M MO TRANSM SSI ON W TH EXPLICIT AND I MPLICIT CYCLIC
DELAYS [0001] The present application clains priority

W 0090980931 onal U.S. Application Serial No. 60PGBBS2981)053233
entitled "EFFIClI ENT CYCLI C DELAY DI VERSI TY BASED
PRECODI NG " filed February 6, ,2007, assigned to the
assi gnee hereof and incorporaged herein by reference.
BACKGROUND |. Field [0002] The present disclosure
rel ates generally to comruni cation, and nore
specifically to techniques for transmtti n& data in a

wirel ess comuMEMOTRANSMISSIEONYIIH [ 0003]
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vi deo, packet data, nessagi ng, broadcast, etc. These
W rel ess systens nmay be nultipl e-access systens
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(TDVR) @i//St ens, Frequency Division Miltiple Access

eomeyated kareindy referdiegonal  FDVA ( OFDMA) systems, and
Single-Carrier FDVA (SCFDVA) systens. [0004] A
W rel ess conmuni cati on system may support
mul tiple-input nultipl PATRGRMIND transm ssi on. For
MMO, a transmitter may utilize multiple (T) transmt
fntenpagd for data transm ssion to a receiver equipped
wth multiple (R) receive antennas. The nultiple
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up to T data streans sinmultaneously fromthe T
transmt antennas to inprove throughput.

terBackgreuyd the transmtter may transmt a single
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case, e

Mrﬁ@uhfrcaﬂitﬁfrb@rﬁexﬁrsulcm a8 VoRdn@idcbopacklat @we, geeAging, broadcast, ctc.

;Berf or mance. SUVVARY
hese 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 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.



[ 0005] Techniques for transmtting data using a

conbi nation of explicit cyclic delay and inplicit
w@eyBiogsogel ay are described herein. Cyclic del BgT/Dsz008/@53233

achi eved by applying a phase ranp across subcarriers

in the frequency domain or by,cyclically shifting

sanples in the tine domain. FOr explicit cyclic del ay,

a different phase ranp may be applied across

subcarriers for each antenna, and the phase ranps for

all antennas are known to a receiver. The receiver nmay

performthe conpl enent ar kAg to account for
the explicit cyclic deIa&“E@@&ﬁs icit cyclic delay,
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transmitter or receiver) may select a delay from among a plurality of delays (which may
include zero delay, small delay, and large delay) and may send the selected delay to the
other entity (e.g., the receiver or transmitter). The first set of cyclic delay values may be
determined based on the selected delay. The transmitter may autonomously (e.g.,
pseudo-randomly) select the second set of cyclic delay values without informing the
receiver.

[0007] Various aspects and features of the disclosure are described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 shows a wireless multiple-access communication system.



[0008] FIG 1 shows a wireless nultiple-access

comruni cation system [0009] FIG 2 shows a bl ock
waelr@gngsmwdf a Node B and a UE. [0010] FIGS. 3Ap@ntSB®B8/053233

show two designs of a transmt (TX) M MO processor.

[0011] FIG 4 shows cyclic del3ay in the tinme domain.

[0012] FIG 5 shows a design of a receive (RX) M MO

processor [0013] FIG 6 shows a process for

ransmtti ng data. [0014] FIG 7 shows an apparat us
£
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technol ogy such as d obal Systemfor Mbile
Communi cations (GSM. An OFDVA system may i rrpl enent a
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and are part of Universal
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ol ution T |s“an upco rel ease f UMLS
RL et T S “BO R SR e 55 R ity ntorhangeably. A
desAls ?@t@m‘ Mag %ﬂ@ﬁi@ﬁtsa tRMRAnA6 SR RUChAs! OflvEAErkrredfifdl Radio
Generation Partnership Project” GPP) . cdma2000 and
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nul tiple-access comrunl cation system 100 with nultip
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IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM®, e¢tc. UTRA and E-UTRA are

part of Universal Mobile Telecommunication System (UMTS). 3GPP Long Term
Evolution (LTE) is an upcoming release of UMTS that uses E-UTRA. UTRA, E-
UTRA, UMTS, LTE and GSM are described in documents from an organization named
“3rd Generation Partnership Project” (3GPP). ¢dma2000 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 user equipments (UEs). 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 each UE may be stationary or mobile. A UE may also be



B (eNB), a base station, an access point, etc. Each

Node B 110 provi des comruni cati on coverage for a
w@a008i0g80bar geographic area. UEs 120 may be di BEEUS®A8/053233

t hroughout the system and each UE may be stationary

or mobile. A UE may also bereferred to as a nobile

station, a termnal, an access term nal, a subscriber

unit, a station, etc. A UE may be a cellul ar phone, a

personal di |taI assistant (PDA), a wireless nDd%
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[0019] FIG 2 shows a bl ock diagram of a design of
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provi de data synbols. As used herein, a data synbol is
Yt data, a pilot symbol is a synmbol for
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dat .hat Nod UE.
RoaRalipT i ot Bg Sl R ot C bl Dl ARGl Jer. & date
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streams to T nodul ators through 232t. Each
reobiol @ctr@ple}g s2lupmyhe ﬂ@f@e@d plllps smbqimmas;]mbmdué@m@fmbols from a
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Seneals Ak depegibar defavondounyide dr supgd aymmlo%}@q%mzstgt T rmgldulators
PROEISPERA ) 142, P EIRER 8 DU ¥y ot oo s
{d. pfmg IOEID) terabtaineeowputt daenple stooand. i Bkch modulator 232 may further
condition (e.g., convert to analog, filter, amplify, and upconvert) its output sample
stream and generate a downlink signal. T downlink signals from modulators 232a
through 232t may be transmitted via antennas 234a through 234t, respectively.

[0021] At UE 120, R antennas 252a through 252r may receive the T downlink
signals from Node B 110, 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) 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



signals from Node B 110, and each antenna 252 may

provide a received signal to an associ ated denodul at or
W@ DERMDBIP54. Each denodul at or 254 may condi t i BEIT/{82098/053233

filter, anplify, downconvert, and digitize) its

received signal to obtain sangles and may further

process the sanples (e.g., fof OFDM to obtain

recei ved synbols. Each denodul ator 254 may provi de

recei ved data synbols to an RX rocessor 260 and
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stimate to RX M ocessor 260. RX M MO processor
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detected synbol s, which are estimtes of the

progessnictat.exynthwl demypprisot! glecode) R daticetepspambsks omd2movidaydecoded
ga{tggoes§at e%]g.z 2syrrbol demap and decode) the detected
f $¥3R ppovi de decoded data to a data sink 272.

[(0Q2R] WE: 120) mayy evaluult éhe RBagRANaLiteas didd @escratdd feedback
generate feedback information, which may conprise
Ppmitien s Whiek My CORMEISPHEATIMN tyres @6 sfpimaigniss (dgsgribyg pelow. The
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e processe ., encoded a
andT§natadl angppod)elss o IMX2 8&ta psgatdoal2BY, patelesp@deyd by BXIX MIMO
M MO processqr. 282, and further, processed by
Rogesat e 8 Ayt i wagHs Y _Ht%iugaéﬁéiéﬁ%%mou@ Pk to generate R
ﬁ%lﬁﬂ(aéi alWRIHih FBY tREranSANRY Vil St R B3Pk @Pash 2592 At Node B
through 252r. At de B 110, the R uplink signals from

U, 11R0R rplinko eignas diowe U Ebly2 0amdyelaasci2 @i by titcionag 2328 dirough 234t,

BRESSEES BT s 2i5p R 2B, SRR LY v
ProRE8SS Tk, (:8d Fusth & FHQssclie@aRPSsh N desgsRdast d¥oddl) BY an RX

data processor 238 to recover the feedback information
datel degessaset® by ragevarthe fCodhack| infrmptien @sd glatp agt gy UE 120.

nt 0l t ransm.ssion to, UE .12 d op.t
FROAR A RhRsk (200" B9 | b ol 4R PP o D 820, tsed on e
240bakdnfdBQaticay di rect the operation at Node B 110 and

UE 120, respectively. Menories 242 and 292 nmay store
HO24] and-pieleamresawss 24t angd) may foeglife operaven at Node B 110

REPET Y RepoufReRf oFicPle 12 B2 FRRFHLE il BilAmomrae codes
fomdNa@de Bpl lionkndobiFe tRredpaetively. A scheduler 244 may schedule UE 120
and/or other UEs for data transmission on the downlink and/or uplink based on the
feedback information received from all UEs.

[0024] The techniques described herein may be used for MIMO transmission on the
downlink as well as the uplink. For clarity, certain aspects of the techniques are
described below for MIMO transmission on the downlink in LTE. LTE utilizes
orthogonal frequency division multiplexing (OFDM) on the downlink and 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.



feedback information received fromall UEs. [0024] The
t echni ques descri bed herein may be used for M MO
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For clarity, certain aspects of the techniques are
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[0oecpdi g omaylchign pPeodcoBMEO may paicesudmtasymiies for[dA02 flbcarrier &
I n_one design, Node B 110 may process data synbols for
%%\%’ﬁog’ﬁ-bcarrier k as follows: y d (k) =C(k) WD(A:) U
d(k) , Eq (1) where d(k) is an L x | vector containing
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in on peri od i$ an L x L layer-to-virtua
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transm enn on su carrler one Synmbo
peri obD(k)is an Lx L explicit cyclic delay matrix for subcarrier £,

Wisa TxL precoding matrix,
C(k)isa T xT implicit cyclic delay matrix for subcarrier £, and

y, (k) is a T x1 vector containing T output symbols for data for the T transmit

antennas on subcarrier £ in one symbol period.

[0028] Node B 110 may process pilot symbols for each subcarrier & as follows:
y,(k)=C(k)p(k) , Eq (2)

where p(k)is a T x1 vector containing T pilot symbols to be sent on subcarrier & in one
symbol period, and

y,(k) isa Tx1 vector containing T output symbols for pilot for the T transmit

antennas on subcarrier k£ in one symbol period.



[0028] Node BI | Qmray process pilot synbols for each

subcarrier k as follows: yp (k) =C(k) g>(k) , Eq (2)
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synbols to be sent on subcarrier k in one synbo

period, and y p (k) is a T x vector containing T

out put synbols for pilot for the T transmt antennas

on subcarrier k in one synbol period [ 0029] Equati ons
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bfw@l qeﬁalpiraéifvwageén (k). mpbg gpneTeted bmﬂuomatdeéewcsei%tedefrm a set of
glr ;( %r( F@gﬁdg agfar%g Selﬁl gfjea{eg c}l%% ) ce\éﬁc §1¥: 1X le ghglr 2)’

[md3nay 'lbﬁ 1@@1ﬁttr@bﬁedlela9 rbanlxech) tnﬁbf:Waltsdﬂ%eQM@dl it achleve cyclic
prefix length, [0034] In the desi gn shown in equatio
delyy diveesityr delsymay b gerempiedsin pYéFIP'éﬁr aBNCAY pr¢ My de constrained to

BRI flah tfNScli p%g%(ay%ragocesm ng with D(A)). The

explicit cyclli t hus applied
[0034] In the design shown in equation (1), the precoding with W is performed after

the explicit cyclic delay processing with D(k). The explicit cyclic delay is thus applied
to virtual antennas formed by the precoding matrix W (instead of physical antennas).
This design may be used for large delay.

[0035] FIG. 3A shows a block diagram of a TX MIMO processor 230a, which
implements equations (1) and (2) and is one design of TX MIMO processor 230 at Node
B 110 in FIG. 2. Within TX data processor 220, S stream processors 320a through 320s
may receive S data streams from data source 212, where in general S>1. Each stream
processor 320 may encode, interleave, scramble, and symbol map its data stream to
obtain data symbols. Each data stream may carry one transport block or packet in each

transmission time interval (TTI). Each stream processor 320 may process its transport



to virtual antennas formed by the precoding matrix W

(i nstead of physical antennas). This design may be
wais@d/o98993 | ar ge del ay. [0035] FI G 3A shows a PCDUK2008/053233

di agram of a TX M MO processor 230a, which inplenents

equations (1) and (2) and is gne design of TX M MO

processor 230 at Node B 110 in FIG 2. Wthin TX data

processor 220, S stream processors 320a through 320s

receive S data streans from data e 212, whe
Plﬁ%&erférn ascadeprorgaat may rthehingp 6%%%%%»!035@ AmIpck of modulation

M? Th@{eEl{r e@a\f@str&ﬁ{’agﬁérﬁgo@%g)cﬁx q Ak d teddada» may be

streamtoo ain data sy Eac ta stream nmay
cadriptemhengaablys porctmiprocksas 3 cketugh 32@awhy provide S data symbol
transm ssion tine interval (TTI). Each stream

BEBssor 320 may process its transportblock to obtain

00386 emmhﬁnﬂxrmyMUlTﬁrbcé@& b, GOEPUOMEr I 332 bhAF kapfthe data
nodul ati on synbol s e terns "data streant,

sty ﬁmthe datk streanp?atskbtwrt@ﬂi dintenpaeyabecded fmyﬂSbe lyoue design,

inter eabl Lk eam. a thro gh 320s
nnlggp% %2 é’ 1§a a ag%/ olss ) ea&ﬁé Sda['éosgtg ayhersl.%%ld may then

Maphp rd@ﬁte@&ﬁljols?:f&atheaﬂlay@i t@&ﬂl@@[’né’@%nﬂ&ﬁrttmpadtéiﬁas used for
data synbols for the S data streans to L virtual
HeARsEHpAQN. stn sxrlict ayshic delay prasewsae3 sy ﬁlul‘i*ﬁ]éﬂéﬁ‘rmmd symbols

yeagll?@ul!) %133%?1%2%4"%851&%% c &E Qi%lag %@‘I“?S ﬁ/@ réﬁ?)d!?r 336 may

yer s and na ata
ajteil s theos yaiblotsafirérn rsceased 334 rforuadch anbc&:mnas»nus&ﬂ fredoding matrix
An_ explic

el OB AEDRSrr BSEECon e oo
Mg fhal, r}@ce?\?%oﬂhb récoﬁé(& Eﬂlrﬁbéﬁ lrRn PREGF 3%%1111 F;)ﬂét symbols and may

precoder y multiply the synbols from processor
B84ipflp rtheem:mboéar fraach suboairidn w1ﬂet1prlemdldlt rozgclmatitrlay matrix C(k) to

nd. provi de s for th arrier

i b SehlS G s s P38l SRGRE Y0Pk aTeams to T
ﬁ{ogﬁlgﬂﬁyzmr{p@ughﬁggm precoder 336 and pil ot synbol s
and may nultip é‘tthe synbol s for each subcarrier with

10937} nrpIEa@h rn%i»y ¢f023één?&yp€ﬁﬁ11’m QFWmﬂ@lab@n &ira resnepliye output

SRS sBewd FADASHrEPTB B5 0 S SR (B i K e
mb@blﬂrﬁtsﬂfn @2 OFM pembor prriddDMaidutaifmed avittBa K-point inverse

respective out put a&bol stream W¢thin each npdul at or
diorcted Qyicp fransgyim I 1) do pbtagbatisHl perEoK cppfaigng K time-domain

s%ﬁﬁﬂé% rEaf,‘clh ith& dﬁrﬂﬁngﬂaﬁe ¥Rk, &r TRk TR ﬁ]ﬁmltted in one sample

orne |nv I scret ourier
peramis f Bharlast DFs'E)npﬂes (!iﬂlhaluﬂefal psrelbﬂlmq:;obdf cariecd amd apprnded to the

gortltl ng t_hg %g;:afjupportion to form an OFDM symbol containing K+ C samples. The
copied portion is referred to as a cyclic prefix and is used to combat inter-symbol
interference (ISI) caused by frequency selective fading. Each modulator 232 may
further process its sample stream to generate a downlink signal.

[0038] Controller/processor 240 may receive feedback information from UE 120
and generate controls for stream processors 320 and layer mapper 332. Controller/
processor 240 may also provide the explicit cyclic delay matrix D(k) to processor 334,
the precoding matrix W to precoder 336, and the implicit cyclic delay matrix C(%) to

processor 338.



sanpl es. Each tinme-domain sanple is a conplex value to

be transmtted in one sanple period. The last C
W@ 200ple9df t he useful portion may be copi ed apdI/US2008/053233

appended to the front of the useful portion to form an

OFDM synbol contai ning K + C ganples. The copi ed

portion is referred to as a cyclic prefix and is used

to conmbat inter-synbol interference (I1Sl) caused by
frequency sel ectjve fadin Each nodul ator 232 may
f%ﬁgher Iﬁr%@é@g depigns Node B slPe@ay thEogssh dherdatagsymbols for each

[0038] Controller/processor 240 may

9%%@#%2% (g@ ck informati on from UE 120 and generate
control s for stream processors 320 and | ayer mapper
332. @r-oCiieM(kpMotiekspr, 240 may al so provide the Eq (3)
explicit cyclic delay matrix D(A) to processor 334,
the precoding matri x Wto precoder 336, and the

whpiei R icy T ¥ T enlisiy cvelie dlaxomeprix forgrubeassisok. Node B 110 may

g T T SRESET S el vensul
[(10)40]: C(IK)theQiéS)gn\Mlde(uk):quaUEﬁ (33 hevdrprieit Dok de&yq)racexsmg with
T explicit cyclic delay matrix for subcarrier

B(R) 1o reragrmisddies ﬁlemrmdl@yw%w flhe cspligit eighe Qfsllam thpes applied
@gfem&&n?ggﬁ%hﬁ Bf {i%th 1 A0 s tdlé‘ﬁ A g%@ u§&pf?ﬁ] zero delay

uat 1 on e exp FeT cyclic defay  processi
amdﬁmixd%@yls per f or med after the precoding with W

HLR R o ot adiipR dleban GRaatR MIMO Gulieir apo. which
hep1usests f e@t‘iat?oﬁﬁ e)dgliay) %Wlsseﬂi%mer q&hgﬁ/ of ﬁ"&%i—ﬂ/ld: Bees3 230 at

shows a bl ock di agram of MO pr ocessor
hhd@Blﬂﬁpnéﬁ@nﬁs“@mwaTXdﬂQﬂOzyoamﬁxcspbanbymsnan@t&@%Hwynwp

GES4AR e R B RESERIm R SO AR B i v

PRYodBR B4 Meaydat@ipsy ke Qlllaﬁ)pfa@ Eyrh’ﬁ@s PordAtR seidafddfByitiothe precoding
virtual antennas selected for use. A precoder 344 may

maireq BV pnd Reovideppreerdeg mypbslsf ior thed sbeiRIar AR exphit eyclic delay

#nl?)%e éle?&)dﬁlgg élﬁ[?{lél&){th%%@gd [ %?s F%g&dsq‘%cg’%gp%tﬁ the explicit

expli | cyc
pycdicedsdar niddtx MEY). mAIt nrpblycﬂ beclior &a@d@ﬂoc&y%b(ﬁ@ @y receive the
each subcarrler W xplicit cyclic delay matrix
BRLOlS fram PrRpEseY 14%%}@1 ot §EMAYIs 3ne é@é/sl@lam@kbs%ﬁawmbols for each

§iftfe ‘é‘?&zﬂﬁtﬁé‘”"&% th PHAGS SHRHix3 ka'&gdjblta{ﬁ’t tput bol
sy and ﬁt C Ee gyn%hfsé? r each 1 OuipUt SyHbOS.
Processor 348 may prov1de T output symbol streams to T modulators 232a through
232t.

[0042] In yet another design, Node B 110 may process the pilot symbols for each

subcarrier & as follows:
y,(k)=C(k)Vp(k) , Eq (4)

where V is a TxT unitary matrix. The unitary matrix V is characterized by the
properties V7V =1 and V V7 =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
cach row has unit power. V may be based on a Fourier matrix or some other type of

matrix. The design in equation (4) may allow the pilot to be transmitted via all T



subcarrier with the inplicit cyclic delay matrix C(k)

to obtain output synbols. Processor 348 may provide T
W@aopH98083 nbol streanms to T nodul ators 232a t hp@Uyk008/053233

232t. [0042] In yet another design, Node B 110 may

process the pilot synbols forldeach subcarrier k as

follows: y (*) = C(*) Vp(*) , EQ (4) where Vis a T x

Tunitary matrix. The unitary matrix Vis

characterized by the properties VV =1 and V.V = |
DRG] ARIGT8Y. hatthish deR@) RS b5t ueedater gy {PHeY shamd o(CPICH), a

%ﬁ%hﬁﬂ%ﬁ@ﬁ dnld @f%{F) eﬁfd/éfd?ﬁ& fhrifOr t hogonal to one
not her, anglhea?h(rsco Umm and each row has unit power .
W08y bevdramedymn of Procrdiry makix maydre swdefoottie designseshown in

of matrijx. sign,in equation (4) may allow th
SBEns b isad €5 nrari s s 4 o S ot b B i Sriia Be defined s
fliosysdesi gn may be used for a pilot channel (CPICH), a
synchroni zati on channel (SCH), and/or other channels
[0043] Various types of precoding matrix nmay be used
for t V¢ ddsFgns showriir @quafi-ons (1) and (3). In one Eq(5)
design, a set of Q precoding natrices nay be defined
as follows: WL = ALF , for =0, ..., Q-1 , Eq (5
wheiceFis ¢ owiqrapatiiter nmatrix, L is the z-th phase shift
matrix,..and. Wis. t -t coding matrix. [0044] The
el eméﬁgq}g l'tﬁlﬂiﬁie iﬁ%ﬁﬁ&%%&mtri X F may be expressed
as: MW;dis thei-tld precodifig enatrix. for M= O ..., T - 1 and v

O, ..., T- 1, Egq (6) where® v is the element in
Edi'}%}é\l- t rHeQYeradhis &F 4 11 >COIFdiMerahattiRE MR bE BXproREd b -

0045] In one design, the phase shift matrix Almay be
expressed as: where ,v is a phase for the v-th antenna

in the.z-t h2phase shift natri di f f erent. phase
shi ft /matfi ces may b rd’egﬁne'di/\??ﬁn(aji"ﬁ r'enir_ghases v Ea(6)
and/or by rotating one or nore base natrices.

where f,, is the element in the u-th row and v-th column of the Fourier matrix.

[0045] In one design, the phase shift matrix A; may be expressed as:

eﬂvo 0 0
A
N IR Eq(7)
0 0 ejﬂf,T—l

where 4;, is a phase for the v-th antenna in the i-th phase shift matrix. Q different phase
shift matrices may be defined with different phases 4;, and/or by rotating one or more
base matrices.

[0046] For the design shown in equation (5), Q different TxT precoding matrices
W, may be defined based on the Fourier matrix F and Q different phase shift matrices
A;. The set of precoding matrices may also be defined with other unitary matrices
instead of, or in additional to, the Fourier matrix. The set of precoding matrices may
also include the identity matrix I, which may be used to transmit each layer on one
physical antenna. For selective virtual antenna transmission, different combinations of

columns (or submatrices) of the Q precoding matrices may be evaluated, and the L



[ 0046] For the design shown in equation (5), Q

different T x T precoding matrices Wnay be defined
Wha®edosom t he Fourier matrix F and Q differ ent PEHESM08/053233

shift matrices 1. The set of precoding matrices may

al so be defined with other unjtary matrices instead

of, or in additional to, the Fourier matrix. The set

of precoding matrices may aI so include the identity

trix |, which may be to transmt each | ayer_ on
g‘ﬁlémﬁﬁ9§¥hééﬁfe%ﬁtnéﬁﬁ%tﬂx ﬁ%t% SIeKide i QS PRITTHRE iR be provided
{Ecéélhg%atﬁk SRt u{:%?ﬁgfa"l‘qk' ag of colums (or

trlce e Q pre ing matrices may be
Elﬂéﬂh at dd onaldd31grhe1 setof fmpthIt ojfcltdtblqyrma‘mldemayrhe defined for a set

{)’%éqat E?ﬁ\ﬁngg#hg}%y eSt iwnﬁlngzﬂg?%ra%ipsﬁ 0(1? antennasé where
b:R0%A] 0 | RaypREvAESiEh ,phﬁsesleatmlpf I£XR] b;@pﬁcucyfchlb Cdeqing Bdocessing is

matrices ey be defined for a set of del ays. Each
pesferpnedayiopdo pserodingt ascshavinhin\Flgh 8de themps=1florang the V antennas

ant enna ere antenna O m ve a zero phase . ramp. . .
A SRS I SR PP e or BB Seff SRIRTTof Blpccssing is
Pérfsrmet CafRi 5 06HdNG:; a$ shOWiini FIGEIIB, Bén Vhen, ¥nd the V antennas
and the V antennas correspond to L sel ect ed,v'i rtual ,
eorrasheristo Tphysiealedapinings. t Thy dithensihay efythp reénlecsiscyvélcmlay matrix
for fiter di ,
@?IEP ’gna %1 ? il \(}e]g %glgtn 8@ gvg@ér?ﬂrlgrg %1% gx@lcmr%sﬂ deltay Eroyessmg is
pﬁfc&ﬁﬁaqmom@ odliaffenpiconding. tHoe chxipy,irtidh 6fytkifollewingydescription
D([ may .t hus, be dependent on whet her the
%%@bm% |ﬂ% dhe |emh%femé@ﬂc pielie BOCerRgIngsis st fosmag @rigF ft@precgding as
égﬂ ovtl eGP RCAH B n@h&ﬁ&n{éhﬁ&w puch of the follow ng
escription assu e explicit cyclic del ay
[10dB8E s silngne degigr, ftior seedf guplioit cydigudedyadatnigesarmay hodefined as:
FIG 3A, and D(k) has dinension of L x L . [0048] In
one design, -the set of explicit cyclic delay matrices
may be definkd ad 100 _ b tmk 0e 1 k 0 D'(*) =
Eq (8) 2p (L-1) tzmkk -J- K where|tmis the mth del ay,
which is theodel’ay spaci ng ket ween consecutive
ant en®Padk)and On(k) is an explicit cyclic delay matrix Eq(®)
for the mth del ay. . .
2z @-1)z, k

0 0 e e X

where 7, is the m-th delay, which is the delay spacing between consecutive antennas, and

D,(k) is an explicit cyclic delay matrix for the m-th delay.

[0049] In the design shown in equation (8), the cyclic delay value 7, and the phase

ramp 6,,, of each antenna v may be expressed as:

Ty =TV for VZO, ceen L-1 . and Eq (9)
2z

[0050] The design in equation (8) uses uniform spacing of 7, for the cyclic delay

values of different antennas. The uniform delay spacing may reduce signaling overhead



[0049] In the design shown in equation (8), the cyclic

delay value tmv and the phase ranp gnv of each
W@Rni0gsa9y may be expressed as: mv p. for v =POI/US2008/053233

L-1, and Eq (9) q =- for v=0, ..., L-1E(1O
JV [0050] The design in equat%pn (8) uses uniform
spacing of tmfor the cyclic delay values of different
antennas. The uni form del ay spaci ng nay reduce
signal i ng overheadsi nce the cyclic delay val ues of all.
singth thengyglic welpybealepsfofdl Lipdmap may g fefinedthasechpp e single 7,
Lﬁﬁél] In one design, a set of M= 3 delays may be

efi'ned to include the following: r o = O, for zero
pioisay, He ofic Hedign, abdrof, M0B deiwhk magdcal¢fineh@ ilcludd tk following:
T2 =- , for large delay. Eq (13) [0052] The smal |

del ay may be used to i nprove beanform ng and frequency
sel ecfi 78 schedffiriza® d¥yn and may be especial |y Eq(11)
beneficial for low nobility channel, |ow geonetry

channe| - 2l ow r afs spRARBRY, aRt C. The [arge del ay may be Eq(12)
used to inprove transmt diversity gain and may be
suitable for high nobility channel (e.g., for a nobile

UE HDV%B gt 30fdemarhe deny faster), high geonetry Eq (13)
channel , tigher rank channel, nore coarse feedback in
time or frequency, etc. The large delay may provide

[&h] ar r t i il
Flo2] o1 S MERTRAES iy 88 5L Do R BeirndRl, id Hrequency
viheoive selkalabikg igafnoimimagrbel Spadalby bekafioiak tiory 1dws mobility channel,
related to signal -tonoise- and-interference ratio

O3] BEYCyRDaFRG ot KpnkkYaresh s pbilatss e BINRS Usegnig improve
PA PR IR Ko N O R0 1P Dkt EncBh ARt T (e oy o mobile
Usemandgias 38lkswhr ef &steel] high geonsgigt ¢chehnetuhighpd exk mhannel, more
order.. | ne desiqgn,. zero del a r small, delay may .he . .
GUC FostBarkr e O SROSY: i ot Fpydelag) By HRyvigs similer
p&esinfafEe £PMKZrPdeldy BBk MbBISNERRhON whidhem&y Shllafice robustness
del ay diversity processing wth |arge del ay may

el thal dysem whersifggdbadlf inforenation ay episy.udeapnietry idathted to signal-to-
transm ssion. [0053 gener al xplicit cyclic de

RSP R enss TR A PPN omsi B S § 147 R, and
RipY deafetrg Uhar cétedspynd fohighXSIMRse, R@wkPtdf&h tto echiiber of virtual
delay matrices may be ) ) )

antennas selected for use and is also referred to as spatial multiplexing order. In one
design, zero delay or small delay may be used for a rank-1 transmission, and large delay
may be used for rank-2 or higher transmission. The cyclic delay diversity processing
with large delay may equalize the SINRs of the L layers used for data transmission.
[0053] In general, explicit cyclic delay matrices may be defined for any number of

delays and any particular delay. For example, explicit cyclic delay matrices may be

defined for small delay of 7, =1 or some other value, for large delay of less than K/L

or more than K/L, etc. The cyclic delay values for different antennas may have
uniform spacing, as shown in equation (8) and (9). The cyclic delay values for different
antennas may also have non-uniform spacing. In general, a small delay may be any
value smaller than the cyclic prefix length, and a large delay may be any value larger
than the cyclic prefix length.

[0054] In one design, the implicit cyclic delay matrix C(k) may be defined as:



defined for small delay of T1=1 or sone ot her val ue,
for large delay of less than K/ L or nore than K/ L
WO 2@B8/0980The cyclic delay val ues for different BCIE/EMVOK053233

may have uni form spaci ng, as shown in equation (8) and

(9). The cyclic delay val ues fpr di fferent antennas

may al so have non-uni form spacing. In general, a snal

del ay may be any value smaller than the cyclic prefix

| ength, and a | arge delay nmay_be any val ue | arger than

the cyclic|prefiOx | ength. f 0054] In one design, the
implicit cyclic,delay matrix k) may be defined as:0
020e 1l kp0.C(k) =.Eq (14) Wt k -J- 0 0 K where Mt

is anG(hpE|cit cyclic delay value for physical antenna Eq(14)

t . [0055] | The ﬁhase'ranp'qt f each physical antenna

t may be expressed as: g Z«pct for t =0, ..., T- I ,

Eq (15) whebe qd® =Vo-=Q [6056] In general, any set of
inplicit cyclic delay values may be used for the T

physi cal antennas. The inplicit cyclic delay val ues

whyrehe ipse inddiaitacydbendelay ualse for phgyicddennteahaes sel ect ed

to achi eve good performance. The inplicit cyclic del ay

sses sheyhdsdremph@rdafenct plwsldahmtcmxaltlrmyd:reeefxpxesk@imyt h

C as follows: - C< - <C, fort =0, ..., T - . Eg

(16) The constralnt in equatlon (16) may ensure that

chann mation b ed n the pllot transmtted with

t he |an|KJ% cyclic g%lafyls ?ot ‘overly degraded due Eq(15)
to aliasing effect. [0057] In one design, the inplicit
¥C|IC del ay value VMt for each physical antenna may be

yheerfbysanli nt eger nunber of sanples. In this design

the inplicit cyclic delay na¥ be. achi eved by ap

RS i n flrgén?ruaf;oﬁylén%%/ Oaéma it gyclisydedgse vplagt Wysl?ﬁ P%eidnf@r the T

or t
%@ﬁd&ﬁs gﬁﬁ%ﬁr}fﬁot e Ofth éfselug 11% Hglﬁ?z Sr]%{ﬁ%%: Iﬂ%a ?f/ecﬁs%ﬁ&(; hfﬁ 88m values or
mal be thueﬁ @eleﬁad:h) pdiyes\ae@iodqmtfem:mcﬂaﬁhbemphme nyd:lyc delay values

rh l(i %%rter tharqbl%rcyclic prefix length C, as follows:

-C<g,<C, fort=0, ..., T—1. Eq (16)

The constraint in equation (16) may ensure that channel estimation based on the pilot
transmitted with the implicit cyclic delay is not overly degraded due to aliasing effect.
[0057] In one design, the implicit cyclic delay value ¢, for each physical antenna
may be given by an integer number of samples. In this design, the implicit cyclic delay
may be achieved by applying C(%) in the frequency domain or by cyclically shifting the
useful portion in the time domain, as described below. In another design, the implicit
cyclic delay value ¢, for each physical antenna may be given by a non-integer number
of samples.

[0058] In one design, a base set of T different implicit cyclic delay values may be
defined. For example, the base set may include cyclic delay values of 0, 1, 2, ..., T-1.

The implicit cyclic delay values for physical antennas O through T-1, or ¢, for

t=0, ..., T—1, may then be taken from the base set in a pseudo-random manner. This



of sanples. [0058] In one design, a base set of T
different inplicit cyclic delay val ues may be defi ned.
wWo-0080%80pl e, the base set may include cyclic PEI/H§2008/053233

values of 0, 1, 2, . .., T-1. The inplicit cyclic
del ay val ues for physical ant‘ﬂnas 0 through T-1, or
vVt for t =0, ..., T - 1, may en be taken fromthe

base set in a pseudo-random manner. Thi sdesign may
nsure that T different pseudo n1y sel ect ed

g%gq may eqnélgre\%@tu“ééhf grentapsi %—aanﬁem%h gclgctemh guglicaglelay values are
] 1 dEdagpl i cit cyclic delay values for

%ﬂ;ﬁﬁ%? @%é%%nteﬁhggpnay al so be defined and

Ho58Lt edF henmqﬂhercyn’am nlelag. valies formphe ¢ physgca] atenteb ayay also be
ues be static values fhat do.not.c e over

s SeliedRarn SUsS et ediy G At dBry gy By be static

LAI0® thet d@%@ﬁ@ha&g\é v sintch @émﬁﬁml&baﬁ&etﬁaf ﬁﬁ?edhfahgfe slowly over

e.g., every synbol period, every slot of

ngnnb@tl d:a@mlg dsluce that yﬂaszu&lfan@ﬁre@ienﬂm ¢.gpleeers| S(vm;bol perged, every

006, esi n shown. i.n
%,1 oaatuliRly ol R SR Mpb R SR Ak Bl Pl 56 Gl oy
IM’I i fFo@Qh@Hbsﬁ’ﬁh éﬂ(ﬁﬁn ﬁﬁyqdhﬁoﬁxpf Qﬁépﬂ)c@@m 1fd the datl symbols
t i(k) 2p Vt i KOOy (t) d(k)
@etk)thqj@rse @éﬁy(smnp@%@}lorrﬁb?)myc@s@qprfgsefdo% t he pil ot
synbol s may be expressed as: [0062] The inplicit

cyclic dela natr x C(k) be I|e€ in the
fr ? ﬁaln as shomn ecua fon (1) and nﬁ} be a d, (k)
func ?%n f subcgrgi er k C(k) provi déx a phase ranp | °

(i .levq. (8 1|i n8are pHase- ‘shi f t0 ac&g @ ehe" K subcar®i er d, (k)
on leach physi:cal antenna. The gl'0pe of:the.phase:rangJ :
na be’ &!ff rent for different |antennas, and antennal 0

Jhav phase ranp. Agptying a phase ranp=fAt hel 4i:1(k)
fre quehey d ﬁaln Vs egui ¢al ent Jt o0 8 e b ack)

C(k) D(k)

Eq (17)
[0061] The processing for the pilot symbols may be expressed as:
1 0 0 |
yp,O(k) 2rgk pO(k)

k 0 e X .. 0 k

O E R RO Bq (19
Vo1 (k) ﬁ% Pr (k)
¥200) 0 0 € S
C(k)

[0062] The implicit cyclic delay matrix C(k) may be applied in the frequency
domain as shown in equation (1) and may be a function of subcarrier £&. C(k) provides a
phase ramp (i.c., a linear phase shift) across the K subcarriers on each physical antenna.
The slope of the phase ramp may be different for different antennas, and antenna 0 may
have zero phase ramp. Applying a phase ramp in the frequency domain is equivalent to

performing a cyclic shift of the useful portion of an OFDM symbol in the time domain.



performng a cyclic shift of the useful portion of an
OFDM synbol in the tinme domain.[0063] FIG 4 shows an

we@x@spds9df applying inplicit cyclic delay in P¢BEUSI008053233

domain. In this exanple, T = 4 and WVt for each
physi cal antenna is given by ?p I nteger nunber of
sanpl es. The useful portion off an OFDM synbol for
antenna 0 may be cyclically shifted by zero sanpl es,

the useful portion of an OFDM synbol  far . .a nn
HO63L, ¢ ifd&- 14 shewy B ExByPls Ogéﬁﬁlmélg i méntugsécﬁm Getay Wofhe time
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RONDbAOSF QAR Ol_'Wu%fm\)/gé)mt)ﬁ fofat @PDM %y}%bﬂ R€ antenna 0 may be
cyclically shifted by sanpl es. Vi V3 may

bﬂllpsl@usmf-twhbwmm vahples, the usehyl metlcned)faatne(dF]DM syomw! for antenna 1
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Es served by thé Node B and nmay broadcast or send
tedaces evapation emplyxityo (fohestsctums 2 dalay evt ahotlheassible delays) and

C}gﬁ%lgln 0 te{h @gﬁg? n(%fma Yioh §§ b gle teg ﬁ?lﬁy)i eﬂ{,l ?abé%gy be selected in

eAch 3
e@ﬂﬁwm@mma@al coaneX|ty as mell as feedback over head.
For _exanpl e zero delay may be allowed for rank

E’066bt h [hong dﬁ“égwheawad? Brgy %féffoaﬁn ﬁﬁ@ll%féieéqﬂ fovedrhy BE and may
?thgselfc(t&i délggﬁ) eangﬁi%ir 8&'1 gd é%lléﬂ:%u? explicit
eren e és an

pOSSI pr eco ing matri
sysfdylaﬂ died geyeedbl@sﬁd Narnde® pet fhay beoradeasnet $elnd thms:blecmd delay to

el e rec the delay with _th
e ICJEér 7o Rriicaerabnpg. he-Sodg %cwab STt b M dAsy gifferently
RFr @cPER0%H BEIRS rbau @R R RielRMall mml%lgﬁwﬁs Wl as feedback
conpute an effective M MO channel estina (k)

beskehdoiroa cinvide.civdnaeb dekinet e o dl for ek gr eabdemglclay and
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[0086f hegh Sone Ak BRP ERAURIMEP cdalthth fEffeht pos8HRIpRYoding matrices
and different possible delays based on a performance metric and may select the
precoding matrix and the delay with the best performance metric. For each possible
combination of a precoding matrix W; and a delay 7,, the UE may compute an effective

MIMO channel estimate H,_, (k) based on a MIMO channel estimate H(k), the

precoding matrix W;, and the explicit cyclic delay matrix D,,(k). The UE may evaluate
different hypotheses, with each hypothesis corresponding to a different precoding
submatrix W, for a different combination of virtual antennas (i.c., a different column

subset of H,, (k) ) that may be used for data transmission. The UE may estimate a set

of SINRs for each hypothesis based on H (k) , the MIMO detection technique used by



submatrix W S for a different conbination of virtual
antennas (i.e., a different colum subset of Heff (k)

WQ 2608a9800my be used for data transm ssion. ThePQUEUSMYS/053233
estimate a set of SINRs for each hypothesis based on
eff (k) , the M MO detection {echnique used bythe UE,
and uniformdistribution of the available transmt
power across all virtual antennas for the hypothesis.
The UE may then map, each SINR taq pacity based on a i
thepHE @53 f%l‘f@FPdHStHHEI“‘?Pa§?§ dh am}lagfeet%@l& RPYET £riess @il virtual
tbnrfSs FHPERMhEHSsi{ OTh@UE Mt ikdl mANLLANANR & caHaSH b
%i/p%t hesi s tgb%tsaﬁn a sum cglpacir{[1 %or tﬁat 4 B] ased on a
tappoith&sicson Afd erayewalroalbicriye abpactiyep of laB e sultfcarricad for all virtual
ossi bl e conbi nations of precoding matrix and expljci.t
%}Elp}aé .E|ea Hpg} csig (6 ()@EMM slggl %‘@?Cl{ﬂwz"fb@%i %ygothesm. After
Q&’a‘l’&_ttﬂﬁg%ﬂl%yﬁa@ﬁleié@%P@HS?os@,ﬂﬂ@b&ﬁﬁih&[bn@fof@f&S&QQ Rhtrix and explicit
matri x and 'delay with the | argest sum capacity. The UE

pejicsising Yahes, phebiddinay selatinthe st hxpathasis Her dhelbeyt gaprbination of
bRl R e gt I RSP ST EN, S P e v

prtsding WBTRatri€ ONf aind thdr@elby BaSthe 08t iyPsthedis Winerprécoding matrix
sel ected virtual antennas. [0067] The UE may al so )
Neprgd thicklslag taupgRior gptagrapsmipsiony rqcgdiggeptan W peayl contain the
l.ec [ : T of each data
E S bRintd Jr M Bloy EERUARS ISR O PRRC OF Fhe
R@6Chr r iBresUBNday alsd ulltermnice® rAANRE @f § dab stat@s 36 seddron the L
di cato

The UE may, al so deternine channel quality i

S SERTAT R 1 _@tﬂﬂg b s g %rﬁ@nsn%ya?%ggifm@a_ based on
A SNRYAFUR JTBYarRONRAH $BnAD AV RAES (RNBta GrefRIUHRIIB hhay also
and codi ng schene (MCS), a packet format, a transport

flgemung Se¢henndhpaliy mdicawe (0QI heal®sO@scd ah ukes STMRs phée S data

SR T o 3RS S fon an cotn
5@RRBIONLS)t BPaStNRo@fat tN@akgba 5t st RS nfdyTsshd the S CQI

and the differential CQ value may represent the

tilngsciorieeS dnst siecamstananag| SR 2 bpse Vil welbaart ¢ didfesential CQI value.
{ggogg%e ¢<21e gaﬁ% ?Iilea%/: It%BI'eSéI}Q gléel\gm)%f Eﬁg%/da% g#rg:arn? 4l é&ﬁed first, and the

CycCll ue o1 eac

pitfesdntial Catwimiamayhepiode the dYersierdbddwtat theySINRsSof two data
and data synbols with the same inplicit cyclic del ay
PF8E8ssi ng, and the UE may estimate the M MO channel

(BT v R LRGeSy SR ! B PydRcevetic delay
eddticial cdvhBysibarneinng.eShohode dnohay kend pifdtisgmbols yod ideta symbols
g%hgtéa rsrgti}fr: Itui%gﬁwﬁ%ﬁlflif&l%i E}q%gssh%? %nc? 'theT FJ% glg? Se%tir?lgtleft ¢ MIMO
channel response based on these pilot symbols. In this case, the MIMO channel
estimate would include both the actual MIMO channel response and the implicit cyclic
delay matrices applied by the Node B. The phase shift caused by the implicit cyclic
delay matrices may be perceived as part of the MIMO channel fluctuation by the UE,
and the UE does not need to know the implicit cyclic delay value of each antenna. By
transmitting the pilot with the implicit cyclic delay matrices, the Node B can arbitrarily
select and change the implicit cyclic delay values, and the change would be transparent

to the UE.



delay matrices may be perceived as part of the M MO

channel fluctuation by the UE, and the UE does not
woe@d/oeseknow the inplicit cyclic del ay val ue PET/E82008/053233

antenna. By transmitting the pilot with the inplicit

cyclic delay matrices, the No B can arbitrarily

sel ect and change the inplicit cyclic delay val ues,

and the change woul d be transpar ent to the UE. [0069]

using. a smal | nber of explicit del ays .g., zero
Hﬁ% %ﬁh‘ﬂ%ln&i%ﬁ%ﬁ ngmaer %fﬁg@lo%ﬁeéws (§igt> wemff@rl%p small dclay, and
t
gi? ea}{-fléﬁg%ggglrnﬁlggﬂ%gh{gﬁ WéJacﬁ'the Ng d@@BLegﬁgﬁtl ah{éﬁnas the signaling

avmihemd tsedxmtth@Nod@)andxhet YEandton eell:l&lqmwpntp@mt@dm t¢edJE may be

e Fhe NGB S R s PR RS Ptk SRl Sy ptues withou

LR9{O1o ikkdsn the §1FOWS a bI ock diagram of a design of RX
M processor 260 and RX data processor 270 at UE 120

[007¢) G EIG. Prhowe ediloekddipgrant ofseyd@@glsofi‘RXrMIMO processor 260 and

RRRH, L2398 4 RUED BoHiGEDY AR SREESE Fhef Simbols from
péhiddulatEe 2(52@)hrwﬂrgews4lr4&ﬂ@)y be&xpﬂ:sﬁdmsT M MO channel
matri x for subcarrier k, and rp (k) is an Rx | vector

containing R received pilot synbols for the R receive

ant enfidé) o0 6€aIPFer ok i n one synbol peri od. Eq (19)
Equation (19) may be applicable if the pilot synbols

are transmtted as shown in equation (2). Equation

(20) #ely) bdlEPBIFLUME i f the pilot synbols are Eq (20)

transmtted as shown in equation (4) [0071] Channel

timator. 294 may derive a M M) chanpel estimte based
ﬁeﬁehg(’?)é&élil wed T pYitgo %fvﬂwr%atmr%@ PR ieiHia 3@

esti fﬁ%‘?é}ém <Rt ;g{gsaﬂ@%(g%@m&é@ qpl[o%&)%gg@ fhie R receive
(k) is an %&nﬁ&%ﬁ%&%‘ﬂfé}k’\ﬂlw > CANSIeriBRE Ti x £ or

subcarri er Icity, equat| ons (21) and (22)

h
gltlalﬁont Q@?n(; anp)e agegéag)'lfte 1d¢%dy; ﬁ% CI:IH%Q |s shown in

el eosttsl anne
ecﬁranbﬁ €3). quua@bh (S0P®ay b e@phmwlf&m ptlbmmwa@nranéﬁntted as
own in equations (21) and (22), the M MO
shown in equation (4).
[0071] Channel estimator 294 may derive a MIMO channel estimate based on the

received pilot symbols. The MIMO channel estimate may be expressed as:

H_ (k) =H(k)C(k) , or Eq(21)

H,,(k)=H(k)C(k) V , Eq (22)

where H,_ (k) is an RxT estimated MIMO channel matrix for subcarrier &. For

simplicity, equations (21) and (22) assume no channel estimation error. The MIMO
channel estimate may include a set of estimated MIMO channel matrices for all
subcarriers used for transmission. As shown in equations (21) and (22), the MIMO

channel estimate H_, (k) includes the actual MIMO channel H(k) as well as the implicit

cyclic delay matrix C(k) and the unitary matrix V (if any) used for the pilot.



channel estimte Hest (k) includes the actual M MO
channel H(k) as well as the inplicit cyclic del ay
WOoraaosi980ex k) and the unitary matrix V (if any)PUeeEs0be053233

the pilot.[0072] Wthin RX M MO processor 260, a
conmputation unit 510 may receigve the M MO channel
estimate Hest (k) from channel estimtor 294 and the

pr ecodi ng matrix Wand the explicit cyclic delay

A:) selected for use, If

| o
{qﬂgﬂ}s i R%’ HhinRX MOV proceyomttbt f%l)lput%tlr%lnurm dLQ @y receive the

SAUTRHEER GO U0 ALK TR XsSe ] R BRSGRIRRy matix

Wa)in& QMEEC@ ei&fcf (fe‘l"i}) 1Y1§tr1|¥| l%@i)( Qa@&@@ koretﬁt‘: ' Tpﬂ@ §)11%§ is transmitted

foll ows

QS(Qhowns'steq(lM)onWl]D(tkﬁen) pt‘dcqss@qZG(OZrnay ermve thleﬁniua(rj( )nansx ¥rused for
effective M MO channel matrix for subcarrier k .

ﬁ@fpﬂlot?(%fo lgwﬁﬂ%@szé]f)hegesi(% M MO channel observed by the

B35y 2ok SiEine tanite pooFagtoequinP s o ay L follows:

used if the Node B perfornms precoding and explicit

cycligrd (RFPEDIWQ s shown in equation (1). Eq (23
Equat i o’ﬁgl)24) “’rray g@ used if the Node B per f or ms 1)
precodi ng and epr|C|t cyclic delay processing as

shown g n%l&)%ﬁ (@MW Bk NIt 510 may then conpute a Eq (24)
spatial”tiltef matrix MA) for each subcarrier k based

on Heff (k) and in accordance with m ni num nmean square

ShERrH( VPR an IR BT MYREVIMAEBEnc 28 5Pix 18F gibegrr{ezk:) H,, (k) is
or so her M MO detection technique. [0075]

gt &Fécﬁ(ze MR 10BMhaaR 130 TR el a5seinkeshts 34 @bsly ! is Sft)f ﬁﬁ:"’é virtual
from R denodul ators 254a through 254r. M MO det ect or

Mgnn@aysqﬁeﬁwdmmtwnmsm@mectu on on the R received data

PNPE LR D Pl DRI Bt ol b BB il and cxptici

& dhe&m'ﬁayf @bcés@ﬁigLasSﬁb%t 1ﬁdqu1htﬁ(51U al). aB(ﬁLQtﬂBﬁS(M)“mh?)b%fused if the
N rE)per 514 may dermp t he detected synbol streans
Ade

frems peerer Bigetidary! l% cYHE ¢rAppPI§CBEFasrsheyn Yy equation
@y anétg?lwgﬁy g cb gﬁ%g‘: sgﬁé\aquﬂtér ?%a%rlx Fﬁ{sr e:récélgsdb'a?mer k based

b S(/dhadua 1ﬁtabﬁﬁﬂﬁwe[vﬁﬂl71ﬁ]nuﬁiﬁmdﬁéaal fuoeesd (MERIE), lincar MMSE
i ncludes S stream processors 520a through 520s for the

8. Ma1SE)storedoming AT of koraatiher MIRES déte&dh tBEniguenol

([j()(:i‘)r’%l ’ (jA(:)?\/cI:IM(r)TJO ({etector 512 may obtain R received data symbol streams from R
demodulators 254a through 254r. MIMO detector 512 may perform MIMO detection
on the R received data symbol streams with the spatial filter matrix M(k) for each
subcarrier k£ and provide L detected symbol streams for the L selected virtual antennas.
A layer demapper 514 may demap the L detected symbol streams in a manner
complementary to the mapping performed by layer mapper 332 in FIG. 3A or layer
mapper 342 in FIG. 3B and may provide S demapped symbol streams for the S data
streams.

[0076] RX data processor 270 includes S stream processors 520a through 520s for
the S data streams. Each stream processor 520 may symbol demap, descramble,

deinterleave, and decode its demapped symbol stream and provide a decoded data

stream.



dei nterl eave, and decode its demapped synbol stream
and provide a decoded data stream [0077] FIG 6 shows

W@ 2wes989m of a process 600 for transmtting dap@I/Us2088/053233

wi rel ess comruni cati on system Process 600 nmay be
performed by a transmtter su as a Node B, a UE
etc. For process 600, the transmtter may perform
first processing for cyclic delay diversity (or

explicit cyclic delay. processing) based on a first set .
mﬂ%ym RIGH HPWoa design ef g proce ¢4t %’&élﬁln?mﬁmil% g diu wireless

ESAuhREGIVE st Iaro?é’s"s B0b hﬁ?ﬁ?p%ﬁogge({ ’gir Q& Gk subfi€s a Node

transmtter ‘may perform precoding based on a precodi ng
Bat Ul oW.eFohprocteftddethertraatmeter inimy farfosin fasopessssmg for cyclic

B LN T S vyt e
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ased on a second set of cyclic delay values (e.aqg.

The cegimier myy peorowpretalingbasce oeiaverecadil gomktriG W) cither before or

07 The transmtter .ma erformthe first d .
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Berform &8cSHAOWRodeBsiRaIURE | 8R1i€ L1y diddrsity N@r t IR L 8lc delay
may performonly the second processing Tor cyclic
pieicesping) Viessi by 4 oecquidl sitt, ofecyplic dadawsvelues i(n.gequatthongh ¢ )
(2) or (4). The transmtter may process the pilot with
wnlneivnge yhamgeeive (Vlock&l6).s not applied to the data.

i . f h i .
E@??f ::aglir{g at})*/atngr%n{lc? &a&&relrfg){rg] ﬁltée 1rs[ i gec@rrlcgglﬁ)%?s'r%}r}l%effog .Eychc delay
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a
Ver Si requenc

biveBAp|fyt dgatdig, exphdva in eyatibe (thedra®).mahe itanb¥kder ey perform
each subcarrier k . The transmitter may performthe

Qwly ShrscpprtRiess s aier cxelie drlay &aeagitwpy@.k& g~ fhsho@ in equation
(TPl OSSR S AP B i o

fim?eiedes itlga’ldatp.h éﬂ" hbrtmmsmﬂttet emaynlmtf fdrimcmb ?fgstfme?ﬁssiﬂlg for cyclic delay
Information 1 ndicatl ng one of a urality .o e S, .
ARPHY ﬁ%ghe&mvﬁm @aﬂgm Gei-<, TORERY G SBYeit SeiS oy gatrix D(6
| @A¥h PRk, eqHAaAMRIter Tb) AdMRMIRe (dddnd PBessing for cyclic
transmtter nay determne the'first set of cyclic
dehayivesityes theatsred domainh e.gd dlyagyclierdliycshifedg bye sahwles of the useful
fergdbac i nformgation. In another design, the

PYARE AP P8 3311 ect a delay from anong the

wogovp! i tnf ok dé@i'ﬁﬁ)’ﬁle&%sﬁﬁtér 90 drcbbiCc FQIdBEIEThf6telad¥n tifkdicating
the receiver. The transmtter rmay then determ ne the

ong efta Blaraliey oEgdpyse Whedhayay hiclvds zpmsdednye amph delop) anglarge delay
SELY1s TURBATOTVENBE T S SPRIREL Y o gt of
swtiondtlsetalues based on the delay indicated by the feedback information. In
another design, the transmitter may select a delay from among the plurality of delays
and may send the selected delay to the receiver. The transmitter may then determine the
first set of cyclic delay values based on the selected delay. The transmitter may
autonomously (e.g., pseudo-randomly) select the cyclic delay values in the second set
without having to inform the receiver and may constrain these cyclic delay values to be
shorter than the cyclic prefix length.

[0080] FIG. 7 shows a design of an apparatus 700 for transmitting data in a wireless

communication system. Apparatus 700 includes means for performing first processing

for cyclic delay diversity based on a first set of cyclic delay values known to a receiver



wi t hout having to informthe receiver and may

constrain these cyclic delay values to be shorter than
w0 b@s©o9sobi c prefix length. [0080] FIG 7 showsPEI/tszng 53233

of an apparatus 700 for transmtting data in a

wi rel ess comruni cation systemn, Apparatus 700 i ncl udes

nmeans for performng first processing for cyclic del ay
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recei ver (block 812). The receiver may receive a pil ot

vrlenosii to shoisceiuert(bloick 1§ 12,))/ cThegreeRivenymayi ipeqis¢ # pilpfaeaagmission sent
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pepedlinretéicer Rae ldvﬁ(ié PINIMOt dhamsdtiestmas Hakddoek tHEli@Yeived pilot
The pil ot transm ssion na¥ be sent with a unitary
frasissian deckysidn. fIde nilek ransnyistiom A beseBhWith 3 Yifagy matrix V

S b
B Bra a4 CHRPSIof ] ! oty ) LiaePBRbc may b
é@ixieda]zbaeedrﬁyrﬂmmm tlse unitdry i pdteix W MOThdh O  cheihn¢lcessimate may
for nultiple subcarriers, %gOSZ The receiver

%?P%rmwmerbﬁwc@@w riges H o hp) Rlg Sebae glers

i on based on th esti t
[ABEFT, SihecdeeianT ogt: oxtiamhy TUSD c0cBIBoloBLRy . Npived data
BRRnHeS D8Rl & akNVEMD chidhel REEh¥E andBite Cfﬁrsteﬁéf' cﬁecychc delay
multiple cyclic delay matrices D() for the nultiple

salb@saﬁhlmétr&l%?basle @nomiesipe of iblapk &l thef reegiztn way ék:f@ymme multiple

The rec rive
b ol B B TRl S ok A it st of eyt
@asﬁ@am@st MEhenebéivid Bag Wietive rai@tiple spatlau fRG Baicks M for the
multi ple M MO channel natrices Hest

Pk |SH'@Cai‘iféﬁrﬁ ibesady o1 dbie mgltiplgecyglie ai(etazyaﬁ@tﬁcgg i), thpenultiple
#@cel Ve &m&e a{}lces pﬁr f(% all\l/(li I\/Dp(.ij ctoﬁf:ntgl natrfu? "Wt uged for the data

transmission. The receiver may then perform MIMO detection for the received data
transmission based on the multiple spatial filter matrices.

[0083] The receiver may evaluate performance (e.g., sum capacity) of a plurality of
precoding matrices and may send feedback information indicating the selected
precoding matrix. The data transmission may be sent with precoding based on the
selected precoding matrix. The receiver may perform MIMO detection for the received
data transmission based further on the selected precoding matrix. The receiver may also
evaluate a plurality of delays (e.g., zero delay, small delay, and large delay) and may

send feedback information indicating the selected delay. The first set of cyclic delay



transm ssion based on the nultiple spatial filter
matrices. [0083] The receiver nay eval uate perfornmance

W@ 2008/098082im capacity) of a plurality of precodP@rUS2008/053233

matri ces and may send feedback information indicating
the sel ected precoding matri The data transm ssion
may be sent with precodi ng based on the sel ected
precoding matrix. The receiver may perform M MO

detection for the recejved data transm ssi on based
Yiresnary 6R detsemuwr drpuopiecs Cﬁ‘& %é%yﬂ khe figceiveR BBy ko jointly
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and the plurality of delays FIG 9 shows a
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[;(msar i belthoab o7 elill am thenay wonldenderspdnditbatpinficeated and tignals may
be rgprg\gqelelt%dllgsn{gsan%xg aC\IIatrlety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thereof.

[0088] Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
disclosure herein may be implemented as electronic hardware, computer software, or

combinations of both. To clearly illustrate this interchangeability of hardware and

software, various illustrative components, blocks, modules, circuits, and steps have been
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For exanple, data, instructions, comrmands,

information, signals, bits, ol s, and chips that

may be referenced throughout e above description may

be represented by voltages, currents, electromagnetic

waves, magnetic fields or_particles, optlcal fields or . |
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ot PSP RAYRAMRRIEodcOBC AeinGhiy dfSGhiBtPrERERrOr one or more
transi stor | ogic, di screte hardware conponents, or any

BOIDPIRaESSON i peryeastion eveﬂgenEaP careper froratherisech eandigueaiion.
b h A
@?ﬁy eﬂle gteﬁ | %6 ¥ n?e%ﬂ?(L aeﬁ%&’%ﬁ%[ {H\E/sgcff‘l%%i 9% go%ecpuon with the

processo er na € processor
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the processor can read information from, and write information to, the storage medium.
In the alternative, the storage medium may be integral to the processor. The processor
and the storage medium may reside in an ASIC. The ASIC may reside in a user
terminal. In the alternative, the processor and the storage medium may reside as
discrete components in a user terminal.

[0091] In one or more exemplary designs, the functions described may be
implemented in hardware, software, firmware, or any combination thereof. If
implemented in software, the functions may be stored on or transmitted over as one or

more instructions or code on a computer-readable medium. Computer-readable media



di scl osure herein may be enbodied directly in
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principles and novel features disclosed herein.

[0093] WHAT IS CLAIMED IS:



di sc, digital versatile disc (DvD), floppy disk and

bl u-ray di sc where disks usually reproduce data
woreaesoenl |y, while discs reproduce data optiPR@l/U§2008/053233

with | asers. Conbinations of the above should al so be

i ncluded within the scope of gonputerreadabl e nedia.

[ 0092] The previous description of the disclosure is

provi ded to enabl e any person skilled in the art to

make or use the disclosure. Various nodifications to

the disclosure will be reddlUAIM$parent to those

skilled in the art, and the generic principles defined

herein may be applied to other variations wthout

depar{ing Kh%@})&ﬂﬁw FOH WirdleQrcoff@REcaAon [ dinHishfg: osur e.

Thus, the disclosure is not intended to be limted to
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gsand gpiobayelis dskyratues ppknawiptosbersspiver 8¢ cyclic

del ay, dj i j of cyclic del ay

val ued enoﬁic§%ﬂ§ﬁ§§g%gag%té#ég&ﬁ§§é:transnission, and

to perform second processing for cyclic del ay

divergity based on a secqnd set of cyclic delay val ues :
unknoun 1 o1 BReAPPREEI 8F ; By Tty théo i legptt gng rgocessor s

%neﬂrggi?e?tt? ﬁ)gﬁgltqﬁ QeEPICAnd s%corﬂ‘ﬁro@é%@iﬁ? oS At d@llai?‘iéﬁ'({egsity for data,

| east one processor s configure

pet oqrenfotrh enlyi ths secand pswesng for opdssichy diarsityior pdot.
delay diversity for data, and to performonly the
second processing for cyclic delay diversity for

pilot3 3. The APRALAL YS Ahinf!12l WhdreinViRS &k Nchfi€o® processor s
| east one processor is configured to performthe first

pordigusasi Hy PRdprne be ifirsiderarysseiay EotsPygfici delfy elivassityy in frequency
SR Ly BB R S ARG B i sy

denginr tilhe dOp@imppar atus of claim 1, wherein the first
set of cyclic delay values correspond to cyclic del ay
| onger than a cyclic prefix Iength, and wherein the

secong set I . Ccorr Y Gl
Sorond 2t L AR 1R0h YOMIBEY O AP QGRS vaes
correspond to cyclic delay longer than a cyclic prefix length, and wherein the second set

of cyclic delay values correspond to cyclic delay shorter than the cyclic prefix length.

5. The apparatus of claim 1, wherein the at least one processor is
configured to receive feedback information indicating one of a plurality of delays from
the receiver, and to determine the first set of cyclic delay values based on the delay

indicated by the feedback information.

6. The apparatus of claim 5, wherein the feedback information indicates no
delay, small delay of less than a cyclic prefix length, or large delay of greater than the
cyclic prefix length.



5. The apparatus of claim 1, wherein the at |east one
processor is configured to receive feedback
WO pfosopsaps on i ndi cating one of a plurality of BEI/HFX08/053233
fromthe receiver, and to determine the first set of
cyclic delay val ues based on e delay indicated by
the feedback i nformation. 6. e apparatus of claimb5,
wherein the feedback i nformati on indicates no del ay,
smal | _del a | ess th?n a cyclic preflx | engt h, or
Iarge7dela¥ dfaPgrE@HSe P ﬂﬂﬁﬁlﬂheWE?EFﬁé %ﬁ%fk%ﬁ‘“w processor is
v [ t
EIEhRlto 0E ZRURY RNl BN S P G afptocted delay
for therarpry aad pd d@taﬂmwg/ tlmfﬁrslteleayﬁqycho dslepdalubebaset e ttlmjselected
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$'9yclic del ay values based on the sel ected delay. 8.
The apparatus of claim1, wherein the at |east one
processor is configured to autononously select the
cycl i 8 del &be vapparatusi of tcﬁ@lmseleowbel@élt the taholgast one processor is
t recejver of .cl

R B G RERLY S Yo STSICHRR) 3BT o B set without
pebeting o rbdgvegyclic delay val ues in the second set
based on feedback information fromthe receiver. 10.
The apparatus of claim1, wherein the at |east one
procegsor r rf r a
B o o ndmriH BE ARRES | FRPRY B0 'RaRPGR RBcssor i
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conprising: performng first processing for "cyclic
del ay diversity based on a first set of cyclic del ay

val ues; knome %nga{u%cgf rnOfl awﬂé} %] Ttﬁean%nﬂegs%i S p?’gcdessor is
performn ng Séc process ng for cyclic &%Iay
confipugddt Yo RSB OprcBodERE Waged @h @fprecoding matrix prior to the first

processing for cyclic delay diversity.

12. The apparatus of claim 2, wherein the at least one processor is

configured to process the pilot with a unitary matrix not applied to the data.

13. A method for wireless communication, comprising:

performing first processing for cyclic delay diversity based on a first set of
cyclic delay values known to a receiver of a data transmission; and

performing second processing for cyclic delay diversity based on a second set of

cyclic delay values unknown to the receiver.

14. The method of claim 13, further comprising:



cyclic delay values unknown to the receiver. 14. The
met hod of claim 13, further conprising:performng the
wo poogsansl second processing for cyclic del ay BCT/ESN08/§53233

for data; and perform ng only the second processing

for cyclic delay diversity foj, pilot. 15. The nethod

of claim 13, wherein the performng the first

processing for cyclic delay diversity conprises
perform ng the first processing for cyclic delay .

di ver BE{rming theeldizh AvY, Serondiniocesting Wpressin Cieﬁéf diversity for data;

@ﬁfforning the second processing for cyclic del ay
Iversity conprises performng the second processing

f or cyoformigeddy tlh seeorsd prpcdssing fexpyehc geldy daiersity fort pikoe.

domain. 16. The nethod of claim 13, further

conprising: receiving feedback information indicating

one ofsa PirHE aletod Hcldgl By svHcF@mtserfop@aigviae :ﬁrﬁgﬁocegsmg for
ase

determining the first set of cyclic delay val ues
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7. The thod of cl.aim/ 13, further conprising: .
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BvesEY ithfepteaey  domaig op fisegtimidi.nat ri x ei t her before or

after the first processing for cyclic delay diversity

and prior to the second processing for cyclic del ay
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communi cati on, conprising: nmeans for performng fjrst
pr oce &SPV Fdwgﬁmfeﬂa@r%ylg&%% P?%/"g%@gﬂlal&ﬁ b delays from the
&%gygéaﬁaclic del ay val ues known to a receiver of a

data transm ssion; and neans for performng second
pr oc edgtemygningrthe yicdtiset ofedyalic diclagnsiitey bseslesh the delay indicated by

econ et .of clic delay val ues unknown to the
ﬁ@ggﬁ@éa%ﬂé%ﬁw$ﬁ% apparatus of claim 19, further
conprising: means for performng the first and second

processing for cyclic delay diversity for data; and
17. The method of claim 13, further comprising:

autonomously selecting the cyclic delay values in the second set without

informing the receiver.

18. The method of claim 13, further comprising:
performing precoding based on a precoding matrix either before or after the first
processing for cyclic delay diversity and prior to the second processing for cyclic delay

diversity.

19.  An apparatus for wireless communication, comprising:

means for performing first processing for cyclic delay diversity based on a first
set of cyclic delay values known to a receiver of a data transmission; and

means for performing second processing for cyclic delay diversity based on a

second set of cyclic delay values unknown to the receiver.

20. The apparatus of claim 19, further comprising:



means for performng only the second processing for
cyclic delay diversity for pilot. 21. The apparatus of
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processing for cyclic delay diversity conprises neans

for performing the first procgssing for cyclic delay

diversity in frequency donai n, and wherein the neans

for perform ng the second processing for cyclic del ay

diversity conprjses neans for performng the second L
pr oceB§pigior perfesping dhqrlirshyndissropd ipfqeepsing foreygliqeislay diversity

R4 -dathhenppparatus of claim 19, further conprising:

means’ for receiving feedback information indicating

one omeanspfoupatfotnying fontethaysscdndoprotdseing oecyatic; debayddiversity for
epans for determning the first set of cyclic delay

Pues based on the delay indicated by the feedback
information. 23. The apparatus of claim 19, further

conpri sing: neans for autononously selecting the

cycl i 2l.del &he wpparetys iofi clae e odiwerin éhe wicniofar performing the first
informng the .recegjver, 24. The apparatus of claim 19
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to performoperations including: performng first
processi ng_for cyclic.dela iversity based on a first
set o?fcycwp%am%W%HsV%ﬁﬂ%bﬁkggﬁﬁrfﬁmanwg%eiver of a
data hiaSft sekRiic ROGRETHBANNG RELOMG: HAGSSHUAI of delays
for cyclic delay é%ver3|ty based on a second set of
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second processing for cyclic delay diversity for data;

and
23. The apparatus of claim 19, further comprising:

means for autonomously selecting the cyclic delay values in the second set

without informing the receiver.

24. The apparatus of claim 19, further comprising:
means for performing precoding based on a precoding matrix either before or
after the first processing for cyclic delay diversity and prior to the second processing for

cyclic delay diversity.

25. A machine-readable medium comprising instructions which, when
executed by a machine, cause the machine to perform operations including:

performing first processing for cyclic delay diversity based on a first set of
cyclic delay values known to a receiver of a data transmission; and

performing second processing for cyclic delay diversity based on a second set of

cyclic delay values unknown to the receiver.



perform ng only the second processing for cyclic del ay
diversity for pilot. 27. The machi ne-readabl e nedi um
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the machine to perform operations further including:
performng the first processipgg for cyclic delay
diversity in frequency donai n, and perform ng the
second processing for cyclic delay diversity in tine
domai n. 28. An apparatus for w rel ess conmunication,
conprising: at |east one processor configured to
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meclhyerusfthandeahiac ta parfomnsypiconionafidtheoingkidingr m second

processi.ng.for cyclic,delay diversity based on : ,
SeconBordiiing they Rt andssrcapd ipqreung fdhur g, defd diversity for data;
Leceiver; and a nenory coupled to the at |east one
processor. 29. The apparatus of claim 28, wherein the

at | epgrforovieg pnlp dlesssoend proewssiniz dorr avglie delpye diversiy tiorepilot.
first and second processing for cyclic delay diversity

for data, and to omt the first and second processing

for cyzli cTHehayhide-veddsbit indddim RF tRim 230vhidl) vatispaskatud&d by the
for wireless conmunication, conprising: at |east one
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of oy Bt Mo TP et HoP ch i BIBE Ry th Bty domain,
setond set of cyclic delay values unknown to the

receiver, to receive a pilot_transnssion sent wt .
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mul ti pl e-output (M MO channel estimate based on the
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detection for the recei ved dat atransnissi on based on ..
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29. The apparatus of claim 28, wherein the at least one processor is
configured to perform the first and second processing for cyclic delay diversity for data,

and to omit the first and second processing for cyclic delay diversity for pilot.

30.  An apparatus for wireless communication, comprising:

at least one processor configured to receive a data transmission sent with cyclic
delay diversity based on a first set of cyclic delay values known to a receiver and a
second set of cyclic delay values unknown to the receiver, to receive a pilot
transmission sent with cyclic delay diversity based only on the second set of cyclic
delay values, to derive a multiple-input multiple-output (MIMO) channel estimate based

on the received pilot transmission, and to perform MIMO detection for the received data



transm ssi on based further on the selected precoding
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apparatus of claim 32, wherein the at |east one
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trigc urth mat
ff&%‘&ac i atl%flafnglctar g 2 s MaffiSeice e‘?eadpﬁﬁm Riiggpe plurality
6f épréﬁoaﬁ}g wWhgfiisn dnbetatpetdaat MIMO piQe@ma0for $he received data
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det erm ned based on the sel ected delay 35. The
appar %us oé claim 30, wherein the flngt set of cyclic

del ay3%al ud8c COPPELPORl Amey R MOCHR afic| Bnlsast PR Prgcessor is
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cyclic delay values correspond to cyclic delay shorter '
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configured to derive the multiple spatial filter matrices based further on a precoding

matrix used for the data transmission.

34. The apparatus of claim 30, wherein the at least one processor is
configured to evaluate performance of a plurality of delays, and to send feedback
information indicating a delay selected from among the plurality of delays, and wherein

the first set of cyclic delay values is determined based on the selected delay.

35.  The apparatus of claim 30, wherein the first set of cyclic delay values
correspond to cyclic delay longer than a cyclic prefix length, and wherein the second set

of cyclic delay values correspond to cyclic delay shorter than the cyclic prefix length.
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recei ved data transm ssion based on the M MO channe
estimate and the first set of,fyclic delay val ues. 38.
The nmethod of claim 37, wherein the performng M MO
detection conprises deternmining nultiple cyclic delay
matrices for nmultiple subcarriers based on the first
set of cyclic delay values, deriving nmultiple spatia
filteggmat i t t hpl iar a :
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erformng MM detection fgor the recei ved data
o ahrcnilce Sprminsin Buighet fardhe dite HBRAMISHSRT a1 111 ter
matri ces. 39. The nethod of claim 38, wherein the
deriving the nultiple spatial filter matrices
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determ ned based on the sel ected delay. 42. An

apparatus for wrel ess communi cation, conprising: '
38.  The method of claim 37, wherein the performing MIMO detection

comprises

determining multiple cyclic delay matrices for multiple subcarriers based on the
first set of cyclic delay values,

deriving multiple spatial filter matrices for the multiple subcarriers based on the
multiple cyclic delay matrices and multiple MIMO channel matrices for the MIMO
channel estimate, and

performing MIMO detection for the received data transmission based on the

multiple spatial filter matrices.

39.  The method of claim 38, wherein the deriving the multiple spatial filter
matrices comprises deriving the multiple spatial filter matrices based further on a

precoding matrix used for the data transmission.

40. The method of claim 37, further comprising:

evaluating performance of a plurality of precoding matrices; and



means for receiving a data transm ssion sent with
cyclic delay diversity based on a first set of cyclic

w@l2008998093 ues known to a receiver and a secondPGEUS29D8/053233

cyclic delay val ues unknown to the receiver; neans for

receiving a pilot transm ssi sent with cyclic delay

di versity based only on the second set of cyclic delay

val ues; neans for deriving a multiple-input

mul ti pl e- out pu M MO) channel estimte based on the
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set of cyclic delay values, neans for deriving
multiple spatial filter matrices for the multiple

subcarriers, based ;o he tiple cyclic del ay
natri%%s aﬁ%eﬁﬁﬁ¥pﬁﬁgbﬁPﬁgyﬁ%%‘%%Fm%§?¥ices for the
M MO ehwintial pestbiniaice of apiirdtRans déleys; ped f or mi ng M MO
detection for the received data transm ssion based on
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e spatia er rices tonprises neans
dethewsclegtetildelagul ti pl e spatial filter matrices based
further on a precoding matrix used for the data
transm ssion. 45. The apparatus of claim42, further
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plurality of precoding natrices; and neans for sending
f eedbmekns fiof tcawirigonddtmtiacsmisngn senpmetb eotingdaelayt diversity based on
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means for deriving a multiple-input multiple-output (MIMO) channel estimate
based on the received pilot transmission; and
means for performing MIMO detection for the received data transmission based

on the MIMO channel estimate and the first set of cyclic delay values.

43. The apparatus of claim 42, wherein the means for performing MIMO
detection comprises

means for determining multiple cyclic delay matrices for multiple subcarriers
based on the first set of cyclic delay values,

means for deriving multiple spatial filter matrices for the multiple subcarriers
based on the multiple cyclic delay matrices and multiple MIMO channel matrices for
the MIMO channel estimate, and

means for performing MIMO detection for the received data transmission based

on the multiple spatial filter matrices.



means for evaluating performance of a plurality of
del ays; and neans for sending feedback information
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of delays, and wherein the first set of cyclic delay
val ues i s determ ned based o, he sel ected del ay.

44. The apparatus of claim 43, wherein the means for deriving the multiple
spatial filter matrices comprises means for deriving the multiple spatial filter matrices

based further on a precoding matrix used for the data transmission.

45. The apparatus of claim 42, further comprising:

means for evaluating performance of a plurality of precoding matrices; and

means for sending feedback information indicating a precoding matrix selected
from among the plurality of precoding matrices, wherein the data transmission is sent
with precoding based on the selected precoding matrix, and wherein the MIMO
detection for the received data transmission is performed based further on the selected

precoding matrix.

46. The apparatus of claim 42, further comprising:

means for evaluating performance of a plurality of delays; and

means for sending feedback information indicating a delay selected from among
the plurality of delays, and wherein the first set of cyclic delay values is determined

based on the selected delay.



