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DI VI Sl O\Iw(lyg{;ﬂ'g)aﬁg.lgt,) ACCESS BACKGROUND |. Field [0001] TpﬁT,@rSgﬁ,@,ﬂg-fsggwenti on
rel ates generally to data communi cation, and nore specifically to

nul ti-antenna transnission for spatial Hivision nultiple access (SDMA) in a
mul tiple-input nultiple-output (M onmuni_cati on,syst I ckground
T0002] A Vet eh AN FERYA FRANSRISRION EOR SPATIAR VSO T o o
(NR) receive antennas for dat ] SS| A M MO channel fornmed by the
NT transmt and NR receive anﬁmﬁéms§mosed into Ns spati al
channel s, where NS < mn {NI, NR} . The N3 spatial channels nmay be used to
transmt N5 independent data streans to achieve greater overall throughput.
[0003] In a rmultiple-access M MO sSPBACRGROUNPCESS poi nt can communi cat e
with one or nore user terminals at any given nonent. If the access point

communi catks wiFieldn single user terminal, then the NT transnmt antennas are
assocjated with_one transmttin entit ei ther, the access 1_{’J\Iloi t or the

iser BV nal ), THind@resHl RYCPALITGa A RuRmIY to Bt CUBRRICalPThy 119 gRee
recei Vi g bkt & R o haltp Rkl Sl Ryl SNRIACEEADIORIE) SDRE) access

point can also comunicate wth nmultiple user term nals sinultaneously via
SDVA. For isRhAultiplecinpatopsitipleciutput (MIMQ)esmmuinidapibe syatdrennas f or dat a
transm ssiron and reception, and each of the user termnals typically
utilizes one antenna for data transm ssion and multiple antennas for data
recepti on.I]%OOOﬁ;c 0 d<ey chal l enges for SDVA in a nultiple-access MEMO
systemare (1) “sel®ecting the proper set of user termnals for sinultaneous

transmosri on and MEYO bysaes reniploysgmdhipe (V) armémit dntamasaad msitiplet @G) user
termnal in a manner to achi eve good iﬁtem performance. There is therefore
[

a need in ¥rEvaprtcns fopdp;tnsyissionerA MINQghpnnel fprmend: bystgnVr Gansmit
[0005] Tochiy Aol Phe EEFREE Ry Ror tomprad e i Sl Shitpels” BT Y,
M MO N, <min{N,, N,;}. The Ny spatial channels may be used to transmit N5 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 Ni 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.



system are described herein. These techniques may be used in conbination

W th va%#ﬁ) }MBQ{}S% ess technol ogi es such as Code Division Miltiple_ Access

( CDVR) , 5 Frequency Division Miltiplexing (OFPFUSHOMETBYi sion
Mul tiple Access (TDMA), and so on. Forpuplink transm ssion by nultiple user
termnals to a single access point, an uplink channel response matrix is
obt ai ned 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 ternminal us@YMMARYeering vector for spati al

processiig to t m t upl i Nk I lLected for. upki Ar ). SSion.
An " e@?g’gt I ve" T‘%p lqu%g gqgfﬁ%@&‘gs%%lﬁléaé{tﬁgtnce?%sq‘@spgrfﬂ’égw lgfmr
term nal bageth e d&eribéE kel THREE @dchaiydes RayUbd Bk ¢ ABRBinatiBs RYHIS €
matrix for the user termnal. [0006] For each scheduling interval (e.g.,

each tine wrigny wirglpssi pchnelegies gluclycasi (ede Jaivisiare dvipligles Ancesst (FRAMM)and
I ted t ' fecti ; Lect t hei
channol - r ORBREbRR ke Diy S SpARRROETRE A58 DGRl Mrulile AR 1o

for uplinDMANSaHdSS of 1For tupdihk SRAaHdtibn By bEplahser te@migiaPhaindide user
set with the highest overall throughput nmay be selected. In effect, the
spatial siafeespesy, asfupiink chamel response mualrix isobieanad fareaehactiveeser tegiinat si ty

are exploited tg sel . of “spatiall C atible' user term.nals for
si nul t aneo sg'%artgﬂ%ﬁflg(gefsgﬁlgéﬁ%aﬂémﬁ BB?W('&IE%) 8%‘@@?@8%’835‘0‘8 |°_§’§am q’ﬁ%e’g?ﬁrp or
di fferent vistRefor te s rtedn@iball NBhéh GRY tBenindl @6l @d ste¥iingPldetdl fof kel Ssion
in different scheduling intervals. [0007] Each user term nal selected for

upl i nk t r aproPssing oh trprsaeiber e uplisk déselected Bamplink tramsewipsder cAn Weffertivae

underlyin ] ess.technol 9 . . OF oy, T to optain a data
aymbol st PEAK AR (ERPAEoRRandF Hish TR FB PP teREneh Bteed o SBedA o
its data sydehRlané tHeaplinkichdhnie! Ssidr8eiatitk foftHeQisertter@phlri N @ set of transmit
synbol streans, one transmt synbol stream for each antenna at the user

t er m WAPE] Each kmgegach selicdihing interwnl (erganeneh tisng slot): mukiie sets phigefivestserans

The N p- screnplh SpEBREPLRY SAfetdlbastd MG Baul? Pt RER B 2

synbol st rggitchafhel respehie: fhatrices)y fPQdterdiin@ @B bt sepeh M, £uBdrNeininaléifar t hei r
respective M MO channels to the access point. The access point obtains

nul tiple rediokisanseyssingl instheb sehsdplingrinteryalnyFey pramplpt éwnussr sathwithdbess

' hen, . f ' Lal ' . ' nbol
G oams | riighioh PRARE G G380 Bustod” BB HRs SR SR ST VRS, o
non- | i neartehRig@ls VAN wellads! AlltPoee QEGIrSiy hRCHRIoNR t0sdletoy 8kt bhesgtiptgat a

compatible” user terminals for simultaneous transmission on the uplink, as described

below. The same or different number of user terminals may be selected for uplink
transmission in different scheduling intervals,

[0007) Each user terminal selected for uplink transmission processes its data stream in
accordance with the underlying wireless technology (e.g., CDMA, OFDM, or TDMA)
to obtain a data symbol stream. Each user terminal further performs spatial processing
on its data symbol stream with its steering vector to obtain a set of transmit symbol
streams, one transmit symbol stream for each antenna at the user terminal. Each user
terminal then transmits its transmit symbol streams from its multiple antennas and via
its MIMO channel to the access point. The N, selected user terminals simultaneously
transmit their N,, data symbol streams (e.g., one data symbol stream for each terminal)
via their respective MIMO channels to the access point. The access point obtains
multiple received symbol streams from its multiple antennas. The access point then

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



synbol streans transmtted by the N., selected user termnals, as described
bel ow. [0996hk/03318¢ t €Chni ques to support SDVA transm ssj wnl i nk
are al so described herein. Various aspects and enbodi neh?gn%?bomgsigﬁvent i on
are described in further detail bel ow.3 BRI EF DESCRI PTI ON OF THE DRAW NGS
10009] FIG 1 shows a nultiple-access M MO system [00101 FIG 2 shows a
process fo# 1¥98arT of AOtlneay tepeiker: matial Progessingsicrlonaun ta mesoupn thekN,,f data SDVA;
10011] FI V, ting.and selectin r termnals
%yn%oo? Q@éféﬁs&fra%ﬁﬁf‘eﬁ% RE NS s%ieg%iiuﬁ%;te%ﬁal%fséfﬁrﬁ)gﬁl g’ﬁl&%s a bl ock

for sinul Yaneous transm ssi on oh thhe U
di agr pong)f an aThesechpijued tandippy® SBRIA ttemBinisios; od 0Ad Jowrliel. akAalaid 5B
show bl ock di agranms of transmt (TX) data processors for CDVA and OFDM
respect i vefigeripegioheaeing) \ariogs ageerahnsiiments of Sheciyentipnaare describedéms poi nt
and one “Sﬁﬁ'thEFJertrf'liﬁ?éloxLor downl i nk and uplink transm ssion; [0015] FIG 7
shows a receive spatial processor and a receive data processor; and [0016]
FIG 8 shows a controller and a scheduler at the access point. DETAILED
DESCRI PTI ON [ 00171 The word "exenplary" is used herein to nmean "serving as
an exanpl e, instance, OBMEFMSEN%KION%THEDBWG&SCH bed herein as

"exe y" is I\ 8 d as preferred or advant ageous
overnE!toﬁ‘;gr enbodi ﬁé%ﬁ%ﬁ?%@efg@s%w;ﬁ# na transm ssion techniques
descr [opeg her ei FIGIR)shbe's UgRekbes® for peffbintiag nfili-whichind/ Sinsalission etheSplink
technol ogi es such as CDVA, OFDM TDMA, and so on. Miltiple user termnals

can concurfo8ADMALransnit/receive data via different (1) orthogonal code

chann for (% 2 |_ne Qr or_{3), subbands ,for. ,OF A
CDVA Qgpem may i r‘rpée OE#LS Psﬁllfg%% E‘qrs?@é%ing_ %,%Wﬁ%aﬁﬁt mnalf VgélDlVA) ,
or sone ot iffltsicdns atimsnissivh & BMuplisk;em nay i npl enment | EEE 802. 11 or sone

ot her standards. A TDVA sxstem. may i nplement GSM or sonme other standards.
Thesel08i ous sFEndsheys ablocksiingnam of emeccasstpointiaad spavsaxlterprivdsssi ng f or

ot r [OPHC"Gar FREP AL RUE 3 R BIGRE AEHRS of drabifBis NI Yo s PGt B
descri bed OPMAany OFREMYeGf3dwiy;PCT/ US2004/ 037855 4

[0014] FIG. 6 shows the spatial processing at the access point and one user terminal for

downlink and uplink transmission;

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

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

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

processing for the underlying wireless technology, as described below.



100191 FIG 1 shows a nultiple-access M M) system 100 wth access points and

user terfhrksssik®r sinplicity, only one access point gdfuksostows in FIG
1. An access point is generally a fixed station that comrunicates with the

user termnals and may also be referred to as a base station or sone ot her
term nol ogy. A r. term nal,,. be .fixad or |l e, and may. al sg be
referl®®lio as lg[%g&bﬁ%f)gsé‘t%P%“Bnﬁ%lacﬁeﬁﬁl\dw.@ssgsﬁg\/nr@ewﬁ% o) mgitzwgruser

t er m nol 0gYmiARE e Sor RehPlLcith;l BnlyEdhe CRETE PoRi 118 0Vik shoWwRen TIGITP! AN E&Jess
termnals 120 at any gi'ven nonent on the downlink and uplink. The downli nk

(i.e., fopoimtrid generilly ndixedetasionmthali ccommunicatehwithrthenus¢rctenpivels andonalk to t he
user termnals, and,.the link. (i.e., reverse.link) 1s the co nication
Thk ¢ om mebe ieBitreddp i p R Pk Somme oET SRR, Adak PaFRITER B8 2o
comuni cat gy daes mbMItePARY mid hido ARAehSled US QE 2 hEBild fiddion, A WitsleQNAAR! b | er
130 couples to and provides coordination and control for the access points.

[ 00201 Systoem dbe enpinolegymuhecesd point Ak miay camanunigate plith anscwi merearseennas
for data transm.ssion on.the downlink and i nk. Acce ppint. 110 is
equi pped v&e?'ﬁm?\]ér}aaaaﬁtagﬁ r%@néﬁﬁn\é%p%ﬁlér@@ﬁjé aﬂ'ﬁl“ﬁ’ﬁﬁf‘e?ﬁﬁp‘%ﬁmﬁ%ﬁ(l'?br
downl i nk t£,3psd1R%Y RNke dmuhRatidilidld RbRtRYhdREEs oMidto kIR usePtenBlnals, and
transm ssions. A set of N selected user termnals 120 collecti Ve:‘tﬁﬁ
tiple-

r epr esent sthe plinky (itd. pleeerseitipk)t is ftloe cetommuhication lizkh Safnsibie aser tendinalsdo
i nput for uplink.trapsm Sfi ons, _For PuLe SDI\/At ite ifﬂ desi r.ﬁs t(ﬁ%havg NP ? Na
210t thECESERy 1SS ITRERE My, li, SORDUERIE RegtFRREr SVt angllyr user

mul ti pl exegrmiRal 08 Qysterh cBAKEIRE Y 30 QbulésT® M pseBesTBABRatIN N8 XolEolgbEat er
than Nap if the data synbol streans can be mnultiplexed using different code

channel s wiht hca@B\WIntdi sj oi nt sets of subbands with OFDM and so on. Each

sel ec user tgermnal. .transmts .user-specifjc .data to and/ or receives
user - @ﬁgoél fic SE“T ?h?ne goygégilygfép%q:ﬁ t ﬁ"ﬁf %Hﬁ%réceggﬁgenggq éOJt user
term nal n@yhsREssRAULPRRI dvivhiinlOBRd %Enﬁkll tAReSs BBIENNOS (dquipped Nth N, 1) -
The Na selected user termnals can have the sanme or different nunber” of

ant ennas. #0OMAY a8y seprsenBothaaypuliplesinputn@bi for siopmlidk gtassm{sToD) asg shem or a

f dj, vi si F t F t he.d | nk d
upt i shaPBliplsE AR Ry ol SR nsr Aot b gL e IR 2 hic and
upl i nk usecdicfRiERpresédts teanEpRadsut (M dRrInk AR AR oRRYnPhE fnitfiplbl ze a

single carrier or multiple carriers for transm ssion. For sinplicity, the

fol I owi ng idgsicior pplintrasmissbenst Hadr plitg SDMAL s d6fred so havd NG| BN T iifr
system and (2) each user termnal is equipped with nultiple antennas. For
clarity, dhtaddta apmbbk sireamodort e M)l usek termidds care hed fmeltiplexed\Gn 265d8,1053186
PCT/ U82004é037855 . .
equency, 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.



5 [00221 An uplink M MO channel fornmed by the Nap antennas at the access
poi nt and ?0%%518@1 antennas at a given user term nal mP'@‘)‘USQ@OV\ﬁs'/Sﬁs
mayb

characterize y an NP x Nu,, channel response matri x Hup, m

expressed as: hll hi2 ... N.,~ hz 1 A2 z h2,x , m HuP, m—Eq(l) hN, p 1
s ¢ hleI@aélé ¥ nS K mtglher Dofhd nbé%mgﬁl Femegm%%# i E@ﬁ@c‘%ﬁ% RRiRLETd B

user termn J I SS o0 be
non-di sper si \V’é’a#’&e%ﬂgéatﬁ%tﬁ% a %"l Q@E%Q@%%B% {L\%e]glf‘i’%dgﬁ'cwﬂ?&éetrllsm t

and recei \é:(tﬁ%n%}gsgnlmaa[“g)F I,#un fu%ﬁ %@teg e\%&f:a single conplex gain h,,,, In

gener al , ocCi a h a different uplink channel
response nmatrix havi di mensi ons ﬂﬁeqter ned by the nunber of antennas at
‘that user termnal. 1 0531 The upl i nkv.ghannel response matrix $ap, mfor user
termnal mmay be "diagQnals,zed"- usi,pg either singular value deconposition
or eigenval ue dedbgpesition .to gbtain N| .ei gennodes of Hvp, m The Egfigul ar
val ue deconposition of HaP m" may be éexpressed as: HuP, m= WuP, mLqg,, m YuP, m
, Eq (2) where UaP, i9han, Nap x Neprunitary matrix ‘of left eigenvectors of
H",m ;U mis an Na X" Nu, mdlagonaf trix of smgular val ues of H.,,.;

VUuP,mis aqui Xk, NUfor 4N UQT Yan®f £0X, OF rlgm @ @, QbfpRix dalin) and
"x" denotes the eél?r{j ugafé transpdisagl }A uni t afy 1materl xﬁﬁﬁgl/g char gct eér_lfnzed by

the propert yedMledacckss %&ﬁf ﬁhténdast ahfl %séroleﬂﬁmalyamaﬁh 5. Yor Sl uBMRI0a
unitary matrix are orthogonal to one another. [00241 The ei genval ue

deconposi t i ohanael i aseumed tt bo mon?itapemvgf (i. HPﬂaMfathlyg)k')encbﬂm' emplitg babveen x
(I?grP r renl ar |u E n® %q%rﬂﬁ?aﬁﬁ%%%ﬁe%ﬁay Eg‘f 1%&%3%\??% ?lﬁil‘?%n&l?l,c?’n{ﬂ’i?eg‘gg%é?’: ¥ rN |ux ’ g}
el genval ues ggxgerzﬁa gac[lnuser tgr(x)1911515{110155 gs%ggatzglh{szg)l?éée%? Z}%Srﬁ( channel response matrix

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

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

Z2upm

“diagonalized” using either singular value decomposition or eigenvalue decomposition

to obtain N, eigenmodes of H,, . The singular value decomposition of H,,, may be
expressed as:
H Uup L] Eup,m -.Yup m 2 Eq (2)

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

up,m 2 up,m N

Z,misan N xN, - diagonal matrix of singular values of H

up,m ==up,m 3

V,n.isan N, xN, unitary matrix of right eigenvectors of H,, , ; and
“*» denotes the conjugate transpose.
A unitary matrix M is characterized by the property M” M =1, where I is the identity

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

[06024] The eigenvalue decomposition of a correlation matrix of H,,, may be expressed
as:
H
R = .H_up m=— H = .‘_]up,m -/_\-up.m _Yup.m ] Eq (3)

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

S=up,m 2

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

up,m Llyupm *



Si ngul ar val ue deconposition and ei genval ue deconposition are known in the
art and Sk A for exanple, by Glbert Strang in "} ra and
Its Appl i“ggti O/tr)];ﬁﬁk Second Edition, Academ c Press, 198%‘?%%%3%:9% shown in
equations (2) and (3), the colums of \ﬁupm are the right eigenvectors of
Hup m as || _as the_eigenvectors of ", The right_ eigenvectors of

Hup, m ar eng%‘Barr % flecgmpgsifjen ag SWP%'PJO% FEPEtgR ArgiRevHe i, bt @K spat i al
processin S i ] ke Tt € s» of
O e e P B e R e e
t hr ough deizoompbEditiommcadetitdresshed&l. agonal matri x Eup m cont ai ns

non- negati ve real val ues al ong tz di al. and zeros el sewhere. These

di agdR®5 ent ri e SPRVRIBWRIWREORY, f)s@ﬂgﬁs rﬂ\‘?aF‘ir?}‘E@néfoﬁ-l%.m argn ther gghtesent

t he channel gains for _the N eigemades of Hp,m, The singular values in
~up, m ar e egeaEcqtors of apcay well 85 g dgwmvestgsrifaRyes [The Aght pigenveriersoingul ar
values in Ep,m may be ordered fromlargest to smallest, and the

ei genvect oM, i are\elsp. reframed e ap (i steering” veoiprseandanay hgluged fimepyial poicpsing(i . e. |
dom nant) eigennode is the eigennobde associated wth the |argest singular
val ue in Siywserrtermutal ehtol artstmet data en tlsi Ng elganmedésuaf B f or Thheigeomddes ng. The
ei genvector for the principal eigennobde of Hup mis the first colum of Y
, P, , aft ermayhiee vewed angrthagdnil spatieh ohandela sbiapedthropi S @ddonipositiopr act i cal
systen}) only an_estimte of Hup,, can be obtained, and only estimtes of V
up. m8036hip, m andiedizeonalmattize Zger fankns TRy negalye 1ol volues plang thediagenalon

herei n assunmes channel estinmation and deconposition w thout errors. [0028]
Wt h SDMVA, 20y zgrog stsewheseni Thgpe diegenal erfrishie kagwa asdhe singdat valuesoftBlg upl i nk
to the access point. Each user term nal perforns spatial processing on its
dat a usi ngand remwesest theghamnet gains fimitheWiraigemodhsaf\lg ,,( Thhebungudar yaluehim

ei genvector _vup.mfor the principal eigennode of the wireless channel for
that term Bgl, ave alk@}hd squaromeotebiitue eigeamlms.inﬁ_g,%p. OFhetsivepular yalusein E_,ﬁ;,m' nal s
can transmt data on the principal eigennode o its uplink M MO channel

usi ng eit hasy bbemerdddish nggesdto shslduat, ahé did digénveadrsdasyy i bedy bbetdeved WO
2005/ 053186 PCT/ US2004 /03 785 5 7 1. Beam Form ng [0659] For

beam f or m gogrespadinglis €Thd wrinvipud (1.0 dpdhim) digerpriaizas sieseipéBnaiiztagsdsiamdol
stream (sap,.) with its steering vector V.Pmto obtain N,,mtransmt synbol
streans, awith ftlot lasggst singular value in Z,,,, which is the first singular value after the

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

N

estimates of V Z,- and U,

—up,mt > Zupm

can be derived. For simplicity, the description

I

herein assumes channel estimation and decomposition without errors.
[0028] With SDMA, N, user terminals can transmit data concurrently on the uplink to
the access point. Each user terminal performs spatial processing on its data using a

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

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

below.



Xup, m _ vup, m Sup, m, Eq (4) where seP" is a data synbol to be transmtted
by user termnal m and xaP,, is an Nu,," x 1 vector with Nu,, mtransm:t
synbol s w0 Joes/3eiys fromthe Nu,, m antennas at user tep@Efi@odsdsrshs used
herein, a "data synbol" refers to a nodul ati on synbol for data, and a "pil ot
synbol" refers to a nodul ati on synbol for pilot. Al though not shown in
equation (4), for sinplicity, each user terminal mmay further scale each of
the Nutmtr s&%ﬁﬂﬁﬂl‘-&gi n the vector xaPa, with a scaling factor G such
t hat t ot al 4 h , R |.S. LS ;UM [, SOnme

ot he#&oggll ect englgﬁ%%%( ﬁl{:rg‘gﬁé’u%gir}l ] %E@P%HSP %t%m xt%ggsls%sg ltﬁltr?,a@r%ﬁ’tﬂ?oznsm t
symbol st seqis (¥ & with itdpldefilss Vedds} Shannebbthia V) 18RGHIS SyRBdIttrearh§ 330] At
the access point, the received synbol's obtained for each user termnal m may
be expresggiwas: ruP, m = Hup, nxup, m +nup, m = Hup, m Vup, nsup m +nup, m =
hup, ef f, nSup, m +nup, m, Eq (5) where rnp,mis an NP x 1 vector with Nap
recei ved synbolxs, .0b¥ai.negd,fromthe Nap access point antennas fokq(#Ber
terminal m hup,eff, mis an NaP x 1 "effective" uplink channel response
vector fowhaser,, ,tierdanalymbol toweitcinsmstetl bypseftérmmal Ajumdm Vup, m  and RuP m
is an NaP x 1 noise vector for user terminal in. The spatial processing by
each user ternixpal isaneM eotli vedtor witlaNgf,aramsmit tsymbb¥Eo bleaemtefrom thd N, channel
response matrix of HP ,Minto a single-input nmultiple-output (SIMJ) channel
with a channel respaftsnayachser tephidabim, ef f, M [ 0031] The recei ved synbol s at
the access point for all Nup user term nal &utr,ansm'tti ng . simul taneously may

|
be expresdédisad henqny a Tdapr symbalt refems-tp dpnodulpticm sypbaltiel deiapanaia Gplleh | Eq

Vebtor wi ETR i ed Y MOHRAEE Tt MR RiRoudh iR SRS AP BUB AN L
i's sup = pisjPicity,Sdaph dser.teritig], MNmaly Tusthdrgpaletelich of the Nygptranshiipsy@itoldscini ve

upl i nk channel response matrix for all Nup user termnals, whichis Hp,eff
= L- huP. eéhe vagtop X;f f avith. a soline &fctor \Faysuch that ghe total energy for the Ny » transmit

symbols is unity or some other selected value. Each user terminal m transmits its Ny p
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:

Eup,m = ﬂup,m X.up.m + Eup,m = -I;I-up,m !up.msup,m + ..n.up,m = -]:-l-up,eﬁ'.msup,m +!l-up,m ? Eq (5)

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

up,m
access point antennas for user terminal m;

h

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

H v __:and

terminal m, which is | WIS & W

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

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

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

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

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

simultaneously may be expressed as:

N, N,
.l_'up = Hup,e_ﬁ" .S.up + p—up = !.up,m = ihup,eﬁ'.msup,m +Eup,m ? Eq (6)
1 m=]

n=



nup is an NP x 1 noise vector at the access point. [0032] The access point
can recqyghodshsfs. data synbol streams transmtted byPEIi‘ﬂ{hS%OQ/%‘H§ﬁr

term nal s using various receiver processing techniques such as a channel
correlation matrix inversion (CCM) t e&hni que (Whl ch is also conmonly
referred to as a , zero-forcin technl queifjn m_ni mum rean sg}uare error
(MVBE) t eWh#ieqhie, iSaans dbg 84 sYSFOT ith dYip dlakangankols densmitied rbyl SiecVut vsehni que,
and so on. A. CCM Spatial Processing [0033] For the CCM techni que, the
access point per f ortesminglsewhish ispatsi(a),, pxpeoesss,;md as follows: Sccmi = Mem
rup , =R UP.~H NUP, ef f (Hup4suP+nup) , Eq(7) =suP+nccni , where Meeni is an
N, P x an spat lﬁ}! fislabeN el i effdctive tpitnk@hivhnd] eesponsuatriwhior bl Vg, uddeem =
Rup"eff H p, ef vvhere RUP, el f = HH p, 4l r Hup. eff ; s--ccm is an Nu,, x 1

vector with N, P recgﬁﬁfngg ﬁ}gical§1t1rrb lé[hf%f] hhe hiser, Jtaggm nals with the
CCM techni que; and nccn,i =MCenminup is the f'—lter"éd noi se. [0034] For

sinplicity, thg niglaﬁeNng(g ﬁoﬁseav%gfépgﬁhggg&%a itive white Gaussi an noi se

(AWGN) with zer# nean,®a variance o S an aut ocovariance matrix of
(pnn- [n, P n 6L it 18%REG ?n In this
case e si gn’rﬁ-lcces oqlqéteca%rr\%&i nfﬂel?gwr%dncs rat isgc %NE S\éﬁh%{ﬁb@?rgcd‘(’/er ed
dat a synbmder sterramals{ asmg] yarjouk oreceigac lpracsssing aechinigies m;un:hyabm e»hammtsed as:
Z Yccm.m= Fpamfaorm = nm O0- n wher , 1s the
transmit th%ﬁﬁﬂbyﬂ?ﬁ%ﬁm (@%ﬂmﬁue\ﬁtﬁ%s%@ﬁ@mm eisd60a9 537855
rmmis th @WI for
user termgergg]rf&l}aln%t?ﬁﬁ ?ﬂljg)’%c o uggﬁ%ﬁaggguaré%ﬂm tsﬁz str{%%ur g?ﬁg%p,, :
the CCM interfonérge @amoelatiorp(SICytetiigquepstso orB. MVBE Spati al Processing

A, CCMI Spatial Processing

D

[0033] For the CCMI technigue, the access point performs receiver spatial processing as
follows:
sccmi = —M_.ccmi !up ?
- H
=Ry oy (B8, +10,) Eq (7)
=3, +Eccm: H
where M, is an N, xN_, spatial filter matrix for the CCMI technique, which is

M..ccmt = R:;aﬂH

H .
==upeff 2 Where B.up,qﬁ' = ﬂup,gﬂ'ﬂup,zﬂ' 2

Semi 18 an N, x1 vector with N,, recovered data symbols for the Ny, user

ccml

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

—ccme ——comi = up

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

¢ =E[n,n =0’ I where E[x] is the expected value of x. In this case, the signal-

=up = up
to-noise-and-interference ratio (SNR) of the recovered data symbol stream {§,,, .} for

each user terminal m may be expressed as:

ut,m

,form=1..N_, Eq (8)

“p

yccmi,m -
mm “n

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

t



[ 0035] For the MVBE technique, a spatial filter matrix MrivSe is derived such
that th are error between the estimted dat t he MVBE
spati al %;‘q fﬁtﬁi’gﬁzﬁ the data vector sup is mnimzed. %ﬁ‘ﬁ@@ﬁ@r’% terion
may be expressed as: mn E [(Mmserup9- LP)" (Mmserup - Sup )] , Eq (9)
where Mmse is the Nup x _Nap spatial filter matrix for the MVSE techni que.
[0036] The solfut ivWersth diaganst elamenitaf &b, pr: @Bl em posed in equation (9) may be
obtained in various manners. In one exenplary nethod, the MVSE spati al
filter matrix MM, isthe SNRefor uea teiminalm withfhediGMbiioheigpg.up. ef f +a, 1]
Eq(10) The spatial filter matrix Mmse contains NUp rows for Nup MVSE
spatial fDuettethe smcturecf By, s, { the GOMI tetlnmigsenay anplifyths noishe MVBE spati al
filter row vector for each user termnal may be expressed as mMmme m = h
p,eff, mG, whrMMSE SpdtiRl Brddessinz + vn 1] [0037] The access point perforns
recei ver spatial processing as follaows. Smse -Dmm e _nmmseru

I
=Dal&8hs e ( Hu OB (R MMEBR yechnigye,1a jpatial igtes matik Mens 1%@?‘@d9%%313¢ thean NUp x
NP di | trix wh di | el t t i l,. t f
O T SRS L B U SRR S
| - : : ; ) — MITE
| e M e R b Rt BT, T e

provi des an unnaqr (,Zed esti of sup,,;and the scaling by the gdi agonal
mat ri x Dmmte @ﬂ/?ﬁ@w%or% i d“‘%ﬁﬂti#?m}]e’ of sUp . [00381 The gl(% of the

recovered data synbol stream{s } for each user termnal mmse, m my be
expressedviese MO 200the 083 %36, RiFHAUSRE0AABIR T85the MUSEmaetmique= qmm PwM , for m
=1 ... NNP, Eq (12) - gmmwhere qqmis the mth diagonal el enent of
Mrayedssp, ef f  IThe.selutioqtontte optimigation pughléh posed iarduationa(9 nmyite dbednddNR f or
user termnal mwth the MVSE technique, C. Successjive Interference

Cancel | atif yprigysansnerspln eas sxeaplayonghods the MAMESEE spabisl filtergnairixMcasis t he Nap
received dse}/i%)é)és.streans using the SIC

Moo = Hop oy [Hop g Hop o + 0,17 Eq (10)
The spatial filter matrix M, contains N,, rows for N, MMSE spatial filter row
vectors for the N, user terminals. The MMSE spatial filter row vector for each user

terminal may be expressed as m,,,,.. ., = h_i,eﬁ,m G, where G= [Hﬁup.eﬁﬂfpiw +al1]7.

{0037} The access point performs receiver spatial processing as follows:
Smmse = Q;tnse Mmmse.l:up ]
= D-:mseMmme (ﬂup.eﬁ' gup + -I-‘-up) H ' Eq (1 1)
= §up + gmmse Ll

—mmse

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

elements Of Mmmse..I:I_up.eﬁ" i'e" -.Qmmse = dlag [Mmme-lll-up,eﬂ];

A

S

—mse

n..=M__n _isthe MMSE filtered noise.

—mmse e NS E e U

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

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

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

[0038) The SNR of the recovered data symbol stream {§ } for each user terminal m

mmse,m

may be expressed as:



techni que to recover the Nap data synbol streans. For the SIC technique, the
access point initially perforns spatial processing on the Nap received
synmbol sfc¢ eR8Bses 9-. using CCM, MVBE, or sone ot herptgginhaseissand

obtai ns one recovered data synbol strgam The access point then processes
(e.g., denodul ates/synbol demaps, deinterleaves, and decodes) this
recovered data synbol streamto obtain a decoded data stream The access
poi nt next estjrmqg}nes—&tﬂe—Pm grfoemeate. W) s streamcauses to thepyihgy NaP
-1 data synbol StTealsqand cancel's the estimated interference from the Nap
recei ved synbol streans to obtain Nap nodified synbol streans. The access
poi nt t hewhere epgpats sha mdh diagengd elemeatoinMl.anBt.he  NapgnpdiMi-adhsyaboindst r eans
to recover another data synmbol stream [0040] For the SIC technique, the
input (i.e., regevethediNRbativseridymisglnhshthshe BBMBE feshniqgueage t, where f =1
... NaP , may be expressed as: r P+ P, Eq (13) s,a (k) = HP.elf s. where
r4 1C i s an NAP. Sutcegsive Interferemcé@iancallatinn Spatisl Broeessitgt age Q , and r5 1C =

, the f t st .. SUP i 1 t Na, dat I
o ol oty Aty SscEpaian SA Biodise 1 M fgsEiEd el REpsIROIE MRGRLP, e | s
an NP X NaehrifdUsGecdel BEd NY,CaAD 8NN sEERRONFEr TR! SIC tdcRRiqid AHE alcess [Qog41]

Equation (13) assunes that t’he dat a synbol streans recovered In the

prior stpgmsindrally genfoehe dpatiEh eprotiessngs bothé Ny rafeivel esyeftiob stréanss Gehannel
response natrj successi vel.y.reduc by one columm for each stage
as a dat aUS%@éﬁéﬁ@éﬁa ‘?rsSOP??c‘Hﬁ%"rtE U&ﬁh“&ﬁ%@é%é&.ne Esovered datas HQ r educed
ef fecti vegghgnne e t 1y [ fd i i 2-1

col ums ieSn t he oIrI]hSi ﬁ%ﬁggsn:g@x ﬂll-ieeillPEé?%eS%gr gé%boﬁ%ﬁﬁ%@%’tgﬁﬂe%?g@ fﬁﬁ%bt a
synbol stdebstedeasbs, @ad decodegthisadeavaredrdatarsyatbal etscani toeohtai@ RO0d0aRil 86

PCT/ US2004/ 0378@2 11 Hucxff =r Lnﬁg._ Js nuP.ﬁ?'j. ... hUP,LIJN'p I , where
hup. ef J" §i$a®y Tagsiccess papt Bext; ssmales Hicdnterference thigsirapyeausesciodhe piber yser
termnal j,.1F - vareq,in the
or i or ot ajes” hr e SAH0 Supands S coec?leh. SofiRba SibARC] BOR MYy T

synmbol st V. r ' [ f ' e+l .. | NW
[ 0042] Foﬁcg@gﬁ%o‘;{ g‘%%"‘é‘%;@c"g’?g‘gggﬁ lﬁ?ag é(?l es asﬁrg@&? ;ﬁ?\ljg%ess ac%11|1tatper1, ilter
mat ri X M rep&it$the same processing on the N,, modified symbol streams to recover another data

symbol stream.
[0040] For the SIC technique, the input (i.e., received or modified) symbol streams for
stage £, where £=1 ... N

.» » MY be expressed as:

[fic (k) = E:p,qj’§:p + E:‘p 3 Eq (13)

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

the first stage;
gip isan N, x1 vector for N, data symbol streams not yet recovered at stage £,
where N, =N, ~{+1; and

ﬂﬁp'@, isan N, x N, reduced effective channel response matrix for stage £.

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

stages are canceled. The dimensionality of the effective channel response matrix H,, .»

successively reduces by one column for each stage as a data symbol stream is recovered

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

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



based on the reduced effective channel response matrix Hap ap (instead of
the origj i X Hup,err) using the CCM, MVSE, or t echni que.
Since H Ig‘ﬁ#)smﬁ%%l fferent for each stage t he spati achfsﬁﬁ%azo%&?%sésl X Me;a is
al so different for each stage. [0043] Hrhe access point multiplies the vector
re;a for the Nap rmdlfled synbol streans wth the spatial filter matrix M
;a to obtBlp alkggtoh,s; . a sy Nal, wheredt,gg ;sisndolV,, 81 raffative almnhell | ows: it
e e -sic = Micrsic, Mro(H e,p, effslP+naP) , Eq (14) i c&P+n, i c where
B =Me; alkporg ddttbrnt QiseMediatindl i, t hBorf sthieeedheof sk dapd sgimnBgestfeambne access
poi nt then selects one of the Na, detected synbol streans for recovery,
wher e t heecoyeteddnithe mtsageammwenen@iwedf dii SNR dnd/) andaheeY,, fdatt ors. For
exanple, the detected synbol streamw th the highest SNR anong the Na,

det ect ed sgphbloitresms solryst revayerbdaseivntiedicésaf {edayer yy Bi nce only one data
synbol streamis recovered in each stage, the access point can sinply

der iygzpne 1 Fo{r\%ﬁgép@"fh@'acf:és's,tﬁﬁntrd%‘(‘{vyseﬁﬁCW WN féf)'énaltﬁﬁeﬂ%‘&xswbo' stream
{sap j to be recovered |n stage 1. The roW vettor , 1's one “T0ow of the

mat ri x d at i al roceSS| g f f to r cover t he
at s oynarel e drdicEf 2 ‘}‘“" %ﬁne&fﬁl’s o efn"(éns?ea?%? e offe

uuy > Eq (15) _uPlt -J L g . is the row of (sia correspondl ng to
dat a syntedtristHgam psipsijthg CCMLtI‘/[MﬁﬁMHT oReapther: teshniqie Sieceedl, polsnt scal es
the detected synbol stream {suPJ, } to obt al n a recovered data synbol

st r eam { sifferpntifornsndh fstape, e speheinbiiltdr atatix Mlsel istabbldefferest, foneath Wag2 005/ 053186
PCTI US2004/ 037855 12 decodes this stream{sip } to obtain a decoded data

strgagms3fd 1 } TheTbe:sape@s sub@ilith theavestoriidr Hor @B Ngs hiodified syimbobetrdandser f er ence

il

this stream causes to the other data synbol streans not yet recovered. To
esti mat e yilie then§RAihE HABE thatri:h QVIAC 66 ThtaAPiaNVeckdt- §fICTsled;, détBhed lspaygs. and
modul ates the decoded data stream {dp } in t he S&ne manner as performed at
user ter ritroahs,jas fdlodvsobt ai ns a stream of "renodul ated” synbols which is an
estimate of the data syrrbol stream {sup | } just recovered. The access poi nt

et
is:‘c MIICLSIO H
£ 2 £
= _Mu:ic(Hup qﬁ'.s_up + Eup » Eq (14)
= Qs:c-‘"f" Bsic >

where Q Hﬁp,eﬁ and nf, =M’ n is the filtered noise for stage £. The access

-—.——.—.HC

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

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

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

the data symbol stream {s,, . } to be recovered in stage £. The row vector m; is one

upjy

row of the matrix M’

L= sie

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

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

Hp !j 4

5§ . =m'r’ qs+ Eq (15)

up,ji ——Jr--""-' —J “P 4

where qj_ is the row of Q:‘,c corresponding to data symbol stream {s,, , }.
k §3 4

[0044] In any case, the access point scales the detected symbol stream {3_ .} to obtain

up i

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

up,j,



then spatially processes the renodul ated synbol streamw th the effective
channel vector hup ed /, for user term nal | l.p._a vector
I wthwlggn%gﬁ{i%f erence conponents caused by this stl?%ﬁﬂ?Z%%@7%§p

i nterference conponents i., are then subtracted fromthe Nap nodified
synbol streans r; ;c for stage t to bBbtain Nap nodified synbol streans r,+
for the next stage 2+1, i.e r;~" =r;;c -i~ The nodified synbol streans r;

+ repr dsaies thiestsdanedd]p, } abbtainid decodsceddieemednede] vad the ddeessaremss poi nt
if the data synbol stream {sup } had not been tranSmitted (i.e., assuning
t hat t helsoifotrey fieesimse oftieeintaferane Wis seédne chiseelky theesthear dms yymbdl045] The
access point processes tgeé}\lap received synbol streans in Nap successive

st ages. SEEAMSBRNYe Fergueredn el o esmade fis wfer%i‘an%ethﬁ@rsws PEHEI¢ERCcasiSnt i al
processi.ng.on either  the recei ved nbol -streans or the Nap nodified
symbol g@tg@%s,fqngnmp%ateb:}g%gmoﬁﬁé Qtaté‘gé%/elagl éﬁtv,aili noé §aBKWER¥d dat a synbol
stream (é) processes this recovered data synbol streamto obtain a

cor r es pERUPTHIEIR derclgmaneh J s and abiaing 3)streamqf nesraedulgied” cambols (L.,
interference due to this stream and (4) obtains Nap nodified synbol

st r eans Whigh isqa epfamate of Higedaty symbod streppe s, o kivsbragoecred B #rcdsstieinit r eam can
be accurately estimated and cancel ed, then |ater recovered data streans
exper i efeca snasially ipnecsesea rtha demadidatad sypmbohsirean ovide the eedtivghehansiiRs. [ 00461
For the SIC technique, the SNR of each recovered data. ol streamis
dependeATPBRES(VEFLOF »&Elpagf 4ger s it RE} 05@&1?1?' J(fe‘.”bt.g,ﬁbctﬂ'@ﬁr BFOVBE) used
for each stage, (2) é}he specific ﬁ{ﬁa ejn ich the data synbol streamis
r ecover SAMPERAALY g3usdh by Ui Sireanyf prf EFRERNCH ROMRONERES ol 5 b H1enst 1 eans
recovered in subsequent stages. In general, the SNR progressively inproves
for dat aulstyavted! fregn theals modifeaderyarbol strénmsan’;, fortstapes? eatzaindV,} medifietier f er ence
fromdata synbol streans recovered in prior stages is canceled. This then
al | ows RBygbelrsteame .l dobbe meeiktiger £ dhtic. sy/fibot’, stir ealte medifivéspgnboll ater. WO

—SiC J

2005/ 053186 PCT/ 1152004/ 037855 13 2. Beam Steering [0047] For
beam st ggEdig r‘fef’eﬁi’bsbﬁ%e §BdasBbt WOl b E‘%%g%@ébti\l' 'bﬁt{h@%@ée%b ﬂ&iﬁt"‘if{ ha

normal i zed st&¥ring vector vup,m, which is derive ng the  phase

i nf or matghOMalaNsyiid] sHeBRN {RY. Y EAiOhotY been: WPhnsrhilted P& Makikffs ShACHeNy Vect or
V.P. may be expressed as: Viip.m= [Ae'a ,' Ae,Omn:... Ae'BT , Eq (16)

wher e AjgrfdeRQahed atib® wes effédtivell perfbBndd). ; and

[0045] The access point processes the Ny, received symbol streams in N,, successive

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

[0046] For the SIC technique, the SNR of each recovered data symbol stream is
dependent on (1) the spatial processing technique (e.g., CCMI or MMSE) used for each
stage, (2) the specific stagé in which the data symbol stream is recovered, and (3) the
amount of interference due to data symbol streams recovered in subsequent stages. In
general, the SNR progressively improves for data symbol streams recovered in later
stages because the interference from data symbol streams recovered in prior stages is
canceled. This then allows higher rates to be used for data symbol streams recovered

later.



8m, is the phase for antenna i at user terminal m which is: Bm = LvuP,m
-tan-' WPk b8l 7)  (Rejv,P,,,fl As shown in equat iﬂf‘rrﬁéz%wa? N,,,,
el enents of vup, m have equal nagnitude. As shown in equation ? , the
phase of each element in Vupmis equal3to the phase of a corresponding

element in vep. (i.e., Bnm is obtained fromv p n , where r Vup,m_

[ Vup, m| Vup, w#\, N,] ). [0048] Each user terminal mspatially

processes its data synbol stream {s" with i.ts nornmalized steering vector

PLOTIBATS obe ion TRTEr P S9AT, Ui JEBTE, BT SPRUAD DRGSR o m < P
Eq (18) : | quaghieR id & eﬂﬁ%'r@ﬁq ch. t t he

t ot al ene‘}"g@ﬁbﬁ?ﬁégﬁﬂ# ,ngbntlbpr?‘?“a{’h’g%hlt slé/rr%(l)‘lr it 2%\1}2% @?oxﬁléggn}hgﬁ%em ty or

sonme ot he val ue. iv i el response

vect or heséeegﬁég%‘%g%ﬁ@éc et.]?:sg{e}rﬁal e?%ﬁéﬁag‘?ngc\{/agt P"bg%wés{%ée%?e%ﬂ imay be

expressed as: hup, eff . m= Hup, m Vi Eq (19) The N.P x NP effective uplink

channel resporbe. el X %ﬂb?'zgf-f A?o’%"’i?l: N p user termnals forEq(l6)

beam steering is then Hep,eff = [hep.eff, beP.eD.z hup,eff,N,, [0049] The

access poiltre cAns penfstaintfergcdi=ig/Mpa) j @ld proocessing using the CCM,  MVBE,

or SIC technique described above, or sonme other technique. However, the

spatial filtergma fiobhhs Mehkvam Mt hitr [RiTME WhiddyP, T instead of the
matri x Hup, eff ™/ WO 2005/ 053186 PCT/ QS2004/ 037855 14 3. SDMA Transnmi ssion

100501 FIG 2 shows a proce ﬁmigo fgr perform ng multi-antenna transm ssion

on the uplinkgfer /8DVA: tdni an uplink channel response ggi(f7)x H' pm
is obtained for" eachi activeRedey t}grmnal desiring to transmit on the

uplink (block 210). The matrix Hap.mfor each user termnal is deconposed
t o obt ai PAaskivaein eguatieat@6), the &V, Velemhfsosf Vi he haee equat rmaghitudd, blasck 212) .

—lp,m

An ef fective uplink channel response vector hup,eff, mis formed for each

user ter rghgah iRagediodn17))ehSHIRRE iofGadtesleMEntiRdy { heisiguaints B phadelof a” esponse

matrix for the user termnal (block 214). Bl ock: "210 t hrough 214 are for

channel E3tetfhiRe FNndRCIP]SI ti ﬁ_ré_,anglm,rre;g hBtaReks oFeRA Py t hanageess
point, the user Termnals, or “Hoth. g pund

T
y—up,m =[vup.m,l vup,m,! b vup,m,Nm] )'

[0048) Each user terminal m spatially processes its data symbol stream {s 1} with its

up,m

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

%, =V, s . Eq (18)

2upm T upm “upm
The constant 4 in equation (16) may be selected such that the total energy of the Ny

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

S

~

effective uplink channel response vector h

b,, ;. for each user terminal m with beam-

steering may be expressed as:

h H_ .V _ . Eq(19)

=up.eff .m = ==up,n Lup,m

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

— ~

for beam-steering is then ﬁup.eﬁ =[Eupﬂﬂ-,, Berr - Bipeg,]-

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

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

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



100511 Different sets of active user termnals are fornmed and eval uat ed
based on their effective uplink channel response vectors hp.,i'.mor their

upl i nk ghpmoshssigsponse matrices 1li, , (block 220). Tﬁ@r/ﬁé’ﬁbﬂtﬁ%s@n may be
perfornmed as described bel ow. The best set of Nup user termnals is

selected for transm ssion (also bl ock14220) The rate to use by each
sel ected user termnal (which is obtained fromthe eval uation in block 220)
i s sent to 3hSDMa Transmission bl ock 222). Bl ocks 220 and 222 are for user

ol Sk or TIGE hRAVE aRpistn 200 S PEPBIsERL RIS PREMsior B0l
stream (%Ef?xﬂé"}brvgﬂm |t ﬁu%%ﬁrah 1R Gh&tnel resPéns¥ mia aﬁd t{sa&ﬁ{[/}]i/o chanrr?el ‘o

transnt sSynmbol ~streans fromits Nu,, mantennas and VI*§ its

the acceggHMRE b Rfkinal ags)im'l\%-rtbetrmanﬁ&ll 8t GSlinkS@locdkeI 1) " matrix

sinmul taneously transmt their Nup data synbol streams via their M MO
channel s ﬂ,g . {foecagh wesrdendhaltis dédloarplosétid0 obtid dsteettgvectaransrios &, onfaand i s
performed by each sel ected user termnal. [00531 The access poi ‘it obt ai ns

Nap receitiweghes yointdal $blogianB2); r aimetfeaiviaipliakichamngs respbhseclect®,, ,Thie access
poi nt then perforns receiwver spatial processing on the Nap recegl ved synbol

streans ifmedcfor dacle @si fehminab b&del¥l on MéBHeerlgGrectir &WTheOiflik cHagBINI que to
obtain Nup recovered data synmbol streams, which are estimates of the Nup

data symiseRpoRser mai {oF Ahe ﬁtsftrttéanmyl (hecknEid) s dBloslse @10 srpughe 24 8ed £r( bl ock

acevss pornie! P i oo kT EF Buitdin B0 BleCully i e 11

Si nultanqgét&eﬁm@dmrﬂr@smon on the uplink. The user selection nay be based on
vari ous factors, Some factors may relate to systemconstraints and

requf®Bhent s fliderenksseiuef aqtyedtserst@mmlé argyEormed rang v alyated bmdzr@nﬁmss 186
PCT/ USZOO?tlgOt3785 avelu ege data and s Iil(es tors may need
to be sattSfiEquHiEK ‘glﬂlﬁ g PonSFe‘fe oﬁsa B &Y echB]rl F%’?P%nslﬂo system
per f or mance, nt ed b ver ste hr or sone
ot her |nd’i‘3@é‘tqu\gﬂumf(gg’ék2§9)na %%%‘GMB?HE}' @8&8&)& Cuser
termnals for transm ssion ne or more d _one or nore
factors. %B?tfsf’fe‘i’t{s&tv usetigapnalsgs §‘g T {eahsyisaon (3 ‘F‘éﬁé’ 2?@0 rThesrate tgke i nt o
account t ferently.
[ 0055] Rglgéfrjgﬁgégsscc?? &Pﬁ%&tgﬁftﬁ% ar sgﬁgﬁhﬁgﬁgg eerr‘éﬂlgtelFIZa@ga? Qlid)use

di f f er entis soat ® thé usanm-mmz& K(blocial22)c @odke zeoammmakeifnr wsee sehedulasg amdt h t he

schedul i ng schene % patial signatures” of the individual user
t er ni nal S @PKally per l'flleﬂﬂ VPSRN esponses) and

[0052] Each selected user terminal performs spatial processing on its data symbol

stream {s,, .} with its steering vector v, , or Y. and transmits N, transmit symbol

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

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

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

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



mul ti-user diversity can be exploited to select the "best"” set of "spatially

conpat i W(ﬁiﬂﬂs}dﬁﬁﬁ termnals for sinmultaneous transm Ssi‘)é’ﬂUﬁfmﬁﬁéﬁés
: t

conpatibiTity nay be quantified by a nmetric such as ovéra roughput or
sone ot her neasure of performance. Th&S best user set nmay be the one that
achi eves the highest score for the nmetric (e.g., the highest overall

t hr oughpuiviraghidhie ratenfaod soran. t dhedeefasipss may owsad tto dientatished forezoh serent s.

[ 0056] Far_clarity, specific scheduling.scheme that selects rr termnals
based on Fryesta it Re et s G SelemL B BERoR: WHITL Re be et oY

descri pt i RerallNARfent 8fbusulicRabie @h& didaMEn IMhedRhiRe! O Al E@REMNde data on
the uplink. [0057] FIG shows a process 220a for evaluating and sel ecting

user t er richehecqnosvaluateawssnicminats fon trehemigpon hised Pnomess @O angtdey @slent s a
speci fic schedul i sch and . _be .used for block 220 .i.n FIL.G. 2.
TP Bl |y e RS R eret Sendfiling ReereS pisdaef S eSmebt WE LS 10 sero

(bl ock 31@3ounk 8fBdnt frchRyY aﬁ%r%i%ﬁstﬁé m%&fc%ﬁ@fa%tdédﬁ'f%hﬁﬁl‘y?d from anmong the
Naat active user termnal's (block 312). This user set fornms a hypothesis to

be d08iShat ed dkegaiddesslehthequirtaslar schedulingischema selected for, usgrJiffprent sheofe n
denotes the n-th user, set  bei eval.uated_ and yn; .S he i:th. user term nal
in set n.usﬁfnteﬁ’fl.%léff“?/ge m@%ﬁ%&gm@w;&ﬁﬁﬁggéi}?gﬂn?g(wﬁ:\aw;e he, “spatiak o ppg
for user $ghnfesidiiind HRIEELA GsbrRrrbibis ¥ S WHQPMM@%H%%%%&?BMB&)S ao, ep, u
through hu-,ef.u a for the Nap user termnals in set n (bloCk 3I4). [0059]

The SNR frowltiemethdivemity tan b maploited seselert itle thest? sebop Uspatiallyp serdpatible™he
effective uplink channel response matrix fl -, and .usin he ,, MVBE,

S or | SEHHETBRAIS Tof SETHAEEES SRETEYRE pPrHAl carBataLTRY PNERAIHLE) - The
SNRs T or Hgﬁn%ﬁérsucﬁ & SVebal froMghputlorSo eaﬂﬁaé\&@gf]%&mwaﬁ&e STHedfaste
conputed 4s shown in equation 8) and (12), respectively. The SNRs for the

user ter msemdes maytte thé enStiat Wehid@e SHORBHEGE st faiSAO arttdS #85 Sthe Mgltestc hni que

are dependen n the order in which the user termnals are recovered. For

fhe o SEEH PR coniin B bf Bl SR eSSy be

eval d. For I : lofi4 ' reby the
(069, Fvc\)ﬁ_r f‘dﬁ,ﬁ-{lﬁ @s%'fééﬁooﬁﬁfeﬁﬁlﬁqgoécﬂ%b Nt 'RechuddY ?érﬁﬂa‘?éjbx%g ofﬂh

user tefm nal e hest SNR™at each stage is processed e access
poi nt. | rovaryl themehput hedSkiEsed balowt e thdfpllosmg deseriyitioa) A, mses ermimabsr e

denoted as c , ,2 ... yn,N 1} . [006Q]. The throughput for each user

t er m nal qr?,gélé(p aﬂé{agsnieﬁ‘éﬁaéﬁ%ﬁ%téﬂnb?f‘s‘ﬁ’g‘]%n the SNR for the user terminal

(bl ogls7$18) . G, A LW a 'Pdeess 2060%r levaluifinig ard selb@fng ustl termindl@ =0 (20)
transmission on the uplink. Process 220a represents a specific scheduling scheme and
may be used for block 220 in FIG. 2. Initially, a variable Ry for the highest overall
throughput is set to zero (block 310).

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

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

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

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

upleﬁp»un,h’@
[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



Il Cn,i where c,, is a positive constant that reflects the fraction of the
theoret ?gq achi eved by the codi ng and nodul gt s to be
used bywl}g%rg rm naI un i (e.g., cni =2 for a codiﬁ%'f[ﬁ%ﬁ%g{;ﬁ%ati on
schene that is 3 dB from Shannon capatfty) and r,,, is the throughput or
user, term nal _u, given in units of bits per

spectr al eff| ci enc
second pdechpque %ﬂp@ml@;onwré%néﬂhlclﬂh%mjﬁﬁmmﬂsa@amweqd Hor theer set n

can be 0 [0 611 A

det erm'n %Etﬁg'{ eogl%nk%dglg%? deﬁ%é noPSEFr}gn%@ge rﬁ?§% %’ﬁld’ﬁ%ﬂt T for user
set n is gampleet $poifict diderif niaynboveladted Wby By tusae kirgvad vhhlJﬂlef ar for
all user sets _that have been eval uated (bl ock ;330 If the answer is yes,

t hen user highest Wmﬂ e@q%vestaw&maqqesaeamab%mﬁeswp%r tanysassithab¥Rsdoed (bl ock
332). qﬁ }ry or 4SET set n.is ﬁe‘é\;’i d[e [0062] A determination is then
made whetfefwdf %S‘E‘m&fﬂr“%%eéf’aé%?es“o S Weehrevaluated (bl ock 340). If the
ans S no, th ces ret rn 0 block 312 to sel.ect another set
ﬁg‘iﬁrﬂﬁter i Hf%’lgﬁ%‘gafo PL SRS é"ﬁ‘ L &t 1 et éPmPB'iePrﬁﬁé‘T oR 1% he saved
set are i esduhetset Rirmidad 6@1{5?1'8?%%11&%‘3 uplink (block 342). [0063) For
t he enbodi nent descri bed a ove, a nmetric based on theoretical capacity
(albeit with a conpensat4on factor c,,,) is used to select the best user set
for uplink trapsbggilon—In, frotskr. dpodi ment, a netric basedEqi{20)
realizabl e throughput\is‘uged to select the best user set. For this
enbodi ment, the user sets may be eval uated based on a set of "rates"
suppor t edvisye e i$ g ositive Teagant hetlerefleely the fiartéioredl ds Hearsticaletpaciel ues of
t he throughputs conputed in equation (20). Each non-zero rate is associ ated
WO 2005/ G581t881 PLielisBipdri3nsdatich7schémes topecusktd byawe tegnimal «o@g.at i on
schenes, a particular spectral efficiency (which is typically given in
units of Qps/2Higr,a evtdthgamambilwlatiar schemaithads SNB fridmeShangon eaghcBnd or each
rate may be determined by conputer sinulation, enpirical neasurenent, and
so on, and, hamedhongl@iut as spernbi aﬂﬁcizhc;afbrlﬁéﬁ\teﬁhmana gikkeh OO knitoft Bl e (LUT)
can store the set of supported rates and their reqw red SNRs. The SNR for

each userper b&bfi pad Hérdz @sﬁﬁvmu The aveasll Beded ﬁtaR Lachithed By usertsben bingleest rate
in the Iook ugétablevvl a required SNR t is equal to or lower than the

SNR for taeapuirdi(blogk AZMaps follpws:
R =37, . 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 # and the
overall throughput R, for this set are saved (block 332). Otherwise, user set n is
discarded.

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

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

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

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

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



selected rates for all user termnals in each set are accunulated to obtain
an aggr beusosake for the set. The user set with the P JRPRLEegate rate
i's schegg?ed for transm ssion. [0064] User sets of di ?erenoi0 S|zges§ may be
eval uated to determine the best user 4@t for transmission. For exanple,

sets with one user term nal e., NaP =1) nmay be evaluated first, then

i
sets wi t hwithepagifir chérgmwamgél(lati@ schemes, 2 p@;hqmy spectes) afficianent (which js and so

on, and sets,w ith se at ed
last. [O00BBFUBEEYRY thmg%of }Fn‘;es(?ﬁzg} uesiiporlc D, uxrfed Nﬂﬁi ?\lgg?;(equfrﬁ‘?ég}#unber of
user set sfoEeych ﬁeeeﬂay Be [etcemitled dya@nipater aimElshien) Shipiteat addasiierent, kil best

user set. The nunber of user sets to evaluate may be reduced b
priori ti zior@ ené bassdi apean asevmpliomein 4 W whpunst. ﬂgloob'tuﬁéﬁblﬁ 143 é) §an and so
O e PhURInG YeeP b SBEIARE S A Shel SEALRA' SURY, PRRESIR Bty g ed on

vari ous fa Fors €ue Service cate or the user

prem um oermiEING mapptdi® AvdédiaEratd) Wbivhiip dtie laghtseraesiniie ldtk- upsabletveitﬂn nal

the amount of data the user term nal has to send, the del ay experl enced by

the user 2 &aqwradISNRikatss equal. toorelopier dhant Yre SINR Hon thes uyer ttemminalal Thay be

updat ed ov [ f u t er termnal. As an
cte% rﬁ%ské £1§ eg x}nﬁﬂ‘a?s It 5atcﬁ Ut ard a?edrﬁn%ﬂ%lfgg %‘%béé%n fn.a ggate

exanpl e, priori user uated in
each scheﬁw lfcsigthenharvalhe 1RP6R] with &mh@heﬁphg’ﬂg%&gﬁ@ haauisl Sibhe il BE Br

descri bed above for FIG 3, the effectlve upli nk channel response vector
hw Cf f, , transBusgsns ved | ndependent ly (or "locally") for each user ter m nal

baseiugfily_on e ualdMrEIANGEL |EROBSTFEH o dol P ' (38

ter The € Ive C anne ponse matri X Xap USGI’ set n

is for ”Pdtrmiéﬁéhdnhq?dr'éﬁﬁﬁﬁl@dﬂbt\bﬁhQﬁéhs‘éﬁfbmﬂﬁfaﬁﬁtd VN chﬁmsy bé W&p vectors
for the user termnals in the set. The vectors , | ... NaP ,

|0 the bkl Xndiher SDURHs R Ml e, URe I ces Be Q@a‘i&dt ﬁe H%b'

t hroughput tor user set n sub-*Aypot heses nay a uat ed for

2005/ 053185 B IR EERR Gy Neuie e ARARASE §So?ﬁe22 o “For
exan@hﬁsr]mt he p,ggﬁe?ﬁm%& ttﬂgvﬁfuggf ) ﬁglﬁﬂ‘ﬁfta%?gﬂ,oilar%ef‘x%m‘x't?e?rotftu%r@e@%@a' n set n

difi St 'eF NS per centage) or
in a pseugkednabeevalomed it afncaxhaaﬁhe saab:hffyspdtefmm wsenbit) Shemumibai of usgr t he
power of each steering vector at unity, (i.e., a unit normfor each steering

vector). fetfoe7gvaiatemaydici ﬁ?@“@éﬂ%’n@%&lmﬂ %‘6 AEUYG s dorBaBs, coBpideg n based
on the Upcgthglk‘?acMsNQn& 0ARAC TH SR RARS 6 BB defifS ubdi Rerthib A1 ShAP6e ltedllfief fECI VE

upl i nk chan
based on various factors such as the service category for the user terminal (e.g.,

premium or normal), the average throughput achieved by the user terminal, the amount
of data the user terminal has to send, the delay experienced by the user terminal, and so
on. The priority of each user terminal may be updated over time to reflect the current
status of the user terminal. As an example, only the N,, highest priority user terminals
may be evaluated in each scheduling interval.

[0066] In the exemplary scheduling scheme described above for FIG. 3, the effective

uplink channel response vector h 1s derived independently (or “locally”) for each

=up.eff u,,

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 » is formed

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

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

up 3 =Zupeff \n
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



response vectors huP eff for the user termnals in the set. A steering
vector v' uP may be derived ("globally") for each user termnal in set nin
t he pre¥emews/o8318d | user termnals in the set. The efPe@rusie4nqrisnk channel
response vector h'4P eff u for each k@er term nal can be conputed based on
the (globally derived) steering vector v',P u ; and the uplink channel

Fesponse a%ﬁl*sxfoﬁea&ssufb%r#?ir’}%s(isﬂ:P'SP ’e?%tﬁ;_)l@,i tgle lﬂﬁgsr‘lag fo\grtﬁ% at'é?l@% v&i S Fl ve

upl i nk channel” response user-set n based

on the ahé aedkitettrinkdd Indet hanBE modHRANS @ daehAigidmameeié.gUby sb@e 1 he user
termnals in the set. The performance (e.g., overall throughput) of user
set n i s RefreAtag)0At psoifle-randam maenor ifer each subdypothesis whild nesintainingmat r i x

H,,eff,u) . L ple. - t hes . ted for user
et n, " wits E5ud i Fefna bt B Bi s SHRENIETER By @B V8 O (Teering
vect@oey) f or the stissdulihe cehici® fMaly kldohevatitte eddheudeesét £ Wasedypaligglis i s then
sel ected for user set n. Miltiple user sets may be evaluated in simlar

manner andI¥MRe chanoel aesprnssetnatrces elggt ethsfead efpilienkffestiveswplidi clmannfl0068]
Vari ous other scheduling schemes may al so be inplenented and this is within
t he scoperesponéchecctaty e} 1,on. fobilid evee iirmbiedie ttuithengt. s ahete@dngregctarown’si der

! . . ; LS
different factors in selécting the user termnals for each set, *Térive the

st eeri ng MeebOSvedr ( lhBalQ,B’?ffor da@h bdrabsminal idi of RigMhe PREARE BF allSLerOt her
metrics to quantify the performance of each wuser set, and so on. [0069] The

upl i nk cHammals e $posete Thet effectivizpplifochaadiresmmse vestor Ba) ,m nfay eieh
estimated in various manners. Different channel estinmation techniques nay be
used for ustDigrmaind]l Elbs yahpned bhd @ the r{glabalhDierived) steeritgeedtarwal j nk and
uplink use different frequency bands. The channel response for oné |ink may

not be cojehdsithkWhbdind RApehdmatix IESPORS RlloRs: hhe  othgr 1ynk. g, this
case, the access point can estinmate the uplink M MT Ehanndl F&sponse for

each user - [ iy fgransmd rigqnal . The WO
2005/ 05315 ARSI B3 SnlsR s Gt I B el 16 WER BRI T OF
HLp. m f or user ..Leran Ly hg.: Steeg] [ YUD, vua m,
and send t}lﬁgﬁg%txgg r“'PHé‘?S %ntngfr ref; 0%5%3 Ct{’fg :h%*"*’-ffé‘rﬁ rr#’ﬁg?e nggfeg%lgnggs 18 odrirg %t
transm ssjon. [0071 or the syst each user termn nal can transmt
- unst eePBaPSSEITBET [ ORRRID TORENAE] B STt et e EYRRBBH N et s o o
the upli %a%wﬂ_'g,g%m(ﬁfsteﬁ@sﬁoﬁﬁemwix H, ..) As an example, multiple sub-

hypotheses may be evaluated for user set n, where each sub-hypothesis corresponds to a

different set of steering vectors for the user terminals in the set. The best sub-

hypothesis is then selected for user set n. Multiple user sets may be evaluated in similar

manner and the best user set is selected for uplink transmission.

[0068] Various other scheduling schemes may also be implemented and this is within

the scope of the invention. Different scheduling schemes may consider different factors

in selecting the user terminals for each set, derive the steering vectors for the user

terminals in different manners, use other metrics to quantify the performance of each

user set, and so on.

[0069] The uplink channel response matrix H,,, for each user terminal m may be

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

[0070] In an FDD system, the downlink and uplink use different frequency bands. The
channel response for one link may not be correlated with the channel response for the
other link. Im 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



and obtain the matrix Hup, m. The unsteered pilot conprises Nu,,u,

ort hogo 20050 Phse t ransm ssions sent from Nu,, muser tﬁ%g@h“@s%s%nnas,
where orthogonality may be achieved in tine, frequency, code, or a

conbi nati on thereof For code ort hogonb?i ty, wuser termnal msends Nu,,,,
pilot transm ssions sinultaneously fromits Nu,, mantennas, wth the pilot
transm sdCEHs PRB @R JRTIRHR clksempesitin of Hipr oY cogh Bse temupgl darive et hogonal
(e.g., Walsh) sequence. The access point "decovers" the received pil ot
symbol s fStaSHNS MERlOACY.es SO diunt. it sendatlic §tparingt vieeteratee eaghy user dermhioglonal
sequences _used by user termnal mto obtain estinmates of the conpl ex
channel dalcpied QrieBFMEES®Bss point antenna i and each of the Nut, m user

TR P 1B SRR L e P AP UM RT 19, 2

t he Ss point can be-pertorie ar nmanner "as

Ml ti pl e MMEssilot FoNNowsthstaeass pbint td eesAE heQipliAR ATMOI dhvnnd] Re€spohdst , M
pilot transm ssions for the Nu,,, user term nal antennas can be sent

si nul t anewdsibjain ghe didtfier Hyt, . s Uisaunstcersid piled comeprises Nsyys oshogrmabipilott h.  For
time orthogonality, the Nu,,u, pilot transm ssions for the Nut,, user
t erm nal teemsmwissiass cemt Hemsdat iser defnfipale mtentase wheteopghogomabityymepde, t he

th | jt g t N , ilot t ' ' I th i nt
Do i vt sl Bt ety el Fia iR EEERRRE oFof E5in Aot Ehmar - |
[0072] Milski RhBindBArseh@d N, Nalifot Gafsrdisdibnst SMBRMELYsT) RS Tk v, Unattes{agd pilots

on the wuplink to the access point. The pilot transm ssi o_ns'"f or all user
t er mi nal swidlr dhompilebdumamission toue cachi petenznbeiog Feayquedhicyith oa alifferentt he

int t timate, h | i h | . i h
ot m nal OriigoRH G VIR SPRen | HE OTRINOH SREONEY | e Srared PRE sane
f requencysyRABR: fréin dabBRcEReHEmt FhiehRd | St &@maﬁﬁr%uaﬁmﬁbﬁme@%\e&en the

downl i nk and uplink channel = responses. However, e responses of the
transmi t /usedby vesr tdrainal rato dbitain agtneates gfdhacomplay channehgain hgwsemeccass t he

responses oft t he tr.an(?m /éf%eb/\?/e chaitns.a tthe us term.nal,. . |If the

di f f er endEE CEIFIPR’ 4EE EFFH Ne'd® viver WS OPERT BN & o‘f?r’(?‘é’ﬂgﬁtb’iheﬁ?erappl yi ng
the propgmifAlm@Ghé BoFBfing StSthe AbcekBoilCEASHe RAfdined Ml sRHilad $AnntCssM nal ,
then the overall downlink and uplink channel responses nay be assuned to be

r eci pr océdbr ¢ Code DivisipmNophdle Acosss €GDIVLA) dyetem. \ior IGq6¢@5D1iB6gonality, the

PCT/ US2004/ 037855 20 [ 00741 F t he TDD system the access point can
transmi  lher DS EEFBESERR S 1S S CHESELEIGORR ES0h Ship aeeaislic e
term nal dﬁlcﬁﬁ&eﬁtls)ubﬁm%?ﬁletda@rm\fcvstbfnrﬁﬁnwmeﬁﬁqim@bﬁmgohgﬁg,%@mml ts

downl i nk M MO channel response mafrix Hdn,m (2) estinmate
pilot transmissions for the N, user terminal antennas can be sent in different time

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

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

[0073] In 2 TDD system, the downlink and uplink share the same frequency band. A
high degree of correlation normally exists between the downlink and uplink channel
responses. However, the responses of the transmit/receive chains at the access point
may not be the same as the responses of the transmit/receive chains at the user terminal.
If the differences can be determined via calibration and accounted for by applying the
proper correction matrices at the access point and/or user terminal, then the overall
downlink and uplink channel responses may be assumed to be reciprocal (ie.,

transpose) of each other.



uplink M MO channel response as the transpose of the downlink M MO channel
responsQud boo€osz14idP. m . Hama ), (3) derive the steerin ,, N or
vaP, , n baseg on Hap,,n , and (4) com%)éjte the effecti \g/%aﬁgﬁilbhﬁ%\éﬁ%nnel
response vector hap.em, Each user t&mnal can send the vector hUP eff m

to the access point in a direct form(e.g., by _sending the entries of h, ,
ef , A997dt an i &@r trecTDPovYster® the accpss RointfapitanFmy ay unsiceredpilst fiom Nyhat i s

generate i ri V, ) e i

transm sgln%gr? § I.%O{ng g‘?%%ﬁ%br E%ﬁhaﬁ%{ g““?‘ﬁg mSE)%A( ]yrpg?lcsérans g‘% g%&q?fe%%%geg have
been desgjlobes obfin UpldoMklink MIMOI chahed) resHdase nfa@&h H U e $2) @¥inihé thebe used
for downlink transm ssion. A downlink M MO channel response matrix Hdn m
can be ohipihkh@dI¥IQr ckambl wsponseessitratransposendf diec dowalisld MIMObtlginAela

downl i nk steering vector _vdn,n for the user termnal. The access point can
eval uat e reipbheer 6ret, Hef,s=8F,, 1)5¢B) denive thal stecting woton| ¥,pk drr Epsnbamsian (€. g.,
in simlar manner as that described above for the uplink) and sel ect the
best set Hf ,,bld(4)sempukrthe ofitcivt aplitiosiahhelkedpoasesvacesiln),, 1 Muth Lisdror

downl i nk transm ssion, the access point spatially processes Nda data synbol

st reans %ﬁmnﬂd@nd@ﬁﬂlﬂwkzesfoeqjuj,%}g. we eeoicedsopoiihén Nogiree!feet g6lg Y8y
termnals to obtain Nap transmt® synbol streans, as follows: Xdn - Vdn lda

. Ea (22)seMBg eheSiHridsSofal, NA of ah iHE18dcP Forld (é(ﬁ.];%atr%ﬁttﬁ%f@ﬁéé‘m& gilbe

transmitted on the downl ThE™to the Nda sel € user termnals; Vdo is an
Nap xNdn g 1 I eri ve : - sel ected
user ternt?%éf%%ﬁeﬁt}c}c&xﬁ??evgaJ g/g?% eﬁfzd?’%"w(ﬁll,gﬁmﬁf?g{ﬂé%ﬁh?%mg ' NP x 1
vect ith he SPWIR : %qu : nel nt

ant e[gg?g . Thg%g)étg[eaglgﬁ%% rsft mal)(}+ %F@%Slggatlti a u%é gﬂ%‘i@? I}tﬁﬁcen b%gwn I|'i“%1'§]@(|dat a
synbol sttrapsmistion. edbese teskvriquesr may alsowbe hused rfor daivinkislkd tchosmiskiok. sAeeri ng
vector vdn, mfor beamsteering. [0077] _If a user termnal is equipped with
at | east dQmlink MREQchannebrespagse matrix ¥, 5 cap jgqbtained fogeachuseriemainale an
performrecel ver spatj al r,ocgssi ng using CCM, M\% or sone, WO 2005/ 053186
PCT/ US200% prddepomposed tgofiin ¢ %Wrgﬂﬁeqn@gi‘@@%t!a,na thedisgt/ermingk Hwwnl i nk
data synbol stream |If user.. termnal is, equi d wth, less than Nap

ant ennas °Fcsé POt .‘fa,n.evéﬁ‘@lt? ﬂffef%ﬁett" %%Feﬂ%er&?ﬁ%&‘ggwkr%%%ﬁ&% S
downl i nk (g%?,qn SRR maAh&SR ThitYel bR 6 TR tHe upRhRSHiWetec! e WestisBofot her

data synb streans.
N, user terminals for downlink transmission.

[0076] For downlink transmission, the access point spatially processes Ny, data symbol
streams with N, downlink steering vectors for the Ny, selected user terminals to obtain
N, transmit symbol streams, as follows:
Xoo = Vi 84 > Eq (22)
where §,, isan N, x1 vector with Ny, data symbols to be transmitted on the downlink
to the Ny, sclected user terminals;
V, isan N, xN, matrix with Ny, downlink steering vectors for the N

selected user terminals, whichis V,, =[Vg1 Yz - Yan, ] and

.’Sdn

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

access point antennas.

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

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

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



[0078] For clarity, the SDVA transm ssion techni ques have been described for
a single- carrier narrowband M MO systemwi th flat-fading. These techni ques
may al sovbeoasmesisef or a wi deband M MO system and a mul pragbdos@s7sM MO
system A wi deband M MO system nay u?hjl i ze CDVA as the underlying wreless
technology. A multi-carrier MMO systemmay utilize OFDM or some ot her

mul ti-carrier ontech e |veI partitiqQps the overall
system ba?lthvﬁ Eenﬁrﬂ%f r]ﬁﬂl"'ftF it g ?ﬁy)er & t%ﬁ% &art Al atr ﬁpgulff‘ﬁﬁnd is
associ at edriink] iP cH@BPRL Withe 1R thdne N, tﬂlﬁ&nﬂﬁ@Y& iee No,du&nrt qd thed &8 ﬁi_@{ a.

[0079] For a M MO OFDM system for each user term H&l, the channel

esti mat i OR{RY] carebiel ng ABGnfifl dRAGHANBI] sheﬁnfiﬁtwﬁe%eé of SroSUIR ITFNF
frequency-domain channel response matrices for the NF subbands. The spati al
pr ocessi nthewther Bata spmbolrsmeams.n  vari ous rranners In one enbodi nent, each of

St eeloag"soer ora Ty e SRRTA Fifmiaon RS RRANS Takr BeatSRmPRT0: 4808t or med
for each sihBanfroWbhid MIBIG sP8Eh RatHVRAITIn dge)birﬁégeqéclﬁﬁueé fay alswkasgd. 10

anot her enbodi nent, a single frequency-in endent steering vector iIs
deri ved f&raealdhbamdeMlM@rmmm am!a:samltommheM{MCtthI Arwmba@eMMO| ces.

Spati al essin per d.f.or all ub ands th this single
st eering 5@%{% fray) ﬁu &BSE@ @f%{lg\)@rq}ﬁ i [RIOI0EY e 1A PRLGEHTET vect or s
hup, ef f M kipvi ﬁ‘lﬂ":stéﬁn]ma y utilibe OFB[\/P or 5hERther Qﬁulﬁ%ﬁ'xéﬁﬁédtﬁﬁfoﬁ‘ t@&lmqﬂet h either
the single or steering vectors. The user termnals may be evaluated
based on ORSM effeaiyabreytitiey dvereralbfystent bandwidih e multiple Wﬁsaethvgmabr S.

[ 0080] For d tem ,fa each ser termnal, ,a time-domain
Channel  PiADEse TR SERREC & Fepaied bt P RE Gursr el ay e HATEET o ( M)
resol vabl gigiggiaal paths in the M MO channel. In one enbodi nent, Np steering
vectors are derived for each user term nal based on the NF channel inpulse
respf93y matri Emsa MiMOJ OFDM systerocloupachfuser tlehnirrh} ¢hpehoyel setimatianreayat ur e of
the M MO han anot h t in tor. is derived for
each user ?é’F’ tgd Pofrof?acgéntb?g‘?bﬁ"g’i’é%‘y @n Mn ﬁ‘fﬂi‘il%% ci‘%%“ﬁi)nse

matrix fofes% tﬁce%'fagﬂ{e RpLHL A The sﬁétﬁ'ﬂgx%cess%? e d5e the

steering ve tor e used to derive one nmor e e ect ve WO
2005/ 053 18ﬁ1da€'ﬁﬁaﬂﬁ§2f$04hﬂaﬂ8551bOMmt)aaanle lof 1tes ponehenwd aesposise whitridesas e i n

turn used, to eval e and sel ect .user termnals _for ansm ssign..,
1ndependenth (tiecomposed to obtain Ny steering vectors for the M‘ sﬁﬁaan S. gpanal

processing is then performed for each subband with the steering vector obtained for that
subband. In another embodiment, a single frequency-independent steering vector is
derived for each user terminal based on the Ny channel response matrices. Spatial
processing is then performed‘ for all Ny subbands with this single steering vector. In any

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

2up.eff ym
formed for each user terminal with either the single or N steering vectors. The user
terminals may be evaluated based on their frequency-dependent effective channel
response vectors,

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



4. Exenplary M MO System 100811 FIG 4 shows a bl ock di agram of access poi nt
110 and ¥8odssR%gk€rm nal s 120m and 120x in M MO syst A% S poi nt
110 i s equi pp?g WIBth Nap antennas 424a through 424ap.$g)géﬂ(rg9[{0gr0m ﬁSZu 120mis
equi pped with Nt,,,, antennas 452ma t BZough 452nu, and user term nal 120x
is equipped with Nut", antennas 452xa through 452xu. Access point 110 is a
t ransni t t thagneresnopse vectemewhishrirs Aktuahtised toeavelugtenandeselact pserdermingds upl i nk.
Each user .t L.hal. 120 is a transmtting entity for the uplink and a

receivi ngforglaﬁ%l?fsél?%r t he downlink. As used herein, a "transmtting entity"

IS an indepqndgggbmla!ggm@q%%@ﬁr atus or device capable of transmtting
data via a wr SS channel, and a "receiving entity" is an independently
oper {084 appar BiGis4 shovgevbloek diagabi of astess gomit il dignd thes msevitenmanald 12(ness
channel . In e fal i ng, de I ption, .t subsciri “dan" denot es _the
down! k. 38t At PPk S Shef THL o bt T SRS RE, il e PR A28 o ¢
sel ected {ipsy SAZH‘db.F ANRP YSmiihA NS & &fﬁi@@dtﬁﬁl |, Aifenrid 4528 8firoligh M nal s

are selected Tor sinultaneous transm ssion on the downlink, Nup y or may
not be eqd&mu,eniidiser teamthal MN2Qx snehuliged withy N e asteatdscd52ah diesuglr 462wu. change

Fol | ow ng AJESEPPIE TS § BUBLLeR caiid bt e iliek BHLR THGBHIY BHIH A 0820
dat a1 om B iarEbiust RRllaP 1001 o Raldpiti By Ras Apitind BXE G ' 13 dat a
pr ocessor edtBg for tieedsadinke. 4s usehbodias 2 ‘itntanitdey esitydnd an imbtpeaieady t he
modul &t | ORPSERS AR HLS Bt R L IS Of Han A B S G PR VESIESt FEIBGeR™d &r i nal
and provi dl%&:i\fi?lg @gﬁl%é $YAPRleha &R ({pgghttcgi %?ﬁ%@is-l&( dRPRE kalabRy ?(ig\n&t%ﬁﬁ% 490

perfornms spatila essing ~ on the stream {’sp,, he
st eeri ng datetvora wirgless chanhéli i éhecfollowingidesstription,nthe bubsasptitieti dehotesrtte pr ovi des

Nt,,,, trgnsmit synbql streaps,for the Nut,, , antennas, The, steering
vect or _v,wrﬁr@s a%w BFiBJa o Qﬁr}O&eaéEwﬁuﬂ& %éﬁ%rermggbsoﬁrgesei%teﬁi e pop:
for the ugghhddih naansnﬁ%i&i@scﬁf 'tﬁsd%aﬂﬂt,vewd,ﬁ%@ tt&ﬁﬁﬁﬂ%téér séi&%téq (HMIR) 454
receives and processes (e.g., converts to analog, anplifies, filters, and
f r equency siupitamsoss thispsmissior opebe doenlinkg Mg pintaysorthay nett beeagqoal to Hgnendt e an

uplink signpal. NN1," transmitter units _454 provide Nut,.,,, upljnk signals
for transMeibiat Mgsh NUPEo ValEs AR <an £B30ReoI0R ﬁéclaée}éeﬁéﬂm%dmﬁfvﬁi- wor

2005/ 0531?%@%{[ l’d%%ﬂ%%eﬁﬁé%ed%?Eh%g&minﬁ\'ﬁpscﬂﬁﬁén.term nals may be schedul ed

for simnul ous transm s8ion on
[0082] On the uplink, at each user terminal 120 selected for uplink transmission, a TX

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

modulates) the traffic data {d,__} for the user terminal based on the coding and

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

a data symbol stream {s,,}. A TX spatial processor 490 performs spatial processing

up,m

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

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

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

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

point.



uplink. Each of these user termnals perfornms spatial processing on its data
synbol h h its steering vector and transmts ansm t
synbol s‘?ér)egﬁgk%y?l%the uplink to the access point. Oogé’fluifotocgg%g%i poi nt
110, Nap antennas 424a through 424ap R2a&ceive the upI ink signals fromall X
user termnals transmtting on the uplink. Each antenna 424 provides a
recel00¥d si gnalutusen terapale maye be echedpdad i simulgviRys 4pmsmisaion oredles ver uni t
422 perf hat, .Rerf or med tran ter unit
lg)rllrlrjﬁ a%ﬁ std'lg& &s%p?ér%pr%al% 8&?‘0&{% rTs]tpa&‘zhl ;%%ess%ggiogl R%fl esg@?f)lt

454 and €S a received's rea : 440
per f or s dheari wilh its maﬁnglvecpmoms&mgm@ tstsaeofNanshee symies] steara® bon She €ans
from Nap receiver units 422 and provides Nap recovered uplink data symbol
streans. Whaktethsiagesss pati al processing is performed in accordance with

For R ccoos e Rl 30 Vg Rhuds AR vin fuaspRRiel ot gl gy M0

proces s i nﬁOﬁlQﬂthJ, auser tthaby triddenifing Qﬁlsme Qipﬂhk arBich Zhtebhig 4@4 fpeGlidasen upl i nk
channel response rratrlx Hap,qq for the r@g user termnals. Each recovered

upl i nk_dateaei¥shpignal o 7 gespegiswpreceiyer unif AREVR)mdZe cﬁacla reiesieer b$I2 st r eam

i.nal d 2
b oceqbestelngs Prisie babBRARGHY o, HASbet RN watBmils “BLH B Verca
upl i nk dagsrawﬂwbqbceﬁwde@mw Biream} A RaCe d%fctﬂlibﬁféewof 840 RRrfofid feckived for

that streamto obtain decoded data. The ded data for each user term nal
may be pripatitlaoeessing @aithe Hurmecaiver Fmrbod soeamselromdyap reesives maito#2and30 f or

further access po 110,.. a.TX data
br ocessorPaTREs Nodeord dyR b stifhtns. S REg T BBt eiRdss Lser

t er m nal spesfon@ed e dcdRdandowitt e CCRIISMMSEORIC, @0dieobthePtadhdiftdn A

controll er 430, and possibly other data from a schedul er 434. The various
types of spatia ﬁi’szynm@vsﬂgp fonthiacéess point isrdenizpdbased ba{heths recEived spatiabr ocessor
410 processes (e.g., encodes, interleaves, and nodul ates) the traffic data
f or each preesssingdectinfpie tmdehy the ado&srpxtim gl Et thd eff&ctivmalplinisehamlek m nal .

TX data processor 41% vi des Nd" downl j l%@ﬁta syn‘gol reams for the Nda
user t or rERRANSS AT EL gt 105 e Af{wd{?srst;am& o Eneh reforvgre 0213:¥8885i ng on
t he Nda downlink data sypbol streans with a matrix Vda of Nda downl i nk

st eeri ng SOy, 5 o 2R ﬁ@llmaaot]% é%tatsymmlrﬁa]egm {sgub tirappaitied by ssspestivesy mbol s,

and provides Nap transmit symbol streans for the Nap antennas. Each
transmi t t@ser tasmenal 2 An R¥edajie Brogesgon 4 posessesn(e b s funadulates; daintarieavesy nbol WO

2005/ 05318% cﬁcoéeu)seac 41./3[(;303‘%18'a upllnl4( data symbol stream {§

rate used for that stream to obtain decoded data. The decoded data for each user

wm) M accordance with the

terminal may be provided to a data sink 444 for storage and/or a controller 430 for
further processing.

[0085] On the downlink, at access point 110, a TX data processor 410 receives traffic
data from a data source 408 for Ny, user terminals scheduled for downlink transmission,
control data from a controller 430, and possibly other data from a scheduler 434. The
various types of data may be sent on different transport channels. TX data processor
410 processes (e.g., encodes, interleaves, and modulates) the traffic data for each user
terminal based on the rate selected for that user terminal. TX data processor 410
provides 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 N, downlink steering vectors for the N, user terminals,

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

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



streamto generate a downlink signal. Nay transmitter units 422 provi de NaP

downl i Nkyq 4 ? for transm ssion from Nay antennas 4 @ er

. 0 200 6 . .
term nal s. i{ 8@ éf At each user termnal 120, Nur, m ant%érl{rnfggmh %#stcel ve t he
Nay downlink signals from access poi#t 110. Each receiver unit 454
processes a received signal_froman_ _associated_antenna 452 and provides a

recei ved SEgaB 6P sergrela m doaynlink signal i Ak rsEaltas Jwits 438 poevYide Masdevediky er

spati al i : RECL] . el rom Nut, m receiver
units 45%@%@51%%3%253%%%@(])\@’e@ééé&g%mﬁghe ggaega Sy J(5I stream {sda m} for
t he (0B8] t er mAtadach Tk tergdfalvi@0, Apatantdnngy 452 sting thes Npeddvwalitk dignals
accordance wth the CCM, MVSE, .or sone other technique. A spatial filter
mat ri x Mmiromnagesss pah 110s dlachdeesives umtsd e piogessen adeerivad sighaliiem @acei ver
spati al i chii Y, S rmnal ) downl i nk
channel r%’gés%%ga?\e?eg%g I B@%Edéhﬁny ]f%ggietp haé r%%%reu %Trlﬁr%? na G%An%%?( at Sé)t‘lg@ocessor

470 pr ocese®@ssof 8460 perden® dedeirice Spatihe iprdcessirgave SN, Aneteivd@ Geads) strdugnsr ecover ed
downl i nk data synbol streamto obtajn decoded data for the user termnal.
[0087] Atirass . uEEfiveleiifsndt4 ansdoproxidsh adReqverss: dovnlik derg spgbolsitear t he

d l'ink ;.ch vides,. link ¢h I i whi ch
may i ncl uend o nerS AR e HeBler SR aRi sl & PR Ene SR ar 1y,
h I ' 4 i mat t | i h d id
o B v ARBE, oM b BBl SRR EhersSRAR e Rl i
i o oy o8 JUBUk Bk P 35 B sERETE PRI e
steeri ng M@%E&rtehﬁingpﬁd/?% B RREIAR dhhind] Geshonsd HEtRC eSS RRIAL hserand

needed by another entity ('e.g., the user terminal), then "The one entity
sends t heemihAer ARRNY QataYProdedsdr N 0qirb@ksc8 Nk gt embAAREs, Siffcriedvesr ariB0 for

each user termnal typically derives the spatial filter matrix Ma mfor the
user t er repadeshths eetovered Hewalimndata kynahrd siredm teeiansiecodeddaa forthemséror  t hat

user terminal 1 Controller 430 derives the spatial filter matrix Map for the
access ?WPabased on the effective uplink channel response matrix Hap, ef f
- CO[!‘)GSW!)' ler 480edcrusef aGthintd €120t Qr fHaflAé] ¥t S 8QHERAEK tHeNd @ik ON
(e.qg., the downlink and/or uplin steering vectors, SNR estimates, and so
on) to t vhasretesponsoiand pravades dowintink chd0elaastimass, whick snayonelnd¢ chaneeloper at i on

of wvari ous. processi unj.ts, at access poi,nt 110 and user m.nal. 120,
respect i &1y %%eio%]g?tf‘é@i’é%es’ 5083 PIHHARY 3 esthgator B8 Corfnfhtes

the uplink channel response and provides uplink channel estimates. The steering

vectors for downlink and uplink transmission may be derived in various manners
depending on whether the MIMO system is a TDD system or an FDD system, as
described above. If the steering vector is derived by one entity (e.g., the access point)
and needed by another entity (e.g., the user terminal), then the one entity sends the
steering vector to the other entity.

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

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

dn,n

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

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

terminal 120, respectively.



[0089] FIG 5A shows a block diagramof a TX data processor 410a that
suppor t §yo SédssideC data processor 410a may be used forpl¥.dal, 85),%%cessors
410 and 488 in FIG 4. Wthin TX data processor 410a, an encoder 512
recei ves and codes a data stream {dnf3for user terninal mbased on the

COdI ng schene forn%{\e sel ect ed rate an rovi des code bits. The data stream
a8y one KHG-nh shows & Plaelk Sragram 9d 2 Ehdatapaocess Oz thatt sappeds | y coded

S epf"‘r at e! 9&/@}.0?&3&%@&8&% 4964 ﬁ‘xag"l’:ﬁ ‘ﬁ%d fomg( God! éﬂﬁces&)% 416 %n% ﬁ%@

reliabili a transm ssi il cyclic

r edundanchiG: Hec WitHGRAX detdi prgcess@nd/dlajibn @naideﬁtsdiz rrgcentrasrzbﬂ &@ed agdatpl ock
coding, and so on, or a conbination thereof. A channel interleaver 514

i nt er | eavéisamnhid, g oloe ussritermipalys bagsd ainthe soding sahame for dhe selectathete arcer | eavi ng
provi des tine, frequen and/or spati al dlverS|tyfor the code bits. A

synbol mepIBYHEs %ﬂﬂiiet 159 g Mrgate SPRRM MRAYAATY 206 @T HIare datg pagkets And peehrdséaul at i on

schene f t I oups
each set Oé)af':kgq? er ﬁg g‘\?deJ as[e):ﬁ?rﬁféﬂrotgf g}élrlrlfgé%gg c?t drlfg«%{ ST\P g Pﬁg&gv&?&gas

and f ur ttherrelishiitye af hhd-datat trmdnue;ubm aﬂ'lsepeedlhg cScJﬁe@lal mhy dﬁcl&&%@bhcb as ed on
t he nodul ati on scheme M PSK, or Each

modul at i oifd4RABeY cherls (Q‘&Gbﬁ?ﬂl@& %\rqlﬂélqnﬁl godingy ﬁHbo e@q‘ﬂgg,éqlwstqomgdénd ned by

t he nodul gt Dﬁﬁﬁ 0 %ﬁa on for

CDIVA. Wt%l élIP&SEA Hati%t%rgleggo ac anneﬁ?feg‘yeerr%égzlﬂfe@gg‘?e\%gmgﬁu B‘Ihsl’annel I zes
t he data W@Oﬁ&n&lﬂt&r]ﬁﬂhﬁg sclsqmﬂ)olrhe hitbdeattirdpf proeies ciogts feyaame] and/Bach code
channel is associated w respective orthogonal sequence, which nmay be a

Wal sh seqipeidalivessitydior H@g?@ﬂablts vAsyEbplemanpingRithel & mapsine er(fx@aye%b%ence
and so O“baséfd‘&l&% 8&1&%@%@@{ L E&Eﬁgq fee 4pro%ﬁié§ﬁhﬁ% gls' 200 and

| S-95 and " Spreadi receives Yan Spectrally

spreads t5i gh@%mab}n mdf@ah&rlbwedmmﬁinﬁmm wihanwelus, whérb B> 1, and
pseudo-random nunber sequence and provides a stream of data chi ps,

whi ch forﬁmberrfpap%qaply @t velne ted spesity ra@étﬁat@ylmb%bmé@n{twodmh@rspect ral

di f 0 | S-95 and
Ber anbl  aagemF fe-gy BB MK, of BBl Sheish M dpdit R aro B ioLs e known
in the ari%a%ﬂﬂlpfb‘itvaﬁéﬁﬁﬁ's%ﬂl é&g@uamn[&ﬁﬁéd b)Fﬁ'ﬂé rﬁ&ﬁnd{ﬁhlseﬂfem@ach data synbol

streamis tranSmitted on a respective code ‘channel, whi I s achi eved by
chanf®ed]zat i onAVEDNM Avmnaiuldtom 62& pefeunsemodulatiore fof' EDMAI eb’t’l&dﬂ@MAt ermnal s

tl 1t N dat t ff t I
Cote. onarmengaols e ier S5 FRpE BYGeeps (ot CXEPRS A BHPT o | (
dat a Synbi\}&nb%w BAIGE d(f&rreﬁtt Soddab @Gl P E’E&F%ﬁhe VEhtaHnélhﬁ §s%67€iat§& &ith P vect or

Vp, m or Simlar pI’OCESSI Nng OcCcurs for the downlin
respective orthogonal sequence, which may be a Walsh sequence, an orthogonal

variable spreading factor (OVSF) sequence, and so on. The chammelization is referred to
as “covering” in IS-2000 and IS-95 and “spreading” in W-CDMA. A scrambler 524
receives and spectrally spreads the channelized data for multiple code channels with a
pseu_do-random number (PN) sequence and provides a stream of data chips, which for
simplicity is denoted as a data symbol stream {s,}. The spectral spreading is referred
to as “spreading” in IS-2000 and I8-95 and “scrambling” in W-CDMA. The
channelization and spectral spreading are known in the art and not described herein,
[0091] For the uplink, each data symbol stream is transmitted on a respective code
channel, which is achieved by channelization with an orthogonal sequence. The Ny,
selected user terminals may concurrently transmit ,, or more data streams on different
orthogonal code channels. Each user terminal performs spatial processing on all of its

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

¥, - Similar processing occurs for the downlink.



WO 2005/ 053186 PCT/ US2004/ 037855 26 [0092] FIG 5B shows a bl ock di agram of

a TX datpg pieesss®r 410b that supports OFDM TX data b may
al so be used for TX data processors 410 and 488 in Fl %?@Sﬁ@?éﬁﬂg a

processor 410b includes encoder 512, @fannel interleaver 514, and synbol

mappi ng unit 516, whi }Cnh ope@gte as descri bed above for FIG 5A TX data
proc®8%8r  4100FKGr B sPoVR @ blaek dipgrarplianddudale drocsseriHab that supppms

nodul at i FIM ¥ dsBi S3Px 3R 4 rier
transfor 216](:{)&{3; uni tp%%%&é%%éﬁ%ﬁﬁ?g synbd%%sﬂr?‘}l%énégémgﬁ&d ?Ergérjpi ng
unit 516 arkiGpil X dytatpodeessor gl O imbhrles brcodert 5123 cHarpiel dtterdeanérod ist, aid subbands
Zoro (- SEHG PRSIt 515, OHkich SRTBE (RGOS Pr didarps | BK daa - 0
transm ssj %?1 | j r a set
of NF daf%r?@eg ?c}:rg{l,osan ﬁ%ﬁ%ﬁ%mt@%ﬂl?‘ﬂgm# %:grr%b g%%?%&ﬁgi%%&gﬁioﬁﬁ poi nt

i nver se f@FDMcoWitlen QFRMshoduteiand3Qr avindase fast Foukapwasiorm (FENsfdt ned

synbol that contains NF chips. A cycljc prefix generator 534 repeats a
portion oF e BRCRIVES (thin dpiay ﬁ@&b@%#@m SymbelLiapping Wl ?béﬁﬁﬁd?lk’é W%RASsyrrbol

that contal + L:RS. e ORt.d: | ferr S a
cyclic pr@]f) ?@?é\l?ﬁ% lﬁe% aflg hlélﬁyz Sr%%}agr %gf éﬁb?%lldés E%%@{r%éf g%)lggtg l(rg'd.Eﬁjdl'lt'?glof:lycI I C
prefix ensansagssidnatind peoviddod siymdd ohlueelf aers(a fzero”osyinttofjofor leagh apbatd es i n
the presence of multipath del ay. spread caucifd by fr?que,n y__selective fading

(i.e., a MotaiedhudataBlensamsmsgion sFororach QDM ypabol peppdt R TgwHer3d or 534

provi des SRPM LC | il <k i : oted as a
dat a syng%lﬁ Msr?l?erya%]ft () S mF} a?éf[ﬂglgg%rdygfro heﬂﬁ%ﬁ ﬁ%thg%tgﬁmggl[ gén%%%g‘?“ stream
i s transnpdiftemivene fast Esydarttianefosatandfprodddstacudsespaniinn adnsforinddsybsl r eam

The Na,, selected user_ termnals, may _concurrent] transmt NP qQr nore data
streams oWacentaing¥r ghipsoi At CRAiCsPISAX SBApBLIT s 34\ meneatsed diprigan of rsaciNk

Z}‘&E 2‘25? R e e o el OREY %fr_ﬁhl%ﬁ%ﬂgﬁgffwe%“ f )
the down T [HoBRTRopORRhgS rFRe By radCenlvg i FREIEL 8E<i g for
one data giip£Bshg d6dcatdd0 ThE ayblid pRfdtadRusy el the tEGEDM SythbolMétdinspite dat a

steans (e.g., for nmultiple user termnals on the downlink) nmay be processed

wi th nul t eghagonaispraprsties f theresereelaf multipade delay spread epesed bynfiequepte dat a
ts Kgbglr O(S:égezqc '&e %agiﬁ)l?gS '.e.l,: Ia équeSI'f‘(‘:yargs(‘.jpo?ls% t%ta.'tol\évms){3 ﬁz(t:th.f %fcllicnplje%}q%re]ﬁggtblo B 10 whi ch
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 N,, selected user terminals may concurrently
transmit N, or more data streams on different disjoint sets of subbands, where each of
the Ny subbands is assigned to at most one set. Each user terminal performs spatial
processing on all of its data symbol streams (or its OFDM symbol stream) with the

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 multiple data symbol steams.

[0095] FIGS. 5A and 5B show specific implementations in which the processing for
CDMA and OFDM are performed prior to the spatial processing for multi-antenna

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



CDMA and OFDM are performed prior to the spatial processing for

mul ti-a nsm ssion. In this case, the TX data i ncl udes
t he CDN&&%@)%P#%? or VIO 2005/ 053186 PCT/ US20041037855PC BYSERHT 8itiu ator,
as shown in FIGS. 5A and 5B. The procédsing for COMA and OFDM may al so be

perforrred after the spatial processi ng for nulti-antenna transmission. In
thi s caseOFPM madulaternias showiyin FIGFMIR) andofBd Thec progessingClomiCDMed andht or or

Cranemt Oy NI ey 85k, 05 isElelhad Mbr Ol Seal FREATRL A aiGiGRER ( 0Gos)

FIG 6 sh@m@nﬁ@enﬁ P& ithis qAEQCRSE | tRGisAittef GRASCTNIPRN twokld idd1eded R C RN
termnal 120m for downlink and uplink transn ssion. For the uplink, at user

t er ni nal medwator 9s anddFRAMs wdalatcgtthétapﬁrtomg GDM4A a1 QRGM precessing anhe

steering r ocessor Om tain the transmt
synbol ve%cé? %CBQ%E&%& o %@Tgﬁf) i'n gae k?raacce seSpodlgAh?% ‘ﬂ"gate&ﬁlgnaecel ved synbol
vect @ooe|, . (fEIGLlselﬁoW£ﬂ1msp§thalib2&?ékﬁﬁg WeddcestSpoMtIEID difdedne dsef Firmalag) S
rrultlplled with a s atlal filter matrix Map by a unit 640 and further scal ed

with a di bdmier ink p}plnﬁs/tr%mmaﬁswne@rtﬂ@ unimk» # uspreterraingl B2sw theit a
nbol t f pi 40 and 642
et "SR seDH skl 1 B 8 B0 S o Bl 11

ef fective uplink anne ponse . natri ef a sin CCM , MVBE,
or some oPRETSSYe @@ﬁaﬂw by i i Ewtﬁ%ee gitﬁ{mfio t he
data synbol, vector sda V\:hl ch,  includes the downlink data sy nbol streans for
user ter npiall szﬁragelvséi Jymbe] weater by & userdermipgl 120m as well @$ plhEERsei th t he
downlink steering matrix Vda by TX spatial processor 420 to obtain the
transmt Hymisels) sapelbiplisdiwith arspativd fdisnmeirak M Abydsmit @46 andfartherzosted t he

recei ved synbol vector rda,mis nmultiplied wwth a spatial filter matrix

M, , m by witinidiagoa@Gnaris mdrttymaﬁms@m te @buiri the 2ccdiva@ddala synibol wectdr,§,m by a
unit 662 to obtain a downlTnk recovered data synbol stream {3da, r’r} for user

term nal fotQhe uplink.s G6G6 GdatbB4nnee paait aaf RRGpatist prabesssrod40as oThd60m  The
matrices M,,mand Dw, m are derived based on the downlink channel response

mat ri x Hdm,amctes'.)rMypsandth mareaderiv2® rbasedd on sha gffedteve Gk, chidBEl, regponsone ot her
technique. [0098] FIG 7 shows a bl ock diagram of an RX spatial processor

440b and aatrRXHdal and psiag #xsOCMIAIM SEytor 66me bikeeeRiiqide Sl C t echni que and
may be used for ‘access point 110. RX spatial processor 440b and RX data

procepsfr 442brbiiccaBRMLMN Rt SI46LSSFime11d, i the- datsﬁ@ﬁrﬁ@dedéctdre@f' ettich
processing stages for N p data synbol streans transmtted
includes the downlink data symbol streams for user terminal 120m as well as other user

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

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

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

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

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

[0098] FIG. 7 shows a block diagram of an RX spatial processor 440b and an RX data
processor 442b, which implement the SIC technique and may be used for access point
110. RX spatial processor 440b and RX data processor 442b implement N, successive
(i.e., cascaded) receiver processing stages for N,, data symbol streams transmitted by

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



Na,, user termnals. Each of stages 1 to NP -1 includes a spatial processor

710, an Wik»#R0541953186 PCT/ US2004/ 037855 28 interferep@@mggdag@i{gg 720, an

RX data stream processor 730, and a TX data stream processor The | ast
stage includes only a spatial processopg710u and an RX data stream
processor 730u. [00991 For stage 1, spatial processor 710a perforns receiver
spati al prinesegheg carelléte720Nan REcRIty eiteasy prekssst 78a@ndap A dam gdramone
recovered data sygBoI stream {saP A} for user termnal jl| being recovered
in the fiigpcesicagdl- rBhedast-stageriBeludes, Guv esprtia puecesens vdfulaad ¢g RX data

deinterle s the recovered data synbol stream {Sap, } and
%ﬁ‘g%gggd(}gssg??%{?

provi des a ata Stream{d aP / } . TX data stream processor 740a
encodeey?] i nt erHoeatags 1, apatiairprivksbe 31 0ahyserfbens dadtidatspatinl peaessdipon the i n t he
same manner perforned by user terminal jlI for that streamand provides a
remodul at ¥ EFRPYSH SE‘FP@%‘F&T{W ayl proyides pnpg repgverashdata saphad sfream 480 a} feir f or s
transm tter spatial processing on the _renodul ated synbol streamFPJ} wth
the ef f ectUseietcERmidhél beig sesoyeredeanttbe fifsipstage. R detgestrepmy piogessoy ¥3Qao obt ai n
Nap interfere component s du 0 fhe data s | stream {sll .. The Nap
interfer endce?glorélﬁ%(%@’f“gﬁgﬂvgs’saﬁ?gtq[g&%c{e@?‘ef558‘?1‘{'3{ %&W@@eﬁq‘?@%‘ ijypmgo‘fnd st reans
to obtain Nap _nodified synbol streans, which are provided to stage 2.
[001001 Edwevides atdegededodatysgagn .0 )~ Theletaostram Reocsssor 7dPocaeedeng as
stage 1, albeit on the Nap nodified synbol streans fromthe preceding stage
i nstead ofintelleaviigpandeamedndaies shyenidedodsd rdatastreabhe{d asy iat thgesapey homnd spati al
processi ng and decoding on the Nap nodified synbol™ streans from stage NaP
-1 and dogerfootediey hser tariniriady,ffor thargreamsind padvides rechodaladlsyabobitrean001011
Spatial processors 710a through 710u nmay each i[TP| ement the CCM, MVBE, or
some ot her{Si,gd hnilgaderepes: panggler; A0appesfasms Jranymiten Apeiia| presesaingi o the
(received or nodified) synbol vector rs;~ with a spatial filter matrix MP
t o obt ai n remgéulated spmbelsiteem (K ottowithiths elfestire channetirespensesedioe hof,, 1 he
detected synbol streans, and provides the scaled synbol streamas the
recover ed fdnusgr toymiwl /190 obtim Narintetfanrenes eogepongiie duerta the datespmbel stesriny ed

based on a reducgd eff.ective channel response ri x Hup for. the stage.
100102] FI @p,hg'M“Pdntﬁfﬁ@Rced?%%ﬁméfarg‘ﬂ‘bgﬁgg@i%wgh{heéﬁi’E‘?ﬁq{VFéISV@ 0430 and
schedul er 434 for .eval yati Eﬂ'ea,gd ﬁ hedul i gﬁljé}ser termnals for transm ssion
on the doWEHPH 0 %}n&‘gﬁnﬁ LICREYRPY SHEHPS, arg PEpvided e §HR8E € processor 810
FECeI 16§00 CC €S Each of stages 2 through N,, —1 performs the same processing as stage 1, albeit

on the N, modified symbol streams from the preceding stage instead of the N, received
symbol streams. The last stage performs spatial processing and decoding on the Ny,
modified symbol streams from stage N, —1 and does not perform interference
estimation and cancellation.

[00101} Spatial processors 710a through 710u may each implement the CCMI, MMSE,

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

modified) symbol vector r’, with a spatial filter matrix _M_ﬁp 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 Mf,p is derived based on a reduced effective channel response matrix ﬂ,fp,eﬁ for

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

downlink and uplink. Within controller 430, a request processor 8§10 receives access



WD 2005/ 053186 PCT/ US2004/ 037855 29 requests sent by user termnals 120 and
possi bl waskess§equest s from ot her sources. These aclg(les[ﬁ s are for
data transm ss?jon on the downlink and/or uplink. For <c arﬁog%ggsﬁ%edul i ng
for uplink transmssion is described B2l ow. [001031 Request processor 810

processes the recej ved access requests and provides th identities (1Ds)
and the JEGHCHS SERt BY Pseaéﬁmalaséﬁ a0 et Iysaceass regyesiselrem; Jpergpyrass! ect s

di ffer entrigl focBls uBksid il Aot EERMHAMRNGh Bld dAFKIAICABS! uBidT R S T or
eval uation. The user termnals may be sel ected for evaluati‘on based on
various fcaityrsshegtutihg & updiek trageniission ¥ detcnibedbelowt of data to send, system

requi renents, . and so on. 041 An eval uation unit 830 eval uates each set
o 0T or o RGGes Pesegiigh Bl SoreTaEs (h Tepig e AshEeS Teguity SRBrOGIES theoy
SLMPLICl tifenitiB® (TR hﬁ’d"tﬁ&gst%‘é? of plab\ ASPWIRRaIN A by sel@6ir @0 sldifcouahput
I's used as the tfic and (2) the erfective uplink channel response vector

i s avai | abifferehtoetsedalkerdetmals fioar arthaergnalhadtive Evalteratinde forrevalugids. i Thel udes a

matrix conputatipn uniit 840 gnd a rate sel ector 850. Matrix conputation
Ui t 840 5 FERIRES WY beNRICApaT S¥HIBRHOORISE OR AEIOUS AT PR ARURE 5. For

each set 4k 184k BBaith 6 seifif Seiein | Eﬁtﬂ&ﬁ&{ response matrix

HP. ,,,, fpglré t%e setg angﬁgorrpustees’ he \érﬁlg?ﬁ!%éﬁkséac user terminal in the set
bas ejio9d] HuPefAmewhditivh anit850ievalnatsperch abt gfserstssningls ané phovidpse vabed by t he
access point. Rate.sel ector _85Q receives set of SNRs for eac er set
and det erlff AU OF ees?torF%ta%‘H’PEE‘g’f’ tﬁgﬁ%ﬂqugif{?sqwogeqssgg%\gqaﬂ s the
overall ~ dvBrBuBRRihoURis L6 hfhe SRlric BAY £2)5Eh SelOly Caflinbhaitit ¢ ook- up
tabl e (LLjiI') a852, %Bv%l clf*l storesea se% of %%)Zl'?es supvpor 1e y the&??ggte'em and

t hei r requectoeds ShfRshle Rat aach setivectser teBbiall eEealwitioasimntthiS Ohinglhdesta matrix t hat nay

be used for upl.ink transn ssion.b ch.user term.nal .based on the SNR
Conput ed FBPUHEN JEE AN 3R g $61%%Qre8%§g Bromaeation ‘f%rem@aﬂafgge the
rates or g QagipRkitisy f feééhlhséﬂ%ﬁruswe@nﬁﬁhss FBr g@&hse‘%,eﬁxﬂ %49%&119@)6

overall throughput R" for the set. [001051 Schedul er 434 receives (1) the

di f f er enteffeetiee wflinkshanriet respomesndtrinily ser fos ehest and cBRPutanthe(SYR fihre rat es
for the user termnals and the overall throughput for each set from rate

sel ect or B us@chadinabin 464 sachaed ont B, hesindstle Rteivaespatial pidtadsmganong al |
sets evaluated for each scheduling interval and schedules the sel ected user

t er m nal sedt@iquetusédbiiiesadeBssqvinth RAiPLdledor E0NREIV & a 34 fIINRS fdeSachchedul i ng
information, which 1ncludes the identities of the selected user term nals,

their ratussr sef ped detanineethe retefps packgisetermingl {nethg set asheelt enthe ayaepll he
duration tg}cou&?peut t]f,,afg"rs Eﬂesgelt.orﬁzte gé]gctgrOSﬁ)n ma}- ngcess a Jook-up table (LUT) 852,

which stores a set of rates supported by the system and their required SNRs. Rate

selector 850 determines the highest rate that may be used for uplink transmission by
each user terminal based on the SNR computed for the user terminal. Rate selector 850
also accumulates the rates or throughputs for all user terminals in each set to obtain the
overall throughput R, for the set.

[00105] Scheduler 434 receives (1) the different sets of user terminals from user selector
820 and (2) the rates for the user terminals and the overall throughput for each set from
rate selector 850. Scheduler 434 selects the best set of user terminals among all sets
evaluated for each scheduling interval and schedules the selected user terminals for
transmission on the uplink. Scheduler 434 provides scheduling information, which
includes the identities of the selected user terminals, their rates, the scheduled
transmission time {e.g., the start and the duration of the transmission), and so on. The
scheduling information is sent to the selected user terminals.

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



scheduling information is sent to the selected user termnals. [001061 The
schedul wg,do9ksdgwnl i nk transm ssion may be perforned j L4 nner. WO
2005/ 053186 PCTI US2004/ 037855 30 [00107] The SDVA tra%(grr{lﬁgisﬁp‘gﬁﬁ%gegghni ques
described herein may be inplenented b$0 various neans. For exanple, these

techni ques may be inplenmented in hardware, @ software, or a conbination
t herl@8X7] For al‘h@a‘i«laﬁ% Fanyiisee fachniques, desprebadr rein ghaig be implemented byt o

SOt r an e Wor LUl Pk SCRRRIRRS oy eyt PRs s e Pl 1 ocei ve

spati al poakassiond esmiifsiac RSl PEdta Rdwaeeimglah&itndn, thepreeainsati on of
different user _sets, and so_on) nmay be inplenented wthin one or nore

appl i cat i units aged tof suppeth ey redeslyingoyirelggst technaloy (3-2., dildMiapr SFBPMA) ansk ocessor s

(DSPs), di.gid-alrASi . 0 ' ' . ) ogr a le logic
devi ces ((wé@mf {F%f@ﬁ“sps?"é‘gégﬁﬁ%@?‘é’%g‘g{ g&g}l PQ%?%FE@?)&HB%@%‘%?F‘%Q
cont roll %ﬁtialrﬁrwe@siﬁg)ﬁttthalab&@_§poiﬁi S{dopeP Res EAl, She @&dllﬂﬁioﬁ'o@@iﬂf@&itﬁl_seﬂmi ts
designed to performthe functions described herein, or a conbination

t her eof . etpambio @yrmay kvitnnlementedyithineane Hr mose apMecaipnrpecifienistegsidon

t echni ques_d L ] L: e i te i th dul es .
pr ocedur e r,cuﬁi ﬁé? ?%st dlrégrallg gl@‘éﬁg%rfgﬁsﬁ%%g gﬂ) Ocﬁ%ta}’l\‘hs%gl}a g%é#ﬁeg%gé ?g@gﬁ:s, bed
herein. TiDSPERS! peypeartneis [Bric RRvREOT@UDs)) el Posgtamitiable (@Bted arraysemoOry
units 432 and 482 in FIG 4) and executed by a, processor (e.aé, )
control | FBGABD nrpersaws) confedense muerg-canirellass ymistopregessors miber elgetionic t he
processor __.or, external .to th 0Ccessql., 4 ich case i1 n
conmuni ca @gpi;glbegdgpgréo%{l}eﬁ'g%lg%ﬁgggl%erd l%’lr%ﬂvo S 1%133??%%&?3 known in
the @pios) [ 0010k Hesrelidre Smplethentitivdgd STV fraksisdiG edcBAiGResABhctiBedai d 1N
| ocating certain sections. These headings are not intended to limt the
scope of henein eanyckepmpleraeed with medideseers..umaeaduresnfinetiense and s emt bathmy have
appl i cabi]i .0 pther secti t hr hout the entire ecification.
oo110; rrstolpall Blrefns SEiorl etelt YRRthars B MakbS aFREE ! AL ded co
enabl e anyhit RES SMBmvKY Lhied 487 shlejgarih RIG. WRlkAd Yxedlf@] bhie ProBs&eat (dgvention.
Various nodifications to these enbodinents will be readily apparent to
t hose skidontzall¢rs 480endiA80). ahkt mAmonewst ey bphinpleninted wighinAkeiplocsssdn nay be
applied to other, enbodi nents .w t.hgut departing from t.he spirit or, scope of
the i nverfth SIEAHAINE PHECHPESEAYNEGEtio] G PE SRBANISRHEY GorHen S e i fed 1 o
t he enbodigERLGT ve MM BleBhdasib kndwn fdh@Gtaccor ded the w dest scope

I

consistent with the principles and novel features disclosed herein.
[00109] Headings are included herein for reference and to aid in locating certain

sections. These headings are not intended to limit the scope of the concepts described
therein under, and these concepts may have applicability in other sections throughout
the entire specification,

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

consistent with the principles and novel features disclosed herein,

WHAT IS CLAIMED IS:



WHAT IS CLAIMED 1S: 31 CLAIMS 1. A nmethod of receiving data in a

mul tiple-input nultiple-output (MM comrunication system conprising:
obtaining, froma plurality of receive antennas at a receiving entity, a
plurality of received synbol streang;for a plurality of data synbol streans
sent by a plurality of transmtting entities, one data synbol streamfor
each transmtting entity, wherein eifjat @ symbol stream for each
transmtting entity is spatially processed with a steering vector for the
transmtting entity and sent froma plurality of transmt antennas at the
transm tki ngAerthod 9f recaivelg gatoio e gwltinlg-inphtenylsiplercatrittHIINGP) comowiivageh symbol st reans
in accordapggen th a receiver spatial processing technique to obtain a
plurality of recovered data synbol streans, which are estimates of the
plurality of data synbol streams, wherein t he steering vector for each
transm tti ng ¥pEPrs Wﬂé plyesfity gEigeelyy anteas SATERSTY g eriit MEIHRKSY ofressiehse matri x f or
the transbd tichgs i gidrifint dﬂbiyalbdil staeaﬁk 4¢fitly b birabtly of ©inGEMHMESEkitds Soneueh a

Vpl ural it f1 stlselan lf‘llea% trz\a/ng'l 1nﬁ enti whereln tﬂé(ﬂl ¥Hll1b tee%olr Qagh l}ll'aengr;[ngmg en?Fyl
transmt i ng en ase genvecC COI‘ r eSpOI’ldI ng ar gest

si ngul arsmtallmocamrvgthtaheerpg mca}r fOt glne winsgiitng entibrand whtufes. a phuralifhed trmehibod  of

clai m1,,uhas iR thliBifiRChity:hd SPatial processing technique is a channel
correlation matrix inversion (CCM) technique or a m ninum nean square

error (MVBE) technlque 3. The method of claim1l, wherein the receiver
spatial pr oc&®esing thegsingfeecsieed synbgstreass inascordapge afith a pessiceshatighcel | at i on
(SIQ t q&&edsﬂglechnﬁue S BRaieplnakty 6f redoleRddimatd symdBIBH @G, Wite ake@iien @ meect or for
each trans Ang @ngy is equal to the eigenvector corresponding to the

| ar gest BiH 6“?5? VArte ™8> The nethod of claim 1, wherein the steering
vector for each transmtting entity contains a plurality of elenents having
sanme nmagni t uckderain the ptbaisgeeceyitadach tongplitisestitpfs derived biral ity of el enents of the
ei genvector corresponding to the |argest singular value. 6. A nethod of

recei ving data in @or&Eggﬁg' aochgﬁlnélqgﬁo se’%%h&if&'tﬁet ﬁ'sh@rﬁﬁgte(n'\%pé%taﬁ%% R, Gati on

system conprising talni roma p ura receive ntennas at
a receiving ém@weyrmadpﬂww@vpﬂweéﬁvﬂeeém¢ed symbol streams for a plurality
of data synbol streams sent by a plurality of transmtting entities, one

data synbol stregmififhe SRk vte&@frférmﬂett&ﬂsﬁmm%@sﬁt; Yased M 6K QiRvdelde dat a synbol

stream for each transnlttlng entlhy
corresponding to a largest Singular vale among the plurality of singular values.

2. The method of claim 1, wherein the receiver spatial processing technique is a channel correlation

matrix inversion (CCMI) technique or a mininum mean square error (MMST) technique.

3. The method of claim 1, wherein the receiver spatial processing technique is a successive

interference cancellation (SIC) technique.

4, The method of claim 1, wherein the steering vector for each transmitting entity is equal to the

eigenvector corresponding to the largest singular value.

3. The method of claim 1, wherein the steering vector for each transmitting entity contains a
plurality of clements having same magnitude and phases equal to phases of a plurality of elements of the

eigenvector corresponding to the largest singular value.

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

comprising:



spatially processed wwth a steering vector for the transmtting entity and
sent froma plurality of transmt antennas at the transmtting entity;
processing the plurality of received synbol streans in accordance with a
receiver spatial processing techniqug to obtain a plurality of recovered
data synbol streans, which are esti mat es of the plurality of data synbol
streans; eval e tting entities for
possi bl e t ranolisiﬁll%lgg ?Ergﬁlaaﬁjghéﬁ% O%regél% nwat Q%‘r:l%mtsgtemq?f aﬁrura?g/nlfrg?eéve?or t he
transm t Mg sy for erluplfy 9%ta§3@lb01 55??&115 gf@t yetpluityept §msmt§tfngtﬂm@pﬁs prietlatd ng

entities sy\ﬂdbﬁlﬁtr@ml‘fbr@mﬁ%sﬂiﬂﬁﬁg' efitity, / @lnbt6in fh0 Hatd §yﬁ’19c§l k3% 58 Rach ?ransﬁﬂhr@@]ﬂﬁ}r @gtus at a
onmuni cati on

receivin tit elnutrrutlp

system %’8??3}‘ Frg’%lf‘f@fpw@’ Bpglteﬁ?%lvf“tt‘if f%ﬁ’ F@E@Wrﬁm%ﬁ‘“ﬁé&b‘%@? %1?1{’\553” YyrasBitain from a
pl ur al i t yntepfias pteleerawsmitting atimas a plurality of received synbol streans for a
plurality of data synbol streans sent by a plurality of transmtting
entities, i wherein the
dat a synbol rsbtOrcge!ggﬂ;rﬁa?1 %ﬁ eac%fsr%g%lrsg}ﬁl l%)o,'[i fuﬁ%gﬂ%%c%(g%?gs&%ﬁlg {}E{?B%rocessed W th
a st eeri Prgceppdgteshniqug o obtiia el of teeavergf datgsynabpl Sé”ﬂ@lSs@mh afereétmaéﬁs offhural i ty of
transm t plamlie BNeG spdvol Meuntsy ansm tting entity; and a receive spati al

processor operative to process the plurality of received synbol streans in
accordance with a receiver rocessin echnjque to obtain a
plurality of eP’aZ‘taB%‘?ﬂ faa‘t“éﬁg?ttn‘ﬁ% Pftpagsﬂ*?t&%‘,“%ﬁ}?f E‘ﬁ“%{? EgR REPELonGE t he

pl ur al i t yetté and ab@ing yarbolforstierneamitingwhitieein theshanét eeri ng vector for each
transmtting entity is derived by: decorrposi ng a channel response matrix for
the transmtt t t I tors and a
plurality of él?%g%{]stﬁ{ro%a sﬁgtg;%eﬁlu i glfam 1J{'%1e s[“ég’r?.r%gm‘\?%%t or for the
transmtting entity based on an ei genvect or corresponding to a | argest

si ngul ar 7val ug BPRAS af I1eceRind by ih ¥ mAkipSinpat whiltple tiph&%ﬁﬂM@) comPGni@RBAr at us of
claim7, wherein the receiver spatial processing technique is a channel

corr el at PERFEPPEE nversion (CCM) techni que or a mi ni num mean square error
(MVBSE) technique. 33 9. An apparatus at a receiving entity in a

mul tiple-i npmplmhmdfrﬁc&veauﬁtpuﬁerawt&@talmmwmima;t bfogtciveansher pl@t@lﬁl‘jﬂéﬂ si ng:
means for Oﬁ%g’mﬁ]}%ltsgeams or a ]plupajl o?«%a‘tas r?bo[ strea%fses‘%inYEy aapri'urz% %‘?rsr%smml 1tlet y of

recei ved & F eans Feans sent by a
plurali tyﬂedﬁta ﬁwém@mamfptrwgchémwtnwnmmrwe@aﬂu d@ymvl segamdentachf or each

transmt Er!m@tglttﬁlg taﬂtfft)ym spARy Sﬂo&s&@@ﬂﬂ@s‘e@ﬂ@)@é@c@ Ifor S HEAM R lent®PLA sdnf RASM t i Ng

entity is sgatla érocesse a steering vector for the transmtting
entity aRye ﬁftraf‘%trﬁ“ ““ﬁ?‘ﬁfhﬁltrf‘lisﬂ')‘m&’ﬁe‘ft%ﬁ%dmt antennas at the transmitting
entity; and

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

streams, which are estimates of the plurality of data symbol streams,
wherein the steering vector for each transmitting entity is derived by:

decomposing a channel response matrix for the transmitting entity to obtain a plurality of

cigenvectors and a plurality of singular values, and

forming the steering vector for the transmitting entity based on an eigenvector

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

8. The apparatus of claim 7, wherein the receiver spatial processing technique is a channel

correlation matrix inversion (CCMI) technique or a minimum mean square error (MMSE) technique.



means for processing the plurality of received synbol streanms in accordance
wWth a receiver spatial processing technique to obtain a plurality of
recovered data synbol streans, which are estimates of the plurality of data
synbol streanms, wherein the steering ygector for each transmitting entity is
derived by: deconposing a channel response matrix for the transmtting

entity tqg obtain a plurality of . eigenvectors and a plurality of singular
val ues, ghd f%?%?%tgstﬂﬁ%m%ﬁ“’ 'érept%m\?é@ﬁ‘(glre'“?p&m ﬁtH’ e“i“fp?iﬂg"rﬁ"p? FHYUBKEPt y based on
an ei genvetstmorompisngt espondi ng to a | argest singul ar val ue anong the
plurality of singular values. 10. The apparatus of claim9, wherein the
receiver spalighs B AEEHEIHA dpRENHANG. SndnBNAR offé@&&eﬁéﬁt}k)%g MRLrLX

i nversi on (CCI\/I,?y techni que or a mnimum mean square error 3 t echni gue.
11. A met®EaNBY gbdeiasymby! dreawssemt by sRbelty offrapsmiineantiticn At ayneal srepmg

mul ti pl e<dregb transiiting PRy, Gtkr@lihe ddid\ M) stRART Rick Bdnbi@Ring ¥RkBMpaGPr i Si Ng:

obt ai ni n%roaeSS% %1}r1‘§slt JLespanse ot ri th'i ndti. catdi ve of Ea}]iurespﬁc")}nse .of a M MO
channel Berween a  Fransm t g Ay earau apd et Gemp phally sHfrit antthe M MO
syst em deburmpositipgrentiiendhannel response matrix to obtain a plurality of

ei genvectors and a plurality of singular values, one eigenvector for each
si ngul ar val Urﬁéan@falqar&gsrsﬁlé{ {hgglu}ail‘rgoii{'c%%gd sgfgbo\{gfémg inL%&d%nt:"ee wifhraal"ur:]t:%lr\r| Ating entity
based on an ei genvector corresponding to a argesct sI ngul ar val ue anong the
pl ural i t yPAH# PEOPssTig tephniqus tqbiin appalihd reeqveredidag syl ireymsp rhigh asegsiimagesvect or s
are deri wefle fl@tlitpoffabth syalbblisiead, transmtting entities and used for spatial
processing by the plurality of transmtting entities to concurrently
transmt a plurali of data ., s ol streaps to the receiving entity. 34

12. The net hod Bt" t&%lséefﬁ’ﬁgl"ic,mr\fﬂé%g?ﬁls'?ﬁ@g§‘it'@’elf %‘i‘?&e éctor for each
transmtting entity is the eigenvector corresponding to the | argest

si ngul ar val ue. 13ecoihp@ingetiad! efpost abtrix bithe wheti@ing edtifyao sicees plngivect or f or
each transm ttj s Nt ai lity of el enents having sane

magni t ude andg"ér;3 agglggﬂedq g.fiéﬂ%&%ﬁ lsaggalng%’%gdapl urality of elenents of the

ei genvector corresponding to the |argest singular value. 14. An apparatus in
a mul tiple-input raminggieeatesing pagor PMhbMBRstEBingentiybased orrnsigstveatqr conpri sing:  a
channel esti N@&kpoddMe oAt 1yt siruIRlatiad dhode GORRABY of BERPRSGsMAL i X i ndi cative
of a response of a M MO channel between a transmtting entity and a

recei vi ng entity in the MMO system .and a_controller operative to deconpose
the chann®l rHEPURERS perfaim S vherelp He sqoriven spafialpragepsing teghniqug isgshpett or s and a

pl ural i t yor@fatiGi gy ifversioa [ CLENST) techn Budr g eiinie@t féan kpireeraiMsiSEDdhaiiueyal ue and to
derive the steering vector for the transmtting entity based on an

ei genvector corresponding to a |argest singular
11. A method of deriving steering vector for data transmission in a multiple-input multiple-output

{MIMO) communication system, comprising:

obtaining a channel response matrix indicative of a response of a MIMO channel between a

transmitting entity and a receiving entity in the MIMO system,;

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 for the transmitting entity based on an eigenvector corresponding to a

largest singular value among the plurality of singular values, and

wherein a plurality of steering vectors are derived for a plurality of transmitting entities and used
for spatial processing by the plurality of transmitting entities to concurrently transmit a plurality of data

symbol streams to the receiving entity.



val ue anong the plurality of singular values, and wherein a plurality of
steering vectors are derived for a plurality of transmtting entities and
used for spatial processing by the plurality of transmtting entities to
concurrently transmit a plurality of ;gdata synbol streams to the receiving
entity. 15. An apparatus in a nultipF'e-input mul ti pl e-out put (1vi MO

communi cati on,_ syst conprisi.ng: . means for obtaini.ng a channel response
matrix ﬁg'di cglfel %@“’g?} clpirp g}; ﬁ'h?{%‘%g%fteeﬁnﬂe% fﬁrﬁéﬁ%ﬁréﬁlsmltﬂlégt%téﬁt transmitting
entity ardivactereoespendiog te e lakggst singulaneelde]l MO syst em1 neans for deconposing the
channel response matrix to obtain a plurality of eigenvectors and a
pIuraIitg of sinqul ar val ues, one eigenvector for each singular value; and
nmeans fdP- deffneHyd pirdeire § b whereip th deeripy vepterforepd tipnsyyung eptity pRta@se i ty based on

an ei gerphedityas clef@ishesRaRNEd Migmite shdlpRs@RGial 16 bighd bed prvalttie cRIEHAG:f thB e

plurality of sinqular values, and wherein a plurality of steering vectors
are der i%y%lale?t‘grco s%’f'%"r}gﬁ %hfgﬁ‘r%?t Slfguéaﬁgﬁiet ting entities and used for spatial
processing by the plurality of transmtting entities to concurrently

transmitjga phyyabiiyingfuddikpuSYIRRLuB LT GMIB) dAnrthEEES Gl icRfbreRLi t Y-

a channel estimator operative to obtain a channel response matrix indicative of a response of a

MIMO channel between a transimitting entity and a receiving entity in the MIMO system; and

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

value among the plurality of singular values, and

wherein a plurality of steering vectors are derived for a plurality of transmitting entities and used
for spatial processing by the plurality of transmitting entities to concurrently transmit a plurality of data

symbol streams to the receiving entity.

15. An apparatus in a multiple-input multiple-output (MIMO) communication system, comprising:

means for obtaining a channel response matrix indicative of a response of a MIMO channel

between a transmitting entity and a receiving entity in the MIMO system;

means for decomposing the channel response matrix to obtain a plurality of eigenvectors and a

plarality of singular values, one eigenvector for each singular value; and

means for deriving the steering vector for the transmitting entity based on an eigenvector

corresponding to a largest singular value among the plurality of singular values, and

wherein a plurality of steering vectors are derived for a plurality of transmitting entities and used
for spatial processing by the plurality of transmitting entities to concurrently transmit a plurality of data

symbol streams to the receiving entity.



