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access point can also communicate with multiple user terminals simultaneously via
SDMA. For SDMA, the access point utilizes multiple antennas for data transmission
and reception, and each of the user terminals typically utilizes one antenna for data
transmission and multiple antennas for data reception.

[0004] Some key challenges for SDMA in a multiple-access MIMO system are (1)
selecting the proper set of user terminals for simultaneous transmission and (2)
transmitting data to and/or from each selected user terminal in a manner to achieve good
system performance. There is therefore a need in the art for techniques to efficiently

support SDMA for a multiple-access MIMO system.
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stregmy,conet thrmsiditosytrdool stream for each antenna at the user termmal Each user

terminal then transmits its transmit symbol streams from its multiple antennas and via
its MIMO channel to the access point. The N, selected user terminals simultaneously
transmit their N,, data symbol streams (e.g., one data symbol stream for each terminal)
via their respective MIMO channels to the access point. The access point obtains
multiple received symbol streams from its multiple antennas. The access point then

performs receiver spatial processing on the received symbol streams in accordance with
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DETAILED DESCRIPTION

[0017] The word “exemplary” is used herein to mean “serving as an example, instance,
or illustration.” Any embodiment described herein as “exemplary” is not necessarily to
be construed as preferred or advantageous over other embodiments.

[0018] The multi-antenna transmission techniques described herein may be used in
combination with various wireless technologies such as CDMA, OFDM, TDMA, and so
on. Multiple user terminals can concurrently transmit/receive data via different (1)
orthogonal code channels for CDMA, (2) time slots for TDMA, or (3) subbands for
OFDM. A CDMA system may implement IS-2000, IS-95, IS-856, Wideband-CDMA
(W-CDMA), or some other standards. An OFDM system may implement IEEE 802.11
or some other standards. A TDMA system may implement GSM or some other
standards. These various standards are known in the art. The spatial processing for
multi-antenna transmission may be performed on top of (either before or after) the data

processing for the underlying wireless technology, as described below.



mul ti-antenna transm ssion may be perfornmed on top of
(either before or after) the data processing for the
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bel ow. [0019] FIG 1 shows a nultiple-access M MO
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(FDD) system For a TDD system the downli nk
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system the downlink and uplink use different
System 100 may be a time division duplex (TDD) system or a frequency

division duplex (FDD) system. For a TDD system, the downlink and uplink share the
same frequency band. For an FDD system, the downlink and uplink use different
frequency bands. MIMO system 100 may also utilize a single carrier or multiple
carriers for transmission. For simplicity, the following description assumes that (1)
system 100 is a single-carrier system and (2) each user terminal is equipped with

multiple antennas. For clarity, data transmission on the uplink is described below.



frequency bands. M MO system 100 may also utilize a
single carrier or nmultiple carriers for transm ssion.
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(1) system 100 is a single-carier systemand (2) each
user termnal is equipped with nultiple antennas. For
cl ari Ay uplthid RIVICAaRh 8 SoARedoby thlaav,,I,,J Bhiefifasi 8 R 665 %@ﬂu and the
bel ow. [0%22] An uplink M MO channel forned by the
Nupk entemrsis at a ghven aiserdersnipalimmay g ohhracterized kyhare dhax My, channel
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responsematriasHgns evhiditmaybe expngsséd amay be expressed as: K
KNTT 2,1 - up,mEq (1) where entry , for i =1

and j FW,...AHN , s khe cqoupling (i.e., conplex
gai n) bet %ﬁ acgess point "antenna i and user term na
antenga j—{ For s¥nplicitywtihe M MO channel is Eq (1)
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the coupli @vbeqween_eagh transmt and receive antenna
pair is repredenfed w th"a"silngl e conplex gain . In
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general, epgh) usgh taraingl jsasspeiatedwith g dlifferest upkink changel reggonse matrix
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ri ghtTie) ephnecdhafusel Ofespon8é CmalGIROUES , t At Q¥hj we@indl m may be
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‘HappaslizcdMusing eithe@rsinduldrsvatueadeco@pbdition oméigenvalubhdecomposition
colums of a unitary matrix are orthogonal to one

tarebtdie Ny i gomepesrple ',”geﬁb%slugula@%wg@,qmp@ﬁhen of H,,, may be
correlation matrix of nmay be expressed as:

expressed as:

H,,=U,nZpnVerm > Eq (2)

where U, isan N, x N, unitary matrix of left eigenvectors of H

up,m up,m 3

Z,nisan N, xN,  diagonal matrix of singular values of H

up,m up,m >

V,n.isan N, xN,  unitary matrix of right eigenvectorsof H,, , ; and

up,m
«“H» denotes the conjugate transpose.
A unitary matrix M is characterized by the property MM =1, where I is the identity
matrix. The columns of a unitary matrix are orthogonal to one another.

The eigenvalue decomposition of a correlation matrix of H,,,, may be expressed

H H
.Bup,m = ﬂup,m H_up,m = _Yup,m Aup,m y_up,m H Eq (3)

where R, isthe N, xN,, . correlation matrix of H,,,,; and

up,m ?

A, isan N, %N, diagonal matrix of eigenvalues of R, ,, .



-, _-up,m- up,m- up,m V/ where Ris the N
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and ei genval ue deconposition 6|are known in the art and
descri bed, for exanple, by Glbert Strang in "Linear
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For sinplicity, the description herein assurmes channe
&y_ﬁ*eh}iﬁgil\l;%[y. ankb SIRCHIEP O, tdoRdinMit) Sigem&Teli9 filfe eib @tk associated
Wth SDVA,” N user terminals can transmt data

witindhe dargest ysingnlar haluepin @k, t,owhich iadbedustpsingilar #zlué after the
user term nal perforns spatial processing on its data
ardéring. allst eigenvegtoy éartthe prindipalreigeyndde ofeH|,y,ed thd first column of
based on the eigenvector for the principal eigennode

¥, ! bfeervhe @dessy atdandedotédoas ¢ hat termnal or (2) in

sone other manner. Each of the N user term nals can

trandni 4 peatiealosystehs quly ani @tmati g MHpJecanf be obtained, and only
estimates of V ) and U,

—up,m? —upm

can be derived. For simplicity, the description

herein assumes channel estimation and decomposition without errors.
With SDMA, N,,, user terminals can transmit data concurrently on the uplink to
the access point. Each user terminal performs spatial processing on its data using a

steering vector, which may be derived (1) based on the eigenvector v,,, for the

principal eigenmode of the wireless channel for that terminal or (2) in some other
manner. Each of the V,, user terminals can transmit data on the principal eigenmode of
its uplink MIMO channel using either “beam-forming” or “beam-steering”, as described

below.



its uplink MMO channel using either "beamform ng" or
"beam steering", as described below 1. Beam Form ng
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[0031]

processes its data synbol stream{s } with its
steering vector to obtain N transmt synbol streans,
as 4f : re s is a data synbol to be transmtted
bylummand is an Nx 1 vector with N
t r ansgr tbesnhioahing] @adte use nermhinalmyt fratilllapk6eERs it data symbol
user termnal m. As used herein, a "data synbol"”
steshr §5,,1,0 vaithiisisteenngovectynbol. PodtaddVa,» tiangmit sypibobstreams, as
f;‘i/rrbol " refers to a nodul ation synbol for pilot.

lewgugh not shown in equation (4) for sinplicity,
each user_termnal may further scale each of the Nut, mg 4)
t ranshr _s%m'boﬁups" ’n the vector with a scaling factor G q
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the access point, the received synbols obtained for

each user @EW%%NW{EW@&W essed as: - up, m~ -

APUSed heifl) & “HitaBymbol Prefers tPa Midduldfion symhbBl for-data, and a “pilot
up, eff, m*up, m where r is an N x 1 vector

- up, m’ \ . : .
syl Nefest i) aﬂ@théytmyglb@&oa ipHet Althyugh net shoyadn gguation (4) for
i nt. n f e ' ; ¥ ctive:: ;
0 BARET P BsbAchod Befsp Bt el by LA S symbots i
thBivedior §,,= With a304ling fa@oRD,, %uch hai G teCérRigy F thesw), , transmit
terminal 'm. The spatial processing by each user

dyaibstsnis lunit be sbrhy ether belediad oalne Ehch dMeMrafiad petrandindifR its N,
a channel response matrjix of Hinto_a single-input

transmitRvEbeltsams va iypliak MO chpmns! to e achsel PYeisponse
vect oAtf @k ac e%gﬁﬁiiﬂ R cdiPaed | 1§&H¥Bﬁé<t§ tfd?‘%a&h&se?fé?ﬁﬁﬁll m may

poi nt for a user termndls transmtti
s explrdssadesus| y may be expressed as: = Uup,effS p +

.up= | ,m= .up,m
p p_H p+n( ):H y s +2up,m=_llup,eﬁ',msup,m+!l-up,m > Eq (5)

Eup,m — ZZ2upmZupm ' Zupm T Zup.m Zup,m up,m

where r,, ., is an N, x1 vector with N, received symbols obtained from the N,

up,m
access point antennas for user terminal m;

h

b, .. is an N, x1 “effective” uplink channel response vector for user

H v and

terminal m, whichis h,, .. =H, v, _;

n,, isan N x1 noise vector for user terminal m.

up,m
The spatial processing by each user terminal m effectively transforms its MIMO channel

with a channel response matrix of H,,, into a single-input multiple-output (SIMO)

channel with a channel response vectorof h,, -, .

The received symbols at the access point for all N,, user terminals transmitting

simultaneously may be expressed as:

hup,eﬁ',msup,m +P.up,m > Eq (6)

1V

N,
[up = ﬂup,eﬂ §up +Eup = izup,m =
m=1



m=\ nF\where is an N x 1 vector with N data synbol s
transmtted by the N user termnals, which is =[s s

WO 2005853186 an N x N effective uplink channel reBQEDUS®04/037855
matrix for all N user termngs, whichis H= ... and
nis an N x 1 noise vector at the access point. [0032]

white A€ tqggagpg@pn;h%ﬁof S R, U NnfiRiusithiobs B 68, user

transt user sl ng variou

receiver Eroce :}gctlechnl ues_such ;as ﬁ channel

correl ati off MBI X l?1\7e1w’5,| w"(@@M) 'tPé@ fi que (which

Itzcﬁl Ou;;Jlsngxgr}yg . d to&lﬂglcg ge[sgé)rm a4irix for all N,, user
t echni que, CCGSSIVG |nter erence cancel |l ation

(SI O tecﬁFﬁr’HHé viieh S o 'A-up wopati dramr.de 8 ng

[0033] For the CCM techni t he access point
perfoﬂ.més e d\bj v bmoisp Xegtan atgh%@@g@mgﬁas foll ows: ccm

Vf ccm - up = p,eff (Hup,eff .up 7) + kccm _where
[0032] \ j s e aqesss moglﬁ 581} ESLOYer |t1aeelh/upr¢afarsy%1bp pirqams transmitted by the N,

dsEF qgﬂnﬂﬁﬁf hﬁ%%: r\/ahﬁugvtrgé%ver 5roc?r§ﬁfé {cftﬂﬁqtuﬁé Spf N % Lhannel

vector w ecover ata s N user
doerchitioa hsatnivt invetsioa (CCMIT) tmhlquq (w]:uch ichlso ¢dmemGiilyireferred to as a
f| I ﬁéﬁge% [ SS%E%M For CI ty gg)erégll se nalsuccesswe
M{eh*éreﬁ@é &ﬂ%ﬁ%on%sl(ﬁrtéc?ﬂfq% ojnd@aq,nan aut ocovari ance

matri x of , Where E[x] is the expected

val ueA.o_.J’LhMm.ﬂ_nghe si gnal t o-
oot 12! S5 VSR L P M PR aresng o

foHewessed as: =l ...N, Eq (8)
Sccmi = Mccmi !up ’
= .B;;,eﬁ'ﬂz,eﬁ’ (Hup,eﬂ .s.up + Eup) H Eq (7)
=8, +Eccmt H

where M, is an N, xN,, spatial filter matrix for the CCMI technique, which is

ccmi

-1
Mccmx = Rup eﬂ'H

where R, » = H? H

==up,eff » Rupeff =2up.eff >

S.mi is an N, x1 vector with N,, recovered data symbols for the N,, user

terminals with the CCMI technique; and
n,;=M,.n, isthe CCMI filtered noise.

—ccmt —=ccmi —up

[0034] For simplicity, the noise mn,, is assumed to be additive white Gaussian noise

(AWGN) with zero mean, a variance of o>, and an autocovariance matrix of

n

p = E[n,n up] 0’1, where E[x] is the expected value of x. In this case, the signal-
to-noise-and-interference ratio (SNR) of the recovered data symbol stream {§,,,,,,} for
each user terminal m may be expressed as:
Botm
YVeemim=—"—5 » form=1..N_, Eq (8)
7. O,

mm n

where P, is the transmit power used by user terminal m;

ut,m



mmn where Pis the transmt power used by user
termnalr is the mth diagonal elenent of ; and SNR

wo 2505386 term nal with the CCM techni que. DuBCT/US20b4037855

[0035]

[0036]

[0037)

[0038]

structure of , the CCM techry que may anplify the
noi se. B. MVBE Spatial Processing [0035] For the MVBE

t €ChNL. Q4 thed #PBabatal Ll of R [ [Janits deri ved such
t hat t'he mgan squgaré1 error obeT'(K)é’fen the estinated data

vectoy fr JRIP i@ mf 3 a
vect o#“”‘i" g %rﬂhtﬁ :gm zed ES%E%IME{V%:% iﬁgee@ijgﬁ ¢ may Ef

L i E : = : .wher e
SEPERAS R Re oF Ky M oklbiahc g mpli Bt Bt
t echrig AWevis jal PRGceSGhg/t i ON to the optim zation
pr obl ém‘m;%—eqm-cmé(g) may be obtained in
vari Qs theMMBE .tedhniquesa spatiabfikerymareix M, tik dedidddEsuch that the

spatial filter matrix Mis derived as: . Eq (1O The
eamt Squprefartor detwagn thecestimagad: dath veater foem the ¥wetial filter and

SRk b S M DR hh R

term nal be expr ed as =, where G=[H + s :
[OOB?E““I’I'@?&@@%‘S@Sﬁfmp@ﬂfuxﬂﬁs)]recei ver S|[oati al ! Eq (9)
procesSing as follows: - smse = - Dmse M.nmse - rup

whete "M),,., iEthe(N), ¥ KImspetisMidteembtrixsfotheNIMS Bliectgiael

matrix whose di agonal elenents are the di agonal

el emeTHessolition to tiee optimidatig droblemn posediin dyustidn (99 eayeyeasbtained

data synbol vector for the MVSE technique; and = the .
iveHOYS agnesy In@eng gxemplary method, the MMSE spatial filter matrix M., is

derived as:

——mmse

M = _I;I.qu,gﬂ' [.Iiup,eﬂgqu,qﬁ' + o-: I] - . Eq (10)

The spatial filter matrix M contains N,, rows for N,, MMSE spatial filter row

mmse

vectors for the N,, user terminals. The MMSE spatial filter row vector for each user

terminal may be expressed as m =h" G,where G= [_Iiup,wﬂfpw +o 1],

mmse,m 2up.eff m =

The access point performs receiver spatial processing as follows:

§ =D’ M__r

—~mmse —_—Mmse ——mmse —up b

=DMy (A, S, + 1) Eq (11)

—mmse ——mmse

=s_ +I

=up = —mmse

where D isan N, x N, diagonal matrix whose diagonal elements are the diagonal

——mmse

elementsof M, H,, ~,i.c, D

——mmse ——. —mmse

=diag [M,,,.. H,, .71

A

s isan N,, x1 recovered data symbol vector for the MMSE technique; and

~mmse

n =M ___n_ is the MMSE filtered noise.

—mmse ~——=mmse —up

In equation (11), the MMSE spatial filter provides an unnormalized estimate of s,,, and

the scaling by the diagonal matrix D, . provides a normalized estimate of S, -

The SNR of the recovered data symbol stream {§ } for each user terminal m

mmse,m

may be expressed as:



In equation ( 1), the MVBE spatial filter provides an
unnormal i zed estimate of , and the scaling by the
walzmgossage matri x provi des a nornmalized esti matBCDS2004/037855

[0038] The SNR of the recovengd data synbol stream{s

} for each user term nal nmay be expressed as:' mmse, m
utjn,' folg... N utp , Eq (12) where is the wth

di agohale~&lgemblof » o m=1.q N5, > and for user Eq (12)
terninal mw ¢4 the MVBE techni que. C. Successive

i ' { al I,Ng_[0039 .
g L S L R B e e e

streags US| g §ﬁ§g§'%§ﬁx§8@$§g&ﬁ#%&%¥ FAISE fechif ugsdat a

synbol™st'reans echni que, e ac

poi ntel B Lde@lil ¢ TREHERAREE CiR@lafion !%%Mt hgr N

recei Vet synoor strea > g., USTIy
[0039] some THehficedsepdini cHmeproadsd thdNg) rxevad symbol streachsdasigg the SIC

synpbol stream The access int then processes. (.e.g.

BRI 1B VEY HSolrchiia pRTOI SRR | Bab i SIntechiige dhg access
i g R e ShAT PRI Rl g PReel SyfeF oftihs (s,
usmgeCEMIMMS E hirssoster athan tecdmeps) el oltaing bhe rechivered data symbol

s?]])énbol r eans and.cta cels the estimted (%ﬁﬁrper nfed

B t hefu PEER s PSPPI fo TBE §y/symbol demaps,
defibdidafek, Sdraedodss) tBid FBooveRee dafaCs§fifboPStrdain fo\$blaih QRRBbded data
t he sanme processing on the N nodified synmbol streans

ftrsame cldweecesn poine nextasamstpaihs interfereans tiogrom fysesttadhe other
&'f@gf agz{] syl %%Eangs[‘ g‘g}e cgﬁqﬁﬁé the' 8‘%&53{5&3' Nﬂgrfgg%g 589 the N,

RS bl Rl b B Fodifd syl sfpdp CTpPfeghls st then

1Bb&@ithe s8mé Prodessink ot oV, modiled sirBbslysieahs &) fe€W S afisther data
yet recovered at stage , where N=N- + ; and is an N

SyRbob#iteaBY ef f ecti ve channel response nmatrix for stage
. [0 j t
oot | QHHRENELLBRaLd He, BBTES el SUABOY srams o

gapece)|vittkre Tha di Ngrgsﬂ@rbaleixpges@ﬁ athe effective channel
response nmatrix

ro.(k)=H,, s, +0,, Eq (13)

==up,eff 2up

where r., is an N, x1 vector with Ny, input symbols for stage £, and r. = r,, for
the first stage;
§:p isan N, x1 vector for N,, data symbol streams not yet recovered at stage ¢,

where N, =N, —{+1;and

ﬂ:p’q,r isan N, x N, reduced effective channel response matrix for stage £.

[0041] Equation (13) assumes that the data symbol streams recovered in the £—1 prior

stages are canceled. The dimensionality of the effective channel response matrix H,, -
successively reduces by one column for each stage as a data symbol stream is recovered

and canceled. For stage £, the reduced effective channel response matrix g,ip,eﬁ. is
obtained by removing £—1 columns in the original matrix H,, , corresponding to the

£-1 data symbol streams already recovered in prior stages, 1.,



successi vely reduces by one columm for each stage as a

data synbol streamis recovered and cancel ed. For
war@ges3ise he reduced effective channel responsECTIEHS2004037855

i s obtained by renpving - colyms in the original

matri x H corresponding to the - 1 data synbol streans

kready recqvered i prlor st age ctd-v
krath ﬁiﬁuprff’e's @avectror: htp hs%rﬁ‘f i snm? ]? ?Feffecgve channel

st age

rﬁqgog.f,e gecéére goralllsgr 3@%@%%%8: E‘zfts gtggén[sf ,Jr t%c OX eli egata }symgﬂld streams
DR et Spﬂmtag%g b B golg]daéeg of Sood <Y a7 Gl HETW,, data

I ces For s he access
tr| sed on
eeﬁ% g%% S§‘?2%%&ég&%ﬁ§%ﬁ%ﬁ%?%g%%ﬁge ﬁétr&%c?lnstead

of t r mat ri X Usi . . ¢
100421 o1 e g Bt Bermsepad GiFiveR aby PtV et Flsometrix. M(,
the spatial filter matrix Mis also different for each
besedyen thegudwied Bhisctiveehasng) gesponsameiriyl Hos t (restepd af dhe original
r', for the N nodified synbol streans with the spatlal
rhattik eH, iyR) mking tthe GHEMI,NMM S corosonieo vthisr tehagued Smafdadlup o 18
streams asfollows .sic ~ Hsic sic ") , Eq (14)
diMTereRt @helacﬁ stape!the sﬁdtﬂar fh&naak M’ [ RralsdtdPrent fol 8 stage.
access point then sel ects one of the N detected symbol

[0043] StT eaymR 4cOdss PBHR WRIINplicdhRS Pecidier's Hof fHel ) ntddifi&T dyRibol streams
may be based on SNR and/or ot her” “factors. For exanpl e,

\;Jlli}? B Eptar dey modlix SIW' eag Mtdif 4 Dectéy §1esbr ﬁNRdélga&g symbol
the N detected synmbol™ Streanms may be séfected f

stregray,ek Yollosisace only one data synbol streamis

recovered |n each stage, the access point can sinply

deri v& _oneMixrN spatial filter row vector for the data
synbol stream|[s } to be recovered in stage . The row

vect or |s_pﬂe(wa sOf thhe matrix M. In this case, the Eq(19)
spati al proc'ess"r”F?g “for?stage to recover the data

synbol stregamgt[s n? may be expressed as: , Eq (15)

where . is~tH¥ row of Q. corresponding to data syrrbol

st 4, [‘Mgeétpeig:lgg@ﬂ? n&épfgfsf@sfﬁ;ﬁer%e@is%ﬁﬁ 3B 4" The access
gﬁdﬁ*ﬁlﬁ 3P T ) i, AR R liehihR for avcoyamn prhre the

seléc@{sﬁ tiferian 4A6P BRAbALE SonS SNRAGKd/6r bther THRoRCCESS example, the
oin
etected symbol stream with the highest SNR among the N,, detected symbol streams

may be selected for recovery. Since only one data symbol stream is recovered in each

stage, the access point can simply derive one 1x N, spatial filter row vector mj.[ for

the data symbol stream {s,_ .} to be recovered in stage ¢. The row vector mz is one

up’j{
row of the matrix M. In this case, the spatial processing for stage ¢ to recover the

data symbol stream {s, . } may be expressed as:

up.Jje

5 =mr q s, +m Eq (15)

up,ji —J:—S'C ==ji= MP ’

where qj_ is the row of Q:ic corresponding to data symbol stream {s,, ; } .
3, h 4 .

[0044] In any case, the access point scales the detected symbol stream {5, .} to obtain

up,je

a recovered data symbol stream {5_.} and further demodulates, deinterleaves, and

up, ji



[0045]

[0046]

also forns an estimate of the interference this stream
causes to the other data synbol streans not yet
wo emmowsriedl. To estinmate the interference, the BCDES®04/037855
poi nt re-encodes, interleaves, and nodul ates the
decoded data stream {d } injjhe same manner as
perfornmed at user term nal and obtains a stream of
" I "aSY I ' ' estimate, of the .
e B RE BT 45 L008 pladn § etk Ul 3ullin T2 FClockWpoint
i . t r e I
s1tolhe b RRRRR o dhq HURTQERENAS chpfin AL 1) LS B boymbol
streRg nbteyetiraciveted. ODd astimate vliecinterforgrich, fiei detess fpoirgneencodes,
conmponents caused by this stream The N interference
intedeqyes) eandsmodulptss tthe deengdlod rdatit steeatr ddh, 1, B einNtheostinfel manner as
synbol streans r for stage i to obtain N nodified
pedfymial atstseretmeinkby, khé obeits asttwge of “remodulgtedt symbols {5, ; },
J ." The nodified synbol streans t+ represent the
whith Banestilate ofithd dhthsywrebd)steam degi ¥ gubt bacovired.athessess point
point if the data synbol stream {s } had not been
thamr spegially tprocesses ethe remedwlated yhdol tstrearn nwith fthe effeetive channel
cancel | ation wa effeCti'I\{lefKI ge@formad%. 0045] . The
TeSROREECIOB Bt or ppr 198 BET dgmyl tp OPEHR B e %L’OIWI t/Yap Hpgrference
in N successive stages. For each stage, the access
COBPPRENTY fyusei oIS stei vEte dpaitteferpiosceahangnisnl;, are then
either the N received synbol streanms or the N nodified
subtyaetasl frem thealMp niqdofied Symbot steeadisng;, Jorgaget 6 todhtaindV.e medified
recovered data synbol stream (2) processes this
symbelsteenmd nfatfor thy moxt stager &4k o, bRt=at .y -d,,c oFheanpdified sgmbol
decoded data stream (3) estinmates and cancels the
stredth e & ' B rephgentatie streanisthst wouwle dave Bewdh reéivedtiypihssicdéss point if
nodi f1ed synbol streans for the next stage. |If the
thé matar §ymiev] csiredme {50 paledd dott beest treasmitted (e, assuniiag ethyt the
estimated and cancel ed, then later recovered data
intstferencsscaasgiatie mae effegmelypeeiofmednce and nmay be abl e

o AL B o ol 0Bk E1 s S S, e
sta%@@ errge %%:\}/fﬁaée} ?\t/'h\/ésfé?cegsg ggih]?lglr)p%égg(ﬁﬁé itrg&géi" ‘(%%é‘t'la? @ocessing on
eithgeré%é%Naﬁ rmeév;ré symbeh stegamsher et mﬂb@gd sytontesd rstreams from the
préc% ﬁ)l\g/egtggé 1§ no%téig’ ) oﬁeh Fecovered data symbol stream, (2) processes this
recovered data symbol stream to obtain a corresponding decoded data stream, (3)
estimates and cancels the interference due to this stream, and (4) obtains N,, modified
symbol streams for the next stage. If the interference due to each data stream can be
accurately estimated and canceled, then later recovered data streams experience less
interference and may be able to achieve higher SNRs.

For the SIC technique, the SNR of each recovered data symbol stream is
dependent on (1) the spatial processing technique (e.g., CCMI or MMSE) used for each
stage, (2) the specific stagé in which the data symbol stream is recovered, and (3) the
amount of interference due to data symbol streams recovered in subsequent stages. In
general, the SNR progressively improves for data symbol streams recovered in later
stages because the interference from data symbol streams recovered in prior stages is

canceled. This then allows higher rates to be used for data symbol streams recovered

later.



anmount of interference due to data synbol streans
recovered in subsequent stages. In general, the SNR

w@ewgosdsd vel y i nproves for data synbol streanBCT/US2004/037855

[0047]

[0048]

[0049]

recovered in | ater stages be%\use the interference
fromdata synbol streans recOvered in prior stages is

caycegl ed. ' hen all ows higher rates to be used for
da?'a% -wéfin ans recovered | ater.2. Beam Steering

[ 004 Hor Rpambesting! esvhi Ggr tedgiRalumeperf@igi dpatialMprocessing with a
perfornms spatial processing with a normalized steering,
npewaliged  steghing lyeeter Ay i ,v‘efbllcgﬁ derivadeusiigathe phascomfermiagian in the
in the steering vector . The normalized steering

steecing vectary bg e Xiheawopnalized steering yestor V,, Eqnéylts) exprrssad a&:

is a constant (e.g., A=) and q is the phase for

ant empa i=[aﬁgf"usgref"t'er,m'A@if'r'Nw,]T\/\,,hi chis: uUn,ii \ . Eq(6)
Eq(v 17§ /" {vup,nj.} As shown in equation (16), the N

I e afymagnjtyde. As shown in
‘Ié}aeﬁgt?gﬁyf%%t {é% él%glz Nd‘ﬁ”‘ gé%‘?wdjel enment in is equal
‘to thg phase,of carrespondi elenent.in v (i.e., @
Ci's Gt et Breued s bser fgminel 5 Whichlls 0 5
up, MmN J ) [0048] Each user terminal mspatially
procegses jts dafa @i JS ream{s } withits
nor mal"zed “teerin Reg@Lory 1O obtai nN transnit synbol
streans, as follows: |, £""Eq (18) The constant A in
LSRR @&%ﬁtiomdﬁ%hé N, EC bReheRHCEHF ‘zPat hbAe e§l Fhagnitude. As

energy of the ransmt symbols in"tHe vector is

s‘ﬁ?%ﬁn ,‘éﬁuz?tfbﬂe(l‘?& hEd pRRL @Fltch ¥Rt inT#€  JisXeqdal to the phase of a
effective uplink channel response vectdf" for each user

' Wi agsteerin Ygbe gXRhessad ' 19)
J‘IQ ggﬁNO%;a(inl% ee?éf}%‘%?i 3}2 ﬁ“g‘l’"l ng'égﬁaﬂﬁelﬁr g’i’ponse @n%?rivg?'"lil’ where
I,or =a[lvl N_user t‘grm' ais for beamsteering is then |
~wm ‘[PG@IQ’]’"JTh'e “yetess point can performreceiver
spati pr.ocessi Iy h |

| ' . E S
*eenrgAaEaRngtn Bl P s A Lo foen) with i
Ho ih tial fil trix is deri,ved with.t
BRI GE SRR 12 ohftn Mot iRy FEmEhiod 1B

Xpmn =Vipm " Supm Eq (18)

Eq (17)

The constant A in equation (16) may be selected such that the total energy of the Ny,

transmit symbols in the vector X,,,, is unity or some other selected value. The N,, x1

effective uplink channel response vector Eup,eﬁ,,m for each user terminal m with beam-

steering may be expressed as:

~

!l_up,eﬂ,m = gup,m iup,m . Eq (1 9)

The N,, x N, effective uplink channel response matrix ﬁup,eﬂ for all N, user terminals

~

for beam-steering is then H,, .z =[h,, .71 by py . by py 1.

The access point can perform receiver spatial processing using the CCMI,
MMSE, or SIC technique described above, or some other technique. However, the

spatial filter matrix is derived with the matrix ﬂ,‘m, instead of the matrix H,, - .



[0050] FIG 2 shows a process 200 for perform ng
mul ti-antenna transm ssion on the uplink for SDMA

wo oiosHsdi8e/, an upl i nk channel response natri x PCT/BS2004/037855

[0050]

[0051]

[0052]

[0053]

[0054]

obt ai ned for each active useL4term' nal desiring to
transmt on the uplink (block 210). The matrix H for

e hm deconposed to obtain a steering

vett r termnal (block 212). An

ef f eqIGY @ $holwiskprob@s el foep@ftatng ARltbantesnd ©ir¥Rssic on the
each user term nal based on the steering vector and

uphink der $IAMAs h 3mitielly, ransyndins echamnel irssppege mpteixyHgy,, is obtained for
term nal (block 214). Bl ocks 210 through 214 are for
eatinpotivie uset fonminad desiring e bramFys PRt vk (Pé«}cl%%lo) The matrix

rm nal s,

B F Pt EFpa0E GRcolRsft e doiin § 3REaMS VRN S, R, for

ﬁ“p}‘?eﬁ ”md ?Eﬂcféiﬁiaégd%@ Zed WK bt Sepbfia eEtor b, is
I 22 h

e R N e

ré%bfﬁeﬂﬂllam)d forSBé Qx@éreténﬁﬁlﬁl (Hledks piHsi Blocka2$0 throaghk 214 are for
The rate to use each sel ected user term nal

célwmeé gstimationt aa\drfkeomp@?ﬁ 19thandopgy bstnesfarmed By dhgcaceess)point, the

user term nal (block 222). Bl ocks 220

dg%cﬁ%%a%re Eﬂl user scheduling and are typically

per f diffetnbyett b actdeassr paninals 4ré GarAjedEadrevakhredttaded on their

user term nal perforns spatial processing on its data

edleptivs uelfrrl%ahamgl TESRPRSS chgor%t!bemmn gr it gpligk &halmebﬁ%ﬁponse

transmts Nut, mtransmt nbol streans fromits N

mgiriessnHs, .aicki220). tEhmm%%mlbemsrfpﬁ@daw@wbﬁé ibglow. The

(bl ock 230). The N selected user termn

bestrst pENedtset terminaledpelegted for tmnaatsalogﬁhl% plogk 2@@hgThe rate to

u\éé @ytegéﬂ d{ MMSQF@%%FQ&}RCH ﬁ%b?a(f&e%sﬁoﬂ %dé]%vallﬁltlgﬁ Kn B3 Gk 220)

I's for a a transm ssioh and is perforne

is edne of the useraerntinalr(bloak 222)0B3¢ks D26 and 223 srq:for nger scheduling and

obt ai nﬁéN received synbol streanms fromits N antennas

3, Pygroelly Rerformed by pe ACEsSROMt t hen performs recei ver
spat igglh psreI%Ef%aslthQ taﬁnmepé}lfo&ﬁg eéglﬂ%i P6ERGIng Séd %r@atd Rymbol
accordance wth the I C, ‘'or sone other

strearhinfis g $ With itdtedring Necten Y8 mdv,g gtamddyaniyolts 84,,aeamsmit symbol

which are estimates of the N data synbol streans

streans ffiiotrt @sl gy, 8iitentids el etd gsl MIBMO dhenml raltle adpesscpoint (block
and 242 a,.rec

) ... Bl cks 24 r i on

208 ToFrle s80EY PHcie R B S BAEO N SRRTR A paudita symbol
stefhs 184 nthéal MIM@ dBgnre®] e6t1RE dcBéssSpotl. t ABRRKS230 is for data
transm ssi on on t he
transmission and is performed by each selected user terminal.

The access point obtains N, received symbol streams from its N,, antennas
(block 240). The access point then performs receiver spatial processing on the Ng,
received symbol streams in accordance with the CCMI, MMSE, SIC, or some other
technique to obtain N,, recovered data symbol streams, which are estimates of the N,
data symbol streams transmitted by the N, selected user terminals (block 242). Blocks
240 and 242 are for data reception and are performed by the access point.

Multiple user terminals can be selected for simultaneous transmission on the

uplink. The user selection may be based on various factors. Some factors may relate to

system constraints and requirements such as quality of service, maximum latency,



upl i nk. The user selection may be based on vari ous
factors. Sone factors may relate to systemconstraints

w@omsnexsd renent s such as quality of service, PENUS2003/037855

[0055]

[0056]

[0057]

[0058]

[0059]

| at ency, aver age data rate, apézl so on. These factors
may need to be satisfied for each user termnal. O her
f act or.s r et O t
A0 e, 54 S PR GERREBLORE 6 1 BLEATRY i oo

térfdhd At0thet f@étoﬁ&hiﬁfeﬂﬁm aesysins péréuttiancey waidhemey bequantified by
eval uate user term nals 1‘0{l transm ssi.on pbased on On%
oyerafoyystere fEpRghpyh gr spme ptherpindication of perfprmanceenf scheduling

sSEAEAU RN A gff%n'ﬁﬁbélsuﬁ? U%Jrﬁlggl&pbaégﬁtoh'(ﬁﬁ'ortn?&g metrics and

I'nto account erent factors, and/or weigh t
ame tor imose fatbrs. athtﬁarsntd;plﬁefdahag]sctlycme[s 0 5ise Iéef@emttlm@scs;ﬁake into

t he Licul a schedul i n che se f

s itsrent Eelors andlob ot i s a0 Felore ety |

ac COIRAIfesYb the (Pafica R QQ’iéhhﬁkig Shb@RBEReledibe foraRatdiffbrent sets of
signatures” of the individual user termnals

userdterminaly/Care baaevaduatedsiggoensdanice avith the lsqhedwls@ scgf:mer $he yspatial

SARRR b lHiel 8 88 G5briRe e MBS0 Shoeel ey nd
thillENBEN &ivedily c&PBE ierplof@patdldet |tlhd %eﬁﬁyseb ef q:tpaﬁilll)f b(&dpatlble”
by a netric such as overal] throughput or sone

useraisrpinals flopsipmudfaneye dransrpissipe s SPaa cogpptibility my 1bh‘ quantified
b%em&%@tsHang SULER1 mg_nglgmgr 358 ?mfe?sru\f\ipf%éi‘%hﬁce. The best

I ghest ov
usemsfeo hmyrb@ the ohdr thas yciieves a:h;nknghat stase forcthe emtria Gengenths highest

[ 0056] For cl e i c scheduling schene tha
veralbigugi) VBl TR e SR SR O PR
descrpoP%Myel H¥pectit idhgadipld wexﬁe tHASElecRt dsep terﬁ{ms based on
user termnasare active and desire to transmt data

crynraﬂlrthroughmm ks d§so0Bed betovs, I8 thetfollewmgplesuiption 2 peusep terminals

eval uat i el ec user m nals for

R ?J\Wé'&agga g‘i’mﬁﬂ’ﬁé“‘tﬁ‘ﬂ?ﬁ PEE%SS 220a represents a
SPecifIG; 35 SHREbUA iphetess Dmﬁef@WamENnémndl%@chtfr@ ufel @&tninals for
220 in FIG 2. Initially, a variable R for the highest

trﬁnem@sxlontomrtb@ ybiik Processt220p r%?&snksm wrekifig sohedufipg sefjeme and

A e TR b AT Y TS
tﬁﬁihgliplmlsf&pmzh:ﬁs(b%cﬂ(cmbyz eval uated and is denoted as {

- ,N where denotes the n-th user set being
eval Lﬁap@‘u sehd uger; termpipgls fs selecled dfom amang the Nay ag@(e yser fggminals

(Bfofcﬁ@myen i tlﬁ& g ?’ﬁectﬁf}g’ upﬁ {¥Bbé 'exsamae& oAed dedbted a'ls

user se nk channel response
weetmr su, b hr.aighy fwhert veddNotes ehie 4-¢hi nbarakisbéing sedluated and u,
(bl ock 314) . ["0059] The SNR for each user terminal in

tRe§-tiuded tdrh@ihl &0 BRUL eAln REREEheOiplink&cheiided edshyidse matrix H

==up, eﬁ'n

formed for user set n with the effective uplink channel response vectors h,, ., |

through h for the N, user terminals in set n (block 314).

=up.eff u,

The SNR for each user terminal in set n is then computed based on the effective
uplink channel response matrix H,, .-, and using the CCMI, MMSE, SIC, or some
other technique employed by the access point (block 316). The SNRs for the user

terminals with the CCMI and MMSE techniques can be computed as shown in
equations (8) and (12), respectively. The SNRs for the user terminals with the SIC



upl i nk channel response matrix and using the CCM ,
MVBE, SIC, or sone other techni que enpl oyed by the
w@ewess3ipoi nt (bl ock 316). The SNRs for the usSBET/US2004/037855
termnals with the CCM and M/BE techni ques can be
conputed as shown in equations (8) and (12),
tb@RRRe ke @lpindelld 6n MY déOh viHiéh e @keriteintThAld b ﬂé@:&J&rédh For the
SI Gt echni que are dependent on the order in which t
SI€etechraqus, rmnlesorameltlp&: ovderings ofygert taanigpis mey bai ayahlated For

Qne mul tiple . orderin af n
305p s cotpeciel PO M) B BaltE] IR e duseriinal with the
%%USNRC&\HQ@H ahse ispeodesR Hyatheracuebs poihl) Inheryliagd)ekd SNRs for
R at each stage is processed by the access point. In
thewy.cussrterminels SNRes nfape denetedNsuder 71 ernpglls in set n
are denoted as {c g ... g }. [0060] The throughput for
[0060] each Theethraughpritrfat eaoh wset teymiingl imeet 7& dnihen edmiputsd based on the

for. the r L Lernmn ock 318), as follows:
il\?ﬁf?r eusefamnaﬁ%"k:ﬁsg ??—;u(%% "> where c is a

positive con t hat reflectsthefractlon of the

t heorgt &claf, E:l Jtyf@cmﬁvew by the coding and Eq (20)
nmodul ati on schefpy to be used 'by user termnal u

(e.g., C. =2 for a coding and nodul ati on schene t hat
wier8 cq,B i§ aqposiBivarmoostantathbac reflgyts ahel fraction pfithe theoretjbalutapacity
or spectral efficiency for user termnal u, given in
achieved by the ¢oslingeandsmoduiatiqneschédaed o {eoyssd My )userTiesminal «,; (e.g.,
overal | throughput R achieved by user set n can be
corfech ¢dalimgeind3Rojulatien Sahlemewbat is 3EB (@) SHanboh 08Gitity) and
A determination is then nade whether or not the

AY &y thlel thiohglepig lop specRaf efficieaey faratsentermingt @at giveh @nnits of bits
the maxi num over al | t hr oughput achi eved thus far for

ek kecond persHertz (patizhaThe beeall walghptieR), chicvekbB 8y seti# can be

the a [ t hen user set n and the overall
E@r@é@&kﬁé )yPS follp¥sset are saved (bl ock 332).

O herw se, user set n is discarded. [0062] A
determ ﬂglron is then made whether or not all user Eq (21)

sets havé&’béen eval uated (block 340). If the answer is
then th t to bl 312 | ect
(00611 anot r@%@@gﬁf forysedhen mels AP o nohfhs AUrRIb fhroughpl R, for user
E Hali‘?héiﬁﬁimhﬁﬁ Bl&at ﬁubﬁ’g}fp'ﬂ? ? lﬁl%tfalafo? all user sets
or transm ssion on the up I nk (bl ock 342)

at have been evaluated (block 330). If the answer is yes, then user set n and the
overall throughput R, for this set are saved (block 332). Otherwise, user set n is
discarded.

[0062] A determination is then made whether or not all user sets have been evaluated
(block 340). If the answer is no, then the process returns to block 312 to select another
set of user terminals for evaluation. Otherwise, the user terminals in the saved set are
scheduled for transmission on the uplink (block 342).

[0063] For the embodiment described above, a metric based on theoretical capacity

(albeit with a compensation factor c,;) is used to select the best user set for uplink

transmission. In another embodiment, a metric based on realizable throughput is used
to select the best user set. For this embodiment, the user sets may be evaluated based on
a set of “rates” supported by the system. These rates may be viewed as quantized

values of the throughputs computed in equation (20). Each non-zero rate is associated



[0063] For the enbodi nent described above, a netric
based on theoretical capacity (albeit with a
w@owpesssd i on factor ¢ ) is used to sel ect theP@BEE$2004/037855

user set for uplink transm sgion. |In another
enbodi nent, a nmetric based on realizable throughput is

e select e [ ' S
HREhebic"BURE g HioRETlon SHim T paltRll BB AP hhich is
typiedlBsgiven ppmitsest Ypg/HA) carslys paticulihegeiredh SHR. nHye tequired SNR
viewed as qu ntized.v&%ues of thﬁghgrou%g@uts conput ed
fpreach ratei Bay pod§ternpngs by SRMPRIEH SYoHldqns Tmpusa] megsyyRent, and
SORAC hd Faskl dhng RAnARAW RN QWS RRAERI. A 188K-up SHIA{LUT) can

spectral efficiency (which is typically given in units
strfre Bhe stz pf suppdrtad rates jand |their reqyited R THEn8NR for each user

requi.,r.ed SNR for ea rate e.determ ned, b .
GBS maBp oo seinieoah: Fhithts e seieSt AR g oty gpple with
ARduités SNROthad s Sgrw ptdraswed than tAYSONE Han il useAterminal. The

| ook-up table (LUT) can store the set of supported

seleeted ratas farpdl wser tagminalsdingrl setase agyulyed inebfaiisan, aggregate

N T e

ttdnamissionequal to or lower than the SNR for the user

term.nal. The selected rates for all user termnals in
[0064] ech Wt Seff ST itlasent isiees B peoBpleidtn Wafg] besfruger set for

S I8 ol st S0 g e
rfétS %ﬂe&fssg{s %531[& t%Jfoér?s%{ {@r}{inlaﬁ (Eé’ al]\,rJ at=25 r}éé}'al?reg%\?aﬁdyté?i%e&%%xﬁ SO on,

ransm ssion.” F e, sets

STl by Bl SR
o £L2SEROPOh B LEPY g 3 381 BN st

eed etk exchlwnted foe ai @khestiveodeatsh, folNe tbestndeNset. Thé atumgber of user

nunber of user sets ma% need to be evaluated for an . .
ssteraurvelugle maw be Hedused PR riosdiEingSBr agkbte useR derRuRAlR copfidering
&@&ffa&&tss alPsE¥R! 4Rk By HealcR AR tdfnlisfii :p{d J\btermined
the ‘acti e user terninals, considering other factors,

tawetl 0 wnioud Hectprsi aucht 3s tfe sarvihe aategory frethet wseniteradinal (e.g.,

may. be det erpd ned based on wvari Qus factors such.a he
REGHATE oF BTiEo iy YSes HUOUREAL SHSoH Y (P uset IR i amount
T datah8Bser terhlifal RuSIAGAA RE QRIa) BiberRAEddseHe R¥eritBighinal, and so
user termnal, the anount of data the usér term nal

dnasTheoprsaity of eheh wst teyminab araydiecipdatsy ovheetime o reflect the current
s{tag{zsm)tﬂ@}: ‘“ﬁ%;}g’ggigﬁlg g‘}f[ %rggxg\%rﬁrléf [o:nhéth 2\’,,? g‘%‘ﬂgsc tsp%troﬂté' user terminals
B4y beAlahfitedlid 2add schbduling éitedve). mi nal . As an exanpl e,

only the N highest priority user termnals rmﬁ/ be .
[0066] cva] JBtthe exemplayhschediding schems dessribed above for FIG. 3, the effective

is derived independently (or “locally”) for each

uplink channel response vector h,, .7,

user terminal based only on the uplink channel response matrix H for the user

up,up ;i
terminal. The effective channel response matrix H,, ., for each user set n is formed

with the independently derived effective channel response vectors for the user terminals

in the set. The vectors h,, .-, , for i=1.. N,

> 10 the matrix H .. may not yield

the highest possible overall throughput for user set n. Multiple sub-hypotheses may be

evaluated for each user set, where the vectors in H,, . may be adjusted by different



[0066] In the exenplary scheduling schenme descri bed
above for FIG 3, the effective uplink channel

WO zwposes vector i s derived i ndependently (or PCT/US2004/037855

[0067]

[0068]

[0069]

[0070]

“locally") for each user termnal based only on the
upl i nk channel response matrix H for the user

. v annel 1 .
ol 1Bk cack\ RS pBREKT FOF SR EERAISE TS Mol vectors for
thke ey estméddl et sev @ méyabnrlodified o asietermitisificsmbmter (12, by some +
user termnals in the set. The vectors , for i =1 ... .
percentage) ofan fapsendo-randomomannes (for ¢ash sub-dipathesiy whilp maintaining
| t . f .
BB o R ey OF at iRy (5 o Pt Mt Pt steeripg vecton)
wher e tstiedubng sclemenmbly raisp dalumth eshedsebget n based on the uplink
differentamunts for each _sub- hyF%(?t hesi s. For. exar{pl e,
MMOpRbanee] s3spemse BEies nlpve ctristead 1 Qfr thengtferdive uplink channel
termnals in set n my be nodified in a determ nistic
rpsponte vackorg b, by sferthe yrer éwminadein e seh A steering vector v/,
pseudo-random manner for each sub-hypothesis while
may be denvedd “glabalhovier esth aserHerminalrinrsgt vae tle prgsenge of gll user

i ..e... .a, uni rmJfor. each . .steeri.ng vector). [P067]
it Al kel St SO HRARY SSRR0e HEdkpr Bogara, for cach
based on the uplink MO _channel . r esponse matri ces |, ,
Yspisteamipabsan %C@Fwe‘iwiwdm thr elohelhhdeiedy plgtiaRg vector V.,
vectors for the user termnals in the set. A steerin
apd dheowplipkehgnnsb rageense aeptyix H.ohaps follpwsoh each=dhei, V., - AN
termnal in set nin the presence of all user
affectiveailiskichanrebresponse Titrie ' gt i 1seherpformid édranseredet » based on
response vector for each user term nal can be conputed
thasffettiva uphek (lginablalesponsevéoias )b’ 51eer fonthenset trmenath in the set.
the uplink channel response matrix as follows: = H.
Ar pirfemhncee(cugp) ondralt haronghput)ee) asegesetrant isi therl evslusthérwith the
formed for user set n based on the effective uplink

BN N8, mes fsisad fcthsr matix dlpimal s A% aphexagwle, mukiple sub-
performance (e.g., ,overall throughpyt) of user. set n
Hiygothges myhed ey liated PHIsER et v hFTE caf SibepoRtesis garresponds to a
' SRR thPl e WM & y ]
dﬁ%ﬁéfﬁ(’?% user Eggrtsnﬁ%r t&ﬁe@feach@%%ﬁ%é?ﬁeﬁ g best sub
Iypothesiporitien tedecteddiof fiser ecttn. Multiple wseesats mgy be evalnaed mrsimilar

th ternminals, in.t t...The best .subhypot hesi
ek 0 PETURa o Seleclrd BELPHICRRERIFE noor sets
may  bearRvudlouit 86hddflisg BeHedles MRHYASo B EpleRces landl 918E is within

set is selected for uplink transm ssion. [0068]
thersdope of tetinyensione Bufferanf schesduling sehepneamay ceasider different factors

i nt.ed an LS. | i thj S t
ik n@égﬁ{fﬁ%km Eﬁ%f 1(1 eel%‘teurll%ls sf§ g%%‘l %e?fga%%ﬁetﬁrggs ?er?%}g c‘%ﬁtg Fsdgorr the user
tehinkih 416 e differeitansnners, asd ekt Mgtridsao umertify ahepadbiindnoé of each

each set, derive the steering vectors for the user
user set, and so on.

=

The uplink channel response matrix H,,, for each user terminal m may be

estimated in various manners. Different channel estimation techniques may be used for
TDD and FDD systems.

In an FDD system, the downlink and uplink use different frequency bands. The
channel response for one link may not be correlated with the channel response for the
other link. In this case, the access point can estimate the uplink MIMO channel

response for each user terminal based on a pilot transmitted by the user terminal. The



termnals in different manners, use other netrics to
guantify the perfornmance of each user set, and so on.

wQ 208093318he uplink channel response nmatri x H fBCT/8820h4/037855

[0071]

[0072]

[0073]

user termnal mmay be estinmpged in various manners.
D fferent channel estimation techniques may be used

Ban o A P G, é?ﬁ‘h”#ﬁ*’@éﬁ@ﬁéﬁ*?&ﬁ%@“ Bve the

sponsg. kor o t
S?J%?ﬁgf\lﬁg{og h’g'ﬁﬁe r?&bo%'gie ﬂg;tl{éﬁgteé}ﬂfg LJ %5&1 ﬁ Ir terminal

SQ efed fi +ﬁﬁn§&fs‘§§ﬁ poi nt can estimte the upI i nk I\/Dvl @]
annel response for each user term nal based on a

p| | otFor rtlaenElBDtstyetdnbyadlﬂweuwmrtabmnanaransmhwomtysred pilot (or a

T S .
a?the&ﬁélﬂqug &ritA% HO ﬂeaeﬂ‘}leuﬁﬁs’iee} DDﬁ?l&aJ:o £¢ N?,,,,, Bﬂﬁogonal pilot

transm ssion. [00U71f] For the FDD system each user

t{'ﬁlﬁﬁﬁs@ﬁhs GaRt RoANNYL,T ufh (eASMEE hREnis] Mhefed brtﬁoé\ﬁ@lty may be
pilot) to allow the access point to esti mat e

agpieverk inviie Ofrequenels | code sqron sembinatiasbthareef.t fer n@der prghagonality,

The unsteer ri ses Notho
e RORPRL oot e 1 1os FERPISERS, A AR Biguf i Mo amtennas
\Wﬂﬂtﬁe Qiloh Q%Bﬁisbioﬁ ey b&chaahiefyL belng t'édVRred” with a different
frequency, code a combi nation thereof. Fgr code

GthoEeR r(algl,tWaISb)s é?qutemfm THE 26EPRS PAPp] ‘Jeggvers” the received pilot
s{yﬁl%gfsn%&? é@@ﬁ avdy gfo% %@&%X fvhﬁm el Sinld AL c%ﬁ]%goné@" debluences

ransm s rom éach ant enna B
use@bjz nsdt termindd natodibidin bﬁnﬁatesr ofithe oamaple(( ehannel m bétveen access

uence int "decovers" the received
Hﬂ“! cﬂmf‘é‘?% BP‘S e?‘ﬁ’o?ﬁs éﬁ@gt e BYEE SETRA! APLCRPASe nHE FOViRTIRg at the user
Mﬁﬁna the Gééd%?ﬂﬁ’%‘éﬂ the %eée%@ pERt SEGE P fHRA if Sinfildd Fhanner as

mto obtaln est es of the conplex channel gain

fors WednDadsies MyltplatAcaess€OPMA) systéne alidr frequerntey dthogenality, the
term.nal antennas. The coverjng.at the user.term nal

Bt PURRBEO B R (55 etng B BU T Ah B AR i et stbulancously
dedifefeiBshbbahds o edveflINyStemani RdtR.  ESctenObithsdoRtlity, the N,
Mul tiple Access (CDMA) system For frequency

wlot nemissipny fortthe Nitn Heqsi temringlr antenmos spols seul int disferent time

HFT by SR LR 0GB Nl BRGNS Hiows he
dcoéss poite todibtitpaisnahd pijot tiahe@nidkibn folodach LeR $érinBsdl @ntenna.

for the N user term nal antennas can be sent in
di f f eYBliple pees termeinals qan simyltancouslyt imnset wesesred pilgts on the

% Mé% PR :pt)ﬂﬁ ﬁ"ﬁ@?ﬁgﬂ t?aﬁlisﬁﬁk%wﬂg eV Jslatete@rflﬁﬁﬁsare oﬁho gonal

ol Nt 6 dr ot ngui s ot transmssion frome
insede, ttmnayiandbr frequenoypto allow the access point to estimate the uplink channel

response for each user terminal.

In a TDD system, the downlink and uplink share the same frequency band. A
high degree of correlation normally exists between the downlink and uplink channel
responses. However, the responses of the transmit/receive chains at the access point
may not be the same as the responses of the transmit/receive chains at the user terminal.
If the differences can be determined via calibration and accounted for by applying the
proper correction matrices at the access point and/or user terminal, then the overall
downlink and uplink channel responses may be assumed to be reciprocal (ie.,

transpose) of each other.



[0072] Multiple user term nals can sinultaneously
transmt unsteered pilots on the uplink to the access
w@iosns3i§he pil ot transm ssions for all user tBrTmUsmb4e037855

are orthogonal in code, tine Oand/or frequency to

all ow the access point to es%l mat e the uplink channel

resp 1 nal o[ :
074l By D Pt I Bl P cmr G g e BielF o pilot from N,

atcesgpoint ynteand. Badhi wer teguired notarc Oh)rppbetss the dovmtalkl ynsteered

exi sts_between the downlink and uplink channpel

piles o Rbean itpsipwiplipk MO, dhapril sewopse migx Ha,,, (2) estimate the

<ok SRuOL ERme oSt HindSes SR upball pii" e
hai ns.at ] calfo the dif

PR 16 b STVt BB 6 5 820 Bl on

Bormend iy aoledpe bR R B Rl e Voclo oot e vser
d | i nk I b red {.
BRtpilrecient {8 Veoof dhagiot) U SEABPOTNAT [ DOPATOBbeE- by

t he .access

RS TR A 0o RS 0B o R LR ster pit
ser term hal can .(1 rocess the do i nk.ynst eer.ed
(Bt i geneErieshy AP Sf@né%%ﬁww W o dRFLIor PR FR s on).
00751 Do ¢ e it 58 SDEFA FraaGistn iR e e e TR Auplink

thansBissiohl ) Thés3) tedBfijeR B¢ 23oeBE IvREd MBE [BWnMnlOtral@fiRsion. A
on (4) conpute the effective uplink channel response

dosajiok MIMQchausbresparseinediiix dhy,, sambe vhtained doneach ms¢rtterminal
access point in a direct form(e.g., by sending the
e and depomppsed torobtun & dewvnlandt st¢qgingw@etpg ¥ ofpr the user terminal. The
transmtting a steered pilot that is_generated with

aceRss POHK rqap evgbiateodifisrent setg af giser garminaly fordawndigikofgnsmission
5751, . _ S ;
(o &7 g gt e hae 86BN B V0 e A0 RHREOME Best st of

N.£ aboritgnisalfoy dawvabnkbeansggstidnor downl i nk t ransm ssi on.
A downl i nk MO channel response. matrix can be

[0076] bt aitive dowBlinke GRIsmISHAN, {he 3RS POYR FPRHEALY ResEtss g data symbol
flkAL Wid ﬁ#%%ﬁlﬂ( §tt=:§'ﬁf§‘ VBtoYEfh Ye N9l selebRd Us&r terminalg fo obtain

sterm nal . The access point can evaluate different s

Nof, trassmnit syembal stiéand, s follows] i nk transni ssion (e.g., in

siml ar nner as that descri bed above for the uplink)

and s%h&ctate sbest set of user terminals for downlinkEd(22)

i SSi 007 F | i i SSi .
R0 Broirchoprelon Wit vt idrbeld 8 R b chifs downlink
Wwth dom't{)%@%@&é&é@us}é?&%frﬁdsﬁ or the sel ected user

0 obfain

termnals
V, is an N, xN, matrix with Ns, downlink steering vectors for the Ny,

selected user terminals, which1s V,, =[V,,, V4, - Y4, ]; and

..X_dn

is an N, x1 vector with N, transmit symbols to be sent from the N,

access point antennas.
The access point may also spatially process the downlink data symbol stream for each

user terminal with a normalized downlink steering vector v, ,, for beam-steering.
[0077] If a user terminal is equipped with at least N, antennas (i.e., N, , > N, ), then

the user terminal can perform receiver spatial processing using CCMI, MMSE, or some



N transmt synbol streans, as follows: =, Eq (22)
where is an N x 1 vector with data synbols to be

wa emnesE1sd ed on the downlink to the sel ect ed UBEF/US2004/037855

[0078]

[0079]

[0080]

termnals; Vis an Nx N mats{x with downlink steering
vectors for the selected user termnals, whichis V =

cItlYer teThIJu%ue Eaggoia& ﬁé\% ¥echv¥ it Aowhihk ddhal ERARSIT diream. _If a user

sent om t he access point antennas. The

telexﬁﬁslsmpequmpeﬂamthllsss thpatNal dyerprodess Ne <ddym thek the user
data synbol streamfor each user termnal with a

texaingl| daz eecostemitd doviknlatkedata sygnbod stream yn therpresence of crosstalk from

ea eeri 0077] If a user termnal is equipped
tg}? eraéatfll r\? Rﬁ%ﬁ??sennas (i.e., NN), then the user

ter mmlclaﬁ@yl RESHMANrhARGAENEH teSiRA§iicd hatd B&ATREdHbed Forikingle-
CCM, MMSE,” or soneother technique to isolate and

qagixsyerowbanddyiMIQ siistetmwith Slaprfrglings t Fhesertechhiques may also be used
Rre éﬁl?&apﬁ i\%ﬁ}tﬁ# g?ﬁgrgravﬁnfitahmh Sanlicl,}%ﬂ\woa \},t %rr]nP ax v(rldeband MIMO

erm can reco

syereml ik (diiza GYNROlas thé %ﬁﬂerly‘ﬂng hﬁreﬁs@&édlﬁleldgﬁf A multi-carrier
crosstalk fromthe other data s%gbol streans. [0078]
MBYOcsystem ynaytyize IOV amnsame; ethsh mubiiariqn adylptign technique.

SRRSO B PRSSALA SR AIOROHN OB g
subkahdf.oEach wabdeid iscasbddidied with anmespedtiee cartitd thetamay &e modulated

I\@_‘NE system A w deband MEMO system may utilize CDVA
wdh 418" under | ying wirel ess technology. A multi-carrier

MVEVI @3 UWSNIAVIO®FDM &ystehf 167 %Eerst&'?i’ﬁnﬁt fMelchanne] estimation may
mul ti-carrier nodul dation techni que. OFDM effecti vel

tzaptrfarined sfot lvachovbtizd Nrsyrbbands Banehiéiat M- ifregeenepdoimaine channel

Nj ortho na bb ds ch subpand i s assoc¢i at .
hitonte, eAnBE X s, (B e DBt heaRRg Bt BefiSimed in
¥heibas n{aQQJrSJ Iﬁ%n@eﬁ@ﬂlﬁeﬂflaa&mmmpfcﬁﬁm@a@&puﬁs@r matrices is
term nal, the channel estimation may be perforned for

independsmtlyiscemposed de ob@inoNr slcaring vedieisdyr thery snbbands. Spatial
prl(?@etgﬁﬁé ig tﬁgxp &?o%‘m%ﬁtf&l e%gﬁ‘ s&b% & uﬁthgﬂg B@Q‘ﬂ% ve-m)? obtained for that

TOC SSI ng

SuBBAIRl SIn hﬁbtﬂﬁeerﬁbﬂﬂhﬂbm ﬁt&n@ﬁtﬁeqﬂéncyhﬁd@bﬂdme Isteering vector is
response nmatrices i.s. in ngendently decqonposed to

dspitved AOTs eacBr 1sRp ternad ihesedopn thie Mxt chapm) dRERONSeSpirices.  Spatial
HOASERS i ter Ser d@&r Bl Pﬁﬁgbg sv@ﬁfﬂlﬁﬁpﬁéﬁgeﬁﬂgt\rbc{op.eln any

steerl g vector tal ne for
(k), for k=1.. N, are

case, Nr effective uphnk channel response vectors b, 5m

formed for each user terminal with either the single or Nr steering vectors. The user
terminals may be evaluated based on their frequency-dependent effective channel
response vectors.

For a wideband MIMO system, for each user terminal, a time-domain channel
impulse response matrix may be obtained for each of multiple (Np) resolvable signal
paths in the MIMO channel. In one embodiment, Np steering vectors are derived for
each user terminal based on the Np channel impulse response matrices and used to
account for the frequency-selective nature of the MIMO channel. In another
embodiment, one steering vector is derived for each user terminal, for example, based
on the channel impulse response matrix for the main signal path with the highest

energy. In any case, the steering vector(s) may be used to derive one or more effective



subband. I n another enbodi nent, a single
frequency-i ndependent steering vector is derived for

weaokosiEed termnm nal based on the channel respoPEBEUS2004/037855
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[0082]

matrices. Spati al processingz's then perforned for al
Nf subbands with this single“Steering vector. In any

¢ . - )
G bhofi el S g ORI IEh O SRRNE SN SPRE i Riminals
fet trivemisdiem. si ngl e or Nf steering vectors. The user
termnals may be eval uated based on their
fréq SteInt i ve channel response

vect '

oor ¥ A H3RR% PGt Eadlbidiract bbbt 80 ko 8 iRt 120m
andt 120x indJIM@ spdierai 1000 Adsessgmirt 10D israduipgedewiiNd), antennas 424a
reso)] vabl e sjgnal pa in the MEMO.chgnnel . In e
t@m&éi%m, @reaﬁnmﬁei Jemos §qawee<ggﬂﬁx,§umfaafenaa% > 4fas fhrough
4590 3R w0aSEEhial 130 i@%gﬁ%?&f‘@iﬂl' NP YhEnria8 ABLLS fhrough 452xu.
matrices and used to accou for the

Accespupnintyl 19ak edtansmitting entisy dér thér dowRlink adbnreskiving entity for the
anot h nbodi nent e sfeeri. vectofr i.s deri.ved, for . .
bk o o et AR Slestspnifieisalibafos it flink i a feceiving
dnfiiB EsrethE FoRANER M Gded HePéin! A etrBintittiigOdiity PRt &h Wdkpendently
t he hi ghest energy. In any case, the steering

epstatest pppratesyortdevisecgpatde gbransmiting dgta vigaewireless channel, and a
TEFb URE LR AR ind RRRRARG opSiEled bpartlls ob aife Libabid o receiving
datavia 11 wisél €3 .chdnneEX Bingak @s1o wih /e soyipti eintheO$iB3dript @™ denotes the
shows_a bl ock di agram of access point 110 and two user

qcéf\_‘qlriinhaﬂge &‘@%P&nﬁp’i ﬂe&?tﬁs eviplinks famusesotermigals e selected for
ﬁ%&gﬁpne%%g t'ra%sﬁx?ééioﬂp%ﬂl%et mﬂﬂnﬁ,ntﬁﬂngsﬁ:rjfetﬁlﬁiﬁam W@Nselected for

er term nal mis equlpp N ant ennas
dmdhEnebhs tagimigdi@non tendbwadmk, Ve miapak niBGrotite equal to Ny, and

[ d with N antennas 452 t hrough 452xu., Acce
Ko 3B B, e S FHIRS g Bt FR4pEE o A SN B el For
%1 BGH), BeIR-sRBfing ¥ Us&d in'the foIRWiRKdesEAgtbnuser term nal

Is'a transmitting entity for the uplink and a
r ecei On thy wplink: 9t dagh usérdemivnal| i20iscleptsd deweplinkrteansmisaion, a TX

stransmttj entity'..i s _an. i ndependent| v operate

i PR A0 o B oy S R OB 48 PP PR dptay from o
Wntrel1&s 386 harXelata ag6cedsor 488 ip¥dcage€ M lgt, Yencb8es@linterleaves, and
I ndependent |y operated apparatus or device capabl e of
medwites)nthedzathic \data Ady),t efozsthe aisam treminal rbas¢re on the coding and
foll owi ng description, the subscript "dn" denotes the
wedwlationschemes assesiated pith thgratejzelestessfor the uspn tfeprinal\and provides

3 1 §$¥?‘§@ Sg%a%n sipﬁg?%mgﬁat%ﬁé;o%%sgﬁrﬁ H pfoims spatial processing
gnelh%cfla?ad syfmolgol stream {s

} with the steering vector v multiplexes in pilot

up,m up,m >
symbols as needed, and provides N, ,, transmit symbol streams for the N, , antennas.

The steering vector v, is derived based on the uplink channel response matrix H

m upm
for the user terminal, as described above. Each transmitter unit (TMTR) 454 receives
and processes (e.g., converts to analog, amplifies, filters, and frequency upconverts) a
respective transmit symbol stream to generate an uplink signal. N, transmitter units
454 provide N, uplink signals for transmission from N,;, antennas 452 to the access

point.



si mul taneous transm ssion on the downlink, N may or
may not be equal to Nd , and N and may be static

wo 20080853186 can change for each schedul i ng i nt erOEIS2054037855
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sinplicity, beamsteering iszgsed in the follow ng
description. [0082] On the uplink, at each user

t er mypal tn?agr lschbduldaK fdr " SRS TSS T

dat a]?i‘f’o‘gé%g%rﬁl%% r cé?vsgs trégf ﬁrcﬁﬁat a ?Pg?nrag?rgg;%ﬂ gn on the
wplink c EatBmfaheseasat tephirmhdst perfaroms spattad irocsssieg o8tk datX symbol
dat a processor. 488 processes.(e, g. ncodes

SRR, it 5 S1eCHpR v EROTAME, B dis Lok TFISEL ympbpl sirpgps on the
Uphgk iS5 il ab&sEpsial. based on the coding and nodul ation
schenes associated with the rate selected for the user

t er miAtadccem pomt d10,d¥s antenras24y thsoughsdddep meceive)the uplinRsignals

ati.a ro 490 f .l [ .
R i S GO el aefiAg o ok Bl  EAER BARANE S Proyices o
recdiddt biph&x18Sa irésppétivet reBoivdiolnsit IRCVRY AP, Tach REcRikied @it 422

N transmt synbol streans for the N antennas. The
perfeans pEoceads complesnentary e dhapatpregd thye trapymifigr unit 454 and

e L f ] .
AR08} SRRy, R oS IR giorms reciver
spetil iprecessingl op tocH g gesci{ed. symbot stnaadrist forh GV g ineded@r units 422 and
amplifies, filters, and fr ency upconverts) a, .
I}f%‘élﬂ%%%’#p\fécctvre‘ﬁ‘?s‘}ﬂ?‘fﬂ(é{j]‘wig’r SESAMS o @?lﬁ?f)esp%al processing 18

]gagﬂ}o;i‘rﬂ ?ﬂ QE@:rdanNe LAaNGRI ECPIT, MMSE, $f¢ R dMled&hdY technique. A

signals for transmssion from N antennas 452 to
sphital diltee smtrpo My, . fHOMB Abcdss poiusirdetieedibasad sn ifB)thbeeceiver spatial
schedul ed for simultaneous transm ssion on the uplink.
facdssing tedbegmeused Hyethei avaéss prentl avdE2)sthatdffektive uplink channel

processing on it ata synbol streamw th itg steering
geRongs M3 Huans 356 Npademginals, %?emr?cow &P{mk data symbol
streans on the uplink to the access point. [0_084% At .
SHEMASK ,,poiH AN ¢Himate,0ohdaia symhel sirgpy LﬁSJa,mhiwaﬁnW@é y\pdespective

the uplink signals fromall N user termnals i
USPR PSR | AG R QeHePIQRTSS A4 2ERIORES PR érﬁ'radmu}ﬂ“’cﬁ/ Agtpterleaves,

a}ﬂ%_ﬁ%@dggﬁ&cﬁirg&%reh% fink ?g@esgtdrbﬁ sthafi® :{é’ en Hni deofdZeRbith the

recel Ver uni orng p SSI Ng

r%%npgeﬂ Pt Ystle@m! t%a&btgiﬁr (iegf)gé}fj ng%%{ t'fﬁ@ﬁgéotdkﬁ rdﬂgén.f(;r each user

4and provides a receive stream
tepahalaiay beqeswded 41@ daer Siok Mgldrfor sfovape aylairi abontroller 430 for
lﬁrgcessi n% on the N received synbol streanms fromN
HRQiRIRGeSHAEt s 422 and provides N recovered uplink

dat a Gy fRObo AR AEBaccdddHoift QG 0V £1TE Bath b?éce?sfoPQ?Q $édefles traffic
is performed in accordance with the ,  MMBE, SIC,
data Bomes dathgaureeei8rfoy e, user tepaimalsisciiadnled fomdawnlinkNrapemission,

BePERE TR e Blirdir 56 M8 DA bRR ol b LSESNETaa. The
various types of data may be sent on different transport channels. TX data processor
410 processes (e.g., encodes, interleaves, and modulates) the traffic data for each user
terminal based on the rate selected for that user terminal. TX data processor 410
provides Nz, downlink data symbol streams for the Ny, user terminals. A TX spatial
processor 420 performs spatial processing on the Ny, downlink data symbol streams

with a matrix V, of Ny downlink steering vectors for the Ny, user terminals,

multiplexes in pilot symbols, and provides N,, transmit symbol streams for the N,,

antennas. Each transmitter unit 422 receives and processes a respective transmit symbol



processi ng techni que used by the access point and (2)
the effective uplink channel response matrix for the N

W@ sm®s/0538dri nal s. Each recovered uplink data symtiDls2004/037855
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stream{ } is an estinmate of,a data synbol stream{s }
transmtted by a respective user termnal. An RX data

VAR Sshal. e VY, trar$RIFRGUINRS @92 provide N,, downli
S%ﬁ?@%%ea{é%é&%ncﬁﬁecogesl)w”each recover ed L%(I“i”nek d"atoaWnlnk
signalsdbr tsansmdssion ffom NV pantomdahdetothe hser ksminlse used f or

that streamto obtain_ decoded dat The. decoded, data, .

for dcnch g trari 20’ Ny BEnBRSimaes T N de il sienals
i ab@ss bRk 290, AhGecaivérQimit 234 Efocéé’s@s hQecdivdd §ighal from an
processi ng. [0085] On the downlink, at access point

agsboiated Fxenra 45Prandepwyides 1D recseveidyeanhal aftrepm. daAm RX spatial
froma ta source 4 [k 1L nal s

FroSPOD P R (08 ool dReedl B My ERER Yyl srcams
eV, 0] tegeivéSnitsodtll pabpiokides atieesvestal dovrlink data symbol stream
schedul er 434. The various types of data may be sent

B, difer e usar termanal pd he reshiyanspatal procegaing ishesoanedin aggordance
processes (e.g., encodes, interleaves, and nodul ates)

withethe (GGNII, of gnmesether taghmiquee rAvprtial Bligranatox Mg for each
rate selected for that user termnal, TX data

userdieBnisak is e vest baseden (Ybths reeekyed spaiial prassssing teghiygue used by
0 i qpal fy i oce hy 420

2054 NEHEBE RTS8 Gl SRR Elp RLOTRRRE T AZO00 the e

tSHTRA! Red a%r&&s&r@bfﬂr&ce@es&g.‘gﬂ!de difa&&! Béfterleaves, and

vectors for the user termnals, ["t'i pl exes 1nh pilot

deyores) the ravodenpd downlisk ddta syamtsaiistreay hobtaintdeeqried datarfor the user

t he éntennas. Each transmtter unit 422 receives and

Hit¥sses a respective transmt synbol streamto

genergt gach keyidriniial S128Na! chahhdlr @asiatdrt £78 bdlinidtes? @ downlink

provi de N downlink signals for transm ssion fromN

chenneh responsg 4nd pravides downlinke ehenpel estimapggehichmaydg¢lude channel

user...term 120 . N _ .anten 2452 1 ive the N .
B SR e ang 38 580 B AR £ aRhel Sptobas. potimates
the iup1iAID AhiirRL @8spoised afiE pRdwided Gplikathdnhelmedtiinates. The steering
associ ated antenna 452 and provides a received synbol-
veetoBa T dewitiuks pad junlink tepeBisgen 480y Herdesived ipevasioys manners
: r i r 0
BREd oft VR B9 MIMD DREEL 169 PHDY Al o BV EDD)otem, as
ddsdribed whbvd.  Kitheestoer{ng} vector i¢ erivedéhy dreremkina(e.g.,Tthe access point)

o o B o 3SR RO 1 3520584 e

stRAhb dbctdr th il otfBlenkity. M fOr each user termnal is
derived based on (1) the receiver spatial processing

t echr(_icqlu'ellus@&j) foy eatlte uses derntingl _m'ypiaall)ad@'i\(eg)thq bpmtial filter matrix
M e SO e in I RS iR dwrlink hahne] résponse matrix H

—ut.m

for

dn,m

that user terminal. Controller 430 derives the spatial filter matrix M,, for the access
point based on the effective uplink channel response matrix H,, .. Controller 480 for

each user terminal may send feedback information (e.g., the downlink and/or uplink
steering vectors, SNR estimates, and so on) to the access point. Controllers 430 and 480
also control the operation of various processing units at access point 110 and user

terminal 120, respectively.



termnal. An RX data processor 470 processes (e.g.
denodul ates, deinterl eaves, and decodes) the recovered

walomnbsnge dat a synbol streamto obtai n decodedrPcrUs20h4037855
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the user termnal. [0087] At,each user termnal 120, a
channel estimtor 478 esti mat es t he downl i nk channel

[ eSPNEE S AhHLOY! ﬂﬁ B aCPRNADRA pséaegga?tma that supports
whi may | ncl ude channel” gai n esti nates,
(éIQMAmTstatapnbcsssomlOaSmay barube;d foa Tohdata ealrocessomm(band 488 in

t.h k d
A Wl SRRl ALARORE ol RR 3P S B8P o
S| ik RPdsdtRbiniiKalts RS hSthe RodBY seﬁensieefdr\fﬁéisél&ted rate and
vari ou8” manners dependi ng on whet hef the M MO system

prévideslddde HitS! THE AhtadtredrhayatrgBne @8 nfdes Aiith peckedh @iEeach data
If the steerlnqgﬂivector Is derived by one entity (e.g

Repket aviypicslly eoded)separafelyde @b@lrb@cmtdq@rpaéh@tu tT;be e@dlgg increases

t L),
ST 517 MISTEAOE OO, S YSBERL b g, o
rédithdancy ehech (CRE) cddigyicomboldtiopaicading, daboé veding, ibdock coding, and

spatial filter matrix for the user term.nal based on
SOHE 96 ArfamRiknatipRnhereof. o dpehnereliterieaver oyl 4 iRterlegies the code bits

ﬁa@&frbﬁ‘% mfé?l@fa,\rn‘i’é ls&enf30THE ﬁﬁtyﬁédvfr%epr%gﬁtes Fimd 'ﬂeﬁﬁéncy, and/or
mat ri x he” access point based on the effective
spptial rqlkvecshtarrfnethe rcedqz)blmss eA mbwlxn&ppmgiunt 51d mayps thehtérbmaved bits

e on BefmO fiTian ek R IR IR A m bR R 4R symbols. Unit

ﬁ'&%r&iﬂs'eﬁéﬁ 8% of Brfltcfleave bits & foh8 aB-BaLInARP vhllie, where B>1, and
Controllers 430 and 480 al so control the operation of

ﬁﬂah¢rau@smadm Bshit vaJueitel a spearficapeddatiopgymboli hayed an thesmpdulation

SR B oP S NEHRRS o NP Aot 23" 2 kb n symbol
{CPVBmpIEX vilRledn RERASISDASteHIA deBMe m%%dﬁ]%ommea

processors 410 and 488 in FIG 4. hin TX data
p roced SQIDMAPSL @z0dulatore b Qerlforﬂrszmpé@eﬁlme forab®MHdeWithin CDMA

DRI PEF R otlntei B oL RoghE BEBmBORES Lt b Wa pito
Wb tabdtos Hiffeéht "Byl Celianiel®NEEQth RBEE dhadrie] D@Czks%@ated with a

and each data packet is tyﬁl cally coded separately t
retneslie artbogrngl saquenpaickbich mak keoa %ﬁ shn 87quIgBEs atnherthogonal

SRSt R TR 0RO B0 g st

a0dovgingt an\IS{2000 anaIIS@Gohnﬂg spteading” noiW-ﬁlthL oAkscrambler 524
codi ng, .and

S nblna i_on ther chann
pef s Aad specteally SpiRads fecffan EA deadonmplinie, s@&  with a

I )
I%‘Srgﬁe(g{l {:_\aﬁg?ﬁl ri%ﬁﬁ)%p B1%) sefénck %& Pr&AddsNDstRiaRY bigsta thigs, which for

simplicity is denoted as a data symbol stream {s,}. The spectral spreading is referred

to as “spreading” in IS-2000 and IS-95 and “scrambling” in W-CDMA. The
channelization and spectral spreading are known in the art and not described herein.

For the uplink, each data symbol stream is transmitted on a respective code
channel, which is achieved by channelization with an orthogonal sequence. The N,
selected user terminals may concurrently transmit N,, or more data streams on different
orthogonal code channels. Each user terminal performs spatial processing on all of its

data symbol streams (or its data chip stream) with the same steering vector v, or

V.- Similar processing occurs for the downlink.



spatial diversity for the code bits. A synbol mapping
unit 516 maps the interleaved bits based on the

wormshssison scheme for the selected rate and prOWUSE84/037855
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data symbols. Unit 516 groupsgeach set of B
interleaved bits to forma B-bit binary value, where B

>, 4YE.T48 GB&ws @W@ﬁc@g&%raﬁi birty Y& @R hRoRssHP 2 0b ithiat supports

nodul at1 on synbol base n the nodul ati on schene
QEDNI., TXRSH, privcedSiK, 416b nidyQied benksed dorI'X data)pro¢easdrs 410 and 488

: | gt i nbol i | |.ue.j i gnal
B & 1K 03 PeesiE 4T0) TERRR sHD0ATT U cBumehEfriequrgois, and
Wa@gﬁﬁl 181105 16 3Phi e bb Sraftbas@sibtigdd sHdbvE dor BRYASA. TX data

nodul at or 520, a channelizer 522 receives

Rinepsadrai Ak furshes indhedes an DI IMizaednlatanSH thet pesfarms insodulation for
Qﬁbﬁ/{. d g@ﬁgﬁ %ﬁq}ﬁ%&ﬁ%ﬁ?% Sin iif&Re ¢R ﬁo&xfi‘e%r}?a%'sfo'n% (IFFT) unit
SSOCI ed wt a respectl Ve ort ogonal sequence,

592 fddeivey tixe data \MintHolss Gatie sg@bolamappihf agitnal 6 \aad ipilet &ymbols,
spreadi ng factor (OVSF) sequence, and _so on.

h
RIS oA Piob SISl 05 SPbusis, AR EgHed: fon daigom pilot
EREmiSoR? af Providds %asl%ﬂbg vatuB og‘/zgtqvé‘ C e gﬁ’ﬁ%ﬁf?@?&a gtgcgl subband

receives’ and spectralfy spreads
rdavrused fdri gat&pidaideansinisioal sFawi dabh HFRMMUsjorboh panod, MR eunit 532

PN). sequenc n rovi des a stream of _data chips, .
PRI 5oL OF e 14 PiPh 0 7G0T B Rl s, AR using an N
PUIRSAMRIES fabt Fourlt® t2R&Gih ahd w&*@al d"&)ﬁe‘épérﬂﬁxﬁ% fr8ib fdrehe@Symbol

'spreading” in IS 2000 and -95 and "scranbling” in

thatCompainT Hé- chiganeAi gxdlicoprefin dsenpratorr 234 sqpestadd pgrtianeof each
K in th t d not d i b in. [0091] .F
RS Akl A et S + v,

.respectiv ode. channel .. which is achieved by.
i D S aied SoR 1S A s py D B 2R Al s e number of
SRPChEifE reseated! CTHE RIS ?ch@fsmg e tthy OFBNSSYhbdY @fains its
nore data streans on different orthogonal code

erthwgeaedl propeiiies Wshe presepsened myltipaty delag spreadicaused by frequency
[ I it v r [

BREFE RGP, D fesiine PRl EREL 08 EITR i pbraor s34

providean spesa afDPOMO syrmiticls, fvoliichi lier slatitity ks 8166 Aehotéd &s a data

5B shows a bl ock diagram of a TX data processor 410b

Yol 8itR9pbis.3 - OFDM  TX data processor 410b may al so be

used for TX data processors 410 and 488 in FIG 4. TX
data W&é&%ﬂﬁsmﬁ dRRCHIRROL SEFATD 4B fraBsitted (98 gspective set of

duBb&lds ed@éigﬁed%{l thA e} o8l BRBIARA Lﬂl@élgt %egi%ltﬁgls"iﬁﬁ}p Boncurrently

operate a3 descri bed above fof FI G

anemEts,p ror 4iddb datarstrthams omdiftried dagpoi@rFong ofoshbbartdsy wb@6 each of
h forms nodul.ation for OF W.t hi n, OFDM .

{16l BB 3o AP0 RO RBE Sl EFRDy UHeF ATV performs spatia

frb&dsding Wl 411 B8 2s daGEsyhtsol tsharl@ ey 15/ PPN shiBB) StréaRd)| with the

mappi ng unit 516 and pil ot synbol s,

same steering vector v, or V. Similar processing occurs for the downlink.

up,m Zup.m
For simplicity, FIGS. 5A and 5B show the processing for one data stream {d,,}
to obtain one data symbol steam {s,}. Multiple data steams (e.g., for multiple user

terminals on the downlink) may be processed with multiple instances of the TX data
processor to obtain multiple data symbol steams.

FIGS. 5A and 5B show specific implementations in which the processing for
CDMA and OFDM are performed prior to the spatial processing for multi-antenna

transmission. In this case, the TX data processor includes the CDMA modulator or



provi des the data and pilot synbols on subbands
desi gnated for data and pilot transm ssion, and

w@emsskass a si gnal val ue of zero (a "zero" synbol/ysF004/037855

[0096]

[0097]

[0098]

each subband not used for %9/pi|ot transm ssi on. For
each OFDM synbol period, IFFT unit 532 transforms a
é?f)l\'f)ﬁno‘aﬁfa?or B kRdwn BE1GS! 9A5%ﬂab9ﬂis T b Ilagesgﬁl%effor CDMA and
domal n using an point inverse fast Fourier trafsform
Q@FOMprogy daso abec merfespcm difiey theaspdtial nrdeesying ofort Inatlti antenna

contains c A cycl reflx en 534, r.
ERhsTEn B s oo e FrsPivlied pHE AN RL et SRS’ £ coma
BOdUINSP OP dh TAFISMDMog AR | thit Nk fosR B ICDMA. bt OT‘DM'[R&essmg on a
The repeated portion is referred to as a cyclic

TgBRectie tr@manwyrr&ool stecaputorasnerate acdargspandinggnoeduated aignal.

The { t

its or]% oég: %lgoa pr og rﬁa?ipgozce%% %eag?sespc% leg?a%%u 2 U%'{]ﬁénmnal

enasor spmvatiok ardisslthkityankmésgioan Bor sied wilink v dsacbeﬂ@mal 120m, the
, a frequency response that is not flat). Cyclic

éﬁtaaﬁmb estrermt b, 5314 pIGpliebwith the sieamng ¥ edtIDNL,, » by TX spatial

synbol s, which for sinplicity is also denoted as

macqsscgy‘w@m tos pbtaianthe drapsmit [sgmbgl veeter xhe 9p Itlilmkphrécacm access

data synbol streamis transmtted on a respective set

pefintsilifb thedecenesdi symbdl Yestort hat(fos userdenmimald 2Mmsas| welt adother user

user termnals may concurrently transmit N or nore

tdeminals) sepwitiplcd with hepaid fillesieirmt M by aohitdbizad derther scaled

where each of the subbands is assigned to at npost one

Wwith a de@ehal usatix DE} ByRalniteA2fte bbRisihakécaverdd AR S Bgl vagtor §,,

all of its data sy ol streans (or its OFDM sy

for neanplinkd. t Uniteec49aarid 642 erel pagt mé@hd{XCBpatialEﬁrmdsﬁUr 440a. The

processi ng occurs for the downlink. [0094] For

mitmiobs ML,y and-IIES. aranttris&l dased omeheetfedtvsi upjink othanmed response

data stream{d } to obtain one data synbol steam {s }

mathvix| Hj p} endlasing dtedZORl],(MMSBE, of ssmervther tetteiqueer

termnals on the downlink) may be processed with

mul t i fdrethie nddvarlinks abfacédse pbinitdhlila the datassymibdl ovesturas ) (which

mul tiple data synbol steans. [0095] FIGS. and 5B show

opladest the dpyyplindadata aymbqi§trp¢m ir gigent tranipald2@msaswelt ax other user

(P08 R iR e RERA S 4o8he ALY S Ot Apaia processor

%Ztglog%%r? th @%ﬁnﬁ%ﬁ;ﬁﬁ? 2Ur )l n%ﬁtﬂ%‘?}io&ﬂﬁ%q\fﬁteﬂn&lﬂ 120m,
HBr szd gﬁﬂ?&%blﬁg rl Orlsﬁﬂg{apl?e@qwﬁ: aﬁﬁ‘”ﬁﬁér%ﬁ’atﬁf M,,,, by a unit

per or ne ter thé "Tpa processi ng

B AR R S Ve g i
x%on%PedOEA?ngiﬁﬁg' R }h2t RELEQ EEEEMIOY. S5iMe60 and 662 are

processi ng dn,m

part of RX spatial processor 460m. The matrices M,,,, and Q;,’,m are derived based on
the downlink channel response matrix H,, , for user terminal 120m and using the
CCMI, MMSE, or some other technique.

FIG. 7 shows a block diagram of an RX spatial processor 440b and an RX data
processor 442b, which implement the SIC technique and may be used for access point
110. RX spatial processor 440b and RX data processor 442b implement N,, successive
(i.e., cascaded) receiver processing stages for N,, data symbol streams transmitted by

N, user terminals. Each of stages 1 to N,, —1 includes a spatial processor 710, an



respective transmt synbol streamto generate a
correspondi ng nodul ated signal. [0096] FIG 6 shows

WO besepHEsd al processing at access point 110 anPCDI82004/037855
user termnal 120m for downlink and uplink
transm ssion. For the uplink,2&t user termnal 120m
the data synbol stream is multiplied with the

: s } h
dntedlencpge cancelder TP, A R aita piresnn pEASsPr 490n3ndo2 dif dpig stream
it f - t
RSO0, R e Oy AP 108568 s
tserearn pedcedsdOA3®ds wel | as ot her user termnals) is

10099 520 e Pl HePPdieh PRuePs R1%% BRFon aTCEhit Apatiabygesing on th

. ta )
?\:f'i,"? I’e%cgfe%% %ﬁﬁﬁsﬂbﬁ% grﬁi 612{‘39@3@51%@&@\1&6@&’5@%%@ er@Rcf)I(n {8,,,,} for

. O and 642 are part ‘of an R
SRE! feRhinAl fc6an TedV0Rd ihNRe TR 8RS w@a&a%mﬁe;{;ﬂoyé%gor 730a
based on the effective uplink channel response matrix
alethodsliatey, ddieteflEaves, akliidecodes tieomrreovetrddedats eyrhbowl gtream {§up’ jl} and
[0097] For the downli nk, at access point 110, the data
Proheds ¥ ebsded( ik GlrediClddes the ddanatdahk pftRbssof Yab#lencodes,

streans for user terninéf"i Om as well as other user

GEELRAL Sind SndBlldds e deddabd daBiE <HOMR! | uk tifi€hk "Sime manner
y § ?o o{)(?%ﬁ' n ﬁhe

matri X Spatl al processor

ipréeirsfpnﬁﬁég b)il%%ﬁl @r‘rtnﬁg?}l Gbr thaf Caltn%gl(ol %QMhés%nﬁhulﬁtceﬁ lsymbol stream

recel ved sy vector r 1Is
gl Lo pl etekrfovehde eareplddri Z20af pdrfotmms rebdnsinitteMispatidlypracessing on the
660"'and further scaled with a di agonal matrix D by a

Gebddsed sPmblt sedma{sdountvithkhd effaviee eHarthal fespotbakctor h,, - -
stream {s } for user térmnal 120m Units 660 and 662

doeusetermifal Rfo sptain A, ineferefcodontiddonts dhetomht datasgsmbbl stream
and are derived based on the downlink channel response
i x et e TRftsEPrencs ¢AnpRoments ora wibiracted frgm the Ngcrgceived symbol
MMSE, or sane ot her. technique. [0098] FIG 7 shows a

[streaRs 9 ehHn Maomodifiedsymabelistraams, Wuesays providad ta sagad.

[00100 d a.tE%cfi) of gtggess%thgo%ﬁ 'N whi 1° er}“o%ls %{Ees%et r}g&e?ﬂﬁ:g ?&stage 1, albeit

echniqlie and~ta ecused f access pol

VAL B AR 00 00 B AR IOA e v, e

Rymbek strdaghss t Blgehist stigd\betfirms Spatxd |prodesdagrand decoding on the N,
transmtted by N user termnals. Each of stages 1 to N
madifiedt [syenbel streggag ifegm pitegee dspr1720d dosh madr pesfasmc interference
cancel ler 720, an RX data stream processor 730, and a
Ttimation andrcanealisioessor 740. The | ast stage i ncl udes

nly t]
01011  Spafa i es R £ 3BT Bhoufeh 08 By e AnBnfbnf HER0CH, MMSE,
ot Gamp entlicrrtachniqreei Kaeh spptidl ipadcepson a6 snulgplies drhimput (received or

with a spatial filter matrix M’ to obtain a detected

=Zap

modified) symbol vector r'

symbol vector Eip , selects and scales one of the detected symbol streams, and provides
the scaled symbol stream as the recovered data symbol stream for that stage. The
matrix Mf,p is derived based on a reduced effective channel response matrix ﬂ:p,eﬁ for

the stage.
[00102] FIG. 8 shows a block diagram of an embodiment of controller 430 and
scheduler 434 for evaluating and scheduling user terminals for transmission on the

downlink and uplink. Within controller 430, a request processor 810 receives access



N recei ved synbol streans and provi des one recovered
data synbol stream{ } for user termnal j \ being

wo smevsxed in the first stage. RX data stream prDUEN84037855

[00103]

[00104]

[00105]

[00106]

730a denodul ates, dei nterl eaygs, and decodes the

recovered data synbol stream{ } and provides a

rg gednd %sér%ﬁﬁm{sdnb andT;}ssgaryaac%tegse@qusogsﬁS&her sources.
a enco i nterl eaves, and nmodul ates the decoded
«aasiessamqu{asﬂs pra fortdata anseissiomen thee downlindd angdjorueplink.  For

‘iﬁ i nﬁ%ﬂ‘}é‘B\ g‘%ﬁ{?gf’p 3??53%1%(%%@15& eﬁ‘i‘@’F%F@?ﬁ’g e ac ancel | er

720a hé@rgﬁ&eﬁo@r@m bREseS B teabived aERsSteadestatd rovides the
renod%hlelate synbol stp?eam{ } with the effegctlve B

identitice (I0sd apd Hrsestotue pb Al faghva sy teravingliaf ysex sqlector 820 selects
bl I SRS T IR b det Ry, e

Bebteimiialdmby G deheeted foeceehluaﬁbrsbmedlonswrr&)aﬁadtm's such as user
obtain N nodi fied synbql streans, which WE)rOVI ded
Rripridy, dhgeamount gfdga 1o vsaéwyatﬁngr@a‘gé%n@t% AR

per f omﬁﬁhﬁgﬁ%ﬁﬁ 0L Eacl It BAREr %rmﬂllaﬂeinﬁ g%lri&é%ea value

nodi fied s treans fromthe preceding stag
ﬁonstmatdlcafbr tthee sédl. rEmesmmdicﬂy,ndhelfoHmegntk:scﬂ'ptmnl asumes that (1)

e RBhP e R ar &t e R (B G TV ] Fesponse

&%fofr@manaﬁls rf&eéa%H %aneeslsgemhhﬁﬁl aEdamtnﬁlahmasaoqacludes a matrix
[00101] Spati al Erocessors 710a through 71Qu may each

qonmumenmntt 1340 rateamectoroS Os dvatris chmputatiomunig &0 performs the

h 7
SOEaPGRlTh B350 o0 B 5 2 18Iy orms e
dfecti®d upTRk dhéned redpbﬁdenn@msdqqegﬂt e tbraiéT R land @6fPiites the SNR for
sel ects and scal es one of the”“detected symbol streans,

aeﬂl l@ém@lﬂﬁfal iDehS Gl Ble@ MO, St T ARTMRSrecbier %I%ﬂ‘éﬁ bﬁﬁessing
data synbol streamfor that st4§&. The matrix

t@@lﬁl‘lc}h%dasb@ﬁ? Ghedfkccss [RARC Ehte bE16Gtbr 83D RANEEE sét @FINREfor each
matrix for the stage. [00102] FIG 8 shows a bl ock

ldsr:lagqt and df:teanmemi@d'@ t egth usehterminabin theeebgsdwell as the overall
DB Bp e R e SAEHO0 A oo GRERN o ROKNR Hhbte D 852

\Vﬁlblﬂlsfbréboﬂtsétobf fitesA@PpoRed BYURS bysum b sthéir Bddhired SNRs. Rate
recei ves accessreguests sent by user terninals 120 and

s§lstor 1850 determings r% highest rﬁ'ieo‘h?to?‘lh)é be Jsed drsuphnk dransmission by

é&‘aﬁ: ﬁ?e? P rﬁ% ?}tasced §N’E¢_ Lﬁ%c?fl?)t? ;ﬁleslfs'eﬁféggf?ﬁafh gﬁ?tg rselector 850

alg@l acokmulatas she sasescm thmuglqﬂm fobel ubserl teamindl® @ €8 set to obtain the
810 processes the recei ved access
PethiE BrouBBR T vhaES: fhe

Scheduler 434 receives (1) the different sets of user terminals from user selector

820 and (2) the rates for the user terminals and the overall throughput for each set from
rate selector 850. Scheduler 434 selects the best set of user terminals among all sets
evaluated for each scheduling interval and schedules the selected user terminals for
transmission on the uplink. Scheduler 434 provides scheduling information, which
includes the identities of the selected user terminals, their rates, the scheduled
transmission time (e.g., the start and the duration of the transmission), and so on. The
scheduling information is sent to the selected user terminals.

The scheduling for downlink transmission may be performed in similar manner.



identities (I1Ds) and the status of all active user
termnals. A user selector 820 selects different sets

w®boosssxisd erminal s from anong all active user pEr/US64/637855
for evaluation. The user tergjnals my be selected for
eval uati on based on vari ous ctors such as user

t
oot P D PSS R AU NV be prpfmenc vy

\Afidue vidanat oreaxampiet thesfe wshanm&sr miay Hes imapiempmnted i id eisardware,
a value for %anetrl for g ., For S|ggliclgy, t he .
PHMREWORG TRIBUPIIAN 196 e Hqware, mplgmentpton, ‘the processing
Mtﬁ %gm%u bor YREGh 31yl ewiiBlbds! teclﬁtmi)g&?(): ot D PiAf &wam) and
upli nk channel responSe vector is availabie for each
thcﬁDMAusmsmumqn omlthe Bowhlimk amh uphnlt (889 ther ornseis and receive
mat r.i x conputation unit. 84 se

swﬁt[le}l p{ocgasﬁ& ?tafha Sﬁcea%mmgw ?)sgf eginmg ,%heé e@%ﬁttlon o%%lfferent user
/M & o) ndye RBAEMERE] RithinSeie dor @fidit @ gﬁlﬁ;atl&p peedfintegrated
sef, unit 840 forms the effective uplink channe

qirsu}in (A SIGR)t digitalsigngloprogessors (DSRa) digiad mgnsl precesyig devices

PRI ShmARE TR A SR SRR S s oo

@PCGasy motasbors, Rain&oﬂeds;aﬁﬁﬁb cBhidoltees; emm&g)race@sﬂrs adthésNRsctronic
for each user set and determ nes the rate f each

RlE engied (A BT theduactions, desGbed hegeip I Agiparbipation thereof.
[00108] ¢ N OUgRRLL, o Efé‘ﬁseﬁﬁﬁmn R%%l S I9MIAC frhmiSsih PR MniAA&LEScribed
a look-up ta ?1 stores a set of rates
hmpn audyetok inyplmhmts@/ stithrmaddest Gft@ srproeaguiascfinGivrs, akhseon) that

i %%%%tﬁ% R el TP SRS SR P B Rl s memory
i g:d% OHIeInt ShiR 297RHE 2 fiaFIGha) Userextaftéd BRla pldadstor (e.g.,

or 850 al so accunul ates the rates or through uts
doptrol¢rs 43¢ end #80)i Tad @emnrsemhm@ﬁtbetlmpbmeatqd witian the processor

over al | oughput R far. the set

PPt b JA BEER, i Pl b bGPl Blpied o the
ﬂrb%&&ﬁvﬁﬁu@ﬁie@ﬁsa%ﬁ@kﬂﬁdn{n&hehﬂe rates for the user

term nals and the oqverall throughput for each_ set from

[00109] 1 at ¢ Headigs ogre 81991ud91: theerin cfpr 4sferenes cndstor pid iedecatipg certain
er. t

LGRS 0 O Bhle IR MBRF B s

tha'em ndles efndrthesemmmsnmy hawe tapglicapility kn otBeh emi:ubm“ throughout

434 prOV|q$s .schedul i ng i nformation, which includes
the gntiTg speciiqatien.of t he sel ected user terminals, their

[00110] r at esl“hetd?@vﬁﬁkfegé’thﬁ%ntcff ARSATE 64 Rrribb FEnchns i prov‘icn:ﬁ to enable any
rt and the duration of the transm ssion), and

mon“ﬁkdlegoh Mrt tmgnakn‘ arysathaopresant fwventiony Yréous en@hﬁ@zﬂlons to

tﬁ%sggegrﬁhe giirnp 5 éeaglal&fagp%gﬁtc hetggﬁerﬁk%}ieldolgl tﬁié) \le a!mdk the generic
PrRIRGREs dfindd ﬁ}reﬂ‘ﬁaﬁ%ﬁliﬂﬂﬁs IBtises iefibolliRedly WSt departing from

descri bed herein may be inpl enented by
the spirit or scope of the invention. Thus, the present invention is not intended to be

limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.

WHAT IS CLAIMED IS:



vari ous neans. For exanple, these techni ques may be
i npl emented in hardware, software, or a conbi nation

w0 bwsessise For a hardware inpl enentation, the prODESRD4ICE78SS
units used to support the underlying wreless
technol ogy (e.g., CDVA or OF and t he SDVA
transm ssion on the downlingraifg!pl ink (e.g., the
transmt and receive spatial processing at the access
poi nt and user termnal, the evaluation of different

mor ¢ ot 4 BetisR & el P deth L PR P adpefMO)

@nfhirftatdh 3paémpongRiar s (DSPs), digital signal
processi ng devices (DE%ES),_progrannable | ogi ¢ devices _

( PLDsObtaining forp ﬂa@rlahwlreéeg@ta@teamwg TEFPAAg ptity, a plurality of
[ QCESSOnS, £O e -CQ .

S0t 5P B L BT BB 0N LB sy sty of

tReisin@ting ehttidsond danSy@bsiCstidamdfon@act transhiittiug entity, wherein the
conmbi nation thereof. [00108] Far a software

datg pyankal istream for ead wamemitting foH Y15 Patislbcprorepsed with a steering
O . . . h .

R0 P0 Rl l TRLHE P Hu AR o RAER e o e

trdmsmitting entdpsandescri bed herein. The software codes may

be stored.in nmory unit (e.g., nmory units 432 and .
482 iMO¥SHNS 4@3 ﬁaraﬁiéfegﬁtrggpgw 5}’156%0 ggég]s e _a@qo,rgance with a

&Qé'i@éroéplaﬁilgpxﬁg&siﬁg dedBiue thhEbtERP pYiraity lofMBYovReed data symbol
i mpl emented within the processor or external to the

shreamesxlueh aterestihatehotihs plurality ahdije spobehsireans.i vel y

coupl ed to the processor via various means as i s known

in the art. [00109] Headi ngs are included herein for

r ef ergnce Hitnéthodbfclhifn | OkdréiAghEREERerspadl ipréURSsing technique
These headings are not intended to |imt the _scope of

is aecharnet eprrdatippcmptripdaversien £ aMIhteshniqyger 2 AdyEum mean square
aqve applicability in other sections
%ﬁ?gﬁg%%%ﬁg¥ﬁgﬁ%htire specification. [00110] The

previ ous description of the disclosed enbodi nents is

provi ded to enabl y. person skilled in the art to )
make br usjéhet’H@Bﬁ‘f of it Tlstein dbe rogeiysrswatial processing technique
90diddeGld iRRS el it BaREAIRQUiCTRBRiqe! | be readily
%g%a%%%§$tb t%osg skiFHegR?n(pﬁe a% F and the generic
princi ples defined herein may be applied to other

OO T B RS SRR LR A 2Bl 3R

étitPR@Hvédbye |imted to the enbodi ments shown herein
but" is to be accorded the wi dest scope consistent with
t he placomppsing a ghannedvesponseanafrigsion thecirgsautting regtify, to obtain a

Mu%ilityl o% e%@@@s Iaf?'d %ﬁllr%y of singular values, and
forming the steering vector for the transmitting entity based on an eigenvector

corresponding to a largest singular value among the plurality of singular values.

5. The method of claim 4, wherein the steering vector for each transmitting

entity is equal to the eigenvector corresponding to the largest singular value.



A nethod of receiving data in a nultiple-input
mul tipl e-output (M MD) conmrunication system
weowposEsang: obtaining, froma plurality of reRel/us004/037855
antennas at a receiving entity, a plurality of
recei ved synbol streans for a plurality of data synbol
stre S al gt : ot A s
e e T A S
entinr edntaindia plataditys gfrelemestsr beammg same agdgnitndanand phasey equal to
ntity is spati.all rocessed with a steering vector, .
g o ol of ElemraBan s g Sanatbbsrepaing B i e singutar
vafuet ransmt antennas at the transmtting entity; and
processing the plurality of received synbol streans in
accordance with a receiver spatial processing
technj que .t o _obt aj .plur.ali f .r.ecovered data
syrrbgi‘ st ré‘glﬁe?ﬁ%&c@al rlé %Jék#e}iﬁgrﬁgg&%g. the plurality
of dakalustmpdehchs bf eapburaldy dheetsedthGansittitlgatimtitles for possible
wherein the receiver spatial processing technique is. a.
teamamission basadedmne Meaticand SReHng, ¥eckqrs for( %@maysrﬂléf@rﬁwrm@s in the
S%aﬂdm ni mum mean square error (MMSE) techni que. 3.
e nethod of claim1l, wherein the receiver spati al
pr oc eskstting tacghtniofutranstitingu entitisi withi at highestemetric value for
cancel lation (SIC) technique. 4. The nmethod of claim
tHANSIYSEIPBI n t he steering vector for each transmitting
entity is derived by deconposing a channel response
matrix for the transmtting entity to obtain a
pl ur &8.i ty Aof appageny et aoceeiving eatify ur al muliptefinpitrgultipte-output

s, and.formng the steering vector for the
(@@rﬁ"f‘%’mw%w{‘is? gefBa%%‘&Pr%ﬂPgan ei genvect or
cor r esprRipdity Hft Rcdivdrafid RS bperati@Uicabbidl BBmABTIGralifieof receive
pl ural i t{ of singular values. 5. The nethod of claim
Ut

aptenppfed plumality of seceived symbelstepams dor @ plimality Hf datar symbgl streams

t.i i .1 j. nvec i ey
FP LU SHLRTVRERRL 600 SRR B fansmiving
entigy; @ihBreihthe Shaeyinbgl steaindbr éh teashittinaasiy istspagally processed
entity contains_a EI urality of elenents havin

it AiStegEBE AReion foadhs raprmiftingoenbity apd sgyt fronpp gﬁﬁ@fotransmit

& RN heq:ei ectior corresponding to the
aﬁ%r gest %ﬁ%ﬁg@ﬁ%gﬁggﬁ@. The met hod of claim,

f ur t herecavergpratisl prgcessaralpeedtivado peochssathe alupdlity af rdcgived symbol

sets of transmtting entities for | bl . .
streams 1on acco%qance w1th aqecelver spatial p?ocegs?ﬁc’gstegluﬁque to obtain a plurality

of recovered data symbol streams, which are estimates of the plurality of data symbol

streams.

9. The apparatus of claim 8, wherein the receiver spatial processing
technique is a channel correlation matrix inversion (CCMI) technique or a minimum

mean square error (MMSE) technique.

10.  The apparatus of claim 8, wherein the steering vector for each
transmitting entity is derived by
decomposing a channel response matrix for the transmitting entity to obtain a

plurality of eigenvectors and a plurality of singular values, and



transm ssion based on a netric and steering vectors
for the transmtting entities in the set; and

wE 210805318y a set of transmitting entities w thP@I/US2004/037855
hi ghest nmetric value for traggm ssion. 8. An apparatus
at a receiving entity in a nultiple-input
mul ti - ( ' i .
corpri g hE el PiclorCBIMHe A ERAg SR Wised on o sigepvector
cohtsiondingdomn darpést siagulayvaie areong the phumslépeéisingular values.
plurality of received synbol streans for a plurality
of data synbol streans sent by a plurality of
transyi ttigg afplrhthl @6 a RB&viatahtisy KAl mﬁﬁi@&aiﬂbﬁtoﬁluﬁﬂﬁé'loutput
transmtting entity, wherein the data synbol stream
(MIMQ@pesmmumeationtsysten, eomprising:s spati al |y processed

with a steeri vector for the transmtti ent i t. d .

Sent BBt SEPHET sn bl eI MR sl ot Heceived

sy OB §tidatnis Fr £plutdlity ofdula gyrils] 8tregns it bk pirsleSE Gansmitting

operative to process the plurality of received sgnbol

epfifies Ppe datasyEdel siream fgrigach rapsaitting endiby twhgrein the data symbol

' i. Q) - i L .

PRI LA AR AR B i Bl Brfitld vata fcring yeotor for the

ttanemijitityg @hfityyandf setit fimns w rfbalalityt of aramsmid antéinens sgp the tansnitting

of. claim 8, wherein the receiver spatial processing
BhAMQue is a channel correlation matrix inversion

( CCMp)edn€ FHF Bﬁi&@ssﬁfg fhe PIMaTH DI RRBived WomBoE btk s(MMEdrdance

technique. 10. The "apparatus of claim8, wherein the

witle @r iengjverespatial processmghtechraguenta obtaip emlimalityi of recovered data

derived by dec 0Sj.ng, a annel..response rix for

ol Sigamty VEER SRR oL B ErH STRRAR G Sl

ei genvectors and a plurality of singular val ues,

andforninggéhe steering vector for the transmtting ‘

entith?-ba appasHueiof eyiBc tldr wheraie She rfgeaivert epaial processing

Lar t..sSi r . . i . S I .

(o RER' o 2, AR colflatEn RN M8 SCEMIY ocBhighl 09 Animmum
iedntsqphre etdPMIMSBE) tédhhrueut put (M MO) communi cati on

system conprising: means for obtaining froma

plurality of receive antennas a plurality of received
synbol, str [ \ S

sent O't?y algﬁgrﬁ%é#%tyéo F{a%s%mt %ﬁ%%ﬁ??t%%g%goﬁ% gt?o a cach
teapnindting entgpm depivedbyh transmtting entity, wherein

t he data synbol . s . .
d%compgsmg a channel response matrix for the transmitting entity to obtain a

bt o

plurality of eigenvectors and a plurality of singular values, and
forming the steering vector for the transmitting entity based on an eigenvector

corresponding to a largest singular value among the plurality of singular values.

14. A method of receiving data in a multiple-input multiple-output (MIMO)
communication system, comprising:

obtaining, from a plurality of receive antennas at a receiving entity, a plurality of
received symbol streams for a plurality of data symbol streams sent by a plurality of
transmitting entities, one data symbol stream for each transmitting entity, wherein the
data symbol stream for each transmitting entity is spatially processed with a steering

vector derived independently for the transmitting entity and is sent from a plurality of



stream for each transmtting entity is spatially
processed with a steering vector for the transmtting
wenosnyisnd sent froma plurality of transmt BOR/ES2064£037855
at the transmtting entity; gpd neans for processing
the plurality of received synbol streans in accordance
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12. The apparatus of.. claim 11, wh in the receiver .
spat imposRBE Bt Sl oh trdvads SRl raS b Aevolfings, witn a
8B VdrXsphfiMEpro L Rbing GedniquieeodtsiH e Bluraliti ofi rebdVerdiodata symbol
square error (MVBE) tec(}ml que. 13. The apparatus of

stieannsy viliich gigeplanates plethg pheality gf deta synbelsireaash

transmtting entity is derived by deconposing a

channel response matrix for the transmitting entity to

obt ai15. a prher ahdthod off e€la@irnv4Ctwheseifnthea siebtiig@l vecyorofor each
singul.ar valuyes, . and form ng the steering vector for
transyting SRty 5 defived thiassd ana g‘é@“@ﬁl esHmaiegfoR ¢ diredgss channel for the

L g9 to a largest singular value anong the
%@Brgﬁﬁggﬁo? si ngul ar val ues. 14. A nethod of

receiving data in a nultiple-input nmultiple-output

(M co ni cation system conpri.sing:, obtaining,.
{rom 16 pi (NRPEGAE 3 deiar g, Tloh 3 ke, Fijiple-output
W@?’@orﬁnﬁﬁk‘ﬁﬁin‘ dy¥te cdRpiiygd synbol streanms for a
plurality of data symbol streans sent by a plurality

of t raapbwality i ofgreeeiven imits operetiviata obipirh dioms tar plarality of receive

each transmtting entit erei n.the . data symibol

Srane ALY ol ool by el ol 4L, TGP Symbol streams
RNOBES pREAIM bhtransilifRIgi endtissg 6hOdatsl eyhbElG e ivd FHEEHIR Bahyitting
for the transmtting entity and is sent froma .
ititi Frhiergin Brerdatarsymbol sfFraphion §ack: trangittipg patiy s spatially processed

' . i i . | .
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Pplurdity oy trafisniit ansmidstat tig: emshdiitag;entityd apd edessn dg plhality of

luraljty of received s ol strea i n_accor danc .
{4 FYDQI T are Mﬁ%&%@é@@}eﬁ@ﬂ? SShHeRIBTey b sansmiting
éhtibbdiaaqi ty of recovered data symbol streams, which

are estimates of the plurality of data synbol streans.
15. Tawecerwe bpatiabprocéssomopketativetie pedCasst the patraligyiofigeceived symbol

ector_for egach transm.ttin .qnt ity.is, der.i veg) bb%sed turali
SRS o ASHRBTERES Pt EOH KT SR PERGRINE ISSAPIGNS foopbigiRe plurality
S rREEtddt dafd s d]tsieams, which are estimates of the plurality of data symbol

streams.

17. A method of transmitting data from a transmitting entity in a multiple-
input multiple-output (MIMO) communication system, comprising:

obtaining a plurality of steering vectors for a plurality of receiving entities, one
steering vector for each receiving entity, wherein the steering vector for each receiving
entity is derived based on a channel response matrix indicative of a response of a
MIMO channel between the transmitting entity and the receiving entity; and

performing spatial processing on a plurality of data symbol streams with the

plurality of steering vectors to obtain a plurality of transmit symbol streams for



16. An apparatus at a receiving entity in a
mul tiple-input nmultiple-output (MM comrunication
waymsesgisconpri sing: a plurality of receiver uPiT/8S2004/037855
operative to obtain froma pkyrality of receive
antennas a plurality of received synbol streans for a
tpip%?ésiohy_ﬁ%_ S Faty " POlrahliE AMRNSRNSt MY t@arﬁhﬁt‘iiﬁé'&ﬁty to the
of transmtting entities, one data synbol streanifor
puhitytofaecsiving emdieent i ty, wherein the data synbol
stream for each transmtting entity is spatially
processed with a steering vector derived i ndependently
for tise tryRsibthéd 68 cRithill7y whbin theSeRting MedoRfor each receiving
plurality of transmt antennas at the transmtting
@ity isglerigdbY¥aherein the plurality of data synbol
stre . nsm.k e [ g : . .
ol ur bt RHEhAA gl i ARE I e Rl ensty to obtan a
plpalityedf eifeneasas andp pluadlity ef siagylaovabss, dnde plural ity
of received synbal strea i.n accordance with a )
r ecei foEping fhe istperipg yeeles ifory theatersiviggeentity \gﬁieéi op gn eigenvector
. e
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A method of transmtting data froma transmtting

entity in mul 1 i pl ei. npu l.tiple-output (M MO

co I catﬁ}?ﬁn?b%‘fféﬁ‘ilmgb%ﬁ@eﬁg?mgﬁl ning a

pl ur airbéedsiRg # pRRAKYI oF MataOkedn®y iR Rbordahde! Wil Code Division
receiving entities, one steering vector for each

Mubiple/Apesse (CPMA) tarobtain thet Hurabityeed dataysynekal siredros, véeegin each

GEE SIS Ve SrCEHE 38 L HEMRE e win

FsBadviehdiahweder (P skquensdri tting entity and the

receiving entity; and perform ng spatial processing on

a plurality of data synbol streans with the plurality

of stgeri et gl ity of transmt
synbol st P%g\‘rrg&%g%?fr%%g?npém one?fz%ﬁ#gh%l urality of

t r angirodessing e phaslitytoftdata streams i ddconignentvith YOrthogoied Frequency

Jural j1y.of .receivj entities, 18. e net hod of .
Bvision I_E/fﬂ?fnn?ﬁ%w’e@ M e Bhiain {hg P\I}E%]%tbfrom_aﬁa SR stfeams, wherein
dallt 8htY SPHbSreAN id senfl6h b Yé%ﬂeéj?b(fc dacripssngg a channel

response nmatrix for the receiving entity to obtain a

plurality of eigenvectors and a plurality of singular

val ues, and form.ng the steering,.vector for the )

! ecei 2% ng AmeRARSa FaRiing HulCE s by mwngoupu
) eontifthic&ionGystam, ¥ahpiesimiong the plurality of

si ngul ar val ues. ) ] ) )
a controller operative to obtain a plurality of steering vectors for a plurality of

receiving entities, one steering vector for each receiving entity, wherein the steering
vector for each receiving entity is derived based on a channel response matrix indicative
of a response of a MIMO channel between the transmitting entity and the receiving
entity; and

a transmit spatial processor operative to perform spatial processing on a plurality
of data symbol streams with the plurality of steering vectors to obtain a plurality of
transmit symbol streams for transmission from a plurality of transmit antennas at the

transmitting entity to the plurality of receiving entities.



19. The nethod of claim 17, further conprising:

processing a plurality of data streans in accordance
wovdaokoaske Di vi sion Miultiple Access (CDVA) to BOL/ES2004/037855

the plurality of data symbol sgtreanms, wherein each

data synbol streamis sent onh a respective code

chan a I b & z 2 :

UTDar (Prges P of SRR, Mbqte 8RS EHRAIRE I8 Bperative 1o

degomhese xcimonélsiesppnspmatss for regchargobivingl antiyy tof obfaina plurality of
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streamis sent on a respective set of sSubbands. 21." An

amqnerthe plyrality af singidansialuebng entity in a mul tipl e-i nput

mul ti pl e-out put (M MD commruni cation system

conprising: a controller operative to obtain a

plurad3.ty Ah appefos Bda wawsndittiglepkitydinpd mudiplé-ihpaf multiple-output

receiving entities, one steering vector for each

VFIYMBHERHOR SYSHEEs QTAPASRE st eeri ng vector for each

receiyi DRV j AAs . s
Fcopate B bbiaihinge B b ARy VocRre RANBhyglinyof receiving
anitifing) elne stdeviag rvettoe férr each medeiving) estity] twhereind thehsteering vector for
receiving entity; . and transmt spatial processor, .
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vectors to obtain a plurality of transmt synbol

adreans for transmission froma plurality of transmt
ant ennas the transmitiing entity to the pluralit

o+ aei i e PRt bRt o a bl o dhfa i strcams
WE tHRi pluraliey cTRtefifg bedtors So BINAL plMealityPo TeA Ry bal streams for
channel response matrix for each receiving entity to

EeEission Fpwr aInhurpliyf ol frarsmib @nispBasapidths fansrAtting yengity to the
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€ I
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corresponding to a | argest singular value anong the

plurality of singular val ues 3. An apparatus at a
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values.

25. A method of scheduling user terminals for transmission in a multiple-
input multiple-output (MIMO) communication system, comprising:

selecting a set of user terminals from among a plurality of user terminals;

forming an effective channel response matrix for the set based on effective
channel response vectors for the user terminals in the set, wherein the effective channel
response vector for each user terminal is obtained based on a steering vector and a
channel response matrix for the user terminal, the steering vector being used by the user

terminal for transmit spatial processing;



response of a MEVI O channel between the transmtting

entity and the receiving entity; and neans for
w@ankositshg spatial processing on a plurality BET/usted/037855

symbol streanms with the plurghity of steering vectors

to obtain a plurality of transmt synbol streans for

U ansyg$ oy AP iBr @ hitHE 2o thy s&fbabdPats tHelefRBE RIS response

thetrans%ttlng entity to the plurality of receiving

pattix forghe s@4. The apparatus of claim 23, further

conprisin nmeans .f or deco hann respapse
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and nmeans for formng the steering vector for the

r eceisghadylingeisetyof b\a@éemanalawﬂéuagégvébmemca@kaee‘@rp%mwwn
to a largest singular value anong the plurality of

si ngul ar val ues. 25. A nethod of scheduling user

t er magal s Fierméthedhefdlsigi 28) wherein thelrhétrit & owertll throughput and the

mul ti pl e- out conmuni cati on
EhofgIsesicrgina éﬁ"@c@%z qvezall thacrugie%frwt@}eﬁvlﬁgl QT tranggission.
anong a plurality of user termnals; formng an
ef fective channel response matrix for the set based on
ef f e ve THeanetbdd ofclpion2(e wherdin the depivingheevaligeior a metric for the
terrrbHals in the set, wherein the effective channel

€& vector for each user terminal is obtained

basecto uﬁngh%ﬁgnhp@-ﬂcﬁgetam -iaffferencd MUPSISNROIBPE&A user terminal
matri x he user termnal, the steering vector

ipethe getub@@fdbyl thaeefipséve channelneespanse matendhs thessehtand|a receiver
essin [\ a value for a netric for the set

%ﬁ@%&’r%cﬁsiq%{%gwlé@% ve channel response matrix for the

set; de@@mhhglg thrbegtpat &nteactguser Qeriind in thederligdsed bithe SNR for

for each of plurality of sets of user termnals to
tbbtlﬁrr‘\erﬁllfﬂﬂlmﬂéllty of metric values for the plurality

of seflsim ? nﬁel{a %ﬁg@?@éﬁ?gﬁﬁtﬁe\}sep{erﬁiﬁﬁfs 1'i19té€”sér1ﬁté %FI#:‘%H?‘I ghgaoverall

hi ghes or transm ssion

thfoughmitforXhe setherein the nmetric is overall throughput
and the set of user term nals with highest overall

t hroughput is scheduled for transm ssion. 27. The

met hogg of Ahfhé®of MART £7, WHeRSn ﬂ%rthl\ﬂuﬁﬂplﬁ 612t ude? termhinal is

metric for the set includés conputing a
@t@medthasm)orse-samf rates eurfported by thasysten 8MR) sétef requated SNRs

t%r ﬁle stete (; rates

29.  The method of claim 25, wherein the steering vector for each user

terminal is derived based on the channel response matrix for the user terminal.

30. The method of claim 29, wherein the steering vector for each user
terminal is derived by

decomposing the channel response matrix for the user terminal to obtain a
plurality of eigenvectors and a plurality of singular values, one eigenvector for each
singular value, and

forming the steering vector for the user terminal based on an eigenvector

corresponding to a largest singular value among the plurality of singular values.



in the set based on the effective channel response

matrix for the set and a receiver spatial processing

wao smbnsxse, determ ning a throughput for each REBUS2004/037855

termnal in the set based onyghe SNR for the user

term nal, and accunul ati ng t%roughputs for the user

termyal s g hlRodf ciafn 25! @h&eﬁl@eeﬁ'ﬁg habtors! OF AHONRH terminals

for the set. 28. The nethod of claim 27, wherein the

it leadusghangtobtaimeddmséd ersehranneiraiponse igtrides for Hiousdr teasindls in the

on a set of rates supported by the systemand a set of

SFQqui red SNRs for the set of rates. 29. The nethod of

claim 25, wherein the steering vector for each user

term nal is derived based on the channel response

mat r i3 f orAR heappaiafust efthi rfal Mutiplepput rendiplgputppai AMIMO)
1er.ej | vector for each user term nal

cl%gimd}é@?a\rt}gé%%gg’e%o %{oSisrflghg t he channel response nmatrix

for theevseddctdrapsiatiat td formbat puralisy ¢fl setsalfiuket terininals from among

ei genvectors and a plurality of singular values, one

alpeHbeRtiuser teBninglsch singul ar val ue, and forming the

st eer NG NMeGESPinif YerdtRe, #68 @&chtofflrtﬁ@ DataliRPSEEsOf an

ei genvector corresponding to a largest singular val ue
anondotrhen pffectalei chynied responpe nsatriv forubs s@ basefihan effdchvel channel
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32. An apparatus in a multiple-input multiple-output )
TesoNtD) matirrfonihe as¢rdermypal; thamsteenmgyotorgingsed by the user terminal

t?gb%?%lg{?gﬁ?lgv%ée\ﬁn gmaorm a plurality of sets of user

m ano a plurality of user termnals; an

eval urtiven wiie fop pahéettic fer tHeset Bael oaf tht kefegiver dlahiel response
of sets, to forman effective channel response matrix
myrixdorthe 84 Hsed on ef fective channel response

vect a §clfe8£lﬁf %ﬁgﬁéﬁ% tb SERAAIR § def o# Nfed %rhni%?rﬁé)rﬁ ﬁrﬁgng the

effective chan response vector for each usér
plemlityndlsets ©f oz sermich]) adthch ldphaat sieerenahg foetimsmissivh. a
channel response matrix for the user ternminal, the
steering vector being used by the user term nal

33.  The apparatus of claim 32, wherein the evaluation unit includes

a matrix computation unit operative to compute a signal-to-noise-and-
interference ratio (SNR) for each user terminal in each set based on the effective
channel response matrix for the set and a receiver spatial processing technique, and

a rate selector operative to determine a throughput for each user terminal in each
set based on the SNR of the user terminal and to accumulate throughputs for the user
terminals in each set to obtain an overall throughput for the set, wherein the metric is
overall throughput and the set of user terminals with highest overall throughput is

scheduled for transmission.

34,  An apparatus in a multiple-input multiple-output (MIMO)
communication system, comprising:
means for selecting a set of user terminals from among a plurality of user

terminals;



for transmt spatial processing, and derive a val ue

for a netric for the set based on the effective
webmsngdise esponse matrix for the set; and a scheniu$mn4/037855
operative to schedule a set % user termnals, from

anong the plurality of sets Of user termnals, with a

hi gh ' s Jal 1SS - T

appar S 15k K U SHRC GRRRSitls; W 67 the set based on
dffectiveckehmnze] nesponse veotopufoathearsentarrhinaisan gtei set wherein the effective
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receiver spatial processing technique, and a rate
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user term.nal .in each set based.on the, SNR of, t ser

tor eSS erishgcalal Bt & BRRTOHS M oRSp of s fles}{P€ Enannel
re§oRtdahisixifor @ask; set to obtain an overal | throughput

for the set, wherein the netric_is overall throughput .
and tmeans der gpeaing the sqlesting) forping, apd gpaving §oresagh (of a plurality

otflyefg l&qﬁ&t tebitinS§ ? ?)B{zﬁ%j a.fpﬂ[ralﬁtgf?%fﬁ?%tg? ivgﬂle% ?oéithmu'{ﬂty of sets;

apparatus in-a nmultiple-inpu e-outp
andnmmuni cati on system conprising: neans for selecting

a set of user termnals fromanong a plurality of user

Cer miTeAns ppsshedyiine r&Fwﬁgseaﬁewg@ét‘?%a?ﬂ%h%%fnemc value for
tEshaesg matrix for the set based on effective channel
response vectors for the user termnals in the set,
wherein the effective channel response vector for each
user jermmpal is obtained on_a steering vector

and a3t50harﬂ@lappg%lsﬂg‘éla%f’g’?@ﬁggrcofrwgs{?§er term nal ,

the sh&RkifBe cyRphtdig BeigRl-ushslsdind Rferftpétce trafid(SRR) for each
for transmt spatial processing; neans for derivin

a

usal igemingl inghergetibageds qay the [gffectivte qhanral respoRsganatfix dett t?lv get and a
hannel .r rix for the set; neans for
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epeat ecting, formng, and deriving for

each méans for detemihiyig @f theRighpwif forigach fiser Mérmaal in the set based on
obtain a plurality of pmetric values for the plurality
the SN for theygertempinali 4id schedul i ng a set of user

termpalg Iﬂ‘(f)i‘natcpurﬂuﬁh@ﬁﬁ(;ugﬂﬁﬁtﬁ it th@ L&k t&rHinals in the set to obtain an

transm ss
overall throughput for the set, wherein the metric is overall throughput and the set of

user terminals with highest overall throughput is scheduled for transmission.

36. A processor readable media for storing instructions operable to:

select a set of user terminals from among a plurality of user terminals in a
multiple-input multiple-output (MIMO) communication system;

form an effective channel response matrix for the set based on effective channel
response vectors for the user terminals in the set, wherein the effective channel response
vector for each user terminal is obtained based on a steering vector and a channel
response matrix for the user terminal, the steering vector being used by the user terminal
for transmit spatial processing;

derive a value for a metric for the set based on the effective channel response

matrix for the set;



35. The apparatus of claim 34, further conprising:

means for conputing a signal-to-noise-and-interference

WO 2005/05318NR) for each user terminal in the setPOEESMOLHOB78SS
the effective channel respongg matrix for the set and

a receiver spatial processing technique; neans for
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of user termnals with highest overall throughput is

schedul ed for transm ssion. 36. A processor readable _
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transm ssion. 37. A nethod of deriving steering vector

for data transm ssion in a mrultipleinput

mul t ia%'. e- OHltep etl&cM MP) cfa 47” We.i‘e%] ﬁl\ésgt%giln}% Xvector for each
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40. An apparatus in a multiple-input multiple-output (MIMO)
communication system, comprising:

a channel estimator operative to obtain a channel response matrix indicative of a
response of a MIMO channel between a transmitting entity and a receiving entity in the
MIMO system; and

a controller operative to decompose the channel response matrix to obtain a
plurality of eigenvectors and a plurality of singular values, one eigenvector for each
singular value and to derive the steering vector for the transmitting entity based on an
eigenvector corresponding to a largest singular value among the plurality of singular

values, and



wherein a plurality of steering vectors are derived
for a plurality of transmtting entities and used for
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synbol streans to the receiving entity. 38. The nethod
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magni t ude and phases equal to phases of a pl urallty of
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response of a M MO channel between.a transmttin
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S Bt ol R b DS SBU e iy of sngl
\eﬂuds,tarﬁs to concurrently transmt a pl urallty of data

synbol . strea e receiving entity.

appar’eieniad APl ¢ 9fi SeENE YBLHOTSIAIP F%Yeé‘ faw m&ralctmfxé)ansmmmg
r

SRR AR b Tos KRRl pr REL S, BERDD SR SRtk Bies to

anirkddtly mnsieit ahndnrahierof datpsgmboi stitehmsg toethe ir¢ogivamglerdity.

receiving entity in the M MO system neans for

deconposi ng the channel response matrix to obtain a

pluraii ty Qim&harsy feisRlifingd Aol BhhsnittRily RO @'inultlple-

val ues, one eigenvector for each singular value;” and
input multlple -output (MIMO) communication system, comprising:

obtaining a steering vector for the transmitting entity, wherein the steering
vector is derived based on a channel response matrix indicative of a response of a
MIMO channel between the transmitting entity and a receiving entity in the MIMO
system; and

performing spatial processing on a data symbol stream with the steering vector
to obtain a plurality of transmit symbol streams for transmission from a plurality of
antennas at the transmitting entity to the receiving entity, and

wherein a plurality of steering vectors are obtained and used for spatial
processing by a plurality of transmitting entities, including the transmitting entity, to

concurrently transmit a plurality of data symbol streams to the receiving entity.



nmeans for deriving the steering vector for the
transmtting entity based on an ei genvector

weonsespendi ng to a | argest singular val ue anoP@I/usE04/037855
plurality of singular valuesy,and wherein a plurality
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by the plurality of transmtting entities to
concuproeassihg at data stream an pdcoordhndeywish (CraleaDiysidroMultiple Access

to t rreceiving.entity. 42 met hod, of )
RIN&TT: ooy e 8 Brhp e e g daffympo] fregm is senton
¢k thine] didpedttHillyispread MthiPsetdd-Madlof dHbeF @N)iseduence.
system conprising: obtaining a steering vector for
the transmtting entity, wherein the steering vector
is deyive . matrix
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concurrentl'y transmt a plurality of data symbol
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claimd42, further .conprising: QCcessi a dat.a stream
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45, TRAaiELH; QfmctRbMbnilybidier conprising:
receiving a pilot fromthe réceliving entity;

pr oc esedivigg thesteesingiveetdr fioindhe tegeivlmgantityt he channel
response matrix; deconposing the channel response
matrix to obtain a plurality of eigenvectors

47.  An apparatus at a transmitting entity in a multiple-input multiple-output
(MIMO) communication system, comprising:
a controller operative to obtain a steering vector for the transmitting entity,
wherein the steering vector is derived based on a channel response matrix indicative of a
response of a MIMO channel between the transmitting entity and a receiving entity in
the MIMO system; and
a transmit spatial processor operative to perform spatial processing on a data
symbol stream with the steering vector to obtain a plurality of transmit symbol streams
for transmission from a plurality of antennas at the transmitting entity to the receiving

entity, and
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for each singular value; and deriving the steering
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val ues. 46. The nmethod of claim 42, further
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entity. 48. The apparatus of claim47, further
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51.  An apparatus at a transmitting entity in a multiple-input multiple-output
(MIMO) communication system, comprising:

means for obtaining a steering vector for the transmitting entity, wherein the
steering vector is derived based on a channel response matrix indicative of a response of
a MIMO channel between the transmitting entity and a receiving entity in the MIMO
system; and

means for performing spatial processing on a data symbol stream with the
steering vector to obtain a plurality of transmit symbol streams for transmission from a

plurality of antennas at the transmitting entity to the receiving entity, and



data synbol streamis sent on a code channel and

spectrally spread with a pseudo random nunber (PN)
waeemaessaes 50. The apparatus of claim47, furtPker/us2004/037855

conprising: a transmt data 4 ocessor operative to

process a data streamin accordance wth Othogonal
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the transmtting entity, wherein the steering vector
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entity. 52. The apparatus of claim, further
conprising: neans for receiving a pilot fromthe
receiving entity; nmeans for processing the received
pilot to obtain the channel response matrix; means for
deconposi ng the channel response matrix to obtain a
plurality of eigenvectors and a plurality of singular
val ues, one eigenvector for each singular value; and
means for deriving the steering vector based on an
ei genvector corresponding to a | argest singul ar val ue
anong the plurality of singular val ues.



