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present invention generally relates to nulti-antenna
systens and nethods for effectuating wrel ess
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Time-varying multi-path fading is an effect in wireless systems whereby a
20  transmitted signal propagates along multiple paths to a receiver causing fading of
the received signal due to the constructive and destructive summing of the signals

at the receiver. Several methods are known for overcoming the effects of multi-
path fading, such as time interleaving with error correction coding, implementing
frequency diversity by utilizing spread spectrum techniques, or transmitter power

25  control techniques. Each of these techniques, however, has drawbacks in regard to
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symbol is transmitted from an antenna.

In accordance with the Alamouti transmit diversity technique, in a time slot
with a duration of two symbol periods, a first antenna transmits a symbol z; during
the first symbol period and a symbol -z,* during the second symbol period, and a
30  second antenna transmits a symbol z, during the first symbol period and a symbol
z1* during the second symbol period. Here, “a*” denotes the complex conjugate of

“a” (i.e., ifa=x +yj, then a* =x — yj). Time slots can be referred to as “time-
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In contrast to space-time coding techniques, such as the Alamouti transmit

diversity technique, space-frequency coding techniques rely on coding across

25 space and frequency by dividing the symbol stream into several parallel symbol
streams and modulating each of these streams onto separate carriers or subcarriers
at separate frequencies or within separate frequency bins. Further coding
techniques, referred to as space-time-frequency coding techniques, offer a
combination of space-time coding and space-frequency coding by coding symbols

30  among transmit antennas in time and frequency. And although conventional
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the pieces of data are thereafter coded across space,
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are thereafter coded across space, time and frequency dimensions based upon a
plurality of space-time-frequency (STF) codes. In this regard, the pieces of data
are coded such that one or more STF codes in the frequency dimension differ from
one or more other STF codes in the frequency dimension. For example, the pieces
30  of data can be coded based upon a plurality of STF codes each of which comprises
a matrix including a plurality of columns and a plurality of rows, where the rows

extend across the time and frequency dimensions and the columns extending across
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where S, S,,S; and S, represent pieces of data, and S",, S*,, ", and S*, represent

complex conjugates of the respective pieces of data. Alternatively, on the case of
rate-two coding, for example, the pieces of data can be coded based upon the
following six STF codes By, B, , B3, Ba, Bs and Bg:
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Having thus described the invention in general terms, reference will now be

20 made to the accompanying drawings, which are not necessarily drawn to scale, and
wherein:

FIG. 1 illustrates a schematic block diagram of a wireless communication
system including a terminal, according to exemplary embodiments of the present
invention;

25 FIG. 2 is a schematic functional block diagram of a multi-antenna
transmitting entity of the wireless communication system of FIG. 1, according to
exemplary embodiments of the present invention;

FIG. 3 is a schematic functional block diagram of a single-antenna
receiving entity of the wireless communication system of FIG. 1, according to

30  exemplary embodiments of the present invention;
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The present invention now will be described nore fully
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syst ‘é‘?ﬂl@ﬁ{er ?ﬂﬁo‘ﬁ]&]l ﬁgy éixg_%ery hefory 2? aﬁé{l‘_’mpéo %’@ﬁ%@l‘iﬂtled in the
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t el ephoneRefetring to FIG. 1, an illustration of one type of wireless communications

system 10 including a terminal 12 that would benefit from the present invention is

25  provided. As explained below, the terminal may comprise a mobile telephone. It
should be understood, however, that such a mobile telephone is merely illustrative
of one type of terminal that would benefit from the present invention and,
therefore, should not be taken to limit the scope of the present invention. While
several embodiments of the terminal are illustrated and will be hereinafter

30  described for purposes of example, other types of terminals, such as portable
digital assistants (PDAs), pagers, laptop computers and other types of voice and

text communications systems, can readily employ the present invention. In
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shoul d be understood, however, that such a nobile

tel ephone is nerely illustrative of one type of

W eooriossah7 t hat woul d benefit fromthe present PCWEBIWNN3217
and, therefore shoul d not be taken to Iimt the

scope .of. th resent .invention. Wile several
ombodCiRahG PSR &I of iieerpseml v Rk @viHee mimEily
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t
i B BT PR B o R G AEb AP 1AM, g in the mobile
29 06/0@141%3111?0&? 6 B! Q@%%s?de (ﬁqﬁié HOQPF %e ui-afi 1ndustr1es

and nmet hod of the present invention w primar
descr i bed Tha cemnjunmation sysiém B0 potyides fomaﬂwnouanumnamon between

appl icatiaon er st o

the. S5EHuARIRis et ARG Ene® RPESAATIFORIF R tagoinal 12, by
uti | WaeGlirddlis BAkddeht® thevdbeRvedn v @hé Blrhiedl 15050lﬂﬁ§ured to receive and
applications, both in the mobile 5 comunications

i ndudepsreis sighals BueQnEBNIcAte ik anbiality ebave slatiens, oviuding the
6‘ d uﬁilfs'trgt%d bas-gy?atfo% c%x%ﬁﬁ Wﬁ St i 10&12{)? (\éCIHI guredo to operate in

adi o conmuni cat1 on

st at hasesdanserwith@Be ar h&se of4 adrhiser of Biferdit t of Bfread-spectrum
term nal 12, by way of radl o links forne

t her EYBTRISAIONF 9B Mass RiHaYIarly e a¢fordamce avithone ot sloye of a number

o bIhUPR beRe O rded e RN GEh R Bl il hricutary,

st at ﬂmrcorrﬁhemaumystemtdam be syiigaredoanpbaitepnti@uaife with any of
er atﬁ’ﬂ%’ g(%gg% th one or nore of a nunber of
f f B PERRPeLAf, 3 553? Ol‘s“p@ eQPRRICaBPmDEPtQcalsi aihe Bike. For

nor e I
nunbg)?a@ﬁ;géf: Ql'é’e% %ﬂéﬁr{lgﬂitcﬂttl% g}glr)%% dt{}' Sggl?gqt% o%gr%e incc@dance

commyith@&t Wmciemcmrmnmﬂnsatlomﬂexoprﬂs 13-661(@DbMA) artdher cdma2000.

tion st em can be .configured to operate in .
ot en B PRl UGS Disisi By pa coplasirad Grpperate in
and/ gdcordan&ORiih BGoRIrb 108 ddnatREkidn [rotb&ﬁs bidkSis [jzrﬁ%ésal Mobile
exang@léphthe comruni cati on syst em fay be configure

er

o SystemdANdES) Vmplhymg%dﬁbamh@Odﬁdm“mliﬂtmie Access

2; gtrrgﬁemf%)sm%o NRIRTC %‘iﬁ% ﬁ) ;E ﬁlgﬂ‘?arr% eﬁﬁmﬁlﬁnt?’F QW%‘UOH

oper syiseeni May BE COIRIANEL0dpethtcdits A0bdrBhRTSRIPBIRARE &Rd ¢ Freless
protocol s such as Universal Mbile 20 Tel ephone System

( UMTSMIBHRE gm0 tpels EEWSGQGEVDQ(MEMSB{%@) and/or 1X-EVDV.
A hnol . h

noc oo FEMB L 0,588 5 00 BN B G o L venion
250 aip ermIﬂaEl_yl aﬂsoqm@rbttamcmhemyﬁas efhaig afd 3faelico@hfRSScation

communj cat gn rot oc such as 1X- EVDO
(TI AR @ grgg;re,axﬁlauf%aa e fodlgjng/description may describe operation of an
embodiment of the present invention with respect to the aforementioned wireless

communication protocols, operation of an embodiment of the present invention can
analogously be described with respect to any of various other types of wireless

30 communication protocols, without departing from the spirit and scope of the

present invention.



It should be understood that operation of the

enbodi nent of the present invention 25 is simlarly
W@bk®e/0g8I$5i bl e i n other types of radio, and otP&r/1B2005/003217

conmuni cation systens. Therefore, while the follow ng

description may descri be operation of an enbodi nent

of the prddemess saiden 14bis cpprlpd fosaspasestation gopdroller (BSC) 16. And

f
o por Dk 4360 GRS S, HERATOAR 00! B0ty conter (VISC)
can I18ndhe dE8S lis/cdplades ametvadk bhiltbone, Slmaa:zt PEONapyblif switched
[ th t I 30 ation
R I T —
MR TNDT 28 6 un4EiBh hafB is f&nﬁﬁe%@%@leg‘*ﬁe@o?res*)mgie%% n%de and

of t
PCT/ 1 B2005/ 003217 The Emse station 14 is couple
base the tatrhioal Xoby wel o the(FSIT), thsﬁMSAh the BEC bad basstsdtionnand a

control.l urn, nobi l.e .s in

Cont aidip fieyormely bebriMp bR Ghon RafrEaciminas Hihefesy e

back Q@ﬂlﬁluntb%f@nsa oFﬁJﬂH voRigataCand Woh GIoet dat£ hl%@?ﬂa'&hfétl between the
network) 20. In turn, a correspondent node (CN)

coup| @ andthe tesgnas PntheAllussiatednéxsatilany lpﬂatememsatlon the base station

r het ween, t he corr ondent node
387 Rl 5SS S TRRRea MR ARl fgpations
base thoagHoana géc?it% hicdl agiaQo léfike 4 PluraiEly BEINE SAtHiN 8ny of which
an e

base station term nal . Thereby, the

conmik teaminaglis capablaef Hdipsorenumeasion nd hrarssasiaied bagestation in
are p,the OCNand the ternminal. In the

il ust{nﬁ}%% 1%15(’2}% ary inplenentation, the base

stati on 1Qheedrinhes 12 igetides vaﬁmmwfsquﬁpe@ﬁhhhfg drSorafidre
gsn ti oned at spaced-apart |ocations, thr oughout a. i
8 FasHPRSN 25pQ4anes el prrEplary embarinesntey! tBepregent invention,

Wi t h'n‘ibhﬁﬁi/ ﬁgsé/\ﬁbﬁé‘parﬁaﬁa%%h%\wﬂ?ng'd%s&ﬂa@&ﬁér%npfIt tRsi@be

communi cati on Wi th An assoc; ated base statton
conmundasidod hotiererethiat the tdiendl emayi ineludd Altdrnativedesans for

various. neans for erfor one, o re 15 functiagns
B SRR and B g Aregtngs refdhe oIt and scope
Presgfthe g[’éé@l'iktlh%htlon' M&‘éghﬁgufah Sfor g?ﬁrﬁplé’aisgh%% FYG. 1,in

shown and descri bed her ei It s ou d er st ood
POwevddition tma:tnetdr @nare @nienads Magheltﬂ:milnl«d@f ah¢ embadiimest of the present

means_f or one, or ncti ans,

w ¢ noue bR g P SAPERLaS FreEiah At e ar other
Pr es efjcedsbiviBBE proRideMbiaBalp &) dndGetetdsligrlalf frddX Bk fhsnfer and
shown in FIG 1, in 20 addition to one or nore

ant etgsayenR 4681)@%@’613@ r hhese Figngls metndesigrdlingimforofatiohdn accordance

P ecorun bR ERGTRRl RS E o ViR s Rlictiog vstem, and
2hat aRo avr dpsechiagdiat Gsdr geitsted €601 VethiSicghal tefté@ihilten be

transmtter and
capable of communicating in accordance with one or more of a number of different

wireless communication protocols, such as those indicated above. Although not
shown, the terminal can also be capable of communicating in accordance with one
or more wireline and/or wireless networking techniques. More particularly, for
30 example, the terminal can be capable of communicating in accordance with local
area network (LAN), metropolitan area network (MAN), and/or a wide area
network (WAN) (e.g., Internet) wireline networking techniques. Additionally or
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recei ver, respectively. These signals include
signaling information in accordance wth the
W@ 0vaes7eat i on protocol (s) of the wirel ess PCT/IB2005/003217
conmuni cation system and 25 al so user speech and/or
user generated data. In this regard, the term nal can
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showitschtigaes sraln asdEEE 802 .4l samdlie Wi AR tectafiques such as IEEE 802.16
cormuni[ce}ti ng in accordance with one or nore wireline
and/ &f }WI I'k&r ess networ ki ng techni ques. Mre

parti cul am i¥unfie¥stodd texX tHERloBiro S ot iRE NI 3he 91‘?51119? required for
capabl e of conmmuni cat i ng in accordance with [ oca

ar ea implemsniing thenpdiorand degio fiirtctinnse fthe toemival k2 FBi\dxample, the

and/ ide_area net K,.() . 0., Internet) .

ot o PHE RS e Rae P 4ot e odesssd Jvise: dpiguaprocessor
2006/d64 8, hrd BEVa BRRI00A8 icltal 8biiveitBA] di¥RAIMo-dn8log converters,
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kpcl udi ' .echni gu. h | EEE
0. it e LG Mot HeR G AR R s e B

or t hapabilities. FThé tonteoliencar aldaiahallf aiclide@n ¢axeidaPlbies ca@r (VC)

i ncl gﬁles the ci rcaitry required for inplenmenting the

audi 8 %4 Iy iaclude an el dhataredane (M APb 1 Furtfesy the controller
exanpa& ind[{ie the ¥ ighélgfto ¥ 2RO UPMArE §§0 LR giige{tfoﬁls which
si gnal “processor device, a m Ccroprocessor deviees ’
and/ oy basioediraneahoy-(tescebegd bebwi.onverters,

B Pouto. ThA a1 Cuaen Gelisn Yroeksarsionding s emyentions!
of t BRpAdhel BIsPedkRl 3B Eirfdket ,@%aatrﬁf%r%gig)li‘i???iaéii%ﬁ%ﬁgﬁvdnﬁ%suser

according to their respective ca

cont mpil isterfrae, alefiwhidnarklcguplad tasde cantriliet #8ndhe wsdrdrput
coder C Oa, ,,and i.ncl ude an internal data

nod elrrﬁt%%ﬁ%’ %%‘8% 2o Wg&gm’(lﬂag 1R BiEEIVS dpdr canrynprise Yy of a number
the bldewide@AROWiNg!tRe RBAMAL © BAGvOUatiRLSh 8O KABLE 40, a touch

a(gpl i cations, which nmay be stored in menory _

Y eséisplne thas shew), orpsherimput devita aln eidbodimerdd Foliding aikleypad, the

< poaph SRS A 4RloNR b RAh a8 areT B PR, fid other
38, lkoyd usedifgoperatipgitheitéthindl 20@thoagh nétfshdh e &ifrinal can
coupled to the controller 18. The user input

. . I'np
i nt eliFlde onGAT BRrapEIRdor sharieg prd/ praobtaining detsi (et shatey).
can conpry r vices allow n he.
Corm e Pocdgibh, o T oan U AR EHT e b 3 bt

20 didegitpynddubd (SIN)WR) a Rinovbbie fuséripetititggiotdarR.(RLOIM) or the like,

errbodL.nEnts includi pg a keypad, the )
which typically stores information elements related to a mobile subscriber. In

addition to the SIM, the terminal can include other removable and/or fixed
memory. In this regard, the terminal can include volatile memory 44, such as
volatile Random Access Memory (RAM) including a cache area for the temporary
30  storage of data. The terminal can also include other non-volatile memory 46,
which can be embedded and/or may be removable. The non-volatile memory can

additionally or alternatively comprise an EEPROM, flash memory or the like. The
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keypad includes the conventional nuneric (0-9) and
rel ated keys (#, *), and other keys used for

wop@rats’ny the terminal. Al though not shown, tPET/1B2005/003217
term nal can include one or nore nmeans for sharing

and/ or obtai ni ntg dat not shovvn) I n addition, the
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'IS”D ht?t esC AUk WIS z}pgc c1a?ed ﬁlqu%nl(gg elg%lltssﬁ%%t rertllgic’dbeﬁi in any of a

Ilca i ons, 1ns i ons

an d dainder @Jﬁ(ﬁﬁ’eﬁyﬁt inBendi € A thig lre da@d, | tHPlog1¥RIM mEMIS performing the
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r espeahinu@icatibn tiithsheneypdetive antitizee Mhe deddyn of intughated cifcuits is by
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i ncl ude one nore | ogic el ene or perform ng
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functions of the respective entities can be enb d1

P arpuimeqngiuatorandi loeatd @Ommeﬁﬁ‘@mw semidondiretgr dnp uemg well

{ {
o ek PSRN Gl DS L i AL S ABRd oingppcics
of i OhegmhrtdesighiféiCddchdicdndubibr disciatiehs badrDe mplBic8NhY resultant
automated process. In this regard, conplex and

powefigsign, i @ﬁwmrélzg@ eleeiraniefoapal (eatrl @psoBSTEBh e the ld@) may be
oo BHEPLEYFls £SRURTARER oA AOTRLR Qo bt Hbarn,

2%&m cond uRbﬁlrencS ligsdw atade tolFIEHS: 2%@t ByRhRhti Do tSitesURACtional

as those I‘OVI df% by Avant! Corporation of
ock d agram of the system 10 of FIG. 1 in accordance with one exemplary

embodiment of the present invention. More particularly, FIG. 2 illustrates a
functional block diagram of a multi-antenna transmission system including a
transmitting entity 50 (e.g., base station 14). As shown in FIG. 3, the illustrated

30  system is operating as a multiple-input single-output (MISO) communication
system that also includes a single-antenna receiving entity 66 (e.g., terminal 12). It

should be understood, however, that the system of exemplary embodiments of the
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Frenmont, California, and Cadence Design, of San Jose,
California, automatically 20 route conductors and

w0 omane7eonponent s on a sem conduct or chi p usi POI/YE005/003217
establ i shed rul es of design as well as huge libraries
of pre-st.ored. desi dules. . Once the design_ for a
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L ISR L 400, 1 By g v
sysdwmmﬂ mekgriphary (OFDMANEhSolRfredrhean inddt Yhogonal frequency
2006/ 048717 E)ET/ I 28005/ 003217 present invention may
equiVisieropaitiplexed fOEDNDsyrdat $t§€i§fnaﬁrltb‘ﬁhl‘i\ﬁ t hounen » antenna
de Meret
epatl i 80 SR ke t0 SRR ELRE A g
t r alnghistregarg thagynrtet strasnnepneronigirise snyrafa hemibep bé fﬁffﬁr&ﬁ pieces

nt g unmber of different pes, of i
‘At r als %t%gﬁcﬁlﬁh% E‘EreeﬁﬁmP a%m%%%l?weiéa@dntﬁﬂ@m@é@é@ that is
di géricalled bRH %H:lrﬁl%l MISAQD\BEN & 4 &fthvBIutiBhA'd B@&Eer lT'%Lrﬁch@ncoder
illustrated M SO comuni cation system 1

t r aTnERCt(quﬁéelé&hlwmayty deck)rrabotie or the MkSOItrespnstive o€ the exact

av, ace- t| uenc coder 5
ey RSP P b T by e St oding vy
ad?ﬁfﬂoils AMJ,enas . AR) {f Rebrdaf& Wih $ B?Wec@i?u(ﬁﬂé B8 Spon a
6d). In the transmtting entity, th

20t r gﬂ@iﬁlw @ SHipcodes s waplatned balow. Bherroded sstmbata offthg symbol
el Al R o B R B I BY B MAIPqi transmitted by

or ttheganthnis. equency di vi sion nul ti pl exed (OFDM

synbol sfreamor .the |ike. For an n antenna

transnit fﬁ‘@ reqetviRg entity, 60, dherespivingeantifsingds| aereogiver having a
I eGElevdeht ( dt

Lo iStar iy ?&%}yiﬁg%hé%%gﬁ)g%eﬁﬁ a%lh de;noﬁulta{é n@gfﬁ)ggfock 64%nd a STF

ynb
25d| fdeeodem 66 iThe escelvs anfendat@elvegtlmdiaﬁgranfsm[tt@d@mh the
minterl eaved data that is

bt ai ne
3%&%‘81 9g Sntétﬁgﬂﬁ@ Pafebde data fe theddDRa blesky ovhich diltgrs and
e NERARHulalRROIAR GRS Fdpresentations of the coded symbol stream from the

transmitting entity. The STF decoder can then decode every » symbols x(1), x(2),
... x(n) from the representations of the coded symbols in accordance with a STF
30 technique based upon a plurality of STF codes, such as in the same manner as the

STF encoder encodes the symbols of the input symbol stream, in a manner that
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LDPC (I owdensity parity check) encoder or the |ike.
I rrespective of the exact nature of the received

W@ 2006048781 r eam the STF encoder is capabl e of POOiIB2g05/003217
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tr asﬁgﬁﬁoi steramsy Sixeippiay: prpbedimentsnd dhe presaat insisoiion, then, will be
te j , i [ and. fre nc

by DTl B R phR AR T SRR AN Gt ever.

20sy rthaslexempiayrembodinenid wif did prgseasizReion gy &lso Bt bH3MBable to
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25 As shown in FIG. 4, in accordance with a space-time-frequency coding

technique, it has previously been proposed for the STF encoder 52 to code a

symbol stream for a four antenna 56a — 56d transmitting entity 50 in accordance

with the following rate one STF code:

S =S, 0 0
4| S0 0
0o 0 S -S
0o o0 S S



As wi |l be appreciated, coding synmbol streans in
accordance -with a space- time-frequency coding

wao edbnisTie can di ffer depending on the codi ng Pel/BB2005/003217
the symbol snewm Exenpl ary enbodi nents of the
present I nvenption, be described for coding

, Wil
r at e< oW (s tYAgets SE?OHS\IQA?ut’é’ﬁGBWHmE@ Lﬁ?dé’idé?tSB@HtWO frequency
howegb-catferd (3R Hybﬂf's?’oﬁégg?g E}EH?I%I he 1H§L8%S4§1%81nsttream with

i nvention may al so be appl |
r at edhe galumosiof cel settspaifig two tihe sls’pst rAsI alanshcﬁmgme r@fvs of the

the pr sent i nvent i

e PR S i SERn 8o S L 1% o miling ARt a0q bR Sy T code
codi ﬂﬂatni ag 'fﬁén%égeaté for wurensﬂdf%ﬁé o {HEE Q0B @ggﬁsqqlfﬁcﬁfsub_

the STF encoder 2 to code a” synbol stream
ant efffElesea the Bpe and & n@unnt:y dingensions.t If ¢oOingris actomnsidaed, code A

STE ¢
o i Bl R BB L2 BRI SOIE s Sisieodavapabicof
PCT/ kit 0/ OS2 drler &Seﬁ;hﬂm explaghell BRlow¥ith @Espect to exemplary
consecutive colums of the code span two frequency

sub- EBPPdigcats Qf the prespre mygntivhs) over two symbol s of

sd;):n In |n ﬁ;t t"[a%() @%HLI rr% r a\%ﬁe lg{ f‘ketwc ol umm %Td&?@?r&fsﬂequenmes

t he cmolmhepmmmdtlhmmeﬁﬁe@féﬁms 56d of the
transmtting entity 50. The STF code 5 matrix A, then,
repeats for a plurallty of pnFn%lrﬁntlgefslots and
frequ rr|ers in the time and frequency

di meRErEL T)?lf h Buitnlrepiesenss Tegieasilpioehanpedeeiiiciangs, 47

sec Ofégréé ESte Ehe%oﬁ@ASrﬁatnsévntaHsﬁﬂg fa'ng regé}ﬁ!é Q goluﬂl%%\ét%lrr

code is capable of attainin
i vesanpased aﬁa(kbﬂp\feavhlwgdmsmmmd @W@ﬂjﬁﬁﬁsd f@mples of variance N

h t
The B gl sBHabeEy B {Foanioal demating e aimohke e QIL)

T L T

r epre@siepg 4W &ﬂi@ms}sccanahempanbmmmmﬁanomms AT
represents the code A matrix tr Epose dn

represents a colmn1veﬁzore)<E /h?Dh]
N,

20 where expectation operation E is performed over the channel statistics. The

diagonal matrix D includes the distances, such as the Hamming distances,

Euclidean distances or the like, seen by each channel coefficient along the error
event path. Due to the presence of orthogonal STF codes, the diagonal entries of D
=diag [d1, da, d3, dy] appear in pairs. In other words, among the four STF symbols

25 pairs of symbols experience the same channel due to space-time block code

>

encoding.

The diversity order for a 4-antenna code is determined by the rank of D.
The presence of the space-time block coding ensures a minimum of second-order
diversity. Full fourth order diversity requires a powerful channel code. A rate 1/2

30  binary convolutional code may enable such fourth-order order diversity.
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15 conposed of additive white gaussian noi se (AVGN)
noi se sanples of variance No per dinension (space,

W pove/04§712qUENcy) . Assum ng maxi mum | i kel i hoodPqIVIB2005/003217
decodi ng by the STF decoder 66, the pair w se error
probability of the 4-antenna code in AWGN channel s
can be up‘}fewllﬂtﬁﬁmwlaé@ both GvesityRiel codjnagiQofitibhrestiged code
20 where ectation operatjon E is Eerfqirrred over hq
chaiaPC SEA{TEe] bEmarRaze A ARl fic Ao rriery s [Dle

di st.ances, e nm di. st nces, ucl.i dean
di sOEAUHE 1By iﬁﬁlém{lgé tanggeﬁn‘g%‘ h%%ﬁ?élﬁlE ntries of D approach
coeklhgitgNin @lsQBghrl NBv&EELPInd SUBIY %aﬁha&th be[}ﬁgxx?’xgzédl'}@r a4-
gr esence of orthogonal STF codes he di agonal entries
f Bnterngifragsnfiding edtity 3y stttingad pedidz Eququ o another (i.e., d; =
ot her rds STE sy irs of
oyntoh eiguef dreane Biidk o hsien EPdcsit sl Bibeshre .
bl otlantimige digieed] BNelidehh ¥itness, sich Yol hill 8frof Wen% The condition
4-antenna code is deternined by the rank of D. The
pr edefice lmphqsraereétm@e ig Wﬂenngm land odﬂwglae}rysmln@)sa large imbalance
der i versi t Full fourth order

i PSR AL, CFanetl el T SR ot e 1) 2

180 bi nar ¥n e&avdhed WRR akerfPlEs; dEBbIGNARY 8f ﬁiéﬁﬁ‘esent invention, then,
fourth-order order diversity. -14 WO 2006/ 048717
PCTHhesPJOs1c0dabRis papaaid of d@émappm@phstmm Ivot inanner that reduces

di Vﬁlresﬁntl%laﬂgﬁd%e%&gennl%ﬁ]%? %ﬁteﬁ cp Pgt)eﬁn&gtnﬁeigxeli%?zgﬁg tha Cleng gain.

rTaXMBrapa'tlkﬁl]arly, tht STBREEddRE of HRNIpAFIcibodingdAd6Bthe prRBEht
ensuring the diagonal entries of D approach equality.

| n IWPRUQIblg sARAbleR i odingmyeash af @%.sngh gains eambdbetream, based
Xk n )

1 B Rkl B ST o A0 SR A TR e S ERle e Beqiney
d2) dlmamsmnahﬁfa:rs Eromi dt 1éast ord @herTIH ¢cﬁ1@|1ﬁ tﬁwﬁdﬁ@h@fﬂlmensmn as
codes wif hF&qg Lﬂ:géqst ance di st ances,
O TPl TegHid: r o Gratiinna BanopitQuerntsy ShHse STF
congidoi@ncande o b
and |§art [ catl} grc @% ef;?blghﬁsdr %’n{b%gg&%agggle&%gﬁﬁg Jkglﬂga{e
bet fedlewing ratehed?IF aeies:r esult in severe loss in the
syste 10 In accordance th exenpl ary enbodi ments of
the preSentSi nfentd gn, theh, —%hed STE ancodés, 5255is0 0

20 capabl Sof Sgodong & syrrbol ost rpeary, i g [manneg, trhat S, S

reddce IT'F |§bals:~1rc b%tcﬁz\eeg the di a odak| entri es’of

D, thu Omaxt mi %i ngtlhe ¢ gai re [0 0 8 S
particuParl§, $he STF enco@ler Oof Sexe:ﬁpl ary eftbodj memt so

of the present )
where ' S,, §,, S, and S, represent pieces of data (e.g., symbols), and

8", 8%,,8"; and 8", represent complex conjugates of the respective pieces of data
(e.g., symbols).
Matrix 4, can (but need not) correspond to the previously proposed matrix
25  A. The second and third matrices, 4, and 43, then, can be formed by switching or
otherwise exchanging at least two rows of matrix 4; or the other of matrices 4, and
A3 such that all of the matrices differ by the exchange of at least two rows. That is,

matrix 4, can be formed by exchanging the second and third rows of matrix 4; (or
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invention is capable of coding pieces of data, such as

in a synbol stream based 15 upon a plurality of STF
weowessEurth that at | east one STF code in the PCEIROURNP3217

di mension differs fromat |east one other STF code in

the frequency dinmension, as shown in FIG 5. In this

r egavide véwe), andimatrixeduantbedowredtbyi axghanging thesidird atsefourth rows

STF ncoder n be .capabl e of . codi ng,a synbol .stream .

n aBLBATe R PP AP AVt AL e Bis s matrices
S, - & 8k Brmded bysgxﬁaﬁ)gi%at Tedst v rovwdlo ity oternatfx 0 _ O
0S3-S4_007S3 -4 0 S3-54S25S 00A30044
s3 0 0 SAsshown in G S3ingregdapeqvithwrseplgy, engpdingats of the

d [ . ) ]
¥ ARG Aol IR ar IR Sl o

of t her aesRecsdavesed eatmiaingdati®y 50(18.agcordsyoEbaikisthe above STF
Matrix Ai can (but need not) correspond . to_the )

pr eveasies Ky, frasfabse disphpvixas ip Sregaserplecadingihg symbokstiepy with
BLr . . .
TR 4D o S0 nd LA Ll U L0 ey
Al ogubk-deeriexs lier frafuendt binges e oasythbohs3 vdthcthe tblatnnabf each set
of the natrices differ %,the exchange of at |east two
Howssparpig tve timeets; fn adiition, thedows PREe oyt R iae ghtfignas of the
t he il f icXn Mlen(rpeat Tok piRality of pai
o BB oyt el 1k B i
A3 caftile sfotyinekk fime dinérsingi. Ay theHeequieneyddiaredsibo urcliding

rows,. of matrix A2. It shoul d, be eci ated, however
{ hat TRFIERaL s er R R T i AL G oBe: P A By
exchagbfch ciﬂg@l@&t thtol@h QMBS AfleADYnOErBOIentREEH-XarridS and more

shown i n FI , In accordance with exenplary
Ebotipimally shrofigh sets & b leasierrte pained fiteijuencyrseb STFices doder

52 is capabl.e of. codi n nbol, .streamfor _a fou

oot clRETER din @ity A AdarR ey Bhte o vEadsS §E feguency
W t hgdth@arABRYEhET & sct GFIES-codtiers whdaRen Efculde 16 tHRWRxt @Strix for
in the case of coding the synbol streamwth matrix

A, t the newbset ef gibofariespsad e col uims of the codes

span two e -carri . fr Mo

cver two SDRRARE QR RERY TRtk B HALGer Bl he
AHpanpatiitel WRcilatbBas bOe in hufy @ddivinten of Qiféerérowsanaérstshéh as, for

code span the antennas of the transmtting entity.
The sPRlBdY seiingithesumber of fehcardpsde twela, M Tkl [pgsych an

of pﬁf.s{aice, e ﬁlisﬁﬁaﬁ‘ixo)ilsﬁahlgf:%elga?f& Pl NF%—%&L ﬁet,l}‘e: L ...

frequency ’di ménsi on i nc
N,), after which the matrix circulates to matrix A, for the next N, sub-carriers (i.e.,

f=N,+1, ... 2N,), and then circulates to matrix A3z for the following N. sub-

25  carriers (i.e., f=2N,+ 1, ... 3N,). The matrices then circulate back to the first
matrix 4, and repeat. Generally, the matrix 4, for a given sub-carrier frequency
number /=1, 2, ... FFT can be identified as follows:

k(f) = mod{ﬂoor(%)ﬁ} +1

As can be shown, the pair-wise error probability for the circulating codes

30 A4, A; and 4; takes the form:
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frequency sub-carrier nunbers f =1, 2, ... FFT,
however, the matrices can sequentially circulate
wao booolggTiset s of at | east one frequency sub- carP€T/EB2005/003217
and nore 15 typically through sets of at |east one
pair of frequency sub-carriers, in the frequency

di mensi on. Accordingly, a matri hﬂg t over pairs
of frequency sub-carriRis>w) £ IQ
sub-carriers, and then circul ate t\o tﬁ% xt mat ri x
for the next set of sub-carriers, and so forth. The

nU”bWhefHAfr%p?éﬁéﬁﬁQMe 81BowA bifatrd Withlniries! he- gigd|sd, QU ed, ,@] :
which the 20 matrices circul ate can be set in ny of " &

numb s, RE g JoBecﬁl%ﬁfatlﬂE RS \ﬁtl?&iﬁ%bﬁ? ma&‘?;f D, R%'&P&ﬁnalf?é’ distinct

setting the nunber of "sub-carriérs to , P
2) . liigbhidl Rn@ids, dnf PeBCHprdxinBatbs fh‘éteqﬁﬁlt dléténcfél cn@é{bn G.e., d,=d,),
repeat for the first NN sub-carriers (i.e.,
Ne) , tlafstoéfering e incidaee mtadnng gair. c’Dd> aétea 1Ihststmetthe mcﬁe'ésed
for the next NN sub- carr| (i NN +
2Nd) peréwa@ﬁ%?m@fm %‘F@%P %erﬁa?@lm@nﬁsofft%? P’iePF‘élt invention, consider
f oI I 2 1S

o AR IBRTEIL Cromprs FRE e rete (FER) of
mat r aX4-ahttenan d1IS€psatem Behelirgld YTF tivedand2 codidksyarol atreams with
gi ven sub-carrier fr nc nunber f 2, ... FFT .
San BEUTHAVI {tEgame 10 Fouer cRang sphotitsaias with,efreplating
£@n %ﬁ%@@%"boﬁﬂqﬁr Qgﬂeﬂeéﬂ‘lﬁ@ Ehdnrkl E’ét@@@édn'vt)mugﬁa{l chhe

circul ating codes d A3 takes form
- 16 \I@@&Oﬁ/@@?slﬁ'ﬁ ReST (Q@@Jﬁb@ﬂ&@d 3ymb()bst1=eel)18E\@hhHAhcoding
onal

ent r ?/hgeer e r eS n?{ﬁclhg{fngg% 6o Ijl,ﬂ can req\lﬁq in ﬁ‘é?oihﬁlg gain, such as

non- g |gﬁﬁllﬂf%b Itcmg 7Q®@r Wotd) ofir 36@IAS |thd1331nﬁﬁdi streanfvwi@Whatrix A.
contains distinct di agonal entrres, and better

appr Sumﬂﬁitgéms chivalsebashaws foaather modulatipp and poding mgdes

: f ase
Bocter i1 T be BopREeRR, pRERERT Sppe SR el dpvention
by exappe aquaugm‘ppﬁctetw@ﬁﬁ h@ﬁs1ﬁ1ttﬁ1gfb"rﬂ$1@§150 bhdigREdn@Aumbers of
conS|der the graph of FIG 6. In this regard, FIG 6

conp&Hernas e, fP’F é ret cading gtes qudfm)fordifiegeny siapmaiticgs Ar. For
M SQ,

ot r oS E B LA ool o P Hen i B M PUT By
codi agplsybibddr ashreeantnng Sha € 56€ trh@ntittihgldhtiog tstidhcazsn Akmanner

ggt h f O{a Ea;)ntgedesfﬁ]él %n B channel, rate 1/2

nvErer ARt cxglitned 3hQ¥eir at ure phase shift key (QPSK)

modul at ed AfRP bxsihp 2R enfptary BAVBAinfAt ¥he present invention may
be equally applicable for a six or eight antenna 56 transmitting entity 50. In this

regard, for a 6-antenna transmitting entity, the STF encoder 52 can be capable of

coding a symbol stream in accordance with the following rate one STF codes:
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the synbol streamw th circulating matrices Ak can
result in a coding gain, such as a gain of up to 0.7
W@ Boen48T0T €, over codi ng the synbol stream w t PCTEE2005(003217

A. Simlar gains can al so be shown for other

modul ati pn and, coding nodes. 15 As will be

appr eci af &d, —8xerpl aPy ebfrbodi rent s pf, ths, plesefit 0 0 |

i nventiong may bey eqgal |y appl|i cabl ggforgtrgnsmsttigng g

entities| 50 of dlfferent nunber s of antenna% 5 4 for

di ffegent Ocod? ngSr ares ahd/ & |for di¥s erdent Osiz 0
0
-,

mat rices| Ak. d¢ror § exg“rrpl@, @xeafpl?ary gembpdi gent,gs* ofo

the pres i nvention quaIIy appl i abl

three an nna 56& §6ga‘¥ra$$ mitti ngoent ty,% u‘@h g’g

in a manpér @0 i mi bar o Shat exp| @i ne@ atdoved AlSso, S |
for exanple, exerrpl ary enbodi nents of the present

i nventiopsmays; bey eqeal | ¢ ap)pl i cabl Sf oLsa KX or o 0 |
ei ght an gnna%6tra§s @ entit 50 2|nth|

regard, r a6-Anterna frafsmittin entﬁ)ty,Btﬁ 4ST(% 0
encoder pR cah b, caﬁﬁjabl@ ofO chijl ngOa s§nmbs] s§ream 0
i n accor w3t e one STF cpde .
17 WO 2 /8’13,871 P /I@ZO 5/]00321 0 (?- S-BFO g OSSO S

*
6

-

S, -S. 00000 ®LsPoHoeRoo 2-84910(9 00& O
-S4 00 Qszosoooooch comgsoo%ogs%sss*
00 00-008S5-S600 555-56 0008685005-
00 S6 S5 s,-szooo$g¢hs§) go& § 0 S3-540
000S3-3400 Or 0 S4°S3 0|0 A3 A
S2S, 00004 _ 0000 SH-S8"'"-SH) 00 ® $5 -S6 S2
S, 0000 0000 S6SHOP 050 ,g6§5F |-S2000
0O 00S3-S400 A00 S4S300 .

- 000085—86

0o 0 0 0 S S

S, S 0 0 0 0

As shown, matrix 4, can be formed by exchanging the second and third rows of
5  matrix 4; (or vice versa), matrix 43 can be formed by exchanging the third and

fourth rows of matrix A4,, matrix 44 can be formed by exchanging the fourth and
fifth rows of matrix 43, and matrix As can be formed by exchanging the fifth and
sixth rows of matrix 44. Generally, then, matrix 4; can be formed by exchanging
the kth and (& + 1)th rows of the previous matrix 4 1, starting with an initial or

10 first matrix 4;. It should be understood, however, that the rows of the matrices can
be exchanged in any of a number of other patterns to form subsequent matrices.
Thus, the STF encoder of an 8-antenna' transmitting entity can be capable of coding
a symbol stream in accordance with the following rate one STF code A4;, from
which the other STF codes 4; — 47 can be derived:
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ASOO0O0OO0S5-S6 0000S6 S5 S2S; 0000 As

shown, matrix A2 can be fornmed by exchanging the
waewone7and third rows of 5 matrix A (or vi CRCUEB2965003217

matri x A3 can be forned by exchanging the third and

fourth rows of matrix A2, matrix A4 can be forned by

exchanging the fourt® ansf fifth rows @ n@trix (A3,

and matrix A5 can b fo%ned byG@xch@ngiOng heofifth

and sixth rows of rix AA?. neral |y, then, matrix

Ak can be formed by| &xchangBng—StheOkt® and (K + 1)th

rows of the previouspmatgi x¢Ak o1, gtamting wdgh an

initial or 10 fiHst r(%atrqx P s oulozj bg ¢

under st ood, however| Othadl t®He rBws of the %at ¥ des can

be exchanged in any| of & number gof pthgr patterrns to

form subsequent matri.ces hus, the S coﬁr of an

8-antenna transmtt IQg e%til&/ cAn b2 ¢ pabl’e "oF |codi ng

a symbol streamin pocor@an® woth 0he 0f ol3,owBhg rate

one STF code Al, from which the other STF codes A2 -

A7 can beltdbmild bd unddr8odiDha0he/SI48tdder 52 for a 5 or 7-antenna 56

PCT/ ] B20Q5/ 003217__ S, -S2 00QS,._ S 00Q0

0 oUBRESRnEFIA(ps3 depve e T ugop Thxte Gt §69ra-diemns
- S6 %ar%gﬁ%_n@legﬁgl %})&Eﬁvgly.o M&e %aﬁi&la@ly@th\%—é PR dePcdh B derived

00 5, I't shoul d be understood that the STF
encobiecopiing cowamBltgie pwsrof @maairig gor arr iaprsaset tantagna (e.g., 6 or 8-

[ 50 der i th I F d f. h f
o aerna R R P R SR ep ORI SRR i e same

par t ieraldfYhe feb@cedldnténas esoCPantandlaranvi@iiife &tity. The coupled
coupling rows nultiple rows of a matrix for an

i ncr waedn dndiertecatas 4§ 2 singlaoiovetor arnonerf crelangg TP o derive
e”t'ﬁ%g\%a?%%tggg{ﬁ?ﬁteﬁﬁ! gning the coupled rows to the

sane € reduced-antenna (5 or 7-antenna)
tfgansmtting entity. The coupled rows can then be
treated as a single row for purposes of exchanging
rows to dBriveRatenBrekpdifges for the antennas.

Similar to the rate one coding case, it has previously been proposed for the
STF encoder 52 to code a symbol stream for a four antenna S6a — 56d transmitting

entity 50 in accordance with the following rate two STF code:

Sl "S; Ss _S;
15 B = SZ Sl** S6 _IS’:;

S, -S. S, S

s, S 8 S

As shown, the two sets of consecutive columns of the code span two frequency
sub-carriers (or frequency bins) over two symbols, with the columns of each set
spanning two time slots. As also shown, the rows of the code span the antennas
56a — 56d of the transmitting entity 50. Similar to before, and in contrast to

20  conventional coding techniques, the STF encoder of exemplary embodiments of
the present invention is capable of coding pieces of data, such as in a symbol

stream, based upon a plurality of STF codes such that at least one STF code in the
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10 B. Rate-Two Coding Simlar to the rate one coding
case, it has previously been proposed for the STF

wepwodes7162 to code a synbol stream for a fourPGRTBER03217
56a - 56d transmitting entity 50 in accordance vvith

the fol | ow rate TF code: 15

S2 siffeagencagi %‘3910%‘3%81‘?%@“ a@a%smseﬂge SEE C@%Wnthe @ﬁsuency

t WO i@rh&nsRn. TR ABIS ¢Patd orGrA- Hf%ﬁnaotfraﬂsﬂﬁfbﬁg @g-?tl t}{e\@l‘F encoder
frequency sub-carriers (or frequency ver

symbeksbe odpahletdfeodiok aspabol steaghinsetordaparnvitnte tﬁvﬂ:owmg rate
tinme, sl As al so shown, the rows of the code span

t he %?Sﬁﬁa?gd ®%6a - 56d of the transmitti ng entity 50.
Simlar to before, and in contrast to 20 conventi ona

codi ng techni ques, the STF encoder of exenplary

enbodi megst s—gf St heSp eserjtg | nyentg, ouSr capapl e-pf 5, -5
codi ng keceg of dat,a sucg{as n ol ?Stre_a‘%ﬂn 5
based upoh a'pl tif al” Et Bf=|STF ‘S‘od ] s c B, dat 4eég§t 5

one STF|&odeSi nSi heSi-19  WDS2008/ 043715, S, S ~S;
PCT/ | B2095/ (3237 grequerqgg ng‘TEl;gSl ogr i ffergs fg*omSat S
| east one ot her STF'code im'the® freque y nsi on.

In this @egagd sf ot g8 4- anmenng: trans tin entkﬁﬁ% - S
o

the|STF ghcqder . can be'capabl e of’ codi hg o
stregn: ﬁ c‘gor anch BtI:L the Pol Igovvvgag pat 94 tweo S%HF S
codes: $F5,-S SB, - S5, (S| $4, S55;- SS, SIS; - 465 S S-S, 55523
S S6-§BZSZ Sl 586 S$§3_SSB - 4 o4 7SSSB S4S
S7 s5 Z-s4 s3 738 s's* s ‘% SZES Posg

S6 S3 -H4
o Sg/ﬁgé)sﬁé §é’n %iilt %d %@t)ggn‘g n§5o ﬂr%%)l‘&tloﬂsgﬁpl%?os@d matrix

6 B4 The sepondghroggh smg Iries, 82,155, Bc Bsgnd 8, tham, san be Grmed
8 4 §y &Vl@c}ﬁng ot otﬁel%ﬁsc e%}hélgm %eastS %wo r%ws%% %nx B or one of the

10 other of matrices B, B3, B4, Bs and Bg such that all of the matrices differ by the

exchange of at least two rows. As in the case of the circulating 4, matrices,
however, it should be understood that any one of the six B matrices can be formed
by exchanging at least two rows of any other matrix.
Also similar to the case of circulating 4 matrices, the STF encoder 52 can
15 be capable of coding a symbol stream for a four antenna 56a — 56d transmitting
entity 50 in accordance with the above STF codes Bi, By, Bs, Bs, Bs and Bs. As
before, the two sets of consecutive columns of the codes span two frequency sub-
carriers (or frequency bins) over two symbols, with the columns of each set
spanning two time slots. In addition, the rows of the code span the antennas of the
20 transmitting entity. The STF code matrices can then repeat for a plurality of pairs
of time slots in the time dimension. In the frequency dimension including
frequency sub-carrier numbers = 1, 2, ... FFT, however, the matrices can
sequentially circulate through sets of at least one frequency sub-carrier, and more
typically through sets of at least one pair of frequency sub-carriers, in the

25  frequency dimension. Accordingly, a matrix may repeat over pairs of frequency
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Matrix Bl can (but need not) correspond to the

previously proposed matrix B. The second through
w@Roobl48TRt ri ces, B2, B3, B4, B5 and B6, then, PGHNIB2005/003217

formed by switching or otherw se exchangi ng at | east

two rows of matrix Bl or one of the 10 other of

mat r iSERSamErs wEhingyset eissubrrarmisgs.cnd fhenrrétculaty toghe nivd matrix for

Mt I ife8edisé Hisu -\éa 36, K G'RRge of at least two rows.
As in the case o e ¢circulating Ak matrices,

however, ithestumbed obﬂeqmdey sibem}nh’e Al irathy setd@vef whith the
si x Bk rmtrl ceéatcan be fornmed,_. by %xchan ing at | east

two PRIECEEHpStaRLe SHeRY of Angpber ofidifiFrepimeneerygish as, for
of Ciek&HpRt bi‘ﬁbtﬁ’\’gg ﬂﬁ@hﬁin%@ﬁof stuba%aﬂ_é%s RNGRBEE., R2=CAN I dRh an

be capabl e ing a synb stream for ‘a tobr
ant emmﬁéa@@athe ﬁsﬁdnattmﬁaﬁsmnnepcag forethe ifitsy N5 Qub-parriers (i.e., f=1,

accor e he above STF codes B3, B4, BSY

and 8?6 emaw&w&%%& glag‘? Ebf%g'&ﬂqx%y Sub-camrers (e,
col u ymsvo# 11.he2/99088 tsmasirchesith %%![%E‘Byfo?% foft %M;;l%i Ssub-
(or frequency bi ns) over two synbol wth the co

of e§EHCEdi-c., £FaMig - + R |Timlsatm:ee cohtinioi difcutate ﬁhi'[mgh

tr ang?ihgpg B aﬁg glst?erfb%‘l? tﬂﬁ‘g agjé‘é r‘rg{“?' ’%eg’ g %’i‘efaﬁé( nthe matrix By

r epeddr af glVerﬁsdchtHrﬁérl frequedcynainitier £of1, 2 MEFBE 845bd Mehiifed as
tinme kﬁen5|on In the frequency di mensi on i ncl udi ng

freq®®?P sub-carrier nunbers f =1, 2, ... FFT,

however, the matri ces can seq ent| aI Ly circul ate
t hrough sets of at q@t _p][carrier,
and m)retyplcallythr hse I’es one pair

of frequency sub-carriers, in guency

di mensi OnTo,ﬁml(iErrdlhISQJabé th@nﬁ?éaéé @%nﬁﬂé%ﬁbl@&%g RéthpRry
g{J fr eq -20 WD 2006/ 04871 PCT/ 1 B2005/ 003
b-

@BP? 1@],eg.ts\mf g presentmyvepfionstop theapteitwp sasea ndnsldmrﬁhe graph of

circpj@te Fl@x I X% i X1 se

sub-carri e%@ﬂ%ﬁﬁ, SO T]!gfrt{r 7| %Eer?l}égg?mglcnf) (%ﬁ,l@;f ofa4-

sub- ademmiadyIES ONbYstem ﬁﬂﬂll(hleg S So¥encodts 62 cédifg symbsl ER8ms with
of a nunber of different

circulate ca set
mannBAEXR Kt g“e SpgF SITE e@ﬁ%@?ﬁ cadingyyrghelisirggms mathrpirenleting
of smbnieas B}h ®bfh fof a p¥strian® chm}lel' re& 1/2|C%Por Fﬂ%ﬁ]‘cf’g %t

I nst ance, e first matrix can 'r epeat

N sqiadeume iphese hift key, (QPS‘-K)ZImodulated bﬁhbolafrbﬁﬁ udligGllinear

the matri X circulatestgL ]E 2 for the next NN

S By Ged st Shrot SRS reCtiving gy G0nrAe st coding the
Ci I Céyinitol §tréa‘13h mrcﬁréul%é ﬁfatrlclag B} Q:iﬂ ’\ﬁémlq_l%ea'\ggdﬁ‘%b%am such as a

carriers (i.
cont gaiyef mbtod b dBl cau@rc,mvau g¢d1n@thm§1mbal sB&amawith ifaeix B.

bac he first tri d General ly, the
mat l|r<sllx (ﬂgt gﬁFS Canaalﬁ(?n@ee ?ﬁ'?o{: 8&‘? Bﬁﬁ%wdmﬁiesf
25 1, 2, .Asirfthd r&88n®easkddRhipidr9dndSdiments of the present invention

may be equally applicable for transmitting entities 50 of different numbers of

antennas 56, for different coding rates and/or for different size matrices B;. For
example, exemplary embodiments of the present invention may be equally

applicable for 4 x 6 circulating matrices By, where B; may be represented as
30 follows:
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follows: k (f) = nod floor , 6 +1 ( f ) To further

illustrate the increased performnce enabl ed by
wez@apisTty 15 enbodi ments of the present i nvene@DIB20@Y003217

the rate-two case, consider the graph of FIG 7.

SSmlar to FIG 6, FIG 7 conpares the frame_error

rate (FER) of a 4- antiesina—p) SO sysf ens;i ncSly ing a STF

encoder 52 coding syrrbgé st *eag V\ASth mat&; B, with

t he same STF encodeg € indisy oF’stF%anﬁ Wit h

circulating matrices |B%, b8} hsSforS;a gedestyian A

channel, rate 1/2 convogwuti naIS cosde, 20 quadrature

phase shift key (QPSK)LtfoduFatell synbof* stPeam using a

line ] Jean..sqauar e b Vi

enti%&“@%%QES shomn,lé%a?%gﬁgﬁggqggk 0 sf&ggﬁ$mfgﬁmh

Ci r cinktahé¢engtheliret pas dBlconsaouti escdltmnnofzhe ooldaspagdlireg frequency

such as a. in of up.to.1.0 dB or re,..over codin

he SPrEorS (TaiPRACY PIRROVES Yol Fith thepofimas peach set

& stggﬁnﬁ?% R s18. B adAREHH, Bl 1BRs 81'he €BEE BthnRE Aftennas 56a —

25 In The rate-one case, exenplary enbodi nents of )

t he Pdesithe transnaittingentityn®; Abemafiredly, heapp colwabisengyspan six

tragﬁnittinglentLties 50 o&@%i{ferent nunbers of . six

ant efPENSESUr TR PYE R SYERE R PULRE HRHFBreaf sy over

diff .Sl ze matrices Bk. For exanple, exenplary

enbodi ments of the present invention maybe equal ly

applicable for 4 x 6 circulating matri ces Bk, where Bl

y be represept a ] . =21 WO 2006/ 048717

& 18200 7003‘31‘67%@ (‘?’%59@‘3“? Eaigg™ 15 S0 51

S6 - S8 SlPorHrbie foltt, 3ABitendd 56 Coding Task, B RxShpB3cibéildfing matrices
S12 S9 and where the other nmatrices, B2 - B6 _nay be .
der i B dsi e Pethamil By mayherferived fiamdbe folloydng ArE8T p&pflgmatrix
of cgnsecutive colums of the code span three

frequéncy sub-carriers (or frequency bins) over two

synbols, with the colums of dagh sgf] 5 spanning two
time slots. In addition, the robyl\rs g,fz the code span the
ant ennas 56a - 2 1

S, -,

Blz S4 S;*

Ss "Ss

Ss S5

S7 _S;

Sy 5 ]

15  The matrices B, B, B4, Bs, Bs and B;can be derived from matrix By in a number of
different manners, such as in a manner explained above. Irrespective of how the
matrices By are derived, STF encoder 52 of an 8-antenna transmitting entity 50 can
then use those matrices to code an input symbol stream in a circulating manner in
the frequency domain, as explained above. In such instances, the rows of the

20  matrices can be mapped to antennas of the transmitting entity, and the columns

may be mapped to either different input symbols or different sub-carriers.
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56d of the transmtting entity 50. Alternatively, the

si x columms may span six frequency sub-carriers over
WO@r@6H¥8ThDl , or may span one sub-carrier over BCRIB2005/003217

synbols. 10 C. Rate Four (and Three) Coding For a rate

four, 8-antenna 56 coding case, for exanple,

circ uI at itrshountdtatso be notddahatB3F &4ie nBiicd3@Bdoda Bifsrtyechamise can

der ‘%go%nqggf ||0VVI fo%%rc%}e TFC%od ng’rI:I%tLq‘r'x %%%Bkcan
- 88be &&ivd b]y%n-f}h&)ngﬁ'éﬁhg 8% Behe §§ht B%s oBhe r@@ Bidndices B,

can be derived Tfrommatrix Bl in nunber of
differ enAcn@ﬂm@rt@ one exdmparyi aspert nﬁﬂm @resexiphg¢misd, the functions

bove ective of es .

{ler P Ted PR g ahiere o Rg P of T SRS o B frmipat 12, B
enti4 }B§@ 162N SCHIzend s €N DDSBayHY pdrfoRmel By GAHBuAReans, such as
|nput synmbo ol streamin a circul ating manner in the

f r hardwese andimaifinwazs, nghuding hgsadesvabed apogacione and/or under
B R R

col prsdsct(dydyr Ikb@foﬁﬁmeﬂleto@ n&iré Reictionsf dfentbodihaysibf the present
synbol s or, dj fferent sub-carriers, -22 WO 2006/ 048717
Lbcrimvesptgsinglydesat | eaﬁft ongrremicrreRsiable SFF&ﬁ%f‘deﬂlél@ §pgh as the

codg, f1ehy hfees%or% %Iﬁc% &rﬁ\){‘a[r@ ?1051? as elbr%adaﬁle program.

derived romt n suc

[ nsﬂai&qxwuoﬂshmchat a Bm oBkomanter bBtrdnﬁrdn‘s,ea‘jnlmdiﬁhhyhe computer-
consi |%% Si X of the eight rows of the rate four

mat ¥ rage RedBiti ng to one exenpl ary aspect of the

present {wenthen Fihs i H@Sﬁ&cﬁ TR wob10&¢ &Qélrﬁﬁfjoibﬁﬁetﬁ&% Hstems

nore of the engltles of the system such
15t er aid@bgib pi®uctd dccoRBiE thogxemplart Bmhndlmﬂntsmf tﬁ@premuy

PG b Lo et et gt B ep AG G fol ow blook

aI Odlﬁglféﬁﬁ laBd cé}iﬁﬁﬁﬁtions of blocks in the control flow block diagram, can be

implemented by various means, such as hardware, firmware, and/or software
mcluding one or more computer program instructions. As will be appreciated, an 'y

20  such computer program instructions may be loaded onto a computer or other
programmable apparatus (i.e., hardware) to produce a machine, such that the
instructions which execute on the computer or other programmable apparatus
create means for implementing the functions specified in the control flow block
diagram block(s) or step(s). These computer program instructions may also be

25  stored in a computer-readable memory that can direct a computer or other
programmable apparatus to function in a particular manner, such that the
instructions stored in the computer-readable memory produce an article of
manufacture including instruction means which implement the function specified
in the control flow block diagram block(s) or step(s). The computer program

30  instructions may also be loaded onto a computer or other programmable apparatus
to cause a series of operational steps to be performed on the computer or other

programmable apparatus to produce a computer-implemented process such that thae

223



control of one or nore conputer program products. The

conputer program product(s) for perform ng one or
woreooe/odsTnet i ons of enmbodi nents of the present BOI/IB2005/003217

i nvention includes at | east one conputer-readable~ ~ -

storage nedi um such as the non-volatile storage

me dhisimpti@msdvisdf ¢xeante dnrtbé aotipifecamphar rogramebleapparatus

ngg rvgng% qt%?%gffgr igﬁ:g%hg%%ig tﬁg %ﬂlgag%s?fs’g%&glire& ?r% lglfae &éﬁt{?@lﬂo% block
St QB8 BRALWb: 48N s regard, FIG 5 is a control

fl ow™bl ock di agram of nethods, systens 15 and program

pr oduct shcaordnally,oaks oBisrppLthy canitd diomebipek dpgpmestpport

present _.invention. It M .

5Bl SRR MRS o siilne e RS (ARG R Moniffigns of
CORRpE BripePfrihg Mhogesified fiitiopomid mbefahvinstriaivk means for
di agram_can be _inplemented by various neans, such as
hapavermeingthe spagified fensdeny. & ik alse be updersigatt ﬁtj‘t BfeoTgRoTe
no : )
TR TPUG o5 850 T SR, By i or ks o
i Nstepbiat ihersntiayfloveblook diagranntean be topipuieated by spediad purpose

rogramraebl e apparatus (i.e,,. hardware) ta duce a
10 e FRRCHERC-BaH CPRRpIcE Rt Shich BT HetaPeH S BOUE oy steps
they S&ggfﬁtaﬁfmsq{f ﬁgéﬁﬁﬁ)uﬁﬁ%d‘ﬁg haWRR £1daRRAdrustrefieat e
or | npl enenti ng S

means he functions specified in the
cont r ol Nihmopmbdificktiondiaad oter binbeditshtsf tha mperion wileeme to

conmputer pr m i nstructjons . . so _be.2 r '
OB obt SR B L TR R B o
or g hinéﬁ{};ggé'eﬁféﬁqg kR RRRABIMAdeseriptiohs BEd iherisiddiated drawings.
parti cul ar nner, such that the ‘instructions stored

15i n Thesefomnidix terberuaderstsiod thas it pventiod it votdn belimited do gte

manuf act ur ncl udi.ng 1 AStrycti on. [ :

P PR e B HF R ARRRR M ol ebogints re
bl qfdn st dae R EEK{iEin e &bpPoHSthe appraded ohithe Although specific
program 30 instructions may al so be | paded onto a

coripmsere employhd herging ghexrminbicd inp gencaicfad deseriphiye genge only
series rati . ps to be performed on the
coﬁﬁgpgfﬁggﬁgPﬁéfﬁﬁ%%ggﬁghnabIe apparatus to produce a
conmput er -i npl enented process such that the -23 WO
2006/ 048717 PCT/1B2005/ 003217 instructions which
execute on the conputer or other programable
apparatus provide steps for inplenenting the
functions specified in the control flow block diagram
bl ock(s) or step(s). Accordingly, blocks or steps of
the control flow block di agram support 5 conbinations
of nmeans for perform ng the specified functions,

conbi nati ons of
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steps for performng the specified functions and
programinstruction nmeans for performng the

waepweiois7ed functions. It will al so be under st opdI/1B2a05/003217
one or nore blocks or steps of the control flow bl ock
di agram and conbi nati ons of bl ocks or steps in the
control flow bl ock di agrifATCERChAIMEDP Brent ed by
speci al pyrpose 10 hardwar e- based cogﬁ)uter st ens

whi ch perform UL P A LONEIGRHGR SN COpURiSing: o
conbi nat i aaﬁac@fun@doﬁeq@noplesmse@ern@ﬁ dupbEe @mo@@,ﬂﬁgbefream ofa

instructions. Many nodificati'ons and ot her "'enbodi nents
of t hburaliy ehpicess okideta, cone to nind to one skilled in

the art to,whi this ane tio avi t he

bhrerit ofheihEie ok ¢ SRR BERHR SRl MpledS of data
deschérpéd s@ﬁﬁe ane dnlFreysens/ cameﬁlsldfsmmon adlflurality of STF codes,
Ther ef or e, is to be understood that the i nvention

i s nbe nierep ef datarbeing coded wweh b af lpast opprBbHicagninghe frequency
di sc hﬂl’? glo Qigff%rg ﬁron‘[@tqls%slt gﬁ‘é 6tﬁ£&5§]ﬂf‘90 tlH ®le ﬁ‘ ?&}Fﬁﬂ{e‘ﬁsmn

are 0 be 1 nc i'n the scope’o
appended clalns Al t hough specific terns are enployed
herein, they are used in a generic and_ descriptive

Knse onl ¢ = and HBk-aenns sopwamicatipn Pnﬁaﬁytaa@qréwg to SAaigyd ,
2006( 8487116\ RPF/ I BrOR 3¢ 932)%@1132% CW tﬂeilgeélo%’/@a loéed:hpon a

A mul ti-antenna conmuni cation e risin
spacphutalitg of SEl UQstyha(tﬁ:Eﬂ) cahmise Iatma'tap a)h:dlmdlng a plurahty of columns
i.eces .of data,

D O et Ay SO Heave Phitadint ho R R ee S Hegtih

the BingGERNY Endjtﬁte %olu%ﬁfs%%?enﬁﬁ%%@roﬂ fh@%}laﬁ&chlfrfeﬁsq&? REY
di mensi ons based upon a plura STF codes t he

I eces of wiheatem dsédastjonEL ceiecrhffclh donaat leasione other STE code by
code|nt e fr dime di ,gfrsfromat | east
one. Berarner BTG te S HabE BRE S T R on 10 2. A
mul ti-antenna communi cation entity according to Caim

1, wherein the STF elenment is capable of coding the
pi eces of 3dat aApasléceniemg camnpinipatipn eytityfac@ring del€%aim 1,

t hat wﬁ&%fh g‘E‘%&ﬁq%%y%frﬁgﬁéénfmclﬂﬁés%délﬁ%lﬁy Bt fﬂéfa{ehér}yblﬁi and

col ums

HLr O%eﬂehﬁthb STE eamﬁierft iecppeble v f collin@theipidres andath Bigch that the
col unnms _ext endi ng._ across .t he space di nension, and 15

wher BIORELIY of SHE £odsk scapRtiadieireags<RE UER S 4F a1 183t pre frequency
one QLNEY gﬁguﬁ&se it he exchange of at least two

rows of t code 3. Anulti-antenna
communi cation entity according to Claiml,

4, A multi-antenna communication entity according to Claim 3,
25  wherein the STF element is capable of coding the pieces of data further such that
the STF code for at least some of the respective sets of at least one frequency bin

extends across the time domain at the respective sets of at least one frequency bin.

5. A multi-antenna communication entity according to Claim 3
30  adapted for four antennas, wherein the STF element is capable of coding the pieces
of data based upon at least three STF codes that sequentially circulate through sets

of at least one frequency bin in the frequency domain.
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wherein the frequency dinension includes a plurality
of frequency bins, and 20 wherein the STF elenent is

we apasss1pf codi ng the pieces of data such thaPCT/B2005/003217
plurality of STF codes sequentially circulates through
sets of at |east one frequency bin in the frequency.
domai n. 4. A ruhwilti-antearmepneommicaticsamtignacsarding to Claim 5,

accordi ng .t im3,. 25 erein.t TF e i

c apé’btfeéelgfheg%& %ﬁmleﬂ%ls 5 F%S‘ct\@eso ocfoalélgtqge ?ll.? r ?%Ae@q@?faﬁéfﬁ%%n the
t he (Slibwhgdigeé STFabdéLasH, aim;:0f the respective sets

of at | east one frequency bin extends across the tine

domai n [ay, tis¢ r@espective qes—6f & |8ast orfes, -S; 0 0
freque bin. o 5. gA{mul til-@nt gnng cormmuni cgtiony ¢ g
entigy=(accor'ding to,Chad,m|3 30 .,ada t ed* {.om, £f|our ot
ant ennds® whler & n he STF |[eben®nt 4 s Bapabl e bf €odSng 5
the pigces oof sjatsl based |uponoat S| eaSit |threges, ST 0 0
codes that sequentially circulate through sets of at
beasdndamterdifi SOUSNSyal §, feprdstie pigcegofdaty, addrmai n. - 25

WO 2006/ 048717 PCT/|1B2005/ 003217 6. A multi-antenna
conmEmj £at§*0 in®@ 1, irépreRc cortiplag cdrjugdte ofithe respreties pictéreof data,
STF el enent is capable of coding the pieces of data

based upon the follow ng three STF codes Al, A2 and

2, 50 B O i B i e Ry S

S4 erlinCheXTodleclt ig%apcé%lesgf codid tfe pﬁc@sﬂéf dahEs8édupon the
SI, S" S3 and $4 represent pieces of data, and S* 1|,

18* 2ApliSvBigaindS BF dodesgtieBenks, Badslasst Beonj ugat es of the
respective pieces of-data. 7. A nulti-antepna .

comuni [cht ih eat ity |accof i gt & C-dh In 5, | Wherei s _‘%7

the STH gl esfents,i s-s¢apabl esof stodi, ng-st he pi efes-f S, S;
dat aBisalsed upon, t he: 1085 0| Lowi.ng Si X STFPcodes B, 82, ¢
555 ypory L he ‘gs g 1 Xg e g‘ 522 s;

-

B3, B4, ahd “B6: "S5 - S2 257781 sp S5 |87 S, - .
SS -S7 [SB SF; SE%-S8& $2 SI 186 %8B B 14 iS58, B S
-S* SS* ' BZSS* SS' 3SS S-S.34 54*386,,T
2 1 6 8|554%3 B8 % |S3 -54 SB,555:54%3 S8 =-S5, 55 =5
2|5 S; S, S;’B=S3 =S, S, S;’,B:S4 S, S, S,
S, ST s, S| NS, S S S| s —s S, s

S, =S, S, S; S, S S =S S, S S, -S|

and wherein S, S,, S;, S,, S5, S5, S; and S; represent pieces of data, and
8", 8%,8%,8%,,8%, 8%, S, and S*;represent complex conjugates of the

15  respective pieces of data.

8. A network entity in a multi-antenna transmission system, the entity
comprising:
a space-time-frequency (STF) element capable of processing a stream of a

20  plurality of pieces of data,
wherein the space-time element is capable of decoding the pieces of data

across space, time and frequency dimensions based upon a plurality of STF codes,
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S, -S2 S5 -S7 SI -S2 S5 -S7 S, -SZ S5 -S7 S4 S3 S8 S6

S3 -S54 S7 S5 S4 S3 S8 S6 B4 S S S-S B5 =S S S* B6
WO206/08787 2 1 6 8 4 3 S8 6 3 4 7 5 S3 -S4 S7 B51/82081003217

S6 -S8 S2 SI S6 -S8 and wherein SI, S2, S3, $4, S5,

S6, S7 and S8 represent pieces of data, and S*,, S*2,

St 3the Pledes @data IRiGg dSodedsndh 818 at kepstane S Feodpirethe frequency

conj ygates of..th 15 respect,iv i eces of data. 8, A .

net V\Sg%?n%?ﬁ 8’tf§Fr§ ﬁo gas} ngl’?%}beﬁ ﬁg@t ‘iﬁgiﬁ é’ﬁﬁ’gg CIREY Jrgighsion.

the entity conprising: a space-tinme-frequency (STF)

el ement capabl e of processing a streamof a 20 .

pluralityd.of phaestworbfeniatagsordinarteClainhd vdissde the FF clement is

| ement, .i s.capabl e, of . decqdi | e

gc r c2H2RI5 8L §?C%?F}$§th% Rb“‘f‘sr"?cj?&%ﬁ’@ %/ch?ﬁr)%ln%?lgrnag Ei)(gtgéé ﬁ%%ersl that

a pl gcRlbhyried a SbfrixciadRding aphal® FAOGISHAd & plurality of rows, the

PCT/ 1 B2005/ 003217 the_ pieces of data being decoded

suc hromsgkteading agenss tedingrmddgrauengy dipensipagaighs columns

di mensi dj ffer east .one ot her STF code in

t he ?Xﬁ%n%b%egn%flésgit%%gr%%g%ﬂegglg% a[r111é1t work entity according

t o C ai mBhereiner ddast drieeSTFdode deifn fronsat [Sastapadther SFF code by

decodi ng the pjieces of data based upon a plurality of

I8TF e gadangmel atdeashtvequonisiof reLthetty 15°qdc| udi ng a

plurality of colums and a plurality of rows, the

rows extending across the tinme and frequency

di mensi onK). andA tneevartleutitysiccastingrid iCigmas, vdssein e Sppcacy

di mensi on, and wherein.at .|.east one STF cpde djf S .

£ onsizennem S ltS Safirai S oraeRitey Byt ERCathn aTEdtoment s

of aéalplaﬁ@%f AL oNe pRbed dTR1aRt ek thal heoRaalitydF. ST codes

network entity according to Claim8, wherein the

15r e qesgnanyiallyicirewlsies throwghl sgted ablepstiang|fraqyensty bin ayfiie Aeguency

bi ns, and wherein the STF elenent is capabl e of

decodPYt he pi eces of data such that the plurality of

STF codes 15 sequentially circul ates through sets of

at | east one frequency bin in the frequency domain.
11. A netWor k Ametwerkzadoragrargingdo Glaimmd & ovheygie thei L F element

t he STE . | [ [
TR A -
R0Mesodie dffike feepREIVE so€ of &itlGasDéneafredueacy baratehieatrosictiie time

bi n extends across the tine ]
domain at the respective sets of at least one frequency bin.

12. A network entity according to Claim 10 adapted for a four-antenna
transmission system, wherein the STF element is capable of decoding the pieces of
25  databased upon at least three STF codes that sequentially circulate through sets of

at least one frequency bin in the frequency domain.
13. A network entity according to Claim 12, wherein the STF element

is capable of decoding the pieces of data based upon the following three STF codes
30 A 1 A 2 and 4 3.
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domai n at the respective sets of at |east one

frequency bin. 12. A network entity according to Caim
wdoadegoted for a four-antenna transm ssion SRGL/EBRP05/003217
wherein the STF el enent is capable of decoding the

pi eces of 25 data based upon at |east three STF codes
thatfs guentsiald y oi CE| at &, t hSpugh seéts of st sgast 0
one fr engy bin iyn|the firequgncy dorain. 13, A <
net war %gnt‘gtybdaccgg i» 4 = oOeCI gi mxiz, 5 es,ei N the STF S,“

el enent| 0i sOcapabl=.of de¢ddi ny tHe pPetes dfddafa S« 5
based uppn phe s ol kowi ng thr ee0STE, cosfes 30 AL, SA20 0
and A3:" -27 WD 2006/ 048717 PCT/|B2005/ 003217 S, -S2 0

0 S,and $ihbrein G ,F,, 552ndS OrepreSeht Piecds Of datd,@nd S3 - S4 A3
00S3-4 ~00S3-4"'"SzS 0(0" 30054 sSs3 O

0 S45S3+0 O, 94d $3 ré&ptesent EdnibleadshigueesaiftheSespebive Bidces of data.
and S4 represent pieces of data, and S*,, S*2, S*3 and

S*4 represent conplex conjugates of the respective

pi eces of data, 5 14. A netwark entity . accordi

& ai m 12, 14wherfnAVk Cudie a%qo\gﬁggnto Eﬁagm%lgp\gﬁﬁgubﬁl% STF clement
decqg] ' foi @ In@WNYTF codes
e o e R R

-S7 18,8, 32,85, BSuad i, -S2 S5 -S; * * *x * x S2 5§ S6

-S8 S2 S, S6,-S8 S3,:54 S7 SS §1 = S3 -S4 S7 S5 B2 = |

sS4 S3 S8, 5683 % S5 5 S6| §1585,545553754 S6 (B 84 &7 -5,

S5 S4 $3 S85'S6 Sl S t+§ Sl -2 -S, 1S, -§2 §5 s
-S, B# S—I*SE?L:’§SS§ Bs7 §5 ?i S§ Sg;ﬁ 65; 6§§ s§fsS7.ssj§* ’
, B5 SIS8*S S§* "'B6 5|-S* 5% 2°1 8438623475 }
S3 -S4 |87 S5 S&:S, SS6 - S8 %2 €. S - 88110 wher €i n Ss
S1, S2,_S3, S4, S5, S61 S/ and S8 represent. pieces of |
data, an¥i - 15 S$%5,25 $*BS2 % 49 S5, S %1857 SandS
S*8 represepgt qg%rrplgse conj glgatgs ng kh r= specsi ve, S

1 = |2 B = * * ,B * -
pi ecés O.ST: dg? a'S6 —S; ’ Sy 85 S S i S, =Sy S Ss
S, =Si S S S, STS S S S S =S

10  and wherein S, S,, S;, S,, S5, S5, S, and S; represent pieces of data, and
S, 8,8, 8,8, 8", S, and S"; represent complex conjugates of the

respective pieces of data.

15. A method of space-time-frequency coding pieces of data, the
15  method comprising:
receiving a stream of a plurality of pieces of data in a multi-antenna
transmission system; and
coding the pieces of data across space, time and frequency dimensions
based upon a plurality of space-time-frequency (STF) codes, the pieces of data
20  being coded such that at least one STF code in the frequency dimension differs

from at least one other STF code in the frequency dimension.
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15. A nethod of space-tinme-frequency codi ng pi eces of
data, the 15 nethod conprising: receiving a stream of
w@a2@besIiity of pieces of data in a multi-ant ePCEIB2005/003217

transm ssion system and codi ng the pieces of data
across space, tinme and frequency di nensions based
upon a pliér al i A metfodspemdingj to€lfinetfy evheyein BEMiceas @é data are

the pieces of data 0 bej cod such that at |eas .
one ot Boa0 P ¢ R RE LS L GO RHETaH SPOr AT s gme g ucing o
at ngﬁlﬁﬁﬁt RIS ang bPIGARE dffowElahd foR@UKREMing across the time
di nension. -28 WO 200(?/ 048717 PCT/ | B2005/ 003217 16. A
net hod fequercyidigensord aail the®lumpeedenlingacrossabe spase dimension,
gata are coded based upon a plurality of STF codes

hat®™ach conprise a matrix including a plurality of

col ums  afgbrainik Wadd dnk W TP code Wi fert RemrapdisiexieastiedRITE code by
across the time and frequency di nensions and the

col uhmexchrngmeli atdeastiosews o6 thepike XfifrR®dsi on, 5 and
wherein at | east one STF code differs from at | east
one other STF code by the exchange of at |east two

rows of tiwe ot Renetfddaccoding td Tlaitn hiiwieetkiadonfrequegcy dimension
Claim 15, wherein the frequency dinension 10 incl udes

19 plineladesaplyrality @5@%@%&@1}% and yheygin heicRIMGSIPoATRY S
step . . . .

o SroEant fRe SR e i BlRERR gL e oty

t hr adighlassttbroagh atts béadeasooee fre@mueniiy ibihe frequehey domain.
frequency domain. 18. A nethod according to Caim1l7,
wherein the coding step 15 conprises coding the pieces

of data f theg Ji6ky ﬁ&@fdiﬁé“t%f@g{%n fm,dﬁlefr@ﬁ 1R cd @@ tep

some of the respective sets o east one frequenc
1 n exipeidscatingts pidves of drta fidithensushahat theeSTR spdefor vileast

sets of | east one fr en bin. 19...A net .
acc oﬁoa}erfg‘iﬂ[l%re@%ﬁtw fefs Ogﬁtﬁ?a@f ﬁnq ﬁ%ql}ﬁg%?'el?]_%}ie%genlsa g‘_ﬁ)rosit&e time
CONPYnSHR af BIEGEPeOH cAehiorabhlond fieluindy biy of pieces

of data 1n a four antenna transm ssion system and
wherein the coding step conprises coding the pieces of

dat a based, upon at east..t h E o

sequent | aﬂ‘?' y cﬁ%ﬂh%‘{i geep W%%ﬁﬁgg}lsl 7,8\?%2?111}@%%%%18%%3 step

30 edkedidteiving h@rdaresiugsianmlitofistes 8Bdata in a four antenna
transmission system, and

wherein the coding step comprises coding the pieces of data based upon at
least three STF codes that sequentially circulate through sets of at least one
frequency bin in the frequency domain.

25
20. A method according to Claim 19, wherein the coding step

comprises coding the pieces of data based upon the following three STF codes 4,

Az and A32
S —S; 0 0 S _S; 0 0 S --S; 0 0
4= S, S 0 0 4= 0o 0 S -5, 4= 0 0 S, =S,
1o 0 S =S, S, S 0 0 o 0 S S
0 0 S, S 0 0 S, S s, S 0 0



20. A nethod according to Caim19, wherein the coding
step conprises coding the pieces of data based upon

wo bwehed7iowi ng three STF codes Al, A2 and A3:PQ/IB285/03217
0S, -SZ00S, -S200 _S2S, 00_00S3-400
53 -S4 At 00 S3-54SZS, 0000 S4S300S4 S30

0 S4ndJhetei.S, 05,0, artidS, Wepék/pebBy dffdata, and
PCT/ | B2005/ 00é217 and V\,her ein'S,, S2, S3 and $4

represeytt g @aeS” @épréRhecon@slex Sdnjugatesdf I @speutivebieces of data.
repreéenf conplex conj ugates of the respective pieces
of data. 21. A nethod according to Caim19, wherei n

the coding step 5 comprises codin es d
based upoﬁ ﬂ?ﬂﬂll%i\r/rﬂ%ﬁ‘br §}gxt°§$‘ gb%é‘gl %'lncf&c %B?
gg ?:g;ﬁlpﬁges* cchu}g thgg%ces og’éia%g%asg u%n tislgg(zlﬁvm§31x5‘8TF §?des B, B;
SS BB:=BSPsaBdBR7 S5, B2 = S4 S3 S8 S6 ' B3 = S2 S,

S6 -S$ _S4 S3 S8 S6,S3 - S7 S5 S4 S3-.S8 S6 S, -S2 .
S5 -S7 |s -9 B -{é‘? s - B85 8592-85"5 ‘§4 S3 985, S6-553 s S45;
S7 S5 334 3 S8 SG Sg§* BSs; S 5865835 S&;

S s*B2|| 43%5*:& 1{ -S3 - 4 B o
-S8 S2 §s 5‘694 Rot lwher S %2 s zssgsaa S7S
and S8 |r&pr 8senf, pSe¢es of Sdat$, &ndS: 10 S*.S, 52, S, S |
S*3, S*4, S* 55 S*6, S*7 and S*8 represent corrpl ex
conjhuga ‘?s of, the Sr specfsve-9i eesspf daf & 25 & -5
met hod [0§ sgaceg tlge frequencys-decodd:ng pi eges gf s ¢
dat aB4=th§ thgd conpsis %g SiS%j :% leg 2 eagw of
a pl uralHzty*of ‘glee of ta®in~a [ti-a Enng

*

transm sSi onS;sySt ef] |and |S, S S, -S; S, S S —S

and wherein S, S,, S;, S, S5, S5, S, and S; represent pieces of data, and
10 8,8%,,8%,,8,.8%, 8%, 8", and §”; represent complex conjugates of the

respective pieces of data.

22. A method of space-time-frequency decoding pieces of data, the
method comprising:
15 receiving a stream of a plurality of pieces of data in a multi-antenna

transmission system; and

decoding the pieces of data across space, time and frequency dimensions
based upon a plurality of space-time-frequency (STF) codes, the pieces of data
being decoded such that at least one STF code in the frequency dimension differs

20 from at least one other STF code in the frequency dimension.
23. A method according to Claim 22, wherein the pieces of data are

decoded based upon a plurality of STF codes that each comprise a matrix including

a plurality of columns and a plurality of rows, the rows extending across the time
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decodi ng the pieces of data across space, tinme and
frequency di nensions based upon a plurality of
w@paem4d7ime- f requency (STF) codes, the pieces PET/TEDES/003217
bei ng decoded such that at |east one STF code in the
frequency dinension differs 20 fromat |east one other
STRanddekeuiencyt dimehsiequanddie délmans extendi@Bacrossehdigmhce dimension,
according to Caim 22, wherein the pieces of data are
dec®ded based upon a plurality of STF codes that each
CoNpri seyRe ARt 4 chsi die! A% Qdle dBTRE BoR dt1oasHoneIRFBTF code by
and a plurality of rows, the rows extendi ng across the
ti rtbe eSchange 2046¢BYEPIPWPOT theBRDOYB0R2e7 and
frequency di nensions and the col ums extendi ng across
t he space di nension, and wherein at |east one STF

code difigers Anpdth@t adcrisds ©MElaRh DB wiRIEinCOGErdiiendhdimension
exchanggst of at least two rows of the other STF code. 5

24 ingludes hplyralisy: of Gequgnebias.ainthvdereinferdsodingstep comprises
freguen | ensi [ [ fr
oi SRR RS o7 e LA RS Bl BE ST, Sladk'sEeaaty
dechgtubgest theough eee s aifledabie Seqlentybin it Hes flequeddytdonadin.
STF codes sequentially circulates through sets of at
10 east one frequency bin in the frequency domain. 10
25. A nethod i i o f ot :
decodi ngﬁs!t epgqﬁﬁfﬁ%%%@%ﬁg od]|Hl rﬁ‘éé‘%’ﬁﬁﬁbg%lg‘c@s‘? Cic?):? 0%}3% gtep
f urdogrisesidérodhatthd piecdSF datadertharsuelt thaetsd STE@ode fdr at least
the respective sets of at |east_one freggenc% bi n :
extOREOIFRT FrsRedig s¢t pEat lepshangireguephiebipsayferdy drzossdhgtime
of it 3P the WBelhRALSIE Ut Rhfl-ond B birg! hod
acé%%g%ng tg %ﬁSiQ?24, mhereiﬁnthgéggggiving step
I5conprises receiving a streamof a plurality of pieces

f data | f t t i ssi.on .system .and
wher oi n the  dAdBHhHLACPRE G FIL oL SILeR h TerEving step
Pi eGasHritbs ARERRASEaad raRM Bty dfPsls bNi AR iR HfoaPaRenna

that sequentiall'y circulate through sets of at |east

ondransméssimngyyten, and n t he frequency domain. 27. A

met hod acgor di to.Claim26. wherein the decodi

srep  conpreeuBataieniR limnteEig- Bk e PR ol g pred
20t heypofl 2 Qi lirde I TR 03ddthaDgtgentially circulate through sets of at least one

frequency bin in the frequency domain.

|9,

27. A method according to Claim 26, wherein. the decoding step
comprises decoding the pieces of data based upon the fol lowing three STF codes
25 A 1 A 2 and 4 3.

S, =S 0 S, =S 0 0 S =S, 0 0
4= S, S 0 0 4= 0 o* S, =S, a0 S, —.S;:
0o 0 S5, -5 S, S 0 0 0 0 S, S
0 0 S, S o 0 S, 5 S, S 0 0

and wherein §,, S,, S, and S, represent pieces of data, arad

S*,, 8%, 8", and S”, represent complex conjugates of the respective pieces of data.
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25 Al, A2 and A3: §, -S2 00 Sl -Ss200 SI -S2 00 _
S2 S, 0042 43 _00S3-54_00S3 -S4 A 00 s3

wo3eBB78, 0 Or 0 0 S4 S3 0 0 S4 S3 0 0 S4 S3PERIE20030003217

5

10

15

20

25

0 and wherein Si, S2, S3 and $4 represent pieces of
data, and S*,, S* 2, S*3 and S*4 represent conpl ex
conj ugat2ss of A hiethodespedingie (Hiiacs wiferdatlee dec@ling/ep

2006/ 04871 1.B2Q05/ O od .accor

£ o OB 2o 1 HORA ! 48 ga*?eﬁglpgleélbe@ﬁﬁﬁ’lﬁgég $tPlodes 5,
deggazdlgwgB}I};gagagges of data based upon the follow ng

si X “STF cddés BI, B2, B3, B4, B5 and B6: * * * *

-S, s 33735 SSI_Ls$ -S7[ 8, gzlsgsa * gt kg

§6sgs g IB§682 SB_ s§s§ ?8,5 *S7§5s5182*

58é69’3 §4§sz3 53&‘.8§5 % 582 S5 |7 S %2 S
S5 -S71.5, $52 855 855 5 s35,58,s65BY S3 |84 37 S§ BS
8483 8 S6 B4 S2 ‘Si* S §*SSssSs*, 6 S3
1 8 38 64314 7 S3 Sz Sz S *]

S S6 5 ASandV\,hS in o SS%% SS, 6_6S§7 SZS7
S8 B, seﬁt 8ec ,ofg d ‘%a S* *3S3 S* 84 S
S*5, *S6 S5+ BS,and; $+ 8 r re§£nthco$gpI ex &hj ugat e% of;
t he re§pec5|vg pg*e es ofgdaga. 1029, A qogpuiser s, —s;
progra *product’ for- space-ti me- freque cy codi ng }
Pi eaeWiRkeidd, as 5h&, COMBULSE lan@ SO eppeBeRt Sieketss of data, and
conpri si ng at’ I’east ‘one conputer- readabl e storage
medgurg-of sat s egtsts one. anehokeph@bMUROE EdtjughiRs ofithe
I east’ ofe ’cofput’er? 'readabl é stor age nedi um havi ng

COpiHeelivd siaskallifdatar ogr am code portions stored
theréin, the conputer-readabl e program code portions
conpri si ng:

29. A computer program product for space-time-frequency coding

)

pieces of data, the computer program product comprising at least one computer-
readable storage medium of at least one anchor network entity, the at least one
computer-readable storage medium having computer-readable program code
portions stored therein, the computer-readable program code portions comprising:

a first executable portion for receiving a stream of a plurality of pieces of
data in a multi-antenna transmission system; and

a second executable portion for coding the pieces of data across space, time
and frequency dimensions based upon a plurality of space-time-frequency (STF)
codes, the pieces of data being coded such that at least one STF code in the
frequency dimension differs from at least one other STF code in the frequency

- dimension.
30. A computer program product according to Claim 29, wherein the

second executable portion is adapted to code the pieces of data based upon a

plurality of STF codes that each comprise a matrix including a plurality of columns
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15 a first executable portion for receiving a stream
of a plurality of pieces of data in a nmulti-antenna

WO e@n®#7$51 on system and a second execut abl e POF/1B2005/003217
for coding the pieces of data across space, tine and
frequency di nensi ons based upon a plurality of
s pand-atplmslify efqoendhe (omRxtendigasross e e aad Trrqugagia

rr ibsRao R fer IR Phhgay s Tp HesE PR Roh a0

STF codeyhdteinhelchstieme §TEYcodd diTRnsirom. at 3éhst dhaoothenSEE code by
pr ggr am product according to Caim?29, wherein the
se

p axdvageeia leasidioows of heailgsodd 99ecode t he
pi eces of data based upon a 25 plurality of STF codes
that each conprise a matrix including a plurality of
col ums 31 32 MeoRQ0ef Prb@rdd pfedistiaBeadiiginIdim 28nwharein the
plurality of rows, the ro ext endi ng across the ti.
andiequenciediEipnsion }f@ﬁ%qeé HQY\%HHYP ge%‘bq%ﬁ%%’ Se?ﬁ“{e r‘i‘g\eﬁ@g%he
acr the
R R e g
t heplevatibariBTTododas séquastialtywircnlates thubuglhectooher legftone frequency
code. .5 3 A conput er program product according to
100 dipipthe FEYAOPREY: frequency di nension includes a
plurality of frequency bins, and wherein the second

executabl e portion is adapted to code the pieces of .
dat a suck.t hat coimputeppragadm pgpdgqit asrrdingielaim 31, wherein the

sequentj al | ircyl at.es.through,sets. of

Ll Rt KB PEEHIR BhBig  obF Bfndr i e
CONPEL 85daoPa184% irRelbEthe @@s%@dﬁd"b Réts of afeaitwn3d frequency bin
wherein the second executable portion is adapted to

15c odexteridle aplose s tisfe dpamain pithe FRSpecive Keis pagt lepd onsrirequency bin.
code for at |east sone of the respective sets of at
| east one frequency bin 15 extends across the tine
domai n at3.t heArespeast prgratprodatt @toldagsto Caen 31, wherein the
freguency bin. 33.. A _conputer pro ranwgﬁgﬁyct.

ac clnstPrRguiable@PEIq s adeptedydpest ¥ 4 Fesant ok aplugaliiy nf gitcgs of
por&dté’ﬁléﬁ)u?%%??qr&lﬁmﬁs% &l N&ed sid eam of a plurality

of pieces o aIn a four antenna transm ssion _
20syst em wheteRGhodeennd axdchebigooieh isxdapied bl eodsotheipdeces of data

[ dapted t t [ f dat b t
| oot paicat o BBl RS QB TONE R PR AL A eh s of a
thrl%&'&'%né?fﬁgur%’il@%ﬁfn inltREBEq RSy déBAHENCY bin in the

frequency

34. A computer program product according to Claima 33, wherein the
25  second executable portion is adapted to code the pieces of data based upon the

following three STF codes 4;, A, and 43:

S =S, 0 0 S =S, 0 0 S, -S. 0 0
4= S, S 0 o* 4= 0 o* S, —S, 4= 0 0 &, —S*:
0o 0 8 -5 S, S 0 0 o o0 S, S
0 0 S, S 0 0 S, S S, S 0 0

and wherein S, S,, S, and S, represent pieces of data, and

8", 8",, 8", and S, represent complex conjugates of the respective pieces of data.
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34. A conputer program product according to C ai m 33,
wherein the 25 second executable portion is adapted

W0 2006048511 he pi eces of data based upon the foPCDW20¢5/003217
three STF codes Al, A2 and A3: S, -S2 00 S, -S200
S, -S200 _S2S 0000S3-54008S3-4 A =0
0S4S3 00S3-54S2S, Or 0~ =00%$4S3004

S3 S2 S, 0 [ : : -
pi eces o3f5(‘)d at%?glgﬁlgagﬁl%,g%f p@&i?cé*ag%;rg g{égg %} ?%‘E% 3‘2% tpé1 n the
congatend &eajtatlgapesioafis hdwptadas pedd the @igeeectdatobasddtipon the

-33 WD 2006/ 048717 PCT/ |1 B2005/003217 35. A conputer
pr dgHavvingrseadEl cedes dhdPngBs B+ dsa0MP83, wherein the
second xect;,ble rtion, s adapted, tjo code the -
pi eces| vf Wat &5 based upo St h—és? f IIB%y ng sik SPF oded
5Bl, ;B2 S, BS, B4, B5|and Bs; S, -%2 S T[S -8? 85 S
-S77S | $S2 855 S, g0 B 2”55, S§ - B SR/ 7SH 5, S8eB §3 7 |
-S4 S71'85 B, égi sS4 s7.s3 2=85§;3S 6653:‘32 ;
S, S6 L3¢ &4 33 6 S3L854%87 Bs S1ls3 dese™ S - S8
S5 -S;-S, -8 S5 -6 S, -S2* S5 -S; S3-S8 S6, S3 -S4+
S7 S5 $3:58556™B4 S *Sis s+ SB5S 5 S3| & SB 286535: =3
_S4 s 52 156 5,SSS; $43 [8,6-8; 457 5 53 - 88, S, S58,525,
S, Be ) S35 =|and wherei 'S’ %52} S3¢ S41 g
S51 S6('S7 ahd 88 répresent pilece$ of, data, and.'s* 1, .
S*2, S8 k45,5555 S+6,5:5%7 afd S8l repiésemt Ss S5
conpl ex canjugates of the  respective pi.eces .of data.
10 asﬂé.wlﬁr@ajn%nﬁze 3 PR OGP gm%r% cfepF%srenppleces of data, ah
space-tjne-frequengy decoding pieces of data, th
conmput e %Boﬁpg?nspgfv odlic 2¢ § nBI <SERCORP e SAV USRS of the
readahl.e storage nmedi um of at |east one

conput er.-
ang}lgrﬁﬂecﬁ‘é?%?%ogﬂﬁaty, the at |east one
10

36. A computer program product for space-time-frequency decoding
pieces of data, the computer program product comprising at least one computer-
readable storage medium of at least one anchor network entity, the at least one
computer-readable storage medium having computer-readable program decode

15  portions stored therein, the computer-readable program decode portions
comprising:

a first executable portion for receiving a stream of a plurality of pieces of
data in a multi-antenna transmission system; and

a second executable portion for decoding the pieces of data across space,

20 time and frequency dimensions based upon a plurality of space-time-frequency
(STF) codes, the pieces of data being decoded such that at least one STF code in
the frequency dimension differs from at least one other STF code in the frequency

dimension.

25 37. A computer program product according to Claim 36, wherein the

second executable portion is adapted to decode the pieces of data based upon a
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conmput er - r eadabl e storage nmedi um havi ng
conput er -r eadabl e program decode 15 portions stored
W@ b@oei8117 t he conput er - readabl e progr am decodeP@DIB20G1®)3217
conprising: a first executable portion for receiving
a streamof a plurality of pieces of data in
nu |pﬂmrabmytoéﬁa‘a codestbat eagh epmerjsst aemﬁtramclad@e@mwahw of columns
exec or.tion_ for dec
ac @8 pilﬂ‘glgg of TOFES: { the RGN ghlrﬁ &éﬂ)gs ﬁi&ecﬁng% %1% %&ﬁtbeﬂcsye q

UP Qimanddbrdfand kﬁeYcoQimﬁsp@@@rdingF&rcﬁ g5 @larISyacy d1n(e‘ﬁ§'15)1 awdes,
t he pieces of data bei decoded such iﬁ%at at

one STF véwern phleagt pae Slgqe%é@feéﬁ Hemst StoanfOé‘}eé %Sfﬁ’cﬁ?ﬂe by
at E r enc
d|&%%Q&%ﬁEggg%ggﬁgiégr0&9g§Pbgg%%§g%f%?gduc¥ accordi ng

to Caim36, wherein the second executable portion is

adapted to decode the pieces of data based u a, -34
V\D 2006/38487 Yy cHERYFIEIOEBIOTeSHCH acerding)t E‘f%sﬁ”rbefem the

t i8R wherein th
oY el AR R 8 v e
r O\QSccmdtmadltzmjje p«):ntlos $s 4daptetl rtcv‘rdecaudd t]ﬁer p;q@e@ rod ylata such that the

coI s ext.endi,n r
10gi FBHEIGrH! STROHPRI-GRAD PEALE o TEO e Reat e Rffdfoauency
fr%ﬁ{mk%@qﬁeﬂgp%ﬁt&ﬁpr STF code by 5 the exchange of
| east two rows of the other STF code. 38. A

conput er pr ogr am product according to C aim 36,

wher ei n the uenc nens i.nc I
of fr equ5 ncy ‘%F?fg etgﬂ%mﬁr?g’r%mﬂu%ﬁgcordl % egle%gj@ z}i]b{e\{n the
pPorgbaa éx%c@ﬁﬁ@f)&‘ﬁoh@s sepRdeo Hbwdpiteepiscafiof datkdushte Buch that
that the 10:glurallt of STF codes sequentially
15ci rtbeSEF eeda for algest sems obthe gespeeti sebvrf af k@éﬁ?@ﬁ &pquengy bin
| n t e fre r
e R Rt o s ERTP M of RUIBBL IR freuency bin
executable portion is adapted to decode the pieces of
data further such that 15 thg STF caqde fzg.at ei%t.
some of 4%ne rleSPrERYiEYRrogERLPrgAuchacerdue tg (daipy 3, Hhigesin the
' { fi¥&es of
cer L ROARIBEERRE 1L RplidTR nE R fthng (1% PRGN gl Res o
20pr aeeaimpfomcinténna tmasmissign systéthaint 38, wherein the
first execut abl e porfion i ada t ed recej ve .
stream of eéelﬁlﬂtﬁ'sﬁf"?l% 207 618@8151 15 aér@ot ttoadef:?fiegh? Bigpes of
ant Mt $SsOfhr SYSEEEBde it YRR MRUBRGRARIgh sets of
exe%bta F%e%%#fuoﬁ I'S adapteg to gg@bde gﬁe Bleces §Pseso
at least one frequency bin in the frequency domain.

25 41. A computer program product according to Claim 40, wherein the
second executable portion is adapted to decode the pieces of data based upon the

following three STF codes A;, A; and A43:

S -8 0 0 S =S, 0 0 S, =S, 0 0
4= S, S 0 O* 4= 0 0* S, =S, 4= 0 0 &, —S4
0o 0 8 -S S, S 0 0 0o 0 S, S
0 0 S, S 0 0 S, S s, S 0 0
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dat a based upon at |east three STF codes that
sequentially circulate through sets of at |east one

w0 e@gues1ey bin in the frequency domain. 25 41.PET/1B2005/003217
comput er program product according to C aim 40,
wherein the second executable portion is adapted to
decoad whreeipi §c8s Spfndis; reptrsseidieqsont d#ie anflol | owi ng
three STF codes Al, A2 and A3: S, -SZ00 S, -SZ00
S, -82,8,05", an§3" Sep@sedt comgplex senjustepothesspsiive pieces of data.
42 43 A 00 S3-54S2S 0000S4S3 00s4s300
S4 S3S2 S, 00 -35 W 2006/048717 PCT/1B2005/ 003217

and wherejn S, . ni ' .
data, and G AgPuEr gtafy i iR RGN RER, B wherein e
o0N] segdideskeotitableortiiiie addpyel tpidecede thé pitadseof datibaséd upon the
conput er program product according to C aim 40,

wher Bllawingesis SSEcofes BixBrifaBreByldtfon i s adapted to

decode e pi-ecgs of.1dat arhaseg- upon e follow,.n \
six STF ‘god_e% B§ _Es’g , B3 9184,’%35 fan'dg* 6: S5-58.58 5
-S7 515, 85 -%7-%,| 52/ 85 5 Sr S S|, S6S,- SS, B3, S
SI SB'TISS B,.g"S3g-S4* $7°85| ¢Bl 83 4 -4 (375l 2¢S § S_g|
S3S 356;‘s§(§* 384239,,88 "33 S8 6S§e,§§43
S7 S5 U5S3558 |e S5 I-S2 &% -4 S-S g5 I o -8 S
S5 -S; ~S4 S3 S8 S6.,4 S3 +S4 S7. SS S3 S8 S6. B4 .
s, s S6/5S8B5 8§ 5598 6 55 ,~B6 /3 B-|S; SIS T26 8 &7

*

3533 & S7 S§ S35, 58 5S8-$Z 8, Sb|-Sg |@ndS; S, S
vv_herérn , §52, 53, g ,S*S s, Sg-,* S¢_and ST ler e_%eDtS S:
pi eces data, ‘and ‘10 S 2, 3,°94, IS°5, & é65 .
S*7 and %*8‘$4ep‘?7es§n conpbex Scon mgﬁ% s ofheS s S

respecti ' f . .
S pand vlvl\lle?'eigl f ?§ S: So , 9 9? t, g’ , 5. and S, represent pieces of data, and
1 2 3 4 5 6 7 8

10 S,58,,8,,8%,,5%, 5% 5", and S”; represent complex conjugates of the

respective pieces of data.

43. A terminal for space-time-frequency coding pieces of data, the
terminal comprising:
15 a first means for receiving a stream of a plurality of pieces of datain a
multi-antenna transmission system; and
a second means for coding the pieces of data across space, time and
frequency dimensions based upon a plurality of space-time-frequency (STF) codes,
the pieces of data being coded such that at least one STF code in the frequency

20  dimension differs from at least one other STF code in the frequency dimension.
44, A terminal according to Claim 43, wherein the second means is

adapted to code the pieces of data based upon a plurality of STF codes that each

comprise a matrix including a plurality of columns and a plurality of rows, the
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43. A termnal for space-tinme-frequency codi ng pieces
of data, the termnal conprising: 15 a first neans

w0 o006/0e87@T ving a streamof a plurality of pieckGI/E2005/003217
data in a nulti-antenna transm ssion system and a
second neans for coding the pieces of data across
spaaews txterdiapdcroby g tisrwanddremasiyohimebasrsndgbe cefumns

plurality of space-tine-frequency (STF) codes, the

pi e@égen(;}%gc?gf%f‘g Sﬂ?@"%ﬁﬂ“@ﬂ“&ﬁc@%t hat at |east one STF

code in t kg fdigauene¥nTH chdNGirRen foh belesstfohemitas STF code by
| east one other STF code in the fr%%uency di nmensi on.

44. the exohangeadf atdesstriwiorrgws of tethar HIF Ger ei n t he
gecond neans is adapted to code the pieces of data
ased upon a plurality of STF codes that each
conpri se 45, mat A itmiindg hetdirdigg fo Oldihal3] witerefn helfisonancadinension
a plurality of rows, the -36 WO 2006/048717 )
PCT/inBedssy Wosgityof freanenedinn apd y/hsrei e spepndipeans igpgapted to
fre ' [ i : :
tho Sadt A AT R Sud el e p RN BR STE LR A BRI PR eutates
di f fifotigh k€ts0ARt lessasihe fegentnbin iBTie Tapendydombe.
exchange of at least two rows of the other STF code. 5
. A termnal according to Claim43, wherein the
f requency, i ”eﬁﬁérﬁjﬂ%al LA iide S0 &1 UsAlvhEbirPthe SEE&AMGAGYs is
bi ns, and wherein the second neans IS adapted to code
t he adbpteéd so ofdectht piesascif datadtirthéresuph thatithietSI TofodgTer at least some

codes, sequent.i al | Ircul ate t hrough sets of . .
et HESPeUAETR 9! BIITPS! PSR BG UL ORGP (g fime domain
46. AnicbPeale 3asOAING: R Fdq@bdyin, Wherein the

second neans is adapted to code the pieces of data

f5urt her such that the STF code for at |east some of

the respegtive,sets of at.leastyone f ' .

ext ends atros sAft?Fémli}aﬁ %%Coﬁ%%?%bl%?l %Sh%%g}éégﬂ]p@étf?{s}gn Lot e

of aldaptedss rRBvelalsaeaRBE Y pRirlity b pfeées of daed il anfdlir antenna
according to Claim45, wherein the first means is
adaprasgmissiongysiepeand st ream of a plurality of pieces

of data in a f 1.1 1 SSi

oher oi n tPatelrdh R RAEARRs S AN £2080 u ik ERor B baced upon
1 dalcashihseE TIPades that sequentially circulate through sets of at least one

frequency bin in the frequency domain.

48. A terminal according to Claim 47, wherein the second means is
adapted to code the pieces of data based upon the following three STF codes 4;, 42
25 and A;s:

S, =S, 0 S =S, 0 0 S, =S, 0 0
4= S, S 0 o* 4= 0 0* S, =S, 4= 0 0 S —5:;‘
0o 0 S -S , S 0 0 0o 0 8 S
0o 0 S, S 0o 0 S, S s, S 0 0

and wherein S,, S,, S, and S, represent pieces of data, and

S, 8",,8", and S”, represent complex conjugates of the respective pieces of data.
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20 at |east three STF codes that sequentially
circulate through sets of at |east one frequency bin

WO poobk0e87iT equency donmai n. 48. A term nal accorBPCTIB20e/003217
G aim47, wherein the second neans is adapted to code
the pieces of data based upon the follow ng three STF
codes Al 4902 A feromahl AScording tSZlaim@7Sywhersin (he@e®@nd ng2ns is

S, 00
’sa aéEP‘fsg t@c@eéheomgz%ﬁ%gtad%é@ﬁo ugon e TG 6 SAF g 1, 52
and yyngg S2, S3 and S$S4 represent pieces of
dat a,” and S* 1& S*2, S*3 and S*4 represent conpl ex
38816;18 tes -cﬂ”c_l_me—isé p;ect $e phecgs of; [datals -37 WO g7
17 P I B 5/ 00 17 49 A*rmn
accodet%é t8 Clslél %@ ) Bhaer § thé se% e, a:’fainssi‘s‘g7 SS* ,
adapt e ov%dé’ﬁh% i ece of dat% bdsed upoh the S5 —S:
fol | ow slg§ STF sbdes Blk, B2s; S.B3S; B4, B5s,ansf BS; S,
S1 -S2 si -s2'ss -57 s1 -S2 S5 -S; 2 S, S6
-SS B S,_SSGSSS S4 7 S S SS* 8" 25839
S & ﬁ §4é3% . gztéssgs .
s? sdisa 65
Tt Al s5 %7 -% 54 s 4SgS§6S535 57 8 s S% S§5
= $Z S P -$8|, BS| 5 S4 53 SSg5p B6 |3, SF'- S, Sis;
SS S3 -S4 S7 S5 S2S1 S6--SS'S, 5, S6 -SS and )
whergidRyietein 3, $35,, 32 8555’ ,ﬁﬁmdSZ répresebipicesr cff$1&lrat and
pi eces of dat a, *and *" 3, S*4, S* 5, $*6, S*7
and §" 8¢ epr ey’ q‘prrni’*eén@g (fl %ﬁé’deﬁﬁcd?ﬁpl&ileonjugates of the
respecti ve p| etes’’of “daf a. A termnal for
Spac@sgectite picegwedas. decodi ng pi eces of data, the
term nal conprising: a first nmeans for receiving a
streamof a plurality of pieces of data in a

Ul ti-antgnna £ kGRS $5 YRcSHReGHBquelty decoding pieces of data, the

terminal comprising:

a first means for receiving a stream of a plurality of pieces of data in a
multi-antenna transmission system; and
a second means for decoding the pieces of data across space, time and
15  frequency dimensions based upon a plurality of space-time-frequency (STF) codes,
the pieces of data being decoded such that at least one STF code in the frequency

dimension differs from at least one other STF code in the frequency dimension.

51. A terminal according to Claim 50, wherein the second means is
20  adapted to decode the pieces of data based upon a plurality of STF codes that each
comprise a matrix including a plurality of columns and a plurality of rows, the
rows extending across the time and frequency dimensions and the columns
extending across the space dimension, and
wherein at least one STF code differs from at least one other STF code by

25  the exchange of at least two rows of the other STF code.
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a second neans for decoding the pieces of data across
space, tinme and 15 frequency di nensi ons based upon a
w@bwsaks7ty of space-tine-frequency (STF) codespCT/iBre05/003217

pi eces of data being decoded such that at |east one

STF code in the frequency dinension differs from at . )

| east oné2.0t hartewmiRakasgerding todaint &Qyvarasin dherfEeaiiensy dimension

51. . A termpal...accqordin [ j .
cec b e ARBR P SE Ll bt (S BBty is adapted to
dat gedis @t pieRs of dasuet huytheplukdlity 06 8EE cobatseqaettially
conprise a matrix including a pluralit f _col ums, and

L1y
a pruewlhtes ireyehsetaent of rast one HeIESHCE Ry Wgtﬁ%\ér%é?émi/ Hemain.
§i me and frequency di nensions and the col ums
extendi ng across the space dinension, and wherein at
| east ong3.STFActedrindl ddcerdind todiniat 52,eelsdreioties setomt mEHHS is

code by 25 the exchange of at_ | east t r of th
ot hasanirHio detrie (hpiongs Sty GuberTRChERR) ESUOL T4 least

52. sl BF ik ?c%ée&%%regsi cﬁ%t %jertgn@ Iy MAEEREMsTaBRss the time

frequency d nsion I ncludes a plurality of frequency
bi ndomaincht eaesieativd sets efbad hedstieafeequencydEpt ed t o
decode the pieces of data such that the plurality of
I&TE codes sequentially «circulates through sets of at

| east onegyfr equenfhaPhdtolding OECIhHE SIS ¢ el MBfiRt madsdis
A term nal according to Caim52, wherein the second
neardapitel toacaptestraandetoplaralibeoiniess of dota dmg HOur gnianas
such that .t he ETF cqode for at |least sone of the

r es FARTIHUOL RSyt | east one frequency bin extends

across t R@etcinhe sd6dTRI Meds i$ sMRplea 3P dedade eheseces of data based
| east one frequency bin. 10 54. A termn nal accordicgg
at least one

1§ 0 Gpen ahlemt thipred EF godesdhetispanentiglhiarqudate faonshegts;
receive a stre ity of pieces of data in a
fou egﬁ?ngﬁﬁglmt%ﬂéa%ﬂﬁ%@&gé&é@'stem and wherein the
second neans is adapted to decode the pieces of data

based 15 upon at |east three STF coges t hat .
sequenti @bl y ¢} fesmingd accordingigrClain 34 oyherpn theysacopd means is
fre leBod SEURIEY EISB%HB Sowifls HRESEMRIcodes 4,
acc%?%?%totkagg%ﬁwaﬁh%?%fg erel ne(? e segond Wr%@%ns IS codes A
2adaph,eddi4e decode t he pi eces of data based upon the

foll owng three STF codes Al , S200A2 angd A3:

S =S, 0 0 S, =S, 0 S, =S, 0 0
4= S, S 0 o* 4= 0 o* S, =S, 4= 0o 0 S -Ls:;‘
0 0 S =S, S, S 0 0 0o 0 S, S
0 0 S, S o 0 S, S s, S 0 0

and wherein S,, S,, S, and S, represent pieces of data, and

s*,,S",,8", and §", represent complex conjugates of the respective pieces of data.

25 56. A terminal according to Claim 54, wherein the second means is
adapted to decode the pieces of data based upon the following ij STF codes By, B,
s B3> B4> BS and B6:
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S, -(S200S -S200S, -Sa00 S2S, 00_0O0 S3
-S4 00S3-S4 Al _00S3-4S2s, 0CO+" A3=00

W@2006848707 0 S4 S3 0 0 S4 S3 S2 SI 0 0 and wheP€i/mB2815/003217

S2, S3 and S4 represent pieces of data, and S* 19 S*

25 S*3 and S*4 represent conplex conjugates of the
respectisye—gf eg’gs-@j dat S 2—58 563 ASI; rm 3l -s; s, _5;7
accor di @g to Cl ai meb4, gse ansS+ SS ¢
adaps ed"t o decoéle fszh B cés off dta’p d: upon ”the 5* >
fol | owilfg six STF %o es 1. BY B35 “&4 B5 |dnd B6: S

WO 2006/5048317 g CT$I 2005/@032&];7 S* 51 * 85, - SS8 S‘
-S7'S, -8z S5 - -Sz S6 -S; 82 S S6 -S8 S2 S* S6
- S8 S3[34 SE; Sg, B,S S* _§* S -Ssslﬁ 4.3 ]

S7 S5 S8’ S sse 3 - 37534*
sssg_éésg-gss} Y Se" gl

, B 3SZ ‘SSIS »B; 485 .S;
S3 S8 965, S35 SF, S7SES B -| 4 3 S8 g@ e SS7S*S
' BS S|§,S8s6 $6 655

-SAST §5 2 168 48 S3-8 ST,

L

S5 S2 $°°S6 “S8'SZ°S, S6 -8 'and wherein S, S21 S31 -
S41 99 %Vh%ﬁﬁ-n %‘7, 8’3}[193, e&J gsand Spreasntqliecdabl datanshd
St S* 2 S35, 417 & %, "s* 6. S*7 and S*8

repr?‘sgnt Sm'lip QSX Nisugades”, edprésest compl@s@aidats of the
pi ece§ of dita’ -%0

5  respective pleces of data.
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