WD 2005/ 067169 PCT/ US2004/ 043371 METHOD AND APPARATUS

FOR | MPLEMENTI NG DOMLI NK  SDVA | N A W RELESS NETWORK
wWO-L@EDsT@E® THE | NVENTI ON The i nvention rel at es PEnEsnbd/g43371

to wireless communi cati ons and, nore particularly, to

wi rel ess networ ki ng. BACKGROUND OF THE | NVENTI ON

|

METHOY Mﬁ%ﬂ’ﬁ%@%@ﬁeﬂg %MEN’%( HONELINK
ant enna beam® MAIIIN)\AWIRF—&% b
simul taneously use a comon w reless channel. In one
possi bl e application, SDVA nmay be used to achi eve an
increase in overall throughput in a wireless network.

To | npl enent SD&@@‘@ Bﬁ‘bf;iﬁ![ﬁ%Nﬁéﬁmr k, however,

t echni ques and ng downl i nk SDVA

| N THéGRvehtioN BINRE KerReAT th YileRssledremapiestionSsBh&more particularly, to

DESCRI PTION OF T DRAWNGS Fig. 1 is a diagram
er¢lbﬂsu1§tw<aﬂ<mgg an exenplary use of SDVA within a cell of

a wreless network in accordance with an enbodi nment

of the present invention; Fig. 2 is a flowhart

i | ustrat i ng ECIEGRIINED T ToE INWENTEONN provi di ng

downlink SDVA in a wreless network I n accordance

wi tIpatial divisieti mukiple peaehe(FMLers ajmyldnle mess teglguqup that uses

spatié%i é%%ahiﬁtéor} etgf:g%lg P%gwll:al ll)gl’!ﬁxst{sﬁéa ta &ﬂ rﬁ%‘lggv ?%gs%ts to taneously use a
conﬂﬁ(ﬁﬁ%ﬁ%le‘sé"é’t%hélo Th ofib Possfblé Gpplicatich, @)MA@@&?% used to achieve an
lustrati n% a trai ning phase that may occur aSNFart

mcrozasean oveRiheoughputge a wirelessoretaoike T trhplameéihﬁla Ayith@ wireless

res I nvent 0. [, 8

netorky BgvBY Soramibry aad Soss? dnn i S BR S fi, such o
netPGkHed@RFBe ddve E@aher enbodi nents of the present

invention; and Fig. 10 is a block diagramillustrating

an exanple SDVA- based wirel ess access p0|nt (AP) in

accor dance S €

i nvent i on. “AB"260% ' s 4337 DETAI LED

DESER F1 1P£|aq\£gr51ntﬂ|11€sufaﬁh%mmlp¢ﬁ& @bé @pbmlxe@pwﬁﬁﬂ #0811 of a wireless

reference is made to the acconpanying draw ngs that
netgornin abgordmce ofithi 4nl enshadimengiof thepmesent mventhodi ment's in

Wh'ﬁg i isa ow%l?tIJt Hﬂlst%}/ng an example method for use in providing downlink

SDMA in a wireless network in accordance with an embodiment of the present invention;

Fig. 3 is a timing diagram illustrating an example SDMA exchange in accordance with
an embodiment of the present invention;

Fig. 4 is a timing diagram illustrating a training phase that may occur as part of an
SDMA exchange in accordance with an embodiment of the present invention;

Figs. 5, 6, 7, 8, and 9 are timing diagrams illustrating example SDMA exchanges in
accordance with other embodiments of the present invention; and

Fig. 10 is a block diagram illustrating an example SDMA-based wireless access point

(AP) in accordance with an embodiment of the present invention.



10

15

20

25

30

practi ced. These enbodi nents are described in
sufficient detail to enable those skilled in the 5 art

W 00051061169 ce the invention. It is to be under SPODUS200&043371
the various enbodi nents of the invention, although
different, are not necessarily nutually exclusive. For
exanple, a particyh@afiaad WESCRPTIONUr €, or
characteristic described herein in connection with one
entodienfoiowimzydetnéled derceiptort, exferanedis made toghe aqebuppmpsng drawings

tha S oWy b LRt e itog ety i SHERE R ipkeition may be
pracgti?:@% ! Ptk 'eﬁl'Bg@l‘ine%rté' ARE géas'gﬁﬁéd AQuBcidnd Qét%ﬂl ?B’éﬂabl%l tB6RRk#led in the

n eac I scl osed enbodi nent nay be nodified
art toi practide e pavamtmg It isolon iehendspsitodd thahtheswipas embodigents of the

i nvent follow ng detail.ed d on |
inveER o BRIER ATy HE TSRO TR b, Fapgrample, a
parﬁﬂﬁarsﬁgﬁ?e O%rdchﬁe P&E %Eﬁﬁctéﬁéf%nﬁés@ﬂbécﬁ heRid e EoRfdcYioRYwith one

e appended clains, appropriately interpreted, along
embwidithertt Inexyfbe |1mp1remgedmﬂmthmmmsn¢ms wvtﬁmut Idepdmng from the spirit
clainms are entitled, .ln the ravvln
andisggneoLihs lfl}ﬁ%‘t'é’anké* it ftfsho ei}ad?r%ﬂéii %E@P T%C;gﬁon or arrangement
of 115({1{71‘3{151@?%1&&&&@1@1@(@%1?&1sélbs%%mbb&lnﬁ:nﬁ%? b&hnodifieh Wefh8 8§ departing
net wor K basi ¢ service set in a wreless
from elievapitit ankalcbpandithe itventiGEETI@0RIoWing deambslslesra*tpmn l$, lgerefore,
standrd( NSI[IEEEStd 02.11- Edi ti on.and
not ﬁ rattyng sgnsf, pg e scope 2‘?%‘8?‘%% lwﬂwowyeﬁaed only by
e
the Hﬁﬁ’l&‘? oIR8l DR Riceaonk Qut e L gk o euivatents o
whitBTAS¢laints drbenfled. EFRh8 @ravtigs ke dantrale raer) to thheame od similar

"downl i nk" efesto he link or links fromthe AP to
ﬁm?tl‘f@ah'é’éhr% PUARSTEVEREINSr d "upl i nk" refers to the
rﬂltﬁ ell ddf%@lrél%&'ﬁe&@@rk‘{é & a(i)%gl'c%?l(vﬁ) s‘;ep(ﬁiﬁ in ARvirdl8 Metwork
Ivision multipl'e access I's belng
follbwpigetmie MBS 8&)2 hi |W1aaleselrietv@d‘rkmg MHdatcESANSHIEEJE l&td 802.11-1999

Ediguﬁllégi ]lgngegggs %VI Ce]&s?éﬁrg? éﬁ({%ﬁ@%@lﬁte {4@) \r}]‘g:sq(:: {oggr\éwwde wireless

acc%%@@ﬁ%het\%ﬂé?or%@ Pp?ﬁ?&&%ﬁ@és&é&%vgﬁé g&% n‘g;tzﬁwﬁ?p ‘@tl'%s in the

tenna beam o e AP to provi each
IEBSf 802t snanidaid)kete.)u e wabed i‘dmenlink! refhsrte theﬁnﬂcmr lmkefmmthe APto

the umvr A vigh(Eh A B Su I e s e RS s B Heaiset eBige(9) to the
n sz%tﬁall ﬁl\gélglgf@mdiflé %&é\?\%s:(gpl\ﬁ‘ﬂ) E%gt H@hﬁﬁéﬁté&ﬁ%tﬁ’i‘h acell ofa
w1r€16SEQTed\ﬁmk¢mi\1iltiﬂ1e asereiebiocd mey be ablettb eopmaménte with the wireless AP

invention. As illustrated, a_ .30 rel ess IS
congmeAili Qe e vritalesa sbael. y This can %P"é@nﬂ%@ﬁ) %éopivé%a separate
et btiof S Ak Boplitic ﬁ’ﬂfivi% e ofjfe bt Sty SiceeH ptrois an
adequdte 3] oSigslatiew beteredd thesintgina bbams tthaninterfeaerive detvd@n the user

with a second user device 16 using a 2
hnks can be kept low.

Fig. 1 is a diagram illustrating an exemplary use of SDMA within a cell of a wireless
network in accordance with an embodiment of the present invention. As illustrated, a
wireless AP 12 is communicating simultaneously with three user devices (USER A, USER B,
USER C) 14, 16, 18 within a cell on a common channel. The wireless AP 12 communicates

with a first user device 14 using a first antenna beam 22, with a second user device 16 using a
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WO 2005/ 067169 PCT/ US2004/ 043371 second antenna beam
24, and with a third user device 18 using a third
wapdsnedaebeam 26. As shown, the first, secondPCHIS004/043371
third antenna beans 22, 24, 26 are spatl ally separated
fromone another. Because of this spatial separation,
seccﬁﬁfan?é?ﬁa 'béé}# 914' \Jvf‘th Rt 1\6 1S devidderRausiBYa hfd antenna beam 26. As
atively |ti |nter erence between the beans, even
showhgthe firs, sseors], aﬂxhthndlantwnwbaﬂnstli 4, é’@mm@ma@aﬂ}eswparaﬁed from one
ach_of the three user devices
anofhiey - Becaysg ot ApisispatiglsepaLation. rrsiil @F&F@?@%# %{ﬂ{”é‘ﬁﬁgﬂm may be
rela! g&?ﬁﬁﬁé ugtgrf&%ﬁcéjﬁ@cvdegn YELALsL Rbed RBeRAMENMIRe BRANE] is used to
724, 26. Any number or configuration of antenna
conahwemeatt withegctbef bhsﬁtfee user devibesalsh, 1018, Andlosinnediig. 1, the AP 12
maﬁlgﬂirggdl}g&rgﬁqyy@{%ggegg% ng% fgreqsg ?rggﬁequ%lﬁgﬁ% aalgtgm{aq)eams 22,24,
26. | WSt 1 aﬁu@mh%m d IR nSLbE Rustd.0\th Bt Neast one
I|n 10 S In a wreless network i n accordance
embudtrhem;plmad&bﬂmyemchmqws heayreasedto gameeatt thervariots argennagbeams.
er_of ort al sets of u er S are
e 158 Joms e R g gmp e et 30 fR aS i repding downlink
spidestd &ir@fés@ﬁét?v@?@ﬂﬁécc%taﬁcé Wit Qﬁ %ﬁl’b@@n{éﬁ@ of the present invention.
conmmuni cat | on he AP may then galin access
First,@ riuingbenbf mitl&@nmlfsdtswfmsﬂmﬂevmes aratidentifieGbivAn é&R:(Ibim@e’iZ) Then,
t he, user _devices .in t sel ected ort
one(oérf@eﬂe@e’rfﬁ othogenahsibis e e%fe§ qrswgl%%ws?b]g 034, e AP may
therp?a\(ﬁ {c%éss\% T 'V‘Hr%e%s the@fink add1A g&aaﬂ s@ﬁwg%&%ge Wltﬁ%é/ﬁs‘épdewces
taneously a correspondi ng AP using Separate
in tlerseleoted obthagonal %11 ghlocls36)t Aaroethbgorah saiahaqgmhp of eseetlevates within

i sol ati on between the _as iate eans
a collgat AR B EOTBBRTAICUAT I RIIFORSIE Y GrEopRED g»g%v%wegéeparate

ant nﬁa beMensS Stirat 13 thgrlelﬁgﬁﬁ h GdhAE 1evRP AL olhtiod Bﬁeer{ ﬁl? b&obB¥d beams

a nunber of erent” configurations
to abom$oﬁ)¢mrehocommum|camcngw1th'ﬁh¢h qfitke usee devisesnu ltheaset0AS hpartlcular
For .exa ppos%that there are four user der
point g tirge, t @e@ay Jitggrntgenfiguratnsthat a nogsible Joigpervicing
r
ol st g{%ﬂ?‘é%&%?os - R, SRk thifert AW RGBS (4. B,
C, dnlddaD) thhindredodse mathir ackllidad thae usatdeeices Al sal Pugrp@s €lose to one

ano@%%{f@ggeggrgﬁ%s%net ?qngp%p%%é ni)p@rggpl? gqugp t o fggt cfiooers nlcj)? ?nrclude the

othe‘i’r g Zﬁc{to% ath Qﬁﬂe#&%eﬁ&% cal’fjﬁé’ %@%gatéod fo?us%'?lgw@es A and B.

ogonal set nmy e user evi ces

In t]AS sﬁaat@ﬁda Birst Wlhyg(ﬁﬁalh 8¢t l’ﬁa}ema]'uki6$lS6ﬁ'| deoicex A5 B, aAd (24nd a second
wi |l be appreciated, the manner for defining the

orthgpetvb s meay Belude Hesy dewisend Brand Iy Mpgy ofer Safrmn@ﬁ algp exist. As
Wﬂlfb%l%h?{ glrz}{éegg Shggrléd;l%gr 1§ gﬁ?ﬁﬁﬁgﬁ%go’gtg%)gﬁ% ﬁ]ggf?ﬁfay Qigpend on a number of

dlffél’eﬁ}t&habtshmdlwdlﬁﬁ fbf‘@(ah@ﬂm’&le Itulftﬂ)eﬁdf sm&hhhieloui Weadis thit@re possible,
shape_of the

the $t6%fab1|115h%f e b@%@s,ah% adJaaablb%Oﬁ the ﬁh@ec@the %%qw (Sefvespmwidth,
etc. )o{hqu%lltl\éﬁs &%ﬁ% %?Mé\ﬁ?&%l gfrf tﬁﬁ%l!lmbefr ?%ggds%eg{ceg ilill‘“?he cell,

the motion of the user devices (if any), and/or other factors.
When using phased array antenna technology, each antenna beam that is generated for
use in communicating will typically have one or more undesirable side lobes in directions

other than the direction of the main beam. Nulls will exist between the main beam and the
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30 When using phased array antenna technol ogy, each
antenna beamthat is generated for wuse in
weewsneiteat i ng will typically have one or norePCT/US2004/043371
undesirabl e side |l obes in directions other than the
direction of the main beam Nulls will exist between
i 1@ ARG etEn a8l AACht2E 8008 1 @8e nulls represent areas where
Vaﬂé"%%l@%%)g%ﬁﬁmgsne variols side | obZ_s_ (and al go )
littldbet neexndiaihnas grasesti de selebng a b¥are pesitios te upg witbra particular user
areas where little or no radiation i resent. In
devigi 1B o NGVES AR B8 APIBRR (5ATSBaDE gk I F difsion where the
partibafl us%edészc@ it BorRBW IRV Y S the Phaif BeR (AHdagh 880 hERYsalS) at the
steered to a position where the particular user _
maxtievineair sositmmahdthe mls bf the bbam axei in theediractions ¢fotlgr usertdevices
. .hecessarily at the. 5 maxi num gai osjtion) ,and the .
in tefls ASHeRHGBBERRSIRES e redheieoipT BHST Biet PRSP b collin 2
sim th S Pg a'iigﬁ' ge&nl: nuNE AN EtBEAPREE] il 1AB AirdBYorPSS other user
sel ected r tﬁlr user devices in the cell ina
devisesyi hiph degsdeiofisolaBipn ataydeiapigjevdie Orthogenal ketamai e édentified based
pattern in the directi.on of ﬁt her user devices, a
on aﬁFe@HaH%'@?E%SIB?nﬁ & Cée{dilﬁ HEA098- achi eved. Ot hogonal
S et&ftéﬁ)}fthggoﬁa‘ij s&b g\gﬁe%eﬁﬁéé?ﬁiﬁe@,nas%gﬁm aBBNan orthogonal set is
positions Selected 1n this fashion. 10 After
seleotet] Hamotiad idsetifedsote fdrasn in demmuhicating dslode$4).i Bepredetermined

above, an orthogon et IS el ected framthe ) s
selep A PG EEPSDOB e 8 AR SR T‘?@at B tEERSGE%YlC% within
r i i i j ; [ f 1
o o R RLTRASHAE) Sk AP ARIEA BPIRYLARL! t e
one @ambelimemayf tha peesehatiavéntioh she dmeimthifidatatbat APbiiffered for delivery to
transm ssion to_ the user, device. In at |east .one .
the wsep BeN1ess Y ithin e%qh@rﬁwge%tseﬁ- TRRPERR Y561 25 P%"%ﬁﬁ Griteriop for selecting

i 5..byf.f i 5 . r )
o Goblo 1o W BISRIL BBl Y8 i ids, RIS ation o
subgetjuém S DM Aterthamge iofirssddtantiney Eaah obthe idepsifiatl osthogoriahsets may
one possi bl e approach, for ex e, .a i mum dur atj on
thery bsyanglyzed fosietrumine I@mu@y%%ﬁg’ﬁtjp@dffwre@"?ﬁ Bt dFvipReghe et up to
eGP, SIS AL ioaRATh, SRLB gy 1B o i
“traganid sids asf thkeortlogohal sth e rsmthogouml et that has ththbighest transmit size may

duration, The total anpunt of this_data _for a ) .
thergha Fhegrariar copanupnigatiory Qtﬁg&aqtgrs élgayta#@?g@ltep}agﬂglm) be considered in

o o] LS PARRBRI St S BRAL BRSL Bt b e 209

fairGe3EMan0/ o8 athiets FofkXemipl,dn bo¢ sppreachadrsimgpnal sets that have users with a
alternati vel %) be considered jn the orthogonal
14

higlb@OBUPHERIaY bt BFeBRUSTBHOvRS ortheRonakialg e al Gugast y1ih  low QOS
ratil%ralA;%)nsg Fco%g [ ¥dyChe cERRAted £ Iaéﬁdﬂeﬁglbogﬁgﬁl & &t ﬁﬁa; tﬁl making the

e, I'n“one~approach, ort sets t

selebave WUIRY $t mhy be alesifibid tHaDen oathbganairest Heesefficteeinthat has a similar
priority over orthogonal sets tl?}gt have uysers wi

amquaiogata befferad ifioreaciueandn Sieoieh THAS then Baties kreq diff@reances in the
buff%%%hda?z{ érg&gﬁnﬁhe f%‘ﬁéthfo?rtinﬁjestﬁaﬂ B bBgh ﬁtﬁfered, or the amount of time

remaining in any transmission deadline, may also be taken into consideration.

After an orthogonal set has been selected, the AP may gain access to the wireless
medium and initiate an SDMA exchange for the selected set (block 36). To gain access to the

medium, the AP may simply wait for the medium to be free and then initiate a backoff
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selection. Also, it may be desirable that an

ort hogonal set be selected that has a simlar anount
wotoodasacbuf f ered for each user in the set, rard¢iEUSI0b&0M3371

having | arge differences in the buffered data anount.

The I ength of tinme that data has been buffered, or the
. J o O . . S . _
e Sl TR 0,2l ARS8 O pang il il
inclAfi¢ & randferosftdacgfonalthes AP thdr Wserdevies edthédthetsblectel onthygonal set

gain access to the wireless nedjumand initj an
(usispppaEale ARiRBRA heams) prdl apasiere aglgtOWB&?&f}?ﬂé{a‘&&%ﬁ@%@? from the
use SARES ob (afy AZ0 nGont it ot b coble Rl lago WS igg¥ed. Two
conZidatiOs A MM AGE 2dd2E@4 iDda&iining hberty pérfor@t the SDMA exchange are

techni ques nay_alternatively be used. The SDVA
the agasHangoblE pq YBIRS:RIGNMeTH episansa TReRAdRr Rfoblest gplates to the

. . { [ Vi .4 Qi .
e PR NSRS AR MBS ferecived
uset 4igmdd Biveotidelykaoxhepoeerdatelf AGK) if sogaaf thefusernddvives are close to

user devi ces back to the AP to acknow e%gq%gtpg(gt t he

the &by anskosberdiang fod atvay ndlery i spayvsad ity i d Fegqdg e weaker
. . be. r i t.erqn [ r

R N T O

tranghitghgand reendsy misthe Thme niawy. - Thereforglthe transhisdiess aral receptions

_the reception of signals in the AP fromthe user
withjp gicel gnay nessl to bheligned b mgdn sae mappers he recei ved

use . del ' .

'S ARG SR RUET A SRS g s
updefel éfifdrragteor bou ferekambleg thei usemdeyvides wdihid ihe gblected orthogonal set

det ect. and decode the weaker 10 received signal s.

(e-grito bigindniognatian abo the easresponding $SAMA ehpanelsivie WH riiipg may not
r . .
ve QA5 SRR dod KPR MATAAUALERSINH0 S A, T
is, iviniafly Bases,aR¢ telévant infethation el elange sldwilyint therBetivoris anthat updates
manner. A training exchange may al so be perforned

can pgmadsiesafregmmlye Mefe s@rBe Eui afining wall tgically ha\?es to be done
i_nformati f I t '
ot e TR 87 8 o bR R o PP e Bl U Rt beams, sect
appfipiiatebehint ofihinddatealdlithetube devices 81208 dp fdaidNFhe training may be
channels, etc.). Traini n% may not be necessary every
dong jpgrpart phthe FAIMA| exchangsor dPHAZ pATRE oek Petipder devi ces by
a W.r . AP, .Th . | t |
it b o ey A B e R poordance
withpladBsdineatoftie frdént liventibn.e 44 ehdwy, thd EDRIAL exclBape40 includes
formof training will typical Iq;; have to be done at
threp e distinety phgsego &f tainieg pigae 4% e i dtordawnlik pheg v, and an
for, examl e enerat et , aSel ect ri.ate..
ook BB ATR BRERt A5 Rere Brd B0 RO flehafER2 B dotional

e user

Durirfy 8 tr@inind\shabé &,@itﬁﬂliﬁgyeqﬁest il REvEed to &chloithedMdevices
exchange or during some other period.
(e.g.,STA 1,STA 2, and STA 3 in the embodiment of FIG. 3) in the selected orthogonal set.

Each of the user devices will then return a training response to the AP. The training response
can simply be, for example, an acknowledgement of the receipt of the training request. In
another approach, the training response may include a number of training symbols for use in
training the corresponding channel. In at least one implementation, it may be desirable to

allow legacy user devices (e.g., a user device following IEEE 802.11a, g, etc.) to be part of an
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Fig. 3is atimng diagramillustrating an exanple
SDVA exchange 40 in accordance wth an enbodi nent of
wao b@speasent i nvention. As shown, the SDVA excPemys2040043371
includes three distinct phases: a training phase 42,
a data downlink phase 44, and an 25 acknow edgenent
snma.ﬁgse&%euﬁfn arcﬁ%rdagaqh@@a frg rbifest Y ﬂ{dﬂgie%g%liﬂ%acket in the
may be optional. During the training phase 42, a
legdcy girofongl theiggodistts aagspopsed ef orveanmgle, @ zerelength (bB) padket may be
devices (e.g., STA 1, STA 2 d STA 3.in the
trangimgfisgl thsael Brer gptice B)the selpgied ahezenalsos qu%@%ﬂe%@x type ACK
packd B st RE IR g espbrice, DRRD (1% UE Bl @Uflelhd eaining
respolse fignalexayplternativelpbkinosd. edgenment of the recei pt of

S g n g R PR iSRG i Fginng reues
o EUARONE SRR A T e AP lrggonal . The
o o TecL ek oot ol oo
requgst with\arsrainnYs) GEPONED PRREE ﬁéﬁﬁéﬁgdgm ADpIoRR 8 Sgining request
peck v, S S0 R P L6 oh B LR e S for ot

typ@ofiteapahsienchnpasseanpst or albusee devibasngithin (hreudokespaditey cell) rather
fransmtted to each user device in.the

may be ; -
thansidie dearadhay has Begsrrarosandpr ths CofRsRopdmE) Usgiadayiqey Jdie Againg request
i ol
R AR50 bt A A, A0t oy
used espRae the gieless Medival fenthatinadbly ob theUSTOMIA With lkxchange. If the
reference to Fi g} 3. in the illustrated enbodi nrent, a
traigigg a@:megt naekaththe Oy g%lwggettrané@g[@éltusm, the @t:lteg@ begms chosen for the
. . V, l . .
e EPIRRL B8, oSl AR ronrsacs

infor@anemeh theraekkats efayinve de acorived t3f all usee dabicey irt the cell (e.g., some
corresponding . request with a training response packet .
devisgs g be depatadin gukls efdpe errEaspondiag Aten DRfeTIsY Jiagh of ghe training

o
the thi@éspondiappastaeg request iodiratted ts eThelavsralesices ifdlyrbet dvafigured to

corresponding cell) rather than the beamthat _has .
respoad @ pessistesmitegamonat fdimeafiss ehigegucst isgesgived. Dprag the training

pha%e:) ?ﬁ,q{ Hl%% lrbggolﬁges %pé)&.lpe%? 661 Sné' 8 mBf oftfle B cﬁ?ﬁ:g% Wntglgﬂjglg 'selected

exa umreservation request

ortmg&@hlts@t i 9abNRr kbarablé Gofsthe Behr usarfderickh @/ithit tikison In such a
of the SDVA data exchange. If the 15 trai ni%g request
]

casq; &8k et ozl tb?l,lses Qi‘dmsmwmgqué"@pr@ Hherpglocted sefnt/dfppatively, a
e ! it
new c?r?tl”sgpgg%gfﬁﬁ% Be sélF&%% %Pdelgﬁé %&Eq‘ézgﬁh%e ad SHvA! é&b{h(%% €

sel eo 4 ( gon_a _ Iumreserva
I equeld dath BO6WARREK piaBe 4of the SDACK @kshamgy 40 6f Fige3, data 60, 62, 64 is

received by all user devices in the cell (e.g., sone
transmitted to each of the user devices in the selected orthogonal set in a corresponding
SDMA channel. That is, the data 60, 62, 64 may be transmitted to each corresponding user
device in the orthogonal set using a separate antenna beam identified for that user device. In
at least one embodiment of the present invention, as illustrated in Fig. 3, the data transmission
to the user devices within the selected orthogonal set will be arranged so that the terminal

ends of the transmitted data blocks 60, 62, 64 are aligned in time 66. The user devices may
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devices may be located in nulls of the corresponding
antenna patterns). Each of the training request
wWQaoketda608, 50, 52 may include information i deeit/US30041043371
the particul ar user device that 20 the correspondi ng
training request is directed to. The user devices may
cacR & BHAGHEE Uo iPinshRSAONEIR REAY B ToBE AFOMIRE tE end of the
time arter such a request 1s teceived. During t
cortespomiingpdatphrasmidon. iBy atigpingdboicemanberds of tltehﬂata hi»mks 60, 62, 64,

re of the user V|ces it hin,the se]ected
the RGBS 6: TDs Mo CENGbr TSR AF ABFE der it CHY Biie Gt Loast
o Bhali R e dIn M8 I BiSRlonel RoRRERs Fiing AEnnt beoveen
trampetieaidedceded funélismsmat beashievedin the celbwIbe abgedeatriteditechnique

may be sel ected d used i n the subsequen
aSS‘é%Snfglﬁb e amﬁ)“flh%fa ‘gaé% 80 Rotisritedioeeh ﬂeré’tFV’ccﬁén dysyiglected set is

' fa tit 8
lqw?@cgeéa of@%tﬁéo‘ﬁlglg}k@e%?ﬁs rlggsct)ﬂ% 1se egf}V ec})G %e?l? égg%ﬁnsg?ssmnto
eacB @teridevize dotorcempuetelg SDVA channel . That is, the

data 60, 62, 64 nmay he tra tted to eac
corf- SR FIFGIEDERM vl ﬂvﬁlwﬂf@ 3 r%%wgaﬁé%e%ckagﬁr?@ each of

e t &l fﬁl f h
e SESERRR) 9 SRR IS 51 e e e
paramsterst imay be ased td restivateadACK diggl fRym shseddewce that were used to

trathtgmssn on _to the user devices wthin the sel ected
trangpn @6%?SP§€‘tilnﬁndP‘ia 1) EICHSPLIRYEF- so that the terninal

Z In Idlél ook idd) Jqﬁpﬁ{l%ﬁ%hﬁ@%t%g{ég %m&%ﬂg@ @rgt %y%@ Gsed within an

SDRDO & dhaddd@r BESonEaRerind3a Atcordade with aoehbodimedt dsibthe present
transmt_an ACKS|gn§ back, to the AP%t r. the end
inverion. Assheupcingiemyti-user raats regieshpackst &is @%nsrwtt?fﬁ@ allofthe

VR o a5t S

pachthS)Z eay( iclude aﬁformancprr ddentifitieg yhe asargiesibek rfrdm rehicl @ training

thi s, manner, .saone eg{ee of timng alig ment baﬁ cﬁ]éc?
resncrnawhpmga%cweéc@wu tirpet reiRmeregrenlageiSewmay a5 ipglede timing

o8l POt R A RIS s by
of the iddneifisé heatdedicset Aisshown G)N\/thebﬁﬁlmcbmbiﬂeoftfagm chieel uiseikdevices
hase 44 starts (so that it _is known when t

withindpssles s ORIOgonA SRl TEA AeVTA 8, 40 ST A)speiyaining response
pacﬁgtg ah aébe 8%%&%{}6@ qu"l‘?" %Mdl 13 'ié’s@h&g}fe W B ?etsﬁélﬁg stEé ‘rﬁmmg information

receive’an acke rom’ea

withliethe gmilti-0sér h&lrﬁﬁg agjued patkeh 8g0mhé nﬁﬁi-usdrﬁraﬁxnﬁg request packet 82
possi bl e approach, the sane beam paraneters
may, glsg ingude a anediun Heseeyation graHest ?hahm&y (setseddo |f%~°@r‘teh%i? wireless

memﬁl%opﬁlgﬁmta?lo'n_%f” ﬁ@}@résp%ﬂ{ﬁ gﬂgbﬁ\)ﬁg@? ?hg Iﬁ] gt%tné H}Sproach the

user devic
multi-@ef trﬂ@ur%h@ﬁ@essﬁadkbﬁw may b@&amdedmhhg Bn aﬁhm directional antenna

beam (or other type of beam that encompasses most or all of the user devices within the
corresponding cell). \

Fig. 5 is a timing diagram illustrating an example SDMA exchange 90 in accordance
with an embodiment of the present invention. Although not shown, an optional training phase
may also be included in the SDMA exchange 90 of Fig. 5. As before, data 92, 94, 96 may be

transmitted to each user device within a selected orthogonal set using a separate antenna beam
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SDMA exchange (or at sone other tine) in accordance
W th an enbodi nent of the present 15 invention. As
WG bawdne7169 si ngl e mul ti-user training request pRCRES2082043371
is transmtted to all of the user devices within the
correspondi ng sel ected orthogonal set. The nmulti-user
ideﬁtg?éd%g that ﬁ?éi‘%%’i/lcep eB4ndiBY df '&ﬁ g th&{RitBl ERAY of the data
i dentifying the usefr deviées fromwhicR a training
bloclaHaoM 06 asinkthe prgvioas embaduient Thensutd propersmring abigmmeng, a separate

request packet 82 al so include tim i nf ormation
ACKsTaeeat DG Tonr 0. 402 Yoy bf Lemsipifie B qﬂ@@ﬁﬂfﬁggseg.dngsp%aﬂer the end

aG |
o L Eph Syl ASAATA, DY FECATER e B f! . 102y e
alighbd @etimseThdeliewtatevices triay @atthiee swifigotesido afestmﬁgwazh A request
pacfc!%tgﬁg}@eASTégi@R]gq-EQOMO%n]g)S%egter%quan rrrl%f;untgr Iuglgﬁﬁerﬁge request is
e t
rec&@?dﬁ q‘hh?\fiethé{ dtllle_;fjaggt?c?prﬁg | ?}?’6{191'0;31318 g{bggﬁﬁaﬁéﬁg in qlﬁe (at least
appmﬁlmatebéerlntdml puissigler gpoesh, pdaketios naynby imlwded within the data

clude a nediumreservatjon r est _t hat rray
blogls e 90 12 Iells e COPEEROSEIE st Qriceo hal 50 é&K&ﬁq‘&ﬁStS will be

e 5 APPSO BRIl 08 i i o
exafipie, Deing thrBiotk AeldprosocobofIEEErR02-1d k). eltici SHMIA emhﬁrge@O of Fig. 5

beam or ot her type of beam that enconpasses_nost
mayabg ussfuly foe expsenle.ga ¢ stedionherihe prousisidatie e rfrﬁgsmltted to each

N
enbitigi s atintihg tiagrapt dmstrdtingiav exdrisle SDMA?&mlgﬁngél 010 in accordance

shown, an optional training Ehase may _al

with preerbrdiment of the present iBYeigR g EhoBDMA W@an@ 1 1&§>f Big §issimilar to

9 1

the h%ngez% ?ﬁF ig. 2 e)g,%%gte t??te%&%@?%gﬁ%hlgs? AL g{e%gp%sgsf zﬁ is transmitted to

all 61&[36U@dr&ieﬂi&é@ﬁ'ﬁtﬁnbtﬁamleate&"@ﬁ@ﬁbDfe?1ﬁﬁe user devices may then each
PCT/ US2004/ 043371 _identified for that user device

transpiiea Rarrespensting A C¥ pagkpigHln §0.n93 e the ARI2 Rredeiertinghgmount of

2 it o)

’améj thée} r%lg #rgﬁljl( ?l(s)&eACg gt f‘fz ’f]he 1Jﬂ 1ti= lgs%g é&?ig? a{cgﬁg&dlézqﬂéy include

infdrﬁl@ti@@tldmfﬁﬁg @8h ol‘Ot(He k62 dﬁﬁyedoﬁohf &Yhﬁcﬂ‘l uh etkhowkdgdment is
of the_user devices af ter the end of th

reqesstode s B abileast @ae dmplesagatagon, dhe nygti- uwreAA& requggled 12 may be
an@%?tlt(e%tu%g%\/%h 0%1919 ’dn%gt:f'oﬁ‘&ﬁé(rgg%a%e@n ur e]ge ttgp tdfg%amgln}% gncompasses

ent ICéS na e con respon

all d¥GHe 14 devbes \K’ﬂl@ll‘i@he yilédhedegithdgbnflastset 104, 106 108 a
predet erm ned amount_of tinme after the request is

r eddBviig a tiHpg diagraa sbl@%rqé@g reexampla SDMA equ@sgwh%ﬂ igfageprdance
with gn éln%(%g&gnf dF tlllé Cﬁ%se‘n?f{nve ?(} TH %l\ﬁ e%fl ?{% 3K cént%c ﬂs% described

POSSI appr oacn, ormati on nay

thud fie hevd addredsed kandit aldrec8ivetiindihg hﬁgﬁlﬁeﬁt%nmderatmns but did not
correspondi ng user devi ces that separate ACK reguests
addygss themgar-far problem. The SDMA exchange architectures of Figs. 7, 8, and 9, on the

other hand, are capable of addressing both timing alignment and near-far concerns. Referring
now to Fig. 7, instead of transmitting ACK request packets for all user devices within the
selected orthogonal set at the same time (as in Fig. 5, for example), the AP may transmit ACK
request packets to the user devices at different times based on, for example, a predicted

resolvability of the resulting ACK packets to be received from the user devices. For example,
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10 used and that ACK packets are not to be transmtted

in response to the data block itself (for exanple,
wa@giongoetibe Bl ock Ack protocol of |EEE 802. 11 elCT/Tkm®04/043371

SDMA exchange 90 of Fig. 5 may be useful, for

exanple, in a situation where the anmount of data to be
K e e O PE e ievjoes within the
seleBteld drtBogonal segwill regresotvalilé when mtéingl @ncexentiylveittiDie AP while the

exchange 110 %5 accor dance h. an e od|

15 w
ACKpacksie Bansmiftea, B PRGOPF Mg thgnyper éf?zéwamjgu it By !%Pa%ets that
;
s, T e P
at adlifferefit tih€ user devices within the sel ected orthogonal

set.. The_ user devic may then e nsm
cor Wb pefeemegoAts Tp gﬁl@éﬁm@@ﬂ}t mag gavelt@gn aﬁteflﬁléleaﬁlaéACK packets

rec&&&fi%ﬁ%ﬁ%%ﬁﬂ tirﬁfﬁo g’f{\t ffand SV %&(ﬂ'ﬂeﬁe felgglv%ll%t\bftﬁiﬁ Ghe AP Thus,

- user request
corﬂeB}ﬁdndd% ACOKi ra@mnmkete 122l et iateyrargmeitedat d)}ie atah& tuﬁeto STA 1 and
vices fromwhi ch an acknow edtgerrent [ s d.
STM A bard SBA maphseathtrasmit 3 sareinend ing,& et 126,128 a

pre%e%(gr 135 -d ec%m%y i0E laths, qpﬁﬁgtﬂsg ayéb&%. c%ﬂarmmedt atan ACK packet

| ona ant enna or other type of beam
assdd‘itftéd wita STRadwesld nat be :@boltfitde ifseveivdd\at the samé tihieras tHesmther ACK
sel ect ed ort hogonal t 7 t di
o Ehen L ARIOREL, S )iy e bbbt AP e an
t
e AGERAREHE AR i 1225 TAGHTS e i ARt e

effdct] U sbRbtel @viBogul@l & harbden At diviled inte amiltide l‘lieﬁem@ orthogonal
ali gnnment considerations, but did not. address.th

setsrhaggd grpihe prastitedresivabibiel ths eorasrgendipg Froewed sigalsofEach of the
reccg %%?"é%%%oﬁgl soegs{}ﬁ )? Imrcrs]ﬂnﬂlgt(gzl%ior %J}Q rusé}ac%grceéfrg tﬂ@ %l?lg&aﬂgf selected

nment  an

ortHogoR kéts Theedselvabiligy prodistibiomel be based bn ahﬁﬁuhlbér of dlfferent factors
. transmtting ACK request packet s for aI user device
inclyfling; for exranie theicedly e WKL Hie uset dexioes mdhasrlgeted cwﬂwgonal

(
ot 5 el 0% SO BhoctOF A ol ST 163 st
ort}b%&(ﬁﬂ s@the hddulaK e e assdcipled BiithttReluser @sider abthe bdlyctaf orthogonal
e resul ti ng ACK packet s to be received fromthe user

set, dles/¢asing typey assqeinipf avith the west Zgviseimihe selected orthogonal set, and/or

oo b THAREORARAN, Sl S350 pbE 68 g, po e

devi&é@are&@hﬁaéxed ort hogonal set will be resolvable V\,hen
recei ved concurrently within the AP while the ACK

pacI:n@t ariafign ehihet mﬁ)@h@lwrl?-ﬁmf Figt/the theeerAGRpeuest packets
t b
12299 30y ORGP o S 35 S o e ming

infd@bnR86:S tmmdﬂﬁttdsﬁtﬁ &he/ Etresporfingusbr ik Gic€ Ritheh iit® to transmit an ACK
packet. Thus, the ACK request packets 122 and 124 may each indicate the same time to

corresponding user devices and ACK request packet 130 may indicate a different time.
Fig. 8 is a timing diagram illustrating an example SDMA exchange 140 in accordance

with an embodiment of the present invention. The SDMA exchange 140 of Fig. 8 is similar to

the exchange 120 of Fig. 7, except that a single, multi-user ACK request packet 142 is

transmitted to all of the user devices within the selected orthogonal set. The multi-user ACK
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Wth reference to Fig. 7, for exanple, it may have
been determ ned that ACK packets received
weonsieient |y from STA 1 and STA 2 will be respdTakioe4/043371
within the AP. Thus, correspondi ng ACK request
packets 122, 124 are transmtted at the sane tine to
req@gﬁﬁéck@ﬂ g2 §1-Eﬁ1d%s tignl ;nféﬂﬂatgﬁ'atoan&'i%é(tetta?ﬁb etk IElevlces within the
transmt a correspondi ng ACK packet 126, 128 a
selepteddethogonal sel elrpuhey ok to rtnaesmk’ata@prresnondmg PdEK(pah]aaie The times

been. det ned that an asso
indigd by frsamainiget AR FeelBrgorE oF opiscappathe predoed isghuability of
the BB g AL BT hor AL, 4o e B A T itRbscr ACK
requastﬂa423mdy behteaneroitted sys oy lforgaxAﬁplqo ac loeti-dd2ctionat mo:temnaebbam (or
predet erm ned anount | a effec
othgfdfferce a8} PRGRERPASEY alli abUaisR 4o aritif iece creﬁit%thogonal
)mJI tiple "receive" orthogonal 15 sets based on the
predicted resolvability of the corresponding received
si drigl %is aHartihg dibgtaheillustextimigwn exarhpio §OMA esetangerb30 in accordance

with 3 b o0 o s Brsat BeRtion &S DEBMGMsA 159, b tsligpsmitted
to uS&Y c}eggzl 281844 aldet dihb 81sE atfe%%ﬁﬂri%r each of the user

I nc or exanple e recel ve power levels o
deviche Nél&nn cﬂlm/daieﬂ 5 2n13d d56 etanghitttddn tehdgofithe ussetievitdsels timing
signal - ti os (SNRs ociated with the user
infogggien >y, A6§ 63 daderting Give a? Wﬁwgéw'avseg gVicq H§do transmit an ACK
t [
pac]?%%‘dl:]gfdetg? ce:gl)fps?)t ﬁtﬁﬁ%%gla 'ﬁge et\tfﬂlﬁl H%f&g%lgﬁ‘ nglf{%;“ib@ %2 Hay be based
upoasthe) pradietad \Maﬁolhvabﬂﬂy wsehe dentspeading ACK palketst gsbn receptlon as
ors a rel atjvel

ogonal__set,, and/ or t.h
desgitegP OV S AEHNE BHPRNatien 1?2&5%@%@%\96 Ogaefl angyberpithin the
r
cor SRt SRR Bl L1 SRIG6: Pl B 8 5k oMb bk fifh sclected
orthpacrattset wilbsiubd@quei@yt trafisfit YA @K | pabkett 164 $66, tItGSCtoahe AP at the
the sane tine, but each will include timng
indicg{edtiM8t i on t hat indicates to the corresponding user

oL R LIS ST She  BS e

(APD haechitactare 1 8@ it accocdunte syitinah embudiicnd @Y itlee preastt 1A€¢i1tlon As

request packet 130 gﬁ/ indicate a different tinme. Fig.
illusgrafed, therWiglesy 4F AR wefudes: asplpralifngf %@ﬁ%h%,@ngmna controller

e C

182, SHARARer Wl s B R4 A LI T € i0h SRt Blongsystem

1nterfsce£11 8I81 ITIié aﬂtalnatcbﬂtr(ﬁl(a@ had3epdatvefor Fﬂagaglﬂg theperg@htiérhéftantenna
nmul ti-user ACK request packet 142 is

beam? éwé,l?ra %heédu&aawavﬁ ardgnngs d I for ugein eeempnicating wid wireless user

v B En R BANNRST Th5 A0 bR 1 by g, forxample

beaﬂlftﬁimdﬁﬁlctlbﬂﬁhmgfdr Iilfs@fnrmédtﬁhg rhlﬂtlpl&dnd@kﬁddn@ afitB@naltsatns using the

devices within
plurality of antennas 190 The multi-user wireless transceiver 184 includes receiver

functionality for processing signals received by the plurality of antennas 190 and transmitter
functionality for processing signals to be transmitted from the plurality of antennas 190. The
multi-user wireless transceiver 184 is capable of servicing multiple users in the corresponding
network cell simultaneously. That is, the multi-user wireless transceiver 184 may, for

example, generate transmit signals for concurrent delivery to multiple users in the
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sel ected orthogonal set when they are to transmt a

correspondi ng ACK packet. The tines indicated by the
woredosioeiser ACK request 142 may be based upon PEEUS2004/043371

predicted resolvability of the correspondi ng ACK

packets upon reception, as described above. The

n%gé i Ak eR ubiRg Y6 LspAdin PR Ynd it e8I Hehh€ IThE  difoller 186
€0 f &déi;(@‘%%‘g, aﬁﬁgﬁng-gﬁésgctiﬁgggl rlant enna beeam (or et
contbBehe bygrall opetadauof thetwiesiess Ada$sEsThd tonvfolleh &8sy be in direct

devices within the sel ected th nal _set). Fig. )
comrgurcatiof Wigh teateant corrller é& Hrytagds: f@r@m&ge selection and
cre A AP oot SRR L AR Ean e g RS ™M hirf 1% 186 may
be ilnpldnennaiising tor exmple, arear nobey digital wbedssing dewietse dhedistribution

ort hoggnal set using a s?par at e be%m f.or each gf t he

sysiggletntariage IS8, provides # ieriasgibetvepn the gvirelesseAl 180 and an external

AP : | o . : . . .

s SIS By Gy VAR PBLSES, i B o vt

portihie ofi k¢ saei ework, taaothernnstwork ab.gAGKe Iptekat] tHeaphblicoswitched
t he correspondi ng AP@HEE’EQH m ng information 158, 160,

telephgnefgweork (Fad 80, eterh thsfsedi ct ed resol vability of
th i U0an: i .
B D SR
carfyeout e theihat 64 od iygM2en suppdrhdowiilidk SIOMIA spevreisponding network.
transnmitted data 152, 154, 156. Each of the u,scEr .
Theropfreler 146 manidenalyathogenad sety o Hisg dRrPesssing jfqrmation gathered

sbof ARG AL e A ARG RS0l et 8 eh B bivody o
conftb B 186 bhsddwatapaéder@maried sxlactivneritioldh: Mas echtdlleel 8Gimay then gain
access point 20 (AP) architecture 180 in accordan

accqgstio thernebtersdnedivm agd cquse ap SEMACXchapgatq %l.mtmégd- It least one
i R e

SDRIA étches®y sush hethessillusipated #i Migs. 31846, 7a8 candior®l, ITie cdBBoller 186
and a distribution system interface 188. The antenna
may-efinpnetaerioan SDMAs@ining tpe2athsr SA ghagnel pdormation as part of the

SDIgI%{]S{cﬂaljl 23‘81];3 c&@‘[r'oqﬁp 36 rgg}ae“?o éolﬁ%ljopﬁntﬁge%&m H{oﬁé @al été aengélit mode or

enna use 1 n conuni Ca

recéi$€ imode) € \the€ @fulfi-Msérhiraleso arhdiceiden @ BNorfor clamplel e the SDMA
antenna controller 182 may_ include, for exanple, .
exchangef4 oleFigt drig brioaaterioymyd the sentralleg A 8@ maygngiat ithg wulti-user
. 140 ndent e i . '
SRR A Yl s AL Bl g sor

datd &l SorseBE Before tha/ACK! ip@dlé 68, 709172 preowhsdiledito be transmitted.
signals received by the plurality of antennas 190 and

The qoatreHen i8@rmayf alsreinpaies thetaptanap corterlles $3hep teivgteh antenna beam or
be .transpitted t [\u | f .

v RO LA A B g B koM, e
con&BIIM 1B6RBay bt kit dhSeing chmtrdliRe 18D 0 @3 iy hatiglly sephieddantenna
cell simultaneously. That is, the nulti-user wreless
beams assasadtgd withghe @ggrgspp@dmg user devices when the data 92, 94, 96 is being
transmitted and to use an omni-directional beam when the multi-user ACK request 112 is
being transmitted. As will be appreciated, other control schemes and other AP architectures

may alternatively be used.

It should be appreciated that the individual blocks illustrated in Fig. 10 may be

functional in nature and do not necessarily correspond to discrete hardware elements. For
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exanpl e, generate transmt signals for concurrent
delivery to nultiple users in the 10 WO 2005/ 067169
wWERsEA604/ 043371 correspondi ng networ k cel | POEUSIP04/043371
corresponding transmt antenna beans. The controller
186 controls the overall operation of the wireless AP
exaﬁ@ﬂz, in'19essP0Me é?ﬁﬁo%ﬁm%xﬁ?t\x}m% e bithd bIR&S are imBIemented in software
comuni catiton wth the antenna controller 182 to
witlhiaci dingle{ e, mblipled digital procedsngsteivise(s) o Thaigitat pemessing device(s)
of tenna beans during transmt and/or receive
ma P56 Rise.18F Xampife & SRS UFSS TAGORFRG SOty e sighehpragessor (DSP)
' i ERhSled ifdirhatonRe h&R9ICISC), a field
e R o B o AR 4CIS O, afie
progmemabds gaa airay FFGAYR abappliebion kpecific mltepsated\Pird80(ASI), and/or
an external distribytjon systemto allgw )
oth e G SFPIREARS LGRS Aaeo| HATCHAER 178F0VaE% dmves, And hybrid
: ' t he sane network, another network
’““Ee.%ﬂgkﬁﬁe ﬁ%éﬁ%ég, the public switched telephone
netnah& abRSTddscrilsddcenmbodimeldtarthe itventson B4y Been aesdribad ising some

one enbodi nent of the_ present | jon, the X
terippiiel AP CRMmPEBY §0CyRe %@@ﬁ%fﬁﬁg‘m yisless pewokdngmggndard. It

shotifd uﬂ:ciegséoc?d R weYaD Ak tl%ﬁfff%ﬁt% c%m/%rté %rgegnor%éilmited to use within

correspondl ng networ K. e controll
netwolés folfowiag tHed@@i802sldt standbirdu ar the evntearg, ths imvgntive concepts may

informatjon gathered about currently, active user
be igmlateied WithHov EelPss nefoRF fqﬂs@e%Pn%mreﬁés/nqw%%standard-

sel . . . ;

o ke fublohb BTt RIS e eyon g o

togéthyr irhene @i mokbimliviésd dnbddireentetfopithe parposenodrtieamlining the
cause an SDVA exchange to be initiated. In

disderaire. chiys mnethask ofghiscigsareds agiqibeipigEReted AS rqfﬁtétilkg oy }ntention that
o EAMEEHL S B, RO O 1 0 S e,

as the f@lovang/ctiim® refldee inwsmtive labgprtsi86y lidty less themyalhfeatures of each
_perform SDVA training to gather SDVA' channel
dislpsed crbodipeths part of the SDMA exchange. The

co nAftfPAL{gﬁﬁr%lé 2&8@}2 61?‘}6‘?18019 975 rb%éne )Qleg(%rﬁ)t%ﬁ gh rréuq}lﬁiﬁwéglé %vith certain

transm recelve no

embydirabes sit iy piscendeastodBhat modifsaony and vdriatibes Sifbe resorted to
_exchange 40 of Fig. 3 is being performed, the . .
withq fdepariing rewdhemmrit andiseparofitlgainyention ag dhase skijled indhe art readily
C . 3 . .

U S ol L AR BB e purview and
scobd afbeiBehins andilt appdndeé clalies. ACK si gnal s 68, 70, 72

are scheduled to be transmtted. The controller 186

may al so instruct the antenna controller 182 as to

whi ch ant enna beam or 25 beans to use. For exanple, if

t he SDVA exchange 110 of Fig. 6 is being perfornmned,

the controller 186 may instruct the antenna

controller 182 to use the spatially separated antenna

beans associated with the correspondi ng user devices

when the data 92, 94, 96 is being
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transmtted and to use an ommi-directional beam when

the nmulti-user ACK request 112 is being transmtted.
wW@00806116be appreci ated, ot her control schenmesPERUS2004/043371

other AP architectures 30 nay alternatively be used.

It should be appreciated that the individual blocks
whidikusihedgd in Fig. 10 may be functional in nature

and do not necessarily correspond to discrete hardware
1. el efremtisod feopse ihl WEeR@QRNGK 1 6OnRETiHdIS2004/ 043371

exanple,.in at ) east one epbodiynrent, two qor nore_ of

the‘ag}tlfwg a&?‘éfail 8 ﬂ%‘%’&ﬁt%ﬁ Spergyises: whersip eaph orthogonal set
in sgmg%g_ Jifyr oftbELRN Sdss ﬂic%cfza?%‘num €852 RGP e trahfitted to

I dital "processing device(s y 1 nclude, tor
conexaenpllyhy am ageess paint peing differantantgonobemssnr, a digital

si gnal .processor (DSP), . a reduced.instruction set

con%?f?PE’ilg @RI @@nggalcaﬁtpfrew Hics DRy it eihoganah geterbased on a

: fs Bonrogrianmabl e gate array (FPGA), an

pre(gegéﬁ%egtﬁ{?h%g%% liBfé’ ;%lt egrated circuit (ASIC), and/or

ot hait@ting Rcpatinhdivisob inndtiplensceds (SDMAD exeharddar fdnwahe selected

software, firmvare, and hybrid inplenentations may be
orthegeral s¢tn t he above- descri bed enbodi nents, the

i nvention has been described using sone terns that

are commonly associated wwth the | EEE 802. 11 w rel ess
2. netBierii¢thod of elngai dwhdrein: 10 shoul d be under st ood,

however,, that the inventive concepts_are not limted .

t o SGISELNE IHeTthasenglsekiaciudey ssifchng ¢ s bpsedpnggamopnt of data that is

buf%fe@ir}gﬁﬁgiveﬂ]tgt \% {iﬁifi‘éés%ﬁri L Jrd i%?iﬂﬁ?‘é?’?‘%&?m 0RY.

e I nplene n wreless ne ng any
wi rel ess networking standard. In the foregoing
det ai | ed, description, various features of the
3. i nviewimeshodipkclginmy Lypkkereinpget her in one or nore

i ngj @H%é ' .the purpose of streamining
thgﬂ\é& |1§§ﬁ@%0%%§% |cgl(arér%t hod of disclosure is not
to be i rdeadimirthgd naximehldaedtiondosthe ISDMAtexoharigeat t he

clainmed invention requires nmore features than are )
expr ess|oyaluaiing erghqgenalsets i saud pluratily peorthoggralisgls to determine an

f ol i 1B te LI ' e may lie in
I esagr%twﬁg%f gﬂlt?{hgglgtbﬁ;ﬂ}gge%of ' éedg%ﬁlqﬁécﬁ\é)g %]Ia%gé égﬁ(znbodi ment .

Al t houghelebingaresitiigohaivverthatdias hisgddeamonE butfeddidata that can
conjunction wwth certain 20 enbodinents, it is to be
underdstivesad ikin sppdimexiEzm dwatian gf sadd SPMA sschangehe
resorted to wthout departing fromthe spirit and

scope of the invention as those skilled in the art

4. rediclnyethotheiBslsiandvheneiah nodi ficati ons and vari ations
are considered to_be within the purview and scope of
t heelephinganjosthogensl st inchlss wrpgiqualiy efservice (QOS) information as part

of said predetermined selection criterion.
5. The method of claim 1, wherein:
selecting an orthogonal set includes using latency related information as part of said

predetermined selection criterion.

6. The method of claim 1, wherein:
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12 WD 2005/ 067169 PCT/ US2004/ 043371 What is clainmed

is: 1. Anethod for use in a wrel ess network,
w@oopedsNng: identifying a plurality of orthogetEUSHe/643371

of user devices, wherein each orthogonal set in said

plurality of orthogonal sets includes nultiple user

devihﬁﬁﬁn% RALSISRIA l@ﬁcﬁa‘h%@ ?ﬁlﬁde%dsiﬁlﬁltaéoﬁﬁg GHIsRthY d¥a to user
an ‘access point using different antenna beans;

devive$ imsaidwgleated orthbgamahst, using correspondieg phtenzd beynsofo that a terminal
ort hogonal sets_based on . predeternjned. sel ection ,

endofihedatayiansaptied i earBuse, 2ick BeEUS sibynaially tﬁﬁﬁ%m%P@e-
access (SDMVA) exchange for the selected orthogonal
set. 10 2. The nethod of claim 1, wherein: selecting

7. an Thdhedodar clam 6] fucthedesn@airect i ng a set based on an
amount, of data that is buffered for dgl ivery.to use

deveedd¥ingiackiqwledgamest (A&ka siggalidram ey apeigdsea n said selected
orth%)ﬁ{)r;al s& afiglj gai?%%%?ﬁla gteel‘f {r%gsﬁggted WRE&h Said &@krs%{r%ﬁgaré Peceived

ogonal™ Se es: eférmning a nmax
froril yaidtusemdelv ives hipptidithatekcthasgee timeal uati ng ort hogona
sets in said plurality of orthogonal sets to determ ne
an anount of data that is buffered for said

ort ; ' at

8. o e B B\ nagitii:Nds 29 SOMA AR e BRAyGS
delsimehtagdowsly rhnsnsigting; dapaxionmsen dduicas ingnidetles@id drtbBidhal set using
exchange. 20 4. The nethod of claim1, wherein:

corgapaRding igtena bpanBgsfal set i ncl udes using quality of

S B AT R (a8 g g s

orthopandhsdt, afteh e1ié idita haebest tramgmattedor t hogonal set incl udes
using latency related information as part of said 25
predeterm ned selection criterion. 6. The nethod of

o Cl AD demWEF Qb 8 13h 00,2005/ 067169 PCT/ US2004/ 043371

transmitting an ACK request includes transmitting a separate ACK request to each

user device in said selected orthogonal set using a corresponding antenna beam.

10. The method of claim 9, wherein:
said separate ACK requests are transmitted to corresponding user devices at

substantially the same time.

11.  The method of claim 10, wherein:
said separate ACK requests each include time information indicative of a time at

which a corresponding user device is to respond to said ACK reqliest.

12. The method of claim 9, wherein:
said separate ACK requests are transmitted to corresponding user devices at different
times, wherein said different times are selected based upon a predicted resolvability of signals

received from said user devices within said selected orthogonal set.
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initiating an SDVA exchange i ncludes simnmultaneously

transmtting data to user devices in said selected
woedkogumal set, using correspondi ng ant enna bPERES2084043371

that a termnal end of the data transmtted to each

user device occurs at substantially the sane tine. 7.

13.TheT gd%?cféi '8”i>v§ierefﬂ-”t her conprising: 5 receiving
ack n gerren rf?‘ signals fromsaid user devices

i n saisthisiap@ntAHCK raquekidgelndds temsmating n segladmdhi-aseh A<CK request
been transmtted, wherein said ACK sjgnals a
USRI Do e STePTIRASHeS A Said Ve 49%1&%;& i Wl§ptadprthogonal
et.Sanme tinme. 8. The nethod of claim1, wherein
initiating an SDVA exchange includes: simultaneously
transmtting data to user devices in said selected

ort t usi 10, correspondi ng antenna beans;
andﬂerlﬁﬁ@‘ﬁiif)?i:]ﬁﬁnéﬂg‘ﬁ]&%ﬁ@w edgenment (ACK) request to
| l; :
o S e A AR AR indiBhivg ofp e at
Wthh aadh Ber &thmeen saldselaﬂsdlrbtthw gopakbset BGKraspoputiotsaidsinglelamliti-user
transmtting a separate ACK request to each 15 user
ACKdefvast i n sai d sel ected orthogonal set using a
correspondi ng antenna beam 10. The nethod of claim?9,
wherein: said separate ACK requests are transmtted to
15. corTlespethdd nficlased4,0elwreias at substantially the sane

tinme, 11 .The net hod of cIa|m10 wherei n: 20
sepRidiime %ttﬂylelss,ﬁgteeawﬁ d jbased Hpen e, H’f‘éle‘i‘?flé?%?i‘ﬁbéﬁy of signals

recéé% £GhisYf Rbr @videTifhin st gﬁ&éﬁl ?@%Jﬁﬁ?%g' ng user

evice is to respond to sal 2. The
met hod of claim9, wherein: said separate ACK requests

are transmtted to correspondi ng user devices at
16. gj f?@rréﬁ?‘(’df’fﬂé%n Lywasreinh said different tinmes are

el iR DAL LA RY BIIGIE dhERRNAREL V@ devices in said

St gnal s recei ve om sal user Ices wt

selestzid drtheg@el edusing bagsspahdisginterdnh DAGINE G@l’fdrélﬁ%ﬂ.ﬁ%ata transmltted to
PCT/ US2004/ 043371, 13. The net hod  of claim 8, whe
each of yigaq (ST ee\aﬁeSAe%lqd@a JEee nieamatings indiegimg @ ttimg aé which the

corSlAfeTLL I HRSE b BIWESthe 45,10 an antenna beam

npasses d user devices in said
sel ected orthogona

17. The method of claim 1, wherein:
initiating an SDMA exchange includes transmitting a training request packet to a first

user device within the selected orthogonal set.

18. The method of claim 17, wherein:
said training request packet is transmitted using an antenna beam that encompasses

substantially an entire coverage region of the access point.
19.  The method of claim 1, wherein:

initiating an SDMA exchange includes transmitting a multi-user training request

packet to all of the user devices within said selected orthogonal set, wherein said multi-user

15
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set. 5 14. The nethod of claim 13, wherein: said
single multi-user ACK request includes tine
WO nfosioemEs? on i ndicative of a time at which eardiI/uS®p4/043371
device in said selected orthogonal set is to respond
to said single nulti-user ACK request. 15. The nethod

RheGbal Rirlitedh QiR arhddl be L Qo i
g S A S AP R A b iy
an aitignedverageaegion efitheraocass pouit.user devi ces within said

sel ected orthogonal set. 16. The nmethod of claim 1,
wherein: initiating an SDVA exchange i ncl udes

20.1T 03 %ééslk; Beind %AP? bR W8S 8h a%Yélgp?%eit&o&%' éer@%lgﬁlgts‘ﬁgtial division

ort hogonal “set “usi ng correspondi ng anten
multiplr eicess{aDM Al icambrisingnmi tted to 15 each of said user
devices, incluydes tine information, i ndj ca}ti ng a tine at )
whi &Rulthyeser wigeless Bamsaeivgy thatds capsblead sinauliageousinisiyiepganultiple
claim1, wherein:
use%sﬁ)?itﬂggttdi%%éréﬁe %JI%EA&F@:?C eir?gtei includes transmtting a
t r ad cont®lles guesitd reikdkmultbuser fWireddss traseeivés\to ddentifst hmmber of
t he sel ect ed orth.ogonag, s&lt. 20 18. The net hod of . .
orthopanah sgts, ofuyseF dpricess Within thy; OVEges atfzedd sglagiiane 9fthe identified

ortlltgggr%? gétg,.taﬁﬁ rdﬁﬁitﬁge A STAAGR ORI 12E ?&Ptﬁ@&ﬁec@éﬁ%‘i‘fﬂﬁ%&fﬁ? §‘et,S vgherein an

antiial 'y 'an entire coverage region of t acce

orthogomdl . sel 9s aTéee thatt mobhded nadldplen dser Weeiced mhat i cant beatrangnitted to

an SDVA exchange i.ncludes transmtting a nmulti-user
congyrgenihyy the acresy pma@lsgsecdsé@“@repba@mnadqeame user devices

Wi thin said sel ected orthogonal set, wherein said

mul ti-user 15 WO 2005/067169 PCT/ US2004/ 043371
21. tr @il AP of el@ite 20, Pah&siongisingansm tted using an

ant enna beam t hat enconpasses substantially an entire

c oA RIna £gRiselless coupledde shesmulbionser wirstpss mansseives $o manage the

gengrgig?llﬁgfﬁglm‘faotfeafﬂ?mjtp?ﬂw rel ess network inplenenting

rvision "nultiple access (SDVA), conpri sing:
5 anulti-user wireless transceiver that is capable of
simul tanequsly servicing multiple users within a
22. coviheatyR obeledn 9, whaeinp; and

 said controller selects one of the identified orthogonal sets based on an amount of data

that is buffered for delivery to user devices in each of the identified orthogonal sets.

23. The AP of claim 20, wherein:
said controller selects one of the identified orthogonal sets based, at least in part, on a

maximum duration of a subsequent SDMA exchange.

24, The AP of claim 20, wherein:
said controller initiates said SDMA exchange by causing said multi-user wireless
transceiver to transmit data to each of the user devices in said selected orthogonal set using a

separate antenna beam for each user device.

25.  The AP of claim 24, wherein:
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a controller, coupled to said nulti-user wreless

transceiver, to identify a nunber of orthogonal sets
wo@Rooamemedevi ces within the coverage area, to BEI/B881004/043371

one of the identified orthogonal sets, and to

initiate an SDVA exchange for the sel ected orthogona

set sia1m%ﬁ€blﬁbraéhu§& il hcgl 80 A& beS Bhndnfitted Sbg/t s4ifl aﬁlul’cl,-user ireless

includes nultiple user devices that can be transmt ed’
transceiveraodbatrasietrhinalogndidfehadat® grsngmaiited taisich@fdied dser éﬂtlces in said

. anten a be ns. 21. Th aim 20, further
sel e& S%W“ﬁhﬁséﬁﬂi’s@&ﬁ%‘ﬁib&‘ﬁéﬁme@&ﬁpl ed to the

mul ti - user wi rel ess transceiver, to nmanage the
generation of antenna beans for the AP. 15 22. The AP
26. of TmﬁﬂumOZBthnérwhﬁehsaid controll er selects one of

the | entlfied orthogog ?ets based on an apount of
dat38id tgpRfrofler rapsesy syds g tél'e‘-;lﬁ"r‘rvé?\“}?e B8 GaBiceHisyi tedrangmit an

ackﬁf\ﬁ% ngézrg&ﬁ? ctdé?t”c& el dnst o dSBPERRMs 11*?% selécted Jl@l?oﬁﬁ%ﬁ%t using a

rein: sald controllar se ects one
separdiersntdnne dean titvogoh akerslevise dwe dhid dhtall@abten tharpatifted. on
a 20 maxi mum duration of a subsequent SDVA exchange.
24. The AP of claim 20, wherein: said controller

7|rufﬂggp%fgﬁhg2§qw%§%phange by causi ng said

ti-user wreless transceiver to transnit data to
eadchidfcontrellers enudsvsaids multi-asdrd wisdlest ednweivepog@natansmit an

set. ysing a separat enna beam for each user
ackgayiei gemens Toapicsiriscah oifthe ek yAces\ified pelected gthogonal set at

sub&%gfllg%&%é: £US2004/ 043371 said controller causes
sai ata to etransmtted by said multi-user

w reless transceiver so that a termnal end of the
data transnmtted to each of the user devices in said
28. seljgk?t%%‘)gﬁlla%één‘ﬁheré@t occurs at substantially the

troﬁcﬁr CIHS%S AEEH&’ nﬂ‘ﬂlt?hggrzz\"mremgr ?rlcnqsc 1§fef3 a1.10 transmlt an

con roI er causes sal mnreless ranscei

ackiicovlcdgonsdnt tre@rest RCéavbvdiatieenandevicgusshid seleseah oﬁlflogohal set at
user .devices in sald sel ected orthogonal set, usi
differspftinaess VAIeFedR paid Wifare it imes 26nbassd UDeIe ¢ Decdlicted teé?h’@‘%ﬂlﬁs’ of the

ol Bagkiaiagd o0, 27, The 4° of ol a2
W rel ess transceiver to transmt an
29. The AP of claim 24, wherein:
said controller causes said multi-user wireless transceiver to transmit a single
acknowledgement request to the user devices in said selected orthogonal set, using an antenna
beam that encompasses all of the user devices in said selected orthogonal set, after said data

has been transmitted.

30. The AP of claim 29, wherein:
said single acknowledgement request includes timing information indicating a time at
which an acknowledgement signal is to be transmitted by each of the user devices within said

selected orthogonal set.

31.  The AP of claim 24, wherein:
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10 acknow edgenent request to each of the user devices
in said sel ected orthogonal set at substantially the
wG@a098/06716. 28. The AP of claim 26, wherein: sSBETUS2004/043371
controller causes said nulti-user wireless transceiver
to transmt an acknow edgenent request to each of the
US &aidl @¥ta CRshshiticiPiodeR B STOhE ds & §H0ERNR! saRPbel8died dRhogonal set
different tines, wherein said different tinmes are
inclpdsetimingonfamptieindicating e simevahyitich gn adknpivéedgemsnt digmad)is to be
acknow ed t signals. .29..The Al cl aj m 24,
Rl e A oG Cteoier B85 i it St arthrarl Sber
wirel ess transceiver to transmt a single

acknow edgenent request to the user devices in said
32. sel Au bl coronipp g staege mediimdaning anstraniians sk@edbibeareon that, when

t‘ga(i enconpasses ﬁjl of tlhe user devices in said
CXCQEP EY_@&O g B Pm%’éftes,utalflier_ said data has been
tr qa&mglfn%‘%g)\}wﬁglig%rtﬁg%dﬁfal SR s G YevitBE Wepér%ré 82 %brthogonal set

single ac dgenment Tequest includes tim
in saidfpduradatyi afrorthodomad séte tncindes mmltiile usdridehicesithat can be transmitted to

acknow . edgenent signal is.to be trapsmtted by each of
Conflﬂ'ée’ﬁ]é’é’ry agleqypg%gomqluﬁqng diffGrent aptenua PEANSd or t hogonal

Selseledfing HAC oAflognal k&l Fokd theMBREAID: ofl ért 1 set
2005 Ces Co° pfolnalisd) Boat e DEEAD of drbAonal sets bpsed on

predetergandd selectibe cueiongemi ces in said sel ect ed

ort.hoganal set, jncl.udes tjni ng inf tion jndicating

2 intete a,pmedal divisien mldagenen (TgANexrhangs K6 e selected
orthbp@i gt ted by each of the user devices in said

seél ected orthogonal set. 32. An article conprising a

storage nedi um having instructions stored thereon

that, when 5 executed by a conputing platform result

in: identifying a plurality of orthogonal sets of user

devi ces, wherein each orthogonal set in said

plurality of orthogonal sets includes nultiple user

devices that can be transmtted to concurrently by an

acgess int using djfferent antenna beans; selecting
33. anc@'ﬁ%@@sﬁ Flaglétsgff‘?’ Yhe plurality of orthogonal
set ' [ ' L 0N .
g o L L o B e o Ao Wi thatis
buffesoNgy) daivehatogser davideh evithid exchex said identified orthogonal sets.

34.  The article of claim 32, wherein:
initiating an SDMA exchange includes simultaneously transmitting data to user
devices in said selected orthogonal set, using corresponding antenna beams, so that a terminal

end of the data transmitted to each user device occurs at substantially the same time.

35.  The article of claim 32, wherein initiating an SDMA exchange includes:
simultaneously transmitting data to user devices in said selected orthogonal set using
corresponding antenna beams; and
transmitting an acknowledgement (ACK) request to each user device in said selected

orthogonal set after said data has been transmitted.

18



10

15

20

25

orthogonal set. 33. The article of claim 32, wherein:
sel ecting an orthogonal set includes selecting a set
whamedeam® an anount of data that is 15 bufferecr/ii82004/043371
delivery to user devices within each of said
identified orthogonal sets. 34. The article of claim
36. 32, THRTiBle'df clath B52kh&8irAn SDMA exchange i ncl udes
simultaneously transmtting data to user devices in
sai ttarsalittiog @d ACK hegmstinckides transimiging arsepsptendlCEgrequest to each
ant enna beany, S0 that termnal end of the data
user et e leG e AEHORRS SeioTEd etk ding aninna beain.
substantially the same tinme. 20 35. The article of
claim 32, wherein initiating an SDVA exchange
37.1 ncThedmticle ofichmirh34nebersiny transnmitting data to user

devi ces.in sai el ect ed .ort hogonal. set, using .
Cor PSR 4D At ExARertIecliiss TR § Anele ytispper ACK request
usirRCHAMNRY BEAR Mat CANpas &I YA sﬁi? tug&?r‘aévfé%?gi é&?’ egegt d'brthogonal

sal d selected orthogonal set a al d dat een
set.transmtted. 18 WD 2005/067169 PCT/ US2004/ 043371 36.

The article of claim35, wherein: transmtting an ACK

request includes transmtting a separate ACK request

38.t 0 BRGRHcIESELIafRSh CRhdrinsal d sel ected orthogonal set
using a correspondi ng antenna beam 37. The article of

cl dnitiaBbg anhEDkiA exchahga nsdudes itrapsmittidCidatacipuesetr devices in said
i n¢gl udes transmtting a single [ti-user ACK request .
selef e AHIGRPrh S FAE AP HRE Bh T hee o rpingpidgahransmitted to
r ' j: ' I G . get .38 The:
cack M s Vs ey Mot (A0 3ArRRAADHIRoRCh, (g ot Wffch the
correypmind mgaisenddviatas td acknewiddpe g dht.a t o user devices in

said 10 selected orthogonal set using correspondi ng
antenna beans, wherein said data transmtted to each

39, _of @&M%@&pﬂﬁ}ég?es i ncludes time infornation

indicating a‘ti at which the correspondi ng user

dew erality dfanderinn eldnedgpethathiaclddésaat 188t ok diysle @menna element;
conprising: a plurality of, antenna el enents .t hat _.

i N YHesUHL Wi UgREeHEhoR COHRERFRALOR Vi ftid Plusalify of antenna

eleng@gll.:t%i t%?’tﬁ {r%;ﬁfﬁtag)ll%lo@ %ﬁu@tﬁﬁ%ﬁ%"%iciﬂ% HAMPIO WEAS Wil 4 Hetwork
coverage area; and

a controller, coupled to said multi-user wireless transceiver, to identify a number of
orthogonal sets of user devices within the network coverage area, to select one of the
identified orthogonal sets, and to initiate an SDMA exchange for the selected orthogonal set,
wherein an orthogonal set is a set that includes multiple user devices that can be transmitted to

concurrently using different antenna beams.
40.  The system of claim 39, further comprising:
an antenna controller, coupled to the multi-user wireless transceiver, to manage the

generation of antenna beams using the plurality of antenna elements.

41.  The system of claim 39, wherein:
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el ements, that is capable of sinultaneously servicing
multiple users within a network coverage area; and a
weonwsnaiiber, coupled to said nulti-user w rel eBGT/US2004/043371
transceiver, to identify a nunber of orthogonal sets
of user devices within the network coverage area, to
sel 8¢f cOMRIRE idififtes ¢Hd ISV é}dcﬁéifl%érl;}h&ﬁl@ﬁ@ saRPHRlti-B8 wireless
to 1nitiate an SDVA exchange for thé sel ected
transedihargo trahsnsiedata wheack bfithausardemisgoinahidsetecied oathegonal set using a

t hat inclydes nultjple user devices that can be
Sep%fﬁmmm@aaméorf@sh SHEASKICy using different antenna

beans. 40. The system of claim 39, further conprising:

an antenna controller, coupled to the nulti-user
42.wi rBleegystent afidaisi 4lg wheteinmanage t he 25 generation of

ant eppa be using the plurality of apntenna,el enents. .

o1 ahgoR g A eSoraid o 10 Tsclinsirin g Wigrae Gae ek avireless
tran%)g#f% QQ%/ AA33AH endRF %é&"ﬂfﬁ FhdnGifted B EdcBlof theSREAISIMR in said

exchange by causing said nulti-user wreless
selectedrsthepuen s¢tamcturaatsubstadtislly the semetingf t he user

devices in said selected orthogonal set using a

separate antenna beam for each user device. 42. The

system of claim4l, wherein: 5 said controller causes

said data to be transmtted by said nulti-user

wirel ess transceiver so that a termnal end of the

data transmtted to each of the user devices in said
43-3e|@2‘9(%’6t38¥? &BH ""g’@{e“&iccurs at substantially the

sang;d '{B%troﬂg’r chlisS %He[ﬂﬂ&-ugéra'\ﬂ}e‘fés’s WaBLRIV: ®%tfnsmit an

controller causes sald multi-user wreless transceiver
ackhowledgeradnt recauest td Bachaif immserdpvices in saidjsedstted atlegohalabt, using a

the user devices in said selected aqrthogonal set,
sepgraferfgteana g@%ﬁa Toieach Heca dRuionedict P d%tégﬁg e transpited.

after said data has been transmtted. 44. A nmethod for

use in a wireless network, conprising: determ ning an

44, anAimietiodd fdatise ina wieclessarswork] esnprisigach user devi ce
in a group of user gzevi ces; 15 determ_ ni ng, when data

t r SASSTHTIRING AN AR of datp to ke tnswifteddp eachuserdeyicedn g grqup of user

deV{ClgS.sai d group of user devices so that data
ransmssion to all of the user devices in said group

of deseminidgwhen datacranbmatien natdssto bstseanted €01 gach lnsersiemize in said

time; and, . C
group of user devices so that data transmission to all of the user devices in said group of user
devices terminates at substantially the same time; and

transmitting data to the user devices in said group of user devices at the appropriate

times so that data transmission to all of the multiple user devices terminates at substantially
the same time, wherein data is transmitted to each of the user devices in said group of user

devices using a different antenna beam.

45.  The method of claim 44, further comprising;:
receiving acknowledgement signals from said user devices in said group of user
devices in response to said transmitted data, wherein said acknowledgement signals are all

received at approximately the same time.
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transmtting data to the user devices in said group of
user devices at the appropriate tinmes so that data

W e@smeitesi on to all of the nultiple user deviPE&BUS2004/043371
term nates at substantially 20 the sane tinme, wherein
data is transmtted to each of the user devices in

46. sakgkghgﬂgdgfdg§@n5 Liges using a different antenna
beam 45. The met hod claim 44, further conprising:
r emalwaquowwdgmmdmahme sac@rractesva‘dnnmchﬁeﬂntmemve beam.
devices in said group of user devices in response to
said transmtted data, wherein said acknow edgenent
signals are all 25 received at approxi mately the sane
time. 20 WD 2005/ 067169 PCT/ US2004/ 043371 46. The
met hod of claim 45, wherein: said acknow edgenent
signals are each received in a different receive beam
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