[0001] METHOD, APPARATUS AND SYSTEM FOR | MPLEMENTI NG
MULTI - USER VI RTUAL MULTI PLE- | NPUT MULTI PLE- OQUTPUT

w 0@8ak1068 ELD OF | NVENTI ON [ 0003] The present POW/@E200TM 7227
is related tow rel ess conmuni cati on systens. Mre
particularly, the present invention is related to a
nmet hod, an apparatus, and a system for inplenenting
mul ti-user virtual multiple-input rultiple-output
(MM techniques for wireless transmt/receive units
(WIRUs) havi ng one or nore antennas. [0004] BACKGROUND
[0005] In a conventional M MO conmmuni cation system

[6¢H" 2 WiRdEHH! KRPPAAPUS DV.‘?{’S”?EWI L) IHRENTING
anten ? YTRY® 1\%@ {PER IS’QTI%UL BLE-OREpUT

antennas rru tiple wreless ¢ annels may
est abl i shed between the transmtter and the receiver.
[0Q@2ier al | vy, capaci ty ARERROBINYENTEINt he system are
hARr oved f. . RCT eS. .
08" 20 AR AR R e R BB Bt SO bbby sterms.
Mooea parﬂid:uiaﬂly Md\fresgat Biventionliy irelgtédzvtn amethod, an apparatus,
indi vi du RU| s
g ke For W eRier FoE it Rk el BbRhE output
(MAIMOY teehnijuesdor wwiblmruraﬁmglmuavé S@)s. (WBRER) having one or
st at |ton or schedul er, organi zes the coll aboration of
mETEAF A3T e WIRUs to transmit on the sane sub-channel
or the SBG by scheduling the transm ssion of the
Us. However, |nthe virtual M MO
[0@ tem a schene, f@f‘ﬁﬂi’k@gﬁ‘b& provi ded for
[00TRUs hath agoﬁwxmdxha MIMO caﬁﬁﬁmaatlbxﬁaﬁhiémjbmh@mmmltter
it would be desir to, provi.de, a net hod
and oo PO CTUPLOT RIS ERESEPGP A ROBOTIR R, SPhesptiggy Vith
maltigle aasend£20 aRtiitipldviviiEless RBRBhels irap be establishv@ bétvasen the

is relate 0 a nmethod, a _base statio a
transmitter an the recerlrser ?}eneralP , capactity anc{] per?‘ormance of the system

are improved as the number of antennas increases.

[0006] For a virtual MIMO technique implemented in a conventional
MIMO system involving two or more individual WT'RUs, each WTRU is equipped
with a single antenna to transmit independently onto the same sub-channel, or
sub-carrier group (SBG). A base station, or scheduler, organizes the collaboration
of two or more WTRUs to transmit on the same sub-channel or the SBG by
scheduling the transmission of the WTRUs. However, in the conventional virtual
MIMO system, a scheme, or solution, is not provided for WI'RUs having more
than one antenna.

[0007] Therefore, it would be desirable to provide a method for

implementing virtual MIMO for WTRUs having two or more antennas.

[0008] SUMMARY
[0009] The present invention is related to a method, a base station, and a
system for implementing multi-user virtual MIMO techniques for WTRUs having

one or more antennas. The system includes a base station and at least one
-1-



system for inplenmenting nmulti-user virtual

M MX echni ques for WIRUshavi ng one or nore antennas.
wab@ssymbem i ncl udes a base station and at | eaBCT/US2007/017227

oneWRU having at | east two antennas. The nunber of

antennas of the base station is not |ess than the

nunber of antennas at any of the WIRUs. The base

station generates a channel matrix for the WIRUs and

processes received signals fromthe WIRUs based on a

neasur enent of the channel matrix. The WIRUs may
WEBU bawing ahdeast tywecantinngs. oTheungmbetreaﬁwmemmg of sthegbase

stétﬁ]&% Mﬁ%s mr ﬂdﬁgém#%%ﬁﬁngg?&?E% (’]I‘\llle base

ormtransmt iversity

stﬁoﬁr gEnaDRPA NGB e Etriafonthe YETBRUs@ad prdenssesmedéived signals
frd Ehd ! ﬁb's B8%nem2a8, Qé;ggtog%hé %er}ﬁat The WTRUS
escrl | On a pre errec‘lﬂ I Mmen gl Ven%}§/ (0]

mwpequnn andlstmt brecodinie; ot eigeh-bearfomning nsing the cllnamtaé matrix
infiECORANVHIOWENL 005, UGl At Q01D FQULG, L Shows a

W T e1r8Ss comunt ca temlnp nent 1 ng NPt ual
M MO for WIRUs havi ng tvvo or nore antennas in
ordance wi Y 3]
OG0T o2 s P RIEE PR RN GR Ll R ieS
[0@Dnf i gur Admore detaibediamderstaniding éfehp ireeationimayhbé¢ hadfrom the

0014], DETAI.LED, DESCRI PTlI PRERERRED
FoRAS J9ERIT PO S PR B PR SRPL ey of ppmple and to
betwaidersioba gy conjhiiction Mithi ties avoinpanying dtawinige dwhereimser

i pmren E) nobi | e tatlon a.fixed or nobil
0GEIL 1T pEidue 1 sBolg A, uiries o RicatiRnbe, implSmenting
wﬂ;&bls MIMO dogWERU 8 havitigatwo ¢iiinbre anted@dap Ui @atcordanéewyith the
r, t e of user device capable of operating in a

prﬁf LBYYGR;| ment. When referred tohereafter, the
[00E3]M nol qur'ébass at BlocRNdiagh&hUEE S bake i statioh donfigueéd in
to.a Node-B, a site controller, an access point (AP),

acgordapge B’tlﬂﬁle?het@‘ﬁée‘btfmlvﬁ?@??am ng devi ce capabl e of

operating in a wireless environnent. [0016] The

0B iminEzatl 85 bEbdfeAln B rfie PrbReahED EibopmuenTs
(0618 one Ve deférred t@ﬁé’ﬂeaﬁbr, €he tetthinology "WTRU" includes but is

not limited to user equipment (UE), a mobile station, a fixed or mobile subscriber

unit, a pager, a cellular telephone, a personal digital assistant (PDA), a
computer, or any other type of user device capable of operating in a wireless
environment. When referred to hereafter, the terminology "base station" includes
but is not limited to a Node-B, a site controller, an access point (AP), or any other
type of interfacing device capable of operating in a wireless environment.

[0016] The present invention is applicable to any wireless communication
scheme that enables a WTRU to use more than one spatial stream, (i.e., an
effective spatial channel). More specifically, the present invention is applicable
to single carrier frequency division multiple access (SC-FDMA) MIMO
transmission, orthogonal frequency division multiplex access (OFDMA) MIMO



effective spatial channel). Mre specifically, the
present invention is applicable to single carrier
wo ec@goenoey division nmultiple access (SC FDVA) RMIS2007/017227
transm ssion, orthogonal frequency division nmultiplex
access (OFDMA) M MXransm ssion, or nulti-carrier
OFDVA M MO transm ssion, where these transm ssion
net hods may use frequency hopping. [0017] Figure 1
shows a wirel ess conmuni cati on system 100 i npl enenti ng
virtual MMO for WIRUs 120a, 120b having two or nore
trapsmeigsian, ior audbreanies FDMALMEBMOs éransopggign; grherghthese

traeet SiRod et P ude RRaReTy Adeind 1 107, ncludes o
[OQ1Tr al i t Figiredrehomsasvirdless casmupiration svst@mmngﬁng
virkREVIRNO PHRTTR 5GR, 1 o iR 8 Gpgrt Bofiitdy  Bbbordance
wiﬁad:l_ne ba?sieng imzunt(@lt) ’tht; eystem, t%m@utilﬂs&e ba$a$ﬁatbilmnlnm and a
n . i
sl Lo R eR gl SEGT Rag bhaiHREL Bty o
aniéthasand\tt leastVidiesofl 2ha, WTRAIs d80at h20hdseludeatd ehurhlidy of

anffiagt” o SHRt He 2ok Inal THERETL s b (47 Reti{Ta dop, 1200,

eacki hgfrm@t'f itein (Brgiﬂtehhs\;_ J uﬂﬂmlb%iad‘ﬁt?—ﬁzigﬂﬁla hhefrrgalbrg (4& angennas as

any el dhshnBle be AREah AT ik RORoes 08 WBER Gl by in the

sybi2ae160,aindothe WTRUS 12Ga,120b akdahe babastation ldpaay hwve any
M MO channel increases linearly with the

of, th
n“l’ﬁ’l?ﬁrrﬂ%m“&?nﬁ%( and N'. [00 19] For exanple, the base
[0618]t i on The nimyber! (NGO af anteniak tad ithie Basbhstatioh 1189 equal to or

stati.on antennas, t least the sane n er, .of
ErSaios Hith e Bt AN qekeneotngs of 558 ohk of Hhdsga) WERYs 120a,
12g_t>, \bhﬁh\lﬂi&% up20drtub? QBaﬁSel%?ﬁW@e_xbt/héjﬁﬂllﬁdis t204 mﬂb}a&d the
I gure an enerates an e ectlve chann trl or
bage, statpom 1dPs }W@L‘ v hat §’P%FPBﬁ“&316? éhg%‘h@ channel
indERS HEQaly WidPtheehial B GF N(eagd el matrix, Heff |
fromthe RUs 120a, 120b to the base station 110 is

0049t t en Eer expmplgs t_:hq.bq:ga@&qqi%l{any allocate a certain number of

base station antennas, (at least the same number of antennas that each WI'RU
120a, 120b includes), to each of the WTRUSs 120a, 120b as shown by dotted circles

in Figure 1 and generates an effective channel matrix for the channels between
the base station 110 and the WTRUs 120a, 120b. The effective channel matrix,
Hegr, from the WTRUSs 120a, 120b to the base station 110 is written as follows:

H, = [H” H :| ; Equation (1)
H21 H22
where
H, =[”" ”'2]; Equation (2)
h2| h22

where H, is a multipath channel matrix between the i-th WI'RU and the j-th

base station antenna group, and 411, k12, k21, and k22 are channel coefficients for

the two transmit antennas of each WTRU and the two receive antennas of each
-3-



2222 J where H, Equation (2) where Hu i s a nultipath
channel matri x between the i-th WIRU and the j-th base
wa@t@sioorwoant enna group, and hu, and h n are chepon®k2007/017227
coefficients for the two transmt antennas of each
WRU and the two receive antennas of eachbase station
antenna group, respectively. Equation (1) is an
effective M MO channel for nulti-user virtual M MO and
Equation (2) is a single M MO channel for a specific
WRU. It should be noted that in Equations (1) and

bag@ ptatidne anteamal groups respectigelyanEanatien 41) ishan leffective MIMO

chgéx‘%ll 0P J<2F gﬁﬁ Jhaie %&% %‘.‘QLXn\S‘ﬁ?z)‘ié 6 indTO WA channel

WDl hatl on receive ant ennas
foxaa dp&aﬁc W’iléRUf Iﬂwehdﬂ&dsa noedt thatbims Equations (1 hasd (2) the

h , _ .

o< o e P2 SO0 M B0 50 Ak IR, Bty was

usecmeHnwmber, anﬁr camﬁmmtam ofteansnhid a0 redeivpantenhaswhermat least
calar hannel carr ed b

ong ot e W b B OiteB0f aRr mBRt SR o2 et Wby be

consitlerdd. €The fnkHirix diMedsidnd forqudtipmst(lpand 8)) willbscale with the

n gw val ent KTx % 2(Rx) systens are established where

ises a scal ar channel defined by the
[0G3At i aI Atsr;ﬁmml stz s Equivakent tbS scalhockanhid gaaried by the

N e NS TR

of a_ntenras 12&{{1 )’zqannel estimator 124, and a )

recei ver |[H26.H{) he't{,¢edsent i onal corrponent s of tBgquation (3)

base station 11 )5 not shown in Fi gure 2 for

LR KT T KT S R s, o
comfpri%aﬁ arseabrechannyl definedf by\IHA spatdatrehdtlb bei ng
[05,26 f] ved b*lgtqu 2%? g%losctka(illagrnam 09 a base station 110 in accordance with
the present invention. The base station 110 includes a plurality of antennas 122,
a channel estimator 124, and a receiver 126. Other conventional components of
the base station 110 are not shown in Figure 2 for simplicity. The base station
110 includes a number of antennas that is equal to or greater than the number of
antennas of any one of WTRUs 120a, 120b being served by the base station 110
with the virtual MIMO scheme, (i.e., the base station 110 includes at least two (2)
antennas). The channel estimator 124 generates a channel matrix for WT'RUs
120a, 120b. The receiver 126 processes the signals from the WTRUs 120a, 120b
using the channel matrix. The receiver 126 may use a linear mlmmum mean
square error (LMMSE) technique to recover the data for each of the WIRUs
120a, 120b. With this scheme, the virtual MIMO technique can be extended to
WTRUs having more than one antenna.
[0022] The WTRUs 120a, 120b may implement transmit eigen-
beamforming, transmit precoding (either codebook-based or non-codebook-based),
spatial multiplexing, diversity techniques including space time block coding
(STBC), space frequency block coding (SFBC), cyclic delay diversity (CDD), or
-4-



with the virtual M MO schene, (i.e., the base station
110 includes at least two (2) antennas). The channel
wesdosoetoos 124 generates a channel matrix for RTRUS2007/017227

120a, 120b. The receiver 126 processes the signals
fromthe WIRUs 120a, 120b using the channel matri x.

The receiver 126 may use a |linear m ninum nmean square
error (LMVSE) technique to recover the data for each

of the WIRUs 120a, 120b. Wth this schene, the virtual

M MO t echni que can be extended to WIRUs havi ng nore
combipations gh these teqhpiggs. THor\ihrUsigentheamfopying, pr transmit

ré&ﬂ%h Bé@&[&t{o irgﬁ'n.pé?ﬂ Qf(fgcmnrf)gse& rcﬂﬂﬁmzlt matrix, (i.e., V

precedl ng éelther codebook- based or ] .
mafgix obtribed kirpas al¢pomppsing atherghanpelematgix byveipgnlar value

| udi 4 ' .
oL 50U ORGSR TR0 The I cpncs
is increassd: ys10gRmalex oudyibenof dHMOfanthonas abthe WIBY, (e.g., 2
a Eg,;nggw%ttq, SORHS3BhHY! fBglg. o transnit precoding, the

a

ase s I'on may ‘send a deconposed channel matri x,
[0023le. , VSomier WCRI¢$ anase dnlyr suppoet onpepatigl streamh&ierehaving

ol g Pt B SRR e f BB i on

sphtial sicemas@ch.,leiving mosaﬂhamonmnﬂeanabfWMH\ﬂhlasnlmmmshe base

t the WIRU, (e. ennas_at, the RU, 120a
sty oy Sufle Aefe B ERRRT et pplf BB B parnao
duet tee the a(dlded vuhmll clgmmll)dlmeasmbe nRadentisdli ieduk:éﬂe mter-cell

ol S oM o 48RPl R R bemen
attthe WERKkkene, the base station is given much nore

xi bi | ed tosingle antenna virtual M MO due
{0{’%ﬁt he aE&éﬁ"’@%P channel di nensions. Potenti al
[0023juced idnt erAQﬁbthdmfoerLﬁﬁﬂaﬁeﬁtlhg malti-neer bietwdli MIMIG in a

i&é)‘ reduced traﬁsm S%%?S‘B% gsfei %q%ogtnflgﬁlumhty of

Wmmlseﬁnaidlﬂ ghmzbhhé stétfn ivichidéala fludlityrofaantehighs; asd at least

conmuni stem jncluding a base statjion_and a
onmoﬁe \&% s mc udes at ieast two tennas the number of antennas of the
base station bemg not less than the number of antennas of any of the WI'RUs.
[0026] 2. The method of embodiment 1 comprising the base station

generating a channel matrix for the WTRUSs.

[0027] 3. The method of embodiment 2 comprising the base station
processing received signals from the WTRUSs using the channel matrix.

[0028] 4. The method as in any one of embodiments 2-3, wherein the
WTRUSs perform a transmit precoding using the channel matrix.

[0029] ' 5. The method as in any one of embodiments 2-4, wherein the
WTRUSs perform eigen-beamforming using the channel matrix.

[0030] 6. The method as in any one of embodiments 2-5, wherein the
WTRUs perform transmit diversity.

[0031] 7. The method of embodiment 6, wherein the WI'RUSs perform at
least one of STBC, SFBC, and CDD.



WRUs wherein the base station includes a plurality of
antennas, and at |east one of said WIRUs i ncl udes at

wo e@si2tov® ant ennas, the nunmber of antennas of pehEsShawel7227
station being not |ess than the nunber of antennas of
any of the WIRUs. [0026] 2. The nethod of enbodinent 1
conprising the base station generating a channel
matrix for the WIRUs. [0027] 3. The nethod of
enbodi mnent 2 conprising the base station processing
received signals fromthe WIRUs usi ng the channel

[0032)r i x. B0028The mathodrast inoanyone vf gmbodiments 2-7, wherein at

le ST MWty BRRE oV ol 3P B3R nd (RESRL of the

Wﬁ‘ﬂllfmshmmrtatlmytmespétlelﬂ:twhmnts 2-4, wherein the
OBTEUS PGl Of Mok SELRRE I R Y ol B HAPIDF Wherein the

ri x. [0030 $dYa8GH Gn
base‘rsﬁahareahd tBe WTRUDs rimiplerhbrt SWFEBNp"er f or m transmt

pyersit 0 1 . ;s The net hod
03T e ' HRe WhBedethid Min it i o ribRieRER S Ruherein the
bazadtdiidn hNd3R¢ WATR U dmpdéraent OF DMAany one of
odi me rein.at | east th
OG3RIo0) e o Thh e eiGat it e st of i tiedts 2 Whegein the
ba\éIBtﬂlé‘dJaﬂ@ the WTRUaSh;ﬂMeﬁQMG-gIFBMmeaﬂB [0033] 0.
met as .i n, apy one odi nents .2
0038 Docold: ot Auiralkes SRErRRERR R S RN o dnipnting multi-
usbBQﬁ*H;allMIMme met hod as in any one of enbodi rrents
s ebaesttinandt WIRUs .i np
"Nea8sn; he S3iem i tmRoatnter 18 smnpdta larity of
MUS la!tﬂféblls% oﬁeWTMEhﬂnﬁgtdtggmfzdrﬂﬁhﬁﬁs ajnd t he
| ene Wi r.e) ess
m&%ﬁn’uni (r:rﬁf‘i on%‘?ﬁyém‘?%q ]r"ligc‘ﬂ'BP’t"Pm@s%rbase station,
whiérein! Ghe %Mtama%lnpl%es Hplur it 6T Shtetil o HheBRimBer of the

conprising a pluralit
base station agtenngs being nglt less than the number of antennas of any of the

WTRUEs.
[0039] 15. The system of embodiment 14 wherein the base station

comprises a channel estimator for generating a channel matrix for the WTRUs.
[0040] 16. The system of embodiment 15 wherein the base station
comprises a receiver for processing signals transmitted from the WTRUs using
the channel matrix.

[0041] 17. Thesystem as in any one of embodiments 15-16, wherein the
WTRUSs perform transmit precoding using the channel matrix.

[0042] 18. The system as in any one of embodiments 15-17, wherein the
WTRUs perform eigen-beamforming using the channel matrix.

[0043]) 19. Thesystem as in any one of embodiments 15-18, wherein the
WTRUSs perform transmit diversity.

[0044] 20. The system of embodiment 19, wherein the WTRUSs perform
at least one of STBC and SFBC.



WRUs, at | east one WIRU havi ng at | east two antennas.

[0038] 14. The system of enbodi nent 13 conprising a
whams/oztoas i on, wherein the base station conpri BEFUS2007/017227

plurality of antennas, the nunber of the base station

ant ennas being not |ess than the nunber of antennas of

any of the WIRUs. [0039] 15. The system of enbodi nent

14 wherein the base station conprises a channel

estimator for generating a channel matrix for the

WIRUs. [0040] 16. The system of enbodi ment 15 wherein
[004fd base2%t at Tha systepy asusany pre of embodigrents d3<A(; wherein at

I

lee L gAY SSpbbAT oy ol SbRHE gk Bnf RAERERE of the
WERBSupportatilvasbtwokpataalstréeamdTRUs performtransm t

cedi ng,Uusi t h tri
0G4 o g2y Mo SyfteET A Eny i bmbpdifhes 21 Wherein the
baWEl:dehqmaﬁtbthe WDRUshapiénent HG- EBMPg the channel
rix. 043}, 19. .The system as
m@%odimes %h‘fg tﬁﬁ’e‘? |nriyhéle\ﬂ’fﬁﬁsb per orm ?}a’r%}rlﬁrtemthe
badé ¥&dtiord glnd EROWITRS .implementsOFMMA. enbodi nent 19,
rein erformat Iea of ST
08507 Doy TTRepHBRE S Htlvo b irkepR T2 Wherein the
bassbttidieahd tH.«SWDRLMﬁpeexﬁeﬂﬂ MGaFDMaAe of the WIRUs
ports nIy e spati al streama ther
e’ SuBfor | THE Sy afinstuighe breateraeht fdhey hoysin the
WTRQIeSséSé(ﬁmeﬁStﬁalﬁsﬁﬁytmgﬁls aahxgobmﬂasmgle&trea\m MIMO and
se s n and the WIRUs i npl enent SC- FDVA.
'F'O‘g%f? system as in any one of enbodi nents
[(0050)21, wher ei A Bde shitscn for ﬁhblémeaﬂﬂlgtrhﬁltv-\ﬁg’éisvirtual MIMO for

o e WL S5 e o RS BT 35 s Y e
[00F1RUs | mplremerhe rk‘@s@@%n of embodiment 26 comprising a plurality of
antennas, the number of the base station antennas being not less than the
‘number of antennas of any of the WTRUs.

[0052] 28. The base station of embodiment 27 comprising a channel
estimator for generating a channel matrix for the WT'RUs.

[0053] 29. The base station of embodiment 28 comprising a receiver for
processing signals from the WTRUs using the channel matrix.

[0054] 30. The base station of embodiment 29 wherein the receiver is
configured to process the signals that are processed for transmit precoding by the
WTRUSs using the channel matrix.

[0055] 31. Thebase station as in any one of embodiments 29-30, wherein
the receiver is configured to process the signals that are processed for eigen-
beamforming by the WTRUs using the channel matrix.

[0056] 32. Thebase station as in any one of embodiments 29-31, wherein
the receiver is configured to process the signals that are processed for transmit
diversity by the WTRUs.



[0049] 25. The systemas in any one of enbodi nents

13-24, wherein the WIRUs selectively transmt the
wa@gsab®ogisi ng one of a single stream M MO andP@r/us2007/017227

mul ti-stream M MO. [ 0050] 26. Abase station for

i mpl ementing nmulti-user virtual MMXor a plurality of

WRUs wherein at | east one WIRU has at | east two

antennas. [0051] 27. The base station of enbodi nent 26

conprising a plurality of antennas, the nunber of the

base station antennas being not |ess than the ' nunber
[0 71 ant end®s ofhehgsestatisa ofpmkedipgot 32, wherein dhp geeeiver is

co&ﬁﬁljegqoogrfoggr@%er@g{xal%%h(é@ éi Sy sél ﬂ?%ﬁ%gsﬁ %rée of STBC,

est| mat or generating a channel matrix for
SFE(Rnd CDIxY thoWTREsbase station of enbodi ment 28

risi a ' A ' i 0] I .
0GR, 1Py TRtk bR R oG A5 27 B, Wherein
at d¢awt iooa of the NBRUsenppegs wnly engspatealrstresiny endjthe rest of the

i.qur oces i s that are processed
W’?gﬁsts%g) §% %tolﬁfggetct%%? Sr%attgaa st§ E%Q%RUS usi ng the channel
(008 ri x. 885055ThSHaseEhatitmaeinsdmgt dnerof embodiments @ e840 wherein

efbodi ment s_29- 30 r&hflr 4 he receiver is configured
th? ggsber %tg‘glé)g Wge%lfg%s\fﬁé'ﬁa ‘are processed for
[0G80jenbeadt.or Mhgbdne stitdondldsanysonemf eindodinaents 27-34, wherein

trix. J0Q56} 32.. T e station as in any one of
thgﬁﬁ%%%(%’%’f‘smﬁg?’?eﬁ?s J\%ﬁg&g‘ﬁn the receiver is configured
[0a81] pr oce8%. t HEhshapeatstidas incarey qrieaf esbedirherits 2784 wikerein
diversity h he 7], 33. The base station of
th%hﬁ%%lﬁ?\%%f‘%?ﬁ"%ﬁ%%%’ eiver is configured to
[0gB2ICcess Altkotghht fedthaes and d¢émertsSefttheqsreaéntl Bvehtion are
on f. STBC, SFBC, and.CDD, by the. RUs. .[.0058] 34.
deffiibailindhe Phetbrmd solimpp e P FiokIAs CaTRR Koty Sach feature
or Wéthehtcad bkanst Noge Sfithdia tAERItRer B2pardsSand elertéitts of the
eam and t he, restm%f t he WIRUs sup ort.a

pr?fggéalfim(ﬁwpf;sa?r 10y combmations with or without othe}' features

and elements of the present invention. The methods or flow charts provided in

the present invention may be implemented in a computer program, software, or
firmware tangibly embodied in a computer-readable storage medium for
execution by a general purpose computer or a processor. Examples of computer-
readable storage mediums include a read only memory (ROM), a random access
memory (RAM), a register, cache memory, semiconductor memory devices,
magnetic media such as internal hard disks and removable disks, magneto-
optical media, and optical media such as CD-ROM disks, and digital versatile
disks (DVDs).

[0063] Suitable processors include, by way of example, a general purpose
processor, a special purpose processor, a conventional processor, a digital signal
processor (DSP), a plurality of microprocessors, one or more microprocessors in
association with a DSP core, a controller, a microcontroller, Application Specific
Integrated Circuits (ASICs), Field Programmable Gate Arrays (FPGAs) circuits,
any other type of integrated circuit (IC), and/or a state machine.
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[0059] 35. The base station as in any one of

enbodi nents 27-34, wherein the base station inplenents
woEhoBDMANS [ 0060] 36. The base station as in anpCDOS2007/017227

enbodi nents 27-34, wherein the base station inplenments

OFDVA. [0061] 37. The base station as in any one of

enbodi nents 27-34, wherein the base station inplenents

MC- OFDVA. [ 0062] Al t hough the features and el enents of

the present invention are described in the preferred

enbodi ments in particular conbinations, each feature
[0@64le| eneftpresessprinaeacigtionavith sefbyare meydemsed to implement
a 120 HE§SetYrShLERRL forliselil G WirbleSt £a%sRITPRLLIE Uit (WTRU),

In various conbinations with or wthout other features
usgneqeipment(YEf termingl; bagentatigneradionetwork qeptredlgs (RNC), or

anlfyl nﬂgﬁ%tc&%ﬁ P! O¥hE/GTRY ﬁv% e5eAt in BUEAhESS Wi¥h Bfodules,

emented In a conputer program software, or
imfplemented inahagdy arecarsbior vares suchast @ camendiabvideo camera

age redi or, ' y I oge
A RN O SYEPHA Yo BB AL ek, o
mireplage, methilevisidm ttandeeiyer, cahapdsyfree theads¢tR@Vkeyhoard, a

r.and a r ESEer . 1
SRR, TE Ml Moacha g e LB crverl
dispiag (In@D) Asplaytusit sarmoganéniiglstbémittingidiode (OLED) display unit,

net copti.cal medi nd opti.cal nmedia such
2 GREREERER P R0 er Eredie Ba7rT B i SadTopi Fofy it Fekhnet
br&wién land/qrranyesiveless loval atkn nétyvorky(WILANY anplude. a
general purpose , processor, g special purgpose
processor, a conventional processor, a digital signal
processor (DSP), a plurality of mcroprocessors, one
Oor nore m croprocessors in association with a DSP
core, a controller, a mcrocontroller, Application
Specific Integrated Crcuits (ASICs), Field
Programmabl e Gate Arrays (FPGAs) circuits, any other
type of integrated circuit (1C), and/or a state
machi ne. [ 0064] Aprocessor in association with software
may be used to inplenent a radio frequency transceiver
for use in a wireless transmt receive unit (WRU),




user equi pnent (UE), term nal, base station, radio
network controller (RNC), or any host conputer. The
wOzRgIozmys be used in conjunction with nodul es, PCT/US2007/017227
i mpl emented in hardware and/ or software, such as a
canera, a video canera nodul e, a videophone, a
speaker phone, a vibration device, a speaker, a
m crophone, a television transceiver, a hands free
headset, a keyboard, a Bluetooth(r) nodule, a
frequency nodul ated (FM ragigrm&t, a liquid crystal
di splay (LCD) display unit, an organic light-emtting
Whabteclpipethis: di spl ay unit, a digital nusic player, a

medi;a pl [ .

L e I T
plurality of @irdles trgrsmitsecsivg weigs (WTRUs) Ithe basegtatipe éncluding a

y . .

AT RS 0L ML WM B P PROE bR A dsast owo
anteengmwbersinthonumbet afiintgnaapditheltiasg stiticaris eohless than the

and ate | 0 f ' ' | S .
By 3o A O P 58
vigual modtipe-ingputieeRiplerentpute MMOg rthe fmethiod eoeeprofinginy

of e, WRUs,. a net hod for .inpl .1 | 1

1 - tHE pECRuich JERIeOind 8 o B AR 18, (RE WIHEE ana

net lthe baserptatiamprocesmng aseeivednsigonlsgiromr tdtei WIRUs using the
chchanpel tmatri x for the WIRUs; and the base station

PPBESE HE received signals fromthe WIRUs using the

channel matrix. 2. The nethod of claim1l wherein the

WRYs performa t nmt precodi ng usi he ghannel .

ot xS etheid REGRuR £re e M Ub e oA g ransmit
prpesding nisigotheldhamhel matgxusi ng t he channel matrix. 4.

The nmethod of claim 1l wherein the WIRUs perform

transmt diversity. 5. The method of claim4 wherein

t he 3WTRUThee niedhod adf chatit 10mthedéin the WTRUs perform eigen-

beamforming using the channel matrix.

4. The method of claim 1 wherein the WTRUs perform transmit

diversity.

5. The method of claim 4 wherein the WT'RUSs perform at least one of
space time block coding (STBC), space frequency block coding (SFBC), and cyclic
delay diversity (CDD).

6. The method of claim 1 wherein at least one of the WTRUSs supports
only one spatial stream and the rest of the WTRUs support at least two spatial

streams.

7. The method of claim 1 wherein the base station and the WTRUs

implement single carrier frequency division multiple access (SC-FDMA).

-10-



space tinme block coding (STBC), space frequency bl ock

coding (SFBC), and cyclic delay diversity (CDD). 6.
wab@snetobod of claim lwherein at | east one of PORUSIRUS17227

supports only one spatial streamand the rest of the

WRUs support at |east two spatial streanms. 7. The

met hod of claim1 wherein the base station and the

WIRUs i nmpl enent single carrier frequency division

mul ti pl e access (SC-FDMA). 8. The nethod of claiml

wherein the base station and the WIRUs i npl enent

ort hogonal frequency division nmultiple access (OFDWA).

9. Bne nFhlkodedfododfailaind lywbersim thedabe statiarnand the YWTRUs

T SR g

comuni cation system for i rrpl ementl ng multi-user

vir tgual ?%;6 géhod R clf%ﬁmnﬁl rem Sﬂé %% th%q amtl I%ﬁe WTRUs

syst’ém c I'’ng Wi reless
iniplament tﬁmles&mrmlthcgdn‘drmuenay dieiziin ondWipkaccess (MC-
Oﬁﬁﬂbﬁg at least two antennas; and a base station
‘sing: a plurality of antennas, the nunber of the
base station antennas bei ng not Iess than t he nunber

t ennas .of any of the WRUs; nne estl nmat or
f or %@enegaf” irpjess CoRamMRICRRGY |s¥éf198’r ing joulti-user
viFR&e matiplOinpit a8 6B 518 Qusi@ MIMO),ahe mytstem cémpnisnfgs

o1 aPr e R A FP P SR REL B TS PRI (TG, St ara iy TRU

haighg gt 1daet ERoARCnHER; kbd. 12. The system of claim 10
wherei n the WIRUs perform ei genbeanform ng using the
chafriRases4gtipy COmMPrisimE: system of clai m 10 wherein the

WIRUs pefglaralifydéfSditennas, the number of the base station antennas
being not less than the number of antennas of any of the WTRUs;
a channel estimator for generating a channel matrix for the WTRUs;
and
a receiver for processing signals transmitted from the WT'RUs using

the channel matrix.

11. The system of claim 10 wherein the WIRUs perform transmit

precoding using the channel matrix.

12. The system of claim 10 wherein the WTRUs perform eigen-

beamforming using the channel matrix.

13. The system of claim 10 wherein the WTRUs perform transmit

diversity.

14. The system of claim 13 wherein the WTRUs perform at least one of
space time block coding (STBC) and space frequency block coding (SFBC).
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diversity. 14. The systemof claim 13 wherein the
WRUs performat | east one of space tine block coding

wQ@ 3BQ1081d space frequency bl ock codi ng ( SFBQrC/BES200e17227
system of claim 10 wherein at | east one of the
WRUssupports only one spatial streamand the rest of
the WIRUs support at |east two spatial streans. 16.
The system of claim 10 wherein the base station and
the WIRUs i npl enent single carrier frequency division
mul ti pl e access (SC-FDMA). 17. The system of claim 10
wherein the base station and the WIRUs i npl enent

or t Hégondthefsystpme atslain 10 svherein atlepstongof the WD pypports
. f ' I ' :
ordf g BB Y EOEEE rfd GleRelCot (R AR Sfiing oE It 8o spatial
stfeaagsiency division nultiple access (MCOFDMVA). 19. The
system of claim 10 wherein the WIRUs sel ectively
transmt the signals using one of a single stream M MO
and 1. mulThe sytstearof kldifh 1@ vheteinathe basetstation and the WTRUs

.1 npl enent i mul tiesuser vitt.ual L 14p1.e-]
g IPERR Sy SRRy R P8 oGl gREL EDMA.

transmt/receive units (WIRUs), at |east one WIRU

havi at,l east t nt ennas. the.base stat.ion

corrp]rni?si ?B‘.e %’s&‘flﬂ\rlgglcfatlv g¢ Wé*]?%\ﬁ‘ng%e?bﬁes‘iﬁﬁ% &P dotfhet‘N'eI‘RUs
infjflement at-thogondsdl feeasich elivigidninultésle dchess (ORDMWYber

of antennas of any of the WIRUs; a channel esti nator

for generating a channel matri.x for the WIRUs; and a

rec ejsvh er Thy sytanefeidith $0 g«tglrsixf théé&tH%ﬁahJJ&nﬂsuhl@gNTRUs
. the channel.matrix. 21. The, base station o i m20

BRePh TonLs Paia etk paona) froaginnsy ispity dubin deboss (MC-

OFDMA).s that are processed for transmt precedi ng by

the WIRUs using the channel matrix.22. The base

station of claim 20 wherein the receiver is configured

t 0 propcesihd dy8terh gNelhim 1D heréid the WEREBRGeledtively transmit the

ei gen- beanf orm n the WIR
signals using one of a s%g?g/ stream MIMO and a multi-stream MIMO.

20. A base station for implementing multi-user virtual multiple-input
- multiple-output (MIMO) for a plurality of wireless transmit/receive units
(WTRUs), at least one WTRU having at least two antennas, the base station
comprising:
a plurality of antennas, the number of the base station antennas being not
less than the number of antennas of any of the WTRUs;
a channel estimator for generating a channel matrix for the WTRUs; and
a receiver for processing signals from the WTRUs using the channel

matrix.

21. The base station of claim 20 wherein the receiver is configured to
process the signals that are processed for transmit precoding by the WTRUs

using the channel matrix.
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usi ng the channel matrix. 23. The base station of
claim20 wherein the receiver is configured to process

wo b@spenal s that are processed for transnit dPEBRUSI00Y017227
by the WIRUs. 24. The base station of claim23 wherein
the receiver is configured to process the signals that
are processed for at |east one of space tine bl ock
codi ng (STBC), space frequency bl ock codi ng (SFBC),
and cyclic delay diversity (CDD) by the WIRUs. 25. The
base station of claim20 wherein at |east one of the

WI'RUs Sldﬁports onlé one spatial stream and the rest of
t he 2ATRUS behasgrstatien pf glaim 20 wheegip the Jeeeivexsis copfigured to

profi&s MRS &sigh Als! WAt Ure Probdisdd fNEgEA behbffoRase; B @hk OWTRUS

I mpl ements single carrier frequency division nultiple
using theschiammel pprix. 27, The base station of claim 20

wherein the base station inplenents orthogonal

frequency division nultiple access (OFDVMA). 28. The

bas&3st atliherbase statipmop dajcdivherdin thgyeceiver isenfigured to

rbfIRL $HE Yghdll bhdt £ frofilss0d FHAPRRGhiH diSGHEG Wy tleWrHHDs.
P rr%ﬁgt [ gFe g}ccess (%%182% } © s

24. The base station of claim 23 wherein the receiver is configured to
process the signals that are processed for at least one of space time block coding
(STBC), space frequency block coding (SFBC), and cyclic delay diversity (CDD) by
the WTRUs.

25. The base station of claim 20 wherein at least one of the WTRUs
supports only one spatial stream and the rest of the WTRUSs support at least two

spatial streams.

26. The base station of claim 20 wherein the base station implements

single carrier frequency division multiple access (SC-FDMA).

27. The base station of claim 20 wherein the base station implements

orthogonal frequency division multiple access (OFDMA).

28. The base station of claim 20 wherein the base station implements

multi-carrier orthogonal frequency division multiple access (MC-OFDMA).
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