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to as a spatial subchannel (or a transmission channel) of the MIMO channel and
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[0004] If the propagation paths between the transmit and receive antennas
are linearly independent (i.e., a transmission on one path is not formed as a
linear combination of the transmissions on the other paths), which is generally
true to at least an extent, then the likelihood of correctly receiving a data
transmission increases as the number of antennas increases. Generally,
diversity increases and performance improves as the number of transmit and

receive antennas increases
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[0007] A cyclic delay diversity scheme may introduce frequency selectivity
in the channel and hence may provide diversity benefit for flat channels. It does
not provide, however, any time diversity when the channel is not in and of itself
time selective. For example, if two transmit antennas are in slow fading or static

channels, the cyclic shift A, may be such that the two channels, e.g. H,(») and

H,(n), add up destructively (or constructively) all the time.



channel s, the cyclic shift Dm may be such that the two
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delay circuit coupled between the modulator and another of the at least two
antennas, the first delay circuit delaying symbols output from the modulator to
the another antenna by a another delay period that varies over time. The
another delay period and the delay period are different.

[0013] In yet another aspect, a method for providing transmission diversity
in a multi-channel communication system comprises applying a first phase shift
to a first symbol to be transmitted on a first antenna and applying a second
phase shift, different than the first phase shift, to the first symbol to be

transmitted on a second antenna.



in a multi-channel comunication system conprises
applying a first phase shift to a first synbol to be
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the first synbol to be transmtted on a second
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pnwseﬁmghm@atfr&ﬁ aasdrﬁé%'nf’@’fnaunlt capabl e of
[1zing tinme-varying del ay di versit [0022] FIG 7

i[00184t r at EtG 2 Bustratesi agembodiment afreitnpverying delay applied to a

deI Iene%?gn% 002 g’ﬁ@ﬁ%ﬁ‘allslculrua (r)\alllt Slsng flow chart

t[()EFE()]V?J‘WFIG g H@%ﬁf'ates al Blk] diagfam9of lanutigraémbodiment of a
bl ock diagram of a further enbodinment of a transmtter

dransmitten unit ibat Beoyidesiimeaeyying delaygivensitér si ty; and

[0021] FIG. 6 illustrates a block diagram of an embodiment of a receiver
unit capable of utilizing time-varying delay diversity;

[0022] FIG. 7 illustrates a block diagram of an embodiment of a delay
element;

[0023] FIG. 8 illustrates a flow chart of an embodiment of a method for
providing time-varying diversity;

[0024] FIG. 9 illustrates a block diagram of a further embodiment of a
transmitter unit that provides time-varying delay diversity; and

[0025] FIG. 10 illustrates a flow chart of a further embodiment of a method

for providing time-varying diversity.

DETAILED DESCRIPTION
[0026] The detailed description set forth below in connection with the
appended drawings is intended as a description of exemplary embodiments and
is not intended to represent the only embodiments in which the present



[0025] FIG 10 illustrates a flow chart of a further
enbodi nent of a nethod for providing tine-varying
walpaensisely. DETAI LED DESCRI PTI ON [ 0026] The dePEi/Usmos5/015041
description set forth below ig connection with the
appended drawi ngs is intended as a description of

ﬁﬁgﬁggﬁ;xaﬁ”ti@d' FRAES) ANdTHeS t18fh FaXePhsI8H)" t Qs PthasidHout this

enbodi nents i n which the presentinvention can
Hes@nptivin medns Téervingr as apaxepipleyinstanse, ohilogation,” and should

thjs d i.pti " [

Pk AEESSaE 48 T PILPOn 2 AIGeTRdaI HavBnEgesus, Prgr other
B RIPEAIE ITRS dBEMBEdetdriptiorthchiierogsiioyétailo fdrehe purpose
enbodi ments. The detail ed description includes

obpravidiog dethereught undenstansing e Hieoprasest invention: However, it will

h 3 : . .
bRoaBasantNECIREBL LN 0 e B SR80 Y “Prepian may oo
practiceat witheuprtaesat spavifintdetailsTay IMesgmecinistattes, well known

wi t hout these specific detai]ls, In sone instances, i
elUctuReR ands devicesr @ ahewRelli laskadiagiamwiorm, i |sdgr to avoid

L.agr ' t I uring the concepts

SpRFEE Lol he sheS B IBHER | "C el

ni caMultirchamet nscompiuniEationl t ispstemisnpinclude  multiple-input
mul t.i pl e- out MD) canmuni cat,ion systens o
SuliRlgaaput 5@@4@%@9%%@@% SypterTS Segopaiiipguency division

At Ve t

FrUTBATE (OFPMIF cBmubiorsusishithe; MIMOTBytéms™ Bat employ
OFDEIN{iss] MIMOJQIFDN aystemns)vand cothendppes ©f dnansmissions.  For

e diments are descri bed ecifically for, a M
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%ggt@%mt antennas and multiple (NR) receive antennas
r data transm ssion. A M MO channel forned by the Nt
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51 fHe ¢ tranamitaakid Wk aecsivechntentbs (idayt bardedossposed into Ns
channel) of the M MO channel. The nunber of spati al
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for the M MO channel, which in turn_is dependent on a , |
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determined by the number of eigenmodes for the MIMO channel, which in turn is

dependent on a channel response matrix, H, that describes the response
between the Nrtransmit and Ng receive antennas. The elements of the channel
response matrix, H, are composed of independent Gaussian random variables
{h ;}, for i=1, 2, .. Ny and j=1, 2, ... N, where #, ; is the coupling (i.e., the
complex gain) between the j-th transmit antenna and the ith receive antenna.
For simplicity, the channel response matrix, H, is assumed to be full-rank (i.e.,
N, = N, £ N,), and one independent data stream may be transmitted from each

of the Nt transmit antennas.
[0029] FIG. 1 is a block diagram of an embodiment of a transmitter system

110 and a receiver system 150 in a MIMO system 100. At transmitter system



response matrix, H, are conposed of independent

Gaussi an random vari ables {h; j } , for =1 , 2, ...
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(i.e., the conplex gain) betwgen the y-th transmt

antenna and the /-th receive antenna. For sinplicity,
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for that data streamto provide nodul ati on synbol s.
Pecerson 188t e, codi ng, and nodul ati on for each data

IBEELor *panofuBHeh Shedte SRR Lty 8% Berdprovided to o
dat MIBAO g6Besdc? 1ATETWIRER \thag dukthern plotds MR pmodelation symbols
120, which may further process the nodul ati on synbol s
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nore anal og signals, and further conditjon

anglag signa ,iqr?def@jhegrﬁpm .g95)amplifies, 'Sfiltgres', %irid upconverts)
the analog signals to provide a modulated signal suitable for transmission over
the MIMO channel. Ny modulated signals from transmitters 122a through 122t
are then transmitted from N7 antennas 124a through 124t, respectively.

[0032] At receiver system 150, the transmitted modulated signals are
received by Nr antennas 152a through 152r, and the received signal from each
antenna 152 is provided to a respective receiver (RCVR) 154. Each receiver
154 conditions (e.g., filters, amplifies, and downconverts) a respective received
signal, digitizes the conditioned signal to provide samples, and further
processes the samples to provide a corresponding “received” symbol stream.
[0033] An RX MIMO/data processor 160 then receives and processes the
Ng received symbol streams from Ng receivers 154 based on a particular
receiver processing technique to provide Nr “detected” symbol streams. The
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are then transmtted fromN antennas 124a through
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[0035] At transmitter system 110, the modulated signals from receiver
system 150 are received by antennas 124, conditioned by receivers 122,
demodulated by a demodulator 140, and processed by a RX data processor 142
to recover the CSI reported by the receiver system. The reported CSl is then
provided to processor 130 and used to (1) determine the data rates and coding
and modulation schemes to be used for the data streams and (2) generate
various controls for TX data processor 114 and TX MIMO processor 120.

[0036] Processors 130 and 170 direct the operation at the transmitter and
receiver systems that they are coupled with including the appropriate transmit
and receive data processors. Memories 132 and 172 provide storage for

program codes and data used by processors 130 and 170, respectively.



(CSlI), which may conprise various types of information

regardi ng the communication |ink and/or the received
waelaiog/1siBeeam For exanple, the CSI may conpri SBCDIE3005/015041

the operating SNR. The CSI isghen processed by a TX

data processor 178, nodul ated by a nodul ator 180,
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codi ng and nodul ati on schemes to be used for the data

streams and §{&)--g¥ger at e various controls for TX data

processor 114 and TX M MO processor 120. [0036], i

Processor s X ¥ thetransaittd g%?tof’Hee-oée"rE‘tix@n- A, lt hwhere {x;} is

transmtter and receiver . tens that fhey are coup| ed

wi th incl udi®igenty éﬁﬂﬁﬁb&%@t Of a 'ktﬂaﬁaeﬂsé@ i@E{ef‘"a and

dat a processggs. Msgori es 132 and 172 provi de storage

for prograrﬁ tés8 dnd data used by processors 130 and

170, respeqyiy el chthtf reditshs@nAistrix feF tRMMIMEM M YeI;

system may e expressed as: y = Hx+n , Eq (1) where y

is the recgj visnheealiditive i wlite Gaddsidn ¥wise (AWEBNF with a mean
where {y.} s the entry received on the /-th received

ant enna angettorlof 0-andVB covaridrieet gt s £ €1, where 0 is a

0
vector, i.e., X= 1 x2 ... cN\t f , where { .} is the
entry transgctdredi zems,t Deid thd itlentitymriatrbotvdtin@nesdalong the
{l, ...,NT} ; His the channel response matrix for the

M MO channgfiagomal and lzeresldvérywberdelse, Sadiss’ isrtheoiasiance of the
(AWGN) with a nean vector of 0 and a covariance matrix
of A = s2| NOiSg&NE 0 is a vector of zeros, | is the

cver yundr o 1ol QEndEhdn€EReBo Rl (I, Snce of the noi so:

and
Due to scattering in the propagation environment, the Nt symbol streams

transmitted from the Ny transmit antennas interfere with each other at the
receiver. In particular, a given symbol stream transmitted from one transmit
antenna may be received by all Ng receive antennas at different amplitudes and
phases. Each received signal may then include a component of each of the Nr
transmitted symbol streams. The Ng received signals would collectively include
all Ny transmitted symbols streams. However, these Nr symbol streams are

dispersed among the Ny received signals.

[0038] At the receiver, various processing techniques may be used to
process the Ng received signals to detect the Nr transmitted symbol streams.
These receiver processing techniques may be grouped into two primary

categories:

e spatial and space-time receiver processing techniques (which are

also referred to as equalization techniques), and



[.f denotes the transpose of [.] . Due to scattering
in the propagation environnment, the NT synbol streans

wo eassamstted fromthe NT transmt antennas i ntBCE/E8®05/015041

with each other at the receiver. In particular, a
gi ven synbol streamtransmtted fromone transm:t

ant enpa “%nc!??sl%ﬁecehﬁmﬂg)%éHaliiatmﬁEggﬁ&i Yﬁeﬁ@Fﬁ{b’gﬁ}]ﬂfcellaﬁon”

di fferent ~anp udes an ases recei ve
may t Fegeivergirodessing deqtonigue (whichaishalsd refeerelst to as “successive

transm tted synbol streans. The, NR ived si [ s, .
woul dintiereas veP@/an‘:lié’P%’ér}i & eﬁpcﬂragﬂcgény? ?%ﬁgegg S'I g receiver

strea : NT nbol st
di spe?@ecgégmﬁgb?wgnﬁﬁzere_ceiszedosi Sngleg.ns[SE)SS] At the
ver, r ' .

(RS | K bRIoB AT AR £ PRRICH o [t 1A 208, which
P’faiynhsaiatrt embaldi'r’gaht oft i‘neallgar_.\srﬁ'ilies @ortiaredf er transnittes isygtem, e.g.
echni ques nn e groupe t ) i es:
Syieh PN EPRBESEmE O BE(Gel- ) SBEINAGITE s gaesate data
[réﬁ'g'éﬁh @6&51@'%@ dFrfJo%‘ie{t%‘?n $hette %‘?éﬁﬁb';ezt?ééc{)(br each of the Ny data

techniques successi ve nulli’ng/equal i zati on and
streamisco drecieamsmitted | cat therVr tracsmit entenrase$ i, isgparate coding and

e bl Bl 1 el A g e
@fdé?%t’icﬁi é%m%%ﬁ@i?é%sé&f R REthNGan FAH RintsiMa maY0F9 Hetermined

'S iagram of a portion of a
based non tcantrots pradded iy rocasgonel Hh ambdbe ndata wites may be

the transmtter .portion of a transmtter system e.g.
defarmigeq A despibed 2 O em 110 in FIG 1. In one

ﬁg@mi MeNnfradnsitea Ak 0tainaludeise it dfeCObodingstd, a transmit data
dul™ati on schenme nay be used for each of the N7 data

orocesser t b dhat Hreeives.cgodas.: RaANMaduWaies; eaghtdataastream in

i.e ., separate codi a [ . .
Ciofiant§h1iel 5. e MR 4 BBgPRBn" Soneee 5 provico
RSt atiorP yBidteesnd ardpemiis MUMOT Teasmit rdats nprocessor 202 and
antenna may be determ ned based on contraqls '

iransmmitc dateo processonr4 e ere STEmeRh P! HEa roiﬁb%faﬂéaocessor
ﬁjéﬁa&g]g@é&ﬁﬂ't g@]&@ RB‘%%%WQM%Z%§ p%ﬁé%l‘% %glﬂ Ga?g.?OCESSOY
300411hat  freoeevembodintkrt, agrshavardin dil€s % dcdnsiait @ata processor
?2t0r26?nrgll|1c§]es demultiplexer 210, Nr encoders 212a through 212t, and Nr
channel* interleavers 214a through 214t (i.e., one set of demultiplexers,
encoders, and channel interleavers for each transmit antenna). Demultiplexer
210 demultiplexes data (i.e., the information bits) into Nr data streams for the Nt
transmit antennas to be used for data transmission. The Nr data streams may
be associated with different data rates, as determined by rate control
functionality, which in one embodiment may be provided by processor 130 or
170 (FIG. 1). Each data stream is provided to a respective encoder 212a
through 212t.

[0042] Each encoder 212a through 212t receives and codes a respective
data stream based on the specific coding scheme selected for that data stream
to provide coded bits. In one embodiment, the coding may be used to increase

the reliability of data transmission. The coding scheme may include in one



accordance with a separate coding and nodul ati on
schene to provide nodul ati on synbols and transmt M MO

wae@admsel dat a processor 202 and transmt dat aPCT/US2005/015041

processor 204 are one enbodi t of transmt data
processor 114 and transmt M processor 120,

hé ay JorfHiffarich Ji3cidle rBaBAGaR)IGeERMCREY coding,

ansmt data processor 20
d@:ﬁﬂdlﬁtﬁﬁ&)@dlr@lor urbia m@dmlecmadmmmage like12The anndled bits

g;mcgaagm?gh%qciqr}t 2 Vergﬁhé’té%rg% r%\ﬁé?ﬁ&léé a respec%ve channel
%ﬁ%ﬁﬁ‘vﬁ@e‘ ft%uﬁgci‘ﬁtr Q\ﬂﬁéﬂ tin@AkaPER the RYIBEUt bitd D4BEd on a
mul T 1 pl exes

ata (i , the information bits)
pattmulamdwrleavmgmm@r Weelnterteaaflmptovaiﬂ%hmdw@rsw for the

d f dat g Th dat t
G390 PRF RN BTG 0 06 HANSTTIEY SeecdT LAt BVEIRES TR for the
'h%h@;g B %haﬁHél@tlhéB%ﬁlfdrt%e Mé‘ﬂaCQtréémO%@nﬂiﬁﬂ@%diﬁQt and further
e provided by processor 130 or 170 (FIG 1).

dta’nevess cemetation pebvéeredoded hits used ta faren @aﬁibar@dutai@a symbol

ISR, o242 B BISHEED 28 LG RUR fver 210

W%ugﬁ enligh isfe GREVIAE 36 REFEspeetivs bbb mappirg dwca 222a through
streamto provide coded bits. |In one enbodi nent,

eaat,nof nmqmimltu%MQ Progeseais 20¢hevhishi gans ttbeﬁ %ﬁ do form

transm ss he codi ng schene may include in
cﬁﬁ%t %ﬁ?oghy conbi nation of cyclic redundancy

S (CbRpeEpén‘tigllarcﬁwdulaﬂbnoBelhemeﬂtmgbedTgtpllmnented by each
codi n ock codin The. code t
§amboirm@mngznlgsktﬁmgmroygmzé% i ChtaTTeH b ing hGulation

A LB e 00 0 S sy g b 225 v

I220€ graups eetssaihq,rmademand mterlea\aad bijs go deimdgwn-binary symbols,
diversity for the coded blts

{sﬁl{sthedtat tb l
Enéin S4NAT MARSS €4CB A DALY KHEMERRIG 3 JARETIC point in @ signa
tcroﬁgt%%ﬁ(?r‘n gBrr@E&S}ﬂgh? sél@&tédhﬁo@@bﬁoﬁtsrcﬁéme (e.g., QPSK, M-
ats a an urther renoves correl ation
lRSMIeHnQAwe@r $orme atbex moolufasiom schemel dEaah inpapped signal point

Shereseradndp M- rBao e FyfbefrNBes N eonéBonds to the
B obeof BSRSEH KLY 18 L PR RSP KRR v =27
@frﬁbélhﬁa%pqﬁé Spibkd %iﬁﬂﬂ%ﬁﬂ %ﬂyfﬁé‘?\' Srovide Nr streams of
modulation symbols.

[0045] In the specific embodiment illustrated in FIG. 2, transmit MIMO
processor 204 also includes a modulator 224 and inverse Fast Fourier transform
(IFFT) block 226a through 226t, along with symbol mapping blocks 222a
through 222t. Modulator 224 modulates the samples to form the modulation
symbols for the Ny streams on the proper subbands and transmit antennas. in
addition modulator 224 provides each of the Ny symbol streams at a proscribed
power level. In one embodiment, modulator 224 may modulate symbols
according to a hopping sequence controlled by a processor, e.g. processor 130
or 170. In such an embodiment, the frequencies with which the Ny symbol



[0044] The particul ar nodul ati on schene to be

i npl emented by each synbol mapping bl ock 222a t hrough
wQ2@s/11B32det erm ned by the nodul ati on control PCDUSTEE015041

by processor 130. Each synbol 1{mappi ng bl ock 222a

t hrough 222t groups sets of (,- coded and interl eaved

%’trbég{soar(e%aun R it Vargyabehsh gibsh bPbidtk! ofB@eb&aChiame, or

&
non-binary synbol to"a specific point in a signal
portinneof aframe ofa@ tragpoissianycyale.t he sel ect ed nodul ati on

i@mt .(gﬁgglghgéf b@fﬁf %%éﬁjggmrgﬁ?@'hzgagbﬂﬁ%%fves a respective

FREALRSIRHSPmbel stredyh From mMacdllator @245 yEAeh IFFh&letckM26a through
corresponds to the specific nodul ati on schene sel ected

236t greups: setsrefnirinaodiationm syabglavio fermpgprresppidigg modulation

' ks A2 2 ' ' . g
SRRl BnafanidHs En 28Rl BHER BRAKCSetbr, o s tme-
elohedh repredentatidn’ awisidhiis feféire@ tot asrsnOFDWMIMYmMbol) using the
processor 204 also jncludes a nodul ator 224 and ,
imHEERe East Eourieb ransiory dRG QAR 2268 typiagh 2206may be designed

PR S5 e ot Y R o Bl 8 el (.
f8orB) BRe..npKl)at i on synbols for the Nt streans on the

WO Ta or Eaon reviomaln daprpssniaton artns, fsdratiopeayabol vector
%&%r&é&%@%b?%l@%%%ﬁi&ﬁ%ug @2?’9% ﬁ@b@gh”@rﬁn associated cyclic

h
at or 4 may nodul ate synbol's according to a
imogi gencratpre2ffa ttvough 228t Bhexystio peafbogenaratprs 228a through

BOBE bR Beading: 4 Rralfs ot @t frdber 6P S BER, wiidh are generally a
TR S Eaey Form s epacdt taéfcwpo sPhBek t@fthéwgnlgéemples that

frame, or portion of a frame of a transm ssion cyc

[coostiltean (DR PMTsyhbelofosn a eereespengire: trarsypissign symbol. The

S0 B RA, PhbB0 B4R e 0kt OB Sh ofecs sucn
Mz BRENEH diePeRioP @asist® B Fraquenty squlsstivegfatneyll aClyelic prefix

synbol vectors, and converts each nodul ati on synbol
geremtorsn228a thsoughed8hiian prepidese slreamaf transndissipg symbols to

B R e RS Yiblot e e et se oo
lje0418]s 1 gnEdch Wagy Blsmenth230atteoagh 23064 mrovides adglay to each
r;l;gﬁgl )tl'_?ét ifsroeu H&tnﬁ*gmsgyc(l:igapnrg% Sg’]e(n(cea'ra ors 328a1 ?ﬁroﬁéh 228t. In one
embodiment, the delay provided by each delay element 230a through 230t-1
varies in time. In one embodiment, this delay is such that the delay varies
between consecutive symbols output by the cyclic prefix generator or
consecutive symbols that are to be consecutively transmitted from the
transmitter unit 200. In other embodiments, the delay may vary between groups
of two, three, four, or more symbols with each symbol within the group having a
same delay. In additional embodiments, all of the symbols in a frame or burst
period would have a same delay with each frame or burst period having a
different delay for each symbol than a preceding or following frame or burst
period.

[0049] Also, in the embodiment depicted in Fig. 2, the delay provided by

each delay element 230a through 230t-1 is different than the delay provided by



[0047] Each tinme-domain representation of the
nmodul ation synbol vector generated by | FFT bl ocks 226a

wo boosagis2226t is provided to an associ at ed cycPCTUS2005/015041
prefix generator 228a throughi228t. The cyclic prefix
generators 228a through 228t pre-pending a prefix of a
bh¥Rdothurifdlap ecl8HBRL. ©SFuMhSC Nwhile FIgner debitts? tnam&gnc prefix
of sanples fromthe end of the OFDM Synbol, to the
genprader 2R8a isoncit couwpled 49 @URay wlgwent, cother gmpodiments may

R B8Pl eish R TP SABHERP petl A8, RaColee g generators

pash tefoughtzpsiuch as channel dispersion caused by
fregliency selective fading. Cyclic prefi enerators

thr olibe SBkols Heuipwt BYi dRlay, elefents @B0a through 230t-1 are

piTAOE 52 S¥ERRIS: ParBifoR28a ol 2L WS causes the
shimboh t@ 3 tranpimittédley antdahay 232zettorbughy masHt advarding to the
out put fromcyclic Erefl X ggbators 228a t hrough

gelay prplf«fid@ﬁléoye%amﬁ nist 8NPt Hed by each
05 ool monpiod A2 %, e SHinekithBht, The ing FRying elay 4,
gﬂ/& i§ed %S/L%‘?tgpgén &%Hfén‘f%%”f‘ﬁ%tﬁql?%@ﬂtv béalsts\nﬁrﬁ fime. In one

clicp rator or consecutive sy
antbadimbat, dba &t OFRDMIsymbaliis transmidtedr asrattremsmitted symbol from

transmtter unit 200 | t her enbodi ments, the del ay
& B@%@@%BG@@!&Q&%-{%, three, four, or nore
synmbol s with each symbo} wkthin the group having a (Eq. 2)
same del.se({/k—m)axddw)i:oga#Eﬁt;@‘d‘?Wﬁ‘i’" ) edllPF'V8f the
synbols in a frane or N & period woul d have a sane
delay with each frame or burst period having a
dihef reselting dvessll cemnehirhthis/cdse malydoe deseribedadisng or
followi ng frame or bupst period. [0049] Also, in the (Eq, 3)
enbodi ment depiH{gd) + B Hi §,nRe ' CHE"YE ay provi ded by
each del ay el ement 238a through 230t-1 is different
than the delay provi ded byeach ot her del ay el enent.
Whdrber, (iyd)i IsethBi ghandetaith discréteaFouner Trangfoe (DFT) coefficient
generator 228a is not coupled to a delay el enent,
dorhthe ehboukélnienpuseragsponse troma thielmgh dfansenittingoanteana to the
out put of each of the cyclic prefix generators 228a
tr‘ﬁ?‘%\ﬁ@ﬁ BWANa.1 0050] The synbol s out put by del ay

PSSy AGnisd cpunt 638, vymecasmo et o roouere
ssekectivity and time selectivity into the channel that may be utilized to improve
performance. For example, by using time varying delays for transmission
symbols across different sub-carriers and different OFDM symbols, both the
time selectivity and frequency selectivity can simultaneously be provided.
Moreover, in the case of transmission to multiple users, the time variation of the
channel that is provided by varying the delay for symbols can be exploited to
provide diversity gains to each of the multiple users, since each user’s receiver
will have different channel conditions than each other user’s receiver.

[0053] In one embodiment, the delay A (i) may be changed in a linear
fashion with time with each consecutive, or group of consecutive symbols, being
delayed by n* samples, where 8 is a constant and n varying from 0,1,---,N -1,

where N is the number of symbols in a frame, burst period, or symbol stream.



synbols to be transmtted by antennas 232a through

232t according to the delay provided by delay el enents
wQ@3da1tepugh 230t-1 . [0051] As stated above, PCTIUS2U05/015041

enbodi ment, the tinme varying gelay Aln provi ded by

each del ay el ement 230a through 23Qt- varies wth

i TRotHel & g'l(i}%as aﬂ?rtHS'&‘eieM 22(’2 'ﬁn‘g\él %Mﬁ'dﬁlﬂl based upon a

transmitt ansm fromante

ﬁgéﬁﬂg'r&%&n%@qﬁén% \ﬁﬂw re?spe%( %aﬁ 4Bj8EHchantee . ezaﬁﬂ@nna of

n=0 The résulting over al |
(Hhmrfldelaﬂtﬁnlt\&tﬁ sacawem(}g mddersé@umugasympol n)ln: an additional

aitadheft S, adfas pRE B VAR ] aiSieLRE Functicslich as a

s nRsinevH Gifef BRROVESIHG ARCtBA, @ihahxtveﬁawdm'mg ,N-1 or
anténna to the receiving antenna. [0052] The use of

tshime muliipleatheregf.deheare dais the nothies O:fowmbcvleqneawérﬁme burst

seletlwt tinme sele ntot chann th
HpoHeot DT aeasn; BarD o dhe Sraihds SRS B Avp e dolay may
'%stlﬁbnéhéd Based e fé@d@ﬁék ifforiB AR TIrs Sintch 83SHOhS receiver
across different sub-carriers and different OFDM

sgntis| backoet ighanaek quglltyeu@matqr ttlyatadg_scml@egjéla@yoverall channel
Eangifiont sl (0 “E'ﬁf‘é‘%ﬁ?% ol B Bereiu® e
PR . SRt 3 B B s oo

6 @yhfbolgliransmitied m@mr@ shmecaxitbnné i$ hlﬂsl‘ratdd pSembskrS;, Sy, Ss,
since each user's receiver will have different ch

@hedPs Ashgendiaietinche Fenemitirdudng geRsgaftivelt mfsﬁﬁ%tﬁf 1 Tz, Ts,

! neawp‘%?eﬁﬁg‘%yv\: ?ﬁ'ﬁ‘f?kﬁﬁ P@%Z e%ig%y Conseh%ﬁ@ﬁilsbg rfine samples

N ngf NeHidqag Dk, Vs W0 Nss, gy, mpdde hageantple reyblic prefix Ny

G Nea wiich sro SamiRe dbNenrectely banaifibe,noted that
ftﬁ%"@?ntéﬁ‘ﬂﬁ%aﬁﬁ@ eW?QWeréhf RABACh éfrtﬂb fbols. It should
e ay

I ment be a random del ay,
Hmsadtedrtbat thepsamﬂtesr Il ez g Msse Newi Nis, Nsypblss, Ny are to be

FopRAb S TR JoRN B v BudbRPrEBR S e NN Vs BieNosr Nor

W%ﬁﬂl‘ nt, the delay may be varied by f(x) where f is
a tunction such as a _
[0055] The delay element, e.g. delay element 230a, then provides a delay

to the symbol Sy, S, S3, and Sy that are transmitted from the same antenna. In
the embodiment depicted in Fig. 3, the delay for symbol S; is one sample period
t;. The next symbol S, which is to be transmitted on the same antenna
immediately after symbol Sy, is delayed by two sample periods #; and t,. The
next symbol S, which is to be transmitted on the same antenna immediately
after symbol Sy, is delayed by three sample periods f;, f2, and f3. The next
symbol S, which is to be transmitted on the same antenna immediately after
symbol S3, is delayed by four sample periods t;, f2, 13, and #,. If additional
symbols are to be transmitted on the same antenna, the next consecutive
symbol would be transmitted with a delay of five sample periods {;, t2, {3, f4, and
ts. In this way, a linear time varying delay may be applied to transmission from

an antenna, which may or may not be part of a MIMO system.



sine, cosine, or other time varying function, and x
varies fromO,1,- --, NI or sone nultiples thereof,

wob@se172i s t he nunber of synmbols in a frane, BPUF/ES$2005/015041

period, or synbol stream In gach of the previous
enbodi nents, the delay may al so be changed based on

E@@L&aack It HhRLRbE Hoted Thdther Géﬁ@iotmgf {HRCEEM9 peIPAdTeed not
ack"a channel quality indicator that describes the
beesaduentiahhyebne osampieo psriathd bbirfzay ibe shquepdialtly 2 or more

i mprove the overall al L.ty. Q Ref err,i Fi Q.
SERefE Brtiodh 8 feflop <2 1% st subDPR ) auiugF Bpfiielibibfee sample
PEABAS Stie” 38somd ts3phiid08), & eANbeNEIR dample periods, the third
illustrated. Synbols S, S2, S3, and S4 are generated

symbe! Szaissdeleyed kiuming sese qariods, andethg dewrttrisymbol S, is

Keipves ol Mielh. SERPRL Pl R0, HRIBoaRyvardfgn Fhdnot vary
Nefved¥s éachisdnsébtiveasymbolt bat- forgpb@p< BE symbolssfe.g. Sfhbols S,

and Nc2, which are sanples NS8, and NSQ espectively.
endshpare) egeh finlayed Rytone saapit defiodianchskimbalfpiSe #ag S+ are

if | s. hould b
88el el by B o bl SrP R RIBRE L '\ Rss, N,
E?S?]Ng , Rﬁ{mriag eo}\lsm%.be, Nasgmnh’\ib;ﬁﬁknbnt bbel\ng'memoﬁn%s defay applied
i@ 6.y EpreREtsr oR i fieRaneniasss INsStRIed| riame ymbol S i
ﬁg@&éﬁg’t{t% B SRtehrfAR! A‘)é 42? étﬁﬁhtsﬂ&mpoéyrﬁbol §?cor§?}ﬂses nine

are transmtte e sane antenna.
ishmpled O,nBes, NepiMdse NssnNes, Ns3 Ndsh&lsdebay o two-sample cyclic

RS 43 B2 R e Bl L o
iaﬂf@ﬁia"i‘h?'sgntfﬁzdl eS_ljhi%V ABPWefayed! t|$y %gk/aém‘eﬁﬁplaypér\i%sﬁ*ggﬁ%ﬁ second

periods an 1e next symbo ichis to _
antenna Az, aymbol thds sietayednyeana sampdeliperied yf;.afrem third antenna

HaSlranore s @ Bl RS o lf st BRGL: Frote Puta govenna
), HPLBRST iA0ERYEa byTRd: Safiple petiots 3 H0Eh,. AS such, time

del ayed by four sSanp periods , t2, : .
aodi frequegicy Sivesity raay begprowidedainsaiMiMQ systerndn ageition to the

, i_v.ex syrbal uhd be
A v O oo B RR o S MIDRL ARHAS P2
$0038] andTh& tinhéd diviirsity\eyovided farete doheene/ depictadl teFRy 4, and
may be applied to transm ssion froman antenna, which
yatjiaiensyiyeraet mevigest a geductignvin dhatlikelineed e gallisions by the

t h LN r iaf.d . o

%gﬁéogsa%z%lggngf 4 NEanb"&IMbLRT hRHRN Minithi¥g'SthdY possibility of
destructive or constructive addition of the channels.
[0059] It should be noted that the delay variation between a same symbol
transmitted on a same antenna need not be linear or even related to the delay
on the other antennas, so long as if the symbol is to be transmitted substantially
simultaneously, it should be delayed by a different amount on each antenna.
[0060] It should be noted that, the order utilized need not correspond to the
number of antennas and may vary for smaller groups or in a larger number than
the number of antennas.
[0061] In addition, as discussed with respect to Fig. 2, the delay may be
random and may be based on a function such as a sine, cosine, or other

function. In some embodiments, the delay period is limited to a number of



be sequential by one sanple period, but may be
sequential by 2 or nore sanple periods as well, e.qg.

wao b@sfiiBst synbol S may be del ayed by three sapi/gS2005/015041
peri ods, the second synbol S25 s del ayed by six sanple
periods, the third symbol S3 is delayed by nine sanple

n‘B gsin a?EgmbBP Xfr%fétthe%%@@beﬁod & baViepehted #RVE fixed or

e peri I'near variation need not

lmxjy)nbammﬂmm af aymhaisis Y80 ikeshopitbbe nated tbat Hieodplaydretween
SRR e rBR o A B IR BYng Mutoles

@B/ ehWé QQmaneﬁéﬂé" TR frzréBnall QQIW] mB?flﬁE lilp@niented, in one
4, an enbodi nent of a tine var del ay applied

embadmﬂolbytusm fitactiens &f alegk peri Saﬁ #hmapsejq more clocks of
IIush&a qzdﬁsame synbol Sis to be transmtted from
L UR and A4. Synbol S conprises nine

[oe2] es NRéferid to 5N%i4blobﬁsdla©&m o“ﬁ%otihﬁﬁenmﬁ@ment of a
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generator 228a is not coupled to a delay element, other embodiments may
provide a delay element to the output of each of the cyclic prefix generators
228a through 228t. Also, while Fig. 5, depicts that cyclic prefix generator 228a
is not coupled to a scaling circuit, other embodiments may provide a scaling
circuit to the output of each of the cyclic prefix generators 228a through 228t,
regardless of whether a delay circuit is coupled to the cyclic prefix generator.
[0064] Referring to Fig. 6, a block diagram of an embodiment of a receiver
unit capable of utilizing time-varying delay diversity is illustrated. The
transmitted signals are received by antennas 602a through 602r and processed
by receivers 604a through 604r, respectively, to provide Ng sample streams,

which are then provided to an RX processor 606.



the nunber of antennas. [0061] In addition, as
di scussed with respect to Fig. 2, the delay may be
wo anndorm3and nmay be based on a function such asPEI/BE52965/015041
cosine, or other function. |Imgonme enbodi nents, the
del ay perlod islimted to a nunber ofsanples in a

@Iﬁgg L . ran &&ﬁoﬁ@l’aﬁ*% 'c9§hd%f1?$eﬁ~%9§?él@ﬁweﬂBQQthrough

om nu er of ftbol s. SO it shoul
Bt2rednd HET thackset tda !ﬂm‘ougbrﬁh%rrwwsiecéln $)énl13¢|a$if63cm% Cyclic

Sl P Heshi 21 1 PR e nluca i
gsémfaﬁmd%%ri SRhBSEBIREvidE ™ cutfesyBhartigRitbverad @EDMszmbol

ractions of clock periods of the one or nore clocks
[ﬂoaﬁﬂ ansnfET eblogks t6 140 thioogb2p1#&efteeni ignsfermi gachy regovered

r am,of not he o
B, 590 s8R g P PRl o RS e vector
bf NeséERNREd nbdnatorn sphborifor &@N;:$re<qubat:3aeut)ahamels for each
identical to transmtter unit 200. In additi

ﬁaasmﬁgsm synbelpe&inga Rt blagks 594a.throyak %‘d’drprew%ﬂ\éﬁfecelved
%&?gh&*"éﬁﬂ%tﬁ R DRRAErobBSdI Y ° o340 0 or ovi da

th 738;1 SSpilaﬁ?ail m?cé%s%@mhf@rﬁﬁmp:tﬂvodedad:e/-tlemcﬂ;rooéssmg on
e del ay el ements a throu t

the NedGCaiNeS tSympol sHeaes tordide Ne pgé}e%f §M@So?%@3ms which
ﬁﬁ@wnﬁa ds &tﬁ@'?\?ttgégfsn%ﬁb&ts bo@s eéﬁlsaﬁia{tﬁﬁpﬁ%@@s& 620 may

l'es peri ods
anpremerﬁraolneeareZF equdbzteryavmhannebeomalatlearmatelxpnvere@n (CCMI)

SaHBI o Br FHETI AL SaviEas R MM el SRt af JRASE tncar
%hp?h&érs SE- F_Egoﬁg&eé§éh fbe@b@&k depiafizéh(DFEY,haF sofne other

eren than e other scaling circuit. In one

eqbahizemmmmaare n!eacntpﬂd)gndsﬁmﬂedsndd&u Retent Applieation Serial

Rleke oGR8, Audoos, PP 4Bty o dpe” bl whio 1o

\Ar;cdrﬁél%té& ﬁ@re'ﬁ*"?ﬁfi refeténcd iRAAST ehtiretiegul d be noted t hat
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SRR TRAT BVicBiro 8p2odY R M, SO of e
2Pemiers0, whigh! ard-i discussedewitt segpett &y dFigs. m%fridx5 This
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cir
sommensationi malit ke nepvidedyiiaeone s%abp%lgﬁen% y' Féving the delay
scheme, e.g. linear, random according to a pseudo random sequence, or

function, known a priori by the receiver unit 600. This knowledge may be
provide, for example, by having a same scheme uitilized by all transmitters or
providing information as to the scheme utilized as part of the initialization of
communication between the transmitter and receiver unit 600.

[0069] A multiplexer/demultiplexer 622 then multiplexes/demultiplexes the
detected symbols, and provides Np aggregated detected symbol streams for the
Np data streams to Np symbol demapping elements 624a through 624r. Each
symbol demapping element 624a through 624r then demodulates the detected
symbols in accordance with a demodulation scheme that is complementary to

the modulation scheme used for the data stream. The Np demodulated data



circuit to the output of each of the cyclic prefix

generators 228a through 228t, regardl ess of whether a
waledoayisercuit is coupled to the cyclic prefi XPCT/US2005/015041

generator. [0064] Referring tp;Fig. 6, a block diagram

of an enbodi nent of a receiver unit capable of
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incorporated herein by reference in their entireties.
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channel estimates and other parameters such as the modulation scheme.
[0073] Referring to Fig. 7, a block diagram of an embodiment of a delay
element is illustrated. A processor 700 is coupled via a bus 702 with a memory
704. Memory 704 is utilized to store samples of time-domain representations of
the modulation symbols that are provided for transmission. The samples of
each symbol are stored in memory locations that are known to processor 700.
Processor 700 can then instruct memory 704 io output the samples of each
symbol utilizing any desired time varying delay for consecutive, groups, or
frames or burst periods of symbols.

[0074] As described with respect to Figs. 3 and 4, the delay for each

symbol may vary between each symbol, for groups of symbols that are to be



function, known a priori by the receiver unit 600.
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these estimates to processor 650. The channel response

ahangeifroen Naor hrdee fesulbel ¥¥De fHficiaNbased on the
466771 €9 A BBRirdtfont REtHN Made as to whether of the symbols that

need to be delayed have been transmitted or otherwise utilized, block 810. If
not, additional delays are provided to the output of further symbols from the
memory or buffer according to the same time variance, block 808. [f yes, then
the process ceases, and additional symbols are provided as discussed with
respect blocks 800-804, block 812.

[0078] Referring to Fig. 9, a block diagram of a further embodiment of a
transmitter unit that provides time-varying delay diversity is illustrated.
Transmitter unit 900 is substantially identical to transmitter unit 200. However,
instead of utilizing delay element 230a through 230t-1 coupled to an output of
IFFT blocks 226a through 226t, phase shift circuits 930a through 930t-1 are
coupled before an input of IFFT blocks 926a through 926t, in they receive the



[0072] Processor 650 may be designed to perform
various functions related to rate sel ection. For
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[0082] In some embodiment, the modulator and the phase shift circuit may
comprise a processor.

[0083] Referring to Fig. 10, a flow chart of an embodiment of a method for
providing time-varying delay diversity is illustrated. Samples of a first symbol
output by a modulator is subject to a first phase shift ®4, block 1000. The
samples of a second symbol are then subject to a phase shift @5, which is
different than ®4, block 1002. A determination is then made whether additional
symbols have yet to be phase shifted, block 1004. If not, then a phase shift

which may be the same or different as ®4 or @, is then applied to the samples



order that is desired. Afirst synbol to be
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[0088] It should be noted that transmitter 200 and 500 may receive and
process a respective modulation symbol stream (for MIMO without OFDM) or
transmission symbol stream (for MIMO with OFDM) to generate a modulated
signal, which is then transmitted from the associated antenna. Other designs
for the transmitter unit may also be implemented and are within the scope of the
invention.

[0089] The coding and modulation for MIMO systems with and without

~ OFDM are described in further detail in the following U.S. patent applications:



[0080] In one enbodi nent, the phase shift provided by
each phase shift circuit 930a through 93Q is such

w0 bas/111321 phase shift varies between consecut i RET/US2005/015041

synbol s out put by the nodulatef. In other enbodinents,
the phase shift may vary between groups of two, three,
foup, or e e tehfitled “Multiple-
group hav% %%kéﬁﬁ%%ghsghaﬁm%ﬁwégﬁg ed “Multiple
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t hrough 92 [0082] In sonme enbodi ment, the nodul ator
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montil ot or OB GRaRE e BRaelofr sterdt NG  RBZ402,, bffted “High
unti | théiéﬁc;afﬁlgﬁq:éﬁ’&*rﬁéﬁb@a@omﬂb@hdr% s?ﬁéﬁn ERigidying Multi-

[ 0084] there are no additional synbols to phase
shi ft Camerwulﬂt@narfée@mqr@bﬁot 300®FT, bl ock 1008,
the pre-pending of a cyclic prefix, block 1010, and
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according to the order in Whlpp‘ge are provid

a:qugfl oF a-Goasking ﬁ@we@metvmergw rglp’@ﬁtg(s may kg ﬁghleved by coding
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adjusting the puncturing to achieve the desired rate. Other coding and

modulation schemes may also be used, and this is within the scope of the
invention.

[0090] Those skilled in the art will appreciate that the various illustrative
logical blocks, modules, circuits, and algorithms described in connection with
the embodiments disclosed herein may be implemented as electronic hardware,
computer software, or combinations of both. To clearly illustrate this
interchangeability of hardware and software, various illustrative components,
blocks, modules, circuits, and algorithms have been described above generally
in terms of their functionality. Whether such functionality is implemented as
hardware or software depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans may implement the



[0085] In sonme enbodi nents, the phase shift may be

di fferent between consecutive synbols, groups of
wa@ewbols21 or franes by a phase that is equal tBCHUS2005/015041

constant angle multiplied by gapvarying nunber

corresponding to the |location of the synbol in a

%\é@?%e& Hrg,gmgéﬁtygﬁ RaryiRg Waial fop 'é%ﬁzpartmﬂaﬁ Q?Eléo?ﬁ?inhgut such

angl e may |_x_e or may vary accordadl ng to 0
troplsnaerttstiondeeisionsshewis neine inigipseted@s ealising §deaparisire from

i,nt ended r differ. antennas may be different.
f%g%?m{@ﬁ{%rﬁs 'ﬁﬁ@ﬂé s, the phase shift may vary
Jo091]di NgThe varicRdiispates 1vgithl bRIREC lordbcessoys,ofrivelules, and
synbols. This may be provided by utilizing a pseu

: . . do
cadihtieseripedongannestien e ipRnabedinients disslpsed herein may be

I nqt i 10 i1 l.us i :
BRSO Wi, & cirsret BulnoskhigBkEsor el signal
?jmg@hi(ﬁspﬁ cirppits, ean tapplichtia spbeifisyintsyratedf cizcuit (ASIC), a

rame or burst period, each synbol may be subject to, X
fiekdr psegragyeable gater AirayrERMLPR Ptk RERIrRAUNARIGIRGIG, device,

ko r S i G p [ h
Sfscrle” Dot HIstEF TR,  ABchie PRERMTS' phFsefifs or any
sbmbichtion theredf designedatos petfoen theOfumction® @lesasibed herein. A
recei ve and e;\)/{)ocess a respective nodul ation sy

ol \

SENEERhRUTBPSAPIASSRFPMBIRY RS- PIICEIPIPFEs G i laéﬁgﬁkfsmaﬂve’ the
f i a i

BrocafSor ity Melehyicbiviitidfal Ifocsaet SbiocRsSa thittdiacessor, or
statenmachideheA pexiegaer may alse be dmphémerieduasta wambination of
al sp be inplenmented . and are wthin the.scope of the .
VRS Gre 0GB PTG Blieh S o BT PO PO Aupluralty of
SiekrBcdddos, aste ¥ Hritve imicfdb @R ofercedhjanction With hBBP core,
detai'l in the following U. S’ patent applications: US.
Patléiple lopiclalementsn nadiip alcwm.ts,w/aws),tgalﬁwﬁhmnﬂg@matlon-

198 P o riafiodd & BiGarRIY | dRHIBBATE Citesgion with the
dnshoditieffd dfsuddeeiahiofdin SRaY Abe NPnbéd iredl9. in hardware, in a

entitled "Method and Apparatus for Processing Data in

sokwiare predule pxecitad by ieepPropesser. uivg coptbinaticnael die two. A
St hbddie! Ay ARl B b i ot 0 hromony
EPROM Afcmeryd EEFROM #dfinory, registers, hard disk, a removable disk, a
CD-ROM, or any other form of storage medium known in the art. An exemplary
storage medium is coupled to the processor such the processor can read
information from, and write information to, the storage medium. In the
alternative, the storage medium may be integral to the processor. The
processor and the storage medium may reside in an ASIC. The ASIC may
reside in a user terminal. In the alternative, the processor and the storage
medium may reside as discrete components in a user terminal.

[0093] The previous description of the disclosed embodiments is provided
to enable any person skilled in the art to make or use the present invention.
Various modifications to these embodiments will be readily apparent to those
skilled in the art, and the generic principles defined herein may be applied to
other embodiments without departing from the spirit or scope of the invention.
Thus, the present invention is not intended to be limited to the embodiments



both entitled "Method and Apparatus for Utilizing

Channel State Information in a Wrel ess Communi cation
w®Eywsenms2l respectively filed March 23, 2001 anPCT/US2005/015041

Septenmber 18, 2001 ; U. S. Papent Application Seria

No. 09/776,075, entitled "Coding Schene for a Wrel ess

QHHWH n héﬁ-:tlh %htsbés {¢Be afcbbl%‘éd':ﬁ’ﬂi %Héstl 608;9@ lconsﬂﬂé‘nt with the

S. Patent Application Serial No. 09/53
pnncmlmndmgvel featuceedisglosef iereiar f or nan c e

c tem Enpl oying Multi- Carrier
mh @LAWFHS%; Mar chn.pSO?/ 2800. These applications
are all assigned to the assignee of the present
application and incorporated herein by reference.
Application Serial No. 09/776,075 descri bes a coding
schene whereby different rates may be achi eved by
coding the data with the sane base code (e.g., a
convol utional or Turbo code) and adjusting the
puncturing to achieve the desired rate. O her coding
and nodul ati on schenes may al so be used, and this is
within the scope of the invention. [0090] Those
skilled in the art will appreciate that the various
illustrative |ogical blocks, nodules, circuits, and
al gorithns described in connection with the
enbodi ments di scl osed herein nay be inplenmented as
el ectroni ¢ hardware, conputer software, or
conbi nations of both. To clearly illustrate this
i nterchangeability of hardware and software, various
illustrative conponents, blocks, nodules, circuits,
and al gorithnms have been descri bed above generally in
ternms of their functionality. Wether such
functionality is inplenmented as hardware or software
depends upon the particul ar application and design
constraints inposed on the overall system Skilled
artisans may inplenent thedescribed functionality in
varyi ng ways for each particul ar application, but such
i mpl enment ati on deci si ons should not be interpreted as
causing a departure fromthe scope of the present
i nvention. [0091] The various illustrative |ogica
bl ocks, processors, nodules, and circuits described in
connection with the enbodi nents discl osed herein nay
be



i npl enmented or perfornmed with a general purpose
processor, a digital signal processor (DSP), circuits,
w@poodppidecati on specific integrated circuit (ASITUS2085/015041
field programmabl e gate arrays{ FPGA) or ot her
programmabl e | ogi c device, discrete gate or transistor

| ogic, discrete hardware cqepARMEts, or any

combi nation thereof designed to performthe functions
described herein. A general purpose processor nmay be a

Ty be anp: Ao PoRpvilTgc ke B ST el i o FAfk-channe

danqmgﬁrcgﬁgﬁgggtenprcoﬁ@{sqhgmchl ne. A pr ocessor rray aI SO
be i nplemented as_ a conbination of devices, e.

conbi pEavidingofo a fivshaaiedna, mfersbgymb@hg@mpnam@ @rﬂéﬁt Rlyrality of
of foprocessors, one Or nmore Im croprocessors in

@6“% ction with a DSP core, nultiple logic elenents,

nul ti previgingCte & Secord antenabitie frgtsyrabolf aftprreafiisddelay period;
[0092? The nmet hods or al gorithns described in

conne®fP\deingi ¢ thedirshapianman@s sarard SYBWPOh&OBIRTISHg, @ second

ﬁﬁraﬁgpgﬂg%gp directly in hardware, in a software nodul e
y

exec a processor, or in a conbination of the
two. providingate thredseandagnicasad¢hée redeahtnsymbyl, afitmahsecond

Jely pbiied thatgs %yrérkﬁﬁgr?ﬁv'ﬁ&?eﬁ@yfn%w 'a 0D ROM or
any OHP&\Fldlfn?r B e ﬁFsgraﬂ%‘nr{ée‘é' Hid rﬁ;')"'ﬁ’sﬁé b thftd plurality

exenplary storage nediumis couple to e processor
afisaimpleg; pr ocessor can read informati on from and

ite inf t In,t
U b O th dhet b HBEROR T T Bkl e 2 it ey
gk PEIRAY is dﬁ@eﬁf%ﬁ&ﬁ@mrﬁ%léwﬁem@éﬁa ehdTBEEAHE @@My period.
side 1n an ASIC. The ASIC may reside in a user

terminal. In the alternative, the processor and the

Ser - or mihal meliBboSf SR £ ubbith hESRRARGH SecBpd symbol,

Shep muﬂsseﬁhmmd icBRsécutive Wlﬁ@ﬂa@@n@@ﬁh@ommmr son

skilled’in the art to maké or use the present
[ nvent| on. Various nodifications to these enbodi nents

be r e t I r
$d the odf metRRF Rt % JRSRIT the it Brhda * transmitied
igmediatly afier ltre stbadi syenival thvat o titandaited iimenddiately after the
the spirit or scope of the invention. Thus, the

firsb8WAPOL nvention is not intended to be limited to the
enbodi nment sshown herein but is to be accorded the

wi dest scope consistent with the

4. The method of claim 1, wherein the first symbol, second symbol,

and third symbol are non-consecutive symbols of a same symbol stream.

5. The method of claim 4, wherein the first symbol and second symbol
are separated by a number of symbols and the second symbol and the third

symbol are separated by the number of symbols.

6. The method of claim 1, wherein the first symbol, second symbol,

and third symbol are each transmitted in different frames.



princi pl es and novel features disclosed herein. WHAT
IS CLAIMED I S: CLAIMS 1. A nethod for providing
WO e@aam3gsi on diversity in a nulti-channel PCT/US2005/015041
comuni cation system conprisbyg: providing, to a
first antenna, a first symbol conprising a first
plurality of sanples; providing, to a second antenna,
the first synbol after a first del ay period;
provi di ngThedanethediafrafaimahtwifergin a second synbol

o T neetdiR RETat bRl s BT ReiY B appiing a
et phasalshiiito aich @ thé aist pfurdiitl fof saniplédian the fi rst
del ay per.i od; 1|5[Jrow ding, to the first antenna, a th

rd
synbolPrevipe; aleigiie sehand aYPal #igr e Segaicbdelay period that is

t I
BBl i the A USAT el i es I BbE sSUIRE bppse shift to
thierssicofle | phyralityrofadinaplds L thet isaliiferéntitamythpdirsiqshas2. shfftreand
met hod of, cl almé wherein the first synbo

syrrbolpfo‘élﬂ@gttﬁ‘ler ird\syi5aftol After @dthird '?M@%?ﬁﬂéﬁ*s'sdﬁffﬁrem than
BB, pSha i o Tt 000 o SFhepd oo o

plwsm]slhlﬁyhcrtthle thivdt plusality ahsainptesdthiainise difterehtythant the flrst phase
th f|r synbol , 4. TR_@ nmet hod of claim 11, wherein
?'Hg"’\”ﬂrt Sgé%‘gpha%éb synbol , and third synbol are
non-consecutive synbols of a sane synbol stream 5.

The nmethod of claim4, wherein the first synbol and
&.econd syFPbel matrmdsebabaaneﬁ wiyereimthenéirst slelayy ppriod camprises a

{x%) B aprigfRotie: Seqohd faBohiRlos FmBRERS Aidelay of X+
;sertdd% hhd she MiRP@lay SeRDhides vdslhy oﬁkdzpfyamble ﬁeriods.
y are eachtransmtted in different franes.7. e

nmet hod of claim1l, wherein providing the first synbol
fter thefir [ hse bV . .
irst phag&es'ﬁ%m%%{ @8‘%& 183” tﬁgﬁ\[ Pfesﬁrsgﬁ%léc/}{ pgg;g%fcompnses a
8élap| sfsX sample periods, the second delay period comprises a delay of Y
sample periods which is any number of sample periods other than X, and the
third delay comprises a delay of Z sample periods which is any number of

sample periods other than X or Y.

10. The method of claim 1, wherein the first delay period comprises a
delay of f(x) sample periods, the second delay period comprises a delay of f(x+1)
sample periods, and the third delay comprises a delay of f(x+1) sample periods,

where fis a function.

11. The method of claim 1, further comprising modulating the first
symbol, second symbol, and third symbol according to different carrier

frequencies.

12. The method of claim 1, further comprising providing a scalar shift to

the first delay period, second delay period, and third period.



providing after the second synbol after the second
delay period that is different than the first del ay
w@esosod3epnpri ses applying a second phase shi fRCT/0S100&015041
second plurality of sanples, bhat is different than
the first phase shift; and providing the third synbol
ter a tihe dngfodoP ek, ikrelis (1 fifst ity beABA! e second
I'rst delay period and the secon el ay period
daday pesied, apgltherthird delay ¢epibd sarestheterminedt hasechiupan feedback
plurality of sanples that is different than the first
'B Q@GR ft and the second phase shift. 8. The nethod
of claim1l, wherein the first delay period conprises a
del ay of X sanple periods, the second delay period
thnpri sesThe de¢thod of claim & dwipher gmprEkisg and the third

del ay conmpril ses..a . +20,. [ The
et nodparnang: prd SGprBYighlo. &8 BERioRGs Bievpibot

conpr igpendingdepadr ©f provisiaiy laccyiedic ippskix totthe seeonddymbol; and
del ay period conprises a delay of Y sanple ﬁ_erl ods

whi ch aippeadipgnpriero RIPViding EeCystie prRfix tetthethirg sympol.

and the third delay conprises a delay of Z sanple

peri ods which is any nunber of sanple periods other

t1Han X or A¥rarkPnittéheomptisind: of claim 1, wherein the
first dela% period conprises a delay of f(x) sanple
peri od leashBVe @piMage| ay peri od conprises a del ay of

f (x+1) j : i CQpri ses a
del ay ao@@? %ﬁﬁdgﬁgltggﬁ %\Sf;e’a%{\l‘\hﬁec?ggﬁngég, uncti on.
11. Thedetay kivcuibtouplad etweén thehmodatatpr arsd pge of the at least two

155 d0e AT DR oh ST quitbrt Btn. i mioduleior to the
SHglg?rgﬂr‘a an diayFp&ic that VHFEHBUeCHAB! | Sing providing a

Ift to the first delay period, second del ay
period, and third period.13. The nethod of claim1,

I ool anfedraRmitr 3R B8, whatelf G ettt provides the
daa¢ beiivansd apstbitek difffrentBéinien ddnsetiifivariyhiisbi®butput by the

claim1, further conprising appending, priof to
modulationig,tha apiennac prefix to the first synbol;

appendi ng, prior to providing, a cyclic prefix to the
second synbol ; and

17. The transmitter of claim 15, wherein the delay circuit provides the

delay period so that it is different between consecutive symbols by a number of
sample periods that is equal to a constant multiplied by a varying number

corresponding to the location of the symbol.

18. The transmitter of claim 15, wherein the delay circuit provides the
delay period so that it is different between consecutive symbols by a random

number of sample periods with respect to any other consecutive symbols.

19. The transmitter of claim 15, wherein the delay circuit provides the
delay period so that it is different between consecutive symbols by f(x) sample
periods, where f is a function and x is a number that varies according to the

location of the symbol.



appendi ng, prior to providing, a cyclic prefix to the

third synbol. 15. Atransmtter conprising: at |east
wo msamsennas; a nodul ator coupled with the atPCEHS1005/015041
two antennas; and a delay cirgpit coupled between the

modul ator and one of the at |east two antennas, the

lay cir t S | &= 0 PR

‘ﬁfﬁdul atorﬂ.{é %gé Q%’rﬁaé'(I afsde g@%e{:@gg}% Egtavgacallng circuit
covpled bémleeh&heﬂbmﬁmmmﬁmrtdthe arftechai m 15, wherein

the delay circuit provides the delay period so that it

is different between consecutive synbols output by the

dul at or f

2. wier of hE iR SqRRLCO aint f5, HHerdih RS Tnbdlich uthies Biferont
qaenercfdequericies ofi 4 frequendyf karghto metulsde symibskscut | ve

synbol s by a nunber of sanple periods that is equal to

a constant multiplied by a varyi ng numnber

2orT eSponT}héQrér%rﬁlﬁér b efitOT5 ClvhRén IMENAbdulitor dite the delay
transmtter of claimi5, wherein the delay circuit
qgincuiticoepriseen pedcags@eri od so that it is different

bet ween consecutive synbols by a random nunber of

sanpl e periods with respect to any ot her consecutive

Bynbol s. fHe fFashittePsof ElbRh 18, whardlh lhe whessdtnivid@intennas
delay circuit provides the delay period so that it is
cmnﬂpraee@t leastinduae curienrag.i the Yanpmitierpiurthex)conapiigieg another

G5 B 3B o B RSP el A BB B Pt e
érftéﬂﬁéﬁ tther amdther demyl&rcdluptdi@dlngmhen dgla@r perddd tigat varies
circuit coupl ed between the del ay cht an

Quer dime wmer@n thﬁ@rtqﬂa@fséﬁlay gerigd a@ﬂé gdetay 49<£?'E? diffgrent for

&%ﬁg&l utilizes different carrier frequencies of a
requency band to nodul ate synbols. 22. The

transmtter of claim 15, V\/nereln t he nodul ator and the
delay circuit COI@I‘ISG a

T e
#4-ansni t t dhedyansmittay of c'&ﬁb& Y re}ﬁ%‘nath gg@’ peiipd is different
BH s |\,‘eS rﬁbo'se ut Bgetﬁearﬂ Sﬁlﬁfb? tol @ anten?a and the

ran ter urt o corrpr si ng anot delay circul
armibdaredelwt perod tis aifferdnt bebme@m@oaaecutme symbabls awtput by the
rlnogaltatcgrhto the another antenna, and wherein the delay period between
consecutive symbols varies by n*8 samples and the another delay period

between consecutive symbols varies by n*(8+k) samples.

25. The transmitter of claim 25, further comprising a cyclic prefix

generator circuit coupled between the modulator and the delay circuit.

26. A wireless transmitter, comprising:

at least two antennas; and

a memory coupled with the antenna, the memory storing a plurality of
symbols each comprising a plurality of samples, wherein the memory outputs
the plurality of samples of a first symbol of the plurality of symbols after a first
delay to one antenna of the at least two antennas and a second symbol of the
plurality of symbols after a second delay to the one antenna, wherein the first

delay and the second delay are different.



antennas, the another delay circuit providing another

del ay period that varies over tine, wherein the
wa@p@shen2tel ay period and the del ay period ar ePCT/US2005/015041

different for each synbol. 24.,The transmtter of

cl ai m 23, wherein the del ay p%%l od is different

bet ween consecutive synbols output by the nodul ator to

the antenna and the another delay period is different

det ween CPRsagivdlbyS tanshiisr oUERIh 26, Wherdim dhve &bmbnd @elay is
the another antenna, and wherein the delay period

*ét seraplesogreatart haa beriist delays wherpyn s Bnseiginat dogatien of the
b tive synbol s

P B R P A B M SRRRER L (T Ot

cI aim 25, further conprising a cyclic prefix generator

circuit coupled between the ulator and the del ay .

.rcuit. 3be ‘Nrﬂﬁﬁ%lt@@§m'¢@né¥)nf’dlﬁtrﬁr26 p;rgﬁ}g'gﬁrsgtdelay is f(x)

e 1R, 8BRS peB o R A 4 8 hion

each conprising a plurali ty of sanples, wherein the

nenory oufputs the Iural

Qbol of THRVIIGsS.{TRRSM %ﬁ%&ﬁ?&f”‘ﬁ'&f e ey ggmprises

4 8upbe antenna of the at least two antennas and a

second synbol of the plurality of synbols after a
3&cond delThg wielese amsmitice mfaclaithe?@i furthes damprising a cyclic

B ST SEtepy FUETE i 0B goc of o
@EF&W bfssyfh‘lbo@f}ﬂﬂr &S sriRgitRE plltalitytdisyhiboks indakaory.

ere n i's an ordinal |ocation of "the second synbol in
a symbol streamand b is a constant. 28. The wireless

1T Sl BB B S 24, B 3 st e

yhenfas dompilsfeualctéa@ﬂ thrag. aﬁTbﬁnm rehessn tth@rrﬁ@mbtyeprm}ﬁdes the
clai m 26, wherein the nenory nprises a buffer.

fist symbsll de sanatagrs af theat deaw T@T‘?ﬁ zntennas AHEr a third delay and

p@%{@ﬁbﬁ%@%ﬁé%ﬁ%g@%ﬁgf 4 f0G ﬁrd%[agf toCtﬂEpelr?ﬁhéfl]\‘ dtehRE wherein

Pleufiret delaypbesymd aeyp thied dblaystandl fogrthrdelgy aralailtdifferent from
synbols in memory. 3 1. The wireless transnmitter of
edeh aihe6, wherein the at |east two

32. The wireless transmitter of claim 26, wherein the second delay
varies by n*B samples from the first delay and the fourth delay varies by n*(8+k)
samples from the third delay, where n is a location of a symbol in a symbol

stream and B and k are constants.

33. A transmitter for transmitting a plurality of symbols, comprising:
a plurality of antennas;
a modulator coupled to the plurality of antennas that modulates a plurality
of symbols for transmission over the plurality of antennas; and
means for providing a delay of each symbol output by the modulator and

for varying the delay between consecutive symbols output by the modulator.



antennas conprise at |east three antennas, wherein the
menory provides the first synbol to another of the at

wo e@sti13hr ee antennas after a third del ay and peDvszes015041
t he second synbol after a fou éh del ay to the anot her
antenna, wherein the fi rst d ay, second delay, third

del ay, and fourth del a e al feren fro

Hhher. 32TheniEaggmRiess f |;rJ‘i3t {h i i %]es r providing

e%‘ﬁrgee m8§n§%‘r%\n@ﬁigaa d\éﬁef @ém/@bnrbdhsé@mwe%ymb@lmthat varies
|

rst ay and the fourth del ay varies by n*(
tgla:m’i}ﬂ mpieenwhaee phs ao afdingy locatien f the aeq:@th{syrBholdﬂ 9asymbol

S%é Ziw'a s%( ra(fl stream and b and k are constants.
anAapg SA YRy transmitting a plurality of
symbol s, conprising: a plurality of antennas; a
nodul at or couFI ed to the plurality of .antennas that

¥

3mdul at esThepiransmittey of algifbclds Wherein atheninaeans %8(/ daroviding
the ysl (u% alg'gé% fcgj ﬁ@gfd’ﬁgﬂ?%e é%ﬁ@et?%%‘ﬂscgﬁec%\?y gﬂgﬁglsa}hat varies

b@éyaﬁtgyrhh@nmr@f safiiplesn consecutive symbol s out put
By the nodul ator.34. The transmitter of claim 33,

wherein the nmeans for providing conprises neans for

%??"eg' BS ﬁgg%ﬁgmﬁ)r@rwﬁ?rbl&ﬂpsﬁc“Whé?elﬁ)’fﬁéo'rﬁeéﬁ@tfor providing

wher e I's an ordinal location
(Qfmph&esGmeansl f@ymldlmmamwmearrmeauﬂvmsymbals that varies
const ant . The_trapsm.tter of claim 33, wherein the
be&xsarppl eﬁr%‘?fﬁ fis E\‘:g‘rﬂ? IPes nmeans for providing a
del ay between consecutive synbols that varies by a
random nunber of sanples. 36. The transmtter of claim
3R, vvher eiThet transmaities dfoclajm 033, diuntes orqunprisiag reanedulator that

waphlBis o st e Rng ARG HoaiRPREGuSes.

transmtter of claim33, further conprising a
nodul at or that nodul ates the 3p| urality of synbols
88l zi ngT;lile;imnSmIﬁBy obtlaiard, durthekgomnpsiag. means foreproviding

tran aim 3 rther or
aegoearnl 2 B gEld Spited kB ot SREPAO R SEABRIS. oc

of the plurality of symbols. 39. The transmitter of

claim 33, further conpri sij n% nmeans for appendi n%

39. The transmitter of claim 33, further comprising means for appending

a cyclic prefix of N samples to each of the plurality of symbols.

40. A transmitter comprising:

at least three antennas;

a modulator coupled to the at least three antennas;

a first delay circuit coupled between the modulator and one of the at least
two antennas, the first delay circuit delaying symbols output from the modulator
to the antenna by a delay period that varies over time;

a second delay circuit coupled between the modulator and another of the
at least two antennas, the first delay circuit delaying symbols output from the
modulator to the another antenna by a another delay period that varies over
time,

wherein the another delay period and the delay period are different.



a cyclic prefix of N sanples to each of the plurality
of synbols. 40. Atransmtter conprising: at |east
wao boose1aat ennas; a nodul ator coupled to the atP¢EEHS1005/015041
three antennas; a first delay,circuit coupled between
t he nodul ator and one of the %\(f | east two antennas,

4o modul Biesne ahelm iy WSt D sBIb e Brovides the
cﬁei%yb\géri% %o ’éHdiﬁ‘li idRRFONbéiRean cdrisesutive @yRribets output by the

en the nodul ator and another of the at | east two
raodeatoasto thee ahtersta dodl dpecanather detavagirewt Hyenides the another

t t f he .ppdul.at { t \
AT Rer B D TR Gh el SURREE SRR B by the
hbguiaf b ee drbmer ppterné. and the delay period are
ifferent.4 1. The transmtter of claim40, wherein

the delay circuit provides the delay period so that it

A2l ot or 106 EARAL R ZRERAQ N ST R B Uedt platies the
d18Y befed tdeethat itis eliffetehlyetp@einocbrisecutiag siymbots by a number of

di fferent between consecutive synbols i%ﬂtgut br% t he
sevaRiPapeiods thae isaesitAk o A iconstant smultiphed by & yaryipg number

of ¢l ai 0 rejRsthe Lk QUi Vi h T
SIS e W BB e P B eclay oot
[srovisies Uthev anotyeb aetayo period usth ¢atoit is adiffierenp dretween tdomisecutive

R G e B e
Ml ﬁfphgé E’g% ﬁ%r%/ﬂlg{ rﬁHhBelpéf‘?})éérsg);bﬁdmbetoatﬂétlMtio@ﬁ%ﬁb{e symbol.

perrto I's di t between consecutive
synbol s by a nunber of sanple periods that is equal to

ot her cgnst ant tiplied by, a varvi.ng,nu -

rrespongﬂﬁg%ﬁes f 5JE<'§?'H}1 %ﬁ Wﬁsy%g}n%‘& %ﬁgjer THglay circuit
ol thb&lel8y petidd Bo4fat e bfffefehthisetd@ehhednsdelitie symbols by
circurt provides the delay period so that it is )
ai rahdoemnubdienceh sampie periode wifhiyespedly ta anyneiier consecutive
nunE@r of sanple periods wth respect to any other
DENR¥Eut i ve synbols. 44. The transmitter of clai m 40,
wherein the delay circuit provides the delay period so

that it is different between consecutive synbols by
44.x) sanpiTée transmitter of claim 40, wherein the delay circuit provides the

delay period so that it is different between consecutive symbols by f(x) sample
periods, where f is a function and x is a number that varies according to the
location of the symbol and the another delay circuit provides the another delay
period so that it is different between consecutive symbols by g(x) sample
periods, where g is a function different than f and x is a number that varies

according to the location of the symbol.

45. The transmitter of claim 40, further comprising a scaling circuit
coupled between the delay circuit and the antenna and another scaling circuit

coupled between the another delay circuit and the another antenna.

46. The transmitter of claim 40, wherein the modulator utilizes different

carrier frequencies of a frequency band to modulate symbols.



peri ods, where f is a function and x is a nunber that
varies according to the |ocation of the synbol and the
w@ewshen2del ay circuit provides the anot her dePElyUS2005/015041
period so that it is di fferegél bet ween consecuti ve
synbol s by g(x) sanple periods, where g is a function

ifferent . than f i g.a.n r t ' : .
4gccor di n;l'i}eozil{a‘g\gn‘ﬁg%aﬁfoﬁlag? #ﬁg?%’}'ﬁ%}gﬁo K%!Sﬁ%nea cyclic prefix
gbhaisen &ifqiit dupledioBtwben fribduigtor ctptries delayacimuit! amdy another

circuit coupled between the delay circuit anqci t he
cyelicepreiixageneratarnequpled behiyeen toaimoddaraand, drganether delay
cﬁ:ﬁ.@t anot her delay circuit and the another antenna. 46.
‘transmitter of claim40, wherein the nodul at or
utilizes different carrier frequencies of a frequency
band to nodul ate synbol s The t r,ansgli'atter of cl ai

AT,
480, furt Hermethag: fali Repviding dransmysaipn dyErRY o A multi-channel
cerﬁl%i{;atﬁ%sLs%&nb%»@ﬁe-n@Pdu' ator and the del ay
C and yc\lc

I'T CUi anot her prefix generator coupled _
bet weapplying andidst! phase shift toha fiestatyinabol dol key trensmitted on a first

48. A method fo roviding trapsm ssiop diversity in a
RIS, Qi e SVEBRhATRER NG r3bB BRI Bf pmbfass ahd

appl yj fdr ' ' kRt tHey fike lphbge ehift, to the
trans?ﬁg@},@g %r?égow?’g?sgn@thﬁeﬁindfe?ﬂg r?i rst syrrt?ol
ficstnpyinbohdoabegi transmpittedaldrt ya sfecondphstennandhapsegendy symbol
a second_phase S|Li§fltt %ff%ient than the first phase
CORRTSING B SpHeNg PRUeItY OEFBIPISS- he transmitted on a

second antenna, the second synbol conprising a second
plurality of sanples. 49. The nethod of claim 48, .

4Qurt her cbinpmethad ofmiain 48, Burther CcoNENERg aaplying g third phase

| e t 1Lt £ i t .
SR, o RobrelbETaBRA B LRS! EBlerhe 85 agpivina -
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first, second, third, and fourth phase shi ft%, are al L )
aftenns, avereiofnechich SoCRBR, thie, and dowidh Rpasehifs.aie o different

rei second synbol is transmtted i medi ately
fwggcﬁﬁgﬁ%‘rst synbol. 51. The nmethod of claim49,

wherein the first synbol and second synbol are
non- consecutive synhols of a sa nbol stream . . .
50. Tlleeln\{etho% of claim 49, wﬁelrrg?n ?l¥e second symbol is transmitted

immediately after the first symbol.

51. The method of claim 49, wherein the first symbol and second

symbol are non-consecutive symbols of a same symbol stream.

52. The method of claim 49, wherein the first symbol and second

symbol are each transmitted in different frames.

53. The method of claim 49, further comprising modulating the first
symbol and second symbol according to different carrier frequencies.

54, The method of claim 48, wherein the first phase shift and the

second phase shift are determined based upon feedback information.



52. The nethod of claim49, wherein the first synbol

and second synbol are each transmtted in different
w0 e@ses$73263. The nmet hod of claim 49, further cRPEPUSBOFIYLS041

modul ating the first synbol agd second synbol

according to different carrier frequencies. 54. The

t hod of ' L Ngékh i j i

Phe secontlonayitet o Baih ey Bt cofiR e dophvif§can IFFT
d}@eﬁhﬁfﬂo theffiestneyinilool pBibr tatransmtdsah. of ¢l ai m 48,

urther conprising applying an | FFT operation to the

first synbol prior to transm ssion. 56. A transmtter

HgONPr i Si nﬂztrﬁ%n{iﬁéﬁséorﬁmsiﬁ@.t ennas; a nodul ator coupl ed
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ci r cuat leastiwednieanaeen t he nodul at or and one of the
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transmtter of claimb56, wherein the phase shift
circuit provides the phase shift so that it

IS .
7.1 f er ent The trassmitemefeeiaim w6, wherrin $hephase st cirgigt provides

1 AL o8 R PR kBt Sy o by e
ra8duldtte tb tseanicnnar of clai m 56, wherein the phase

shift circuit provides the phase shift so that it is
di fferent between synbols by a random phase with

spect t : I | dHie - if :
S =Pect oL a A Rllie oY aaeh 0, SRerdhand TSE el proves
therphase $hift poethait dsisodifferdntdipiweey domsdcutiversyabalseby a phase
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e at |east t antennas conprise at |east three
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59. The transmitter of claim 56, wherein the phase shift circuit provides
the phase shift so that it is different between symbols by a random phase with

respect to any other symbols.

60. The transmitter of claim 56, wherein the modulator utilizes different

carrier frequencies of a frequency band to modulate symbols.

61. The transmitter of claim 56, wherein the modulator and the phase

shift circuit comprise a processor.

62. The transmitter of claim 56, wherein the at least two antennas
comprise at least three antennas, the transmitter further comprising another
phase shift circuit coupled between the modulator and another of the at least

three antennas, the another phase shift circuit providing another phase shift that



phase shift circuit coupl ed between the nodul ator and

anot her of the at |east three antennas, the another
w@b@sa1shi ft circuit providing anot her phase sPET/US2005/015041

thatvaries over tinme, wherei N, 4 he anot her phase shift

and the shift are different for each synbol. 63. The
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each symbol.

63. The transmitter of claim 56, further comprising an IFFT block
coupled to an output of the phase shift circuit.



