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Cross-Reference to Related Applications 5 This

application clains the benefit of priority under 35
MULFICARRIBRETR ANSNIPTERP ML BICOARR I REMETABR, ASAY MIETHODS

Serial No. 60/503,092, filed Septenber 15, 2003, which

i s FRRIFPYIIUHCALINGAMBY. THREE S8AJEALIIGNAh STREAMS

Fi el d Enbodi nents of the present invention pertain to

W rel ess communi cations, and in sone enbodi nents, to

mul ticarrier cobmunReferénonicRslhdsAppliaBagk ound To

i ncrease the data rate and/or throughput of wrel ess

communi cations, wireless signals my be transmtted

usi s BPbIfcatibA BlaRhe e BRI pAbE: ePE(SEP.Sl@f m@wa U.S.
one spatial channel utilizi ntoyz&t e sane frequenc

Progisismal PatentsAprflication beriad Ror 6@&/60%,092nfHed Setemb@0l 5, 2003, which is

. 1 nms are sonetinmes referred to

1nc%?1{lwl P hee-r?lﬁg)gﬁe%%ﬁ%%igpl e-out put (MM) systens and may
exploit the nultipath diversity of the antennas.
Conventional M MO syst may_encode the signals
usi ng convol uti onal encigiﬂéﬁggﬁﬂbr Vi terbi encoding,
however these techniques are sensitive to antenna

separation and antenna fading correlation. 25 Thus
t hdimbedimeyisrod tld pressotimventionappaiatousireess coptnmistibog, and in

' 03 | t.h ta. rate and/.or throughput of
Sorﬂvﬁ%?ﬁe]i O?insl&gt%r;%%hﬁ@%l%ﬁ OgpL{uLGaiion éysg%%rfls'Descri ption of
the Draw ngs 30 The appended clainms are directed to
some of the various enbodi ments of the present
i nvention. However, the Badkgrowd description presents
a nore conpl ete understandi ng of enbodi nents of the
present invention when considered in connection 1 WD
2008Y D28250thPATaWS2@0d/00 29 Ghhpui offwirtlessfdogimascations, wireless
. erej I ke .reference nunbers refer to simlar itens
sianiiiy o e P PSP Mo Sl snthu s o G oo
spatiyl cBarifiél ﬁﬂil@z’lﬁ% {tRIsaink FRFHHCY Blibdafri@s 694 ARMERAME B Hcation
enbodi nents of the present invention;
channel. These systems are sometimes referred to multiple-input multiple-output (MIMO)

systems and may exploit the multipath diversity of the antennas. Conventional MIMO
systems may encode the signals using convolutional encoding and/or Viterbi encoding,
however these techniques are sensitive to antenna separation and antenna fading
correlation.

Thus there are general needs for apparatus and methods for increasing the data

rate and/or throughput of wireless communication systems.

Brief Description of the Drawings

The appended claims are directed to some of the various embodiments of the
present invention. However, the detailed description presents a more complete

understanding of embodiments of the present invention when considered in connection
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5 FIG 2 illustrates space-frequency interleaving in
accordance with sone enbodi nents of the present
w0 poosszd7em; FIG 3 is a block diagramof a PCT/US2004/029768
space-frequency bl ock coder in accordance with sone
enbodi ments of the present invention; FIG 4
w1t'h|thé1ﬁ§ﬁ1@§ Shebdif m@ kiBreh e AGRSRRGS0 %ﬁbﬁ@;}gm@u hout the
mbodi nerits of the present 10 inventio ﬁs a
ﬁgm@emmidlagranrof a multicarrier receiver in accordance
mrt ne ment s. of -t.he resent i nvent i
G YR a e e o ol ir 8L E e o ASiardios vith some
empédjﬁfgdtgro@merprag@@ﬁﬂ@ﬂ@ﬁl with some enbodi nents of the
present invention; and 15 FIG 7 .is a flowchart of a
s paFIG&rZ dlupteaips e HEMEmC IEINING in Aoerrduicd avitesome h
present invention. Detail ed
em @Fﬁ%&?g{é@‘g&%%#%éw ng description and the
dr aF\lGlgias ialHlorkt diagremsyfecphdeelreqviencli eclt soded it iordance with
i nve on suf.f.ici ent to.enable those skilled in the
sort posliPaR AF e Herabit EFRISE: orbodi ment 3. may
I NCPI® erlﬁhﬁra?césfpi‘éédtﬁ%(m dcOeHdgde witll fhd EEBddimBAE Q)%ﬁfe  present
and ot her changes anples nmerely typify possib
inveRffquat i ons. | ndi vi dual conmponents and functions are
Opt FRNA jsY %ﬁ&?@dl?}ﬁr@n’ §Fla t1 a?ﬂ&l Iregé:lverggq &H? Ircbg%ﬁa?s%%ie
of opera ons ma I ons and features
emb@hnwmnbﬁdquﬁmatmnmﬁﬁm,|ncluded in or substituted for

t ho of. ot ers odi.nents of the jnvention set
for Fip- s & OBl A s 5fof g9 edure in accordance

w1tﬁ‘§é'1h¥@hl@ﬁ&l%en%foﬂtﬂ@?@s&it HveBtioEaR@di ments of the
invention may be referred to, |nd|V|duaIIy or

col F¥etliige ﬂpW—hlearteq)ﬁa ptilssreprmraseption eracedure inaeaskdance with

& intending to voluntarily
Smél%??Qpﬁgﬂéggg%I%ggPﬁ#§g§%%1|catlon to any single

i nvention or inventive 30 concept if nore than one is

in fact disclosed. Hrﬁ 1 ii a bl ock diagram of a

mul ticarrier transmttc#a4e Uolhce with sone

enbodi ments of the present invention. Milticarrier

transmtter 100 may be part of a wreless
c onfmfodlawingndesenpiean amddhm@mfum nwsttatengpletificambiodiments of the

in SRR ALE8L 8 Do SudElibie SuttE) B RS Ffiss gy Other
emistidirin&nte ﬁlal?ﬁhddrpd)@teésﬁuét@ﬁipl\lbgﬁﬁlnﬁl%&h@@l@ pRess| gitBbter changes.

ov a multjcarrier communication channel. |In sone
Exaélﬂﬁ%%mﬁ@m ypifyppssitle vasiations Iadiyiduat eqmpamgnis sad danstions are

opt UM &s EQBlicitly required, and the sequence of operations may vary. Portions and

features of some embodiments may be included in or substituted for those of others.
Embodiments of the invention set forth in the claims encompass all available equivalents
of those claims. Embodiments of the invention may be referred to, individually or
eollectively, herein by the term “invention” merely for convenience and without intending
to voluntarily limit the scope of this application to any single invention or inventive
concept if more than one is in fact disclosed.

FIG. 1 is a block diagram of a multicarrier transmitter in accordance with some
embodiments of the present invention. Multicarrier transmitter 100 may be part of a

wireless communication device and may transmit multicarrier communication signals,
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transm ssion on a nulticarrier comruni cati on channe
conprising nore than one spatial 5 channel and may
wais@sozn7e9 t han one of transmt antennas 112. | PCHURB04/029768
enbodi nents, multicarrier transmtter 100 uses
space-frequency interleaving and/or high-throughput
s SaEESRLER Kt PN UTORIRY SEHGRCIAS AR, over
anﬂﬂmMmmghmnmmnBGMpachmumhe pr esent |nvent|on i s not

R AR LS e e R e o SO A L

traﬂs%w&q 5 BRUNRAGY cBhPEkhicaRidh RBarné] Eathpbri @ fn'o?é than one spatial
transmtter 100 may reduce the need for i terbi

chagigeldidmagy use me grantame of Gepeni pnterasilAYntsome engbodiments,
mu&t c%ﬁeggrg Q'P{tﬂra% EO(L&%? §}g§cg /ﬂ(')ér?;ul n%relrel%gg%ﬁ?%E@C%IShlgh-throughput
spaaélﬁtequ@ﬂyﬂaﬂrrodiwghmghducMﬁﬁy oédusp dmmebd dspu@neylutional or error-

corlf)qrc]:tggé lcg é}g,n thgbg(}b gégclm%gﬁi ]!er oug I?jggrérpé C]E glifoa 1%1ted 11’}/ this respect.
In W&hwdlﬁ&%b tﬁ@d@soﬂ/ypa& ﬁéc{ﬂeh@f m@ﬂea%g Qhd/oRhRB-BRRghput

15 bandwi dths. I n some enbodi nents icarrier
space-diegnency @ﬂock%dm)b}’dmﬂpparger pasoutter d§urascieduce the need for
Vltlglg)ég o%%ve%lg&mghl)ﬂh% &%Pée §{‘/ fflﬁéﬁvenﬁ]gl‘? jsd not Pnb efl in g’llﬂ eﬁeect In some

emﬁ&ﬁmefm@ , inorsesedthodphmntagd/ foﬁiﬂctda@@i Iragfﬁ mEy as 3@111&‘&6%] thﬂcc:Ql@h the
my al so conprl Se Space- requenc ocC coger FB
useid §PACS- I WeR T pYNg aaqlfosplﬁgﬂhrovgla%% ﬁBacfthSQélﬁ%FYnl%lBCk coding

ovér ESnv"eQmBﬁzﬁ %9&91% ﬁéﬁHE %ﬁvothﬁm%ﬁcd?l(es Wie sﬁH@ér'lﬁ‘ﬂ ertd1aaRehsa

to one of the subcarriers a multicarrier
banglwridithsi cati on channel . In sone enbodlnents bi t
seguence 1 enc uence

o oA i dmBf oo RSt 0B T s et Fuency

intdrfelE@r (SPDE04 @b bhrgsteha §ﬁh@e&'ﬁé@ﬂ@w@fm&ﬂ&vhﬁy@ﬂbﬁ@@f Bifsed@énce
l[imted in this resgect In sone enbodi hrents, the

10% ymrbrine epodipnenis) mylicaries trapsmitiay MY mayalgo sgmptsesspace-

freé&%&k}k“ﬁo@%&% %%Ili ]?@E%G’(g% &ﬁ&éﬁ&% N?HB{)T]%BF' %ﬁ@?ﬁ%@?f%S %d map the

presadedesyobolste onaokthe |sp¢t1ail shanmt:lslandtd et ofithe kulxanmsq)eﬁa

n sonme enbodi nts ce fre i nt.erl eaver, .104
ol Sommanieation el B Sl St b {egb8io 05 Hay be an
enc%@@dJEﬂﬂ ué@c% iRluded kibkt d@@&dntcb endoded warh a fokwirdAee Eorrecting
trix. two or nore bits assqgned to each matrix

(FE@éJlOti? ca#hmygh e ApAPeHE the igyeRiion, is seidimitesl ia tiarespect. In some
em?«?dg]rﬁtgiéta, tiﬂ% Eﬂﬂy&l? of g;ﬁn QQItho&flotSI?ﬁay} %D&Jgﬁe& Qﬂ'{lbéls niﬁ{:ludmg coded

IS re n Some
quaiproe shitquennodul et (QAR)aymbo orY. Cassled Q) AdlGyentiolsablthough
bits bjt sequen onal ly within frequency
theﬁFQRek@fﬂbq Inyepdion s E?ﬁérﬁ&%cf “ﬂh’lsg?%? tand space-frequency
bl Oﬁﬁoﬁ%de%ﬁboh%eﬂfﬁ)ép%Lﬁé‘dueh @R Ger WAL ySasSion $WH RS nore

i
vectors 105 for precoding €§)2005/029759
norpgeRuersR bity g@nguence 103 to matrlx positions of an interleaver matrix. The

two or more bits assigned to each matrix position may comprise a symbol, such as a QAM
symbol, although the scope of the invention is not limited in this respect. In some
embodiments, space-frequency interleaver 104 may assign sequential bits of bit sequence
103 diagonally within frequency blocks of the interleaver matrix, and space-frequency

block coder 106 may select the coded symbols of symbol vectors 105 for precoding
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toget her from di agonal positions within nore than one
frequency block of the interleaver matrix. In sone

weedpsaz9tent s, space-frequency bl ock coder 106 PEI/US2004/029768
sel ect the coded synbols of synmbol vectors 105 for
precodi ng together from other and/or different

togé%hé}%diﬁ ldia Eﬁﬁ'pbblﬁﬁﬁs WithinhBore ThAf drRAVQueiBY Bl of the SRerleaver
enbodi rrent s, and others, are discussed in nore

5
matjest l dontsednahodiments; shecediesaneiebipek coder {9& meyiselect the coded

syl Bl 17 oR R R FREPPEE: Hilor diffrept gngonal

posBegs ente idiedleavenmatrive Theselrmthodinéiss, aad otictey, afe0Hsomsedda more
aﬁﬁgrror-correcting encoder, such as an FEC encoder,

detaalReIoW. ot her enbodi ment's, encoder 102 may be a
CONYQbHElcRRkinRMED ﬂﬁﬂtwa@ﬂlérri%gﬁltielﬁ@m;gl ?Cﬁ%%oﬁ{prfsg 8ncoder 102
invention is not limted in this respect. In some

to gemtratdisaquense ofencodehbits 198 from useaded émt seqeengay0f.dnsome

ri.se inver urier. transfo
emigABGHE pb s 105 mpl B8 O Bl ARG AUesbbl o FC encoder,

andtif aﬂféﬁbﬁlbbdlimen@nerﬁod@f 1023 ish il&)rﬁfﬂﬁltmﬁaltdneoﬁe@,adltmhgh the
channels or a corresp%ndlng one of transmt antennas

scoperof the rxentierris not Huited By thisdssreat synmbol s 107 provi ded
by 1RIsBRK ¢ ?%ﬁfmel&@s‘s mdlﬁba?ﬁéﬁra%@mﬁfg?ng ﬁﬁ?tiﬁvthérré%nﬁ%@ﬁfverse

gnals of I FFT crrcuitry 108 may be patketized
fastsF Ognali tgarfstorm {¥ERsmicsgiol) tbigesante sgrbtsd‘pngrhsgquent transmission

h h .
on 4 ebhoridlng S ATt kbl b o G AP GRE kY i aptennas
112rfEshl 6Fack Treriescyhgipell B @bdlen oM provided H;Amotgctbddhﬁ 166: B Some

of the present invention is not limted in this

embodifpenis, the putpumignalarfdIHE sirsuitry dOR nenry herraﬁlsﬁﬁ@d signals for.
tran {sgﬂyﬂaﬁx erFe dﬁrﬂ&ﬁ? LY trﬂ? ing udéﬁ]ﬁl the @%gj\l}@l:,}%at@ ther
t hou 0 |

annel s, e scop e present
IFFTsnmmﬂtryI i08ito edd & nycﬂm meﬁ)ee(ﬁ(‘—)db helpl mdweneteespobolietetfsrence,

SRl S AEPe Tt RSO VP iorT w"ﬁﬂgﬁﬁimﬂs‘%&%"eéf Ste
emodimértaRash &t trA8mit ¥ itdnhAEt dﬁ’d Rt e’ JTHecadas
ynbols provi ded by correspon |ng FT circuitry 108

chaggiels, gEhoughifbe sgope p)éthgfm%t 1ﬁﬁ¢ftt10@a$ notdimigeshimthis despeetn

ChafR6ine ela{ﬂ) giaitns H&?tﬁddaﬂfé?ttﬁansr Nitef 206 hha bl g‘é{ biYordddr fgl%‘l

be "associ one o ansm ennas 1
freqabidyaRFhH cirbditrgddpeo gaferatéBFisipnalstfootransmitimig thé timeekbmam

modulyEPRERGE SinrlsaRPOed By toriaemmne MR 108 o7 s

subé%@fiéx@%@ﬁféqhﬁ‘lﬁcﬁﬁeﬁédrﬁrﬁhﬁlﬁé’n&ﬂ&aﬁ‘ﬁ@ ﬁl%nﬁ%&ﬂb%ﬁﬁﬁéiﬂé o3
| FFT circuitry 108, the scope of the present

circhitiyeliimaay basasseniatpd miithedre jof therransmégpteanas 112, ebimaugh the scope
ofﬂgeg?lt%?%ﬁtlgbgﬁé Rot 1ﬁaqltéHﬁBH¥1%?£5{pe&r transmtter 100 may have

or nore ennas 112, corresponding RF
ci rAlgidught nhulficaniet tfamsmﬁ&poﬁd igiflustitdd with onlyttmo tiddSmit antennas

d di di ff t
1120 RER SRR B P56 14 B A S U EPOIRIG PG cifcuity 108, the
;%mqﬁé PR8L invention is not limited in this respect. In some embodiments,

multicarrier transmitter 100 may have up to four or more of antennas 112, corresponding
RF circuitry 110 and corresponding IFFT circuitry 108 depending on the number of
differing spatial streams that may be able to be communicated. In some embodiments,

multicarrier transmitter 100 may be part of a multicarrier communication station that
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multicarrier transmtter 100 may be part of a
mul ticarrier comunication station that 4 WD
wWQoOe50029759 PCT/ US2004/ 029768 i ncl udes nul ti CBET/U82004/029768
receiver circuitry. These enbodi nents are discussed in
nore detail below. In some enbodi nents, nmulticarrier
inchfd@@ﬁffﬁ}ﬁéaﬁlier]rg&leg?3é1rﬁl]ﬁﬁga1"ﬁbsé EQ @iﬁ*[e%%rﬂ% ﬁgcussed in more detail
space-frequency | nter vi ng an nmay pefr
bdepace frequency bl ock coding. In some 5 enbodlnents

|carr|e ransmtter 100 may refrain from
por PR ot B0 Tt Bt ke ey weha g performing
Spa@é‘-lﬁfeg ey RACHedViRaMRIEYy aF@h Pavd-Nde uéne%ﬁm coding, In some
embodi ments, nulticarrier transmtter may perform

embedimesisamsltfopmipn dgasmittar K0 @wrﬁﬁlmﬁammf@enmgrseqmﬁ@qpency
o PRE AR B b2l OB RAURES ERBATE T B pgimens

mulifvamer fmaesmenec Y00 niag pbléam hmgh apaﬂedie@pﬂ@emfdr}eaweg @xd space-
bl ock og per rned to t.he receiving
frequency Bl% P ng n; tﬁesg §f‘¥1 lgoggggn %> H@q{&rﬁr transmitter 100 may

1ndidd¥eer£rl|1&1@éf| ?ch—ﬁ‘eq?u%ﬁé’f Biedieayink bhd/sP P ce- SRAdH Tk éatjmg is
present invention. Matrix 200 may represent an

bemgrperﬁrre@dée thegreeixing glignby
Spaﬁﬁ} 1ﬁ9§‘r?ﬂ@sy3page{ ft lfe?r fntélr%%vﬁlzlngac gjry)rdan e&\;eﬁf%hlrg

space- equenc ccordanc
embmijmdnmﬁ te pirésehhﬁrveﬂitﬁﬁleMatmmmﬁmb feprésenS@iiterleaver matrix

nbodi nents, rows % Zéﬁ %€g3ﬁ§2 of the i nterl eaver
usefky SpacelRAUsAsY Wb eaegdia HURFEILPaggHequgncy interleaving
in a%@&ﬂﬁ?@eswlt@&ﬁﬁ@dmﬁn@%m r&fent ﬁl@&ﬁ[ﬂnt P W AGo dihénts, rows

used for transnrssron by multicarrier
21 & a@r@@@f\t@ infeylpayein@iria 00 may sorrespont tels membes, Ofcspamzrhwhannels

andgcgn 1 o &aﬁ%%lgérl%t?rgnr gﬁlwlﬁeﬁﬁlﬁ g(%glg&%s%ﬁsrsrwen y multlcarrler

trarso¢imet 00 FIGN )chpsone embodim&@as @ oRimris et grRetiimeleaver matrix
interleaver matrix 20Q illustrates an exanple of A 20
200 mee FrED PG OFRRBRGTOH SYRSAIT iSO the IR qrrgiconmanieaian

chafihe{, BHRGEL bf d% ta{?ﬁﬂ%\/ erlaPRAHLRR @b@ i@dst A aR reﬁ?‘gjgl% of

) |nvent|on|n elnter eaving wth up to siIxt
lntfmlea‘m)g eerfemnmddior tver ’e“atamit antertnes frolisix subcapiias slmateived

chann nd/ or m't. nt en . .In trix 200,. bits
em QRS Br B8 Bent P in @M ABARavibE v B 5 1B s o ore
subGdrti€rs ain.)i up téfsuridr Inhésé E@h@ﬁcfﬁﬁn&lk busd/BrltraRzhit anterﬁ’ﬁ@ i n

whi ch the subscr ts represent_the order of the

i n Inmatgx 200, s ahieneage spchas ewededbpit seqy@nceah% (FIG 1,

are 92%9%1%& ad Bids 51': hG . %% inl Whiff BRHANE ts\%% s%gﬁi"fe( (Eflg of ﬂ‘re bits in

ment's, ace requency interteav
a serqagncaspsmgdred bgoarocnmfdcne suches esagiee b®2 E@IGLI}. $n éma:ogda,nce with

son St BREnS gbecS e iy BT aRe T 30 6oyl disigh o or more

noneyEaeeHtAEBitS(e. & Mt Bfs) DAneenBbded BBSqaBRS tb SaB€ Positions 203
matrix position 203 may conprise a coded synbol, Ssuch

of ipterlggyermatrso i Irpowme grbesliments, the two or more bits assigned to each
matrix position 203 may comprise a coded symbol, such as an FEC-coded QAM symbol.

In some embodiments, space-frequency interleaver 104 (FIG. 1) may assign sequential
bits (e.g., bits by, by, etc.) of encoded bit sequence 103 (FIG. 1) diagonally within
frequency blocks 202, 204 of the interleaver matrix 200. For example, first bits 205 of

each of the symbols may be assigned in a diagonal manner across first frequency block
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30 In sone enbodi nents, space-frequency interl eaver

104 (FIG 1) may assign sequential bits (e.g., bits
wh1g0shd75et c. ) of encoded bit sequence 103 (FlECT/L$2004/029768

diagonally within frequency bl ocks 202, 204 of the

interleaver matrix 200. For exanple, first bits 205 of

202 REdXheh adrBss RYSRPESquERYy BieciR3e4. m@ﬂblm% 1HhPBOR Frst gortion of
manner across first frequenﬁé%block 5 WD 2005/ 029759

thepeyansadgs/ o zoed bitseawrnce heh(HE: bs §h§ébm¢dfr¢qt@q@emtﬁ}leaver
k
0P {8 LEdy, pfsb oo fpc Bt YofeBelfol E ShmBORTH B dhiggnal

maiil)er atives fips freqhianey béovk\200 hé tHeaavrnss seb0dd (Heliéency blatiky204.

d bits 2 f f i
S bif 3 i BEaEportion L epra ERi Bl LM SR Sspence.
In ﬂ\isdexta [13 egdhmhémtds fapepapase Pbioekm?Bdt bigs ﬁ%ﬁ&ﬂ% bit from
bits é@we a next portlon of the sequentla bits

secofid bﬁse2% ebbeghithe seopg vé fhednvenfian isHiod lisitediih éhis eespectof

2 bl oot E T b A ek bRT SR SR aRhorcas

divensite atnoay thessubedrribisrint @@némit biesnaseBeate. cnhbodbaemts, a frequency
t he nunber of frequency bl ocks may be

]gbodl ment s,
blogk may g gelegfed Frhagdw to 4o oF BOFS A FyEHEC WS (- eubearrier
@{é@cf‘eﬁ)ad@srmvﬁ E)@%t §RaBchahflel$ OBaRHRCHIIRAL)S alth’?bugh the > Scope of the

equency fock may be selected to have up t
lnvomthmseotlumé@imsthmngpecbl ums (e. g , subcarrier

I : Zﬂﬁﬁgfg %ne g?&%aaigf W% %a%?% éo dtion 6%@@% ﬁgﬁ{ra’ced as having

twd BiveRd spnboli.apuddratuieqshasashifi keying SQRSK) mpldtiAdug)und are
synbol s associated with matrix positions 203 are .
refirtqd jospmewRcRas QAW ?aganlwﬂkﬁrmodﬁ iog JgHsts mey algo be suitable. For

oxak IRPERT ?Ver r gzgﬁlﬁﬁl{lééteé(tﬁ)’éen)@ts ggﬁﬁbs%%g({l%f&%%ewimde

15 ré to sonetines a
modmlducbrat1|6daAh©ywh&hrmynmlm@t¢sd‘ombitsa1@r symbay 32-€davipivbich

8PSK .synmbol , .
corsitatil H e BB s B A Pt Gy bt s syombol,
128 QN i/idh eSmﬁmufcaas eveits @W@%bol ?aadQSMQAMM @xhnch

communi cates five bits per 64- whi
COTRPHMGHPE @ighibitsiper gyr{lgolp@py gl)spgb@, pultablq gutgz\q:y‘mqm| ngqdulatlon levels

w1tgg@mf‘ﬂﬁg¥:§rﬁnﬁﬁi‘é§ﬁo£fatt%| ;{%?Eub?%%i) Ihrgglaa% aRed@M which

communi cates el S per sy , may al'so be
sui Incdolre. enﬂmdtrhmtmpar,e frephehat intemlebword 04 (F1G.t1H niwygirevide

e S B G B SHRS TR T T 8 et

each Q4 védtdie 103 \FIRY % Bla9\Mhél8de he Gito it AP be Eép@eselﬂedtlﬁr the symbols

space-frequency bl ock coder 106 (FIG 1). In these

asseaiffed Withipafrix peaeﬁn&ﬁ%v@@m one of ths rows (3.2. 11)0%98 PIEA2) @E matrix
200-BficR hlaS ¢ egﬁ‘%poﬁa% Bffe 51%5@ ﬂ @lgmg%lgt he synbols 25

associ a matri X | ons fromone of the

r onEI{. 8.iga blackwliadtén of a@ﬁa?:): fedquermdyrblack &fder iMvccbrdamge with
sorr?eoérrrlbeosél?me&s oP thg rf)?esg}clt 1tn|\;eenti%g aéﬁa%le frcelcqlgennrc]:y bsfock coder 300 may be
suitable for use as space-frequency block coder 106 (FIG. 1), although other
configurations for space-frequency block coding may also be suitable. In accordance with
some embodiments, space-frequency block coder 300 may precode groups of the symbols,
such as groups of symbols from matrix positions 203 (FIG. 2), which may be groups of

FEC-coded QAM symbols. In some embodiments, space-frequency block coder 300 may
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FIG 3 is a block diagram of a space-frequency bl ock

coder in accordance with sone enbodi nents of the
wEe@sort759 nvent i on. Space-frequency bl ock codePCBOS2008§29768

be suitable for use as space-frequency bl ock coder

106 (FIG 1), although other 30 configurations for

also dgf&e@&r@w@ks%l@n@ @@a@mr Ak abersof 4 AltRardd?
accor

nce wi th sone enbodi nents, ace-frequency

S
comipiunisation deannglmdrang of pebwakty g spaisl shannpls fax imysimission to a

uch_as synbols frommatrix positions 203
mulé rrffe%l\%\}ggﬁaﬁgﬁay be groups of FEC-coded QAM

B oo L By Leo00a] Copsane ol Tuapper
coder nma 5 7 P U 4 7 SO

302 Fﬁaﬁlapﬂ@ tmoeq,r@a@a §§/Zﬁn% éltftla gfnlé @1/%%@ a§pigngq tp ggicix positions
203 %Mgac Qz érleQ(/ ra}nmiktzbé A13.2Y to g&mﬂt@m@%ﬂ&mmmy &h some

ura Ity of spatial channels
embodismests, bmmnppew(ﬁ mapugencess teaoded QM rswgb@ls,aeﬂﬂmngh the scope

Sone ace-frequency bl ock coder 300 may
ofth[eﬁg}r?glgng ‘ﬁ&‘bgeé‘r %Eeét%o map the two or nore bits
( e Space- bédil&nbylblo&{ bd&r 360 ﬁlay%)s)o 1ﬁ61&dtgmd1-tc9pﬂﬁnéll converter 304
posi tions mat ri x

¢ z P%?? |nterI§Bver
0 gf(mrf@ ap] uralay Héﬁag?léy el wesiea 39y Hg) the S?realémol stream. Each
t SO
of (R EyRAb TR ﬁﬁz T RRR (i en ST LB et g poail
symbd)lntiebwds 306 mhy somym@roups&f@oéed‘ syathodnioy ptecodingcoder
30 d pal -t o- L1 el 30
OB GG 500 s BT P GRIRE e 396 srovos
of cetf¥d fyfn@ﬂlstﬁtﬁn s@hbellvesiirys. Spaceare Eﬁt@*bloéli cddee 36y faglalso

. _vectors _nmay have npre than one sy In sone
includerspasripqusnpysand rmapgwsdnam@emeé ssm!aolﬁﬁq/ ORGSR Plygality of

subc%ﬁgéggﬁfé) uﬁ&%ﬁﬁer%y R RealiBh ¢ ‘éPeGid“cQ 0 §8P‘%§%ﬁ£lﬁ9%5‘§a¥ml

SO I Nnc e preco
charmeksc Ohlis igdiseyssed mfmcn‘edeﬁallsbﬁltb\ol s from synbol vectors

30 S - f bl k d 5
T Gb G eS PPEei i B R SOrBoTe YilhpaPe PoRBeBRat Jirlresent
1nveﬁﬁ&p Qh Sorh@ eﬁiBSdlﬁfen@ ke ld)!b@l‘a'tlbﬁ(s DlustrfedB dyaFI(E‘r o ﬁlaﬁbe @erfonned
[ticarrier comunication channel to one

by pmcefl%n J06(FH$. Bpelthoygh odwppisepders may §1sp be gisabley é‘é@tﬂMOO
ilusiiRfe§ a ggﬁ@hﬁa-%cgﬁﬂm Egsg}%n%gi Ha{fﬁ&t 1&1%#1%?&}1{%%%%39 ?f {dtumns may

accor dance h sone I ment's € presen
correspmmh td onumber of entecasidrodf nhemlﬂtlcarher @anMwa:mm channel and the

trat ed b FI G, 4 mn 20 b 0
gt bV CORRORE iy POPRG: O PR Gartelsap SR brpashents,
the codbd &RhSols B@t Iea tcﬂ@&mdﬂs Qﬁ&ﬁa@t‘iﬁﬁO@ﬂla? Bbﬁékﬁ‘)@n& wP@ak i Rsitions

aSS|gnnent rix in which the nunber of Colums may
203 g6 23 pbmtpricaver mainib d00 Of1Gs @b alihpughethg seipeto ghe invention is not
11m1f5}i|1111'th(i9fesée%'i communi cation channel and the nunber of
orrespond to a nunber of spatial channels.
| n s sutRe efibedimeRi] grecoder 306 (FIG. 3) may select a group of coded symbols

for precoding together from diagonal matrix positions within more than one frequency
block of matrix 400. The coded symbols may be associated with matrix positions 203
(FIG. 2). For example, precoder 306 may precode together symbols of each of groups 406,
408, and 410. In some embodiments, each group may comprise a plurality of non-
precoded QAM symbols selected from diagonal positions within more than one frequency
block (e.g., frequency blocks 402, 404).
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the coded synbol s assigned to positions of matrix 400
may correspond to matrix positions 25 203 (FIG 2) of

WO ndosibeaver matrix 200 (FIG 2), although t hePGLUOp®00629768
the invention is not limted in this respect. In sone
enbodi nents, precoder 306 (FIG 3) may select a group

of cpadede édaﬁﬁg)@ch dr8¢odRed 8GABINHay aﬁl%rﬁ%rsuégtﬁmaﬁ{y%%egﬂ

rratrl X ‘positions wthin nore than one frequency
compfinatimral xymdals (TpenewtiesdodsfiBbMssymaljolhdieas slmtnuapwtlons 203

h t IG 2
(I Db AR s i o A SetG ditetoud koo . SO ey
corrgimel ﬁ@r%?ﬁ]bols‘kl@8 41And 13464 423n(e0MRnesTEasdc H%Msyﬁx@@fs) After
QuUp may conprise a ]Iaurallt of non- precoded QA

pregqsimg@ the four ecededisy R dithad 6‘??& t ayshe lilraﬂ%cwblﬁmow ghe four
codéa‘%gln&ﬂ? V\%f q(LgB and@chﬁth%ﬁélgglg 4?}%%%!81 %}s}t%{éfr?&{‘ﬁ PBmited in

29759 PCT/
thispespectd Segpndezaip 418E o gtdug Rxwly comprise fiprrisgmbols 403, 407, 415

and 333 T Bopbirrtefin OPREHTSDT ERIEr® (Y B roagomeris

foul(d?h@olQA)OSOﬁOQMIafaﬁQQQﬁ(@gl wrpp&cod%arqmmh&ls)f Thébu ut of
npri se four synbo

preq)dgr f oMEF IG4§)3mgy] be g@gocteg sgmbo}q@ﬁsqgiaé@bwgb egghposition of matrlx
4008ynmbols). After 5 precoding, the four precoded synbol s
that result may be linear conbinations of the four
code domy mtrddoénﬂ@ﬁs theton-pré®@dad dyiBds selk¢thd fyha prbevding group

may ol reted S8 OGN gsh a0 P ingmor® L pneednayeScing plmstrix

400f RUthe YIRS thd@idgorthl posit@did d &ifférent from how the encoded
non- pr ecoded QAM synbol s). Athird group (i.

bits yererpspigneehgdgenally foy rnt@rmmwomﬁa any, gg)upzdpwsrahmcﬁm symbols

genérrgtgg ﬁc?équ g%gﬁt?%%gg %ﬁ%%rﬁfﬁgb@écﬁage gﬁxgm %ﬁr% t)éﬁacsi 9:69 Jape in diagonal

& preco
mates @omnanseahdmmtprsasjfmbnds génepated fronmequentiaﬂﬁi@s (elg, ln@me by),

synP BAUARE GPBRS0oR GRAckicgin B 1 ARl RGGAAIE Erouss. In ths

exaRPRl §yrAB 40f tidieledidd @Br HRRBroape0bLad gﬁlﬁsaa 40oqg Bel&fted for third
matri'’x 400. In these enbodi nments, e di agonal

groysoi0, plshenghdle spopapf therievention smat biitetlan &nw@p@t 1lg some
emb%d}rﬁen\@@ 5312@ %ee?ecgé QI%!:MH{%% Soui)p lb% %}ﬂ rc]ﬁal%)r%?lt (lappos1te

gro u P N c rated
dlresﬁatﬂuﬁag(br@ﬂs) kwithsrespieot to&hﬁﬂiﬂér&avﬂng ®f se@eﬁuﬂbﬁ)ds by4Pdceaicuency

[ di agonal matrix positions and conpri se
mteé?‘ﬁ‘ﬁ ﬂ§4 @ﬁ}eﬂ}at ed fromsequential bits (e.g., bl and

b2)1n 301§1¥ RR®bLEnRLs, 9{@:@0@ @b@km@%) Hﬁ%easo&%ﬁgfo%gs bPsybols

ferent recod I Ng groups. exa

(e. gsyﬁﬁmbomzctqu eiUétmlﬁdg ﬁ@qh df thmyngbcd wpctdGyamebnsglen field
matffy B béhsF B FoRrh Y ork dp kR PP 0B 1. 3
mayl Be SlfBar-square precoder. In some embodiments, the complex field matrix may be a
square complex field matrix having substantially a row-wise Vandermonde structure,
although the scope of the invention is not limited in this respect.

Referring to FIG. 1, in some embodiments, the spatial channels used for
transmitting spatial streams may be at least partially correlated (i.e., non-orthogonal in
frequency) channels. In these embodiments, each spatial channel may employ the same

frequency symbol-modulated subcarriers. In some embodiments, non-correlation (i.e.,
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enbodi nents, the synbols selected for precodi ng groups

may be anti-di agonal (opposite direction diagonals)
wowRak/oeespect to the interl eaving of sequenti aPCHUS®04§29768

space-frequency interleaver 104 (FIG 1). In sone

enbodi nents, precoder 306 (FIG 3) may encode the

parrgr%]]oc%lf'ﬁl%lg)@g]igar%lgy)gg% nft%? ﬁ}éﬁrag%tn el§éﬁ?gﬂresa\§§1§é(1§& %h(r)gﬁ/ hea)l(ltenna
sephiatibd. InBinkiembodingans tahenip eeenmsd 12 ymydiave acpadisg | n

RS SSSL L8 B S0r 300, (1 G 2 IR 08 Sy

altHle kRXschhEb hBRIVehiotRMoP Brited St @s5RMMh 8¥mé kfbddiments,
rix haV| ng substantially a row w se Vander nonde

thegnteuna spraging radyt boselgriadhe tb@tdb@dléﬁerqnh anfepnasnmidengojugceralated

chaggﬁef%c? ﬁ%olgl stﬂgllﬁtsen{b%?ﬁ eentstsp g? icer Mdﬂﬁteﬁ%a& gg ]an&7 or fn@h—
thréughpetephid- ﬁrngemay bRIck sbdsamlopry Hyenldtlcirﬁaﬁtram&éﬁvelal(](ymay

correl ated (i , hon-ort hogonal in, uenc]{%@
redpeg,SeRgifNity F(hSUE"HEé ENSRITAAREE 08 Sepéé?én% 03y okt to antenna
fad yco?x%&ln%s TheoBa @Elbofhhfeﬁtéeﬂl@én&)iﬁi’ﬁ% af@i‘%ﬁ'rﬁ'atye& small relative to

carriers. In sonme enbod I ments, non correl ation
the (waveleng1$ amaasm&smglm@mre@ﬂbmm oszmaaelp‘aom beiween the spatial

ch ﬁ%f%l? g%gg)ataﬁﬁ%%%cﬁ%%g@ ?ogggr% gﬁhoufgtlﬁﬁa gcoi)ﬁg)? ¥heb1?1vention is

noteifiesd ifeik Sespbdtansm t antennas 112 may have a spaci ng
t her ebet ween of at | east. approxi matel

hal Fs-spagemodiments, the mpHicaricr C?W&H’éﬁ%‘gﬂ chagnelypaysompprése
n
p1u§£@y8%§fm% %dd(%‘l;aﬁé}% éLﬁ’)@aﬂr o g{] stoér}qélqgéﬁtg%é%?rgé m#gh E%ﬁpﬁ%odulated
subsairiec tvey have 4 hell at mstdntﬁéllarmmtea fitcguerey of rctcbecvtg«:r subcarriers to
uncorrel at chan
RS e R el T R R
coniagiBati dnehid £l yInogtelentiad e @] M eoMelichyicfubihtaidatien channel
transcej ver 100 may reduce sensitivity to small.er
may ke ah gEhegone] Hedusncy diyision muliiplexged CORRYDsemnagigatiop ghannel
or S HEpIubAfly BRI SHRRLRAE o tﬁ&@ﬁ&??@%’g 28 Rl Fnioh ot
limited &1 @mg’edpeof transm ssion. In sonme enbodi ments,

non:- correl ati.on hetween.th t|aI chan be
P hPets TR B AR e S T B g Channel
intd MBrd MAYEBhd SHatinSchafhell ]n%hﬁd:nib@dﬁﬂ%n‘%s egsPesismil Snt&PEE 12 may
enmbodi nents, the multicarrier comuni cati on channe

defrmyon@ spgsial yansnit phanngll i gthererayadirpentsyadiisarsigr transmitter 100

maz gﬁgﬁmvgeg@??ndl@%&%@q&ggg AIBNLS ch Pmto %patla} cfhan{lels In some

carrier ma
emB@dimbﬁﬂ,t dagh byataal clmmhelrmfiy eused ¢y cmﬁnmhmatetsbparate or independent

subcarriers to achi eve supstantial. ortho
atp SR R S SSHPTS GRS PRE: Shafieh bl Towing the
corA R s fiaaitoRANe] withdut 3R 'ﬁﬁ:r@cﬁ@ AffrBRIhEy bAdWyidth. The use of

mul ticarrier comunicati on channel
spatial channels may take advantage of the multipath characteristics of the channel.

In some embodiments, the frequency spectrums for a multicarrier communication
channel may comprise subcarriers in either a 5 GHz frequency spectrum or a 2.4 GHz
frequency spectrum. In these embodiments, the 5 GHz frequency spectrum may include
frequencies ranging from approximately 4.9 to 5.9 GHz, and the 2.4 GHz spectrum may
include frequencies ranging from approximately 2.3 to 2.5 GHz, although the scope of the
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may be an orthogonal frequency division nultiplexed
(OFDM) communi cati on channel conprising a plurality

wotoSRBIssubcarri ers, although the scope of thrCT/US2004/029768
invention is not 20 limted in this respect. In sone
enbodi nents, transmt antennas 112 may be used to

1nvghtYdrfj1§ nbhﬁfm%@ﬁﬂﬁis reéﬁ%@ adTBiher frERRNOPEHeeRAhk afe also equally

channel . In some enbodi nents, each transmt antenna

suitpble. h'ayltrad@fieb@@démmbwlmmwbﬁmqmam spdctrunnfosener
iR TE R i b bEREED Fhy LOBRRE L er fhent'P fpEfBncY

spafFiGls is Iaébﬂmm dagrim of anpulAtaraahedéin@rih acc@dite Syt sonte
hannel be used to ¢ ni cate se te or
empoimER b Hie PERSRLIL e i Y UUHCAHE TEosteer 3@@@%@2@ ofia wireless
corfn'ﬁﬁm@&tlﬁﬁ{ devRRtaha maS3E6d SuklchAWr 08mhNGicat hieakkRas

additional data w thout an increase iIn fre uency
OFBM dumdmmcatmesm@eés,@wer & pwiticarries isamnuinicatiny chatioel. In some

em AR AR Bibal AP r T bL B 00 BERATHEY LahbiiRioRlod ion which

may @lso@ofptitd %ﬁiﬁltio@fndi@ﬂmmitmﬁ,tsudﬂas Iﬁﬂltlehlr]?feﬁ ehndiBister 100 (FIG. 1),
co rp.se s carriers |n elther requency
alt@agﬁ thﬁﬁﬁwﬁlcaﬂﬁrara@lﬁlﬁeﬁl@%po@ﬁ% e %@@ %um In these

nb |
embpidiR Mnsbodidi&nt® gn%f,'fﬁca{rh@lql"é@&@é’r ﬁi@%&m@w@&g&l% %91@

frequenci es rangi n rom approxi nmately 4
mublivdrrien goRmungation plwncmenayore fhag boel @aﬁlabdwendl aaé may use more

n f.r om.appr al t hou
thaf AR E st P ERES 3 ot o0 508 s iaGi is9g Y 00 may
dedotl¥ §ighal9that faf Ghvd lbemnteﬁdodeﬂ ushigSpi@shefiencypitédaeing and/or
frequency_ spectrupns are also equally suitable. In

withy ﬂltghathW%éB%fﬁaac(etﬂ’B)ueé%blﬁPlﬁé‘?ﬂ% by Ranylfieagtiifegnsmitter, such as
trar?sﬁﬁﬁéxf 1OBERS. 1 alfﬁ{;&h% Gihef hﬁftlcﬁﬂmhﬁﬁﬂg%q%%%]?g@aﬁif%ﬁg%le to

nprise a Wi quency spectrum
encddaggaztis G receptibt by anltierrigraeaivee500n accor dance with

5 enbqdi t th i )
v s Do dTERtS 185 v SR e BV ke g and/gr gpace-

 frefRABYBloglatddiRg ARY help radeteRY néeddst ddhvoltiohglddrlehi®f-correcting

communi_cation signals, such_as _OFDM comyuni cation
decerligaa!thougly tie sgonpafithe Biessnd investenisi o Himated dm Hinesspect.dn

songegérl:{?b éﬁrﬂ‘gﬁg 8 MeSof spyé eLr&fe a{l{)}ﬁ{l}l&{/\%ﬁﬁhg %ﬁ%@p gqag?frelaﬁency block

conmuni catl on S
codimpmey help aeduck theaseed ifarViterhndsrbdingy altheuglhthescope of the invention

is gt i SR fraeR o 1 b et g ehied dhis ekl gjop inoreased

rangd'maP BB 2ETBRAI tm%ﬂgﬁ the itk loff §RcE I fRIquERG ShiéAEaRRDaltBYr high-
recelve S|%na s over a multicarrier conmunication

thraiighaHepacsrisequeneseblopla podes oversasicas usingsaryolatienalragdeg sath
Simggn{)@i&'ieﬁegﬁ{%e? &4 8%111&\79 ‘aﬁfsvﬁl s%%e%ﬁu@% , rrrljlalgtlgagggrorggelver 500

icarrier receiver
mayp depode &ghinlatred&ayed loaviea hakivagiee Odmdmuﬁ:iaﬁgn channel encoded with
ﬁ pace-fre interle V|Hg and/ o
high-throughput s ace equency block codes using an 1terat1ve nulling process to
successively cancel interference.
In some embodiments, multicarrier receiver 500 may comprise decoder 506.
Decoder 506 may be a space-frequency block code (SFBC) decoder which may comprise
a sphere decoder and a null canceller. The null canceller may perform an iterative null

canceling process on a per-subcarrier basis to cancel interference caused by other

10



10

15

20

25

30

15 wi th hi gh-throughput space-frequency bl ock coding

by a nulticarrier transmtter, such as transmtter
wae®spr7® 1), although other nulticarrier traPSHU$1004/629768

may al so be suitable to encode signals for reception

by multicarrier receiver 500. In sone enbodi nents, the

subbaifieR! Tﬁ@%%%{ ie%g&@'?ﬁéﬁr A3b&E éﬁﬁ&’dlé‘gnﬁﬁcﬂ 1Q9e1$a(f@9 ﬁiterference in

requency codi ng may hélp reduce the need for
cancalleddar iotiealayors byrthonulteancelderi ng 20 decodi ng,

B R AR Bl SR BB o

afte@ftheslpéiét@vefﬂtﬁpddtﬁéﬁlmgp%d%l%éﬂi@isl pegfoaned. gh ssmaeﬂfobamu@ dycoder
bl ock codlng may hel p reduce the need for Viterbj

S06dueninchile asphere dgerdent spherallyrdeseds laygreat sygrbols of anpssociated
grohé1 md 1%(3% g&‘{rﬁﬂgﬁy %I? SRBhL o&' /tﬁé]sp?l‘%{:@ade% e%qi @egﬁesdecodedblayer ata

creas ut ~and/ or i ncreas range nay
tlma)CBy awcﬁdpl‘eh-rfml.tbdrmﬂrilxemjhfs Wﬁy, dpaxier § ®(en]1a]a mgpnerate a precoded

erleaV|n and/ or pace guen
SyIIob SRt 1 PP RS TR K DU B v oAyl eI so
that¥ &ultrend 1dfb REor¥ibut®inr sy E@éaﬁ@el@dddlm AllWy@did e dbdbdee T8 some
enbodi nents, multicarrier receiver 500 nay decode

embidimeants, Tudlitg mavibedene ncaivqagh syhcarrics d‘fhlrlﬁr%%alms gay be done
for Cc I%Hn% U gﬁ %ﬂqégrél\ﬁrg Recdled I%Bﬁﬁ%gyépeSMfi@mfvE%he@ 0¥t limited

es u BNCTEerat| vee nu
in tBlls @e@eal Hﬁdoynamlﬂﬂﬁlhmems e¢hd mhem:@co&ﬁ rhay pmfm*m maximum-

QTP e eSS 1500 T SO
det&:ltl‘aﬁ kln%% dm¥odfpherfie "EMCOM' 308 thBYg ey dé‘b@decﬁsﬁlﬁﬁlﬂ K8ctors

decoder and a null canceller. The nuII cancel l er ma
505pfer anhraubenriiceafshe multicatrier cempuwaidatign phassek & grngembodiments,

interference caused by
Syngqoig?cl{ %%ﬁ%@&%@?@@OOM 029768 subcarriers.
Thelnsfoher eentibdaneias, thmtyum@modmt@mimﬁe% may bk Smbdy etD that the
. after |nterferen ein elled fr er., ers
i" Ipyps Ay S lcfgwe giter renqerfr%ﬂ@ flérﬁb]@}ﬂ?r qlfe‘ od ers
subFELARCRIR fé}'éncg %?neﬂhle ¢4 SpIhab tHeeMtthQEyser vﬂﬁfu@ B s%ﬁol vector

Iterative nu cancel ;@g processing 1S per orne
for 8 sperifierindgamisn frequatey,adtbough &e coneyofitheinyesion is phtelnlélted in

decod to s cal I ode J
s EGRET o Bt G Biebora] St R EhT SRR o dhe nol
can8élRgio peReesky flso eancebsmajaémdlﬁd inl @yetiol @tctars dffeneylliby based

a conplex field matrix, . In this ecoder 506, may
on 3 aylbpecatled symhob¥erier Thisynreesss e W@s.pel( grged supgpssively until all

lay%rg%{éegﬁc%é:d WS e G imbAY Shis théf bd A}Plt&hlﬂl\Le yprocess

atl on process Sso that a curren er s
c onkirsolmet endhodiragnty enulticrrded redeivert 500 raayi alSmmmmrSQace-

decoded. I.n so 0_.enmbodinents, nulli.ng na
FrediiEe RPHRRT QU RGP RRT TS e g Ry B er 504
ma{r %ceiv% i @lps O Bitsl isbéiatell withayodes sﬁh’@ol@i @ﬁmdlﬁ} ¢thaydet@OMDIYmbols)

he scope of the invention is not, |

in the form of vectors 505 associated with each spatial channel The bits associated with
each coded symbol may be assigned to a matrix position of a deinterleaver matrix for
deinterleaving. In some embodiments, the bits for each spatial channel may be assigned
across the columns of the matrix and may be read from the matrix in a diagonal manner
across each frequency block of the matrix. For example, the deinterleaving matrix may be

similar to matrix 200 (FIG. 2) and first bits 205 (FIG. 2) may be read first (e.g., bits by, ba,
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in this respect. In sone enbodi nents, the sphere

decoder may perform maxi num |ikelihood (M) detection
wWowRakioze789 sphere or spherical limt, unlike anPCT/US2004/029768

exhaustive M. detection. In sone enbodi nents, the

decoder 506 nay generate decoded symbol vectors 15 505

bs, ber. n)ﬁ@‘?fﬂ d%i#%ﬁél dsﬁfo QBf sRB ﬁ%ﬁéﬂc?%&dk%nc?fﬁ@ﬂ‘é&oﬁé%it?.‘207 (FIG.

cha 0 i ments vectors

2) may tpmad sadaod (vgctbais 813, b, bmrbms)émmmdlageml Positibes mﬁﬂabh

h he
trofBETbIoRl &0 ROl Vb RHERR G e ek e gpbica bi
seqhbl{délﬁ@B cohiprising-alseganee of ‘amihatsmaséc&fﬁsﬁéﬁd % s8guence of bits 103

ierference fromthe ith+l [ayer to the Mh layer
(Fmﬁ hin a synbol vector 20 for a specific subcarrier

fregug eml?dc%ﬂﬁ%g %ﬁlh@arﬁﬁﬂ%@el%r ﬁ@%ﬁf‘%@@% nﬁrlé eP&ier 502 to

limte I's respect. Mmay equa e nu
gerlermmuencamfeinmk:d blite 58b ﬁerreanbodhdiumesmemdeeﬁ 03 uld some

a ceIIa ion cess, may al so _cance [
em R Ao B B0 SR el R R 2O £ Ueg RO sy RS Tovard error
corferiiag (HEC) decole] andeié totier ethBb&inRhC 8SDIBRS0 DR PBE h 06 RMtional
succeSS|ver until _all | ayers are decoded. I'n sone

decadgforithapah dhe scApe oy inyentien ismet Hmited ipihitrespect. 25 | n
SONgy S%HE%%%% s, THdikib AL e@eﬁ F%fbgg%f/ag{ algcbg IH@‘%SC%IPS[OCII'CHIHY

conprise space- Irequency. dernt thesé
508etaisleniodelatessubspaes-of tequelticyrridecormuhieatiar claidel rowyved

h ({L\%ﬁgi ve ﬁ%??%ﬁsbg\i% | 13 aéa)tﬁg ifq"i}%fv%g‘é‘gi% %Cv%gteog%%%gggtleé%th each

recél66 Atbdia ThivkdcBive@ sinbdlalet@dls (€Banasl eacﬁ'&ﬁteghﬁ §12 n) may 1nc1ude
associated with each coded synb ol be assigne

symbohe@rponegtssiram erchodl the sibicarriers @ah@mu rrier Cf)mmm{i)zatlon
' Lt f
chaglgéall{ﬁitnesﬁ aeYﬁH?)grméﬂ?s ?lgé%n%g? %g{eggil% %nteh Nas ﬁ R ﬁ%%rggtgﬁz than

hann assi gned  'across’t
or efjha torttter numizen df tratysnhl&arrtaaﬂs br q:nitlhl‘kﬂlaﬁﬁélﬁ used 1ﬁ t@nsmitting the

onal manner  across, e fre bl ock of the
e M R T et TSR FCRHGN lscot
hmﬁéd’ﬁhhmrs répebt ri x 200 (FIG 2) and f| rst bits 205

FIG 2) may be read first (e.g., bits bl, b2, 11 WO

2od5/s91219r5@oémmmm@wa@tmm®lm 500 anay. als)o cfompnse a symbol
denﬁ%@&oag %Brt%(fﬁl %f!f@%] I%-?%I %%E %{/8%@8?& %/}/&nq% Z 88?48“ aéld @enerate bits

for ﬂmhﬁrléb?x&ng bit 4eln’@%ll5avdllz 564}ASIf1 K Gxiie éinibl@llﬁ%ntd; Gﬁr?htr? (ot AMustrated)
eac r nc oC a result ace-f requency

mayfog WPlélﬁFig\/@F Sé@ﬁl DRl Dfereditiy @r%lﬁsbé‘é‘gt%ﬁmovg a qm@rs:d@reﬁx (CP)
add@PBy ARMPRLSIRY (Phf %&ﬁ@& ﬁlt‘% srymbbﬁ nkéirér I{E%yalﬁ%gﬁ #RY¥Wpe of

to 'sequence of bits
the puesend inwentien ismet hm‘rad inh éms nesyrset. \he 50150 embadan'&hSQmultlcamer

e B S P LSS b P8
512 ot PR Grricleoadfiini&bidn @HMm*éE Iﬁl Borflé EMbodiaieh®C RFStcuitry 510

decoder, gch as a forward err
may provide time-domain symbol-modulated subcarrlers to FFT circuitry 508.

In some embodiments, multicarrier transmitter 100 (FIG. 1) and/or multicarrier
receiver 500 may be part of a personal digital assistant (PDA), a laptop or portable
computer with wireless communication capability, a web tablet, a wireless telephone, a
wireless headset, a pager, an instant messaging device, a digital camera, an access point or

other device that may receive and/or transmit information wirelessly. In some
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correcting (FEC) decoder, and in other enbodinents,

encoder 502 may be a convol utional 10 decoder,
wa@bkdaokoegho t he scope of the invention is not |iPECT/E820041029768

this respect. In sone enbodi nents, nulticarrier

recei ver 500 may al so conprise FFT circuitry 508 to

emBSARAHs kAl RMRRA LA EhiteP] 00 (F8G MY ﬂlé}pﬁﬁlts'nﬁ{ and mu1t1camer receiver

conmuni cat i on channel received t hriough rece
S0Gimee rasaiy eBadiotfreqyennyr(Rife communiseionssa asgorﬁmicewath gpeesific

o A N T b L R
(IEER} htuﬂ@rdélnshﬂﬁh@ TECSNg02MIEd)s802. DItb g 80D, 1 0f e/ hd/or 802.11(n)
sub arrlers of the nulticarrier _conmunication

rWIrP S%]@ﬁ%l et WLANS andiopdpP2.46 sta@d@nds gor wireless
t Ig(Z]f @
meﬁﬁéﬁer 0 t r ansm ant I\?%nagfshoﬁé}?{s?%%sﬁlg annel fS)Ili%d/o(ﬁ receiver

500 may elaodestitabhgtotttemsmitizntiioc aaceive rconmmmmmtloa:t inecordance with

Lth t
ot B e e i e p et BrosgEefng Jfess ”ﬁ@%%y ’
brof@abtidtindard, K¢ eleVigigh PefFordhca k&t L@ém ArSENR erLAN)
demapper as part of ecoder 506 to demap the deco e£
standartho| vectors and generate bits for dei nterl eavi ng
b
(ot bR R eRThoahtens e BORRRERAVENTBN S ciftshiet ihide,

exehplayy eodtEdt ofi |an(80211r1y 115ﬁﬁnteﬁtat1em(lalg, 80Xy, 802, ﬂ)lg,f802 11 HT,
reduc

dded by t.h h
et o la A oy s lapieh SRR moKibghoL Rl PEsEp ameamtion may be
implliferdE Rt dfTﬁY@ Reiteddss 's?sté}ﬁ tusinb Bd18&hri&: Wﬂél%ss" c%?rﬁﬁ&ﬂwatlon

I n sonme enbodi néent s, ticarrier receiver

chappgls (pae. cnﬂlogpnfdlfrqqmnm@vmnd@lﬂbm@mgéoﬁﬁmé) glmrege Kmln-tone
mof BARINMBAPY, AN, SR mal e QUE Wity sl BRHEGRT a wiretess

comnin annel”.”’I'n sone e
perszinalcared ngtwdll(WHAN) bt witeldss lotaterdamayork (WLAN), a wireless

S nodul at_e arriers tg FFT CIrCUItr 508. In
me%%‘%ta&ﬁs%a? (RO WL.%@W lpsspvide area metyak (VOBANY apellular
netwrkas) ﬁﬁl‘?lr%e'ﬁb'ﬂahbﬁ ) Stworkla 'f(ﬁﬁ’ﬁ'ﬂ ﬁéraﬁgﬁ gf@)’n&%oﬂta bbnffersal

a_ persona I tal ‘assistant ptop o
mobjlsrielgphene S@&tﬁmu(tl@ﬂﬁ) ahd vherléﬂe@gmnmmmmpn sptteros

\?maﬁg?lé@s teﬁiggg 1‘1¥$’1PS %gctflgoefg%angmﬁ an g{lagﬁtﬁﬁtg@ h]élaﬂa each of receive

anteth@ys £, may chrgprisel a dwdtfabﬁal o2 BmA kRS Sor0 hiten®, indidieg, for
devi c Pat may recelv% and/or transm t |nfornat|on
exaffpleef 901N sHAONIROlEIoRS A dopagienna, a microstrip antenna or

othd? %e@?ag%ﬁg 3131.73@% i%[’pé?:g Wor'ﬂéh&hﬁ@igﬁ 8? ,Sjenals.

transmtter may transmt carrier
r edeisome enﬁodlmmys, nmhmavraerrtladsm}tthr LOLEICY 1) ﬁ@’or multicarrier

ication ord nce. W t ecj.fic ..
recef R o e SAR A B SRR Giet e RBRE 8 Fation, Ajhoven
mulﬁba‘tﬁélf tradniteerd OBI(EI, rl? Rh&/or ﬁﬂﬂicﬁﬁf& %ce(vleEEﬁ) @l %@ &% one
|nclud|ng | EEE 802. 11 , 802.1 | , 802. 1&%
Or TRQE) e 68@gonmlmfa@%@eaﬂﬁf&rragltlp@rlemm@mw 109dHIG ah)ead/or

mul AEHMEY 168ei (ALY hay P 2F of3 P05t qny GARARE 45 whRlind R Ration

device, including a general purpose processing or computing system. In some

embodiments, multicarrier transmitter 100 (FIG. 1) and/or multicarrier receiver 500 may

be part of a battery-powered device. In some embodiments, when transmitter 100 (FIG. 1)
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metropolitan area networks (WVANs), although

transmtter 100 (FIG 1) and/or receiver 500 may al so
wheoosiee7abl e to transmit and/ or recei ve conmunPCHUBING029768

in accordance with other techniques including the

Digital Video Broadcasting Terrestrial (DVB-T)

R U L R T

magp basharod)adthowgit the efope lod thmasmttonl mmirihmdmi iartkis respect.

U ShFe BUSTLS ARG e ol bodieocer 30
(F Igt 9) and thiiRic&riridl PReidbe50004re ﬂ%skrhﬁﬂh@ HaviD B8 eBITRESH 18 Muctional
he present invention may be npl enented as part

elemﬁntar@nmrrrmre eﬁthefgm@wneﬂsqlﬂgerﬁﬂ maiy @a cpmbinediand neayde

1m1§91ﬂ%§% gg%%@gﬁnéié%lﬁ%%Pﬂ;v%ﬁeéc%n%iéurf%egﬁ]}?&% Queh astprocessmg

elemahfs Ilnd:hmchﬂg digl?tdll.dlgtail procesabvis) (DIPk); apd/os ohbr E&dwaise dd&éments. For
d w thi vvlthout limtation, a ,wireless sona

exaéi"r % SHRE TS\ APA\fOMIRF 1S54 G |08 §10T¢ BE%PPrQP%Séoﬁeﬁégﬁ 13 %% 1cat1on

speel\ffe%l)egra@emurcﬁi@é@sxog}ﬂah@ REInbindHoR 6F vaﬁbﬁpﬁali«dmw}lh loglc

wirel eSs w de area network ( WAMN) , a cel lular

cirqurinbr iperfarnping etilegw tles Anpidons(@@ribedthersitk, a fourth

Do EhR SRl DRIt R HBINELRRs SRRl Fomputine,

cal@.ﬁ&tr@ﬂﬁetetﬂﬂnﬁxgnélspiajaﬁgj oreh¢ ke, @B td sr@& vntand/or process of
antennas 112 (FIG 1) and each Qf ei,ve antennas
OnesOF MR PrCSHHNG YLOPRYEINg SYTIeTHRPT %Flﬂé’rﬁiﬁ"é‘?eﬁ &t ngyapanipulate and

trarg% egfh%e&g& Bphy sR:'él (eeg( aéTPétﬁ)fch qHARALeS vAliER fbce@sln

ntenna, a ant enna m crostrip ahtenna
system’s oagisgers talycbmemorsanmt@nﬂiar daia Blablaelyfrquewamlmsupbmlcal quantities

..an ortransmsso s. 25,ln s .
it ProkF e P BileEs of PERHR pEPty Gy Aarmation storage,
trar@fidsun dRdidplgadevices. recei ver 500 may be part of a
single multjicarrier_ comunication station. Although

mul £1€ a0 Hsiadiow-cheré of ¢ sratiak sfpaprragsmissioppipegdure in accordance
witf¥bihé ERAbbdiRenfs&F Bie/bsen? hviEB o SRU&?JI Ltr@im %ﬁsmﬁgmff‘ﬁfcﬁzedure

wi rel ess communi cati on devi ces, ticarrier
600t maynberperfemed G a(riulGeartipr mashmiter, suohtas arlticaerier temsinitear 100

1 et ol o sl darenp s S Sk aral 1 b

prof¥dRELEF). Ng or conputing system In sone enbodinents,
mul ticarrier transmtter 100 (FIG 1) and/or
nul PPation e)2 ensedas\adhit sipHigEengratefarancededzpit sequence. Operation

Zk}ﬁ%)% E%%’atn%fr’éﬁ g%ecq'ﬁ_l;é é%ﬁei,)allt%gﬁ@ﬁﬁs gg%%ggf %@entmqg not limited in

thlsﬁﬁﬂebﬁﬁﬂﬁ#ﬂdl)ﬂﬁﬂcﬁﬁmmntd, opecaiond02 Dy wrperfoamtd by eacoder 102 (FIG.
1 singl e comruni cation station, transmt and receive
)- ant ennas may be shared, although the scope of the

| NVEPSrhesh 66 fr@formb E‘i‘)a‘cé-(frdqﬁeﬁ '1§tef1@§a@1‘i‘§5 aR b or more

mul ticarrier transmtter 10 ,  Space-frequency
nonpiegugantiabblisy ofapeEncoded bit sequence 0 matrlx p0s1t10ns of an interleaver matrix.
The two or more bits assigned to each matrix position may comprise coded symbol, such
as an FEC-coded QAM symbol (e.g., non-precoded symbol). In some embodiments, the
interleaver matrix may be defined by a number of transmit antennas used for transmission

and a number of subcarriers of the multicarrier communication channel, although the
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(FIG 3) and nulticarrier receiver 500 are illustrated
as having several separate functional 5 elenents, one
wo@eoosoeesof the functional el enments nmay be conbiCTEs20a41029768
may be i npl enmented by conbi nati ons of
sof tware-configured el ements, such as processing
scoﬁé Sﬁﬁ@tlﬁvénﬁﬁh i R infltediih Blis %W'In Rb P16 &HBHEN NS BBdration 604
/or other hardware el enents. For exanple, sone
mag b@ neufmsrmdday spaepirpanenen ltetearesr O4dFEE obr ocessor s,

(Asﬂs"éé’Fpep %"%iﬁl% gll%gl%é 662 M%a%‘?@ iﬁﬂtﬁl \Ag%gttﬁe encoded bit

seql@@eidddnglly Githin ercﬁJencyriﬂocﬂ«B roffitheginterleh e shattikidn some
SRS S ST S T
ﬁoﬁ%flgﬂ)lngf oﬁd@ﬁlong Qi@ Bl ¥an &h@ﬁé@ﬁéh@}gblo@ﬁ of 118 ihteHBaveBMtrix.

an action and/ or process one Or nore
pr o@psstlmg 606 perforpgispang- fsqislﬁmwsblmk @Qdmg by pigeeding the coded

rmdata repr

synbtﬁ))/ss wgia% BQ HE lceog?&] @nAl\;I)sf}lqgllﬁélgtl:n 1, SOlile e\]/ﬁﬂ%(ﬁ rﬁéna o%graﬁgn 606
con}(i}j’ megp@w@ng oraiiyps betie Sod@piysitols I@Eﬁiné@ﬁbdﬁddnieﬁtspee@h lresup may

aasnmlarlty represented as ph ntities .
conpprisgaplaplitypichesaded gymbels é%ﬁ%teqlfr ‘%é%@l POSHiQRS Wighin more
thaf? Bné) rggt[e ﬂ)ck A m&ﬁ&%ﬁE%I%%SI hfeﬁf‘ﬁﬁ?lrﬁas PSRy

di spla Ices. FIG 61

emisphimests - erh prvodedsysitios siap coppuseshbseniiallyex huvad amnbination of

| di f t t
the Epdt STRGHS Sz asraais vt sPE SRTPLITS S P Saumay be
perﬂﬂhte@bgngﬁad@yfr@luendytbm@réddef106@1@m} ter, such as
multicarrier transmtter 100 FIG 1), although other

nul PPeatien 693 maRTRIErAded sy b “ag; 0R%ef %hlgr%)y ofgubgarriers of a
muffﬁﬁlfrf%f U{) RERRRIHEE ARl agﬁ%gtélgf g plufé of %ﬁﬂﬁ?& nﬁélrs and/or
ue

0 generate an enco er at
trarﬁﬁﬂ amqnnasa dnaome ambodlmntseaparut@me;onqutshbmgppmg dle precoded
I.nv n is.not din 251t

f
syntpih e of (e BaIGuPHERES of B epuFereeeammigcgion channel
andRB oh® b’ PhraBRCET@B4tial ORanhEls Gaselon 4PAESAEN efddled symbol’s

performs space-frequency interl eaw&(%%by assi gni ng two
assighmept ia thoterlpaverenatiiyl Inispme egbogdiments opergtipn 08 may be

terl t
perl R g S A R e B8 L et £ X posi 1] on
mayOpeanation 6 H) parfhenhs snvehsel fast Foohier3tamaforms té-modukattettle @Avbded
ded ). ] .
syndr ﬁ&%ﬁ?@uenf et e ghsca e ﬁ%lﬁ?ﬁfﬁgﬁa@m dbe by

muRicAER 86 mBfunichBOS MahnAHhEBY %‘ﬁe 6? & 9111}91&%1*()&'%15@11? ghifhas
and a nunber of subcarriersS of icarrier

corrsepandingtatthe spaginbehasnels. dh seroe gmboﬁialems, V2006 B2075be
Z the invention is not
perﬁmeﬁg?% ?ﬁ%&?é@%g@?} ?f'n some enbodi nment s,

ope Opetation 02 may also comprise generating radio-frequency signals from the

modulated precoded symbols. Operation 612 may also comprise transmitting the
modulated precoded symbols on the subcarriers of the multicarrier communication
channel. In some embodiments, operation 612 may be performed by RF circuitry 110
(FIG. 1).

FIG. 7 is a flow-chart of a spatial-stream reception procedure in accordance with

some embodiments of the present invention. Spatial-stream reception procedure 700 may
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may be perfornmed by space-frequency interl eaver 104
(FIG 1). In sone enbodi nents, operation 602 assigns
waegsersal bits of the encoded bit sequence PCT/US2004/029768
di agonally within frequency bl ocks of the interl eaver
matri x. In some 5 enbodi nents, operation 604 selects
o ORISRl e R SR A UBERHREL 0PI
alttistugh lothef rdcbiver cdrdiguesions magisobe usédbeer @rfopm pﬁ&@:dure 700

PrRing 700 e ek iociemral 46 deteds TRuBCh ORI GReltRs over a
muftRAR P réﬁ&ﬂien&%ﬁnsngg@ pREAIRN oPQftiaCHARAAIS 5 cRIVBARMINRY space-

groups of the cod nbols. I'n some enbodi nents, eac
fregirepay interjeaving andiop rspasc@ feeqpengy blodkycodingtey kagden performed

m?ytgtg&hgmgglosct ed from di agonal positions within nore
P an one fTrequency bl ock of an antenna-subcarrier

as sOperatoi 70mpertfmnsIHFT$mrres1grmlrhechwm1m\®r eshcintgneodded
nbol ma rise sub tantlallg alin Br comhi na @%%
mu arrjey gece &é pacygfomgin sigay g%&eéﬁei Baperajion ¢ ay

incRIIB Y FEC NS oneRS i &4eh BRGaffY oFehe Iﬁﬁlﬁﬁ%ﬁ? ghegﬁ’lel and signal
space-frequency bl ock coder 106 (FI G 5 Operation

cong@gients gronp panbicgatial shansl er transowmeantdnna ummmaransmltuﬁg the

e L R R
cudxﬁtaylsm (FI@nB)annas In sone enbodl ments, operation 608

ynbol s t f th
o1 UPartgn Qb Berhaier T 5ol Hn RALE TR Sghore docoding process
to deRPTHY @ﬁbﬁﬁb E@gg ddea@m%gﬁm%m?g%stggﬁwqw Jg{cmgp&ﬁal

Spat I al anne on" an assoc enco
chagyelzmd 'egclPbasrsiey Ameoime embodimentst epdrationefO4mmsy itratively cancel

. di 6

in @R ETE R REL Ry B0 DR Rttt Bty i et

synfbd) ve&ofs Qs stRidtetl @ith @adhastta prandlityedf stibeubére raﬁa eacsh a plurality of
nmodul ate the precoded synbols for subseq

spafipl-ghapgelsioggengiateiie Jrmem bitypsspgiptodywigs ea@b@é arp.lurélrny off
anttt:r{h% suB’b’zJ’ﬁélct?éff hl?gSl(ﬁl(Hgﬁ#H‘lll‘l%g 'Iﬁ@oﬁlg %Hfﬁ%hm%% %ﬁeﬁﬂ@n 964 may

Fal ity of transm t antennas corresponding t
bepdw&rmpdbydbcaﬂeaﬁ%(HG bh sorre enbodi nents, operation
610 .ma erformedb T circuitry 108 |G 1).
opePBRHERT 29 g ey driplor et bbby W‘ﬁraté‘f by opetdtion 704,
In o MBodaHsEE) Gpetion 206 nfaS/ ABintdRaveid Wiva lof thadé BROSB6iated
synbol s. QOeratl on 612 may al so conprise transmttin
with Hee anfAaSHP A grasEi SAmENts {ib dip§Onsh MARBEIAGIRER rﬁienwr@y&?ocks ofa

SBT3 RSy AP o

bitscassavunted with dtenfd-bbcatrjer aﬁhgﬁmeﬁts to aadefntenleavhambtrof and reads the

bR R B oA LSS R L ags i £ L aceor dance Wi .,
encol@ bifbeqBbi R0 SRRERIhOG R RRBEHElctO@nEBM some embodiments,
operation 706 may be performed by space-frequency deinterleaver 504 (FIG. 5).

Operation 708 decodes an encoded sequence of bits generated by operation 706 to
generate a decoded sequence of bits. In some embodiments, operation 708 may be
performed by decoder 502 (FIG. 5).

Although the individual operations of procedures 600 (FIG. 6) and 700 are

illustrated and described as separate operations, one or more of the individual operations
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15 WD 2005/ 029759 PCT/ US2004/ 029768 be perfornmed by a
multicarrier receiver, such as nulticarrier receiver
wGABsOE7& 5), although other receiver confi geCHUSINE029768
may al so be used to perform procedure 700. Procedure
700 may be used to separate and decode nulticarrier
mag 'bg%r@%fgrl'rlth%da&)ﬁ rent ?tﬂmgﬁ‘ (#dé @Elfﬁlgﬁfﬁe S?a%l%ﬁé be performed in
theentberdilustmates, space- 5 frequency i nterl eavi ng and/ or

spage fre y. bl ock.codi ng may have been erforne
ot oG i HICEOBRY B PRI BIeh Bl o By he SR gipn of
hardWaRA KSR QB AURY EdeRinRMtLiTiRe Riveion MhY | area IbE iBiplemented
receiver. The frequency domain signals generated by
as ipplenciions storgonrayackingTaadeble medRIN, Gelehomay bs r¢admdeeaewted by
d
at 130 S B BBl g pRatt e R o (EAABRPher@RC AShlifhe Aedane
meamhemaya incheld anp nterchmsmtfbn gigringher tramsmitiicg nrfomlatﬁmgn alform

S odi nents, operation 70 e per
reaggbfS B f Py B8 SPPRCIS o 3BIRL P gTPop A Rt Feditn may
inclide |reéaa<5}ﬁf kd (R@M)Cﬁﬁaoﬁ[h@c@s SRR (m% gnetlc disk storage
process generat e coded symbols (e.g., code

meéyflnmmogb steleg@ meétaeﬂash-mhmeec VEqe8it qleqtrlqaés qptiigaln é¢0Uéﬁ@Bl or other
cant] d 4
O PRl 0 SR LR PR LRG0 ) an

omamltlcarrler S|gnal on a per subcarrier basis and

gener a nbol vectors gsso h.ea

ol uks ?\SW RSURErS loenn DA lﬁalsf%?f} 8 92@5 requiring an
absBR& tha! wﬂrb"l’lﬁ(ifeche? rda@ed8 8 R ath th¥Pafdite m ﬁstkﬁfttEe technical

associ ated with each of a plurality of

diselnswrarlhissubméttedi vith theamdersiadiog thet ofi willmot be usqditodimig or
i ment s eratl y 20 be perforned by
uﬁ%@%%ggfcgﬁﬁn %ﬁéﬁkj§lnl ion 706 space-frequency

dei i @ E@fagcﬁﬁg tiéteﬂéd dscpiivr, aheshsiiyatoRs bRt doesiditdly grbuped

sone, enhodi ment s, eration 706 may deinterl eave the
together ira siegle e@bg@mgggﬁ% ithg Rgposgiof ﬁtreqlpéhmng the disclosure. This
meﬂﬁh%%% pehea ﬁdt%ﬁb ﬁﬁé@%&ssreﬂ&t g%;né}ﬂt‘aﬂﬁ%n fhate rclalmed

acr oss requency ocC of a delnt eaver matri X.
embadimestyiod tiersehjes! maiparequicmmy@geasss g alm c}sprca‘slyt lhelted in each

associ.ated w.th nt

claigbheffmenGe foloN B s RRErR BaY o HittoA R A BEP L fhures or
a sinkleSdi bl Rg@ Babbdinich Mhvk tHel foll6WRGLEAGY aﬁl 1eeks iatorbbeted into the

deinterleaver matrix to generate an encoded bit
detaideqh deseréptiony wish sa@ylaim standing or Hp PWEEP A §eRAsHS Brefgred n

odi nents, operation 706 nay be perforned by

mnﬁ%g§e§¢?equency dei nterl eaver 504 (FIG 5). Operation

708 decodes an encoded sequence of bits generated by

operation 706 to 30 generate a decoded sequence of

bits. In sone enbodi nents, operation 708 may be
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performed by decoder 502 (FIG 5). Although the
i ndi vi dual operations of procedures 600 (FIG 6) and
woo®smeeEs9i |l ustrated and descri bed as separ at BCT/US2004/029768
operations, one or nore of the individual operations
16 WD 2005/ 029759 PCT/ US2004/ 029768 may be perforned
concurrently, and nothing requires that the operations
be perforned in the order illustrated. Enbodi nents of
the i nvention may be inpl Gk#IMEl in one or a
natl n of . hardware, firmvare and software.
AmgE i he jnventi on may al so be i npl enent ed
5 as i nstructl ons stored on a nmachi ne-readabl e nmedi um
whi ch nmay be read and executed by at | east one
probe%@@ﬂﬁﬁﬁﬂﬁéﬁmﬁﬂﬁﬁiﬁ@ﬂﬁﬁﬁn&t|ons descri bed herein.
A rrg S;?ac@?’r &f&?%t@ﬂeé@? b%‘f lrtéggné}{‘ye ﬁthaq% t5 8 an
or|n transm |ng orna I on orm
encbéaﬂlab bezjubyceato meatiit pesitiensafan anteﬂmwt enjrix, Wdieredix thepive,or more

a machj ne-readabl e medi um nay inc| ud ead-only
bitsHSGRGH Ereek AT RSO Sh e ORG DR mgnet | ¢
d' SK s@%@ffﬁqﬁe&Q cOB&H 8 pre‘é@&é ﬂﬁ'co&@iyﬁ‘&%lm t8:map precoded

| ash-menory dévices, electrical, oOptical, acoustica
Synﬁ:olfoﬂoroene of ppluraldty of sd:pyagsqr%df & yltigaridr eogmunication ehannel and

digital signals, etc.), and
too her ?lur%t&ao,gbg%tr act i glspr ovided to corrpl y wth 37
C F R Section 1.72(b) requiring an abstract that
|1 ow the r der ascertain the nature_and gi st
of %rﬂi%t@@ﬁlﬁﬁ@ap il thedsam fie SDRqe- o ueIH I eredvey TREnS
seqhdifia¥ Bf#@()isﬁlé BRU0AEd bit@bquehcMithboRY Wiy ﬁ%guetngy Ibld&%1 oPthe
Interpret the scope or nmeaning of "the clains.
intetlenegganatgx.cadai | ed descrlptlon vari ous features are
occa | onal ether.in.a; si enbod
£ or Whsrgnhy Snl HoR ey B st Padt SrDBSeh POy R dbecther
fromelid¥edalqfosilions bawited frsmnabrettbarbénd densyeblock aSthe interleaver
reflecting an intention that the clainmed 20
maigihodi ments of the subject matter require nore
features than are expressly recited in each claim
Rat her, as the following clains reflect, invention may
| i 3.iTheltegsmitieanf elhim 2esehewimﬁlecspacefrsquagi:}einufbrhak'mwmprises a

i ment. Thus e ns_are .
prof R FHRF RSP SOt R P AL BEP B REBip Ly of the
codedl 8yiibslk 8616¢tB@fr0M didgonBVpbsafons witpeiadkethph 6hefre@ncy block of
enbodi nent .. 17 WD 2005/ 029759 PCT/ US2004/ 029768 CLAI M5
an antenna-subcarrier assignment matrix,
each precoded symbol comprising substantially a linear combination of the coded

symbols of an associated group.

4. The multicarrier transmitter of claim 3 wherein the precoder encodes a plurality
of symbol vectors by multiplying each of the symbol vectors by a complex field matrix to
generate precoded symbol vectors, each symbol vector comprising quadrature amplitude

modulated symbols of one of the groups.
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What is clained is: 5 1. Anulticarrier transmtter
conprising: a space-frequency interleaver to assign
WO M9502978Dr € non-sequential bits of an encodeRCDHUS$2004/029768
sequence to matrix positions of an interleaver matrix,
wherein the two or nore bits assigned to each matrix
POSEk t+ i . . W ..
Cpat o R 28 BT ek MiterRBlruain s definod by o pumber
of tramsmimnpenmaoded fddiransnidsion dnd aonented ofisylicarrird ofthemulticarrier
subcarriers of a nulticarrier comunication channe
commynicatipnehanpsl o piurality of spatial channels. 2. The
transmtter of claim1l wherein the space-frequency
i nterl eaver assigns sequential bits of the encoded

bi t 6.sErpuBwiticanticniarmamitier ofiolaimn Wherginshe jpasedisyensy qoHer
cold8 LSRR B AR S RS RRG DRI SIE ¥

plufdlidyrofiibgamiats gfabé tubiicarrpe nematuaitafiow ohamnelkeartdhtaonenfthe
frequency bl ock of the interleaver matrix. 3. The
pl“fql%gﬁqﬂa%/@rm&?mé?'ai m 2 wherein the space-frequency
i nterl eaver conprises a precoder to precode groups of
the coded synbols, each group conprising a plurality )
of T.Héhexmnsmittat of gl |l svhestin theetpaee-Gayenngy epdar further comprises
ositions wthin t . .
o of FReh a0 St hP e PP b YRheROFed MR B Rr S iy eaver
maBiko @en@otehé soded ssmbsksantial |y a |inear conbination
of the coded synbols of an associated group. 4. The
multicarrier transmtter of claim3 wherein the

pr eg ofler SREQES D &lakth Yridtthdrbomprsl af eieloM8InB ehcer to
he synbol “vectors by a conpl ex

mul ti pl ying each of t
genferaté thersaquange phHengoded bitsefrom e vdeatled ittsshuanset or s, each

synbol vector conprising quadrature anplitude

nodul at ed synbol s of one of the groups. 18 WO

2008/ R mImREt 0PSRAA 4/ OB @8 mprisihlg énvie &N s Roueier ®insform

claim1 wherein the interleaver matrix i s defined by a

cirgyifighrmodilate thgpisreded sy @hnla don bepquent pdignEsAUSRNOFRIsAtISsion
. ] . o I .
o B PP R O Ry the et Snhinarion chomnel and by
oneodf agplaviahitylofthesmitrantdnpasmarsepdndatgtornny of dwerpatial channels.
conpri ses a space-frequency synbol mapper to map the
precoded synbols to one of the plurality of
Subc@IThefans@ittel BEcIElm D ifG@ier cipa SAEwi6 Aleijashcy kavuigly

and to _one of the i ) )
associated with one of the transmit antennas to generate radio-frequency signals for

transmitting modulated precoded quadrature amplitude modulated symbols on the

subcarriers of the multicarrier communication channel.

11. The transmitter of claim 1 wherein the multicarrier communication channel
comprises the plurality of spatial channels, each spatial channel associated with one of a
plurality of transmit antennas,

wherein each spatial channel employs the same frequency subcarriers as the other
spatial channels,

wherein the transmit antennas have a spacing therebetween of at least

approximately a half-wavelength of a transmit frequency.
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plurality of spatial channels. 7. The transmtter of

claim1l wherein the space-frequency coder further
wW@ovp2Ees a bit mapper to map the two or norECHUSH04/029768

assigned to matrix positions of the interleaver 10

matri x to generate the coded synbols. 8. The

tr apy Itilhe tehs 1tte? ﬂlglné lfl V{htggﬁgtél%glglgfi!éﬁ%iEzgcoglé}alﬁréiﬁ%%ono?hannel

error-correc
corgpiizesl e lurality o]ffsxarlb@lqnumdaﬂéﬁuﬁmbmaequénce. 9. The f
transmtter o ai rt.her.c ris nver.s ast
FouPPesein sa5h SYP o meﬁlgletﬁatswafr&frﬁan@ tg%%éfﬁg?@ﬁvoeeeaﬂer
bBthE Ofhe? BRRAAUENo AABLHVO sﬁws%ﬁemdgbﬁaﬁ%w&ﬁ tHe>
on one of the plurality of subcarriers of
mmnmnmnbaﬁh¢ewhsanﬁmmpnmmmmnﬂ@hdwmeﬂ-and by one of a
plurality of transmt antennas corresponding to one of
the spatial channels. 10. The transmtter of claim?9
f ur 1 herhec@AmhitRl bOclama il Furfilied qURPLYIng clreuitri ity selectively refrain
asagciated wth one of the transmt antennas to
fro Flat e radi o-frequency signals for transnmitting

oA et b e S v

c onmfnrxmng spacefraguanicy endodinphhy ﬂlpap@mftetqepn@f cagleni m 1
wherein the nmulticarrier communi cati on channel
conprises the plurality of spatial channels, each

spat4.atheGhasniier a56lath dtwd@rol tH tememofer & ]?fﬂi of eutticagfer
transmt antennas, wherein_each spati al anne
cor@mgmé@tm %logmms@@l}h%w ticamies ﬁruan%métea@nq pEugigagier receiver,

ln%ﬁé}ﬂuﬂcaﬁ@qgﬁeh‘;ercm :8in the transmit antennas
t

ave a spacl ng rebetween of at |east approximtely
a hatlécodenietledyigta rofll antelken smitdrativeby) camcelintel Braf@e from received

005/ 029759 PCT/ US2004/ 029768 12. The t tt
i STEORIR P GinT SURGTTHET DAY Eeeral sl St Hosoliated with

each ARSI ubcHABR ah8 eschathp kphtial tHayin€lk, thy 8RIdeREAeAEREbrising a
subcarriers, and wherein each s nbol nodul at ed

SPageriearIIcE decmégr@ degpile grouRs QfsyEIvelsACTaps Aregugicy blocks; and
fr eﬂ%&g? S p%eﬂlttg}ge{av l‘tB %@ﬁlférfeﬁw?‘e 1% g%ml o%al manner a?ross

subs hogon between t arrirers o
freqdmacyn’ullotkMrardemteﬂmvnnmanm therbits baimgekssigil pokttens in the
Ar %nsn1tter of .claim1l further conprising circuitry to
deinteyleaver Pairy Pebr 4£509eFr om ei t her: perfor mi ng
space-frequency interl eaving by the space-frequency
interleaver, or perform ng space-frequency encodi ng

by the methed of freasmitting omsising:

space-frequency interleaving by assigning two or more non-sequential bits of an
encoded bit sequence to matrix positions of an interleaver matrix, wherein the two or more
bits assigned to each matrix position comprise a coded symbol,
' performing space-frequency coding by precoding the coded symbols; and
mapping precoded symbols to one of a plurality of subcarriers of a multicarrier

communication channel and one of a plurality of spatial channels.

16. The method of claim 15 wherein assigning comprises assigning sequential bits
of the encoded bit sequence diagonally within frequency blocks of the interleaver matrix,

and
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10 14. The transmtter of claim1 wherein the

transmtter is part of a nulticarrier conmunication
W@ e@siozmisconpri sing the multicarrier transm ttRCT/HIH0H029768

mul ticarrier receiver, wherein the nulticarrier

recei ver conprises: a decoder including a nul

can .

¢ o il reBdn L huntSt YeibARGToab RN REBR AT together
gerkasé¢diramdiggpnel mtstiony mithin ment thas oesEequeateblonk bﬁthe]iﬂterleaver

each of the subcarriers and each the spatial channels,
mafiife decoder further conprising a space-frequency

decoder to decode groups of synbols across frequency

bl ocks; and a space-frequency deinterl|eaver to

dei hi.ditiearstbodp @amhléwaer&gmraq:odrmmpreeﬁ peggoding groups of the

y [ i [
codsfFRHBHEYs:0h BB BlnpfisRE TEREAGhe BRLDYmbbRSeReleS from
dla@ynaﬂ b&SI'd@TS@dld’[m nitile flfan ofie m'thmd:ydbﬂodkrod B8 [hfehnagubcarrier

risin space-frequency interleaving by assigning
aﬁ% %ﬁnﬂﬁgh non-sequential bits of an encoded bit
S € Q&N GRedoBedRirhbot c@ﬁhﬁhhhg Rebsntidlly b Maedr Raibeativalor khe coded
wherein the tvwo or nore its assigned to each matrix
synphsd$ of amassepigied gewun. coded symbol ; perforning
space-frequency codi ng by precodlng t he coded synbol s;
and 25 nmappi ng precoded synbols to one of a plurality
of s8ItRmidiReBodlaim Iﬁ.lbvhéleﬁf thé éterlcavemmatridt defined by a number
channel and one of a plurality of s channels. . .
of s pntenBphued dor EansiHssies %ﬁ&r&mbeggﬁﬁﬁeﬁ TRGTERSripE mlticarrier
coisShacagaential bits of the encoded bit sequence
lagonally wthin frequency bl ocks of the interleaver
natrlx and 20 WD 2005/ 029759 PCT/ US2004/ 029768

odi .conprises selegt
For | Qe BHTRGE o0l WhEER PSB! B0 RRBAS mapping
the PpRSdotiedHEBILS foi dherdftle: ﬁlﬁﬁht}odiﬁuf)éz&ﬂbl@ m)(fyhdlh@l@lléa@fert he
interleaver matrix. 17, The rrethdof %
commem@atwrmh@%ed |aﬁg t%@?ﬁmf tgeglubaﬂéxe m&algfﬁvaeﬁ gsefligg ang
aSSSﬁ g&dge SRR | RORPhbRBGrangiyr al i ty of
e Co s ecte from di agonal positions
mnthln nDre than one frequency bl ock of an
ant -subcarrier. nnent matri x, each precoded
Fréqrﬁ‘aceév%g?m 1s13g| y a |inear conbination

Of 5 H@cdﬂ@ﬁt@dterz&yz@ﬁﬁ&aﬁcélflnt%ffe@ﬁ&oﬁ”blﬂtaaéc@VéﬂJlﬁultfb@rribB signal on a
The nmethod of claim 15 wherein the inter|eaver matrix
perjsybepari¢rhagis 9d genpups ymbol vectors associated with each of a plurallty of

subcarriers and each a plurality of spatial channels, the decoder to further decode groups
of symbols and generate two or more bits associated with antenna-subcarrier transmission
assignments; and

a space-frequency deinterleaver to deinterleave the two or more bits associated
with the antenna-subcarrier assignments in a diagonal manner across frequency blocks of a

deinterleaver matrix.

21. The multicarrier receiver of claim 20 wherein the decoder uses an iterative null

cancellation process to cancel interference from subcarriers of the multicarrier signal, and
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of transmt antennas used for transm ssion and a
number of subcarriers of the nmulticarrier
w@oewsneg7sat i on channel . 19. The nethod of cl ai PEWBS2004/029768
wher ei n space-frequency codi ng conpri ses mappi hg the
precoded synbols to one of the plurality of
sub t
o HEfElS sPhoel MBI SRR R K3 BTN B 68 16'3r more bits
assotiatedevith zbﬁ&fnd sobcaarier ems;lgmmelats éala demmﬂ]edvesymdmk asd reads the bits

assi he interleav trix
disGRall g ity ereyeY blogkaletine ﬁ%ntealea@emx fapgenerate an
endolied Bk lsycﬁjeﬁcé:ancel inter f erence froma received

mul ticarrier signal on a per subcarrier basis and

generate synbol vectors associated with each of a

pl u ' .

Cpatt alteindhisae ARt A an e BRAGR i iy Bl otreceive
ant&inasywieatis sananige oéthatrecei woantdnna® fs%réutéﬁthas so&jual ®ch number of

wi t h antenna-subcarrier transm ssi assi gnnents; and
spafjalchappels p BF@QSIH‘&F%IBW%%‘VSF Sigga del nterl eave the

two or nore bits associated with the

ant enna-subcarrier assignnments in a diagonal manner

acrasa ﬁw&mdmfcwemlng:kQluafcaaﬂerzsandbwnm$@ver mat rix.

| Q. wher. e| t he

oA GG b S6E AR p el Uit i Blal ob B
subCaiiee bagidArey geeeetmgqﬂﬁobmcsm Q@dobia&fd?w@ﬁ eatdhe)fa plurality of

mul ticarrier sig WO 2005/ 029759 ) .
Su@@ﬁ@@@(ﬁ&%%@#’(’igh%ﬁé F%tlﬁlz‘f ol s generate) tyahesmore bits associated
with 8heH §d SiaMeiEy &eﬁa-sebéaﬁbeftrah%sgm a8digiRERs; %hs

assocl at'e mnt nt enna-subcarrier assignnments

dei deintetleanneg thedwo iox moneibitseasdaciathe withtthe ar(temgiemﬂ»bdtryler

from thlnfr uenc soft ede nterle
sssigaiieniy p & pasb TN EREY st dtSuie ISQE R SRSy myps

mul ticarrier receiver of claim21 further conprising a

plurality of receiyve antennas wherei n a nunber of

t he24 ddeimyaihotheleii?ins?3 whepideattenlspymeonayisas assignig bits of the
I

morn%frf??ﬂg;)?tfrs Iags?)@ig?ééiﬁ\lé IPB@:E'#{H% s%lbb'aﬁﬁgr dﬁsgnigﬂénggém\)lﬁ rﬁl%ﬂl‘?erleaver matrix
andmadding therliisrdiagogaldyl framnypithiis freguericy iaks vbthe deamrhslavagnatrlx to

i]galt[erferea (g froma received nulticarrier signal on a
gengrate an guogfed bif SYUENGSasi s and generate symbol vectors

associated with each of a plurality of subcarriers

and each a Iurallty of spatial_ channels to generate

o hﬁé@f’éﬁqﬁ efclamiddciugthercconyrisingagedivias the phliicatrier yignal

Wltﬁ’fﬂ‘ PRIEIUR reiblonfi, WEBRATS B0 AR TR fiepBl ereater
thatt bleeqilat reaushavofispatial channels used to transmit the multicarrier signal.

26. A system comprising:

more than one substantially omnidirectional antenna; and

a multicarrier transmitter having a space-frequency interleaver and a space-
frequency coder, the space-frequency interleaver to assign two or more non-sequential bits
of an encoded bit sequence to matrix positions of an interleaver matrix, wherein the two or
more bits assigned to each matrix position comprise a coded symbol, the space-frequency

coder to precode the coded symbols and to map precoded symbols to one of a plurality of
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assignnents in a diagonal manner across frequency

bl ocks of a deinterleaver matrix. 15 24. The net hod of
W@ Lb@bs02P239 wher ei n dei nterl eavi ng conpri ses assPUNiszy04/029768

bits of the two or nore bits associated wth

ant enna-subcarrier assignnents to a deinterl eaver
subfREElobe HREARG! Bt BB RIART Y of & Prvat) Bt patial
chagnele fattmnamissiondgdbe mtenwequence. 25. The net hod of

claim?24 further conprising receiving the nulticarrier

signal 20 with a plurality of receive antennas,

whegeithe 3y st iclfth Zichehei€in Biepactrefiasy iftella9at Skigns

t han or equal to a nunber of spatial channels used to
sequendiab hits of the engader! bisequencadigaenally gthinireguensinblocks of the
1nte%f%npegn§a{tﬂg an'qor € than one substantially

iTectional ant enna; and a multicarrier
t r awherein the spereifraguencypade-seteetsweded symiads forgvaodmgdogether

ce 25 fre uen coder, th acezfre
fromhagongLans HES) TORERE T e BFNERG BREK 8f the iftgrleaver
ma@f, an encoded b| t sequence to matrix positions of an
Interl eaver matrix, wherein the two or nore bits
assigned to each matrix position conprise a coded
sy I I
R SR b R
pre@dddef & pttﬂ:yoda:fgraﬂaswﬂﬂi@&ﬁi/e@ Eﬁiﬂiﬂs RGEH gﬁ%@%hﬁbﬁgfﬁg& plurality of the
subcarrjers of ticarrier caq ni cati on cg annel
codgil AViBRIS Flesios g lagtgﬁa@w%tﬁa’@ vghin pozehap ene gequency block of
an ﬁrftérﬁﬁrﬁhﬁédrﬂgr RighhRn@Rh@rNas. 27. The system of C| ai m
wherei n the space- frequency i nterl eaver assig
s ethtpr@lodtﬂ syanlyfl comprising sehsthnbiplly 8 élqmre@elmna@gn @étheycoded
hin fr bl ocks of the 5 interleaver matrix,
synavﬁ?f]]s Qé}lgraé? ”ﬁﬁi&sﬁgce frequency coder sel ects coded
synbol s for precodi ng together from diagona

positions generated fromnore than one frequen bl ock
of #hé macipe-seadable madiym fhat 2@Vldapﬁ nsiipetions, BicE e pgcuted

by YEEShdte @ce%ﬁfi@%a{lé'e Hé’ %é’ssbﬂ&?faéﬁﬁ’ﬁ% éfé’t'i@fs'c% r1§mg
precoder to preco roups of "the coded synb

© aC*Pagq"ﬁ‘ﬂﬂummtﬁﬂwv@@b&pﬁsmgaingwo@fr mdre nclmdguleg’qaﬁmﬂs of an
enep e by R B PaH G ARANEHE S PR xbel < et or more

bitdBbighed toRAEH nkGE pekeEbrsdomiiRise a @BMed Snitl;subst anti al |y
a linear conbination of the coded_ synbols of an

as sprefoaming spaserfequency goding hy eracading dhgieasied sypbplsmnd
th ARy bALSdd S nlHded to QRS of MBIENIVMIE Qi RN §h multicarrier

communication channel and one of a plurality of spatial channels.

30. The machine-readable medium of claim 29 wherein the instructions, when
further executed by one or more of the processors cause the processors to perform
operations, wherein assigning comprises assigning sequential bits of the encoded bit
sequence diagonally within frequency blocks of the interleaver matrix, and

wherein precoding comprises selecting coded symbols for precoding together
generated from diagonal positions within more than one frequency block of the interleaver

matrix.
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by one or nore processors, cause the processors to
perform operations conprising: space-frequency

WO ni0sntesyi ng by assigning two or nore non- SeqREnUSENN4/029768
bits of an encoded bit sequence to matrix positions
of an interleaver matrix, wherein the two or nore
bi t 81 335) A6eh SRR 5 PAR 10 ReERATRE iy GG en
synbol ; performng space-frequency codi ng by

furfiree exediited biylvae oo dede sf/ilb pracessarscausmtbp ipnarepsoes todeeaform

synbols ta one of a plurality .of subcarriers qf a
PG ST B PICR S AMEHE T o PR theeodsl syfibols, each
grodbbabtikg @fpleRRy Fthe 10 81Bbols Qeledtb®from diagonal positions within
nmachi ne-readabl e nmedi um of claim29 wherein %he.
moyqthen gae fregiencyhlosk of g eRfERNASUbETIEHAsIENBIEL BRttier e of
t hee%.‘iﬁ&%ﬁgﬁrﬁ@d’lsﬁm&)?ﬁin .rsﬁl‘fs?astﬁﬁﬁ? atlfﬂeﬁecfofr@d’iﬁgt%% of the coded
operati-ons, erei n assi ghing conprises assi gning
symleajsiefn akodiated gafupt he encoded bit sequence
di agonally within frequency bl ocks of the interleaver
matri x, and wherei n precodi ng conprises sel ecting
coded synbols for precodi ng together generated from
di agonal positions within nore than one frequency
bl ock of the interleaver matrix. 23 WO 2005/ 029759
PCT/ US2004/ 029768 31. The machi ne-readabl e nmedi um of
claim 30 wherein the instructions, when further
executed by one or nore of the processors cause the
processors to perform operations wherein precoding
conpri ses precodi ng groups of the coded synbols, each
group conprising a plurality of the coded synbol s
sel ected from di agonal positions within 5 nore than
one frequency bl ock of an antenna-subcarrier
assi gnnment matrix, each precoded synbol conprising
substantially a |inear conbi nation of the coded
synbol s of an associ ated group. 24
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