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MO transm ssion inba nper to achi eve ?od : :
?spd)ylﬁej%éygw ¢ multiple-access systems capdble 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 may utilize multiple (T)
transmit antennas for data transmission to a receiver 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
may transmit up to T data streams simultancously from the T transmit antennas to
improve throughput. Alternatively, the transmitter 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 performance.
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MIMO channel does not resemble a diagonal channel.
[0008] Various aspects and features of the disclosure are described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] FIG. 1 shows a wireless multiple-access communication system.
[0010] FIG. 2 shows a block diagram of a Node B and a user equipment (UE).
[0011] FIG. 3 shows a block diagram of a transmit (TX) data processor and a TX
MIMO processor.



[0011] FIG 3 shows a block diagramof a transmt (TX)
data processor and a TX M MO processor.[0012] FIG 4
wWGe bwsoIgr2Hhl ock di agram of a receive (RX) M MO PCDUS2E%/053512

and an RX data processor. [0013] FIG 5 shows a

process for transmtting dataszw th rank-dependent

precoding. [0014] FIG 6 shows an apparatus for

10043k i thlGng shawa ablppk dmgkendeperrdente pr¥t dUMIQ Nrodsgy and an
7 shows a process for receiving data with

Eg(ﬁa-t%l%rﬁg%sagnt precodi ng. [0016] FIG 8 shows an

onar at USGE oshévesepiocrg fohietranswdittifg datakvidefardepindent precoding.

E{Qicodi 2‘3 DETAI LED DESCRI PTI ON [.0017] The techni ques )

8l i bddChepReWs #3prBERtyssiaf trapymi(lgidgtssvifh Faakelggendent precoding.

ni i - -

T 257 St RSB vl e B B bcing

[0dd6]vor KETGaB sh@fd @nappaedus fot efceivarpgmadvith révkGdgBndent precoding.

system may i nplement a radi o technol ogy such as

Uni versal Terrestrial Radio Access (UTRA), cdnma2000,

etc. UTRA incl ude ' Wﬂﬁm and ot her

CDMA vari ants. cd%mg%rs - 2000, -95 and

[0818P6 stRNda@hedfucd ddobibeRly HeRiih MMy | PP @RBNFora vaABiP wireless
technol ogy such as G obal System for Mobile

cunmunicaten eyreniGomh. ane DYEBVATIM S gy QFRYidaeii-FRMA and

' nojl o u » Evpl.ved L] - UTRA). t
RBR Rl GEOaThORmE (ORI, B 80" IR, HlrEitd phithheatly. A
8021A Gy,WhMAX) implERENBH Zad2d® techh@lb gy QIBMsrniveksl. TddeRAal Radio
and E- UTRA are part of Universal Mobile
&8 GHIRAY c dMEP08y &€ e H TRUMMBY ud e piidqbgpdy CRM A (W-CDMA) and

. TE) i comi
AL 08 i SR SRS RS S TR bt
TEdEA i setdmi mayl opleerhsa radntethnologanudatsd GiotaaSgsteth3iod Mobile
neration P %Qer%gi oj ect” 3GF.’P)I cdma2000 aHd
rypicaligac pdl WL PR ERIgIghaTae fshnology such
RapBslve S UL REE (N AR 2f) UTas MR a&l81 §EOMB), 1EBERI02)11 (Wi-Fi),

These various radi o technol ogi es and standards are
KEHEM02.m6 t(MaMVEXX), TEBB1B. 20, Glash-GHIMS, etevi KEIRS snd E-UTRA are

Rl e R TSP A AT D, AL P
Elbélﬁgoﬁt(ﬁ’ftp'?s taig %%c&&{ﬂguf@l&éé ®8 IR thie ulESEANER ABYUTRA, E-

al so be referred to as an evolved Node B (eNB), a base
BHTRA, AMMTanLAE e d $559\diant desetibed iBEalohurNomie fiBmdrorganization named

pirgv(l}gn%%atl%% a nlelg:s%}pl Prnojecc%ly %(?ﬂ% cdma2000 and UMB are described in

documents from an organization named ‘“3rd Generation Partnership Project 27

(3GPP2). These various radio technologies and standards are known in the art.

[0018] FIG. 1 shows a wireless multiple-access communication system 100 with
multiple Node Bs 110 and multiple UEs 120. A Node B may be a fixed station that
communicates 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
cach 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
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Elgﬁa% \ﬁ%ﬂl ﬁogQ% 11(9, &0 cach 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) 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 MIMO channel from Node B 110 to UE 120 based on
the received pilot symbols and provide a MIMO channel estimate to RX MIMO
processor 260. RX MIMO processor 260 may perform MIMO detection on the received
data symbols based on the MIMO channel estimate and provide detected symbols,

which are estimates of the transmitted data symbols. An RX data processor 270 may
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eRhqgeaal fseaapkdivisiosrmltiplsningd FDMHoR fhsrAoamlinksd single-carrier
frequency division multiplexing (SC-FDM) on the uplink. OFDM and SC-FDM
partition the system bandwidth into multiple (K) orthogonal subcarriers, which are also
commonly referred to as tones, bins, etc. Each subcarrier may be modulated with data.
In general, modulation symbols are sent in the frequency domain with OFDM and in the
time domain with SC-FDM. LTE uses localized frequency division multiplexing
(LFDM), which is a variant of SC-FDM, for the uplink. With LFDM, modulation
symbols are sent on a block of consecutive subcarriers.

[0025] Node B 110 may transmit L data symbols simultancously via L layers on
each subcarrier in each symbol period, where in general L>1. A layer may correspond
to one spatial dimension for each subcarrier used for transmission. Node B 110 may

transmit data using various MIMO transmission schemes.



[0024] The techni ques described herein may be used for
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defined based on a layer to virtual antenna mapping selected for use. U may also be an
identity matrix I. The same or different permutation matrices may be used for the K
subcarriers.

[0030] In general, Node B 110 may perform precoding based on one or more
matrices. Precoding may include virtual antenna signaling, which is processing with the
precoding matrix W to obtain virtual antennas. Precoding may also include processing
with one or more cyclic delay matrices for each subcarrier to obtain cyclic delay
diversity. For simplicity, much of the following description assumes that precoding
includes only virtual antenna signaling with the precoding matrix W.

[0031] FIG. 3 shows a block diagram of a design of TX data processor 220, TX
MIMO processor 230, and modulators 232a through 232t at Node B 110 in FIG. 2.
Within TX data processor 220, S data streams may be provided to S encoders 320a

through 320s, where in general S>1. Each encoder 320 may encode, interleave, and
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A S EIM 3mbpb eorsaiaings Bbchr saneieswi The carichpedisni ngeferred to as a
5%th p)feﬁ/v 184 is used to combat inter-symbol interference (ISI) caused by frequency

selective fading. Each modulator 232 may further condition its sample stream (not
shown in FIG. 3) to generate a downlink signal.

[0034] Controller/processor 240 may receive feedback information from UE 120
and generate controls for TX data processor 220 and TX MIMO processor 230.
Controller/processor 240 may also provide the precoding matrix W to precoder 334.
[0035] TX data processor 280, TX MIMO processor 282, and modulators 254 at UE
120 in FIG. 2 may be implemented in similar manner as TX data processor 220, TX
MIMO processor 230, and modulators 232, respectively, in FIG. 3. For LFDM, a

discrete Fourier transform (DFT) unit may be inserted after each symbol mapper 322



obtai n out put synbols for that subcarrier. Pilot

synbol s may be nultiplexed at the input of output of
w@e@soekes 334. Precoder 334 may provide T out pRET/BE§2008/053512

streans to T nodul ators 232a through 232t. [0033] Each

nodul ator 232 may perform OFDy nodul ati on for a

respective output synbol stream Wthin each nodul at or

asbmay he uppdetpgrangfiosvrtee datEeymbels fropmimat doma(n OATYquardyt domain.

4 [ ma K-point. |DFT on K put synbols to

BB R DRE TR oBAR Qhieliy vBRa it oot symool

pBsbpd tTheabdoived sgmbsBfat URMN fiof BachBNb&irAén¥gmMiy be expressed as:

ti me-domai n sanpl es. Each tine-domain sanple is a

conpl ex value to be transmtted in one sanpl e period.

A cycl® pr &K FxxGamafa or 344 may copy the last C

sanpl es of the usef ortion and append the copied

sanpl es tozﬂ(g)wgrﬂl&bﬁezékhe useful portion to forman E1(2

OFDM synbol containing K + C sanpl es. The copi ed

portion i s~ Hef ©r F%‘i!l(kt)gzé@ a cyclic prefix and is used

to conbat inter-synbol interference (1SlI) caused by

frequ y. sel ective fading. Each_nodul ator, 232 may
PAFEh B AR T SrMPYG 3@!1*3?1@1@% KPSt Cdhown in” FI G
3) topgensLs %! ' : :
Cont 1 ST 7 A B YIS, B SHRNG NI Pl i or subcaricr £
i nf or ' e - rQl ol

g@% isa REQMddbor :lsggt_ia_f;?(ﬁ% %%%{@H%Zﬁlggfs ?f)% 6§béa91rler k>,<and

dat a cessor 220 an processor

Cont r k) srahpR od esserve2wdd forsybedrser /pr ovi de t he

precoding matrix Wto precoder 334. [0035] TX data

03¢k s s AE 280 may XoMpd pspadelsilas n2idx MYl foredell atbetsier £ based
254 at UE 120 in FI.G Zkg%}/t be impl emented_in simlar

AR HISEVIME ehrnpeliatx JL& ho peccodennaiiix PV sed 4 gecordance with
. iued [ . 3. For
PR R AR P (PIRET KA A M 2, B

inserted after each synbol mapper 322and nmay be used

to trangderii hBl @) 8 seybar Sl FrHEf (k) e domain to Eq (3)
frequency domain. For OFDM the T unit may be
omtted as shown in FIG 3. [0036] The received

syefeoD i 4307 (P kv sUDTAH @) 1K “bes a di | matri
expr esgie)gI [ad;lEg {i[H(@Eg W%@J&) +?}ak)l}®Eqﬁ 2§[] = Se?f la(gI?;la e
U d(k) +z(kfscaligs ealtskjscd fo il mormhal MelVidereb@a 8phbols,
matrixzf‘or subcarrier k, Heff (k) =H(k) Wis an Rx L

ef f eciol; vie thel Wibandeaoiried novet, ek f or subcarrier k, y(k)

is an R x | vector containing R received synbols on
subcaM{(fhis ap R xAgspatial filter rnatlgx for subcarrier £. y

[0038] UE 120 may perform MIMO detection as follows:
Ud(k) = M(k) y(k) = U d(k) + Z(k) , Eq (4)

where d(k) isan Lx1 vector containing L detected symbols for subcarrier k, and

Z(k) is a noise vector after the MIMO detection.

[0039] FIG. 4 shows a block diagram of a design of RX MIMO processor 260 and
RX data processor 270 at UE 120 in FIG. 2. Channel estimator 294 may derive a
MIMO channel estimate H(k) based on the received pilot symbols from demodulators
254a through 254r. Within RX MIMO processor 260, a computation unit 410 may

compute a spatial filter matrix M(k) for each subcarrier £ as shown in equation (3) or



z(k) is an R x | noise vector for subcarrier k .
[0037] UE 120 may conpute a spatial filter matrix MK)
WO 2008028205 subcarri er k based on the M MO channedT/bsz00$/¢53512
H(k) and the precoding matrix Wand in accordance with
a linear m nimum nmean square egrror (MVSE) techni que
as follows: MA) = D(A) [ H(A) He (A) + 2 | %
S@Ao}n somEq)tlQ@)MI,M@r ¢ct@tian echnjqug égl\/{lﬂ\/l@ud@mcgor Kig2 fmay perform

f\/b tle%tgon\/(%Jl écen)eggle{a sy(-nb / ‘,J“tlrearnigr Lom ch og@!ator éha through

gymhls theZspatlaISﬁltd?&ne\tﬁf( M9 €oi0fachhabowiisek a@ﬂd)vM ) equation (4)
an R x L spatial filter matrix for subcarrier

psbrygyidedeteoigd wagpbpls ferghenlveiveicd erauad prfanies. onllaV@fvésemanper 414
ﬁilagi %)arn Mekc)etéé(é%i s}rm‘boH i .Qlﬂanh%{é@dme]%lelﬁgnté %@#Qp@ﬁg})erformed

I's” an vect or cont ai ni ng ecte

by bgar ma@peﬂd32atmdF X, K) aridsmay mpodidée S%tfmteda‘fyhﬁrol tstreams for the S
g/II\/D detection. [0039] FIG 4 shows a bl ock diagram of
AtYELFARS- of RX M MO processor 260 and RX data

%0@9]955W1tg1¥1q{}@tdag%ré&gsdr'?75 | §syrdbol e E'?J:rs 85dd ff@&%’h 420s may

may derive a M MO channel estl nmat e based
symebal elewiap et Pidbtotted yybbodlssticrmemanid medidedo gl ikeltioba ratlos (LLRs).

%girﬁ‘g(f?[%g“t ﬁrﬂﬂfﬂ}\{%ﬁ %%% I};Ré(g,y é%%ﬂﬁ){i o%gl%geg%?%e(s Igh(i ??ctogf: the LLRs from

SREBA] XddWh elfsoﬂ2(§ha¢lﬁo§%{b(2@0§| Ripdctidslys hawnprotidedgaddcdfled data
(3) orbased on sonme other M MO det ection techni que. A

qumsaet ector 412 may perform M MO det ect| on on R

dFéglﬂr%l %\1}\48‘%?2? ?‘Hgg'@{ggfg%&%gﬁ I:\)F(gre r | XW%% \%1%1’ Successive

ﬁmfer&tﬂé cahédliatiok (MM SHOND) idicieat aihb Qiiata( d)camnthap bo \dedﬁted and
detected synbols for the L selected virtual antenn

aeqodgb rand dheppeiferanss dusytodbivest ceRemae e coianatsy r%eéwénqqlﬁd from
e R EOTBR Afher U o TR P BE LOLIREaBY decoded afer
saneblddtiontof ettt forent b duStodht de@tiedamm.[ 0040] Wt hi n
ta rocessor 270, .S synbol ers 420a thro
Eédg PP HTPCY & GRS ‘%aydlée( %iefeigﬁ P riyoi© &%’@%ﬁi’é‘w In one
IPraO‘T'ﬂP U@y bie&hl RORDydeRt foPShd He%am? %Qﬁﬁ(’@er Yhe unitary

a through 422s may descranble, deinterfeave, and
ﬂﬁtmch it loRarhdtBS$zeldrignthe properties V/V =1 and V V¥ =1, which means that

the columns of V are orthogonal to one another, the rows of V are also orthogonal to
one another, and each column and each row has unit power. The unitary matrix V may
be defined such that all elements of the matrix are unit-magnitude elements having the
same magnitude. The use of the unitary matrix V with unit-magnitude elements for the
precoding matrix W may (i) allow all T transmit antennas and their associated power
amplifiers to be fully utilized for data transmission regardless of the number of layers
and (ii) avoid affecting the channel statistics, which may be unknown to the transmitter.

[0043] In one design, a Fourier matrix F, which is a unitary matrix with unit-
magnitude elements, may be used for the precoding matrix W. The elements of a T xT

Fourier matrix F may be expressed as:

fo,=e T, for u=0, .., T—1and v=0, .., T—1, Eq (5)



synbol demappers 420a through 420s, respectively, and
provide S decoded data streans. [0041] FIG 4 shows a
WO 2008a820A0VBE recei ver. For a |inear MVBE w t h PCT/US2008/053512
successive interference cancellation (MVSE-SIC)
recei ver, one data stream mayjje detected and decoded,
and the interference due to this stream nay be
@/b@llenfat e thend cmenicial tbd u-thoravt h@d reb eiolwan @attle Egwia| matrix. A
Anot her .data.stream dISlE'Fma d and decoded

afietd n?:agrll% Y a1lsalotGlocr)nnmo qa¥71ft8rr ‘%0 ars ef enCe 'due to the

fmagped 1atanetdt dbHB42] pWaskishiffedt Edilﬁﬁ:r @hatfiaf ﬁvhﬁ:ﬁslsrmo a umtary

be used for the recodl mat rj x I n one design,

szrﬁtruhwﬁhrlyntﬂﬁ@gmwdv eieénqy\g%an%l?e nyed foF élt‘?oﬁﬁe%dl%mﬁkx W. The
| [ [ terized by the

é\éag%-tegﬁltfﬁégg%@r%tﬁaf&I%aa]\{{?'%p%g?édaa%v\hl ch neans that the

colums of V are orthogonal to one another, the rows

of V & e AlFsp orthogonal to one another, and each Eq (6)

col um and each row has unit power. The unitary matrix

V may be defined such that all elements of the matrix

are unlterriagnpt ude efeprents having the sane magnit ude.

The use |of) the unitapgy|matrix V with unit-nmagnitude

whewehts for the. precodisrydiaganal Rhage slift natyixadndow al |

T transmit antennas and their associ ated power

anplifiere toobe.-fubkf®|utilized for data transm ssion

regardl ess of the nunber of layers and (ii) avoid

af f ect) inthd piese foaninel-tisdra¢rinat i cs, whi ch may be unknown

to the transmtter. [0043] In one design, a Fourier

[UBUE] X FA didploll hStrx 1Nd haditdix RBEHH bdssWlé Rokblomalgmichtd dong the

el ements, may be used for the precoding matrix W The

éllaéwhta@d oferqp clpments enyrlices. et &hoxvnFlnn@guab@n éXprtes phepe-shifted

_ur er I.gr(lqat{J g)nlil \é‘t}eeolgtgme%yg‘r% I;]nulti 1%1 {1@ Iﬂ r\{eﬁ rn&)thi( w1’th a d1agonal

madixv-th colum of the Fourier matrix. A Fourier

matrl x is also commonly referred to as a DFT nmatrix

[t9dal] |FiccodBienwith die%méw metbhas sbamt 11 é@uqﬁ@arﬁlbmay allow cach
ro un;j t

T s ﬁn%glé‘?‘% DR RAR Sial il 2 plty P lenith hnd may also allow the

asbeinted \WowEhemphsms-ts e fused! fd%aiata eansmassionxevenywlam only one data

ex ; ?Slg %gntaosn oryg deAr Fﬁrth%gmgge), eéchodagca symbol may be sent from all T

physwal antennas regardless of the number of layers and may observe spatial diversity.
[0047] The response of the MIMO channel from the T transmit antennas at Node B

110 to the R receive antennas at UE 120 may be expressed as:

hu(k) hu(k) th(k)

H(k) = hzls(k) hzzs(k) hzTS(k) , Eq (7)

i (k) gy (k) - P (K)

where £, (k) is a complex channel gain from transmit antenna j to receive antenna / for

subcarrier k.
[0048] The characteristics of the complex channel gains in H(k) may be dependent
on various factors such as the wireless environment, the type of antennas used at Node

B 110, the type of antennas used at UE 120, etc. If an antenna configuration such as a



0J g2 0 where A = is a diagonal phase shift matrix,
and 0 O qv is the phase for the v-th antenna. [0045] A

wa@le@gosrks matrix is a matrix with possi bl e nonP@BED82008/053512

el ements al ong the di agonal and zero el enments

el sewhere. As shown in equatipn (6), the phase-shifted
Fourier matrix be obtained by pre-nultip lying the
mmfnmelnnq&a@ﬁrm(%zzhlsalseﬂ algfdors B rlrét),rth&n th[e(@om@}ex channel gains may
L %%gggrre agcf:%{m o%ldegreﬁo% vylthnan,to glllt)a(lpongl 11 Serl’ﬁhﬁ ggstpap i diversity.
Holveverp iy@osaol@agom aﬁteﬁmCdmgu@Iusﬁs aﬂel B8 TahBJode B 110 and UE
associ ated power anplifiers to be used for

1#Gnthay s“éP%rPOéaJ&"}U% ehscsmipatipne (YBPY ofyihs oMlMsO shapnchpmay be
&?ger%gegqy leW?eIg ﬁ{/ t)b[ﬁﬁ %Dﬁlgh tﬁ@‘f&hl\}fj@tcﬂaﬁ?émg{m{'ﬂ%% %f@gﬁe close to a

si cal tennas regardl ess
dfagbray emeﬁriﬁ,nahdnmtc@blsgmm @ paitdrglmaiiv ensi tpke [flR0&Tdctive MIMO
The response of the M MO channel fromthe T transmt
‘éli?tn@ﬁlﬁﬁ%mét Mé#k fmﬂ%ecdl%g%la fEiXei ve antennas at UE
may be expressed as hl 2 (k) hit

[ﬂﬂﬂpb hd2E (1@9 3y f:rnp gear E(qej;eweq, a(l g\/FgEzﬂg receiver, or
some Bther (\Jfﬂ\/[(‘ﬁk}@ée@vc}f‘ t6 li))roée§s heCREAV&K s a}ﬂﬂ@dw? ggaﬂfé fifQFMMVIMSE

transmt antenna to recelve antenn ubcarrier
keceivpi0GhGierfohre lmhfa‘rMMSE detiton anfthe heeeyodipyelols aolstein detected

S T pLISSERL R BREnD RRGOISHE BROU BhAL Juhdn these
atcaiRderiB MNISE-SIOGcdRe @h RALEAMASaUSRISRUctdRidfhd decoding

etc. If an antenna configuration such as auniform
fqrrm@rstmmagfc f(umﬁz) eptemays ebic antenfordaceBdue faOcachhdgeodérk stream, and

R s T R R o R po R MBUTE oW gy accoding for

e Rk 8 ktirdam. HOWE WEMSB-S1(T FR85ep flag ezl @Nadiéveniidd performance
configurations are used at Node B 110 and UE 120, then
toeasiiesy opfa mibeter ghe difieetiy e MBYIOo shingpb)is gHaganal o mryn-diagonal.

ﬁp%@@rl tHERY, egf" Mlﬁgﬁe@}_ﬁcﬁg&sr %ﬁ Ha\;eh\%oé? geffﬁnﬁéngg fott BGon- diagonal

Channel matrix
effective MIMO channel. Thus, precodmg with a unitary matrix in the presence of a

near-diagonal MIMO channel matrix H(k) may degrade the performance of the linear
MMSE receiver.

[0050] In an aspect, rank-dependent precoding may be performed in order to
provide good performance for both the linear MMSE receiver and the MMSE-SIC
receiver. For rank-dependent precoding, each rank may be associated with a set of at
least one precoding vector or matrix that can provide good performance for that rank.
Different ranks may be associated with different sets of precoding vectors or matrices.
Rank-dependent precoding may provide good performance even when the Node B is
equipped with cross-polarization antennas.

[0051] For clarity, rank-dependent precoding is described below for a 2x2 MIMO
configuration with two transmit antennas and two receive antennas. For simplicity, the
following description is for one subcarrier, and subcarrier index & is omitted. Also for
simplicity, U is assumed to be an identity matrix and is omitted. For the 2x2 MIMO

configuration, the received symbols at the UE may be expressed as:



di agonal matrix, and precoding with a unitary matrix
may make the effective M MO channel matrix Heff (k)
wo 2008098205 t he di agonal matrix. [0049] UE 120 nRgT/ERPDLYS3512

a | inear MVSE receiver, an MVSE-SIC receiver, or sone
other M MO receiver to procesg the received synbol s
y(k). The linear MVBE receiver can performlinear MVBE
det ect pp ﬂmthﬁz i yed| synbols to obtain detected
synbol }ﬁl .; . ich may be processed to Eq (8)
recover’ d]ataz2 it i-n*t hese streans. The MVSE-SI C
receiver can performlinear MVBE detection and

in [ t :
[RB2FT crtisout AR PEREEmh AL Bab RnoReh dTRkR By if e XPD is
vérg haght.i iat edasndvfalirsedagonml iNIMOochaendl pthei MGMIMBENne]l matrix
det ctlon and decoding for the next stream The

¢ SKIECPSEE AP ver may be able to achi eve good
performance regardl ess of whether the effective M MO
channel i dr%g opnon-di agonal . However, the
l'i near %. %hg;r y have worse perfornance for a Eq(9)
non- di agop/al ébf 0 v IM MO channel . Thus, precoding
with a unitary matrix in the presence of a
near di aggnal M MO channel matrix H(k) rade the
paeegy arcgfonex ¢hanaelgansH hegeas- @@gonaff chgpnghmatrix in

d t
SRBE6h (o) Ao ARARAET o A RGARL RGP R RERP BT RE P dellipped wih
MNBE@MeﬁﬁﬁMﬁmn&nﬂmthe NNBE—SIC recei ver. For
rank- dependent precodi ng, each rank nmay be aSSOCIa; .
a set of | east one prec G vect or. or t

Pl CanSheorfie ORI WK R T ol Rl L™ 5 T HE
Different ranks may be associ at ed mnth different sets
e pERdOg Mgrixew! dicSoudiut BRinboIs @s theRdede- Blapé faemteived symbols at
ﬁ%ecodin% may pravi de good performance even when the

déE may degyRiicpisedswi t h cross- pol ari zati on ant ennas.
[0051] For clarity, rank-dependent precoding is
descri ped bel 2 x 2 MMO configuration with
t wo trESsnLL_Enten%%e andngwo receive antennas. For Eq (10)
sinpl i citly, VEhe fdll|dwi ng description is for one
subcarrier, and subcarrier index k is omtted. Also
for sinplicity, Uis assuned to be an identity matrix

and |slqn1tUe a Foa M MO configuration, the
receiv 9 y be expressed as:[0052] Ea(lD)
The M resenbl e a diagonal matrix

if the XPD |s very hlgh FoJSr* a case of al nost

fie’IPNalEQLIE CN3RRSIbe kPRsMIND channel matri x

1 1
yrzf(a'dr"'a'dz)"'zr and J’2:E(ﬁ'd1_ﬁ'd2)+22 : Eq(12)

[0055] As shown in equation (12), precoding with the Fourier matrix may degrade
the performance of the rank-2 transmission due to increased spatial interference if the

UE employs a linecar MMSE receiver, unless | o |=| £|. If the UE employs an MMSE-

SIC receiver, then precoding with the Fourier matrix may not degrade performance

(ideally).



may be expressed as: a O H=Eg (9) 0 b _ where a and

b are conpl ex channel gains. The near-di agonal M MO
w@b@sngd22srat ri x in equation (9) nay be obtai neBCT/BS2908/053512

when the Node B and the UE are both equi pped with

cross-pol ari zati on antennas. {P¥053] For a rank-2

transm ssion using a 2 x 2 Fourier matrix F = as the

H086bdi dyr marenk-2 tihsmissioputspigt ths yensits matrix #ethsiadecoding matrix

nd_t recej ved s ol s t\he be express

o 8657 PRy e B el 0B TREY SPBs sy e v
mab be dXpredsdd as:Eq (12) [0055] As shown in equation

(12), precoding with the Fourier matrix may degrade
the performance of the rank-2 transm ssion due to

i ncreas®d spatilal0 || dterference if the UE enploys a
| i near geivey, d
enpl oys ‘an ESI € receiver, then precoding with the

d
g, | ur®™@ss | a \=\b \. If the UE Eq(13)

Fourier matri x nmay not degrade perfornance

(i deal .[qo 6l b r -2 transm ssion using the
identiE%ﬁbﬁ?&iﬁbasjﬁﬁ%+ﬁ?gEgding matrix W or W=1 , Eq(4)
the output $9mdol £, Jt hé: Node B and the received

synbols at the UE may be expressed as: [0057] Equati on

14) may_ be expressed as: [0058] As shown in equation

&K@}l pricEIBEPThY AR bEREPICHRSA®RFty matrix may result in
little or no spatial interference when the M MO

channel nmajrix is nearly diaggnal. This nmay provide

good r ank-—2 @ed flor,mance f gy =betA-thez] i near MVBE Eq (15)
receiver wel |l as the MVBE"S3I C receiver. The

identity matrix may thus be preferred over the Fourier

HWEB] x  fAoy shoamkin2quatamms(id  pircavdingt Wit 8w idditey omeitix Maytdesult in

RS e b ORE e R St FRETRE0Ry kO i
ARy brovidly gddaerafiid petfoarRelfsr With tRaiMNedRINBS B iételREas well as the

recei ved synbols at the UE nmay be expressed as: , ,
MMSE-SIC receiver. The identity matrix may thus be preferred over the Fourier matrix

for rank-2 transmission with near-diagonal MIMO channel matrix.
[0059] For a rank-1 transmission using one column of the Fourier matrix F as the
precoding matrix W, the output symbols at the Node B and the received symbols at the

UE may be expressed as:

I B PR Eq (16)
=— , an
X, 2%l a
_yl_ 1[ «a Z
=— d+ . Eq(17)
| Vo | \/E_iﬁ} {Zj

The £ sign in equations (16) and (17) is dependent on whether the first or second
column of the Fourier matrix is used as the precoding vector.

[0060] Equation (17) may be expressed as:

1 i

yl:foz-aurz1 and yzziﬁﬁ-aurzz. Eq (18)



x, 11d, and Eq (16) X 1 i ad + Eq (17) y b The

sign in equations (16) and (17) is dependent on
wob@shes223 he first or second columm of the FoOuPCEDS2008/053512

matrix is used as the precoding vector. [0060]

Equation (17) may be expressethas : yl =-r a -d +z

and y2 =-j=b -d +z2 Eq ng)[OO6l] As shown in equation '

[008)] préscegwivmgingquatien cld)upmscesting wethrooelien afghe iFeurier matrix

T 0T SR RS RS L gl R g gmiinca
thanh@)godver of €L Fﬁb%/\ ). El) by, Wty 2hMGuhiREn P MGIoweA i@t &Pfrom two
fromtwo power anplifiers for’two transmt antennas at
povecrNgRifBrs o006 jrafsdiit @ntéraiak afltht Nads . SSi on usi ng t he

| eft colum of the identity matrix as the precoding .
9621 x \Ror prank-a denyeissiey pbpr dhatelt ¢pdunye of#ie igentity Matrix as the

: =_.— - = 19)

G5 SR B P Nl e e RO B S B Borg LAY
is used as the precoding matrix W then the received
synbol s atl thg UE may, be expressed as: 1 = Z1 and y 2
=-j=b T 772 ¢ By ( W2TF0064] As shown in
equations (19) and (20), the UE may obtain a channe
power of either |a |2/ 2 or |[b |2/ 2 for the rank-1
[008BE M d§therrighe pelndinngf the idehetyhastrikhie ubedfds the precghihg matrix W,

ol um of, HQ? identity matrix is used for precoding.

péhe gy conymbols 4t shab Egpinehe oPresie dSwo power
anplifiers may be wasted by using one columm of the
identity matrix for precoding of the rank-1
transnisgiomndThebFQ?§¢%d'hatxix may thus be preferred Eq(20)
over the identity nmattix for rank-1 transm ssion.
[0065] In a first design, three hypotheses may be

foogrPrt el Jh%(vnﬁﬂ%ﬁﬁat?on@'@fb)%nh 120), the UE may obtain a channel power of

either | |* /2 or | B|* /2 for the rank-1 transmission depending on whether the left or

Eq (19)

right column of the identity matrix is used for precoding. Thus, half of the total power
of the two power amplifiers may be wasted by using one column of the identity matrix
for precoding of the rank-1 transmission. The Fourier matrix may thus be preferred
over the identity matrix for rank-1 transmission.

[0065] In a first design, three hypotheses may be supported for ranks 1 and 2 in
2 x2 MIMO configuration, as follows:

e Use the identity matrix for rank 2, and
e Use cither the first or second column of the Fourier matrix (or a phase-shifted

Fourier matrix) for rank 1.

[0066] The first design may be used when the MIMO channel matrix H is near
diagonal, ¢.g., due to high XPD for cross-polarization antenna configurations. This
design may provide good performance for both the lincar MMSE receiver and the
MMSE-SIC receiver for both ranks 1 and 2 for near-diagonal MIMO channel matrix.
This design may be used when precoding matrix information is not reported by the UE.
[0067] In a second design, four hypotheses may be supported for ranks 1 and 2 in
2 x2 MIMO configuration, as follows:



2 Xx 2 MMO configuration, as follows: Use the
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configuration and may support any number of different ranks. FEach rank may be
associated with a set of at least one precoding vector or matrix. For rank 1, the set may
include at least one column vector of a unitary matrix, which may be a Fourier matrix, a
phase-shifted Fourier matrix, or some other matrix. For rank 2, the set may include the
identity matrix and possibly one or more unitary matrices. A set for a higher rank may
include one or more matrices that can provide good performance for that rank. For
example, a set for rank 4 may include a matrix that can provide good performance for
dual cross-polarization antennas. The set for each rank may also include other matrices.
The sets of precoding vectors/matrices for different ranks may be defined to provide
good performance for both near-diagonal MIMO channel as well as far from diagonal
MIMO channel.

[0071] In one design, the Node B may select the precoding matrix and not rely on

reporting of precoding matrix information by the UE. The UE may select the rank, and
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MIMO schemes:

e Per antenna rate control (PARC) - each stream is sent from one physical antenna
without precoding or layer permutation,

e Layer permutation - ecach stream is sent across all antennas used for MIMO
transmission, and

e Precoding (or virtual antenna mapping) - each stream is sent on one virtual

antenna formed with one column of a precoding matrix.

[0075] PARC may be achieved by omitting layer permutation and performing

precoding with the identity matrix. Layer permutation may be achieved by cycling
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may be advantageous to perform precoding with a unitary matrix in order to

utilize all of the available power amplifiers.

[0078] FIG. 5 shows a design of a process 500 for transmitting data with rank-
dependent precoding. Process 500 may be performed by a transmitter, which may be a
Node B for downlink transmission or a UE for uplink transmission.

[0079] The transmitter may obtain a precoding vector for a rank-1 transmission
from a first set comprising at least one column vector of a unitary matrix (block 512).
The unitary matrix may be a Fourier matrix, a phase-shifted Fourier matrix, or some
other type of unitary matrix. The transmitter may perform precoding for the rank-1
transmission based on the precoding vector (block 514). The transmitter may obtain a
precoding matrix for a rank-2 transmission from a second set comprising an identity
matrix (block 516). The transmitter may perform precoding for the rank-2 transmission

based on the precoding matrix (block 518).
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[0083] The transmitter may select the precoding vector for the rank-1 transmission
and the precoding matrix for the rank-2 transmission. Alternatively, the transmitter may
receive the precoding vector and/or the precoding matrix from the receiver. The
receiver may evaluate different possible precoding vectors in the first set and different
possible matrices in the second set. The receiver may then send the precoding vector
and matrix with the best performance to the transmitter.

[0084] FIG. 6 shows a design of an apparatus 600 for transmitting data with rank-
dependent precoding. Apparatus 600 includes means for obtaining a precoding vector
for a rank-1 transmission from a first set comprising at least one column vector of a
unitary matrix (module 612), means for performing precoding for the rank-1

transmission based on the precoding vector (module 614), means for obtaining a
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[0089] FIG. 8 shows a design of an apparatus 800 for receiving data with rank-
dependent precoding.  Apparatus 800 includes means for receiving a rank-1
transmission sent from multiple transmit antennas with a precoding vector selected from
a first set comprising at least one column vector of a unitary matrix (module 812),
means for processing the rank-1 transmission to recover a data stream sent in the rank-1
transmission (module 814), means for receiving a rank-2 transmission sent from the

multiple transmit antennas with a precoding matrix selected from a second set
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[0093] The various 111ustrat1ve ogical blocks, modules, and circuits described in

&)%nmt% with the

connection with the disclosure herein may be implemented or performed with a general-
purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware components, or any
combination thercof designed to perform the functions described herein. A general-
purpose processor may be a microprocessor, but in the alternative, the processor may be
any conventional processor, controller, microcontroller, or state machine. A processor
may also be implemented as a combination of computing devices, e.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.
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Paebouf WPRlT AR 5 SopBERTCERHD R R hp G RTLRHO Brccued

by anstt$sdroBr (MR dohdidlid)h .of [tRO90d. The swadutemotdleth&Breside in
6 and 8 ma nprise processors, electronics devices

y CO
Randiagreorye fategiemens R O¥hmegioss ket giemogyi BEPROM memory,
j |t atagolgl : ' [ r :
S S T R A R O S PR
kindvar imathic aint. afnl es¢rgplatysstomye bedivep isesaptcddoukd pempcassyr such that
f a variet of.d%fferen techpol ogj es and techni ques. .
%Srpr%ggé%p [ rfaigtué ’OI‘linﬁ%QI} {!’EIFI'P \’)vng;‘o on to, the storage medium.
iR B8, tBd &Bﬁllgé mddifrs m@ymﬂ{e%ralw%e%ﬁ)&csséﬂj 8fhe processor

may be referenced throughout "t he above description may
bl tlepstesgntredliy mey tragés in enrABitt s, Thel A81¢ omygresidiccin a user
ves gheti.c fieldsg or particl optical fields or
TPl B (g ol pienbieronot AaT Bl SOfsboBp o iy gfeside as
gitrete doRipolerdtyid Heder aRPIREI at e that the various
illustrative |ogical blocks, nodules, circuits, and

EI0§8F i t Hm srepy wseraxsewlam desimecthorfungtidast gescribed may be
ﬁﬂ;pqg%&%g& einh %Bl%ltw%ré:fa ¥ v?arle,nw&gv%?et ﬁgr A% elc(?rﬁf)ﬁl B tplereof. If
rdwar €, computer "sottware, of conbinati GNs of both.

ihplehmeded yn bdftwigt [ tht €uddiioss il &cahadd eali ttahymdkd over as one or
hardware and software, various illustrative )
BOFR BB HELONS |91 5ORS on peRmEer-igpdadly pediugh Capper-tsadable media

L A R L
thap Fenaate daadehafl dwvamputor psogidnvdrom depehds taipoothédhe A storage
articul ar application.and design constraints jnposed .
Eﬁdaaﬁ%ayo@j%mf ralyle él&ﬁ%ws?b@t f4 eaar%?%a% by e rabREReor special
nsostesshpiied BYnGLy on %lxhﬁl?le', Bnd AoV 1iRGta¥BY SsucR cofffufer-readable

particular application, but such inplenentation '
thediasiao nongiise RAMo R, ERPBOM c€CPR@Y onvticngptcal disk storage,

departur.e fromthe scope of the present djsclosure,.

POBSF HleORPr SLEUFT PSRl Ve Biech opppydSs tdium that can
BOGIRS ca@dr StbfcCdbisireéd fRSEI BIE thbar R ARClota b WMstilclidi® or data
di scl osure herein may be inplenmented or perforned with

grugaipey anpthapeyebp percaseddy, a gengirginuaposs iof na¢ciPrivErass spmputer,
g)l%FQeneraﬂplﬁBBiei &agﬂe%ﬁl-ﬁ&%%kg .&Jf:ocie&{)? grAelgoe,dany connection is properly
termed a computer-readable medium. For example, if the software is transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wircless
technologies such as infrared, radio, and microwave are included in the definition of
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.



circuit (ASIC), a field programmabl e gate array (FPGA)
or other programabl e | ogic device, discrete gate or
W@ e@sdvRedr | ogi c, discrete hardware conponentBCT/U820881453512

conbi nati on thereof designed to performthe functions
described herein. A general purpose processor may be a

m croprocessor, but in the alternative, the processor
[ﬂ996be élﬂv pmm@ﬁwdétsgﬁamorp@%&lesisi@iosumolﬁtm@\rld@f to enable any person
g% % rnakFO¥ uget %t d1sn?rﬂ(;§lurneaf\|7%rhou§][n? St f?r%a%tonsn%aoy the disclosure

oavi lb@ Qéadﬂ@ @pareﬁt otk skilled i thetarDSMdahel ganeric principles defined
m cr opr ocessor, plurality of mcroprqocessors, one or

herew R Po aplaiteést@d}tl@eruwléwsuﬁléh% deRdrting Fopsihe sk or scope of
e T

fle AR e it ER6UALE SO MG bl T S0 rcDpathiles and

désﬁgﬂso&scﬁdde]ne&éin ayis he bendwodided thié medist weope consistent with the

har d soft ggle executed by a

P %6‘} n‘B’F t“ées\é@ﬁ*i‘?%gg FGH of the two. A software
nodul e may reside in RAM nenory, flash nenory, ROM
menory, EPROM nenory, EEPROM nenory, registers, hard
di sk, a renovable disk, a CO-ROM or any other form of
storage nedi um known in the art. An exenplary storage
mediumis coupled to the processor such that the
processor can read information from and wite
information to, the storage nmedium In the
alternative, the storage nediummy be integral to the
processor. The processor and the storage nedi um nmay
reside in an ASIC. The ASIC may reside in a user
terminal. In the alternative, the processor and the
storage nedium may reside as discrete conponents in a
user termnal. [0095] In one or nore exenplary

desi gns, the functions described nmay be inplenented in
hardware, software, firmwnare, or any conbination
thereof. If inplenented in software, the functions may
be stored on or transmtted over as one or nore

i nstructions or code on a conputer-readabl e nedi um
Comput er - readabl e nedi a i ncl udes both conputer storage
medi a and conmmuni cation nedi a includi ng any nmedi um
that facilitates transfer of a conputer programfrom
one place to another. A storage nedia nay be any
avai | abl e nedi a that can be accessed by a genera

pur pose or special purpose conputer. By way of

exanple, and not limtation, such conputer-readable
nmedi a can conpri se RAM ROM EEPROV] CD- ROM or ot her
opti cal disk storage, magnetic di sk storage or other
magneti c storage devices, or any other mediumthat can



be used to carry or store desired program code neans
in the formof instructions or data structures and

W@ b@s/ogges be accessed by a general - purpose or PCT/US2008/053512

speci al - pur pose conputer, or a general -purpose or
special-purpose processor. Alsp, any connection is

pr oper ternmed a conputer-readabl e nedi um For
&((H#ﬂl@yCLAIM@iﬁ‘ftware is transnmitted froma

website, server, or other renote source using a

coaxi al cable, fiber opti cCEa0IMS twW sted pair,

digital subscriber line (DSL), or wreless

techn Ioglgg such az |nfﬁared r adi | o and m crowave,

then the cOREPRITARSAY eV Ir¢lFy&P MBI Alon{OmPTsEst ed

pai r, atDRLst &c PWJc8Ises SohBEREP 1@ BbBSn %UE c&fing REERF 885 a rank-1
radi o, and m crowave are included in the definition of
freutimisniorDiTet afitht detsompaising s dealicpnsi wlurtm] gkeideef a unitary matrix,

{:oo r&‘r} gre%gdlglC[%E(/B% a%a?]#odltrgﬁsémgﬁg) gs | uﬁc’ (rt"l}f 8@90&1%{; vector, to

mﬂswﬁlea Preebding Shkatik Yor e@m@m @ﬁndﬁisﬁoﬁ&ﬂj’mehl Sééd)ﬂdyset wbinlp€ising an

di scs reproduce data optically with | asers.

SR BTN andfio el APV adisliel BPsBnke FHsmision based on the

g&%&hﬂ hﬁgvggﬁge of conput erreadabl e nedi a. [ 0096] The
revious description of the disclosure is provided to

enabl & nemorpesgided ©khd htddast bnd precessdr.t 0 nake or use

t he di sclosure. Various nodifications to the

di sclosure will be readily apparent to those skilled

in the art Th@gﬁbatrﬁﬁs GEA8Th ¢, RhéRm Mk %ﬁn&’&frhﬁﬁ?é iD8FBUAer matrix
may be applied to other variations wthout departing

6W®p@ﬁh@h@bdfbnn@nn@06pe of the disclosure. Thus, the

di sclosure is not intended to be limted to the

exanpl es and desi gns described herein but is to be

accorded tige WppestusS 6PRGaiEONS| whaoin \Whd Mt tldgst one processor is
principles and novel features disclosed herein WHAT | S

COAIVED tp getegpmew@qher Aﬂ\/[gﬁ@acy@pg@ r@@mb\}qsraed@gglal channel, and to
§e‘f Hé "fc?e&illtl A g Itl?é 1%00& lrﬁé’f}is gg e? [ P&SS ?rgﬁﬁ(mlismn if the

gure reco vec or a
Lﬂ&ﬂBﬂhﬁ@bDﬁyﬁMﬂ&gad&gﬁmmcsamabonpr|sung at | east one
colum vector of a unitary matrix, to perform
precoding for the rank-1 transm ssion based on the

precoging ygct, azrath? PRLAL R, JHRIGE Al Moﬂ@gé't'fﬁrtfl&rco%pnses the

rank- transm ssi o rom a Second set conpri sing
gieny ntayrixyand Wherealm thetao 1gst drer progesearasl cogfiguoed ﬂol'select the unitary

Lank- 2 fLansm sl on, based on e, precoding TBLHG ke docs

not resemble a diagonal channel.

5. The apparatus of claim 3, wherein the at least one processor is
configured to determine whether the MIMO channel resembles a diagonal channel

based on antenna configurations at a Node B and a user equipment (UE).

6. The apparatus of claim 1, wherein the at least one processor is
configured to select the identity matrix as the precoding matrix for the rank-2

transmission if a Node B is equipped with cross-polarization antennas.



2. The apparatus of claim1, wherein the unitary

matrix is a Fourier matrix or a phase-shifted Fourier
woreaosi098228. The apparatus of claim 1, wherein P¢BEUS2008/053512

| east one processor is configured to determ ne whet her

a M MO channel resenbles a digagonal channel, and to

select the identity matrix as the precoding matrix for

t he rank- 2The aappadatusi of dléint He Whevonc amnriél lepss senb|pegeessor is

a gi agonal cha |...4.. The apparatus of <l aim 3

TR B SRRCOR et IR RRPE ShihrRiadfie oy (fgp e rankc2
ratshiixsiornfl avhedei B e aatser eapipnddie UECeRSequipsed with cross-
configured to select the unitary matrix as the
B@@@ﬁ%@ﬁ@nﬁﬁﬂﬁix for the rank-2 transmission if the
M MO channel does not resenble a diagonal channel. 5.
The apparatus of claim 3, wherein the at | east one
proce8sor The capphiagisr ofl dlanddt ewherom whetahelcadthendiphessor is
channel , resenbl es a. di agonal chanpel based on antenna . . .
e ﬁuﬁqﬁtaﬁ?lsﬁsandaergﬂw DRAS i CEO RS MARHOp A i Bggysmission if
B-is ThGa1aBRAGALE 8 f RhnGhitbffednasiBER! D it Bfe 8F ofBR$! afdN® perform
processor is configured to select the identity matrix
pscoding fordbodinkd. tratsmiissidndras¢hen thanden@ity matisani ssi on i f
a Node B is equi pped with cross-pol arization
antennas. 7. The apparatus of claim 11, wherein the at
| east 9one PhOCHHEAfusi of COARH AUr RHekd 31} @€tichdi€one processor is
identi&y matri X as the precoding matrix for the rank-2
eQrdizaIrddstei select 4 unitagy deatiBx amd paccgdiaig redftik doteh ranktiEjraggnaission if
£ RRE Y trrlrllb %ro(ﬁrsa%gﬁlﬁrafn%e%hés?n h%?et ?]F Ahe 0§' re-gt%?, and to perform
apparat us o el Al mot, NHerer nthe at Teast ehe
Pcosding G thSraakif rgishigdidnbasel @ctheanithanittiky matri x
as a precoding matrix for a rank-L transmission if L
is equal to nunber of transmt antennas, where L is
one Okpgre r t aeperform di r..&h :
Fanke L0 anne ppRats, 8 AFAHENT, BRASRCRD S Dpd e grocessor s
ddrdigapplao petferny precbdingfdr, onstiataeitieamheitiathel peastlingnector to obtain

rocessor is confjgured to sel.ect a unitary rix as .
g‘“ﬁﬂ’i% BUPHGS RS fJQIg ’Fnb‘ftlpée ATt ARTPRIRS E?%@F 0 ﬁnq%i# tigngrgission, and
eSS fdrRaitcdyiietor 8o Uh@NaThs RO ﬁ&coéﬂ’ﬂ? fatrdix tSolRBB multiple
or greater, and to perform precodi ng for the rank-L
outanisyticesp dor thamadtipdntransenivariteraay fordhe fank-21t@ansmisgion.
apparatus of claim1l1, wherein the at |east one
processor is

11. A method for wireless communication, comprising:

obtaining a precoding vector for a rank-1 transmission from a first set
comprising at least one column vector of a unitary matrix;

performing precoding for the rank-1 transmission based on the precoding vector;

obtaining a precoding matrix for a rank-2 transmission from a second set
comprising an identity matrix; and

performing precoding for the rank-2 transmission based on the precoding matrix.

12. The method of claim 11, wherein the obtaining the precoding matrix
comprises

determining whether a MIMO channel resembles a diagonal channel, and

selecting the identity matrix as the precoding matrix for the rank-2 transmission

if the MIMO channel resembles a diagonal channel.



configured to perform precoding for one data stream
Wi th the precoding vector to obtain nultiple output

waeesaye2s or nmultiple transmt antennas for theCTHRWOZ053512

transm ssion, and to perform precoding for two data

streans with the precoding naggix to obtain nmultiple

output streans for the nultiple transmt antennas for

the rank-2 transm ssion. 11. A nethod for wireless

conmunj cat onpr 4 si.ng:;,0bt ai ni c :

vect o?-JS for Jrge oS @%Iﬁlg s e ﬁ%n%eggt%({Is?egﬂ{l%%r comprises the
GOy | rBAtAg, ahdlxela@émome ShidMy MRCpREodihg anatfikt Alther comprises
matrj x; erforn1ng precodi ng for the rani

fql%m@aqt%% UBIATY JBEEX 3h thhBrogpding datgx Jaicthe rrarﬂi;%tt@pﬁnﬁgon if the
f{‘zﬂﬂ/f(?gﬁ’ nPOJTR b Ksdrle & df %Bhal%h&ﬁ&'i‘sm ssion froma

second set conprising an identity matrix; and

per form ng precodlng for the rank-2 transn1SS|on based

on th pre 1 The ne of claim1l
wher eih th eglﬁﬁa ﬂé cfiire B ?1Hgt FiRing aﬁia Preseding matrix
AShe s née'ik%uﬁ@ eﬂllaefdeﬁtlﬂyl Mgtt‘f)b afin@le HRKBARLCMaRix for the rank-2

di agonal channel, and Selecting the identity matrix as
trivesnpsse@oid |ari\@>d|¢d3 msicquipped whth cranipolirizatzorsanitgmiaen i f
the M MO channel resenbles a diagonal channel.13. The
met hod of claim 12, wherein the second set further

conprises hRQppatatudfdr WRdlEdsconimehidMiioh Sdompriigg:
obtai ning the precoding matrix further conprises

sel ecticay fonebtaimingd proseding yeeier fore rprlet dghsigisvian fiiom a first sct
Q he channel does
| D5 P L TSR by AL,

iagonal channe met hod of

cl ai mnkdns \M’[epaifcbmhﬁ@ ekicding fig theerdakelc adhsigissivh rbased on the
conpr.ises selecting the identity matrix as the
Bﬁ@%@ﬂgﬁ@3Whtr|x for the rank-2 transm ssion if a Node

Bis ﬁl%'a‘ﬁ ?gbfﬁ’intng% g 13:%8(’11[‘1 n@a.rtlln? %r a%nl@@tt%gﬁ%mo%%rorﬁg second

appar at us or W r nication, conprisin

st @osipfiging abtidentityngataixpaeic odi ng vector for a rank 1
transm ssian frama first set .conprisi at | east one

CO| unﬂle%léﬁc (B‘r pg‘ orgm&g”p(r lq,galf(?r ]:?é]% 1’@8@1’111551011 based on the
pRE&ARIHAGPr ecoding for the rank-1 transni ssion based

on the precodi ng vector; neans for obtaining a

precoding matrix for a rank 2 transm ssion froma

Secon%. The apparatus of claim 15, wherein the means for obtaining the

precoding matrix comprises

means for determining whether a MIMO channel resembles a diagonal channel,
and

means for selecting the identity matrix as the precoding matrix for the rank-2

transmission if the MIMO channel resembles a diagonal channel.

17.  The apparatus of claim 16, wherein the second set further comprises the
unitary matrix, and wherein the means for obtaining the precoding matrix further
comprises means for selecting the unitary matrix as the precoding matrix for the rank-2

transmission if the MIMO channel does not resemble a diagonal channel.

18. The apparatus of claim 15, wherein the means for obtaining the

precoding matrix comprises means for selecting the identity matrix as the precoding



set conprising an identity matri x; and neans for

perform ng precoding for the rank-2 transm ssi on based
W@rooshes2ps ecodi ng matri x. 16. The appar at us of PCI/EB2908/053512

15, wherein the neans for obtaining the precoding

matri x conprises nmeans for deigrm ning whether a M MO

channel resenbl es a diagonal channel, and neans for

geirec farnide tiaek-2disansinissiomaifr ¢ Nagls B he sapwoodivrith aeoss-palarization

Eﬁ)[rm% he rank-2 transm ssion if the M MO channel

PeSEBl es a di agonal channel. 17. The apparatus of

claim 16, wherein the second set further conprises the

uni tar% matri x, and wherein the neans for obtaining .
t he ptecodifndnashinerigadaia HeqdivpnpenpeYngeiRpEugtigns which, when

i - unj i ' b F X
S R e
not r elsteimige aa peicadiopabeadranoela. rdik-1 Thasappanatios of first set
claim. 15, wherein the neans_for obtaining the

PR IFst PRSCUGRP M PERSOIBYHERY BRITSel ecti ng t he
I dent heyorRtd br%c@(ﬁrll\%ﬁﬁ tiy RGRd| t%%ﬁs@foﬁ_b{a%rd JhBe hARAIRg vector;

transmssion if a Node B is equipped with
cr osseolpainarg aapricordizgg trerinasior 10 rank-Jrecihimessiosattail @ second set
medi um conpri si g]g%ti.n_st ructi ons whi ch, when executed by

COTRILTIRE A Tenfity dnqthix a0 hi ne to perform operati ons

i ncl ugérfgimiBbprRtSHIRG R tIRY RERA tRGsMBEToRbafrontthé fsoding matrix.
transm ssion froma first set conprising at |east one
col um vector of a unitary matrix; performng

pr ecog(!i)‘ng fl"% tagﬁné-g{]«llaé‘t}letnqe%@é .o% NI d‘ﬂ 19%%% ,%v%e%%%ecuted by the
precodi'ng vector; obtairning a precoding matrix fof a
matiking, chii@nBehashias td paform cpechiods Asthec@doluding: ng an
identity matrix; and perform ng precoding for the

r ank- SCETHASEhss AARME ANt éesﬁ?lé](?éaidﬂ@oﬁﬂtqhg&qehﬂ@d
The nﬁﬁ%ﬂt@g 'tftieﬁglg%%qnﬂﬁ@ag ! re?%cglﬁ%%ﬁim ¢k ra¥R®Nransmission

execut e hi ne, caus Ine to perform
dpler BAIM§hshanueltheamblescd didgorgi clebahelr m ni ng whet her a

M MO channel resenbles a diagonal channel; and
selecting the identity nmatrix as the precoding nmatrix

for the ramke Zabkialsdid88le ¥edium of claim 20 which, when executed by the
machine, cause the machine to perform operations further including:
selecting a unitary matrix in the second set as the precoding matrix for the rank-

2 transmission if the MIMO channel does not resemble a diagonal channel.

22. The machine-readable medium of claim 19 which, when executed by the
machine, cause the machine to perform operations further including:
selecting the identity matrix as the precoding matrix for the rank-2 transmission

if a Node B is equipped with cross-polarization antennas.

23.  An apparatus for wireless communication, comprising:

at least one processor configured to receive a rank-1 transmission sent from
multiple transmit antennas with a precoding vector selected from a first set comprising
at least one column vector of a unitary matrix, to process the rank-1 transmission to
recover a data stream sent in the rank-1 transmission, to receive a rank-2 transmission

sent from the multiple transmit antennas with a precoding matrix selected from a second



if the M MO channel resenbles a diagonal channel. 2 1

The machi ne-readabl e nedi um of cl ai m 20 whi ch, when
we®sneees by t he machi ne, cause the machi ne t oPQEUSIN$053512

operations further including: selecting a unitary

matrix in the second set as the precoding matrix for

the rank- 2 transm ssion if the M MO channel does not

pas sembiising ag i@gl@t}alinatrm AmEto, prQQess Tearanadiransemissigd dd kegover two

when executed by the

ﬁgcﬁtreams Sgguléletw aélk\r%}tr: nSfmS 1 %%&r(f orm operations

f urt hgehnitey veliplgi toskd @tClEasﬂné pecésdentity matrix as

the precoding matrix for the rank-2 transmssion if a

Node B i s equipped with cross-polarization antennas.

23. Agyap p?ﬁ@tdﬁ?aﬁﬁfs of TRlifS 93 Cm Ct?&' ANe gst ONne Processor is

conpri si ng: east one processor conflgure

cadurel @ dank- d spataah Sitics sicotor Semthef raakalmehisipéséon based on the

transmt anten with a precodi vect or sel ected

PHeBOHIBE FEFISE: o&?ﬁ&%ﬁ*eﬁff 2 Ipbasg T4e BB bbiA on the

ggmﬁﬂﬁm&g@a%rnatrlx to process the rank-1

transm ssion to recover a data streamsent in the

rank-1 transm ssion, to receive a rank-2 transnission

sent e nult le.transnit tenn

ot ng THE ATpaEhRLE AT yHERIAR Y s pneingeessor is
adhfighesat tot Yeri®t & Isyatia® Ttk nddfiQ GBS thet Bk aftknstuission based on the
transm ssion to recover two data streans sent in the

prearding maiivs thd &0 perforamMIMGréetertiondouihicaank-3 trahgmigsion based on
&ﬁ%ﬁauﬁ@ﬁﬁpﬁgﬁessor 24. The appar at us of claim 23,

" east one processor is configured to
derive a spatial filter vector for the rank-1

transm ssion based on the precoding vector, and to
per f o£fn de?h%t%paﬁraf%roff [f2iPa AR~ yleefealﬁsth? ¥ Asthaag Pregessor is

é(%h’qi tfoaf%erf T gftie }lqﬁﬂlﬁﬁumzrﬁean ﬂﬁl R ErTor ConS%f (felt& leh for the

erei east one proc |gur
tankeletrangmissiompati al filter matrix for the rank-
transm ssi on based on the precoding matri x, and to
perform M MO detection for the rank-2 transm ssion

basedypn tfge %@Eﬂaﬁis b | A8k Q@t K héreif Bthe THE1ARPBRAHSCessor is
of claim23, wherein the at [east one processor S

covifgueadr t@cpetrf@rlpelrrfe@r minifrygameai iuaIererreanith guegcssiee fmgerference

é Mgeﬁ@tmn?{\/ﬁ\%gt %CS 8eteét1ho% f{) {1]16 ra%nkt 5 ?rggsrrrrlngsslor? n.

28. The apparatus of claim 23, wherein the at least one processor is
configured to evaluate at least one vector in the first set and at least one matrix in the
second set based on a metric, to sclect a vector or a matrix with best metric, and to send

feedback information comprising the selected vector or matrix.

29. A method for wireless communication, comprising:

receiving a rank-1 transmission sent from multiple transmit antennas with a
precoding vector selected from a first set comprising at least one column vector of a
unitary matrix;

processing the rank-1 transmission to recover a data stream sent in the rank-1

transmission;



27. The apparatus of claim 23, wherein the at |east
one processor is configured to performlinear mninmm

woreas/osremre error with successive i nterferenckCT/US2008/053512

cancel lation (MVSE-SIC) detection for the rank-2

transm ssion. 28. The apparatys of claim 23, wherein

the at |east one processor is configured to eval uate '

at | eteseivinger wraktZofrarismisshaen fanf Somsiée rltplattransmitangmaas with a

matri.x in.the,second set b se{j on a.netr.i,c...to sel ect
i g SR m et e e g el e

f eedbpksedstifzQh&Rink MtrORANsicH tdFedoRer 9&) @4 aebawB bt in Bic rank-2
matri x.. 29. A nethod for w rel ess comruni cati on,
BoMPNF4P™hg: receiving a rank-1 transmi ssion sent from
multiple transmt antennas with a precodi ng vector
selected froma first set conprising at | east one
col und0.vectThe mathod afrvildimrdp, redicrdix thepirocssiag tig: tahke-1 transmission
rank-1 transmi ssion to recover a data streamsent in
tHBPHSSPk- 1 transmi ssion;receiving a rank-2
transgisghon sseit fift&r Qo GorTHe LdnRl etrdds ARG Mntbadd &M@ Srecoding
with a precoding natrix selected froma second set
vongy asl ng an identity matrix; and processing the
rank-2 transm ssion to recover. two dat.a streans sent .
't BRI R ISy RSP JEF OB B hpatial filier
2&totherein the processing the rank-1 transm ssion
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32.  An apparatus for wireless communication, comprising:

means for receiving a rank-1 transmission sent from multiple transmit antennas
with a precoding vector selected from a first set comprising at least one column vector
of a unitary matrix;

means for processing the rank-1 transmission to recover a data stream sent in the
rank-1 transmission;

means for receiving a rank-2 transmission sent from the multiple transmit
antennas with a precoding matrix selected from a second set comprising an identity
matrix; and

means for processing the rank-2 transmission to recover two data streams sent in

the rank-2 transmission.

33. The apparatus of claim 32, wherein the means for processing the rank-1

transmission comprises
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