1 CYCLI C DELAY DI VERSI TY AND PRE CODI NG FOR W RELESS COVMUNI CATI ON
[ 0001] The present appl ication clainms priority to provisional
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assi gnee hereof and incorporated herein by refer ence BACKGROUND | .
Fi el d [0002] The present disclosure relatfles generally to
communi cation, and nore specifically to techniques for transmtting

data in a wirel ess conmunication system I1. Background
[0003] Wrel ess comuni cation systens are w dely deployed to provide

various comuni c@YQLIO'DRLAYDIASERSEFY A!NPPPREIE@DSIN@
nmessagi ng, broadcast, etc. These wireless systens rrayEI

mul ti pl e-access syste@cﬂimmﬁlﬁﬂ)@ﬁhﬂﬂw ONr s by
sharing the avail abl e systemresources. Exanpl es of such

mul ti pl e-access systens include Code Division Miultiple Access (CDVA)
systems, Ti I[[E)ﬂlﬂ Vi ﬂh@@rd%ﬂthbplicﬁtlﬁca&m pribEAD peorsdiens . rgglenion Serial

et o Sblos s BB, Renbified R e TS, A B ERSTHY bagED

conmuni catl PRESOBIRIG, MBile$ UPQRNdry M8l LD}, e nisiel f@-"tﬁé PlsSipnQUthBKb! and
(M M) transm ssion. For M MO a transmtter may utilize rrultlple (T

transmt antsamamisdierembrraferaneemi ssion to a receiver equi pped with
multiple (R) receive antennas. The nultiple transmt and receive
antennas forma M MO channel that nmay be used to increase throughput
and/or inprove reliability. For eBAGKEGROUEND ansmitter may transmt
up to T data streans sinultaneously fromthe T transmt antennas to

i nprove thr dughphield Al t er natl vely, the transmitter may transmt a
single data am.from al ransm,t ant ennas 1o
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for sending a M MO transm ssion using a conbination of cyclic

II.  Background

[0003] Wireless communication systems are widely deployed to provide various
communication content such as voice, video, packet data, messaging, broadcast, etc.
These wireless systems may be multiple-access systems capable of supporting multiple
users by sharing the available system resources. Examples of such multiple-access
systems include Code Division Multiple Access (CDMA) systems, Time Division
Multiple Access (TDMA) systems, Frequency Division Multiple Access (FDMA)
systems, Orthogonal FDMA (OFDMA) systems, and Single-Carrier FDMA (SC-
FDMA) systems.

[0004] A wireless communication system may support multiple-input multiple-
output (MIMO) transmission. For MIMO, a transmitter 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 simultaneously 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.



delay diversity and precoding are described herein. In an aspect, a
set of delays for cyclic delay diversity and a set of precoding
matrices orted. A conbination of precoding trix and

del ay nangézgﬁpgﬁggd based on one or nore criteria sug%TégﬂHQF§Z”
performance, rank, geonetry, nobility, channel type, feedback
reliability, etc. In one design, the sef of delays includes zero
delay, a small delay of less than a cyclic prefix length, and a | arge
del ay of greater than the cyclic prefix length. The |arge del ay may
correspond to a cyclic delay of K/L, where Kis the nunber of sanples

for a useful portion of an CFDNIsynboI and_L is the nunber of
antennas to apply cycli c deI ay di vedEM Mch may be VI rtual
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spatial progessing to obtain virtual antennas from physical antennas.
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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.



[ 0015] FI GS. 6A, 6B and 6C show transm ssion via four, three and two
virtual antennas, respectively, with | ayer pernutation. [0016]FIG 7
shows a degs| n evaluation unit to select a preco and
a del ay. ﬁ’%%g’]ﬁ@%ﬂ&?z 8 shows a process for exchangi ng dgt@%?{@%ﬁ#ﬁ

9 shows a process performed by the Node B for data transm ssion.
[0019] FIG 10 shows a process perfornmed3by the UE for data reception.
[ 0020] FIG 11 shows an apparatus for exchangi ng data. DETAI LED

DESCRI PTI ON [ 0021] The techni ques descri bed herein may be used for
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and mul tipl enesk, egebdepnts (UEs). A Node B nay be a fixed station

that communicates with the UEs and may al so be referred to as an
evol ved Nod&WBS| eNBIGSa6HabB adatG show drgngeisses vigofont,, theee cand Haehvirpile

B 110 provi a particul ar geographic
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stati on, a t%rlm nal , an access termnal, a subscriber unit, a
station, A UE may be a cel lul ar phone, a personal digital
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link fromthe de Bs to the UEs, and the uplink (or reverse |ink)
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[ 0023] The techni ques described herein may be used for M MO

transm ssion on the dowlink as well as the uplink. For clarity,
certain aspects of the technDEEAILED GESCREITTIGNow for M MO
transm ssion on the downlink in LTE. LTE utilizes orthogonal
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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),



[0024] FIG 2 shows a bl ock diagram of a design of a Node B 110 and a
UE 120, which are one of the Node Bs and one of the UEs in FIG 1.
Node B 11 ed with nultiple (T) antennas 234a t.
UE 120 isQ’g:(gw p@g‘eélg&\?\nth multiple (R} 5 antennas 252a tpf%rouﬂﬁggégﬁ.
Each of antennas 234 and 252 may be considered as a phyS|caI ant enna.
[ 0025] At Node B 110, a TX data processoft 220 may receive data froma
data source 212, process (e.g., encode and synbol nmap) the data based
on one or nore nodul ati on and codi ng schenes, and provi de data

synbol s. AsIEEERdOhes eviMAX)JEEE 8§21H0 IFlash‘ (H?m\y@b@ic flOTR daind, E-0TRIA a’e
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processed byioaanﬁk (Y] M@lpasoﬁxesmhk 28Ror antyf vértdiehspetlocEshededdiques are
nodul at ors 254a_t hrough 254r to generate R uplink_signals, which may
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Controller/ pomnmssza'efeﬂéd) tavesytonsnbine) et aEahtsnbrasmr ssiyde malulded#6h data.

based on the feedback, i nformati ntrollers/pr. 24
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for Node B 110 and UE 120, res itlvely A schedful er 244 may schedul e
¥
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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)



[ 0029] Node B 110 may transmt L data synbols sinultaneously via L
| ayers on each subcarrier in each synbol period, where in general L

1. A layer correspond to one spatial dinension for I er
used for twgﬁ‘ﬁﬁ@%sﬁzon. Node B 110 nay transmt data syﬁgﬁllﬁgmﬁg%%%’
various transm ssion schenmes. [0030] 1 n one design, Node B 110 may
process the data synbols for each subcafrier k as follows: y(k)=D(k)
WU x(k) ,Eci (1) where x(k) is an Lx 1 vector containing L data
synbols to be sent via L |ayers on subcarrier k in one synbol period,
Uis an L Xaktehrdy@624 eratightasal. &@atleshantermppRBy andsl xay \Wel Snéiddrgd as a

precoding matrix, D(k) is a TxT cyclic delay matrix for subcarrier Kk,
and y(k) i sPhysea| anfgg o containing T output synbols for the T

transmt an{@nsps of 96HRCBIMICE KX idataORBcEY¥mlo ReY rQdive ERMAbANa Udth
is for one subcarrier k. The sane processi ng may be perfornmed for
each subcar peusee d5bdreesps {amnsteods Rph symbolt heap)diae defapbdserh opegas, meye

matri x ma ' . he '
ot 11 x W s o oShind belchof Ul Gvige Gpie TRHPbLICASLERPAL, ¢ g
antenn?s 234?n%?ﬁ§?gmmg3ﬂtdMEﬁcﬁkﬁbﬂnuﬁﬁTagﬂ?nmgxgﬁygbmiiqrﬁ&ﬂnmbef
one colum O ata.s ol ., ma (& L.l | e e.col u
and ey T heRtehe SEHIOG el ¢ Ml Bt oy o By Fronl e
ant ennas. Whwdylahién fhsgd savh B HBUST @AMYBEPildts Gdta SRS labharg predrf bx bothV

may be selected froma set of_precoding matrjces. [0032] The )
| ayer -t o- vi fiteuBPdeafit QEnaﬁpTﬁgWégr Prgc%sqfa%ﬁob@aﬁa%%eﬁso’lﬁéwat el Bilata

synbol s for i gt at A¥REBed BelbwVdrdt %lg{/iélénﬁ eiipas sﬁﬁdg@%ﬁ@&ng tPm ﬁl?(g_llélfors

avai l abl e virtual antennas. U ma efi ned based on a | ayer

virtual ant @4@9)@%@)Fhﬁ@lgbe%ébtT_é@gﬂwdutﬂé@,%agnﬂag@@%éﬁwmtmb@ sigym
al so be an kr\ﬂg_[‘%o‘rtdﬁﬂm} %’: %%ftéin%tontﬁg{'?aﬁp% ARGt N8 'n?o%‘a[;é?dr ﬁﬂgna?gfpﬁtt?%e

el sewhere. sanme or er ent ppni'g matrices nay be use

K subcar ri ecendifid@0@33..,Thanvey cbianalde) altemmatnpiify, BOR )upaenywebip its mtbut sample

achi eve CyCls’cilreCanrfi zenllc? )éergeirz}ég rastiicgvyﬂlink signal, T downlink signals from modulators 232a
through 232t may be transmitted via antennas 234a through 2344, respectively.
[0026] 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
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 (¢.g., encoded



whi ch may provi de beanform ng gain, frequency sel ective scheduling
gain, and/or diversity gain. D(k) may al so be used to achieve | ayer
permutatign, which may have certain advantages. D(k) may be sel ected
and appl i S8 AW i bed bel ow. [0034]In the design shg&/ﬁ’qs?fm@aﬁé:tzi on
(1), the precoding with Wis performed prior to the processing with
D(k). Cyclic delay diversity is thus applied to physical antennas
instead of virtual antennas forned with the precoding matrix W This
design may be used mainly for zero delay and small delay but may al so
be used for ahdsgeboll @dagysd) [H9QSEL e proRsR 088, spatgGiodtcaE b3 DX MIMY
M MO processor 230a ich inplenments equation (1) and i s one design
of TX M ND PrSesseis&i2. and fithergipsessed by npodulatarns 2544 fyqugh 254ictoggangrate R

processor 24flinkSigial YRR AELHS hrinmaeddavid RheMaR 2350y STRY 258 CAVRo® B
data streanms fromdafa source 212, where in general S I. Each stream
processor 3200.rikg/R anddoegnalniren UEalad mecharebdivcd ynahtemabiida tapugh 234,

Lranspor ¢ bPIE oF ChashapfaBXEERa proldf 2 AChANEH RECHIRLLG 2 r o

Each streanppresessls, ad2 Ourthey pprasas&.d.1 synibovhdapaptd bhddécotiad)dyt @l RXa

codeword and_may then t he codewnrd to .a.bl ock of dul atjo

cybol 5. TheRBFMEEl A8, QPR I (PSR IR TR G nd SPAGKE: oY LRy 120,
“codewor d” meytréltrpRRessbn e Ghan gkl ydatStiBaRkHs0 68 P R03BA3d on the
t hrough 320s may provide S data synbol streans. [0036]Wthin TX M MO
processor 2&sdback nfgrationgpper 332 may map the data synbols for the S
data streampdg) L IcbSorSBloeakad 40knd 56 mhy Virkd: 47 o RABRAANEEOBY 10
8 334 may map the data synbols for the L layers to subcarriers an
virtual ant emh8E 1Metespotively ademargisdd2 anFpe mny38c datd 488 promym abdas
be conbi nedg] JBRASE p 336 | plL.y the e
synbol s for f%g%ﬁdegﬁgéar ri g[gvalnéP hﬁegﬁegg%%lgcg%ﬁﬂ%)ﬂ% ?%(Waq’ﬁlgﬁdﬁreow 3@0
precoded syatdbisother UEhdbr dathbcansmisdion An alye downlikdd and/cdi updinsiteyed on the
processor 338 multiply the precoded synbols for each subcarrier
with the cyg‘?eﬁgg%éﬁwaﬁﬁp)r{%?wﬁeﬁfni@d@bﬁ'ai n output synbols for that
subcarrier. [§320} | C NiRkay 100 ¥k StdnymPITO 688 SPMbaI3 diniBianueN €E LT1a0sk Rt
synbol streans to T mpdul ators 232a t hrough 232t. [0037] Each

modul at or 283chabheaydsip pahormRelsHad.arheeninrasperal kedpet taygemsueqsipspond
symbol st 1 egiTh, Nt BhiNifREGoRAWhaE Qlbcadier udld I RMfsp3XIHRO ¥odcB R0 $EH
on the K totalns. b carriers in one G%DIVI s_l;nbg?IIperF%% may be 0%
t r ansf or med traianhit datacsysdiots usingwerises tdingwissive s¢hgmes.er t r ansf or m ( 1DFT)
to obtain a ul j C LNi | Me- LN S, Eagh .
time-domain [%@ﬁlﬂ e Iﬁgﬁéh%%ﬁgégggllggmﬁﬁ%%g i tgg%%rﬂ[ﬁ@g? #OE%%Cr?eS%g%ﬁlﬁ?re
peri od. Theklaagillo@ssanpl es of the useful portion nmay be copied and
appended to the front of the useful portion to forman OFDM synbol
containing K + C s opied portion is referred to as a
cyclic prefix anﬁ’%sf%@éav;{gﬁggnbat inter-synbol interference (I gﬂ)(l)
caused by frequency selective fading. Each nmodul ator 232 may further
process it swheRpker)Stsr@amxtiovgenabatmin: dawnl dyittbosi 8NR sent via L layers on
[ 0038] Control | er/ processor 240 may recelve feedback information from
UE 120 and gener at e comtarobst hene symedpepedcessors 320 and mappers
332 and 334. Conhr.g)larllgr/)1 PL.QC S\%%alza‘len&ad% aligom%)t;igvi de the precoding
matrix Wto precoder and the CyCPIC eF%Py%rlk D(k) to
processor 338. [ 9032 TrLapetdidig siesikgn, Node B 110 may process the
data synbols for ¢h subcan-jer k as.follows:, y(k) =WD(k)U x(k) , Eq
(2) where D(k) DR %Qf%ﬁ}’(?ﬁrehﬁycmf%?%‘ﬁcﬁw%/ évrangubcarrier k.

y(k) 1s a T x1 vector containing T output symbols for the T transmit antennas

on subcarrier k in one symbol period.

Equation (1) is for one subcarrier &. The same processing may be performed for each
subcarrier used for transmission. In the description herein, a matrix may have one or

multiple columns.



[0040] I n the design shown in equation (2), the processing wth D(k)
is performed prior to the precoding with W Cyclic delay di ver5|ty IS
t hus appl to virtual antennas instead of physical ant SnRas

desi gn mawgeﬁo e8P i ni y for large delay but may al so 5@%%@80736‘}2

zero delay and snall delay. 9 [0041]FI G 3B shows a bl ock diagram of
a TX M MO processor 230b, which inplenefits equation (2) and is

anot her design of TX M MO processor 230 at Node B 110 in FIG 2.
Wthin TX M MO processor 230b, a |ayer mapper 342 may nap the data

synbol s for [ad3¢] S d&b@r@b&iﬁgmﬁahﬁ@Wn{aﬁ)’b@m&cﬁ@fBﬁﬁ afl td Drviu®e antbunas with
vi rtual ante}g1 pper 344 ﬁg the _data s glnbols for tge L Ia ers
to subcarri erRYEAH apRifd34a it 4t ALeSACYITRAl GBleaye BpY BF dorppd with one

processor 348uARbW! tal Pty syt mp Be hutypTRa LS ohe eo@aa%fsw taﬁ@ﬁfay eﬁcn be
with the cyclic delay matri'x D(k): A precodei 348 may nult

synbol s fromeniopces sréwatsmﬁermerﬁnea&ﬁ Hiybiealranteapasy Whnashke ipﬂsleg@@liaﬁguﬂer
t Wt 48
matrix W On%%ﬁ& n%rq%%@%zn m;z% sEiil_@t%d g;’dﬁ afs%'? (gfrpiegf &g%‘%ﬁc

may provide stre hrough
232t. [0042]0u3 4 'Eiadmr-a) b:lrbnellenthnagrrmppmg matrtel ingay tefusBRKtovdgthe data

processor 260 dat roc at

oM VD pr o CERR a8 1o e Bie et B! AR EIes ReieriRy Bt Biey b adiiiblory it
channel est ka®hesHIKmal ercahanngtd Bﬁhllmi @ vi2Qdl andhnk fmeppfng(‘sekébteg for
matrix W the cycllc delaé}rratrlx and the mapping matrix

sel ect ed f oM, depfifhed PEHYraP éﬁﬂﬁdﬁ%b%ﬁne‘ﬁ%’&f W@MW%H&%@P@ the

estimate, ag; fg@lllzh QM@zer!iL, afdutsle. 'Thlé(sﬁ%i‘a&yefént m@élp%?k ﬁlﬁlcés]iga)(iﬁused for
H( k) W D(k) esz&cAf wher e eff is an R X est | mat ed

channel mat th ag@glscarri er : 100431Equat| on (3) may be used if

he " shown i ok | cBepRdg, @%ﬁ@i iy BE LS GUREN HECRAGETRER,
per f ;)r ns E)r2 )e\dmrln mgy qndmdeydnbamfodeingygadh Vfé@’C;BlBﬂcliqy mcii@uees sck{egulagdghovmd/mr
equati on |l dered as exten

o ocos ng iR RS Ry B W € GBS ST Gl b
MK) for eachrsnbsantapey D(Ahﬂ@;eﬁb @ectddiand élk@heaagiddsammcb@mance wi th
m ni mum nean sguare error E B | i near zero-forci ng

(ZF), or soh®38 her “Rh%?@%eﬁwfl ‘Br?thé@ﬁrﬂ)qﬂ@ prefeél&amﬁwﬁ@e&r@e@ prior
412 may obt g} f-RsREHh V& DYy cRE E&%Nfe{sgﬂﬁhﬁ’seéﬂ?ﬂb’d ﬁ‘;ﬂfy&cg@ﬂﬁ:nnas

through 254r. M MO detect or 12 °may perform ection"on the
recei ved sy ntstad of virbues anipnrigs ﬁmedpeth e pricpdiag mmiix W Whis)depign rr@ezd:l@

subcarri er used mainly for zero delay and smalil delay but may also be used for large delay.

10035] FIG. 3A shows a block diagram of a TX MIMO processor 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 (TTT). Fach stream processor 320 may process its transport
block to obtain a codeword and may then map the codeword to a block of modulation

3 4

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



k and provide L detected synbol streans for the L selected virtual
antennas. A Iayer 10 demapper 414 may demap the L detected synbol
streans (whic I ncl ude an inverse pernmutation) in a mn

conpl errentvgl?ﬁm?@g te mappi ng performed by |ayer mapper P§§’§Js?qq3lﬁ3é2 3A
or mapper 342 in FIG 3B. Demapper 414 may provide S detected synbol
streans for the S data streans. [0045] RX data processor 270 incl udes
S stream processors 420a through 420s for the S data streans. Each
stream processor 420 may synbol denap, descranble, deinterleave, and

decode its da4 aayetpihdiol sphiichafor aid. PRexis euRadiesasieditial antsinaeagsd
[ 0046] Vari gé{s types. of precoding matrix may be used for the designs

shown in eq tfra@ﬁ@m@ﬂ AfePren) 332 4ndoivd ek fﬂéﬁﬁ be gowgined inte) OBe ARIPAFIN gA
matri ces mayReiLehké pRg n%ﬁtlﬁ@ kﬁ&\‘i@ppcg\/symbcﬂs & ca@lpﬁubbarﬁctow% ghc'-:;Hcc{oﬁ)ng

where F is a Fourier matri X, I -th phase shift matrix, and

W is the i rrtahuqoﬂé@mhpwgidnmr@qoaed mn@w@dfon@aﬁauboamew Aneelialdslay iséversity
denot o2 Bk 049 i AT HpBlofs TPy St TRELLECafik
wheref",, i delepnenagieDEntto iobtahimtputtsblmbﬁiwfantﬂat\/subbhrﬂﬁ{ udyeliofdelaf eliversity
Zgg{ ;g;ega;rg{:o)éésg{:&g??%g{agdggﬁdg %S(I)L%]ﬁt sym%oP Qt?e%%sstg tmo%fa&)lrg( 2@&1 %Xugtqe
232t.
[0037] Each modulator 232 may perform OFDM modulation for a respective output
symbol stream. Within each modulator 232, K output symbols to be sent on the K total
subcarriers in ong OFDM symbol period may be transformed with a K-point inverse
discrete Fourier transform (IDFT) to obtain a useful portion containing K time-domain
samples. Each time-domain sample is a complex value to be transmitted in one sample
period. The last C samples of the useful portion may be copied and appended to the
front of the useful portion 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 mappers 332 and 334. Controller/
processor 240 may also provide the precoding matrix W to precoder 336 and the cyclic
delay matrix D(k) to processor 338.
[0039] In another design, Node B 110 may process the data symbols for each

subcairier k 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(k) 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.



Eq (7) where 4, is a phase for the v-th antenna in the i-th phase
shift matrix. Qdifferent phase shift matrices may be defined with

di fferent and/or by rotating one or nore ba '

11 [0049] ﬁgggfﬁﬁ@@@i gn shown in equation (5), Q di ffeﬁﬁgﬁ"&%&?ﬁﬁ%z
precoding matrices W may be defined based on the Fourier matrix F
and Q different phase shift matrices A 9 For selective virtual
antenna transm ssion, different conbinations of colums (or
submatrices) of the Q precoding natrices nmay be evaluated, and the L

col ums of {(0E1pr eddd 3B shabusi X bidkk tdgianprof\al TE M Obptespar 230brahih

may be used.as the T x L ecadin tri.x I n_gener, L.l
Tho el et | dnbspe Fatees EDRGE BB et bT Fomn 0 etotRRaD of Node B
confi gurati Qmg w K1, b Wevithi@MXMIMO Heiasas 230 a tayer ha§Rt V& @il SRR &S dald
may be expressed as: The precoding matrix Wmay include one or

bot h col urmgymbolyfor thefsielargeans fo L4 laveroelesis ifgfuiesat i%o Hirthpk Fntqnga mapper

Lransmi t ankenqas @t Qi SHAGES Y5 ALLABRS 0 Mboiks BRd SHRELAREMAESA
cyclic delay diversity processor 346 may multiply the mapped symbols for each
subcarrier with the cyclic delay matrix D(k). A precoder 348 may multiply the symbols
from processor 346 for each subcarrier with the precoding matrix W to obtain output
symbols for that subcarrier. Precoder 348 may provide T output symbol streams to T
modulators 232a through 232t.
[0042] FIG. 4 shows a block diagram of a design of RX MIMO processor 260 and
RX data processor 270 at UE 120 in FIG. 2. Within RX MIMO processor 260, a
computation unit 410 may receive a MIMO channel estimate H(k) from channel
estimator 294 and the precoding matrix W, the cyclic delay matrix D(k), and the

mapping matrix U selected for use. Unit 410 may compute an effective MIMO channel

estimate, as follows:

H(k)=H(Z)Dk)WU , or Eq (3)
H, (k))=HE)WDKE) U . Eq (4)

where H (k) isan R xT estimated MIMO channel matrix for subcarrier £.

[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 (I.MMSE),
zero-forcing (ZF), or some other MIMO detection technique.

10044] 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(%) for each subcarrier

k and provide L detected symbol streams for the L selected virtual antennas. A layer
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demapper 414 may demap the L detected symbol streams (which may include an
inverse permutation) in a manner complementary to the mapping performed by layer
mapper 332 in FIG. 3A or mapper 342 in FIG. 3B. Demapper 414 may provide S
detected symbol streams for the S data sireams.

[0045] RX data processor 270 includes S stream processors 420a through 420s for
the S data streams. Each stream processor 420 may symbol demap, descramble,
deinterleave, and decode its detected symbol stream and provide a decoded data stream.
[0046] Various types of precoding matrix may be used for the designs shown in
equations (1) and (2). In one design, a set of Q precoding matrices may be defined as

follows:

W.=A F, fori=0, .., Q-1, Eq (5)

1 I

where F is a Fourier matrix,
A; is the i-th phase shift matrix, and

W; is the i-th precoding matrix.

Precoding matrix W; may also be denoted as P;.

[0047] The elements of a T x T Fourier matrix F may be expressed as:

Soo=e T, foru=0,.,T-1land v=0, .., T—1, Eq (6)

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

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

e 0 . 0
j;ﬁ‘l T
A" = O e: .. 0 > Eq (7)
0 0 Pals

where A;, 1s 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 A, and/or by rotating one or more

base matrices.



-1 -] -1 Eq (9) The precoding matrix Wmay include one, two, three
or all four colums of W [0052]In the design shown in equations (5)

t hrough ( be considered as a Fouri er-based
frequency%%ﬂﬁg%m§ﬁ¥zprecoding matri x. The set of preco&Fﬁ@mHﬂ@?ﬁggs
may al so be defined in other manners, e.g., W = Fit Al F, where "II"
denotes a conjugate transpose. The set bf precoding matrices may al so
be defined with other unitary or non-unitary matrices instead of, or
in additional to, the Fourier matrix. The set of precoding matrices
may al so i n¢lodde t IFer ttdedetiph y{hcﬁﬁt fni equhtaoml\(db ab difeeyenp el mqﬁedodmtgrrﬁalﬁdiﬂ'st

each | ayer one, physical ante 0053 on a se
cyclic del a&" D POwT nﬁ@@%ﬁ ndks R er 8}3“1!‘ Handgy g@éﬁgpgh%%m féﬁ?&ﬂces
delay, a zenQ PBASEdRERIARY altenBRRInkAHsHR, ﬁﬁfﬁ%ﬂtn@orﬁnmeﬁﬂ;fs ¥ tl,ol{?ﬁﬂs For

zero phase ranps may be defined for antennas 1 through V-1. cyc
del ay di ver sitmatrice®) pf the €spicenglingmpiicéomae de prileated, @m#)ﬁ@dodmlngmasf the

shown in FI t

sel ect ed vi (ﬁn%%?lennas thllm% pcygq éﬂg(})\éft geld)@@%%& 'ﬁﬂg'y g’? ggtg 31% %b TXL

per f or ned ai;teemlpg ek VY, aBersliowenéral Fk® < BA, Théig¢ledfior of, %rsdddsbteoev

antennas correspond to T physical antennas. The dinension of the

cyclic delaédﬁﬁtrlx D(k) may thus be dependent on whether cyclic

del ay di ver $pgsy) Pr eoeaSINYINVGD RN TRFRE vl Qo tRs@lt adfchds AHROIERBe

For clarity, much of the follow ng description assumes that cyclic

del ay di ver 8ptegnasy Wemay bogrriresseseast or ned prior to precoding, and D(k)

has dinension of L x L . [0054]1n one design, the set of cyclic del ay

matrices may be defined Shia 00 11
W.=A F= ) . Eq (8

=4, T e,;“}[l _J q(8)
The precoding matrix W may include one or both columns of W:.
[0051] For 4 x4 MIMO configuration with four transmit antennas and four receive

antennas, W; may be expressed as:

e 0 0 o it 1 1 1
0 ™ 0o o ||t J -1 -
W.=A . F= , Eq (9
=4, o o = o llt -1 1 -1 q9)
0 0 0 e™ |1 -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 “ 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



0 D. (k), O0-k e for m=0,M-1,Eq (10) 0 A- whereis a phase
ranp for the v-th antenna for the ,n-th delay, and D', (k) is a cyclic

del ay matr}j %} e ,n-th delay. In the design shown i |
(10), the‘%ﬁa §k$%ﬂ$ for each antenna nay be based on EEnggﬁ@Fggv
cyclic delay value. The cyclic delay matrix D', (k) may al so be
denoted as A", (k) or M). [0055]In anotkBer design, the set of cyclic
delay matrices may be defined as:
processing is performed prior to precoding as shown in FIG. 3B, then V=L, and the V
antennas correspond to L selected virtual antennas. If cyclic delay diversity processing
is performed after precoding as shown in FIG. 3A, then V=T, and the V antennas
correspond to T physical antennas. The dimension of the cyclic delay matrix D(k) may
thus be dependent on whether cyclic delay diversity processing is performed prior to or
after precoding. For clarity, much of the following description assumes that cyclic
delay diversity processing is performed prior to precoding, and D(k) has dimension of

LxL.

[0054] In one design, the set of cyclic delay matrices may be defined as:

1 0 0
—JOea k 0
D_(k)= : ) , form=0, .., M-1, Eq(10)
{.) (; e eng”"l"l K

where 6, is a phase ramp for the v-th antenna for the m-th delay, and

D,.(%) is a cyclic delay matrix for the m-th delay.

In the design shown in equation (10), the phase ramp for cach antenna may be based on
an arbitrary cyclic delay value. The cyclic delay matrix D, (k) may also be denoted as
A, (k) or Afk).

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

1 0 0
2rr k
0 ¢ ¥ 0
D,®)=|, : Eq (1)
Aok
0 0 v L

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 z,, and the phase

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

o =TV forv=0, .., L-1,and Eq (12)



.2;nrk e KO .2n(L-1)rk O where r," is the nz-th delay, which is also
t he del ay spaci ng between consecutive antennas. In the design shown
in equatiqﬁoé&%k,mépe cyclic delay value r,"," and thep%@ﬂﬁ%m&ﬁﬁﬁbz
0,"," of eac ANt efna v may be expressed as: 13 =rr", Vv ,for v =
0,L-1 .Eq (13) K [0056] Equation (11) is a special case of equation
(10) with a uniform spacing of z-", forlihe cyclic delay val ues of
different antennas. The uni form delay spaci ng may reduce signaling
over head since the cyclic delay values rm () through rmi-1 of all L
ant ennas may be %prmad based #g a_zingle_.", val ue. [0057]1In one 13
design, a set of “M =g ‘@etays nly"be” defined to include the q(13)
followng: =0 ,for zero delay,Eq (14) rt= 2 ,for small delay, andEq
(15) 1-2 Lfor large delay. Eq (16) [0058] The small delay may be used
to i nprove BYEAT or Hawgfican(d 1Y isegnenid passalf equdtivn (SDhethd vmprigabacinnef o
may be espegi gl | i clial, fQrel I e l.ow: ge I
channel - T odi el A8 ity or e ailBiah ke GARH Yoy s RERIPL e

i nprove tr agigilingdbvweetcsd sihc@@idcylic demy vakies W), § ebbwzhf g1 hifall heltchhisy
channel (e.g., for a nobile UE noving at 30 kmhr or faster), high
geonet ry chaipdr defpegapedamcingiamneue. nore coarse feedback in tine
or frequenc C. e I nay i i, 7] : f . as
the zoro delty™l i 1 SBICs SO K1 T aRER I DR MCD il A BIEEE:
of the system when feedback information is noisy. Geonetry is related
to signal -tonoi se;afid- i nt efiof esredeley,rati o (SINR). Low geonetry ma¥q(14)
correspond to |l ow SINRs, and high geonetry may correspond to high

SI NRs. Rank refegszgo thejgyggg[éﬁ&,g+gtua1 antennas sel ected fol 89
and is also referted to as spatial fultiplexing order. In one design,
zero delay or small delay may be used for a rank-1 transm ssion, and
| arge delay may he=usSed f ofor L ofayor hi gher transm ssion. The c¥gl(i®
del ay diversity prodessing with | arge del ay may equalize the SINRs of
the L layers used for data transm ssion.

[0058] The small delay may be used to improve beamforming and frequency
selective scheduling gain and may be especially beneficial for low mobility channel,
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



[0059] I n general, cyclic delay matrices
of delays and any particular delay. For

may be defined for any nunber
exanpl e, cyclic del ay

matrices I ned for small delay of trni= 1 or
val ue, for 5@€@ﬂﬁ%%ay of less than K/ L or nore thaniﬁgﬁﬁﬁkgg%gg In
general, a small delay nay be any delay smaller than the cyclic

prefix length, and a | arge delay may beldany delay |arger than the
cyclic prefix length. For 14 clarity, nuch of the description bel ow
is for the design shown in equations (14) through (16). [0060] Table 1
provi des t heladty tiuch dithadesteibtidicledow arfor thededgl shownsnelhatided @dy) thasugh

| ar ge del ay ﬂﬁr di fferent nunbers of |ayers when the cyclic delay
matrices aré& pplied as shown in equation (2). A simlar table may be
generated fqrogbhe aublei ICpdeiday thxedytiic @dayf Marzeyd for 38toddelayS BRAIN d@i\%{{%d
and large delay for_different nunbers of physical antennas (T) when
the cyclic HEEGSelaYHPT didlercnbpumbesnef 1@)6Ff5a‘é’h§h%9vﬁthﬁ delgy anatrings preyapphiegiise
1 - Cyclic : ' N r F .
Del ay r 1 Zgﬁ%\rﬂg in E%téﬁl?& :!_AlKrg?rﬁﬂaIOchl!:%a? R 8 elPEhidthe bycticQeRy MRites

for zero delay, small delay, and large delay for different numbers of physical antennas

(T) when the cyclic delay matrices are applied as shown in equation (1).

Table 1 - Cyclic delay matrices

Zero Del
Number ero ety Small Delay 7, =2 Large Delay 7, = —
of 7,=0
Layers Do (k) Dy(k) D.(k)
1 [1] [1] [1]
1 0 1 0 1 0
2 ik _jmk
0 1 0 e X 0 e °*
1 0 0O 1 ﬁ-(‘)mk 0 1 _,-(;)?,_’L"i 0
3 01 0 0 e K 0 0 e 3 0
001 0 0 ¢ ¥ 0 0 e'°?
1 oo ollll 0. 0 0 |1[1 0, 0 0 ]
01 00[|[0e® 0 0 0 e = 0 0
4 _jﬁ _Jﬂ
0010 0 0 e X (1}0 . 0 0 e 0
0001f1lo0 0o 0o e %o 0o 0o 7]
[0061} The cyclic delay matrix D(%) may be applied in the frequency domain and

may be a function of subcarrier &. The processing with D(%) in the frequency domain,

with uniform delay spacing of z,, 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 Dg(k) in the second

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

applied for each antenna.
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[0063] For small delay with 7, =2, each cyclic delay matrix Dy(k) in the third

column of Table 1 provides a small phase ramp (i.e., a small linear phase shift) across
the K subcarriers on each antenna. The slope of the phase ramp is different for different
antennas, with antenna 0 having no phase ramp and antenna L—1 having the largest
phase ramp. Applying a phase ramp in the frequency domain 1s equivalent to
performing a cyclic shift of the samples in the useful portion of an GFDM symbol in the
time domain. For 7, =2, the samples in the useful portion may be cyclically shifted by
zero samples for virtual antenna 0, two samples for virtual antenna 1, four samples for
virtual antenna 2, six samples for virtual antenna 3, efc.

[0064] For large delay with 7, =K/L, each cyclic delay matrix D,(k) provides a

large linear phase shift across the K subcarriers on each antenna. Equivalently, the
samples in the useful portion may be cyclically shifted by an integer multiple of K/L
samples (or an integer multiple of K/L samples in the useful portion) for cach antenna.
[0065] FIG. SA shows cyclic delay diversity with large delay in the time domain
corresponding to processing with D2(%) in the frequency domain for L =2 antennas.
The useful portion may be cyclically shifted by zero samples for antenna 0 and one half
of the useful portion for antenna 1.

[0066] FIG. 5B shows cyclic delay diversity with large delay in the time domain
corresponding to processing with D»(k) in the frequency domain for L =4 antennas.
The useful portion may be cyclically shifted by zero samples for antenna 0, one quarter
of the useful portion for antenna I, one half of the useful portion for antenna 2, and
three quarter of the useful portion for antenna 3.

[0067] FIGS. 5A and 5B illustrate time-domain processing for 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, ¢.g., as shown in equation (2), may be applicable when cyclic delay diversity
processing 18 performed before precoding, as shown in FIG. 3B.

[0068] It may be desirable to apply large delay on virtual antennas prior to
precoding, ¢.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).
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[0069] The system may support selective virtual antenna permutation (S-VAP),
which is a combination of selective virtual antenna and layer permutation. Selective
virtual antenna refers to selection of L best virtual antennas for data transmission from
among T available virtual antennas. Layer permutation refers to mapping of data
symbols for each layer across the L selected virtual antennas in a circular manner
through the K total subcarriers. Layer permutation may provide certain advantages such
as (i) improved performance due to increased spatial diversity per layer and (ii) reduced
feedback overhead due to similar channel conditions observed by all L layers. Layer
permutation may be achieved by mapping the data symbols for each layer to appropriate
subcarriers and virtual antennas, as described below. Layer permutation may also be
implicitly achieved by performing processing with D,(k) for large delay shown in Table
1.

[0G70] FIG. 6A shows transmission on four layers via four virtual antennas with
layer permutation. Four virtual antennas 0 through 3 may be available, and all four
virtual antennas may be selected for use. The four layers may be mapped to the four
virtual antennas based on a mapping pattern that maps each layer circularly across the
four virtual antennas through the K subcarriers. Thus, layer 0 may be mapped to virtual
antenna Q on subcarriers 0, 4, and so on, to virtual antenna | on subcarriers 1, 5, and so
on, to virtual antenna 2 on subcarriers 2, 6, and so on, and to virtual antenna 3 on
subcarriers 3, 7, and so on. Each remaining layer also cycles through the four virtual
antennas across the K subcarriers, as shown in FIG. 6A. Each layer is mapped across
all four virtual antennas with layer permutation and may thus observe the average SINR
of the four virtual antennas. The layer permutation in FIG. 6A may be achieved with
D(%) 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 Dy(k) for

three layers in Table 1.
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[0072] FIG. 6C shows transmission on two layers with layer permutation. Four
virtual antennas 0 through 3 may be available, and one pair of virtual antennas {0, 1},
{0, 2}, {0, 3}, {1, 2}, {1, 3} or {2, 3} may be sclected for use from among the four
virtual antennas. In the example shown in FIG. 6C, virtual antennas 1 and 3 are
selected. Two layers may be mapped to the two selected virtual antennas with layer
permutation, and each layer may be mapped across both selected virtual antennas in a
circular manner. The layer permutation in FIG. 6C may be achieved with D.(k) for two
layers in Table 1.

[0073] For simplicity, FIGS. 6A to 6C show the mapping of layers across K total
subcarriers. In general, the layers may be mapped across subcarriers used for
transmission, which may be a subset of the K total subcarriers.

[0074] Different delays may be more suitable for different channel conditions.
Various schemes may be used to select a suitable delay for use.

[0075] In a first scheme, the Node B may semi-statically determine and switch
delay on a long-term basis. In one design, which may be referred to as cell-based cyclic
delay diversity, the Node B may perform semi-static switching for all UEs in a cell and
may apply a common delay for all UEs. The Node B may select a delay that can
provide good performance for all UEs and may broadcast this delay to the UEs. In
another design, which may be referred to as UE-based cyclic delay diversity, the Node
B may perform semi-static switching independently for each UE and may apply
different delays for different UEs. The Node B may sclect a delay that can provide
good performance for cach UE and may send this delay to the UE. For both designs,
the Node B may 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
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design, a set of delay combinations may be defined, with each combination including
one delay for each rank. One delay combination may be selected for use and signaled to
the affected UE(s).

[0078] In one design for 2x2 MIMO configuration, the set of delay combinations

may include the following:
(0,0), (0,K/2), (K/2,0) and (K/2,K/2),

where combination (¢, &) means that a delay of a is used for rank 1 and a delay of & is
used for rank 2.

[0079] For combination (0, 0), the Node B applies no delay for both ranks 1 and 2.
For combination (0, K/2), the Node B applies no delay for rank 1 and large delay for
rank 2. This combination achieves layer permutation when rank 2 is selected. For
combination (K/2, 0), the Node B applies large delay for rank 1 and no delay for rank 2.
For combination (K/2, K/2), the Node B applies large delay for both ranks 1 and 2.
[0080] In one design for 4x4 MIMO configuration, the set of delay combinations

may include the following:
(0,0,0,0), (0,0,0,K/4), (0,0,K/3,0) ... (K/2,K/2, K/3, K/4),

where combination (a, b, ¢, d) means that a delay of a is used for rank 1, a delay of & is
used for rank 2, a delay of ¢ is used for rank 3, and a delay of d is used for rank 4.

[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 sirnilar 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
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different column subset of H (k) ) that may be used for data transmission. For the

case with T =4, a total of 15 hypotheses may be evaluated - four hypotheses for four
individual virtual antennas, six hypotheses for six possible pairs of virtual antennas, four
hypotheses for four possible 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



[0068] It may be desirable to apply |arge delay on virtual antennas
prior to precoding, e.g., as shown in equation (2) and FIG 3B.
Precodi ng i.n be lost if the large delay is applied on physical
ant ennas a‘?&é?“sﬁ%&)di ng. Zero delay or small del ay nafcg@sé‘ﬁﬁa{?séﬁ
either on virtual antennas prior to precoding, e.g., as shown in
equation (2), or on physical antennas atGer precoding, e.g., as shown
in equation (1). 16 [0069] The system may support sel ective virtual
antenna permutation (S VAP), which is a conbination of selective
virtual ant efdehadBekcl Y QrcoR@pdHiaL poiR of RALARS VA NKkT Wit the MaBii@power
refers to sel ection of L best virfual antennas fOr data transm ssion
from anong Teiay dlstrithted (vir, tqlally piatceb RrEtual Adytess. PR mitked, SOOR eafestsr 120
mappi ng of data synbols for each | ayer. across the L selected virtual
antennas i nn}i"yc‘fSF%'ﬂﬁeaﬁhe ngd.ﬁin{ér%t‘ﬁ‘rc LPQPP"?lﬁeqekong%q VEWBL 41PIER Pasqdagr
per mut at i on BB der 6Phak NecHANLROAS RHCRAS uld drahdHRE 3\3?& being
performance due to increased spatial di vef’sity per l'ayer an i)
reduced feedhaftcavsitieadir@ibCami@nsd. "Fdr3inkCA BINR! esGRARGH Y2 DRGy RERIY 8
by all L |ayers. Laﬁer pernmutation may be achi eved by mapping the

dat a synbol sINBy okadHonmyismalt entenwps dpied ameths Ubemeeliens obdl,, (o)r, twith the
antennas, as described bel ow. Layer pernutatjon may al so be
implicitly denydyeeraypeRerdisibytethtoghe fus yirhg! sitermabole)the ease withge =4,
del ay shown gipgr Tatthforl722l B8/ HolidS 15 GAs PSNERL £:205 WS h&ss ©

| ayers via four vi rtﬁa} an%;%]r?als wjtﬁsl ayer pgr rrutﬁgﬁoér%es F%8£ g)é\éﬁcrn'ct%nael
ant ennas 0 SHYRuUgh f@irndiffedont wvampl ailiérmas dordrank | 1, fspusety iof treal SINAS onais
may be sele far. use. The four Jaye e 0.t four.
VTt oa ant St Bt St SRl o 2 B oot B SRS o Giiiete
circul arly aes of thréchdrthia uhievhast foatankrd, emhase §d0066gh STRRs Kr all four virtual
subcarriers. Thus,. |layer, 0_ma e ed to virtual. .antenna on
subcarri er s TGS f%@{gé - ohbe %/‘Bnbl?f’lr g?[?}gl”o%‘?%‘?%ﬁ]ﬁ& § aohere Eéf@géiregenf?nt
5, and so ORrechb@nyivairiéad. antenna 2 on subcarriers 2, 6, and so on,
and to virtual antenna 3 on subcarriers 3, 7, and so on. Each

remai ni ng | &P1 al Jb capasitEspED(gh MEe magupachi FNRalo sprasin eselcpogs
the K subcapplsaindScapRaiuhtidil & a Bbhstrkia B il StidRP

all four virtual aairrilt ecn aswvﬁ‘ut llnayear pesrrrrutt&g%%p%ﬁ%éﬁd&arlr%@ téﬁ%gﬁ%%g@?e\;e
t he aver age 73} NRy dlientageurhdate the eapaciticsarttadink agbcaTiees foaypl virpei aattratas o
in FIG 6A e jeved wth D2(Kk). for four layers,in.Table 1.
[0071] FI G ABNRBoACT B/ Sl SrDlbidiy B el ot AR, 1 Agjughment unie 726
per mut at i on maaudjusivihe sualcapaeite ferasgcld hipotloagbadedroaya paahRy &ctorlibethe aantt
one set of three, virtual tennas {0, 1, 2} o, .1,.3),.{0, 2, 3) or
(1, 2, 3) nagﬂ*s&h@@%&* SOpBE 08! fiv?l@ﬁ%tféfﬁfﬁbﬁ blotegiar Aot apiats actr
antennas. | fhat/he 8PP hehsNeWR td BcbhiefoiRiential} Udber 3pRARAGLSh lodsed s
3 are selected. Three |layers nmay be nmapped to the three sel ected
virtual ant 8ihgsraiith | ayer pernutation, and each |ayer may be napped
across the yfygep sel gmiadiclior btPbORBERRABS 7 Aok lRY (PRt

| ayer perrru:[ati gn in FIG t::GB may gg%e}ﬁ%eve(ﬁq{/n\n ﬁcglé'%ﬁ?é%oorgt rCIetig';‘l-l?(?r
| ayers i n Tablhgpdthesed Znd S22 el lGpobcsis withghd faggesinotsis cgmacign  Unid 7R&yeays
with |ayer I,ON, I Al tenpas 0 through 3 may be

avai |l abl e, gaﬁ‘{%@éﬁg‘t&btél forp ittt b Waber BN B 1) “ro. 21 Lo, 3),
(1, 2), {1, [@B8pr {The Qincnprycdisingehachededfeotcd Use cddhopossitiaenhriligation ust

virtual antennas. In the ex le shown .in FIG 6C, . virtual antennas I
and 3 ar e sEERTEHT RO ICIIRe NASTHE HedBl s Y oS ERiEe of
virtual ant gRRAToMbinktido ehroRehi i ish @l toRNEhpBa6)) uhR Y28 nf¥BaRehiBRpad
across both sel ected vi rtuaF antennas in a circular manner. The |ayer

per nut at i on ¥ EPE&ityendmgtineat iéomstiey ificn abropinagens: glopreepdégsmpteix
Tabl e 1. [OQ{BhdRY nileBRbd Glalvhred nES728Mad Brob %Ilib?feﬁ' daﬁlg RRAL W9, 9hd th
| ayers across K fE’i&(r)t al subcé‘r r iee’r s@?n ge:’?]gfroa{ﬁ,e t ee‘f ayers may De ©
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



[0075]1In a first schenme, the Node B may sem -statically determ ne and
switch delay on a long-termbasis. In one design, which may be

referred t cel | -based cyclic delay diversity, the

performs Q%H%Zsmntchlng for all UEs in a cell anﬁ%ﬁ§§§3g§%§na
conmmon delay for all UEs. The Node B may select a delay that can
provi de good perfornmance for all UEs andl nay broadcast this delay to
the UEs. In another design, which may be referred to as UE-based

cyclic delay diversity, the Node B may perform sem -static swtching
i ndependent by W at f@dacelddicdantuarayeaapl Ratk felcetieninag ek@yspdrvimed in other

different UEs. The _Node sel ect a delay that ca royid od
per f or mance TEARTE AR @IQIEPIQE;S ° REyOLRRBAEHi %@%yeﬁwnﬂ Hgthe eStE%’? £

desi gns, th@cﬂ\d@é&n c@@dﬁn@ﬁﬂa@ﬁtav&la@l@ﬁ Beiitt @Yok, del ay di verSIty
structure, [%@} egfatlon (1) for zero delay and small delay and

equation (210 nge72femay 2lsp OigtZNTRAS o Jregta stpasey togsegé payhe L

based t

2 ge Aol ay "da PP A SRR B3 71T SRRDHE ofa Tl MELRG miy e

unrel i abl e. ddteenihet gased@naiic HEAYR sraX ithw mcamanssmﬂtviﬂhhamnehn@s for that data
dl f t t.enti al

et e . L e W T

sel ect the mmmd»famemwﬁtafsﬁeﬂh@n@ycsﬁl@mew@ b@aﬁﬁ@rm DGrapai SINRS a
desired. [0077]1n one desi nmay be referred to as

rank- speci f imodelztien @nfélép%wg cFFlQFé‘Fes (M(}S) t%aaqlﬂsh@rmaﬁéyﬂ%za%tfowae% e,

based on the,yanky e ofhet &Iﬁa&mn%ﬁuﬁalcadve &r@%naﬂ- uﬂﬁ?'(ﬁrhfan@mﬁﬁén @apamy
del ay conbi nati ons may be defi ned conbi hati on i ncludi'ng

one del ay f &mitg28mayamiacvideh @Qiefabrys ﬁmﬁm hdati oireamgy Aermebydytuad 7f2& may
use and S! g?i ?dje ! %a% heQ?f\;aRl%ta%ge Uggfﬁe}en;crl%peé? ]VJaHleO gy d gfs' %IH% rﬁ(ay

M MO confi gdration i ons may Phcl U
foll owi ng: (&resdnt, th¢ SINRL ol the da‘(a_‘s(r&zﬁ‘n degoded firs(, i@ thekii@grentivh €K@ value may

conbi nati on at a used for rank 1 and a

Gelay of b FOTeR Bt rai o 0B fEUR o SHb AHERFBIC0. 0y the Node
B appl i es neogbel ay HIGr 7RBéWs & ABdign & *hidh Zhe éod@{grmhmtwoama(tﬁe dd2 ke
t he Node B applles no delay for rank | and ge del ay for rankéi@&c

Thi s conbi natlPeed based et B spmyrapaciy P}ﬁfﬂ%t%rpr%q 0 oagid and; delay anqy
For conbi nafsél aec( %ésleé moathertd?ﬁermoﬁ%h Bs @%bé&sreh%ﬂ? @%I am cbﬁgldéramﬁ 3

and no del ay ran For conbi nati on
applies |ar éj@e@él fa“gorjami Ppoesitily Frpsed) and{or gther[fa0@s] | n one deS| gn for 4

o) D COTA 2 L, B EGRRGBRL . Sl S

1C12, K13, T@4yalues to the Node B in each reporting interval. In another design, the UE may
send the precoding matrix W and the CQI values in each reporting interval and may
send the delay at a slower rate. The delay may be slowly varying in most channel
environments. Sending the delay less frequently may reduce feedback overhead while
marginally impacting performance.
[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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pr ecodi ng rrgtri x and, a del ay based on % suc[F capacity metric. Unit 700
may be inpl ERBATEE- BN %8%%’6?5_’029‘65%6 U ?Omgllsm%’ﬁﬁ’ Dt-her processor
in FIG 2. Yijoa) n evRlpbabiiab abdikgclié @Qay aiv@@,gy b@céa@fnfgﬁg&rimhéréiﬁ\fﬁy%

t hrough the set of precoding matrices and the set o el ays and
provi de di f peifermeddonbilstachansl. sfopiab chuingl clvatThiccortrd chengmappe used

eval uation r . Lk el serihr t.he

of precodin 5‘9 r?%r'?fr( ?éﬁg}sO? zamlf%l%r]%t'go(ﬁ{slll@éh%% ?0 z@? %ﬂ&ggpg%, ‘g?lit?ng nrﬁﬁg g ?a ca(tg ﬁicllﬁ‘frlgﬁe
for small dédcagonsantianghaielay mhy bd usedrdorf te doatrgleclishelyto @arimizs| frasmit
710 may provide.a delay index mand a precoding matrix index i for
the conbi nafi'6h"¥o eval uate. A delay codebook 712 may store the set

of cycli cddqxba%] rr:itfroir gl&:lsdatar €eahsl ethe ides&i%sl mywhrmdeop.zda'tiﬁns @mgncg(z)\fhdiﬂ@ﬂe

correspondi ng cyclic delay nmatrix " . A precodi codebpok, 714.

may store e @’éﬁ‘%wﬂpﬁuee%wgmmlﬁ%@gde% %‘l?gia\%é%t“‘??g%ﬁl’ é%‘af)waﬁw%mgx

index i, andmphk 51er hideSObdBTRANA (Br PIRCOIbRG-168) glsasiﬁi\/\%;uﬁ;t(e%ﬁ@ #or
: e

spatial mapper 720 nmay receive a M channel ‘estimate

precodi ng nEank X onhighgiidorandoeny trppsenitgdiveryitynbior irsnkpl); ¢e) Theggling and
t i . i .
computeé an & %llﬁzg&néla\(ﬂrgahlb%r%{% ﬁ‘?’@&?%f‘?ﬁﬁ Ee{%ﬁ#gkd &f Hrffef‘éﬁ} manfrer§ fQII_' dfferent

shown in equ es T columms for

ant ennas f omdsiabclarame design, o 61f reore wf theyfplbavieg ewdesayables wypdrtedt ed,

wi th each hypothesis corresponding to a different conbination of

vi rtual ant ennes Qpkn-$oop moddiwitharogecoddlgumnris inlfeetatiod (AMI) efdilaple) ) t hat

may be used for t ransm ssi on. For  the ewWth.T =4 atotal
of 15 hypot hgsesqmgh@@gyzﬁé'eﬁcla%% F Wfﬁ}%%ﬁ‘ﬁ%@é’go‘?%mﬁ%r .
i ndi vi dual Vi r§ ugdos@Mdpiasic Withprbosa e heaes iffGnatibx aRPEsib! e pairs of

virtual antennas, four m@gppt heses for four possible sets of three
virtual antennas,) drav-gweelliy pdi Redi krgeosmennt of Jeedbusly t wae semall edebersand
Each hypot hesis s i i ! a respective precodi ng submatri x
W,,, which incl udelgpcggeagjg&?&@ggﬁ%@?c colums of W [0085] An SINR
estimator 722 nay) detvenonhigh-aobidity O SiithRediwmd featbacikhy pot Hege sdelay and
reported precoding matrix.
s 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.



based on Il eff (k) and the M MO detection techni que used by the UE
For rank 1, SINR estimator 722 may estinmate the SINR of each virtual
antenna b correspondi ng colum of 11 eff (k) 1

transmt 3%@/2?08@ nzg all ocated to one virtual antenna. pﬁéﬂp&&g%&észn
antennas based on a corresponding pair of colums of He (k) , with
the transmt power being distributed (e3g., equally) to two virtual
antennas. For rank 3, SINR estinmator 722 may estinmate the SINRs of
each possible set of three virtual antennas based on a correspondi ng
set of thre@®6] umsimcofthdHatde delay is gmiatehtltahehd ¢yahis prefix pongh, alqﬁlonglay be
distributed.to three virtu ant en

oy bt 1 mat o RN iteodng b gy i ook ey af TG, FAefd

col ums of BRigk bkthe inpth & prédd@et 43NS FIG. T80 VEHis bﬁy Bkuel bt thd péredmbcctdie
four virtual antennas. For the case with T = 4, SINR estimtor 722

may provi decha@nelegs§mationspgrd qgthe sl Oﬁyﬁ)a@%%&ded wolie cyelis delpy gigrsity
SINR for f OPfocgi in &iftlthe \{ér L Hﬁh}f anheNftasay QlrivedMINHO éﬂaﬁni%ﬁt‘ﬁnﬁg bhg

SINRs for s er ent pa rs of virtual "antennas for ran four
sets of three tisl NRg. flhthefpolot ispossied lab thsdnput of mddubseory 233, thdn thatldhmas

for rank 3, the ﬁgéo%‘tir%g? mﬁtfr& %ilé:\l R?chfcoc{eg)ag ngat}ig 4h 0\5 afif k'l? err8UE NiRto

for rank 4. ypo eses na eren
r ank- dependeﬁiﬁnnﬂrﬁﬁtﬁdﬂen gf thetpilot ssllseheﬂ)aﬁt]hA gapat pieyodmﬁ@& in FIZA 3@ayhen

map each SINR aci base an _unconst.r ai ned aC|t cti n
or o constr Mot RAPAEPDS e umEHT SIS CapAS By WA oA el pbfiannd
accunmul at e thnfaPRAGHY | lc@s% ®f UH hafussUhe affdctios MM ckﬂllrlhel\é!stﬁlhé@'for MIMO
ant ennas for each hypot hesis to obtain a sum capacity for that

hypot hesi s. ﬁﬁ“@é}j ustment unit 726 may adj ust the sum capacity for
each hypoth g ba f
?(gfd %‘i@‘ %rkhgw Capgﬂ o%%%&fesg 0 fo?%xél‘?dﬂ% § dattahﬁ a wireless

hypot hesi s 0 tal n atota city tor t hypot he | ar ger
penal ty f act:@mmnniyatbm &st@m fRyocdsé @ﬂ@mawemwetforrmmﬂm @rNCFIthé,mrl safvey
| ar ger |rrple tlo ssesfor [ 08 AL t

and 00 gendlEl Blhon: s Pl dRyeltrRE ool B0, s I SRR SR 9
hypot heses and sﬁédt@tdeliﬁ&aﬁy@mnhﬁsnﬁa fitst ntithe 4 @a’cgﬁs tntitp{tdckcEgnc Dy

Unit 728 may s perti nformation for .t | ect eq hypot hesi s.
[0088] The oS 15 SEGAISHh G ety BT R B Yed, MEBERE SEEH SPL Witk Syclie
combi nati on4gfh va%ﬁyibikgdaﬁmelséleate@ld@l@}gﬂeck\ehsﬁever the total
capacity for t%e best hypothesis of a given conbinatign is |larg

than the sal¥¥8i ot éﬁhe@aﬁ@!ttw?del@bmmaw udgtera deleys apsenall gelgs of ieé% %}Fm the
capacity an (PP i 1O <
prccodi ng rrg f& %%EE%P ﬁﬁgde‘hg%efnﬁée%%ﬁﬁ% %%E%t?r%lI?égﬂzgﬂ%yétlﬁerrod\?ilage’
t he precodi ng armmbmtlw themﬁ {The latet dylaf maytcmremd te erdychaté¢lan ob /L,

B e

the best cornid mahbed of antntanseyplst belit aelay Ldmﬁ‘rqxtyheTbeﬂéiajnyrngtl’memlazted

The L col uml])ased 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
geomefry, 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 Nodec B and the second
entity is a UE. In one design of blocks 812 and 814 in FIG. §, 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



21 of Ware for L selected virtual antennas. Rank selection nmay al so
be perforned in other manners. For exanple, the precoding matrix W
may corre e best T x L rank-dependent prccodi trijx
avai | abl es‘igﬁgﬁqq}g%ﬁ%codi ng codcbook. [0089] Unit 728 naf%gr[ggms)asszsz
determne S SINRs of S data streanms to send on the L selected virtual
antennas, where S 1. The SINR of each d¥ a stream nay be determ ned
based on the S1INRs of the subcarriers and virtual antennas for that
data stream Unit 728 may then determine S channel quality indicator
(CQ) val uediymadednodedificofPIMNRS & whivh raydisd ascd tioremdelay®orGhalvédiaye the

packet Tor malodt & F REFEPPF S Ih Pl ain Gy CSSRe 1Gt Hhthen Berton
i nformat i onpideeisamt fo¥ 8ydic dlGN@berSitabdstd offthd SR &dyOBIRRIAGY, ts, as

Unit 728 may provide S val ues for the S data streans.
Al t er nat i vePgownigiaquatipg (fednddi oy de Innanethse deggn efdilask & Adwhich may be used

differentia I 2 - - S|
the data str2amiacoaane Nog B pldonk Bl ot SRIESERY dhieRiv kil
represent t e stidcfedrdeinydblvek WénartdhiberSpéiRymopretadmgdwith thet preeoting matrix

[ 0090] FI G a design in which e coding matri x Wand the
del ay are séf@@ﬁo%%)’ Sehvet Son R 8t “égﬂ%’@&{l@- %T ric. The precoding
matri x and @@i189] mMeBIGali8 shd¥e sSdxkh o€ 6l phirssd 00 patdigkd 6y b IUH, | Ro&Ws @S
feedback reliability.(e.g., i qonsideration of |atency, error, and,
possi bl y HE'SHEH 5%%/95%%% Braabishate FOOBATY B Ade iber sfond HEIDrise
may send t hg NURMdiéhembigh % Wock 882 SeFRY .8, 8eCUE Rty CAiu¥id iesiutafnt &e
Node B in each reporting interval. |In another desi e HE nmay send

n, th
the precodi AgnakaPdkovRkRRH pRemeiD (VIaFkE810) ndaen sriepsha daky With ot
and may sen I : r t
varyi né in %E)Isetg éEic(ﬂlgnne & b&@?gg@\gznt@@@ﬁlgﬁe&g@ %]tg%aélifg@l?fg?g@%ya Sum-
frequent |y wepaciteduatec heddizgcicloy drehdday whth e naget samboapaaiyanttiog In

Cel cotea doray it of PREE ST LEREE e DR R0RERR Picei

of precodi ngomBinfiche®ith he phikilinabi oclap bRedbh Yt 1428 Gelwatied 1hel @y may
The Node B may al so restrict the set of delays differently for each
rank in or d&fcERNe é}EFuE%H@Eatlf’ﬁn?fuﬁ%‘fqdﬂ‘@a‘ina%n‘”ﬁ‘lde‘g"-’ll%yyw% tj st 4 Least one

f eedback ovefdagashd Fey s&@¥@NRE Grecdthy naGLOafElAYy MBMist&nMid@Wed HoPhoth
rank 1, both zero delay and | arge delay may be "al | owed for rank 2

etc. The UEdpugnsethsl Riutabion ofedaens oty pererredimytiphatdelayesstsi for continln sanken
ith each a f
\rMecei ve t he%‘%@%@?ﬁ%%ﬂ ?‘Qﬁ%%r‘]%ﬁ%ee dé%% %;9%}%%}5}[} g‘?}"él@&’% trﬁrg%. Ch??leél

Node B may tioe trtheng dpoippededydabayndiTig Uatey xvawde dellydlye ftdeastateadelay in
transm ssi on%tcp thettLI E. hAI ernatively, the Node B nay select a
different prEcSHYRg MRrIT ™ nd/ or a different delay than the ones
reported by [00101UE. ThENEE MNagieseld ey selepedt detayr 6 phd Nede & (bikeol£d In one
pr ecodi ng tri xqu)r]d del ay fé@r ata transm ssion to the HE. The Node
B may al so AEXE YPiesy S 10 HLS: & e E ey HEechivd Gy TH9rpIeien s Py teadeds

on the receip/gih SiicV@lHedverliRerNeden Bhd®Yect@NE1HAbRR101W. WHNUE may

control information, which may indicate the selecCted precoding
matrix, the dgEyeet eidecizt MIMO rhanpekestiorate hesad @atthe selecteshgelay, the selected

tinme-fr S g{g&gggtg;@gsékﬁ@[sﬂ g8 U ARSI E%}‘ﬁﬂm o 4?%98311 0 fhe

precodi ng and cyc I'versi'ty processing descrl erern my
be perf or nedeckord datd ahmsnokraomislssd @n the pffeatiive A& ehanndtestimth €blodknt26).

channel may ed. tq send control . informti.o0 ighaling.to
Gifferent DESIIOGR ot i SRER i Qe B NRs 'y BB inagpemgpo
be used for id REG.00ahd thk [Whannekrféen praxdssila®) inr[GSs M.t Feli sl Sids¥hission on

For hannel I gn wnin ion 1 n
E g;) 92]n dOFI i % gp?}nﬁ, t%e E renair pter grn%j S%'cgss%oﬁ f}g FI(}.I 9, a% lfll?é i\lgdes B(me)iy ge orm

process 1000 in FIG. 10.



3A and 3B can support various M MO nodes such as cl osed-|oop spati al
mul tiplexing (for rank 2 or higher), beanform ng (for rank 1)

open-1 oop I tiplexing (for rank 2 or higher),

transmt ﬁ@@”ﬁ@%ﬁ%or rank 1), etc. The precoding an cyc dog&ge‘?z
diversity processing may be perforned in different nmanners for
different nodes. In one design, one or #ore of the follow ng nodes
may be supported: Open-|loop node with no precoding matrix
information (EM) available: 1) H gh-nobility HE - use | arge del ay
and fixed p{lﬁﬂﬁﬂli n@lﬁatlﬂi shows @ desei- dfoap apprdausnil 1 ¢) forcxxolingngndta iix a
i nformation_ayv abl e: .1). Low, nobi th large anpun f
feedback - NSRS AT M Ao e sk g th Y AR Nastten et
hi gh- nobi | i flysniﬁmgtmpln&ciqp@fcﬁai@ecdhaaﬁe USE)) Acge fd;eioa&mgmlﬁb dobjenditdethy
precodi ng trix Cl ose th codi ng tr|x and del ay
nf or mat | on 18U FiabnDy tf)a S@g%ldreéwr@@éulaéﬁ)a‘ﬁ %Pﬁ‘dnffa@ EEApgIag 6P ﬁfgth

matrix. 23tﬂe@@&§1h%hﬁﬁ’3v1ﬁh®ch@ﬁ&@y g8taXy biscd Bﬁﬁ{e%'élegzt@@ﬁeiﬁ\f'ﬁn@dﬁé i G6).
prefix |ength, may ‘be inserted after the precoding, 19
ei ther at tA&e |rnrpf8111680m H%ullbtr@arys C%erﬁenpmpwrseﬂe@tMQBdfmcea,t ariware
i nput of pr r

q60ds el%é]tgﬁn'ldg & Ik'n%t HES, lgé;se fqmo nltsf %Zeﬂ%o? el he% b y %Oénbmaalog

per f ormance of chann est I's no
by the cycl tleraél ay diversity proceSS| ng with the Iarge del ay. The UE

e nser t e tl0f e TREGE i hlEE APR38R BB sy Sy B

precodi ng nag rrepresaﬂtddtubmgcsm«jldﬂ:a dﬁleﬁ},y ofratffelrem tr@hB6lbgied aﬁcﬂte%fuh@@ésl VEor
M MO channel estl n% If the pilot js inserted at the input of
precoder 348%3WRPIEs| qae, ABUEHRIS, HAREPES niOrEalien, signalschits, sEbel. apd chips
matrix to obfgifaydle &bfeRGkéy @hr%@@u?lﬂfénﬁ@évee%sbﬁﬁkﬁ N{é‘tﬁ:ni/ep?@@lﬁed e
UE nmay use the effective M MO channel estinate det ection
[0097] FI G Bokigewsubcris HleygHOBRSIELD MET s magwcffcﬂldsexmaéw@sr@nn@dtf?wid&pra
wi rel ess co ess 800 may be perforned by a HE,
a Node B, o?mgfﬁg%gthﬁg?&gg%{lﬁghtﬁi&gel ay may be selected from anong a
plurality o1[0€t195]aysT hokd of:ﬁclﬂl@)lld fiihthes efpeciae tide tlayvarmys dRissainte bgiosh
a first ent econd 14) may be exchanged
Gith (e g blobit “pBod XD el pleih B8 sl I yorteedii parh fe
del ay di ver distipsihasiegdiromay ve lﬁ@lea@h&d a@%ﬂe@;fombltﬁﬁim%,&bmpﬁt@ﬂ&&}xme or
plurality of del ays rz; i hcl ude z del.ay | ess

than the cyCPRBIMAHWSigE athgilpe clga Baflglétrﬁ%r@;s 16@5?%@&@'@]«1% %fahar@we and

cyclic pref kid883fRouilingfatid@baNfonc s, modk@rmédwsl aﬁu&mﬁ@qé s HaGe peen
| arge del ay may correspond to a cyclic del ay of KIL, where Iéjls t he

number of s&pgstibed gbewe generallydn drmp of themfwaﬁtioaﬁltm:meérymh fensdonalitgis
the nunber afggg@gﬁg@% HeaviP! lof rssmgllecd&%ll@ @dvﬂeséaWCulJB%pﬂgétﬁx 4y

be sel ected ata per mance

channel typégsigreemtisaaikts rzmbocab iohithy pvepslt systear. &lmﬁed:) hidisanz enay idhelanyenireye
be sel ected for [ for .| ow geonetry, for

dat o channefestEbkf Maghopd Py in BrSE T/ bor <BFh abtisRo erplighiob, byigpuch
hi gh geonet infpleferitatidrgecidddiis| shbyld dodbedinamitedlas Ghaeh depirfre from the
[0099] FIG 9 sho a desi gn of a process 900 perforned by a Node B.
Process 9005¢®¢&hiepesry 6ol eocess 800 in which the first entity is

a Node B an ﬁlh S%@%n%ﬁ@ [Huﬁtr&tﬁze%)%@al ﬂl@ck@nﬁlogﬁ§é ORd Qﬁrcﬁ’iltbogéﬁérﬂgbﬁzm
and 814 in FIG 8 t he may select the delay ‘specifically f

the UE (bl oéknr@m}n \aﬁmthﬁai}sclﬁéwa helse ey eimmpderoRateshyor ot fere d Ll Ebgcmlkil-

914). In an f

the del ay f g{rutbggcs éés UE dlé e&ir)\glll lﬁ% t %’e&g l@%@ I%L gﬁ%l Ngng&l gjr oa clggkfa ?ctfqe

sel ect ed dekaguit (zAS:Iﬁig wsBeld giogrammable 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



24 UEs. I n one design of block 816, which nay be used for no delay or
smal | delay, the Node B may perform precoding with a precoding matri x
(bl ock 91 perform processing for cyclic del i i
based on Sﬁ%@g@e&g%{;d del ay (block 918), e.g., as shom%%Fﬁjsg§E§%3?%n
(1) and FIG 3A In another design of block 816, which may be used
for large delay, the Node B may performrocessing for cyclic delay
diversity based on the selected delay (block 926) and then perform
precoding with the precoding matrix (block 928), e.g., as shown in
equat i on ( 2pnapechvEnt@naBBocdse@] 0@froltrGmidrocairoller, ar stetsingachint. & prootseds
1000 perforned a.UE Process 1000 . s another sign_of 8
" whi ch - ndapiRb et ampers R S5 e R e R SO LR aBRsE e  BORS R
I n one desi gnDSP bindck Bdidopmcdshds, S8, plubaditfUoimayicep@ctiade, tdhe or more
plurality of .delays based on at |eas ne metric (block 1010) . and may
sel ect the GUFRPrOFRSEHs fhePnpstionyith g DS cgpfe OTR et pYRFORIGHIN: The
HE may eval Eﬂl@'/]ea?ﬂ‘hedﬁé@s\/op%sﬁ‘@th%' G 84BN GAPACIctYed Rl Icbhincdfish RBbh the
select the delay with the |largest sumcapacity nmetric, In another

desi gn of bidiselesige hereinyaayUpe eralodisdaligatlendragiwara|ip a yolgparp modaligicxeputed
matrices in | [.0 | u ' of e
| east one né’?%"@b%ﬁder’ %Emn%?/c} JE(iallftﬁ%t‘r&lnr}l ‘?@Jh? tﬁgo'con%fé%gﬁrgﬂﬂg@%p?{eagg%ﬁ%egm
mat ri x and d®Mymevaerf, flish esoryaROM astmaneEMROM memng, FBPREOM exdmarie

precodi ng matrix and lay_in i 5,comb] kon. Fo th i.gns, .t he
D raticy ofcdufrsy RS Rspfbl dio P ROML M Bher PP of iR el ek
ranks. Each kdedayn Setartayn exumplirs Stoddge | meaidim dneougrtay thesabessdr stichathat

respective rank and chosen from angng all su rted del gys, The UE
may eval uat éheoli’{PEFS%%é?a%feaE é%frg]fm"’dlﬁg%&’é‘b g it E‘gorﬂ‘ép?ﬁ/tos SfopgedRTum.

rank. [00103} thEherellait@¥nsSgRdod hedisgl @s) Blind@hkaYo IR frbRsNedehBpldobask
1014). In one design of block 816 in FIG 8, the UE may receive a
dat a t r ansniesdithm sioeage mediyhanayobrsidy i anhAglfe| iThe dbbigy gy vesidg frya user
based on th ctgd : -] .
effective M%T\%?Jéﬁ'anlﬁeﬁhgg%ﬁﬁﬁg?ééqggg é%% %%r taﬁ&;qg%%gg%éd’q ﬁgﬁiﬁa{t?n %? ﬁ%ﬁde o
sel ect ed pr etoditngmmhentxin atser te(obhalck 1018). The HE nmay then perform

M MO det ecti%ﬂgﬁr lIhe recej ved dat@ tr%nsm' S 'o&fb%s%d n 'Itgg mav be
effective M anfeP %<t BRt% THIMO&R 1628 %"f) BOPTE S Y Y

t ransm ssi ofim@Rniched dawhbidke, t dewiadefilhvwimry, perdngl tomjinanas he@00 | of
FIG 9, and .the UE crim erforH1 rocess 1000 in FIG 10. 'F%I dat a
transm ssi oAimBEMERE a%ﬁ Ipare.the IYORtoRsyaYehs TP SR SE HaRSTyHes PYFT R epe oF
and the Nodend. fEeyrubink O Tof 8 8TdmbIRRrdaRalité Gedikh. co%g;&e@géa%me Fhddia

i ata in a

11 shows a des\i&ﬁgn of an apparatus 1100 for exchangi ng ¢ ) )
wirel ess coringledes ethoampyst emagamsaie 4nd Somapicating "ﬂ@g%mﬁ@éﬁg apppedium

selecting a I : | i f I 112)
means for séﬁ%i%ll{aﬁg%e ec‘l&e%cﬁhek?{g% q‘r{) raFlnr(l)lafr ' g%lﬁlea%??({jiﬁ ot‘%kcl)ejr'a ée%%ﬁ%e
entity (noduhaliddiyps agnavaiedescfivrthaxehbngicageday a gandrid pumss ecspadial

entity with cyclic dela i versi based gn e .se|l ect ed del

Crodul e 111 65Ot ERBUEY o1 HEplbeediti oy gk S B0 B 88 s 8p Qe readavlc
el ectroni cs e eaSconhialise\wayd, HOW CESPR @Me CID-ROM or othepoptenat disk storage,
|l ogical circuits, nmenories, etc., or any conbination thereof.. 00104;
Those of skiT48nFi ¢iffesiarge Rbaihe" RReNsHS SR REESS: AF BPneabsroRedig that can
signal s may fest PR Qe Rt SerdifkRdl ROYraff cofe MREAsEh YheOtor bf fr8fr@Mons or data
t echnol ogi es and techni ques. For exanple, data, instructions,
commands, i réfoeteEs iaph that cyhbg accetsed By asapnerel-BUIDEER P SPROIF-PRIPRSC FRIJPUNE,
referenced throughou _ e d i1 Y, _ :
Vol tages. - cuTronpRt gl & BELRAEEEb IS AFRERRENNES Mpery
particles, opmedalcofripetedscadablpardiucl For cxampdn yf tho sdfiwrat isgransigtee bom a
[ 00105] Those_qf. skill would further appreciate.th e vari :

[ hustrat e i aiven b B sl Phu B fe! Rl RGBS, e

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 wireless



t echnol ogi es such as infrared, radio, and m crowave are included in
the definition of medium Di sk and disc, as used herein, includes
conmpact diyeg 2fe5ldsoed aser disc, optical disc, digital V%E?ﬁﬁshdo@oﬂbﬁc
(DVD), floppy disk and blu-ray disc where di sks usual | y reproJuce
data magnetically, while discs reproduce data optically with |asers.
Conbi nati ons of the above should al so b€ included within the scope of
conput er -readabl e nmedi a. [00109] The previous description of the

di sclosure is provided to enable any person skilled in the art to
make or usetacheolegiesciush s anfraged.iradie, sndldiniarevgave owme inchidethén diesdafiogioneof
will be rea t C
principles g{P|negﬂ%£§@fﬁ&ﬁﬁéﬂ g%ggp |é%g#%%0%ﬁg¥%&g#Fg ﬂgﬁggﬁ?fﬁ%&?
departing f dsm digitalspisatitc dsc 26Pe ﬁcﬁppwthsldam:bbh:suy eliscThse dishe usually
di scl osure i s npt ended to, be |imted to t npl es

descr | bed: hEVERBL It oYl e dorhe SHPALS: G80pe kelharLE oHiED.
with the pricagibpla@snsasdihaosele kRAl@ERS B Heludseavith@! EieNscob® Bt Lol &Lv;\ilgm
IS CLAIMED |1 S:. 28 THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLL

| . An apparaf%@d?%ﬁméﬁreless conmuni cati on, including: at | east
one processggogon’ i g roeekidiQ d%@dr@%n 8f éﬁlﬁw&sﬁm N%fmmd% Bhdbiahdyt ;yers%
del ays for a nultiple-input nul | e- out put t ransm ssi on,

send the sebadeén tdepdjo fnﬁb‘mram |thesctISCé€rwret qu@uan@étf@nf@bnem ﬂ1e>dlsoém@re
t o exchange t I

based on t h(‘a"}14 @tg?eytdhg ggﬁerﬁ% ere glﬂltrlllegxn }Mt?r‘%f gﬁll g&%#gﬁflﬂ&%(ﬁ ke
carryi ng di héeinenby bmappmmm oﬂhemmagem;emhcmd dé);&stmg ft‘msmtﬂﬁmmiﬂic& sasﬁml: of

are del ayed by .different unts for. ¢ c,d er si and a
merory couplegitieeite s Ba B celeaiet o nlE b bfgternd
claiml, wh@egilR ddi@itatl HeRad buORetoPbDERSEIRH thd Wil s@YE @dndifer waitil glee
t he pIurallty of del ays based on at |east one netric, and to sel ect

the del ay wPHRcipssindgioveldaatpresdisclpgsdhiersin. 3. The apparatus of claim|
or 2, wherein the at | east one processor is configured to evaluate a
pIuraIity of preceding matrices in conbination with the plurality of
del ays based0dallat WHaSK IDOGEARMMIED ES: t 0 det ermi ne a conbi nation of a
precoding matrix and a delay with best at |east one netric, and to
sel ect the precoding matrix and the delay in the conbination with the
best at |east one netric. 4. The apparatus according to any one of
clains 1 to 3, wherein the at | east one processor is configured to
derive an effective M MO channel estimate based on a cyclic del ay
matrix for the selected delay, and to perform M MO detection for a
recei ved data transm ssion based on the effective MEMO channel
estimate. S. The apparatus according to any one of clains | to 4,
wherein the first entity is a Node B and the second entity is a user
equi pnrent (UE), and wherein the at |east one processor is configured
to select the delay specifically for the UE, and to send the sel ected
delay to the UE. 6. The apparatus according to any one of clains 1 to
4, wherein the first entity is a Node B and the



second entity is a user equipnment (UE), and wherein the at |east one
processor is configured to select the delay for a set of UEs served
by the Node B, and to send the selected delay to the set of UEs. 7.
The apparatus according to any one of2tclains 1 to 6, wherein the at

| east on [ .S C i ocessing for cyclic
del ay diggggﬁggiiﬁégﬁﬁ%ﬁﬁﬁ%%ﬂégﬁg%{gﬁggéFQQ&kg%d to perform precodi ng
with a precoding matrix after the processing for cyclic delay

diversi ty. O LhGARAalAkUSAGERLATRiM ANy one of claim 1 to 7.
wherein the at I'east one processor IS configured to perforn1preced|ng
with a precedtkst ﬁﬂitpchsésoamf 8‘{5=d;5‘é?ef36raﬁflb\f%b§‘§F$1§P‘W6W efylelpys forg aulgipte-
di versit %pﬁ&ﬁ%l@ﬂt;ﬁh@dmﬂ) eetsedsible kayndht edlectel dely RGLEIRYentity2d aQecodde
appar at us_accor,

to_an ne of, cl ai l..ta 8. erei.n the
o Er il ¢ g et g nge e i B8 S il Megpic 8B MGisbeain b St gl
t han a cybéreic a pluefityef iyehgjtstigame parging ridfedent drdbrangtion farelgommtet hased dnhtke dataehd ¢
prefix | The apparatus according
to any oﬁlgg%@m% a?:ﬁer&?zmﬂa'uﬂgr‘o'r%g&%ﬁ%&@{gsny, aﬁh{ijr ality of delays include
a delay for ewa@imastcosplest ioifaptileagt opf Procaiils, each rank corresponding to
a d|fferent nunber of virtual antennas, and wherein the at Ieast one
processor onfigured to select t e dela based on r.ank
P F anarm 9 on. TIEEPRRS BTG f gihe i et 06 AP CA TR S G sy
sel ect i ngf delagetasey ofi stdstanoneyicandtaselitite delof withdkaytdeaftone reetric.
mul tiple-input nmultiple-output (MTv10) transm ssion; sending the
sel ected delay froma first entity to a second entity; and
exchangi Ag dat appraustHislaget 6hd WLt e Hiltep @y eropeesoy 8] cgyiisted ko gplpge &
based on ptukhﬂitysoebx@&tiﬁgjmﬁiﬁ&am coiedtioh RitlthPpiuralay &ﬁdﬂa}@fbassyéﬁhmeass&i’e @an®, to
carrying er ent e
r e el ayBrmiy sappy iR < B ihe e AR ey S BREE Fa ey 58 e
nmet hod ofprecédarizmatik andihedediy m thdrombieitioe ithige besiat iget ey metric| udes:
evaluating the plurality of delays based on at |east one netric; and
selectlng t he delay with best at |east one netric. 13. The nethod of
claim 1l %or 13he PREFES 3oHiBe Ve ors APt ! d%Pa‘iM%f“ﬁdéE“‘ one processor is
eval uati rtgm"%urlah mrdazlmetay etma‘cu@mmnzchh&g.elrmtnrame&d bila §@NEXeRA trkt€iR fontHe Reldchea
plurality g a&é%ormq\aﬁ% ger%ec ét()re g ?eéen%ﬁlg ?E‘ansmtsiz%lqﬁgeg%m € eﬁ'&h@e MIMO

delo aj
conbi nat i o' SF reco est a ast one

nmetric, ash%imsieﬂm@tw ng the precodi ng matrix and the delay in the
conbination with the best at |east one netric. 14. The net hod

according to any one of clains 11 to 13, wherein t exchan
with t he%sec OrThé/ @mr?tfs&pcciomﬂgda@g .one of claims'] to 4, wherein the trst entity is a ede ang the

second entity is a user equipment (UE), and wherein the at least one processor is configured to select the
delay specifically for the UE, and to send the selected delay to the UE.

6. The apparatus according to any one of claims 1 to 4, wherein the first entity is a Node B and the
second entity is a user equipment (UE), and wherein the at least one processor is configured to select the

delay for a set of UEs served by the Node B, and to send the selected delay to the set of UEs.

7. The apparatus according to any one of claims 1 to 6, wherein the at least one processor is
configured to perform 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.

& The apparatus according to any one of claims 1 to 7, 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.



receiving a data transm ssion sent by the second entity with cyclic

del ay diversity based on the sel ected del ay; deriving an
effective M N, 10 channel estinmate based on a cyclic delay matrix for
t he sel ected del ay; and perform®g NI NO detection for the

recei ved data transm ssion based on the effective IvllM channel
estimate. 15. The nethod accordin to an one.of clains 11 to

wher ei n the 8 ARRATGIHRFCHULIREI0 dRv e PhARInaslie A hSHsn t?‘-’y"?‘i’ﬂk':ﬂ igelys m°’§6ﬂ Zero
per f or m dgaypir@tegsitingoffamateya aicgelic glefty lebihy T 2Sinkly ddig 9Lldss Giran theyclic prefix

sel ected ;m ng precoding with a precoding matrix
after th]éeﬁl l’gydecé)gipﬁatgf{hﬂg yclic delay diversity. 16. The nethod

according to any one of cl al nms Il to 14, wherein the exchangi ng data

Wi th theigecond aftabt chbxﬁﬁl; WARS ondd@clafMsM B9, PheaOfl rawyfohd@ays include a
precodi ng matrix; and er or.m ngruprocessm for cyclic

di versit %’af%’éa"hc?ﬁa!"l"l’@ % of BRtedC é’?kaﬁ‘?”’ﬁF"(“@Pg Pﬁé“ff?feéb‘ﬁ‘alf’ﬂﬁf"'”ia?a“‘%ﬁas
appar at usndfvoiereinite @t Iesisone piaestn i€ adinfigured td saledt thdidelgy based on rankE a8 missn.
selecting a delay fromanong a plurality of delays for a

mul tiple-input multiple-output (MN O transm ssion; neans for

sendi ng the skmehedder velesppommurigatont inglydingent ity to a second entity;

and e aREcthPh 8N CRANGIRYa Palafy W delbyd f3Fa %ﬁﬂﬁaﬁpﬁ%!tfphé WplRMIMO)

cyclic dela¥ dlver5|ty based on the sel ected delay, wherein a
pl ural i t *6F""€Pnbol streams carrying different information are
gener at ed baseml:lmgmetshe:tedaitlwfamlammentd}edoayaedwdbyntﬂlaﬂ& erent amounts for

cyclic delay QI; Vfedi nta w1 e sl_&ﬁd :ﬁ{[c%’a:c% laf 194;* Jo d Y&L ?e'[e@ e& Qe?ay,
neans for sel ecll nc neans val uati ng tthe
pl ural i t yhesgin g glumliy ow@é@l swmafarrwx@aé‘tffereﬁ@ffrf@ﬂtrmef,e ensehtedbapdsonf iy data and

sel ect i NgreliiByedlB) Alferdht inkbuRER} cydlic deRPSLerpe nMetric. 19. The apparatus
of claim17 or 18, wherein the nmeans for selecting the delay

i ncl udes: nmeans for evaluating a plurality of precoding matrices in
combi nat ildn wWitehmethb@ofislatir Hl, wheyeinrhe giebtay the belgeathades: at | east one
metric; evaluating the plurality of delays based on at least one metric; and

selecting the delay with best at least one metric.

13. The method of claim 1 or 12, wherein the selecting the delay includes

evaluating a plurality of precoding matrices in combination with the plurality of delays based on
at least one metric,

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

selecting the precoding matrix and the delay in the combination with the best at least one metric.

14, The method according to any one of claims 11 to 13, wherein the exchanging data with the
second entity includes:

receiving a data transmission sent by the second entify with cyclic delay diversity based on the
selected delay;

deriving an effective MIMQ 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.

15. The method according to any one of claims 11 to 14, wherein the exchanging data with the
second entity includes:



means for determ ning a conbination of a precoding matrix and a del ay
wi th best at |east one netric; and means for selecting the
precoding matrix and the delay in the conbination with the best at

| east one metric. 20. A machi ne-read¥bl e nedi um i ncl udi ng

i nstructions sWhirkllg prdl&fhe@arercit 8dhyA)verSin/ Akl bikBs sekabtBRial;RRy machine to

perform operations I ncl uding: _ selecting a delay fro nmong a
Dt al 1y of PHEFRYEPOPTEM LA RrpRe TG A IR B8 LBt PR TY.
transm ssion; sending the selected delay froma first entity to a

second eplit Yhe ﬁ\@mod accor 13% gbxdz&p%gg P&azgfq p.mV\{ t td;'-rié:{rar? th%\%ﬁéﬂ%ing QLtL Len \Met h

cyclic delay drversity on the selecte ay, erern a
pl ur al i t §peanf edipiiprdidesst reans carrying different information are

gener at ed ba%&dxﬁmgpﬁammguahaﬂqwaﬁgmg@hawed by different anobunts for

cyclic delay pgllﬁ;{'%{n% IpJ:[oXe'ssing for cyclic delay diversity based on the selected delay after the precoding.

17. An apparatus for wireless communication, including:

means for selecting a delay from among a plurality of delays for a multiple-input multiple-output
(MIMO) transmission;

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

means for exchanging data with the second entity with cyclic delay diversity based on the
selected delay, wherein a plurality of symbol streams carrying different information are generated based

on the data and are delayed by different amounts for cyclic delay diversity.

18. The apparatus of claim 17, wherein the means for selecting the delay includes:
means for evaluating the plurality of delays based on at least one metric; and

means for selecting the delay with best at least one metric.

19. The apparatus of claim 17 or 18, wherein the means for selecting the delay includes:

means for evaluating a plurality of precoding matrices in combination with the plurality of delays
based on at least one mefric;

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 with the best at least

one metric.

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

selecting a delay from among a plurality of delays for a multiple-input multiple-output (MIMQ)
transmission;

sending the selected delay from a {irst entity to a second entity; and

exchanging data with the second entity with cyclic delay diversity based on the selected delay,
wherein a plurality of symbol streams carrying different information are generated based on the data and

are delayed by different amounts for cyclic delay diversity.



