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WD 2005/ 039133 PCT/ US2004/ 034063 2 BACKGROUND Field [00021 The present
invention relates generally to communi cations, and nore specifically to
medi um access control. Background 10003] Wrel ess conmruni cati on systens are
wi dely deployed to provide various types of conmunication such as voice and
data. A tyWDeelsM41pe| ess data system or network, prowCaHas20miae] e users
access to one or nore shared resources. A systemnay use a variety of

nmul ti pl e access techni ques such as Frequency Division Miltiplexing (FDVM,
Time Division Multiplexing (TDM, Code Division Miltiplexing (COM, and

ot hers. [00041 Exanple w rel ess networks include cellular-based data
systens. The followng are several such exanples: (1) the "TIA/ ElI A-95-B
Mobil e Station-Base Station Conpatibility Standard for Dual - Mode W deband
Spread Spectrum Cel | ul ar Syst BACKIGR@UNB- 95 standard), (2) the standard

of fered by, 81 consortium nanmed "3rd Generation Partnership Project"” (3GPP)
and enbodi B8 n a set of docunents incl udi ng Docunment Nos. 3G TS 25.211, 3G

TS 25108487, 3G Tihe2Ppreddnt, irdRAkicHC rdiated Sgehbhllyt e ddhihificationd, agsiprddre (3) the
standard offered by a consortium narre%i "3rd Generation Partnership Project
2" ( 3GPP2)sharicatiyiie medym jecesyrom®l.5 physi cal Layer Standard for cdma2000
Spread Spectrum Systens"” (the 1S-2000 standard), and (4) the high data rate
(HDR) systemthat conforns to the TIA/EIAJIS-856 standard (the | S-856

st andar d) . Bask@bbindOQt her exanpl es of wirel ess systens include Wrel ess Local

Ar ea rks W.ANS) such as the | EEE 802. 11, standards, (i..e. .802.11 (a),
by WG S Wit Bi bifmsa bR iR BV e b T depl oy ng
a Ml tipl eofl daputuniditibn bidhas Guicpuid dhi. M) typEANflIP Bite ishgerh) drhivevama)
Frequency Division  Miltiplexing (OFDM nodul ati on techni ques. |EEE

. g
802. 11(e) Mavdesompltiple: pse@AceRss £HONG OFIRYFY ShUPLFESAWRE- oh SYHEM JWYUSE Ghi ngs of

previ ous . ? A g i gﬁyﬂ)advanced,

hi gher da’?g% F tefgltl lﬂa gag%é%{ﬁe%qﬁl\%%éﬁg\é#gg qaié%ﬁyﬁggj? (}q fﬂg?%gﬁﬁ ve opened up

the possi blimetBivisfondduitipleridg €HpM),Ceade Dirgision Muitipjexig D), end ohere, vi deo,
various

Lot Do 3 TG SR SR BB B B,
are several such examples: (1) the "TIA/EIA-95-B Mobile Station-Base Statior
Compatibility Standard for Dual-Mode Wideband Spread Spectrum Cellular System'”
(the IS-95 standard), (2) the standard offered by a consortium named "3rd Generatiora
Partnership Project” (3GPP) and embodied in a set of documents including Document
Nos. 3G TS 25.211, 3G TS 25.212, 3G TS 25.213, and 3G TS 25.214 (the W-CDMA_
standard), (3) the standard 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/EIA/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(¢) 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,
among which are voice, video, fast data transfer, and various other applications.

However, various applicaftons may have differing requirements for their respective data



WO 2005/ 039133 PCT/ US2004/ 034063 3 transfer. Many types of data nmay have

| at ency and t hroughput requirenents, or need sone Quality of Service (QS)
guarantee. Wthout resource managenent, the capacity of a system nmaybe
reduced, and the system may not operate efficiently. [0007] Medi um Access
Control (MWMAEROOSHOECOol s are commpnly used to all ocat e RCTARA0&E34063

communi cati on resource between a numfer 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 nust be
designed to utilize the shared resource efficiently. It is also generally

desirabl e i el Ot bt i Y.

conmuni cat Iﬁ;g;#fgf}[ Qﬂ@m& %%%ﬁ?g h%%e%@?% Ijelmafmrrlc}el'\ggI I k%u%gmgﬁ tg’(’a&fl?)cred MAC
processi ng séme Qulity of Bevica QoY guaragteet Withoghpreturerymamgementhibe eapapity f urt her
need in the_.art for such MAC pr.ocessing that is bagkward conpatible with
various t y pE& systgm W%g&;&?dg‘i?gt 1e %ﬂW&W noﬁ Gl e%{f&a?"nent s di scl osed

her ei mp@Fpr ess Mgkt adcds® ICHMIE IVIACT Frbtoebl afe cinhbily @R3éd us alleatdriagh

t hr oughput systens and that is backward conpatible with various types of

| egacy systkargd conpmgcation prsewroabetieaya mymghes f ssrs MAGIreteeds wswaeslyng to a
| egacy  transHsS)ian, ﬁaﬁ/efE&Eo g Sﬂhgﬁg%\'igye? B id H*Qnsﬁ'.;it S RRLGE gild! 4 and
comuni cation according to a second transm ssion format transpires during
t he reser védngfib fioinoan inf186@9h dhta rabegtaldA Caspiectl, muest be Mpsigried do udlzaltwi ce may

contend for, access on | eqacy, . system and t.h communi cate according to a
ew ol ass CHFLARRNET GRoRGEotbl A FEE Hatr § TPENATCACICRALH | on
devi ces dunfifttalfelifiteas 1658y B@hn@tication sen@iier Th&P &Ctherefode 8 @Y¥edCia tHBWrI equest
access to a shared nedium according to a | egacy protocol, and, _ upon grant

of access, femMAfepiosessing forceffisient esatal bigh WQughhus sysieme bereie? $fons (or
facilitate Tq{%q@é I : i ding to a
new pr ot ocl:% | 0%%1}0& %htai%%ﬁzgrbegéss etig%t}é*gicgg\%% EHB Q@g@%@&@?ﬁﬁ%ﬁ E?pﬁ{asl | ocat es

a contenti eohldresygens.od and a contention period, a portion of the
contention free period allocated to comuni cation according to a new cl ass
protocol, and a second portion of the contention free period optionally

al l ocated to comruni cati on accor gUMMARYa | egacy communi cati on protocol .

The contention %eri od may use either protocol, or a caombination of both.
Vvar i ou8%8t her mbodiments” disclosed herein address the need for MAC processing for

efficient use of high throughput systems and that is backward compatible with various

types of legacy systems. In one aspect a first signal is transmitted according to a legacy
transmission format to reserve a portion of a shared medium, and communication
according fo a second transmission format transpires during the reserved portion.

[0009] In another aspect, a communication device may contend for access on a legacy
system, and then communicate according to a new class communication protocol with
one or more remote communication devices during the access period. In another aspect,

~ a device may request access to a shared medium according to a legacy protocol, and,
upon grant of access, the device may communicate with one or more remote stations (or
facilitate communication between two or more remote stations) according to a new
protocol.

[0010] In another aspect, a new class access point allocates a contention free period and

' acontention period, a portion of the contention free period allocated to communication
according to a new class protocol, and a second portion of the contention free period
optionally allocated to communication according to a legacy communication protocol.
The contention period may use either protocol, or a combination of both. Various other

aspects are also presented.



aspects are also presented. WO 2005/039133 PCT/ US2004/ 034063 4 BRI EF
DESCRI PTI ON OF THE DRAW NGS [0011] FIG 1 is an exanple enbodi nent of a
system i ncl udi ng a hi gh-speed WLAN;, [0012] FIG 2 depicts an exanple
enbodi ment of a wirel ess conmuni cati on device, which may be configured as
an access PWOHE/WE133ser termnal ; [00131 FIG 3 depi ct SPCIOUS2004/03496%r f r arre
spaci ng paraneters; 100141 FIG 4 depifcts an exanpl e physical |ayer (PHY)

transm ssion segnment illustrating the use of DI FS plus backoff for access
according to the DCF;, [00151 FIG 5 depicts an exanple physical |ayer (PHY)
transm ssion segnment illustrating the use of SIFS before an ACK, with

hi gher priority than a DIFS access; [00161 FIG 6 illustrates segnenting
| arge packets into snmaller fragnents with associated SIFS; [0017] FIG 7

depi cts an exanpl e pBREEE RESCRIFTIONQY THERDBAWEYGH segnent illustrating a
TXOP w per - f .ack ; l. ' tr TXOP with

bl oc k\?@iotclglnovm ed%lﬁgﬁtlﬁa&[ %%%%d%%%@m&j‘g%ls@% glﬁanrg]% l%énaér%#gﬁpsﬂ%gﬁzjé@f ayer (PRY)
transrpmEsi on Segier2t depidtd us tekaipla gribopialehedf I XFelass icogmidicdtion @82@ FI G 10

i s an exanpl e enbodi ment o‘iﬁa TXOP i ncl udi ng mul i ple consecutive
transni ssi OHE AR GORREYEdAH78 2CrEHRO OF PRST IIMIRE i ct s an exanpl e enmbodi nent

of a 1 i"Usﬁﬁéid@ﬁc{s%@ﬂﬁhMe&gﬁesﬁﬂﬁg?haﬁietepé?a”m e transmi ssion
required; [0022] FI G~ 12 depicts an exanple embodi ment of a nmethod for

i ncor goMdk i ng VB ofisdepastperst sxampie| physiog] dayes dPHIat trangmssianiség@entr enovi ng
gaps such 5. SLES AR BT biyPBho ST B3, ARBLARLIGENER0231 FI G 13

depicts an ysica ayer smssion segnent illustrating
consol[prsr ed poFIG Andegidieidn reeapglet plyeicdIX@s: (PHY)4 frafshdissiohd sebgpintt S an

exanpl e enmhodi nent. of a od for consolidatin olls; 025] FIG 15
illustrat eélﬁlé anng Ahaise °WN%L4}?‘%‘?FE?‘“ﬁé‘%zﬁ?tl’ﬁggerqg’r%mﬁpﬁggccﬁ_ » exanpl e MAC
PDU;  19fig)] Fl GIGL76 dgRbEdS EerthBiP! BroB efick - RRL 'smBAKWALG &t Ofith

associated SIFS;

{oo17) FIG. 7 depicts an example physical layer (PHY) transmission segment
illustrating a TXOP with per-frame acknowledgment;

[0018] FIG. 8 illustrates a TXOP with block acknowledgment;

[0019] FIG. 9 depicts an example physical layer (PHY) transmission segment
illustrating a polled TXOP using HCCA;

| [0020) FIG. 10 is an example embodiment of a TXOP including multiple consecutive

transmissions without any gaps;

[0021) FIG. 11 depicts an example embodiment of a TXOP illustrating reducing the
amount of preamble transmission required; |

[0022) FIG. 12 depicts an example embodiment of a method for incorporating various
aspects, including consolidating preambles, removing gaps such as SIFS, and inserting
GIFs as appropriate;

[0023] FIG. 13 depicts an example physical layer (PHY) transmission segment
illustrating consolidated polls and their respective TXOPs;

[0024] FIG. 14 depicts an example embodiment of a method for consolidating polls;

[0025) FIG. 15 illustrates an example MAC frame;

[0026] FIG. 16 illustrates an example MAC PDU,

[0027] FIG. 17 depicts an example peer-to-peer communication;

{0028] FIG. 18 depicts a prior art physical layer burst;



[00281 FIG 18 depicts a prior art physical |ayer burst; WO 2005/039133

PCTI US2004/ 034063 5 [0029] FIG 19 depicts an exanpl e physical |ayer burst,
whi ch may be depl oyed for peer-peer transm ssion; [0030] FIG 20 depicts an
exanpl e enbodi nent of a MAC frame including an optional ad hoc segnent;

[ 0031] FI Go Rds/shemsct s an exanpl e physical | ayer bur st PCT/OSB24/03H6E 22

depi cts an exanple nethod for peer-péer data transmssion; [0033] FIG 23
depicts an exanpl e nethod for peer-peer comunication; [0034] FIG 24
depicts an exanple nmethod for providing rate feedback for use in peer- peer
connection; [0035] FIG 25 illustrates managed peer-peer connection between

baged B ag noti necFEKEER Biinile phiaRAlaghreccReleh ot bENGRORATRE, O &7

MAC frame pédrpsérntanimigsiomnaged peer-peer communi cation between stations;

[0038] FIG 28 ] trates su rti .bot h | and. n cl ass.stations on
the sdffs0l frequﬁﬁiéaé’r?gﬁﬁﬁﬁﬁﬁ%?ﬁfGﬁg%imﬁtéfagg‘gﬁyﬁ%?Wﬁ 0E R 8P i nation
of | egacy g@ﬂom%gﬁtgss medi a access control; [0040] FIG 30 depicts an
exanpl e nethod for earning a transmt opportunity; [0041] FIG 31 depicts an
exanpl{@03ikt hod Fi&r 24 Hepictagn exasimvijpheysica lgyer burdtil ti pl e BSSs; [0042] FIG 32
illust S ove i i ! FA +.[.O - Fl 33 depicts an
exanplléﬁ%gt hod ﬁgf Ia[B)élr 8&%%6%1%?§B€@38%%?F :é'pdee‘g@ég%ﬁ:%’% cation while
i nt er qpe3spt i Ng WG.R3depiegas yxaBH¥ meOd fr pbdrGeerbrinninictioat es peer - peer
conmmuni cati on usj MO t echni ques by _ contendin 0 ccess .on a | egacy
sasr lbEh] R IS epioisi® S oelp St o POT BRI n G B RREerf s ( o1
fragnents)gg@rtcmu{@cﬁ&p aggregated frane; [0046] FIG 36 depicts a | egacy MAC
7]

frame; [00 FIG 37 illustrates an exanpl e unconpressed franme;

[0035] FIG. 25 illustrates managed peer-peer connection between two stations and an
access point;

[0036] FIG. 26 illustrates a contention based (or ad hoc) peer-peer connection,

[0037] FIG. 27 depicts an example MAC frame illustrating managed peer-peer
communication between stations;

[0038] FIG. 28 illustrates supporting both legacy and new class stations on the same
frequency assignment;

[0039] FIG. 29 illustrates the combination of legacy and new class media access
control;

[0640] FIG. 30 depicts an example method for earning a transmit opportunity;

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

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

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

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

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

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

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

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

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

[0050] FIG. 40 illustrates an example Aggregation Header;



[0048] FIG 38 illustrates an exanple conpressed frame; [0049] FIG 39

il lustrates anot her exanple conpressed frame; 100501 FIG 40 illustrates an
exanpl e Aggregation Header; WD 2005/039133 PCT/ US2004/ 034063 6 10051] FIG
41 illustrates an exanpl e enbodi nent of a Schedul ed Access Period Frane

( SCAP) f orwoaansiogeithe ACF; [00521 FIG 42 illustrates PSWUEROISEN may be
used in conjunction with HCCA and EDEA; [0053] FIG 43 illustrates Beacon
intervals conprising a nunber of SCAPs interspersed wth contention-based
access periods; [00541 FIG 44 illustrates |owlatency operation with a

| arge nunmber of M MO STAs; 100551 FIG 45 illustrates an exanpl e SCHED

R R i i S B

SCHED cont r(SICAP) forase ihalic AKEP assi gnnent; 10059] FI G 49 depicts a | egacy
802.11 PPDU;, [0 1 FIG. 50 depicts, an ex | e .M MO PPDU f.or for, data
t ransmf@ ons: %?%O%Zl]u“ﬁa@fs @TP@SL’% sm%ggg%fﬁﬂPéoﬁﬁ?@Bﬂﬂﬂ%Lﬁaémé] FIG 52

depi cts an myeppl e FRACH PPDU; and [00631 FIG 53 illustrates an alternative

enbodi nent of a nethod of interoperability wth I egacy&st_ems. DETAI LED
DESCRI PU53DN [ 0064G. 43ddlngtatesdivben intervals camprising & npmbel AP mtersperssdppor t

hi ghly eff i@t%&%éﬁngglgg%%{lg{%%%eggﬂ;uncti on with very high bit rate physi cal

| ayers for srnvlar applications that use newly energing
t ransnjoesdjon t e EiBoALiusttates I atencaopérationAlifila Brgepmndbsr dfiMIIMASaRs] N excess

of 100 Mops (mllion bits per secqng) in bandwi dths of 20 MHz. [00651

var i ougmgﬁarrpl eéﬁb&fﬁw %F&@ﬁ%gz:@b@?ﬁﬁﬂeici ty and robustness of the

di stri pekggd COOHGNY dRiCRRkALDRPoREr MagaeheMIRN; syst ens, exanpl es of which
are found in 802.11 (g;— e). The advant ages of the various enbodi nents may be

achi evB857Iwhi | e Figi 4it depivian dyaoriRddoP Sislpat i bility with such | egacy systens.
(Note foﬁ?st]’ In tﬁ@,_ 48 illustrates example SCHED control frames for TXOP assignment;

[0059] FIG. 49 depicts a legacy 802.11 PPDU;
[0060] FIG. 50 depicts an example MIMO PPDU format for data transmissions;
[0061] FIG. 51 depicts an example SCHED PPDU;
[0062] FIG. 52 depicts an exampie FRACH PPDU; and
[0063) FIG. 53 illustrates an alternative embodiment of a method of interoperability
with legacy systems.
DETAILED DESCRIPTION
[0064] Example embodiments are disclosed herein that support highly efficient

operation in conjunction with very high bit rate physical layers for a wireless LAN (or
similar applications that use newly emerging transmission technologies). The example
WLAN supports bit rates in excess of 100 Mbps (million bits per second) in bandwidths
of 20 MHz.

[0065] Various example embodiments preserve the simplicity and robustness of the
distributed coordination operation of legacy WLAN systems, examples of which are
found in 802.11 (a-e). The advantages of the various embodiments may be achieved
while maintaining backward compatibility with such legacy systems, (Note that, in the
description below, 802.11 systems are described as example legacy systems. Those of
skill in the art will recognize that the improvements are also compatible with alternate

systems and standards.)
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description below, 802.11 systens are described as exanpl e | egacy systens.
Those of skill in the art will recognize that the inprovenents are al so
conpatible with alternate systens and standards.) WO 2005/039133

PCTI US2004/ 034063 7 100661 An exanple WLAN nay conprise a sub-network

prot ocol sy geksnIdigs sub- network protocol stack may suppenis:dwigiassata rate,
hi gh bandw dt h physical |ayer transpprt nmechanisns in general, including,
but not limted to, those based on OFDM nodul ati on, single carrier

nodul ati on techni ques, systens using nultiple transmt and nultiple receive
antennas (Multiple Input Multiple Qutput (MM) systens, including Miltiple
I nput Single Qutput (IvllISO systens) for very high bandw dth efficiency

oper at0868] syst dwsexagiptyy iTp¥e comprise Al FubAieivork quptpeolatiacknnse pyb-
et . . ghopie . _ nn t
From mal 1 deiicl propRi B} sfobt figh MU bAARIAA A © O

usi ng code trhnstiost echanibhs ol gererat,ciacludifie) nottlanited gtesd based bn\OFDM

transm ssions, for myltiple use simul taneously. Altern exanpl es i ncl ude
Singl 6 1 np FRORAREP e BAFER TSR SIS GYLSCES, RS SO RS ( 51 SO
systenms. [ QRfi#dle AQivelant¥RAA (REATNL Mpvit PRRPE OBPLEMIREOCY éﬁ@&sm&mhmﬁar e set
forth in the context of a wireless data communi cation system_ \Wile use

wi thin t hi Melgnleeleput SingledVutniia PEBIY, sysfiers)e fasnter abdbandiidih stfigiensyi nvent i on
may be | n° pBALS, Wetkils %'tsi‘iugs%@ﬂ@e it AR ?ng{bf {o Kb Rk with"
syste escri be y e for usi ng

general , vari’oas herein m
sof t war e- c sphtiad tndtplpxing eschoiqaes ton tregprmtt éala ¢o roc Urdns mmdtipldiwsar #tminkisgi c.  The

data, instructigns, camrands,. informatiaqn, sjignal.s, synbols, hi ps t hat
mmy b ek B REH GGl BHLAEIS POl pi ok e rsessa AP esent ed
by vol t agesechnfgbd 89t flowe 1RB4hRTREN Erl MuPKE SserfBdMBkdreolde! daltematearticl es,
optical fields or particles, or a conbination thereof. In_addition, the

bl ocks shov#amples iehdp Single aputgyialipledutpyt £pIMQd Fingle ppubSeelefditpdd st eps.
Met hod stepthS@r% g%nt erchanged wi thout departing fromthe scope of the

pr esent inventlox. ie word "exenplary" is used herein to nean "serving as
an exapé®, i nstCmecer, more exdmpddry atoibmdinientingeseniteddhergint arel ssic faurtheth theer ei n as

"exenplary" is not necessarjly to be.cons rueS)gﬁ\f%q referred or advant ageous
over ot her _°é’m‘36td? r’l‘flge?esf gﬁt@%nﬁ'ﬁ‘caﬂc’q §ysiﬁ‘f"e eeWE]blBitﬁ’érﬁm@Ft Yystem
100, conpr ikidagabus aiFfssht BAb&diments 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.
The data, instructions, commands, information, signals, symbols, and chips that may be
referenced throughout the application are advantageously repr'esenteci by voltages,
currents, electromagnetic waves, magnetic fields or particles, optical fields or particles,
or a combination thereof. In addition, the blocks shown in each block diagram may
represent hardware or method steps. Method steps can be interchanged without

~ departing from the scope of the present invention. The word “exemplary” is used herein
to mean “serving as an example, instance, or illustration.” Any embodiment described
herein as “exemplary” is not necessarily to be construed as preferred or advantageous
over other embodiments.

[0068] FIG. 1 is an example embodiment of system 100, comprising an Access Point
(AP) 104 connected to one or more User Terminals (UTs) 106A — N. In accordance
with 802.11 terminology, in this document the AP and the UTs are also referred to as
stations or STAs. The AP and the UTs communicate via Wireless Local Area Network
(WLAN) 120. In the example embodiment, WLAN 120 is a high speed MIMO OFDM
system. However, WLAN 120 may be any wireless LAN. Access point 104



(AP) 104 connected to one or nore User Termnals (UTs) 106A - N In
accordance wth 802.11 term nology, in this docunent the AP and the UTs are
also referred to as stations or STAs. The AP and the UTs conmunicate via
Wrel ess Local Area Network (W.AN) 120. In the exanpl e enbodi ment, W.AN 120
is a high ¥e¥5/0PMD OFDM system However, W.AN 120 naRChHUSHM03WMi6E el ess
LAN. Access point 104 WD 2005/ 039133 BCT/ US2004/ 034063 8 comuni cates with
any nunber of external devices or processes via network 102. Network 102
may be the Internet, an intranet, or any other wired, wireless, or optical
networ k. Connection 110 carries the physical |ayer signals fromthe network

to the ac%%_ﬁlelg{ramé whan .l?e‘?sofoéxﬁ&ﬁﬁ%éﬁ)@ssomyocgﬁeéiqwﬁ%&% i@ network

102 or as via connections therewt on"W.AN 120. Exanpl es of
devi ces t hafetwer 162 roayniyectbe daternety aniinttapet, peanyoether1@Red wikalesd\l ot Rpti¢ahc| ude

phones, Personal D gital I st.ant.s PDAS,) ....C ter f _various,types

(I apt ops, 5‘5?”305 al ‘%ﬁ?ﬁ&? i‘f@cﬁ%ﬁ &&ﬁtl?ﬂ 18@??&3’&%3%%%@ t@ef n%%*t%‘&%, vi deo
devi ces SUGBceRSpERIDAA Deviee 0T 6lREss mag BE adrectadith neiwérkUdR by asellys @t her type
of data device. Processes, may include voice, videq, data conmunications,

etc. Vari ol qpanestions Berwithedn WA V20 Vixamles of devicesithp may bg Gomnseiett s, whi ch

may be accqpmmg ' | R A TV A )A agi ni ques.
[0069] Systam oﬁgngy 467,25 WERN T2 Rtlde! phoftbs, SREMGE DhEHPIsrlERAN JL°

comuni cat dPRAs) donputels joff wmoue xmprsl Saperisodiersonal. computers.awodesiaives,

enmbodi nent,, _direc eer-to-.peer,. communi cation _bet ween, t wo s_my ,be
S ocommant dermge RE sRERmehoAPRS et it 58 e ARG Bl A 0,
those of skiifdally iy hethedrtype oRdatal ®Sicef Probdsedd mue indhldestoiad, efdebeliaw. Access

may be managed by an AP, or ad, hoc¢ (i.e. contention based), as detailed
bel ow. [ 00FORDIUAICEHNSe b di NEHIoUs At OsTeRIy I8 s hitteh sfaRERS o ¥60Bn. I n

this case, «?d(}iﬂeﬁent&,%‘ﬁi@ﬁ %ﬁ??% R&oRRRIRME By h&né?ﬁ‘y}éit diigy 1%erAb: (Gospr ovi de

connecti on network 10 etalls not Shown). ernet frames may be
t ransf er r ededbaiguesen the router and the UTs 106 over the W.AN sub-network

(it 2 sy 5, by R oy B Y SERBSSE L e il pgovn
Adapt at i on.colnfuhites wils the AR eoPexagipte @sbaligéit.c\Iawn raltuingte ehbbdinteat, set of
connect ed %L%ct( geee}'-?ci-ll)ger nc%;[nmsug?c\ggc))ri blet?ivelt’ﬁ{1 itv?io 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.
[0070] In one embodiment, AP 104 provides Ethernet adaptation. In this case, an IP
router may be deployed in addition to the AP to provide connection to network 102
(details not shown). Ethernet frames may be transferred between the router and the UTs
106 over the WLAN sub-network (detailed below). Ethernet adaptation and
connectivity are well known in the art.
[0071] In an alternate embodiment, the AP 104 provides IP Adaptation. In this case,
the AP acts as a gateway router for the set of connected UTs (details not shown). In this
case, IP datagrams may be routed by the AP 104 to and from the UTs 106. IP
adaptation and connectivity are well known in the art.
[0072) FIG. 2 depicts an example embodiment of a wireless communication device,
which may be configured as an access point 104 or user terminal 106. An access point
104 configuration is shown in FIG. 2. Transceiver 210 receives and fransmits on

connection 110 according to the physical layer requirements of network 102. Data from

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



case, |P datagrans may be routed by the AP 104 to and fromthe UTs 106. |IP
adapt ati on and connectivity are well known in the art. 10072] FIG 2 depicts
an exanpl e enbodi mrent of a wirel ess conmunication device, which my be
configured as an access point 104 or user term nal 106. An access point 104
confi gur atwonoeis®3gbbwn in FIG 2. Transceiver 210 receiP¢ddIS3Wd 034 ehsnits on
connection 110 according to the physi%al |ayer requirenents of network 102.
Data from or to devices or applications connected to network 102 are
delivered to MAC processor WD 2005/039133 PCT/ US2004/ 034063 9 220. These
data are referred to herein as flows 260. Flows may have different

characteri st,j.cs..and reguire different,pro Si based, on fhe type of
applicati oniioas o a({;'g%a’iﬁi %ﬁer{e ePor hegip ﬁ§o$§%%<gﬁgl fﬁ&ﬁ Bjéflgdlbalye\ffé{%%rgltnay be
char act er i zgdrag®rittiesvand aiagneyuitd Sifereny prdeess@g hasedl drytheaypd gf Bipliefion

t hroughput requirenents than _voice). My data applications are_| ess
sensitive t¥secitedwih the Hovwg Fop sxasmie, gAdRO JaolCe YRR FRafacterzgdins Mivent s
(i.e., voic | redisy general |y
i nt ol erant %%eH%g e% kﬁ%ﬁ%&?@b’?é%@%&%%@%ﬁmbéﬁ hl‘r?eelﬁcéeﬁgsaﬁ_f‘fdéc\%% 260 and
processes tMeany fata appliaations sxsi loss semsititterte 1geneyi i imalydave hightx@apriotsestyor 220
al so receives .Dthj‘gaI | ayer d§t% and %.rocess S th%ld%tafto f or mpacket s
for outgoi NGAFTERRSIED: VIRT BFARP TIEHADY G SOhR P2l Iesri THE Trester 18 8 ntruni cat ed
bet ween them&%rmdfpdaﬁetUH@), MAC Protocol Data Units (MAC PDUs), also
referred to as Physical |ayer (PHY) Protocol Data Units (PPDUs), or franes
(in 8731 par MAbrocssser déf repeiveilows 260rnd deereessdthemoier Hrgsansses opaN
transcei ver n i ‘ ' l.on from
thﬁéaﬁys?%n Al lag & NM;\FC& IjPD%bsegs%Q zzcﬁﬁlgﬁﬂécav&s%ﬂ}&lbﬂqugéﬁ&ﬁ aB@PBESLs

fl ows and co , and VI ce versa, are tail eo_l bel ow.
Al ternat e etibdalrnefirs pakete foplovigoingriloveaidle dutemnl contrbhingiusgnalieeitzdsok 280

Fayer (P ST iRleeR B A nd 55 TBY 1138 1r5b T GRRTNAE L D60 ey
conpri se anysphfatedab ab Phosicdl Niyer EHYP Brotaddl Diatdi Uigits PRDRBY, torlftatmes gines f or
channel s (inpcluding nulti eg‘st as well as unicast channels), . nodul ation

format, andSUzlli 1 Ay deharadrin andsrecqpgl/Hom vrelgss e BRCENBA Bnt , t he
Adapt ati on tanghich AP0P) quﬂp@élcqﬁgggffm %E@gc'ié?én k8MCHlokdalid cBhfaR@ oor med in

MAC processor 220. The physi ca _ Is performed on wrel ess LAN
transcei ver MMOPDUhomd vade witsal brej detailnd below. whitdmate crobpdiments 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 chamnels (including multicast as well as umicast channels),
modulation format, and various other parameters.

[0074] In an example embodiment, the Adaptation layer (ADAP) and Data Link
Control layer (DLC) are performed in MAC processor 220. The physical layer (PHY) is
performed on wireless LAN transceiver 240. Those of skill in the art will recognize that
the segmentation of the various functions may be made in any of a variety of
configurations. MAC processor 220 may perform some or all of the processing for the
physical layer. A wireless LAN transceiver may include a processor for performing
MAC processing, or subparts thereof. Any number of processors, special purpose
hardware, or combination thereof may be deployed.

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

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



t he segnentation of the various functions may be nmade in any of a variety of
configurations. MAC processor 220 nmay perform sone or all of the processing
for the physical layer. A wireless LAN transceiver nay include a processor
for performing MAC processing, or subparts thereof. Any nunber of

processor SWOSps®BHB3 pur pose hardware, or conbi nation tReEYEGI44RAHe

depl oyed. [0075] MAC processor 220 ne¥ be a general - purpose mcroprocessor,
a digital signal processor (DSP), or a special-purpose processor. MAC
processor 220 may be connected wi th special-purpose hardware to assist in
various tasks (details not shown). Various applications may be run on

externally ¢ nnagﬁrt ed %{f CeSSO{ such gwa(n WO 2005/ 039133 P ({ 04/ 034063
10 external 7’@3“5 FRRREGHE SSFRRHIEL PT B 3 FERETR BN HECTT gh? d#}%‘/\ un on an
addi ti onal proéease Seithin ﬂd:degﬁ PoiBC @S (niGhB¥m)] @F n{aOiun TAOMIAIC pcessBry2a0un on MAC
processor 220 ILtsel f. rocessor 220 is.shown cgnnected with nenory 255,

whi ch nmay Ué“elfsé\@ACfPé?"e%SPb? i shavn cernecied Withngmary 28t Wik MRy be ¥a&sds or i ng
L var ousepraEades il KPLRIROeRs iRng' B NuBRORReRuaild N e

art will recogniz at nmenory be corrp I sed e Oor nore menory
conponent s méthv@rdemedl th:reim, Tthget ofrshljtl it the agrilldrelmgniize thahmlemonr 255 mayar t

wi thin MAC processo 00761 In addition to toring i nsEhﬁgctl ns and
data for pe?t SPHRHG" f n?f’te E“"E%E%?W%&"mlh"él?’étﬁn 35'%5 o be used

for storlngexﬂ!ﬁadaedﬁﬁmleadreﬁipmwnhmmotpsocwm [0077] Wrel ess LAN
transcei ver 240 nmay be any pe of transceiver. In an exanpl e enmbodi nent,

wi rel ed¥78AN t réﬁ@éént%rto ztswng anspctoppid fatp derepaplopmingHagionn fessabedoper at ed
with aM NQlé?élane%Q)r QB?Ha @fso bﬁ%ﬁ%&%{g gﬁ%{ké aFifh VaRBUquleRes. t NOse Of

skill in the art. |ous xarrp Otransc vers are
det ai | §M77In co- MﬂdﬂﬂgLANSranM\@nﬂfimmay beaty type $é tiapscelNer. TOIGSANPES,

entitled "F NT SPATILAL-P I.NG FOR W DEBAND M SO AND
MND SvSTENESORTIE Vi AS Frisiet 203 A OIS HRScohishi Reh 20 (e
present i nyrpdtédoRith AlNIBVIOadreMESM aférfiet OFMMY, MMy ded BT 2¢ kwitesy st ens.
[0078] Wreless LAN transceiver 240 is shown connected with antennas 250

A-N. Any ntetseet Sl Hnthe gHa sV #reps sxananls BEPM MIMO,a0d; MIRO Eapssevere 3ics .
Antennas 258.tfRY Be coYefdl %Outsr améﬂtt ﬁﬁiféaﬁo?p%eﬁa ?4’6 Wehdsok28, el

Wrel ess LAN transcei ver se a spatlal processor connected to
“FREQUENCY- ]NDEPENDENT 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.

[0078] Wireless LAN 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 fransmit and receive on WLAN 120,

[0079] 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
transmission independently for each antenna or jointly process the received signals on

. all antennas. Examples of the independent processing may be based on channel
estimates, feedback from the UT, channel inversion, or a variety of other techniques
known in the art. The processing is performed using any of a variety of spatial
processing techniques. Various transceivers of this type may use beam forming, beam
steering, eigen-steering, or other spatial techniques to increase throughput to and from a
given user terminal. In an example embodiment, in which OFDM symbols are
transmitted, the spatial processor may comprise sub-spatial processors for processing
each of the OFDM subchannels, or bins.



each of the one or nore antennas 250. The spatial processor may process the
data for 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 estimtes, feedback fromthe UT, channel inversion,
or a vari eOWPS/PEREr techniques known in the art. TheP@rBEW8&I3Hg3i s
performed using any of a variety of sphtial processing techniques. Various
transceivers of this type may use beam form ng, beam steering,

ei gen-steering, or other spatial techniques to increase throughput to and
froma given user termnal. In an exanple enbodi ment, in which OFDM synbol s

are t mtte the spatial processor. may.conprise sub-s i rocessors
for pr @ﬁ@i sing &R ﬁxsfﬁ“ﬂf ﬁ%("%@"ﬁkﬁ’ g‘%ﬂﬁ%ﬁ’(&ﬁ fmtg&aﬁ’i g %a'%ﬁa%g‘ﬁ) §‘§1 33

PCT/ US2004/334 86 anterhis. [ DR3O hrel tRusaV) 6N Patbk Betditen 21 anteRfasAIT tRPAP BAd heN
antennas, and an exa have M antennas. There are thus M x N paths

2xanmpl e UT ma € ]
bet ween t hedJhnf\diarely °5ﬁpaﬁlh]ée‘5hpﬁﬁiﬁﬁfot‘ imeprong throughpytasing dese pattiple pathec hni ques
for inprovi i ¥ ' he art.
In a Space ?‘f#ﬁ@ﬁﬁﬂ‘%’?ﬁ %’de r g‘% ?‘g‘&?’gﬁ%‘ﬂ E{/vgrts{e%ﬂ( a s)gsr}?tgég%wleﬁm{eg her ei n
as "di ver sitbytiein dsrdiversits’y)i tmsohdtsmnidstafipfommaitesichnd reicaied adé senbamlosallt acr oss

all the antennas as a single str of t Wth Mtransm.t..antennas and N
Cecei ve. anPeATETE IS SHEY T T NI N GHRTIL APeERa N SRR my be
formed. Spadntedhas thete tnhdy AN (19X B HdepertiBR TRarRRARANAGBe PAAES Spagdalmay
transmt different data on each of the independent &&t hs, to increase the

transni ssi oRuiiplesing Eupigify thes indepsndeat pathsindomay BansrBwAirat JauPmPaY or
adapting. t QAdiinGhRAAAL Flthe1d el tnd 4Bfghe bet veen the AP and a UT.

Uni que pilots may be tr nsmtted from eac transmt antenna. The pilots are
recei viiisidt eaclVarieveiochniques armenosmdforeasungeot. adaptvemntvethe shantaterisiiésorfmat i on

f eedback t hen he return to t transmttin evice for . use in

t r ansni ssim;t#? "E’F@@n_ea‘@%%*n%’a?&’t ‘i"g‘na E‘&_‘t ’élqﬁ?agé?}f' é‘%y%a'ﬁﬂlévmﬁﬁtfﬁr&e_ be
perforned tiang@iteiniénne. t i pHRENE r@kBeamPdash rdivel intdmhatad titglfgue, to
avoi d eigen_ deconposition of the channel matrix at the receiver, is to use

ei gen- st eer Fhgnelistaininfosmatien fegdhackimey they beirpmet Jo Siedranamittnecieriss ity at the
recerver. [&Q%]uaﬁgﬂﬁsioﬂeﬂﬁ%@ % oftBodifiéh 68 feCLashfl@ NG hnet AL h3PSe Varying
data rates may be avallab for tfansmssion to various user tefmnals

t hr oughout penersgdstoaietermine thrachizimal kigenmaedese Apdtinidte techmfueh ot aveidreigdne AP and

each Ut mydeggmpésﬂl%%rof%g gh%{me iattix at the receiver, is to use eigen-steering of the pilot

and data to simplify spatial processing at the receiver.

[0082] Thus, depending on the current channel conditions, varying data rates may be
available for transmission to various user terminals throughout the system. In
particuiar, 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 on 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.

[0083] The number of antennas may be deployed depending on the UT’s data needs as
well as size and form factor. For example, a high definition video display may
comprise, for example, four antennas, due to its high bandwidth requirements, while a
PDA may be satisfied with two. An example access point may have four antennas.

[0084] A user terminal 106 may be deployed in similar fashion to the access point 104
depicted in FIG. 2. Rather than having flows 260 connect with a LAN trahsceiver

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



than a nmulticast or broadcast |ink that may be shared fromthe AP to nore
than one UT. Exanples of this are detailed further below. The wireless LAN
transcei ver 240 may determ ne the supportable rate based on whi chever
spatial processing is being used for the physical |ink between the AP and
t he UT. Thwe Zedmensati on may be fed back on connecti onP@30s2hio3sse i n MAC
processi ng. [0083] The nunber of antefnas may be depl oyed dependi ng on the
UT's data needs as well as size and formfactor. For exanple, a high
definition video display nmay conprise, for exanple, four antennas, due to
its high bandwi dth requirenents, while a PDA may be satisfied with twd. An
exanpl e ac L0k . ant e ] 106 may
be- dep! oyediantetivel Honl B U Rl AR alghioiih b HRELSLTPBAIR £ 2
Rat her t hamnhizevUiligr fal dewise 26ihectod tieedwitt. t TheahiflfaN l¢velreomdctedrto ejthdrtAidugh a UT
may i ncl ud u ranscejver, either wr. or .wWireless flows 260 are WO
2005/ 03913 0%6%?5%9%6‘&75%2 tpes 1@8??&#%%@5%‘@&%? WBE‘E‘Fﬁﬁt?‘Xeo"Pdea ivered to
one or nore applications or processes operating on the UT or a device
connected therewith. The higher |evels connected to either AP 104 or UT 106
maybe of adggacy882.1L MALs described herein are illustrative only. Legacy
802. 11 MAC (0085] As nentioned above, various enbodi ments detail ed herein
may be deployed so as to be conpatible with | egacy systens. The | EEE

802. 1]10e8F] f eat uAe nsatiofedrabote, ivaridus rembobiasisatethiled hyreini hdyebardployedisd i er

802. 11 standards), ingclud various feat ill be supmarized in
this secti 5‘?1?3%3%9_%’3%?3{’ W“ﬁi%ﬁﬂabf @ésyef% ﬁ%iﬁﬁ%swﬁg@\r’#i“&?s tt(é{“??ﬂférlﬁ M Eor a

det ai | ed degskiwad Eddpa@ibletvi@s arfide BOL 11 © REnddr8d) SihelhestaoliseR M ithee wilfEE 802. 11
standard. [0086] The basic 802.11 MAC consists of a Carrier_ Sense Miltiple

Access/ Col [besupmarizegdan Bumheetiqnedong with fepsyesintypdiced i padier staedarisn &er &n
Function ( ﬂ!}g Poi Gl ' ' D " {Plgfallowsfor
access of %}]ehe |?Jr%tﬂ§m8|{’ﬁ%18§te cgﬁ%}gr]g%&%gr%@r%fp&%em blz.él(ls}g% oyed at an AP
to prooesse cent Thé baanfidl1 MAG chGistantia Jagker Bende Maltiplr Acasss/Gellisiobet ween
consecutive, t ransm ssi to avaid.collj,signs. rapsm.ssiLons, are. referred
to as franébsv,mdgﬂ%? tl?ﬁé‘néjx fS%él?’r@esd ¢g°rglé’f‘té%g ¢ ?Pgéég)nan ALEFE r ane
Spaci ng (| Kbrdifatiefemekys (PCRS €ThedBUE {Ilow¥eBr 26028y 6P thef madiBdm WithoutBNagenent

frames. [0087] hiterframe spacing time durations vary dependi ng on the type
of gap i ns&grtecontrol. The PCF 1s deployed at an AP to provide central control. The DUF and

By

PCF utilize various 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.

[0087] 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 a 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.

[0088] According to the carrier sense (CSMA) feature of CSMA/CA, a station (STA)
may gain access to the channel after sensing the channel to be idle for at least a DIFS
duration, (As used herein, the term STA may refer to any station accessing a WLAN,
and may include access points as well as user terminals). To avoid collision, each STA
waits a randomly selected backoff in addition to DIFS before accessing the channel.
STAs with a longer backoff will notice when a higher priority STA begins transmitting
on the channel, and will thus avoid colliding with that STA. (Each waiting STA may



FIG 3 depicts 802.11 interframe spacing paraneters: a Short Interfrane
Spacing (SEES), a Point Interframe Spacing (PIFS), and a DCF Interfrane
Spacing (DIES). Note that SIFS < PIES < DIES. Thus, a transm ssion
following a shorter tinme duration will have a higher priority than one
whi ch nustWaaNsopgayer before attenpting to access the PCAHERNE{03406088]
According to the carrier sense (CSMA)3feature of CSMVN CA a station (STA)
may gain access to the channel after sensing the channel to be idle for at
| east a DIES duration. (As used herein, the term STA may refer to any
station accessing a V\LAN and may include access points as well as user

term nals). voi d each ST sel backof f
in additiod %;we Fﬁép%; i;zg:ﬁé@%gg%eaf%o Qm%@ %t@dﬁe@é}%éﬂs}'@hﬁ aﬁfgon%er

bﬁc kof}c W |ﬂ(‘janl§lﬁ75fx6@owﬂﬁrchmﬂal ghxsrmagmtmamgtxtﬁ r&dtiveleipiins) ﬂhasqwidvtmgngle on the
channe and W us col I Nng. W t Eac vva| ting STA may
VO 2005/ 039’P§§10PGW13§§68&% 0 tbgpwg&etgﬂq@%%agéé %by t he
amount of tiPepdtivedBiol EWPFARE EVE 8NRitAly @Roseh 16 bE EWPmin, batn@aﬂem 8p 0N the
channel , thus malntalnlnglts relative prlorlty Thus, follow ng the

col | i sion degriditwe a{ @A)y dodlisians entdf maxinym veloe of ¢ Wi STA backs-off a random

peri od time t ch 0 CWm n,
but i n@irﬁe9 ses bﬁ § X\ﬁgc%tg gmn%ﬁ% v?\]yk? laﬁ eve (PﬁYg@l:a%l%nﬁ%Jﬁyn 1f %ﬁﬂéohav}}%%rl%um val ue
of CwWrax. Li0(8Qfes ficGisedf DIPS phs tarafpioe awesssaocaidm,gayehe DERY)Ax existigi ssi on
segnent 400, whjch | I I usit rates the USﬁ of DI FSs§ %Backoff far access

accordi ng ttEposTissiper10 Apilizes g phprmgly Jengg i F9iEaies, H2 Wisannel .

Wien transnzasbRNMnd hihECs B b&Sssed ecchblaad 8 4RIk RsmitGioR 480 BegiRE bk tY
accesses occur, and so new tTansm ssion 420 begins after DI and the

associ at ed M@k&;ﬂfﬂlp@ﬁﬂoeidtedlhﬂckﬁépmoﬂc uhlsﬂlérﬂmmw bfﬂ% @wﬁ%makglg
transm ssi e in
this case ?‘%“g‘écg%ﬁmﬁégﬁscémttdﬁ%ﬁ% 6’%’3@?&%?#5@ used . ng a Z:Sr ane equence

in whi ch ondoyiteati@peci fic STA is expected to respond to t he current

transm ssi on. an Acknow e nme tran tted in
respon@@ o a rw%ﬁéﬁm ﬁwao PR PHUCHCA LY W, E%E H'B’yaﬂ’% (E\PKrSé[:‘?’sﬁef‘Peé’geg
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sequences may_ al so use SIFS between franmes. A Request To Send (RTS) frame

maybe fol |(@&W&d iaf rasmiieg Snviesponge @ @ateceivedstame (cEds)a, fthatnACK: e behe dat a
may be
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transmitted immediately following the received data plus SIFS. Other transmission
sequences 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.
[0091] FIG. 5 depicts example physical layer (PHY) transmission segment 500, which
illustrates the use of SIFS before an ACK, with higher priority than a DIFS access. An
existing transmission 510 utilizes the channel. When transmission 510 terminates, in
this example, ACK 520 follows the end of transmission 510 after a SIFS. Note that
ACK 520 begins before a DIFS expires, thus any other STAs attempting to eam a
transmission would not succeed. In this example, afier the ACK 520 completes, no
higher priority accesses occur, and so new transmission 530 begins after DIFS and the

associated backoff period, if any.



transmtted a SIFS after the CTS, after which an ACK may foll ow 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 determ ne whether energy has gone away (i.e., the channel
clears), (a):zmi/mmio decode the previous nessage and BelVERWNHEUAet her an
ACK frame will indicate the transni s$ on was received correctly, and (c)
time for the STA transceivers to switch fromreceive to transmt, and vice
versa. [00911 FIG 5 depicts exanple physical |ayer (PHY) transm ssion
segment 500, which illustrates the use of SIFS before an ACK, w th higher
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RTS/ CTS, while shorter franes are transmtted unprotected. [0093] The PCF

may be used RIS dpragon. afhoaPIHSqls sheter drendhe DR podthug dat higher griotifyethart hannel .
An AP may } I f . i frer i . i 10 idle for
Pl FS dur ST S Uk AP ok AEpETLA @ GElop BRI M RO RRARE,
priority themss BpfeBunifiac e bvther SPAkasd daisnmtpracc B effiddney chipaed to t can
provi de contentjon-fre ccess opportuynit] to.0 STAs .and..t hus i nprove
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PIFS, so tizgpd¥eludhided conpldic bulbre takipyconPblod i@t es conpl ete before taking
control of the channel. [0094] Once the AP gains access to the medi um using

the PIPS4]t canOsee Hist ABigains aceess dntthe mefivae upag itk PERSF) cagpstablésbuhi ch t he
AP can proyd de R-kRE REG6E s(éFf’f 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 vatious enhancements,
including enhancements to polling, an example of which is detailed further below with
respect to FIG. 9.

[0095] 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 are 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
in the CFP.

[0096} 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



associ ated STAs. The contention-free poll (CFPoll), or sinply poll, is
transmtted by the AP and is followed by a transm ssion fromthe polled STA
to the AP. Once again, the STA nust wait for a SIFS duration follow ng the
CF-Pol I, although the polled STA need not wait for D FS, or any backoff.
802.11(e) wotmssdaeidsl vari ous enhancenents, including epghamenymdess t o
polling, an exanple of which is detaiised further below with respect to FIG
9. [0095] The Beacon transmtted by the AP establishes the duration of the
CFP. This is simlar to using RTS or CIS to prevent contention access.
However, hidden termi nal problens can still occur fromtermnals that are
unabl e to hear the Beacon, but whose transm ssions may interfere with
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first STA must wait SIFS, so there are N-1 SIFS 670A — 670N-1 as well. Thus, in

contrast to sending one packet, one ACK, and one SIFS, a segmented packet requires

the same time of packet transmission, with N ACKs and 2N-1 SIFS.

[0098] The 802.11(e) standard adds enhancements to improve on the prior MAC from

802.11(a), (b), and (g). 802.11{g) and (a) are both OFDM systems, which are very

similar, 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.

[0099] 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 infroduction 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 AIFS[i] values that are allowed to be used by the other STAs.

Only the AP may use an AIFS[i] value that is equal to the PIFS. Otherwise 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 AIFS implying lower priority is chosen

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



contrast to sending one packet, one ACK, and one SIPS, a segnented packet
requires the sanme tine of packet transm ssion, with N ACKs and 2N-1 Sl FS.

[ 0098] The 802. 11(e) standard adds enhancenents to inprove on the prior MAC
from 802.11(a), (b), and (g). 802.11(g) and (a) are both OFDM systens,

whi ch are werypossdssl ar, but operate in different bandsECNE2PB(3406at ur es of
| oner speed MAC protocols, such as 8B2.11(b), were carried forward to
systens with rmuch higher bit rates, introducing ineffrencies, detailed
further below [0099] In 802.11(e), the DCF is enhanced and referred to as
t he Enhanced Distributed Channel Access (EDCA). The primary Quality of
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Ar bi t r@{’fo | nt 3?"? P&ﬁ?%‘iﬁ‘ﬁﬁa V(‘quféﬁé..%ﬂlﬁ%ﬁa] %uona@gﬁ%&gt rellaw 1%%ﬁ5ta Traffic
Cass (TO) prideitt ddss @petinitied it 62 el GWHN8.c Ao BRgkofrs FoAbThS T, theadifferentdi f f er ent

fromthe Al FS%i %mlval ues that are allowed . to_be used b%‘lthe ot her STAs. Only
the AP may %@8enien windeysjzey proyilerapapbapilistictelative prionly, Prtrognnehbsdissi e Al FS[ i
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i nt er sper se#e w ¥h haying amed sckdsOR das cpdaintycbal Hasanorptaip the sdammebdort o

removi ng theyneed. o waik.Jd FS pl us backoff for each frame, the STA having
earned a TXOP has certainty that it can retain the channel for subsequent
t ransnit®02dpns. During the TXOP, ACKs from the destination may be per frame (as in carlier

802.11 MACs), or may use an immediate or delayed block ACK as discussed below.
Also, ano ACK policy is permitted for certain traffic flows, e.g., broadcast or multicast.

[00103] FIG. 7 depicts example physical layer (PHY) transmission segment 700,
illustrating a TXOP with per-frame acknowledgment. An existing transmission 710 is
transmitted. Following the transmission 710, and after waiting DIFS 720 and backoff
730, if any, a STA earns TXOP 790. TXOP 790 comprises N frames 740A — 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.

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



[00102] During the TXOP, ACKs fromthe destination may be per frane (as in
earlier 802.11 MACs), or may use an imedi ate or del ayed bl ock ACK as

di scussed below. Also, a no ACK policy is permtted for certain traffic
flows, e.g., broadcast or nulticast. [00103] FIG 7 depicts exanple physical
| ayer (PHWO eoanmd3ssi on segnent 700, illustrating a TRORSWO4/MB4HEr - f r ane
acknow edgnent. An existing transm sdf¥on 710 is transmtted. Follow ng the
transm ssion 710, and after waiting DIFS 720 and backoff 730, if any, a STA
earns TXOP 790. TXOP 790 conprises N frames 740A - 740N, each frane

foll owed by N respective Sl FS 750A - 750N. The receivi ng STA responds with
N respectiv I(tACKS 760A -

76 The ACKs 760 ar wed b 1 SIFS 770A -
770N-1. No be Agmned; ?W@&@%PWE]@EO% °E§tb"aﬁms@mﬁ*?6 Eifsal\t)ée s header
and packet ek, oFABL o fel AheRN:iocivdPirBblg heloMaral | ow for greatly
reducing the Aampunt of transm ssion time resérved for preanbl es. [00104]

FI G 400105lust r aBxample anxigiigants, detetleddielayk allew dengreallyrreditcing theeanra@pPoB10  may
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frames, or g‘ﬂ permt receiver processing in software [ 00105]
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pernmitted be fm‘gﬁh‘éhiﬁﬁ. andsfon ve 1tarpofeser dant eV SDIUst fgy bt eaksmitied r arres
| ndi cating tttc])re requiring a Block ACK from the destination. In such a case, to transmit M

frames, the total time is reduced from M frames + M SIFS + M ACKs + M-1 SIFS, to

M frames + M SIFS + Block ACK. Embodiments detailed below improve on the block

ACK efficiency even further,

[00168] The Direct Link Protocol (DLP), introduced by 802.11(e), allows a STA to

forward frames directly to another destination STA within a Basic Service Set (BSS)

(controlled by the same AP). The AP may make a polled TXOP available for this direct

transfer of frames between STAs. Prior to the introduction of this feature, during polled

" 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.

[00109} 802.11(e) also introduces an emhanced 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



ACK status of each of the 1024 frames. Typically, at high rates, the MAC SDU
wll not be fragnented, and for |ow | atency, fewer than 64 MAC SDUs nay be
transmtted before requiring a Block ACK fromthe destination. In such a
case, to transmt M franmes, the total tine is reduced fromMframes + M
SIFS + MACKs + M1 SIFS, to Mframes + MSIFS + Bl ock ACK Enbodi nents
detail ed bel ow i nprove on the block AgK efficiency even fiuher. [00108] The
Direct Link Protocol (DLP), introduced by 802.11(e), allows a STA to

forward frames directly to another destination STA wthin a Basic Service
Set ( BSS) dur{ng alret goolehtad dhyset e ocslynmemaditely Thidowhig tieBeamk lte 4o hdcedesTIOP

avai l abl e tr f frames between STAs. Prior to the

i ntroduct in%(ﬁ&'gwh%ngé Osaq[)luPrSeWEf% Erblg{lf Oq{)ol | ed access, the destination of
frames fromthe polled STA was al ways the AP, which would in turn forward
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contends for the transm ssion transm

Fol | owi ngtrarheﬁtpncamszmr@mll@dur@g@be @Affé AP waits PIES, and then transmts poll
920, addressed to a STA. Note that other STAs contending for the channel
woul d hame (to wai t :%u | east DI FS, which does not occur due to the

transmitt 8dpHROESHYS a5 shown. The polled STA transnits pol | ed TROP 940
following the poll 920 and SIFS 930. The AP may continue to poll, waiting
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the various interframe spacings and/or preambles constant means a corresponding decrease in
channel utilization. For example, a high data rate MIMO MPDU transmission may be just a few
microseconds in length, compared to 802.11(g), which has a 72 us preamble. Eliminating or
reducing delays, such as SIFS, signal extensions. and/or preambles will increase throughput and

utilization of the channel.

[00112]FI1G. 10 is an example embodiment of a TXOP 1010 including multiple consecutive
transmissions without any gaps. TXOP 1010 comprises N frames 1020A- 1020N which are
transmitted sequentially without any gaps (compare this with the SIFS required in TXOP 810,
depicted in FIG. 8). The number of frames in the TXOP is limited only by the buffer and the
decoding capability of the receiver. When a STA is transmitting consecutive frames with a Block
ACK ina 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



| at er versions. For exanple, very long preanbles, designed for | | Mps vs.
64 Mops, introduce inefficiency. As the MAC Protocol Data Unit (MPDU) keeps
shrinking as rates increase, keeping the various interfrane spacings and/or
preanbl es constant neans a correspondi ng decrease in channel utilization.
For exanplvep 2mshdogds data rate M MO MPDU transm ssi on nRETAIS20048H0& f ew

m croseconds in length, conpared to 892.11(g), which has a 72 is preanble.
Eli mnating or reducing delays, such as SIFS, signal extensions. and/or
preanbl es will increase throughput and wutilization of the channel. 1001

12] FIG 10 is an exanpl e enbodi mrent of a TXOP 1010 including nultiple
consecutiv transm ssions w thout any gaps. TXOP. 1010 conprj se frames
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However, at |arge PHY rates, s 16 s results in significant inefficiency.

In some enfwstiadeint his wiemplet ¢rebadimentdbe SIthawt OWPMDsigoelowdspsion detvegen t he 16
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(e.g. turbo/convolutional/LDPC decoding) may perform those functions while the
medium is utilized for additional transmission. An acknowledgment may be transmitted
at a later time, as described above (using block ACK, for example).
[00114] Due to different propagation delays between STAs, transmissions between
different pairs of STAs may be separated by guard periods to avoid collisions at a
receiver between consecutive transmissions on the medium from different STAs (not
shown in FIG. 10, but detailed further below). In an example embodiment, a guard
period of one OFDM symbol (4 ps) is sufficient for all operating environments for
802.11. Transmissions from the same STA to different destination STAs do not need to
be separated by guard periods (as shown in FIG. 10). Detailed further below, these
guard periods may be referred to as Guardband Interframe Spacings (GIFS).
[00115] Instead of using SIFS and/or signal extension, the required receiver processing
time (for MIMO processing and decoding, for example) may be provided through the
use of a window-based ARQ scheme (e.g. go back N or selective repeat), techniques
known to those of skill in the art. The stop-and-wait MAC layer ACK of legacy 802.11

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



conpl etion of the transm ssion, for M MO receiver processing and channel
decoding (e.g. turbo/convol utional/LDPC decodi ng) may performthose
functions while the nmediumis utilized for additional transm ssion. An
acknow edgnent may be transmtted at a later tinme, as described above

(usi ng bl ¥EQXEARIBor exanple). [00114] Due to differ PET/BYBHAGH6? on del ays
bet ween STAs, transmi ssions between Mifferent pairs of STAs may be
separated by guard periods to avoid collisions at a receiver between
consecutive transm ssions on the nediumfromdifferent STAs (not shown in
FIG 10, but detailed further below). In an exanple enbodi nent, a guard
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?ut puth s u nmiu?Y lbtohbyize aabithen plecaech %iﬂitBPHYQﬁte withbet dwufﬂoaﬁﬁgwigs phesigalr grrent S

or physical | ayer processing at .the peak PHY rate may be use 0 determ ne
t he maxi m}fﬁ/eﬁé}“ﬁf’ﬁst e%ll_tWﬁaléfvﬁ"e_er@ﬂWIn Yn@ ﬁ“‘é?(él?fpﬁnéx%a?%‘f‘ﬁd%ﬁﬁe recei ver
may adver tiis& siZehA WA BOcBR aihk hiad; ‘BWH@*@@M&bat%v%ﬁﬁ)&vm% itSfYsiBgl0cess at a
given PHY rate wi thout overflowi ng its physical layer buffers. Aternately,
t he recei viayer baffersdvé laves @Hitheatesnlonganrlqek sizes mayi bephvcessed without buffer

overflow. A known formula may be used by transmitters to compute the maximum

permitted PHY block size for a given PHY rate, from the advertised maximum
permitted PHY block size at the maximum PHY rate.

[00118] If the advertised maximum PHY block size is a static parameter, then the
amount of time before the physical layer buffers may be processed and the receiver is
ready for the next PHY burst is another receiver parameter that may be known at the
transmitter and also at the scheduler. Alternately, the advertised maximum PHY block
size may be varied dynamically according to the occupancy of the physical layer
buffers.

[00119] The receiver processing delay may be used to determine the round-trip delay for
the ARQ, which in turn may be used to determine the delays seen by the applications.
Therefore, to enable low-latency services, the permitied PHY block size may be limited.

[00120] FIG. 11 depicts an example embodiment of a TXOP 1110 illusirating reducing
the amount of preamble transmission required. TXOP 1110 comprises preamble 1120
followed by N consecutive transmissions 1130A — 1130N. An optional block ACK
request 1140 may be appended. In this example, a transmission 1130 comprises a
header and a packet. Contrast TXOP 1110 with TXOP 790 of FIG. 7, in which each



bl ock size that it can process at the maxi num PHY rate w thout overfl ow ng
Its physical Ilayer buffers. At |ower PHY rates, |onger block sizes may be
processed without buffer overflow. A known fornula rmay be used by
transmitters to conpute the maxi num permtted PHY bl ock size for a given
PHY rat e, Wo aws/o039e33adverti sed maxi mum permtted PITY BCHUR2084/63d06dt t he

maxi mum PHY rate. [001181 If the advétti sed maxi mum PHY bl ock size is a
static paraneter, then the amount of time before the physical |ayer buffers
may be processed and the receiver is ready for the next PHY burst is

anot her receiver paranmeter that may be known at the transmtter and al so at

t he scheduler. ternately, t adver,t.i sed Xi jum PHY .b] ogk si.ze may be
vari ed dyngﬁﬁnﬁfﬁb FORERESE &iﬂ@a‘{\ge’tlﬂé&&% awgya;‘eﬁ%l?ﬂ pfﬁWLi g&lsel?déf%? _
buffers. [6@MkYreaditsle,” @6 Gbyififed PHrofRIS talniieidly idTBYe PReakibRinkRadleFey m ne the
round-trip delay for "~ the ARQ which in turn may be used to determ ne the

del ays seeRrepgb héoﬁbﬁﬁﬁnm%ﬁtofmwéﬁé, to enable | ow| atency services,

the p L1t ed PRY.. b 7.8 | i:m ted. . L1 depi-l s an
exarpBS EHbodi mine BF Piceiafe 170 g Bp el e Rk E ben i RP G ©
preanbl e t irthd preugibian] 120qnay Wdused Kfhelrtddver aoacquire she sigaatipdsewdil &0for f ol | owed

by N consecutive transm ssi ons A_- . An .optiopal. .hlock A request

1140 mmy bERS FEEHRIGH SaU S fét@i’ﬁ& Eor &ﬁ@'ﬁmﬁ% %3@“@%@@3 a

header andjgmRAGKSE ext&RRE rc@a%gar@‘(%é SdtEnVOIFDM FfBmbRO0 @hatité e réociven Whi ch

each WD 2005/ 039133 PCT/ US2004/ 034063 21 franme 740 conprises aj@?é]?ﬁnbl e, in
| e e

addi ti on t & estimateethd spatiah shaselke HowByersuheranegnt £ramgs ryjihin grecsgps

required p | . ANS{RLS S| ' e . A | es, for
he same amat: GpiRLEIERLC frepp0° sBE IR SBE REOREN T BOE D L ey b
el i m nat ed géuepallys uefGieissi Y& tigaalstrackRigondn abhaltemnatet ermbodmes)ri2iditidk?0 may be
used by the receivyer. to . acquire the signal, .as well as for I.he. frequency
acquisitio rF%?Cﬁbégﬁ)l 33153?”%1\/?% L&t Hﬁ%&&cﬂ%‘?a?% g She B‘?gggng}]@ 1120 may
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For example, the block ACK is optional. More frequent ACKs may be supported. Even
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so, a lesser gap, such as GIFS, may be substituted for the longer SIFS (plus signal
extension, if used). The consecutive transmissions 1130 may also include segments of a
larger packet, as described above. Note further that the header for consecutive
transmissions 1130 to the same receiving STA may be compressed. An example of
compressing headers is detailed further below.

[00123] FIG. 12 depicts an example embodiment of a method 1200 for incorporating
various aspects just described, including consolidating preambles, removing gaps such
as SIFS, and inserting GIFs as appropriate. The process begins in block 1210, where a
STA earns a TXOP using any of the techniques detailed herein. In block 1220, a
preamble is transmitted as necessary. Again, the preamble may be longer or shorter
than a legacy preamble, and may vary depending on various parameters such as time
elapsed since the last transmitted preamble as necessary to enable the receiving STA to
estimate the MIMO spatial channel. In block 1230, the STA transmits one or more
packets (or, more generally, consecutive transmissions of any kind), to a destination.
Note that additional preambles need not be transmitted. In an alternate embodiment,

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



However, the overall preanble overhead may be significantly reduced. The
preanble nmay be sent only as necessary, and may be sent differently based
on the anmobunt of tinme elapsed since a previously transmtted preanble.

[ 001221 Note that the TXOP 1110 may incorporate features of |egacy systens
as well. YO2'E0aN38e, the block ACK is optional. More KOTEReR3MEKs may be
supported. Even so, a |lesser gap, su@h as G FS, may be substituted for the
| onger SIFS (plus signal extension, if used). The consecutive transn ssions
1130 may al so include segnents of a |arger packet, as described above. Note
further that the header for consecutive transm ssions 1130 to the sane
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el i m nat i n§TARMysige! dcludir nallemersaged 1D arsigUEXORS. Rtcentag, By BRabi(@,
each TXOP is preceded by a CF-Poll from the AP followed by a SIFS. Improved

efficiency results when several such CF-Poll messages are consolidated into a single

control channel message (referred to as a SCHED message in an example embodiment,
detailed below) used to assign several TXOPs. In a general embodiment, any period of
time may be allocated for consolidated polls and their respective TXOPs, An example
embodiment 1s detailed below with respect to FIG. 15, and farther examples are also
included herein.

[00126] A confrol channel (i.e. SCHED) message may be encoded with a tiered rate
structure to further improve efficiency. Accordingly, a poll message to any STA may
be encoded according to the chanunel quality between the AP and the STA. The order of
transmission of poll messages need not be the order of the assigned TXOPs, but may be
ordered according to coding robustness.

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

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



overhead. A single preanble (or pilot transm ssion) may be used for nmultiple
consecutive transm ssions fromthe sanme STA to different destination STAB.
1001251 Additional efficiency may be gai ned through poll consolidation. In
one exanpl e enbodi nent, 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 STA23a signal including poll nessages to
assign TXOPs. By contrast, in 802.11(e), each TXOP is preceded by a CF-Pol
fromthe AP followed by a SIFS. Inproved efficiency results when several
such CF- Peief! fovgderfigrasspasiog basviess [thedatieandiany 6’1“&"“@iINgT%OPfc&ﬁf"?féll“’%ﬁéﬁﬁél
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art. In this exanple, to elimnate the 23 need for interframe spacing
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transmitted directly after the consolidated pol . Subseéquent to the
forward | Pigkess fogmpdn plagp ‘4‘\QaWhQﬁﬁﬁhaﬂWéﬁSQ‘écqs|3Fﬂ<ﬁ1W9€¢§ﬂs'“t}?38’9Af T3FORK @se
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not be incl d when Sequent| al transm ssions from one STA are nmade
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that the 6f8kl “eéf“e%‘? 8?\% %(gl%lneséw frsexagplej gbgdipnenit 4%e%h¢19w> bhehar d and
reverse | btk alX@RDditleRC bMdinBGadhflech@uPd §BY be deployed to transmit the consolidated

polls. In block 1440, STAs transmit TXOPs according to the polled allocations in the
consolidated polls. Then the process may stop. This method may be deployed in conjunction with
consolidated poll intervals of any length, which may comprise all or part of the system Beacon
interval. Consolidated polling may be used intermittently with contention based access, or legacy
polling. as described above. In an example embodiment, method 1400 may be repeated
periodically, or in accordance with other parameters, such as system loading or data transmission

demand.

[00129] An example embodiment of a MAC protoco! illustrating various aspects is detailed with
respect to FIGS. 15 and 16, This MAC protocol is detailed further in co-pending U. S. Patent
Application Serial Nos, XX/XXX. XXX, XX/XXX, XXX, and XX/XXX, XXX



transm ssion) may be interchanged, or interspersed. Sone configurations may
not results in the elimnation of as many gaps as other configurations.
Those of skill in the art will readily adapt nyriad alternate enbodi nents
in light of the teaching herein. 100128] FIG 14 depicts an exanple

enbodi nent of a nethod 1400 for consolidating polls. The process begins in
bl ock 1410, where channel resources a4 allocated into one or nore TXOPs.
Any schedul i ng function nay be deployed to make the TXOP all ocation
determnation. In blo |.s, for assigni TXOPs accordin to t he
aIIocatloﬁmﬁﬁemwoﬁé%P?d%Q%ﬁLﬁfﬁibpdéwﬁlkéﬁ Prifeol gﬁﬁ%ol?dﬁ?@d"de Fare
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i nterval a g ) |Ilustﬁate i@ FIG 15. The use of the term TDD MAC frane
i nterval R ?eéﬁﬁ?eﬁﬁy% 6P 3°FHe period of time in which the various
transm ssion segnents detail ed below are defined. The TDD MAC frane interva

1500 is ﬂm$hlmgmbaﬁﬁﬁp$r&m%@M§m9%n€DDQWH€eﬁQﬁeRﬁ&v&eﬁﬁbﬁgamﬂeﬁﬁwﬂ6§crlbe a
transm ssion in an 802.11 system In 802.11 terns, DD MAC frane |nterval

1500 nay QePI%WQI(B%'BU%V@f6~trPr°e“rB%%i‘E96‘ﬁ' drvmeér%lﬁvwwam deprebieedentt he)OBeacon

interval . |JneaspaHodREARERaE Qlrddd acl Wifehnd @3REGlzed Mnaly! ESdeplde@nfl altdifar@r €
illustrative only. One of ordinary skill in the art wll readily adapt this
exanpl e t SmWfrp% . Durations of allocations on the TDD MAC frame interval 1500 may be quantized

to some small common time interval,

{00132] The example five transport channels within TDD MAC frame interval 1500 include: (a)
the Broadcast Channel (BCH) 1510, which carries the Broadcast Control Chammel (BCCH); (b)
the Control Channel (CCH) 1520, which carries the Frame Control Channel (FCCH) and the
Random Access Feedback Channel {(RFCH) on the forward link; (¢) the Traffic Channel (TCH),
which carries user data and control information, and is subdivided into (i) the Forward Traffic
Channel (F-TCH) 1530 on the forward link and (ii) the Reverse Traffic Channel (R-TCH) 1540
on the reverse link: and (d) the Random Access Channel (RCH) 1550, which carries the Access
Request Channel (ARCH) (for UT access requests). A pilot beacon is transmitted as well in

segment {510,

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



al ternate enbodi nents, using sonme or all of the conponents described, and
with various paraneter values. MAC function 1500 is allocated anong the
foll owi ng transport channel segnents: broadcast, control, forward and
reverse traffic (referred to as the downlink phase and uplink phase,
respectively), and random access. [00131]1n the exanple enbodi nent, a TDD
MAC frame interval 1500 is Tinme Divisi2bn Duplexed (TDD) 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
enbodi ment s1bsPUEMATOEhYIAST fraing Becatal dHisalisHa e bTHDeNRCCTRPAFRNS R§ETe fVRAST 1500 may
be quant i zg@mistih SNBSS kheEIFPN tinme interval. [00132] The exanpl e Five
transport channels within TDD MAC frane interval 1500 include: (a) the

Br oadcast Channel (BCH) 1510, which carries the Broadcast Control Channel
(BCCH) ; (BP134He @@Pﬁcﬂ%lc@mhmw ©dH)eacpg 2310 \hirehmitigd by ¢Be ARe T &ffe Cont r ol
Channel ( CEAD oalid ddie s RdpMAGRRSS FiRadhagk: Chanag! sRCHiongthe for ward
link; (c) the Traffic Channel (TCH), Wwhich carries user data an% contr ol

i nf or mat | BALdianHEMing a%&wmcméwuismo@p@qt)lntahéxwhﬂmbedww e beac@hegnsidt ( F- TCH)

1530 on the ih%‘(‘ﬁflﬁl/l E&nﬁ’ﬂ%lsﬂ@@k fo'r 'tr): ufeﬁt‘? aR@Yl%Tn"g%cJLﬁs@tfcﬁ]'@ t@@@@%llo&&w 1540

on the reverse |link d (d) andom Access Channel (RCH) 1550, which
carries t H@ﬂ%@é@@/mb%qﬁ%ﬁm%%ép*k‘(tm@hy thefl g tcLFﬁ”&é‘éé?@%”@%fuest s). A pilot
beacon is transmtted as well in segnent 1510. [00133] The downlink phase of

frame 150&’)% ﬁﬁ'ﬂ@%&%gé&%ﬁ@ﬁ t%% égﬁﬂorsjré:’%%e J’Eﬁe%&ltpt e BOAS S pﬁgﬁpﬁéfﬁq%

segnent s gnent i ndi cates t egl nni ng of a subsequent
TDD NMAC f thaptocatiinerfvibd TDIAMAL tfamaanterve mitdispedtio thaduenpas shangelpegmentst o- peer

transm sspef 4issy, irl wzfﬁga%t Rdr(frPHzl'ﬂ%d R@hqw[s]o hQ@é@éﬁJﬁg R OGeashy Hpanel

(BCH) and beacon IS transmt Irst ‘portion of the
BCH 1510 %Htvaihrvgsn@@imwbcmés dalthl$ gzgpéwlemherﬂﬁ?éhwwsdﬁﬁhﬁsahe ﬁﬂ\fﬁr@ge el thnal s,

| el udi g6, i SHTAR RGGHIS LB Rl dlrqndil (RURER O] et

t he beacon consi sts nbol s use uency and tim ng
acqui si ti bhethy hnentisTBCH ¢ e alb?‘(ﬂSlP‘@mbpfilm@ﬁDM B(}Hﬁeﬁ@s cetﬂmﬁf M MO

pi I ot usegqfp. \IVDQN%% néﬁanﬁuﬁ%(ﬁ‘ﬁts%aéeh%&mﬁmﬁﬂ Dwe[rQBJ(?zﬁDﬂm&ﬁ uélﬁgfé&ds/zpo”' on

of the BCH 1510 is the data portion. data’portion defihes

al | ocat i ofPded Binhe Pipp SYACK exinnBPBERY &t \heﬂ exwm'*h t'reeislwtt)f thoBEHES fixedris [b‘brt
channel sgQRENESM 3%1515\2&(1}10{:5 OJWSL%%Q% t!:%hﬂ-%slﬁéyo rRngk Bg’él 1P ermadd al so

defines the conposition of the respect to subchannels In this
exanpl e, ¢AWIBEHS1510 defines the coverage of the

[(00136]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 poells. The
CCH 1520 is transmitted using highly robust transmission modes in multiple subchannels, each
subchannel with a different data rate. The tirst subchannel is the most robust and is expected to be
decodable by all the UTs. In an example embodiment, rate 1/4 coded BPSK is used for the first
CCH sub-channel. Several other subchannels with decreasing robustness (and increasing
efficiency) are also available. In an example embodiment, up to three additional sub-channels are
used, Each UT attempts to decode all subchannels in order until a decoding fails. The CCH
transport channct segment in each frame is of variable length, the length depending on the
number of CCH messages in each subchannel. Acknowledgments for reverse link random access

bursts arc carried on the most rabust (first) subchamnel of the CCH.



wireless LAN 120. and so is transmitted in the nost robust data transm ssion
node avail able. The Ilength of the entire BCHis fixed. In an exanple

enbodi ment, the BCH defines the coverage of a M MOWAN, and is transmtted
in Space Tinme Transmt Diversity (STTD) node using rate 1/4 coded Binary
Phase Shift Keying (BPSK). In this exanple, the length of the BCHis fixed
at 10 short OFDM synbols. Various otR2ér signaling techniques nmay be
deployed in alternate enbodi ments. [00136] The Control Channel (CCH) 1520.
transmtted by the AP, defines the conposition of the remainder of the TDD
MAC f r amel0Dh7EFhediGH eavenitislapsigpments eSphykigal inyer byfstsourboforved e rpwtse dinksThe  CCH
1520 is t{aﬂﬂ&%“ é%nkﬁlﬁ{gd Hdi@%rYTX@ﬁEalsAss hARRI e bORor TRASS: dfafiitnt theP' e
subchannel s, each subchannel a different data rate. The first
subchanneforyad phsvevsdinky '@tﬁg@qraiammﬁlsalé@yprew%asswam% copjarssHanl.eMby BRI | t he

UTs. In am@xnamptr@.g@mqﬁé R time LRTR aﬂw&t &P\g@rﬁln ﬁ\%’%ﬂe%m%ﬁ@ﬁ QS ot theri i 1 St
C C H sub-channel . Several other subchannels w th decreasing robustness (and

i ncr easi anHéﬁ)lﬂbl lengthyof therablogatians (Rl [pgh o thededighiecenbaipn! veriyglisadelst , up to

three addiyt It@ﬁgahssﬁ;ubn&i@%ﬂ@h&h@&ﬁmg%@%odﬁm deffentdt ih HANES) 1P 1HdGRPHR! al |
subchannels in order until decoding fails. The CCH transport channel

segnent i BYe&enEt frame is of varl able length, the | ength depending on the
nunber of CCH nessages in each subchannel. Acknow edgnents for reverse link

random ac $§; Of ShSpak esC@frefsgiFrQUegﬂ dnlifee @@ﬁtnncr&a@uﬁtas&édeﬁe%{ An subghapnel of
t he CCH. EOOl R contai ns assignnments of physical |ayer bursts on

the for wakld< lande rr@vw%@n pf hilelicateq gitp [ffggpalsT . on ac spigBned an B reyerse 8nkf 9F TXOPs) .

Assi gnment.s (RYniRRnf Rhultanafigk sBfus dabamaath 08 a DO vy écﬂrme{yeé{é%r c‘t%%né ink. In
general , a physical |ayer burst assignnent conprises: (a) a (b) a

val ue i ndPERLIE Rgthe fame that are £ frﬁéefbf‘mkswe"i%ﬂw wevagd RoFioRF o ?lﬁﬁ'ﬂ%mﬁlf aw% n the

F-TCH or thetRo hiednoisé Qhort(Be 1'11@HQ‘E dpéqtutngt@s aldacatd %asun(eq*)elg}]ﬂﬁ sys‘i’éﬁgt h of
t he dedi cat ed physical |ayer overh the transm ssion node: and (f)

t he codi nB*#8 nodul ati on” scheme to be used for the physical I|ayer burst.
[00138] Ot her exanple types of assignnments on the CCH include: an assi gnrrent

on the e ffthd tdloh At c&@@h%ﬁé'ﬂl@@@{ﬁ%‘s@% aqfeve?se%ﬁ'c%ké%nmh'icﬂta U“f Ama Ut or

an assi gnnent ‘on the reverse transm ssi on of and |ink
status i nfrvRERIreWon aessebugr. T hQ'M‘é'a@@ﬁfI"ETﬁa’j/ThalRééﬁ il axfepified fogaewbuﬁ@ms "‘othe t he
frame thagcare to he left unused. These unused portions of the frane may be
used by UTs to nake noise floor (and interference) estimtes as well as to
measur e nei ghbor system beacons. [00139] The Random Access Channel (RCH)
1550 is altoetteFed orvank Tk rahneb (- Wi cH 3@ cagiriggsyone or more physical layer bursts

transmitted from the AP 104. Each burst is directed to a particular MAC 1D 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.

[06141] 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
assipnment. Each burst may comprise a dedicated pilot preamble (if any) and a MAC PDU
transmitted according to the transmission mode and coding and modulation scheme indicated in

the CCH assignment. The R-TCH is of variable length.

[00142]1n the example embodiment, the F-TCH 1530, the R-TCH 1540, or both, may use spatial

multiplexing or code division multiple access techniques to allow simultaneous



transmt a random access burst. The variable length of the RCN is specified
for each frame in the BCH [00140] The Forward Traffic Channel (F-TCH) 1530
conprises one or nore physical layer bursts transmtted fromthe AP 104.
Each burst is directed to a particular MAC ID as indicated in the CCH

assi gnment WORAEM3YE? st conpri ses dedi cated physical | aypRsi/Es2emeeas such as
a pilot signal (if any) and a MAC P transmtted according to the
transm ssi on node and codi ng and nodul ation scheme indicated in the CCH
assignnent. The F-TCH is of variable length. In an exanple enbodinent, the
dedi cat ed physical |ayer overhead may include a dedicated MMO pilot. An

exanpl e ) } .t h. ci: \ Rever se
Traffic %ﬁﬁ’%@#ﬁi@t Tﬁg\l&?:%oﬁ%{;elﬁéﬁ@ dbﬁ%’g?tcgﬁ I%@glg ch%%@tﬂlggﬂr%%@% ssi ons
from one oD mitlewlich the VIAEaBRUbisr ssociaed: (izndlm tander by the pplitk, culthe UT as
indicated in the CCEl assignnent. Each.buyrst . ' a.dedj,cated pil ot
preanbl e (P‘Ite“gﬁ‘%ecﬁ’ﬁﬁ“ in\'&?ﬁ@&ﬁ}niq Fah ﬁi“ﬁ‘#‘é‘f‘fhdg%m%bzﬁ‘%«gﬁt rafi$ni ssi on
node and coding agd PPWLRLI &) SRRQNEg | AtigaiRdhan mdyherideChas spagiament . The
R-TCH is of variable |en th.g’?00142] %n t he exanpl e enbodi nent, the F-TCH
1530, the Ruiftipleximzag C ¢ psed nineligmatesmboiimentsaiyhen priiplaxigds basedie

di vi si on b cess.le I I i 39133
PCT! Us20041 1 beS 5 B CRRIAE g Bt sl d R I MO BB o7 o

UTs. A fi ehehdenninat thengidtdssing/iormaiomist inciwbidcin thé EOAMeRBEE pidocatsmpoxi at ed
(i.e. the sender on the.upli o) e i.ntended recipient t he_downl i nk)
may be i ncPYF:I™MHPE m%%%ﬂ%&%%m?ﬂ?@mﬂ% ab%’eﬁlgfﬁwmsoﬁ% any

addr essi ng caffihgidnt o€ SspafiAl riE¥pleigS Ccollde RividiaH |rbitipleking RingXidngsied CDVA ar e
used. In alternate enbodinents, when nultiplexing is based strictly on tine
di vi si on t swkinlerings and ay atieciocinifee kmewn i digiaparnyi o¢ deployadaC PDU  header

! ad A on s bnl . s
gi von QOEI7LC ARG AQIACER by of AR e MAL M T IRAE T el o2y
conbi nat i oh61lX, whphtmat benard P qutagranngy, ancitbenetisegraemnin ik ekphpxi Bxamle me

di vi si ul tipl exing,. and t her .t echni i n.th ay b
ep! yed. Potrnl o oelder Pl Sk AR, SRRl e BhelTE Soe0
from a packebgniddhtl vavibhLdihéraizes) eyps) ah&’ccsiﬂifga&ﬁaﬁ@ &E codierhplaRl RethinsBgENt , i N

this exanple. Exanple sizes and types of fields are described in this
i |1 ustrati 89pe PhHE presentdnieption.n the art will recogni ze that various other

sizes,pdhypes. aRd HQM, AU Rl PRRet 630 GO SRR S hddBtaRoh 1&er. Each
adaptation sublayer PDU 1630 carries one of these segments 1620. In this example,

data packet 1610 is segmented info 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.

[00145] A Logical Link (LL) 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 PDU, are placed in queues (for example, a
high QoS queue, a best effort queue, or control message queue) for service by a MUX
function.

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



scope of the present invention. 100144] As shown, the data packet 1610 is
segnented at an adaptation |ayer. Each adaptation sublayer PDU 1630 carries
one of these segnents 1620. In this. exanple, data packet 1610 is segnented
into N segnents 1620A - N. An adaptation sublayer PDU 1630 conprises a

payl oad 18®2008080883ni ng t he respective segment 1620. APEY/B80044386d 1632 (one
byte in this exanple) is attached to2& he adaptati on sublayer PDU 1630.
(001451 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 t C over the

header 16450510 TROVLEDDIIOUETTC RO ERD KR iieshpishe &4 R AERR, P

ég bl ayler PDE5A hdd Fldad 1689 fforhaotgg Mll)XlshBle@@ﬁfU QltIIPD(U) 1650 Wmé@gti nk .
ntro ormed In ar fashion. LL PDUs 164 as we

as LLC ng%ﬁ&r%@m&ggt%%pM?g UBueues (for exanple, a high QS

queue,p@sfiest etbRitunRdfiCrestUrc&sOdl MRl sHaRE SAGGwA UL llodaRld BEE SADY 8 MIX

function. [00146] A MJX header 1652 1s attached to each LL PDU 1640. An

exanpl e MJgotdrehder: %682 oﬁeJ;Dlad\rﬁm §emg intervglsh imikis gxayple. (Inhealidesieler 1652

Is two bytes t X8 each

cont rol _poonppleRera iRy Bhisp 5k s8R B Rbo Frb 3505 M o)
The LL PDUfh#néOinfepvald biay Obe iﬂt@sﬂ%ﬂe& Wit Rraridudeothery Ml filifidns, Theludiagder 1652
and payl oad 1654 form t he MJX ubl ayer 1650 (MJUX subl gyer PDUs
are al so r &PEseg Hagedrnaligd, Cﬁ?ﬂ@%éf’é‘é legge YR EE U588 OHES our ces on
the shar edtﬂi%?bPH&c@tEsepr%EdIEa%%Qﬁbéch@oo%Ca sdBEQRHIQGRAY ddlerfiimOthb @2 @F TDD MAC
frame intervals, in this exanple. In alternate enbodi ments, exanples of

whi ch are gbysigal dayer bm’stﬁ@ﬂomﬂdofm OnheB@%WW%fmﬁwemﬁDprM fremerval s may
b |
e inter Spglft?l%% (\Mégr%‘gk"m‘i QSR8 bo ap§! 'l\t?cﬂé fhegﬂ& e\}g:yg@ACCﬁﬁ&ﬁﬂt lon

based or I'nc ng FNEerT ac ng Wi acy ens using ot her
types of admess bp mahmeitbd wilhGeodssadlyi teedlosddal/ spacainsaiygurittioatar MDD ¥AE@r m ne t he

e e SR e RS S SRRl o Rl oy 48, £, TP
every MAC kEpdiokhe ﬁi’e%ﬁt ihnhén. tme&m St REkioN ik InaBE &R IMAU IV, Beespbdiiosat ed
space in a%ﬁaf{ngétﬁ)g fcasrr thatDl\[iAC ID will form a MAC PDU 1660, including one or more

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 a TDD MAC frame

interval (i.e. TDD MAC frame interval 1500, detailed with respect to FIG. 15, above).

[60148] 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.

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



frame interval. Any access control or scheduling schenme nay be depl oyed
within the scope of the present invention. Wen an allocation is nade for a
MAC I D, a respective MJIX function for that MAC IDw Il forma MAC PDU 1660,
i ncluding one or nore MJX PDUs 1650 for inclusion in the TDD MAC frame

i nt erval . WOn@oge39r8re MUX PDUs 1660, for one or nore BET/HEARPHBINAC 1 Ds wil
be included in a TDD MAC frame intef¥al (i.e. TDD MAC frame interval 1500,
detailed with respect to FIG 15, above). [00148) In an exanpl e enbodi nent,
one aspect allows for a partial MPDU 1650 to be transmtted, allow ng for
efficient packing in a MAC PDU 1660. In this exanple, the wuntransmtted

byt es ny pa#tgal I ry I; ] Ssion  may
A e TN L
transmi t t e@02hkdemoiolegy), thetvmRPUs fréGitfad. fom [ dneFES toranothet,ripblu@bgs) in the

current frane. er. 1662 (two bytes . in . this ) idAc] u -a . MUX

poi nt er, \Aﬁf)gﬁni)g‘f ﬁ?tg fromy op%, 8F Toxg %‘10‘5'1; dprpeseds ﬁorﬂslﬁx%g% WM%@%@%GA in
this exanpbﬁdldﬁg)istaaﬁéxfeaﬁﬁﬂﬂthé 8ptidnal uskbepatisl MUK FDGereBackidaderPDibfidy may al so
i nclude a C address. 100149] The MAC PDU, 1660 conprijses the MJX pointer

1662, a podsitmmempikdiing THGE (s 86511 dyrminglosy) At 2 dimss indipgied 1, Bk a
previ ous alch flidionon ihoLdQuWE theycger o or nore conplete MJX PDUs 1666A - N,
Il%g part a1 ﬂUX %Ig

and a possi PDU 16 (fromthe current allocation) or other
paddi r{@015tjo fi | The lkrarsple cudvdithepbdetritad infFIGHe 1 ph§ Illesrates apdeus speds,. The MAC

PDU 1660 is .ried i,n the physical |aver, burst. al| gcated it h C ID WO
2005/ 03913?@%&@6@@’6@2&@#&9@%{%&3{@? R SIOf A SR 188 ﬂg@%ﬁ% 1660

i |1 ustr at esednehtiAlyStruBmittng (phisiédl dafer buksts &0R dabht ST AT (rhwiing thet ARY. may be
transmtted_fromone STA to another, including _portions of data.from one or

more flows ETeEPEHs ae apntisable EsanyMACHHotaql, inginding BRAT1 systens: Apilsdachi eved
with the ok f i - ; t,gtg% P et Fansmtted
in a TXOP (usl n?eéd(g%ﬁ atltgl?lrﬁr%kn%%%gyi, at aS ti V%Sc%%gg%ién taﬁeeS ft

consol i dat edhipahg MAE effstencyy ahovelCes sp®1tiE] pTardo-pranphusmassi i andnt
detailed in_F ~J5-16,i ||l ustrates.vari.ou spect s I n¢l udi ng consol i dat ed
ol 15, 1 e REH LR ¢r o BE ' Riekok BeRiBRabs ol ",

sequenpedk] y tr Assigbdrbed gbdyeysdrival emBydiments dsthitedf Hepsth @t Tenipldy ¢Hansdludi ng t he

AP). These aspects are applicabl 0 an C_pr.otocol,_ includin 02.11
sy)st ens. Dggtgpgt@& and tgg%t raptg control. %ni]anced X/[A% eﬁ?ciency may be gained thr(%,lgl81

minimizing unnecessary transmission on the medium, but inadequate rate control

feedback may, in some cases, reduce the overall throughput. Thus, sufficient
opportunities may be provided for channel estimation and feedback to maximize the
transmitted 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.

[00153) 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.

[00154] The AP may also provide opportunities to the destination STA to provide ACK
feedback. The destination STA may also use these feedback opportunities to provide



further below are alternate enbodi nents illustrating various other

techni ques for achieving MAC efficiency, as well as supporting peer-to-peer
transm ssion, and integrating with and/or cooperating with existing | egacy
protocols or systens. [00152] As described above, various enbodi nents

det ai | ed Q@303 enpl oy channel estimation and ti gCTRSR@40BMEY Ol .
Enhanced MAC efficiency nay be gai ned®t hrough mnim zing unnecessary
transm ssion on the nmedium but inadequate rate control feedback may, in
sone cases, reduce the overall throughput. Thus, sufficient opportunities
may be provided for channel estimation and feedback to maxim ze the
transmtte !‘?‘Bﬁ t I
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aspect i nt teobhigedmagraiso Bndepligedi IThe dllocdtiony fdeeho X0 foachd pext TIDD or mat i on
and schedu for STAs, Each STA may begin its TXOP with a preanple
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Designated Access Point

[00156} 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 connected, 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.

[00157] 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 ceniralized 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



AP. The AP collects informati on on the next requested TXOP from several
different STAs and determ nes the allocation of duration on the nedi um of
TXOPs for a subsequent TDD MAC franme interval, The AP may use different
priority or Q@S rules to deternmne howto share the nedium or it may use
very si npVeo p@p/8¥1330 proportionally share the nedi um BETHSHOHEPHE t he
requests fromthe STAs. Any other scHe&duling technique nay al so be

depl oyed. The allocations for the TXOPs for the next TDD MAC frane interval
are assigned in the subsequent control channel nessage fromthe AP. ‘
Desi gnat ed Access Poi nt [001561 In enbodi nents detail ed herein, a network

may suppor eratl ho t e _acce true AP
is present, b ]Iogl t“ée {?ﬂ%@%ﬁ‘m e oré%ﬁp}ugmy% @ﬁ\fn&f&ﬁ‘faa%@ Bt%d
connection aédes@poﬂ@&idamajf( bbdeployeBlwittl cehfidlizZ3d sEiiddelinpetandom acesk)@idthoc

entertai nment server. In th| s.case, the true AP may be the source and sink
for the n&P’@F}Waféﬂn Ay o0 aﬁaﬂ’b@{c en devices in the network. [001571

When ue AP t 4¢a l BN G AL QRE MaEt her
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802. 11 b/ g/ aamablltthend En beitsbdoDbrsratiob as & des@matedAP. ABsbedld btn thatieot as

descri bed ahoye. talled rther el - Wh | 'o urces are
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exanple, in a honme where many di fferent eV| ces need to communicate wth

one anot herne%qssaéyﬂmf’ﬁ’t eCisVisaHin Shrangikuqrk be gppable of designated ABRSTAIORe net wor k

stati toma that, as
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and nay be depl o dvmthc ral iz ulin C : hoc
comuni cat ingﬂ'i,gero gnnt?,nng% ?%%t f%SrIln ! Wg?“e’of%g ﬂ%f%é&é’cgg ?Lglhﬁ& %ﬁ?ﬂeﬂ% t
necessari | yAdditiond) el feleselecting sdysifiated A hantesdled/MiCther belaki)l Thys, and are

suitable for op tion as a designated AP. shoul d be noted that_ not all
devi ces nedewBd tfgmes‘-iu@hﬁeaa 1 dowen a?ﬁlgsqaeoropﬁwswﬂa%@d %gum@dc&/ Boility.
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critical, itnmay necessary that one of devices I n the network
capabl e of h@ﬁ!sde@nmoedldﬁzp display andyda equipped w1th demgnated AP capability.
[00160} In a no-AP network, the designated AP assumes the role of the true AP and may

or may not have reduced functionality. In various embodiments, a designated AP may
perform the following: (a) establish the network Basic Service Set (BSS) ID; (b) set
network timing by transmitting a beacon and broadcast 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; (e) provide
admission control for QoS flows; and/or (f) various other functions. The designate AP
may implement a sophisticated scheduler, or any type of scheduling algorithm. A
simple scheduler may be deployed, an example of which is detailed further below.
[00161] 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. Alternately, it contains a request for duration

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



[ 00159] This neans that designated AP capability will generally be
associated with devices with higher capability, e.g., with one or nore
attributes such as |ine power, |large nunber of antennas and/or
transmt/receive chains, or high throughput requirement. (Additional

factors for selecting a designated AP are detailed further below ) Thus, a

| ow- end device such as a | owend canersg or phone need not be burdened with
desi gnated AP capability, while a high-end device such as high-end video
source or a high definition video display maybe equi pped with designated AP
capabi | i t }p01§200He60dbighatech ATb-mAal drttrmioe khacklfe od dehgrissicwd ot yudwaiionhe rol e
of the tr%gueéﬁd goqmr@a{ms%Agﬁ%ﬂgt .m msqiﬁgc%g f{ﬁmcsungp dsh¥ssiohd] r\{é‘“ ous
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Forward Comtd.ek ﬂgﬂ%ﬂ&%l& (bﬁmth ik q; dprm,@@g@ RS ROEERING NeheliBlks MeRVindfe

adm ssion control for various ot her functions. The
desi gnat ecoRPNtigralee @Pﬂpén%'ﬁlﬁﬂcad §61§ﬁli'1@“§ |a@apfé'ﬁ'tt§‘é‘: thisid ot gpandgged. g sehodeledf

schedul i nguﬁ!n%(ﬂsﬂk'ﬂ‘beﬁhnoﬁhc%@l)\‘?théﬁ&%@&lk@)&}) BRe BEHERLBYGGonefn exanpl e of
which is detailed farther bel ow. A nodi fied Physical Layer

Conver gence Prot ocol (PLCP) header is detailed belowwth respect to
peer - peer [0 decapied A8 may mat beirgquakdto cehppin sailvine trhusmides itqgarathetstatipPs, | n

one enbOdg@E&‘Pve 2 G% %gﬁ);ﬁﬂg@i @E aﬁlgliongl t?%sﬁ‘o%d (;\nl?l(é ﬁPtr’r[ @)% %Jahl@%t at the

basi ¢ data rate that statrons (1 ncl u ing 't
desi gnat eekhpP¥.. The PLCP header of transmissions from stations contains
data backlog at the station associated with a given priority or flow
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transm ss iori
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ted ) I: |, stati
{ranam ool oa Ay phRnR e I RATRE Tk e AR B (11 7 e
al | ocat edsacaritERCA: bﬁsmbi( i Sog pdygt; e capebiias symbmaf eitennhy. 40 capbiliof mex me
al locat edn Targmﬁ%&kh ')Q)r!J?JaE G8e 8&!2(1 (?hdotl(e? %{oFs_al‘_wécalgrq)Acgé%g@§l§rop@§§é{/a%9ressl oad,

col I'i sions congeston measures. esi gnate run’ a
r udi ment aﬂy firss dvisd ppegred dvafi) auly loderfeeersbandwi dth in proportion to the
requests and schedules themin the contention-free period. Enhanced

schedul er ﬁ)O%’ﬁ In p?acm,e y%g %esw%le o7 H}g%&tgnate&r AP tosgehc%gtlflallg%cated and have the
best aggregate Rx Signal to Noise Ratio Cumulative Distribution Function (SNR CDF) (i.e. be
able to receive all 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.

[00166} Peer-to-peer connections may be supported in cases where the network is configured with
atrue 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.



transm ssi ons may he announced by the designated AP on the CCH (control
channel ). [001631A designated AP may not be required to echo one station's
transm ssion to another station (i.e. serve as a hop point), although this
functionality is allowed. A true AP may be capable of echoing. [00164) Wen
sel ecti ngwo 2esyynEt ed access point, a hierarchy nmay bBCEUEWIEE4868 det er m ne
whi ch device shoul d serve as access3bpoint. Exanple factors that may be
incorporated in selecting a designated access point include the foll ow ng:
(a) user over-ride; (b) higher preference level: (c) security level; (d)
capability: line power; (e) capability: nunber of antennas; (f) capability:

max mt p . t,g, break. a.t] g based o t.her Qr.s; di um
Accests[&)ggﬂt r ol ?ﬁgésmé‘g%‘fpé@ sy ?ﬁ?emgﬁ%ﬁgﬁ%&&%ﬁ%%%%? ag{ﬁfl ot her
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A-TCH segment, for use with both true APs and designated APs, is detailed further

below with respect to FIG. 20.

[00169] In one embodiment, the unsteered MIMO pilot may enable all stations to learn
the channel between themselves and the transmitting station. This may be useful in
some scenarios. Further, the designated AP may use the unsteered MIMO pilot to allow
channel estimation and facilitate demodulation of the PCCH from which allocations can
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.

[00170] In one embodiment, the scheduler may perform the following operations: First,
the scheduler collects all the requested allocations for the next MAC frame and
computes the aggregate requested allocation (Total Requested). Second, the scheduler
computes the total resource available for allocation to the F-TCH and the R-TCH (Total
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 less than 12 OFDM symbols, these allocations are increased



i ndicated in the BCH and FCCH. During the A-TCH, stations may conduct
peer-to- peer conmunication using CSMA/ CA procedures. The CSMA/ CA procedures
of the |EEE Wreless LAN Standard 802.11 may be nodified to exclude the
requi renent for inmmediate ACK. A station may transmt a MAC- PDU ( Protocol
Data Unit Wemnsestisng of multiple LLC-PDUs when the sP@UVIRA0&B#%es t he
channel . The nmaxi num duration that #By be occupied by a station in the
A-TCH may be indicated in the BCH For acknow edged LLC, the w ndow size
and maxi mum acknow edgnent delay nmay be negotiated according to the
required application delay. A nodified MAC frane with an A-TCH segnent, for

use with bath P esi -1s..d | : W W th
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derived. Once the designated AP receives all requested allocations in a
gi ven MAC #tadipee mjreunderpbindpshiny starfingefsem therdarged subsequent MAC frane. Note
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in round-robin fashion starting fromthe |argest. [00171] An exanple
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the Beacon for the BSS and set network timing. Devices associate with the designated

AP. When two devices associated with a designated AP require a QoS connection, e.g.
a HDTV link with low latency and high throughput requirement, they provide the traffic
specification to the designated AP for admission control. The designated AP may admit
or deny the connection request.

[00173] If the medium utilization is sufficiently low, the entire duration of the medium
between beacons may be set aside for EDCA operation using CSMA/CA. If the EDCA
operation is running smoothly, e.g., there are no excessive collisions, back-offs and
delays, the designated AP does not need to provide a coordination function.

[00174] The 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 may
determine when EDCA operation is not satisfying the required QoS of admitted flows.
For example it may observe the trends in the reported backlogs or requested durations,
and compare them against the expected values based on the admitted flows.

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

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



requests as follows: 20, 40, 12, 48. Thus, Total Requested = 120. Assune
that Total Available = 90. Al so assune that the guard tine required is 0.2
OFDM synbol s. Then, as detailed in the third operation above, the scal ed
all ocations are: 15, 30, 9, 36. As detailed in the fourth operation above,
an allocation of 9 is increased to 12. According to the fifth operation,
adding the revised allocations and thé&5guard tine, the total allocation is
93.8. This nmeans that the allocations are to be reduced by 4 synbols. By
starting with the largest, and renoving one synbol at a tine, a final

al | ocat i opeltyfe ay schegulingg Fhe Burer groidasanety sefermipistis, latgnqyornd | higher Bopughbol s and
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t hem agai nst the expected val ues based on the admtted flows. [00175] When

t.he D.ESi 9999-?09'Pe€‘f"rr%§stn%fsmnE{:? Dltrenz?f,ink pret)tol}:gl BL ed QoS is not bei ng net un.der
di stri but on on the nediumto operation

with 35 polling a,nd scheduling. The latter provides nore determnistic
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detailed further below [00176]T . ive. t it f
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depicts an example peer-to-peer communication within a system 100. in this example, system 100,
which may be similar to system 100 depicted in FIG. 1, is adapted to allow direct transmission
from one UT to another (in this example, transmission between UT 106A and UT 106B 1710 is
illustrated). UTs 106 may perform any communication directly with AP 104 on WLAN 120, as

detailed herein.

[00179]In various example embodiments, two types of peer-peer connections may be supported:
(a} Managed peer-peer, in which the AP schedules transmissions for each STA involved, and (b)
Ad-hog, 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



stations and conpari son of the requests against admtted QS flows nmay be
depl oyed. [00177] As nentioned previously, in any enbodi nent detail ed

t hroughout this specification, where an access point is described, one of
skill in the art will recognize that the enbodinent nay be adapted to
operat e wiWR 2503418 access point or a designated accesdCHBISA4HOH¢Sesi gnat ed
access point may al so be depl oyed anfl/ or selected as detailed herein, and
may operate according to any protocol, including protocols not described in
this specification, or any conbination of protocols. Peer-to-Peer

Transm ssion and Direct Link Protocol (DLP) [00178] As descri bed above,

peer - t 0- pe@ichiddig Hi 4¥pdsy pof, 8k kel ak hiaSnatipe Secifesily Jorfb@sdisfor £6¢pdion bal | ows one
STA to transmt data directly to another STA. w thout sending the data first
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comuni catign directly with AP 104 on WLAN 120, as detailed herein. [00179]
I n vari ous “6xHabe highyistiTaisht s, two types of peer-peer connections may be
suppor 1 (a) ; . vd i t 1 SSi ons
for ealf’:(ﬁggTA i nggi?@%%lgqggg&%cg?ﬁ&%dﬁﬁggm%@%?6H%&%&g%ﬁtt&?m ved in

t he managemessssaoity dethiteduiniengmple egibadimentss fhosd ofskill imtheemthwidi teeqsnizany

i nclude either. or both types. of connecgtians. In an examle. enhodi nent, a
tranm t ¢ e PRSPt R oaEBE BT RS fet b Ry BB R e on ¢ hat
i S recei vaky earloyis eB&lientsor e st ati ons, possi bly WO 2005/ 039133

PCT/ US2004/ 034063 36.i ncl udi.ng an access %oi nt. as well ]as i nformation

speci fIMQEY) v f oF Hekt kBedFPicht @ PRIt Physicalylayes brsto}809e & PreambleiBAG Mey B€i on. The

comTON i Nf QLARHEN FMdAeyUSBIE sl Lay6r Cotbigttbe(RStood 104 Ber (PLEP Gead®, f OF

exanpl e) or for contention backoff by various neighbor stations (shown in
FIG 26, fdR2exahydaey.80200186temsadeéiigsa il headentiodingiide satedpaiandd bel ow,
illustrate _cl 0 a nt- f (4= connections. Such rate
control ma;lln qggﬁiﬁg%ko%ﬁr}g%{o Ecl)éa%tar e“ﬁ%@daaﬁtdggaé%g?ls 2@’3% abl e high data rates.
[ 00181do1B8yr cl aFIG.yl odepilts anissindile pidichbligerfoagt U1peE Whiclemapbk depibyedgenent )
t

are no for peer-peer transmission. As in FIG. 18, preamble 1810 and PLCP header 1820 may

be included, followed by a peer-peer transmission, labeled PZP 1940. P2P 1940 may

comprise a MIMO pilot 1910 for use by the receiving UT. MIMO rate feedback 1920

may be included for use by the receiving UT in future transmission back to the sending

UT. Rate feedback may be generated in response to a previous transmission from the
receiving station to the transmitting station. Then data symbols 1930 may be
transmitted according to the selected rate and modulation format for the peer-peer
connection. Note that a physical layer burst, such as PHY burst 1900, may be used with
AP managed peer-peer connection, as well as with ad hoc peer-peer transmission.
Example rate feedback embodiments are described below. Altemate embodiments of
physical layer transmission bursts including these aspects are also included below. _
[00184] In an example embodiment, an AP sets the TDD MAC frame interval.
Broadcast and control channels may be deployed to specify allocated durations in the
TDD MAC frame interval. For STAs that have requested allocations for peer-peer

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



necessarily detailed in exanpl e enbodi nents. Those of skill in the art wll
recogni ze that features disclosed herein nay be conbined to form any nunber
of sets and subsets in various enbodi nents. 10D182] FIG 18 depicts a prior
art physical |ayer burst 1800. A preanble 1810 nay be transmtted, followed
by a Physical Layer Convergence Protocol Header (PLCP) header 1820. Legacy
802. 11 systens define a PLCP header t@&7include rate type and nodul ation
format for data transmtted as data symbols 1830. 100183] FIG 19 depicts an
exanpl e physical |ayer burst 1900, which be depl oyed for peer-peer
transm ssPBAMepdheinphggongg! Chﬁ?reb%w&[i%W‘ﬁﬁr&mmf@vﬂeéaefwéﬂzm%y be

i ncl uded, d&gﬂk@m@dehyh@wﬁaeﬁpnpqs transm ssion, | abeled P2P 1940. P2P 1940
may conprise a MMO pilot 1910 for use by the receiving UT. MMOrate

f eedback 1920 naxbe i ncluded for use by the receiving UT in future
transm ssl®RSBHEEK ¢ deridreansapapingmbedimeniaf 2 TPRMMHE dlemsaRfend 2§ehiselading in

response Llpo,ﬁlom]emw%% #&ﬂ%@nﬁﬁéd% A "r@ﬁ‘ iohﬁ THle-k%'n‘ﬁha'B&e&'fsé%EerrbftTQ)d he
transmtting station. dat a é&ﬁ be transmtted accordlng

to the seMtt BaMme H¥evar80thodubatichied 6‘? ﬁ’&@{a‘? é‘%bStPWé‘”bé‘erd?ﬁﬁe@td abeyniitt i on.
Not e t hat rgpdphy $iEak. TiRYREeRE bBhe ASLEN 2@ IPHY T@Mmhck%(énmeﬁm zl@@o Hged with

AP managed peer-peer connection, as well as with ad hoc peer-p

transm ssPodicatgd inhy BCHAPH adiy 644k | BRpdemedin 4- T8 62%8s A%‘@%V ‘Eﬁ’é#‘éﬂ/v

Al t er nat epeﬂhq%mr@uananorpmrﬁg &@'coht@M%ﬁ drécanser 198 Iesaa?ndwrset $1 kdAkdiglds ng these
aspects are also included below [001841 In an exanp enbodi nent, an AP

sets the TObaMRES fP%ebthqureva@s de‘BPB&Efﬁ/aé‘%ayz?ﬁéeFé‘b‘/ﬁE' r%q's erhaimes ichay be

depl oyed t{hascSip@sdutad irlBbDCIad)q . QUF BLhQNpribiatly BE depldybd. MAGoly @R chiiér@bival . For
STAs that have requested gvlocatlons for peer-peer transm ssions (and known

to the APPaseqBemspayde hrlyedrs Yedhedul ed al | ocations and 37 announce these
in the control channel every TDD MAC frane interval. An exanple systemis

descri bed|Rbgy s awcwnm@émtmé@ cEm/cAﬁsm&&%%é]mJﬁhﬁon 2QciRRhGE Seffild €X arml e
enbodi nent of a TDD MAC frane interval 2000 includ |ng an optional ad ho

segnent, [I"d®Rt i fnadedeodiietenBiors. lmvﬁ@atﬁ% Hisberegdse St ﬁd??éf tgfsmbb I\/AC

frame int&@MﬁPm&@&obﬁﬁmn@é¥%ﬂﬁhﬂ$ﬂ%nﬁﬁm@B@h%h%kﬁﬂﬁ@éQ@tL@bbbuaﬁwﬂ%QCFIbed
above with_ respect to FlI resence A-TCH 2010 .in the TDD

MAC f r aneS§ifst diannd o onargpm %\éﬂtwnawateeay pRToHR AT Hroyaisdrdsatedd 1520.

During t hgeABTGH RSO ack@HISdRBY rmOREHET is RIBSTed! @- RARBw CAIETURM GAdxirfl USI Ng

any contention procedure. For exanple, 802.11 techniques
acknowledgment delay may be negotiated according to the required application delay.

[00187]In this example, the F-TCH 1530 is the portion of the TDD MAC frame interval for
transmissions from the AP to STAs. Peer-to-peer communications between STAs using
contention techniques may be conducted in the A-TCH 2010. Scheduled peer-to-peer
communications between STAs may be conducted in the R-TCH 1540. Any of these three

segments may be set to null.

[00188]FIG. 21 depicts an example physical layer burst 2100, also referred to as a “PHY burst”.
PHY burst 2100 may be deployed with scheduled peer-peer connections, such as during R-TCH
1540, or during ad hoc connections such as A-TCH 2010, as detailed above with respect to FIG.
20. PHY burst 2100 comprises un-steered MIMO pilot 2110, Peer Common Control Channel
(PCCH) 2120, and one or more data symbols 2130. The unsteered MIMO pilot 2110 may be
received at one or more stations, and may be used as a reference by a receiving station to estimate
the respective channel between the transmitting station and the receiving station. This example
PCCH



such as SIFS, DIFS, backoff. etc.. as detail ed above may be depl oyed. QoS
techni ques, such as those introduced in 802.11(e) (i.e. AFS) my
optionally be deployed. Various other contention based schenes may be

depl oyed as wel | . g00186] In an exanpl e enbodi nent, CSMAN CA procedures for
cont ent i onYOSMKEA3UE3 t hose defined in 802.11, rmay be mWTYYSREP443406D] | ows.

| mediate ACK is not required. A STA¥ay transnit a MAC Protocol Data Unit
(MAC-PDU) consisting of multiple PDUs (i.e. LLC-PDUs) when it seizes the
channel , A maxi mum durati on occupied by a STAin the A-TCH nmay be i ndi cated
in the BCH When acknowl edged transm ssion is desired, a wi ndow size and
mexi num  ackipgrit IR NbwRR! fRYIsNRY a BSHRRUAINMATSDD, #9caUbsoh teqube fdrequi r ed
application delay. [00187]1n this exanple, the F-TCH 1530 is the portion of
the TOD NAGeHired-fnpiseipy Airaion fordhenrshiBD AL Fromamal(P) ¢ Fsmigion

Peer -t o- pe Ok | &afd i i e i ques may
be conduct deﬁﬁalgﬁ?%%a 0&1%@%%%%%%? péﬁ?%—%‘g%?{ 35(:{% aﬁ’c@?i%ons

bet ween STAsntelychamet 61edGCHS dulicharnkefoRretGHng 519 allotaiorofrom HesAP 1 dnd é&

segnents may S ..~ [Q0188],. FI G, 2 i£ts a ampl e _physi cal
| ayer burst?® 9@@0 %&{T’ ?gxﬂgfzé?(?’e %o ‘E"St?sf-f‘]? g/ﬁﬂg@ﬁ"t W B%Bs‘ion%l%‘o may be
depl oyed wiskfin&s fed whthePRESvIIER v BaEdiBNStatiGidCitcREingd Ukd fgedspbiat] 1540,

or during ad hoc connections such as A-TCH 2010, as detail ed_above wth
respect t o AFraguest X allpepriopsray bedneeied dnip PSEH torlleyday amameebPesTivger 2110,

Peer Commo ; %(:E%;n : a }f’d‘ﬁﬂ’r ol s 2130.
The unst ee?g%k%npaﬁ%g{}g g\??ol(dr%ay egﬂnr?eg‘éaé'i Sgc at or? gﬁgﬁgﬁgggﬂs@ggﬁons , and
may be usednad-laccefrecton endpay stilkrgiest amaliicationofor sahedded pest o peehia a

respective chan tween t.he transpitting station the r I\~ g
station. Tﬁf‘%“%i@#p%d\%é@ﬁ 19%“’?@)0%7 @ﬁﬂ?ﬁﬁﬁ@ﬂ%ﬂ%&@g%% re%m npri ses
the fol | owipiigt fsiefdtd IFDM syiabéle Gihiahethate smb#EmeRds, detnile@Belaw] f26@t syabolsequest
for a desired. transm ssjon duration _fo)r t he next._ TPD NA&Ffrane i nterval,
(c) a trandmsbe shifiqent oy shanusk sytimagonnand theePehE 18, Ges RFDM smbelsmat 1 or

the curre ntFo%gvﬁgpﬁE kS tmdn®eoRentC Q%J&gnﬁgg\ﬁ%gaﬁdaﬁd%% pifet 16 Whe bagpel for

recei ving any ocation fromthe AP, _ 3 ~ The PCCH 2120, al ong
W t h un- st ed2econwovdgs date sprmbols 2130 are tronsmitied wdngspatialirhdltiplazing bad/vrecei ved

by various .l.i,St eni Stations, i.ncludi th es oilnt. A request for
a1 ocat | on T B RaEh Hurtlls as peSenttied By bk §5RA8 Ml BreliparycfompBdE D cer
connect i on This goftitinuoe tHOD-aWRGIsEioRTE dotdde av@irdinGue hrate Pbirdd infirmagon be

i ncluded in
embedded in the data portion of the transmission. Thus, a portion of the PHY burst

2100 is receivable by multiple surrounding stations, while the actual data transmission
is tailored for efficient transmission to one or more specific peer-peer connected stations
or the AP. Data at 2130 may be transmitted as allocated by an access point, or may be
transmitted in accordance with an ad-hoc connection (i.e. CSMA/CA contention based
procedures).

[00189] An example embodiment of a PHY burst comprises a preamble consisting of 8
OFDM symbols of un-steered MIMO reference. A Peer Common Control Channel
(PCCH) MAC-PDU header is included in the subsequent 2 OFDM symbeols, using
STTD mode, encoded with R=1/2 BPSK. The MAC-ID is 12 bits. An 8-bit allocation
request is included for reception by the AP for a desired duration in the next TDD MAC
frame interval (thus the maximum request is 256 short OFDM symbols). The TX Rate
is 16 bits to indicate the rate being used in the current packet. The FCCH subchannel
preference is two bits, corresponding to a preference between up to four subchannels, on
which the ADP should make any applicable allocation. The CRC is 10 bits. Any number

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



an ad-hoc connection, and may still request an allocation for schedul ed peer
to peer in a future TDD MAC frane interval. In the exanple enbodi nent, the
unsteered MMO pilot is eight OFDM synbols (in alternate enbodi nents,

detail ed bel ow, fewer synbols may be sufficient for channel estimation) and
the PCCH is two OFDM synbols. Follow ng the commobn segnment, conpri sing
unsteered M MO pilot 2110 and PCCH 2890, one or nore data synbols 2130 are
transmtted using spatial nultiplexing and/or higher nodul ation formats as
det erm ned ba/ each STA in the peer-peer connectign, This portjon of the
transni ssl'OW41® 1Ris GEdPiee S5 remeigdet 8f awfc%ﬁwlavsmlﬁfoartﬁﬁtspw mulipleyaRd in the

data port hmigr fB&ItibANE e ®EhifdY. by HALHSS T AinR R pdeﬂﬂeeetonhaﬁoEH‘ﬁlsqjéﬁﬁm of 2100 is
receivablel\]al)all myl tiple surroynding statio dat a

whi.le th ¢t yal
transm o5 MERASTISRA BREtcPSHnG o e Plikond JHUAILE! WRPERisadn beara peen speci fic
peer - peer otipdeehedost ati ons or the AP. Data at 2130 may be transmitted as
all ocated by an access poi nt or maybe transmtted in accordance with an
ad- hoc connection g CA contention based procedures)sr [ 001891 An
exanpl e eybYil ént2 d#piatsmanwaﬁ%qméo%%ﬁ@ ity eReerPesy expivResHiNg Jb5 AYSt 8 OFDM

synmbol s ofegiifd-is theek ed MAMR: b efB86eN&RmitAPeRlecCo MIMD AR MOblo& a0 ehe ( PCCH)
MAC- PDU header is included in the subsequent 2 OFDM synbal s u5| n%q(BQ;STTD

mode, encdfEd YT ISRemmnipisgodalip dnfjimetion Fpi expppls; prasteergd MM pilo 1148 at i on

request i snd Pediudesh feple 45 Q6 RRAMAN oPY nlebRNAR H10feq@eskRS befioAl W AtiaRdked N t he
next TDD MAC frane mt&rval (thus the maximumrequest is 256 shor

symbol s) . “OFREctiey Ipgapiich the Afgopether sehydylinaisiatigne wopd "P%ﬁte bgaPlsde decads 15“?1 t he
current pa&kef of th belgmcadn@u@@@am@duestpn&a‘s@beme i Shel AMOWNI EeBognz@hky@iapondi ng
to a pref erence bet ween up fo subchannel s V\%Ch t he AP houI d nmake
any appl i 8B faweﬁé*&f'aaahmsfﬁrﬁécf@%&we%@%m@emﬁ%ﬁ @A chagnel JpfER 1 el ds
and/ or fietw, &itazgslaﬁs&yttelaardnﬂ@maﬂda folin@Rcrad bRbddaice withiYegvdagd raivhadbaent . 39
[00190] In th| t he remai nder 04 t he I\/AC- PDU transgl?ssi,o .uses

Spatial TR BIE TSR g HER SO e WS e TUraFErEd Dy BHeT 1STA | n
t he peer - pREIHakd MIBCHhéDRemdit 6 RRRELOMIDIO pildd@ 1 10 aM6H &FSkidiNini the 6O Geid
according to the rat% control information %ﬁbeggoed in the data portion of

the transHSSTHEATYD FHeHRn tl??tra(ﬁ‘%'i“ﬂ‘@gaté TAERS IS P BT F R e er - peer

data transm ssion. The process begins in block 2210 where a station
transm t sj@noypss %r&?mM Melnple| Réthod! 230D 10E el $eL , colifiniciiodl TR dkiAnem t s
commonl y decodabl e informati on. For exanple, .unsteered M MO pilot, 21 10
method 2300 illustrates several aspects, subsets of which may be deployed in any given
embodiment. The process begins in decision block 2310. In decision block 2310, if there is data
for STA-STA transfer, proceed to decision block 2320. If not, proceed to block 2370 and perform
any other type of communication, including other access types, if any. Proceed to decision block

2360 where the process may repeat by returning to decision block 2310, or the process may stop.

(60193} In decision block 2320. if there is STA-STA data for transmission, determine whether the
peer-peer connection is to be scheduled or ad hoc. If the transmission is to be scheduled block
2330 and request an ailocation to eam a TXOP. Note that an allocation request may be made
during a random access portion of'a TDD MAC frame interval. as described above, or may be
included in an ad hoc transmission. Once an atlocation is made. in block 2350 a STA-STA

physical burst may be transmitted. In an example embodiment, method 2200 may serve as one
type of STA-STA PHY burst.



and PCCH 2120 serve as an exanple of a nechanism for requesting allocation
in a managed connection, for which the AP, or other scheduling station,
woul d need to be able to decode the portion of the signal conprising the
request. Those of skill in the art will recognize nyriad alternate request
mechani sms WGBS | ng peer-peer connections on a shREEGSeHMMes . | n

bl ock 2230, data is transmitted frontlone station to another in accordance
with negotiated transm ssion formats. In this exanple, steered data is
transmtted using rates and paraneters as determned in accordance with
measurenents of unsteered M MO pilot 2110. Those of skill in the art wll
recog var| o] et r a
speci ﬂoczzlggeer - pgg%%ﬁﬂg&@jﬁaﬂiﬁﬂg %;@ﬁ?@értecbl ct s&gitggm% ?ée ?%88&2300 for
peer - peer dohinghi2g4d toosontentifer asrenpl Eor ermnhlodham'OCHl Q%Qtsean@é of VP al

aspects, t de The
process bea\q‘a‘?tf @thgﬁgf){}]@ﬁg?%e %%ﬁn %‘gcgg%dlggég%&a%%fgccg?ﬁl yhere IS
data for ShbdgtSténttitivnspreteed o WlekA2350 SifiCtraisoit HISTASPAZRHY |Yurdtods, proceed
to bl ock 2370 and perform any other type of conmmunication, including other
access typdlgserived ghaye. proceed to decision bl ock 2360 wher e the process may
repeaggaysy et ur midig bld&k‘i@% g,k&eedoioqe&s%ﬁ%%cmssdwﬁereﬁeqs%é&sm y RpER,

[ 0019 (i I n" deci si on bl ock If there is STA-STA data for transm ssion,
det erm ne mépmbecmv@vepeenam@@r connection is to be scheduled or ad hoc. |If
the tr Ssi o hedul cation to
earn é@@b No?z éd"’ '&%e ‘Ets e?( 0 ,atIS%HgAr g%"eﬁ? %g,&l&bgr{?%gg%%ﬁ%pkn ﬁﬁgéaﬂlr andom
access por tpeerpeat cann'EmbﬂVAEhfs rﬁﬁalmmaﬁasvahpusaﬁanﬁm‘rohbedd athow etppsothatnay be

i ncluded in a ocC ansni ssi on e | o | on is.mde. .in block
1350 8 STATSRbS Bl SRed T Btb st SU8 | puhSriid oA 1 Fens it Bhiestbo rrent
net hod 2200,i13py4 1986 \85 A28, 91K 2 th¥dfre® theRhAme f426%ié%&§vm§@s?&%/ 830133

PCT/ US2004/ 034063 40 [00194] In decision block 2320, if schedul ed peer - peer

connect i on 4430.nBy angexgmpieemypdeans § TA 2odditraétes zsmmort@bleéﬁ@ ﬁ%ﬁ&aﬁ@m%ess For
exanple, t %I% qogent d’ﬁﬁlﬁ{ JiBM, be used.
When an acgjglsts&e-rl]; gé%“%gr ned g&%ge@ete%ﬁaﬁ&ﬂroug content| on proceed to
bl ock 2350 248d tor3hAni.t I SkuSTakcRialé bmbotiments, altbeste phadcetboway $00195]
From bl ock eed to d n, bl ock 2360 wh t he e

repeat, sdz E et F%é&vé&d@éateﬁfge@ﬁ& decspn tféﬁ g&@‘ 124‘%%%@ SiAx anpl e

nmet hod 240Qedepfes i SohiethilBg allédabon @€ dbmeldsk oF aU@zﬁminﬂ ofpOfiniBE Fbr SQARNDECT | ON.
This FIGillustrates various transm ssions and ot her steps that
during A-TCH. Once a transmit opportunity has been earned, at 2450, STA 1 transmits

to STA 2 data at a rate and modulation format determined in response to rate feedback
2430.

[00197] The method illustrated in FIG. 24 may be generalized and applied to various
embodiments, as will be readily apparent to those with skill in the art. Some examples
mIncorporating peer-peer rate feedback, as well as other aspects are detailed further
below.

[00198] FIG. 25 depicts method 2500 illustrating managed peer-peer connection between
two stations, STA 1 and STA 2, and an access point (AP). At 2505, STA 1 transmits an
unsteered pilot as well as a request for an allocation. Data may also be transmitted
according to an earlier allocation and previous rate feedback, as will be illustrated
below. Further, any such data may be fransmitted according to rate feedback from a
previeus managed peer-peer connection or from ad hoc communication originated by
either STA 1 or STA 2. The unsteered pilot and request for transmission is received by
both STA 2 and the access point (and may be receivable by various other stations in the

area),



may be perfornmed by two stations, STA 1 and STA 2. STA 1 transmts an
unsteered pilot 2410 to STA 2. STA 2 neasures the channel 2420 while
recei ving unsteered pilot 2410. In an exanple enbodi nent STA 2 determ nes a
supportable rate for transm ssion on the channel as nmeasured. This rate
determnation is transmtted as rate feedback 2430 to STA 1. In various
alternate enbodi nents, alternate paraneters nmay be delivered to allow for a
rate feedback decision to be nade at 3TA 1. At 2440, STA 1 receives a
schedul ed all ocation or contends for a transmt opportunity, for exanple
during A-TCH Once a transmt opportunity has been earned, at 2450, STA 1
transm t s[001 99 Beac@siptia reseives thareeuestrior trapshtibsécniaod if encondencd eitbond ofedy i n
response Bﬁnﬁef‘to? so‘l%&iﬁ]ﬁ@% 70 1&%\ Omal[egqlgegnn-mﬁonn@rt \Qﬁéﬂa éndl Hﬁettl{ef"ttfﬁ h arF 1G24
may be generalize to various enbodi nments, as w e readily
appar ent tltpcetiyoder meﬁ@kfrrlqommnw@n avkA 2Sm¢eir@xth¢rpﬂlaesel while dhepensigerechg
peer - peer 5 her
bel ow. BIfgtérf {Zog%gp%%%étggﬁgy@gy m@l?]eoééﬁ Zﬁéggﬁcﬁﬁﬁéartggl g&%gfﬁargtg fgrg)géerr - peer
connect | opeeh eanyiREratignueits B b i obption@IFASTA rieky SIA reveive wade epdbadcander psi nt  ( AP) .
At 2505, HIAEAlIRRSHIhR An oUASESEARILOL as well as arequest for an
allocation. Data may al so ransmtted according to an earlier allocation
and previous rate feedback as wll be illustrated below Further, any such
data may B@280] mn$iv axeeple. aibe ecaisngpitt chas determfined divaatlkcatipo mikh be prade ifmuse nanaged
peer-peer r Lt her STA
or Sra FIRRE ek A2 3alagior THENGR eR A ALDBHE A £k V00
bot h STA fisamanplhello@tes on g ki Cldnd), myratmanmedcdsrlmﬂbb eortyy! chamiebsghes her
stations t‘BIlt 1@?0 ilﬂ[sgﬁgd ab%a'e Silrg %?12%2558%&@1%%%?0% ORCHIenli T'b?—lﬁglm\éﬁé Fo% Q?A@equeSt
for transm ssio chedul i ng
al gorit hmé¢ Zﬁﬁﬁkéé/\al dﬂ@@l@tnrihﬁaﬁwcaufpnolﬁ'ommnﬂcaﬁd pmmtetﬁhe%-’)@ S Trak eecaimes th¢ | ocat i on
for the peer.: don. STA 2 neasures the channel while the
unst eer edm%inﬁgt(%:n%%g (s transmitted and may nmke a determ nation about
the supportable rate for peer- peer communication with STA 1. Optionally,
STA 2 may [(REGIGST & C eavsenits attefebdbeddba i3 Samdt@rdadatvath diloampSTAROI Oi;t'rmnaaltycmr dance
with a preylopg. L aNRmaRh 8, LAORORLLR.A NS GXAMRE. L N6 Be6e88 pRL Nt has
det er mi ned'an a’l?oca Wl of the reques? ed tTansm ssion.
2515 an alrheoéted @nadesrdbmca gt a mreGOLfs rreqwslt.hﬁ]e aae ésgbaob itmtsntiteed ST Aeldcted lim

accordance with the channel measurement 2510, as described above, The PHY burst of 2535 may
include an unsteered pilot as well, At 2540 STA | measures the channe] from STA 2, receives the

rate feedback. and may receive optional data as well.

[00202] At 2545, in accordance with allocation 2515, STA | transmits data in accordance with the
rate teedback information received. In addition, a request may be made for a future allocation as
well as rate feedback in accordance with the channel measurement at 2540. The data is
transmitted according to the specific channel measurement for the peer-peer communication. At
2550 STA 2 receives the data as well as any optionally transmitted rate feedback. STA 2 may also

measure the channel to provide rate teedback for future transmissions.

{00203 Note that both transmissions 2535 and 2545 are receivable by the access point, at least
the unsteergd portion, as described above. Thus for any included request, the access point may
make additional allocations for future transmissions as indicated by allocations 2555 and 2560 to
STA 1 and STA 2, respectively. AL 2565 and 2570. STA | and STA 2 receive their respective

allocations. The process may then iterate



this exanple, allocations on the R-TCH 1540, are transmtted during the
control channel, such as CC I 1520, illustrated above. Simlarly at 2520 an
allocation on the RTCH is nade for STA 2. At 2525, STA | receives the

all ocation fromthe access point. At 2530 STA 2 receives the allocation
fromthe aWe8S/3visAt . [ 0020] ] STA 2 transnits rate feadbookodnzadss8s5, in
accordance with allocation 2520. Opti®#¥nally, a request for schedul ed
transm ssion may be included, as descri bed above, as well as any data to be
transmtted in accordance with a previous request. The rate feedback
transmtted is selected in accordance with the channel neasurenent 2510, as
descri bed abpye. .The P burst of 2535 ma i nclude an unsteere i.l ot as
Wl T A 2 SRBOR PIRCE PSS PR! EHAM PP, G Sherty AR REA I ot e
feedback, ang STRY 2NEEShMEnOPédrYRE chahdiaSionRirectlyl ROLRR ot AP 2A& arddn
accordance wth allocation 2515, STA |l transmts data in accordance with the

rate feedbarsduviaipefornaisowlactedds\supporeble S8dhe PesFrpedr qhagnsh sNotedhath® dade for a
future all i . I r K. . i t channel
reasur ement AP LT ORI oo (ool SRAGHCPAG) SHOTE peltbinkd AP0
channel neasdtivrthermahaded pet¢rieepamimpaentioc dhmwate mtFIOGN25.At 2550 STA 2 recei ves
the data as wel ) optionally transnmtted rate feedback. S may al so
measul®@20fle ¢ haLrﬂl@ zqa@%ﬁfzg‘?ﬁ ¢jgonferyign E’@%@ g%(ﬁgel?oﬁi PEEPET FOPPEHE g@?ﬁns .

[ 00203] Not @nd leata Heil bhAiBibaiSRR SachoiRerABth&SFPA ARy hR6 W iR Béivitiy t he
access point, at least the unsteered portion, as described above. Thus for

any i ncl udéergecgdanay acoers the shased ghannel Mh@o1haka hdavipg dataIto ArpEhio ons f or
futuretram’ [ L, ndy € ogcatd ans n 0412 STA | and
STA 2, respec i&‘z\s’/elfafn/l?Qfl toif *BQ%E&%% 6%@_&&%&2% o%?“i?efgr gg%is\?eu ‘elnrs
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in inLtelLy, w acce oi nt.. nanagi ccess on
the shar ed TOARENPSAGEetPA 1Y OLHGSEAR AndfRbet ShaBBariofRe e g cat i on
directly tQnhaarl) mijRieité tKePbr@BnAdfbn /61 STA! 1 QRd kabwab sveidl Redssde Ak
supportabl e on the peer-peer channel. Note that, in an _alternate.

embodi ment chanehoForrxemplse 8 P CEImAssribad phowenmgy be ssluded poihe gamsaissifiong  wit h
t he manage ehs i i j 1N 0 FIG 26
1T ustr at o2 o b EER) STATTHRLGR it B} dcbithctolh i writerol QAR © 0
STA 2 wi || contendsnfoc attermedebsseactheghived chabhbler SEY Asmapyisaltseosthie dita, aecei vi ng

range and nmay acce the shared channel. At, 2610 STA 1, havi ata to
L r et t chetasieRy 5 ot B En o ARG n A SRR o A O BT e
Once a tramfsmavwing 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.

[00205] At 2635, STA 2 transmits rate feedback along with optional data to STA 1. At
2640, STA 1 receives the rate feedback, contends once more for access to the shared
medium, and transmits at 2645 to STA 2 in accordance with the received rate feedback.
At 2640, STA 1 may also measure the channel to provide rate feedback to STA 2 for
future transmission, and may receive any optional data transmitted by STA 2. At 2650,
STA 2 receives the data transmission 2645 in accordance with the rate and modulation
format determined by the measured channel conditions. STA 2 may also receive rate
feedback for use in returning a transmission to STA 1. STA 2 may also measure the
channel to provide future rate feedback. The process may thus repeat by returning to
2635 for STA 2 to return rate feedback as well as data.

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

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



opportunity has been earned, peer-peer PHY burst 2615 is transmtted to STA
2 which may also be received by other STAs. At 2620, other STAs, nonitoring
the shared channel, nmay receive the transm ssion from STA I and know to
avoi d accessing the channel. For exanple, a PCCH, described above, may be
included in the transm ssion 2615. At 2630, STA 2 neasures the channel in
accordance with an unsteered pilot, amd contends for return access on the
shared channel. STA 2 may al so transnit data, as necessary. Note that
contention tinme nmay vary. For exanple, an ACK may be returned follow ng

SI FS i n arscadgibypo8n of the Yyt . s@hms gheJIAEH!, jissdehiopdvie Sen. s ilbsirated in 898, 2 may
responds w ) ', I or | ess
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STA | T ecelyasiklity halifiheabagke, GaRtAR0SRNGEARI R FIChoARERASH Qed he
shared nedium and transmts at 2645 to S A 2 in accordance
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provide rg&gm&qﬁgQgﬁﬁmhgﬂ§IAmgb;ggkw&yture transm ssion, and may receive any
optional data transmtted 5 At 2650, STA 2 receives the data
transm ssion 2645 in accordance with the rate and nodul ation fornmat
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bur st , sugra%7ﬁ$Q&%p@%$¥mﬁpm§cployed(y?ﬁg%Tk§§€F¥ 32§€§§%%h§%ngaﬁﬁ o ot her
STAs may &ecesgdinhéo ST dr freit ¢iohe eandusnaypenzois.aleiaedabors. isry) o ratg feedbettannel  at
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ei t her managed eer-peer communi cation may Initiate data transfer
prior to t“heé'!é@t“e!?f‘sr'i’elet a5ty 'a:tt’éd’lli‘sh SEAG trasmita i) Syt eallossign 26 &dnit 4 nue

peer - peer LOAMURISGALT ARIRURGEIYE N A.Muarmw@n @aﬂxuscoqupwage i tfaﬁsnﬁgsmﬁgul ed and
ad hoc peer-peer comuni cation nmay be depl oyed. [00207] 27 depicts
exanpl e TIODUNING PR axeer-fieat eanpedlionsy OBy bel nglydedatn rhg Hﬁbﬂgéﬂid\@ew -syaaple

CO”WUH'Cahhﬂﬁuﬂ%&%ﬁ%ﬂﬁﬁ&@&%@ﬁﬁoﬂkﬂﬁ&hh%mQ%éﬁ&h@nmpﬁ&@wthe F-TCH and the A-
TCH dur ati ons

[00208] Note that. in FIG. 27, guard intervals may be scheduled between segments, as necessary.
A key issue regarding peer-peer communications is that generally the path delay between the two
STAs is unknown. One method of handling this is to make each STA keep its transmit times fixed
so that they arrive at the AP in synch with the AP's clock. In this case, the AP may provide for
guard time on either side of each peer-to- peer allocation to compensate for unknown path delays
between the two communicating STAs. In many cases, a cyclic prefix will be adequate and no
adjustments will need to be made at the STA receivers. The STAs must then determine their
respective time offsets to know when to receive the other STA's transmission. The STA receivers
may need (o maintain two receive clocks; one for the AP frame timing and another for the peer-

peer connection.



have been set to zero. Beacon/BCH 1510 and CCH 1520 are transmtted as
before. Beacon/BCH 1560 indicates the start of the next frame. CCl| 1520

i ndi cates allocations for peer-peer comunications. In accordance with
those allocations, STA | transmts to STA 2 in allocated burst 2710. Note
that, in weessme133DD MAC frame interval, STA 2 is al | BEHVEWOLBHeENt 2730
for responding to STA 1. Any of the #hrious conponents, detail ed 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 |ayer
burst. STA 3 transmits to STA 4 in allocation 2720. STA 4 transmts to STA
3in ation 27 i | mJar fashion [LO . DK
transﬁé&g‘gl ons, Al%nﬁﬁ%%qtadg%n%ﬁ %éeeﬁ?;? enéso%@ogg‘t %@ﬁﬁgéﬁg%ﬁﬁ%@gb in the
R- TCH. Addidedbackl neayablderivelribpdi mredeiver idukiugtitsatllovgtidthesd faddack hera aspect s
are detailed further below [0020 te that, in FIG 27 ard intervals
may be schBERTEEH YR %Qﬁg@ﬁpégécég’o“hﬁéé‘g‘évﬁ 'fhe reﬂGﬁYE&ﬁﬁP@%‘% THEYHNi ng
peer - peer /ML IS dblaBS1d tidRAtTHICAL gl daviet BRuRAtthat dRk@MtDRENEER bhe two
STAB i s unknown. One nethod of handling this is to nake each STA keep its
transmt t faydbadgkiategrovidgdt hat they arrive at the AP in synch with the AP's
clock. Inthis case, the AP may provide for guard tine on either side of
each peer-to- peer allocation to conpensate for unknown path del ays between
t he two coimervpeabilitgwilh AsgadyiStatiway acbAesss Boimtycl ic prefix will be adequate
and no adjustnments will need to be made at the STA receivers. The STAs nust
then determ ne their respective tine offsets to know when to receive the

ot her (§uhAg)S tr angdetsied herell)&add dnffRIN@NSdesfMEdMREAIS BptBidiiedisbvemo
receive clocks: one for the AP frame tim ng and anot her for the peer- peer
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provi de i nprovenents over |egacy systens. Nonethel ess, given the w de
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a systemt i - [RoTH ] I oSt egacy
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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.

[00211) 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
(DFS) algorithm may be implemented in the new class WLAN to accommodate this. It
may be desirable to deploy an AP to be multi-carrier.

[00212] Legacy STAs attempting to access a WLAN may employ two methods of
scanning: passive and active. With passive scanning, a STA develops a list of viable
Basic Service Sets (BSSs) in its vicinity by scanning the operating bands. With active
scanning, a STA transmits a query to solicit a response from other STAs in the BSS.

[00213) Legacy standards are silent as to how a STA decides which BSS to join, but,
once a decision is made, association may be atterapted. If unsuccessful, the STA will
move through its BSS list until successful. A legacy STA may not attempt to associate

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



class" will be used to differentiate fromlegacy systens. A new class system
may i ncorporate one or nore of the aspects or features detailed herein. An
exanpl e new class systemis the M MO OFDM system descri bed bel ow with
respect to FIGS. 35-52. Furthernore, the aspects detailed bel ow for

i nt er oper aYPRYSA3Héw cl ass systemwith a |egacy syst eMCAUS2MEH6HP| i cabl e
to other systems, yet to be devel oped® whether or not any particul ar

i nprovenent detailed herein is included in such a system [00211] In one
exanpl e enbodi nent, backward conpatibility with alternate systens nay be
provi ded by using separate Frequency Assignnents (FA) to allow the operation
of a new Cﬁ:@%?st@déﬁbfrfhéirsm SPAEE £ Ak repass | D aBYwelS @5 UTs] sy ighoew cl ass
system nmay search an avail able FA on which to gperate. A Dynanmic
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WLAN t o ac&ggg@%gte this. It may be desirable to deploy an AP to be
multi-carrier. 0212] Legacy STAs attenpting to access a WLAN may enpl oy
two miokokls of Ascateniategteciitigus iseformetw addss VA obnewh cﬂms Sil¥s teaejacti any, a STA
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[00214] Andahiler athe 1Eeehrioaue sumdhds), faﬁ/\/%éﬁeﬁﬁ@ ﬁ&ﬁaemnﬁwmgha@@a flAs to
reject any |egacy STA s request usi ng valid | egac 802.11

messagi ng. SYPPOEeq é@raewsg}%%seﬁwte%p the MIMEs 8% @mbpql@epb %Féiiﬁ‘iSTA may
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(such as t fipsethe same FA.
[00216] 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 (i.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.

{00217 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
additional signaling techniques, in addition to these, may be used for establishing a
contention free period, for various types of legacy systems.

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



detailed in the | egacy 802. 11 standards), are generally inefficient for high
data rates supported for new class systens, such as the M MO system

enbodi ment detailed herein. Thus, it is desirable to deploy backward
conpati bl e nodes of operation allowing a new class MAC to co-exist with a

| egacy MAGYQROEHYISane FA. Described bel ow are sever aPCEU&AfIN/@48@bodi ment s
in which | egacy and new cl ass systen#¢may share the same FA. [00216] FIG
28 depicts nmethod 2800 for supporting both | egacy and new class stations on
t he sanme frequency assignnment. In this exanple, for clarity, it is assuned
that the BSS is operating in isolation (i.e., there is no coordination
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recei ve the béacon are prevente romusing the annel during the CFP,
unl ess pol tedlidhy t he AP. [00219] Another technique is to establish a CFP,
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Legacy STAs interpret the RA fi s._being directed to a_ s CIfIC STA and
do not regﬁsﬁdmﬂgmasrﬁéweﬂfagxaﬁq%%r peieR Wedinmy fa & B vh teraew 6288 ear out

the BSS fogsad BRtdédE msr&e@m%ﬁsm& Ihsy aéaess%e&ahg%hﬁ%{)ﬂoﬁca | Ayt he
CTS/ RTS nessage pair. At this "point, the new class stations are free to use

t he channeketfoppubstieof the aspasts d;umlad ihereinunayibeitleployed in such a new class MAC
protocol. For example, scheduled forward and reverse link transmissions as well as
managed peer-peer fransmissions, 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 fransmitted. In an alternate embodiment, legacy STAs may also be
polled during a contention free period. Such accesses may be subsequent to new class
accesses, or may be interspersed within them.

[00221] 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.

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

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



conflict. [00220] In block 2820, |egacy class STAs, having received the
signal to establish the contention free period, wait until polled or the
contention free period ends. Thus, the access point has successfully

al l ocated the shared mediumfor use with the new class MAC protocol. In

bl ock 2830, new STAs may access according to this protocol. Any set or
subset of the aspects detail ed hereind4ray be deployed in such a new cl ass
MAC protocol. For exanple, scheduled forward and reverse link transm ssions
as well as nanaged peer-peer transm ssions, ad hoc or contention based
comruni caff legrcy Bysemadindgny peverlapdéhq progcolaingludiogrviyneoribantion ofitheefeatbove may be
depl oyed. 4lf,Lh ek, 2840, the new class access period is term nated, using
any of a variety of signal types, which may vary according to the |egacy
system depl oyed. In the exanple enbodi nent, a contention free period end
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a random access channe! 1550,

[00225]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 thc; end of the Beacon

interval.

[00226]The example 802. 11 legacy standard requires the CP 2906 be long enough to support an
exchange between two legacy terminals. Thus, the beacon may be delayed, resulting in time jitter
in the system. If desired, to mitigate jitter, the CFP interval may be shortened to maintain a fixed
beacon interval. Timers used to establish the CFP and CP may be set such that the CFP is long
(i.e., around 1.024 sec) relative to the CP (i.e., less than 10 msec). However, if, during the CFP,
the AP polls legacy terminals, the duration of their transmission may be unknown and may cause

additional time jitter. As



[ 002241The conbi ned Beacon interval 2950 illustrates the interoperability of
| egacy and new class MAC protocols during the contention free period 2904.
New class TDD MAC franme intervals 2932 are included followed by |egacy
polls CF poll 2908A-N. The contention free period term nates with CFPEND
2910, fol I'SREEPSWY183 cont enti on period 2906. New cl ass PONUSHN@O34063Te
intervals 2932 may be any type optiorfdl 1y including various aspects detail ed
herein. In an exanpl e enbodi nent, new class TDD MAC frane interval 2932
conprises various segnments such as those illustrated with respect to FIG
20 above. Thus, a new class TDD MAC frame interval, in this exanple,

conpri ses i@, ok hhstetR0h 0 maghan gﬁ)s f%%ﬁglov oRsd OTARHHert sRbsHolatinghannel

1530. ad hoc péer- peer section (A-T 010, a reverse link transmt
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the CFP 29 r asan S WLAN
transm ssi @%) #ﬁgﬁiélmay po agly&ﬁ\élgAacyggsfgdgs éﬂeﬁ% %E%@g“%%er Mt | ng
m xed nodelegapaysttmpemplofitg aseN® fitime | duratbai 6f brTUst be2 A8 mmepc,riasthisve t he

entire CFP 2904 for new class wusage and push all legacy traffic to the
contenti Onexﬁgx,p} od (CP) 2906 near the end of the Beacon interval. [00226]

The expsphe 803, s&ée'éﬁ@&cﬁm&t@r‘i@%é} BeLqldirhfS 14 MRufeRhaOM6 e dasageough to
support an exchange between two | égacy term nals. Thus, the beacon may be
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nsec) . durin theﬁg the AP oII Ie% termnals, the
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to maintain S for new class STAs when accommodat i n%%egacy TAs on the

same FA. Twbich egadiptagizd. throughand fgl ssv;qnﬁcmtl@n:j z bagacy T @%emm@)h of
2 j
Fegacy oyotaitiiaiEted, 32 AR aR8eE BREBIET P SRINEMGRMENAR #,

this exanpdmrall{;ﬁﬁl%ﬁffdcmdsone enbodi nents, it may be desirable to insure

t hat new cl fra e nchrono That frame
ok BEITE T 18 al i B%Red SR sa iy PR REOR IS Mol e, when
transm tt efiay 8§ adgloyed d8B164KP2839 iRbn bdnple 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 techmiques may be deployed. Once a transmission opportunity (TXOP)
has been eamed, transmit according to the transmit opportunity in block 3050. Then the
process may stop.

[00230] In block 3010, if scheduled access is desired, proceed to block 3020 to request
access. This access request may be made on a random access channel, during ad hoc
contention, or any of the other techniques disclosed herein. In block 3030, when the
access request is granted, an allocation will be received. Proceed to block 3050 to
transmit the TXOP according to the received allocation,

100231} In some instances, it may be desirable to accommodate interoperation between a
new class AP, and its associated BSS, with an overlapping legacy BSS, in the same

frequency allocation. The legacy BSS may be operating in DCF or PCF/HCF mode,



2.048 nsec frame interval. In this way, sleep node for STAs may be easily
mai nt ai ned. [ 002281 New cl ass transm ssions do not need to be conpatible
with legacy transm ssions. The headers, preanbles, etc., may all be unique
to the new class system exanples of which are detailed throughout this
speci fi camioomossedcy STAs may attenpt to denodul at e PEREERZ004UHH06%i | | faj |
to decode properly. Legacy STAs in shteep node will generally not be

af fected. [002291 FIG 30 depicts nethod 3000 for earning a transmt
opportunity. Method 3000 maybe depl oyed as bl ock 2830 in an exanple

enbodi nent of nethod 2800, illustrated above. The process begins with

Those of st 10 SRehaaiet bie R TR R s dTe IRAIEBYS, by B RgREE™ °°

i Il ustratescHiop@bleypes of access, in any given enbodi nent either one or both

of these access types maybe, supported. I n decision block 3010, if
unschd®3¥dd accddhe il%acﬂcﬁéﬁ' BPPeRtBE db & C@o‘“’bﬁégl@ 4 e BV B8Rl T access.
Any nunber el d SN QLS 1B PRE d. Once
a transm sgt?%nﬁk(lf)tg%g&%m t)}Q?QI'eXOD Hgtgﬁgéeﬁeoﬁglg%?gfgd,%?rlansm ta)g%é&g%bieng to

t he tr ansnthanogplucingrthe wontentidnopdiiod08dng Tne nf vireous presbansnyyeyamplepof [ 002301
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| egacy BSSs. In block 3110, a legacy access point transmits a beacon. A new class access

point, sharing the same frequency assignment, may synch to the TBTT associated with
the beacon (optional). In block 3120, if a legacy contention free period has been
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.
[00235] FIG. 32 illustrates overlapping BSSs using a single FA. Legacy system 3210
transmits beacons 3205 (3205A and 3205B are shown illustrating the TBTT and the
overall Beacon interval of the legacy system), Beacon 3205A identifies contention free

period 3210 and contention period 3215. During contention free period 3210, legacy



BSS is operating under DCF, the new class AP nmay al so attenpt to seize the
channel and announce a CFP to clear the channel. [00233] There nay be
situations where sone or all of the STAs in the | egacy BSS do not receive
the new class AP transmissions. In this case, those | egacy STAs may

i nterfere WRi20W8HET ati on of the new class WAN. To avdi(a/usaend/op4aéer f er ence,
the new class stations may default t¥ CSMA-based operation and rely on
peer-peer transm ssions (this 1is detailed further below with respect to
FIGS. 33-34). [00234] FIG 31 depicts exanple nethod 3100 for sharing a
single FAwith nmultiple BSSs. In block 3110, a | egacy access point

transmts a,DeaGOR., ﬁm{éﬁﬁgﬁgﬁﬁ&&%ﬁd@@% fi*&uow%aq;y g lﬁmto%??aofernaquency

assi gnnent, may Ssync associ a the beacon (optional). In
bl ock 3120qfthefccmtdnegaﬁyepmdeﬂ260n free peri od has been prescri bed
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3205, and refral n fromaccess|ing nedia until an opportunlty to contend for
acces®0ZN | ves. 10 8 cxamnle smbagimacnt fhe mwfaé%ﬁ’ peieTst thei ehpusel afkiedy t he

contenti onipfd-@fs G, 1Py A ISéc fEMew class AP seizes the channel for 20 msec). The

new class AP may maintain a timer to insure it is only holding the channel for a desired
duration, thereby guaranteeing fair sharing of the channel. In seizing the channel, the
new class AP may use various signaling techniques. For example, CTS/RTS or a legacy
beacon announcing 2 new CFP may be transmitted.

[00238] During the new class interval 3250, an example first TDD MAC frame intervai
may be defined as follows: First, send a beacon plus F-CCH indicating the UTs on the
list to be polled in the current MAC frame. After the F-CCH, broadcast a stretch of
MIMO pilot to allow the STAs to acquire and form an accurate measure of the MIMO
channel. In an example embodiment, excellent performance may be achieved with 2
short OFDM symbols per antenna. This implies that the F-TCH in the initial MAC
frame may be composed of roughly 8 MIMO pilot symbols. The R-TCH portion of the
first MAC frame may be structured such that STAs on the poll list transmit steered
MIMO pilot and a rate indicator (for the downlink) with acknowledgement back to the
AP. At this point, in this example, all terminals on the poll list are ready to operate in a
normal scheduled manmner in the next TDD MAC frame interval. The TDD MAC frame



3230, the new class access point transmts a | egacy signal 3245 to indicate
to legacy stations the anmount of tine that the channel will be occupied. A
variety of synmbols may be used to performthis function, exanples of which
have been detail ed above. Various other signals may be depl oyed dependi ng
on the | ed¥@pi0sPsnd@m with which interoperability is d®STASA04NBEGEcYy STAS
within reception range of |egacy sigdl 3245 may avoi d accessing a channel
until the end of new class access period 3250. Period 3250 conprises one or
nore TDD MAC franme intervals 3260 (3260A-N, in this exanple). TDD MAC frane
i nterval s 3260 may be any type, exanples of which conprise one or nore of
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situati onsyWRRited. The second STA transmits channel feedback to the first STA. Thus, in
block 3340 the first station receives a response with channel feedback (rate feedback,
for example). In block 3350 the first STA transmits the pilot and steered data to the
second station according to the feedback. In block 3360 the second STA may transmit
to the first STA acknowledgement, and may transmit continued rate feedback for use in
further transmission. The legacy signal used to clear the medium allows blocks 3330 to
3360 to be carried out using any of the high-speed techniques and improvements to
legacy systems such as those disclosed herein. Once a STA has cleared the medium,
any peer-peer MAC protocol may be deployed within the scope of the present invention
period. The process may continue as depicted in decision block 3370 by returning to
block 3310, or the process may stop.

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

according to the legacy rules for CSMA. In this example, PCF and HCF are not
employed, and there may not necessarily be a centralized network architecture. When a
new class STA wishes to communicate with another new class STA (or AP), the STA
seizes the channel. The first transmission consists of sufficient MIMO pilot plus some

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



sonme or all of the STAs in the | egacy BSS do not receive the new class AP
transm ssions). In such cases, the On/ Of cycling described above m ght not
be advantageous, or even possible. In these cases, new class stations nay
default to peer- peer operation. 1002401 FIG 33 deplcts exanpl e met hod 3300
for perforh? AYSH%M: speed peer-peer conmunication, usPREUFHIHMBIHE63: echni ques
di scl osed herein, while interoperating with a Iegacy BSS. The process
begins in block 3310, where a first STA having data to send to a second STA
contends for access. In block 3320, having contended for access

successfully, the station clears the mediumusing a | egacy signal, such as
those desfdat bﬁdhalafmendl Resdilve Gikne3 3BkL rehindtihg ISSIAsS'n’éksﬁgeanﬁmchﬁtm thequest
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t he target
uplink transmissions. Because of potential processing delays in computing eigenvectors

for steering, this may require that the STAs use Minimum Mean Squared Error (MMSE)
processing instead of eigenvector processing. Once the steering vectors are computed,
STAs may start to use the eigenvectors on the transmit side and the receive side may
continue to employ MMSE processing, adapting toward the optimal spatial matched
filter solution. Tracking and rate control may be facilitated by periodic feedback
between the two STAs. The SIFS interval may be adhered to in order for the STAs to
maintain control over the channel.

[00244) FIG. 34 illustrates peer-peer communication using MIMO techniques by
contending for access (i.e. unmanaged) on a legacy BSS. In this example, initiating
station 106A contends for access on the channel, When it has successfully seized the
channel, MIMO pilot 3405 is transmitted, followed by request 3410. The message may
contain the BSS ID, the initiating STA’s MAC ID and a target STA’s MAC ID, if
known. Other signaling may be used to further clear the channel, such as CTS and RTS.
The responding STA 106B transmits steered pilot 3420 followed by acknowledgement
and rate feedback 3425. Steered pilot 3420 is transmitted SIFS 3415 following request

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



response should contain the BSS ID of the responding STA. This allows the
STAs to determ ne whether they need to performreceiver correction of
transmt steering vectors, if steering is used. Note that transmt 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. [ 002%} 20a803¢98cri bed with respect to FIG 33, a rBSHURIRYH&8F cont ai n

M MO pilot (steered, if enployed) pfls some indication of rate. Once this
exchange has occurred, steering is possible on each Iink. However, if the
STAs belong to different BSSs, the first steered transm ssion between the
STA that initiated the connection may contain steered MMO pilot to allow
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[06247] When two or more BSSs overlap, it may desirable to deploy mechanisms that
allow the channel to be shared in a coordinated manner. Several example mechanisms
are outlined below, along with example operating procedures associated with each.

These mechanisms may be deployed in combination.

[00248) A first example mechanism is Dynamic Frequency Selection (DFS). Before
establishing a BSS, WLANs may be required to search the wircless medium to
determine the best Frequency Allocation (FA) to establish operations for the BSS. In
the process of searching the candidate FA’s, an AP may also create a neighbor list to
facilitate redirection and inter-AP handoff. In addition, the WLAN may synchronize
MAC frame timing with neighbor BSSs (described further below). DFS may be used to
distribute BSSs to minimize the nreed for inter-BSS synchronization.

[00249) A second example mechanism is inter-BSS Synchronization. During a DFS
procedure, an AP may acquire the timing of the neighbor BSSs. In general, it may be
desirable to synchronize ail BSSs (on a single FA in one embodiment, or across
muitiple 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



point, recall that SIFS is the highest priority and, thus, the responding
station 106B wll retain control of the channel. The various transm ssions
detailed in FIG 34 may be transmtted SIFS apart fromeach other to

mai ntain control of the channel until the peer- peer conmunication is .
conpl ete 00245) I n an exanpl e enbodi nent, a maxi mnum duration for channel
occupat i oVOBPSBE13et er mi ned. Steered pilot 3430, sub®EHHFEHMPHIEat e

f eedback 3425, and data 3435 are trdhsnmitted fromthe initiating STA 106A
to the respondi ng STA 106B in accordance wth that rate feedback. Foll ow ng
data 3435, the respondi ng STA 106B transmts steered pilot 3440 and

acknowl edgenent and rate control 3445. In response, initiating station 106A

transmts ovb@@bRE @k! Bt APE50arf Bdr QUG ofhkr)d teneddp arrilifl) 2P6hay RrtDhecess may

continue indefinitely or up to the maxinmumtine all owed for{0 channel access,
dependi ng established 4B o #y PREFNCH &Rd Btituigor esiaRmshpmngprefocaly 2s foljews.r espondi ng
STA so tr, ' ; LN 4 Akl AG {RBL. iskgrate
cont 1T el P B e R R P ot

FI G 34 ton thesane FA why eqnidabdy sldre dhe clthfES. nBds mayt bebdoriennealjeontiod bet ween

st abl o MACEuIES peiveth AN R renagy FPRn S aowe s MekpsSH |, &
coor di nat age #RMAGINe! KA i skingaintelfereies fami reighboieBESOUTHE shefindalapbe al ong

wi th exanpl e operating procedures associated with each., These nechani sns
may be deploBy&efwesn albeprrapingnBSPooborsyxampe, Math ?ese&?ffa@@n nf s Dynanic

Frequency .3 &féﬁinﬁﬁb&@&%%c%&ﬂés%g%é Bitkt ABIREs SuBRRnb AL DA CRYmMbE T equired

to search the wreless fumto etermne the best Frequency Al location
(FA) to esWVibl3 sterlepmnaBiSSas tifeoshating nBSShe parfonmied prduedseisf Sbemathi ng t he
candi date FA' s. an AP al so creat.e,a.nei ghbor ki t fackli e
redirecti oeﬁlbaﬁ’a“eﬂ‘%t BrY Eaﬁéllﬂ%nadlgf Ppe Ioﬁ S&%‘a‘}% f%‘ﬁl,ng‘t h&éio%,&l\il%rl%syﬁs@}ﬁc% oni ze MAC
frame ti moverhekd meseighbp indi&s if desedd datng i édabled kel akd typObSsimlyigbe used

to distribute BSSs to mnimze the need for _inter-BSS synchronization.
[00249] A Qb s sFammlc, SEuRg At T4 ’Htt%?B%JéS‘sJéiﬁﬁ% GRPPREE AATPEr i ng a

DFS  procedefein @il ABnpRYIRAGYitebd tierchldtivith SlerlbfjngBighbor BSSs. I n

general, if may be desirable to synchronize a _(on a single FA in one
embod[08l | or Anfough sxample nhgshanifngs PhAzassisted er-syarkronizhiaa. b stpossiple

Lt 111t Gl R ORI o g B BTSORE B S e
t hei r MAC Hotlan@he Sl edhdddidrmine ke @inghafmingh H3SSwndreport this to both. In
addition, the STA can determine the time offset and indicate which AP should slip its
frame timing and by how much. This information has to be propagated to all BSSs
comnected to the AP and they all have to re-establish frame timing to achieve
synchronization. Frame resynchronization can be announced in the BCH. The
algorithm can be generalized to handle more unaware overlapping BSSs.

[00252] Example procedures are detailed below, which may be deployed in one or more

| of the mechanisms just described.

[00253} Synchronization may be performed by AP’s on power-up, or at other designated
times. System timing may be determined by searching all FA’s for neatby systems. To
facilitate synchronization, a set of orthogonal codes may be used to aid in disctiminating
different APs. For example, APs have known beacons repeated every MAC frame.
These beacons may be covered with Walsh sequences (e.g. of length 16). Thus a
device, such as an AP or ST A, may perform Pilot Strength Measurements (PSMs) of the
local APs to determine the overlapping BSSs. Detailed further below, active STAs,
associated with an AP, may transmit echoes to assist in synchronization. The echoes

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



WO 2005/ 039133 PCTI US2004/ 034063 54 overlapping (i.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. [002501 Athird
exanpl e mechanismis a resource sharing protocol. Overlapping BSSs on the
same FA nw0 2003980l y share the channel. This may be d¥aBUBRPMAMEE nat i ng
MAC frames between BSSs in sonme defifed fashion. This allows traffic in each
BSS to wuse the channel without risking interference from nei ghbor BSSs. The
sharing may be done between all overlapping BSSs. For exanple, with 2

over | appi ng BSSs one AP uses even nunbered MAC franes and the ot her AP

uses odd np sg@%vetilgsaiﬁffhose }y¥ st] mgxgl\étéf fo%te&ssgénallg Qc?m%pc%{ qiligy ey be

performed no erna y any type of
shari ng schsrm, ecﬁ‘o Iﬁieﬂ}rﬂie recefaliie byra hiBighbicHAP, ahm;bmadmgaaﬂmgeudmboumh cate if

xanpl o, LAl M+ BEnESTAER 1 HeR g a9E, i YRR BB R ehar  ng

cycle. In g(gue%%@ﬁg&gergugémﬁ%h@g@ increased with overlapping BSSs.
1002511 A fourth exanpl e nechanismis STA assisted re-synchronization. It is

possi [i00854]t hat $elestiBESE adyalsbcovse anayhe Hont ﬁ@tﬁnmmﬁcaélymdsqwherﬁet ple
over | appedunad’e§ 6Wal e@o Qﬁé eleg ﬁ-ll_ﬁ cover tﬂﬁttlggﬁ? cﬂa?ec{ela :%{gnbmh

BSSs and repor h| S A can eter e tinme
of f set and APndifoat @vﬂﬂala@&pp%&ns,hlwé@ﬂéédr@spdrﬁhngftb aheweikestRem@hdd lSygnbbw much.

This inforpati as to be p gated to BSSs conngecied t AP and
they all h&G®! | RS Tan s betsr st b P e AEﬁ @hﬁ’aVI%f‘em@%em‘g ﬁlﬁfaqon

Frame resypahi,enkrakd aht $BRikieesAN8 VHRERE g ipdid: 16 ﬁ@']&P{ estraérgl@al bives can be
generalized to handl e nore unaware overl appi ng BSSs 00252] Exarrpl e

pr ocedur es beskeffdenadpptisg renseolgfeilhbelewray be depl oyed in one or nore of the
rrecha j ust by AP's
on poltPop, o MARR SR St K ASAAR S B AR DR ME IARER, Y NS
by searchi ag:hajtlherFA‘hs stagpernagldyd opstegponds TotheWalkh coatr éndeynchingmBiat i on, a
set of ortho I . be to aid in,discrjmnatin di.f ferent APs.
For exanpl 45¢ q&ah]i’m %’ En Wégﬁqﬁg}‘ RCIEED éﬁgé‘@%w gﬁﬂ? 'F‘t‘“é‘FFg.eq ugHedb beacons
may be covemgstviet thd AV8Isthessamances (e. g. of length 16). Thus a devi ce,
such as an AP or STA, may performPilot Strength Measurenents (PSMs) of the

| ocal 08286kt 0 de©BPAWARUR 196 abowt i@ YR rEEEion Thttabs perfarmed iy ABdSEN act i ve

SThs, for neighbor AP beacons and/or STA echoes. Upon no detection of neighbor systems,

the AP establishes its own time reference. This can be arbitrary, or related to GPS, or
any other local time reference. Upon detection of a single system, the local timing is
established accordingly. If the AP detects two or more systems operating with different
time lines, the AP may synchronize with system having the strongest signal. If the
systems are operating on the same frequency assignment (FA), the AP may attempt to
associate with the weaker AP to inform it of the other nearby AP operating on an
independent clock. The new AP attempts to inform the weaker AP of the timing skew
required to synchronize both AP zones. The weaker zone AP may then skew its timing,
This may be repeated for multiple neighbor APs. The new AP can establish its timing
with the synchronized timing of the two or more systems. In a situation where all
neighbor APs are unable, for whatever reason, to synchronize to a single timing, the
new AP may synchronize to any of the neighboring APs.

[00257] Dynamic frequency selectionn may be performed by AP’s on power-up. As
stated above, it is typically desirable to minimize BSS overlap with DFS selection, to
minimize the number of BSSs requiring synchronization, and any delay or throughput

reduction that may be associated with synchronization (i.e., 2 BSS with access to the



associated with an AP, may transmt echoes to assist in synchronization. The
echoes nmay use timng and covering corresponding to the AP cover. Thus,
when BSSs overlap, WO 2005/039133 PCT/ US2004/ 034063 55 but the respective
APs for those BSSs may not be able to detect signals fromeach other, a STA
echo may bWORMSOPYAbI e by a nei ghbor AP, thus provi di ngGTHfSE@s406N about
its AP, and a signal with which the sﬁel ghbor AP may synchroni ze. Note that
ort hogonal cover codes may be reused on different FAs. [00254] Sel ection of
a Wal sh cover nay be done determnistically based on the set of undetected

Wal sh covers (i.e., select a Wal sh cover that is not detected on a
nei ghbor i Ngyiyd\Rkdinld ﬁl'ah YRO Y Soé?‘ orlefiieH:. thid'8 mw&fﬁﬁwm fig to the
weakest Received Si gnal Leve may be re-used by the new AP.

Ot her wi se, mﬁmumwat}emm;nmmnmghbnmg@@s) rAftehenelaprizgetiion, thearewndRim#yzes t he

operating e stru r b f ive
reuse, det%‘qcpglebgéo%} h"?o%éé@% Hmtﬁ‘ﬁﬂ aggoé%?%?v@r aﬁég'cgvll}%{?eregg?’?'gnsm tted
by each A?)@gfﬁoﬁﬁag@ﬁ?ﬁﬁlgrtﬁé aﬁmmgba) hﬁ@hlcamy;ehe AF lftﬂ.ysmagghl : & Sgﬂplfa)yed
corresponds tq the WAl sh cov i ndex. Thus, APO. uses Wl sh code APj uses
Wal sh covefPjpiloh fppapmemeniss fst“alr]@’ Bothst &F %@hé?hefiBleOmf%Eﬁ%‘?}jér Ot ‘Ff@%ﬁPO franme

counter =j assés%%ﬁ%ﬂ@ln@ﬁ%ﬁééﬂ@vel@ratﬁ{e‘@P'Y:aﬁs'e@'% yINGENEGR | ofifth I26ksi(Be.t O be
performed, an AP listens for neighbor AP beacons and/ or STA echoes. Upon no

det ecti on mﬁghben@B%S)sifsth@RSL levichrearp\Progsdieeh eside may etierapirio findengthdrer ence.
This can bﬁAEHuB %e é:%:{?du?ed }{(’«% ast %%d} 11%’531 t%e rﬁov&%ﬂ%aﬁéo@ﬁgol{ ?CQQ désb%‘ed

ref erence.” 'Upon a’si ng € SysS
est abl i shebklaecordingly. |If the AP detects tvvo or nore systems operati ng

with different tinme |ines, APrra nc on|z W th system havi ng the
str oné‘@%"ts si gnafhs dgseripgdes °¥‘°§r B’i%?‘ ﬁ‘éfo ng ﬁ%asﬂﬁ PYEJTERCY
assi gnrrentE&cEA&p ?@sﬁwmsm s%a&eﬁeetcow of 2SACI AL 4 bbhndple Aﬁ?hﬁrﬁbeﬁp to

informit of th her nearby AP operating on_an independent” clock. The new

AP att enptef Qoéeﬁ off wsrigvs legthiemie be Aleployed. héhe Pﬂ@tr\?@\@kléwsedr'@qm@éﬂe ths

synchroni z %ﬁ %¥1 ol gyM ng.
Thi s may bggl?g%g%t gagrf&@asﬁé?ﬁ ﬁ’lgébg} é‘ &ggvﬁ%« ahﬁ {apbl ishits
timng w éduivahat sqrmmns)rﬁzens tmmengtnmf Mﬂc(é frate beacons)e ST ok emsy t‘han a
situation ere.all nei r APs are un e, for reason
synchroni z& Tntdy git‘?g'g'att"eo‘?ef Eneﬁ.aper e IWW dﬁ‘&&?ﬂ%%&?ﬁ?ﬁ?& ertaﬁsoﬁﬁ‘fdof t he
nei ghbori ngitARSgiven AP. As above, an AP may select its Walsh code from the pool of

undetected Walsh codes available. If all codes are detected (on the same FA), then the

AP may rank these in order of strongest to weakest. The AP may re-use the Walsh code

that corresponds to the weakest detected Walsh code.

{00259} To facilitate identification of neighbor APs, STAs may be used to transmit an
echo to identify their respective AP. Thus, as described above, an AP that doesn’t
detect a neighbor AP may detect a corresponding STA echo, thus identifying the AP and
its timing. Each AP may transmit configuration information in its beacon, and each
STA may operate as a repeater to retransmit the AP configuration information, as well
as timing, to any receiving neighbor AP.

[00260) Active STAs may be required to transmit, upon command from the AP, a
predefined pattern that allows nearby APs operating on the same FA to detect the
presence of the neighbor system. A simple way to facilitate this is to define an
observation interval in the MAC frame (e.g. between the FCH and RCH segments) that
is not used by the AP for any traffic. The duration of the observation interval may be
defined to be long enough to handle the maximum differential propagation delay
between STAs associated with the AP and STAs associated with a neighbor AP (e.g.



[ 00257] Dynam c frequency selection may be perfornmed by AP's on power-up. As

stated above, it is typically desirable to mnim ze BSS overlap with DFS

sel ection, to mnimze the nunber of BSSs requiring synchronization, and
any delay or throughput reduction that may be associated with

synchroni Z¥0O28¥/89132. | a BSS with access to the WO 2003 OB%ELGB/034063

PCT/ US2004/ 034063 56 entire medium od an FA may be nore efficient than a

BSS whi ch nmust share the nediumw th one or nore nei ghboring BSSs). After

synchroni zation, the new AP may select the FA that has the m ni nrum RSL

associated with it (i.e. when neasuring neighbor APs, or during the echo

period). PRid GYCR 3 HroNSile Hglvlpg,geetxmtt@e § PR SdoRlated Witk AL APMRARHT STEN! .

Simlarly, may SC s to ena assessnment” of the
i nt er f er en@klshevedrscods j tdag tn&ﬁsmuheadcﬂnyw]&mrﬁtsdvfa@t&hmﬂ cpumtes= @i . Ehe

nei ghbori ng, BSSs L | evel s are exce y attenpt to
find anot hgﬁh ?%?dﬁ‘él Wd"ﬁ%@?@&t‘fp@ﬁaﬁéﬁ%ﬂg ne@ﬁh?roipl’ i P?s‘teit?"t péesﬁg'tﬁer
backof f pohidefficiagiydesaist WaH STRASER We fh@é—’xﬁa\]Pib‘hedeSCrlbed above, APs may be
organi zed according to a pilot cover code. Each AP may use a Wil sh sequence

cover [¥e61engt PtmsRuredpavrr backedhior adaptivg resaiey beo¢eP&Y§@-s VWen\Agysistis | engt hs
may be dept% g5 cohB6stdd tlagﬁ ;ﬁﬁﬁ’tt‘%{] herd eé&ﬁqn% hQstRAMIsRE fn P%mnﬁtygﬁ aHZ) lhe beacon

over a Super- rane PEeri o 'S éxa t he super-frane per|o
equi val ent APpit 83y e d¢sirakle td Bnmoeaaatruttuxed pma backoff stteardn s)low &Tm:snaﬁmy t hen

coherently. in rat over, the superfranme interval to .deter t he pil ot
power assgﬂ’ilﬁ{ﬂé Plpeéat@l ’é”ﬁxﬂg“n cé%Y/eRﬁ?fH Rps nésefieg%tctt% Pgw?/& sh code
from the pegiroDéan Benfed RCHELWAS Bytaste Sffavaicy alvhet is, |1flst6dd| ofeEafitRie

detected (on the same FA), then the AP may rank these in_order of strongest

to weakest at firth govag alleaf theding dhe RS Mgy 45 %%a@mtdrmweé@a%%fémgleﬁw he
weakest de 559&5 facilitate identification of
nei ghbor A%E%%A%&k’ﬁﬁﬂ%{e}%g to tra-nggmt an echo to identify their
res pedotizm'} AT. Xhers fpxmltdesmost)ém &o\APs aamop\tl?attrtMn thessme FA. dacedhe a
nei ghbor A correspondl N t hus i i ngthe AP and
st no AP ERbr it Rl SRR PR & REA™ mpBnaeiGl PO SFoacon,
and each %pﬂ’ﬂil%omw:ﬂise a&ﬁclébff &ﬂ%ﬁie&hattpénﬁﬂi fullnsotier, RO oARLAC T angur at i on
i nformation,_as_wel as timng, w recei vi ng nei ghbor AP. [00260]

draps Loy an?

Active STAS %‘Bﬁﬂﬁéﬁ)r%m% 6 oM Simanid: 1 PBIGE tieARD arey

synchronized, and their frame counters staggered, neither AP zone is using full power
simultaneously. The objective is to select the backoff pattern that allows STAs in each
AP zone to operate at the highest possible throughput.

[00263] The backoff pattern used by a given AP may be a function of the degree of
interference detected. In this example, up to 16 known backoff patterns may be used by
a given AP. The backoff pattern used may be conveyed by the APs in the BCH and in
the echoes transmitted by STAs associated with an AP.

[00264) An example backoff scheme is detatled in U.S. Patent No. 6,493,331, entitled
“Method and apparatus for controlling transmissions of a communications systems,” by
Walton et. al, assigned to the assignee of the present invention.

[00265] Another example embodiment of a technique for interoperability with legacy
systems is depicted in FIG. 53. An example MAC frame 1500 is shown, as detailed
above with respect to FIG. 15. A slotted mode is introduced in which slot intervals
5310 are defined. A slot interval 5310 comprises a MIMO pilot interval 5315 and slot
gap 5320. Pilots 5315 are inserted, as shown, to reserve the channel from interference
by other stations (including APs) that operate according to rules, such as EDCA.,
Modified MAC frame 5330 comprises substantially the MAC frame 1500 with pilots



predefined pattern that all ows nearby APs operating on the sanme FA to detect
the presence of the neighbor system A sinple way to facilitate this is to
define an observation interval in the MAC franme (e.g. between the FCH and
RCH segnents) that is not used by the AP for any traffic. The duration of

t he obser V@ PWA9h33er val may be defined to be | ong en8GHUSGI/MEl e t he
maxi mum di fferential propagation del 8 between STAs associated with the AP
and STAs associated with a nei ghbor AP (e.g. WD 2005/ 039133

PCT/ US2004/ 034063 57 160 chips or 2 OFDM synbol s). For exanple, STAs
associated wth the AP using Wlsh cover code ] may transmt the echo
whenever is8$5 iRgrtddr 8 PBtaROstRAET ofThd mediten. F8H053 & iHASEMvEiohly, hOkar gL i on
necessary to allow neighbor APs to detect the presence and efficiently

co- exi st wvidentdy age phskilhén G prc dntlotsp medemay oo xemosited, with aBy tgewér backof f
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i nstead of2 d48amsbtid Bghch@nodsu! At P@¥erargéd Bedcoh MPrahdoh®, Tiklee(THIS)may use a
structured power back-off schene that is synchronized with their MAC frane

count er. [womepa CER durption derpeteSTAsUp seiddeirMb Visndunipg the EFBpRFAT infle on t he
sanme FA. ' L1 ] [ known
power backo fShB{;)“?ingy. a}fgl?tt&?gsé%’eg} %ggha%gs Sés%ﬁgeﬁ%‘ﬁ‘g?%’s%m% hat
permts fukhd poverrRTPaod hawSTACG:dho anedejcaPCaS (1 516 pubthe IS furthee 1, . ..
Ptot/ 16 on,N\ ra 15. Since,the APs are sync ni ze and thejr frame
Count er s STGE BEY P& A1RBIOTRP: SREISET G RGTIGT P LaowEr Ciser UM EASbuS |y The
obj ecti ve gy Belinghaed by MeurbaciACT frapak tawiys hat ob 088ensPbAsddriBs. €86 AP zone
to operate at the highest possible throughput. 1002631 The backoff pattern

used by a TVaRS Amerayrchebeveginaditsalierianping gt chm iith EresBorisned
det ect ed. ’F}iarﬁsh'@fggt]iﬁ?@ﬁ{e?’teoﬂiﬁqﬁé%, &uﬁhkd@‘):‘gigsé)@&%ﬁﬁéd d&’%&%,f%@? b@%ﬁmﬁﬁleﬁsed by a

gi ven AP. The bac pattern ‘used nmay conveye e APs 1 n the BCH and
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possession of the medium, to prevent a legacy STA from interfering with the scheduled

transmissions, thus potentially reducing thron ghput 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).

[00267] In this example, the new class AP is subject to CSMA rules to seize the channel,
Prior to this however, it should attempt to determine the presence of another BSS, either
by listening for the beacon, or other STAs, Synchronization is not required, however, to
permit fair resource sharing,

[00268] Once the neighbor(s) BSS(s) has beenr detected, the new class AP can seize the
channel by transmitting its beacon. To lock out other users, the new class AP transmits
pilot with a frequency that prevents other ST.As to use the chaanel (i.e. no idle periods
any longer than PIFS = 25 usec).

[00269] The new class AP may set a timer that allows it to occupy the channel for a fixed
duration determined to be fair. This may be roughly synchronized with the legacy AP’s
beacon period or asynchronous (i.e. 100 msec every 200 msec).

[00270] The new class AP may seize the channel at any point during its permitted
interval, which can be delayed by legacy BSS users. The new class AP may relinguish

the channel before its time has expired if there is no traffic to serve. When the new



Walton et. al, assigned to the assignee of the present invention. [00265]
Anot her exanpl e enbodi nent of a technique for interoperability with | egacy
systens is depicted in FIG 53. An exanple MAC frame 1500 is shown, as
detailed above with respect to FIG 15. A slotted node is introduced in

whi ch sl ot VPS4 5310 are defined. A slot intervalPGIBIVOGENIES ses a

M MO pilot interval 5315 and slot gal 5320. Pilots 5315 are inserted, as
shown, to reserve the channel frominterference by other stations
(including APs) that operate according to rules, such as EDCA. Modified MAC
frame 5330 conprises substantially the MAC franme 1500 with pilots WO

2005/ 039133, RCTH }gggggof}/e%g&@ﬁ it ﬁgve5ﬁ;%g@5 ﬂ%ﬁ{epqg% E@g\[}ﬁ%ﬁéﬁp&mt solmef the

medium FIG 53 is illustrative only, ident to one of skill in
the art. APstlstmend, tiodiening gstidisheichy plor a¢vedlass AP mry beygosisient WiCHer ame,

vari ous ex of .whi ch, ar. et.ail.ed herei,n. ,[]00266] In I Seexanpl e, for
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ms to be synchronous. At the Target Beacon Transmit Tine, (TBII),. an
announce CPRPCRHgRiRoaDY Ipokiag actkse specalay mtereals twgl?ie@?mmﬁ I(J?ﬁgﬂ“{ He %ﬂp, STAB

in the BSKishoH G.mRt transmt unless polled. Optionally, as described
previously, an AP may send out an RTS and have STAs echo an _identical CTS
to cl e27ut t HEheBSS ¢lerstARomay afiviuecCltS frmng Hacanetery me b beatore dart eftheni ssi on

fromall the STAs. In thi.s.e le..litter may be el i.mna LAsuUring
et P DipeReanet ) RoiSEAHR bR shletyaf inac i tndial R ALES B pulS L1 1O
be:1 ween aﬁix;ﬁﬁﬁﬂisio@\/tﬁfdﬁgmk Iﬂ% mdﬁmnbméﬁehgitqhesab@rdl%se@ mE@EBgeduM@r ihours1
ot her technl gques, suc as those escCri pe apove, nmay bpe onpl ne W t t he
techni que d&48FiPddatnBpisfanypsdon perlipgitimpsrodicbust ailpts EJF[{ﬁ‘ﬁdﬁa?er &% maC

frame 5330gTHSkitge 3 prdiat b@é;i#gs SR Y 8nd SRkl BROCTRY e sieBhoyed to
mai ntiain possession of the dium to prevent a |egacy STA from

i nt erf eri ngther SHAs He neidinesithisdind thecgfore uss iagheshald detegion torvalidate ywhetbetuci ng

t hr oughput L f V. Iy ne using a schene such as
shown in Fp%%ﬂgéw%rtragfr%@te%g@%ﬁtﬁ%@%ﬁ%ﬁ&tﬁrggf; detailed herein). [00267] In
this ¢ooang)l e, thés poesibleltlasa SAR hsy tsatznecs pilet aCHvKnstant s AP issapg@ed foe
channel. Prior. to_ this however, it should atte to determine the presence
of anot her TSI &F thAkihe AR1S TaRFRitinggStPPd PHY B bh dugpe Htlmteﬂs%gﬁo

Synchroni Zgfh @R ofier BN s HRAY kRS thi:hﬁi’l@l\,’ ®us dofrupRs felr dhahdel LRERHES EeShari ng.
AP pilot may use Walsh covers that are orthogonal to common 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
reserved for APs, and the remainder for STAs associated with a given AP using a cover
that is coupled in a known manner with the respective AP’s Walsh cover.

[00273} When the new class AP transmits an assignment to a STA, it is expecting the
STA to transmit to it during the prescribed interval. It is possible the STA fails to
receive the assighment, in which case the channel could go unused for an interval longer
than PIFS. To prevent this from occurring, the AP may sense the channe] for t < SIFS
and determine if it is occupied. If not, the AP may immediately seize the channel by
transmitting pilot, phased accordingly,

[00274] New class channel assignments may be slotted to intervals of SIFS (16 usec).
This way channel occupancy can be guaranteed to keep off legacy users during the
period of new class exclusive usage.

[00275] The RCH must be designed to accommodate interoperability since the duration
of the RCH could exceed 16 usec. If the RCH cannot be easily accommodated in a



[ 00268] Once the neighbor(s) BSS(s) has been detected, the new class AP can
seize the channel by transmtting its beacon. To | ock out other users, the
new class AP transmts pilot with a frequency that prevents other STAs to
use the channel (i.e. no idle periods any |onger than PIFS = 25 usec).

[ 00269] THEO M OPIBss AP may set a tiner that allows i PCTHSHO04963t he
channel for a fixed duration deternitthed to be fair. This nmay be roughly
synchroni zed with the | egacy AP's beacon period or asynchronous (i.e. 100
nmsec every 200 nsec). [00270] The new class AP may sei ze the channel at any
poi nt duri ng its permtted interval, which can be del ayed by | egacy BSS
users. gl%ﬁ\@u%aﬁ&nﬁ%mmlﬁhy Beliictited ttBRvGRAAMR! 1088k 0nEddstwhdnl B has
expired if there is no traffic to serve. Wen the new WO 2005/ 039133

PCT/ US20048 31r56 BIAG does|ngt Bavaportedl o€ the channsh firm epexigt in legeey mede)udke | i ni t ed

for an eq I ed by the
new cl assl#A%éﬁ Iﬁa be Elgg%sul%ts) %ﬁ*ﬁﬁ%ﬁﬁé‘gff ra{lfqrr@t %élc%‘%s%qlgeg{saag}ﬁﬁ ed. That
is, new clfalksmbgapﬂmstranmmsmm(l.eZw@Aa usemnd thasmdafor 8 sisad), dshidushateddh ass AP

cl ock. Thlc!:i V\%y new cl ass STAs may maintain synchronization by |ooking at
t hese spe @Y intervals to determine if the HT AP has seized the channel .
1002711 The new class AP may announce its frane paraneters in a beacon. Part
of the frama par anet ers may i ncl ude the pilot interval spacing indicating

t he frequdizeypisfEmhodapent: Fulisnegdt0ldd MIMAWEAMN the MAC frane. Note that the
new cl ass AP may schedule STAs such that their transm ssion overlaps the
periodic burst pilot. In this case, the STA whose assignnent overlaps knows
t hi s @oay6j gnor Estailbd ipdldwot isdiani B@mﬂlatenpimdinﬁnt ibhdtetinS Taicde mspectknow t hi s
and therefore use.a threshold tor to aI i.date ethe t i ot was
et ¢ Ao GHPREEoYh s greoes i s i e SRl hat
STA may t rEnAN dsind MINOtis BfusteA&]. Ivmoam@@nmceﬁeﬁym%aded Qs wellagsm t, or

that the AP is transmtting steered pilot to a STA during this interval. To
prevent otREESPSTHAE fata and Snesspging srug e@tfortuﬁwtélaﬂwulwrtan% PRYE®nnel

esti MRt 05 14iehCTndR oPifly Myt YAlsahe BONGER & ¥Musifee QiBAGABAncd 0 conmon

pi |l ot WAl sh covers structure assi gni covers nmay depl oyed.
For exanplof,a WhAN 8¢ Asschsel, atPwilli seadidly idapit dimg tthBglheremdpéiOZﬂhdegMYSh space

may i ncl ude 2N.cover aQvers serv nd the remai nder
for STao 2YEGRIATUREIIEN. & Yol aievealifG 516 Soufus oihet syl
[00277] The example embodiment, detailed below, features interoperability with legacy
802.11a, 802.11g STAs as well as with the 802.1 1e 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
the rejected STA to another AP that supports legacy operation (which may be a legacy
AP or another MIMO OFDM AP).

[00278) MIMO OFDM STAs are able to associate with an 802.11a or 802.11g BSS or
Independent BSS (IBSS) where no AP is present. Thus, for such operation, such a STA
will implement all the mandatory features of 802. 11a, 802.11g as well as the anticipated
final draft of 802.11e.

100279) When legacy and MIMO OFDM STAs share the same RF channel, either in a
BSS or an IBSS, various features are supported: The proposed MIMO OFDM PHY
spectral mask is compatible with the existing 802.11a, 802.11g spectral mask so that no
additional adjacent channel interference is iniroduced to legacy STAs. The extended
SIGNAL field in the PLCP Header (detailed below) is backward compatible with the



that is coupled in a known manner with the respective AP's Wal sh cover.

[ 002731 When the new class AP transmts an assignnment to a STA, it is
expecting the STA to transmit to it during the prescribed interval. It is
possi ble the STA fails to receive the assignnment, in which case the channel
coul d go WRABHOPEB an interval longer than PIFS. To PrEUBIPAANS from
occurring, the AP may sense the chanfkl for t < SIFS and determine if it is
occupied. If not, the AP nay i mredi ately seize the channel by transmtting
pil ot, phased accordingly. [00274] New cl ass channel assignnments may be
slotted to intervals of SIFS (16 usec). This way channel occupancy can be
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and transm , illustrated in FIG 53. Exanple Enbodi nent:
Enhanced %@eﬁﬁﬁ&gﬂ%ﬁ%ﬁ“@&%m Det ai | ed bel ow i s an exanpl e enbodi nent
i 11 ustooasaing vaAs dessrilxslpbotesa highpedsuinacs MOV & reqsiradeb leffactivaljdietarageal
aspects. | hi.s. exanpl e, enh W usi.ng. M JS
i|lustratetf® 4%?%@%@@3@%@ "g%l‘ﬁéw}%@g}’“as‘?%muﬁ I*\’gé{’utes of

cor r espondipigeshiple MAC RBSdiflicNTars tdetdflitd BRRoW. OFoHERing! ark RevdCexamyRr  and
physical layer. Those of skill in the art wll recognize that only an

i1 lustrati ¢&¥¢asset of features of a WLAN are disclosed, and will readily

dapt t hj ' 1 . i R AVA |
s | nd W8 oE pIuteh ol R e OB RisaUP Wi SLELARE Bllod e B9 v
enbodi nent g¢apdetyadflteaMbQoskianfebat ur es i nteroperability with legacy 802.1 |a,
802.1 As L | ith 21l ft d antjcipated final
ot anddfli) Tho LSRIBTEY SRubAhR L AB B8 WD RRC S5 ¢ o
di stingui steqhiré@hentd SUAEY thi¥ShptPiee titulBRedAR hfhIReGRR! TRV latehcy 8ferstfinai | ed

bel ow, | egacy STAs are able to _associate with a M MO OFDM AP.  However, the
M MO OFDM m§a» bﬁa?cl'é%ﬂi with |ogntention-based MAC techniques at low loads, or using

centralized or distributed scheduling in heavily loaded systems. Low latency provides
many 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.

[00283] 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
idle periods. Wasted time on the medium may be reduced through scheduling, as well
as through aggregation of multiple higher layer packets (e.g. IP datagrams) into a single

MAC frame. Apggregated frames may also be formed to minimize preamble and

training overhead.
[00284] The high data rates enabled by the PHY permit simplified QoS handling.
[00285] The example MAC enhancemenfs, detailed below, are designed to address the

above performance criteria in a manner that is backward compatible with 802.11g and

802.11a. In addition, support for and improvement to features that are included in the
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Control channel message subchannels

CTRLJ segments of the SCHED message

TDD MAC trame 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 Channel)

Protected EDCA or MIMO OFDM EDCA

PCCH (Peer-to-Peer Control Channel)

PLCP Header SIGNAL field

RCH

FRACH

Flexible Frame Aggregation

[00287]1n this example embodiment, flexible frame aggregation is facilitated. FIG. 35 depicts

encapsulation of one or more MAC frames (or

fragments) within an aggregated frame. Frame

aggregation permits the encapsulation of one or more MAC frames (or fragments) 3510 within an

aggregated frame 3520, which may incorporate

header compression, detailed below. Aggregated

MAC frame 3520 forms Physical Layer Convergence Protocol Service Data Unit (PSDU}) 3530,

which



smal |l buffers, without stalling ARQ Low | atency al so m nim zes end-to-end
delay for nultinmedia and high throughput applications. [002831 Anot her
attribute is high MAC efficiency and | ow contention overhead. In contention
based MACs, at high data rates, the tine occupied by useful transm ssions
shri nks mﬁWPémhﬁﬁﬂﬁbrea5|ng fraction of the tine is wadCadispeeoseshead,
collisions and idle periods. Wasted i ne on the nedi um may be reduced

t hrough scheduling, as well as through aggregation of multiple higher |ayer
packets (e.g. I P datagrans) into a single MAC franme. Aggregated frames may
also be forned to m nimze preanble and training overhead. [002841 The high

data rates I Y perid. skpplifi h | 51 The
exanpl e M&-&E)P% aﬁ%@gn%tﬁ{lha% gle_s%gg) egbgm gg\}o agé‘gggg%%‘% Sgb gxg%}’r [égrggl he above
per f or rrancalcqysulaedlf&mw (ox ﬁmgmms) BBRI of ypdaakvinutageampats bintroli WheB02. 119
and 802.11a. In a I.on for and i e eat, ur that are
el uded | IEREREDbI Hi% R A T be AP L NEAG SRR n
features s&&%&gﬁg@sgmnﬂ@d@%m%ggrn Protocol (DLP), as well as the
optional Bl ock Ack mechani sm [0028611n descri bi ng the exanpl e enbodi nents

bel owj00RESYy t er rﬁhml\@@hlavsl frerael aggregationyeas jush niesmlmdl. pematiucagngsonef A

mappi ng fo ew n T | r m nol ogy
Mappi ng EarzfnLl ezrcgré %@%ﬁsﬁﬁ?gﬂﬁl’emﬂ? & I%%hrmfelrgﬁ@ %EI n prior
par agr ap thaEEﬁrrmmlﬁgéSiTA N TS Lo BOApPE atipny, &ds @q@haalewaseﬂﬁﬁmﬁmmn%ﬁ Frane

Partial MPDU MAC, Frarre Fr agnent DU PPDU ., Broadcast chann nessage
(BCH) and s Bith SeyED Smgsﬂag@@gaf@ﬂgfwﬁ@ Uigde ressyE Sl Ef@ﬁaﬁna

message s ma%ugr&qlsésmm{mm &Qﬁﬁ@dnﬁ‘é&ﬁg%eW%ﬁ{
i nterval Schedul ed Atcess Period (SCAP) F-TCH (Forward Traffic Channel)

Schedul ed ¢ingTihe startrignd efsinviiiple TXOR3H Rrebdesswad THSf hiy beplmivetel vdshedul ed
ST A2 o SLATT S A BRI AR Real SURE T T
Header S| GYAk PPD®] ddgregation to distinguish from MAC-level frame aggregation.

{00289] An example aggregated MAC frame transmissionn (i.e. a PPDU) starts with a
preamble followed by the MIMO OFDM PLCP HEADER (including a SIGNAL field,
which may comprise two fields, SIGNAL1 and SIGNAL?2), 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 fragruents 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.

[00290] 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
by aggregating frames to eliminate inter-frame spacing arnnd PLCP headers, as well as
flexible frame fragmentation, to fully occupy the available space in a TXOP. In one
example technique, the MAC first computes the number of octets to be provided to the

PHY based on the current data rate and the duration of the assigned or contention-based



RCH FRACH Fl exible Franme Aggregation [0028711In this exanpl e enbodi nent,
flexible frame aggregation is facilitated. FIG 35 depicts encapsul ation of
one or nore MAC frames (or fragnments) within an aggregated frane. Frane
aggregation permts the encapsul ati on of one or nore MAC franes (or

f ragment s) WIBD05/MtAi N an  aggregated franme 3520, whi chPEHYSIOMBEHSSr at e
header conpression, detailed bel ow. Afgregated MAC frame 3520 forns

Physi cal Layer Convergence Protocol Service Data Unit (PSDU) 3530, which WO
2005/ 039133 PCT/ US2004/ 034063 63 may be transmitted as a single PPDU. The
aggregated frane 3520 may contain encapsul ated franmes (or fragnents) 3510

of type dat nagenent qr.contraql.. n_priv is enahl ed, the,frane
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MAC- | evel frane aggregati on. S'£002891 An exampl e aggregated MAC frane
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Exanpl e PPDiagmemsetfanan@ngpddtiay trembnfitted frapne, Heleswedni th  respect to FIGS.
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encaps J?Og%édg? r aﬁ'@é&%&%%ﬁ%%’é E2t ?Féetts’é‘y gufq %‘ad'gpqﬂ’ glﬁ§°r‘ﬁ%ﬁ‘§)g'ﬂ'ﬁ‘(%5%?lﬂ‘é{’ Fame
recei ving Shherted(id R MAERABST G cndffsdbled trabf) (?Wfragﬂ_éﬂif) that R GREeAGRI on of
TXOPs fromthe AP to nultiple receiving STAs.) There is no restriction on

the nunber Bt aggragated Gayae. 4Adspeth el in fsrAansgatien Hgade dadieates tmiepgth iy be a
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(and fragments) from the aggregated frame. The PPDU Size field in the proposed
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

[00293) 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 Symbeol (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 included. These addresses may also be referred to as TA, RA, SA, and DA,
respectively. The TA is the transmitting station address. The RA is the receiving
station address. The SA is the source station address. The DA is the destination station
address.



frames in the aggregated frane may be fragnents that are created for
efficient packing. Wen several encapsul ated data franmes are incl uded

wi thin an aggregated frane, the MAC headers of the data and QoS data franes
may be conpressed, as detailed below [00290] The transmitting MAC may
attenpt to WORMBRI3PHY and PLCP over heads and idl e perpouBszdwough t he use
of flexible frame aggregation. This nma§ be acconplished by aggregating
frames to elimnate inter-frame spacing and PLCP headers, as well as
flexible frame fragnentation, to fully occupy the avail able space in a TXOP.
In one exanple technique, the MAC first conmputes the nunber of octets to be

provi de t he HY based on th urrent dat te_and the dyration of the
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encapsul at ed Cfranme (in octets) is indicated by the Aggregati on Header.
Header Conpidalddiamgs @ey bpengpditgdat ed Franes [00293] FIG 36 depicts a | egacy
MAC fr 600, Y Gieaqgts ; bkl guesd qdy 3650
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in the aggregated frame (3705, 3805, or 3905, respectively). Header compression is

indicated by the Aggregation Header type field, detailed belows. 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.

[00297] 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 oxmitted. 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
itlustrated in FIG. 38.

[00298] Further compression is available when the source address and destination station
addresses contain duplicate information. In this case, Address 3 3630 and Address 4
3640 may also be removed, resulting in the frame 3905 illustrated in FIG. 39.

{0G299] When fields are removed, to decompress, the receiver may insert the

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



a Franme Check Synbol (FCS) 3655 (4 octets, in this exanple). This prior art
MAC frame format is detailed in 802.1le. MAC Header 3660 conprises a frane
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). | WaAWNI983, four address fields, Address 1 3BOOUSHEHPMYS 2 3625,
Address 3, 3630, and Address 4 3640 (66octets each), are included. These
addresses nmay also be referred to as TA, RA, SA and DA, respectively. The
TAis the transmtting station address. The RAis the receiving station
address. The SA is the source station address. The DA is the destination

station adepRsSin i 200mHR 3 He3 BrsP GhiddSRORH 2R 4888d Bamd ARZA4) usdbiere Sever al

encapsul ated data franes are included within an aggregated frame, the MAC
headers of unpppfessed herdeo Beeraptions ofathe paylagd BeyciEaWFes3Be fiefdsfhqrn dhe

conpr essed r f Ea%ép L 37 Not e
that the ig—ﬁg%ﬁpu aggrﬁamgaﬁ%ﬁp)ﬁ%@g%%cﬁ eadeéd?nafﬁé’ﬁ%ﬁé (éﬁtgﬁypt ed or
unencr ypt edpconaysioadof [R0%aMmE Keadsarhalese i fivldsl Bay3Be I8ademaesnilabieane shar e
transmtted using a M a PPDY (T 0000), an regatj on header field
is introdu W%ﬁ%ﬁ@%@%‘éﬁ%géég‘gpygﬁ%zmgq ?Q%E“%g(ﬁ?”feéh(ﬁ?‘gat e an
encapsul at gghoMBfsy 18/ Bthe lagregatdOBamS88Re 1Rngth IRAQ indiERAEE fHel AN -of e MAC
Header, i ncl udi ngl t he Aggregation Header field, is called the Extended MAC

Header (i .dtangroth thggwppressed boden(in @ts)or nore encapsul ated nanagenent,
contr / or ' ' : r Lhto an
aggr egg?% MAC ?‘?itgﬁg%&%ﬁg% té%?—l gb%g*%‘@gél% c}%g qi?}r?a%sllegﬁ%%( %g ggg ldg%z{)l%?ss%ﬂe dat a
or QS datfmnferianben peyedh®d theclegpypiah edg@? 9Bkldihm hggidecratpressedieldidl 3710 i s
inserted faqr %ach framgé%r fr?aﬁgmsnt?3 inserted in.th(g %'gpg.regated frame
(3705, 3803°A45FS MEORE requitagdpn NEREsynICERTy Y AR ABLRE $IYRUON di cat ed by the
Aggr egpbiaopn Head®s. 4y Peusirhied dn eﬂ@:h?blghég@ﬁ&vvneﬁﬂ@;mﬂ@ead‘ﬁé% eglfibra  and
QoS data franes nmay be conpressed to elimnate redundant fields. Aggregated

frame 3705, Headyi Geleds jedded) @ eagh frame (pstfagment) dvaderc Bpmeseremore SAWES whi ch

uncompr es e, SR EFRERAF Mot € (HEREAh & MR Dkl PVt O ¢ Fames
need not i degerdéghiiort Header eomspristd 4 it dpgrepettmi Neadgr Tipe field 481@ (toSsdisate as t hey
are whether or not header compression is employed, and which type) and a 12 bit Length
field 4030. Type 00 frames do not employ header compression. Type 01 frames have
the Duration/ID, Address 1 and Address 2 ficlds removed. Type 10 frames have the
same removed fields as type 01 frames, with the Address 3 and Address 4 fields also
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 Bit1 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
[00302) In this example embodiment, all management and control frames that are

encapsulated in an aggregated frame use the uncompressed frame header with
Aggregation Header type 00. The following management frames may be encapsulated

along with data frames in an aggregated frame: association request, association



identical. Thus, Address 1 3620 and Address 2 3625 nmaybe omtted. The
Duration/Il) field 3615 does not need to be included for subsequent franes
in the aggregated frame. Duration may be used to set the NAV. The
Duration/ID field is overl oaded based on context. In Poll nessag it
contai ns t WO MeE@8L3I D (AID). In other messages, the %ﬁ@”?*%%ﬁ'?be0|fles
the duration to set the NAV. The corr@%pondlng frame 3805 is illustrated in
FIG 38. 1002981 Further conpression is avail able when the source address
and destination station addresses contain duplicate information. In this
case, Address 3 3630 and Address 4 3640 may al so be renoved, resulting in

the frame 31%?]20&5«% L URLS G rclgffﬂ edt! lg’a%ss;%?laﬂltlclnqg%)%ﬁge Fegﬁ%sgiﬂr@ﬁeereﬁ %ed to
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PCTI US2004/ 034063 66f h | t he f t f
aggr egat ed P¢ SAEPSYlglEY 2 cﬁ'§e‘¥1ﬂ?%§ hﬁ@%méggé&?qggtgge gmf)e(r:%(ﬁglﬁ B the

payl oad mayB[RRMIKRqEQIENAItEhSS efnbodinkhS, anlhpelde adaies bgtbeBRyapd@yRd been
removed for header conpression. After cfecorrpreSS| on of the frame header,

these fields may be nmade available to the decryption engine. The Length
field is us extract franes (and fragnents) fromthe
aggr egat ed Ko e ChBr G ¥ CIBIPId indicates the length of the frame with

t he conpressed header (in octets). [003001 After extraction, the Aggregation
header dis te he de o ane is then S o _t.he
decrypﬂqoaﬁg]engi n nﬁﬁ*’é’%ﬁ% prdpa ° 2@9&5&&)% ﬁ%‘é‘h&ﬁ&'&s‘ﬁ‘g@*b@dr equi red
for MessageEDIACHk bmie ﬂeilbleamgms} edfidién JoFelate it sdliédulé@eﬁé}lﬁoféﬁabl‘éo
illustrates an exanpl e gg@%@g on Header 3710. The Aggregation Header

field is adéfE@reatiaawh the matey eghisd by the BN RRY . e bl ilnsfratestananes
encrypt ed aurg:ne SRS, I C@Py' PREY. The
,(Aggreégti onQ{ie e c%%rﬁggg’sgﬂ% %?%C%Sgr@grgaa%?%ﬁel-g de ﬁ%@be ?SI;(E; 4010 (tot
i ndi cate whleingerS(HED aiesfagad20, mmﬂrmwsmmlmmoedplsoy@idle ardrwhére AR-ype) and

compr essi onS Py SEAUEP P SRAST FROR byl RErER KhGm ATOPE S okt oo 2

fiel ds renopethd Bpe Thesef scBdREdRiEmiskBns ﬁamnﬁﬁémuedcﬂeuﬂhaisraﬁ@mwm 01
frames, with the Address 3 and Address 4 fields also renoved. The Length

field 4030 FHO hEheRfgihEl amaserge Ab2QiBran; agmetivecte theiegagr G4 Poflpdetatled

above. In the example embodiment, the maximum permitted value of the SCAP is 4
ms.

[00304] Example scheduled transmissions 4140 are shown 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 4142A, then to
STA D 4142B, and then to STA G 4142C. Note that gaps need not be introduced
between these TXOPs, as the source (the AP) is the same for each transmission. Gaps
are shown between TXOPs when the source changes (example gap spacings are detailed
further below). In this illustration, after AP to STA transmissions 4142, STA C
transmits to the AP 4144A, then, after a gap, STA G transmits to the AP 4144B, and
then, after a gap, STA E transmits to the AP 4144C. A peer to peer TXOP 4146 is then
scheduled. In this case, STA E remains as the source (transmitting to STA F), so no gap
needs to be introduced if the STA E transmit power is unchanged, otherwise a BIFS gap
may be used. Additional STA to STA transmissions may be scheduled, but are not
shown in this example. Any combination of TXOPs may be scheduled, in any order.

The order of TXOP types shown is an example convention only. While it may be



frame in octets with the conpressed header. 2 bits 4020 are reserved. The
Aggregation Header types are sunmarized in Table 2. Table 2. Aggregation
Header Type Bit 0 Bit | Meaning O O Unconpressed O 1 Duration/ID, Address

| and Address 2 fields are renoved 1 O Duration/1D, Address 1, Address 2,
Address 3 and Address 4 fields are renoved | | Reserved [00302] In this
exanmpl e enb¥8iERE?13%1 | managenment and control franes t PET/ERE/0EMERpsuUl at ed
in an aggregated frame use the uncompr¥ssed frane header with Aggregation
Header type 00. The foll owi ng managenent franes nay be encapsul ated al ong
with data franes in an aggregated frane: association request, association WO
2005/ 039133 PCT/ US2004/ 034063 67 response, reassoci ation request,

reassoci ati guiLASRA dul¥ PROPE 09 URslimizP 00 SeduReP MiBer SH S@cisagdion,
aut henticati%}lr, angr%geaat henti cat ﬁgﬁﬁnulzﬁeﬂ?o?@ow ng cgrntrogﬁ?r amgs may be

encapsul at ethasdabimy with data frames in an aggregated frame: BlockAck and

Bl k A t. | t di .

oheapearda . Ao bt Akt Felsd TEH Ry AN citf.f F ACHEPaIYAI6
Coor di na]'E : Oagdgc:at”ﬁdtﬂo(ﬂksl( Rakdoni dcedss ©hbaies (FRACH) trssmiksish s (wherdiD@ASTAat
permits exi bl e

highly efficient, low|ate S I peration _suitable
for operati BIY s % Fguf o e pliocation amlg‘ﬁyigyg?ﬁgmfﬂﬁ% fﬁ@.mf)é 41
| 11 ustrat esystre MXATBIRs IEHQA PBOA Rbcedurss MBIk ShtoNEEESBsERILAd Paﬁ@me ( SCAP)
for use in the ACF. Using a SCHED nessage 4120, an AP may si nultaneously

schedul e oneregrotagedebnthe T%m_, seSn-tPSSAP STNNEE AheTMDMO M FHeCPetlitdd known
S e, SR AT S L A DR SR SR b SBBL Bzo
al t er nat i vecémeridivdttl legRe R THECArddoilssioftehaing efther phatected domtértion praciise
om0 et LG LD REE LSSk b, TS v b BR8E at s o
IS'rI]'Z | ;ng Ng ARnb@uiRg dulifi e PloitAndnttadoh peRdd) it Bid¥Bddana ssions 4144, and
[00306] When only MIMO STAs are present, the NAV for the SCAP mmay be set through
a Duration field in the SCHED frame (the SCHED frame is detailed further below).
Optionally, if protection from legacy STAs is desired, the AP may precede the SCHED
frame 4120 with a CTS-to-Self 4110 to establish the NAV for the SCAP at all STAs in
the BSS.
[00307] In this embodiment, MIMO STAs obey the SCAP boundary. The last STA to
transmit in a SCAP must terminate its TXOP at least PIFS duration before the end of the
SCAP. MIMO STAs also obey the scheduled TXOP boundaries and complete their
fransmission prior to the end of the assigned TXOP. This allows the subsequent
scheduled STA to start its TXOP without sensing the channel to be idle.
[00308] The SCHED message 4120 defines the schedule. Assignments of TXOPs (AP-
STA, STA-AP and/or STA-STA) are included in the CTRLYJ 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 transmiissions (including
any FRACH) protected from legacy STAs by the NAV set for the SCAP.
[00309] 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



STA transm ssions 4146. In this exanple, the AP transmts to STA B 4142A,
then to STA D 4142B, and then to STA G 4142C. Note that gaps need not be
introduced between these TXOPs, as the source (the AP) is the sane for each
transm ssion. Gaps are shown between TXOPs when the source changes (exanple
gap spacings are detailed further below). In this illustration, after AP to
STA transm ssions 4142, STA C transmébs to the AP 4144A, then, after a gap,
STA Gtransmts to the AP 4144B, and then, after a gap, STA E transmts to
the AP 4144C. A peer to peer TXOP 4146 is then scheduled. In this case, STA
E remai nsS@4P Lagthsdtibitse aNadnenSEAP AgOPd-eazin(i@)bits)spGHE Iapion rebitsy abd be

i ntroduced prbycHhRESPANIE gr @B\? Mk ROWELenb® HAGRANGE EnpRldreRIMERP 30:BhES gap
may be used. Additional STA to STA transm ssions may be schedul ed, but are

not showfirient Befcen seayspl Tde figilyiscopsehat ol Bt mxdbe Maynue SSAReRPRed, in

any order y ¢nofihBdiQlid @e @Jxmﬁogermgae@ TXOPWLctSduR R £XERP! FheGRIAMERLRA iPN! Y.
Wiile it may be WO 2005/ 039133 PCT/ US2004/ 034063 68 desirable to schedul e

TXOPs to Hiificht2ie GIFe Duerian ische mrrboierat begugsa conseeupive yeheduleggddat el 1003051

The Schedyh el G ¢RSFedR LHiRD 4B, FRYCRIRSSPORBE &l ifdidndaRf\GsRescas 4150
dedi cated to Fast Random Access Channel FRACH[Z transm ssions _(wherein a STA

may nake APrEHuUBHON 8 @ Huet reeRmd Wig addAGH BPRY v persreheATA 168 ber i od
where M NMh&ILAS Ty wiseh EDEAH REE®JLE esapsThese cont enti on- based access
periods are protected by the NAV set for the SOAP. During the M MO OFDM

EDCA 4160 S)eri od, M MO STAs use EDCA procedures to access the nedi um
wi t hout e WYFied2 dere ancrample kf moe*gta@:ﬁfgarmsx beysethispywicHps wiuHERG aed t her
prot ect edeBERt &NLAPBRS ! RLVHS Bllustigs WENDRLED 4&@@41??]. thd b eoptid her

4
bel ow). The AP provides no TX schedul i ng dur_lllr\;g}l e protected contention
period, i AN lemseidicheRrsPiraoBogen YHEACdsryfenipiErssTasess MithgheeiBrie t he NAV

for the SEAP.fhpYe heveairdNikeugh a Duration field in the SCHED frane (the
SCHED frane is detailed further below). Optionally, if protection from

| egacy STAs is desired, the AP may precede the SCHED frane 4120 with a
CTS- t 0- Sel¥03 U1Tlgistusing deadlhi. dte AfveayNeretafeas intieC SGuPwib thalafidi®nakeapapilitt he BSS.

[ 003071 1 By JuBafin P08 BEEE AP, MoMRuRIIEShORE Mo LN &%Ed epndapcEThRAi@st STA
to transmt ‘lian"%g%CAP must termalﬁ%_t’e t?ts %‘\g&}% at |east P?{'—QS dUra’E’% on before
t he end of Cdor polled operation as in HCCA, or may allocate a SCAP for scheduled operation. As

shown in FiG. 42, in a Beacon interval. the AP may use any combination of periods for
contention based access (EDCA) 4220A-F, CAP 4230A- F, and SCAP 4100A-1. {(For simplicity,
the example in FIG. 42 does not show any CFP.) The AP adapts the proportion of the medium
occupied by different types of access mechanisms based on its scheduling algorithms and its
observations of medium occupancy. Any scheduling techniqgue may be deployed. The AP
deternmtines whether admitted QoS flows are being satisfied and may use other observations

including measured occupancy of the medium for adaptation.

[003121HCCA and associated CAPs are decribed above. An illustrative example CAP 4230 is
shown in FIG. 42, An AP TXOP 4232 is followed by a Poll 4234A, HCCA TXOP 4236A follows
Poll 4234A. Another Poll 4234B is transmitted, followed by another respective HCCA TXOP
42368,

[003131EDCA 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.



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 allows the
subsequent scheduled STA to start its TXOP w thout sensing the channel to
be idle. [003081 The SCHED nessage 4120 defines the schedul e. Assignnments of
TXOPs ( AP- YYIA058YAIBAP and/ or STA-STA) are included in PEEUSTREY34@43enent s
(4515 - 4530 in FIG 45, detailed bel’w) in the SCHED frane. The SCHED
nmessage may al so define the portion of the SCAP 4100 dedi cated to FRACH
4150, if any, and a protected portion for EDCA operation 4160, if any. If
no schedul ed TXOP assignnents are included in the SCIIED frane, then t he
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As shown |FFERPkS opgmtion yvharepeach dipacqs: hepwyl compEseAR mEybes 98 SEndPe nation

ngAgeLfllggi _ﬁ@fsggﬁf&‘iﬂ?cﬁ&da?%ﬁ?ﬁ%e@%&% pérdds 262284 aodeARARROAF, and

sharing of the medium where MIMO QoS flows are scheduled during the SCAP while

MIMO non-QoS flows use the contention periods along with legacy STAs, if present.

Interspersed periods permit low latency service for MIMO and legacy STAs.

[00317) As described above, the SCHED message in the SCAP may be preceded by a
CTS-to-Self for protection from legacy STAs. If no legacy STAs are presenat, CTS-to-
Self (or other legacy clearing signal) is not required. The Beacon 4210 may set a long
CFP to protect all SCAPs from any arriving legacy STAs. A CP at the end of the
Beacon interval allows newly arriving legacy STAs to access the medium.

[00318] Optimized low-latency operation with a large number of MIMO STAs may be
enabled using the example operation shown in FIG. 44. In this example, the assumption
is that legacy STAs, if present, require only limited resources. The AP txransmits a
Beacon, establishing a long CFP 4410 and a short CP 4420. A Beacon 4210 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.



the exanple in FIG 42 does not show any CFP.) The AP adapts the proportion
of the medium occupied by different types of access nechani sns based on its
scheduling algorithns and its observations of nedi um occupancy. Any

schedul i ng techni que may be depl oyed. The AP determ nes whet her admtted
QS fl ows woents®sngs sati sfied and may use ot her obser v&CTBRZM4MH3udi ng
measur ed occupancy of the medium for "Adaptation. [00312] HCCA and associ at ed
CAPs are decribed above. An illustrative exanple CAP 4230 is shown in FIG
42. An AP TXOP 4232 is followed by a Poll 4234A. HCCA TXOP 4236A foll ows
Pol | 4234A. Another Poll 4234B is transmtted, followed by another

r especj HCCA NS i . i |4 ustrative
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70 [00314] 4100 hown {n. F 42 ., may_be of the formt .detailed
(B an SCAT AT Tieaf STaR P abBieomionih oY s e bt ot Bhrifi
Schedul ed ArsepaqReriod 4130. [00315] The AP indicates schedul ed operation
using the 802.11 Delivery Traffic Indication Message (DTIM nessage as

fol | owl#932¢he DTonesshivs rishedulsrls tapsrepsionsc fvds thes APATR) Por sahpdwed t he AP
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in a. particular Schedul ed Access Period nay sleep for the renmainder of the
SCAP and weke tignspissions wilk heginywith a preambleie thoexppplpemsediesnt.[ 00316] Vari ous
ot her nodes of operation are enabled with ACF. FIG 43 shows an exanple
operation where each Beacon interval conprises a nunber of SCAPs 4100

i nt er sper sdgtragRepoverint ent i on- based access periods 4220. This node permits
"fair" sharing of the mediumwhere M MO QoS flows are schedul ed during the
SCAP while M MO non-QoS flows use the contention periods along with | egacy
STAs, [0b3p] esentThe Atmay sSpevaids pescedidss PEERbiery Gom SCHRDY redeive ietrerst or M MO

and | egacy o mple, if a STA is unable to decode a SCHED message, it will not be able to
utilize its TXOP. If a scheduled TXOP does not begin at the assigned start time, the AP
may initiate recovery by transmitting at a PIFS after the start of the unused: scheduled
TXOP. The AP may use the period of the unused scheduled TXOP as a CAP. During
the CAP, the AP may transmit to one or more STAs or Poll a STA. The Poll may be to
the STA that missed the scheduled TXOP or another STA. The CAP is terminated prior
to the next scheduled TXOP.
[00322] The same procedurss may also be used when a scheduled TXOP terminates
early. The AP may initiate recovery by transmitting at a PIFS after the end of the last
transmission in the scheduled TXOP. The AP may use the unused period of a scheduled

TXOP as a CAP, as just described.

Protected Contention

[00323] As described above, a SCAP may also contain 2 portion dedicated to FRACH
transmissions and/or a portion where MIMO STAs may use EDCA procedures. These
contention-based access periods may be protected by the NAV set for the SCAP.



[ 00317] As described above, the SCHED nessage in the SCAP may be preceded by
a 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 STAe0 2005813t the end of the Beacon interval aPCHREZMERMI3arriving

| egacy STAs to access the nedium [003818] Optinized | ow | atency operation
with a large nunber of M MO STAs may be enabl ed using the exanple operation
shown in FIG 44. In this exanple, the assunption is that |egacy STAs, if
present, require onl y Li mted resources. The AP transmits a Beacon,

est abl ng a Roftedifhnd t BRa&p ol foI | owed
by aan@r%adcas%’w t| cgst ness%gglglseﬁ?gtr% lgal%f/eagﬁ' £h hennoé)%%\alég) 4?)6/0 are
schedul ed pbta:utstmch’deaa:to intiivats THOR reffuestp do asalsmrthfalﬁ@ompsobvqhdms opt thei zed

k di ¢ SCHED
P e ongoa AR miSCa oo, Mo MET A ST BB SRSl AR i EDCA RS, (©
cur [ ent Scéﬁhess\/?rﬁ&ﬁ&i B&%aﬁteﬂﬁﬁ/mz&@éa‘yms Usiftik 1{:@@3% 1&hnidnat, exgtad
cont enti on- base

access for, M MO STAs js provided thr ?é(%gth FRACH or M MO
EDCA per i od&VilpliralieibgOP furatien sanest o1 laerAéte@égltbéﬁ%hl Contral fgeld Beap 4100.

Legacy STAg,d A @ReP FRMIEL 'tlfé%‘l@&@ﬁ% G628 Sichent REaNBOf PEVARAS BG the CP
4420. [00320] Consecutive schédul ed transm ssions fromthe AP nay be

schedul ed simerBuictare| ]?mﬁm tho R AGH:perdiod hTdsinmay usé slotied SOHEDKE ccartentmnhe SCHED

frame may i th .a | e. b hedul A

transm ssi g‘hgc 33%8”5 dﬂ%@%%%ﬁ%%ﬁs'a%? @g‘%ﬁ? I?Zﬁ Iﬁ“ﬁcﬁl Sﬁi “of

whet her or TXOP éurpicdaeilest. i s i ncluded naybe transnmitted). An exanple PLCP
preambl e is detailed further hel ow Scheduled STA transm SSi on%]Lvm |1 begin

wi th d%Pdanbl el heramelesmaremenh SHMR frame mapgpisparsotere Fhe AP may

use vari ousyeRiQCeAMTelDeloW. S1ﬁ€eq S%’_%Sf)ﬂi 18, 8631ER, %ﬁ&@ﬂ)yﬁlgeﬂ&i fre abtdlo exanpl e,
if a STAis unable to decode a message, it not be able to

utilize it geqdernly the £S1GdIAdduficddl of ke B\de PLIH hetaégl Gdetaxlect with gesgieghted st art
time, the y i.n S t he
start of t@g(}u%’sgélmﬂé’hgg% g%gélfg(%:pfbﬁﬁ]n'ﬂ@gﬁnstﬂqs @&% %@rl%"zsogﬁ%# el:Eehe unused

schedul ed TWifhiged avitGAftotebNtni NWhei ibeth(lé@,cytahe MRM(DEBTASI anYtesknt; EToe or nore
STAs or Po Iulsmg E TCA\A a-cl:-ge%s E?Jchu?%ymgf use a legacy RTS/CTS sequence for protection.
Legacy RTS/CTS refers to the transmission of RTS/CTS frames using legacy preamble,
PLCP header and MAC frame formats.
[00326] MIMO transmissions may also utilize the protection mechanisms provided by
the 802.11e HCCA. Thus, transmissions from the AP to STAs, polled transmissions
from STAs to the AP, or from a STA to another STA (using the Direct Link Protocol)

may be provided protection using the Controlled Access Period (CAP).

[00327] The AP may also use legacy CTS-to-Self for protection of the MIMO Scheduled
Access Period (SCAP) from legacy STAs.
[00328] When an AP determines that all STAs present in the BSS are capable of

decoding the MIMO PLCP header, it indicates this in a MIMO capabilities element in
the Beacon. This is referred to as a MIMO BSS.

[00329] In a MIMO BSS, under both EDCA and HCCA, frame transmissions use the
MIMO PLCP header and MIMO OFDM Training symbols according to MIMO OFDM
Training symbols aging rules. Transmissions in the MIMO BSS use the MIMO PLCP.

Reduced Inter-Frame Spacing



the STA that m ssed the schedul ed TXOP or another STA. The CAP is term nated
prior to the next schedul ed TXOP. 1003221 The sane procedures may al so be
used when a scheduled TXOP term nates early. The AP nay initiate recovery
by transmtting at a PIFS after the end of the last transm ssion in the
schedul ed TXOP. The AP may use the unused period of a scheduled TXOP as a
CAP, as just described. Protected Contmgntion [00323] As descri bed above, a
SCAP may al so contain a portion dedicated to FRACH transm ssions and/or a
porti on where M MO STAs may use EDCA procedures. These contention-based
access petlodHs Vaneps hehpinas elot gehcly tladicaVinsefrafngrSpatieg 3@ARktailD 4065/ 039133

Pl US2008 R0 aY%seLeQé?%Za‘{‘alpldé’roﬂcﬁ%%;%gms%&ggﬁc% if %ﬁ?’ég@lﬂ@%rﬁbddﬂ% nt.at ency

schedul ed operation to I ndi cate uests to assi st
t he AP i nFeohiedukd ﬁnfglsmISﬁortShfée stk meaﬁtwmimﬂieddn thk/ﬁﬂt’aﬁma@iﬂbe nay
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request o mcmgefverhosttdatteu@ niiﬂg\ thatibe @ediun is léleqwsieesolhedr leovef, cefisebutive schadulednC

Header . F@Wr%%qmsqﬂ)n?df]r%Uﬁ\isaﬁtHPsrnﬁtte%fvfnfh(h'o%ﬁlm%"’}ﬁ§ of providing the same
function. During the CH period, STAs may use slotted Al oha |ike

contention to access the channel in fixed size FRACH slots. The FRACH PPDU
may i ncl ufi®3ilhe thdx@mpduenattodiorent equestive {CMSES]STHntmheiSMrfﬁbte déﬁ:bwdi ment ,

MM fr agg%{)%f%sc%%&&%\ﬁuﬂ%‘%é Mfl}/% gé?ge dé?‘%% ue of @131l S' ”Ce

| egacy 8 and 8 are ab e to deco e on
SI GNALI f v@hadnofbetchaeMiMO tRLNERE h‘é&mtrlF § dHEideebdwitthTheesipect GHFH manG 50

bel ow), i pqthgs B, ngﬁEad;[%&ih{?&%TeMehpd%I&%%Méﬁl h IR &bﬁb‘i%ﬂent?ﬁagyrlgsm%m tted

with protection. egacy an are present
EDCA accesw \pfuet@dGPFésmﬁdrﬁiFSuse a |l egacy RTS/ CTS sequence for protecti on
Legacy RTS/CTS refers to the transm ssion of RTS/CTS frames using |egacy

preambl e %?gonsgcug € M‘ﬁ% &%fﬁmtrgngmgggn% roh'\og\s r{neh gg&&qensm lons may

al so uti I rotection nmechani'sns provi Thus,
transm ssm@rasaafaredMBMFSAIWheo ofsTAmg imptbé Red}P&rbamrs thesfﬂF&msquaﬂ roghe BTAsind 0 t he

AP, or fr 81@11\5?11\%_ 6}358‘1 m Bgers n§t-r1'ﬁ‘clgéilesthen9 u§ BEDH mgn%l exk‘elnsr,]llén %&!%%%Ber&t}ng in
the 5 GHz band, the BIFS is 10, us. In an alternate embodiment, BIFS may be set to a smaller or
larger value, including 0. To allow the receiving STA Automatic Gain Control {AGC) to switch
between transmissions, a gap larger than ¢ may be used when the transmitting STA transmit

power is changed.

[00333]Frames that require an immediate response from the receiving STA are not transmitted
using a MIMO OFDM PPDU. Instead, they are transmitted using the underlying legacy PPDU,
i.e. Clause 19 in the 2.4 GHz band or Clause 17 in the 5 GHz band. Some examples of how

legacy and MIMO OFDM PPDUs are multiplexed on the medium are shown below.

[00334]First, consider a legacy RTS/CTS followed by MIMO OFDM PPDU bursting. The
transmission sequence is as follows: Legacy RTS — SIFS - Legacy CTS — SIFS — MIMO OFDM
PPDU — BIFS — MIMO OFDM PPDU. In 2.4 GHz. the legacy RTS or CTS PPDU uses OFDM
signal extension and the SIFS is 10 us. In 5 GHze, there is no OFDM extension but the SIFS is 16

IES

[00335]Second, consider an EDCA TXOP using MIMO OFDM PPDU. The transmission
sequence is as follows: MIMO OFDM PPDU - BIFS — Legacy



may be provided protection using the Controlled Access Period (CAP). [00327]
The AP may al so use | egacy CTS-to-Self for protection of the M MO Schedul ed
Access Period (SCAP) from | egacy STAs. [00328] Wien an AP determ nes that
all STAs present in the BSS are capable of decoding the M MO PLCP header,
it indicat 880205839138 a M MO capabilities elenment in the®CBIAW®HN340G3 S | S
referred to as a MMO BSS. [00329] In74 M MO BSS, under both EDCA and HCCA,
frame transm ssions use the M MO PLCP header and M MO OFDM Tr ai ni ng synbol s
according to M MO OFDM Trai ning synbols aging rules. Transmi ssions in the
MEMO BSS use the M MO PLCP. Reduced Inter-Frane Spacing 73 [00330] Various

t echni quesdﬁl ékﬁﬁﬁgiﬁgtl y gﬁ?uggig@l{l ntﬁg-@ %@Cf’sn‘?oet% ql%giﬁﬁ@Aabove.
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schedul ed AP transm ssions during a S are transmtted with no m ni num
| FS. [ 003314ther sighal extapsreoehdddi SRt If the Aledkickiequestnis deneamitigt An the

transm ssi eTnn! P . g?ﬂﬁj r ] ith an I FS of at | east

G FS. The g%?raeg{ltg va %ﬁ’%ﬁ |@?&§ﬁgp’%&?g§r%‘%§éwyal ue may be chosen up

t o the[pozB6pe of TBirdsdonsiBS doBtdeS)ivedehdduizd THOHRs. Theerauahivdonfeq®ies ismy be

i ndi cated in.the C | L e , rihe ternate

enmbodi ment ﬁ%‘?eﬁ@yﬁ%bbéﬁégﬁbﬂn&%#&iﬁ m‘—@ SFQQW%é%Ut ive

M MO OFDM RRRibd srdidfBesioll Qftér the GihdmtiSsichadTRhe T A ATKERMOFDIM PEDU #'iRe

separ at e a : en operating in the 2. an e i s equa
tdglyp Bl FS t the 2.4 GHz band, the BIFS I

to the 10 SPEONYtransrussimNEshortenbapiie agvensd metmuie permitad X @P fims. OFDM si gnal
 Lhe 10 S VS ! _ . .
X SIS SARERIN, o8 A DERF Ry Wil

altern 0 a snm ror larger value,
i ncl udi ng Ompdses aldiitiend! heodesdrg veqnierdnds Authe nedeciving_TA. Chntccoinnfdda®) to

swtch betyween transm,ssions, a | ar ge han Q .ma sed when, the
Cranom t 41 ifeaR R ARSI T gteef afeen e bor FomeeuPE R T Aceel i e AL e an
i medi at e ragR®8%Andniesd.t RESOECR] e RIFS Tithedlk 8etNOt1 6t 2 N8Ot thd! SIF a M MO
OFDM PPDU. | nstead, they are transmtted usi nﬁ t he underlying | egacy PPDU,
i .e. O ausdimoisisei t¢ b usbwt agaddisignal 6grs (DA signal pxtepsiemis igraduped. band.  Some
exanpl ?0‘63&] hOWSince 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 firrther reduction in

efficiency. In the example embodiment, by extending the Block ACK and Delayed

Block Ack mechanisms of 802.11e, the requirement of immediate ACK for all MIMO

OFDM transmissions is eliminated. Instead of increasing the SIFS or the signal

extension, the signal extension is eliminated, and for many situations the required inter-

frame spacing between consecutive transmissions is reduced or eliminated, leading to

greater efficiency.

SCHED Message

[00339] FIG. 45 illustrates the SCHED message, introduced above with respect to FIG.
41, and detailed further below. The SCHED message 4120 is a multiple poll message
that assigns one or more AP-STA, STA-AP and STA-STA TXOPs for the duration of a
Scheduled Access Period (SCAP), Use of the SCHED message permits reduced polling

and contention overhead, as well as eliminates unnecessary IFS.



| egacy and M MO OFDM PPDUs are nul ti pl exed on the medi um are shown bel ow.

[ 00334] First, consider a |legacy RTS/CTS fol |l owed by M MO OFDM PPDU bur sti ng.
The transnm ssion sequence is as follows: Legacy RTS - SIFS - Legacy CTS -
SIFS - MMO OFDM PPDU - BIFS - M MO OFDM PPDU. In 2.4 GHz, the | egacy RTS
or CTS PPDW@IWSOPEBM signal extension and the SIFS i sPEH/USRH4/034p635 GHz,
there is no OFDM extension but the SIES is 16 Its. [00335] Second, consider
an EDCA TXOP using M MO OFDM PPDU. The transm ssion sequence is as follows:
M MO OFDM PPDU - BIFS - Legacy WO 2005/ 039133 PCT[ US2004/ 034063 74
BlockAckRequest - SIFS - ACK. The EDCA TXOP is obtained using EDCA

procediwps®] for the SEBEDDHcRh: ATEPAShitdsahe Lhddule A fet SCARd sORED EDCA
defines access classes that may use different paraneters per AC, such as

Al FS[AC], mwtas4ep comntsconMALATaderri?d0 (Eyerists Bl Bisienerple fubediment).
transm tt Edhl"“rh%hexa?ﬂ;ptlé‘ %Enb%{lﬁl%ﬁ{. e%’é@ eRshenC PR d6cerPl FoTRi Lif CTR]N/?
r inthe a MO OFDM

Bl ockAckRequest 1s transmitte ggregdte framme wthin the
PPDU, t her esegmemts (ried [t0 @@B6talltherdn ac ONRLHerherohsmydei (/e SiohBuklizded TXOPs.

The transm ssio e is as follows:. STA A.M OFDM PPDU, - (L FS - STA
BN MO, CEDMPBBERS 351 A5 0P B0 vl e PEv5able d el FUIERE TP el fon of t he
STA A M MO @W@Mbs’&%wﬁa@yﬁ&@;@@ﬁﬁsi on is shorter than the assigned
maxi num permtted TXOP tinme. [00337] As descri bed above, decoding and

denodul®841bn of TsdewmplDMAR diester il romprimsoBieme identral (13aP (Brastsesksi ng
requi rementys, gkt 46y &Cc?dtéf%)”ﬁssﬁﬁ%ﬁ.?sg‘é@@mg%} Mm‘ggeg%e&&‘ﬁ(%ﬁgo?te d 802. 119

allow additTonal time for the recelvin ore t
transm t t edandMABGIB51 (3 extets)h BiSI1ES dfitheDursticefield d5406spscify the 8Dgthdf ghe he S| FS

time is set 10 s but a di.tional DM sign ext ensi on i

T oduced. SERB IR BB EE RGN E 35 eq BR SOAS PRI
transm ssi OOBDNEiarisiRRRAs teéEihe NAE fR HRCRSA{OAGS e SEAR, TWleh RghdyBTIAE sane
| ogi c, an enbodi mrent may be designed to increase the SIFS or DM si gnal

extensi on, HeaEseY B BT, e A Ewtiaiss offien acang {q prteshiy SOAP, eBea lg2RY| e
oo ent, e sl O b3 e, UBRLASC Pt 5t kAR e of
i s el i m nat €k BISTHX feddi4 545 idetifientbe AF. t he SIFS or the signal extension, the
st anal | @XhENST ONpleSpoitd TiiAhSSens 208 1530 1B h HE 48N DoliPMaS g 1 Nter-
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.
[00343] SCHED Count is a field that is incremented at each SCHED transmission (6 bits
in this example). The SCHED Count is reset at each Beacon transmission. SCHED
Count may be used for various purposes. As an example, a power-saving feature using
SCHED Count is described below.
[00344) The Transmit Power field 4630 represents the transmit power level being used
by the AP. In the example embodiment, the 4-bit field is encoded as follows: The
value represents the number of 4 dB steps that the transmit power level is below the
Maximum Transmit Power Level (in dBm) for that channel as indicated in am
mnformation element of the Beacon.
[00345] The Receive Power field 4640 represents the receive power level expected at the
AP. In the example embodiment, the 4-bit field is encoded as follows: The value
represents the number of 4 dB steps that the receive power level is above the minimum

Receiver Sensitivity Level {-82 dBm). Based on the received power level at a STA, a



frame spaci ng between consecutive transm ssions is reduced or elim nated,

| eading to greater efficiency. SCHED Message [003391 FIG 45 illustrates

t he SCHED nessage, introduced above with respect to FIG 41, and detailed
further below. The SCHED nmessage 4120 is a nultiple poll nessage that
assigns one or nore AP-STA, STA-AP and STA-STA TXOPs for the duration of a
Schedul ed MX8F0PEB|I od (SCAP). Use of the SCHED nessagBCHERWPYS4H6Educed
polling and contention overhead, as Well as elininates unnecessary |FS. WO
2005/ 039133 PCT/ US2004/ 034063 75 [00340] The SCHED nmessage 4120 defines the
schedul e for the SCAP. SCHED nessage 4120 conprises a MAC Header 4510 (15
octets in the exanple enbodinent). |In the exanple enbodi nent, each of the

CTRLO, CTRb¥A hdiRbctniidlitChhsnit pSeQ T €SIRHEY TTCh, TRarBAREPbRA (aBnijer ei n as
CTRLJ, where may b%i%jlto 39to |IIustra%e segnents 4515 - 453d0 o)

respect i ver’)P "Breestit Pepegri(@bmpt If‘é’n\éﬁdtuvstHGI‘NW‘E@B - ST ArRevicivedtover (@Bm). 12, 18
d 2 t d 4510
ond 240, " s BBl AR TSGR e ¢

4545 (6 oct@ih®) segReneis tdbsmagiedani pd&ﬁéﬂex(e?ﬂmtmey b¢ decodad alBHthabSBAP(4A octets).

Bits 13-0 of .the_Durati.on fjeld 45405e0|f Ienth ft SCAP in
m cr osecon¥ell &Ph@‘i’[iﬁi’%‘flp%rgiﬁ el & DAYVES qo8 ‘E}s & g] ofKfIMO  OFDM

transm ssi Mh%aéeﬁleﬁ@ﬁel& hes d\iﬁ\w mﬂﬁb@fra?dérp%ﬁm&nwﬁmh@d&sﬁam Yikbe@adsﬁgacy STAs

are present in the BSS, the AP may use other neans to protect the SCAP, e.g.
a | egacy Wtbvﬁébqulfedrﬁotth@ tbg aaptrel segpodimashbe dedededreptithe My afls of the

SCAP is 4 t T Power
Managenent éallggb}gggsqes% 15 %b\/%lel nlhiféég&%d I#Igf%2 rf?aépscg[ﬁg‘gl?é %kéisﬁé‘onprl ses
SCHED Oountraﬁbﬁﬁﬁlonawhas thepodref teghileddBAidcdd2 dAbtiesAR 1sTdhﬁ’Emmt thaRanepow#630, and
Recei ve Power 4 transm owe d AP recej v r are as

i cat ed FRUEHLORSTENS NUPREERERE THbIh ERIA0 ST REFBRERE WEMGEeT Boae | s
nmeasur ed a%woﬁ&%r%'ﬁéls [ 003431 SCHED Count is a field that is increnented at

each SCHED transmi ssion (6 bits in this exanple). The SCHED Count is reset
at eadM3@Bacon ThaMEH Beli 4455, Shpwpin FiSu Y, spasifibetha pecsenas: andodurefien ofur poses.

As an exanB{o?ecteﬁ cgf?t\éﬁtﬁdn%gédnagcésg %Eﬁgdg dﬂﬁﬂé}ﬂe 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 us. 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 us starting from the beginning of the SCHED frame transmission.

[00348] The SCHED message 4120 is transmitted as a special SCHED PPDU 5100
(Type 0010), detailed further below with respect to FIG. 51. The presence within
SCHED message 4120 and length of the CTRLO 4515, CTRL1 4520, CTRL2 4525, and
CTRL3 4530 segments are indicated in the SIGNAL field (5120 and 5140) of the PLCP
Header of the SCHED PPDU 5100,

[00349] FIG. 48 illustrates SCHED control frames for TXOP assignment. Each of the
CTRLO 4515, CTRL1 4520, CTRL2 4525, and CTRL3 4530 segments are of variable
length and each comprises zero or more assignment elements (4820, 4840, 4860, and
4880, respectively). A 16-bit FCS (4830, 4850, 4870, and 4890, respectively) and 6 tail
bits (not shown) are added per CTRLJ segment. For the CTRLO segment 4515 the FCS
is computed over the MAC Header 4510 and any CTRLO assignment elements 4820
(thus MAC Header is shown prepended to CTRLO 4515 in FIG. 48). In the example



SCHED Count is described bel ow. [003441 The Transmt Power field 4630
represents the transmt power |evel being used by the AP. In the exanple
enbodi ment, the 4-bit field is encoded as follows: The value represents the
nunber of 4 dB steps that the transmit power level is belowthe Maxinmm
Transmit Reoenosiemal (in dBm) for that channel as indi C&TAFZH/034763
information el enent of the Beacon. [00345] The Receive Power field 4640
represents the receive power |evel expected at the AP. In the exanple
enbodi nent, the 4-bit field is encoded as follows: The value represents the
nunber of 4 dB steps that the receive power level is above the m nimum

Recei ver Jtivit (-82 dB Bas n the received power |evel at a
STA, a V\G MPMB&%&@G@M% h%?’aéﬂﬁ‘b‘ﬂf% eloef@mt‘ransmt
power |eVa?ém@1§de%|t&V@rR§{T&§Ef gosm t Power (dBm) AP Transmt Power (dBm
+ AP Recei ve Power TA Recei ve Power (dBm. k00346] | n the exanple
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AP is different Than ower required to decode at the receiving STA, the

PPDU i s tHFNS nmiTheeblGNAL Hlh inginates ghe pirsencevand plongth dfeVERKD, CTRBY7] The MAP
field 45 I

pr ot ect eiﬁcoﬁz{]gﬂ?ﬁﬁ a%ﬁé}lgsclce@g%% gsﬁglufﬁezgr‘&ew%%%hﬁﬂel d 4555
conpri sesdecddRACiHe Qdut HéatlkD and RARHOQefmedt, deta0ing @ach EXghmehf dehent730. The
exanple FR nt 4710 .(4 bits) is the nm of I chedul ed
starting %Rﬁﬁg%gﬁﬁw EoHaLsS tg Y %qefl‘ieﬁﬂﬁldfgo}i C%iﬁ,lﬂ M@o€+@i28 As. An
FRACH CoUgidpp iﬁglauﬁe@jtrm@e%haﬁwaémsimtunfalhle'f&vexﬁ no FRACH period in the
current Schedul ed Access Peri od The EDCA Off set” 4730 is the start of the

pr ot 8838 EDCAIVsdrpasf avsignmsnh plomentEpeAlefiged ascshown 30 Table 80 AHpwgberBot h t he
FRACH O f el a0 Mﬁ%ﬂ%&% o HA0CPREY Wohoactl! BRerChsifniedt! 271 N0

fromthe Ing O rame transm ss
element specifies the transmitting STA Access ID (AID), the receiving STA AID, the

start time of the scheduled TXOP and the maximum permitted length of the scheduled
TXOP.




[ 003481 The SCHED nessage 4120 is transmtted as a speci al

(Type 0010), detailed further

Wt hin

4520,

SCHED PPDU 5100
below with respect to FIG 51. The presence
SCHED nessage 4120 and | ength of the CTRLO 4515, CTRLI

CTRL2

4525, and CTRL3 4530 segnments are indicated in the SIGNAL field (5120 and

5140) of t MO PERNPeader of the SCHED PPDU 5100.
illustrates SCHED control franes for T&OP assignnent.

Eac

( 0034BET/ERIEN4/ 063

h of the

CTRLO

4515, CTRL1 4520, CTRL2 4525, and CTRL3 4530 segnents are of variable

| ength and each conprises zero or

4860, and

respectively) and 6 tail
t he CTRLO segnent 4515 t he

4880,

respectively).

bi (znat.__.sh
T S

N

Bt

nore assi gnnent el ements (4820, 4840,

A 16-bit FCS (4830, 4850, 4870, and 4890,
gd per CTRLJ segnent.
e_MAC Header 4510 and any

For

CTRLO assi gnigpd |el Assiygnnsent ®lénentt Hus MAC HelBidlds i s shown Toep&esigi o CTRLO
4515 in FIG@3¥#).| I n theTgpanpl e WD 2005¢ nBEEY US2004/ 034088  7[7
enbodi ment { ©0e A ARIAH-9TACTRLO |[4hdmHisPlestmt uded eypn ji I nogassi ghment
el ements are incgluded in the CTRLQ gegment. [003501 (fg) detailed hergein, the
AP transm s assijgnnents for AP-STﬁihﬁqaf ? and STA- transm ssions in
t he SCHED frane. Assignnent elenent 4u&ﬁe”t o) are transnitted in a
CTRLJ seg At e e OG_IJEDT\ el r of PLCP
header of tsoorraﬁﬁpg% ngﬁﬂNote ”1%] &R Ot hrough 3 cor% espond to
decr easi ng| r obustiness. Each STA bedi :ég dlng t he Header of the SCHED
PPDU. The BLANAL ffield indicates t of CTRLO —(JTRLI ,
CTRL2 and CTRI8 ledler APSTA he SO{E@@MWWE STA ré&Beiver b&hins With
decodi ng the MAC [Header and CTRLO seyfent, decodi ng éé@h assi gnment el enent
until the FCS, and it continues to sﬁ%S@Q&Eﬁmﬂy decod@» RL1, CTRL2 jnd
CTRL3, stopping lat the CTRL) segngmP THOPOWEGHNi t | {1@nabl e to verify.
003511 Five typesj of assignnent el griddiX StagiQifsdief | ned (88) shown in Tabje 3. A
number of | assi gnment el ements may |BYATKROuirmicn eacLIIIO)CTRLJ segnent}{ Each
assi gnment ﬁlﬁmrﬂinx%&%@ﬁA—S?At ne tirpasmit AITNg STA A D (88D), he
recei ving STA Al start time q&m&b@Aggheduled and t he max| mum
permtted length jof the. schedul ed | giX{ B0 2005/ 03% PCT/ US2004/ p34063
- Max PPDU Size (10)
100 | Duplex STA-STA AD1 (16) 75
AID 2 (16)
STA 1 Start Offset (10)
STA 1 Max PPDU Size (10)
STA 2 Start Offset (10)
STA 2 Max PPDU Size  (10)
[00352] The preamble may be eliminated in consecutive transmissions from the AP. The
Preamble Present bit is set to 0 if the AP will not transmit a preamble for a scheduled
AP transmission. An example benefit of preamble elimination is when the AP has low
bandwidth, low latency flows fo several STAs, such as in a BSS with many Voice over
IP (VoIP) flows. Therefore, the SCHED frame permits the aggregation of transmissions
from the AP to several receiving STAs (i.e. PPDU aggregation, described above).
Frame Aggregation, as defined above, permits the aggregation of frames to one
receiving STA.
[00353) The Start Offset field is in multiples of 4 s referenced from the start time of the
SCHED message preamble. The AID is the Access ID of the assigned STA(s).
[00354) For all assignment element types except scheduled STA-STA transmissions, the

TXOP Duration field is the maximum permitted length of the scheduled TXOP in



78 Table 3. Assignnent Elenment Types Type Assignnment El enent Fields Total
Length (3 bits) Type Len hs in bits) in bits 000 Sinplex AP-STA Preanbl e
Present (1) 40 AID (16) Start Ofset (10) TXOP Duration (10) 001 Sinplex
STA-AP AID (16) 39 Start Ofset (10) TXOP Duration (10) 010 Dupl ex AP-STA
Preanbl e Preeems/o08%)3 60 AID (16) AP Start Ofset (10) paR/UEXORofMe63at i on
(10) STA Start Ofset (10) STA TXOP7MBuration (10) 011 Sinplex STA-STA
Transmit AID (16) 55 Receive AID (16) Start Ofset (10) Max PPDU Size (10)
100 Duplex STA-STA AID1 (16) 75 AID 2 (16) STA 1 Start Ofset (10) STA |
Max PPDU Si ze (10) STA 2 Start Ofset (10) STA 2 Max PPDU Size (10)

L 0SS2L T B SR e BB e PRSP RE Rl o e

preanbl e foglcmg]glhﬁagbp@le Péﬁ[}t(ﬁé{ﬁﬁéﬁlﬁﬁh@lﬁdw&g. exanpl e benefit of pr eanbl e
elimnation is when the AP has | ow bandw dt | ow | atenc&ﬂgl ows to several

STAs, #98%las irFoq Smuiﬁﬂtw&ﬁﬁﬁt tyismissiond KASSF@H(%‘WCWG% esThdr @fdor e, t he
SCHED fr 3”9163)‘?,&8% f\/ﬁaxt]ﬁ‘%lfgﬁg %gﬁt1§ o % Iﬁﬁﬁlﬂﬁﬁ] p%ﬁhf?l'a& length of the scheduled

TXOP in multiples of 4 us, however additional rules may apply. In the example
embodiment, for scheduled STA-STA transmissions, the TXOP contains only one
PPDU. The receiving STA uses the Max PPDU Size indicated in the assignment
element to determine the number of QFDM symbols in the PPDU (since the PPDU Size
field is replaced by a Request field in the SIGNALI, detailed below with respect to FIG.
51). If the STA-STA flow uses OFDM symbols with the standard Guard Interval (GI),
the receiving STA sets the PPDU Size for the scheduled TXOP to the Max PPDU Size
indicated in the assignment element. If the STA-STA flow uses OFDM symbols with
shortened GI, the receiving STA determines the PPDU Size by scaling up the Max
PPDU Size field by a factor of 10/9 and rounding down. The transmitting STA may
transmit a PPDU shorter than the assigned Max PPDU Size. The PPDU Size does not
provide the length of the aggregated MAC frame to the receiver. The length of the
encapsulated frames is included in the Aggregation header of each MAC frame.

[00356) 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

[00357) FIG. 49 depicts a legacy 802.11 PPDU 4970, comprising 2 PLCP preamble 4975
(12 OFSM symbols), a PLCP header 4910, a variable length PSDU 4945, a 6-bit tail



fromthe AP to several receiving STAs (i.e. PPDU aggregation, described
above). Franme Aggregation, as defined above, permts the aggregation of
frames to one receiving STA. [00353] The Start O fset field is in nultiples
of 4 Its referenced fromthe start time of the SCHED nessage preanble. The
Al D is the WRewsqiny of the assigned STA(s). [003541 FoPCEUS244/83406meNt

el ement types except schedul ed STA-STA?transm ssions, the TXOP Duration
field is the maxinumpermtted |l ength of the scheduled TXOP in WO

2005/ 039133 PCT/ US2004/ 034063 79 nmultiples of 4 s. The actual PPDU Size of
the transmtted PPDU is indicated in the SIGNALI field of the PPDU

(detailed fiu2her 0 r ,schedul ns |ons

(Assi gnment!l e%‘ht aﬁ@’}f)@e?néql ga%ﬁggfsio& rt% 4?/§0 §Eé@-ié4%@ %’Pla P< al so the
rrgéi num pler Bl'(fN&Id ﬁblar(gtOmeI syhbol?]@*a@ﬁmttailiusﬂgXBPSKat it *'IE esd ﬁ)ﬁraﬂabi&, dhovvever
additional rules may ap In the exanple nment or s e

STA- STA t ral?éﬁh&%%@g 45?% HEREpited nvith He Bed gj rpsbrgnd Wftﬁén‘i %Cf #i ng STA
uses the M Jxﬁ}fﬁ dem:?] m ne the
nunber of élﬁﬁ%’ﬁ%@?%ﬂ%ﬁ'{hﬁ%feﬁ%id‘c (sl nggssg e PP%%;OS?Jze Fg&gmlggie?{epl aced

by a Reques#940i @thichi is nbladsl GNRATTA dé@85i nddirdvemited viccordingsioeits fomatl G 51).

the recer vi MR eI 3P compRER RIS Ul dhish MRl TR P By Pra boous
Size indi cagzﬁctlimg:)fmn@slit@m?mid'ﬂiﬂmmmﬁbﬁsﬁ. t he STA-STA fl ow uses OFDM
synbol s with shortened recei vuép@i‘é’@zyg eterm nes the PPDU Size by

scal i nd®%3pPlt he MHEBE © W@ﬂ@@@% Belds ﬂﬂﬁt 1p the) gragnie: FLES UAeAdRG down.

The transm Max PPDU
Si've. | The. PR R e B e B 20 i 11 e

to the receluesed vilnes d:fethgﬁhﬂﬂ ﬁﬂd@@nﬂamlséﬁﬁdlnfﬁﬂdré%ﬂ greisetdb wdbnk i n t he
Aggr egati on_he of ] frame. [003561 Inclusion of the transmtting
vi R S e B eled b - |

and recei vi nt elenments permts power saving at STAs
that an@ssmt schesuiabdew PRIVENSH6st ar@linti@Ineddv € Fetl badk@vatd) @om 1ty Regal | the

SCHED Count field introd b Each t_schedy t he SCHED
rossags. SpelEty Ao NAEHFILeY 1§ SSTHALBIY 410e FLER Hopy FPASAPHo @t he
start U1ne Rhrkgns diRd thifided e ARATH G AT POOU T30 iBRORDIO! Lhe

schedul ed TXOP Count 1s increnented at each ED 't ransm ssi on
and Type also 1ndwates the presence and length of a SIGNAL field extensmn designated

SIGNAL?2. New values of the RATE/Type field are defined in Table 4. These values
of the RATE/Type field are undefined for legacy STAs. Therefore, legacy. STAs will
abandon decoding of the PPDU after successfully decoding the SIGNAL1 field and
finding an undefined value in the RATE field.

[00360] Alternately, the Reserved bit in the legacy SIGNAL field may be set to ‘1’ to
indicate a8 MIMO OFDM transmission to a new class STA. Receiving STAs may
‘ignore the Reserved bit and continue to attempt to decode the SIGNAL field and the
remaining transmission.

[00361] The receiver is able to determine the length of the SIGNAIL?2 field based on the
PPDU Type. The FRACH PPDU appears only in a designated portion of the SCAP and
needs to be decoded only by the AP.



IS reset at each Beacon transm ssion. STAs nmay indicate a power-save
operation to the AP, and thus are provided specific SCHED Count val ues
during which they may be assigned scheduled transmt or receive TXOPs by
the AP. STAs may then wake up periodically only to listen for SCHED
messages Wwdzoasnappr opri at e SCHED Count. PPDU For mat sPATBSGH03H6E 49
depicts a |l egacy 802.11 PPDU 4970, co#iprising a PLCP preanble 4975 (12 OFSM
synbol s), a PLCP header 4910, a variable |length PSDU 4945, a 6-bit tail WO
2005/ 039133 PCT/ US2004/ 034063 80 4950, and variable | ength pad 4955. A
portion 4960 of PPDU 4970 conprises a SIGNAL field (1 OFDM synbol)
transmtted using BPSK at rat / ble length data field
4985, transmtted with the no uF]atJ4|§’r11 O?Ir;gpﬁ%ggrate indicated in Sl GNAL
4980. PLCP| RaT@eYype910 conpri seMIBI@GRRDA980 and 164bi tSIGNALXHEeldi el|d 4940
(which is | nqiwsted iln DATA 4985, and transmitted acqor diengti @FDM f or mat) .
SIGNAL fie|ld 4980 cqnprises Rate 4915 (4 bits), reserved $ymhgs)4920 (1 bit),

Length  49P5 (oddy b1 {{NmMBEHIS BSBIE MINAY APaRdsnliadibn 4935 (6 brffs) . 1003581 The
extended S| GNAL fi el|/qg degi@EB®pbehow) in the exanpl e PLCP Header

(det ailed oW G 1 S ' Wt tThe—SHEAET 1 egu 4980 of | egacy
avar ol

T |||ICLavy‘ SHG

are set to I:Z 'Qg:\m g\ﬂ QU$S:=‘E yes (Fgut au' ed Ee'ﬁev‘g— 003591 =Several—new PPDU
types are |ntroduced For backward conpatibility vvlth | egacy STAs, the RATE

field ygassde Sl GALsH Héﬂl&{s ‘MM@?PBUQB’HE@%@@G fdr%aﬁﬁfﬁh&hﬁﬁoﬁso @DW@’ Type
field. Unused val ues of are desi gnated as PPDU Eﬂ?@P The PPDU Type
e

al so i ndi catsasfetrpe tQ)ﬂfeBBBUeTmﬁd(}QO@ngﬁHméfSO@D SHIEpLidies faj reemhlsi BHO,

desi gnat ed 2 n Tabl e
4 Those. vatRAERE gt eiRoE Sefloy SFGRATE SRS (] B ThEnEl, IR,
Therefore, bagady S060TEs 2)8) dr 4 apabul)nardies eaiabie Ieﬁgthh?eatEEBId Hf80erPLCP
successful | y decodi the SI GNALI_ fiel d and | nd val ue in
the RATE fiﬁ‘leﬂnblf’gﬁﬁgo@%wwﬂalsehﬁws ke eli*tnbgi&g Eg SI GNAL
field my bghdeiGNAL 1'5040 arb %&ﬁ&ﬁd%sﬁﬂg’v@e@mﬁ EGRRM 8Sh&l faf Sndrew cl ass
STA. Receiving STAs may ignore the Reserved bit and continue to attenpt to

decode the SpGNationffoana. dpala A0 coreprisenBeryice S4B MiGBitgnFeedback 5084 (16
bits), a variable length PSDU 5086, Tail 5088 (6 bits per stream) where a separate

convoutional channel code is applied to each stream, and variable length Pad 5090.

D &
R W

Data 5080 is transmitted using the PPDU data segment rate and modulation format.

[00363] The MIMO PLCP header for PPDU Type 0000 comprises the SIGNAL
(including SIGNAL1 5020 and SIGNAL2 5040}, SERVICE 5082 and FEEDBACK
5084 fields. The SERVICE field is unchanged from legacy 802.11, and is transmitted
using the data segment rate and format.

[00364] The FEEDBACK field 5084 is transmitted using the data segment rate and
format. The FEEDBACK field comprises the ES field (1 bit), the Data Rate Vector
Feedback (DRVF) field (13 bits), and a Power Control field (2 bits).

[00365] The ES field indicates the preferred steering method. In the example
embodiment, Bigenvector Steering (ES) is selected when the ES bit is set, and Spatial
Spreading (SS) is selected otherwise.

[00366) The Data Rate Vector Feedback (DRVF) field provides feedback to the peer
station regarding the sustainable rate on each of up to four spatial modes.

[00367] Explicit rate feedback allows stations to quickly and accurately maximize their
transmission rates, dramatically improving efficiency of the system. Low latency

feedback is desirable. However, feedback opportunities need not be synchronous.



1003611 The receiver is able to determne the length of the SIGNAL2 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. WD 2005/039133

PCTI US2004/ 034063 81 Table 4. M MO PPDU Types RATE/ Type M MO PPDU Sl GNAL2
Field (4 bVPH'Y%Hdtnh (OoFDM Synmbol s) 0000 M MO BSS | BESTHSZMIMBIAP

transm ssion 1 (except SCHED PPDU). 0810 M MO BSS SCHED PPDU 1 0100 NI I MO
BSS FRACH PPDU 2 [00362] FIG 50 depicts M MO PPDU format 5000 for data
transm ssions. PPDU 5000 is referred to as PPDU Type 0000. PPDU 5000
conprises a PLCP preanble 5010, SIGNAL 1 5020 (1 OFDM synbol ), SIGNAL 2
5040 (1 OFDivasgwidadn)oppditaiitidsngay Gy ohteined SE060, fboned, such a®tonterfipfilbaded) , and a
variable lepngth Data fie|ld_5080. PLCP, preanble 5010, when present, is 16 As
' the exarfpfRDeBelarLe. HEThonschedblsdRt . At STRREIS VAR SF @t s ¢ ¢ ed

using the RRRU, : g&qmi i 80

conpri ses ggr Vi ggﬁiggggm%%g&%ﬁngs&hgg dbactk%%ggzgté( f%gd ﬁa%l?.[‘??s,edgﬁ %r%gbl e

| engt h PSDWisixa8te fFaibhcks @ 8rapgnitict may eppls & backrgff tohdsteeminedhpansmassion

convout i onala channel code is applied to each stream and variable | ength Pad
5090. Datd*8080 is transmitted usi ng the PPDU data segnent rate and

modul afpp3us] f or nithe PPDOBER sebfienMabdRbieibhfadahsntiesionsFikh TYAA @DSDAconpri ses

the SIGNAL _(including SIGNAL! 5020 and SIGNAL2 5040),  SERVI CE 5082 and
FEEDBACK  Sd&dics i fegdbaciepovideryCH 4 Bdp & TAs Adessabrgedrlictons Fgaidy 1802, 11,

and is transm d i ﬁg@@ﬂ, ‘ vAG3pdd The
FEEDBACK f?%gggbngSEoﬁih?? Eﬁ?ﬁsgf‘{gﬁdﬁs. g {uﬂ%’ gl%gﬁge%%[e%?%?eé‘geg and format.
The FEEDBACKBPMelwinugByinbels frdue tESSTAeAd it( dstippiate} the HefaDates tiRatcen \Wect or
Feedback ( F) field (13 bits), and a _Power ntrol fiel i . [ 00365]
The Bo. 11 eldier et Spe” i A iRy MBS 1o STA B RATA

em(:j)odi ment iA,EST’QfeB\/iﬁdﬁst ok estirhatg i RSDRWF fielded FEEDENTK 5081, EEhdDRVFEFS set

and Spatia

field is transmitted at the data segment 5080 rate.

[00369] When transmitting to STA B, STA A determines what transmission rates to use
based on the DRVF it received from STA B, with an optional back-off as necessary to
account for delays. The SIGNAL field (detailed below) contains the 13-bit DRV field
5046 that allows the receiving STA B to decode the frame transmitted from STA A.
The DRV 5046 is transmitted at the control segment rate.

[00370] The DRVF field is encoded comprising a STR field (4 bits), an R2 field (3 bits),
an R3 field (3 bits), and an R4 field (3 bits). The STR field indicates the Rate for
Stream 1. This field is coded as STR Value shown in Table 5. R2 indicates the
difference between the STR Value for Stream 1 and the STR Value for Stream 2. An
R2 value of “111” indicates that Stream 2 is off. R3 indicates the difference between
the STR Value for Stream 2 and the STR Value for Stream 3. An R3 value of “111”
indicates that Stream 3 is off. If R2 =*“111”, then R3 is set to “111”, R4 indicates the
difference between the STR Value for Stream 3 and the STR Value for Stream 4. An
R4 value of “111” indicates that Stream 4 is off. IfR3 =*“111” then R4 is set {o *“111”.

(00371] When ES = 0, i.e. spatial spreading, an alternate encoding of the DRVF 1is as

follows: Number of Streams (2 bits), Rate per Stream (4 bits). The Rate per Stream

field is coded as STR Value above. The remaining 7 bits are Reserved.



Spreading (SS) is selected otherwi se. (00366] The Data Rate Vector Feedback
(DRVF) field provides feedback to the peer station regarding the

sust ai nabl e rate on each of up to four spatial nbdes. 1003671 Explicit rate
feedback allows stations to quickly and accurately maxim ze their

transm ssi WO 206%/@39133dr amat i cal |y i nprovi ng efficiency oPCTHB2084H#¥AN |ow

| atency feedback is desirable. Howev&, feedback opportunities need not be
synchronous. WO 20051039133 PCTI CTS2004/ 034063 82 Transmi ssi on
opportunities nay 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 bet vvqgglegrgqgrgn%gdlqg opportunities and rate

f eedback. Based on fhe age the rate f k, the transnitter y apply
a back- of f| 3R ¥alusr nﬂoélnlgri@t@rarﬁ&vdllém@rﬁ'ormte _Bissgabolnpes SaRBI dat a
segnent rdte @dpt ati on Ifdr trlansm sBPBRSs from STA A to03STA B rel|es on

f eedback grovoaed by STA/B to{STA A BHEgKcri bediearlier,0gee FIG 24, for
exanpl e) . [Forp@pthef ESjgr SS|npde ofpgreratioh, each tiye STA B'Tpceives

M MO OFDN r@ml g bymggus fromt NegpdR A TT|estimarey gne data rates that

can be aghr ewﬁj—on BauUzspau at—st nE T am bUUbequ tTansmrssi on from
STA B to SF &ﬂ)’l AB 37,,. gegs—tht fret A-theDBRY—f+etd—of1 FEEDBACK
5084. The ”?\v f:e St anrgmti-e he—data—se men{ :u89 rate{ [00369]

When tran':_m;t?]iqug th_STA/A ~—STA_A MM% to use
based on the $WE i} reddBved frnmé&'ﬂiﬁﬁI withian lenn”aﬁ back-off as
necessary [to 1@®couht @3 deldys. THEQAMNAL field (det#?ed bel ow) contains
the 13-bit| DRWUlield 504 thdt all 6dQAMe receiving STAB to decofe the
frame transm t1gled from S A | The PRQAM46 is|transm ttepl at the tontrol
segment rate.11Q037D] Thgg DRVE T1 el thg@Aapncoded conprisig a STR field (4
bits), an Tl 0 [3 Digis).  [an RpIGGAN (3 DITS), and g R4 Tielfl (3CI .
bits). The STR{{ et g T ntHgatey the" —StTeam 1. s-fiefd s code
as STR Val ve ggt}wn n |27IL/J$|:€5. RZ> |ir?3r%(gﬁl§€> the—h 1TEFEI1].F{E between the STR
Value for Stream| and the STR Value for Stream 2. An R2 value of "11I"

i ndi cagoe®)t hat Btaddision 2o itle DRVF RSAiBldlsszprr@.&de‘stpewdf tomerob fexdbdettyelen the STR

Val ue for Stream2 nd th | ue for Stream 3. An vIu of "IIIl"
! ndi cat s EHBIEES S A ik woﬁe ba‘F is gchatodip fthe qurér&qn@%e@é{l Sl | 1 Ra
I ndi cates {iRmitted at the data segment rate. This field is 2 bits and indicates either to increase

or decrease power or to leave the power level unchanged. The resultant transmit power
level is designated the Data Segment Transmit Power level.

100373] Example Power Control field values are illustrated in Table 6. Alternate
embodiments may deploy power control fields of various sizes, and with alternate

power adjustment values.

Table 6. Power Control Field Values

Power Control Field Meaning
00 No Change
01 Increase power by 1dB
10 Decrease power by 1dB
11 Reserved
[00374] The transmit power level remains constant for the entire PPDU. When the Data

Segment Transmit Power Level and the Open Loop STA. Transmit Power (i.e. the power

level required for the AP to decode the transmission, detailed above) are different, the



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 ="1 11" then
R4 is set to "I | 1". [00371] Wien ES = 0, i.e. spatial spreading, an
alternate encoding of the DRVF is as follows: Nunber of Streams (2 bits),
Rate per SWQHWABIBits). The Rate per Stream field i sSPEHYBMIUBIGIR val ue
above. The remaining 7 bits are Reserftd. WD 2005/039133 PCT/ US2004/ 034063
83 Table 5. STR Encodi ng STR Val ue Codi ng Rate Mdul ati on For mat

-Bits/synbol 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 AM 2.5 0110

3/4 16 AM 3ppy er:hﬁsn?x/tté@aﬁﬂe Moo o0 Bvdpvédeviid At is IIGIU 914‘34181@14 QAM 4. 5
1010 5/6 64 QAM 5. 1011 5/8 256 QAM 5.0 1100 3/4 256 AM 6. 1101 7/ 8 256

QAM 7.0 [ 00372} Lewl e maximens of iee BpsrLoopTil A Tawantpl?qmrd@mbmdeﬂwcont rol
f eedback tq?%pg?%g{e mﬁg&gp&g i This feedback is included in t_he P_ower
ie

Contr ol tra ted at the data segnent rate. This field
is 2 bn'oosyspnd | hdtheadxemplei doftedimeant,i the PewsreCorntrol (ﬁehirieastetorj‘lﬁmbm the firas | eave
t he power | evel. i s desi gnat ed

vel unchanged. The resul tant ,trans
e Pors b Al Y LA haBas ey et T PEReR Tt st B Hers) f Lol

val ues are drl dddhdcabePolvBr TRDE Geps\ tTRENREGVing NP i WRINL% TRY fEGPIRY powver
control fields of various sizes, and with alternate power adjustnent

val ues. Talihforsatiopamel} subseent framedrapsyiskigesto that STA.
[00376] SIGNAL1 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
SIGNALI 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.

[00377] 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.

[00378] In scheduled non-AP STA transmissions, PPDU Size/Request Field 5026
denotes Request. In this second mode, Bits 1-2 indicate the SCHED Rate. SCHED
Rate indicates the highest numbered SCHED (0, 1, 2 or 3) field that may be used to
transmit an assignment to the STA. During Training symbol transmissions from the
AP, each non-AP STA estimates the rate at which it can robustly receive SCHED frame
transmissions from the AP. In subsequent scheduled transmissions from the STA, this

" maximum permissible rate is included in the SCHED Rate field. This field is deéoded
by the AP. The AP uses this information to schedule subsequent TXOPs for the STA
and determines the CTRLJ (0, 1, 2, or 3) for issuing those allocations to the STA,

[00379] In the second mode, Bits 3-4 indicate the QoS field, which identifies the fraction
(in thirds) of the request that is for TC 0 or 1 (i.e. 0%, 33%, 67%, 100%). Bits 5-12
indicate the requested length of TXOP (in multiples of 16 us, in the example
embodiment).

[00380] The SIGNALL1 field 5020 is checked by 1 Parity bit 5028 and terminated with a
6-bit Tail 5030 for the convolutional encoder,



Power Control Field Meaning 00 No Change 01 Increase power by 1dB 10
Decrease power by | dB 11 Reserved [00374] The transmt power |evel renains
constant for the entire PPDU. Wen the Data Segnment Transnmit Power Level
and the Open Loop STA Transmt Power (i.e. the power |evel required for the
AP to decod’!éoi"ﬁ’é’p@ﬂ@nsm ssion, detail ed above) are diffE&EERS2004/AH0GB0O

2005/ 039133 PCT/ US2004/ 034063 84 PPD8is transnitted at the maxi num of the
two power |levels. That is, PPDU Transmit Power Level is the nmaxi num of the
Qpen Loop STA Transmit Power (dBm and the Data Segnent Transmt Power
(dBm. [00375] In the exanple enbodinent, the Power Control field is set to

* 00" 'oﬂastlre F1 %t prédcRE® oRd 160 ©F 3R s@@ﬁh@@gﬁeléwenﬁemdic&e&Lﬂ@sgﬁuent

frame i ndi cat es the increase or decrease of l}ﬁ)ower In 1dB steps. The

recei vi ng BYREMyP¢ figldeS2Riin S{ENABA020. rherSiaNAdA figld S0A0 sutyans t frame
g odited
t field
o s Q1 8 e | ORIEL NS B 585, BATELTYE |
Parity bi tSC{iﬁQ,ZBr,am&[gdl ?peGSMt l4t(2|’a Pas) D Iite ;Vbﬁor @Wﬂﬂ%f(lglbﬁisﬁtg?ﬁy ibft .
transmtted usin cont.r.o rate | 4N the
exanpl e em¥Y88i ngfz)lpg‘% e ORbtpk %g?)g%ﬂ Tragpingobype; ée?%é%‘fagesdb@ tdReser ved
bit 5024 ngymhers ﬁﬁtMIMOQDFIBIQGL?rﬁ {g@ﬁbag’%‘uﬁ—é%cﬁ@ﬁé‘&ﬁtmﬁib%ﬂ &h’iﬁ@@ serves

two functions, depending o ransm ssion node, I n contention-based STA
transm ss@W@Ma"ﬁwIamg SﬁPles é@@n(oséh b9 4 OFPMssymhols)  diih3tiethetTrainpRDU Si ze.

Symbol o, BPeARhGindide 55, 4t LS Ak 39 R e R AR O e &
and_ E\:Dt ; T&:pél.fb foorl BphﬁhbmbﬂﬁpggfuthRng}OéﬁﬁDM&)ﬂég)bi the sﬁﬂ@&ﬁﬁﬁﬁﬂo?k BRWEdﬂle:\? o
tn (rjlins secoﬁH‘ H’%@é %&?”332‘% EIRE gﬁﬁlgdﬁﬁ&e@wgﬁg@géﬂq@w%? dfet‘}gl cates

the hi ghesfy noiesR gom%&ﬁnateh with @G-bﬁ)l"afl 505 Slfok ﬁﬁtcoﬁ?diutﬂﬁal‘b?l%ﬂe? Y

transmt an assignment to the STA. During Trainin nmbol transm ssions from

the RM82bach ABR. Adspicts SCHERGRADL SHI (Rateslyee <G SCHERPEDBHALO y recei ve
SCHED 11 ang; nrises 2 PLCP preamble 5110, SIGNAL 1 5120 (I 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.

[00383] SIGNAL] 5120 comprises RATE/Type 5122 (4 bits), a Reserved bit 5124,
CTRLO Size 5126 (6 bits), CTRL1 Size 5128 (6 bits), Parity bit 5130, and Tail 5132 (6
bits). RATE/Type 5122 is set to 0010. The Reserved bit 5124 may be set to 0. CTRLO
Size 5126 indicates the length of the segment of the SCHED PPDU transmitted at the
lowest rate (6 Mbps in this example). This segment includes the SERVICE field of the
PLCP Header, the MAC Header and the CTRLO segment 5126. The value is encoded in
multiples of 4 ps, in this example. CTRL1 Size 5128 indicates the length of the
segment of the SCHED PPDU transmitted at the next higher rate (12 Mbps in this
example). The value is encoded in multiples of 4 ps, in this example. A CTRLI Size of
‘0’ indicates that the corresponding CTRL1 segment is not present in the SCHED
PPDU. The SIGNALTI field 5120 is checked by 1 Parity bit 5130 and terminated with a
6-bit Tail 5132 for the convolutional encoder.

{00384] SIGNAL2 5140 comprises a Reserved bit 5142, Training Type 5144 (3 bits),
CTRL2 Size 5146 (5 bits), CTRL3 Size 5148 (5 bits), FCS 5150 (4 bits), and Tajl 5152



transm ssions fromthe AP. In subsequent schedul ed transm ssions fromthe
STA, this maximum perm ssible rate is included in the SCHED Rate fi el d.
This field is decoded by the AP. The AP uses this information to schedul e
subsequent TXOPs for the STA and determi nes the CTRL? (0, 1, 2, or 3) for

i ssui ng t hweeosByaat i ons to the STA. [00379] In the sdCIASHBNM%ERI s 3-4
indicate the QS field, which identif8es the fraction (in thirds) of the
request that is for TCO or I (i.e. 0% 33% 67% 100%. Bits 5-12 indicate
the requested length of TXOP (in nmultiples of 16 s, in the exanple

enbodi nent). [00380] The SIGNALI field 5020 is checked by 1 Parity bit 5028

and terni ngﬂﬁﬁc)l._v‘i‘ﬁel’Re%erv@d Qﬂttjlmgyw&@ﬁ@rTﬁﬂﬁiM‘é@lﬂis%@@ e@héPeer . WO
2005/ 039133 PCT/ US2004/ 034063 85 [00381] The presence and Tength of the

SI GNAL2 fi BPRUSne0ew® (Treviegdsee 44 he RATE/ Type field 5022 in S| GNALI
5020. Sl i [ 1 i t nt rate
ona 7 owaEn S SAERE? B U8 dntiEadd BRSHIA 6F e Rhiln ut MHBD BRITE 105
(3 bits), DatsmitkdtaethéaekirigidoRMie (36Mbps1i3this dxagplePaThe yalid is enb@dtd,inand Tai |
5050 (6 bits). The. 3-bit. Training Type, fi indi cates .the | ength_ and
format of P’Hé‘pkﬂsl\/ﬁ gFt‘J'FVI "Prél?lﬁi‘?fﬁﬁgk?nboﬂfs(l;ﬁgﬁt Stzg. ?Pi di”é‘ﬁ‘iaéest thhber of
M MO OFDMsokfegpdhiifng CIRIOdes: 9 nbtGresént iB tHRrSCHIH PFDRY ORI SiAid148 is the
Training Type field: O indicates SS, 1 indicates ES. The DRV 5046 provides

the rate fodiceigehedéngtiupl the sqement effhe SGHERJHEU tranmnitted atsoeBighest sffe oded i n

t he sane Ny I: B034 ' ). The

S ONALD f1 Do e A *@?ﬁ“&%ﬁﬂh‘qg’%ﬁi ! %@@%ﬁﬁl@g%s"fépﬁ foffangye) . e
6-bit Tai | ASURRLY Sive bh®’ oslivatds ulat dreadorresponding CTRDB 3§RhenFisGot piesamtpnct s SCHED
PPDU 5100 R@ﬁ@gﬁ?: 0010). SCHED PPDU 5100 conprises a PLCP preanbl e
5110, SI G\Lf&f Y- OFDM synbol ), SIGNAL 2 5140 (1 OFDM synbol ),

Tr ai nifgsspy Mool BCS 5650 (Osondputed ok the Sntid SIGNALAREd BIGHALAE&ds.| amgt h SCHED
Frame 5180. PLCP preanble 5010, when g_resent, is 16 s in the exanple

enbodi ment SIB4held 55501 terminatadaxith 2 0-bB a8 Shyklor tgvemvalutionaleicadert he  PPDU
cont oA el SRALE U 0 B TE A S0 D tpc]
[00383] S| Ghisprise5d PUCE prgambies? IRANIENAIpe 5322 GEDMisysibol).canBRSIGNAId2bi t 5124,
CTRLO S 26 524720 ftnlibors B S22, bRelbih, i76 o Bl 20

embodiment. SIGNAL 1 5220 and SIGNAL 2 5240 are transmitted using the PPDU

confrol segment rate and modulation format. The FRACH PPDU 5200 is transmitted by

a STA during the FRACH period within the MIMO Scheduled Access Period. The

FRACH period is established by and therefore known to the AP (as detailed above).

[00388] SIGNAL1 5220 comprises RATE/Type 5222 (4 bits), a Reserved bit 5224,

Request 5226 (12 bits), Parity bit 5228, and Tail 5230 (6 bits). RATE/Type 5222 is set

to 0100. The Reserved bit 5124 may be set to 0. The Request Field 5226 is as specified

for PPDU Type 0000 (5000), detailed above. The SIGNALL field 5220 is checked by 1

Parity bit 5228 and terminated with a 6-bit Tail 5230 for the convolutional encoder.

[00389] SIGNAL2 5240 comprises a Reserved bit 5242, Source AID 5244 (16 bits),

Destination AID 5246 (16 bits), FCS 5248 (4 bits), and Tail 5250 (6 bits). The

Reserved bit 5242 may be set to 0. Source AID 5244 identifies the STA transmitting on

the FRACH. Destination AID 5246 identifies the destination STA for which a TXOP is

being requested. In the example embodiment, in the case where the destination is the

AP, the value of the Destination AID field 5246 is set to 2048. A 4-bit FCS 5248 is

computed over the entire SIGNAL1 and SIGNAL?2 fields. A 6 bit Tail 5250 is added

prior to convolutional encoding,



bits). RATE/ Type 5122 is set to 0010. The Reserved bit 5124 may be set to O.
CTRLO Size 5126 indicates the |length of the segnent of the SCHED PPDU
transmtted at the lowest rate (6 Mips in this exanple). This segnent
includes the SERVICE field of the PLCP Header, the MAC Header and the CTRLO
segnent 519@ 20MB9Mal ue is encoded in multiples of 4 ARCTURHPLExanI e.
CTRLI Size 5128 indicates the length  the segnent of the SCHED PPDU
transmtted at the next higher rate (12 Mwps in this exanple). The value is
encoded in nultiples of 4 Its, in this exanple. A CTRL1 Size of O

i ndi cates that the corresponding CTRL1 segnent is not present in the SCHED

PPDU. " 1dd39015! G\'Ahhhé le A:fzépxgéﬁgomeﬁhsﬁx@ﬁawséﬂ&%lAlxshbtot aceds? th Bl € M nat ed
with a 6-bit Tail or the convol utional encoder 00384] SI GNAL2 5140

conpri ses and%mrmdetue tequesbmaszagetin diedRALHy Hee®iued sv(@ebﬁtlbr)by th€ PR, theSi z e 5146

5008/ 030135 ey B B ablbatm T sy te0 TR0l Bleyn@lfind SeheBE L o

to 0. Trai atdegs peried. Thé duinberast FROETH Slosscfof the culPElidldcHadpiRdQ068s péried B8 ng Type
5044). [003851 thz Size 5146 |nd|1c{%|t the Il ength of the segnent of the
SCHED PPDUMdGatRIdRT MEREH S F Cgfwest rate (18 Mops in this exanple).

The vaboyi S eneagsdainy MBelhdithies Afiale BUERACH, tFoliBwid hinididi -2 Si ze

of "0 icates that the corresponding CIRL2 segnent 1s not present in the
SCHED PPDUthe(‘f'mL@HSuf the SNA 8:ceiivesd Eﬁ@Bsssummmeﬁgmth)ﬁPmeessteBnE&A@iﬂ. t he

val e i s SRR Lo spate dr P asdiiyfony Mt A Bpaceduby RBIRD) - %,

i ndi cat es FRMCH RESPONSESERICHED trisbhlisticde gomthe AB, B@R@@HSﬁn&rdmmntéme SCHED
PPDU. 1003 FCS 5150 i s conmputed over the entire and IGNAL2
fields. gy 19IPARA Baximupyvaluesyt 7 sThecharuiesg r@é‘%@%@%ﬁwmm 8o for the

convol uti 0'&&' CEEHET of the R4 Dﬁh%mgéﬂﬂ@cﬁﬁ%ésf sRRRAGE Qe Wt e/ Type =
0100) . FRACH PPDU 5200 com n(z%e LCP preaitbl e 5210, SIGNAL 1 5220 (1 OFDM

synbol ), amepbShitiyN FRASH) symbol s). PLCP preanbl e 5210, when
205 Thoht 10 ALARACE AT RS R B SRS T 2
f or mat . Th%d—ﬁ&@ﬂed’&ﬁl&xﬁﬁﬂ@mcﬁi duriag SRISCARCusing EBC./SH@IEQUH ng the FRACH peri od
Wit hi n[m'gsgg] M MO gse oq' Lﬁl mAt(ieC gr? %vogl%r I glerstami] ﬁ\at 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 represenited by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thereof.

[G0394] Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
embodiments disclosed herein may be implemented as electronic hardware, computer
software, or combinations of both. To clearly illustrate this interchangeability of
hardware and software, various illustrative components, blocks, modules, circuits, and
steps have been described above generally in terms of their functionality. Whether such
functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled artisaras may
implement the described functionality in varying ways for each particular application,
but such implementation decisions should not be interpreted as causing a departure from

the scope of the present invention.



FRACH period is established by and therefore known to the AP (as detail ed
above). [003881 SIGNALI 5220 conprises RATE/ Type 5222 (4 bits), a Reserved
bit 5224, Request 5226 (12 bits), Parity bit 5228, and Tail 5230 (6 bits).
RATE/ Type 5222 is set to 0100. The Reserved bit 5124 maybe set to 0. The
Request Fi e¥YQA289081335 as specified for PPDU Type 0000 @PETAB}004/6806 | ed
above. The SIGNALI field 5220 is checB&d by 1 Parity bit 5228 and
termnated with a 6-bit Tail 5230 for the convolutional encoder. [00389]

SI GNAL2 5240 conprises a Reserved bit 5242, Source AID 5244 (16 bits),
Destination AID 5246 (16 bits), FCS 5248 (4 bits), and Tail 5250 (6 bits).

The iessjved link %35 rmuysnlaﬁves e3gidal @ocks'r‘%b&lﬁeﬁl 3o 2ftduitd @Bk ibtESn t he STA

transmtting on th CH. Destination AlD 5246 identifies the destination

STA for mmomecaorrm th@ emb@hmgntﬁ é@febeqdelwrem may tve implempentedabpeiformed, in the
wh i i ' Al D
oSe 0t Sl g5l D300 bl o i By HRUSeBE (105 bS] 1 O,

S| GNALI ar@eﬁﬁ&iﬂé@até& elreldt (AQSIE),bi tielBaprbgrambidblie sgated dady (BPGA) ot @ther
convol uti onal encodl 039133 PCT/ U82004/ 034063 87 8390] In the
exanpl e entBgRERble %&e CIE100 BRIB AOTAITBRLSIPN, 10826 Usctsie HAGHAEI  and

transmt thg, ﬁéiit'se%i' aHﬁ%&ﬁgﬁaﬁdh fhBRof BA(FRed td pérfiiRl HRIfBHEERSREM kY by the
AP, the AP prOV| des e requesting STAWw th a scheduled TXOP in a

subsequent heseimedgieratal pUROSS BIOPRSEGTRRY URranintontsessol bIERNGHE slitanaiveohet he

d CH.
[00301) Trtcif il §F S i Pilion o8RRI b Bt iAo BRI TR, NLEHA

t ransm ssimuchare. tAJ“lproEE%@-lmayfamdﬁhe Sfﬁﬁlementeﬁ e aorﬁ%ﬁ%tlaﬁs:fgmnm\nnngr omt he
AP, it resets B FRACH. If the STA &?ﬁs receive a TXOP hnn?nt W t hin
a predet er FYICAR de-8unbefOmbigHERRHO e o? TGO 553 s nt fom t he

AP, B FRAqﬁlxckc%réc@@sB%nBﬁE ﬁ%oﬂé%m%rdﬁfbc’é@o@ t]l!iﬂé'fﬁbf{ dlittea @SP7coreT he ap@ar anet er
FRACH RESPONSE i s incl uded an ACF el enenf of the Beacon. [5ur| ng any

FRACH, t heotBTAugi @Mﬁmatmz\m slot with probability (N _FRACH)-' * 2-B- FRACX
L0055kl "0 SCHLRPTrf pnaatul ol sl LABERAR L 07 £70
[00393] Thast®dahentkdisdlosed Itckten atdy teoethbbdisdddirestiy el hiuftbware,nihox seftwan and
Signal sy B, LERLERSN SUAES ANVCifelobH B! I LhShehobeo! gl es

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 vser terminal. In the alternative, the processor and the storage medium

may reside as discrete components in a user terminal.

{00397] Headings are included herein for reference and to aid in locating various

sections. These headings are not intended to limit the scope of the concepts described

with respect thereto. Such concepts may have applicability throughout the entire

specification.

[00398] The previous description of the disclosed embodiments is provided fo enable any

person skilled in the art to make or use the present invention. Various modifications to

these embodiments will be readily apparent to those skilled in the art, and the generic

principles defined herein may be applied to other embodiments without departing from

the spirit or scope of the invention. Thus, the present invention is not intended to be



exanpl e, data, instructions, commands, information, signals, bits, synbols,
and chips that nmay be referenced throughout the above description nay be
represented by voltages, currents, el ectromagnetic waves, magnetic fields
or particles tlcal fields or particles, or any conbination thereof.

[ 00394] Tha‘%%”l‘}r ¥ | woul d further appreci ate that t hBCVAIHOH830s3
illustrative | ogical blocks, nodules®circuits, and al gorithm steps
described in connection with the enbodiments disclosed herein may be

i npl emented as el ectronic hardware, conmputer software, or conbinations of
both. To clearly illustrate this interchangeability of hardware and

software, \; P t I g?ﬁm and
st eps have\ll ltéau@escr&ﬁwg%%\o{s\?g geng‘?}glﬂl@tllg ttece%rgsngcc t hei rwﬁiuncééIO %al ity.
Whet her suaddonsiftem stithahepiitojplessanil mped frehiresdlistostbbatoiar e or sof t ware depends
upon the particular application and design constraints inposed on the
overall system Skilled artisans may inplenent the described functionality
in varyi ng wayst ioCcrLaasmEwes:t i cul ar application, but such inplenentation
deci sions should not be interpreted as causing a departure from the scope
of the present invention. WO 2005/039133 PCT/ US2004/ 034063 88 [00395] The
various illustrative |ogical blocks, nodules, and circuits described in
connection with the enbodi nments disclosed herein nay be inplenented or
performed wth a general purpose processor, a digital signal processor
(DSP), an application specific integrated circuit (ASIC), a field
programmabl e gate array (FPGA) or other programmable |ogic device, discrete
gate or transistor logic, discrete hardware conponents, or any conbi nation
t hereof designed to performthe functions described herein. A general

pur pose processor may be a m croprocessor, but in the alternative, the
processor may be any conventional processor, controller, mcrocontroller, or
state machine. A processor may al so be inplenented as a conbi nati on of
conputing devices, e.g., a conbination of a DSP and a m croprocessor, a
plurality of mcroprocessors, one or nore m Croprocessors in conjunction
with a DSP core, or any other such configuration. [00396] The steps of a
met hod or al gorithm described in connection with the enbodinments disclosed
herein may be enbodied directly in hardware, in a software nodul e executed
by a processor, or in a conmbination of the two. A software nodul e




may reside in RAM nenory, flash nmenory, ROM nenory, EPROM nenory, EEPROM
menory, registers, hard disk, a renovable disk, a CO-ROM or any other form
of storage medi um known in the art. An exenplary storage nmediumis coupl ed
to the processor such the processor can read information from and wite
information to, the storage nedium In the alternative, the storage nedi um
may be integral to the processor. The processor and the storage nedi um may
reside in an ASIC. The ASIC may resife in a user termnal. In the
alternative, the processor and the storage nedium may reside as discrete
conponents in a user termnal. [00397] Headi ngs are included herein for
reference and to aid in |ocating vagLAamsIS sections, These headi ngs are not
intended to limt the scope of the concepts described wth respect thereto.
Such concepts may have applicability throughout the entire specification.

[ 00398] IThe p¥reappaatisdemerisipgi on of the discl osed enbodi nents is provided to

enabl e any Qﬁfaﬁ%itékfdrgx%ﬁ%rﬁgisng&gsi ot abQrdTRER Frsgt?&hsm?sjo?lrf%ﬁﬁﬂ,tth& nvention.

Various nodifications t es odj nents’w e . readily apparent to

t hose sKitpttegspissionorayat compitingrcogatidaicd poliohisseiving agdpicHadngt YA nay be
appl i ed dueatiohRed f& iaasH MR & coding sk selRP@ trhhsAdssidrotmbtRria Pitic tesedfedscope  of
t he inv%tion. Thus, the present invention is not intended to be WO

2005/ 03 ¥4 °BARRUS2004/ 034063 89 limited to the enbodi nents shown herein
but is to be aaceovedééat rédetving atestdirpctople secamisiasmissionifoimat Heringrtheici pl es and
novel fer@geweg%upajﬁ%ﬁl osed herein. WHAT IS CLAIMED IS: 90 CLAIMS [|. An
apparatus conprising: a transmtter for transmtting a signal, according to
a first transmssion format, the first transm ssion format conprising a
consol i dat ed APpparabi@comPaisinyi Ng a shared nediumfor a duration and for
transmtting according to a Second transm ssion format .during the. reserved
eisapgpity Ay

dt)
duration; and '@PBEES NeASFFANgG o dershi RYHPR Of A ETL SUBRYNERUs i ssi on
format dumaght fiest corasenivsiibndoradtiaoiudiZz a &omsalixpéadaiolls aredfop trisntiging

according to a second communication format;
a receiver for receiving according to the second communication format; and
means for reserving a shared medium using the portion of the first communication

format to reserve a duration for communication according to the second transmission format.

3. A wireless communication system comprising:

means for transmitting a signal, according to a first transmission format, the first
transmission format including a consolidated poll, for reserving a shared medium for a
duration; and

means for communicating according to the second transmission format during the

reserved duration.

4. A method for interoperation on a shared medium between one or more devices
communicating according to a first transmission format, the first transmission format
including a consolidated poll, and one or more devices communicating according to a second
transmission format, the method comprising:

transmitting a signal, according to a first transmission format, for reserving the shared
medium for a duration; and

communicating according to the second transmission format during the reserved

duration.

5. The method of claim 4, further comprising contending for access according to the

first transmission format prior to transmitting the signal for reserving.



atransmtter for transmtting according to at |east a portion of a first
comuni cation format, the first conmunication format including a
consolidated poll, and for transmtting according to a second conmuni cati on
format; a receiver for receiving according to the second conmmuni cati on
format; and neans for reserving a shared nedi umusing the portion of the
first communication format to reserve a duration for conmmuni cation
according to the second transmssion f@rmat. 3. A wreless conmunication
system conprising: neans for transmtting a signal, according to a first
transm ssion format, the first transm ssion format including a consolidated
poll, for reserving a shared nediumfor a duration; and neans for

comuni ¢ tlng ccording to th econd transm ssi on f or mat during the
reserved dura?ﬁ%HWt& Cﬁﬁ?ﬂdﬁnﬁﬁﬁomﬁﬂep%peratlon on a shared medi um bet ween
one or nore dequesiag acesnhediatadgnalienraidng to a first transm ssion fornmat,

the first traﬂ%gk§§|ogyoEﬁggm]m%%nwggnngmﬂufgnsolldated poll, and one or
nore devi ces conmu acco ®cond transm ssion format, the

met hod conprising: transmtting a S|gnal according to a first transnlssion
format, for r ?ﬁ@ﬁﬂ‘ih@g O?E'l%m?@a\bﬁéiiem @f?ed'rb's'&‘fegrduﬁatlgh”isaat Tl‘%ﬂsm@% &@MAMNI cati ng

accordlﬂgr ond t ansn155|on format during the reserved durati on.

5. The %98) %ﬂc‘)'@l‘%tﬁ]aﬂ lEEEtSP%é P@é??ﬁh sing contending for access according
to the flrst transm ssi on fornat prlor to transmtting the signal for
reserving. tho of cl her co equesting
access tg‘ th TE%QP&‘SS Q ‘5]?19‘(56"] r(ﬂ e%abjiﬁhegl ICSEnEéP %P%hpel“e)gponse to the
request. 7. The net hod of cIa|n14 mhereln the - reserved duration is a

Transmi t anpoThyﬁl'ef% of XY, Bf&ah (iil‘aﬁgmhﬂlgaalnsl% %E%r?&%rv%‘g fRE & Lhedifm The

met hod o rein the si contention free period.
9. The n&rwr%wnév%h%cqmpmﬁrénsfmlftmr@sl?ﬁqvt:stFFQ S&ﬂ%(%ﬁ%) messeges B &S ng t he

shar ed nigkdabe iddatife 8taminiiod diirithml conprises transmitting a Request To
Send (RTS) nessage, the RTS nessage indicating a transm ssion duration.

10.  The method of claim 4, wherein transmitting a signal for reserving the shared medium
for a duration further comprises transmitting a Clear To Send (CTS) message, the CTS

message indicating a transmission duration.

11. The method of claim 4, wherein the first transmission format is an IEEE 802.11

format.

12.  The method of claim 4, wherein the second transmission format comprises a Time
Division Duplexing (TDD) frame interval- including:

a pilot;

-zero or more access point to remote station frames in accordance with the
consolidated poll;

zero or more remote station to access point frames in accordance with the
consolidated poll;

zero or more remote station to remote station frames in accordance with the
consolidated poll; and

zero or more random access segments in accordance with the consolidated poll.

13, Anapparatus, comprising:
means for allocating a first duration for communication on a shared medium
according to a first one of a plurality of communication formats, at least the first one of the

communication formats including a consolidated poll; and



10. The method of claim4, wherein transmtting a signal for reserving the
shared nmedium for a duration further conprises transmtting a Cear To Send
(CTS) message, the CTS nessage indicating a transm ssion duration. 11. The
met hod of claim4, wherein the first transm ssion format is an | EEE 802. 11
format. 12. The method of claim4, wherein the second transm ssion format

conprises a Tine Division Duplexing (9DD) franme interval- including: a
pilot; -zero or nore access point to renote station franes in accordance
with the consolidated poll; zero or nore renbte station to access point

frames in accefedanfoealdchting Heecofdiaatidndal &shmohititich&hah®shangir edigfiot €
station to r?eTz‘Brmge statjon framesl.ti n accord.ar}ceofwi t% the consolidated poll;
and zer o 2670 HRE 10 4 Sty ol aplurality of cormpRication formate i th t he consol i dat ed
poll. 13. An apparatus, conprising: neans for allocating a first duration
for co I catyd S ' r.dj [ of a

pl ural mabf 2‘1899 n?aégstl on “?'glgwg?mgtn%gg] Shé[% %Fogis st{all B%tgesg@%t he

comuni cation formats including a consolidated poll; and 92 neans for

al locating a $8aRNfkrfHalalé MRdhVpe@PRTIY Pérftin RO fRWIAEstghar ed medi um
according to a,second ural i ication formats. .14. The

oma of. aOpI .of co ! :
apparatus of AlCHAHNA Y dpHeR o GRBMUB IR e ParoRipBIRa Ehy. 15,
Conput er oneatiapluealinedt enopetriahbe firmapeatilesmht fiest boé bHwe ngmstiejestioral | ocat i ng

a first HF@'- , i i n a shared nedi um according to a first
one of aqp uEsldﬁp%’gyfﬂ%F@'@%ﬂ#@@%‘?%ﬂ& ormats, at least the first one of the
comuni cat i onall¢gtinge second Hudtionyfo cemypichtigut adhpshared mpdiug| acetding hya a

second duys@hl 8Re b4 plGRANTLEY GaHnh MHicaBibn fgaghar ed nmedi um according to a
second one of a plurality of comunication formats. 16. The nedia of claim

15, further operable to performthe followng steps: transmtting a Tine
Di vi si on 1Bupl @xe argdiatPairh rantarthaitoperadle-to padortdihe dolideeng stesol i dat ed pol | ;

transmitting a Time Division Duplexing (TDD) frame interval- including the
consolidated poll;
transmitting one or more frames in accordance with the consolidated poll; and

receiving one or more frames in accordance with the consolidated poll.

17. A method for communication on a shared medium, comprising:

allocating a first duration for communication on the shared medium according to a
first one of a plurality of communication formats, at least the first one of the communication
formats including a consolidated poll; and

allocating a second duration for communication on the shared medium according to a

second one of a plurality of communication formats.

18.  The method of claim 17 wherein at least one of the plurality of communication

formats comprises spatial processing.
19.  The method of claim 18, wherein the one of the plurality of communication formats
comprising spatial processing is a Multiple Input Multiple Output (MIMO) communication

format.

20. The method of claim 19, wherein the MIMO communication format is a Multiple
Input Single Output (MISO) communication format.

21, The method of claim 17, wherein one of the plurality of communication formats



transmtting one or nore frames in accordance with the consolidated poll;
and receiving one or nore franmes in accordance with the consolidated poll.
17. A method for communi cation on a shared medium conprising: allocating a
first duration for conmuni cation on the shared medi umaccording to a first
one of a plurality of comunication formats, at |east the first one of the
comuni cation formats including a congdlidated poll; and allocating a
second duration for comunication on the shared nmedi um according to a
second one of a plurality of communication formats. 18. The method of claim

17 wher eicBmBlisds@as e MGish Dupfexfla4TRID) AnRfineRAMIRIGAR.0ON  formats conprises
spatial processing. 19. The nethod of "'claim 18, wherein the one of the

plurality of é ini cation formats conprising spatial processing is a
Mul tiple I nputaniul tiple Qutput (M MDD conmunication format. 20. The net hod

of claim 19, wherein the M. M) cormuni ation for s a Multiple Input
Si ngl e Qut put Of'f\/f)réfb?recfg%‘fffﬁﬁﬁ'il il 3ﬂcef‘8@hg1te.co%fﬁd¥§%p?r@t hod of claim 17,
wherein one of the plurality of comunication formats 93 conprises a Tine
Di vi si on JBupl g, B HoEPkIafh ATBwh LR HEbE mbAG}Ss RGmpridesRichddl poinétd _one or
nor e fraé%é iﬁ‘a@ggﬁﬁancéﬁ@dth tﬂg ébns%?iﬁ%tedspowpp 52. Thgnﬂethod of
cl ai m 21, "eRple BN sHBMYRICHHe franmes conprises access point to renote

station conmmunication. 23. The method of claim21, wherein one or nore
frames c rises r t tatjon to access int comuni catiop.. 24. The

et hod of ol aitie SEHE BT 2branan 4BF 6 PR LS SREPT Sede PRFRbog it on to
renot e staatdsopoicorommirgettioon. 25. The nmet hod of claim 21, wherein one or
nore frames conprises random access to the shared nedium 26. The nethod of
claim 17, wherein one of plurality of communication formats is -an 802.11
EDCA for ?dt . The mpthodadclegn 2bf wherainona o1 maredfamas comerisds rpnoteatatioy tof

comuni cathee sfadbMBdmmuRicatddh.

25, The method of claim 21, wherein one or more frames comprises random access to the
shared medium.

26.  The method of claim 17, wherein one of plurality of communication formats is -an
802.11 EDCA format.

27.  The method of claim 17, wherein one of plurality of communication formats is -an
802.11 CAP format.

28.  The method of claim 17, wherein one of plurality of communication formats is -a
SCAP format.

29.  The method of claim 17, further comprising allocating a duration of a-series of one or
more third durations -for communication on the shared medium according to -the first
communication format[[s]] and a duration of a series of one or more fourth durations -for
communication on the shared medium according to -the second -communication format|[[s]],

the series of third durations and series of fourth durations interspersed.

30.  The method of claim 29, wherein the interspersing is selected to provide a maximum

time interval between ones of the series of third durations.

31.  The method of claim 17, wherein the first duration comprises one or more SCAP



802.11 CAP format. 28. The nmethod of claim 17, wherein one of plurality of
comuni cation formats is -a SCAP format. 29. The nethod of claim 17,
further conprising allocating a duration of a-series of one or nore third
durations -for comuni cation on the shared nmedi um according to -the first
comuni cation format[[s]] and a duration of a series of one or nore fourth
durations -for comrunication on the sbared nedi um according to -the second
-conmuni cation format[[s]], the series of third durations and series of
fourth durations interspersed. 30. The nethod of claim29, wherein the
interspersing is selected to provide a maxi mum tinme interval between ones
of the sePieB&lsof third durations. 31. The method of claim 17, wherein the
first duration conprises one or nore SCAP 94 intervals. 32. The nethod of

claim 31, . wherein the ond .duratiaop co ises one or npre 802, DCA
Cneervai 9205 el AEERE0 1 PRk dbe SRER BRI sr Grede dlt PGl Fg o
cont enti diD€Aemtepalsi od for the first duration. 34. The nethod of claim 17,

further conprising establishing a contention period for the second
duration. 35. An apparatus, conprising: neans for contendin? for access to a
shared medd um Bedertendrf clamal 7 further comprisingiestablishings eantrabipn Treq gerqd fer
communi cahé st BhAtigeol i ncluding a consolidated poll; and neans for

comuni cating on the shared nmedi um according to a second comuni cati on
protocol during the contended access. 36. A nethod for conmunication on a
shared neddi. umTheonhiodsofieddim 17 Anthed ¢dmprging chablishivg camteanidn periddofior kecess t o
t he shar e%c(m%dd'uy 0%ccordi ng to a first communi cation protocol, the first
conmuni catton protocol including a consolidated poll; and conmunicating on
t he shared nmedi um according to a second comuni cati on protocol during the
cont endethACCELSappAratus] PsmprRfifed of claim 36, further conprising:

establishing a contentlon_fr?e peri od; ang ) )
means for contending for access to a shared medium according to a first

communication protocol, the first communication protocol including a consolidated poll; and
means for communicating on the shared medium according to a second

communication protocol during the contended access.

36. A method for communication on a shared medium, comprising:
transmitting a beacon;
contending for access to the shared medium according to a first communication
protocol, the first communication protocol including a consolidated poll; and
communicating on the shared medium according to a second communication protocol

during the contended access.

37.  The method of claim 36, further comprising:

establishing a contention free period; and

allocating polls according to the first communication protocol during the contention
free period.

38.  The method of ciaim 36, further comprising :

contending for a second access to the shared medium according to the first
communication protocol; and

communicating on the shared medium according to the first communication protocol

during the second contended access.

39. The method of claim 37, wherein:



al l ocating polls according to the first comuni cation protocol during the
contention free period. 38. The nethod of claim36, further conprising
contendi ng for a second access to the shared nedi um according to the first
comuni cati on protocol; and comruni cati ng on the shared nedi um according to
the first communi cation protocol during the second contended access. 39.
The met hod of claim 37, wherein: 95 a&4first access point establishes the
contention free period; and a second access point contends for access
according to the first conmunication protocol and conmuni cates with one or

nore renote s} ghd QORsAERDiaPBshbOthk REntERFATHe peRBAYLRLCAat i on protocol during
t he contended acce ew‘g?ﬁ’f operable , wth an access Rgl, nt, the

s. 40. Ad .
access poi nt éé?c%ﬂ? PRERTSRY I copfRR Hiesspreosdipg i Ba st goRMUBIcAUeh i on peri od
i n accor ganad! wd donandricsds veidnoALor Gadré Gmddd b laccdrdieg tothe ise@ndonpri si ng:

neans fo%%rﬁ%%lggtﬂnﬁgot%%l ﬁgﬁgg% cgg{r'éﬁ&egi’ag?ﬁg_o the first comunication

prot ocol “durin onten 0 € first communi cation protocol
including a consolidated poll; a transmtter for transmtting in accordance

wi t h_ a SQG.O”dA%WEH!Hp%%ieQQitIPErP&&Es@Jpoin@',%é Me%%irﬁ@ﬂhlﬂfhﬂﬁ@ aAoRRAGon and a
receiver for transmtti ng in accordance with the second cOnmuni cati on
prot ocol fregRFHMPEREOBEAY féh%eé@da%a%ggdan%iw't%hﬁﬁfgpmﬂgvaat&m REOREi We oper abl e

to perfoumvitheniplsingni ng steps: contending for access to the shared medi um
B of ocol i nol DittigShe SRTRUTE GReE seRihgEme St Samrbil g BHRE TR, e
medi um adieorediengort per@dsibe ind ccmmmi@iatchaiﬂromccpirimlmdiog a consplidaged pdl; cont ended
access. 42. A,yhi&hiRSSHER i'tiﬁgfid' oY1 Wl%’égééﬁcﬁéd?ﬂhunié‘z}tﬁﬁﬁr&ﬁcoﬁor3

contendi ng .for access to the shared nedium according to a
comuni c&tihthp coterdsd acqens aid r st conmuni cati on protocol including a

consol i dated ap&klver ®R€ansmitting in accordance with the second communication protocol

during the contended access.

41.  Computer readable media operable to perform the following steps:
contending for access to the shared medium according to a first communication
protocel, the first communication protocol including a consolidated poll; and
communicating on the shared medium according to a second communication protocol
during the contended access.

42. A wireless communication system comprising:
a device for:
contending for access to the shared medium according to a first
communication protocol, the first communication protocol including a consolidated
poll; and
transmitting a signal according to the first communication protocol to reserve
the shared medium for a duration;
a first remote station for transmitting a pilot in accordance with a second
communication protocol; and
a second remote station for:
measuring the pilot and determining feedback therefrom; and
transmitting the feedback to the first remote station.

43,  The wireless communication system of claim 42, wherein the first remote station

further transmits data according to the second communication protocol to the second remote



transmtting a signal according to the first comunication protocol to
reserve the shared nediumfor a duration; a first renote station for
transmitting a pilot in accordance with a second conmunication protocol;
and a second renote station for: nmeasuring the pilot and determ ning
feedback therefrom and transmtting the feedback to the first renote
station. 43. The wirel ess conmmuni cati opgsystem of claim42, wherein the
first renote station further transmts data according to the second
comuni cation protocol to the second renpte 96 station in accordance with
the feedhagkn ifdbcoan@tnacint ¢dedbQEpmuni cati on on a shared nmedi um conprising:
contending for access to the shared nedi um according to a first

comuni cation protocol, the first comruni cation protocol including a
consol i daged POnkthod F@RSMANUnicagorBorsh gkadd ediohdiongpristhgt he first

conmuni cati on E)rtortl col to rSeSQre/%at e dsuhared Cgedlouan%fgro a du]rag.tl on;
transmtting SVBFTAEE 1o 8rca 1i‘)ilﬂsgt FEE BT PAOTORE 190 A BB 8Bt e station
i n accompdanog, the fitst eorsmooingiagmonnd] datudimng peotsolidited podlasuri ng the pil ot at
t he second re st atd r.mj N ; nsmtting
t he feedback ?’?%ﬁ'?%iﬁ@&g re 8%%@%0%@@%@“%?@%@E(g%goetréé {sh?ati on;
and t r anshared msdivaaiona de@beRli ng to t he second communi cation protocol from

the first rem@hgnitdtd Gt iomtdrscRFRRGIIRIDS 8 s&bad FPfbik Radetiar dance with
t he feedback, 45. .A wireless comuni cati OE system operable with a shared

medi um f GFCHENSE Withg S5rRPd OMEHEGeLeR BQ19%Qbrpri sing: a first access point for
comuni cat i on naeoongdithgpitw aatht secohd coomte st tdat dndriefeoniming feedback thereditom;

communi oat | on QLRG0 nd RELL A8aAnE o0SRY IARNEdaRl iRl ArdpeoRacoess

poi nt for conmmuni cati-on accor 0 a second conmuni cation ornmat, the
second acd®dss point operable to transmit a signal in accordance with the

first ] com_mniufaa;dn&m fd&fd%&orﬁ%gﬁ@%rs%@on@ cthhﬁnﬁqidﬁﬁgrPBro’%d%‘él fhaRdnRedi um for
conmuni cati on accorﬁl ng té) the second conmuni cati on fé)br mat .
remote station to the sécond remote station in accordance with the fee

ack.
45. A wireless communication system, operable with a shared medium for receiving and
transmitting, comprising:

a first access point for communication according to a first communication format, the
first communication protocol including a consolidated poll; and

a second access point for communication according to a second communication
format, the second access point operable to transmit a signal in accordance with the first
communication format to reserve a duration on the shared medium for communication
according to the second communication format.



