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Field (0002] The present invention relates generally to communications, and
nore specifically to nmedium access control. Background [0003] Wreless
comuni cation systens are wi dely deployed to provide various types of
comuni cati on such as voice and data. A typical wireless data system or
network, Woelsdesi0ful tiple users access to one or mor &SHEPEY PESbur ces.
systemmay use a variety of nultiple acess techniques such as Frequency
Di vision Multiplexing (FDM, Time Division Miltiplexing (TDV, Code

Di vi sion Multiplexing (CDM, anBAGH{EROUNIDOO41 Exanpl e wirel ess networks

i ncl ude cell Iar-based data systens. The following are several such

exanpl es: ? the "TIAEIA-95-B Mobile Station-Base Station Conpatibility
St andgo@hz2f or DudtheMpeigen deleatich Setatad gGpedty uo Cemhuhmatidgstad! mogt he |1 S- 95
st andard), (2) the sta dard Offeé%g by a consortiumnaned "3rd Generation
Part ner shi pPeeriE§ gwccﬁﬁd’o odied in a set of docunents including
Docurent  Nos. 3G TS 25.211, 3G TS 25.212, 3G TS 25.213, and 3G TS 25. 214
(the WCDVA standard), (3) the standard offered by a consortium naned "3rd
Cener at i on BRekgramghi p  Project 2" (3GPP2) and enbodied in "TR-45.5 Physi cal

Layer dard figr 2000 . [ . o

st gnda@d@ f' and (\g}re]t%%sg? 0#?“?5’%“1%"%‘33 g%ﬁsg?ngsofr&ﬁiﬁﬂ}sﬁé@#gég rﬁr‘%ﬂg%{ﬁ% m({s)}%t o the
TI A/ El AV | So8b6nsivmivadon s¢dhhs vozediné dsﬂaamd@tpd:)al witfleg5htaQyem, exactpbeks of

Wi rel ess systens ingl }‘de Wreless Local Ar tworks (WLANs) such as the
| EEE 802. 1Pratidermpiiiple ysers acgess 19 png 5 mozeos TGy oFs: 4 RSB SR KIS over

these net x:@&n RERY RUPH! RndHDIVi:EMult Dvp! e
Qut put (MWQIV%)Ilfé AN LE% E%I g(i%n?éélgru?%ég géntgl FF}rg% ﬁ%CélD Vi Si gﬂéxm ti p exi ng

(OFDM) nod Jluaﬁllibwilsme@l’iﬁithb%slg (F'BNB, ol Diviswn Meldplssiag (CAM)ondeotifts o i nprove
upon s of the,short S

wrel e‘ggﬂagyst em de; éengﬁgg%g%eggérggén%gfdglé?lhﬁgrzbaééldt ttéﬁ%%é% h%/he%qglgog%lrﬁés

avai |l abl e. ald glee¢raldatich eedirgsehravi@) aheENEPA-OGE MstdlebBlatiby-Bafe dtitiamced

applicatio ng whi.c r ast. data tr er, angl various
ot her appl ?f?&i‘?”é‘ggtg sﬁiﬂ%&e& Mi‘@’gg %ﬂg‘i’ a‘{ 'séj “Ifﬁsﬁ’\?i“?]ng

requi rementygef@od H@ﬁdard)e%%é b¥RlafRb Fered b?@&fcﬁéortuhﬁ%m%& PR GéncfhgbR May
have | atency and throughput requirenments, or need some Quality of Service

(Q0S) guar Zattwership/Rriaisot” (B@gmaleerﬂmdw@emrﬁet of decuapiadnaydingPogungapst em

ey Ledusas s 5 ,Exgh o8 enongh cpe k] echn i (i 2ERR 05108

commonl y useddtd),aB) deatadard offered by a consortium named "3rd Generation Partnership
Project 2" (3GPP2) and embodied in “TR-45.5 Physical Layer Standard for ¢cdma2000
Spread Spectrum Systems" (the IS-2000 standard), and (4) the high data rate (HDR)
system that conforms to the TIA/ETA/IS-856 standard (the IS-856 standard).

[0005} Other examples of wireless systems include Wireless Local Area Networks
(WLANs) such as the IEEE 802.11 standards (i.e. 802.11 (a), (b), or (g).
Improvements over these networks may be achieved in deploying a Multiple 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.

)

[0006] As wireless system designs have advanced, higher data rates have become
available. Higher data rates have opened up the possibility of advanced applications,
amomig which are voice, video, fast data transfer, and various other applications.
However, various applications may have differing requirements for their respective data
transfer. Many types of data may have latency and throughput requirements, or need
some Quality of Service (QoS) guarantee. Without resource management, the capacity

of a system may be reduced, and the systein may not operate efficiently,



shared communi cation resource between a nunber of users. MAC protocols
commonly interface higher layers to the physical |ayer used to transmt and
receive data. To benefit froman increase in data rates, a MAC protocol

must be designed to utilize the shared resource efficiently. It is also
general |y de3R00emBif%e0sto nmaintain interoperability wth BCTEPHALE4EY | egacy
comuni cati on standards. There is therefore a need in the art for MAC
processing for efficient use of high throughput systens. There is a further
need ipod7he art I\]flécltiuﬁuﬁhbeﬁéA\Coﬁﬁ'aC@%&Cm@rdthﬁﬂso h%S&amkmg dlserbtmagédateleaw Ej h
various types _of |egacy systens. SUMVARY i ments disclose

her ei n addrsg%d CRETHBEEUTHICS QRS %%%4 Bguse%f'f m&é’ﬁ?m COHMPHIY h
throughput ;5u3} & io8801/B8 o the PREGURMSYCE ASRALY RhRuW kil MRELOUata. t¥PES Of

| egacy systens. Inone aspect, a data frame is formed conprising a conmon
portion forbenefdnfomsgiinnedsn im diterates, arMAG rolobd myst badpvgnsd o atilizeride such as
access points_.and re e stations., The data f. connr | :

fed cat oa. piREd aROETARRERNT 57 S MBer L Rt Bl e el R PR BRI
station. | Ryifngltdifite a8 PRty contBuGONITR Riad4rls. OThdrs is thasfoees ackd iante hipe

dedi cated portion is steered. In anotEer aspect, an accesa poi nt, schedul es
an al | ocat iTBnMAMC meessstiag fareificignituse iof b ToY-hRW SYHERY L RerS 158 AT por ti on
of a data fLofPmbhalsiiuh #FAE pRIZANE R Db bRt ARRVASs 171909 1 n
anot her aspect, a first station transmts a reference to a second stati on,
whi ch neasfilagscy bigstenesft er ence and gener ates feedback therefrom Upon
receiving the feedback fromthe second station, the first station transmts
data to the second station in accordance with the feedback. Various other
aspects are al so presented. BRI EFSTDHMMRRETI ON OF THE DRAW NGS [0010] FIG 1

is an exanpl e enbodi prent of a systemingcluding a high-speed WLAN, [0011]
F1G 20MBhI ct s AmERdiEIE GHRSE nisn GRSt iesd (BN BRETERE BV ce)

whi ch may f i i Wi 21, FIG 3
dopi ct 5 503 TG AR AGAR SR8 ane Bldbadh of35ed Bhaely v PR L

exanpl e phygpes &if legags sygteny) It eeendspectsd data Segnesn formied compuising mgotmen use of

DI FS pl us bgﬁ}é)oftt h%sn%ccess atﬁcortdicré a%lobt Qre 'DC':siat'[c)0014cﬂﬁ Fl.G S5 detg)i cts an
exanpl e ph)P Al 0Fayer fslyf%nat LIS ATEERER geaﬂ%‘ﬁ’t 1 6% raﬁta?%ﬁj RHE use of
SI FS bef or emdferAGlE, stallonl Thglsh fkdeqldot doniphiass Adddidatzdaeesms forléitet0Rs/ 039105
PCT/ US2004/ 034259, 4 [00151 FIG 6 illustrates segnenting | arge packets into
smal l er fr %%%1% torp spgeidipd irernetq stafips: In another aspect, the common portion is

unsteered, and the dedicated portion is steered. In another aspect, an access point

schedules an allocation in response to a data indication included in a common portion of
a data frame transmitted from one remote station to another.

[0009] In another aspect, a first station transmits a reference to a second station, which
measures the reference and generates feedback therefrom. Upon receiving the feedback
from the second station, the first station transmits data to the second station in

accordance with the feedback. Various other aspects are also presented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is an example embodiment of a system including a high-speed WLAN;

[6011] FIG. 2 depicts an example embodiment of a wireless communication device,
which may be configured as an access point or user terminal;

[0012] FIG. 3 depicts 802.11 interframe spacing parameters;

[0013] FIG. 4 depicts an example physical layer (PHY) transmission segment
illustrating the use of DIFS plus backoff for access according to the DCF;

[0014] FIG. 5 depicts an example physical layer (PHY) transmission segment
illustrating the use of SIFS before an ACK, with higher priority than a DIFS access;



[00161 FIG 7 depicts an exanpl e physical |ayer (PHY) transm ssion segnent
illustrating a TXOP with per-frame acknow edgnent; [0017] FIG 8 illustrates
a TXOP with bl ock acknowl edgnment; [00181 FIG 9 depicts an exanpl e physi cal
| ayer (PHY) transm ssion segnent illustrating a polled TXOP using HCCA,

[ 00191 FI GWOLD05/9HA exanpl e enbodi ment of a TXOP i ncl uRFHESIHA B! e
consecutive transm ssions wthout any gaps; [0020] FIG 11 depicts an
exanpl e enbodi nent of a TXOP illustrating reducing the anount of preanble
transidEsi on r eFiG. r 6d;ilhjs6oi2d lseEnenting? ldepimmtietarintox smpller Eapoatithevith of a
met hod for incor ing various aspects, including consolidating

preanbl es, aﬁsg%@#)ﬁgza%aps such as SIFS, and inserting G Fs as appropriate;
10022%0f6G 13 EEpi gt Siepidise % nplagphh Whivsied] 1agye (PHRYYirarnsméssion sepneat segment
illustrating consolidated polls and their respective TXOPs; [00231 FIG 14
depi cts anilBxErpEa ekPSVipR-HmeACkRAEdE®R®E consol i dating pol |'s; [0024]

FI G Bl lustr T?Sg)l- yﬁgﬁb FToFTs NEMpaTe] &il:G 16 illustrates an
exarrpll[g01l7 C PDﬁ@[goiglgfﬁ% %C/) epi cts a]rcllli exa e ’peer-tg- peer

comurb@sf i on; FIDO27 Hepics. ad Sexdepple tphysicgdr lager APH YD hipsismadsiohayegimebtir st ;

] 0028] FIG,,,19 depi ct; anpl /si cal | ayer burst, which may be

depl oyed fbl}ustrﬁgzgra%cgzqdal{};@gﬁﬁ%g % [00291 FIG 20 depicts an exanpl e
enbodip®nf of aFiAQd isdieedafpld ethbaiiabniifta TXOP indtine ki eitkeculit®301 FI G
21 depicts an exanpl e physical layer burst; [0031] FIG 22 depicts an

exanpl e neflBENIfENS FEdhoubawst 2498t a transni ssion; [0032] FIG 23 depicts an
exanpl thod b {Eg}!a'" gk RliGtrafifty Y&RREShaN
exanpl@ojrégt hod %’ IBfng lgllg% l'%Lgt f%@%dé@%tf%%c}gggpi ln%)eaé?}g peer%connecti on;
100341 FI Gam2éntiof presintde wansmassiogadqyieedr - peer connecti on between two stations
and a cess {nt, ,[0035] FIG, 26.illusfrates.a,contention based (or ad
noc gl peer B ArBNT Hheremiis RvetitiAe BB itoaE g e TREY | °F &
27 depi Ct s agfect Ko tgM¥asdlidatiBs blchuble atmbenfBaRER6Hh PESTFSPERT inserting

conmuni cati on bet ween, st ati ons;

GIFs as appropriate;

[0022] FIG. 13 depicts an example physical layer (PHY) fransmission segment
illustrating consolidated polls and their respective TXOPs;

[0023] FIG. 14 depicts an example embodiment of a method for consolidating polis;

[0024] FIG. 15 illustrates an example MAC frame;

[0025] FIG. 16 illustrates an example MAC PDU;

[0026] FIG. 177 depicts an example peer-to-peer communication;

[0027] FIG. 18 depicts a prior art physical layer burst;

[0028] FIG. 19 depicts an example physical layer burst, which may be deployed for
peer-peer transmission;

[0029] FIG. 20 depicts an example embodiment of a MAC frame including an optional
ad hoc segment;

[0030] FIG. 21 depicts an example physical layer burst;

[0031] FIG. 22 depicts an example method for peer-peer data transmission;

[0032} FIG. 23 depicts an example method for peer-peer communication;

[0033) FIG. 24 depicts an example method for providing rate feedback for use in peer-
peer connection;

[0034] FIG. 25 illustrates managed peer-peer connection between two stations and an
access point;

[0035] FIG. 26 illustrates a contention based (or ad hoc) peer-peer connection;



[0037] FIG 28 illustrates supporting both | egacy and new class stations on
the same frequency assignnent; [0038] FIG 29 illustrates the conbination
of | egacy and new cl ass nmedia access control; [0039] FIG 30 depicts an
exanpl e nethod for earning a transmt opportunity; [0040] FIG 31 depicts an
exanpl e netWo&05@¥91%haring a single FA with nultipl e BSBST/USPOYAMESIFI G 32
illustrates overl apping BSSs using a siqyngle FA; [0042] FIG 33 depicts an
exanpl e nethod for perform ng high-speed peer-peer comrunication while

i nt er quspt i Ng WGhH 23 Hages yarBSSemplo OMBIC Frdme 3tudthating trhaiagsl pearpepeer
communi cation using MM techni ques by contending for access on a |egacy
BSS; [ 0044FOREncaBonbatWeqrstaioBspsul ati on of one or nore MAC franes (or

frag Wi t hipilg, 8 11QG589 8dperting b8 1 21 fewSclasPstaleik Ghhdsdnpgacy MAC
franem;?m[sg}z)%] FI g 371i |1 ustra{?’gs ngn exa%%pgﬁg tjinrgorrpraesssed frame; ) [ 0047]

FI G 38 il lfeguengy essignmeakanpl e conpressed franme; [0048] FIG 39 illustrates
anot h anpl e egs frame; L ].cHl 40 str.ates.. exanpl e
Aggr eggqslgf)n Heagg(g';na% dgg%%t?l > CAPP bl[lr%gélgtorfa egasc ya%ndeﬁé‘]?rpﬁﬂesge‘rﬁ;%%%%ﬁ%ﬁ of a
Schedul ed Aeseds Period Frane (SCAP) for use in the ACF;, [0051] FIG 42
illustrates how_the SCAP may be used ipn. conjunction with HCCA and EDCA;
0052 0BPES 43" FlG At depteettsaonlr ithed Ph FORES A SR PR s of SCAPS
inter ed  WFIB, NORHRAN APBaRPRIARECRS ShaRSE b 9fgle HAOARR vtk BIS;
iIIusts[Fﬂg?]Zs | ow | at eﬁ{cbjtl? operation with a Iargée nurérger of I\/Iu STAs; [0054]

FI G 48041] | ustr §i@-§ﬁﬂu@@¢$@:v§rlm@%w@g@;smgmﬁﬂ FIG 46 dep: ct :/Agn
e _ L
Frera0yahsy) Fr3T Bricis rk peralL il &o BEAREE el el B o

assi gnment romh@fikdfiorikdle diferolmpatingvith d legreBSBO2. 11 PPDU; [0059] FIG 50

FE ¥ AT R T I LT R L N
FIG 52 depifiéradiagfoe%adeed 6n FRAMY B¥PU, and
[0044) FIG. 35 depicts encapsulation of one or more MAC frames (or fragments) within
an aggregated frame;
[0045] FIG. 36 depicts a legacy MAC frame;
[0046] FIG. 37 illustrates an example uncompressed frame;
[0047] FIG. 38 illustrates an example compressed frame;
[0048] FIG. 39 illustrates another example compressed frame;
[0049] FIG. 40 illustrates an example Aggregation Header;
[0050} FIG. 41 illustrates an example embodiment of a Scheduled Access Period Frame
(SCAP) for use in the ACF;
[0051] FIG. 42 illustrates how the SCAP may be used in conjunction with HCCA and
. EDCA; '
[0052] FIG. 43 illustrates Beacon intervals comprising a number of SCAPs interspersed

with contention-based access periods;

[0053] FIG. 44 illustrates low-latency operation with a large number of MIMO STAs;
[0054] FIG. 45 1llustrates an example SCHED message;

[0055] FIG. 46 depicts an example Power Management field;

[0056] FIG. 47 depicts an example MAP field;

[0057] FIG. 48 illustrates example SCHED control frames for TXOP assignment;
[0058] FIG. 49 depicts a legacy 802.11 PPDU;

{0059] FIG. 50 depicts an example MIMO PPDU format for data transmissions;

[0060] FIG. 51 depicts an example SCHED PPDU;



[00621 FIG 53 illustrates an alternative enbodi mrent of a nethod of
interoperability wth |egacy systens. DETAI LED DESCRI PTI ON [ 0063] Exanpl e
enbodi ments are disclosed herein that support highly efficient operation in
conjunction with very high bit rate physical layers for a wreless LAN (or
simlar appli2eions that use newl y energi ng transni ssif8i/¥BHA8120Yi es). The
exanpl e W.AN supports bit rates in exaess of 100 Mops (mllion bits per
second) in bandwi dths of 20 MHz. [0064] Various exanple enbodi nents

pr esenop@ift he siFid. bZ idepictsrn exadoplsttRed 3 BPDIhend di st ri but ed coordi nati on

ti fol N t | .es.. of ich f. . 1:802. 11
(B o) I00FRE ay RS §as IPHTES of AP OB N iy ea ol eaRifr o

mai nt ai ni ng,iﬁq@g%gt&mpati bility with such | egacy systens. (Note that, in
the description below, 802.11 systens are descri bed as exanpl e | egacy
systens. Those of skill in the art will recognize that the inprovenents are

al so conpatible with alter t ndards.) [0065] An exanple
LR AEHD RO}

WLAN may conprise a sub-netwo The sub- network protocol
st ack [pwg) SuppOEtaniylghembbdineatsearehiligblosesn deietit Hhayhsupperl highlyeeffictentanspor t

mechani snms in general, including, Jbut.not |im.t to,. those b OFDM
nodul at i on PPEATRY 1B CRB} g nﬁgthdg’é’tl?lg%b’tt&tﬁﬁhﬁ%‘@g?aygvg?re lrglsefsra]%‘?ﬁmf?{]i pl e
transmt a@ﬁlﬂﬂa%ﬁlibﬁi&]sr BeehdQcal hdamg tMbbhisgbe tdchpidgidd] Thpbempld put
(MM systens, including Miltiple |nput Single Qutput (MSO systens) for
very hi gh Béh#isuppertsftii rates i gxccesdl 49 R/Bw,s (@slg%wm?éﬁ%gn%nbﬁnﬁwﬁb% ansmit
and recei ve %Wnas in conjunction with spatial nmultiplexing techniques to
transmt da{a 0 or frommultiple user termnals during the sane tine

i nt er adsd] and syatienss exeanplg enthddingintsi giesenvartiet sipphcipe ek wbagdivR)of thechni ques

to allow trangm ssions, for nultiple user iqul t aneously., Alternate

exanpl es i rﬁltspﬁcﬂlée $i°A 1@@@@]@&@%&@0@%@&" (sg?% © zﬂ’éﬂgi ﬂ%l”élcﬁr%%t Singl e
Qut put  ( SliSfal if %828 15(a-d) 006R] adPiagk offBicty £i005BMBSYmeNT Qeiy R dchiedles cr i bed
herein are set forth in the context of a wreless data comunicatjon

system \WhiWhele meéntainimg backwpel copmpebitity with suehdegaay evstpsns. dNptedh@nin the

enbodi nent . I h Qv enhd i AL L f T Lponnents
or confi gu?g%Bfr@%?‘gn%gg%?g , L Sgﬁsg%ﬁgl%‘gp{éyst eﬁ%qugdggrsﬁﬁégg'heﬁgn may be
f or ned usi skillsaftiear evill aadozaizk dtht tircoiopssenentsi ant agr adrephtibler e alésmabe

di screte Iogﬁif C'Sn@\é@\g 20%5/0 910 PCT/ US2004/ 034259 7 The data, instructions,
commands, ISPESRHAEEFBRIAESdnal s, symbol s, and chips that may be

[0065] An example WLAN may comprise 2 sub-network protocol stack. The sub-
network protocol stack may support high data rate, high bandwidth physical layer
transport mechanisms in general, including, but not limited to, those based on OFDM
modulation, single carrier modulation techniques, systems using multiple transmit and
muitiple receive antennas (Multiple Input Multiple Output (MIMO) systems, including
Multiple Input Single Output (MISO) systems) for very high bandwidth efficiency
operation, systems using multiple transmit and receive antennas in comjunction with
spatial multiplexing techmiques to transmit data to or from multiple user terminals
during the same time interval, and systems using code division multiple access (CDMA)
techniques to allow fransmissions for multiple users simultaneously. Alternate
examples include Single Tnput Multiple Output (SIMO) and Single Input Single Qutput
(SISO) systems.

[0066] One or more exemplary embodiments described herein are set forth in the
context of a wireless data communication system. While use within this context is
advantageous, different embodiments of the invention may be incorporated in different
environments or configurations. In general, the various systems described herein may

be formed using software-controlled processors, integrated circuits, or discrete logic.



referenced throughout the application are advantageously represented by

vol tages, currents, electromagnetic waves, nagnetic fields or particles,
optical fields or particles, or a conbination thereof. In addition, the

bl ocks shown in each bl ock diagram may represent hardware or nethod steps.
Met hod steps can be interchanged wi thout departing fromthe scope of the
present i nwWer¥EIY10The word "exenpl ary” is used herei n PATOUSRBEP3428%r vi ng as
an exanple, instance, or illustration." Any enbodi nent described herein as
"exenplary" is not necessarily to be construed as preferred or advant ageous
over ot her TRO@ad inRAlcSond, 08@Hlands, Gforkatisn, aTErAKARhIR 1S BRDEHiIFERE iy Sy st em
100, conprising an Access Point (AP) 104 connected to one or nore User

Termi nal s {efFreyoed gbyoushnpt thy applisrtisangte adrpetaedosly 1TEPIeETRdnBY ogy28%n thi s
document tﬁﬁﬁgﬁﬁ, 0L bi8erhie v&%&vﬁagﬁeg Eﬁeﬁi[sro?ﬁy R1d50 ttﬁ\%\lgf?é&d%ﬂ? \Rfla&ac%ﬁ& The

AP and the comuni cate via ss Local Area (WLAN) 120. In
t he exanpl er ecbobinaton theypdofN Ik 2@ditionathh ibideks peevh M d4ch OFRK disgrememy However ,

WLAN 120 rmay be , any .wi rel ess LAN.. Access int 104 . co icates.wth any
nunber of BRESTHArBOTE T 5eaEcaiopS T v SIS MREP T OD2 may be
t he I nter ngépartdig fioth ki Rbpe F théPitsdit HOEntn! Glhe wiird BxemplaryPTis Gt ineAin

networ k. Connection 110 carries the physical |ayer sighals fromthe network

to the ackemeanEeting ayan exammie dnshince o5 dlusiationynyAnyeerekndHect desctibechet wor k
102 or as O (o] TIRYA i . i "}%ﬁﬁ of

devi ces tha §1%aa$ B)é&%:l 1%??@)2? Z@E h%%%g{l i&ﬁéﬁj\éﬂnctgp %\%‘%E a%gé}%r IA@%E:??\SCI ude
phones, Pepsmodler Gnbodialendssi stants (PDAs), conputers of various types

(1 apt gps., pers conput ers, wor kst at.i gns term nal s.of any type), video
Gew cdtoh aoht ERuE el Fabr e aien Dhotothitha oo Pobher type
of data deyipe104Rcemesseso BRY of HotdUger VRIfiRals UM 106kat aN. ¢ avsspiatad i ons,
etc. Various data streans may have varying transm ssion requirenments, which

may be accuidad bdemyinolopygnhis dosnan the A apd tiec s e dsousferred & Ani ques.
[0068] Sysiem QD ?ﬁg—\‘(sA deP Loy i Uﬂ‘stcgnﬂn&%%ﬁerﬁé ;Wﬁ b0l #\txedaﬁ Lwidhs 106

communi cate wth I'n one exanple e I men n an alternate
enbodi ment (WLAIN)é20. de dre dxampiermimdimeanti WAAN 2 0ie bkegrspeehbMINO OBPMbe

accomodat ed, wit nodi f i to the syste ill, be a r to
Chose of -SRI FeNEver tVLARAIAD b0 Y SFraee AT usAEAREdBE O Access
nmay be mangagdullyated vilh aff nashbBO6f ekteal dE&REHsCHH praBesh@sab netidsik deai | ed
bel ow. WD 2005/ 039105 PCT/'US2004/ 034259 8 [0069] In one enbodi ment, AP 104

provi des ENgBEYailed02anmt be thennternet, 4y ptrangs or any offfer wired, wireless, or optical
network, Connection 110 carries the physical layer signals from the network to the

access point 104. Devices or processes may be connected to network 102 or as UTs (or
via connections therewith) on WLAN 120. Examples of devices that may be connected
to either network 102 or WLAN 120 include phones, Personal Digital Assistants
(PDAs), computers of various types (laptops, personal computers, workstations,
terminals of any type), video devices such as cameras, camcorders, webcams, and
virtually any other type of data device. Processes may include voice, video, data
communications, etc. Various data streams may have varying transmission
requirements, which may be accommodated by using varying Quality of Service (QoS)
techniques.

[0068] Systern 100 may be deployed with a centralized AP 104. All UTs 106
communicate with the AP in one example embodiment. In an alternate embodiment,
direct peer-to-peer communication between two UTs may be accommodated, with
modifications to the system, as will be apparent to those of skill in the art, examples of
which are illustrated below. Access may be managed by an AP, or ad hoc (i.e.

contention based), as detailed below.



router may be deployed in addition to the AP to provide connection to
network 102 (details not shown). Ethernet franmes may be transferred between
the router and the UTs 106 over the W.AN sub-network (detail ed bel ow).

Et hernet adaptation and connectivity are well known in the art. [00701 In
an al t er nave 2enstoadpnent, the AP 104 provi des | P Adapt atfiCafS2404934%%s case,
the AP acts as a gateway router for the set of connected UTs (details not
shown). In this case, |IP datagrans nmay be routed by the AP 104 to and from
t he UD869106. | M ondapitatlingmt,aid] 104 proatics Fitteyneh adapipion. kholus dape,ehdPart .

[00711 FIG 2 depi,ct n _exanmple e di t _of . i IhGation
Gevi oo, RFERRGPHIHOR APEaoRd o Abdeatoyl: Bhige BRI B2 L 0
106. An aq@esits mRsRbwn)l GRth&netiii-gies alay®e tiassfarbalVetieenfhéGoulr anli tha®idei ver 210
receives and transmts _on_. connectjon 110 according to the gtPuSi cal, |ayer

requi renent0§ @FernEbeoMLADND osubmgtwork (sfalsd belowhy; Ethermst adg ﬁy‘B’aﬁ“@ms
connect ed &gﬁ&ghw%&efwﬁiggﬁéﬁred to MAC processor 220. These data are
0oWs . F

referred to herein as 2 ows nmay have different characteristics
and np970iequi r én aif fdlerent epbatmes thy A4 64 pmvideh dP tAdsptatién. appihiscesst on

associ ated, w,th the flow _For, exappl e, video I har.acteri zed
as |low | atP%ﬁ‘gwﬁa&\ﬁsga%ﬁaa%u‘afeﬁéB%SFWH&WW&SHféﬂgeﬁ%%%ﬁ%ﬁ% it ﬁlr@((%ui rements
than voi Cejage, IWbdMtagiaind @@Plk Goliic@nsy heeAP a9e wemsl fometht UTatehcyP but may
have hi gher data integrit requirenents (i.e., voice may be tol erant of

Y.
sone packetdapigtian and snedtiyiy pee Welkkngemdp A9 qt i ntol erant of packet |oss).
[0072@102@0 Pr OGR&SOf 4aals 28 RLNEE drhiRin @ & ANFirble QC e ARt b Bk,

trans ion on the ysi cal yer. MAC processor 220 al so receives
physi cal |wlyieh mezite @nigmed eess exesstiivintdad ar ueer tammap 26k eds afagss mifttgoi ng

flows 260. | nternal .control and sl ling i s al comuni.cat ed. bet ween t he
AP and theldj‘rgqnﬁ%t’lgpolf' §§8W5Bt§t%%t ;rm?ﬁ&&’ %Iﬁi@){eem‘é Ssabndr eafngl?l%tg tnt 0 as
Physi cal | @yféctiolPtYD aBscetiag o thPahesidddidyer refiRidiehts d@hefwoditret. (Date 8A2. 11
parl ance) are delivered _to and received fromw reless LAN transceiver 240 on

connect | onor2A9 GeVieseapiAPplicationn PepEEdied Brnetwerd 03 pBddivenst 19 MAL BREFSESmmands to
MAC PDUs, 2 MhC& VifhSie rﬁfeﬁe@'% Het a?ef}(o%’é.’- 2691 F1ERA a§RRd IBALS MY

enpl oy any conversion technique. Feedback 280 corresponding to the various
MAC | N maychatreterigties meidmiy oequiteedifftrgst pratessiag drsedRidythe2aee obapghicatipnocessor

ot or mat 1 offeodae BAEREE TBipbrt SrE's dtied ¥ SPREHAmET SRRV B R Y t1 cast
as wel | asjatené alswscgamegﬁberau naslideahigher {teduiput AQOirstadmtO than GlokRY.
par amet er SMany daztz? ggl{)lic%?igggarg%s lsJeSnZsSSrg %(? ?a?e%%?, bu? may have higher data integrity
requirements (i.¢., voice may be tolerant of some packet loss, file transfer is generally
intolerant of packet loss).

[0072] MAC processor 220 receives flows 260 and processes them for transmission on
the physical layer. MAC processor 220 also receives physical layer data and processes
the data to form packets for outgoing flows 260. Internal control and signaling is also
communicated between the AP and the UTs. MAC Protocol Data Units (MAC PDUs),
also referred to as Physical layer (PHY) Protocol Data Units (PPDUs), or frames (in
802.11 parlance) are delivered to and received from wireless LAN transceiver 240 on
connection 270. Example techniques for conversion from flows and commands to
MAC PDUs, and vice versa, are detailed below. Alternate embodiments may employ
any conversion technique. Feedback 280 corresponding to the various MAC IDs may
be returned from the physical layer (PHY) 240 to MAC processor 220 for various
purposes. Feedback 280 may comprise any physical layer information, including
supportable rates for channels (including multicast as well as unicast channels),

modulation format, and various other parameters.



[0073] In an exanpl e enbodi nent, the Adaptation |ayer (ADAP) and Data Link
Control layer (DLC) are performed in MAC processor 220. The physical |ayer
(PHY) is perforned on wireless LAN transceiver 240. Those of skill in the
art will recognize that the segnentation of the various functions nay be
made i n anywoofogowesi ety of configurations. MAC pr ocesBOT/UZROHIRF per f orm
sone or all of the processing for the gphysical layer. A wreless LAN
transcei ver may include a processor for perform ng MAC processing, or
subpaydossjt her edh. aﬁeymipmbahb@ﬁmampmwapwu&pé@eﬁl(AMOM Dhaar Iimﬁre or

soner o iR vaRT St SOR g astne . sl O

speci al - DUfsgaeﬁ&nﬁﬁ%%ﬁa@ss VKR (PSSR 040, 220050 RY sIB8 in GRERTIER e

speci al - purpose hardware to assist in various tasks (details not shovvn)
Vari ous apihi thatsegmentation bé theyvariys diacionsiimay heomade tednppboegsislysol such as

an adoi 11 o EoRRORCALEE GRPRH 200k to iR OERHP ¢ oF SRR kP RE 00,

MAC pr OCeS§l@I‘slc2121@yerl t5 e*rfrelemm‘rmseewm RA0inthds Iaqwlace@m fecpeatbrmidgh nenory
255, which be used for storing.datfa as well_as instructions for
per f or m ng D{RSFISBds O r eBY LY Bsreqhd ANpPWERY JeRIOPFSEXS $RSFIEI RMPY¥ose of

skill in thesabt oMcbhbin@ies Hepdf hid g@ﬁ{gﬁﬁ 255 may be conprised of one or
nore menory corrpongnts of vari ous ?ype hat may be enbedded in whole or

i n paf@074i t hi n MAC preseessil 2ap be[mﬁml-pm@aﬁdnmmmcwomaomt@ signglt r uct i ons

and data for perf ng._functi.ons SCr. h 5 al so be
used for sP%’F‘?ﬁod @5@; g’ssgclpeflgg ? {&9[&3% %@?T%%%% %ﬁ@ess LAN
transcei vetomdddedm@ith Bcapuipise haidwatansesbtvia varidus tasks €aaifsl it erdvadli ment

wi rel ess LAN trans%gl ver 240 is an O:DIVItranscel ver, which may be operated
with a M MBGRUS\MPBEPIUQRE 14X e BYoDRR vl Yaﬁ?imﬁﬁtgbpé?“é’sﬁ@ﬁ%vﬁcﬁ &* %hose of

skill in thgeahly co}{ﬁédtéaléoxﬁgsﬁeﬂoéreov%}cp%wd&mrﬁ%om 1§% PSS £LAMBIcRa@! €
detailed in co- pen ing U S~ Patent Application Serial” No. 10/ 650, 295,

entitled PPREQUENGIN RNDEPERDEND4 S showPROCESS| NG RGHAN DRBEND M0SO  AND

M MO SYSTE U S t
present i %g’nth{%n %ﬁ‘%‘?rﬁiamz n‘%’g%?dr%ﬁ%s& %ang?eﬁﬁ) ’fﬁg%gﬁﬁﬂg ﬁgggg syst ens.
[0077] W r &Jressing/Aditd aanweleiad einstddfionss fos haudraimag ke tvasiowd plocediranaals 250

A-N. Any nunb r. of _antennas_may he suypported_ in variqus enbodl rrents
Ant ennas 286t egtib e@@@&%ﬂ@ onsaﬁg Rt naﬁ’e aptaallireroghiae (RelNemoD 250 erra]

Wi el ess LANchaRse st 24 GnRVmERER Lafodem ¥l Aol 95888k SAINROLed Lo

each of the one or nore antennas 250. spati al proc rocess the
data for Wnbgids] D3¢nEcoPTRHaUSZ0M MYSZ pRessor 220.

[0075] In addition to storing instructions and data for performing functions described
herein, memory 255 may also be used for storing data associated with various queues.

[0076] Wireless LAIN transceiver 240 may be any type of transceiver. In an example
embodiment, wireless LAN transceiver 240 is an OFDM transceiver, which may be
operated with a MIMO or MISO interface. OFDM, MIMO, and MISQ are known to
those of skill in the art. Various example OFDM, MIMO and MISQ transceivers arc
detailed in co-pending U.S. Patent Application Serial No. 10/650,295, entitled
“FREQUENCY-INDEPENDENT SPATIAL-PROCESSING FOR WIDEBAND MISO
AND MIMO SYSTEMS”, filed August 27, 2003, assigned to the assignee of the present
invention. Alternate embodiments may include SIMO or SISO systems.

[0077] Wireless LAIN transceiver 240 is shown connected with antennas 250 A-N. Any
number of antennas may be supported in various embodiments. Antennas 250 may be
used to transmit and receive on WLAN 120.

[0078] Wireless LAN transceiver 240 may comprise a spatial processor connected to

each of the one or more antennas 250. The spatial processor may process the data for



10 transm ssion independently for each antenna or jointly process the
received signals on all antennas. Exanples of the independent processing
may be based on channel estimates, feedback fromthe 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
transcei vewe 2065089103 type may use beam forming, beam (EE§2Hfy/034259

ei gen-steering, or other spatial techrigques to increase throughput to and
froma given user termnal. In an exanple enbodi ment, in which OFDM synbol s
are transrangission ioklepepinilaforpac estemna orgyindp pprcessethe udpebpdtsigadls pnocessor s
for processin each_of t.he .subchannel s, or binsg. [00791 L.n an exanpl e
system t THEY W‘?\lle%ﬁ?e:tﬁ%ﬂé%‘%ép%{%maﬁmé?ﬁ%l lgab%ené%?e V&R Ant ennas.
There are dsfistedyIRedapiatiioem Bet WESthahhe iaRirdoNas Dfartdhe oABtheNechdigues UT. A
variety of spatial techniques for inproving throughput using these nultiple
paths ~ar &mRWBVIR 1% athe Hhe; propppsing Sp Rsefommere usipg M8 af Divedet¥ afyspataiTD)
system (al 0 I g Lty h $5in9 is
formatted %ﬁﬁgsgﬁrgg%ﬂggqgéﬁd \Z‘%ﬁ%ﬁ g‘gﬁ%glggﬂgl\sﬁ)%% héeana&lﬁgggéﬂlas a fsll (ril)g%lg stream
of data. \Widehind/eigenissarringaortathmrapatahttcMiques ¢é inereagertticomgbrsit tharddfrormy be M N

M i nd dent, ch. l.s that be f d. Spati | ti i
xpl o t 5 (MESoCThJBERNREn ot REHRY TRPorR e i ST FEPR EBl B cach o
t he i ndepepgenite®ahbSspatifl JrocdeRShayt & ﬁs@%ﬁﬁ%ﬁa‘iiapgroﬁzéds@rs HPPRRdssMar i ous

techni ques are known for | earning or adapting to the characteristics of the
channel besgleelihe REDAD subpiasnalst or @¥as.que pilots may be transmitted from each

t ransp,to; ant en il r (Y nd
roasol ) hanh g} EEnBle Skent i KEREL BN, N piBis A BRI 0 the
transm t t ilnge Yewmitenmaf o Thetesee thus M arté paths baweerbBhg enteoies affiesA? kahthef t he

nmeasur ed nnel .mat r.i x e rfornmed to deferm.ne the chapne

o1 gennodecd AR VATIRE PAPEIR LeeRpuiaot IRpraiges Breuetio e A BU P IGRtS ¢ he

channel  medré kifowat in ¥H¥e aft € Geh BBlice Tishe TParkdm@ HvErSiBy @Tmlsgge@f(alw@f@ﬂeh ot and

data to sinplify spati al ,ﬁr ocessing at the receiver. 00811 Thus, dependi ng
0

on the curtedsteingtsafiversibohdiappaisgion gete s fegnefted and sneodedrand ssat aciessiallabl e f or

transm ssi r.OUS.; } S . t .

i 1 cun a0 @S s DE e Lyl Bl B O® WEROUODRIid AfeilS LB Kibeive

per f or mancatenhdsathera nmay bée MDY (MrNbindegdadesit chinnils thu inaydye foenaihdpedhlf r om t he
AP to nore than .one .. Exanp)es of this are detailed.further bel opw. The
wirel ess L%NESIF%E% E’é?%étF ﬂ’f&%%@ﬂda@t@ﬂmﬁg WW&T%@HdﬂﬁgﬁP@a@a@be% sed on
whi chever s ih@dpetlcR€ Batht, 8 incPead@ihd dakkh@skidiOhte, t he physical 1ink between

the AP and the Ul. This information nmay be fed back on connection 280 for
use i WOSBAC pr odeEigisntpchniques are known for learning or adapting to the characteristics of

the channel between the AP and a UT. Unique pilots may be transmitted from each
transmit antenna. The pilots are received at each receive antenna and measured.
Channel state information feedback may then be returned to the transmitting device for
use in transmission. FEigen decomposition of the measured channel matrix may be
performed to determine the channel eigenmodes. An alternate technique, to avoid eigen
decomposition of the channel matrix at the receiver, is to use eigen-steering of the pilot
and data to simplify spatial processing at the receiver.

[0081] Thus, depending on the current channel conditions, varying data rates may be
available for transmission to various user terminals throughout the system. In
particular, the specific link between the AP and each UT may be higher performance
than a multicast or broadcast link that may be shared from the AP to more than one UT.
Examples of this are detailed further below. The wireless LAN transceiver 240 may
determine the supportable rate based 6n whichever spatial processing is being used for
the physical link between the AP and the UT. This information may be fed back on

connection 280 for use in MAC processing.



WO 2005/ 039105 PCT/ US2004/ 034259 11 [0082] The nunber of antennas nmay be
depl oyed depending on the UT's data needs as well as size and formfactor.
For exanple, a high definition video display may conprise, for exanple,

four antennas, due to its high bandwi dth requirenents, while a PDA may be
sati sfied WaMW$0¥105An exanpl e access point may have f oRET/HPAOBHREAR? [ 00831 A
user termnal 106 may be deployed in simlar fashion to the access point 104
depicted in FIG 2. Rather than having flows 260 connect with a LAN
transdéeisler (alhdwumfier of amtensap mm‘?ml@a@ﬂe@ndmmd@ Ud's, datd ndeds aswi red or
Wi rel ess), b NSy 200, ey, GENET Ay dEsl.y 8ol AellicAlib el Guane or
nore applications or procesSes operafti 5 ’ or é’e e’ connect ed

t herew t h. caﬂ‘llmsbJ @ahexmﬂmefoﬂarmm&@,tmtbetselhg}hwndﬁliﬂthl&ﬂuramﬂﬂ Wik aray be of

any type. yers desg ed hereipn are illustrative acy 802.11 NMAC
00a] s REATBHRAIIS o 1 BT, ohe LRI RO U P OB Sy b
depl 03{61@313 0 aSAH@erQ@mﬁ@dTF’ﬁTG 1911 bé’\’dﬁ%)‘eﬁ%gﬁ’mﬁu}‘ $4sB1%8 to meac&e'éﬁgoﬁp Zoall(e)

feature set (which is turn conpatible wth earlier
st andar ds) depieied i EKG. vlar Rauberrtbm bewng tfloas 601 donngrd veithrardATY @@nacant:mu S

section, thef e i.otro din.earli a [

det ai | ed deg@rg'il% |§E o l%ge Sﬁgunc%&%ﬁe Ve %?‘5? W{rg‘ﬁf’h‘tém?%g?ﬁiu vngla%EE 802. 11
standard. pEREAN rddebreb@sine oBﬂﬂlvbﬂchQ\GneGﬂﬁabfd@pﬁéatﬁn@&ﬂﬁrbﬁsseﬁ@p&@hﬂgj| tiple
Access/ Col I'i sion_ Avoj dance (CSNA/ CA) .based Distri buted Ooar di natl Qn

Function (BEE)e dhdT & dyrneo PREYItBn Tieg heghen i velpepmectph do & ows for
access of 4DLaiiny b0 bay SBAL L AJerRMdil hefgﬁ?argﬁ;ﬁsﬂraﬁwg%ﬁiyoyed at an AP
to provide central he and PCF utilize various gaps between
consecutive transm ssions to avoi d collisions. Transm ssions are referred
to as frar’rigi %Eg_%? gﬂ& between frames is referred to as an Interfrane
ac 11

Spaci ng (| y be user data franes, control frames or managenent
frames. 10086] Interfranme spacing tinme durations vary depending on the type

of gap inserted., FIG icts, 80 l. interfr rre spaci n p

short W4Er f rands g&&%?qsg ag F\@}wu%erp%qwel}tﬁ@e aheen Sy ﬁ%lﬂ@ , "and a
DCF Interf E@fseoe%@ﬁﬁ)hﬁtge &%ﬁ%acy'y?&&ns tf@émﬁ!e%%zﬁ 1E’é)'§§mﬁe RLthwhicl ihgm 2
transm ssion followmng a shoftér tinme duration wl have a higher priority

t han one whkekivardiempagble Wl@lmgel‘ﬂlebeﬂblrlestmia@s);nmﬂ@es vasesdesturehthat wHhannel .
|087) Aot sl B LTI AR bSOl R STRAED £ 5L
for at | eagbtadeddebdpipbd 20BRsORMEMMsAETel (4RO BbHELBE BOEE 802.11 standard.
[0085] The basic 802,11 MAC consists of a Carrier Sense Multiple Access/Collision
Avoidance (CSMA/CA) based Distributed Coordination Function (DCF) and a Point
Coordination Function (PCF). The DCF allows for access of the medium without
central confrol. The PCF is deployed at an AP to provide central control. The DCF and
PCF utilize varions gaps between consecutive transmissions to avoid collisions.
Transmissions are referred to as frames, and a gap between frames is referred to as an
Interframe Spacing (IFS). Frames may be user data frames, control frames or
management frames.
[0086] Interframe spacing time durations vary depending on the type of gap inserted.
FIG. 3 depicts 802.11 interframe spacing parameters: a Short Interframe Spacing
(SIFS), a Point Interframe Spacing (PIFS), and 2 DCF Interframe Spacing (DIFS). Note
that SIFS < PIFS < DIFS. Thus, a transmission following a shorter time duration will
have a higher priority than one which must wait longer before attempting to access the
channel.
[0087] 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



12 duration. (As used herein, the term STA may refer to any station
accessing a WLAN, and may include access points as well as user termnals).
To avoid collision, each STA waits a randonly sel ected backoff in addition
to DI FS before accessing the channel. STAs with a |onger backoff wll

noti ce whewOobighes priority STA begins transnitting REF/EREMIBRANel, and
will thus avoid colliding with that ST (Each waiting STA may reduce its
respective backoff by the amount of tinme it waited before sensing an

al t er nat e duratens riiAs painheming e tohaAkél may tedie toannstation pegessing 7 Bllai.ve

priority.), Thus,. f.ol ] ow ng t |l S avoli da . feat yr fi the
pr ot ocol , e aéf‘llgclg%ec?? SOl r}gra Sa% (%ﬁ‘%' %%G?PCW}S?‘ ?:&r%’%&gg%ﬂ\}\%{gﬁ’ #‘&?S%@\] wher e
CWis i n: Itwiva'tsl yr@lhm@rsél@cthl’b@ﬁﬂfﬂinlddditio?n@ ITHES affdry aa:eséimg:tmrchgﬁneﬁ.vm at
every colljsjon, unti { mym val ue of CWmax. [0 FIG 4 depicts
exanpl e phySreHit pAQRser ?F‘Iﬁ?ﬁl‘f’ SAFHA hg?@gh@?ﬂﬂ[tﬁgg'% fransopft trates
the use of ,DinEShiHneE aRAGKANud HoiPEARESE 366ONSH At PRANSVE,TT ST neyi Sti ng.

transm ssion 410 utilizes the channel. en transnission 410 termnates, in
this exanpsiece iisgedpeajiverbapkefbby the aavrabefdimat varted befdreseonsmguntaltamsie ssi on

420 begins_after. DI ES and the associ.ated backoff. perl ot h | Scussi on
el ow, Jt herSrRhgr o FrimtfuS PR HBEs FORNE vt RLd s, R tie

oppor t uni t gpiligort dvaiiandet (CANfehfiieSoftAS frotdto e ST A bRdke il DmddPP8d & FS i s
used during a_frame_seguence in which gnly a specific STAis expected to
respond t olER&etHgey HhaC Wi ahem S¥ sntisdy chossiie B Giein, ARt melerswbEdgenent

(ACQ 15t 8RP0fdioatloldly bEmRRASG A I REFMEdof B0l data, that ACK may

be transmtted i mediately f 1Iow_| ng the received data plus SIFS. Qher
transifossi on JdGuédepistsnepnwlsphysicel ByEIPHYD wreasmissiomesgment 4gudsh To Send

(RTS) fra f ol fter S with a Glear o nd, (CTQ) frane,
Lhen t he. PR i wled BHECLRS bifkoRbPaeld sePodfE e dEDEFT M Githne’ LA
may fol | owrdidemisdiah a4 18f htlizes! thS. chafsel.noWddn tRdahisfiba e 0seauienes snathe al |

interspersed wth SIFS. The SIFS duration_nay be used, for &)a), t he detection
of ener gy Wﬁenﬁﬁéﬁhﬁ%ﬂ’,mﬁ%aqcﬁssﬁ%?‘é’%aﬁ@ sQirsY st aiteiog 20 (h58ng 88E away
(i.e., thepghaneheCheRifda bhdkbft piRod! gmdﬁeca@s% i PAGY] BESSTIRSRAge and
determ ne whether an ACK frane w i ndi cate tﬁe transm ssi on was received
correct |y, trangmebsion Y129 isngnid tor havh eargFithis eppetesiityeto drapgmisvin tlihedse Gmoughcei ve to
transmt, o?:gen%ce versa. [0090] FIG 5 depicts exanple physical |ayer
(PITY) transm % on segnent 500, which illustrates the use of SIFS before
an ACKossi t h higgR®is yed Autiby atfha @qidnPSin@BRE 9nlyANspebific STANG ekpangm Ssi on
510 utilizes the channel. Wen transm ssion 510 termnates, in this

exanpl e, Aekesgdiig) e EUteRE gRANisToR. ; K05 Fxawplsn Ve ar AsknoyleigrmentNot e t hat

QCK 520 begicd) Rehfshitedlif PepbiNe’ &5a rblUiRdRYnd P ats 1R AEKEHRY 120 to earn

transmitted immediately following the received data plus SIFS. Other transmission

sequernces may also use SIFS between frames. A Request To Send (RTS) frame may be
followed after SIFS with a Clear To Send (CTS) frame, then the data may be
transmitted a SIFS after the CTS, after which an ACK may follow the data after SIFS.
As noted, such frame sequences are all interspersed with SIFS. The SIFS duration may
be used for (a) the detection of energy on the channel, and to determine whether energy
has gone away (i.e., the channel clears), (b) time to decode the previous message and
determine whether an ACK frame will indicate the transmission was received correctly,
and (c) time for the STA transceivers to switch from receive to transmit, and vice versa.
[0090] 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 afier a SIFS. Note that
ACK 520 begins before a DIFS expires, thus any other STAs attempting to cam a



WO 2005/ 039105 PCT/ US2004/ 034259 13 transm ssion would not succeed. In this
exanpl e, after the ACK 520 conpletes, no higher priority accesses occur,
and so new transm ssion 530 begins after DIFS and the associated backoff
period, if any. [0091] The RTS/ CTS frane sequence (in addition to Jorovi di ng
f1 ow cont roP 2pE4EUPES) nay be used to inprove prot ect i IO dat a frame
transni ssion. The RTS and CTS containt3duration information for the

subsequent data franme and ACK and any intervening S ES STAs _hearing either
the RTS ortrankisgPs weak njuguceers. ol edmpdtrder B SRKt 3 formetito R

Al locati an%f?e?&%éonﬁgrwwsseg oht Rl 54 REw TRHEHIRIAS sTYEYEidCAfter DIES G4 @k ON.

Typi cal |y, onger than’'a specified length are protected with
RTSJCTS, mgdomtﬁfmkcdfpéﬂodnﬁsanwe transmtted unprotected. [0092] The PCF

may be used to to OVI ra |zed cong rol hannel .
An AP gai n ﬁ’&rﬁ%&gﬁﬁf g@é}a‘f‘ﬁ{i(’% &P ‘&“ighfté"“’néa“%%tf?ag‘“Bs idle for
a PIFS durxﬁﬁyﬁ‘@useﬁ@m%]r&?e fiuﬁatéclﬁeﬁlfﬁ*thé Ban fiafie tiahénbsdonl I[‘héJRTSaﬁd ﬁlriher
priority than DIFS he AP has gai ned access to t ann it can

provi de” cospntsin |d@rﬁhpﬁe@f°r§@é1@§sf06ptﬂ36rﬁbﬁﬁ%1?@s 33 %%Iﬂ"‘eran t%s i mprove
MAC eff th
¥ ICI@%%& rrus?e ‘% Unti e any %EES%I%@% Hfaﬂ@@ﬁt 1BE of d?ﬁeﬁ ak

PIFS, sot sequences conplete ore taking
contr ol ofdﬁrlitibncdmaﬁhaemetv[rd}ﬁ%]loc@nme\ftﬂbter meaammi;traatdhssmedmmt Etsebward:rrum usi ng

the PIES it can est b|J nent| - Free. CEP) ich the
AP can pr o ’<9F1| ltgyesga‘?%stl gqﬁpgﬁlggé lﬁ‘}%ﬁ %%tpé‘ﬂ t%ﬂ%f‘t ee pol |
(CF-Pol 1), R@S/C@sn‘v}hﬂe Qﬁhkﬁﬁmﬁeéwﬁeﬂanhh&ﬂm@yote&&e AP and is followed by a
transmission fromthe polled STAto the AP. Once_again t he STA nust wait

for al@PBS dur abticoPCH anayohs mged krealry pg| AP tﬁlPF%@F‘gﬁeWbZﬁ?quﬂgal offike need not
vait for Db 1°hnwm9§gé§ﬁf F?ﬁﬁ%%tﬁe%&ﬁmhgﬁerw Y dafipBRhARgRIENt S,

including e Ncenent S an exanpl e I's detailed furt her
bel ow w t ha PIFSs@esationt Or'lfel RIFSQ]S sb&ﬁ)&é’thaﬁl’ the TBEd cod thusans migheepridoity tha AP

est abl i she e _dur of the, CFP. h|s i\S ar_t or CTSto
prevent coﬁﬁeﬂt Page &@c&ggas EARES @roesh %H’énChPJé?%%%ﬁn pIBY ICBWE&FQAS €l

occur fromdeessmippatemitidal Sfher $Tak! fdt Bud @aprold d1BEaFhFendUéonyagseto

transm ssions may interfere with transm ssions schedul ed by the AP. Further

pr ot ect i onDC¥s Iﬁﬁgé}i@blsél?ﬁ hao bigher praonify dhagf PEFSCywtheclGR prushiyaié #8W #¢r i nal
that begi n?ﬂ% sécﬂu%ﬂé gf%{é béf&ettgﬁna%ﬁmol gﬁﬁé]:ha@%@ and Cr-Polls are

permtted I'nclu I'n"one included with data franes
to i mpooesie MAC @ikl the AR gainSlodceeds htat the hmed‘ﬁln?&smthES’IES it can establish a

Contention-Free. Period (CFP) during which the AP can provide polled access to

associated STAs. The contention-free poll (CF-Poll), or simply poll, is transmitted by
the AP and is followed by a transmission from the polled STA to the AP. Once again,
the STA must wait for a SIFS duration following the CF-Poll, although the polled STA
need not wait for DIFS, or any backoff. 802.11(e) introduced various enhancements,

- including enhancements to polling, an example of which is detailed further below with
respect to FIG. 9.

[0094) The Beacon transmitted by the AP establishes the duration of the CFP. This is
similar to using RTS or CTS to prevent contention access., However, hidden terminal
problems can still occur from terminals that alre unable to hear the Beacon, but whose
transmissions may interfere with transmissions scheduled by the AP. Further protection
is possible through the use of a CTS-to-self by each terminal that begins a transmission
i the CFP.

[0095] 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



DI FS rel ationship provides a determnistic priority mechani smfor channel
access. The WD 2005/ 039105 PCT/ US2004/ 034259 14 contention access between
STAs in the DCF is probabilistic based on the back-off mechanism [0096]
Early 802.11 standards al so provided for segnenting |large packets into

smal | er  f WAYRH381050ne benefit of such segmenting is tHEURAMEPBIS? in a
segnent requires less retransm ssion than an error in a |arger packet. One
drawback of segnmenting in these standards is, for acknow edged

transm ssi oontertie areegubetnemtSToks i thesRCFtis myotsbiliad basedr ore dishbasksgifent , with
the additi Oréal—lé §1IHFS that correspond to the additional ACK transm ssions and
f ragnent t e Ssions. This is illustrated in FIG 6. The exanpl e physi cal
| ayer [§08RY) tr aPaly 2ilQrtddgrdBrilsoofiovided rtseghesinghagt backetviiasisanllef N
segnents and their_respegtive acknow edgenent. Existing transm ssjon 610 is
transni t t efasmgnty h@n%h"g‘eé?off Fﬁsﬁ?ﬁ@ﬁ“&ﬂg i§ et 23 oftof & @ RAFIEIES €S 620 and

backof f  630rhGni@MNhAF 48880t E@&g&%@l&‘?{c OnbNBabdoR lof Sdetndntial sivinese N

fragments 640A - 640N to a second STA, after vvak‘u ch N respective del ays of
SIFS 650A stasbol isufst ackmavlegiged transhissiens b teq8Fanent af dransmittingArOKALCKames 660A
- 660N. Between each fra nt,, .th fdat STA .S 0 re are
N 1o s s Gl "ARTRAL adtlfEal’ SIS to Qorfi3nd/ {shéanédﬁlﬁigon%nébgc ket ,
one ACK, amdnsdiisioht bfl fragimaegedisedtspas k Thisrie dlistresd id HEG.sanThd exmpdd packet
transm ssion, with N ACKs and 2N-1 SIFS. %5889,7] The 802. 11(e). stapdard adds
enhancenenPiysig! gy SVRY b irapraissiono seemknt B lugesses 1 e alfanspBFlonagy N g) .
802.11(9) %ﬁ?e&ﬁ) aft Q%&Otr&p%%é SNREGHTBdgetRhe D Eﬁi@ﬁl‘/frﬁﬁnsrﬁiéﬁbﬁ agro Rut
operate in different bands. Various features of |ower speed MAC protocols,
such as 80Raushiityd, Avethe endiof iteadsrhissiom 680,t ofissty ST Armgaitsi DIFSnaOrendibgtkedt bi t

rates, 1In ucing. i neffiencies, -detai furt. bel ow. 09

802. 11(e), %{5(2%) Fgs n@i%ﬁ% © ngler%gteéffgga?sgngg\ﬁ Fﬁ%mﬁ%g‘i@éaﬁﬁl\i&ri but ed
Channel Acaessn{ BDEARfer Nalgchp N respyctive aelalyy o0 BIESL630Ac e 5ANShust nfanpienent s of
t he EDCA %re t he, | néroduc_ti on E{ngn Arbjtration | nterfraqggﬁSpaci ng (AIFS).

AFS[i] is ihaseand STadaminls N ALk rapes69ds- 69 Palvren crdufigment ifdex i .

The AP ey ks S TASRGl dait yabuRs dlbblee R0L sirevele HONGH I wal ushusl it ar e
al l owed to be used by the other STAs. Only the AP may use an Al FS[i1] val ue

that is eqeentrasidotshsliny @18, packingonk 96 K] dRS[dup SIS, yysagatoated ipacket oxquizgual to
ELESénB%lod@IeE%g%%g te?gpﬁ‘égahﬁfﬁlsﬁiﬁ@%ﬁﬁ%@%&ﬁé"‘gmd éfrgs\l;e]; | (p:)r [ glr ?tsfleissl ihosen
for tnedofj c cl aBles2 hegtstaffl haY ddds @fikhncBAEHYIOMIMEOve dDB9 PHod MEAS e Of
content| ong(\s\é.lnlc%%\,/v(g),s al%l (sgg. néa()che.l 1a(g)f lflanndc%al) Oa?e 8c];tht 8Pe'D]?\r/ICéys:[|:3r11nes, mh?c?lee?rg very
stmilar, but operate in different bands. Various features of lower speed MAC protocols,
such as 802.11(b), were carried forward to systems with much higher bit rates,
introducing ineffiencies, detailed further below.
[0098] In 802.11(¢), the DCF is enhanced and referred to as the Enhanced Distributed
Channel Access (EDCA). The primary Quality of Service (QoS) enhancements of the
EDCA are the introduction of an Arbitration Interframe Spacing (AIFS). AIFS[i] is
associated with a Traffic Class (TC) identified with index i. The AP may use AIFS[i]
values different from the ATFS[i] values that are allowed to be used by the other STAs.
Only the AP may use an ATFS[i] value that is equal to the PIFS. Otherwise AIFS[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 ATFS implying lower priority is chosen
for traffic classes “best effort” and “background”.
[0099) The size of contention window is also made a function of the TC. The highest
priority class is permitted to set the CW=1, i.e., no backoff. For other TCs, the different



priority class is permtted to set the CM1, i.e., no backoff. For other
TCs, the different WD 2005/ 039105 PCT/ US2004/ 034259 15 contention w ndow
sizes provide a probabilistic relative priority, but cannot be used to
achi eve del ay guarantees. 1001001 802. 11(e) introduced the Transm ssion
Oppor t uni t WO(ZW&@IL05To i nprove MAC efficiency, when a BSTAUREHIPHRY the
medi um t hrough EDCA or through a pollelth access in HCCA the STA maybe

permitted to transmt nore than a single frane. The one or nore franes are
referred tepnistiemwinigwpsizey peovik  piehaPlisidn 15lasive Rriostopbetcapre berdiser]l ©m depends

on the traffi a@%&ie LS established by the AP. Also, in the case of a
pol | ed Txéﬁlie?ﬁgél%ééfn |g%t es the permtted duration of the TXOP. During the

TXOP, [ootbop STA &ban 1(e) answudedaths drammissionfOppogsnpity (TPEDR)p fsiapraviet MAS| FS and
ACKs fromthe destination. In dition to r i he need.to wait DI FS
U backoffcire: hene pFmeaniter BE el biwe BhCAd: bl Thuk? atiBis o
that it cap meta theSTA GHABOPbrrhiGEd toSRSATUEIRE tHaha 1S Hh@BS The 6111 During
the TXOP, ACKs fromthe destination may be per frane (as in earlier 802.11

MACs), or waie figeesamie irefirers} 4@ as dhe GEORy ebhepmasinunciength of & des¥eam Bis ow,

Al'so, a no ' ' 1.t i ffd Caff s
br oadcast Igré&tr%unﬁ%?%:nggf h ﬁ[egg%lfglﬁ]dag?éﬁ% eﬁ%&%@%&%#&&%ﬁgsi ceaﬁ%SEP%fyaer ( PHY)
t ransm ssi pailed §3GM the/AP indi¢dtésuthe patiittgl durdiXofiwhd TIXOEr Thariagthe TXOP,

acknow edgnent,, An exi sting transm ssion 710 is .t m ol l.ow ng the
transni ssi % ¥y ,"a“a‘ﬁﬁlsﬁ‘?ttaege’@\%ﬁ ?’fﬁ%ﬂ?ﬁr I‘—%er%e&rmlﬂbgﬁl[go?ﬁé }\%,Jg‘?"f‘ By, “a STA
earns TXOPqeBRatioh X ad68bngs rfEﬁabﬁiﬁ%tﬂ‘é k@ PPwail HIFS plud SMNoff 18P FaReE _

foll owed by N respective SIFS 750A - 750N. The receiving STA responds wth

N respect i the FoKSeymgsearneds @NI X e haCrertangy theteilf eAn widd thy cemelips  770A -
770N-1. No .rame 740 conprises a preanble 770 as well as header
and packet 5"?’é%d.“‘%ﬁéxarrp & léan%bodi nments, detailed below, allow for greatly

reducifgogotjhe  abmringt the TXOMNAGCKS S tiel detitatioe myeohd per franenfiblie 8arlidt00103]
FIG 8 illuyst S TXOP 810 with bl ock kn ed t. .JThe TXCP 810 nmay
be earned ST BMRSS A SHD: GrF o TPBERRAGY GHRER Bosk A s SBORRP Pt 5204 -
820N, eachafsbam, Aokl RNeesPerilitiaIneshiGnBiFRoBa 0. bréao: ofghkiem ng the
transm ssion of franmes 820 and SIFS 830, a bl ock ACK request 840 is

transifédd. THEG. redepigisngxsmaler physisabidayen (PHY) birgsininom segteabt708t a time
the. tr ansriiErashe 408 G SRabEBhaLE Aol B AR BEMO B | Slei ver
pr ocessi nQtrangnsioddt iwllowidg(h & Qeynsicgion [7¢0,emb adierranitihg DIFSai20edd betiof, al | ow
For greatly,  educ! QA& ™YBp 0. TXOP 790 comprises N frames 7404 — 740N,
each frame followed by N respective SIFS 750A — 750N. The receiving STA responds
with N respective ACKS 760A — 760N. The ACKs 760 are followed by N-1 SIFS
770A ~ 770N-1. Note that each frame 740 comprises a preamble 770 as well as header
and packet 780. Example embodiments, detailed below, allow for greatly reducing the
amount of transmission time reserved for preambles. |
{00103] FIG. 8 illustrates a TXOP 810 with block acknowledgment. The TXOP 810
may be earned through comntention or polling. TXOP 810 comprises N frames 820A —
820N, each frame followed by N respeciive 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
ACK may be immediate following the completion of the transmission of a block of
frames, or may be delayed to permit receiver processing in sofiware.
[00104] Example embodiments, detailed below, allow for greatly reducing the amount of
transmission time between frames (SIFS in this example). In some embodiments, there

is no need to delay between consecutive transmissions (i.e. frames).



transm ssion tine between franmes (SIFS in this exanple). In sone

enbodi nents, there is no need to delay between consecutive transm ssions

(i.e. franmes). WD 2005/039105 PCT/ US2004/ 034259 16 [00105] Note that, in

802.11(a) and other standards, for certain transm ssion formats, a signal
ext ensi on V80 dWFPHE whi ch adds additional delay to t hePERYSYDEHRY frane.
While not technically included in thejgefinition of SIFS, various

enbodi ments, detailed below, also allow for the renoval of the signal

ext engomns. [ O0N66]thadthm Bl2odie) AR étbat wundaygds ofer dersain npnomesiorefoimetsency. | n

l'e, .64, MAC Ser.vj . Unj S ibl)
Fr agment oa entl Rt indthisse it e Rlfiong! BB BP e FEEh B850 o Mesnsi « e
by a STA, wbitbénidaBy dRRidedatth®deflifion bBSIFE! Pirldu dmbedifean] ditailad belbg] €

response at_ the end of the block of frames indicating the ACK status of
each of t halsaabow fordhgemoys)of dig) signal gtensios. rates, the MAC SDU will not be

frag , and vaﬁ%@ . SRS mtted
bef org[mrlg uiri ngﬁgﬁgcgwxﬁ%%ﬂﬁ%%t e{%%@?%hn%tﬂf%@s "I'n s%?:s E?)‘nfl?ﬁg Ed?@fo
transmit MMACaBesicet Petat Unid (SDTs)i Gackequedtlyf frogmintéd dnest Hragh@8hEs + M
ACKs + M1 SIES, to rames + M.SIES + Bl.ock ._Enmbodi.nent s ailed
bel ow i mpr S%esBﬁ“‘#‘%tomogé %amﬁﬁ@aé’fbfei WP&‘HE&?@WMPWE& F%&ﬁ‘?f‘% Di r ect
Li nk Pr ot ogoperhaiddeRto ploRide QRiERA-RYorR0 3t thd £ of tAk bROR oRfr&hés fndicaitrprimer d

frames directly to another destination STAwthin a Basic Service Set (BSS)

(cont r ol | edh @y stetys oSearh ofthy 102¢Erapes. nhypieadliveattighoiates dha 3}y 8RNI willsoe f or

this direc r r,of fr 3 i L i on of
this feat u?"%,ﬁa&'ﬁ'{éﬁgﬁg’ EB@H {Ote‘é&pg%gggéyﬁ?%eé est4i %(?%%fﬁlgfg%g%ﬁ r(%)t(réﬁit he

pol | ed STAbefese adquaing 4 BcRRACKhfroh the ulestination.t dn suélonwased t¢ frenshmaves to t he
destination STA. By .elin.natin he - hop r dj Lum
effici encyr}faglef’ﬁlﬁ? &lmeéﬁﬁ@a?q%eﬁ?? aaﬁlffse-BM @E&n@&‘f@%& &gb Sgsgf)%t anti al
ef ficiency M @afe£~ tM SN -£ Bfock WAOKO HmtHZndntd @kaifd PRloviniRekCRSh@blogithanced
PCF, called the Hybrid Coordination Function (HCF). In HCF Controlled
Channel Accd¥ds efficeogy evepferthsP is allowed to access the channel at any tine
ei t her st abl : r . I j } t he CFP
and | SONBIES O b hifte B el EE ABE R R ARE by 11 b E B The
cont ent i on fphaskframed diosvtly to amebintestigatfonl STAVWIthin heBdSeatmvice TetgBAR)

t i iting.f PIFS wit k-of f. _[00109] FIG 9
op cte exarpalophat sty AP A e rodrd i e Esaniotaas 1 ittt rat i ng
a pol | ed TXehRfesdHantdCbéwet ST A S PESAIIRSintrb MR AR of B RAER, ARingdd@edol | . An

exi sting transm ssion 910 is transmtted. Follow ng the transm ssion 910,
t he AP access, the destination of frames from the polled STA was always the AP, which would

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.

[00108) 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
during the contention phase, not only immediately following the Beacon. The AP
accesses the medium by waiting for a PIFS with no back-off.

[001G9) FIG. 9 depicts example physical layer (PHY) transmission segment 800,
illustrating a polled TXOP using HCCA. In this example, the AP contends for the poll.
An existing transmission 910 is transmitted. Following the transmission 910, the AP
waits PIFS, and then transmits poll 920, addressed to a STA. Note that other STAs
contending for the channel would have to wait at least DIFS, which does not occur due

to the transmitted poll 920, as shown, The polled STA transmits polled TXOP 940



waits PIFS, and then transmits poll 920, addressed to a STA. Note that other
STAs contending for the channel would have to wait at |east D FS, which
does not occur due to the transmtted poll 920, as shown. The polled STA
transmts polled TXOP 940 WO 2005/ 039105 PCT/ US2004/ 034259 17 foll owi ng the
poll 920 and SIFS 930. The AP may continue to poll, waiting PIFS between
each pol | ed"OXOPOXYLE and pol |l 920. In an alternate scenBFTHS20HBIIP may
establish a CAP by waiting PIFS from aransm ssion 910. The AP may transmt
one or nore polls during the CAP. MAC | nprovenents [00110] As descri bed
above, var following neé Hbit 9ot arfdeRIFSr €30. oThprATomalvkOstiner © fllowgiting PESwar d t o

| ater versions. For e 0 eanbl e desi gned f.ar,41 Mops vs.
64 Mops, itV Egseeh Pﬂﬁqﬁfmfg%gn%@ X‘ELP{’]@@Q{{M ﬁp&%@&% AUt WBPY)  keeps
shrinki ng asphiagf £6APNSWRERy PRESROMA taRSmidbn OLR TiY AP hfagnRnsRiRcha\gs and/ or
preanbl es constant neans a correspondi ng decrease in channel utilization.
For exanpl moregoHls duringdba @Afat e M MO MPDU transmi ssion may be just a few

m croseconds in length, conpared to 802.11(g), which has a 72 gs preanbl e.
El i m nati ng or reduci ng delays, such as SIFS, signal extensions, and/or
preanbl es MAC Impieveadas t hr oughput and wutilization of the channel. [00111]
FIG 10 is an exanpl e enbodi mnent of a TXOP 1010 i ncluding multiple
consecutive transm ssions w thout any gaps. TXOP 1010 conprises N franes
1020Agp13§)20N whd ghicabéd 4GRS PhiidRAnsEidienintchabdsYofviridd UACawerg dRsghiconpar e
this wth'the SIFS required in TXOP 810, depicted in FIG 8&. The nunber of
frames in forearfxoRigryersions: thed exampie.ery loag prermblesadrgiznebiogdé ddimsgs.
capability t he.r i_ver a i t i HLd . ty) frames
Wih s B oSk MR THEEREEsARED. TasHe hac FHARE bk, i AOPRRH MR FS
durations glirtkiagns reteharcr&ibé keepiog tho vadous istedees fpacinpreamiei preaniies bet ween

consecutive frames. An optionagl hlock ACK request 1030.is a nded.to the N
frames. Cefeusiapt @P%’ésae@r’iﬂ@??‘ﬁ?g icr??ﬁ?%cg?mgq‘ﬁﬁ’@mﬁ‘c kﬁ?ﬂﬁ"&%@@nﬁ g1 A bl ock
ACK 1 equegdi; TRy MeMOCHIANUCHadshid iR Hiad 1Rl jost @l fe@MriGodiendE¥@Plen@h, may be
transmtted at a later tine. The frames 1020 do not require signal

ext ensi ons¢ompecd to@B03.14€8), Mhichdes|aciZels pieamble. diliminetingnasoaduping delast ai | ed

her ei n whe aT i I r. S .. El t
transm ssi g)lﬁ:ho?s é@s %@%&éﬁg%sgoﬁlgbé{ﬁ%%éﬂa@n%sQ@wg&éa&ﬁ o '%1% al'l frames
ar e transnutilizatdobyf thiiehagaele STA, may be elimnated. In 802.11(e), such gaps

were retained to Jimt the conplexity require a he ceiver, In the
802. 11¥W}1st an ,{Ht Fe 280 S3R&0 If@bﬁé??% %nﬂrﬁa@) qulbsmelﬁ—%mgsp’@h@ﬂe

ext ensi on copsecutive transmissions without any gaps. TXOP 1010 comprises N frames 1020A —

1020N which are transmitted sequentially without any gaps (compare this with the STFS
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 frames. Certain classes of traffic may not require acknowledgement. A block ACK
request may be responded to immediately following the TXOP, or may be transmitted at
a later time. The frames 1020 do not require signal extensions. TXOP 1010 may be
deployed in any of the embodiments detailed herein where a TXOP is called for.

[00112] As shown in FIG. 10, the transmission of SIFS between consecutive frames in a
TXOP, when all frames are transmitted by the same STA, may be eliminated. In
802.11(e), such gaps were retained to limit the complexity requirement at the receiver.
In the 802.11(e) standard, the 10 ps SIFS period and the 6 ps QFDM signal extension
provide the receiver with a total of 16 s for processing the received frame (including

demodulation and decoding). However, at large PHY rates, this 16 us results in



provide the receiver with a total of 16 s for processing the received frane
(i ncluding denodul ati on and decodi ng). However, at |large PRY rates, this 16
As results in WO 2005/039105 PCT/ US2004/ 034259 18 significant inefficiency.
In sone enbodi nents, with the introduction of M MO processing, even the 16
As may be MeEs2#PF43¢i08nt to conpl ete processing. | nsteadPCTHESWMBIBXanpl e
enbodi ment, the SIFS and OFDM si gnal exgension between consecutive

transm ssions fromone STAto the AP or to another STA (using the Direct
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period after the co Ielog of thetr,gmsm]es)f%“3 for N[Precelver
processi ngPRAGSCEantfE Pnd's (B2, 0% | PSRIEEAY ofout SO5HPATY LPISESsBE0di ng)
may per for fslch®sig thiy r&s{taa@rbs em’ebdlﬁqeﬁtbﬂae SRdi B HEDM dikhaZ @etehi9én BEdLdd onal

transmi ssion. An acknow édgnent ma\é be transmtted at a later tine, as
descri bed mwtw@gmsgnwmfrmm EA tetzndP o to F[IIDMSIAIIH%BE e direrler ent
propagati o r SS|ons irs of
STAs nmay gmgg%gt%g?lg% m@lﬁﬂlﬁg}ﬁs&%% Vg A %mdg %I&@ PI(l)agl Itlal?({ gflaarrrﬂgeleei ver
bet ween copaesittidnvel mémimnfordﬂmoere@dﬂrqm)des@m ghid é}mnl ﬁe‘ltde&?ﬁﬁ%d (not
shown in FILG 10 but det ail t her bel ow) e ephodi nent, a
guard per (o8 Gibosmaveiaam @Qﬁfﬁﬁi f{eaodéi}s)u@a%meffpeve psef g]nng s BPL 489 ng
envi r onMeniqafuf is uifdlfbr a&&ﬁ&ﬁ%hﬁﬁﬁmf ARG RATRD IRy be tdhdnligEENt

destination STAs do not need to be separated by guard pefiods (as shown in
FIG 10). mlateteme,faarddﬂmbeld@baw(Usmg'gbcké@&(ﬂorpﬂéﬂmpbh may be referred to as

Si gnalltiilens | oRve (e PR naa el gy pibbe S b it = '

processing da‘fwlend@a@dbﬂgsmsafna9mmba)new @ﬁlrcpfpeﬂtbdi% dvbtdoughisibrizeat dise of a
wi ndow based ARQ schene ( g% go back N or sel e tlve ,@g@at) technl gues
known to t F§SECHPeLERe POli'Sﬁc‘i H& tansmissiggs %1’1* @Rt of

| egacy 802 8 ( Waildeke ni sm
with up toSl?LoclgVZ%&?gIéprrg?‘l b%gé%ﬁggme Qa?%)lt ﬁ%gﬁ%ﬁ%ﬂ#%ﬁ% 1lndr?éy ag%&pr ef erabl e
to introduperical eff enrd@FDMi syddwl (baskts wRigiens dhianil siperating environeents Het ad- hoc

Bl ock ACK desi d 02. 1 1151 The i,mum r i ted
W ﬁgow nayﬁgf?ﬁraﬁ%l gign% O‘Pe LIRS 13%8"%%0 eﬂtg‘igs%rb%ggiﬁ% ﬁ % ering.
The transmbt s€fardt@ly b guaey geriddgqai gmbvmamsmﬁt 160 ughiildd figtHeP betbiv] thetdﬂe

recei ver w ndow at_ the p PITY rate achi evabl e between the transmitter-
recei ver p&#d Pwdswynﬁﬂ@fer@ﬁﬁ%ég eysdhepd Sitgdams Spadsss (WFay not be able to

At f i

out put's u til can ering ‘requl renents
for physi camel(ﬁyéﬂﬂ\{ﬁﬂ guessssing aat 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
and Block ACK, in this example. It may be preferable to introduce a standard window-
based ARQ mechanism rather than the ad-hoc Block ACK scheme designed in
802.11(e).

[00115] The maximum permitted window may be determined by receiver processing
complexity and buffering. The transmitter may be permitted to transmit enough data to
fill the receiver window at the peak PHY rate achievable between the transmitter-
receiver pair. For example, since the receiver processing may not be able to keep up
with the PHY rate, the receiver may need to store soft demodulator outputs until they
can be decoded. Therefore, the buffering requirements for physical layer processing at
the peak PHY rate may be used to determine the maximum permitted window.

[00116]) In an example embodiment, the receiver may advertise the maximum permitted

PHY block size that it can process at a given PHY rate without overflowing its physical



the peak PHY rate may be used to determ ne the maxi mum permtted w ndow.
[00116] In an exanpl e enbodi nent, the receiver may advertise the maxi num
permtted PHY block size that it can process at a given PHY rate w thout
overflowi ng its physical WO 2005/039105 PCT/ US2004/ 034259. 19 |ayer buffers.
Al t er nat el WO tag09esei ver may adverti se the maxi num per RETUSWOAIN2S9 bl ock
size that it can process at the maxi nupy PRY rate without overflowng its
physi cal layer buffers. At |ower PHY rates, |onger block sizes nay be

processed it outordUikfiRinatQy Sihk! @¥iveR ORIV ftQE MM oD Qelusitell PITY

transmtters to conpute the maxi mum pernitted PITY block size for a given
PHY rate, blodasizdtbatiticaar priosesd ahthr megivaump BHY ratcovitiomotsaridening ity ghysicat he

maxi num PHY r at [0Q11 a t . i Q i is a
Statl o pa Serbfor o ONe Py A A p ARG KTt SRk © B et
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anot her receiver apeter th may, be wn at the transm tter. and al so at
t he scheduPgmittes E%&ngf‘%ﬂ?%/?m? T FAGRFPL rﬁ’e?xiffﬂﬁ?ntwdlﬁ?rgﬁ?é M ey be

vari ed dyngailﬁ@édlmsﬁem&mm@xﬁéﬁn@mp@w of the physical |ayer
buffers. [00118] The receiver processing delay may be used to determ ne the

round-[0¢1ilp del alf therdvettisehraxinpincPHY nblock sizady dhalatie paramsichether e t he

del ays seen by .t |4 i . I ACY. . Servi ces,
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ex ananF enbady f@nhe aéxtaPHX%iM%(@égénﬁiag@drip@@m_eemw ngay ntgdlﬂmommm rthe; o:‘ | .
preanbl e transni ssion requjred, coppri ses preanbl e ol | owe
by N consed@astyieriand AR; §h‘bﬁg‘3 @geﬁleqﬁéﬁﬁggﬁvmﬁmmmgby &@H‘ r equest
1140 may bg; i b ing th' bigsahO of IR0 pRAIRI 156 a
header and%gégg kgfqméﬁtéég?lﬁyaggﬁ?ggv& ttﬁg%a(bc%%%%oof FF&% 7 zlgﬁ whi ch
each frambuff@ conprises a preanble, in addition to the header and packet.
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prea i'nst ea € Same anount o t'ed data.

[00120] Thuts AROEWhIcR dirtving haPDe o3 tbeetethint miat dxdaylsrseen buthe epslicadons.
transm ssions. _The i

itjal, preanble 1120 nm e d.by the recejver to
acquire thér_hglie&ﬁ"altc? enggl _|w!-1a_ CY FHVICES W%éﬁg%gﬁ%%@i“ﬁy&ﬁﬁw OFDM  For
M MO tig@ngim SSi ofts.111ddpidtd bl eRdmPE 8ABBAIGIend JZOTR®P DA 0GNESAE afaRar ed to
the current OFDM preanble to enable the receiver to estimate the spati al

channel s. Hewawent ofprbaebiccmansiissippgequiiteli TXOR 1 heonTEes preybladd2¢ equi re

addi ti onal eanhl es. Pilot. tones wi.thi e synbal s a ally

2UT 11 o ent Plselityr coplbechbivh SRRt oA 1 AT Rt Bise? Bl
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

frame 740 comprises a preamble, in addition to the header and packet. By sending a

single preamble, the required preamble transmission is one preamble instead of N
preambles, for the same amount of transmitted data.

[00120] Thus, the preamble 1120 may be eliminated from successive transmissions. The
initial preamble 1120 may be used by the receiver to acquire the signal, as well as for
fine frequency acquisition for OFDM. For MIMO transmissions, the initial preamble
1120 may be extended compared to the current OFDM preamble to enable the receiver
to estimate the spatial channels. However, subsequent frames within the same TXOP
may not require additional preambles. Pilot tones within the OFDM symbols are
generally sufficient for signal tracking. In an alternate embodiment, additional
(preamble-like) syrnbols may be interspersed periodically during the TXOP 1110.
However, the overall preamble overhead may be significantly reduced, The preamble
may be sent only as necessary, and may be sent differently based on the amount of time

elapsed since a previously transmitted preamble.



(preanbl e-1ike) synbols may be interspersed periodically during the TXOP
1110. However, the overall preanble overhead may be significantly reduced.
The preanble may be sent only as necessary, and may be sent differently
based on the anobunt of tine elapsed since a previously transmtted
preanbl e. WD 2005/ 039105 PCT/ US2004/ 034259 20 [00121] Note that the TXOP
1110 may i n¥Er2PBRATIES f eat ures of | egacy systens as wel | PCTEER0EGMIH e, the
bl ock ACK is optional. Mre frequent AGKs nay be supported. Even so, a

| esser gap, such as G FS, nmay be substituted for the -1onger SIFS (plus

si gnal{oo1eKt ensi Nate thht theeTYOP Th) ecyyspaupdrate featans of kghonsysttiB30s vall. al so

i ncl ude segnents of .a _ |ar .packet S SCri above. Note further that
t he header%PBWW%SWIP&QE&IER%W%]Si@%ﬁﬂ%@t?‘gﬂ%%a%‘%wpp‘@%gi "Hy STA may
be conpresggdy (oMibr @43NBhR & GIEDREEES sitgtih@adfr She. fon@et QIF‘SE%IJSLMQ{&BF bel ow.
[00122] FIG 12 depicts an exanple enbodi ment of a nethad 1200 for

i ncor por at ieKgnsiera i usgd). abseoneccpiiv tranggispippe bl 30imay) alsgi ingfudowgBentaat 3 ng

pr eanbl es, i p S i r $1j.n RRREPr i ate.
The pr ocesslirg%gg{ dr‘fts?&i ﬁﬁb %Sgﬂg‘rlh?fgt,ﬁ]e\?\hefﬁgea Rtﬁ %a?ﬂﬁsgg%rlf( EOSI ngﬁgﬁy of the
t echni ques tidednsibdied hEYOeionthe Isamb reelvid? 8TA may pe eampiessels Anx axesuplée bEd as

necessary. Again, the preanbl. be | onger or shorter than a |egacy
preanbl e, &ﬂ%rpwweﬁéﬁg%@qu%?r%}PWous paraneters such as time el apsed
si nce [hhyaz ast hl?r@'npznd%ﬁ@@_aw SAMPILedBodBERSTH Mcthdd enablier ibephaasd Vi ng STA

to estimate the M MO spatial channel. In block 1230, the STA@?ransmts one
or nore paekasesyests jusbdescyesde ingliding wasdeting pisamblgh SANENG BapsFctny

kind), to ' j.Qn: i

transm tte%.S gﬁ? %Sgggﬁﬁggs g‘ir)prrrg‘geq,ﬂeggr%géegfs re 2’30 ?ﬁ?g%gﬂ}%ér)%anbl es
may opti on&TAy edmas &rEROP ddiggl anypof shepreeladiples -detailed heseirbolln dtogbd2Dfit &r sper sed
as desired. In_block 1240, the STA may qptionally transm.t to an additional
recei vi ng Wﬂ?ﬁb’j St%“’é%sde?s IFCRgSEY- iég?”l?rs%?ﬂ’ Lo may bs donsgst o’égl?imﬁﬁe or
NDre consegghy dfﬂ%idyaﬁé%in’éﬁ:i, QAP 1A WaBddpeAdigbh efousarditetad diidh ANdhe
receiving STA. Then the grocess may stop. Tn various enbodi nents, the STA
may cont i ngépsed sinca iberast ransmitgadepredsaine esveccessaw, to iepahde therecetimesS Bady or

pr eanbl es . [f r ire f f,0 =E. Hence,
P doscr i badripads PRMO sphild HERLL T blsEl Ta@l P STACEERBRS ook SRR 00t T
t ransm ssi gackefsr(@mraofSTgercmllyutdnspdueivel érahdnnedidmnofShAkind)l ® £ dessiaatidni ve
transm ssiqgns, .thus.elimnating many or all af th uard periods and

reduci ng p é‘?’rﬁ’lat_eafdév‘éli‘ é’é‘?f.mb/&‘%s‘?eﬁg) et E? E&‘FP_HP@GC‘% oﬁ‘ %’l ?]G?m{}‘? ﬁﬂgﬂ‘ﬁ@*g‘iﬁo n) may
be used foronengl thidp addﬁigg?eﬁ%hmes b2 TEpRbRAIyORS trhdsBiRtdd) @r SABarmbl ik

different destination STAs. _
symbol may be interspersed as desired. In block 1240, the STA may optionally transmit

to an additional receiving STA. In this case, a GIFS is inserted as necessary, and one or
more consecutive transmissions may be transmitted to the additional receiving STA.
Then the process may stop. In various embodiments, the STA may continue to transmit
to more than two STAs, inserting GIFS and/or preambles as required for the desired
level of performance.

[00123] Hence, as described above, MAC efficiency may be further improved by
consolidating transmissions from a STA to multiple destination STAs into consecutive
transmissions, thus eliminating many or all of the guard periods and reducing preamble
overhead. A single preamble (or pilot transmission) may be used for multiple
consecutive transmissions from the same STA to different destination STAs.

[00124] Additional efficiency may be gained through poll consolidation. In one example
embodiment, several polls may be consolidated into a control channel, examples of
which are detailed below. In one example, the AP may transmit to multiple destination
STAs a signal including poll messages to assign TXOPs. By contrast, in 802.11(e),
each TXOP is preceded by a CF-Poll from the AP followed by a SIFS. Improved



[00124] Additional efficiency may be gai ned through poll consolidation. In
one exanple enbodinent, several polls may be consolidated into a control
channel , exanples of which are detailed below. In one exanple, the AP may
transmt to nmultiple destination STAs a signal including poll nessages to
assi gn TXORs0:Bp0ewm rast, in 802.11(e), each TROP is pmransdedobyssea CF- Pol |
fromthe AP followed by a SIFS. |nproved WO 2005/ 039105 PCT/ US2004/ 034259
21 efficiency results when several such CF-Poll nessages are consolidated

into a singffRiencPPdsiiley whdhoguhelral nssts @FP (Y pibansadcart comdlidat&Citd an@gsage in an
exanpl e enbodi nent, = detail ed below) used to assign several TXOPs. In a

gener al enboTokekamel Jpssage (Tefrres to asiaCHBY) message i an exnple embedigent; dat ed
pol |l s and i i D psnp#, i i Sfin‘}?e i bel ow
with respetgtgﬁ itl%i lf__eiﬁé@%%d %gﬁg?é?é?‘{eﬁée}? %ar’rp ?sgeg?%pa_ IEsm(;‘mlglaﬂrf’c u egb%gflei n.

[ 00125] A ¢iontmayl beciilarated fof i copsolid@ief Ppllsrasktige respsetive TRsd eth iattiplea ti er ed
rate structure to further iJymprove effi.ci Ac i nal pol . nmessage
o any’ sTAchpEmst i Al G RUF ok b HIC el Tl o B Bt T he A
and the STipclubRenétider of transm ssion of poll nessages need not be the
order of the assigned TXOPs, but rr}gﬁ/ be ordered according to, coding

r obustPB38. [ oo ¥ eyl chanpel @it SGRER) Espiege Hiaysheceicodesy with @ptigygd rate
t S s g . | her
apect | ve iAEE T Rhadchibroye bR Witk AARROL A EARRIL SnPIIAE | oy be

transm tt ethe asioded acadniztothe tlmnnelquslity betweer theekmpl the STAf Thkiooder af e
detail ed herein, .or be transmtted usin riad al ternat echni ques,
whi ch wi |1 oBEmissch ool ssSaded Be ngh 86 g1 et o e A PR OB Rt ARe Jarm
to elim natelctdiccdr@ag i PR gioBtéth@se spaci ng between the polls and any
forward |ink TXOPs, forward link TXOPs 1320 are transnmitted directly after

the cdP¥36l dat edIBoll$ glenigts oexample gvyeeal layes PRE)r Bawasgion; seRmentoR)041 320,
various re A : : 3 a i i 1340

i nserted a\sﬂ‘ﬁ{as}’?)(g?Il pcrgﬁsggigg(ﬁ%%gé%t a?lelélg%g&rtl@ggxr%%& bra%% qlfr?gﬁﬁlgﬁiéé \?\ﬂ? N >
sequent i al tiansmged. sSEheoprdls fimayrbe trenEiifednengradenttd icharnal sttotd exbraplks of G FS
requirement .for forward. Link transm ssions, epanatin romth P to various
Sras) " oI b Rl e Hstine B RRR kS FdBRe R an naab Sah g Fechiiaus, 120, 1
peer)  TXORmidhusillng rdddffy afpreta oid &)skilNatiBe dhakn thif exBhsleto efimina@ABT SSi on
shown is for _illustration_only. Forward and reverse |ink TXOPs (including

peer to pedped foraprlignie spacingdgtvrenithy pelishilgaty, fosyard dink BEaPs derwasghme

configurati "Bﬁ'ﬁ“};@% 18 %'ﬁﬁé I1: ki fr: n s ot her

confi gurat ihons. hosgﬁgg? S |1?]ﬁte%iﬁn{eﬁ§'%f% h{v%nlclla dh(ragg(g{j?l%sl ggg’ptgu%y@ I"ad

al ternat e doritfedfomegard JinknTXOst 1320, vivdous aavdrsentinkh 8X€Rs. 1330A — 1330N are
transmitted, with GIFS 1340 inserted as appropriate. Note that GIFS need not be

included when sequential transmissions from one STA are made (similar to the lack of
GIFS requirement for forward link fransmissions emanating from the AP to various
STAs). In this example, reverse link TXOPs include STA to STA (i.e. peer to peer)
TXOPs (using DLP, for example). Note that the order of transmission shown is for
illustration only. Forward and reverss link TXOPs (including peer to peer transmission)
may be interchanged, or interspersed. Some configurations may not results in the
elimination of as many gaps as other configurations, Those of skill in the art will
readily adapt myriad alternate embodiments in light of the teaching herein.

[00127] FIG. 14 depicts an example embodiment of a method 1400 for consolidating
polls. The process begins in block 1410, where channel resources are allocated into one
or more TXOPs. Any scheduling function may be deployed to make the TXOP
allocation determination. In block 1420, polls for assigning TXOPs according to the
allocation are consolidated. In block 1430, the consolidated polls are transmitted to one

or more STAs on one or more control channels (i.e. the CTRLJ segments of the SCHED



[00127] FIG 14 depicts an exanpl e enbodi mrent of a nethod 1400 for
consolidating polls. The process begins in block 1410, where channel
resources are allocated into one or nore TXOPs. Any scheduling function may
be depl oyed to make the TXOP allocation determnation. In block 1420, polls
for assignwogod3@P®saccording to the allocation are cofSGUS2EHE€5 | n bl ock
1430, the consolidated polls are transgptted to one or nore STAs on one or
nore control channels (i.e. the CTRLJ segnments of the SCHED WD 2005/ 039105
PCT/ US2004m83425 th ar?&ampds ergboditantadetailkd bplow). e ibadalteemtie eebalimen, o1 ow) . I n

an alternate enbodi pent, an sagj ng, t echnj,que nmy) depl 0
ranon t | HESUEHE GRS S T SoRIpEt o Roriat CouREsBR i (b PXesbe
accor di ng {40t BeARYah@sit A XOPRbt@RGing o tREpSIRASAlobaRinedn tROLBoliddien t he
process may stop. This nmethod may be depl oyed in _conjunction with

consol i dat Bdlspdihen thetpsecass snayistemy This mpthed g bhdepdgyed drpenigectign Wity part of

the syste i At . i | |1 ng. J mttently
W th-sont oyPraRil pal el of R TS AR Ll et BhEEE 1 T
exanpl e enBedbirimdryalT€bhewlida®d@ollimgymdydbenspbateanitipatly edhcahtbytiondrasddn
accordance with qther rameters, h as syste | oadj.ng .or da

transmi ssi #ii*ettaffd®y POoTE6T ‘%ﬁc@?alﬁjﬁ‘?vé" Z‘Frﬁ%ﬁ”faﬁg’h‘?e ?‘%lém%ﬁiénﬁt?‘?)‘:ﬁ 2‘&0&

i I'lustratipgy yardfemed ﬁéxﬁ&ﬁ&sﬁgﬂ, or it 8dcRtdafk With BtHee pRREHetekd sEIHGR sydomand 16.
This MAC protocol is detailed further in co- pending U S. Patent Application
Serial Nosloadihg sodatadransriogiondemaxst, and XX/ XXX, XXX (Attorney Docket Nos.
03042 0433, i & " LAN; S " eJid ed
concuﬁ?oé%ﬁl y he‘?lg\%lgérﬁﬁg aés\r{s}l:’;'ég&rlltlél t%y\%@ggg{oénge llgﬁg%%l%e{@eqr% ecit{l\klsenti on.
[00129] Andexkdpiith rEEctMAEFTGSane anddér This MAQGrotecellit detbiledt fedherin B6-G 15.

The use of the TDD MAC. f r.ane, i.nt erval,.j j,S.,C rs to the
period of PR, ﬁma@m f*ﬂé“‘\?ﬁ?{fﬁ‘}g&t %ﬁsm&;m&gl T bel ow
are defi negtx/R sHRR (MISrelh 30 ket 182 0 YR8 1640433, 030k 59) RS S VR RHIIEYY t he

generic use of the termframe to describe a transmsSsion in an 802 11
system | nL8DRPRATOEPORsS TAOE, MR ecamurrgntly dievasvith] sepigneddy theeassigaseodfous t o
t he Beacon,j a fraction of the Beacon interval. The paraneters
detail ed V\Aﬂeﬁ}ergéen\s{grle‘{g@{otné FIGS. 15 and 16 are illustrative only. One of

or di nggoy2gki | | Amerdnelee T DDAMAC fread indtyrvaldspo idilusraeedanpl@, 150 T ukael

al ternate enbodi sing sone or. all of the conponents described, and
with vari ofie tw“ﬁ@%ﬁwggﬁeww&t#laﬁ@tt%ﬁefti@d@ thespegio (9@8%”@(3]“&%2’9 the
fol | owi ng {rEaasARtansHaSRE! se8R81E Abiled ISR ARAGSfincd ORthE ADD MANEFtheand

reverse traffic %ref_er_re_d to as the downlink phase and uplink phase,
respecti Vemge)'yald 0 indiganyshedsikom the generic use of the term frame to describe a

transmission in an 802.11 system. In 802.11 terms, TDD MAC frame interval 1500

may be analogous to the Beacon interval or a fraction of the Beacon interval. The
parameters detailed with respect to FIGS. 15 and 16 are illustrative only. One of
ordinary skill in the art will readily adapt this example to myriad alternate embodiments,
using some or all of the components described, and with various parameter values.
MAC function 1500 is allocated among the following transport chammel segments:
broadcast, control, forward and reverse traffic (referred to as the downlink phase and
uplink phase, respectively), and randon: access.

[00130] In the example embodiment, a TDD MAC frame interval 1500 is Time Division
Duplexed (TDD) over a 2 ms time interval, divided into five transport channel segments
1510 — 1550 as shown. Alternate orders and differing frame sizes may be deployed in
alternate embodiments. Durations of allocations on the TDD MAC frame interval 1500
may be quantized to some small common time interval.

[00131] The example five transport channels within TDD MAC frame interval 1500
include: (a) the Broadcast Channel (BCH) 1510, which carries the Broadcast Control



[00130] In the exanple enbodi nent, a TDD MAC frame interval 1500 is Tine

D vision Duplexed (TAD) over a 2 ns tine interval, divided into five
transport channel segnents 1510 - 1550 as shown. Alternate orders and
differing frame sizes may be deployed in alternate enbodinents. Durations
of al | ocatwonssosibphe TDD MAC frame interval 1500 mayBETYHAMIFEY to some
small comon tinme interval. [00131] T exanple five transport channels
within TDD MAC. frame interval 1500 include: (a) the Broadcast Channel (BCH)
1510, whi cGhanaelr (BCH dbBtheadivato] Channed|(COB) 21336/ 63¢9ch0BarRETHgSPemY/ 034259

23 Ch I ; Co annel 5 I arrjes the

Franm Cor T e F D MR i RRAR st Frobadl CRamiD LRSS ( Recy
on the fofowadrd nkpke) () Trahe Ttahhidl (TOIB) Ralich( d&etks uwél ddia @ad rcosgoluser dat a
and control _ informatjon, and is subdivided intg (i) the Forward Traffic

Channel ( PRfeepgtions ged Brﬁub@iWéieﬁ&PIﬂa@Jdt%P ifRRvard d rattie \Chapeel REVIE Dl 530 Q1 i ¢

Ch I : & Ny Ch I
CRo 15507 Sve R <08 (hyTE, RRYELS Prohic ChannBR AEH LpR SR AR Secons
request s) . an (d) HetRdndamoAcdess Chamshi(RCHY 1450, wellith icarries @gnderess1Bdqest] 00132]

The downl i r 1500 co | Ses ments. 1510 - 1530. . The uplink
phase conpeg@gga@z{éﬁbn{fgra%ﬁ%?Sﬁg%{?bn&?ﬁcﬁg@acqnnﬁiltﬁaé‘fﬂ& e% & BlgPnni ng of
a subsequeqkmIBsMAC frame interval. An alternate enbodi ment enconpassing
peer - to-zg)eer transmssion is illustrated further below.  [001331 The

Br 0ad {8832} Channkie dosaiipk mhasen of dawmnel B9 panarisgh segmendsy 1P rHe3dp. Thehe  first

portion of CQRL Al m"rp%g“ p I : ﬁ%ﬁjﬁni@{ﬁh as
pilot si g#éﬁgpﬁgggﬁégp%g %%lglﬁ%qgnd roé?égllrl}%? lasc%gﬁﬁ?a?‘?%@m ot.” I'n an
exanpl e enbadsmeatt, TDDH MAG daconintovai dnsalioma eimdim@EBMeyrksigspessed f or
frequency and timng . acqui Siti the UTs followed by 8 short OFDM

symbol s oftoﬁms%gﬁ}@ﬁqﬁ%%mtﬂg@g%ﬂ}’#% UTs to estimate the channel .

[ 0013fde13Bpe secoRdBHAlckit@haphell (BEHEGENd b3dlni 1510 hetrdabartdicthoapr, The BCH data
portion defines the allocation of the TDD MAC frane interval with respect

to the trafspegriion ghheREH 94 Gneantains commasphysical inyer qweieead uvioes p%f0 and RCH
1550, d : k &St 1L of: i :

subc haﬁﬂel égé&?sn n{éﬁ{disdéexa I%Iela t %éﬁ%‘dgaﬁs‘fiﬁ gg?%sa\ﬂt "lf%m(r? %\S/ée}l?%ggﬁ%}’
wirel ess Lthb %an aomkiso of <2 tshants AFDM dsyimtbolsh@sednbert fiegiamsy addt tming

exanpl ¢ orBBUFEREY hy IBETIER REE ThE oM Sgobr oCeamhes VMG Plita 1c
transmi tt eghell By SRACK; td sEnald BxsdMatindD versity (STTD) node using rate 1/4
ded [00134) The second portion of the BCH 1510 is the data portion. The BCH data portion
defines the allocation of the TDD MAC frame interval with respect to the transport
channel segments: CCH 1520, F-TCH 1530, R-TCH 1540 and RCH 1550, and also
defines the composition of the CCH with respect to subchannels. In this example, the
BCH 1510 defines the coverage of the wireless LAN 120, and so is transmitted in the
- most robust data transmission mode available. The length of the entire BCH is fixed.
In an example embodiment, the BCH defines the coverage of a MIMO-WLAN, and is

t he

transmitted in Space Time Transmit Diversity (STTD) mode using rate 1/4 coded
Binary Phase Shift Keying (BPSK). In this example, the iength of the BCH is fixed at
10 short OFDM symbols. Various other signaling techniques may be deployed in
alternate embodiments.

[00135} The Control Channel (CCH) 1520, transmitted by the AP, defines the
composition of the remainder of the TDD MAC frame interval, and illustrates the use of
consolidated polls. The CCH 1520 is transmitted using highly robust transmission
modes in multiple subchannels, each subchannel with a different data rate, The first

subchannel is the most robust and is expected to be decodable by all the UTs. In an



Bi nary Phase Shift Keying (BPSK). In this exanple, the length of the BCH is
fixed at 10 short OFDM synbol s. Various other signaling techniques nay be
deployed in alternate enbodi ments. 1001351 The Control Channel (CCH) 1520,
transmtted by the AP, defines the conposition of the remainder of the TDD
MAC frane wamov@biosand illustrates the use of consol i REwesLopAI3E2s9 The CCH
1520 is transm tted using highly robusiy transm ssion nodes in nmultiple
subchannel s, each subchannel with a different data rate. The first
subchannel ejxamplehembmisentouis t1/arddddsSBRIRes igdd ter the fiter QCEbEd-dpmadll t he

UTs. In an_ WO 5/0 S2004/.034259 24 exa Iee diment, rate 1/4
coded BPSKS ?V§“i§g'ﬁr F‘g}C%f[“WS ﬂ”?‘tg ‘%@féﬁ‘fl%ﬁ’b&ﬁ@ﬁﬁ‘?eﬁan&( l@é%% HESY) &bchannel s

wi th decreggd Mﬂﬂﬂ@uﬁtaﬁ%ﬁaﬁnﬁﬁ%ﬁoﬁﬁﬁ&@ﬁjg% ibd écfﬂﬁtﬁiihﬁb@ubﬁﬂhﬁhneﬁ'a?@us%&a' | abl e.
I n an exanpl e enbodi ment, up to three additional sub-channels are used.

Each UT at Eeqlpd'E atteupte indksode |a11§ub@1aamniseirsond¢r wrtd @rdegeding failsdBeo@EHg fail s.
The CCH n e | ength, the
| engt h depg%% nﬁgélj(i)arx}ﬁé]as ém er o’?mb%l—? %fs %es I eaclr?}{g%ﬁﬁﬁégﬁhglo

Acknowl edgtreniumbéost CEN emessages ri;k eadhasnﬁcmlﬁac 5cnbuled i emts ﬁar@awerseelﬁﬂco n the
nost robust (fi rstéﬁ subchanne] t he CCH. 1001)9;%‘% The ai ns
assi gnment ENEPM ARG RUESLS qrgfj‘@meg@pglgesmgﬁr?%t figstheoahanggl o rt e |inks,

(anal ggRy to m@sebﬂd@an%#nso%d dé'mfrxé?ﬁs J%gﬁ’y%lca ARt %ﬂﬁ%%l% R Yorkrdl £1a

transfer of data on the forwar reve I'n general, a physical

| ayer bur steveras Silgn (raniogeusntor taneslidaged) pals WCTKDPSX b)ksagmmmsemanbe dett i ng the
starttlrreof th IIo t thin the.f |ntheFT R-

(c) the | enal}sﬁer 0? (%a gogﬁa\i{\%ﬁr re(-v(ﬁset ]Hg( I gﬁgéeﬂe%lr atal'éysgg aggrté gtphy5| cal
| ayer over b)sﬁ%dmeﬁtec)ontphx@est I @ySaVACAD; Uﬂ)dae valae dnc(léa)hng hie el thge N the

nodul ati on herre to be used fwfl{@?,lg g &/SI cal burst. [00137 O her

example ty i wilingthedrane dm |°ﬁ6h‘€|é% %ﬁrﬁ a3 ithndemsth e thene
reverse Ilmkocmfn t(h')echE [e%@ﬁrﬂfstﬁtﬁém&ftedﬂpkﬂﬁggﬂﬁe?GVﬁh&ﬂt (EL@%SHESS r an

assi gnnment on the ~ TeverSe for t nsm ssi on of i nk
status i nf owderhdf) the onding Wi nindulati@Cidhemy tabesed Efrithephysicelilgrs bakt. t he frane

t hat 0 be ft ynus d. These. unu f the.fra be used
by UrSsh e Qi Rk ocs BERRHRHRE o sROCCHIBNGE chdSighiF ol B

nmeasur e neteghbOlinisHs themahaniesiod of b Aedicddd ﬂitte ﬁlaamium ACHRRS gk 08 khe( RCH)
1550 is a reverse lLink channel on which a may transmt a random access

burst. Thely&rs BB r theigmampssiones tuger and glﬂ%%tﬁtflﬁ gﬁ'onqa@pn@@gha Plankei n t he
A N s
to a partiputiens ofiNBelffgme may be used by UTs to make noise floor (and interference)
estimates as well as to measure neighbor system beacons,
[00138] The Random Access Channel (RCH) 1550 is a reverse link channel on which a
UT may transmit a random. access burst. The variable length of the RCH is specified
for each frame in the BCH.
[00139] The Forward Traffic Channel (F-TCH) 1530 comprises one or more physical
layer bursts transmitted from the AP 104. Each burst is directed to a particular MAC ID
as indicated in the CCH assignment. Each burst comprises dedicated physical layer
overhead, such as a pilot signal (if any) and a MAC PDU transmitted according to the
transmission mode and coding and modulation scheme indicated in the CCH
assignment. The F-TCH is of variable length. In an example embodiment, the
dedicated physical layer overhead may include a dedicated MIMO pilot. An example
MAC PDU is detailed with respect to FIG. 16.
[00140] 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



as indicated in the CCH assignnment. Each burst conprises dedicated physical
| ayer overhead, such as a pilot signal (if any) and a MAC PDU transm tted
according to the transm ssion node and codi ng and nodul ati on schene
indicated in the CCH assignnment. The F-TCH is of variable length. In an
exanpl e enbodi nent, the dedicated physical |ayer overhead may include a
dedi cat ed WONMDFI3PWE. An exanple MAC PDU is detail ed EIMUY2880885%t0 FI G
16. [00140] The Reverse Traffic Channds5 (R-TCH) 1540 conprises physi cal

| ayer burst transmi ssions fromone or nore UTs 106. Each burst is

t ransm t t quedmybla(ipamy)iand k MAUTPDU dransmiitted aeedrding tortbe G@Muussitngmadavnd Each

burst may ¢ rise a iLcated pil.o 0 5 /A ) 34259 25
pr eanbl e (‘ioﬁ ﬁ%n@ %%%Saggﬁxﬁ&hﬁﬁ%‘?dﬁ%‘%%dm%‘%%@%% i n%’qgﬂ ? ﬁgqﬁglﬁo’so i ssi on
nmode and w@idble@ngid nodul ation scheme indicated in the CCH assignnment. The

R-TCH is of wvariable Ilength. [00141] In th X | e enbodj nent, the F-TCH
530, OREIR. TCH 155, YO GRRbOdHRgT 68 KRR Tt £ LBl £ AEPOR D6 i 5i on
mul tiple ' ; bl ; b Sdi C PDUs
ss0c | at ed i R o B e O e i ch the
MAC PDU i straswsosion bENAG PRUstdssocitgddeith differentUlipl Arfleld eantaiting theddabded

reci pi ent the do i e incl.yded. in.the C P header. ,This may
be used toﬁ?g‘grgl ‘(‘/’gwl\gﬁbe m?ggg’l né]s ?ﬁ%ﬁléﬁfgi‘%&h‘f ﬁﬁ?‘i\éﬁé’? tg?}i uéai’mgm%thse pati al
mul ti pl exingnesd BRnB6E theseshwnilik) aldyesenatiademdote MEAC LDWMesieRUThispl exi ng

is based strictly on time division techniques, the MACID is not required
in the MACHREDbE w88 der resalye canyt pddressme campiguitich Alat vy gRse wvheacsmabidd in the

CCH nessa Cat.l i i per i . iterval to
@ speci 11 o pRpIRERCLEOM oft e, 1 MR bbbk el Ryt p M lib el Ul o1 on
mul ti pl exi stggstlyt dmeimdi division rtechmigues,pthe XMAG, i netrmeqaitddein the AMACGRBUKknown i n

the art e depl oye 0014 FI.G .16 icts t formati gn of an exanpl e
VAC PDU 1060 S E astrn Srmaii: B EbE Bn (U R alpetned et hor het
segnent, i glvérhiimeeperioP|if thEXEDD| PIAG ifzafe mbdvdlibes spdciffd BlAS @ e dgscri bed

inthis illustration, Those of skill in the art will recognize that various
ot her si ze¥mbigaiar ok fgatiah npwipieding nsodsr slivisipm cmyltipleding, #me ndivison scope of

t he prese I i.0R. NS uSHRWY i %nqg 1610 i s segnented
at an adagliﬂ glltup%ﬁﬁ ’a@gr@{{%@%ﬁ&gﬁg& at :G@r{nré%b ay%y?b%%%%'o carries one of
t hesel§&gient s FI6G206 depicts he fernzatiph ef andatmplealddét PDEL06G0sfremgnpaeketd i nto N

1634 cont ajtitmgriehisy Be 36 1P Glisl i e cmmegi th Sbmple” BainffE | °

sizes and types of fields are described in this illustration. Those of skill in the art will

recognize that various other sizes, types, and configurations are contemplated within the
scope of the present invention.

[00143} As shown, the data packet 1610 is segmented at an adaptation layer. Each
adaptation sublayer PDU 1630 carries one of these segments 1620. In this example,
data packet 1610 is segmented into N segments 1620A — N. An adaptation sublayer
PDU 1630 comprises a payload 1634 containing the respective segment 1620. A type
field 1632 (one byte in this example) is attached to the adaptation sublayer PDU 1630.

[00144] A Logical Link (L.L) header 1642 (4 bytes in this example) is attached to the
payload 1644, which comprises the adaptation layer PDU 1630. Example information
for LL header 1642 includes a stream identifier, control information, and sequence
numbers. A CRC 1646 is computed over the header 1642 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
PDUs 1640, as well as LLC PDUs and RLC PDUs, are placed in queues (for example, a
high QoS queue, a best effort queue, or control message queue) for service by a MUX
function.



field 1632 (one byte in this exanple) is attached to the adaptati on subl ayer
PDU 1630. [00144] A Logical Link (LL) header 1642 (4 bytes in this exanple)

is attached to the payload 1644, which conprises the adaptation |ayer PDU

1630. Exanple information for LL header 1642 includes a streamidentifier,

control i nfvoraeddsens and sequence nunbers. A CRC 1646 BGI/¢uLApPW8Ld over the
header 1642 and the payl oad 1644, and 2sappended to forma logical |ink

subl ayer PDU (LL PDU) 1640. Logical Link Control (LLC) and Radi o Link

Cont r @0145RLC) ROWNSUKElkadre 1662 meaktacheditoichelr LLaRDU de40L LAn PRidspld 640X as wel |

as LLC P nd C PDUs, are.placed.in e or. anple, a . high QS
queue, a aefelr% PRAYPERESe Btlg’éﬁﬁtapg:a ?fﬂ!%]gtﬁaze%é&égfso osfertes lt?edl%y a MJX
funct i on. MEHRR0S/0IMOGEECH hisA00460%A350cach GoARAISE (1 MUK hREREC 1652 i's
attached to each LL PDU 1640. An exangI e MJUX header 1652 rraﬁﬂcorrprl se a

| engt h andPRAUs)y gie (LLHDW e6dfder BleG2on RLEG RBUD jerass thepasigag 1684 ok kespderA sini | ar
header may I | b P The LL
PDU 1640 (%&L%@pg‘fﬂﬁ{g%%@ft%rimﬁwhsg %‘f%%@ qggjfj %g ea eslr%ﬁ%ész and
payl oad 16PAUE atemisb hefeisdddo hedainag vIUROEDUNPDU) 1650 (MUX subl ayer PDUs are
also referred tQ herein as 4LTX PDU%?. 0 146& Cormurﬂ cattég,n t&em ces on

t he siﬂgi‘&&l medi CRATRPUCHPT JERLEE RP Hifes TEPBIOG! 10K Er PR TDD MAC
frame intepualks) il B sehisSoerBIPMeA D Brafb!igfehale in QHROSNIRY. S In GX@fRlees Of

whi ch are detailed further below, these type of TDD MAC frane intervals may

be i nt er s penkasimets, lexamplivefsvijethare fnal ¢rdrebow.i these ditenyf TIRIBAMARt i on
based or pg] |l I i I r i i y i.ng ot her

t ypes of a%%:nelggmﬁlr%ggo%%f lsb qu%%aéergégl‘%@ig ‘%ﬁ%@e?&gﬂ ?g%gdu ée{t?&’rgr‘angmg@%r%r m ne the
size of plonsintiah bhsey et pbilsds hsd Aldladiag aderfaingonith dsgacp swtddiGisifdsother each TDD
MAC frame _interval (anal opgous.to .consolidated, polled TXOPs). Note that not
every NAG WBFYRHIFcesa Rt s (ssSHEM s heqheeligonsy &Pﬁemn%éheaﬁweo at ed

space in amysRAr labGUhadts AIMMor bhe e nodé MNE!IDsARYa8E TOTS MAD ale OF
schedul i ng schenme” may be deployed within the scope of the present

i nvent i on. intgneah (anglogbrsde apnsohddted pabed T3POPa). Ni@e Bt nat everpbAG e withx
function f : il | : PDU. 1 ' ' nor e
VX Poce 100 B R A sl s e LRt OBRARE T2V

PDUs 1660, frim¢ immerealorAnyodceesacbmiodt @tbchiitlihPschstlel mbebé delodd dvittin eheTDD MAC

frame interval _(i.e. TDD MAC franme interyal, 1500, detailed wth respect to
FIG 15, ab6ueyt tglf B@i"z{*??VF?FC‘&nR"Q}% lechei e ,forﬂ%ﬁé&remeftmﬁs for a

partial M §RRtié0 (2 fhat MAOID W i1E Sornth MAE PO 266E \ihdiSdifd bnddCkbRY 1N 2
MAC PDU 1660. In this exanple, the
MUX PDUs 1650 for inclusion in the TDD MAC frame interval. One or more MUX
PDUs 1660, for one or more allocated MAC IDs will be included in 2 TDD MAC frame
interval (i.e. TDD MAC frame interval 1500, detailed with respect to FIG. 15, above).
[00147] In an example embodiment, one aspect allows for a partial MPDU 1650 to be
transmitted, allowing for efficient packing in a MAC PDU 1660. In this example, the
untransmitted bytes of any partial MPDUs 1650 left over from a previous transmission
may be included, identified by partial MPDU 1664. These bytes 1664 will be
transmitted ahead of any new PDUs 1666 (i.e. LL PDUs or control PDUs) in the current
frame. Header 1662 {two bytes in this example) includes a MUX pointer, which 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.
[00148] The MAC PDU 1660 comprises the MUX pointer 1662, a possible partial MUX
PDU 1664 at the start (left over frorm 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



untransmtted bytes of any partial MPDUs 1650 | eft over froma previous
transm ssion nay be included, identified by partial MPDU 1664. These bytes
1664 will be transmtted ahead of any new PDUs 1666 (i.e. LL PDUs or
control PDUs) in the current frame. Header 1662 (two bytes in this exanple)
i ncl udes awkidbozrsdnser, which points to the start of tRE/F2PHO3REN MPDU
(WDU 1666A in this exanple) to be trangmtted in the current franme. Header
1662 may al so include a MAC address. 100148] The MAC PDU 1660 conprises the
MUX poi nt eburd6Bthe MACEINY hb6D fsavatrial inMhbphysioe] hEabundt alltateditattie ¥IAEF t over
froma previous allocation), followed by zero or nore conplete MJX PDUs
1666A - N, I&nd a possi ble partial MJX PDU 1668 (fromthe current

al | ocgpdae) or eghemPadainonAc PHl! 14dieirbha6ah athnpalssibe oo Fratbe iphysi cal
| ayer WO 2005/ 039105 PCT/ US20041034259 27 burst. The MAC PDU. 1660 i s

carried i n30hil pempiriobay),| thgtemat bes trapsmitedh fiom pee STA Mpenothes, ipedshn®1 Thus,
the exanmpl e NAC P, i1l us : 1 $Sk : , rée: 802, 11
t er m nol og)Vf’r,th%gw ar%%;%r%%eb?er%né{ﬁ.? % ?l g’géfdtgg%@%wéﬁé#ggﬁtéﬁﬁa%%? %gF,E{ﬂralg:flﬁdi ng
portions ofpadkaigds hetdsVied Rethakie oytichal hsows peitiERIUBIPDUst Fath Ned PRdtmgn STA.
Efficient packing i s achieved wt he opt.ional. use of partial . PDUs.
Each MAC Pbe tragmitsd 1p raaﬁéﬁﬁt {etos %@'ﬁ')&&“{“ﬂggﬁg a§@2t.le ?@PW%&%@), at a
time indi C%B%Qli&ﬁbdtﬂgﬂin&ﬂféﬁ% iwdatsed poll included in the CCH [00150[ The
exanpl e enbodi ment detailed 1n FIGS. 15-16 illustrates various aspects,

i ncl udP#igolc ons oThel axaetplp embediment] deteded ine B, &l 5t HoaHbisirales s#rious #8pestsi ni nat i on
of gaps by. uential.ly.transmttji | . Qfﬂﬁ%ﬁ h STA

(i ncluding HECE = “ilﬁt %Bolg%s%eegg%dﬁgﬁg%%{a:ﬁs?g %ngx}f%d any @%@gﬁgg}gl ,

i ncl udi ng 8QRwedtialls VisdnemBtindDphpdit A dlaydrubirixerfrdie| cavh T gintiedingt the ekodi ment s
illustrating various other techniques,for chievin C efficien as well
as support iﬁ&eﬁé@ﬁﬁaﬁ@w Fable ?n%‘?ﬁq@%l’{om&ﬂﬁmc W‘@g&gt%nﬁsﬁnﬁhbﬁﬁﬁ%/%r .
cooper at i NGyiel Mhefd Std AflerhBYAEKbEIIRNCAS OflSstMing YrlBUB - ot Okl Mescri bed
above, various enbodi nents detailed herein may enpl oy channel estinmation

and tight reieviecMAG| effisieheyacasl WAL asf fuppoting ypesrip-brST FEANSEEFSIOAr 60Gh

m ni m zi ng .ynnecessar ransm.ssion.on.th i t | uate rate -
cont rol fé%%%%“ﬁgﬁﬁd?oﬁcg%%}eﬁgl q"élgf %%ggé@&%&g#é’ﬁ F%t roughput. Thus,
suf fi coerst] oppak idegetibéd shovayvdribup embobdiatnisatetailbd haein may ienmioywhaard
feedback to naximze the transmtted rate on all M MO rnodes, .ip order to
prevent thésm’é‘ﬁ@nd‘ﬂdtt@bﬁ%W%u@lﬁémearﬁéég‘ﬁfgf’én@h%ﬁ ¢ gied BoPgh,  whi ch
may of f set na-i%nei%m%ﬁﬁseeg t¥ndRisien D LhRiRm, B3 %g@&lﬁhtgeﬂtea%\ﬁ%i and

: | is|
detailed far el ow, exXanple MAC enbodi nents may
feedback may, in some cases, reduce the overall throughput. Thus, sufficient

opportunities may be provided for channel estimation and feedback to maximize the
transiitted rate on all MIMO modes, in order to prevent the loss of throughput due to
inadequate channel estimation, which may offset any MAC efficiency gains. Therefore,
as described above, and detailed further below, example MAC embodiments may be
designed to provide sufficient preamble transmission opportunities, as well
opportunities for receivers to provide rate control feedback to the transmitter.

[00152] In one example, the AP periodically intersperses MIMO pilot in its
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,

[00153) The AP may also provide opportunities to the destination STA to provide ACK
feedback. The destination ST.A may also use these feedback opportunities to provide



designed to provide sufficient preanble transm ssion opportunities, as well
opportunities for receivers to provide rate control feedback to the
transmitter. [00152] In one exanple, the AP periodically intersperses M MO
pilot ini J m ssions (at |east every TP ns, wher g, a fixed
or vari ablé’%ngé’énﬁgjt%%r). Each STA may al so begin its pol TEE”@)&B\‘N{W a M MO
pilot that may be used by other STAs Z3nd the AP to estimte the channel .

For the casge of ransm.ssi o 0 AP . or t not her usi t he Direct
L nk Prot gat Spdh kb ABEE rer pA M Foad R AR B il e oer e
reference doptrblefepditiiy hétydefidediny Rigapy G0RS S ishgeras, hbiadae802nald).omheSTA.

[ 00153] The AP nay al so _provi.de opportunities to the destination STAto
provi de AdRiPduchery B%Wd)rﬁ‘éyd%‘gfaﬁﬁ ak¢ el emounh of Fite sonted mfpastiop deiiback

oppor L Uni {83 80l 0 4502008 032U PCHUSAOR SRS 2R A RcEont o

f eedback for avai nmodes to the transmtting STA. Such rate
control fedtibiandy, thssemoay Wbedompdainenied) tefighy r@@euntd] fegdbasks, i ncl udi ng

802.1 The ,introduction qf may i ncr the tal .anpu of rate
cont rg)q%ﬁqlf or mePIOHIET (HREC mq@cﬁ%/ldg%e’l dsgﬁtéﬁ?aime&ei’%oi% %”E cﬁoﬁe t he
benefit of inforpauneineREfedulindRESTAEL.f Batle STX. miyiRgt AYXDP wiipbRambleed by
tight rate control feedback. [001541 Anot her aspect intr.oduced here, and

det ai | ed fGHeWe]DYeregypsted dumtion phje next BXQBt THis Itopmationds destingd fopHhesTAs .

Each STA i | | I : d
duration oftt ﬁglg r‘fgx%&%%%)ﬁ%?ﬁ%ﬁi% g{e(rn}%?? %e “?Si&dggp?g%ﬁxfsﬁé?ﬂ%@é%‘g The AP
col | ects i%ifhy mad idetermines e akocatione qpfediratbnTXORhE momiige v KOs fherent  STAs

and determ nes th ion.of durati on the.nediumaof T or a

subsequent® EiS“?\%&%D?:P Whﬁ?‘gﬁ(@t&ﬁvg‘ Tﬁ%‘*%g‘?%‘{ymﬁ?&?%?‘ﬁfpéﬁc"é‘ tor;@?asg#etsy or QS
rules to @elRidingBohesHaee e aiedivtd)riBdiyiiBe vefy difnplBMled $Cprépotioslypl € rul es
to proportionally share the nedium accordi ng@;g tﬁe requests fromthe STAs.
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[ 001551 | nMébbdiersndrsalchet assigndd frethel subseuergtonotréd chayme mpgsengt fmpethat i on Wit h
or wthouf,a true access point. Wien a true AP is present, it my be
connected,” Tor exanple, to a wired fat pipe connection (i.e. cable, fiber,
DSL or TI/T3, Ethernet) or a hone entertainnment server. In this case, the

true AP nmay be the source and sink for the nmjority of data fl ow ng between
devi ces i ré?ﬂh@-%lﬁ%@ﬁﬁ-.——a Point

[00155] In embodiments detailed herein, a network may support operation with or

without a true access point. When a true AP is present, it may be comnected, for
example, to a wired fat pipe connection (i.e. cable, fiber, DSL or T1/T3, Ethernet) or a
home entertainment server. In this case, the true AP may be the source and sink for the
majority of data flowing between devices in the network.

[00156] When no true 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

below, an Adaptive Coordination Function (ACF) may be utilized with a designated



1001561 When no true AP exists, stations may still communicate with one

anot her using techniques |like the Distributed Coordination Function (DCF)
or 802.11b/g/a or the Enhanced Distributed Channel Access of 902.1le, as
descri bed above. As detailed further below, when additional resources are
requi red, worsoeBsiogi ent use of the nedium nmay be accdgVVSHERERT h a
centralized scheduling schene. This nepwork architecture mght arise, for
exanple, in a hone where nany different devices need to conmunicate wth
one anot heacedss peint, BuniRy be CEplayad- Sjib akaralized schedulingnrandons agepss adtlive net wor k
stations automatically_ desi nr%ge ne station to becone the AP. Note that, as
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capablog1s3] desiTiahRens RO e diate@N AP &iglﬁﬁiy FHIl gen@ale behatociteai gt ed AP
capability wll generally be associated with devices w fh hjgher

capabi | i t ydeviseyy withyjigher GARADEHY.rfof-e VaIl PRDHOE BIOTS pREPUS Fches 3 WEeL| ar ge
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further behownenTh§sdditionabkacterd foeseledingue esignaied AR amgddetalvdrfartisar phone

need not blgql, bﬁr&lﬁned it h .desi gnat ed APlcapa iIit%a, V\,hi'él e a gi Qbend devi ce
such as hi Ghe%hd 100y del8™aHd, dyicg, S gt “BEFIR Ui §8GRERIRY ey be
equi pped Viirllend@ Stignadse@al AT apaibility] While QOAigAEnd MedicoGudPanbightunld, the

desi gnat ed AP assunes the role of the_ true AP _and may. or nmay not have
reduced f ufideq wEde a2 high debmition ¥ideniitnlaremey be £90@BEhiE s mmatetadr perform
the fol | ow Qiilitérfa) establish the network Basic Service Set (BSS) ID;, (b) set

network timng by transmitting a beacon and broadcast channel (BCH) network
confi (0390 i on ilnfaowrdlt neworly the dBGCEnated Alefiumeesdonpdsofithe uoAPtand magdi um

until the next e nage.connections schedul.ing trapsm ssi ons of
stations off TH o%@%&@eﬂﬁwgg%lﬁ& g&h}’%}"%ﬁ{‘&%ﬁuﬁ’} nf&pst " 2) manage
associ at i ogerfofr )thed [ iwiley: %ﬂ%t&ﬂi@sﬂﬁh@ﬁéﬁﬂoﬂ{ Bhat Sebfeel $QWBSSPIDY @) sdif )
various other functions. The designate AP _ nmay i a_sophi sticated

| ement
schedul er , BESVOTEnYmingn By dranseiitigupi hepcan gad; bm%ﬂcagp channel (BCH) network

configuration information (the BCH may define composition of the medium until the

next BCH); (c) manage connections by scheduling transmissions of stations on the
network using a Forward Control Channel (FCCH); (d) manage association; (€) provide
admission contro] for QoS flows; and/or (f) various other functions. The designate AP
may implement a sophisticated scheduler, or any type of scheduling algorithm. A
. stmple scheduler may be deployed, an example of which is detailed further below.

[00160} A modified Physical Layer Convergence Protocol (PLCP) header is detailed
below with 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. Altemately, it contains a request for duration
of a subsequent transmission opportunity for a given priority or a flow.

{00161) The designated AP may determine backlog or transmission opportunity
durations requested by the stations by “snooping” in the PLCP Headers of all station



si npl e schedul er maybe depl oyed, an exanple of which is detailed further

bel ow. [001601 A nodified Physical Layer Convergence Protocol (PLCP) header
is detailed beloww th respect to peer-peer comrunications, that is al so
applicable for designated APs. In one enbodi nent, the PLCP header of al
transm ssi MEs20pE0PANSNitted at the basic data rate t hBET/BEAME843coded by
all stations (including the designated®P). The PLCP header of
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Headers of all s i on WD 2005/ 039105 PCT/ US2004/ 034259 . 30. transm ssi ons.
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schedul er t Akl t | ' roportion to the requests and
schedul es ?%%ﬁ%ﬁ%‘@%ﬁ%%@ﬁg}%@egén od. Enhanced schedulers are
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the designated AP on the CCH (control channel). [00162 desgi gnat ed AP may
not be reqd?qied stEHoR oS Bifesst hapiRgHtY @‘S‘%‘F@% Wélwgé}"ﬁ"&a' g‘t%“? on (i.e.
serve as aAl‘F’QHayﬁféidaﬁz}ble@écEk?H%h this functionality is allowed. Atrue AP
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may be capabl e of echoi ng. 163] Wen sel ecting a designated access point,

a hi erlBfl6Hy mayWhen celsalingd at desiggeiedrancnss phinicre deevircly stryubel aesfsdetlms access
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access poin OW ng: rover-
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may be desirable for the designated AP to be centr y 10ocat ed and have the
best aggr elafice dRx oBRR fBEs:( Mediunh dcgbsse ConireleQdALe aldtesst A i fivels dowiedh a good
SNR). In geper t e ennas a station has, the better the receive
sensitivi t99‘%?1%&o%cgﬁ?lflggtﬁ?rtﬁﬂérsdesi gnated AP nay have a higher transmt

powver [saisdlhat thepragive, dnmbete dbdiraltRobibe dedgthiddyAR td B gataliyestedhindt at i ons.
These attributes, can be asigssed and  explojted to allow the network to
dynanmi cal | J2edBoRes! gegresade Ry SR 6" Hree bg dBledo Aprersrall stations with a good

SNR). In general, the more antennas a station has, the better the receive sensitivity. In

addition, the designated AP may have a higher transmit power so that the designated AP
may be heard by a large number of stations. These attributes can be assessed and
exploited to allow the network to dynamically reconfigure as stations are added and/or
-moved around.

[00165] 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.

[00166] The designated AP may set the MAC frame interval and transmit a beacon at the
start of the frame. The broadcast and control channels may specify allocated durations
in the frame for the stations to transmit. For stations that have requested allocations for

peer-to-peer transmissions (and these requests are known to the AP), the AP may



noved around. [00165] Peer-to-peer connections may be supported in cases
where the network is configured with a true AP or a designated AP.
Peer -t o-peer connections, in general, are detailed in the next section
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enable all stations to |learn the channel between thenselves and the
transmitti hgowmathirespect i FY¥3.38y be useful in some scenarios. Further, the

desig AP rmy r i . I timation
and £ RBIRT: ar o Benb bRl B EEHRENRG pill el i B FRERLRLLER
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operations: First,
be derived. Once the designated AP receives all requested allocations in a given MAC

frame, it may schedule these for the subsequent MAC frame. Note that rate control
information does not have to be included in the FCCH.

[00169] 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
coniputes the total resource available for allocation to the F-TCH and the R-TCH (Total
Available). 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 Iéss than 12 OFDM symbols, these allocations are increased
to 12 OFDM symbols (in the example embodiment; alternate embodiments may be
deployed with alternate parameters). Fifth, to accommodate the resulting allocations in
the F-TCH + R-TCH, any excess OFDM symbols and/or guard times may be
accommodated by reducing all allocations larger than 12 OFDM symbols, one symbol

at a time in round-robin fashion starting from the largest.



the scheduler collects all the requested allocations for the next MAC frane
and conputes the aggregate requested allocation (Total Requested). Second,
t he schedul er conputes the total resource available for allocation to the
F-TCH and the R-TCH (Total Available). Third, if Total Requested exceeds
Total Avai WaBhes/03810F requested al l ocations are scal ed /¥ HA4OHDY defi ned
by Total Avail abl e/ Total Requested. F@@rth, for any scaled allocations that
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to the PLCP_headers. of St&%t(iogn transm ssiQns. Based on observing the medi um
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desig 'ﬂﬁﬁ%‘i‘ AP By designated AP may continue to monitor the medium utilization by listening
to the PLCP headers of station transmissions. Based on observing the medium, as well
as the backlog or transmission opportunity duration requests, the designated AP nmiay
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.

[00174] 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
polling and scheduling. The latter provides more deterministic latency and higher
throughput efficiency. Examples of such operation are detailed further below.

[00175) Thus, adaptive transition from EDCA (distributed access scheme) to scheduled
(centralized) operation as a finction of the observation of the medium utilization,
collisions, congestion, as well as, observation of the transmission opportunity requests
from transmitting stations and comparison of the requests against admitted QoS flows

may be deployed.



determ ne when EDCA operation is not satisfying the required QoS of admtted
flows. For exanple it nay observe the trends in the reported backl ogs or
request ed durations, and conpare them agai nst the expected val ues based on
the admtted flows. [00174] Wen the Designated AP determ nes that the

requi red Qw® Joss/mes bei ng met  under distributed accessSeCTgs2eE3426nsi tion
operation on the mediumto operation wgth polling and scheduling. The

| atter provides nore determnistic |atency and hi gher throughput
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to operate with a true access point or a designated access point. A
desi gnat ed access point may al so be depl oyed and/or selected as detailed
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described 1n IS specifrcatron, or any conbl nation of protocols.
Peer-to-Peer Transm ssion and Direct Link Protocol (DLP) [00177] As
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peer - peer connections be supported: . (a) Managed er-peer, in which the
AP schedul @?P?éﬂ@ﬂ?@%ﬁ%ﬂ% Fanpls frenssyiory 5%@%%5&(;@%&&1%@% i§n which
the AP is npbikidyolredos m@?w&m& ni¥atioft GAREAH! Wil APT102 bR WILAN

transm ssions. An enbodi meht may i1 nclude either or "both types o

120, as detailed herein.

[00178] 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
including an access point, as well as information specifically formatted for reception by
a peer-peer receiving station. The common information may be used for scheduling (as
shown in FIG. 25, for example) or for contention backoff by various neighbor stations
(shown in FIG. 26, for example).

[00179] Various example embodiments, detailed below, illustrate closed loop rate
control for peer-peer connections. Such rate control may be deployed to take advantage
of available high data rates.

[00180] For clarity of discussion, varions features (i.e. acknowledgement) are not

necessarily defailed in example embodiments. Those of skill in the art will recognize



connections. In an exanple enbodinent, a transmtted signal may conprise a
portion including common information that is receivable by one or nore
stations, possibly including an access point, as well as infornmation
specifically formatted for reception by a peer-peer receiving station. The
common i nformation may be used for scheduling (as shown in FIG 25, for
exanpl e) owof095/0d98E ent i on backof f by vari ous nei ghbor KiTatS2amm3426shown in
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[00183] 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
announce these in the control channel every TDD MAC frame interval. An example
system is described above with respect to FIG. 15.

[00184] FIG. 20 depicts an example embodiment of a TDD MAC frame interval 2000
including an optional ad hoc segment, identified as A-TCH 2010. The like numbered
sections of TDD MAC frame interval 2000 may be included an operate substantially as
described above with respect to FIG. 15. The presence of the A-TCH 2010 in the TDD
MAC frame interval 2000 may be indicated in the BCH 510 and/or CCH 520. During
the A-TCH 2010, STAs may conduct peer-to-peer communication using any contention
procedure. For example, 802.11 techniques such as SIFS, DIFS, backoff, etc., as
detailed above may be deployed. QoS techniques, such as those introduced in 802.11(e)
(i.e. AIFS) may optionally be deployed. Various other contention based schemes may

be deployed as well.



announce these in the control channel every TDD MAC frane interval. An
exanple systemis described above with respect to FIG 15. [00184] FIG 20
depi cts an exanpl e enbodi nent of a TDD MAC frane interval 2000 i ncluding an
optional ad hoc segnent, identified as A-TCH 2010. The |i ke nunbered
sections otvobRDB/IMG@sfranme i nterval 2000 nay be i ncl udedPGHUBHEN$28Y
substantially as described above wi thsrespect to FIG 15. The presence of
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request for a . i
may be used as a reference by a receiving station to estimate the respective channel

between the transmitting station and the receiving station. This example PCCH
comprises the following fields: (a) a destination MAC-ID, (b) an allocation request for a
desired transmission duration for the next TDD MAC frame interval, (c) a transmission
rate indicator to indicate the transmission format for the current data packet, (d) a
control channel (1.e. CCH) subchannel for receiving any allocation from the AP, and (e)
a CRC. The PCCH 2120, along with un-steered MIMO pilot 2110, is a common
segment that may be received by various listening stations, including the access point.
A request for allocation may be inserted in the PCCH to allow for 2 managed peer-peer
connection in a future TDD MAC frame interval. Such a PHY burst may be included in
an ad-hoc connection, and may still request an allocation for scheduled peer to peer in 2
future TDD MAC frame interval. In the example embodiment, the unsteered MIMO
pilot is eight OFDM symbols (in alternate embodiments, detailed below, fewer symbols
may be sufficient for channel estimation) and the PCCH 1is two QFDM symbols.
Following the common segment, comprising unsteered MIMO pilot 2110 and PCCH

2120, one or more data symbols 2130 are transmitted using spatial multiplexing and/or



desired transm ssion duration for the next TDD MAC frane interval, (c) a
transm ssion rate indicator to indicate the transm ssion format for the
current data packet, (d) a control channel (i.e. CCH) subchannel for
receiving any allocation fromthe AP, and (e) a CRC. The PCCH 2120, al ong
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[00189] In this example, the remainder of the MAC-PDU transmission uses spatial
muitiplexing and higher modulations as determined by each STA in the peer-peer
connection. This portion of the transmission is coded according to the rate control
information embedded in the data portion of the transmission.

[00190) FIG. 22 depicts example method 2200 for peer-peer data transmission. The
process begins in block 2210 where a station transmits an unsteered MIMO pilot. In
block 2220, the station transmits commonly decodable information. For example,
unsteered MIMO pilot 2110 and PCCH 2120 serve as an example of a mechanism for
requesting allocation in a managed comnection, for which the AP, or other scheduling
station, would need to be able to decode the portion of the signal comprising the
request. Those of skill in the art will recognize myriad alternate request mechanisms for
scheduling peer-peer connections on a shared chamnel. In block 2230, data is
transmitted from one station to another in accordance with negotiated tramsmission
formats. In this example, steered data is transmitted using rates and parameters as

determined in accordance with measurements of unsteered MIMO pilot 2110. Those of



mul ti pl exi ng and hi gher nodul ati ons as determ ned by each STA in the
peer-peer connection. This portion of the transm ssion is coded according
to the rate control information enbedded in the data portion of the

transm ssion. [00190] FIG 22 depicts exanple nmethod 2200 for peer - peer dat a
transni ssi w0.20018910pr ocess begins in bl ock 2210 where FEHERHIYAHFansnits an
unsteered MMO pilot. In block 2220,37The station transmts conmonly
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exanpl e, the A—TCH 2010 segrrent of TDD C frame interval 2000 nmay be used.

Wien an acte¥sTamge e 2089 may bswseds sWhen 5y access has been earned successfully
through contention proceed to block 2350 and transmit a STA-STA PHY burst, as

described above.

[00194] From block 2350, proceed to decision block 2360 where the process may repeat,
as described above, or may stop.

[00195] FIG. 24 depicts example method 2400 for providing rate feedback for use in
peer-peer connection, This FIG illustrates various transmissions and other steps that
may be performed by two stations, STA 1 and STA 2. STA 1 transmits an unsteered
pilot 2410 to STA 2. STA 2 measures the channel 2420 while receiving unsteered pilot
2410. In an example embodiment STA 2 determines a supportable rate for transmission
on the channel as measured. This rate determination is transmitted as rate feedback
2430 to STA 1. In various alternate embodiments, alternate parameters may be
delivered to allow for a rate feedback decision to be made at STA 1. At 2440, STA 1
receives a scheduled allocation or contends for a transmit opportunity, for example

during A-TCH. Once a transmit opportunity has been earned, at 2450, STA 1 transmits



t hrough contention proceed to bl ock 2350 and transmt a STA-STA PHY burst,
as described above. [001941 From bl ock 2350, proceed to decision bl ock 2360
where the process may repeat, as described above, or may stop. 1001951 FI G
24 depicts exanpl e nmethod 2400 for providing rate feedback for use in
peer - peer wowenipen. This FIG illustrates various trandii/g0@nd42ahd ot her
steps that may be perforned by two sggtions, STA 1 and STA 2. STA 1
transmits an unsteered pilot 2410 to STA 2. STA 2 neasures the channel 2420
whi | e recetoviT?2damtaterrsd apd trotiulael Drmitnleemiardinp kespendsadirate fitccdSA 2
determ nesa%(osupportabl e rate for transm ssion on the channel as neasured.
This rate ermnation is transmtted as rate feedback 2430 to STA 1. In
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access poi glte%{ eceives the request for transm ssion and, in accordance wth
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whether to make an allocation for the peer-peer communication. STA 2 measures the
channe] while the unsteered pilot in 2505 is transmitted and may make a determination
about the supportable rate for peer-peer communication with STA 1. Optionally, STA 2
may also receive rate feedback and/or data from STA 1 in accordance with a previous
transmisston.

[60199] In this example, the access point has determined an allocation will be made for

- the requested transmission. At 2515 an allocation is transmitted from the access point
to STA 1. In this example, allocations on the R-TCH 540, are transmitted during the
control channel, such as CCH 520, illustrated above. Similarly at 2520 an allocation on
the R-TCH is made for STA 2. At 2525, STA 1 receives the allocation from the access
point. At 2530 STA 2 receives the allocation from the access point.

[00200] STA 2 transmits rate feedback at 2535, in accordance with allocation 2520.
Optionally, a request for scheduled transmission may be incladed, as described above,
as well as any data to be transmitted in accordance with a previous request. The rate
feedback transmitted is selected in accordance with the channel measurement 2510, as

described above. The PHY burst of 2535 may include an unsteered pilot as well. At



about the supportable rate for peer-peer comrunication with S TA 1.
Optionally, STA 2 nmay also receive rate feedback and/or data fromSTA 1 in
accordance with a previous transm ssion. 1001991 In this exanple, the
access point has determned an allocation will be nmade for the requested
transmi ssi W.2005032835 an al l ocation is transmtted fromMf4HESZAVNEES point to
STA 1. In this exanple, allocations od%9the R-TCH 540, are transmtted during

the control channel, such as CCH 520, illustrated above. Simlarly at 2520
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portion, asllcagaisiZsesaabzioe o THAY dhdSTARY rdspetivdird Atxf6@and 25 MeSTAdcess

poi nt may mneke_addjtiopal  allocati.ons, for, future transm ssions as indicated

by al | ocaffbn¥ e558%EHE PEE0rTRFSiA diowHenssTARS Tracese dpeX disp 82565 and
2570, STA 'indeﬁﬂ%(lf%h?ché ﬁé‘c%ks}’foiﬁthﬁéﬂagiﬁ@%@&%‘st by hANLEPL@NE: anthgTRMOCESS May
then iterate indefinitely with the acCess point managi ng access on the

shar ed nediandnS3A0Z STesopittingrgkeSHvEr 2o0mmanisationt diregtlyeioreapl other ghmales ok i on
directly to each other at, rates and dul ation formats, sgl ected. as

Suppor t abl SeBREn B el B afRro ot 68 b oo B SRpE T b

enbodi nent altadath embpdifient) @8 hoc PEIRpBECRIINAMIdEHYN ahS0albe bpeeffommtialsong W th

t he managed peer-peer communication illustrated_in FIG 25.
with the managed peer-peer communication illustrated in FIG. 25.

[00283] FIG. 26 illustrates a contention based (or ad hoc) peer-peer connection. STA 1
and STA 2 will communicate with each other. Other STAs may also be in receiving
range and may access the shared channel. At 2610 STA 1, having data to transmit to
STA 2, monitors the shared chammel and contends for access. Once a transniit
opportunity has been earned, peer-peer PHY burst 2615 is transmitied to STA 2 which
may also be received by other STAs. At 2620, other STAs, monitoring the shared
channel, may receive the transmission from STA 1 and know to avoid accessing the
channel. For example, a PCCH, des.cribed above, may be inchided in the transmission
2615. At 2630, STA 2 measures the channel in accordance with an unsteered pilot, and
contends for return access on the shared channel. STA 2 may also transmit data, as
necessary. Note that contention time may vary. For example, an ACK may be returned
following SIFS in a legacy 802.11 system. Since SIFS is highest priority, STA 2 may
responds without losing the channel. Various embodiments may allow for less delay,

and may provide for return data with high priority.



[002031 FIG 26 illustrates a contention based (or ad hoc) peer-peer
connection. STA'1 and STA 2 will communicate with each other. O her STAs
may al so be in receiving range and may access the shared channel. At 2610
STA 1, having data to transmt to STA 2, nonitors the shared channel and
contends f ovO zove®sls Once a transmt opportunity has bepenuswpH@dls9peer - peer
PRY burst 2615 is transmtted to STA 2gwhich nay al so be received by other
STAB. At 2620, other STAs, nonitoring the shared channel, may receive the
tr ansipgas4jon frAUE@BASIA@JMKﬂﬂﬂMdt@feadmbldal@ﬁ%ﬁ&ﬁidrgiohhbdatalfma@mh, Awor
exanple, a PCCH, descrjbed above, y be included in the transm ssion 2615.

At 2630, SFK0> Shéakticaiyes e ratf derdbrcky Foniends opemmeTafqrAcsess ip dhedhaed pi | ot

and  cont e fi0tnd Blddits 3CKRS S0 FNALNR 28RAIREe GBS eceivdd y2fe RN SO
transmt dat a, as necessary, Note that contention tine ma vary. Fo
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exanpl e, ant2AGH0, A baayealsormesdurefted ¢homhal do Sravile rateafaedpgls o 8TA 2 forsyst em

Since SIFS.i.s highest priorit STA 2 sponds,. Wi | 0si t he
channel . v&%WSET@g%%%‘Hf %‘ﬁ?@y %%ﬁlvgﬂyo%ql?%?l ‘{agastganélg]ﬁ %%I/&; lhh% zmsi‘sislt 2&?% de for
return dat 8TWi 2 feciv@hh®dat® frhdsmissid 2328 Bl A3 84dahcdRelth W2 04 aBA3d Aaticd0 [ 00204]

At 2635, STA 2 transmts rate feedback along with optional] data to STA 1. At
2640, STA formak@dsterannady the measuseiginene] cephiieno S oh deadh 2SO figgeivcidisss to t he

shared megl bk uéeﬁﬁ"i’éﬁinh% 62%:::%%‘#%0}1% 3T f IS 2GRk gqe‘g%]lfrg' e

received rate teedback. may al so neasure t annel to
provi de r atkanfeled paokdd BT fat@ fdedbackf (Thepeocessamsyritlasi ropeat bpdetmeyng ®cei ve any

optional d r itted b TA 2. At 265 STA 2 receives the data
transmi ssi gﬁ%ﬁg?fi?t%%ﬁrpaéﬁf@d c{gﬁswﬁlﬁasr%{tae and nodul ation format

det er mes| by { MRusBRs datichsciay pakor@ofithdd estemusitalich Yot GRcticRave rate
feedback for use in returning a transmssion to STA 1. STA 2 may_al so

measure t héont@}‘i]él?ﬂ’n@F agcgssp r d\pinger-negt eAnBeGiap disel s adk ciiickat By ¥eelirattay t hus
repeat by g@%@ﬁ@g thiring QP rhinisi) @ hO (MBS erdbackmasnel | as

data. [002 tations nmay perform ad hoc comunication I"'n both
di r ect i ons rdgyivaide poring ofithe PEFY biosteswh aTthe RS, -ip deplogah tient asoflusttasel f i s

made efficie Y us f rate feedhack and tajloring.th ransm ssion to
the recei v?‘hg&%‘{?a k@‘%ﬁ%@?‘?’ 8¢ n métbocpe?@laﬁllag "bvg’r"ci iuﬁﬂ%wgt% RY burst,
such as t hehddaiHt tinfes kAPVRYEHe obdupRd, /Sindichted il AeeRCCHN R63h mGhes, STAs nay
access the jnformation and may avoid interfering on the channel at tines

known to b&lthsE @asrgsd, oTd Hog deerReet corpmyneativeappy indtiate Wataptragsfep srior @ t her

renese o aShApaIRERGy BERC SRTAMLEA B Wl LS APy BRI P

comuni cat swrequsnitys e quBms, yany Thosbingtion adnischedtliedn aad adhadal Iﬁ:bl;;geggl Eggr
PEeT-PeeT  ommunication may be deployed.
[00206] FIG. 27 depicts example TDD MAC frame interval 2700, illustrating managed
peer-peer communication between stations. In this example, both the F-TCH and the A-
TCH durations have been set to zero. Beacon/BCH 510 and CCH 520 are transmitted
as before. Beacor/BCH 560 indicates the start of the next frame. CCH 520 indicates
allocations for peer-peer communications. In accordance with those allocations, STA 1
transmits to STA 2 in allocated burst 2710. Note that, in the same TDD MAC frame

interval, STA 2 is allocated segment 2730 for responding to STA. 1. Any of the various

components, detailed above, such as rate feedback, requests, steered and/or unsteered
pilots, and steered and/or unsteered data may be included in any given peer-peer PHY
layer burst. STA 3 transmits to STA 4 in allocation 2720. STA 4 transmits to STA 3 in
allocation 2740, in similar fashion. Various other reverse link transmissions, including
non peer-peer connections, may be included in the R-TCH. Additional example

embodiments illustrating these and other aspects are detailed further below.



comuni cati on may be depl oyed. [00206] FI G 27 depicts exanple TDD MAC frane
interval 2700, illustrating nmanaged peer-peer conmunication between
stations. In this exanple, both the F-TCH and the A- TCH durati ons have been
set to zero. Beacon/BCH 510 and CCH 520 are transmtted as before.

Beacon/ BCHWIbB0¥¢dliSat es the start of the next frame. COSHI/BRO04/03diseat es

all ocations for peer-peer communicatians. |In accordance with those

all ocations, STA |l transnmts to STA 2 in allocated burst 2710. Note that,
in thgomate TDDNMEGhAt] ANEIG. 27t guasthinterilfmdy bs setletioled betwsmgsrpmentz, /30 f or

respondi ng to STA An of the various onents, detail bove, such as
ot RO Ced Bt o ket S rogiig TRRGPST comStBton b bl e ped; o

and/ or unsygey Bdweat @e FRY SPRs istmkudad ORe ﬁ&Mo@bMﬁﬁdlﬂ%ﬁ‘_ﬂn@@% nRRY eadnay er
burst. STA 3 transmits to STA 4 in allocation 2720 A4 transmts to STA 3
in all ocablérkegyite transmikiingy fredfsadhat dhey apdive adke AP e syney with éha ARls

transm ssi din the
R- TCH. Add?{&I one{‘ﬁ(ﬂ{éijg%%’%}ele ﬁ%ggz@?ﬁweﬁ?& %%?@Eﬁﬁaélfﬁ?e{ ese an(}{lﬁéeﬁ% aspects
are det ai | petrhlisdation tonwinpensald@o2Bho Wi PR Gel s THetdE20 (it 63! 2hRmuditat{:30207]
Not e t hat, 'n FIG 27, guard jnte val rrfg#é be s hed | ed betvve de ments, as
necessary. ek“ ey epstSe g SVicRye g}l q qs&qgm‘sgw ener al | y
the path 9@'1@4:3 hetneeeri thRivkwo ﬁEAQTAsSmﬂﬂktH&i’\ﬁbterﬁ?& t‘f%uh&‘é é&wé‘@imy ing this
is to make each STA keep its transmt tinmes fixed so ‘I[’hey arrive at
the AP in sifsathtokinp wiea tarecsive glether STA's iingmission., Thﬁ&lmwyerpmm de for
guard tine i peer C ensate for
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cyclic prepees-petrddoniietiadlequat e and no adjustnments will need to be nmade at

the STA receivers. The STAB nust thep dete mne their res ectlve time

of f setl&020y knomﬁM]é‘%Ftrla'@gr‘Ec"é‘W‘g’ RO B acknpwiedgameatsosnd qhpamedT
receivers wbacﬁeﬁ%{ tR Ji@iv@&adynatx‘é&n%@c&ln‘ﬁ iH afdaLoP Md i bAg AP rame
timng and another for the er - peer conné ctl on. t00208] |IIustrat ed in
various enbeehimitsen Sveabiiis owarﬁkl feﬂgwmr@-vmdthe necaivet SEIfdegdblandke ardy be

derived by t n_and a nsmtter.
Even if t he%oésgr al %ec{ ﬁ Haﬁgxﬁ. o"\?vh? é’lp it e%{/ SRR tﬁgeicgfa%?tesf%%%rsce?g Terence
and requesdesbdch arlgiravidedal | ocat i ons. The AP schedul er ensures that adequate

resources for feedback are provided. Interoperability with Legacy Stations
and Access Points [00209] As detailed herein, various enbodi nents descri bed

provi de | MRTQUSRILS AN ezal PHRGHs HPAEIE: phiguet hel ess, given the wide
depl oynment of Tegacy systens already 1n

[00209] As detailed herein, various embodiments described provide improvements over
legacy systems. Nonetheless, given the wide deployment of legacy systems already in
existence, it may be desirable for a system to retain backward compatibility with either
an existing legacy system and/or legacy user terminals. As used herein, the term “new
class” will be used to differentiate from legacy systems. A new class system may
incorporate one or more of the aspects or features detailed herein. An example new
class system is the MIMO OFDM system described below with respect to FIGS. 35-52.
Furthermore, the aspects detailed below for interoperating a new class system with a
legacy system are also applicable to other systems, yet to be developed, whether or not
any particular improvement detailed herein is included in such a system.

[00210] In one example embodiment, backward compatibility with alternate systems
may be provided by using separate Frequency Assignments (FA) to allow the operation
of a new class system on a separate FA from legacy users. Thus, a new class system

may search for an available FA on which to operate. A Dynamic Frequency Selection



exi stence, it may be desirable for a systemto retain backward conpatibility
with either an existing |legacy system and/or |egacy user termnals. As used
herein, the term"new class” will be used to differentiate from |l egacy
systens. A new class systemmy incorporate one or nore of the aspects or

f eat ures debabdseaberei n. An exanpl e new class syst emBCd/EREUBRES OFDV
system descri bed below with respect t42 FIGS. 35-52. Furthernore, the
aspects detailed below for interoperating a new class systemwith a |egacy

syst em ar &S} algeniib mapbeimmereantedrin thegrewrpdass WHAN do pecatemedapthis. het her or
not an | C i ! i{.ed herein is included in such a
! BB LRI I L Al

system n one € nt, backward conpatibility with

al t er jpatig] syst degacyn®yAbaeitprpitigddadoyssus iWhANenay Eeplby aguenethods o gnnment s
(FA) to allow.the operation of.a new class system.on.a separate FA from

| gacy usekSiming gesshg EcRYca o et HAIS fay e PHOENE Baug 4B FA on
whi ch to opafad@yicd\siy E@S@s?ifft@ﬁb‘iﬁﬁ%ﬁy SeIBk R opsiA80RLA3 WA active

PCT/ US20041034259 42 (DFS) algorithninmay be inplemented in the new class
WLAN t o acsammigaSeAttrangmits & quamnip spbcitiexspaabt Eom othdeBléys inthed83.0 be

mul ticarrier. 1 . t.1 kng, t : N enpl oy
fwo. nDAghs “of TeddEtindg AR RICR BRI A e ed SATSE s 0B °E ST
devel ops aonck 2tdecifion iigumhée, aBasiatonSany be ettdnaital. (BSKa)ccksfil] hedTA Riilly by
scanni ng the operatin ands. Wth tive scanning, a STA transnits a query
to solici tm%"er‘g@b‘gh%%ﬁgé‘ﬁ it &pee -ﬁﬂeg%ggﬁégPaY[WﬂWpEgb%S&?plgf andar ds
are silentygs of Rl Qs VPIANIGRLHSR }gé(}ic&lhfi%&attﬁnl Pindmifed wouR'68t e deci sion

is made, association may be attenpt unsuccessful, the STAwIll nove

t hr ough i tedBSKofl ibyt thah BTA. sH@W@@gfwéwmlasegﬂsﬁtyassml asyUlex may tigegpe t o

woul d not B ool BB SESs G R0k Il TurdRAR o e T | %5

UTs) may igmd BA. requests from | egacy STAs as one nethod for maintaining a
single WLAN class on a single FA [00213] An alternate technique is for new

cl ass/%&B3br neit FAERASTRENARS f5fos IPW RS AleghBg Sias STy Rt $ihg val i d
l'egacy (i .1Bgacy 332 d loqubR S8iag vakd leglfxcya(i.la.?Q@z%Yl)ﬁMéskfgmo.s@PE% Sy SY4d

messagi ng, the |legacy STA nay be provided wth a redirecti on nessage.
[ 00214] Arsuppariscush messeging, thelsgaoy SAAenkytietpnoddedreith anpdirectiepaessage. FAs i s the

addi t spegct Lym r iLred to.s rt both classe f, STAs...One. benefit
i's ea@gﬂgll mn%ﬁoﬁ%uﬁ%ﬁe fﬁ%ss%ﬁl?t?cg‘g'gﬁf)pwtﬂ%sonpﬁﬁg%rgﬁiq ‘%%Isf%%?@ﬂlg%na%uch as
QS and t hpedtiuiereqéisediotsapgoribottt E1aQEEITETA! D1 beRdR iif baRidfAnafiangyer ,

| egacy CSMA MAC protaocols (such as those detailed in the |egacy 802.11

st andar ds)°f 18y diffaemt KA nreserving Batres spchpyRod g thatlde. As detailed

throughout this specification, however, legacy CSMA MAC protocols (such as those
detailed in the legacy 802.11 standards), are generally inefficient for high data rates
supported for new class systems, such as the MIMO system embodiment detailed
heremn. Thus, it is desirable to deploy backward compatible modes of operation
allowing a new class MAC to co-exist with a legacy MAC on the same FA. Described
below are several example embodiments in which legacy and new class systems may
share the same FA,

[00215] FIG. 28 depicts method 2800 for supporting both legacy and new class stations
on the same frequency assignment. In this example, for clarity, it is assumed that the
BSS is operating in isolation (j.e., there is no coordination between multiple overlapping
BSSs). The process starts at block 2810 where legacy signaling is used to establish a
contention free period.

[00216) Following are several illustrative examples, for use with legacy 802.11 systems,
in which the new class WLAN AP may use the hooks built into the legacy 802.11

standard to reserve time for exclusive use by new class stations. Any number of



supported for new cl ass systens, such as the M MO system enbodi nent detail ed
herein. Thus, it is desirable to depl oy backward conpati bl e nodes of
operation allowing a new class MAC to co-exist with a | egacy MAC on the
same FA. Described below are several exanple enbodinents in which | egacy
and new clwesispstiens may share the sane FA. [00215] PCHUS284@837%ct s net hod
2800 for supporting both | egacy and né3 cl ass stations on the sane
frequency assignnment. In this exanple, for clarity, it is assuned that the
BSS i s opeadditiong sdignalisg teshnigues( in dltlctnhmr theses mey teowsed i fomesteblighatgneen

mul tiple ove starts at block 2810 where |egacy
signaling ?§¥eﬁggrgh?%egs$§§€Ymﬁn&yg%soo% ){%fﬁt Fee period. [00216] Foll ow ng
are smeerpl 1|t edhigee ietoapbhsh cobrntists Bedtpdriddt CORROVn BOB/HCFaysdeens, in

whi ch the new cl ass W.AN AP may, use thg Hooks built into the. I%%:E}m% 802. 11
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addition to these, may be used for contention free period,
for vari ouEhit gpess aliflegacy 8Ths &y st ety Ne[f@@ﬂﬂ]ocm Y@WM%S), avhich a8t abl i sh

eacon | i BVURR SR EREaReS of kot o SR G orHF abianiRl GFT A Hoacon

i nterval WReWE ldghcycSTASHitecchelthe mworpdrapfevandi fregagiyg SkABahfielpkihgd node.
Thi s causes al | | egacy STAs to_set their Network Allocation Vectors (NAVs),
whi ch are thé&fﬁt@ﬂ%ssﬁ%@&bb’é %&Bp track of the CFP, to the duration of the

announgefk CFP.  As o th 6{113 t$‘3 ¥h 2 OP9, Erﬁiastetctfg% AV Svik %R@‘ﬁ?égﬁby the AP.

preve ted fromusi ng t anne UI’I ng nl ess
[ 00218] Andnrhtmn/mefmmhmhmcssetﬁwesWembbsAHmy@Em ommdpmlﬂTrSgww hagi a an

RT' S/ CTS an dur on/ hi s as t he . new, ¢l ass AP send out
a speci al ﬁggs %}d%gﬁhgéjﬁg%%ﬁl%ta k ?S?E&f%%g}ec n ISSFW niﬁé’(new cl ass
?TAF dt hat bﬂ’fmﬁng Sy S“fi.&ii ititdipret the prcﬂag Bﬁﬂ)emga(ﬁgaaféﬁ &S fgecifia 18‘54& ra%% dé he RAl
ie as being directed tq a eci fic. STA an 0. _not _respon e new cl ass
STAs r espoftf PR al fseﬁ?&'%%sséilp Bsresperdyith g gpecigl 1898 desr outitiie BITH0T peri od

specified g n‘iﬂ&?eﬂb‘& &ebi204 rP:hE'dﬁfaH /D HBR i FRAACe PAIrT - %‘nst hi s

poi nt, the new class 'stations are fTee to use the channef for t e reserved
dur ati on whaihtpthe new chibd stattons pRIRE 9 uderthdthanhe! Z32hx reberymiclprati aswitl®bAs, havi ng
recei ved the 5| gnal to establish the contention free period, wait until

pol | ed or ?cﬂg ¢ontention free period ends. Thus, the access point has

succegmbid) | y alihagedkerk2bhresdyadiad I10Q] HMitOreckived Weldlpdah® AtabRdhoHS

contention free period, wait until polled or the contention free period ends. Thus, the

access point has successfully allocated the shared medium for use with the new class

MAC protocol. In block 2830, new STAs may access according to this protocol. Any

set or subset of the aspects detailed herein may be deployed in such a new class MAC

protocol. For example, scheduled forward and reverse link transmissions as well as

managed peer-peer transmissions, ad hoc or contention based communication (including

peer-peer), or any combination of the above may be deployed. In block 2840, the new

class access period is terminated, using any of a variety of signal types, which may vary

according to the legacy system deployed. In the example embodiment, a contention free

period end signal is transmitted. In an alternate embodiment, legacy STAs maay also be

polled during a contention free period. Such accesses may be subsequent to new class
accesses, or may be interspersed within them.

[00220] In block 2850, all STAs may contend for access, if a contention period. is defined

for the legacy system. This allows legacy systems, not able to communicate 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.



MAC protocol. In block 2830, new STAs may access according to this protocol.
Any set or subset of the aspects detailed herein nay be deployed in such a
new cl ass MAC protocol. For exanple, scheduled forward and reverse |ink
transm ssions as well as nanaged peer-peer transm ssions, ad hoc or

cont ent i onwbasmwsaiaesmuni cati on (including peer-peer), PEA/USARPIEHAY nati on of
t he above may be depl oyed. In block 2840, the new class access period is
term nated, using any of a variety of signal types, which may vary

accor poreg] t o t FEGI 29 atiystmyest then cdepimasied of llepath endxwnp clase mheastld meeess a

contention free erio sign i.s. transmtted. In,an altern
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Such accesgi@sh, Waitn RemBiibs e BAIMAC f26tetdt lsadiSas REMERE AT ADprobRyDRIS0.
interspersed within them [00220] I'n block 2850, all STAs may c ntﬁnd for
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2860, t he girlegessystams, amndriymes dgss MACpritomg!, tinclidiog kny2ewobinetomefythet op. WO
2005/ 03912% PCT/.U§2%§%034259 44 [00221] FIG 29 illustrates the

conbi nat i GBS H8Y W new cl ass nedia access control. A |egacy MAC
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polls 2908A-N may be generated during the contention free period 2904. The
cont ent i or2PP sempréses YA Q Gomes 29%28r M nated by contention free period end

2910. beag 2 t L . o 1.5SheN Time
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the inter rapi ity of | Cy a cl ass  MAC pr ot ocol jng the
cont ;nt i OWEQIB%P%%%&%% a&w@@ﬁg@ﬁﬂrﬁﬁ%qgaw EPJES ﬂﬁt @L%@%&Z are
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period term nates with CFPEND 2910, fol | owed b&ha contention period 2906.

New cl ass PrOpd QRS- f Navreclash T MAC fome inferyals @94hay s anypypoaRilanglly

including various aspects detailed herein. In an example embodiment, new class TDD

MAC frame interval 2932 comprises various segments such as those illustrated with
respect to FIG. 20 above. Thus, a new class TDD MAC frame interval, in this example,
comprises pilot 510, a control chamnel 520, a forward transmit channel 530, ad hoc
peer-peer section (A-TCH) 2010, a reverse link transmit chammel 540, and a random
access channel 550.

[00224] Note that, during the CFP 2904, legacy STAs should not interfere with any new
class WLAN transmission. The AP may poll any legacy STA during the CFP,
permitting mixed mode operation in the segment. In addition, the AP may reserve the
entire CFP 2904 for new class usage and push all legacy traffic to the contention period
(CP) 2906 near the end of the Beacon interval,

[00225) The example 802.11 legacy standard requires the CP 2906 be long enough to
support an exchange between two legacy terminals. Thus, the beaconn 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



i ncluding various aspects detailed herein. In an exanpl e enbodi nent, new
class TDD MAC frane interval 2932 conprises various segnents such as those
illustrated with respect to FIG 20 above. Thus, a new class TDD MAC frane
interval, in this exanple, conprises pilot 510, a control channel 520, a
forward trngosmstizgannel 530, ad hoc peer-peer secti oCTASTOHPIRYL0, a
reverse link transmt channel 540, angsa random access channel 550. [00224]
Note that, during the CFP 2904, |egacy STAs should not interfere with any

new cl asscwxﬁpdgb Fsét(rjmﬂi thai 8 CFPH@IO&ES@W@HIl.@ﬂ?éed)eglgﬁw 15 THe dnrr(ii.i.g the CFP,
permtting mxed node operation.in.the segment. In_addition, the may
reserve t %&53 tha 19 @sepp Bowerer dof dHEe ﬁ?eag 21Ra g8 nolls leger tmnglydhey traffic

to the condi@ifohQR RA'HRAemiskibnay BOGIABRA %&ﬁaﬁeﬁsead&iﬂ&afﬂ@lﬂsg@tek nperval .
[ 00225] The exanpl e 802. 11 | egacy standard requires the CP 2906 be | ong

enough t o asspponre naust bx tlemtgemiininges fonoew elpacHTAewhimadcemnyodasing t he
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1. 024 see)lcpasy s5i5®, eHPIFRECPMAC drame dyation of 3 Ts A5 08 msghwe RIS | |
during the,GEP. the AP polls legacy termnals, the duration of their
transm ssi on y be unknown and may cause additional tine jitter. As a
resul {002264r e mistsotne cigiodments, itanayt be AesipoiBe ftoinsneanthel e eSTodas sWBAC
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duration of 2 TUs or 2.048 nsec, in this exanple. [00226} In sone
embodi ment 948 psegdipmsdntgsiel. g e wey slepr mode for £ As mrey hewaglyazintmeed. f rame be

made rono b Sniels : : : e
O e e e S e e L
mul ti pl es Ble hdaders,nretiibles ete., fmagmed! hemaqueab .thd new klass syaiem, skaspleswde f or

STAs be, . il i nt.ai d. 0227]. w cl ass tr m ssi ons do not need
Do b ob i e Yieted dRioEtns RS Fpaunien” FReack STAN R AEmEP al® or e
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t hroughout this specification. Legacy STAB nay attenpt to denodul ate these,
but wi |l fesmeralynefdesdiscted.operly. Legacy STAs in sleep node will generally
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opportunity.
may be deployed as block 2830 in an example embodiment of method 2800, illustrated

above. The process begins with decision block 3010, in which an access may be
scheduled or unscheduled. Those of skill in the art will recognize that, while this
example illustrates two types of access, in any given embodiment either one or both of
these access types may be supported. In decision block 3010, if unscheduled access is
desired, proceed to block 3040 to contend for access. Any number of the contention
based access techniques may be deployed. Once a transmission opportunity (TXOP)
has been earned, transmit according to the transmit opportunity in block 3050, Then the
process may stop.

(00229} In block 3010, if scheduled access is desired, proceed to block 3020 to request
access. This access request may be made on a random aﬁcess 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.

[00230] In some instances, it may be desirable to accommodate interoperation betvveen a

new class AP, and its associated BSS, with an overlapping legacy BSS, in the same



may be depl oyed as bl ock 2830 in an exanpl e enbodi ment of nethod 2800,
illustrated above. The process begins with decision block 3010, in which an
access may be schedul ed or unschedul ed. Those of skill in the art wll
recogni ze that, while this exanple illustrates two types of access, in any
gi ven enbowioreeewo3gios her one or both of these access tﬂﬁgﬁﬁﬁﬂVmﬁgiéupported.
I n decision block 3010, if unschedul ed6access is desired, proceed to bl ock
3040 to contend for access. Any nunber of the contention based access

t ech nijq ues fraquentiealtheptiany ebhe lepasy BSS may driopsiating spBEF ton GHHCE Xapye, has ) been
, : ) . or T oS
The  pr oce Bl M @REeo g fsblrt e b AMRTHsSARRAUBEY rid 1B A6y 2820 Then

desired, prageaslet o bl ock 3020 to request access. This access request nay

be made on a random access_ channe|, durin hoc. contentjon,_or any of the
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transmt the TXOP according to the received al ‘ocation. [00Z230] In sone
i nst ances, chanmnelednripg tikesintentive peroda sisiognany #f eatiousanespanises, shabplodedn a new

class AP, and.,its,associated BSS, wt.h.an over.l i a i, the
sane WO 20V fé‘ié%s /%gﬁﬁdﬂPB‘if&’fs“é‘B“%@wf?ee&a@’%@?% %Igagaﬁ?/%%i? § | egacy
BSS may bepgggs apérﬁtﬂlgi mdBQBCE] theGEw hildss MPdRay alsd diteapt Sy Beibe dmickannadn bet ween

the new class BSS and_| egacy BSS may not al ways be achievable. [00231] If
the | egacy aBmpuncs 3&HR 1P fi5as the oy  HCF node, the new class Al' may

att 9”360255’] Sy ncgﬁl&@% bé Sitdafl6nshRkle sdnfe driliSriR POSSh MeQepat ESQ% fdtass AP

may se€l ze 't he annef during the contention period, using any of various
mechani sms receivartipl nesv diss Athfradsmassionsiebothisask, divey EgacyoS Hisemat miteilei n t he

over |l apped BSS area. If,the |ega SS.i s_operat. under, DCE, t.he new
cl ass AP may a‘?pseff‘%g? 4 1% 1% Ciagf %L“[\ﬁesg%élﬁ?@ﬁusdﬁg%s A5 ML 5%t o cl ear
t he channektatifR0R32defalies €SVRY-bixed Spdratiin 06 SelWoe heerpetmrasmidtibn ©fthishe STAs

in the | egacy BSS do not receive the new class AP transm ssions. In this
case, thosés Jeiailgd frdenbeloyryith gesapot & GSP3A4bper ati on of the new class WAN.

To avaqj his i r-f1€, I ] : ; :
v B2y oper HF oI LR ey AEoE S30 fon bbb B B AR Thahle i 1 o
further bePB®8swilt hlock$pEyta legackla@Sss BEnBH3nsnii® @AZ3¢onk| LneFlcldepicctss exanpl e

e 3100 R G B oL LB TR AR AL, o

the sane f HRONQOEY (bHiShA) MM blockE) 26y 1TCd IdeBest béntddadd fResSReioaties wichh
prescribed according to the beacon, it is carried out. Once the contention free period, if
any, is complete, then all STAs may contend for access during a prescribed contention
period. In block 3130, the new class access point contends for access during the
contention period. In block 3140, new class STAs may access the shared medium
during the period for which the new class access point has contended for access. The
types of access during this new class access may include any of the aspects detailed
herein. A variety 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.

[00234] 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 contentionn free
period 3210 and contention period 3215. During contention free period 3210, legacy
contention free polls 3220A-N may be carried out followed by the indicator of the end
of the contention free period 3225.



t he beacon (optional). In block 3120, if a |egacy contention free period has
been prescribed according to the beacon, it is carried out. Once the
contention free period, if any, is conplete, then all STAs nay contend for
access during a prescribed contention period. In block 3130, the new cl ass
access poiwb6@ntaAnds for access during the contenti oPCIEIS2YA/03428 bl ock
3140, new class STAs may access the shared nedium during the period for

whi ch the new cl ass access point has contended for access. The types of
accesgoghsy i ng tithna@vnek akss AN 280 yhohita] thel ehanyl, edceivhdeampesd2 (s, det ai | ed
herein. A variety of technig#es maybe used,. such as.those detail ed above, to
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contend in bl ock” 3150. eci sion block 3160 the process nmay continue by
ret ur ni ng 3230bthealew3cdass ageessraging tragsmits 0By sina, 3285 tp|indieats tat degaever | appi ng
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channel , rweeived begssing 321Emne] wtit theeshd af mew class acsessseiting 3a8di Reuodi | an

opportunit o _contend for acc nives. l.n thi X ~ Lheearliest
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interval s @2@dnreirebe samyntcsing faiesanpg esthefchmel Nin ROIAY the @hMmel,ahe nor e of
t he aspects d%t ai led herein. [00236] I n an exanpl e enbodi nent, the new cl ass
AP sei zes ReCleidYary W venousienpingdechaiquey. | Fog example (I SIYTHeez 19888 new cl ass

AP sei zes g rchabiRinsf Hew’CrrBes) ui{aﬁmep.ew class AP may maintain a tiner
toinsure it s only t%ol di ng the c%annef or a desired duration, thereby

guar atta¥i ng f PPuringHbg nevy closs inteevat BaYheth exdmples Gist TP VA€ frhme ietervat he

may be defined as follows: First, send a beacon plus F-CCH indicating the UT's on the
list to be polled in the current MAC frame. After the F-CCH, broadcast a stretch of
MIMO pilot fo allow the STAs to acquire and form an accurate measure of the MIMO
channel. In an example embodiment, excellent performance may be achicved 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
intervals following the first TDD MAC frame interval may then be used to exchange
data, coordinated by the AP, using any of the techniques disclosed herein.

[00238) As mentioned above, new class stations may default to CSMA-based operation
and rely on peer-peer transmissions in certain situations (for example, situations when

some or all of the STAs in the legacy BSS do not receive the new class AP



new cl ass AP may use various signaling techniques. For exanple, CIS/RTS or a
| egacy beacon announcing a new CFP naybe transmtted. 1002371 During the
new cl ass interval 3250, an exanple first TDD MAC frane interval nay be
defined as follows: First, send a beacon plus F-CCH indicating the UTs on
the |ist woz2ieopabd ed in the current MAC frane. After PCRESEOERH2Zr oadcast
a stretch of MMO pilot to allow the48&STAs to acquire and form an accurate
nmeasure of the M MO channel. In an exanpl e enbodi nent, excellent

per f or manamnsmigsities).achi enchbdcapgst he2 Ondbff rayclBrRDNEssTibtsb kboysemighhineha. Thi s

i npl i hat the F-TCH i ipitial MAG f f hiy 8
MV pi 1 ot egene: Srfisnotptie Bl bt ten BT RAB Koy AP (009" Y

struct uregqegwplaraﬁbﬁt STAs on the poll list transmt steered M MO pilot and
i

a rate indicator (for the down]|ink) w_th ckno%A edgegegﬂt back to the AP. At
this B8I38L, i nHG 33 slenisis eample medpdid3aP donpRerfqraiio figbspead BReEPFEady t o
operate i @ﬂl ik ih at erval .
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t hen be udeghcy BSEx dhampgeessdzging i blockiBHd) wlietoya fitkieS e havisg dafa &nsendf t he

t echni ques _di scl o herein. .[ 00238] aned . abov n cl ass stations
may defaul'P ﬁ%eceﬁi/gﬁiﬁ‘a%oél ng%g B I@ﬁ’&‘%ﬁen}!3?8bﬁg”b’é%?9r§%“e‘1?g Ta cé’?]slsssi ons in
certain sidbakifang thé Qtation adIRHe thes infediatd QEifg W gacys @igRalrsuél las ahosthe STAs in
t he | egacy BSS do not receive the new class AP WO 2005/ 039105
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described abayey § 9hirnBQlcoRe srgggg@]te?&%ﬁue B BYERI g&%&iﬁg &-thd Pudehese

t
cases, new cl ass stations may to peer- peer operation. [00239] FIG
33 depi ct strazxmitpti.e Toetshaud FIVO triwmits ehioehfeadbaok dgh tteplixsti ShaerThyean

comuni cat.i.o i varj ous techni qgues discl osed, herei n, L

i _nteroperaql?cﬁ@%attﬁggm%ég%ffcﬁgﬁa OS¢ 3’5‘559 awb?qngqcﬁ (ﬁ%@ﬁ@%o, where a
first STA fapeidgplélatia HlerksBad thd BrsASTAAANEMIE heGilot entistedred daseems. | n bl ock
3320, having contended for access successfull the station clears the

medi um usi $§60m4 staign @gcosding i the Segdpacks In h@%ﬁ@éb% ¢agBdl SAHFUW, transmB| ock 3330,
he fi ' (4 h A D d STA. Th
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second STA'is a 0 neasu e accordi ng
transni tt efirthéflenseisood BRAegacy mgmaltusedcth tvaethe freddinasliowsdledie 3330rtet  STA.

Thus, in |.ock . 3340.t.he first station receives a resppnse wth channel
feodback (TADES PRAATIRERN WPE 20y ShicR e Fhren ‘GoRBSCa AP Ppa A
transmts Ikmg@ydtaﬁs and a8 eRk dtbcKMdehdidn.t Rce 88T HasSdledrédihe 2@fhdi Ng to the
f eedback. I'n block 3360 the second STA may transmt to the first STA

acknow edgadpaer;PeaiArarotacelinay e depleyedwilin the ssopeefdhapiesmbinvensioni n
period. The process may continue as depicted in decision block 3370 by returning to
block 3310, or the process may stop.

[00240] In an example embodiment, with peer-peer mode, seizing the chamnel 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 connection to be established. CTS and RTS may be employed to
clear out the area and reserve time. The requesting STAs message must contain the
STAs BSS ID, the STAs MAC 1D, and the target STAs MAC ID (if known). The
response should contain the BSS ID of the responding STA. This allows the STAs fo
determine whether they need to perform receiver correction of transmit steering vectors,
if steering is used. Note that transmit steering does not have to be used in this case,
although it may be advantageous to do so if the STAs have all calibrated with a
designated AP coordinating the BSS,



further transm ssion. The | egacy signal used to clear the nmedium all ows

bl ocks 3330 to 3360 to be carried out using any of the high-speed

techni ques and i nprovenents to |egacy systenms such as those discl osed
herein. Once a STA has cleared the nedium any peer-peer MAC protocol may
be depl oyedowbidussuos he scope of the present invention KV FHE process
may continue as depicted in decision Bbock 3370 by returning to block 3310,
or the process may stop. [00240] In an exanpl e enbodi nent, with peer-peer
node, [®ed12i ng tAe deshabadeivitoedpsct @clH6r didng respontfemap ravipin MIMO pdet CSMA. I n

this exanp}e, PCE an are nat ,. I , t-her - essarily
be a cent réﬁfeierfgdlf ﬁ@?ﬁ%%&lﬁscﬁ?ﬁeel fhﬁerletb% (&%gt% z(i:% @%g%lvp‘%’fcﬁglgg%é?ﬁ%\%ﬁ”g%s to
conmuni cat gedpnghs porgibleesn awliekagowsTé, (fahe SPAs belbeg Gldiffemai BESs, tlive channel .
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As
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(st eered, S some indication of rate. ‘Once thi's exchange has
occurred, pstesinghgtdas of egsintetier procesaing. |Qnok theHitavsng vectdth atewenBad, bel ong to

di fferent s, th first steered tra 1 SSi on .bet n the STA that
initiated Eﬁgs ergaftttlodﬁe ARG LB EHPTS Dnrslﬁgtrﬁrégau{\]ﬁlﬁ)foa‘#ﬁStrectebveésf ‘oWt he
respondi ng Gl td 8efloy MIMSE FREdssifif, ddaptiddRwalpme optinfal epatial alchliet ween t he
different BSSs. 100242] In this exanple enbodi nent, once the [njtial

exchanges Aletesdutionr r Senckisg eadi Wi congropawyi b &ciliigied &Y JIPEAGESERBE d adhere
to the Sl Fg.LALEMY Ao gg We gyl dpnintiie ARG be 4BhdEK ol ih FARI G HHhOBPAs RECAUSE Of

potential processing ays I n conputing ei genvectors or steering, this
may requi r enafrtah cdnrel SEAtheuwhen®l.ni rum Mean Squared Error (MVBSE) processing

i nst ead _of eige cior..processing. Once the steerin tors.are co t ed,
ISTAs rﬂ%‘?@t alr'? %ué‘g iflyRarale g‘ée;‘ﬂig%ﬁfo?%‘ﬁpl?wgnt?sglf%#&éi %8%5%%% emr)gcei ve
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spatial matched Tilter solution. Tracking and rate control may be
faci|itatestatign P& enditepds Eadisessk 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 inittating STA’s MAC 1D 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
point, recall that SIFS is the highest priority and, thus, the responding station 106B will
retain control of the channel. The various transmissions detailed in FIG. 34 may be
transmitted SIFS apart from each other to maintain control of the channel untii the peer-
peer communication is complete. _

{00244] | In an example embodiment, a maximum duration for channel occupation may be
determined. Steered pilot 3430, subsequent to rate feedback 3425, and data 3435 are
transmitted from the initiating STA 106A to the responding STA 106B in accordance
with that rate feedback. Following data 3435, the responding STA 106B transmits



between the two STAs. The SIFS interval nay be adhered to in order for the
STAs to maintain control over the channel. [00243] FIG 34 illustrates
peer - peer comruni cation using M MO techniques by contending for access
(i.e. unmanaged) on a legacy BSS. In this exanple, initiating station 106A
cont ends fwp 2606088865 on the channel . Wen it has succesdCHUSHI4EIZE t he
channel, M MO pilot 3405 is transmttegl, followed by request 3410. The
nmessage may contain the BSS ID, the initiating STA's MAC ID and a target
STA' s MAC dideredi filot Béivemd dckievleddegieal indgatarynitd 3448 dInt wsionse, haitiatoigear t he

channel , such CTS and RTS.., .The, r ondi ng .S 06B transmts steered
pi | ot 342(Ftﬁtﬁpﬁgéégawnff@ﬁ%pélﬂb%@%@%wéﬂhy8§?§ﬁ$5’éedback 3425. Steered
pi | ot 3dap is t"ﬂ“lﬁﬂ%ﬂe&stﬁ%( ShiftRusd AR ahiRY M the gusihum Ikallobved tifre exanpl e
enbodiment, in which the 1egacy access point is_an 802.11 access , point,

recal | t hathasiebSceess, tdepending o8 tthe deplpyment peded.t AR showe pdefordi 5 st ati on
106B will _retad | 10f . The. v.ar i st QRs detail ed
R G 3dHRytEe ST B R s AL e ol opEn BTRIAR BR,
control of confie] shedlinelhesnddts sdghmenpaety-bepembined mithihasatshewm it 1Godpioet e.
[00244] In an exanpl.e epbodjnent,. a [ nu uration for channel occupation
may be dePRHAVHE .01%10821?%%@%@@&%@@8%% .ﬁfimﬁfé?e%éflsémfsé%rﬁ jack 3425,
and dgfed4$435 afrfen tPBSHbd BISY B%LB,h?m'aﬂﬁEdiﬁbleﬁﬁ dsmgmnaﬂim et

respondi ng STA 106B in accordance wth that rate feedback. Foll ow ng data

3435, the #tlbspndhaygelStAcsbard in aneorilingtedwapwos SoEvalFsapple/MEshyesmn34259 50

steered pilot 3440 .and a 0 t - : esponse,
initiati ngareso[uglqegr? e%%éﬁéaﬁ%stﬁi %Hgl[@eogr@e}gn%ﬁogg &ggstsgﬁ#) %%ﬁ%vﬁ'@y Eafhdat a 3455.
1002451 ThThqee aretaisiiynaybeideploged indekbinatieal y or up to the maxi mumtine
al lowed for channel access, dependi on the deplpynent i od. . Not shown
in FI @244 thet f&@s‘ﬁ‘@ﬂ’@f‘%ﬁ‘ew SHalp IS[ 1G FEEAusc HO%rqglg é%egf:‘?‘?fe[i ating
station maydylianseial BES! mﬁﬂg}%@ ggsrteq\ﬁﬂeli-tonbjﬁﬁzﬁ gt pirsle@RREEmRY be

0

conbi ned with those shown at 3 maxi m ze efficiency ]gi .e., SIFS
need not bdetémtins the besidremienssedllodatier (RA)dn sapklish opsiatiopofop 48] BYhe t wo or

more BSSs gyer| Al o Cé[eaféﬁ%g foesiz Hila ﬁdQS %pm%aggﬁs%a&%ﬁg)ﬁ( él%%ﬁf)or ik llglcPW. the

channel to"Be SRared 'K a>coordrnated: manner . Vera e nechani sns
are outl i nedilipgd eadirectioangdvwhich APXianidfE  Bp edditidn) ghep WAL wiayssyastsadiat ed with
each. These chani sns nay .be deployed | n, copbination,_ J00247] A first
exanpl e nmeMiin WF@‘%]‘PP&?T%‘I%@%P&%@% 3“@%?‘%@{&% e?qjﬂs F ?‘362)"%‘156@& abl i shi ng
a BSS, VLANS{¥RY B ICMitimSA thenet@ &l Ghied BSS WnbiRb&igsicaedi um to determ ne the
best Frequency Allocation (FA) to establish operations for the BSS. In

[00248] 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
overlapping (1.e. the APs can hear each other), the newly arriving AP may alert the
established AP of its presence and institute a resource sharing protocol, as follows,
[00249] A third example mechanism is a resource sharing protocol. Overlapping BSSs
on the same FA may equitably share the channel. This may be done by alternating
MAC frames between BSSs in some defined fashion. This allows traffic in each BSS to
use the channel without risking interference from neighbor BSSs. The sharing may be
done between all overlapping BSSs. For example, with 2 overlapping BSSs, one AP
uses even numbered MAC frames and the other AP uses odd numbered MAC frames.
With 3 overlapping BSSs, the sharing may be performed modulo-3, etc. Alternate
embodiments may deploy any type of sharing scheme. Control fields in the BCH



the process of searching the candidate FA's, an AP may al so create a

nei ghbor list to facilitate redirection and inter-AP handoff. In addition,
the WLAN may synchronize MAC franme timng with nei ghbor BSSs (descri bed
further below). DFS may be used to distribute BSSs to m nimze the need for
i nt er - BSS ey p@mkooniszat i on. [ 00248] A second exanpl e me@RENSEWIPY2Pnt er - BSS
Synchroni zation. During a DFS procedsire, an AP may acquire the tim ng of

t he nei ghbor BSSs. In general, it may be desirable to synchronize all BSSs
(on a si ngiverhbAl inessogemapiudicateifresonrce abarmgss enaliled pidethe fygeiof sharingl t er nat e

enmbodi nent 0 ilitate . nteg- andof wever, wth i s. mechani sm
at | east t‘%¥8][§% %2%5 RS golggﬁﬁggg%}%eé&sgﬁjuéﬁ 8 b 5P 6%11%%%? 19/& o each
ot her synclyeRnizistdxainpleMAfenty wilEs: indréasadidith b@dlappingBSSehannel BSSs are
overlapping (i.e, the APs can hear each other), the newy arri vi_gg AP may
al ert W@Eﬁé’] est dbfquEtheyample grechinisny isexleh awsisted gosHroNAaEo% FeSRASFEE shari ng

protocol, @% {8840 r}&%@ﬁ%cwb&sgﬂ, bt aeﬁﬁm’rg RGBS AR FOM C€

sharing protocol. Overlapping BS on the sanme FA may equitably share the
channel . Thitls fhy ST& dandetynieg thertivzing wf ot BS$a anderepbid tthie ém bBBSsIN n sone

defined fashion. .This all traffil.c i ach.BSS.t0,. Us h annel w t hout
risking i ndefrby @ﬁ%«g&f ?Me\ﬁ%n&ﬁ?}%? ]‘1@§§2f.35ﬁ9§ e W&wﬁd% %%ﬁldg%ﬁelpsbet ween
al | over| apphd'8mBSSEd hPhowhithl EThiMnfdimatioy Bid RO POpRR%EH, oEBYR  uses
even nunbered MAC franes and the other AP uses_qdd numhered MAC.franes.

Wth 3 ovetmagiidntp HssAP vpd theyarlnkaveelp Beespblisho rme Hing & gchigtec,

Al ternate ' ts ot Y a@rﬂf'ﬁﬁ 0 1. Coppar ol fields
in the BO—FW%%@ SQWePg%%L@%g%)&%%f%EQ@ ov!ér 1ea me@gsage r?ay

i ndi cat e i flgorésoeacee gdvaralingl th damtiaibedvawmate ohealappipg B¥Sssharing cycles. In
this le, timng for all STAs.in, t.he adj ust. t.o the appropriate

shari i@%@ym e.éxlaﬂm rgccg%?ﬁﬁeﬁalllg@gﬂgv, \‘?ﬁ?‘i’ "ﬁé%ﬁﬁl&ﬁ’%&%é O\RF Bﬂm&?erl appi ng
BSSs. [ 002&Ghe Medhabisind exadpiednechani smis STA assisted re-synchronization.
It is possible that two BSSs do not hear each other, but a new STA in the

over | H9pBY ar eSyaghonaation mthe perfaanadioy ARR oBdPEEIIhEr ehetheridssigngtedt bot h
BSS d t IS addd i : U 1 the ti
s ef iR AR it e oA} it e I 0 e LT

of fset and 1 ndicate whi by "how nuch.
Thi s i nf or faifitagrsyhelsonivative, psed phaytiiogehal codes maBBSaseddoniddc tischirhioatifge AP and

th || haye t -establ i sh timng t hi eve’ i zation.
et esyRERFBALS: T3h SarPD AL b5 B e TRRsed e SHASoRPERm can be
gener al i Zethds® bBABEY ehalfOeE ciiRRIaK L WM §d§9@:ﬂ&gs Ft§§sof [APR5K). Eptasml e
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procedures are detail ed bel ow, which may be deployed in one or nore of the
nmechani smsdgvisst suglb a3 HB @r STA, 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 fransmit echoes to assist in synchronization, The echoes
may use timing and covering corresponding to the AP cover. Thus, when BSSs overlap,
but the respective APs for those BSSs may not be able to detect signals from each other,
- a STA echo may be receivable by a neighbor AP, thus providing information about its
AP, and a signal with which the neighbor AP may synchronize. Note that orthogonal
cover codes may be reused on different FAs.
[00253) Selection of a Walsh cover may be done deterministically based on the set of
undetected Walsh covers (i.e., select a Walsh cover that is not detected on a neighboring
AP). If all covers are present, the code corresponding to the weakest Received Signal
Level (RSL) may be re-used by the new AP. Otherwise, in one embodiment, the code
may be selected that maximizes the operating point for the AP (see structured power
backoff for adaptive reuse, detailed below).
[00254] In this example, frame counters transmitted by each AP are staggered relative to
each other. The stagger employed corresponds to the Walsh cover index. Thus, AP0



[ 00252] Synchroni zation may be perfornmed by AP's on power-up, or at other
designated tines. Systemtimng may be determ ned by searching all FA's for
nearby systens. To facilitate synchronization, a set of orthogonal codes
may be used to aid in discrimnating different APs. For exanple, APs have
known beacwosossepaet ed every MAC frame. These beacons PER{USBR4EEEr ed with
Wal sh sequences (e.g. of length 16). Jhus a device, such as an AP or STA,
may perform Pilot Strength Measurenments (PSMs) of the local APs to

det er mi ne usére Wanlsbrdodp 9 ngPB8Ss. Wileh &bvad, pud hiseits eewouniet cqual 8TAB,

associ ated . th an may . frapsmt echoes to assist in synchronization. The
echoes na“;?heﬁl ‘éer&ﬁer‘iéﬁﬁygﬁ%é/ oi‘“(%f\j/égri"ng corresponding to the AP cover. Thus,

when @B&f3s) over lGiopowdBiih, drhve afhp SipRGlyhalEorAE3tioh Af tot BeasefoBhs aldyP higiénsbe able to
detect signals fromeach other, "Jﬁfg %TA echo may be receivabl e by a nei ghbor
AP, thus pPOWIEHOAGAT Hreasomarrger Sk gehaes-s Upapno deteetiongt WisHHEHPi ch t he
nei ghbor Vi } ; 1t be reused
B S R S e e
det er m ni sy e#ier Jochhmel referendee Span detectiom d b emglechyains thedonad timirg ise. , sel ect
a Wal sh cover..that is.not e n,a neighborin AR) . I | covers are
present, teﬁ’é‘{’%%‘a 3%81;(\’153%0&3]%‘? ?%eﬁﬁgv%réﬁgtg tsym%?p\?éa&)“%i“a%aﬁferﬁ%vel (RSL)
may be re-tisetnddy tHehAP nedy Achrbhibe MithsEsteinh:21g BOREGHdENignal.hef gede may be
sel ected that naxim zes the operating point for the AF;#(see structured power
backof f f o¥StaRIapie Wperatieg 88 thegwimgi fFeguensy asugnmmd 6o thei AP piRy SUERBINBI e, frane
counters tLansm g dnd%eaae WD H?Gﬁ&%e&hérede%gmgv@ toﬁeraﬁt?é:gn her. The
e Wal s ndex. Thus,

st agger enpl oyed corresponds to t cover | APO
20" 10391 05ndgThdesdoek] 084259 AB2ttersps to/lfarin o deal®r ARRS the Emingsdks cover |,

and has its frane caounter.e to whenever the APO franme counter =j.
1002581 QipBTArR upehigh g pSH A rirfs DoV a0 SRR e an
AP | i st ensThi{ fay Berdpbited fo‘h&ﬂﬁ%@@&@hﬁiﬂ(ﬂmr ThEAce AW e estdpsh #ptdRgect i on of
nei ghbor systens, the AP establishes its own tine_reference. This can be

ar bi trary, Vi theeiyaeluenies @pme frthe ARg Wi sydems {7 gesitngion, whae allupon
detection } e t§ IS j.shed agcordi ngly.
[T the AP SEPROTAPYRS BUBLTIDL iRy b Ron I pibfiue A AR BRRCRE T, TR L
t he AP naynesyAR tmapsyrcbronize o snysifdlm feaghbogng ABs.st rongest signal . |f the
syste e operating.on the same frequency assi.gnnent (FA), the AP may
atten@ﬁzﬁg as SORFRICIGGUERCY ﬁeze%%&%ary iJiE'PP? orfnr‘?gdg'n‘fqp 8 ?ﬁp‘?‘%ﬁ%r“‘ﬁ’t héf nearby AP
oper at i ng seflediibové, NERAGRHOAN deslrfk to Iﬁhﬁm&@VBS@:’o@l‘Iﬁ]ﬁ WRhSDED sdietkioh Mot he weaker
AP of the timng skew required to synchronize both AP zones. The weaker
zone AP nﬁglu:rwéﬁﬂ@mgwbie{ of BPP§ Feguiring synchronization, and any delay or throughput

reduction that may be associated with synchronization (i.e., a BSS with access to the

entire medinm on an FA may be more efficient than a BSS which must share the
medium with one or more neighboring BSSs). After synchronization, the new AP may
select the FA that has the minimum RSL associated with it (i.e. when measuring
neighbor APs, or during the echo period). Periodically, the AP may query the STAs for
AP pilot measurenients. Similarly, the AP may schedule silent periods to enable
assessment of the interference levels at the AP caused by STAs from other zones (i.e.
neighboring BSSs). If the RSL levels are excessive, the AP may attempt to find another
FA during unscheduled periods, and/or institute a power backoff policy, as described
below.

[00257) As described above, APs may be organized according to a pilot cover code.
Each AP may use a Walsh sequence cover of length 16, in this example. Any number
of codes of various lengths may be deployed. The pilot cover is used to modulate the
sign of the beacon over a super-frame period. In this example, the super-frame period is

equivalent to 32 ms (ie. 16 consecutive MAC frame beacons). STAs may then



This may be repeated for multiple neighbor APs. The new AP can establish its
timng wth the synchronized timng of the two or nore systens. In a
situation where all neighbor APs are unable, for whatever reason, to
synchronize to a single timng, the new AP may synchroni ze to any of the
nei ghbor i ngo AMs/03%01@0256] Dynamni ¢ frequency sel ecti on nmB¢TRS29&PH& ned by
AP's on power-up. As stated above, i33is typically desirable to mnimze
BSS overlap with DFS selection, to mnimze the nunber of BSSs requiring
synchr oni zalidramly anegraeyowtelthy wmperfiameuttaoval tor debannine rthe hzitot npowdse

associated wth sypchr.onizati,on,(i.e.,.a BSS w: e o the ntire

nedi um on agﬁqmﬁg‘d {;’%@V%ég éTsfaibéYeeﬁ’f APPFY sﬁle\é@%h&fﬁlﬁﬁ ﬁgﬁﬁ%?mstﬂea?%ﬁt he

medi um wi tolf ufdifectid WRKE coiik ahinbiendf BESsdes aff deticted)(08 itieosangatA)thent he new AP
may select the FA that has the_mnimum RSL associated with it _(i.e. when

measur i ng el gryarnkabese ip prder of sepnessbtocterbesie The A mpererBaikaVilph t he AP
may query T i RSt ®IR Simlarly, the AP may
schedul e sc%b:trlﬁ Beﬁfpg %s @@ﬁ%ag%sé as%l{essng%(?debf the interference | evels at
t he Apasaused Ry fEiistefidemifiobtiver ofawighbor APs . STAsanghbouseddo BSBshit ahf t he RSL
| evel s are excessiyve, the AP my at t to fin not her A during
unschedul &% }dﬁ?%f?’ tgﬂﬂf?f’i’e‘itlﬁgﬁﬁuﬁgu aﬁé\ﬁﬁfplbﬂgé%’ﬁ o o &9‘: _g%%gngescri bed
bel ow. 10QRRdA1. AsigkiRs AE Bay deRaVE corfidhdiRihgbEr O kel R ddatieans kRgAaPO a pil ot
cover code. Each AP may use a Wl sh sequence cover of length 16, in this
exanmpl e. ARyithtiming Eagh APgarysirapsmit gppfiayeation information jn fiebadeqst eyderch The pil ot
cover is d I S| . o) Jper, - me peri od.
I thi s oxgaprey ofRg efdoledfy chioBhtl hP AP GRRRR R brAnEEhe WEATC PTG
consecut i \aetiig, for auyeedsdagesghboSARs may t hen WO 2005/ 039105

PCT/ US2004/ 034259 coherently.integrate over the superfrgne interval to
dot er A ho BERER SARCRS B8 SBUAIH o TSR UGy BRI ROT BEVAP: &n AP nay
sel ect it gridfehisda skt HaPRSRE nBRBY ARfopendes @at@e Wbk N ¢odegctamai | able. | f
all codes are detected (on the sane FA), thenh the AP may rank these in

order of reserrgeest thenojgdbRre systenthe Amplaywayetoy Ssilitdie tialisfo debae aghat
correspon ; - . 8%& 4 tLate
i dentifi cg)t% f%ﬁaﬁtgp%ﬁéi?glﬁgﬁe %fgﬁgﬁ%‘%‘gé&gé&@g;&[ }Eo r%ﬁé@ﬁ#&{éﬁ th%c ho to
identify tiheétrusekbpdetAR éorARy trhffics, Tiasiudeisa of ledatiostton iaervAPriahdt doesn' t
detect a neLghbor AP may defect. a_correspondi ng STA . echo, thus jidentifying
the AP a%ﬂh’%?ismt PFriloRg g’l"f&'@h Rpardly thr JRSHREMC ﬁé{egmla?fp%arl?ﬁ GFltion in
i ts beacomeRs STAGssopikfbd With BREAR LRI BPAS 25:B0I9RE SFitll LBl dg t he AP
configuration information, as well as timng, to any receiving nei ghbor AP.

160 chips or 2 OFDM symbols). For example, STAs associated with the AP using

Walsh cover code j may transmit the echo whenever its Mac frame counter = 0. The

echo is coded with information necessary to allow neighbor APs to detect the presence

and efficiently co-exist with STAs in the adjacent AP zone. '

[00260] Structured power backoff for adaptive reuse may be deployed. When a system

becomes congested to the point where each FA must be reused in the vicinity of another

AP, it may be desirable to impose a structured power backoff scheme to allow terminals

in both zones to operate at maximum efficiency. When congestion is detected, power

control can be used to improve the system’s efficiency. That is, instead of transmitting

at full power all of the time, the APs may use a structured power back-off scheme that is

synchronized with their MAC frame counter.

[00261] As an example, suppose that two APs are operating on the same FA. Once the

APs detect this condition, they may institute a known power backoff policy, For

example, both APs use a backoff scheme that permits full power, Ptot, on MAC frame

0, Ptot(15/16) on MAC frame 1, ... Ptot/16 on MAC frame 15. Since the APs are

synchronized, and their frame counters staggered, neither AP zone is using full power



(00259] Active STAs may be required to transmt, upon command fromthe AP, a
predefined pattern that allows nearby APs operating on the sane FA to detect
the presence of the neighbor system A sinple way to facilitate this is to
define an observation interval in the MAC frane (e.g. between the FCH and
RCH segner{@ooststhos i S not used by the AP for any traf PCTUSIHREHPat i on of

t he observation interval may be defiqyed to be |ong enough to handle the
maxi nrum di fferential propagation delay between STAs associated with the AP
and STAs ats0theduelg. Whe hbjactheiig{mﬁmteﬁﬁﬁe beckoff pait&R tlltdtir?ﬂSWQSTﬂs (ﬂ:ﬁde synbol s) .
For exanpl STAs associated with the AP using Wil sh cover code j may
transm {rpt 208 HPRGALHEh s 1L egtqggagélp,ﬁg%ghgghmer = 0. The echo is coded

Wi t h rmat i t | i t r.esence and
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efficiently co-exist STAs in the adjacent AP zone. | ] Structured
power bac kaeffertiwe daigeipd.i Inghis exaeplequp th &6 depyolaskiofl patamamey/e wsad bhecones

another - As EohPhack bR it iy R G BYRCAP I SRR AL scnene

to allow tigy dchfslt@insrhited b} BT XOmwescidted e mane. at nmaxi num ef fici ency. Wen
congestion is detected, power control. can used to i nprove the systems

b
ef fi @88y, Thaw ?WPIE&%@&%S@F@%H@@%M&%- Batept Np- tRGeid Lafttitise the tine,

t he APs nw = deht3kios ehponi zed
Weh t el v Mol e absaika fof ol LS s O ol B O As

are oper atWaltpneh al, hesigmdio BAass@neeof thepregg@sindentiont t hi s condition, they may

i nsti a known,power. backof f. | i ar xanpl e h use a backof f
soherl hoARPRE imend SRR di7Y iechidfve RSB ErBRY M REART o e
frame 1, .systeild BtdepfetedninVAG. §3.a08 ckampll MAE friige AFSD & showaymCduifiail zed, and
their frame counters staggered, neither AP zone is_using full power WO

4 ! g .
2005/ 0391 @8°YSCritiussped 10 315, Ayslatiad medanis Jogedpcedriewhish stot imtervals t o sel ect
t he backof t h e r t the
i gheet pocay BreeE i o h e STl Sorgie A o BRI Ven ap
may be a feapéBinPibfts $hlé alegpsertedods shownetofreseerecthe disnectt fean idterfardrics exanpl e,
up to 16 kno backof f.. pattern be used hy. given AP, T ackof f
pattern ug’é(do yS %tgméo(ﬁgm @S){Tﬁ%t ﬂ?fgafarfmf?{émgéﬁ ?Xﬁ’ iSW:h 'ilshgﬁg’?‘hoes
transni t t edodifiledSVIAC faB10C330 esinpidel sabttahially HOAGAL MuineXS0UPWEK paskof f schene

is detailed in U S Patent No. 6,493,331, entitled "Method and apparatus
for controPly HgetsddagaipEssosiiel offthe megiwrnFiGa R dn dlustraiveranly, apywill Yl t on et .

2 e QAL RSN RGP A oy i o SR e

MAC frame, various examples of which are detailed herein.

[00265) In this example, for purposes of illustration, assume a legacy 802.11 system that
uses MAC frames that are multiples of 1.204 ms. The MAC frame may be set to be
2.048 ms to be synchronous. At the Target Beacon Transmit Time (TBTT), an
armounce CFP duration to get STAs to set their NAV’s. During the CFP, STAs in the
BSS should not transmit unless polled. Optionally, as described previously, an AP may
send out an RTS and have STAs echo an identical CTS to clear out the BSS further.
This CTS may be a synchronized transmission from all the STAs. In this example, jitter
may be eliminated by insuring MAC frames always start on 2,048 ms boundaries. This
maintains time synch between adjacent/overlapping BSSs even with foreshortened
TBTTs. Various other techniques, such as those described above, may be combined
with the technique described below. Once the medium is reserved for modified MAC
frame 5330, using any available technique, slotted mode may be deployed to maintiain
possession of the medium, to prevent a legacy STA from interfering with the scheduled
transmissions, thus potentially reducing throughput gains of a new class system (i.e. one

using a scheme such as shown in FIG. 15 or FIG. 53, or various others detailed herein).



systens is depicted in FIG 53. An exanple MAC franme 1500 is shown, as
detailed above with respect to FIG 15. A slotted node is introduced in
which slot intervals 5310 are defined. A slot interval 5310 conprises a

M MO pilot interval 5315 and slot gap 5320. Pilots 5315 are inserted, as
shown, to wesesd®ishe channel frominterference by ot RET/USERENBRY
(including APs) that operate accordingsto rules, such as EDCA. Modified MAC
frame 5330 conprises substantially the MAC frame 1500 with pilots 5315

i nser (g@ﬁse} 0 reliRiik S@plePthe bwiches APAE stibjecHo@SMA riks td delssilicddhay@1.onl y, as
will be evident to one of skill in the art. A slotted npde may be

i ncor por atRseprip this hawgvaryipehayld atigmet tordetraming dhs pesenesofAspider BSS.witheh are
detail ed v | j Admd r: i ration,
assunme a | glgstt:@mg&%qﬁﬁ%agélggw?lhgﬁ us scﬁgg?t%rlrgfs?&? U?Ife%frﬂg Wﬁﬁ%‘tt?pl es of
1.204 mns. penmitfGefouaeshaming. be set to be 2.048 nms to be synchronous. At the
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have STAs echo an identical CTS to clear out the BSS further. This CIS may
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may be eli RS MAC franes always start on 2.048 ns
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boundari es. mal ntains ti‘me synch between adj acent/overl appi ng BSSs
even @Wods] f or eslembenkss A¥BERE]set adanerabes alidvaeit tdt @ctyyi e elannddate @sedt hose
descri bed abave,. may. b onbi ned. with the techni que descri bed ] ow. Once
he-med: urf PO SeERYarl oo TRba s oy WREEhEvec Bt (10 fog ok AE | abl o
t echni que,beﬁb&iﬁeﬂ@dM%d%oﬁ@(i.@?ﬁﬂ%@@e@&*rm&kécﬁ!” possession of the
medium to prevent a | egacy STA frominterfering Wwth the schedul ed

t r ansiP369 ons, TheuswpelesniP anpy seieelthe ehpnngras gk eintglitirg if pamiitsd cl ass

system (i . : S| 0 i.n. E : 1,03, Or
Vari ous. o ST Ol e e R P o35 1B R B b S
1002661 | ntht ehamelxtzafpt éts tinkeehasesxpirbdEsh#® i3 so saffjcatotsetve. GPhdh thalnes t 0 sei ze
t he channel.. ior to this however, it should atte to determ ne the
presence o‘i‘lasénlg% fdFes f’{‘]aé]inflhétr avg its) Y LEptsdgior gh eﬂﬂ%%%ﬁ%‘ﬁ’rﬁio MGt her STAs.
Synchr oni Z@irihefindr8, tAO timfir@dektatAishedOVAY Glew 185s Mﬁfdi?rtbefc%hﬁstéﬂsﬁi‘ﬂ{ g sharing.
[002671 Once the neighbor(s) BSS(s) has been detected, the new class AP can
sei ze t he Méaitaar timing esiklished.i ighat iss rigwaclass. befieons crkuoon 2d648ansagser s, t he
new cl ass ' [ i t fr.e nc hat vents other STAs to
Use ¢ ho crunbfriy BT el th Ak ek TR Kek s RIS A 1Rbuleh 00"

[ 002681 Theyncteunizdtias dyAbokimy atsthbseaspbtifie inttivalk taldbemsine §f the HT Pplast he

channel f OSreiZ%d ];:}{e)éﬁaqmel

[00270] The new class AP may announce its frame parameters in a beacon. Part of the
frame parameters may include the pilot interval spacing indicating the frequency of pilot
transmission throughout the MAC frame. Note that the new class AP may schedule
STAs such that their transmission overlaps the periodic burst pilot. In this case, the
STA whose assignment overlaps knows this and ignores the pilot during that period.
Other STAs do not know this and therefore use a threshold detector to validate whether
the pilot was transmitted during the prescribed interval.

[00271] It is possible that a STA may transmit a pilot at the instant the AP is supposed to
transmit, or that the AP is transmitting steered pilot to a STA during this interval. To
prevent other STAs from using this pilot, thus corrupting their channel estimates, the
AP pilot may use Walsh covers that are orthogonal to commion pilot Walsh covers. A
structure for assigning Walsh covers may be deployed. For example, when STAs and

APs use different Walsh covers, the Walsh space may include 2N covers, with N covers



duration determned to be fair. This may be roughly synchronized with the

| egacy AP's beacon period or asynchronous (i.e. 100 nsec every 200 nsec).
1002691 The new cl ass AP may sei ze the channel at any point during its
permtted interval, which can be del ayed by | egacy BSS users. The new cl ass
AP may relwooquss10z he channel before its tinme has expPEESEq4PHEYe is no
traffic to serve. Wien the new cl asss6AP seizes the channel, it have its use
limted for an equitable period of time. Furthernore, the timng

est abl i shegetyyd fohé\ Pspamdchasmanidentoy SBAs esociated enth avgivdan APesing@eerane ti ni ng

established,. That js, ,new cl ass b ons._ occur ..o ..,048 msec boundaries of
The. new ik A Balis i e Be PR AR ANV A et ai n

Syncgnm'z]z at i owney theOfde BigssAAP ttheseitspeskigh@entth & YBA Sit iDedrtitignihee i f the
HT AP has sei zed the channel. [002701 The new cl ass_ AP may announce its
frame par &hét©rEansmitdo jbduing thegrescbed; inerval.r dhis prssibleethe SSASitoicl ude t he
pilot int ; i k RRLsak i : 1.5Si on
throughou?éctgﬁgﬂ%%%&?{ri%r%mNOte t at%gt&hajéﬂeﬁge{vﬁ@%gggﬁ Sﬁgl’féﬁ%} 1%%1{@1331{’%3? STAs such
t hat t hei thanPaFSnTs proventdhie floapeccutrmgpthe iAPdngy fusesthephime] for n<t§IFS case, the

STA whose assi.gnnent..over| aps, kpo hig and i gnores t.he pil ot ring that
veri o0 e AH R R R SR Y sti28 o BB det ect or
to vali datu@ns\{ﬁmﬁl?gnot,f)ﬁ@ed)édceidhw transmitted during the prescribed
interval. 10027111t 1s possible that a STA may transmt a pilot at the

i nst df27%lhe APNeY claspsbaagl assignmenip Sytbe sptted fadnteryals 4 SIES (Manseai-t ti ng
t d pithat ' is i . f
ot et ] PR VAP ApRIAGHIA00 chiThe ARSENEl BB oPIBKE ke BEReTRR" TTOM

use WAl sh penderfetivdiss ewctusoretusgggonal to conmon pil ot Wal sh covers. A
structure for si,gni n | sh covers nma depl o .. For ex |l.e, when STAs
and [h@g use d'rfl,"fsl? g%ﬁrf?%éﬁ“@%%‘f’?f’c O@I 1§WP‘§’ﬁé§ﬂ“¥rﬁ’§‘c‘? ﬁ‘@l °BN covers,
with N covelte NECH2QAR HI&0E Rt/ UBRROUAZ4ARY be MsilyesRbmaddited iARs, and the

remai nder for STAs associated with a given AP usi ngqgg cover that is coupled
in a knowsiveasabpdigient thenRCHaspebe pllasatadbta wold Bhthe dsgaey mpdesyvqn pen t he new
cl ass AP 1 Felak ik 1 j Ato
ransm t £5 LEoA b RSl GDERRed 8t o hlinet (e PeBNAR LehBimbIS, T Gra’rai 1 s
to recei FeRCHenzydwi ageomembdatedbygunuiitinpSEAL fodranbainnedescrghatsgmytnesed for an
interval | er than PIES.. Tqg prevent this fraomoccurring, the AP may sense
t he channé@pogvd?g ?plioa%éqaﬁ%ms%?fbaﬁe‘("@? URe ang tria’ﬂs“ing}oéggdﬁf)‘?)e%ﬁIHPE’TtraF?gtl{l the AP
may i nmediratedsy sei ze the channel by transmitting pilot, phased
accordingly. [00273] New cl ass channel assignnents may be slotted to
intervals of SIFS (16 usec).

Example Embodiment: Enhanced 802.11 MIMO WLAN

[00275] Detailed below is an example embodiment illustrating various aspects
introduced above, as well as additional aspects. In this example, an enhanced 802.11
WLAN using MIMO is illustrated. Various MAC enhancements are detailed, as well as
corresponding data and messaging structures for use at the MAC layer and physical
layer. Those of skill in the art will recognize that only an illustrative subset of features
of a WLAN are disclosed, and will readily adapt the teaching herein to 802.11 legacy
system interoperability, as well as interoperability with various other systems.

[60276) The example embodiment, detailed below, features interoperability with legacy
802.11a, 802.11g STAs as well as with the 802.11e draft and anticipated final standard.
The example embodiment comprises a MIMO OFDM AP, so named to distinguish from
legacy APs. Due to backward compatibility, as detailed below, legacy STAs are able to
associate with a MIMO OFDM AP. However, the MIMO OFDM AP may explicitly

reject an association request from a legacy STA, if desired. DFS procedures may direct



Thi s way channel occupancy can be guaranteed to keep off |egacy users during
the period of new class exclusive usage. 100274] The RCH nmust be desi gned
to accommopdate interoperability since the duration of the RCH could exceed
16 usec. If the RCH cannot be easily accommobdated in a given enbodi nent,

t he RCH nayob@saldiecated to work in the | egacy nodes WHRER/USRHE4/0HEW cl ass MAC
does not have control of the channel 47 .e. coexist in |egacy node). The
F-RCH may be accommobdated by permitting STAs to transnmt access requests
anytine fio dejeoied §TA i dnothert AR tistEgpoanieghcycoperionh (which emydead legaapsnmit for 8
usec), | ust N 53. Exanpl e Enbodi nent: Enhanced 802.11 M MO
WLAN (oozfé%OTBB?téFﬁ@wQe(P%%@%)an exanpl e embodi ment illustrating various
aspecp77i Nt r ONHEES OMPAY ST A rd\EB1E 1P Bes@@sle Wil 8025RQWr302.1 g BBS wrexanpl e,

an enhanced 802.11 WAN using MMDis illustrated. Various MAC enhancenents

are det ai Medgpenslgnt &3S (IBSS) %W?&%nﬁpmynﬁamsaﬁﬂsmﬁﬁﬂ% satya Rt Ar es for
e At he AL AUEr, ARG AR Rl 1TDB6 1 B ol b kst W1

recogni ze y an A ustrat|ve SuUbS€ ures
di scl osed finandtafoof 802rigedi | y adapt the teaching herein to 802.11 Iegacy

oyt R G027 SfteResacy and MM D5 BR s ShAS BEF Y et Shictel aief age ' "
i nt er oper a;ssl brtah WIS) vhﬁaﬁ%ml%Qarelshpﬁomﬁozrﬁelp@prﬁu\mmo\@rbm&{w th the

802.1 le draft and anticipated final standard he exanpl e enbodi nent
conpri ses spechpiviaskHDMpriibleovittnie gxisbna 02t lilaghH2si sispentsal me@(aﬁeﬁhaixpg Due to

backward cQp F bl Lty, } e a T, r

associ at e a@mﬁﬁﬁﬁﬁaé%kiak}%f&%%le gﬁe%ﬁgevgr%&%uggm@ﬁﬁ% %@Q}g;&p Icitly

rej ect an AGSAE] fdld dn theePLES Heddeo (dotaileé Galow) ﬁl‘l@acldwfa:rcﬁemhpaebﬂs viEShpr ocedur es
may direct 105 PCT/ US2004/ 0 97 t to anot her
APyt hat sﬁﬁgﬁiﬁi‘igg@ﬁ Fﬁggh ﬁi’zi‘ Mﬁ%&}%ﬂ%ﬂ? é@éﬁﬁg@ Hfot her M MO
OFDM AP) . b0@2%iéRhe MMPP @& MELARE TR RIFAGE @o%rdmtnbn Fncdl2- 11 a or
802. 11 g BSS or | ndependen | BSS) where no AP is present. Thus, for

such oper dACHN (desaileh balos’menwﬁl @Ibitrfm{ émeng Oélthle mqélunnhm(mr Wgacsandr es of

?8(2)2%8|1a %egaoy aﬁ?” %@Dﬁfg%? are t%ezn@!ang gﬁﬁgﬁﬁelther in

a BSS or (amoﬂﬁss belaw) augy fbeatrbitesilyaistespepar tmdmyTMa@momaed s MO OFDM
PHY spect C?gtﬂ 0 ilfgl e wth the existing 802.1la, 802.11g spectral
mask so t femﬁlﬂe offaftutlj acent channel interference is introduced to

| egacyoHIps. The dexckieBdbve, a high performance MAC is required to effectively leverage
the high data rates enabled by the MIMO WLAN physical layer. Various attributes of
this example MAC embodiment are detailed below. Following are several example
attributes:

[00280] Adaptation of the PHY rates and transmission modes effectively exploit the
capacity of the MIMO channel.

[00281] Low latency service of the PHY provides low end-to-end delays to address the
requirements of high throughput (e.g. multimedia) applications. Low latency operation
may be achieved with contention-based MAC techniques at low loads, or using
centralized or distributed scheduling in heavily loaded systems. Low latency provides
maﬁy benefits. For example, low latency permits fast rate adaptation to maximize the
physical layer data rate. Low latency permits inexpensive MAC implementation with
small buffers, without stalling ARQ. Low latency also minimizes end-to-end delay for
multimedia and high throughput applications.

[00282) Another attribute is high MAC efficiency and low contention overhead. In
contention based MACs, at high data rates, the time occupied by useful transmissions

shrinks while an increasing fraction of the time is wasted in overhead, collisions and



SIGNAL field in the PLCP Header (detailed below) is backward conpatible with
the SIGNAL field of |egacy 802.11. Unused RATE values in the | egacy SI GNAL
field are set to define new PPDU types (detail ed below). The Adaptive
Coordi nation Function (ACF) (detailed below) permts arbitrary sharing of

t he medi unwoetoseenod egacy and M MO OFDM STAB. Per i ods PER/SEP4HESIEDCA,

802. 1l e CAP and the SCAP (introducedsgpel ow) may be arbitrarily interspersed
in any Beacon interval, as determ ned by the AP schedul er. [00279] As
descri bed idlbpeaodsa Wistdd tpes b theanskiui@yite redged thechgheckddtibng, iavelcll | ever age

t he high data rates enabl ed t he, M.\NO W_.AN physi.c | ayer . Various
attribut esasgl?mu g?egé}ﬁ’ﬁpq?én% g\%%’&?%ﬁ?“kgﬁge-@?ﬁaéﬁﬂﬁg%w SBZI| owi ng are
several exdap Gamat t Ajdredabs fhle28Q) Adapt gbind ®Of midigideHfesrbleamand

transm ssi on nodes effectively exploit the capacity of the M MO channel.
[00281] Ldwiniag estipader vi ce of the PHY provides | ow end-to-end del ays to
addre e r i 1 § s I geH2) applications.
Low I@tﬁzestrz{ y opgﬁlgﬁggr@ﬁtgg@&{)ngmggﬁyg%ﬁ@ %ﬁﬁtcsgﬁ{)%letd{%ﬁr%%asef MAC t echni ques
at | oi01sdpds, dhe wsimge MAeGtenbdrceehisrdethiled belbw e desigeafitoi addgresnthlaeavi | y

| oaded systens. Low | atepcy .provi des. m benefits...Faor..e l e, .l ow

| atency paPiTS ErRREEer SEFE i A RS R el e EEN s or "t o
rate. Low goatigncyn RRlitien %ﬁxﬁﬁiﬁ%ﬂlimgrd%ﬁemﬂmf&m_éﬁ ki 29 indidded isiral |
buffers, without stallin ow | atency al so mnimzes end-to-end del ay

. L
for nultifelstandad SW-QW?ﬁPﬁGRgb%We,épﬁuﬁieatfw@ﬁgs such @ §2Ohawst Rectat t ri but e

i's high Mﬁﬂﬁ i F@%P : ! Ver :lNn contention based
MACs, at hig f){?go;‘cg a %,gaqvtepcea\évglié%@{@g%ggc{&gg\cgﬁgg?ﬁ. transm ssions shrinks
whi | e[0a285] ncr edsidegribimgcthe @rample tehbodinmoatsi elovashesd tarmirolegyhieaded 6wl | i si ons
and WO 2005/ 039105 PCT/(#EZ%OM 03%59 58 11 dl.e perjods., Wasted ti.ne on the
medi um may*°BE PREFRESFTIFHCE G VST He RAPPING, fon, the o te”ﬁ?"ltoﬁ?’é%aﬁmge&g‘flegati on of
mul tipl e hrgher |ayer packets (e.g, |P datagrans) into a single MAC frane.
Aggregated frames may al so be fornmed to mnimze preanble and training
overhead. [002831 The high data rates enabled by the PHY permt sinplified
QS handling. [002841 The exanp detail ed bel ow, are
designed to address the above Eg?l o'%g%@gﬁgﬁ@éqﬁ%gi n_a nmanner that is
backwar d iconpat i Baelisvi TerniRogylg and |802. Mappinglto NeedTérnfinelogppport for and

i mpr ovengnt t&featuﬁ&es that are inclyded in the draft standard 802.11 e,
descri bed aboV&™ Y5&f LRI PRAgERSes sUch 15ERSHE pseygng paragraphs

MUX PDU or MPDU MAC Frame
Partial MPDU MAC Frame Fragment
MAC PDU PPDU
Broadcast channel message (BCH) and SCHED message

Control channel message (CCH)

Control channel message subchannels CTRLJ segments of the SCHED message

TDD MAC frame interval Scheduled Access Period (SCAP)
F-TCH (Forward Traffic Channel) Scheduled AP-STA transmissions
R-TCH (Reverse Traffic Channel) Scheduled STA-AP or STA-STA

transmissions
A-TCH (Ad-hoc peer-to-peer Traffic Protected EDCA or MIMO OFDM EDCA
Channel)
PCCH (Peer-to-Peer Control Channel) PLCP Header SIGNAL field

RCH FRACH




Link Protocol (DLP), as well as the optional Block Ack nmechanism ' [00285]
I n describing the exanpl e enbodi nents bel ow, new term nol ogy is used for
sonme concepts introduced above. A nmapping for the new term nology is
detailed in Table 1. Table 1. Term nol ogy Mapping Earlier Tern nol ogy

Mappi ng t oy NeWishSs9% nol ogy  Ternms used in prior paragraghfusheaassssed in
subsequent par agraphs MUX PDU or MP MAC Franme Partial MPDU MAC Frane

Fragnent MAC PDU PPDU Broadcast chanhel nessage (BCH) and SCHED nessage
Control chgpnel. ckddch) Control channel message subchannels CTRLJ
segnents O age TDD MAC frane interval Schedul ed Access

Peri od ( SCAP) F TCH (Forward Tr afflc Channel ) Schedul ed AP-STA

transmj ssi ons ver nne dul of. STA- STA
tr ansm@@i] ons - %nl@ @OCB SXIBlg R (F: §%‘¥ §%u dlf%t& %Sr M MO

OFDM EDCA ¢ éh%hﬁsuﬂﬁ‘&l‘b{ dR&GHr-n&cﬁe ReC ficoeg (o@lﬁa@ﬁaxﬁt@)e;bﬂluﬁlaﬁlﬁggiegdﬂaf Sl GNAL
field RCH FRACH WO 2005/039105 PCT/ US2004/ 034259 59 Fl exi bl e Frane

Aggr egat i ofameoPpee asgrogpian RSERHD e BrISHAIRMET one & ,MyE MALLN B egat i on
is facili tﬁ%&j'ﬁw%@mﬁ%ﬂ' %? %Eﬁéﬁaﬂ)a?ﬁg 35300 wikh RoriBlafe NoGed 1 a@s (or

fragnments) an aggr egat rame ramé aggregation permts the
encapsul at ¢mmpressionndetaiied ielowr. MyggrégatedBd ACdramed 3329 fermsshSI3E BE3Miwhien an

aggregat ed _frane, 3520, .which. ' rporate hea C reSS| on det ailed
e el et S & gy PPFDT A8 He8re SR Hamel RER B39 L@t e ¢ o
as a singl gc edTﬁ’&nc%Q{@f ﬁﬁl@ﬁ@ﬂk)f%m@f %antﬁ,ﬁmmeﬁl&htrbr o%ﬂﬁ@lpswhéi ed franes
(or fragnments) 3510 of ty ge data management or control. When privacy is

enabl ed, tPavaEy ifpa a@u arﬁaya TSP EnEptedh ThaNAG fiame beadegefaf an

encrypt ed gﬂcﬁg}& g%@ R cteher cl ear. ™ [00287] This MAC | evel frane
aggregati on, J ust descri bed, permts transm ssion of frames with zero

| FS of00BS7ES ( BuFlss MAG-devel fiame Spaepatign, dejusti desctitfedy pdmamits hehowmipsivoof he
frames with zero IFS or BIFS (Burst Interframe Spacing, detailed further below) to the

same receiving STA. In certain applications, it is desirable to permit the AP to transmit

frames with zero IFS, or aggregated frames, to multiple receiving STAs. This is
permitted through the use of the SCHED frame, discussed below, The SCHED frame
defines the start time of multiple TXOPs. Preambles and IFS may be eliminated when
the AP makes back-to-back transmissions to multiple receiving STAs. This is referred
to as PPDU aggregation to distinguish from MAC-level frame aggregation.

[00288) An example aggregated MAC frame transmission (i.e. a PPDU) starts with a
preamble followed by the MIMO OFDM PLCP HEADER (including a SIGNAL field,
which may comprise two fields, SIGNALI and SIGNAL2), followed by MIMO OFDM
training symbols (if any). Example PPDU formats are detailed further below with
respect to FIGS. 49-52. The aggregated MAC frame flexibly aggregates one or more

. encapsulated frames or fragments that are to be transmitted to the same receiving STA.
(The SCHED message, detailed below, permits aggregation of TXOPs from the AP to
multiple receiving STAs.) There is no restriction on the number of frames and
fragments that may be aggregated. There 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 compressed, as detailed below.

[00289] The transmitting MAC may attempt to minimize PHY and PLCP overheads and
idle periods through the use of flexible frame aggregation. This may be accomplished



sanme receiving STA. In certain applications, it is desirable to permt the
AP to transmt frames with zero |IFS, or aggregated frames, to nultiple
receiving STAs. This is permtted through the use of the SCHED frane,

di scussed bel ow. The SCHED frame defines the start time of nultiple TXOPs.
Pr eanbl es wodoishway be el inminated when the AP nmakes BSFERE20H0BEk

transm ssions to nultiple receiving Sgps. This is referred to as PPDU
aggregation to distinguish from MAC-| evel frane aggregation. [002881 An
exanpl e aggr g\zﬁﬁnésrtarmnﬁmmmtérsfsdrmp@bmg and PEPPReaddrgrab sveli 4sh a

preanblef t he M MO ncludln SIGNALfleId
i oy (M BEESTATEHERYS to STEGREIPY-HE SRR 7o FLf F5MES YOI NI O GFOM
traini ng syahgleSedhhf @wamﬁf@l:&n 4né ﬁﬁ:ﬁ?ér%f%t%tsd@ﬁa@?%a%ﬁheﬁ% fter bel ow
with respect to Fl & The a%‘e: egated MAC frame flexibly aggregates

one or mrméwépsmhmﬂéfdmfdﬁ&rfé@ apfl terdygaion of theratigned o1 centgraion mtted to
the sane r VI i

aggregati oﬁ@ EtF‘ rag f%g%% %&@Bﬁ Wﬂﬁl?aggpe}ﬂ glgggeqe\i& ‘ﬁs@’ °°°?1%Erﬁ4ere is no
restricti omtigTXOR, nunber of frames and fragrrents that may be aggregat ed.
There ma beallmt to the maxijpum size _aof  an ated fr hat is
est ablB&Mbd ¢ r Bawﬂa@m%wtgu prmofigred jnifhe KIS0 S 809 et X Paes | n
the aggregat 8¢ t@%a@%mttﬁe ﬁéx@%@tté odcld a% a@ﬁﬁctptseﬁésﬁmefo@theertextlhﬁh@

packi ng. When sevéral encapsul ated data Trames are 1 ncluded within an

aggr egat edoqtertﬁam;he THOP. mwueb@frzgmmwé agitrarilyier efbGetarekifg. almsw maybe

conpr essed de ed.b 1 The tran tterrpt to
mnimze ﬁlﬁgmg ﬁ@lﬁn%e&ﬁ alt%t?"ﬁ’eﬁ o[ éec% :‘ﬁl g%g%ga%g
flexible fxnmmgg‘rtegfa@neﬂtts paftﬁ@netray ah@nﬁ@eﬂﬁm:mﬁﬂedhié@nﬂﬁﬁ&i fﬂ?@ﬁ&S

PCT/ US2004/ 034259 egating fra to elimnate inter-franme spacing
and PLOP HgaFfgpiged: %ﬂt@w %agm?rés@? 9 &hg 5@5@ framad eyt Be itspsmitted si8 y occupy

the avail ahb@qeRRaXoR 3 R RbsdReRNEXORXAERIRCE 8P R HYgthetg; of I 7St

conput es the nurrber of octets to be provided to the the
current dafragneatsel amtheomplely zansoitted framiaaif desdiedned or cont ent i on- based

TXOP. | ete fragne occupy the
onc r YRR T (085 BHIOE Heer Biostelst B s SofmbleF e GiRB itenba™ - Dhe

remai ni ng mpﬂe&m the MAXBRader bheachfcapBiatéd BGHE (Ur faRSeht Wat fsfi@déﬁedﬂ occupy as
much as p055| ble of the remainin octets in the TXOP. Franes nmay

f r agnent edh&pgsresatedifamer dy Laeth %‘g‘éﬁ’t the, Aggregjion Header 111‘@%%??;311%13@%@& rrent
this arbi th@ét% JrPOERB AN BURE Y i fedk t@%%c{?lv%t el FamdRX! mum of

16 fragnents nat € enbodi nernts ation may not
be requi r gdnd Regmems)n@omrthg apgregasdd Hime.hEMEPDU Sire fiely ihehé paupssadt ted in a
SIGNAL field provides the size of the MIMO OFDM PPDU transmission (number of
OFDM symbols) while the length of each encapsulated MAC frame (in octets) is

indicated by the Aggregation Header.,

Header Compression of Encapsulated Frames

100292} FIG. 36 depicts a legacy MAC frame 3600, comprising MAC Header 3660,
followed by a frame body 3650 (which may include a variable number of octets, N) and
a Frame Check Symbol (FCS) 3655 (4 octets, in this example). This prior art MAC
frame format is detailed in 802.11e. MAC Header 3660 comprises 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 ncluded. 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



subsequent TXOP. In the subsequent TXOP, the MAC may give higher priority to
fragnments of an inconpletely transmtted frane, if desired. [00291] An

Aggr egati on Header (2 octets, in this exanple), described further below, is
inserted in the MAC Header of each encapsulated frane (or fragnent) that is
inserted in the aggregated frame. A Length field in the Aggregation Header

i ndi cat es wbeolsmagbh (in octets) of the encapsul ated Nﬁ@“%ggﬁg?ughd is used
by the receiver to extract frames (aft fragnments) fromthe aggregated
frame. The PPDU Size field in the proposed SIGNAL field provides the size
of the M MrOERNMEPRDTheSdnis thessotsa staHomrditesst ThaOPBNG therdseingjiompiplien t he

| ength of e c@sencapsul ated MAC franme (in octets) is indicated by the
Aggr egat i of dder. Header Conpression of Encapsul ated Frames [00292] FIG

36 degiozdy a | eyhaysehdrtl dncaprelata@ta fmomp aiedndhgleV@hheadeyer36ie0 frambol | owed by
a frame body 3650 ich may inclu vasriabl e nunmber of octets, N) and a
Frame Checlé® %g‘ao@egé\gﬁg? t]:%éga.(a&d cfg‘fese?%t? af{aﬁ’ef Ry ?&%P’éﬁs?g-ﬂf’%‘f"ﬁh or art
MAC  franme.donom@id Vi cehddrs 87 Qod Rt ardVhGwiigariers, 3669, setmnitses a frame
control fiel 3610 (2 octets), a duration/ID field 3615 (2 octets), a

sequence cB@S istonfputsd b Sorpresssd MA S headen anchthed snasymied of ufenetyate®645 ( 2
octets). In gglgiti on, four address fields, Address 1 3620, Address 2 3625,
Address 3,P4630; and Address 4 3640 (6 octets each), are included. These
addr egmess|may aA$Sehdde InefFRE r3d3d, oviea TdnesRAe tSAsmiasd uBihg a MIMEEOivel y. The

TA is the transmtting station address. _.The RA i.s the receiyvi WO
2005 ;osglongTmMD,mwgaﬁqn S¢ader Brdabieptoducedrnge A MAC HerdEour ce
station adgf@sy e MR CHrS3600%0 eﬁé&'aﬁéhéaga\gi%@wﬁma@ﬂree%s, E3293] Wen

several encapsul ated data frames are inc I'n_an aggregated frane,
t he MAC he3dlS; wswhtivdiye Dhet MAShdeduSigbdingthafegregaiipn blsadumsldesgeded Exanpl e

conpr essed hea f.or d f S shown in FIGS, 37-39. Note
that the E%t%“%@gﬁ%‘g?e@eaggﬁﬁe%%@@g%rd%b %Iéedgrr meha GT%ESUZ%%G?X ypt ed or
unencr ypt efhhnageayttoshtro]l MLAA]at"\Saredboimtliding Q65 d3d)y @9y behgsefdtianee ar e
transmtted using a. MNI O Data PPDU (Type, L 0000), an %%%r egat i on_header
fieldis iftpaseRseted Mt &ramse Wise dpfe aWiacy I8GBEdhe pRdoadt the dafeorddto t o

create an gncaRs M&‘}P gane, i.e. 3705, 3805, or 3905, respectively.
The MAC Header, %‘s'nnél:%)ﬁ% ng f?e Aggregation Header field, is called the

Ext end@dSAC HeHuehggrégabon Beader 338DB, inwrte@ @0 @)ch fomee (or fragmend msapsii| at ed

ggg?ggg?géini tﬁlg (r%ttg{c:,rrr(f?gl;ateacfq géuger: (%%?3%({5? %396&, r}gslpgc ljvgl%).%age%tc%znplr%%gior? ?s

indicated by the Aggregation Header type field, detailed below. Frame headers of data
and QoS data frames may be compressed to eliminate redundant fields. Aggregated
frame 3705, depicted in FIG. 37, illustrates an uncompressed frame, which includes all
four addresses and the Duration/ID field.

[00296] After an uncompressed aggregated frame is transmitted, additional aggregated
frames need not identify the transmitting and receiving station addresses, as they are

- identical. Thus, Address 1 3620 and Address 2 3625 may be omitted. The Duration/ID

field 3615 does not need to be included for subsequent frames 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.

[00297) 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.

[00298) When fields are removed, to decompress, the receiver may insert the

corresponding field from the previous header (after decompression) in the aggregated



an aggregated MAC frane. Wen data privacy is in use, the payload of the
data or QS data franes nmay be encrypted. [00295] The Aggregati on Header
3710 is inserted for each frame (or fragnment) inserted in the aggregated
frame (3705, 3805, or 3905, respectively). Header conpression is indicated
by t he Aggwegadsiconosleader type field, detailed bel ow MEAWRSHERIEIS of data
and QS data franmes may be conpressedato elimnate redundant fields.
Aggregated frane 3705, depicted in FIG 37, illustrates an unconpressed
frame, whifehe ntl dde exahple, theufirsadomesmesn aggrepdted Danmt dlemyd Dsdsitbed. [ 00296]
After an unconpressed aggregat.ed me i s fransm tted, additi.on aggr egat ed
franes ne@HcW&ftre%‘?iﬁﬁ?aidPﬂy {)ﬁ%yl"i“’é‘n%{' PPAGRLAEY e ETe TRy g?qgﬁ F8ﬂla%‘adresses,
as they amngaci @@Rdd Cbht miHShavOdsbeS fendbvd®20r aﬁ@d&d%ﬁ%&s;ﬁoﬁwﬁﬁmy be
omtted. The Duration/ID Tfield 3615 does not need to be included for
subsequentdefompression noft fe Hgue chpated theserfislds may abs padfagvaablesiadtheo set the

NAV. Th () | D figl d:i | |
Y The QUSRI | Tho Yo AP Rt ROBR B TR
field spedidgimess) fiemdhe aggregatédraee. tThe INANh fidhd inndicatessthe hatighgof thame 3805 i s

illustrated in FIG 38. [00297 urther conpression is avail able when the
sour ce ad&%mgﬁﬁemrpgggﬁﬁq%{%qqt%ﬁ addresses contain duplicate

i nf or grdghyon. | ' , Riod heARP MRAisASEbRSS The d@dfiprmydal so be
rermv[g?,gbfr)esul ?Tﬂrﬁgbﬁa%?%g t?f\g%e@%éQgS [ ustratsed in F Ge 39.%&00298] When

fields arerameniswhel, passeddioc Breptestyption kegine c Bisldsrinnthy (Repomprospade MAC

corresponding field from.the p i . . ession) in the
aggr egat eg‘e@%r%%ﬁjm@% ‘%i.,] [%{%d%g%gigg@&hé%aﬁ%%g%ﬁa%m s exanple, the
firstybzcare i nFG. 4@dhagakedn foxanple alggystions Skadde3710ncBimp Aggsendioheader .

Decryption_of the payload may require sone fields fromthe Header t hat
may have H%@ﬁerr@%\}%@d¢e(§1|'t°h%5§3e€3% r ¢ H.heﬁ\g?regc’r BEOPPESTIYH of the

frame heaﬁt%;%;{tgﬁﬁﬁ uﬁlie‘r‘lk&g;eﬂ?ﬁhﬁear%xﬁmaliﬁb& eMIMO MRta PEDUYPLTHEN €ngi ne.

The Lengt is used ‘the receiver to extract frames (and fragnents)
fromthe alggregtceleddenpenprihea RoigigerdzaginiHeaddr Trneclield K810 @naisaist t he

frame with the conpressed header (in octets). . t tion, the
Aggr egat i o‘?ﬁh 58ref%{f}|e ?ea‘ %?pfeg%%gcﬁmﬁwgg’d%@o“ﬁ%&g@%aﬁ%Z?n]ajﬁi)ﬁ’“seﬁgtﬁen passed
to the decfigiPto30n BMHYIODdantes €b st énplby Beallcleappessivac dypdMClrameatars my be
required for _message integrity verification duri ngrdecry tion. (Q03001 FIG

40 i | | ust rthe Barasian iR ofdiressaly ad §4ers? feldsiggmoyed 0 Typad O Aggnss Jars Header
field is added.hXeBatisidsayf 6P hahloWMBNhe ARBRLES F@AMRSs M Ro! F aNES

removed. The Length field 4030 in the Aggregation Header indicates the length of the

frame in octets with the compressed header. 2 bits 4020 are reserved. The Aggregation

Header types are summarized in Table 2.

Table 2. Aggregation Header Type

Bit 0 Bit 1 Meaning
0 0 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 :
[00301] In this example embodiment, all management and contro! 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
response, reassociation request, reassociation response, probe request, probe response,

disassociation, authentication, and deauthentication. The following control frames may



(encrypted or un-encrypted) that are transmitted in a MM Data PPDU. The
Aggregation Header conprises a 2 bit Aggregation Header Type field 4010 (to
i ndicate whether or not header conpression is enployed, and which type) and
a 12 bit Length field 4030. Type 00 franes do not enploy header

conpr essi owo 2885189101 franes have the Duration/|ID, AddrESEUSBOHAHEANAr ess 2
fields renoved. Type 10 franes have tde sane renoved fields as type 01
frames, with the Address 3 and Address 4 fields also renoved. The Length
field 4030ei énchﬁmlakggnlewwimndtﬂeat%msiimd&:cagg:agatﬁb flagwegt BIkaAvheindf rame in

octets with t S its 4020.are reserv Aggregatlon
Header ty gC%‘EﬁE%ﬁai‘i %&Hlai? e“gg aLPROLIANG P Z’Qat gaﬁ’ Sﬂe er Type
Bit O Bit Meaning 0O O Unconpressed O 1 Duration/ID, Address 1 and Address

2 fields are renoved 1 O Duration/ID, Address 1, Address 2, Address 3 and
Addr ess 4 AdaptivisCeprdinationFusetion | Reserved [003011 In this exanpl e

enbodi nent, all managenent and control franmes that are encapsulated in an
aggregated frane use the unconpressed frame header with Aggregati on Header
type @03021'|'he fq1hb@ﬂap@veﬂ®¢tﬁ@tﬁmtﬁmlFﬁnﬁmm&®ﬁ)yisha extensips of teddCCAlandg wit h
data franes_in an ated fr rre assoQci ati on reqguest .- SocCi.

response, ﬁ%%é%lpﬁ nf?‘?"gg%é%h y F@&%‘bg ?t?)‘?ﬁ’yrsggfgl&@é}?erﬁﬁ%rb %ulﬁéfﬁuest
probe res %P%&rahoﬁhﬁﬁﬁﬁ@ﬁk@ﬁét@&tes%ﬁm &y G MIBIO pand meaut imastdieahi on. The
followi ng control franmes may WO 2005/039105 PCT/ US2004/ 034259 63 be
encapsul ateeﬁdrnalemn@omem@l%ﬁt beduledoAcqess Raviod drrag AP ipawe in BregiAck and

Bl ockAckR uest e ordBYP- be
encapsul at Rggﬁpa 1?0 HR or@%@%@% 5 Ogﬂ'gﬁtfmerhﬁ §A[‘ﬁapu ve
Coor di nat lsmﬂ\ memm sgfms)m TXOBs exdrehs paibdokndweasHECAchaidled BRCAsst hat

permts flexj efficient, lowlatency .sched eratlon sui tabl e
for operati%R \ﬁﬂ%@] ?ﬁ@e ﬁF}@qulﬂgFén%fSé‘?sé*FFa’lﬁlF’é eﬂyastsﬁ]ée%f&fa/ﬂ G 41

|11 ustrategyggn Themrﬁnﬁmgéiumg 20 hLt@neReY Whele R aRSS AR aduifiiame ( SCAP)

for use in the ACF. Using a SCHED nessage 4120, an AP may sinultaneously
schedul e owbever Irnﬁme@xamplesmodrgrmt,ﬂre mmgmmlwwecﬁfég e raFpedi od known
as the Schedul ed Access Period 4130. These schedul ed transm ssions are

i dentified &s schedul ed transnissions 4140. The SCHED message 4120 is an
al t er pagdsye t o BxampleeghedulddCehshissions dedtaikafiown in FIG. 41 for illustration,

including AP to STA transmissions 4142, STA to AP transmissions 4144, and STA to
STA transmissions 4146. In this example, the AP transmits to STA B 41424, 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 ftransmissions 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 trangmits 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 o 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 comabination of TXOPs may be scheduled, in any order.
The order of TXOP types shown is an example convention only, While it may be
desirable to schedule TXOPs to minimize the required number of gaps, it is not
mandatory.

{00304] The Scheduled Access Period 4130 may also contain a FRACH Period 4150
dedicated to Fast Random Access Channel (FRACH) transmissions (wherein a STA
may make a request for an allocation) and/or a MIMO OFDM EDCA 4160 period



above. In the exanpl e enbodi ment, the maxi mum permtted value of the SCAP is
4 ms. [003031 Exanpl e schedul ed transm ssions 4140 are shown in FIG 41 for
illustration, including AP to STA transm ssions 4142, STA to AP

transm ssions 4144, and STA to STA transm ssions 4146. In this exanple, the
AP transm {9 2hes039s B 4142A, then to STA D 4142B, and rdveus20/03L8 G 4142C.
Note that gaps need not be introducegs between these TXOPs, as the source
(the AP) is the sane for each transm ssion. Gaps are shown between TXOPs

when the R SAVRISTASHal 8XFIDC A pERBAGRA CTHegScoateticiebaed attessfipetiblier bel ow) .

In this illustration, after AP to STA transm ssj transmts

to the APargprigted biathe NAY set 91 giepSCARA Danpg Srliid é%ﬁﬁggﬁié’x %&@43, and

t hen, after. ] t 44 3ud wekht havikeer TXOP 4146
Bl 7B SFA i SBCAMERR:AR dhéd 8

is then IS case, - remains as the sgurce_é ransmtting
to STA F) contadwathjegacy 8&Ads Ttapsthiesionstdupidg cidler protacted camantion reiind #8&  power i s

unchanged, o r W a, BILFS be, ysed. di,toi JTA

transm ss%nwggl)shﬁg% I(‘%ga%eﬁ[ﬁyﬂé ebﬂ%‘?'e)q sﬁ%vmﬁ): ﬁﬂ)t% Lqegt@xg?r(pc&e. Any
combi nat i ghe@fling ¥ ﬁ@}drd%teﬂ%hﬁ@ﬁﬂdﬁ%ribd‘, nafys @itd@ment The order of TXOP
types shown is _an exanpl e convention only. Wile é(é%%rrg?/ tge tdesi rable to
schg(ﬂiﬂﬁ@slTX@sWﬁl@l mlmmgés?ﬁémmwte@e D& ﬂ;ls@e 2y b s¢ ?“ggf‘ . A
mandat ory, 3 C | 3. BHEQ ain- a

Peri od 41%?19%%%%5%5‘3%%0%@2@?%gﬁdgﬁngs%ggg?sﬁ anneltm(%éRACI—l) I{ér ar?srri ssi ons
(wher ei n ap&duallyifyronekien fomdegaey STAsIs dasired, ech? oy presedty the SEHAIMO OFDM

EDCA 4160 peri 2 0 / 04/ 9.6 e . STAs may
use EDCA §i ’Hﬁégﬂ}‘\ég?a s@%ﬁ%ﬁé&g fc‘f#%&%@&%i"géh%g?% ggﬂ %ggbfot ected by
the NAV s@f.fqar the SCAP. During the M MO OFDM EDCA 4160 period, M MO STAs
use EDCA procedures to access the medi um w thout having to contend with

| egad§038TAs. Tinghisramboitiseent, VA P Tdstohey ﬂtﬁ'%@%@f“@@@?@htmiaﬂé%ﬁ? od use
the MM bhfmiltEadeiad Al M i E0B ol1Ed:PHs dliRioABARIOKE ERPoMAe TXOP

schedul i ng duri'ng the prote contention peri od, this enbodi nent.
[ 00305] WSEAPorMyME STASTWs ohew thersebanied THEP Navhdages ik c@@ARerthyir be set

through a Duration.field in.t SCHED f.r (the SCHED fra s detailed
further bEFBRRSSIONPR oA Fﬁndiqqetﬁ?&fﬁaqdoﬂﬁﬁpon?ﬁ'@gag@ SS:%BS‘;“ S gi red, the
AP may pregréged SEA R ERits TROWRvithbdOsebihitha chahielltobSalld. 4110 to establi sh
the NAV for the SCAP at all STAs in the BSS. [00306] In _this enbodinent,

M MOI89BAE obeyThansCIEERMessags FA2Y defings thegshedalpa Assignments of TXKOPs (AP-
STA, STA-AP and/or STA-STA) are included in the CTRLJ elements (4515 ~ 4530 in

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.

[00308] The maximum length of scheduled or contention-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 element comprises a
SCAP Length (10 bits), a Maximum SCAP TXOP Length (10 bits), a Guard IFS (GIFS)
Duration (4 bits), and a FRACH RESPONSE (4 bits). The SCAP Length indicates the
length of the SCAP for the current Beacon interval. The field is encoded in units of 4
ps. The Maximum SCAP TXOP Length indicates the maximum permissible TXOP
length during a SCAP. The field is encoded in units of 4 us. GIFS Duration is the
guard interval between consecutive scheduled STA TXOPs. The field is encoded in
units of 800 ns. FRACH RESPONSE is indicated in units of SCAPs. The AP must



transmt in a SCAP nust termnate its TXOP at | east PIFS duration before the
end of the SCAP. M MO STAs al so obey the schedul ed TXOP boundaries and
conplete their transm ssion prior to the end of the assigned TXOP. This

all ows the subsequent scheduled STA to start its TXOP wi thout sensing the
channel t owoeoistizeos[ 00307] The SCHED nessage 4120 def i {a3ULZpE/08€/tdul e.

Assi gnments of TXOPs (AP- STA, STA-ABsand/or STA-STA) are included in the
CTRLJ el enents (4515 - 4530 in FIG 45, detailed below in the SCHED frane.
The SCI-lEDrda’ﬁ(ﬁﬁia[g@ regyestkseived bising an mq}bPPDbhbbprwt@nﬁmFSMGoﬂld%dl cated to

FRACH 4150, for EDCA operation 4160, if

any. |f néc@@ﬂﬁgg @%@h&%@ﬁ@ﬁé@%cl uded in the SCHED frane, then
the ggy 3b§c]e SCARId. %2 SRbwa i @Bemfpw ofFHIRAHe ISTIEinG ?ibemsedmbhﬁﬂhm wialny FRACH)
protected from!| e%gcy STAs the NAV set for the SCAP, 0&88] The maxi num
l engt h of Hélﬂq%elfm Chr e ony Bﬁ%cp%ﬁﬁ%'&@éﬂluw with BracPRtd0A- Gl here scAP may

be 1 ndi cagedediina g@gﬁgggﬂ%agmagm SR urailo JEISCATRAMLE s Ne | ength

of the S rrn acon interval. The length may be
i ndi cat edaédesixhﬂuhéZEOZ:anabAPlamdthsi\/ﬁI@@EDM SﬁABxarrpI e ACF el enent conpri ses

or ST "% Bt ia e R PSR R SOR Bl by P

i ndi cat es cihsility @ﬂ’%&tﬁ% péﬂﬁsmﬂorl?dﬂéﬁarﬁplé tRNAP Beaase CFRtagd @B|as The field
is encoded in units of lts. The Maxi num SCAP_ TXOP Length indicates the

maxi mum pét theﬁ‘ﬂ]?bB@OCM@CAPJWQD@BGQpﬁfﬁ@ﬂaasswc#h@ e piPcRts setfetlied in
untts O elSinedadpBUnaLL A1 shiwd HErIc 43" £ 4 BERDY Ried8t YRERP GRHIREUL T Ve

schedul ed e fi eI I's encoded in FRACH
RESPONSE iafiy toitbigaiog @f periads fdrsomténtibaARsd addees @EP)(MI}SA%ZZO@-E(ID‘B? %9&95

PCT/ US2004/ 03 9 65 r ond to.a reque using an F PPDU by
provi di ng tﬁ@@?ﬁﬂQ% giﬁ@éﬂ@ﬁ’ﬁ’r%éﬂe&@ﬂﬁmﬁﬁ M gﬁﬂ@rﬁgég

[00309] Fhe AR 28f00Mhe PRofoREPbL R métmh tdeupREA Ry dBier&f tWSR b dtc&oN] uncti on
with HCCA and E . In any Beacon interval (illustrated with beacons

ngOA— 0, n:ehbanmms @sgdmmtsescéeM1@g<|aég¢iﬂuys 128d dtfa pbsevetigns of dpaiyEn se i
|v| MO
CrOM SoARST e R SRR PaRRdue BES BF et 1€ AL derdnifos a1 0

with the adslittsdofed ﬂo&@pﬁblﬂehtgysmﬁﬁ@ll b aday nge pethdr oalsefvatiorSGARudiRr exarrpl e,

the AP may use CFP and Tr‘]"o%he PCF, allocate a CAP for polled
operati on n&ésqr?ﬁwn% 91334“ r3daplatigeAp  for schedul ed oper at i on.

shown 063'1% FI G #5CA hdPasBSR800Chbs @fevcﬁl‘,mbe'fd%oﬁp LI Lké%ﬁtwea@dén%l%f@mat' on of
periods for contention based access (EDCA) 4220A-F, CAP 4
4230 is shown in FIG. 42. An AP TXOP 4232 1s followed by a Poll 4234A. HCCA
TXOP 4236A follows Poll 4234A. Another Poll 4234B is transmitted, followed by
another respective HCCA TXOP 4236B.
[00312) 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.
[00313)] A SCAP 4100, as shown in FIG. 42, may be of the format detailed in FIG. 41,
including an optional CTS to Self 4110, SCHED 4120, and Scheduled Access Period
4130.
[00314) The AP indicates scheduled operation using the 802.11 Delivery Traffic
Indication Message (DTIM) message as follows. The DTIM contzins a bitmap of
Access IDs (AlDs) for which the AP or another STA in the BSS has backlogged data.
Using the DTIM, all MIMO-capable STAs are signaled to stay awake following the

Beacon. In a BSS where both legacy and MIMO STAs are present, legacy STAs are

scheduled first, immediately following the Beacon. Right after the legacy

transmissions, the SCHED message is transmitted that indicates the composition of the



F, and SCAP 4100A-1. (For sinplicity, the exanple in FIG 42 does not show
any CFP.) The AP adapts the proportion of the nedium occupied by different
types of access nechanisns based on its scheduling algorithnms and its
observations of medium occupancy. Any scheduling techni que may be depl oyed.
The AP detwpdsaseiokhet her admtted QoS fl ows are bei npEaIS28f084250nd may
use ot her observations including neagyred occupancy of the medium for
adaptation. [00311] HCCA and associ ated CAPs are decribed above. An

i |1 ustrat igt@cEnceesCAPiod2 3MINOSaEME ISTA! Got 4cheddted AR IXERNAZE2 S
foll owed by a Poll 4234A, HCCA  TXOP 4236A.f Ilgﬁ @P&"h 4234A. Anot her Pol |
42348 is tShedied dewss Patodgnat siesp o51he Famaindst gt &g wakePPA936B.

[ 00312] EB%& i i p illustrative exanple EDCA 4220 is shown
in FIG : n@éﬁ%@%@%@%@%&kc are shown. A CFP is omtted in this
exanpjoe315] 00313]aribuSThR HmpdS, ofaspestionard enabled, witlip AGFay FI® 45f shole abor mat

detailed in FIG 41,. includi an optional CTIS to_Self S D 4120,

and Sched PR eEiophe deacﬁ%e@gon[ A CORRUSR S F%ra‘}’%.a(#éé]s@ ‘Aé%%%l ed

oper at i on jugtRerséd it Gdnlkhtibiebdse@aycedy péidds 4220di TH immedcMpsmatg € fHDTI M

message as follows. The DTIMcontains a bitrrgﬁglﬁsf Acg:r{(?g;{g1 I%g%gs) for

whi ch t he shereg ofthe medmsyiere MM QoSdloysar, sihird e duingdhe SCABYHE t he DTI M

all MMOc j : : k t; acon. In a
]g[@?i? foen- 6084 E uﬁ %%%g@%gfog. rpéﬁ@d’s ﬁ%@ltﬁ% a%@ﬂ%slbﬁrcséﬁ

BSS where gacy and prese | egacy STAs are schedul ed
first, imedigpeskdpdivis pamidot leeBg acroive fRNIMO ahd EgadEl Asegacy

transm ssions, the S D, nessage-J.s~transm.tt.ed,t.hat indi cat he

conmpoti®336hn of fi%@ese@*eg@agye@%ggﬁﬁ%mﬁ%dﬁ%ﬁ%g m@g‘c’j"s@ﬁ‘ée ﬁ?i’éﬁ Access
Period. M ¢vEs ¢aRabk® protéstiol HonSRBRYHTEME. iThné 1dpasy STAY & préehedUbasl Access
Period may sleep for the remai nder of the SCAP and wake up to |listen for

subsequent SSUREDE bgeyedearing 6ignd) isvat reguisedot Hier Bersercd210rmept &dimgn are
enabl ed Wi o Alrordct Gt SEARNRNR ) s M BEAR! LORPIIANE @GR yiReacon

interval conprises a n iI'nterspersed wt
cont ent i onBbasethtacd edevqremilpasivitpA€racTRT As trogesspremigdsutif ai r* sharing of

t he nedium where M. flows are schedyl ed dyrin P while M MO
non- 5#7|1 ows L@gmf‘%@ %ﬁﬁféﬂﬁ RFAeR s? t.%f%?r@‘#}ie{ HPP@SQ%?%&W 8% present.
| nt er sper sgfibRE ubiAg heRRATPIE o%&ﬂidnash@\ﬂﬁﬁl BI€Y, wil CR thRRlex D) thoghshagiagy STAs.

[003161 As described above, the SCHED message in the SCAP nay be preceded by
a is that legacy STAs, if present, require only limited resources. The AP transmits a

Beacon, establishing a long CFP 4410 and a short CP 4420. A Beacon 4210 is 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.

[00318] Protected contention-based access for MIMO STAs is provided through the
FRACH or MIMO EDCA periods included in the Scheduled Access Period 4130 of the
SCAP 4100, Legacy STAs may obtain contention-based access to the medium during
the CP 4420.

[00319] Consecutive scheduled {transmissions from the AP may be scheduled
immediately following transmission of the SCHED frame. The SCHED frame may be
transmitted with a preamble. Subsequent scheduled AP transmissions may be
transmitted without a preamble (an indicator of whether or not a preamble is included
may be transmitted), An example PLCP preamble is detailed further below. Scheduled

STA transmissions will begin with a preamble in the example embodiment.



CTS-to-Self for protection fromlegacy STAs. If no | egacy STAs are present,
CTS-to- Self (or other legacy clearing signal) is not required. The Beacon
4210 may set a long CFP to protect all SCAPs fromany arriving | egacy STAs.
A CP at the end of the Beacon interval allows newy arriving | egacy STAs to
access t haygegisimaiod 003171 Optim zed | ow | at ency oper atiCIUSMOHMA3IZSY ar ge
nunber of M MO STAs may be enabl ed uging the exanpl e operation shown in
FIG 44. In this exanple, the assunption is that |egacy STAs, if present,

require 0%%0#%@3%59 resources. The AP transmts a Beacon, establishing a
| ong CFP a short CP 4420. A Beacon 4210 is followed by any

broadcast/ nul ti cast nessages for | egacy STAB. Then SCAPs 4100 are schedul ed

back-t o- hack. IS de rati 0_Drovj ek

ranaglBA - as TRTSHAL vh RS BiicEe® B raieL 1 EHED REAP MGG,
messages aiy exffBhleSIfQCSTA Gf uiiddbl: B©G@Lodend SCHED ibssagy, itswiibnhtltedblatot he
current SCAP. [003181 Protected contentiop-based access for. M TAS is
provi ded tHHBEEHTERE Lﬁw&&?ddw%dewt B%%Hil@}& c?ﬁﬁ@nﬁ‘ggﬁgpﬁlet & Schedul ed
Access Per i od; 4 ook A0 Y T At PRYhORfu@dscheduled
contenti on@%gé%#%g%egé‘ge??% t emrrgléi u?n dur?%éét% he CP 4420. %Joglugel
Consecut i VEXOEhdteb@Pdnay wseshe periodrd the unvsedrehotipledehX OB ag 8 | Bering

i mredi ately fal] qw transm.ssion of t SCHED;f r ) ame my
be transn‘%é‘FFgﬁJ’ %eﬁﬁgﬁ’%%@? fti’.ongﬁ %ngﬁe[}gr >Y elc?uﬁg% ngﬁlans E’)t?s{solr ons may
be transnibBed twittnfieed 1 sohesara e (s inbittecSTAor Thé CWRds tvaninated pobr a

preanble is included nmay be transmtted). An exanple PLCP preanble is
det ai | ed fiorthewaxt spbpdled BEHBJUl ed STA transmissions will begin with a

Preantlygy N th@l{}%é%%iﬁ%ﬁéeﬁﬁfﬁgin@ghso YO 1RO0 B9 LeRednfel/ TREPAAAARALLO 67

Error "Recovery use various procedures for recovery from
SCHED r ecetavrly. dihediBsmay Hotiate xexnpdre by itfansniSing al 8 PiFhbiter thoenfeeldbie lagt SCHED

nmessage, it wll. not be _.ahl.e Ll its TXOP. If a TXOP does
not begin E?HSWF@OE%%F‘@W&}{?Q@F%&%(}P?#&‘F AtzfﬁgayA‘Ee-ﬁ?%uquerﬁ qelngi épggcg’ g‘@gﬁ/ by
transm tti ngORtas @ AV & bt REcribBe start of the unused schedul ed TXOP. The AP

may use the period of the unused schedul ed TXOP as a CAP. During the CAP,
the AP may transmt to one or nore STAs or Poll a STA. The Poll may be to

t he STA th%tﬂeﬁ%ﬁtehﬂi% schedul ed TROP or another STA. The CAP is term nated
prior to uled TXOP. [00321] The sane procedures may al so be

used when a scheduled TXOP term nates early. The AP may initiate recovery

by tr m§£’9’]t ti N9\ & (ticsgribpeldFa ogg,taeécw ?na%\fna soogonEaquea lpgﬁfon 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.

[00323) Protected contention complements low latency scheduled operation by
permiiting STAs to indicate TXOP requests to assist the AP in scheduling. In the
protected EDCA period, MIMO OFDM STAs may transmit frames using EDCA based
access (protected from contention with legacy STAs), Using legacy techniques, STAs

. may indicate TXOP duration request or buffer status in the 802.11e QoS8 Control field in
the MAC Header. However, the FRACH is a more efficient means of providing the
same function. During the FRACH period, STAs may use slotted Aloha like contention
to access the channel in fixed size FRACH slots. The FRACH PPDU may include the
TXOP duration request.

[00324) In the example embodiment, MIMO frame transmissions use the MIMO PLCP
Header, detailed below. Since legacy 802.11b, 8§02.11a, and 802.11g STAs are able to
decode only the SIGNAL?1 field of the MIMO PLCP header (detailed with respect to
FIG. 50, below), in the presence of non-MIMO STAs, MIMO frames must be
transmitted with protection. When both legacy and MIMO STAs are present, STAs



transm ssion in the schedul ed TXOP. The AP may use the unused period of a
schedul ed TXOP as a CAP, as just described. Protected Contention [00322] As
descri bed above, a SCAP may al so contain a portion dedicated to FRACH
transm ssions and/or a portion where M MO STAs may use EDCA procedures.
These comvenbismasibmsed access periods may be protect edPEURHE/OMAY set for
the SCAP. [00323] Protected contenti @ conpl enents | ow | atency schedul ed
operation by permtting STAs to indicate TXOP requests to assist the AP in
schedul i ngsing EDCYe acqess)pmémbs Eﬁstuq@ear legaky RTSMOTSFihSTASonprptetticms i t

frames using E con ent on wi.th.egacy

STAs) . Lﬁg“ %@é@rﬁgé&gﬁﬁ an §m°r%§§%l/¢#j§?5?“8$ *H RE5°0H or}i’hl’equest or
buf f er stqﬁL@@Heme}Q@mgmh@foggﬁsControI field in the MAC Header. However,
the FRACH is a nore efficient nmeans of providing the sarrefunc |on Duri ng

the ARNEH peri MEMGSwaBsmisgionsguasstisn pdlirehe REPHCHRE MSHIEHRS BRVIJES Ddccess the

channel i f %éEIP TXOP
duration pheques %?(ég‘%ZWh %%%gyg%% e od%@xﬁ ll%/% rarg{asnﬁs

transni ssiforsSTAetd fhe AY, MDﬁBm@STMMMer Gdafuking theeDowet ISilnBrwtdcelacy

802. 11b, 802. 114, d 802,11qg. S a only the SIGNALI
field of thAY %PW%B@F’“H%?M%H%m&e‘&eﬁ%cﬁ%&ee&‘ﬁgg@gﬁ) FIG 50, below), in
the pyesgpce Ofrh@g@ MMR o8 Segady) B Ad-SEIP for PRb3ctibe of the MMBMID Stidulstit h

protection. Wien both’l egacy and M MO STAs are present, STAs WD 2005/ 039105
PCTTUSZOOMC@@AZB@M@@M&WEW Sdésess procedures may use a | egacy RTS/CTS

seque L y n ign of
RTS/ C@@f’ arres é‘ %@gggﬁﬁgﬁ%a@%%&acg %ﬁrﬁd}éﬁh%%%\/%% ?a?‘alﬁlg ormats.
[ 00325] Md&/@dﬁﬂgeﬁhs MBAD PLCPieydea) 16 indidatek ithie it b MO cegbildies plemksinis s
provi ded by _the 802.1lle H Tm ggnsm’ ssions fromthe AP to STAs,
pol | ed tr dP&R§28%-o S ISPl HPGH, @BSAp or froma STA to another STA

(usi n@?:tzb Di r gct Neivaty BEDLREE Doth FRCA Snd HOO A aehnid QifiafidsRAs usd g t he
Controll ed Access Period éCAP) 00326] The AP may al so use | ega
(Sﬂ’Ql\éCAP) from

CTS- t 0- Sel MIIMQPL§Pcheaderiand MM QFDM Tpiges sxnhcdgaccamsdingsty NBIO

ar o capabl BegpY SRS PREE AR MrEFlFEb A IR0 5 weMEMIEIRR T L N o

capabilities elenment in the Beacon. This is referred to as a M MO BSS.

[00328] In.a M MO BSS, under both EDCA and HCCA, frame transm ssions use the
Reduced Inter-Frame Spacing

[00329] Various techniques for generally reducing Inter-Frame Spacing are detailed
above. Illustrated here are several examples of reducing inter-frame spacing in this
example embodiment. For scheduled transmissions, the start time of the TXOP is
indicated in the SCHED message. The transmitting STA may begin its scheduled
TXOP at the precise start time indicated in the SCHED message without determining
that the medium is idle. As described above, consecutive scheduled AP transmissions
during a SCAP are transmitted with no minimum IFS.

[00330] In the example embodiment, consecutive scheduled STA transmissions (from
different STAs) are transmitted with an IFS of at least Guard IFS (GIFS). The default
value of GIFS is 800 ns. A larger value may be chosen up to the value of Burst IFS
{(BIFS) defined next. The value of GIFS may be indicated in the ACF capabilities
element, described above. Alternate embodiments may employ any values for GIFS
and BIFS.

[00331] Consecutive MIMO OFDM PPDU transmissions from the same STA (TXOP
bursting) are separated by a BIFS. When operating in the 2.4 GHz band, the BIFS is
equal to the 10 pis and the MIMO QFDM PPDU does not inchude the 6 ps OFDM signal



M MO PLCP header and M MO OFDM Trai ni ng synbols according to M MO OFDM
Training synbols aging rules. Transmi ssions in the M MO BSS use the M MO
PLCP. Reduced Inter-Frane Spacing [00329] Various techniques for generally
reduci ng Inter-Frane Spacing are detailed above. Illustrated here are
several expoploesssds reduci ng inter-frame spaci ng i n thip€T/USx@upidesy

enbodi ment. For schedul ed transm ssiggs, the start tinme of the TXOP is
indicated in the SCHED nessage. The transmitting STA nay begin its schedul ed
TXOP at t&HgerRioaCi Whed bpdrhtidg #iethe BAGHatbasd, the BIBS SCHEDs mHasagatematdiout

det erm ni ngﬁm that the nmedjumis idl ]i ééi descri bedgﬁibov(ﬁ,,rco[]se utive
schedul edeprdmarsRESIEHRe sqide A sEaber SeABeer vl NN %q (A A% mi ni num

| FS. [00330)#hd she NG IEAGG jneen seheduiad, S

transm sgﬁgéﬁglh?fsﬁrgmAE%ﬁ%?%?gﬁlt STKs) _ag)efbgdjvz%g%ﬁég% w th an IF%ﬁgof at | east
Guard | FSlafgsr f8p 0 nidydededdauhan themangmitting 81 ASangnigpoveids changek ger val ue may

be c n up to the .val ue.of Burst..l] Bl F I - Ne al ue of
€ FSW@@Z] be i nlgrialﬁlgﬁ g&‘?ir?"ﬂufrﬁeanAEEﬂécdélaﬁgg?spﬁgrstetfgm ce{ﬁgelrrr%%t }ﬂédge‘{;%r%gglavabove.

Al t er nat ey BIMS a MIMEONDEDNM 2RPUV alinseadf dfey GrdFanaitleBubibg thO0331]
Consecutive M MO OFDM PPDU transm_ ssions fromthe SC&JIT; EiA &T?@ bursti ng)
are separ mdsdymy legagy PRDU\ire Claise dd e We 214 ke band of © HaHHRe BIFS is

equal to R t RGl OFDM

si gnal V\DB%@O§%B§§%%§F%§]C%%%%ZSQ gg%?g%gibgln%.m@%%p%rtgfi ng in the
5 GHz banghedithearBtHeSmitglodd s. In an alternate enbodi nent, BIFS may be set
to a snaller or. |arger value, . i 0...J0 i.ving STA

Aut ontP?Y  Gai n]E iErgongfer c%%@@#ﬂﬁ%‘%@v@e@#@ﬁ?ﬁ? Pgﬁgﬁmg{m%ap | ar ger
than 0 mayLbgaissdiontequehbeistas F1RMst TepGySTES LISHFHATEgRVETS + SIRShanged.

1003321 Franes that require an_imedi ate reijponse fromthe rec,ﬁ ving STA are
t

not  tran¥HMQ DM PREVa RN SHMG PEDM PPRY: did;* EHeyha i@ dr Bheff tted using
n the 5 G PR REQEDNT Sinal ol Eh A e e B O T \D bR PLbLs are
nul ti pl ex@FDOM exthwesionted iherBIES & IShiswn bel ow. [003331 First, consider a |egacy
TS R0 1SSy WA EOMGRSTD Beat L8 D ORI EBEET RS
M MO OFDMBRRlksidnN sequénde %, ad B1IdvRg aayINRDSOFDM G FPDBIses Cdabg si gnal
extension and the SIFSis 10 s. In 5 G4z, there is no  OFDM extensi on but
t he SI FS BipckfckReguest — SIFS — ACK. The EDCA TXOP is obtained using EDCA
procedures for the appropriate Access Class (AC). As detailed above, EDCA defines
access classes that may use different parameters per AC, such as AIFS[AC],
CWmin[AC], and CWmax[AC]. The Legacy BlockAckRequest is iransmitted with
either signal extension or 16 ps SIFS. If the BlockAckRequest is transmitted in the
aggregate frame within the MIMO OFDM PPDU, there is no ACK.
[08335] Third, consider consecutive scheduled TXOPs. The transmission sequence is as
follows: STA A MIMO OFDM PPDU - GIFS — STA B MIMO OFDM PPDU. There
may be an idle period after the transmission of the STA A MIMO OFDM PPDU if the
PPDU transmission is shorter than the assigned maximum permitted TXOP time.
[00336] As described above, decoding and demodulation of coded OFDM transmissions
imposes additional processing requirements at the receiving STA. To accommodate
this, 802.11a and 802.11g allow additional time for the receiving STA before the ACK
must be transmitted. In 802.11a, the SIFS time 1s set to 16 ps. In 802.11g the SIFS
time 1s set to 10 ps but an additional 6 us OFDM signal extension is introduced.
[60337] Since decoding and demodulation of MIMO OFDM transmissions may impose
even more processing burden, following the same logic, an embodiment may be

designed to increase the SIFS or OFDM signal extension, leading to further reduction in



[ 003341 Second, consider an EDCA TXOP using M MO OFDM PPDU. The

transm ssion sequence is as follows: M MO OFDM PPDU - BIFS - Legacy

Bl ockAcl cRequest - SIFS - ACK. The EDCA TXOP i s obtai ned usi ng EDCA
procedures for the appropriate Access Class (AC). As detail ed above, EDCA
defines awoesws/nedosses that may use different paranet &CFYRIIREZSuch as
Al FS[AC], Cwn n[AC, and CWrax[ AC]. Tbhe Legacy Bl ockAckRequest is
transmtted with either signal extension or 16 s SIFS. If the

BlockAck Regmigishoy. SIrt thensainpleehbiodinidne, byaggerdimt the fBlacke AWK hichDehgedV MO OFDM

PPDU, there is no ACK. .(003 hird, consider.consecut/l S d TXOPs.
The transnPsk é\ﬁké’é‘%@%fé%* ?fgg%ésﬁe’f‘&? FWE‘?‘“?S?R% AR eé’—@\lﬂ?ﬁﬁg}w FS - STA
B M MO OFDNRBRPYandisdishs {#eMinifatad | bteadP8F iRebagihl Ghe tIIES torams mEigsi on of the
STAAMM O-DMPPDU it the PPDU transm ssion is shorter than the assigned

maxi num peexiststondth® Xigraltaxtansion Goiggnatel aefbfos mape situaensdhe masbed derand

denodul atign of coded, K OFDM t 1.SSi . i 11 I : sin
roqui r enenbESCPERE TSRS arR Tgcen ROgREs 8f itk ARg LRGS0 4
I g al | ow ag@itkd effiaendyi e for the receiving STA before the ACK nust be

transmtted. In 802.11a, the SIFStine is set to 16 s. In 802.11g the SIFS
time is set to 10 As but an additional 6 As OFDM signal extension is

i nt roduceqscﬁg%gﬁ:ga%' nce decodi ng and denodul ati on of M MO OFDM

transm ssi I'npose even nore processing burden, follow ng the sane
| ogi c, an enbodi mnent may be designed to increase the SIFS or OFDM si gnal

exten | ead] o.further tion in LO5 04/ 034259
70 ef (}Og&éncy. d#@ﬁhé”'é%ﬁf%ﬁ? geﬁ%&gi%%%%g?’ IB%I;\C%&%(?&;%C??’%%& &hrggag%tgﬁﬁ CK and
Del ayed Blipcisd Aetsiledalmder Sy 0Th88ZHEDEmedshies 412Qus b enmdtiyile poll iwssade at e ACK
for all MMO OFDMtransm ssions is elimnated. |nstead q%:‘e i ncreasi ng the

SIFS or t h@{ﬂgﬁsﬁiﬁﬂ-‘f ONCEHTLTRATS i@n?T‘f’I%f%‘iAé)r?é‘ﬁ Sg)@‘r%%i'r&pﬁs Opthe FpiaapR et dand for
many situakhoRgel ﬁ%cés?ﬁ%k‘i&de@c'rxl@%%e 5139@;@@9%&% %Ex‘@ﬁ?s%&ﬁ@&?&ﬁflg ve

transm ssions Is reduced or e nated, leading t greater efticiency.
SCHED Mes s anyeconGo8a8pveliedl, ad 5velllab eminates snrtehessSCHED nessage, i ntroduced

above wi respect G 41, d tai,l ed.funt her .be T ED
massaé@%ybo i st % WD II%eSf)agFIM%Qs%e%gs ﬂ}ehgﬁhe‘gus}% !}e%geo ﬁg\‘&gr %@@;\P STA,
STA- AP andmedsheSI R 0Tosepsisésl MATEHeAHA NS (16 foctats iPeiedidndlt Addisenter i od
(SCAP). Use of the SCHED nessage Eerm’ ts reduced pollin and contention
over head, Hs thterrample gnibpidipgnds eag n%@sQFﬂpF§TIQ{IGO§§‘>B?L2FW§d $SHEE nessage

4120 defings g SGHEAUL Gehcaliy ferdtr - CTRET R here T may be 0 to 3 to illustrate

segments 4515 — 4530, respectively) are of variable length and may be transmiited at 6,

12, 18 and 24 Mbps, respectively, when present.

[00340] The example MAC header 4510 comprises Frame Control 4535 (2 octets),
Duration 4540 (2 octets), BSSID 4545 (6 octets), Power Management 4550 (2 octets),
and MAP 4555 (3 octets). Bits 13-0 of the Duration field 4540 specify the length of the
SCAP in microseconds. The Duration field 4540 is used by STAs capable of MIMO
OFDM transmissions to set the NAV for the duration of the SCAP. When legacy STAs
are present in the BSS, the AP may use other means to protect the SCAP, e.g. a legacy
CTS-to-Self. In the example embodiment, the maximum value of the SCAP is 4 ms.
The BSSID field 4545 identifies the AP.

[00341] The Power Management field 4550 is shown in FIG. 46. Power Management
4550 comprises SCHED Count 4610, a reserved field 4620 (2 bits), Transmit Power
4630, and Receive Power 4640. The AP transmit power and AP receive power are as
indicated in the Power Management field and STA receive power level is measured at
the STA.



message 4120 conprises a MAC Header 4510 (15 octets in the exanple

enbodi nent). In the exanpl e enbodi nent, each of the CTRLO, CTRL1, CTRL2 and
CTRL3 segnents (referred to generically herein as CTRLJ, where J may be O
to 3 toillustrate segments 4515 - 4530, respectively) are of variable

| engt h andwomyodagetos ansmitted at 6, 12, 18 and 24 MpPCHERHEEBIGEl y, when
present. [00340] The exanple MAC headgr 4510 conprises Franme Control 4535 (2
octets), Duration 4540 (2 octets), B él D 4545 (6 octets), Power Managenent
4550 (gh3@ft et S) sCHEDLIMPis4TRN hat i Gloinfehted Bt b4eh SEHED radshifsslar(@biton fiel d
4540 specify the length of the SCAP in mcroseconds. The Duration field
4540 i s uséuthiyexsmpte)c Ahesi@ER Oopnos reebi) taeh Bepsoadrasissigns SCHERR NAV f or

t he durati of t T, [ A t he AP

my use ot ROPR A 5 o HER ARG 3 @lona bl PROSENavR Sl By 110
exanpl e enBQEiETEOSunt ishdeseribed belowval ue of the SCAP is 4 ms. The BSSID field
4545 identifies_the AP.,L [ 0034 T Power nagenent field 4550 is.,shown in
FIG 4¢348ower %%iﬁggggﬁ@ow&géé}d@gg%qugeégnt%%g%%n&ﬁ REVSE el BB SR yed fi el d
4620 (2 bi 'bg) e APaNSNht RANEIE enbb@eniith RBE ickPisRABdeddBRIlodhe TAP transnit
power and AP receive power are as indicated in the Power Managenent field

and STA r evelug eenpesants theepwhbdr of dedBs stepsthat the trasngt RowpDeyelos below1ths
PCT/ US20044034259 ' f i t hat_ i s, iner egent ed at
Tga;iSILR(()%o r SRR o o %@l%%e&gkﬁg%té&)ﬁl ere

each SCHED“tTdnsHi s&i on S i IS’ exanpl e unt i s reset
at each Beagfonndioaskmeasdfahe B&EHIED Count may be used for various purposes.

As e, - saving f i SCHED Count .i s descrjbed bel ow.
00343906, Tr oAb RECiSAF PeiidAOHbIDreFa e BREae PRECH PSP AUEE | cvel
bei ng used sy 1f bR ABmpldehBRiadA ML - GiEeR BRAkode Ne BHidkE: frhehdlubs encoded

as follows: The value represents the nunber of 4 dB steps that the transmt
power | evelrefiresehie themunthsr of B steps thebihs meceivPomeer lewslés aovp theBRyUMER t hat

channel as 4 .ndic . ti e 0344] The
Recei ve Powgl g??rﬁeggﬂgﬁbﬁggb@%g%@ ﬁ%%drégglg?\?éewgo%(g@?ﬁggﬁq%g%gg& gd at the
AP. | n t he Sotamal eomptredisneanimit tphaediebéltasffbldwk: | STAMManwdt RBewérddBows: The
val ue represents the nunper of 4 dB. steps at t ecei v 0 | evel is
above the HARTIRE WP/ B a el Resef OWQB@%)-‘B%%EF@Q‘“’B%%H%X he

recei igghapover kLRl effmfle ShBodithent BiriABSciailRY ST A-BTAL frdikgfslonpomer | evel
as follows: STA Transmt Power (dBnm) = AP Transmt Power (dBm + AP Receive
Power ( dBmjcontrebFegnRat éf tyansmditedrat @ @Bwr level that may be decoded at both the AP as

well as the receiving STA. A power control report from the AP or the Power
Management field 4550 in the SCHED frame permits the STA fo determine the transmit

power level required so that the control segment may be decoded at the AP. This
general aspect is detailed above with respect to FIG. 22. For a scheduled STA-STA
transmission, when the power required to decode at the AP is different than the power
required to decode at the receiving STA, the PPDU 1s transmitted at the higher of the
two power levels.

[00346] The MAP field 4555, shown in FIG. 47, specifies the presence and duration of
protected contention based access periods during the SCAP. MAP field 4555 comprises
FRACH Count 4710, FRACH Offset 4720, and EDCA Offset 4730. The example
FRACH Count 4710 (4 bits) is the number of FRACH slots scheduled starting at the
FRACH Offset 4720 (10 bits). Each FRACH slot is 28 ps. An FRACH Count value of
‘0’ indicates that there is no FRACH period in the current Scheduled Access Period.
The EDCA Offset 4730 is the start of the protected EDCA period. The example EDCA
Offset 4730 is 10 bits. Both the FRACH Offset 4720 and the EDCA Offset 4730 are in
units of 4 ys starting from the beginning of the SCHED frame transmission.



[ 00345] In the exanpl e enbodi nent, during schedul ed STA-STA transm ssions,
the control segnent is transmtted at a power |evel that may be decoded at
both the AP as well as the receiving STA. A power control report fromthe
AP or the Power Managenent field 4550 in the SCHED frame permts the STAto
det erm ne WR2007@A8WI t power |evel required so that theCEBROMIBIBRgNENt May
be decoded at the AP. This general aspect is detailed above with respect to
FIG 22. For a schedul ed STA-STA transm ssion, when the power required to

decodgoaal7jt he APhé SCHED afesape 420 id enspOel as b efedidleSCHBD AU 180 t he
receiving STA, the PPDU is transmitted at the hliélgher of the two, power
| evel s. [ 06B5%s]00tR) deteded ifurther Astoxy wath ggpperintorf e U7, The @rssercssWiHe presence

and durati i ] C 1 Ii he SCAP.
Ve 11 S D G S R PP, R s L
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sl ots schedyl ed arti FRACH OFfset 4720 (10 bits). Each FRACH

slot is 283_&3%50%33&?}@1%]3@%8% of "0 indicates that there is no FRACH
peri oqog3as)t he CHIG. efstillsahed CHEACeRES fRaiek a6t TXDhasdatentX a6 ofhd0 is the

start of the protected EDCA(geriod. The exanpl e EDCA O fset 4730 is 10
bits. BothGIR-OFRAGEREL 462 ﬁM%h@@&@?@eﬁ’tez‘%@?@@ gy & Yagablgni ts of 4

20051 039108 B RIIGR 7 8RITk 4e3) 5 3SR el SRy ADDTUS), B W
T e e ) St

| engt h of PH%EI%?%E’ 3%??&‘1%P%g?g"@f*ﬁéor%??rﬂ%ﬂaewn%%igggcéegrrents
ar e i ndi catggbrhputddevedhNMAC TRhekr (5I2andrty BIROD Bfigtdien RBleaRntsHzader of the
SCHED PPDU 5100. %00348]_ FIG 48 illustrates SCHED control franes for TXOP

assi gnment (thesa M fepdss 1s ehpruoprgpended TRIBLO 45D inGHA. 28X 5b5the spampirRL3 4530
" _ . g . , "

ol oment o ( S50 B bR 40 I S R R B e RS 330,
4850, 4870 aredncludk@dn ther@Bigkscigmenty) and 6 tail bits (not shown) are added
t. he. CT, t 4515 the_ F i d th

VA rldan® a0 rtadfy hefbie s &0 GrtEHE semammte A I NG ARG onder |
shown pr ep8TACSIT A Grahshitbsid 34 the SCHEIGHadB) AskiBurhBf RARARIS dirRrediraRNnt , the

FCS 4830 for CTRLO 4515 is included even if no assignnment elenents are
i ncl uded i ArettesElRE o 8 EgRddsezne0 38 g)dicated detths FEY ih drec GHER Raterfeld r ansmi t s

assi gnment §¢ A A 1k fr o e tahsndBihns. Note that CTRLO through CTRL3 correspond
to decreasing robustness. Each STA begins decoding the PLCP Header of the SCHED
PPDU. The SIGNAL field indicates the presence and length of CTRLO, CTRLI,
CTRL2 and CTRL3 segments in the SCHED PPDU. The STA receiver begins with
decoding the MAC Header and CTRLO segment, decoding each aséignment glement
until the FCS, and it continues to subsequently decode CTRL1, CTRL2 and CTRL3,
stopping at the CTRLJ segment whose FCS it is unable to verify.

[00350] Five types of assignment elements are defined as shown in Table 3. A number
of assignment elements may be packed into each CTRLJ segment. Each assignment
element specifies the transmitting STA Access ID (AID), the receiving STA AID, the
start ttme of the scheduled TXOP and the maximum permitted length of the scheduled
TXOP.



STA- STA transmi ssions in the SCHED frame. Assignnment elenments to different
STAs are transmtted in a CTRL) segnent as indicated by the STAin the
SCHED Rate field of the PLCP header of its transm ssions. Note that CTRLO
t hrough CTRL3 correspond to decreasing robustness. Each STA begi ns decodi ng
t he PLCP Heaxtwos/mbiosshe SCHED PPDU. The SIGNAL fiel d i neirES2084/43#289 pr esence
and length of CTRLO, CTRL1, CTRL2 ang3CTRL3 segnents in the SCHED PPDU. The
STA recei ver begins with decoding the MAC Header and CTRLO segnent,

decodi ng each assi gnnment elfasent Asblghrhéntlﬁh@ndﬁﬁﬁypeand it conti nues to

subsequent Ly dnrw“g_CIRIrl_CLRLLﬂnd—CT,L& st-epprng—at—the CFHRLJ-—segnent
whose FCS 'f)’[jes urAgigamest flsmens 1 00350 Fﬁlﬁ@stypes of a; tal sestk Ll enent s
are defi ne@latﬁ) vm_l_nlmm_s__é_ﬂuabéi ngts iB iShnnent H8 s ohy be

packed i nf 0088cH Simples APeyFdnt . Eddieamsbis Braseaht el efbnt spec4qies t he
transmittjng STA Access ID (AID), [tA® receiving STA(MD,| the start|time of
the schedul ed TXOP and the maxi mum$iat Oiftsdted | engt h (88) thhe schedul ed TXOP.
WD 2005/ 089105 RCT/ US2004/ 034259 [7BX0RDuetidn Assi grid®nt! El enent Types Type
Assi gnnen 'BanErglmEIe§|m}{Pt al” Lengiil 3 bits Type (f&engths 30 bitp) in
bits 000 Si npl ex STA Preanbl e \Riigseptet( 1) 40 AI 1@ 16! Start O fset (10)

TXOP Duration (10) 001 Sinplex STA- ) tf O fset (10) TXOP
Dur ati on WWS’.A Pr ﬁﬁ%f\bl% %f mt— (1) tl@ AD 6QII._6) AP St art
Of fset (1D) AR T il6h (10) Rl Bisp fset 0)| sTA%xop buration
(10) 011 5i npl ext STA-STA Transm t t(an% 55 Recel Al D (16) Staft O fset
(10) AP TXOP Duratmn ( 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
AID2 (16)
STA 1 Start Offset (10)
STA 1 Max PPDU Size (10)
STA 2 Start Offset (10)

STA 2 Mex PPDU Size  (10)

{00351 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 2 BSS with many Voice over

- IP (VoIP) flows. Therefore, the SCHED frame permits the aggregation of transmissions

. from the AP to several receiving STAs (1e. PPDU aggregation, described above).
Frame Aggregation, as defined above, permits the aggregation of frames fo one
receiving STA.

[00352] The Start Offset field is in multiples of 4 ps referenced from the start time of the
SCHED message preamble. The AID is the Access ID of the assigned STA(s).

[00353) For all agsignment element types except scheduled STA-STA transmissions, the
TXOP Duration field is the maximum permitted length of the scheduled TXOP in
multiples of 4 ps. The actual PPDU Size of the transmitted PPDU is indicated in the
SIGNALL field of the PPDU (detailed further below).



Max PPDU Size (10) 100 Duplex STA-STA AID 1 (16) 75 AID 2 (16) STA 1 Start
Ofset (10) STA 1 Max PPDU Size (10) STA 2 Start Ofset (10) STA 2 Max
PPDU Si ze (10) [00351] The preanble may be elimnated in consecutive
transm ssions fromthe AP. The Preanble Present bit is set to O if the AP
wi |l not twmanamndisemspreanble for a schedul ed AP transnmpeEUSI4/0BMSeXanpl e
benefit of preanble elimnation is whep the AP has [ ow bandw dth, |ow

| atency flows to several STAs, such as in a BSS with nany Voice over |IP
(Vol ejooddapws. 'ﬁwfseﬁéﬂp]l&.dA%Tl&S$@4E&sﬁ:1iﬁfmS RAESEringe gtT Amgel?ggn@ggtpmnmm _
transm ssi ons romthe to sever recei ving | i.e, aggregati on,
descri bed Hiyvby MaxiEINE Sig dieldya plse fne maxrppum; neeitisd densth Fdbhidhedyl

aggregati Orxlei) ﬁarlgﬁﬁﬁésoofocﬂ?g,n%&ﬁ&wh&tﬁﬁoﬁlﬁmlap%?%kgﬂggf EPHRY bxafpiset field

isin mltiples of 4°s refe ed fromthe start t he SCHED nmessage

preanbl e. ahodishént; fort srbedidete STALT Aoftransmaissionsi dimee IXOBACs)izing @0B58ke For al |

assi gnnent t types e pt._sc¢h | = STA.ftransm.ssions, the TXOP
Dur ati on f?@‘g%‘? Fléél;elr%ﬁ m‘ﬁsf‘r ghet éﬁ%ﬁ’ﬁg@%%‘ﬁmﬁé slgﬁg%ﬁfsé%ﬁnfﬁg? in
mul ti pl es @éméntso ddtheniasihdalmbRR GBI sahibdlm the BPBUI (SinesthPPBOU Sizd ndi cat ed

inthe SIGNAL] field of the PPDU (detailed further bel ow). WD 2005/ 039105
:D?JTI ugzoo4ﬁ@@ iﬁ]zrsﬂgceeﬂ&yiao%%g% figldrin g@r%é%ﬁﬁgd @%él%%bwﬂs‘aﬁliv %?FR%‘E 934G

(Assi gnnentq\El T; ' | hs al so the
maxi mum pe% 1r‘)n' tﬂta[g;g %Itré"“ ng?ﬁ Sf t egbgg%%%g%bé’ést Vb%%xsitﬁﬁ%fl (tﬁ}%cflgiér?g @%D As,
however addik téceivalg 3Tk ests theeyPPARP Size fomhe behedniahPKOY tofivoMianBRD Sioe

schedul ed STA-STA t.ransm ssi ons T tains o e .PPDU., The
recei vi ng %@3&3‘6@&@%Slme%ﬁ%ﬂfnér‘?éhﬁﬁ'@%e O HS?S%%%@W&WHE%M el enent
to determ gerthd GLNRE recivifg DM SdetddalnSs it PPBURRERVL StaEg phee RRRU Si ze
field is replaced b e?uest field in the SIGNALI, detailed below with

R
respect toP @Sizesfigld%fa aglor g A0/8pad rpundingslosmorEhg Banspiditisg RildHmEhe

st andard N . AV S i for the
Seheda ad TERp PR Bnididlan b BEIHES R PIDUN D ThE PR SbMEP | DT NP,
t he STA- ST#ofidevhaibegthGHDM aygrbgital MAGC frambdoe tlenmdei@r, Tielenghaif\thang STA

e e PR PO BB M oL @ 0 2 Tector

[00355] Inclusion of the transmitting and receiving STA in the assignment elements

permits power saving at STAs that are not scheduled to transmit or receive during the
SCAP. Recall the SCHED Count field introduced above. Each assignment scheduled
by the SCHED message specifies the transmitting STA AID, the receiving STA AID,
the start time of the scheduled TXOP, and the maximum permitted length of the
scheduled TXOP. The SCHED Count is incremented at each SCHED transmission and
is reset at each Beacon transmission. STAs may indicate a power-save operation to the
AP, and thus are provided specific SCHED 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

[00356] 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
4950, and variable length pad 4955. A portion 4960 of PPDU 4970 comprises a
SIGNAIL field (1 OFDM symbol) transmitted using BPSK at rate = 1/2, and a variable
length data field 4985, transmitted with the modulation format and rate indicated in
SIGNAL 4980. PLCP header 4910 comprises SIGNAL 4980 and 16-bit Service field



transmt a PPDU shorter than the assigned Max PPDU Size. The PPDU Size does
not provide the length of the aggregated MAC franme to the receiver. The

| ength of the encapsulated franes is included in the Aggregati on header of

each MAC franme. 1003551 Inclusion of the transmtting and receiving STA in

t he assi gnwendoslienents pernmits power saving at STAs tHARUSAE/0AEE? schedul ed
to transmt or receive during the SCARs Recall the SCHED Count field

i ntroduced above. Each assignnent schedul ed by the SCHED nessage specifies

t he transm4gpngnhRhAsAhbudéden DRl ube) SndArdkkittedtddCor@ingrtb its Femaf). t he
schedul ed TXOP, and the maxi num permtted. | ength of iﬁlh‘g%qsctlgdul ed TXOP. The
SCHED CountSIGYNALn8eld 98P camgrises A5 Yitsh Asved ifls (1indr lemgth at each

Beacon tranggk$6i 9 -AS: i hdigat r-save operation to the AP,
and thus are p?(f?v]lﬂ%)e’(ﬁ}sI ebclr?%gg’ %%4%%%%%&@&% ues during which they may be
assi gn@iB¥thedulldd axteadedriSIGHALr felds (detailxDbslolyy in Hee ampSTRECHAYeadtien wake
up periodigally. .only.to |Listen for, ,SCk i ap, apprapr.i at e SCHED
Count " prosipa R i Bkt e g SRAPRE Bl R0 B e BRBRE h o7
conpri si ng EnRkERalRéeATtHE RAASBeld (35 FSHMcs WIBNAS) fiel@4980CGR: beadaefi910, a
vari able length PSDU 4945, a 6-bit tail 4950, and variable | ength pad 4955.

A portion 4G80PRIPU bpoedeterigd beapli ses a SIGNAL field (1 OFDM synbol )
transm usi t te. = : Val . fiield
205, OO 11T vl ReR P s Mo i, V08 Biard ECGMMIRY Rui O 6
4980. PLCP lhgeag & A49th0 RAdiFpfield esthSSIBNA LARBDofthel PILEP bictdeBermodified foed d WO

2005/ 03910 S2004/ Q34259 75 whi.ch is i [ ATA_ 4985, d
Cransm 11 o ACEaBY Afjot DD iieral FATESerprepRarahEEC ps e SEethar o 2015
(4 bits), rpgRra®dinficeks chde Bidt ]kng;h%lfgtt SIGNIIZ Bieldlekidbion JdesiDmtdd ¥ bi t
4930, and Tail 4935 (6 bits). [003571 The extended SIGNAL fields (detailed

bel ow) in tHENSZpNew prioes ptha RATH Heedidld aresiefiags) in Teblsa k' Whasel velseipat i bl e
with the Sl faired : n I L RATE
field 4915 i'n gélggéﬂgl%%%%id&ﬂ%éggp%g%ssgﬁf gﬁ%gﬁféﬁﬁ,efégaﬁcg%’liﬁ%%l ypes
(detail ed békodon. defcOdiBE S tIoe PEDEI afree wudRBilyy (resdiag ¢hd RIGNAUL ddld for
backward co tibilit ith .l C , the RATE field in the SIGNAL field
of the PLC&%&?@TW&WF@&@&%&@MES%@%E/ Type field. Unused val ues of RATE
are deppgpat ed a@teﬁfé@vfﬂ@@e&bﬁ BifaUhe T3R8y BIGOAL T CALE S kBe Pl egence and
| ength of a SIGNAL field extension designated SIGNAL2. w val ues of the

RATE/ Type fipéirae g MIME OFEM| tranymission 40 aThavs elessaBTAs Redeivitge SRATEAFype fiel d
are undefi riEx‘PorE e REQARY bRTAR co};ﬁﬁ{eetfooacftgmpi Fog@e%gdest-ﬁ'g‘%lé&qki field and the
rematning transmission.
[00360] The receiver is able to determine the length of the SIGNAL? 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. MIMO PPDU Types

RATE/Type MIMO PPDU SIGNAL?2 Field
(4 bits) Length (OFDM
Symbols)
0000 MIMO BSS IBSS or MIMO AP transmission 1
(except SCHED PPDU).
0010 | MIMO BSS SCHED PPDU 1 ]
0100 MIMO BSS FRACH PPDU 2
[00361] FIG. 50 depicts MIMO PPDU format 5000 for data transmissions. PPDU 5000

is referred to as PPDU Type 0000. PPDU 5000 comprises a PLCP preamble 5010,
SIGNAL 1 5020 (1 OFDM symbol), SIGNAL 2 5040 (I OFDM symbol), Training
Symbols 5060 (0, 2, 3, or 4 symbols), and a variable length Data field 5080. PLCP



abandon decodi ng of the PPDU after successfully decoding the SIGNALI field
and finding an undefined value in the RATE field. [00359] Alternately, the
Reserved bit in the legacy SIGNAL field my be set to "1' to indicate a

M MO OFDM transm ssion to a new class STA. Receiving STAs may ignore the
Reserved b 204536108t i nue to attenpt to decode the SI GwaT/ES2ed4d03828U t he
remai ning transm ssion. [00360] The reggiver is able to determne the |length
of the SIGNAL2 field based on the PPDU Type. The FRACH PPDU appears only in
a desi gnat PeaRBd 5@, Fhed s&@AElarp@mﬂ@eﬁ&n}:@ dasbodeadedI@IAY byoZohe AP.
Table 4. M MO PPDU Types TE/ Type M M) PPDU SIGNAL2 Field (4 bi ts) Lengt h
( OFDM Sy m3ed SSIGDEG0 QPR Buss trepsmtier uRpRIARPRIA foRfrels pesent rgcandt SCHED
PPDU. 0010 E IR ] FIG 50
depicts M K%l P ?orrﬁggt B@%E%Mfo(l)cror@ag% trans%@?sﬁgﬁggs Eg%a%gg%?§ referred
to as PPDUbiiypea @Qﬁ‘@le lamuP!SMDSG&ﬁnﬂ}aﬂ%Se(émmeps‘emﬂlW&héié)BOSepalﬂleG\lAL 1

(0, 2 3. GPp By Grael Sl § GairLln wohaliyty b rbesbaas XEe vo

2005/ 03910D R FUg0L R4 R ﬂZ@PEmeaﬁmb e Mfd@tﬁbdmaﬁﬁﬂfﬁrmat s 16 is in
t he exanpl e enbodi ment. SIGNAL 1 5020 _and SIGNAL 2 5040 are transmtted

usi ng PE2IPPDU dBAt MEMOs PhGEnheadst dora REDUndabe 008 reommises thepS{@NSH30
5 t bl
Comr| 555 SeEHES SERAALLSON Lol EOREbapl P AR (gD o\ B) pac RO

convout i on&#l84 tﬁaldaeWheGﬂRVI@Emﬁﬂ isanichongaibfiomdegaen /2. hhdms‘vaﬁi:ratshﬂttddengt h Pad

5090. Data 5080 (s transmtted_ using the PPDU data segnent rate and
nodul ati on uls?}gﬁl%ﬁ& %[%5’55'%‘81?@ atpi3nd {408 PLCP header for PPDU Type 0000 conpri ses

the Sl (i nahydEEDEACRALdd HE0 @ﬂdns%whané%ohata SERVPRaR0A4 and
FEEDBACK 5084 fields. The SERVICE field is unchanged from | egacy 802. 11,

and is trarematt dhe RERDBACKJickh comprisgsriiot ES deld @ris e Rata RpGO¥EdX The

The PEEDBARR T EY B s O L S Pl P o bR PR e 6 Vector

[00364] The ES field indicates the preferred steering method. In the example

at

embodiment, Eigenvector Steering (ES) is selected when the ES bit is set, and Spatial
Spreading (SS) is selected otherwise.

[00365] 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.

[00366]) 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, fecdback opportunities need not be synchronous.
Transmission opportunities may be obtained in any manner, such as contention-based
(i.e. EDCA), polled (i.e. HCF), or scheduled (i.e. ACF). Therefore, variable amounts of
time may pass between transmission opportunities and rate feedback. Based on the age
of the rate feedback, the transmitter may apply a back-off to determine the transmission
rate.

[00367] The PPDU data segment rate adaptation for transmissions from STA A to STA
B relies on feedback provided by STA B to STA A (described carlier, see FIG. 24, for
example). For either ES or SS mode of operation, each time STA B receives MIMO
OFDM Training Symbols from the STA A, it estimates the data rates that can be
achieved on each spatial stream. In any subsequent transmission from STA B to STA
A, STA B includes this estimate in the DRVF field of FEEDBACK 5084. The DRVF
field is transmitted at the data segment 5080 rate.



Feedback (DRVF) field (13 bits), and a Power Control field (2 bits). [003641
The ES field indicates the preferred steering nethod. In the exanple

enbodi ment, Ei genvector Steering (ES) is selected when the ES bit is set,
and Spatial Spreading (SS) is selected otherwi se. [00365] The Data Rate
Vect or FeedbamkofoDRVF) field provides feedback to the PEEUS20§4/83428n

regardi ng the sustainable rate on eaclyyjof up to four spatial nodes. [00366]
Explicit rate feedback allows stations to quickly and accurately maxim ze

t hei r [p0368pns M SWhentramstrdtting ¢ SHAH, SAA &detepnheé whatdfdnkmiseiog yateftotube syst em

Low | at enc des edback. opportunities need not
bews ynchr oﬁ‘/ﬂﬁﬂi g*mﬂs@?%#% o 3:‘0#\6 ‘i‘”gl} %F&Etﬁaédlegﬁgsﬁiﬁf manner ,
such as copl.enltifnadrasedhe CIGRALEELAN detanleld baidw] borﬁami"ﬁi%)la WrDRVhRMI ed (i.

ACF). Therefore, variable anbunts of tinme may pass between transm ssion

oppor t uni t }046 theicllows dhg Eﬁé@lﬁ%kSTf’B%@dd%ﬁﬁqm f@g@ trgpmitted fram STPeddback, the
transmtt Ngit he transnission rate.

[ 00367] Tﬁfhm%gﬂg@@n ng) on “for transnissions from STA A
to Slfhg@%z el i e’EhedDRVEéiIéIﬂats kg@ﬂ@&pdﬁ;ﬁsmgsassrm Beld @4 514, ?hRﬁﬁsldr(B bas), ear |hl ter
see , .f0 e r.gi . r of opera eac i me
STA B recefV ﬁa’@%@oﬂﬁ%%% ﬁﬁggﬁ?ﬂg’ s’ﬁi‘er ﬁm‘fﬁl@a tf“iia‘é tFmt es t he

dat a rat esgidal 1Camhibeiel@EhERIE Gs VTR ¥Gthe Sihdivh ah Bblesmd hd@kes SHPsequent
transm ssion from STA B to STA A STA B includes this estinate in the DRVF

field of FHEPRAGKb®GEN thy BdROFAIFe fri Stieami Isandrthe SRt Yadue fr Sttham datAn segnent
5080 rate. £D39 4259 itting to
STA B, STA éﬁ'%? mPﬁei’% & g@#ﬁ‘g‘%{sg ?So%f?r 5 gdl%%%u@g]d‘ g\gesng%%tﬁ@?’ﬂ]e DRVF it
recei ved fihe®T8NalBe fov Steami? apd thert8iR Walok f@f Stream hepaFavatud ¢f “1agtount for

del ays. The SIGNAL field (detajled helo t he,13-hit DRV field
S04 that BRI UEHEESL I Hh P50 ek Bads 1hio 11 e Fataisttbed 17 om

STA A Th@f@%}{cé%@ema @@Rsmxﬁé%ﬂ Searth BearQRE S@k PAKRR AL §: 4,00369] The
DRVF field is encoded conpri si ngﬁa STR field (4 bits), an R2 field (3 bits),

an R3 fielR4yaduppfa)l” wa@ﬁﬂm ¢ag 4is(ogt. BfR&F“lTH’eth@T%iaseﬁa“ithLcat es the

Rat e Stre hi ed as ST Val u able 5. R2

i ndi cgggés]t he axg?lh%]} gﬁen@e{%%fj%@g%pﬁe%ﬂngsﬂw ARl %HS? g%qﬂggds fhe STR

Val ue for ﬁnlowammbeﬂof Recanasl (Qebils, Raleljer St qathits). t R Rk peasueni S of f. R3
i ndi cat es éﬁt}& d|f e. bet ween ﬁlhe STR Val ue for Stream 2 and the STR

val ue for al\'f‘ﬁ flhe fempining f hitvae Beserridt Stream 3 is off. |f
R = "111", thenR3|s set to "111". R4 indicates the

..‘

Table 5. STR Encoding

STR Value | Coding Rate | Modulation Format Bits/symbol per Stream

0000 1/2 BPSK 0.5

0001 3/4 BPSK 0.75

0010 1/2 QPSK 1.0 ]

0011 3/4 QPSK 1.5

0100 1/2 16 QAM 2.0

0101 5/8 16 QAM 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 j
[00371] 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



di fference between the STR Value for Stream 3 and the STR Value for Stream
4. An R4 value of "111" indicates that Stream4 is off. If R3 = "111" then
R4 is set to "111". [003701 When ES = 0, i.e. spatial spreading, an
alternate encoding of the DRVF is as follows: Nunber of Streams (2 bits),
Rate per Stream (4 bits). The Rate per Stream field is coded as STR Val ue
above. Thewpenwiigding 7 bits are Reserved. Table 5. STRPIASAIMHYIRIR Val ue
Codi ng Rate Mdul ation Format Bits/ sympol per Stream 0000 1/2 BPSK 0.5
0001 3/4 BPSK 0.75 0010 1/2 QPSK 1.0 0011 3/4 QPSK 1.5 0100 1/2 16 QAM
2.0 0101 5/08ddBeaRANdRersor tQ ke Bk power i@ uBcangdl The FesuBaif4ra@nit Boger 1000 2/ 3

64 QAM 4.0, 1001 3/ 4 5 5/.6, 6 5.0 1011 5/8 256 QAM 5.0
1100 3/ 4 2%%Ve%&bf%g‘bﬁe%&g@%%@?&é%?%“%b%%] In addition to the DRVF,
STA B [a43392] pr oV E@splaop@tercOnitiod! fidle edinas kard dhishisted tih anwls 6! | AGeRA® A. This

feedback is included in the Power Control field and is also, transmtted at
the data s&gvesimeptsway fspley moaey cprirdl figldssofpariqup fizeat @y with lemas i ncr ease

WO 2005/ 03910° MQ% 034259 78 or decrease power or to |eave the power
| evel unch%%ge%l. The resuf:t'ant transmt power level is designated the Data

Segnent Transmt Power |evel. [003721 Exanple Power Control field values are
illustrated in Table 6. Alternate, e di t depl oy power control
fields of various sizes, and® %‘hp%\fl?qg‘foﬁhfq?}dgo %‘Sadj ust nent val ues. Table

?hcrg\gg; ;C)]g\r/]vte; oIbyFi1 ggov\v/gll &gﬁtrolpﬁ\é\ﬁr Cont rﬂ'eanﬁ:&' d Mepning 00 No Change 01
00 No Change
01 Increase power by 1dB
10 Decrease power by 1dB
11 Reserved
[00373] 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 PPDU is transmitted at the maximum of the two power levels. That s,
PPDU Transmit Power Level is the maximum of the Open Loop STA Transmit Power
(dBm) and the Data Segment Transmit Power (dBm).

{00374] In the example embodiment, the Power Control field is set to “00” in the first
frame of any frame exchange sequence. In subsequent frames, it indicates the increase
or decrease of power in 1dB steps. The receiving STA will use this feedback
information in all subsequent frame transmissions to that STA.

[60375] SIGNALI1 5020 comprises RATE/Type field 5022 (4 bits), 1 Reserved Bit 5024,
PPDU Size/Request 5026 (12 bits), Parity bit 5028, and a 6-bit Tail 5030. The
SIGNALLI field 5020 is transmitted using the control segment rate and format (6 Mbit/s,
in the example embodiment). The RATE/Type field 5022 is set to 0000. The Reserved
bit 5024 may be set to 0.

[00376] The PPDU Size/Request Field 5026 serves two functions, depending on the
transmission mode. In contention-based STA transmissions and all AP transmissions,
this field denotes the PPDU Size. In this first mode, Bit 1 indicates that the PPDU uses
expanded OFDM symbols, Bit 2 indicates that the PPDU uses OFDM symbols with
shortened GI, and Bits 3-12 indicate the number of OFDM symbols.



10 Decrease power by 1dB 11 Reserved [003731 The transmt power |evel
remai ns constant for the entire PPDU. Wien the Data Segnent Transmit Power
Level and the Open Loop STA Transmit Power (i.e. the power |evel required
for the AP to decode the transm ssion, detailed above) are different, the
PPDU i s trwoamsiiseds at t he maxi mum of the two power | eRSITEUS2FH&B42MS,  PPDU
Transmt Power Level is the maxi mum of2-§he Qpen Loop STA Transmit Power
(dBm) and the Data Segnent Transmit Power (dBm). [00374] In the exanple

enbodigiEat; t he PR duRANhERIAP ST trafsnSgionks0 PPOY Size/Rduedti Fisld S6asane of
any frame exchange sequence. |In subsequent franes, it indi t he increase

it cate
or decr easdeattepBeruest nly tes seeessmods, Bitsdciindisrte e AGHED Rue §°f%”1 Df eedback
i nformati onpjin; | §S} t 75]
Sl GNALT 00 sRlsateE the RER ubAER SORRIEI, T3 R it Rkl be i RER L 00
PPDU Si ze/ Reqsiei tan 580d4gnidit thithes PTAPaDiring Triatnifg0@@nbod transmigsidgist frofmithe 5030.
The SIGNALL field 5 i,S transmtted usi the.control. s t. rate and
format (6 NHRee Sonkf ST shAlE BeahBatieh e SRR vs SEFP 5025 1 s
set to 000QandhRsiRessaRe APl tn S6bdquenyschediet trdimmBsiohO&drhtle The, BRDU
Si ze/ Request Field 5026 serves two functions depenfld:‘\%on the_ transm ssion

mode. | n coRCEREMAsTRssble refrAs inchidedingbe SHEERRats fie v pldis deepdiss  this
field denot i P f] i e t th
bPoL e it A, FIGARNESS mlsinfolinionish StactilSubsthiont TR IR @9 STADC LAD

synbol s wi tdnd dsthomihertad CERLIZ0d, Bj dr8) Rr 1Ruing diosatléochinens naitheSTA0f OFDM

synbol s. 2005/ 039105 PCT/ US2004/.03425 7 377], I,n scheduyl ed non- AP
STA AT s ol ey B adrciiateibs OO0 ity e e B deSiom i <
second modgin Bidi§ J-ike kEegaba i ke ROHEP1Rat. 0%, SAER7oRalew) neisates the

hi ghest nunbered SCHED (0, 1, 2 or 3) field that may be used to transmt an
assi gnment ipgcatp dhesTeaquesigdi lepetir off AKKY Sipndwltiplasaplk AP sks. olisther ewiie AP,
each non- AR, STA estimates the rate at which it can robustly recei ve SCHED

frame transmssions fromthe AP. In subsequent schedul ed transm ssions from
t he STR379hi s MhxiSIGNADArfikld S021] ie chaked bys1 PadtybiteT28 and kemBGIdERifRat e fi el d.

subsequent OrRBET TR PP STNOERENBERFR nos the CTRLI (0, 1, 2, or 3) for
i ssui rp@s‘,shﬁse alTheChtiAns @ fehdh I he [ABII] kBl BE10S RC aktamRdS,; 1R ts 3-4
i ndi cate the Sfield, which identifies the fraction (in thirds) of the
request thatATE/Type figid $023rin1SIGNA.L §090. 3Hu SIGNAL2 Gelel504Biis Fammited
using the control segment rate and format. SIGNAL2 5040 comprises a Reserved bit
5042, Tratning Type 5044 (3 bits), Data Rate Vector (DRV) 5046 (13 bits), Parity bit
5048, and Tail 5050 (6 bits). The 3-bit Training Type field indicates the length and
format of the MIMO OFDM Training symbols. Bits 1-2 indicate the number of MIMO
OFDM Training Sym})ols 5060 (0, 2, 3 or 4 OFDM symbols). Bit 3 is the Training
Type field: 0 indicates SS, 1 indicates ES. The DRV 5046 provides the rate for each of
up to four spatial modes. The DRV 5046 is encoded in the same manner as DRVF
(included in FEEDBACK 5084, detailed above). The SIGNAL?2 field 5040 is checked
by 1 Parity bit 5048 and terminated with a 6-bit Tail 5050 for the convolutional encoder.
[00381) FIG. 51 depicts SCHED PPDU 5100 (Rate/Type = 0010). SCHED PPDU 5100
comprises a PLCP preamble 5110, SIGNAL 1 5120 (1 OFDM symbol), SIGNAL 2
5140 (1 OFDM symbol), Training Symbols 5160 (0, 2, 3, or 4 symbols), and a variable
length SCHED Frame 5180. PLCP preamble 5010, when present, is 16 ps in the
example embodiment. SIGNAL 1 5020 and SIGNAL 2 5040 are transmitted using the
PPDU control segment rate and modulation format. SCHED Frame 5180 may include

various rates, as detailed above, with respect to the ACF description.



indicate the requested length of TXOP (in nultiples of 16 s, in the exanple
enbodi nent). [00379] The SICGNALI field 5020 is checked by 1 Parity bit 5028
and termnated with a 6-bit Tail 5030 for the convol uti onal encoder.

[ 00380] The presence and length of the SIGNAL2 field 5040 is indicated by

t he RATE/ Woppeosfoabsl 5022 in S| GNALI 5020. The S| GNAL2 HOT&IS30B803039 s
transmtted wusing the control segnmentgyate and format. SIGNAL2 5040
conprises a Reserved bit 5042, Training Type 5044 (3 bits), Data Rate

Vect orgog&dRV) 508@3NABI i1R6 keomPeisdst RADEMTYypS& 342 (ArdsY ai Reéi&'&ﬁ &16 5bi4,s). The

3- bi fiel [ h d h MO OF
T o i o sorBLoSiBs g T Buvy FEREL SFeioNEs (i hEan Py Rt RS0 B L By
Synbol s 508 (@{Aqﬂa/ngle%zém%w(ﬁ)mb@hemeseﬁleabﬁ 5134 1@ v skdb.ngTRIYPe fiel d:

O indicates SS, 1 indicates ES. DRV 5046 provides the rate for each of
up to four Sgpéﬂﬂ@hndrmtheghe IEhgthplthaoggmentsofghe SCEED BPIPHéTagmétedmhther as DRVF

Chocked by ERa Cyriph s ST PR iRl RS O Endlo 8B 15, 11

convol ut i opRCPERROeethe YIAO38ddderind thd CTRENI seffefCHER PROUAIRLBGntdREe/ Type =
0010) . SCHED PPI 5100 conpri ses a PLCP ’gr eanmbl e 5110, SIGNAL 1 5120 (1
OFDM symbol muk) f 4 ps.cmAbis ekampion SPkbbSyze SpRiiirdicaiesdPeiikneth sfibe (0, 2,

3, or 4 syghols) of%dséﬁgﬁflaﬁbb%ankﬁﬂ%%% (AR A% Ml RLgAND! €

5010, when present s In the exanple e 20 and
SI GNAL 2 56ﬁa®n1ﬂc)e Tihe anlseis enedded s myltipkes of H’IaE)Uncﬂdmtxan’nplee@gﬂﬁ"ﬁﬂul Sagteerfand

nodul ati on, t. SCH Frame 5180 i ncl ude. I’IOUS ra detail ed
Thove. it i0 TialRies B Ths, soREPoRbES CRY L ERD s bl mrasiot BENTER04! o345
80 100382] PBHCONAHe SIGRAICOREM b BXSis BAERAATWPE P& Bit (43D hddSthrmidatleear wed bi t
5124, CTRLO. Size 5126 (6 bits), CITRL1 Size 5128 (6 bits), Parity bit 5130,

and Tai l 5§§32t“{361515?1f%1)themr@“¢9%3@9§? is set to 0010. The Reserved bi t
5124 msfe SetsieNRrs ST Qlies asﬁt%@ﬁvb@@it%ﬁﬁsﬂa?fén g;g; byl st seament

of the SCHED PPDU transm tte at the owest rate eéxanpl e) .
Thi s segnmefiTRLANizaEldot(hbitYESVRTE Sizedl1ds (F bitHFCPLIER (Hbageand Tdik5 INRC Header

and the CT val ue ,.s.encaded It| les_.of ,.4 s, in
this exanpﬁg_ﬁ)t%gﬁeﬂgﬁefvee g’i‘zséq?mﬁyéﬁtsgtstophg(p ?‘%’H@Fﬁ%?%ﬁéa ?éaﬂﬁ%forof t he
SCHED PPDUPprnBﬁetot)e@l(fnbmﬂger e%04 |gher rate (12 Mops in this exanple).
The val ue is encoded in nultiples o in this exanple. A CTRLI Size of

T0' i 9Pt es tGEBl@rFézecé}‘}ﬁeg@@ﬁf@s Hhf @Rhwfsrb@meni of ithst SGHEBeRDWUn t he
SCHED PPDHans}}ﬂ&edSAt%réxt bighbd rad 6% NiBp LGS SuiMeyt TERVabY iPldodh3R and

termnated wt
multiples of 4 ps, in this example. A CTRL2 Size of ‘0" indicates that the

corresponding CTRL2 segment is not present in the SCHED PPDU. CTRL3 Size 5148
indicates the length of the segment of the SCHED PPDU transmitted at the highest rate
(24 Mbps in this example). The value is encoded in multiples of 4 ps, in this example.

A CTRL2 Size of ‘0" indicates that the corresponding CTRL3 segment is not present in
the SCHED PPDU.

[00385] FCS 5150 is computed over the entire SIGNAL1 and SIGNAI? fields. The
SIGNAL?2 field 5152 is terminated with a 6-bit Tail 5152 for the convolutional encoder.

[00386] FIG. 52 depicts FRACH PPDU 5200 (Rate/Type = 0100). FRACH PPDU 5200
comprises a PLCP preamble 5210, SIGNAL 1 5220 (1 OFDM symbol), and SIGNAL 2
5240 (2 OFDM symbols). PLCP preamble 5210, when present, is 16 us in the example
embodiment. SIGNAL 1 5220 and SIGNAL 2 5240 are transmitted using the PPDU
control segment rate and modulation format. The FRACH PPDU 5200 is transmitted by
a STA during the FRACH period within the MIMOQ Scheduled Access Period. The
FRACH period is established by and therefore known to the AP (as detailed above).



6-bit Tail 5132 for the convol utional encoder. [00383] SIGNAL2 5140
conprises a Reserved bit 5142, Training Type 5144 (3 bits), CITRL2 Size 5
146 (5 bits), CTRL3 Size 5148 (5 bits), FCS 5 150 (4 bits), and Tail 5152
(6 bits). The Reserved bit 5142 may be set to 0. Training %/ pe 5144 is as
speci fi ed @poos/®BMd Type 0000 (Training Type 5044). [OBSBAR2@¥IS| ze 5146
indicates the length of the segnent ofgithe SCHED PPDU transmtted at the
next highest rate (18 Mps in this exanple). The value is encoded in

mul t i[po®8Y] of 4 SIGNALIN 52201 somepmasep| RATIXTERREZ22S(4 bitg)f alReseivadititad22#, t hat t he

Stas | ndi ated vre CEHGTesh v h et HEr P0G BRI RE VAR t red at
t he hi ghesio (180 Thé RéseMan $itisn24 hia§ bexam)d) eThe R’éqaestaﬁdl@sms ieacqaeided n
multiples of 4 s, in this exanple CTRL2 Size ‘0" indicates that the

cor r espondiof§? @ﬂi@ewgm(}) detaided "}S’Pé% eHe SIﬁNAtlHeﬁ%tF@Q ippirggked B0B851 FCS
5150 OpY { Cﬂ\H:la ?g% S| GNAL?2
fiel dI Es'ang I sgrt%grsgnygﬁg%detgﬁnﬁ%%dgﬂ%g bi t lxlﬁﬁgi‘og folé'1 t&ielﬁ{cag%%/cgﬁ-utl onal
encodeo3ss] [ OOBMMIG 5500 depprises aFRAGHePBDI2820801rRardD T52d4 (16 ®i6))) . FRACH

ST 2 B33 A 0B G ke 2l ua el g heth (RISt < 15 oo

in the eX&R@deﬂred%mf’l’. RPbe sltEDABodrc S AR 52 dSHEN N he B TP ShsRHitEng bansm t t ed

using the PPDU control segnent rate and nodul ation format. The FRACH PPDU

5200 is trﬁlﬁ§MQPédDB§tmaﬁors¢m 8246 ientifice thedegmatie $BA Toq whighha TREOPNF ND

cnown 1ot Reaup SR O ] By ORP B OB S 628 B R CeI B0 o1

[00387] S| SRAthe BRRMIdherPrstmntorRATE/fEKE2 4642 zet(td 2088.5 )\, 4-hit RESeSMBds bi t 5224,

5395 15 setomlotise HomurricysLh obi STauBh! fafbe ACPR AR P iaicer

Fi el d 5226piir tasorsPatichaledcodiy PPDU Type 0000 (5000), detailed above. The
SIGNALI field 5220 is checked by I Parity bit 5228 and termnated with a
6- bi 1108380 5230Infthe example embedimeriofBAs BvE deretlotteiobigbato spepitiexchsmed

Al D
soab (16 pidRsioliaf Riyed 7iSnneBl HECTON P A feckiba Rich Bebruny AN B3 PV 01 1
5242 may bthe 96t prowvides thSoequestind| T O 24t4 alsdmdtllleﬂ TXOM ines sBbsqhémpailed ng on
s.the destl atlon STAfor whi ch a

%Q&Fﬁgmbﬁge%tﬁcga‘ﬁje@%Bﬁn??%zcﬁﬁ: ﬁ‘g ée opthe SBITFRE fehedpisd preest BE@d\iRer e t he

destinati OﬁidicﬁtealﬁﬁtheSBHEﬂTﬁeééaééJN pRAtjpp Destination AID field 5246 is set
to 2048. A 4-bit FCS 5
[00390] The STA may also mamtam a variable B_FRACH. Following a transmission on

the FRACH, if the STA receives a TXOP assignment from the AP, it resets B_FRACH.

If the STA does not receive a TXOP assignment within a predetermnined number,
FRACH RESPONSE, of SCHED transmissions from the AP, B FRACH is incremented
by 1 up to a maximum value of 7. The parameter FRACH RESPONSE is included in
an ACF element of the Beacon. During any FRACH, the STA picks a FRACH slot with
probability (N_FRACH)! * 2B FRACH

[00391] 1If no FRACH period is scheduled by the AP, MIMO STAs may contend during
the protected contention period during the SCAP using EDCA rules.

[00392) Those of skill in the art would understand that information and signals may be
represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or

particles, or any combination thereof.



conputed over the entire SIGNALI and SIGNAL2 fields. A 6 bit Tail 5250 is
added prior to convolutional encoding. [00389] In the exanpl e enbodi nent,
STAs may use slotted Aloha to access the channel and transmt the request
message in the FRACH. If received successfully by the AP, the AP provides
the requesypn@sBIai th a schedul ed TXOP in a subsequeRCTASHEYBHEY access
peri od. The nunber of FRACH slots for gghe current schedul ed access period is
i ndicated in the SCHED nmessage, N FRACH. [00390] The STA may al so namintain a
var i gbox3B_FRACHhosé-aif| sl mgpudd thurites mppreciote that thehearfeRAGHRpstiafive hegi@TA

recei ves TXOP assignnent. fromt.he.AP, it resets, B FRACH.. 1f..t STA does
ot 1 ool VESST RS RERHEn o LRTARE FPbdERrRR ABcc Ramber, Mo
RESPONSE, &ﬁbcﬁ@h&l@s Hisalossd Yia’iéi@@ﬁayf beomml8Renti, asBelédidtld hazddr 26, MR aleed _by |
up to a maxi mum val ue of 7. The paraneter FRACH RESPONSE is included in an

ACF el enentofigfare iy mahipationp e jboth. anle Fiembnillushate Shig terkymgeabifiscal sl ot wit h
probabilit E@é@@ ¥ o {\’%é?—d rl:0d:: i chedul ed
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during t hest§SARveibtenglekdriBad nhdve Zendrl38 24rm¥ b their dincsibhdlity.i Whether such  woul d

under st and_t hat j.nf ormati on d sighals may.be represented using, any of a
Var ety of RupipEiBne FEUATGHES s SRS 86 RUPYTE AoPRE SRop B o

i nstructi opslicRRINTAAAASsigh BERiramRLs iRPosediotRd Sverdl dyStensS YoM dSartiARdmapi ps  t hat
may be referenced throughout the above description may be represented by

vol t ages; wemement she desedbadommgivanliy inaewse waigriat pashfiagicylr epplisaiian cl es,
optical fi of | " j:natd 39105
PCT/ us2o04?%1%‘516“’1@“%%’53%‘]‘51%5052@&8?‘8% it a8 %’J]%&rgﬁ%gfl%%%cehg{ngt e that

t he vari outicistdpast thetprasent iogindah. bl ocks, nodules, circuits, and al gorithm
st eps scribed_.in connegtion wih th enbodj nent s _di,scl osed herein may be
i rrpFe[Prgﬁg"id asdglPeeEF?Q}ﬁi fuﬁ%ﬁaﬁ”éﬁcalcg]r?ﬁ]f& e‘POC!“_%‘ﬁf {RE r Greugs dt?%’ﬁ‘g?‘{\é‘i‘i ons of
both. To ctmedtioniJitiieeraiRdintnds 41658 m&@ﬁﬁgm Ee ﬁmpieiéleme@bfwaf&me@d

software, various illustrative conponents, ocks, modules, circuits, and

st eps haveWHbeh gelesd riuspese diyescssage Actigitdl ignal proeeasorofDEMeian dpplivatiponal ity.
Waet h , ' SRRV R el t d d
et her S“g{%ﬁﬁ‘ﬁéﬂﬁ%g{a%'aaéqchﬁ ('{&%I('J 3 ;t%o R a8 Qt‘é’?a'r‘fagoqmr;ggi eo\(g’%Eh%r epends

upon the p applrcatro 1gh constrain on the
overal | sypbermmnGbid lleglc addviceandischmy pgataTol eti@iistor hipgite sdisdrfie chatdwret | onal ity
in varying ways for each p i i npl epentati on

deci si ons BIROTT A qom%é‘%%gﬁltt@%eogggg ; ittlﬁg’régfoﬂ’-g;%? UCEOI;S%Fﬁan%e scope
of the pregpgah. AaBh] Hlpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a microprocessor, a plurality of
MICTOProcessors, one Or more microprocessors in conjunction with a DSP core, or any
other such configuration.

{00395} The steps of & method or algorithm described in conmection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may reside in RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, hard disk, a removable disk, a CD-ROM, or any other
form of storage medium known in the art. An exemplary storage medium is coupled to
the processor such the processor can read information from, and write information to,
the storage medium. In the alternative, the storage medium may be integral to the
processor. The processor and the storage medium may reside in an ASIC. The ASIC
may reside In a user terminal. In the alternative, the processor and the storage medium

may reside as discrete components in a user terminal.



[ 003941 The various illustrative |ogical blocks, nodules, and circuits
described in connection with the enbodi nents di scl osed herein may be

i npl enented or performed w th a general purpose processor, a digital signal
processor (DSP), an application specific integrated circuit (ASIC), a field
pr ogr ammabiyg) Bad@oasr ay (FPGA) or other programmabl e | BGI/ESHENA3EET di screte
gate or transistor |logic, discrete hargware conponents, or any conbi nation
t her eof designed to performthe functions described herein. A general

pur pos@oPsPC es; Healinygs hee anmdeﬂOI}iHrﬁﬁ efos Qeferdatd ahd tb r?d dhtlecaniag i xeioud Ihle
processor may.be apy conyventional . prqcessor, contro r, mcraocontroller, or
state macH® .nS-A%BP*%S’c}é%‘g‘BSS wsﬁymawgwgﬁcgtq it dhsesipRiioli8e SORERIBRSTPh of
conputing  geyir&sset Bedto. JueREBhEBL! Rly qlfav@_ag)@i%aﬁmy b HOQPIHRCERSOT . @
plurality of mcCroprocessors, one or nbre m Croprocessors in conjunction
with a DSP spesification. any ot her such configuration. [00395] The steps of a

ner o1 OB b oS ar i deRER b pBR A hastamtbgheblels pERRRE LB ot Ec Ut o

by a processedon sRilled in the eyt inkt o Gsethe plesent WirentidnS Of drivas Molifidaticds toTay
reside in RAM nenory, flash nmenor menory, EEPROM

_ ry, ROM nepory, . EPROV
menory, regieteembodimnanis wiikRe readile arporant o Wpssiskilled dmtirest 288 hengeigiher  form
of storage i i : ENEIR 3 r b A i oupl ed
to the pr oﬁég‘gwdﬂg ltléﬁgnt&?%c%rs%spglrlé?gn r eagﬁ?%@?ﬁaﬁﬂ%ﬁ%ﬁ]&ﬁgp wite
i nf or mat i ontht epirit bhecopt of dgpeinmerdionmThius thédpresdnt envestione, not hderdedtcabe medi um

may be integral,to,the .0ocessor. The.processor and storage nmedi um may
reside in aﬁmﬁ@I %f’ ﬂﬁehsmh\%p%em OVE;GEF@P fbH?éF E’sg? af%qr{iﬁrhﬁme. “qd%gt Hepe

al t er nat i vegonkilenidiGc@s pelhciplRe atdi@vel fo4ta66 JIIBBicdMerefY resi de as discrete
conponents in a user termnal. WD 2005/039105 PCT/ US2004/ 034259 83 1003961
Headi ngs are included herein for reference and to aid in |ocating various
sections. Tﬁﬂﬁﬁrﬁ?%ﬂbﬁﬂ&ﬂﬁﬁS:“Ot intended to limt the scope of the concepts
described wth respect thereto. Such concepts nmay have applicability

t hroughout the entire specification. [003971 The previous description of
the di scl osed enbodinents is provided to enable any person skilled in the
art to make or use the present invention. Various nodifications to these
enbodi ments will be readily apparent to those skilled in the art, and the
generic principles defined herein may be applied to other enbodi nents

W t hout departing from the spirit or scope of the invention. Thus, the
present invention is not intended to be limted to the enbodi nents shown
herein but is to be accorded the w dest scope



consistent wth the principles and novel features disclosed herein. WHAT IS
CLAIMED | S: 84 THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOWS: A data
frame i-ncluding: a conmon portion, for transm ssion according to a first
format- recei vabl e by one or nore 5 fingt stations; and a dedicated portion,
for transm ssion according to a second format receivable by a second
station. 2. An apparatus including: 10 circuitry for transmtting a frane
from a fi rgie LAMSIDERINING SHE GIAESTION ARE A§ F@LLOWSe .i ncl udi ng: a conmon
portion, transmtted according to a first format receivable by one or nore
third stations; and a dedicated portion, transmtted according to a second
format sel ect ed dam finerimbelingabl e by the second station. 15 3. A wirel ess
comuni cation systemincl uding: .one or ,nof IS 1 ] X nd
station; and aafWPWB"%T%W?gﬁgggww?ggﬁg%$T%P%éﬂ%h¥%gn%§%§ﬁ?ﬁgmgg§§%g station
t he frame firclaugisygd 20 a conmon portion, transmtted according to a first
for mat recel Vaba,ldg 1pa¥ dt Q%og,g'gr ti3hsm[R[o% agclt)trdﬁ%t LBl What r,@é@ga@re %?Qée%ﬁed
portion, transmt ed Accor I'ng Yo & &econd Tormat recel vabl e by the second
station. 2tidn. An apparatus including: nmeans for transmtting a frane froma
first station to a second station, the franme including: a conmon portion,
transmtted according to a first format receivable by one or nore third
stations; and A agpditeatdeiggortion, transmitted according to a second format
sel ectgd to be cﬁrg\ﬁtﬁ)!e%?pingm@% iR R QME: Shifthi1@Nec?d s@eionhBREAORCILdISd: udi ng:
transmtting a fra roma first station to a second station, the frame

i ncl uding: a cGrFRDMOPPAT9T HaNSMitghanePrding i afE e deronTerctvablaby one oF merd hirdt

recei vabl e hy,ong or nore third stations; and 35 a dedicated portion,

transmtted according to a second fornat selected to be receiva%‘% by
a dedicated porticn, transmitted according to a second format selected to be receivable by

the second station.

15
3. A wireless communication system including:
one or more first stations;
a second station; and
~ athird station for transmitting a frame to the second station, the frame including:
20 | a common portion, transmitted according to a first format receivable by the one or more first
stations; and _
a dedicated portion, transmitted according to a second format receivable by the second
station,
25 4. An apparatus including:
means for transmitting a frame from a first station to a second station, the frame including: a
common portion, transmitted according to a first format receivable by one or more third stations; and
a dedicated portion, transmitted according to a second format selected to be receivable by
the second station.
30
5. A method including:
transmitting a frame from a first station to a second station, the frame including;
a common portion, transmitted according to a first format receivable by one or more third
stations; and
35 a dedicated portion, transmitted according to a second format selected to be receivable by

the second station.



t he second station. 85 6. A wreless comunication system operable for
communi cating on a shared nedium access to the shared nediumallocated to
at least a first portion corresponding to a first duration and at least a
second 'portion corresponding to a secongsduration, the wreless

comuni cation systemincluding: neans for accessing the nediumw th a first
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to a second station usin rane accor FarmT ; and accessi ng
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during 15 the second portion, to transmt to a fourth station. 8. An
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means for eamning a transmission opportunity; and

means for transmitting a frame to a remote station, at least a portion of the frame transmitted
20 using steering, and a portion of the frame transmitted according to a format receivable by one or

more first stations.

9. Computer readable media operable to perform the following steps:
earning a transmission opportunity; and
25 transmitting a frame to 4 remote station, at least a portion of the frame transmitted using

steering, and a portior. of the frame transmitted accerding to a format receivable by one or more first

stations.

10. A wireless communication system including:
a0 an access r;toint;
a first station; and
a second station for:
carning a transmission opportunity from the access point; and
transmutting a frame to the first station during the transmission opportunity, at least a portion

35 ofthe frame transmitted using steering, and a portion of the frame transmitted according to a format

recetvable by the access point.



11. A nmethod for formng a direct link between a first station and a second
station, including: earning a transm ssion opportunity; and transmtting a
frame to a renote station, at |east a portion of the frame transmtted using
steering, and a portion of the frane trB?nsrritted according to a format

recei vable by a scheduling 5 station. 12. A wireless comrunication system

i ncluding: neans for transmtting a pilot froma first station to a second
stati on; naans A pehéEasiminga diket 1Pk batvedta i aatacangsec@drieonshatgiog and
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first statiZon troweelsecomibmgtgdn spsism,igddgizei ng the pilot at the second renote
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t station; ransmtting data fromthe
first station tusassfer mesuing thepietiathe jepord comtcketicrandi detmtimes feedbelback: 25
wher ei fy t hg.da,@ i ncl udes one or nore frames, each frame including: a comon
portion, transmtted according to a first format recei vable by one or nore
third stati ongneagsfer tengitting e dedbyek froro e secprgrstatin todle fagcBie Y to a second

format sel ect edhdQ MGrah&HRIY 8RL BorlVhe £ Ehﬁa@f?%QHéjse%n@Tsfa% in 8Qorkifhce Aufl@ta frame

substanti aII as herein described wth reference to the acconpanyi ng
drawi ngs. feefBackiA net hod substantially as herein described with reference to

t he acconpanyi RghedhaNd dAGSncivdies e or rﬁ&e?;%&r%#i%an%uﬁéﬁd?@“ ally as herein
described with reference to the acconpa draw ngﬂ 87 17. A wireless
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a dedicated portion, transmitted according to a second format selected to be receivable by

‘the second station.

20 13 A method, including:
transmitting a pilot from a first station to a second station;
measuring the pilot at the second remote station and determining feedback therefrom;
transmitting the feedback from the second station to the first station; and
transmitting data from the first station to the second station in accordance with the feedback:
25 wherein the data includes one or more frames, each frame including:
a commeon portion, transmitted according to a first format receivable by one or more third
stations; and

a dedicated portion, transmitted according to a second format selected to be receivable by

the second station,

30
14, A data frame substantially as herein described with reference to the accompanying drawings.
15. A method substantially as herein described with reference to the accompanying drawings.

35 16, An apparatus substantially as herein described with reference to the accompanying

drawings,



19, A conmputer readable nedia substantially as herein described with
reference to the 5 acconpanying draw ngs.
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17 A wireless communication system substantially as herein described with reference to the

accompanying drawings.

18. A computer readable media substantially as herein described with reference to the

o

accompanying drawings.





