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SPACE- TI MEBLOCK CCDI NG | N ORTHOGONALFREQUENCY DI VI SI ON
COMVUNI CATI ON SYSTEMS CROSS REFERENCE TO RELATED

WwWABNs1CATd ONS [ 0001] This application clainms prPCDUSINS/014852

from Provisional Application No. 60/572,160, filed My
17, 2004, entitled "Space-Tinme Bl ock Coding for OFDM
via Tinme Donmain Processing," which is assigned to the
assi gnee of the present application and fully

ISEAOFRYAIME BI'OCKWOBINGINCORTHOGONAEBREQUENCY
BACKGROUND OF THE DI SCLOSURE [ 0002] The present

di scl osure DAINESTONCOVEVIENICATIONSYISSHEM St ens,
and nore particularly to transm ssion diversity in
orthogonal frequency division nultiplexing systens.

0003] Demand f | dj
Hata. pr oceddiasS REFERENGE Tohdbha TEPCAPEHICEEHS ¢
[ﬁb%i]oguce%)i a%fb%&hﬁaﬁﬁ&ﬁ%%@m%ﬁsﬁﬁﬁ AbfiR%flon No. 60/572,160,

en transfierri r ames ackets or
Gsdt M ilMg200aY, @nttley “Sqmcd&ﬁ]m’le IBld)dkaEOdhag fero®EDM via Time Domain

character| iics. Such.errors are offen caus
BriCesg o NOASToR BRI OGF 5 ETHeOh e BrPGT fPRliggiop and fully

MebloEsy AEBRIISEIARe YR GifRgose cer tain

tles | desi gni ng encodi ng and decodi ng
schenes for data to be transmtted via such systens.

Partly because i j LLity and
partly because %¢$§Wﬁ@#@$?g@m cl ass of
| TRE &AL BisEREIrE teRbRNAEWEelebd ComAfinicalien Whdtérds, and more
ussi an noi se (AWGN) nodel is often used to

phrticaletly rtozeanshassinn diversitynivs erteegeonah fleavansh dnaionemaltiplexing
5!35)04 One type of wireless conmmunication systemis an
onal Frequency Division Miltiplexed (OFDM

$OUDBE DerfdrdMok Svigeld¥dl Ididitat @6mirihication bad dem prewhsing wgstems is on
that partitions the averall system bandw dth into

thet isepilaherent 16 moms ghigital coMENIGIEGN ShagH 1 cgroTsTHgoguced when
?rlﬂgs‘}% | efrgrﬂ.a s rPea?i\ég ggsﬁﬁgl%ﬁglﬁlﬁg‘?ﬁta B Sa cﬂ el that has some

requen carri ul at ed
Ghirbictelddties. Sirht erdys aredoftat t:meds}oghnﬂesfermye be theemttl noise. The bit
error rates of wireless transmission systems pose certain difficulties in designing
encoding and decoding schemes for data to be transmitted via such systems. Partly
because of its mathematical tractability and partly because of its application to a broad
class of physical communication channels, the additive white Gaussian noise (AWGN)
model is often used to characterize the noise in most communication channels.
[0004] One type of wireless communication system is an Orthogonal Frequency
Division Multiplexed (OFDM) system. OFDM is a multi-carrier modulation technique
that partitions the overall system bandwidth into multiple (N) orthogonal frequency
subcarriers. These subcarriers may also be called tones, bins, and frequency channels.
Each subcarrier may be modulated with data. Up to N modulation symbols may be sent
on the N total subcarriers in each OFDM symbol period. These modulation symbols are
converted to the time-domain with an N-point inverse fast Fourier transform (IFFT) to
generate a transformed symbol that contains N time-domain chips or samples.

[0005] To improve transmission diversity, space-time block coding in each of the two

transmission paths has been developed, as described in Alamouti, “Space-Time Block
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on the N total subcarriers in each OFDM synbol peri od.
These nodul ati on synbols are converted to the

wWOo 2ovsAdDR®I N Wi th an N-point inverse fast FourPET/US2005/014852

transform (1 FFT) to generatz a transformed synbol that

contains N time-domain chips or sanples. [0005] To

i nprove transm ssion diversity, space-tine bl ock

ceaiiianAi SInPRE Mra@fmit TBiverstdy eekisqiesto WirglagshSorhamnizations”, IEEE

devel oped, as descrijbed in Al anmouti, " Sp%ce-Ti

Brusea cadSelgsted Aseaspine Camangifations, Weylane 1 T@Ehﬁ‘?ﬁﬂé‘ﬁfg@r October
gLl [ ' N : eqt :

N5 SEF RolBHTHE B B ol PR RN RABRERERS entirety. The

Ouinableis 4Q8Med tthebec dntedirdquerdic ywhivehants(flabicando oy firégr assumed to

herein by reference inits entire The channel is

ERIRaipeenstant geertat %@?&W@dﬂ%ﬁ‘?&k}“‘fqﬁm %t (flat) and is

E(WOBEH a&%?&é'ﬂ@éjwtitﬁ the FBhdhiCQHS E@HRneQBErRY iheA8motitOthe original
onsecuti ve synbols.

0
[ 0006] In accordance with the
syrAbsiMs&piendt $ehasedididsd rintre blodks Abfirtwut consetigive symbols  x, (1)
origi nal synbol sequence x(n) is divided into bl ocks

afid ,\y0n ) dn Sdambity evesy phiolof syiiel} iserutisdquéntiyninappedraccording to the
Al amouti every pair of synmbols is subsequently mapped
ddboviog:ng to the following: X1 - xUIl = (1.1) xU Il xU

I X, where for sgrplic'ty, timerindex n is not

i ncluded in expredsi on *L. 170 0] Synb lsl)xk and +/
are transmtted pg, tli Mexk, respectively from'the first
and second transmt "antennas. Synbols -xk+] are
whensfat tigdicRy, tinhérhdkx His nesipeladedvial expfesgon (k) fir st
and second transmt antennas. The corresponding

*

(@05 Ssohbelsgmaknd k,, preafransimittes] &t tme A respeglively dopm g first and
by the follow ng expressions: where L, and Ix1 _

seopdc transpbiy aregmeseSymbols channaidy, assodianseites ah time k+1
the first and second transm ssion paths, and are ) .
fespediivelyafounthy first wad eesand drensoij antenpes. shhstrorresponding received

periods. The received signal r be writi.en as
BaRDivs 1.2 s e+ plsfigied By e BBl O
the channel matrix His ort)wogon?l and that an optinum
¥ =X 0 Xy T 1.2)
P ==X Ity + x50y 1, -
where /,, and h, respectively represent the channels associated with the first and second

transmission paths, and are further assumed to be constant over two symbol periods.

The received signals 7, r,,, may be written as follows:
i, hy —h,|| x, n
Vit hy hy [ X o) (1.3)

[0008] It is understood that the channel matrix H is orthogonal and that an optimum
receiver for this transmit diversity scheme multiplies r, by H’, which is the matched
filter receiver, to get two decision statistics for x, and x,,,, i.e., to recover the

transmitted symbols. Using this method, a diversity order of two is achieved at a

receiver with a single receive antenna.
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receiver for this transmt diversity scheme nultiplies
rk by H, which is the matched filter receiver, to get

woamsdeskd®i on statistics for xk and x , i.e., POT/US2005/014852

recover the transmtted synbols. Using this nethod, a
diversity order of two is achieved at a receiver with
a single receive antenna. [ 0009] The nethod descri bed

BBV ETIR YRR jadaRHEE hdveumay iR SdabMdsist @EBInb@FDM systems by
replacing the time-domain conputations with )
feplaquneriby tithsriinteie opppetationsrikith Aequaney-domagheprpyiatigns. Assume

! LTS ) SR g B b o
R kB, 2555 D5 09RO, CFRLGE 6008k act rmais

coiftahilover th6 0dkciBiverseplagieny Thixds t i me- domai n

conmputations with frequency-domain conputations, the
Fecet Med, sidpal vector corresp ming to sub-carriers n

and n +1 may be witten as: thus achieving a_ diyersit )
[010] Byooepiacimgg. the | éme-domabk GPRgREHIRY  1or &Wnsg‘domam

an_ OFDM t itter. '
SRR BRI R R LR R SRS 0 <1 oy
Paivkisteh %s:N X 11 ] . Each such pair of synbols is then

encoded by the space-frequency encoder 12 to generate
two different pairs of synmbols [ X n - Xnand \ X n *

I X n* | . Syphol j.rs A f.+71] are grouped
into an N g gypbel A Ior’% rX;ki +gpliedt0(1a59
i nverse fast" FoRyjler| Ay andf dr M. | FF). 118 bl ock, ‘which

in response, generates an associated tinmedomain vector
X that is transmtted fromantenna 14. Sinmlarly,
synbol, pairs.X n *

th%ls achle%ng a dlversrllty of 2.

[0011] Fig. 1 is a block diagram of a portion of an OFDM transmitter 10 described
above. Each OFDM symbol of size N is divided into N/2 groups of symbol pairs
[X, X,.]. Each such pair of symbols is then encoded by the space-frequency encoder

12 to generate two different pairs of symbols [X, -X,,] and [X;1 X ::l Symbol

pairs [X X

. 1] are grouped into an N - symbol vector that is supplied to an inverse
fast Fourier transform (IFFT) 18 block, which in response, generates an associated time-

domain vector x; that is transmitted from antenna 14. Similarly, symbol pairs

[X X ;:I are grouped into another N - symbol vector that is supplied to IFFT 20

nil

block, which in response, generates an associated time-domain vector x; that is
transmitted from antenna 16.

[0012] As is seen from Fig. 1 and described above, the space-frequency encoding is
performed on the input symbols, ie., in the frequency domain. Accordingly, space-
encoder 12 is required to generate two different streams and hence two separate IFFT
blocks 18, 20, each associated with a different transmit antenna, are required for every

transmitted OFDM symbol.
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+ X L* are grouped into another N - synbol vector that
is supplied to I FFT 20 bl ock, which in response,

w@eosnates an associ ated tinme-domai n vector X POBUS2085/014852

transmitted fromantenna 164 [0012] As is seen from
Fig. 1 and described above, the space-frequency
encoding is perfornmed on the input synbols, i.e., in

the frequency @RIBFSUMYERYIORTHE Bisat€¥dRBer 12 is

required to generate two different streans and hencge
{00 35 bpar erleodimpt, b frgasaittescommiseg alcigash §8p ARigRRAT aRf! @rprocessor.

diff t .t ] ' .
N R I —
PoeG 6RuREeh@DAFind o fign tiewdbdi argind firsa blackrie ietttagsmitted from the
%?sgp @gtlg;glgaf d@%légggc;miti Mglt@gg@%ﬁbg ggst %g?ﬁr gét:l%gg (rg?usgp fhe reversed
g(grﬁ]?l%g cgﬂjﬁgﬁe |5 %&%ﬂs{ BAM ot BeLaris kR PirbinrSdecoit &iha during the

rst tinme slot and a first block to be
firsa higrs sldtewd filieosecodukblbek &t beatmansmitteddivern ity secerd anienna during the
time slot after the first time slot, and causes the
pespad 88 snpl ex conjugate of the first block to be

i(lf()?rgfg} Mo?l%r%ﬁ%ﬁﬁnéﬁ,%@th@@%@ﬂ AsddWeh&ratin ) fikdt bidck comprises a

ot and the second block to be transmtted from |
fine ssquamoel gevemting alsedond tlerk servpriging iangecend Eequepesl 4prming a

I n anot her, enbodi nent.,. a od o ' '

R DS TR M TP 9, ORS5BTSO S o
FRC 0ADnB | K164k, CHEPIdirE A feveReANéhngser eRafigatosfTitieg second block
reversed conplex conjugate of the first block, formng

doltaavedr ke thec Girs Ibdocke &) trpamission ko & dkgnanigngcRnd providing the
rovi di ng t.he reverse X '

0, PR SRYEHRCD: TR S60 BB O eSSl for

firaRdMiasibh Fdin Dsdcemhanteraad provi di ng the reversed

conpl ex conjugate of the first plaock foll d b h .
S0Bhin 1 Goi oFmbimer SSTEIE G BEnSBR QD GFRD in Fansmission

%81%1%{%%65; g?n%#tilﬁgtgﬁfrstemgﬂi g;ar;'fr%}atin meLhgd Hfocﬁ,eﬂ)?ﬁﬂg AOcomplex

rafism ssi on cofipriseS generating a first
lebejakate g€ ttersatdmdghlocks endpodvidlimsthe comphixmyniugesmsiteesecond block

glg 2% nggagtr%d?f}c tn% gi?g Sogge?r{]fggc?\!gggﬁ E}z] H%BHEE [2%\(/:1( %rngar{spn?ssion from a first

antenna.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] Fig. 1 is a simplified high-level block diagram of some blocks of an OFDM
transmitter, as known in the prior art.
[0017] Fig. 2 is a simplified high-level block diagram of a transmitter system and a
receiver system in a MIMO system in accordance with one embodiment.
[0018] Fig. 3 is a simplified high-level block diagram of a transmitter in accordance
with one embodiment.
[0019] Fig. 4 shows symbols with respective cyclic prefixes for transmission in
accordance with one embodiment.
[0020] Fig. 5 is a simplified high-level block diagram of some blocks of an OFDM

receiver, in accordance with one embodiment.
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in an inverse of the first order followed by the first
bl ock for transm ssion froma first antenna. BRI EF

WORHERIBI0 ON OF THE DRAW NGS [0016] Fig. 1 is BCT/US2005/014852

simplified high-Ievel blocksdiagram of sone bl ocks of
an OFDM transmtter, as known in the prior art. [0017]
Fig. 2 is a sinplified high-1level block diagramof a

transm tter (YBABPADESTRIPTEIN OF BHEIESCLOSUREY | O
system in accordance with one enbodi nent. [0018

A . Fig.
p02%] Refsiming 1of Figd 2he fheckeljagram e ambagimmtatt aalransmgltter system
nsmtter in 0 : | [ 00 :
LR LA BEAPISTIES VU SO 0O e
Eykert 1| BOIAIHS dap fore manlsrdddata siedrhs Brpeoedid fiomendata source 112

[0020] Fig. 5is a sinmplifjed high-1eyel bl ock di .
bt 2 BT GERY. Bt AFORIN | e Lo o SHIPOSTReS S Re ey fteam is

' : 'lglgps mlgﬂ SLORYRE
Fgﬁ?ﬁﬁp%g#%ﬁﬁeﬁ%ql ?é i g.ﬂg, i o?‘l? cggi%%igg}rdgﬁwgglfs an ts, codes,
b kirteands thé trafficr dats for tehelr daty stream b4s0d ana mrtiedaicedng scheme
system 150 in a M MO system 100 is illustrated. At

??lﬁcﬁ%drﬁoﬂﬂ&tdét%fr%ffﬂlﬁ ovide gt ddiht a for a nunber of

?6629]5 Fhe e (‘Iaga RS0 H @t dtRIMAMER ba ndtiplegedl wahtpfloBldata using,
ransmt (TX) data processor 114." I n an enbodi ment,

éarodxaniplen timer diatsiarsmultiphexing (HAMdwecode divighert multéplexing (CDM).
ansnm t ant enn TX dat rocessor, .114 f , .

ThAa0o! dyi penea both RaBtepRERA i proce B3 dmqup anmer f

ot LIPRENP ARG ORked R tectivar sysRei ffestihRdrtheselanndl@ssponse. The

for that data streamto provide coded data. [0022

Th
codidelexkalt pildt gnd saded date £0% eachatniyeane isnthen inggd@;@é%p (i.e.e, symbol

w th piJot,data using, j AV ISR A _
AaePr sl O o Pk el SRR, b BPSIERAC MPSIC or M
(@Y seibbred bt eHat dAtaastrant yppeatideynedidatiom sgmbals. The data rate,
pattern that is processed in a known nanner (i

apding. anddneraation foseashetastisam daayi hﬁe(iet@vg?f‘é‘rh(ﬁ {PH%S provided by
AR a o Tor cach data stream s then modal ated

(0023] ,Ths yidatullation symbols for all data streams are then provided to a TX MIMO
processor 120, which may further process the modulation symbols (e.g., for OFDM).
TX MIMO processor 120 then provides Ny modulation symbol streams to Ny
transmitters (TMTR) 122a through 122t. In an embodiment, TX MIMO processor 120
may provide the modulation symbols so that transmission symbols are arragned to be
transmitted in pairs, where each pair is transmitted from at least two antennas and with
each symbol being a sequentially reversed complex conjugate version of a symbol that is
transmitted from another antenna as part of a same pair.

[0024] Each transmitter 122 receives and processes symbol pairs in the form of symbol
streams and provides one or more analog signals, and further conditions (e.g., amplifies,
filters, and upconverts) the analog signals to provide a modulated signal suitable for
transmission over the MIMO channel. N7 modulated signals from transmitters 122a
through 122t are then transmitted from N7 antennas 124a through 124t, respectively.
[0025] 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,
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mapped) based on a particul ar nodul ati on schene (e.g.,
BPSK, QSPK, M PSK, or MQAM selected for that data

wa@tesanm3® provide nodul ati on synbols. The datPCT/EEB®N5/014852

codi ng, and nodul ation for @€ach data stream may be
determ ned by controls provided by a processor 130.
[ 0023] The nodul ati on synbols for all data streans are

Mﬁl’i‘ﬁe@r aMd dRWntonrtiXaMeMachavocessed Sigihl, \zﬁght&l&s rthcy conditioned

further process the nodulation synbols (e, fo
GEDto proxidvesamplesy erdelisiber Arpeesseraiie SRBRICY &Pfﬂ’r‘lde a corresponding
dony streans to N T transmtters (TMIR)
rf‘fé"ﬁ%@gﬂ%?%g# In an enbodi ment, TX MMO processor
fodQemBy RIX QMINMI©/dakeeprvpeksbial $(bﬂles)m¢m'lfes ad frbesses the NR received

transm ssion_synbols are arra to be t tt.ed i
v ik 148 TR S L

r Ch egﬁ]et %rm@t?ld?gﬂ Wbl PGB TR qﬁ@p@c&@ﬂ?%tmll\{im()/data

conp conjugate verS|on of
pfoamm tlﬁedsfdesmlmdoinh ﬁurtlantcbtzamlabalsvvparl?cf:whvfdeafzcwneymb01 stream
pair. %4{7 ach transmtt 122 recei ves a

bﬂ}@@% SR8 SisaPREIF Phens SHfLLoL, BB G FpBpged for the
Blﬁiﬂlg %it@ nﬁre‘ﬁfn NDIRS; NANCYdth IpdkcsssoNbOf Whdr &lemodulates,

cond t|o mplifies, filters, and upconvert %
tibietealaastesgarsi @amd@ mh pleteetedesymbeb duéam &l resoyerathe traffic data for

B agét%aﬂﬁ TR AR PR TP RIS corbtghentary to
ﬁ{z@ tpEIIT 5EIN M‘]lel‘d) FRBIsHl T2@ahdeMXadatd Pdecetdor dught transmitter

respect ively. 025] At receiver system 150, the
Symﬂrﬂ@ted nodul at ed signals are received by NR

mﬁrggi ﬂ\;hiﬁﬁ eﬁ ocgs%gg 166 2hay A8 vé h Leaihy @F B Whdhnel response

I'S provi O a respective

besRkEN the NREMRmil 24d Ngaebeive eeuenms 254 tmesiden itengilot multiplexed
(e.g., filters,anplifies, and downconver s) a
rathpie trafiic dateeilheFhannchagsporpsegsHnAlesmey 8¢ MsFiq PYffER space or
%ggzgﬁ imd ?ro@ésgl dag FAMRLESr. RRAMINMG lﬁ%ce?s%?‘l@@%@a%/ ﬁl'i‘tﬂer estimate
e a corresponding “received
$iig € gial- tb-ﬁi@%é}and\mnt&)fermél 1@t1da(&NBs)ocofeths @lsetemd smévnl streams and
recei ves and cesses.t.he NR rec

PP e INR 16 COHE] ShaTSTsHge A0 e s b PSS B poessor 170,
gﬁmﬂgk eﬁg@é@b&uﬁot & %ﬁgééb&ielﬂ ﬁay de1es tRflve i B@hate of the

r eans rocessi ng dat a

“operating” SNR for the system, whlch is 1nd1cat1ve of the conditions of the
communication link. Processor 170 then provides channel state information (CSD),
which may comprise various types of information regarding the communication link
and/or the received data stream. For example, the CSI may comprise only the operating
SNR. The CSI is then processed by a TX data processor 178, modulated by a modulator
180, conditioned by transmitters 154a through 154r, and transmitted back to transmitter
system 110.

[0028] 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 CSI 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
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processor 160 is described in further detail bel ow
Each detected synbol streamincludes synbols that are

wesdosmatses of the nodul ati on synbol s transm t t BOT/U82005/014852

the corresponding data stream RX M MJ data processor
160 then denodul ates, deinterleaves, and decodes each
detected synbol streamto recover the traffic data for

ithandaind @) leerdrate Fagiops o6mesls fgr DX dXa WEdde@oddtd and TX MIMO
processor 160 is conplenentary to that performed by TX
NERESHT Bdessor 120 and TX data processor 114 at

wgg&ﬁgliroltcgs%rss Y5 G 48 dl¥&9%ﬂ4 Oﬁgrr?ne |0 RE AERSBRer 1@ receiver

ve an estinmate of the c response between
§heend that thepand touphad Wth iededing tensmpnomite gagpmit bad egeive data

on the pilot nultipl ith the traffic d . Th
ersFEKT NSRS QG a0 ST HEo5 B RSB JoFap g vsed by
{ocgggglgq@bif 196,966 ngy.at the recei ver. RX MEVIO

rocessor may further estimte the

g}ognpRefjem'ngraTigslagahd» functimiabblepk diageanh of a (r8nmsiftensysterpincluding
et ect ed synbol K streans, ..and possibl,y ot her. ck

ERUEIE [ Gty BTG AIBERAdS. DRoca niheR CdTPRfed. In one
BBG&ERAL, alségara%wtgaﬂ@kédiﬁg Qf€ $5au1atHA soheme may be used for
processor 170 may further derive an estimte of the

tarherfahé Ng'da@NRets ta he tragsonitipg onirecNr (ransmf ppiganag 41.¢f separate

the conditi,o of the co [ [ [ Nk Pr.0c :
08 Ao b s SBIAP Y600, P s FPEGRS A coting an
Yﬂ@dﬁﬁtiﬁﬁ%clﬂéﬂ[@ b H€ ug@l foRWach pesnio intemfaomap bk aietermined based on
regardi ng the communication link a the rece

. nd/ o jved .
dentepls; proaigded b;yd:rm@ggm ]93,0 the ldspndﬂgx)? %qug@ayohq getermmed as
he . ing SNR. The CSI is then processed by a TX
Sgstcg_gg(?%bg}éflg'sor 178, nodul ated by a nodul at or 180,
¢003d ] TronRedtdanitri@0sniladesy s disdmbtodimengha tréabmit datalprocessor 202

ool BT S SRS S5 SRE e sepn
b
deamsehil dutzoproteiSor 202chndrioemi edodsysoa 2fek artaang eprhodinens of transmit
2 01 P B bR 8 ROBISAREEHEED o
16032794 oHS @fhbb@inteht, as shown in FIG. 2, transmit data processor 202 includes
demultiplexer 210, Nt encoders 212a through 212t, and Ny 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
Ny 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.

[0033] 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 embodiment any combination of
cyclic redundancy check (CRC) coding, convolutional coding, Turbo coding, block

coding, or the like. The coded bits from each encoder 212a through 212t are then
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determ ne the data rates and codi ng and nodul ati on
schenmes to be used for the datastreans and (2)

w@eosnatseo vari ous controls for TX data processpeT/U$2D05/014852
and TX MEMO processor 120. §0029] Processors 130 and
170 direct the operation at the transmtter and
receiver systems that they are coupled wth including

5:B6IdBP RS QRELRESVS EIRMSEI intaRavéreTiah Brotgh 2101, addes artaleaves the
Menories 132 and 172 provi de storage for program co

enddd dits dasasleen a;paﬁrcy@éggmlgaﬂ% S%IWH“’& 76he pnierRaving, & Pyll%es time
err

9300 RSBl R g PSRk gipgiame s

RAUBH MRAGsMABSioh Chaghd D usadefoerthe)diamssiteans qolnibm fadingg and further

| nbod
SN - RS R ST e it
@b&@aﬁsééheﬁ %P& Gﬁt&géﬁv%& s Bdni chh Nhdndel #&Male4aNRREgh 214t

eparate codi ng and .nodul ati on on a per-antenna
fraspreyided he aspspedtive symbbal mmppn‘gnbllodo&,_ag thngugh 222t, of transmit
nmodul atj on chemssto% 9 dfor chtr%nfmt
BRFesSor2 MmN TS dRese L °o %B)Ht B pr ovi ded

Eﬁﬁ?pq ‘fﬁ@ Eul@r #dQulafibd schbine t@ﬂfé gﬂerﬁé{t@d bile@ch SgyYbAEnapping

descri bed above. Transnmitter unit
B106k 22 tlhdcﬂgh 228t xsnbteelmdlhmm moéuk igm §prtiol gpravaded by processor

0 recel
TR s o e o L B O
Rt ddd B RChETohDbiRI9 ¢ fiBoRPSHd ﬁMhemnﬁpﬂtthlanhinary symbol
transmt M MO Transm t data processor 202 and

pr aceecifie pROY inraesignd contieliptivBROTSEPANdANEs IR the %1 modulatlon

C&’%ﬁ’%ﬁ |%7’e#{};é ]ﬁ\(’i '_:Ets’clfl ngf %?ﬁ@g%%&g?}gdtélatmn scheme) Each

| Goidt dofragipntls tdata Maresmodulaidh |Symh91jesvhere M;

derrult exer 210, N encoders 2
RpITesppRgsrieIthg sReait Céﬁ%ﬂ%@f&%ﬁl{l%ﬁé o g’ig‘%ef(tp nsmBﬁB%ma and
set 0 denultlplexers
iMy erzitl 'eavebql gRappng, bl Orcg %ﬁ%rﬁ’{‘@h n‘gbéﬂ}ﬁgn%rpwde Nz Syeams of
210 emul ti Iexes data (i.e., the |nforrrat| on bits

ndylafion syabelS st reans for the N T transmit antennazc, to
ﬁ@s‘ﬁg%ﬂ O sp et AehbNRhS Hivefated e MIGT 3daﬁaﬁsnsin rp@@dﬁsor 304 also

e assom ated with different data rates
amﬂuﬂemannqﬂulﬁon 24eandgnvearsg Fast Fourier transform (]FFT) block 226a through

226t, along with symbol mapping blocks 222a through 222t. Modulator 224 modulates

the samples to form the modulation symbols for the N7 streams on the proper subbands
and transmit antennas. In addition modulator 224 provides each of the Nr symbol
streams at a proscribed power level. In one embodiment, modulator 224 may modulate
symbols according to a FH sequence controlled by a processor, €.g. processor 130 or
170. In such an embodiment, the frequencies with which the Ny symbol streams are
modulated may vary for each group or block of symbols, frame, or portion of a frame of
a transmission cycle.

[0037] Each IFFT block 226a through 226t receives a respective modulation symbol
stream from modulator 224. Each IFFT block 226a through 226t groups sets of Nr
modulation symbols to form corresponding modulation symbol vectors, and converts
each modulation symbol vector into its time-domain representation (which is referred to

as an OFDM symbol) using the inverse fast Fourier transform. IFFT blocks 226a
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functionality, which in one enbodi nent nmay be provided

by processor 130 or 170 (FIG 1). Each data streamis
w@r@siltsdo t o a respective encoder 212a t hr oughr@L/RE2005/014852

[ 0033] Each encoder 212a through 212t receives and

codes a respective data stream based on the specific

codi ng schene selected for that data streamto provide

RAGH D6t Snayl Pe %ﬁgﬁé&ﬁ%&%ﬁn th enveRdi fighsiash be angeshmber of
to increase’the reliability of data transm ssion. The
frogiengy sbheanaelsey-gi.rfI10dd2.i - olNe Jenrsditirasrlomplp representation of

onbi nat.i on o cli A hAWY ;
BRSNS PR i roviced
tohacddeke28.The coded bits from each encoder 212a

th h 212 h ' '

nm%@ﬁﬁgweertgﬁdﬁ%e%m b b rmoduled cdois RS apadan ghich may

cod: t i gul j i

O R LR e e
S, perpit ' .

B B ST 0, B TSR, MR e, i

%:ghgncﬁg ?F@aﬁh S Plidt é%g’éﬁ%d BNAe SdM1BEHT ERARYABO], e.g. sequence

rrel"ation between co ts used to form each
0 dgbakymabol X Meeduenf D R34 forT bpmbaldgd, andl sequepré emVied symbol X
bits fromeach channel interleaver 214a through 214t
Bricodpr 208, dsidg tee @ceieshsmences sy vhal .. magshergteblseqiencs , —X,,;,
t hrough 222t, of transmt processor 204, which maps
t.he§e Whese sayubncemiprizdaltextrsed camples|conjuiz@d 38queTine of sequence x;,
particul ar nodul ati on schene to be i nplenented by each
syrtiole s agpvbised koplRa cohjugatglse@race assodiated Mrithngsquence X,
by the nodul ati on control provided by processor 130
¢tBi FEncader 228 ghowgemowimhohppirhtp Barsantiers 2302 Hrewgni B0 that any

SRR BRI L LSRR BN e fom o

S—qu%i fidhn @ BREStbifa, BY. Rhtehila 3%, G @EirstCAdSseedridatimenslots and is
coffesponding to the sel ected nodul ation schene (e.g.,

Rnittdd Be OMBME Q. TONE 2 QbdAE anTeeltih,al g QRteRnk 2BEY), in the first
Each mapped signal point corresponds to an M -ary

mROscahd amesWTROIn othbrew6rdd) disingaipesds [ eqidiee SEge i€ irmsmitted
nodul ati on schene selected for they'-th transmt

abheaRmi htdving 230h and SiBide SBIPPiangitled dlosn #2Rmit antenna 232b.
t hrough 222t then provide NT streans of nodul ation

Y A Sot i+1, sequence ¥, is transmitted from transmit antenna 232a and sequence
X,,, 1s transmitted from transmit antenna 232a.

[0039] For a symbol stream or group of symbols X;(n) = X;(n), n=0,1,---,N -1, is the
n-th information symbol in the i-th OFDM symbol. The sequence for the i-th OFDM

symbol may be defined, in vector format, as

X, =[X,(0) X, - XWN-D] (2.1)
[0040] Let x,(k),k =0,1,---,N —1 represent the corresponding IFFT output (i.e. the time
domain samples of the symbol X;), and let the symbol energy E = E {X,.(n)X A (;z)} be

1, i.e. the maximum energy allotted for transmission of the symbol. Further, let

sequences x; and x,., represent corresponding IFFT of consecutive OFDM symbols

X, and X,,,. Using X, and x,,,, sequences X, and —X,,, are defined as below:
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[0036] In the specific enbodinment illustrated in FIG

3, transmt processor 304 also includes a nodul ator
wQ@2¢bsanm20 nver se Fast Fourier transform ( EFFT) pol/osi005/014852

226a through 226t, al ong wibh synbol mappi ng bl ocks

222a through 222t. Modul ator 224 nodul ates the sanpl es

to formthe nodul ati on synbols for the N T streans on

t he proper subbands and transmt antennas. In addition

nodul at or 224 provi des each of the N T synbol streans

at a proscr Kt;(ébi Boer Kevel . 015k 8Ae—énmbodi nen

modul at or Y% Mul@te syopksy agecor di ng Poz)a FH
sequence coﬁtrol I & processor, e.g. processor 130

or 170. In such an enbodl ment, the frequencies with
which the N T synbol streans are nodul ated may vary

\f/HJre ‘Eaf Herﬂfté&%o@ﬁpl&l esifugite Gperhidngor foaresndorlerpant byeiement
frame of a transm ssion cycle. [0037] Each | FFT

%& @a&%?U%o@%ﬁ& n{afERk VRS oadihglF PR cindv-eX | are ordinally
n synbol stream from nodul at or 224. Each | FFT

Sy%&g a%%ﬁéa\erhé}& BY @t bofipleM Renjagited Sdqublicesofiv, ahd o, ,

s to form correspondi ng nodul ati on syrrbol
NSl dly. and converts each nodul ati on synbol vector

RIS AR NN (e NS
a;{(ﬁnslfh% d&}ché E }'Pcbéé?l% oré 238k l’t‘l‘h@ﬂ@h ”%%re%ﬁdlﬁg a prefix of a fixed

esi gne e inverse transfoormon any
ﬂuﬁmrof edmples Gwlﬂastcgéreglﬂmrh]dmm elmb¢renfgampBs frog thg 'gnd of the OFDM

) Each
RN R e B —
E%ﬂg%lg%bo'l STRE Bﬁéﬁﬁ‘?gdés‘igtﬁﬂ @@Hﬁ’;ﬁro@@ﬁerfc{rﬁﬁﬁ&d adainst hﬁetenous

Iment” of Fig. 2, nodulated data includes nbol S
pdth effemyuthas\chml flispersion nmed by fisgugncy sglecty

I D
0 agNELsBi YA Aearksmifeer dO3R Ehr&@@ﬂeﬁmesvmﬁh eandes shebxyinbols to be
that correspond to the sanples of each synbol, e.g.

Henﬁmsttcéby@ntﬁmaséii%ﬁﬂom 34t. sequence X +i for synbol
iy L BB Bl 95008 2 x,,
enerates se ,

Sl %5, & SRS e b domaftscihances ot symadit ¥OEE X, that the

ge];nlg’ gp 156 maycbe dpplied to blocks of symbols or sequences. For example, X, and

X,,, may each represent N symbols, where [NV may greater than or less than 1. Insuch a
case, X, and x,,, would represent time-domain sequences of N symbols and X,and X,,,

are reversed complex conjugates of IV symbols.

[0044] While the above discussion relates to an embodiment utilizing two symbols
transmitted over two time-slots, a greater number of symbols over a larger number of
time slots may also be utilized in accordance with the embodiments described herein. In
such embodiments, the matrix, which is defined by the number of transmission symbols
and the number of antennas, is a unitary matrix. This allows for different rates to be
utilized for transmission, i.e. n transmit symbols per m transmit antennas where n > m.
For example, a three antenna system consisting of antennas aj, a, and a; may transmit
symbols x;, x2, X3 , and x; may utilize the following transmission scheme which 1s

defined by an x by a matrix M
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sequence 5c is a reversed conpl ex conjugate sequence
associ ated with sequence xi +i, etc. Encoder 228

w@r@silas30 synbol pairs to transmtters 230a thpoODgh2005/014852

232t, so that any synbol pair that is transmtted from

two or nore antennas is transmtted in the form of

-X,-+i , Xi froma first antenna, e.g. antenna 232a,

in first and seco tlrre slots and_isNransnmitted in

the formof X1, X, -+*1rom a*gecond*ant enna, e. d.

antenna 232b, in the,first gnd secopd tine slots. In

other words, during tife slot / |, seéu=nce -Xi+] is
transnitted fromtranspit amtenna 232a| and sequence

Jcl . is transmtted fromtransmt ant enna 232b. At

time slot i+1, sequentg x — s trafismif{ted from

transmt antenna 232a and sequenceq c,f is transmtted
fromtransmt antennd1232a.*[220039] XBor aMSyrrboI stream

or group of symbolls_Xz(") =3X (JI)_,x 0,l,--,iV -1,

is the -th infor tlonzsyn‘oolllnthez-th (]:DM

synbol . The sequence-¥9or thg z -thxq: synbol nmay be
defined, in vectorn format, as X, J*, 0) X(Y) - X
(I\I-I)Y(2 1) [004 —L?eg X —(K); k £,0,4, ,N -

represent the correspondi ng | FFT out put (| . e. the tinme
{aseREN §anpl @ﬁd@cf atrbl@mﬁeyﬁba{se&(coﬁlpleﬂmdn]lugmteﬁ beswybdiok, x2, x3,
ener gy E’= .e. the maxi mum energy allotted for

LH@RS, n}@%@ﬁe@f I_ﬂe syntbard -Fyr tieeinvetted syedpobnopsxj 6. and Xy,
and xi +1 represent correspondi ng | FFT of consecutive
%}%{hswy‘oﬁidsagl —&p Chod. 43, are lisiertgd komplar @omjugdtes of symbols x;, x3,
sequences X . -X. + 1 are defined as

bmiwaspéchwly(l\l-K) Ok |\|-1(2 2) x ck)=x i (NK) OKk

N- | d . .
Yo olieb Enchar g o serTRL ey O STy RSBt m Mor
Xt‘?}p&ﬁérsscﬁé}ﬂeﬁ@s‘eﬂhﬁgﬁauﬂ@:ﬁ?hﬁﬂnﬁ@y, Xland - x/+1 are

ordinally reversed and el enment by el ement conpl ex
trosimgyambaolizeniscersederod2 8xmay 6oMmpise, @ MEAWEY, Sl (g |0 more buffers,

byj %"l{esggﬁ &g}?g (tgméqgosgﬂ} %r wﬁ@%@l&rﬁ@@% tcfsf (t;ﬁ%flél V,céf(ses and

Qﬁ/@ﬁé@tz%ﬁleg 3Rajugiteouatll 2i3Atmpr eutpenthengbaseprpbiie stheme based
fixed
upon a unitary matrix to a plurality of transmit antennas.

L

[0045] Referring to Fig. 4, symbols with respective cyclic prefixes for transmission in
accordance with one embodiment are illustrated. At time slot i, time-domain

sequence x; is appended with its cyclic prefix and transmitted from a first transmit
antenna, and time-domain sequence -%,,, is appended with its cyclic prefix and

transmitted from a second transmit antenna. At time slot i+, time-domain sequence
x,,; is appended with its cyclic prefix and transmitted from the fist transmit antenna,
and time-domain sequence ¥, is appended with its cyclic prefix and transmitted from
the second transmit antenna.

[0046] Referring to Fig. 5, a simplified high-level block diagram of some blocks of an

OFDM receiver, in accordance with one embodiment is illustrated. Receiver 400 is

adapted to receive sequences y; and y,,, via receive antenna 402 and to demodulate

and decode the sequences. As seen from Fig. 5, receiver 400 is shown as including, in

part, a discrete Fourier transform block 404, processing blocks 406 and 408, each of



nunber of sanples, which are generally a nunber of

sanples fromthe end of the OFDM synbol, to the Ns
wgeamphes2a hat constitute an OFDM synbol to forPCBUS2005/014852

correspondi ng transm ssionigynbol. The prefix is

designed to i nprove performance agai nst del eterious

path effects such as channel dispersion caused by

Whiel Bﬁﬁesg%l @&I‘hfﬂ\éﬁ doafligag flRA4R]ofTHR Amatien showigukt receives,
by cyclic prefix g(gnerators 230a through 23O are

molibativer Ghdad @n@\mkﬂlﬂam&bneéfon@sgawtrﬁwaﬁfgweratlon
QR o e Sme o By - ERBEpHp S gt spaced
(%)gg}%%} %IB{J e tg%go%% quetvg)l %‘llgﬁlﬁl at%n[ilgg gir %71 Lq ?( \%Me ?ﬁe-ﬂf'st transmit

and 'x dofai n séquences of

! b d1hahd ttﬂ@ sSRHE RRRHAAaRehfY isdfepresented by
g‘%% E(%t@ﬁ(s}o?z synmbol s or sequences. For

ﬁz><=a2fp|lﬁt}n§<c:ﬁedh>(k}ﬂnamby defiedd asepr esent N synbol s,

where N may greater than or less than 1. In such a

case, X and X+1 p s t oti omai n sequences

of N synbol s and%\;\@gaﬁp é(z re rg@e’ﬂsed conpl ex

conj ugat es of N symbol’d. [0044] While the above

gﬂoﬁg}?@ R b &L at S5thb Blddks OFRO/IbBRNEequbhdel Zj,nghd WO, represent the

s transmtted over two tine-slots, a greater

fb%'&bé’d tiffe-doiRObgueeE carrtspoading rostite rslood i andnéflsteep@twely, that
may al so be utilized in accordance with th

axtodimitied seqissessi heandher ewith their @éﬂlﬁ?tlé‘?r%éli‘? PEgfixgs remppyved.
matrix, which is defined by the nunber of transm ssi on
BPHBb B equeneest heandurberecaivedbi keRpixg anteanaA(Zare glﬁ}‘m below:
matrix. This allows for different _rates to be utilized
for transmyssi{o0) i y€l) n- t naéml)] symbol s per m

transmt antennas where n > m For exarrpl e, a three

ant enna sy S of. @nna a2 an may
transmt S)%/’t%ol le@@y %(ﬁmg ngn§<4 ma})j utili zedztﬁ)g

follow ng tran cherre \NhIChIS defined by an x
Byd mayke ?‘B(re?\%aﬂ§§}5’ ei and 3c4 are tine

reversed corypI:&I( KpﬂHHg?aIIéSV of syrrbg}hg) Xi, X, X3,
X4

and X4, ecthikvely 2, : are
|nverted sfypﬂ“bol% 32 +% 52( vﬁ*d X4, respectively, and -

X2, - X3, and - x4 are |nverted compl ex_con te
syhatediosh sequen®s v; andl Vx4 arq\@gl'%@flﬂqﬁgﬁ?lt 1dentlc£1%9<?istn%uted (1.i.d.)

Gaussian random noise vectors with covariance ¢ x I . Accordingly, the signal to
noise ratio SNR is:

1
SNR=p=—; (2.6)

where H ,m =1,2 is the channel matrix corresponding to transmit antenna m and is

m?

given by:
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The order of the synbols may be provided by encoder
228 in the order specified in M or any other schene

whamsdipon a unitary matrix. I n sonme enbodi mMEPCEHUS2005/014852

encoder 228 mmy conprise algenory, e.d. one or nore
buffers, that stores the tinme domain synbols, their
conpl ex conjugates, their inverses, and inverted
conpl ex conj ugat es,;, and..f hep may gout.put ot Rem based
upon a schene |b48ed™lpon a UHitary matrix|to a
plurality of tir 8nshisb ant ednas. 10045] Reflerri ng to
Fig. 4, synbolisowi th respective cycli.c prefixes for
transm ssign ijn accordance with one embodijment -are
i11ustratets At %ing sl 8t i "o ti'fm- dondd [sedbehce
i s appended wifth, it® cyclic-prefix and Adnsnitted
froma first transm.t antenna, and tine-:dgnmain
sequence -x i Hl'is appended with its cyclilc prefix and
transm tted frphha secdind tr@nsmi‘t aﬂte%ma. At time
slot i+1, tinme-domain sequence X1+1 is appended wth
its cyclic prefix and transmtted fromthe fi st

' N ciffnt AnEhad oo oG athue fafratue detamposition:
@gg@ﬁgﬂé&d‘“ﬁ‘ﬁﬁrﬁsﬂ%g ic prefix and tra%fﬁri tted fr%m
the second transmt antenna. [00423% Referring to Fig.
5, a si nplHfFQIMQh-1evel bl ockGflagr am of some

i thed ' ﬁaﬁﬂox@@ﬁﬁ&d@{{?ﬁ‘l \is ishova Below:
gh%%ﬁ?&%&?'?ggyﬁ$%§?f§?ggﬁ Recei ver 40 ig adapted to
recei ve sequences y and y .+1 via receive antenna 402
and to denmpdul ate knd_dggede the guences. As seen
fromFig. SK%HgéﬁT_‘ffﬁoo i's shoﬁ% as including, in
part, a discrete Fourier transform bl ock 404,
processi ng bl ocks 406 and 408, each ofwhich provides a
sahA exs howjaggadleigeanalné oatrof whore diagesliis thet Nepointddil of
r]ec(Zliv_e”s,]2 decoder/equal i zer bl ock 410, and bl ock 412
i W’ perfbrns time reverse operation. [0047] In
transm ssion of the synbols or bl ocks, hn(k)

nts, t aced channel inpul se response
i@gﬁf@gmﬁﬁ%‘?}gﬁT&%g&?gﬁﬁﬁs m m= 1,2, where the first
transnmt a Jd mesented by m- \ and the
BRI ﬁwggr[i,z}; teg

second trans anten epresented by m= 2 . In
1)

tz;vglie%)b%/afe%nit[brﬁ(. k) may be defined as: KXk) = hm d(k-
| X, =DFT(x;)=Q-x;

V, =DFT(v;,)=Q"v;
the following expression (2.7) is attained. FFT block 402 receives symbol (signal

vector)y, and, in response, generates signal vector Y,. FFT block 402 also receives
signal vector y,,, and, in response, generates signal vector Y,,,. Signal vectors ¥;and

Y,,, are expressed as shown below:
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/=0 [0048] At the receiver of the blocks or synbols,
sequences y . and y .+1 represent the received

WO 20m8AUTR®RI N sequences corresponding to tinme sPOL/ES2005/014852

and i +1, respectively, thati4are transmtted sequences
x . and X1+1 with their respective cyclic prefixes
r enoved. [0049] Sequences y . and y .+] received by

recei ve antegmmn 2 are shown below y b"i(0) y MO0O) -
y MN-i)] T (2 ﬁg and na be expressed as shown
bel ow. where B8R d6QuE SQ\/\z '4y]f are white

i ndependent i denki Q§\ Ky giystri but ed (i.i.d.) Gaussian
random noi se vect brs *w'th tovari ance 52 x [ .(2.10)
Accor di ngl ¥, ©& Ysi gnal to noise ratio SNR is: SNRP =

r (2.6) s wher h matri x
cor respondi ng ﬁ)@ ggsn‘l”t 2%n?en% ic+gd "'s given
by: [ 0050] The=mgX.i x A%, $ Vzj r cul ant and has t he

foll ow ng ei genval ue deconposition: Hm Q LnmQ (2. 8)
where Qis the N N di screte Fourier transformmatri x

LS R T BT bR ) g v,

f
%ﬁ%{a’%d)p% %E)#F-Ii—ng blg']qp 56]1 %ﬁé\;\}g éltrl Q%%B%gefléﬁlﬁﬁt%s\’n ahﬁ'adellvers to
Fedofidi Sublizer Rotk 4Y0, coakpléw/conjug a%\xemotrrsgnapf |, awi ng

expression (2.7) is attained. FFT bl ock 402 recei ves
F0BBPExfiebiiad2. MY edagrbe writtenaasd, i n response, generates

signal vector 1 ._. FFT block 402 al so receives
v Y, | A A X N A\
Sl T A A IR VL] ean
=H X, +V,

where ¥, isa 2N xI vector. Since the DFT matrix @ is an orthogonal matrix, the
noise vector ¥, is also white. Hence decoder/equalizer block 410, which is adapted to

perform a minimum mean-squared error (MMSE) as well as decoding/ equalizing filter

operation, is characterized by the following matrix filter W :
1 -1
W =[H H’ +—-I} H (212
P

[0054] Assume that the channel impulse response associated with the first and second

transmission channels is respectively represented by A, and A, . Matrix D is defined as

follows:
D=AA +A,A;

Matrix D is an N x N diagonal matrix whose (1,#) element d,, is shown below:

" A, G0

Matrix D is defined as:
~ 1
D=D+—1I

o

where p is the SNR. Accordingly:
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signal vector y;+1 and, in response, generates signha
vector Y1+l . Signal vectors and Y1+l are expressed as

waeb@snitsed ow YIDQ -VY, = Q Q 1Q x, - Q Q A2Q XIrAT/HR005/014852

= QQ1Q X1+1 +Q Q 2Q x, +@V1i+1l = ALX1+1 - A2X1+V1i+1
[0052] Signal vector Y1 is delivered to
decoder/equal i zer bl ock 410. Signal Y1+l is delivered
fpyproqeq;ﬂ@gdﬁ}QQk_10MD4MM|ch i n response, generates
and 'del i'Vers to deCoder/equal i zer bl ock 410, conpl ex
conj ugat e vector signal Y1+1 . [0053] Expression
%2.10) may be written % +Y. where Y1 is a 2N x
herefopre matry ﬁXen%ab{é’elﬁF n?Pai‘SrﬁhQWQtﬁe?“én or t hogonal
matri x, the noise vector V1 is also white. Hence
decoder/ equal i zer bl ock 410, which is adapted to
performa m nifraim oR; ];QUaoe error (MVBE) as wel | as
decodlng/edﬁaﬁd§r@ I ter ratloP7 s characterized
by the fol | ow ORI AR EAE R b
H(2.12) P [QD&A]szsune that the channel i npul se
response associ ated with the first and second
transm ssion channels is respectively represented byA&
and A2 . Matrix Dis d f|ne as f ol
FOORS] Bisispancirom csprgpsian 2. 1A ltﬁraV?Y i %CR}HB%%VO(H?“E)TM first

pgxl% t rgﬁpesentsséﬂg\%c&ﬁlllé) Y)‘f)er%r{ 61xth9 sbﬁcegt%e Bt kADde. 1R second
part, W, represents the MMSE frequency domain equalizer part. Applying matrix filter

W to the received signal vector Y, provides the following:

zZ, L[ Ay +AY,
OWVY, =D
Z, ALY +AY,

i+l

(2.14)

[0056] Vectors Z, and Z,,, are generated by decoder/equalizer block 410. Expression

(2.14) may be rewritten as shown below:

1. X, v,
[_Z ]:D‘ID-[ ] - (2.15)
Z, X V.

It is thus seen that matrix D™'D is a diagonal matrix whose (1,n) element g,,is shown

below:
A, ()| +|A, (1)

(2.16)
IA (n, n)l

m

*+1/p

It is also seen that the following expression applies:
E{VV } E{:Hl-:z:l}:Rv
where R, is an (1,n) diagonal matrix (1,1) , whose element ¢, is provided by the

following expression:
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where p is the SNR Accordingly:D 1 = AnrD- and D ;
=A, DTherefore, matrix Wmay be defined as shown bel ow

WA00514320 0 A, 0 D 1 (2.13) =w -w [ 0055] As BEEDSINn®M4852

expression (2.13), the matnsx filter Wincludes two
parts. The first part, W, represents the decoding
operation of the space-tine block code. The second
part, W, represent reéuency donai n

equal i zer pgr:t-.?i- bh;%ﬂ 2.(f1;' ; r W2tld)t he
recei ved signaP (/\A?(b@ﬁ) YA ApQu)|des gjhe fol I owing: Z
Zi,+l [0056] Vectors Zk ]l and Z . +1 )are gener ated by

decoder/ equal izer bl ock 410, . Expr.essi.a .14 be
e Do, &5 Shos BAPSHRCTY 1derbCa oo aBubE (D) (s random
D 1D is a diagonal matrix whose (n,n) elenment gmis

below. It is also seen that the foll ow ng

A5

. | .. : . i: . >
fﬁ)%??f@?lleg ’r]qjjjpe?SIIzﬁS?gzé_ ?ré?fégﬂ’a}%ﬁ@?@)éﬁrg%eg%d&ggﬁghlec X;(n) for
RS AT P ol i o oo
AR e e % P (009

symbol X Os)Xn)=ghi &\m) s vi(he -t.19)Hf or mati on synbol
transnitted in the i-th OFDM bl ock, may be expressed

B LSS P AR b g oo

belowxpressed as shown bel ow.

£n 2 2
SNR,(n) === p- (lA1 (n,n)l + |A2 (n,n)l )
Con (2.19)

— SNR .(|A1 (n, n)l2 + |Az(”:”)|2)

[0058] Similarly, the decision statistic X .+ () for symbol X, (n), which is the n-th
information symbol transmitted in the i+1 OFDM block, may be expressed as shown

below:
8 (1) = 8y X (W) +V,,, (1) (2.20)

and the corresponding signal to noise ration SNR,,,(12) may be expressed as shown
below:

SNR,,,(n) = Zu_ . (| A m)f +|A, o))
& | (2.21)

— SNR - (|A1 (n,,n)|2 +|A2 (n, ”)lz)

Thus a diversity gain of order 2 is achieved.

[0059] In those cases, where more than two transmit antennas are utilized and more
than two transmit symbols are grouped together, receiver includes additional outputs
from decoder/equalizer block 410 which each provide the appropriate inversion and
complex conjugation functions based upon the number of transmit antennas at the
transmitter.

[0060] The functionality described with respect to Fig. 5 may be implemented in

receive processor 142 and processor 130 and receive processor 160 and processor 170.
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= SNR-(IA (n, ") 2 +|L2( ,/2)]2) [0058]
Simlarly, the decision statistic X 1+1 Q) o synbol

wXeeosQ1732ehi ch is the -th information synbol  PCT/US2005/014852

transmtted in the i +1 OFDW’bl ock, may be expressed as
shown below. (") =- . +y M(n) (2.20) and the

correspondi ng signal to noise ration SNRM n) may be
Bxpekasast, ase fihotivnalisl descrigedSNEh tespe@@o =lemepts(4081 400, 408, 410,

H ] 24 L2(0, ")12).(2.21) = 1SiVi2 -(|Li("./ ) |2 + |L
@d(4‘1,2"151?y@°)’1d‘?‘1111t&th%p5‘?(\? Bty gain (()1|‘ oEder )2 ils "

@ggirflfﬁ&e skPR2 A thb %ntﬁﬂsa?P&@&e@shaMe KEribm iusthgive lodcal blocks,

smt antennas are utilized and nore than two _
modwissi tiraytsbehd agaithme udrseribasiydn repnedtiepepitly the embodiments

L.NGl iti ;
APORE ot ineh SEAm g By PREVETEPARh Y B sotpare, or

SHbiAARL OF KRR UDatclnyfiuastdte s Hasehangabilith @f hardware and
nunmber of transnmit antennas at the transmtter.

ﬁdeV'c’_ﬁ @mfﬁ&‘ﬁ@ﬁ dllpstiptigye SOPEBENTG bleckse gﬁ@gtlest SRR, [a%)l(c)lg%%oriﬂuns
e | At ed i ' .
R S B BT R R aomte

flhehomlieRse ,imgiéﬁlehtbﬁcié andhsiatey of esetmiatee depeintih upes phe tparticular
to elements 4

e 00 08, 10 10, 18 0y DD
kB et Pk Y5 M LS tsptcion
Bavael irhiplementation derigoisatipuidmos be interpreted as causing a departure from
the scope of the present invention.

[0062] The various illustrative logical blocks, processors, modules, and circuits
described in connection with the embodiments disclosed herein may be implemented or
performed with a general purpose processor, a digital signal processor (DSP), circuits,
an application specific integrated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or transistor logic, discrete
hardware components, or any combination thereof designed to perform the functions
described herein. A general purpose processor may be a microprocessor, but in the
alternative, the processor may be any conventional processor, processor,
microprocessor, or state machine. A processor may also be implemented as a
combination of devices, e.g., a combination of a DSP and a microprocessor, a plurality
of microprocessors, one or more microprocessors in conjunction with a DSP core,
multiple logic elements, multiple circuits, or any other such configuration.

[0063] The methods or algorithms described in connection with the embodiments
disclosed herein may be embodied directly in hardware, in a software module executed
by a processor, or in a combination of the two. A 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



di scl osed herein may be inplenmented as el ectronic

har dwar e, conputer software, or conbi nations of both.
waooshesedy illustrate this interchangeabilityrof/US2005/014852

har dware and software, varii®us illustrative

conponents, blocks, nodules, circuits, and al gorithns

have been descri bed above generally in terns of their )

fhe Retrhgenabdityn. mit edsiverinsmcASIAnThe ASACimay teside in a user terminal.

i mpl enented as, hardware or, soft ware depends_upon.the ..
Iparte AUER oIl GHOTIPraRl B PR EoREERA AP TR dy disoree

t&ﬁneﬁ%}@n@\{ﬁgagér tS¥sham Skilled artisans may inplenent
e

scribed functionality in varying ways for each
{0864 The previappléscrpiionof thetlissloedt ¢mkn st previded to enable any

deci si.ons, shpul d_not . be interpreted usj . :
A M R
1RO &hb I eN@ iU dehdilis bpakdny €o kinge eRrillebliweiesart, and the generic
processors, nodules, and circuits described in

pomiples definediherein mayeerpalind i athar embesiwgnis ayithoyt depprting from
e inpl enent ed. or . f: i .

e bEEreon g i BedRhrethul &8 ABf B @A RRE frended to be

ahmite@nbi watdnbdsmeass fshewh reegn s dis ctor baliatcorddd Gje, wadest scope

field progranmabl e gate aryay (FPGA% or . ot her

ponsistentiralb) the Pargiplegiand navel KawEssAixiossd Betsi ¢ r ansi st or

| 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 nbre m Croprocessors in
conjunction with a DSP core, nultiple |ogic el enents,
multiple circuits, or any other such configuration.

[ 0063] The nethods or al gorithns described in

connection with the enbodi nents discl osed herein nay

be enbodied directly in hardware, in a software nodul e
executed by a processor, or in a conbination of the

two. A software nodule nay reside in RAM nenory, flash
menory, ROM nenory, EPROM nenory, EEPROM nenory,



regi sters, hard disk, a renovable disk, a CO-ROM or

any other form of storage nediumknown in the art. An
wez@spisey storage nediumis coupled to the prPCEESINSG/014852

such the processor can read9information from and

wite information to, the storage nmedium In the

alternative, the storage nedium my be integral to the

processor. The processor a@HiARMS st orage nedi um may

reside in an ASIC. The ASIC may reside in a user

ternihal . AAraPHBITSE SRR e, the processor and the
storagqeargpg&%tms I8 de as discrete conponents in a
user termnal. [0064] The evi ous description of the

di scl aoptedesemmid Zﬂt@ﬁnslm’@s%gi@w(d@@r transdoranpioes ﬁ%ﬁtm@ﬁed

SRS b e 5 S5 bR PHE ol Sy B5 8 e eyt sompin
YdrflgaReofitRasicbid BIREREEHY trirntifiaisRord ki ﬁrlstﬁﬁhterma bh Eheat teast two
gt generic principles defined herein

aﬁmnae duig i Hmerdias P st loTholatd edaaéfiﬂttﬁeﬁé o By first
ﬁ{u{‘llpt% a3t o%ﬁqgﬁe 4kt ?t e%? dﬁé)ﬂo%-mﬁﬂ‘ SauskdBe reversre]:d

GeRtTon s no Imte
&ﬁ‘?ﬂgx Baitsate HOme fiie bidck t@ bé trassntitted fromcrsecomblartérma of the at

st scope consi s princi d, novel
et anleanB IR o EPLIRG SRR 5eCORABISER (A PE pafeitied from
[ £igas; and a processor
&%@P{d?ﬁﬁg&gﬂéﬁ%ﬁgsk %egggﬁg{ourl er transformto
generate a reversed conpl ex conjugate of a first block

and a_seco bl ock d causes the.r rsed .coml.ex .
conj udat e Eg e frapsTa e, (Tlaélingl ?‘F’E?lrbtéle%%ﬁgﬁ {ipt ftﬁo?ﬁcgnd time
bf St ENRR thfe §1BR. at | east two antennas during a
%lrstctél:fgrc}e slot and the first block to be transmtted
fromthe first antenna during a second tine slot after

the first r |

conj uéat e E\L‘nﬁﬁ%sn?l E2 (?fncgqngalk %r tilbﬁ’t rfgr%tgor i (itdc g&g@ of 8 first
Gnd fHeaRBehdBloéiendistsl FaskcdndGymbbennas duri ng the

first time slot and the second block to be transmtted

fromthe second antenna during the second time slot.

2. Th tra [ [

2 o RS0 ST, R D AL LG W

§ﬂfrﬂt)($l-are consecutive symbols of a symbol stream.

5. The transmitter of claim 4, wherein the first symbol and the second

symbol are non- consecutive symbols of a symbol stream.

6. The transmitter of claim 4, further comprising a memory that stores the
first block, second block, reversed complex conjugate of the first block, and reversed
complex conjugate of the second block, and that outputs the reversed complex conjugate
of the second block to be transmitted from the first antenna of the at least two antennas
during the first time slot, the first block to be transmitted from the first antenna during
the second time slot after the first time slot, the reversed complex conjugate of the first
block to be transmitted from a second antenna during the first time slot, and the second
block to be transmitted from the second antenna during the second time slot in response

to instructions from the processor.



3. The transmtter of claim1, wherein the first block
consists of a first synbol and the second bl ock
w@oosi1s1330 of a second synbol. 4. The transm tt BCT/052005/014852
claim3, wherein the first 28ynbol and the second
synbol are consecutive synbols of a synbol stream 5.
The transmtter of claim4, wherein the first synbol
and the second synbol are non- consecutive synbols of
a synbol stream 6. The transmitter of claim4
further conprising a nmenory that stores the first
bl ocky. Secmﬁetﬁwekgen%&vlﬁg@ﬁdb@l@rmltﬁaﬁsﬁl@aiomah@n@fngt he
first block, and reversed conpl ex conjugate of the
second bl ogéneratimg 2 firat block garenisingsa fiest &0¥&eFe: onpl ex

conjugate of the seco C from

the first BMEHTE A osfec?rﬁ bq%‘fq( %Olﬁapq'{s'% ge%&?&etﬁga%gmi ng

the first fdrfiBnga ﬁHversé@@oﬁlplléﬁboxhghgﬂkofthebiisttbimksm tted
fromthe first antenna during the second tine iF

after the forming & raversed é@mplﬁhéomlé%? gbtes ck

conj ugat e i

Cond e e 78 Rl RN LB A Rl

BﬁﬂﬁnﬁshMGGKRiQabﬁnkﬂamﬁﬂhtdﬁdt&naﬂmtMﬂisecond ant enna
during the second tine slot in resPonse to

i nst ruct i oREVidiBEThergvesTedcompl cpnjugaieafiiagfitst block followed by
9%%%5%{ tﬁgcksf)érﬁf%&n% on ErBﬁrbg&&ﬁi Mlek@NPr i si ng:

generating a conprising a first sequence;
generating a second block conpr|3|ng a second

SeaueRCe OB Ml B S i R s R oo
LAEIREEM l}%ékc&ns@trs%\fh@éd&dts%bélwer sed conpl ex

conjugate of the second block foll owed by the first
bl ock for transm ssion froma first antenna; and

provi di ng er ex

b1 ookt ot e At RIS B R o8] ald e bicoBl symbol
faf OtBNGe BB GO SEINEIE 8NNSymbb] sttéen.met hod of claim 7,

wherein the first block consists of a first syrrbol and

the second bl ock consists of a second synbol.
10.  The method of claim 7, wherein the first symbol and the second symbol

are non- consecutive symbols of a symbol stream.

11. A method of generating blocks for transmission comprising:
generating a first block;
generating a second block;
forming a complex conjugate of the second block, the complex conjugate
of the second block is in a first order; and
providing the complex conjugate of the second block in an inverse of the

first order followed by the first block for transmission from a first antenna.

12. The method of claim 11, wherein the wherein the first block consists of a

first symbol and the second block consists of a second symbol.



9. The nmethod of claim8, wherein the first synbol and

the second synbol are consecutive synbols of a synbol
w@kesanm32d0. The nethod of claim7, wherein theCct/usBD5/014852

synbol and the second synball are non- consecutive

synbol s of a synbol stream 11. A nethod of generating

bl ocks for transm ssion conprising: generating a first

bl ock13.genEhamithgd af skinna, Whaeik;thé Hrstryngbel apd thsi serond symbol

conjugate of th econ | ock, the conpl ex conjugate

YF CPPREC té"ceosr}@tbﬁfsdgl? Siy‘g‘%PEStEFam‘rst order; and providing

the conpl ex conjugate of the second block in an

inverse of the first order followed by the first block

for tténsniTksmethoflofaiaim iR whergintthe fiest sypbolprd thastepeng symbol

of claim 11‘t' vvhergiln he oirsﬁie the first block
TEROPSTRSFHILC PP ?%@ﬁ%‘@? " e second bl ock
consi sts of a second synbol.13. The nethod of claim

12, wherein the first synmbol and the second, synbol e
consetdt i véhepethedof ctair 14y ivsiber compaising ffﬂmngﬁéeﬁﬁﬁ%mplex

of .cl ai 2 i £
S LT e 4 B AR A oAt
sdlloeadbythe setbid btk éut tehsmissiomfibin a fecohd emtenmnpr i si ng

formng a reversed conpl ex conjugate of the first
bl ock and providing the conplex conjugate of the first

bl ock; £ ol | gped, baldie12693 ”Flmliatapédﬁ%ﬁrpéin% g&e%g%itﬁm block,

from a'second antenna. 16. The method of clai m15,
farriihes reverspd camplgx gemegae dbfithedhithblodk by teedin pfodding ghea

d .conpl ' f hir d bl ock L
CHERNHE KT RPN L e
B%Joﬂgﬁﬂteﬁﬂa LdiRp5R6 pRAIBhOl chRbldd RRfIFR DI @R firsoblogk followed

second ant enna conprises providing the conpl ex o
by theumatpdenfonjugate ofithe thindddecks follpwakbly Bseond blogl dey teapsmission
%%m' u?ate of the third block foll owed by second bl ock

F PSRN FUEMSN from a second ant enna.

17. A transmitter comprising:

at least two antennas;

at least one IFFT block comprising an input and an output; and

an encoder comprising an input coupled to the output of the at least one IFFT
block and an output that provides a first symbol pair to be transmitted from a first
antenna and a second symbol pair to be transmitted from a second antenna, wherein the
first symbol pair comprises a first symbol comprising a first sequence and a second
symbol pair comprising a second sequence and the second symbol pair comprises a
complex conjugate of the second symbol in an inverse order of the second sequence and

a complex conjugate of the first symbol in an inverse order of the first sequence.

18. The transmitter of claim 17, wherein the first time slot and the second

time slot are consecutive time slots.

19.  The transmitter of claim 17, wherein the first symbol and the second

symbol are consecutive symbols of a symbol stream.



17. Atransmtter conprising: at |east two antennas;

at | east one EFFT bl ock conprising an input and an
woordopai72@and an encoder conprising an i nput cop@i/es2008014852

the out put of the at |east 22ne EFFT bl ock and an

out put that provides a first synmbol pair to be

transmtted froma first antenna and a second synbol

pair to be transrritted froma second antenna, wherein

the fi, 3¢ a.fir S

conpr lngs%n?f aﬁcg%g% ﬁvéjeléeng Q‘@gft%{at %@%g?ndptgf gecond
GORBSI ¢ Héh- %oﬁ&@@ﬂde SR SR Sitbol Bgcagecond synbol

pair conprises a conplex conjugate of the second

synbol in an inverse order of the second sequence and

a conpl,ex on e first synbol in an inverse
or der (Sf t éfc?rggliceoﬁﬁluse ce. 18. The transmtter of

claim 17, whedepiduntdi@alatiméd fol rogeivd equands; talnel second
time slot are consecutive tine slots. 19. The
transmit t e PEPcesioaicantiguredsIeBeTate JEmleY %ﬂnl'é%?FPS&f segygnees

Fc%l\ﬁeﬁ%%ggg gﬂm‘% mé¥16t, F@@?@%F kdaen¥ [i‘p&tv%d‘ﬂfunﬁg %XB&%H time slot

he transn al m1 wher el n
ffoll®ing yindofidst tane slohmmelmgedem@mg)cbmpime cmgngates and to comblne the

COMBIOREaY pErahgtbes FRoa R QU IE At i 4 1R SeGhiences
TEURA fiing aceBorlf HRESRPI0 SeABatcdidesdhd perate

conpl ex conhjugates of sequences received during a
first tinme slot, to process sequences received during

a sec d slot f the f

W T hodl: gertBeaient cEHarbRDouopatERs: g 31 al g spepnd time
tsmamg&&tlo@ﬁm@gﬁﬁgs of sequences received duri ng

the first tinme slot and the sequences received durlng

the second tine slot to generate decoded synbol s.

i (38Tl 1 el AT SR

Be proess6:eis Ehrviek cohfigired 120rsd dicordecpfan kst soarfitisecomplex
rr%ol s and wherein
conJuoates of the sequences.

24.  The receiver of claim 20, wherein a first received sequence and a second

received sequence are represented by vectors ¥;and ¥,,, where

v.7la A g L9

wherein A, is the impulse response associated with the first transmit channel,
wherein A, is the impulse response associated with second transmit channel, wherein

A; and A, respectively represent complex conjugates of A,, A, , and wherein

\Z . . , 3
l:_ ’ ] represents noise associated with first and second transmit channels, wherein X;
i+l

corresponds to an estimate of X, and wherein X ., corresponds to an estimate of X,



the processor is further configured to reverse an
order of at |east sone of the conplex conjugates of

w0 b@saegoences. 24. The receiver of claim 20, PEUSI005/614852
first received sequence and3a second received sequence
are represented by vectors Yland Y1+l where wherein A
is the inpul se response associated with the first
t 2&ns fibe redeiven ef clainh @3, eviergin thesproprssonip firther cerfpmyneido

assocj ated wpth segcond transm & cga nel,, wherein A and
ﬂﬁn‘?’ré@ﬁéﬁtf”fs\vl\%l ’)Pnae%we B8Rt ic%ﬁpt‘ex %@Fﬁ%@at es of A, A2
, and wherein V, _ ' represents noise associated with
first and second transmit channels, wherein X1 . . 1+1

gonresponds, to, gn gstimate of X 1, and wherein X 1+1
1or’r g§pwh sjq;i%-l_é}lz@e%tl mate of X i+r25. The receiver of

i in 23, |weNet A\ Yhe processor is further configured
to generate vectors Z1, and Z 1+1 fromY. and Y1+1 |,
defined by: wherein D= D +1 , wherein |l is an
identity matrjx, wherein D = AlA + A2A , and P wherein
witeegin eBerD s--al swherain- I ds moidsstity aatax, vWreid D = A A, + A A, , and
transmtter odnprising: at |east three antennas; and a
pr.ocessor that, cause enerat.ion of reversed conpl ex
CORTR A EPTEFY aﬁllg’ﬂag'fqg??}seolf’a B1 ocks utilizing an
i nverse fast Fourier transform and that causes the
plurality of blocks and reversed conpl ex conjugates of
t he pl2ér al iA gamsinibéraokprismgbe transmitted fromthe at
| east tgége antennas in a plurality of consecutive

time & three ARG ¥ a transni ssi on scheme based

upon g gf@&%@ﬂhdﬁ&ﬁs&( Fer%?atiofﬁh)glré\re?sréﬁ bRk Bhjush@ BT a plurality

26, wherein the plurality o ocks conprises a

oif btasks ujlizing an imverdo fast Rowrjarivensforne.gind thas cevses drei plwselity of
%tloc‘f(ls %rllcﬂe%gfse(y\@c?rﬂp X C(t)rrl}ggﬂ:sugﬁhé f)%ra(flfty E)f lg]i‘ca)clgsotg%'e ransmitted from
the at least three antennas in a plurality of consecutive time slots according to a

transmission scheme based upon a unitary matrix.

27.  The transmitter of claim 26, wherein the plurality of blocks comprises a

plurality of time domain symbols.

28.  The transmitter of claim 27, wherein the plurality of time domain

symbols are consecutive symbols of a symbol stream.

29.  The transmitter of claim 27, wherein the plurality of time domain

symbols are non-consecutive symbols of a symbol stream.

30.  The transmitter of claim 26, further comprising a memory that stores the
plurality of blocks and reversed complex conjugates of the plurality of blocks and that
outputs the plurality of blocks and reversed complex conjugates of the plurality of
blocks to be transmitted in the plurality of consecutive time slots based upon the unitary

matrix.



synbol s are consecutive synbols of a synbol stream

29. The transmtter of claim?27, wherein the plurality
wobossiimB2@omai n synbol s are non-consecuti ve syPODUS200$/014852

a synbol stream 30. The transmitter of claim 26,

further conprising a menory that stores the plurality

of bl ocks and reversed conpl ex conjugates of the |

pl uraBl.ty &fméthod kfgensthtingaymbels jon tEansmessiIFOFIPIENLof

bl ocks and rever sed ICOYEJ %gc rgj ugates of the
plurality SPHTESEPHREOTYIHSitted in the plurality
of consecugénegatinpfeyerbedt @nipasesbniupates bfi thehintalityyof blocks
matri x. 31. "A nethod of generating synbols for

viilizisgis iverse deshPPukeripnsigeRest i ng a plurality of

bl ocks; gener at.i r - j :

ol ural |ty Brovaying fe ARG AP ntecEORE RSy Bl s of the
pludd1g{ of Blockyd Hertevismlitied fioneatlkast dired ynterinabinoz bty of
reversed conpl ex conj u%at es of, the plurality of blocks . .
ponsseutivedimRmAlels GECHTHiBmIa R tPRsRYFsioThihEMg 0j&fngfary matrix.
plurality of consecutive tine slots according to a

transm ssi on schene based upon a unitary matrix. 32.

The method Thé nadttaidof2laimit e wherint the ppiralitalof biocks comprises a

bl ocks caonprjses a plyrality of tinme domain synbols.
Ré%ral’f‘bi@%ﬁﬁ’teﬁll&@a&? S%’ﬁ%ﬂl]l‘?n 31, wherein the plurality of

ti me domain synbols are consecutive synbols of a

synbol stream 34. The nethod of claim 31, wherein the
pl ur alBBty dhemietoddafiddim Xy miberein he lurality Ob fisnecdpnpajiesymbols

3 e%%lsgcugife sayn%/orrgg% a E}%{lbeo&} Rream.

34.  The method of claim 31, wherein the plurality of time domain symbols

are non-consecutive symbols of a symbol stream.



