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TRANSM SSI ON W TH LAYER PERMUTATION I N A W RELESS
WEOWBABICATI ON SYSTEM [ 0001] The present appl i BE/U81907/083739
€10&°ms priority to provisional U'S. Application Serial

No. 60/864,581, entitled "METHOD AND APPARATUS FOR

EFFI CI ENT OPERATI ONS OF LAYER PERMUTATION IN M MO

W RELESS COMMUNI CATI ON SYSTEMS, " fil ed Novenber 6,

2006, assigned to the assignee hereof and
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C ommunidaA WIRELESS COMMUNICATIONSYSTEM

for transmtting data in a wireless comuni cation
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systens, Frequency D vision Miultiple Access (FDVA)
systens, Othogonal FDVA (OFDMA) systens, and
Single-Carrier FDVA (S%A@@RWNWB' [0004] A
wi rel ess communi cati on system nay support
ful ti pleggi nput nul tiple- output (M M) transm ssion.
For MMO, a transmitter station may utilize nmultiple
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rec r stati.o ped with nulti.ple rece
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forma M MO channel that nmay be used to increase

t hroughput and/or inprove reliability. For exanple,

1he Baekmouhder station may transrrit up to T data

tr nms sinultaneously.fromthe T nsmt antennas
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systems include Code Division Multiple Access (CDMA) systems, Time Division
Multiple Access (TDMA) systems, Frequency Division Multiple Access (FDMA)
systems, Orthogonal FDMA (OFDMA) systems, and Single-Carrier FDMA (SC-
FDMA) systems.

[0004] A wireless communication system may support multiple-input multiple-
output (MIMO) transmission. For MIMO, a transmitter station may utilize multiple (T)
transmit antennas for data transmission to a receiver station equipped with multiple (R)
receive antennas. The multiple transmit and receive antennas form a MIMO channel
that may be used to increase throughput and/or improve reliability. For example, the
transmitter station may transmit up to T data streams simultancously from the T
transmit antennas to improve throughput. Alternatively, the transmitter station may
transmit a single data stream from all T transmit antennas to improve reliability. In any

case, it is desirable to send a MIMO transmission in a manner to achieve good



070449 2 performance and to reduce the anount of
feedback information to support the M MO

W@ p@pes1ssi on. SUMVARY [ 0005] Techni ques for PCT/US2007/083739
Uptforting M MO transmission with layer pernutation
are described herein. Wth | ayer pernutation, a
codeword may be nmapped across all antennas used for a
M MO transm ssion and nay then observe an average
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wasensrgotf.ormed with a precoding matrix, a physica
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antennas used for the M MO transm ssion nmay be
referred to as rank. [OQAGMMARNe aspect, nultiple
codewords nmay be generated for transm ssion from
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antenna on each subcarrier, and the second codeword

- be napped to two antennas on each subcarrier. For
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multiple |ayers may then be mapped to the nmulti

it hp dembep of epicipie, Fagh wofayed may bﬁem?ﬁ’r?ﬂe?d?mpss the multiple
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carri In anot er aspect, a base c
aptaﬂmat yFomekiaogl @ rea¢lO@bdewand inteyt bos mappedacycliasléyr agess the multiple
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fgkey, %é"ﬁfjst cOddedrli gndyde hAFH&RL KR é?fteﬂngmnoéﬁ%ﬁ%%ca%f&r and the

the "average signal quality for the M MO transm ssion
myn(ép@dﬁv@ed dgwé]erqug@gd t¢-byo anttias oapadh subshrrier. For rank 4, each

T e e YT

tdﬂé%\/@ ?tbef@ap@das GO Mstc&céeamdlt@tet R¥er§ amlelﬂlatlpmayers may
interference froma first codeword. For a UE not

Ehﬁ]@ dis| wapitedpler the malfiglesingnnand Far sgamplsy cechSlageicmgsidicemapped
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oo pedlackotiey alect, edbisse cchanticl pluebgdindgamndCQI) indicative of an
average signal quality (e.g., an average SINR) for multiple antennas used for a MIMO
transmission may be determined. A delta CQI indicative of improvement over the
average signal quality for the MIMO transmission may also be determined. For a UE
capable of performing successive interference cancellation (SIC), the delta CQI may
indicate the signal quality improvement for a second codeword after cancellation of
interference from a first codeword. For a UE not capable of performing SIC, and also
for a SIC-capable UE when rank is 1 or only one codeword is sent, the delta CQI may

be set to a null value, or the amount of feedback may be reduced, or precoding and/or

other information may be sent using the bits normally used for the delta CQL.



ot her informati on may be sent using the bits normally
used for the delta CQ. WD 2008/ 058112
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%9fpEct, transmi ssion order selection may be performed
with different penalty factons for different

transm ssion orders. Each transm ssion order may
correspond to a different rank or a different nunber

ffoospdevinryds ah@herPad¥bdOraddndtist SfdcPRelcERInf RBYBRGRformed with
nmetric values for nultiple transm ssion orders may be
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[009] 3 shwives hagdstssldeedtien ofitiddibcogurd et deddribed in further detail
antennas. [0013] FIG 4 shows a rank selector. [0014]
8. 5A and 5B show transm ssions wi thout and with
| ayer pernmutation. [0015] FIGS. 6A to 6F show
transm ssions of 1 or 2 codewords with different

ranks. [ OBRIEFIBESCRIPTION OBV HE DRAWINGS
reporting schemes. [0017] FIG 8 shows a transmt (TX)

HW 8] pr ddes & shovanadwarelEys MuMDlpressswormunifOL8YstenG 9

BHBLE. 2585 T B ALRESS R 55

[W0A2ES S FIGAREhdWs Aak SclpétRmesisiofour virR@RM]terdnat: 11 shows
a process for sendiarl}g a M MO transm ssion. [0021] FIG

0913howd16n4 shgyat atank seleetosendi ng a M MO transni ssi on.
[0014] FIGS. 5A and 5B show transmissions without and with layer permutation.

[0015] FIGS. 6A to 6F show transmissions of 1 or 2 codewords with different ranks.
[0016] FIGS. 7A to 7C show different CQI reporting schemes.

[0017] FIG. 8 shows a transmit (TX) data processor and a TX MIMO processor.
[0018] FIG. 9 shows a receive (RX) MIMO processor and an RX data processor.
[0019] FIG. 10 shows another RX MIMO processor and RX data processor.

[0020] FIG. 11 shows a process for sending a MIMO transmission.

[0021] FIG. 12 shows an apparatus for sending a MIMO transmission.

[0022] FIG. 13 shows a process for receiving a MIMO transmission.

[0023] FIG. 14 shows an apparatus for receiving a MIMO transmission.

[0024] FIG. 15 shows a process for determining CQI.



[0022] FIG 13 shows a process for receiving a MM
transm ssion. [0023] FIG 14 shows an apparatus for
WO e@eisdimy a M MO transm ssion. [0024] FI G 1BCHOR2A87/683739

Pé4tess for determning CQ. WD 2008/ 058112
PCT/ US2007/ 083739 070449 4 [0025] FIG 16 shows an
apparatus for determning CQ. [0026] FIG 17 shows a
process for perform ng rank selection. [0027] FIG 18
@g@ aIF18P PELIRIvkSanf DpaelsioF ddtereniniaplc el ecti on.
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often used interchangeably. A CDVA system may
i npl ement a radi o technol o such as Uni ver sal

Terrestrial Radi o DEJosEsE CRUMRPODD, etc. UTRA

I ncl udes W deband- CDVA (W . and ot her CQNA . :
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G6mnMivaciond (GSMp! ARKOFDNIRAsystert iz, impMent MMidto &elinology such
LTE are described in docunents froman organi zati o

el Elf R AGbr A lo 1 MRk bropd g (DTS). dBERSP2.11 (Wi-Fi),
fohdhesh ;
FATEROD0 PRiMAG, R S0 8, PRI OMMIS UIROTR AV ERTERA 4nd G

a&'c patt3&IPFR ersdlNei®bily deicotidmiuaitatiort 8gheal (UN'ES). aBdPP Long Term

standards are known in the art. '1\/&0029] FIG 1 shows a

ivolufiens SLTE) isi9n) weapingseleseat MBS theh usspsiE-dhhRidyowiiich gmploys
i R d - \ fi taki

Eﬁgygh ‘go(?[l ?%n?r%\ﬁﬁ%lg{tllg%%%w t R/[A?h%g@pén ‘may a ’s%t[{)]g&’ GSM,
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tation, an ccess .pojin tc. Each Node EE@\%}O : :

P%Wa%g_l’estﬁﬁrghupcgw%% é%@@?bgeafra?%&%a@q {ayapre described in
QN ARNIONAT B2 orddaFzalid? MRYedE3H IRELREEN t PLASBY tProject 27
the system and each UE may be stationary or nobile.
R WP 2a ¥ hedesaribes radiogeehad deicsand atamdyids ercdnawinam theaart.
EO%rZH] nalFIG. 1 shows a wireless multiple-access communication system 100 with
multiple Node Bs 110. A Node B may be a fixed station used for communicating with
the UEs and may also be referred to as an evolved Node B (eNB), a base station, an
access point, etc. Each Node B 110 provides communication coverage for a particular
geographic area. UEs 120 may be dispersed throughout the system, and each UE may
be stationary or mobile. A UE may also be referred to as a mobile station, a terminal,
an access terminal, a subscriber unit, a station, etc. A UE may be a cellular phone, a
personal digital assistant (PDA), a wireless modem, a wireless communication device, a

handheld device, a laptop computer, a cordless phone, etc. A UE may communicate

with a Node B via transmission on the downlink and uplink. The downlink (or forward



an access termnal, a subscriber unit, a station, etc.

A UE nay be a cellular phone, a personal digital
was®sesamt (PDA), a wirel ess nodem a w rel essPCT/US2007/083739

€dMtuni cation device, a handheld device, a | aptop

conputer, a cordless phone, etc. A UE may conmuni cate

with a Node B via transm ssion on the downlink and

uplink. The downlink (or forward WO 2008/ 058112

K 20 thO8SrhARini A OBk Frond iHRModeaBLloSthé @HsNEnd the uplink (or

comruni cation link fromthe Node Bs to the UEs, and
tdyersg bnk)wn@fe(r@to the eqmamyigichiierkbinl &ﬁ@rtbe Ugsttothe Node Bs.

ﬁ@gﬂf glcﬁlﬁllt lqtgcghél ! nk gsrcolén%‘i EgFgﬁlﬁa} flo\lb]q/@ tral%ﬁ%%ﬁ gn on the

oISk SSidNasohic hblemk deomdldri, rﬁﬁcw the assctipgoripdlowKs for MIMO
For clarity, nmuch of the description belowis for MM
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antenna array. [0032] At Node a TxXd

QI gcadgwR apag. rray recei ve data from a data source

ro e _and sY, map) the data
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synbol is synbol for data, a pilot synbol is a
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Band UE. AT processor 230 may perform.s
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‘tBhr 0889@%% ﬁesgflﬁs%ﬁ?lggvl St&r F@% rnr%@agﬁ%%%f%%&’i%@e T output
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out put chip stream Each nodul at or 232 may further
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e Its out stre and ener e a
AR R ot bR R R < FieB e dERE BremBy further
ZoidiaidneQUAtbNREL to ameky, ,Hﬂtef r tdrRdipébavaa) i agsut chip stream
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may be transmitted via antennas 234a through 234t, respectively.

[0033] At UE 120, R antennas 252a through 252r may receive the T downlink
signals, and each antenna 252 may provide a received signal to an associated
demodulator (DEMOD) 254. Each demodulator 254 may condition (e.g., filter,
amplify, downconvert, and digitize) its received signal to obtain samples and may
further process the samples (e.g., for OFDM, etc.) to obtain received symbols. Each
demodulator 254 may provide received data symbols to an RX MIMO processor 260
and provide received pilot symbols to a channel processor 294. Channel processor 294

may estimate the response of the wireless channel from Node B 110 to UE 120 based on
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(e.g., for OFDM etc.) to obtain received synbols.

Each denodul ator 254 nay provide received data
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by
fhelighad Xt proceased: @@J@@d@@ms 233a thyengl a3 ¥, R)auplly frocessed by an
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ata processor 238 to recover the channe
[511055]9 [ r(fcmltmﬁbnmmo@ﬂﬂ)rdélﬂ(hamcéh% by digEctiRO operation at Node B 110

o]l er/ roce 240. ontr data transnj ssi on
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may direct the operatlon at "Node B 110 and UE 1
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frequency division multiplexing (SC-FDM). Node B 110 may transmit the data
symbols using various transmission schemes.
[0037] In one design, Node B 110 may process the data symbols for each subcarrier

k as follows:

x(k)=UP(k)s(k) , Eq (1)



T transmt antennas on each subcarrier in each synbol
period. Multiple (K) subcarriers may be available for
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| ayer to virtual antenna mapping selected for use, as
c,cpmm;u Hemeyyalsp he gelaetedi from g $pé 0§al‘r¢é0<bng glatrfesp.ent
routation matrices may be used for

8hr r .Téweéaye[r OO tatsy mﬁ‘ﬁ’é E@@.r@%p%h%%lawrs éa dhviryal antennas,
(oD B b A N PR e S B b
Fh%qgfeg t&%m‘a ant&ﬁl%?r&%p%e:%dste‘f@cgatfgfr Iﬁs{egge ﬁs%%eulﬁ:iovﬁaﬂ#general
mersama lor atffeesmn @Srrﬁtﬁamtﬁﬁnﬁtmll‘cesjlahﬁbé nsedsor ths iKosybcwinerse
0%4generFaolr tﬂ'e design sh_ov-vrn in equation (1), Node B 110 may appear to have T
virtual antennas rather than T physical antennas. The T virtual antennas may be
associated with different SINRs. Rank selection may be performed to determine M best
virtual antennas to use for data transmission, where in general 1< M <T .
[0041] FIG. 3 shows a design of rank selection to determine M best virtual antennas
v1 through vy to use for data transmission. In the example shown in FIG. 3, T =4, and
four virtual antennas are available. A total of 15 hypotheses may be evaluated, with
four hypotheses 1 through 4 being for one virtual antenna, six hypotheses 5 through 10
being for two virtual antennas, four hypotheses 11 through 14 being for three virtual

antennas, and one hypothesis 15 being for four virtual antennas. The set of virtual

antenna(s) for each hypothesis is shown in FIG. 3. For example, hypothesis 2 is for one



[0041] FIG 3 shows a design of rank selection to
determ ne M best virtual antennas vi through vMto
wa@g@shsa1iziat a transm ssion. In the exanpl e shoR€I/Us2007/083739
#i0&> 3, T = 4, and four virtual antennas are
avai | able. A total of 15 hypogkheses may be eval uat ed,
with four hypotheses 1 through 4 being for one
virtual antenna, six hypotheses 5 through 10 being
{Rhuaf MRettald p@l= ?Pth?ﬂ&ﬁéms e 'forh%%ﬁﬁﬁ%te]ﬁﬁ PR8N v, =1 and
14 being for thred virtual antennas, and one
b{ngh@@ls 15 being for four virtual antennas. The set
virtual antenna(s) for each hypothesis is shown in
[0d2] 3. THerpeefoampmoee, of kg@ohyyeshesisanaysbd detemmeed/\ml first distributing
008%358112 PCT/ US2007/ 0%3739 0?0449 8 virt fa
Aragsinf; PAWCp Py FYERTHASTSS ¢l STl atggnay; fop (gt hypothesis.
ARFSAASe %@nge Qluﬁﬂﬂlﬁeﬂlbfrhdmeﬁ?c 'S'l"i)bh) as %b@rage{ @@ﬁﬁ] t&@ﬁ capacity,
per f ormance "of each hesi s may be deterni ned
ovarsli tmoyghplbutetcng Atmetrlt:omue tm?anbm detfpmmd fmrot:@h of the 15

ven| a al,l wvir. I ant nnas
RyEdiateE TR Rysiest it B 4R T8Nk hs Pl s, i g the se
§ﬂﬁhua9aneeﬁﬁa@gﬁ>r BHilNRypdtedsa) mepBasdldcYed fopu&s. al |

t hroughput, etc. A netric value may be determ ned for

MRl of lnhesnesl, Wboieﬁ@ﬁé% maph e r@ﬁp@m@éu@ {kict prepering matrices
L\?aqlgﬁl%tfomﬁgé’ Lu?d ﬁﬁl S or %#hgﬁﬁ yép (ﬁgns% ﬁﬁq”lctep %a%eﬁe used. For

virtual enna
seingié,ed sdtaf pﬁ@dn{g()ﬁhéﬁ]cei magdfeea\aalllableafbk usealaﬁdtam@rbne or more

y be-dependentwﬁn t he prec g g? i ces vail abl e
FOPMHE B BHYCH RECARA® é}atl“ﬁqn% % ﬁe ?‘H Eﬂ‘élé% dingisiease medidc values
H%% @ %leféﬁﬁgled fp‘ all ﬁ)ﬁﬁ)%s@s foft e%tng}reéod@ﬁge&%fxngf oFéo‘aﬁ% matrix

be avai l e, and one or nore umms
amd megset/eﬁmpnelcmﬂenmg(sbmnﬁu the rhagesb enctied egliedndyaheube selected for

In t netric val ues be det e for al

o o e R Bl et B PeigE o S TSRS ptyf ey of cotumns
MRy 'eXavadiBle theuehn®bny bfetcH@ﬂn %ﬂétﬁf(‘ NRdyShe Wib&ed B use. In this
| argest netric val ue may t hen %e sel ect'ed for use. As

eavot MHwre e&ampl bypoéh@ét fQﬁf eq@he@t@mdn\@g rradtrikc @smgjrich value may be
iffere er of. Ayai bl e

getarm ({1 %orr ee%% dprﬁao ma A )lfl(rlxmalmd Crtl%aqaﬁ’lx w1tf1 ?he #élrr]ge’st metric

V4106 magasescldchelr @r iuse.one g&ﬁé@eﬂt m&nf)@rof edbdmge@l@tﬂicegmay be
matrix, a metric value may be eterm ned for each
praslablgi fag usaind Rachaprgcadieg pretboaRN daNR LRy RURPETOT Ih@otheses. In

L@f 8L RlAbG of‘é@i'e&‘t%g TRYuaPSn Jéﬁ{a‘ﬁ Gl %?e&e‘afto LA§ %he Jaﬂk of the MIMO
general, any nunber of precoding natrices
avanlisdide for use, and each precodlng natrlx nay have

f h ‘
Bial: e Toirpei o NI SRA deniEisHiar ey 0 o¢lse 58 DFIRA cpapchypothesis
%th&ﬂ@la&e’@ne{rfc%ﬂ'@ E%' Qhe h%ﬁ@s‘!‘}(}tal—r&ﬁa&%}n kTiRf mtie WluMor each

transm ssion may be sel ected based on the hypot hesis
hypothesis may be computed based on an assumption that data can be sent

independently from each virtual antenna. However, in a practical system, a higher rank
may be associated with greater implementation losses than a lower rank. For example,
multiple codewords may be sent in parallel with Hybrid Automatic Repeat Request
(HARQ) for rank 2 or higher, different numbers of retransmissions may be used for
these codewords, and there may be gaps in transmission on one or more layers while

waiting for the last codeword to be completed so that the next set of codewords can be



with the largest netric value, e.g., the highest total
capacity. The netric value for each hypothesis may be

W@ vpHssa based on an assunption that data canP@EUSMNT083739
YWéependently from each virtual antenna. However, in a
practical system a higher rapk may be associ ated
Wi th greater inplenentation |osses than a | ower rank.
For exanple, multiple codewords nay be sent in
pat alipld ﬂﬁ"thﬁe Ftt\lgrdneﬂféwemlb CMmaéteB%Uﬁﬁta highNMk may be
for rank or higher, di fferent nunbers of
n@tqmemglesaﬁﬁéuwnb@umedlaﬁml estlmet:@e codevvor ds and

OGP " e PRy R RS BS 1 3 HBRRaR s PTE o scoount for

f‘émmlie &eldns ﬁnﬁlb@bntﬁh@l nexds. sat htglﬁerCI@ﬂle\MHydlﬁe eabcibedWith larger
2008/ 058112 PCT/ US2007/ 083739 070449 9 sent aligned

jpplempptationslogsest hes desiontpe scasppsiotefethorei Bisneqpenglty factors that
e [10
PoBp Bk [Pk ims TR REORE o LDRRER 0 vy e

paraktyfedtmthemg usay fcbr@rpgeﬁmdhp Higher ankatoneitcul e decaetnc values.

e RO LA e 0t
[RS8 B em8nttion Bu&stAd HBKIBIFASORENIR LY ShAMe Wﬁﬁp% ranks have

penalty factors that "are proportional to rank may be
sigekr frotrie srlkes ¢hepernaby, fagtotstmay oggpkds |tlweeh13ght:1a1rage tbeing selected

PR e REIBE B S bRa e YR UE TS ke i more than

E@Rp QS Ste NBY tﬁlaeei:}%b@@t %Qatérouﬁlﬁ&ﬂénth@(\ﬂﬁ [osﬁ@néifsthevmgﬂé?r rank. The
may be associ at ed | ess inplenmentation | osses and

pxpssict| ;mlpléelgntgtl@malpmg fﬁWeWeadankvww beocstiamited hay ecomputer
ISQ' h@éﬁl%r &gﬁ fcglr ane!ksﬁg%‘tenttsh gtcp ﬁal&ﬁféc%r%op%éh r%ﬁ(“ﬁl%y then be

el ng’ sel e

et toﬁwdedimfhe Qﬁp@tﬁﬁhrﬁﬂl&n&&hﬂidmlo‘s{@h lf@tSthfltOﬂ’ank hésend \ll@SIgn different
ranks woul d nore than npensate for the expecte

@@@éﬁ/é%ct@rﬁrmaéfr@ﬁﬂ%ﬁn%@?ntld§§1@§teéfortqt@eqtmgmks rlaﬁvaoth%%emgn the
gesht%ﬁgm i Jl s TH! GPRALAFRD nta?%]%éﬂ; H%Te%g&n% Eggégeml&a offset PFog

via conputer
aeh slay eecdrsputed as PR)e =fenal)t PFfactlate o, éadic panaky factor for
may then be set based on the expected inplenentation
tapgsess fbr gehetl, rthnkpenalty ofsetade sfiogndiffdichf engst may be given as

facto may be independentl ected f.
gﬁlm ot =r- kLo 1 fn gﬁ%‘t ﬂe&gnae&e Xltshgctoaeﬁ% 4 t%rent ranks may
ST AR S U e T N
aﬂ({/motﬂ,arfa&{;gs, wher e PFR12 is the penalty factor for
ank m 1n general, the penal tfy factors for differe

[(l&ﬂﬁ}; mﬁl(?bél SélPWéﬁ black pgramofprdesiga of a rank pgtegipr 4q0nthat selects
plpf)&t ggﬁl"g?%l??néltag gféggg)ﬁlotrr}{a}&ﬁﬁgpﬁ%t £ acféﬂl Elfltl%ﬁlgfgt Bﬁﬁybﬁector 400
nmy beampldmased on polrassoeRo@ ranHIHEt 12:!)ner pr@neﬁsm 2441 ieNode B 110 in
Lf‘é.tfr 5R'ank selector 400 includes four processing sections 410a through 410d for
ranks 1 through 4, respectively. Section 410a provides four total capacity values for
four hypotheses for rank 1, section 410b provides six total capacity values for six
hypotheses for rank 2, section 410c provides four total capacity values for four

hypotheses for rank 3, and section 410d provides one total capacity value for one

hypothesis for rank 4.



[0046] FIG 4 shows a block diagram of a design of a
rank selector 400 that selects M best virtua

W@Rni0gMses2 based on a maxi mum sum capacity cri tBCT/082007/083739

AR sel ector 400 may be inplenented by processor 290

at UE 120 or processor 240 atjgNode B 110 in FIG 2.

Rank sel ector 400 includes four processing sections

410a through 410d for ranks 1 through 4,

[e@apECt iwahi pr&€@&iih®Re4ibAal 105 i e 1f Q's'ﬁatfaphﬁb ing unit 412a may
capacity values for~ four hypotheses for rank %

secitve @M INMIObchpnoslirdeonsd matrot H(A ctopaecht yubeairige s ‘ahdrdetermine an
six hypotheses for rank 2, section 410c provides four
elgecaive MBAB; ehpnnel| rasponseredterul, (yasdoHewssh ¢ G =BAdR - », , where
gaglss g ;‘:S)I %rl:té gql gtﬂp g;rgqogv I dmegs gr?anl\% Lg Efglg /V%%gﬁ_‘ g:_eizltteynn\a{ axlzltj %vého 2}1 being

PCT/ US200 3739 070449 1 047 hi rocess
R e e T S A e
ABYrmih€ GRISYRRAY l\% f%ﬁélﬂﬁ\%caﬁﬁ:% mqels Qirfil! hit¥ndd( \K)bafs&f on h,(k),
each subcarrier’ and determ ne an effective M MO

teavinelo desansecMeqicotsddwly UK) 1205 ahalthowansohiy polls) abocated to
H(k) uvl , where wuvl is a colum of the precod|Q%
prrier @of wirtugl antenala vanieianacityi mangict fl G m@emﬁg the SINR y,, (k) to
dependent on the hypot hesis being eval uat ed. SINR
gapREIY BseH AN 3R |uPCQPf ANRR GAPAGIEY BIRTiROLH C(S}SMP%HW gnapity function.
g"ﬁﬁ 184 %?rarcb@rﬁulléte fE ¢ Cﬂta‘cftféglof afite RiRaMerORS Qfﬂ'ﬂ%‘i‘ ant nna v, and
v1i(k), ete Ion techni que used by U 8
piodtidehte ttotahsapat1tjo«i\'43.ﬁforasl'1ft0daa:neﬁlnaozl sTlﬁct@tarlloepadrtyaﬁay also be

i rtual ,antenna vi aci ty mappe 6a map the
ikaind T (T B sy G R SN TLAEBnErr e Rad over al
GARAGIEY ahdffeldveigl fsm{ ﬁﬁ?fbte r@a@@@l t& é\dgfaew .\/Iﬂ‘ M{}c&ﬂs@m unit 418a
Unit 416a may accunul ate the capacities of

mab @éJust thestofab capaicity el vianeleantennaiv: dastd g @\plem@tyt fagtor PFy, for
The t

act I%@B dJ%Sé | 83&381&%@% rftore Qg‘ﬁ]ﬁl}é aitenna vy Oi"he':Blrocessmg

grﬂél Ropchtbe f&l %E%HTBY tiRe feuren ﬁﬁsé%Vﬁfr 21,23 4 correspondmg to
carriers, and the average SNR may be napped

cﬁmabmﬁgnmnnzahyr@a&@ﬁaa@unbbmgkshcmday adj ust the

otal capacity for, virtual ant nna base :
if’&ﬂgl ty Frapyhe prekiph FOPD B 3 dg%?raw% cdal capacity . for

afbihbtedsi& a&ggﬂhb%s Qi Mo {iPtalVidtddal. Qnﬁrﬁf‘@ﬁ%bvﬂlay dd8st the total
processi ng be repeated for each of the four

t@ppoltﬁé@e@Chdrypvthesm ba@qd cil a4panelty é&p@nBF@gfqraank 2. Processing
irtu tenn ecti vel bei n

Sstint 208 o0, T nbadefind i RRERGRAGN Fops Rouribcly of the four

AROtEREE With NBrek RErti A tadlenf @D aR1 dnit 2 kZmbPhdjuse®Bb t@tfal &iiﬁcuy for

si X hypotheses with two virtual antennas. A unit

padh hyppilissis bh@dmtaawenakmé@mrtliﬂ% der rankB. H*ywsms B@tlon 410d for
AR 0 BB e S0 2 R SR8 W v
sapatkt YA Gnit28] gdomagaadhlsoihd foalf@picity for this hypothesis based on a
penalty factor PFg4 for rank 4.

[0049] A rank selector & CQI generator 430 may receive the adjusted capacity for
cach of the 15 hypotheses for ranks 1 through 4. Unit 430 may select the hypothesis
with the largest adjusted capacity and may provide the rank and the virtual antenna(s)
corresponding to the selected hypothesis. For T =4, there are 15 total hypotheses, and
the selected rank and the selected virtual antenna(s) may both be conveyed by a 4-bit

index of the selected hypothesis. Unit 430 may also determine one or more CQIs based



hypot heses with three virtual antennas. A unit 418c

may adjust the total capacity for each hypothesis
wha®edssaam a penalty factor PFR3 for rank 3. PrpCEES1007083739

d@¢4% on 410d for rank 4 nmay determine the total

capacity C,i234 for the hypothesis wth four virtual

antennas. A unit 418d nmay adjust the total capacity

for this hypothesis based on a penalty factor PFR4

b@ therARIRsFor the @él%tecﬁvﬁ@ﬁkatﬁ&lnﬁ(“s? On &enbfd, a%@?fn@%r BF ofPated for

may recei ve the adjusted capacity for each of the 15

bypot mereantémas, enckey rzl.loltehcmdswylmfda:«z etUmA C@Gnmyorspmf@c@n average

%@RB&; gn\c(;)ltdgﬁﬁ anéfvI O(Em% Islghetnhe éﬁé?} ad acan tfg)ﬁmg!tpa%ranXp S Forrnat, a

3643 érﬁﬁ@%dldtﬁhérﬁnfdﬂ@aﬁ@i m@toadvéwmnghtyB@mraf[srmsﬁon capacity.

there are 15 total hypotheses, and the selected rank

Ragk aneandeng seleetian mex,alpo Anpeiferarcd)in gyt BeRehe

m@t ye bé(no@h 4 @ésﬁ n ' (ﬂﬁgl)énp f eﬁeﬂférr Sf@dt&gt @%r QB(GE %&fesf ‘different

43 term ne nmor e ased
200840 8 ]cﬂ)aemé l(JEiE@ﬁ)d’ /rﬁ&:}?fﬂ)r I@ARQﬁ}@helH:lanbmgtlbg ﬁhNFR@ due to
s i S RS S S
ﬂ%fﬁn%@ RRLASW o8l GinstRa PPk tﬁ@aﬂuﬁgéméf ﬁ @‘1’1@ rp%ﬂzﬁty factors for
SINR, a nodul ati on ‘and codi ng schene a packet

didferatt nuabtisafspdstortio iamthe gvenr &t BFa n@IPECr2 §OE£EPECILD &here PFe,
i nformation indicative of signal quality or

tsr ﬂf&sgbﬁeﬂ!yoﬁa&&p?&l VYeodcRabds. angl aBi@aINahs eleptly MctBRYmay be
al so performed in other manners. [0050] |n another

pargingterizet] 45 @ﬁl@nmorp@frranlt yihé monerof vagevbudy seae fodrer parameter, or
di ff er.ent rs of codewords (instead rank). For

F&Smtpﬂ%tméll La%rli’ﬁr ss may be due to different

[Imsippr s 0 et ﬁﬁpsgéh@&h@rsalemﬂ n%‘béécﬁtﬁgemmﬁﬂqm\@ﬁlﬁﬁ)l@Wecodmg
thus be related to the number of codewords

{nla iseeate ovailahle fourisel andt thealbrdyctedrivirtysbsatonyast ecNode B 110.
gﬁ@ﬁ Eg 1&;&6&%’1%59 Lwlbglr %P‘VQ—% %06116 %r ﬂ/f g%%(tgﬁ) evnQ{le?ﬁz{ht&ﬁlas for data

ﬁemsahﬁsyoﬂmdﬂ@ﬂzoor codevvords In general the penalty

or may. be ar anet er as .a function of rank,
{@éEhuwB@dy o 1&5%%%% ! §%$Févqsé%1é%lg%&}%%%ei@}edowﬂugﬂn%menna&
%Qf‘é' i %Ehé%gl P [ RaKAMRL & Bw. £c919i§r%1)e Uhtaied céﬁﬁg alddB block at
sel ect ed precodi ng matrlx?f I'tiple précodi ng
afnsnoigsr aatmmamil thapbe déa@ded separaelg biyherehdisel stattoad A data block
rt ennas to 110. Node B 110 e .
il 5P o B RS a1 € B ol Pt L P PeE 4 PR o AL} ata unit
@), etd an%&u&%&%&palb@bé Zéferrwaﬁ@d a8 d & ﬂlla@k NBYbded packet,

send L codewor ds usi ng he M sel ected virtual
etnt erthgashlocksiarebd encgeerbyenprately to ebtaiml godewdesiao rldicigdy a one-to-

gr?e r(r)lglt)ﬁhg wbe(\én Gy ‘i’ A4nd c%aeworlal %ode% 110 may send each codeword
via one or more selected virtual antennas.

[0053] FIG. 5A shows a design of transmitting L =4 codewords from M =4
virtual antennas without layer permutation, which may also be referred to as selective
per virtual antenna rate control (S-PVARC). In this design, codewords 1, 2, 3 and 4 are
sent from virtual antennas 1, 2, 3 and 4, respectively, one codeword from each virtual
antenna. The M virtual antennas may have different SINRs. A suitable MCS may be
selected for each codeword based on the SINR of the virtual antenna used for that

codeword. Each codeword may be sent based on the MCS selected for that codeword.



a transmtter station and may be decoded separately by
a receiver station. A data block nay also be referred

wo 00885811z0de bl ock, a transport bl ock, a packe€T/Uus2007/083739

Pét%col data unit (PDU), etc. A codeword may al so be
referred to as an encoded bl ogk, a coded packet, etc.
L data bl ocks may be encoded separately to obtain L

codewords. There is a one-to- one nmappi ng between data

[osak andc:osievhods NadgoB JrlRai@ttHent -LACRJS&RESWES M = 4

via one or nore selected V|rtual ant ennas. [0053] FIG
Bwugh aiennes dfeléh dpyco eI, Wthlqrig is also znefe@ i eslseleetom virtual

M. .= nas .w t,hout
%\IHIG%IF'], perrnu{a 190 (% Aﬁﬁf gr rthel d?SlgI‘é Sf:a% oedé:t : ve EEDF seiit from all four

Vﬂrﬂhﬁh@r&terﬁﬁt& daRal bthemespitg phttdrD-tRMARSYs. cddawbldsSto subcarriers and
design, codewords 1, 2, 3 and 4 are sent fromvirtua

wiuahapiennps. Jn the denienshovas BeBlG e eackh sedevrid woplgs through the
RAD RS Pl el R0, A LAl 20 SRR, B i

fraenmalc bn sudemwzid] fpaed soon} fiem Stifdil aﬁtehinaez whrstib@lriers 2, 6, and
ant enna used for that codemor Each code nma

QA TR G tugh antpn né%l?céﬁfﬂf‘éﬁl f brandygiong ei&&amdw%v@ antenna 4
819 9@&&%&%}313 £GHIWSZH0 £ Q8343 inify Q&d%%oil@ alsh Q%iélé th'%dn%h the four

shows a design of transmtting L = 4 codewords from
Mrtuaklantmnas aedossmhtéﬁnldz@amem ab alyeyn pEF}ﬁltﬁi i Bach egidewhrd is sent

i s al erre d t sel ec iive virt enn

i mAC] S At ah pSr hrritRion SRERDPus eyprve the
bersfRnNSINR Q)Entl@é M fs&@éted Virhiall ahteaRdse NAASIIRBREUSNmAy be selected
mappi ng pattern that maps codewords to subcarriers and

bﬁlsmi Qaltheawe@gﬁ@éNRlandtUH@i @%Qﬁ@rfiosihwmi in FIG 5A each
CIX)% €l I'Heo Hgttﬂnedh%h cm%ﬂhsﬁé r(gn%asw%af %r}ﬂgfsmn for each
e su co

arriers. I'S Seéen

ﬁlfb@ﬁﬂrté't fubetBfor @aiseiidionl Anlagetbmay ralser e tofeided aﬂds SCIransrmssmn
on, fron1V|rtuaI antenna 2 on subcarriers 2,

Rycipstc. £ Motpriilditgnsians A he 3vy bl e sa¢h @w@a@wr Wlthdwoselected
f
gl?tugﬂ%lt%gs WAt ﬁ%lﬁ%&?gnﬂ%ﬁ&? th dﬁm?dﬁ gk)lljpdg/@i lZe afkﬂaﬂable, and

SO on. Ining Co
ed’chdagfh mée be (mlarpped! ito taudiffemnt erhab astenos s Wlﬂe lalyer permutation in

EﬁngaBr Tesets mpy bag hown E@t 5@6%055@55 %ﬁ#@%&%ﬁhgs all M virtual

hia¥&as PEhNBEhafal, ogacmaiyemﬂaﬁ hu %m%péde kY §uﬂclaﬁqer§u§d @gﬁlal antennas
SINR of the Mselected virtual antennas. A su

h@ﬁdn?ynbewspmedgeﬁmagakﬁ@famnmhérdvawa@éqéﬁNRAamd5B
5] £
O3B e ET R RSB MM Y Rir (RS nBS! SRS from R

&étb@cﬁﬂz&bﬁr 25)4518£11r61£gh DSANHOBRINM dtdcBEsyniBY de8MMsPhich are
referred to as a transmssion |ayer, etc. Ms ati al

etymates Qfrige %@a@esymh@i BlagsInes feat V@éhﬁ M seleeted veruahprtguigs. The
ﬁ/ﬁl\@? ggtggtﬁﬂ 1‘,&}%1? i b%getde&{] 1rnYM1{ 91 Qx&s@@a&e E%QF(MMS%) 24- forcing

ers nay e aval
(ZF), maximal ratio combining (MRC), maximum likelihood (ML) detection, sphere

detection/decoding, or some other technique. UE 120 may process the M data symbol
streams to obtain L decoded data blocks for the L codewords sent by Node B 110.

[0057] UE 120 may also perform MIMO detection with SIC. In this case, UE 120
may perform MIMO detection, then process the detected symbol streams to recover one
codeword, then estimate and cancel the interference due to the recovered codeword, and
then repeat the same processing for the next codeword. Each codeword that is

recovered later may experience less interference and hence observe higher SINR. For



each | ayer may be mapped to a different virtual
antenna. Wth layer pernmutation in FIG 513, Ml ayers

woregpsossiayai | abl e, and each | ayer may be mappeRCHUSW8%083739

%°FM virtual antennas. In general, each |ayer may be
mapped to subcarriers and virtjal antennas based on
any mappi ng, two exanples of which are shown in FIGS.
S5A and 5B. [0056] UE 120 may perform M MO detection on
R QREL VR ¥iab AhaySichRabRiffdr &N FANRI e M WIRRM P d6deword may
through 254r to obtain M detected synbol streans, .
Whidependent one6 itreaBBYR of thiteconpwiendawisly iiperr MiMédstestean, (ii) the
Bl r S SBL o RO R ROR R AN G pggirence aue 0
(ddéaoYds (zfeing) febedredlatdrZF) , maxi mal ratio conbi ni ng
&wl\/gCi maxi num | i kel i hood (M.). detection, sphere )

8Ct i oHEdedgaineendghannshstagy méqrmation i agist Noge Bopl0 with data

0 3 i .
ERIRLSSE RS e DY S8 2otRUA Ofrate ShEERTO Bt Ehfie the selected
prkOodih® Omidix bWid HROMregtcadd oirfuel fitemabl NMbeddiaendistate information
wth SIC. In this case E_ 120 erf.orm M MO
Hay alseicOmPTish 8RC BF @@&QQ#J%@@& Mg%ﬁeie&?@y%aﬁ agfqnaagsFqrgio layer

hERRYRIonWABwWnGAAAWOSA, (11080 8x/ey JRkS atd BARLS of h M selected
Interference due to the recovered codeword, and then

viepehanteimes.s A Ept28ceppony STartheththend Xt Qsolde tor M. sckabdd virtual

codeword t hat i overed | ater experience | ess
eV e e os e ROV ABNEmsa fiedRatCafiEp pogpytation shown
RO/, B3 UE21 J0Gh4y 2AA QA /2083 38 Q1 9HOALM skRctedVirtudl Rftehnas. 1f UE
codewords may achi eve different SINRs. The SINR of

&2t suppodealir.dheral/E 138 niwspaprisand agielteiGQk five caghnrteyl antenna after
C r |t [ t I

B ORGSR i WRERE ol WAL RAP Mlenda by, Lo o smom

angto(drhént dubeo thatuse bEBENE@ thlateyitteal anRARMOAUSMATiTIANYE 120 may

recovered later. [0058] UE 120 may send channel stat

send gy ials delta %Qéghgar gy ]Ngid@teBthf ayciaes RINYR fgprovement dueeto SIC for
M SiS. o kh : I i nf.or '

AN R A O TR0 e et AL O HTREURRY Cal. a

sieltieldy ddfevéntial@R]aat ieomeaental RQI cdtanhednystaat,sending a CQI for each

inforpation may al so canpr,i Se,one. Qr re s for

taleeted Gl g iy G AR P RAGELY higBICadbRglogghcad.

PW'SQ}H atth o SHENN cltherFde 0P Avo WbdddBdiMaySENde \Pdone or more
or each of the Mselected virtual antennas. If UE

12@akanypoes ssigs Byet premutation Mlagk d dives a descrittivsl andtaedone or two

virtua antennas.may refl.ect the.SINR i,nprovement due
HstebidRls pBP RODRF b et Grinh B R aEror R ERER . The
bRy | 5RAMs duAveihegankCQ for all Msel ected virtual
antennas. |f UE 120 supports SIC, then UE 120 nmay

al so send a delta CQ for each virtual antenna after

the first virtual antenna. Taledelta CQ for each

virtual antenna y indicate the SINR
Number of . .
Rank Description
Codewords eseriptio
1 1 Send one codeword via best virtual antenna, e.g., 1, 2, 3 or 4.
5 5 Send two codewords via best pair of virtual antennas, one
codeword on each layer.
3 5 Send two codewords via three best virtual antennas, one
codeword on one layer and another codeword on two layers.
4 5 Send two codewords via four virtual antennas, cach codeword
on two layers.




i nprovenent due to the use of SIC for that virtua

antenna. Alternatively, UE 120 nmay send a single
waeliBassT that may indicate the average SI NR PCT/US2007/083739

PWptPovenent due to SIC for each virtual antenna. A

delta CQ may also be referrefyto as a differenti al

CQ, a spatially differential CQ, an increnental

CQ, etc. In any case, sending a CQ for each

sel ected virtual antenna may result in relatively high

f eedback overhead. [0059] In an aspect, either one or
1060k o d didbr- st ﬁlawao@ trgasmisvipa 660 @f one wodewordi for gank 1. The best

&%tg’lgpan%snngsﬂl%gb sgl V\?ec{t)eﬁigf%ro gyeit \fjl\lrémoarr]nodl afbur avallgble Vlrtual a?tennas 1,2

8 and mar(knell,ay& is Ivainblcdardnis acHpped enge swettlad ezﬁtmaﬂ aﬁnegfﬂa which is
The nunber_ of Iayers is equal to the rank. Table 1

AR Ferserd ifthpetsnlp shown inddGe Rér. dne cadewordjisgat on one layer
gpog\%g%gse{é&eap\% baMididiig! antenna, e.g., 1, 2, 3 or 4.

nd two co evvor S via best pair of vi rtual
HooehnaFIGreB sioedenwoabntssi@aé2) bywes codvwdrdefod rinko2. The best

d d h b
BEHB LI g 1 Sy2h ndl chlof et Codbhdl or o ey be selected
FRYsE %'onf"atgor%ﬂﬁr ta%la%fédﬁi"tﬁﬁldﬁltéﬁhgs f BUihe \ékﬁrh%@lshown in FIG. 6B,

ant ennas, codeword on two |ayers. 08/ 05
POTAUSROGRS 0837 3%nre @mteﬂmm{ld) @68hn# dwe Ryshous aaallable and

transm ssion 610 o co rd for k 1. Th

S DR RA0 B iy BEC SPEE BpuR ey siardiiHgn Codeword
i ey RUWBh @blagerVl, inthikdd is RGN shadidg inBFRNGBA- C(Q%@vord 2 may be
| ayer is avai abl'e and is mapped to the sel ected

sant e dycnitehahis shipive hwithout shadingdn Fé@it@hna 3in the

I e § in Fl A .
ayﬁf EP Wa %ﬁgsgélt%&l mgg’w r@% ecﬁoﬁig‘%{dﬁo@i tfik 3 with
5m&na@Blshﬁwﬁnﬁmhﬁ@msﬁlﬁﬁbﬁﬂn@i@aﬁ&nhmmaﬁ@d@moﬂds Bpru,z 43,
pair of virtual antennas {1,

2}
g} 3 {ﬂ_} ogr}{2 {32 4}31}nay {t@ sejrgctqﬂ, f({rguse4fro%§,xnglég §@Fre%\taélable virtual
e I; | | anRt
e RS o, PRl TP
dirapkartttyenas.e ITéEfteehiniS rarelavaiahleeamdanay baondppyd te thar three selected

¥ el g aninEoe BRTIRYRR. JorHEERETER SosBeuag: 0. the layer
E?%u@ﬁgﬁqg%y%ﬂgﬁy%fd @a}c/h WYER thappsd @Ml {'Mréehseﬁilaé‘a' viQudl Bntennas
in a cyclic manner. Codeword 1 may be sent on layer 1, which is shown with shading in
FIG. 6C. Codeword 2 may be sent on layers 2 and 3, which are shown without shading
in FIG. 6C. Since codeword 2 is sent on two layers whereas codeword 1 is sent on one
layer, codeword 2 may have a larger size than codeword 1.

[0063] FIG. 6D shows a transmission 632 of two codewords for rank 3 with
asymmetric layer permutation. In the example shown in FIG. 6D, layer 1 is mapped
across all three selected virtual antennas, layer 2 is mapped to virtual antennas 1 and 2,
and layer 3 is mapped to virtual antennas 1 and 4. Codeword 1 may be sent on layer 1,
which is shown with shading in FIG. 6D. Codeword 1 may be sent across all three
selected virtual antennas because layer 1 is mapped to all three virtual antennas.
Codeword 2 may be sent on layers 2 and 3, which are shown without shading in FIG.

6D. Codeword 2 may be sent across all three selected virtual antennas even though

layers 2 and 3 are each mapped to only two of the three selected virtual antennas.



sent on |ayer 2, which is shown w thout shading in
FIG 6B. [0062] FIG 6C shows a transm ssion 630 of

wao awsossienor ds for rank 3 with symetric | ayePCT/US2007/083739
Péfut ati on. A set of three best virtual antennas {1,
2, 3}, {1, 2, 4}, {1, 3, 4} p {2, 3, 4} may be
sel ected for use fromanong four avail able virtual
antennas. In the exanple shown in FIG 6C, virtual
fIvegNNaAFIG, G Mdwd At@nihBsise! @0t 80 twdidddbRbrds for rank 4 with
antennas. Three |ayers are avail able and may be mapped
ssmmhféwt layaseposaiietiond All/ qur Gahilabte evivak anipnitas inaapebe selected for
fl) Syer our Iolﬂsue%rgtavaolga%l lea sy {;)g rr}l%\ﬁ/{)]e tﬁg?%ur sgtegtela Virtual antennas

W&ﬁﬂ&ﬁbrt@r@uaubﬂr de thelceshpid s\hbﬁvhthﬁ| FIBMEH)ARS layleh parmutation is
cyclic manner. Codeword 1 may be sent on |ayer 1,
HANBATICs 2ith 63H W@IhlsSrﬁmeﬁgmaH fopy epleged V@&@é%ﬁeana@ in a cyclic

g]ﬁ%{_%él?ﬁ g(ﬁ)%i@%log{l gnﬁérge sgat @I{]gag 1"‘@{&:@ WHhiCh SROUB W \M@l‘? Hﬁadmg n

I nce deword 2 1's sent on
FE@GHES Gbdvend 2aodeboscat dn layesenindoh) vadrieh aleayiewn w1thout shading
ggvvo%d 2 may have a |l arger size than codeword 1.
FIG 6D shows a transm ssion 632 of two

fRRsIor dad. o§F rsﬁ%s 3 Wahdhis@sy emt b ewd 8c)()ﬁ!%words for rank 4 with
pernutation. In the exanple shown in FIG 6D, layer 1

awmqutpe deycapemmssatainl Inltheexanele shavh wi Fiy aﬂF &aycehnamapped to

r.tual, antennas
vy BFerkerngs FRRRHm lioibl Sy AR Enmae: 1 1§Rfpd 1o Vual antomnas
Coe@WObAl altciBind Sulic@fierQNay@yEis tappdthioCirtudl SNMAs 1 and 3 on
with shading in FIG 6D. deword 1 nmay be sent across

altdrnatimgaabeasapis cangldlayirr4 isanappad égMatlabaennge 2| aggleh om alternating
kusocgﬁﬁpse dC(%(Pew%l ({1 tnqa{ & ezélen{ {)],H %yer%nlt ASwhic 1%es\ﬁ'8w thl{ shading
nay an hou

€ 'Sen aZre Shown W

B NGF.i 1iCddb®sord ﬁ%ayCBﬂ SyWr 4drds ratlyfone sslecttd a@t@ﬁ Stn&lnhas even
three selected virtual antennas even thqQugh |Ia 2
Hieuetslaypes ley 8 SpEtMERPE P Pty gt thfhgmtf Relege Virtual antennas.

%@4%%3%1’% %??g%g h50d 1?12"[2‘8'82% Fepi"é%%%“%%ugmsgadgng in FIG.

6F arSmicsmirdR B4y bofsehivacrosdelvdoarssdated aintialdametras even though

t t t i | abl
T8 P e MR b oWt ise LB der B se TR g anisps
ﬁfﬂ%6pva'1@b£s§lnﬁﬁ@rlm }Ee@epe'mr:iﬁﬁgn if ke (ffoﬂ{aysﬁé %Gﬁs‘?&jered as an

virtual antennas I'ayer permutation,
eseanmé of S?I@deondnpd?m@tatleE Inhéns ayamplpen rﬁnstaant@mlm group includes

met d t | f
DR e PTG L Y pefRROE bRileh 1R antonnas 3 and 4.
Cogeverdd id rrﬂiﬁlée(bﬁ) tHe fikst @d kayed sntdn@ngo dps M1 EnaAing subcarriers,

shown with ading in FIG 6E Codewrd 2 may be sent
ol |cagererd32 alﬁdlﬂzpwwmur@qppad dostewpeoand Hadt figsh aémtma gieups on

FIG 6F shows a transm ssion 642 of
5\%\%%%023\5\%%%(% or rank 4 with

[0067] FIGS. 6B through 6F show some examples of symmetric and asymmetric
layer permutation for two, three and four selected virtual antennas. In general, a layer
may be mapped symmetrically to all selected virtual antennas or asymmetrically to all
or a subset of the selected virtual antennas. The layer permutation may be such that
cach codeword is mapped uniformly to all selected virtual antennas regardless of how
cach layer used for that codeword might be mapped.

[0068] The mapping of codewords to virtual antennas may be performed as follows:



asymmetric |layer permutation. In the exanple shown in

FIG 6F, layer 1 is mapped to virtual antennas 1 and
WQ@2@8/0341122r nat i ng subcarriers, layer 2 is nmappedI/U82007/083739

U1%4ual antennas 2 and 4 on alternating subcarriers,

| ayer 3 is mapped to virtual gntennas 1 and 3 on

alternating subcarriers, and |layer 4 is napped to

virtual antennas 2 and 4 on alternating subcarriers.

Codewsfag I1cdRWoRS t8 MayeR, égyﬁg ﬁlolvﬁﬂdfagle which are
shown with shading in FIG 6F. Codeword % be sent

acrlosBeraute thelM laystse Glge @s vhawnal Fléi& én ribf@u@h/ éh, andhough

| ayer n ar e to of the

serecriad O R Gef SNaCRP AR RIRE LV Bl g ermuted
I ayer Ryér anrdctisclodiddolirtaslenshayn wi t hout shadl ng in
FI G 6F Codeword 2 may be sent across all four

fROLt edf vhdl ddlcwdd BNERS 18168 all MUGRctcHaNREA adtddifs, 4hen cach
are each mapped to only two of the four selected

G@derigad MaitodpITES the[@@%? STNR ﬁé@mﬁb&d@%edl igtesl antennas with linear

tation i ons r.ed
g/_ﬁa |d8t68t110 (]eg\/\ozr% p% Idﬁﬁ%é Ine a base C%flhl?agec? on r?rhpel gverage SINR. If
UiEr 810 ia Bilﬁﬁlb%fgfe%ﬁnin@CSI@dtﬁ& twid icbddiddrd @i eBimayilh RRR 22or higher,
and a second antenna rou i ncl udes virtual antennas

thea UE 12Cauavdstqaming 35 P A baspdidethe jdifferengedboswednite SINR of
M GRS &rv%ﬁs &L%w%k& &hiahd %%&g?%k‘ CH%ie eﬂgdcgl ay also be

codéword 2 1's ew se mapped t secon and
mﬁetreanina) o o HHS gzam asd heynisgt O i3 supoateri df $JE 0065 hot capable of

RPN S P ety e Epar v SR oBP AR T e dangrds sent to
fh%lUESQh?QQ@% | Lhi@he BRERDES R d&ﬁﬁ! @* Gif &y 1@%@5) to Node B

may be mapped Symmetrically to all selected virtual
aHt. eNodes Bdrl Oasapnpretess ¢ag), ynctonde ahdl maoglulage) b Eest codevitdnd based on

B8 @Ot Hod meZ e bBE e pad P kT BT b oy e dote

gqlwhﬁg@b@ual ant ennas regardl ess of how each
[FW% used for that codeword m(ght be mapped. [006 é
OhappVitl lafer podewietians thaodshar¢Qhmag ieephtieabig fortseSIC-capable

g%oti}gbﬂ%goﬁi Sf(?/lgllﬁp %ﬁ% oggbv\n : g@ ctgt%é #12 Fé%/ 11%5%)(3917 / I9§ %?a% %oes not

sippon SIA. @Y1 @fdrmafion Ref Bt @nt iﬂevaMohﬁﬁﬁhﬁers ®y Qhe SHScapable and
shown in FIGS. 6B through 6F, and 3. Map the M
PE-HiseRabls B¥ers to the M sel ected virtual antennas,

FARLEE" ACET IS 01 PO AP A Gl IGE o
UiEBI Li[al thasntchamasthet fagre €QE fforrmdbl\ﬂmsdisadi)fombsthrtvpest b UEs and
eFii « oV bbe e and sukta oo aEk oFRKRD Hp ey « fll ol
e Ql?dsﬁlgy avd DRnaMEIrAGELIR WRerel Ny may be equal to 4, 5, 6 or some other
value. Field 714 can carry a delta CQI value and may have a length of Np bits, where
Np may be equal to 2, 3, 4 or some other value. A SIC-capable UE may send a base
CQI in field 712 and a delta CQI in field 714. A SIC-incapable UE may send a base
CQIl in field 712 and a null value (e.g., 0 dB) in field 714.

[0072] FIG. 7B shows another CQI reporting scheme for SIC-capable and SIC-
incapable UEs. In this scheme, different CQI formats 710 and 720 are used for the two
types of UEs. CQI format 710 includes base CQI field 712 and delta CQI field 714
whereas CQI format 720 includes only a base CQI field 722. A SIC-capable UE may



UE 120 is capable of performng SIC and two codewords

are sent wth rank 2 or higher, then UE 120 may
waleaos/osiime a delta CQ based on the differenceP@BUSMETI83739

PHEPSINR of the later recovered codeword and the

average SINR The delta CQ npy also be referred to

as a SICgain and may be 0 dB or greater. If UE 120 is

not capable of performng SIC, then the average SINR

Vol Lo R EPIhi F£AP 7 €2 hed a dklta COFIaNATHS7 BPHE nglfoﬁﬁh% T A SIC-
UE 120 may send the base C(g and the delta
i fi

(if
meppabbabEanay senfodeasg CQL1Q . fickbde2 Bf €L fwmat ﬂﬂ@c ésYE may report
g% c%}apeh? ng@ tgle (%rt ofm) caLIIl %tg p)r L hearantleﬁgr %ugrglge et 8‘%18 %8sed on UE
hirseficaiont Mac hl&SﬁlaSZ@e 1@%@10&5&0 ded ¢ieher CQI fHivhat 710 or 720 based on
appl i cable). [0070] Wth layer permutation, the delta
tryanshilithe appl icable for a SIC capable UE that

rt
@Iﬁ%?fncgl?plgb %E @’ﬁﬁn& %reg %B&ﬂlﬁ%%&fﬁrﬁé) {f ctj"SI&-j;apable and SIC-
imﬁpnbiteaUEenIMys {vhcmenhe isamy ﬁ]QIcfusnatﬂr]ﬁesr sscldyfot beth types of UEs
| C-capahle and SIC.in abl e UEs. 1] . FI
Hors @Eﬁerepbﬁm% s S e fﬁi%l?]é G A SIC-capable
BEGhAN&RRA 8 CHFS ﬁ&lﬁ ﬁlb'aﬁd SCloRLE Itnlﬂﬁel%laﬂﬂ @X1C-incapable UE

formdt 710 is used for both types o Es and i ncl udes
mapasel CohsefCQI o fral@d 7&25 dnd othet tréomtlmlla Ifigld71lt. FhePl-capable

%t%dz %?&c%@a{bﬁmp énamé)o% l\él% éﬁ ?}ﬁg %Fat\{tll V[g 8¥a1]§g]%,éblts in CQI

rhat 7102l Al@JE hiagl @pgrl‘ltsccﬁgblﬁﬁfyr ¥ @edelt af GQullvalmeUE may be
and nay have a le its, where ND nm

wgiiagted to send githey (Brth@sb%ﬁé Qe therrieles, CQL S the g’b‘?ﬂ@ ¢gpable, or
TS50 (e PRl o T S gt 2,

fooekd 717 casdcdgmithd othaf Hffomt]gn ,selﬁ idBjeld M4 d:cﬁhphs%é.é precodmg

[0072] FIG 7B shows anot her reporting schene
Bpiickieddioma ssi & PTPW&%P@CQESIH ik denie as%iﬁ?eﬁeé)able UE may

SR SR LR, FM L 2B BB ol oo 8 8910 s
Bk iafumdedt forGig séleatd pl%]:dding\ﬁmmﬁe}as ARIC-frgapaiic UEOmay operate
S 2558 b e SRR i arecoain
ﬁlfat}eéﬁlafg#omesf fhgh%s? é@rf&%n@e deld ?’aexglgplé e N eLd %%éh the SIC-

I'C- 1 ncapabl e UE"may séehd™a base

fﬁ@lpdbllb Uireindy §@1RctodncCEd cifptr lﬁfﬁklb%?@recd’dlh@nm&’ce@ em@ rsend back the
its capability at the start of a call, g.
praecefePisFOdng MK I BFINg dlaee it r hbag@taeroqipsw, a SiC- capable UE may

%?Qt%: 'gvl;lﬁlg?gﬂ}%gs %ﬁ#%gmgyrgaﬁcésnﬂ%@gg ﬁgl!)l? [E‘@ﬁw? otpgr%lie with a
larger set of precoding matrices, and additional precodmg 1nforrnat10n for the larger set
may be sent in field 714. In general, field 714 may be used to send precoding
information (e.g., for a precoding matrix, precoding vectors, etc.), SINR information
(e.g., average SINR, differential SINR, etc.), and/or other information. A SIC-capable
UE may also send other information in field 714 (e.g., any of the information that might
be sent by a SIC-incapable UE) when rank 1 is selected and the delta CQI is not
applicable.

[0075] For a SIC-capable UE, the base CQI may be considered as a spatial channel
averaging parameter, and the delta CQI may be considered as a SIC gain parameter.

The layer permutation essentially transforms L separate channel-dependent CQls for the



[0073] FIG 7C shows another CQ reporting schene for
SI C-capabl e and SIC- incapable UEs. In this schene,

wo b@sesane2 CQ format 710 is used for both typeRCDUSIOEZ083739
B@f49%arries different contents for SIC capable and
SI Cincapable UEs. A SIC-capajye UE may send a base
CQ infield 712 and a delta CQ in field 714. A
SI CG-incapable UE may send a base CQ in field 712 and
ptddgewbib QhtoBhéE %Bhtia[‘ cﬁdnﬁblda\%%m Thgabier aAPaR! SIC 8418 parameter
SI C-i ncapabl e may both be able to nore fully
baviing almlltah@tfel\ﬁapacdm éF hpispafial phapgr! aviceagmst pefra.roetemartdahe SIC gain

ort its cap t i the tart of aII
EREmRGP Ry I3 FORTI M i A4 Rty o Bedpnllf ctannel-

aélﬁnﬂehﬂ @@Ist aF@lermbfe, tie SIE glai:h &rﬁn@t@@@biyevar? ln a harfow range
t he base CQ and ot her informati on, if the UE is
wheteps, gigpgaps ety earhp Spﬁaréﬁed@a%frlgﬁpe&%t 6fhgmay vary in a wide

Hﬁ%@ r 'Tﬁ&quctér%g]g?s)r é}laf) eqje&iucm)ﬁ 5 | REFLARLRLE @8%h9% r?] reduction

ri x selecte oma set o precodl ng nmatri
trhtirge debsfrgqueney Sle@bachpabl e UE may operate with a

i e ecodi mat ri x a DFT matr]j a .
fp&%iqee hegivg oh Y heRUOB Pl bk a%ﬂ%é@éﬁf@@@%@ay provide
PLARRAEPA RS flcXudidy: S! C i ncapabl e UE may operate with
a set of precoding matrices and may be able to sel ect

anq Sﬁ@&{%cgﬁ‘%(ecﬁog& VEROY e é’l,m% §ﬁcﬁﬂél§a§Q’P§ %{é%%fsﬁfémuh fewer

best or mance or exanp

SI G bmamiqhisﬁbl;lﬂexsefyeqaeﬂltgcﬂlamaéuld)CQEIifgufﬁach osdiviadré without layer
precodlng matri ces and send back the selected

pr ecoBSTARHRPr #8¢ using three bits. In another design,

a 3 GraBak] ScifiniRYe RREHEhEURdNs éﬁtélnﬁivkrsﬁ?tpe?flayer when the

pr ecoding nmatrices, a SICincapabl may oper at €
wi th €QIS stageéo bs etaleodir gre egodied gn rEdr, ioc @dien dimdscheduled bandwidth

rmy bl LireRt 57 g B3t BR Sk e (PRt ‘%gf‘t‘%gﬁtcbe

d di f f
b g e o visk gt aﬂgr%rv%?%egsé‘r Sgiel fpr S qund 4x4 MIMO
1 P BB s QPith &t \gltho@w}re@%a&nﬁtmn 3 ﬁff?e'r@rﬁggleﬂau%&%nanos e.g.

etc.), and/or other Information. A SICcap
adifsoens edienot hmodelnf drffmtntoﬂQInfdrmetSd differette (I, ramytmg‘ delays,

tEfromherh i Fens iy @Rk B PR FE P omputer
SRRIAAD sBow [1BRF g)]errﬁﬁ’tﬁtléh ShigeFaRan) doUkyert ftembasien @ the same

may be considered as a spatial channel ~averagin

Barlbaskt everheadd crhe S tbasec@mmd Bebie oledihdeRéd Abe sperformance
%pcf\og?qjg&tpg AR S hen tEh cha rl)ch)g m(jg %%od%%t eglfs ﬁ% a?%ldl When the

rans separate channe

Whe 2008 bEBlidth ﬂ?Cﬁ'Blt kp24) A HRBBTQB YepATIABEhdLBdthl-both of which may
codewords into the spatial channel averagi ng paraneter

afien bibe spse ig Rrastipd MIMPaPeratigyi ng sinil ar tot al
ﬁ@g@g‘l tCWgIgIﬁrﬁeshﬁ%ta'tﬁ‘é)ckccﬂé'é}Qﬁl of AVRERY L PRI FRIEEsoR P80 and TX

MIMO processor 230 at Node B 110 in FIG. 2. Within TX data processor 220, a
demultiplexer (Demux) 810 may receive data from data source 212, demultiplex the
data into L data blocks to be sent in parallel, and provide the L data blocks to L
processing sections 820a through 820/, where L. >1.

[0079] Within processing section 820a, an encoder 822a may encode its data block
in accordance with a coding scheme and provide codeword 1. The coding scheme may

include a convolutional code, a Turbo code, a low density parity check (LDPC) code, a



paranmeter may vary nore slowy in tinme and frequency
than the separate channel - dependent CQ s.

wao-enoslssimdre, the SIC gain paraneter may vary PCI/HS2007/083739
W&f1Pow range whereas the gaps between the separate
channel - dependent CQ's may vary in a wi de range.
These factors nmay enable reduction in spatial feedback
and potentially reduction in tinme and frequency
tRedbREKndah &P CRIK TRER O Bo ol BISEK cBEE, Mk abt ANcoMiBilation thereof.
base and delta CQ feedback may provide various '
Eaeasier 882 miay @lsodionprmIpunRedioe e repesitioncds ppeeiisd to obtain the
t.he base.and delta.CQ s na nt with fewer, bits .
b B IRERP ek iRl RNy 3R il FrbBHF e i pis from
ERDEWOS XD aWatdiaai a ba@yablinddeydeubiéddevordnd AZsynibap rapyeet 826a may
performance due to increased spatial diversity per )
map dhe serrapbled bits romgcmpler §2da Eéﬂeét% agmegulatiqn scagrag gdiprovide
ga Sﬁﬁggm'or when t he schedul ed bandwidth is

B erent fromthe bandw dth over which the CQs are

980t dthch etmain[r30piétesMag i soctfonc8fpuithin SKnddtaproedsor 220 may
were perfornmed for 2 and 4 x. 4 M transm ssion
WY goesse Hféd{ata} 5&1@? 994, PrOYSE | i ﬁwwbo%lﬁ ffplopancodeword. Each
PREERINECHER NN A%y forfhrm eliolrRr S nclRABh PREE!IGH an MCS
different CQ forna?s, different 'CQ reporting del ays,
shil¢ctet temtits ok eslodde dinbgendad, din¥ Gemeay sndd@te p epdingisplgeme or code

RS gl SRS 4 B SRR B
g@gﬂ T aRHRACKK @M%(Ij %?&-e?s%r 930, Iéﬁlﬁ#)ltierp 356 thfduef890/ may receive

delta CQ . e performnce nprovenent 1 s

HeeRtLEy R fﬂoheﬁﬁia@s@, sdoat €20al throwRH AL Srefechi @y, for the L
and when the schedul ed bandw dth is not equal to the

aglewoegsor Edchgmbltinten $&hmapeedie df dwhi ymbebsywithyfat gam Beselected to

i I i.cal M MO ion, 078], FI G
S et BeR Ay B b R CBE i E A cRAo e R pay map
B Qangndbéls Mr M2 DIcoEeSSaE t28D1agtrsNOde aBsHoleh INNFIEISS6A through
Wthin TX data processor 220, a denultiplexer

2.
PIDe Aubdycrgnerneay 34 Bginge Hatdatarsysiboliaion theorlaxer aipd pilot symbols

|.fi the d ' t. i
G401 DB AL SR D360 s, o
hrahsE. nGodacdrd anspp82 830 hitt tiyghm8@dr, 83dhagyealko be cbmbined into
GO T ST N
AR PRGSO s

gdenmbl YrdRadd T Mut%hﬁ@ﬁﬁ{ol IRk o8 demodu MG L8 RS BIH 232t
I[:())%-g/Z] > OFOI7G/ %Ssgflz)w% a l?lzgk4gi2glrlalgl of an RX MIMO processor 260a and an RX
data processor 270a, which are one design of RX MIMO processor 260 and RX data
processor 270 at UE 120 in FIG. 2. Within RX MIMO processor 260a, a MIMO
detector 910 may obtain R received symbol streams from R demodulators 254a through
254r. MIMO detector 910 may perform MIMO detection on the R received symbol
streams based on MMSE, zero-forcing, MRC, or some other technique. MIMO detector
910 may provide M detected symbol streams for the M selected virtual antennas. A
layer demapper 912 may receive the M detected symbol streams, perform demapping in

a manner complementary to the mapping performed by layer mapper 834 in FIG. 8, and

provide M demapped symbol streams for the M layers. A codeword demapper 914 may



cyclic redundancy check (CRC) code, a bl ock code,
etc., or a conbination thereof. Encoder 822a nay al so
W eOOB/osmpuncturl ng or repetition, as appropriBCEUS1007/083739
¢4 n the desired number of code bits. A scranbler
824a may scranble the code bigps from encoder 822a
based on a scranbling code for codeword 1. A synbol
mapper 826a may map the scranbled bits from scranbler

8t ﬁf&sﬁﬁd&ﬁ%}ﬁ)emmbéf K@EnECRR MBe M daREOYhE Brovdidt #1 dernapped

synbol s. [0080] Each remmi ning processing section 820
Wmlml ﬁtrmsj%x &wplr oedsonds. xyehdgmappien? 12aandycogewerdsdsmapper 914
at a rqvi de data synbol s for one

%18 a% tb gcnﬁed Hﬁ?oc%s& n%p Section 820 may perform

poessHi ngnamle m@ﬂ 3hown aFed On RX 84S proedsedt edod anicludes L
its codeword. In general, an MCS may indicate a coding

B@hessmgo&ecn@déma dhropgla 980 fdrethe énccsblvverrb Bachauhetssing section
' a datar and/ or ot her ters 0

ol B g pﬁ‘r8‘é?§§é)61te oD T Pl st S0 ot cedigtprd and

gNide Q&)bn%g&%kiﬂl% dédacdafadr BMERO! Wlfhﬁrp'ﬁr&re@ﬁ %leé’zﬂ)n 920a for
sectlons 82 t hrough 820t, respectively, for the

eusttaimnd disa syml:mh dwmhppep PR2s mgyp gemeyn syoabad demeppring an lts demapped

des
BRE e thsnler o B ARG e AT Ty B fea coue
Hﬂﬂyfdmde\ir&lﬁ dBisad syirhe dsmhgivedt fygbblscadene igtsiutiol scheme used
as shown in FIGS. 6A throEih 6F.

A

foay@dgwé derA dewramlcddarpay darambianihe L4-Rsdrors hemiwl demapper

bz’%/ WS @B tRd b amﬁgfﬁg%& fot %o&&!;’&aflf ' ﬁf&céﬁb‘# Mk WA decode the
ennas used nsm ssi on, . own I n

HsCamtbA LLRs andproGide a(aed@dmdrdzitarmmefor 83&vand 11 ayer

34 may al so be conbi ned j n pper. A
Eﬁ‘ggbder L M L tS?féwﬁa‘)&@ Wt@9#§%5§tafp6?éeé% ¢70a may
§1H9fétﬁ§r rﬁr@éess \i\ﬂstc{en{aﬁiﬁe(p tRAES BfafRAAd rolt}lcﬁn'g chrQsé)gH%{al% decoded

out pu nbol s for all subcarriers. Precoder

patoblode. Pr@netsmg se&}ﬂﬁiﬁ)@%(&tthﬁﬁlgb 920/ thappebilidd Drc&c&ﬁaaiata blocks
t hrough 232t. [0082] FIG 9 shows a bl ock diagra
f thx Ivpatovpsrde eds erultzéwra(h@lxa&%)«naﬂémdtlﬁ%é&éoﬁecoded data

sign of RX M MO processor 260
ﬁ%ﬁ%?@a?ﬁd%?cg?gié%? 270 at UE 120 in FIG 2. Wthin

[348M I\/DRIG)CIGSBOWS 260k (ﬁagbﬂuh/@f afl RPeMIMO Pideesmdy 260b and an RX

bt ain Rr i v synbol eans from R denodul a
@aamra%aé?@eb @glzﬁh arwmﬁl%r sigh Of RS MM pinsesser f%ﬁo(%\ﬂw data

%%B@Es‘%ﬂ ¢ QtnUEhf'ZORnrleI@aQV e ¥t 2608 LB %?f%ﬁncgic recover

zero-forcing, MRC, or sone other technique.
diet emtewiord 919 tinmy alpxt ostingkee Mhdletreet thd istenfbnes ﬁloeamh recovered
%% the Mselected virtual antennas. A |ayer demapper

‘§ receive the Mdetected synbol streans, perform

fSBPPI NYithiA staﬁge EONE5danP I BERBradoYeled firfiea WBIRRD @Btector 1010a
performed by | ayer plger 834 in FIG 8, and provide
e

Magl eohipipeld @9%@1 sgmbek sigcanay firoe Rviderpdnlstors, 25deldbongh 254r.
ﬁﬁﬂ&? egtect% f'O lrﬂa%nay pe%%%/l\qmblget gT %%%Q yr@ce%ve% symbol streams

(e.g., based on MMSE technique) and provide M detected symbol streams for the M
selected virtual antennas. A layer and codeword demapper 1012a may demap the M
detected symbol streams and provide one demapped symbol stream for codeword 1. A
processing section 1020a may perform symbol demapping, descrambling, and decoding
on the demapped symbol stream and provide a decoded data block for codeword 1, as

described above for processing section 920a in FIG. 9.



070449 20 demap the M demapped synbol streans for the
M | ayers and provide M demapped synbol streans for

W@ b@shssaoriewor ds. Layer demapper 912 and codewe€™US2007/083739
ti@Epper 914 nmmy al so be conbined i nto one denapper.
[0083] In the design shown imFIG 9, RX data
processor 270a includes L processing sections 920a
t hrough 920. E for the L codewords. Each processing
FRSY] ON If 286w I RCEICHBeABETRIIPC 8RS LPREQTRPRRAon 1022a may
symbol stream for one codeword and provide a
@mordesmmblng agib spaibal iap ath@ld@@qxdedvdatth ibocsr ncdig sfamg manner as
S%%Esg%nlgf 92 %%oﬁtclggﬁ%\’\%r 9ané' inoﬁl(? %/Eg? YL %Iel%%pt%r dﬁé i;yrnbols for
sédceand 1€ AQTX NZIYMC)%I’QCEISB(BQI O1ag naiy ketfolin @ﬁatfa&btd@%ssmg on the data
(LLRs) for the transmtted code bits for codeword

paalals By codeverd tel Bﬁ%%@%@@ﬂl@r ah dXt MEMGbRIgress o0 in HIG. 8. An
%}?éi‘&c%%nﬁtfo?ﬁg@%w Einta fﬁquéﬁe?egpé ﬁﬁeggjzcﬁb%yd 1 based on

escranble t ron1sy emapper
the rhipped daandynibioty Godel X MIMOdeanrssbrll01Aa ded dobechaB28 astimates.
may decode the descra rovi de a d code

led LL d
datiacHseRe MR ) 1ga n[l%yogi rag A o R hiTfRg orence hom the
RITOGERS s@&b%f—‘ﬁl;éaﬁﬂ a4 BroMidd R nnﬂﬁ%(sﬂﬁf)(ﬁ SBERRE R Me kP Gage.

may simlarly process its demapped synbol stream and
pH88] de Witbior stegpd ricki c@ed@abaéwngimcavebbcbskcond a MIMO detector

i@@g’g@%g’ {aﬁglp g{zﬁlpg}zoa tfﬂes(%ﬁfglglggz% ru&lit Pd;&%a in stage 1, perform

MIMO Be@¥@sn ¢db¢)R dNibbdrd % I Bl ofl ME0BEk el d
bl ockS and provi de - decoded data, f@%ss]emoe 10 shoua " "

proidscd ditesiedasminaliol e Karvhe pr selssisd rVHZlB?@t@nﬁmaSanAFwer and

b r n
(B SSRREE 187 b S0 4 S0 0L A0 1 8551 8 v one
dé}ﬁappad FslyfaboR strddiD €@ s@dew oi6Db Aalpebczmttg peLOOINOREY Gay perform
r ecover one codeword at a tine, and estimte and

papkal depparing: deserambling, mbacceding eths\dsmeagped sabe)rgream and
%&Qﬁ@]a (WCWN% %{ﬁg@k {Jor A V(;&Q@vvor d 1 being recovered

irst et ect or 10a may obtain R received
Ho8Bpbl  df mearrthah mmﬁd@mrwmbaBMnB pacdlal, tltmwagjfhstageflafter stage 1
Ml\/Ddeteto 101 Oa 1perfo m M MO det ection on %
Bay JEeSIVe Pt SyIp n% ealané éorn HRESHIBR sﬁgg,Eprocess the input

&ﬁﬁttﬁils%ﬁﬁs ﬁmnﬂapﬁiaﬁﬁerl\ds deleqt efld me&i a 88do8&dMBath Block for the

M sel ected virtual antennas. | ayer and codeword
@I@tw@pébeln@ 1Zaveray byl ¢had ptaghe Iﬁvlhe deql@mré@ls gaentdesd correctly, then the

BRGERIRGRT R G8et0s L BRRSERA504 REOIH Fhyihe R input

Istreﬁﬁaﬂﬂltm,sta@ew baﬂabi R Rgput @Wﬂb@ﬂ%ﬁdﬂn@ gor @B ntXx&stage. The
mapped synbol stream and provi de a decoded data

@pb@é@gefr@@y eod dhgoingFrtErengg estimation and cancellation.
[0090] FIG. 11 shows a design of a process 1100 for sending a MIMO

transmission. Process 1100 may be performed by a Node B, a UE, or some other
transmitter station. Multiple codewords may be generated for transmission from
multiple antennas for a MIMO transmission, with the number of codewords being less
than the number of antennas (block 1112). In general, an antenna may correspond to a
virtual antenna formed based on a precoding matrix, a physical antenna, etc. The
multiple antennas may be selected from a plurality of available antennas. Each of the
multiple codewords may be mapped across the multiple antennas (block 1114). Each

codeword may be mapped uniformly across the multiple antennas such that an equal



descri bed above for processing section 920a in FIG 9.

WD 2008/ 058112 PCT/ US2007/ 083739 070449 21 [0087] If
w@owsnesi 1 i s decoded correctly, then a proceBGi/HR007/083739

d¥¢¥ on 1022a may encode, scranble, and synbol nmap

the decoded data block in thexsanme manner as

processing section 820a at Node B 110 in FIG 8 to

regenerate the data synbols for codeword 1. A TX M MO

961@&6& 95 Bfc cbdddardTBYnappEd &F Bk BatHcahulApRCARRNNAY 1%} &KRfple, cach
data synbols for codeword 1 in the sane manner as TX
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% arrgl%%sore 1%1 a rra @ﬁae Ehe interference due to
oddword B pased’ é Sed data synbols from TX
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Interference subtraction unit 1018a nmay subtract the
baeenestted Forapk dr bgdustrqodpverienarbe areppetrraspibise antennas and

I
LI PG1, 5Pths UTRR L TR BE g s e
thecnantermaousd edwoemtentias an bddiubledraet dfor raflkldleantyodeword may

btain the R_input synbol streans from uni 1018a i n
ﬁ? ggaped ackRss #@Frﬁnwﬁyp%@n&& EWP AYANRAS OPr?éaRWtbﬁb‘iﬁ‘ter ‘symbol

m@g‘m 16 €ng- des@ﬁs ebhosdMVBR hﬁ%%‘ AFaed BN 1Rl Q)‘ﬂbq)? multiple

ected synbol streans for the M selected virtual
hytwsnnids. mmtllphzyleyeramhy ihoul bovanappde ta ppétipld 9fr2lal patgnnas, ¢.g., by

dena t he etect symbol nd e one
BBty ET “SEREUS FoPs dbamrs” Vil cblGefigon multipi

§Lﬁ5éﬁﬂrféﬂs 1@\2@ @od@%r@@é(frgﬁlﬁ@mgsﬂﬁﬂ @hd SIRBBPBbd¥ords may be generated.

descranbl i ng, and decodi ng on the demapped synbo

Eerr gl 3ndhe fiblisb‘@i)@%‘f(éd d@@)@@édnamed tgl sk of dhree deveiprtbie second
gode[»/%?ﬁ ﬁ‘lay bﬁ gd E&g}% ERinfil t%v‘QP(%fdtﬁe ﬂ{fge ﬁaggtts érﬂi the three layers

paral Qach age At 't

tolag bRnapped tostwﬁeahrtﬁdl raﬁamiasf R nkps, eﬁcﬂﬂctddlgwﬁfcﬁlgey be mapped to
g{ocess the input _synbol streanms in simlar panner as
Qgfefoyr | aaﬁa, %&ddbe; fﬂélr Sygecadele Marredip fou igyal ppignnas.

t t
?gggmr g*li x sh &,QV‘,@VQ%Q iilaﬁ eﬂ% IQ(SO fBIe ending a MIMO

ecoded corr8& i nterferente
ttamsmissicbrheA@paitQMrkiZOﬁayclbéesembansaﬁoe @em‘raiummmﬁtqddz eddewords for

b FRBL LAl OP o ires AOM G feiigieias, Ages bepgmber of

b(ﬁ&t)vo%sagﬁngq&soﬂ@aﬁ thESub¥e L of eJn%%@s Bﬂﬁ[@tlﬂﬂ) afl means for
cancel l'ation. [0090] FIG 11 shows a desig

prppieg sachigohé m;ultgzémgndq:g/oadsmcmgs tlterramlgp']egg],tamnas (I%n@hlﬁfslsZM)
E‘fbg%g mi?ﬁlgﬁ Ef ' O%]ge hjg‘%é{gnp:\lg %&?&8%& UE?OQH forb eceiving a MIMO

genedigied Pascchy aBGITINES! B plifimednby ki loEeaa%@nBa@r fsefne other
a MMO transm ssion, with the nunber of codewor ds

ISPINGT ISEEeN. t RaMIM@ WeIBEISION campanngsmplbipkckoderiys sent via
hﬂltgﬁ@ ed'h%lnnasaﬁlaenlsee DORVIRY Wi Ea?c%pg&fgwto?d %emg mapped across the

multiple antennas, and with the number of codewords being less than the number of
antennas (block 1312). Demapping may be performed for each codeword from across
the multiple antennas (block 1314). Each demapped codeword may be decoded to
obtain a corresponding decoded data block (block 1316).

[0095] In one design, the MIMO transmission may comprise first and second
codewords. For rank 3, demapping may be performed for (i) the first codeword from
across three virtual antennas and from one virtual antenna on ecach of multiple

subcarriers and (ii) the second codeword from across the three virtual antennas and from



virtual antenna fornmed based on a precoding matrix, a
physi cal antenna, etc. The multiple antennas nmay be
waeieossamw froma plurality of avail abl e ant enneGT/UR201083739

814%he nultiple codewords may be mapped across the
mul tiple antennas (block 11143 Each codeword may be
mapped uniformy across the nultiple antennas such
that an equal WO 2008/058112 PCT/ US2007/083739 070449
B0 vRRAEL AEhRE ohREcIE QHRURIE FSr f%ﬁpﬁ@eﬁﬁpdlﬁﬁ‘g ﬂla‘?fbetﬂb%formed for
mul ti pl e antennas. For exanpl e, each wor d” may
ﬁ@&bp@dew«yrdl frqmlaclybsafﬂubgsmah@tmnas iapd éroahmﬁﬁagalmmtennas on each
g&!tl subcarriers, e.g., as shown in FIGS. 6C or

91] In one design, two codewords conpri sing

f00I96]f anvdIM ecduéttion hewasdscritied ba rggfiplatedyedrgiboBitcams to
the first codeword may be naﬁ ped across three
e

aléf@l@rmalélp&n@eteqt%ﬁ @»ﬁ%boomfrém% fQsrihe sritilg atgppraser In opgedesign, the
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ant ennas and t'o two antenn on e rrer.
syanbol 4treg@ac forabe ewdtifte rayewdrds. mapgiederagpod syfbaolr stream may then
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may then be napped to nultiple virtual antennas, e.g.
k»yanf&ppam@ fcafamlhitlp@yleyers:y dhi calltigle {ostodsnaphed m:mbcplpsltreams may

i rtu nt enn subcarriers
Histhetide ATRmET o Ty i, s SR P BB RSl g for the
ﬁﬁﬁ@l@b@&wor&@r EbéNkecdnd dBMappddSdyntdll el nieBythBe be decoded to
mapped to one of three |ayers, the second codeword

ﬂlﬁymtﬁedwamﬁe@tat ok foroapapdawridt wo of the three
t/l ; t ?S? LD %h&w ede dgsa % i an”%@a?%uﬁ%ﬁ df& ore&{;wﬁg a MIMO

ennas. codewor

ﬁ‘aﬁm@hdtﬁ Appardvlis ﬁ@(l)U 11hcﬂlly®BSrnee&fsdfot hecdiviig d 3yI84Q tidymission
be mapped to four virtual antennas. [0093] FIG 12
SHBRES 28 BRSTRIR codevardappara i Ity pnteppass withi sagh godaviarst being

ﬁ@zﬁrﬂc%s' it %Feéﬁ%&%aél %gg v&h@ Chy gﬁﬁb%ﬁdé@&d? bein r‘r? less than

ating nu ewor transni ssion
th@l murplbee angreommas (odule MIKID tecams forsgrfomming témappeng for each

code rds be | ess th nunber o
@V«?ﬁ% otwafa%set § b lp %@%%@03@? ﬂﬁé)p nﬁgﬂ@&& f{orpfecoding
Eefbﬁ d%Hia{a%&i &)d@@gﬁf"@ro@%lﬁg L&S gbmnguéaddea 8atd 'Blc%ﬁr(ﬁ‘r%dule 1416).
(rmodul e 1214). 94] FIG 13 shows a design

Lﬁ{mbss FIgH 0L 5f movwsea:éwgmgf a s 16®(hﬁynde$@mmng CQI Process

CRRETRE REPToRl 00 OB VR B air 0ot SRR Gty Or an average

SigRR rqulityfoftull it eneARIRWREM ForSEMIMO &andiikdibPhRy be determined
antennas may be received, wth each codeword being

thpgkeld 3¢ r d's delihEQl mdieqtiye of AMPErVESNt ayrd the ereregresignal quality
ﬁ)ll”mee f\/IIR/fO ?&9&%&&9& IIP(SII 1% Bee 8@‘[611111113& M‘&lﬁ%?r Tﬁg base CQI may
comprise an SINR value, a modulation and coding scheme, a packet format, a transport
format, a rate, etc. The delta CQI may comprise a change to the base CQI.

[0099] For a SIC-capable UE, the delta CQI may be determined based on use of SIC
for detection of the MIMO transmission. The delta CQI may indicate improvement in
signal quality for a second codeword after cancellation of interference from a first
codeword. The delta CQI may be set to a null value if the MIMO transmission has rank
1. For a SIC-incapable UE, and also for a SIC-capable UE when rank is 1, the delta
CQI may be set to a null value if SIC is not used for detection of the MIMO



antennas (bl ock 1312). Demappi ng may be perforned for
each codeword fromacross the nultiple antennas
W@ R080¥811814) . Each demapped codeword nay be deChUS2001/083739
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the multiple ranks, with each hypothesis corresponding to a different set of at least one
antenna, ¢.g., as shown in FIG. 3. The rank and the set of at least one antenna
corresponding to the hypothesis with the largest performance metric value may be
selected for the MIMO transmission. The performance metric value for each hypothesis
may relate to total capacity or some other metric for the set of at least one antenna for
that hypothesis.

[00104] In one design, a performance metric value may be determined for each of
multiple first hypotheses for rank 1 using a first penalty factor. Each first hypothesis

may correspond to a different antenna among multiple antennas. The first penalty factor
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fordarltiple transmission orders using a penalty factor for cach transmission order, with
higher transmission orders being associated with larger penalty factors (module 1812),
and means for selecting a transmission order for a MIMO transmission based on the
performance metric values for the multiple transmission order (module 1814).

[00107] The modules in FIGS. 12, 14, 16 and 18 may comprise processors,
electronics devices, hardware devices, electronics components, logical circuits,

memories, etc., or any combination thereof.
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may also be implemented as a combination of computing devices, ¢.g., a combination of

a DSP and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such configuration.

[00111] The steps of a method or algorithm described in connection with the
disclosure herein may be embodied directly in hardware, in a software module executed
by a processor, or in a combination of the two. A software module may reside in
RAM memory, flash memory, ROM memory, EPROM memory, EEPROM memory,

registers, hard disk, a removable disk, a CD-ROM, or any other form of storage medium
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disc, digital Versa‘ule d1sc (DVD) floppy disk and blu-ray disc where disks usually

reproduce data magnetically, while discs reproduce data optically with lasers.
Combinations of the above should also be included within the scope of computer-
readable media.

[00113] The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined

herein may be applied to other variations without departing from the spirit or scope of



I mpl ement ati on deci sions should not be interpreted as
causing a departure fromthe scope of the present
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machi ne. A processor nay also be inplenented as a
conmbi nation of conputing devices, e.g., a conbination
of a DSP and a m croprocessor, a plurality of
M Croprocessors, one Or nMDre m Croprocessors in
conjunction with a DSP core, or any other such
configuration. [00111] The steps of a nethod or
al gorithm described in connection with the disclosure
herein may be enbodied directly in hardware, in a
sof tware nodul e executed by a processor, or in a
conmbi nation of the two. A software nodul e may reside
in RAM nenory, flash nenory, ROM nenory, EPROM
menory, EEPROM nenory, registers, hard disk, a
renovabl e di sk, a CO-ROM or any other form of storage
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the disclosure is not intended to be limted to the
exanpl es and designs described herein but is to be
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subcarriers, and to map the second codeword across the three antennas and to two

antennas on each of the multiple subcarriers.

5. The apparatus of claim 1, wherein the at least one processor is
configured to generate two codewords comprising first and second codewords, to map
the first codeword across four antennas and to two antennas on ecach of multiple
subcarriers, and to map the second codeword across the four antennas and to two

antennas on each of the multiple subcarriers.

6. The apparatus of claim 1, wherein the multiple antennas correspond to

multiple virtual antennas formed based on a precoding matrix.
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wherein the mul Ti pl e antennas” conpri se three
virtual antennas.

11. The apparatus of claim 6, wherein the multiple virtual antennas are
selected from a plurality of available virtual antennas formed based on the precoding

matrix.

12. The apparatus of claim 1, wherein the multiple antennas correspond to

multiple physical antennas.

13. A method for wireless communication, comprising:
generating multiple codewords for transmission from multiple antennas, with the
number of codewords being less than the number of antennas; and

mapping each of the multiple codewords across the multiple antennas.
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13, wherein the mapping each of the nultiple

codewor ds conpri ses mappi hg each codeword cyclically

acrossg.the | tibl.e ant.en [ £ rriers. .

2S" 58" he UG AL 0T bRl RGN B v
et svednd Scadewprdss and iwisdreinathd agspIng cacd @dahe snuldpld codewords
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ant enﬂﬁ? iﬁg hd P%e%?@gd}ﬁss%meﬁﬁ 126 andM &ddPdfennas on each of
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mhéiglhsbeamrtsgamhs and to two antennas on each of the

mul tiple subcarriers.
Elappmg the seconé codeword across the four antennas and to two antennas on
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cach of the multiple subcarriers.

17. The method of claim 13, wherein the multiple codewords comprise first
and second codewords and the multiple antennas comprise three virtual antennas
formed based on a precoding matrix, and wherein the mapping each of the multiple
codewords comprises

mapping the first codeword to one of three layers,

mapping the second codeword to remaining two of the three layers, and

mapping the three layers to the three virtual antennas.

18.  The method of claim 13, wherein the multiple codewords comprise first
and second codewords and the multiple antennas comprise four virtual antennas formed
based on a precoding matrix, and wherein the mapping each of the multiple codewords

comprises



16. The nmethod of claim 13, wherein the nultiple
codewords conprise first and second codewords, and

woR@BMe58112 he mappi ng each of the multiple codel@r/tis2007/083739

Ofdri ses mapping the first codeword across four
antennas and to two antennas pn each of nultiple
subcarriers, and nmappi ng the second codeword across
the four antennas and to two antennas on each of the
nul ti Rlagpigp Rl &dewordto thBQf MRIhaRrof ¢l aim 13,
wherein %he mul ti pl e codewords conprise first and
seco nnllapmlg\tkﬂ&ﬁsowd@?vermlr@mpmmgatwmf tlzssfogplagetissand
three V|rtu nt on a precoding
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antennas on each of the multiple subcarriers.

22.  The apparatus of claim 19, wherein the multiple codewords comprise
first and second codewords, and wherein the means for mapping each of the multiple
codewords comprises

means for mapping the first codeword across four antennas and to two antennas
on each of multiple subcarriers, and

means for mapping the second codeword across the four antennas and to two

antennas on each of the multiple subcarriers.

23.  The apparatus of claim 19, wherein the multiple codewords comprise
first and second codewords and the multiple antennas comprise three virtual antennas
formed based on a precoding matrix, and wherein the means for mapping each of the

multiple codewords comprises



codewords conprises neans for mapping the first
codeword across three antennas and to one antenna on
w@awhosf112rul ti pl e subcarriers, and neans for neEPUSZP07/083739
W&9second codeword across the three antennas and to
two antennas on each of the ywltiple subcarriers. 22.
The apparatus of claim 19, wherein the nmultiple
codewords conprise first and second codewords, and
wher epRatd®r MRppng HRY filPRINc A8 ERhe OF tﬂr&ela?&lst iple
codewords conprises neans for mapping the rst
c odewmeansaior aeappinguthe spcaadmedewan toorcmaaizgtvenphthe tree layers,
each of multiple subcarriers, and neans for nappi ng
e second codeword across the four antennas and to
two ARhedamappingdchthede 14yes fLthe thp¢evisubicatdhngy.s. 23,
The apparatus of claim 19, wherein the nmultiple
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nmultiphe a rd r iy e
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ant ennas. par at m 19,. .wher ei h
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gdewords and the nultiple antennas conprise four
virtual antennas formed based on a precoding matrix,
and whepwsi for maeping sliesfopolayers ppihedoeadHualfantonaas.
mul ti pl e codewords conprises nmeans for mapping the
first codeword to two of four |ayers, neans for
mappi p§ tha secbhd-reatiewomtdiomr esrapriding nv@uddiont hehich, when
four |ayers,  .and nmeans for mappi hg the four |layers to
PYEURBEY amiqhing cuie élrﬁfa H@sto GATER R e
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nwnoberdif mgdewords bemg less than the number of antennas; and

mapping each of the multiple codewords across the multiple antennas.

26.  An apparatus for wireless communication, comprising:

at least one processor configured to receive a multiple-input multiple-output
(MIMO) transmission comprising multiple codewords sent via multiple antennas, each
codeword being mapped across the multiple antennas, and the number of codewords
being less than the number of antennas, to perform demapping for each codeword from
across the multiple antennas, and to decode each demapped codeword; and

a memory coupled to the at least one processor.

27. The apparatus of claim 26, wherein the MIMO transmission comprises
first and second codewords sent via three virtual antennas formed based on a precoding
matrix, and wherein the at least one processor is configured to perform demapping for
the first codeword from across the three virtual antennas and from one virtual antenna

on cach of multiple subcarriers, and to perform demapping for the second codeword



generating multiple codewords for transm ssion from
mul tiple antennas, with the nunber of codewords being
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conprising: at |east one processor configured to
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mediplesubepiiersant ennas, and the nunber of codewords
bei ng | ess than the nunber of antennas, to perform
demappi ng for each codeword from across the nmultiple
ant enp@s, aANE appurstas odeladacly, erEHP et PONEVBadsmidsin @omprises
menory coupled to the at | east gne processor. 27. The .
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antenna on each of nultiple subcarriers, and to
perform demappi ng for the second codeword WO
2008/ 2%811?h¢EppWBRABOTFI @BBM336, CHA® tBd atf lcosh ane gmecessor is
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conprises tw codewords sent via four virtual

detecterh agmbalrsitsemp 4% ebtapnmaltiplededinpgd mambplxstreamy for the multiple
MELAL AL g&?toagec!)c?ea ich 38%a e%csgﬁ%gf stheRmC@ bl gh e td]%d data block
¢ enappi ng C d YThe

perform or éac ewor rom acr oss
fowie ¢oddweall. ant ennas and fromtwo virtual antennas on
each of multiple subcarriers. 29. The apparatus of

claim 26, wherein the at | east one processor is

confi gyr ed;l/"fﬁg g}ﬁﬁag{t% gt MuMPrdel AGkinOMe Qllihlg]‘lylllgtd RlnGas %Oérespond to

recei ved s reans to obtain nulti et ect
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demapped symbol streams for the multiple codewords, and to decode each second

demapped symbol stream to obtain a decoded data block for one codeword.

31. A method for wireless communication, comprising:

receiving a multiple-input multiple-output (MIMO) transmission comprising
multiple codewords sent via multiple antennas, each codeword being mapped across the
multiple antennas, and the number of codewords being less than the number of
antennas;

performing demapping for each codeword from across the multiple antennas;
and

decoding each demapped codeword.



perform M MO detection on nmultiple received synbol
streans to obtain nmultiple detected synbol streans
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first demapped synbol streams3for nultiple |layers, to

demap the nultiple first demapped synbol streans to

obtain nultiple second demapped synbol streans for

the nultiple codewords, and to decode each second

demapped synbol streamto obtain a decoded data bl ock
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codewords sent via three virtual antennas forned based

on a precoding nmatrix, and wherein the performng

demappd.ng Thapreitodof ghuhdd mivherethethra pPiMig tfapsmiskien Lomptises first

codeword from across the three,virtual . ant,ennas and )
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35. The apparatus of claim 34, wherein the at least one processor is

configured to determine the delta CQI based on use of successive interference

cancellation (SIC) for detection of the MIMO transmission.

36. The apparatus of claim 35, wherein the MIMO transmission comprises
first and second codewords, and wherein the delta CQI is indicative of improvement in
signal quality for the second codeword recovered after cancellation of interference from

the first codeword.

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

configured to set the delta CQI to a null value if successive interference cancellation



i nprovenent over the average signal quality for the
M MO transm ssion; and a nenory coupled to the at

WO e@sossame processor. 35. The apparatus of cl aP@T/B22007/083739
MYétein the at | east one processor is configured to
determ ne the delta CQ basedypn use of successive
interference cancellation (SIC) for detection of the
M MO transm ssion. 36. The apparatus of claim 35,
e & iottuB&d MrMtckfiGNsMhe MAROGRIBMIsSRA orfif B IMBVIO transmission
second codewords, and wherein the delta CQ is
hasdpelali ve of inmprovement in signal quality for the
second codeword recovered after cancell ation of
interference from the first codeword. 37. The
appar 38.us Ohe cGlpphfatus4of Wiemendn, Werdd theagt le@ﬁteone processor is
processor is configured to set the delta Cq
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e MO N Oaremsingsionrhas temk Irank 1. 38. The apparatus of

claim 34, wherein the at | east one processor is

configured to send precoding information instead of

the dehta € dphaRHECEESING 3K ntvﬁlref&ﬁ etﬁG CatC ﬁ:ﬁ&e bh&tgr8&ssor is
(SIC) i's not used for detection of the
tcmﬁwmdsts|so1nctoarpmcodlmgnmatlel\ﬂtbmraamgms\dnpin pmdmgnkatmces and to

39. e.a ratus of c erei.n the at | east
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matrix fromanong nmultiple precoding matrices, and to

send the sel ected precoding matrix as the recodlng

i nf or &t i okhe apparqthe 0§;§k9ana3t4usvf@feu¢ Itk MIM&? tigpgRissian comprises

H‘k? a'}{ld coﬁ&“} H%éérd&’ r&et? narokss %ch? 1rrt1§atl a%?eqmgée Cfgllilrged based on a
codewor s sen acr 0ss ree ual antennas f or

paseding matix, Phe eddidig thiwedtnéast ognprovdsseis mohm@red td @éiéﬁmme the
oneéﬁroessor i S conflgured to determne the CQ
biatoeomihsr araasss yamal Gakii tf therthica evnftwleaéltennas and to
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on | nprove In si |ty secon
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first codeword. 41. The apparatus of claim 34, wherein
the M MO transm ssion conprises first and second

codewgr ds $ﬁ@tapﬁa%tg§ of balh M Kidalin ARt RNRAS ttfa%rﬁr‘égon comprises
based on a precoding matri x, and wherein the at | east

orse qmdos&esscb rcodewerdnfsegu ress dodevitual netenhes foramd Beed on a
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base CQI based on the average signal quality for the four virtual antennas, and to
determine the delta CQI based on improvement in signal quality for the second

codeword after cancellation of interference from the first codeword.
42.  The apparatus of claim 34, wherein the base CQI comprises at least one
of a signal-to-noise-and-interference ratio (SINR) value, a modulation and coding

scheme (MCS), a packet format, a transport format, and a rate.

43. A method for wireless communication, comprising:



determ ne the delta CQ based on inprovenent in signal
quality for the second codeword after cancellation of
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for the nultiple

47.  An apparatus for wireless communication, comprising:

at least one processor configured to determine performance metric values for
multiple transmission orders using a penalty factor for each transmission order, with
cach transmission order corresponding to a different rank or a different number of
codewords for a transmission, and with higher transmission orders being associated with
larger penalty factors, and to select a transmission order for a multiple-input multiple-
output (MIMO) transmission based on the performance metric values for the multiple
transmission orders; and

a memory coupled to the at least one processor.

48. The apparatus of claim 47, wherein each transmission order

corresponding to a different rank, and wherein the at least one processor is configured to



transm ssion orders; and a nenory coupled to the at

| east one processor. 48. The apparatus of claim47,
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52. The apparatus of claim 51, wherein the at least one processor is
configured to determine a performance metric value for a fourth hypothesis for rank 4
using a fourth penalty factor, the fourth hypothesis corresponding to a set of four

antennas, the fourth penalty factor being equal to or larger than the third penalty factor.

53. The apparatus of claim 47, wherein each transmission order
corresponding to a different number of codewords, and wherein the at least one

processor is configured to determine performance metric values for different numbers of



processor is configured to determ ne performance

metric values for different nunbers of WO 2008/ 058112
weEQNBFIOD7/ 083739 070449 39 codewords, and POI/E8108T083739

Y Ré¥nunber of codewords with a | argest performance

metric value for the M MO trgnsm ssion. 54. A nethod

for wirel ess communi cation, conprising: determning

performance nmetric values for multiple transn ssion

B8 RQoBdsUhd %o Sele@R@tinbELsE 85dch@FdseRfR at hARSIHE frMAnce metric

order, with each transm ssion order corresponding to

waldé for sheeMIMQuivknsotissondi f f er ent  nunmber of codewor ds

for a transm ssion, and with higher transm ssion

orders being associated with |arger penalty factors;

and sed.ect AngetBod FR@NE1&S icOmMnhiRtion, Womprising:

mul ti ple input multiple-output (MM . transm ssion

based @mlﬁ@gw@sﬂ%ﬁé@dﬁéwws fﬁmr{y@&plﬁdfanﬁwswn orders using a

g%lait&h &0]!: fo?%ﬁ &%S(PIHSSI&H‘ g[%%fs w1ﬁtseac-ll;q{%n§fﬂs|§'%q é)?fierq}o?ﬂegﬂondmg

erein each transm ssion order correspon
o didifferentank anka diffeesneimunibee ofl ebéewaords igr hhﬁmsrmssmn and with

§ fornance metric values co rlses ni ng
%@F?T&F%W&‘élqli‘éﬁiqr% beige geecietsd With fargsr gew@w?ﬁ%@e@df or

the myiddqp Fea rt?aﬁls‘ﬁlssmﬁ aGleN Y804 rlﬁ§l't1§leglﬁf)ﬁteﬁﬂﬁﬂgé Bﬁtphp (MIMO)
a different set of | east one antenna, and wherein

triismissedre basedgort e pmzfommnssnmtrlo rares cforrrr;he sptiple transmission

sgi:cecti ng a rank and a set of at |east one antenna
’f'sespondi ng to a hypothesis wth a | argest

performance netric value for the M MO transm ssion.

56. The nethod of claimb54, wherein each transm ssion '

or der Szor r Espawtiod Pt dadmaddgiwhiesin pachritams@ission order corresponding

‘:[:?g ? r%ﬁgerrg Mewl?ér&n tﬁé‘ dgt%ﬁ‘ﬁi{n fhe %eh%?mg ec%frﬁétF‘é‘ Vaftes comprises

UéS conpri ses ormance

&aémlﬁmgqieuie&nﬁxwe rdetflé efaRRE fcmunﬁtﬂel@& l@jpothb@@bem ks muétipde ranks,
wherei n the sel ecti.ng the transm ssi on order conprises

suhdwpPiigsis RETCSHORMRS tot didiserahsstd ahcest oae paicyR% tand wherein the
&%cftl{ﬂﬁ R "Etecmgfﬁfsglbﬁ oY@érU&)n{prS& Q&eMn%Ql &&%ﬁﬂ%@ﬂ 8fat least one

antenna corresponding to a hypothesis with a largest performance metric value for the

MIMO transmission.

56. The method of claim 54, wherein each transmission order corresponding
to a different number of codewords, wherein the determining the performance metric
values comprises determining performance metric values for different numbers of
codewords, and wherein the selecting the transmission order comprises selecting the
number of codewords with a largest performance metric value for the MIMO

transmission.



