1 MUILTI - ANTENNA TRANSM SSI ON FOR SPATI AL DI VI SI ON MULTI PLE ACCESS
BACKGROUND |. Field [00011 The present invention relates generally to data
comuni cation, and nore specifically to nmulti-antenna transm ssion for
spatial division multiple access (SDMA) in a nultiple-input multiple-output
(M MD conmuni cation system |11. Background [ 00021 A M MO system enpl oys
multiple (NT) transmt antennas and nulfiple (NR) receive antennas for data
transm ssion. A M MO channel fornmed by the NT transmit and NR receive
antennas nmay NEUUAJCANEENNAPRANSFHSSION FORSBATIME BPIVESIONT n {N. .,
NR} . The Ns spatial channels may be used to transmt Ns independent data
streanms to achi eve greater overﬁ/ULTIPhEghﬁ]ﬂESSOOOM In a nmultiple-access
M MO system an access point can conmunicate with one or nore user
termnals at any given nonment. |If the access point communicates with a
single user termnal, then the NT tggegERo@RDeNnas are associated with one
transmtting entity (either the access point or the user termnal), and the
NR receive Rnterfidld are associated with one receiving entity (either the
user termnal or_the acce,ss?rt)_oi nt?. The cces'iatg)oi nt can_.al so conmuni cate

wi th nif®PHple usBie PEsH! HAYEUSE nifatcingaelly 10i fat SPRIUGHOLOI MR access
poi nt uti | ZR&fE! thRhAtAREAR) Bn: "‘fsioﬁ%lﬁsﬁaﬁﬁrlﬁﬂki%ﬁ 'nﬂﬂtipléuaécesseﬁ,gigp. n, and

each of the user termnals typica utilizes one antenna for

transmi ssi o aandtipleimpus multipie-evipald MIMO) cammunisgiggn syskem. [ 00041 Sone key

chal l enges for SDVA in a nultiple-access MMO systemare (1) selecting the
proper set of user termnals for sinmultaneous transm ssion and (2)

transm tting, datgack@rownd or from each sel ected user termnal in a manner to

achi eve good system performance. There is therefore a need in the art for

techni 8y to effiNMAtsemsemploys maitivk € tansmif @nigneas 206 coultieNdrbyst em 2
SUMVARY 1Ooxgée]rve-rgtﬁaﬁ'agg\grzdcaﬁta?gggﬁtﬁgsﬁhm& tchéxﬁl@LFo!?rﬁéd by %ngmt for SDVA

ina MMO systemare erein. ese techniques” may be used in
conbi nat i onamdi Ma receive antennas may be decomposed into Ny spatial channels, where

N; €min {N,, N;}. The N spatial channels may be used to transmit Ny independent

data streams to achieve greater overall throughput.

[0003] In a multiple-access MIMO system, an access point can communicate with one
or more user terminals at any given moment. If the access point communicates with a
single user terminal, then the Nr transmit antennas are associated with one transmitting
entity (either the access point or the user terminal), and the Np receive antennas are
associated with one receiving entity (either the user terminal or the access point). The
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.



various wireless technol ogi es such as Code Division Miltiple Access (CDVA),
Ot hogonal Frequency Division Miltiplexing (OFDM, Tinme Division Miltiple
Access (TDMA), and so on. For uplink transm ssion by nultiple user
termnals to a single access point, an uplink channel response matrix is
obtai ned for each active user term naI (e.g., atermnal desiring to
transmt on the uplink) and deconposed to obtain a steering vector for the
user termnal. Each user term nal uses its steering vector for spatial
processing to transmt on the uplink, 2if selected for uplink transm ssion.
An "effective" uplink channel response vector is formed for each user
term nal based on the steering vector and the uplink channel response
matrix for the user termnal. 1000%&@@@% scheduling interval (e.g.,
each time slot), nmultiple sets of termnals are forned and
eval ughfl basegedhlidubetdr S%%%ﬁﬁl ‘fﬁxlﬁgﬁt%ﬁ'uﬁgﬁﬂ%ﬁ%ﬁspbﬂiﬁQ%]M(t)he'r
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synbol stre use erm na Turt spatla processSing on
its data smcmnforsthcasﬂntmmhah tEacﬂatlEselrtengmaleu&emntstabeeuhgauectoa foredpatidl transmit
synbol streans, one transmt m I each antepna at the user
terninal. H‘E%C@Fﬁnlﬂstér“an‘i‘%?ﬂ?ﬁ'}&lu?ﬁﬁ% Pﬂ Qﬁ‘?rt@ IP]f TapsmISRGH- ¢ Givest reans
fromits hﬁl& Ainé"k H&Své 1é’fo%ned Fop e%ﬂ\@eﬂbﬁﬂﬂﬁi bdsed bRShPGEERE pO' nt.
The Np sel cte user rm nal s si nmul t aneou transmt their Na,, data
synbol st neetnsax(dethguphnkmhmwatJas;m;ammmsforéhﬂmsbmemaalh termnal) via their
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the Nup Su%hr?lg E:rggsm%gs%n }ne&xgq s&xeaﬁlm%sm’:%%sfr IFP}F %xabn?ple the user set .with the

highest overall throughput may be selected. In effect, the spatial signatures of the user

terminals as well as multi-user diversity are exploited to select a set of “spatially
compatible” user terminals for simultaneous transmission on the uplink, as described
below. The same or different number of user terminals may be selected for uplink
transmission in different scheduling intervals,

[0007] Each user terminal selected for uplink transmission processes its data stream in
accordance with the underlying wireless technology (e.g., CDMA, OFDM, or TDMA)
to obtain a data symbol stream. Each user terminal further peffonns spatial processing
on its data symbol stream with its steering vector to obtain a set of transmit symbol
streams, one transmit symbol stream for each antenna at the user terminal. 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 (¢.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



[ 0008] The techni ques to support SDVA transm ssion on the downlink are al so
descri bed herein. Various aspects and enbodi nents of the invention are
described in further detail below. BRI EF DESCRI PTI ON OF THE DRAW NGS
[00091 FIG 1 shows a nultiple-access M MO system [00101 FIG 2 shows a
process for performng nulti-antenna transm ssion on the uplink for SDVA
100111 FIG 3 shows a process for evaluating and selecting user termnals
for simltaneous transm ssion on the uplink; [00121 FIG 4 shows a bl ock
di agram of an access point and two user termnals; [00131 FIGS. 5A and 5B
show bl ock, @ ondinchr AREWEL sfafial) précds@nP tQERRBORS biver MY, alth OFDM
respectively; [0014] FIG 6 shows the spatial processing at t'h€ access poi nt
and one uswmbp s fransgrittedfoiitie Npselaptad ugst femkinalspassies e@helofvo0151 FIG 7

shows ecelv p c a recelve data p nd 10016]
2o heioos! P Bbifnd 8OGRRS SHHA° shERIG OF e @Wgﬁﬁ"% Al LED
DESCRI PTI Caésérﬁﬁalmhreﬁhevwm spectRIdaiybodinfentsSTthé v@htior! &reMRstfibedRY Vi Ng as
an exanpl e, instance or illustration." Any enbodi nent described herein as
"exenpl aryﬁlrﬂl%rd?@% ﬁ@(‘!’essarlly to be construed as preferred or advantageous
over other enbodinments;, 100181 The nulti-antenna transm ssion techni ques
descri bed herein may be used in conbination with various wrel ess

t echnol ogi es such as mmgmgmymmwmns pl e user termnals
can concurrently transmt/receive data via different (1) orthogonal code
chann&l089]f or : 1 ghowsy praltipleceess MIMEgyatemyr  (3) subbands for CFDIVIA CDMVA

SYSL SR L b A b Al SR QU

ot her st anfbafDMA;A TDVA system may i npl enment GSM or sone ot her standar ds.

These vari ous ndards are known _in the art spatial prqc SSI ng for
mul ti {%4enna tﬁlgns%sg%‘?’%r? PERFeHe 5 eFabiatng 254 %@%hﬂg wseT (el ol e or

after) theggaitdeoR 8 5 Bg..underlying wrel ess t echnol ogy, as
descri bed %ﬁ!,] eo4 t&flgl% 51]693 geu% aﬁows a nmultiple-access M MO system 100
with #idtziss poikifs4 shudvsustdock diagram of an access point and two user terminals;

[0013] FIGS. 5A and 5B show block diagrams of transmit (TX) data processors for
CDMA a.nd OFDM, respectively,
[0014) FIG 6 shows the spatial processing at the access point and one user terminal for

: downhnk and uplink transmission;

[0015] FI_G. 7 _shows a receive spatial processor and a receive data processor; and
[0016] FIG. 8 shows a controller and a scheduler at the access point.
DETAILED DESCRIPTION
[0017] The word “exemplary” is used herein fo mean “serving as an example, instance,

or illustration.” Any embodiment described herein as “exemplary” is not necessarily to
be construed aspreferred or advantageous over other embodiments:

[0018] ' The multi-antenna transmission techniques described herein may be used in
'combiﬂatién with various wireless technologies such as CDMA, OFDM, TDMA, and so
on. Mulnple 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, 1S-95, IS-856, Wideband-CDMA
(W -CDMA), or some other standards. An OFDM system may implement IEEE 802.11
or some :c}ther standards. A TDMA system may implement GSM or some other
standards, These various standards are known in the art. The spatial processing for
multi-ﬁnténna transmission may be performed on top of (either before or after) the data

processing for the underlying wireless technology, as described below.



termnals. For sinplicity, only one access point 110 is shown in FIG 1. An
access point is generally a fixed station that conmuni cates with the user
termnals and may also be referred to as a base station or some other
term nol ogy. A user termnal may be fixed or nobile and may al so be
referred to as a nobile station, a wireless device, or sone other:
term nol ogy. Access point 110 nay commujii cate with one or nore user
termnals 120 at any given nonment on the downlink and uplink. The downli nk

(i.e.,(oofggrward mmh)shmshmlmmuasscmmgmybfemkwbmm ddeessqRaRsamdgent to the
user term nal s, .and the uplink e., reyerse link) js_the conmunication

link from tiFaupler FP’éF‘FﬁPHELT‘)é oply ?‘I‘?eaccﬁ%‘d@gg Ligjis,showm wsHIG. tler AR Bggessay al so
conmuni cat d & £ SficatdsSk ol ler
130 coupl egpotggqg%d%é?@ei f\gg cggéiglhﬁgﬁﬂgﬁ a?n%l Scoirﬂl?ggusfeﬁﬁ ﬁﬁgs@ggggas poi nt s.
[ 0020] Systadsmbegeicandtogss base statreortsomn et teamiholoaglyt Aplser tepuiphlreayalnt ennas
for data sm I Lnk, Access point.110 is

equi pped Wlti)?'lﬁ n§°%llgtan8% agsr?gg)\rl%kerr%sﬁetﬁg g #ﬁ(lbﬂe i attmn,l &R Eﬁde(vf\ﬁe %% or

downl i nk t r@ﬁmrﬁtﬁ@ltﬁﬂﬁmﬂﬁgy thecesm:ldnht bl (emay cpminuhivid: vﬁﬂf ontbr Mkre user

transm ssions., A of N.. sel ected u er,termnals 120 coIIectlver
represents {f mﬂﬂﬁﬁ B ADLBIVE momsRt % dopialink &‘i‘éﬂﬁﬂg@& ofte dgvenlinkdi-enl ti pl e-

i nput for %Ha@&(hﬁﬁ)%ﬁw&ahﬂﬁﬁm&%mpﬁ‘&ﬁ tﬁfméess 'pB1nt§)tﬁ€§éerr?éﬁn§rfalsh§1¥de Nap >_
Na ? 1 if the data synbol streans for the N. user termnals are not

mul ti pl exedh¢ nplikde.e., r¢\ne§qdmh):ys thmommnmcajgonsloﬁcé‘rmamsusewemmylsbe thyr eat er

t han Nap |fcte@e dat a R 1ai\reaa sd gn be . 0 ét'.{}l gxed u%h lg)tglfferent code
channel s wiTHCBRA, d| T&?ﬂn% Aot %I%B%r}laas BPEH BFOMMLAPRD BH. Each
sel ect ed usemmihal) W $lateni daanshiertiSOuseylesspand providesl adaddibaticaad @bnif@ ded ves
user-specifjc data fromthe access point. In general, each sel ected user
term nal né%’eifée%(?ﬂ}%ed with one or nultiple antennas (i. Na, ? 1). The
Na sel pgiegd userSyatemomaérgpwﬁﬁmhﬁmﬁ t-RRmHAIR Biiltighf rE&ﬁ@ﬂhraﬂap%r dafa
antennas. [0021] stem 1 Eé be a tine division duplex (TDD) systemor a
f requency tchnsm1§$1©1m ogtuibe edewnBmDpnd plinkn  ARgessgpoimDl Ky st eqwipped avithoVad | nk and

upl ik use BiepHE, Rt B RO MRS N Ao Rp R Erh bl SR 72
ol loui g aaaporoutet (7Y f’r iy "m‘gmtms‘mfg‘? e tﬁf’m”“” Yy the
system agd ceﬁscﬂagéé’ HCRIE3EAS W#@F&'ql’ip%&m% g%\ﬁ“ﬁmi*hqiﬂnf g‘e ‘gﬂﬁas For
clarity, d%ﬁxﬁ%ﬁﬂﬁf@ﬁc%ﬁa&&ﬂls&&n s %r%}é %MAS, Ifjﬁﬁﬁéﬂeﬁeﬂ lﬁ% Q\Y,\J’E, 25‘/.. 21 if

the data symbol streams for the N, user terminals are not multiplexed in code,

frequency, or time by some means. N, may be greater than N, if the data symbol
streams can be multipiexed using different code channels with CDMA, disjoint sets of
subbands with OFDM, and so on. Each selected user terminal transmits user-specific
data to and/or receives user-specific data from the access point. In general, each

selected user terminal may be equipped with one or multiple antennas (ie., N, 21).

The N, selected user terminals can have the same or different number of antennas.

[0021] Systemm 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.




[ 00221 An uplink M MO channel fornmed by the Nap antennas at the access point
and the N',, mantennas at a given user termnal mnmay be characterized by an

Nap x N.,, channel response matrix H.A , which my be expressed as: hi ,
hi,2 ... hi,NWa hz,, h2,2 ... h2.Nw... E9 (1) Hupm= hNp , hN 2 ...

hNV, x.,. m where entry h,,,, for i =1 ... Napand | =l ... N,,m is the
coupling (i.e., conplex gain) between access point antenna i and user

term nal antenna j. For si rrplicity, tBe M MO channel is assunmed to be
non-di spersive (i.e., flat fadin and the coupling between each transmt
and ri8e®ive antAémvéimbMW@@ﬂi@Blrigwdt@th\Mﬁﬂ@n@ﬂmﬁltbﬂwnt}ﬂp@mtgaitheh . J In

ecponse rn TR b G et %é@%ﬁ%%%f%%ﬂ?h”eﬁﬁ%ﬁp' Hiednnas ot

that user term nal.: &fOZB The ugl ta nnel response matrix fl,,. for user
terninal FERRYSeRAIX Hpm Hhich 3 ther singular val ue deconposition
or eigenval ue deco itign to o] tal N. ei gennodes of Hap, m.  The singul ar
vaI ue decorrposi tion nHug'l:" ey Beuw. @xpressed as: TT ~+ ¢, x Hap,m= V uplu

“upl, r up" , E9 (2))“\/\hé;59 UP,,ths n Nap x Nap unitary matrix of left

e| genvect ors ofHuE|m:; Zup mis an X Nu,.a, diagonal matEgxiof
singul ar values of H, 7, ,.; Upmls nN,,,,xN,,,,munitary matri x of
ri ght eigenvectors ﬁzNB\ NJ,, .and Myxy denotes the conjugate transpose. A

unitary matrix Mis char acteri zed T)y he property MM = 1, where | is the

identity -mdé br}h:'y ﬁrhefo'a@l:urmsv Ofandijwll Lavy, JIBtHel osupling (@éEE@mﬂﬂaéalﬁ)O one
anot her. [00241 he” ei genval ue’ deconpositi'on of a correlation matrix of

H'p, m may eewexpeessseint @fenny i ¥ndueiehaipandritennsy. Fapslﬁ:ﬁﬁﬁtwufe MIMOEq ( 3)
where R P.:is‘the Na"" x Nmmcorrelation matrix and Aup, is an

Na,,,, X mharmﬂ é agemed tnbe Rencdigperye iy dlat dading), N&’pthm cguplmg between
: ez!ach: trm}smlt and receive antenna pair is represented with a single complex gain By In
géneral ;each user terminal is associated with a different uplink channel ‘resp'br;se matrix
havmg dnnensmns determined by the number of antermas at that user termmal
[0023] | A The uplmk channel response matrix H,, for user termmal m may be
. ;‘-ﬁiagonalized” using either singular value decomposition or elgenvalug decompo_smo_n
.i.t.d obtain N,,,_; eigenmodes of H,,,,. The singular value decomposition of ﬂup;,,, may be
e:?tpreéséd as;
H,.=U,.Z,.Ve., . Eq(2)
“where - U n 1520 N x N, unitary matrix of left eigenvectors of H,,,,;

3

Hup,m

is an N, xN,, diagonal matrix of singular values of H

upm’

and

Vonisan N, xN_ umtary matrix of right eigenvectors of HM ;
«H» denotes the conjugate transpose. '
§A umtary matrix M is characterized by the property M” M =1, where I is the identity

:;matnx The columns of a unitary matrix are orthogonal fo one another.

[0024] The eigenvalue decomposition of a correlation matrix of H,,, may be expressed

R,,=H H, =V, A,.V" | Eq (3)

S=Supm P T S liD it —lip, 3

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

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

Llup,m



Si ngul ar val ue deconposition and ei genval ue deconposition are known in the
art and described, for exanple, by Glbert Strang in "Linear Al gebra and
Its Applications,” Second Edition, Academ c Press, 1980. [0025] As shown in
equations (2) and (3), the colums of V p,mare the right eigenvectors of
Hup, m as well as the eigenvectors of R'p m. The right eigenvectors of

Hup," are also referred to as "steering"” vectors and nay be used for spati al
processing by user terminal mto tragsmt data on the N. eigennodes of Hp, m
. The eigennodes may be viewed as orthogonal spatial channels obtained

t hr ough ddémpujzoyaiue daconfp@sidich aiih eigctivalye nletompdsition dre Rpown aotht aitrumd

non- negatiye . eal  val ue | o t di agapal d,zeros .el sewhere. , These

di agonal éﬁ%"}’;’gg for ?Wﬁﬁﬁpyaég?ﬂgggf%ﬁl g.rm%?{]g%br%ﬁnﬂlﬁ ’%?pvl\gmfmf’epr esent

t he channgecHAIBdsidnOAciddmid\Presy, tegopodes of H... .. The singular values in
Eup, m are al so the square roots of the eigenvalues in A up,m. The singular
val uel§0a5h | . A. Asnshpwieimegeations (Doand 43gdbe cobimnsabdf €¥y,,, aredtheheght

ei genvectors in V.P. may be ordered correspondingly. The principal (i.e.,
dom nant ) egegextonsief ¥, i hewell getheaigenwstus phRgg, . Ve ighheigedvactogssif si ngul ar
value in p,,, which is the first singular value after the ordering. The

ei genvect o, f care hlse referreticiopalsteeringt vedlers @hd hlag be,used fdrispatial picessinpurm of

Vup, mafter the ordering and is denoted as vup.. [0027] In a practical
system orbyyusanemsihalvate tradsniipdatarog dre Meeiphtndidesdf Hyd. aheyigernbdesnt es of
Vupm Eup, mand U.P. can be derived. For sinplicity, the description herein
assunes cheaytelvievetliasatthagonasgatihd clonmeis oltained thrduigh decosmpositisn. [ 0028] Wt h
SDVA, N p user termnals can_transmt data concurrently on the uplink to
the al0fa8ds, poiﬂw diagenah malret Zyer FANKAS NOBMEEAITE reg ypluss glﬁ%@@sdé%ﬁ@alon its
data using a steering vector, which may be derived, (g&;)mbased on the

ei genvect did geros elsgyhers, cThese digeenshentdesyiss ke & the siagwey wvesof dhannel for
that termnal or (2) in sone other manner. Each of the N'p user termnals
can transring repsgsentdie ehaangl gping fosdhe Mi ejesnmndes of H, i« sThasingwler valNg Bhannel
using either "beamform ng" or "beamsteering", as described below 7 1.
Beam For mi &g, [fo029] thesquatpeants obtheiciggnvadugs in Agor. Tha singwddr valuspinntI ) | v
processes its data synbol stream{sP,n} with its steering vector VuPmto
obt ai n N1,m3y berardered fromylmigest t smallests andithe efgehveotoss in V., may be ordered

correspondirigly. The principal (i.e., dominant) eigenmode is the eigenmode associated

with the largest singular value in Z,,, which is the first singuldr value after the

ordering. - The eigenvector for the principal eigenmode of H . is the first column of

upm

V... after the ordering and is denoted as v, ,.

0027) In a practical system, only an estimate of H,,, can be obtained, and only

W

and U, can be derived. For simplicity, the description

estimates of V., Z,,.
herein assumes channel estimation and decomposition without errors.

[0028] 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

for the

steering vector, which may be derived (1) based on the eigenvector v,
principal eigenmode of the wireless channel for that terminal or (2) in some other
manner. Each of the N,, user terminals can transmit data on the principal eigenmode of
its uplink MIMO channel using either “beam-forming” or “beam-steering”, as described

below,



Xup,m= YP,m, Sup,m, Eq (4) where Sup,mis a data synbol to be transmtted
by user termnal m and XuAmis an Nut,mx 1 vector with Nu,, mtransmt
synbols to be sent fromthe Nu,, m antennas at user termnal in. As used
herein, a "data synbol" refers to a nodul ati on synbol for data, and a "pil ot
synbol" refers to a nodul ati on synbol for pilot. Al though not shown in
equation (4) for sinplicity, each userytermnal mmay further scale each of
the Nut,mtransmt synbols in the vector xuPmw th a scaling factor G such |
that the total, gempFdraiinghe Nut. mtransmt synbols is unity or some other
sel ected_val ue. Each user termpal mtransmts its N't,m transmt synbol
streamt®¥la it s HopIberm-TRrpe.ceash e feaminplmasnatially pesicasses jitoglat] symbot he
access poi h \; t ai may be
expressed ggsn. at?lu‘g“f”ﬁf%ﬁ I%an{a%p%aopgﬁ mfaf"%ﬁt”g, H'"?‘%gs’#ﬁgﬁmén‘ﬁf%%? n{n=

Lp, ef f, nSuPng}) We:NUp, M, Eq (5) where ru,, mis an Na, x1 vector with N p
recei ved synbol s obt ai ned fromthe Nap access point antennas for user
termnal m hq, xmEy,ansNa, , x 1 "effective” uplink channel resgEy@p vector
for user termnal m which is hap ef(m= HLP,mv_ugm; and nupmis an Nap X
1 noi se vecwhare Q) isselatd symbbhalbeitransniitied ypaset @imipaoagesdi ng by each user
termnal meffectively transforns its M MO channel wth a channel response
matrix of Hup mxpy ds @ 3, nod levecmyoritindl), 4, irphseniosytyinls t BBt fromheien),, with a
channel response vector of hup,eff,m. [0031] The received synbols at the
access point for all ameme‘ruaeetenhimalm transmtti ng si mul t aneously may be

expressed “ U ns &n m, Eq
Cop " St ks bkt 4 i iRt b 2 plethisfo synhbl St e 4R
t ransmi t t ecsyhipol’hefeldfo usmfdutaabmmlios forplloe miﬂﬁugtamtahémm equition (4for . . S"p

Nr, HUP,afo is.an p x Na,, .effective uplink c res onse matrleor
all N'p useﬁlmplefé%ﬁ'?'ﬁwg?f i 7 mayfythey file @ OE% wrh GRS Brsymbol in 5ng n"p

i's an Nap %évéwdrsfw V&AHOS scafing REtoPBS $8ch MA L total energy for the N, transmit
symbols is unity or some other selected value. Each user terminal m transmits its Ny,
transmit symbol streams via its uplink MIMO channel to the access point.

[0030] At the access point, the received symbols obtained for each user terminal m may
be expressed as:

Ltp.m = ﬂup.miup,m +1 up m Hup,m_..up " upm + “up.m = -l!-up.eﬂ'.msup m + gup m ¥ Eq (5)

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

tip m
access point antennas for user terminal mz;

h

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

terminal m, which is h =H ; and

up.eff m T ==up,m— up,m E]

n,, isan N, x1 noise vector for user terminal 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 vector of b, - -

{0031] The received symbols at the access point for all N,, user terminals transmitting

simultaneously may be expressed as

2

N
.l_..up = Eup,qﬂ' §up +!l.up i i up eﬁ'm np,m up m ? Eq (6)

=1 m

E1



[ 0032] The access point can recover the Np data synbol streans transmtted
by the N'p wuser termnals using various receiver processing techniques such
as a channel correlation matrix inversion (CCM) technique (which is also
commonly referred to as a zero-forcing technique), a m ninum mean square
error (MVBE) technique, a successive interference cancellation (SIC)

techni que, and so on. A. CCM Spatial Processing 7777 [0033] For the CCM
techni que, the access point perforns Beceiver. spatial processing as

follows: Same = Mccmi rup R x "peHuv.e9(Hna.~Sup+ilnp) E, q(7) sup+flcmi
' where Myt isg namay,, x 1 Negstos prith 3l, data spmbolatirahsmitied byhthe @GMus¢rechni que,
which is Mam =Rp,e Hr,=9, where Rnp,~" =H v.c.6Hny.cJf Sccm is an N'p xl
vector with N'p rectonainall, whichissy b, 5 .sf,,pgr...tdnﬁ,,wlih user termnals with the
CCM technique; and nccm =Maam nup Is the CCM filtered noise. 100341 For
sinplicity, thaingi keannNp &, affoivedpliok bemacddespons mbtik aGaLN sst noi se

(AWGN) with zero frean, a variance of a,', and an autocovari ance nmatrix of
rpnn = E[n "v n v ] tefmimls| whichieHS FEH, i.$ K he, expect edi;wad ue of x. In this
case, the signal- to-noise-and-interference ratio ( of the recovered

data synbol strneamdnsy’ 6QMdide veSibr at @RAIcddS oint €r M nal m may be expressed as:
Prrmforme | =% N ,”Eq (8) YccnV,m2 ' rnm~n where Pu,, mis the

t r ans[gipiz) POVeT Tuts @kelVpdiian tRbWr MM N)JUatd symboNshrearhdRartiitieddtyaBONg| el ement
of Rea,,.; and yum: mis the SNR for User terminal mwth the oM
t echni que. useiDf@IEnRlY Wsingt varions riscaiver Rprocessing etechmigues evishi gue ebapnelnpl i fy the
noise. B cor%&on?ﬁ%ﬁfx%ve?srigf &f(ﬁ\'iﬂ%chnique (which is also commonly referred to as 2
| zcro-fcj;?ciné t{ajé;lfmique), 4 minimum mean square error (MMSE) techiﬁque, a successive
interference cancellation (SIC) technique, and so on. |
A, (DCMI Spatial Processing
ooy .
[0033] For the CCMI technique, the access point performs receiver spatial processing as
follows:

s

s

Reeml

~==comi [up E]

= B;;,qfﬂfp,gﬁ (Eup,eﬂ' -s.up + gup > Eq (7)
= §up + i

comi  ?

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

. -} H H
Mo =Ry H«wﬁ , where Bup.eﬁ =Eup,eﬁ' -H—-up.eﬁ' ’
8;emi 18 an N, x1 vector with N, recovered data symbols for the N, user

terminals with the CCMI technique; and
B =M, 0,, is the CCMI filtered noise.

[0034] For j‘s_iljﬁplicity, the noise n,, is assumed to be additive white Gaussian noise
(AWGN) with zero mean, a variance of o,, and an autocovariance matrix of

¢ =E[n w;gﬁf, 1= 0?1, where E[x] is the expected value of x. In: this case, the signal-

to-noise~and-firfiterference ratio (SNR) of the recovered data symbol stream {$,,,,,,} for
each user terminal » may be expressed as:
R;I Ll
Vet = 5 » form=1..N,, Eq (8)
mm o-ll .

where P,

1w 18 the transmit power used by user terminal »z;



10035] For the MVBE technique, a spatial filter matrix Mmse is derived such
that the nean square error between the estinmated data vector fromthe MVSE
spatial filter and the data vector s,Pis mnimzed. This MVSE criterion
may be expressed as: mn E [(MmseruP -sup)H (M erup -sup)] s Eq (9) where
Mraue is the Nep x Na3 spatial filter matrix for the MVBE techni que. [00361
The solution to the optim zation problem posed in equation (9) mybe
obtained in various manners. In one gxenplary method, the MVBE spati al
filter matrix MM, is derived as: Mmse | P.fflll up. efJH v.ed + 1]-~ Eq

(10) The spati.al lsfmé,;,%dﬁg&{a!glemﬂpontﬂdns Nap rows for Np MVSE spati al
filter row vectors for thé N p user e nal s. The MVISE spatial filter row

vestor for each, uses ottt ther iR W RSOCH A lgue: = h 2 eff, MG where

G = [Hup, af fH UB&ff + cr 1|] 71 The access pol nt performs receiver
spati al PrRERES BleRu@tre?/R OWSiy @C‘l@f»‘t SnafRAHDIAPHE noisz, D, ueMmr e(Hepsep
+ nap) , Eq (11) Sapeo ee wher e a’is aln Napr)wlfNap d| agonal matrix

whose di agonal gelMVE Snaidt PrétRssiigagonal el enents of MmsdHap, , si. e.

Dr anse=di ag [MmI'g'Ha_ﬁll)’F]'—ngas an NP x 1 recovered data synbol vect or
for t[0essMVSE thhlrheMMSEatad:mqumqaamPrﬁmem‘ap: M. e detvBE such that thd noi se. In
equation (11), the MVBE spatial filter provides an_unnormalized esti mte of

sap , and MeaREUEERETHOTehYeoniEs ertirgisd aptarygeter fromythe MMSE spatiali Blferand or mal i zed
estimate Q0381 .The ver dat a synbol stream {snmelP
m} for eglf&%éadg "F‘O%érpn‘nsH%’i”mﬁ%éhi}ﬁéﬂggg%g?g‘a“?ggefﬁmﬁﬁ e gmp forne 1
... N Eq,m (mup > 8,12 ereqmnisthemthdi gonal

el ement of mlplu#)[(gfmmf:upe Sir) %&ﬂ- )r Hhup e,m; and Ymm E‘l@i s the SNR
for user term rT""T' inwth the I\/I\/SE t echni que C. Successive Interference
Cancel | at iwlereSM}, | ais the NG es¥), ngatid GB&]mative for cleddM3ietiiniquen” pr ocess the Nap

recei ved synbol streans usi ng the SIC technique to recover the Nap data
synbojo0ds] r eans Thé-eolutidreto She optmtikation pegblanhposad respiation (9) may be obtained

in various manners. In one exemplary method, the MMSE spatial filter matrix M

—ptmse

derived as:

M, =Hp o (B, gy + 00107 - Eq(10)
The spatial filter matrix M, contains N,, rows for N,, MMSE spatial filter row
vectors for the N, user terminals. The MMSE spatial filter row vector for each user

terminal may be expressed 85 M., =Ny 7., G, where G=[H,, q,er, PR Y. (I

2 mmse.m

[0037] The access point performs receiver spatial processing as follows:

§ =D M __r

—-Mmmse e NS E e ATSE P ?

-‘Dul Mmme(Hupeﬂ'sup gup)’ Eq(ll)

+D

——THSE >
where D, isan N, xN,, diagonal matrix whose diagonal elements are the diagonal

elements of _M_mm,ﬂup‘ﬂ; ie, D, =diag [M

mme—up eﬂ"] ’

§.mse 15 an N, x1 recovered data symbol vector for the MMSE technique; and

=mmse

n_.=M is the MMSE filtered noise.

Smmse T —Zmmse = up

In equation (11), the MMSE spatial filter provides an unnormahzed estunate of s, ,and

—=up *
the scaling by the diagonal matrix Q;,,,m provides a normalized estimate of s, .

[0038) The SNR of the recovered data symbol stream {3

mmse,m

} for each user terminal m

may be expressed as:



point initially perforns spatial processing on the Nap received synbol
streans (e.g., using CCM, MVBE, or sone other technique) and obtains one
recovered data synbol stream The access point then processes (e.g.,
denodul at es/ synbol demaps, deinterleaves, and decodes) this recovered data
synbol streamto obtain a decoded data stream The access point next
estimates the interference this streamcauses to the other Nap -1 data
synbol streans and cancels the esti matl@d i nterference fromthe Na,,
recei ved synbol streanms to obtain N. nodified synbol streans. The access
poi nt then repeatsgb&sqma PreCASYI nav.on the Nap nodified sy 125t reans
to recover anotheéer dalt-aqm,,,syﬁbol stream f0040] For the SIC technique, the
input (i.e., received or nodified) synbol streams for stage i, where I=1
Nup whgrebemetﬁﬁreéeéleérag@al rlcrmtpf MU 07 S, B o Momsen g1y 6 18Y  wher e
"1Cis an Nup x 1 vector with Nap input synmbols for stage P, and rJ1L =
ru for the frr@umssﬁg@mfopus@t@mmwwh o MBMIF tekbriqnea, dat a symbol
streans not yet recovered at stage f, vvhere N' = Nup -1+1; and HUP is an
Nap x Na, reducedSnedessive knserfeyam B Sing st age f. [0041]

ot or 08252l PR Rl 5B RAR} b S AR b SR,

response neklidigueHopeayer ﬁied\t,gslsia\/s@in&iolrﬁtfémsasFbxytlﬁerCCt@J:hJﬁf[heI e 26&8d Stage as
a data symbal streamis recove{ed and cancel ed. For sta gl , the reduced

ef fective BAEhmUtlly aepErEY spAtiah PcsBBE o8 the Nao BCAIVAL & 90r%waw -1
columms in gvivad t %mﬁ)@ a synbol
streans al ]rléelﬁl%(yjerrwelcoverEe SBIIIléro Ifﬂg?teglﬁ%@ﬂgﬁ&f&ﬂﬁlﬂé%fe?&%?@ d;{ ;

haP. ef f . i r streabaP. dbei ace}assm/rpeme thew —processdis s (@@, I\hmodhlam‘srfsmbmlvdemmsnnel

response vector, for r term.na t af a_ synbol

Cer oo Boughrg il Aot Buf Replaeu iy B Sreomaicbiis g pégodpd By’ T
} . and th@tréﬂ?h -THéacBess pYMPAExt %tt{n@a?ét&hmterﬁéehcé RSOMRARALaIeS tdihY Bthet ndi ces’ of
(j, j,+¥1L JNW} [00421 For stage 2 , the access point derives an N., x Nap
spatial filNer]ndata isymbe, stregens eshdocancdie thee duietede frfterfdrence fidrarthe N5 esponse
matrix H P.,g (instead of the original matrix Hav,) using the CCM, MVSE,
or some ot hfeplchbiythh sfecamsite obtai My, miodified isyrhlen streantsor Thecaobess peigtthen he
spatial fi lretlnga{ts same pll'\é\:és’smg on%e ﬁapcrjrlleI Eiesy%bol YUredris t}c]) r%éo%gr another data

: symbol g.stream.

[0040:] ' ';Fer the SIC technique, the input (i.e., received or modified) symbol streams for

stage £, where £=1 ... N, mdy be expressed as:

up ?

(k) =M, st +n., | Eq (13)

where r;, is an N, x1 vector with N,, input symbols for stage £, and r}, =r,, for
the first stage;
_§ip isan N, x1 vector for N, data symbol sireams not yet recovered at stage ¢,

where N, =N, —{+1; and

| Hﬁp,ef‘ isan N, x N,, reduced effective channel response matrix for stage £.

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

stages ere canceled. The dimensionality of the effective channel res'ponse matrix H,, -
successiﬁé_ly reduces by one column for each stage as a data symbol stream is recovered

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

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



100431 The access point multiplies the vector r;;, for the N,,, nodified
synbol streans wth the spatial filter matrix M;, to obtain a vector s;;,
for Na,. detected synbol streans, as follows: e e Sak =M kr,k M

k( HCP, egSCP+nup) , Eq(14) =Q;, SuP+nek r where .~ =Mt, Huv,~ and n;;,
=M,,n is the filtered noise for stage 8. The access point.then, selects
one of the N' detected synbol streans for recovery, where the selection
criterion may be based on SNR and/or bther factors. For exanple, the

detect ed syrrbol streamw th the highest SNR anong the N' detected synbol
streans nﬂ;{,gbeL,,e@j, boued #ob,pocdvehse G pgeisonl ¥, orecliatize siarnell st ream
is recovered in each stage, the access point can sinply derive one 1 x Nav
spati al f irkdpenser wotor efot msernferminélof,. Fdvestaist &, $l}errtl(941 dhtt esymbph Btegmst 0 be
recovered in stage .. The row vector , IS row of the matrix M ;a M
In this ca@@"eﬁeﬁéné%wall SIBRLSCAS FVeY lgé‘FeSs?fa Je ol bctethet Ne dattat a symbol
stream{saP may be ex ress d as; aP, Jr = m,<r,k = of s,,v +"-"%aP , Eq
(15) vereﬁel}se?wenthet a@@"mdB‘ilF%é’&{hdﬂmg v, dat a synbol stream
{sav, Jr } . [0044] In any case, the access point scales the det ect ed synbol
st r eafid4Zav, Jr Fot stagbtlaithe ata:essepmntedeedeajat a¥ sy plspatiat didber {rBRx M'.and
further denodul ates, deinterleaves, and 12 decodes this stream{s"" o} to

obtain a dps@dRrtheducsd EEAVE dhand 3pOnRGEAAL WO egttmsteeldsa th@bfigingin estimate
r

of the int erference th| s stream causes to the ot h&r data synbol streans not

yet r ecovef{l&g n% Hfé & in md%ﬁjr?gﬁﬁ otﬁé}ete BI%D %fpt T €- gncodes,

i nterl eaves, es fhe deco ta stream Frfp‘tf"he sane

manner ‘ t uger te stream of

"r enodul ate e?%ed@‘s”‘t . %espatlatﬁtteanq@ s et B T RER. sy ool
stream ver ed 'I.'he 0| nt rqc sses t he
rermdijéﬁ ed sy |acc$e§sr]é%pﬁ'ﬁﬂ &ﬁf%c!w g‘@' th?t&a élﬁg‘% S SURALISt or

hup, ef f J, r user, ternna 0 obtain a vector terference
conmponent s¥ Héee%PaB’S‘} ﬁ rs‘“%?‘?‘e&lw 5 3 Yeﬁfoériser@ﬁd@ ys\%ﬁe&%ﬁew are

t hen subtsrn%gré ]g gg%the NQp rmdlfled synbol streans rare for stage Pto
obtain Nap nodi*fied

h. E:r'c -Msw-sm )
=M, (H,, qrgip +1,,) , Eq (14)
= Q,,-cuup n, »

Where Q M,;,_.H o and n’, ~an is the filtered noise for stage £. The access

pomt.ther_y selects one of the N, detected symbol streams for; recovery, where the

. sele'q'_'ti'oﬁ: -eriterion may be based on SNR and/or other factors. For example, the

ymbol 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 ﬂ1e access point can simply derive one 1x N, spatial filter row vector m’ 5, for
,the dl_eta:;symbol stream {s,,,, } to be recovered in stage £. The rew vector mj-, is one

row of the matrix M’

M,,. In this case, the spatial processing for etage £ to recover the
data _symbql stream {s,, ; } may be expressed as:

=mjr;, =q;S, M0, , | Eq (15)

“.P Ji . ——-J‘z—-"c
where qt is the row of Q _ corresponding to data symbol stream {sup i }

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

up. i

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



synbol streans r;' for the next stage 2+1, i.e., it+ =re -j . The nodified
synbol sic -sic streans r,~" represent the streans that woul d have been
recei ved by the access point if the data synbol stream (s"p.J } had not been
transmtted (i.e., assumng that the interference cancellation was
effectively performed). [0045] The access point processes the N received
synbol streans in NQ successive stages. For each stage, the access point
(1) performs receiver spatial processing on either the Nap received synbol
streans or the NQ nodified synbol s{reans fromthe preceding stage to
obtain one recovered data synbol stream (2) processes this recovered data
synbol streamto obtain a _correspondi ng decoded data stream (3) estinmates
and cancedegodem his sfreems Spgicte aptain ¢ deqoredsdals plesem (B g}  Fhe ebaead paintNap

nmodi fi ed sypbol streans é&é,th& next stage. If the_interference due to each
data st r <559 foERs peestimaty,phibe igterdiarencsdhig gireamy causerctol the othendptaisymbel r ecover ed

data str ' S e f t | eve hi gher
Shre. [ 0CHE ™ EAR e SRR o T oS R ERERES ect E e e nbo

Stream i SntefleRe)dantmeduldid thchResdRatdadl stRAACEES] Nan RS BRLWANG 8- . COM  or
MVBE) used for each stage, (2) the specific st4ge in which the data synbol

stream i SpeffBfmieed 9fer téfindl3), dnddbtad¥ikieanlof RbRidlRfaANcomBsIE (50 data synbol

streams recovered in subsedlent stages. In general, the SNR pfbgressively

i mproves Jgkh Q%%s%ﬂﬁ@@fthﬁ%iﬁtﬁ%ﬁ'ﬁbél%&%r{@d. | Thst RESVeredS T8EGScREHAMSE t he

interference fromdata synbol Streans re e€red In prior stages Is

cancel ed. indhigsutihihe Prodbdsedhd teiiRlllafeat §TbbD sbanti9RE fier cfiiahide siphql St reans

recovered later.” 13 2. Beam Steering [0047] For beam steering, each user
t er m nal respoesefvectos hgpay ifed usprtemeisali /o wbinin @vectvoripaviite ¥y istedeeiceg vect or V
P,m, which is derived using the phase information in the steering vector
vaP, m . Tdoepooentebauseatl bytthisrstregmy eTho N,ViRterferaye ltempaeness $ 2 chrashenV . P. M =
[Ael n,, Aeie-,:... 4eld,-P., } r , Eq (16) where Ais a constant (e.g., A

=1 / J, )subtrafd f53 the YV, MOdFR@ SAnbR Etradfis N Boristagt sUBRbtaliENJimivdified Whi ch i s:
}  Bm =Sﬁ13trp = tan- I%n{VuP,grriﬁ? Rov ) .q“j"izqr(Stlag) { upfnj}"

symbol streams ry;, for the next stage £+1, i.e,, Iy, =ry —i,. The modified symbol

streams I represent the streams that would have been received by the access point if

the data symbol stream {s,,,} had not been transmitted (i.e., assuming that the

interference cancellation was effectively performed).
[0045) | :The access point processes the N, received symbol streams in Ny, successive
' s_tgges.: -For each stage, the acce.és.point (1) performs receiver spatial processing on
either the Ny, received symbol streams or the Ny modified symbol streams from the
ﬁrecedjxig stage to obtain one recovered data symbol stream, (2) processes this
re(:c%wejre;d data symbol stream to obtain a corresponding decoded data stream, (3)
_ EStiin_léfjtejS 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
accgrategly 'est‘imated and canceled, then later recovered data streams experience less
intérffereénce:and may be able to achieve higher SNRs.

[0046] o 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.



As shown in equation (16), the Nut,,, elenments of V, have equal nagnitude.
As shown in equation (17), the phase of each elenent in Vup mis equal to
t he phase of a corresponding element inv_.P,m(i.e., 8m is obtained from

v'P'q, where _ z Vup.m- [vup,m| Vup,m2 ... VuP,mNmj ) [0048] Each user
termnal mspatially processes its data synbol stream{s"p,,,} with its
normal i zed steering vector V... to obtain N,,,mtransmt synbol streans, as

follows: XuP.m= Vup.m* S P,mEq (18), .The constant A in equation (16) may
be sel ected such that the total energy130f the N,,,m transmt synbols in the
vect or zL, (IE-I uni Qr sone other selected value. The Nep x 1 effective
upl i nk chann ﬁ-@gﬁé&ﬂg&ctor huPg m for each user termnal mwth beam
steeri may b s 8S pach| ) 7 . : 2 The Nap x
NP ef f[‘g%tﬂl ve ug:(?n ﬁs;%glg?' ?%gp%%sgéﬁrjrﬁmr |mxf)él—rﬂ¥:>HDrm fépngarl%éFﬁsWﬁgger erm nal s
for beam shewanlizagl steerinperctly F)04 Sthickhis darveiswsingoihn tphaserinfiembiominriheei ver
spatial processing using the ,  MMVBE, or SIC techni que described above,
or sone ot beerirgaettor g)¢. THewenealized dieering pedtorel¥,, f inhdyebe expietded ab:s derived with
the matrix H'p,,ff instead of the matrix Hp,f . 14 3. SDVMA Transm ssion
[ 00501 FIG 2 shows. y.progeds 20Q. Farirperform ng nul ti-antenna m ssi on
on the uplink ?'81" A . Ig%l tial f/, an Uplink channel response Er%@?fx H,,1"
is obtained,for.,. each a%i ve gﬁfr m nal desiring to transmt on the
upl i nk (bl SRRC21dS T CFIaR{L 8 4 = «n )3 P8} each user terminal is deconposed
the user term nal (bl ock

to obtain a steerin v%ctofr v.P.mor L,.,mfor

212). An effect Melsal?lﬂ Ate Tonapteap ! paspdpEunal gp #iHchis: — i s fornmed for each

user term nal based on the steering vector and the uplink channel response,

matrix for the yser ternipal,| kagk}P14). Bl ocks 210 through 2?% e for

channel esti mat P 4hee Qalfronjand may be perforned by t @é)cess
r

%) 0
point, the wuser termnals, ot'M.7 100511 Different sets of active user

t i nal , +t heij . | ink ch I
ceponse vAE ey B SaBbu TG T, R, TR, B Vo bl St AR, (070K

response vectors hu _
220). The gyl UatdRRiokR 70 oL b B 3RnlfSS ¥00s REAY wEhase of 2

corresponding element in vy

wm (€5 6, is obtained from. v,,;, where

T
!up.m =[vup.m,l vup.m,z - vup.m,Nw] )'

[0048] Each user terminal m spatially processes its data symbol stream {s., .} with its

up,m

normalized steering vector ¥,, , to obtain N, » transmit symbol streams, as follows:

‘ .zup.m = iup,m ¢ Sup,m M Eq (1 8)
The constant 4 in equation (16) may be selected such that the total energy of the Ny, »

transmit symbols in the vector ¥, , is unity or some other selected value. The N, %1

effective uplink channel response vector h for each user terminal m with beam-

up.eff m

steering may be expressed as:

~

Bysmn =Bom¥ipm - Eq (19

=Zup,m Zup,m

The N,, x N,, effective uplink channel response matrix Eupm for all N, user terminals
for beam-steering is then fiuup,w =[Eup',ﬁr,1 Eu‘,‘,ﬂ,z Eup.em””].

[0049] The access point can perform receiver spatial processing using the CCMI,

MMSE, or SIC technique described above, or some other technique. However, the

i~

spatial filter matrix is derived with the matrix H,, , instead of the matrix H,, . .



best set of N'p user termnals is selected for transm ssion (al so bl ock
220). The rate to use by each selected user termnal (which is obtained
fromthe evaluation in block 220) is sent to the user termnal (block 222).
Bl ocks 220 and 222 are for user scheduling and are, typically perfornmed by
the access point. [0052] Each selected user termnal perforns spatial
processing on its data synbol stream (s P,n} with its steering vector

V. up,mor V,, ,mand transmits N,,mtransmt synbol streanms fromits N,,,,m
antennas and via its M MO channel to the access point (block 230); The N p
sel ected user termnals sinultaneously transmt their N' p data synbol
streans vi a 3.hSDMM Fanssssiens to the access point. Block 230 is for data

transni ssion a i erformed hy ch sel ected.user termnal,. [0Q53] The
accesf039bi nt oﬁgi i§€%a P%@?@Qe@&% 8 e W%W?’E‘%“lﬂ%‘ﬁ“[é}h n]nas

ne Nap. rpusy BE STAAC RG], of UARKREALS! HSpdie FIR Hher it frmbRBE o' 0,

sone ot her [ x ' ?quﬁj( - Which are
esti mat es BS?H ﬁiggl‘\llog%%@g?gqg%%:}& gﬁ%gf%@yﬁg] sm @%ﬁgﬁ)f ﬁ%ﬁﬁﬁgﬁ%‘a ected
user ter m Hgl, sfof dach aser Zetinal Bldecdaspos@iitd obiaih BRéRingvectbow , Jadrd¥ | edept i on and
are perforned. by the access point. 100541 Multiple user termnals can be

sel ected fth¢ ust Wnirah@otk 2123 A fRectve Wphink oBannePiesonse VesoruBgL, sBl ection
may be based on various factors. Sone factors may relate to sysStem

const r ai ntfsrmseddfor eqehi neraetsing ttkedasn theastedring ofecoe ravd cthe uphatt chumélat ency, 15

average data rate, and so on. These factor y .need to.be satisfied for
each user TiPeRSF MaPX fgi H@r“ﬁf’ééﬁt"@f"@?@?ﬁ?‘r@lﬁt ﬁ?@‘ss%lgt '@Fﬁ‘ﬁ@rzflﬂr%ﬁge, whi ch
may be quUaRhie] Bftafition Q4P tdlonpRMALP R MkPBO BB HHOME JBldEhoiplthecat | on of

perfornmance.: A:sche I ng schene can eval uate user "term na
t ransm ssiuser trasmds,onbathe or nore netrics and one or nore factors.

Di ff hedyl.i h _di fferent i cs. take into. t
di £ 1 oM T act SHECT IR ARBYGHRE EPiRal A ErAd ShLeYared P PL Ry | 0055)
Regar d| i okt i h | O | i f ferent
cete of - e I e A R S oter (R chfifel fionde 1 C P g
heme. The :ispaki alna.si ARt YEES ek i ndi v i 9.,
Scheme %%ge%%}pﬁ (blogk 9! “th@évdalﬁka{x {hlﬁy Bé'gérﬁ’déﬁ%@ks &'e%@ﬁbéd%@‘uf‘% (e.g

their M responses) an fversity.can be exploited to

sel ect tha.hestins i @Hﬁ&nﬁ .o evomi pal s f.ar
si mul tanegolfg%t%,{rs%fn}\s]" %ggiqénr?] a%%fgtsi@fg{ﬂ% g&rrpat | Ip%ulﬁ}[ 91@6%2{9?a%%{3 by a
metric suodse by eavheselrbted tber dergiall (widch 5 obtained fiem ﬁheasa._lnﬂiogfin bieck 820yance. The

best AT
> is sentito the user terminal (block 222). Blocks 220 and 222 are for user schedling and

aretyplcally performed by the access point. _
[0052] N ,Eédh_selected user terminal performs spatial processing on its data symbol
. stream {S,pm) with its steering vector ¥

wn O ¥,,,, and transmits Ny, transmit symbol

streams fmm its Nuym antennas and via its MIMO channel to the a‘cce;s's poin@t- (bl'éck
230) T;he N, selected user terminals simultaneously transmit their N.,p data smbol
streams S(‘Via their MIMO chamnels to the access point. Blb_ck 230 is for data
tran mlsmonand is performed by each selected user terminal. -

[0053]- 5 The access point obtains N, received symbol streams from its Nep antennas
(block240) The access point then perfortmns receiver spatial processing on the N,
recelved fssymbol streams in accordance with the CCMI, MMSE, SIC, or some other
tecjﬂhigﬁs to obtain N, recovered data symbol streams, which are estimates of the N,
dafa sy;rrflb(fyl 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.

[0054] .Multiple user terminals can be selected for simultaneous transmission oﬁ 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,



user set may be the one that achieves the highest score for the netric
(e.g., the highest overall throughput) while conformng to the system
constraints and requirenents. [0056] For clarity, a specific scheduling
schenme that selects user term nals based on overall throughput is described
below. In the follow ng description, Na,t user termnals are active and
desire to transmt data on the uplink. 1[50057] FIG 3 shows a process 220a
for evaluating and selecting user termhals for transm ssion on the uplink.
Process 22 S | fr ' %@7 d for

bl ock 220 ?ﬁelé?%%%%%n?ﬁ g‘??@ ’g&siﬁégag#gia%%gi&?&;?@tshe e|dg eggthﬁol\%gfall

t hr oughput temnisabt Gtleer feotess (isygelate3q Gysteni pergmapcen whvickanaydie qimetifieddnymi nal s is

selected from t ctive .1 nal s bl ock 312).. This user
set forms SRyHovRge Byl 8CnCoEr ndieh OF plrurphole A Sedagyin § 5%
U, Nw } , whiednte candalRite isérterninilh fota@nsisigdiobised of vatk vanoet MBictland ; S

the i-th user termpal in_set n. An effective uplink channel response matrix
H. n, eg. n i Pnepppoptacigrs. Jadiereapschaduling schemes aray dst diksranp mefiesdakeint
response v : hE OISy er termnals in
set n (bl o;%&@%ﬁ?hm[esto%%t]&s‘\'he SNI%?@otnglgjgﬁﬁs Elgdef;autagsrdr\hﬁ%rg?ﬂs?n set nis then
conput B88Shased Regarkesedifthe particulansohéduling $cheme belectsiofon see, differdnk sdts of | eg, |

and using the CCM E, S or so ot. t echni que enpl d hy the
access pgi TR %e.cv%’fgfe%ﬁ%cc rggncf%ﬂﬁé%?c‘ﬁe‘?%sw ] ﬁsRaﬂé CCM and
MVBE t echnisginesirss2inf B ieORdubeGken enaliabiek!) m@m@a&nﬁ&hes}%ﬁse@ﬁ%

respectively. The SNRs for the user termnals wth the SIC techni que are
dependent dRUtiRgerglvREsity; Ganyiie explaited 1 sddect the thesfaset of spatelyvergdibieor t he

SI C techni qu&. 10619 for ThlikddkSus A AShisREs Q@g §€6m%ﬁ{}\;ﬂ]g?2@r I%Ef%uaﬁﬁﬁe%"a' uat ed.

For exanple, a spemfrl c ordering may be e uat e user term nal
with the Hiygirastic 8MR aabverall threwghpet arsome othesmerutsyoftphdompnes sThediestt . | n any

case, the SNRs for .the N'F, .user t i.nal in set, n are.denqted .as (n., yr
52 e N spoaEept i ten Rt TObER ol BF tnelp R (€ HedBeRS | o { hen
conput ed baﬁlelldn@ﬁo@gh@utl) S?iﬂef:_@ﬁfi)fnﬁiﬁg tsile sﬁsﬁiﬂ@dﬂ@ﬁ‘aiﬁtlbbﬁkﬁ’eqﬁii:&hm%ntﬁs fol | ows:

v s or 1= C, ere Cc,,, IS a

| 0g, + I . N \\\V E 20 . J).
posi ti RSOk onst afiet elRED. pePPEbe scheding sheme Ith(a&ﬁt)ﬂ@% “Efﬁéélin)é’@‘lﬂ& apsed HPaci ty
achi eved by, bAf ni6Hmd: RAdsMBENbALY Ol & TSNS BeddfptictS V. D¥sek ¥ehidafRr M Nal

.u, (e.g

are active and desire to transmit data on the uplink.

0057 FIG. 3 shows a process 220a for evaluating and selecting user terminals for
transmission on the uplink. Process 220a represents a specific scheduling scheme and
may be used for block 220 in FIG. 2. Initially, a variable R, for the highest overall
throughput is set to zero (block 310).

[0058) A new set of user terminals is selected from among the N, active user terminals
(block 312). This user set forms a hypothesis to be evaluated and is denoted as

u, ={u,, u,, ... 4,5 }, where n denotes the n-th user set being evaluated and #,, is
A P, N .
the i-th user terminal in set n. An effective uplink channel response matrix H,, ., is

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

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

up!eaﬂ.vuﬂ.i\l',.iu
[0059] The SNR for each user terminal in set » 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



c,J = 2 for a coding and nodul ati on schenme that is 3 dB from Shannon
capacity) and ra; is the throughput or spectral efficiency for user
terminal u,,, given in units of'bits per second per Hertz (bps/Hz). The
overal |l throughput R' achieved by user set n can be conputed (bl ock 320),
as follows: REg(21) [0061] A determnation is then made whet her or not the
overal |l throughput R for user set nis greater than the maxi num overall

t hroughput achieved thus far for all uéer sets that have been eval uated
(block 330). If the answer is yes, then user set n and. the overall

t hr oughput tefiniqugrara dependsut omathe oxlgy inawlieh the ks 3 minalt dre rwiosered.uB@rthset n i s

di scar ded. . 1 I i et her: or .not. all user sets
have been Sel\{g‘g%%%‘%’ %ﬁ%ﬁ)é%\ﬂgﬁgbfo@dﬁg% Eg ﬂ%érilr?me I i bet ﬁ%ﬂuﬁ% EPBC ess
returns toedahmpids a3shciio ®@driz@t man bk esluated whefeby IBE ubd” WrRIRLISwitR Ithe

eval uation,, O herwi se, the uyser termnals in the saved set are_ schedul ed

for transniigheshaNB it s stageiihRrocessesichy ta agcesy prints | pay cessethe SRS faent

descri bed e [ ofetical capacity (albeit with a
corrpensati@‘E%ffpa%s?%ﬁggﬁ?‘{’l,s)‘nggﬁg%e ?‘%*%e&e’c%ﬂt HWe'#¥est user set for uplink
transm ssi on. |4 ot her ~enbodi nent,, a netri.c based on realizabl e throughput
i's usiﬂc?%:&]to sel tatg{%gﬁﬂlég r?jtgfél)lseget?r}m?_agﬁn Pﬁinslsgtﬁ%ﬁ?r%ﬂ?é%?sﬁ Oﬂgléer sets may
be eval uat gNRFasBENRAteringPbloek 31 8)aisBllowsipported by the system These rates
may be viewed as quantized _ val ues of the throughputs conputed in equation
(20). Each non-zero rgte js)jassociated 17 wth specific coding and

nmodul ati on schefies:10& deh;t‘r ul BF ispectab ef ficiency (which isEa@®cally
given in units of bps/Hz)and a particular required SNR. The required SNR
for each raje nmay .be determ ned cofmput er .simul ati.on, enpiyfi.cal,

roasur ementIeERL 125 MRS Tt i SRR 66 BN O b rbee R nel . A

| ook-up tabl.e (LUT) can, stqre the set of supported rates,and their required
SR, Phe. Sietohy Bieandined n%%lpﬂpﬂ%ﬁchﬁlgemﬁﬁé&ﬂﬁ by pseranis dar 88 which is

the highest rate in the | ook- fable wth, a required SNR that_ is, equal to
or | ower tﬁaﬁ%ﬁg@@dmwdtm@'u?@@a Sﬁwlhﬁﬂﬁ.‘ 3ﬁr$eg°’§1«§%@ﬁ'ﬂ‘§‘o‘?ai’%°é'&sa‘%r al |
user termnals in each set are accunul ated to obtain an:aggréegate, rate for
the set. The in8erthoaghny onspeptsalpfigniensy forgisprolganiaal uy o2iven WcUnis of Bifs f or
transm ssion. [0064] User sets of different sizes, may be evaluated to

det ermi ne PH&ctnd per Herfz (bps/He)y  The overall througthput R, achieved by:user set: # can be

computed (block 320), as follows:

W,
R=3r Eq(21)
[0061] A determination is then made whether or not the overall throughput R, for user
set n is greater than the maximum overall throughput achieved thus far for a11§us_¢r;sets'
that have been evaluated (block 330). If the answer is ves, then user set'n and the
overall throughput R, for this set are saved (block 332). Otherwijs‘é',' user 'sc't.}: is
discarded. '
[0062] A determination is then made whether or not all user sets have been evahiated
| (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 ‘sav‘?ed set are
scheduled for transmission on the uplink (block 342).
[0063] For the embodiment described above, a metric based on ﬂléoretical capacity

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

transmission. In another embodiment, a metric based on realizablé 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



transm ssion. For exanple, sets with one user termnal (i.e., Nap =1) may be
evaluated first, then sets with two user termnals (i.e., NP = 2) may be
eval uated next, and so on, and sets with Nap user terninals (i.e., NP =
N1P) nay be eval uated | ast. [0065] Depending on the values for Np, Nac, and
Nap, a | arge nunber of user sets may need to be evaluated for an exhaustive
search for the best user set. The nunber of user sets to evaluate may be
reduced by prioritizing the active usey termnals, considering other
factors, and so on. The priority of each active user term nal may be

det er m nedwittbgreific @0div ahd Hvdilatidroichemes b paticilkespeetral iefficiany e@Ricl if or t he
user termna

| (e..g.,. prem.umqQr. noynmal)., .the aver hr oughput._achi eved by
t he user t@?’ﬁ‘flﬁ’aglgent Wémétﬁﬂﬁgf’yﬁ& "“_E'ii:\? B“%F\‘EMJQ%‘f“eﬁéﬁﬁinh}he I’i%ﬂé‘“f@) SMEBnd, the
del ay expeg l@ib?r#gﬁitetiﬂaytﬁbedéﬂégﬁnédq{yrﬂoﬂﬁhter @iﬁﬁlaf'ﬁ;an, iridd1SnddshrBhbdty afel €ach

user termna be "updated over tine to reflect the current status of the
user ter misoain, akbased ex anpssemption ¢f anhaWIGED clangtle sA lgukiupr tiablp (LTE) caner i nal s

may be eval uated i.n _each schedul i i.nt erval . 06 I e ex | ary
schedul i ngSt%rgﬁg?Tédd%éWP?}i‘Hpﬁ‘ge&v@B?%?uﬁ reéSbf]%e S%?égﬁl%\%r € EI%?‘FK channel
response Vefhiagl ifmBopddite a skiscte®fate; @ichhigien anteantrhty i e lodkogdablé Withf or each

user term nal based only_ on the uplink channel response matrix for the user
ternminal . Treauised SNR; that shemvaklo erelopenh than thg SNR forrtheuper temjpale aBie user set
nis forme ] ' [AY Y I onse

vectors fo%lefwcel%t}géeir%?taielﬁlghgﬁg S aﬂ% E\r}’?eﬂg s@ef?ﬁ&%ﬁggégttgrogﬁ%?%?,ngrrgg%, for i =1

... Nap , jare fdrethendet.i XTHe Rser, st ith fiRt highat diggieste hiagh&stchpdsied e overal |
t hroughput for _user set n. Miltiple sub-hypotheses may be evaluated for
each user $®¥MIS§RBre the vectors in H,,eff,n may be adjusted by different

18 a ts for . | Igtm%#‘ R steering
vect O@H{IOI’ t r%s‘%ﬁgégsr 8#@;#%%%3%2&?%@3%{8@%9% nodi ? i ed |ﬁ§s§f)§ieetif§rem nistic
nmanner (e. gansmi¥gioROFer exafple; 891 w3k pneoiiser Rrmpinpl(Reld OF 1 aninmy baevduatddor each
sub- hypot hesis while maintaining the power of each steering vector at unity

(i.e., a Ufist, thearsss ndth teackerbrgtidlng@ey ALt o) mdyMRGrhluded ab@idisagnscheme may
al so eval uate each user set n based on the uplrnk M MO channel response

matrices HjdRets WM ustt tdritabif.€CM eNUDInaylbeehatnmed last esponses vectors
hupegu for the user termnals in the set. A steering vector v'u,, nmay be

deri vemes)" gl obabdpgnding 61 tieaelued $ATN,}, GV Nan@N,), @ 15ge nimbér dffigeriegsgayce of all
user tetmnals in the set. The effective uplink channel response vector

h' u,, ef f, qeeed & beavatnatedday an exhapstine sqarch forthe besh usa #ety e duBIYeR 9fAIS¢ly| obal | y
derived) sge?se{oi &glu)ﬁ%%ﬂf b redbced by prioritizing the active user terminals, considering
: other factors, and so on. The priority of each active user terminal may be détérmined
~ based on various factors such as the service category for the user termfpél (e.g.,
_ ~premium or normal), the average throughput achieved by the user terminal, the amount
.of data the user terminal has to send, the delay experienced by the user terminal, and so
on, The priority of each user terminal may be updated over time to reflect &c current
- status of the user terminal. As an example, only the N, highest prioﬁty ﬁs_er terminals
" may be evaluated in each scheduling interval.
[0066] In the exemplary scheduling scheme described above for FIG. 3, the effective

uplink channel response vector h,, . = is derived independently (or “locally”) for each

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

_—ﬁp,u” 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 ,fori=1.. N

Rupoeff vy in the mattix H,, -, may not yield

up ?
the highest possible overall throughput for user set #, Multiple sub-hypotheses may be

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



and the uplink channel response matrix HuP u as follows: h'up eff u, =

HUP, u, v'u7,U. An effective uplink channel response matrix H ~P eff is then
formed for user set n based on the effective uplink channel response
vectors h'uP eff,u + for the user termnals in the set. The performance
(e.g., overall 'throughput) of user set n is then evaluated with the matrix
H LP,eff,n (instead of the matrix liuP~n). As an exanple, nultiple sub-

hypot heses may be eval uated for user $®t n, where each sub-hypothesis
corresponds to a different set of steering vectors for the user termnals
in the setamdlhis foeeach subrhypotiwsish dor sxansple,ithe phasteof the steoring sentors dor n.

Mul tiple er s§ts. Y. bet eval Eate ﬁ .Si g ar, .ganner d the best user set
i s sel ect 8° PHT “EEMERIE SPLhERY 28 PR e?é’bég‘f CRSHE PRS- Be OHSOWF 'ng schenes
may al so hRrdefilab® Bt @saiid-rhfdotn mini Y dach blehyoffR8is AhileRaih@@i3t | On.

D fferent ‘'scheduling schemes may consider different factors in. selecting:
the user tiBe pawRIlo§eqch stegrg vestor at wityi(la aunit normden aagh steeningrvsctodr t he user

por folifice o o adieolpecRBgk ay 5, Sl FEhuLF sk BHAT R Ao+ esponse

matrix H ,MIMO SaefclUfeBors®maticds M MBYimdRad &Ft theBdfRdtivd) upiik elmngBNNErS.

Di fferent channel estinmation technidu®¥s may be used for DD and FDD
systens. 100400 dddiord hEDD S Y5t BLsdr MR tRE sat" A Wilehifl gifferent
frequencyjig%ngse; The ““i&mnel response F?ior onesﬁ nk mgy %(‘)’?agre—é”dﬂ*rel at ed
with the r [Ln: 1 i , cess

poi nt canclgg?@ng?rga&? ﬁ?ﬂ%}l}ﬁk&%% Qﬁé\%wqirfggtpﬂ;]r{lts@b?gérg@%gcoﬁtaggggct er m nal
based on atephihalf i thensti Theeffeytive hplinkselantet responde. vettoe WY . acfesschpoi nt can
per f orm deconposi tion of Hu,,,, for each user termnal, derive the steering

VEeCt Or _VUysey ferrfiinal/dii/be, coRipilted SHased! diPthe (S8l A cri96d) Meckifg Sa@thr ySer term nal
selected for transm ssion. [00711 For the F system each user 't&rninal m

can trans%tﬁﬂuﬁﬁfi}cﬁﬁﬁﬁﬂﬂﬁ%o%}%améﬁﬁ B MMXewd.aqf) to ayl owt he agcess point

to estimate t nnel T®&ponse and’@8tai NP He?ihat ri x Huy, m

The unstee o] i%ﬁ? Aty rtho Pl S, S5 QNS sent

fromNa,, ,éf?egts“gérdpt(ﬁélr( %R%Eaiﬁl a (Ialér}énné%n,m\gw@ %r ofaﬁllr]#éilo flo{ 9§e%a§é;§l[)gg§e'ﬁ§glhi eved in

time, frequengy,. C r conbi nati.on.there For code £ nality,

user ter mqﬁgfﬁgﬁhggﬁg@?kl\ﬁ‘,ﬂ?ﬁd ﬁsp?ﬂse t% %éé?‘fg Bome i"@?ﬁgf e gt i%%%s'r'\?g?%&m its Nutt

ant ennas, il LHER 6%, SeRRSHIEhA bF 88 S8°H 18 HeHAnRk Wi GRYe"
matrix H', ... (instead of the matrix H,..). As an example, multiple sub-

-hypo‘tl_iesés may be evaluated for user set n, where each sub-hypothesis corresponds to a
diﬁ'érént .set of steering vectors for the user terminals in the set. The best sub-
:hygothe'sis_ is then selected for user set n. Multiple user sets may be-evaluated in similar
manner and the best user set is selected for uplink transmission, |

[0068]) B V;arious other scheduling schemes may also be implemented and this is within
the’sgcqpc of :fhe invention. Different scheduling schemes may consider different factors
in §¢léc_ting§the user terminals for each set, derive the steering vectors for the user
texfn_in%alsf in &ifferent manners, use other metrics to quantify the performance of each
user set, and:so on. |

[0069] 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. :

[0070) In an FDD system, the downlink and uplink use different frequency bands. The
chanmnel 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



ort hogonal (e.g., Wl sh) sequence. The access point "decovers" the received
pilot synbols fromeach access point antenna i wth the sanme NI orthogonal
sequences wused by user'; termnal mto obtain estinmates of the conplex
channel gain between access point antenna i and each of the N user

term nal antennas. The covering at the user termnal and the decovering at
the access point can be perfornmed in simlar manner as for, a Code Division
Mul ti pl e Access ( CDVA) syst em For fri@quency orthogonality, the Nu,,m pilot

transm ssions for the N 1 user term nal antennas can be sent :
si mul t aneé€F§$5yP01btncancﬂPeFfﬂémr®ﬁ?mB%B@érﬁsﬁﬁfm forecagly ape ternaipal demivsathawi dt h.  For
time orthogonality, the pilot transm ssions for the Na,, ,user term nal

ant ennas GEAANEeVESigt Vi,n BF Mhoncid sendehe steegmg)wgctpmtchﬁgchca% temtieal
orthogonal ity among the NI pilot transm ssions allows the access' point' to
di st i ngui $eledtefeloptrinsmissioBnsni ssi on from each user terninal antenna. [00721

'W'tkﬁl‘fouserF&ﬁthﬁﬂ %sﬁﬂpe%d#ﬂé&tt?l%ﬁﬁ% Xa&ﬁﬁﬁﬁﬁi‘&myﬁé&%ﬁbﬂgt phots on the

upl | he access p t transm ssions user termnals
are orthogmm plloujltccaidim t‘rtemceess pmdtmresﬁmmummnﬂcmoouhahMrapmss point to
estimate: the u Ilnk cha,nn response for IJeach user._termnal. [00731 jIn a
TDD syst efd ©oh ughe asteprsd Pilph eompriass Nugg CERREPIILPIP A hi gh
degree of correlatlon IIy eX|sts etween the downlink,and uplink
channel UPRFRLS. se%\%@%n%mt Rt OLeNRES, (R OHAENRRIY JEBY 98 chai ns at
the access, t 0

transm t/?“%@g‘{e\@e“’é‘@ﬁ%&‘éﬁtﬂ@f Jgﬁﬁsozfr%”c?ﬁaﬁgﬁtﬁe?&? Fﬁg%{éﬁ ?ﬁﬁbgﬁl(]:atlal “can be

det er ni ned ,qnta'rmraal inb scads O, napitdt Srenmissiond sﬁmﬂtabeoualydigm mfg Nuheantm@q;er
correcthn 'Er c%i %t t he. acgess %ﬁ i nt _an user f%.hen t he
overal |  dBfnECnRIGNHAEPHSSIR ERSNAER FHEP8N é%g nESyerd

recipr Oca|ortﬁbgcﬁal (e.g.] WakBPSEJuehde. CTRE aéﬂebsef)omt?@decb{i@s?“llheﬁ%eﬁéilemm system
the access "poitnt can transmt an unsteered pilot from N access point

ant ennas. smbcﬂs droay eachrageesa point catenga wgihdbeg@mt Ne.-corthoprat spquenessr ed  pi | ot
to obtain Lk n I mate the
uplink M MJc ;an I"F'fglp%o%éb?@g @ﬁll‘at{sr aﬂ%&%%gmﬁ h{lrﬁne@%etw%%)w? channel

based on pbms meﬁﬁ z(ande:ach bBeW,, Flser wrmhinal( dtencisy. | Tiee Edvering eethé ngervect or
Y.P. or V,,;, ‘an , and (4) conpute the effective uplipk channel response
vector hn a,]nan d-thedecpyverng at the access point can be performed in similar manner as

a CEde Dmsmn Multiple Access (CDMA) system. For frequency orthogonality, the
" p\ﬂot tansmmsmns for the Ny, user terminal antennas can be sent simultaneously
dlff”erent subbands of the overall system bandwidth. For time orthogonahty the Nyim
ot transmlssmns for the Ny, user terminal antennas can be sent in different time
. HIn any ‘case, the orthogonality among the N, pilot transmissions allows the
: pomt to distinguish the pilot transmission from each user terminal antenna.
'Multlple user terminals can simultaneously transmit unsteered pilots on the
to the access point. The pilot transmissions for all user termiinals are orthogonal
0 ,, tnne and]or frequency to allow the access point to estimate the uplink channel

se for each user terminal.

In a TDD system, the downlink and uplink share the same frequency band. A
hlgh 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
propef correction matrices at the access point and/or user terminal, then the overall
downlink and uplink channel responses may be assumed to be reciprocal (i,

transpose) of each other.



term nal can send the vector hP,nff.,n to the access point in a direct form
(e.g., by sending the entries of hap eff, M or an indirect form(e.g., by
transmtting a steered pilot that is generated with the steering vector
vnp,,n or VP,, used for uplink transm ssion). [0075] For clarity, the SDVA
transm ssi on techni ques have been described for uplink transm ssion. These
t echni ques may al so be used for downlink transm ssion. A downlink M MO
channel response matrix Hdn,,n can beybtai ned for each user term nal m and
deconposed to obtain a downlink steering vector vdn,mfor the user termnal.

The @ELpss POIFef thealDIB ¢pdtea) the dédebsioditicas Gasnsif aﬂﬁﬁs’teér@fﬂldiaﬁ'o‘&l fgr downl i nk
transmssion (e.g., in simlar manner as that descri bed above for the

upl i nk) arf@cesepeiat antpnape Fack pger dgrminglim ¢andll) peacassrilie doalinkjumstacradk
br ocesses A aPeR st By ARENIT0 SHARS TaShtInah R Hogs d2F et SE?&'?LLV
H;?I ’(;Idvvs Sﬂgﬁ%gﬁwgeéhﬁ%%%h&mﬁeﬁe&bg ﬁﬂ?sgwgﬁ%ﬁd%kvector V\ﬁ%[l eﬁdm; data

Symbol s 't Gef@ndel @8S L L e‘-‘h%ﬂ)t@? dSPW LG Hteerih® vEAS: MAN §ekect gekel Har

termnals; I'da is an Rap xNdn natrix wth a downl "k st&&ring vectors for

the Ndn sgl ec \M;ﬁ]p Vdn NW ; and
ljdn is anﬁl‘ﬁﬁpéﬁpﬁwgec?]g?mﬁe?ﬁ&&eu t raﬁh%lygg%sg&ga&ohﬁg "be%%c}{sl ?egm t he Nap

access poi Bl sy onsl%ﬁd HGeAGCRSS p% Me 5@&321%0?19: ﬁpﬁtdh‘@:h' %nﬂr@ S5 the

downl i nk stream t or#&dth user term nal a nor Il zed
downl i nk vdn ear term nal
s equi ppe%g(ﬁﬁ% ﬁﬂae;ﬁs%g%gthw%%n@{eﬁﬁg&q?&b @d @u&?&?@# te@re @ﬁ& t he user
term nal ¢ (f.0 C | pr SSj| , E, or sone
ot her tﬁ%cﬁgenﬁmie@mﬁlﬁ Sgg'%ém?‘e’wvoggﬁ"t sg%ggmﬁ?ﬁq%%qngssmol stream
Ifa ter o} e A e: . N, m
<teup) fler o Earit? o #ﬁ% oo 3ol ReAUBRRED oL ol "< cam
in the pr eismsmﬁsmﬁ cThess ttedhiigue mayt dis be hused &atdown&nﬁotrartshnssmﬁs A(0078] For
clarity, the SDVMA transm ssion techni ques have been_ described for a single-

carrier nﬂ%%Wﬁ@@? onsg m#rix | By » Cotibhabtampd &5 cecdctsel §uBisalmy al so

be used for wi deband M MO system and, a nulti-carrier M MO system A
wi deband Mz@gl decomposed to obtain a downlink steering vector y,, , for the user termma The

access point can evaluate different sets of user terminals for downlink h'apsmlsswn
(e.g.,In sirhilar manner as that described above for the uplink) and select the Besfléet,of
Nin user terminals for downlink transmission.

[0076] For downlink transmission, the access point spatially processes Ny, data symbol
streams with Ny, downlink steering vectors for the Ny, selected user terminals to obtain
N transnfit symbol streams, as follows: |

X =N San » Eq (22)
where s, isan N, x1 vector with Ny, data symbols to be transmitted on the downlink
to the Ny, selected user terminals;

Y, is an N, xN, matrix with Ny, downlink steering vectors for the Ny,

R
selected user terminals, which is ¥V, =[V,,; Y4z - Ygu, 15 20d
X, is an N, x1 vector with Ny, 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 ¥, for beam-steering,
[0077] If a user terminal is equipped with at least N, antennas (i.., N,,, 2 N,,), then

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



systemmay utilize CDVA as the underlying wreless technol ogy. A
multi-carrier MMO systemnmay utilize OFDM or sonme other nulti-carrier
nodul ati on technique. OFDM effectively partitions the overall system
bandwi dth into multiple (Np) orthogonal subbands.; Each subband is
associated wth a respective carrier that may be nodulated wth data.
[0079] For a M MO OFDM system for each user term nal, the channel
estimation may be perforned for each2df the Np subbands to obtain Np
frequency-donain channel response matrices for the Np subbands. The spati al
pr ocessi ngotheryteghaiqyer oisplats dnd regever de slowalinke data Symb@h@trambodf mewser each of
the Np chapnel res nsemrlce I n entl ed.to obtain NF
st eering v@B?IB? Hpﬁg Wﬁ}léﬁ’ﬁgﬁr’ﬁ’dg"l’ %ﬁ%ﬂ?‘ g‘ﬁﬁpqﬁ bieBher f or med
for each sy dvmthth t eer r obta| edfor t and. In
anot her enty “QI et FeR Ve ﬁﬁ&ﬁ%g%@ﬁﬁﬁb ?ﬁta%a}%%t ﬁP@?‘E&PEﬁﬁ’W@%%@P i s
deri ved fome@ﬁﬁhdﬂ§g&nﬁo$§tmaﬁﬁ] based on the NP channel response matri ces.

Spatial processing is then perforped for .all NF subbands with this single
st eer i[#g8 lvect orForg é)fﬂhemﬂmﬁnﬁl@é@ﬁme&bﬂeﬂ@e@ﬁ%ﬁ@d foeapiaglee vectors

0. 1P, Kl fbaiMiyio, Dien A TRl SRANISE diprulal vi 1

elther the SI n € or he "user erm
eval uated: &a&eﬂdehzmd MM(D sj‘(stamumhs:mudiemnd@mmefsiyaeﬁu Ve vﬁMﬁﬁtBMIMOESpOHSG

CT

vect ors. [0080 | For ~.a.w deband M MO sy i)r each user term,nal, a

ti me- domai wstsnhmwuh lizenbI1Mda s thsornder 458 JeOBROIORY. o h &RPIH-6HTIBRCh of
mul tiple (

enbodi rrent eer| ng%\@%?%%%ts%ﬁe P@g%%éﬁéggﬁﬁ%g@gﬁqn Elm%?l(rélal based

on the Np- Oﬁﬁhheﬂfechnqdy partitipessthe oeseal hgsteindasdwidth inwadultiple (Ae)mthngonbbr . t he

frequenc ect re, of the channel . 1In a ot her one
L ooy Sibil ERRATEt Bostobaich b RS coFer g5 A OREL od o

t he channelmth[mgl se response matrix for the nmain signal path with the

hi ghest energy. - In. anéz(gase t he steering vect orés) may be used to derive
one of00Ri e ef feaai MBMQOFDM:sysiem, fﬂég?fbn@@ toratingly e chavnelestimeatianrmayur n used

to eval uat el e Lon. ry MIrMo
System 100 rg?réedztﬁéhg@k& h%l‘g}c%(ﬁ%d r r’r?bglgg@ngrgg ﬂ&?%ﬁg'ﬁlafit WO user
term nal s ile%ﬁiﬁ'se ahtict2 B the N Mbbsust The 4§0fal ﬁ@ﬁﬁsﬁagﬁﬂayﬂbe péforingd @Oui pped
with N,, antennas 424a

_various manners. In one embodiment, each of the Nr channel response matrices is

indep_endé‘ntly decomposed to obtain Ny steering vectors for the Ny subbands. Spatial

: processing is then performed for each subband with the steering vector obtained for that

 subband, In another embodiment, a single frequency-independent steering vector is

- derived fbr éach user tenninal based on the Np channel response matrices. Spatial

processmg is then performed for all Ny subbands with this single steering vector. In any

-case, Nr effechve uplink channel response vectors b, . .(k), for k=1 .. N,, are

formed fqr each user terminal with either the single or Nr steering vectors. The user
;tenniﬁals may be evaluated based on.their frequency-dependent effective channel
| resporse \;rect.ors.

[0080] - For a wideband MIMO system, for each user terminal, a time-domain channel
" impulse résponSe 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 mah'iceé and used to
account for the frequency-sclective nature of the MIMO channel. In another
embodiment, one steering vector is derived for each user terminal, for example, based
on the channél 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




t hrough 424ap. User termnal 120mis equi pped with N,,,, mantennas 452m
t hrough 452mu, and user termnal 120x is equipped with N,,,,, ant ennas
452xa through 452xu. Access point 110 is a transmtting entity for the
downlink and a receiving entity for the wuplink. Each user termnal 120 is a
transmtting entity for the uplink and a receiving entity for the downli nk.
As used herein, a "transmtting entity" is an independently operated
apparatus or device capable of transmipting data via a wireless channel, and
a "receiving entity" is an independently operated apparatus or device
capabl e of cliaansdiresponge atetoes, wihichaareinr @iressed ab avalaedte ahd sélée ukal tkowihag
descripti og) the subscrl pt "dn" denotes the downlink, the subscript "up"
denotes t h&®f TN, user terminals are selected for sinultaneous
transm ssion 40”Eié}ﬁpgél_#{il\’lm@'§ﬁsﬁ§§r termnals are selected for
5| mul t aneous tr wnlink, N'P may or may not be equal to
[enst] N, p EiG 4dHpwsrapldok didgedm of acettsslpmnbﬂ(bmd teb asgdertinale H2im
schedul i ng | t steerin sed in the fol | owi ng
descri ptloﬁm{lf?g’ég% FW%EB‘# ﬁccaép gﬁbd%éqmmﬁaﬁ’flm PO§IRAS 4424 ed f or
upl i nk trapssien i @s@ﬁenﬂelsmmp e ped SAm % u?e'aﬁt%ﬁnésr@ﬁfrﬂa%x% froma
data source 486 and control data from a “controlTer 480. TX data processor
488 pr oces4Emy, and useretcmmjaisl,20xmmnpad!mﬂl memnsmst)uwgtemmm c data
{d,,,,.} f t he .user .term nal.bas thecd and . no nscherres
associ at ed?\ﬁfetsﬁp?lﬁé dﬁé%&%‘&‘i’@oﬁ“ﬁ rfofﬁg 8%?&%&%%8?‘@%8%3 a data
synbol st r ggiik{ SBachluserterinSiPEILiigh tRASGHEFBUnt rrﬂyﬁmrnﬁsanaraq{eé@hng)rocesw ng
on the data synbol stream (s" gvvlththe steerlrrllgve.ctor
nul ti pl exe&ntith fgr metdo"@i}ﬂbolf‘é used hevsted “tramnﬁmava w,a,n,m@epemdea%m t
synbol str [ A y M S
derived bagé é i up dwce c%ﬂ: E%%@ da ﬁ?x vagﬁ!’é/sg%#’%ﬁwlt_ user

term nal, 3&cﬂeﬁg Enﬁ]:?’dmaahdﬂ&per%ﬁﬂy (blfem‘ﬂa’mppthmS ondévideldupitile dErécoidingi ves and
processes converts to anal nplifies,” filters, and frequency

upconverts ﬁatﬁ “arae‘gﬁele&tswbem} andhs i%ﬂé‘y%B(SlFs@P'i‘% the ybsraipb rat dlengtes tBe i nk

si gnal . B
transm ssi o% mﬁﬁug&b%n den%ie;.l; fhe %ME@ ctclzlgeg l;t Q}“Bg%iﬁs"h’gg@é ﬁfiogg?)l Np
user term soudtanmys btaarsmﬁnemul onl fher uplmkulN.,anemstet‘mmalsmasmsalnctem fohe uplink.

Each of these user term.nals r f tial proce data synbol
stream wit ﬁm?“tlté“eé’f‘%g?l?%“\y@c‘i’rgﬁl éﬁﬁ%% E s‘ﬁ %q'(lﬁé?\éf% Sy nbol
streams onpthgnd WP} Bl DeOstdtieeyMGs &% cah Thitge for each scheduling interval, For

simplicity, beam-steering is used in the following description.

[0082] On the uplink, at each user terminal 120 selected for uplink transmission, a TX

data processor 488 receives traffic data from a data source 486 and control data from a
controller 480. TX data processor 488 processes (e.g., encodes, interleaves, and
modulates) the traffic data {d

wmi Tor the user terminal based on the coding and

modulation schemes associated with the rate selected for the user terminal and provides

a date symbol stream {s__1}. A TX spatial processor 490 performs spatial processing

up,m

on the data symbol stream s, } with the steering vector v multiplexes in pilot

upym —kip ¥
symbols as needed, and provides Ny, transmit symbol streams for the N, antennas.

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

Vg Hopm
for the user terminal, as described above. Each transmitter unit (TMTR) 454 receives
and processbs (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 Ny~ antennas 452 to the access

point.




[ 00841 At access point 110, Nap antennas 424a through 424ap receive the
uplink signals fromall N' p user termnals transmtting on the uplink.
Each antenna 424 provides a received signal to a respective receiver unit
(RCVR) 422. Each receiver unit 422 perforns processing conplenentary to
that performed by transmtter unit 454 and provides a received synbol
stream An RX spatial processor 440 perforns receiver spatial processing on
the N. received synbol streans from Napsreceiver units 422 and " provides N p
recovered uplink data synmbol streans. The receiver spatial processing is

per for [msb}l N acqQ) GeACRmtinkl e be@vheduM¥Slor sBhéitan8dusSRARMAsIA of NN que. A

spatial filter matrix Map for the access point_ is derived based on (1) the
recei ver spifink| Eaph of taess Hepr itempralypeionms ap#ial prasessingeess ity Gptatsymhel (2) t he

effective ' RN T ¢ .|

term nal s. Usgg%{ﬁ@ecov%fgégél gu‘%ﬁ@g%g@%@%g@ %%E@{%S%Q%Mge%y?g%aen

est i mat e ofupdinkl &t the ageedsqloirdt r eam {sap,a, } transnmitted by a respective user
termngl . An RX data pracessor, 44 rogesses ., denogul at.es,.

dei nt efq['@‘ﬂyes, Ahagees B?)‘H'_eﬁl)%" &&&?g@’g‘?o‘@%f @’GO“EBI%P%@P W&?‘&e&’?%@ %W@am
{s"ap,,a} i|R@eA,da8GacMihdls bfmilik SnUaE dplhk Eﬁb?atan'iérﬁﬁaﬂhtéa?o@&&%' n
decoded data. The Hecoded data for each use? termnal may bé provided to a
data si nk 4wtdeivedr signabritagereaprdtive rexeivemunib (REYRY 302 diachf ieediver rungtr 42essi ng.
100851 On the,.downl i nk

recei ves t rEPIES P?ﬁ?%?h‘ﬁ?‘tbﬁpjgrg%?gggé[}i’@é&e?i@g%?%ﬁy&%’té‘g B&? C“t%ﬂfﬁd'n%fdg

schedul ed fgbvidawkdceived KRBT AN, An Rxﬂﬁfaﬁhl Q@ée@sd‘rrm perfofiid feekivar 430,
and possi bly other data froma schedul er 434. The various types of data may

be sent on Watidlerecassing emip Vo reseizethwmbol stycams tfeonp Nocisesvar units §22endcesses

(o3t oo P TPV A AT e 1Bt Aol o
processor 4gdforhédit sieerdiiie withvitd OEMIAMMSE,BIC| of kémesthef Gachhitise. Nda user

termnals. A TX spatial - processor 420, g_erfqrrrs spatial processing on the
Nda downl i n¥pati diltestiatsin) Ms; fos dhesaccess painkis daryadbageisorofl) fisaecsiNenEnaipl st eeri ng
vectors for the Nda user termnals, multiplexes in pilot synbols, and

provi des NaProgeseng fgohnigyeriysid By theagrsessgromtandn) the, aiestive Siplipk champelansi t t er
unit 422 recejves. roc L lve ' |y 24 reamto
generate a ng\’/H%l XHEI%%I %ﬁaﬁf %grﬁggﬁ&%gi%ﬁﬁl%@g g%#]f%g%%ed;%(pg@?gg%@glﬁ ownl i nk
A Ceach useeRBrpnars osumgihiol 8Red RN eAE L. o R ERIOA AN | nk
si gnal s user terminal. An RX data processor 442 processes (e.g., demodulates, deinterleaves,

and decodes) each recovered uplink data symbol stream {5, ,} in accordance with the

rate used for that stream to o‘btain decoded data. The decoded data for each user
terminal may be provided to a data sink 444 for storage and/or a controller 430 for
further pfocessing.

[0085] On the downlink, at access point 110, a TX data processor 410 receives traffic
data from a data source 408 for N, user terminals scheduled for downlink transmission,
control data from a controller 430, and possibly other data from a scheduler 434. The
various types of data may be sent on different transport channels.' TX data processor
410 processes (¢.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 Ny, 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



from access point 110. Each receiver unit 454 processes a received signal
froman associated antenna 452 and provides a received synbol stream An RX
spatial processor 460 perforns receiver spatial processing on Nur.m

recei ved synbol streanms from Nutmreceiver units 454 and provi des a
recovered downlink data synbol stream {sd, m} for the user termnal. The
recei ver spati.al processing is perfornmed in accordance wth the €CCM, MVSE,
or sonme other technique. A spatial fibyer matrix M,, mfor each user
termnal is derived based on (1) the receiver spatial processing technique
used by tih%mﬁstﬁrgeﬁeﬁﬁtmaﬂﬂwrﬁﬂﬂ sighdl. thg trﬂimﬁitérﬂiﬁl@ hap B?dwdeeﬁp%%ﬁluﬂ?t rix H,"
for the user termnal. An RX data processor 470 processes (e.g.

denodul at e@@%ﬁe@h@@wmms&owﬂdaﬂ@@@é&% o theaser mminalsed downl i nk data symbol

strea obt ai r ch user
term a?alzo ‘Qt% ?qee a?felt g’rN %ﬂaﬁ&?g 45% %ﬂeofvo%%%knk 3‘ hel
response afioknpicesss %mt doon|Hapk redevenahit ¢54 pﬂn‘essS awbdetvedrgighal fieluge channel
gain estimates, SNR esti nates, imlarly, a chanpel estl mat or 428

an,
estimtes apofatefhaptsrnce Hah el me@g%gere%ﬁgpmh%ﬁweml i 4 Bfa PRt}
esti mates t: nd NSRSt on may
be deri vedpl E\%\s/ozrtﬁgt}ie?ﬂng%%g%gﬂéﬁéagféﬂoprg&%%ﬂmlgfnhé#ﬁtvh@gﬁx% systsZm Is a
TDD syst enfrom Mg, FoEiveystindSdamd mieddssi dredowmadvdawrlinktdata symbel stegamvect or i s
derived by p entity . 9., Lhe agcess point and needed by another entity
(e.g., thell ro‘f@mﬁiwr;nmatl hilapmveaﬁ@hé#ﬂrm%m%mﬂpw d 18 AEROFY2REF vect or t O
the other entity. [0088] Controller 480 for each user termnal typically
derives t h#ithheGGHLS ORI Ok her faghniqyeorA mah@&mm&m ‘Hzfé@ﬂ on the

downl i nk channel at user term na Controller

Hd r
790" der T vt TemipERREvE Pe o (DR roheiysgptia FCES e Sond on the
effect i ve_ ol ik sHRANE [ASHETRAmIR! HiatdUbsoohle malR0sfof Y yfef or  each

user term nal may send back I'n mat 1 on e g., and/ or

uplink st gehingd )Kﬁ‘EXerﬁta prb¥dss@f U0 pFoRSssestR S, Sdénfbﬂﬁlaieﬁ (ld’hﬁeﬁéh@@ass fndooi nt .
Controllers 430 and 480 also control the operatlon of various processing

units at adeedes) heirerovared devinkslata symbelsitaam to otgain deensled date éorythe w8r [ 0089]
FIG 5A shp\{/_\rrﬁ ‘3‘1 bl ock diagram of a TX data processor 410a that supports
CDMA. TX data pr’ocessor 410a may be used for TX data processors 410 and 488

i nOI Flj6as714. th sachXusdn termiiiab 426,59 chatihBlRestintat@ 478destindicd the eiwiBisk and codes
a aata

channel response and prowdes downlink channel estimates, which may include channel
galn estunates SNR estimates, and so on. Similarly, a channel estimator 428 estimates
the uphnk channe] response and provides uplink channel estimates. The steenng
vectors for downlink and uplmk transmission may be derived in various manners
dependmg on whether the MIMO system is a TDD system or an FDD system, as
descnbed above If the steenng vector is derived by one entity (e.g., the access point)
and needed ‘by another entity (e.g., the user terminal), then the one entity sends the
steenng vector to the other entity.

[0088] Controller 480 for each user terminal typically derives the spatial filter matrix
M

M, for the user terminal based on the downlink channel response matrix H,, , for

==dn,m

that user terminal. Controller 430 derives the spatial filter matrix M,, for the access
point ba$ed 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 conttol the operation of various processing units at access point 110 and user

terminal 120, respectively.



stream {dn} for user termnal m based on the coding schene for the sel ected
rate and provides code bits. The data stream may carry one or nore data
packets, and each data packet is typically coded separately to obtain a
coded data packet. The coding increases the reliability of the data
transm ssion. The coding scheme may include cyclic redundancy check (CRC
codi ng, convol utional coding, turbo coding, block coding, and so" on, or a
conbi nation thereof. A channel interlegver 514 interleaves the code bits
based on an interleaving scheme. The interleaving provides tine, frequency,

and/ ongoggpat i al Fid. \8X shdws h YlodkhEag@bfl TX. dafa pydte@br FRGLHHAC sﬁeﬂf)bﬁs 516 maps
the interleaved bits based on the nodul ati on schene for the selected rate

“and provi dEBMht AXsdaimprogessend k02 mpydedised fos Taadata §@ce$§f>r5§1|0rw1ér418&aved bits

to forma Brhid SHERALIX 3l GroctlBE 168, Fa ehoodBh 912 LbehAC lnd BB%s G20, B DI ¢

val ue to a specific nodu IFfon synb ase on &me (e.q,
QPSK, M PSireaty {d\h @dMiserb@tngnalir-badéll ¢n ﬂﬁaeﬂnng@dtdmt ﬂoﬁmesseréafeh ratb indi conpl ex
value in a S|gnal constellation defined by the nodul ati on schene. [00901 A

CDMA nodul pIomdeS@ﬂeMsthnﬂatamﬁthapwdymne@DM@re 4ts hacketSDiVA eactodiid at or 520,
a channel i ze v and n I|zes t.he data.s and pil ot

synbol s onP %@ %‘gaé ﬁﬁ&@’ aig3 epfed @p@%'ni‘ﬂb?%ds%gﬁré B ed with a
respectlveﬂferfemfﬁﬁ@abf%qa@ta%smgﬁﬂ Mple REdidg %héﬁe%&ﬂ“ﬁ{éﬁﬁe @Rli@r t hogonal
variabl e spreadirng factor (OVSF) sequence, and so on e channélization is

referred teduadencyeheck (CRC) aqdlngs:moiohmblchstwsubcn@bdl@ bloakicoditig, and W CDVA. A
scranbl er 524 receives .an ds t neI zed .d ta for

mul tiple c S c%fnﬁ%?@n%°Pﬂ]‘%{g°ef§s§&h#‘Pgﬁ%e6%ﬂ% éﬁgrm'i ﬁ‘i‘\ﬁ gﬁlf

provi des absskd @aMnCihtedadving Bitieme, \WheGhtefl@dvingShraPides tilnk, ﬁ'éqlféﬁéhﬁ?taﬁﬂlfoﬁs a data
synbol stream{s) . The spectral spreadl ng is referred .to as " greadl ng" in

| S- 2000 ana)an@cbwrawofor@élcamus@ symbolnaming unfhy 6 mmﬁh@mtezlaweé itand
| nil 0091] F
spectra SB£5%@9¢1] ag:a,ge;&mggvxphé% fopﬁ')e%ﬁ?@@p&t@ d grg%ﬁéé R8s eyglga ] For

t he uplink; “eac eamis transm on a:r |ve code
channel , Wﬁlﬁ:goups adhsawﬁﬁ ilgrleavediies! to fatn mbw‘m’m-ﬁmalm twhegoR&l 1, ardjuence.

The Nup sel ected user termnals may,concurren transmt N' p Qr nore data
streans onﬁ%ﬂ } @pRsfiach grl%lmf’é‘éﬁﬂla sperafic mp ﬂ&nsswﬂéakfrﬁsefi%l}th@m@ham per f or ns

spati al S _SylnK I chip
stream) w ?ﬁl% -=;}-(£an%Sij %ﬁg&\s/gc@ﬁwv@%ﬁ (M sztB) %ggh grﬁ%du lﬁ’l %i}b%})rocesm ng
occurs for1§af@n@maluekn an@nalkeﬁmmu&i déﬁnéﬁbﬁmemdalaﬁbmedheﬁeagram of a TX

dat a pr ocessor' 1410b t hat support
[00%] , A CDMA meodulator 520 performs modulation for CDMA. Within CDMA

.modillator 520, a channelizer 522 receives and channelizes the data symbols and pilot

?symbols onto different code channels, Each code channel is associated with a
_respectlve orthogonal sequence, which may be a Walsh sequence, an orthogonal
-vanab]e spreading factor (OVSF) sequence, and so on. The channelization is referred to
“covenng in IS-2000 and IS-95 and “spreading” in W-CDMA. A scrambler 524

‘1;e!c ves ,angllspectrally spreads the channelized data for multiple code channels with a

’ HS

udo-random number (PN) sequence and provides a stream of data chips, which for

sun libity {s:denoted as a data symbol stream {s_}. The spectral spreading is referred

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

[0091] . 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 ﬁser terminals may concurrently transmit N, or more data strearis 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

¥, Similar processing occurs for the downlink.




OFDM TX data processor 410b may al so be used for TX data processors 410 and
488 in FIG 4. TX data processor 410b includes encoder 512, channel

i nterl eaver 514, and synbol mapping unit 516, which operate as descri bed
above for FIG b5A TX data processor 41 Cb further includes an OFDM

nodul at or 530 that perfornms nodul ation for OFDM Wthin OFDM nodul at or 530,
an inverse fast Fourier transform (I FFT) unit 532 receives the data symbols
from synbol mapping unit 516 and pil opgsynmbol s, provides the data and pil ot
symbol s on subbands designated for data and pi I ot transm ssion, and

provi ¢mezja si grEG.\58 seovaf a berck diaagrmﬁenfm TXydhtoplocéssor ¢p0bhthaublppeds not used

f dat a/ d OF t 532
{ranst or neOgDYe: T ARReReist e 4 [ ey %%%Egﬁc&wl&aﬁ&%m. n
using an NyFigokniry aaf@pfoeegs@:shoﬁ%ma%g chdoBA 919/ RaAiiel iUy BPS142 and

correspondi ng transforned synb that contains NF chips. A cyclic prefix
gener at or §&abotl sEpping witpdi6t I\Nﬂ)whcipemas dﬁﬁmdfabovmﬁbrsﬁlﬁbdﬂ t 8Xob#ami n a

correspondi t co The,r. ed portion
is referr eamg"t?mé%[?%f E‘cﬁﬁgﬁ‘ arrkahg] ?@% %3@%& E'PS @Pdulﬁﬁﬁn&é bei ng
repeated. GOEBMYWithin DFEM MmNkt $30, HrinvérbefeFEdMrRY taifore (BED uif S

or t hogonal 5&eopert ies in the presence of nultipath del ay spread caused by

f requency re@ewes\/bher dalz symbels drom symbeljmapring uak pdfsed pdat syebalst f 1 at) .

Cyclic pref] Is Y ch for
sinplici ty ]':gldg enoﬁ%%llopa%%ﬁg%nﬂm%%@g‘?e% Wr?‘f BOG@%]p {or t he
upl i nk, eaﬁmsdﬁdsﬁnﬁm{mp‘tbvﬁ&s & aignilsvalueasTEBiol (a€deroN sfmb6I3 FerCéacl eutbeid of
subbands assi gned for that stream The N p_sel ected user term nals may

concur r ent gt usg¢ 59154#3@4% f@ﬂ“ﬁﬁﬁi@ dEeracagh IQEQM symbal periade HE T pmt 63t set s of
subbands, }Q’Qfﬁﬁﬁmg%%t 8§ gc%t,f&{ﬂ b%lsat%sthgli‘iﬂfé a{ldi’m?ﬁl tsgg%t e set.

Each user rmnal per eSSI ng on al synbol
streans (opoint mvéﬁd]‘ﬂstsl}trdmt traﬁsfmw:)ndvpr@hddshecomspmdsﬁg&mnsﬁogm@:yﬂdml vup. m or

Siml f | k 00941 F | t FI GS. 5A
alng1 SSrshogU%feﬁéﬁ %ﬁ%g\g’cé?lﬁﬁ 19 rcy aéeg'?‘iaf%rﬂg’? ;rl??eﬁfr (.‘i'SIB ﬁﬁ(r%’lfc%@ dat a

nbol st | t |
onthe dowtiaigited sl ‘i‘"ﬁ%&%@égﬁé‘%ﬁ?&@’#ﬁ?ﬁ% ﬁ;%gg@g R e
processor Eﬁpi%ﬁ?%&f’&h& Q%%n%&"fﬂ)&' %cﬁgﬁﬁeﬁxlgﬁ)@ 1§'t}§§1m1§ﬁ%r@f‘d 5B show

specific inp fons in which the proces for EDVA and OFDM are
per f or med plnps)bemg) regreated p afheatycic poefbs ensyres cbhatrthﬁ ﬂm:it&ymbal rdtammﬁsn ssi on.

I this cagg, NS It Eh 10583501 o DEIESASIY SRN MBdL P r 2T

selective fadmg (i.e., a frequency :esponse that is not flat). Cyclic prefix generator 534

provides a stream of OFDM symbols, which for simplicity is also denoted as a data
symbol stream {s,_}.
10093] - For the uplink, each data symbol stream is transmitted on a respective set of

subbands assigned for that stream. The N, selected user terminals may concurrently
transmit Ny, or more data streams on different disjoint sets of subbands, where each of
the Ny subbands is assigned to at most one set. Each user terminal performs spatial
processing on all of its data symbol streams (or its OFDM symbol stream) with the

r ¥, Similar processing occurs for the downlink.

same steermg vector v, , Or ¥, ,

[0094] 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.

[0095] FIGS. 5A and SB 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



27 OFDM nodul ator, as shown in FIGS. 5A and 5B. The processing for CDVA and
OFDM may al so be perfornmed after the spatial processing for multi-antenna
transm ssion. In this case, each transmtter unit (TMIR) would include a
CDMA nodul ator or an OFDM nodul at or that perfornms CDVA or OFDM processing
on a respective transmt synbol streamto generate a corresponding

nodul ated signal. [00961 FIG 6 shows the spatial processing at access point
110 and one user terminal 120m for downlink and uplink transm ssion. For
the uplink, at user terminal 120m the27data synbol stream{s,,,,,,} is

multiplied with the steering vector v,, 05%/ TX spati al processor 490mto
obt ai n t he PFRNSmofulaloRins) shpwatip FIGS,” SA’ ang GiB. ¢ H@e ppPdepsing for GleMésend poi nt

110, the re | wye u as ot her
user term ggp}of%@mt |b|}5‘I Pérgfvm t hafgg}g%gt [ aFl F &ﬂrﬁat ri X @7? a\éﬁhllé uni t 640
and f urt her trasmissidn. V\hlttinsaczse,agmhaianmaither mulDe(‘WM’ﬂ&) waomldlmclﬁeﬂe?atEDMbst ain the
recover ed dat nbol he uplin Its. 640 and 642 are part of
an RX spati Q‘PS'H? bﬁh@ dPi?g"r R E;E%Hg BIOESSHEB W based
on the eff efegpewvewpéngmh s?xﬂ@él%&barﬁ RERABSE » c%ﬁkgpbﬁdﬁg&odulaﬁﬁ sigﬁmng the COME,

MMSE, or sone other techhique. t he "down ccess point 110,
the dai@%élynbol El@‘t;tﬁmhosydrthe( Watldlproqemngmte’scdshpombm amdk onkaysar teymimel st r eans

f 120 h I d h
he down! | nidlot B APREIMERA iy BngyHRR i%aiwi* sh el o 1 ¢ e
transmit SYHQQEyﬂ{FcHts&Emﬁ ﬁ?ﬁs EhgipHenRlith e stéd tde & M R T 2R the

recei ved synbol” vector IS rrultlplled wth spat idf” fllter matrix Mi"n

oy a unt  GRPesi %gbwfowmﬁ% %Jsi?ﬁtt%rrﬁgﬂ}'&%n@l ’I?r‘{hg N APho@sdNi t 662

to obtain a |nk recovered data St r'g ‘for user

ter i nal 12961}1tH@ ﬁ%r@q@@eaegn@og%ea&er B s ftema;@%%w@fl%gﬁame%om The

matrices M, eri ved“” ase wnl i nk
E,
Sone ot her  oanfalf B “1'{*186983?% %ﬁﬁ@"ﬂ‘ﬁmﬁ%&%@géﬁ@gr%&ﬁo@@f L oatial
Fregﬁﬁfégé aHd ﬁ%ﬁd oA i bﬁﬁb%@ B ohiet e o oveiels s DS st deor 4400
RX N . d
ocei ver pr BRAEC ARG JGHE 6'f4€pran§|r5§9t ug‘gyﬁﬁ%%i pighprichishe BB olfh)  nup
user term ngl chesEfi\‘ih ld T;0955 dérived IR o e ErotHIGE WBuRP Shdtlr REREESSOT 710,

an 28

matrix H,, ., and using the CCMI, MMSE, or some other technique.

[0097) For the downlink, at access pdint 110, the data symbol vector s, (which
includes the downlink data symbol streams for user terminal 120m as well as other user
terminals) is multiplied with the downlink steering matrix ¥, by TX spatial processor

420 to obtain the transmit symbol vector x,, for the downlink. At user terminal 120m,

the received symbol vectot r, , is multiplied with a spatial filter matrix M, , by a unit

PLYTE

660 and further scaled with a diagonal matrix D], by a unit 662 to obtain a downlink

w=utm

“recovered data symbol stream {§,, ,} for user terminal 120m. Units 660 and 662 are

part of RX spatial processor 460m. The matrices M,,,,, and D, are derived based on

Dot
the downlink channel response matrix H,, for user terminal 120m and using the
CCMI, MMSE, or some other technique. ‘

[0098] FIG. 7 shows a block diagram of an RX spatial processor 440b and an RX data

- processor 442b, which implement tl:_te 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



i nterference canceller 720, an RX data stream processor 730, and a TX data
stream processor 740. The last stage includes only a spatial processor 71Qu
and an RX data stream processor 730u. [0099] For stage 1, spatial processor
71 Ca perforns receiver spatial processing on the Nap received synbo
streans and provi des one recovered data synbol streamfor wuser termnal ji
being recovered in the first stage. RX data stream processor 730a .
denodul at es, deinterl eaves, and decode§¥fhe recovered data synbol stream
{saP,j } and provides a decoded data ream{d,,.,,}. TX data stream

processor 74Qai@&ke dasecllel ﬁﬁ@rdne@zecam Sm Qéés%tre)%otﬁﬁ‘qg %gﬁ stream
i for at s

{dp. } in the same manner pérformed by user term na ream and
provi des a ipeaeesson Z40 dThe lesiostagst ineludes oply a\mpatial l}rocesscrrt'ﬁﬂflemémnd{}édateel | er

720a perfor g@iéﬁmﬁgg%%ggg?spat!al processing on the renodul ated synbol

stream {suP ‘fective channel response vector h,,ffj for user

termingbogs] to oBbmdtipeNyEpitiil prdcedsenTapRifv@eRtsvatipatiad phdiRssiipl eh Gy nbol
stream {sap.,, } The Nap interference conponents are Subtracted fromthe

Nap recei ved"a;slgﬁmtﬁd symbpksivegms sndprowides g pecovertd dad sppbdl sirea {&asforwhi ch
are provided to stage 2. [001001 Each of stages 2 through Nap -1 perforns
the same pr #8®deiHpalas benggecavered| ipethe firsstagpe BRI slatposirermeprossseyoi30at r eans

| ast stage RErPORAES SEAR 's%‘vse%y?a‘é‘lﬂéféquﬁ@ﬁ]smo&%%@&%ﬁ%mﬁ&%%ﬁp e

synbol streans from stage N. nd does_not performinterference
estimation &Fﬂi“@ér?cé?cloﬁﬁq gria’ %MO@L sdpat Kaflaty sEeam f6eoessp1 G402 neodeh 710u
may each inplement the CCM, MVSE, or sone other  technique. Each spati al
processor 7 Iifertnaies pihdemodiﬂatemphﬂ d@aodecbldatedstxmn I{’d‘gl } i inddhessameomanmmeet or r;
;r wwth a spatial filter matrix M to obtain a det ect ed synbol vector sip,
sel ects and pederinsd bymeerdérmined jicfor @etmammmovslm smpdulated symbolisiteam t he

scal ed synboL S s the refi ed d Q str m for .t hat tage The
matrix Mp iSed Tlelg’g&iaﬁgg%&mbcﬁ % %@ﬂb n%q"c?sé@%(?ﬁs matrix H
for the sta |G 85h k.di agram of an enb0|rrent of -
control | er 1 dgﬁpgedlgzglpggatre@p it%mlv %ﬁﬁ“fe TSPPRSE YESIRG R aor

430, o r oquat B BEHEd t%glf%w&%&v&s&%“m%lsegée@%ts”@s@@&dé%@w?1 Sar
termnal s 12{9-4:,;1 }".d THQ%%! ﬁkdfe%@@é&nﬂoﬁ%@%%uﬁ&d&f@d%&ﬁ? theSP U récBived symbol

streams to obtain N, modified symbol streams, which are provided to stage 2.
[00100) Each of stages 2 through N, —1 performs the same processing as stage 1, albeit

on the N, modified symbol streams from the preceding stage instead of the Ny, received
symbol streams, The last stage performs spatial processing and decoding on the Ng,

modified symbol streams from stage N, -1 and does not perform interference

estimation and cancellation.
[00101] Spatial processors 710a through 710u may each implement the CCMI, MMSE,

or some other technique. Each spatial processor 710 multiplies an input (received or

modified) symbol vector r’, with a spatial filter matrix Mf,p to obtain a detected

=gic

symbol vector §° , selects and scales one of the detected symbol streams, and provides

Zupr

the scaled symbol stream as the recovered data symbol stream for that stage. The

matrix _M_ is derived based ona reduced effective channel response matrix H,,p g for

the stage.
100102] 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



These access requests are for data transm ssion on the downlink and/or
uplink. For clarity, scheduling for uplink transm ssion is described bel ow
[ 00103] Request -processor 810 processes the received access requests and
provides the identifies (IDs) and the status of all active user termnals.
A user selector 820 selects different sets of user termnals fromanong all
active user termnals for evaluation. The wuser termnals nay be sel ected
for evaluation based on various factorg such as user priority, the anpunt
of data to send, systemrequirenments, and so on. [00104] An eval uation unit
830 eval UatQmestAsdnt Htus@f tekBMhls 1120 Hhid pbKiAN dcRECHLEGE RoMAWHE soli@Es. @ Metric
for the set.” For sinplicity, the follow ng description assunes that (1)
overal | t hribesgHaseass requgsts arepfor data trrusmission9e the ownkinke aiddest uphaku dor nk
channel re |5 ' : i ve user term nal.

Eval uation%%ﬁg?&gg%‘ﬂ@%g‘?ru@ggﬁé%nﬁ%@1£ @%mrrg%tﬁgtelﬁ’g}r'\ unit 840 and a rate

sel ect[0810850. MBiequiext procussor 81D @rocassed th84€rejved aotess rdghests Hidproddauthat i on for

each set of _ user rmnals. For _each. set, uniit 84Q forns the _effective

upl i nk char’qué}m‘?se(i[gﬂ@a%ﬁt?@w ative upgs temipalg o A usstslenigy i28elesie SNR f or

~each user ] ' SE60 t 0] ial ocessi ng

t echni que tl(}gﬁ(; dg?/é t% @%ﬂ%@é@hs?? nt. d&gtag%gtgﬁeedgf&(}ﬁ@%g?%ggg\ﬂ/%ﬂsﬁa Tgét of SNRs
for each wsartersstalandydet slariedeor evenatian dadedronewarious Saotors such aabsekn t he set

as well as the oyerall Eﬁrﬁou{g@ggt R' for,the setél Rat e sel ector 850 may
access a | d5RUYp éﬁ‘P‘é“tﬂ% P 1B3end, SYHpIN LoAUUPIPTES; aRd 8QP0-0f [ ates supported by
t he sy and ' | ; ' he

hi ghes?m?g?te th‘%?%nﬁ?étgg‘%ﬁog g_l‘rﬁﬁ ﬁﬁﬁﬁsett ?gﬂfﬁ%%%%gﬁﬁg%gﬁglg% t erm nal
based on t Her SNRuiw Myuhedet oFon simplicity theefollowhlg ddRetiptionedsewnesr thas() al so
accunul ates_t rates or throughputs fo | ol el termmnals in each set to
obtain ¢ he VoL APYEERT T st Bl it oF i &Rt BBl PosP e

recei ves ( Ykctbihie adlifabRIfeNéach @tveQiserte@indle BvhMatich dioMUscladRel matier 820
and (2) the rates for the user termnals and the overal| throughput for each

set from ramputgionamitdi038da rate srlestar 850.A¥atrixasomputation anib 84 pesformethe us er
term nal s ﬁ@‘_g%rﬁ]gdct%tgogt for e é’tfkéﬂ autfq)qfxg f%:f:miﬁglﬁ.h g G LNk %ﬁﬁ rfgr?ﬂspﬁgﬁ .

schedul es ( user termna or transm_ SSI b_n on the'u
Schedul er 4gdciive Aplisleshapfidl @ekpbhsedndtii gurggg, ifNthe W&t 88 compstes! e SNRor
identities of the selected user term naf$” their rates, the schedul ed

transm ssi QacH (¥ térhiskl in!the s&i Bdsbd BRCHLNE did Md RRebr bidal prAB&EIES! ON),
and so on. The scheduling information 1'5"sent to the sel ected user

term na: S. tdBRLASIsedy the BeA poitt. TRake RRoRk BHK rdokin s i Of SNRI¥BYr &weh per f or ned
in sim!lar manner.
" user set and determines the rate for each user terminal in the set as well as the overall

throughput R, for the set. Rate selector 850 may access a look-up table (LUT) 852,
" which stores a set of rates supported by the system and their required SNRs. Rate

selector 850 determines the highest rate that may be used for uplink transmission by
‘each user terminal based on the SNR computed for the user terminal. Rate selector 850
- also accumulates the rates or throughputs for all user terminals in each set to obtain the
| overall throughput R, for the set.
[00105] | Schcduler 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 seiector 850. Scheduler 434 selects the best set of user terminals among all sets
evalnated for each scheduling interval and schedules the selected user tenminals for
tranémission 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.

[00106) The scheduling for downlink transmission may be performed in similar manner.



30 [00107] The SDMA transm ssion techni ques described herein may be

I npl emrented by various neans. For exanple, these techniques nay be

i npl emented in hardware, software, or a conbination thereof. For a hardware
i npl ementation, the processing units used to support. the underlying

wirel ess technology (e.g., CDVA or OFDM and the SDVA transmission on the
downl i nk and uplink (e.g., the transmt and receive spatial processing at

t he access point and user “terni nal , tl%a eval uation of different user sets,
and so on) may be inpl enented within dhe or nore application specific

I nt eg Ci | '&'h}lla ¢ gital

Si gna{oa{pd?gcessrl%g Sg%\%\??ggﬁsmgt %?Sz%r amler%@]&%ﬁfﬁé? b%c}&@ ces ?% field
pr ogr am‘rab{aem@'an@mr r §9% exww)ase wphnrws anay, bcompbnieh@dgn hardware,

m cr o-contf SOI.S er el ectr n|c units desi ned to

performthsgﬁWﬁr%tPfg %ﬁﬁéﬁn@i erFeofr? aSqwzg 618 Wﬂtlapﬁrh ti"ﬁé’Foé’Bsfs g 00108]

For a sof tumg esddrmlsemmm @ derlyirpewirdibde téchAGIEY Ee5g. S oomvﬁa; bR OFwRs) gascri bed

her ei n nay be | emented with nodul es (e. ]ﬁmkeé)roce ures, functions, and so
D@Ex-, o e

on) that trEREMIstiAR o dgwalink #il (& thRdtanenit ad geaspites may be
stored in aﬁ&"t’BPJchsx g ’the(a%c&s pofif AR us et PhrliBar e e@agat@%fd"ff%!e %Z)rsnﬂmt

executed b processor contr ol
may be i nmeanmdtwdmy\my ba 1mhbmmited;wamrone or meret @pplicdtion @pécific ftcgredsor, in

whi ch case it.c e CcQ nicatively cau d.to the _processor via various

means as |4k 3@15‘1%5): t%@mﬂﬁt@a I prosesdqrs m@ﬁas ngisitak é‘gilﬂd?fﬂﬁféﬁngnéﬂéﬁﬁ for

ref erence are not
UIThP, Fofrabab e 0GR Rl SpliED ERHANS.

i ntended to e scope O e concep r, and
these condEpGasywyodessess, apmi'qllcmb mwrba}comtmlbtsh ICIOPInt ¢S90T, throelghmum t he

t ficat 01 d t f the disclosed
enbod et Gt Geggnd Fieratony th e en AGpertRd heisi okt ForBBriond ot 1 o ke or
use t [y9108] eSentpol BVRRaRNimpYahdn@iton e SDMA! trH8%iskien t&équ@eseaéa&%eaents will

be readily apparent to those skilled in the art, and t generic principles
defi ned hefestim mﬁeb@Pwmedd"lﬂUﬂgdui@r(eémwﬁdmm ﬁnwhpmaud separthitng: from
the spirit_o 0 O vention i s not

i nt ended t%erffggnﬁ} qﬁ? e E'escxtﬂﬂeéle}f% n03¥hne #"sv %r el %01.8@{11 ﬁwxpg be '

accorded tigt wgqe:ﬁémsz@rqa@ts 43Qn@idsasent MG B) b:hﬁeﬁcnmlu@d £proetsdoewg features
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comrollers 430 and 480). The memory unit may be implemented w1thm the processor
or external to the processor, in which case it can be commumcatxvely coupled to the
© processor via various means as is known in the art.

[00169] I—ieadings ate included herein for reference and to aid in locating certain
sections. These headings are not intended to limit the scope of the concepts described
therein under, and these concepts may have applicability in other sections throughout
the entire specification.

- [00110] ‘The previous description of the disclosed embodiments is provided to enable any
person Sicilled in the art to make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in the art, and the generic
pﬁncipl‘és defined herein may be applied to other embodiments without departing from
the spii'it 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:



CLAIMS 1. A nethod of scheduling user termnals for transmssion in a

mul tiple- input multiple-output (MM) comunication system conpri sing:
selecting a set of user termnals fromanong a plurality of user termnals;
formng 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 termnal is obtained based
on a steering vector and a channel reébonse matrix for the user termnal,
the steering vector being used by thegﬁﬁgh?;terninal for transmt spati al
processing; deriving a value for a nmetti or the set based on the effective
channel response matrix for the set; repeating the selecting, formng, and

deriving for each of a plurality of sets of . user terminals to tain a

plurality of metkic \/’él“[)?g‘é’df‘lfrscgqﬁlg“ﬂﬂ H?célt?rf“)}mgsf %é’f"‘%‘?‘“’éﬂﬂ“ ’%Eﬁ’é‘ggﬁ’lP‘ng a set
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user term nals vielehting gyiebef usentemzingls framamphg aplurality ehesgtiicaninglsy
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metric for the fggf'mgr%ll égvecg%ﬁlﬁ?ll ng a si 0-Nor's nterference
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user terminals to obtain a plurality of metric values for the plurality of sets; and

scheduling a set of user terminals with a highest metric value for transmission.

2. The method of claim 1, wherein the metric is overall throughput and the

set of user terminals with highest overall throughput is scheduled for transmission.

3. The method of claim 2, wherein the deriving a value for a metric for the
set includes

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

determining a throughput for each user terminal in the set based on the SNR for
the user terminal, and

accumulating throughputs for the user ferminals in the set to obtain the overall

throughput for the set.

4, The method of claim 3, wherein the throughput for each user terminal is
determined based on a set of rates supported by the system and a set of required SNRs

for the set of rates.



termnal is derived by deconposing the channel response matrix for the user
termnal to obtain a plurality of eigenvectors and a plurality of singular
val ues, one eigenvector for each singular value, and form ng the steering
vector for the user term nal based on an ei genvector corresponding to a

| argest singular value anong the plurality of singular values. 7. The nethod
of claim1, wherein steering vectors fgé the user termnals in each set are
obt ai ned based on channel response matrfces for the user termnals in the
set. 8. An apparslus 1 Medibd 'of Ridim' "R Wndilh | P! efiid Ribiol Y My,

communi cati on system conprising: a user selector operative to of*fl a

plural ity ofergiaalds dérived based on thervhhmmel responsemmaigix for thé useatdnninabf user
termnals; an evaluation unit operative, for each of the plurality of sets,
to forman effective channel response matrix for the set based on effective
channel responsg. veqtermethed of REiMSey, wiRkheth NA¢ Steefing RectsCor WRENEEN t he
effective channel response vector for each user termnal is obtal ned based
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schedul e a Sl a?fv yser termnals, fromanong the plurality of sets of user
term nal s, V\n%"?k aa%’ gst metric value for transm ssion. 9. The apparatus of
claim 8, wher ei rfoinigg ahalsteafin®Reditt Forl thE | idete orMiniPbhded &P FR UdigdnlyBRo NI t
operative to conpyte a signal-to-noise-and- interference ratio (SNR) for
each user t¥FRFRORMING fp 2leEgestssingulin ¥elue gnongthe pluratist ofsinguleny#ines response
matrix for the set and a receiver spatjal processing technique, and 33 a
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set, whereiset.the nmetric is overall throughput and the set of user termnals
wi th highest overall throughput is

8. An  apparatus in a multiple-input multiple-output (MIMO)

communicatioﬁ system, comprising:

a user selector operative to form a plurality of sets of user terminals from among
a plurality of user terminals;

an evaluation unit operative, for each of the plurality of sefs, to

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, and

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

a scheduler operative to schedule a set of user terminals, from among the

plurality of sets of user terminals, with a highest metric value for transmission.

9.  The apparatus of claim 8, 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



schedul ed for transm ssion. 10. An apparatus in a nultiple-input

mul tiple-output (M M) comunication system conprising: neans for
selecting a set of user termnals fromanong a plurality of user termnals;
means for formng an effective channel response matrix for the set based on
effective channel response vectors for the user termnals in the set,
wherein the effective channel responsgsvector for each user termnal is
obt ai ned based on a steering vector and a channel response nmatrix for the

user termnal, thsestleRs dpgrariesioafetdd@ingdd thiSaEhpaY for bAB U4SREMLRAITH Bah for
i ng; neans for deriving a value for a netric for the

transmt spatial. prqce n
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further conpri sing: HEARSS Gy conputing a signal-to-noise-and-interference
ratio (SNR) for each wuser termnal in the set based on the effective
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of user t%rmi%?'s wi th highest overall throughput is schedul ed for

transm ssi on. ' 12. A processor readable nmedia for storing instructions
operable to: select a set of user termnals fromanong a plurality of user

termnals in a mltipleesi L e otggg ' system
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effecti ve cﬁan el resao
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Vettor 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;

means for deriving a value for a metric for the set based on the effective channel
response matrix for the set;

means for repeating the selecting, forming, and deriving for each of a plurality
of sets of user terminals to obtain a plurality of metric values for the plurality of sets;
and

means for scheduling a set of user terminals with a highest metric value for

transmission.

11.  The apparatus of claim 10, further comprising:

means for computing a signal-to-noise-and-interference ratio (SNR) for each
user terminal in the set based on the effective channel response matrix for the set and a
receiver spatial processing technique;

means for determining a througbput for each user terminal in the set based on
the SNR for the user terminal; and

means for accumulating throughputs for the user terminals in the 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.



vector for each user termnal is obtained based on a steering vector and a
channel response matrix for the user termnal, the steering vector being
used by the user termnal for transmt spatial processing; derive a val ue
for a metric for the set based on the effective channel response matrix for
the set; repeat the selecting, formng, and deriving for each of a plurality
of sets of user termnals to obtain a_plurality of netric values for the
plurality of sets; and schedul e a set %? user termnals with a highest
metric value for transm ssion

12. 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 chanmel
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;

repeat the selecting, forming, and deriving for each of a plurality of sets of user
terminals to obtain a plurality of metric values for the plurality of sets; and

schedule a set of user terminals with a highest metric value for transmission,



