1 MUILTI - ANTENNA TRANSM SSI ON FOR SPATI AL DI VI SI ON MULTI PLE ACCESS
BACKGROUND 1. Field 100011 The present invention relates generally to data
comuni cation, and nore specifically to nmulti-antenna transm ssion for
spatial division multiple access (SDMA) in a nultiple-input multiple-output
(M MD conmuni cation system |11. Background [ 00021 A M MO system enpl oys
multiple (Nr) transmt antennas and nultjiple (NR) receive antennas for data
transm ssion. A M MO channel fornmed by the NT transmit and NR receive
antennas may HMUETHANTENNA TRENSMISSIONEROR SPATIELDIVISFON n { NT,
NR}. The NS spatial channels may be used to transmt NS independent data
streams to achieve greater over MULFPILEAUCES®0031 In a nultiple-access
M MO system an access point can conmunicate with one or nore user
termnals at any given nonment. |If the access point communicates with a
single user termnal, then the NT tgaStERAMNBNNas are associated with one
transmtting entity (either the access point or the user termnal), and the
NR receive datenFddare associated with one receiving entity (either the
user term.pal or_the access poi nt% The a;ycess aPOi nt can al so Som‘runi cate

with miPPh e usdhe (RPSEPHAPENUDFFIRlEs, ESUERY J¢ Hataspppmupigat PAE access
poi nt utili zpeifBally itd hRiRBkteRRAASankRssiOR S i IS &ﬂlﬁp?é“ﬂ:céﬁSSBMﬁQm and

each of the user termnals typically utilizes one antenna for data

transm ssi onn apaltipk-inppt woliintecontps (YIBYIO) eprampeiedtionispsiem] 00041 Sone key

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

transm ttingidat Batigrador from each selected user termnal in a nanner to
achi eve good system performance. There is therefore a need in_the art for

techni JA#3It o ef A MIMQ systers gebeye ooiipler(dr) Bansont apemag apd swltplatVoyst em 2
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in a MM systemare described herein. ese techniques "nay be used in
conbi nati on aud tMz receive antennas may be decomposed nto Ns spatial channels, where

N; €min {N,, N,}. The Ny 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 Ny transmit antennas are associated with one transmitting
entity (either the access point or the user terminal), and the Ny receive antennas are
associated with one receiving entity (either the user terminal or the access point). The
access point can also communicate with multiple user terminals simultaneously via
SDMA. For SDMA, the access point utilizes multiple antennas for data transmission
and reception, and each of the user terminals typically utilizes one antenna for data
transmission and multiple antennas for data reception.

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

support SDMA for a multiple-access MIMO system.



vari ous wirel ess technol ogi es such as Code Division Miultiple Access (CDWVA),
Ot hogonal Frequency Division Multiplexing (OFDM, Tinme Division Miultiple
Access (TDWA), and so on. For uplink transm ssion by nultiple user
termnals to a single access point, an uplink channel response matrix is
obtained for each active user termnal (e.g., atermnal desiring to
transmt on the uplink) and deconposed to obtain a steering vector for the
user termnal. Each user term nal uses its steering vector for spatial
processing to transmt on the uplink, 2f selected for uplink transm ssion.
An "effective" uplink channel response vector is formed for each user
termnal based on the steering vector and the uplink channel response
matrix for the user termnal. [0006]_For each scheduling interval (e.g.,
each time slot), multiple sets of a mr termnals are forned and
eval u base : [ : : y c S; eir
chann ﬁgriesponglg%%é%gcfégg%ogﬁ%dg@}l%h%?ﬁ? %g& %@g%f"\‘?@‘, ml(.lésjgll’ ermnal s
for upliniystetrmnmendesarited hepeitthaThese hetiniquesgmian ther weell . inFepmbdiation | with t he user

set.with the, highest overall throughput nmy. be lected. In effect, the
spatial si Yasieus reEeless tepfmolpgiss sucar 3 %‘% Dysiga, ﬁ%lﬁu‘g‘f‘ﬁ%éﬁw versity
are expl oi . 1 ' C b hl:er ) nal s for
si-mul t aneoggtﬂ?éo gﬂﬁg@ﬁﬁg’ﬁ&?‘ﬁ@“@@ﬁ@b@“@é2@?‘?“8‘6@%%@1 ¢ %E%QQS ane or

di fferent (TDMAJ, ol sos@r. Fer oplinkl teansmigsibe by emdiiple disérotermiphls né a singdrsmi ssi on

in different scheduling intervals. [0007], Each er termnal selected for
upl i nk t ra%@ﬁasggxn&ﬁnﬂpﬁ@@%lmelirﬁsgowawwl1§eﬁ%mﬁor&e@bwaﬁe@rwm he

under | yi ng; W r.&l tec Q. M B\@t in a data

synbol st rg%ﬁ@@ﬁmé@@ﬂgg%%ﬁ%ﬁ 0%luﬂrwi er paenrfor rrnél%ssgaol_t I a mgtragaeg@ﬁg ng on-

its data syd#hoelfostheewssr érininal.t Fach asaritegningt akayr itd steatiigivertar oetpatikl t ransmi t

synbol streans, one transmt synbgl streamfor each.antenna at the user
?lafﬁ%%a Rély

termnal . PResssing o transrtandhe uplipkyifs of uplinkdransmissign, BALiveT 1 eans
f it j i iyt t i nt.
romits pg@gﬂéyhmme@gmﬁé r\{g(flgr ¥iiBrmedtitr Mcs&ennaal daled ﬁgg?%%gﬁxggapo' n

The N. se user term S sinmultaneously transmt t ta synbol
streans (evetor andhiheaiplink chambe lrespomse anmtrixdor thaokertemimnahal ) via their

respective M channel s.to t.he access poi.nt.  The ggcess, pai nt obtains
mul t i A9886l ocei eéahfﬁ?fed‘gﬂgéawaff% 5apl timg ilqtglr’é‘ﬁ%]@éﬁﬁé’g AHYIBT cess
poi Nt _t heNterRithis QfeMorrk QA1 €GN ARFbdsE] oPHhES 8RR Bt YEspoRGAIYRH By TDO!

i
streans in accordance w | near non-ml I near recelver spatl al
pr ocessi ngtheie chaingli esspanse anaiviess) td detbinping dteabest yotiud] N,g tuseaterminglarferi t t ed by

the Rp sel lelgl}nidtra%g%ssigg rirrlri ;ﬁl s%hed?lismg ﬁgrgaiﬂp elgorbgagl\f)vle, the user set with the
highest overall throughput may be selected. In effect, the spatial signatures of the user
terminals as well as multi-user diversity are exploited to select a set of “spatially
compatible” user terminals for simultaneous transmission on the uplink, as described
below. The same or different number of user terminals may be selected for uplink
transmission in different scheduling intervals,

[0007] Each user terminal selected for uplink transmission processes its data stream in
accordance with the underlying wireless technology (e.g., CDMA, OFDM, or TDMA)
to obtain a data symbol stream. Each user terminal further 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 stréams from its multiple antennas and via
its MIMO channel to the access point. The N, selected user terminals simultaneously
transmit their N, data symbol streams {e.g., one data symbol stream for each terminal)
via their respective MIMO chamnels to the access point. The access point obtains
multiple received symbol streams from its multiple antennas. The access point then

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



[ 0008] The techni ques to support SDMVA transm ssion on the downlink are al so
descri bed herein. Various aspects and enbodi nents of the invention are
described in further detail below. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0009] FIG 1 shows a nultiple-access M MO system [0010] FIG 2 shows a
process for performng nmulti-antenna transm ssion on the uplink for SDVA;
[0011] FIG 3 shows a process for evaluating and selecting user termnals
for sinmultaneous transm ssion on the,uplink; [0012] FIG 4 shows a bl ock
di agram of an access point and two usér termnals; [0013] FIGS. 5A and 5B
show bl oc L agr I r 1.t ) OFDM
respecti vl;dl %&FSS%E %&F&é l%gas roa\xéﬂ-z%fﬁé&%%%ﬁoge?ﬁ%é%eggozg%c‘égerat t %Eag%cess poi nt
and one usgmbolestreamstransouitteddywing Nplecleciet] uspt fermkinals,cas slescsibedbeloy.0015] FIG 7
shows receive,spatial processor a receive data processor; and [0016]
FIG @8 ows a TEBriEsBIqEs ‘Bn%‘PB"%cﬁﬂgﬁl Ei'nsaless’coﬁe%égés@wa@rlﬁt%fe TAI LED
DESCRI PTI Qlsdrfed Fireihh eviRiud as@¥ RN 3fnboditnid D dhd RivEdtdnlRe TBRAbedSE" Vi NG as
an exanple, instance, or illustration.” Any enbodi nent described herein as
" exenpl ar yftuthes defeil belewessarily to be construed as preferred or advant ageous
over other enbodinments., [0018] The nulti-antenna transm ssion techniques
descri bed herein may be used in conbination with various wrel ess

t echnol ogi es such as CDONRIFFPOIYCRIPYHONOE THE DRAWMIGKI pl e user term nal s
can concurrently transmt/receive data via different (1) orthogonal code
channBP®lf or C@%/ﬁ,lf(lmwsminmdﬁ@\bﬁ@s&‘kmﬂ@@w;mbr (3) subbands for OFDM A

CDVA em may..,Lmpl.enent | S- 2000 S-95 1.S-856. . W deband- A .. (W CDMA) ,
or soﬁ’éﬁ]&t her fx‘@%ﬁ%"a’é."‘ pAﬂcea:%(/pW%t%lb—ain %wlﬁs@@ém%@pll or sone
ot her stangpgo®iA:A TDVA system may i npl enent GSM or sone other standards.

These various standards are known in the art. The spatial processing for
nul ti [@enna Fl@nSnskeion pwpessefopervelyping 206 selspting used teranalsefr e or

after) the, r s r..the.underlying wreless technol ogy, as
descri bed ‘gﬁ%@v@‘_‘% ﬁﬁ%@%ﬁ?‘gﬁ%ﬂ&ﬁ%ﬁom a nmultiple-access M MO system 100
with gocyss poiRKGss shehsudddck diagram of an access point and two user terminals;

[0013) FIGS. 5A and 5B show block diagrams of transmit (TX) data processots for
CDMA and OFDM, respectively; o |
[0014] FIG. 6 shdws the spatial processing at the access point and one user terminal for

- downlink and uplink transmission;

[0015] FIG 7 ‘shofws a receive spatial processor and a receive data processor; and
[0016] FIG. 8 stiows 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;

[oo18] - - The multi-antenna transmission techniques described herein may be used in
_combir;;ati:c?m with various wireless technologies such as CDMA, OFDM, TDMA, and so
on. Multlple user terminals can concurrently transmit/receive data via different (1)
orthogc}nafl% code channels for CDMA, (2) time slots for TDMA, or (3) subbands for
OFDM. A CDMA system may implement 1S-2000, 15-95, 1S-856, Wideband-CDMA

, (W-CDMA), or some other standards. An OFDM system may implement IEEE 802.11
or sorﬁe .i(é)ther standards. A TDMA system may implement GSM or some other
standards. These various standards are known in the art. The spatial processing for
multi-a‘ntghna transmission may be performed on top of (either before or after) the data

proceséing for the. underlying wireless technology, as described below.



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

(i.e., pbwyward Fi@kl sh@xstmmumpmuats@aum sidters 100 eihidecesa pomBSanAQUsét tO the
user termnals, and_ the uplink . reversgql I nk) 1s _the comunication

link from t K&mipaks F@rWH]a‘F‘EY PB‘Yt'W@ ac%&?&@%’é‘tﬁ FﬁtSho)ﬁ(“ﬁeﬁIGt ér Mihagcestay al so
communi cat e BReks LY mmtamttharcoﬁﬁaﬁmaieerm% usét RURENE B ol | er
130 coupl es to and provi des coordi nation and control e access$ points.
[ 0020] Syst @leo be deferrpl toyes arbabe sttiom or seme ather tarminploky.i Aluserrtemmgnal enayriteennas
for data ransm ssion_on Access. poing 110 is

equi pped i tHoKah oLt by 3k HaakRsa Rl ¢ RiobllSufBr & Vit Y or
downlink tr ammoﬂﬁr m]}rﬁﬂltfgyt htieccem.%duhtpi 10- 104 mlﬁm(nk'atl e fadth dﬂlé|drﬁkore ulscr

t ransm ssi ons. t of N .selected user termnals 0 ively
represents t“H'Emf?ﬂﬂ f%op"l‘tean&&‘ﬁﬂhm?%?mc?&vﬁ? idﬁ’t?“]ﬂ‘?kaﬁgdrﬁé’ékﬁ n@‘ éilf%’ni”r\]é (ful ti pl e-
i nput for upbiak ltn{l@nsst!ﬁh SRR ficatldl hrﬂlbﬁ"cﬁn %esé poihStodfSidefrhPaiE Nap >_
N~> 1 if the data synbol streans for the N. user termnals are not

mul ti pl exed thempdiokdi.c., favgthnlc)ws thesy comimuni¢ajios dinke frogatie. ustt. termsinalbéo theeat er
than Nap if ynbo h xed Ysh fferent code
channel s wi t%&%ﬁ)ﬁ}l{idl S| [m%gsab% '{}”“"“ur%lcllmk ?%Fl? an%j TSRT Each

sel ect ed usedrmired. Mm@btemroaﬂﬁcmdr $30saiplape and providedodrditatian dhd Eortt &rves
user-specific data fromthe access point. In general, each sel ected user

\J

term nal nmayheFAEcEsEBPiBSed with one or multiple antennas (i. N, > 1).
The N. aedopct ed goReimt10h B ﬁﬁﬁpl@%saﬁ%némuﬁé r@ef&%%as%m% of
antennas 0021] stem 100 ray be a time division duplex (TDD) systemor a

frequency alavsnstsmn aupthrexlowmm) and, yplink. Aseess PPDD 1§9slseqqplppﬁb“dﬂavmpu nk and

upl i nk shar BQ YRt | nk and
upl i nk use gnt%%&ren ]{egeegl%gﬁlgy %H@gqnp%Wsys em %g(}&gg?fsg Tt ize a

single carr mﬂtx;ﬂe-om@htt(ﬂ\ﬁb)sfor uplmkl teamsmissibng, r Anetraf 9% iselactedoser mmﬂpialsdlzoy, t he
foll ow ng des§ | on assu

100
system and €9Yect Hrff.%@fmt? ‘H'al?lt‘ g‘ﬁ%&fﬂrﬂﬁ WsmiSFEISP”rS‘Iﬁ}%g{‘%W HFagr For
clarity, dafg,f FFRPEhES Bafihi¥ors N &ol BlieMDNA, ‘ﬂ% gEdikgdo lﬂ%é)wap N, 21 if

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

frequency, or time by some means. N, may be greater than N, if the data symbol
streams can be multiplexed 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., N, 21).

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.




[00221 An uplink M MO channel formed by the Nap antennas at the access point

and the N,,,,, antennas at a given user termnal mmay be characterized by

an Na, x N.,, channel response matrix L, m, which nay be expressed as:

hi.7 }hl1.2 ... h,,N, h2,1"2,2 ... h2 Ma,.. HaPm=, Eq (1) hN', h1l 2
hN. , N. Nm where entry h,,, for i =1 ... Nap and j=1 ... Na,,,,, is the

coupling (i.e., conplex gain) between' access point antenna i and user
termnal antenna j. For sinplicity, th§ M MO channel is assuned to be
non-di spersive (i.e., flat fading), and the coupling between each transmt
and rqe@eive ant AnmaligaMiMOschaame] deraret dg thd Vj) aatesnasgit theceogsk pyingaidthé); , . I n
general ,,each user termmnal is ass?ci ated with a djfferent prl i nk channel
response mikmi3RtenRas At A GIVER HET 5rBHRAl gnay bh herrcliizedh sy #LAbeY Nos. BAtehnas at
that user termnal: [0023] The uplink channel response matrix fl ,In for
user ter mi KEPONSE MAFOH., - Whichana heLEaresssdpfig ei t her singul ar val ue
deconposition or eigenval ue deconpositjion to.obtain N eigennodes of HaP, m
. The singul ar val ue| dgconpgsi ttofhgf, H. P. may be expressed as: HaD. al =
WP, mF uPra VxO' ' Eg (2)pzwhete E mis an Nap x Nap unitary matrix of

| eft ei genvect or}_ﬁ‘p.ﬂpé HE", m TP ,misranily,,, x N,, diagonal matEg{)of

singul ar values of H},:; VuPmi's an*N, |, mxNu,, munitary matrix of right

ei genvectors of H,,.jpand 5N, denpjes {he conjugate transpose. A unitary
matrix Mis characteri Zéd [5'5‘7' the priopjgtty MHM =1, where | is the identity
matri x. Th I Ofe. 2. upitary :Lh X e i her .
[ 0024] The%vél:é%eelgv Ishix’é o ecﬁgﬁbg;”t ?Igiﬁ} o\l‘l "é.g\{f'd'l’?%[{hg? [ gr% hﬁéﬁ,ﬁ%ﬂ@}&%&; m may be
expressed iy oSt anf¥nieli 4md) i P. , (i) Wiy Wher e R
Pr* is the.._t_)%,%’;e?ﬁ%fkﬁﬂo?%agor re %@iugﬁﬁ%%@??xﬂé‘%?ﬁs?éHQ%&%%. Is an N,, X
N., , m di agehainelnatassumed todiegemvdispersivedi.e.Rilat fadingh an8i the wbupling dletreeen

deconposi tion and gei genval ue deconposition are_kno i'n the an an(%n'
- each: transmit and receive antenna pair 1s represented with 2 single complex gain 4; ;.

.ggneial, each user terminal is associated with a different uplink channel response matrix
havmg giiniehsions determined by the number of antennas at that user té;min‘a] :

[0023] ¢ " The 'uplink channel response matrix H for user terminal m may be

==upm

“diagonalized” using either singular value decomposition or eigenvalue decomposition
*diagonalized” ther singul lue d posit lue d positi

1o obtain N, eigenmodes of H,,,. The singular value decompositioﬁf of H,,, may be

expressed as:

H,,=U,.Z,.Vo Eq(2)

upmEupm Zepm 3

where - E"P.m isan N, x N, unitaty matrix of left eigenvectors of H,, ,,;

z

Zupam

y

—=upyn

isan N,,xN,,,, diagonal matrix of singular values of H

upm ;
isan N, xN,,,, unitary matrix of right eigenvectors of H,,,,; and
- 3 denotes the conjugate transpose. '
A unitary matrix M is characterized by the property M” M =X, where I is the identity

;;maﬁ'ix. The columns of unitary matrix are orthogonal to one another.

[0024] The eigenvalue decomposition of a cdrr_clation matrix of H,,, may be expressed
as:
H H '
-R-up.m =—H—-up,m-lj-np.m =.Yup,mj_\.up,mzuplm ] Eq (3)

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

A

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




described, for exanmple, by Glbert Strang in "Linear Al gebra and Its
Applications,” Second Edition, Academ c Press, 1980. [0025] As shown in
equations (2) and (3), the colums of Vup,mare the right eigenvectors of
Hup mas well as the eigenvectors of R'p m. The right eigenvectors of are
also referred to as "steering"” vectors and nay be used for spati al
processing by user terminal mto transmt data on the N ei gennodes of

Hu,,.' The cigemodes may be viewed &8s orthogonal spatial channels obtained
t hrough deconposition. [0026] The diagonal matrix E, P, m contains

non- negat iSisgulae ¥halue aleconspoaition gnd keeniiahgoleadmpaitibnzee kaoveh fetearicandThese

di agonal entrie re kn as,..th i ngul @r. val ues of H.P, and represent

t he channéfescéigi“ﬁst%? 8%‘“’?}?3% &Bfﬂa‘gﬁﬁfﬂﬁg’ ﬁrm?é’ap@ﬁ?%m RS 1t tg]gﬂ}cgﬁloné,& ues in
FZup, m ar e3cabiEditih, AdaRhfc PR, $o89f the eigenvalues in A ,, m. The singular
values in Ep.m may be ordered fromlargest to smallest, and the

ei genl@823 or s i dsVshowmayn fequatiode (@4 and d3) ebpantiongl 9f Yhe prei thei pelit (i . e.,
dom nant) eigennode is the eigennbde associated wth the |argest singular
val ue in Higenvectorswof &) i as el af ithes¢igenventors af R/a) udhefright eighevectorsadr i ng. The
ei genvector for the principal eigemode of HA is the first colum of V p
m after thH, qgraealsogefamel fosasdsteedrafi vasiors and maly(MeAikkd For spatinl prjcessidg system
only an estinate of H P. can be obtained, and only estimtes of Vup,m

Eup, m and Hy. (Eer ®afinkien de trangelt dito on e} bigerinyodet be Hies C ritbteig@Bmodigr ei n
assumes channel estination and deconposition without errors. [0028] Wth
SDVA, Np usigrbetvigwadras logthegonal spatied ohannelabitainedtuvughdetympmsitiohe uplink to the
access foi nt. Each_user term nal performnms spatial processing on its data
usi ngl0426] st eer ithg diagenad math Zgh, cRNAIORCRAEG real \valugs algnp therdirgoralgenvect or
vupm for the principal eigennobde of the wreless channel for that term nal
or (2) in admeropeliewhererafiase diagonah eufties are kngwn agsthe singular values of db, 4 r ansmi t
data on the principal eigennode of its uplink M MO channel using either

" beam f or rand gépresent thechennel gains iy the M eigewradenefit, o | Bhe singulaaalrestior mi ng

[ 0029] For beamform ng, each user terminal mspatially processes its data
synbol st Egarard also thy squatdrodtsof teetgenvedues érc gy, VIhe singwaroktues in B, , | , |
transmt synbol streans, as follows: x,P.m_ Vup.m. Sup,m, Eq (4) where
sup,, is amajabeordyred dlont lergest tb smakiest, ahdtheleigenesetort ar M namapbe arddred

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

with the largest singular value in E,_,, which is the first singular value after the

up,m 3

ordering. The eigenvector for the principal eigenmode of H,,,, is the first column of
V., after the ordering and is denoted as v, .

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

upm

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

up,m? ——Up
herein assumes channel estimation and decomposition without errors.

[0028] With SDMA, N, user terminals can transmit data concurrently on the uplink to
the access point. Each user terminal performs spatial processing on its data using a

for the

steering vector, which may be derived (1) based on the eigenvector v,,,
principal eigenmode of the wireless chamnel for that terminal or (2) in some other
manner. Bach 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.



x"p,,, isan N, "Mx 1 vector with N,,,, transmt synbols to be sent from
the Na,,,,, antennas at user termnal in. 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. Although not shown in equation (4) for
sinplicity, each user terminal mnmay further scale each of the N,,,, m
transmt synbols in the vector x.P. witsh a scaling factor G such that the
total energy for the NNmtransmt synbols is unity or sone other selected
val ue. Each usgr gegmgﬁh,)é%transm tsits N,,, m transmt synbol streans via
its uplink M MO he access point. [0030] At the access point, the
recei vdﬂﬂﬁynbol s Fobbednméuming, eaclc Iusanstemnin%rnmpaiallm pragessdseitsedq]a eymbal as:

rup. m—Hup + P, m=.Hu u m + nuP. m = hu -Su

+nuP, m . \R}fv }ewﬂﬁbtsgief“%n% p—-xm OggtM"“V\FF’P? ﬁ“‘ﬁ@ié‘ﬁ?@a mbol s
obt ai ned frc%nﬂtvpe Nap access point antennas for user termnal m h,p,eb' , m
is an Nap x esffectlve" upI i nk channel response vector for user term naI
m which is h"p Qf p ~A ; and nUP, is an Nep x 1 noi ga(zy)ector
for user term nal’ l‘iLﬁe Spatl al proceSS| ng by each user term nal

effectively diepnsf ormdmb%yx%&rﬁbs@eaﬂeﬁned tBerderadindl A8 land €Sponse matrlx of H
P, , into a singf”-input multiple-output (SIM) channel with a channel

response vector Qf histnekf Ax1[@9n%il}vnﬁw;,mreﬁeﬂnue Mmbese?a&ﬁmﬁh@ﬁqess poi nt
for all Nu p user terni naf$ transmtti ng sinmultaneously may be expressed

as: NNriP = HuP. ef/&u@nﬁguasqtaﬁmmm— 2hup eff, msup m +nup. m Eq (6) M1
m=1 8 where suP is an vect o ynbol s transmtted by

the Np user Asesgd hisgew, awﬁ?’érﬁ}'l‘@o's d'FfePs ‘Ps‘m})Oﬂi“létéHﬂ %’mb‘ﬂ §QIP1313 ,ywnd pTpiloty,p, eB
is an NP x %mbﬂeiéfegw moeﬂﬂ%ﬂh&}%yﬁ{agﬁﬂﬁ#memg@ M&HM lﬁgauaal:.{l (@Fouser

term nal s, s Huv.C and nup is
an Nup x 1 smEwity,cetionseatermimal aovashirther sqtle e[i@ﬂfizt]le Nhe tacsmttsyrp‘mlnm can

recover the N \%cto?txa SX/[H%% sceﬁmgefgc or &r sucﬁ%atttth c{ogilenergy Pla tHe N, transmit

symbols 1s unity or some other selected value. Each user terminal m transmits its Ny,
transmit symbol streams via its uplink MIMO channel to the access point.

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

Yo =HopmXpmn ¥ B =H ¥ s 0 =0 Sty s EQ(5)

Zupm T =SupmnZupm T S[upm T =—upm—up,m-up.m

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

up,m
access point antennas for user terminal m;

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

up,eff m

terminal m, whichis h,, -, =H,, . ¥, ., ; and

B, . isan N_ x1 noise vector for user terminal .

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

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

channel with a channel response vector of h

—up.eff vm
[0031) The received symbols at the access point for all N, user terminals transmitting
simultaneously may be expressed as:
N, Ny
Eup = Hup,eﬁ‘gup +.I.l.up = i!up,m ih up, e_ﬂ"m up +Eup,m ? Eq (6)



user termnals using various receiver processing techniques such as a
channel correlation matrix inversion (CCML) technique (which is also
commonly referred to as a zero-forcing technique), a m ninum nmean square
error (MVBE) technique, a successive interference cancellation (SIC)
techni que, and so on. A .CCM Spatial Processing [00331 For the CCM
techni que, the access point perforns receiver spatial processing as
follows: -geml _ MccmiruP 1 H RUP, eB H P.eff (HuRef f SuP +nuP) , Eq (7)
Supknccm , where Mcmis an NP xNaP spatial filter matrix for the CCM
techni que, whktb cf) ii§ anMven1 &tor ﬂitﬁ-lﬁ% fdata\WyaibelsRedhsmiitdd, L’:\%lﬂi& &f fuses_Cem is.
an NP x 1 vector with N" recovered data synbols for the ,, user termnals

with the CCM technijgugnal@Rdhich8¥Wsi =FsMCEM ng, ig,the CCM filtered noi se.
100341 For si mpl i ci tyrigig Which sy slspls SR Su0Rt LS be additive white

oo o0 M b R RS i SO e

aut ocovari ance &t i'x of #* tatfu
expect ed val ue of x. [ t heysSi gnal - to-;noi se -interference
ratio (SNR) of the rtggéﬂg?/&egg@“%g??"@%?ﬁ&?dgtiégﬁ '{'s@‘(ﬁif"» ’?ﬁlﬁor each user

termnal mmay be.expressed .as;. Fui' for in.:tl .. Nw(8) Ywrdm, rmmQt
where Pmmis the _1”]2 Mﬁf“ﬁ&%ﬁ”oﬁ%ﬁéﬁveﬁg’g}n’t ermnal m 9 rmmis the mth
di ago el enent, of ‘Rep,-: and Yee is th NR for use rpinal mwith
t he C@let echni él_ci_esla_;ﬁgm{%antrﬁ%ovgrtt%waﬂagas %E%WPSF@%&%{HF%%M que may
anplify thgsepofefiinals BusiddVRbriiaa tdcaiverpeseesfiig eechMgddl sk ab he dibizfl

technique, a spatial filter matrix 11fe is derived such that the nean

squar e er r errebionaatix mecrsion (GeMalteehmiane (wbich s Asoowmmaenlyseiaredgeesal filter
and  the d%r@-félr@ﬁg ?é:'éliﬁique)l 5 i A& squetd SrdYMRR1SE) t%&ﬁ]iq%g, TRYcRGvEXPressed

as:

mterferen > cancellation (SIC) technique, and so on.

A fEC VI Spatial Processing
[0033] Forthe(ICMI technique, the access point performs receiver spatial processing as

"~ follows:

Ei =M

Beemf 2T pomi r.up ’

= I_{;:J.qﬁ'ﬂ:;,eﬂ' (ﬂup.gﬂ'-s.np +-]-1..up) 3 7 Eq (7)

=5, T0

=ecmi )

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

M =Ry Hyp gy where Ry op =HE o H, o

Scomi 1s an N, x1 vector with N, recovered data symbols for the Ny, user
‘terminals with the CCMI technique; and

) =_I\_'[w,,, r,, is the CCMI filtered noise.

[0034] For gslirpplicity, the noise n,, is assumed to be additive white Gaussian noise
(AWGN) W1th zero mean, a variance of o7, and an autocofariance matrix of
P = Eln,, gﬁ;] =o;1, where E[x] is the expected value of x. In thls case, the signal-
to~noise-an&-iﬁtérference ratio (SNR) of the recovered data symbol stream {5, ,} for

each user terminal m may be expressed as:

P
Yeemin = we L form=1..N_, Eq (8)
mm r .
where P, is the transmit power used by user terminal m;

utm



mn E [(Mmserup -sup) N(Mm erup -sup)] Eq (9) M where Mme is the N, X
Nap spatial filter matrix for the MMSE techni que. [0036] The solution to the
optim zation problem posed in equation (9) maybe obtained in various
manners. In one exenplary nethod, the MVSE spatial filter matrix M.,, is
derived as: Mme= Hr.off [Hup,gHv.eff+o I] 1 Egq(10) The spatial filter
matrix Mm ,, contains Nup rows for Nup MMSE spatial filter row vectors for
the N'p user termnals. The MVBE spatigal filter row vector for each user
term nal may be expressed as mmic,,”" = h H Hegg G where G= [Hep ,ff H +

. C 11" .y 037 o ' f. [ tial [
2t Tol | ous: Sz P OAEERARbe RE Bt L0 ep o, ) | Eq (10)

Sup + nnmse |, ere; i ' j i X whose di agonal
el enents are t Hhe"th ?@3@@%@%%@?@%@@@%@ DrmBe = di ag

[ Mm eHup, Y ISpan N e t nbol vector for the
MVBE technllsél:flut((aJ ;Jth%%gmuﬁ oad-4 ’M@P}% E)Jcﬁ@ﬁ/%ré%&&%@ﬁ itﬁ%l%or;‘?fd noi se. 1In
equation (11), gh ty al f.|ter provides an unnonnalized estinmate of
s"p, and the sl%:'a ME Spififl re ;lh al matrix D nde provides a normalized
est i NMpfo@s)of s UFor tHONRAE fakniqNRa @patiahRitérasAne Md  dat @rs¥drhrh thdtgam
{smme, m for each user term nal m may be expressed as: 10 Y "aae, a =

g, a, a Pa" "meanfsgnarevefiror betwikn the effimatdddata decmrdronhthedVNISE spatialifiitet el m t h

di agonal e|lenent of MJi,,eq, |.e.,.9mm=m-SLP hu-~ m and YMAMMIis the
SNR for usFIEBVERioTS, HTNDIRZE YeeHeigIBaY ¥ expireeddsi ve I nterference
Cancel | ation Spatial Processin Iet&0-0391 The access point can process the Nap
recei ved synbol Dt £d@MEnlsi N, =5k —$edhni que to recover th&N@b data
synbol streans.  For the SIC technique, the access point initially perforns

spatial proressMNg Htht e NAD EAGHIMEFmENRTG thé MM echSiqle.,” USing CCM,
MVBE, or some othefr technfqué&) "and obtains one recovered data synbol

[0036) The solution to the optimization problem posed in equation (9) may be obfained

in various manners. In one exemplary method, the MMSE spatial filter matrix M., is
derived as:
Mmmg = -pr,q?' [Hup,qﬂ' I-_Iqu.qﬁ' + O-: !] * . Eq (1 0)
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, .., = gj;',,ef G, where G= [—Eup.qﬁ"-—H-fp,gﬂ' +al1]™.

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

I -1
Spme = DomeMomeTip >

=Dl M By 5815 +1,) » Bq (11)
=S t Dpmse

where D,.. isan N, x N, diagonal matrix whose diagonal elements are the diagonal
elements of M Hyp.gr» 1. Dy, = diag [M,,,,H,, 0 ];

8,mse 1520 N, x1 recovered data symbol vector for the MMSE technique; and
Bomse = M, B, is the MMSE filtered noise.

In equation (11), the MMSE spatial filter provides an ﬁnnonnalized esﬁmate of 5,,, and
the scaling by the diagonal matrix D .. provides a normalized estimate of 8 wp .

[0038] The SNR of the recovered data symbol stream {8, } for each user terminal 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 N v -1 data synbol streans and cancels the
estimated interference fromthe Nap received synbol streans to obtain Nap
nodi fi ed synbol streans. The access p0|nt then repeats'. the sane
processing on the Nap nodified synbol 18treans to recover another data

synbol stream [00401 For the SIC technique, the input (i.e., recei ved or
ITDdIerd) synboj, steafm for stogeiqt where f =1 ... Nap , ma pressed
as: r;re(k) = vwW"aB sl-vq,,,j,-,n“'f—” Eq (13) fhere rille is an NO, tor with

Nap |nput synbol s for sta and rs;e =rap for the first stage U is an
Na, x 1 vewhere ﬂ,g,rlSMMdag gfsyahtiemenipf &hosHoos . et g r.eemvendl, af; stdage f,
where N., = N'P - P+ 1; and is an NOP x NO, reduced effective channel
response mat ri Xy 5.0 isﬂa@@kforu@@mmﬁlamudﬂtimmteahm'qms that the data
synbol streans recovered in the P—1 pr| or stages are cancel ed. The

di mensional ity Qf Spéressive InderfarencelCay : sl Pnonessing HaP, | f f

succe ely r uces by one cal umm each. s s .a data. sy streamis
recovjjdgﬁl and cEnTEPEP! o‘iﬁnﬁn&c&@s{h A{“héecplé’ﬁ%ég[ab@ﬁt@étﬂﬁ\}lémgﬁgbﬁg response
matrix |i aicehhnil® toqbéven R My dﬁﬁr@mwlgsu%mﬁs CBbHRSSIC ek iRquel {h8iabddss mat ri x H
P,,ff correspondi ng to the &e-1 data synbol streans already recovered in

prior stagpent jnitially performgspatipl progessiag pp thovley received spmbels streams (e-gher e huv i
No : t I F
stage 1 . PnEECRE \ASE BRs onff RERRGR) KRECRbin: Bhe HaRtersdal bl . L7

gi ven i ndi gm;qbf The | %ccess. point lihsnaﬂdcetsm Eég;iad@mdatatﬁmymﬁdﬂr etampsnot yet
recovered ar.e: al ven mﬁ s of [ 00421 For t he

Je+ g
access poi AENGEFAVEH End de es))@“F\l&?‘:‘?V% aitaan‘bePI ptEsam{g:qbtain ﬂ/Fle ‘g‘ét"’é%d on. the
reduced ef E?&Ed Vﬁne%ﬁ&&?'ggu\}lt ﬁé&%&h@atéﬁﬁéin&rﬂé%ﬂ Ettls Il Bads o meRepr | 91 nal
matri x Hev using t E, or sone ot er technique. Since HyPeff is
di fferent fN—-eaddta Siabel, sttdamssqmlt canteld ithet estimmmdd interidtdreei foralthe M) f f er ent
for each stage. [00431 The access point multiplies the vector t,,, for the
Nap nodi fi esteivydriymibod stremaryeo obtain N, modified symbol streams. The access point then

_ repeatégthe same processing on the N, modified symbol streams to recover another data
. symbolsneam
[00:461 ‘For the SIC technique, the input (i.e., received or modiﬁed) symbol streams for

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

up ?

1) =H, g8, +1, , Eq (13)
where rl. isan N,, x1 vector with N, input symbols for stage £, and r, = r, for

the first stage;
§fu, isan N, x1 vector for N, data symbol sireams not yet recovered at stage ¢,

where N, =N, ~£{+1;and

| ﬂfwm. isan N,, xN,, reduced effective channel response matrix for stage £.

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

stages ére 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 B_f,p,,,ﬁ- is

obtained by removing £~1 columns in the original matrix H,, , corresponding to the

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




with the spatial filter matrix M;t to obtain a vector s;l1le for N, detected
synbol streans,: as follows: [ [ Lic = -sic -sict tte t =Mbic(=1uP.e9’
sup+~up) s Eq(14) -slc SUP +-sic where Q -- MtcHEP, eff and ne, =M 1Cn is
the filtered noise for stage 2. The access point then, selects one of the
N', detected synbol streanms for recovery, where the selection criterion may
be based on SNR and/or other factors. For exanple, the detected synbol
streamw th the highest SNR anpong thelN, detected synbol streams may |be
"sel ected for recovery. Since only one data synbol streamis recovered in
each stagH,, tkéhacceds poi nthegn di wbery Mepi ves an®y, Ix K effadtivephing] filter
row vector nm for the data synbof” stream{sw.ir} to be recovered in stage
e. The roweymatovectr fos waectermal @f Fbestagater,ithe MSle dda symbddiskem@se, the
spatial processing for stage 2 to recover the data synbol stream {svd, }
maybe expriEeesdais: thegror stages ate-giyen igdicesspb L Jl.-nJ,R}r amd theld), dakehere qf r
is the row of Q. corresponding to data synbol stream 100441 |In any case, the
access poi Himbobyreams pefayeticeeveradpre giverpindisesofh Ysup. s, }} to obtain a
recovered data synbol stream and further denodul ates, deinterleaves, and 12
decod¢mg4alhi s stRopatagé ', the Jacdess pbinttierives drc¥gedV dapatia tilea mMafdk M:). The
access point also forns an estimate of the interference this stream causes

to the Ot Meiseda fheTUdiRed cffddivERMEMEOksdfle HAFRVALEH (inf@adaf iERLEmLNE

interference, the access point re-encodes, I ntefedves, and no ates the
ormi nal ;oo B8 e MY MBiSEGE R Bl Aoyt S e I5TCh (s an
hen spat | SAFSD0Eh S0 PR GUEA HIEH MriBolso SUFERTioEet THG: of T oct | ve.
0 GO | rieraPeEes REiEt FBUR b A e atie G D Nerimadiied sEmbOToREG
interference conponents ih are then subtracted_fromthe, Na&gnogi fied synbol

streans r; Wil g spatighSlter matrigy Mhi. ntoNRIRIRGAV 4B oS s f0F08H- dotecied ngmbol £ or
t he next Sgﬁaeg;%éf%ﬁdlloiwse' , r;%-=r;;a -i,,. The nodified synbol
| } Fs"e =M£. rl.
:"M:ic(ﬂip,q?'gip"l'p_up) ’ Eq (14)

t ¢ ¢
- _Q,,,_.?.up +0;

where g:!,c. =M gjm. and n!, =M/ n is the filtered noise for stage £. The access -

==sic
pomt then selects one of the N, detected symbol streams for recovery, where the

v 'ré‘;slle‘c;:fitio:‘rir ,cfri_teﬁon may be based on SNR and/or other factors. For example, the

] Sj?qlbql stream with the highest SNR among the N, deiéqted symbol streams
may ected for recovery. Since only one data symbol stream is recovered in:each

: _fs_tagé?,:: .éccess point can sitnply derive one 1x N, spatial filter row vector _l‘l;l;' for

w0} 10 be recovered in stage £. The row vector m, is onig

'fhe dataﬁsmbo] stream {s
row-of the matrix M¢._. In this case, the spatial processing for étage £ to recover the

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

~ .ttt ¢
Sipje =1 X =4, Sy +m,n, Eq (15)

where g_i is the row of _Q_i.c corresponding to data symbol stream {ﬂp. it
[0044) In any case, the access point scales the detected symbol stream {5, , } to obtain

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



streans r; +' represent the streans that woul d have been received by the
access. point if the data synbol stream{sap., } had not been transmtted
(i.e., assumng that the interference cancellation was effectively
perfornmed). [00451 The access point processes the Nap recei ved synbol
streans in-Nap successive stages. For each stage, the access point (1)
performnms receiver spatial processing on either the Nap received synbo
streans or the Nap nodified synbol streans fromthe preceding stage to
obtain one recovered data synbol stréam (2) processes this recovered data
synbol streamto obtain a correspondi ng decoded data stream (3) estimates

and canced¢zoddidahis Btréi ¢F,2[1C 0 6bigintaGetdiies dafas@adhm (AN} ( HheRbak BainfNap

nodi fied synbol streans for the next stage. If th&" nterference due to each

data stresiso fomms AR esthfiatel bt iteelichsmthiscitrent cawsRs & 81, othéralatd shfpl r ecover ed
data streans experience Igsi‘_&ni nterference and maybe able to achi eve higher
SNRs. [ 00SHsamEgpt yeideegverefe ionshmate the gntestarense, e @pcess peipk Feencadtsa synbol

streami s, endent on.(1) .the spatial processing technique (e.g., CCM or
MVSE) use@t%&e@a n@@'ﬁé‘@g “t“z?e“«f’ﬁ% éﬁgaeé‘%f%?éw elf e H“%Q%E‘ g%t a synbol
streamis recovered, and (3). th amount of jnterferepnce du o data synbol
streans r%‘?’%&@?‘gﬁt YR @H’E)’Q&q&e?ﬂde%btt%@%% strgapp °tjg{§j%‘? gtecf ffém'gﬂﬁ %@mgr essively
i mproves for. data synbol streams recovered jn |ater (ft,ﬁ?es becquse the

'O

i nt er f er eWRh {S-80FspRats of fa symbaLsiean ds oy & il recavess eACERye BOING
cancel ed.  Thi s

! | 1 hi gh to b d f t, nbo t
aCover clieR gpuialy Piocesses 3he sHaNA A 00 £ Fark ot o P UURF CHECbach uoor
ferm ool o ! . ! 3 .
vpom i DRSS QTR RS, Bt ultk RERRAL Potolehdh Bxedi T ERG SLPEERD VUC T

. Th | | ' V. b d asi .V uv.m =
Choim ASTHfREHlE sk, o RO ey iortie uBURESE Ty o Sheny 1Y 715

emd is the ‘hasde f or mJ = LVup~

: ten i, at.user tergninal m i,ch is: B,
STans s | Nt o N Foded ol OB o W OHErn DB L) e
N, m el egﬁn.to st?gmn\évgvﬁl t}grv fhe %g}&%ltagg'%g_ql, Eg:jgf}:l “—"A\Ef,-c —i; . The modified symbol

streams r represent the streams that wonld have been received by the access point if

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

ihtc{rfetence cancellation was effectively performed).
{0045] | ‘The access point processes the N, received symbol streams in N, successive
stages. - For each stage, the acces.s.point (1) performs receiver spatial processing on
cither the N, received symbol streams or the N, modified symbol streams from the
pteéédjiri’g stage to obtain one recovered data symbol stream, (2) processes this
r’ecgveireid data symbol stream to obtain a corresponding decoded data stream, (3)
¢s§i?nﬁé.ft§srand'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 éstimated and canceled, then later recovered data stre:ims experience Iéss
i;iltdfgfeie?nceand may be able to achieve higher SNRs.

[0046] o For the SIC technique, the SNR of each recovered data symbol stream is
dependent on (1) the spatial processing technique (e.g., CCMI or MMSE) used for each
stage, ;(2) the specific stag;e in which the data symbol stream is reco‘\?ered, and (3) the
amount of interference due to data symbol streams recovered in subsequent stages. In
generdl, 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 vup.mis equal to the
phase of a corresponding elenment in vup,. (i.e., 8m is obtained fromvup
,1, where _r Vup.m- [V-Ind Vup.m2 ... Vup.mNc, ] )' [0048] Each user
termnal mspatially processes its data synbol stream{s.,,,} withits
normal i zed steering vector vup.mto obtain Nu,. mtransmt synbol streans, as
follows: up.mVupln 'Sup, mEq (18) The constant A in equation (16) may be
sel ected such that the total energy of, the Nu,,m transmt synbols in the
‘vector X up.mis unity or sone other selected value. The NP x 1 effective

upl i nk channeﬂb RESRO e vector & ,,-,mfor each user termnal mwth beam ,
steering may e—@ﬁﬁi@éﬁ%@gas: hup,ejj,m= flup, mYup,m. Eq (19) The Nap X

Nu, ef ive Updd peant @é}ﬁ@l S $SmiB b Berbbhs) e
term n[g?g} for Eéglam stge}eri n’geiﬁcgl ?S%gn Hup! n{ iS: [hjp%pfg??l, qﬂohesﬁfgg@&n%p eg,Np
| . [0049] noinemliaed sesingoientor 35)), ,peltloisnderieedbnsing thedbseainf@mateshi g usi ng
the CCM, MWBE, or SIC technique descri bed above, or sone other technique.
However, t Isieeriigpationly,f,i. | Themormilized stessindwedtoned, i rhiy beexprassediax. Fl p., instead

upim

of the matrix H,,,ff . 14 3. SDVMA Transm ssion [00501 FIG 2 shows a
process 200 for ypertgfH-ngifed ti yaiftwerma transm ssion on the uphipgk for
SDVA. Initially;8n IB‘IL)I i nk channel re]sﬂp:(’)nse matrix loo,,, is obti{ ned for

each acti vgvhgrsee[ditsgrcgél%kEedgs‘iér__ilgg}yo'r?t,rag@sm t on the uplink (block 210).
. P, ser f ¥ imndl

The matri x or eac I's deconposed to obtain a steering

vector v'p;mor ML . faor he user, termnal (bl aock 212). An effective uplink
channel responsgmvl\/‘ééli“o‘g‘a?ﬁ’f?}'(?“fm%’ia‘s“se"ftm%ﬁf’é’&“ h user ternminal based on

the steering vector and the | i nk channel response matrix for the user
term nal (blockg,214),. Bl ocks vihtdugh 214 are for channel t tion and
deconposi tion aﬁdf_ vﬂﬁbé"%’é‘r q{qua @ the access point, the us $ rmnal s,
or both. 100511. Different séts df™attive user terninals are forned and

| uat ed t hel i i I t h
oyl vaLed basagh 'y Agkion 1,94 S, UBLLRKof oSl SORETRGAISR! 85 Mo o

their uplin nnel 't esp i ces

ol fct ed {apo PR ERRET D, U6 Bsp AR Eich 353Hent B 05 PSpUS6 md Sl BP0° 1 ©

corresponding element in v, (ie, &, is obtained from v,,,, where
Yoom =[vup;n.l Vipma - vﬂp.rn.N..:]T)'
[0048] Each user terminal m spatially processes its data symbol stream {s,,n} with its

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

7 ,Zup,m = Yupm 'Sup,m N | Eq (1 8)
The constant 4 in equation (16) may be selected such that the total energy of the Ny,

transmit symbols 1n the vector X, . is unity or some other selected value. The N, x1

up.m

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

up eff m
steering may be expressed as:
h =H_ .V . . Eq (19)

=Sup,eff m T =upm —lpm

The N,, x N,, effective uplink channel response matrix _ﬁup,eﬂr for all N,, user terminals
for beam-steering is then E,,m, = [Eup_,f,, E,,p 2 Eupleﬁ,'% ]

[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 Ewﬁ instead of the matrix H,, .



use by each selected user termnal (which is obtained fromthe evaluation in
bl ock 220) is sent to the user termnal (block 222). Bl ocks 220 and 222 are
for user scheduling and are typically perforned by the access point. [0052]
Each sel ected user term nal perforns spatial processing on its data synbol
stream{s,,,,1 } with its steering vector vup f, or V,,,mand transmts
Nut,, transmt synbol streans fromits Nut, mantennas and via its M MO
channel to the access point (block 23§): The Nap selected user termnals
sinmultaneously transmt their Np data synbol streanms via their M MO

channel s to 8h&DMecTeammissionBl ock 230 is for data transmission and is

performed by each sel ected user tefom' ?{gl . .10053] The access poi nt obtains
Nap r 8080lved syiHfolR sbpwe amsoqesoaf0 105 PRI ming wHiixantenng | tiarmission on e access

poi nt the ]prl)iﬁikf sﬁm,,ec Js 2 ' . ' ceiyed. synbol
streans | guacccf)‘(('rplr ance'wﬁi{lﬁﬁ{)’hyw dﬁ%@%&?‘%@%’%g @M%ﬁ?ﬁg{fm grhni gque to
obt ai n NUp.tEGAURN &L égﬁ,g} t | Gl ar t-1 gt he Nup
dat a synb'oTa st?‘ean‘% tfré%@ﬁﬁxte gbté %ﬁ%ﬁ%@e?@géﬁeﬁlﬁgejrm?e?ﬁﬁ %Ieai S (bl ock
242) . Bl ocKs,, @46achmeer2éthinalés deoompastditorablabph steerimy ek & pesrt B yeek by t he
access point. [0054] Multiple user termnals can be selected for

si mul t aneofhs.ubdr acrminz gblock D12)! P efdRliveriplinkithanibfespeiseGetton ey e based on
various factors.” Some factors may relate to system constraints and

requi r enenfosmalifdy eash quel teiyinalfl bset vh die stedridgnvertdradndniby , uplibk chamelage dat a
rate, and so on. These factors ma ee o0.be_satisfied fior each user

term nal . 'CERYEP®: F‘é‘E‘("oﬁ% ﬂFFa?Sqré?IH{“éﬂ R‘éloélﬂ/glf‘gm %]@glfsoﬂ%ﬂli@}!‘ ifcte fely be
quant i fi edeiynet @4fhdtoh aRY e fi8H QAP Hiay B pRABEN A B e dICksC BihO e T

per f or mance.: A?'schedtﬂji ng sc ene can evgfgugt%e uséeargfeﬁr%fﬁéasfg‘glpgr |

t ransmi ssi wer foasieas,embothe or nore netrics and one or nore factors.

Dff hedyl.i h Ldiff ' 1 ake,i .
di 11 oMRN. T 2ot o e T e s e Sortiod T cranaed PRELpEatE, *  ooss,
Regar d| esseiRbtivd GplRfl Elatt1FesRmbe Jedidri on SChep trf 65likdclf:@hel UsGond f f erent

sets of user termnals can be eval uated”¥f accordance w'th thé scheduling

scheme. Th a:t'lg';ié&aﬁi. al hioek 9% t."I'“h%%%'ralﬁ’JtiofA ﬂﬁyib@gl;:ffé lag Héﬁﬁﬁéﬂe@gﬁ (e.g.,

their M channef"responses) and nulti-us Iversity can exploited to

sel ect L NehosPRpbi NoMsertermiARRtd flcotéd FHRAbIIEN (S BK Ezqq?am;ﬁtée ¥ oy a

si mul t aneous; transfi ssi on. patial conpatibility may “ql nt |
metri ¢ suchsedy coshevelected userdemytipal {which Sovbtained from fexyaluatior inpéock@2®Mance. The

best  user SebRY B8 St o By, S50 s Bod b SR RL R Pl o MU ©
are typically performed by the access point. _
[0052] :;.':Ei‘;éc‘h‘selected user terminal performs spatial processing on its data symbol -
- stream {85} With its steering vector v,,,, or ¥,, . and transmits Ny, transmit symbol
streams from its Ny antennas and via its MIMO channel to the acc_:e;s‘s poinft: (bl;ai:)ck
| 230) ’,I;he N,p selected user terminals simultaneously transmit their Nup data’ sym'ébol
streams v1a their MIMO channels to the access point. Block 230 is for c_iata :
_ tran sfsién_and is performed by each selected user terminal, | '
[0053] - The access point obtains N,, received symbol streams from its Ngp antennas
‘:(bllcs)c_k;" 240) The access point then performs receiver spatial processing on the N,,
recewed symbol streams in accordance with the CCMI, MMSE, SIC, or some other
tecjiﬁiiqu:e_ 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 aﬂdé?.4fZ -are for data reception and are performed by the access point.
[0054] | .Multiplc 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,



overal | throughput) while conformng to the systemconstraints and

requi rements. [0056] For clarity, a specific scheduling schene that selects
user term nals based on overall throughput is described below. In the

foll owi ng description, Na,, user termnals are active and desire to
transmt data on the uplink. [0057] FIG 3 shows a process 220a for

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

t hr oughput i svesgt data m&rcancﬂ Bbamk BHRY fadt@O BBy weedaw beedatisfiedufoeeadhensst nal s i s
sel ected from al active user terynal s ock, 31 Thj s user
sot forms a RyBBEnahe R e S5 iam S St cdiegs b dubyiged by |5
u}, where n &%mﬁ@ﬁte&mqnaughbuuserso@@tomeluﬁtﬁcawﬂldfe}ieﬁdnaﬂﬂeu A;schédulihgle i-th
user termnal in set n, An effective uplink channel response matrix Hu,, f
Sis fornedschenre gEepvalliste Yeenierpingls dorirmanission bagsr omons jes mess mesisp end e
vectors thro n MEES n k 314).
[ 0059] The S%%rbfr grrl&eega% or%sgif&?%%?n&r?g@qgn setesﬁﬂﬂsgﬁ ﬁerélﬂ H%%{ICSt glsng(gl on the
effective ualcmmtdiffemnmﬁctmaaspdmseeighthelrwtrm\andfécmrs dmﬁfdrauﬂy ng the CCM,

:I\?ﬁ/g)E Sh)gs%NRs fﬁgﬁﬁiggé%ﬁw%?’g‘:" %fﬁé?‘\lk’iflgﬁ&teﬁ% selepd 2 ET(‘fF\P ues can

be conput ed w&sr &hAELs ich beeMadlate@S adcBdandttwithl iy scHe@&]ﬂ%@ché{'ﬁ‘é YTheFigatiaNRs f or
the user termnals with the SIC 16 technique are dependent on the order in
whi ch t he usBgnausesyiof dhaingpvaduap pesy deradnalatse. + ther N@b@@b@ﬁﬁh @a@nsqshénd)r

mul tiple or Vi “ AR @
Speci Fi o or davtiner ByeidEPeat ff BLGleS GBI Ing SRt S PP pRboly AR e

hi ghest SNR wser Eanina}stfagammharmpossuwanhsm tIpetidl compatitpbiyrhay benqlmnglﬁahse t he

SNRs f t t t d t

TR BB 56 SR el 5 B0 R b e bR o
conput ed basg@dr b niabe;e tEN}he‘ mat dchievessthe higﬁéstnsmé fdrth©fletriz (8., tishifdst ows:

rn,, =log2l 1+Y"'r1 , Nup Eq(20) Cnf where cn,; is a positive
const ant thaQVCF@fth@Eg@“f)H’é“PF&EfOF’BWB(S? ﬂleﬁlésﬁfﬁé@}sgﬁlmfaapdé%%iﬁm?‘}ﬁs achi eved by
the Codgﬁg%and 2‘3‘3’ 'c?a&lwga %&ﬂ@%’éhé&ﬂh@fséﬁ%ﬁx@tﬁ SUREE ds Jsarwiﬂﬁm Yasdd &if- 9- -

r a I ng an at1on sthene t f rom Shannon
capac| ty) , amagrall throughput is described below. In the following descnptzon N user terminals

are active and desire to transmit data on the uplink.

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

[0058] A new set of user terminals is selected from among the N, active user terminals
(block 312). This user set forms a hypothesis to be evaluated and is denoted as
u, ={,; #,, . 4,y _}, where n denotes the n-th user set being evaluated and u,; is

is

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

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

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

=up el n,,
[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



rn, is the throughput or spectral efficiency for user termnal un,; given in
units of:bits per second per Hertz (bps/Hz). The overall throughput R

achi eved by user set it can be conputed (block 320), -as follows: Rn -rna
Eq(21) r=i [0061] A determination is then nmade whether or not the overall

t hroughput R' for user set it is greater than the maxi nmum overall

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

t hroughput R' for this set are saved (block 332). Otherwi se, user set nis
di scar ded. tedloipe Brexlapendenhomte prer inswhiekvhe peat derwinai¢vor ravovered. Birlthaiser set s

ot urne. toopT SURER, opg o Hei®lorcringt BF vAP WRinhE Y, b SFhASE For oSS
eval uat i onexaﬁpliaeravuipeaﬁc tdideringamnay e rdviladted iwheicbg thavest wehinal Rith tehedul ed
for ) .SSi th | i,nk | ock F h

descri bed HEELINE Hgech LasATBOBHA HEBF afsetHROEafiachy gisa( e SRS 1 (h a
conpensat i ARG e t he,best user set for uplink
transm s&%ﬁz\’fﬂlﬁscnm"allnéngo%%?r%% t9dass ‘t}"?’c “baded” on realizabl e t hr oughput

IS us o sel iS5 r sets may
be evﬁﬁ (gt ed ba'lgn%d"hlt oﬁﬁhﬁ??%rtéég Iilseri“%t’rfansu’l':‘i)su%)%or{Setgp oﬁ@edsk}%f’(gﬁ? ese rates
may be vi e§NR fashénrntermiaal (bloak 08}, &ffolldves: t hr oughput s conputed in equation
(20). Each non-zero rate is associat ed 17 with specific coding and

nmodul ati on schenes, ar ul ect efficiency (which is ically
given in units b= B%?/ﬁlf)}t” n é‘ ;ubar required SNR The rF&{é&red SNR
for each rate may be t e ned by corrputer simul ation, enpi rlcal

ook-up.t ABPE® (ki) ® oaRvE LR e HhSR AT T %ﬂﬂaﬂa%ogetﬁfvﬂ O eaut v ed
the_ i ghesteipdby af%sﬂl%?eraﬂ e PR serfe U el By Pk il ot B cqual o
vor "t or m Al 19 o TpEEh R BA 1 3 BEoR SHamaiy ”"tef od afe for
L1 anem Ssi 6. “%&@ﬁ%&%@?@w@c@?ﬁ FIEE LN 1333;? T
determi ne ter}esecbo%ﬁ perui-sleergz (%ps/Hz) The overall throughput R, achieved by user setn can be

computed (block 320), as follows:

N,

R=Yr, . | Eq (21)

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). Otherwiée; user sét.}z is
discarded.

|00621 | A determination is then made whether or not all user sets have been evahiated
(block 340). If the answer is no, then the process returns to block 312 to select another
set of user terminals for evaluation. Otherwise, the user terminals in the sa\f_éd sét 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 sclect 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




transm ssion. For exanple, sets with one user termnal (i.e., Na,, = 1) may
be evaluated first, then sets with two user termnals (i.e., Na,, = 2) may
be eval uated next, and so on, and sets with Nap user termnals (i.e., Nap =

Nap) may be eval uated | ast. [0065] Depending on the values for Nap, N,,, and
Nap, a | arge nunber of user'sets may need to be evaluated for an exhaustive
search for the best user set. The nunber of user sets to evaluate may be
reduced by prioritizing the active usag term nals, considering other
factors, and so on. The priority of each active user term nal may be

det er ni nedwith ageeificarndingrand wsodiativw schemer; b pasictlae speetrsli efficiemtyqgaicy i or t he

t 1 pal .., . .em )., th t hput hi db
the user t BpisriaEver inslficas hos . S e pedtiult Garirl SR  berredoted b The
del ay expefdr @RgEAtedhay BE deteRinddehy " Pituter 3BshI R, %P-ﬁzm%wsm%iewmﬁ each

user termnal nmay be ‘updated over  tinme to reflect e current status of the
user terni smon, and baasd ox anpsaimptinn pf ath AW chinghle sA lpok-ap table (LEA) ctrer i nal s
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T e Fvabb s 0oE BiboRel S, b0 e il IBE° e O I SESTBE Yo
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user ter niAeAuired $NRefivab ds pqual ¢ an Haver thagpibe SNRyderr the user tegminglor Teaich user
g \ L . ;
e L= AR 41 ek BHGRERT F SAEE S 0 7

user termn VEeCt ors , for i

=l ... Napraté ffort e sent r The hiser, setfWith thevhigheet aggrephtd ratdds Bitghated fossi bl e
overall throughput for user set n. Miltiple sub-hypotheses may be eval uated
for each uS¥SIYESION. where the vectors in Hap,!.a may be adjusted by different

18 ATRR S forugRehs of Birfbyae ﬂ@?hﬁyb?%&l%’@lcﬁt BOBAEIsR et P St eering

vectors r the user termnals 1 n se e nodified 1n a determnistic

nmanner ( e. gansnidsioho For exanepls aets adth)onotset teninab@eddvy aild amyveregoatedr each
sub- hypot hesis while maintaining the power of each steering vector at unity

(i.e., a ufitst, thersgtsiwith @aikesteeanaln(.ey 8¢t en)).mdyiitethluited sletigald sagnscheme may
al so eval uate each user set is based on the uplink M MO channel response

matrices Hymg sétsivﬁﬁm?tﬁs@fterhmlﬁ(&.&,ewu; ¥ @ UYRhdyYe svBaBeeast. esponse vectors h
pjef,u for the user termnals in the set. A steering vector nay be derived

("gl oldsky ") f ODeaging Whake AL BEN,,] N, Sl N5 d largehRmibeesetseti may | user
termnals in the set. The effective uplink channel response vector h'"p,4"r,

for each uewdobeeyalvried fornan pehaugivpsecseh forthebegrmsenst. (Hhommmhey obiser ved)
steering vegl R)r evAludR ﬁﬂa}be reduced by prioritizing the active user tetminals, considering

. other factors, and so on. The priority of each active user terminal may be de;termined

" based on various factors such as the service category for the user termmal (e.g.,

- premium or normal), the average throughput achieved by the user terminal, the amount

. of data the user termil_lal 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 tl;le 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

Hp le:ﬂ-r"
with the independently derived effective channel response vectors for the user terminals

in the set. The vectors bz, , 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



and the uplink channel response matrix HP,,,, as follows: |II' p,ed ,~ .i =
Hup,u,, v'up,u~, An effective uplink channel response matrix H .p,eff,e is
then fornmed for user set n based on the effective uplink channel response
vectors h'ep eff for the user termnals in the set. The perfornmance (e,g.,
overall throughput) of user set it is then evaluated with the matrix

H ep.effa, (instead of the matrix Hupuff ). As an exanple, nultiple sub-
hypot heses may be eval uated for user st is, where each sub-hypothesis
corresponds to a different set of steering vectors for the user termnals
in the set .anfwatsiforseach snb-hygpiasise oz ekamplivahe phisec ofthefstuering aectere tfom.

Mul tiple user sets nay .he eval uated . ,n.simJdar . nanner a t he best user set
i s sel ect eolﬁ‘_?BerItfp“l" a}é ‘?rsgtrféfﬁa_gglafd’}?fh%ﬁé%é]dewwnﬁgWﬂ"é'r e@cﬁ_@&ﬁ?‘?ﬁg schemes
nmay al so bepckdehlageyitind pREwHotBhdon fakdcr foreach BSb-BRRBERsRIwHilkRandifRig On.

D fferent scheduling schemes may consider different factors in selecting',
the user t etherpovear oF pash stegidng vestor abunify\(ec.+ Aunitgroem donrycl steeringvettor). t he user

termn in dif . S8..0 [ i .
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manners. Different channel estimatiorn Yechni ques may be used for TDD and

FDD syste 7 an F o K | e different
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based on a teinkifdls b theset. t Thel effyctive aplitkechahmssl wespanse vebwr 19, accssadhoi nt can
perform deconposition of R A for each user termnal, deri ve't he steering
vector _Vv" pusBh Rfmivaledddl beeddehpultd tabeaedn e (ME6AR detiedatderits Sectérey T nal
sel ected for transm ssion. [00711; For the F system each user teérninal m
can transm d%lwi'l?k%ﬁiﬁigl@' Qbe hoFx 31 M Mpnbhoty to alfiow {rhe aggess point
to estimat eént he dplink M !\/Déﬂgh;nnenxr"e"é"b‘ons‘e) an_d”?i'ﬂt"ai m e it rix 1ivplt
The unst eer gelopld Qin® OIRGLSESHON il N0IONMenblila rof AP SALANG, Sont

ant ennas, rtho y nmay

fromNa,,,, ,user -term nal &fig o gonali may be acl ueved in

user " ter m gt Shy4SR R o BERGRE Yl Wi &P e PR AR W | 1

.'.\I &6{@%3? t neﬁﬁdéfoﬁmﬁcgré% &Iell'a tt’l‘n}'orugﬁpsuris| SP U satr 718 %"?e%hevaamaggn‘.%th?ﬁ{eng

matrix M',, . (instead of the matrix H,.,.). As an example, multiple sub-

-hypdtliesés may be evaluated for user set 1, where each sub-hypothesis corresponds to a
_dit‘férént;set of steering vectors for the user terminals in the set, ‘The best sub-
hy;{);o:tli;esfi's, is then selected for user set #, Multiple user sets may be: evaluated in similar
manner and the best user set is selected for uplink transmission.

[0068] ' \{aﬁaus other scheduling schemes may also be implemented and this is within
the scope of ihe invention. Different scheduling schemes may consider different factors
in §e1¢c_tiingithe user terminals for each set, derive the steering vectors for the user
tenmna]s in,ciifferent manners, use other metrics to quantify the performance of each

© USEr sé_t, gnd-_ S0 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. _

[0079] 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



ort hogonal (e.g., Walsh) sequence. The access point "decovers" the received
pilot synbols fromeach access point antenna i with the same N,,,, m

ort hogonal sequences wused byuser terminal mto obtain estimtes of the
conpl ex channel gain between access point antenna i and each of the N,, m
user term nal antennas. The covering at the user termnal and the
decovering at the access point can be perfornmed in simlar manner as for a
Code Division Miultiple Access (CDMA) sWstem For frequency orthogonality,
the | Nurmplot transm ssions for the N't,muser term nal antennas can be.
sent si nul @@ﬁ@on@mtycmowr@mf@ﬁ@ﬁwmosaqfd&p@f for tracky year dpmmisgls desivebadwi dt h.
For tinme orthogonality, the Nu,, pilot transm ssions for the N'rm user
termnal afEEREa¥tAnYbe o Fipis nm@. sond rthe, steprings veadprotos eagh usey termural t he

ort hogonal ity the N.,, mpilot transm ssions allows the access'

poi nt', toSelfee fﬁb&%ﬂ“ﬁs’ﬁ’é pilot transnission fromeach user terninal

ant en 00721 Mgk |
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based on vHap, m and (4) conp iie the effective uplink channel response
vect or hnp,teming andeté?eﬁieogfenns BlIRpRAGrSSS RONH Cal e PETHEMIPE AR SHMIKE BI2ERET 30 t o t he

access poii'; '1% . éod’% [ﬂh ﬁﬁtMﬁlﬁﬁl@A(cgesg (CDPPA) system. For frequency orthogonality, the

yot transnnsmons for the Ny, user terminal antennas can be sent simultaneously

u"f erent subbands of the overall system bandwidth. For time orthogonahty, the Nym

p1 t transmlssmns for the Ny user terminal antennas can be sent in different time
.In any ‘case, the orthogonality among the Ny, pilot transmissions allows the
-ac ss|1;01nt to distinguish the pilot transmission from each user terminal antenna.

[00721 |

u nk to the access point. The pilot transmissions for all user terminals are orthogonal

f:f}Si

‘ "Mulnple user terminals can simultaneously transmit unsteered pilots on the

‘ ode tlme, and/or frequency to allow the access point to estimate the uplink channel

e onse fori each user terminal.

[0073]I ' In a TDD system, the downlink and uplink share the same froquency band. A

hlgh degroe 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 diﬁerénces can be determined via calibration and accounted for by applying the
proper corroction matrices at the access point and/or user terminal, then the overall
downlink and uplink channel responses may be assumed to be reciprocal (ie.,

transpose) of each other.



sending the entries of hi,.el,a) or an indirect form(e.g., by transmtting
a steered pilot that is generated with the steering vector v,,l, or vap,m
used for uplink transm ssion). 100751 For clarity, the SDVA transm ssion

t echni ques have been described for uplink transm ssion. These techni ques
may al so be used for downlink transm ssion. A downlink M MO channel
response matrix H n.mcan be obtained for each user termnal m and
deconposed to obtain a downlink steeri2g vector vdn, mfor the user termnal.
The access point can evaluate different sets of user termnals for downlink
transi@84)i on (Eorghe TDPR syisien, e avegss ppinhean tramsmiiemomisisergd pblot Fomay,, t he

upl i nk) an | eg es Nk, PN ) S . downl i n
transm ssi gcﬁég(pg)%g?' &E‘éf& d%mv\%ﬁl}sﬁlﬁ{eprrugﬂs%%%&(gﬁ B%Qﬁ{éac%iv@gm‘goqnﬁ erg%at ially
processes Pﬁm 16 afbehirs Vg tokwnliflt MIMG chirind] Neffond® Wikrish B St e€)i digmyeahor s for
the Ndn selected user termnals to obtain Nap transmt synbol streans, as
foll ows: LoplitdMIMQ chaph2R yesposeras thelnranspoas oRdhe Xodmlisic MIMO dhndsll, dat a
synbols to be transmtted gn the dowmmlink to the Ndn sel ected user
t er mi nal s; regpdnse i(ise..all, Nn% H{ A (3) degive ithe steeringNebatod vy, iank¥ 54, émsédngn vect or s
for the Ndn selected user termnals, which is V da = Nvdn., Yana .. ydn, N,
|, and xdnH,, amndKircompitevhbe effective vilinklabarnelagmwinte wetdodi, 5.7 1, 0 Bach sent from
the Nap access point antennas. The access point may al so spatially process
t he downl i dmital aams yeridothe stectearh, f o, teathe acees® poine immanditecifdrin ée.gpbyel i zed
downl i nk steering vector vde, mfor beamsteering. (0077] If a user term nal
i's equi ppeeendidgithatnttienst h)\Ngp, yantag imdisect( forre (e.z.Nby transmittiniiavstdered pilon  t he
user termnal can performreceiver spatial processing using CCM,, MVSE, or
sone 21 otaels gemsrited GitR thekstdesing adooran)d, 6:2¥ 0V afsed for upindrinsisissiohp sy nbol
stream If a user termnal is equi pped"wit'ﬁ' | ess than N. antennas (i.e.,
N ,,, r[l)tlifisl\la,h ) ,Fcbﬂ‘lﬂaiﬁty,hlh? GDMA tfaﬁfﬁgi\s?ﬁi teclaﬁt}]uwhmbeeht(&sam rfilf)'dr:lmpﬁﬂm a synbol
streamin the presence of craqssta om t t her ta s Ql streans.
100781 For tré!‘%‘ﬁfsf%ﬂ' EIﬁEseS}ﬁﬁﬁF“ﬁ‘Peéﬂgﬁ §é?$ﬁ ?séghfgf g&@@ﬂﬁé\f@n%’é‘éﬂf”ﬂe ribed for
a single- ' m W f hat - fadi ese-f echni ques
may algso bg%%Mpgg%ﬁgﬁ%ggﬁ%%pm%@ gﬁ‘ﬂ%e%mgrég&gne#uqﬁ %hg}é zlilgér}?té § 'd?I\/D |
system A W%@%f@nﬂwﬁ@o.oﬁmﬁ £ B WK Yeblid FRclPV afr usUESihM g Wi T €l ess
t echnol ogy. mul ti™-carrier i .

access point can evaluate different sets of user terminals for downlink transmission

D

e

(e.g., in similar manner as that described above for the uplink) and select thebes‘t,éct of
N, user terminals for downlink transmission. |
[0076] For downlink transmission, the access point spatially processes Ny, data symbol
streams with Ny downlink steering vectors for the Ny, selected user terminals to obtain
Nop transﬁﬁt symbol streams, as follows:
Xn =N Sa > Eq (22}
where s,, isan N, x1 vector with Ny, data symbols to be transmitted on the downlink ’
to the Ny, selected user terminals;
VY, is an N, xN, mairix with Ny, downlink steering vectors for the Ng,
selected user terminals, whichis V., =[Vy.; Yaus - Yaun, }; a0d
X,, 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.
{6077 If a user terminal is equipped with at lcast N,y antennas (i.e;, N, , 2N, ), then

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



M MO system may utilize OFDM or sone other multi-carrier nodul ation
technique. OFDM effectively partitions the overall system bandwi dth into
mul ti pl e (NF) orthogonal subbands.f Each subband is associated with a
respective carrier that may be nodulated wth data. 10079] For a M MO OFDM
system for each user term nal, the channel estimation nmay be perforned for
each of the NF subbands to obtain Np frequency-domain channel response
matrices for ‘the Np subbands. The spat2al processing may be perforned in
vari ous manners. In one enbodi nent, each of the NF channel response matrices
i s i ndependibert teshnigeotepisslett and rsbever s Newatinke datagsymbol etreant.orlf tahugseNF

subbands. Spatial. processing.is .then performed fqr each sybbapnd with the
st eering ve@fr[’}l“gloﬁt gq“maf‘ﬁ'ﬁ?tl?féttﬁms&@b%ﬂmaﬁ "ea’nmuhef%]en)ogﬁ‘?"ngﬁtlfse’é singl e
frequency-i pdependent steerjng.vegtor i.s erived for each user. term nal
based on th§"N§a ‘i"i‘ﬁﬁ?f’@?’errlg*s 8&‘3@@&‘??2"8‘&% Sg%fni tgF presence OF s1osgelk froph e
performed f@goet ddirsymmbopatagis th this single steering vector. In any
case, Np effective uplink channel response vectors hu,.em (k) , for k=1 ...

NF, ar d007lor med ¥asclagity; the STayLA teangissipn terliraques hrerbeen desstibef for asinglg- st eeri ng

vectors. Th Y vy AV, 3 '
T otoeney- gt armob S MO B Sl R REE BASERollands Moo bensed
wi deband M [pasyidétanl MIBMO egtdi usds nubti-cdried MIMOt systemd oAaiidebahBMIMIO i npul se

response matrix may be obtained for each of ,mIJIti ple (Np) resal vabl e signal
pat hs in t heysiomveay Hgiize CDMA 8, theg fipg virelogp) techpelegyg A deiltcarriss e
derived foryviRRs q : | i esponse
matri ces ahHI usegys%b?)l?hg%%%?@ﬁﬁﬂ?ﬁ&o@?g%ﬁ%} gﬁﬁglgﬁo\g{élg?a %?gﬁ "the MM
channel . | nOEDM éffsctivelpipaditioenthe ovaal sstemrtiandwidérintrmultipBdVipmethoporal each
user termnal, for _exanple,, based. qn .the chapnel i, | se response patrix
for the mai W@F@ﬁalﬂaghgﬁ’k’wqﬁ aFPr?é‘aF’Fﬁd’H resl??ﬁEYegW“ﬁr‘p)ﬁH%tﬁWyc%Fs'g‘?aﬁﬁ@Y?t eering
vector(s) nMayimlsiaused to derive one or nore effective 22 channel response
vectors, which are in turn used to evaluate and select user termnals for

transnil®®Plon. 4. FabedviBYI®r QFINMMpsteys fos pachon@ terniinad the chanpakestimptiokayli agr am
of access pgint 110 t er,t erm nal Om,,anpd 120x N0 .M stem
100. Accessgf)(?faq?mfggfa?s?a%ﬁﬁf%ﬁejgp\ﬁﬂul{gﬁg .t%a]q% ﬁr%ﬁﬁﬁ%ggy'g?ﬁ%ﬂgcﬁgﬂ’%xap. User
term nal 12@gEpénse astitidep st Mk ) dibbands.aThe Spatial fodemBinghih@tBe performed in

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

, indep‘ejnde;ﬁtly decomposed to obtain Ny steering vectors for the N subbands. Spatial
: procgsSiné is ﬂ;len performed for each subband with the steering vector obtained for that
;subband. In another embodiment, a single frequency-independcﬁt steering vector is
;_derived- for efach user terminal based on the Ny channel response matrices. Spatial
processing is then performed‘ for all Nr subbands with this single steering vector. In any

;case, Np éfféctive uplink channel response vectors h,, -, (k), for k=1.. N, are

; formed fo‘!r each user terminal with either the single or Ny steering vectors. The user
;tenniﬁalsi;meiy; be evaluated based on.their frequency-dependént effective channel
resporise ‘}ectors.

[0080]é Fdi' a.'vérideband MIMO system, for each user terminal, a time-domain channel
' impulse 'rgspoﬁSe matrix may be obtained for each of multiple (Np) resolvable signal
paths in the MIMO channel. In one embodiment, Np steering vectors are derived for

each user terminal based on the Np chamnel impulse response matrices and used to
account for the frequency-selective nature of the MIMO channel. In another
embodiment, one steering vector is derived for each user terminal, for example, based
on the channel impulse response matrix for the main signal path with the highest

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



452mu, and user terminal 120x is equipped with N,,,,x antennas 452xa t hrough
452xu. Access point 110 is a transmtting entity for the dowlink and a
receiving entity for the wuplink. Each user terminal 120 is.a transmtting
entity for the uplink and a receiving entity for the downlink. As used
herein, a "transmtting entity" is an independently operated apparatus or
devi ce capable of transmtting data via a wireless channel, and a
“receiving entity" is an independentl|y2bperated apparatus or device capable
of receivin data via a wirel ess channel. In the follow ng description, the
subscri pt 'chaneliesspsmes vedtars, wioh teriR hﬂnhlée%t@tﬁs/@luﬂmaﬂdwlbcwtmtewlmhe upl i nk,
N. user ter sel ected for sinmultaneous transmi ssion on the uplink,
user tggpn@%lﬁlssgéﬁe selected for sinultaneous transm ssion on the
downl ink, N' 4, EPR¢én@larEMIMO $gtagual to Nd,,, and Nup and Nd,, nay be
static vaI ues or can change Tor each scheduling interval. For sinplicity,
beam si0#}ing i HGsé@hqm ztbi@ck‘bagrewotigccaeswmtﬁg%mtvqfcomzqenmmalsﬂél)mpl i nk, at

each user ter sel ect for ran

processor Af§§ %‘goﬁyﬁtﬁﬁ eﬁcﬁesls 58%{1;1 aat 31?8@%’%5‘@6&% ‘g}t#r ol data
froma confroogt 824ap80Usel Xerfiiiad mmﬁqee@ﬁﬁpea&&ﬂpm%e@ﬁmaé 85%ma theipRAes,

I nterl eaves, and nodul ates) the traffic data {d, } for the user term nal

based. on t45dmuoandrser tRxais |eawpquh@ﬂbéfuna%@m@t@axmwghr@mat e

patial pr oseanetfdo bl CubdieBECult Y o Bl Bhes BEERR AHLPEHE. "t cam

{s,pn} w t hplihle Eheeuseﬂ vl 020 ism Mnsntittihg phtitk € the upliklotind syembz@ing as

needed and- I‘OVI des  Nut transmt synbol streans, for the N';m antennas.
The st eeri rfgtitvelor dhe downlink. j 4s a&qd.hﬁéenbes‘tmsemaqénwr i B]ﬁlﬁl?ﬁﬁ‘éqmﬂﬂ’esponse
matri x HP, tl V. tter unit
(TMIR) 454 orpfg@feeld Vggar‘a‘ﬁggr g%éc?es ﬁble ?Pirﬂﬁr,iﬁﬁﬁ @g? ?*saoat glrgﬁgﬁc | f | es,

filters, arftﬂecﬁrvmgumnt;ii mmmldmndm)lyaperateé prpEtatnscor tdevios mpabk;afb&mblmigr eamto
generate a l.i nk.s ter uni 454 pr :

upl i nk si grf# V‘? BP”“ieleg'ﬁ%W'FE @hmie ﬁ’i SCRHORN t&% sypseripty dp h’ienﬁ@ég?s poi nt .
23 100831 Mlﬁ@?ﬁe @Bselipet D RYoLE tRCRAK] BY sef tebinfals! #8GEMSted FGNSM SSi on

on the uplink. Edach of these user terminals pérforns spatial processing on
its data sysibultanegitsr danymistion |qrstbetemtmkxglwfecxscn termdnals oars néelastedt forset  of
transmt synb str ams on the

h 0
bor e 110, SRR e rmiEa OF s Bt S HET R Bk Rt s oS

Nup and Nay may be static values or can change for each scheduling interval. For
siiﬁplicity,-bcam-steeﬁng is used in the following description,

[0082] On the uplink, at each user terminal 120 selected for uplink transmission, a TX
data processor 488 receives traffic data from a data source 486 and control data from a
controller 480. TX data processor 488 processes (e.g., encodes, interleaves, and
modulates) the traffic data {d

wmi Tor the user terminal based on the coding and
’mo&qlation'schemes-associated with the rate selected for the user terminal and provides

adata §yrr’1bfol stream {s_.}. A TX spatial processor 490 performs spatial processing

upin

on the data symbol stream {s

up,m

} with the steering vector ¥ multiplexes in pilot

—upm 3
symbols as needed, and provides Ny, transmit symbol streams for the Ny, 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 processés (e.g., convetts to analog, amplifies, filters, and frequency upconverts) a
respective fransmit symbol stream to generate an uplink signal. N transmitter units
454 provide N, uplink signals for transmission from Nu,m antermas 452 to the access

peint.



fromall N p user termnals transmtting on the uplink. Each antenna 424
provides a received signal to a respective receiver unit (RCVR) 422. Each
receiver unit 422 performs processing conplenentary to that performed by
transmitter unit 454 and provides a received synbol stream An RX spati al
processor 440 perforns receiver spatial processing on the Nap received
synbol streans from Nap receiver units 422 and provides Nup recovered
upl i nk data synbol streams. The receiver spatial processing.is. perforned in
accordance with the CCM, MVBE, SIC, o3 sone ot her techni que. A spati al

filt i X - for th int, is. derived based on (1) th i
Spat | ADBEL oo Mmieet detpira diaiant Soipdtint Tut Smulhma tanaipos et f oct | ve
uplink chanpRik. EBESHPENHSseBef tefmiteld fePorthdI6paltal ptoEdssine ol ifPlida s

recovered uplink data synbol ,eff str_ea_m{&g m is an estimate of a data
symbol st r slean] with it steetipg yegion anddrapgmits yiegab OF transmit gignbol seeammen theAn RX

data proce [ r ses (e.g., denodul ates, deinterleaves, and
decodes) e?@ﬁ%é%%e?%gﬁﬁ%ﬁi nk data synbol stream{lIl. ,,,} in accordance

wi th tiogss)rat e ugaectefsyonitan, M), asteinat a24athiduph 4pRpdediviaheuplithaigiggoded dat a
for each user termnal maylbe provided to a data sink 444 for storage

and/ or a comm all Nar usentermyials Fastpting pr decuplinkg Eachegtennod24 pevidsal | nk, at

access poi 1109, .8 1T C 0, i fLC: omit
data sour cgécfé%‘@fs@a]l\lg&ng%@ﬁ‘%rﬁgﬁﬁrs@c edu eﬁoiﬁr ovrv!lew }vr?E rea“fr%grri ssi on,
control datparfémenpracessing roohptmetfy taicht porfoimtedyb tiassmittad anit rdsdaadschedul er

434. The various types, of data nmay be_sent on differepnt transport channels.
TX data pr@w@@érﬁ regelied,PIFRRoL s o AF, RY il Se0ceRshE 48D efemns BhRVarodul at es)

the traffi BrobQking 3aNKYRE! recdi @BV RBL] BRSHE h t for that
user term %geflﬁi %(()E%gltng p?gcggpsrg?élﬁé%g&& gé oé\i))‘i% esw@'ﬁaﬂg%&ﬁeﬁﬁﬁﬁa?g ag‘gnbol
st reans f orpravides Rapiraeseared wplinkndatassymbollsStreampat The recpivercspatialrpra@esingeisf or ns

spatial processi on the Nd .downl i ol stre ith a patrix VJ,
of Na" dowwﬁsﬁlﬁl@tqeﬁwam%d’f‘ &f@l’mgﬁz@?’ PTG technighs; tg& exes in
pilot synb ; inge hits r

Bt ennas.  Shapt BIE MUY MZStol IR obisBpiihess QTR baS R TIR G Mook Bl e
transmt s : : ; |¢t Sd ' mtter
ni s 422" O RGO el ielief poir A (DS BRAe D R s
424 to the respensetneatrix @,L? fot GREE], uédr terarimlsi sSBachtrecovered luplidl dathlgymbal ant ennas
452 receive the Nap downlink signals '

stream {§,,} is an estimate of a data symbel stream {s,,,} transmitted by a respective

up,m
user terminal. An RX data processor 442 processes (e.g., demodulates, deinterleaves,

and"decodes) each recovered uplink data symbol stream {§.pm} N accordance with the

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. ' A

[0085] On the downlink, at access point 110, a TX data processor 410 receives traffic
data fmni 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 Ny, downlink data symbol streams for the Ny, user terminals. A TX spatial
processor 420 performs spatial processing on the Ny, downlink data symbol streams

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

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

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



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

recei ved synbol streams fromN,,,,,,, receiver units 454 and provides a
recovered downlink data synbol stream {Sda,a} for the user termnal. The
receiver spatial processing is perfornmed in accordance wth the CCM, MVSE,
or sone other technique. A spatial fil2r matrix Ma"a for each user
termnal is derived based on (1) the receiver spatial processing technique
used by t Isbeum éo generae asowaliek gignalt He anamition pnidh42dhprovidedYap downlinkt r i x
8da,n for t ' n I - processes (e.g.,
denodul at ess, a%?ﬁ%@%@{g\ﬁ}‘g@@o%{@p ecg%%s Btt‘ﬁeg&rgifé%j\l/@legd downl i nk data synbol
st r eanopgs) obt ai MtdecoaRd taiml 120, N Heanteis 402eecdiviathe M)Al sigakh user
termnal 120, a channel estimator 478 estimtes the downlinpk channel
response arftPhReRFELRIDY I Eakh Eseiverenled}4 pracesses sceived@ignplEPmPd channel

gain esti : esti (o) 2l g ch amat or 428
esti mat es%?%g]aaeg:\jlgﬁk ch?ﬁ\}ngﬁd esp%%saéngrﬂggi%\*}%gie}sétap i n@ﬂgﬁ%(nﬁépm

esti mat es. priessotr @60 ipaformsercteiver spatial groovassingkom M ,uretdindd $ymatnd siremison may be
Syst om or | APk Ep e s 498304 P ASBRereAroPRGnS SBa VRO BERST (5
system or B . r r is
derived by gne oo & [ : . ahpider entity
(e.g., the ﬁé“é;‘?%P%nxsﬁgwlqaheﬂ%trﬁégﬁ%ﬁ%agﬁtpﬁ%s%@gg&t?ﬁgﬁqsu?g%’r| ng&l’vect or to
t he ot her ol t | ar far e er mygnal pcal ly
derives thg%ﬂp%?pﬁ? Wg&%? @%Q&#%&?b# %}%@m@@? “{a{g{rw—ﬁﬁ’l fa%éﬁs)dgd on the
downlink c 13 i " > : | roller
430 der ves Pra B AR ed Ak do (Y e ey shatl g s A o 1 "on  he
effective upéiusde teimsingieindr @3 pive dewntindkr ¢hantdh pesponse Watniter B, £ fordh6 dsar each

user termnal may send feedback information (e.g,, the downlink and/or
upl i nk st etemiing. A R data SidRessert # Tapreesssear(elgs demndulstes, tdsintalsaessandoi nt .

Controllers,430 and 480 so.control the operation.of .various .processing
it & at - neteades B o eref ek BE B Srabol ST iR aioat iRt RH8E°C S0ng,

FI G SA shopgniaalbl ock diagram of a TX data processor 410a that supports
CDVA. TX data processor 410a maybe used for TX data processors 410 and 488
in  FI{808%. Wt Hitneatlx ugen termpingk 623G or chpnoel estimaton dd8 egstigrates rthe dpwrlinkand codes

a data

channel response and provides downlink channel estimates, which may include channel

gaih esﬁiinates, SNR estimates; and so on. Similaﬂy, a channel estimator 428 estimates

tﬁ_e uphnk channel response and provides uplink channel estimates. - The steering

: vsctors% for downlink and uplink transmission may be derived in various manners

dependi;ﬂ_gé on whether the MIMO system is a TDD system or an FDD system, as

dcsprib:i:cj above. If the steering vector is derived by one entity (e.g., the access point)

and neé:deil_by another entityg (e.g., the user terminal), then the one entity sends the
steéliné vector to the other entity.

{0088] EC;ofp‘tmller 480 for each user terminal typically derives the spatial filter matrix

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

il

do 10T

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 430
also control the operation of various processing units at access point 110 and user

terminal 120, respectively.



stream {d,"} for user termnal in based on the coding schene for the

sel ected rate and provides code bits. The data streamnmay carry one or nore
data packets, and each data packet is typically coded separately to obtain
a coded data packet. The coding increases the reliability of the data
transm ssion. The coding scheme may include cyclic redundancy check (CRC
codi ng, convolutional coding, turbo coding, block coding, and so on, or a
conbi nation thereof. A channel interl &bver 514 interleaves the code bits
based on an interleaving schene. The interleaving provides tinme, frequency,
and/ or{008bat i al FHpw A sshoys fagblogk diagrgtieothi {IX dia pyedestor il fpithey supparts516 maps

the interl | ' cted rate
and provi des dat ? "Es9%3’?@%&&%’?%63“@??#8%@%@%@3&%@@ﬁ?@%@éﬁed bits
to forma BIGI 4 BVitkinyTX alatacprovdssoret1Be,>an éhcodend12 frecdives randajodesemdhta B- bi t

value to a specific _nodul ation synmbol based on the nodul ation schenme (e.g.,
QPSK, M PSHieas {dgloimwuseiiemaina) z baged pn thegodingsgheme fosthes galestad rategnd conpl ex

I [ [ I tellati defined by th | ati .. 100901 A
COMR odut ZEeyTaes el i Qo oG RSB AFRIRBHR SR ARBdEE al or . 520,
a channel i zgiePRAvHEM 'cggegle@gga@w Bothin 28D déd WatHRcRetS ymefebangﬂﬁmmek ot

synbol s onto differen hannel s. Each code channel is aSsociated with a
respect i ve tha rdhiabiditya lof shejdatac ansmigsisn. nifie nodmg\Vedhsine sway eémedede ayclior t hogonal

ari abl e spreading fa OVSF) sequence, and.so on,. T hapnel i zation i
Veferred ; grngned bk IGRC) Ptk eSHRRaR ool aifa §ding Mok RENE W covm,
scrambl er 3g4n, b€ @bBRaiiheREE ! AadHalne MiterdSert 18 mitAMRL itRLebddasig f or
mul tiple code channels with a pseudo-random nunber (PN). sequence and

provi des a bssedeamnitpintesieawing ischpme. whhe interlgaving prayides itinge, ifecqunenpt @d/oas a dat a

synmbol stream {s0%. .: ' .| . : y eadi ng"
'S 2000 a iy B RREGE b, R R bt S R ik et G
spectral spagddnnbe mbulktishindthérme fdiehedelecRidatoahd prsides dad sh@bslb.nUnft0091] For
the uplink, each data synbol streamis trangm.tted on a respectjve code :

channel , wiile Brougs eachsehnt & 1iprlearad hus tofemm & R-Rik iRy Y2lp Wesgo Bt 1 ®duence.
The Na,, sghRchff ' 14 | d
St eant’ on T Sogh PREBFLILOR & olic HRRMIGERRDYL PERRBT e MRIEon 0 ot e

spatial pr agRatl (89, QPSK,IMEISK, 'bf M-QANM, whed AV 527 e aBdeh (dulatisn dyhwolchi p
stream) with the same steering vector vu,-,. or vu-,m. Simlar processing
occurs for 8 heorademhyalvadn agggna?@gggl}aupn defims g by thavmodulaiossrhemeagr am of a TX

data p(ogéb?§30r ﬁl%ﬂ%oé&fﬂgp §3¢° performs modulation for CDMA. Within CDMA

,fﬁo’dﬁl_atqt 5_20, a channelizer 522 receives and channelizes the data symbols and pilot

symbols onto different code channels. Each code channel is associated with a
respcctlve -o‘r'thogonal sequence, which may be a Walsh sequence, an orthogonal
vanable spteadihg- factor (OVSF) sequence, and so on. The channelization is referred to
as “oovering” in 15-2000 and IS-95 and “spreading” in W-CDMA. A sorambler 524

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

‘ anﬂbm number (PN) sequence and provides a stream of data chips, which for
s1mphc1ty is.denoted as a data symbol stream {s_}. The spectral spreading is referred
to as. “spreading” in IS-2000 and IS95 and “scrambling” i W-CDMA. The
chdni}:écliﬁation and spectral spreading are known in the art and not described herein.

[0091] o 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 strearnis on different
orthdgon'al code channels. Each user terminal performs spatial processing on all of its

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

¥, Similar processing occurs for the downlink.



OFDM TX data processor 410b may al so be used for TX data processors 410 and
488 in FIG 4. TX data processor 410b includes encoder S12, channel

i nterleaver 514, and synbol mapping unit 516, which operate as descri bed
above for FIG b5A TX data processor 410b further includes an OFDM

nodul at or 530 that perfornms nodul ation for OFDM Wthin OFDM nodul at or 530,
an inverse fast Fourier transform (I FFT) unit 532 receives the data synbols
from synbol mapping unit 516 and pil ot26ynbols, provides the data and pil ot
synbol s on subbands designated for data and pilot transm ssion, and

provi d9892 si gndIGy §Bushods a blogk dingramepba BY Walel pro¢assoretidh thatbdwppetts not used

for datal pi I ), SS| C | E unid, 532
transforns (21%31%4% Tg?ﬁ%éﬁgigt?%?r j’;ll%:i)o %Jgsr?gé qu%dz%g?%%ﬁ?agﬁﬂ[og%fq ?1% 4ﬁ-%dq%rmi n
usi ng an NAn RG] it TKndats procdsest4 1B iricheles éncades 502,rehamet] piteVdaderss 14, and
correspondi ng_ transfornmed synbpol that co({gt aj n&a{a\lF chips. A cyclic prefix

gener at or SYAbpLRARRILE é}mﬁérlg’i whichopgatsras desesibed gbonedtos o FA: ol Bisketdi n a
correspondi 1 ' ' portion
o of or e Sl 33 et s R 86 g
repeat ed. TOEDNy cWithinpOEDPM medslatoe $36, ratintene ff Mdusipnivansforat @FFE) wnits

ort hogonal properties in . the presence of .nultipath L.ay .spr ead used by
f requency @gl %ETIYQ?eﬁ’Fa‘g‘F%éyT ol3, OTtl, SYTRY JRIREY ey E@bgﬁée&@rﬁi"fﬁgfnﬁ@ﬁ flat).
Cyclic prefirnvig@neleatifth @4 pildtr SYHHIES o stbbRAN RbighktdM iy Q! gnd Whbch for
sinplicity is also denoted as a ‘data synbol stream (sn}. [0093] "For the

upl i nk, eactmangaissios,yandgirogdescmsighal valug of néro t(e dzaye” symhbdp fior teashesubbandof
subbands assj. gn far. that. stream The N el ect ed .user .t I nal s,,may
concurrentI1§Pt%f“°ﬁr®@e‘(<';jl¥‘?§(r¢1a$a}pili‘fQE BRSP4t eg?lfgigéfaﬂn kReEPghﬁ'%g‘}@o sets of
subbands, whgkRmMEeaeH &f Ny Bite Pifot, B kandymbsisas shafiRd domadt udifpSin NRe set.
Each user term nal perforns spatial processing on all of its data synbol

streans (orpamtdn\yrsoNesf\Heyer anstogmyand prayidep e cogaspending Sensiormed sywbolvD, , | or
vubP," . Sing sig 0GC . f |k 0 Lol icity,
FI GS. SA a%@@%%%ﬁv@h%%ﬁ oc%egg(i%r?gﬁ%g% fkg%ég& atsgﬁl?ﬁ%%mg?dc?ﬁ ‘?{ ofg obtai n one
data synbol trgkfantd syijbol bbbl £cstREsonding DEDNI&syhbol fhat catitdind M- Nger
termnals on the downlink) may be processed with multiple instances of the

TX data preéggsshte rtfeatdtirtionn Iréfepédetoda tacyslinprlix siloNg is [HRAREbefCS. 5A
and 5B show specific inplenentatjons in which the processing for .CDVA and

OFDM ar e peftfitsr bike ppaied. ¢ dherryclip arefiz) enphresc Bhat fiegOFBM wyinbol- isiainsritia
transm ssi Ofipobfhal BrobefiRS fn the Frededicd 5t AulipRRRRY sprddd! UK dy el

nmodul at or or
selective fading (i.e., a frequency response that is not flat). Cyclic prefix generator 534

provides a stream of OFDM symbols, which for simplicity is also denoted as a data
symbol stream {s,}.

{0093] " For the uplink, each data symbol stream is transmitted on a respective set of
subbands assigned for that stream. The ¥,, selected user terminals may concurrently
transmiit N, or more data streams on different disjoint sets of subbands, where each of
the Nr subbands is assigned to at most one set. Each user terminal performs spatial
proceslsing 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. 5A and 5B show the processing for one data stream {d,,}
to obtain one data symbol steam {s,}. Multiple data steams (e.g., for multiple user

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



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

nodul ated signal. [00961 FIG 6 shows the spatial processing at access point
110 and one user termnal 120m for do%I i nk and uplink transm ssion. For
the uplink, at user termnal 120m the™ data synbol stream {snpn} is

mul tiplied p egd t Vs, T L.al: 0 90mto
bt ai b the PN miuBRECK HOVKER AGS: SR -y, ThEnishing REBRRCEd M 1 00
t he recei veOFPMrbky vadst de perfarfoed  aftesr thee spatinllprdcefsing fomahiltiamtenhdier user

i nal s) | | tiplied.wth ial fil i it 640 and
further stahngionh 1 fisl e Pechfimiigt oo SR woulabete 3iBMa Che "
recover ed dgfodulattfBphn \CFOM I mSduldter thhFerfothl TOMNY:t SFORL pRRsRgondy € part

of an RX spatial processor 440a. The 'matrices Mp and Dap' are derived
based on t heespdctiecransmitispmpolstiea thegneratesyromesponding modulated sigsal. and usi ng t he

poi ni TUBET ¢ ne oBiG CRERAE BN Vet eSS bl S0 BT b Bosn rmiiF o 2

synbol st r eapn ferdowakik &Y uplinR trads2Asias Fugkte wplinktdh Qber derfiinal 1BBAIthal S) i S
multiplied with the downlink steering matrix V., by TX spatial processor-

420 to obt ada2 symbelrsieani {55 rib olultiplied wrthxbe steening Yasta o), ibykTX Apatiaber
~termnal 120m the received synbol vector rdn,mis multiplied with a
spatial fil pecessert490m tenobtainidhe transmiit syndeDvestat £,y thhethesupdinkd Atiactess

di agonal matrix D-;," by a unit 662 to obtain a downlink recovered data
synbol st r egoin{ Eldy thejredepied symboltvectnr ngl(for 2eenterininal 4 2G:80s avetl a6thenvssr part of
RX spatial processor 460m The matrices M,, and D' are derived based on

t he downl i nkenuhmashisimultplprdnzit: aspatiabdiltddmaiixf M, by e unit 640hmbfurth@Goaledhd usi ng
~the CCM, MMSE, or sone other technique. [00981 FIG 7 shows a bl ock
~diagram of athR¥igpeadl nwdiri DOC B & Qhit 4401 obtich B rdddvelad data Brilsed S6ctor 42D,

whi ch inplenent the SIC t echhi que and may be used for access point & 110. RX

spatial proggsgeupidOb Uansl 68X atea2 pird pas 90 fan AU Rpatiid lpedtesior WAy, STREessi ve
(i.e., cascaded) receiver processing stages for Nup data synmbol streans
transmitt ednijticedNM, used D orase datived taaed omfthes tfeptise liptink Nhannel fesponsé udes a
spatial processor 7f0, an 28

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

[0097) For the downlink, at access point 110, the data symbol vector s, (which
includes the downlink data symbol streams for user terminal 120m as well as other user
terminals) is multiplied with the downlink steering matrix V,, by TX spatial processor
420 to obtain the transmit symbol vector x,, for the downlink. At user terminal 120m,

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

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

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

part of RX spatial processor 460m. The matribes M,, and 1_);,',,,, are derived based on

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 Ny, data symbol streams transmitted by

N,p user terminals. Each of stages 1 to N, -1 includes a spatidl processor 710, an



i nterference canceller 720, an RX data stream processor 730, and a TX data
stream processor 740. The last stage includes only a spatial processor 710u
and an RX data stream processor 730u. 100991 For stage 1, spatial processor
710a perforns receiver spatial processing on the Nap received synbol
streans and provi des one recovered data synbol streamfor user termnal j,
being recovered in the first stage. RX data stream processor 730a

denodul ates, deinterleaves, and decodes;§ he recovered data synbol stream {3
j } and provides a decoded data stream TX data stream processor 740a
encodes, i nheftreAsCEncalRe 70004 RXEEitd BeafLFReREorIPR a8d B dafiPstreadn | N t he
same manner perforned by user termnal ji for that stream and provides a
renodul at ed PE9assROr 749.r daenlast stagg inpludesandy p spatisl progessery 1 vy arg alataor ms
transmtter ' %ﬁsi ng on the renodul ated synbol stream {s~~ } with
t he effectiv%ggﬁgﬁdﬁgﬁsrespbnse vector hp,Q,A for user termnal jl to

obt ai n {gbgp}i nt er fFer stage 1 copatial peodessotl A0a merfohns chetivesypatiall predessagon fiwap. j , }

. The Nap interference conponents are subtracted fromthe Nap received
synbol st r hmteceivedBazhoh skeamsepd providgs enamenversd datgsymbolsteermalfs , bf@vi ded to
stage 2. [001001 Each of stages 2 through Nap -1 perfornms the sane

processi ng deisterpialji beingerecovesmg inpthe stagsi fREdaiq stseam processps 730%20m t he

precedi ng st I nste 0 e ceive Mol streans. The,l ast stage
Pert o s spe AR ARtudteat et e el s e Sl BB R bopaeBR o7 1 e
fromstage Nap -1 and does not performinterference estimtion and

cancel | ati orPTOYig519 %ﬁc‘@ﬁ‘itqaﬁ‘l 5 é‘gsgr-snfgéétat $ireBUgPrOGeEsRT (A sosedes.

i npl ement the CCM, MMBE, or sone other technique. Each spatial processor
710 nul ti pl iisterleayes, nandt moduletss vbel dgeodedrodite steetm sidphgl inv dlet eame mannei t h a
spatial filter matrix Me, to obtain a detected _synbol vector sup, selects
and scal es aresfonned yausgetenninald: &y fhabstregmrand provides @ rgmedulatedssymbigbstresm ed

nbol st t d.d | st f f hat st . Lh
et x Moo v BUCREER GO JRus B Rar debiioitot AbaL Procdesine M 11 x
Pt iR ARG 98208, L S DR S I,

hedul i t Il nal s f.ar. 1 SSi t | i nk d | i nk.
Wehin contrB e Esan fo aifia e BRbeamtEPriotitt i Gk A oRboL BT oo
sent by user (f enmifialR,, k3G A8LeROBBbRNIS RAEEBEIIELHHATHS M, REBRINGHRbSOUN Ces.

streams to obtain N,, modified symbol streams, which are provided to stage 2.

[00100) - Bach of stages 2 through N,, ~1 performs the same processing as stage 1, albeit

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

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

estimation and cancellation.
[00101] Spat_ial processors 710a through 710u may each implement the CCMJ, MMSE,
or some other technique. Each spatial processor 710 multiplies an input (received or

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

symbol vector Eﬁp , 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 _l\_/I_‘-’,jp is derived based on a reduced effective channel response matrix ﬂﬂp,w 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



These access requests are for data transm ssion on the downlink and/or
uplink. For clarity, scheduling for uplink transm ssion is described bel ow.
[ 00103] Request processor 810 processes the received access requests and
provides the identities (IDs) and the status of all active user termnals.
A user selector 820 selects different sets of user termnals fromanong all
active user termnals for evaluation. The wuser termnals may be sel ected
for eval uation based on various factor® such as user priority, the anount
of data to send, systemrequirenents, and so on. [00104] An eval uation unit
830 eval uatredcssn ety usst tea@malsﬁe?ﬁrﬁnﬁaaogs@mcwbmegs fopapther Sﬂﬁlmesa netric
for the set t r (1)
overal | thr%ﬁgeﬁ{)cﬁtédslr@&dlfgﬂg F férnfi‘tg eysgl}mgﬁgn(gﬁ?g do ielﬂlgflﬁé’ E#H@e up 'nk
channel resqlmmssecheduimgcfpru;ﬂmk\tanérmlsmmlﬁdescnbnﬂfbekm| ve user term nal .

830 ncl udes mat ri x ut.ati on unlt 84 a rate

Eval
s\é?eg? bﬁ’gko I\/&Ff“’fei @8%&?&%1%(%0%%6? %J@%‘@Ffaﬁi:% Teqygsts tihstion for

each set ofjgasges (BEYEnAahs stafue ﬁ)f%ﬂ%ﬂlﬁ:ﬂiser tefhihal84Q her @aeét&moea‘eiee&t | ve
upl i nk channel response matrix HU, e$ for the set and conputes the SNR for

each user tcbﬁmrﬁaets ofuseh tsrmipalsifeoseemeng aﬂaqnmeawunmb forcaveluetéon. Skhet i al

processing _te S {. Rate |.ect or, 850 receives a
et Cof SN et ¢ sl s RRARRTREY o, T BEH Qi A el
termnal i rioh@,&retamanMdlataassénhgsyemrr viremehts Qi@ lReh. R' for the set. Rate
sel ector 850 may access a | ook-up table (LUT) 852 whi ch stores a set of

rates B0HMbrted vaugywb&ﬁoamlu@tﬁwch 5 @l s drsmEeals Fatnsovides|agietugr 850
determ nes ghe rHétﬁé‘?&I théaste{e ?ﬁ%@@&gb%éﬁcﬁgm{ngg bbb Msgﬂémh%?rﬁ“

each user téermnal base e user termna
sel ect or 8%eraﬁlthmu§qmt1m1nhsaﬂas tltehaemataad; (Drth¢ effentige pplitk élmnneilréspmr
for the set.

t I h th I
[ 00105] - Schies Bravaihs B greielyayier KRy FReliRtion BEL S0 DGSH 3 BRRinal S f rom
user sel eCt&Enlput%ﬁErh @:ﬂiﬂsz(o%dta*}%e 5Ab&S 9507 Ma éb%?ﬂutétﬁﬁﬁﬁhﬁ%h@ p@ffimé fig overall

t hroughput for each set from rate selector 850." Scheduler 434 selects the
best set of SNR epmpeatetiom &irseagisefgofabser teaninalsevBdrueack det, omitSdéhomahdwul i ng

i nterval and.schedul es, t he sel ect ed .user nals for trans i.on on the
upl i nk. ScHEBEH D me%raa@nm@aﬁmgnfﬁ?hwa&wmmweﬂl e he
identities of t he selected_ user termnagls, rates, the, schedul ed
transni ssi ofich jUpt temnigal in; the set Q?sled&’i‘d u;h:en d’GﬁéL‘? SFFEBEt SPattal PHICESHINGSi on) |

and so on. The, schedul jn |nfornat to.the sel duse
Cerm nal's. FOBEIB TS LERecrt POBE (RAE RRHIT IR TS AisEePOITRg Eper 1 or med
in simlar yRNehnd determines the rate for each user termmal in the set as well as the overall

throughput R, for the set. Rate selector 850 may access a look-up table (LUT) 852,

‘which stores a set of rates supported by the system and their required SNRs,” Rate

selector 850 determines the highest rate that may be used for uplink transmission by
- eéch 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
evalnated 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.



30 1001071 The SDMA transm ssion techni ques described herein may be

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

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

wi rel ess technology (e.g., CDVMA or OFDM and the SDVA transm ssion on the
downlink and uplink (e.g., the transmt and receive spatial -processing at

t he access point and user term nal, thg evaluation of different user sets,
and so on) may be inplemented within one or nore application specific

i nt egr BOXWAl ci r dbe SOMAIragemissigh dechniussi dgsralbe hercos wey de(iBBRs)entedityi t al

: | : : l.ogi ¢ devi. PLDs), field
o1 001 amob Aok, Bef £6° ordgll; Thise BUBHATHN B iPlstrelf & Fartware ) ' ©

mi cr o- cont rsoftiveres or micombjpmtioe sispsos, Fok heiardl£€ tnmpRimentation, the faseand to
performthe functions descri bgd herejn, or_a _conbination thereof. [00108]

For a soft vbﬁ‘itéflf'qc}ﬁPé Faﬁ,er{w varness tocnAag s ¢ B CPMA AT QFRM)rsdcr i bed
herei n_ ey (e SHVPA HREERoNoh b RHWhAR. &t fhiiok! @SSIHE Fmordli 1k 10, aNC SO

on) that pertformthe functions rei e software co may be
stored in apatabprogessingiat theeccess pommhandyusemtetnsina 3the ansludtd ofdiffdrént wddr and
executed by a, processor,(e.qg. controllers 430 d 480). .JThe nenory unit
may be i nplsgﬁEﬂ'lt%éa Oﬂf?‘ﬁy hg f‘ﬁ@eﬁp"FIHE‘:gE’ ong, pr %‘Q’Eeeﬁpﬁﬁ‘Fa“PB S%?‘Féércp‘i"@&"é‘?éor, in
whi ch case dilcuifA(ANIEs); AN isiAkT MokdksGOUDERY, iRithNGendl REQSSEY dWidsVar i ous
means as is klrlllq\/\nq\i ns)tche arts.fg%[oglogi Hgad?ﬂgs%re fg?\clﬁt}dedﬁﬁéerei N for

ref erence {R§PPe), apragiammadleaiogiy desicesi(RLDeclidld nprogmmasdlehgaldi agaysar e not
i nt ended t L 0 fn.t he.con described therein under, and
t hese concg(g% §%n)ay}%§$§&ag§‘ﬁ%é1§ﬁr ﬁ‘ll?rig/'cl&ﬁ%g@ﬁepu%r%rpf%ﬁ%r.’t:ﬁﬁgu FHEQC t he
entire speaijnits Gaignedto feoiRih He fihaions Sstrited heREs b Pédmin@fonttheeddi scl osed
enbodi nents is provided to enable any, person skilled in the art to nake or

use t hOOHBEsent Fongaativars, implsmesiaionpthe SDMA | teRsmission terhgiquesdrseribednt s wi | |
be readily -0 1 ey | | h : er | rinciples
defi ned her%?%?ﬁngg%ggﬂg%gﬂgﬁgg%ﬁtg %g(ﬁléésqg%ﬁgﬁg%uﬁ?sg%cbﬁ%ﬂgﬁ %gd;;gr@ttpﬁg from
the spirit perforn tedunftionhdescrbediieteim . THEsuAwart kedgs mes/eet stored 2id manorys not
intended to be, limted to t e i s.shown herein but is tp be
accorded t H&W ;e&eﬁe@%thégﬁﬁng?@ﬁtw{%ﬂw WWE& s PRREFSAHONFE: f eat ures
di scl osed rh%ﬁﬁbl[brs ¥t ahd! 430§ thdVilenbry undtlmay be implemented within the processor -

or exterﬁal to the processor, in which case it can be comrﬁunicatively coupled to the

* processor via various means as is known in the art.

[00109] :Headings are included herein for reference and to aid in locating certain
sections.k 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 ff:ntiré specification.

* [00110} ‘The previous description of the disclosed embodiments is provided to enable any
person Sicilled in the art to make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in the art, and the generic
principljés defined herein may be applied to other embodiments without departing. from
the spiﬁt or scope of the invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.

WHAT IS CLAIMED IS:



CLAIMS 1. A nethod of transmitting data froma transmtting entity in a
mul tiple- input multiple-output (MM) comunication system conpri sing:
obtaining a plurality of steering vectors for a plurality of receiving
entities, one steering vector for each receiving entity, wherein the
steering vector for each receiving entity is derived based on a channel
response nmatrix indicative of a respons&lof a M MO channel between the
transmtting entity and the receiving entity; and perform ng spati al
processing on a plurality of data syrrb&lLA‘%lﬂ‘%%ams with the plurality of
steering vectors to obtain a plurality of transmt synbol streans for
transm ssion froma plurality of transmt antennas at the transmtting
entity to the plural Al ethbd b€ tahsminig elata frdre Q. tradsmithey emit ada efulgdlal m 1,
wherein the steer vect or each regeiving entity is derived by
deconposi ng ‘%P‘EH&‘M?’P&?‘DWBE DFSTURIcAEon $YsiSTy EYBPNSHE entity to obtain a
plurality of ei Q%Bt\éﬁﬁﬁgozi fmﬁd}ﬁy afaéamglvhétursqsraSpmg&ﬂt)%fx\éeé&iﬁgenm &fyr m ng
t he steering vector he r'eceiving entity based on an el genvect or
corres pond| IStpetieg aedcurfgbﬁchsﬁwqmga?ﬂtlmwﬂéreahﬂmgmm plctardbri ¢agh odceisinggul ar

val ues. t cessin plurality
of data st regﬁ%’n?n&gg%cg% %ﬁ?délm\‘}m b ?{I"g){c?@]?ﬁs o’ﬁ m(ﬁ)%lnﬁgé)?ea f&é}?:oélg% °f @DMVA) to
obtai n the pUM@lchineDietwiednahsyabnittisg etizyand thbﬂfcawﬁg%ﬁ s ar@dat a synbol
streamis sent on quespectlve code channel ~and_spectr al y spread with a

pseudo- r andom nuRF&TIRFPAIBLDIORTENE AN AUl HB&athSYElbai frepmg vitly theer

conpri si ng: DRGSSH SBergPleticds 1th Yobfin dapRrat
Ot hogonal requgnc Di VI si on '\t/mf;“ ;ljrll ex?ng w %?%kﬂlt tapﬂ%ﬁﬁ"ﬁ“ \[I)\’Fural ity

of data syrrtt@nsrmsaﬂ@rarﬁ@m whitlprality oféﬁ@wnatam&ewmél %fffﬁ@‘ﬁ'ﬁﬂlng epdifyt toothea

respective $ 5. An apparatus at a transmtting entity in
a nultiple- ?ﬁ%ﬁ%’&*&g S’P'g 3%%%ut (M MD) communi cation system conprising:. a

controller operative to obtain a plurality of steering vectors for a

lurality of regeivi e eer ect or r. each rece n
Enti ty,  wher ei n ehe. st BeFAT b SR PO R PEGEIE 55" ok T oG VB | ved
based on a chfWneherivegppnse matrix |nd; cative

decomposing a channel response matrix for the receiving entity to obtain 2
plurality of eigenvectors and a plurality of singular values, and
forming the steering vector for the receiving entity based on an eigenvector

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

3. The method of claim 1, further comprising:

processing a plurality of data streams in accordance with Code Division
Multiple Access (CDMA) to obtain the pluraiity of data symbol streams, wherein each
data symbol stream is sent on a respective code channel and spectrally spread with a

pseudo-random number (PN) sequence.

4. The method of claim 1 , further comprising:
processing a plurality of data streams in accordance with Orthogonal Frequency
Division Multiplexing (OFDM) to obtain the plurality of data symbol streams, wherein

each data symbol stream is sent on a respective set of subbands.



of a response of a M MO channel between the transmtting entity and the
receiving entity; and a transmt spatial processor operative to perform
spatial processing on a plurality of data synbol streams with the plurality
of steering vectors to obtain a plurality of transmt synbol streans for
transm ssion froma plurality of transmt antennas at the transmtting
entity to the plurality of receiving engjties. 6. The apparatus of claim§5,
wherein the controller is operative to deconpose a channel response matriXx

for each receiVvipg enihla¥pdrRu® M Alrkhsthiths bt § : 'g@m S a
plurality of si n%ul ar v_taa%d%es and tosﬁér n?tﬁgyg%%gﬁltﬁlgbv C%’g@t&ge?m{?ﬂg

recei vi ng edMIMD)cemmynisationrsystemetnmprisong: corr espondi ng to a | argest singul ar
val ue anong the ' ' Lar val,ues. 7..An appafatu a
transnitting ent PIB {’/ﬁt@egsﬁ%ﬁ‘ie;‘be%%ﬁﬁiﬁﬁﬁ%ﬂ ngtgqrgﬁt?ﬁ{%% f%a@fgﬁty of

communi cat i ogelit enities; amMprsiceting vedoafos ehel redEiving Ninfigy, avhiRtdi el drderiaf
steering vectors_.for_ a plural |'|ta>/ of receiving entities, one steering vector
for each red8S G cahFsEymeFRlEs Aerived based opiahannstregponsp matrisdadicative ei vi ng
entity is defhvesdoRasst. MV CHARREbethESPRR SEnIRitl X edtf A @ eV Rc i

response of a.\l\/r/le%o channel between t?\e transmitti nﬂ gm%?tag@tg#d %ﬁ{gngecei vi ng
entity; an@ntfsand for performing spatial processing on a plurality of data

mbol st | : I L] t ' t t 0. obt ai . pl lit
of transm i synobrRrEa Biels ot Bk ShialoerSnBc) Sabrfiinem 1

ant ennas at of Hata tsymbsinstietung gvithnthe tpjurhlity o &teedhg i védtérs Yo @btalres @luvdlitg oenti ti es.
8. The apparatus of claim 7, further conprisin neans for deconposing a

channel r esJ8WIEt RO Streams (o7 RnsIssion, fremy acplprafiyy efotransiitanienaastithel ity of

ei genvect or gaRfiig Bhtty & ik YRl b@bdiRhg Yalides, and means for formng the
steering vector fof the receiving entity based on an eigenvector

corresponding to,a | est singul.ar .val ye_anong.the plural.it OB si ngul ar
val ues. 33 9. Aﬁ'meft hol BRPAPLLS 'ci‘?’inngy’dgﬁ?ir_e?]rg}ﬁ 50[&0218%&’? t“%?rﬁ Veltity in a
mul tiple i ngesompudetd gHa@ndl ybPuhse(hatioforcaatintativg eptitysipSIbeiih a GRFAIY SF NY:
obtaining a steering vector for_the transmtting entity, wherein the
st eering eigenvectors and a plurality of singular values and to form the steering vector for the

receiving entity based on an eigenvector corresponding to a largest singular value

among the plurality of singular values.

7. An apparatus at a transmitting entity in a multiple-input multiple-output
(MIMO) communication system, comprising:
ineans for obtaining a plurality of steering vectors for a plurality of receiving
entities, one steering vector for each receiving entity, wherein the steering vector for
each receiving entity is derived based on a channel response matrix indicative of a
response of a MIMO channel] between the transmitting entity and the receiving entity;
and :
means for performing spatial processing on a plurality of data symbol streams
with the plurality of steering vectors to obtain a plurality of transmit symbol streams for
transmission from a plurality of transmit antennas at the transmitting entity to the

plurality of receiving entities.

8. The apparatus of claim ' 7, further comprisiﬁg:

means for decomposing a channel response matrix for each receiving entity to
obtain a plurality of eigenvectors and a plurality of singular values, and

means for forming the steering vector for the receiving entity based on an
eigenvector cotresponding to a largest singular value among the plurality of singular

values.



vector is derived based on a channel response matrix indicative of a
response of a M MO channel between the transmtting entity and a receiving
entity in the MBMO system and perform ng spatial processing on a data
synbol streamw th the steering vector to obtain a plurality of transmt
synbol streans for transmssion froma plurality of antennas at the
transmtting entity to the receiving entity, and wherein a plurality of
steering vectors are obtained and used for spatial processing by a
plurality of transmtting entities, including the transmtting entity, to
concurrently tr ai}im- t Apmgthgd of traysmgtting dats Symisotransmitipgygntity ig Banylepled vi ng

entity. 10. : le ) i g I SLAg- . processing a data
streamin ac%@ir1 ancgleg\g}\nm?&t @S’g@[@\%@gﬁﬂﬁﬁﬁ%ﬁ E&i 12%% 5 (CDMVA) to obtain
tﬂe dalt a s3d/rrbol wbtaaumgl' l. avﬁtwig’gmdctr?e fa the ’s'gtrrsbmﬂtd 3 iggtmé@anbwmrfé%nhe steering code11
channel and spectr read w a,pseudo-r andam.nynber sequence.

The et hod REGT 1 femyedieTon o it SRRGSSR RS SRR 4r.t HobeREANA

accor dance WINMOQHah@g desveei tRe uamenittiby \entifyoihd Madckivitlgexiting il @=DMIMDO obt ai n
the data synbol stream wherein the data synbol streamis sent on an

assi gned seﬁyﬂﬁnéﬂ@bands. 12. The method of claim9, further conprising:

to obtaln the chacaing JAEATELANID ORI lmBOPREa I WRSHIeRRE Vi hee
rralt rix to obbabteima mltual'ﬁ?/ictfy:rwsmﬁis_gmhiﬂleﬂteams lforamhsméqsiémr@m taypluzfﬁlisfi efgul ar

val ues, one ejgenvector for.each sinqular .value: a eriving the steering
vect or base&nkﬂngﬁ?éc @H%ﬁn&mgmtf’@%p%‘f'?&l‘f’%el}%ﬁ’gn?argest si ngul ar val ue
among the plural iviigredl aSpRgAlitArofVatdRg. vettors bds obtahedBirdodsadl forl gathld,
further conprising: sending a pilot..to the receiving enti t'é; and receiving
the steeringrewesing by pothrphy ofdrasmitiieg enities.yincluding He Gpsetng sniy> @

transm tti ng, eafehy trbhsthitditdaRlycridBaYmBitls Ea?ﬁsecb%rgbgiviné M)
c?nnunlcatlo? sy?tenl cogpr|3|nti_a co tr?I ermgperatlrﬁ oto tain a t _
steering vector r ran in nt,i erein the steering vector is
derived based on l@‘ ch %@F%Pig @f‘l‘é‘bg)ng‘frhe&&fmsg’&ti ve of a

processing a data stream in accordance with Code Division Multiple Access

“ '(CDMA) to obtain the data symbol stream, wherein the data symbol stream is sent on a

code channel and spectrally spread with a pseudo-random number (PN) sequence.

11.  The method of claim 9, further comprising:
processing a data stream in accordance with Orthogonal Frequency Division
Multiplexing (OFDM) to obtain the data symbol stream, wherein the data symbol

stream is sent on an assigned set of subbands,

12. The method of claim 9, further comprising:

receiving a pilot from the receiving entity;

processing the received pilot to obtain the channel response matrix;

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

deriving the steering vector based on an eigenvector corresponding to a largest

singular value among the plurality of singular values. -



response of a M MO channel between the transmtting entity and a receiving
entity in the MMD system and a transmt spatial processor operative to
perform spatial processing on a data synbol streamw th the steering vector
to obtain a plurality of transmt synmbol streans for transm ssion froma
plurality of antennas at the transmtting entity to the receiving entity,
and wherein a plurality of steering vectors are obtained and used for
spatial processing by a plurality of tr¥nsmitting entities, including the
transmtting entity, to concurrently transmt a plurality of data synbol

streans to the ret®i viTg mohddof.clabh. 9ah@rpapatie of claim 14, further
conprising:. a -channc?l estimator operative to receive and process a pilot
fromthe receivi iR9iBa2 POE tp ghegpiehng ekigy; @dinnel response matrix, and

wherein the cont rlddihg s sl DRI RREAL Kecl Bedgggpose the channe

response matrix to obtain a plurality of eige ctors and a plurality of

si ngul ar val ues, one eigenvector for each singular value, and to derive the

steering vector hased ,n i vector corresponding to a | argest singular
val ue anong the plur alﬁ(}}%})%(g)? t“?iagg&as?“ %Ieﬁéé’. mf@‘%ﬁ%“&ﬂﬁé@&f‘%“’&iwu&l aim
14, further @UIVO) ommypnicativn syssm, comlpfidngr ocessor operative to process a

data streamin accor aﬁce with Code Division Miltiple Access (CDVA) to
obtain the data &FATEP < FREMAVeIA 1 3 ffeering Mestos o Bie sansmitting sntitgnt on a

code channelwlgnéin §RAEFAY Vo6t RE & edbishd 8n Qé@ﬂﬁ%lhreesr 9@&%3@&' LN

sequence. 35 | T The apparatus of claim 14, fu onprising: & Pransni t

data procesd&WoBKca MIMO chapne) bebvsen thictrassittiegentity aad 6 o pirgeentity

Ot hogonal %W* t'%nvhx?d on Multiplexing (OFDM to obtain the data synbol
data

stream wherelin the synbol streamis sent on an assigned set of
subbands. 18. AnaappemitspstiahipraveésonBpeThtivel 10Cheffin syatiad pocBitidel &Yl §-dafaPUt
atia) :

mul ti pl e-out pu M MD). conmuni . cation system conprising: neans for

obtai ning a Sglpé%lrs%ﬁﬂn \Y%@ttg? SIEQHINg YR&toF fo Pk pnlyality of tragsmitysianteil streaims

steering vedhotakisdeh iicarla pnsary P aftesheansk RSRANSSAIR! bl e [Adi811 Ve of
g e

a response of  a M MO channel between the transmitti trty andVae
recei vi ng efbiityyandn t he M MO

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

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

135, The apparatus of claim 14, further comprising:

a channe] estimator operative to receive and process a pilot from the receiving
entity to obtain the channel response matrix, and

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

values.

16.  The apparatus of claim 14, further comprising:

a transmit data processor operative to process a data stream in accordance with
Code Division Multiple Access (CDMA) to obtain the data symbol stream, wherein the
data symbol stream is sent on a code channel and spectrally spread with a pseudo-

random number (PN) sequence.



system and neans for perform ng spatial processing on a data synbol stream
with the steering vector to obtain a plurality of transmt synbol streans
for transmission froma plurality of antennas at the transmtting entity to
the receiving entity, and wherein a plurality of steering vectors are

obtai ned and used for spatial processing by a plurality of transmtting
entities, including the transmtting entisty, to concurrently transmt a
plurality of data synmbol streans to the receiving entity. 19. The apparatus
of claim 18, further cHParREgof claEulds irter sampsisiighg a pil ot fromt he.

channel Tesponse Sara: A pREQSERGIRf WSS B il in bR Bih 2, 1
to obtain a Prthogunal Fregliencyi Gensiex tMulsiplaxidg (QFDM Rt toptapd thé migal symbodl ues,
OrS ! okl 8855 3P SR U s BRI, gt o
val ue anong the plurality of singular val ues.
18.  An apparatus at a transmitting entity in a multiple-ihput multiple-output
(MIMO) communication system, comprising:
means for obtaining a steering vector for the transmitting entity, wherein the
steering vector is derived based on a channel response matrix indicative of a response of
a MIMO channel between the transmitting entity and a receiving entity in the MIMO
system; and
means for performing spatial processing on a data symbol stream with the
steering vector to obtain a plurality of transmit symbol streams for transmission from a

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

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

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

19.  The apparatus of claim 18, further comprising:
. means for receiving a pilot from the receiving entity;
means for processing the received pilot to obtain the channel response matrix;
means for decomposing the channel response matrix to obtain a plurality of
eigenvectors and a plurality of singular values, one eigenvector for each singular value;
and
means for deriving the steering vector based on an eigenvector corresponding to

a largest singular value among the plurality of singular values.



