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II. Background

[003] In a wireless communication system, a transmitter (e.g., a base station or a
terminal) may utilize multiple (T) transmit antennas for data transmission to a receiver
equipped with multiple (R) receive antennas. The multiple transmit and receive
antennas may be used to increase throughput and/or improve reliability. For example,
the transmitter may transmit T symbols simultaneously from the T transmit antennas to
improve throughput. Alternatively, the transmitter may transmit the same symbol
redundantly from all T transmit antennas to improve reception by the receiver.

[004] The transmission from each transmit antenna causes interference to the
transmissions from the other transmit antennas. In some instances, improved
performance may be achieved by transmitting fewer than T symbols simultaneously
from the T transmit antennas. This may be achieved by selecting a subset of the T
transmit antennas and transmitting fewer than T symbols from the selected subset of

transmit antenna(s). The transmit antenna(s) that are not used for transmission do not
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usechafadbrmance 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
channe] 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



state information for the selected virtual antenna(s)
may be sent to the transmitter. The channel state
WO njogoeartd on may convey various types of i nf orPEl/US2906/032860
such as the selected virtual _antenna(s), the signal
quality or rate(s) for the sel ected virtual
antenna(s), one ornore matrices used to formthe
m&%l Iﬁ&h@% ﬁ@e{it’(&' gém?ﬂkes%fé@{eﬁ)wrt@an Qn&gnaﬁ) ?o 0 C;Fhe transmitter
ransmitter recelrver nmay use é's Pe
andfartrmiveaniagmsaﬂ&)sefeoted dratuml dutemsaus) fo1 duta triut¥8ision.
riou ects and _enfodi nents_qf the jnventjon_are
088 o Fafiorasnsr € Han AT Phie BRI GRBPPER further
degﬁ@ﬂﬁv.DRAWNGS [010] The features and nature of the
present invention will beconme nore apparent fromthe
detail ed description set forth bel ow when taken in

chat act craitit DS CIE PR i S BRASKINES| 57T
[OEQGGI \%g‘rﬁg ?é[é%"f% Q]l’];(f%u% (ﬁgﬁé\‘g}e%rgqm;e&lﬁgﬁ gﬁfrlg)%orﬁg 910% apparent

frém aths rﬂetallea[)@essnp(ﬁorﬁbetprebdow wbéﬂ?n&kelﬁl i cénjsiaion with the
transms n., nod for V|rtua apt ennas 4] Fl
drawings i Yf%l gl%‘\‘ilr‘? nE ?cé‘?r? Pfé Qﬂ‘?&“gi ughout.

[oYi) t vakI@nt 8RS b1b&d@heabin@r aﬁra?@ﬁY’tﬁerEAhc‘i a]@da@pt enna

sel ection for four virtual antennas
[082ows EHHG.ekshowiser Woclkdingamf dflal tramgmp R sphtid pidsessoon.

O] FIE 1 i e85 e Qo2

[oaqd UuSBIGSr4Alahd 4B RO &So efdddhryfttdasmBsHRS WomdviRi£Gafksnas.
to transmt data _fromvirtual antennas. [020] FIG 10

[0&Plows EHO-ahghemarvidual gnicpamsshsction arour Wrngl anfagaps.
o Sopt, AR SRR T Oy il
[On]anpl E‘IGIﬁsi‘toa\ISGEprocnfss td ée&mt trad uservirtuahagtepndsodi nent  or

Si gn scri bed herein as "exenplary" is not
[Ogglcessg? | §/Shogvstm APt (R 8Flee apd BiccHirtag agjennas.

[oRolvant PHS QoW prot i€ fo FAHRARY Jé?d‘frémosﬁrtﬁ’a‘i%hﬁaﬁas [022]
FI'G 1 shows a ock di agram of an enbodi nent of a

[020]ans nFiG.ek0 sho®¥sandpparame &i warsmitdatd from aowahanieosdsi on
system 100. Transmitter 110 is equipped with nmultiple
(T) antennas, and receiver 150 is equipped with

nul tiple (R ant yFIATIEP DESCRIPTION

[021] The word “exemplary” is used herein to mean “serving as an example,

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

[022] 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 antenna 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 functionality 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,
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RX spatial processor 160. RX spatial processor 160 performs detection on the received
symbols for traffic data with the channel estimates and provides data symbol estimates.
An RX data processor 170 further processes (e.g., deinterleaves and decodes) the data
symbol estimates and provides decoded data to a data sink 172.

[025] Receiver 150 may evaluate the channel conditions and may send channel
state information to transmitter 110. The channel state information may indicate, e.g., a

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



conmuni cati on systens such as a Frequency Division
Mul tiple Access (FDVA) system a Code Division
wovhoriopdoes Access (CDVA) system a Time Divi si oPCT/US2006/032860
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%quation (1) is for one subcarrier £. The transmitter may
perform the same processing for each subcarrier used for transmission.
[031] T is the number of transmit antennas. T is also the number of virtual

antennas available for use and formed with T columns wu, 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 antennas. Cyclic delay diversity
may be implemented (1) in the frequency domain by applying a different phase ramp

across the K subcarriers of each transmit antenna or (2) in the time domain by applying
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befod3 41IheTs|ameme diféreritipafinvitatiod Mafricés has Bk @sddSfoVilele sitch&iers.
virtual antennas (or V specific colums of U) to use

[035r suBesaprthenorinal metizadn theeactervedi byattee propettyall” - U=1,
antennas. The pernutation matrix may be defined in

wheeer U5 uis theaeomgugate wanspessofiBedThe 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 entries 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" =1.

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

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



bel ow. The sanme or different pernutation matrices nay

be used for the K subcarriers. [035] The orthonor nal
wOoraioriox49ts i s characterized by the property U -RCEHUS2006/032860

where U is the conjugate tragspose of U. The T

colums of U are orthogonal To one another, and each

columm has unit power. In an enbodi nent, U is defined

erﬁ%?ilﬁnéﬁiah G ?ox%’téﬁ‘ & uthR . FAYAHEA ARy 4i¥f§n%af)tqahj?xe céFﬁaiﬂng T

entries each row TS €( Tal 0O a cons

scEﬁ@exfaldésrﬁﬁUtHes’I' '}oﬁﬂué‘ﬁ Fransp xRN Rei $3€lefined as
for all T transmt antennas. U may also be a unitary

Ardibg X1 bffat.. e¥chakaeierl 286 Ay, L% - PrORe ey rdddot phases that
Uu =1. [036] Vari ous’ ort honor mal and uni tary

changd the egatiabilir&giods eepitted 6? €18 dolinv ft Baln FBtR0TRS emb&hment
an enbodinent, a T x T Wal sh/ Hadamard matri x Wis used
Uf BranWrthohornahatatvise withipselidoeatdonaeléments. FaioueotheBibtriées may
Fis used for U. In yet anotherenbodinent, Uis
alsohemsgd ey U.= A-F, where A is a di'agonal matri x
containing T scaling values for the T rows of F . For
[08%anpl & an ﬁﬁb%@aeabfa ml%sprﬁbomra@l {matgixqiU .is. ussfigfor all K
be random phases

subfEE R A b ng Repiagl A thasre@rehoﬂ%@t Upiscisa iption et subcarrier
I
m&%}ﬁ %}rr%l 1ndetxrrlp XMlWIéIt ﬂ{égtgglg’ 011’1}651 b Odofgrg{lf ?fgh rmeﬂ matrices are

usVdi rfop ukffaehie subvatridrs, e SInr‘@M ahstherbembsdiehehfr dlﬂférent [0PBéhormal
hi. an enbodtjpn%r% a si n? % orthonormal matrix Uis
mﬁgs%? Fppsed) éems]éa?}ﬁ efw P%rnsxsﬁ hafynpehe seienedity different users.
Yot Sn&ABOGhIGRR e?tU ré}ﬁt 'n%ﬂn&fs r%é’ g&ﬁ fo'tr Qifferent time
0 anot odi ment ,

|ndex kK or sy ex n
inigifals vdere eachhiome imetvahetayi spens oae er madtplemymbol paielst In yet

oI SRPPHR PPy Qe SmaPeOteBaR gy TH PSS BHEL gt use from
anSeHRGAlet b LdrthonbAhal TRMiBR a@&%b@é"ﬁﬁl ub® B ch&he "c‘l‘éta%ﬁ ?ﬁoﬂ‘nay be

yet anot her enbodinent, different orthonornal matfices
tragpaitipd aepinigopnel pr mgr@ mtht)mcrrmal ma@nqzalsgch \mértbe Pﬁa:ch’elt isnable to

esjn %;tﬁ%%%a{é?igl rﬁgp% %SF&) E)g r% ﬁl 8¥ n;?L? 1mate to recover

théraitasﬁﬁsoﬂreee&ﬂ@ct ed for use fromanong a set of
orthonormal matrices avail able for use. hi general,

[0 a ah@ PihoBerRRPasEx (83 W alghdHadamarg watex oF 2 Feumer matrix)
I i

PR T GRS 106 SASO Shabfy 00

ortheoeotnisd nedidn meay als¢ ibeetekcted asabure knbWwieddatiod e MIM® channel

recei ve i .
resporelse and may ftien be referred to as a precoding matrix. The precoding matrix may

be selected by the receiver and indicated to the transmitter or may be selected by the
transmitter in a TDD communication system.

[039] FIG. 2 shows an embodiment of TX spatial processor 130, which performs
the processing shown in equation (1). TX spatial processor 130 includes a power
scaling unit 210, a symbol-to-virtual antenna mapping unit 220, and a spatial mapping
unit 230. Within unit 210, V multipliers 212a through 212v receive V output symbols
s,(k) through s (k), rgspectively, in vector s(k) ‘, multiply these output symbols with
gains g1 through gv, respectively, in gain matrix G, and provide V scaled symbols.
Multipliers 212a through 212v perform the matrix multiplication G -s(k).



[038] An orthonormal matrix (e.g., a Wal sh/ Hadamard
matrix or a Fourier matrix) may be selected for use
wowdnoegoiknow edge of the MBvl O channel responBET/U$2V06/032860
orthonormal matrix may al so Sf})e sel ect ed based on
know edge of the M MO channel response and may then be
referred to as a precoding matrix. The precodi ng
[088f T | XTEE Bfboehea! BdwhYintHE:. QeGeﬁJth‘gﬁlg&@?zﬁleﬁisctﬂgﬁgd to one
to the transmtter or may be selecte y e
virtpalrpstenna by unit 220.TBDvirwahanteoms iao threyght @nare[seB6led FdrGise from

e S A
PRl 9 OB A IS PO RO DL e

the V& palddagynitripfrog wuitiplieR02 120/ thivugh 12Y a8d Qrowdes one of the V
nul. ti glbbﬁrs 212a through, 212v receive V output synbols

scalpfl 1 r Suthh o8tk Mulipleers yeda thrpyehy d23o perfory the matrix
mipILHOK R A PHE RN o U R Y Wi provols

e
TR0 e B S el g Y ST
ar8 iyarded. FinGothér cBfolintGRd, ed s%é@%htlg}auf sgiﬁxggleﬁlagota@@fapped to

virtual antenna by unit 220. V virt tenna
meliplsudgituad gntgneassel ect ed for use fromanong T avail abl e

0" 2t 256 Aol B2 e sy iy bt Bt g spate
Ut b pgleraded2y vedtae for AL yRRX eTUMPZ3( RERIMEY IiGipYier sets 232a

scal ed synmbols frommultipliers 212a through 212v an
thypugh 282 fanthe 3f vithel Wnteosdsethdsy shoinserap364 tireuphp286t for the T
erformthe nma

P BloT e, (T P AR SO eIt BeAGRieiad 7 fr fref fransmmit
S g 1700 B LR AR
oI PATRE ookt a0 RO RET el Bl ATRBLIT Bt oapgprte o
VG\%B%‘ SHRAE elehfRfd] s l’l‘zglgn%}& b€ ﬁ)&}egl%.gpégggsﬁ%?%tl’%%%%hnents

h a respective colum matri x es a
fow/thetIoirarfsorit arhiartnas.y hemappead syrdBd fonedchdemaMingvittugll dnfdnna is

HS‘rlet 32@ t hrough 232v for_the V virtual antennas and
m tlgﬁ“rﬂ?rw 3B OURR 9B 19 generHe a veetprios that mapped symbol.
. L PLj set ..232 . ncl ude
SRR R o PhE S n R AR 05 B ond soncres
trafBARSYmSYNRAk) For {rdsinif Shtenial 1.UhcRHSANBe @hmhrRer 236 sums the
multiplied with T elenments of colum uai Tn matrix U
outpyt of purkspegiviesses of ¥maltiphiers 24 @d4gehetates gethatsatiesymbol for its

transmit antenna. Summers 236a through 236t provide T transmit symbols x,(k)

- -

through x. (k) 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 éymbol is sent from one virtual antenna
but from all T transmit antennas. 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 Vectbr x(k).

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



vector with T elenents. These T elenents indicate this
mapped synbol's conponents for the T transmt

w@niogionasy The mapped synbol for each remai ni NRCTUS1006032860
antenna is nultiplied wth ﬁ,grespective colum of Uto
generate a vector for that pped synbol. Summer 236a
suns .the outputs of V nmultipliers 234aa through 234va

foﬁé&h%ﬁﬁ&h@ér%dtsmﬁ§mémay Wahin X & zg?tlai BlockdsanE3n, ower scaling
antenna 1. Each’ renai ni ng sumer suns the out put

ungif2 1§ melsipbest the eutpat symiibol vettbt is(h)i witls thi23himmdtrgeGer Symbol-to-
a transmt synbol for its transm t antenna. Sunmer
virgued ;anteng, 51%19219& unit A0 autipliesnthei ﬁc%ﬁwmbolxyeﬁoy with the

pehﬁ ennalsi?étrf\)/ﬂﬂk) %dege%%%%ﬁgﬁg lgﬁe%%?tégg gt ag?nfr*%)tlpﬁﬁl fpgbols fo
berﬁéhf b%errﬂcié LY wléc@e%it v&tuamﬁtauﬁ@taha xp Uy o P ﬁnbéﬁ t%hfév\&lsc[arded

in FIG 2, each mapped synbol 1s sent one virtua
Spamlemam)mgj tnif QB)QrfraﬂﬂlplEStthapstmweChMU‘l azsctok/wﬂacthe psthonormal

A 5 o e e
S5 B AN, SRR bl AT HRRY 2 o

reéeﬁxaerb&mrﬁﬁwnh@fetiav&gl ven by equation (1). TX spati al
processor 130 at the transmtter receives the output

[044]nbol Thersceivedgyytials atdhe recsivbcany be exmested gsrbol
period. Wthin TX spatial processor 130, power scaling
unit 210 nul ti pI es the output synbol vector s() with
t he !‘éé} n=rlf) 134 b”n(@yn‘ool -tovirtual antenna nmapping
unit 220 nultiplies the scal ed synbol vector with the
per nut at =dk(kyedd rRGE) FQVs{hY+gber,ates a T x 1 vector
cont ai ni ng V mapped synbols to be sent over the V Eq (3)
sel ect ed=VH I t HA). AR} B £ARG)T-V null synbols to be
di scar ded. g"p{a(t?a%q )rrapg?ﬁ)g uﬁcl)t 230 mul tiplies the
per mut ed=gyn 8(%) KW th the orthonormal matrix U
and generates he transmt synbol vector x(k) . The
transmt synbol vector xWis transmtted fromthe T
wherarH(H)tis antRerDamtah VM@ charMeMasgdine fkri2 ol shtatdte kR
recei ve antennas at the receiver. [044] The recei ved’
synmdd); s, &) it e Ret emteal MBI Olvharoeh resperesd naarix frisyibearrier %,
=E( k) - gk) +n( k) ( - ~V-P(k)-Gs(k) +n(k) , Eq
(3) H,4(h) sap I@<N< )lsﬂ O channel response matrix for subcarrier £,

r(k) is an Rx1 vector containing R received symbols from the R receive
antennas on subcarrier £ in one symbol period, and

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

For simplicity, the noise may be assumed to be additive white Gaussian noise (AWGN)

with a zero mean vector and a covariance matrix of n(k) =o7-I, where o7 is the

variance of the noise.

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

H.virtual (k) =E(k)g »
=[H(k)-w, H(k)-n, ... H(k)-n,] ,

Eq (4)



where H(A;) is an R xT actual M MO channel response

matri x for subcarrier k, Hv/>toa/Wis an RxT virtual
wOorMDozZaeNnel response matrix for subcarrier KPCBUSHE6/N32860

i Rc V used M MO channel eﬁponse matri x for

subcarrier k, r(k) is an Rxl*‘vector containing R

recei ved synbol s fromthe R recei ve antennas on

subcgrri k perlod and nWis an Rx 1
noi sew ég r wal@gt}%é . For sinplicity, the o (5
noi se may be rred tosfhaddl tive jte Gaussian q(5)
noi se (AV\GN)‘ \8q "Ser ‘Fh. VectorBHhdta "Eovari ance

matri x of n(k) is the variance of the noi se [ 045] The
W%ﬁl ré}gi‘l n-gﬂ/usﬁdwwhcl\é/)[t)-tﬁh nneI flﬁ?or_tnrieg— PYai eswnglaa ar?teenna
5) = tH
“poi & A lf%cogem oF 4 e n—&eseﬁ%a’i g

L BTl 5 o ke oY BB} RaS e 488 1 use

|sthec f the v-th used virtual antenna
diag {G O‘L‘#ﬂa}aﬁ%‘ﬁ? 81E;dy} are the gains of V data

st r efs u§ent uf r}oin{_ha wsed virtual antennas, and 1
L2 - (U w lu?046] The T transnmit antennas

e assci ted Wlth T act ual chann pons rs
[0%] 1(Ar§ T Ay erﬁés%laé‘?ﬂﬁﬂ é\‘b&e agfy t%’}tgpne response
veBftL NG BfRASBAR) at"lfh@ 'F"'a@zhlaﬁlevhfﬁlh'lae{ntéiﬁﬁé" gl assochatﬁd with T
response vectors h VIl a -Ul throu

vittualrohannk( Aespofise-ieltors l@g,,,,,a,lﬁaetm@cho Pchfé‘ugﬁ waht T()é)) BYk)-u, .

formed with the entire actual M MO channel response

Eachtveeter H(,A;,) (k) i GdfledAsitls thewntiteachell MIMD chdoneBffponse matrix
illustrated in FIG 3, a virtual MEVIO channel with T
H@¢i .t ual antennas is formed with the orthonormal matrix
A used M MO

[04%]7]' 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
multiplication of H(k) with U does not change the statistical properties of H(k).
Hence, the actual MIMO channel H(k) and the virtual MIMO channel H,,,, (k) have

similar performance. However, the multiplication with U allows for full utilization of

the total transmit power for all T transmit antennas. 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 P, =T -P,. If V output symbols are transmitted from V

transmit antennas-without multiplication with U, then each transmit antenna that is
turned off results in the transmit power Py, 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 use, and the total transmit power Py for all T transmit

antennas may be distributed across the V virtual antennas.



channel is formed by the V virtual antennas that are
used for transm ssion. The multiplication of H(Ar)
wawrdohorsodbes not change the statistical propereCBEESING6/032860
H(Ar) . Hence, the actual IO channel H(Ar) and the
virtual Mevl O channel Hw a Ar) have simlar
performance. However, the nultiplicati on wth U allows
[048] f UlFbr tHeittang@iskidA s@xﬁelﬁeh&o%tlﬁle qhdtfR tanﬁ@w h@fo system
all T transmt antennas. The peak trans 't power
is efedtivelyanedwied tapndhny MIOVIO eystiemoThd trassnittzr appaaks bl e it has V

t.a ranspit wer f or. theTtrans ant ennas may
W%Salém teg{l%s&a% &?18 aransmitgniennas, WeEﬁJ{QM ynbol s are
[049]ans NThe @Endrhi et Mal AAsHI vV anth 8REASs ¥h WRcted virtual antennas.

rrultlfl ication wth U, then each transmt antenna

Then¥t sejestedvirae @Wmtaémyﬂse psgoeinted twithdifferenp sigael Rualities and
bl AR SO T K S s e

fravh tahrespettivepiitnalk armeﬁm\ad Wsdﬁabldthmn@ﬁbél séledt@ti for e EID@Ata stream
fromall T transmt antennas, the full

i s sent
basg, R ey transiession; Sapagily Afabf vittush ahternapted fantheh Jatp stream. In
anklﬁl‘?aiii ehBORMEhE SR ﬁatta ?reﬂ-H D &&nt Qbrodl b Yake @il e Oﬁ@?l tennas to
sel ected for "use, total transmt power ’fm
achm'e amllafpcltfmme fcaratléh dats stma;nsb df d|smgte| Sh)hti&ﬂelate aosible for

trangﬁ%sﬁtgns ; %%Lg%&‘atég gtgt%a?rb a?'%: sergr{ircp& %ﬁt\ﬁ/ & eg@é t%lgﬁ,}r;i antennas in
differeRIC §yrvied] YpekiBds! C Gl nfuRtipdd stBKrrdrat S ¥3li8Ple 5P ransmission, then

transmtter appears as if it has V virtual antennas
caghytdater strepam Ay rbensent tfromt an¥sselegtest @irtual/ antefinas p@4different
a t treans
s E3F 5 SO b S IR bG8 SHOGAT M e en
smgM edte) asynisey sdiected farcilaVedhtavstréhntt bised @t théiag@abe transmission

qualiti may .have different transm ssion
CaB%ﬁbté(éPIt‘i?‘@\’asq eéﬁwgﬁﬂ@&?e%‘i‘ﬁ each data streamis sent
[056]0M aFTGSRRGHLYS ol dut amaﬂto%m G BLE fRhfs T two
be selected for each data stream ase

vittyad nepténmg$. o nlnc #ga cintbodohertthéouri vittual ametessnae usailatlo) virtual
enbodi nent, each data

t he
anfeifts $308 424 S81d B AR: O] P BLEInGS 1Lhd S ot vsed. The

ouﬁﬁlt @%b@l‘é FoS #4th lsBEarR Q" 410 SBREEn VftuA ahteMndatR i kKe&WBarriers.
a single subcarrier is available for transm ssion,

Theh@ﬁp@taénnbtds dos tdatrairerny Dereseent fromnvirtiel Wnisahaedt el all K
su%a?r%éf@l antennas in different synbol periods. If

i pl e subcarriers are available for transni ssion,
[05Hen ehcihedaitdihérraivwhin FEGSLAL a kingle péiﬁmtéﬁ%ﬁlrﬁahﬁ Gnay be

tu antennas on di fferent subcarrl ers. |If eac
usﬁdafoé @bﬁ Bbrarierssandmay bdefined gs follogist ed vi rt ual

antennas, then a single rate may be selected for all V
data stregngbased on the average transm ssion

1 0
RE=| | for k=1,..,K. Eq (6)

[

0 1

Each row of permutation matrix P(k) corresponds to one available virtual antenna, and
each column of P(k) 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



capacity for the V selected virtual antennas. [050]

FIG 4A shows an enbodi nent of transmtting two data
waegam®iyromtwo virtual antennas. In this enPbOOUS®NE/(32860

four virtual antennas are aé§i | abl e, virtual antennas

2 and 4 are selected for use; and virtual antennas 1

and 3 are not used. The output synbols for data stream

deda &S B cdrf RPN %eﬁq}g ' ‘7 i
asubcar ri er%. Tﬁ&é éu% gﬂtkmgyn‘oo %’8%%52%%6&9%}?%%% forat}lg virtual
ansedinh u§gdaoT thiat dataktreami.enna 4 on all K subcarriers.

. %2]51] In the enbodi nrent _shown in FIG 4A, a single )
[053) nut ElGotB shews o gmpodimegt afitransmitiing theg daigastichms syclically
ARd ' f onhas) O AL T be e KoL

oY (X ARCRGLT B Rt AP Rioniar W il pmPoliment, ol virtua

antepnase gpomcilablo, virteahwaiehiads! B ¥iand ulabreasdl @t forand, &t Rirtual
ol umn. of P(A.) .corresponds to _one data stream For )
eofidoh & e el dfeodny et PRAP MU G Gk dtram 1 are Sent om virtual
antdn@A 3 BrS&ibeRrickNE, £07, . €S RBAWIRGal Ah P slbGRUALNS 8, ..
all zeros. For eachdata stream the correspondi ng ’
and drammvirsral pitepnya ¢ ontsabeestiers 3e6f Py.. of The ofitpnt symebols for each of

[ nt en used for that data. stream [O FI G
o e B P SR A8 ot Pl b < R RRiomOha giec seleted
vistiidl @ateBnasysH shoali FaGr48s the K subcarriers of three

virtual antennas. In this enbodi nent, four virtual
W%*]t ennds ther embediment, phowny, in FIGY 4Bnthenpersutation mytticgs may be
deﬁﬁ@da%%ﬁ%&d for use, and virtual antenna 2 is not
used. The out put synbols for data stream 1 are sent
fromvirtual antenna 1 on subcarriers 1, 4, 7, ...,
from yilrtua0 | ant ennp0 30ori |[subcarfperis @ 5, 8, ...,
and fr@m(yi§ ual an &§hga on su gar i(zrs 3, 6, 9,
. P(1)=The out putp(gyxpol s far B of "t hel offaedo dnnvo dat
st_lgga ar 0 Is_cg )s/e 1 &c SSE?ZG & $ubkparri eros&nof al | Fa (7)
three|gelgected virtugal janflennas, @sg‘sr@m in FIG 4B.
[053] 1 n the enbodi nent shown i n=Fl 4B, the
pernmutation matrices nmay be defined as follows: and so
Dapstréatns(1)2 &6l 3 a8d baomted with a618mas af 2 aA8 B0 ¢bspb&thel, o each
colums 1, 2 and 3, respectively, of each pernutation

Perpytption mpigix. &or Rach-late Htepm, fhe vifieal anteppampsed fowtha datastrdam is

indiBlted B o BBy 5F OH S RBb SR foma L
e 852, F OSSR O S ey v
in $HGWAB 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 number (PN) sequence that is
known to both the transmitter and receiver. A given data stream may be mapped to all
selected virtual antennas using any stream permutation or mapbing scheme, one

example of which is shown in FIG. 4B.



in FIG 4B and indicated by equation (7), each data
stream hops from one selected virtual antenna to the

wmeoor/osphect ed virtual antenna across the K subCHDS1006/632860
and waps around to the first, selected virtual antenna
upon reaching the | ast selected virtual antenna. [054]
FIGS. 4A and 4B show speci fic enbodi nents of mappi ng

dat azsﬁe%éi%r'l‘%okfédfsi antennas. |n general, any
may be sent from any nunber of
r t ua be p
l"?ﬂe s eﬁg%‘?é%%?ﬁ? DS SRS RORARE GBfenRORESve: e outpur
symioisesen( by the, trazmmhﬂtc(ral’lrlms@ dete@ipnasitingduey intdhdeda fdhimum mean

ossi bl e r%t ations) or a pseudo-random nmanner based
5, ‘ﬁfeaerﬁ%re Qﬁgl Wﬂuﬁbérzﬁrmrc@éq (@hic techpigpbe, 8 mepwigel ratio

cohfbififl NIR tfe%ﬁﬁl ¢t %ﬁda sﬁc% &hwesh tef%el%hé/ ?élﬁmon (SIC)

stream rray e mapped to a ected Vi FtUa ennas
teelmiqug. aiﬂ;c rsteieermmae deninead slm’mabﬁltﬁampnmg)asem emehe MMSE, ZF or
ngﬁn‘grgg \A‘%gch is shown in FIG 4B.2. Receiver

M9y 05875 The recei ver may use vari ous

detection techni ques to recover the output synbols

sentypy enhr Hrtrex e egiti tgchni ques

[ nclul\g’é”gcljm%’f”ﬁgmeﬁﬁ(@ %F‘g%%??grﬂ( Ngﬂﬁﬁéchni que, Eq(®)

a zero-forcing (ZF) technl gue, a maximal ratio

it e e I ) B e e Eq ()

receiver may derive a spatial filter matrix based on

th t h foll MhMAK) =
eeM\(/B &)ﬁzﬁk Yo —ersfég)c(ﬂl) sn 2 1] 1 -H Eq (8) ?\/Ik) =[Ea (10)
- k) T1- , and Eq(9) where QA =[H(*) used (k) +

. 23@[ i N CRTR AL .ﬁﬂéd% Wt (10).

mrse (k) and Hwc(k) are V xV diagonal matrices of
scal Dpg, (v (disg UQEE) {0, alat ai n nornal i zed estimates of
t he out put synboTs [ 056] The receiver nay perform

e, 1 =T TH ) -, 00117

(k) and D

——mmse —mrc

In equations (8) and (10), D (k) are VxV diagonal matrices of scaling

values used to obtain normalized estimates of the output symbols.

[056] The receiver may perform detection as follows:
8(k) = M(k) - x(k) = s(k) +1(k) , ‘ Eq (11)

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

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

n(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(k)
or H,,,(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



Kk) =MK) r(k) =s(k)+n(k) , Eq (11) where MKk) is a

VXR spatial filter matrix that may be Mmse (k), M (k)
w@eookoz49(k) , s(k) is a Vx 1 vector with V syPriDiS2006/032860

estimates, and n(k) is a veg%or of noise after the

detection. [057] The receiv may obtain an estimte

of U(k), Hv>/ ( :) and/or U ed (k) based on a pilot
dep&feht/ 0 the OMnkie® Jff FnB Bﬁt‘éﬁnas':%'eds o ngfnﬁéézont N&he symbol

description herein assumes no channe L1 mat
estamaigs in §(4e areestimates afthe depitwgmbulkén s(kg) based on

#—{éA) or Utuaiik) and the known U, P(A;) and G. The
[03%cei vahe Fespiver apayy epiomen ld[et&ct)wlbag stown ipisugtion) (Har for each

I r t
S g e et Sl SRt o2 R vy PO ER TP af pgarricr and
symbehpérmd tThmsem:lszsn oy dehap slym‘ephbcﬂsdstmﬁtee&”oﬂ 5111 s(chrriers and
yqqhel est.i %&s f the output synbols in s(k) 058
S PRI S i e of ROER COPBIFTIRIEH G rSyambal-to-virtual

an@ﬁﬂzﬁhia@ﬁm@]bb) thé @Lranﬁﬁﬁt@r S'FFH@ RdcEiver nﬁy'tﬂene@%beﬁ X8BOldemodulate,

period n to obtain synbol estinmates fo

desygsleare.i and dmdgwwostrws ofi symihel estinmiteseto whipim elowgaled data

strbdlfs symbol estinmates for all subcarriers and synbol
periods into streans in a nmanner conplenentary to the

[039 mhol Thequility batheasRin®BD astiwidd 8 defdhdbiteor haHeRkfidlechnique
%&e recei ver nmay then process (e.g., denodul ate,

usetb Py s reesiver &h&%ﬁé@oéﬂé}iﬂt qalist pazrhe @fanbﬁﬁfbblv 81gna1-to-n01se

PR S5 RSB ISR TS, SR RSl T o

ratd:e(Mob rand esohmmi. gHer clssity, ISWR fxeusedciei réprresent nigan gaalty in the
d 5%? %ﬂallty may be quantified by signal-to-noise
¥ , signal -to-noise-and-interference ratio

[0603! NR) TheSIqRGr 18 MIHEERO4 Mt Rre 24yt rx@&éSQed(ES/ No), and

so on. For clarity, SNRis used’to present signal
quality in the description below [060] The SNR for

the echai(§he may be express d as: , for
}JY"‘“SVESF(]{P icj.Z) &here 38 {k)% P1’e ’\;r’th di agon\a/\IE (12)

eI ement of Q( for subcarrier k, and mse,v ( ) s m
e SNR of subcarrier k of virtual antenna v with MVBE
whetet e (k)ois thd Hildiaddral SdReht Q(ke; %Fsﬁ@sﬂm m@ldrray be
expressed as: zf V (*) 2, for 1, . , Eq (13)
¥ amse,» (k) 15 the SNR of subcarrier k of v1rtua1 antenna % w1th MMSE detection.

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

7zf,v (k)= fOI' V:L...,T, Eq (13)

rk)-op
where 7,(k) is the v-th diagonal element of diag {[H. ,(k)-H,,(k)]™} for subcarrier
k, and
7., (k) 1s the SNR of subcarrier k 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 rv(k) is the v-th diagonal elenment of diag {[H
sed (k) Hused (k)] ~} for subcarrier k, and cz (k)
w0 2000/298NR of subcarrier k of virtual antennaP@I/ub1006/032860
ZF detection Equations (12) ?nd (13) assune that the
aver age power of each el errer]f of the transmt synbol
vector s(k) is unity. The SNRs for other detection
0bBC NI GRS 1R N5 gi Uinada@Hitsd SHER AR, i
.[ hgr_ei n.f}%&] gquati onsﬁ%lgg?bg%dm?g%) gl Ese NRs I"'n Iso be given
in|deeibels (AP, esfolMR: nay al so be given in decibels (dB),
as follows: SNR, =10 0Qgl0 ( v (*)} , Eg (14) where ¢

' NR in |i it d SNRV(k) is th
cor rOIBokE T BRR 7rlb: [ 053] For the &I C techni que, Fa(19
the receiver recovers the V data streans in V stages
I : t [ h st , d I
wiite 75 Yook o e w el B3 s et enchdinn K & &
[ t .St F first .
M R o L R e S

ordayeng losie (Ietagtreani$h 8ghtstege Myldanddts tie iMeHetcaed RbAURACR ecoded
shown in equation (H)) and obtains synbol estimates

dafao s PHGK & WePEsame thp acktcdals ispam.-hder Hreofilst sage, the receiver
) 2y t
pekrifls R0 WA RS rec %&‘_tsgﬁmlgglg\e’%sb%,e gﬁgggtglg E Eﬁhoer MRC

synbol estinmates to obtai stream
techwirpie\as showe mn egutationt El9) srikobtaine syrabelrestimetes forcorerdaga stream.

data.streamb 1) . re-encoding, .i.nterl eaving, and ,
T e PR oAb s R e con o ieoBdgRp th symbol
estHRBRS to BBair0f BBHIBY dith Strédn@NTHE tdRlvef BlentdiiBaRl bEl‘?eqrﬁerference

and (2) nultiplying the reconstructed output synbols

dugj tonthih daigseeraNERD @ haersatoding Jotesleavingt ard symbalbmapping the

' r 0 0 t this st.ream The .
acklel B SPRE 58 TROAER BafE ob o Ch L HiecP RimptiRt v this stream
anflr@miniitiplyapeibncedcaptitatbd oupuoBimabels ol fhe dsddeMEM® Ghannel

synbol s. For each subsequent stage, the receiver )
TePOBIG ¥ s 1A L ORIR iItPERr RS emRaReBls (iYs| 16 thisotiieamie Bhe srceiver

[t : fir t oyer 4. .
s e e M Olop Pkl Tt B REAREL BRI obtein
mafifieheéretedosieubadat &os teaeimsilsseqeqe rattee] tlen rdcdivet eocesses the

iR soaltet Spafo T imt fedripr hat nybe sRhamiohen e stage o

reciveEad daga sieeaver ed, and (3) the anpunt of
interference due to data streans recovered in | ater

[064]agesFor the pd@ dechniqusNire SA ofeagh fdecoddd data steam is dependent on
(1) the detection technique (e.g., MMSE, ZF or MRC) used for the stream, (2) the

specific 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 petrformed in various manners.



streans recovered in | ater stages because the

interference fromdata streans recovered in prior
waee@gesvis cancel ed. This may al |l ow hi gher rat BGT/US2006032860

used for the data streans rﬁgovered in |ater stages.

[065] In an aspect, the performance of different sets

or conbinations of virtual antenna(s) is evaluated and

[066fe setn @h éﬂlﬁddh&ﬁlantaﬁﬂgw@s%ﬁ) sétd bh ohg ®rl@8te virtual antennas are
performance i s sel ecte use. Performance may be

evalylamii fHash pogsiblarvitusd apiennd st is aloh referred ¢mad a dwlarbthttsys There

t d
o 7 L U et SR ToE b HES HuvHeRTiRed ot DUt for T
vifiedl @tetindd) G0hydotheRss RPPd] REgflal aﬁ{ebn&oﬁﬁd B 8nSHIcST Alpotheses

one or nore virtual antennas are eval uated. Each
fonossn@thwlvdmmmal Bhhepoibesse tmdysbalesaluated ewhed M=2as -4 if all
s. There are 2T - total hypotheses for T
oy B RS s A, BT b R Bt e M £ grfora specifi st
it Gt Nhas tye '
° ant ennagﬁm(ﬁ S0 g%h(}i%)%@ Sﬁﬁﬂ/ﬁ{ gﬂlle?e\éra%%bgl% fhrf{ereqt virtual
anggnpesets. M hypot heses may be eval uat ed, where M= 2T -

1 o2 2 LIRS 2L o
th@ Wtgnasmlt $dwad alcfosgl eHROdcRLtedSviAA1 ahf@mnM. hFQP& B?ﬁ&ﬁes?sf with V

for Mdifferent virtual antenna sets. [067]
vigwd ouitenaas,, whetef bEtande the tatal éramsmadpweerhnmm lﬁeo ldrstnbuted as
foﬂé\?grl bution of the total transmt power across the
ected virtual antennas. For a hypothesis with V

virtual antennas, where |l V T, the total transmt

powe mt{epdlstrlbuted asfollows where PmV (k) is

t he fmuy I‘ﬁower for d0b¥&di-er Jc of virtual Eq (15)
antenna v in hypothesis m In equation (15), the total

data transmt power Ptotal =T -Px is uniformy

wittirs 17, | @)t e dhaoamssit power\oy biiBodier andfannas, anbhela ©3s Mypothesis
virtual antenna is allocated Pva = T P1x IV . The

m.all efatied (13)aMhs fothl @GaneinsMepdwedr BACH TVIA iy ahifamii¢ idributed
is then uniformy distribut ed across the”K subcarfiers

acmks tHedll vitial aidtenieis] fidsach PirRabaiderdtiaiy afidcatedr B, I J8YV . The
for hypotheses with fewer virtual antennas. EQuati 6n

allpq_ggd alagomit miveatRs fohaschowirtpal hetemma i thenamiiormdy stributed
re.allocated transmt power, and all other
acrgs ttﬁ% KL\m G5 G i i @Ue o For s g arger for

ossi ble all ocatjon for
bl éﬂ@sr P GBb RS o s aHpp AL Realse iaficttse tatgenly the
vir@ifal @ﬁt@ﬁné{b)blﬁﬂef ugrarohlRaEH tMhEhH YowRR LR dther 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 7,(k) 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 quantified by average SNR, which may

be computed as follows:



the hypot hesis may be conputed, e.g., as shown in

equations (12) through (14). It should be noted that
waerrp2eanzdl rv(k) are dependent on the power PmCRYUS208€0532860

to conpute .used (k) . Therqfore, the SNR i s dependent

on the nunmber of virtual ant'ennas in the hypothesis

and is larger if the hypothesis has fewer virtua

antennas becayse of the |arger Pm (k) . [069] In an

enboﬂNRggL;r§e+#o CENRg @Dantified by average SNR, Eq(16)

whi ch may beYc¢bnput. eet as fol l ows: SNR avg - - SNRM(A)

, Eq (16) where SNRmv( ) is the SNR of subcarrier k of

virt apt enna [ n _hypot hesi s and SNR avg mis
whetg Sﬁémgé %ﬁ?@g %’%‘%@mﬂ%@fm%@mt?mww hypgthesis m, and
SNRayg _are.in units of dB. [070] In another
enbodh tn,lsg’@raﬁ’ﬁlia% BR fos hyppthssismed by t hr oughput ,
[ c& is also referred to as spectral efficiency,
Sﬁi‘g@a ) 3pd SNR g0 20 upils of ABoughput for hypot hesis m

m n n an unc¢onstrain aci t

107 1 8 dhch GG onipppormang 3 antifed py<hionghe, which is

I : reier
e 18 Sl ebukicy, SHURCRY, SRR The Raronshput or
hyplthssigpunay be dsterotinet based on rRnegnrahstorinddl é)pacity \fikdtion, as
: fohg is_n linear units, and the throughput of each
stBtarrier of each virtual antenna is given as log 2
[l + mv (k)] . The throughput for all subcarriers of
all virty ntennas in hypothesis mis accunulated to
obt a7, ?fﬁ ielpg;{ﬂlﬁm,fv(ﬂﬂ}hput for the hypothesis. The Eq(17)
unconst r &i4néd capacity function in equation (17)
assunmes that data can be reliably transmtted at the

apaci ty, of .t VI O channel .. 71] The.t hroughput
wiGR 55K itk SRR SRy SeaBR EE it Ehlenaa imist hag, and
constg ai ned, capaci .ty fungtion, as follows: K Pm=
| og éﬁ"[ %edtbmrug l%}fw%poﬁle@ﬁ"('w) V= A 4=1 where Qis

a pepalty factor, used to account for various factors
Inseagzﬁlogs(lﬁ)@dfu 1 €t)i i§#n linear units, and the throughput of each subcarrier of each

virtual antenna is given as log, [1+y, ,(k)]. The throughput for all subcarriers of all

virtual antennas in hypothesis m is accumulated to obtain the overall 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 function, as follows:

TP, =Y. > log,[1+0-7, ()], Eq (18)

v=4, k=1

where Q 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. Each rate may be associated with a specific

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



schene, codi ng schene, code rate, packet size, channel
estimation errors, and so on. Throughput may al so be
w@e ooopieea based on ot her capacity functions. [PZR{S1006/032860
yet anot her enbodi nent, perfl%ramance is quantified by
an overall rate. The system'fay support a set of
rates. Each rate may be associated with a specific
specific NeindAemNSINR] @bhied & hefiBve a (B idvieP of %ﬁoﬁl@én%e &g, 1%
s ecific spectral efficiency, and aspecifiC m ninmum
erogtate SER Bively Bypothesisya: a raiy slaydfe splscted fomeach virtual
0 F the
an?enﬂa*% HeanRg e B on I, Sk Rt iy BB ot PERTER tecton
mambemﬁnnhémsarhmsmhmersl he SNRs for Ihat Vi rtual

0 tenng ;he Late sel ecti on be perforned in
0% i ou Upests fip733) apefase HBaY §’err?°IEPPt§4' dprpgach virtual
an%}{ﬁaquomevsconput ed for each virtual antenna as
follows: SNRavg mV SNRmv (A1) , for v Am Eq (19)
where SNR avg nmv is the average SNR for virtual
ante vinh sis,.m [074] eff ctive SNR for
each rewal I@?ﬁfgﬁﬁg al so be ?‘g d as fol |l ows: Ea(19)
SNR eff, npv = RR av&npv - SNR b0>m>v , for v.s An, ,
Eq (20) where SNR bo mv is a backoff factor for
where SR, antietheaverap® SNRPRE hEfilabariendaitdn Bpotabdis AV 1S
the effective SNR for virtual antenna v in hypot hesi s
[07d] The Ahacfectife SNR tforr cadh yirtal maadlatlﬂa}aﬂwwéorﬁlﬁited as follows:
variability in SNRs across the K subcarriers of
V|rt antenna v and. may b e set as SNR bo mv =
mMTe'glgR@gﬁm MWResmim e var ifah¥€ 4f the SNRs forEQ(ZO)
VI rtual antenna v and Ksmis a constant. The backoff

fact may al o b used to account for other factors
whegie rﬁ&%m e 1§32, a‘flwéfe fester %g' varepl sBlsanay inohkypethesis i and

virt anteri_Pa v, .the current PER and so on. [075]
An v fhefiRetivg SNRJRr virtuel patenaa wean Apaibssisais o be
conputed as follows: Pmv = - |o0g2

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_ -0}

snr,m,v ?

where

bo, m,v

Opxm» 1S the variance of the SNRs for virtual antenna v and Ky 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 &, .
Py =X Y log; [1+Q-7,, ()], and Eq (21a)
k=1
: ZTP,,,,,, -1 |
SNR., ..., =101og,, ( 0 j R forved,, Eq (21b)

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

hypothesis m, and
SNReq,m,v is the equivalent SNR for virtual antenna v in hypothesis .



[l +Qy mv (k)] , and Eq (21a) SNReq =10 1Dgl10 J > v
An , Eq (21b) where TPnv is the average throughput for
weawhoswbxarri er of virtual antenna vV i n hypot PEFUS200§/032860
and SNReq nv is the equival SNR for virtual antenna
v in hypothesis m Equation ( 1a) conput es the average
t hroughput for each subcarrier based on the SNRs for
EquatioK (318)@8iplus the dvakh %& ltlﬁﬁuél%llbforgda&l? §ub%ﬁh§£\|8a§eh 3h the SNRs
praovi des_the average throughput from equation (21a).
for b K sibearg sy ) Bonpdégn 21ty gisriRea 9NRorthasapiovides tthel average
hﬁﬂ%ﬁ ded to a | ookup table of rates
tve s%@ﬁlﬁgﬂéﬁ@ The | ookup table may then
[0p6pvi d@NIbaQ AV, OBBRL . 1 gt er t4ER, MRy fbe edsleviftddl BR6kha may be
virtual anténna. The sel ected fates for all virtual

pramded] tag lookupyipllt ImésatSS erslyrefeired SNRY| athedoslawpoldblaimay then
pot hesis m [077] Performnce

ghi rate, for
Pfﬁﬁxe‘? Thebie sstaa"éﬁb?ftfmae‘fd DYs f??é ragheyirfuakantenyg. {Hiessejegted rates
foWaIl Riifud DEtRAPH Iﬂé)oﬁféﬁs By Elﬁigr\;e é&ﬁﬁﬂiaﬁé@toaé\ﬂtﬂﬁttﬁé Gverall rate

val ues are obtain for theses t
fophmpaibesésdn. These nmetric val ues may be for average SNR

|1 The .h .
041 " Rt ot b tuhtef By s rigrRged 458 yihin e
scoPof thB @réveaiiaséntiofr MakHRNE val@és 48 %bﬁhr%%lt oﬁ{e'ses that are

rate) anong the M hypot heses nay be i ent|f| e
evgblateéf These metricayalessrats e faraveiage @Bhtthr@gg@um QWretlhmte and

best 7
SO oy p L WA TR bB BT SHEE (o, el et sk, he
highest It]albhghplltlr tridlhe h{]g‘heﬂn@\&rhaIWrﬂb) 'E(Ijnoné ﬂlgtlb[eh?pcﬂﬁé%eijﬁlay be
= .15 tota eses that are denoted, a
05 eSS O B AHESRa(Podt ey BRRESSvIER S bish e value
m§§§e§@éct%rﬁéé’t ual antenna, six hypotheses 5 through
are for two virtual antennas, four hypotheses 11

[OF $1lr ougWIG45 shews wirtuphargennaiseleatidn fortassasasvithafook aiable virtual

hypot he&]iéﬁ% 15 is for four virtual antennas. The set of
a“&%ﬁ“%m t drimd( &ers gfe dachl b deté divpothsses hiba atendenoted as

: rt
bR DRl Py NRRLIEY Brheht S0, Hhllnna, i
hyanthesnsdsthﬂmghd 03urg for two iziralaﬁa:raanrfaié) fouhhmﬁlteess Bl thZough 14 are

o f t hree virtual antepna 4 (a =1, a2 =2
fo e 8L i g Bt R assies ™ 8 Mot etunginienpes.  Thg set of
vifidl @AtkARa(3) fo?%@d}ﬂ@pﬂthesm 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 virtual antennas 1, 2 and 4 (q, =1,
a,=2 and a,=4), and hypothesis 15 is for all four virtual ;cmtennas 1 through 4
(a,=1,a,=2, a,=3 and aq, =4).

[079] The total transmit power 4P, may be uniformly distributed across all virtual
antennas in each hypothesis. For each hypothesis with one virtual antenna, 4P, is
allocated to the single virtual antenna. For each hypothesis with two virtual antennas,
2Py, is allocated to each virtual antenna. For each hypothesis with three virtual

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

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

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



(flj =1, a2 =2, a3 = 3 and a4 = 4). [079] The total

transmt power Ptx may be uniformy distributed across
w@bkdo7®249t1al antennas in each hypot hesis. For BEDINS2006/032860

hypot hesis with one virtual ,antenna, APtx is all ocated

to the single virtual antenna. For each hypothesis

with two virtual antennas, 2P1x is allocated to each
hypothbi@ wigh tlen RishestomeRRCHalhy RRIYNBS ii8eMlch, bhd 8Be set of virtual

virtual antennas, 4P0. / 3 is allocated to each

anignpa(ghior this Byppsbesisgpay breselpirsifedses with four virtual

t enn [ : t [ | pantenpa. .
O8] peor anolht. RbBlinRAE G0 (b S8Rl bW pee B apitormly
digtabwed acrogsrthie virtahanterstas based da seatérb@itingbolvieh is also referred to as

R o ot T HEOBBES g r SR O Ficb FRRESTC of oph yirual
anfnBROHRAG B SnifBlly BReREh&rbREd bR bn YS8m i%tﬁ QF P!, BeRB AN ed to the

.enbodi nent, the total transmt powe otal is
vitteph agtennor by avierage iIINR ot each odudl ataning troggl than tbertetsmined,

e mater-filh hch is.also referred t .

o gapanoR Bl thEion ok aBe W SPneti BoRer Plre Teiiher dediributed
actsb tley Kireilal @hte@AgNiny ihet ot EOR tHRYtheevittRalt irdddnY with the
.determ ned_based on an assunption of Ptx being )
highestrvgrags SR iallogaied thg masitteansmit ppiver.cand the sirgriRatema with
. ¢ . _ ,
PR bl SRR SRRTBY iR S5 Bt g 1 enera
noRtupifaim rmeyver dincdimndis shoreprb@itab in @ SEDDhenwmiititétion system in

it & ARSI, o o g b Sy Figulediiol e apkolesttbameh drough
chi@! rdci#baity. t PAVEDD @Rthnill8ation' 8@k, ﬁeﬁ-t%ﬂgﬁré%\’h{)agli ffocation

| onest ‘average SNR is allocated the leas
tynieallys piquirpo e targd rmpante of| feedbask unfotmptiopewer as, e.g., the best

| . e enl . . .
ety ek et et
fok Bt legt@thesis, bheceidrahey svabapnghltiply préa&iemiash @hequal power

.reciprocity. In_an FDD conmuni cati on system o
distabutions peross Pewartug anisaaes o mppisead e hestpewersdistribution and
47 S101) f i _nf- tion such as, e.g.,
th%ﬁéggﬁé@t precggllﬂ%sgfe%aq?%ﬁ?(&%{r%&;?genmde deconposi tion
[08¥] t heFI.r@ilesws ahmxamgle ofAlower datribigioy ,acfods the@CHrtual antennas
hypot hesi s, a receiver may evaluate multiple
a1 fcidids iifh waterdidlinga) Thronerags SYRifpueachridrten motesna pe SNR,
vi rtual _antennas, and may send the best power .
forip sy 2nds FoACEmned Withethy a5RpUER obRudiwig Slassied to ghe virtual

ol BRI S Moo DS SR Bl s i
co%x]pﬁt{éga d Qﬁottttéd%tff(r}.'é.' tk' 1081 ugﬂgnn?‘f)%{v%lgﬁoﬁ\l'ﬁ d{sglrbu?e?lcalgross the

ntenna av, 'S
three virtual antennas such that the final power level P, is constant across the three

virtual antennas. The total transmit power is represented by the shaded area in FIG. 6.

The transmit power F, allocated to each virtual antenna is equal to the final power

level minus the inverse SNR for the virtual antenna, or B,

—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

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



for v =1, 2, 3, is determned with an assunption of
Ptx being allocated to the virtual antenna. The

wo pwense1df the average SNR, 1/ SNR , for each RECT/USZNNG6/032860
antenna is conputed and plotted in FIG 6. The total
transmt power Ptotai is distributed across the three
virtual antennas such that the final power |evel Ptop

mbp theartst @aluadd Bsed bhahé kaganiy pbivehlictandasch Thifial antenna.
total transmt gower is represented by the shaded area
i1
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orBdi B5RAptioknef FNREn®hllGAA 16 WRCAhAGMtRha ©TRE tothll k@it power
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Pryamay they berdipribited opss dhe votual watenyasomhidsihypbthssisl sueh that
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R T "SRR, pRACHESbeG Wil aninia, comavoDE
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average SNR for each virtual antenna in the hypothesi's
Jupe@4h2002et Sharingk thvisssserimen allnwathe same irate tofbeRised Hed #lf) virtual

cat t virtual tenna. The total transmt
s S R frobllfy Ve B SRR bt o cehn
[084]r t uaPerfsthRRBemMal Blsbibe dBypainke ShsedDrihdrieheni a8  distributing
virtual antennas achieve simlar average SNR

thertoged Hiapsieid PeWer Dew ReRwnHgmall agress thervisal paennase
described in comonly assigned U.S. Patent Application
Ser ?Ml?g, 442, entitled "SI GNAL PROCESSI NG
WT | GENMODE DECOMPOSI TI ON AND CHANNEL
[O@VER ON F | O.SYSTEMS, " fil ed. Juge 24, 2002.
annet® FhBP UG RP TSPHY, ReHarRs R bantenng sgiectians gvaluates
diff@entaets ofi vt lanRAARKD) afd LB & SB)ittho a?feﬂﬁ&@)%vﬁﬂ the best

at both the transmtter and receiver. [084
pedarpaican dde reasjvesithen ssadsichannel sietd infageationnfoo theeselected set of

. ' i ' h |, t. . .
B AR T IR T A —

types of information.

[086] In an embodiment, the channel state information indicates the selected set of
V virtual antennas, where V>1. 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 total transmit power Py, uniformly across the V
selected virtual 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



3. Feedback [085] In an enbodi nent, the receiver

perfornms virtual antenna sel ection, eval uates
walpdofeeem sets of virtual antenna(s), and sel BPCI/BES100€032860

set of virtual antenna(s) w.4,h the best performance.

The receiver then sends chanhel state information for

the selected set of virtual antenna(s) to the
(21y.amBerhdsitter Mgy Sdladt raqlatesmtaﬁ:hl xfift@a{l raﬁfelnﬁ@ bARY mARVENR. The

various types of information. [086] hi an enbodi nent,
transeniiégranne dissibute tha foahuamsort paver Bues(l) haifoenbraadss the V

se?e%&edosfﬁlrt}{alvérfténlﬂ% b?gﬁ)ﬁﬂ&??ﬁﬂg squl feac%és;.t\%l Vi %Jeicc ec#1 éﬁﬁ]agl}tennas

(etgl,eudn@tvaiey-}ﬁdiiﬂgesﬂ Sh'cﬁmdl meacn) besed alnethe SNBE forathesé V virtual
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argt ?r&lﬁ%mshﬁ% yloeewm RIWRS| distribefiomemay benespseally valid when
WahBhiofd 1) 1 t; tal qtr i
inbGlRlions 5t (10, ARt greeaiis ot SRAP @, ol BREEEr  This
embncbmmasna}{ x87ed) mgaforehd tdnsmesdion $dheme lshowe lin BIGit4A with one

|nfor ti.on | icates th for each sel ected

dafa sreem eé’?ﬁ ?ﬁ?ﬂg ﬁﬁelﬁ‘gﬁf AANTPEd as shown in

[osgLat | dendthS) erhbs RS 2 chahfi§l dihtd RS@hitiin ﬁYﬁYca{%‘é‘laﬁC&Verage
a rate for each virtual antenna based on its SNR The
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SNRr tThad erabddimeatsmée by used)Si gl@foii\ﬂie&fanﬁmisbioﬁg;cﬂém@ Bwiein FIG.
]% gr Si 321 Sbased on the SNRs for these V virtu

RiReaya bere erl-ftom el glesied vigral ariger o theyV data

Stggmog%p[gg‘hﬁégﬁﬂégg Mhen information for the best
precodi ng rralt rll X Pg{ avail able at the transmitter. This

[08%bodi freiyet amyhdreemiseiines, the, clapuel tstete tnfansaticmsindivates a base

h Fl G 4 b
SR SR odes ol Std SNRFIPT S, L arizctef BB tennas. This
erAbUi et 16 BREialTR REfectitefof RS mSERh& ch&he SHR ﬁlnFIG 4B with

i ndi cates an average SNR for all V selected virtual
eaghtdatm siscanyibeials seRy abwse GHpVit setbctes mahamtnm@qma[ﬂu with a SIC

rea(:glg%r bei &eu %& %nrse%%érqfle a2 s %alér?(:t I}G brg'lgé orﬁaem E)g the lowest SNR
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foe lﬂbo‘d iselested mabsmaﬁﬁxd the l@vest BNR foh éhet V ABRNGSEMNS, rthe SNR for
enme shown i each data stream bein

thg éﬁ&a SFTF%ﬂ%ﬂt is dﬁt%céwe@fséwtb.thq D] teahran, 484 shen+t E@chﬂelta SNR
mB il &:r the ﬁ&f&&meqﬂ'ﬁﬁﬁ{ssfo @(I rie yterrds or l\{?? I}igt% streams, and

anot enbodi nent nne state 1 nfor
soi ond cat es a base

[090] In an embodiment, the SNRs for the V virtual antennas may be ranked from
lowest to highest, the base SNR may be the lowest SNR, the first delta SNR may be the
difference between the lowest SNR and the second lowest SNR, the second delta SNR
may be the difference between the second lowest SNR and the third lowest SNR, and so
on. In another embodiment, the SNRs for the V data streams may be ranked from
lowest to highest, and the base SNR and the delta SNRs may be defined as described
above. If V data streams are transmitted such that they observe similar SNRs with
linear detection (e.g., as shown in FIG. 4B), then the base SNR may indicate the average
SNR for the V data streams, and the delta SNRs may be equal to zero. This may also be

the case when the transmitter performs precoding and permutes the data streams over



SNR and a sufficient nunber of delta SNRs for the V

sel ected virtual antennas. This enbodi nent is
wezpeotald y effective for the transm ssion sche@EUSIVO&HB2860

in FIG 4B with each data styeam bei ng sent across all

V sel ected virtual antennas and with a SIC receiver

bei ng used to recover the data streans. The base SNR
theryluden Végors @fEEE pRYRlingrmithe. \Mdeglyeeft @6 nilfibléadata streams are

antennas, the |lowest SNR for  the V data streans, the
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AdeBifiptition T oot B0 doctho? Heod Biptertin sC RNRHIRVE the maximum
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and the delta SNRs may be defined as described above.
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(098 o 1 P B el bl (AR AREPEE L83, 4t o SR for cach
vitudraatpan SR1dto stréalemyly Batgiventas:eans, and the delta SNRs

may be equal to zero. This nmay al so be the case when

t he nsm.tter perfor precodi ng. and permutes the
dat aé ?gr@méﬁl’ﬁé)'égﬁimm svect orf8T =k weVprecodi ng Ea(22)
matrix. ldeally, if the nmultiple data streans are

e ed recodi,ng.at the transmtter, ich .
w esrgﬁﬁﬁca’égﬂ%\dg&ﬁ{ Eqrn\fﬂﬂl%llr %nﬁeavo‘gc%ﬁ"b@ FAR I, Ty%é’ﬁﬂ’(’dlmem
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erfectly with the singular deconposition matrix, and
St?ﬂ‘?é%’é’é’@%\]/%ﬁ‘m‘f?évoﬁéﬁamor m SI C to maxi ni ze throughput .
t he t . |
(0P o T b b GRBeld 0 SRERYC s TR indht & ate for
eachenlettiod vidisd aBNRnamyThenslysteamt endyhsipPbi® fett dferatks) as described
strea hat s recovered first, and.the delta SNR for
RGOS B R TR P Ry e e b e (gt PRAPC SV for that
vitthél dnfansv arlothepNm BB erdt e RhinHel REONSSAHGA IAdicates a
.Stream [091] hi an enbodi ment, only one delta SNR may
single gatedor alldv tselecelviftaal adermas, 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 virtual
antennas. This embodiment may be useful for the transmission scheme shown in FIG.
4B with a SIC receiver. In yet another embodiment, the channel 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 antennas based on the SNRs for the virtual antennas.



virtual antenna or data stream may be given as: SNRV=

SNRe + (v-1) SNR/ , for v =1, ...,V, Eq (22
wob@re248NR, V, is the SNR for virtual antenna aRCDUSHA4/632860
streamv. The enbodi nent sh in equation (22)

assunmes that the SNR i nprovés by the sanme anount
across the V selected virtual antennas or V data
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oneatrembrer sedetdd wﬂndnmﬁha]amb&masa Peyfonrarel foc bl chypasestsaT each
ual. antenpa. | n yet another

SNR f h
f@t?gsatﬂélté) rix h@tla\%rﬁ ted§ts Ae TR GPReA | Dhe SRPeETAgnrix and
thé 'sé’t&iﬁm'hﬁl @nfelha(d) \Lv1t13{ﬂ§ee$e%>§f)§@orﬁiaﬁééjﬁ‘1|sxl%@?? b}y\‘tﬂecdi’lannel

be sel ected based on the average
ﬁﬂﬁrnﬁmﬂwh@ntennas In yet another enbodi nent, the

nne at e for mat i o cates a base rat e and
10885 0 Ty il i XA ok "Rl Sl B SO types of
mﬁﬁﬁa@ﬁmsuchml the SEIBEEH RBIUT Va¥rtRe atfeahad s tﬁﬁm (ﬁstﬂtﬁty (e.g., SNRs),
transm ssi on scheme shown in FIG 4B W t

rafeg.ctEangBit Popver.yairiaesopilely otheratirmetien, or keombinatien therepfe
[Obge'll or Mgt 'aﬁlr&tﬂep d%: (ﬁﬁleﬁ‘t r@ltee &?émttg;ﬂme%n%? rth%hﬁrt\égl antenna

ected virtua ennas. e SysS may suppo
seleetivm re-gussintg @henlned ataee mﬁtrmtahat fromnthareesivar.nunber of

%d ratec nmbi nati ons, .which are al.so.call ed
0i8kiul a ienG gli*F‘eﬁ%‘?n{lﬂwanS‘E&éﬁ pilof g thapggrdo allow the
re€GURItH %&thﬁite e RO FAfIE a%ﬂa@leavﬁﬁﬁcinténﬁa{‘%qf agh is sent on

data streans to transmt and a speC|f|c r at or eac
ondiptVa selegted ivirtyal mateanaso nbhe densmittea mayetrasingic thecpifod by cycling

the ected virtual nas b sed on the SN for
nfdin e 1 o8 it B RSN S5uR BRBed ' fina 1 in
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[097] FIG. 7 shows an embodiment of a process 700 to select and use virtual
antennas. Multiple hypotheses for multiple virtual antennas formed with multiple
physical antennas are evaluated based on at least one metric, e.g., signal quality,
throughput, overall rate, and so on (block 712). Each hypothesis corresponds to a
different set of at least one virtual antenna. The multiple virtual antennas are formed
with one or more matrices that map each virtual 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).



i nformati on such as the selected set of V virtual

antennas, signal quality (e.g., SNRs), rates, transmt
w@owen249mmnt ri ces, pilot, other information, orP@EI/US2006/032860

conbi nation thereof. [095] Bi another enbodi nent, the

transmtter perfornms the virtual antenna selection,

e.g., using channel state information fromthe
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transmts a pilot_ in a nmanner to allow the receiver to

the Sypotaesss Vb thhighesi sigapl aueliy i selaated. viny angiher gmbediment, the
?ﬂ;r)]dtf fofd aéa@h 'h?lpét‘ﬁ@és Q0 JefbMin¥d S GhE e ﬂyﬁé’tﬁésﬁ? lW1thbthe highest

nas. ansm tter may transmt
thm}aghputgs ‘séiecrted;; hint ye¢ afother dmbddlmamwﬂma‘sreraﬂi I'dtefbe emhthypothems

. S ol er| ual .ant enna i n synbol

is PeRpfl b dRe pypdlnssis sithdfh BB Oggral shterfbr Sgtefl 4For al

embo@'ﬁﬁer&@ &ch hiPShbiaRRi Bd SFaliRed MidoOmb rté‘tﬁls ffhﬁsnhh Bower being
pi | ot fromthe T virtual antennas on different

dl@ﬂb@tﬁﬂ Wﬁpgnlye)rglon-@mfoggbt@mqséhe wirtust antepnage)l inghe byprihesis.
The hﬁﬁﬁl%gésr{%f}rbezev%{uaf’et«f tual antenna 2, and so on. In

ransa%l?fer transmts a nain

[ow]l ot Blodkh®l4Vessentdlyadlecisr dtUshst hkernag afshnh st Hniohg the
?uxlllar¥ pilot on the unselected virtual antennas.

nasralf theviruahaeinacsglostipr istpeatpuaad py the receiver,
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[oim]rredmct 8 shows ah embbemmt of aﬁeppahams 1800 t& 8€18ct\nfi tuddvirtual
antenna to sone or all_ of the physical antennas. The

anfgpRat- hedprargiup H8 40, inchiiss rpeemﬁo enaduatias sapliple dypotbeges for

m@ﬁg%gv Ing]aqr&"ﬁan en%%dl rrentt‘:r=l§le E}é%é‘::%na mé%gpﬁ& 8} 23? means for

sekeatiig layjptotlesissfrom aedrey thenmdltipde tiypdthedey mblbbleSSIla) whédns for
t hi ghest _ si aI ual ity is selected, In anot

b AT B Bl £t 5 RElocted L anotnel o
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hroughput is selected. In yet another enbodi nent
tra@ﬁ@lséloln (bh)P]eSi@r each hypot hesis is deternined, and
[Oimec i e g’\g%M 'fng Qm oaelmentg fe Y It)ro%\e/seer%O to rtr%}lsemlt data from virtual

antennas. Channel state information is received for at least one virtual antenna selected
from among multiple virtual antennas formed with multiple physical antennas (block
912). The channel state information may convey any of the information described
above. The total transmit power may be distributed (1) uniformly across the selected
virtual antenna(s) or (2) non-uniformly across the selected virtual antenna(s) based on
the channel state information (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 maif comprise one or more data



enbodi nents, each hypothesis nmay be evaluated with the

total transmt power being distributed uniformy or
worwMidr my across the virtual antenna(s) iPCT/082006/032860

hypot hesi s. The hypot heses ggy be eval uated in other

manners. [099] Block 714 essentially selects at |east

one virtual antenna fromanong the nultiple virtual
strdfth§NR i i
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i S5h BB ¥ R BRI IR Rt ot o e
selettatl eatb®) (W1ooki10aB).f or the at | east one selected
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el Slghs b e A ieen PR mrorrabrBeE i Gijoge RlD9, fela
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information (block 914). At 71 east one rate i's selecte
MIEPPracREsOLe | dedtreioydeviess) ot elstronic beitedesignedhie perform the

L.nf or ' th ower distribution
bggggésg‘?%%&/&élﬁh g@@éﬁ%ﬁlﬁg% 65%(%{ g sent fromthe
[0H)] ectBat wifitmyedre antlennelislhratimplmeattion; 6 fdhd($s may be
. I ch 913%. T d@ta transm ssion nmay conprise one or.
IRFented % s £orPTASARITSS: FenG¥PRRAeshappibat perform the
furfcBBRE AbdcYiBed RERAL CFnY ItfrinAle BA/6NBSkSe Sodes may be stored in a

memory (e.g., memory 142-or 192 in FIG. 1) and executed by a processor (e.g.,

processor 140 or 190). The memory may be implemented within the processor or
external to the processor. |

[0105] Headings are included herein for reference and to aid in locating certain
sections. These headings are not intended to limit the scope of the concepts described
therein under, and these concepts may have applicability in other sections throughout

the entire specification.



as shown in FIG 4A) or may be mapped to all of the
sel ected virtual antenna(s) (e.g., as shown in FIG
waBo7/0p0P102] FIG 10 shows an enbodi nent of anPCT/US2006/032860
apparatus 1000 to transmt ta fromvirtual antennas.
Appar at us 1000 i ncl udes nearfS for receiving channel
state information for at |east one virtual antenna
[03@6)eCt gl E)féifﬁﬁlﬁ'ﬂé&glﬁﬁklhuf RlettiddisdeH %hb@ﬁﬁﬁéﬁgfﬁ p&&ﬁ(‘lﬂgadto enable
with multiple physical antennas (bl ock
aﬂb’opeféplstﬁ’rlqllgiﬁlt g};@ odrh| tot mahs nart upfovthc pmsdnbrmvmtlon Various

AR 30 Fe RESRERIGISAFLERLAT, Wbl ARl e o
ankldhe threeris @rigciphs deﬁhédlﬁéreﬁmh?‘ll?@éﬁﬁheﬁaﬁ @¢he® BrtbB&iments without
channw% st ate |nfornat|on and the power distribution

dep B8 %ilg) spidher sroRe f they Inyemriong glhwsg ghegpresent invention is not
f
R C e T I

scopetumsigteat with dlur privesibl eeandinovalefgathessidisel sse@ héresh. by
vari ous neans. For exanple, these techni ques may be
i mpl enented in hardware, firmvare, software, or a
[osoTTOWERT ICLAENEDS 1S:For a hardware inpl enentati on,
the processing units used to select virtual antennas,
to transmt data fromthe selected virtual antenna(s),
and/or to receive data fromthe selected virtua
antenna(s) may be inplenented within one or nore
application specific integrated circuits (ASICs),
digital signal processors (DSPs), digital signa
processi ng devi ces (DSPDs), programabl e | ogic devices
(PLDs), field progranmabl e gate arrays (FPGAs),
processors, controllers, mcro-controllers,
m croprocessors, electronic devices, other electronic
units designed to performthe functions descri bed
herein, or a conbination thereof. [0104] For a
firmvare and/ or software inplenentation, the
techni ques nay be inplenented with nodules (e.g.,
procedures, functions, and so on) that performthe
functions described herein. The firmware and/ or
software codes may be stored in a nenory (e.g., nenory
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] Headings are included herein for
reference and to aid in |ocating certain




sections. These headings are not intended to [imt the
scope of the concepts described therein under, and
w0 b@ge2eoncept s may have applicability in ot hePCT/US2006/032860
sections throughout the enti,pe specification.[0106]
The previous description of “the di scl osed enbodi nents
is provided to enable any person skilled in the art to
make or use the present | FQN. Vari ous
nodi fications to these eggzgﬁhgﬁts will be readily
apparent to those skilled in the art, and the generic
princi ples defined herein may be applied to other
emboldi e LaRPAFFHGRODYBEFHZE i ng fromthe spirit or scope
of t nely [
't Rt VRO ksl WRagkaf ' SREE ot 18P B MuleF ol rom
aniong Imsltlpkﬂ: vituz aotenoesdfotrthed with estltipleghgsicadrnmietnaenindrotprovide

t he. nc nd_ novel fe tures, di sclosed_herein.
ony BB B AF MBS P SRy 108 PGPl e Sunsmission;
andonpri sing: at |east one processor conflgured to

sel ect at |l east one virtual antenna from anong

mul ta pemmonyi couplgfl taitheeh irast dnemprengssort h nul ti pl e

physi cal’ antennas and to provide an indication of use

of the at |east one selected virtual antenna for data

tramsm ssitenappiigtud eeRin COoWHeesnt Met BE 1dkt |RBShroedBor is

processor. 2. The apparatus of claim1, wherein the at

con‘ég%r@d olfe em%%s@ahlpﬁ% hyppthespss egch dlymﬁwat eorfpspanding to a

dlg‘&g@[ Re3L5 legﬁo%lf:ﬁ 1‘91]?41 ggtt%hﬁa GRa"6 %QIQ?[ L 1 st fiom among the

erent set orie virtua enna,
muléibledtypathhsesovhersinsthé nblenstmonagelebted nirtual phtenna is for the selected
hhﬁ&gtheses, wherein the at |east one selected virtua
YRR &M a is for the selected hypothesis. 3. The
apparatus of claim2, wherein the at |east one
processor is configured to determ ne performance of
each3.of tiHe apparatps @ﬂwybanhés@dlebaseﬂieoat &tast emst ponessor is

cofBiteef i Aerhhe VB e Y G R B Sl heteres bopd on a

ledt oheegtricORl thlsEleQSIBfpottiesis Mfhi bl Refd@aget er m ne
si gnal quallty for each of the multiple hypotheses,

.and to select a hypothesis with highest signa

Iq gglsdt y e p ! g}gﬁg%gg anaEféﬁn OE Gkl Zthe ME A& ol e‘pl%E:essor is

configured to determine signal quahty for each of the multiple hypotheses, and to select
a hypothesis with highest signal quality.

5. The apparatus of claim 2, 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.

6. The apparatus of claim 2, 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.



configured to determ ne throughput for each of the

mul ti pl e hypot heses, and to select a hypothesis with
whe@hest913 hr oughput. 6. The apparatus of cl ai nPQI/US2006/032860

wherein the at | east one praogessor is configured to

determ ne an overall rate f each of the multiple

hypot heses, and to select a hypothesis w th highest

overal | r'p{ee afpardtns SPRBIAL 0S5 WherbhatHy 2i 1¥REI &N pddessor is
at | east one processor is conflgured to distribute

congigaredttp ahgiribute jofak trangmit powey unidorody acives die dtdasst opaevirtual
the mul ti pl e hypot heses.
”‘Xé‘{“%‘%%ggéfa %%ul{é?le%sé‘gmg “wherein the at | east one
processor is configured to distribute total transnit
power non-uniformy across the at |east one virtual
ant ehina f Bie @RBHaYE ohelamy 2 p‘l"@@?p@’f%é&é@aﬁ PNETREPCESSOr 1S
cd?lﬁ%ﬁf et 1S diffribfle? d@ljtmﬁg@t{ ﬁb@f:xt 6n- ﬁﬁlf+1‘ﬁ’ﬁ LacPiAE the AL least one
cessor Is con to select at Teast one ra
v1ﬁua1 mtmnaforleaetsofthamtﬁtmlehmhmestuaI ant enna based on
signal quality for the at | east one sel ected virtual
antenna. 10. The apparatus of claim1, wherein the at
| easy. oneTRS QEEHANE b cHAMf I19%ﬁé¥eﬁ10tﬂen§t Mest aengfdwssor is
the data transm ssion via the at | east one sel ected
copifigtigd| to spleetraideasb oy rade furtthe ahbaaﬁrqm@ eskoted tvirtupl antenna based
T ar at aim1l, wherein the at
rfﬁé&{lqﬁ&lity%cgrglé%gtglg%?gnéé&&%% %thg] s%nd channel '
state |nforrrat| on for the at Ieast one sel ected
Vi rtuaI antenna to a transmtter and to receive the

dat al®r ankhg ﬁp%ﬁmﬁr%ﬁnqw tly awkereing the gt deasheongt processor is
cdn?%ﬁ{edqg %s‘fﬁl: \fhé EMQ' ANLRE8 ﬁ‘v1a]1%e.atrpa stad?ﬁas%ﬁuéﬁ virtual
claim11, ere anne state i nfornmat
anteimatcpﬁpleémmehaprobmtOWCMrect ed virtual ant enna.
13. The apparatus of claim 11, wherein the channel
state information indicates signal quality or at |east

one TRt e TR abPfat bLIHMONE WErsiat 8¢ %l Nbdédlone processor is
antenna. 14. e apparat us of claimi1l, wherein the

copifighred|to sensh chanmel @tatﬁamfcu'mannm fordhe st laasb asesalq:c@ﬂhvlrtual antenna
to?ahtg %% e"%‘f%%g ﬁt felcgﬁgl g eﬁa gra?st&)?m%l t@g?rgaéré‘ttle tﬁe at least

o ieR0td vixituad Btetlal a stream and wher ein the at Ieast

one delta signal quality is for remaining selected
virtual antennas or remaining data

12. The apparatus of claim 11, wherein the channel state information

identifies the at least one selected virtual antenna.

13. The apparatus of claim 11, wherein the channel state information

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

14.  The apparatus of claim 11, wherein the channel state information
indicates a base signal quality and at least one delta signal quality, wherein the base
signal quality is for one selected virtual antenna or one data stream, and wherein the at
least one delta signal quality is for remaining selected virtual antennas or remaining data

streams.



streans. 15. The apparatus of claim 11, wherein the
channel state information indicates at |east one
woradorioxoused to formthe at | east one sel ect edP@T/D$2986/032860
antenna. 16. The apparatus Qf claim1l, wherein the
mul tiple virtual antennas a & formed with at |east one
matri x that maps each virtual antenna to the nultiple
physiscal B gppiasius 1of cid®i NOdnERIP S I, efe%tﬁgtibﬁgmation
_at least one Virtual antenna fromanong nultiple
indicatesiat! leash ovmatsixfusedriadfonntthe ahlédsi pheesefdotesli vizhal antenna.
antennas; and providing an indication of the at |east
one selected virtual antenna for use for data
transn ssienapphfatusl 8¢ cl@inh 00 whkred ahdéMuduliip¥h@FiBANardt&ifhas are
sel ecting the at | east one virtual antenna conprises
formed Wih iah lpash anei patex kias srans sech viswehanisimatth dke multiple physical
anfedhiesponding to a different set of at |east one
virtual antenna, and sel ecting a hypothesis from anong
the nmultiple hypotheses, wherein the at | east one
sel gltclt ed yi r%gﬁl antenna is for the sel ected
hypat'hesi‘s MeiPd cPARTiSWERod of clai m 18, wherein the

evalsyRbifd af st Bhe ividngal RN eﬁ(g? t @whﬁ??péf Jirtual antennas

determ ning perfornmance of each
forgasiovitle swdtie peysicshantendaszand one metric, and wherein

t he . i no. t.he.h hesi,s conprises.sel ecting the
by o dreal ey BOIACE Rash OB S5 REURL B o use for
datyl tednsindsSionwher ei n t he eval uating the multiple

hypot heses conprises distributing total transmt power
uniformy across the at | east one virtual antenna for

each gof tﬁ?ur - bd REQIANPPE RARESH tﬁe1 selgaﬁg%g Ql?i?ag{ gne virtual

claim 17 er conprisirng: Sendi ng channél
anfenhocomaprises f or the at | east one sel ected virtual

antenna to a tr mtter; andreceiving the data .
AR o lietra A PEIRes SOTFPoRGIng dag difBtant set
of 868t bR vithial MAlnm@N4RNNA. 22. An apparatus conpri sing:
selecting a hypothesis from among the multiple hypotheses, wherein the at least

one selected virtual antenna is for the selected hypothesis.

19. The method of claim 18, 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.

20.  The method of claim 19, wherein the evaluating the multiple hypotheses
comprises distributing total transmit power uniformly across the at least one virtual

antenna for each of the multiple hypotheses.

21.  The method of claim 17, further comprising:
sending channel state information for the at least one selected virtual antenna to

a transmitter; and



nmeans for selecting at |east one virtual antenna from

anong nmultiple virtual antennas fornmed with nultiple
w@boegiozel3 ant ennas; and nmeans for providi ng anPCT/US2006/032860

i ndi cati onof the at |east ogﬁ sel ected virtual antenna

for use for data transm ssi 23. The apparatus of

claim 22, wherein the neans for selecting the at | east

one pékdiviv |th@&£t§ AAAsRREBA FRRSHERARSMItRE vEviak Y hﬁ%ne selected

mul ti pl e hypot heses, each hypothesis corresponding t
vigugliapfegnant set of at |east one virtual antenna, and

nmeans for selecting a hypothesis from anong the

mul ti pl e hypot heses, wherein the at | east one sel ected

virtaml oMb epydatus cébprisiie sel ected hypot hesis. 24,

The apparatus of claim 23, wherein the neans for

eval eI 9T SHECHAA £f sre enppvrtHalseennsnfipmsasong: mudtinle virtual

o e R RS S o PR B 77 ™ i wher e

t h e mmssforf providhead imdfratibieoftthpat leestione celofted sRftualre@dsna for
ectl ng.the hypothesis with best performnce.
usﬁ or BUSts of claim22, further conprising:
nmeans for sendl ng channel state information for the at
| east one selected virtual antenna to a transmtter;
and Yeanslteoapparates off ¢lgimt A2, whereint tha msaans Soroseldctingritienat least
via the at | east one sel ected virtual
011aen nanmgﬁt%%coﬁpprsgiessor readabl e nedia for storing

| nstrhets i fon svaAlRaingbh el hpkiesés, abcd ﬁﬁﬁthé%ﬁecdﬂe"sﬁdiﬂlmg to a
ntenna fromanong nultiple virtual antennas forned

diffprept %Pf?té?aétﬁmﬁ/‘élr@é{anﬁﬁflérﬁﬁés and use the at | east
one S
27, HES ThEdeh Bt o) Aol MR bR es, wherein
the atrlfasg onestl¢oted ectealeatanha isfet ttmtsaleeted hiputhesis.on for at
| east one virtual antenna selected fromanong nultiple
virtual antennas formed with multiple physical
ant ennas, THRMphAt 3T ¢1adn 23! @h&%ﬁ’ﬂﬁg}rﬁﬁi&@ﬁr \é{lﬁuﬁtﬁl% AL multiple
| east one se ect ed virtual " antenna;
hypethpses decameprishe means efas tdetsnminimo pesfomance 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.

25.  The apparatus of claim 22, 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.

26. A processor readable media for storing instructions operable to:
select at least one virtual antenna from among multiple virtual antennas formed
with multiple physical antennas; and

use the at least one selected virtual antenna for data transmission.

27.  An apparatus comprising:



28. The apparatus of claim 27, wherein the at |east
one processor is configured to distribute total
w0 e@n®miot3 power uniformy across the at | east PCEUS2006/032860
sel ected virtual antenna. 223 The apparatus of claim
27, wherein the at |east one“processor is configured
to select at |east one rate for the at | east one

sel g¢laast ot rptr(%%ksd? QBﬁﬂé’tﬁe@ﬁﬁ%gel%‘ cldnBelcRal ﬁﬁi}nﬁ&tﬁﬁﬁor at least

information, and to send the data transm ssion at the
onatvntt@la@mtemmese@teéo&@u amgng m@idple Virerah g amrets diermudd wiﬂamunltlple

27 V\hrelnth e one_process i.s, confi red, .
prfdeal MAEREH b8 %o Ynd F33% CREPRERRREF Yo g0 Rhe WeGila virnuar
antdhﬁﬁ;SamiSSI on, and to map each data streamto all of

the at | east one selected virtual antenna. 31. The

app&rasmaryseupled tofhs@t legplameiproaepsrat | east one

processor is configured to map each data streamto all

of the at | east one selected virtual antenna based on

a pﬂédet dihel amehratts eﬁnc]pﬁmrﬁﬂ,atvhmain g afl heasapqmr putdﬂéssor is

% |m30 V\,her%l n the at t one rocessor i
copBged i diiribyteigt é%?élﬁmgé%oéi"% SRty ok theratylpast gpe selected
vit@Ashtepie sel ected virtual antenna by cycling through

the at | east one selected virtual antenna across

mul ti pI e subcarriers. 33. The apparatus of claim 27

wh o .
Seﬁ(r% at tlglesflppoaﬁc az; agl%n?e egfg&%relplhgleggF gy rone processor is

cohfiguredtcs Sal€ud at fJast é1® FHBPIoR ANatd8dsh ofié k€ladted Oirfial anterina based
respective selected virtual antenna. 34. The a ar at us

ongthe changl state ipfrapmafipn.cgnd taisend the daim Fapypictier @ hesat least one
sefe ﬁ!rzggred to recei ve channel state information
Icative of at |east one matrix to use toformthe at
Ieast one selected virtual antenna, and to process the

dat g, transm ssion with the | east e trix.

The%zgppar u€PRgFatEs Qi flein %e\” QTR I?F@ éﬁ?aééﬁneoﬂ@cessor is
coRFQGES 8P erldSat GOHR bBYIEAY strBard §99hRdalCRFsnRRFond %ﬁ@ to map each

stfeam for the data transm ssion, and to map éach g
data strgamto oll af theqt laabteonmtscleetad virbnbaedract ed Vi r t ual

antenna. 36. A nethod conprising: receiving channel

state information for at |east one virtual antenna

sel aqt ed Iﬁleoap@mg ofutThin®| 3, Vihértial tIRNBENERE dnel pdessor is

wiith nmultip ﬁ)r&ym cal antennas; and
configured to map each data stream to all of the at least one selected virtual antenna

based on a predetermined stream permutation.

32.  The apparatus of claim 30, 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.

33.  The apparatus of claim 27, 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 a respective selected virtual antenna.

34.  The apparatus of claim 27, wherein the at least one processor is

configured to receive channel state information indicative of at least one matrix to use to



sending a data transmi ssion via the at |east one
sel ected virtual antenna. 37. The nethod of claim 36,
WO eoovloso1onpri si ng: distributing total transnPCT/psees032860
across the at |east one selg&;ed virtual antenna. 38.
The nethod of claim 36, wher€in the sending the data
transm ssion conprises selecting at | east one rate for
folii&n@ht &R She SAEtSEYRAEHutMiral B 10qRHERE thP@ES Haihikdibn with
channel state iInformation, and sendi ng the data
the ablegstiossimafrizat t he at | east one selected rate. 39. An
apparatus conprising: neans for receiving channe
state information for at |east one virtual antenna
sel ezs.ed THORppdrRg oMU icldiml 84.viwhbteal (BOtLNRAS b WPRbbessor is
with multiple physical antennas; and neans for sending

configuted te seme A last ome ate stiremafor theadate Garsissientand to map each
da#é Er{«%ﬂi 1o SHMRat 1884 oxTJ‘seeleacgé&aJi%ﬁéi%n{éh | al m 39,
urther conprising: nmeans for distributing total
transmt power across the at |east one sel ected

Vi rt#ﬁl antenpa, 41. The apparatus of claim 39, wherein
the MeanstAiRt %de‘fﬂﬂlillﬁ'gsnlgne data transm ssion conprises

neanl%céi%fg%ﬁﬁlﬁ&i istﬁﬁl ifforlmaaAst fR2e legﬁto%ef A BfteRha 4028dd from

one sel ec [

ected virtual antenna based on the channe

argong multipteovirtualiantennamidrmediwith fooultiple pHiysicpl ahtenokest and
transm.,ssi o t the at l.egst .one selected rate. 42. A
bt o SRR A orin i e BSH BR SRHERT Bl e
operable to: receive channel state information for at
| east_one virtual antenna selected fromanong nultiple
virtdial  ahrenated pbelain 34 forherqomppisiagphy si cal
ant e@@@i%ﬁtilg ta1 fafsrfit g?&r@ﬁ AR 532 ontd s%letc&% Wual antenna.

one virtua

| eas ected antenna.

38.  The method of claim 36, 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.

39.  An apparatus comprising:

means for receiving channel state infonnation 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.

40.  The apparatus of claim 39, further comprising:
means for distributing total transmit power across the at least one selected virtual

antenna.
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41.  The apparatus of claim 39, 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.

42. A processor readable media for storing instructions operable to:
receive channel state information for at least one virtual antenna selected from
among multiple virtual antennas formed with multiple physical antennas; and

send a data transmission via the at least one selected virtual antenna.



