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BRIEF DESCRIPTION OF THE DRAWINGS

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;

Fig. 2 is a flowchart illustrating 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.



5 art to practice the invention. It is to be understood that the various
enbodi nents of the invention, although different, are not necessarily
nmut ual |y exclusive. For exanple, a particular feature, structure, or

char act er i ¢ig ®moshRshi bed herein in connection with one peRodbdiRI¥ MYy be
i mpl emented wi thin other enbodi nents wi t hout departing fromthe spirit and

scope of the invention. In addition, Is to be understood that the
| ocation or arrangenment 10 of fipgiyyi %ES S W thin each disclosed
enbodi nent may be nodified w ng romthe spirit and scope of
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one or nore wirel ess user devices (e "stations"' or, "STAsS" in the 20 | EEE

802. 11 st mgqhalenmwbeunmwemwmhm ekedimentewitheus deneeting fram e spitithks f r om

the AP to or links

from the dadiSpedfibe AR Masstifh #RjSbe WRLREA uRFbEIGAG bdfiade B0

( SDVR)10I s oﬁmdwgiuamibmmmﬂﬁnmdhrm“loaeMHodnﬁeMay\be mbédifisd wﬂhmdépartmgl tiple
devi . le t th ess AP, urrentl
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25 ant ennaofgdBtken hh@llrﬁﬁu%%eﬁe%d% s'éobé Eﬁhé\bﬁeﬁbneﬂﬁr@nﬁﬁn ik Berided lohlytlye user

devices. If there is an adequate |evel i sol ati on between the anfenna
beans, thée am@@eﬂ@laetns;@pmpmtely mw@r@tgdsralmgu wiksthe dull b@gkeﬁsqmmlﬁntFﬁOg 1is
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i |l ustisat ﬁd)cnanah%ﬂthymrgﬁbﬁiﬁe fFerhPviews.conmuni cati ng sinul taneously with three
user devices (USER A, USER B, USER C) 14, 16, .18 wi.thin a cell on a_comon
channel . The wity&palkaf aapireless mshraik (¢t 2basicgerviceset (BSY) lméé‘flrelféweéworkzl usi ng

gOBiSIr 3%712‘@% %%al?g%z %%"%]%Wlsegsggﬁgﬂgﬁrfgggfﬁgﬁﬁd gﬁNégl a t Igl rd user

devi ce 18Ed#iongnd ptdgeny), etef)cawirelessances poilss (AP) may be used to prov1de wireless

access to the network for one or more wireless user devices (e.g., “stations” or “STAs” in the
20 IEEE 802.11 standard, etc.). The word “downlink” refers to the link or links from the AP to
 theuser device(s). The word “uplink” refers to the link or links from the user device(s) to the
AP. When spatial division multiple access (SDMA) is being implemented within a cell of a
wireless network, multiple user devices may be able to communicate with the wireless AP
concurrently on the same wireless channel. This can be accomplished by using a separate
25  antenna beam of the AP to provide a link with each of the multiple user devices. If there is an
adequate level of isolation between the antenna beams, then interference between the user

links 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
30  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

2



shown, the first, second, and third antenna beans 22, 24, 26 are spatially
separated fromone another. Because of this spatial separation, and the
isolation it provides, there may be relatively little interference between
the beans, weyRkohge the same channel is used to 5 comw,gﬁ,@,o\@gﬁh each of
the three user devices 14, 16, 18. As shown in Fig. 1, the AP 1 may have a
pI urality of antenna el enents 20 for use in generating the antenna beans 22,

26. An er .or uat e . t , sed. In at
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SDVA exchan t he r devices .ip the sele orthogonal sef (bl ock
36). An oF‘E q“@SFY %ssan?nﬁ‘? elerpenys ZQJE"éPSCdE\gFIFé Cb[‘ ‘Tg% a‘Esef% E‘f ‘hat can
be comnlz%atﬁﬂxrmnhbeﬁbrnwnt@aa%ﬁlor aBdénfa e@ﬁaeamﬁmb@qlsaf B D Gastofr at e

ant enna beans hat is, there is an adequate | evel | sol ati on between the

associ at e¢mbodiment, phnsad anay techmiques em' be usadhio gmat@ﬂle\iﬁanhumnn@beme user

devices in thegse o] unmber of
di fferent conf F&n}’ 5 ﬁi)or’fvs h?ﬁgtuséé{ ggmq%mfa{c%roagg?d\ﬂu%?ﬁﬁ’%vmg I'p em':i}sers

si mul tlgne MY .in FVirctos@igtverk mlbepadenct Mvith dnfeibddiienit boOthe pissent iesatiors (A, B,
20 C, and D) that are active within a cell and that user deV| ces Cand D are

so cl ose #isppaumbgsef pehogonaksetsiof pser dewiess grefentifigd bz 4 ARt (Blosk Bdarkbemr one of
them t hat QSﬁhQﬁtent;fngll ?ﬁ!l&&ﬁ?set Q@l‘éc‘cedaflx W%%ﬁ%§%§@p?ﬁéﬁ oyt enna

beams can ‘bé generate user eV| ces ifuation;, a first
or t hogonaltheaghinaegess to thelwiecless arediensnd éstiale arESDMncbxehmgelwaathMmmdlewoast hogonal

set may include user .devices A, and D Qt her scenar| 0s als exi st.
ne 20 i | e Sl armaenst Saf (Hock YN OAL pighosiaH Hei B LHE OBrReh ts may

depends5on agelMiAb&h b@fcomﬁiuﬂcﬁfeﬁ%thfsﬁﬁﬁl%éodsﬁfodylhddo%s Jn@lfn g A %ese &Jae number
of sinultaneous beans that are possible, the steerabl |ty of 1he beans, the

adj ust abi lanteynadfeamp Thah ispthersfis ahadenesterevel of rgolatl@'ebmwmthe assefu@ieq beaplse
locat i ons tf ;llow%ongli'??nt ggm.nﬁ.&[%ﬁtloql \Haaeeagg \# t(lllgilhe? E:%)se'r tﬁ)ea € t Vﬁatrﬁ %ffir devi ces

i n the cel e user any er factors.

30 Wien upoinginpingsthedrearndyete aamhmam'fdmmmrﬁgmanmﬁatampbwae b adrvicingt i S
gener at ed for use iin conmunicating will typically have one _or nore

undesi r abPBiltinleuserssiaultangogsly. For examaple, suppope thatthere gee four eser doiresfAithe mai n
beam Hjul Ics 144 b tfx hlachGL Wehith 4 b1 AR RaGEMuAALs (G 18nd D are so close to one

another that it is impossible to generate a beam for one of them that does not include the

other. Also suppose that separate antenna beams can be generated for user devices A and B.
In this situation, a first orthogonal set may include user devices A, B, and C and a second
orthogonal set may include user devices A, B, and D. Many other scenarios also exist. As

25  will be appreciated, the manner for defining the orthogonal sets may depend on a number of
different factors including, for example, the number of simultaneous beams that are possible,
the steerability of the beams, the adjustability of the shape of the beams (e.g., beamwidth,
etc.), the locations of the user devices in the.cell, the number of active user devices in the cell,
the motion of the user devices (if any), and/or other factors.

30 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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3 WD 2005/ 067169 PCT/ US2004/ 043371 various side |obes (and al so between

adj acent side |lobes). The nulls represent areas where |ittle or no
radiation is present. In selecting a beamposition to use with a particular
user devi wo lops/@M68DVA system an antenna beam nmay be ptEes®o4/d4837&a position
where the particular user device is sonewhere within the main beam

(al though not necessarily at the 5 maxi mum gain position) and the nulls of
the beam gi&usRide Mbed (dnAGIdoBREwRh 2jab&H sidS Bbesie Ve @Blls FoprdsBit 26&ks whedNt enna
beam positions nmay be selected for other user devices in the cell in a
simlar f&H8lkiemo rdjiation igmiresgnt Ha selghting aobeanrpasitionrin ase wither pariiularser

di rection ,of. ot her evi ces, . a high degr.ee | sol.atli

achi eved. é@?%g’g%}h§ﬁi§‘éts¥gﬁ'§y ap hfegy b‘%ﬂ? & bbgesgécgﬁtre%?}@gﬁ%ogﬁﬁg%ea%@gpsi tions
sel ected bartithhsusbR8hiRs sdflevlidre withinlthogainteamahBhdugh @obre8ssaflBt tel ed, as
descri bed above, an orthogonal set is selected fromthe identifjied sets for

use i ndcommeyiTERgdingositon) erd the pullyofthebpamarainibedirectionsef adher apsrdeyicesn maybe

provi ded [ ' | W hd a cell
oy have doig OBl RetchP oA SR mek 3p delbiued 17 MEF e A ERZNME Wity oF, T, |
at | east similar éshiodi Byrdligaingtthe nylisssfantantenue patteamin thhelirectiomnef aifierdiad¢ra t hat
Is buffered for delivery to 15 the user devices w.thin each, or onal set
may be us88Vices: gjugh degreeiof isolatipp gay b2 Vege%‘&‘%@ﬁ@} SetéﬁlaéﬂgF Fﬂ?ﬁ%‘%\egl%giegt I n
one possi r £ s 2 ¢hi _Lmum duration for a subsequent
SDVA exchg}rllgré@@g#lﬁlﬁgytomﬁgftiseﬁ?ﬁdﬁméi%% the identified orthogonal sets

may tlen be aA&byortwgomal dets bave been idsutifieds hs descrbeadsabove, fapostiogamal sshish user

device in_th t .fo..the,chosen.duration.,. T t mount, of. t.his data
for an or ﬁﬂgﬁ%ﬁﬁ?mgﬁ%)lcfeghﬁ@gﬁﬁ g uﬁ%lnagoqrﬂgu%nggflgﬁg tr_‘r’?i  Drgdetgrminedy

or t hogonake]édtion criferi6ii inBPBOPRYiIdSE For inbaRing ftsselebifor) BabR 61 thé iskpadvides Hithd May
then be chosen for comrunication. O her factors may_al so (or alternatively)

be consi darcelimey haverfatahulfessowishin sae AR &r dransmaissien fo the uess dsviep kit lemgr

exanpl e, SRS | L %} E] ' . For
exanpl e, %’ﬁé one é%%#ggtg%?br%ﬁﬁ%e\é{ﬁgﬁ ﬂgee S h%t{cﬁ a;t\f/lgﬁglsng?éggé\nfb% ﬁglyé%ﬁ%gh Qs

r at i n@5 mashehsergieviees within eadhyorthogonabsdt hmg be asedne part bithe clitevien fieaelsctingt h a | ow
Q0CS 25 rating, A score na &e gener ted for each orthogonal set for use
i n maki ng2% I‘?%ho@é‘la 3t _.onﬁl S10:€t ﬁﬁas&m@a @ maxapug QW39 06 dal _set
be sel ect ﬁﬁ)s&ﬁgﬁt ST AGexEhdHigh & firstlRinRine@f B4R LR HRYARTRE oftREgARGRIsWRGr I N _the

set, rather than having large differences in the buffered data amount. The
| engt h of theh heanalyzed thedetermins howenudhdatads tedferagifor ¢ach nsen denticeif: theisatgup toemai ni ng

'n any tr AT SRR Idgr%tigl?.a’fillné {ofal azrﬁant%lfal?s (%?a ttma l.'afne grtﬁoigogal%g B e errrgc{ £035 the

20  “transmit size” of the orthogonal set. An orthogonal set that has the highest transmit size may

then be chosen for communication. Other factors may also (or alternatively) be considered in
the orthogonal set selection criterion such as, for example, latency, quality of service (QOS),
fairness, and/or others. For example, in one approach, orthogonal sets that have users with a
high QOS rating may be given priority over orthogonal sets that have users with a low QOS

25 rating. A QOS score may be generated for each orthogonal set for use in making the
selection. Also, it may be desirable that an orthogonal set be selected that has a similar
amount of data buffered for each user in the set, rather than having large differences 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.

30 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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30 After an orthogonal set has been selected, the AP may gain access to the
wreless nmediumand initiate an SDMA exchange for the sel ected set (block
36). To gain access to the nmedium the AP nmay sinply wait for the nediumto
be free an¥aQ?Mes0a7ndot i ate a backoff 4 WD 2005/ 067169 PBTI/USROQMST43371
interval. O her techniques may alternatively be used. The SDVA exchange w | |
typically include a transfer of data fromthe AP to the user devices within

the sel ectiggnar tdmepﬂa@ﬂmeﬁ%% ma&t&&bﬁgm%@psé @eB. THE SDVEA RRaHEBYe WltyBichllyansT er
of acknow edgenent (ACK) signals fromthe user devices back to the AP to

acknow eddecludes transter eﬁdateﬁpmrtbﬁ A teithe aswalsvieesceithia he seigsted obeganakseht i ons
t hat dd ed. | L
the noa - RIpR{RHAR e Prgh Bh PihanR i AckaBBlebpbiRed PACRIMEALAOATE O F

rel ates t asédiRvicksReRtd 1he APfto atigioalaigt that the céirédpbuding dhie waseeeided/iTves Wi t hi n
t he orthogonal set. If the received user signals havgl W ﬁg! y varying power
| evel s9(e. cenmdqretu@éﬁa@t BrY benddpsted indajgraininghaw tojpsderm the B¥e %% her s

are Tar ey deu ol T B Lok Bmlo B e HRBRAFrAfS pRAker 10

recei ved signa n es to t that the AP may not
be capabl eeaption sfaipgnaist uha@Pérmhtheumrdewgesamhnm&e sethegonalrset. Ifithereeéived, t he

transmssmns,angrec ons.vm'thi aCéII#raﬁlnzdto e.ali r“? ntlme

i n ot muRFISIEnals haye eNCYAIER BARE IElS Bt f WECHE BREEVISS B AOBI an SDVA
exchange tge APHing\btherdd ﬁreﬂva'y? ft@énnmdasJ rbeelimﬁu td QdteuATRESde thEEWOLKEF

devices within the sel ected ofthogonal " set 5 (e.g., to obtain information

about I0he recsived signalgi ﬂ"gmsg\ﬂlgomantrtelatﬁs teths, f)ict tiratathﬁMgnmpotrhs‘—tcap@lmf: essary

Trar i s, ooy bt 4 e BR R nibsheta Bt RG-SR AR (he

<network S vithiR4 celP@ay Bced t6 88 alitheddlimb @ssonig mgent | y. However, some form of
training wll typically have to_be done at |east every so often so that the

i nf or rrat | on usdyiraiging g¥rhapge gy aso Qjé’ﬁ@?la@eél ag pat plan RDMA sxghangoty a&b‘ﬁ'}’%pr i ate
beans, &étfﬁﬁ'&m‘%&?aﬁcﬂ@ ff%%e'%%m 9‘3§er de¥iCes withil! BhelsRletRH %rthJ Ralld f’“ ni ng

may be e as part ange or during sonme other period. Fig.
3 is dsti r(eggtocbbmm mlﬁonﬂaho:saboatthmg)rmapcm)dmgrSIDMSMnebspdiahg’hramﬁxglmaymot:or dance

i th d t of Lh tion. As sh . the h 40
ol udes CERPESA SeHEme gL GRER o bY VPRI p BOHSR by N Tk phase
44, and ang ZPmasKaow, B a8sRat inRitRaortRill M@%WKM(%%M sd th& upaedi Ng

phase 42 may be opti onal . Duri ng the training ase 42, a training request
may be delchiybe made lessdzaghensly. tHveveMgresommfameﬁtramlng will typically have to be done

at least every so often so that the information used to, for example, generate the beams, select

20  appropriate beams, communicate with the user devices, etc. is up to date. The training may be
done as part of the SDMA exchange or during some other period.

Fig. 3 is a timing diagram illustrating an example SDMA exchange 40 in accordance
with an embodiment of the present invention. As shown, the SDMA exchange 40 includes
three distinct phases: a training phase 42, a data downlink phase 44, and an

25  acknowledgement phase 46. As described above, the training phase 42 may be optional.
During the training phase 42, a training request may be delivered to each of the user devices
(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

30 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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(e.g., STA 1, STA 2, and STA 3 in the enbodinent 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 sinply be, for exanple, an
acknow edg@@e0e5/067169 he recei pt of the training request.PATMUSBW4A#3Ther
approach, the training response may include a nunber of training synbols for
use in training the corresponding channel. In at |east one inplenentation,
it may be ShasAbaddeell0In fich @Wates BRMINISEfeqERY e R SnclitleGny validigRketd@HeC e
follow ng | EEE 802.11 a, g, etc.) to _be part of an 5 WO 2005/067169

PCT/ US200 geasapreiocolsthripsobigied respense. Far exsaple aggiclengthidnelpaskdtgnaydguest may

Tl ud Li Kot in Pty '
For exanprnsH b StoRAEK e G 1 0l SRR RBGSIELRe: Il Tinidts LB YR ACRPUCST
devi ce i nphdket witl Rat@ehednt thedaiming egionfe Othdritgtes af traigigrequeptandEliningacket

will be returned, as the Erai ni ng, response. Ot her types of training request
and tr &i nfesgonss siggals gy @ltemaivaliEbensgdal t ernati vel y be used. Wth reference

to Fig. 3, in | ? oF | cﬁﬁ% t 2 ol RgineGaHR St
packet 48, SO,WSIQ1 ﬂlegérgt’hr%grtggn te t%lleac edo‘?m? e u@’er S&;ea\?/dlté(;ltergig}%ﬂ e§tsel ected
or t hogonabacket48, 70,652 istsansmittedite eesh dfithe useadé¢vices sipiha selectert erthogembseh ekheanount

06, 5B T e e R Rl BRGh ik A bt frhod ot et AETRRRRSBATKS 00,
be transmdduedl Wit £ eadhgr¥honst pRES FAN3E, SINLBYHR PERALK, We RhNRE requeite Of

a
beam t hat enconpasses nost ‘or all user devices w ?ﬁl n the correspondi ng
cel 1) 1Pat pagketstdBal), 6 Amap ezpmbe transntitted ysingranompi-direstipnak aatennpbeags(evotiétng user

devi ce. Th rres | . C
exanpt e, | osSh i L GERes BRE AR ey R tin Mo SASRLIE Ll funer
W rel ess edithsbeadythithas Beshahosen f6fthe breSpividingaisar dovideamye trainfngtrbestd

training rec!qléest ackets 48, 50, 52 were transmtted using the antenna beans
chosen f oPa§ @488&@5,21% egelidnclids, for example. gimediva reservationigaesst thefgeayae set

then the gegy tUl%sreﬁ%e(ﬁg MideRBs fn@&m@hsfor tﬂeﬁlﬁ?lgﬁtgk‘% SHMAD @éféﬁﬁﬁ%ég?glgnm be

received by all user devices In e ce ., Ssone evi ces | ocat ed
i n nullbs thiningreqest prskaindB, 50, S wera rangpzitiedusing) the Bstetmadfeamb ehasemfontheg

request packets 48, 50, i ncl.ude i nformation identifyi t he

bar't oul Aeosinustiaieviees viltin Btpelfied Baoenti iabry Be et rerdoseee
directed tfforntdfien WS tHe FhBNdtE Ry FBY bPRCEHORT bUMI G6bridevicE SRR delP (el Sdfteer M ned
anount of tinme after such a request is received. During the training phase

42, it mayeviessanny bedpestedin nvlieal thanorresponding agtennanattgms). Eaelh ptthg trainingi n t he
sel ect ed re%élé{?Bgﬁ%%@égg ,gi fha) hchRB BB R RBRA BR e B D A AGFu0G dettisthatdE VI CES

within the
20 the corresponding training request is directed to. The user devices may be configured to

respond a predetermined amount of time after such a request is received. During the training

phase 42, it may become apparent that one or more of the user devices within the selected

orthogonal set is no longer separable from the other user devices within the set. In such a

case, one or more of the user devices may be dropped from the selected set. Alternatively, a
25 new orthogonal set may be selected and used in the subsequent SDMA exchange.

In the data downlink phase 44 of the SDMA exchange 40 of Fig. 3, data 60, 62, 64 is
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

30 atleastone 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 de%riccs may
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case, one or nore of the user devices may be dropped fromthe sel ected set.
Alternatively, a 25 new orthogonal set may be selected and used in the
subsequent SDVA exchange. In the data downlink phase 44 of the SDVMA exchange
40 of Fig. WO 20064680, 62, 64 is transntted to each ICHVRIWYDEBTHevi ces in
the sel ected orthogonal set in a corresponding SDVMA channel. That is, the
data 60, 62, 64 nmay be transmtted to each corresponding user device in the
or t hogonaleagtebe ushfigured 36 pamehiz anACKN sighadaack denthe f AR diffeprthe biad ofisher

device. In 30 at | east one enbodi nent, of the present invention
i || ust r at SQUPSRORipg dafa transgnigpins By Faig el angr?itb&gé‘}a_bg%g% 80 i n the
sel ected qfd EAQQQ%FkéftGSV‘Mb! TDereBliaNgeah B8R LdAtddviees tvﬁggms@lbe @hdssof the

transnmtted data bl ocks 60, 62, 64 are aligned in ti me ~ The user devices
may 6 WOappoSinteeledighal in 5RO 0lty this 3@maer, scamshdegeeeqdriiniigg pléghment betwessni t  an

ACK signal_back to the AP after the .end .of .the rreespondi n ta

trans mgssit%ﬁgm‘éﬁln‘gﬁefedﬁ? ﬁé‘cﬁl‘?ﬂg may b2t ved in the gplly fhe 8%‘}";%"%?%’(?%;% Hq%> 64,
the ACK pagiimies taBthe Gohouhifof @ELiotRArahémied Reddh @BerdRVice @b theisklectad se@ide (at

| east appr oxi rrateeag aligned in tinme. In this manner, sonme degree of timng

I
al i gnnent kpewnbefor %daém@mlirdsrphaseé&éﬁavé(spﬁhﬂéitﬁsiﬁ@wmvhenéheatms@qu in the
cell. The egg[?lysgr-&%ac%rié%ec%a&ﬁ&legque assunes that the anount of data to be
e

transmtte 0 each user viceg in the selected set is known before the
data downl i nk plseparaté4eceiverbeam (dlbtypleally betusedtokeuaive antACK pdvketifioaneaoh 651 on to

each user devi CS iiS to co '

nce). A separate recejyve bea 11l typically be
ised th) r dhensse depiceadn the-elested rARaRALIFE of onecpashibie ApBroaglbin eng Beahe

sel ected QRihRAAN Ay Holused b AREVOLS ACK SigARRTRR G isel BEViGAME: WER Tsed RS 2MMBL €' S
may be uséd to recefive an ACK signal froma user device that were used to

transmt tttagsmidtheecorrespondigg data do the usdradeviser device. Fig. 4 is a timng
diagramillustrating a traj.ning.phase 8Q that ma sed.wi thin.an SDVA
exchange (or a lgséﬁga'a?’”@rdl?grﬂg)dpqs a%@ﬁ*%ﬂ%@#?ﬁ%“@%ﬁme PR3N he
present  KDNACREHanSE(or AP ssThONRer tind) in&HcBrdabide with! &L EmbodmBhtHT tHegsiekeat pPacket
82 is transmtted to all of the user devices wthin the correspondi ng

sel ectléd dnvenbefo s shawn, a smgle multi-yser jeaining regnest pasketdduiewansmisted keall hemmy
> L ide | ; \ el j ) DT

osponce (sdERbe Wt ERLbT bR BB braltN 5, ARGl BueRg
al so i ncl pdeket 82imay inchiderinformation idemtifping rthe useredevides \flonc lwhidhaa ainghg esponse

R CRONE AT RN R ST N Y

information indicating times at which training response signals are to be transmitted by each

20  of the identified user devices. As shown in the embodiment of Fig. 4, three user devices

within the selected orthogonal set (i.e., STA 1, STA 2, and STA 3) transmit training response

packets 84, 86, 88 at times T1, T2, and T3, respectively, in response to timing information

within the multi-user training request packet 82. The multi-user training request packet 82

may also include a medium reservation request that may be used to reserve the wireless

25  medium for the duration of the corresponding SDMA exchange. In at least one approach, the

multi-user training request packet 82 may be transmitted using an omni-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

30  withan 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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within the sel ected orthogonal set (i.e., STA 1, STA 2, and STA 3) transmt
training response packets 84, 86, 88 at tinmes Tl, T2, and T3, respectively,
in response to timng information wthin the nulti-user training request
packet 82. WIn9051@67169- user trai ni ng request packet 82 nBGI/E$2064/G43801 ude a
medi um reservation request that nmay be used to reserve the wireless 25

medi um for the duration of the correspondi ng SDVA exchange. In at | east one

approach, idéigifiedfdrithatiser dévical HowvérsigRad ofPaiaiie B2 tetmynabendsroffigndatd ed
using an gmi-directional antenna beam (or other type of beamt hat

enconpassedoakp 82, 94, 96:asin e prerious aodiBA FASESHP PIOPFF %ﬁ‘&g aligmeat pmaTaiy cel | ).
Fg. 2 1S ACkrlhbd pfBRSETN 1087k BL irfitufibals 8R! oP e .d%m&%agﬁtggghd n

accordanc an entbodi ne e present invention.

shown, an offeid cof@$pondimg datachlguiked2e94, 196y The ACKrequestpaciterd 98 N1 00hE025beexchange
90 of Fig. 5 As befaore, data 92, 94, may.be  transm tted each user
devi ce Wi taflﬂigﬁe‘gﬁé’éqeec%cfl’ﬁmt‘%&f-&ﬁﬁ@y §@?‘%§§P ed,toF5snond t%?ﬂ éh%areﬁ‘?étm 7 WD
2005/ 0671%%ch&§¥&% PR b4, 1'06,21% Efpge];aétte:_ﬁrﬁihea Baburit $LAime SiYdr 8 reddeyy e

i nstead of aligning the term nal he data blocks 92, 94, 96 as in
t he previ geseiwdbobhiusetite AGKepeskete 104,0106; 108 mayicplsd beyaligned, indime(padeasse ACK

request packet.9 0 102 be transmtted to each,of .the.user,. devices
after the a@m?mnaa&élyﬁeﬂk%qer %%Sg‘gr?qﬁpﬁb"a it O_BP%%? By gi_,mc‘%{.ed _u""/‘:\%g c}agaquest
packets 9&]ockd92, 94085 tHRYIR the drieSidRink Bsdr d8Mees T sépata@ A CREYLSS wilkbe each be
configured to respond to an ACK request packet with an ACK packet 104, 106,

108 a K edwsedand thateh Glfpacketsstre nothieberansmitieddn respenss to the datadlaskiteelf (fahus, t he
ACK packet - i i ; J .

bt ot ot A yehiine BN KB p R il sOF Phey. od SORIA BChacBObormin S, i i
the data rdydeksefil for®tample, ihhsitudtioh wbetehite atnsunesidarcto by trassiittetbtoieashs t hat

separate ACK requests wll he 10 ysed and.that A ckets are not to be
transmtt WSF%@H&?%@‘LBSQ%GM&Q@H} Eaélﬁlioéb?“"% %grelﬁégénpl e, using the
Bl ock Ack pr Otg%lkésoaftiﬂlﬁ %&%ﬁlﬁﬂﬂﬁﬁ&éﬁmmﬁmﬁmma&mm& may be

useful, for ex , In si'tuation where the anount of daga to b_e
t ransni% t ewith an essbotiiment ofithepressot invintipe cbheiSPMAexchahget Wbf Big hisgomibartoset i s

not known pef orehand. .Ei 6 i timn .. agr bl ustrati an. exanpl e
SO exc el ofFieds asprpbiaasiae mndf SR ATK reaiftif ndipbRBEp

i nvent i on.a][TdTeheIMAdEHdeD Hiieh thé Qeledteddrbhogbndl SetS iTHe lér deRiceé iy enetileadhge 90 of
Fig. 5 except that a single, multi-user ACK request 112 is transmtted to

al | of thdragsait ageespending AGKapadket Kd) 16, 408 torthe ddonpredeferminedhamapsbef devi ces
may then §aglhger the multi-user ACK request 112. The multi-user ACK request 112 may include

20 information identifying each of the user devices from which an acknowledgement is

requested. In at least one implementation, the multi-user ACK request 112 may be
transmitted using an omni-directional antenna beam (or other type of beam that encompasses

all of the user devices within the selected orthogonal set). o
Fig. 7 is a timing diagram illustrating an example SDMA exchange 120 in accordance
25  with an embodiment of the present invention. The SDMA exchange architectures described
thus far have addressed transmit and receive timing alignment considerations, but did not
address the near-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 Flg 7, instead of transmitting ACK request packets for all user devices within the
30 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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transmt a correspondi ng ACK packet 104, 106, 108 to the AP a predeterm ned
anmount of tinme after the nulti-user ACK request 112. The nulti-user ACK
request 112 may include 20 information identifying each of the user devices
from whi chWan208¥06t941 edgenent is requested. I n at | easPCOHSRWEBEENt at i on,
the nulti-user ACK request 112 may be transmtted using an omni-directional
ant enna beam (or other type of beam that enconpasses all of the user

devi ces Wi fhyibé ﬂ}@dt&t@ﬂ gat 6 ATK pawers etnsi€itgd byFdoghe of theSuser ddvmemxtmhalgf am
illustrating an exanpl e SDMA exchange 120 in _accordance, 25 with an

enbodi nentselseted @@Oﬁp@% st ikl beaspplyable Wh%e%mc‘lﬂ@éﬂ aHlevighin fied dotiiledae

descri bed # A |

consi derat‘ATéolgg§c %tﬁa%ﬁ%lﬂﬁ%l?gwé%r e%r{s% ?’E@ﬁgﬁ{eg‘f‘%&?‘%&f&o bE W %&ﬁ exchange
ar chi t ect ateqgedittedtods resélvalde mmpthed be mceztrbtbtog&thdr,ewhleetheiathem may bpeebtieedf
addres%i n% bg]t;g ti m ng alignment and near-far concerns. Referring nowto
Fig. 77 i e T e ansmi tti ng ACK request packets for all user devices
within the 30 Wtﬁ%f&&c@f&ﬁggpﬂﬁlexﬁﬁﬁle%mﬁ%vé@é%d%te?iﬁu{eaﬁlatﬂCﬁdﬂcke% for

exanple), the AP may transnit request” packets to the user devices at
di f f er ent redeived copaeanty frohnBTAxbapd 8TARZ pilble cesolyableewishinahé APt yThos, t he

U 2005, 06PTETPRETS DERIRRIOHERYE® {70 18} B eaprulipt sBE Fni s AL B ket s

transm tt e Ay SPAR 208 STAS mapthef @¥dhaRmsmitbltbiespBfiding ACIC pattetV6hmganal set
w ||l be resol vabl e when recei ved concurrentlxi) wthin the AP while the ACK

packetld t predstermined amguns oftime l3ien: dt menalpo haye beendeterarnedshatanAdK pecketrhe

kets t ' th
Wi 6. t he opiaRSRIELS B0 eldtaIotPiSL fy PN e e B B B ALROCL T
Fig. 7, f (pﬁcl&xsamhhe the ACK&qucbaaao fbe (S is éedndrhitted AEdiffarekitime andecei ved
concurrent |y fromnﬁTA | and STA_2.wi be resol vabl ¢ wi thi r% the AP. Thus,
cor r espondiheprrenonding AGK naskatdsd lﬁffgelvmp@fi%tewa APy T e lpter. sline ¢ e
to STA 1 g tﬁgﬁlgcted%-gl!ﬁo%oxgpﬁt Bibeén filtherldhadedg Ao tudlfi Q%bélvé* ofiflbgdraPondi ng

ACK packet 125,128 a 10 predeterm ned amount of tinme later. It may al so have
been dét emsefis hastd oh dlte mc&ﬁaqusal@klahty czfs*.lm(nonasmddmg réceSEA SignabuEd:hmftthebe

| bl i f h T. , h
et eane Seetye R aBkorf st mb SR ABnt bToB bt rtled Son{ i on BRI Moo nS (1S

corres p on @t’tﬁd%o‘hﬁ}%eﬂ At edsolkaBilityspredicdntae) b based@atagy Aunbet o aifférnt Abtotd Me
| at er. ect, the selected orthogonal set has been further divided into
nul ti pl e incheding; éor expmpledegigreive power levels of the user devices in the selected orthogonal

set, the s1gna1-to-noise ratios (SNRs) associated with the user devices in the selected
20  orthogonal set, the modulation type associated with the user devices in the selected orthogonal
set, the coding types associated with the user devices in the selected orthogonal set, and/or
other factors. In a relatively simple approach, only the receive power levels of the user
devices are considered.
In a variation of the SDMA exchange 120 of Fig. 7, the three ACK request packets
25 122, 124, 130 may all be transmitted at the same time, but each will include timing
information that indicates to the corresponding user device when it is 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
30  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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15 sets based on the predicted resolvability of the correspondi ng received
signals. Each of the receive orthogonal sets may include one or nore user
devices fromthe originally selected orthogonal set. The resolvability
predi cti orwoagosheribased on any nunber of different factramras20a043adi ng, for
exanpl e, the receive power |evels of the user devices in the selected
orthogonal set, the signal-to-noise ratios (SNRs) associated with the user

devi ces i fqghdl® padiee e ficRidePtimiHRUAMMNAAL to ihiBatdBs tealsbOdevioep Svities B at ed
with the user devices in the sel'ected orthogonal set, the coding types

associ at estleatadrprthogonsd set vehenithey 4re 9 tranemis @|ceregnding iddonagkets ckhe / or

ot her factagrs n.a relatiy ' r VI r
Cevel s of miated b p ot R STR iRl BN SaupBilt phedfu R EENIRIRATL
exchange #¢Qoféspbhding ACK p&kbisupen Ackptioadasadeberitedlabove. T mwlélusdr24CK130 may
all be transmtted at the sane tinme, but each will include timn

i nf or it i BueshAf2 manibe drasmifted p#ig. dor PxaEIpins an R Mirdisectionsd antenpm é??%il foris to
transmt e G 11}1 t e-mb‘rﬁ asgég%ll'%g!ﬁler &gf“'&e%ticcfg %ﬁ]ﬁ{ the %%lgctg(' %nﬂay each
2] %o corr’ resp Al re

i ndi cat e e e Ll spondi ng user devices an est packet
130 may isefl.cate a different time. Fig. 8 is a timng diagramillustrating

an exanple S exchange 140 in accordance 3 ith an e di ment, of the
present inve rl?lt\ﬁgrg( 1s ?H@Mﬁ%&dﬁ&ﬁ@%ﬂ&a&ﬁxwﬂﬁg&m eﬁ‘@”‘%&%ﬁ I aceerdancge
exchange {2 aﬂémgdtﬂmer&’ofﬁé%g?&%t%ﬁ%hﬁ(ﬁl. s M sEated Hatal 1505184, 13EHs raRmARH Packet

142 is transmtted to a ' '

—

e user devices wthin the sel ected
or t hotfdnato uset deviiee withint 4 salestad oMbiigorl sabuging B/sopraie beafonsgoloofithe 48371

request packet .incl ude i,m, ng.J nformation to ipdicate to the user

devi ces wWPFHTH tjvﬁ%hm Ehé‘i ‘i"g‘i iﬁi’ ol%hgsgdotﬁgﬁsm?%ld tQFaER ?#1@‘? ug?re&_tvg’cﬁ ?‘Sgt?{g'r?\gt a

COr I es ponfifeithatiex1 5820 kG162 TitRcdting 8 $imel 8 GihecAltBSludey dévice i frinstfitein ACK request
142 may be based upon the predicted resolvability of the correspondi ng ACK

packet s upasketrbagke s the gorresgonrfing AP H dhe timingdnformation ] 18, 1605 dF2 mex bs bpssduest 142

may be tr wtted. e I mi a e | eam (or
ot ber -t yp oy g SRR Pobona Bl P IR Sproibnify ACK kG 1Ron F0LBENE 12

sel ecl®d destiiiegabave. The timingnformatiors] 58, 160)16Dmdy hcgioaargd iﬂy&e’nbre?vi'thjgthan
exanpl e SDVA exchange 150 .in or dance ith an enpodi nent. of the present
i nvent i oncoTSPINdfngLFansmted datéﬁgg’l{fg; PS%SA@%BE@&“?%W?E vitug ﬂlel%PePB’rﬁuser
devi ces Wby SEWf gpﬂaﬁﬁ i+ e, ' e ach of
t he userV\%%ﬁ\}iigg%ag.s Wtﬁlﬁgﬁ(ﬁgﬁ ! at a %tzél Alxgtfﬁaj%g%alt@?hgggﬁatk?égﬁﬁ?%gf:tr]%@of t he

user deviind®ated timieni ng

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

20  (AP) architecture 180 in accordance with an embodiment of the present invention. As
illustrated, the wireless AP 180 includes: a plurality of antennas 190, an antenna controller

182, a multi-user wireless transceiver 184, a controller 186, and a distribution system
interface 188. The antenna controller 182 is operative for managing the generation of antenna
beams (using the plurality of antennas 190) for use in communicating with wireless user

25  devices in the associated network cell. The antenna controller 182 may include, 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

30  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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i nformation 158, 160, 162 indicating a time at which the user device is to
transmt an ACK packet back to the corresponding AP. The timng information
158, 160, 162 may be based wupon the predicted resolvability of the

cor r espondVRgoACKI It cket s upon reception, as 15 descri RPEF/UEBEGE433The ti nmi ng
I nformati on 158, 160, 162 may be | ocated anywhere within the corresponding
transmtted data 152, 154, 156. Each of the user devices within the sel ected
ort hogoEaborsespon&iﬂgraew&&eal&lﬁsiﬁé QOnfeEImndﬂi'gErlaﬁsiméﬁfek' @ mabkzﬁﬁsl. l]Iﬂiépon‘tﬁ)ﬂer 1868 to the
AP at the indicated tine. Fig.. 10.is a c iagramillustrat.i an

exanpl e SEMREOf-Be gveial epeation thas Wirplgss AP lgfb TINZ‘)% Pﬁ]ﬁi 1864may ke B 8geqtn

accor danc ] qg@p- ' | blohtistrat ed, the
Wi rel ess iogﬁfg%ic?cg)c ul efsill:Ie qgfgp urogfr?l?e; H??%%%lehﬁ%gagl%xgﬁmg?%gﬁ fglr:]t?]bgl Ei(izlgnt rol | er
182, a nutteatiansfantennatieams dunirgtsmemit end/diddgeive apemtions. [The cat®]lenld nmmy

di stripution st Lnterface.188. The gntenna caontroller 182 i.s operative
or . managPh e e GeHNTE 5 OTeIS AP PhET AR ORr ST P VTR TR POy OB

ant ennas %%&-)n {rRErrALe A 8B Hrévade¥Lanl ifREhRTbetlvbdh b MRIRIS ABSEI0 ARl APMit&RA i n the
associ ated network cell.” The antenna controller 182 may include, for

exanpl e, diseibition systent toalow oprmmiripatioprwiths forieranspleanpther aeaess ppink anetiRFpendent
ant enna beans usi t he | ural i of ,antennas, 190. The, nul ti.-user, w rel ess
transcei vBPTI9BA itﬁglsﬂﬂggeh%&i e erflﬁm(fr#(o(?iﬁr’itPf/%?tSFleBrtBEé)gyl%&wgfb& al s
recei ved R¥ephbfe mtwbl (PSYNYfetodbiitathetd0 and transmitter functionality for
processing signals to be transmtted fromthe plurality of antennas 190. The

30 mull®i - user niat lepitone embostiment bthe prgsent inventioathecestrolen 36 s aegfignied top| e
users In Eil% &ﬂrtﬂcelﬁg@ﬂﬁj 56'8f Ff\%.eﬁ W@ﬁp&? héw?lkrﬂg‘gﬁmeiﬁléséo}‘res bding nSewo1€
er 1 may, for gepner aF

mul ti-user rel'ess transcei exanpl e, e transmt
si gnal s f The comtwiler BGtmajeidentify grthagonallseis pk esen devisesiminglinformation@athe®l/ 067169

PCT/ US2004/ 043371 . correspondi n etwork cel] |l using correspondj ransm t
2t enna. bERECUIEY Bt oA oRta Hech Abpaaarb suaral bR Ec ety Bt he
wireless AiirbHEr186B8sea8A b pRidbBmir& i e¥BYoR itéribnd The€SIntroR e IBY fa§ &eh @linW t h t he
antenna controller 182 to facilitate, for exanple, the selection and

creat ldn adcessrio ghremetberkmedium andpansean SN Azadiange tocednifistedp &t atl¢astmne The

controller 18 y be i npl.enent ed usi f anpl e - o r..apre digital
ot ocess! ngmaeTmERor thp Bresf i FFRT the Sl e BT P ciral R B imiR B
i nt er f aceSD™MARLhahdesuth sethesesiMstatedtn Bigsl 338, 6] &rahdlor 9dTEE EdnallerdB6Sy st em
to allow communi cation with, for exanple, another access point, another

portion ofMayREMayAet neEfeTR SRMA Heinmg o satherSLMA shymel infrmpHenasiart of thee publ i ¢

swi tched gpya exchange. The controller 186 may also control a present mode (e.g., transmit mode or

20 receive mode) of the multi-user wireless transceiver 184. For example, if the SDMA
exchange 40 of Fig. 3 is being performed, the controller 186 may instruct the multi-user
wireless transceiver 184 to change from transmit mode to receive mode after the end 66 of the
data transmissions, but before the ACK signals 68, 70, 72 are scheduled to be transmitted.
The controller 186 may also instruct the antenna controller 182 as to which antenna beam or

25 beams to use. For example, if the SDMA exchange 110 of Fig,. 6 is being performed, the
controller 186 may instruct the antenna controller 182 to use the spatially separated antenna
beams associated with the corresponding 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

30 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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SRR

t el ephone network (PSTN), etc.), and/or others. 10 In at |east one

enbodi nent of the present invention, the controller 186 is configured to
carry out the nethod 30 of Fig. 2 to support downlink SDVA in a
correspondwoossalsvey k. The controll er 186 may identifycwos20mmasl set s of
user devices using information gathered about currently active user devices
inthe cell. An orthogonal set nmay then be selected by the controller 186
based on axphREGh S1BAPEEE HHREhHR WS b théfeloP fhe bldtks &b RIefed AEBAMAYX t hen
gain 15 access to the network medi um and cause an SDMA exchange to be

i ni tiat edwithin aisingle {et multiple) digitebiproeassing feviteés) p Tbs digital proesssing devicd(e)
controller_186 y. be configured to initia a exchange s as those
T st r at & R o SxgfB. b BeeElpiBose ibigpicBesdih, a R FERENGEINRS or ray
not per f opRdERMAndthaiio R8cdBpuiai(REBC) Jdhpkiaaatt dnttonputep (CISE),adeld of the
SDVA exchange. The controller 186 may also control a present node (e.g.,
transnt poeEammatie gate gapy FRGADe pn efplication speaific ndegrateq eisquitd A SIC)aprdéesi ver
184. For | i . ‘ h i i .0g med, the
cont ol | o P iebyine, s, oF B 008 Birlard oPwier TGl RERUBIT)
change fr amplemantstiods mayds hadel ecei ve node after the end 66 of the data
transm ssions, _but before the ACK signals 68, 70, 72 are scheduled to be

transmitted. ¥hibe @bpiverdaserdhed embodiments, the inveation, has hegm deseriberhusingiomeo | er
182 as to.whi : : j he, SDVA
oxcohange_ ikt BRCERRRIPAR Bltod v PRTRRE 04SP wirthie REDIRIBtdrtialR “DM
t he arlDenshouddh¢ noddreood, hdweverythat theenwptive cincypts erranai tlizmitedrio esnwithineans
associ ated w th e Corr j user .devi.ces when.the data 92, 94, 96 is
boing -t - arttors bl T EREAYANY st Gl RnaES ot sl COMEPINE| - s er
ACK requesgp ilﬁ%lﬁmﬁlﬁed %hiﬁgnfra@éa%eiv&o&@gou&sm%w witelesPtR6ikiiglthndgdher control

schenes and .other AP architectures 30 may alternatively be used. It should
be appr eci at edIn thadorepeing detriledideseritioncvesions feaburesaafdbe invertiog are grouped be

functional j r n 0. s ril r{e i 2t e shar dwar e
e:Jemelnts.t eghepﬁ%%dggﬁog’a%@qgﬁﬁ ﬁ@?@ﬁ%%ﬁé@%ﬁ&%@%ﬁglse@.ﬁ#ﬁ east one
nmbodilsentdisclovre OThidpricthodf oftdixel oohire Gkisot & 16t il refed as adflectingsfihtenticn that t hi

gi nglle (gr P ﬁ??oj e) digi toal processirtl del\l}fa?e(s . Thg?diggs]?lt al pdrhocyeussi Ing 2
devi ce(s) _th%mp(#p]@wmn Teireemarpfpaiuresaate FrRress Y Tpeted ineagh elaims dediser, a
digital shgnpl g tnfhs () inveﬁtix‘e‘éz%g%?sdmgy i it sk Wb relRBRSE BAcn( R SO

a conplex Instruction set conputer ( progranmabl e gate array
(FPGA), adisalopdd emsttodomend.peci fic i ntegrated circuit (ASIC), and/or

Although the present invention has been described in conjunction with certain

20 embodiments, it is to be understood that modifications and variations may be resorted to
without departing from the spirit and scope of the invention as those skilled in the art readily
understand. Such modifications and variations are considered to be within the purview and

scope of the invention and the appended claims.
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ot hers, including conbinations of the above. Hardware, software, firmare,
and hybrid inplenentations nmay be nade. In the above-descri bed enbodi nents,
the invention has been described using sone terns that are comonly
associated with the I EEE 802.11 wirel ess networking standard. It 10 should
be understood, however, that the inventive concepts are not |limted to use
within networks follow ng the | EEE 802. 11 standard. On the contrary, the
i nventi vewhapzePimegay: be inplenmented within wrel ess networks foll ow ng
any wireless networking standard. In the foregoing detailed description,
various features of the invention are grouped together in one or nore
i ndi vi dual enbodj g r : mining the 15 disclosure.
Thi s met ﬁldd of&gie{sﬁgpggrul{sg%} %Qﬁgl'? égtnggﬁcgk’i%fr?{@qu%@ ted as reflecting an
i ntention t hatid¢rtidyiog apheaity nfemitogomal setsjof usesdevives, Wheatineash drthagoratl set
expressly. recited.in.each claim. her.. . as the foll,omng clai reflect,
Trvent - ven aef o Falitnhs S dechnl B nTAd Thuip® fatr s BRI o Bl R g
enmbodi mendoncutehipb@hn hdtessiHols akihg tifféfnt améhnadsagen described in conjunction
wth certain 20 enbodinents, it is to be underst?}%g that nodjfications and
variations nayselsetinge 8B erehweorpl st tfrsnttheiapupbityngl orBagangk setyi §45¢d SRd2 scope
of the i nyetdRAthedSeltdRaCrikftiohif£d I n the art readily understand. Such
nodi fi catl ons ang variations are considered to be within the purview and
scope of the iinwieting enspatial tivisicwppattpdal acdeas (EDMID) wychandesfor| the reelgcted: 1. A
met hod forrth%genaw a wreless network, conprising: identifying a plurality of
orthogonaq SEtS O 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 access point using different antenna
bearms: set-ecti T Hih ‘?fr?éf"dlﬂﬂal“x‘gré’cn:fromthe plurality of orthogonal sets
based on a prepefify 40 e sl 8Glihdles sdldc@iny @Ret BB dldr ArRdunb 8f datSihat s al
division multiple access FSDIVA) exchange for the selected orthogonal set.
2. The neltisepdder delizemnta usepreviedsnvithinegagh of saif identified ioogograiel ss&t i ncl udes
selecting a set based on an anpbunt of data that is buffered for delivery to
user devices within each of said identified orthogonal sets.

3. The method of claim 1, wherein:

selecting an orthogonal set includes:
determining a maximum duration for the SDMA exchange; ’
evaluating orthogonal sets in said plurality of orthogonal sets to determine an
amount of data that is buffered for said orthogonal sets; and
selecting an orthogonal set that has a largest amount of buffered data that can

be delivered within said maximum duration of said SDMA exchange.

4, The method of claim 1, wherein:
selecting an orthogonal set includes using quality of service (QOS) information as

part of said predetermined selection criterion.
s. The method of claim 1, wherein:

selecting an orthogonal set includes using latency related information as part of said

predetermined selection criterion.
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3. The method of claim1l, wherein: selecting an orthogonal set includes:
determ ning a maxi num duration for the SDVMA exchange; eval uating orthogona
sets in said plurality of orthogonal sets to determ ne an anount of data
that is buffered for said orthogonal sets; and sel ecting an orthogonal set
that has a | argest anmount of buffered data that can be delivered within
sai d maxi num duration of said SDVA exchange. 4. The nmethod of claiml,

wher ei n: 6sel e@hni agesdpoitt(APY dstahseSfta wirelessaasworki inglapeating Ypavkl deisitince ( QOS)
infornationigs garsﬂgLQsaid predeterm ned selection criterion. 5. The

met hod ofMUHfRl; 3Regss ( t {PORIEMECt i ng an orthogonal set includes using

latency rel at gGhififudr WREIQY traSscPitéd thXfis Spable RLREBBELRAINIGAERLILAR
criterion. 13 6. An access point (AP) for use in a wireless networ

i npl emrenvsaywikhianricaveragodred (fithe AMjandpl e access (SDMA), conprising: a

mul ti-user w r LVer LS F oS vi ci ng
mul tiple use%?tﬁ@ﬁ?’nﬁgﬁ lggit/%r&g%émﬁ lééﬁgﬁl%ﬁ Egir%?élgﬁdm;d%oﬁ?rgg@ }-né‘rﬂ,sgf(r:oupl ed
to sai d orthddonsisets of nedralsices avithineihe enoyerbge adantoi §ejech oneirdbehe @fentifoedt hogonal
sets of user devices within the verage are tq select one of the.

dent | 1 BEMOEATKE GO fosBree AP PHIERLY R S SRSt BPTERe

sel ect ed aprdrinegMARketSi€ta sdtfiRft Ghéluded mOIkiplROGEN dbvist thhtScad B tradshdited foC! udes
mul ti pl e user devices that can be transmtted to concurrently by the access

poi nt uscARFUEFRthEYEAe aceRssNeit upiBa different antepma Reamgy. ¢l ai m 6, furt her
conprising: an antenna controller, coupled to the nmulti-user wreless
transceiver, to manage the generation of antenna beans for the AP. 8. The
AP of cl & m 6 TheA@rdfickrim $afudheraompakingr sel ects one of the identified

ort hogonal sets based on that is, buf f.erepﬂ}f or delivery to

: ant i ﬁn am’ﬁ'&t C%& mdf%t-as €s CceIyer € the :
user devices Ph2BERAF SPPHE PRI tPithe mEIHHSE Siigless Bemsceiger, thpanig claim
6, wher eigtrerstivh @f embidaMehas fos @leeAP.s one of the identified orthogonal sets
based, at least in part, on a

8. The AP of élaim 6, wherein:

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.

9. The AP of claim 6, wherein: ’
said controller selects one of the identified orthogonal sets based, at least in part, on a

maximum duration of a subsequent SDMA exchange.

10.  An article comprising a storage medium having instructions stored thereon that, when
executed by a computing platform, result in:

identifying a plurality of orthogonal sets of user devices, wherein each orthogonal set
in said plurality of orthogonal sets includes multiple user devices that can be transmitted to
concurrently by an access point using different antenna beams;

selecting an orthogonal set from the plurality of orthogonal sets based on a
predetermined selection criterion; and

initiating a spatial division multiple access (SDMA) exchange for the selected

orthogonal set.
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maxi mum dur ati on of a subsequent SDVA exchange. 10. An article conprising a
st orage nedi um having instructions stored thereon that, when executed by a
conputing platform result in: identifying a plurality of orthogonal sets of
user devices, wherein each orthogonal set 1in said plurality of orthogona
sets includes nmultiple user devices that can be transmtted to concurrently
by an access point using different antenna beans; selecting an orthogonal
set fromithe ghubaicielof cRimq0lWRganal sets based on a predeterm ned
selection criterion; and initiating a spatial division nultiple access
(SDMA) exchang@estzg appethegqnakset incluges selsginm se bpsed pa ap pmoypdfdataithatds of

cl aim 10; oW L ] . k- l.ecting a set
based Onbgﬁggﬁggg?n§$§gg%gﬂ?ﬁggsggﬂﬁgg eﬁg q%gpﬁgipﬁ@§$§ﬁ€§guser devi ces

wi thin each of said identified orthogonal sets. 12. A system conprising: a
pIuraIitX of @pte na el enents that includes at |east one dipole antenna

el enent ; & mult PSRBT eSS transcei ver, in conmunication with said

plurality of aphesiiaofaltef@rlenentshidt inctudeamabdseodf dipdleuhtt@netushy servicing
mul tiple users within a network _coverage area; and a .controller, coupled to

sai d mul ti - usérmifirusploddelepsatiansesivasr in eqmmenieation ywith miskpdiralgy of gpteRRR onal
sets O URAenflOVhAES bAl Tor! SiuRREURIK SGOXSTAMRIGE Bserl Owifith O he@Bfic Of the

identified orthogonal Sets, and to Initiate exchange for the
sel ect ed covarbgsgesaabndset , wherein an orthogonal set is a set that includes
mul ti pl e user devjces tha an.ge ransm.t e? to concurrently in
G111 erent - ant ARiU ke led 16 34id T GHER Wit P RO SRy il ¥ ng:
ant enna oethbgodhl edts of e élided Wiltin kY hétwoBEoWrige! 88 for RC &he/ & ,thd O
manage thg _9eneratio of antenna beans using the plurality of antenna
el enent s ldepiiied 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.
13.  The system of claim 12, 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.
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