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FOR | MPLEMENTI NG DOANLI NK  SDVA | N A W RELESS NETWORK
WO-R@EMAFY THE | NVENTI ON The invention rel at es RENMES20D4/443371

to wireless communi cati ons and, nore particularly, to

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

b

si mul taneously use a common wreless channel. In one
possi bl e application, SDVA may be used to achi eve an
increase in overall throughput in a wireless network.

To i npl enent SDIS\Q' i ﬁ S rk, however,
techni ques and B OF W%@d@ﬁg downl i nk SDVA
| N THeGhvehtion e&1es %erféﬁﬂl@' tb YilkRssenahomestionSBhd&more particularly, to
~ DESCRI PTION OF THE DRAWNGS Fig. 1 is a diagram
wirglessmstwerkingg an exenpl ary use of SDMA within a cell of
a wreless network in accordance with an enbodi nent
of the present invention; Fig. 2 is a flowhart

i 11 ustrati ng BACIEGROUNDOE THE INWENEEON N pr ovi di ng
downlink SDVA in a wireless network in accordance
wi tpatinl dinisinn mekiplopcoepre(SHMAd s aimylinle asgess teghyique that uses

s a timng. diagram il trati .
ol B e ML A ety o
conPh@PRtlebMRRhEI0Mh okt Posstblé spilichtion, RDMiAagaR B used to achieve an
_ illustrati n% a training phase that may occur as part
incredseadn oveplitheovghpuiga 2 wirclessaretpike T tmplameéﬁwaﬁ%rﬁh{l wireless

neofik A BT S raneionyy ol Saing o Ry deiahiga PRSI fy such o

net PG & He R RL_: &Wetb’;__)@&.hef enbodi nents of the present
invention; and Fig. 10 is a block diagramillustrating

an exanpl e SDVA-based wirel ess access point (AP) in

accor dance MHESE T8 gnt
i nvent i on. SAG-266510671609 PCTTUS20T : 1 DETAI LED
DESERI IRt @b driin iigtrhfhd SvexRenpliiey abd GRBIERCHItRiniaRll of a wireless

reference is made to the acconpanyi ng draw ngs that

netwsdrivin apsprdmnge vfithi dnl epshodimend of thewesent mvemtbydi nents in
m'P“‘ig i Psea h(r)]\yvc natré ﬁl%st%%lgba% 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.
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practi ced. These enbodi nents are described in
sufficient detail to enable those skilled in the 5 art

W@ 200806169 ce the invention. It is to be under SRGGUS20ME043371
the various enbodi nents of the invention, although
different, are not necessarily nutually exclusive. For

exanple, a particy@rAfiga WESCRIPTI@KUr e, or
characteristic described herein in connection with one

entiodhefolowingyletailed dgsiceiption, mfemmeﬁs mage todhe anspmpmyEng drawings
Wi, t hout depart romth nds e t he.
that S D oHEY b Lttty ppesific it gea i SERFE RS ipieffion may be
praé‘cﬁ@?1 | PERE ERB o Bimedty ROSQEER iA QuiFicidnPadtyil ﬂi@ﬂabl’é'tﬁdﬁ@ Rki$led in the
in each disclosed enbodi nent may be nodified
art toi priacticte tHe paventing. If isom tiehendsysiaad: thainde sewipas embedigents of the

iR RoPrRieh VGEIP B8 TOBCPHIY FHIRGY g LBee, Fapgrample, 2

partidi@ar SEREe, Aircife, PEE SRBhctErNRNAdsOfbd B heteld RedoRmdcoRWwith one
the appended clai s, approgrlately i nterpreted, along

embwuidtrhent heyfbe hmplemg@d@mhaqazt sraibotgnants wilhoug ﬁenahtmg from the spirit

andglgc?pigﬁf@ngyél%tgg%e%dlt&nﬂt isfp %e ! qr%ﬂ%c} %haﬁtﬁis Fotc§t10n orrrangement
of 1r'i(ﬁ{/19HzQ @%enttshx%t&ﬁ‘é%l?dlsdés%&@mb&dinﬁnﬁﬁlé}l' b&hodifiell Wethestdeparting

network (e.g basi ¢ service set in a wrel ess
frorn dievapirit antlccomawiithe trtvenﬂl(EEEFlﬁdEHQng demlbdslemmmn I, dlagrefore,

standrd( |/ 1 EEE Std, 802. 11- on. an
not i Byahgs in g S s B6 S6cke o hygrenl InvRBj e gofned only by
the H dé@cl@ﬁﬂé’ laBBroptiaRlyPRferpRERCaBng Yith\Ble FEll YK of @l’;ulvalents to
e nmore witeless user devices (e.g., "stations'
whlélsmsélam drbentiled. HBEL8 O2avtitgs; likn dangrale rafer) to thnsame pnl similar
efefs to the link or links fromthe AP to

ﬁm?tﬁ’él\gﬂ‘é’égméllg{}‘?‘gé SIOVERhEIERSr d "upl i nk" refers to the
| rllfl.aq‘lrell éif%%éléé%rﬁew‘@rkt{é 8! adavit %@&/ﬁ‘)e SEP(HS'S? in ARvired8 Retwork
spatial division nultiple access (SDVA) is being
follbwnigeuhedEEﬂ $02. hi wizlese netvadfrking smndetcEQSNBHIEW IStd 802 11-1999

o o35, S SRR, SONFAD SR St v
acc%ém@ Inet\@. ?oerﬁQ PP&O?&\QQHB&S‘L@Q%VMS{;S% ”Q;tzfﬁoﬁ?p&r“@qﬁs in the

antenna beam of the AP to provide wi th each
IEE®f802Hd standaidybie.)u Sae woed i‘dmenlink? refens rt@theshnkror liabiefromtthe AP to

the ]llq%}/ gﬁl%\flgqf(@:qs Lt &E@;ﬁe ﬁéeefnargt 4 e?%sgp%%%gﬁigé%gre&&ﬁe(s) to the
n \Aﬁtﬁaﬂ ﬁlvgélglgﬁ‘llﬁmgflé %&é\%s:(gpﬁe\gzg) @%eﬁ%fﬁ@le‘%e&té&sﬁlﬂﬁﬁ acell ofa

w1raessofedadslﬂzemmittﬁ1e aser elabioek nrleylbe alﬁlettdn eommaate with the wireless AP
|nvent|on As illustra ed rel ess

CONEHEALRY| QWP SEIS WA SH IWP«'HI hree Pdéémilﬁsé%%a separate
anténH%E%}r@g HeAP B p_]l‘_tﬁ @]f \;vﬂh e%i‘x rof %lgbct%ih Blduser &Rfides Q@Eére isan

annel ess ni cat es
ade@uefte test] olsieslatiey betereddl thesintepna béams tthaniméenfeserive eiva@n the user

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

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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WD 2005/ 067169 PCT/ US2004/ 043371 second antenna beam

24, and with a third user device 18 using a third
wWQshaerehbeam 26. As shown, the first, secondPCEHSR004/043371

third antenna beans 22, 24, 26 are spatially separated

fromone another. Because of this spatial separation,
sec&H?'ldanEé?lﬁa befh 3l £ vith PIENI ¥65devideeRusiYa #Afd antenna beam 26. As

relatively little interference between the beans, even
showhgthe fitw, seeorel, irhthitdlaniesnalesst23, B4, Q6rmnasnatiallesepatated from one

anoffgf Boasf AR HcirPREY . (G AFTEYOToR AR ERabere ay be
relaﬁbagrqﬁﬂe n%grfél‘aﬁcéjﬁe%w'eéh GRGdaRls! Beer WReR MR BRAREL is used to
Any nunber or configuration of antenna

conamnm mﬂm'ycmf the dutee tiger devitwadi 1and. Asdhodinipfig. 1, the AP 12
%i%gd@%]%r ﬁtyvé)lﬁarg%ggé ues%t?n‘gg fgreqsg ?rggefnltewo @ﬁgﬁe{ éal}teenna eams 22, 24,
26. 1 Alnysﬂdn‘%e% NG &%D{}%ﬁr%@f@h eof%ttém 3EnéRE niSebd Rus®. Oth Gk Néhst one

downhlink 10 in a wireless network” i n accordance
embmdtmem;plmmﬁnirayamhmcmes erheesemto ganeratyt fhervariol argennadeams.

" anE 1 & dopyhat Tpireiasmexamp e b 36 RSt repdcing downlink
SDINAEAtd %ir@@s@ﬁét@’@ﬂ@ﬁﬁicc%ﬁﬁce‘ \§1t1§ @111 @ﬁlb@&im{e‘ﬁf of the present invention.

communi cation (b 34). P may then gain access
First,@ rulbendf @ttegsnaisdtsuﬁumdevmest arat@naﬁec‘smn aPolblnel82). Then,
er_devices . i selected
one OE HSRETREFD ORAOGT B UL AT LB B CoRegoB (Ol gerD. The AP may
therpg[%Yﬂ {c%éss% fhla ‘vﬂreg;és fhe@Rinl aﬁdriﬁ‘ﬁlg&%ﬂ SWR%EIM?E B heMst devices
taneously a correspondi ng AP using Separate
in therstlented okthagmal ﬁ) dilo¢ks36)t Aarethpgomhsed tkengrate of wseedevades within

sol ati pn between the _assogi ate eans |lo .
a coll 3Rt i B PO A OR T ROBIE BY eorRerongiie Al yripg separate

antegﬁa béensS &that L thgreﬁ 5t AdeqL AL levepéfqéolétfbntﬂe@@eent H€5&oBB¥d beams

nunber of erent’ configurations that are
to ajpors soiduerehbcommnriceationgwithreddhi gtk uwsedsvisésnu theasee0As b particular

poit ) 15, e Biay Hid A7 OEH LA B SO R i ik RogT e dpfgervicing
mulfiPRhuss @ﬁnﬂeﬁe&egy G: 38! pOhcth A3Ferb o288 uBFEETIES (4, B,

I's 1nmpossible to ene te a beam or one
C, antidm thhiadre chotige mithin acellided thae usatdeeices Al &al Banpes elose to one

anofig (hab G IATPRISBIC 10 HOEFGh BRoTa et Gl Ofhpir (Gt dods nor fclude the
othe‘i’rgll’b%gsﬁ se? s %: (;cé RGOS eHRS CarliEy n% %%t&] fo?uséé”&gvlgesAand B.

gonal set may ude user devices
In t]As sE,latmana Brst Mhthygmtaheﬂ mayema]ludossalcbmcexAsB aidd C2md a second

be appr eci.at ed, ner or defining the
orthes?wégéﬂéay 1gglude Hagy de@ﬁ 1{% M@@V offter sggnerigs alsp exist. As

w111fsbi%%hﬁre§1a{e'act!hg Medder Ifoﬁ Elefﬁﬁ e%rthf) %(ﬁmea? yé??ﬁ%y QEpend on a number of

aneols beans that are possi
d1ffﬁ‘bﬁﬁh<&bﬂs lindlyding, forexabpiaythe tuhbenolf sirmtibdbiebid yeands thdtare possible,

pe.of the bea ammdth, etc.), the _
the $t6%ra‘?1i15h%f e beaes, J%féadJa%@l?lBeso i the ghape althe 2’?% (GuemiRepmwidth,

etc. )o{heG}&! kibfts éﬁﬁ% %?g%\)ﬁ/ nllfh }:Qﬁ tﬁ@xkdmb to?&ctf@ﬂs%e%cest A%he cell,

ser devi ces or ot Factor
the motlon 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

weawyoeiilcat 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

varlBﬁbes1ﬁ@loBe§3(%ﬁH‘aﬁ6q)eﬁb&n%d}%@e&% 196653.6 ThERlldSepént/ akns where

vari ous side | obes (and al so between adjacent
11tt1601dmo tanm@)l is ﬁi‘ﬂsemtullhsse}ea{mn&& bpam @p@agn\tmesseevvlt iat pgrcular user
or .no r tion is re ent. In sel

devige dp @ qdtom; #h IR PrEEP BE sl R P¥pifion where the

partiRtMP uSdies 1@%%@@ FifAGANe Hin Bans (AfHo8sh h6t Aecessarily at the
position ere the particular user device is

maxsmnmgair gsiticn) and thea@ultadfthb beam @reslin ﬁmﬁgwch@ms of other user devices

necessari | at the.5 nmaxi a 0 and t
in tiicies AOHT N BBRRRE Y e eiDdBr She! Bict dPfices tidh cetiin
simEVhGBsh, BY ahgﬁng%é nulﬂ‘&ieﬁf‘ﬁltéﬁﬁrﬁaﬁ@ﬁi fnl 188 ire&YorP6S other user
sel'ected for othér user devices in the cell in a
devisésyh high degeekiobisolaBpn alay peiacijevdde Qrthogenad setamazhe identified based

pattern in the directi.on.o t her user devices, a
OnaﬁFe&Ha AR Besifiens s CE?@HB#HE?B‘S& achi eved. Orthogonal

S et&ftéif%\fthgg 11a§j et h!ct\l'eQ%eﬁff&&l@iﬁe@ MhsqRRb@ibea aB@@énan orthogonal set is
positions selected in this fashion. 10 Aft
selected Hmyo itz 1dsmnﬁemmsefdmmn in demtrivhicating élsloeleéé} i Aepredetermined

abo t [ | ect ed
selep R P LT EREIPBI et 8 RS Tt RO B BeRsesdvioeg witin
a cell r%@ﬁ‘a%@ %&%ffe?&i ®ithinQhe AP hIrhRMifHh BehPLEY Iddede f IH at least

g the selection. Each of the user devices wthi
one ambedimembyf the peeseiztiavdntibhghe almmumtmf datatleat APbdigered for dehvery to

the eiob AEHBEITOR ST OB TR B2 LS i BT gp forselectng

%‘a{o%oﬁglastet Sn kﬁﬁfef ssib1d EIS G5t Y& é’xa#gblél% 1RRiHSAN duration for a
evices thin e ort op onal set ly ‘be used as part

subSquuélh SDMAtezchamge isz:ﬁrstscmtmmmerdg Eaglm ofthe mﬁyltlﬁa(d oﬁhogonlahsets may

ol e a6 SR Do
the 5%%{5&1 3 ’l&ﬁjeet'&{all _fahl‘?)g% fttfi‘iQQ Fbr zﬁle&rﬁl%ﬁﬁal sEﬂ% E‘ef@ﬁed to as the
t 0 det

ana yze erm ne how nuc datals ffered for
“trapsainsins bof tiikeattogonal seth A sethogonal sas that has thhiaighest transmit size may

CreHAROaT CORBTURGAogk AR ety iy R0 (9 et pe considered in
f
e Iraatat i g
fairgassmdioe athlefsn .FoE]a)EmIplé danbne qopmmchabrﬁmg@ml sets that have users with a
alternativel %? gbe considered jn the ot;t hogonal

highs@OSgeiiRmmaY be given RrietiPVgs orthegonghssisihat ha %valtﬁ alow QOS
alai /

b DO, {0l oL Bosthf 10 B i

selebidore 3ot & may be @esitubihth@Oan oethogumalsst Hesetpcwelrthat has a similar

riority over arthogonal etsth ve dser
amq%@{,\p%e}/ buffered for eacl? user in the set, ratﬁer tﬂa ﬁavtfng arge dlfg:rences in the

buffered data amount. The length of time that data has been buffered, 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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25 rating. A QOS score may be generated for each
ort hogonal set for use in making the selection. Al so,
WO 200fag7160% desi rabl e that an orthogonal set bePGEUS2004eH3371
that has a simlar anpunt of data buffered for each
user in the set, rather than having |large differences
intekyA1 | bReATR | BREDOMH etdhBgd Wi typicall
1nteg\§tl.abﬁt§§ %&g‘éﬁqﬁgﬁ?ﬁgrgeﬁ or %Rgﬁgﬁ)unt of ti?re ahe fypicatly
incluédemtransfer dfdatanfyorh tlenARits thearseddendies mathimthy selested begthogonal set
taken into consideratjon. 30 After an.orthogo set
(usipg sensEaln antenheams) K@S%%Yf aahﬂw“ae%gég?nt @*‘Eﬁiﬂgﬂals from the
' {35 bRhdd o AERANELwhOfectilEl. T
useeé%{vgégtg 2§Ckset (%’P&%E@(ﬁgwé&%&%ﬁ% access to theW ecel we
consideliations thatenaAMenmdyresiedin getsvaiining bowtdperfet theSDd1A exchange are

e s o o U AR s o

B FEATEANEL PRt 08 SPLE SUERSRNF Il o, [ presived
usett digndlisketvedeidelyearying powertlbeels @l g cif eaine of the geeradevives are close to
separat e antenna beans)

the éﬁ%@ﬂwtb%rg SHeRE AADKfhe 1§ MAysDer FBinfie' Rt desods the weaker

. he: 0 [
e B e P e P D bapable of
trangtlittieg andl réceiviies &tr thie shmg tintew Therpford, dherirbiseniSHdHs and receptions
exchange are_ the near-far problemand timng

within p ey nesd ixbedligned & Heg Ao FYRE BIABRem rel ates to
t he 0 ' ' ' f .
o SRR B e KISl Byoh e Hayt JFATSDVEA SR Blanee to achiove

upduise infdirgatidnsabbay éorwikaimple, therugemdpvizesweithirethe keleted grthogonal set
if sone of the user devices are close to the AP and

(e-go thebtaindpiormafionapaybthe ¢oresspending DM ¢hapnely,¢fq). (Isamng may not

: i . S ls
v RELSE 90 (RERURLLIE B2l ERPRHIS) BT ey A, T
is, i @fanp easea phdtedevait informaton will cigingeslowdcmithe ngwatk $dthat updates
sanme tinme. Therefore, the transm SsiqQns qnd receptions
can e firidp legs Beayenifyy Heweder sopeioam o hiaipingwill trpiqaHy 8ayiefo be done
[
at 16%%%9glé?so§n @ agtgg ﬁg?}%gﬁ%o ug%cxtlog%)z &%%Jg,ggg%{?tﬂe Béhms, select

appioptiateatRhing oaiaiticate with g asgrldeyiced) etcLis ap taldd. CHR training may be
within the sel ected orthogonal set 15 (e.g., to
dong s parhof e HIMA; cxehange oF dires suns elpiopraiody SDVA

S0 i b A Y IESES i i
witltanéhiBbdEBSnAST thd Pbent iiruention. MAB yhavas else SDVEA exdhaviged0 includes

information will change slowy in the network so that
thregpdigtine pbasssibe anigiing ass cHueht§afa deydipkr phassnd4, and an
tralni AL i Ve, : 0 t .
i QB st LS WAL Ll b, B el dRE i optiona

Durir@ the ¥aiiil gephage s hatathib Hecqoea iy beelcHedre@ b @phboOtheiudtdevices
beans, communicate with the user devices, etc. is up
(e.gt, S Tl STAR.and STAD gherggabpdiment 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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done as part of the SDMA exchange or during sonme other
period. Fig. 3is atimng diagramillustrating an
Wexwape6EDVA exchange 40 in accordance w th BEIT/US2004/043371
enbodi nent of the present invention. As shown, the
SDVA exchange 40 includes three distinct phases: a
SD¥MA2bAYA e RN BB Qichh 2. cale, ‘i‘l?é @alﬂﬁl‘g'}édld'ék}t AR SR, an?%h@ﬁacﬁét in the
acknow edgenent phasé 46. As descri bed above,
legacy girofiongl thhtasdicha mwpom dirtrleaample a ara- h:ggﬂlr(aull) packet may be

A A e vive e Db elgued piiponaksshio WSyhe lseheh e ACK
pac}gli’%1 ifl bk Eletflﬁl%d %E'Hﬁ%a‘i?nﬁ%¥&{)% esE sk Cotidk g)gﬁ:s Bhﬁalﬁﬁig]‘%@lﬁegtn and trajning

ogonal set user vices W |
respoateumgnasls hagialtemgtivadlg ponse. t o the AP. The training

B I i S GPi Blt ssg riin s
t
pacﬁeﬁ?;ﬂ?%(% Fz gsgraglgrﬁ%% et? @% P%g@geﬁg%evgc;aﬁ%ﬁ tFx@‘séIgc?ch érgrfol%‘gﬁﬁ%et The
uset danmsrigem kechc msp@sipo pdidatgrmined raebaunt of simel &g tth®nerresponding
it ma ble to allow

ol L bbb AR 01 b P b Wb e
ekl RIE 06855 3 R S 0188 e e

typealramtthat dnbampassegs medjj uest usengevices widen d‘lw:omabpaﬂldmg cell) rather

packet |nthe acy tocol that soli |ts .
thary e epradhatbgs b S fg‘é’g‘fé?PHeﬁpé’Ha FfLAavIoep Tk dinipg request

§ rsgn t: e
pacfee(?% 43, g%h%tdg @Qr%h 1901\%%9 I??]Ilﬁﬁ gg:é% %/‘Ifeﬁ;drl)lgreka%aﬁ bn. Eﬁ@s‘fi that may be
usedvid testiwetid wirekeds asdiuhefr it diragon of therfieM Addte exthapes. If the

of trainin uest _and training 5 response si s
traiffg reqUesl TRk Y &8, yOp? et drangiitidsing b B lnwgﬁ 598611 for the
spechﬁc hgag tdElllcg'sg\&ﬁl?ihilge s%%&q§gﬁﬂéonta?saez gcﬁ]é%' 1.?1% gne{dgtﬂfé g@csﬁlg'g%ion request
1nfofr1|i’tet1(th&f théqmck:e&s miag riohbe se@ebetidy I tdeogoviats methe célh€e.g., some
user devices then_each respond a pr edeterm ned_a

devises prybe Jopisd ip pRllefthecqsEsneniling atgdptigingh Bach Kot the training
real 4048902058 BRSF it 4o 0 B, BRI et

the bbmﬂhdmg draiisihg gecapstasndirecied act Theateraletenn mayeb&moﬁﬁgured to
ot her %/qn; of beam t hat enconpasses npst or _all

respgad p peasielgrniied amouniefitiesaitsh sicha redgst s F%ﬁe}yégl Dluﬁgg the training
pha%éggzr qgl%g??l %Q@(ﬁﬁ%ﬁ)tapcgl‘? %a'rt:] gf?e? gp%lte)%tr off tﬁ@ uﬁé?rcfe%}g? Wgtg{}rgtgs selected

orthogyna aetis modbnbe seﬂa@dbl@ﬂ*ﬁﬂtﬂhe otheer nmild&mcbsaﬁﬂhuﬁﬂab @et. Insuch a
request that may be . used to reserve the wirele
caserSHP QRTPETOLHHRUSSE Aeltiss AaTberdiRPRSEhiForH H{ease@sa@ﬁ&ﬁg Alteppatively, a
r r
e ST SIRIEP PRERSH B tiesclon SOV Sejppee

spdaitiid ¢ataldewnliivplaes4dbithe SDMWE esdiaagé é(Oiof)FﬂghS),giat‘aaﬂO 62, 64 is

set, then the nmediumreservation reque
transmltted 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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information in the packets may not be received by al
user devices in the cell (e.g., sone devices may be
w0 awaveded n nul | s of the correspondi ng ant ennaPCT/US2004/043371
patterns). Each of the training request packets 48,
50, 52 may include information identifying the
eacﬁq{et b&%ﬁgg%?e@%@ fratiSMitCen WA sf al hacle a6 188 POP AR the end of the
training request Is dlrected . The user devices nay
cortespauinfg dpta eahshdssione ﬁg{ﬁrhgnmgphh@denmamnds df thewlatatblaxfks 60, 62, 64,

e LR, B o2 25 SR i SHE B e Nt et

[iAE VI @S Mhrdel RohRRlegRleF iRng ali t bet
appg(’% a@:gg ahggéé{tﬁﬁll% ﬁo nIC%nger sepgr ablegféfer omtﬁ%aé r%?n evest

transamranderwmﬁmmcknsnnatyﬂm asbieved m thecell. aThe awwe-dsaaited technique

nmor e, of .t he user. devj ma e, dropped fromth .
ass QBT ERIdHC SEIUR AL G Fe i ed SrsaEfses deRigh e Selspted set i
kn eBSre $E d%l?& &’cﬂx’lﬁﬂf’i ﬁﬁﬁ?edM sharfslTSo BHPS RIS Vh v@%e transmlssmn to

exchange. e data downl i nk phase 44 of the S
eachmedrahg&ed@toafonﬁn@ceﬁ data 60, 62, 64 is transmtted

ach of the user device sel ecte t hogonal
s ot & Rrpaaits e B DB B RS TR Fecerrh gt A PRUREL o each of
the Y8d:31Hbes g?the%le@ﬁ\‘l RehokbBN e tﬁl‘:{gletﬁbsﬁﬁférhp roach, the same beam

correspondi ng user device in the orthogonal set using
paramstepsanay be an¢dimeecbivearmi AEKtsigriaédrohon uskradewisethat were used to
device. In 30 at |east one enbodi nent of the present

traf}sﬁ\l/tet ¢ P%‘ﬁeSPﬁgleg daade Hedties VF‘ieg 3, the dat a
t
or ChBgoha) (iling' gl MSaGAEN LERTMRL B0 HART bE SiRFvithin an
SDkid S)mhﬁngdl(@r at simsawtherctiinelahactirdaics vath arb@nb@imanteof the present
aljg ntine 6 The user . devices MO
inversioRy 3@?5@@11 paéwafs@ebw%tram@ggeqtfswgﬁgt@g igGHsyitddg all of the
uset ?evﬁcﬁ:@%tﬂh{ th@bo ﬂ%@lec%%% %)rfali‘?et Aﬂl%ﬁﬁ[usg‘ﬁaalﬁﬂg request
of t corresponding data transm ssion. By al 1 gni ng
packdsteSZ erayi inalude ridfrmhtion eledtifyand tiec kser Gl2yics® frodd whitthe training
gckets 68, 70, 72 receiyved fromth]gﬁg er devi, c?
resmnpq is heng sg]écﬁ(egt Themy tl‘“&bﬁ@@%ﬁ%ﬂ‘@?w : ZH@H alsq include timing
1nfc{§h‘ﬂﬁoni éc‘a Hg?r@hg ?le\gl;_lll ?g%é&?9§p%§%ég{lg%drl]§;érﬁg§/ %ﬁ%ﬂﬁﬁéd by each
of the ideatifidd usertdeeiceel As shbwn b theeertariimeitest Rigchrthmpaaiser devices

witE Rk isieddupogena pette S Ly Ead et YA S am iR response
pac&ﬂ? SQaf% A @ 4L 0K 1PRESHaYS ?és Jtﬁfe 1 }Jggtgnslbgo bithidg ¥t mation

transm ssfion to éac use eV|
witlianhemot)-useh tisapag regaest peckey 82. bEhemndti-bisdryyaimiag i”qqub‘ﬂ packet 82

used tq receive an ACK packet from ea 10 t he

h of
may, 3lsp 1BV nGCHIR HEseTEtan Fedes habEeH B ued to fesepieethe wireless
e B350 BR800 o BATRE RO BRI PR fpronch, e

multieliser trsiéhgi requdst pavked 82 mhﬁbeﬂaﬁsﬁﬁﬂemdsmg ald anai-tivedtioaal antenna

user devi ce.
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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Fig. 4is atimng diagramillustrating a training
phase 80 that may be used within an SDMA exchange (or
W@200506M60t her tinme) in accordance with an embRCii/HE2004/043371
of the present 15 invention. As shown, a single
mul ti-user training request packet 82 is transmtted
1deﬁtﬁ?e@| for Blat L8 ddSRE, TROWES 1rY¥'téaH'df aliBfing Phd REMMAM LA of the data
sel ected orthogonal set. the multi-Usef training
blocla@let, 96 peinkbd prégiommgmbaoientdo crmﬁrﬂrpmper(blmmg elngrinfient,mgeparate

t he user devic fromwhich a ni IS
AR e g BB Bkt e
igdC t
B e
aligaedirt tmbe The alisatidevieds iy eadhbe2@ndigutedgo irekpond to e ACK request

packehoit vk Kot a0 WP, s mivieTemman Bt vof e tasgpauest i
recdiled: Tht%%h@ ?pa%ket?ﬁ%s Tds, 31)()8trf1§’3p§15btbet 51¥ﬂ%klrlg time (at least

response pac 84, 86, 88 at tines Ti
apprcesmetety)v dh}qnelposmbk:mppscmch,omfomnangn nmefyolnemtcihuhd w1th1n the data

by Db e O LSRR PR P T e
use& B&d deae ké‘lg'af es Sﬂég’%ngﬁgd‘ﬁ%sfﬁc}ﬂﬁé tJTRY dB8 bmqtself (for

to reserve the wire um fo uration of
exatrip&: Osmg te[Block Ak HoMEobTRERGO2. 11 6). athelSERN axnhange 90 of Fig. 5

pro ch, the mylti-user training request packet
SOl BSR4 a §ivatign S¥hes e aopEidt daedh %sma%%slﬁged to each

L t or
°“9f e e B P R
cel Flg 6 i gimibg dmgant ilhllstrajmglaagxainple SD\MA eathange B0 in accordance

exanp| e SDVA exchange 90 jin r danc 30 wit
Witlo Wb QHMETIGE tfterféeweg‘éwtwpn@%ﬁ) C’Séah{illlﬂﬁ}glﬂ ogg%g 6 is similar to

I -
e SN P00 20RpL S8R R PREICURR T 2 i
all efabhaués? dePides Fhimaie belecttd anbogontlestt.t Theasdr desiees may then each
device within a selected ort ho%onal

g TSR HA BBk Wb 300908 47 IEoAPETreRsmingciamount of
tlmel?’ %f’%?r e hﬁ?t?h%ér'ﬁ@l(fr&@h%pﬁb USRS m - ds&?éfd?ﬁ%\ﬁggctlalz may include

ead O nrn termna
infopatids idtifHdg &Gh aff tha uske davlea@ frum amﬂhmknéwledgement is
ensure_proper tining._ alignnent, epar at e
reqyesifdesin ghdgast oug, impigmen %@@n wuaﬁsﬁacﬂ? éaqqeét &L pnay be

e eatiRn el E'd@%f*%ﬁ%cﬁ{faﬁﬂ%s%%@%ﬁ#&&e%%aée%wmpasses
all dlﬁhé(ﬂ@es d%ceﬁ@ﬁhlnllﬁﬁsdmwdbﬁtlﬁgaﬁalga@d in tine. The

client_ devices may each be configured to respond to an
ACKIg el ééltnm@é'éﬁ@fn iNustrating anexeniple RBMA guchanges] 2{}jp ageordance

w1t1?£erg %Iﬁ% X ﬁ]theog' é@ﬁ&%&&eﬁﬁdﬂﬁ Jhe %?Mk@%gl@ﬁ%% ggcthlt%ccture[s described

thudfar aahVegatRiﬂesSéd traneeni( ahd feea&t: tindpP abgnmaiteionéldexhﬁom eut did not
possi bl e approach, information may be included wthi

addresathg mear-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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bl ocks 92, 94, 96 that tells the correspondi ng user
devi ces that separate ACK requests will be 10 used and
W@ WS/ 06K packets are not to be transnitted i nPCEERINE@I3I371
to the data block itself (for exanple, using the
Bl ock Ack protocol of |EEE 802.11 e). The SDVA
: f I
B O B e S by o B BRI et oin he
seletted eathdgonaf set Wil hesresoldeblé when eceivétroselreantiydvithin the AP while the

ort hogonal set_is not kno bef hand. Fig. [
ACKimgrkeds Hrasgheee BY PRRGT ra?ﬁem'gleaﬁsegég}?%?%wgﬁk}%OEQ% Fhpackets that
are %-:ngterd t@ﬁ&ﬁﬁa@m@ma%ﬁx}sewge he RVc@ f%@ﬁieﬁ%ﬂe%e $thé&s may. be received

esent 1 nvention DVA exchange 110 of Fig.
at aglifferb@rtih@ the exchange 90 of Fig. 5 except that a

sin mul ti-yser. ACK reqguest 112 t t
o Wk r?fﬁ@na%teﬁgvfoaggaw i ol ey e e Bame 001 packers
recertdd c&%ﬁnﬁrﬁ%ﬁ%@é’?ﬁs ep ERAK: rekbIFMPIE Witifn the AP. Thus,

correspon pac et 1 4, 106, 108 to the AP
cor@BMdtr@fMKeehmnmmketoﬂm t1|2mareaiarfsmlﬂtddat mhﬁ daineltine to#SZKA 1 and

I ti- ACK
STA Ac Mé%l oyl $M@frﬁgxu rhta'ﬂ eﬁ%ﬁ%@t}w %So défrl 2{*@/ prekpt 126,128 a
pre(?eﬁéﬂ‘r dA QR WhEGHB 138 q‘?hﬂ Ws6He6 ﬂ?&h de%rmﬁﬁ%ﬁ%ﬁzﬁtaﬁ%CK packet

east one inp errenta I on, mul ti-user
assocgeewith $TA Imyuldeot barassinatle teqedied gt tha same tlme as the other ACK

omi -di rectj onal antenpa m qQt her t.
packeint ToHe G decues nackst 13040 néﬁf& ettty i GBERE time and
{
the ??}{rg@%ﬁ%{lg :%éig Eelgelécl r%pg)?tlg éelsﬁxg g%é&m_ﬁl%éa élﬂoﬂt%grtl?ﬁ'@ later. In
effedt; dersdroRe ortBgoniat det hus mammﬁmmaaﬂ intheuptipds @eteive” orthogonal

i nvention. The SDMA exchange architegtures, descripe
setstl4ER0 Qrbihe EGAC RdEPP Ry 3Rl PIdhe R9TeSR 1?%?@?\)’83?18???11%9 Bach of the

C ' :
T e T e
orthozgisal set, TBe regolabilityoprediotion mhjrbe baxad dn amy mlmbma)lﬁ Hfffemént factors

dd bot h t I t d
lnclg@ﬁggigéga%m&g&qrp%g s rlth%/régeog th e%geq g%é%@ téq selected orthogonal

set, ttfl J Ld H@a@‘ el ecf%kg@sgra}gﬁdggagé@ VJlﬁlr H'?:l JlseiJ Stﬁ'iuc@?‘fh ‘%ﬁé selected

nal

orth(o@@nal @etﬁh@moﬂulaﬁ@ﬁ typx agyptiafed mﬂheheﬁtiéeﬂmmdes &ﬂhm;dleo@ﬁﬁrthogonal
request packets to_ the user devices at different tipes
set, agseadinghlypesorssesiaiaeg Math the grcs dericeyin th%geémfgmrthqg?n@f set, and/or

o2 P, BBy O S e e

devizeSarékontideray. be predi ct ed that the ACK packets
transmtted by sone of user devices within

sella@ wgiatien g %@M@gxcmqge 138 of &gy (7y His1 gre\ﬁ,[,ﬁ;_q;,K request packets
122f §5%! &ﬁJ b fi]%rls%?l&\é& B Pt &%@E% € bl w Ill\%lude timing

packe;{s tr nsmtte or nore er user

infor@etiéh that indécateEhe tlm@dtfﬁspoﬁdh@ usedidevipé edies titeid tcb traﬁn?;mt an ACK

resol vabl e may then be received together, while the
packgth ehais g Ag_%%,r@q;@p’g,@g:kets 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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5 at a different time. Wth reference to Fig. 7, for
exanple, it may have been determ ned that ACK packets

WO 280eaed concurrently from STA 1 and STA 2 wi PCT/582004/043371
resol vable within the AP. Thus, correspondi ng ACK
request packets 122, 124 are transmtted at the sane

reqidstBadk@t A nk1RRS tlnﬂéuﬁ”om%fﬁn]to ahdicatd Ao 2ndTBsér [BGBes w1th1n the

each transmt a correspondi ng ACK packet 126, 128 a
selep’reddn&fthegmah ect vehrenuthey @k to trapsthihp gptresponding Ae(Equahleate The times

indigaT Y s gratio Ak FelBr s By Pr Spedpieio R il edhhyabiliy of
the Ebfi’fsg@ﬁdﬂl% & (@t BetkeAWhonRBGHEbE, as H3Gibel B ACKTEEAMRR Eiser ACK

for STA3 is transnmitted at a different
requastTMIhmdy be mnswitied syimgg fargxa@ilepa kemi-tBectiomal an‘annadmbam (or

a predeternm ned amount o Lme |a ef.fec
ot PRl bogAEPE St hab ifasn deicen Rt teqelsetetidatozonal
seyul tiple "receive" orthogonal 15 sets based on the

predi cted resolvability of the correspondi ng received

si dgfngl%is a Badhg dihgnameillusteactiﬁ'g\aa examplo §OMEA esadiasgaridf) in accordance

Wit SRRk HGEant BRATtoTy &S FESEHOIBIA 57, ey i Tigppmitied
to ug&ydegﬁzeg a%@h 28180 &Wﬁ%@)ﬁaloget diih§ §7s8praib %‘Eﬁlﬁrfér eacfh of the user

I'ncluding, for exanple, the receive power levels o
deviche Wéidin desvdated 52,0l 34ha56 etaesniddo tthdgofitle ussedevitdses timing

nal Jatios (SNRs ociated with the user
mfoa@ ?%154& Hg(? é’éq?@@fné{di( ige 3% Wﬁ’&éé‘ﬁa‘ﬂse& gvicq }§do transmit an ACK
pac]tf%g Baéie fo’ by c%ﬁf&?t ﬁcgﬁ apatpf tYi‘hfn? ihfBmMSSHT 1985SY66,8%2/ay be based

e selecte nal set he codi ng types
upoasth@ pretieted \mstolvabﬂﬁy ws e¢he adexrespeading AGK palkelstgmbn receptlon, as
onal_ set el ative

desdltigp Oy g &inking &%&aﬁiﬁgtlggééfo @23{35’0@?6 Reded Sndrherppttnin the

r Si eler
corﬂg dm% g%glgte?z 01?2[,:;[5’@ 1%’@ tEhEeh @%t‘ﬁ@'h‘s& &9{&39&1thﬂlethe selected

orthpgariad st wizbsuba&juedi2yl traﬂé%ﬁ)lt A GK | pablectt 164N $61, t1t68d:0 dhe AP at the
the sane tinme, but each will include tinting
indicg{ed St i on t hat indicates to the correspondi ng user

d
SO AR AN S o
(APD laecmmmard i8feirt eccoodance syithnah bmbudietend ey itlmepreaﬁﬂ 11@@ﬁt1on As
ol e T el o T ol e E R
182,;3 E‘}H@iﬁ%ellz\k@re'lé%s %ﬁg’cremcl%4 %%R‘Pﬁrbﬁ% %6; rgfng gfs@lfj_llngffongsystem

e present invention. The S exc
inteifacesli8Bi The arttennatchetrales hedgepdidfivofor Fagagiig the xemgatidrheftlantenna

i ngl er ACK. r est packet 142 is .
bearfl%Z @@éggrta@tm ﬁé9®s§r Uge Vi e@ampnicating Wik wireless user

devrgggo gﬁl&%%i%‘gﬁtg@%%? 8@5&5% %ﬁldﬁ&r 1825y InMRUe, for example,

beamformer functionality for use in creating multiple independent antenna beams using the
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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request packet 142 includes timng information to
indicate to the user devices within the selected
W@r@bogusml set when they are to transmit a  PCT/US2004/043371
correspondi ng ACK packet. The tinmes indicated by the
mul ti-user ACK request 142 may be based upon the
o Rl B soitesPond b Rt SRR Bt S contuoller 156
contrulstthe veanll Apifation effihe stireles® Athy3beThe controilet ER6 msy bg jn direct
for .exanple, an onm -di r [ beam

ctl
comgRHieAp Ty eI RO S QL GEL S o PATC dag pelection and
creaﬁ!ﬁﬁﬁ'o@‘gﬁtef%é Hlstdnﬁlgﬁéﬁs?ﬁl%c@&rtr&%% l%leratl%fﬁ )The FebBtrolfer 186 may
timng |agra I'Tustrating an exanple S
be 1mptdmemgai Uiy, for emnpledmem mont digitalprecessidg demtesofl‘hb ﬂfstrlbutlon
present inventiaq i1l ustrated, data, 152,

systeq1 yfesFgRi 168 enaoalaest o IRGFACALTES B oYieless AR 0 pad 20 external
dlsﬁﬁﬁtﬁﬁgsg'g%htégho %ﬁegg?%eﬁog 2%15519 ran?g%p a@ksdf¥nt, another
portisma s rthé tseldetrmt\eat(kh antbthelh ectwoek (elgyithedntesndt, thenpublic switched

information_158, 160, 2 indicating a time at which
teleph@%@f@f&fé@ﬁ@&%ﬂ@ﬂ&@éﬂ@ﬁ{% an ACK packet back to

SR T AR it
carrtyhtmt der methpd) B0iofi §igACKo pegppoet dovadmk STRNApini mrreapoﬁkﬁng network.

descrj bed above. imn |nf rmat.i gn 158, 160, 162
Therﬁ&ysei lerolSorragy @ﬁg}ﬂ}ﬁé\r@waﬁ)& ﬁﬁs phser deyiFsdsaisdntayation gathered
f
o GRRTLY SRR Ryt 58 Rl e sclsady e
con&ulb&d§a adedyntapacietdriined séicitigpatikarion] Ghe cdififo]led B hay then gain
the AP at the jndicated tine, Fig. 10 is a
accefs 4@ el W orkhqdium apd anse 2 THIMA SERIngS ke wt}aéffi g at least one
rghi
en 78S, A8 ol Ao 81 SRELHE YR} B R6RLHRN Finti n
SDMA exchamdecsiich hthowd illebtessd Mlgﬁe b & 7y 8lesmid/ca 9p [The @bntryller 186
of antennas_ 190, an antenna control | er

mamndmw Rl Perfprp SPMA tiainipg toagather SPMA Caa%ﬁmfmaélpnfesaﬂ of the
SR AP THRLOERSEY SR AUt mpBl EERAR moceor

receded moalte) off thd naiti-assrawirblessTiafsesivag 18he Holr uxahiptey ibthe SDMA
antennas 190) for use in comrunicating with wrel ess

exchange 4Ps0lleigi éé@ being peefornad dheemiroller Wit maydnstruct fle multi-user
w1r@g§sﬁfa%§ce?\pe? Ry Jc% ﬁfg rHﬁ*¥n§nrﬂiﬂnldg§to rt:&rlveelﬁgﬁg)a{f% he end 66 of the
or mer unct RLETRR I'n creatlng H P

datd figlepasiai] barticdsns athAEKBmgmlmGS t7r®e 72 afdﬁchbdtﬂyd tmfbe transmltted
antennas 190. The nulti-user wireless transceiver

The GO 5o A insiush 1o ADHART PGRITalier b bagTiigh antonria boam or
oesBp 3RS, PP LML ) AL RS, o

contBllér 1R6SRAY insteudt Eirantdhaa pontralet 152 fusaticspatisllyl@Paralddentenna
30 nulti-user wireless transceiver 184 is capabl e

of
beamg ragsasiates withtthe carrespending pserrdeviess mawpdhelidag 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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network cell simultaneously. That is, the nulti-user
W rel ess transceiver 184 may, for exanple, generate

W@ e@ye6M169 si gnal s for concurrent delivery to mOT/URE004/043371
users in the 10 WD 2005/ 067169 PCT/ US2004 /0 4 3 3 71
correspondi ng network cell using correspondi ng

exafn;qﬁsn ﬁiﬂt%a@f‘&rﬁe‘ U REASE; twbtR nfRebf @k bRIckd 88 1m99:ﬁ{eh€é|d$n software

e overal | operation of the wirel ess AP 180
witldonatsinglé éor m@lgipled dighal procelisingatevicetsimithe d@ltabprqmasmg device(s)

may Hg Qe AR A B QAR B AT BT S | P (DSP)

areHﬁc%ﬁ?rﬁ'tﬁtcﬁ&ﬂ{e@onﬁﬁﬁ&‘ R?S@)Oﬁﬁ(ﬁﬁlbl%ﬁrsﬂaﬁm%@fﬂoﬁﬁult&'(cm afield

be inplemented using, for exanple, one or nore
pro ginagnmﬁlle gate aasg (FRG Alp v epglicafibme sphcsficr mtngratoch cirguisASIC), and/or

i nterface 18 owd S, an, i nt ce bet ween t
otheypy i dE oIS 41 Rhayien Harcis, SpHYiRTc .ffr@yf@fee pd hybrid
1mpt1é}néHt$tR§i‘ls g&tl on with, for exanple, another

access poin anot her porti on of the sane network,
andnhbe abm,tevdnskrﬁée(el gubodirhents, rthemventjon has heabldescribed using some

t ched teI hone net etc
tereg i oo DLAS o ae NIRRT e %W%Pﬂ%%itandard It
shohl'a ﬂd?:?stoi}d1 Sm%%rr ?ﬂalt %{e ﬂ-ngéntiv'% &ﬁ@éﬁttg erel‘i’ottlﬁmtmorl}/se within

to support downlink
networka f(dtuwmg ﬁmrIEEEgiOﬁeltlvsmmdard Thethe oontravy) the lrﬂvﬁﬁtwm;pncepts may

ntif r sets. o er devices using,.
be iRTGRIR] SO RO P TL B folloN R ] Yiraiee] s dpe standard.
de I
o age fir E%‘“*% detalied ddMRrifio SO felGiecTind AvEntifh are grouped
togﬁhﬁdﬂi engrion adoelindotiderh enntickdenems foiTkie porpps®loff estred:8Bning the
d1svg,51 131}1 al n 15 i ﬁﬁgrsetltg,ggttetg qe{egm)?étgd g?%fg&iﬁg%gptenﬁon that
the &Qﬁnecﬁﬁ?&ﬁoﬁ%ﬁulﬁg n@p@fe% s59ecifel®h each %16&‘& Rather,

contro con I gur ed Inftrate an

as thx €d1vgeg slaihs aﬁldct) aseentive aqiec’stmaiy lie ifFiegs thad, albfeaiires of each
. 7, 8, and/or 9. The controller 186 nay or may not

dls%‘%ﬁefl@l*%f:’m ttrai ning to gather SDVA" channel

i nf Of

corieyiten s deRAl infRhubilRay M SAFRRANR colftion with certan
embodanadts,tit rm’d)el)munc&&tmc&bﬁat/modlﬁzteﬁomf aﬂdh\&lrmlbms mnag ée resorted to

W rel ess transceiver Faor. exanp| e,

withgoug ﬁ%@nm ogfthqu@rlt @%l seonsent ﬁlbe IBE?Iﬁ@Pﬁé &posg Elglles%e art readily
undERMNHEOShES nﬂngg quaé{ns %ltvraHQtﬁorfs hee BHlsiderdtSEhe W’iﬂﬁ@{h@%ﬁwww and
transcei ver ange fromtransmt node
scopechy nventien ad the appendedidlatifis.of the data
transm ssions, but before the ACK signals 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 perforned,
the controller 186 may instruct the antenna
controller 182 to use the spatially separated antenna
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beans associated with the correspondi ng user devices

when the data 92, 94, 96 is being transmtted and to
W@i2@saerionm - di recti onal beam when the nul ti - UREF/USACHL/043371

request 112 is being transmtted. As will be

appreci ated, other control schenmes and ot her AP
Whatisbiatesddres 30 may alternatively be used. It should

be appreciated that the individual blocks illustrated
1. i n Aingpthatifonase ibe wirelasstrieomark, ¢amprasing:e and do not

necessar. | orrespond to discrete hardware el enents.
Fori et baBE e 71 85 paohr aBOE R doRos. 3 Hpicth Fapr Gogonal s
in skid A aﬂi?@ﬁbrtﬁﬂ%orﬁmgid%ﬁf&l%s mhul¥p1QhselBEFCES thh\eintHedHSmitted to

a nplfenmented in software wthin a single (or
conenrtdnitlylbg)andicgéss pbinp usiog siffarentdetencebedms; The di gi t al

processi ng devi ce(s i nclude, . for. e le, a
e REiean o RBoonal st Boms Br DUy oit, SHGHRgALsSls based on
Hari@nd £duced i nstruction set conputer
pred(%rli?l SC§, aleggﬁg%%tfnia%’satq@ucti on set conmputer (CISC), a
f i dhiiabng mogprasinirdbiliso atdtipie ravgess HIBSOMA) anclggki foatthoselected
specific integrated circuit (ASIC), and/or others,
orthogenal §tng combi nations of the above. Hardware,
software, firmmvare, and hybrid inplenentati ons may be
made. I n the above-described enbodi nents, the
2. i nvEwrtmathodaSclhigeb, wikeeini bed usi ng some terns that

are conmmpnly associ ated with the | EEE 802.11 wireles .
netSHSFRIGA drthianpl get ippludasselening e BasgAge 8 egwynt of data that s

e BEER il LB oS R0 B bl B
standard. On the contrary, the inventive concepts may
be i npl e hin wirel ess networks foll ow ng any

t Wi
3. wi r@eégﬁggfg?ﬁfgflm .ivg""]%ftr%lﬁdla\r d. In the foregoing
Aotk AEGAdhAN i¥fikous [ eat ures of i he
i nvent| are grouped together in one or nore
I ndi vi duleterairingla meximuh dordtioa fpuhp SHM Afexsliangam 1 ni ng
the 15 disclosure. This net hqlo]d of . di scl.osure i s not

to be i FYaluptiRg athogonplepts drtaidhplusality ok eriaapalspigto defermine an
cl ai i [ Jqr g an are
e Rl SULED O th SRRt RS abd 21, P
f ol | ow nglecting ansortimigbpaltset that\hand iavgesesrpewit®f baffered datalthat can
Ie%g tgan Il features, of each disclosed enmbodi ment.
Al PR SGHYere Mtarrb%ﬁ{naﬁmfmraﬁ%a%s%SPl\%wha@sa in
conjunction with certain 20 enbodiments, it is to be
under st ood that nodifications and variations nay be

4. r edtetmnssdhddof chitthhuthedeiparti ng fromthe spirit and

scope of the_ invention as those skilled.in the art
r e&8IRPNE AR uBpgenahset sipdss vaves quabitit ofsaice QA intagmasien as part

of sl PR iRl §eletforP&Gitdid) N the purview and

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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scope of the invention and the appended clains. 12 WO
2005/ 067169 PCT/ US2004 /043371 What is clained is: 1.
WOR0e806M6 for use in a wireless network, conprRGI/HS§R004/043371
identifying a plurality of orthogonal sets of user
devi ces, wherein each orthogonal set in said
Pl liﬁﬂiahﬁ%’ afl SIONAAD Qﬂéﬂéﬁg e $5digdes %hﬂﬁzﬁﬁo%l& ttfd?l'sﬁﬁﬁﬁg rda’ca to user
devices that can be transmtted to 5 concurrentl
devizes meagissleptei nrthogmagsedlu[smglcelmespandleg arEieinwdeams, so that a terminal

sel ectin ano set. fromthe plural of .
end g Eir AR SR Drdol ooy CBvicn PEUER Brprietiall i fsime.
criterion; and |n|t|at| ng a spatial division nultiple
access (SDI\/A) exchange for the selected orthogonal
7. setThehfietRod a'hcﬂaimreﬁhﬁudhetfcomm;ﬂisingl wherei n: sel ecting
an orthogonal selectjing a,set based.on
andEerivIgE agior] Ffﬁ&i‘fn t‘ﬁﬁ&; pignel oGy Seid e §yiqes if 3 Selected
Hok 26l s A0
ortiEHh A S5 ek B QBB B Pl el B0 LRSIl e poceived
fromsaidnkdratpoitas atsapproximbietiethe salet énei ni ng a maxi mnum
duration for the SDVA exchange; eval uating orthogonal
sets in said plurality of orthogonal sets to determ ne
8. 1RBLALA 6F 19 & JVH@'E 1ﬁ1t1gﬂgé 56 SBM A %xccl?ahge 1ncludeF]
ort ogonal “sets; and sel ecting”an orthogonal set at
hasimultacgesdy tranmutttngafatatmfuf;cﬂfrdedlcdsaﬂnaamifsalectednrthbg)nal set using

delivered within sai maxi num dur ati on of said SDVA
corgsRomdRgantenna heamyi @dpt hod of claim 1, wherein:

sel tﬁa%ﬁlﬂgg%%} :9({1{%1 ? w ng@éneﬁﬁkd %({ﬂﬁ:@if)t? léé%l{\%eﬂ&@%et it s8fl selected

service tion as

orthopetd keirafiensxrdd deth das beem teamisinéttddon. 5. The net hod of
claim1, wherein: selecting an orthogonal set includes
using latency related information as part of said 25

9. Pr eﬂ@rﬁ&ﬁbﬁ@ﬁclﬁﬂ ol h&bincriterion. 6. The method of
" claim1, erein: ”’ '
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 reqﬁest.

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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13 WD 2005/ 067169 PCT/ US2004/ 043371 initiating an SDVA

exchange includes sinultaneously transmtting data to
W@i2@s/06devi ces in said sel ected orthogonal setPCUES004/043371

correspondi ng antenna beans, so that a termnal end

of the data transmtted to each user device occurs at

13, SUDBLAREBL oF okt 85@fBreld: e 7. The method of claim 6,
further conprising: 5 receiving acknow edgenent (ACK)

si gmaismitting am LKl reqest indvdasdsnsmitting d Smgleemuhaxaluser ACK request
ortho%onal set._ after said ﬂatfa as bgen trans ﬁ,etf}%éqn
USRS 2P ARSK CRIGRRASEES 31 0T FUE BFF & VIcP} el hogonal

set.devices at approximately the sane tine. 8. The nethod
of claim1l, wherein initiating an SDVA exchange
i ncl udes simultaneously transmtting data to user

dev ces sai d. sel ect ed. orthogonal set using 10
4. cor P8 @ﬁgelﬁmi{% WhHe8s: and transnitting an

ac kaaidiceg B usdrXeR réﬂlk'ﬁﬁéluﬂ tﬁﬁ&ﬁlféi%ﬁ'i off %Ych@eﬁlv'e '%f a time at

sai d selected orthogon set after sald data been
whith eavdiiset devicedn saitl eeloettd odhagonal sat int@respdret toisaid single multi-user
ansm tting an ACK request includes transmtting a
ACKdpd¥est e ACK request to each 15 user device in said
sel ected orthogonal set using a correspondi ng antenna
beam 10. The nethod of claim9, wherein: said
15. sepHreahethadit clemu é4tveherein: transmitted to correspondi ng

user . devices at. suhstantially the sane_tine. 11, .The_ .
et HISHTR TEPERAHongs dpeanised] ba g upgnd pggaa'iege ésofjeRility of signals
recé@éﬂiﬁ&h%mﬁ%& de’i‘rﬁ!ck‘%hiﬂ $%d ééié&éd@%ﬁ%%nél%@i cative of a

whi ch a correspondi ng user device is to
respond to said ACK request. 12. The nmethod of claim

e parate ACK requests are transmtted
16. to ﬂgr %‘éﬁ%ﬂga i»s erE‘é‘w ces at different tines,
or clifafing 3h ST B Hhed IRRCS iEnSHIHGE: Bta 0NEr PBABen said
selestad drthsgmatiet KRS c@mrdsbon[dm@mdemml beame,divlmréih@g'drda’ta t@@bmitted to
14 WD. 2005/ Q67169, P us200 0 4.3 71 13. The
eachof h%‘ffg Jsete Sgﬁiﬁqsséncw#; é}znpp ?ni[ormatlon indicating a time at which the

corresponding user device is to acknowledge the data.

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
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transmtting an ACK request includes transmtting a
single multi-user ACK request wusing an antenna beam

wWa bws/oeneonpasses all of said user devices in BEE/TS2004/043371
sel ected orthogonal set. 5 14. The nethod of claim
13, wherein: said single nmulti-user ACK request

traif'\}\i;ﬂ”g léﬁcﬂlgit Cﬂabﬁ@ id ERRLd Rihg Hinééinh ¥eaR thA eﬁ(%1 i addes substantially

h user device 1n said selected ort onal set

an dnsir¢ coveeappaegion of taiadcess pgine nul ti - user ACK request.

15. The nmethod of claim 14, wherein: 10 said tine

information is determ ned based upon a predicted
20,7 e58h 4aklel bbk PAPFEANRL Tn o[ ARALAGR SR HrRE sptial divsi

devi c\ég&\?\% Pﬁ?ﬁﬁ?safcfgsel ectaéﬁ orSt hogonal etrgerf{%g S%téa division
multipiehazdess(SPMA cdmprisieg:ei n: initiati ng an SDVA

exchange incl,uilles transm }]ti,ng dgf?a to lfser devices . in _,

s ai AMUREPSEE PEEIcS? ErsGoven thalds CapaplegT Edr BB ptshf Srgvicing multiple
useﬁ%iﬁﬁﬂ?cg€ e atbhBE b AS3Ld data transmitted to 15

each of sai d user devicés Includes tinme information

i ndi eatrotigr, aotpledtoetaidmniiltihuden evirebsss tresqoeiver, ngideatfy a number of

device is to acknow edge the data. 17. The nethod, of . )
orthopgEdhsets Qe RVICH MR g FOUFFABDRIS2e I Fri?ﬁénﬁﬂ%tﬁa ddentified

I It LA ifitaf A YDMAl KOS ' i
oI IR SR L BIAR LRSS 1 i
orthbpenaleteh ad aodet dhati mcliides whetige nuses aiedices dhanicag beetpaesshitted to

packet is transmtted, using an antenna beamt hat
conglHERY Dyhe acceihRinising 41§t%r§ﬁt FHEMRDRBer age 1 egi on
of the access point. 19. The nethod of claim1,
wherein: initiating an SDMA exchange incl udes
21. t r atemP of clgina 20ufuttheruserprisingt ni ng request 25 packet

to all of the Lﬁ:,er devi.ces within said. sel ected
or tHFGRR cerirollsfrovpled tQ thegnpiliryser witslesy rangepiver, to manage the

zen@05h BAAERCTAURAANG b0 4 8 3 71 training request

packet Is transmtted using an antenna beam t hat
enconpasses substantially an entire coverage region
of the access point. 20. An access point (AP) for use

22.in @W@?%‘égﬂ Rt WRHKM npl enent i ng spatial di vi si on

MUl b ot BRG S8R ofs SR EDthe fﬁgﬂi}?ﬁécﬁdrﬂggonal 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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5 anulti-user wireless transceiver that is capable of
simul taneously servicing nmultiple wusers within a
W@ 2wenee area of the AP, and a controller, coREl/esR0043043371
said nmulti-user wireless transceiver, to identify a
nunber of orthogonal sets of user devices within the
COVRIRYBNREIRR cauesS i€ [atL B8 HRf trﬁﬁb%n’ctg@w §d1ﬁ dmul’cl-user wireless
orthogonal sets, and to initiate an exchange f
trarlsbfaveresbethateictenmnhlcﬁgldnﬁlthaswa tramsemttecﬁltcacaclh@f dhet ltsegdwacbes in said
L tiple . user devices that

, t that inpclud
Seleg%q 06@0 ?Iij§?ﬁqcaérala$§1b%@gﬁ@ghh8ﬁ 16 VP t he access

poi nt using different antenna beans. 21. The AP of

claim 20, further conprising: an antenna controller,
26. couPhechP tof claire 2dpwhéreinser wi rel ess transceiver, to

manage t he eneratl on . of antenna b?arrs for the AP. 15

22 Saith LORBOYET cpuses, 59d WSS VGLIGHS c GARCSIVCE to  transmit an
ackSGV 18 ecméiﬁ‘f' stttg"é‘ad ‘ﬁ{e: Jsbxg x?cfe%tﬁ? (‘P?éle f‘docﬁ ﬁ'ﬂ s@flusing a

an anount o ered

separsterantbena besn |fasr @ﬁh hsemfdev]he, afde pdid ﬂatadml be&m;gmsailtted.
sets. 23. The AP of claim 20, wherein: said controller
selects one of the identified orthogonal sets based,

27.at 11RA8H oF BlaRADE, efd: 20 maxi mum duration of a
subsequer?t % ev>¥c ange. 24. The AP of claim 20,

whesasl montrallel cawdes obdiér muiti-ui;at ewredass dtraiddbivex cloamgasmit an
u5|n said nult r wir ess_traselv
ack@@ﬁ@ AW%toe%?&h #ftﬁ? freer deyicegdiisa %dgprahogonal set at

bSEHESLE Qnal set using a separate fantenna beam
st ?or eg ﬁeuse evice. 25 25. The AP of cl ai m 24,

vvher ein: 16 WD 2005/ 067169 PCT/ US2004 /114 3 3 71 said
1% ‘{ger cau ssald data to be transmtted by said
QFCW‘? c¥lerein; anscei ver so that a terninal

en%af@if dofigofiat aLtl.sre@ns?‘eH&t 131%951-{1 e%{é égg {TQI?SCQ]%@II_ to, transmit an

devices iIn sal sel ected ort ogona occurs
ackmyﬁsd@mhenalrbquehﬂim emhwftthemser2devickh enAE’idOSfeleﬁdtai ﬁﬁt}&%onal set at
wher ei n: sai d %r oll er causes said nulti-use

HEFGPRITBESS WosEa 22 GHForens Hies ASPASCAHDOmE pmt@h@é%@hlhty of the
resul fédgé’tﬁghtgénhﬂe user devices in said selected

ort ogona Nng a separate antenna beam for
each user device, after said data has been
29. tr alF Ser;‘];Ig E)‘f? c(:jl'aim 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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27. The AP of claim 26, wherein: said controller
causes said nmulti-user wireless transceiver to
WQ ewae6mie9 an 10 acknow edgenent request to eaRCtiI/6$20041@3371
user devices in said selected orthogonal set at
substantially the sanme tinme. 28. The AP of claim 26,
Wheda@l Bata SPAdmGeIAt fo0bdcBIofGREISES Eedichs THlshid $8&%ed orthogonal set
wi rel ess transceiver to transmt an acknow edgenent
inclndeputérsingtinfosmetionoindidating g éimegd whidsan acksawtbdgeinenttséghal is to be

orthogonal . s at S5.different ti wherein said

trargry g B aoh ks apteyibadn S ac i Bahoaban st
resolvability of the resulting acknow edgenent
signals. 29. The AP of claim 24, wherein: said

32. conir aittickerconguising asédragaméedinmbgeing wistretbws storathtberedy that, when
%}3 (I[l{)ansm't ta Si ngj e acknow edgenent request to the

exeqigd bya opputing Platpindefilidied ort hogonal set, using an
antigeiidying@ phaamtydrekh SmarRa TeSerdelice!, ka#éFeiHé&'h_orthogonal set
devices in said Selected orthogonal set, after said

in said tpdurahyoflvsthngonad petsrinctuelds naltipld heer ABvioés thhtadamb29ransmitted to

wherein: said single acknow edgenent request includes
confltfeity by et PO SHAE ST A ETBeAS, whi ch an

ackaRMifg 9aNBAkogndN 3t fr8mt TebBlukAIAPSHT bikshdadl &shaEd

t he qseféjdev_i ces% thin srz;li de gél sg?ect ed&(%rt hogongfa on &
predegarmiddl seligtompritsfion] amdm 24, wherein: 17 WO

2005/067169 P (382004/ 04}3 71 said ta transmtied to

eachtgHng ﬁ‘esﬂi‘g@ HEIPL LT ALLEPSS FrERaRGJoRdhe selected
orth\?ﬁénalkét?' udes timng information indicating a tine at

ich an acknow edgenent signal is to be transmtted

by each of the user devices in said selected

orthogonal set. 32. An article conprising a storage

medi 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 ort onal. sets includes nultiple user
33. de\unl'rh@é’gu%iﬁﬁfd&%gg’gmﬁrﬂﬁsmtted to concurrently by an

aC GERSHMPATritbBbRA 6 ihIRERNE A LNOR bRRRIE; ' i

an ortﬁrgég;%nal et fSr olmtiiwe pﬁeur a%eﬁpty of ﬁg?taﬁgglgﬁg{dﬂgtathatm
buffsetifobdad peryoto wer devices within each of 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.
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10 predeterm ned selection criterion; and initiating a
spatial division nultiple access (SDA4A) exchange for

wa bwseeliect ed orthogonal set. 33. The arti cl eP@F/US2004/013371
32, wherein: selecting an orthogonal set includes
selecting a set based on an anmount of data that is 15

36. buffier ScEOF cRgh 38 efHerbf: user devi ces Wi thin each of
said identified ort hogonal sets. 34. The article of
cl drans@itfingfae Al request ingludesfransmsbing, aeSﬂpzttrawg!éCK request to each

userfiioEa iy Sl OERE G AR oot Rt ey oo

correspondi ng antenna beans, so that a termnal end
of the data transnitted to each user device occurs at
37.su6§tmclalolfylatmé55whgem me. 20 35. The article of

O o 0P L2000 20, SOUR SRR, ACK roues

usm%ea‘ﬁ' dn@hnh BeSA kitht SR RAGa8EEs AP AA NS Reced'Ri A selected orthogonal
correspondi ng antenna beans; and transmtting an

set.acknow edgenent (ACK) request to each user device in
said selected orthogonal set after said data has been
transmtted. 18 WD 2005/067169 PCT/US2004 /0 4 3 3 71

38. 36.ThENRH@E bF 6lafin 8%, whéki 35, Wherein: transmitting an
ACK request incl udes transmitting a separate ACK

r equidisting endHeMA eschangke wichales nraaamdtmg Idefat teduser devices in said

or t. hogonal t .usi [respon in ant enna heam
seleﬁqgo ?g(tqa!as g}meg 39rgqsggn % egl%,F BLSp I11‘l§ta6§ﬁ:1nsmlt‘ced to
eaclﬁ@f o9& dbWiBdsU R udes %ﬁﬁé“ﬂﬁ)hﬁgu&h %&d}&hﬁ Myl thrhe U$&Khich the
CK request using an antenna beam t hat engorrpasses
corra$pondﬁ1gsme1ddaywns theadkoewledge theididtas el ect ed or t hogonal
set. 38. The article of claim 32, wherein: initiating
an SDVA exchange includes transmtting data to user
39, deVA ¢RSerh Rodplifing: 10 sel ected orthogonal set using
correspond?n 1 n%enna beans, wherein said data
tr armlmialit)emf antenne alements tBati idcludasrat dewi aeslipeie hnidasa element;

time informt.i nlndlcatln a tinme at which .
corar%‘gg'o Jiteidied & IrapeeiveR 1 §°{1’6‘1‘5’&‘F@H8W"\§Hb?1% H@@&V &f antenna

elenthts, AhSY St @R sifttul@neously servicing multiple users within a network
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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a plurality of antenna elenments that includes at |east
one di pole antenna elenent; 15 a multi-user wreless
WQ p@seeasver, in comunication with said plurabGEysad4/043371
antenna elenents, that is capable of sinultaneously
servicing nultiple users wwthin a network coverage
ar €3id 8tHroller fiifted 84 SDMURLRHadR b%)aéa‘ﬂlsiﬁ@sﬁid' H8RI-user wireless
wi rel ess transceiver, to identify a nunber of
tramcdlmgotraﬂlsnsedaia tsfeagh of thd ewérclesicod intsaid seleeted otthogdnal set using a
cover %r ea, ﬁel ect one of the 20 identified
sepYypt 4 e%rglf%rea YEECYPti at e an SDVA exchange for
the sel ected orthogonal set, wherein an orthogonal set
is a set that includes nmultiple user devices that can
42. be Theasystent efadaitnod 1, edwersimer ent |y usi ng di fferent

CordaH EPREPIEE PR CTItG Bt el EPrb g T user wirclss

tranSetivdr s $8dt aMbinSh AR 0T MESERL M Ehsmitt&d Wﬁ ef Eﬂéeaselzéevwes in said
generation of antenna beans using the plurality of

seleatetlemthagedad sericsurs 4t subFlastiallisthe samé tioleai m 39, wher ei n:
19 WO 2005/ 067169 PCT/ US2004 /043371 said controller
initiates said SDVA exchange by causing said
mul ti-user wireless transceiver to transmt data to
each of the user devices in said selected orthogonal
set using a separate antenna beam for each user

42. The system of claim4l, wherein: 5 said

43'conrt}feoﬁyﬁ@m?:féi@@s s 3h§r¥t a to be transnitted by said
o ds‘a d & frolgélr hERs sdifl aRRGRLYE" vﬁfblés?aﬁaﬁsc%,%fn faltransmit an

ft ta transmtted to each of the user
ackneviedgsném ragmesi to eshed’tiediser ddvigs madaid s eadabartlmgatal set, using a

subst ant i the sane .ti.ne. 43. em of claim
sepafgte E\RFFQP%S Lo sgcl psse ﬂSY‘F%raft@éﬁPég ga@z‘?ﬂ{’?ﬁﬂ trgnspdtied.

Wi rel ess transceiver to transmt an

acknow edgenent request to each of the user devices in
44, sai Al nshcelcfoe dsenintahwigd essnesedrk, csnprepizg: separ ate

anféﬁnna heam for each user device, aft aj d.data has

(UHER TR 1BEUT RACAATRA I EHC SR HOERaKi R BGEOUB of user

dev{)& f.work, conprising: determning an anpbunt of data to
e ’transnmtted to each user device in a group of user
dewletagiiniid wieh dataitransigissdos meekdstta be rsmmtedifut'aoh usereldsice in said
to be started for, K each user devll ? in s c|1
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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WQ 200067d6%®es at substantially the same tineg;

46.

group of user devices so that data transm ssion to al
of the user devices in said group of user devices

transmtting data to the user devices in said group of
user devices at the appropriate tines so that data

Ur anthemb@Bf §18indhs, vHerdiie mul tipl e user devices

term nates at substantially 20 the sanme tinme, wherein
datsaid ackhowledgément dignelsaat ¢nchfredeinedis erdifferentoeseiveibeam.
said group of user devices using a different antenna
beam 45. The nethod of claim44, further conprising:
recei vi ng acknow edgenent signals fromsaid user
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 /0 4 3 3 71 46. The
met hod of claim 45, wherein: said acknow edgenent
signals are each received in a different receive beam
21
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