1 M MO TRANSM SSION W TH EXPLICIT AND I MPLICI T CYCLI C DELAYS

[ 0001] The present application clainms priority to provisional U S.
Appl i cat i afip SekeabosN0. 60/ 888, 494, entitled "EFFI Cl ENTrEWGE1003/635234Y
Dl VERSI TY BASED PRECODI NG " filed February 6, 2007, assigned to the
assi gnee hereof and incorporated herein,by reference. BACKGROUND I .
Field [0002] The present disclosure rel atles generally to

comuni cation, and nore specifically to techni ques for transmtting
data in a wirel ess comuni catl on system Backgr ound

various conmuni cation cor éﬁﬁﬁﬁﬁ@l&gfdiﬁWﬁﬁﬁﬂei “atar
Tessaging, b oado K pEYETT RN IMPEICIY E LI DELAYS

mul ti pl e-access systens capable of supporting mnu e users
sharing the avail abl e systemresources. Exanples of such

mul tiple- access systens incl Code. Di vi sion Ml ti CE?IVA
systens, Ti R0 i JihgRraRERt P }“é“%‘g%‘&s PEPBAP 95%}%?‘?5%98 ﬂéri@a@‘@ﬂg? il
Di vi si on Milol pAopysRc0as SnfiflddMAEFSUSERTS CYRLIco asETod Y FEMAER SARMBASED
systens, and Singl e- Carrier FDVA (SCFDVA) systems. [ 0004] A wirel ess
comuni cat i SRESPIING, heliled upporary nbil 2097, eassrﬂ@e@ toulthq FssEgnegubprigel and
(MM tran transmtter may utilize multiple (T)
transmt an?l{eghﬁ%gaq or eﬁeglg?g/l'ét@an%m ssion to a receiver equipped wth
multiple (R) receive antennas. The nultiple transmt and receive
antennas forma M MO channel that Wbﬁgﬂﬁo i ncrease throughput
and/or inprove reliability. For B ; ansmtter nmay transmt
up to T datz strﬁa@l simul taneously fromthe T transmt antennas to

i nprove thr Ughp ternatively, the transmtter may transmt a

si ngl e dat a[mmpamﬁheomegdnk disdigsares mlite@feferni®s tb ocdnirpiidsseion, and more
reliability. nf ﬁ e, is desirable.to s%MNDtransmssmn
in a manner SPGVHE YEVEC 65‘83 fox Frpsnying data ina wil H[W%a]n?’éﬁﬁfﬁnhues
for transmtting data using a conbination of explicit cyclic del ay

and inplicit cyclic delay are described herein. Cyclic delay may be
achi eved by Ihppl Backgramphase rarrp across subcarriers in the frequency

domali hi f h
exp 1 i ¢ oy AT el Rt Gy pleP PR TRERs i, o3R8 s

subcarriers cﬁmmuﬁﬁ@ﬂibnammmauclﬁmmh@ »ﬁxims p&dkaﬂﬂ)eﬁa fraessading, amcelnm,smc
are known to_a receiver. The rgcelux rformtglelﬁg | eorent gl
processi ng TGS CRIEUFY SYSrms Ray t&i?"a%%?lsiyéte’aélc%w °d SURROF e tiple

cyclic del aygerd bdi dhh@E e PRAST: kMR TBYGuREs. aPRhiBls @‘F%Q&ﬁmultlple -aCCess
subcarriers for each antenna, and the hase ranps for the antennas

are unknown SYsem anclusseCoder Divivian tYluliiplei Aecess AaPMAansiems. ditpatDiysion

the sane i y

B R e R e
pi | ot . [ 0006¥dtempn@rtemngnFDive (OFRREA) tsystemsmagndo Sirfete-Gaifier IDMA (SC-
processi ng &@géé%C|kF delay diversity (or explicit cyclic del ay
processi ng) ™ first set of cyclic delay values known to the
recei ver. Theoodl ansai wikeess NRynr@i¢adbm @Etemodtaflg;uﬁﬁﬁednm[pl@u@ntBﬁﬁﬂlpi@
matrix either befo r after. the ex%I clic dela rocessing
The tranSHIPPEW ﬁgéw%ﬁrV%PﬁF§@Bongob sFﬁ npIgyiter yRay; RHilgpg) ayltiple”(T)
diversity (QfanddiPbhtbiras ?d{'(alataQraﬂ%@Mo@E&@fb‘é&bé’i&hu?ﬁé&dlt@ [huﬁqﬁ@(lgrigce&%t
of cyclic delay val ues unknown to the receiver transmtter

per f or m bot tnisppsi clibe randple #gansuet endoigesive aemay fgymoe MeMGhghanag! ﬂ@am@y
and may per fiar, q%]cpﬂahxcr&a{gp ltﬁrBﬁ%h GYSIdI i Ilofaa! r&{a% SF&%xgtﬁf(ijle Pt %nsnﬁz@r

entity (e.g transm t recel el ect elay from

anong a pl umaayl transoifit ntelttaffsdz(tmmﬂmsrraymlm@bmihe fm dfledEIta%pﬁmé rfatejnas to

del ay, and Iar el a n e ect th

entity (e. g ][%W%%g p\L}gr gcljtF’ tlve? d[h? Pr nS)§ﬂ f’frrrgs %1%%%3 a%ta %tﬂ%m
from all T transmit antennas to improve rchab1hty. In any case, 1t is desirable to send a

MIMO transmission in a manner to achieve good performance.



bel ow. BRI EF DESCRI PTI ON OF THE DRAW NGS [0008] FIG 1 shows
a wreless multiple-access conmuni cation system 3 10009]FIG 2
shows a bkaskoeglvmgrsam of a Node B and a UE. [ 0010] FI GSpciBsmamghs383
show two designs of a transmt (TX) M MO processor. [0011]FIG 4
shows cyclic delay in the time domain. [OO12]FIG 5 shows a design of
a receive (RX) M MO processor. [0013]FI 6 shows a process for
transmtting data. [0014]FIG 7 shows an apparatus for transmtting
data. [0015]FIG 8 shows a process for receiving data. [0016]FIG 9
shows an apparatus for receiving data. DETAI LED DESCRI PTI ON [ 0017] The
t echni ques described herein nmay be arious wrel ess

communi cati on systens such as CDMA, , OFDMA, SC- FDMA and

ot her syst e[@05jThe Tbﬁmm.ﬁes ﬁysﬁaﬁsmttm@dia’canstxmrdombaraaombf ceaphus egtlic delay

i nt er changea Ierrent adji p techno

L o v e it F B Aptestol® i) Celifdslyomonde <t 6V

i ncl udes W%gbﬁﬁgs L d 2 Fe0Ys AbdareibREin tﬁ@l‘ﬂ%%uafcp ahiin 6665R2908kally
- an -

covers 1S-2 856 st andards DVA syst em nay

i npl ement  asHBEE éam@l@h Hoth dimesdpamnins Foy Sipdpit sydicelelayor diffssmt @hase ramp

Communi cat i g %-1

t echnol ogy suihé a % % éggﬁ%ga%yentﬁ%&lg I\/g)qjlaI %&%ﬁ%@é%%ﬁtgenn%

I(: ILJI\/B%1 OI:[E)II\E/(Ea@(I@Oﬁfm t¢ Wre@uw)er TEEE@D2r 18y Evifteihe doEBEN8ORIY Processing to
ash-

et ecommuni KsptSOey SR FOR S CREROTaRE e il oh PR Bl g

upcom ng rehaase ofpliehbSrdshatbdiness EorlddcA. anlnEERA aﬂJﬂH@Aphathﬁnpd_TcE ﬁad

GSM are described in docunents fr.om organi zati on nane
Coner i o BHETR PP B OLPAES ot S i data oA SO Ig) i the same

descri bed i nnpﬂﬁwyaﬁu Geldy OFHleébegfegﬁﬁyé@doh@ﬂoﬂﬁ;%ﬂphé’tf@cﬁ?@ﬂﬁﬁﬁbds@@on a
Part nershi p Project 2" . These various radio technol ogi es and

st andar ds aﬁl@nkﬁ&mm@tﬁdﬁ%‘@dmnﬂiFMTB] FIG 1 shows a wireless
I tipl
mul tiple- acgﬁ}gﬁ ] COFYAL §akdr0 est)’d?l%rﬁmeil% Ff@nﬁ@h@kf&ac&fb!}g%r BR1id HQlay

and mul ti pl ser equl pne UEs ed station
t hat comunilvatsdyg (o eoiphcuh@cwéelam grogesping) beben pdirgseterf cydicadelanvalues

evol ved Notg, B (GNBL 1. RaseySLat an. AR, BERERS, RO, wShey, EARDLIREe

B 110 provi des connunicati on COVEr agé a par eogra
area. UEs laﬁtrmthbebdb&pmrmdtﬁerwcpmgh@mw tlbiey PpEtBing. am tem@th!eEmay
be stati onar

nobi | e. al so 4 referred.to.as a
stati on, éf%ﬂnéFconanP%%Sé@g”?%rfﬁCﬁa| 95%9' St (3 PG cgelic P Rela§
stati on, Eoc&sﬁﬂ@ Hz?s}édgﬁa%c&)ﬂi sl cﬁ'rcyﬁttodt@a ﬁlﬁgﬁlﬁl@iWn tglitieH feddiver. The
assistant (PDA), a wreless node a W reless comunication device, a

handhel d detppsatitter nEpesTEORpuTercit and sl syclisiising, pr@@%bmg\f%éaﬁwyd
communi cat e lﬁc"i‘t L 1‘8 G {he pwnbhok ., th
upl i nk. The%vé%ﬂ nE { r %()r v\,'aryéfFl Iq:[g@s# erscto Pﬂ communi agelgo’n ¢
link from t ensNotie dBscceyet) merylsTest, a oty frdme awphg mklu(aity pledetays éwhich kipy
refers to the com"run atl 0]
100101FI & SR FEotefy oc“%qhéel‘%jr aid Bl %smi‘% sl e Bty 1o e
UE 120, other entity (e. g., the receiver or transmitter). The ﬁrst set of cyclic delay values may be
determined based on the selected delay. The transmitter may autonomously {(e.g.,
pseudo-randomly) select the second set of cyclic delay values without informing the
receiver.
[0007] Various aspects and features of the disclosure are described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS

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



whi ch 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. HE 120 is
equi pped W BooBMdshespl e (R) antennas 252a t hrough 252r. pEa®B2008/053233
antennas 234 and 252 nay be considered as a physical antenna.

100201At Node B 110, a TX data pr ocessog 220 may receive data froma
data source 212, process (e.g., encode and synbol map) the data based
on one or nore nodul ati on and codi ng schenes, and provi de data

synbol s. As _used herein, a data synbol rrbol for data, a pilot
symbol is al@Rbol FiGy2 %Wétabl%i‘idla@@%’lﬁow ‘?ﬁa]% YEreal or conpl ex
val ue. The @g@g) ang@sll r@@ﬁ)ﬁio%t%ﬁeﬁﬁlml&aﬂ%@m)ﬁzmq DSyrb - a
nodul ati on scheme such as QAM is data that is known a
priori by bfﬂ(ﬂll he FMgdeshBwa spcligrelag imke pap@oprastessor 230 may process

the data an ot ﬁ%}ﬁ e T output
synbol streans to ﬁ%bd%ogfgﬁggmgg‘g%@ rougﬁ pgépg%gogEach

nodul at or 28@1ARy plOceE®wshpraxssfot traygnixthe diti.eam (e.g., for OFDV
to obtain a pu | e stream at,or 232 nay further
condi ti on (EGOSH %ﬁ@%%aaﬁaﬁ%ﬂm%fr?‘w% %ﬂf’tfify, and upconvert)
its output sxB|e ﬂge@m@@dpg@ﬁ@rfaiﬁcavﬂgmhl nk signal. T downlink
signals fromnodul ators 232a through 232t yay be transmtted via

ant ennas 23M16hr obigH: Dgwivs aPé@Hﬁ’éﬂ‘ﬁ ﬁ?é}'eﬁew{“@@lﬂtf] 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 associ ated
denodul at or ( DEMOD) 254. EacDEﬂEMEEDDES@MB‘H}ONondi tion (e.qg.
filter, arrpllf¥ downconvert, and d@gltl ze) its recejved signal to
obt ai n’ sanpl®7hnd Ty toeliiass: dpcHbes dermr Bapphedisth. gt | vAgES CPENSS
to obtainr e&efn\ae@a@ﬁﬁgeie&s d5ae s dmauhagA, 2DAIATRrDY SeFDRER1 Agd

data synbols to an M MO processor 260 and provide received pil ot
synbol s to athehaystests. pﬂ@cte@@disyeen” agh Areteerkp prsceltpg ose odercigngeaply. A

estimte t h%ﬂﬁﬁ%&é\}g@ ngefyl %{b?erﬁé lr%cng fﬂlol!) Cmg% B'[S;Sllﬁl"érpes#ﬁl Rado

based on the Téc anne
esti mat e t o AlRdesM(WIIRAD, 0@1&3@@00 260. Ummumiqmrwmhmcnm fayCIpE)amch

L P oy STaA°eS: Ve R RIS o Rl IR
transm tted Tdala syyeiachs; infilerht datdio PEDEEIBEP Guch 74} @Byaimﬁeﬁ;sﬁ)r (\eolgle,

synbol demap and decode) t he detected synbol s, and prOVIg coded
data to a d&lHrymfations GSMp Y\%@Vﬂ B¢y HpleweRtfg plogy such

condi ti ons aglﬁv&e&?tm& {ﬁ@@*ﬁ@s ktjwafmsmtmre@dbaﬂ@'(mmmrms(%-m
various types of information as described bel ow. The feedback

i nf or mat i onTERE 86246 (Midma, tEEE 8L, ddash TP, Ists. P8 dsad cE- Ué“.Rg\. are

encoded and s TX dat.a .pro, SOr,

processed by %E@%‘”ﬁ%ﬁ?’é@?f lFCWum%atg’ %ﬁf %ﬁ% es@dﬁ “g Term
nodul at or s ZEedatibh (DUGhis2ad tpdotiGe RetEat e;fRIMnrslthﬁ @bgrEaMERAV\hUCFRA:rasL
be transnmtted via antennas, 252a t rou 25C§§;u de B 110, .the

upl i nk si gn&l SO BE- 12 andyy Mywe %9(9@ §n?%17‘?t|‘ﬁ”o‘li’§}?
234t, proc eg%%@iérﬂr%ﬁ%ﬁh@%lﬂf) q’r%@@ca éﬁ@le)U Q&Hn?a'iaﬁ() afP @M akey described in

processed by an RX M MO processor id further processed é@ :
symbol derra;dpeun@tﬁd f@eb@aear)gawatm F@(n@fht arqoer@e@g@r Paggershyp r Bioisger?

the feedbac Er 5P 6222 ?&éf&%ﬂ@tﬂ%fﬁ@&%ﬁ&%e%aﬁ ettt dPare known in the art.

Controller/ may cont ata transmssion to Ue 120
based on t hg0F18edbddk. iInftommat wosless] D0RIBleGmntss abmengicptiar estor $0Q40th

and 290 may direct. th raio.tNodeBl

eapecti vel Pt e Es 308 bR 55 vkl CQpEp At AR A Gl e be e

for Node B Jsfhﬂoﬁltgﬁt &dﬁlﬁ&ﬁ?atésaglﬂemc s layd nAy&&h%éuéfaﬁecﬂtélhs ﬁiﬁyvcﬁfﬁdﬁ‘g}cdee

UE 120 ancUgr other LTEs for data transm Ssion o 0] i and/ or

upl i nk base® dANBhe?f RASELHMIOY o AREEPT d1Tte C& veg “ﬁ‘r &?ﬂ‘é},\g bﬁt provides
communication coverage for a particular geographic area. UEs 120 may be dispersed

throughout the system, and each UE may be stationary or mobile. A UE may also be



as follows: Eq (1) where d(k) is an L x 1 vector containing L data
synbols to be sent via L layers on subcarrier k in one synbol period,

Uis an Lxyd-adogwyedbost 0- virtual antenna mappi ng matrix, pXkysloss/@sesbXx L
explicit cyclic delay matrix for subcarrier k, Wis a TxL precoding

matrix, C(k) is a TxT inplicit cyclic gglay matrix for subcarricr Kk,
and Yd (k) is a Txl vector containing out put synbols for data for

the T transmt antennas on subcarrier k in one synbol period.

[ 00281Node B 110 may process pilot synbols for each subcarrier k as

fol l ows: y prfsaed=tocpys prabyle stagiopoy tefunad Py Rycepssiegmingl, ¢ gubsqrider unit, a

contai ni ng &afid Qc. SWTPH &a%cbeb@célﬁﬂz{r [0S UP $RAhAR didital Rssdht SPDRY) 2
period, and y p(k) is a Tx 1 vector containing T outgut synbol s for
pilot for tweclTss medemi ta avirclssnasmonnisatinrardeyies, & hapdhsik dsyiepor laptop
period. 7 | Q034 EGUAL QDS Hh b %ﬂ:d (RIURT fiaf RbmBRfiic tléb&/ﬂ%réf Nodk B V1§
same processSing nay be perPorné Tor each subcarrier use or

t ransm ssi otranshiisstonendis dowinkemd gtk nThadovatlmkXonfaywdra ek preéroto the

mul tiple colums.. [0030] The pr di,n I X W be used ta.form up

Co T Vi rt uaFERREAHAS IRk TR BRGST Bafo GRL GRS i E s i o

Each vi rt ualo taot@nmanitRion ik Feneed Uls tdthenwdessumm of W A data

synbol may be nultiplied by one colum of Wand may then_ be sent_ on
st

one virtual [APlenn&1Gng sk s abigpk diagiam ofra 5sHRsOT aiaesB Hél pasa Yokt

Fourier mat {ihicnQfe SRIBE L RBlc BRUAA dne W HRYERG $85 CT REUd BATH & &Rippel
precoding matrices. [0031] The layer-to-virtual antenna mapping matrix

U may be uswdhtmonltiplp (Thentetara 24pnthisiugh 234¢. t 1R 120 imgaminped ovith wilkipleaR)
ant ennas Selan grgn%‘g ZEZ?aO{Rr u@g 2?29\/?5&116191; Elté/ﬂnﬁ 9??-{ agﬂ]ﬁﬁﬂ'ﬂﬁ? ‘be léo er?cf3 as a
defined based on a Tayer To virtual "antenna mappi ng sef ecte or use.
U may al so bieysaal antkeinti ty matrix | with ones al ong the diagonal and

zeros el sevgng The sapresof, ol fherent napplng ety i ces. TRy, BS,Usgd,
source 212, process (e.g., encode and symbol map) the data based on one or more
modulation and coding schemes, and provide data symbols. As used herein, a data
symbol is a symbol for data, a pilot symbol is a symbol! for pilot, and a symbol may be a
real or complex value. The data and pilot symbols may be modulation symbols from a
modulation scheme such as PSK or QAM. Pilot is data that is known a priori by both
the Node B and UE. A TX MIMO processor 230 may process the data and pilot
symbols as described below and provide T output symbol streams to T modulators
{MOD) 232a through 232t. Each modulator 232 may process its output symbol stream
(e.g., for OFDM) to obtain an output sample stream. Each modulator 232 may further
condition (e.g., convert to analog, filter, amplify, and upconvert) its output sample
stream and generate a downlink signal. T downlink signals from modulators 232a
through 232t may be transmitted via antennas 234a through 234, respectively.
[0021] At UE 120, R antennas 252a through 252r may receive the T downlink
signals from Node B 110, and each antenna 252 may provide a received signal to an
associated demodulator (DEMOD) 254, Each demodulator 254 may condition (c.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



[ 0032] The explicit cyclic delay matrix D(k) nay be used to achieve
cyclic delay diversity, which may provide beanform ng gain, frequency
sel ecti vevwshmebdshgdg gai n, and/ or diversity gain. D(K)poBysabsa:ne
used to achieve | ayer pernutation, which may have certai n advant ages.
D(k) may be generated based on a deI ay §e| ected froma set of del ays,
whi ch may include a |large delay greater“than a cyclic prefix |ength.
[0033] The inplicit cyclic delay matrix C(k) may al so be used to

achi eve cyclic delay diversity. generated in vari

manners andMAkystERate BEIEanssed ﬂte&WH{éq Cé@%nef fram Node By IOCUFprl%‘I P%@ed on
| ength. [ 0034] JeBeild¥e pHGSi@MboE A pkdViRANAUTNAD EHbhnelt &ﬁnﬁfeeﬁ)oﬁbin%(flmg(ﬁ h

Wis performed after the explicit cyclic delay processing with
The expli ci Pr0996@¢n2(60d8P%lMIM§) rraepsscaagpl med perdorvi MIM&) degastiememthe reneived

by the precg I Hesign
may be used Zﬂ g@éebaaeéjl OI{ t1r11e[ 8@%@1 %F@Qg%t lé)effvs%%a?S ockd%%-cgégd? m oflsga
TX M MO pr oshihaire %ﬁ&iesvdflth:d%ranspmmmdﬁmsmm i AnRN d3ta prategsd) 2Anohay s
one design of TX M MO processor 23 de B 110 i.n FlI

X data prodestsC sooyReS it Ged PSS DBl B Lol
recei ve S daitaisd dgagsk bypom data source 212, where in gener aI S ?. 1.
Each stream rocessor 320 may encode, |nterI eave, scranbl e,

synbol nap [40324at &/Estl2Bamey oe‘@Bla§ thed ghaqngl, eprefitionsEard, E’G&?ré"esf‘?@@%
may carry ORgoddaA08RMith MhP i Rse Qaq&@gyzdeeo%@cthﬂaﬁ&n%rﬂéaibgalbawe The
interval (TTI 3 Each stream processor rocess its transport
8 block to &Istlmch infoeationend data dromay d@th@wrﬂfa%ﬂ'&mw bopioerssdl Geq.. @npided k
of nodul ati gn I

“packet” and SEIR0ERIP Sy LRSI Aea) 2R Mhinll FRIEROL bkl P Ko
processors gdessdbh2idghd :ﬁﬁﬂm pE¢ePRED by dmd&adm asaytitooh S64e@ngenerate R

[0036]Wthin TX M essor 30a, er m r,332 t

ata Synbol SPHs T, BOGRT0 e Emaie] il U PirRr S RS Yol ENERF B
for use. In)onendRShEik sifRNIRSm 8821 J0BHay Brebdieeddit atemyaonBles tHrought 23at, S
data streans to L |ayers and % t hen g?stthe data synbols for the L

layers to sieased &Y sempdulypisi2iar thirpehAdd, sredially Brocessethivmia o MIMG
explicit Cngcstgteiﬁy P AERS Bloccidy &B% gwaBl Qéri{a @@M@&%@%Wﬂh@x
for each subcani er vmththee l'1cit clic mat ri x

pr ecoder 336atmy0¢m§0rl%38yt0td¢eovsy ﬁitﬁofegdifmbnnbm@@%@d 884 sewrbye&iEh 120.
subcarri er 0 e.pr I
for that su céltrlralcr’lle /?m%i%gr (34?]%8%?%& Wa%qﬁa%n?&%%cggsﬁqgggba%d;gg the
receive thef@ﬂmﬁmﬁ‘dmmbol s from precoder 336 and pilot synbols and

may nul ti pl for each t he I li.c
Gl oy rat 11 1003E) S XERE bR gt in I SRE S Pl it et Bn RELSAS R IRG
T out put sygROUESIAEaRBedkifely. MEHdradk US 2338282 hlay Qued d&d dhd pEdg%R]cEmh
nodul at or 232 n% erform OFDM nodul ation for a res ective outp

synbol stre#hN i HOemdURdal sepnctivady Acseigdper 244, mpp|sshads! eb@EsléHt
on the Kt OtaﬁdforﬁHﬁgxaUﬁEb 865 dith tAREMITHEMOS YD Abw R B/ TTEWIRE based on_the
transforned wt K- poi nt inverse discrete Fourier transform (IDFT)
to obtain afaedbdcllinfounationmecsoied &iori :AGUKs-t i me- domai n sanpl es. Each

ti me-domai n |l e (o) t l.e
pert od. The T2AY & 15 BRI @iorky HerehiingPod SRTRIMTD daflsfilfos Al
appended t odowelifkr entwelifast the updiek.ul Fgposdritpnedrtainf aspmtameﬂ%@Mc@mqbﬂl are

cont ai ni ng + npl es. The copi ed ortlo ferr o]

o e oS Resorf BERyCH VU B it bt Do B i of fehet mad Bufses
caused by f paasRAEMrGRERS M oh fltikxifCFDMI @t @6w313{3( AR \sirlpl- dakvedr
process its sanple streamto generate a downlink sig

[ 0038] Cont r &leflugney rbrisies grultinlgxingy (S PeEféWémr é@db@&# i &F&Maﬁdoﬁch%
UE 120 and 9%‘%&"&&% OB RhSw e inkf ﬁ%meﬁm%ﬁﬁé@m s%%@alﬁ&g drlﬁ&’t%e also

mapper 332. "Controll ér/ processor 240 may al so provide th e explicit
commonly referred to as tones, bins, etc. Each subcarrier may be modulated with data.



where D(k) is a TxT explicit cyclic delay matrix for subcarrier K.
Node B 110 may process pilot synbols for each subcarrier k as shown
in equati Qfp §0dd/weshd3040] I n the design shown in equati onpéds20bddds233
explicit cyclic delay processing with D(k) is perforned after the
precoding with W The explicit cyclic delay is thus applied to
physi cal antennas instead of virtual antennas. This design may be
used for zero delay and snmall delay. [0041] FIG 3B shows a bl ock

di agram of a TX M MO praocessaor 230b, which inplenments equations (2
and (3) andln gengiabMedplagessygrpobyarsent jovby Begrassdman it Ohdangimtog

in FIG 2. %%Péﬁ?i};&i%g@l:mcessor 230b, a layer mapper 342 may nmap
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equation (4) may allow t P 0 be transmtted via all T 10
physi cal antennaé’@gl‘g’ﬁ&ag@sﬁgﬂﬁ@@?be used for a pilot channel Eq (1)
(CPICH), a synchronization channel (SCH), and/or other channels

[ 0043] Vari o y '0§ RI-EC g(%t ifihe TTBMa REMbISHh HO%erdt 8 HE8 Q0%
shown in eqﬁ%?%eo%@(bl nandl? &gcl:dr?onleéé‘_es%%ﬁfma set ofbeQ p‘? ecoicfjelgl’ngn
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LT Ts the i -thipreEed iengvid Pl i it s of & Tar
Fourier matrix FDORYs el eXpegbisiedydis defag tnatrix=foDsubcartieehd v = 0, T -1
Ea (6) =e Wisa T xL precoding matrix,

C(k)is a TxT implicit cyclic delay matrix for subcarrier £, and

y, (k) is a Tx1 vector containing T output symbols for data for the T transmit

antennas on subcarrier & in one symbol period.

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

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

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

antennas on subcarrier & in one symbol period.
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[0048] I n one design, the set of explicit cyclic delay nmatrices_ may be
defined as: di@rsity, wigich may provide beamforming gain, frequency sélective scheduling gain,
and/or diversity gain. D(k) may also be used to achieve layer permutation, which may
have certain advantages. D(k) may be generated based on a delay selected from a set of
delays, which may include a large delay greater than a cyclic prefix length.
[0033]  The implicit cyclic delay matrix C(k) may also be used to achieve cyclic
delay diversity. C(k) may be generated in various manners and may be constrained to
be less than the cyclic prefix length.
[0034]  In the design shown in equation (1), the precoding with W is performed after
the explicit cyclic delay processing with D(k). The explicit cyclic delay is thus applied
to virtual antennas formed by the precoding matrix W (instead of physical antennas).
This design may be used for large delay.
[0035] FIG. 3A shows a block diagram of a TX MIMO processor 230a, which
implements equations (1) and (2) and is one design of TX MIMO processor 230 at Node
B 110 in FIG. 2. Within TX data processor 220, S stream processors 320a through 320s
may receive S data streams from data source 212, where in general S 1. Each stream
processor 320 may encode, interleave, scramble, and symbol map its data stream to
obtain data symbols. Each data stream may carry one transport block or packet in each

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



where r," is the mth delay, which is the delay spaci ng between
consecutive antennas, and D',(k) is an explicit cyclic delay matrix
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cyclic delay value r",," and the phase ranp 0"," of each antenna v
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inmplicit Cy@hbcﬁrrmesl mym’m@FDM 55(1%)01 rpaglocbmagidj‘elmslfoaﬁed with 2; K-goint 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.
[09038] Controller/processor 240 may receive feedback information from UE 120
and generate controls for stream processors 320 and layer mapper 332. Controller/
processor 240 may also provide the explicit cyclic delay matrix D(k) to processor 334,
the precoding matrix W to precoder 336, and the implicit cyclic delay matrix C(k) to

processor 338.



Oe K .2r 91,1 k O where ¢, is an inplicit cyclic delay value for
physi cal antenna t. [0055] The phase ranp 0, of each physical antenna

t may be auphr@es®dzas: a 2ff for t = 0,T-1 ,Eq (15) wher@®sBosfs:en =
0. [0056] I n general, any set of inplicit cyclic delay val ues may be

used for the T physical antennas. The igplicit cyclic delay val ues
may be pseudo-random val ues or may be val ues selected to achi eve good
performance. The inplicit cyclic delay val ues should be shorter t han
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(0041} FIG. 3B shows a block diagram of a TX MIMO processor 230b, which
implements equations (2) and (3) and is another design of TX MIMO processor 230 at
Node B 110 in FIG. 2. Within TX MIMO processor 230b, a layer mapper 342 may map
the data symbols for the S data streams to L virtual antennas selected for use. A
precoder 344 may multiply the mapped symbols for each subcarrier with the precoding
matrix W and provide precoded symbols for that subcarrier. An explicit cyclic delay
processor 346 may multiply the precoded symbols for each subcarrier with the explicit
cyclic delay matrix D(k). An implicit cyclic delay processor 348 may receive the
symbols from processor 346 and pilot symbols and may multiply the symbols for each
subcarrier with the implicit cyclic delay matrix C(%) to obtain output symbols.
Processor 348 may provide T output symbol streams to T modulators 232a through
232t.

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

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

where V is a TxT unitary matrix. The unifary matrix V is characterized by the
properties V'V =1 and V V” =1, which means that the columns of V are orthogonal
to one another, the rows of V are also orthogonal to one another, and each column and
each row has unit power. V may be based on a Fourier matrix or some other type of

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



design may ensure that T different pseudo-randonmly selected cyclic
del ay values are applied to the T physical antennas. [0059] The

inplicit gyghdo§osigdsay val ues for the T physical antennagrigesdsasssbe
defined and selected in other manners. The inplicit cyclic delay

val ues may be static values that do not, change over tinme, sem -static
val ues that may change slowy over tingp or dynam c val ues that may

change frequently, e.g., every synbol period, every slot of nmultiple
synbol periods, every subframe of nultiple slots, etc. [0060]For the

desi gn showshysgabgugbnasn (Hhis depign gyt dsspsrg fr 2 1 hilot gdpand y(HFaEED, 2
wth the la el a¥o S [dreayald BnBRY be expressed as: 1
0 o YE)g\%lj%l(z%o it L 0L Yt LinnbR
[0043]  Various types of precoding matrix may be used for the designs shown in
equations (1) and (3). In one design, a set of Q precoding matrices may be defined as

follows:

W, =AF, for i=0, .., Q-1, Eq (5)

H i

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

W; is the i-th precoding matrix.

[0044] The clements of a TxT Fourier matrix F may be expressed as:

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

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

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

ejff,o 0 . 0
AL
Ai = 0 ¢ . . 0 s Eq (7)
0 0 e/t

where A;, 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 A;, and/or by rotating one or more
base matrices.

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

columns (or submatrices) of the Q precoding matrices may be evaluated, and the L
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columns of the precoding matrix W; that provide the best performance may be provided
as the precoding matrix W, where in general ISL<T.
[0047]

of delays. Each delay may be associated with V phase ramps for V antennas, where

In one design, a set of explicit cyclic delay matrices may be defined for a set

antenna 0 may have a zero phase ramp. If the explicit cyclic delay processing is
performed prior to precoding as shown in FIG. 3A, then V=L, and the V antennas
correspond to L selected virtual antennas. If the explicit cyclic delay processing is
performed after precoding as shown in FIG. 3B, then V=T, and the V antennas
correspond to T physical antennas, The dimension of the explicit cyclic delay matrix
D(%) may thus be dependent on whether the explicit cyclic delay processing is
performed prior to or after precoding. For clarity, much of the following description
assumes that the explicit cyclic delay processing is performed prior to precoding as
shown in FIG. 3A, and D(k) has dimension of Lx L.

[0048] In one design, the set of explicit cyclic delay matrices may be defined as:
1 0 0 ]
_jZJr T,k
0 e K 0
D,.(k)=|. . Eq (8)
mj?.ﬂ (L-1}r, &
0 0 e o

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

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

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

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

Ty =T’V for v=0, ..., L—-1,and Eq (%)
2z
vamf—rm v, for v=0, .., L-1. Eq (10)

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

values of different antennas. The uniform delay spacing may reduce signaling overhead
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since the cyclic delay values of all 1. antennas may be defined based on a single =,
value.

[0051] In one design, a set of M =3 delays may be defined to include the following:

7,=0, for zero delay, Eq(11)

T, =2, for small delay, and Eq (12)
K

D=1 for large delay. Eq (13)

[0052] 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 kim/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 corrcspond 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.

[0053] In general, explicit cyclic delay matrices may be defined for any number of
delays and any particular delay. For example, explicit cyclic delay matrices may be

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

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

[0054] In one design, the implicit cyclic delay matrix C(k) may be defined as:
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1 0 0 ]
_jE:rglk
0 e * .. 0
ROME : . : ’ Eq (14)
_Amgpa k
0 0 e © ]

where ¢, is an implicit cyclic delay value for physical antenna ¢.

[0055] The phase ramp &, of each physical antenna z may be expressed as:

6=

< 5, fort=0, .., T-1, Eq (15)

where €, =¢, =0.

[0056] In general, any set of implicit cyclic delay values may be used for the T
physical antennas. The implicit cyclic delay values may be pseudo-random values or
may be values selected to achieve good performance. The implicit cyclic delay values

should be shorter than the cyclic prefix length C, as follows:
-C<g,<C, for t=0, ..., T-1. Eq (16)

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

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

The implicit cyclic delay values for physical antennas 0 through T-1, or ¢, for

t=0, ..., T—1, may then be taken from the base set in a pseudo-random manner, This
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design may ensure that T different pseudo-randomly selected cyclic delay values are
applied to the T physical antennas.
[0059]

defined and selected in other manmners. The implicit cyclic delay values may be static

The implicit cyclic delay values for the T physical antennas may also be

values that do not change over time, semi-static values that may change slowly over
time, or dynamic values that may change frequently, e.g., every symbol period, every
slot of multiple symbol periods, every subframe of multiple slots, etc.

[0060]

with the large delay shown in equation (13) may be expressed as:

For the design shown in equation (1), the processing for the data symbols

0 0o | [1 0 0
Yaolk) rmak e d, (k)
k K 0 0 L 0 d,(k
) |_ N | 4
Yara(k) gk 2n(-l)k d, (k)
K L
ya (k) 0 ¢ J o 0 e i
by (k)
Eq(17)
[06061] The processing for the pilot symbols may be expressed as:
0 0 ]
Yo X0
k K 0 k
yp,l:( ) _ . plf ) Eq (18)
Yora (k) LAAsk || Py (k)
0 e K _—
¥,p(6) E O
(k)
[0062] The implicit cyclic delay matrix C(k) may be applied in the frequency

domain as shown in equation (1) and may be a function of subcarrier k. C(k) provides a
phase ramp (i.e., a linear phase shift) across the K subcarriers on each physical antenna.
The slope of the phase ramp may be different for different antennas, and antenna 0 may
have zero phase ramp. Applying a phase ramp in the frequency domain 18 equivalent to

performing a cyclic shift of the useful portion of an OFDM symbol in the time domain.
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[0063] FIG. 4 shows an example of applying implicit cyclic delay in the time
domain. In this example, T =4 and ¢, for each physical antenna is given by an integer
number of samples. The useful portion of an OFDM symbol for antenna 0 may be
cyclically shifted by zero samples, the useful portion of an OFDM symbol for antenna 1

may be cyclically shifted by ¢, samples, the useful portion of an OFDM symbol for
antenna 2 may be cyclically shifted by ¢, samples, and the useful portion of an OFDM
symbol for antenna 3 may be cyclically shifted by ¢, samples. ¢, ¢, and ¢, may be

pseudo-random values or may be related in some manner.

[0064] The cyclic delay matrices D(%) and C(k) may be used to support various
delays including zero delay, small delay, large delay, and uniform and non-uniform
spacing among the cyclic delay values for different antennas. These matrices may also
reduce evaluation complexity (for selecting a delay out of all possible delays) and
signaling overhead (for notification of the selected delay). The delay may be selected in
various manners.

[0065] In one design, the Node B may select an explicit delay for each UE and may
send the selected delay to the UE. In another design, the Node B may select an explicit
delay for all UEs served by the Node B and may broadcast or send the selected delay to
these UEs. In yet another design, the Node B may restrict the sct 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.

[0066] In one design, the UE may evaluate different possible precoding matrices
and different possible delays based on a performance metric and may select the
precoding matrix and the delay with the best performance metric. For each possible
combination of a precoding matrix W; and a delay z,, the UE may compute an effective
MIMO channel estimate H, (k) based on a MIMO channel estimate H(k), the
precoding matrix W;, and the explicit cyclic delay matrix D,, (k). The UE may evaluate
different hypotheses, with each hypothesis corresponding to a different precoding
submatrix W;, for a different combination of virtual antennas (i.e., a different column

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

of SINRs for each hypothesis based on H (k) , the MIMO detection technique used by
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the UE, and uniform distribution of the available transmit power across all virtual
antennas for the hypothesis. The UE may then map each SINR to capacity based on a
capacity function and may accumulate the capacities of all K subcarriers for all virtual
antennas for each hypothesis to obtain a sum capacity for that hypothesis. After
evaluating all hypotheses for all possible combinations of precoding matrix and explicit
cyclic delay value, the UE may select the best hypothesis for the best combination of
precoding matrix and delay with the largest sum capacity. The UE may send the
precoding submatrix W;, and the delay for the best hypothesis as the precoding matrix
W and the delay to use for data transmission. The precoding matrix W may contain the
L best columns of W; for L selected virtual antennas.

[0067] The UE may also determine S SINRs of S data streams to send on the L
selected virtual antennas. The SINR of each data stream may be determined based on
the SINRs of the subcarriers and virtual antennas for that data stream. The UE may also
determine S channel quality indicator (CQI) values based on the SINRs of the S data
streams. A CQI value may comprise an average SINR, a modulation and coding
scheme (MCS), a packet format, a transport format, etc. The UE may send the S CQI
values for the S data streams or may send a base CQI value and a differential CQI value.
The base CQI value may represent the SINR of the data stream decoded first, and the
differential CQI value may represent the difference between the SINRs of two data
streams.

[0068] In one design, the Node B may arbitrarily select the implicit cyclic delay
value of each physical antenna. The Node B may send pilot symbols and data symbols
with the same implicit cyclic delay processing, and the UE may estimate the MIMO
channel response based on these pilot symbols. In this case, the MIMO channel
estimate would include both the actual MIMO channel response and the implicit cyclic
delay matrices applied by the Node B. The phase shift caused by the implicit cyclic
delay matrices may be perceived as part of the MIMO channel fluctuation by the UE,
and the UE does not need to know the implicit cyclic delay value of each antenna. By
transmitting the pilot with the implicit cyclic delay matrices, the Node B can arbitrarily
select and change the implicit cyclic delay values, and the change would be transparent
to the UE.



k Po(k) Pi(k) (k)_ Eq (18) eK 0
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[0069] By using a small number of explicit delays (e.g., zero delay, small delay, and
large delay) with uniform delay spacing among the L virtual antennas, the signaling
overhead between the Node B and the UE and/or selection complexity at the UE may be
reduced. The Node B can select and apply various implicit cyclic delay values without
having to inform the UE.

{0070] FIG. 5 shows a block diagram of a design of RX MIMO processor 260 and
RX data processor 270 at UE 120 in FIG. 2. The received pilot symbols from
demodulators 254a through 254r may be expressed as:

r, (k) =H(k) C(k)p(k) ,or Eq (19)
r,(k)=H(k) C(k) V p(£) , Eq (20)

where H(k) is an R x T MIMO channel matrix for subcarrier £, and
r,(k) is an R x1 vector containing R received pilot symbols for the R receive
antennas on subcartier 4 in one symbol period.
Equation (19) may be applicable if the pilot symbols are transmitted as shown in
equation (2). Equation (20) may be applicable if the pilot symbols are transmitted as
shown in equation (4).
[0071] Channel estimator 294 may derive a MIMO channel estimate based on the

received pilot symbols. The MIMO channel estimate may be expressed as:
H,,(k)=H(k) Ck) , or Eq (21)
H,, (k)=H(k)Ck)V , Eq (22)

where H_ (k) is an RxT estimated MIMO channel matrix for subcarrier £. For

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

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

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



y p(k) p(k) C(k) [0062] The inplicit cyclic delay matrix C(k)
may be applied in the frequency domain as shown in equation (1) and
may be a function of subcarrier k. C(k) provides a phase ranmp (i.e.,
a linear phase shift) across the K subcagni ers on each physi cal
antenna. The sl ope of the phase ranp may be different for different
antennas, and antenna O nmay have zero phase ranp. Applying a phase

ranp in the frequency domain is equivalent to perform ng a cyclic
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H,(k)=H

(K) D)W U, or Eq (23)

H, (k) =H, (k) WD) U , Eq (24)

where H_; (k) isan R xL effective MIMO channel matrix for subcarrier k. H_; (k) is

the effective MIMO channel observed by the data symbols and is for the L virtual
antennas used for data transmission.

[0074] Equation (23) may be used if the Node B performs precoding and explicit
cyclic delay processing as shown in equation (1). Equation (24) may be used if the
Node B performs precoding and explicit cyclic delay processing as shown in equation
(3). Unit 410 may then compute a spatial filter matrix M(%) for each subcarrier £ based

on H,, (k) and in accordance with minimum mean square error (MMSE), lincar MMSE

(LMMSE), zero-forcing (ZF), or some other MIMO detection technique.

[0075] A MIMO detector 412 may obtain R received data symbol streams from R
demodulators 254a through 254r. MIMO detector 412 may perform MIMO detection
on the R received data symbol streams with the spatial filter matrix M(k) for each
subcarrier £ and provide L detected symbol streams for the L selected virtual antennas.
A layer demapper 414 may demap the L detected symbol streams in a manner
complementary to the mapping performed by layer mapper 332 in FIG. 3A or layer
mapper 342 in FIG. 3B and may provide S demapped symbol streams for the S data
streams.

[0076] RX data processor 270 includes S stream processors 420a through 420s for
the S data streams. Fach stream processor 420 may symbol demap, descramble,
deinterleave, and decode its demapped symbol stream and provide a decoded data

stream.
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communication system. Apparatus 700 includes means for performing first processing

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



(k) = Hk) C(k) V p(k) ,Eq (20) where 11(k) is an R x T M MO channel
matrix for subcan-ier k, and r (k) is an R x 1 vector containing R

recei ved pid Sog/gosp3ol s for the R receive antennas on SpEg@sfoh@dsskesi n
one synbol period. Equation (19) may be applicable if the pilot

synbols are transmtted as shown in eq %tion (2). Equation (20) may
be applicable if the pilot synbols aretﬁtransm'tted as shown in
equation (4). [0071] Channel estimator 294 may derive a M MO channel
estimate based on the received pilot synbols. The M MO channel
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Il (k) = Hestith(dgplioMdEdiskivetsitEhage@4nly on the second set of cyclic delay values (block
814). The receiver may derive a MIMO channel estimate based on the received pilot
transmission (block 816). The pilot transmission may be sent with a unitary matrix V
not used for the data transmission. In this case, the MIMO channel estimate may be
derived based further on the unitary matrix V. The MIMO channel estimatc may

comprise multiple MIMO channel matrices H,, (k) for multiple subcarriers.

[0082] The receiver may perform MIMO detection for the received data
transmission based on the MIMO channel estimate and the first set of cyclic delay
values (block 818). In one design of block 818, the receiver may determine multiple
cyclic delay matrices D(k) for the multiple subcarriers based on the first set of cyclic
delay values. The receiver may derive multiple spatial filter matrices M(%) for the
multiple subcarriers based on the multiple cyclic delay matrices D(k), the multiple

MIMO channel matrices H_(k), and a precoding matrix W used for the data

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

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

send feedback information indicating the selected delay. The first set of cyclic delay
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based on th ect.ed precodin FiX, T recel.ver . {0
detection f@#gﬁLe ﬁ%@éﬁ@gdoﬂgt%eﬁgéﬁgn? %?gﬁ‘ %@%%%T5$? %gg%%‘&%%w%go
sel ect ed pr dizoldburg herainrmhay: beldrebodededireetly indwrdatasy) iy abfvatre madydk axahictly

of del ays .g., zero delay, small d . and ] arge del and may .
Send T ondbadk & ipaRin: o 1 hembarinlt R vl ok S dysttle, B0 FRRE i
set of cycl RaMeha¥ory28ashahsiBSyROM encHRire PR Rases, ERPROM memory,

sel ected delay. The receiver nar also jointly evaluate the plurality
of precodi néeengrsiberkdighd remevaplegtis E@)-%?)Mj or apeothgrdorsm pistetageomedivis
a desi gn of 4R, RRPAE AHUKADOR TRy kBREL HdAnd & Supild Fo e RR h that
conmmuni cati on system Appar at si§00ﬁ%ng+ugés neghs_for Fﬁce%@fﬁg a :
dat a t r ansmnitesirosessoe gen wiad nfopwition fudel, ayd diiteeinginmgtidatoctie storage frpadgm.
set of cyclic, delay val ues_ kn -0 eceil drse
cyclic de|a§“9§ﬁﬁﬁsa%% néﬁ%é?%¥@ﬁ%u?3%£i@%w% %% uﬂg%5%§§§pﬁgﬁwéog%ﬁ“
recei vi ng aafud liigd stbrage Simidesn amyseeide in tah A§I€). | ThdAHE olhy eessdet in basead
only on the second set of cyclic delay valu (nodul e 914), neans, for
GorTving o WFRBALndRre el dbaulisth i SResy Surdhi su e
transm ssi oRiscARASnHoRdR in :aRker tiRang. for perform M MO detection for
the received data transnm ssion based on the M MO channel estinmte and
the first séf093} cyelprs @&l myroy sruemlay ndenans. dg)undligussipsrectoan &%
|n FICS 7 affleReAiBY BONRGLAS, RORGERS Ahnvafl o6l LRI (GhifARMbLE Shercot.  1f
har dwar e devi ces, electronics conponents, logical” circuits, nenories,
implemented in software, the functions may be stored on or transmitted over as one or

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



[ 0088] Those of skill would further appreciate that the various
illustrative | ogical blocks, nodules, circuits, and al gorithm steps
descri bed wd2p9paeat i on Wt h the disclosure herein mayp@eUtEndesBst ed
as electronic hardware, conputer software, or conbinations of both.

To clearly illustrate this |nterchangeﬁglllty of hardware and
software, various illustrative conponert’s, bl ocks, nodules, circuits,
and steps have been 22 described above generally in terms of their
functionality, Wether such functignality is |nplenented as hardmare
or sof t war eirigbigenkesh epseniterstoragsrnsdigandreomumInicatien BiRdia s luging gy medium

constrai nt Sﬂl'a{rﬁgﬁ@ﬂesot?anrsﬁ? oPY&H ?te§ R frok éde%ﬁacertglaﬁeﬂe MY storage

i npl ement the described functionality i'n varyin for each
particul ar eggkinsatlicony abmabbumdla thpt eehgtaaedsend eacgoopiehsursm@mr dpasi

be interpref e;gﬁ% o%ﬁ-)%?érnga)ﬁw%? {nﬁlef bl Th thﬁmﬁﬁ%ﬂe l%fh éo'ﬁﬁ;uP ?%a%%le

di scl osure. P e Various i atrve oglca bPocks

and circuitﬁmd@&ﬂnmb@@numRADnnHmMLEEPRLWJ;@héﬂﬂ%&ﬁkmmmm@naEMﬁkmuwmm
be inplemented or rforned th a eneral ose esso

G ol tal o o SPGB Bl et CSITRSE ARt P Wedp bt en

circuit (AShQlseddo tdrB) &t sRir® BEsHENBRIgEnD AR ridahath thé REEA) of Mist@EMA or data

programmabl e | ogi ¢ device, discrete gate or transistor | ogic,

discrete habteane BeipErants, aceRsseirlyy & BHITARIIPEH PP e PR GAREUtE
per for m t he f UnchdOng, 588 O sBesh DEFREN profedGNCARL- R REREcRHAS $RSRA
may be a nlcrogﬁoéeg%qﬁg bufagﬁl% é%(?P%rnatlve iﬁgiprOSESsor%ﬁig %e
any convent teomed a mvm@“sroadableomdmn | Eqar exampheolcf dretsofivhisris trasmittedtfeom a
machi ne. cessor 0

conput i ng d v? étgsserver & otléer *om | ﬁ% HSE%% a ;Bzagcgbl Ofnot%r Lop! r;éogaﬁlﬁ%)ecgvglgted
a pluralitypaf, dgiat annemiﬁs fia¢ @)SIoner @rreionrtechnbbgmpsmﬁmmd madio, and

conjunction with a ore, .or t her , su configura

[0050] The S FHEEVEE: tetin GaI SiblFo ioEh A oS00 BURSrtse Hillo S SHrdF S
the di scl OSWcRndI&Hi& fhchHRY itPar&dYRedb ethddhicBSidvy akdindRIHENAT he definion of
sof tware nodul e executed by a processor, or in a conbination of the

two. A sof t WAyt eldrféagﬁ pegicddicren, Fuinder sempact fisa SRDdarsk fisc. Rofral
menmory, ngsykn&gﬁ&}ers%’vl 1S ?@5 Yflo éﬂﬁ)?gllﬁ(t S{Spuhay %s@@ﬁ&e "Ehski.( usually

renovabl e d ot her “form of storage medi um known

inthe art. r@mc@xer@ﬁaarryamo{raﬁge wheldi dised semodnp:leedattaoomttcellpro¢1e$lemrs

such t hat t%e 2 gnsssofrth%aa V& fljoulcﬁ.1 f Fsorﬁ%h{ngp % aﬁl% é@{o‘z‘ ¢ Bf com uter—
erna e

;
i nformation 10, ordge redi um st’or
medi um may hﬁdﬂﬂéﬁ@dﬁ] to the processor. The processor and t he

storage nedi eside in an ASIC. .The ASIC.nma a user

Cerm nal 1 WUBRE A e Pt doSiinion b sk LB fooud® Pineldet of Sl en
may reside ggued G (CRRRORARE $hel disc@osUﬁ:eWér@ﬁﬂn@éﬂﬁcatidﬂ@%‘-ihlerﬂlm@[b@u@r
nor e exenplarg desi ns the functions described may be .inplenmented in

har dwar e \herread fuapwmtéo thpse ghijled dnBieraat iapd thengsned¢ pripciples defined
| mpl enment edy, L, Sq5 ze& B oth BN G200 JRYoUPEe op%{ftﬁfgg%rﬂ heXdpirit or scope of
transmtted over 0 nmore I nstructions or code on a

comput er -r eakutad)mosmdi Iims @o wiingiosure rig ackabicadaeidibe lin2ig:d; tndhaiaesnpbestand
conput er staqrage t u
Char faci 1 0o0es JFGHaMRaF I Her Rt STl dtsl KBRS el e
anot her. A @ﬁ@ﬁﬁ@ﬁmﬁhdwdiﬂﬁmebdhdoyﬂa&amiabIe medi a that can be
accessed by a general purpose or special purpose conmputer. By way of
exanpl e, and not limtation, such conputer-readable media can

conpri se RAM0OROM veRRROY cCRTMEY 13: ot her optical disk storage,
magneti c di sk storage or other nmagnetic storage devices, or any other
medi um t hat can be used to carry or store desired progran1code means
in the formof instructions or data structures and that can be
accessed by a general - purpose or special -purpose conputer, or a



| . An apparatus for transmtting data in a nmultiple-input

mul ti pl e-output (M M) system including: 5at | east one processor
configured to performfirst processing for cyclic delay diversity
based on a first set of cyclic delay values known to a receiver of a
data transm ssion, and to perform second processing for cyclic delay
diversity based on a second set of cyglic delay values unknown to the
receiver; and a nenory coupled to the at | east one processor. 10

2. The apparatus as clained in claim1l1l, wherein the at |east one
processor is configured to performthe first and second processing
for cycli c Tda] GhATMS\DEFEYING THIF INVENZIONAARE A3 FEBEDWEmM only t he second
processing for cyclic delay diversity for pilot. 153. The apparatus as
claimed in claim1l or 2, wherein the first set of cyclic delay val ues
corresponds to a fi iAstppepas eradedidys daangetuitipRamuamtipetdGupriagd)x

I ength, and wher gmﬂjthe second set of cyclic delay val ues corresponds
to a secondycyé &elay shorter than the cyclic prefix |ength.

204, The Sappar atﬁéﬁasagne@roeﬁswwnﬁiamé}oaeprfﬁnnf'uzt rercesgnmiEyeic delaide sty st set
of cyclic Cﬁ@s]eéibh avmd: LHOST cRIE awp&&dmwto@eecde&amdaz@franamssimlaha del ay of

| ess than a pref i x n ar al. 8l t han
the cyoli c arEp KBt B G bl SPCharEntbe Pl h By g
mul tipl e- |nmhvwmuﬂﬁr%h€¢@mtput (MLMD) 25system including:

perform ng firsfmPkRC@siddidind Rleastdife biokessdel ay diversity based on a
first set of cyclic delay values known to a receiver of a data

transm &ion: and perform ng second processing for cyclic
del ay diver si t y2.bas 8tle apperavssedand isedim dfwheryie e et lgkgtlosspraceskands unknown

to the r eCQbM‘%ﬁred tgger@rm J@ﬁrstms@&% ﬁ&e&h@fo{@gm'daaﬂ@hﬁ? fgrdalfa Yhd [ger

i ncl udi ng: per ornlng Tirst and second processing for cyclic
del ay di verFs| ‘TFS'}"‘F6?‘°§f&°t”$pf°%fﬁd‘gﬁ§F3f°B°rqﬂah@“e&Wf)’rP'Hé second processing
for cyclic delay diversity for pilot. 25

I5 3. The apparatus as claimed in claim 1 or 2, wherein the first set of eyclic delay
values corresponds to a {irst cyclic delay longer than a cyclic prefix length, and wherein the
second set of cyclic delay values corresponds to a second cyclic delay shorter than the cyclic

prefix length.

20 4, The apparatus as claimed in claim 1, 2 or 3 wherein the first set of cyclic delay
values corresponds to no delay, or a2 small delay of less than a cyclic prefix length, or a large

delay of greater than the cyclic prefix length.

5. A method for transmitting data in a multiple-input multiple-output (MIMO)
25  system, including:
performing first processing for cyclic delay diversity based on a first set of cyclic delay
values known to a receiver of a data transmission; and
performing second pracessing for cyclic delay diversity based on a second set of eyclic
delay values unknown to the receiver.
30
6. The method as claimed in claim 3, further including:
performing the first and second processing for cyclic delay diversity for data; and

performing only the second processing for cyclic delay diversity for pilot.



7. The nethod as clainmed in claim5 or 6, wherein the perform ng the
first processing for cyclic delay diversity includes performng the
first processing for cyclic delay divgrsity in frequency domain, and
wherein the perform ng the second processing for cyclic delay

5di versity includes perform ng the second processing for cyclic delay
diversity in frequency donain or time donain. 8. The net hod
as clainmed in claimb, 6 or 7 further includin recej ving feedback

i nf or mati on i ndicat iTAYMBRAY 2ptiaimedip plpimy Sor §- “@Freﬂg'reé’ﬁ@r?’}%%? e

receiver; &QMg for cyclic d@iyalivaisind :ﬁgu&:h@ﬁtmr @tthcgﬁﬁt plﬁécsﬁgge‘dyrlcﬁchd e&h@y

val ues bas [ e del i ndi cale ft g back informati.on,

9 The net 8%{513&’1 éﬁqgﬁn %lﬁl agf[lw {’6?1!1 the erio lll tBS’SCOP prgcess*n& C%l‘ﬁyc C dejay

i ncl udi ng: di¥Ssiytichdrpersinying ik emndmg)utm& fbwtllccﬂelebediwltvalfme@nqm t he
second set Wi .EhQuh. bfar M ng the receiver. 10. The nethod as
claimed in any one of clains 5 to 9, further including: performng
precodi ng based on a precoding nmatrix either before or after the
first 20processgng framadla Sifted iayiaeh 3 66T fuithetinélugaigt or to the second

f | i I d b f
T amam {11 ng. o s ieh dopraLet At e o T ERBET B R Meye=dyst em

i ncl udimg: and nmeans for performng first processing for

cyclic delay di Yefebrihi H‘l%’ thp ﬁlgtesgt oPBefic Jeiag' sglué Qarseaq;n tl%%gy)plh&s&teq :_B;Jé Y Val ues

known to a recelver o transni ssi on;

per f or m ng fsdkegrigfomtivtessi ng for cyclic del ay d| ver si ty based on a
second set of cyclic delay values unknown to the receiver. 12.The
apparatus as cl ai e furthe neans for
performng the fi rs?rh&ﬁ‘ﬁfﬁ%d a&?)m'a’e‘]{o'r“(%l&ye‘)sng?%" mg’y‘%'%”'"%’ "8y diversity
for datid; and me@memdusly sgketifeonery¢iy dgm vlut:methseawﬂdetwtmtalsmmgg ther
cyclic del ayedi.versity for pilot. 26

10. The method as claimed in any one of claims 5 to 9, further including:
performing precoding based on a precoding matrix either before or after the first

20  processing for cyclic delay diversity and prior to the second processing for cyclic delay diversity.

11, An apparatus for transmitting data in a multiple-input multiple-output (MIMO)
system, including;
means for performing first processing for cyclic delay diversity based on a first set of
25  cyelic delay values known to a receiver of a data transmission; and
means for performing second processing for cyclic delay diversity based on a second set

of cyclic defay values unknown to the receiver.

12, The apparatus as claimed in ciaim 11, further inciuding:
30 means for performing the first and second processing for cyclic delay diversity for data;
and

means for performing only the second processing for cyclic delay diversity for pilot.



13. An apparatus for transmtting data in a nultiple-input

mul tiple-output (M M) system including: at |east one processor
configured to performfirst processi ng for cyclic delay diversity
based on a first set of cyclic delay %l ues known to a receiver of a
data transm ssion, and to 5perform second processing for cyclic delay
di versity based,on & SECON (5 @bnsOftifXish G ARl AN RhhESe-SRAMRMibe) t he
receiver; and a nenory coupled to the at |east one processor.

14. The appwteas G8vdi®e: cl ai med in claim 13, wherein the at |east one

processor is 10gaafiogili@essbrQoIRirtDH PRtRE fifsi frédessAB tbr &RGMRMyY PREGESSI NY
for cyclic dela ‘Vdi vergcié{t for data, and to on%tdthe first adnd second
or 0cessi ng VBT T4 AR O LRI IFLMP Y P opyat 2 cata vamsmission 8ty
appar at s fpaformisécendasRessiogfticyciivadeiapdiyerdity bisetlonngecoad sel of aEtic divg values

pr ocessor nfigured.to receive a data transm ssion sent with cyclic
del ay 15di 3@?"&%‘?§‘eﬁ’g°§$eﬁga%°ﬁ a first set of cyclic delay val ues known
to a receiver amuemorgexvolpditoghent ledst awypipiessodel ay val ues unknown to the

receiver, to receive a pilot transm ssion sent with cyclic del ay
di versity based only_on the second set (I){ R)E}/d i.c delay values, to

derive a mul ti pt- i nPGEPHARIYE Rs5130eg I PP 80" BHEhTAT PSPt e
based on t hkenfleere®iopethbrp kHeditst dnkiasrsnd pabsoing foatydlid dolapdivdrduy ifior Ntdyland to

detection fgr i 1.SSi on the M MO
channel est’ r'r%%ere}ﬁ %%@%ﬁ%}éﬁ@?gﬁ@?&ﬁ B%%Hgf;%pfy?g%gﬁéy val ues; and a
menory coupled to the at | east one processor. 16. The

apparatus as cl g medad fppsrhed 180 viRlessebRn@iiddidnNRclddingt €ast one processor
is configured to eval uate pl uralJ

ger‘fgprn%nce of té of, del,a?/z% and
to send feedbacR! 48T HEEPYFOPBIRUPRCHETHY 2L BEPU OB P &Y Foth anong
t he pl ursal idiwrsiof bagkdloay st @nd citiedetly Raltda @ndwinned re@der 20d a ey@l ke ofbgtliay
values is d 1 . ; ay. . . The
toparatus AgegenEAnARE e A% BELEEDER B Boncem i ypichlpy
cyclic del adjversity breas onlyop te proendset pbevelicfdelpg Yalugy ¢of dedvedaiulipletioniyeytinihan a
Cyfl ic prefiupul (ﬁmgb?ohat%@l@stm%(}ﬁ&eﬂm} ﬂnere&alﬁ@fsxmﬁan&tﬁgsi&{aﬁswcp%;if&mdﬁbrl@y

val ues corresponds to a second cyclic de rter than clic
oret x| ongiEReren fo the oty Sai T Ry o WIS GBI et s o

i ncl udi my: of cyclic delay values; and

a memory coupled to the at least one processor.

ié6. The apparatus as claimed in claim 15, wherein the at least one processor is
configured to evaluate performance of a plurality of delays, and 10 send feedback information
25  indicating a delay selected from among the plurality of delays, and wherein the first set of cyclic

delay values is determined based on the selected delay.

17. The apparatus as claimed in claim 15 or 16, wherein the first set of cyclic delay
values corresponds to a first cyciic delay longer than a cyclic prefix length, and wherein the
30 second set of cyclic delay values corresponds to a second cyclic delay shorter than the cyclic

prefix length.

i8. A method for wireless communication, including:



27 receiving a data transm ssion sent with cyclic del ay
diversity based on a first set of cyclic delay values known to a
receiver and a second set of cyclic dglay values unknown to the
receiver; receiving a pilot transm ssion sent with cyclic
delay diversity based only on the second set of cyclic delay val ues;

Sderiving a mul lreéemnﬁ a'dﬁphl;nsmzctn'smt @ﬁpfr%lﬂl’g&la& Mé\@ bé‘saﬁcﬁlrﬁirst esbi fake

based on the received pi transm ssion; erformng M MO
det ecti on fd® whe kﬁ‘é’é@%é@ﬂe‘ﬂéﬂ atﬁ?cafﬁém%%vcwe{ﬁégaéﬁs DRI T FoesTver
channel esti mat .eceam@ abohi@ thishStiosebt with cRyiClelg doekigbascabilpan thelBdad The
met hod as cl a%mal i.n %Ial m 18, wherein the perform ng M MO detection
i ncl udes SO YClGEPRY RIS ng nultiple cyclic delay matrices for

mul tiple subcardmema ag@dinpr muhiglefoppg(MB®) chinng petimate baped epytheval ues,

deriving m[gc%) ﬁot%@@n&s@hn fid ter matrices for the multiple
subcarriers é’ he nultiple 15cycljc del ay matrlce and

nultiple MM cPFéfH"r‘f“é‘?g W%‘%@“f@fr‘h%‘ﬁé’vﬂ%"éﬁﬁﬁﬁ@ baged o9 e MEMOand
per f or m ng cAMnhDesti@bte Giidit@iTirdt et otcheiclaseialied data transm ssion based on
the nultiple spatial filter matrices. 20. The nmethod as clainmed in
claim19, wherein the deriving the nmultiple spatial 20filter matrices
i ncl udew deri vi iy t Hie methed gkleimspmtclain 1§ wherer theperioimimM Bisdetecfianr t her
on a precodjfgematrix used for the data transm ssi on. 21. The net hod

as clained in cI aim 18, 19 or further including: evaluatin
per f or mance of ?‘WHW&F‘FWI"&X“%‘?%%F'@ f?f&l“?tlpl?é%bcaraﬂﬂb%%%lf ﬁgsﬂ
f eedback i r@ﬁ@rcma&e]apmmegldl cating a precoding matrix sel ect ed from

anong the plural |I

transm ssion i sde§’é‘ m\'?\ﬁ"?'ﬁ S%ﬁit&%.‘“ﬁ%‘:ﬁ&“@’& B “pf ﬁ&\bcam er %F SelRE ng
mat ri x, 15andysiegelgi mutrickeni/mhitp e dtilgOtchare! fn@trlcetSfﬁfetheé'ﬁbiO\ﬁédmdaiﬁmale and
transm ssion | Sge‘?fékiﬁ'ﬁgrgﬂ?%l?é%e%ﬁ& thithd AR Ive Pl AR mPSbEGERn B %Qfagveng

matri x. 3022.Th claimed in any one of clalns
further i ncPaiidh g maiFss uati ng performance of a plurality of deI ays
and

20, The method as claimed in claim 19, wherein the deriving the muitiple spatial
20 filter matrices includes deriving the multiple spatial filter matrices based further on a precoding

matrix used for the data transmission.

21, The method as claimed in claim 18, 19 or 20, further including;
evaluating performance of a plurality of precoding matrices; and
25 sending feedback information indicating a precoding matrix selected from among the
plurality of precoding matrices, wherein the data transmission is sent with precoding based on the
selected precoding matrix, and wherein the MIMO detection for the received data transmission is

performed based further on the selected precoding matrix.

30 22, The method as claimed in any one of claims 18 to 20, further including:
evaluating performance of a plurality of delays; and
sending feedback information indicating a delay selected from among the plurality of

delays, and wherein the first set of cyclic delay values is determined based on the selected delay.



sendi ng feedback information indicating a delay sel ected from anong
the plurality of delays, and wherein the first set of cyclic delay
val ues is determ ned based on the selgcted delay. 28 23. An
apparatus for wrel ess conmunication, I ncl udi ng: means for
receiving a data transm ssion sent with cyclic delay diversity based

on a first set gf C)A%labﬁradﬁk@ymm&skmdﬁmm ikcudfhgr €cei ver and a
second set of cyclic de|lay val ues unknown to the r;celv means for

recei ving a pi I'B‘lamtff’%fﬁ?ﬁf@é‘Fﬁﬁ"@‘é‘ﬁ‘?s‘%sf'ﬁwﬁwpi'cé’eﬁ% ‘é?s”?ﬂg"{f%drqé‘lat ¥ based

only on t heet sRaiRdelnelalued knbyiClo iaCecéledr &y avedontEss of cyclic delay EdSE 8nkh@#n to

deriving ahrrul tlepl e-input nultiple-output (MMJ) channel estimate
rccel

based on tR& Feldi ved pil ot transm ssion; and nmeans for

performsng M Nonm@wewmgfa@ﬂotﬁrhr@mus@wvwhebestuade!awéwgrw@sﬁe@)wlmw on

the 10M MO;channek yefddeRlfu.and the f| rst set of cyclic del ay vaI ues
24. The apparatus as clained in urther includin

for eval uating 'BEPT6F frEYRE” BYltinge- BP‘HF’&F'P‘F)?”‘B‘F (YR Qyphanng] getimat basedon
means for srRRdking pfl&@idrl&alﬁkhort atdor mat i on i ndicating a del ay sel ected

fromanong the 15 raI wherein. the. of
cyclic delay val'tes s rpcrfjami{ %n%“ﬂ%%?%‘é"’é‘e&aq“’ R % g al'ect ed‘g“ci)%{eda%e
25. A machiMisQrchadellshtenatraati iﬁwﬁristrscilot]@phpgieianmlueuctl ons whi ch, Wnen
executed by a nachi ne, cause the machine to performthe nethod of any

one of claims 5 to 10 or 18 to 22.
24, The apparatus as claimed in claim 23, further including;

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

selected delay,

25, A machine-readable medium including instructions which, when executed by a

machine, catse the machine to perform the method of any one of claims 5 to 10 or 1810 22,



