1 MUILTI - ANTENNA TRANSM SSI ON FOR SPATI AL DI VI SI ON MULTI PLE ACCESS
BACKGROUND 1. Field (00011 The present invention relates generally to
data communi cation, and nore specifically to multi-antenna transm ssion
for spatial division nultiple access (SDMA) in a nultiple-input

mul ti pl e-out put (M MDD comrunication system |1. Background (00021 A M MO
system enploys nmultiple (NT) transmityantennas and multiple (NR) receive
antennas for data transm ssion. A M MO channel formed by the Nr transmt
and NR r eceMEIATLANEENNA TRANSMISSION FOR SPATPAL BIVIRROMN! s, where
NS5 mn{A,, NJ. The NS spatial channels nmay be used to transmt N5

i ndependent data streans to MJALEIBRLE A€GEESSveral | throughput. 10003)
In a nmultiple-access M MO system an access point can communi cate with
one or nore user termnals at any given nonent. If the access point
comuni cates with a single user geegidighynpren the Nr transmit antennas
are associated with one transmtting entity (either the access point or
the user Iermmeld, and the NR receive antennas are associated with one
recei vi ng enti,igll%iF geithe.r the user termnal or the access poiny). The

acced@WHoint ¢ JESTRL CPNTRINGN cEgtates BEusTratly| fo; fHR QoEURMINGaAR,  Fjd; more

si mul t anegiésifivalk) B meltMitenh® framliRion O sBEIER FisidR iiitiple 'aEéeK@%DMM' ple
antennas for dat'a transm ssion and reception, and each of the user

t er mi nal sinapligpletippuimultiple-guipnd MIM@mremniusicatien syster: ansni ssi on and

mul tiple antennas for data reception. 100041 Sone key chall enges for SDVA
ina nmultiple-access M MO systemare (1) selecting the proper set of

user ternipnal spi@grsdn®! t aneous transmission and (2) transmitting data
to and/or fromeach selected user termnal in a manner to achi eve good

syst é#08er f or rArMBMOTSIstem praploke ratiple (M) rieagsmit qnieppasagnd mpltiplec@¥rhi ques
to effici : : I :
SUMVARY. 150043 SRR T A lihenRisih, NI RREA T R W Y N Mlhert o
SDMVA i n aaid MR reyivt emntennes desic ibiebdetotnposidnintd Wés epatet haupelss whgre be used

in conbin Slsorginvr]\}r,h N,}. The Njs 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 Nj 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 muiltiple 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.



vari ous wreless technol ogi es such as Code Division Miltiple Access
(CDMA), Othogonal Frequency Division Miultiplexing (OFDM, Tinme Division
Mul tiple Access (TDMA), and so on. For uplink transm ssion by multiple
user termnals to a single access point, an uplink channel response
matrix is obtained for each active user termnal (e.g., a termnal
desiring to transmt on the uplink) and deconposed to obtain a steering
vector for the user termnal. Each usér term nal uses its steering vector
for spatial processing to transmt on the uplink, if selected for uplink
transm ssion. An "effective" uplink channel response vector is forned
for each user terminal based on t heSEMMARYg vector and the uplink
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may be selected. In efféect, the spatial signatures of the user termnals
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transni ssi"GFlt%?Qf g Jis tepraingly; bachy psep frmipa E"‘édfsdﬁﬁ?@gvﬁefﬁr e F@H@I}erl yi ng
wirel ess tecROglO8trah&ind on tieWink FFEdMcted for ik trah@niSlibRi An BefflRtife sy MOl

stream Each user termnal further perforns spatial processing on its
dat a synboiplisk ceaanelwiesponse vector ée farmgd Jarcpeh usen teymingl pasgd vatthe steeringnsmi t
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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 performs 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 (e.g., one data symbol stream for each terminal)
via their respective MIMOQ 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



[ 00081 The techniques to support SDMA transm ssion on the downlink are

al so described herein. Various aspects and enbodi nents of the invention
are described in further detail bel ow. BRI EF DESCRI PTI ON OF THE DRAW NGS
(00091 FIG 1 shows a nultiple-access M MO system 100101 FIG 2 shows a
process for performng nmulti-antenna transm ssion on the uplink for

SDVA, [00111 FIG 3 shows a process foy evaluating and sel ecting user
termnals for sinultaneous transm ssion on the uplink; (0012) FIG 4

shows a bl pgKeadicaGoarlineér fReifeCgRbalpRoCdssiAg dedntiquel 36 redovenitiRaNg; datH0131
FI GS. 5A and_513 show bl qck dltggyams of transmt (#;(; dat grocessors for
CDMA and GYmRPl %%‘B%E?ﬂ%’i‘%ﬂ 3t Meselerted uger torpinals; %ﬁ&’ﬁag oBr ocessi ng
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trans I on 151 S receive spatial processor and a

recei ve dadeacrpheddlegsnr\fam aspper1 8yl gmbadin®nishefiibe anvsotian are |descriipd] im
schedul eryﬂ'h}_l 'hggaﬁ@%ﬁ‘?vs point. DETAILED DESCRI PTION [0017] The word

"exenpl ar erein to nmean "serving as an exanple, instance, or
illustration.” Any enbodi nent described herein as "exenplary” is not
necessarily to be construed as preferr r__advani ageous over ot her
enbodi nents. [0018] The“ﬁﬁ‘" ’gﬂt?% f&ﬁé‘ {Wg‘&ﬁghl ques descri bed
her ei mu%e lﬁ@dl gﬁbwsmhﬁﬁtalc%smm g@,@{ehpus w rel ess technol ogi es
such as DMA, and so on. Miltiple user termnals can
concuf®O®it |y t chiGszﬁlndWSea:mo@s Sutparfotming)inuiteantenna (rapsmigsiehoy b apliddode
channel s f L G@MA (2) time slots for TDMA, or (3) subbands for OFDM A
CDMA syst e ﬁa npl enent | S-2000, |S-95, |1S-856, W deband- CDVA
(W CDidb}11] or s@EIE. & Rhews taapeaesss forAsvafabihg sandt seleoting usep | temrdmndls | f6EE
802.11 or .so ot her stfandards. A TDVA system may inplenment GSM or sone
ot her st aHBaiEou gBisygn PR e WliBKidar ds are known in the art. The
S pat ' 01§ oces 5FIG94 ERws arBlJ)éld didgthifd BF@n 4843 9B MMORV o RYr tBeniRaE;f or med on
(either before or after) the data processi for the underlying
W| r eI @9%3lt echndilo§y pAandads éhcr\’bé»épcbehmmmof freoung (1%()Glat¢ preesaRrs for

mul tipl e- a@ﬁﬁfﬁfml\é&ﬁ)ﬁ/lﬁetsﬁéﬁﬁag W th access points and user

[0014) FIG. 6 shows the spatial processing at the access point and one user terminal for
downlink and uplink transmission;
[0015] FIG. 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 to mean “serving as an example, instance,

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

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

processing for the underlying wireless technology, as described below.



termnals. For sinplicity, only one access point 110 is show in FIG 1.
An access point is generally a fixed station that conmunicates wth the
user termnals and may also be referred to as a base station or sone

ot her term nology. A user termnal may be fixed or nobile and may al so
be referred to as a nobile station, a wreless device, or some other
term nol ogy. Access point 110 may comguni cate with one or nore user
termnals 120 at any given nonment on the downlink and uplink. The
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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 muitiplexed 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 (i.e., ¥, >1).

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

{0021} System 100 may be a time division duplex (TDD) system or a frequency
division duplex (FDD) system. For a TDD system, the downlink and uplink share the
same frequency band. For an FDD system, the downlink and uplink use different
frequency bands. MIMO system 100 may also utilize a single carrier or multiple
carriers for transmission. For simplicity, the following description assumes that (1)
system 100 is a single-carrier system and (2) each user terminal is equipped with

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



100221 An uplink M MO channel fornmed by the Nep antennas at the access

point and the Na,,,, antennas at a given user termnal mmay be
characterized by an N,,, x N,,,,, channel response matrix H,,, , which
may be expressed as: hll hl,2 ... hl.NW h2,1 h2.2 ... h2.NW. Eq (1)
-~v.m hN' | hNg,.2 ... hnw, N\W. where entry h; J, for i =1 ... Nap and
j=1 ... N',. , is the coupling (i.e., 5onplex gain) between access point
antenna i and user termnal antenna j. For sinplici t%, the M MO channel
is as@otpd to e ypdink MEBRchanpel formed by the ., anfennagnt the aeressnointang theng

bet ween ch transmt .and receive a L ] res ed wth a
single co -'é%‘“@rgliaﬁatlﬂ gwen i nid wg a'ﬁglr"é ,a?gggﬁggéstgrde? é’&%gn)g'l”%r}g“ﬂagl\émagg?at ed
with a different | i.ok C nel trix having di nensions
det er ni neo’ei?ﬁnﬁ{g‘ﬂﬁﬁ r"gﬁ@%ﬁ}%%g@qg&?ﬁ%t user termnal. 100231 The
upl i nk channel respgnse n’g{lrime, mfagr user termnal mmay be
"di agonal i zed" wusing @it her? si ngul'd@w~vial ue deconposition or eigenval ue
deconposition to oltéin M,,;ei-genhngdes of H ,,. . The singul ar value
deconposition Msk=| nay be expressed as: H Eq(Z) Hwm =U~vmEg" |5)~V.v. m
where U, p. is an Nag x Nop unitary matlri x of |eft eigenvectors of H p.m;
5,,p,mis an N. x N. uhm,,di g:gpnal" KX of singular values of H,; V,P" is
an N.,, x N' munitary matrix of right eigenvectors of H,; and "N
denot es t heharoegtoyht, efor i aispdée and juni t.alVy , matthd souplings(ich somplex géinkd by
the property M\ M =1, where | is the identity matrix. The columms of a
unitary neletwsengeessypeinbyuenap / and Byes teaminahantennago Fon simplicity, deayIMGe
deconposi t| 3 Lon A e R, ~
A T S o S e
correl ati cgachahsimit 0 réteive,antetindpay, ip represeitedawitia singlexcohiplex,gaindk, agmal
matri x of eigenvalues of Rp,m. 6

general, each user terminal is associated with a different uplink channel response matrix

having dimensions determined by the number of antennas at that user terminal.

[0023] The uplink channel response matrix H,,, for user terminal m may be
“diagonalized™ using either singular value decomposition or eigenvalue decomposition
to obtain N, eigenmodes of H,,,. The singular value decomposition of H,,, may be
expressed as:

By =UprZinYogm - Eq(2)
where U,,, isan N, x N, unitary matrix of left eigenvectorsof H,,,,;

Z,nisan N xN,  diagonal matrix of singular valuesof H,,,,;

Zup.m
Y,»i5an0 N, xN, _ unitary matrix of right eigenvectors of H,,,; and
«“"» denotes the conjugate transpose.
A unitary matrix M is characterized by the property M”M =1, where I is the identity

matrix. The columns of a unitary matrix are orthogonal to one another.

[0024] The eigenvalue decomposition of a correlation matrix of H,, , may be expressed
as:
_R_up;n = Efp,m _liup,m = _Yup,m -A-up.m !:::,m y Eq (3)

where R,,, isthe N, xN__ correlation matrixof H,,,; and

A

Aonisan N, xN,  diagonal matrix of eigenvalues of R

up,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, Acadenm c Press, 1980. (00251 As
shown in equations (2) and (3), the colums of V'Pmare the right

ei genvectors of H P, as well as the eigenvectors of R'0,,, . The right

ei genvectors of H P. are also referred to as "steering" vectors and may
be used for spatial processing by user termnal mto transmt data on
the N. ei gdngubmtemlusfdetbmpasitionad eiggavaleddesompesitidieare ikovwdl imshecart frmigonal
spatial channel bt ai ned th h deco 1110 1002 The di agonal
matrix E, ‘@wﬁ’ﬁﬁ?r@f ffB?'F—‘ﬁ%g Ik@gg? gg’fmglgio :ﬁlge‘gl gw&br?haélgcli[fsaégﬁlgﬁag&}ind zer os
el sewher e.SethRISRlibm @R AdEmie Biekd, @88Ar e known as the singul ar val ues of
H'a, m and represent the channel gains for the Nm ei gennodes of HP,.

The slOAfll ar vdisushpWm, in pquations a(?g agfl @):t the eqluranse of oXy,s @Fe thperight

ei genvalues in Anf. . The singular values in EEWm may be ordered from

| ar gest t ceigsmuectass of Hhpgl as peelleas deheigenvesiarsiof Ry p. Hheyright cigeanectogs of
correspondi ngly. The principal (i.e., dom nant) eigennode is the.

ei gennode Hgso¥E alsedelenpd 19 ashsteptng) Seetors ang unayr be, uged dor spatial progessinighi ch i s
the first singular value after the ordering. The eigenvector for the
princi pal Wiyentesaaalon te)transmig datp enfhe Ny cigsnedes of Hy...  Thefeiganmoes
ordering and is denoted as v,.. 100271 In a practical system only an
estimate drpeviewedpsoathaganal spatel chamgels HPWCEQFP% SOTBPOSiop. m  |p, m and
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access poi nt user ternminal performs spatial processing on P'f’'s data
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ei genvect or I ncl emmode of the w refess channel for
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vector V.-, mto obtain N,,,mtransmt synbol streans, as follows:
with the largest singular value in T which is the first singular value after the

—up,m

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

m

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

[co2n In a practical system, only an estimate of H, , can be obtained, and only

up.m

estimates of V Z,m and U, can be derived. For simplicity, the description

—_—upm? Zupm
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

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

principal eigenmode of the wireless channel for that terminal or (2) in some other
manner. Each of the 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 =Xu,, s, , Eq (4) where sp,mis a data synbol to be transmtted by
user termnal m and x,.. is an N,,,,, x 1 vector with Nu,, mtransm t
synbols to be sent fromthe N,,,. antennas at user termnal m As used
herein, a "data synbol" refers to a nodul ati on synbol for data, and a
"pilot synbol" refers to a nodul ati on synbol for pilot. Al though not
shown in equation (4) for sinplicity,7 each user termnal mmy further
scal e each of the Na,, mtransmt synbols in the vector xav,,, with a
scal i ng fact 9y BeansFobhniilgat the total energy for the Nut, mtransmt
synbols is unit r some .ot her_ sel ected val ue. EyCh user termnal m
transiP?® its MAF bramorning qack wseermupalen spatally progesses itsdatpr symbehannel
to the acg ccg S

obt ai ned f%?gnela 'ﬁ"‘tjgét[rhq@er m n R%Véc?n!&rrgvm ?bfea'%pjyésgrea%&mi sﬁ@?\{g&ﬁ}ggpg m
Xup. m + nugsd,e HUp, m vup, msup, m + nu-.m- hup, cr,JSup, m+ nup, m, Eq (5)
where rap,mis an Nap x 1 vector with Nap recei ved synbol s obt ai ned from
the Nap accesspoEm, antennas for user terminal m h~<ff.misEg{4Nap x 1
"effective” uplink channel response vector for user terminal m which is
h -, ,a -whiap s ,visaglaf symboldobe fransmittedsdry UNeptesmibalnojand vect or for user
termnal in. The spatial processing by each user termnal meffectively
transforms its 3 MB mhanell vestariwith Khatvasmit sysolsde bementifromothe Map,
into a single-input nultiple-output (SIMO)) channel with a channel
response vector of hpteg}asmuse{mn?lffrhe recei ved synbol s at the access
poi nt for user,_ & n I I

expr essed ‘gssuse?l }Brem I—?u daid ”%},mq;(,% fe %m"g? tiréogu,ggﬁlf s %‘?l%pﬁ +%lﬁlp rﬁlB?

m 0 n¥l 8 sywihel’acfes tb a n&ﬂul‘slaon symbol for pilbtorAltkotigh bt sho\damaeqagtrdnc(h)sfor

transm’ttedb t he user term als = [s u
sup, N, 0 ]‘IS““H ity, ggc “érfte‘i“g“%ﬂ' Tqay WP’ hli‘9€ BYeymfans E‘Hrﬁ@f"glﬁé%ponse
matrix form@u?ct&l 1.3 Sith 4§5mgakér vaéhmhéﬁhﬂo?al%ﬁérgy fShON,, . f smit | UP

ef,2 ... Ny¥™ J; ,, Is an N,p x | nolse vector a e access
poi nt . symbols is unity or some other selected value. Each user terminal m b‘ansmlts its Nysm

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:

Lo “H o n X om 4 Bipmn =B Vo nSiom ¥ B =By Sy m + 0y - EQ(5)

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

access point antennas for user terminal m;

h

b, 5. is an N x1 “effective” uplink channel response vector for user

terminal m, whichis h =H ; and

wpeffm = =Supm Vms

n,, isan N, » x 1 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 (SDMO)

=tup,m

channel with a channel response vectorof b, .z ,, -

[0031] The received symbols at the access point for all N, user terminals transmitting
simultaneously may be expressed as:

N Ng
!up = H..up.qﬂ‘§up + Eup = i[up,m = ihup.eﬂnsupm + .l!up.m ’ Eq (6)

m=] m=l]



[ 00321 The access point can recover the N p data synbol streans
transmtted by the NN' user term nals using various receiver processing
t echni ques such as a channel <correlation matrix inversion (CCM)

techni que (which is also coomonly referred to as a zero-forcing

techni que), a mninmum nean square error (MVBE) technique, a successive
interference cancellation (SIC) technigque, and so on. A. CCM Spati al
Processing [ 00331 For the CCM technique, the access point perforns
recei ver syaké al, iy a@e‘g%lxngvamr With Npy\data Lsgmbols Neamsmitted by thel Ny, user

=R, PIffH p, ff (H—p effs"p+u,p) , Eq (7) =Sup +ncem , where Mm is an
Na,, X N, spatial témirmls, W&ichh@(sfal[s}hq CCM,, f gEhni que, which is Mecnt
=R~, rHo. r, where Rw. ~ =HNp. ~HOw. e s?'ccm is an N,, x | vector with

N. recovered daga C;y-mapws AR dheti tﬁ)llﬂﬁ@hannbletresﬂoﬂ@é attixt for A&7, GlsM
t echni que; and Mfcm “nup is the CCM flltered noi se. [610341 For

sinplicity, the Noi $@mihalk, wmcﬁsgsurre =P 9‘? RAR' MI };en@aussi an noi se
(AWGN) with zero nmean, a variance of v. 92 An autocdvari ance matrix of

E[n"p A-P] =gllaitena ﬂlé&lvebt%rﬁthﬁeﬂ%@;@%bﬂd value of x. In this case,
the signal to-nofse-and-interference ratio (SNR) of the recovered data

symbojoossjr eam {maaees dinff Ah redé&ﬁ-hhéw rdafa%?ﬂibﬂladtreﬁmér&;mslﬁﬁttww @eaggd as
Yc nt, m3;zl PWm2 _, ofpm—l % rm U where mllgthe

transmit pltmerteregw Hings @?ﬂ%rfﬁpﬁw mocgssmgnfﬁ%qweswm AS &bawa
el ement of . RapiGn éﬁtrmqveeﬁamst sy pﬁeéhhﬁ;u§uﬁu£prs a%%ﬁnﬁﬁn@c'w@neﬂ‘t%sizh the

CCM techni que. ture techni que may
anplify thernfirgeg tecBonﬁEn@paumameaPswmmMMB@chﬁmne,taerM@E

t echni que, atia te rix Mmi, is derived such that the nean
square er r'B&ﬂ% P%‘@H@%h"%@%fﬁ“&ﬁ“g V&t or fromthe MVBE spati al
filter and A. CCMI Spatial Processing

[0033] For the CCMI technique, the access point performs receiver spatial processing as
follows:
Sccmi = M—cmi[qp 2
=R, yH, M, 58, +0,), Eq(7)
=$,, +1

=cemi )

where M, is an N, xN,, spatial filter matrix for the CCMI technique, which is
-1 o H
M. =R, gH,p, Where R, » =H,  H, .,
§.m 1s an N_x1 vector with N,, recovered data symbols for the N,, user
terminals with the CCMI technique; and
=M is the CCMI filtered noise.

Domi = M up

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

¢ =En, B, 1=0.1, where E[x] is the expected value of x. In this case, the signal-

to-noise-and-interference ratio (SNR) of the recovered data symbol stream {5, .} for
each user terminal m may be expressed as:
Veemimwy =—70 , form=1..N,, Eq (8)
mm n
where P, isthe transmit power used by user terminal s,



the data vector sap is mnimzed. This MVMSE criterion nmay be expressed
as: nein E[(Mmaerup-s,4"(Mmferup-Sup)] , Eq (9) where M is the Nap x
Nap spatial filter matrix for the MVSE technique. [00361 The solution to
the optim zation problem posed in equation (9) nmay be obtained in

vari ous manners. In one exenplary nethod, the MVSE spatial filter matrix
M. is derived as: Mmme=Hav.off [H&D -ff HP.eff +c ]-' . EQq(10) The
spatial filter matrix Mmfe contains Nap rows for Na,, MVBE spati al
filter row vecotpistheerthidiagonalplensstofi®yi;aads. The MVBE spatial filter
row vector for each user termnal may be expressed as mmue A = h

D, eff.mG wherie.,G is the-BINRdérfuset tprnfinal mewith the' CCM] golgiiueThe access poi nt
performnms receiver spatial processi n? as follows: Snmse =DnmfeMmre -up =
Dmi m e M toithgstrcture ofaR,, 4 kB MI techniguelmay guplify the ngise> where Drme is
an Na,, x N di agonal mat ri x whose di agonal elenents are the di agonal

el enents of NMmB.HMMSE Spatial Propessing— di ag [ MmeHap, ~]; s_mmBe is an Nap X

1 rec ed dat, ] ni gue

L eeRtgiod, Sty R RS R SRS S B e S
provi des afecdiiy@sreRito7 B&weE! thERbndéd SAPveckitdront R MMVEE @ﬁnmltch nd

di agonal matrix Dhmm a provides a nornalized estimate of sap . [00381 The

SNR of t hethe dnaventerds, o smmingyimth| This MMST ¢riemBomay bg exprassedaash user

termnal m may be expressed as: 10 9rmmP , form= 1l ... NEg 12 | - gmm

where gam is the B{M,diggena’ (M.emmntspl] Maaa, aH .e., q,",,, Eq(9)
~mmeenhap~9 m;®™and y 1C. is the SNR for user terminal mwith the MVBE

techni que. , fur, YCCERSHY %, RRET LALANARE FARRSHI @b MAISERA bl Pr0CCSS ! NG

[ 00391 The access™pol nt can p"r cess p receive streans using
the Slggagt eChnigidQolufioh ﬁ?@ﬂé%{atxﬁmﬁﬁn&‘})prgﬁ&ﬁ p%!’é@ﬂ'e §£tfoﬁ%975maf96 obthiged! C
technlque the access point initially perforns spatla processing on the

Nap recei viedagqusbudnnetsr dmows ¢xemglary method gheaJOMSE $yleBa, filter matrire M1, L as

t echni que) and, obt ai ns one recovered data synbol
denved as:

-

M, =H, ,(H, H,  +cl1]" . 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 as m =h? _ G,where G= [H, q,H,,P gt o |

2ommse.m ~up,eff m 2=

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

§ =D M,_.r. ,

—MmsE —=MMIE —— M€ P

"D;LseMmme(Hupeﬁsup +n ) EQ(I 1)

=8, +n

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

elements of M, H ie, D,,,, =diag (M, H,-]1;

—=mmse ==up eff ¥

S.mse 18an N, x1 recovered data symbol vector for the MMSE technique; and

n =M is the MMSE filtered noise.

=mmse mmu ~up

In equation (11), the MMSE spatial filter provides an unnormalized estimate 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 {§ } for each user terminal m

mmse,m

may be expressed as:



stream The access point then processes (e.g., denodul ates/synbol demaps,
dei nterl eaves, and decodes) this recovered data synbol streamto obtain a
decoded data stream The access point next estimates the interference
this stream causes to the other Nap -1 data synbol streams and cancel s
the estimated interference fromthe N. received synbol streans to obtain
N. nodified synbol streans. The acces$0point then repeats the sane
processing on the Nap nodi fied synbol streanms to recover another data
synbol stream ,1004Q01 9&er g he techri que, the input (|. . ved or
nodi fied) symbdl™streang, ()t'b’i’ ﬁ-g{:}e?t W\Kﬁwere e =1 ... rraE?C(g/ze)
expressed as: e e er,;a (k) = Hap., sap + nap Eq (13) Wnere rs;a is an
Nap x 1 vewleos gy, tisthhlapthi diggonalsjenent of Moy, Bi,366.68,9,a /00, 13, 7 rag for
the first stage; is an Na, x | vector for Na, data synbol streans not yet
recovered at stigge, & the SWNRdorusshterminalap with thedMMSEawchniys. i s an Nap x Na,
reduced effective channel response natrl X for stage e. 100411 Equation
(13) assunes t KatSudeessiyeintenfend aneellation Ppatinl Frpeessingt he f -1 pri or

St a0eHed ° caNGHe %Ces;r@ans*'cam?g?acggaqhe Wy fefce&ae sl Glbys, GOARDR siesponse
matri successi y reduces or each ge as a data
symbol st reechiiqus t6 escoverrthel N pdala eymbm |serebms-OForstha G&C Yechhiyge,r thel uooess

effective channgl,response nmatrix Hup.eB js. obtai renovin a 1
col urms | iPoURAM gAY, PRAPTRLPRLS! MAGSSSIE: OF (B Bon P Ryed S SHeanss [

symbol st negFECAE, MaNSH, %P@dfﬁé @tﬂeﬂ tEcH?J ey alﬁltcfb%x% orlc 18covered daﬁ%yﬁlbol
_[h-,p,,ffi, "br,9i ... hapr6 ere hw,, i is an Naa xl|

ef fect i ve tiamnel The e‘?&e@hseomedhm lﬁ@ﬂeSS&Se(e E,erﬁﬁnﬁéllﬂaﬁeﬁsylﬁﬂl deraaps, 2, the

2-1 dat a S r di ces

of 1 é{a{m&lea%fiﬁﬁfﬁgoﬁqﬁf%e{e&ﬂ'&eﬁ dm%x%{){u%e%%@ %ﬁtaﬁl aed&bé(efagdgg{‘/er od

are gi ven stmaincé'he afcey pouit[n'ekt esfiifinate} thehﬁﬁtféﬂendéahlsstrage cR;ses tmahaothess

poi nt derives an Na, Na at| ma,trl based on t
reduced ef Mect] Watacs gé’aﬁ‘\‘"&isrﬁyi Wlﬁ‘a fInfg %cf""&’f b &

| t f her tech .
o noer | poeiyed Sybp @%ﬁﬂéﬂf%%‘?ﬁg e HEE SR sEs, e aoesSrommui 5 .
is also dlrquarsetﬂé sér&rN;gsae@.hggB@qe N, BBdidkd JHfbA LSS ts%cawerrmb&bMdtaes t he

vector r;;, for the fied synmbol streans
symbo} stream.

[0040) For the SIC technique, the input (i.e., received or modified) symbol streams for

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

L&) =H., s, +nl, Eq (13)

S!C

where r'. is an N, x1 vector with N, input symbols for stage £, and r; =r,, for

ic

the first stage;

§:p isan N, x1 vector for N, data symbol streams not yet recovered at stage £,
where N, =N, —{+1;and
ﬂ,fp,,f isan N_ x N, reduced effective channel response matrix for stage £.

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

stages are canceled. The dimensionality of the effective channel response matrix H,,
successively reduces by one column for each stage as a data symbol stream is recovered
and canceled. For stage £, the reduced effective channel response matrix I_if,,,‘,f is
obtained by removing £-1 columns in the original matrix H,, ., corresponding to the

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



with the spatial filter matrix M ;a to obtain a vector s; ;c for Na,

detected synbol streans, as follows: | rt Sra=Mm,ratt e = Ma
(Hap9rs"p + nap) , Eq (14) = Qie s RP +n,le where Q. =M.H,p and n;,a n
is the filtered noise for stage 1. The access -- ff point then selects

one of the Na, detected synbol streans for recovery, where the selection
criterion may be based on SNR and/or ot her factors. For exanple, the
detected synbol streamw th the highest SNR anong the N, detected synbol
streans ng%tﬂbe[_lgpegﬂ,e!cgeg”ilox. K£Govar wherSilce  oRlan ATexdaffectivy thamnelst r eam
is recovered”in each stage, the “Mccess p0|nF can sinply derive one | X
Nap spati gbsphhdet ®ctor Ot a6t Rfmindl j,. f Pér sthgee sdabe (syMagla SidboRBirdSR, | } tO
be recovered in stage P. The row vector m is one row of the matrix M
ca . In theoveraddn thépriepstages| arpEveasisdiag elod/ishage/ 7} t and BeoVerdatahe
data synbol stream{sq.i } may be expressed as: saps =_I,r;; <=0~

s, , p+nj , riymbglgremns notpyeleceyrredare gieenyipdicesof dd, Gcor irgdpondi ng to data
synbol stream {sap,, } . (00441 In any case, the access point scales the
det ecfped2) synbolFos btagarh, {tsapeckss pointodevivemiam N ax Ve apatiabdilidatmtriy MR
stream {sap } and further denodul ates, deinterleaves, and 12 decodes

this streafddson e rddubed Offdcaive cRandlelGegfketitrix Hf & nitead oflthe BHgindcCcess

point also forns an estimate of the interferencethis stream causes to
the other faka §yTH0ksing iHeCOORINMMYE or SHRVAR& echigRS t SHBE § hejs
i nterference, t%’@'ggccesg: poi nt re-encodes, Interleaves, and Tequl at es

he decod id ; i
et nar ARl R R ek oy TR, (RSO SEEMALIRE ) oo

termnal j,a alns~a st

whi chbhs,,an estd . - tr, " . ' ver ed.
The a@géés poi %g%{:‘%ég %p%??a?f’% tg%%gdgs'z‘é f?ﬂgé %ﬁ%gﬁlﬁ%%ﬁgo stream
with the effeqti .Gh L egponse t.0 -Ogeff Jay f r m nal
j to obt aievpl&haﬁ%/cegé’t(?’gé1 ﬁflgé}eé/-'malpf% qulgn%b\ér?gr%eﬁg}é -s"('foir-?f)o]\r,f'érﬁ8 {sedégﬁsgreng&by this
stream ThgelNad) aé fhighker ence conponents ih are then subtracted fromthe
Nap nodi fied synbol streanms r; ;e for stage to obtain Nap nodified

rg! =M£ r!

siec A Ssic—~sic  *

=M, (H,, 45, +10,,) , Eq(14)
= Q:E.s-ip + .l-:.l-:l'c EH

where wa =M. H! o and n., =M. n is the filtered noise for stage £. The access

L= yie ==up
point then selects one of the N, detected symbol streams for recovery, where the
selection criterion may be based on SNR and/or other factors. For example, the
detected symbol stream with the highest SNR among the N,, detected symbol streams

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

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

} to be recovered in stage £. The row vector m’, is one

t

the data symbol stream {s

up tjt

row of the matrix M’

—sic "

In this case, the spatial processing for stage £ to recover the

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

.. t ¢ ¢ ¢
Spje =MLy =4, 8, + M, 0, , Eq (15)

where gj_ is the row of Q:k corresponding to data symbol stream {s,, . } .

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

..} 10 obtain

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

up, jt



synbol streans r"' for the next stage P+, i.e., r;+ =rnme -ii. . The
nodi fi ed synbol streans r;+ represent the streans that woul d have been
received by the access point if the data synbol stream (sap i } had not
been transmtted (i.e., assumng that the interference cancellation was
effectively performed). 100451 The access point processes the Nap

recei ved synbol streans in Na,, successive stages. For each stage, the
access point (1) perforns receiver siatial processing on either the Nap
received synbol streanms or the Nap nodified synbol streans fromthe

pr ecedi ngesidegthis areat £, } aoebtaicodedel diad strayid) | vt Thamce{s2joigr ocesses
this recovered data synbol streamto obtain a correspondi ng decoded data
stream (@Bp fomsst amestiostearfdhe anterédrence Itlys isiitanr asentoghe othet data lsymsbat r eam

d (4 ' Na difl I f h If th
"t er f br anEas i VEbrRRrhada SYPRS tneinleRRed, dhe pitEs S FieEen o
cancel ed,

nd my RN BAT A GRIN RS Gl SRER, AP L IR e e 81,0 T
SNR of e%%ﬁox‘hf‘eﬁ%‘(%e?q?rg%@, ﬁ%%btgrﬁﬁ%ﬁ%f % O{r]ﬂf‘eﬁt’ ﬁﬁﬂbcﬁl})ﬁ the spatial

processi ng technr que use eac st age®*(’2) the

Speci 1.0 HAfe oh St bRyl S ¥EDRY (51 1AM o RACYBE Slbesdi( %) ¢ e

anount of erence eto "/StTeans recovere n subsequent
stages. lfen gRNANAbrockdss HYRreRIAGGRE SIyMBbY strdiRl QN@Sthb Uffed@ cRpARIO!
streans recovered In |ater stages beCause the interference from data
synbol strespemss veetoniigreql forusprieminalt fde sbiain a veatee d|, exvith Npiisterferenceal | ows
hi gher rates to be used for data synbol streans recovered later. 13 2.
Beam St eepinpenchGOcansed-by thiestreatecthendy,, méarferanse compontintsali; rare dhenor ns
spatial processing with a normalized steering vector v'p,m which is
derived usbtRgtedfonpiha e, modificdmymitohstreams e, fatsmge ing ovmat ¥y, modifieh . The
normal i zed steering vector V,,, may be expressed as: uP, =[Ae; ="' Aei"
... Ae" 'symbé! strefafis 1 6Jor therexrt stags 7 $1 A.eC0r{8 tzarft ¢ £. The mbdifikd/symbbl- , , and
Bnj is the phase for antenna i at user termnal in, whichis: 0.J =
Lv" P. m =tsgBanRey’:) refisdnt the strféms thatWolld hevtisdeh Pételvi®by thRcdE pBingifenent s
of vupm have equal " magni tude. As

the data symbol stream {s

w.,} 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 N,, successive
stages. For each stage, the access point (1) performs receiver spatial processing on
either the N,, received symbol streams or the Ny, modified symbol streams from the
preceding stage to obtain one recovered data symbol stream, (2) processes this
recovered data symbol stream to obtain a corresponding decoded data stream, (3)
estimates and cancels the interference due to this stream, and (4) obtains N,, modified
symbol streams for the next stage. If the interference due to each data stream can be
accurately estimated and canceled, then later recovered data streams experience less
interference and may be able to achieve higher SNRs.

[0046] 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.



shown in equation (17), the phase of each elenent in Y.P. is equal to the

phase of a corresponding elenent in _,,,,, (i.e., O, is obtained from
vup,,,, where WVuP..w=LV'Pm Vup, , 2 ... V'P, ,, } r ) 100481 Each
user termnal mspatially processes its data synbol stream{s,,,, } with

its normalized steering vector vup,mto obtain Npr,mtransmt synbol
streans, as follows: X "P,m= V'p,e, 1P, m Eq (18) The constant Ain
equation (16) nay be selected such that the total energy of the Nu;m

transmt synphoBeamidStdegingector XL,, is unity or sone other sel ected
value. The NeP_X | ‘effective uplink channel frespons,e vector bup,eff, m
for e84l user Far RFAASCRRNG eACtH BsgT lemiaal 1 pgTiEys sRatial prosesswg with 2y o8 . m
= Hyp.m ~" X - ef j Pl A0&hati e
matri x H. Iﬁnﬂ%lgg%%%%gp'j%g)errl\ﬁf’& %hlﬁglliaﬁdgg%glggrtnhé; eaggl ng |agB§ElgﬁﬁsH' p, ef f

oni D ST sidtiRe Gl v (PR dorblatizch sfeBfificotth &, 20 R85 Be Bedan Per T orm

recei ver spa prot®ssing using t techni que
descri bed above, or ae other teephnigue. However, the spatial, filter
matrix is deri \Xed»ﬁi’?‘%m?h%ﬁgtﬂ H,El i'nstead of the matrix H Eﬂ,dé.) 14
3. SDMA Transm ssion [0050] FIG ows a process 200 for performng
mul ti - ant SHKKEe t4 Bragepstantéagor T Ha/Vuwp) i#€ for SDVA. Initially, an uplink
channel response matrix H_,,, is obtained for each active user term nal
desiring to trdhgidthe phpse s aptsnnayiet pser tsemunghgy whithés: natrix H f, for each
user termnal is deconposed o obtain a steering vector v p.mor ;V-,,
for the user terminal (bl ogkn?{i?) })An effective uplink channe?ﬂre_f)ponse
vect or hap.egM¢s=4"@r»-nr€da‘T riee—ﬁfﬁ__u er term nal based on the && i ng
vector and the uplink channe 88pdnse matrix for the user term nal

bl ock 214 14 ~Cch I t LAt d
ecomposi tAbARGH e 08 i sBiEpls U vo SPE, cofil g DAY
t i nal s, ‘ i f. ti ]
Lorm el i B Eagb PPl PRhe s akaefly 61 eiaPlo hETMMAYS 2

t b. . .1 hej i.nk ¢h ' , W, l.ock
220) . The SBTRLEhE elead RSOSSN FrraEl LIRS, Vo MR et
of Nap user te)r;‘rp' nals is selectred for transm ssion (also block 220). The

rate to use"by weachrstlelredauder terninal (which is obtained fromthe

eval Uﬁl,Ms?n 'n lﬂagﬁz 55612'%691)1’1inal m spatially processes its data symbol stream {s__} with its

up,m

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

X =V, .5 . Eq (18)

Zupm = Lupm " Cupm
The constant 4 in equation (16) may be selected such that the total energy of the N, »

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

up,m

—

effective uplink channel response vector h

werm fOT €ach user terminal m with beam-

steering may be expressed as:

h H, 9., . Eq(19)

By =BipmYupm

The N, x N, effective uplink channel response matrix _ﬁ,‘p’w for all N, user terminals

~— r~

for beam-steering is then H, .. -—-[_l;up',ﬁ,, B, .52 - hup,,ﬂ'NV].

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

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

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



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
sel ected user term nal perforns spatial processing on its data synbol
stream {sap.a,} with its steering vector vap.mor V.P. and transmts
Nu,,,a transmt synbol streanms fromits Na,,,, antennas and via its

M MO channel to the access point (blopk 230). The Nv sel ected user
termnals sinmultaneously transnmit their Nup data synbol streans via
their MIv43.cRpMAl Bramniibsioccess point. Block 230 is for data

transm ssion and IS rll)eri’ormea by each gﬂglnect ed user term nal. 100531 The

acced8030bi nt oFIGi hshaws? pecess\398 fox pestorming muliraniengy ransinisgion emthennas
(bl ock 24Q);. T S Lot 1t | pat:} ssi ng
on the NPT SPARS JnBAND. oo HARLRARIS! REpdiRE SlatEl SEDYS BhRb PR
SIC, or s i t | he 1@ i Oh e JBGR { TRy RS
streans, . |c%hggqelseéstt&?ﬂg%g}sé§g¥lgt e Napt datapgynb\(@:bagtz?@arm trangm'tted
by the Na,H,5dbeatledsen seminabismiecmbpsédab obkirPd@geringlvecks v, 240 ndf@42 are
for data reception and are perfornmed by the access point. [0054] Multiple
user ter nitieabssr eaninab(WekeX12y d Ahmffestiveulpliak ebannel respusise ssitenh gt ise

uplink. The user sel ection may be based on various factors. Some factors
may rel at domred foy sachmissoermiesl riasedaend theegjednng rveatos and dhe aplinfughanngl of

servi ce, ximum |.at ver r .~ hhese factors
may need tor Brésesr%%hlalg 1(3':8 lggief%s?r (Eegrg'?aﬁg)g?&a’fs@? 'm?ér%g?ksa%%h@?ou%g&lgr © y

rel ate to chameeestipRidn mihdeemposiiichantyapbe gerddtiriellibgth® viccesy/puint thesyst em
t hroughput or sonme other indication of performance. A scheduling schene
can eval udf® tergwRals @Fbthal s for transnission based on one or nore netrics
and  §5) OF ORRT&BR RIS ablivd P MmaReH forfed SAd VRS EPYasttP §n Helr er ent
nmetrics, take into account different factors, and/or weigh the netrics
and f act oreffectivief upliaktdimnne] GepbiseRegtorsl iS5, oér thelr ypdnki chahmel resphesgul i ng
schene selected for use, different sets of wuser termnals can be

eval uat ed matrices 3y, £ dbloek 230M) hThhevabrhenimbay bgperfdmed as déseribedbalowal The
signatures” of the individual user termnals (e.g., their M MO channel

r esponses)besirset of Yy nser germinaly i selested, for dranyyeissip(adsottderk: 2203 e The rate e

"best" set " I.al ' . [ ) qal | ol ous
transm ss iu‘g)ér)\{.’y ?%gt% %:lgﬁﬁeé(l: %%% g‘ﬁg’g‘lta? P{'@Chﬁlﬁ? B léle%:i] 3‘%’% ilii]l? ieg%}w{%} qJ%tmr{r)\% FTc such
as over al lis sehit Ut tepmhinaDiFocR 2DEYX Blewks Q2@ ainf 2264ré (ot iS¢t Gehediliig: dndst

user set nmay be the one that achieves the highest score for the netric
(e.g., thérHyBKaSPerfgrraedy the AFSSEPNL) while conforming to the system

constp@t s anga e gdltdi& ™R8 Sterminal performs spatial processing on its data symbol

stream {s,,, } with its steening vector v, or ¥

wm and transmits N, transmit symbol

streams from its N, antennas and via its MIMO channel to the access point (block
230). The N,, selected user terminals simultaneously transmit their N,, data symbol
streams via their MIMO channels to the access point. Block 230 is for data
transmission and is performed by each selected user terminal.

[0053) The access point obtains N, received symbol streams from its N,, antennas
(block 240). The access point then performs receiver spatial processing on the N,
received symbol streams in accordance with the CCMI, MMSE, SIC, or some other
technique to obtain N,, recovered data symbol streams, which are estimates of the N,,
data symbol streams transmitted by the N, selected user terminals (block 242). Blocks
240 and 242 are for data reception and are performed by the access point.

[0054) Multiple user terminals can be selected for simultaneous transmission on the
uplink. The user selection may be based on various factors. Some factors may relate to

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



100561 For clarity, a specific scheduling schene that sel ects user
termnals based on overall throughput is described below. In the

foll ow ng description, Nucr user termnals are active and desire to
transmt data on the uplink. 100571 FIG 3 shows a process 220a for

eval uating and selecting user termnals for transm ssion on the uplink.
Process 220a represents a specific scfyeduling scheme and may be used for
block 220 in FIG 2. Initially, a variable Rm for the highest overall

t hr oughputavdrggeSeita tate, ZaﬁHOso(diﬂ 0Q¥esa 1fBdtors 1D BdedMorteasiefied foruiel uk@r mi nal s

IS selectedfromarm the Np.1 active usgr termn bl ock, 3 Thi s
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S user termnal in set n. An effective uplink channel response
matri x A" sgBmeicgn efavaieuser darminabs for ransmissiontbasedeoredricearmare matigsrandchannel
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based on tabb@uﬁtfcfﬂérbmvfectom,rﬂnﬂmk m@mhnahem&sqaﬂrfs&omtffarmﬂj, vh e and usi ng

the CCM SOone r .t.ech ue ed by .t he access

poi ntl98] ock ?Ifg‘ é’fgﬁﬁéanf%‘ ar ?ﬁ@dﬂ%ﬁnﬁ%ﬁ%g Xl{ftﬁ’@“@f\sﬂo and
MVBE teCh'ﬁbéi‘t'&ﬁurFa?srbaQ%e COARHEER 8or8BoMWN ith mle s%ﬁétﬁhh?&%cﬁé) T8E Splatled)
respectively. The SNRs for the user termnals with the SIC 16 technl gue

are dependisntuss’ ofithe dndiwidualusomieaminalp ée.gis theirtMPMOchianned respersesheaded. For
the SIC e..0h RIS O & y be
eval uat od b W el be Bpbiehl © lcgEieroeeShet 4T S EAVBIRP AR ) e
user ter nmusaltermitidls fdnennd‘ltagémlsttraﬁdﬂﬁsadm eﬂpdmﬁdmgmnbﬂupmyeﬁspmmedt he
access point. In an caseél &lpe%gﬁNRs for N. er term naILh? in set n
are denot ¥ 2eetriq such agovesall putpr some g ?fé’@ﬁasulfﬁ(? P?Tf?fﬁ’ﬂﬂ‘i?ut SEsteach

user ter mygglsed 1’ﬁa)5§‘é th8 oné ﬂia‘ﬂ@&u@v@ﬁﬂi&tlﬁﬁxeﬂ%% f@ﬁﬂkhﬁeﬁn@g& f ok htéhestuser
termnal ((block 318), as follo | og | ..

Nv , Eq (25l fhreughpythwhie eonfomgn&m;s&sﬂewoewtamd Ileﬂlaiémﬁ‘éfsl ect s the-
fract f th codi
mr)gﬁllgﬁa{)ﬁ schg?rliag%%ge% sp %Jéfé ?@@ ermﬁl\éggﬂ%&, E%g.tg., ;P%P%@‘goﬂ for

codi ng anaveraeld thiraghput is desenbed llm%m In the dBlfwingrd<Shaptionn Veapsac terminand
I's the throu hge ut a%esiS te(%rt rgnlmtgitgloglth%rlllcy for user termnal u,, given in
units of K% Sire to tran plink
[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, =f{u,, #,, ... 4,y }, where n denotes the n-th user set being evaluated and u,; is

the i-th user terminal in set ». An effective uplink channel response matrix H,, . is

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

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

=up.efl .y,
[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



per second per Hertz (bps/Hz). The overall throughput R achieved by user
set n can be conputed (block 320), as follows: Eq(21) 100611 A

determ nation is then made whether or not the overall throughput R' for
user set n is greater than the maxi nrum overall throughput achieved thus
far for all user sets that have been evaluated (block 330). If the
answer is yes, then user set n and th& overall throughput R for this
set are saved (block 332). Oherwi se, user set nis discarded. 100621 A
det er ni nattéchniqie ateiependeitondheerderin svhichghe uder teraalssit mc«bnemi tf@ethe

eval uat ed | 4 Hﬁiﬁﬁ e roc Arns to
bl ock 312 Slgq %? g%]eo?llh;numﬁet% %sbfsu{égr m ﬁ%al%shaxrbo etdl 0

Ot her wi se,exaipleus apedific Bidegihg may bdﬁevafhmmldwhatb)aﬂ& ust h&dﬁﬂaﬂdm‘llo the
transm ssi on o e up)ink (bl ock 100631. For the errbodl

descri bed hé@ﬁ &I‘S}g *‘S@g‘bg’s‘g‘aceﬁsﬁg% s %CFFséaqoméaéihﬁ'ﬁ $AsC, (ta?ﬁ f% th a
conpensat Qi JedrQ 19 in'sSt Qeﬂo@bds.ﬁ' ct the pesi user set for uplink
transm ssi on. |§] anot ? msnb'p%lement ? rrc 4%ed on realizable

thr oughgyt 1 s %@%uoﬁ@gﬁeto%scﬁ 0r ’E’e?ﬁﬁna}‘ﬁﬂet 7o thérC%omtpted %E&Pgd he
user set may be evallated based on a set of "rates” "supported by the
system TH@gefor theasentayninal (bodudld).zes fejloawst i zed val ues of the throughputs
conputed in equation (,20). \Each non-zero rate is associated 17 wth
speci fic coding an Vath on._schemeg, a particul ar spectral ff' i ency
(which is typ?"c'al ﬁl 2 ?gen} hr}?ffu tg oﬁ"’b’ps/ Hz), and a particul gﬂ(rdéqui red
SNR. The required SNR for “each rate may be determ ned by conputer

si mul at i ORyheRRI I isCAbodiBRSEUTRIARNhat AMdcts TR REotioA St tﬁ@mréﬁ@al%?@& gunpt i on

-

of an AWGN chanfel . | ook-up table (LUT) can store the set of supported
rates and athigvdd Byt co® %ﬁmmdﬂ- Rgonderhédlto B8 @ed xLhiser te%mana %esg ,jrepped
to a selected rate, which is the highest rate in the | ook- table with

a required; SMR fohatcolis: g%ﬁ&liﬂodﬁﬁtl&[ scheme that B dB eonPSitarineh ch itySaid
terminal. The selected rates for all user terminals in each set are

accunul at ed; {sahe EHréighp@oragedtal affRienRiop ub& ternlifal SLT -giveAGn WHRS ofSlits W th
t he hi ghesf’ aggregate rate is scheduled for transni ssion. [0064] User

sets of dlp‘ef&rcexmp@mas(lﬁmmemyawuﬂtmbutgnptdﬁ.ecm\rwbyh@erbesﬁcanaﬁr set
for transm ssion. For sets with one user termnal (i.e., N =

1) maybe é@ﬁ‘PH‘é@Qﬂ"Cquzt%taSﬁW@’ﬁ sets with two user terminals (i.e., NP =
2) may be eval uateg next, and so on,

R=Yr, . Eq (21)

L] ni
i=1

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

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

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

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

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

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



and sets with Nap user termnals (i.e., N = N,) maybe eval uated | ast.

[ 0065] Depending on the values for Na,,, Nacr and Nap, a | arge nunber of
user sets may need to be eval uated for an exhaustive search for the best
user set. The nunber of user sets to evaluate nay be reduced by
prioritizing the active user termnals, considering other factors, and
so on. The priority of each active usgr termnal nmay be determ ned based
on various factors such as the service category for the user term nal
(e.g., prvath speeific cadmgraﬂ:d modliieticavsehanss, 8 hartaghmspecteat lsifeviendy Pyhitlhés user
term nal, the anpunt. d e_user_ t.erm na end el ay
exper i encd®! Wytgﬁ‘ée“dgé‘rmt’f gfﬁ?sﬁgﬁ a’ﬁlrsﬁpfh u]%fr‘feq“fﬁ‘ga%ﬁ FF‘?{/WBF Je]g@ﬂ‘ user
termnal rgyekR rﬁ@@ﬁm &v&mﬁeumF cbmﬁmef kigtulatioh erppific 4 ﬁﬁeasﬁ'élﬁ&rusaxﬂf the
user termnal. an_ exanpl e Nap highest priority use
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matrix H' patef for “therget. n GFhey psr cpet t“ﬂ\‘l‘l Hieghighest 8gieedE gaisyisr sahpdwled Rrghput
for user sghshissid! tiple sub-hypotheses may be evaluated for each user
set, where t%e vectors in Hu,.,ff" nay be adjusted by different 18
amouniossd or eadiserssets Mﬁ't:mmsmw nikgrbecgvalupled to tétermphe heshestf useheet fereer i ng
vectors faor the user ter nals in set n m
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0067] A schedul scherre al sg evgl yat e, eac set it based on
'Ehe u]pl i et ﬁﬁtij/t‘ﬁll ATRST PR ”E%/ ﬁmt ;/I?@Xg\aﬁbegya%at?djlgftead l)f t he
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each user rdeed mb’baéva]u@teﬂ gor dntexhiustiveeseprch S&he best usdr lsetl Skhe nuﬁﬁéxmfﬂ@érs in
the set. The effective uplink channel response vector h' !, e, , for each

user t er misei&It Ex#uBe mayrhstedvrer AYRTOFHZInG dhq atiys Mserteamingls.cqonsidering; | ng
vector V' omerfm%rg %dtge'ohnkmefmﬁ?y ofr&apgaﬁz% nﬁ&tt%hfﬁnﬂanne e BterfthddOVS:

h*"Peff,UJ = .. An “effective uplink response

matrix H -tesesf bmnwasoush&qtdrs) swahdas e sevece sategiry fondleal uem terminal (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 the current
status of the user terminal. As an example, only the N, highest priority user 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

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

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

in the set. The vectors h,, .. , for i=1.. N, in the matrix H,,,,, may not yield

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

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



the effective uplink channel response vectors h',P,1 for the user
termnals in the set. The performance (e.g., overall throughput) of user
set it is then evaluated with the matrix if P,eff" (instead of the
matrix HAP ). As an exanple, nultiple sub- hypotheses nmay be eval uat ed
for user set it, where each sub-hypothesis corresponds to a different
set of steering vectors for the user tgrmnals in the set. The best sub-
hypot hesis is then selected for user set it. Miltiple user sets naybe
eval uat ed anusts fol @ach sniechypothesisd Fohexdmsle, the phassedf the steeting vendork dor upl i nk
transm ssipn. [0068], Vari,ous ot her edul i ng schenes al. so be

il ement teFITEIS8 SE4t HeR, be PG SGETEREE AAAT, (o PBrsPPE et
schedul i NgheRehaEE or 1Y piBdLrdRIont inhhRt €5K eabR SRR Fpotticdis SAiRGhdiRginidge user
termnals for each set, derive the steering vectors for the user

t er mi nal s thépaiver pEeashsteppRgactor aligety ¢t fved uiignormder qagh sfeering vegtophe

perfo ce of ,e e S ' s

res po{?@n&t ri {\ ?ﬁ@dulh‘l% %cgglﬁéeglca%%;ssoegva etreméa%gﬁg%ﬁ srf-l;wlg?/' %a[egkd gétdl}ér]mﬁﬂgel% in
vari ous nmevilMOSchabhdlf @ssunse ahericee! Host | imsfehd oft the huffeqtives upliok bBarmsled f or
TDD and FDD systens. [0070] In an Fbpﬁ'system t he downlink and uplink use

di fferent redpfidecneiordands. Tdiahe 66RMtRinalsLmPBOS€. f Alsteefifig edibr };lv]f_a not be
|

correlated wWith the chann& response for the other link. In this"case,

t he accesspfobe§ervad (‘GstalliRt)efof Leh Wik tedniddl Mseha Bk présesdeUT2E dse each

user termnal based on a pilot transmtted by the user termnal. The 19
access poiteamisahimpthefsek efenive uplinknchenngl| respondeorectoadn,, yser for eadh nal |
derive the steering vector v-P. or V.P. , and send the steering vector

to each usser teamimilnah besteinputed basedron thafginballyi denved)GORtifg Festort Mg, ,FDD
system each user termnal mcan transmt an unsteered pilot (or a M MO
pi l ot) to atiliti;wmink ckooelssspoosenhattiv Bs) | asfolovihich’y) .,‘Lnk_ﬂm,,qll\/_ﬁ_bupg_pamnel
response and obtain the matrix H,,' The unsteered pilot conprises N.,,m
or t hogonal effettivetuplihk almntlyssponst marix H'[ o iNaben formisiefor ik 83t Adas@Idrennas,
where orthogonality may be achieved in tine, frequency, code, or a

conbi nat i ahe &ﬁﬁ&ﬁe@ﬁplhﬁmhammﬁcspmﬂsasmlgu%% fusthe uk@tefniindls i thepds N'r. m
pilot transm ssions simultaneously fromits N.,,mantennas, wth the

pi | ot trarEte gioanarfce qElge aneratinthasughpudeoN gset gew g rie dhienevialuaged it etieent
orthogonal (e.g., Wil sh) sequence. The access point "decovers" the
recei ved pP¥BY Bsyarkof185t6adopt dhe maside dgapdi nBASath SKHBPE, Wultiple febsame N
t.mort hoqn%%élesscg %3 gemszaluated for user set n, where each sub-hypothesis corresponds to a
different set of steering vectors for the user terminals in the set. The best sub-
hypothesis 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] Various other scheduling schemes may also be implemented and this is within
the scope of the invention. Different scheduling schemes may consider different factors
in selecting the user terminals for each set, derive the steering vectors for the user
terminals in different 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
channel response for one link may not be correlated with the channel response for the
other link. In this case, the access point can estimate the uplink MIMO channel

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



used by user terminal mto obtain estimtes of the conplex channel gain
bet ween access point antenna i and each of the N,,,, muser 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 tiple Access (CDVMA) system For frequency orthogonality, the Nu,,m
pilot transm ssions for the N,,,, must term nal antennas can be sent
simul taneously on different subbands of the overall system bandw dth.
For time artekogointkart perfdrimedéompogptidroof H gndoi esshoser feominghaletive the user
term nal antennas can be sent in different tine slots. In any case, the
or t hogonalsteegingavesior the, Mo, Y, ,, piid etnd thangerringiventor 4b |eaols usdretermiogless
point to disti n?w sh the pilot transm ssion fromeach user term nal

ant enna. [Sgbfﬁﬂdl_ omnamsrrpsseomser term nals can sinultaneously transmt
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for uplink
pilot transmissions for the N, user terminal antennas can be sent in different time

slots. In any case, the orthogonality among the N, pilot transmissions allows the
access point to distinguish the pilot transmission from each user terminal antenna.

[0072) Multiple user terminals can simultaneously transmit unsteered pilots on the
uplink to the access point. The pilot transmissions for all user terminals are orthogonal
in code, time, and/or frequency to allow the access point to estimate the uplink channel
response for each user terminal.

[0073] In a TDD system, the downlink and uplink share the same frequency band. A
high degree of correlation normally exists between the downlink and uplink channel
responses. However, the responses of the transmit/receive chains at the access point
may not be the same as the responses of the transmit/receive chains at the user terminal.
If the differences can be determined via calibration and accounted for by applying the
proper correction matrices at the access point and/or user terminal, then the overall
downlink and uplink channel responses may be assumed to be reciprocal (i.e.,

transpose) of each other.



transm ssi on. These techniques may al so be used for downlink

transm ssion. A downlink M MO channel response matrix Hd,,n can be

obtai ned for each user termnal mand deconposed to obtain a downlink
steering vector vdn mfor the user termnal. The access point can

eval uate different sets of user termnals for downlink transm ssion
(e.g., in simlar manner as that descyg bed above for the uplink) and

sel ect the best set of Nda user termnals for downlink transm ssion.
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N. ] ; andespamei(se.adl N, =HJ, , ¥d8) derivei thé sidaring veoteniy, ,s9miigl,sbased Iss sent
fromthe Nap access point antennas. The access point may al so spatially
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), then the user termnal can performreceiver spatial processing using
CCM , MVBEendang the eriried of b her) eremiinditpebfonn (ego battemnsmidtings seered pidas
downlink data synbol stream I|f a user termnal is equipped with |ess
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recover its downlink data synbol streamin the presence of crosstalk from
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Ny, 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 N,, selected user terminals to obtain

Ngp transmit symbol streams, as follows:
X =Y 80 > Eq (22)
where s, isan N, x1 vector with N4, data symbols to be transmitted on the downlink
to the Ny, selected user terminals;
V, isan N_x N, matrix with Ny, downlink steering vectors for the Ny,

selected user terminals, whichis ¥, =[¥,,; ¥4, - ¥4y, ]; and

X4

n

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

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 Ny, antennas (i.e., N, , 2 N, ), then

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



with data. [0079] For a M MO OFDM system for each user termnal, the
channel estimation nmay be perfornmed for each of the NF subbands to
obtain NF frequency-domai n channel response nmatrices for the NF
subbands. The spatial processing may be perfornmed in various manners. In
one enbodi nent, each of the NF channel response matrices is

I ndependent |y deconposed to obtain NR2steering vectors for the NF
subbands. Spatial processing is then performed for each subband with the
st eeri ng witet dechuiguaite dedldfto and hmoversltﬂaﬂemlmkl duatarsemh@lr steeatpodifreser a

single frequen I ndependent st [ ctor er ach user
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one steerin s derived for_each er .term nal exanpl e, based
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hi ghest %ﬂﬁfaﬁifs Iiizl'éh %ﬂ%aﬁé‘?&eass&dﬂ'ﬁe@@ﬁﬁ hirEPedfe Lirfed thalRMy BE mbaGtclO
derive one or nore effective 22 channel response vectors, which are in

turn used with dataa| uate and sel ect user termnals for transm ssion. 4.
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receiving entity for the uplink. Each user term nal Ois a _
t ransmi t t iimdgpendently décomppsed to pbtankNaﬁdermgr\@e@wfon d¢he Nr 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 for each user terminal based on the Ny channel response matrices. Spatial
processing is then performed for all N subbands with this single steering vector. In any

case, Nr effective uplink channel response vectors h (%), for k=1 .. N, are

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

[0080) For a wideband MIMO system, for each user terminal, a time-domain channel
impulse response matrix may be obtained for each of multiple (Np) resolvable signal
paths in the MIMO channel. In one embodiment, Ny steering vectors are derived for
each user terminal based on the Np channel impulse response matrices and used to
account for the frequency-selective nature of the MIMO channel. In another
embodiment, one steering vector is derived for each user terminal, for example, based
on the channel impulse response matrix for the main signal path with the highest

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



entity for the downlink. As used herein, a "transmtting entity" is an
I ndependently operated apparatus or device capable of transmtting data
via a wireless channel, and a "receiving entity" is an independently
oper at ed apparatus or device capable of receiving data via a wireless
channel. In the follow ng description, the subscript "dn" denotes the
downl i nk, the subscript "up"” denotes phe uplink, Na,, user termnals are
selected for sinultaneous transm ssion on the uplink, Nd, user term nals
are sel ectdhah:febfespcﬁisasmbdtm,ewhnsh taregingninssed o evaluateeardioseldet nder tddmimitsy or

may not be al.to Nd,,, and Nup and Nd, may be static values or can
change forfo’é mésé‘ﬂgdul ing interval. For sinplicity, beamsteering is
used in the JolExen REMORSystéin (0082] On the uplink, at each user

termnal 120 s or uapfli ransm ssion, a TX data processor 488

recei o8}t r af f IFIGd4skows dblpck dagramadaeesss pas 1A dnd dre nsst tetminalsf120m a

controll er rocessor 488 SSes. e . n des
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termnals may be schedul ed for si rrultaneous transm ssion on the uplink.
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N. p user termnals transmtting on the uplink. Each antenna 424 _provides
a recei vtk g may be Pfé%aelpﬁw F@c@h%? fngach (splesdrling sntervels c For

recei ver UbbichGPeRRlRhTT REEARS IMGWEATRLEIFRBLAY Lo that performed by
[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,,,} for the user terminal based on the coding and

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

a data symbol stream {s

up,m

}. A TX spatial processor 490 performs spatial processing

on the data symbol stream {s__} with the steering vector v multiplexes in pilot

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

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

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

point.



provi des a received synbol stream An RX spatial processor 440 perforns
receiver spatial processing on the Nap received synbol streans from Nap
receiver units 422 and provides Nap recovered uplink data synbol

streans. The receiver spatial processing is perfornmed in accordance with
the CCM, MVBE, SIC, or sone other technique. A spatial filter matrix M
for the access point is derived basedypn (1) the receiver spatial
processi ng techni que used by the access point and (2) the effective

upl i nieogshannel N, espoeswinalmtmayx bél'spheduledr fot semiltaneans etrarismissionasdrs theEach

recovered uplin ata.synmbol stream (9. P . j.1 is an estimte of dat a
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symbol 24 pr&dessBiMecRniged Gdedt sy theO@dssk ipdknt SindNQ) theNaffectiva RipIhK thdnneini t S
422 provide Nap downlink signals for transm ssion from Nay antennas 424
to the useaesppesermatak M, [;068dhe N, userctirminds. Eaghnteenyeredplinkidata symhelennas
452 receive the Nap downlink signals fromaccess point 110. Each
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synbol stream
rate used for that stream to obtain 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 processing.

[0085] On the downlink, at access point 110, a TX data processor 410 receives traffic
data from a data source 408 for Ny, 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 (e.g., encodes, interleaves, and modulates) the traffic data for each user
terminal based on the rate selected for that user terminal. TX data processor 410
provides N, 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



{3da n} for the user termnal. The receiver spatial processing is
performed in accordance with the CCM, MVBSE, or sone other technique. A
spatial filter matrix Ma"a for each wuser terminal is derived based on
(1) the receiver spatial processing technique used by the user termi nal
and (2) the downlink channel response matrix H.,,,, for the user
termnal. An RX data processor 470 prdacesses (e.g., denodul ates,

dei nterl eaves, and decodes) the recovered downlink data synbol streamto
obt ai n destrdedtocgenerafeor dawrdink sségnal. t Mg ritansthittef OB 722 A0 6de Naudtevnlinkr i nal
120, a channsl 7 S e channel response and
provi des 51\3\%?? sﬁ’g%] éogfﬁfﬁ@&%ﬁgﬁwg%m 'Ill{dlljde channel gain

est i Mwos6s, SNRAesdchriﬁéretsnmﬁﬂdzspNgn ant&fmurlsMaE |r9t;elva thdslalr;yﬂdwmmsimhl@r 428

estimates_ the uplink chan r onse rovi des u ann

est i mat es Tomngecess RNt v’g%k‘ch‘ée‘ e&r‘mﬁ IHr - aley ’i?f)?‘ 5‘5’1‘ %ﬁ’?é&l on may
be deri vegsshdad@ldnRifia m%@nﬁ{dspmdﬂie@&dfdaavws s&xhafeahhe A X sypadam i s a

TDD systemor an FDD system as described a If the steering vector

is deri veurobgssmn@Oemrfms (receiyer spatial ar@e@mg 8 MM reqgiigd riambelstrsamanot her

entity (e y teering
vect or toﬁ%ﬁleN %%CF ﬁ%%tu%u ?J%{%@%rf%ao 89&2@8&;'&]{ dgggﬂﬁ uéslre}’r% rm' nal
typical l'y (glery foeshetuder temdhdlaThé tdctieer s;mian p»occdmg ipdrimbdii dd6stfarcer m nal
based on the downlink channel response matrix Ha,. for that user

term nal . witake OCMEr MABIE, desdnvesthériechaigaé.i Alspitial ﬁﬁérrﬁﬁhklMu,NElBréa@h t he
access point based on the effective upl i nk channel response matrix !.

LL}Ifd . Conser ddringral #&8derived basiedoh (U)slge réceiven spatlialrmgcesmgjtebhnqlteatshd by

i i . g., . i i SNR

ot mat s heatrar Liing] o e owaliek sy 're@w?éfﬁé# Huzobethe i al so
| 110 d

contr ol ¢ henBRE" 35180 s PLEY 3O BERSRBH B u%hesaﬁs)ﬁieﬁgﬁs o

di agr am oflecdddsXtltatcovpred dosalik M@nﬂabastreamppabﬁaﬁl debded dhvd fd:amxaum ocessor

410a may be Md for TX data processors 410 and 488 in FIG 4. Wthin TX
data proc&¥®BRl410a, an encoder 512 receives and codes a data stream
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transmi ssPon ene nay 1n
the uplink channel response and provides uplink channel estimates. The steering

vectors for downlink and uplink transmission may be derived in various manners
depending on whether the MIMO system is a TDD system or an FDD system, as
described above. If the steering 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
steering vector to the other entity.

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

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

utm

that user terminal. Controller 430 derives the spatial filter matrix M, for the access

point based on the effective uplink channel response matrix H,, .. Controller 480 for

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

terminal 120, respectively.



redundancy check (CRC) coding, convolutional coding, turbo coding, block
coding, and so on, or a conbination thereof. A channel interleaver 514
i nterl eaves the code bits based on an interleaving schene. The

i nterleaving provides tine, frequency, and/or spatial diversity for the
code bits. A synmbol mapping unit 516 maps the interleaved bits based on
t he nodul ati on schene for the selectegsrate and provides data synbol s.
Unit 516 groups each set of B interleaved bits to forma B-bit binary
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onit 516, AR 8 S5 KR Balie S B R (3 i

nodul at i onykBéls onto different code channels. Each code chanmel is associated with a

respective orthogonal sequence, which may be a Walsh sequence, an orthogonal

variable spreading factor (OVSF) sequence, and so on. The channelization is referred to

as “covering” in 1S-2000 and IS-95 and “spreading” in W-CDMA. A scrambler 524

receives and spectrally spreads the channelized data for multiple code channels with a

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

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

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

[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 user terminals may concurrently transmit N,, or more data streams on different

orthogonal code channels. Each user terminal performs spatial processing on all of its

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

¥,pm- Similar processing occurs for the downlink.



OFDM W thin OFDM nodul at or 530, an inverse fast Fourier transform (IFFT)
unit 532 receives the data synbols from synbol mapping unit 516 and
pil ot synbols, provides the data and pilot symnmbols on subbands
designated for data and pilot transm ssion, and provides a signal value
of zero (a "zero" synbol) for each subband not used for data/pil ot
transm ssion. For each OFDM synbol pegdod, |IFFT unit 532 transforns a
set of NF data, pilot, and zero synbols to the tine domain using an NF-
poi ntjpd9ryer se &6t SBosiwoivera blocindiagram afhd ToX deiadmeceasar ot 10k shanapparts

transfor that co ns_ N yelic ref| tor 534
repeats ﬁ@%% 6? glggﬁsort‘f@hgqagraﬁgg)e&%@ﬁ%cféanlgrg HoYS gb@?ﬁ%ndi ng
OFDM synbah Fihad. TRYah macdéuirﬂm; incltidesencddee swmﬁmhmmdavarslusmaef erred
to as a cyclic prefix, and %ﬁls the nunber of chips _being repeated.

h

The cycl i GYpbel maprins; brib S 16.nuhich Rperae pfdesnbed a?‘é‘teafoﬁ §16t 3A. oFX KBonal
properti e%)}g&%sstopgkfm ﬁﬁﬁ&qg?lﬁaes 3y ldmrnlfbdqﬁkcmﬁﬂ grf&ﬂiﬁ?(?h ?aiﬁoﬁ &/@rq uency

sel ective I ng requency response t s not clic
prefix ger@FRMorWaBia OEEM/Mé@atar §30, @aﬁn@rsemosymbmfomﬂmﬁ')fmt
S|rrpI|C|ty salso n S.acdat a S Str 100931 For
the upli n f&‘é“ﬁ“"aaﬁg gfn%? oﬁ rfré)glms)f"é o%fﬁg Emg] %‘Aé Pég’bé ?éé}’ set of
subbands a}ﬁ@m@a@emef ddta tdndt plsdtrsgmnolsTbe sJthmnaelceei‘gﬂﬂedJse:r du@r midalist may
concurrently fransmt NP rmre data streans on difffrent di Sj oi nt
sets of sUBBHANEON.HREPECVE 17 siemal yale fzern o Panbeds o cach pISbEd st

one set. E'F)? DsedSat dE(?fgﬂbPﬁﬁnsﬂﬁsrsfoﬂr ;ﬁ)r $Raf bRbm Qﬁﬁﬁﬁﬂﬁhﬂg Q"'F'I'atlxﬁt o 1ts

data synbol streans nbol strea sanme steering
vector _v'tpnsfoons & 'sg, ofi Nr Gitwipilat, apd @emsmnhglsd@@m Bmé omaineusigman Nak .

[ 00941 For_ sj |ICI f dat a
stream {drﬁ""lrltl1 eBSBtEI%%ErE og?leecﬁﬁmf agr%gfov“{é ?esﬁnﬁﬁﬁﬁﬁx Sg ga?"%g eans
(e.g., forthandontapiseNpsohips. t &r ErycrmaI;&eﬁ:n gt:iimtdpw | repeatsTa pobttorp 6D eshs ed
with nmultiple instances of the TX data processor to obtain nultiple data
synbol stéfé?#%f mggovmPokfaetain 4 coreseondig ST sempeLthaheantin Mart Bas in
whi ch the si ng nd OFDM ar e, perforned prior to the
spatial pr < ﬁgeafawgﬁamqn I8 ARIETRIE0 % PGl BiefigyAnd |%pt‘3nﬁ’§ nepder oft he TX

data pr chﬁgrbcir%c tepefsl, t e CHbiR B?éﬁk"eﬁ&&és H‘Fat the oﬁﬁ%@ﬁalekﬁfmt@s

shown in and 5B. The“processing f DM may al so be
per f or ned arthpganat hropertias uathemrwa@smﬂmumath rﬁsrlaMSpmadenmd by fegmieaysi on.

In this Casﬁ:ctlveafcginé A écfugr{cyurgs!ptonée-lt_wls) nov%l d CI 0 pregx genCDa'thj?f 534

provides a stream of OFDM symbols, which for simplicity is also denoted as a data

symbol stream {s,,}.

[0093] For the uplink, each data symbol stream is transmitted on a respective set of
subbands assigned for that streamn. The N, selected user terminals may concurrently
transmit N,, or more data streams on different disjoint sets of subbands, where each of
the N 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

same steering vector v, or ¥, . Similar processing occurs for the downlink.
[0094] For simplicity, FIGS. SA 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 5B show specific implementations in which the processing for
CDMA and OFDM are performed prior to the spatial processing for multi-antenna

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



nodul at or or an OFDM nodul ator that perforns CDVA or OFDM processing on a
respective transmt synbol streamto generate a correspondi ng nodul at ed
signal. [0096] FIG 6 shows the spatial processing at access point 110
and one user termnal 120m for downlink and uplink transm ssion. For the
uplink, at user termnal 120m the data synbol stream (su,,n} is
multiplied wwth the steering vector 27, mby TX spatial processor 490m
to obtain the transmt synbol vector x...Mfor the uplink. At access

poi nt 110,0RDM mabikitareds shavpoin FEES. FA aiid 5Bf oTheuprecessingnfon @DMARCGmdas wel |

as ot her term.nals) is nmultipli with a spat.ial .filter trix M
by a uni t%aﬁl&yf asq h%ez pg@’gﬂeg a&nert ﬁ}gea SB?‘%OWQEGSWEEJ%E BRI nj t
642 to obtyahdmitdieh. I @6 ANeroask, Gadt transiditdr WEC{TMTRY woll idcfifdetheDMAT nk.
Units 640 and 642 are part of an RX spati al lsrocessor 440a. The matrices
Mao and DJ‘}°d3¥a@fd’éraP\fé€DMa‘§‘8€I“16‘HrflﬁéP@f?fE{§t¢ MA,pY PFIPM PEefsesing @& Bonse

matrix H '??Aslgfcfﬁv Reniit §ehbolfreainlth ge%ﬁ%ﬁi@%ﬁ%‘%ﬁhﬁﬁ jque. 100971

For the do I'nk, at access point "110, t . vector sd" (which
i ncl U8ess] t he dBWE! 6 skoviiathe spatiabptocessing atraccessr paintelrl Otand roing alser ig@ninals wel |

h i.nal s) | | tinlied.wth th |.ink ' '
Var by 12O aR ald i RS e b o, AR o Rah, B, or X
for the dawalsyihkel dfcatdSal ek Fhuliihlicd 30 metst&ﬁﬁgﬁ?@dttyleﬂmﬁ%ﬁb?k spagdIor

y

rd,,,mis nultiplied witff"a spatial filter matrix M, aunit 660

and furt herocesal #90mkd BbrinCtha G@nshit BRABD ¥edlor X, fOY tite Wlink, 68adcessObt ai n

a downlink recovered data synbol stream{sdn,i‘"}" for user termnal 120m

Uni ts 660 pamel 1 fif Zhetvebeivddayinblf vedidr $P afbrdsePeARiIOMNSIQ0N B0 atsthdiatdri ces
M,,.," and D,;,,, are derived based on the downlink channel response

matri x Rdtgrminals) & mulsiglied With'h BRdtiall R ndiek WB1 by alubet 640G furlivblzaler Ssome
ot her technique. [0098] FIG 7 shows a bl ock diagram of an RX spati al

processor vﬁﬁlgathrira altfatiR 31253 2 uBI1 84S Mwﬁﬂx%?icgw‘e& Bath IPhEGRELE € SI C

t echni que an be used fof access point RX spatial procé%sor

440b and I Batuplifk.0qQRES B404hd642NEE ARV A RXSIPEEASTONSsor (4408 The
cascaded) receiver processing stages for N, data synbol streans

transmitt egitdines M, 0and Dt @ nderisddsbasthioh thé effearpesuplink chhhine] resposeudes a
spatial processor 710, an 28 interference canceller 720, an RX data

stream pr egeds By, / 3d usinglthe COMU MNISE] sreaiite ofiepeelatiqre. 740. The | ast stage
I ncl udes only a spatial processor 710u and an RX data stream processor

730u.[0099P991 FBor sHeagewlinks pRkérbs poiac & $60the dhGa syaatidl ored®r I §C givtiizh
spatial processing on the
includes the downlink data symbol streams for user terminal 120m as well as other user

terminals) is multiplied with the downlink steering matrix V,, by TX spatial processor
420 to obtain the transmit symbol vector x,, for the downlink., At user terminal 120m,

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

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

=utm

recovered data symbol stream {5, ,} for user terminal 120m. Units 660 and 662 are

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

Dytm
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 the SIC technique and may be used for access point
110. RX spatial processor 440b and RX data processor 442b implement N,, successive
(i.e., cascaded) receiver processing stages for N, data symbol streams transmitted by

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



N. received synbol streans and provi des one recovered data synbol stream
{sap ~} for wuser termnal ji being recovered in the first stage. RX
data stream processor 730a denodul ates, deinterleaves, and decodes the
recovered data synbol stream{s,j } and provides a decoded data stream
{d.-A}. TX data stream processor 740a encodes, interleaves, and

nodul at es the decoded data stream {dps,} in the sanme manner perfornmed by
user termnal jlI for that stream and ovi des a renodul ated synbol stream
{s"p/, } | hr I i,t4ers. spall al

pr ocessi nént%ﬁ&?k%%@%qn%ﬁﬁ?gf%dkgy%%%&gﬁ relcsarg?ngs s‘@o?gl\?\ﬂahf%#g&eﬁeg@ti ve
channel r gmsessor74kcThe lasbgaye, includesronlis @ spatigl pionessoyj 710uandEnaRX datap
interferenéeanﬁor é)sneni}ﬁ due to the data synbol stream {s,,, ,, } . The
Nap i nt er PeFent cS?Fp ®nts are subtracted fromthe Nap received synbol
stregowp9j 0 obt HomstiNgp!,repatid] ipestesyndila mifbansreceivét sphtidrprodqessing e thet 0
stage 2. 1001001 Each of stages 2 through N 4, -1 perforns the sane
processi ndYsarscaiyegeymbol stregmss and previdpeonqdproysEd dpta gymbelstean tf g alrforf r om

t he precedi ng stage instead of the NZ?D received . synbol streans. The | ast
stage per fUSFTrETapELL hemg geversd g e dirtetassi K ghta plecamm processen 7304

nbol st ' F
41t | oA A8 B AR forodB] iR R o B BB B LRk 7100
h i npl MVS h hni . E i al
o1 ceasor PSR DRSRIbESERE o rloc AP BHS oI 0 FBBToeboct or

r, wwth a spatial filter matrjx Ma obtain a.detected synbol vector

0
s,>,p, seli@eiavesqndcapddatsh dhe deg e dlsioieam Sfandl instheesame mapger
rovides the sgaled synhol .streamas the recovered ta synbol stream
Por 'that SPGEeS Pygser ReminsL/fer Bl Sieamang BEPVBRS BBt P OB R Poct | ve
channel I 8POPS e efdnte Kattell& 720ahSerfoh8 Srandn@d0 gatibl F?oc@ssfn st bl ock
di agram of ‘&f" embodi nent of controller 430 and scheduler 434 for

eval uat i NgeRRMIRENQMY0) Seatts §F 1Ewith MRl SickBle (HARQ TePShRVeBBr HhE.
downl i nk and uplink. Wthin go“"’n’t}r ol l'er 430, a requessf%gpr ocessar A0

recei ves Fga@estedfinalljE@OUDHiIS Ny SfferfidndéS@mpbintd iRlts thedfAtaA)thbBDshR| Y
access requests from other sources. These access requests are for data

t r ansni ssi{ep,; bn Thadaginiferenre aorapasents prei suktrackas from the Nipyrecetved spmbolng f or
uplink transm ssion is described below [00103[ Rgiguest processor 810
processes sirpasnyte oblainol, aradified symbelsyeans waichags praeided iostagedent i ti es (1 Ds)

and t[ﬁ&lﬂﬁ]t atus Egéh (?tl skag%g 5 h'}/rgug'ﬁsﬁfp Jleﬁé?}o%é the sﬁng ﬁx%rces%ﬁlg%g Et%e ﬁ%?oeﬁel ects

on the N,, modified symbol streams from the preceding stage instead of the N, received

symbol streams. The last stage performs spatial processing and decoding on the N,

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

estimation and cancellation.
[oo101] Spatial processors 710a through 710u may each implement the CCM1, MMSE,

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

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

=—ap

b 4
§HP »

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

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

matrix M, is derived based on a reduced effective channel response matrix ﬂﬁpﬂ for

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

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



different sets of user termnals fromanong all active user termnals for
eval uation. The wuser termnals may be selected for evaluation based on
various factors such as user priority, the anount of data to send,
systemrequirenents, and so on. [001041 An evaluation unit 830 eval uates
each set of user termnals and provides a value for a nmetric for the
set. For sinplicity, the follow ng dgscription assunes that (1) overall
t hroughput is used as the netric and (2) the effective uplink channel
response requests eentity wsentdrmiviabs 120 andgissiblyt dcvass wrepiests drom umler sdavasuat i on

unit 830 j.ncl udes a C tati.on uni 840 a eI ctor 850.
Matri x co %ﬁﬁ %ctcf%rfeﬂtlhes{s 3§716°r (gaﬂ) F??gustshoél ° 5‘??%&? é‘flﬁj)é el eah set of
user ter rgiday, scheﬂolﬁngefaﬁbpl&ﬁttransamsixo&%(aleicﬂb%bélm effective Upl i nk

channel response matrix HUJ.eB" for the set and conputes the SNR for each
user [99WBhi nal ReguasherosessomBldeproessiser thy wpqivedaegess feduests apd grovides thea|

processi rlgennhﬁé?{lﬁbﬂé{ﬁl tH? %Qnﬁ%ftaheact%&éc&&steﬂﬁinﬁfs KAl sSREBLRIY scfeeh

recei ves a set of each user set and determnes the rate for
each us erdlffgcnt\sntabf inger temmarulstfrcms amend albactivéiusep tegmirials fot ¢wabuatierpuTheR' f or

t he set. sel up, t.abl LUT) ., 852 whi ch
Stores a 5o egpPpE R bt SeleTRL 7 S ERRIOR 8PL ot RatiBiR Bebre B dersi
Rate selmitigy, th%&ﬂmdﬁttcﬁTdmmeSeddh@sdehgb@ﬁﬁenfeﬁfsgmfdhatonnay be used for
uplink transm ssion each user term nal based _on the SNR computed for

t he QOEMI ¢ er mmlaqvaluﬁaqrbu@b$3é>&vakuatsseachaftsq§ user derminalg and rrpdesa vaduey

t hr oughp f | Seft t call
L oughpar Rongae for BE36 ! FEE SRR e TR, S RraGr siud P (0

di f f er entovsratighronghpytts wsed @b thel metiic ond (BDethe sBative olplmleglmnnaﬁder(p@)lset he
rates for e I r set from
rate sel evce%'tlaﬁsg’%gﬁabg °m8 %ear%n4§§s %@%‘e ?‘L a%xon ?ﬁ'h}c ugésef g’lrxm nal s

anong al |coaphmtiorcindt 84l d afrate seleqér 850N dMhitix Etgnpunatmmmit 840 derfehethd es t he
sel ected user termnals for ir’](ansm ssion on the upI [ nke%ﬁ gedul er 434

provi des %}@?ﬁéﬂﬂpi“ﬁﬁo’} i gl spiof, USRhiEmInals, cFofgerch shk uni fas e ¢ he
sel ected Ugetyet gﬂé rg{;}ﬁahée hati%SH ¢ hefo?%%@?éﬁdco ﬁﬁk%} tinme
(e.g., the star tion of ¥H¢ transm ssion), so on. The

schedul e m&arteﬁﬁl AN &e%%nbagea Jnhgse' el elfé&fve}%haeﬂén?k&essi 106)

The sche ing for downlink transm s3f" may be perf n sim

manner . &&mﬂ&%&&%ﬁdﬁ@ ast W pdih@ Btk Sécdt ssecr@&my@ssedmmbﬁ@ R el n may

be i nmpl enent edamé vari ous neans. For exanple, these techni g;Jes may be
i npl enentuser sehanshdaiemnines th%taﬁqﬁvanea;;h user grmgioalbinibe sabas well e dfe ovemll

har dwar e th:%’%lgﬁap%% %IJ R set’ hﬁatg sQe&sr éi?pmay 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] Scheduler 434 receives (1) the different sets of user terminals from user selector
820 and (2) the rates for the user terminals and the overall throughput for each set from
rate selector 850. Scheduler 434 selects the best set of user terminals among all sets
evaluated for each scheduling interval and schedules the selected user terminals for
transmission on the uplink. Scheduler 434 provides scheduling information, which
includes the identities of the selected user terminals, their rates, the scheduled
transmission time (e.g., the start and the duration of the transmission), and so on. The
scheduling information is sent to the selected user terminals.

[00106] The scheduling for downlink transmission may be performed in similar manner.
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units used to support the underlying wireless technology (e.g., CDVA or
OFDM and the SDVA transm ssion on the downlink and uplink (e.g., the
transmt and receive spatial processing at the access point and user
termnal, the evaluation of different user sets, and so on) nay be

I npl emented within one or nore application specific integrated circuits
(ASICs), digital signal processors (4gSPs), digital signal processing
devices (DSPDs), programable | ogic devices (PLDs), field programrabl e
gat qo@orays (hPSBMA trlaﬁsimeﬁaofeshnjmmeahgai ﬁereiﬂﬂ;jlﬂﬁy)bs Qﬂ?leﬂnbﬁt@% by

m croprocessors, other el ectropic nits designed to performthe
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processor via various means as is known in the art.

-

[00109] Headings are 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 skilled 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
principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.

WHAT IS CLAIMED IS:



recei ved synbol streans for a plurality of data synbol streans sent by a
plurality of transmtting entities, one data synmbol stream for each
transmtting entity, wherein the data synbol stream for each
transmtting entity is spatially processed with a steering vector
derived independently for the transmtting entity and is sent froma
plurality of transmt antennas at thg transmtting entity, and wherein
the plurality of data synmbol streans are transmtted sinultaneously by
the plurality of transmtting entiti€sAIMS8d processing the plurality of
recei ved synbol streans in accordance with a receiver spatial processing
technique to obtain a plurality of recovered data synbol streans, which
are estimates of then Rindndl rdckiviy Chef @ asmmiaie-iﬁ%ﬁtqaﬂﬁple%mpﬂhmm&bPOd of
claim1, wherein the steering vector for each ransmtting entity is
derived basmminicatian systemnebmpysingmte for a wirel ess channel for the
transmtting entity. 3. An apparatus at.a receiving entity in

nul tiple-i nputO%ff'HF&’ﬂ%éQ %B{uﬁ@?y O%ﬁﬁ%méegnma?u%igé% FIYor € %‘f’éﬁ:‘mﬁlﬁﬁﬂfi si ng:
a plural ifeyeivid syR®ei wedanidnbf 5 phpsitaiol detatsymbbl stieamt fsenh 1y Pblaradity by of
receive antennas a pluraljty of {ecei vgglss nbol streans foy a plurality

of data SARBBIttRG eniitieh ongeldta [yInbe P ‘FWF’&H&W‘P‘?‘VﬂﬁggﬁPi‘?‘? es, one
data symipl, éﬁéé]b%@%éﬂ 5060 oaRRSNIngldnBY isOphiidlly. prdfassedi Wi Betedasa syrbol

stream for e transmtting entity is spatially processed wth a
st eer i ng weetot derivddrindapandentle forribie franspiftisg entiy and 4% samt fiomng plality 9f and i s

sent from a pluralit f transmt antenpas at the transmitting.entity,
and wher ﬁmsmﬁé“wgitﬁ?“ﬂsﬁuﬁ% a?n@t}’nﬁ‘bqqfvgfrflé’a Yy %haf‘?’ roglr‘i]té'f?i § Bp _
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streams, which are estimates of the plurality of data symbol streams.

2. The method of claim 1, wherein the steering vector for each
transmitting entity 1s derived based on a channel estimate for a wireless channel for the

transmitting entity.

3. An apparatus at a receiving entity in a multiple-input muitiple-output
(MIMO) communication system, comprising:

a plurality of receiver units operative to obtain from a plurality of receive
antennas a plurality of received symbol streams for a plurality of data symbol streams
sent by a plurality of transmitting entities, one data symbol stream for each transmitting
entity, wherein the data symbol stream for each transmitting entity is spatially processed
with a steering vector derived independently for the transmitting entity and is sent from
a plurality of transmit antennas at the transmitting entity, and wherein the plurality of
data symbol streams are transmitted simultaneously by the plurality of transmitting
entities; and

a receive spatial processor operative to process the plurality of received symbol
streams in accordance with a receiver spatial processing technique to obtain a plurality
of recovered data symbol streams, which are estimates of the plurality of data symbol

streams.



