the tiepemistirn a3 dedivated pilatdiom »UHs or awassienmest on the

koo Sk a ERAENEN, HE G 1o . 1o

(die ntayarisnilefsieoportiomseofathd fraati that aedo madelft ainuead. SE}haeémnused

PR S te  he AEL ARTFE i e e Pichlind nterfrence
e&ﬁﬁat@saésaﬁap&thslrﬁ@lsmle%thb&vs%@ﬁ@&am ' ncl ude a
dedi cated MEVI O pi | exanpl e MAC PDU is detail ed

[00139] wi t h Th@ﬁ@adwmt&pcss@hanael RETI450The riResvser 1wk dhraafidlion which a

AL A S Bkt B RS AR s R R ippied for

chdhaigng intteBigy . a particular UT as indicated in the CCH
assi a:bment Each burst may cﬁrl_ir)Brl se a dedi cated pil ot
[00140] [y eaiBe dorvardahpfficahameiCTRBD 1538resminrises] one ob metire @hysical

lérgrhﬁlﬂgts b8 %@f{ﬂeé ?Oﬁﬁh@%ﬂf%q%agg %hﬁgls‘ﬁql%c{gﬁ %’ %Jle%rﬂagMAC D
amﬁndnmtedahi thel @0Ht ah;31gbﬂ16ﬂi42Eadh1bﬁrbleccﬁﬂI&ﬁﬁéb ele@mh@di iphgdial layer
Ol PR g BIOSHB! G 7 W AL BPY Heteyed adcording to the
rhRGRMiHeRo4O d! ewalﬁ% mld %@aﬂe&%ﬁ tsc%%?‘lﬁ:g" gﬁbﬁ@d of, MCccu

PDUs associated with different cont al ni ng
asstenominC | Ther-RClhisc hf chBalmAGelﬁth i | asse)«an@ﬂaedm(obdlment the

: e.s the u link, or.t Ien
g SRR fovig vatBea bt R AU pllaidohn Sacnpte
MACPDU is detailed w1th respect to FIG. 16.
[00141] The Reverse Traffic Channel (R-TCH) 1540 comprises physical layer burst

transmissions from one or more UTs 106. Each burst is transmitted by a particular UT
as indicated in the CCH assignment. Each burst may comprise a dedicated pilot
preamble (if any) and a MAC PDU transmitted according to the transmission mode and
coding and modulation scheme indicated in the CCH assignment. The R-TCH is of
variable length.

[00142] In the example embodiment, the F-TCH 530, the R-TCH 540, or both, may use

spatial multiplexing or code division multiple access techniques to allow simultaneous



may be used to resolve any addressing anbiguities that
may arise when spatial nultiplexing or COMA are used.

wo pooslosasnat e enbodi nents, when nul tipl exi ng | BCOES®04/034063
strictly on time division 2echni ques, the MACID is
not required in the MAC PDU header, since the
addressing information is included in the CCH nessage
allocating a given tinme period in the TDD MAC frane

e b Tl i A
]Ddethhl;vﬂﬂ:h”Hx tmb@@gigl 035% ﬁfb)ﬂof_%teh%e k&R iofUBe kDM, or the

e art m 43] FIG 16 de[chts )
mtehéecf aipdriton the dawnBridgnpiyebémelrpd inebo MAGHRIU dgedest This

map direhted fn PRI B3 RRE I, A e O, B0t Y IS v spatil
mﬁﬁ?}e?fnga&r OSC e RESH. 118 aftbiindtel chibéBinhéid, When TdEsiexihg is based

In t e art will recognize that various, other
steétieen tingpdivisiem decbmqﬁci:Sg mheabe(ﬁs[Darsen‘Edﬁﬂ‘élﬁﬁﬂ ;g MAC PDU

L
gitdR R bériod &Y ehe TEETMA@aﬁEmbImm\mh l:tba@/epecEDUMAGOID Any

carries one of these segnents 1620Q. In ] exan‘g di
cagebinatisac Kﬁt Sﬂ%lﬂb mglt@&gﬁaém@ﬂlﬁ {asifp s@{:} §eopR division

j dpayl oad
g B AR By Ok nbiob i B GRP b BtoRtab ™Y
[00143] fi el HIG.6BRd{mcte tlnq/fcemlanoﬁ bf sn @xanp]eeMAle PRI é@ﬁéﬁomoa packet

S A ARy LRSIy B e

31% ?ﬁ (ﬁ" fid18s RRYeQBed Giithis WhkERioHO N6 ©F skilldn the art will
apta | ayer PDU 1630. Exanple information for

LL
recegey msmM othet sigesa types, andeprfigirations pre eopfrmiated within the

[ nforﬁ_‘gtl on, . .and sequence nunbers. A CRC 1646 is
SCOBRSH d’r‘?ﬁ?@rmf’ﬂgoﬁeader 1642 and the payl oad 1644,

[00144] and apnepadad e die patiet 1690 Galsegrnaked ublan yudaptaith (ldyler Each
PDU) 1640. Logi cal Link Control (LLO) and zgl o, Li
a@gptetion| subrye) PPOULSI0egaries ausr plethessnsegmnisatO0a sk i example,

I R
dli')t]a g)@gqge% I#?Q 8, sz 4& ngoian'pgmp%h on\g ggé%iepﬁﬁ@n sublayer
Pbes 63 écﬁmsns@w @qﬁ%zloedl 16Mbﬁmﬁ1nnig§hag®pmngﬁ s)agrncm 1620. A type
service a MJX, funct ea
Fil LoD donrdn e B GisHATEIepSH 0 10 uF SRR L WA LRI
[0014s] 1652 A”Eéggggﬁ{nlés(%? He&RYY 64@041' btel YiP @mé teﬁﬁnbl@? gesttabB&2to the

is two s exanple). A simlar header may be

pﬁ}ﬂbms 644 whietc bompmﬁtes the s@pptation ayer PBUaHeB ORUIGEBnmeuyrmation

L PDU
B T e O TR
nﬁHIlBlﬂ%y ex iy 165@ Rbordihdl ¢t ueiday €642 and the payload 1644, and

appended to form a logical link sublayer PDU (LL PDU) 1640. Logical Link Control
(LLC) and Radio Link Control (RLC) PDUs may be formed in similar fashion. LL
PDUSs 1640, as well as LLC PDUs and RL.C PDU, are placed in queues (for example, a

high QoS queue, a best effort queue, or control message queue) for service by a MUX
function.

[00146]) A MUX header 1652 is attached to each LL PDU 1640. An example MUX
header 1652 may comprise a length and a type (the header 1652 is two bytes in this
example). A similar header may be formed for each control PDU (i.e. LLC and RLC



PDUs are also referred to herein as MJUX PDUs). [00147]

Communi cation resources on the shared nedium are
w@bdosoztiexl by the MAC protocol in a series of AODUMAGH034063

frame intervals, in this eX@nple. In alternate

enbodi nents, exanples of which are detailed further

bel ow, these type of TDD MAC frame intervals nay be

i nterspersed with various other MAC functi ons,

n_based or oIIed and |nclud|n
Ph% &be %ﬁé’%ﬁﬁié @gée;s’l ¥Rkl tasfpﬂas e maylord . fhe header
B ROl o O R Par e DAPRP T8 S ublayer
PD3/Fs ayeelso refemedestoa@in BsMUK BBES). TDD MAC frane i nterval
(anal ous .to. consolidate |1 ed TXOPs) te that
00147 10 RN RoR BoSHEGeS it e, ol BHGR IPeRIeH BY the MAC
pRec&ISAr i IstrideoAlTiDrs alad: ﬁﬁﬁl%emté%vaqpympﬁﬁé beathSiE. TiDalternate
MAC frame interval. Any access control or scheduling

e@bh@mnﬁﬁayxmld%pﬁ whish am dethited futhetbglewothesehapp 8 TEM MAC

've allocation_ is made far C.ID .a )
oo Hinerols nOACRe SRR A afiof ek Wi Mling®, fotuding
chifientiialbas6@ Gr poled, udd figclelity fterfaRigy Wil 1888 s3688s usihg other
inclusion in the TDD MAC frane interval. One or nore

tYASK OPBERSSI Bt Cofsor Ab fescabedrahaveap seheatlen masdetaping the size of

oL Skl ol ARGl GRS URCIRL by FDVAE fume

1mmb0analp@tﬁlﬂs48]cohsmhdateé paﬂqid EBXOPbp dNotenthat mbhevagMAC ID with
allo i al 0 to _be transmtted

g e ﬁ@anffaﬁteﬁ ler e Beatrd spagrdn ppUPaEigBlar fPD MAC

filaHeSin®¥AHIP ARy dcB8s ¥BhEANEHohdRBin D KLRInOfad BY d ?lro&é@lmthm the
MPDUs 1650 Ieft over froma previous transSm ssioh nmay

s¢awejod ¢hepresent inemtiant | Wierbgn pliacetien isveple 068 MACTRBs @ respective

MRt Sl of S CoP BRI S SRR P 1R mCifin one or more

MUHMED Ukle 65tE for ididsiéd WotheYL®n MAC firfie @8Rl €Dne or more MUX
i ncl udes a MJX pointer, whi chﬂgm nts to the start of

PDAS kG0Psior prawivpeng allpratest YBE6 FDs will be mckidedin TDDOMAC frame

R LR A A 00 AT SR 880
[00148] conpil s&%xmhple Mobopimheiit,esnelfspect alope St bipartiaBMBIU 186X to be

LB Ry B bty b Y SR AT C et hmampl, e

RSt e&0byted bt ﬁl?'q)a"f‘tlé? QEEHOL § 6HRIdH rer Mk B P}évﬂfhg Sransmission

(fromthe curr al l ocation) or ot padd
nfay| be tihduddd, ddentidigd ploy tpagial df/[PDﬂib 1|669'3| Ehésel hytes 1664 will be

0 S M5 RS AR LBt RN e
ﬁ’?.igl? f&%‘egg ﬁGMWWeslﬁaﬁlslelxhﬁﬁieﬁ alcAfled a IMERViREY, ¥hich points
to the start of the ﬁrst new MPDU (MPDU 1666A in this example) to be transmitted in
the current frame. Header 1662 may also include a MAC address.

[00149] The MAC PDU 1660 comprises the MUX pointer 1662, a possible partial MUX
PDU 1664 at the start (left over from a previous allocation), followed by zero or more
complete MUX PDUs 1666A — N, and a possible partial MUX PDU 1668 (from the
current allocation) or other padding, to fill the allocated portion of the physical layer
burst. The MAC PDU 1660 is carried in the physical layer burst allocated to the MAC

ID.



802. 11 term nol ogy), that nmay be transmtted from one

STA to anot her, including portions of data from one or
woreeos/084183vs directed to that destination STA. BET/U81084034063

packing is achieved with tB2 optional use of partia

MUX PDUs. Each MAC PDU may be transmitted in a TXOP

(using 802.11 termnology), at atine indicated in the

consol idated poll included in the CCH [00151] The

exa e epbodi nent iled in EJGS. 15-16 il lustrates .
[00150] 5y %?S’ ﬂ‘ge?@gqu h@&égﬁ)]ﬁg LsBirgpieea tramissiqnetalclegme, in
8D gk RinbloaH %ﬁshﬁ?ibeaﬁgnfﬂi +60 "1"1?)5% 8fe HTA QQSan%her including

sequentially transmtting physica ayer bursts frdm
peticms STAlatd Femueliener mioee APYvs dithete@ ta ¢ destimation STA. Efficient

licable t VA t |, ' 8Q2.
PR AR b A SRR SR il RSBt haac DU may
benpaginiRal $n lal THOPr Alsipd SURN | QeniRGI6EY), N BIRURRIhRY in the
achi eving MAC efficiency, as well as supporting

cpeswlidetsd pelk inciudsAémihedil, and integrating with and/ or
[00151] © oopgrg?t é}é&gi@ &Hb(gdé%é%ﬂo@&aille%g%cﬂlﬁ. %%g.ﬁl&%@ xgﬁgurgsaspects,

[ 001 escri ove, various e

imi{émdha'hg emhsbﬁdaféd’lpdilhyregﬁiﬂdqyegﬁlf\lﬂ% g@hsfn?ﬁd)ﬂmhd @Iﬂmﬁ{ﬁgon of gaps by
tight rate control_. Enhance efficiency nmay be

8 geﬂ*é%ﬂbf HRBgHmE RRYSoA deye riete Jom aeh &%ﬁﬂ(@@luéﬁlgofhe AP).

Thes 4Peits! He aBHHcaib[@t@%?%d Bt%c?l?t [Rdknef &PAA; ﬁéﬁy ‘Detailed

in sone cases, reduce the overal roughput .
funtifer i dlewt aro ppltarnaie) anbeslinvents hidustrating dediofio rotiedratenkiques for

st i.mat and .feedback to maxim ze the transmtted .
oFRPURE MG iieodie ol 2D AUBIOrBE FFEvlokert ngapgesion, and
itbgrhiiiOweh REY/ofletRdpERLh S dABE AR FaatibtoRsTsior ey kQhs.

which may offset any MAC efficiency ‘'dgains. Therefore,
[00152] a5 descdasgriedabove variaus ermbediments fdgtatlpd heroinl may employ channel

e . di nent s 9] i gped to provide
°g uF %I Ci %n!t‘ %Iﬁgng%b%gﬁ P fr'ar]?“s Igg‘?gggép%g?lfaﬁﬁ aggj’e gpined through
mirintiziag perdetidssiry eSarfsatissi@C @n Ve Smediull Bt d8adedhifie rate control

control feedback to the transmtter, [00153] I'n one )
feedhprk @av, g gme) asesd tedrgey thentoéi*rﬁ]ée{h&@WVI Olis, grufficient

i i s 3r j ' t 1] t e TR .
oprtha R TS LALLAAT SRR HR BN e
trahsoittbé gita ontall MEVIOemod$OR videhtoaprbddDtip losd of thedughpyt due to
.be used .b ther STAs_and the AP to. estippte the
indfdtiE crafes! <pimeior YHiAh may piliet AOMAI ekt PR Saps.oftherefore,

¢ AeRABENGPoVR] Andl Bk 1 | r '
“(detailed further %8?%&’5&,‘%&%@." %Iﬁlﬁiﬁ lg%mng}fbgcém?ms may be

detignede dor arevidn cenfficichie| pregibis| itfapsmusion v eppprtwiéssi ag well
. ' i STA. 015 he. Al al so.

offerb RATRT B s R Aoiflol Kt G g

[00153] pr oviideoClexbmplthathe. Ahepdfsidalipt inddispelds TRYIMO S QilbSen  its

t hese f eeéllback opportunities to provi de30

transmissions (at least every TP ms, where TP may be a fixed or variable parameter).
Each STA may also begin its polled TXOP with a MIMO pilot that may be used by
other STAs and the AP to estimate the channel. For the case of a transmission to the AP
or to another STA using the Direct Link Protocol (detailed further below), the MIMO
pilot may be a steered reference to help simplify receiver processing at the destination
STA.

[00154) The AP may also provide opportunities to the destination STA to provide ACK

feedback. The destination STA may also use these feedback opportunities to provide



rate control feedback for available M MO nodes to the

transmtting STA. Such rate control feedback is not
waledosnaxd3i n | egacy 802.11 systens, including 8BRI/1S2004/034063

| (e). The introduction of MMMO may increase the total

amount of rate control information (per M MO node). In

sonme instances, to maxim ze the benefit of

irrproverrents in MAC efficiency, these may be

N e

cdRfbP WedbackPRCHt Qdfihed af Weoann sgethag Uhtnginkog023TAS. The
Each STA may begin its T with a preanble followed,
intrydlastlpeqlfé‘éé\é@ waY dcresse die toted afornt gfqate confral information (per

MBI REEL ot RRhBS o Bl (R e, el ah in MaC

efficfehey, @itse MbADea0thpligicptadivyaipht tute edninot fietlbarkof
duration on the nedi um of TXCPs for.a, s
[00155] MAC Apeiher iaspest vilfroduged hpreneRpd, defailed b %ﬁ For I ;‘?acklog
i émgﬂ& b ?&eﬁt?hr%%? Ffﬂk@e BAYSTR IﬁM%l 1 16 TRRSH H’Pﬂl aQhreamble

nay use very eru es to proportionally share
fdllbe/eaegilaueqmsted rddrangn pHthe Imextr’@éOBs {Thisfinfommatien S Testined for the

Aﬁ‘h eTlQ ‘P‘E&ﬁ‘f ggggﬁj ’IEW ok eCh | ?%ﬁ&eﬁe@s ﬁ&gﬁ’ %B%I s‘% & different

S'ﬁ‘ﬁ@%d' BiteiYiaks ﬂ{eeal?ocoﬁh&E‘%@ duRatidi€ oft URS BHeE R 60TXCAPs for a
annel nessage fromthe AP. Designated Access Point

sybsens6] TRDMIPEH frmesa tigteryal. aThe 4P medyense, difiergnt Rigntity gRaR0S rules

. 0\/&‘] %mét oper Z%{a?enthﬁ E%egé‘ﬁlﬁ O\/r\/lﬂ%&]%g{lseg\,g}}g%ﬁ]ﬁzegﬁﬁe}scog%lp%{‘tlonally
SIR¥S MY Bredfudn Acordifd tb ake @d:cﬂ%st@cﬁdii@@he SFEA(SI Any culidr escheduling
fiber, DSL or T1/T3, Ethernet) or T.}e‘ﬁ%,ertalnment
e

teghmigus maynalshpe deplowed. ¢ e rallggatiops rfafyfhs s dgt fheenext TDD
il e?{/ 1Lhe a%%é i Pb J‘%’g?f‘% d oD thii’)ﬁw\ﬁl%&age from the

&Vites ' the né en no true
A®xi sts, stations may still conmunicate with one
anot her using techniques |ike the D stributed
Coordi nati on Function (DCF) or 802.11b/g/a or the
ut ed Channel Access of 802.1 le, as
%ﬁ 2L PBin*P As detailed further bel ow, when
addi ti onal resources are required, nore efficient use

oonse 0156 RS SEREP. A SR PO bR i o

wathb@€a t'ﬁiér aR¥ATPOIf. Whed Hanr NPk romaly id hfaﬁrelﬁe Bénnected, for
devi ces need to communi cate with one anoth

eDNIPITMO 20mirpdnfAt Sineatospectiont(ee.)cablenfibei Qséa@e"f b Thekithernet) or a
t
h{q%le %ﬁﬁ%&%&& géig,e a#&)ﬂﬂ?{) <Eaht grélg%?t % f‘gg Wuﬁeﬁnﬂgﬁﬂ( for the

i/ iof @atedlomdhdbdtivedn d%ivmet lmtthe@é@%)fk may be utilized
wth_a deS|gLrl1at ed
[00157] When no frue AP exists, stations may still communicate with one another using
techniques like the Distributed Coordination Function (DCF) or 802.11b/g/a or the

Enhanced Distributed Channel Access of 802.11e, as described above. As detailed

further below, when additional resources are required, more efficient use of the medium
may be accomplished with a centralized scheduling scheme. This network architecture
might arise, for example, in a home where many different devices need to communicate
with one another (i.e. DVD-TV, CD-Amp-Speakers, etc.). In this case, the network

stations automatically designate one station to become the AP. Note that, as detailed



access point, and may be deployed with centralized

schedul i ng, random access, ad-hoc comruni cation, or
w@popsosaths nat i on thereof. [00158] Certain, butP@DUS2004/034063

necessarily all, non-AP devices may have enhanced MAC

capability and are suitable for operation as a

desi gnated AP. It should be noted that not all devices

need to be designed to be capabl e of designated AP MAC

capab| lity. When QoS (e guar ant eed | at ency), t;bgh.
belee @ghpiaptive &qo@dm@m Em@ﬁ@ly (AGFY may bamtilizad it andesignated

t.he..d
DESERTEL Ypl 42l O Ser By el SRR LR Bttt sy ac-hoc
comatunttatiog vabey cdihbioapabheicby W |1 general Iy be
assocjated wth devices with h:jgllger capability, e.

[00158] yj t h (5@ bURAE Nepesearttalls OB flevicen angohave eml&p@%i MAC
ﬂ?aggﬁﬁg 2Rl 2RI Porap e aBibn b E‘Elésg%rﬁa/té L£A a]' Vlfslﬁﬁ?d 800t that not

hroughput requrrenent. act or
aHeleects mepddo desleggatdeid bR apalde df tledigrededd AP IMAC dapdtolity) When

QPolrie TGt IBEStr BERCHOUIEHE AU RHIsaek crifil, it may be

n@&@% ktat ¥ne Sfthe @exﬁc&%hﬂ heaRev iR e cBpaIc bt (fb%lg{ﬂhtﬁ@ glq)ggatlon.

deo source or a high definition video d y. ]
[00159] eqU| dpedmeinsh thae siesignated] AdP cepabdidy | willy gel{eml be} amcatted with

SR DB 5. P o TR R o, e

nibhbet bp Adlehiiaé. adiorV RinseiiGre€s o dhatBat 6 high dRSughait &éitﬁd%ment
performthe follow ng: (a) establish the networ

(Bﬁglilen%é?‘%ﬁp@efOSé@Ie‘(tBSS) designateg)AR ate deteilesr frtherbeigyy Thus, a
15\{7 %H& rqgvfc'e cft Qse%CR)QV c%@ﬁd&aﬁ\ ﬁ@ %%%ilnog %ﬁlfrdened with
t wor t he

guration rnfornation
demgqmml AParapa‘thtyt] evhife ci high-end idbvité eudheast hlgﬁ;bl)d vidw source or a

hﬁlgff e.conn %{to&%{%}l gg@gﬁgdn ﬁgaansm SSj o?a(spfiblllty
[0o160] Channgh nBEQQHQtwoﬁQ kh@@é&?%ﬁteé%ﬁ‘)&és%bmye r§R)of LOMIALP and may

adni ssi on control for (f) wvarious
optayrnot haret fedneed fﬁh@m@h@hﬂyg Aatverigs embodimphienedisignated AP may

hi st i s d €. ch [
it ThenfofoRing oy o aBlii e aF el BB R ot (a0 ID: () set
nBAR! tﬁnﬁlf'% wl @dhshittielet /10egbn§ Bhd NEbadR@4tOMManh810ABAET) Aetwork
nmodi fi ed Physical Layer Convergence Protocol (PLCP)

corafigieptiqnsingamatipe {ths 5 Gl rm}t fefinesqraanositiondcthe medium until the

GRTBERNC R ARtect HRhedin® h3OuARRI S Bl Qlonl 5 AREDn the

netwains kiag adoswad Cormred Chahdret (RECCH)) e(d)omanaltge g&toalahaﬁ,e(e) provide
hat can be ations (includin he .

S’é’ﬁeﬁ’@ o,;%; %20%@0%{@@/%&8@@%‘ qtheyfupstions o The fsigate AP

ﬁ&ﬁe&%ﬂ%@;ﬂﬁ%c@%%cﬁ@&h&o 9r 3 ttp?? S %Efl 'ﬂhn% algorithm. A

associ ated wit iven priorit r ow. Alternately,
singple ewheaulnlsmay be queyedt am exhunpae of)whmh mdem;bdefqnnlmfoelow
[00161] ¥ |r g\r/lv Sodifred sﬂ\ysma r:yycte Cfor?\;ergen e\ﬁoto@ | wﬂéﬁs I%ad&t is detailed

below w1th respect to peer-peer communications, that is also applicable for designated

APs. In one embodiment, the PLCP header of all transmissions is transmitted at the
basic data rate that can be decoded by all stations (including the designated AP). The
PLCP header of transmissions from stations contains data backlog at the station
associated with a given priority or flow. Alternately, it contains a request for duration

of a subsequent transmission opportunity for a given priority or a flow.



[00162] The designated AP nmay determ ne backl og or
transm ssion opportunity durations requested by the

W@ @bi8ms3 by "snoopi ng" in the PLCP Headers ofP@l/US2004/034063
station transm ssions. The3desi gnated AP may determ ne
the fraction of tinme to be allocated to EDCA-based
(distributed access) and the fraction of tine
aI I ocat ed to cont enti on-free polled (centralized)

based o col | ision r_oth con tig .
[00162] rreas sffl S*ﬁﬁ%teg gﬁna"‘t ede Wﬁn’r’?ﬁy%%@ & (?Iugr %81% bpprtunity
dursieUb§lestdday Mkl LaRLE HybaRSHYikt Mni the PLOPOHEAdRS df0all station
the requests and schedul es themin the contention-free

trqpemiisstbns Efha desgnatehABunasr etermingybe fiapieriolime fope allocated to

AR TP Ao R TP R e

pdIRAYEHtrafz ) SbeRObOLI AR 168Y collisiohs of ethet carbestrantémsures. The
one station"s transm ssion to angther sta

destengted AP maygpn gapdimentasy sehsdgler At allecgies @%ﬁfﬂ%ﬁﬂ} 7 jrgportion
o&he g&@gf e%{x LURaiRs ﬁ?@ﬁpﬁ{ ﬁlg RERERR ﬁ@é:ﬁ&id?lg Eﬁl@ﬁé&“s}chedulers

cting a designhated access pol a hierarchy
arepyrrbtted beshadndndaidét Ghakscieduled thnaaissions mipbé shrveneed by the

as access pai e fac ors that may be
d@i‘%’é?"ﬂdﬁ‘%?’é&‘?éﬁ%?@% esi gnat ed access poi nt
[00163) | NC! Adﬁesﬁgiﬁtécdoki’%\ﬁ Got %@)re&iﬁ% RV&dho! biftestafidl’s hﬂaﬁﬁﬁi’ssmn to
preference level; (T) securlt l evel ; (d) capability
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ilit X transmt power; (g) to break a tie
A%dﬁ%bb pért’lﬁm? o &I?%rs Medi um Access Control (MAC)
[00164] 2ddr @asen §dlctink! £ dedipuite® JRoaermsntp hidrdrcayymot bercreated to
factors. [00165] In practice, it may be desirable

detpmnige svhjehdevicashquid [serve cist 4caess yaomsc A eEnle dagiors éL%thl@ay be
mg:?%)t re%%cg{ ¥ feit%ﬁng% d@% acqass%m intt ch th%1 ?olfo%ﬁﬁé V@) 8kdr over-

ridé}t @)NaEgha piedireree lead; (Hh eechﬂtyt tavel; r(d) roepfélllw@ line power; (e)
sensitivity. In addltl§ f(_jes gnat ed AP mé:}ﬁ Bag{ ”
capagity: la%lrférﬁftan ( ocap ity A% E)SPREPYCTARS) >VP a ue
bgk%ﬁrgn R¥né? fal Mgﬂfﬂﬁ[ Aoesit @Bht?(ﬁsfo Sfdadsh; (ﬂ)uﬁﬁﬁ device
can be assessed and exploited to al he network
pdvyﬁadionah) anyrebarfhsétger e as stations are added and/ or

oonas T BEOHO s LOOREEL P B REST SO RPTL RS B e

hi¥d the ekt ArdfatORx @I‘@@@I&n alecte ABle tBasteitealpeRtions with a good
connections, 1n general, are detailed in the next

ShBOt ilngehrstlothe mere@ntenap eiplimhaas, thadetisifhe regeive sensitivity. In

52 BT B AP P RS EHBR 0 i e

nfHche ﬁéﬁﬂl byna ilge | nuethier afiditations. adthesc attnilgesecarnbe ARdessed and

not . i nvolved in
exploited to allow the network to dynamically reconfigure as stations are added and/ox

moved around.

[00166] Peer-to-peer connections may be supported in cases where the network is
configured with a true AP or a designated AP. Peer-to-peer connections, in general, are
detailed in the next section below. In one embodiment, two types of peer-to-peer
connections may be supported: (a) managed peer-to-peer, where the AP schedules
transmissions for each station involved; and (b) ad-hoc, where the AP is not involved in

the management or scheduling of station transmissions.



t he managenent or scheduling of station
transm ssions. 33 [00167] The designated AP may set the
wOB@s08EBE | nterval and transmt a beacon at tPEI/ESEN4/034063
of the frame. The broadcasB3and control channels nay
specify allocated durations in the frame for the
stations to transmt. For stations that have requested
al l ocations for peer-to-peer transm ssions (and these
requests are kngp to the AP), the AP may prow
[
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elCsvly SAfqyresempler wish efery MAC EE\ElGW rel ess LAN
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indhsatodin therBEHomd: HaCHmayutieg Siechpli(@d Baticns gnast Peuetrpeer-to-
d
Pk ATGHE I d CAPOFACHRebE, B BB/ prooturcs of i

[BEE 'WirklestghAN Sdaday S0RY 1 heaynisgobiidied do @kclodel thrgrefidrement for
the req eda plication dela modi f1 ed MAC
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b e Rty e

thit MRypbe occupssd exnalstationlih tht A+rTCHsmay bk éadipatedhén the BCH. For

oGPl e, VB Y sk ih GRBRE bl ceay may be
nEgHtiatbﬂraccéﬂﬂﬁlgjt@&hQﬁQIl@é'ﬂ APliERonURPayt NE nidagiReviad MdEwith an

pilot to allow channel estinmation and facilitate

AdBRBdsAemanbrion fuse NEthFgth traeodPsand HesignauadPenis dstgilod durther
Qlﬁ ‘?l?res%‘i?oi?ﬂ? z%esn gnated AP receives all requested
['oca S

in“a'given MAC frane, it may schedul e

[00169] t hesé&n bAe ehibodiBndng ahil GidtedACMIMEIDBilotNaL e ehdbdé all 8tafions to learn
control jnformati on does not have to be included in

thenghapgebetpoen ’?}W}nSPlﬂ%ﬁ%d &%@@snaéiﬁmg statiens cHeg amayr barageful in
st Fs&ﬁﬁhlm e]IﬁIrﬁ'lﬁi‘ G 5‘& 7 {?ﬁg usdthk Shst eérgghfgﬂ;@g%te[ﬁ allow

col | ect e reg U at1 ons or t
chéa@el estimmtian @nd dilqdlihte siembéula@g'r efjtht @ CC3f fresit which allocations can

I te d, th hedul
bf grtith s Ol e fesieiet B Eediicsoall Syt loBfoB i £ Biven MAC
filathel Rembry Eeiddandthbie Rl ks, eiﬁ{ W@'ﬂﬁl@é eNotér Riaf ¢hte control

if Total Request ed exceeds Total Avail ab
inferuaipnetpes noiduae iobssincluded in the FCCH.

[00170] In one embodiment, the scheduler may perform the following operations: First,

the scheduler collects all the requested allocations for the next MAC frame and
computes the aggregate requested allocation (Total Requested). Second, the scheduler
computes the total resource available for allocation to the F-TCH and the R-TCH (Total
Auvailable). Third, if Total Requested exceeds Total Available, all requested allocations
are scaled by the ratio defined by Total Available/Total Requested. Fourth, for any

scaled allocations that are less than 12 OFDM symbols, these allocations are increased



are scaled by the ratio defined by Tot al

Avai | abl e/ Total Requested. Fourth, for any scal ed
w@bkdosoztisdons that are | ess than 12 OFDM synbol BCT/Uk®84034063

al l ocations are increased344to 12 OFDM synbols (in the

exanpl e enbodi ment; alternate enbodi nents may be

depl oyed with alternate paraneters). Fifth, to

accommodate the resulting allocations in the F-TCH +

TR by TR TS B STl v
ddpacyc@rviatfl SlerRAt araBiRRrdY THRY, 18 hc@nirhfButd fhe eréﬁﬂﬂl}r n%f&('%gtions in

fashion starting fromthe | argest. [00171] An eXx
fhe| BrskCriat & sRtT{d e #Bp dixeesst OFDM shashnls iod/or Gorasd dimes may be

' follows: 20, 4 48. Thus,
FpabER LRI oB 1Bl rsst haro [ 5P FRY PP Sie symbol
£0. tin¥ Broasdwotin fahion istietiguRé thd REpesequi red is 0.2

OFDM synbol s, Then, as detailed in the third operation
[00171] a0y e{i}it%@@@ap@&ﬁaﬁeﬁ dbaerbadingné justsdesgrihedo, Chesidesallocation

' [ hen Teukd hyop ti an I Qqcatio
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Ayslabtd of). Atidi asgrmdihat theigsad tinhd ©qairédis 9. 220EDM§/mbols. Then,
all ocation is 93.8. This neans

d. ti. h l
FrBen oy J5H poeion Bt e el elaaignsaisy Aboih 3. 36. As
ByaiRHah ke Bukth P eiahin LBSRESE all&?qa)_lz SFYA 81809 13 }ﬁgb According

at atime, a final allocation o
tgether fifith @perption,. adding tlal reyised albgatimissarmsintheOgBrd \tithe | the total

BR3P 2000k B0 A SRS I .

stdrtinBedtahe faodest, bed BERvaorealynibel YOI tmb, 1B 1FBMbEEP14, 20,
ated AP. Wien two devi ces

ssociate wth the design

135 3.2 ataingc (o (9t phRRsEebokFandRy B symbels Qo Suard times).

connggt,i ' ith | qw, l,at.enc nd high ...
o072 €075 R Y, Lok eh Pt L

tbpBeadondat iherB3S atdheet desiogh dingng. ADeliess 8066156 Wath the designated
AP may adm t or deny the

‘[g[gnhé%lp. Trli,ee desi gnat eg A .
n iTBR JeBEERATOCIpEE 1t a desigogied AR regrire# iQoiSzeonhention, e.g.
STV hikCi Bh YRS i f 2di Lm
i et ween beac?)dr% ldrtrééiy ygg@ gl gl ngso p gheﬁ# %%”E%%&&o%}‘eﬁ? 2{9'{%% the raffic
spedifigptiogNglealesighated & PEHDCAdmissipatoniroli The desigmaged AP may admit

I e.g., there are no excessive collisions,
oggg&{)ﬁ?%gn%ﬁgo%éqqg%; the designated AP does not need
[00173] t O pripHedaedlumoaiiFafidt isomffdaaly R, tﬁ@&&i?é‘hu%ﬁ&n of the medium

desi gnated AP may continue to ronitor the nmedi um

bgyaen Psagonp sy bei sst esideniyr EDGA ep@rBm hugiESMIAICA. If the EDCA
¥ ASIL.SSJ .. Ba n observi.ng the nedi u
AL SRR - E0O8, ) FEREE ARSE L Wt
d\jﬁyaﬂh@dﬁstgﬂtﬂ% dodshet teditg pﬁivﬁfﬁ: f&o‘f@%atﬁﬁtfﬁﬁdﬂoﬂg S
en operatiLon Is not satli STyl ng t e requl r_e
001741 02 TP CPEERA AL Tk FoiSRAFS BOROT ARy msdser viinaHen by listening
td FRNUSCP Reddef Jr&RAThGAnSRRSLAY SBQJedro%Go%ge?n%g the medium, as well

dur ati ons,
as the backlog or transmission opportunity duration requests, the designated AP may

determine when EDCA operation is not satisfying the required QoS of admitted flows.
For example it may observe the trends in the reported backlogs or requested durations,
and compare them against the expected values based on the admitted flows.

[00175] When the Designated AP determines that the required QoS is not being met

under distributed access, it can transition operation on the medium to operation with



and conpare them agai nst the expected val ues based on
the admtted flows. [00175] When the Designated AP
wa@ledosshiaes that the required QoS is not bei ngPEEUS2004/034063
under distributed access, B8 can transition operation
on the mediumto operation wi th35 polling and
scheduling. The latter provides nore determnistic
"latency and hi gher throughput efficiency. Exanples of
éﬁﬁh %ggra Hﬁ@'are etail ed taéther el ow. . [.00176] .
18 ARG APPAPROEr ahlS dath PYAssEReR dafeErmisigtlalgncy and higher
BusH&Rdy. (Exafladi Gt é#‘e?d%foh%ké &&8ledIRRAGHeRRy. aS
a function of the observation of the nedium
[00176] ut i | | Flaus, edaptiveltiansition Srone ERGHs (distributad aeeeis$ seteme) to scheduled

rvatd on _of the transnm ssion ort uni requests .. .
RERTERL] St g 4 LRG3 5° SRESHILORT dpe AR Sutizasion,
cllisiend, Son@aiiots tas ekl 4d, @sdPaiohloTWEe FRNRISSSIEBpRYRHity requests

00177] As nentioned previously, in any enbodinent
e fransauiting stagpeuand pesparisen iof itheatereests againse admitted QoS flows
' is described, one of skill in the art
@ff?éﬁg@g éﬁze that the enbodi nent may be adapted to

[00177] oper aAe wiehtiomedt pueviawstEs $n paiyntentodimehe s dgBaé®E throughout this
acc$%s. oi nt. A designated access point may al so be )
PEFHGHR FRFFORD aeqesT Pt Hedeagiberd) eve plovkill pn therart wal) recognize
m@ﬁ 1 . i i 0 t -
OECHECEAARRGHH S EABLIR LS PELUULER RS Ueigute
aoedsi peini. o olesignatd eotess feadrmip-aBeche Tepognd ssd/onselected as

A58 A5, 5 A PPREP cheRgin et blotpeoh TBGlading Protocols not
desestedrit @liis kpdclfRiaAtibh, ¥ a8 cathbiaWorPd¥Srstbbols 0 transmi t

data directly to another” STA, w thout sending the data
first to an AP. Various aspects detailed herein may be

BAPRESCer fnddiSsidh bl BEEG 1 PRRo IR DS 00 6" O
adapted as detailed further below. FIG 17 depicts an
exarrp‘ike (iJeer_-to- eer communi cation within a system

[00178] 100. M 494pabedy AhpYCe, Pesyde-prRr 10T, SimlE hrefegedodo sasni“pegr-peer”)

. W .
RSN SRR Rfuhdball G diredy BIRRMEESTR, i sending
thx datal Brst to an P, sVadousbapese detailed Bédinamndy UF adOf&d ife use with
il strated%..UTs 06 nm rfor ggly conmuni catj on
RFCHEERTS) TRRETISHBN-1 4 OB eiiboximenly thedairert Ly igiase} &1) may be
4daprbd Ohs hae¥aledo s R¥ apnb®. enpredi Wnﬂ%ictg te)kwaﬁlglecﬁ eer-to-peer
hnage

peer - peer connections may be supported: (a
qeavpupeation withinhd shistemel 0P dic Keid Ldxemiple; apgtamnsHI0 vehiflomay be

TA j.nv . d- hoc, J ich. the AP is
85 AR SRR 5 e R A B s on o
dﬂetaIE"S :fb saﬁomelfs (in Ais exaegi g eRhsniiBdlon BEteee T 1 6&A af8 UT 106B is
.bo €s 0
1ﬁustrated¥.p UTs 106 may perform any communication directly with AP 104 on WLAN
120, as detailed herein.

[00179] In various example embodiments, two types of peer-peer connections may be
supported: (a) Managed peer-peer, in which the AP schedules transmissions for each
STA involved, and (b) Ad-hoc, in which the AP is not involved in the management or
scheduling of STA transmissions. An embodiment may include either or both types of
connections. In an example embodiment, a transmitted signal may comprise a portion

including common information that is receivable by one or more stations, possibly



connections. In an exanple enbodinment, a transmtted
signal may conprise a portion including comon

w0 pdoswosmEs3 on that is receivable by one or norePCT/US2004/034063
stations, possibly36 includng an access point, as
well as information specifically formatted for
reception by a peer-peer receiving station. The common
i nfornmation may be used for scheduling (as shown in
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cQftFol ipm Rect-Red GANHRS PRt SuchAp!s CRRrelmaay bsdpltefidr i ﬁﬁ?zvantage
[ rmany nunber of sets and subset sin
Of\?ﬁ?ﬁ%@%ﬁl rrerlftteér%t s. [00182] FIG depicts a prior art
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nodul ati on format for "data transmitted as data synbols

inggus pobeddientst G 19 depicts an exanpl e phyS| cal

[00182] tfz‘ﬁ‘gm?.gg £h rp%é)tgg pnwg ft&h@éalq% %ﬁ%‘t’ﬁ% oI fHile BRFG may be

tragsatieed, Y8ROwemYy b)(Phin’iedl Udgek, CoroleteneciPioyocal Heeder @HGEP) header
transm ssion, | abel ed P2P. 1940. P2P 1340 rra
1820vBVi-epasy| 892- 1o sostems defineny kel uadery FChg M‘fﬁ/dype and

rlodliBuibe % &g%%_%orjcﬁﬁotra{fﬁﬁﬁlt&deas'da&l g%%élsﬁ%'zouse by the
recelvin uture transm sSion back to the
[00183] sendFbg. lﬂ'delﬁam enfexentipicphysiyl lagergmmstr Hloédwihrchrm@pbm deployed
to a previous.transmssi.on. fromthe r
Fercp o RO SR o S Dot SO 4650 By EER e Tl 1820 may
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modul ati on for nmat r the peer- peer connecti on.

compnsma PEDAD alot | 2efor ge by thesige¢iving WPHYMIMQtrate dmdback 1920
t h, AR
e B Ay RRAE PF f BS B RIREL YR 3 sncing

URt Rafeceedtack nﬁﬁ?ﬂ%jgdi‘iéfdt@i A Rsph@se td Heebvinalsavinsmission from the
Al ternate enbodi nents of physical |ayer transm ssion
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comaotien. SNotythite pi@/}sicalylaylertbmlrsi;mch fy PHN] torstt1960, may be used with

durations in the
managed peer-peer connection, as well as with ad hoc peer-peer transmission.

Example rate feedback embodiments are described below. Alternate embodiments of
physical layer transmission bursts including these aspects are also included below.
[00184] In an example embodiment, an AP sets the TDD MAC frame interval.
Broadcast and control channels may be deployed to specify allocated durations in the
TDD MAC frame interval. For STAs that have requested allocations for peer-peer

transmissions (and known to the AP), the AP may provide scheduled allocations and



TDD MAC franme interval. For STAs that have requested
al l ocations for peer-peer transm ssions (and known to
wo b@shB)33 t he AP may provi de schedul ed al | ocat PORES2004/034063

and37 announce these in thé7control channel every TDD
MAC franme interval. An exanple systemis described

above wth respect to FIG 15. [00185] FIG 20 depicts

an exanpl e enbodi rent of a TDD MAC frane interval 2000
including an optional ad hoc segnent, identified as

mnpensesihess tthe conkel shanperavarys EPD MHAC dremeDbtawed  An example
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[00188] FIG. 21 depicts an example physical layer burst 2100, also referred to as a “PHY
burst”. PHY burst 2100 may be deployed with scheduled peer-peer connections, such
as during R-TCH 540, or during ad hoc connections such as A-TCH 2010, as detailed
above with respect to FIG. 20. PHY burst 2100 comprises un-steered MIMO pilot
2110, Peer Common Control Channel (PCCH) 2120, and one or more data symbols
2130. The unsteered MIMO pilot 2110 may be received at one or more stations, and
may be used as a reference by a receiving station to estimate the respective channel

between the fransmitting station and the receiving station. This example PCCH



2130. The unsteered M MO pilot 2110 may be received at

one or nore stations, and may be used as a reference
WhP008/08%8%i Vi ng station to estimate the respecPCmES2004/034063

channel between the transnid8ting station and the

receiving station. This exanple PCCH38 conprises the

following fields: (a) a destination MAC-ID, (b) an

al l ocation request for a desired transm ssion duration
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e Co ornation e ta portion
’Itlmis tpbetidnr afistite Ssadmissidiusgs cad@brateandingf to nate Ridvitrol nsformatlon

2100 i s, recejvabl e by Itiple surrqundin tati
cfiberided, eths deipporian o be Fafraission [10%%-c4 PORIgR of ghe PHY burst
I [ d
21045 LB AR R e USRS gy i

1s1‘myloted for efffisient trmsnasiuai foama oe tholsy speaifiseersBeep gpmtected stations

t ed
3, 3, TR By BRI U0 A ey o
e #kRal m"ﬁ@c&ﬁﬁfﬂé'vﬁtﬁﬁ@@@hﬂ@ BéniRttién RY OSMAICA contention based

conprises a preanble consisting of 8 OFDM synbol s of
pueceduxedred MEVI O ref erence. A Peer Conmon Contr ol

oorson 2 oL PSSEpMRCRY HIEE s IEES, 8 i or

OFDN Rahbds BPSih-stddred IWIM(D Refesent2. bAtReer Mongndm Control Channel
al |l ocation request is | ded _for .rece 0 t
P M PES Berder 8 inFIIEh B AR bTS R PV SHELS, using

S’Inlgg 'h?{&% éﬁlg]r%HédT%(mﬁRaI{QP” BPRKT eAHESTAC-3D 29 62 BROT An GFMAllocation

request is included for reception by the AP for a desired duration in the next TDD MAC
frame interval (thus the maximum request is 256 short OFDM symbols). The TX Rate
is 16 bits to indicate the rate being used in the current packet. The FCCH subchannel
preference 1 1s two bits, corresponding to a preference between up to four subchannels, on
which the AP should make any applicable allocation. The CRC is 10 bits. Any number

of other fields and/or field sizes may be included in an alternate PHY burst embodiment.



is 16 bits to indicate the rate being used in the

current packet. The FCCH subchannel preference is two
wWhRa0s/039a63 r espondi ng to a preference between upCT/US$004034063

subchannel s, on b which théYAP shoul d make any

applicable allocation. The CRCis 10 bits. Any nunber

of other fields and/or field sizes maybe included in

an alternate PHY burst enbodi nent.39 [Q0190] In this
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schedul i ng station, would need to be able to decode

reqieesipg ellegntion ip genanagad icornsapen. Sphybidhethe g s tother scheduling
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request cThasa of eltilldn tearedilcieacyntde myraddltekat2Rdest dtiRnisms for

[ ansmtted fromaqne statign to another_in .
S&ﬁ%ﬁﬁl&gne%ﬂme% craystony o8 friaed shagal f ofindlask 3330, data is

thsBitBER BBRE ond 5RBELE Do dRbthet $n tarc@&ﬁmcgt %h %t gatécf"%ﬁsmission

and paraneters as determned I n accordance W
fowaater divethis exsmplesiteed datel iMOrauisiitted2dsifg ratbosml phrameters as

ill in the art w.,l recogni ze varjou tern
i p ' sPorfitve it e SRR 2 e MO BRE £110. Those of
sREPTT the @ft WilllBEtinizelvaib 2 itdmhdte nandRP iiehsn@ka MkLtailored for a
met hod 2300 for peer-peer comuni cation. This ‘exanple
spreqifie e 3per Fhanpek r at es several aspects, subsets of
whi ¢ I ed. i 0. an ' enbodi nent. The .. )
roo1sz) 1 C T oo o6l SR Pt Bl S BB e bl ffacion.  This

dabmple @3HAd 2300 tiihakrates Sevtadlaspedts, SseSTHF Whiah 8f2§1be deployed in
proceed to decision block 2320, |f _not, proceed to . .
By gEverogrerdmgni cHheorrresh Peginh it decjgien block 2310. In decision block

B9 ERL S Qta, fo7 @T%E-Fg‘&ﬁ%%g%’ %%ggeﬁstot IR on i)lfoclgagii./o. If not,

Proceed to deci sion re the process na
pregeedtto ioake2 A70rndgperorm ey Sitioar thpeo ok c@Bifinicatiort, kcluding other

i85 Bifes Tl STt &0 oo Sk 360 S arsormy ropeat by
réfeding fo ddasiBERIbelOePI0, 6PIHRYEIded mby stop. P schedul ed or

ad hoc. If the transm ssion is to
[00193] In decision block 2320, if there is STA-STA data for transmission, determine

whether the peer-peer connection is to be scheduled or ad hoc. If the transmission is to
be scheduled proceed to block 2320 and request an allocation to earn a TXOP. Note
that an allocation request may be made during a random access portion of a TDD MAC
frame interval, as described above, or may be included in an ad hoc transmission. Once
an allocation is made, in block 2350 a STA-STA physical burst may be transmitted. In
an example embodiment, method 2200 may serve as one type of STA-STA PHY burst.



be schedul ed proceed to bl ock 2320 and request an
allocation to earn a TXOP. Note that an allocation
WO e@ame313day be nade during a random access poPCT/U82004/034063
a TDD MAC frame interval, 48 descri bed above, or nay
be included in an ad hoc transm ssion. Once an
al location is made, in block 2350 a STA-STA physi ca
bur st nay be transmtted. In an exanpl e enbodi nent,
nmet hod 2200 may serve. as one
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dpﬁgﬁéﬁq algcms rte %?ﬁt?e geea%a%c ¥ aS%‘r%)I tg>rb Ergg&eeﬁw %12440 STA 1
rbdeARE N SclREnRA! AldkAtion 88 c&&eﬂdseﬁﬂrrved‘anﬁmt Bpp@TunBYAfdr example
transmts to STA 2 data at a rate and npD 2&8}2@ 11 "
duoingey- TEEEL. ePneae Hansmit eRpssHEEY Has ‘P%?P@alrﬂég»o% ¢RO- 2%y 1 transmits
té gﬁg’gﬁaﬁg 291% r}q Igg‘ticfnafoﬁqaﬂ (ﬂ:té: %bedﬁ n&eto rate feedback

app 0 various e
wnhl be readlly apparent to those with Skl|| |n the

wwron o A el SO 5108 iR i v
f otdlﬂﬁént? &ls Q¥ l{quécﬂﬁil ég)lafént ?{ﬁh@?epwﬁﬁ skingh iRdar? 586me examples

ustrat’ing managed eer connection between two
1ﬁtca‘p01rat13g SEApder aatd: S’E{db@k anavelh as o8hes espesith ere dgigiled further

E 2505, STA 1 transmits an unsteered pilot as well as
Qf‘ﬁ%quest for an allocation. Data may al so be

[00198] t ' anSPid. L8 @epicts method 2500 illustrating managed peer-peer connection between
two stations, STA 1 and STA 2, and an access point (AP). At2505, STA 1 transmits an
unsteered pilot as well as a request for an allocation. Data may also be transmitted
according to an earlier allocation and previous rate feedback, as will be illustrated
below. Further, any such data may be transmitted according to rate feedback from a
previous managed peer-peer connection or from ad hoc communication originated by
either STA 1 or STA 2. The unsteered pilot and request for transmission is received by
both STA 2 and the access point (and may be receivable by various other stations in the

area).



according to an earlier allocation and previous rate
feedback, as will be illustrated bel ow. Further, any
wGeomkh/osiEsan my be transmtted accordi ng to ratBCT/US2004/034063

feedback from a previ ous ndhaged peer-peer connection

or fromad hoc comuni cation originated by either STA
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[00201] i ¢ h STA Gclirnsritsomse feedhradkoptalI3s, im aceagdanse Wish allocation 2520.
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o Q,%OZ éﬁf p accordance with allocati on 2515,
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38 ARk 0501 b BRSRE B it o hne
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measurement for the peer-peer communication. At 2550 STA 2 receives the data as
well as any optionally transmitted rate feedback. STA 2 may also measure the channel

to provide rate feedback for future transmissions.
[00203] Note that both transmissions 2535 and 2545 are receivable by the access point,
at least the unsteered portion, as described above. Thus for any included request, the
access point may make additional allocations for future transmissions as indicated by

allocations 2555 and 2560 to STA 1 and STA 2, respectively. At 2565 and 2570, STA 1

and STA 2 receive their respective allocations. The process may then iterate
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2&4@ O%TAKI re%cg%gﬁle ﬁarte £63BackSdbhténds! GHeE Thdre fhPdRess to the shared

eedback along wt
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feedback for use in returning a transmission to STA 1. STA 2 may also measure the
channel to provide future rate feedback. The process may thus repeat by returning to
2635 for STA 2 to return rate feedback as well as data.

[00206] Thus, two stations may perform ad hoc communication in both directions by
contending for access. The peer-peer connection itself is made efficient by use of rate

feedback and tailoring the transmission to the receiving station. When a commonly



STA 2 receives the data transm ssion 2645 in

accordance with the rate and nodul ati on for nat
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may al so receive rate feedBadck for use in returning a
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channel to provide future rate feedback. The process

may thus repeat by returning to 2635 for STA 2 to

return rate feed as wel] as data. [00206] . Thus, .
fet%glgfeaﬁ?%ﬂ% Ogﬁs?bl’ag‘?fb@r% High g the nisdgpioyed ithenp ag Rlustrated
ifR6RY! bARE SMAL AR SRELAINE ShfRRatoP a%&r I?l@agp%'d RfGffering on the

connection itself is made efficlent by use of1 rate
cliesnelbat kimms dknpwil torbiengpctipied t asaimdichted iinthe BCCHe As with FIG. 25,
ei%l%% ?1;1\8/3:3]2{] Sc%rar?tgl %e‘@ﬁ%&?@%@@@%ﬁ%@’% ibcg‘?a transfer prior to
tHRSRIPRY BRIstritB® la FBS. 24, |48 th Al Btuded 6 @8MimRJeeF-pef A6miRMication

access the information and 'nay avoid interfering on

sybsequedtdlynel Bhust | a5 ¢onobinatian bef cebeduledd ands ad hoc peer-peer
nd] d_in e. P . As with FIG 25, either nmanaged
c%@ﬂg%?%aglgn&ag@p%eg@ggmm cation may initiate data
[00207] tranFi6t 2prdepictd exaidite TDIPBALC| fitle Rt 0lali 7V06] Bust2fling managed
and may be used to continue peer-peer conmunication
PeSRE et Genmupicatay betwery saBems. Jathis gxamplechoththeddT@Hend the A-

j - | catd I . .
Ly LT r—
a9hd@re.i BeasiwBCHNSphimdaged the stort pdalie nemfaniec aCCHMG20 indicates

etween _stations. In this exapple, both the FT and
aﬁ%&“ﬁ&%@r&?ﬁ%@%ﬁ&%‘%}%c%’@@ﬁ %CCPIESla%‘éar%l.tQ Ewse aliocakens, STA 1

tradshif & SEW 220 aBs@tdd RS 1le INGE thal B e s%%%elg%%%b frame

/560 indicates the start of the next frane.
intoveile Alefs 248 hlbecateadsagmenir2 7368 dor wwemdingrtn BT tating e the various

I n accordance W.th those all ocations, STA 1 transpits
oo P ol i h e dne 350 RaibRaosr et Snstecred
pH&EEari DRI aht RRmbteéred \data, mB Be Zndhided!ih Qﬁ?tgﬁ@n peer-peer PHY

segment 2730 for responding to STA 1. Any of the )
laygirnh S BAORRISENS t il 4 Breligsatian 2720c 1§ T4o frapssnits to STA 3 in

r e . n i) . .
RO a0y AR s N AioRTRNS! et D% S RnBhisbi, including
nanyegi-peer pesfectiansy My beaineludbdiriat the JLACH.L r Adgitibhdl example

to STA 4 j? al |l ocation _2720. STA 4 éransrrits to STA 3
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peer-peer connection.
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ma§ Hb&idﬁithlilét@aéplbﬁﬁn APQ@B&i?r]ulth-Qg@iéy. STAs attenpting to

access a WLAN mat¥ o%/ two met hods of
[00212] Legacy STAs a emptmg o access a WLAN may employ two methods of

scanning: passive and active. With passive scanning, a STA develops a list of viable
Basic Service Sets (BSSs) in its vicinity by scanning the operating bands. With active
scanning, a STA transmits a query to solicit a response from other STAs in the BSS.
[00213] Legacy standards are silent as to how a STA decides which BSS to join, but,
once a decision is made, association may be attempted. If unsuccessful, the STA will
move through its BSS list until successful. A legacy STA may not attempt to associate

with a new class WLAN when the beacon information transmitted would not be



scanni ng: passive and active. Wth passive scanning, a
STA develops a list of viable Basic Service Sets
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c@ﬁelﬁi&pﬁe@&lﬁd\/\here | egacy signaling is used to
establish a contention free period. [00217]. Fol | ow
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aﬁge{ogalf rrstl)genratligfg techniques, in addition to these, may be used for establishing a
contention free period, for various types of legacy systems.

[00218] One technique is to establish contention free periods (CFP) in PCEF/HCF mode.
The AP may establish a Beacon interval and announce a contention free period within
the Beacon interval where it can serve both new class and legacy STAs in polled mode.
This causes all legacy STAs to set their Network Allocation Vectors (NAVs), which are
counters used to keep track of the CFP, to the duration of the announced CFP. As a



addi tional signaling techniques, in addition to these,
may be used for establishing a contention free period,
WO 200503018DUs types of | egacy systens. [00218] EXEUS2004/034063
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[00221] In bl dck 2850, al may contend

fontledsgacy fystenzo 'ﬂ?hgrttl]oms lwcy @ustergs dwt abledo commumcate during the
contention free period, to make requests and/or attempt to transmit. In decision block
2860, the process may continue by returning to block 2810, or may stop.

[00222] FIG. 29 illustrates the combination of legacy and new class media access
control. A legacy MAC protocol 2910 is shown above a new class protocol 2930,
which, when combined, form a MAC protocol such as combined MAC protocol 2950.
In this example, 802.11 legacy signaling is used for illustration purposes. Those of skill

in the art will realize the techniques disclosed herein may be applied to any of a variety



for the | egacy system This allows |egacy systens, not
able to communicate during the contention free period,
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(CP) 2906 near the end of the Beacon interval.

[00226] The example 802.11 legacy standard requires the CP 2906 be long enough to
support an exchange between two legacy terminals. Thus, the beacon may be delayed,
resulting in time jitter in the system. If desired, to mitigate jitter, the CFP interval may
be shortened to maintain a fixed beacon interval. Timers used to establish the CFP and
CP may be set such that the CFP is long (i.e., around 1.024 sec) relative to the CP (i.e.,
less than 10 msec). However, if, during the CFP, the AP polls legacy terminals, the

duration of their transmission may be unknown and may cause additional time jitter. As
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[00230] In block 3010,p1% schedllqllledyacgess?s:%esued, proceed to block 3020 to request

access. This access request may be made on a random access channel, during ad hoc
contention, or any of the other techniques disclosed herein. In block 3030, when the
access request is granted, an allocation will be received. Proceed to block 3050 to
transmit the TXOP according to the received allocation.

[00231]) In some instances, it may be desirable to accommodate interoperation between a
new class AP, and its associated BSS, with an overlapping legacy BSS, in the same

frequency allocation. The legacy BSS may be operating in DCF or PCF/HCF mode,
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hérBial WWariety of techniques may be used, such as those detailed above, to indicate to
legacy STAs the amount of time for which the access point is reserving the channel.
Once this period has completed, then legacy STAs may contend in block 3150. In
decision block 3160 the process may continue by returning to block 3110 or may stop.
[00235] FIG. 32 illustrates overlapping BSSs using a single FA. Legacy system 3210
transmits beacons 3205 (3205A and 3205B are shown illustrating the TBTT and the
overall Beacon interval of the legacy system). Beacon 3205A identifies contention free

period 3210 and contention period 3215. During contention free period 3210, legacy
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du%%?o% [ﬁ?e\fel}fgr a?&%eéﬁ{ ?alr gﬁﬁ{% @lsthﬁeh%]ie‘fh QPink Sk Odfnel, the

nore o e asp e rein 002377 I'n an
neexxaassI&P aahade mmbus mgmmlmg\nco_dnhmss Aporsapmple, CAS/RTS or a legacy

channel at tined erv .e,,. every 4 0 nsec the
qar%‘?ﬂ@né%"l%@a%?’z(é@s % ﬁ‘@ﬁfeldor 20 nsec). The new

cl a?uﬁ? fﬁ@&e@@bﬁ&@in@er@altilmr ant Oxd dggﬂél fRsti TDDIMA fame interval
%he channel for a desired ration, thereby

mgyjhc dﬁfﬁm asg?OIlaWS Slivst, |Snlgi abeadea phwsal&iH indicatiag ﬁhﬁﬂdTS on the
th h t h P
SNBSS gy g o

[ gﬂbt&B ROBWCIhe B TA S RVacghire BRY fdrem Iu{ adcvardté hredsure of the MHVIO
002

During the new class interv 3250, an exhn;pr)
chappelt Ipp qam@lpl@ smbodHpey,, grcellent per ormance may be achieved with 2

short OFDM symbols per antenna. This implies that the F-TCH in the initial MAC
frame may be composed of roughly 8 MIMO pilot symbols. The R-TCH portion of the
first MAC frame may be structured such that STAs on the poll list transmit steered
MIMO pilot and a rate indicator (for the downlink) with acknowledgement back to the

AP. At this point, in this example, all terminals on the poll list are ready to operate in a
normal scheduled manner in the next TDD MAC frame interval. The TDD MAC frame



may b e defined as follows: First, send a beacon plus
F-CCH indicating the UTs on the list to be polled in

wao b@sosrsent MAC frame. After the F-CCH, broade@sUSH04/034063
stretch of MMO pilot to aSlow the STAs to acquire and
forman accurate neasure of the MEVI O channel. In an
exanpl e enbodi nent, excellent performance may be
achieved with 2 short OFDM synbol s per antenna. This

inleBlsHEDaVEE b ar TED NS Hns MR pre mi] 85 Rsdiy lhange

daRPEdr@Matell bl R AP ﬁ&ln&dﬁf;y br deRedMRIquBs EisSlbiddHeasied such
that STAs on the poll |ist transmt steered MEVIO

[00239] pi | gts memficned abeve.rmfive alesy stetieons mpw defaplhie FOMAbaged operation

oSSR RO 5 o
sofRRebataE bof i @Iﬂﬁhnsﬁhewgb@d BRShder nothrdckiventhet néR:D[blass AP

MAC frame interval. The TDD MAC frame51l |ntervals
trmgmisgianng dheurhr easessobeMaE Q1f yeling desepihed aRpve Haighh @ot be

adg%rgg%?%ﬁ% SXEP 853%"1{3? %é% %‘é\; PMsd 3?002 g ('ESTQJH to peer-

’he tec nlques |sc ose el n.
peeEsicraoad above, new class stations may default to
d. oper at

B LT NE = e —
o%g% dtl%ﬁsuémge{}aﬁgﬁgeteeﬁmaﬁés Abc1b0a nelds, whild Bﬁerbﬁ&ﬂ%g with a

not recei ve the néw class AP transm Ssi ons) .
1ega¢ng&Sas’él$ probessOragbisf indylotk 3l G ederd bt &@bamggmta tO send

not be ant equ or eve | [n. the
tonae\ﬁ?cep‘égy %5@% Sfﬂ’ia?cc&@% aEﬂ1 %??C geel’ QeFeot pozlreé]? & ?S'r acoess
suc QgAY Eieestatﬁnd@%@t&eefﬁ@m&hﬁ WRBihe degat§Osibodl, such as those

perform ng hi eed peer er conmmuni cati on, using
g BBOY S IR 53, 600 G5t B TRFBISHILS ffFausst (along Wilka pilot) to

a Iségmgc; SRl g@% c%hfsﬂk 445 Yo E?isxﬁglﬁfe ot asa%c&%mg@ fhe pilot

ere a lrst avi ng atatos
trimmattedle COINE seBdiAd DA erxdsmite chaaed fsedbidk fol the Kir&B3¥DA. Thus, in

blBrkAiD) R dirHOUIR oGS & PEpRes Saigrhantel haagk talroadback,
fo§j %§£rﬁ¢ngfdh?‘918¥l§ 3350 leq:ﬁgt §]3§Qran"s1|91ﬁs fﬂhé floth steered data to the

S a request al ong w th a p to a second
seBIl stativm as:emdmg BTthei %ecﬂ;iable ﬂmblmh%ﬁ(é thermcm&"ﬁélmay transmit

e AhSR aofomn frcBridt SR RRY g PR EHRRR b for wseim
filiheCkan3sdQiohNTHd Kegicysdigdl QSed 10GBay @ ﬁedx@ﬁlﬂﬂm BlédkB 3330 to
channel feedback (rate feedback, for exanple).

33i0olokbe3@Bred Rt fusing: argTaf theakighispecd: feahmigyast anainlanprovements to

St eere I C I
B b 08 SRIPP i DRSNS ABeld e o,
aftyoef-béE M STAHrecobitlag bgelepioled aitimthy swmmfnh& present 1nvent10n
conti nued rate feedback for use jn_further

petjosdnshhesRIPesss maY eontaisds depisied n desipiqryblopk 3379 kY returning to
bi5B434), Bl oYL ORKS RR30 to

[00241] In an example embodiment, with peer-peer mode, seizing the channel works

according to the legacy rules for CSMA. In this example, PCF and HCF are not

employed, and there may not necessarily be a centralized network architecture. When a
new class STA wishes to communicate with another new class STA (or AP), the STA
seizes the channel. The first transmission consists of sufficient MIMO pilot plus some

message requesting a conmection to be established. CTS and RTS may be employed to



3360 to be carried out using any of the high-speed
techni ques and i nprovenents to | egacy systens such as
wa b@se3dsxscl osed herein. Once a STA has cl ear ePICT/082004/034063
medi um any peer-peer MAC p2otocol nay be depl oyed
within the scope of the present invention period. The
process may continue as depicted in decision block
3370 by returning to block 3310, or the process may
stop...[00241].1n _an gxa e enhodi i th _peer- r.
el A b 3P it FAhe e el Tt Lo hbE or Bt o st B8ifhin the
STARRSY IDUkRSSTAl MA\ID! And Hhe tegarylAs ME ENdf obwn). The

are not enployed, and there may not necessari lf/ be a
respersershpuld canigan e RSaribnet betrespendipger A Adily dloxsdhaPRAs to

SRS ARG S 5T bl s,

if §té@h@rﬁis 8¢ NNue shattsanefitsstderingi oot nNth\(bB 1oi beotised| insthis case,
sone nessage r uestin a _conne | O (0] e . .

AR BHege ARANEIORYS dysond BonEoedaresH elibgted with a

. resgkye time. The requesting STAs
def] §§%€§P%%§?uggﬂla§n ?ﬁe STAs BSS TD, -the STAs MAC | D

[00242) and Ashéest@begle wilhil AssphtiCol FIG.i 33, ka oguppnseThey ravnpam MIMO pilot

shoul.d contain the BSS LD of the, respondi.n TA. Jhis
E L TR SRl GoRBTBRRTRE R AEn LY Hetanehes Seoumed
ste@ﬁﬁ% F $BsEiB oY RhclE Ahk e HovRR e fif tHeaSTBAR beloh@ s tiffrent BSSs, the
vectors, if steering is used. Note that transmt

firgtt shesrédntyanpodssion tbermican the A (ba dnitistadnibs connection may contain

al t it .m e [
sRiIaD ot oy Yy b EIFRL R s a8 BT e phase
diftentBEbetwleOP 2 difRed BSSEl bed with respect to FIG 33,

a response may contain M VI QO pil ot (séeere , If .

[00243]  enplB s y=asmrls arbrAmaR; eags BA iyfal grchangss dave ffcyrred, steering

. g | . .
s RIS DORRREHA SRIgSHERE P B SUROR DGk
uplihle trimshsissigtse Baduse afisnésml procesingsieiays e c@putingatigenvectors

RETIEL e T R
pr%c%%szi%%s?ﬁ&‘%ﬁ esidnivBEiePhioRbsshRt VERe: thbQicdiihg QE@bis BSeSmputed,

A
I's exanpl e enbodi ment, once the rtnitial |
STAchay geg thase the cigenzektorstasethie ipnpmitpides sl e rippive side may

exchanges sh dhere .to the..SIES i nterval.: t
cofsiih 1oueaig S Bt APk el B (SRyiphf SBRRR matched
filRPtBRttion] PrORERSbAQ rdR! &itsrol AP bR Ufatiligated GeNyeRidaY Seedback
for steering, this may require that_ the STAs use
befyemn o ahAsq u’H?eeaﬂ*‘\ér insrval seEe plsecdstein prdgsdppthg STAs to

g Rt T o use & he i genvect ors

[00244] oOn tHE. t¥arikusttated deenpebrt bemmenieatien Sistey MIMOo iichmgees by
co}gg:g iirr{g:fgl;%a%\élevgsg .er.otgnexgasnlaggd) oandaa Flééaré% éég/va &1(11 tltng %xgﬁ{)fe,mlanlitiaﬁng
station 106A contends for access on the channel. When it has successfully seized the
channel, MIMO pilot 3405 is transmitted, followed by request 3410. The message may
contain the BSS ID, the initiating STA’s MAC ID and a target STA’s MAC ID, if
known. Other signaling may be used to further clear the channel, such as CTS and RTS.
The responding STA 106B transmits steered pilot 3420 followed by acknowledgement
and rate feedback 3425. Steered pilot 3420 is transmitted SIFS 3415 following request

3410. In the example embodiment, in which the legacy access point is an 802.11 access



filter solution. Tracking and rate control may be

facilitated by periodic feedback between the two STAs.
wab@s8sHS | nterval may be adhered to in order POF/US1004/034063

STAs to maintain control o¥&r the channel. [00244]

FIG 34 illustrates peer-peer comuni cation using

MEVI O t echni ques by contendi ng for access (i.e.

unmanaged) on a | egacy BSS. In this exanple,
i.njti aflitﬂ titgn 106A contends for access on the

: f

i.nj ) : .
P@HQHW@ paarity gndythysithe epspondinggafin 106B will
Mit Qo1 i3], t S t
o T P Y n Rlso R e of 495 34 may be
transigited SHEG @I from@chDvthadtoansiatagetorfbiof MaChhmdel il the peer-
known. ther Si gna{fi ng may be used to further clear
P SOHERICAHON 8 FENPEE-CTS and RTS. The respondi ng STA
00245] 106 Bl drei&ipleSertbdBh&8t, Rith Slimafr@irhdd R i
[ ! acknow edggqr?ent_ and rate feé%llback 3%25. Sgaergﬁréle%ccgm%){lmaybe
detgpgneds Btegisd rmilot 34B0s| Fdsayest footato fiedbackedi?ss andB 44 3435 are

. . di rEn ' ich the | Cc cess
ekl SO T BRI T Loy ¥ Fhabtfe BT 1ogHEG R@ordance
withehiti gbe fedpuckor Fallovaing, dith B35t fiR fe@?mmg BYASI@B @Ansmits

106B will retain control of the channel. The various
stesreh BHP iS40 red geknelederment agd rate aealrob445 alaswsnones initiating
staidrol P Ansffi 9 MeB26 i 1t B850 E‘o%o%'d%ﬁa& St ol of the
channel unti1 the peerpéer communication I'S conpl ete.
[00246] [ 0027k proesamaExampihe edndefihitebnos um torehe Mt dteGillowed for

f or .channel, occupati o be determ_ned. Steered
chanpel acegssy ,de%ﬁyéggq?}é e%ﬂ%@ delBdc kNgt shown Ay HG: 34, the
é;ﬁ&é' STAT ARy Mt P Mathgnd Bd irRfid i
rt e ;r%; pondi ﬁ’; STAﬁ%‘%OGB1 :Hﬁgaa%édo F}%Jletainlgttéétg\n%t ﬁ;ﬁn;?ﬁ?at%%smn rate
cangolipuwRll. Fbeéseslatarrggaieents B4Bbe combined syitnthosgsteta 4t (BE. 34 to

transmd.s. steere il ot, 3440 .and ackpow edgenent and.
Rl €l ST A Be it b R B Bk Mo iions)-
[00247] t 1 anwilich Swélop efictd BYSs0bveitpQitl by ausFhbiY tHlddoyPAeBhanisms that
aE00246 The process may continue indefinitely 'or up to

lowe aRghia berehaged iswe goewsinatesbmaener o Sewers] exispmdatienlganisms
y i hown _in ElG 34, . .

ar Dult g RO TERE AR Sl bR kel b with cach.
These hicahanignsshay bodepleyed imasogibitiatioat € control as wel | .
ata segnents may be_conbjned with those shown

Thes
[00248] 4 Egﬁrsszqumc et Pynanicytepuecy SleoopddShotBefore
esP®lismherd %S?WWEQ%)‘ heSRqhiréS8! ﬁdﬁnﬁe Wil Thedium to
When two or nore BSSs verlarcjl, I't may desirable to
detspiingy thedehialreguracy Bdiocakibo(FAh¢o estabiishl opfemations $drahe BSS. In
in_a coordi nat ed, manner.. eral anpl e nmechani s )
ok BuStef P e WEESRRS Tk on o AN BT DLPRRE gherehbor lst to
faPiliQAe eadiie6ti RS ST inbdr 2P Widnbo £2CI. adHRERE (he SNBANSHEy S¥hronize

be depl oyed in conbi nati on.
C frame timing with neighboxr BSSs (described further below). DFS may be used to

distribute BSSs to minimize the need for inter-BSS synchronization.

[00249] A second example mechanism is inter-BSS Synchronization. During a DFS
procedure, an AP may acquire the timing of the neighbor BSSs. In general, it may be
desirable to synchronize all BSSs (on a single FA in one embodiment, or across
multiple FAs in an alternate embodiment) to facilitate inter-BSS handoff. However,
with this mechanism, at least those BSSs operating on the same FA in close proximity

to each other synchronize their MAC frames. In addition, if co-channel BSSs are



[00248] A first exanple nmechanismis Dynam c Frequency

Sel ection (DFS). Before establishing a BSS, W.ANs may
wheoosespidy ed to search the wirel ess nedi umto PEL/ESI0041€34063

t he best Frequency Allocatisén (FA) to establish

operations for the BSS. h the process of searching the

candidate FA' , an AP nmay al so create a nei ghbor |ist

to facilitate redirection and inter-AP handoff. h

dition, th AN hr. oni MAC f i
o HAPR ot O AL AR (TS Gt Bheh o i BV e AL e glert the
estABlishe@ A Pt oF ifdipSdseh b i BSHStd Drefbitbeblzging Peotoed tasfollows.

i nter-BSS synchronjzation. [00249] A second exanpl e
[00250] e Hatiitshexamplenmechasgn Sy ﬂdhmmezﬁla“{ﬁﬂb& Pratpeqln Pverlppming BSSs

dur, . cquiq e i .
PSRN0 AN, SRVt LTVAGR! e by amaing
MA%brﬁHgﬁ@rﬂeﬁﬁeeﬁ |BS$‘SS$oﬁ&rt}eﬁnS<il fRgh®nFAhiswaltwes traffic in each BSS to

enbodi nent,, or across nultip FAs .in an ternate,
use HSGdRMRS tithopt 1 sleing iptgrfarensg %ng@sglm : eﬁh&v%e%?g, may be
. . iy | ' .
ool byl SRENAR AT, Rk, Spos poeihl st A
usesyeveh monibeeedt MAIG filli@s fand dhe sthier Addiiges @dd numbered MAC frames.

co-chanpel . B are54_overl apping (i.e. the APs can
Wit OETERPOERESS RN Jo PFICHGTRS (A B £ ppliemate
enfooliitnts BRY ABIRF ahl Syps @FARGEnRRehdntst idontB] SFelds in the BCH
resource sharing protocol, as follows. HOOZSO A third

oveshaahmsssrge meayi isdidate i resoswes sharishas epaplest andihsl type of sharing

er in Ss._on_the E equi .
oo LB PR e A SR PRSI AR b e shai
cytleal®thi 1 1d8SRSy Will Boierededd wielll ofatipbiig BSS s
allows traffic in each BSS to use the channel w thout .
[00251] 1 siéh Fyuihr@rapple Esclanis is HEAgBisted BeSEnChIPMZaliRRy ilhig possible

o AL R e (AL LER SNBSS, oy SRl e
botlt. affias S chidetotinire W tinks ofitothuBSSy eutl KKGr( thimesboth. In

sy e S £ Boxp e dhie cotrienent fieye dbfopb Ahgtid sip it
ﬁatrﬂé)ﬁwgggdﬁhﬁﬁil RewS GRRHE - TIEE R fotthatidehalStd Pe bpaBisll to all BSSs

over message may indicate if resource sharing is .
coenexbddetb dhel Ahendy teeyohllshave e reyestablish |framenitigning to achieve
STAs in_ t

vERPBEIon o TaRlr | ReRYEPEog £t Poe Rananed A bR AR  The

alMrithm Rén bogERAAREIW hiindl gldr@pRivige BaSsppddO2Ssy A
ourth exanpl e nechanismis STA assi sted

[00252] r e- FypeEIGPHOseturesHare|detailed belosy, prhich may bewdspigged iyepe or more
‘ “ﬁﬁgn@&ﬁﬁmﬁéjﬁﬂE%?ﬁﬁe4ﬁ“t a new STA in the overl apped

area can e STA can determne the timng
[00253] of IHmbhBiGsti@ndaydeqetfothed by Aiobh powar-apldirtat other d¢segnated

.STA can determne the tipe of fset. and._indi cate i ch

timags. SHSEMHIRImenaY ke dpistey i SeTSRBESY FRbs SRR Rems. To
fabilfaB SREABRIZAGch, h kePSF RAVRBIALREed Mafrbb uldIS aid in discriminating
different APs. For example, APs have known beacons repeated every MAC frame.

These beacons may be covered with Walsh sequences (e.g. of length 16). Thus a
device, such as an AP or ST A, may perform Pilot Strength Measurements (PSMs) of the
local APs to determine the overlapping BSSs. Detailed further below, active STAs,
associated with an AP, may transmit echoes to assist in synchronization. The echoes

may use timing and covering corresponding to the AP cover. Thus, when BSSs overlap,



connected to the AP and they all have to re-establish
frame timng to achi eve synchronization. Frane

w0 e®pnsdisdNi zati on can be announced i n the BCHCT82004/034063
al gorithm can be generalizéd to handl e nore unaware
over | appi ng BSSs. [00252] Exanple procedures are
detai |l ed bel ow, which nay be deployed in one or nore
of the nmechani sms just described. [00253]
Synchroni zati on may be perfornmed by AP s on power-u

bgyth %

. . p,
afespediive AfsdpyhaselS s may nospe ebiate detepigignpls fiem each other,

. | | ' f . .
LR DY SRR, e AL S BB A o sbout s
APgded arsignabwithseldch theaied ghtordAB afiayméymahioniyedi Ndte gﬁmtorthogonal

APs. For exanpl e,. APs_have_known beacons repeate
C%YF@PQEWWXtPe;‘})ﬁBS.Cdﬂ‘Fé’i%erS’QEEéﬁs may be covered with
541 Wl s f t : [
o4 [ PSBOEACE g fore 80 ol By EIMEAIIBUEPon e st o

unshentedeWelshsoy @Sk, solectt h &Vilsls abveAfst ionaddetecteilna ateighboring
I i ng BSSs. ailed further, below active STAs, .

ARYS Tt ARB: PPt Gafe P RRInG 6 Moo gkl sob{ved Signal

Level SREENRARb2athgs by the £6NQES ORerWe, tnl mer@n%ﬁem, the code

covering corresponding to the AP cover. Thus,
1Ry wlestadhatbmanipizes e rapsating paintafs tho AR (see etrss®ed power

b@ﬁfé}g#% ﬁgggtegsé gegﬁé@g%lg%@gnal s fromeach other, a

recel v y a nei ghbor AP, thus
[00255] pr ov irdihixgexianfpds, Haincwowatens trahdnsittdPby @Bch APSIr@Rabgstéd Flative to
whi cg th]g\tr nei ghbor AP pmay synchroni ze. Note that
e ¢BPonkie Lesest epplpyed ceyrepronds (e de Birldh gover inlexFAfus, APO

u%&oﬂéﬁh Q%ﬁle_@?t :Al(}z ngss gfc?\fglll %%ﬁélo)é g{tldgﬁ?% i?seﬁgﬁ@ecognﬁlegﬁal to 0

etermnistica on t undet ecte
whenayes theiARS frarset@otera Wl sh cover that is not

detected on a neighboring AP). If_ al)] cqvers_are .
[00256] 1 o ORPONF P B 0 R %Xﬂﬂ%ﬂ@‘ P 15 do s fegformed, an AP listens

de%ﬁﬁgh‘é@fjA@' 1Redns l@¥ Rt STRSkehdBY on' iy &@t@t@ioHYOftﬂégghBS%ystems,

. _Qherwise, in one enbodi nent,” the code may b
theeh R establishpnits pamitimeiséenenee. opbisatanrig aubitmaty, oorelated tABPS, or

ruct ur ower ..backof f for .adapt, ve reuse, e
s P e RO S UBBE ool TR Srepnd ocal tming is
etablBh&l sccbrdaigyl [ftRel ADYI @ tviF o RS RAARS GRrdtRloatitly @ fferent

.to each other. The stagger _enployed corresponds to the
tighg) linesc g el itpryecinenicS with systed having tho deongesiapgnal. If the

lo3Brafif h S nger
P R sRey Ry Bh dheyagt ot ey BrighER GRITBEAFHY avcmpt 0
agsoviete- with the waehkaniP tto i\ feym dhodthez athep Reardby t AP operating on an
. perfar an_ AP |istens for neighbgor AP beacons . |
BRI HIEAE i DB G <P BEOTB Ao oAleT o) the timing skew
reRUREEIsynEkiBniAE bR AP)d e STH e AP 24 TBP ﬁ%&%&f‘ﬁ&w its timing.
his can be arbitrary, or related to GPS, o

This may be repeated for multiple neighbor APs. The new AP can establish its timing
with the synchronized timing of the two or more systems. In a situation where all
neighbor APs are unable, for whatever reason, to synchronize to a single timing, the
new AP may synchronize to any of the neighboring APs.

[00257] Dynamic frequency selection may be performed by AP’s on power-up. As
stated above, it is typically desirable to minimize BSS overlap with DFS selection, to
minimize the number of BSSs requiring synchronization, and any delay or throughput

reduction that may be associated with synchronization (i.e., a BSS with access to the



any other local tine reference. Upon detection of a

single system the local timng is established
waewsnshiayly. |If the AP detects two or nore SyRBCEDNS2004/034063

operating with different tiSée |ines, the AP may

synchroni ze with system having the strongest signal.

If the systens are operating on the sane frequency

assignment (FA), the AP may attenpt to associ ate vvith

the weaker AP to informit o t her arb
entifsemaiuEY 0B .fi%‘f% SrEhoF egﬁ%“cfg thipa BES, B t%ﬁ%p#‘%m the
médfurh Wil el PG e ‘35%52 onengStSE)e kgt @&cﬁi@ﬁﬂaﬁ@ﬂ&h& a6 tAP may

synchroni ze both Al The weaker zone AP nmay then
sekelethei FA mamhasgtheTmmnnay RBL raspesaated! Widh iin{jle: jvphea measuring

i gh AP i i
e R e A B
WhpqﬂoE Ydakn@BmuRS:r eSﬂ{ﬂarISEHﬂB bap Hids saliclulen sikdie, pefrmﬂs to enable
atever reason, to synchr oni ze to a Si "Pl e tim

assdssmers\of A inteyfezspee faviels 2bthecAR gpussa bohal A ﬁ@ﬁbeﬂlﬁhgones (ie.
nSEPpubRESSH) AR TeL SR HERREAE B AL et o find another

sTon power-u tate
FA \iRtig@ uhyche@séd piriclst andvoniimstinee B35 voardracket! \plohhy DESlescnbed
selection, to mnimze the nunber of BSSs requiring
belgfichr oni zat i on, and any del ay or throughput reduction

[00258] L hatAﬁ%scBSedaﬁﬁ% gréag&tﬁk SHARDE® NcSHingo(4 h pflot cdver code.

[
BSS access to entire nedi um on an Xn
Eghmol enagfuse aiaish smnncae BSSr wiilotgtimlét inghis reexamnb: y number

wi th one_or ne o] Af t
ofsgp(g}g:h? VATONS ; qgﬁthstrﬂ \ﬁe flg%ﬁ;g tl“bg %élg{s (ﬁ% 15,:%'\56 tmchdulate the
si%tﬁ@f ik BLAT Ao Fela RPEOGARqRIVAL lh tHis édantple, \ﬂitemper-frame period is
asuring nei ghbor APs, or duri n% the echo perig
e

eqaévaladitead2 ws Cilse 1Achmﬁ0@fU@r MAgeligmasbeagpnshp %TAétmay then

| h
Oglg}:qnﬂ %atgls?g%rltg] a\g)rg ra tn ef%P 1 eet%%?@%'gﬁlelﬁfcfé&% associated

witB e bfveat A.heAARb @) 26d APy nﬁ'{}P@eléd‘[ drs Sdisr cadl-‘n éion| itheepool of
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a$ timinghtosinycensving mtghh% Aol of

[00260] Active STAs may be required to transmit, upon command from the AP, a

predefined pattern that allows nearby APs operating on the same FA to detect the
presence of the neighbor system. A simple way to facilitate this is to define an
observation interval in the MAC frame (e.g. between the FCH and RCH segments) that
is not used by the AP for any traffic. The duration of the observation interval may be
defined to be long enough to handle the maximum differential propagation delay
between STAs associated with the AP and STAs associated with a neighbor AP (e.g.



undet ected Wal sh codes available. If all codes are
detected (on the sane FA), then the AP may rank these

WO p00s10sklB3 of strongest to weakest. The AP nay PEFUSH04/034063
the Wal sh code that correspdnds to the weakest
detected Wal sh code. [00259] To facilitate
identification o f neighbor APs, STAs may be used to
transmt an echo to identify their respective AP.
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[00263] Can WBe %&ﬁ@ﬂt ?attdﬂi’p ﬁl@édebyhae gbyeat APiBayebé |acf1mn’agn of izet degree of
is, instead o

S Ao 1 g s e e s
a} VQS'EP t I?F%Bé%gffyﬂ&gt@ﬁl%eﬁerﬁ & eoﬁ\’é?éd bikse Apaiethe BCH and in

unter. an exanpl e, suppose that two APs
t}afe%hmefaatmn’gdd»yﬂmﬁfsasmatﬁé\mwhe APs detect this

condi tion, nsti.t n a :
[00264] poI i &P ex;ag}p %§W§chwﬂs Kl’tg,gaﬂﬁé an ?.ng ag%v\?t; NB: ﬁlﬁ% b31, entitled
Eirﬁgioaqraﬁlb' lebr d%ﬁ%llmgﬁ"rﬁismlﬁibmafdoﬁﬂ‘ﬁulﬁcatlons systems,” by
on MAC frame 1, . . . Ptot/16 on MAC frane
Wzﬂton&t ret,assipredApsheassignee of the present invention.

[00265] Another example embodiment of a technique for interoperability with legacy
systems is depicted in FIG. 53. An example MAC frame 1500 is shown, as detailed
above with respect to FIG. 15. A slotted mode is introduced in which slot intervals
5310 are defined. A slot interval 5310 comprises a MIMO pilot interval 5315 and slot
gap 5320. Pilots 5315 are inserted, as shown, to reserve the channel from interference
by other stations (including APs) that operate according to rules, such as EDCA.

Modified MAC frame 5330 comprises substantially the MAC frame 1500 with pilots



synchroni zed, and their frame counters staggered,

nei ther AP zone is using full power sinultaneously.
wab@sobjiexti ve is to select the backoff patterPCT/is1004/034063

all ows STAs in each AP zoné8to operate at the highest

possi bl e t hroughput. [00263] The backoff pattern used

by agiven AP nay b e a function of the degree of

interference detected. In this exanple, up to known
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[00267] t r ads Hiis exavhde.shpotw eldss &Pig vmkiettto CEM Aasiesitd seize the channel.

e b R AP e Bl TSR el s, v

by-mte‘iurfgrf& tRYHeEcoh, BYETRET SIA L 634 A dhadE Mitiaiio Aol leqiivél, however, to
t he this exarrple jitter may be elimnated by
Perpl §HT oW iges al ways start on 2.048 ns

[00268] bour{ﬂﬁ:@' nelaﬂioﬁ% PT%ISQESZ Q§bée’rpﬁet% §nbek }%ecﬁﬁ‘ss AP can seize the

adj acent ove s even vv|t Tores ortened
chﬁiBiETBy treasmitigs itd Hmacoﬂ. éDchhuch oes otlsu ckerasthe heweslass AP transmits

pilOERE L EEBB et DRYEI SR hARTP ee AR pe €8y 50 Kle priods
anY RSkt Ben PHES = 25 usec).

[00269] The new class AP may set a timer that allows it to occupy the channel for a fixed
duration determined to be fair. This may be roughly synchronized with the legacy AP’s
beacon period or asynchronous (i.e. 100 msec every 200 msec).

[00270] The new class AP may seize the channel at any point during its permitted
interval, which can be delayed by legacy BSS users. The new class AP may relinquish

the channel before its time has expired if there is no traffic to serve. When the new
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node may be depl oyed to nmintiain possession of the
wore@sasn133 o prevent a | egacy STA from i nterf erP@musionsio34063
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wEnGT S5 3 pErsdeermgs SEoR T 14 Su Eutitund B To
pRVerd- S IERCHBAURGRS iHaspiibt, tthes cerviptingstheiARhainel kstimates, the
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bt TRl Lo 8 PR gl B02FE) it 57as
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HsPriae Er A AR R SRR DR ST HRCTRES PSR AL g cover
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[00273] t hi s Vlzmethe e R4 Adh trsesmals Ay rassigementelo| P EAk Holgexpecting the

this and 1. th il ot .duri. ¢ Do, .
Sihnto Bt b Hoteing: WO arorRes sl s ds REPoRfble B'SEA fils to
rOR1RGhOisstoRméad, ifWhRh vhRithe chiriR] pouldigowassedrfananintdreal longer

uring the prescribed interval.
than P]Fg. To prgvent this from occurring, the AP may sense the channel for t < SIFS

and determine if it is occupied. If not, the AP may immediately seize the channel by
transmitting pilot, phased accordingly.

[00274] New class channel assignments may be slotted to intervals of SIFS (16 usec).
This way channel occupancy can be guaranteed to keep off legacy users during the
period of new class exclusive usage.

[00275] The RCH must be designed to accommodate interoperability since the duration
of the RCH could exceed 16 usec. If the RCH cannot be easily accommodated in a



[00272] It is possible that a STA may transmt a pilot
at the instant the AP is supposed to transmt, or that

W0 b@3hB18% transnmitting steered pilot to a STAPCUDRI0G4/034063
this interval. To prevent ®ther STAs fromusing this
pilot, thus corrupting their channel estimtes, the AP
pil ot may use WAl sh covers that are orthogonal to
common pil ot WAl sh covers. A structure for assigning
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cannot _be easily acconmodated. in %60 gi ven enbodi
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[00277] be Adthecxamdhkt @ubdidymeds deteilddigl@STAscatwes maeroperebititcwsth legacy

sSSP oot

THe"txhhfie AbodRIGRbGpESRANIMMOIOF DM AIE 86 n8Péd Loldibfiguish from
W.AN [ 00276] Detail ed below is an exanpl e enbodi ment

legacy ddhtsr Alvierig beckwand somassibilits, dsrletaidithalowblegecy SkAwwse(able to

as. addi.tio tSaxpl Ay this & -
oot o AN RO i PR AP PRRENRES exptiiay
rejeBNANGSIBRIHOS rafuRstiRdrial I6ghcy 8T ANEF Hedifedc MFSHd0Edireigmay direct

data and nmessagi ng structures for use at the MAC | ayer
theyrrieciady 3T4 dp anather AP i supports degaqy qneration @hichygnpy be a legacy

' e, lely nillustrative subset of features
A%&C%g)%eiﬁld ar eb [ scIAo'@éd, and wll readily adapt the
[00278] t eadViIMQ QEDM BTAs aBHblé 1o lassgaiate with an 802.11a or 802.11g BSS or
Independent BSS (IBSS) where no AP is present. Thus, for such operation, such a STA

[

will implement all the mandatory features of 802. 11a, 802.11g as well as the anticipated
final draft of 802.11e.

[00279] When legacy and MIMO OFDM STAs share the same RF channel, either in a
BSS or an IBSS, various features are supported: The proposed MIMO OFDM PHY
spectral mask is compatible with the existing 802.11a, 802.11g spectral mask so that no
additional adjacent channel interference is introduced to legacy STAs. The extended
SIGNAL field in the PLCP Header (detailed below) is backward compatible with the



systeminteroperability, as well as interoperability

Wi th various other systens. [00277] The exanpl e
wepdvsasarent , detail ed bel ow, features interoperP@biUbio04034063

with | egacy 802.11a, 802.168 STAs as well as with the

802.1 e draft and anticipated final standard. The

exanpl e enbodi nent conprises a M MO OFDM AP, so naned

to distinguish fromlegacy APs. Due to backward

conpatibility, as detailed below [|egacy STAs are able
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thés) pyrownle MAChempodip o eate Metailel Grbivw PHYOlEydng read senesd example
a'sbgorrpatlble with the existing 802. la, 802. ¢
tgb Tt al mask so that no additional adj acent channel
[00281] | Nt eAlgsteNGE of $hd PHVOfhGEshd ah SRS IhéGes Jfftively exploit the
extended SIGNAL field in the PLCP Header (detailed
C%’é@@m §1\M\ﬁh@§e]corrpatl ble with the6l SIGNAL field
[00282] Of ]ﬁ%{teeﬁ(gzsaeg’éc% éi{‘ 3T |(§7é&§4ew Qfd 1189930% address the
regdmmeﬂte df h@hohv)ough‘plue (el apiliimed i) @pﬁhm’bnszn Ll:_rwri@teh(‘))ﬂ operation

Hl%%:%@él;n bel ow) permits arbitrary sharin
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il Tt fardier Sou Bisgor Ry epanmveaias SnpRiienigyn with

sthE birdde) \Wﬂ*ﬁdﬂt @ﬁMﬁl@Q@kQ' Y }ateYﬁrjﬂ a‘PébSmﬁhfrﬁié?, Wh8%0-2hd delay for
this exﬂgio]ae MAC enbodi nrent are detail ed bel ow.

mpgimesiip gle thseughpull applieation® attri butes: [00281]
Ad d
00253 S 2EABLER SRS RGBS IRIE A AR IO R ophcad. 10

cdi@Rida [babal M AT Brligh elata aesothet e Wu;ﬁé@ vy desful @dhsmissions

end-to-end del ays to address t he
shrm?cs while an 1ncreag/1ng fract?on of the time is wasted in overhead, collisions and

idle periods. Wasted time on the medium may be reduced through scheduling, as well
as through aggregation of multiple higher layer packets (e.g. IP datagrams) into a single
MAC frame. Aggregated frames may also be formed to minimize preamble and
training overhead.

[00284] The high data rates enabled by the PHY permit simplified QoS handling.

[00285] The example MAC enhancemenfs, detailed below, are designed to address the
above performance criteria in a manner that is backward compatible with 802.11g and

802.11a. In addition, support for and improvement to features that are included in the



requi renments of high throughput (e.g. nultinmedia)

applications. Low |l atency operation may be achi eved
WOWRE0/08%a83 ent i on- based MAC techni ques at | ow | PEES2004/034063

using centralized or distriébuted scheduling in heavily

| oaded systens. Low | atency provi des many benefits.
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to maxi m ze the physical |ayer data rate. LOM/Iatency
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. Channel)
PCCH (Peer-to-Peer Control Channel) PLCP Header SIGNAL field
RCH FRACH

Flexible Frame Aggregation

[00287] In this example embodiment, flexible frame aggregation is facilitated. FIG. 35
depicts encapsulation of one or more MAC frames (or fragments) within an aggregated
frame. Frame aggregation permits the encapsulation of one or more MAC frames (or
fragments) 3510 within an aggregated frame 3520, which may incorporate header
compression, detailed below. Aggregated MAC frame 3520 forms PSDU 3530, which



Control channel nessage subchannels CTRLJ segnents of

t he SCHED nessage TDD MAC frane interval Schedul ed
woewemn391Beri od (SCAP) F-TCH (Forward Traffic QOnermsiop4/034063

Schedul ed AP- STA transm ssi6dns R-TCH (Reverse Traffic

Channel ) Schedul ed STA-AP or STA-STA transm ssions

A-TCH ( Ad- hoc peer-to-peer Traffic Protected EDCA or

I\C/IhI\/D Olz)DMPEéI(F?A Chgnnel) PCCH ( Peer-to-Peer Control

anne PLCP Header SIGNAL field RCH FRACH F| exi bl e .
mifﬁf hadrngwittegars ensipgodPPUy nThejagsegakas) ga’é’ﬁb%@}ﬁy , contain
[

enigi P& TEr BABREHE] b1 Gl R ARt Sr PRol. When
privaegiventisipd the Famegaylogdnegdeederypade. The MoeC frame header of an

aggregati on pernmtsg the encgpsul ation of one or nore

en;?ﬁﬁ(@tqdrgféq%ls P?@lﬁgén@rﬂe’%)’fggmo Wi t hi n an aggregat ed
00288] | " 2MEyiSRZ0C 14 SR rBCAbR CdsAlst ABAHABEA, CRUTRIS HftnGission of
[ ] det gﬁlegégel OW. Aggre%%%%d I\/Acsqurane 3520 I%Hg?lms PSDUISSIOHO

fra?-ﬁﬁOWiﬂwbéro HBS orBJFH (Bunst Entesfriane Spacing, adefpileyl Sirthppbelow) to the

The aggregated frane 3520.. . t ai . .

s ST SR Sl PBEuORY 1P AR SRR, B 3 o grnemi

AR (voth. z Y9 RS Poi \aggﬁegétéd ghatseth niugpfor oveividgy STAd. This is
e

may be encrypted. MAC frane header of_ an encr%%%j
peimétted through dswierafche SCHE fapeedipcussg@holpn] The SCHED frame

C-level fr AN, ' ' ..
o5 Bk LR RO B nd SRS TP, el vien
thté ELF filakdsBek fi6-Back Sp@aiisns denamitiple rdoeiting STl dl)is ioreferred

e sane receiving STA. In certain lications, it i
tods SPDAB et pR Fn N WAC R RRrS Shmdipen

zero,lE t ) o S _
o) Z5onb gl AYEARRL MG RARSprk L (649, PEOBQRE it o
pitaabke, follbwalibp e MEVMOWOFDMVe PECPEIEADER: (imehuidingsa SHeNAL field,

fart tinme of nul.tjopl : d |
wBicR OB R D (B R L T e i owed By B8 DrDM
tréifr?xgséyn?o%usom ahg MHxbinpleePPOTRIoYIAE 223 Adetailddl Surfl®r below with
referred to as DU aggregation to distinguish from
reMiCt ke TEES.f4%5%  AhgregasitehMAQ Gzgy) flowiblx aggipgates one or more

SRR, o, AT BT R e Mg Rt s

(TteSCHBDNHeRadd, G¥Alled bebe, pathiis hgpmyattoml TSE0Psrom the AP to
fields, SIGNALI and SIGNAL2), followed by M OF
mutipleiragi WhEbolAs.| iEhegmnyy nossestnsien IﬁlﬁDlﬁgF‘ olF‘WaN?Df‘g Q%ames and
ﬁ?x&%&h& ?rgat flﬁhryt %eﬁggqgéa‘?é/&. Wifidle may be a limit to the maximum size of an
aggregated frame that is established through negotiation. Typically, the first and last

frames in the aggregated frame may be fragments that are created for efficient packing.
When several encapsulated data frames are included within an aggregated frame, the
MAC headers of the data and QoS data frames may be comxpressed, as detailed below.
[00290] The transmitting MAC may attempt to minimize PELY and PLCP overheads and
idle periods through the use of flexible frame aggregation. This may be accomplished
by aggregating frames to eliminate inter-frame spacing and PLCP headers, as well as
flexible frame fragmentation, to fully occupy the available space in a TXOP. In one
example technique, the MAC first computes the number of octets to be provided to the

PHY based on the current data rate and the duration of the assigned or contention-based



respect to FIGS. 49-52. The aggregated MAC frane
flexi bly aggregates one or nore encapsul ated franes or
WO eagnenss that are to be transmitted to the sBEEUS2004/034063
recei ving STA. (The SCHED #ssage, detail ed bel ow,
permts aggregation of TXOPs fromthe AP to nultiple
receiving STAs.) There is no restriction on the nunber
of frames and fragnents that nay be aggregated. There
be a limt to the maxi num size of an aggregated
P@i’ Gompletp gnd fragpientsd MAG fiamgh mary dhanabe packed to occupy the
Ip&g% Yy, the first and last franes in the aggregated
rane nay be fragnents that are created for efficient
[00291] pac kIﬂ'lgconWletE fsaeenmot &b aeq@ethadatdl whatha rémainke Pae in a TXOP,
ed th|n n aggregated franme, the MAC_headers
tgf)ee %faélef tPé}‘f‘é‘éPYn“’é'ymHéh @d Rpysi of theggmaining

o&@ttséﬁl kﬂﬁ@b?@rmﬁ%%&w frd Eﬂt@&‘%ﬁ&%l@gfg cg@n\f gﬁckmg In an

attenpt to mnimze F PLCP over
exsanple centtodimoergh thish erbitsay ofragnientatioh eisf slmjectal@gt}egmurmnon of a

R F L0 FBEPE Dot EoHen ol G EHA BB BT ingation may mot

b¥vabduird, f ReKiabli®: fﬁ"a@ﬂi@n’c@)a&"'ﬁﬁt PAA O Nfrath@ lan%rlBé fafdtiitted in a

the avail able space in a TXOP. In one exa
sybseqient JXOR. hdn n}mcsuhsecment: SO, dle MACh maWeglvaﬂn@m @tierity to

v current data
B ety BE Y S p o) o e RS 4t
[00292] cont AntAgitefaion dbehdd{QRoctdtqh lies exampld)) agrEpé® dirdBbelow, is
frames rra t hen be packed to occupy the entire TXOP.
oo R|the é@ﬁiﬂr@f eacﬂlreaﬁﬁﬁselaﬁﬁdjroarae (erclermmendhibatis ipserted in

O, 0118 T B AR o
octeiﬁ)abf]thegemapsatasedl MAG Eram¥Okhd Brsed Hynthye 1’eee1f/dsratgrmmaetdframes

arbtrarll for efflc:le acki n
( Vo 0 GErERal (s ia SD nSie Helbjia dhe prpposed
SIGNALeﬁ;éld 'chWl&H@ tRd side GP)&ienMTM@ Oi?@l\f/lrmq}a?nsﬂ%rsmn Q/lumber of

frame. In alternate enbodi nents, this limtation ma

Ol M ksefmbeh?mlwlelt thRelengthi ¢fgeifcha@mepm(lst)3d VLA drakC(in: octets) is
e ans tted in a subsequent TXOP. In the

mdl%ggé)&gﬁ?g‘? ci”;@é may give higher priority to
fragments of an inconpletely transmtted frane, if
[00292 An Aggregatl on Header (2 octets, in
pression of Gneapsulaied Framesher bel ow, is inserted in
the MAC Header of each encapsul ated franme (or

fragnment) that is inserted in the aggregated frane. A
[00293] LengFlG.f3elepicts d hegadyglyfAQ dtdnom 36ﬁadﬁrmjnﬁ)sihg MAEC Hbﬁier 3660,

R A e b SRR £ S AT o 0 an
AT 6 S S 408 BT, i
frahe formap/igal %SVIIIPW ke M4k Beiden3@oQodnaprises a frame control field
3610 (2 octets), a duration/ID field 3615 (2 octets), a sequence control field 3635 (2
octets), and a QoS control field 3645 (2 octets). In addition, four address fields,
Address 1 3620, Address 2 3625, Address 3, 3630, and Address 4 3640 (6 octets each),

are included. These addresses may also be referred to as TA, RA, SA, and DA,

respectively. The TA is the transmitting station address. The RA is the receiving
station address. The SA is the source station address. The DA is the destination station
address.



OFDM synbol s) while the length of each encapsul at ed
MAC frame (in octets) is indicated by the Aggregation
wole@dmesol3Header Conpressi on of Encapsul at ed Fre@EES2004/034063
[00293] FIG 36 depicts a leggacy MAC franme 3600,
conpri sing MAC Header 3660, followed by a frane body
3650 (which may include a variable nunber of octets,
N) and a Frame Check Symbol (FCS) 3655 (4 octets, in
this exanple). This prior art NAC.frage_fornat i s
[00294] det AVhemisaveraBozansulaied ducirmssiaic BRI TEPT WAgeipgated frame,

th{e ﬁ\iﬁ lge%at%rrs (()clg tfhle ecia?is %r,?dl gQOgZd:ﬁg tha&EE)s 'm&y gy %mﬁfgééggs 5Example

octe Sequence control fie
coBr@BSEVING héadrsForDES dantraales hicedhdwB8a BIGS. 5668t HNpte that the
In addition, four address fields, Ag%ks s 1 %6 0
P omuiebppb cEesel YAGSseer A TeiaPetw el Shypereprpied
piiggﬁé?effch), are included. These addresses nmay al so
ed to as TA, RA, SA and DA, respectively.
[00205] The AAshewi e RIGad380 theg fames o terpamited ushg @&Iﬂ\go Data

PRDG: (T5he RUMDoES extgnion needehBeios il ieh B AAC Header
3@%@&&1\@\% F99234bo Wh@Bats ¥ ehadpselneaRAC afraslediat 8705, 3805, or

ranmes are I ncluded wthin an_a%gregated,frane, t ? .
3905Crehpantieely. The MdCdlrderaingludys Bad@erosaies HF&g)erbtg”‘- d, is called

C re : | e.
BB CHRTRRS S OTRESE0. SR oRR bpin B Speapaed
n%g%gﬁgg gg&mﬁm&m dbﬁeﬁrﬁgﬁm(ﬁmlﬁcﬁﬂ% RS duedemay drechgehegated into
or unencrypte :
e PSS S unencrpted) Bay) oad | A0RSE] o a2 o gos
P 0000 [
d%%g%%£?§gyﬁ E@H&@é@e ), an aggregati on header

into the MAC Header 3660 of the
[00296] MAC Thenggigfiibn Headee 47H) mninsumted foutath S fragragnt) inserted

i i patoniod I 6 TOR o T S AP GHTALY) { ger pampression s
i@@%&%ﬁéﬂé Agg}e%ﬁ&’f’ MRer FRRORSA (detsBled 3RRK,. B8R hedders of data

re encapsul at ed management, cantrol
and QYoSr datta fianfes amysbe oropresiied go Gliginge s9dupslpnt Selds. Aggregated

SRR RO R0 NN oo 1080 8 s

f&{r%g&x%sééwn&)ﬁae@jiﬁawmem.ooz96] The Aggregation
Header 3710 is inserted for each frame (or_ fragment)

[00297] | nserisd ah nncprEPHEETd cgatesdierd e (s3iPgEmitpdsaddgony gggregated
SERRSEM M a0 S SARIT B e St By e
iél@ﬁdalﬂ,r Thof, Alhtréss arBb2Qafd daltlzess R 3685 mappeoanitisrp T Juuation/ID
f}e(ljd Zs’eéillsnglore]:gjl tnce>t rrleeeg lilg gg ?rgclgdeglfgrss'ub's/_\ %Stg@grr?e(js in the aggregated frame.
Duration may be used to set the NAV. The Duration/ID field is overloaded based on
context. In Poll messages, it contains the Access ID (AID). In other messages, the
same field specifies the duration to set the NAV. The corresponding frame 3805 is
illustrated in FIG. 38.

[00298] Further compression is available when the source address and destination station
addresses contain duplicate information. In this case, Address 3 3630 and Address 4
3640 may also be removed, resulting in the frame 3905 illustrated in FIG. 39.

[00299] When fields are removed, to decompress, the receiver may insert the

corresponding field from the previous header (after decompression) in the aggregated



frame 3705, depicted in FIG 37, illustrates an
unconpressed frane, which includes all four addresses
wapasosm3PDurati on/ I D field. [00297] After an PCT/US2004/034063
unconpressed aggregated fraoe is transmtted,
addi ti onal aggregated franes need not identify the
transmtting and receiving station addresses, as they
are identical. Thus, Address 1 3620 and Address 2 3625
b jtred. Th ration/1D field 3615 .does not
trffL % st aBs T HelBsirat el et fR% e uses e
unéggregad e@addrarbecriptioat dfOMhe FRAYI0RE nitBL deduires@imd elddAY6m the
The Duration/ID field is overl oaded based on context.
MAG pisaderngla sy have dhsgr aremeoved e fo5c diegder| mopmrgspion) n After

| . ) 4 )
csEBSELTRRSESGE RS D, AL esiiesial e, JB-CiHabi o
dedriypticat eagirel iThe AldGgttBHeld[ 0 G268 by Rhie trbesivaroivpeesst drames (and
frogYidhs ORI Q061 s EREOT Ky BRHFecHe Ippeth of the

frafddwitlC e SomPRISATRader 0 ANd Address 4 3640 may al so
be rem)veg, resultiané‘%?ln teﬁgg frame 3905 illustrated in

[00300] FI GAB9 exfradipa9the\kggredatioh deadar dield overnigvetlo The decompressed

St O G aS PETFIVEIroRRne | Bt Tadio irelErang Mac
hedderd Mgy BOEHqaEad R 8fsédod iMegrlth vEiicatiBNARPING debMBtibh.M St

frame in_an aggregated frane al ways uses the )
[00301]  unc&Hpr 44 SHustratascrar examile yimgieastion Hapdep 3yl @adThmypggregation
Hea§GUEOE 3 Qﬂgeé 't(?le%?h LA éc;p %‘rag%%ngleﬁeda%e{ ttgra'bnm 1{]181\{3eframes
een renbved for header conpréssion. er
(ergteypodtp e sri-aiergfted) hihat negTerahaatied, int ReseMOeDds. PRYPLLEe The

made .avai |l able tq the decryption engine. The Length . .
Ageregption geﬂf%é gomprisese 7 b Sisgrssation Egddeg ckype dighb 40 ﬁ%ﬁa indicate

whicfiRg aﬁﬁstsﬁeaﬁsp{egsr%}ﬁgﬁﬁqg %ﬁ@icg@d,f a{rﬁ'l“\?h%cq%ﬁrgé)eﬁﬁlt D15 8 Bength

I ndicates the of t ame wt conpr esse
fielled36r Tyipe 0Ocfranss)do fACEPA]y Wdatier comtression. oypée Ok frames have

tne; DREORID AgRaS ent Afoma HETF Ftovsil orgrnd0 tamasdive the
sath® rérhévdRINRY 856 01 MRS, RRRURS AJIRYES LROAHAREs i Helds also

message integrity verification during decryption.

reqp@eg0The Frgth 414 4030sinrthe dggwaatioraHpider Agdicaign thiedangth of the
w351 0 RS 800 e A g gin

Hehésra e atcbudimative@ AETHE 2d) that are transmitted in a

M MO Data PPDU. The Aggregati on Header conprises a 2
bit Aggregati on Header Type field 4010 (to indicate

sich type) and St (BROER T A4 ubH Type 00

[ r Bite® dlo Biofl enpl oy header conpMessingn. Type 01
f ramges haveg Uncompressed
0 1 Duration/ID, Address 1 and Address 2 fields are removed
1 0 Duration/ID, Address 1, Address 2, Address 3 and
Address 4 fields are removed
1 1 Reserved
[00302] In this example embodiment, all management and control frames that are

encapsulated in an aggregated frame use the uncompressed frame header with
Aggregation Header type 00. The following management frames may be encapsulated

along with data frames in an aggregated frame: association request, association



the Duration/ID, Address 1 and Address 2 fields

renoved. Type 10 franmes have the sane renoved fields
w@sgoosyppa3dl frames, with the Address 3 and AddPEEES2004/034063

fields also renoved. The Leéngth field 4030 in the

Aggregation Header indicates the |ength of the franme

in octets with the conpressed header. 2 bits 4020 are

reserved. The Aggregation Header types are sumari zed

in Table 2. Table 2. Aggregati on Header_ Type Bit Bit
f%@%l???n&a%ﬁoelam’cEﬁ%?%s@é@oaa&owawssnwpbe IagieRsk olje response,
o S B o 3 B R Ao, P RIIAE o) fzmes may
bare@capsniawédalmng RS datae a8 30 2n hpgreprted efcanpl eBlockAck and

BN RSSO el o550t LR i
unconpressed frane header wi th Aggregati on Header type
00. The foll ow ng nmanagenent frames may be
Adapiivecaordinefion Fvngtiert t h data franes in an aggr egat ed
frame: association request, association67 response,
reassoci ati on request, reassociation response, probe

[00303] requBhk¢ AdppidleeCoRdipenice Fuktiti®a(B@H)as afRxtension of the HCCA and
henti cat.i on, and deauthentication. The fol| ow ng

Hf primiseiicxibls, highly réiigienti velatoperghedulerd eperation suitable

SRS PR Yt —

eXangpie smhedinont eiwcihediled ddcesddapidd Fﬁanﬁo((S@Allzﬁfer@e in the ACF.
t 00303 tive Coordination Function

OF SRR 05, AR, s e ke o more AP-

SPA! BTASAP| g -sTAMTRDIPY o%xf e O;?e%d KnBWr & ﬁﬁc%cheﬁuled Access

schedul ed operation suitab operation wt
Periqghd 134 alhese echedwlad Itledsmsmmsearh*/lld@tlﬁleﬂ( asFcliduded] transmissions

el 4 S BB RSATRl  SIROTLIEIL O 2 SIS ey geed
a&@aEmlmsmlé@al@odmnﬁ%maxﬁhm F%ﬁﬂi@t%ﬁ%a)luééf‘ﬁfé”é@AP is 4
one or nore APSTA, STA-AP or STA-STA TXOPs over th

M$eri od known as the Schedul ed Access Period 4130.

omoa T8 e LN RASISRISINALE WS HIAE, 1% spaion,

inchidang AP teSHAL trasmissionb &1 4B I tdr@@ﬁsrd?@hhsm&ﬁtﬂmueand STA to

ﬁg%\%%fmggm%}gﬁl‘f@%p eé%grr%% | ?@%P ,%rr]lgmlr{g to STA B 4142A, then to

STA D 4142B, and then to STA G 4142C. Note that gaps need not be introduced

between these TXOPs, as the source (the AP) is the same for each transmission. Gaps
are shown between TXOPs when the source changes (example gap spacings are detailed
further below). In this illustration, after AP to STA transmissions 4142, STA C
transmits to the AP 4144A, then, after a gap, STA G transmits to the AP 4144B, and
then, after a gap, STA E transmits to the AP 4144C. A peer to peer TXOP 4146 is then
scheduled. In this case, STA E remains as the source (transmitting to STA F), so no gap
needs to be introduced if the STA E transmit power is unchanged, otherwise a BIFS gap
may be used. Additional STA to STA transmissions may be scheduled, but are not
shown in this example. Any combination of TXOPs may be scheduled, in any order.

The order of TXOP types shown is an example convention only. While it may be



[ 00304] Exanpl e schedul ed transm ssions 4140 are shown

in FIG 4 1 for illustration, including AP to STA
W0 e@a®B613%i ons 4142, STA to AP transm ssions 4RAHUSENG034063

STA to STA transmissions 4%86. In this exanple, the AP

transmts to STA B 4142A, then to STA D 4142B, and

then to STA G 4142C. Note that gaps need not be

i ntroduced between these TXOPs, as the source (the AP)

IS the same fo ch transni ssj s are shown . .
degisabiedn sehegple % fe eBiREe ﬁé??@léf& (BRI 899%355’ 1t 1s pot
méﬂ J{;gs are detailed further below). In this

ration, after AP to STA transm ssions 4142,
[00305] c t r’ﬂm&wheduleé AdvessAPerinti4180 miag alsoafontain 4 %&@CHszned 4150

S R e Rl AR e (RS iPnd3fpely 574

mby nidkeMh %ﬂ@ﬂ%ﬁ@n ARcithy a@l@/i)e a ﬁmozoreml BDGS 4166 period

source (transmtting to STA SO no g{ap needs .t o be
where MIMQ ST Aistmayhese zgpmcadwtﬂmwn pafiogrhasgr gegpss periods
ot h I
AR By ENE, 3y PR S ake e , aS o R ihca 4160

pdriddt MIME SN e mMAcpm‘oI:dwésu nacodss TORsdivmy \Imthx)ut havmg to
schedul ed, in any order. The order, of TXOP. t

cq@endnw@]@g?ﬂyém vEaRsTRissions @;mnﬁﬁ;tpg Rr?teﬁtgc;, %ﬁ tion penod use

d t
OSSR 1. R Sl RRN B 88 e e 0P

so‘ﬁecﬂlﬂdigl daenAdegrsteted codedti@pemay, ia o cwbedizienta FRACH

o AR L SO S o

! if18Min&He @Umtﬂam) (tBOSCPIEDR MO iFii I A thi 6 Below).
per| where M MO S % use EDCA procedures. These

antwm:aélm ifprothetpadiem d@syﬁ Ais geidesited the HPcrpEprespde e SCHED
bt 4070 wiftes ERSSSER 42l Bl iR SRl et @ab i sTAs in

proce ures to access the
tHEESRSIM Wi t hout haVI ng to contend with | egacy STAs.

Transm ssions during either protected._contenti ‘
[00307] per i buthissemb Q@Yﬂm@’%@@ STeAéd‘gheY( e SGAFRP Wkg&he last STA to
tr*éll?slg?%\gn[ dd?coﬁf PlePi RS d Eﬁ(goleﬁﬁ E%lﬁgoﬂjb’éfd?gtﬂe%d of the

I on per I
SCR@30MIMA ST Asndlso M)@ ﬂiEA‘EhahﬁedJ ﬁ‘mbqumimesrmd fcomplete their

HeERESIHT S (610 Solesh P ARG QUL | it aflprd, (e subsequent

%{%hﬁl\% %'s&?ﬁksl Yxobwilloft &5king hefdhafdl RURCMISTAS i S
S|re the AP may precede the SCHED franme 4120 with

[00308] a CT$he SCEED nwmge #d2@ definsisiththsahhduluadssigamenis ofdRFOPs (AP-

003077 . | € ' < .
e TP 4Rals? SRS SPRP et in flp CTR R TRR 1S - 4530 m
FIG. 45, detailed below) in the SCHED frame The SCHED message may also define
the portion of the SCAP 4100 dedicated to FRACH 4150, if any, and a protected portion

for EDCA operation 4160, if any. If no scheduled TXOP assignments are included in
the SCHED frame, then the entire SCAP is set aside for EDCA transmissions (including
any FRACH) protected from legacy STAs by the NAV set for the SCAP.

[00309] The maximum length of scheduled or contentjon-based TXOP permitted during
the SCAP may be indicated in an ACF capabilities element. In this embodiment, the
length of the SCAP does not change during a Beacon interval. The length may be

indicated in the ACF capabilities element. An example ACF elerment comprises a



transmt in a SCAP nust termnate its TXOP at | east
PI FS duration before the end of the SCAP. MMO STAs
wW@bk®s/oathiey t he schedul ed TXOP boundari es and cROPUS1084/034063
their transm ssion prior t®&the end of the assigned
TXOP. This allows the subsequent schedul ed STA to
start its TXOP without sensing the channel to be idle.
[ 00308] The SCHED nessage 4120 defines the schedul e.
Assignnents of TXOPs (APSTA, STA-AP and/or STA- STA
SGAR TereidBd) aMecmrm SCAP SRR begedis (19 bitsi5aGupH IFS (GIFS)

ok on 380 Lo, B R s e T4 SR e

lethgth afathe QAP FoRAKIHcuwiidn® Bead‘onaﬂwfvah:c’l The ﬁpld)lltsefﬁicedied in units of 4
orti for E operation 416 i f _an If no

i @w&%é@mw&%}s%pr heasth, ipdieaies (HedHEK YR Pespissible TXOP

lécnggﬁlr% de"£RCAe §HL E‘fgﬁl S@Eoded 15%‘511@%1" deyf org dﬁgcﬂuratlon is the

ansm ssions (including any rotecte
ghard dutprv8T Astween tdoesem&mﬁﬁmedlﬂwd Sha BEAPs. [Dha@eld Ehencoded in

B L S R il G550, 1 10 o
réé io| b bbRestereB8REd usihg) ah HRA DB protAtein QH&QSITA with a

t he SCAP does not change duri gg] a Beacon i nterval

SCTW@E@H‘@QQP WiHindER AQGH RESRCINS B SCAE s ACF capabl lities

003101 P BRSSP Gl o TR SCRTRTES R i anction with

HUA A hnd 8DCAAr th irﬁ&éeﬁbﬁﬁ)terwr(ﬂlusﬁﬁlteﬂ 4vithl Beagonai2l A\ -C), the AP
FRACH RESPONSE (4 bits). The SCAP Length indicates the
hasoerpemletst el licepadaptiveln éntEI@P‘?Té‘h flugBar A BIAEAr ¢eptention-based

a%‘%%&’#’x@ d02.198%%ethd Hle MM SE&p The Maxi mum

Length i ndi cat es t? rraX| rrum perm ssi bl e
[00311] TXOPThes) glsimgcthes A, sheSERRhayTdperdie ed th HECRy dndevith the additional

uni 0 ns. A F is the guard.interv
AR IS At R B Rerinds QTS CAl, cor e iecibe APy sk P and CP as
PTG alBcdtd ht@Apffoﬁ%Qle&‘ %pergﬁﬁgai REENSErifay allocate a SCAP

i ndicated in units of . The AP nust ‘respond t
foregheskied epenaticad As slmgvmm FI@AGBL PPDBehsonpimterval, e Aﬁernay use

S eppttaieh SO Beotimtio e M LA TP 4230A-

FbendSEAP 4N0CALT) (RRE binfplicity, tthe &eDISMITIEDZAdobdmétiow any CFP.)
Beacon i nt er val (illustrated with beacons 4210A-C),

The A\pdapis ﬂ@foﬁ‘fﬁ’lpéﬂ@nf olehp pnediumy qosupied byi disfeyent types of access

T RS R S R S T

od’dmpsncyusAmg; stHeduli(gtechitigqueRayrby depieyeit eTlas AMhdéteitfines whether

e addi |onal ab| of aIIoc tin
@r@}tﬁe oé @88 sasz%fawﬁ PRy s R gergdions, including
nfeBsi? %ﬂﬁy%@ﬁw ﬁédlﬁlﬁ%lea gt%’nf or polled operation
as in | ocat e
[00312] HCCA and ass001ated CAPs are decribed above. An illustrative example CAP
4230 is shown in FIG. 42. An AP TXOP 4232 is followed by a Poll 4234A. HCCA
TXOP 4236A follows Poll 4234A. Another Poll 4234B is transmitted, followed by
another respective HCCA TXOP 4236B.
[00313] EDCA is described above. An illustrative example EDCA 4220 is shown in
FIG. 42. Various EDCA TXOPs 4222A-C are shown. A CFP is omitted in this

example.



for schedul ed operation. As shown in FIG 42, in a

Beacon interval, the AP nmay use any conbi nation of
w@eeososa3f or contention based access (EDCA) 4200BUE2004/034063

CAP 4230AF, and SCAP 4100A79. (For sinplicity, the

exanple in FIG 42 does not show any CFP.) The AP

adapts the proportion of the nedium occupi ed by

di fferent types of access mechani sns based on its

st SN0 SR AT, SRRl S0 S0, o

chl'iIﬁné\Bn% LSRN eSS to\b& T hero, At b ed 200and Seheaulad Ackekd Beriod
sati sf |ed and may use ot hér observatlons i ncl udi ng

413@asur ed occupancy of the medium for adaptati on.

R T e s e e R

Ind\Bat?d k634 4BT ? rhekdgewad fdiows. Pahé mmmmhkﬁ% THiRap of
4236A foll ows Poll 4234A. Anot her Pol

AccpriD (WIDB) Fr BYFBo8 A@yoramw,smgb@eﬁi% okl pgepd data
USI%%S&% D{I‘ﬁ\q3 gcﬁ;]M%& %' %@%1@*3 awake followmg the

ustrative exanple i's s FI G
Be‘d&bn olisa BSSAVH@@B@&AE@M AdaviEMEh ShAs aﬁe p]reﬁbnt,slegam Sdds are

shitel L S22 10, OORLEL A SO 100, R,ESHE Mo tecy

tra'nﬁ‘lﬁ S%EQ Gh@A8CARD ﬁ@ﬁa%é:fgstraﬁq@mft%fthﬁt]iﬁ@icatg}ﬂgleoﬁ édition of the
édul ed Access Period 4130. [00315] The A

Schemn@ht@@essc Redod.ed MPED aapable STAY ndies pdnled) in a particular

I,V Traff.ic¢ I ndi,cation, Messa 1y
scREb e BT TET OOHE hE AR AN A w o
listetl (BB JubkQfuet BCHEDRResge@r anot her STA in the BSS has
backl ogged data. Using the DTIM all M MO capabl e STAs
[00316] ar e Garwa ot traodss Hf QPREAKEN Y P@%@g%ﬂh&@@ae@ﬁ 4Bn S%OWS an

o PR s SR PSSR BSe R sy o
infehpeledcdth chlitgitionsfaset atdess lpedadsy 422(ansiiss modﬂepernhts “fair”

SCHED msssa e | s trans t t hat dic
sharg BE fhei w&é 3310&@0@%&%‘??8 iring 2o SCAP while
I T t
M@g@é&‘?ggg fﬁwv% lﬁé tﬂ@Eotﬁ&HﬁﬁLﬁeﬁgdé Qloﬁg W}fh legéélyegTAs if I}resent

Access Period may ‘sleep f he Temai nder
IntelngpefS€APeriod paakit layp latency sgvien fcﬁnMM@b@‘éd@@ﬁV SEEHED

oo TSRS bR MR SRS S PRI I by o

CTE85-8 e B 36 prBRAGAN b 185G IS TRQIIIFinS B8gaRy ISUM3Eke PiesdPAARST S-to-
4100 i nterspersed with contention-based access peri ods
Sel@o othenilegaem eleanyeg signal) 1smat required. The Beacon 4210 may" set a long

CFP to protect all SCAPs from any arriving legacy STAs. A CP at the end of the
Beacon interval allows newly arriving legacy STAs to access the medium.

[00318] Optimized low-latency operation with a large number of MIMO STAs may be
enabled using the example operation shown in FIG. 44. In this example, the assumption
is that legacy STAs, if present, require only limited resources. The AP txransmits a
Beacon, establishing a long CFP 4410 and a short CP 4420. A Beacon 4210 1is followed
by any broadcast/multicast messages for legacy STAs. Then SCAPs 4100 are scheduled
back-to-back. This mode of operation also provides optimized power management, as
the STAs need to awake periodically to listen to SCHED messages and may” sleep for
the SCAP interval if not scheduled in the current SCAP.



sharing of the nediumwhere M MO QoS flows are

schedul ed during the SCAP while M MO non-QS fl ows use
wao b@sosmsent i on periods along with | egacy STASPCT/1S2004/034063

present. Interspersed peri@tls permt |ow |atency

service for MMO and | egacy STAs. [00317] As descri bed

above, the SCHED nessage in the SCAP nay be preceded

by a CTS-to-Self for protection fromlegacy STAs. I|f

no | C T re.present, S-10- f (or other
(00319 egagg)%%‘%{eégﬁﬁﬂarﬁ%o&}%ﬁﬁ aF“seS%gérr P@&L@ \s hRropadedothrough the
FRATH GBYIINED EEdAQ?_ﬁ‘icﬁE Endi@darif HRCSchallie P&AESs PRl X0 of the
arriving |egacy STAs. A CP at the end of the Beacon
SCAPt R Ieﬂgla@(/\éTﬁém%Y cbtain wongniiegbesgd 8%Ass todhaonedism during
tHelt® AR um [00318] Optim zed | owlatency operation
with a Targe nunber of M MO STAs may be enabl ed usi ng

[00320] the Emmvephtéveopehaiuledn tedheMiksions Fiein 4fle WP thi$ be scheduled
. exa If, ﬁhe, assunption is that Iegacy STAs, i
mapsﬁg'ﬁ v follayine Eansmispion; ofithe §CHERbfimmes TheBEHAED frame may be
tr | 1.5 N1 €S I ShNn g P 4410 .and a
AR i PARSRRIeSS S TE B R AL By AR By
triyspadahwithout| 2 preamblertes sadjesor cfr whetlgR @y nST Apreathise is included

R T e X —
STAGraBIARSBRERIl Boel VAR aRRLdnRl fAhL ¥x 611%; b@@@dg%{e%t.SCHED

nmessages and sl eep for the SCAP I nter
schedul ed in the current SCAP.71 [00319] Protected

E @C%% n- based access for M MO STAs is provided
‘%ﬂg‘h—r&he FRACH or M MO EDCA periods included in the
Schedul ed Access Period 4130 of the SCAP 4100. Legacy

STAs rra%ﬁobt ain contention-based access to the nmedi um
[00321]  qyr j Hey PRenpuspsvagions popedireTinseeaverw omc$EIBDettceive errors.

Fdr' A9 S S f e edul ed i i atel
Foimle ot R STAL LOHablitto feol i o QLB FISHHES, HTRiIERREEs Whle to
utilizate TREYP.bH atschetubddt TXOPWobdndd bpsia aftHeaissi SWASRAN @itte, the AP
| ed AP transm ssions may be transmtted w t hout

hed
3y BGAlr StCeVer Py, FAFEATEE 2 RS ehier thesioet de prasebeicduled
TXOP! The J6i®thalike it JorBARTld Gftked (RGHATR AR CAP. During

preanble is detail furt her W. e
the CARs thesAP orey trankinitiie gheominbte $T 4y edtdll £STA. tTe: Poll may be to

enbadj nent ., .E ecover 0321]. The AP nm .
ST BRI bl TREy et 5T R, & {eewgRlpd prior
to i@k sche@ile®XXMP. e, if a STAis unable to decode a
CHED nessage, it will not be able to utilize its

S
[00322]  Txofhe| same BioRednitscmay P boasedwhehegicheditled WEXOP terminates

Si (e initi recoyery b
ARt Mg T L NS Bl o
tragsthissioh @lthe scheduled TXOP. The AP may use the unused period of a scheduled
TXOP as a CAP, as just described.

Protected Contention

[00323] As described above, a SCAP may also contain a portion dedicated to FRACH
transmissions and/or a portion where MIMO STAs may use EDCA procedures. These
contention-based access periods may be protected by the NAV set for the SCAP.



TXOP. The AP may use the period of the unused
schedul ed TXOP as a CAP. During the CAP, the AP may

W@ e@BssH183 t 0 one or nore STAs or Poll a STA  TPET/P810b4/034063
may be to the STA that m sg2d the schedul ed TXOP or
another STA. The CAP is termnated prior to the next
schedul ed TXOP. [00322] The sane procedures may al so
be used when a schedul ed TXOP term nates early. The AP

r ver transmtting at Pl after
w0324 (1Y BRIGAGE Lo ERNE" Yoo B8, T 1R lhibladodpeation by
pIHGRing THEAAR Rdicdls X ® retpidss do F%@ilétoﬂie OAP 8n SEh&RUhED 1n the
TXOP as a C‘AP as ust descri bed. Protected Contention

P{W BN ST£S$®§P‘I Wlhﬁme&:mmmaEBCA based

S nd/ 0 .
oB844 904 S e R LSS TASS O R Rlecipus, STas
magmmdacxatte D Oracieati@Oeqsst @aniffd st n B 80291 € Costidntbh Eeld in

\/ or t SCAP 00324] Protected contention
thgﬁ}@@ﬁgﬁ‘ﬁ% W‘F"&B Mdﬁ paBOIg FaticientgReanyg of prov1d1ng the

SR T ST S ek, ST ARSI P eai

td\ﬁdVBBS@@Nh@ﬁblsmrﬁgedtsrmﬁhﬁﬂHfsﬂcame@hm FR@PEBEB[D@S? thclude the

rot ected fromcontention with | egacy STAs).
T%?i)e%l?téd]ar&} USkchni gues, STAs may indicate TXOP

00325] dur ald 98 dxeRPRSImIYdiksttf Imves
[ ! Control fi elg |r§nthé MAC Head g?hh%goa\%se%lgfﬁﬁgﬁse%w PLCP

Hgadew detaileflibelosnt Sineaitpgaeyt 8- bibi, 80¢14, laed 862 1§ Sidtsiaon able to

oL B0 BE TR PG TR T ot P st o

F]ERASID;I btlowy, inlhke FPRACItPBPhoREMTIVIAL Isqdﬁ MEBVOXEBmes must be
duration.request. [00325] In the exanpl e enbodi nent,

trisiEsted Wilh RIPIERUQH. s SYhsisbalis degape angdDIBIOS F-os drer present, STAs

o it Sl B 5 e Wy
Legacy Easmmm Mecciaom{sonai Rm/@\ﬁ franes Rgﬁg ldgefpiGamble,
el o the presence of non
P?&%Hﬁ%& ﬁ%&‘l“a“& E‘?ﬁ“t #%d with protection. Wwen both
[00326] | egapyvEN GaAdEMbGOmR ARy als6 @ﬂﬁé?ﬁg roge%@?ré@écﬂgmﬁ% rovicdled by

access procedures nmay use a
the c&OZ;irl@tPEGé@Ao nThugegacsmlssT@scﬁr@mhé APstot ST A% epoued transmissions

b pSEEIL ShENS o B PR Bphet AR pRAER. Brotoon

mby BBVt QRstedtivn vding @h@@@ﬂﬁdﬁdm@eda pREieg E@RP)
mechani snps provided by the 802. |ie HCCA
[00327] t y ankf 48 meayeliorismlesaey abStte-Ssif/sr plptﬂcn@ldof the MIMO Scheduled

AbdeBPHRSPAP) from legacy STAs.

[00328] When an AP determines that all STAs present in the BSS are capable of
decoding the MIMO PLCP header, it indicates this in a MIMO capabilities element in
the Beacon. This is referred to as a MIMO BSS.

[00329] In a MIMO BSS, under both EDCA and HCCA, frame transmissions use the
MIMO PLCP header and MIMO OFDM Training symbols according to MIMO OFDM
Training symbols aging rules. Transmissions in the MIMO BSS use the MIMO PL_CP.

Reduced Inter-Frame Spacing




from STAs to the AP, or froma STA to another STA
(using the Direct Link Protocol) nay be provided
w@e@testsdn using the Controll ed Access Peri odPCTZBEF)004/034063

[00327] The AP may al so usé&3l egacy CIS-to-Self for

protection of the MEVI O Schedul ed Access Peri od (SCAP)

fromlegacy STAs. [00328] Wien an AP determ nes that

all STAs present in the BSS are capabl e of decodi ng

the%E\[lOPL > header, it indicates this in a MeVIO )
[00330] ¢ apatfiafipyy LChuRere it gonerally msdueBs . IntoriFsame Spagiag rase) detailed

2 . [ .h - .
A IR e LA Blond Moo PR Aot BEGE PRl s
exazaple renshodindByl (FaprDhedied tangnissioms|ise arcotide ng the TXOP is

i o SRS B Wi RBlipt $Ea pef berh i Khédutea
TIUTE bt fi P&isoNAGt AfhE3IniRABR MASCAED HeehRl %ﬁ&lnf ermining

generally reducing Inter-Frame Spacing are detaile
thip Sheemedipmuig idlat & desprébedraboveeonsdcuidveaspbbddedAP transmissions

[ [ -1 acing in | s exanpl e
d@n@%%ﬁgeggtgé%ﬂéns@ﬁﬁﬁﬁ%n{' GHEhSi ons, the start
[00331] ti melwthet HAmMPKOBNbSdiiREt, Gahedutive dhed B SR ATBesRUSsions (from
di(‘l%%getransm tting STA nm %‘%n its schedul ed TXOP at

b
BT S¢S éfestféélﬁlfﬁtfqdrfﬁitﬁ/ﬁ@ pbef lepst CerSESEGTHES s Baedefault
vilut REHIFS&! 86dThe) A1at ?tvafulaern@iﬂée glu'ﬁ}sgrz ukgl) %he ¢¥iue of Burst TIFS

descri bed above, consgcutive
(BiF@h slefisgl ner. dlird mgua oBCAPSaney heandichted éal thd AICFNGapabilities

m ni jum | ES, [ 0033 In the exanpl e enbodi ment,
offiub AT DE! ehRel e RGNS SRBinGploY Gy values for GTFS
ai Bfly.ent STAs) are transmitted with an I FS of at

| east GQuard IFS (@ FS). The default value of GFSis
[00332] 800 honseputiver MEM Gy QFEEM RBDY draphiissions) frono thehsamea$ Tid (TXOP

. TES. (Bl FS fined t. Th I f F .
o BBl P SL B Dpane popd el e e mrs i
eqlastrthbed yakad the MINISIOFDR! BPIDO HoBPAStIndRde BB RO sicnal

valyes for G TFS and BIFS. [00332] Consecutive MVO

eXtEIPPIen Qissing P Jhe Sf G hand, SenBIESTA 10TKoP In an alternate

' I{ES, . ti '
A S B SRALELEB0R  DE0, SRR B e
e [ \Wh tiﬂ:O@Sinr(%I;ntﬂoh CAG?E Ny g@g—ﬁlt band, t hhgdélﬁjl?ss’ e

t on. en _oper I N N tne Danda, tne
R By A0 S P, L 5 b

to a I - ' ' ugpRgaQ. ab |
s {2, A B S L o BB . o

trangitited beingeeMIMQSPNSPERY. dngerd, lthaygere trommittednaging the
UI?: eglﬁlg‘%ﬂgé%}el BPHEE i.te.r Rise tlé ' the %TﬁGHz r;%gn o; cﬂ%é"ée f7 fnsthe 5 GHz

band. Some examples of how legacy and MIMO OFDM PPDUs are multiplexed on the

medium are shown below.

[00334] First, consider a legacy RTS/CTS followed by MIMO OFDM PPDU bursting.
The transmission sequence is as follows: Legacy RTS — SIFS — Legacy CTS — SIFS —
MIMO OFDM PPDU - BIFS — MIMO OFDM PPDU. In 2.4 GHz, the legacy RTS or
CTS PPDU uses OFDM signal extension and the SIFS is 10 us. In 5 GHz, there is no
OFDM extension but the SIFS is 16 us.

[00335] Second, consider an EDCA TXOP using MIMO OFDM PPDU. ‘The
transmission sequence is as follows: MIMO OFDM PPDU — BIFS — Legacy



[00336]

[00337]

[00338]

[00339]

[00333] Franes that require an i medi ate response from

the receiving STA are not transmtted using a MEVIO
WOROMOBBR). | nstead, they are transmtted usi nRCT/082004/034063

underlying | egacy PPDU, i.64 Clause in the 2.4 G&

band or Clause in the 5 GHz band. Sone exanples of how

| egacy and MMO OFDM PPDUs are nulti pl exed on the

medi um are shown beI ow. [00334] First, consider a

Bl‘t’&g\%ﬁ'ﬂ% SéCTSEqﬁ %\é&lg bi&%%ﬂ%feé%c??{%%ngﬁ%@?c*‘\

procel @@ G thd %ppro ite Acd¥MC Pgi@)o Diyls deBi1ES abo VB Ide fines
PPDU. In 2. the | egac TS or CTS PPDU uses OFDM

acesisg rKdﬂSS@S(ttbﬁsmﬁ LS| chffereg mgrarrsetem peEs. AGy spchps AIFS[AC),

A B8 TR G LR M S FRA Rk i

eithérogigidl SxtedBiof & UENEe SIES. asf fhel BlowsA ckiRvquést Bvirkiilitted in the
BIFS - Legacy74 Bl ockAckRequest} SIFS ACK, The EDCA
aggirerte ifmsyidiin sy MIMAHO cBEHF 88011 he

apprgRid adRider E@ﬁg ﬁv@%ﬁ]#dﬁ@l Tx8pdet ft%er i %R)\ﬁeseq% is as

defi'nes’ access sses at may use
fohawsansT Ars MIMO AEDNLRIDHS- GIRSSE BTA, B MJM@ [OYCPM RRIAU. There

i DA b1 el YTFE B RO Srire b A e UM pESu if the
PO %&Qﬂﬁﬁi%&yﬁ%hoﬂtér thﬁrﬂ!ﬁ% ﬁhsﬁ%ﬂ%ﬂ naARirhite pRESHIeITNOH filage
wthin the here is no ACK. E:00336

Thi rAs de:semado@pve,d@se@ug i deraordsdationcpf Ry OF PG transmissions

) transrgd% pro ,%\%%C%ﬂk}% as _.f ﬁ:b%ceﬁ% 2 S nay'\ig&e%f:%nodate

thisd$@®. PRI dnak0af it grallbheadditipaiiins If@“th@iechhmgsﬂ'BA/beMrme ACK
OFDM PPDU i f the PPDU transmi Ssi on is shorter than th

mys$ Segrasamitiedi MrBeklai theeFF e 15isskto [@@s37p 882118 the SIFS
rggﬁméra% é&bo%!&na&tﬁﬁ&%@ %@3&\9} na%ﬁéﬂs% 9lntaded.

m SSi ons | npos processi ng
r equinendsebdingtant iemodalation nf VEVAD O'FdDMdmnﬂm’li:sdiane may impose
this, 802.11a and 802 al |l ow additi.onal tinme
eVER dNPTECRIOGFSTHIeS 8)31@%%% thecrate IPEife a?r%‘éﬂ%ﬁ“??f&dmay be

deEl%ngfpt% ihdRaselthe Sﬁ@: ot @Fﬁﬁ éléna? @ktehQorl Geddng tb Furd? rddultion in

Stinei1s set to s but an additional 6 ns
effiiiBMysi fnéie @mhsembod@mhtbmw@rmng fleoBBek A Kcamd Delayed

decqdj n nd de i of M M) OEDM t r.ans
mifgE Atk B8 CRAL 10 3 By P B B RS9 vt
OFBNE tlaf@hisiond) i BRAMMARNt THRYadD of iileedstige thet STHNOF QRS &ignal
the SIFS or OFDM signal extension, |eading .to further

extandion; therignal extensines slimmnaied, prd &% ARy Sitesissa thesisguirgs inter-
fesitse glﬂ’% &%&@Serﬁk&%bcﬁ% tﬁaﬂgm{gﬁbﬂs}’ R educed or eliminated, leading to

greater efficiency.

SCHED Message

FIG. 45 illustrates the SCHED message, introduced above with respect to FIG.
41, and detailed further below. The SCHED message 4120 is a multiple poll message
that assigns one or more AP-STA, STA-AP and STA-STA TXOPs for the duration of a
Scheduled Access Period (SCAP). Use of the SCHED message permits reduced polling

and contention overhead, as well as eliminates unnecessary IFS.



Bl ock Ack mechanisnms of 802.1 le, the requirenent of

i mredi ate ACK for all M MO OFDM transm ssions is
webdosiosmsed. | nstead of increasing the SIFS orP¢TES2004/034063

signal extension, the signd extension is elimnated,

and for many situations the required interfrane

spaci ng between consecutive transm ssions is reduced

or elimnated, leading to greater efficiency. SCHED

Mes e 239] FIG 45 illustrate D ages
[00340] intr §§gﬁ%%c§%}eéssﬁet ﬁlﬁegﬁél&ets {hg @équli,gggﬁ% %gj%%i Ig§<;C ED
méédﬁ%MZOmﬁsesT@M ACHHR e 0qes 44128 ihShaexamplé phbodiment).
polT nmessage that assigns one or nore AP-STA _STA- AP
Tnathe STy Acofhadiserito eagth of diie at TBRO0C RIS e dBLdand CTRL3

BRI S i 00, ST 37508 P e
se@inefits 431 £s 4500 0egReavely) drSof Car{aBl:340Fth Bhé nBGHEDransmitted at 6,

nessage 4120 defines the schedul e for the SCAP. SCHED
12,48 sud &4 Mbny, eeRfsHYdBsVienpaeselleader 4 (15 octets in

s {1 BPOEUEIETAN T 150 PRI, ARG T C s,

DimtibeA54@ (2 octgis)) BISTRI 4545 {6 oetets) AROVGERVanagaimene4 0@ yoctet s),

t ' t ts 4 - 4530,
dMARAS3 &b Pyl o Bt ThE ot BB By BRS.fi0 Sapifyane ength of the
St ARNS FhictREcoRks.6 Thd DurdlicAnGeld 45Mp RS used aSPSEAL ¥@da¥le of MIMIO
when present. [00341] The exanpl e MAC header 4510

OEDNpirarssyssionsrte sadhe NV 535 ¢uratien ofthy SCHI: aVihemlegmad TAs

o B854 Shhe p3HP AR, Q8L bbb PG W SOATERY g pancy
CTH8o-BerfatnGhe bk ehple 4b40diaqace | thy nidvémianglie of the ISEAFCAR ms.
in_mcroseconds, The Duration field 4540 is used by

TigrRSSExHeld1 4540 fdentifies B t r ansni ssions to set the NAV
[00342] for T%P?ﬁél?#gﬁ%ggent ﬁgldi@gﬁ'is WG i gf@.y 4631 PSwY Planagement

prese may use ot her neans to
45500¢ aprisel S CHEP,Coang46 1), laagsaryedCli8dt 46286(2f bits),nTiaemit Power

exanpl e enbodi nen t I, mum val ue of e SCAP is 4
4G ok ReSReSF e 4540 Aokt BRI PaYy et A TerRgesapeayer iro as

indRGteRMRhe Wégﬁqﬁ%nfeh@ﬁadﬁﬁé QA reBRDowRr RhvEl isdfeasured at
ower Managenent 4550 conprises SCHED Count 4610, a

the@der.ved fiel d 4620 (2 bits), Transnt Power 4630, and

ooses FEC oo Binc P it IO Rl SRR RSP bision 6 i
inMARegerN). f Tl SCHED Sdvhtlie ey &t gRWBeab6Y kndrSission. SCHED
nmeasured a t the STA. [00343] SCHED Count is a field

Cowntimaysbe weddpiyarioys aurpesssh APl SA0YST-83Vipg fepfurgusing
SCHED Count is described below.
[00344] The Transmit Power field 4630 represents the transmit power level being used

by the AP. In the example embodiment, the 4-bit field is encoded as follows: The
value represents the number of 4 dB steps that the transmit power level is below the
Maximum Transmit Power Level (in dBm) for that channel as indicated in am
information element of the Beacon.

[00345] The Receive Power field 4640 represents the receive power level expected at the
AP. In the example embodiment, the 4-bit field is encoded as follows: The value
represents the number of 4 dB steps that the receive power level is above the minimumn

Receiver Sensitivity Level (-82 dBm). Based on the received power level at a STA, a



in this exanple). The SCHED Count is reset at each
Beacon transm ssion. SCHED Count nay be used for

WO 20050813pur poses. As an exanpl e, a power-savi PQI/US2004/034063
feature using SCHED Count i76 descri bed bel ow. [00344]
The Transmt Power field 4630 represents the transmt
power | evel being used by the AP. In the exanple
enbodi nent, the 4-bit field is encoded as foll ows:

ST;&hl)él%}’vgﬂlﬁﬁﬁerl %%%}el{%{ gqlvtggrﬁega@g 8%"{/‘? | g%%ait epmlt power (dBm)
= Al InmBitt PoeE (dExﬁ)/we KR befRPovwkO(dBket STARRRElveATwer (dBm).

i ndicated in informati on el enent of the Beacon.

[00346] [ ooBythe Tﬁ@lﬂ@@é@hpélmmte duting sehedled $EprSdLe riransatissions, the

coffil Skot e RindiHEL o CX BEGHE A ity e AdBEePHPHRIS e, AP as
wellahsuéher eesenSTAL h eA nptrvhﬁ-r controld reBris freps thdhat P tdiethe Power
recei ve ?@fr l.evel bove t he. n_ni rum Recei ver

aeéa%mt e Séee%rhe(s%ﬂmaerame IsEQEs thed li/w e @eéeaweahe transmit
pofBiel BYEodto Auf i, ST IR nEY TRUBIE o JROF ! T
gemfrarespédt iPdeterled et witlhAResRext eo RGP Fof dBmhedulSd',STA-STA

e e PG e otreedeaitain REATRiferent g the power

rqulti@d €Patdoab ab &ﬁ'@é’éwﬂn? g1 rtﬁérPPD@ﬂlsaéan@nﬁ%\ﬂBJt the ‘f@éher of the
hat nmay be decoded at both the AP as well as th

two pewenlpYRls. STA. A power control report fromthe AP or

t he I e 0_i n SCHED fr
oo o7 R PR RIRRSEE Bl P Pl e i b ot A Gpugtion of
prot&td dodcbnsion biet atdrss peridds durise GRESTAMBYIATES eiRIC4536 Goftiprises
the AP. This %?neral aspect is detailed above w

FRALTL Ciunf 4750, ERS6R PEROe oh aud ATt 4730 'The example
FCHE i, U U, GO ORAC 0 o508 B

FRAIGH Odifset 4/%20@1(85‘1@5) tHaeh PRAICH slot 2By tAreFRACH Beunt value of
~.nigher the two | eve 00347] .The

0 Radgsies it iein YT RACH SHe 1 e R SOaHsa) Aferes Period
Thel BOA @irfsee‘moqé felsphk &pcﬁ& Efbttéc% DR A6E e?ﬁe e%mgfésEDCA

during the SCAP. MAP field 4555 conprises
Ofthl‘U 30FI~RAQZH’CU Bs’félttheﬂfFB(ACfé ﬁ)ﬁfs&m/zo @hd ﬁ@tEEQA@fﬁﬁe‘lBO are in

F 4710 [ nunmber of
uniOPD SR BoRbl besitds of b CHED Rt ibiialoret
[00348] 472®hé SZEHEID &hess@pmmmﬁnﬁ&ed 8s 38speaa1 AaHERAGPDU 5100

unt value of '0" indicates that there is no FRACH

(Tw@r@Q}éP)ﬂ detailed @ﬁhﬁ%h@losfcwehmewcm& EKS Per ildw. prsence within
ScEBA ey AT RSO0l P LR 41O,
CTRES FBOGEEfisat iddi@&Gedindht BEGIKACAi«(f (20 add 3040y & tha PLCP
Header of the SCHED PPDU 5100.

[00349] FIG. 48 illustrates SCHED control frames for TXOP assignment. Each of the
CTRLO 4515, CTRL1 4520, CTRL2 4525, and CTRL3 4530 segments are of variable
length and each comprises zero or more assignment elements (4820, 4840, 4860, and
4880, respectively). A 16-bit FCS (4830, 4850, 4870, and 4890, respectively) and 6 tail
bits (not shown) are added per CTRLJ segment. For the CTRLO segment 4515 the FCS
is computed over the MAC Header 4510 and any CTRLO assignment elements 4820
(thus MAC Header is shown prepended to CTRLO 4515 in FIG. 48). In the example




[00350]

00351]

units of 4 ns starting fromthe beginning of the SCHED
frame transm ssion. [00348] The SCHED nessage 4120 is
W e@a®sa183 ed as a speci al SCHED PPDU 5100 ( TypeCD0313)4/034063

detailed further below with7respect to FIG 51. The
presence wi thin SCHED nessage 4120 and | ength of the
CTRLO 4515, CTRLI 4520, CTRL2 4525, and CTRL3 4530
segnents are indicated in the SIGNAL field (5120 and
5140) of the PLCP Header of the SCHED PPDU 5100.

embgdingaothe FIGS 4889 fot CURILOaGES isSGEIERCorh ifio dss@iesntf dments

- 1) ' . Each of the CTRLO 4515, CTRLI 4520,
are 1g, eg%igkg?ﬁgggs%ﬁ¢¥% 4530 segnents are of variable

| eAgtdbtalad] hemid) (6O VDF itBASMES b QmdNRY for ARBISENTRIHA d
el ements (4820, 4840, 4860, and 4880, respective yfg)%P
STAN Apirpnspssiensgn the SEHBD #8760, AssignMe9G]emamtipatiflorehtyITAs

4 ' i t _shown. d
e G i O UL, PSR Sl o
of thoPBCPHeeddvhE itskadanisddbdd) No® 1Bty TRIR-Brass @Wgor{espond
0

delenenh§T4820 &%hus MAC Header is shown prepende
to deprppgiRg JAORRNESS. Hagh SAgY beging desediag spP Gl HeadordiftemSCHED

he f 4 S d.e | 0
D GesT bt o dkn T PRneald A St E R R R,
CTRY.2 agd dSERILY expuimpteimthetSEHED RTINS MHeSS BA SbEHNER MoSink Mith
N T N
until tHeAPSS] it doﬁtiﬁle@-lfglslxlbs%ﬁgéfﬁﬂrt dR8dd @*%Rigte g—‘ﬁt}ﬁ{i)ﬁl %@ec%,

in the SCHED Rate field of the PLCP hea
stoppingag gt GERbHsegnMnt whosraf CTIERS Grablerto wghifsCTRL 3
CGQf: . sing robust ness. Each STA bhegj ns
e RE B bR h R G YR b BB TR . & avber
of asSipmhehti ddelhens syt BrepAtkes &6 ©adin ¢ TRENHebmeht. RN Qssienment
CTRLI, CTRL2 and CTRL3 segments in the SCHED PPDU. CThe
elemegy gpseafics; the irapupitiing ST AMA sl (4D theMeiveg RIA ATD, the
' . i.an el ene unt i
sart (oS o PR ed R O 3 B BT ) GreB Bb e Sehedutea
TXOKTRLI, CTRL2 and CTRL3, stopping at the CTRLJ segnent
whose FCS it is unable to verify. ] Five types of
assi gnnment el enents are defined as shown in Table 3. A
nunber of assignnent el enents nmay be packed into each
CTRLJ segnent. Each assi gnnment el enent specifies the
transmtting STA Access JD (AID), the receiving STA
AID, the start tine of the schedul ed TXOP and the
maxi mum permtted | ength of the schedul ed TXOP. 78
Tabl e 3. Assignnent El enent Types




Type Assignnment El enent Fields Total
Type (Lengths in bits)

Length (3

bits)

in bits 000 Sinplex AP-STA

woe@ansiias Present (1) 40 AID (16) Start O f setPC1/0$2004/034063
TXOP Duration (10) 001 SinpgBex STA-AP AID (16) 39
Start Offset (10) TXOP Duration (10) 010 Dupl ex AP-STA
Preanbl e Present (1) 60 AID (16) AP Start O fset (10)
AP TXCOP Duration (10) STA Start O fset (10) STA TXOP

Duration (10) Sipplex STA-STA Transmit Al D (16) 55
Recei ve Al D (16) 1&plg8: AspigamentEloye #PDU Si ze (10)
B DPPIASGomiPRiehine ] (10775 Fudad T0T STA I $,al Length
Sfiel (IO WA orot o g M0 s GTL
700 S KRS T m et QPR BIRERut 1 ve (D | 40
transfr ssions fromthe AP\Drhe Preanble Pr&nt| bit is
set tp O if the AP will |ndertOifsplsnit a prefdid for a
schedll ed AP transmi ssi ditX®p Dawaiigsl e benefi® df
f0éanpSenméx STAaAPon i s (wkiEn t he AP has | o@®aridwi dt 39
low | atency flows to sevedtat OHE&s, such as(i®) g BSS
wi th many Voi ce over | P |(NoBp Dk@wn Ther efm)e,| the
FIOED DUpRE ATRRTAT S T Ne [GELREIaPr&BnOT [T angii 951 0Nsgq
fromphe AP to several rleggVving STAs (|.e(1 PDU
aggrepgation, descri bed abl,glyggaTt Offset (10)
AP TXOP Duration (10)
STA Start Offset (10)
STA TXOP Duration (10)
011 Simplex STA-STA Transmit AID (16) 55
Receive AID (16)
Start Offset (10)
\ Max PPDU Size (10)
100 | Duplex STA-STA AID 1 (16) 75
AID 2 (16)
STA 1 Start Offset (10)
STA 1 Max PPDU Size (10)
STA 2 Start Offset (10)
STA 2 Max PPDU Size (10)

[00352]

The preamble may be eliminated in consecutive transmissions from the AP. The

Preamble Present bit is set to 0 if the AP will not transmit a preamble for a scheduled

AP transmission. An example benefit of preamble elimination is when the AP has low

bandwidth, low latency flows to several STAs, such as in a BSS with many Voice over

IP (VoIP) flows. Therefore, the SCHED frame permits the aggregation of transmissions

from the AP to several receiving STAs (i.e. PPDU aggregation, described above).

Frame Aggregation, as defined above, permits the aggregation of frames to one

recelving

[00353]

STA.

The Start Offset field is in multiples of 4 us referenced from the start time of the

SCHED message preamble. The AID is the Access ID of the assigned STA(s).

[00354]

For all assignment element types except scheduled STA-STA transmissions, the

TXOP Duration field is the maximum permitted length of the scheduled TXOP in




Franme Aggregation, as defined above, permts the
aggregation of frames to one receiving STA [00353]
wab®s8sess O fset field is in multiples of 4 nBCT/US2004/034063
referenced fromthe start tWme of the SCHED nessage
preanble. The AIDis the Access ID of the assigned
STA(s). [00354] For all assignnent el enent types
except schedul ed STA-STA transm ssions, the TXOP
Duration field is the maxinumtgermtted h of t

il dor e wheb 1 Pyees O himsvitiod REDLLE iSficBpn the

SN e PR AR e bEONIG' £ Cher el o

[00355] [ OO%E]scEeduleslcﬁ"EAtﬂm tahémisdibns (Assgnmsait dilsment Types 011 and

10835 RAEPIUE Skieded el e rummBarR Rt Erelh At B Sthluled
T)‘é@ﬁ qq“x'nﬁfﬁ ]%CH i r}.tsmﬁl)%%reéidﬁﬁoﬁl MBles ROWEXSly. In the example

additional rules may apply. In the exanple enbodlne t,
enftodisetiedol siediled STA- SEAnsmnmssm@,, théy JX@@wocbmsaomiy one

PEtY RS recerme SAR, S o e BEOU R, el lint R gspignment
eldriént Be BEEFMiAé tHehaMbeY BPOFBM Eyrhlbtﬂs PR PPEIN Gk e AR Size

Size field is replaced st field in the

fiedl ENaplaceddnt aaRc@@std'e%w edetailed holqy wighyrespegt to FIG.

-
S A AN A 8 SR o
th&rsteivirgy STASes chePPIDEXBZX O thosdhbéulb® T XRADIJ the Max PPDU Size
b 355 enm eyt e gt b GBS Sibors it

SRERN RO EhE BTS2 AR TR SDEEShY EELP e M

PRIz Gelddyna fm d:frlévﬂs ad toungdingTdowmy The snassmitting STA may

s ARV B (G ERELRGEH PO S S R SR mo

proVid88hd %n'gﬁleoﬂ' ﬁl‘% gg&rgate&rmteﬁ%e t8fthé R&cRRE aMhY |1aie8 of the
frames isincluded in the Aggregati on header of eac

enivpSutateshizam¢sOe 8BBIded frcthg s&ggnegaﬁom header efeaeh MAG dramed

ossel S T3 5 EOK S 7B o
pe@ae pyRefl sivirpdatt STASGAPare RRC 8tHedtiled t&@dﬁ@m@@ﬂ Récefve eluting the
i ntroduced above. Each assj %prrent schedul ed by the

o5eld ShegRCHER G quné dieldva ﬂ‘é‘ﬁ’grﬁbf’i"? n&a@msa&memt eheduled
b)ﬁ_&% AL c’ ﬁ%ﬁ%@emﬁ@? R ﬂntsmtl e t %’iﬁf ﬁfé‘l@%lﬁg‘ STA AID,

PHum pernitted
ths cdtert] dinel oﬂ')ﬂ@sch‘lékiele&CT—]EOPQandltthe snamnmrrpmmtﬂe(hﬂeng‘é]c hf the

schraiiet T SOFS e AR s B biredten 4tk £33 gapspripigp and
istr&et MecalbTBeAldd t%a!ﬁs&ﬁlsélfoﬁ RITQI Iﬁ%dmﬁ%ﬁz' 4 pEw RGP Y to the

val ues during which g
AP, and thus are provided spec1ﬁc SCH D Count values during which they may be

assigned scheduled transmit or receive TXOPs by the AP. STAs may then wake up
periodically only to listen for SCHED messages with an appropriate SCHED Count.

PPDU Formats

[00357] FIG. 49 depicts a legacy 802.11 PPDU 4970, comprising a PLCP preamble 4975
(12 OFSM symbols), a PLCP header 4910, a variable length PSDU 4945, a 6-bit tail



assigned schedul ed transmt or receive TXOPs by the
AP. STAs may then wake up periodically only to listen

WO 200588HED nessages with an appropri ate SCHED BOIN$2004/034063
PPDU Formats [00357] FIG 49 depicts a | egacy 802.
PPDU 4970, conprising a PLCP preanble 4975 (12 OFSM
synbol s), a PLCP header 4910, a variable | ength PSDU
4945 a 6-bit tail 80 4950, and variable length pad

A t 4960 of PPDU 4970
455 opin! (VEIGHENR O 4550 drpoxen 4R00NY BESK 4770 semgprises a

SERCAL T PPN RS SR8 )5 o

lehgttli daget Eeldi 4D85) GhiddmiOBGvitlPHEPmhéeatem Behot endrpate swlicated in

SKRAAH0; HLDRTISYES 10 gh SR L O R0 b gt Sevice field
494‘()3(\75196% Include@NALDAT d94985h L RERIiS&S a&"&(ﬁng 94 5its( format).
ts), reserved field 4920 ("1 bit), Length

SK}NAL fieRhAP80y canprised Rafe é?ﬂcﬁ (HabﬂtS)A@%VG(dGﬁﬁdt‘@)ZO (g bit), Length

Rl 2Rt PP Eand 2 F bl ov) i< backvard |

[00358] Comvmei BxtendMdt STANIET Siefmwd&aﬂ%hdoef&@omoﬂle &gagle PLCP Header
802.11. Unused val ues of the RATE field 4915 in | eg ag;(/)211

(dsta@Rd\belpwé;sdoa&bwdap@pg@bletvaﬂu@ﬁ ISHaNARfiebpAREQ gllegacy
U{ug{e u%g 8P ﬁ‘k’o fEe%J’ 58 15 i?‘lel\é%cs?leII%LP\jﬁm%dhA%%e 84480 define

duice rd conp l'egac
néis'zl'PiBDUttbpesRﬂéfalédlﬁdlm) n the SIGNAL field of the PLCP

is nodified to a RATE/ Type fjeld Un ed va|
[00355] 0 - FENErS SV BEP N A S IHPISURG pdor FHEBRR FOrgROt L with

1@@?&(}' Ak RIEIG 7Y R %TGﬁA‘lnﬁelh %ﬁgfefmfp ﬁeﬁeﬂ!%odlﬁed to a

ext ensi on desi gnat ed . New val ues of the
RMEETy‘pprfeald i Bhekedrvahwge b RME areﬂamgmmi asTIPRI3E Rypeudbe PPDU

of the. e field I
TSt Ghaces R ayeeaioss ity [Pt SRCNAb R g s dcsignated
SREDML! thasky %ﬁ&s&ﬁ&ﬁ& RATEI®GRIHAE abd@efple@NiTablei £] Thead &alues
finding an undefined value in the RATE field. [00360

ofashts eMnBElab'ye fieldearraigdefined for legaey ShAs| dhaefors) lesgmy STAs will
g c%h beof g'lt IBIQDU %ﬁtetrosulc%%%%ﬁ‘%%e&dhﬂ% e Arrlé%/ field and

new ass ecel vi

ﬁh@ﬁgaﬁuﬁd&‘inl?@sﬁwﬁﬂthbmmﬁel@lont| nue to atterrpt to
code the SIGNAL field and the reminin e
[00360] tr ¢ andemaichi the Besssved bihén Ff@clég%rsmwéb%éldt ey be set to °1” to

mgg%% $%Mbhﬁpb%8&@g oh&oS! BWLdadieral b@&%ﬁbn% ggrgg may

e appears only 1n a desi
ignoret the rResérved bit 3GARcatinuan meatenips thdecteledie $IGNAYL Higld and the
retﬁa?mﬁg trgr}smlssmn

[00361] The receiver is able to determine the length of the SIGNAL?2 field based on the
PPDU Type. The FRACH PPDU appears only in a designated portion of the SCAP and

needs to be decoded only by the AP.




Table 4. MMO PPDU Types RATE/ Type M MO PPDU SI GNAL2

Field (4 bits) Length (OFDM Synbol s) 0000 MMO BSS
wBBBS08918MVO AP transm ssion 1 (except SCHED PPEA/USDHOL(B4063

MMO BSS SCHED PPDU 1 0100 BMO BSS FRACH PPDU 2 [ 00362]

FIG 50 depicts MMO PPDU format 5000 for data

transm ssions. PPDU 5000 is referred to as PPDU Type

0000. PPDU 5000 conprises a PLCP preanble 5010, SI GNAL

T+ aini ng Syrmbol 5 50860 MMOPPR Hpey ool <) and @

RWATE/Fppe| | engt h Dat apiivgh PEpB0. PLCP pre ﬂplsqgw““ Ficld
V\{qqﬂts?tr)e,ent is 16 ns in the exanple embpdi TNk (QEDM
E 5020 and S| GNAL 2 5040 are transntte%ﬁ%ﬁﬁg)

SRR

o0 coah @Pﬁ% %‘“ O BB ER ko] . Feedbdck

cnoa (16l 48 e Ipnnfh PSDIUU 5086, Tail 5088

\ Y

(dmf)rc MIMG BSSSCRIAPRDY separ at e _convbut i onal 1

cHiffel WMQBsﬁﬁRA@HPE’@IéaCh stream apd variall e

Iength Pad 5090. Data 5080 is transmtted using the

oo PPN AR S A TR g on el L0036
S O 50 SR O e o,
SIGNAK Ti §026h€h QFFRd dynbol)| SHANALSD 25040, (1&&5}31\? symbol), Training
SRR i z; L0 R g TRt Rt B pcr

prediabld 3020,5 sdndlig I8 15Qﬁaaiamp19 %m%%@%@Ksid}ﬁAi 1 5020

co |sest Sfield (1 t), the Data Rate Vector
DI3AD) afq &agsnifted blstrg) theaRBDY Rowee] Srgmiendlrate and

S e O S
bifs), ge werdabie tengtie PSDF(]IJ SQﬁ)TalﬂSSM gﬁbﬁsﬁ p¥h @tfeaht)ewfﬂfe?e by beparate

IS set patj al Spreadl ng is selected

COBY PHEORRS an{lgo%’s] 1s pRpligshioy emt %rea@e 1pf vagabibdereth Pad 5090.
D4tsy80 1sft1'aﬁif§’1tiﬁfl ‘ﬂgllng I?I?]ea]{)ﬁ?@ agke %ﬁeﬁt I?gtﬁ Qﬁ? Bio%h@tlo]fl gcm;nat

regar g he sust e rate eacC
[00363] s patThal Midtie sSPLCPOBGidr Eorp PPEIU T@beO(f)(me d:bﬁtpkis@' KRWSIGNAL

(i h AL BRRRL U Y Yol BRIREY AUE) YsrBACE 5885 " "rEEDBACK

5084 fields. The SERVICE field is unchanged from legacy 802.11, and is transmitted

using the data segment rate and format.

[00364] The FEEDBACK field 5084 is transmitted using the data segment rate and
format. The FEEDBACK field comprises the ES field (1 bit), the Data Rate Vector
Feedback (DRVF) field (13 bits), and a Power Control field (2 bits).

[00365] The ES field indicates the preferred steering method. In the example
embodiment, Eigenvector Steering (ES) is selected when the ES bit is set, and Spatial
Spreading (SS) is selected otherwise.

[00366] The Data Rate Vector Feedback (DRVF) field provides feedback to the peer
station regarding the sustainable rate on each of up to four spatial modes.

[00367] Explicit rate feedback allows stations to quickly and accurately maximize their
transmission rates, dramatically improving efficiency of the system. Low latency

feedback is desirable. However, feedback opportunities need not be synchronous.



transm ssion rates, dramatically inproving efficiency

of the system Low | atency feedback is desirable.
woonewaa133 f eedback opportunities need not be PCT/US2004/034063

synchronous. 82 Transm ssi o®82opportunities may be

obtai ned in any manner, such as contention-based (i.e

EDCA), polled (i.e. HCF), or scheduled (i.e. ACF).

Therefore, variable anounts of time nmay pass between

transm ssi on {
e XSS ENSERIEY B e B EAARERERfp SAPtucn
(1.2BPIOA ap&eelzx OfHCEY ofliheduled @ .o AECR)r &h&ﬁfcﬁs,manablalamnunts of

[ 00368]" The PPDU ata segnent rate ada t'ﬁn f or
timterraayspeass betieen FARRISSTIN PPROGIUSHES Bod §Ale a‘?ﬂ? f Sdpbekthe age

of E{e%%i/tle gie%b ok ﬁxe’%r%s&??e?@afhp&?fﬁé%&lﬁ%‘? tS@terhBhe the Ql%nsmlssmn

for exanpl e or SS node of
rateperati on, each time STA B receives M MO OFDM Tr ai ni ng

Synbol s fromthe STA A it es t the d
[00368] t halhe RRDEEdai2 RPEVRIY 9 aé%&&#%ﬁf? UERSTURREE O ) A A to STA

f
o S GELS RIS EE) St s TS R i B 2

ex@88l8). ForeeifbiRWESf ore$3 % mosle tof aperatipn.cepchtimenST 43 é@celves MIMO

se nt .50 e 0036, t '
O RetrdRe Rl Bt PErShA ot SHorp ebr G be T, S be
ac Qve{? % Fsphttal <BE6&H Y 36l ahy 8MBsSTenBira¥niibsi@n oMt $’D4&1£ to STA
f as necessary to account for dela The
A §’KA\IBLméI|ué¢Sdth(Sd®tlmat€em the DRYE &sldt ofi E@Qﬁé@ﬁs 54 BHRPRVE

el d 5046 .t I
i, oepstned RS AR iR 0SAREE A The DRV 5046 15
[00369] LT aﬂﬁﬁéri fr@dmatting ke STANB ST A e gerhineatvhat tfdh@ﬁi@ﬂon'fbtes to use
F field is encoded co ising a STR f] %
baggsl wthﬁulawl*“ (tzrepeived frmatrﬁ% B, jvaiyan Sptmnﬁg ac é’%ﬁa%ﬂe"ﬁgfhfy to
acgpﬁ% g%(‘%_la%h isf)ne fS-JI-& dAilTBelfd' ghgﬂéc{@éﬁ@ @ént&ﬁ@ t}Balt3eb1f DRV field

_ S CO Val ue shown in
5088hthe Hlowkahé m:benzat@STAhB tdidet eteethe drdvet ersmitedeieMRSTA A.

Val ue for . Strea and the STR Va f St 2. An
T@MS@@ itrangicd, e o el SRS Ronm 2 1 5 of - K3

i ndifa f T
[00370] Str eam 2 an 3% kﬂig eﬁ\gﬁ%&@/&%ﬁ%ﬁ%ﬁé&?%&"{fg gﬁnﬁ (# b\l@ uﬁ Rmﬁeld (3 bits),

anoR3"fikldL (3 bits)i ead es R4 eldsty bisgh 3Thes SERficld fm¢reat081tbf Rate for

SRk 5kl it TRy MO SEM o PR R s e

difBfencd B&&%rﬂthe@'fﬁal@' foe Sebarh 11ddd the @H&RaVelse tfora§tream 2. An
Streamf:|s”o ) = "111" thenR4.is s 1b
RY 0007 B “VHehingates hat .Str@amépmcrf& Rapngistien e differeice between
(0] I, 113 2
th§ fstrg{ ?glgg f&'“gﬁ’%ahp 9 A F@%‘ §T i: ?’%Ig?ntréagl !’6 | }f% dehéraiﬁ% of “111
1n5@b’6és Bk Sﬁée’fn@ any bffeIIﬁ Ri2s= %kidéplthan ]BﬁRsMatb délBb d%mdmates the
remai njng 7 hit
difference between thle §TR l’Vealu ef%? rS)r/r(eegm%Sand the STR Value for Stream 4. An
R4 value of “111” indicates that Stream 4 is off. IfR3 =“111" then R4 is set to “111”.
[00371] When ES = 0, i.e. spatial spreading, an alternate encoding of the DRVF is as

follows: Number of Streams (2 bits), Rate per Stream (4 bits). The Rate per Stream

field is coded as STR Value above. The remaining 7 bits are Reserved.



Tabl e 5. STR Encodi ng STR Val ue Codi ng Rate Modul ati on

Format Bits/synbol per Stream 0000 1/2 BPSK 0.5 0001
w@2eh5B82383 0. 75 0010 1/2 QPSK 1.0 0011 3/4 QPSKedT/BSDAOB4063

1/2 16 QAM 2.0 0101 5/8 1688AM 2.5 0110 3/4 16 QAM 3.0

0111 7/12 64 QAM 3.5 1000 2/3 64 QAM 4.0 1001 3/4 64

QAM 4.5 1010 5/6 64 QAM 5.0 1011 5/8 256 QAM 5.0 1100

3/4 256 QAM 6.0 1101 7/8 256 QAM 7.0 [00372] In

addition to the DRV rovi des power
control feedback toliz }?118 tﬁiﬁﬁ#ﬁl STA A. This
STRadaC K Cadihg Ratsl¢ deu‘nmanwatOO ntBﬁb/ijhB ed Rtreatn
§ T a

apgsp transmiphed ay the dgpggRSegnent oS TTerd
I 600{1 bi 4 nmair tates EB})gK O ThNCrease—ot Cci—EasSet
PRy of W? ave—frhe—powe S evel—trehanges: ql‘]'zg

F +ait—tFaAsm-tpower is—d

Qg‘m nt | Tr an%/Ll t__Power JEQSISK [.00373] Fxanpl e lPower

OH o [fiel H2val ug¢s arelfQAMtrated in Tabl e26).
ADtMr nat e _en®8di nent s may6 Moy power controbl.5iel ds
ob1Mari pus si/zes, and w e Ner nat g power adgyst ment
val ues. Tablﬂ,elﬁ Power O@mbyq{/[ Freld val'ues Pawer

CPou OF | T er§1/3|vean| Ng 00N, AFange I—tcTeasy joower
G o h om0 SBnen 4o el OAM 5.0
1011 5/8 256 QAM 5.0
1100 3/4 256 QAM 6.0
1101 7/8 256 QAM 7.0
[00372] In addition to the DRVF, STA B also provides power control feedback to the

transmitting STA A. This feedback is included in the Power Control field and is also
transmitted at the data segment rate. This field is 2 bits and indicates either to increase
or decrease power or to leave the power level unchanged. The resultant transmit power
level 1s designated the Data Segment Transmit Power level.

[00373]) Example Power Control field values are illustrated in Table 6. Alternate
embodiments may deploy power control fields of various sizes, and with alternate

power adjustment values.

Table 6. Power Control Field Values

Power Control Field Meaning
00 No Change
01 Increase power by 1dB
10 Decrease power by 1dB
11 Reserved
[00374] The transmit power level remains constant for the entire PPDU. When the Data

Segment Transmit Power Level and the Open Loop STA Transmit Power (i.e. the power

level required for the AP to decode the transmission, detailed above) are different, the



Segnment Transmt Power Level and the Open Loop STA

Transmt Power (i.e. the power level required for the
WORIs03dexode the transm ssion, detail ed abovelCHIS2004/034063

different, the84 PPDU is tB&ansmtted at the maxi mnum of

the two power levels. That is, PPDU Transmt Power

Level is the maxi mum of the Open Loop STA Transnit

Power (dBm) and the Data Segnent Transmit Power (dBm.

375 Inth le e di_nent, the .Power, . I .
PRIy nsiasd 1 45 BERuES ppiBermp Sp et (e of b T e ransunit
Pc%% ha0&6is SRIHARERm |oF (RIOPpEsINesp STaTRasmittPdvhrd I(&Bltn? 8nd the
the increase or decrease of power in |dB steps. The

Dat@Segm@Iﬁ@r@BmWQWGIlﬁéme his feedback information in

003751 Foodhdfe SRR cruBBinbnf Pose RAebond ™ sda 0 g oo

frdthé &0 anylfries exchateBidquste4 . In BitidelRin ﬂaﬁ%@,dﬁﬁfdm&fb& 8he ihdrease
bits), Parity bit 5028, and a 6-bit Tail 5030 The
orsiegmse ofi poveersupd dBsstepsansHhie tesgivirg vg A wallcesst ey feedback

I
infFATEAL o' i@l MR dldlciy o afis t e EXamplE
[00376] The ﬁmmm donf?Rds RATEByeeield S0IR (4[ARE 1 Resdtved Bit 5024,
eijsycherRaron oo (ot Bt 3080, A b 0EA PP son0. moe
SI@@AEPI&&I%OQ@?&%MH@H@%@ ShiRfst s@@ﬁerﬁ l-dte éﬁ’d format (6 Mbit/s,

transm ssions, this field™denotes the PPDU Size. In
intthé @cainpﬂsemh@ﬁm,emﬁil Tha RATH/T gpecBeld 5822 isiset ﬂ@FQDOOu gée Reserved

. nded OF ynbols, Bit 2 indicates that the PPDU
bl_ﬁé : r@%ﬁﬁ%eyp%o(gls with shortened G, and Bits 3-12
[00377] 1 ndi TRt PPOUESHERGhesd (FisH 26 YdebR)s Stwol RAS3H&]s, dBpending on the
schedul ed non- AP STA transni ssi ons, PPDU Si ze/ equest,

trmsmlaalogcm@dqa eloranieneniesad STA tranpmissions Al athdP tranpsmyssions,

o GBI P ST E P T AN e

expandedeOFDM byrabsis) Bit anindicieg rthanthe (RPN @s&STOFDPU simbols with
Tr ai ni nngﬁ,ﬁnbol transm ssions fromthe AP, each non- AP

shottened T, aud BYs e indipade Hhe npmiber of OFDMhsymblst | y
[00378] " €CEnV ScnafiE®R ﬁcgla{@ §TaAN$ThsiRiks Q05 !fslﬁiﬂilﬂ §ﬁe §%‘i\és"“t~‘ﬁflg 5026

subsequent sche ed transm ssion$ fromt )
dematels Requestr M $his Beeondamedé, BitsntRuiddutaterthe SEHRIHRBteRABEEHED

field. field d d d by t AP P
Rtk o R PUTRCHE QIS (s bapuBhd) FREER R Brased to
traggﬂntaﬁijaé%@]ﬁ{em Re ghet §BA CTilRbadng @ralmn% sQfbe) trirRnidsfohidi dn the

those all ocations to the STA 0037 In the second
APm@aeh neaivcﬁé’ ST A cptimptenthe retaat @b@hflt @ancrobwhli}'c,rncelve SCHED frame

trelu'ﬁ, 1ssm§1s &% %;5 Tﬂ%e(ﬁueﬁt %qb'e(ri\g% tr%ﬁﬁax&d%ﬁ%@ ?TA this
- mbxib@ini @Hﬁe theid iacudsd Bothe @@HED ateTHER. (lihis field is decoded
mul ti of 16 s, .in the exanﬁ
by the AP. The AP uses this information to schedule subsequent TXOPs for the STA
and determines the CTRLIJ (0, 1, 2, or 3) for issuing those allocations to the STA.
[00379] In the second mode, Bits 3-4 indicate the QoS field, which identifies the fraction
(in thirds) of the request that is for TC 0 or 1 (i.e. 0%, 33%, 67%, 100%). Bits 5-12

indicate the requested length of TXOP (in multiples of 16 ps, in the example

embodiment).
[00380] The SIGNALI field 5020 is checked by 1 Parity bit 5028 and terminated with a

6-bit Tail 5030 for the convolutional encoder.



[00381]

[00382]

[00383]

[00384]

enbodi nent). [00380] The SIGNALI field 5020 is checked

by 1 Parity bit 5028 and termnated with a 6-bit Tail
w®O®8/08wa83 t he convol uti onal encoder. 85 [ 00381]PdT1ES2004/034063

presence and length of the83SI GNAL2 field 5040 is

i ndi cated by the RATE Type field 5022 in SIGNALI 5020.

The SIGNAL2 field 5040 is transmtted using the

control segnent rate and format. SIGNAL2 5040

o Ty s R oIVER bF HDRToNdG A FE SR BF Bkaled by the
ilZE eyég‘tﬁ d 80t FA8IGRREY 5060 bi ) SIGNyeLiBﬂ@ld 5F4Risnk B@mitted
|e d indicates the Ieng{th and format of the M M)

usn@:‘rm/lc@mlrﬁegglest)ﬂm(ﬂnd fopats SIGNARYPE4R eormpréses @nlfs@prV@d bit

ol SRR SUTE 0P8 3y A SR sy i

5048 nm@%@%o% (6 bitkNdTEAB &% BERinidd) & ypRY R0k dicates thdBagth and
he rate for each of up to four spatial nodes. The

fonwm thsslvmgb GEOM a“rwg SaRbola Rife rl-aydprighe ﬂﬁmbﬁo@é\.%o
Al I
orb R SIEH BT 1l ROV iy LT 08 i

ypéi fidid: 0 Bdidates §8] 1 1rﬁlﬁk50:st$ TieeDREM0d6 pirovades the nato fhereach of

00382] FIG 51 d p| cts ED PPDU _ 510 Rat e/T =
up %’o@@y spaalmpedspp() ris sagodedpp é?f&% rsaleRVF

(mc%%%f%ﬁi%%{(%sg@g%b@égtég% %h@%ém@lﬁad(sb@f@ﬂecked

by b atylbit)5048mdd terminateslovich 4 émgrmlg@ﬁamoﬂha nen@ila@nalmn@er

G o SR PS8 0, 0t ™ £ Byl gD BROU 5100

conhfrﬁewm@ﬂ Pb&mws 51, REGN AI0Nt 5100 GEOFPM sfn@b@l) ASIGNAL 2
nodul ation format. SCHED Frame 5180 may inc

5140d# iQIRMr ymdo)), Tzinjeg Symbals 2069 €0, 203t oF 4 sEpeale), e ¢ Friable

oSSR R o 81 o
exaﬁlpl@elﬁﬂ&ﬁm(eﬁt tSIGE\)AL CBRRo aﬁﬂ BEGNARR? 66400311‘esl)ans1ﬁated tuymg the
bit 5130, and Tail 5132 (6 bits) = pe ]I
PPISU(conBoIFERMeRTTIE FEEPGUMHTR Bk MBS gE S 180 s include
va%%&%&hé&%%%%bbw '\xﬁﬁtr@%gk% tﬂe‘ﬁﬁl@?meg’gnptn%ﬁ segnent of

transmtted at t owest rate (6 Mops
| n smmxaﬁmoec)ompﬁses RAGTiEppe 5H2D (4 dsts), ml@m@n 5124,

b bl T AL LD Baet P AT

budl) URATE?T?]&E $120%880 €00 10T Ride 1BisR 8BRS 120 Hiagdest folte CTRLO
en the segnent of the SCHED PPDU transmtted at

Size 158 2hextcatibsghe ﬂengﬁt o tha owngy ofioe KCUREXBRALyansyesd at

1ow§§ta%§i ('gﬁwﬁp%%gﬁ il "iéL]E *rﬁa %égtz;nc%nt g%c{fg%es t %agﬂt{%w field of the

PL%%EE%&&O’Q@MACQT@B& HEGRECTRILS saghet5¢3€NThe valtdd encoded in
multiples of 4 us, in this example. CTRL1 Size 5128 indicates the length of the

segment of the SCHED PPDU transmitted at the next higher rate (12 Mbps in this

example). The value is encoded in multiples of 4 s, in this example. A CTRL1 Size of
‘0’ indicates that the corresponding CTRL1 segment is not present in the SCHED
PPDU. The SIGNALLI field 5120 is checked by 1 Parity bit 5130 and terminated with a
6-bit Tail 5132 for the convolutional encoder.

SIGNAL2 5140 comprises a Reserved bit 5142, Training Type 5144 (3 bits),
CTRL2 Size 5146 (5 bits), CTRL3 Size 5148 (5 bits), FCS 5150 (4 bits), and Tail 5152



PPDU. The SIGNALI field 5120 is checked by 1 Parity

bit 5130 and termnated with a 6-bit Tail 5132 for the
w@oovs0suss onal encoder. [00384] SIGNAL2 5140 cR@pPUSRE$034063

a Reserved bit 5142, Traini8ag Type 5144 (3 bits),

CTRL2 Size 5146 (5 bits), CTRL3 Size 5148 (5 bits),

FCS 5150 (4 bits), and Tail 515286 (6 bits). The

Reserved bit 142 nmay be set to 0. Training Type 5144

(6 B R BicoRds T ys MRG  en B 1d figmsetsiod for
PPMETW@@t(Trﬁimhge"yﬁélbﬁm PPDU transmitted at the next
hi ghest in this exanple). The value is

t
[00385]  oncbddd-2 ﬁzmﬁ( lﬁﬁpln%afsqi the Jegthi of theissgmraingl the SCHER PPDU
di RL2
et MR 8, U SRR 0 U gt
mBtips iofdé ciad, el thie dxanpld) oA UTmesmanbf 00 tidcasbdBRat the
tted at the highest rate s inthis
coR RS CTRIC AR i SOLmERaGH 1 SGRTHI? KPR of THLAmize 5148
indiéhtdshthé leﬁéﬁmﬁ tRe sédntchiRbethe SG08H PPHU trgﬁgnﬁﬁéc? ?t ﬁ}g%lgst rate

t he correspondi ng CTRL3 segnent iS no resen

(Z@thglrp;hwxap@@@S dlher@Bie54 6cddsd ummphipw adMegis, ihghis example.

A CTRL2 R B nalles MR oaiancing ¢ TEaE semagat ot prsent in

the(SIEI\IEDlHHmmaI encoder. [00387] FIG 52 depicts FRACH
PPDU 5200 (Rat e/ Type 0100). FRACH PPDU 5200 conpri ses
[00386] o PFEP YSastsrmpsiedgovesitignentice HOPAL N gk SIENMIBSds. The

SI 2%@% %rlg geg‘xq?l{agﬁdsqi@gl %ybnﬁalﬁ}QZ éjgra% E(rénvoqrt%lonal encoder.

[00387] enbBHG. rﬁQrdeplcfsJ FRACHLPBRO05280 qRah@Iyﬁé —2)156)4 OFRAEH PPDU 5200
t he PPDU contr ol ment rate and

coraReF AU ms?rnﬁi% 24 S TERAEE PRBLI(5DEOM Symbolhanl SIGNAL 2
52180/%30133_191 Sty S Per |§§&EHI]§%QP:§A% eésgn hselfwts in the example

edul ed "Acce
embedimioht. SHEINAL 1ah22G et STGNALKN6M0 #re ttdﬁemﬁi%d(tﬁﬁlg the PPDU

corf BeiFis PSS paty ool ok WP ERND 50 isaprmited by

SIX6 5
i e T A T s

Ré@ihpwg%e%&hsh@ tay anphiberRéye bsewiFioghel A5’2{26detanleﬂ$bove)

oo $PESENEE (Ph TR EROR(PYE) (1 SBUE | S B g

Requmrest 3226 itl heitSAPaitly/bites 288 partd Tai $235 8RitERPTRAME/ Type 5222 is set
L2 5240 conprlses

to (ﬁ%&egg? i}@%:rllgelfdt elggf?dﬂerggb Ogeg ?993\4) DIBpRaquestaFipldi5@L6 is as specified
or OB 9 OB Sy b SR gl
Par:ty) b SZ%mdcwmﬂhﬁteﬂMlh a GkbittTaili 5230 fdreh&doAvbhutiogalichéd g,
[00389] N SIGNAL2 5240 comprises a Reserved bit 5242, Source AID 5244 (16 bits),
Destination AID 5246 (16 bits), FCS 5248 (4 bits), and Tail 5250 (6 bits). The
Reserved bit 5242 may be set to 0. Source AID 5244 identifies the STA transmitting on
the FRACH. Destination AID 5246 identifies the destination STA for which a TXOP is
being requested. In the example embodiment, in the case where the destination is the
AP, the value of the Destination AID field 5246 is set to 2048. A 4-bit FCS 5248 is
computed over the entire SIGNAL1 and SIGNAL? fields. A 6 bit Tail 5250 is added

prior to convolutional encoding.



the FRACH. Destination ATD5246 identifies the
destination STA for which a TXOP is being requested.

wo poosia91exanpl e enbodi nent, in the case where PEEUS2004/034063

[00390]

[00391]

[00392]

[00393]

[00394]

destination is the AP, thes8Val ue of the Destination
AID field 5246 is set to 2048. A 4-bit FCS 5248 is
conputed over the entire SIGNALI and SIGNAL2 fields. A
6 bit TaiI 5250 i s added prior to convol utional

enc 003 exampl e odi t, ST

ray 0 B UMEP 51 A8 GUSAP e At BT Ssfgess the chamnel
anl ansHi thellBQuesBHlbRste ITESSPRACHN It RRefBAGIdcedstullyaRah X80P, the

successfully by the AP, the AP provides the requésting

ABSpRoviestthe requeiting SBATXEPa] Sﬁh%dléﬁjbgé@l’em a subsedudné ¢ cheduled
acHs§ ér? & eﬁ‘h@ﬁmpﬂ% o PR s?ots K R’%ﬁé_lc?rﬁ%{t e@alefl&cgeﬁ% period is

CUI‘ access peri O

1n<B€§‘EED.nrtES§€@ED INISSBACN FROE91] The STA may al so
ai a var able B FRACH. . Followi ng a transm ssion

on 1 Ramay 2 Isp maeas EA Fablei, ERACHXEPI ewEggriraasmission on
thd FRACH ?f t’ﬁg 'S’[‘AE reb EF&ELST %E%%ﬁméﬁt frt(;ﬁ? TAp dp Pe%etggt " FRACH.

recei vé assi gnment et’er’mi
If thenBEA, d@d‘s’A@H mOBfasS@ﬂEEhtt Wﬂhﬁlml §)$¢daft$mf1ﬁ19din number,

ST XTI STy
byl Ny /-{ﬂb DabaxshenBatue S 7t hﬁw%%ﬁé&ﬁ&er MO?EK?@A@%@&Q&H@& in

icks a FRACH slot wth probability
anz\CF elep@@taslejle Beacnn. PrrigiamerRACH, thes¥hik pidke d FRAGH slot with

¥ eaRk@nd during the protected
prd%thﬁp@ﬁn per od durl ng the SCAP using EDCA rul es.

[ 00302 FRACEE periodsikistiedued lyana AP, Wankd sundenss idtbnd during
that information and signals may b e represented using

theggtegted goytgptien Rerigf dyring theSHAR ueinsBDEH mdesand
t ecHRhLQUESiT oL tlf’aemb@dt ﬁgﬁtaﬁ% gﬁeft 1%%%”0 do L Sigha gs?%lay be

i nformation, si
repnwpnbé ustdge map oafda tviarietyrgbitd diffetrehﬁ ebtmoto ks Qllid @édhﬁl’éluﬁ‘s'ly For
resented by voltages, .currents, electromagnetic

ex%é?/lg’sga PrelgFieeqtions:jcg $ IBWEP%S&% Dt Sm@llsd gngy chips
tha@%ﬁyl' QJeeﬁefel‘éﬁceanﬁlr hinHe! ngbvteh&és@ﬂ%' 21%3 r-gﬂgée%ted by

of skill would furt appreciate t
voltdges sturrgnisy elettlxgn@btldoWamdssmagmﬂml fedds @i partnnlés optidatl fields or

orlthmst s..descri ped in connection with the
pa ﬁ%(sj’aorr%‘ﬁ gfp E?%@“S’ifogerel n may be inpl enented as
el eThog@nbe SRﬂI ehomlde furfeP k&fn%(:lafe‘)ftﬁa\t\@h@ wvafibus 111ustrat1ve logical
conbi nations of both. To clearl illustrate thi

blocks, emerulss e skeuitst yndf alﬁ@‘ﬂhmals@P&rﬁﬁS@difed\Am econwtmm ugith the

embb& H%%%S%E%Zs\?g q%Pegﬁ]n g{c%lgs Cri %q%%érg%d\jgéj é e %?IEF Ih\?r Vﬁmi’ &P fputer
sofb}ffareh et rcofnbirationnaf ibbth.  Wetleatly sligdirate this interchangeability of

hardware and software, various illustrative components, blocks, modules, circuits, and

steps have been described above generally in terms of their functionality. Whether such
functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled artisanis may
implement the described functionality in varying ways for each particular application,
but such implementation decisions should not be interpreted as causing a departure from

the scope of the present invention.



functionality is inplenmented as hardware or software

depends upon the particular application and design
w@oenwsosasht s i nposed on the overall system SkPCT/@82004/034063

artisans may i nplenent the88lescribed functionality in

varying ways for each particular application, but such

i npl ement ati on deci sions should not be interpreted as

causing a departure fromthe scope of the present

n ntion. 88. 95] , The u i.ve
(00395 SR e R bR S B b i rclibfhea
conﬂ\échl‘ln tvsklﬁl pehatioaRnd s disclobdisiagleii @il be fMylebtented or performed
i mpl enmented or performed with geagener al pur ose
wittp rogenserd rpurposdi RFPeassors iagfigitalpsi s@eeesms@ Pynan application

e RESBBETRAR S LS B SaBif pe ERrn o oe

pro ?ﬁﬂﬂfablﬁ%@ devie; disoretee gatdi smﬁmlsis@at logix, tisaresd dtaodware

ogic, discrete hard npon nts, . .
COMDOREATH i B qom%wn\é%%e@ﬁ g%?l%ﬂ& i rPFﬁPWF taﬂé frngtiops Ggscribed
her@if 58! 0%93%1 Sl hrodbsSif @H{&ﬁﬁ&ﬁo@%ﬁ%ﬁwmﬁm@ the

| n the a a

roc ut tive, the processor
promsorbmaﬁrhe amjn\oen%rxblnaﬂ pnooesseas aontrelders m;t:rcmomroller or state

.crocontroll er A pro ess Y
magli, g BoRsBhehEocDs 58 TEBHGTANE: Bh e DiRdarR qg. computing
devﬁ:%é” CES: aCcBmbimdtisR S NAIDIM Ald @ Bfftopkesdsor, a plurality of

m Croprocessor, a plurality of mcroprocessors, one or
mxcrmneceﬂsm,@pcmemg meciopTasesfoTsriatcoanngiarhwihgsP SEgige, or any
e ng%jgji ek such configuration. [00396] The steps of
0 %fs &8t 8P gori t hm described in connection with the

[00396] enbpel ek Soflis echabedl dieaorithimyddaeritesdb dli emxrébrlthh the
in hardware, in a software nodul e executed

embpdimens sisclosed harein gwprphengrbesfied firedly tr\ABard aé?}flflv\%us%ﬂware
I r

mof LB 7518 SAMIBIR bl A0 K00 X i ot

mayli:8¥ide anr RAdA afkmot, sRashanCROROVROM  mayont, h PRV nmsfuory,

t di k t
EERRGM Ferrooaseir g fiskpf seneibls Gikrs e RS, S 3gy other
fon‘ﬁEHT stcasd ﬂléﬁl@tﬁq&t)bvﬁrinftﬁ@éﬁ ﬁﬁd:x Whp1bS dibva S8 ARddied i$ Goupled to

he stotage nmedium In the alternati've, the storage
the rpwbesmr sagh the prmeegnraqantrgad héomratior Siont, and rerits wéEmeEen to,

the o a1 18 (R AT b Sl Hedtuft iy Y BuéeRifo me

proBés9GE SPIRY probesérhirdsthe kRgcrRetliuin M@y retids il @nasdSIC. The ASIC
di screte corrponents in a user termnal. [00397]

maywmeﬂg@ wetorRl Jhuths @ltemative fhenspesseni @ad 4Rg stogags medivm
cat Y se headi ngs are not
ma?” nefs d% @gﬁs@%te{ ?Jrﬁlﬁ%ﬂéqégggg%qﬁmﬁe concepts descri bed
[00397] W tHeadisgreafe irorded cher&n Cfor cefeceot sandao hilvan locating various

I bility th
sectlgr?s ! "%I?es!e hleady ings arrg lI"Il th lcl)lltjéndteé1 let t{w scope of the concepts described

with respect thereto. Such concepts may have applicability throughout the entire
specification.

[00398] The previous description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from

the spirit or scope of the invention. Thus, the present invention is not intended to be



speci fication. [00398] The previous description of the
di scl osed enbodi nents is provided to enabl e any person
W@ Ri0s08d33 N the art to nake or use the presentPCT/US2004/034063
i nvention. Various nodific&?ions to these enbodi nents
will be readily apparent to those skilled in the art,
and the generic principles defined herein may be
applied to other enbodi nents w thout departing from
the spirit or scope of the jnvention, Thus

., th .
limitess énthe exdadimsntsi showgy hergine Ridets foobﬁe?égorﬂlehﬁ f?’@dw’(d&st scope
t he,_enbodi . ' o accorded the
Coﬂflatggttw cgipgg)%tclzlglﬁz‘i‘lgs eﬁ?‘%\ﬁ/\/l?%aﬁn? ﬁ%s%ﬁe&i&e%?xgs and novel
features disclosed herein. WHAT IS CLAI MED | S: 90
CLAIMS . An apparatus conprising: a transmtter for
WHARIHGEAREDY B:gnal , according to a first
transm ssion format, for reserving a shared nmedi um for
a duration and for transmtting accordingt o a second
transm ssion format during the reserved duration; and
a receiver for receiving according to the second
transm ssion format during the reserved duration. 2.
An apparatus conprising: a transmtter for
transmtting according to at |least a portion of a
first communication format and for transmtting
according to a second conrrmunication format; a
recei ver for receiving according to the second
conmuni cation format; and nmeans for reserving a shared
medi um for a duration for conrnunication according to
the second transm ssion format during the reserved
duration. 3. A wireless comunication system
conprising: nmeans for transmtting a signal, according
to a first transmssion format, for reserving a shared
medi um for a duration; and neans for communi cating
according to the second transm ssion format during the
reserved duration. 4. A nmethod for interoperation on a
shared nedi um bet ween one or nore devices
comuni cating according to a first transm ssion fornat
and one or nore devices comunicating according to a
second transm ssion format, the nethod conpri sing:



transmtting a signal, according to a first
transm ssion format, for reserving the shared nmedi um
w0 o005@3483 at i on; and communi cati ng accordi ng tRPCT/082004/034063
second transm ssion format %uring the reserved
duration. 5. The nmethod of claim4, further conprising
contendi ng for access according to91 the first
transm ssion format prior to transmtting the signa
for reserving. 6. The nekggggﬂ% claim4, further
conprising: requesting ac o the shared nmedi um
and receiving an allocation in response to the
request. 7. The nethod of claim4, wherein the signa
Lis AATFRPAEHSCONPHSHEUNi ty ( TXOP) accordlng to an | EEE
802. e
sig nz]:ﬁr ﬂ{sﬂnﬁt?e% %r ggnssmgﬁgl WEE%E,? q’o%fc Py e@ {r?ear %S%&m?#eog format,
forpsk&rothgaf sh@fedlrmdflmn\sztezt &urdtiéy aisfor tiahsngittingJicgerdingf tar a second
reserving the shared nedl mfor a duration further
trapgssion darmaf dpang e resgrad aeadegxa Send (RTS)
nes ;
ur 2o B R RO AR s (e s d et SGHAR during the
reg¢aremisivrdtionng a signal for reserving the shared medi um
for a duration further conprises transmtting a C ear
To Send (CTS) nessage, the CTS nessage indicating a
2.t r angiisisal ifen. . The nethod of claim 4,
whermlﬁﬁ%ﬁﬁﬁgﬁgﬁkfggnsnission format i s an | EEE 802
f or reattransmitte Her ntmmmrtmg @cat%%,to whfe desbtn at pertigacorida first

feb)

transm,ssi nfor es a Time Divisio ..
colx j ﬁnlé%t %ﬁ'ﬁﬁ) bné acwm ng S:o nag :Sse%)'ﬁgi (foggnuglcatlon
;bﬁﬁﬁ§0|ldated poII zero or nor e access point to renote

station franes in accordance with the consol.i dated
pol |2 TeosiYes fe repgiyig esnsdiag &2 Heiserpnd soparmicetipn foymart; and

fr aqﬁg‘ank Neo@ Gl Ce M ela Héﬂm?x? nl%?'al Qﬁfa npﬁJrl confhication
oL ¥ o

or nore reno O renote station franmes In

acacidorgda ﬂm@emrtdhrd:rhmssmnimhxﬁaﬂ dueng thelreseraed didfativer o or
nore random access segnents in accordance with the
consol i dat ed polI.

3. A wireless communication system comprising:

means for transmitting a signal, according to a first fransmission format, for
reserving a shared medium for a duration; and

means for communicating according to the second transmission forrmat during

the reserved duration.

4, A method for interoperation on a shared medium between one or moxe devices
communicating according to a first transmission format and one or more devices
communicating according to a second transmission format, the method compri sing:
transmitting a signal, according to a first transmission format, for reserving the
shared medium for a duration; and
communicating according to the second transmission format during the reserved

duration.

5. The method of claim 4, further comprising contending for access according to



13. An apparatus, conprising: nmeans for allocating a

first duration for conmunication on a shared nedi um
w@emonshiayy to a first one of a plurality of PCT/US2004/034063

conmuni cation formats; and9%eans for allocating a

second duration for comunication on the shared nedi um

according to a second one of a plurality of

comuni cation formats. 14. The apparatus of claim 13,

e TR B e R PRl Boo P ESRRRE

follow ng steps: allocating a first duration for
comuni cation on a shared medium according to a first
6. one T8¢ methad i slaimd, Brthebeamtisint i on formats; and
al | AGALIRG BoE RPAY UL Anb@fn, ghq COMUNI cation on the
shared medi um accor di ng to a second one of a plurality
of cameiviny aedlicontidnan mespsnseld thekbgquesedi a of cl ai m 15,
further operable to performthe follow ng steps:
transmtting a Tine Division Duplexing (TDD) frane
i nt 1SSAOF 154 [ bt S Ing-'
b one?g‘?%rsore fr‘grﬁriérggi ﬂ’hg%glz@gasg%tgﬁ%i %)ﬁﬂtnﬁlghc oli %)tqgg( OF)
acqovdihg teaadBEEC02/1 Ingrotawel. or nore franes in accordance
with the consolidated poll. 17. A method for
communi cation on a shared nedium conpri sing:
8. al | geahieftbdalidisl, Guein B8 sipll SOPRIHAS ﬁ@éﬂt@@ﬁ&[‘ﬁéé‘?eﬁod,
shared medi um according to a first one of a plurality
of conmuni cation formats; and allocating a second
dur gt | [ ' t. shar e di_um.
9. ocorari oL AT, FRLAN saitolisRe S AR 7 Rsdling the shared
medimmfor eattinatiod durthérs cordfrised heangBitting HReghat NTHSERI (RTS)
at | eﬁség,gne of the plurality, of communi cation formats
meggprine BL S Ipessaes ngegmgadrangmission dyrdiopet hod of cl ai m
18, wherein the one of the plurality of
conmuni cation93 formats conprising spatial processing
10.i s Fhdvimethiqul ef ¢lapud, vheteimptransittipgta Siphdr reserving the shared

0 ni cation format. 20. The nethod_ of clai
mefiET B RN Or e FoTerad Cie fo Bt FET) message,
the! QB nesiaB i MhPH trahMhiSHn MR cation format. 2 .
The method of claim 17, wherein one of the plurality

of conmuni cation formats conprises a Time Division
11. DUPERE bl ol [P aid A Wkl Bl Bibt CAIREL RN im A 185h SEEE 802.11

format.

12. The method of claim 4, wherein the second transmission format comprises a
Time Division Duplexing (TDD) frame interval comprising:

a pilot;

a consolidated poll;

Zero or more access point to remote station frames in accordance with the
consolidated poll;

zero or more remote station to access point frames in accordance with the
consolidated poll;

. Zero or more remote station to remote station frames in accordance with the

consolidated poll; and



a consolidated poll; and one or nore franes in
accordance with the consolidated poll. 22. The nethod
wW@R00s/036183 21, wherein one or nore franes conprPGEES2004/034063
access point to renote stat?ton communi cation. 23. The
nmet hod of claim 21, wherein one or nore franes
conprises renote station to access point
comuni cation. 24. The nethod of claim 21, wherein one
or nore franes conprises renote station to renote
st at 261 EReTR FIaI; agpess segmepbeinpeedidance it the aeselidated poll.
wherein one or nore frames conprises random access to
the shared nedium 26. The nmethod of claim 17, wherein
18ne dﬁlgﬁmnmhLMmqnﬁh@pnnunication formats is
substanti t he sa as an 802.1 EDCA format.

frst G

The MEEHY °fo llqeptifiens r&?@%mgﬁtnpaﬂn wh@fsd medium
I e as an
aGé?ﬁ‘H'iHQ ggﬁ? sg ?ﬁ%@fi@%&h’_ﬁ)ﬁ%ﬁd&ﬁ'ﬁlﬁ—g&{t@h f%{al m’ f@& wherein

o n e meap$ forallpeajing f seromtihdniatian farcofmmmumi¢asion sn the shared medium
subs.t ant tally.the SCAP f. or nat 94 29. The
& %83 o S%"Ioﬁii a l?qﬁ'iﬂ?%e& OBty fmakat i ng a

series of one or m)re third durations duration for

comuni cation on the shared nmedi um according to a

1# r stlhegppagptus peclpinut ifirther gpmpasingimieans foospatiol pracessing.

and a series of one or nore fourth durations duration

for conmuni cation on the shared nmedi um according to a

15 ecodnpueer eéaduble npldiy dpetdbie tofpeeformy oRLWRIE stepsiat s,

t he s%rles of third durations and series of fourth

dur afllesing aiiEstdygtion dor epmmynigationromsheredanedivgm 20cording to a
iR 8hE bR bRl PbeERRNA A Brogl.ephed Lo provide a

maxi num n erva etween ories of the series of

t hi r dllchatiag iaeacond @ratidh &rrmhimudn@fnon baitita sharedwh&liwh According
the first durati conpri ses on nor e SCAP

14 ffeshdPhe SHLSRD PR aatn ST wher ol n € he

second duration conprises one or nore 802.1 EDCA
intervals. 33. The nmethod of claim 17, further

leonmpihe m@iae@icéﬁéMi 1§ hftm@elaomhl@mpeoﬁonﬁ n@foﬂiewingjbtdper
th L. t
furt Rebsthinh 8 AiRg Do PliRiitotuaR) Saficotligist eporising

cholidated poll;

transmitting one or more frames in accordance with the consolidated poll; and

receiving one or more frames in accordance with the consolidated poll.

17. A‘ method for communication on a shared medium, comprising:

allocating a first duration for communication on the shared medium according to
a first one of a plurality of communication formats; and

allocating a second duration for communication on the shared medium according

to a second one of a plurality of communication formats.

18.  The method of claim 17 wherein at least one of the plurality of communication

formats comprises spatial processing.

19.  The method of claim 18, wherein the one of the plurality of communication



t he second duration. 35. An apparatus, conprising:

nmeans for contending for access to a shared nedi um

W@ewsnshiiay to a first communi cation protocol; BCTUS®aHE34063

for communicating on the sMared nmedi um according to a

second comuni cation protocol during the contended

access. 36. A nethod for conmunication on a shared

medi um conprising: transmtting a beacon; contending

for access to the shared nmedium according to a first

fouanatL FPTERISIRG, ORAtist BresesTng ina Malvpiminpat Migtiple @uput (MIMO)
‘ j ccording to a second conmmruni cati on

°§§%”§g% dﬁ#ﬁ%@ the contended access. 37. The nethod

of claim 36, further conprising: establishing a

ontention fre eriod; and .al| ocat | pol I s according .
o 't e 1rled i HaRR it | BRFTERoS MMl PR iGation. format is a
MR MR il COuRat {M@Og%%mﬂlﬁﬁcd%hrf&%aﬁf cl ai m 36,
further conprising @ contending for a second access to
the shared nedi um according to the first comuni cation
rot geol - .and icating on e shared.nmedi um .
2 Qo R0 YRUTF) 1's FPSISHRGN CeiF BRgEbEORiGier formats
cbiPrises aoMshe PIMERAIRHIAGEELEDD Bframd hﬁervﬁtcbﬁx% i9fngCl ai m
37, wherein: a first access point establishes ?he
cont RiPen free period; and a second access poi nt
contgg&&mpg&E@ &@§§daccording to the first
communi cat I on érdtocol and comruni cates with one or
mor e oneomherestaidsdn acedmeeliwity thocdnbelidaaagod.
communi cati on protocol during the contended access.
40. A device, operable with an access point, the
28CCCThe I THUAR! 115 WHdfkif of 08! Bl Aftndd EEARE A floint to
a contention period in accordance wth a firs
rgooetestaficmednomupicatiancol , t he devi ce conprising: neans
for contending for access according to the first
comuni cation protocol during the contention period;

23.  The method of claim 21, wherein one or more frames comprises remote station

to access point communication.

24.  The method of claim 21, wherein one or more frames comprises remote station

to remote station communication.

25.  The method of claim 21, wherein one or more frames comprises random access

to the shared medium.

26.  The method of claim 17, wherein one of plurality of communication formats is

substantially the same as an 802.11 EDCA format.

27.  The method of claim 17, wherein one of plurality of communication formats is

substantially the same as an 802.11 CAP format.

28.  The method of claim 17, wherein one of plurality of communication formats is

substantially the same as a SCAP format.



atransmtter for transmtting in accordance with a

second communi cation protocol during the contended
w@ewemsy13and a receiver for transmtting i n acROF/Us200€034063

with the second communi cat i9én protocol during the

contended access. 4 . Conputer readable nedi a operable

to performthe follow ng steps: 96 contendi ng for

access to the shared nedium according to a first

conmuni cati on protocol; and conmuni cating on the

shared nmedi um according to a second communi cati on

201 OtTHE Ghot B bf‘glaﬁﬁQWEﬁ*t‘ll@ln&ﬁﬁbrﬁﬁfgeﬂﬁ)caﬁﬁg a@o:-:x\i‘é:sr(ﬁ1 é&Sor more

communi cati on system conpr.i si ng: devi ce
thigd deretierisndpraton &g cogsnynicatipe o8 Hbg @@reéemedwa@@@rcbnm@o a first
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dutatiohe@ttien fdieosihaurechtion dh uio dharedamelitidtacomding thiarsstond one
renote station for transmtting a, pilot. in accordance

of m Rlugalige OF ramEBmiHPe Jerowts, theseies | of thing diratioasaad series of
nmeasuring the pilot and
e er?nuo}l%%eegge%gack therefrom and transmtting the
feedback to the first renote station. 43. The mnreless

|ca n system.of claim42, whereint
Sehod Gt e may Wprihy et Srerta o seried i Trpdde 2
ma%&ﬁ%%ﬁ@iﬁ@f%l%&tééﬁ oRELSFAROLeried of MErdRERIds. M enot e
station i n accordance wth the feedback. 44. A nethod
for communication on a shared nmedi um conpr|3|ng

160© n;ﬁ,? di eg]? {MC C?;tv{hgﬁlrb&sé%%gll %top gﬂ%]ﬂﬁascocﬁg rogmoge SCAP

ln@hgﬁal according to the first conmunication pretoco

to reserve the shared nediumfor a duration

transmtting a pilot froma first renote station to a

sec n r

323 o BT Bt Slebh 0 A SeR05E sy BoRBH bre or more
8024¢ HDC A éxveitvalsst at i on and det er m ni ng feedback

33.  The method of claim 17, further comprising establishing a contention free period

for the first duration.

34.  The method of claim 17, further comprising establishing a contention period for

the second duration.

35.  Anapparatus, comprising:

means for contending for access to a shared medium according to a first
communication protocol; and

means for communicating on the shared medium according to a second

communication protocol during the contended access.

36. A method for communication on a shared medium, comprising:
transmitting a beacon;

contending for access to the shared medium according to a first communication’



therefrom transmtting the feedback fromthe second
renote station to the first renote station; and97

W0 e@n®sh183 i ng data according to the second PCT/US2004/034063
comuni cation protocol frofddfthe first renpte station
to the second renote station in accordance with the
feedback. 45. A wirel ess communi cation system
operable with a shared nedi um for receiving andf
transm tting, conprising: a first access point for

p 8ﬁW§ﬁW9atign acggrding to a first communication

f or mémnARfanS 66 IR sREEL SdRDh %Eccfrﬁ%qg?ﬁmr?‘éélﬂ.toﬁéltcioﬂlﬂlun&ation

according to a second communi cati on e Secon
peateced dutieg the copfendedlaecase transnit a signal in
accordance with the first communi cation format to
reserve a duration on the shared medi um f or

3?.omnmé gRttodrnfaReA RE] AvthtcoiRisigeond conmmuni cation
or mat .
establishing a contention free period; and
allocating polls according to the first communication protocol during the

contention free period.

38.  The method of claim 36, further comprising :

contending for a second access to the shared medium according to the first
communication protocol; and

communicating on the shared medium according to the first communication

protocol during the second contended access.

39, The method of claim 37, wherein:

a first access point establishes the contention free period; and

a second access point contends for access according to the first communication
protocol and communicates with one or more remote stations according to the second

communication protocol during the contended access.

40. A device, operable with an access point, the access point establishing a
contention free period and a contention period in accordance with a first communication
protocol, the device comprising:

means for contending for access according to the first communication protocol
during the contention period;

a transmitter for transmitting in accordance with a second communication
protocol during the contended access; and

a receiver for transmitting in accordance with the second communication

protocol during the contended access.

41.  Computer readable media operable to perform the following steps:
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contending for access to the shared medium according to a first communication
protocol; and
communicating on the shared medium according to a second communication

protocol during the contended access.

42. A wireless communication system comprising:
a device for:
contending for access to the shared medium according to a first
communication protocol; and
transmitting a signal according to the first communication protocol to
reserve the shared medium for a duration;
a first remote station for transmitting a pilot in accordance with a second
communication protocol; and
a second remote station for:
measuring the pilot and determining feedback therefrom; and

transmitting the feedback to the first remote station.

43.  The wireless communication system of claim 42, wherein the first remote station
further transmits data according to the second communication protocol to the second

remote station in accordance with the feedback.

44. A method for communication on a shared medium, comprising:

contending for access to the shared medium according to a first communication

: protocol;

transmitting a signal according to the first communication protocol to reserve the
shared medium for a duration;

transmitting a pilot from a first remote station to a second remote station in
accordance with a second communication protocol;

measuring the pilot at the second remote station and determining feedback
therefrom;

transmitting the feedback from the second remote station to the first remote

station; and
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transmitting data according to the second communication protocol from the first

remote station to the second remote station in accordance with the feedback.

45. A wireless communication system, operable with a shared medium for receiving
and transmitting, comprising:

a first access point for communication according to a first communication
format; and

a second access point for communication according to a second communication
format, the second access point operable to transmit a signal in accordance with the first
communication format to reserve a duration on the shared medium for communication

according to the second communication format.



