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systens, and Single-Carrier FDVA (SCFDVA) systens.
[0004] A wireless comrunication system nay 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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transmt antennas to inprove throughput.
terBackgreuyd the transmtter may transmt a single
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;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] Techni ques for sending a M MO transm ssi on

usi ng a conbi nation of cyclic delay diversity and
wEe@snkopy are described herein. In an aspect, PEI/BE81009653232

del ays for cyclic delay diversity and a set of

precodi ng matrices may be supported. A conbination of

precoding matri x and del ay nay be sel ected based on

one or nore criteria such as data perfornmance, rank,

geonetry, nobility, channel type, feedback
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delay diversity based on the selected delay. In another design, the Node B may perform
processing for cyclic delay diversity based on the selected delay and then perform
precoding with the precoding matrix. Precoding refers to spatial processing to obtain
virtual antennas from physical antennas.

[0008] In another design, the first entity is a UE and the second entity is a Node B.
The UE may evaluate the set of precoding matrices and the set of delays based on at
least one metric, e.g., a sum-capacity metric. The UE may determine a combination of
precoding matrix and delay with the best performance and may send the precoding

matrix and delay in this combination to the Node B. The UE may thereafter receive a

data transmission sent by the Node B based on the selected precoding matrix and delay.



matri x and delay in this conbination to the Node B.

The UE may thereafter receive a data transm ssion sent
whooslgsodde B based on the sel ected precodi ngPEEURI0R8/053232

and del ay. The UE may derive an effective M MO channel

estimate based on the selected precoding matri x and

delay and nmay then perform M detecti on based on the

effective M MO channel estinate. [0009] Various

aspects and features of the disclosure are %ﬁsscrl be
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[0017] FIG. 8 shows a process for exchanging data.

[0018] FIG. 9 shows a process performed by the Node B for data transmission.
[0019] FIG. 10 shows a process performed by the UE for data reception.
[0020] FIG. 11 shows an apparatus for exchanging data.

DETAILED DESCRIPTION
[0021] The techniques described herein may be used for various wireless
communication systems such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA and
other systems. The terms “system” and “network™ are often used interchangeably. A
CDMA system may implement a radio technology such as Universal Terrestrial Radio
Access (UTRA), cdma2000, etc. UTRA includes Wideband-CDMA (W-CDMA) and
other CDMA variants. c¢dma2000 covers IS-2000, IS-95 and IS-856 standards. A
TDMA system may implement a radio technology such as Global System for Mobile
Communications (GSM). An OFDMA system may implement a radio technology such
as Evolved UTRA (E-UTRA), Ultra Mobile Broadband (UMB), IEEE 802.11 (Wi-Fi),



TDVA system may i npl enent a radi o technol ogy such as

d obal System for Mobile Communications (GSM. An
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K) ortho onal subcarriers, which are also
escrlbed be ow 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.
In general, modulation symbols are sent in the frequency domain with OFDM and in the
time domain with SC-FDM.

[0024] FIG. 2 shows a block diagram of a design of a Node B 110 and a UE 120,
which are one of the Node Bs and one of the UEs in FIG. 1. Node B 110 is equipped
with multiple (T) antennas 234a through 234t. UE 120 is equipped with multiple (R)



commonly referred to as tones, bins, etc. Each
subcarrier may be nodul ated with data. In general,
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MNabigroBide ¥Ocdived il ol 2nbas éda ohannel 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
process (e.g., symbol demap and decode) the detected symbols and provide decoded
data to a data sink 272.
[0027] UE 120 may evaluate the channel conditions and generate feedback
information, which may comprise various types of information as described below. The

feedback information and data from a data source 278 may be processed (e.g., encoded



the received pilot synbols and provide a M MO channe
estimate to RX M MO processor 260. RX M MO processor

wQedsespIper f orm M MO det ection on the recei veRICTHHS2008/053232

synbol s based on the M MO channel estimate and provi de
detected synbols, which are egti mates of the
transmtted data synbols. An data processor 270 nmay
process (e.g., synbol demap and decode) the detected

synbol s and provi de _decoded data to a . data sink, 272.
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y(k) =D(k) WUx(k) , Eq (1)

where x(k) is an Lx1 vector containing L data symbols to be sent via L layers on

subcarrier & in one symbol period,
Uisan L xL layer-to-virtual antenna mapping matrix,
Wisa TxL precoding matrix,
D(k)isa TxT cyclic delay matrix for subcarrier &, and

y(k) is a T x1 vector containing T output symbols for the T transmit antennas
on subcarrier & in one symbol period.
Equation (1) is for one subcarrier k. The same processing may be performed for each

subcarrier used for transmission. In the description herein, a matrix may have one or

multiple columns.



y() = D) WUX() , Eq (1) where x(k) is an L x |
vector containing L data synbols to be sent via L
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x L layer-to-virtual antenna mapping matrix, Wis a T
x L precoding matrix, D(A) ig a T x T cyclic delay
matrix for subcarrier k, and y(k) is a T x | vector
containing T output symbols for the T transmit

antennas_on subcarrier k in one s nbol peri od.
E{?ﬁé i onl lxe]greqoghqgoma%lﬁe SHBY: B ppgd topform ppdo Taﬁlétual antennas with

P’ 3)‘39%%&' MRy 2 PE tﬂ%utgﬁrﬁg{j EQh GAGH ef]ﬂer gllé:r]ﬁdyeﬁe fd;?ﬁgd with one

transm ssi on. escription a matrix
oelymhad 3Voredan symboli phebe Uiutltipisd[t@m]comrm pﬁ\%m&i mgy then be

matri x W used t m.up to T vi ual . ante

T R P AT ARt st Al T Pae R sl SR e S P a Fourier
MafrtUGH sof R ndiBY. Penfa9LERE MY Hoﬁ{‘@se@ of Hﬁeocﬁf\ﬁ Watrfees.

data synbol may be nultiplied by one column of

WZI heﬁF Hedayasrio-virtuad aetcia mapping nagihn b ramdbgm;edﬁo rnap the data

Eér ‘bsollC %ﬁtfq%g?% t(%( n%{,gl arb%nneaglsof(%{;tggl: ug:,n a”[gg allaF)Ie virtual

Mt@tﬁﬁ@l flgnﬂi@t‘tfel &&med [b@ﬂa’ﬂzdn dNyel &y eirtuaDambdidal@dhpping selected for
antenna mapping matrix U may be used to map the data
E%ﬂéld§5‘ff&e thedow. | Hyspy alse” be o ridepdity apatenrayith ones along the

g%&%&? ﬁ %&g%ltsgghe]r-e ay ﬁé La%’é (Ylff{élt k{?{,ﬁﬁ%ﬁ ? A% ces Hal used for

ased on a layer vVIir enna mappi
ﬁﬁﬂé&ﬂ&&rkﬁr use, as described bel ow. U may al so be an

identity matr W th ones al ong the di agonal an .
E@?éh e|Té@va¥éL%delﬁfﬁéna§%P(’§r & bf aredip R Setay diversity,

WRidhi /85 ﬂ@yldpeoegﬁ?&nﬁ% ghiye %qﬁ §d1b&ie - schQRBRL &€ and/or

cyclic delay matrix may be ed to achi eve
diyetsity edel. aD(/dinaaer shso Y u&hcil madmyvephaw rembedioh.owhichgnay have

o7t e e e a7 i B 8RB

@Bﬂ Pah MK &lsigdhowhiie Eqdﬁﬁ?én BY B GREdoding vty WNLsa@BSrmed prior
may be sel ected and applled as descri bed bel ow.

[00@3 zp]roqessmghw ith d¥ily ncsﬂm/ﬁfﬁlayhdlﬁ@ram isothug igphed e phy sical antennas
RSAOS At ol SgBRLL RTS8 BFeBlind pAIE VB ORI may o

|ver Hus appli
@Ja:yisnaﬁally fanten délgy ané srﬁald délhy buﬂrhagaéls@né edvdasr hafodrthy.

[0035] t heFI%r 63940%18\)%5 ga‘tt)lgélz( d}ggra-gl”of ad%%l %/IIMO prgc?essor 230a, which
implements equation (1) 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
block to obtain a codeword and may then map the codeword to a block of modulation

EE TS

symbols. The terms “data stream”, “transport block”, “packet” and “codeword” may be
used interchangeably. Stream processors 320a through 320s may provide S data symbol
streams.

[0036] Within TX MIMO processor 230a, a layer mapper 332 may map the data

symbols for the S data streams to L layers selected for use. A virtual antenna mapper



used mainly for zero delay and small delay but my
al so be used for |large delay. [0035] FIG 3A shows a

wWhb@sksdvagr am of a TX M MO processor 230a, whPCHUS2008/053232

i npl enents equation (1) and is one design of TX M MO
processor 230 at Node B I | 08i n FIG 2. Wthin TX

data processor 220, S stream processors 320a through
320s nay recei ve S data strearrs fromdata source 212

where in g Each stream processor 320
it B ,m%pﬁ%%% fiﬁféaw@b0§cfpla%|lelaygﬁ% do syhesBIeTh ! Yifty aloaa%teamas used

%Trt%gﬂnisgioﬁbtﬁ'agpéi@gg% E‘t@@hsm%)}zgﬁg baothtihddeRB BRY mapper. A

carry one trans or pac I N eacC
preaodemi3§6inmay milltaplyi the enappbd §3nibyls fétamih subcaainr with the precoding

roce or , 320 ess rans ort .blo
BB B B e BB prtolseiet i St of 6% delay diversity
Pﬂo@&i‘éop%mw&ﬁlh@fﬂz tfh}éfﬂ%ﬂoaed Iﬁﬁbél@ rfaiseacﬂash@caihére@ﬁh the cyclic

transport packet” and "codeword" may be used
flelae matran @é/e)tﬂowbtasn roemmt pyiobes Sor haBbaatrier.oGyhli@gddsy diversity

ke S0, DB Y PRy SV RE Ryt ad Kl Bpsy2a throueh

gadta synbols for the S data streams to L Iayers
sel ected for use. A virtual antenna mapper334 may map

0987 at £a§b mssiutaterald 2impgy perfosePEDMymedplation fas rasresmetwe output
éﬁ%ﬁ"g% ie %\Zl‘l] i eg&eﬂogﬁtﬁgggg@@w&mmﬁ% &eﬁf% the K total

e Cco ne ‘nma
prbesodes 1113&6: OB Mnglyinbpl yer‘iddemﬂ'ﬁmaetdnsﬁjMGﬂ svifloa Keacint inverse
I X W.and provide

ubcarrier w t th codi ng natr
%‘ns%fétﬁ’d%ﬁmﬂ/ FFB g‘ﬁﬁTﬁ 4P o8t éﬂlﬁ?'iérp‘“ﬂo’& yenppingeR gime-domain
Y RES T EXHRIRS ﬁéﬁﬁ’ﬁl san ?lerﬁ@)é Spld P afud ﬁeoeot?eﬁﬁﬁﬁjt?éél in one sample

synmbol's for each subcarrier wth the cyclic delay
paiad. XTI As) Ctampidsadfithousgfut peyirhohay boroptitditnd appended to the

del di it 38
EpeiTdbe Sheubhtto st of LT S5oR! FaRinGeoRs Gaaiples. The
E&HiQH 98t RA2 - ref PR3 b 4528 Iy B Bl @ xOfin? R2usBaYtoP&IHhiRH: Mhter-symbol

DM nodul ation for a respective output synbol stream
intarfirence a@hl) nesdeddabp rfr@[ancyKSQi@ntmtfaéy@boEsclt onddlglasen?32 may
ﬁgtht eKttta P[tg; arriers in ﬁ q: ﬁq‘ool peri od

ChROFFRAS PATRET TGP A ENET BRIV THUEY &% bi scret e
EmBS] er dnadsEgpiatdskérII0 hmyoffébaw feedus&d tHfom@itiohOffom UE 120

containing K time-domai n sanples. Each tine-domain
mr@rqtﬁ‘s CRPIEBI I SHCATRIPIRECEETHE2G drishiapRored’] Wldo%?é‘ Controller/

étg)r sgrn@rﬂ}fa 8 alsé-%g(l)\lé%ec‘{ahﬁgrgc%ggﬁgga ﬁgi(y\’{]tﬁ é)ltj?ct?)g%{{ 336 and the cyclic
ddefuiatrpob(k)mpﬁooesfsowmégan OFDM synbol cont ai ni ng K + C

I
[O%nB es: In another design, Node B 110 may process the data symbols for each

subcarrier & as follows:
y(k)=WD(k)Ux(k) , Eq (2)

where D(k)is an L xL cyclic delay matrix for subcarrier £.

[0040] In the design shown in equation (2), the processing with D(%) is performed
prior to the precoding with W. Cyclic delay diversity is thus applied to virtual antennas
instead of physical antennas. This design may be used mainly for large delay but may

also be used for zero delay and small delay.



copied portion is referred to as a cyclic prefix and
is used to conbat inter-synbol interference (I1Sl)

w@ 200809800y frequency sel ective fading. Each noRCH/HS2908/053232
232 may further process its sanple streamto generate
a downlink signal. [0038] ConPr ol I er/ processor 240 may
recei ve feedback information from UE 120 and generate
controls for stream processors 320 and mappers 332 and

334. Control] processor.. 240 may al so provi de the i
M0dibdi g Grettt |S£k0‘\’/€/ fPlprke disgrym 5% X%Mﬁ@meﬁwr 230b, which

gﬁéléﬁﬂelﬂ@tﬁgﬁ%og((@aﬁn& R dofePAeQin 5@%&%&4219139#%& ss@f‘%(h & Node B

may process the
ébﬂ:hﬂ Habeawithen TK HHMQ)pt(mmor J30b) a Fpex m}lpp(e(rB)Q ,md;_zqnap the data

2 re : i S an L cyc tr
ol FirpOy el gGAoT P | " el G 6 i Ry i apicpe mapper
649 mal; BRapPhe GR&SIyRehoN £ R 1) drsstooﬁibE%1€%dangW1ﬁﬁalta%tennas A
the precoding with W C|cay édlvel‘SIt is thus
i

exppici eadayt alivarsityu arocassoe r&ﬁlésmansme lsofthép myapped| symbols for ecach
%}1etc§rr1]r{ég ﬁvtnh-m C%ﬁ%go nq%}{% tif(éf Sgd r%”é%ggr Y &fn(%e:%lmgirgf}( the symbols

use r
ﬂ@hlap’rob&@érl346:f(ﬁea&55ﬁ5wwﬁer avitl BekprééRgicamasfx W T&(obtam output
processor 230b, which inplenents equation ( and

ﬁsénm%fmethatoﬁé@i:@ﬁ%f Presodgr S gracpesisie D ooty SBNIB‘%F& sgeams to T
ﬁl%gula{brgggatﬁrou%%‘%th TX M MO processor 230b, a |ayer
may p e

napper data synbols for the S data
pod2pns RlG. 4 dhayerasblsed dagmch dfor dessgn of R XiMIMEN processor 260 and

ant enna mappe 44 may p th ata. yrrbol s for the L
g%tg Hrgceg%%c%ﬁ)r e ki, FIG 2 MIMG@ pepgegsor 260, a

Y GhR1 400 R{aQCRISQE Q%IM@VCII{%II&I' Eétﬁnét@eﬂ@pﬁ’&q channel
ol s for each subcarrier wth the cyclic

n%/timato« ZRAand the premodoer mads My theutydligl g:el;@}henmmws and the
B ERBRF R R Lr 1< Sl P bubitarn HEERUEO Sy e Sk WO channe

Mrag%uo“}%recoder 348 may provide T output synbol
streams to T nodul ators 232a t hrough 232t. [0042] FIG
4 shows a bl ock di agram of a design of RX M MO

pr ocedkpth) 260 (AdMARWY Yat &r processor 270 at UE 120 in  Eq(Q3)
FIG 2. Wthin RX M MO processor 260, a conputation

unit 410 may receive a M MO channel estimate H(A)

f r om &hatinet HEet Wi oU 294 and the precoding matrix W Eq(4)
the cyclic delay matrix D(A:), and the

where H_; (k) isan RxT estimated MIMO channel matrix for subcarrier k.

[0043] Equation (3) may be used if the Node B performs precoding and cyclic delay
diversity processing as shown in equation (1). Equation (4) may be used if the Node B
performs precoding and cyclic delay diversity processing as shown in equation (2).

D(k) W and W D(k) may be considered as extended precoding matrices. Unit 410
may then compute a spatial filter matrix M(k) for each subcarrier £ based on H, (k)

and in accordance with minimum mean square error (MMSE), linear MMSE (LMMSE),
zero-forcing (ZF), or some other MIMO detection technique.

[0044] A MIMO detector 412 may obtain R received symbol streams from R
demodulators 254a through 254r. MIMO detector 412 may perform MIMO detection
on the R received 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



mappi ng matrix U selected for use. Unit 410 nmay
conpute an effective M MO channel estimte, as

WO 200809892 He/ / (k) =H(A:) D(k) WU, or Eq (3)P¢®EUS$200%)53232
= HA )WD(A:) U. Eq (4) where Heff (k) is an Rx T
estimted M MO channel matrix,for subcarrier A .
[0043] Equation (3) may be used if the Node B perforns
precodi ng and cyclic del ay diversity processing as

shown in equation Equation (4) may be used if the

ferepper ﬁéf‘f%‘?ﬁfréieﬁ}a@c gi lngletestpdcpantal S&r@m@? (@ gy yinclude an
g )

B35S RS S AR B AR by e

mapparcER. inURIG. 34/31@>r meappeh 842 ao (it 8Ba Ppabp@dr 414l ey provide S
tr| or bcarrler k based on Heff (k)
8“? Syz':\%%lsﬁ%aﬁlasepoﬁ\ﬁlonss HiSean square error

(0WYBE) . RXgar I&)%@&)r(mahdesz@ sQadR® 'b?dc@&o(szijOa @fough 420s for

sonme ot her detection techni que. [0044]
thet &cdage sﬂi@nmﬁa@bt stfeamRpragessov ¢go slyln’b Wné)plr eiam@p,f desgramble,

R gt%r géjvf%o a:,ff 2 Rf%? geiit %{t?&l %rh otﬁé Ptheéanha e%r V d%c%(ﬁ (]Sjl data stream.

f-IIOIZlG]amS Wrtdﬁs tehigessqrapre@ddidd hiagix ﬁﬁ@lrb@(ud\&iﬁfo) tﬁ@ Hes®@®shown in
subcarri er and provide L detected synbol streans for
eqtipnsd) @eti &8 vinrangdesignt e setd. QArqcagh@gd@ﬁﬁwémmm defined as
B wdemap the L detected synbol streams (which nay

Include an inverse pernutation) in a manner

conpl enentary to the mappi ng performed by | ayer mapper

332 i WH & F3A or nmafiper=842, Qn-FI G 3B. Demapper 414 Eq(5)
may provide S detected synbol streans for the S data
streans. [0045] RX data processor 270 includes S
B’hm@aﬁwimﬁomanammma t hrough 420s for the S data

strea c cessor 420 may synbol demap,
desc:r§15r1]l§lﬂée tgléﬁ’ﬂfeeﬁ'l%%gm ﬁﬂg decode its detected
synboWst“hgq_r{h@&god%gsﬁa%a decoded data stream

[ 0046] Various types of precoding matrix nmay be used

ﬁ%o&lﬁgnﬁﬁ%%ﬂﬁ?%%%’&‘oé& gayakipons (1) and (2). In one

desi gn; a set preco |ng maf'ri ces may be defined
H947DI | ohie:cldMentsoffa TorT Folsier. matrix @ may be ekpye(sbd awwher e
Fis a Fourier matrix, Alis the z-th phase shift

matri x, and

fo,=e T, for u=0, .., T—1and v=0, ..., T—1, Eq (6)

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

[0048] In one design, the phase shift matrix A; may be expressed as:

JAi0 0 0
A
O I SR 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.



WLis the z-th precoding matrix. Precoding matrix W may
al so be denoted as P . [0047] The elenents of a T x T

wao-omslea092rat ri X F may be expressed as: -jl| p -PET/PS2008053232

for = O ..., T-1 andv =0, ..., T- 1 Eq (6)

where® v is the elenent in thg wth row and v-th

columm of the Fourier matrix. %0048] I n one design,

the phase shift matrix Almay be expressed as where |
is a phase for the v-th antenna in

EWAP} metor ithe desig %hpéfﬁlelﬁteqﬁﬁé%]e(%h(?fdﬂftf?fﬁ% Tééfs pfﬁéyglaé matrices
Q@Zfrh%ﬁge %ﬁrﬂ—:d%a@&?S@ﬁ{e :[%?ﬁlalt Wrahd/ rdlt{?e)feﬁtg}h% 88t matrices
one nmore base matri ces. 0049 For t desi

An Equadleaive (Vajtual @nebinhh eraasthisdion, differedc odinbatiss d)ﬁ:ﬁﬂumns (or

W may be defined based on the Fourier matrix F an
wbﬁnaérﬁ@% Ogﬂlgﬁ PepeflingatiFireeantbe crguatee) @ ihod Solins of the

fél;eeco n@agh%rwatﬁi%@@ﬂd@%h?%gdf{irf&ﬁﬁﬁée G mgéaogss the TxL

or su trices Q precodi

petodicgsnatay We vdwad uapedtralahd [t9& . L Thol &ekmtsorofof tWeis described
ﬁaecod|ng matrix WL that provide the best performance

OWbe used as the T x L precoding matrix W where in
EWS@ Tal Bt A X MIMOTERf %ﬁfaﬁ@ﬁ vath Qo Wilsthid8REHabaAd two receive

I [0050] For 2 x M MO configuration with two
mﬁamswi“@anv@nﬁayfanda5MD recei ve antennas, Wimay be
expressed as: 0 011 W=AF =Eq (8 01- 1The

precodlng natr X, VVna ncl ude one or both col ums of

WL. rl x40 WD dbnflguratlon with four Eq (8)
transn11 ahte naﬁ ag@ qur riecei ve antennas, WLmay be q
expressed as: 1110001W=AF=j -1

-] Eq (9) 0001- 11- 1
The precoding matrix W may include one or both columns of W,

[0051] For 4x4 MIMO configuration with four transmit antennas and four receive

antennas, W, may be expressed as:

e 0 o |[1 1 1 1
0 & o o0 |1 j -1 -
W.=A.F= _ Eq (9
i i O O e]/%-,z O 1 _1 1 _1 q()
0 0 0 M1 —j -1

The precoding matrix W may include one, two, three or all four columns of W,.
[0052] In the design shown in equations (5) through (9), W; may be considered as a
Fourier-based frequency-invariant precoding matrix. The set of precoding matrices may

also be defined in other manners, e.g., W, =F” A, F, where “D> denotes a conjugate

transpose. The set of precoding matrices may also be defined with other unitary or non-
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.

[0053] In one design, a set of cyclic delay matrices may be defined for a set of
delays. For each delay, a zero phase ramp may be applied to antenna 0, and V-1 non-

zero phase ramps may be defined for antennas 1 through V—1. If cyclic delay diversity



00O01-j - 1) The precoding matrix Wmay include
one, two, three or all four colums of WL. [0052] In

W@ b@sdesdyn shown in equations (5) through (9)PCTMSWYS/053232
be considered as a Fourier-based frequency-invari ant
precoding matrix. The set of pyecoding matrices nay
al so be defined in other manners, e.g., W=H A F
where H' denotes a conjugate transpose. The set of
precoding matrices may al so be defined mnth oth
DFCeEg 1o PCTAIMFHiNIQF (O Pige]dipRas $hﬁ>§%ne1a€19f offen ﬁ/ L, and the V
nggllﬂ{ g%gﬁjes 'i)ﬁd t(; ﬂesefégfé[i' uam{er%aé Eyc?l%t ol dlver51ty processing
precoding nmatrices may also inc e
isaparfoxmbd afteh pokodiay abeshuwedntfth BAI;ISmII \éadh dndythe \oantennas

EEPERGHS Dy FEEentiny TBBERITLE! P Hic G paix D(6) may

glgl'% @I¥ gep ét:ngﬁgtﬁtﬁlgﬂlﬁgﬁ&aéﬂl’ché d@lﬁf %}%@?r{)@gﬁg 4 régrﬁ;)prréled 1}‘/101‘ to or

biécrdpteareng. f dior ahtrgynaschl of tho figllovrng de$d’r1p¢;1yn | dssungks| gt cyclic

AR ROS B  b h F  Br el  B B Fson of

garrespond to L selected virtual antennas. If cyclic
del ay diversity processing is perfornmed after

H084bdi Ay one detignathd set o qclig Aclay imtriags may be dehiged e v
antennas correspond to T physical antennas. The

di mensi on oP the,cyclic dq{ay matri x D(k) may thus be
dependent on mheph r cyclic delay diversity processing

is perf jOpWIdT to-or dfter precpoding.. For_clarity,
much E*?%he fol |l owi ng. description a dhed: that! ¢ cclic Eq (10)
del ay diversity roceSS|ng i s|performed prior to

precodi ng, ahd ) has &lnens on of L x L. [0054] In
one design, the set of cyclic delay natrices may be
f|n d D for where gmv
%rha’éé‘ nhgsRrefprio ’E\%@ v\;htaﬁteaﬁ% &ﬁﬁ%@ maﬁ dela andt h
dela I trix for the mth
Yp ?ﬂ@s f&% ging%ﬁﬁg kdrGndpl@¥ic

delay own in equation (10), the phase

LR e SRS, BB LB BT p RS B oD Pty based on

al soitbey decit édaysalde. Mk} cy)dfhcﬁdelz(y matrix] D@ malyralso be denoted as
anot her design, the set of cyclic delay nmatrices nay

Ae(efMtbd as: 1 0 0

[0055] In another design, the set of cyclic delay matrices may be defined as:

1 0 0
2rt, k
0 e X . 0
D=, ° . -, Eq(11)
7j27r(L—1)rmk
_0 0 e e K |

where 7, is the m-th delay, which is also the delay spacing between consecutive
antennas. In the design shown in equation (11), the cyclic delay value 7,,, and the phase

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

T, =7,V , forv=0, .., L-1,and Eq (12)



2pt k0Oe OD=Eq (I I ) 2p (L-1) tnk -J- 0 0 K

where tmis the mth delay, which is also the del ay
WGEpasivsy9bet ween consecuti ve antennas. | n the BEBUSV08/053232

shown in equation ( 11), the cyclic delay value tnv

and the phase ranp gnv of eacﬁsantenna v may be

expressed as: *mv =m, for v o, ..., L-1, and

Eq (12)2 gqmv = tm-v , for v 0O, ..., L-1. Eg

(13) K [0056] Equation ( 11) is a special case of

equat |(9n?,n:(2101) W th aggpnifgrm gpaging of tmfor the Eq (13)

cyclic™del Hy "val ues of different antennas. The uniform

del ay spaci ng may reduce signaling overhead since the

cyclic delay values tmo through r, ,L-i of all L

B%ééhnasE%a okl lg & 3 ppreqiahase @f GAuatioq;(he) with mupdpimg spacing of z,

71 |- ' . =

PRt go0e RSOl T2 AR may o

dghding &qgri{chd)sintt<he cyélay ddppivhludelzay thraigh Egr ( @B hll T2 antennas

=- , for large delay. Eq (16) [0058] The small del ay

may bpdelisesibased omppiogle heahfcor mi ng and frequency

BBKEF! L5 BP0 TR FERSL B g e onine

channel, I ow rank channel, etc. The | arge delay may be

used to=ionpr ovefdrizaRsddldy, di versity gain and may be Eq (14)
suitabl e for hi gh nobility channel (e.g., for a nobile

UE noving at 30_.knl hy, or faster), high geonetry

channéi T higherﬁFéﬁﬁhéﬁgﬁh@V{ more coarse feedback in E4(15)
time or frequency, etc. The large delay may provide

simlar pérformance ag the zero delay in low nobility
channé??]@hichnﬁﬁﬁmgﬁagﬁXe robust ness of the system  £d4(16)
when feedback information is noisy. CGeonetry is

related to signal -tonoise- and-interference ratio

[085BIR) . Thewsmald rdsiayy masybe asedk dponres beunformmRe, arthdrequency

hi, gh. geq v may correspond to hiah Sl NRs. nk ...
§eé%é1rvg SFlgnguﬁég S dnd may e, ?583?1211@ gene%lmali\)sfor B)%v mobility channel,

er
low geometry channel, low rank channel, etc. The large delay may be used to improve

transmit diversity gain and may be suitable for high mobility channel (e.g., for a mobile
UE moving at 30 km/hr or faster), high geometry channel, higher rank channel, more
coarse feedback in time or frequency, etc. The large delay may provide similar
performance as the zero delay in low mobility channel, which may enhance robustness
of the system when feedback information is noisy. Geometry is related to signal-to-
noise-and-interference ratio (SINR). Low geometry may correspond to low SINRs, and
high geometry may correspond to high SINRs. Rank refers to the number of virtual
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.

[0059] In general, cyclic delay matrices may be defined for any number of delays
and any particular delay. For example, 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. In general, a small delay may be any delay smaller than the cyclic prefix

length, and a large delay may be any delay larger than the cyclic prefix length. For



antennas selected for use and is also referred to as
spatial nultiplexing order. In one design, zero del ay
wW@eoogt9Hob2 del ay nay be used for a rank-1 transPOBER290§/053232
and | arge delay nay be used for rank-2 or higher
transm ssion. The cyclic del ay, diversity processing
with | arge delay nmay equalize the SINRs of the L
| ayers used for data transn1SS|on [0059] In general,
cycllc del trices be defi ned for any nunber
glarityy 8ush Q?W gntiog e ﬁefp%@ e degign shoirh ITecqualjens @4> through
g»bay matrices nmay be defined for small delay of tm=1
r some other value, for large delay of less than K/
[0060] norbtchampradides, thetgelid delgemetrades far mldblayl,ed;mgﬂ delay, and

TR ey B o s e BT et A i iges gog gpplicd as

SRvieCdduatitt eNi A keRig Rabl& %a?l@rgﬁraté@%h 1R cylcl€ delay matrices
descrlptlon bellow is for the design shown in équations

(omy:rq ¢hﬁr1@w @ma@l@)ay, p@@@@ge Felby éoradi ffr:mt mtergbetrhe obyri¢at antennas

g@ en, c e fdfa £8 apﬂf 4378 own1 eﬁat% Iarge
IMAVFOF i FEPEATt h e?s of %lss/ers W ycllc

delay matrices are applied as shomn in equatlon (2). A

simlar table may b&agiener@ictid dtlay nidigcesycl i ¢ del ay

matrices for zero delay, small delay, and | arge del ay

Tor d'fE§xogf nunpers of physi cal antenEas (1) wnhen

Nuebee y [matrigiesl BeRyappld ed as showge Dilay 7, =
egfiat | on GQT Tab el - Cycllc delay matrices [0061] L

OdyerscycCl i rat 11 X may De applied in
f??qu =n(‘chPzﬁni n and my%@l.&—{()f uxcti onpgf subcar P F@p k
: ﬂhe pr ocps$i ng Ntr1[X/x)[jp the frequency dongiin
Al l II UTTI fUI LILIL! dCI A bpabi Ilg UI l LI} ||uy i
perfofmngl co¢lic shift ¥ tn@v sanpl es| in theg ltind
démain fo o @ptenna v. @ k zero del ay wilt HZ)Qi
, the|cyctic del ay natrl in the sec d ¢
column of Table 1 are denblty I ces| ce &o
phase|ranp &r Ogyc|ic yuis ap I|ed flor e - 0
r%enna (pO§3b r S d@Fay\mt T15 , eqph ¢yclic
d trix A ) i the thqu&@ | um| of Table 1 4z«

3

prOV|ies(h Smd phas Oranﬁ (iee.X Ja snpll |G nedr e
(‘h

+hp t\lllnr\'\rrl or o
p hse Qanp i dlff()erenI:_for (Ojlffer()ent 0 |

ngs, nt enna-/&-havi ng no phasge| ranp>
ant enng OL- Winp| ¥ he Iargeéikphaég ! App ylndLg 0
phase|ri@myin toe| fgequ ncy damain § s lequy valgnt o+ 0
perfofm ycl shi of the samplies| I n the useful 6k
porti ¢ 000 afl D &ynb@l inGthee X 0 0 0 e *

phase i
The slope @
ant eni S
ria
e
e

[0061] The cyclic delay matrix D(k) may be applied in the frequency domain and
may be a function of subcarrier £. The processing with D(k) in the frequency domain,

with uniform delay spacing of 7,, may be equivalent to performing cyclic shift of 7, -v

samples in the time domain for antenna v.
[0062] For zero delay with 7, =0, the cyclic delay matrices Do(k) in the second

column of Table 1 are identity matrices. Hence, no phase ramp or cyclic delay is

applied for each antenna.



time domain. For T1 =, the sanples in the useful

portion may be cyclically shifted by zero sanples for
wareosHgd09ant enna 0, two sanples for virtual ane@nOs2008/053232

four sanples for virtual antenna 2, six sanples for

virtual antenna 3, etc. [006 For large delay with t2

=K/ L, each cyclic delay matrix D2(A:) provides a

| arge |inear phase shift across the K subcarriers on

each antenna. Equivalently, the sanples in the useful
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[0067] FIGS. 5A and 5B illustrate tine-domain
]@rgi‘c baeir mjagcophifiyacross theiKayuliatriars opycackvsnteRngmyFEqyévalently, the
cab [ el e [
%&21? l!es ﬁ fu %‘%‘ﬁpp% r1§{130 aayqo é’%)éhgehﬁf gh?i}tédy b)ﬁ%%?n%%f %lilﬁle of K/L

ﬁn@ﬂb&ﬁ(@@ ¥n ﬁﬁé@r Auidtigle 68 K /FIQ shraples Mﬁﬂhb @sdel Iﬁjﬁlon) for cach antenna.
di versit as shown in equation (

Ei96PI calle. vﬁ«éeﬁh%%w%w sl aydigieryiey g\ilfthyla{ﬁedtegg@mn@leutgne domain
Fc%g%g?ﬂﬁ?ﬁig P&i}%gssgﬂ e&/?[g 98k, BShe hﬁ:ﬁﬂ?ﬂc& r@e? ggf L.=2 antennas.

Thas tisedih| pronti @nimag bp ey dicallp shnfted b;zl izeng, samplps foamtatmanandrone half
atlo ‘ﬁé and FIG 3B. Precoding gain may be | ost
?H@fP%R ORI 3PtePEa 4ppl i ed on physi cal ant ennas

ﬁfﬂ%@f PrEeL &y gnov%eéﬁhg Qfeﬁ% Alersitp lvlethdl%}g%yd 1nb@16 time domain

applied either on virtual antenndas prior to precoding,
eorgesporaBng ko wocessirenweth i uih)( i) the drequengyhdasnamifor L =4 antennas.

ten s af.ter ecodin ..d., o AS_Shown uat i
1A Sr08as el LhE ey G by Eoudratia Br GFRIAR bne quarter
anteNR@fd Poribnafor ANtcha YABhe hWifigFhihd SsulCASHHbA T Aitefa 2, and
sel ective virtual antenna and | ayer pernutation.

eseqartopofhe usedil pontienieaanteed & to sel ection of L
Rﬁ]%tﬂ vi rﬂ}é@' SOLENNAY 1ﬁ)ustr%%t Rintd. &‘&ﬁgﬂlsﬁfoggssf o%r cyclic delay

diversity, which may be applicable when cyclic delay diversity processing is performed

after precoding, as shown in FIG. 3A. Frequency-domain processing for cyclic delay
diversity, e.g., as shown in equation (2), may be applicable when cyclic delay diversity
processing is performed before precoding, as shown in FIG. 3B.

[0068] It may be desirable to apply large delay on virtual antennas prior to
precoding, e.g., as shown in equation (2) and FIG. 3B. Precoding gain may be lost if
the large delay is applied on physical antennas after precoding. Zero delay or small
delay may be applied either on virtual antennas prior to precoding, e.g., as shown in

equation (2), or on physical antennas after precoding, e.g., as shown in equation (1).



anong T avail able virtual antennas. Layer pernutation
refers to mappi ng of data synbols for each | ayer
wW@essssodhe L sel ected virtual antennas in a cPETUB2N8/053232

manner through the K total subcarriers. Layer

pernutati on may provide certahp advant ages such as (i)

i nproved perfornmance due to increased spatia

di versity per layer and (ii) reduced feedback overhead
due to simlar channel conditions observed by al
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hd@taaccﬁmgt éﬁv&%l&ﬁ@@ ViR ran@eﬁné?@ & gtﬂgmgat on. Sclective

carriers and virtual antennas,
matyae}r aipemautirs erschejioabso tyst vmtphh antd:ﬂnys ﬁurdam/emsbys51on from

erformn 0Cess Wi th A) for |ar del a .
RRbn 1 hauble 03} Gt e abambtaof e Hemingnof data
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pernutati on. Four virtual antennas O through 3 may be

ﬁweughatbﬁs K, totahsubghirickso urayer mrualltat@ntrewrmgvmyerben advantages such
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fRfsackasricay elne &b Kienilardhy¥ni¢ cosditibiteofsotied \Byr 41UB| layers. Layer
antennas through the K subcarriers. Thus, layer 0 may

Bf‘e*mvﬁags@edn%yobequhtqyaqi by MapRRE the dia syipbelp foreagh btyemto appropriate

gtﬁ)gaﬁ%r Othd @ﬁ)tu\(ﬁ guftggr{as apt c?e@@ﬁbe%i @J‘o@uqsagr Per I fon61"nay also be

SO on, ‘ant enna on subc
amglicsdy mh,lemd cbytperfwrnﬁng Procapdignivith PO feulaegr dalar shodn in Table
, and so on. Each renmaining |ayer also cycles through
he four virtual antennas across the K subcarriers, as

W | I, GA ShowERERISNET oh FolkBR ?@1‘3 \@&T&ﬁsvﬁ{uh dcn@éﬁ'has with

virtual antennas wth |ayer pernutation and may thus
tabaep&rmlntdtwnavmwrtﬁilmt@mas Rehfomgh 3vimay Ul a\adaldn,nasi all four

The | a atl on G 6A be achieved w t

Brea S Fay b S o o B 50 g i 8 Sgpped B the four

511?@&%{5aﬂtélﬁﬁ§ %&%ﬂ éia gl bfﬂr@qﬁttb@YtﬁﬁtSm‘é‘f)st Sach ayRsr 01rcularl across the
rmut ati on. Four V|r antennas O through 3

virtiel anteried thypeghs e Kosubichirises. vItrusulay cradhmer f@asmamed to virtual

aﬂt nztila 0 é{? Fubcarr?’e}rs {ép ang S0 %n ‘rto V1rt a]t antzehna }on sugca?reers 5, and so

ecte use rdm anong our Vvir uaI nnas.’

bm fohartexlasmémash @mwbaarﬁblﬁz ,68, andi gt i@ ardinfoevi@sl Qnteﬂna 3 on
and 3 are selected. Three Iayers may be map Ped to the
pheasicsed.ebtasd 59iqn: uBIChAITMEHIARS layFt #sp syees hrough the four virtua

FREEE LB B0 A S G TORP 0GR, s s
dlih our ayraral petemnis atitholyerrpekh@atioBambhnab echisaibs@ve thevdvetage SINR
(1)31‘2 t(h/e\: F)oulgc \%rtual antennas. The layer permutation in FIG. 6A may be achieved with
D, (k) for four layers in Table 1.

[0071] FIG. 6B shows transmission on three layers with layer permutation. Four
virtual antennas 0 through 3 may be available, and one set of three virtual antennas {0,
1, 2}, {0, 1, 3}, {0, 2, 3} or {1, 2, 3} may be selected for use from among the four
virtual antennas. In the example shown in FIG. 6B, virtual antennas 0, 1 and 3 are
selected. Three layers may be mapped to the three selected virtual antennas with layer
permutation, and each layer may be mapped across the three selected virtual antennas in

a circular manner. The layer permutation in FIG. 6B may be achieved with D,(k) for

three layers in Table 1.



three layers in Table 1.[0072] FIG 6C shows

transm ssion on two layers with | ayer pernutation.
WO-0008/094002 ual antennas O through 3 nmay be avai PEDUS2008/053232

and one pair of virtual antennas {0, 1}, {0, 2}, {O,

3}, {1, 2}, {1, 3} or {2, 31}7 may be sel ected for use

fromanong the four virtual antennas. In the exanple

shown in FIG 6C, virtual antennas 1 and 3 are

sel ected.. Two | ayers may he map ed to the L’i’d sel ect ed

0072 a1 Bl eﬁ%é&ow frAngn3igEon g8 rtms?t 2Y§18 V1t Hy e getutation.  Four
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antennas i n a circular’ manner. ermutati on

K0 BlL &, 6C {rhaﬂ}bél aghore{: & }wingh basél,éct):d ffmrustev\fnomaasyrmng the four
For si licit to 6C sh

PR ReBry ot fiy exinlg BBun b Ml O HEsip) plpatas haid 3 are

geaesel TwohaydraelyShd B¥p vﬁé’d pRad 0ARIRES ﬁﬂﬁﬂ%ﬁéxﬁ% w1th layer
used for transm ssion, ich may be a subset of

p@nalltatmb@m cacerlgyer[r@mhq n@pp¢dea<éﬁfts lebh asflsctﬁéylrbel mtcenas in a

f
C téarlrre nslann 2 Eﬁle f grzpeetrnrtnu Andh CI% 131(? Oé&fj{na%l %71 ‘?/11{1? D, (k) for two

u@@rsnﬁ@@ﬂlé]l In a first schene the Node B may
sem -statically determne and switch delay on

(4931 t e rfior wEBRIECIty) HI%&@&ﬁ&nsh%thé HngRpngHef }aeﬁré racqys K total
LL%CQI‘%e?el ll'nbggr?e(;alcytﬁ% lgtyéilg |]?X . ﬁi glgé alcfc{gjg mgﬁ‘r@rs used for
[ ng al s ina

nay perform sem -&tati c’ swi
taddmissich, reychappy e asasomaitha Kl tatal fudicalels. UES. The

de B may.select a delay that can prov goo ..
B@Fﬁbr TG el rees%an@%?u%b&a&aégfeemt scqn%m%ycondltm&
VaribleschERes nlgy GIRALS)S sggcct'a%ﬂlta‘t‘ﬂ@ wehy f&Ysbe referred
to as UE-based cyclic delay di verS|ty, t he Node B may
[ﬁ@ﬂﬁbr mlseﬂrrﬁxsttmhq:me,sﬂwtlﬁcbdm@ magependrncdlly fleernsiacmnd switch

T R A0 i o [ S Frsiefy B 0 by Tobi o by gbased eyelic

88k QVeRRGetht Nod%@ﬁlay%eﬁ'ﬁﬂn REMi-S @M swifdhen dfr @yl Wik fhecell and
UE.” For both desi gns, the Node B may select a

maw@ﬁl yng cenunany delay fae iR v&hemqﬁesB rioex gelest & dglay that can

I on e e n
qua ood (é%rfop%ancf af;og ea?l dﬂgﬁx agd nEﬁo Ci.%]g ﬁ\% degl%y to the UEs. In
sﬁﬂe&tde@lgﬂ ewhi¢h bas ek @fermalrtbms SUE—bhieﬁrdyahc ¢lap ﬁﬁfersny, the Node

desi gn, the Node B may sel ect the Iarge del ay whe
BoBU AR aTRE s ish Sitehing haderEsdsglydBaneish UE and may apply

AP0 (DL RRE T P RN AL Rl LOBAD g o i
deep‘ftrf(ﬁhllaycer ﬁxd waeh tikearmumbe seraf thpr ddodionte el .r iFoe both designs,
g%&{e lg%ay select a precoding and cyclic delay diversity structure, e.g., equation
(1) for zero delay and small delay and equation (2) for large delay.
[0076] The Node B may select a delay based on various criteria. In one design, the
Node B may select the large delay when feedback information from the UEs is deemed
unreliable. The large delay may maximize transmit diversity (regardless of the number
of layers) and may potentially reduce the number of precoding matrices and/or CQI
feedback. The Node B may select the small delay when frequency selective
beamforming gain is desired.

[0077] In one design, which may be referred to as rank-specific cyclic delay

diversity, the Node B may select a delay based on the rank of a transmission. In one



feedback. The Node B may select the small delay when
frequency sel ective beanform ng gain is desired.

WO 0®3/P980dNn one desi gn, which nay be referred tRBCHES2008/053232
rank-specific cyclic delay diversity, the Node B may
sel ect a delay based on the rgnk of a transmission. In
onedesi gn, a set of delay conbi nations may be defi ned,
wi th each conbi nation including one delay for each

rank. One del ay conbi nati on nay el ected for use
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conbi (a0, Kéhi ékés 0) aper(Kgerkidd.ati on when rank 2 is
selected For conbi nati on (K/2 0), the Node B applies

LB 0 ) AR QX A g o
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a, b, c, d) neans that

conbi nation , b, c, a del ay of
vk f dihis eorkbifiaticn @I@iiws ddyep pesmutgeon fadyen rramik 221,s salected For

teuit in (D SRR SR HseETla 6T St fptdpy for rank 2
FB@C&M@atﬁngKm IKes), i Id@dealy a%lg[es Elﬂtrge Hey férasddSrahks 1 and 2.
t hrough 4 or conbi nati on KJA), the Node B

HI9801 es Inonadlesign for 4 rénMéMp cqufama@naﬂ@ fehpgeclae perpbinations

I S conbi nati on achi eves | ayer
EBY%ﬁﬁgkiﬁeﬁ%Ewwngank 4 is selected. For conbination

(0, 0, K/3, 0), the Node B applies no delay for ranks

conbination achi eves | ayer pernutation mhen rank 3 is
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[0081] For combination (0, 0, 0, 0), the Node B applies no delay for all four ranks 1
through 4. For combination (0, 0, 0, K/4), the Node B applies no delay for ranks 1, 2
and 3 and large delay for rank 4. This combination achieves layer permutation when
rank 4 is selected. For combination (0, 0, K/3, 0), the Node B applies no delay for ranks
1, 2 and 4 and large delay for rank 3. This combination achieves layer permutation
when rank 3 is selected. The other combinations may be interpreted in similar manner.
[0082] In a second scheme, the UE may select a delay and send the selected delay to
the Node B. The UE may evaluate different combinations of precoding matrix and
delay and may select the combination of precoding matrix and delay that can provide
the best performance. The UE may send the precoding matrix and the delay in this

combination to the Node B for use for data transmission to the UE. The UE may also



the Node B. The UE may eval uate di fferent conbinations
of precoding matrix and delay and nay sel ect the

w@oBlovgav: on of precoding matri x and del ay t haPCT/HR2008/053232

provi de the best performance. The UE may send the

precoding matrix and the delay,in this conbination to

the Node B for use for data transm ssion to the UE

The UE nmay al sosel ect a precoding and cyclic del ay

diversity structure, . equation (1) for zero del ay
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es&i e H(A:), the precoding matrix W, and the
i € delay matrix Omk) and nay conpute an effective

Mﬂm chapgn atlﬁlshiaﬁ?ér‘:ﬂifhﬁfa (dedeive @ BHIM@ETheRMRstidlate H(k) the
equation (3) or (4 Heff (k) includes T colums for

piseedingsnatioy Yuprdihei yeliq delapinfatisr Bath) apd sedyeesrpuiagn effectlve
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otheses for four individual virtual antennas, six
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four hypotheses for four possible sets of three

casetvitl Tant enrtets] ofahdhwashdsgpoendsicyaluated al foust ypotheses for four

}ﬂdwlajl?al Vﬁl‘p aFQxﬂ%’?’naS 5;%? gyﬂgﬁg)e%&h for Is& p%s§1l§le%§1isfg Sf \%"[%91 a‘?ftentﬂas four

hypotheses for four p0551ble sets of three virtual antennas, and one hypothesis for all
four virtual antennas. Each hypothesis s is associated with a respective precoding
submatrix W,,, which includes up to T specific columns of W,

[0085] An SINR estimator 722 may determine a set of SINRs for each hypothesis
based on H_, (k) and the MIMO detection technique used by the UE. For rank 1, SINR

estimator 722 may estimate the SINR of each virtual antenna based on a corresponding

column of H,, (k) , with all transmit power being allocated to one virtual antenna. For

rank 2, SINR estimator 722 may estimate the SINRs of each possible pair of virtual



submatrix W, which includes up to T specific colums

of WL. [0085] An SINR estinmator 722 may determ ne a set
wW@R00309Be2 f or each hypot hesis based on Heff (KkPCHOS20081€53232

M MO detection techni que used by the UE. For rank 1,

SINR estimator 722 may estimyg the SINR of each

virtual antenna based on a correspondi ng col um of

Heff (k) , with all transmt power being allocated to

one virtual antenna. For rank 2, SINR estimator 722
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distributddeotth@a sirttal potasimasb dion gardi 4 tSTNRUEseichat@ T2Rregy estimate the
virtual antennas. For rank 4, SINR estimator 722
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for rank 3, and one set of four SINRs for all four
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capacity for each hypothesis based on a penalty fact
fnav a J’ﬂé%/ ths SRMGFAPRG B f%ﬁy;wt hawthesis pagisk o ?1 psn%ltat fgptor for the rank
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€ use t’o acco pot efiti a
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E F sel ector and CQ generator 728 nmay receive the
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arlrl? >I/1ypotheses and select the hypothesis with the largest total capacity. Unit 728 may
save pertinent information for the selected hypothesis.

[0088] The same processing may be repeated for each possible combination of
precoding matrix and delay. Whenever the total capacity for the best hypothesis of a
given combination is larger than the saved total capacity, unit 728 may save the larger
total capacity and pertinent information. After all combinations of precoding matrix
and delay have been evaluated, unit 728 may provide the precoding matrix W, and the
delay for the best combination as the selected precoding matrix W and the selected
delay. The precoding matrix W includes the L best columns of the precoding matrix W;

in the best combination and conveys the rank L of the best hypothesis. The L columns
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[0092] The Node B may select the delay and send the selected delay to the UE. In
this case, the UE may evaluate the set of precoding matrices in combination with only
the selected delay. The Node B may also restrict the set of delays differently for each
rank in order to reduce UE computational complexity as well as feedback overhead.
For example, only zero delay may be allowed for rank 1, both zero delay and large

delay may be allowed for rank 2, etc. The UE may evaluate the set of precoding

matrices in combination with each allowed delay for each rank.
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¢ Closed-loop mode with precoding matrix information available:
1) Low-mobility UE with large amount of feedback - use small delay and
reported precoding matrix,
2) Low to high-mobility UE with reduced feedback - use large delay and
reported precoding matrix.
e Closed-loop mode with precoding matrix and delay information available:

1) Use reported delay and reported precoding matrix.

The modes described above may be able to maximize transmit diversity and/or

beamforming gain depending on the channel environments.
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where K is the number of samples for the useful portion of an OFDM symbol and L is
the number of antennas to apply cyclic delay diversity. The delay may be selected
based on data performance, rank, geometry, mobility, channel type, feedback reliability,
etc. For example, zero delay may be selected for rank 1, for low geometry, for low
mobility, for a data channel, etc. The large delay may be selected for rank 2, for high
geometry, for high mobility, for a control channel, etc.

[0099] FIG. 9 shows a design of a process 900 performed by a Node B. Process
900 is one design of process 800 in which the first entity is a Node B and the second
entity is a UE. In one design of blocks 812 and 814 in FIG. 8, the Node B may select
the delay specifically for the UE (block 912) and may send the selected delay to the UE
(block 914). In another design of blocks 812 and 814, the Node B may select the delay
for a set of UEs served by the Node B and may broadcast the selected delay to the set of
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fromsameins 31t junpertgd defagh o ThBEsway gurluse oply the aéleﬁlétdéle delay in
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cq;1Jel a?n effectwe MIMO channel estimate based on the selected delay, the selected
precoding matrix, etc. (block 1018). The UE may then perform MIMO detection for the
received data transmission based on the effective MIMO channel estimate (block 1020).
[00102] For data transmission on the downlink, the Node B may perform process 900
in FIG. 9, and the UE may perform process 1000 in FIG. 10. For data transmission on
the uplink, the UE may perform process 900 in FIG. 9, and the Node B may perform

process 1000 in FIG. 10.
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[00106] The various illustrative logical blocks, modules, and circuits described in
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 thereof designed to perform the functions described herein. A general-

purpose processor may be a microprocessor, but in the alternative, the processor may be
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magnetic disk storage or other magnetic storage devices, or any other medium that can
be used to carry or store desired program code means in the form of instructions or data
structures and that can be accessed by a general-purpose or special-purpose computer,
or a general-purpose or special-purpose processor. Also, any 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



regi sters, hard disk, a renovable disk, a CO-ROM or
any other form of storage nediumknown in the art. An

W@ @y storage nediumis coupled to the prRCEESHNG053232

such that the processor can read information from and
wite information to, the st ojage medium 1In the
alternative, the storage nedium my be integral to the
processor. The processor and the storage nedi um may

re3|de in an ASIC. The ASIC may reside i.n a user

teehnalogies sy snwitgrade Fasae i and, Migiavpreore dagrdednp thgelefinition of
r§

O 5T P S RS BB GAIROT, Fasb i, optica

dies,i ggsgl vdmmtflaidoti (@NED b ebppyy bbsk amd/ bberaynthsce méletee disks usually

har dware, software, fir r_any i nati.o .
FRESUES Catf TS o Girt visp@iuEh b COhS Wih Tasers
Pemdlfrliess 8Nt abdv@N§HVuld 8o WL IncARI@NRItIAR tH® sEope of computer-
i nstructions or code on a conputer-readabl e nmedi um

Godghle erediceadabl e nedi a |ncludes both conputer storage

(b9 Skt IRETRLS GEKHRR S E sl B Tl person

SiBePinabie aftQo ARt e use tﬁe&ﬁ@[@ﬁ@ meghous mmdifieatidaiy to the disclosure
avallable medi a that can be accessed by a genera

pilk pegeadily appaenifo Pespelsted gnfhg &t angyth qugfc principles defined

ﬁé%%é b&4 {E(rattgledﬂ%t'\\/lah% W@@W&%@ %Hgﬁ or scope of

thptdiscddsueh. STht*le; oicadieclosmag ehotCintthddd &i o Hgeted o dichetamples and
gnetic storage devi.ces her. medi um t hat can
derars éﬁfS%beéalmmol?utslﬁ 3p dechspideg E? SYHeSeRfecHsiifat with the
tnnnctl €s LRy MBVRf fhRRly HGldRABeREn. dat @ structures and
hat can be accessed by a general - purpose or
speC|aI-purpose conputer, or a general -purpose or

Al so, any connection is
ﬁﬁ@g rIy #@fﬂis(gﬂg@ﬁﬁﬁpé% readabl e nedi um For
exanple, if the software is transmtted froma
website, server, or other renote source using a
coaxi al cable, fiber optic cable, tw sted pair,

di gital subscriber line (DSL), or wreless
technol ogi es such as infrared, radi o, and m crowave,
then the coaxial cable, fiber optic cable, tw sted
pair, DSL, or wirel esstechnol ogi es such as infrared,
radi o, and mcrowave are included in the definition of
medi um Di sk and disc, as used herein, includes
conpact disc (CD), |aser disc, optical disc, digita
versatile disc (DVD), floppy disk and blu-ray disc
where di sks usually reproduce data magnetically, while
di scs reproduce data optically with | asers.

Conbi nati ons of the above should al so be included

wi thin the scope of conputerreadabl e




medi a. [00109] The previous description of the

di scl osure is provided to enable any person skilled in
W@ b@sard09r o make or use the disclosure. Vari OuBCT/US2008/053232

nodi fications to the disclosure will be readily

apparent to those skilled in Ege art, and the generic

principles defined herein may be applied to other

variations w thout departing fromthe spirit or scope

of the disclosure. Thus, the disclosure is not

intended to be linited to €heABManpl es and desi gns

descri bed herein but is to be accorded the w dest

scope consistent with the principles and novel

featuges dAﬁ%kgéﬁﬁﬁls & il esslcBRldHic a6 Teonspristft MED

| S: CLAI M5 1. apparatus for wreless conmunication,

conpr itsicay: ongtprhecasar eméigpreddessieet e alefdyglipmoameng a plurality of

lect a ay.fro no a plurali of del a t
3G Lo B QAT G P RIS a orl B, ah10 enchange
8&6 anth tBOtdcbid ediidl wiith SxLbHasge dﬁ@fs&g%id& dnhBe s@edldelay; and
entity wiwth cyclic delay diversity based on the

sel ect BWMHBY s9upledhie the adpts ONeHIEEPeer-t o the at | east

one processor. 2. The apparatus of claim1, wherein

the first entity is a user equipnment (UE) and the

secong. ent Thy apparatubledelddn B. wHereinaghp dirat ergitpfis alwdemmequipment

éggrher in the at |l east one processor is configured to
%H%tef%@“g?ﬁ?ﬁﬂﬁ%yoé?Bdelays based on at |east one

metric, and to select the delay wth best at |east one

nmetric. 4. The apparatus of claim2, wherein the at

| east 3one phocappsweiusi of comfi Quretiercm ¢healatialeest eamch podcessor is

%;fgﬁg%{‘:e%rtg lr?&g%{lgt%glé? E{{,J?e}iff}z] g?gégﬁgﬁq allil ggfeggg%etdetric, and to select
HeMeRPRAE bst AEbAst bne Metrithe apparatus of claim 3,
wherein the plurality of delays conprise nultiple sets

of delays for nultiple ranks, each set conprising at

| east ,one la le.for. a~yespective rank, .6, T .
appargtus gﬁegﬁgﬁﬁﬁg,%aﬁﬁﬁg}n,tw§ﬂ§P»ﬁgag?qg%g‘Mw %%me$orls
EorIRRESI00 dvaluatnddch Wi ekt plarsitabidtiayabiEedionl d §um-@hpacity metric,
precoding matrices in conbination with the plurality

ti1d @srlegisthp delay vath latecsteyar cappatmelricc, to deternine a

conbi nation of a

5. The apparatus of claim 3, wherein the plurality of delays comprise
multiple sets of delays for multiple ranks, each set comprising at least one delay usable

for a respective rank.

6. The apparatus of claim 2, wherein the at least one processor is
configured to evaluate a plurality of precoding matrices in combination with the
plurality of delays based on at least one metric, to determine a combination of a
precoding matrix and a delay with best at least one metric, and to select the precoding

matrix and the delay in the combination.

7. The apparatus of claim 2, wherein the at least one processor is
configured to send the selected delay from the UE to the Node B, and to receive a data
transmission sent by the Node B with cyclic delay diversity based on the selected delay.



precoding matrix and a delay wth best at |east one

nmetric, and to select the precoding matrix and the
wa@l200899som t he conbi nation. 7. The apparat us of PCI/HBI00R053232

wherein the at | east one processor is configured to

send the sel ected del ay fronwiye UE to the Node B, and

to receive a data transm ssion sent by the Node B with

cyclic delay diversity based on the sel ected del ay. 8.

The apparatus of claim 7, wherein the at |east one

processor is configured to derive an effective

mul tiple-i t p estd :

based@on amg§éﬁg%bgg gs ﬂ%%fﬁi é%%%gié&ggwggéﬁd§%%ﬁ§§%ﬁmr ®

endigioedp év fderise MoViXfdeivec triudupl é-arput haulmptaeoulptd CMIMO) channel

tra ssi.on bas the effective M chan

PRPERN & pT AP ooT st TR a1 erform MIMO
Hété@tfoneﬂ)tr'thé’ rb&ived\NOAe tRingRtksiohep 864 Adihe néffetcﬁvé Mmo channel
user equipment (UE). 10. The apparatus of claim?9

oftieragé.n the at | east one processor is configured to

sel ect the delay specifically for the UE, and to send

the selected delay to the UE. 11. The apparatus of

claim9, whe¢ eppurithe odtcldir@als twiiein REO €ies Safityl § a Node B and the
configured to select the delay for a set of UEs served
BRPORGhENtNRS dca Bier gaEPIENtSED- t he sel ected delay to the

set of UEs. 12. The apparatus of claim9, wherein the

at | east one processor is configured to perform

proces®. ngTﬁ@rap(pyltahisC ofiadlayh d), vehaiiny t}hﬁ&edleﬁm bﬂ[ﬁe processor is

sel ected de to p rfor pr ecodi

B EIERHg %%Ef? iy dafey sped eallyr &sesvﬁgaqﬁﬁo 889% Fhecse&‘@re&ydelay to
et sity. 13. The apparatus of claim9, wherein the

at | east one processor is configured to perform

precoding with a precoding matrix and to perform

proce |ng or c clic a S|t bas on th

e oot ba RNyt bls” phe S Chall REim AT FheloSy piieessor is
éﬁnf@u@éd"@ol&elé@hﬁfeedeﬂhyt fo aRlet bAUHs %eRkd B8 tBY NI M randQo send the
zero delay and a | arge delay of greater than a cycllc

priect¢dkdalashigtthe 3% of Pls. appar at us of claim 14, wherein

the | arge delay corresponds to a cyclic delay of K/L,

where K is nunber of sanples in a useful portion of an

OFDM synbofThangpphrat 0ONdgim Of, ahéemnalse tad @l yne processor is
cyclic delay. diversity.

configured to petform processing for cyclic delay diversity based on the selected delay,
and to perform precoding with a precoding matrix after the processing for cyclic delay

diversity.

13.  The apparatus of claim 9, wherein the at least one processor is
configured to perform precoding with a precoding matrix and to perform processing for

cyclic delay diversity based on the selected delay after the precoding.

14. The apparatus of claim 1, wherein the plurality of delays comprise zero

delay and a large delay of greater than a cyclic prefix length.



16. The apparatus of claim 14, wherein the plurality
of delays further conprise a snmall delay of |ess than

W@ b@so9sobi c prefix I ength. 17. The apparatus oPCTUS1008/053232

1, wherein the at | east one processor is configured to
sel ect the delay based on datg, performance, rank,
geonetry, nobility, channel type, feedback
reliability, or a conbination thereof. 18. The

apparatus of claim 16, wherein the at |east one

proceddor T @pparpigardcclam 44y @f@?retrhéhezl@fgf delpnpogesponds to a
SdE?J d T Q¢ K afunt hih ¢l f an OFDM

gﬂ%ay glorgt Xxé &%9 'In'ﬁle %%Bgrsat ? ?%Prﬁnﬂf%&?o an O

wymebadiand Lhenambéredsinteonss tp rapplgssrolnc ddayxdintisgur ed to

sel ect the zero delay or the small delay for |ow

geonetry and to select the | arge delay high geonetry.

20. The appRe abpsralfs &f dlathl164, WASKLE Mhd Burdlity Ieﬁ%ttelays further
one processor is configured to sel ect the zero del ay

ormprirg asymedll dedrst efylessdhanathd gy dicateimnishgthind t o sel ect
the large delay for a control channel. 21. The
apparatus of claim1, wherein the plurality of del ays

conprize aTHeI@}oalfaafs efchainf 13 wheterl ithy «0f lei@nkse padddssor is
wherein the at [east one processor is conflﬁgred to .
eifieped; toescleat 4 Walar dasesl paslataoperfaraaes, rgeopptry amobility,

%ﬁ&d[?zﬁé”fe ‘?fg&ﬁia@ﬁ% Qb&ﬁ&h n 'QI Fising:

ect anong a plurality of del ays;
sendlng the selected delay froma first entity to a

secong ent ] and excgangln data with the second
entitySwith %fé’t’?@“ﬁef) fadlinv PsitiFrdRsi8s Ynlappeonc processor is

s&reftRCode] @Y thé Seroligay Bt QAR &IA! i} 2k WRRI & é'éléclf' ®he large

sel ecting the delay conprises evaluating the plurality
dflayl&draysk based on at | east one netric, and selecting
the delay with best at |east one metric. 24. The

met hod of claim 22, wherein the selecting the del ay

conpriges eNaldpphiaf@ a8f Ridimalib! WwiRfeilr @6 Odi RAstBAE i fF8&ssor is
in conmbination with the plurallty of del ays based on

eanfigaessk togplectribe zere, detiertasrthg smalfdelax rilowgcomatrpindgto select the
B&&?&Q@P@gﬂ%&nnenﬁnd a delay with best at |east

20. The apparatus of claim 16, wherein the at least one processor is
configured to select the zero delay or the small delay for a data channel and to select the

large delay for a control channel.

21. The apparatus of claim 1, wherein the plurality of delays comprise a
delay for each of a plurality of ranks, and wherein the at least one processor is

configured to select the delay based on rank of transmission.

22. A method for wireless communication, comprising:

selecting a delay from among a plurality of delays;

sending the selected delay from a first entity to a second entity; and

exchanging data with the second entity with cyclic delay diversity based on the
selected delay.



one netric, and selecting the precoding matrix and the
delay in the conbination. 25. The nethod of claim 22,

wWoR@BMe980921 he exchangi ng data with the second ePET/U§2008/053232

conprises receiving a data transm ssion sent by the
second entity wth cyclic delay diversity based on the
sel ected del ay, deriving an etfective nultiple-input
mul ti pl e-out put (M MD channel estinate based on a
cyclic delay matrix for the selected delay, and
perform ng M MO detection for the received data

Lransm ssi ghe hRfRd dPRltfesehhaehl e sé%év\ﬁgqﬂ@@él%l comprises

esti mate. Im 22 reln
exch aﬂ\gﬂu@mg alnaaplwaﬂﬁy ozl e ¢>amdl cardt il¢ayt @enpetiis.emd

perfor ssing,.for clicd Iay di versity based
on th§3@%ﬁgg?%ﬁﬁﬂﬁwggPe%ﬁﬂﬁ%%fWB PG precoding with a
precoding matrix after the processing for cyclic del ay

diversity. 27. The nmethod of claim 22, wherein the
excha®din gTbamthmitorﬁ claire 28 ewberdinghe sctlgctm@rﬂm de@scomprises

perfornl reco
Per f ormginE G QLB s Ryl ERGS PRt b ton, O eyt of
elajdmssebestiedt oad mytrrf ter the pr ecod| ng. 28. An
apparatus for wreless conmunication, rising
neansdfft@tﬂmg@lgeachrﬁlgn%rwe@faaypwwﬁi&ﬁng anf‘gmiﬁbw.w@ bgst at least
?g ¥ %ﬁ?ns for sending the selected delay froma

eh y to a second entity; and neans for
exchasgtongg diat prevadiny thheixsadaodddag inttiic worhbinay@l.i c
del ay diversity based on the selected delay. 29. The
apparatus of claim 28, wherein the neans for selecting

the delay ¢RMM{kRRSoMBRRS 20 OhhEXAl atdxBigar %th% Ry rw@!h' fh¥ second
of delays based on at |east one metric, d means for

sgltpcoinpgsashe del ay with best at |east one netric.

receiving a data transmission sent by the second entity with cyclic delay
diversity based on the selected delay,

deriving an effective multiple-input multiple-output (MIMO) channel estimate
based on a cyclic delay matrix for the selected delay, and

performing MIMO detection for the received data transmission based on the

effective MIMO channel estimate.

26. The method of claim 22, wherein the exchanging data with the second
entity comprises

performing processing for cyclic delay diversity based on the selected delay, and

performing precoding with a precoding matrix after the processing for cyclic

delay diversity.

27. The method of claim 22, wherein the exchanging data with the second
entity comprises

performing precoding with a precoding matrix, and

performing processing for cyclic delay diversity based on the selected delay

after the precoding.



30. The apparatus of claim28, wherein the neans for
sel ecting the delay conprises neans for evaluating a

w@kasabdopyy of precoding matrices in conbi nati oPCTHS1008/053232

the plurality of delays based on at |east one netric,
means for determning a conbig$tion of a precoding
matrix and a delay with best at | east one netric, and
nmeans for selecting the precoding matri x and the del ay
in the conbination. 31. The apparatus of claim 28,
wherei n the nmeans for exchanging data wth the second
entitygco [ FSwi r VALY oY RS
trans%?és?%%ag %?ng th%gé%égﬁg&gggg?g’%f%ﬁmg§%lic

del aymdansefos sdlgctingsettlayrfrarhemoeg e plwedlitgeff dylaysreans f or

derivin effective mulfiple=input nmultiple-output.
(M VOPegraan o e s et adey Bma sl et sepondakit and

for thRasefdkerhndfl@Yata aith MRARSoRPEntRG K @gag: MiMPdiversity
detection for the received data transm Ssion based on

based ef thectelogtedMeM®. channel estimate. 32. The appar at us
of claim 28, wherein the neans for exchangi ng data
with the second entity conprisesneans for perform ng

procegsi NgThOhpsaretus &f dedimy2&li widrSint the bac@d fon sélb@ing the delay
sel ected del ay, and neans for perform ng precodi ng
P 1%S precodi ng matri x after the processing for

cycl i I ' [ t ys, [ .8,
whor e iSARBY cEhER Ay S BRRALA i N B Bl and
ent i t pneamnfpr sdesingelandeldyowitpdedtar leastgnpmhetiddi ng with a
precodi ng matri x, and neans for perform ng processing
for cyclic delay diversity based on the sel ected del ay

aftersghe preqgoiis of4iaif PRCHhGER BAGRLING IR AU Ang the delay
conprising instructions which, when executed by a

qwmhhmg, cause the machine to perform operations
hglc L;gll’egl% for %lva ﬁatltlmn a %lu%ﬁit? %t fp{re%g]d%gomnegtrigespilnucro%llblirtla&{iogfwith the
plurality of delays based on at least one metric,

means for determining a combination of a precoding matrix and a delay with
best at least one metric, and

means for selecting the precoding matrix and the delay in the combination.

31. The apparatus of claim 28, wherein the means for exchanging data with
the second entity comprises

means for receiving a data transmission sent by the second entity with cyclic
delay diversity based on the selected delay,

means for deriving an effective multiple-input multiple-output (MIMO) channel
estimate based on a cyclic delay matrix for the selected delay, and

means for performing MIMO detection for the received data transmission based

on the effective MIMO channel estimate.

32. The apparatus of claim 28, wherein the means for exchanging data with

the second entity comprises



sending the selected delay froma first entity to a
second entity; and exchanging data with the second

we@pios980si t h cyclic delay diversity based on tP@&I/US2008/053232
sel ect ed del ay.

33

means for performing processing for cyclic delay diversity based on the selected
delay, and
means for performing precoding with a precoding matrix after the processing for

cyclic delay diversity.

33. The apparatus of claim 28, wherein the means for exchanging data with
the second entity comprises

means for performing precoding with a precoding matrix, and

means for performing processing for cyclic delay diversity based on the selected

delay after the precoding.

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

selecting a delay from among a plurality of delays;

sending the selected delay from a first entity to a second entity; and

exchanging data with the second entity with cyclic delay diversity based on the

selected delay.



