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BACKGROUND
L Field

[0002] The present disclosure relates generally to communication, and more

specifically to techniques for transmitting data in a wireless communication system.

II.  Background

[0003] Wireless communication systems are widely deployed to provide various
communication content such as voice, video, packet data, messaging, broadcast, etc.
These wireless systems may be multiple-access systems capable of supporting multiple
users by sharing the available system resources. Examples of such multiple-access
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 strcams simultaneously 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
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sent usi ngatdregdsifsal noalml (k. uaseﬂrefa(gé STNR) ded haltipld 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 CQI.
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one antenna corresponding to the hypothesis with the largest performance metric value
may be selected for use for the MIMO transmission.
[0009] Various aspects and features of the disclosure are described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIG. 1 shows a wireless multiple-access communication system.
[0011] FIG. 2 shows a block diagram of a Node B and a UE.
[0012] FIG. 3 shows rank selection with four virtual antennas.
[0013] FIG. 4 shows a rank selector.
[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.



[0016] FIGS. 7A to 7C show different CQ reporting schenes. [0017] FI G
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processor. [0019]FIG 10 shows another RX M MO processor and RX data
processor. [0020] FIG 11 shows a procesé for sending a M MO
transm ssion. [0021]FIG 12 shows an apparatus for sending a M MO
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appar at us f(&27h et dilfi h$ plepves@n apparatus for performing rank selection.

DETAILED DESCRIPTION

[0028] The techniques described herein may be used for various wireless
communication systems such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA and
other systems. The terms “system” and “network” are often used interchangeably. A
CDMA system may implement a radio technology such as Universal Terrestnial Radio
Access (UTRA), cdma2000, etc. UTRA includes Wideband-CDMA. (W-CDMA) and
other CDMA variants. cdma2000 covers IS-2000, IS-95 and 1S-856 standards. A
TDMA system may implement a radio technology such as Global System for Mobile
Communications (GSM). An OFDMA system may implement a radio technology such
as Evolved UTRA (E-UTRA), Ultra Mobile Broadband (UMB), IEEE 802.11 (Wi-Fi),
TEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM®, etc. UTRA, E-UTRA and GSM
are part of Universal Mobile Telecommunication System (UMTS). 3GPP Long Term
Evolution (LTE) is an upcoming release of UMTS that uses E-UTRA, which employs
OFDMA on the downlink and SC-FDMA on the uplink. UTRA, E-UTRA, GSM,
UMTS and LTE are described in documents from an organization named “3rd
Generation Partnership Project” (3GPP). c¢dma2000 and UMB are described in
documents from an organization named “3rd Generation Partnership Project 2”
(3GPP2). These various radio technologies and standards are known in the art.

[0029] FIG. 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



[0026] FIG 17 shows a process for perform ng rank sel ection.
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(OFDM), etc.) to obtain an output chip stream. Fach modulator 232 may further
condition (e.g., convert to analog, filter, amplify, and upconvert) its output chip stream
and generate a downlink signal. T downlink signals from modulators 232a through 232t
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



[0031]FIG 2 shows a bl ock diagram of a design of a Node B 110 and a
UE 120, which are one of the Node Bs and one of the UEs in FIG 1.
Node B 110 is equipped with multiple (T) antennas 234a through 234t.
UE 120 is equipped with nmultiple (R) angennas 252a through 252r. Each
of antennas 234 and 254 may be a physical antenna or an antenna
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x(k) =UP(k) s(k) , Bq (1)
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processing may Berperd anmediy or x§agl sUbOBET kefto8&Haihiz T output symbols
transm ssion. [0 SEfgﬁ(empr'gc%di nb matrix Uis used to fgrm T I\3/i rtyual
antennas with the T forthe T transmit antennas on subcarrier & in one symbol period, and

«T» denotes a transpose.

Equation (1) is for one subcarrier £. The same processing may be performed for each

subcarrier used for transmission.

[0038] The precoding matrix U is used to form T virtual antennas with the T
transmit antennas. Each virtual antenna is formed with one column of U. A data
symbol may be multiplied by one column of U and may then be sent on one virtual
antenna and all T transmit antennas. U may be a discrete Fourier transform (DFT)

matrix or some other orthonormal matrix having orthogonal columns and unit power for

each column. U may also be selected from a set of precoding matrices.
[0039] The layer permutation matrix P(k) maps the M layers to M virtual antennas,
which may be selected from T available virtual antennas. P(%) may be defined based

on the layer to virtual antenna mapping selected for use, as described below. In general,
the same or different permutation matrices may be used for the K subcarriers,

[0040]  For the design shown 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
v; 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



transmt antennas. Each virtual antenna is forned with one col um of

U. A dat b ltiplied b I f U
a %(?)fdb’%gmg?y e multiplie y one columm o af@{ﬁﬂ'gn%?/;,ﬁ%%agbe

sent on ongyoydor t u antenna and all T transmt antennas

di screte Fourier transform (DFT) matrix_or sone other orthonornal

mat ri x havi ng orthogonal colums and unbt power for each colum. U
may al so be selected froma set of precoding matrices. [00391The

| ayer pernutation matrix Pék) maps .the Ml ayers to Mvirtual

ant ennas, WhughateRraye (g e bthéHO‘BP%ﬁﬁ'FS Krdeaprtaahanigngas | aae érfias ! and
P(k) may be defined based on the layer to virtual antenna nmapping

sel ected f&r~= Qee;tc'as descri bed below. In general, the same or

di ff t t at ' y Lef Sur .-
[0040] For [1iA7Heq; T befimhiRor iR, REpotials hRf it Wiy BHEE o Hidioyine
have T vi r theafotadntapmmitSpovedr RS, tevamy Tacpdsy sdllc airtuah tetames . forl hieat Thypothesis.

virtual antennas may be_ associated with different SINRs. Rank X
sel ecti on REFOHERNGR MY H%dluﬁ%ﬁfg"é’[ ngﬁ RSt st 2y iaveiaas SANReriptak ctrseity,

use for dafge b atﬂrgogiﬁg@{t%tc. WhET Gekfd GARET %e“@&cnﬂig%fl%ﬂzlagz‘h 3f SHOWS

a design of rank lon to determ ne M bBest virtual antennas vl
t hr ough vnhymoticses.f Bhe bigtcthasisamsinilsdingast ngiric helue xaydicadsiidied, ami fhkE Get

3, T =4, apd four vir | antennas.are availablg. A total of 15
hypot hese_sOﬂﬁ‘gublean&?ﬁﬁ{ﬁg%@&,ﬁsmqfﬁ?sﬁﬁla% ?)B?Iﬁcé?L@rTS?h(r)oﬁgho4 bei ng
for one vi gﬁml arlhegmﬂal,s}azﬁkhydp&&ihﬁsmy Det RHAN 1 BRI PRcbdBhg thBrices

virtual antennas, four hypotheses 11 through 14 being for three
virtual anteniahk, foange omé theymenirssh svitish t pigedding tadnicoyimayubg used. For

antennas. Ine,5ets o & fikuah, At r?c%a(n?e?sy b hyvAARR {%%Eé,ha%%i ahy' She> N OMBre

'n FIG 3 “FOPIEh A & PRGBS ey popv i

2008/ 05811 2RGInYH2H BikkR reé38in AAdD By be selected for use. In this case, metric values
may be determined for all hypotheses for each precoding matrix. The precoding matrix
and the set of virtual antenna(s) with the largest metric value may then be selected for
use. As another example, a set of precoding matrices with different number of columns
may be available for use, and one precoding matrix may be selected for use. In this
case, there is one hypothesis for each precoding matrix, a metric value may be
determined for each precoding matrix, and the precoding matrix with the largest metric
value may be selected for use. In general, any number of precoding matrices may be
available for use, and each precoding matrix may have any number of hypotheses. In
any case, the number of selected virtual antennas is referred to as the rank of the MIMO
transmission.
[06044] The rank of the MIMO transmission may be selected based on the hypothesis
with the largest metric value, e.g., the highest total capacity. The metric value for each
hypothesis may Dbe 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 paralle] 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



virtual antenna 2 (vl = 2), hypothesis 6 is for two virtual antennas
1 and 3 (Wd2008hséRd v, = 3), etc. [0042] The perfor mancepginRafiossrso
hypot hesi sotmay be determ ned by first distributing the total transmt
power Piot& evenly across all virtual antennas for that hypothesis.
Performance may be quantified by a netric such as average SINR, total
capacity, overall throughput, etc. A netric value may be determ ned

for each of the 15 hypot heses. .The hypot I ith the largest netric
val ue oy BN B A SRGpe: SttBe. VTP dFlektint it Qe iy
hypot hesi s iRy plofe 581086k ade f@mastseate ERARA] dsiin@grer al , rank sel ection
may be dependent on the precoding matrices available for use and the
manner in W4Sh t Ha s erpedti rapkmsiactier ayelie berfarsed. in Romaencartplagcouat for
set of precaodi tri.ces may..be avail e for use nd._any,. ane. or
or e col umig APt ESEREREGPR AN - Ayt T B B Guf g
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[0046] FIG 4 shows a bl ock diagram of a design of a rank selector 400

that sel ged svodhfgss virtual antennas based on a maxi nUSHTHEFR@SHY
criterion. o7&k s?lt ector 400 nmay be inplenented by processor 290 at

UE 120 or processor 240 at Node B 110 iranI G 2. Rank selector 400
i ncl udes four processing sections 410a ¥ rough 410d for ranks 1
through 4, respectively. Section 410a provides four total capacity

val ues for f h h f. k | ti 410b. id i
Lotal  capal®0fyl valMRANmEpcesTiRg fERNGR Qe LT Tanc | o Roadial magping ymi f)2a may

provi des fQugigt gtl\girhg%gﬁﬁéMeéﬁ%h%eﬁa{r&rﬂ Plor QX@P%@?%‘?& f:Qhd 'deRkmidie an

and section 410 s one'total capacity valu or one hypothesis

for rank defrig WBHOSHLARTGTAB00GOR 09 A0 19, (9OATIMIANI Ghore

processi ng section 410a for rank 1, a spatial mapping unit 412a may
receive a M,M9 shannel ofedpoisedimd faxid U kipr fviitusd agiterd bgarwiite s, being
and determne an effective M MO channel response vector hl (k) as

fol | ows: Ldepekjent|dn( #ie hypothesishhwing Fyaludted. a AooSINR eflculdiwnpuet d4an gay

5‘3})3 hesi sSHaFHEe é@'&lﬂﬁik ﬁﬂd}?ﬁaf%gﬁi“@%ga{r%a ??P?gﬁfuéﬁﬁeﬁgé%iﬁ%éﬂ”gn h,, (),
_ _ ! HE
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the t_ransn&abc&%ﬁko@bir&@p&ﬁ&mtaq;..snttc‘aNgaduy%aﬂ@epﬁmﬁ thhpalap AWK SRRV 1) B
capacity mapper 416a may nap the S I (k) ?

yi, to capacity based on an

unconst r ai ggciepPaet bl ahuncdiseRined cepacity fincabmea capatinty cipsoRy figidtion.
Unit 416a may accunul ate the capacities of all K subcarriers for
virtual anbaHdoy maypgcyrpkatedle caracitiss o a8 dpsehicpiicrpfor girtyal pptgana vi and
antenna vl | \a o} er-y i .

manners. Fgrroxg%aﬁglttgl{al ? Eﬁ%@% @yﬂ eaa%}lgeﬁlgggé' orlﬂgpl%allcgg%tﬁtg:éﬂ glrsg,be
and t he avé¢tamanSNm nmayerbmanmppedidrocaapdei the. SINR anyy bassaveragedimvier all

418a may adj ust. t he tal capagity for virtyal antenna vi based agn
penal ty fa&‘tbGP“ﬁﬁan‘g ar"&Fﬂge%ﬂﬁﬁé"aﬁ \H‘ﬂ’é’egﬁo 8%Haﬁ’§¥-e§‘ @E’p%?éﬁtayu%%@&
For virtualyanlaRNcMbtal & GETRhuA0aIBNaRS VaGREE! §Dehly BRED My fi
t he four hyg thgges efora Vfﬂf‘aé:fil{z 2,3, 4 %orrgggor%di ng tgje Y R 20
rank 1 and provide an adjusted capacity C,gj1 for virtual antenna v;. The processing
may be repeated for each of the four hypotheses for v, =1,2,3,4 corresponding to

virtual antenna 1, 2, 3 or 4, respectively, bemng selected.

[0048] Processing section 410b for rank 2 may determine the total capacity C.i2 for
each of the six hypotheses with two virtual antennas. A unit 418b may adjust the total
capacity for each hypothesis based on a penalty factor PFg, for rank 2. Processing
section 410c for rank 3 may determine the total capacity C.ioz for each of the four
hypotheses with three virtual antennas. A unit 418c may adjust the total capacity for
each hypothesis based on a penalty factor PFg; for rank 3. Processing section 410d for
rank 4 may determine the total capacity C.234 for the hypothesis with four virtual
antennas. A unit 418d may adjust the total capacity for this hypothesis based on a
penalty factor PFgs for rank 4.

[0049] A rank selector & CQI generator 430 may receive the adjusted capacity for
each 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



virtual antenna 1, 2, 3 or 4, respectively, being sel ected.

[ 0048] Pr Q&6 Ssils/assis£Ct i on 410b for rank 2 may determ ne ﬁ@ﬁv%ﬂﬁ}%ss?w
capacity a490r each of the six hypotheses with two virtua

antennas. A unit 418b may adjust the total capacity for each
hypot hesi s based on a penalty factor PFR2 for rank 2. Processing
section 410c for rank 3 may determne the total capacity Cl11123 for

each of the fo ot heses with three virtuyal anten . Aunit 41
may ad) ust OF HE SRRSO DE 3aeegt viue LR Ao Pe P Ghlo dhimg b4 Bpasrdedor
factor PFR3nd 8F mointSnnabl A&LSSIBE SREWLRR, 0 ((@F] hay Kmﬂplp?e)/an average

determine the total capacity Cl234 for the hypothesis wth four
vi rtual antBWRas modulatipn and 8dding pchaiaICEher pavkell formpiaeittapspat farnas a
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sel ection y also be perfor tiled 1 n other manners.” [ 0050] I n anot her
desi gn, di tfhecenbinpemaditpardneattror s may be used for different nunbers

of codewor | nstead. rank). Fqr . HARO the bl anking.lo be due.
Lo 111 er elSHhmbdre K0 Fib send s oot ey antc \ao ainia graigine
may thus Denaifdedt d alflldbhe fFURRE an@fthe RAQUREES g tRadns td RRdBWeD,
of layers). The penalty factors for different nunbers of codewords

may be gi véledasB PRI maprise: all or pFauliset ahélie MPRglectedt vistuplemrdenangs fige tdgta
for t code¥r\orézls..s.il nm%@ﬁel%gl, the penalty factor may be paranmeterized
as a funct roN O PARKY “t'H¢ nunber of codewords, sone ot her par anet er,
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transm ssi o
may also be referred to as a code block, a transport block, a packet, a protocol data unit

(PDU), etc. A codeword may also be referred to as an encoded block, a coded packet,
etc. L data blocks may be encoded separately to obtain L codewords. There is a one-to-
one mapping between data block and codeword. Node B 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.



[ 0052] Node B 110 may send L codewords using the M sel ected virtual

ant ennas i.n,general 1 L M A codeword may be obt gi

encodi ng’“z]ig (ﬁ]rsggsébl 2ock at a transmtter station and nmay g%ﬂgfg%ogﬁgsgnsa
separately by a receiver station. A data block nay al so be referred
to as a code bl ock, a transport bl ock, %@packet, a protocol data unit
(PDU), etc. A codeword may also be referred to as an encoded bl ock, a
coded packet, etc. L data blocks nay be encaoded separately to_obtain

L codewor d¥05fher &l 2B otiews o2 slseeheip AR HEMRe biT Hfodenpide kigpdgM =4

codeword. BNodg ggﬁﬂ 3 Vi ;

virtual ant enngg}t&ﬂ%(%%i F?@%P%,A S %ﬁv\(rgggmﬁéelgllsgér‘\@%? &tgl;rgéléérn‘g% S ?lﬁgk‘%céﬁgai
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control (SY AREytenas Rased o dsMARPIng HAHBr A PAPSCOCEWRIE B HPEATHERY and
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each virtual antenna. The Mvirtual antennas may have different
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of transmtting L = 4 codewords fromM= 4 virtual antennas with
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110.

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



[ 0057] HE 120 nay al so perform M MO detection with SIC. In this case,
UE 120 may, p&a%fosd; 3 M MO detection, then process the detg ?‘Lf?ﬁzﬁ%@%

streans togfgggover one codeword, then estimate and cance

interference due to the recovered codeword, and then repeat the sane
processing for the next codeword. Each tbdeword that is recovered

| ater may experience |less interference and hence observe hi gher SINR
For WD 20081058112PCT/ US2007/ 0_83739 070449 13 SIC, the L codewords
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singl e del th I&g B, W 130y prdaaaverage CQIdpag qkqudffﬁm@ﬁ@ﬁ@asadéw
to SIC for 9@ \éi»t | th 8D LR rﬁf/vg@ &d%el%%%o?%a&@wﬁﬁﬁl%f&ﬂa%ﬁer
I al erenti al ,

as a dlfferen , a spat an I ncrenenta
CQ, etc. tr metaa;lea,ntesmndThg daltCQQ ffor caeh virtisd hetetedmey iddite the SINR

ant enna e result i rel.ative h feedb ck over 0 I an
Repect - of VREDVEHE Gl R et QRO Loy e AaRorE o ARGl b 120 Thay
vi rtual an&&{a@s'ing@ 'd@lga b@y Qat ﬁf‘aﬁzqhﬁl@é’té S avIﬁafgle %IﬁRgingﬁ)%e%eﬁﬁcﬁf’ertb R o6y
on how one or two codewords may be sent for rank nd 4 in

accor dancecwilt hirualeantesiagnA dHee Gdery @lBOIlEy@if@radstoe@ﬁualdlﬁ@emtEﬁé CQlL a
rank. Tabl gpajflaﬁy @lkffererﬁ%? E:(ﬁf an mcremengeﬁ CQl, etc. In any case, sending a CQI for each
selected virtual antenna may result in relatively high feedback overhead.
[0059] In an aspect, either one or two codewords may be sent via one or more
virtual antennas using layer permutation. Table 1 gives a description on how one or two

codewords may be sent for rank 1, 2, 3 and 4 in accordance with one design. The

number of layers is equal to the rank.

Table 1
Number of . e
Rank Codewords Description
1 1 Send one codeword via best virtual antenna, e.g., 1, 2, 3 or 4.

Send two codewords via best pair of virtual antennas, one

2 2
codeword on cach layer.

3 9 Send two codewords via three best virtual antennas, one
codeword on one layer and another codeword on two layers.

4 ? Send two codewords via four virtual antennas, each codeword

on two layers.




Description 1 1 Send one codeword via best virtual antenna, e.g., 1,

2, 3 or
one code
vi rt ual

N9 ARSI, Syer. 3 2 Send two codewords via TaVESAREERRS

ant ennas, one codeword on one | ayer and anot her codeword on

two layers. 4 2 Send two codewords via ¥our virtual antennas, each
codeword on two | ayers.

[0060] FIG. 6A shows a transmission 610 of one codeword for rank 1. The best
virtual antenna may be selected for use from among four available virtual antennas 1, 2
3 and 4. One layer is available and is mapped to the selected virtual antenna, which is
virtual antenna 3 in the example shown in FIG. 6A. One codeword is sent on one layer
and via one selected virtual antenna.

[0061] FIG. 6B shows a transmission 620 of two codewords for rank 2. The best
pair of virtual antennas {1, 2}, {1, 3}, {1, 4}, {2, 3}, {2, 4} or {3, 4} may be selected
for use from among four available virtual antennas. In the example shown in FIG. 6B,
virtual antennas 2 and 4 are the selected virtual antennas. Two layers are available and
may be mapped to the two selected virtual antennas with layer permutation. Codeword
1 may be sent on layer 1, which is shown with shading in FIG. 6B. Codeword 2 may be
sent on layer 2, which is shown without shading in FIG. 6B.

[0062] FIG. 6C shows a transmission 630 of two codewords for rank 3 with
symmetric layer permutation. A set of three best virtual antennas {1, 2, 3}, {1, 2, 4},
{1, 3, 4} or {2, 3, 4} may be selected for use from among four available virtual
antennas. In the example shown in FIG. 6C, virtual antennas 1, 2 and 4 are the selected
virtual antennas. Three layers are available and may be mapped to the three selected
virtual antennas with layer permutation. In the example shown in FIG. 6C, the layer
permutation is symmetric, and each layer is mapped to all three selected virtual antennas
in a ¢yclic 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.
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transm’s @ég)%l?{ one codeword for rank 1. The best Vi)é'f/'dg%oo%%‘?@na

may be s use fromanong four available virtu ennas
2 3 and 4. Che | ayer is available and is nmapped to the sel ected
virtual antenna, which is virtual antenha 3 in the exanpl e shown in
FIG 6A. One codeword is sent on one |ayer and via one sel ected
virtual antenna. [0061]FIG 611 shows a transn155|on 620 of two

codewor ds 14064} an il Hews pdjapsarsion 1440t fwe sadgwords, foz}ranl% £ with
3}, {1, 41 yriu%a n%l!.'a \Zﬁerﬁﬁt bl R ﬁurr@){llﬁﬁ %’ﬁ'[u%?taﬁlgnﬁa%r %ﬁ@e séig{%\i for

anong four ava| rtua antennas. I n the exa e sho
6B, Vi rt uabscarfeniasrarandaithbée end mey be heppeditosthe tfu:a'l sekeotednimaisal almteonas

| ayers are i | abl e and may ma the cted virtual

ant ennas wPLH REGGRTBERHEE 8t Poe CEBIBRAMIVE Hablhdtacht 161 Payaiation is
which is shownemict Bn$Radi PYel R AhPedEB- al%?‘é@l‘égteg viddYal REteR RN 1n0£‘ cychc
| ayer 2, which is shown wi fhout shading in FIG 6B. [0062] FI G

shows a tramsnirs sﬁcuiaW@aE) 1 ofiayt bmse@.bdewwsl ﬁmﬁr 2 reihvikh :arevxﬁhownswﬁhehadlmg n

21, S THAENCOR 8 Shal B S5 RSl LEL BREIR Bekborfi Shpe

four avail gpte; wErtual antennas. In the exanple shown in FIG 6C
virtual antennas 1, 2 and 4 are the selected virtual antennas. Three

| ayers arelWpal | atilG.a0l saysbe trr%aﬁpfé@ionoé%@f 1P ek0dewpisst oy rank t4y avith
t j- .
antennas w, é‘aﬁ%ﬁaﬁgég}ﬂﬁlﬁé@og{‘ In tg %Qaﬁﬂﬁ?%ﬂ&b&fﬁft‘%# éa){% ?‘a; ﬁﬁp;%é;&;@

| ayer pernut’ati on i ayer i's nmappe

sel ect ed vwrrtuaahntarmaerlraaa Jigh ﬁte@g&hg@uiﬁ@ms layeo Qevatagpdd wwayirted asnhas
on | ayer 1 vvh| shown wi th shading in FIG K 6C, Codeword 2 n%%/: be
sent on | ageind te@laﬁmsewaawsﬁsh%%ﬁ R %mﬁ%ba@tﬁmﬂﬁé 3 on

Si nce COde%fPé at\%lgrs}bgﬁ-%rsf’ d Wi Ys%iprﬁé’ﬁ%% af Qe '4501? ftrnQthg

one | ayer, ave a arg size than co emor
[ 0063] FI G sxﬁjbastmmsCaddWcachﬁnna.ssb@senﬁaﬁ logfers Ivand doeloh dse s‘kmwnnamtkslﬁldmg

W th as atlo Inthee hown .in FI G 6D,

ayer 11 bbbt adik i B st Seps i TR GaieoRA i Gn nggb vos
is mapped HiRugh Iiatyé?sla M@Mcﬂﬁg&&o @Mt&@aﬁm %ﬂr%el@@t@ﬂ’%ﬁﬂa@antennas
virtual antennas’l an 1 may ‘be sent on layer 1, which is

shown wi t hCQHa\donng mayliﬂecaenﬁﬁn laczomei/mcuﬂc,lwmp ape shyemt wab®1d§§a@1ng in FIG.
three sele rtu ant nnas, becaus aye

three virt dh Seiile TasdBners B5RnaT Hof Hiede, YiBEREEata ey ouen
whi ch are glyews wdtmetea@m@dpm tb Byl teo Bhe o eyt @ﬁﬁﬂﬁn@n&ﬁ nt

across all three selected virtual antennas even though | ayers 2 and 3
are each mbMieél t ollsnpsyrameirisf layereparmmiadios eine Bl 0K imayu bt cantidsadas an

WO 2008/ 05%%?&@0%%9&3%00 ﬁéﬁﬁl%t%@)“ﬁ? this example, a first antenna group includes

virtual antenna 1 and 2, and a second antenna group includes virtual antennas 3 and 4.
Codeword 1 is mapped to the first and second antenna groups on alternating subcarriers,
and codeword 2 is likewise mapped to the second and first antenna groups on
alternating subcarriers.

[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
each codeword is mapped uniformly to all selected virtual antennas regardless of how
each layer used for that codeword might be mapped.

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



15 [0064] FIG 6E shows a transm ssion 640 of two codewords for rank 4
wth sy Eﬂ-ogl g%'ﬁlzer pernutation. Al four avail able vilgéﬁg%mg%g%%as
may be se @;@4@8 or use. Four layers are avail able and nmay be mappéed
to the four selected virtual antennas with |ayer pernutation. In the
exanpl e shown in FIG 6E, the |ayer perlrﬁJtation is symetric, and
each layer is mapped to all four selected virtual antennas in a
cyclic manner. Codeword 1 pay _be sent on layers 1 and 2, which are

shown with sHadM#g L spdererdsdeM GygeweBd 29shedNp Bl 2Bkt on | ayers 3 and
4, which are sh i i,NQ, | . F shows a
transm ssi on 2242 0 u\eét &\Allg%gtéa e\/\i%/(af)lrg'g'sfg‘i$ giﬁb‘;!r/:%%kﬂgﬁ\}vits%&ﬁgg lllr?#srg’tarnlgc | ayer

per mut at i on. 3. nMapeheXdmeireutstdayers to e Gfgctddayiemallantenmasppedparmuted
virtual antennas 1 and .3 on t.ernating subcarriers, layer 2 is
mapped to virtu eratﬁteéﬂh%f‘iecée HHu% 39 8#t er nat i ng subcani ers, |ayer 3
is mapped to virtual antepnas 1 and 3 on alterpating subcarriers, an

layer 4 i sl%8Bbed If sach pedgaordiit smhasross alhdM setshted) iEpalanispgas, then eac
subcarri er §o%9%%ﬂﬁ?%b%r%@%g%@e%%@tsmﬁ FAYENSs c?éadvi?tuai%'t&]ﬂa@f«ﬁh flinear

shown wi t h shadi ng deword 1 may be sent across a our
sel ect ed vMIiM@lderntiennbE Eemay koteghink aylerss CRlande® onrtlee eacigendipifedIf

toonly t of the four | ected virtyal . Cod d .
Sent on | agE 2035 Sl oreribrm e Gt f RO S s aF G ek & Ordgher

Codewor d 2tHEﬁ>UI§’@2§%% RerR%R Aubled @9’1 basddest B NffELEA bAREANDMRSIRRESF
t hough layers 3 and 4”are each mapped to only two of the four

sel ect ed vihet latdr raeoveratasode@od Ghd ithe asyrgetSINK. | dherdahier GOT andyonlso rbe
FIG 6F may . be nsi d d as an ex e,.pf codewor r.qut.at i on.

This oxamalesafed R E SI6 iR 4% rE 0T h GeD e RGRIT R LAY 6 o6 Pt of
and a secopgfaitifg BaC,aheW fhel d\etdid SINR whla!beadppEBIAs fot ANebddwords sent to
Codeword 1 is nag%bed to the first and second antenna groups on

al t er nat i nthesdBc 47 i1@P snavasead dlr bassreQbands thej dediai @l G ppidgable) ihdode B

4 and fi ‘ ) |
I
asymret ri ctedyaes CReandltray ippstelothe kydand cbd@eord bascianrths hseQ@ichndithé delta

antennas. |n 3_eneral a layer may be mapped symetrically to all
sel ect ed vICQiHEPBkdkas or asymmetrically to all or a subset of the

sel ect ed vi I : ) : i : wsh, ]

each codew!)(!dg’d fl S mggﬁﬁfﬁg@fﬁ@x? %eg Fﬁggffé%a? ;bf%%bp?ﬂg? ant gfggaspable

r egar dl ess Udf thabsupparth Si@peat mag et berppliableciod eviCenoapghte BE thetploesinot
rds to virtual antennas ma

[ 0068] The mappi of dewo b f or ned
as 1 ol | ows SUTE H6oer 85 BIABIERN Uasgks 1ok 57 5810y GRaers by the SIC-capable end
SIC-incapable UEs.
[0071]  FIG. 7A shows a CQI reporting scheme for SIC-capable and SIC-incapable
UEs. In this scheme, the same CQI format 710 is used for both types of UEs and

includes a base CQI field 712 and a delta CQI field 714. Field 712 can carry a full CQI

value and may have a length of Np bits, where Ng 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
CQI 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



1. Map L codewords to Ml ayers, e.g., as shown in Table 1, 2. Pernute
the Ml a .g., as shown in FIGS. 6B through 6F, an M
per mut edxﬁé%%’fggﬁqézthe M sel ected virtual antennas, onegﬁf)ﬁpﬁ%@@g&’gﬁ

| ayer to each selected virtual antenna. [0069]If each codeword is
sent across all Mselected virtual antehhas, then each codeword nay

observe the average SINR of the Mselected virtual antennas with
linear M MO detection. UE 120 ngq)i/ determ ne a base based on the

aver age S| de 4 basgie Qo fiedd dapand e dstta S iplipldh gl BpTCRA dornggs 710. A SIC-
d d d
Gt e o DiERRROLERAN A& ot tNgd 723 AFRRER 73BY AR Dot

recover ed ct@dgwbﬂﬂy anthetshet avecle. g§| NR paTd&ﬁetdlediﬁxalgCKau s&anp @l tm@ecbm UE
referred to as_a SIC gain and may be Q dB or. greater.

>
not capabl tdeéﬁﬁfﬁé]lopor e S}a@ibetlﬂ%ﬂwf@éo é.‘\?"’e?lgﬁé ()] I‘ﬁR"‘V\%Lﬂ 1§ o5d 36 8ase on

appl i cabl eltggg 2811 t codewords sent to the UE. UE 120 may send the base
CQ and the (ﬁ (if applicable) to Node B 110. Node B 110 may
pr ocess (el@73] endi'id]a ’B(Dd;hnwslwhaﬂlex) GQierchonting schaderevdordSHasgmblnandh 8IC-

base CQ and oc second co d on the, bas
ond the donteabels DIEST Tt Shaioe Seoe FoTPTRA D ds Skt e POR Bpes QTS
delta CQ BRY . RBCEPftnRRbRAR ToPSR-CafaBRARIIES TG EARbISURROMA §I@|c£fjable

but may not be applicable for a SICincapable HE that does not
support S| UF @y séndfadrasaCGQinn frald HE asdntdeita GlAnh dgld Hien e BECmycapside UE

Cepor t1no. Sutard p SprkRR BR S e i il 8GR g p1c-capavte

schene, t hand 8IE ifdehat® URmailbbth He UbRGofmdre FRlutiNRabe @faildbk Bifktn CQI
i ncl udes a base CQ fleld 712 and a delta CQ field 714. Field 712

can carry &ormgt(7 1@:Q|A\I§E aeayarrorels eapgbility pegt #ardof Mgeal; + $he kemayNs
b
ey 2@ coulti@od o fena3iile GAUEpOLIIGS! ¥ W uclil A, iFE AR ERLLabaBrc,or

equal to 2(ii)3the BaRrCQlarel (ﬂhét&ﬂfomhmtﬁl ifAhSUG- 1SSHabﬂ1capb.lEe may send a
base CQ in field 712 and a delta in field 4} A SI C-i.ncapabl e
UE may send®®4basdncme depien; e @ther slgppptionsgnt infgld, d14 gomgprises agmgcqdipg

Lo 0718 TP 108 SRpE s SO0 Ly My e

SI G capabl e and I ncapa UEs
formats 710pant Wi2l) asimleipedodiog nidtex t(m@ aﬁﬁ”& notriz)Esd 1og ntbtcrremitto B0l

i ncl udes base | fi.el ta fleld a
ot 320 Bhd rattigh for e e dareprmtumis, A SE HGRITE I ey apgrate
with a set of precoding matrices and may be able to select and send back the precoding

matrix that provides the best performance. For example, if N =3, then the SIC-

incapable UE may sclect one of eight possible precoding matrices and send back the
selected precoding matrix using three bits. In another design, a SIC-capable UE may
operate with a small set of precoding matrices, a SIC-incapable UE may operate with a
larger set of precoding matrices, and additional precoding information 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
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712 and a in field 714 of CQ format 710. A

LI E may %A’aﬁﬁ% in field 722 of CQ formt 720%&@%@95
report its capablllty at the start of a call, e.g., as a paraneter
during call setup or based on LIE identi&ication. The LIE may be
instructed to use either CQ format 710 or 720 based on its

capability. [0073]FIG 7C shows another CQ reporting schene for
S| C- capabl & @dawgld@mfprthgp%laé clypoel Pveraging paremetes and the Slingaicgperameter

format 710,] b y
content s gy EERIaE Qi RV ERER s ] SR Sl R G g
send a basgarehdter ﬁnziy ehy b slodl@ ndehﬁeaamfreqneﬁcye(ﬂldn THed sephrate channel-

SI C-incapabl e UE ma é send a base CQ__in field 712 and ot her
i nf or mat i oAcheRdgntdPQlsy 1 furthgygors, G:h% aHatea H%F&U@TGC M ¥PA0P & UEETHEFES

both be ablg.f.9s FRY @[.Js"%ét\)(feéht {hlb ﬁ%?alra{%ec dsae?[xﬁiem t‘i)ab 'iha?qua Qh WByide

710. A TIE may repo its capability at t art of cal’l he UE
may be i nstanget Fdededastersdngy ¢rduble reidjctionen bpaml etbarhchntl rpetedehlbare@@t;on

if the L|E|s Sl C a abl e, ) the base CQ and ot her
i nf or mat i oMt UPf aflqllé'- f@a%q(kncapabl e. [0074]1n one design, the

ot her i nf ofgga| on mseloméye%anz&éhoﬁw ba%%sana dek£ e IFAGHAR b ¥ provide
sel ected froma set of precoding matrices. In this design, a

SI G- capabl gatifmsradyamdgess anaduding:h a single precoding matrix (e.g., a
DFT matrix) and may not need to send back information for the
sel ect ed prechdRedusedtfeedbaciioBtifieadic tipaizke ahiEdaim/CQiemyé)evdenhwahsfeWer

of precoding matrice e able.to s k .t he
ot ecodi ng. Mt 1 £ H DB B THETE SUn garH SRt b O R Rt Jaes

ND = 3, then thgeéhpf‘ahdnng@cpabl e UE may sel ect one of eight possible
precodi ng matri ces and send back the sel ected precoding matrix using
three bits. Ih &mptoved pdefsirgmeeadi8l © vapabide spHahdiveoyiyr parelaydrt When the

smal | set of pr di tri a Sl C-i,ncapabl e

S gor sot o CARS B feris Brag Sl SRR s R RSt Saithlilin
i nformation for idfifetedt 86k tBEbal@MdBvELRhich Thd COlghrd ddimdted, @ener al ,
field 714 may be used to send precoding infomation (e.g., for a

precodi ng E@éﬂx véﬁ&gdedﬁgpu\f&%ﬁﬁ@auoﬁé %ve)fe /p&lf&l%édnf&rm@la% {£4 MIMO

average SINR, differential SINR etc.), or other information.
SI G- capabl é¢rahsrEssiens wits end whitbiout lager penhmam fayrdiffereft qiedatmgzscr(r@ngs,,e g,

any of the jinformation that, m by.a SLC-i ble LIE)
ahan r ank. S SoPiaane ity HErant S BoroRE sl h paforknd delays,
[0075] For QifféntCapaiii@l bhfdwilithe Vléﬁﬁlg rdfBMinRebangdtHesed s domputer
spatial channel averaging paraneter, the delta CQ nay be

consi der ed smsulatmscshgm laygrapeamatagion Gﬂﬁ@rﬁoayéng e Fayert mmwat@gsf@mheaqiw
transtor ms ar at 56%1;7%@6'5 Bh’?pb @ge@bl %9(152 fbﬂr déiﬁe Cdfo The performance

2008/ 05811
nnprovement is greater when the channel Doppler is moderate or high and when the

scheduled bandwidth is not equal to the CQI reporting bandwidth, both of which may
often be the case in practical MIMO operation.

[0078] FIG. 8 shows a block diagram of a design of TX data processor 220 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 8207, 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



070449 18 L codewords into the spatial channel averagi ng paraneter
and the SIC gain parameter having simlar total capacity. The spati al
channel averagi ng paraneter and the SIC gain paraneter nay vary nore
slowy in time and frequency than the sgparate channel - dependent

CQs. Furthernore, the SIC gain paraneter nay vary in a narrow range
wher eas the gaps between the separate channel -dependent CQ s may vary

in a wde [ang6. e8RS, LAGKOICRAPYoRNADbISK %Q%k%tét&!‘ ol & &PMih@lon thereof,

feedback and potentially reduction in time and frequency feedback.
[ 0076] The Esevdef 822aymey plomer Btmgnimiuting lvasepetitidndel appr@atd, dedbtadk the

may provide vari ous advant.ages incl udi ng: Reduced edbac o
ovor head - Sesigd BREPeE Rl GEF T ooe R BE S2h T S PRGBS tfgTom
possi bly | ggsdér £adeatddyord HdRadbling tode@hr d@ewBACh AOHMII chaPpdrIB2Eh may
| ayer pernutation, and 2. |nproved performance due to increased

spatial di vep shasgravelled hijefronreramiter Cdr Sassdanta medyetian wheme andypievide
recei ved intﬁrsrnq el when the schedul ed bandwidth is different from
t he bandvvi%% BU&YSwhi ch t he CQs are estimated, etc. [0077] Vari ous

conput er s{0m80pt i anRghweheinpgs hrotdethafactioh 2@ wathth FXXdoda MdERsor 220 may
transm ssions with and without |ayer permutation for_ di ffergeg{,

oper ati ng SEBYHY{Becess ifg. datybiqekrad PreNda e myakels foypps épesiyordg Each
foiniats, di n p [ I - di r e :
bandu dt hs iosr SHE heafith SRP R BRIAE. BSuinl b TERhIRATAHEEn an MCS
si mul at i onselsha@infdr aggerodpeomiut at geanarag uinpdClSanay nglicate h apéing sehame at cale

for the sane f?ﬁgﬁ ck overhead, e. g 5-hit bas% C(%Iél and 2-bit delta
CQ . The pHEi%:&r @%‘Oinr?ﬁ]ﬁ‘weeﬁé:ﬁ‘tﬂ“?t 1z AR FRUARH OF AL RIAREF ™ Doppl er

[ der at hi gy plell I 3 l.
"o 2 ) DA MR ISP S St ARG b Ok BB e
practical M.MauOpgR‘ES 2dm HRREGLT @cti&tmsﬁ/l@ll\i%sth?m@l@bfﬁ'e BRI fAR the L

design of TX data processor 220 and TX processor 230 at de B
110 in Fl GowoWlst hEachTXuldigtier filomeg sorle A2 @ataasydemid withlaegedn ( feenind) to

S0 oy eeRiie oA am et cousce, 212, doml gk Lhe dgLp Lnlo,
to L proceggidig $axdions B2Daohbnaueho B2Ryers, YBSRE showh in FIGS. 6A through
6F. A layer mapper 834 may map the data symbols for the M layers and pilot symbols
to subcarriers and virtual antennas used for transmission, e.g., as shown in FIGS. 6A
through 6. Codeword mapper 832 and layer mapper 834 may also be combined into
one mapper. A precoder 836 may multiply the mapped symbols for each subcarrier

with the precoding matrix U and provide output symbols for all subcarriers. Precoder

836 may provide T output symbol streams to T modulators 232a through 232t.

[0082] FIG. 9 shows a block diagram 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



[0079] Wt hin processing section 820a, an encoder 822a may encode its
data bl ock in accordance with a coding schenme and provi

The codi W%ﬁ?ﬂg?ﬁélﬁy i ncl ude a convol utional code, Tﬁfyﬁ%@ﬁ@@gﬂgg

| ow den5|ty parity check (LDPC) code, a 19 cyclic redundancy check
(CRC) code, a block code, etc., or a co#bination thereof Encoder 822a
may al so perform puncturing or repetiti on, as appropriate, to obtain
the desired nunber of code bits. A scranbler 824a nmay scranble the

code bits flgrom drechudemaned wyabel seernas &urthertM ilarre gaé provde b dpmapped
|. A symbol 82 th
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[ 0080] Eachnfa?mbme@gm[meﬁt@ldﬁg ds@@%p@n 820 within TX data processor
220 may sim arIy process its_data bl ock and provide data sgnbols for
one codewol®98 3EacHUth§c€%%$Thg§h§’é@tinoﬁIQZ(? n%%? 6@%?}?0[%?3@%83 Ehg‘n‘é}%es
nmodul ati on_based o codewon era

VS 1y | nBEEBEet B ep s isih SPof Srett & TR, FAR BR0Sk Rk ety
packet sizgyoan Fe%eﬁz@taﬁl»d ]Iﬁ%gés‘@rorfét H@ﬁa@eaesgﬁn;@r Stredr) 84 bi¥ tcbuéw&zi and
M MO processor 230, nultipliers 830a throu 830f may receive the
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power for s;trﬁbacsdemrag By coseumi 1ogan@ﬁno&ﬁanmmﬁp férhe daﬁ@mtted code

synbols for the L codewords to M ayers, e.g., as shown in FIGS
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one desi gn of RX M MO processor 260 and RX data processor 270 at U
120 1 ' Fi'Goatp blagk HERCARSOKARBORE B8s JOREDEER meoNNDH 8 bt ep e dobloglys
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synbol stremsmﬁspdv@adwhﬁﬁddzaro forcing, MRC, or sone other

techni que. M MO detector 910 may .proovi de M det synbol

for the M SUIREt Tt shova Wprledioenam %f&%m%w@wr&éb‘g aler BX
the M detegt@d, %@%9'27515 rv?lﬂ@??are%?b{hgf s REIME %WQEO and RX data
conpl ementary ‘to e mappi ng pertorned ayer mapper 834 in FIG 8,

and provi derddestor@fped U iddin F1G camPrémssorh260d draly 270 peﬁxfm'mdﬂﬁbrrcbover
demapper gjége coXeword at a time, and estimate and cancel the interference from each recovered
codeword.

[0086] Within stage 1 for codeword 1 being recovered first, a MIMO detector 1010a
may obtain R received symbol streams from R demodulators 254a through 254r.
MIMO detector 1010a may perform MIMO detection on the R received 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.
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streans for the Ml ayers and provi de M demapped synbol r for
the L co&%‘ﬁ?’.smll_%yer demapper 912 and codeword demppﬁ#T@%ﬁH&Vm

al so be conbined into one demapper. [0083]1n the design shown in FIG
9, RX data processor 270a includes L prékessing sections 920a through
9201 for the L codewords. Each processing section 920 may receive and
process one demapped synbol stream for one codeword and provide a

cor r espondif§7Hecdsadersrd bisodkcodwd cairectlys deasss iprrfessena peption 0324 gray
codeword 1 y |, de er 2 rfarm | . demappi .n n

its derrappgléc%g’n%r%?mglgr g%?n%ylélbgl.z m%B;rt% %odr%g%{eﬁn%atﬁé{)g&% weﬁileh%%lc? glé‘{' 05

(LLRs) f or pideessidgagstivn 820k aoMeddiH $10 of FO@JIRWeiehehelatsed dut 5Bbols for
demapped synbol s and the nodul ati on schene used for codeword 1. A

descr anbl efodppad fay* HEMIMRhprecesier 1918 maydierioymispatiah erneptsdte apthg data
based on t Esgnﬁcﬁé mloh&g?_ﬁasdﬁ tfl@garﬁé)gﬁﬁﬁyrqs évx K %éssg,fﬁ% ABG. 8. An
L e a ata

decode t he descranbl ed and provi ecode ock for
codewor d 1lint¢f8ddckatinatoe iaidu mgy pstonas sienigtcsfeodnco dud ROcatetvoid 1 RXsed on

data processor 270a, nma imlarl rocess its de ped s ol stream
and provi d e&ﬂ@&@ﬁ&é&%@?ﬁ?& @%ﬁ%@ﬁ\éﬁaprsmé@a1@?5@@3&%@%@%936%@8-
920a through i%t%f}‘%re?i@é’ sxﬂﬁﬁ%ﬂi&? it dendes, Qf@‘tlﬁctbch@%&ﬁnz{tu?d inkd¥erbnce from the
codewords. A rmnultipl exer l\/UxW)1 930 may multiplex the L decoded data

bl ocks andRpecriasyddobstedndatnd pr¢008B]iEhGsymbolsireams forithondst diaggr am

f RX 260 d t. 270b,. whi
another el of G NEFpe dobCedvobn g Stk FeStaEs Shrbes oMo st
UE 120 in Kb@b Ay BREEIBORS imRORyBBE dr@msPRérhani §1@a negMeer, form

codeword at a tine, and estimate and cancel the interference from

each recovMIdMPO setgetivrr en theOd 81wy Hbel sttcamge (g § biscd o8 MMSE techydiwgy, and

e oams. B He bl SFES AR AR RN B ORGSR e
may perf or ghddwid dehesick Q01 TNmbdeiap eeavivRectalbobitfaaR®nd §rdkide one

based on MVBE technigg;ée) and provjde M. detected synbol streans for
the M sel ede@apned gl siieesm daiscodsWord &r A mEoCsHBAS? W08 i PEBp anay1perfym

ey Semep, e sl al AR an Bt QB EABARES o
symbol dempppiidesy datedat darbbionk foradeslediddi ng on t he demapped synbol
Sbove T or HBBbssi e araHos2BaHTIHS precientin Do dhen cack g SE sige 1
2008/ 05811%@@?&:@@9%& %81?%:39 symbol streams from a preceding stage, process the input
symbol streams in similar manner as stage 1, and provide a decoded data block for the
codeword being recovered by that stage. If the codeword is decoded correctly, then the
interference due to the codeword may be estimated and subtracted from the R input
symbol streams for that stage to obtain R input symbol streams for the next stage. The
last stage may omit the interference 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



070449 21 [0087]1f codeword 1 is decoded correctly, then a processing
section ncode, scranble, and synbol map the

bl ock in%agégggﬁﬁlﬁanner as processing section 820a at QQQQQ@QY%gsgh
FIG 8 to regenerate the data synmbols for codeword 1. A TX M MO
processor 1014a may perform spatial protessing on the data synbols

for codeword 1 in the sane manner as TX M MO processor 230 in FIG 8.
An interference estimtor 1016a may estimate the interference due to

codewor d 1P¥io8@f 8¢ aodewrildparrpaed @ Wphivbiy mriglemriwnMD frseawsls cach
101%a and {RREREY 68 hIRLES oy B LLIAST BRCGUAHAL T ARLA0 U dhuttiple

1018a may subtract e est Interference from recerve
synbol ;trmnmrﬂjergr@vsmﬁnﬂm&6mm streans for the next stage.

[ 00881Wt hi n st age codeword, 2 i ng recov red on
detector 1 na%nd}?teaf{eﬁlgﬁh@%‘? ‘?Ss%%?ﬂs“%% Tsh B F?C&Hgl?ﬁa‘fw‘if 183y

in stage lpe E@I{efr'c%&n MuMandat ﬁf&tﬂlﬁ‘tnccﬂ@wbﬂlem% LE g Sy 5RO tﬁﬁe%%ﬁféﬁnas and
(e.g., based~on MVBE technique), and provide Md Pect ed synb

streams f oto oheantsel erted sibcaiat. Aht secoad. cofewanflemay fhd mamed\@pmss the
demapper 12b t he detecte nbol r eans ,and vi d

one. dermpp <SSP Bt e oGu SRR SOORTEF oR BSR4 Bk B dvrs sey
nay perforﬁéfﬁé aciSUTERR ebnnSLHRI BFRb aRGnnANh AeE aicadicpn t he
demapped synbol stream and provi de a decoded data bl ock for codeword

2. [0089] I {0093} e tlhaomet d%lgglod@@bowb“@rcb mgente nappk @l dteleast ome rpfaneltiple

f
S P et R R S e D A R
as stage lmappeigpesshi dged cletiodBd adaka thé om&ltipw vﬁﬂ@mmﬁlams doﬂ)ahﬁl@lple

recovered by that stage. If the codeword is decoded correctlﬁ% t hen
the int erf&%@@rﬁuEWPGO@Wréw@%ﬁiﬂn&ﬁyst Bad seonAEeERY AAYIaY IS¢ RaReatgd.

from the Rghpp 3y Okirsp tb8ANEdT Ry ¢ e%ig Bf?e %?ttﬁ'lleg 18/& pt‘ﬂ[e second
or }1_ ag

symbol streans e next stage. om't
i nterferencedesird ey mn@]ﬂdcalti&aiehﬁimnmhwc[ Gﬂﬁe]tlﬁieéﬁlaykﬂs sﬂtbﬂos three layers
design of a process é 0Q for. sendin i on cess

MO transm s
1100 may b&ayderpnped iires Yigud agte a&rﬂgrr@#é&ﬁ@a @’Pf‘i?‘&ﬁ Riapgpd to
station. Mg bPifr ]&g@ﬁv‘ﬁfdjtﬁe G 153%%9%@5@9;3&% ﬁéﬁﬂﬁﬂ&l%ﬁteﬁﬂasf rom

mul ti pl e antennas MO trarism ssion, Wt he nunber of
codewor ds #1934 | K.t hanshohe amuddsign of aan&@m (1BO&cflor mn@rg 4 MIMO

general , an antenna ond,. t.0o a virtual ant.enna ned base
oo o oINPT bbafeks, EARORCwPs ot bt FonSRLRE R Tole¥ 2RR de
nmay be sel %ﬁﬁﬁs&él@'}}cﬁn Rﬂuﬂﬁﬁlle' dri¥erPhs d¥ah INIDVO 8MBNgAs, JEAE Ohuhbe of
mul tiple codewords may be nmapped across the nultiple ant ennas (bl ock

1114). Eac ﬁodﬁ)&mdﬁ) baingalpshH bhﬁifraﬁhp etinper fodr #rtgnrag rowdulen &2l endpimeeans for
antennas s lrjrga%pf cl?gf fhd %ﬁﬂtm IX\QogeQrpoqu éc%'sjs %ﬁ%(lh%%@o Qn%r%%g' Zr%gdqu 9?1458

- 10094] FIG. 13 shows a design of a process 1300 for receiving a MIMO
transmission. Process 1300 may be performed by a UE, a Node B, or some other
receiver station. A MIMO transmission comprising multiple codewords sent via
multiple antennas may be received, with each codeword being 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 each of multiple

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



portion of the codeword is nmapped to each of the nultiple antennas.

For exanpgék%ﬁﬁgglgodemord may be mapped cyclically acrﬁgﬁpgﬂ@W8§?”6C

mul tiple’a n multiple subcarriers, e.g., as sho

or 6E. [0091]1n one design, two codewords conprising first and second
codewords may be generated. For rank 3,2%he first codeword may be
mapped across three antennas and to one antenna on each subcarrier.
The second codeword nmay be mapped across the three antennas and to
two ant ennB¥o ¥ituaheiicriigh eareeflepubcmgier, Fakrak 4% demappias wswdenpgyiopaed for

Tapped CT 088 LA oATSNIBDARM: | B @S INA B ADRAGRSBSAEL B pach

[0092] I n one design, each codewor east one o
mul tiple | ayetsierThe nultiple |layers may then be mapped to nmultiple
virtual antennas, y mappi ng ea

e.q., . b h | gyer cyclically, across, the
mul tiple vi%Pfhi M@Qn%e%wnrmwepp A A lgle FP6VRLIEHIY qicams to
conpri si ngoﬁﬂaféﬁug@%a g&g&s&i SRR REAS @@fythp%ﬁggﬂ% Ira%;e%qas. Fﬁ{oﬁeaaesig%a the

the first codewor e napped to one of three layers, the secon
codewor d nepltiyde mepgoted syombdiestreemmai mandpet domafpet e olbtriwemhlipde slemapipekd

the three | ayers may he d.to three virtual antennas., For rank 4
cach codenSRHbIBES A BEaTEP e RGO b Eer b SpaPD<d M TPRES g e then
| ayers mayp0QefRRReE obif @Wecddddt & bRRk F8Na%e cddQRBA]. FiifSandiBerSRRus, the
design of an apparatus 1200 for sending a M MO transm ssi on.

Appar at us ddple deleoiged symbansirehms ranbg demnepeit objsie mebddadrdsiemepped

number of SoBedloTR gt BELEPRE TRan Mublsest AR SBol sty 1S

1212), andfiygrRnsel esmaprepi dgoga@hmaftigld gcttnldt dghapped dewiot Stra@hoF6r the
the nultiple antennas (nodul e 1214). [0094] FIG. 13 shows a desi gn of
a process IBdaple spdeveqrds.yiBagh seaumirdemenprinfiaabal trepp dags thep dsodsraged o

perfor med. Qﬁtaﬁl ygecoﬁed\@angﬁck?(fr &%@gd%& r recei ver station. A M MO
g multip

transm ssi oh conprisin e codewords sent via nultiple antennas
may be rec@0fgd, WIh edchowsdewesigh i ag apppped Boks tebhavimgl 4 iINEO

antennas, and w th the nunber .cqdewords being l.ess th he nunber

of ant enna&RPRSHERD- 13‘%@3@”@% r%ﬁﬁ‘{ln Iﬂéu‘%éymﬁ@sp&rf ‘%P‘h‘ﬁ’(‘}gf b ﬁﬁ\ééhnansmlssmn

codeword f : i : :
ggﬂeﬂa\gﬁgg ?@J}}ﬁ}g@ e L bARS Berdnie RRASyH1E RhRgKas] %;Eﬂ% cacg%gheword being

demapped c e decoded to obtain a correspondi ng decoded
dat a bl ock n{apbaticrad16y) muft(dO&]temasreaddeisi g nutdber & dudeworks bringdessrihan

ARCUUE NOERETR R e T
ant ennas apgddw M RAE a¥iokt UR! manfpN BReihs §ARAuRl 1414 tindl BefidbloR b RS
and (ii) the second codeword from across the three virtual antennas
and from each demapped codeword to obtain a corresponding decoded data block (module 1416).
[0098] FIG. 15 shows a design of a process 1500 for determining CQI. Process
1500 may be performed by a UE, a Node B, etc. A base CQI indicative of an average
signal quality for multiple antennas used for a MIMO transmission may be determined
(block 1512). A delta CQI indicative of improvement over the average signal quality
for the MIMO transmission may also be determined (block 1514). The 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
I. 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
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each sub I For rank 4, demappi ng may be perforned
codemrdﬁ%‘%ﬂ%@éﬁl&s four virtual antennas and fromt\/\op{;‘/ﬂw%gﬁ&””
antennas on each subcarrier. [0096] M MO detection may be perforned on
mul tiple received synbol streanms to obt#in nul ti pl e detected synbol

streans for the nultiple antennas. In one design, the multiple
detected synbol streans nmay be denmapped to obtain nultiple demapped

synbol st r Banissen eh therankpisd. cBwendipg and/prether Bfeppdi@nsY#Hao be sent
t - - ' d .
codewor o PHiNE st st BEAUAE, b2t AaAPCRRLRA i) MAaREK o odiiimaris

beI derr:appfasblmecbﬁbmgiwmmiFIm&lebfp&émémgdeeﬂdsy whiet irfomeaion. f or
multiple layers. The nmultiple first demapped synbol strea na
further be[(ﬁiéﬁ%pela o5 gptiam nthau MG ér%@@@ﬁland@%pcﬁgwr%@aﬁ adq rsssand

f th i ) | .
or the wg%dcfg)g?%sgogﬁ\gﬁg%éﬁg%fge étggcmy ngﬁﬁﬂe&xm orSthk 83802 BR ¥ignal

t hen be de ecod data bl ock for one codeword.
[ 0097] FI G. quality fiovkrea vitasi gmicwfasafonpphdathedadn0Ql fray beeletsimingd based on

M MO transiy ssi on. r at 1400 i ncl ud f Lvi M
t r ansni ss;5 S%%W&Pi@ﬁ@(%ﬁf i “EIBHC ?ﬁgnﬁﬁlgﬁs %ibgghrﬁr_?%gf’e B?lal‘éﬂg‘l’athe uf
ant ennas, @Ulhm§$% cedanped RREDGnMRRASUASAIORS sighet quiity Plof the second

antennas, and with the nunber of codewords being I'ess 't han the nunber
of ant ennasodevmad hericancdllatioe ahintdrfrense fifoor thiedygstdedeppidng for each

o tocoe, HMEER T kb 0 B bR 00 o BB
1?38 f o(rjcdétﬁ)é;m%wr? ieln%(;(]%%& lfld%?%ggiss Eﬁ 0%180 may ﬁ&;’g?ﬁ?? rl,?rgccli@%t;@amugc eiﬁage

Node B, et signal dulity foomuliiple eatenes used &1 slYBME) traagngpsion Goedule Jo ¥y and
e e _ BV . !
(bl ock 1510 ERARE JAERE » e X BERR S Bl BRGGE 36" BETMBGe sional

si gnal qualudlity f@rtheé MIMD Mahdmissisnimsdwdan 16wy, al so be det erm ned

(bl ock 1514). The base may caonprise an SINR val ue, a .nodul ation
and codi ngl@ﬁahe,ﬂﬁ-phfgwsr ord#en of atpraﬁ%%olﬂp()ffg% Relforming sqnddcodpord
The delta y i 0 ;
S1'C- capapl SRR ELOTRE L0 e e B BB B P i P rgic

f or det ect velmeofort heltipeMtsmassson sslesnmailbe ddermmedQsingay pemadiycitier for
second codeword af

i nprovenent i.n signal quality, for .er .

cancel | at | GHOFSHL RPN Brfc i rl HoRTRSLon SHELOn e PoHUN IR ¢ 41Tt Fag
be set to @rAWifferal HEmbér SN MMMt forRSHAMRE QN add MK hikheRinsthission
SI C-incapable HE, and also for a SIC-capable UE when rank is 1, the

delta CQ nrderbbeisgassooiatednvith laygdrpsnalty BrErs @ledkt 1 Udad Af Bansgusseu erder

of the M N%r é"@fﬁ?@%’a%%%&%x‘? %gy%%zs% 6704:6 8\?&1%@(? on the performance metric values for
the multiple transmission orders (block 1714).
[00103] In one design, each transmission order may correspond to a different rank.
In this case, performance metric values may be determined for multiple hypotheses for
the multiple ranks, with each hypothesis corresponding to a different set of at least one
antenna, e.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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i nformati ma |l so be sent using the bits normally us

delta qug(g-ﬁﬁﬁ(?ﬁ%aflfndi cate a precoding matri x sel ected ?eyﬁég@&@ﬂ 739
mul ti pl e precoding matrices and/or other information. [00100] In one
design, the M MO transmi ssion may conpr#xse first and second
codewords. For rank 3, the base CQ nay be determ ned based on the
average signal quality for three virtual antennas. For rank 4, the
base CQ napyths 2862 eF APhaeiob s earfommanke meliet sgjue siayrhel deggrarinadyfor gach of
four virtual n F t B rapk . t

determ ned uét 2%%8%)%? i r %%/héalrgréésnfmil%&é ?gﬁ%ﬁé]%u%f:ﬁdﬁ?%?yt %gggec%%g Q@ond
codewor d ahipith&imel lcairegpondfio andiffeksr paic of hutomas helel deséndcpaaivg factor

[00101] FIG 16 shows a design of an apparatus 1600 for determ njng
CQ . Appar Sayerand tp e layaedhaplsdirsigenybt RewrnARprirpane reeic value may
i ndi cativeyofi.an ayar i i; i ﬁ\{%

for a M I\/Dbtgrdgnsm \ségi%%?ﬁfo%ﬁ{gh%?%l%ygﬁt%ng&& 8?1( 32% er gﬁt?ﬁg%gna”y
delta CQ ifauthirc Hacliehiod hymphasisementoroaspond tvea differaysctsafghak agteahas yThe

for the M ransm ssi on dule 1614). [00102] FIG 17 shqws_a
desi g of Ap} BEELS BP0 To¥ hescel 1 1 PRk R or ol Bt o ficror. A
Process 173@&&%&@&%{5 GAEfhal Yo YetdimirRd OIS fRriheypothRss ff&rﬂaﬁ;ag%smg a

metric values for nmultiple trahsm ssion orders may "be determ ne
usi ng a pefairthypdnalty dactdror Theafonrth hapsthessinep corrdipond wh elseeafciour antennas.

transm ssi rder correspondi to different rank or a.different
nunber o dbaguoRHRstRlY FERETN & e CrlEiuRn AT Epo g radpl ¥ o
orders bei ggsigs ssiireTadik i hoh@EaRvope Badchy fdragilor and bheelddwdrds are/Sent
transm ssion order for a M MO transm ssion nay be sel ected based on

t he perf or Aeirreek Ael ef ¢ Vhe seoond.chird ped fawrthinsnelty fagiesiios $9nks 20p ged § may
(bl ock 1714). 0 I 1.SS) r .
cor  espond oF STEEaR Fray ey P RS he by B AL RS T AL MBE AT IR, I this
val ues may che, died esnk Bedctfonr ismedstitpllle patfatiad serh fdiffedehe peadityi flceors for
ranks, vvith_?ach hypot hesi s corresponding to a different se{ of at

| east one AHEGARAUTDCE of cRdewpEin In generat, when ga¢h tRASRISSIAR OFdes CQBESPERds
at least o ﬁ]gﬁgé}i i 1 t he | ar gest
per for mncg&aﬁgﬁeﬁ%ﬂ\%ﬁﬁéﬁﬁay edgg?%é&%gf?giggﬁgﬁﬁ%%%%ﬁém ssi on.
The per f or i@HO&] melnr amotheal desigho eadhatrmsmyigsotrh esles niayy coredspomed to at dffetent
capacity or_sone ot her tric, for the set of at .least one. antenna f
Lhat _hypot REBEIEL Of SRIEBRTCsY s Casss PGHO TSR Pegirisibes TRaY bF detpapiisd Tor
may be det @il BathuhMerE@Cddlord kBl 8y ktidte. TTROLIESS Sf LOlcw@BK with the
using a first penalty factor. Each firSt hypothesis may correspond to
a di f f er entlargest exenfarmameagmatict Vadlie nzayt bhnelscted Her ther Mli/ﬂé rfednspisipot ofn
WO 2008/ 058112PCT/ USZO%;{ 083739 078449 25 r%gé be ?ﬁrrot%r rlljop-ﬁzcerd%. 1’%
per f or manc &MY ey PRI SION T, SArSERPIFD 10 S SHIFTE TRIET pf @dcwords,
second hy p@hﬁ eSRSmhPbe WBEK fod da%d fiEnstniSeENREd Pienahk Yo fige F@ datdfaaikmission
second hypothesis may correspond to a different pair of antennas. The
second penatapbefdetarainaded 2P MBR0H to or larger than the first
penalty fa <1 A f [ I t ]

o mul {1 py 001061 o Rl P ERIES, Rl Gl R0 el BB Hol BloBRER
Each t hird sbypidmespgarsmy 1800 iditen dndans fordididratieing peeformdnct iedc values
antennas. The third penalty factor. may be egual to or larger, than the

second pendPit JuKipls SIS PEFTIAREE drRspRift faglor for srel BRSTHStieR Adsegih
for a Tour by RahBESlin btferd llie Asdd8ialtd Bit] B hoREAAION BEbANLe 181,

fourth hypotthesis may correspond™to a set o ant’ennas.
f ourt h penahtyndaas tfor saleyinger epsalissian ordet fiorge MIMIA rankmissionrigised on the

penalty factor. For the desi hown .in Table .1, ope,co i s sent
for rank lpﬁffén?%e%%ﬁﬂﬁsg% %‘e%\,\ﬂf@]ﬁ&m?rﬁﬁ%‘(’fé?r rgpo‘gﬁwﬁg‘})second,
third and figefg7h PeRalhydfi@ctiPrmdsoriz,anksi@. and aRdmiy "BmMABcefkRbssbR,

electronics devices, hardware devices, electronics components, logical circuits,

memories, etc., or any combination thereof.



1901061 FIG 18 shows a design of an apparatus 1800 for perform ng

rank/ cod rd | ection. Apparatus 1800 includes neans

determ n%%%’ﬁﬁ%&%tmnce metric values for nmultiple tranlé(ﬁf/gg%ogﬂossns»
orders using a penalty factor for each transm ssion order, with

hi gher transnission orders being associ¥ted with |larger penalty

factors (nodul e 1812), and neans for selecting a transm ssion order
for a MMO transm ssi on based on the [)erformance nmetric val ues for

t he mul ti pl0@198]ansltioss pbekibriaéie ghvguldundgistynd thptopigrption andiigotle snay
in FIGS. 1 14, 1 1 C i I l.ectrani

devi ces, By ditr s e SnlPL ar OR3P aBiOSR IR SIqoR Y RBhiGigs, For
menories, etdnple, odatfriystaRibhg) abhdiuntbeiheafatii) signals, bits, symbols, and chips
2008/ 058112PCT/ US2007/.083739 070449 26 [00108] Those of skill in the
art woul d thtdpast dearefarercel niharusapttoMeanbrsi griariBtiomymare OF efsPESEnEe Py
using any hiedey Akeh AlaflldREEDal EIHNBHOY £842BIEARNIBHES. i or
exanpl e, data,” I'nstructions, omrangs, I'nformati on, g gnal’s, bits,
synbol s, apdtticles,ps ahhatmbmgtidrethesoér enced t hr oughout t he above

descriptio be_represent ed vol tages,. currents, .el ectronagnetic
waves, maoMPY 7 iond of skilmond) uten filecin s e Sncsallisp@ee. loged
any conbi ngfoRd ﬁ‘lﬁ@lﬁl@@f ,cir&@l@,lQil%]i d1B03BnO st ddscMOUd G Fednh&8fon with the

appreciate that the various Illustrative Iogical blocks, nodules,
circuits, dndosirgdicidihmaytbpinplementcdead dactropientsedwam, wermputethgofitware, or

di scl osure _herein may. be,i npl enent eq, as_.el.ectroni.c ha re,. c ut er
Sof tuare, ST RGHITAT BG ofobgrRY T ErERRy 1 GopRhliy dh R &l
i nt er changegbidrk ! variehis NRkENR e oaHdN&SASE, LS, my@llébiFcils| 446k dtéHsingSe been
conponents, bl ocks, nodules, circuits, and steps have been descri bed

above genefeicrihed abaveganerally thisins pliheirifoncionality. \Whksthersuely &mctionality is
functi onal i IS, J e t
parti cul ar MRSt ERST SR AR 8 o ECIcbeRl TR SEL B4 ERRT RELOEDy, i
system Skiédigtcatstrhimanisngveyd omeesrenill sfventle Skilich adidatis aiay ampldniant e
varyi ng ways for each_ particular application, but such inplenmentation
deci si ons dei6tiber furctigpalitys By yROHRE vayS ciRistash RArdepar epplicatipnnPyt, guch
scope of t [ ri.o il i

oo cal bl SRERERER, deicions Whcg 1P b hEClE fshsink £ kit o the
t he di scl osenpe ofiédregiresenagdisdlesurerpl enent ed or perforned with a

gener al - pur.bQ processor, .g digital .signal, processor (DSP). n . .
aop | cat LML P T Tty fudttr i adebrodates: ead: vty Sinbacein
gate array cbdiREidn Qith W \GEcIHRInSETBRLEHE RHIEMERVA ECperfried Gl Dgngral-
or transistor logic, discrete hardware conponents, or any conbination
t her eof degpiugposa progsesser, faodigitalnegial peedesres (BEEYL ranbapglibasion specific integrated

general - purpos es may be m Ccr opr.oc rn, Db in the .
a ter nat | veroph RRIER T8l PR et s RO PSR or sy adggfhmable togic
control | er devit&r ageRtd QutcClor RinsSt@! SdBCBistRteA HAF GRS SUMPTRAYNS 20 &
i npl emented as a conbi nati on of conputing devices, e.

. - . - - ' a -
conbi nat i ofo@binatigisthesend designed ¢p peidems dhe functipns desprifedoherein. A general-

Do cor o, B oanyPRPRett BERE aBhFIoBRRSRBERA! fubl pfSRARC Hedodidl by be

met hod or ahgosidchtivte peddebod dontrobanadtroosniiliel) dr Reateinachias uUkeprocessor
herein may be enbodied directly in hardware, in a software nodul e,
execut ed bynay akjodiedEpimengsd 45 complipdion At icamPBing $y14eios- B & P TiEaton of

remory, | CEBRON ey Henpseor | SRR o HEGIRERI, S Y more

CD- ROM  or naoppatchssprsfio conjofictghoridye D¥Pdioumor YW other such configuration.

2008/ 05811%&??1][5291967/&%%9 70 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



070449 27 known in the art. An exenplary storage nediumis coupled to
t he proc uch that the processor can read informatj d
wite inS@i—%&?ﬁ%ﬂq 0, the storage nmedium In the al terngﬁijéi,o(a%seﬁ@
storage nedium may be integral to the processor. The processor and
the storage mediumnmay reside in an ASI¥] The ASIC may reside in a
user termnal. In the alternative, the processor and the storage

medi um may reside as discrete conponents in a user termnal. [00112
In one or kovwn &xthepirar 4m gBempleny StoTae Madum dheoupdaicto) the gragsspopsuch that
i mpl ement ed i n S . fLr o O - ' ' .
ther cof 1 P g SnlEh §eac RIS ok HUEhEne MiuRRioR RO BpL8 megiom.
or transm Ui @ adi¢aratias the stofige Mddiurh Medy bicintapns tonhepadeesvr. aThe processor

conput er -r eadabl e nmedi um, Conput er.-readabl e nedi a i ncl udes boc{ﬁk;_
conput er sBefF difeSiREge asHETCBURYda T SR freliya Thecholl igpvarsideld dimser

that facilidahes UEABRI Slerffing BRTBIKEGPLABIALIAM ARG 368 taide as

anot her. A storage nedia nmay be any aval I a that can
accessed bylisaretpecoanminepis ipasser dernsdci al pur pose conputer. By way of

compr st RNy InERPRCH RS RORFEIL HEVESp(RE ol nEhaR QFHs, mey be

magnetic diirﬁfﬂeﬁfe%égﬁl YardWHE! SHRIRNR! IfinlRE 288 AEVic6@8inafbn aMY¥retE henr
medi um t hat can be used to carry or store desired program code neans

in the formpfmentstiusoftems, te fdattons maycieustersd andoritrpasmeted dyer as one or

accessed by a general - purpgse or special - pyrpose.conputer, or .
gonor al - pultSBE T BRCEEECT 008 oo, SamBY el Mg Cambusritaddhls medie
properly teqdiis ok &ir ste@tahbda BRd bétinuinenti @@k encliding &€/ medium
software is transmtted froma website, server, or other renote

source usi thft daciléfases drangfgbpea coputer ppegremdEom onenhicsttednpliey., A storage
digital su i I , W [ S .
i ar ed. - PRATGEG b AP et Mt BpEB ol BRa By AR oraf Bl spgcial
cabl e, tw pugdspaomputOSL Byowawi ofed-@spld, enlnwt dgniegioap sithacommiteracathble
radi o, and m ¢rowave are included in the definition of nedi . Di sk
and di sc, &edisen saniss, RANe ROMs EEERSNE: (R-RO eb)qthq%ﬂaﬁfﬂg%lglﬁ storage,
optical di $g,,.dtQk: j i : i 5

0 sc aher ¢ TELPIOAEE HOUETE ol R rilehGc S dee o ROy Shy S el [ can
reproduce tatusediptdaoaldrptont tiésitkd perggam Codbineans inrfbe ffrmt dfensibotiens or data
shoul d al so, be incléjdlgag W tbhi n the gcope of conput er -readabl e nedi a,
[00113] TheEPeiEys 40¢ L SER PRECET ST DY AeCHa PR ofiFguThe wopputer,
enabl e any (per s@Rratitgos of Bpddh-Rikfost Gro@keorOr AMS Cartyh orestdrOBUsiBperly
Various nodificCations to the disclosure will be readi'ly apparent to

t hose ski | ltestheidn computaricadabld metdurge Fer examm¢.ntihglse8wastis awsnhitied{ram a

may be applied. to other variations w.thout depart] romthe (!

or scope oo 3608 e s ey BaS o8 G0 D SR RphO EattE! hidred
di scl osur e paifhgigitalt fBs@Hbe£ 1iBS UDSL), Br Rdkelds tRnblggpitOsit dsiiffirdred, hdiol hed
exanpl es and designs described herein but is to be accorded the

wi dest scopRicEBiiE.sthentthecprxialheabls, i fiker gvds cahlg. hwistad padatlpflesor wireless

di scl osed Qgcﬁlﬁj)l'agiei%8%11'5!5&3%({\@%85%1% %@crﬁwgvé %é%ﬂugeﬂi 'ﬁBﬁu—:Ac?éﬁnition of

FOLLOWG: ara or wirel'ess” conmuni cat'i on,
i ncl udi ng: medium. Disk and disc, as used herein, includes compact disc (CD), laser disc, optical

disc, digital versatile disc (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



at | east one processor configured to process nultiple data packets to

generate i odewords for transm ssion from nulti ,
W th thevﬁggggggﬁffcodemords being | ess than the nunberﬂéﬁngﬂ@§&§2§,
and to map each of the nultiple codewords across the multiple
antennas; and a nenory coupled to the a8 | east one processor.

2. The apparatus of claiml, wherein the at |east one processor is
configured to map each codeword uniformy across the nmultiple

. ! . . e pl
ant ennas stherisdiesuraan Thfudle diselosusn ippot nendertitank Hutited de pseeramplesaang
of the mul ] A : : I cl.ai .
wherein t hgég? PSt ‘?é%fngwaan?eerﬁlﬁl a%utclg rt? ebgp%c-rggpd[egp&rlrglvﬁ%%? esgé}?er lf %{asﬁkéélﬁﬁgelﬁ?n g?
formed baspdn@plesat eoetifeagresdisdlased herein, 4. The apparatus of claim
3, wherein the at | east one processor is configured to map each of
the nultiple codewords to at |east one of nultiple layers, and to map
the nultiple layers to the multiple virtual antennas. 5. The
apparatus of claim4, wherein the at | east one processor is
configured to nmap each layer to all of the nultiple virtual antennas.
6. The apparatus of any one of clains 1,2 or 3, wherein the nultiple
antennas include three virtual antennas forned based on a precoding
matri x, and wherein the at | east one processor is configured to
generate two codewords including first and second codewords, to map
the first codeword to one of three layers, to map the second codeword
to remaining two of the three |layers, and to map the three |layers to
the three virtual antennas. 7. The apparatus of any one of
claims 1,2 or 3, wherein the nmultiple antennas include four virtual
antennas forned based on a precoding matrix, and wherein the at | east
one processor is configured to generate two codewords including first
and second codewords, to map the first codeword to two of four
| ayers, to nmap the second codeword to renaining two of the four
| ayers, and to map the four layers to the four virtual antennas. 30
8. A nethod for wrel ess communi cation, including: processi ng
mul tiple data packets to generate nmultiple codewords for transm ssion
frommultiple antennas, with the nunber of codewords being | ess than
t he nunber of antennas; and nmapping each of the nultiple codewords
across the multiple antennas. 9. The method of claimS8§,
wherein the nultiple codewords include first and second codewords and
the nultiple antennas include three virtual antennas formed based on
a precoding nmatrix, and wherein the mappi ng each of the multiple
codewor ds i ncl udes



mappi ng the first codeword to one of three |layers, mapping the second
codeword to remaining two of the three | ayers, and mapping the three

| ayers to the three virtual antennas. 10. The nethod of claim
8, wherein the multiple codewords include first and second codewords
and the nmultiple antennas include four virtual antennas fornmed based
on a preceding matrix, and wherein tge mappi ng each of the nultiple
codewords includes mapping the first %Codeword to two of four | ayers,
mappi ng the second codeword to renmaining two of the four |ayers, and
mappi ng the four layers to the four virtual antennas. |Il.An apparatus

for w regfeesAmMSDERININGITHE INVENTION ARE AS FOLLOWS®Eans for processing
mul tiple data packets to generate nmultiple codewords for transm ssion
frommultiple antennas, with the nunber of codewords being | ess than

the nunber qf ankﬁﬂgggm ﬁpgeﬂEﬁBEnLﬂ&m&?RQhﬁg .each of the multiple

codewor ds acr oss e antennas e apparatus of claimll,
wher ei n theawmstqnppreceesemgauafé tq mieess e Itiple date paskeF te erderAe melbidle fRsEMEdsand
the nul faﬂ tRh@nigh %ﬂ%ltipl&%t&ﬁh@s i tﬁ@ndﬂbéﬂdﬂ@dde@@&s&ﬁﬂ@&ssftﬂh E}’ﬁdurfb&fﬁd on
a precodin rix, an e _neans each o e

nul ti pl 38 Eié{?\{)‘f’ﬂ?p F%&?W&Fé&““ﬁ?&a‘ﬁé ewouls aaep e W&"'{’Fagp ‘T“P%’sﬁ“gcodev\or dto

one of three neagarcsyplediethsat featt omegpppessg. t he second codeword to
remai ning two of the three |ayers, and nmeans for mapping the three

| ayers to the three virtual antennas.
2. The apparatus of claim 1, wherein the at least one processor is configured to map each

codeword uniformly across the multiple antennas such that an equal portion of the codeword is mapped to

each of the multiple antennas.

3. The apparatus of claim 1 or 2, wherein the multiple antennas correspond to multiple

virtual antennas formed based on a precoding matrix.

4, The apparatus of claim 3, wherein the at least one processor is configured to map each of
the multiple codewords to at least one of multiple layers, and to map the multiple layers to the multiple

virtual antennas.

5. The apparatus of claim 4, wherein the at least one processor is configured to map each

layer to all of the multiple virtual antennas.

6. The apparatus of any one of claims 1, 2 or 3, wherein the multiple antennas include three
virtual antennas formed based on a precoding matrix, and wherein the at least one processor s configured
to generate two codewords including first and second codewords, to map the first codeword to one of
three layers, to map the second codeword to remaining two of the three layers, and to map the three layers .

to the three virtual antennas.

7. The apparatus of any one of claims 1, 2 or 3, wherein the multiple antennas include four
virtual antennas formed based on a precoding matrix, and wherein the at least one processor is configured
to generate two codewords including first and second codewords, to map the first codeword to two of four
layers, to map the second codeword to remaining two of the four ayers, and to map the four layers o the

four virtual antennas.



31 13. The apparatus of claim1l, wherein the multiple
codewords include first and second codewords and the nultiple
antennas include four virtual antennas fornmed based on a precoding
matri x, and wherein the neans for mapping each of the multiple
codewords includes neans for mapping the first codeword to two of
four layers, nmeans for mapping the sggond codeword to remaining two
of the four layers, and neans for mapping the four layers to the four
virtual antennas. 14. A machi ne-readabl e nmedi um i ncl udi ng
instructions which, when executed by a machine, cause the machine to

perfornroperatrons ncl.udi ng: .. processing multiple data packets
to generate nultﬁﬂﬁ@oggﬂ&“ﬁ%ﬂ?”ﬁ%Pm?Pgdgﬁggg|on frommultiple

ant ennas, Wiptdeessihemultipidata patkes ackenaaicisuitipdd edeviosds Sor trivamistirefranumidéple of
ant ennag. A %lﬁ‘?ﬂ%@: 6k: ASHWR] dgki‘%né&’hﬁﬁ L &rr?b@r%%‘f?énﬁa% Sr oss the

mul tiple an ‘en for wre

communi cat i mﬁpplnmmﬂfr‘hﬁrg’ump]e codeworgly acroé%ﬁbﬁt m@iﬁéc PieOEes s or c onfigured to
receive a multiple-input multiple-output (MIW) transm ssi on

i ncl udi ng nultrple codewprds sent via nulti nt ennas, each

codewor d bei’ng géPrersiodq fam @d‘”'lﬁF?"‘a{hHT"f“fpéer@ﬁ“tWOEFét“é[“ Rt 85089 mapped
across ¢daevondslahd Pt @uiaE SIEARS ;ncawh&hﬁnnumiwﬁas @cfnnmﬁgw gsredoginn@atrix,
gener at el Wg_segq]eon ?hdhéﬂﬁﬁmmum dm&g% Iess t han the nunber of

ant enna¥’ P PEFO€aL emord from across the

mul tiple anU@mmasme&ww0¢mmdM@mu@f@aehw@%napped codeword; and a nenory

coupled to tRealmkt ﬁe@&h c&faﬁor@foqgrﬁa‘frﬁﬁgtwo of the three 1a§e@s aniiN€ apparatus of
claim 15, whereln transm ssion i ncl udes first and second

codewor ds séﬁwmvﬁ@eWﬁ*&%”%WﬁP&EF”@H?%ﬂW%§Sforned based on a precoding
matri x, and wherein the at |east one processor is configured to
perfornrde pi ng, for. the first codeword fr

Drrtual ant ahas T EbShe HRA U PUfR oA BR ERes i rd T o1 o
subcar r fedesgrdsandltie ouipge frtanmas dehdploimigtutiontetrhefosed drved @egewoting ratrom
acr 05 LGuker ek rerrgtslegt AU GRRBR cHRAorkd R0 virtual antennas on

each of the nult carr 17. The apparatus of claim
15, wherein ff'ﬂrﬁ’é’“MhR/ﬁIstcroém’@fﬁt%E’fO@rﬁquﬁéYeﬁdes two codewords sent via

four vi rtualm@%gmaeesonfa%dms#dlaﬁs.aﬂmﬁglwaoﬂhefagdaye:@,armtrl X, and wherein
the at |east one %: cessor _is.conf |8¥red to perfornrdenapprng for

each codewor®PPPBRT 08t BEL ? REOPLIFAAMPH4 ant ennas and from two

virtual antennas on each of nmultiple subcarriers.
il An apparatus for wireless communication, including:
means for processing muitiple data packets to generate multiple codewords for transmission from
multiple antennas, with the number of codewords being less than the number of antennas; and

means for mapping each of the multiple codewords acress the multiple antennas,

12, The apparatus of claim 11, wherein the multiple codewords include first and second
codewords and the multiple antennas include three virtual antennas formed based on a precoding matrix,
and wherein the means for mapping each of the multiple codewords includes

means for mapping the first codeword to one of three layers,

means for mapping the second codeword to remaining twe of the three layers, and

means for mapping the three layers to the three virtual antennas.



32 18. The apparatus of claim15, wherein the at |east one
processor is configured to performM MO detection on nultiple

recei ved synbol streans to obtain nultiple detected synbol streans
for the nultiple antennas, to demap the nmultiple detected synbo
streans to obtain multiple demapped synbol streans for the nmultiple
codewords, and to decode each denappgg synbol streamto obtain a
decoded data packet for one codeword:. 19. The apparat us of
claim15, wherein the multiple antennas correspond to nultiple

virtual ant qgnas'f e%Pﬁr%%ﬁ!aﬂ i} h’ﬁlct%itn tﬂe%?pfqugewg{d9&9§&%st hrd second

configured t etection on fp e recel ved cgng

str eamﬁﬂwoﬁbtﬁ@ﬁ the Yitinle apteanag nclude ferd vistyphgpennat fresiBassdom aprreodingImaltiyl e

Vi 't ual sn@RhQBIA B8 medr £l SRl oPlik buphie cddBlaGtiRtlagy mbol streans to

obtain multiple flrst d'{?”@gl % |yrrbol Is)ft gams for nultiple layers, to

demap t he mAtETeftr&apRipate WahraesHad 'SV R8O P #F&ans to obtain multiple

second denmapped foyrbohg tsd eaatBsodbwdrd tohenanidgitvpbfohecfoddnpes.ded and to

decode each tain a decoded data
rée%%%} \?\@ﬁ%ﬁé’fﬁﬂ 1&%&’?0‘15%&&%@?&3&%@%? .

packet for one co or wirel ess
comuni cati on, including: receiving a nmultiple-input

mul ti pl e- outjgut ﬁMa@@e-Md@!ﬁl@mcﬁnﬁr\ AEludifRGhstridiBgs whibh!iRh BxeRANR illghireNnt
via nultiple antennas, each .co ewgrd bei ng generated based on a

differ eﬁPseH&"&cm%FéRE?h%‘éPeWﬁ?fﬁéﬁ 8¥0ss the nmultiple antennas, and
t he nunber @focéﬁ@d@ﬂbﬁlfﬁisddﬁeﬁpaﬂ@tsk@@&erﬁthﬁﬁltuﬁlh&:dm%r tmﬁsmbeMauitiple

per { or Ml SRR 11, OF 58Ik OGN B ARSI BRIy L1 Pl @

ant ennas; 1. The nethod
of claim 20,mantneg@phpfﬁwmwmotiewawsWr(ss%muliﬂﬂetrmdeas first and second
codewords sent via three virtual antennas fornmed based on a precoding
matri x, and wherein the Perfor m ng denmappi % i ncl udes

perforni ng dénappARPAREE I WEelsss pamunisgiofdieidgom acr oss the three
virtual ant amaasorara%césgoeaanﬁg\eem fetmlanamtp&nﬁw mmmﬂasdmpuomzmﬂ)tl pI e

subcarr grer S ewor?geu]g gane{a?\éD rd

ansmissi nmc% din muiti codfe org; egwa mn?lpi?al nnas co
from acr oss %% lh é tua ennas MD VIT ennas

on eac hbagfd onladifisrghttdate Ip@k@@mbaa'pmd@mss the muftlple aB@nnaél' el thegtufrbet obfodevtoadsm
20, V\heﬁe’?r{fg%eﬁe%d Mas%%ntar RS 824 ;QEI«:! IE‘sG kh‘éﬁi% an{b'élscIf 2dHlasS® ?-E}qun aasewRg ds

sent via Oil],ll’ virtual antennas formed based on a é)l’ ecodi ng matri X,
and whePEFRP FHBYGRIIBIFASHES BERp PGS Fid [ogeede cach emappﬁ‘é‘?"[‘i‘c‘)‘i‘"ﬁ‘? Ag
demappi ng f o mé@asicocHdiavvme a [d6:0m Bredess t he four virtual antennas and
fromtwo virtual antennas on each of multiple subcarriers.
16. The apparatus of claim 15, wherein the MIMO transmission inciudes first and second
codewords sent via three virtual antennas formed based on a precoding matrix, and wherein the at feast
one processor is configured to perform demapping for the first codeword from across the three virtual
antennas and from one virtual antenna on each of multiple subcarriers, and to perform demapping for the
second codeword from across the three virtual antennas and from two virtual antennas on each of the

multiple subcarriers.

17. The apparatus of claim 15, wherein the MIMO transmission includes two codewords sent
via four virtual antennas formed based on a precoding matrix, and wherein the at least one processor is
configured to perform demapping for each codeword from across the four virtual antennas and from two

virtual antennas on each of multiple subcarriers.
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18. The apparatus of claim 15, wherein the at least one processor is configured to perform
MIMO detection on multiple received symbol streams to obtain multiple detected symbol streams for the
muitiple antennas, to demap the multiple detected symbol streams Lo obtain multiple demapped symbo!
streams for the multiple codewords, and to decode each demapped symbeol stream to obtain a decoded data

packet for one codeword.

19.  The apparatus of claim 135, wherein the multiple antennas cosrespond to multiple virtual
antennas, and wherein the at least one processor is configured to perform MIMO detection on multiple
received symbol! streams to obtain multipie detected symbol streams for the multiple virtual antennas, to
demap the multiple detected symbol streams to obtain multiple first demapped symbol streams for
multiple layers, to demap the multiple first demapped symbol streams to obtain multiple second demapped
symbol streams for the multiple codewords, and to decode each second demapped symbol stream to obtain

a decoded data packet for one codeword.

20. A method for wireless communication, including:

receiving a multiple-input multiple-output {(MIMO) transmission including multiple codewords
sent via multiple antennas, each codeword being generated based on a different data packet and 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 muitiple antennas; and

decoding each demapped codeword.,

21. The method of claim 20, wherein the MIMO transmission includes first and second
codewords sent via three virtual antennas formed based on a precoding matrix, and wherein the
performing demapping inciudes

performing demapping for the first codeword from across the three virtual antennas and from one
virtual antenna on each of multiple subcarriers, and

performing demapping for the second codsword from across the three virtual antennas and from

two virtual antennas on each of the multiple subcarriers.

22 The method of claim 20, wherein the MIMO transmission includes first and second
codewords sent via four virtual antennas formed based on a precoding matrix, and wherein the performing
demapping includes

performing demapping for each codeword from across the four virtual antennas and from two

virtual antennas on each of multiple subcarriers.



