WD 2008/ 021008PCT/ US2007/ 017227 [ 0001] METHOD,

APPARATUS AND SYSTEM FOR | MPLEMENTI NG MULTI - USER

VI RTUAL MULTI PLE- I NPUT MULTI PLE- OQUTPUT [ 0002] FI ELD OF

| NVENTI ON [ 0003] The present invention is related to
wonrels@smogonmuni cati on systens. Mre parti cetwd2yo7/017227
the present invention is related to a nethod, an
apparatus, and a systemfor inplenmenting nulti-user
virtual nmultiple-input multiple-output (MM

techniques for wireless transmt/receive units (WRUs)
havi ng one or nore antennas. [0004] BACKGROUND [ 0005]1In
a conventional MEMO communi cation system both a
transmtter and a receiver enploy nultiple antennas
fooo1lt r an MEBHOD) AARARATED ANID SYWIEM MOR IMPEEMENTING
ant ennadULAHUSER § TRINUA I M IR AR INPHR\WMBPE.TIPLE-OUTPUT
est abl i shed between the transmtter and the receiver

grally, capacity apfeOFoNPRReI6N the systemare

m‘g@oved as the nunber of antennas, |ncreases.. .

[000%6] For The mem}anvqmn@lq relgted tpureirelags camptindention sgstems.
MbQX Baki QR Nh&@rés\éﬁé SehfidPiselifted ‘GG)a %etﬂm @n apparatus,
I ndi Vi dua \/&’ each V\7I'RU IS equ a _single

ik 2wt &rfwalﬁrﬁn&lns 'aw?fapl ﬁ@%gﬁﬂhﬂew@m
(mmi@h@mﬁhue@for &u&ls@rt&&@mng@uﬁe(ﬁ@) (WFRU#S)Ifaving one or
stati or schedul er, organi zes the coll aboration of
‘f‘%a&’re % WIRUs to transnit on the sanme sub-channel

or the 5130 by scheduling the tran sm ssion of the

However, in the GOAMRE! tﬂgqub virtual NEVI

[sy em a scherre or solution, 1s not provided for

(Y havIWWP@Wﬂ?éMW@cmtm? oGt oth & frgpamitter
add Mbﬂep@mg ih@Ripte LSteRh Vo eraaswgmaﬁcpfecepmn With
enenting V|rtual M MO f.or % gawngﬂ\{r\% §1
ra s artennas satléiplarieelesy chraes g gffabh rheF‘B?f*‘%
ﬁﬁhﬁﬁm«ér taﬁd ﬁ;em&éio& Gan&aﬂ;l?, &ipatitpind pértbranamys bfthe Sitem
erren rrul t virtual M MO techni ques for

9§°vﬁ eBH%‘ 8?° tgn%?tlgfﬁ’?giﬁes The system
[Do@8ludes ForbasdrtaahMIMO archrdquéd daplenpamded in a conventional

MIMO system involving two or more individual WTRUs, 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 WI'RUs. 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 WI'RUs having

one or more antennas. The system includes a base station and at least one
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-1- WRU 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
woaoesssens r ecei ved signals fromthe WIRUs basertuszooa17227
measur enent of the channel matrix. The WIRUs nay
performtransnmt pre coding, or eigen-beanform ng

usi ng the channel matrix information. The WIRUs may

al so performtransmt diversity. [0010] BRI EF

DESCRI PTI ON OF THE DRAWNGS [00111A nore detail ed

t andi he t had
g T e R e
Satiomys wit l@saﬂm‘h dmamhxber df@nteras at aoyl of txhecWﬂBUsc Chehase

ég‘ﬁhﬁn EOGR6S %@QHX&I%&&% tﬂgm oLﬁ%Qé's%%ﬂx%érs?gnjals

ows~a W reless conmuni catl on sys
fromitha WERRNDbasnd afRoreaunemegt pﬁ\ﬂ:emhanmlenamxe riPeesWITIRUs

g%éﬁ'@ﬁﬁ ﬁ'a%ﬁ]& Pri®dReCdien. &\éﬁﬁ%ﬁ&ﬁg u8Ag the channel matrix

31Figure 2 is a block di agram of base station

WWeﬁerm%r%ﬁh@@WffW ﬁ@nsxaoefs@mersmrvem i on.
(0014) DETAI LED DESCRI PTI ON OF THE PREFERRED

BRI ol 0gy » WG DrorbRREiaTod SuihAAMINGS (o user

[eqml prie Nt A fhdp dmﬂa@hndim&hamg@mheanﬁemmd ey bartoidifm the
I t
SRR Ll or oD BAARH e boREAY) el B SRDASmnle and to

s I'stan
kst yrwderstopdi mmonu}mmd evitl thecanoetbpanyifhg dpaviags M@lerenna

uoisﬁ' €SS RRVEL QUIBRE 2 Wikeiksk %Bﬁ&ﬂtﬁﬁlcattﬁnhs%fs@éﬁ F;len&éﬁ@mg

term noyégé base statlon i ncl udes but i's not I'imted
wigugl Md r VATRDp baging e gr anore antonnas 4n agrgrdance yith the
'ﬁésgmynmnmﬁh anpe of interfacing devi ce capabl e of
ating_.in a_wrel seV|ron 00
PRIt | orFieurS, 3olq Bablogk % batS SRt

a&cdrdancd\hahthmatdsestmvumixto use nore than one
spatial stream (i.e., an effective spatial channel).
More specifically, the present invention is ag plicabl e

P14 A BANSD DESGRIEFIONCHF THE SRETHRREDFHMBIY¥GNTS
[6&s FOMA Wil MR a8 &I‘Eé—ééf@é}w tlfé%x‘ﬂﬁﬁ@l‘&l\%r "WIrREY S des but is

di vision multiplex access transm.ssi on,

1ot Lipgited; to pagreauipresh({EN wwea%ﬁgﬁ%sw fixied ofymebile sybseraber
unif) NG Paget, 04 RBLIMQUG1PhYnbSE PdrSsHsE NGFithDRRINGnt (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



[0017] Figure 1 shows a wireless comruni cati on system
100 inplenenting virtual M MO for WIRUs 120a, 120b
having two or nore antennas in accordance with the
present invention. The system 100 includes a base
woabdsomodsl0 and a plurality of WIRUs 120a, IRfins20@17227
base station 110 includes a plurality of antennas. At

| east one of the WIRUs 120a, 120b includes a plurality
of antennas. It should be noted that Figure 1 shows

two (2) WIRUs 120a, 120b, each having two (2)

antennas, and a base st ation 110 having four (4)

t t ed .t hat
SRR s HBa AP, oD HID SRSt Y e
tvmw@aﬂmethmhnayn dsé ﬁrequmg heppihgon 110 may have any

.[g?l tﬁ[e gng“g'ﬂf n 1‘?%31g Sﬁ%&ﬂ% or greg{ %’Eeg%%%ing

vittualMEME} for m)mexf 120 émialgwmg taroyor ore entepnas ipjagepatlance
Mﬂﬁe ﬂl?egé’nt ,;h%%l Ly 7Y f@é‘:ﬁ 1@@ lﬁcmaég 4BhsecAAREN10 and a

bet ween WRUs 120a base station 110.
Rlurglidy %W&H&M%fﬂaﬁ% r@%wgdtwmbﬁl? prelndasd plyarlife of
AnB&ARRS €At | 1bARAdeY ofthd) WTRUEB! 1Hi0aUNR0b ib8udéd Plurality of

S e L e o e

eadliRavidgbes (Z)ﬁnwﬂxﬁ@,nﬁﬁl d e s&ﬂibh 1D BadinkZ0ar, (4)laHdbnnas as
Lnglud S) It hou“:fti1 % I’.edt tlix%ivgg (LiJ)S lbzo%f VJ'BRBS %?z}ys )Sf%mQXe

dotred ¢ireresin gure generates an
systernHl0, pud theWTHiUs Hoag h%@hmdsﬂbémﬁemmhél@am have any

melrgpaﬂ.&gnggd the WIRUs 120a, 120b. The effective
hannel matrix, Heft; fromthe VWTRUs 120a, 120b to
IQW@I base ThesymberiNo-) pEaniepnasat the bpgs ftatien 11448 eapp} tojor

ghdakér thabithe HddbOP N dflantenhhs oftihy onb 6f ﬁdﬂ@dﬁa Wl‘RUs 120a,
ti ,g]gh hannel, matrix b {)ween th f(l}’d t.h
120b4 sk e e A v Eharpelberson IRV = 1ftppndife

base stiidnal H). chamelelldﬁawu thatrnthse (fa@ﬂmt}h&f theOMIMO" ghasinel
.anten nﬁearlymﬁ:hth\éwRU ar&&jngmmtaggl\f ecei ve antennas of
m]n].m rXe

mcgszhses

[0019] For example, the base station 110 may 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 WTRUs 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,
Heg, from the WTRUSs 120a, 120b to the base station 110 is written as follows:

H, =[HH HIZJ; Equation (1)
HZX H22
where
H, = [h“ ha ] : Equation (2)
th h22

where H, is a multipath channel matrix between the i-th WIRU and the j-th

base station antenna group, and A1, A1z, k21, and A2z are channel coefficients for

the two transmit antennas of each WTRU and the two receive antennas of each
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base 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 WIRU. It should be noted that in Equations
woromnshof2), the exanple for two (2) antennascEts20d1817227
base station and the WIRU respectively was used.
However, any conbination of transmt and receive
antennas where at |east one of the WIRUs and the base
station has nore than one antenna may be consi dered.
The matri x di nensions for Equatlons (1) and (2) wll

Shafaes i e pehae SRS FAalES o pve o

chanhéldok xhylti-bﬁermmrmmmein@qnmmm(zﬁq e atrighM{MD chihnel
t t d H t
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tWo equi v
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L&Q&l nﬁg+v ‘qi%f (Q)nﬁxnﬁtlé@n &Qlaiﬂsﬂl atd e8fe MQ&J&S@M 8t ast

a ram of a base station 110 i n accordance

ometoﬁ they éN'ﬁRngemd thevkaseistationThas mese thew opegoteppa may be

cbRGHLAAS TRe RhdtER! did¥n §bn SRt B30AB0dL@) add G FANGLale with the
estimator 124, and a receiver 126. O her conventi onal

”é‘é‘l‘ﬁ%t?éﬁ?%enBPSPFFél base station 110 are not shown in
bozmpre 2 £ f@ﬁatﬁé.]rﬂﬂ-da&l tsyheqdrmeﬂsxa&ea Séalhrt ﬂfanlﬂal)carmiéﬂhlhjﬂﬁle
antenpas_t ha r_greafer than
0 TRanes! e ERvato > oo ) Riraf68h0L ' 150s
bei ng seryed b ,I;le ase station 110 vvlth the virtual
W, el

M MO sch #8>base station 110 i ncl udemation (3)
| east two (2) a The channel estimator 124

@6 n@qlﬁmama 1€837R ei<mts§étém£ oarevmmlsl@a awhdre0bachTBstem
recel ver 1 roc }‘fi“"%ﬂ‘fé Psll grg fromthe WI'RUs
cQBgLises| 3 g3 %Fs‘iqﬁ&”f’ R¥dPe FRAHALET AL [ ecei ver 126
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tﬂ@ ﬁ?&%gﬂ&ﬁild Q%Engwmﬂgtﬁ'e &%Qﬁsmi!;ﬁﬁﬁy"%e base station

enent transmt el gen- bear nf or mng, transmt
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D 0L R TR Ty LR Yo

béz&ﬁmxﬁxﬁifg' tmﬁasMRE!dScoﬂmg (exﬂm@ﬁaeumhbaﬁdﬂam nomeodsbatk-based),
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to reduced transm ssion power requirenments at the
WI'RU.

J—

),



100241Enbodi nents. [002511. A net hod for inplenmenting
multi-user virtual MMOin a wreless communication
system i ncluding a base station and a plurality of

WRUs wherein the base station includes a plurality of
wobtasnasos and at | east one of said WIRUs i ncharieso@ior7227
| east two antennas, the nunber of antennas of the base
station being not |ess than the nunber of antennas of
any of the WIRUs. [0026] 2. The nethod of enbodi nent 1
conprising the base station generating a channel

matrix for the WIRUS. 1002713. The net hod of embodi ment

r|S| t he ,base stat on .proces nggrecnl ed
°§fn3’ﬁg%%§°nfsr n{AeRe b U si ttﬁ amte "Jt“’gxor transmit
pré@@sdg) thk é)aﬁetsmmbrasnaynseadya dee@ugiosedrighaim rnatrix, 3i.e., V

J WRYsa , r 0 |
HREDE obratdl WoR udbhbalH dnk HABHLS sREROB) NndiEh dalue
depoxen%mrn@’m) or sipnilghepesation) tmfﬂt'BRHef The gystem capacity

20538 /Y zmsﬂﬁnléls highbbP6r MIIAOShteARAS hithe WTRU, (e.g., 2
[0030]6 The_nethod as_in_any one of enbodi nents 2-'5,

apftenngsiat the WHR 20, 1 t ransni t di versity.
06283 1] 7. HiendWTRUs edayeskl9 Guppott ofie swﬁmesftaeatxﬂ (1. VY hR\Wng

“Egbf orm at I eaiwsgﬂ%ex;ﬁ ﬁybf\ﬁg‘ﬁg} I@ﬁ%sld???é'ﬁ%’r‘ithfn one

s‘phﬁﬁhiti‘eaﬂi (i egdstvingmooé tHanendiRidhna ) yithtthisschgme,ibe base
?dé?d I i§ @({ﬂ lnge i?d;&blir}?dongar&d]t% swéﬂ%néamg erttuﬁtMIMO
due to the added virtual channel dimensions. Potential reduced inter-cell
interference is another benefit due to reduced transmission power requirements
at the WTRU. '

[0024] Embodiments.

[0025] 1. A method for implementing multi-user virtual MIMO in a

wireless communication system including a base station and a plurality of
WTRUs wherein the base station includes a plurality of antennas, and at least
one of said WT'RUs includes at least two .antennas, the number of antennas of the
base station beiné 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 WTRUs.

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

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

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

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

[0031) 7. The method of embodiment 6, wherein the WIRUSs perform at
least one of STBC, SFBC, and CDD.



[0033] 9. The nethod as in any one of enbodi nents 2-7,
wherein the base station and the WIRUs i npl enent

SC- FDVA. [ 0034]10. The nethod as in any one of

enbodi nents 2-7, wherein the base station and the

W Rids/o21008l enent OFDMVA. [ 0035] 11. The net hod ra3/us200301/7227
one of enbodinents 2-7, wherein the base station and
the WIRUs i npl enent MC- OFDVA. [ 0036] 12. A wirel ess
comuni cation systemfor inplenmenting nulti- user
virtual M MO [0037]13. The system of enbodi nent 12
conprising a plurality of WIRUs, at | east one WIRU

having at | ea two_ant ennas [0038) 14. .The system of,
Q0% ddi merf- 13%‘&‘8@?@95@5 ig apy el gmﬁbaﬁl,mmﬁei ﬁ“’rgeﬁ%m at
1688 @net dithe WTRUPBsuppértd oplyUdrid! dgayiad btrasdnediidathe rdebicof the
‘?ﬁgﬁfr of trr%g bagg St at'%?ﬂn ant ennas being not | ess
SRR A b F AR SE 8P Sany of the WIRUs.
[PORAI O] 15.9.The Thy shethnd his énboyl pneof enibodiinentsi 77 t wikerbasthe
' C ' : g r for generating a
b%%é#ﬁg{}nr?%tq&% ?orﬁ?%g&%ﬁs@g%%f% 16. The system
0934 rbodi Hent Ths m¢thed psin Ay preef embadinents ghpryhersingthe

HaSE Siatfoh #nd'thD WPERES iMpleMdR @ pimansnitted fromthe
usi ng the channel matri x. 0041! 17. The s%vsrt,em
m

VVTRUs
(92331 anyllone The mathedipfizhaay 95 of gnts 2 hevReFRagsthe
basé Efatishtand tBEWTRUS Gagichgnd MODRIMAChannel matri x.

[0036] 12. A wireless communication system for implementing multi-
user virtual MIMO.

[0037] 13. The system of embodiment 12 comprising a plurality of
WTRUS, at least one WTRU having at least two antennas.

[0038] 14. The system of embodiment 13 comprising a base station,

wherein the base station comprises a plurality of antennas, the number of the

base station antennas being not less than the number of antennas of any of the
WTRUSs.

[0039] 15. The system of embodiment 14 wherein the base station
comprises a channel estimator for generating a channel matrix for the WIT'RUs.
[0040] 16. The system of embodiment 15 wherein the base station

comprises a receiver for processing signals transmitted from the WT'RUs using

the channel matrix.

[0041] 17. The system 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
WTRUSs perform eigen-beamforming using the channel matrix.

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

{0044] 20. The system of embodiment 19, wherein the WTRUs perform

at least one of STBC and SFBC.



[0042] 18. The systemas in any one of enbodi nents
15-17, wherein the WIRUa perform ei gen- beanf orrai ng

usi ng the channel matrix. [0043]19. The systemas in
any one of enbodi nents 15-18, wherein the WIRUs
wendosnpwss ansmit diversity. [0044]20. The systrarse@fo17227
enbodi nent 19, wherein the WIRUs perform at | east one
of STBC and SFBC. WD 2008/ 021008PCT/ TJS2007/ 017227
[0045] 21. The systemas in any one of enbodi nents
13-20, wherein at |east one of the WIRUs supports only
one spatial streamand the rest of the WI'RUs support

east fwo at i st reans. The
Bhasl o0 S ik eman 6 uhy ozt of G Gimpat 15 S fotieren at
ledsatonerof ahel WNRUY\ERpBorts1phlynmetspatiaF BiyBam 1:0(dAthle2@st dinthe
mas in,an ne of odlments 13- 21, wherein the
‘%@Iéjess%‘%m“% tPHgs ﬁ%smamlserrent OFDVA. 10048124,
(P46l syst 38. as 'thswtymcaseneﬁyem«@f@mmdtmemslaﬁl whened the

Hal& sRERG aShdhk WrRDE ihpfendhRde-FBM AL TNt MC- OFDIVIA.

[0047] 23. The system asin any one of embodiments 13-21, wherein the
base station and the WTRUSs implement OFDMA. .

[0048] 24. The system as in any one of embodiments 13-21, wherein the
base station and the WTRUs implement MC-OFDMA.

{0049] 25. The system as in any one of embodiments 13-24, wherein the
WTRUSs selectively transmit the signals using one of a single stream MIMO and
a multi-stream MIMO.

[0050] 26. Abase station for implementing multi-user virtual MIMO for
a plurality of WTRUSs wherein at least one WTRU has at least two antennas.
[0051] 27. The base station 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 WI'RUs.

[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

WTRUs 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. The base 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 xnents
13-24, wherein the WIRUs selectively transmt the

signal s using one of a single stream M MO and a

mul ti-stream M MO. [ 0050] 26. A base station for
wopbmments ng nul ti-user virtual M MO for a pames2007pi17227
of WIRUs 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

of antennas of any of the WIRUs. [0052] 28. The base

ion of, e di.nment, 27 ¢ isin channel . .
BT 1o or3% o1 A apastafhn 2 BRkadinfeh B2 PEORE the receiver s
coiified tp @PockL the Signalsdbet ateapiooessed farmiddastame STBC,

ri S for processing signals fromthe
%%g?bdnﬁsﬁg%t}{}tggc aﬁgcse] matri x. [0054] 30. The base

[695381i on o¥4- enBbe basetation aginany ane ofembediments 27-33, wherein

af'%@msit QHE BEHOWRROGSR DS o§rﬁ%elsaaéinagtr&mam DEERILEE the

or transmt precoding b e WIRUs usi ng the channel
WERMis,gupperh 55]e3st tMhepahed 67627 RE1 on as in any one of
[e08ppdi Mengss ﬁ%@_@ase\/ﬂﬂﬁi@ie&ihhﬁy bmeﬂﬂbd%%m@zﬂ-iagwmein
0, process t Si t are processed for
t@?@%&%ﬁﬁ?fbm ﬁ‘eggsaéé Us using the channel
[0@a0]i x. [3BO56]Babaskxeatiasss is hay bweofesbodingemys 27184,0fherein
di . 29- 31 ki the receiver is configured
tggg%eoﬁgéé%@e%eaﬁs;\@gb%t are processed for transmt
[e061ér si t BToy ThebayEmtation asin any one of embodiments 27-34, wherein
the base station implements MC-OFDMA.
[0062] Although the features and elements of the present invention are
described in the preferred embodiments in particular combinations, each feature

or element can be used alone without the other features and elements of the

preferred embodiments or in various combinations with or without other 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.

-8-



WD 2008/ 021008PCT/ US2007/ 017227 [ 0057] 33. The base
station of enbodi nent 32, wherein the receiver is
configured to process the signals that are processed
for at |east one of STBC, SFBC, and CDD by the WRUs.
WwO0QaBh340s The base station as in any one of PCTAS2007/017227
enbodi nents 27-33, wherein at |east one of the WIRUs
supports only one spatial streamand the rest of the
WRUs support at |east two spatial streanms. [0059] 35.
The base station as in any one of enbodi nents 27- 34,
wherei n the base station inplenents SC- FDVA. [0060]36.

base gtation as_in nbodi
QPEIC; R bRicabis BBt BAE B R RE By o pfement
dﬁaﬁﬂﬁmmmxmahmoﬁmaswﬂnwaﬁyn@wemhﬁsewnmmmanWﬁqthMTRU)

%%?%%E\#E (LR e, Bl oPRIGHTFAG nlt ek il (RNC),or
tcomw@irt i She IVERFemey| hpeusednin penjpnediony with modules,

&fpmﬂé&emaﬁ hlaRdWpaYet mxagom;bl ARhiLNS carfdl) af B@ddéLnera
or. el enent. can be used al gne wit hout t he ot her

editier 8sVidRPIIPEmEN PReAETRAMR e e VT RIECR SRSHS: T PLRISE @

rhidrophioh&Us teléﬂ‘hidiﬁtﬁaﬂeéewuﬂ A Bdndsl frB® Headidich Iﬁ@abmeSa
e nt,s, of the Bresen The..net hod

PSS PRl 1 FrpGH Bn ey P s P RitoR iRy patal

dlsmksemﬂﬁ)eﬂsplaw anit cpargenic ighgemitting didded Ob LMD display unit,

b
SRRk A ef e BRARER o o ERRDHl-GEr RERIR A nternet
browgar: and/or any mrsbeslmal mﬁxmﬁk <%1FL@5}1@9€1@19 readabl e
storage nedi unms % ncl ude a read only nesory (ROV), a
random access nenory (RAM, a register, cache nenory,
sem conductor nmenory devi ces, magnetic nedia such as

i nternal hard di sks and renovabl e di sks,

magnet o- opti cal nedia, and optical nedia such as

CD- ROM di sks, and digital versatile disks (DVDs).

[ 0063] Sui tabl e processors include, by way of exanple,

a general purpose processor, a special purpose
processor, a conventional processor, a digital signa
processor (DSP), a plurality of mcroprocessors, one

Oor nore mcroprocessors in association with a DSP

core, a controller, a naicrocontroller, Application
Specific Integrated Crcuits (ASICs), Field
Progranmmabl e Gate Arrays (FPGAs) circuits, any other
type of integrated circuit (1C), and/or a state

machi ne.



WD 20081021008PCT1US20071017227 [ 0064] A processor in
association wth software may be used to inplenent a
radi o frequency transceiver for use in a wreless
transmt receive unit (WRU), user equi pnent CUE)
term nal, base station, radio network controller
(RNC), or any host conputer. The WIRU may be used in
conjunction with nodul es, inplenmented in hardware
and/ or software, such as a canera, a video canera
nodul e, a vi deophone, a speakerphone, a vibration
device, a speaker, a mcropame. a television
transcei ver, a hands free headset, a keyboard, a

wWHaUgt by fs) nodule, a frequency nodul ated (FM radio
uﬁrtf a Péquid crystal display (LCD) display unit, an

e hight-emtting di OLED) - di spl it
137 928 o b LS I pe-oup
(MIM@Etompribitee, an | nternet browser, and/or any

wirel ess | ocal area network (W.AN) nodule. CLAIMS
Wiat is 3ocHEg a subgroup of base pgHon atenngp (e fsht ¢lrigplurality of
mul iyt biS &l tratbniid e iviilntil igput mul ti pl e- out put

(NIN[? conﬁ%isingsl hgpgﬁﬁgggting a subgroup of base
stati on agenematinga multgathhchafined maknin fak each WIRWE r el ess

transmt/recej.ve ' WRUs).:. generating a [t h
channel - rstrru s MM ghapel e BENEEHRshef o Fie PR anc
chanthelbasettttion hatmeetomptisngate ultipat WhkhE rAfecés®r each
basewﬁ, don antennas conprising the nultipath channe

mat r ;8¢ each WRU; and processing received

signals f : j MRS i

2 The: mi Ras B ST A s ERup gl he VHRLE 120 the YEMO Ehamel
i s poattigr med using the M MO channel matrix. 3. The

nmet hod of claim | wherein eigen-beanformng is

performed using the M MO channel natri x.

2. The method of claim 1 wherein a transmit preceding is performed using the
MIMO channel matrix.

3. The method of claim | wherein eigen-beamforming is performed using the
MIMO channel matrix.

4. The method of claim 1 wherein transmit diversity processing is performed.

5. The method of claim 4 wherein at least one of space time block coding (STBC),

space frequency block coding (SFBC), and cyclic delay diversity (CDD) is performed.

6. The method of claim 1 wherein single carrier frequency division multiple access
(SC-FDMA) is implemented.
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4. The nmethod of claim 1l wherein transmt diversity
processing is performed. 5. The nethod of claim4
wherein at | east one of space tine bl ock coding
(STBC), space frequency bl ock coding (SFBC), and
cyclic delay diversity (CDD) is perforned. 6. The
nmet hod of claim 1 wherein single carrier frequency

di vision nmultiple access (SC-FDMA) is inplenented.

7. The nmethod of claim1 wherein orthogonal frequency
di vision multiple access (OFDMA) is inplenented.

7.The TR hegho@Tof Glath M WhiVeRI GiHdobRHI tffeqﬁé}fc&:d%ﬁsﬁﬁ hﬁ@ﬁaﬁ@%&cess
frequency division nultiple access
(QF@Q@WTH“@ A base station for inplementing
mul ti-user virtual multiple-input nmultiple- output
(MM)) for a plurality of wireless transm Ureceive
8.uni t $h¢ Withdsd) of then kiame&trﬁtriudxhcarﬁafpbiﬂsdg@gal ﬁequencyI Idivision
aI it n ant nnas; a controller
mﬁi&pe&ﬁcf’ gMCngﬁéﬁ@H Fugied-he base station antennas
to each of a plurality of WRUs; a channel

esti rrat or for generating a nmultipath channel matrix
9.f or Adhese \WRKon fandmglementing maulti-uservDriwhla mudiplevinppt xnultiple-

o RN TAr Prlly RSN Rk 3R AVARIBE g pose

sta;mlwoM]Sﬁkjngand a transceiver for transmtting
and receivin qg%rgal s . to and fromthe WIRUs using the
M MO chaﬁﬁ’é‘i‘ gse statign afigMNasase station of claim9

wher ei N tah@nirb R F6r8d11684tingS B8R0l UF € bhe dtdtidh @ARMhas to each

of a plurality of WTRUs;

a channel estimator for generating a multipath channel matrix for each
WTRU, and generating a MIMO channel matrix between antennas of the
WTRUs and the base station antennas comprising the multipath channel
matrices for each WTRU; and

a transceiver for transmitting and receiving signals to and from the
WTRUSs using the MIMO channel matrix.

10.  The base station of claim 9 wherein the transceiver is configured to implement

transmit precoding using the MIMO channel matrix.

11. The base station of claim 9 wherein the transceiver is configured to perform

eigen-beamforming using the MIMO channel matrix.

12. The base station of claim 9 wherein the transceiver is configured to perform

transmit diversity processing.
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transmt precoding using the M MO channel matrix. 11.
The base station of claim9 wherein the transceiver is
configured to perform ei gen-beanform ng using the M MO
channel matrix. 12. The base station of claim?9
wherein the transceiver is configured to perform
transmt diversity processing. 13. The base station
of claim 12 wherein the transceiver is configured to
performat |east one of space tinme block coding
(STBC), space frequency bl ock coding (SFBC), and

1%y Cl Tie iRk stvtieh ¥L&18it V2 (hb¥ein the Mnscg-lk}@r i @§1@ﬁg§ir@li ﬂo%rt@fm at
claim9 wherein the transceiver inplenments sin

leasironp off spacdfirenblpckicodisg &ﬁTBrG),tsmeefrWé@syS lecéccqﬂDm@FBC)
argd?ca/cl-f@&e@a lgelﬁ-pf‘é 195 of claim9 wherein the

nscel nen s orthogonal frequency division
mul ti ple access (OFDMA). 16. The base station of
| enent s

laim9 wherein th ce
1 RS RIAloR it & P e eAoes A S Blemenis i carier
fréfuefSsdit Men G access (SC- FDMA).

15.  The base station of claim 9 wherein the transceiver implements orthogonal

frequency division multiple access (OFDMA).

16.  The base station of claim 9 wherein the transceiver implements multi-carrier

orthogonal frequency division multiple access (MC-OFDMA).
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