METHOD AND APPARATUS FOR SELECTI ON OF VI RTUAL ANTENNAS d ai m of
Priority under 35 U S.C. 119 [1] The present application clains
priority tavpreviosimnal U S. Application Serial No. 60/ 3tQ/iken32860
entitled "A METHOD OF SELECTI VE- PSEUDO RANDOM VI RTUAL ANTENNA
PERMUTATI ON, " filed August 22, 2005, and Serial No. 60/711, 144,
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Application No. 11/261,823, entitled "METHOD AND APPARATUS FOR
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the transmitter may transmit T symbols simultaneously from the T transmit antennas to
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[004] The transmission from each transmit antenna causes interference to the
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SUMVARY 1007] Techni ques for transmtting data fromvirtual antennas

i nstead of physical antennas are described herein. A physical antenna
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[008] In an aspect, the performance of different sets of at least bne virtual antenna
is evaluated, and the set of virtnal antenna(s) with the best performance is selected for
use. Performance may be quantified by various metrics such as signal quality,
throughput, overall rate, and so on, In an embodiment, multiple hypotheses are
evaluated based on at least one metric. Each hypothesis corresponds to a different set of
at least one virtual antenna. The hypothesis with the best performance (e.g., the highest
signal quality, throughput, or overall rate) is selected from among all of the hypotheses
evaluated. If the virtual antenna selection is performed by the receiver, then channel
state information for the selected virtual antenna(s) may be sent to the transmitter. The
channel state information may convey various types of information such as the selected

virtual antenna(s), the signal quality or rate(s) for the selected virtual antenna(s), one or



[ 14] FIGS. 4A and 4B show two exenpl ary transm ssions fromvirtual
antennas. [15] FIG 5 shows virtual antenna selection for four

virtual antegb@sodpid] FIG 6 shows an exanpl e of V"ater?fcir}dshdbgfnﬂﬁ r
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antennas. [0191FIG 9 shows a process to transmt data from virtual

ant ennas. . ratus to transmt data from.
vi rtual ant%ﬁ%]a%ﬂ‘%ﬁ%%ﬁ%%\@% %%Fe lmfa; ﬁteﬁ?égmﬂrgdgq'%&e tgngmiteg
used her ei nandé®r neaivet mey uierie sedectad wivtabphtenma(s) Sralaearanefission.
illustration.. Any..embodi ment o sl.gn described herein as .
"exenpl ary" {al[}gg not ¥ AeLBSERFI §m{ %mdﬁ@lrg?m%f’fﬁi‘@dm%mﬁ? dfecfgsgigpegyin further
advant ageoudtaMedovat her enbodi ments or designs. [22] FIG 1 shows a
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1s not necessarily to be construed as preferred or advantageous over other embodiments
or designs.

1022] FIG. 1 shows a block diagram of an embodiment of a transmitter 110 and a
receiver 150 in a communication system 100. Transmitter 110 is equipped with
multiple (T) antennas, and receiver 150 is equipped with multiple (R) antennas. Each
transmit antenna and each receive antenma may be a physical antenna or an antenna
array. For downlink (or forward link) transmission, transmitter 110 may be part of, and
may contain some or all of the finctionality of, a base station, an access point, a Node
B, and/or some other network entity. Receiver 150 may be part of, and may contain

some or all of the functionality of, a mobile station, a user terminal, a user equipment,



[ 0241At receiver 150, R antennas. 152a through 152r receive the T
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an RX spat gﬁ& processor. 136, and further processed (e.g.,
& nterl eavdd?Hnd RLHIEEF B30 dh anienadsgiian ithiguelr d52sworivd 38 Tanoddaser
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the time dURE]l n WReteiBC-BDMAay tvaldf@Reitafu®l cBRAESSSIMOmal 2Qg el

transmtte tfransnmt one, or re output synbols sinultaneous
Statd B formiation 10 %ransn:utter 116}) Tﬁe chameel statey information may indicate, e. g},/ a

specific set of at least one virtual antenna to use for transmission, one or more matrices



WO 2007/ 024913PCT/ US2006/ 032860 6 synmbol nay be a nodul ati on synbol
for OFDM a frequency-domai n synbol for SCFDVA, or sone ot her conpl ex

val ue. The woansmdier may transnmt the output synbols g ias[4s
transm ssion schenes. [30] In an enbodi nent, the transmtter

processes the output synbols for transnfssion, as fol lows: x(k) TJ
P(k) G 1(7c) ,Eq (1) where s(k)--,[s1l(k) s2(k) st)k)]T s a Voxla
vect or cont,gk#i I e et 90 .subcani rdJ<!n
synbol peri 1%5@ 'tdéﬂ)ini{ tgéj %/Q%dygg% r?%‘ieh?n%é%’r ?I>§<e %onrll(%)rg i an%r lfaf%get ges E’ou_rse
the V out pufer épaweibson, Bigup! feality To\ihpeseleuitd tviran] matenias)f acknsvixdamneier

k, 12u2uT] 4 I r rix = Ix1 (K 2 (It)xr(k)]T
is a Txl l/ecé%&%) %%ogintﬁ%g roéﬂgéﬁengsym%} %OB pﬁé‘%seﬁ?cc’%?‘i) tr% I‘JPT
transnmit antS@nméer dppsublt arfoinettiohf of ranﬁrtﬁzrﬁayﬁmeﬂl tﬁﬁééﬂﬁd,Th@n&a% state
denotes a transpose, For sinplicity e _description herein assunes
that the ax}légé‘ag“%‘o%ﬁe?mBer“eéig@rﬁ-’eF@H@# WPy ed rindeBEdil srapped) SHYAIEY .
Equat i on ( Jjguating processer S0Deinileprokessddi®y & TRNpAHAIREcHRY 1@&%9]%591& e
same processing for each subcarrier used for transmssion. [31] T1is

the number BPCFIEnShFRSHtEnIEE, 157 throgpls d S¢mio aenerde Rofmodhietedadignals,
ant ennas avgibiale @b ot fiaAREnARMBBMmIWILR 132,c0l ums ul through uT of

the orthonoimal matrix U The virtual antennas may al so be called
ef fective dAt@nnasAbhransidentd Oothdk modnlated oigngly ard/rdcsivedby nuteires 168a

outpUL Sy ThelS gLt oEle o ULLRBSINE Y OB SR SHDERLEHThc R

transni ssi gRX spaiiapiesssdr, 136, and: ferthmr prdctyse®Ye.g., déintarjeabed andcdrobdegyblal e

paranet er tfatgamy, b sro%%sglpiféjtoalsecg%% Ghd ?ﬁa%naesltgf\év'mformaﬁon. A controller/
processor 140 controls the data transmission to receiver 150 based on the chammel state
information. A channel processor 144 may estimate the response of the MIMO channel
from receiver 150 to transmitter 110 and may provide pertinent information used for
data transmission to receiver 150, |
[027] Controllers/processors 140 and 190 control the operation at transmitter 110
and receiver 150, respectively. Memories 142 and 192 store data and program codes for
transmiiter 110 and receiver 150, respectively.
[028] The techniques described herein may be used for various wireless
communication systems such as a Frequency Division Multiple Access (FDMA)
system, a Code Division Multiple Access (CDMA) system, a Time Division Multiple
Access (TDMA) system, a Spatial Division Multiple Access (SDMA) system, an
Orthogonal FDMA (OFDMA) system, a Single-Carrier FDMA (SC-FDMA) system,
and so on. An OFDMA system utilizes Orthogonal Frequency Division Multiplexing
(OFDM). OFDM and SC-FDMA partition the overall system bandwidth into multiple
(K) orthogonal subcarriers, which are also called tones, bins, and so on. Each subcarrier
may be modulated with data. In general, modulation symbols are sent in the frequency

domain with OFDM and in the time domain with SC-FDMA.

1. Transmitter Processing

[029] The transmitter may transmit one or more output symbols simultaneously

from the T transmit antennas on each subcarrier in each symbol period. Bach output



[ 32] Al'though not shown in equation (1), the transmtter nmay enpl oy
cyclic delay diversity to inprove frequency selectivity of the

virtual antggh@sxafey€lic delay diversity may be inpl e”e'ik%%s(z&%m%]ﬁs
the frequency domain by applying a different phase ranp across the 0K

subcarriers of each transmt antenna or6(2) in the time domain by
applying 7 T different cyclic delays for the T transmt antennas.
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and the gai n matgix=rpwpRe @defiyned as: G..-1=P 1 , W IC - Eq ﬁﬁg
where | is the identity mairix and Pt, is the maxi numtransnit po 2
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transmt power may be used for each output synbol if fewer output
synbol s are bei ng serbesentgngubrerics fisoeiersembel periad, t ot al transmit

b Qi : ) . di I but ed h
out put Symbol o 3" To Nl MR ERKuleRhE wll BEORT BT oo

out put synbol s. he pernu ion na

virtual antennasp(9tis ¥ TSP® Pofrh@afc@l S fRfsubdari suse for subcarrier k
from anong the T available virtual antennas. The pernutation matrix

may be defined i¥=fay mgus wyhineTs T ashcheaaslidhad: bel ow. The sane or
different pernmutation matrices nmay be used for the | C subcarriers.
x(k) =[x,(k) x,(k) ... x,()]" is a T'x1 vector containing T transmit symbols

to be sent from the T transmit antenmas on subcarrier & in one symbol
period, and

“T» Jenotes a franspose.

For simplicity, the description herein assumes that the average power of each element
si(k) in vector s(k) is unity. Equation (1) is for one subcarrier . The transmitter may
perform the same processing for each subcarrier used for transmissior.

[031] T is the number of transmit antennas. T is also the number of virtual
antermas available for use and formed with T columns u, through u; of the
orthonormal matrix U. The virtual antennas may also be called effective antennas or
by some other terminology. V is the number of output symbols being sent
simultaneously on one subcarrier in one symbol period. V is also the number of virtual
antennas used for transmission. In general, 1<V <min{T, R}. V may be a
configurable parameter that may be selected as described below.

[032] Although not shown in equation (1), the transmitter may employ cyclic delay
diversity to improve frequency selectivity of the virtual antenmas. Cyclic delay diversity
may be implemented (1) in the frequency domain by applying a different phase ranip

across the K. subcarriers of each transmit antenna or (2) in the time domain by applying



[ 35] The orthonor nal matrix Uis characterized by the property UH
U=I, where UTf is the conjugate transpose of U The T colums of U
are orthogepghboot@q@ne anot her, and each columm has unit boog gn
enbodi ment, U is defined such that the sum of the squar gg%r%%gnﬁlnjto%g@
of the T entries in each rowis equal tb6 a constant value. This
property results in equal transmt power being used for all T
transnit ant Qinast cWollBYcISHr B LL s Mg that, Ls ot
characterized by thgopr o?)gjl;tyr. 0 Fg%ﬂénagaéteﬁ%% _ﬁor[séjéﬁ’h%’r b flgscription
or t honor mal bedgttisden tha pxrbedimenivhewiiryeduetians(@ i witbodteyetic debry\diverdial

ant ennas. | n enpodi nment TXT Wl sh damard matrix Wis used for
U. I'n anot h[g? enbg% e(rj?lfel%?n gl?‘%%%%ﬂﬂ"é&ﬁ#%ﬂﬁﬁ ARy of Bruswit power
yet anot herto use for each of the V output symbols bei t si 8 Loent.. U
is formed as U., A -F, where g\pi ssylg %“s a%%%gn %%%lﬁmﬁeogglﬁ’t%?%%%&ﬁ@mm’
scal i ng val'fie 8¥pgratiihds fefipsdssush trt timofotadranphie pokenBy Mier def T matkras
A diag {1 ehdeREs udd MCLEmIont - e rangdo ases. t hat
change the spati al directions ﬁIelp%(’%&éegs B@Thgﬁémg%ﬁ %}aﬁﬂg’ug%ﬁ%’.(’?sﬁq‘?:‘wm’
anot her entiédimgtdless of iy winof Hondnmal empddinuntitichions etalome: AKkRMIs
el ements. Vakd, |ces may.also pbe used for U [37] In an
enbodi ment, a 12:?125?;3@%1}; %ﬁr}éﬂruﬁga aCFr"é%/PTex‘? u&’é"t @?@FI?’ gpd ﬁfel g4 miatix may
subcarri er $eidafimdd assynbol periods. In this enbodinent, Uis not a
unction of subcarrier index Ic or synmbol index-12. In another

enbodi nent, differ (IJ—QH honormal matrices are used for different

subcarriers. |ngyet her enbodi ment, different orthonornal B
matrices are used fo¥ & fTérent sets of subcarriers that may be 1(2)
assigned to different users. In yet another enbodi nent, different

orthonormal .matyi.ces.are used for different tine intervals, where
Fe %éﬁ E%%“@B’W‘Hﬁé‘ﬂ%& AU PIsK By FRRIipReWe der. cabln trymstit

each tine i“ﬁht er

anot her enp@hde tauRH€ 0T . tric are selected for
use from anong a sqeuta_ of (Zgrats ﬁ%{rlegf%%ﬁ%%? P%légﬁg{/ea?ﬁegﬁ?l}@ﬁwsﬁg’é %W?ls ‘
general , d&TRCHRENphigher maymiieoweamsyve tsed fusiatigo@pe: soRbBIIE &wer output

orthonornalyrﬁgglg' . that..the receiver.is able to estinate the
channel ressp_onsehﬁgo}le%u %ér%lt't ﬁ]eo%ﬂ %?bogﬁﬁe éhe Wéﬁéﬁﬁ%ﬁm‘é@tmﬁb‘éﬂﬁ%
recover t hanidertdy sentevendy tyaibuesdetiosy the V{c38iut &medis.hononnal  mat ri x

rd matrix or a Fourier matri may be sel ected

(e.g., a / Ha%%{a ]g)g

for use wi t koW Reggatagen fpalin  ROG) GeleptanWespeeifis parise. andemnas (or V
ort honor ma M fdTRY o8 be_sel ect ed. based on know edge of the
MEN 10 cha%ﬁlel rées ponsgﬁgﬁgmﬁﬁ@e {%ﬁéiﬁécﬁﬁmrrz‘f gP‘F“eﬂn‘PPfg ts h appibablsdyinel
mat ri x. Thentpiasodiheeiiifatidn FRYDRaS Bk receiver. and.

i ndi cat eﬁn% the, t ra%)sm' t_ta(;rIl or my :d%g S%Fg%![ g%v%{/b%? ﬁ’ga ‘F‘rg’n%srf?etg'fréqﬁdi n
a TDD co ﬁp‘é’a& P%ﬁﬁl%%,grtdét{:ﬁrent permutation matrices may be used for the K subcarriers.

[035] ~ The orthonormal matrix U is characterized by the property U U=1,

where U” is the conjugate transpose of U. The T columns of U are orthogonal to one
another, and each column has unit power. In an embodiment, U is defined such that
the sum of the squared magnitude of the T enfries in each row is equal to a constant
value. This property results in equal transmit power being used for all T transmit
antennas. U may also be a unitary matrix that is characterized by the property
U U=U-U"=I.

[036] Various orthonormal and unitary matrices may be used to form the virtual
antennes. In an embodiment, a TxT Walsh/Hadamard matrix W is used for U. In

another embodiment, a TxT Fourier matrix F is used for U. In et another



[39] FIG 2 shows an enbodi ment of TX spatial processor 130, which
perforns the processing shown in equation (1). TX spatial processor
130 i ncl udggg aypp@¥8fz scaling unit 210, a synmbol-to-virt ‘
mappi ng unit 220, and a spatial mapping unit 230. Wt hi E’%{f’n@?‘;"g’%%(”\/
mul tipliers 212a through 212v receive Voutput synbols sl (k) through
sv(k), respectively, in vector s(k), multrply these output synbols

wth gains gj.t g Ve respectively, .in gain trix G, .and provide
V scal ed sy%%%nglg%uﬁt ?sp Ter (2 a%i‘%é 4'@3@%" éﬂ‘/a%gf’ﬁﬁ)ﬁrﬁli‘t% chgpyyng T
mul ti plicatdcamdSs [40 n e d'%g; sho i I 2,
each scal ed csy ol ﬁJlkégs f%ptggdrft %W%Sng%cgit tr]%? gnt r%?ia%\;ll\%ﬁkin?ézf%yﬁvas

virtual ant anndisg gl e¥'hr 0eidh Yawviahe debect-ed, fPr1 Uss, Hht QRABMPRG.Ls
avai l abl e virtual antennas 1 througFl T, where al, §y2, ...,av ?1ass ) &E'

} oo Unit 22¢hangecthesfetiaMireotidisplepicet dy (M oo)un2d2d B hEOpg BnotBe? embEdigiRnt,
mul tipl exer_ 222 receives the V scaled synbols fromnultipliers 212a

t hrough 212¥ %98 ophenpraakmana vith nshuslovazdom ddmeytabbbsowtotlicr matrisepmby
wul ti pl exer% 22a %g}:ﬁﬂgh 222v performthe matrix multiplication with
the T x V pErmit'He trix P(k) and provide V mapped symbol s sai

k) through K) 1.f lected virtual ant d T - Vnyll
Syhbol st nal s Vet B oalpds Bl GGl BRROB R s el R
symbol ey daBoABEResalt &bl biias. Wi thisWalhodiiEnNaSs ét%&h&&&g%%%a@er

mul tiplies each mapped synmbol with a respective colum o rix
and gener atiggexgl eegymbol index that asyfid enbodinieht, 28erémokiielesmM matrices are

mul tiplier hr ough .232v_for. the V virtual antennas and T
sunmmer s 236%9{1 flf?ltz) gé‘ﬁer% &u%?%rperghehﬁ.yﬁtr ﬁl?fglf‘ﬁrt erpRaTHES E%‘éﬁlt Rifengmaky
set 232 i nchatdes afe wadl forpliffats s2R4f fidtartibe ﬂaaTlﬁa@a;@%_Ba'i,cT&nea% @i@f@%ﬁgr usthe

mapped sy | sai (k) for virtu antenna al _is nultiplied wit _
el ement s 239138? ﬁrfﬂ%b% a?lq%ﬁ IRk dgilfggerg})prqumma} prefees arp3mad foriGergt time
234at to generalsewlereVeash GneWntebval nRl QBRNbSe o BEREIS. H%g:? ;
indicate this_mapped synbol's corrpongn S forort heﬁfFet?@l}ls 'lelgidﬁt ehﬁrygts

The mapped &§hHoPrpetimeste 1Pnp etfamatenethanprurd | mafricesnag seiscrvd| i phé dtm -
Wi th a respgfinb ¥ |oHH&1&ﬁl&HnEﬁc&%ﬁ[a?ie$oﬁuu%é§?ﬁ géne;ﬁ,r%%ahagltg pﬁﬁfﬁ%@%

synbol . Sunmer 236a suns the outputs o pFiers 4
234va and JERERHESHSE ARG A ey v bnormbl( foptricer suchahstnthe réRivenitaabls io

Each renai niag output of a respective set of V
nul tipliers 23821t§an3 énelﬁegfegﬁéeﬂs;gg&{ég%gﬁﬁﬁ%%WF ﬂ?eo‘f%aﬁei c§mpHsirpcover
ant enna. SubmdatasseB3®dhd keceiugh 236t provide T transnit synbols x1 (k)
t hrough x.r, in yector x(k) for the T trapsmt antennas.

Mul tiplier 46@4 an gmfjééﬁﬁ%mpé?g'o? m”ﬁ@%’fﬂﬁi@mﬁ‘i}ﬁﬁ BiFioBmaringatrix)
Wi th matrimdy. be fd@dted\Fors iamrithéut Flnowledee @2GHe TRRARERYAN QherofseS €Ay
from one vi r%ual ntenna but fromall T transmt antennas. VoVELt 6Fs

are obt ai nSH Ml Rattx My plse bgelseted hased arelppededsy mfdhe MIMQ hienye]
sel ected Vigshbrak aﬁ@hﬂ?ﬂ@eﬁ-beﬁ%ﬁﬁd% ééﬁxgx&fgﬁin%rn‘?atﬁﬁd?ge éﬁ%c Nerate the
S e

transmt synbol vector x(k) [ _34. F ows a fnod 73
transni ssi SR SEeFehBY Hievseeiby andundivated lthe tiXsifat oainap beedssar byl 82

at the trangmdtikt8hin LqeaeH ¥ t synbol vector s(k) WO
007, 2401 e b e Y T Y T br and symbol

period. W {#% TXHGalishbwprpembstimedt3d, T30 eyseinl Hroadskdtd 30MNvhick b forms
G

mul tiplies NUt ol vector.s with the gain matrix )
ol - t oyt TP HRE ShAUTEE cqtiEhol.> ) shiref etobrisde 15 dncledsh adpover
synbol vecsatingithih 2t fe gyerholtativos difhid ¥afiiky 1@@@2@%%8%?@ ?naggfﬁgl
vector conta d1ggf\/,[(ﬁurrnal_‘g)rﬁg%1 syrbot,s to be sent over the V se ect

vi rtual anfnélhg%s A 044 G Toultipliers 2425 trayeh @il 3 secdivd V Spmitisgmbols
mappi n ni | &ihi4 - yector with th .
or L hongr ol Gp e vt B SRt PR s B ARl onllul Pty visy

The transnpdinsyniedughass essp¥diioblyl $n bhiRRSME @ dadd 81%\1}&36\7 Ecglécﬁgfmrgoﬁs.
Multipliers 212a through 212v perform the matrix multiplication G -s(k).



[044] The received synbols at the receiver may be expressed as: r(k) =
11(k) x(k) + n(k) , = FI(k) T.1 P(k) s(k) + 11(k) , I | virawa
(k) Z(k) v 2mbMdaors j 1(1c) , =Huse (k) s(k) + n(k) , BaraRooshsde
li(k) is an Rx T actual MENLO channel response matrix for subcarrier
k, yirlrzal (k) is an Rx T virtual MRPO channel response matrix for
subcanier k, Il used (k) is an R x V used MEMO channel response

trix f arrij : ' : ntakni ng R
ecel ved symbol o f ot rpbdinlht WA s, 2, U6 S80S R R Doty 1o que
synbol per i GEual #atgny iy uis224h R vietie! aotses vetirophfogrars sdeasdr betseRam

sinplicity, ' may.,be ,assumed, t o addi tive white Gaussian

noim;e (Am%%t’ﬂ%aﬁglélr 0 rreag a\?%%ﬁrthfgfgi’ COV: r‘i’iaﬁﬁ'%gfggﬁx-\zaﬁ}t' ngl@}

=cr"2 -1, Viverifcifie®Sy hiutiiers 682 Plhrdudf 208 SBach 169&

and used M MD_channel regg%ﬁsgmrr%?.rl ces ngg ge grven %s._ T ?F?Cr?a’(%

=Hyt rt ual ( kt}le |¥( Rc)aled@yr,nbols from multipliers 212a through 212v and provides one of the V
scaled symbols at its output. Multiplexers 222a through 222v perform the matrix

multiplication with the T x V permutation matrix P(k) and provide V mapped symbols
s, (k) through s, (k) for the V selected virtual antennas and T~V null symbols that

are discarded. In other embodiments, a scaled output symbol may be mapped to
multiple virtual antennas.

[041] Unit 230 multiplies each mapped symbol with a respective column of matrix
U and generates a vector for that symbol. Unit 230 includes V multiplier sets 232a
through 232v for the V virtual antennas and T summers 236a through 236t for the T
fransmit antennas. Each multiplier set 232 includes T multipliers 234 for the. T transmit
antermas. The mapped symbol 5, (k) for virtual antenna @; is multiplied with T
elements of column u, inmatrix U by T multipliers 234aa through 234at to generate a
vector with T elements. These T elements indicate this mapped symbol’s components
for the T transmit antennas. The mapped symbol for each remaining virtual antenna is
multiplied with a respective column of U to generate a vector for that mapped symbol.
Summer 236a sums the outputs of V multipliers 234aa through 234va and gencrates
transmit symbol x, (k) for transmit antenna 1. Each remaining suramer 236 sums the
output of a respective set of V multiplieré 234 and generates a transmit symbol for its
fransmit antenma. Summers 236a through 236t provide T transmit symbols x, (k)
through x, (icj in vector x(k) for the T transmit antennas. Multipliers 234 and
summers 236 perform the matrix multiplication with matrix U

[042] As shown in FIG. 2, each mapped symbol is sent from one virtual antenna
but from all T transmit anfennas. V vectors are obtained for the transmission of the V
mapped symbols on the V selected virtual antennas, These V vectors are added to
generate the transmit symbol vector x(k).

[043] FIG. 3 shows a model 300 for the {ransmission scheme given by equation
(1). TX spatial processor 130 at the transmitter receives the output symbol vector s(k)



= [Il(k)'uo,"gl IMD .u., g2 II(k).11." gvl]Eq (5) where u, for t = 1,
T, is the t-th colum of U for the t-th available virtual antenna, y
n0, for Vv 32007024904 .+ 1S the colum of U for the v-th ysedyirtual,
anterma, diag {g} = {g, g2 gv} are the gains of V data Streans sen
fromthe V used virtual antennas, and ,11(0 c112 ... MI}. [46] The
T transmt antennas are associated with T actual channel response
vectors hl( LRMah vAl Lrt.ual ante s are .
associ at ed f\?\f%arﬁﬂ'ls' Vi rtega d?ﬁ%ﬁ’%é?&@s@%@%s (?%%jlrpgo%e&&o.r H?&,Rowﬁﬁ@mg
(k) ti, witrZd0gh(iglies i dutput ufmboiGackr ¥ES tiith ¥ igaih ik 10 . isymbeaed
with the entire actual MEMO channel response matrix 1{(k). [47] As
shown in edd3Ha oFfiUAs HARPIRG (Ynlt #1207 eepliiplies| Ge ®aled syimboliaiecWEWD: the

channel Wt luitidd Makix B SRR S e/ 0 | t he orthononnal trix
U. A used I\;HIEEI\/D channgflx?gcf or ng%ieg%}‘gstig‘?\q/ ‘}\%mio?ﬁ%nm%lﬁtgxlﬁ%%pe ﬁ&’fl@%"
used for trereni & dr. VEbkectwiivirhpl kel an®@ T 1¥(Hn WrikbiUtResis00ied,
change t he ttatlstlcallelﬁ)r%@ertl_es of 11(k) . Hence, the actual MNO
channel Et(qi’)“%}ﬁﬂappﬁ’@ {ir Y P lipigsdhe RemRGrd symbrl vertaravigh fhielcathonormal
per f or MancenapioWeal gerdeles b irhfnlic & ' al of ofuld
utilization of the t5tal transmt p%\%ﬁ@?%&t&g%&%qthgﬁ%g% Sgﬁ?o«%ﬁﬁ%{gr.
The peak tre(f} s tranmoited Fodd the aCHarsi@i 1S nhastMl SRNEMIBIO B8nH8NeH %ﬁth@ga
Pt", and the total transmt power for the T transmt antennas nmay be
denot ed as Tecerve.aptennasiaf thy repgivstit synmbol s are transmitted fromV
transmt anppfpnas et it L4 ' | U _then each transmt
ant enna thgt‘ﬁ?s turr?ed of?%&ﬁ?%ﬂstﬁ?%}éc%h% 1£rJz;bn‘c“‘ss fesi?g\ﬁé'r Pt, for that
transmt antenna bei ng wasted. However, if V output synbols are
transmtted from® vH(Mak(xnweenas with nultiplication with U then
each out put synbol is sent fromall T transmt antennas, the full
transmt power Pr, fggﬂ(]\gaghpgy)agsmcj+gnct enna may be used regardl ess
of the nunber of virtual" antennas sel 'e'ct)e(’j for us; and the tot a}EﬁLP)
transmt power P |otaly fof.: Tt ,t antennas may be distributed
across the V virtual antt %%?édfc)@%(@%ﬁ For the transni ssion schene
shown in equation (Ly z‘%‘q!)RS% ;[ngg MO systemis effectively reduced to
an R x V MEVI O systent %e“(t%aﬁ i‘tter appears as if it has V
virtual antennas rather than T transmt antennas, where 1:5. V T.
where H(k) isan R xT actual MIMO channel response matyix for subcarrier k,

H,; (k) is an R x T virtual MIMO channel response matrix for subcarrier k,
I, (k) isan RxV used MIMO channel response matrix for subcarrier k,
r(k) is an Rx1 vector containing R received symbols from the R receive

antennas on subcarrier k in one symbol period, and

n(k) is an R x1 noise vector for subcarrier k.

For simplicity, the noise may be assumed fo be additive white Gaussian noise (AWGN)
with a zero mean vector and a covariance matrix of n(k)=o? -1, where o’ is the
variance of the noise.

[045] The virtual and used MIMO channel response matrices may be given as;

Ew‘rﬂml (k) = E(k) ) E »

Eq @
=[H(k)-w, H) u, .. H(k) u;] , 0



[49] The transmitter may transmt V data streans on V sel ected
virtual antennas. The V selected virtual antennas nmay be associ ated
w th diffevamtooshgosl qualities and may have different GRaREMSHON
capacities. In an enbodi nent, each data streamis sent froma
respective virtual antenna. A suitabl e fate may be selected for each
data stream based on the transm ssion capacity of the virtual antenna
used for that data girea I her enbodi nent, each data streamis
et Bl

sent across all ect ntennas to achieve simlar
perforniance for all V d@ﬁl)strea f a singl ubcarrl er is E4()
avai l abl e for transm ssi tl‘r"ler?1 d!at Frstr $d ssent from
the V selected virtual antennas in di fferent synbol per| ods. |If

mul tipl e subgls rf efs (are_ayail neahdata
stream may be sedt frond thea{/ %te)ljltgc{’ uaI %@&Hﬁ@f”g @F@F%t

subcarriers. |1f wachrdati. sy pane éoimﬁ@ﬂf Uf foP el ﬂhuyTé‘g\)‘tgﬁtaﬁgnﬂd rtual

antennas, then a Single rate may be selecCted for ata streans

based on the aveliaQEit+ &Nsl SSHQNarE Yorf\ath RE I
antennas. [50] FIG 4A sﬁg:)pmss%\ﬁ aern‘oo i masnc% ofat ra%%ﬁﬁ%?ﬁgﬁq%vd}#{g

streans fromtwo V|rﬂubﬂalmnansna@d In this enbodi nent, four virtual
antennas are av IabI e, t antenpnas 2 and 4 are sel ected for
use, and virtual an{l‘enna%“ g gﬁd“s ‘aM8f not used. The output symbols
for data streaml are sent fromvirtual antenna 2 on all K

subcarri er dM6the dChepEt trapmifobgerines attapasosipted awitl Tametusie thanfidlOfsponse

i rtual Ky ' . 51] . In th nbod t
Shown i n- P og B by ol e Mwlm%ew?aiee@?@%@ﬁmw

subcarri er si@anRd l'i%)él f ol LQws; 01 for 7c
=1, K. Eq (6) ¢ Eaiﬁ‘%?%’s‘vgi?&%ﬁs’nhfﬂﬂf‘%kﬁw%%f }’Tf? @’Eq‘ve*dr'f%s @s“to

one avai | alfaeh véctdrUa) ,‘,‘,QOIE)eﬁﬁﬁmne@ﬂﬁﬂ%@ Bn&ela M?&cﬁqnﬁﬁe‘f%ﬁé Bl

to one data stream For each virtual antenna
transmi ssi df(k)t he correspondi ng row of P(k) contains all zeros. For

each
[047] As shown in equation (4) and illustrated in FIG. 3, a virtual MIMO channel

with T virtual antennas is formed with the orthonormal matrix U. A used MIMO
channel is formed by the V virtual antennas that are used for transmission. The
muliiplication of H(k) with U does not change the statistical propertics of H(b).
Hence, the actual MIMO channel H(%) and the virtual MIMO channel H, 0 (£) have
similar performance. However, the multiplication with U allows for full utilization of
the total transmit power for all T transmit antenmas. The peak transmit power for each
transmit antenna may be denoted as Py, and the total transmit power for the T transmit
antennas may be denoted as F,,,, =T-F,. If V output symbols are transmitted from \'
transmit antennas- without multiplication with U, then each transmit antenna that is
tuned off results in the transmit power P, for that transmit antenna being wasted,
However, if V output symbols are transmitted from V virtual antennas with
multiplication with U, then each output symbol is sent from all T transmit antennas, the

full transmit power P, for each transmit antenna may be used regardless of the number
of virtual antennas selected for nse, and the total transmit power P,y for all T {ransmit

antennas may be distributed across the V virtual antennas.



13 data stream the correspondi ng colum of P(k) contains an entry of
1" for the virtual antenna used for that data stream [52] FIG 4B

shows an eRp@dighBib:of transmtting three data streans ‘iﬁ‘fﬂs‘i@%:}ﬁem
across the K subcarriers of three virtual antennas. In t

enbodi nent, four virtual antennas are &¢ail able, vi rtual antennas 1,
3 and 4 are selected for use, and virtual antenna 2 is not used. The

t put synb for sent from.virtual 1 on
cuboar 11 or soil 47" B RRR R BB KR Ch 8, 5E0F MR Sl
8, ..., andskfetivelyredmbd nireRnav MI00 systar Thetssahitted apShars as if it TRV
oht put sy of . t ot he t WO dg%la streans are al so sent

across the s%ﬁ%%lﬁaiségg e $pany Frmfsﬂ?l RIDRpR #eg Mg Visuld  ant ennas, as
shown in FI049]4B. ThoBdnshiittdrhgayerddosiiedita SHQWR dnv F&I@tecflglrm%lg%tenﬂis

RASE T NN R G A B N
may have dlfferent transmussion capacities. In an embodiment, each data stream is sent
from a respective virtual anfenna. A suitable rate may be selected for each data stream
based on the transmission capacity of the virtual antenma used for that data stream. In
another embodiment, each data stream is sent across all V selected virtual antennas fo
achieve similar performance for all V data streams. Ifa single subcarrier is available for
transmission, then eacﬁ data siream may be sent from the V selected virtual antennas in
different symbol periods. If multiple subcarriers are available for transmission, then
cach data stream may be sent from the V selected virtual antennas on different
subcarriers. If each data stream is sent from all V selected virtual antennas, then a
single rate may be selected for all V data streams based on the average transmission
capacity for the V selected virtual antennas. _

[050] FIG. 4A shows an embodiment of transmitting two data streams from two
virtnal antennas. In this embodiment, four virtual antennas are available, virfual
antennas 2 and 4 are selected for use, and virtual antennas 1 and 3 are not used. The
output symbols for data stream 1 are sent from virtual antenna 2 on all K subcarriers.
The output symbols for data stream 2 are sent from virtual antenna 4 on all K
subcarriers. _

[051] In the embodiment shown in FIG. 4A, a single permutation matrix may be

used for all K subcarriers and may be defined as follows:

, fork=1.,K. Eq (6)

= O O O

Each row of permutation matrix P(%) cotresponds to one available virtnal antenna, and
each column of P(%) corresponds to one data stream. For each virtual antenna that is

not used for transmission, the corresponding row of P(k) contains all zeros. For each
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Data streams 1, 2 and 3 are associated with colums 1, ,
respectively, of each pernutation matrix For each data stream the
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Data streams 1, 2 and 3 are associated with colummns 1, 2 and 3, respectively, of each
permutation matrix. For each data stream, the virtual antenna used for the data stream is
indicated by an entry of 1’ in the row cmresponding.to the virtual antenna. As shown
in FIG. 4B and indicated by equation (7), each data stream hops from one selected
virtual antenna to the next selected virtual antenna across the K. subcarriers and wraps
around to.the first selected virtual antenna upon reaching the last selected virtual
antenna.

[054] FIGS. 4A and 4B show specific embodiments of mapping data streams to
virtual antennas. In general, any number of data streams may be sent from any number
of virtual antennas, The data streams may be mapped to the selected virtual antennas in
a deterministic manner (e.g., cyclically or sequentially using full possible permutations)
or a pseudo-random manner based on a pseudo-random mumber (PN) sequence that is
known to both the transmitter and receiver, A given data stream may be mapped to all
selected virfual antennas using any stream permutation or mapin'ng scheme, one

example of which is shown in FIG. 4RB.



where Q k)= [Mused (k) Hused (k)' Jr* Effused (k) Mised (k) = [diag
{ Qk) }1-1, and D'," (k) = [diag Iff""d (k). Mised (k)}]- 1 In
equat i ons (‘}%2@91924()]]30) D'," ,"(k) and D (k) are V x V g L/n 2860
matri ces of scaling val ues used to obtain normalized estl rrat 88
out put synbols. [56] The receiver may lgerform detection as foIIovvs.
ki k) Mk) rRy=s(k)+ii(k) ,Eq (11) where Mk) is a V xR spati al

fllter matrlxt@ @@éf&ePMesﬁ My. (k) or Marc C7') , S(k) is a
V x|l vector W|th es, and n(k) is a vector of noise
after the ctio The recei.ver n an estimte of
11 (K), H,, S (kJ)Bh %Flé{; SEk‘SanB‘éssﬂ%Fe%ﬁnaie Pes {1 Loy he raiRut

t he transmiyh:éabls sEm:rbystﬂlmianﬁmttyr Thee des&ionREdhaRubeiBlule 8 SSUIBS Ran
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11 (k) or |iSHF¥y %TOT(@W@F& W0\in 280 BRPINE NGl T, tegéiauee de fpsimatastio

then deri va:oMHﬁinﬁ’a&ﬁ@CP Nedini @k)aélfio'é Eﬁb@es\ﬁv@eirﬁ&fe?&cg' 5&11‘6%]%&11:1011 {s1C)

ant ennas. di mensi on of MKk) i II_gen dent on the nu
vi rtual ants CudE T$a5HVer Feabi SieTiee p prtiallberayattis basedtdnrhe 8EVISE, BF ko

are esti matgRCAbcHiRe WPy SynDol s in s(k) . [058] The receiver may
perform detection as shown i n equation (11) for each

-uM_mrnse (k) = Dmm.\’e (k) : {Hﬁed (k) : -.H_.u.red (k) + G: _;{-]—-1 ) Eﬁed (k) ¥ EC{ (8)
M (k) = [Hoypeg () - H o0 (6)] - Hip (k) , and Eq (9)
Mmrc (k) = erc (k) ’ Eﬁed (k) » Eq (10)

WhBl'e __Q_(]C) = [_E_{:.'Hsed (k) ' Eused (k) + O-u ’ I]_l used (k) ==used (k)
D, (k) =[diag {Q(%)}1™, and

D, (k) =[diag { H, (k) HL.; (£)}]7.

In equations (8) and (10), D,,,,,(¥) and D,, (k) are VxV diagonal matrices of scaling
values used to obtain normalized estimates of the output symbols.

1056] The receiver may perform detection as follows:
§(k) = M) - x (k) = s(k) +1i(%) , : Eq (11)

where M(%) isa VxR spatial filter matrix that may be M, (), M (k) or M, (%),

8(k) isa Vx1 vector with V symbol estimates, and

1(k) is a vector of noise after the detection.

[057] The receiver may obtain an estimate of H(k), H,,,. (k) and/or H,_, (k)
based on a pilot received from the transmitter. For simplicity, the description herein
assumes no channel estimation error. The receiver may derive H....(k) based on H(%)
or M, (k) and the known U, P(k) and G. The receiver may then derive M(k)
based on H,,,(k) for the V selected virtual antennas. The dimension of M(k) is



subcarrier k in each synbol period 12 to obtain synbol estimates for
t hat subcarrier and synbol period. The receiver may demap the synbol

estinmates f ) carriers and synbol periods into Sti& noi./ﬂsz 0
manner corrpv?(grzr@h)'tﬂé"r%%bto t he synbol -to-virtual antenna nmappling 6y ? e

transmtter. The receiver may then prodéss (e.g., denpdul ate, _
dei nterl eave, and decode) the streans of synbol estimates to obtain

decoded dat . 91The.qual ity of the.synbol estimtes is
dependent o%p'?r&fggﬁgﬁ e%% %gﬂl ted g’f“ﬁiﬂ%@ﬂ%ﬁsb’ﬁseg_ IF@E%F’\?%?I}- | Te symbol
general , sigtimhtesitab(it) yrosymbies B bhthh@gmBY1s$h g%! -to-noise ratio

(SNR), signal-to-ngise-and-interference ratio (SINR), _ _ _
ener gy- per - 5ol - T msper mayinsripms /disptiomps sbovoin efortionl @) for, cafi t

[060] The SN T e KBRS E R X bl Gl R e booprey 2ng
gv(k) for smbol pqupﬁEqT}(ellz%ivanhfyec;?‘;dap(tk?( syriﬁbdl{eﬁtémgﬁlgﬁg:‘aﬂgﬁgiﬁierris é11r1d ‘
R O T RERT & E e
techni que malenbemexping byeik @sismiilde) The fatelokr Biad thchQhrodbsshig,, enfetlufat3)
deinterleave, and decode) the streams of symbol estimates to obtain decoded data
streams.
[059] The quality of the symbol estimates is dependent on the detection technique
used by the receiver. In general, signal quality may be quaniified by signal-to-noise
ratio (SNR), signal-to-noise-and-interference ratio (SINR), energy-per-symbol-to-noise
ratio (Bs/No), and so on. For clarity, SNR is used to represent signal quality in the
description below,

[060] The SNR for the MMSE technique may be expressed as:

__q,(%)

] - 2
T (0= 10,069

for v=1,...,T, Eq (12)

where ¢, (k) is the v-th diagonal clement of Q(k) for subcarrier &, and

Y wmse,» (/) 18 the SNR of subcarrier % of virtual antenna v with MMSE detection.

[061] The SNR for the ZF technique may be expressed as:

Yoy ()= for v=1,..., T, Eq (13)

r()-oy
where 7,(k) is the v-th diagonal element of diag {[HT (k) H,.0e (0)]7'} for subcarrier

k, and

¥, (k) is the SNR of subearrier & of virtual antenna v with ZF detection

Equations (12) and (13) assume that the average power of each element of the transmit
symbol vector s(k) is unity. The SNRs for other detection techniques are known in the

art and not described herein.



where Tu(k) is the v-th diagonal elenent of diag {L11"H'd (k).211lu"d
(k)]-11 for subcanier k, and yzo, (k) is the SNIP. of subcarrier k of
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decoded datdﬁc‘gi‘faéi?‘fai dreg@piErife smomapey perfamdthycthp dransreititinioq disis Gteeam
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which the data streamis recovered, anount o
i nt er f er end®&PELE fasiogntm obrinelntesicrcecosenedeits duatethis tagas. The receiver

general , SNR. Suf.0 treans recovered in.later stages. .
because thB%Hntg%@é?eﬁlge{?%gﬁ&n&ﬁgtCé)g]%’f) PELE P ?/é?CgH’e?nSyﬁ’rlﬁo g%toﬁﬁ‘gs
i s cancel ednodifids revsiyedisimboki ghercaclasaiseiienh 8tays efle foteitd & rotatRs the

streams recoyv iLn_later stages. 65] In an aspect, the
per f or mancgﬁ)oo I%%F ?eé¥eedﬁ y@@fssﬁg? ﬁj&?r‘?%f 9 §ri8e Hmemagnga s Be dat sage jo
i s eval uat eeboaardbnlietasetargf virtual antenna(s) with the best

performance,is selected r use. Performance may be quantified by
vari ous meﬁ?%ﬁs lFe %S@OGFFHFQ%U%EP PR ¢lesagh decgfi) data steavn ishdpendent on

overal | rai®), thanfkes@o Rechiiife (¢ 51 WRSBNZPIRARE) G6Ld 87 dB%:DS, (2) the
performed in yarious manners.
specilic stage in which the data stream is recovered, and (3) the amount of interference
due to data streams recovered in later stages. In general, SNR improves for data
streams recovered in later stages because the interference from data streams recovered
in prior stages is canceled. This may allow higher rates to be used for the data streams
recovered in later stages.
[065] In an aspect, the performance of different sets or combinations of virtual
antenna(s) is evaluated and the set of virtual antenna(s) with the best performance is
selected for use. Performance may be quantified by various metrics such as signal

quality (e.g., SNR), throughput, overall rate, and so on. The virtual antenna selection

may be performed in various manners.



17 [66] In an enbodinent, all possible sets of one or nore virtual
antennas are eval uated. Each possible virtual antenna set is also

referred t othesis. There are 2' -1 total hypotheses for
avai l abl e \?Y(?? ] ﬂgﬁtennas - one hypothesis for T vi rtugk1 Qﬁf@ﬁﬂ%’rgo

hypot heses for T 1 virtual antennas, dfid so on, and T hypot heses for

one virtual antenna. M hypot heses may be eval uated, where M= 21- -1
otheS|s in, for in =1,

if all poss' 51€ hyﬁo&pe are aloqS I—%g
M is for dem frcoset o?‘ veﬂ"t af %{1 efial’s 1% RR{TIGTS Vigho PRIGTES 3en
The M hy potdrvehleisd aBecH pwssiwdvﬂ'ﬁlﬁr@fbﬁmé/sét tidigko RIS é%t}ﬁ?oth&@g ] A&

an enbodi nent, performance I's determ ned with uniformdistribution of
the total tAarfsmlt tcﬁ@m}élfpo‘é@ﬁ?ﬁs@ft%éV%]ébledtné@alwntemueﬂ amc éxyptahemd:fur 42
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power may be distri but ed”as foI orv
P, (k) is tfmeoman'snhanqammer Mmypsthémeama@rbd(e@ﬁua‘#ddr twtitke quﬁﬂq ¥ AID

h th t t al ta t t
P =L Bt RS B ket e Besiter 8 & T Whvis PuRpecific e
ant ennas, adeir®ACihtatinalsy Blat RWENOPas £, A08 ﬂﬁqﬁﬂh&gé e for I&Qirl]f[fe\{entllrﬁlal

al | ocat ed transmt power Pm for each virtua ntenna'1's
uni formy dP&PRE 5t ed across the K subcarriers of that vi rtual

t P, joémnd ' |
ant onnas. | Aot o e BEER pirRim ke DT bl P tiekleion of
ant enna(s) hntosdfrapsmit gpwemddress dbestlactednsmial apomes, Fond lapbtheiheih Vv

virtual antv‘ﬁ%?%ntennas, where 1<V <T, the total transmit power may be distributed as

follows:

B, ) =tte

VK’ forved

R Eq (1 5)

where P, (k) is the transmit power for subcarrier % of virtual antenna v in hypothesis
m. In equation (15), the total data transmit power Fow =T-F, is uniformly distributed
across the V virtual antennas, and each virtual antenna is allocated P, =T-P /V. The

allocated transmit power P,, for each virtual antenna is then uniformly distributed

across the K subcarriers of that virtual antenna. Py, and P, (k) are latger for

hypotheses with fewer virtual antennas. Equation (15) also indicates that only the
virtual antenna(s) in set 4,, are allocated transmit power, and all other virtual antennas
are allocated zero transmit power (except for possible allocation for pilot transmissions).
[068] For each hypothesis m, the SNR of each subcarrier of each virtual antenna in
the hypothesis may be computed, e.g,, as shown in equations (12) through (14). It
should be noted that ¢,(k) and r (%) are dependent on the power P, (k) used to

compute H,.,(k). Therefore, the SNR is dependent on the number of virtual antennas
in the hypothesis and is larger if the hypothesis has fewer virtual antennas because of

the larger P, (k).

[069] In an embodiment, performance is quentified by average SNR, which may
be computed as follows:



are allocated zero transmt power (except for possible allocation for
pil ot transm ssions). [68] For each hypothesis in, the SNR of each

subcani er lytual antenna in the hypothesis nmay ) %&,
e.g., as sﬁ{ég\g&?ﬂz%gjations (12) through (14). It shoul d]%%"e[%gﬁ?@%z

that q), (k) and 11, (7c) are dependent o8 the power 1,,., (k) used to
compute 11(k) . Therefore, the SNR is dependent on the nunber of
virtual antennas in the hgpot hesis and is larger if the hypothesis
has fewer virtuagNant ea bzaggm{f _ E@e, larger pm(/c).  [69] E{I,Elloﬁg
an enbodi nent, perfof meié&Ki &Zafmnti f"'ed by average SNR, which na
conmputed as fol lows: WO 2007/ 024913PCT/ US2006/ 032860 18 SNR avg EE
v4, k=1 NR', Kk Eq 31_6 where SNR', (k) is the SNR of subcarrier
Jr of virtu¥Per n%]gﬁm,a(k i3 the Boeabeasrigrd of yivthalboaenng y'in hipotiidsis m, and

othesis in. SNR', (k) and SNRan,", are in units of
g\éer age SNR for M%m ?s the average SNR fo(r h%fpothesis m.

SNR,,, (k) and SNR are in units of dB.

avg, m
[070] In another embodiment, performance is quantified by throughput, which is
also referred to as spectral efficiency, capacity, and so on. The throughput for
hypothesis m may be determined based on an unconstrained capacily function, as

- follows:

TP, = 3. Y log,[1+y, (K, Eq (17)

v=d, k=1

where y,., (k) is the SNR of subcarrier & of virtual antenna v in hypothesis m, and

TP, is the throughput for hypothesis »1.

In equation (17), y,,,(k) is in linear units, and the throughput of each subcarrier of each
virtual antenna is given as log, 1+ Yun(k)]. The throughput for all subcarriers of all

virtual antennas in hypothesis m is accumulated to obtain the averall throughput for the
hypothesis. The unconstrained capacity function in equation (17) assumes that data can
be reliably transmitted at the capacity of the MIMO channel.

[071] ~ The throughput for hypothesis m may also be determined based on a

constrained capacity fimction, as follows:

K
TP = Z Z log, [1+0-7,., (01, Eq (18)

w=d4. k=1

where @ is a penalty factor used to account for various factors such as modulation
scheme, coding scheme, code rate, packet size, channel estimation errors, and so on.
Throughput may also be computed based on other capacity functions.

[072] In yet another embodiment, performance is quantified by an overall rate.
The system may support a set of rates. Bach rate may be associated with a specific

coding and modulation scheme, a specific code rate, a specific spectral efficiency, and a



[ 70] In anot her enbodi nent, performance is quantified by throughput,
which is also referred to as spectral efficiency, capacity, and so

on. The thr g HHHEME:{); hypot hesis in may be determ ned %ﬁrﬁu%gc%m%@m

unconstrai ned “capaci function, as follows: = E E | 0og2 _
",,Vv(k)] v=4" k=1 Eq (17) where 7" (k) %% the SNR of subcarrier k of
virtual antenna v in hypothesis in, and TP", is the throughput for

hypot hesi s e | ts, and the

t hr oughput lgg% ,%marrl(er?q%lfedé ﬁ\??’??Jﬁ‘Tgeﬁlﬁ g]n?l‘ép‘? HAYEn S 1%

| 0g2 [1+ y.piFhet drior eatgRER). fRor eaihlhy@ame?ﬁzl @fe%e Qfay@bhel&dtéd ﬂw@:e?ch virtual

antennas in othesi.s i ac ted to obtain the overa

t hr oughput %%B‘F tﬂ"egésis@a%d%ﬁ’emﬁﬁ g%ﬁé@r%ﬁﬁ’é‘@”& apsa \he gate slentionn
equati on (hﬁhyasp&r@ﬁze&hﬁ&andaéﬁaﬁ@& be reliably transmtted at the

capacity of e M LVIO chanpel [71] The throughput for hypothesis
in my al sol? g' det EPTiRRIResEs el %@Vﬁr%nﬁﬁﬁdpﬁé%ec@@mﬁqdyfdfmshlmWI

as foll ows: miferdaa Bs k993 1+ Q y(k)] , A" k =1 Eq (18)
1 K
SNR avg mw =E Z mv(k) ? for VEAm’ Eq (19)

where SNR,,, ,, , is the average SNR for virtual antenna v in hypothesis 2.

[074] An effective SNR for each virtual antenna may also be computed as follows:

SNR&E[‘, ny — SNRavg, "y _SNRBO, mpy 2 forve Am H Eq (20)

where SNRy, ., is a backoff factor for virtual antenna v in hypothesis m, and

SNR 7 ,,, 18 the effective SNR for virtual antenna v in hypothesis .

The backoff factor may be used to account for variability in SNRs across the K

subcarriers of virtual antenna v and may be set as SNR, . =K o;mm »» Where

crfm, my 18 the variance of the SNRs for virtual antenna v and K, is a constant. The

backoff factor may also be used to account for other factors such as, e.g., the coding and

modulation used for'virtual antenna v, the current PER, and so on.

[075] An equivalent SNR for each virtual antenna may also be computed as follows:
1 & .
B =52 2 log, [1+0-7,, ()], and Eq (21a)
k=1
SNR,,, , =101og,, | 2! |
eqmy =1010g, 0 R forved,, Eq (21b)

where 7Py, is the average throughput for each subcarrier of virtual antenna v in

hypothesis m, and

SNR,, , is the equivalent SNR for virtual antenna v in hypothesis s,



where Qis a penalty factor used to account for various factors such
as nodul ation scherre codi ng schene, code rate, packet size, channel

estimation w5505 P%nd so on. Throughput may al so be com&gh&%&%ﬁg%

on other capacity functions. [72] In yet another enbodi
performance is quantified by an overal I2kate. The system may support
a set of rates. Each rate may be associated with a specific coding

and nodul at f e Ly a | fi.c spectr

ef ficiency, gﬁéﬁ ﬁ% %%%@? ut%!ﬁ J‘i%ﬁ&#ﬁéﬂ %%fﬁ%%ign?d? (?nct%e SNRs
m ni mum SNRforeguik eﬁdbttsgrégs.hl eqmhant(ﬁﬂ‘%egvleﬁ\ee?: Snli{nmg fprggx{fg@(r:rg]; ﬁgee%ge
1% packet e eac ypo

se(l) gct ed fofﬁ&fghé&ﬁﬁ oart %Egﬁ)na in the hypothesis based on the SNRs
for that vifo7gpl arspeOna. , Therrate ogegpgt i on R de el %[Egg%lrﬁlay be

various manners. [73] For hypotfiesis vi *"8n average SNR

conmput ed f 0p1oemicdh tov bk tabid efiates 38rshileaired SNRENRAY tholup tabfe may Hen
IS the average

' - K =1 V\:h SNRavg, ", ,,,
SR for v DioSHEe di e ot Aehi DA SSrechor sach ! daieoinf She palesiehIRe
for each vi for ufllvidi @AfREna¥EY habRResREn gﬂ’agﬂiét &‘émﬁﬁlafe@l th %\9&1%§%‘%$%ﬂfaﬁ e

=avg, tnyWnpo,for v.E A""Eq (20) wher ,M.,, 1S a 900
fac'?or fgr {?’FP YRPfResSi¥-enna v in hypothesis in, and SNRefft" is the

effective SR7for whidahcARbFaRE bY qhihtRLB YA Sndifls, and this is within the

scope of the prcseﬁt invention. M mefric values are obtained for M hypotheses that are

evaluated. These metric values may be for average SNR, throughput, overall rate, and
so on. The hypothesis with the best metric value (e.g., the highest average SNR, the
highest throughput, or the highest overall rate) among the M hypotheses may be
identified. The set of virtual antenna(s) for the hypothesis with the best metric value
may be selected for use.
[078] FIG. 5 shows virtnal antenna selection for a case with four available virtual
antennas. With T =4, there are 2" ~1=15 total hypotheses that are denoted as
hypotheses 1 through 15. Four hypotheses 1 through 4 are for one virtual antenna, six
hypotheses 5 through 10 are for two virtual antennas, four hypotheses 11 through 14 are
' for three virtual antennas, and one hypothesis 15 is for four virtual antennas. The set of
virtual antenna(s) for each hypothesis is shown in FIG. 5. For example, hypothesis 2 is
for one virtual antenna 2 (a, =2), hypothesis 6 is for two virtual antennas 1 and 3
(a, =1 and a, =3), hypothesis 12 is for three virtnal antennas 1,2 and 4 (g, =1,
a,=2 and a;=4), and hypothesis 15 is for all four virtual émtennas 1 through 4
(a,=1,a,=2, a; =3 and a, =4).
[079] The total transmit power 4P,, may be uniformly distributed across all virtual
antenmas in each hypothesis. For each hypothesis with one virtval antenna, 4P, is
allocated to the single virtual antenna. For each hypothesis with two virtual antennas,
2P, is allocated to each virtual antenna. For each hypothesis with three virtual

antennas, 4F, /3 is allocated to each virtual antenna. For the hypothesis with four

virtual antennas, Py is allocated to each virtual antenma. The performance of each

hypothesis may be determined based on any of the metrics described above. The



The backoff factor may be used to account for variability in SNRs
across the K subcarriers of virtual antenna v and may be set as

SNRbot ", , , where 2 Csar, no, is the variance of 3 oo
vi rtual anPNe%%daﬁw\[}ugﬁd Ks,,, is a constant. The backoff 1”5&[{%? 0%%

al so be used to account for other factéls such as, e.g., the coding
and nodul ati on used fof virtual antenna v, the current PER, and so

on. [75] rhyﬁgtiﬂ s\féimt thg\fﬁglfle%{ ﬁeﬁ% Va\lllil?r(;njllja%rl( Be 1&&911? Egd r‘r%;é %‘HZS%‘EBF (vg’ﬁpél

conput ed as
SNReq, ", , aﬂﬂ@@IlEl(@)g?DDﬂnSffmpo’g‘!ESIAMaqu §e2eload for use.

[080] In another embodiment, the total transmit power Py 18 non-uniformly
distributed across the virtual antennas based on water-filling, which is also referred to as
water-pouring.  For each hypothesis m, the SNR of each subcarrier of each virtual
antenna may be initially determined based on an assumption of Py, being allocated to the
virtual antenna. The average SNR, for each virtual antenna may then be determined,
e.g., as shown in equation (19). The total transmit power Py may then be distributed
across the virtual antennas in the hypothesis such that the virtual antenna with the
highest average SNR is allocated the most transmit power, and the virtual antenna with
the lowest average SNR is allocated the least amount of transmit power. In general,
non-uniform power allocation is more practical. in 2 TDD communication system in
which a transmitter may readily obtain full knowledge of the wireless charmnel through
channel reciprocity. In an FDD communication system, non-uniform power allocation
typically requires a large amount of feedback information such as, e.g., the best
precoding matrix for eigenmode decomposition of the wireless channel. Alternatively,
for each hypothesis, a receiver may evaluate multiple predetermined unequal power
distributions across the virtnal antennas and may send the best power distribution and
the best virtual antenna subset to the transmitter.

[081] FIG. 6 shows an example of power distribution across three virtual antennas
ai, @z and a3 with water-filling. The avérage SNR for each virtual antenna a,, SNR,,
for v=1, 2, 3, is determined with an assumption of P, being allocated to the virtual
antenma. The inverse of the average SNR, I/SNR, , for each virtual antenna is
computed and plotted in FIG. 6. The total transmit power P, is distributed across the
three virtual antennas such that the final power level Prop 1s constant across the three
virtual antennas. The total transmit power is represented by the shaded area in FIG. 6.

The transmit power P, allocated to each virtual antenna is equal to the final power
level minus the inverse SNR for the virtual antenna, or Flop —1/SNR, . Water-filling is

described by Robert G. Gallager in “Information Theory and Reliable Communication,”
John Wiley and Sons, 1968, which is publicly available.
[082] For each hypothesis, the total transmit power may be distributed across the

virfual antennas in the hypothesis with water-filling. The performance of the hypothesis



\Q where TPal,v is the average throughput for each subcarrier of
virtual antenna v in hypothesis in, and SNReq,éB1EIS Ehe e?giz?lent
SNP. for vi enna v in hypothesis in. ~Equatiq a) .
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for all K subcarriers. Equation (21b) di2ves an SNR tPaE provi des Ehe
aver age throughput from equation (Zlaé.d [ 76] FNREff : bo; gPngieé”
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on an assumption of P, being allocated to the virtual antenna. The total transmit power

P may then be distributed across the virtual antermas in the hypothesis such that
these virtual antennas achieve similar average SNR. bTechniques for performing channel
mversion are described in commonly assigned U.S. Patent Application Serial No.
10/179,442, entitled “SIGNAL PROCESSING WITH CHANNEL EIGENMODE
DECOMPOSITION AND CHANNEL INVERSION FOR MIMO SYSTEMS,” filed
June 24, 2002. Channel inversion may allow the same rate to be used for all virtual
antennas and may simplify processing at both the transmitter and receiver.

[084] Performance may also be determined based on other schemes for distributing

the total transmit power Py non-uniformly across the virtual antennas.

3. Feedback

[085] In an embodiment, the receiver performs virtual antenna selection, evaluates
different sets of virtual antenma(s), and selects the set of virtual antenna(s) with the best
performance. The receiver then sends channel state information for the selected set of
virtual antenna(s) to the transmitter, The channel state information may convey various
types of information.

[086] In an embodiment, the channel state information indicates the selected set of
V virtual antennas, where V1. Since there are 27 ~1 possible hypotheses for T
virtual antennas, the best hypothesis and hence the selected set of V virtual antennas
may be conveyed with T bits. The transmitter may perform simplified and quantized
water-filling and may distribute the tfotal transmit_power Piotar uniformly across the V
selected virfual antennas.

[087] In an embodiment, the channel state information indicates the SNR for each

selected virtual antenna, which may be computed as shown in equations (19) through



[78] FIG 5 shows virtual antenna selection for a case wth four
avai l abl e virtual antennas. Wth T = 4, there are 2T -1=15 total
hypot heses \\hHat,, enoted as hypot heses 1 through 15.

hypot heses 1 ?ﬁr@%‘g 3d4 are for one virtual antenna, si x"ﬁ%?%‘wg@%&“
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the case when the transmitter performs precoding and permutes the data streams over



conputed and plotted in FIG 6. The total transmt power Pros is

di stributed across the three virtual antennas such that the final
power Ievelwg%&pmiﬁlsconstant across the three virtual ant as. The
total transmt power is represented by the shaded area ?lﬁ%@{m%‘ﬂ?z“ﬁhe
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24, 2002. Channel inversion may allow the sane rate to be used for

al | virtualWkese Shfasisathe Sy feri wipiualf sntenoce sidag sitealnot. h Thhembodiment
transmtter_ and.recej.ver. %84] Perf ormance may al so be determ ned
based on otsﬁgwl&ﬁ”élﬁé%n %23? ARFEes thatithe G Wepre s A the samendmeoymbwepss the

Pron non- tnidiesdd Wirt@d beGsndsbe Wddid Mahmamt Keonk&Rlivd N
an enbodi nent, the receiver perforns vilrtuﬁtiﬂagﬁ?gﬁjngggg ec%}%or?,geculwe

eval uat es dFBPETmersis alinast capsteitiyal  ant enna(s), and sel ects the set
of virtual [gggt]enn%%o ';Qmw(ﬁngﬁtgtﬂmo Mél@a@%irgogﬂg% recei ver then
i rt

sends channel state information € selec OB IOGFHpY 4 rate for
ant enna(s) r@! sdestadr dnpeli atemn. THe shenneky stgdoet i REO6MREdsOBs WBYribed

convey varigis, LyPES At £ 08 PRl Diterma may be selected based on the SNR for that

virtual antenna. In yet another embodiment, the channel state information indicates a
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single rate fqr all V selected virtual antennas, which may be selected based on the
average SNR for these virtual antennas. In yet another embodiment, the channel state
information indicates a base rate and one or more delta rates for the selected virtnal
antennas. This embodiment may be useful for the transmission scheme shown in FIG.
4B with a SIC receiver. In yet another enibodiment, the chanmel state information
indicates a rate combination for the V selected virtual antennas. The system may
support a vector-quantized rate set that contains a number of allowed rate combinations,
which are also called modulation coding schemes (MCS). Each allowed rate
combination is associated with a specific number of data streams to transmit and a

specific rate for each data stream. A rate combination may be selected for the V

selected virtual anteninas based on the SNRs for the virtual antennas,



[86] In an enbodi ment, the channel state information indicates the
selected set of V virtual antennas, where V ?_ 1. Since there are 2T
-1 possi bl gydypotheses for T virtual antennas, the best 55
and hence the selected set of V virtual antennas may bepgégﬁ)\%@gﬁb\%oth
T bits. The transmitter nmay perfotmsimglified and quantized
water-filling and may distribute the total transmt power Pinma/

uni formy a@pess they SehechRtbdinbil - o Bl

enbodi nent ?[Qt ﬂe channel st at elﬁ??ﬁ{%lr nhtﬂ%eo‘%gén%g?%%tlggdr%%gew%ﬁlg}ca?e%ron%ﬁﬁh
sel ect ed viPeigrthernraalaairges (Ghprvayditsmatuings) seebtakios haforh Ameagakdtons
(19) throughy 924 / 064032860 .23 (21). The .. .
transmitter nay se grgt 5 %g%igﬁgo#&ségeé h&g? %ﬁfﬁlggréeééﬁﬁs Bresading pith the
SNR. The t renesyrimoterseleaipd dirthbmarinat ematrives. t Dtdibrrianesn i 411 fesddl 63t dich

1 ni f or rQ he V sel ect irtual ,anten or (2 )
I(’IO?’I- 3n: f or ’?Ogﬁ%‘géa Saavd §%?‘?ﬁ agegi %:dﬁ%g?d 2¥En ﬁgg Of%c.’lﬁm?nak@?tﬁﬁ and
wat er - f i | | ithgsarof elraahalterinaie® wethany b@aﬁﬁﬁn@aﬁehﬁaﬁ%%mm& bhesehYnel

virtual ant ng@d SEIR- based non-uni form power distribution may be
especi al | y Yaf 'O REEH-i nfor mation for the best precoding matrix is

avai | abl e gogdihe tmapsiddt 8fe cibhha ﬁﬁf@g%foﬁﬁ%onn%yb&nV%?%ﬁ&sgB'gesf QF
Ing

the transm ssion schene shown in FIG W th one data "stream

sent from aORMENsEckas erseleated spft @fnti yirtual @gpnnan sigrot heslite (o dSWRS) |
t he channelragt at.8srhinh S &RtLRRed Bl rage SNR for .al |l .V

sel ected viI?t_uaI =famtfénna’s,1 mg%ﬁﬂ%@ﬁnﬁrén%%nﬁ%ﬁo&%%a%o S %%)n'ﬂ}\meo&uati on
(16). The tlP¥sni tlnepnethgr swmbediment, r the etrfrpmitidr| parforinst tel vAthEmA&Sna

based on t e i di nent.may, be used, e.g., for the
transm ssi %ﬁlegﬂé é%g”gﬁggﬁhﬁ-ﬁ%&%f%@nﬁ?%ﬂ% ¥ 645t % st r eam bei ng sent
fromall VI8¥lect € anianibodimantteatrasmaing txhenité Apild is bhmeans: ReNbRVEOY
simlar SN . 9] ..In t ot her. .enbqdj ment, the channel state

i nf or mat i orl?é(feﬁv&L ﬁoa‘%s agytﬁaggﬁé@{ %%ﬁagllg fiTEiet AteTHaR B ETn 15 flatady segt on
SNRs for t helyVselertedryil rdtiahasdnTRO fasmild Saf FOMIMeR! pict by cygling
especi al | yﬁ%fggﬁev,g for the transm ssion scheme shown in FIG 4B
with each 4 ehrfitBel Agfewnss i siifoen symbolpariodact Bd viriuel artbnna 1 in
antennas argmwblt PerddSh, GhELGBIUEanRRANY S ver; the data
streans. Thgmba_s% SNR may be t_heanl omestfﬂS%b%grpréﬁﬁ&e) ]\}%e&gdcgoean' The
virtual ant'@AFBRECr (Mg plendEnsBiiRbE qyilot HeonV thatT vittuab aamernbsh en SNRerehior
the data stygamddat, i ot ad f1. 1 th the SIC techni que, and_so
on. Each delta SNR %ﬁfﬁisﬁ%ﬁ%zﬁ £ ﬁé&%%dfapee%an SUPHIER O'fj Blr“%f‘ temna 2,
virtual antehresn. florapther dabadistent ahs trasndtta armBmits a[A%h PJikt 8R the V
enbodi nent NRs, for the V virtual antennas. may be ranked from

| onest to ﬁ?% gdsté ]rﬁféhgn RS QRIS Ay i asn@dpt Srehe mgeleqtqds virtual
del ta SNR maignipe. t Mac difihepidricamap etenaaiintihe bﬁiﬁ@%eq%ﬁl;ﬂ@{%%#%nsﬁ%“d
| owest SNR, .t he. Se&ﬁ%dﬂ{ldel t.a SNR may be the difference between the.

second | owSSCUEGH @AY PHObweSie RNmities gnasy als trangmia it pidet in
enbodi nent yafidie oBi¥RGaf@ss.t he V data streans may be ranked from | owest
t o hi ghest d the base SNR and the delta SNRs may be defined as
descri bed l\fb"%e. Gy Toows sy enbastimens of rraproness t768 te Lelect lat uteheiytual

observe si Bhtk@as S ] | e on. (-e. as sho i.h FIG
43), then the bas (;Nﬁ%ﬁ#yg H#éd;ﬁki%r@ﬁrjlf%a{ﬂgﬁﬂ?e%g\(}glr %%ungﬂll%m oWltFHBUIVpIe
data st reaRBysicgh@nienss dut teyalBhRS brsad be aedemt ohe mefiq. o EhissenBPYuE 0

be the caseylenul Beeks 38 hid & RYLLY Mof" BEGL IS AN Beroutcs the

data streans
different set of at least one virtual antenma., The multiple virtual antennas are formed

with one or more matrices that map each viriual antenna to some or all of the physical

antennas. The hypothesis with the best performance is selected from among the

multiple hypotheses evaluated (block 714),
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SNR for t hdhenichting] stute émfoanation foet thanetehier e danvenia(s) ti8eseahannas

state infor i i.ndi.c S si,ngl te _for .all V selected virtual
ant ennas, \/\%@l (g:lh&%%)@%k Zifﬁ-ecﬁ%‘“ﬁg%eza{ag%mf%@aa%maé(’%m Yegious epse of
virtual antiefonastion sucl et ttenelcbed vardhdaiaRals), th @igﬁﬂﬁ:{ﬁﬁﬁ‘ﬂy &tr%@% for the

i nformation i'[ntdiiicgﬁﬁaag a ba%§ rate and _one or nore delta rates tor the
sel ect ed viPEHE! VAT ARGl 80,87 dilhe ifensmijicn and/ereeqiver gpast prdect at

transm ssi deass ehe e OO bdlectddGrindl Mtddha@) BLéed’ &E MeVEEnar! ot
anot her enbodi nent, the channel state infor@r&t?gon&fngic e dhalliy, , The

t es' a rate
conbi nat i orr®eeipd Vel andemals} e usadifer date amswingien (blvele7 B)st em may
support a Vvefdopr - dEgntd r.at ' gr_qf all d
rate -conbi \gati ons, Whigcﬁl%glrseai:lai3 ?gg%%%lpgﬁafng%}tﬁ?dg{&isgo@ ggg PR cursi%%lg’\g{e
(MCS) .  Eaclnigpnaswe dinpatagusc 80 iimvditden rmeéass afes euiladieg wiultipla hspebtésti Gor

nunber of 11, and. ecific rate for each data
stream A %g?gplggfggl?g%[t%ng# fﬁ’a%gggglﬂée u&ﬂﬁ%ﬁ'&ggﬁl at”f%é’n'\‘f @@Cgéﬂédm\?in}stfafal
ant ennas basledingna thiypotBidis fibar athdiy this rrhuleibleain8hBas - (bloWP 814), means for
2007/ 02491%PHC&'I'/IJI§20 6/t%328 0 25 efgrgg% Itg E}éet aQot her enbodi ment, the
channel state tnf TG THRERERR A gfashBne SArtsto sk pladnmtenae 1o dhes

(or precoditiagsmittr (e 353 Let Behrk Ibr uﬁﬁgrftﬁé)éeléﬁeanﬂnaal%ftenﬁg(g) for -data
or t honor nal mt.rl.cemxéal able for use. The transmtter perforns

precodi ng WALHUEHR Sthore sel ected orthonornmal matrices.
Per f | ; i be.
er f or mancgofay a mmm%@@&?h@é&ﬁ%%ﬁ%@%ﬁ@é%ﬁﬁw&ﬁgﬁgﬁ%&é Firtggl

eval uated as_described above. The orthon matri X an

virtual anfBiERSs Chapneh stplgdnioanatiopds feorimethfoe atiegst bec pirtosli mietnbyelddnal
channel st gty LAk | ) l.. the channel state

i nformation may co %@ﬂp\?ﬂy}iﬂghlsﬁ%tﬁ/n%gss%gﬁ%ﬁ %‘fl@r%ﬁ?genp & ddenpp (block
sel ected séiZof The vharnehbta@rinfomason signahveyualy 68 theeinfma®NR8dscribed

rates, tra 1t Qo natr.j ces ilot,. other information, or a
conbi nat i o%ﬁ@ﬁér@g}%{a{ g%ﬁsn}ltp%vﬁ% rb%ﬂlﬁtgﬁj}ﬂ'ﬁérﬂl uneEm; ity elected
performs t kiztwal arterala(s3ot €)nRnSAlBEALY ABosE 8 selcbtSd REnENARBG)(sF bt on
i nfornati o% f Elom tlhe r.efel ver.

e chamnel state mformation (block 914). At least one rate is selected for the selected
virtual antenna(s) based on the channel state information and the power distribution
(block 916). A data transmission is sent from the selected virtual antenna(s) at the

selected rate(s) (block 918). The data transmission may comprise one or more data



[96] In an enbodinment, the transmitter transmits a pilot in a nmanner
to allow the receiver to estimate the SNRs for all T avail able
virtual an ‘ if data is sent on only V sel ected virtual

ant ennas. %ﬁggﬁ?@%\é%ﬂtter may transmt the pilot by cyclq’lcﬁ}djsf(}??/fﬁ}aﬂ]
the T virtual antennas in different symjol periods, e.g., virtual
antenna 1 in synbol period 71, then virtual antenna 2 in synbol
period / 7+ 0,0 he transmtter may al so transmt the pil ot
fromthe Tls\grlef%ﬂ%aﬁacgn{égah a8 Y sanaé’PEﬁ[ﬁO AIFPREAVYS Wrested @ignal andenna (e.g.,
subcarri er dishofn iti FIGIER) 8rineR Bemipped b SRBE 86 skidotf vivihitd LEn

2, and so 021. I n }g]g,gt% r enbodi nent, the transmtter tran?ﬁ%@%’gﬁgfn
pil ot on t ROV &% t'edr virtual antennas and transmts an auxiliary
pilot on thelemsel But.erh ok U@ en®RERRRSS anl b ol 8L BY;
transmtted.nore frequent|ly and/or on m)raéns ag%!rlsrr]lldeyros@t%an tﬁgta from
auxi | i ary piitA . antenag., oiveieier 10Q0) indledest nemsnifer téveiving aharnel state
various ot NgforfBUICES- at 1e34] orfe! di ment of a.proces
700 to sel ect and use %/i_rtua?. caﬁ%‘tg%lnég. %uﬁ%"%ﬂggﬂfi}p%}?%&gﬁ?ﬂg‘? virtua,
mul tiple vidnicams Rrnehwib tuiple phydicah antehtds (blclp NP 51)E MleaRnbe BRBHUBEE

eval uat ed n.: netric,. e.g., signal qualjty,
t hr oughput ?g%ggar%ﬁfﬁoa{’ eg %ﬁafﬂ%ﬁ s SHH'HBIP”%B“%SQ 39958 t%Eéﬁlﬁ‘gF@Wﬁ]e@t@a(s)
cor r espondgblook A0H)f frermenfor seltctivng @Alledseasd ra@ forthé baldte PPLEANR ek

h one or_npre matrices tha

mul tiple virtual antenna re. f.orned w _nore,

map each viF %eéa n glr?tcgl e?tsgatesﬁ’rﬁ@nﬁPo%PlF& g navesr sksjdhwian (hlesledAE, athe
hypot hesi s mdahi fotheendgt a PR abvaiGRn SoReHBCltdidir

mul tiple hy%(é%th%%g% e}%l uat ed (bl ockn712). WO el ﬂ%ﬁ”ﬁﬂ&mta@f at the
2007/ 02491 3PETPUERINEPHS588)26 [98] In an embodi ment, the signal
quality fonomEsth hptRatdRsusSs detciSiR ' @]ﬂg: hesis wt

t he hi ghest si %nal qual ity ?s céel g?{e{%ﬂlﬁ%}b an tlirgeﬁlte odi r%;snlfl?m’f‘hgor

t hr oughput F¥PPIeabrcHyBides mayibs inplestenied dul hamimard, embyipotdfasdrs, opia h
t he hi ghestofbmasah =S l.eq .o yet ot her enbodi ment, the
overall rate f or ea?%ger?;g'pot eaglﬁéétgg%red@ et engagl 1, ﬁir?dprf’??émﬂ%&&‘ctﬁééfidsto
with the hisgpestrten) enghiass tet tearsmitsiatoetitredhe Fdotal Virt@a@enIRE) Snd/62eN

hypot hesi s .hay, e ith.the total transmt power_ being
di stributed uni P%Fi’”‘n#é’l‘“g?% %glﬁ‘\ilyﬁ%v e@é@b?%ayt%lml?mﬂwd wiHbarone(%)

in the hypetohesppicatiiesphyifiotitiegated BRMIRFASH) UBERA sidhaOl s TRANES
[99] Bl OdeFJ’fll S(aissac?ntl al llﬁl gel. ects _at |east one virtual® antenn r%’m
anong the M i PPE PrIEHae SRTEnEEP P, prograpirahle fogindesigea (BEP8C fisldn
i s perfornemhghynrhitde r efiel WY henagha ate | ion for. the
sel ected virtual ant e%ﬁa( s) _};Sst(sent %o%ﬁ%ssﬁ’an‘%%h? {I%%’%Iﬁ%cﬁ?ng‘i%e)wf
The channelCPRIPECSFGSof lRetonin demigesc etiisie ylevizorio wsits yipsgnedf toi péraimmathzon

such as themsebRekasibyd hial ozaartfoﬁi%ﬂﬁﬁéﬁth(a}e)gf signal quality or
sY,

rate(s) for the selected virtual antenna and so on The

transmi t t e 18Md/ offoF ecBinyesre rrag/os ebBwercaimilenstiationg theatcRhufiQios LAYy be
sel ect ed Vipkdisiad based on .the signal quality. The sel'ected
virtual ant e%na(nst)&pgv%gqﬁé‘g%esf @%"cparf)%adﬁeﬁn@ﬁ%@ﬁo%‘d?m gk thay pyrform. the
[0100] HG Bmglmpasiesmibedthertime fhe dimaareappak abiea30dbomas e Ghoran yse

virtual a | arat u 00 Jjnclu means for eval uating

mul tiple %%%?ﬁi&%@p &SPI%ﬁf*?&‘ ef9 i PO Bnddhpreesuted rhved twwasksor (e.g.,

mul tipl e physissal 14nsets®s T eekolldh t )
Lho s R Bfed B0 taderner pr,

hypot hesi s_from apong the nultiple hypot he
sendi ng ch%‘ﬁ%ﬁ]t%&gtpgoqe?ﬁ’br mati on for the at |east one selected

virtual a atg t ! L bl , d ans for using
the sel ec?gg(wi rt ug%dﬂggr?tJerﬁﬁlzdggeh%%&ga?mg}%ﬁgén%n%nggﬁooﬁg(”f)li%céﬂn%fg?m

[ 0101] FI G S ¥fovideserheadibetinmmat intded forlomie siee @6fe bOhE Lanepik Wegbiba
from virt ugremalieNnas Theg@@&flgétf Zﬁd&th%vé nf ﬁr ”Eiﬁil on is received for at

| east one virtual antenna se fTom BL PtB¢reseqtiqns dapughout

the entire specification.



27 streans. Each data stream nay be napped to a respective sel ected
virtual antenna (e.g., as shown in FIG 4A) or may be nmapped to al

of the sel i al antenna(s) (e.g., as shown in Fl .
[0102] FI G %%Q@m%\éiﬁn enbodi ment of an apparatus 1000 tP(?TfU?ég%g/ﬁ%zfqm
data fromvirtual antennas. Apparatus IB00 includes neans for

recei ving channel state information for at |east one virtual antenna
selected fr non |tiple virtual. ant.ennas forpmed wi.th nultiple
physi cal an@glr]l as ?16 %&loﬁﬁg Hpt aor‘fgﬁef ?Cl?fF‘iF?lgB‘ﬁ%eﬂﬁ 13 FPEFe¢ o£Rakie t
powver uni f omyl yemeon rsbiiletli i flgd Aty taet@sSort Be IR 9pésest Wivehtd.  Various
ant enna(s) %b@%CK@10%4ﬁ? means.. f or se{ectin at least one rate for
the sel ect ed°H IR % %en‘?&%djmﬁﬁ%@& BhrepHy Eparmbio hpse killed in the art,
i nf or mat i onardnte therip eviLsipids a&fﬁﬂeaqnteiemnﬁ%éw%ﬂiw%@%meﬁaﬁbdﬁﬁﬂ&?s ﬁvﬂﬂout
sending a qgga transm ssion fromthe selected virtual antenna(s) at
the sel ect eFPFERE EOM M5 PEE or seepe. of[toe Buption- (Bwhnthg pessendrentitres not
herei n may Renidhbessiied t&)tﬁ%ﬁﬁb%ﬁ%ﬁ&% ]f'lé%% bufady ?c%cmt(fgg B widest
techni ques may be inplenented in hardware, firnware, software, or &
conbi nat i onSCPPReFaBSsteRoYitinthe Brigoinlee andnpivelfertues displosadiergimocessi ng
units used to select virtual antennas, to transmt data fromthe

sel ected virtual antenna(s), and/or to receive data fromthe sel ected
vi rtual ant@h%E (AT GeAIMEDdent ed Within one or nore application
specific integrated circuits (ASICs), digital signal processors
(DSPs), digital signal processing devices (DSPDs), programmable |ogic
devices (PLDs), field programmabl e gate arrays (FPGAs), processors,
controllers, mcro-controllers, mcroprocessors, electronic devices,
ot her electronic units designed to performthe furictions described
herein, or a conbination thereof. [0104] For a firmmare and/or
software i nplenentation, the techniques nmay be inplenented with
nodul es (e.g., procedures, functions, and so on) that performthe
functions described herein. The firmvare and/ or software codes nay be
stored in a nenory (e.g., nmenory 142 or 192 in FIG 1) and executed
by a processor (e.g., processor 140 or 190). The nenory may be

i npl enented within the processor or external to the processor.

[ 0105] Headi ngs are included herein for reference and to aid in

| ocating certain sections. These headings are not intended to limt
the scope of the concepts described therein under, and these concepts
may have applicability in other sections throughout the entire
specification. 28 [0106] The previ ous description of the disclosed
enbodi ments is provided to enable any person skilled in the art to
make or use the present invention. Various nodifications to these
enbodi ments will be readily apparent to those skilled in the art, and
the generic principles defined herein may be applied to other

enbodi ments wi thout departing fromthe spirit or scope of the

i nvention. Thus, the present invention is not intended to be |imted
to the enbodi mrents shown herein but is to be accorded the w dest
scope consistent with the principles and novel features disclosed
herein. [0107] WHAT IS CLAIMED | S:



29 CLAIMS 1. An apparatus conprising, in conbination: at | east
one processor configured to select at |east one virtual antenna from
anong nultiple virtual antennas fornmed wth nultiple physical
antennas and to provide an indication of use of the at |east one
selected virtual antenna for data trans¥ission; and a nenory coupl ed
to the at | east one processor; wherein the at | east one
processor is configured to evaluate nmultiple hypot heses, each

hypot hesis corresponding to a differ&haIlMét of at | east one virtual
antenna, and to select a hypothesis fromanong the nultiple

hypot heses, wherein the at |east one selected virtual antenna is for
t he sel ectled hypoiphesius.comprisikfdn apphimatiars of claim 1, wherein the at
| east one proces%or i S gonfigg%ﬁd tg dgéernine perfornance of each of
the multiple hyp6tHEEBEIWESRAWH I (R3EFC BrigashBlt YiEhalntenpd fiom apanga
hypot hesi snwii$lb HREd REHhES TBRRE. witl . mUINplcaRRakAt Mfiefas ndl @ frovide an
wherein the at |east one processor is configured to determ ne signal
qual ity fdrdiesion obpse Hfdhaqyifiieaspone seipsis yabwbanteng feidaieiransmisgion; and
hypot hesi s w t ' ' ' . he apparatus of claiml1,
wherein the atQf@%§?9§%@§%?%§g%§g%k¥é%?%RQF%%%ed to determ ne

t hr oughput f or védecin gf 4t heshuid prptessdryip odfeses], toavdutite sdtiplethyaotheses,

hypot hesi s _with hi ghest thrqu ut... 5. The apparatus of claiml,
Wherein t radt b hoedt e isnatal g aifterin Aol aF Bk G andrur e ind 10
overal I ratRctfatiypamedls 0bmt digorgithé hidltpldypRtHReseSherdthé 0t 188 864 sefected
hypot hesi s, wth highest overall rate. 6. The apparatus of claiml1,

wher ei n t F&tUR antegds i dhepielsteddypothesiconfi gured to distribute total
transmt power uniformy across the at | east one virtual antenna for
each of the nultiple hypotheses. 30 7. The apparatus of claim1,
wherein tBe at Theagpareive gbrabdes sowhérsinchinfat deasednd pragessor iih vdreiguoddato
transmt %g%@rmgogf Qﬁﬂ9£”¥¥ cg%ﬁs tlelah | east gne virtual antenna
for each of ‘the Ril'tip"e® Ry poit' ndsas mulgic Woibeﬁﬁsr 6L OB GhsAFtITgncHiy
conbi nat i and to select a BypdiieaBtwitngesppRtesase. configured to sel ect at

| east one virtual antenna from anong nmultiple virtual antennas forned
with rmultiple physical antennas and to provide an indication of use

3‘;, dt he at 3l eastrn@RG,HLEGraGhiMi 1! WAkreRMHE M FedsCbnd Bl R edsHARS FIRRLAY to
determine signal quality for each of the multiple hypotheses, and to select a hypothesis

with highest signal quality.

4. The apparatus of claim 1, wherein the at least one processor is configured to
determine throughput for each of the multiple hypotheses, and to select a hypothesis with
highest throughput.

5. The apparatus of claim 1, wherein the at least one processor is configured to
determine an overall rate for each of the multiple hypotheses, and to select a hypothesis

with highest overall rate.

6. The apparatus of claim 1, wherein the at least one processor is configured to
distribute total transmit power uniformly across the at least one virtual antenna for each

of the multiple hypotheses.



a nenory coupled to the at | east one processor; wherein the at

| east one processor is configured to select at |least one rate for the
at | east one selected virtual antenna based on signal quality for the
at | east one selected virtual antenna. 9. An apparatus conprising,

i n conbi nati on: at | east one proééssor configured to select at

| east one virtual antenna fromanong nultiple virtual antennas forned
with multiple physical antennas and to provide an indication of use
of the at |east one selected virtual antenna for data transm ssion;
and a nmenpry c led to the at | east ong processor; .wherein the
at | east mc))];le pﬁ%geagg%rfl Us o1 M gu‘r@%{ef”oﬁgeaﬁ3e%ﬁ8H%@F°C§?58f & BSiuled &
i nformat i alistfidrte tdid t@dnsinétaived Aen-aeifaeilgdeioks thdal 1@t eenarthsl dtenna for
transmtter agfd to recejve the data transm ssion fromthe transmtter
via the atatleidbe pairiedothesesyi rtual antenna. 10. The apparatus of
claim9, wherein the channel state information identifies the at

| east one selected virtual antenna. 11. The apparatus of claim?9,
wherein tBe chavmppagiugtcemprisiogiacPohingtieti cat es signal quality or at

| east one rate t a irtual antenna, 12,
The appar at us c'# %éﬁtgpﬁ{)g%ceg\ﬁﬁ*e‘?otgﬁ%{}lt% Hz‘?%ﬁ%ﬁ%@r‘ﬁ% at \é’rﬁ”%facr)’fe 7 frgpyt among
i ndi cat es naulbigls evigiua naitergpaslforimedawdh atiultiplasphyonel dabdrgs Singn@l provide an
quality, wherein the base signal aliity is for 31 one selected
ViTtual aftOiienar U Bepdedt pas|coieH ATHAL RS TR el s oghand

del ta signal qqqﬁglﬁd{-yicgumgﬁm&g&@1@&{1&&%&%&}1 virtual antennas or
remai ni ng data streans. . The apparatus of claim9, wherein the
channel state ivikEminhdeiableastvde percessonis cpelzgredinscieetat ilsastmedate dorfthe ah
the at l e3skt ORes& t&fz{/ﬁ:t%al\_lél{tgﬁfﬁl ba@%ht ﬁﬁ'@@inal %\j"a'lit A@oratRQ A ?etagts ne_selected
conprising, In conblnation: at I'east one H’rocessor cont gureae
t o sel ect vatual edtstnaone virtual antenna from anong nul tiple virtual
antennas forned with nultiple physical antennas and to provide an

i ndi cation of use of the at |east one selected virtual antenna for

data transm ssiAenippanths comprising, in combination:
at least one processor configured to select at least one virtual antenna from among
multiple virtual antennas formed with multiple physical antennas and to provide an
indication of use of the at least one selected virtual antenna for data transmission; and
a memory coupled to the at least one processor;
wherein the at least one processor is configured to send channel state information
for the at least one selected virtual antenna to a transmitter and to receive the data

transmission from the transmitter via the at least one selected virtual antenna.

10.  The apparatus of claim 9, wherein the channel state information identifies the at

least one selected virtual antenna.

1. The apparatus of claim 9, wherein the channel state information indicates signal

quality or at least one rate for the at least one selected virtual antenna.

12. The apparatus of claim 9, wherein the channel state information indicates a base

signal quality and at least one delta signal quality, wherein the base signal quality is for



a nenory coupled to the at | east one processor; wherein the
multiple virtual antennas are forned with at | east one matrix that
maps each virtual antenna to the nultiple physical antennas. 15. A

met hod conprising, in conbination, the_steps of: sel ecting at
| east one virtual antenna from anong nﬁltiple virtual antennas formed
with nultiple physical antennas; and provi ding an indication of

the at | east one selected virtual antenna for use for data )
transm ssioBfselgfiet viriyal apdengaoe e Aga stieanytan edigtein e ayjleasieile defe signal

conpri ses quality i Sg?éﬁéiggge]wé& {}iPA@ ag%&%ﬁég%@%&ﬁainﬁg%ﬁta@}’lﬁ%?esi S

corresponding to ent set o east one Virtual antenna, and
sel ecting a hypothesis fromanong the nultiple hypotheses, wherein

the at legst o selected.virtyal L antenna is .for the selected

hypot hesi 4> 167 FRRAT ABHE Tovitrin 18 Chanlslsrae pviamiday i ¢ fas
mul tiple hypoltresesd eofpmithes l6st OidvcRcRa vialf aiemace of each of the
mul ti pl e hypot heses based on at | east one netric, and wherein the

sel ecting the hypothesis conprises selecting the hypothesis with best

per f or mangg. ggumé%ﬁugggmgggﬁgggg@mgﬁghg516, wherein the eval uating

the multiple hypotheses co Istributing total transmt power
uni form y acr ogsleasienaiprocesast configured ta seddct aneannee Yionaleatnnafromhenong

mul tiple . ...Jhe th of..claim.15, further ,conprisin
sendi ng cﬁﬁ@ﬁg qéﬁ%?émﬁﬁpg?%%P?@nwﬁgﬁnyﬂgedﬁwFﬁés?ﬁ8 S§@PQQPE'V5623
virtual armideutianbbuse ditlengitdst @fe;sertmdd virtual at@BRIf digh fdRmER1oA; and
transm ssion fromthe tr Q?nigter via the at | east one sel ected
virtual ant enndmemory coupled to the at least one processor;

wherein the multiple virtual antennas are formed with at least one matrix that

maps each virtual antenna to the multiple physical antennas.

15. A method comprising, in combination, the steps of:

selecting at least one virtual antenna from among multiple virtual antennas
formed with multiple physical antennas; and

providing an indication of the at least one selected virtual antenna for use for data
transmission;

wherein the selecting the at least one virtual antenna comprises

evaluating multiple hypotheses, each hypothesis corresponding to a different set
of at least one virtual antenna, and

selecting a hypothesis from among the multiple hypotheses, wherein the at least

one selected virtual antenna is for the selected hypothesis.

16.  The method of claim 15, wherein the evaluating the multiple hypotheses
comprises determining performance of each of the multiple hypotheses based on at least
one metric, and wherein the selecting the hypothesis comprises selecting the hypothesis

with best performance.



19. An apparatus conprising, in comnbination: nmeans for
selecting at |east one virtual antenna from anong nultiple virtual
antennas fornmed with nultiple physical antennas; and means for
providing an indicationof the at |east one selected virtual antenna
for use for data transmi ssion; wherei P4 he neans for sel ecting the at
| east one virtual antenna conprises means for eval uating
mul ti pl e hypot heses, each hypothesis corresponding to a different set
of at Ieaﬁ- onéhgimethed afntletmal 6, awbierein the geslwsingothes eludiitle nigrpatheses

hypot hesi e | tiple hypot heses, wherejn the at |east
one sel ect§ %‘55 @%@F %{!guat%\r{%etﬁ%g %@Q?grp - ﬁ%ggpe%mﬂVp%‘FhaésF ?Onﬁo‘fm"l‘ﬂe
appar at us awknrcl far each 9f theheuldple hypetheseans for evaluating the nultiple
hypot heses conpri ses nmeans for determ ning performnce of each of the

mul ti pl e hypot heses based on at | east one netric, and wherein the

means for gel echd ﬁh@thbb%fBMQ@Q@,%H%rQ@H]?FiEiﬁ@S neans for selecting the
hypot hesis with best perfornmance. 21. The apparatus of claim19,

further conpri SAEE chenies seisrinanationgor Herb dastamnatselertnd wirvat ansennade a
t he at 'eﬁﬁﬁsnﬂﬂﬁ&ﬁ] ected virtual antenna to a transmtter; and neans
for receiving thé data transnission fromthe transntter via the at

| east one sel eckeidingith¢ datk tentreispian fro@Bthe2BinsAitpr Oedhs ar ldaasizbi:Rcted

nmedia for_s O{i ng i nstructions operable to:
virtual anfenna.

I9.  An apparatus comprising, in combination:

means for selecting at least one virtual antenna from among multiple virtual
antennas formed with multiple physical antennas; and

means for providing an indicationof the at least one selected virtual antenna for
use for data transmission;

wherein the means for selecting the at least one virtual antenna comprises

means for evaluating multiple hypotheses, each hypothesis corresponding to a
different set of at least one virtual antenna, and

means for selecting a hypothesis from among the multiple hypotheses, wherein

the at least one selected virtual antenna is for the selected hypothesis.

20. The apparatus of claim 19, wherein the means for evaluating the multiple
hypotheses comprises means for determining performance of each of the multiple
hypotheses based on at least one metric, and wherein the means for selecting the

hypothesis comprises means for selecting the hypothesis with best performance.

21. The apparatus of claim 19, further comprising:

means for sending channel state information for the at least one selected virtual

antenna to a transmitter; and

means for receiving the data transmission from the transmitter via the at least one

selected virtual antenna.



sel ect at |east one virtual antenna from anong nultiple virtual
antennas fornmed with nultiple physical antennas; and use the at | east
one selected virtual antenna for data transm ssion. 23. An apparatus
conpri si ng: at | east one processor configured to receive
channel state information for at |easf3one virtual antenna sel ected
fromanong nmultiple virtual antennas formed with multiple physical
antennas, and to send a data transmi ssion via the at |east one

sel ected virtual antenna; and a nenDry coupled to the at | east one
processor,, 24 f % at | east one
processor |s é%ﬁ?ﬁgﬁaggg%% d%§ﬁ?{ mgdPUPWﬂ}gﬁ mﬁie%%mer uniformy
across the at sleleatsﬁt lmEOSek/emhbﬁhtHnn’atﬁiﬁh agiohg mngtiple 2tual hatcARERabAhdS
of clalmZ%b m? ein the at | east one processor is configured to

sel ect atViLRUHPEROYP it Brat ARd at | east one sel ected virtual

ant enna based @8 Hehe a8 8bledtAYigtub It Rh AR ABta t@ﬂ@lnisgﬁend the data
transm ssion at the at | east one selected rate. . The apparatus of
claim 23, wherein the at | east one processor is conflgured to send at
| east oneyydat data transmi ssion, and to map each data
strean1t§2alquf&%ﬁgﬂgfgﬁldgﬁgone selected virtual antenna. 27. The
appar at us of cak Hash @16, prodessoeiconfifieedato leeasd claneel praoe adearatins for at least

configured to eac treamto all of the at ast :
o et oy en i B RE AR Aot Brdnle St h S S Ren R matinis,
28. The appsicatditenahs, Ghaittns@fi a \WBAIRinBmishidn Ala HRAHKeRANBnPEAEAES OfrtukS
configured to nap each data streamto all of the at | east one

sel ect ed Apfsragdndant enna by cycling through the at |east one sel ected
vi rtual a”te”Qﬁnéﬁ&g%ﬁHﬁaﬁﬁhﬁégt%HQSQJ:b&%&m 34 29. The appar at us
e a

of claim 23, wherei east one processor is configured to send
at | east one data streamfor the data transm ssion, and to nap each

data stregmto.,a respecti.v cted .viytua nt enna.

appar at uor oIS dfeafR f | B legf o o Rissngi s edfiured 1o
conf i gur efisttibute eRalitvasEipowel ursfoahl dcRisotHERk i:af dnBdéleatd View® andhna.

| east one matrix to use to formthe at | east one sel ected virtual

antenna, and to process the data transm ssion with the at | east one

matrix. 3l a%gﬂ‘?:{u@tdf%lﬁlfn %ﬂ,g% AR thdBeled: bk qﬁo@etssdrqg%gnﬁ)%?ed to

processor is configured to sen east one data ‘streamfor t
t ransm ssktleet atdenst ome mmpfoealtcd'uatdaasaosa sadentadt ortadl|anghng hesedton| thashannale

fﬁlee(s:t ggsylof‘r‘; fnlforhlaﬁ(% an n?O sengghe d%ta t[anSFﬂ!SSIO]'ln?{hlesalt [.(ligét one séiected lréli?ét I on,

26. The apparatus of claim 23, wherein the at least one processor is configured to
send at least one data stream for the data transmission, and to map each data stream to all

of the at least one selected virtual antenna.

27.  The apparatus of claim 26, wherein the at least one processor is configured to map
each data stream to all of the at least one selected virtual antenna based on a

predetermined stream permutation.

28.  The apparatus of claim 26, wherein the at least one processor is configured to map
each data stream to all of the at least one selected virtual antenna by cycling through the

at least one selected virtual antenna across multiple subcarriers.



recei ving channel state information for at |east one virtual antenna
selected fromanong multiple virtual antennas fornmed with nultiple
physi cal antennas; and sending a data transm ssion via the at |east
one selected virtual antenna; further conprising: distributing total
transmit power across the at |east oné4sel ected virtual antenna. 33.
A met hod conprising, in conbination, the steps of: receiving channel
state information for at |east one virtual antenna selected from
anong nmultiple virtual antennas formed with multiple physical

ant ennas;,pand ndi_n t ransyi ssi.on _via.the at | east on
sel ected 2\/9?rt u@] %ﬁ’? %F\L%ao;dfaé] er %f’n&@ﬁ%ggg?\ i ‘neg“t%“é I RN rrhg%ugicdoﬁo
conpri sessend at leass ehedatangeat fbrahs tatamangnsitgdord, @hd th Mmapteattedsi stedadn to a
selected virtual antenpa based on the channel state information, and
sendi ng trﬁ@eﬂté‘feageflef:?ﬁé’ﬂﬁ PYRM% the at | east one selected rate. 34.
An apparatus conprising, in conbination: 35 means for
recei ving channel state information for at |east one virtual antenna
sel ect ed ¥ om Twoargartist ¢iptiainy 3.t widreinrihe ah lesstf enenprdcaaparhis pah figyede to
hysi cal - . for. i ta t 1.Sslon-via th
B T eant AL ORRneIagR: FRART o AEREE Y oF IS e BHRD 15t R tnt P
means f orleadt she bddettéchgirtuel @itering aasintotpro@ee the aateosa siiaioat witle @&t at dast
sel ected virtuyal antenna. 35. An apparatus conprising, in conbination:
means for® F&®i%i ng channel state information for at |east one
virtual antenna selected fromanong multiple virtual antennas forned

wth nultiplerﬁhysical ant ennas; and )
31. he” apparatus of claim 30, wherein the at least one processor is configured to

send at least one data stream for the data transmission, and to map each data stream to all

of the at [east one selected virtual antenna.

32. A method comprising, in combination, the steps of:

receiving channel state information for at least one virtual antenna selected from
among multiple virtual antennas formed with multiple physical antennas; and

sending a data transmission via the at least one selected virtual antenna;

further comprising:

distributing total transmit power across the at least one selected virtual antenna.

|WS]
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A method comprising, in combination, the steps of®
receiving channel state information for at least one virtual antenna selected from
among multiple virtual antennas formed with multiple physical antennas; and

sending a data fransmission via the at least one selected virtual antenna;

wherein the sending the data transmission comprises

selecting at least one rate for the at least one selected virtual antenna based on the
channel state information, and

sending the data transmission at the at least one selected rate.

34.  Anapparatus comprising, in combination:



means for sending a data transm ssion via the at |east one sel ected
virtual antenna; wherein the neans for sending the data transm ssion
conpri ses nmeans for selecting at | east one rate for the at

| east one selected virtual antenna based on the channel state

i nformation, and neans for sending thé>data transmission at the at

| east one selected rate.

means for receiving channel state information for at least one virtual antenna

selected from among multiple virtual antennas formed with multiple physical antennas;

and
means for sending a data transmission via the at least one selected virtual antenna;
further comprising:
means for distributing total transmit power across the at least one selected virtual
antenna.
35.  An apparatus comprising, in combination:

means for receiving channel state information for at least one virtual antenna
selected from among multiple virtual antennas formed with multiple physical antennas;
and

means for sending a data transmission via the at least one selected virtual antenna;

wherein the means for sending the data transmission comprises

means for selecting at least one rate for the at least one selected virtual antenna
based on the channel state information, and

means for sending the data transmission at the at least one selected rate.



