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provide diversity against deleterious path effects :i\
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antennas nmay be used. A nultiple-input nmultiple-output
(M MO contmuni cation system enploys multiple (NT)
transmt antennas and nulBAQKEROURDr ecei ve ant ennas
for, data transm ssion. A M MO channel formed by the NT
t rEiRli t and NR receive antennas may be deconposed
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r edret aradngstotieer thingp &t,isignad transraissioin if onultrahtesmaraysteinun

channel) of the M MO channel and corresponds to a

di mensi on. [0004] If the propagation paths between the

t reacYroupd receive antennas are linearly independent

(i.e.,”atransm ssion on one path is not forned as a

| |[ﬁaa3] conbi aavirglessocommainication rslystem;m Bh mbdulatedesignal from
true to at ast a
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peafffaetataush aﬁpﬁadv@sarwsmuhl@aﬁu prayfdet dnae@ﬁy againgt deleterious
rec gﬁgé/%gcggﬁaﬂo% %?f%?rﬁar\{g% 2n9L9? %]tra smit and receive antennas
may be used. A multiple-input multiple-output (MIMO) communication system
employs multiple (N7) transmit antennas and multiple (Ng) receive antennas for
data transmission. A MIMO channel formed by the Ny transmit and Ng receive
antennas may be decomposed into Ns independént channels, with

N; <min {N,, N,}. Each of the Ns independent channels may also be referred

to as a spatial subchannel (or a transmission channel) of the MIMO channel and
corresponds to a dimension.

[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




[0005] To further inprove the diversity of the channels
a transmt diversity technique may be utilized. Many
transmt diversity techni qgues have been explored. One
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been devel oped. One such technique is referred to as
cyestimated gk yhelirecaivart: yTheabiggest drasbagly to drapsmitihelay divieesity is

| of th | shifted
B 525 i ER, B rBAa HRR. i, i 655 portom
t oslynbhén A& ongtisatnhesdideat byptiee Beyemy ahinaf faﬁ@tdp\éfﬁ, and

part of the synbol are transmtted in the beginning o
t Haleragfsridestrutiyebwith atheconitipgiieof the fissteantenna, thereby reducing

- le that fi del ay, der,
prtﬁe%&%‘ﬁqe\%ét?ioﬁg%{%@@ e a i xes a del ay, or order

for transm sanple fromthe specific antenna

aq0pes]t of Tohdeslywhiolstarided coetay @ivéesiay protémeWati@itional delay
| opger. del ays, however, which woul d otherw se be

iGyeraily F%??‘(‘F’é‘@?ihﬁ‘@ begn denelenask dOngt ohatechrinueds referred to
avQi gydiRt &4}z i} Nt e : 7] LA C i.c _del a
o8Bl S Xl el leengy 0T AN il eacn

i‘ rsytr}’mi@l ohﬂame) s;lmlnblklar% shiftey iptioy bﬁbﬂ_rgh \vﬁ'ﬂ&h theybgeetransmitted
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allow for longer delays, however, which would otherwise be limited to fractions
of the guard interval period to avoid inter-symbol interference.
[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,(n) and

H,(n), add up destructively (or constructively) all the time.
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Therefore, it is desired to provide a delay diversity

schenme whi ch reduces the possibility of destructive or

constructive addition of the channels utilized to

provide diversity. SUWARY 5 In a first aspect of the

present invention there is provided a nethod for

provi ding transm ssion diversity in a nmulti-channe

c onmihaietoad, it(b&rﬂesiyeétt@pmviﬁmdalwlidh/gr:sit)psrch)anhedaizm@ reduesahefpossithlity of

St b i.ncl udj.n first.plurality of
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synbol after a first deIay period; providing, to the

first antenna, a second sggF@@A%?cluding a second

plurality of sanpl es; ng, to the second

ant dmaérst 4sheet sfabopresestyinvamion @feteds pravﬁéi‘lChQﬁ@hdaQ’J)r@VovRﬁfgl t@fksmission
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mﬁmmnnmn&eﬁst&m@mmem selective. In a second aspect of

t he esent pr oy atransmtter

i nclpl%éf g © “}ﬁ iy ‘étg'i“amgl ‘gwéﬂrﬁ%@dmg aﬁ%imha%l&ro feaapfsed
Wi t lpraviiéngat teaadhd nnng tie@RiRSmba Afler dhidl dRY ﬁéhog kHaCiv'bifferent
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of ongtop mbrefsam:;mi gerein dink diversint i profiBedREEINA ehahkde] B nthJf ﬁ%]f time
sdQ%C%Od that varies over tinme, each of the synbol
Including a cyclic prefix of one or nore sanples,

whelksd sacanil asped iof/@E Biekeyit ihSentidi thidté § ?%v@V@@t_ringm@terqm%}%l.
is Qﬁ&mﬁ&o'&éﬁLf time selective. In a third aspect of
t he presen? {'ention there is provided a wireless

traf’lslmhﬂfttngpupldfaiOMtldhmleast% aﬁ:tenha@aeﬁnﬁ two antennas; and
st two ant ennas, the

a V. d WI th
n?ﬁ@d’ysctlrglgyc%mdﬁed beI F ngg?torﬂ%xaﬂ of the sk lgast W@|agt@q1qqg the delay
cxro‘y:t delaping symbéls swpg Iﬁem theMﬂ(&igﬁtforltrotstl{iangfiﬁnbo v OQH§' Eér'nto§ tha\Riries over
timP, eg{hg)k hte)%yrr(xlt%ols mc%c%rrgsa cgfltCé)lreﬁé of PnedF %3@|sg9plgsowbﬂq@n HWinRe dimMersity is

prowﬂectehen ifa cliaemd;ts nthfﬂ@d’Mthlﬂﬂ’kalSctw@nd a second synbol of
r a second delay to the

{ e RlEALLEY bine -
one N ted aspe ofgne c}ém{rﬁgt e isgrovared éyv“ﬁlﬁﬂ; tRapaides.dapgling:
del%ymﬁﬂeadM¢marant each of the synbols including a
cYc) h&ndd efiba @ nore sanpl es, wherein tine
di versit ug lth 91ﬁéuolleaé V&R apnngs. H}?&?FH”QFY §iging g pluggfity of
sympplg eqch including seluead:lty :l;fbeamplldﬁ Wheferithé Jﬂgrﬁé‘r?%@tbut@fhe Fllﬂreahty of samples of
a il GRS bf MPYRRIYDR < Sl & kS e ot ansm Lt er
o Symoctof tht E}g 1b F); ?s a{ter a é'Fst gg}%tB oge anfenpa qj&ieﬁa@leasétwo antennas
and&sgpr‘:ﬂ qy{nyol thgptueqﬁlna@ symbols after a second delay to the one antenna, wherein the
first delay and the second delay are different, each of the symbols including a cyclic prefix of one or
more samples, wherein time diversity is provided even if a channel is not of itself time selective.
In a fourth aspect of the present invention there is provided a transmitter for transmitting a
plurality of symbols, including:
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
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35 a nodul ator coupled to the plurality of antennas
that nodul ates a plurality of synbols for transm ssion
over the plurality of antennas; and neans for providing
a delay of each synbol output4by the nodul ator and for
varying the delay 4 between consecutive synbol s out put
by the nodul ator, each of the synbols including a

~ bepyeen F%‘S%P@B’«lsxmb%ﬁ‘ ouguebycthe moduéate zaapi @ éhe syhienteingludiagresyclic prefix
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and a
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ta@&:ron@&tl ér?.gt %Xgl%&egme% t he mog ?t r an%%r}othg d(?fté}heaa?[eﬁséawree
an@maayhepemnddelarcercuit deflaying Rymbodsaomtpuottont he msyuried 18 the another antenna

[ prefi x of one or nore sanpl es,
by\%ﬁog}&eg?é] C%O(?%gtvamsovvnm provi ded even if a channel
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: : nventlon ther ded a t hod r
tncg{dgl%:ag%'a{c%lset%qansnr% OL MO Samp %se»rv er?gt/tug?]é)lgerwlti proy egﬁﬁe& 1ffa channel
1s nodPfTSeiT trat sebaatiwy st em |nclud|ng applylng a first phase

hi {
Z n' elf’t n%)gh Qﬁﬁ)tt—:ét Plstﬁte ?r)ggﬁ l%%ﬁonqgert i 8%2 gp%c{wforpqr&\ft%}pg ty
trar@fmsglan-gjvexgrty 1amd1u2tectaprptl wm@naamsm phﬂlﬂﬁgshl f t
di f Eﬁ)’iﬁ&t tﬁ)ljshlt%'ﬂastelgﬁftftd {?rtstdsg 8% %egréxasrﬁrattetg%{tté 154 ante{;rwé, the first

synbol on a
SWﬂK&@ﬂu@ymbﬁﬁtMW@WMdfmgmhs@mtl|c prefix of one or nDre

Sa oV
chaniame 00 BhBe AR EHERE AR hy R e R Dol B
trargglﬁ@é pn @ﬁec@rhieanppr@sénﬁrst sywdbpl indwlirtghey dicipgfip roOMtedW:‘dto& samples,

whér&ﬁﬂﬁng‘dtv%ﬁfty fs gfblvlgg élrgxltllfa%ftanltqasrttot §R &B’g en[]%thﬁas and a

nodul at or cou fhe at 1'east

phal§é ss¥shthtasrectaf thepreswtiph entionbtraisgmovided a radulitat mbluamgt
oney fastltE afinnheast two antennas, the phase shift
circuit applying a phase shift to synbols output by the

o diedugitoricenplddevithrthecan feast byo antepraseed shift that varies
OV e{ pHale Wift c@r@t‘ﬁhcogglect DRy 'lqg%o%ull { Cz!nH g)nen& tl?e ﬁé%&ﬁt %orag}eftvs the

refix of one or nbre sa
phagegshi Prdrgvitienalyingarphase shift mn’h@lﬁ oytput h}Dthe mbdu]atSﬁb thetantafha by a phase

sh\fﬁﬁkt%ﬁés\beer time, each of the symbols including a cyclic prefix of one or more samples,
wherein time diversity is provided even if a channel is not of itself time selective.

In an eighth aspect of the present invention there is provided a processor-readable memory
having instructions thereon, the instructions including:

code for providing, to a first antenna, a first symbol including a first plurality of samples;

code for providing, to a second antenna, the first symbol after a first delay period,

code for providing, to the first antenna, a second symbol including a second plurality of
samples;

code for providing, to the second antenna, the second symbol after a second delay period that

is different than the first delay period;
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30 In an eighth aspect of the present invention there

is provided a processor-readable nenory having
instructions thereon, the instructions including: code

for providing, to a first ant4nna, a first synbo

including a first plurality of sanples; code for
proviging, to a second antenna, the first synbol after

a fi7°8¢ fogateugingdp fhsdirst ansensa pdiirdsymbal dichiging @ gind plardlibyaf samples;
a@nt enna, a second synbol including a second plurality

| es; code for providing, to the second

of 3 a
ant TGO PRETEBB S SeqMbIETaR thefhia subHer gyl perdiodiha is
ditthadt thah %e@ritﬁ@ffngio& hanhd R&nk b&iStpeH&, Bxn BEHE %&ﬁ}'bpg%cluding a cyclic

code for provi , to the first "antenna, a

PrERI Ore Privare@matss.av hewinrtaneliversdy istryovisied evenyflasannel gyt of itself time
sekowgl@ for providing, to the second antenna, the third

synbol after a third delay period that is different

than the first delay period and the second del ay

peri od, each ofggjpe m@gﬁgjsmé\kxhﬁﬂw‘%ﬁ“ﬁm@si c 5

prefix of one or nore sanpl erern tine diversity

i s piie e, netuen and adsantdgerni e presenhioventipn willdebdmetriareapparent from
thS@kA16d d¢&iptiBN o rtPBRWR G g:comﬁ'FctiQE&m hl(e;%raw;'n%s in which like

features, nature, and advantages Of the present
refers) e ehraseridentifhensisrrendies b thegyghoneant! wherom 10 t he

det gijh edfl@aes § RbikUgsit of 0 kK& D i

conj unction with the ggfgagmanééghdﬁﬁé\xﬁé{yéﬁﬁﬁﬁ{éﬂ S"fsgfnear"gﬁéeée'ver
YEHAILARAS systt@mt i fy correspondingly t hroughout and

wherred 1 ilifiskes 4 bibdi! di’a%l;aﬁ*r?&fgﬁ erﬁb&‘n%%kofqgﬁxgsﬁrﬁ‘t@r %1{/ @%} provides time-

enbodi ment of a transmtter systemand a rece
vagingelay diNersitym MO system FIG 2 illustrates a bl ock

di agr@m imdstrabs AERBERBNLf Pimdy .23% LLEEE sl t .
rovides time- 15 va{r yi ng élnél 5{7" | vg?éépslﬁ? %E%@&%?ansmmed from
2SP1Y 4P4t es an embodi nent of a time varying del ay

apprFi@d iheusMRnsodinaN S & i - smi
gl F\ 4 [ ustrates an enbodr%lﬁe%ﬁ{ﬁgg(#aaégm%r@fgg\?g%ﬁoggrgdsm'tted on
MUGRIA) B i ed to a symbol transmitted on nultiple

ant ert 3sfius#feshal W ck Fiakdanb3 b @SR ditle RS 2 %T%glgt%g{#ng{/tlh% 8rsovides

. anotherle )odi nent of a transmtter unit t
'mFWW¥W§§f§¥ Y ay diversity; FIG 6 illustrates a
bl oEkG. dli]&@ﬂ%ﬁéﬁa%ﬁocﬁﬁia%%@l bl '@ﬁbtodiglfent%f b Fegg{/e\{ Ghit cyag!lbtle of utilizing
timcp\}%?glglof_utl_l.lzmg time-varying delay diversity;
Fi 79910y ¥ es a bl ock di agram of an enbodi ment of

a deiGay iRk ablocR BiafthdFof M dnlbbslhbl 3t £5:18 dd.Qu. chart of

an Fﬁpgqinent ?f a nmethod for providing tinme-varying
- & illustrates a flow chart of an embodiment of a method for providing time-varying

diversity;

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

FIG. 10 illustrates a flow chart of a further embodiment of a method for providing time-
varying diversity.

DETAILED DESCRIPTION
The detailed description set forth below in connection with the appended drawingé is intended

as a description of exemplary embodiments and is not intended to represent the only embodiments in

which the present




diversity; FIG 9 illustrates a bl ock diagramof a
further enbodinent of a transmtter unit that provides
time- varyl ng delay diversity; and FIG 10 illustrates a

of a further enbodi nent of a netho
\fgbglws@l ng time- 30 varying diversity, DETA LE%TP/%ZOOS/O]S"‘”

DESCRI PTION The detail ed descr? ption set forth bel ow i n

connection with the appended draw ngs is i ntended
dé@‘(ﬁﬂtlﬁﬂi 6N obe eR@shice-y dhBolirMeneXemplary’s used throughout this

 nssaffor e G Asah el A3t Ro 2B lfiraton.hd Rnoui

I megnhecessadily e moa»strue@das Theeféresdn Srexcvphtagebdusisetr other
t hroughout this descripti o servi

exeARpPdmentss S detaded deperip PQt'P‘ngGS am'fﬁéééﬂg ?%he purpose

\V fiek © a
oL Poffine’a BRLERANES-RRNG I 5 pRepenl IREEM. CRENERer, it wil
i rod mparawaol fhcsedsltllééd 3n fibe arheihaunipmspfesem’t pprentiach mupy be
a thorough i nventi on.

tand sent
HARBGtGed Mt' %a?%@rzeﬁﬁpaﬁ% Bs8OmR; Instances, ¢yl known
ardirfchabs tHf %@F&@é‘tarér‘%ﬁ%d G BBk B %aﬁrhcﬁfj order To avoid
w t hout these specific details. In so i NSt ances,
k rabscuring thm&moeptmfdheiemwetlnaeetlwhom in block

AT NI, SRS R, e B
C QATMPlieCith QN (M '\fﬂﬁmhﬂﬁﬁdﬁ@n reystdnid, EbrtHbgkﬂﬂr:ll frequency division

mul ti pl e- outgutEWg9 comruni cation s
ormulbnlemg (23] ncgmmum@itlon syﬁiemsml\émcagsysimmm that employ

E%WSFW %emﬁ)iésr{gfﬁ&et {@1 'ggftre}/nsmlss%ﬂls For

t ro@élﬁw Vol saspklts arfl énbbdiments !aﬁéJée@ﬂB@Gts%)e@iﬁéally for a MIMO
enbodi nents are described specifically for a

sysystem. [ 0028] A M MO system enpl oys mul tiple (NT)

r dPOZEL - AL NONRS Bt bl crhiRle (5T bRl HiEgs and
t rramsmet (Nxhdeddiie antenvias it gata ABnBYsSiEh. dACMﬂw@S(ﬂiénln@t formed
i ndependent . channel s, with N. sm n{NT, Q@@cpEaCh of

trhzy ke iNVratrgesmitrand Nrarersive salenams omB B @womd dato Ns

A P e
deéh%hg%lge@ﬁ?ﬁltspﬁoe{‘gé‘@ﬁfag% &L Rfassdt¥hahie trMPnsmission

Cr::%grr]mel) of the MIMO channel. The number of spatial subchannels is
determined by the number of eigenmodes for the MIMO channel, which in turn is
dependent oh a channel response matrix, H, that describes the response
between the N7 transmit and Ng receive antennas. The elements of the channel

response matrix, H, are composed of independent Gaussian random variables
{h;}, for i=1, 2, .. N, and j=1, 2, .. N;, where I, is the coupling (i.e., the
complex gain) between the j-th transmit antenna and the i-th 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



dependent on a channel response matrix, H, that

descri bes the response between the NT transmt and NR
recei ve antennas. The el enents of the channel response
%5565@’173”'1 are conposed of independent Gaussian rando

variables” (hi ,j), for i=1, 2 ... N and j —].’LCT/ESZOOS/M’O‘”
NT, where lz;, is the coupl|ng(| e., the conplex
gain betvveenthej-thtransmt antenna and the i-th

r et Jeaffigh datentor a pymber gpdats styeamaes pravides] froespaiate source
N 1;2 fo aHtrah§mﬁS€13§En%féo?Bge% ﬁ{] éggboc”‘%ent "Nach data

and oné I n

t rtreem id ednémittedeevdr a @ésgié@ﬂvé\lltrahéﬁftsaﬁhtbnﬁ@t eMmQdata processor
[ 002 QWFIG | is a block diagram of an enbodi nent of
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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 Nr antennas 124a through 124t, respectively.
[0032] At receiver system 150, the transmitted modulated signals are
received by Ng 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
Nr 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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t%&’»ﬂr OViRF %ra%lgﬁrrr]t?eerl s;‘?’gtgrtneﬁ&f%rmt ICRJlated 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.
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Due to scattering in the propagation environment, the Ny 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 N receive antennas at different amplitudes and
phases. Each received signal may then include a component of each of the Ny
transmitted symbol streams. The Ng received signals would collectively include
all Ny transmitted symbols streams. However, these N symbol streams are
dispersed among the Ng received signals.

[0038] At the receiver, various processing techniques may be used to
process the Nr received signals to detect the Ny 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
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prapRe ssMided) dediltiplexer 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 Ny
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
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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 Nt 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



222t groups sets of qj coded and interleaved bits to
form non-binary symbols, and further maps each
non- bi nary synbol to a specific point in a signal

Wﬁ%&ﬂlﬁﬁ" On ngrs'[(es‘l\’/fng'sﬁg f\/f tt'\w/le 2?' §8tn§d o"ﬁgﬁh%hﬁﬂsou

rmdul atl on schene). Each mapp si gnal point

corresponds tao an ary nodul ati on synbol, where ML
co”‘rt'fe@é‘b%ﬁ@smpgmﬁﬁg "@Jé@w & FREMDTRLD 6 blegkepfesysrtialistfeame, or

nd M = 29) . Synbol
p°£f"ﬂ§° E‘H% ri%%%ﬁ'l?gl% then provide NT
st[0e46F of EammdllfFl%\Tl blockylﬂzﬁtas thioD@K51226h tdweiveped fiespective
|I ustrateg in Fl

© TBOUEEA sumbal i droh st Bach b b Mipck 228adrough
Fastet @?éh;?]seéet*sré?nﬁﬁ %dﬁuléﬂoﬁ Qrﬂl%lg% f&%ﬁ%o%é@&%ﬁ%@ddulanon

al ong "W mappi ng bl oc 222a throu
Mayoikad o:ecm}a andutanvestst aacts anqdudationo syrobot ubetor into its time-

TR L P

Zaﬂvéréé’ﬂéiff%uﬂéﬁﬁaﬁéfo?rﬁe IBFT EW&PQ b2§é H?r@[l??‘h QQG?mag be designed

proscri bed ower |evel. In one
2249 nea@rmdu@urweesgvmpen Oacafkyrl‘dlmi@prtaﬁ freqbiopey sagochannels (e.g.,
s%g ngg con ﬁlled by a processor, e.g. processor 130

’ 11 SUCH an enbodi nent, the frequencies with

W'”[OOJWI he Eﬁcﬁymboﬁﬁ@irﬂ%ﬁééeﬁﬁt?oh Bpﬁéﬁ@agﬁl@ﬁ%bol vector

11 streans are_nodul at ed vary for each group or
b|g:ﬁﬂ@raied HyrbbT Hlogksdsa tbrougb inprevidgdrtp aneassiociated cyclic

27aen! B8e G Heeliorei Sloc b WA, oS oy 250 Houon
f rm 'prﬂlﬂm? aﬁg@%ﬁrﬂ;ﬂéﬁﬁ:ﬂnb@ﬁ tsf Bé’rﬁpletshmuﬁ]harezé’éﬁerally a
cdt W@%ﬁ&?efgﬁséﬁgo I8 framatheoend §§/Fh?¥>@':%/&§wﬁ§0' inthe Msvaaripdes that
; eor e TR ATOTDYSFR 1 RS cbedhoptnd (iR iPR o). The

usprefix istdesngnedetosmpfw pﬁmrmaace tagainst deleterioks path effscts such

226a 226t ma be ned to erformthe ) i
irﬂﬁeFé #ﬁ%ﬁ’%ﬁ?ﬂoﬁ UEHEY f WAckading.  Cyclic prefix

S YRmBANBR! B2 dafthtou igh @28t3fﬁen ér’ov:c%e a str%éYﬁ ’of)tran[sﬂﬁﬁ%clq 5#fiblols to

tiTme-domai n repre Sentati on ation
v@a’taﬂsoc@&tbd%iayéeldmyent%vahhr@ugb 23064. t hr ough 226t is

: : b5
PR »o8a 0N SREICTRMeE 28R irByaR2Bhl§ 59568 = deiat gheach
\%h%@mu@t g8 @uqﬁn Fraf %f,:ux: Brlefir gfelné%ior'%%?a@a’ tRbUGRIPEESIN one
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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
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selectivity 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 _(:) may be changed in a linear

fashion with time with each consecutive, or group of consecutive symbols, being

delayed by n* samples, where B 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.
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combined to form symbol Sy in the order of Ngs, Ns2, Nss, Nss, Nss, Nss, Ns7,
Nss, Nse.
[0055] The delay element, e.g. delay element 230a, then provides a delay
to the symbol S4, S,, S3, and S, that are transmitted from the same antenna. In
the embodiment depicted in Fig. 3, the delay for symbol Sy is one sample period
f;. The next symbol S, which is to be transmitted on the same antenna
immediately after symbol Sy, is delayed by two sample periods t; and t,. The
next symbol Ss, which is to be transmitted on the same antenna immediately
after symbol Sy, is delayed by three sample periods t;, t, and t;. The next
symbol Sy, which is to be transmitted on the same antenna immediately after
symbol Ss, is delayed by four sample periods #;, f5, t5, and L. [f additional
symbols are to be transmitted on the same antenna, the next consecutive
symbol would be transmitted with a delay of five sample periods t;, 5, t5, ts, 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.
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[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
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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.
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provide, for example, by having a same scheme utilized 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
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dEI0T 3t r edRefertitg ROFdeTOAUbIBEICEIAAM 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 knbwn to processor 700.
Processor 700 can then instruct memory 704 to 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
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[0077] A determination is then 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. If 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 800 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
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ase shift circuit to the output of each of the cyclic prefix generators 928a
through 928t.

[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 ®,, 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 sampleé




[0078] Referring to Fig. 9, a block diagramof a
further enbodinent of a transmitter unit that provides
time-varying delay diversity is illustrated.
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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:




conprise a processor. [0083] Referring to Fig. 10, a
flow chart of an enbodi nent of a nethod for providing
time-varying delay diversity is illustrated. Sanples of
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di ffgr eﬁf‘.c'e“[%og@ﬁ E’ﬁf?%rm?éweéfq%mumt@ns Wéteéhmloylng Muiti-
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respect to any other sy i's may be provided by
utilizing a pseudo random code to generate the phase
shihese pppligations ase @l asstgned do dile taisaignakidfeh&lpEeser application

il : [ty . f | EFT,.and | fi
AR W AR, | Tl ok iAo or
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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
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wWithin the scope o
software module may reside in RAM memory, flash memory, ROM memory,

EPROM memory, EEPROM memory, 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




i nvention. [0090] Those skilled in the art wll
appreciate that the various illustrative 1ogica

bl ocks, nodules, circuits, and algorithms described in
GRRRSLIT9 With the enbodi nent s di scl osed her el IR 015041
be i nplemented as el ectronic h2§dmare, conputer
software, or conblnatlons of b6th. To clearly
illustrate this it f hardware g

sopbuh d16Tek bdtds b BS (HEBTRY Lish et SoPerOERSEnt with the
TOGHhBles HnlatidvePieatités atsamsba hePeifave been described
above generally terns of their functionality.

VWL HA ISlﬁitAlMEﬁﬁnnal ity is inplenented as hardware
or software depends upon the particular application and
design constraints inposed on the overall system
Skilled artisans may i nplenent the WO 200/ 117321

PCT/ US2005/ 015041 22 described functionality in
varying ways for each particular application, but such
I mpl ement ati on deci sions should not be interpreted as
causing a departure from the scope of the present

i nvention. [0091] The various illustrative |ogica

bl ocks, processors, nodules, and circuits described in
connection with the enbodi nents di sclosed herein may be
i npl emented or perfornmed with a general purpose
processor, a digital signal processor (DSP), circuits,
an application specific integrated circuit (ASIC), a
field programmabl e gate array (FPGA) or other
progranmabl e | ogi c device, discrete gate or transistor
| ogi c, discrete hardware conponents, or any

conbi nati on thereof designed to performthe functions
descri bed herein. A general purpose processor nmay be a
m croprocessor, but in the alternative, the processor
may be any conventional processor, processor,

m croprocessor, or state machine. A processor may al so
be i nplemented as a conbi nation of devices, e.g., a
conbi nation of a DSP and a m croprocessor, a plurality
of m croprocessors, one or nmore n Ccroprocessors in
conjunction with a DSP core, nultiple logic elenents,
multiple circuits, or any other such configuration.

[ 0092] The nethods or al gorithns described in
connection with the enbodi nents disclosed herein my
be enbodied directly in hardware, in a software nodul e
executed by a processor, or in a conbination of the
two. A software nodule may reside in RAM nenory, flash
menory, ROM nenory, EPROM nenory, EEPROM nenory,

regi sters, hard disk, a renovable disk, a




10

15

20

25

CD-ROM or any other form of storage nmedi um known in
the art. An exenplary storage nmediumis coupled to the
processor such the processor24an read information
from and wite information to, the storage nedium In
the alternative, the storage medi um may be integral to
the processor. The procesSbAIMAd the storage nmedi um
may reside in an ASIC. The ASIC may reside in a user
terminal. In the alternative, the processor and the
I st6ﬂa§@ﬁfhempudmgawwnegum@na§nﬂusnndn@hmmﬁbmnmnmgmangmmm
mcmgggr termnal. [0093] The previous description of the
cl osed enbodi ments is provided to enable any person
skpiobidthgi 1o atfhe aatehinal dfiredyenbor intlsding Herspplesytof samples;
i nvention. - Various nqﬁ Plcatlo s to_th %glenbodlnents
wi POV 8adrio)d appuret fisboymbasater & fifst ey Refodhe art
anﬂrobﬂaﬁ)g%rﬂlﬂfﬁr@t aRfehi b BdcBRd HafbbNadudifg £idoMB)ulBty of samples;
applied to other embodi ment's without departing ?rom
t hEro¥iging; fo thsyseqang gatepyra, th secpr/ebp briter a srg! deiabr@enod that is
mﬂbgﬁﬁﬁﬁﬂkehgy&n; RAod;S not intended to be limted to the
nmbodi ment s 005/117321 PCT/ U52005/ 015041 23 shown
heprélvud“iguflo thesfirstginisenaa ¢ durdgeaibal e lwiirgeshird glopéty of samples;

Co@%}/@s %ﬁlgﬁtg&’ﬁ’dq@&?ﬂ{% hg‘ale‘@l Vi gﬁgnaqéﬁ de]éﬂ%/’?atekj/éc?%gt iAdifferent
than theiﬂi'ﬂl)delﬁ)operpd avd tie Bgotd M‘&;'meﬁsd ez[a‘,hd)ifmersﬁhﬂiqls llnlfllu&ng a cyclic prefix
f ti-channel lconmJnl ati.on s %?1 N | g
© O”BPBWPWP{BP *®d ‘Sre’f"utF’%Ft TR V'Qe VPt a§ *H‘Ssl‘ P‘H@lf (ififigne
selecivd. i rst plurality of sanples; providing, to a second
antenna, the first synbol after a first delay period;
providing, to the first antenna, a second synbo

2. 1 NChdtRE & R INInREHER! flrdt Yy iRol, SS@{GHH @yﬁnbol QF]G’WIQ'SpﬂbOlta%
the second antenna, the second symbol after a second

consegsli vysYmBelF otk samatsymeol seaht.er ent than the first del ay
period; 10 providing, to the first antenna, a third
synmbol including a third plurality of sanples;

3. pr Bhﬂ' mi¢they oftctrim hewbea o tia tiink ymbal, is trihsmitieid idmediatbiglafter the second

symb? gtrls faaqsmlt{eg lnqggc?thl&%ﬁi?rﬁpe érét %Wbs different than the

eri del ay period, each of
the synbols |ncluding a cyclic preflx of one or nore
ein tjine qlvers it rOVId?d even if a

4. B?th?d\SM}e m &fwlﬂetrg% fhe ﬁtrqt lsa@n éFCé)eg sXpbol, pgd 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.

7. The method of any preceding claim, wherein

providing the first symbol after the first delay period includes applying a first phase shift to
each of the first plurality of samples;

providing the second symbol after the second delay period that is different than the first delay

period includes applying a second phase shift to the second plurality of samples, that is different than

the first phase shift; and
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2. The nmethod of claim1l1l, wherein the first synbol,

second synbol, and third synbol are consecutive

synbol s of a sane synbol str2am 3. The nmethod of claim

I, wherein the third synbol is transmtted i medi ately

after the second 20 synbol that is transmtted

i mpodidangahe thind syambof piger pitlriskdelay morédd. thag is differentahandlot fort delay period
and tﬁ%?e'cﬁ]d]de%ﬁﬁ lﬂclEn%g a&%:l% ﬁéegﬁz{’%%se shrift og{ﬂg tlﬁ%%gg%lgﬁgp sglmples that
lsm&WMbdhnﬁwﬁbammMﬁsmﬁanJhmsamnmmdmnmﬁtlain14, wherein the

first synbol and second synbol are separated by a

nunber of synbols and the second synbol and the third
8. Symb@thletaﬁchfSa@p@fea&ﬁ(k dnimt Weerélhl i ETrst dblay wmbod zsaela@ ofm@mple

od of claim ein the first sy se
Pe“oge ﬁlifogﬁconsﬁalw ST 'Ssayil%l Of 6 Sanpif Per s, @P%@ﬁh 'tdtd@@wsfﬁ delay of
X+2,Bj!;afyfpﬁ&ﬂbdsf EIRIES a cdnstahfl® Met hod of any preceding claim
wherein providing the first synbol after the first
del ay period includes applying a first phase shift to
9, ea‘?h‘e al ot g
o BTy AR e Al Bl Bt sample
Per10d$ fifesseemt! dtlhyapﬁr'tOHes § qiaifaftofd’eshnagle ppexs odich mcny desber of sample periods
other‘E{?a[?l b4 Ia&?th@thxr%%%[&y idd c%,‘?afy z?les?ﬁlpl% %ri,c])gs Wﬁlép VIS, a}1§ﬁhlﬁl§]eg|§>tga¥1ple periods
othelSthonr rand 25 providing the third synbol after a third
delay period that is different than the first del ay
peri od and the second del ay period includes applying a
10. t hThIm@h&BEf afPohd ofteRithiBtol ) lwhgeﬂ'tl#brfﬁlstldehéy Eén&lﬂﬂ@ﬂ@@ of f{x) sample
that is different than the first phase shift and
Permé%étmacogaﬁégléy aﬁmoﬁﬂs adplay. ofﬁﬁél)ﬁ@ﬂw@aer@rds,@ngftlﬁrﬂeadecmqugs a delay of

eriods, the second delay period Is a
mesbﬁb®GW%§wm§ tigaper i ods, and the third delay is a del ay
of X+28 sanple periods, and /3 is a constant. 9. The
nmet hod of any one of clains 1 to 7, wherein the first
. deTWﬂ¢Wd addny sreaeddgl @mjmoﬂum@aijdmg mddulaeng thel$irst tymebol, second
f Ysa | e periods which
symbof3 ancp tﬁjnrgI a%l gcc]prdq% gl%begf ?a{)%eg re%tteﬂ(‘éF than X, and the
thlrd delay is a delay of Z sanpl e periods which |s any
S erl ot her than X or Y. 10.
fb Het td Ojaﬁg}nysfﬁ% g c fa1 fifihef incliding pigyiceg thC@'ﬁéshfﬁt rostFe first delay
penod%@md Belky petiodsand tdlRl Ryio®@f f (x) sanple 15 periods, the
second delay period is a delay of f(x+l) sanple
periods, and the third delay is a delay of f(x41)
13. Sa’f‘m 1ﬁet9(§fdfgﬁly3 prelddGHo® 1dim| \§he§'eut Gt 85]%}{ | Ol@d )i?é s%cﬂ‘nd delay period,

nber that varies according to a
and t%%/thtﬁd)delii)f\pealoww‘deﬂerr@mcblalmd uglon %h@bankamﬁmuiamn any
preceding claim further including nodulating the first

synbol, second
14. A transmitter including:

at least two antennas;
a modulator coupled with the at least two antennas; and
a delay circuit coupled between the modulator and one of the at least two antennas, the delay

circuit delaying symbols output from the modulator to the antenna by a delay period that varies over

time, each of the symbols including a cyclic prefix of one or more samples, wherein time diversity is

provided even if a channel is not of itself time selective.

15. The transmitter of claim 14, wherein the delay circuit provides the delay period so that it is

different between consecutive symbols output by the modulator to the antenna.
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20 synbol, and third synbol according to different
carrier frequencies. 12. The nethod of any preceding
claim further including pro¥$ding a scalar shift to
the first delay period, second delay period, and third
period. 25 13. The nmethod of any preceding claim
wherein the first delay period, the second del ay
16. PerhOFansmRfot demtili @ﬂrgﬁklﬂﬂefa?El'r&q p?d'v‘radegﬁlte%'é@ P@r%d so that it is
based upon feedback’ i nformati on. transm
dlffefenbtpeumen genseca[tlvqa sardplstbye 1@mbgmﬁagnpl@@er@dmdujls atugkto a constant
multni)ﬂ %llﬂnlé})%i)@(%r\r,%;goﬁﬁillﬁ Me g)n{it%ng?&g rs]antgjol ina yn}%ﬁl stre%m
Ieast tmo antennas, the delay circuit delaylng synbol s

h
O o 5 S Db BB ot o e
dlffeteﬁcﬁetl@ﬁeﬁ JorRedilyiO syentRIsByiafabmAnMber of SR Re fHAL §fth respect to any
wherein tine diversity is provided even if a channe
other;conygetive pymbdal f time sel ective. 35 15. The transmitter
of claim 14, wherein the delay circuit provides the
del ay period so that it is different between
18. cometearsinifer efatiiol 4, whrrgutheldylay becurtpeiyidas the deley péréed so that it is
(!
aitte LR o ReerdCe IS b AR Mk TocPls, b s s MR Ty o e
that yasies aidrflimg énd lobstoneéthe sypnisd out synbolsywdbol s by a nunber
of sanple periods that is equal to a constant
mul tiplied by a varying nunber corresponding to the
19. | otk tramsmivfer dtv@y SydfRlaim 1409 aher Siclu@ima sbalihg cirdifi€oupled
ter .of céa|n114 wherein the delay circuit
betwf‘ff*éCﬁ ‘g@ AUt HERARIP-0d so that it is different
betmeen consecutive synbols by a random nunber of
e periods with respect to any other consecutive
ﬁgf‘oqf%lsmmer afginy phreofictaihs H totl &rwisteigthaimedylator wiizeedifferent carrier
frequt:mes@?h ?r¥q&:'n£}plya'ng t&%@%‘lﬁ@%n*bgﬁ del ay period so that it
fferent’ between consecutive synbols by f(X)
sanple periods, wheref is a function and X is a nunber
21 Gy e LD RS AAORH S B 6 6T B gl REMRhe g e
includeda procek®r. further including a scaling CIrCUIt coupl ed
15 between the delay circuit and the antenna. 20. The
transmtter of any one of clains 14 to 19, wherein the
22. nodhd tednehittdit bfl an e dﬁcfaﬁlﬁsf BN 2C ateke®i the b IeGUSGINRSnARfincdude at

fre enc and to dul at e nbols 20 21. The
least fhf%? eLF © Bnsayfier erohmlwiS ing apothendelay oprguit Wﬁlek@bﬁwwhe

modd’ﬂl@kﬂn@%ﬁﬂthéﬂ@fjth@ Bﬂeﬁ@!h&)é aﬁﬂeﬁlﬁib“tﬁe an'oﬂ@rl s cﬁcdﬂf %ﬁgﬁﬂg%nother delay
22. The transmtter of éﬁone of clains 14

periogffiaf wAriss o¥ee tiae, Wheaain the werthas delaneesiof aed theldelax perlod are different for

each symbol.

23. The transmitter of claim 22, wherein the delay period is different between consecutive
symbols output by the modulator to the antenna and the another delay period is different between
consecutive symbols output by the modulator to the another antenna, and wherein the delay period
between consecutive symbols varies by n*f samples and the another delay period between consecutive
symbols varies by n*(f+k) samples where 7 is a location of a symbol in a symbol stream and /8 and k

are constants.

24. The transmitter of any one of claims 14 to 23, further including a cyclic prefix generator

circuit coupled between the modulator and the delay circuit.
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| east three antennas, the transmtter further including
anot her delay circuit coupled between the 25 nodul at or
and another of the at |east 2hree antennas, the another
delay circuit providing another delay period that
varies over time, wherein the another delay period and
the delay period are different for each synbol. 23. ;
Th j.m 22, wherein the delay perio
2. gd$€%§§gﬁkhgg¥aégﬁjﬂbnsecut|ve 30 synbol s out put by
thalﬁudmwanmnmtnuﬂhe antenna and the anot her del ay
Dyt IRolativid s oL Rl BRCwe ot kmd® el g Bt
symb‘oheadﬁhaydlp@ﬁ plﬂdilltybﬁ‘tswelﬁéls GAESIAChE hamorg Yib@k the\paliral BB oftmples of

a ﬁrs&gfﬁﬂi)gﬁ%{rﬁvgura n?ﬂgé}?gb teggﬁxﬁg,dee:l]a?%? pl%?eg bertgaetmgrtg{o Agntennas

and d s8cohd kAR bf)ﬂhe?furaﬁ‘l f&ﬂ@ﬂbolb Rfie? a SCRPUeI S D %@mn@%jtelfnfa \@lﬁbqem the
are const an he transmtteér of any One of

k
first dalayiand thegeqopd dgay 4re diffseant, ieasdiofithe symbeleipeludiog pexsfic prefix of one or
moreggglﬂﬁééamgremqntié:cH{/érSI%qyﬂlggqe(p%m%h&ﬂgl lmg%lfﬂ%e%rtm?é’]s%ectwe

del ay circui el ess transm

including: at |east two antennas; and a nenory coupl ed
26. W' ﬁ“lbe \%/LEP%GS@EY]@I %aéer n%XY?gna%tai Qr?ﬁgllleus Icorng gla¥J S‘ ?%rne[{]gs &reater than the
first dﬂlm’p‘lvme nmroednmlﬁdmetnmfumwmﬂ Pythit®] nhﬂypibbllfs&iealﬁ Wndf is a constant.

sanples of a first synbol of the plurality of synbols

after a first delay to one antenna of the at |east two

27. anﬂ%’m@éess aaeknitte 0 ahich By Whakin@le firf@leRl WA kdnvpi&fand the second
nbols after a second delay to the one antenna,

delayighibp o) TS, WHETEA S ABICA™ ALE |6 aUSE SR aFoming to a ocation of

the sfhtof Br£H)mboe@eimof the synbols including a cyclic
prefix of one or nore sanples, wherein tine diversity
is provided even if a channel is not of itself time
se er. 0 ai ,

28. V\htlfeg\%’lhé{i& g}lggﬁ%ﬁ 8;]_%13' ot Bfélﬁﬁlg ]25 &%W&%&E rﬂg’ 6{{'%]?&%, Hg]ﬁ%?s a buffer.
the first delay mhere n is an ordinal location of the
segond t.re s a.constant. .

29 SR BElsar By YRR b S P e SolRFT R PRienx

generfalor sduplde ety thesmérfioey timaundals € chelid prdTi t5 €20 1REAthE PlusBItAY sySbols prior

ere is a function and x is a nunber

wSK¥ﬁ%weyngﬁ%OFé@BPaWh@emﬂya | ocation of the symbol in a
synbol stream 28. The wireless transmtter of any one
of _clains 25 to 27, wherein the nenory includes a

30 pyflegyireless gansguitter ghanyjone peadaims 2 % YV%’@?'“ dfe ahlppst Gmeanggnnas

includd A3 tigoe in‘?en%% wﬁé‘rjéfnnﬁé'méxﬂﬁ% g%'vﬁlgs e ﬁys?%jﬂnpoop oea%bﬁﬂer Qf the at least

gener at or COUp
three Igntelmag(affqg adnshflelsy andpropidesthe $epgndo:§/mgg,l nfol asfopmh d_)irlay tb (Lhe another

antenﬁg erh'eﬂggl tng]ﬁrspélellgyaéelc&% cgfag txn%%l;yo%l{h If)rt?xqoge\{aé/ gargdl all %Bferent from each

w'rel ess transm'tter
othermherein the at | east two antennas

31. The wireless transmitter of claim 25, wherein the second delay varies by n*8 samples from the
first delay and the fourth delay varies by n*(f+k) samples from the third delay, where  is a location

of a symbol in a symbol stream and # and k are constants.

32. A transmitter for transmitting a plurality of symbols, including:
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
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25 include at |east three antennas, wherein the nenory
provides the first synbol to another of the at |east
three antennas after a third28lelay and provides the
second synbol after a fourth delay to the another

ant enn wher.ein the first delay, second del ay, rd

de|“5§ﬁs?%m>a0‘f“au$ £ el %vetfggcwebgt qulriys by e eﬁtulftpmﬂdéarcwymg the delay
betw@dnhBhsecie ylmbold it B h@%ﬁ)dﬁlﬁﬁp%mhtotf ﬁt'e s91§1b<9£ ﬁ’n'cﬁrnhl%?a r?(%/CIIC prefix

wherei n the secon ay varies fi~ sanpl es
of ong gemorejspryplegy @{har}emgnnp diyssifygsiprond vanylf\a@hqtr@gl ipyot of itself time
selecvd ffi+k) sanples fromthe third delay, where nis a

[ ocation of a synbol in a synbol streamand fi and k

are constants. 32. Atransmtter for transmtting a

ity di 35 . | lity o -
3. Dl o Gp ek 0 L™ sor i BBkl By Torprovidinga
delaﬁm\mm asnstdudive syntbdlsaliae Saries BY W Bainples,fhefey®@h Srdfr@rl location of the
transm.ssi on over thg plurality of antennas; and 28

secordsymboliinp sypbal stepapgn Fdet S8t each synbol output by

t he nndulator and for varying the del ay between

consecutive synbol s output by the nodul ator, each of
34. th@h%W%%mF§r?ﬁ%ﬂﬂé?h@kﬁﬂ%?@mw@wﬁbeﬂpwdmeﬂwbﬁeﬂwmnnﬁremv@mga
delay RIS It 0 M yi en ' f a
o ol PR P F s kT Y P ey

transm tter of claim 32, mhereln the nmeans for
35. pr ?lYel tpajn%‘g n‘eP&r’ ﬁgglﬁ 32 r@lﬁ Nein {hg }negnssc%rlypdm\gr}%ng Qﬁ@lﬁéﬁ?{ezﬁgéﬁggidi nga
delay| tstvman mrrxslequat/e Slymbals itlan vaofes b gx) ssiepleg)ahvhsig irixal fuhdlioa and x is a number
| y ﬁq qmﬁonstagﬂ. 10 34. The
that vapi %\Sr%f‘ﬁ ?‘P%F %lf’caé'loléf’ 'S Y MERh B ey WOt HE b ans f or

provi di ng i ncludes nmeans for providing a delay between

consecuti ve synbols that varies by a random nunber of
36 ﬂ‘tﬂ tgasmifier offppy one of slapms 32dp 3é>ffu@tearrﬁtus@g a\pdp 8foR thahgodulates

the pnﬁﬂif}soffsﬁhbd?f ﬁ’tﬂlzﬂtg@%ldrﬂ% U%ﬁle‘f‘ﬁ@ﬁl&né g providing a

del ay between consecutive synbols that varies by f(x)
sanples, where j is a function and x is a nunber 15

37. thage tYaﬂgth@tér (ﬂ%ﬁgé@ c{F%Iaths £5) tL 96 ‘?{Jr]tl%P in rudhtg%egyslﬂ%?&rg{/igiinﬁg scalar

synbol stream transm’tter of any one o
shift @2he dglagProviidedttheach ofithk pliratiy & syobhud. at or t hat nodul at es
the plurality of synbols utilizing a plurality of
carrier frequencies. 20 37. The transmitter of any one
38. of Tlel tahmitté’rZ)ftaOy G, of klainbsB2rto BNEhrtt@dt MYludMARRadsdbr appending the

a scal a ift to the delay provided to each
cyelid rett‘/’h% %g‘ﬂtpéﬁs it V‘C[Sf’fé H‘@@Il'?/ Ofﬁgnbc%te transmtter of any
one of clalns 32 to 37, further including nmeans for
ap endi n cyclic prefix of N sanples to each of

39. trAPSH r“FvJHE synbols, 25 39. A transnitter
| N | ddstithi8e antennas;

a modulator coupled to the at least three antennas;

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

wherein the another delay period and the delay period are different, each of the symbols

including a cyclic prefix of one or more samples, wherein time diversity is provided even if a channel

is not of itself time selective.
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at | east three antennas; a nodul ator coupled to the at

| east three antennas; a first delay circuit coupl ed

bet ween t he nodul ator and ong9of the at |east three

antennas, the 30 first delay circuit delaying synbols

out put fromthe nodul ator to the antenna by a del ay

period that varies over tine; a second delay circuit

co at.or,and anot at
40, | egﬁé %h?‘géy\@%] lten::%%as eq%lqu e de clay cndpugé)lrovmee(s: threéiafa%/ perlod so that it is
diffectat @ywarg consadivive symliotstﬂutpﬂlr ki)ntht medutadiub atecalhtehtm dnld ehe another delay
cire B R R M B ety b h A ok R PP o Pt by
the nebdbiayor pahd adirr entelinhf erent, each of the synbol s

including a cyclic prefix of one or nore sanpl es,

wherein tinme diversity is provided even if a channe

. | STROkrarRhitlet §1edleflmt3'9rr\5hc§§h %th‘é@mrc%ﬂ ro4/%es fHaQelay period so that it is

transmtter of claim39, wherein th g del ay C|ch

dlffeffﬂbhﬁrwg cotisecudist synbelstiy achumbertaf aampile parisds datfis equelrtp a constant

mu lt{ﬂﬁéed/@ﬁ{]ve E}ﬁggs gﬁﬂ}et %@re%dg?ﬁg?o tgéé fo%} on (k(;)?trh% Ig}g {16“? gl% t% anotl%eﬁ delay

circugmpotvitiss thd@h@tyerplehajf pcticggo tHaait isidiffarent détﬁvém@nieciueffem@ebbls by a

oG B0 Rk o P 5 s hone il By B figs Sumber
cmﬁmmmnmgnamh&md&mayﬂemmﬂwﬂt provi des the delay period so
that it is different between consecutive synbols by a
nunber of sanple periods that is equal to a constant
42. muirhd tednis@dtePyf oﬂ’aiMQQWVIWeiﬂHﬁ’@%th&@élﬁﬁ&ﬂ@ﬁ%d@gj& theldBBy period so that
|. ocati on of the synbol and the another delay 10 circuit
itis Cb‘?f‘?f?r‘?t&%tévefﬂh@“%é&“ﬁéb’ mylp By a pedenpauBker phempieperigds with respect to any
otherdohdeUtRBLyRRJMeen consecutive synbols by a nunber of
sanpl e periods that is equal to another constant
mul tiplied by a varying nunber corresponding to the
43, | O‘Fﬁév\%a%glgﬁ{e]r %él}zallg%%eerre”a%le dgg}?c¢c&|ﬁgfon]dtreo®e ];y {):eﬁ%drsrz) that it is
diffeged tmpvepr coroetusoe tyimdbls by Hxi iamlpi@ p(dndi(fsewhaa’né f lbﬁlﬂV\E&dﬂl and x is a number
e GACEGHS Y Fr Y EeBiodoP s S B hE g b SRUB PGy gt another
delaylk{érlodl' tbethﬁtmamSiﬁetehelﬁet\@éenleﬁbdﬁtl%sym&o‘(’iﬁwlg(k) b4 1€lpdrRYs, where g is a
i jg? rovi des the delg¥ period so that it is
et Hap ek » Bl G Y4 Lyrrdiedo ty Iqeption oﬁé{wpﬁy@bol in a
symbRBdtle@fls, where f is a function and x is a nunber
that varies according to the |location of the synbol and
the another delay circuit provides the another delay
44, pe’f‘l‘le"c@lﬁ@ﬂt@h@‘{any bnd o?fcgﬂ the @'tggg fpr%] Mrelhdfh Q%@a‘?M% i\l&lit coupled
synbol s by g(x) sanple periods, where g on
betwqﬁnﬁlfeeie@mclrpmgqmdﬁheam@nxa gng aaothmntpémg tihcuit cvaﬂcpde@tween the another
ation of the synbol in a synbol
daagﬁfggﬁkqgaéﬁi%pﬁﬁgggransn1tter of any one of clains 39
to 43, further |nclud|ng a scallng circuit coupled
beh}lﬂy—etnaasnt&?tgrc(ﬁﬁpy éélb uorg € éﬁrll t3e96}9\g% }Cﬁgl hennﬁlg?tor utqlzes cP Fferent carrier
frequencies of a frequency band to modulate symbols.

46. The transmitter of any one of claims 39 to 45, further including a cyclic prefix generator
circuit coupled between modulator and the delay circuit and another cyclic prefix generator coupled

between the modulator and the another delay circuit.

47. A method for providing transmission diversity in a multi-channel communication system,

including:
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delay circuit and the another antenna. 45. The

transmtter of any one of clains 39 to 44, wherein the

nmodul ator utilizes different3@arrier 30 frequencies of

a frequency band to nodul ate synbols. 46. The

transmtter of any one of clains 39 to 45, further

i néPRiNH fiEst pRase sheft foractfrpteygbolde b wansmisted ek first enipinaghe first
symth)ﬂn\eﬁl@ﬂgmw ﬁlfrzgfty @f@ngIIQ§ aFMEl ay circuit and anot her

cyclic preflx gerier at of coupl ed between the nodul at or

andprlyieg asrsoirbphastehdly differepuihen th8Srstfhaselshife el fi fS(D Bymbol to be
transﬂﬁt?e\(ilog Irﬁlrlgcr? 5%1?1@ a tﬁe rs Sé’ln\{)e{lllclu 1&%& %ycllc gr@%x 8g% e)?ir Hlﬁre samples,
whel‘klnrtﬂ;l’[e diveasty isprofitied @elalffalchMelsyﬁﬂIOf itdelf tine skle@nsm t t ed

on a first antenna, the first synbol including a first

plurality of sanples; and applying a second phase

shift, different than the first phase shift, to the
48. fi mad mSﬂ‘iHEb@ﬂ cldid@ W@Liﬂﬁér@fb&m&gtagglyﬂ@ a@hlﬁﬁﬂl@%@hﬁﬂb@@%nd symbol to

the first synbol including cyclic prefix of one or

be trapgnitted Qpiedust antgnigiad émky'tlg @r@uah please phiky tq the peeesid symlol to be
trans@¥RA oh fiheRe&h@AMNChnal wh&I&H tfféfﬁrétt &b, tmr('in%na; ﬁJuﬁﬁth}é@ shift@are all
The method of claim47, further 1ncluding appflying a
diffegeni frem pashehes land the sesond sebohidelsdinpobeconst plivelity ohsemiast ed
on the first antenna and applying a fourth phase shift
to the second synbol to be transmtted on the second
49. anfemethodwbfeiaind 81 Wieerdin thetsecosdgyorbd) is thansndttedaimehefimteiyt dfter the first
Snﬁgﬂase shifts are all 10 different fromeach other, and
Y"he second synbol including a second plurality of
sanples 49. The net hod of claim 48, wherein the second
50. 8|methi)gt [éggl%%t Evﬁgfﬁélbe I t%t%l%g(%/l ﬁtﬁlf %c%glvgf.fsg(ﬁﬁg{) Ir?rr?S ;@1 consecutive
gmﬁ%bﬁﬁbsﬁﬁ boRdi@agecond synbol are non-consecutive
synbol s of a sane synbol stream 51. The net hod of
claim48, wherein the first synbol and second synbo
51. ar eneashod 5ﬁr§lm4§tvﬂq:rélﬁlthe G fsﬁﬁt%pgndfs(em Syl N aé?eacl Jla%smltted in
met hod of claim48, further includi ng no ['at I ng t
diffefeptfsamesy nbol and second synbol according to dlfferent
carrier frequencies. 53. The nethod of claimA47,
wherein the first phase shift and the second phase
52. ShTI‘let methed OfZ:&ild é&dﬂl’ﬂhﬂﬂ gdludagethdulptn the 8dbaoibol and second symbol
danf Q@? on. .24 .net hod of claim47, further
aceo ”@ ﬂm]cmqﬂ %@wgﬁe%nverse fast Fourier transform
(IFFT) operatlon to the first synbol prior to

30.55. Atransmtt i ncl udi
tr ;Iiln meth o ofrg:]an 47, wherein t ?rst phase s lft and the secon% phase shift are

determined based upon feedback information.

54. The method of claim 47, further including applying an inverse fast Fourier transform (IFFT)

operation to the first symbol prior to transmission.

55. A transmitter including:

at least two antennas;

a modulator coupled with the at least two antennas; and

a phase shift circuit coupled between the modulator and one of the at least two antennas, the
phase shift circuit applying a phase shift to symbols output by the modulator to the antenna by a phase

shift that varies over time, each of the symbols including a cyclic prefix of one or more samples,

wherein time diversity is provided even if a channel is not of itself time selective.
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at | east two antennas; a nodul ator coupled with the at
| east two antennas; and a phase shift circuit coupl ed
bet ween the nodul ator and onélof the at |east two
antennas, the phase shift circuit applying a phase
shift to synbols output by the nodulator to the antenna
56. py The faméter g&lgmi S5t wherein theahpse shifeaeuit pragdesglacphagsf shifhe that it is
[
it B AR En G D o o by Ry 808 BlenllBln 114
channel is not of |tself tine sel ecti ve. 31 56. The
57. E:Ir ?QUI 1smﬁ{c’§\rﬁ)ff lalmt ewlbeﬁ%g éhe %s?tsl%gtgpr?% roy! ?es%lge phase shift so that it is
diffetbinf lfeﬁﬁ@ﬁtcoxﬁeduwefylmm(h%hééah@WEEQJI $o Detnpbiit aByle iRiplied by a
ulator to the a nna. 57. The transmitter of claim
me@%“mﬂﬂﬁf%WﬁpWﬂégﬁﬁg§z‘@H@*@W%?Vﬁg?t provi des the phase
shift so that it is 5 different between consecutive
synbol s by phase that is equal to a constant angle
8. nuilhg tmns'@ateby cdaimp3r yhergjn thawbese sicirespadieadghe nimftem;lﬁ so that it is
claim
it B SIS ERER e RS B bl Bliie phase
shift so that it |s di fferent between synbols by a
50, LAROPLBNRREOED Dol S35 o A PHURL SPHIRRL S BB o
ﬁemkhammmdmammwyhmmhome@ﬂd¢ﬁh&b3nt carrier frequencies
of a frequency band to nodul ate synbols. 60. The
transmtter of any one of clains 55 to 59, wherein the
60. NoU @dnehit@ner elh?@n@m&ﬁ?m§5ﬂ {ots9, Vierdih e Widdulafde hiddRe Fhase shift
processor. 61. The transmtter of any one of clains 55
“muﬁéméﬁeaRHEF%Ph the at |east two antennas include at
| east three antennas, the transmtter further including
anot her phase shift circuit coupled between the
- modbg Eanemitighel aan erheficlaphs §ie 68t Wheesas the phieasttvarantannadiclude at
n
least Bﬂgesagf%gﬁ#fet?e Rﬁ%fh?r\t/ez Irf'l%rg]ér @{:/1[1&1}1'% InoBlePM wfg}g& Ak a{cﬁ glﬁ) etd%etween the
modyldiarsmd siither ofithd at lagst ml‘msaeteslms fthe mo&ledplfaﬁﬁhecnﬁrcilm prov&iatgl'hnother
s PP B o RS Bl B B0 el b e 32 e o
each tynslesf orm (1 FFT) bl ock coupled to an output of the
phase shift circuit. 25 63. A processor-readabl e nenory
having instructions thereon, the instructions

62. | naiheltthmdhitter 6PEHE IO bf PV |5§’tor¥g futBerandlhdi St anan\t/e‘?iérﬁs’t F&urier
nbol including a first plurality of sanples;

Umw@@géﬁf$¥mgﬁawpﬂﬁ$5Hmﬁ@ma“§@66W6“éhﬁéWﬁwt the first

synbol after a first delay period; code for providing,
to the first antenna, a second synbol including a
63. s eé@meﬁsprurneaiaabteyn@fory %’lfganf’mue@ns theten, ftioy ingruotiordiimdydirtgo

defoéﬁ ?&gm og{g, E(pz{]ﬁ‘st an&%n?g ¢4 syl Al mc,udmg a st plura?‘%y cl;]fdsamples

ro
code for providing, to a second antenna, the first symbol after a first delay period;

code for providing, to the first antenna, a second symbol including a second plurality of
samples;

code for providing, to the second antenna, the second symbol after a second delay period that
is different than the first delay period;

code for providing, to the first antenna, a third symbol including a third plurality of samples;
and

code for providing, to the second antenna, the third symbol after a third delay period that is

different than the first delay period and the second delay period, each of the symbols including a cyclic
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is different than the first delay period; code for

providing, to the first antenna, a third synbol

including a third plurality 8 sanples; and 35 code

for providing, to the second antenna, the third synbo

after a third delay period that is different than the
prefig pf aie o mlorgysapeles,oheremutimhidivaeityon prodigkdigvep éfra cheinebmobt affitself time
selectil® symbol's including a cyclic 32 prefix of one or

TOT e sanples, wherein tinme diversity is provided even

if a channel is not of itself tine selective. 64. A

stantl ere
64, GoSaTIsES N B B b T HE haeRdtbey hi orence (o the
accofipamina@sawifls. A transmitter as claimed in cIa|n114,
substantially as herein described with reference to the
acconpanyi ng drawi ngs. 10 66. A wireless transmtter as
65. Cl Al ARGkl £CRAIMRIAR claft DB S A ah &difyYhs CIH%ES%'HBGWI?‘FII’GEP&QC to the
with reference to the acconpanying draw n A
accompappwgidtavargsas cl ai med in cl ai m 32, substantlally as
herein described with reference to the acconpanying
drawi ngs. 15 68. A transmitter as clained in claim 39,
66. suBstistdss a:lldsylit&s ahasimed indégia 26 om tstanitit y aseeeiredes@ibed with@ference
o théccoma { ﬁ&»dramnngs 69. A nethod as clainmed in claim
27 O ET AR ISy as herein described with reference to
the 20 acconpanylng drawi ngs. 70. A transmitter as
claimed in claimp35, substantially as herein describ
?HmP%‘r' Beres clainped g plaim %\%éw%ﬁawwﬁhﬁ?la\ﬂmgéed Vit fﬁren}e@ to the
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68. A transmitter as claimed in claim 39, substantially as herein described with reference to the

accompanying drawings.

69. A method as claimed in claim 47, substantially as herein described with reference to the

accompanying drawings.

70. A transmitter as claimed in claim S5, substantially as herein described with reference to the

accompanying drawings.

71. A processor-readable memory as claimed in claim 63, substantially as herein described with

reference to the accompanying drawings.



