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The present invention relates generally to data
conmuni cation, and nore specifically to pilot and
data transm ssion schenmes for lnmulti-antenna
comuni cation systens utilizing nulti- carrier
nmodul ation. 1. Background [0002] A multi-antenna
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may be used to mcreasN@ﬁ)@mL@my transmtt| ng
i ndependent data streanms fromthese antennas. The T
transmt antennas may al so be used to inprove
reliability by transm ttBAQIEGROMINE data stream
redundantly fromthese antennas. [0003] In a

L. nuiBi¢ldant enna cormunl cation system it may be

h
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pilochahdgh t@aEhiELE sbRdmes!Tor ARG asteh é’(ﬁhﬁhﬂicﬁﬁo@systems utilizing multi-
particul ar node to use for data transm ssion, to

Camﬁfg@é@sltlanrecel ved data transmission, and so on.

Channel estimation is typically perfor med by

transmtting pilot synbols that are known a priori by
II. t hBacké®undr. The receiver can then estimate the

channe gains as the ratio of the received pil ot

sy AhBIKi-aRERNa ¢RENTRYRGRT10D] sysfemsymiploysmultpdodl) temamifeintennas and one
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usednoi is@ressathapkput bymraamitous irslepentient dfalcheads fidia these antennas. The
wi rel ess channel recei ver electronics, and so
T traqspdtcantGryas magsisoberised i i earpye tsbiabidisy BY% sé@rsrwmg a smgle data stream
duRBSRE frdm i8S 1 a pilot signal and/or transmtting
e ut he Ié’iqilrot }gélggngtl%h@r a sufficient period of tine such
t hdnn aohati remkenas tconmtumscatibn ayﬂemt itandyabe desissed t6) vstirdty the channel

. can_be t ai ned the rec 0005 For a )
gein, FPhyeen Hie RSOy mianoeh S Hhegh Fee B enAr Tbg chamebgatimate may
be néd®A$GHEtEIMge bHRrR L IR W Ble fof Hﬁ@dltfaﬁﬁrﬁﬁ% Ytofﬂreégséll[a beceived data
T transmt antennas. This is because t ot “signa
trangnpiggiemi andedo fanomChaand] estitetion iactypicaBy |p¢rf@rrhed dyc grantsmitting pilot

sy I8 Bl S KTCIRE Pk B AP eeB s BrusH 5 CRD BT FRAPAE the channe

gainé BEthE riti PORHE tectiVe PIassyMRDILGRE tHeltnowdAifbt symbols.
transm ssion. In particular, if the same signal is

r e&lineneh cpijmates abieined dused empiel ransmissivn 2E0WOAY 3paired by both
nmsg g& H%’?CQ%C%Q%%%mse can come from various sources, such as the wireless channel,

bomsed

receiver electronics, and so on. Noise impairment can typically be addressed by properly
designing a pilot signal and/or transmitting the pilot signal for a sufficient period of time such
that channel estimates of a particular desired quality can be obtained by the receiver.

For a multi-antenna system, the interference can result from transmitting the pilot signal
simultaneously from all T transmit antennas. This is because the pilot signal transmitted from
each antenna acts as interference to the pilot signals transmitted from the other antennas.

The same interference phenomenon occurs when the T transmit antennas are used for

data transmission. In particular, if the same signal is redundantly transmitted from multiple
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2 antennas w thout addressing interference, then
signal cancellation may occur at the receiver
waelependi7ag on the channel conditions and the sperU$1004/005312

| ocati on of the receiver. Consequently, greater

t hroughput and/or reliability would not be achi eved by

the sinmultaneous transm ssion2of data fromnmultiple

antennas. [0007] There is therefore a need in the art

f i.§sl.on _sch n._€ vel [es .
o s I TARL R SRRl SARELPEEHAR Hy200hER e rcevr
dependivigiRYthe[ dMARE]] dBnbitlonaned ot Getifiaredciti®ni dnths ekwei®s. Consequently,

for nmulti-antenna comuni cati on systens utilizing o
greaify tarpughpu peg/onishiability wauldmot be achieed Mdhe snuliggeqys transmission of
dataFRRS A MBRBRG Ml tiplexing is used to avoid

interference resulting fromtransmtting nultiple

si ghetess giemfbteanmeapdsih yhe @0 formuantiniskien selmetnessrtha. calieffactively address
. ubband n11|.t [ Pl exi ng, M usabl e subbands provi ded by
INteRFRGE.IR IR CREY GPHPUBIC PRSI MSorDN) are initially

arranged to formnultiple groups of subbands, with

each group including a different subset of the usable

subbands. The subband gr o6p3eAR¥e forned in various

mapners s described bel ow. Each of the T transmt

antaRh gl Tad FRRMISEER St fE Bp I Rue sopirpgition systems uilizing
mulGLhRRA @RS 4o prefillat hée@NSTH &S agitcenUdbbatal maltplexing is used to

one subband group for data  transm ssion. The subband _
avoigrigigpisranse desuingofippy trapsaningsepbiplapigngle simpeltangausly from multiple

i ff . . . :

oefi s, S0 b 58 B e S4B 0L Bl LR i moaion
(e.gf rOFDMR e anitielty arangddhe Sarbbanmdisplaeogrest subbahdd, with each group

. .aptenng,_for pilot d data transm ssion. . Wth subband )
inclylipg 1HRIeRgSuBseY of theriepnble Wabandimy! hsesubbans grqups qnay be formed in

.S . | t : :
v S HIBReR s SP, AT GOT B ghioN i sisnd one o
possilgg mmire welshamd \grapsdob pil oisteahstissi ampanoivtgpipelly oneramtand group for data

ilat a da ransm ssj ons.. For exanple, for each _
tanfRpizfon e bR QRS (ot G iloh GHER RO diioh B b Spfee o diferent
fronP 8R! @BBshd BrobiP€ usdH RRNRAB¥nsBEssifR! BothirdN@lta SMENHERBE transmitted
all or as nuch of the total transmt power avail able

fronf eacht érdennanere theasubbandseapsiigoed ta thas ahissnafor Fbet gid| data transmission.
.t ransm,ssi,an, OCcur ki ver, . multiple s | .per.iods
with BT B BB B SRl % 80E Haa Ty bR W tIRA sifiElES ety from an T
anteR@asfAIdliiisable ubbagdb hamduiRRnsHE altéfdted®el OWs nore
subbands to be used by each antenna, and inproved )
ch&librs) techrigpemmimeay @isp be &ise atondapigye| perérmance for pilot and data

0i:dj g i . iLou .
oo YR POE DS el BOATLL YKL By#085HR PR £y s s
assigletiao thelzmtedna ndf b2G0dleA RighdOsueb ThAUaR @044 HIOB P theFotal transmit power

PR{ EF DESCRI PTI ON OF THE DRAW NGS i . )
available for that antenna is used for transmission. For pilot transmission occurring over

multiple symbol periods, the subbands assigned to the T transmit antennas may be permutated.
Subband permutation allows more subbands to be used by each antenna, and improved channel
estimates may be obtained while still avoiding interference.

Various aspects and embodiments of the invention are described in further detail below.
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[0011] The features, nature, and advantages of the

present invention will becone nore apparent fromthe
waledoaiormao descri ption set forth bel ow when t akReT/U82004/005312

conjunction with the drawings in which |ike reference

characters identify correspondi ngly throughout and

wherein: [0012] FIG 1A shows3an OFDM subband

structure; [0013] FIG 1B shows a subband structure

t hat support vhh ' Lng. 2A

shows an exe%ﬁg*‘y%(gﬂ%tﬁgﬁﬁgﬁmg)mlﬁﬁn T

antide fesurds, nagirs, b aldantAaHs of BheSpebRat invBftial witl 8acosB more apparent
shows an exenplary pilot transm ssion from T antennas

frony Shendptaitpstdaseriptiam sef Sk balgwanwhien tkba el cpibngiioat woh the drawings in

. 6 | ar: snm,ssion .
TP e SRR SRl B oL B bt A S e

t r &SN A shibwessOFPM oAl sfrhdture3B shows an exenpl ary

da%? tignsm' ssiﬂﬁ)n fromT antennas usi ng subband .

muFPpi B RovE asitbband sterciie that surnoats saphand gaultplexing;

tr ' VRS LY. .

a0 PN E ety Hloyna i aRALeaR BB Ysing subband
muldpibbiagd nul ti pl exing; [0019] FIG 4 shows a flow

di amof a process for transmtting pilot_and/or )

dat JouSn GRS RETRIFD: BIIEY FHBSMETEROFOR) B AHeig sing subband
mul@plekiag knd b@asdp&mdatignansm tter unit and two receiver

units; [0021] FIG 6 shows a bl ock diagramof a

t r AHGmi3A (lrxys Apaekenplprb sletss ensmhisgion gt nEnagenrnas using subband

- 1] m.t.diversity (STTD) schene; [0022]

mul %&ﬁgkﬁ@ﬁrgﬁnﬁg&g}%&t >diagram of a TX spati al

pr GIGsS® shtvaé anmpkenpiatys data\\hsdinisSSd Bras e M&ited 0 2&ing  subband

FI.G. 7B shows a bl ock di.agram of a Wal sh- STTD encoder;
multiplgxing gpd diffepgnanignagpAiEngs Jor arswif diyesiyof an OFDM

T RN (o e g——

subhuse doleplexingt 0 nean "serving as an exanple, instance,
or jllustratign." An enbodi nent or. design described )
heFlin 420, HoPa fPEram Gloh Dreess foir IRy Migngepiiot andor data using

subaRd slitnekias, preferred or advantageous over ot her
enbodi nent s”or designs. [0026] The pilot and data

t r FHSnd swivern Wotiediegradesica irbstitterumitranddyo beceivee dnitor
vakti Qu [ti- .antenna co ni cat.i systens and wth
vaFIGuE sHoWs oGk gt ALP drmgmity &N PRl Progegtor that implements a

space-time transmit diversity (STTD) scheme;

FIG. 7A shows a block diagram of a TX spatial processor that implements a Walsh-
STTD scheme;

FIG. 7B shows a block diagram of a Walsh-STTD encoder; and

FIG. 8 shows a block diagram of an OFDM modulator.



[0025}

[0026]

[0027]

[0028]

[0029]

clarity, these transm ssion schenes are specifically

described for a nulti-antenna systemthat utilizes
wordhogosal frequency division nultiplexing (QFOMIS2004/005312

[0027] FIG 1A shows an OFDM subband structure 100

that may be used for a multi-antenna comrunication

system The system has an ovegal | system bandw dt h of

WMz, which is partitioned into N orthogonal

subbands usi ng OFDM__In a t]i ical OFDM system only M
of the Ntotal subBElasld: BHQNi ot and data

tr l'q,&ﬁl %Qem ’eISMlS?leer& etorxg@?d néeﬁl&n I\AS anwlaxam%e instance, or

subbands are n used ot/data tranSm ssion

illusgetiore” asn @uhmdimsnltbchai&sign tlescmibled\hleretrhﬁ ‘eysmphry’ds meetecessarily to be
SIEI lgtral mask r | rements. él M usabl e sg})bands

coniyeq gy Rrelgmsan @dY ta&eﬂ%%‘@ﬁ €} ePPOLIMSRF LN an
' nt.[?lg 1ot ¥R G frdhsBRdsRAt &Heﬁé@@es&ﬁ@éd Keh&in Masihlsed for various multi-
subbands are centered in the mddle of the operating

antefyaan domﬁr@mm}mf@yst@@md twigh datieusomufi-cariet mdsllation techniques. For

clari% r gsg] t%%xggqésg{]qlea %ﬁsgﬁ% Sg’ﬁ(:li’ﬁ%@b agﬁcnllig LSt %rﬁlou ti- an{e%ﬁla system that
uuh@e'a\,rdrmgblgdl g&?@éﬂcﬁﬁi\@ﬂoﬁﬁiﬁﬁﬁﬁw{lﬂg sOBDA). val ue of zero
e

IS provi or each of th M unused subbands. For
Go Bvhoyiao) OE@M gﬂj}bami st@}qm@ 0 thatgmay ke used for a multi-antenna
con S NP Y o I AR e, v

partitiovéd o Naﬁ'thogomm Bﬁfbahdaalmﬁg)OMFlﬁil' 3 tytpicad DEFRIM sgstem, only M of the
"transfornmed” synbol that conprises N tine-domin

N t%talnﬁrbé@n STeCuRAOr ipHob @néﬂ%rransww eVBseeM £ &]) The remaining
gzupéé a;r @& ¥o 10‘?@5&‘@@%&% ﬂ% and s?Rfetds%ﬂaﬁf subbands to allow

eac trans repeate orm
the systemes@mﬂt m[gacﬁlDMhﬁyrdqoirememgr |"E1md1\/bﬁsablle+snmbsraimphelsde subbands F

ere Cis the _nunber of sa ei n eagted. The
thmv%b it Mo hovharoH 1§ a0 iteseh tm%? sty et GhE %ﬁﬁ&saﬁe subbands are

tBleffih % E'&Fe@:{:% m}%l § then transmtted over the
Cen\?\ﬁrere esesnnchanne I%X exenpl ary design, the system
bakdnwOHIM| the ata 02®11M—|D bd tanstitted omeavhewsalgé ssbhabé mdrst modulated
usabl.e .subb

d
(- RAPRAEO T LR SPOBR REine AT HEdPSHBoM (GETps, & Signal value of

zeroSi8 provilled FIrids Yl NRevs afudeA subbaRak Y Fof eSNMOPDM symbol period, N
period) corresponds to the duration of one OFDM

symbglsbelg., [M)omgﬂulﬂtmm@ymuolabm Nstdbaaetbsinor i the eXi total i spbbands are

terference result from .
wanifp e Beni AT S5 TR P it ERUBTSFySf¥BR{TEFD (© obtsin 2
“trafiBfbriniddl €5y B AAS coMbiifess MO iR dMEXiR0QMEIds! 7300 combat inter-symbol
PCT/ US2004/ 005312 5 nul tipl exing, pilot and/or data

interfprenger (eIﬁB iwResed @y Sraquencarielagve fadingmaieeion of faeih Harsfemed symbol is

o830 o RN VR BB NPEE Spmpis v o e

num@hhobid@% fipsatpd.| The atédb@rﬁdrﬁﬁﬁﬁﬂeﬁ&b@ﬁe@@@%ﬁychc prefix.
may be efl ned w t h subband nul ti pl exi ng.
The (M

of
szl iy hen snyeideroyening vedessicbarnehe %wl exemplary design, the
system bandwidth is W =20 MHz, the total number of subbands is N =256, the number of

usable subbands is M = 224, and the duration of each transformed symbol is 12.8 pysec. An
OFDM symbol period (or simply, a symbol period) cosresponds to the duration of one OFDM
symbol.

As noted above, subband multiplexing is used to avoid interference resulting from

transmitting multiple signals simultaneously from multiple antennas. With subband
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[0030] FIG iF shows a subband structure 150 that
supports subband nultiplexing. In this enbodinent,

w0 b@4Wr1Is@bl e subbands are initially divided i PEDUSR004/005312
disjoint sets, with each set including T consecutive
subbands, where T S CM The T subbands in each set
are then assigned to T groupgs such that the i-th
subband in each set is assigned to the i-th group.

Wth this subband assignment. schene, .the S sybbands
mulilexhug, T AP R bR B FRBUISbL e Bed SAapEas pm sroups of
subbMERRh& 8¢ bligRAR, (Fhde EANSRCHdeY@ibeH MRRAAS Ol tRatl AR Bf@P is avoided.

are spaced apart by T subbands. The T groups of

Numeigp 2@s andydatre tragssiispiend s¢henich emay be adesimed veith ewbhasd multiplexing.
| ].of transm ssio 1] In general, the M
Som%ggttl}géee tga[}%%lggﬁg)sn Sﬁ{&%m%searééﬁéﬁcgﬁeé%gggwt he T groups in
v aFI©USB rshowe raSsubbait] stiiingre | S0Whbh kuippolie sabpa @bltphging. In this

invention, The T ggoups may i ncl ude the sane or )
embefimerly &t M wiphie subhands grspiiiadly diyidedviaro St digionlisBinadth each set
o £ or g .
inclofhe R onficRie KB, SMhgr8 LY St of MAREEL Xp gach set are then
assighed|td T egreuyis sush thaathet Ah stbbaudhibasach getdn pssigied tdithd Hthngroup. With
. fromone another so that jnterference is avoi ded, For,
this sSpREfid E5Figmep e hepe ol SHEbaalés & P SRR ETpHistbuted across
the M @&db1O§ubaRdsT a8 BARBGAE QWRSinhP & HESS0D ﬁ’é%gﬁfé@%paﬁ B T subbands.
subbands in each group are uniformy di'stributed and
The dr egreypscefl supbands bpafl ubkagnts (@ghs Hbwmansimit Eh@masBYfqr pilot/data
S =M [0032] FIG 2A shows an exenpl ary

and. T
- WaSPYSSEYY dat a transnission fromthe T antennas using
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[0032]

[0033]

S URbasAeral,thé M BBl iBbarkeRGRayobe &é@ﬁ%@d 6 HRMN @foup§ in various manners,
assigned a respective group of subbands. |In Fl 2A, .
and tBisyp avithig theussone ok thesavegpied. tiheahgenpa may wolyde sl same or different

24P B0kl RSl SELG0R: 3, A 5P, bty o non

unifostabb aixkilg el psros® Yhdo ¢ figabre hudbandde sThe gy abpiiRnfeat is that the T
FIG 1B. Each group includes S subbands that are shown _
subbggid grupssHe disipintyisaia one apethey; soghatdntesierenamismveidedn Fpy ymplicity, the

.en | d ' t
follo?ﬂ%d&%ﬁ%gﬁ%}g .a&‘[ﬁgj,%géiiﬁzcsagg h(%f mt}}l@?]%%éﬁ%%ﬁ 2%0@1?3? i&ﬂf&gs 0 subbands, the
subbgids ot £atdht grous atenaminformlyt digiributedard ale spateiapartdy Debbbands (as shown
. éh? su bjg ds}\;gssi gned to the antenna, then there wll
in Flje IR, apd il ®fence anong the transnissions fromthe T

ANFRPIS shoW ah éﬁg@?&?@ﬁ&/&a@@g&r&%?ﬁ&%%@e{g@ “I‘Jﬁ%%kf‘ﬁsing subband

to one another, a ea subband 1's use y at nos
multiptesingnt Bavheofftbe Ttantamsas ssissignedTh tespedtiveaardwy ehabbasis. In FIG. 2A,

subbGEEPER A5 GRIEPR IO NERE b SHRRE G fe5 SEEG fo paignna 2, and so on,
and MAﬂéﬁéﬁ)Ql?/ PO 3kZonel 16 QRRdha TN FhéXPT GAbbIr §b8SSmay be formed as

communi cation system each antenna may be associ at ed
descrfpedrabgve demFIG.t IBanEath grevpanclodesrd subbangkitht ares shaven by the shaded

boxega)f‘hg%ﬂqottléa?y Isr:%stmi SO fro}nhee}atch qgt)éngae ogcsl’l?sd 01]; 81r11yttﬁg subbands assigned to

that antenna.

As shown in FIG. 2A, if pilot/data is transmitted from each antenna on only the
subbands assigned to the antenna, then there will be no interference among the transmissions
from the T antennas. This is because the subbands are orthogonal to one another, and each
subband is used by at most one antenna for transmission. Thus, interference is avoided even

though T transmissions are sent simultaneously from the T antennas.
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pilot/data transm ssion fromthat antenna. This P, 10d,
may be dictated by the peak output of a power

wa@opkiofizer for the antenna, by regul at ory conspPeBURS1004/005312
and/ or by sone other requirenents. |nproved
performance may be achi eved by using all or as nuch of
the total transmt power as pgossible for the
pilot/data transm ssion from each antenna. In

PaTh b ol iR CaRPuthiczuSh mishan Sact RRtomga by BE B3ciiled with a total
tranSthitRldviel Lo AL hewh I AN Mt mPONR kQhsBRGIH WA dhhe: e used for the
i B
sub t e y

ands assf'gned to each antenna nmay I ncrease

iloAddta elafdmiRfiod k2 ! npal Loy A r ;
P ecei ved sf8n§F¥§o-n§%§§h%sEE§ t8 bey;cﬁ?g%gg}pbgFéggﬁOHWMtOfa
powef afnpBfier fod lﬂl&bﬁlﬁtgﬁl@fbg%ﬁﬂat@ﬂl Raaint, (AdRI Hysond bthst requirements.
pilot transm ssion scheme, pilot is transmfted '
Impyived Pedpraense ynast snidhirved by asingritlaer assine) efithbdpig! transmit power as
. ' ' T / r f . 1 ha
pos{FlL e B0 B BHREN ol QR S b BLPEHLTHE DR Bty  of the »
usatild euisxtinare expaetiad «behaytenps eateref S HTE/ Ty $érefimplibgy, the transmit
del ay spread for. a given receiver is the difference
powgkiausarh phihechpyhhaads assiEnpdieeachAtampa fepyshyingreased by a factor of T.

i i3 f i i t.
o SOURTREP Pl B EPOERYES 15000 RGBS AL R Bt cach of e
subtiangs efkgeb he@nmor st - case del ay spread for all receivers

in_the_system which may be dispersed throughqut th
cotbriafEt i tERSpHsioBy CheRe MPlGRT ST, SBiiigapously from the T
anteglgs’ usti¥Esubbiid muldpidhih ThoMdaRe gllgﬁgg ﬁlre fohad §R§ that the number of

el ay spread of the system(i.e., where the
subleinin eypoh @aelip ik grentayi thamthe maximbs expectetipéley pereaddf the system. The

The n er .of subbands.in.each qgrou then b .. .
dola] BB B %% PTRRET Bt RirfiRtbe BeitRn TRY eqrlEh gl dpesg puriving signal
instfRBPheHe fr€deiieh SoLY 6ighsl RaRiited by £ transnitter.CThe dk&g%giead (L) of the

The derivation of channel estimates for all M usabl e

systefn i Arrdexpsaise oV ant-grse slelaytspenad fps el aereoiersnins thgswstenr which may be

Pl RN £ e
prefxrshiotildast ohFanng thEskiayapicad of tie sGEEMN (1.£0@H NI C@lhdre the delay spread

. Systens," filed January 10, 2003, and provisional U.S.
L ispgivethin apigy pkaampls pegef). aithagumgey 2b yuldapds #heaqh gigup may then be

" [ ; i i j .
selegtEP A EeleB M E 5L b PP Bhrret BB e SHHE) i3 i 52 ),
as gihgnéstivtation hef ahamgiheestinfatdshéor pil eSenisabipphubbahdoased on pilot
tranSiRigHG0 68 AP IAARE M HBATS A AE sl S i U5 it Application
N t i
Seri l; Rgan ﬁAfthneg?QiPc%%t X6. T)%O’?ﬁ],e %ﬁﬁe(ﬁm‘ym%nbr ?s?i%gaﬁ% for OFDM

a factor or each antenna, this wou
ConmagnitdtionnSyseeang, dtfded Jemerygy0p200Feanpli pwivisiormh iiSs Paent Application

s S e ARl e T i or wrts

Contth@i€dtich" Siethd,” FA¥E INRRmber Abangoyopdd RbisA¥Y 16 NBe assignee of the
receiver to obtain higher quality channel éstinates.

presm appliptioR 273 acp@Rrusd bewiOgsRiencs.

For improved performance, the transmit power per assigned subband for each of the T

antennas may be increased by a factor of T. For each antenna, this would then result in the total
energy of the pilot transmission on the S assigned subbands to be the same as if all M usable
subbands are used for pilot transmission. The higher transmit power per subband would allow

the receiver to obtain higher quality channel estimates.
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[0038] If the nunber of subbands assigned to each
antenna is equal to or greater than the delay spread
w@bootlor773ystem (i.e., S > L), then the channePCTaBIv84/005312
for all Musabl e subbands for the antenna nmay be
estimated based on the pilot transm ssion on just the
S subbands assigned to the antenna. Mreover, if the
transmt power for each of the S subbands aSSI gned to
ased, by factor. of T

qudl THEPUGR W OhAMAROEBE IRAEh SGBTE i BHesH Epier than the delay

spreRil lo@lthe Eﬁs"t’éﬁ 'H SSison 9NyRA| t}{e §h§1h'1|3p ?B?@ fOMl (Mtiﬁable subbands for the
approxi mately the sane as that of the channel

antcgsa imapbe @stobmad hegtdivashel pdet tpinkmissionangnstsks 8sultrands hssigned to the

o B SR 3 M B R, AP oL SR o cach amconais
incrédyed By, a tROIIACE ek tmpqhﬂng%f tigdLiinhel @siiaiat Sothiied based on pilot
channel gains for all Musable subbands based on pil ot
trangIpigpSR Ogis Pl %ﬁubbﬂnyls wowd hretpporximaise thabiran dts_t it f the channel
estiljpht%é éﬁtnal‘sﬁsd ggsedo% e?re(ﬂ t%?xlrﬂsglgp lok%ﬂg\%%usllﬂg Ssill%ﬁa%%i B hq}leta same amount

of tlﬁhi;rﬁit poseiTUThanie Obis aintdi@ingbhaisame Iﬂ@tﬂln@ﬂot%létgyat}fesreeélver would be
onpar abl e qual ity, a conventijonal schene that
ablettp SPERItE & epthagyel (glarm§|fpr all Nsuasbls sablbawds ased on p1lot transmission on only
a sublefTbt 1RRRaNBhNS iMidklo Eom*s%l@m uld require a
transm ssion uratlont IS approximately T tinmes
| oriter fnrd’(arpﬂbhatarrseqssnmeolschglme helldws sdll pI'l antennas to transrmt pilot

._tran S ne. _For.
simy R 2 € OHEEUTa e cSbPaen OEHAHAFoIe Butfed Sunvgpiopal scheme that
tranfBfts bRot GH alfNahisiBle YabBHEAS iaﬁmﬁ@ﬂy&my 20l alP ENEBnat RRAILA require a
channel estimates of conparable quality may be
tran@msapn durabias duptam appropitaelyGFomes yortget Sranrthafsteieirestiby the first pilot

A TR 0 SO TS IR NE R —

estiBAERIof {0 pRkicBILL Juslity! MR HRE co¥ehlibndb Bhinte, ARH &h%)mel estimates of
power scaling is uséd such that the total transm't

comparakle quadity amrye bé arbtaneth bamdewnszl pﬂtus@HDMrsypmom transmitted on T

transm ssion on,t assi g subband
amtel > Th s S e £ B HEChnp Y RaREToA SATGRE! Hambgr of subbands,
whidPR! dq@alt ot gpedtérathan Nes cyolictpRéme nBDIZKESwdNscalZdiklidkkd such that the

Thus, the first pilot transm ssion schene can reduce
totalpiransmit poveTHYaHallg far paghy gttens igysedofor pilphiigRsthissipp@n the assigned

e 0Q4 0
subl{lﬂg% S’i“mhegé : ng%ras@ﬁ?]ﬂe%t‘m %f&%ﬁl%ﬂ%? g{et a&aﬁlsnr%h{’?%gsﬁ.%. ﬁgtegf JXB{)hcatlon Serial
No. §A tiohieyribocket Nof 020718)e Thus,ahd firo pHotusdnigisidnd@heme can reduce pilot
nu!%ciji pl exi ng _and subband pernutation. The pil ot my
overfgatby fagtor Of PR e i Whish s hernumpet pliranseHmmtepahol

Pen r:

o Sl Ao bl 5286, 10y PATHES yfousty trom e
antehnaseuding obttand rau]ltltpmmgabhd/ sainhand gleememtiomat’Ehe pilott fwey need to be
tranﬁc;rﬂlztg %{gﬁxﬂal Ttggg? C lgljss?yﬁzg@) wgrio ih% ggfll)b o O\éggqrrs ! éxrz«]imple if the

I
Pl 8, 048 A 4 AN e e cia
of ther almm?lsgalmsn ﬁm dmtcta@, ‘ﬁdslmoaairua@rummagzt s lblpea ploknnel estlmates may be
mul.ti pl exi.n d .subband ti For S. ..
obtaiEy TR EVRE e S o SO Lot erigya ot Blg Tppsson
SYmgl 2BesioReSan Eﬁ&ﬁpﬁfy bhet FaRfli@agoSRSS MR9Had Weing subband

groups of subbands (e
multiplexing and subband permutatlon For this example, the pilot transmission occurs over

two OFDM symbol periods. Each of the T antennas is assigned two groups of subbands (e.g.,



[0042]

[0043]

[0044]

[0045]

WO 2004/ 077730 PCT/ US2004/005312 8 groups i and T/ 2

+ 1 are assigned to the i-th antenna), with each group
w@omsarBmg t he subbands shown by the shaded POR®ES2004/005312

The two groups assigned to each antenna may be

sel ected such that the subbands in these groups are

spaced apart by T/ 2 subbands. gvbreover, the groups are

assigned to the T antennas such that, for each O:DM

nbol period, disjoint groups are used by th
grouph ¢ ah A< i arﬁ.aﬁ%gnqdrta iahi-Bsintennan wjiheach Wt@%& fhe subbands

shomﬁ % s‘ﬁﬁ&é G5 UPhd M d ERLEs as@%&x@@f@&canré@nm} ﬁl%? be %fiected such that

gro e assignedto antenhnas 1
the mhbandsemethem glonp@ areVpabetl uset biiB/ S usbbzends.gidupoier, the groups are

assi a fg&g ghe n,} 3 ennps /su eLrhl:a,t:? ?%fre@c}é%W .BIG %qzﬂzo ﬂé}%?nt{ag?oups are used by
u
the T’ Qgﬁﬁgg g&g%m tfa s O%d;‘g?gﬁ% %ﬁr@oggasgng@g%gtrygo@%ﬁg&ea to multiple

anteasas @gedmbmmd@nmgnh may bel?asmgmddetofamesnaﬁm dyabdl), but these antennas

riq r. lisu for, antenna 1,
WO”E%B??&HH S{j&&‘fa "]%s‘ Feroy Bﬂ?ﬂg 2, and so on, and
subband. 98 QuBband SobSeH aA@ T /2N B AR edrt@ranﬁé?l%aSGQWnd groups 2
OFDM symbol peri od, subband group T/ +1 is used fo
and givt%eh aire assignbib mwahtewmnﬁ/sozom ard pubbesdgrobprT and & aaare assigned

to sifspBinta Fo isoi3] CHIBERARRLIPBiatnsotPapd SRR 4l for antemma 1,

subbHAHSRGRS? Mysell TeNafienRsy, | A tse thnh as® ut®an®@ictd¥p T is used for antenna T.
transm ssions received in tw groups of subbands. Wth

For ghepseapier GEDM tsmbehperiase selhaarl iontbdr 2 +of issisee derdantenna 1, subband
grou anng%r ? c?lfa? xitglqﬁaaz,lbazld%g als’tndg ?%P%l’lrd §P?§W2 L o&/ 1%9 antenna T.

Suﬂbﬁr@ﬁnmci‘g&ii&efoﬁfea&WQf |l geﬁntéﬂimbﬁﬁayofheﬁbﬁﬂoaéﬁﬁﬁatwﬁﬁfsed on pilot
for pilot transm ssion. [0044] For sinplicity,

trangtpissiRBSESCEitieb N naIPERSP s din IV s pyhbrad p@rﬁl%ronawe total number
t
of S@Bﬁﬁ% ?)%off)p %Aec?ll ag%én%gﬁgbgzggga(# &a% a%ﬁq}i'{pf'?\%\ﬁ%rhaﬁﬂ@ estimates may be
obtditedinfoniali sMousablasubbanids m&mseC@fCﬂiDMIgmmhbqﬁ'emf i suthbands used for pilot
where Q may be any integer one or greater. Each
tran%m’tsé‘ﬁﬁa may then be assigned Q subband groups, with
Hr iRy Neia! BRARNSS! ﬁ%’ﬁ‘ﬁt \H%H'fgr |
th enrb(;n’dgsg?gned%?q%c??]aslﬁ P tg’lﬁ%‘gﬁ%ﬁm ] o exempiaty
plloequsrlnyssms péee dcaygar ovdyy two / OE'J)MJ Iyl . pekibdQ) >In general the pilot

hen for each ant subhbands i n ea of
tranigioh Y SeEul SV 8 Marabd) el PG o Hiafa T iy, be e integer one or
grea@érh effack) alendlh QWRSthed B8 dsﬁgﬁéd chuwaﬁﬂa roup€ vike Badhh@bup including S
each Q consecutive subbands assigned to a given

sublzantlen Hactaarderimach aidé dhannbe #rsiged griotabel &sQi gbdandsghattimay be equally
ant enna. The %subband roups assigned to each. antenna

spacglapeis By §/6Q sebbaponi<Q ot the Jé.f?rcf‘ag ARERI, gleoﬁubb*@}démeach of the Q

o580 PG S B AR LR SR i may

be %?W‘gﬂ%%gﬁg@sééﬁs&uﬁ% Thubbads Assibd"Q o glkflafictha o HURRIed in the Q

groups assigned to the antenna. The Q subband groups assigned to each antenna are used for Q

OFDM symbol periods, with a different one of the Q groups being used for each symbol period.
For each symbol period, the T antennas would simultaneously transmit pilot using T disjoint
groups of subbands.

The transmission schemes shown in FIGS. 2A and 2B may be used for data transmission

as well as for pilot transmission. However, for data transmission, it is often desirable to



[0046]

[0047]

[0048]

[0049]

[ 0045] The transm ssion schenmes shown in FIGS. 2A and

2B may be used for data transm ssion as well as for
w@Rdoa7t78B@Nsm ssi on. However, for data transni BET/0R2004/005312

is often desirable to WD 2004/ 077730 PCT/ US2004/ 005312

9 transmt data fromnultiple antennas (instead of a

single antenna) for each of tle M usable subbands.

The use of multiple antennas for each subband provides

transmt diversity i ncrease the diversit

trangipi efatap fropm Budiingh émeH@%Se@w@ﬁ oft & S artenAfor cach of the M usable

subbdn@8S Aink Ak rr%ﬂlﬁgle%%nnhw& OMEh s%ﬁa%abé/rb{uﬁe@ﬁ?nsrmt diversity, which
robustness o transm ssi on, resulting I'n

mayainteaes the rdi ersityadreer afntis aigngl dataionr@shd teBiger. t Orapadilt diversity can

46] T ' h h
g AT TP G G B eGSR0 G & lover emor ate

an kgpé'a%}égﬂ%tggmeﬁatﬁ prlude a space-time transmt
IVersity (STTD) scheme and a Wal sh- STTD schene. For
t hd @mm divhmsity may txi zmgieefedi atith Mmaamwmﬂytsehqzm@c eSmaglexamples of

rovid [.eans t t ed
suct AR BB AT O Pe S P i BHILS by O Sehere nd a Walsh-
STTRV bhiraek. NEdt the ISTADEhemEOs sinB®: W¥h Sheard -BQ:ySlSé"'ﬁx'@SBess@d to provide two
singl e data stream nmay be processed to provid
symbQhvplagans thahmeayt hatrapspitisd fremniva tant@anafslr mmtwc)amtsa whagtennas with
subl%a%{ei rnZMI 1%?1 $M ﬁ&ttﬁ‘g %ﬁsh-wosﬁﬂglﬁggg i %121: st &‘g%ay be processed to

proviée §V ,syMbblShreaﬁmdtﬁ&t ms¢®eftfamsﬂiﬁteﬁhfr&iﬁm DitO6RS YONW sets of antennas
These évvo diversity schenes are described in detaijl

withyghband prduptexipg) theee BTiDMveen dipelength ofpn pphesgsal pade (e-g., Walsh
cod@fus @tf&n%?shaﬁ’g%“ﬁﬁﬁ'bn%eé”%}hgt : e@?é"tvfdr HR)Iei/sngtsrcﬂé}ﬁég &r%'d%gcnbed in detail

he sanme pair om each pair
beloamt ennas may result in signal cancellation at the

ro ed re iabjljty would then not be
Er B0 85! Ak’ i aSiipla DAES cRIL aheBkian 19 1apleorihen. simply

tranﬁﬂttné’g‘ﬁf‘e%ﬁ}% pa{uOQf‘l%]mﬂdT sttefrh§ $lonfad 15411‘5‘815 MSa8 May result in signal

schenme, datais transmtted sinultaneously from pai'rs
cancgtlatiemtae rthfage@s\reng bopriosed reliability| writkdgthe@higt be obtained by simply

won RS R SRR g EeMBes. For Chis data

tr ghsmifsidan eaRei®iod fheMeudatl e trandRR@dSinRl@neously from pairs of
initially arranged to form T/ 2 di sj oi nt_ groups of

anteRRAsHERE Subkiand nedeplexiagb| Ehis diahyaiseion @ph@nemm@seddor the STTD
sche : fe{n ﬁ\%lg{d&lﬁp WJJQ% -E/ lébr%% OURS: dﬁtgctb ssﬂ)% Ssc‘:ﬁglﬁ ,o{he M usable

er 0 nds Sub I'n eac

subtgndsl pravinitifity urrbdgedmoy foem M disfoifo grdups dﬁ I Silbbmhisl @dth each usable
across the M usabl e subbands. The M usabl e subbands )
subbagg DeHigsAstigned i Q¥ @E Braupe Ty B/2preupsmin inedndeoths same or different
r t hi e P 9f -
ronBE0E SRR, 1 SH D RSERPR S nd Mty g, -ty
distrétandd gorossphe M hsedbées subBasdsb BEtreds Ltslabﬂts sableanaln infayrthrhy/be ass1gned to the

T/2 %r%%l gllrJ té(%giglzslcj ggmtagrg,t( @ﬁ%%ﬁr%fu?t Iév\é H}an b%g%%eio? thelg einvention. In one

embodiment that is described below, each group includes 2S subbands that are uniformly
distributed such that consecutive subbands in the group are spaced apart by T/2 subbands. The
T/2 subband groups are then assigned to T/2 pairs of antennas, one subband group to each
antenna pair.

FIG. 3A shows an exemplary data transmission from the T antennas using subband
multiplexing and transmit diversity. The T antennas are arranged into T/2 pairs, where the i-th

pair includes two antennas that are denoted as Ai and Bi. Each of the T/2 antenna pairs is



[0050]

[0051]

[0052]

[0053]

T/ 2 subband groups are then assigned to T/2 pairs of
ant ennas, one subband group to each antenna pair.
wQ 04077760 G 3A shows an exenpl ary data transmPCEUSIV04/005312
fromthe T antennas using subband nultiplexing and
transmt diversity. The T antennas are arranged into
T/2 pairs, where the i-th paigr includes two antennas
that are denoted as Al and Bi. Each of the T/2 antenna
.pairs is WD 2004/ 077730 PCT/US2004/005312 10 assi gned
assighedl s FFERTIVE FPBS! SO aHkEe N 375 hlnd  Goldn b cpe formed as
descﬁﬁgcg%a@?yln hecl 9AMREhbasd %&iﬁﬁ qris REGo @AM Grair Nedthfrisedf antennas Al
subband group 1 Is assighed to paif 1 conprised of
and Bihi sabhas] gioup &rid afsigned tbpaind cgmptipedofi anteasss $Aadd B3, and so on, and

Lr 2 i sed of ant A2 and.B2, and d
U BEHP Hoa o FERE ' TR a5 gl Aeps s Bhaire ¢ =T/2)
DatPRhe BRaSnAnit8Adt&h W Bhie of aitednakn the FabBar®®lash %md to that antenna

transmtted fromeach pair of antennas on the subbands
pairassi gned to that antenna pair. [0050] The STTD schene

may., b d to provi,de a.pair. of, sy I i Gh.
e B Sr Yo s Bl P SPEBRBse! S may ve

dem1pEIxEE A prévade 8gatt dialymbol substremiafor chtl? ppidiof Smhnas. T/2 pairs of
synbol substreans may thus be generated by the

symbelhahfirdagis mARe thyssbepdenpategtbyahe erins .Sch%f%gl%fygaifs of antennas.
he SPRRHGRISY 340 SRLRR AL AL 6 Bl B3R g, on s

symboltfoassth efsthe guistehntioadshmmedind termtand aad sisigral valab v€ zeb for each of

the qé?rr@(i)nigg\;utt%aqgg% %F s@ﬁ%m. g& Sﬁaﬁﬁﬁﬁ&%ﬁ%ﬁ%ﬁ%s 'f0r antenna pair

1 arB@dhsmitedl & SHEHARA &g 1 Ofe PARDENE D URibItreakfiSfoP @hfenna pair 2 are
of synbol substreams for antenna pair 2 are .

trangmidted wintstibbamoingreup Baand! spr ey pnd theaprdr efosymahol anbbitehms for antenna pair

air of . ol .substreans,fqr..antenna jr.. T/2 ane

12 B S D S0 g B B MR G oy D) substreams are

tranffitled sRhulsneb@ly selsihe Q%_r_'?aiﬁr &F ankdn@BsS Mhdyt @dnot interfere with each other
sinul taneously fromthe T/2 pairs of antennas, they do

becaet thietase tranamiffied ipnehigipinb gleaps obadibgnds. t hays, Hicedeleterious effects due
transmited on disj Qi . . .

to yiRERE lEerate deficthihe ARBHARIEH pRUPOTRIAR el Pl Bre avoided
betpoeeimprbeed hHarsihase,08s&hl spnddi fdtstrent may eenarapsahited from the
are avoi ded. [0051] For inproved performance, each )

assogiptasioantenmasvitle the: tete) teresmit ReNer £1.cdvailpblg fphthat antenna. Since only 2S

RSN O ERE NN JR—
oo IS oSS 85 iy By o s
factbro6f BAC T wonkl then allbbarnidghassdejveddSNR tedelachievehfra each of the 25
el S eSS . aSLar of TU o0 ol G LhE wppor
e

datFiGr 3Aeshowisicnk ememplirt fmsigninept of etV aisalble subbandy &1 éwnT antennas.

thrqu ut . . . . .
The usable %ngbands may also be assigned to the T antennas in various other manners, and this

is within the scope of the invention. For example, the subbands may be assigned to the
antennas such that different pairings of antennas are used for data transmission. This may
provide additional diversity.

FIG. 3B shows an exemplary data transmission from the T antennas using subband

multiplexing and different antenna pairings for transmit diversity. For simplicity, the



[0054]

[0055]

[0056]

[0057]

[0052] FIG 3A shows one exenplary assignnment of the M

usabl e subbands to the T antennas. The usable
WG ubandso may al so be assigned to the T ant ennBST/UR2004/005312
. various other manners, and this is within the scope

of the invention. For exanple, the subbands may be

assigned to the antennas sucpy that different pairings

of antennas are used for data transm ssion. This nay

provide additional diversity. [0053] FIG 3B shows an i
deSCébPéﬁ’e)lfa? yldaBB essumeniteasi B 4 rabienAR 21 Hprde Fiadaty dapgmission.  Six

dlff% r ansmﬁﬂ(ﬁg %\i'ﬂ? fggﬂeél(rj{w Stfx ?Bfﬂqﬁnt?rﬂ{ @nﬁﬁi @%ﬁé biEfna pairings are

den@@ddd Pi{77730,4RCT1, BJ§2{QQ¥I}/ @DB}BJaad{:E;B}descrl ption for FIG
3B assunes that T = 4 antennas are used_for data

t r ds il $§30dm sutdjauds may e iehelladt idddnioalt iongrds: r‘rﬁyh gagh set including
d S Ay

6 st‘Bﬁﬁﬁas de)%%% 25 dgs f&&@%f%?@?s%t%%lﬁt ﬁe% ?rﬂ:'a{ op% 6 Sfcrent antenna
palr{n%s,&}ne Subbad] toTdaeh dairzgblle PiGbBBnﬂIE fnayswbammlrt ew:hlsyt is assigned to

di vi ded i nt 6 sets th each set inclydin 6 ..
antegbBARGS | | Pheil SSCBBLEEIInEATh S dt el e ATlgwna pairing (3.4}, and
s0 ofi & |dGRE thst lebléﬁ?d & &ich E&rlgeﬁbfslggéﬁ ﬁf‘d’iﬁenn@%iafriﬂ'gg@; 3jone

bband to each pairing 3B, the first subband
| n Thaotatas streans tanbs itgneditted fromm thenfemr patennasgmpy belprogaseed using the

ST’[Sf Fﬁ?ﬁg Sf% gg%ﬁj twg%naf a‘%cg grﬁamsa Sﬁrésg ?}gg?glgsar%grtgﬁaaw al%e transmitted from
the B8R€Br Bflantedn@ S thePshidiRzsaidane deddad kYmBol staf thay be transmitted from
[ 0055] The data streamto be transmtted fromthe four

the sasprchraEShitepiasaa i Secspatngssi Ty fineandserendayrehal strgams may then be -

t
oenf L% NTRA SO FABycl. ¢ Rl ST bur ameas
Each syaibol Rgbstreamdiricheles ecdmd syytibodlfos eastant Ny sbisbands assigned to the
transmtted from the second or. right antenna .i.n the 6

assqeLed AINa TRE 7P TEng yalge (ifacly e unatst st BRIt hen
be ridggul § o?)éac Eeglinfst dg‘ﬂec’ci"c{nsﬁi’tfgacg1m§}i£}goﬁﬁ 'H’bm %efour antennas.

substream four ant ennas
I—onmylastt]nezsa Hymholl sindbetse am skt @ot waﬂﬁﬂb vcflti:reaeh@ﬂleobedduee they are transmitted

nd t d t . and
on U SRR B oLk hente RS PR SruBS 6B B digsech of the M
usal1® Qrfbhndie agsqgﬁed% ra?agJ oﬁ%&hﬁ@ﬁﬁ? HBYoRE it FANSYB.t t ed

simul taneously fromt’he four ahtennas. However, these
sythal sesoiod tlate drmisoiissiomt schernerdata 6 mnslmlé@d: Ii"rom gmups of W antennas

usm%fg@ﬁin %01%\1 h ar et rﬁ‘efﬁ tsr%}%gg% 3y ru?) %esr oé]re o d%’ij“S{ o his_transmission

schdrh@inag aﬁms@a f@)ﬁﬁlel\’WaLsﬁf@lf’Iﬂ) SeHeRRNdRl ¢t§exa@1se@nsa dchietnes. For this data
only one antenna pair, as shown in FIG 3B. [0057] In

trangmission sehates, ahe Mansablessibbands areimitiallyaareenged tq Y digjoint groups
of swhgarnéigv\%#g;ea%é s\ﬁﬁégidﬁ BQ %g rasé’i ee'?igtrosgrgf ?rﬂe E}% PR s groups may

inclidea e fsd on dlﬁ’@f@ﬁﬂﬁuﬂﬂiab‘rsbﬂ smlbbﬁhd‘sor Thé gub¥dngh -115'%’55)1 group may be
schenme and ot her diversity schemes. For this dat

unifoprakysfinga uvfosketistribufed aass s M. usabls biaands eIn one embodiment that
is de&: %eé? Ib I)()W?reraglp %%zhp f?lc{u%e&jw sugfjasddgl(%egr SUPpL/ T) that are uniformly

distributed such that consecutive subbands in the group are spaced apart by T/W subbands. For
W >1, this second transmission scheme allows more subbands to be assigned to each antenna
than the first transmission scheme described above. More subbands per antenna may be

advantageous for some applications. The T/W subband groups are assigned to T/W groups of



[0058]

[0059]

[0060]

[0061]

[0062]

of subbands, wi th each subband bei ng assigned to only
one group. The T/Wgroups may include the sane or
waledorerese nunbers of subbands. The subbands i PCEHES1904/005312
group may be wuniformy or non-uniformy distributed
across the M usabl e subbands. In one enbodi nent that
i s described bel ow, each groupincludes SW subbands
(where S = MT) that are unifonnly distributed such
t hat consecutive subbands in the gro ar e spaced i
antegﬁgl, g pu apd TR QY SachEagptenygy groyp, WE\E@ gagécﬁ%éenna group includes W
antehh&N m§§ﬂag Be E%ﬁ&ﬁﬁte@ ledoPNVEa ARG R nfik BR #tASbb S dR Bssigned to the anterma.
assi %ged to each antenna than the first transm Ssion '
scidfe Mdesbowbad asovdaryMate tmopbisids fpem gmupnob Weantennas using

BRGNS o e B 0 B e e £
incl8@Q4N QAR (R 324 BORBER, thiehioB'WE MBS, of ®MET/W antenna groups is

Subband group to each antenna group, where each
assigiteden FRgPeftiva perpwie lofl gelbands. afbesh ibes 1T/ Wasubbaid) gpwips may be formed as
transm tted fromeach antenna on the subbands assi gned
des‘inc[))e?ﬁgegvaehtenna. [0058] FIG 3C shows an exenpl ary

dat/a singRNddia Seéan thayobe Pravepsd aking/ tAatWakRSTIZ) scheme to provide W
subband nmul ti pl_exi n%., The T antennas are arranged i néeo
sympphsigrasisn SYhaih Ve 1t Fice-the lgpghpo! ppriipegnal sHreas-g» @ Walsh

seqll]e?@é) REE f&%@f/pggceéﬁngti TH W %?Eﬁgﬁg%ﬂe%s n5oE «‘i’efmﬁlhﬁle%(ed to provide

Want enna groups | assi g respective group o
T/ piobpnalssymblod sebstikamd,/ Wikls edehagrouminolingén gveysyineb ol subrsgrdams. The T/W

as d ri bed aboyve. 059] A single data stream.na
oy it et ST Rl oot S eenineOpd st quipg! substreams
is pRoViRalto ThEL B HFNBRESNYY, ia8d (WEIL BntbhiR 1580 BeP{vih respective symbol
ort hogonal Sequence (e.g., a Walsh sequence) used for

subgtieempr B swibe). subbizean Sgmbash anienaa rrsouiéyndlede, for each OFDM symbol

dermul tipl exed to provi de / roups. of .. synmhol .
periie FalhsS B (R <BCH F st SRy R E gfe and a sero signat vaue
for &4¢RSOf RAFBMaitiNg sUbBAIEr TURT ¥Waubdl shbeRras®lakeabisvaltyd simultaneously

i nclude T synbol substreans. One group of synbol

frong ks lr antprnasi sHpweverddese syebheh sgrgapmedoapticinicaisre il each other
na.i.s. Rpravi. i . ,

o SLE MR ASR LA Wb b MOSREELINE: BBy asone

only oved gtéhen. for each OFDM synbol period, one data synbol

for_each of the subban(lg_ assigned to the antenna gnd a ) )
zedB08i ghtatnd gPugnd For thagesh 4 fﬁw& ORI CHPRBIAEY, BBdtfad multiplexing
sch thad ¥ | beS WBSH rf%@:%lo@reﬁldt 13aS Pt dnSekish. "UNuBREANIS biher subband

romthe ant ennas. wever, these synbol substreamns
muldplering sthrtnsrsfraxyealsd bt devicts fot b, and gdisisswithihélye sonope of the invention.

For tg{r&an ?ngtﬂggﬁggf}W#gg’ bg :ﬂli%g’glgwg&éli glgf‘galn‘ﬁ% 8%1#18 ﬁ@%%gh In this case,
som@ draRE N Bs e scbahé M%%eﬁ%ﬁ&@a&ﬁﬁ%@%ﬁ% t(})lre remaining usable

subband multiplexing Schenes that may be use '
sublpanide tmaynbe diatdh fon dats riagsingssionNuirke pilst stlhands nisyalprd multiplexed, for

exa Bl PUSRR EL IR IR T PR 65 ol B cxampe, o
shown in FIG. 3A, 3B, or 3C.

FIG. 4 shows a flow diagram of an embodiment of a process 400 for transmitting pilot
and/or data using subband multiplexing. Initially, the M usable subbands are arranged to form
multiple groups of subbands, where each group includes a different subset of the M usable
subbands (step 412). The subband groups may be formed as described above.

Each of the T antennas is then assigned one or possibly more groups of subbands for

pilot and data transmission (step 414). The subband groups used for pilot transmission may be
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For exanple, both pilot and data may be transmtted in

one OFDM synbol period. In this case, sone of the M
wais@blog77subbands may be used for pilot transni BET/OR20841005312

the renmai ni ng usable subbands may be used for data

transm ssion. The pil ot subbands may be nulti pl exed,

for exanple, as shown in FIGg2A or 2B. The data

subbands may be multipl exed, for exanple, as shown in

FIG 3A 3B, or 3C. [0061] FIG 4 shows a flow diagram )
the $pMEn ot (HEIPHe AOM fthey spblrds €rope ¥ssel foradala ransmssion.  For pilot

t:canﬁlnjsglton1 ?zﬁﬂl g{] ngﬁn%gﬁé &é%tg g‘ge =) eérg\r?é gﬁél[ee%a?ds (fas described above

for FiG. 20! e&l@nmmpslyoéacatﬂnmnd maymsagﬁacmcgﬁmprej gfr@d;psdﬁsubbands for
ifferent subset of the Musable _subbands (step

a
Subb@fg)wmrfﬁféﬂ%wé crified fps Fiay 2B Fogr date irgasrgesien, |€@6‘?j pair of antennas
mas im0 r o G oft s BT o} PR 90 G pnna may be
assigatdaa ﬂlfmm'ig@ipoef {ubbeypdsa(ad descTibed §a)rbﬁlﬂ’1 BB)r eaghsgrosedf W antennas

masp BB R Brotp Pl SN (e GRS I P b nlse on.

S UL RR n 6 0HNS 10188 FakPhittB@isBhbh gfb%@%s% iQ8p 4O mjrleszam{ﬂe data may
transm ssi on, each antenna ma% e assigned a differen

be Ig@@ﬁ&ﬁﬁdomSI@JSEEHd@ceé@gd&@dm b 'BDaﬁkmoémgf or Sm@thzmjype of encoding.
TheAalr& np (?tt)tu ngn%,t]’tpog%gg e tfe each %ﬁ%@? r?gssig% G eg?h of t%% g antennas is also

detdﬂmﬁﬁ;ﬂl (beg 41@; Fh (ﬁartﬁzlll?a)r, tfﬁq&arﬁaﬁtap@waﬂﬁim%h @skigredCdubband may be
pair of antennas nmy be assi % ned a different group of

scalgqh Bighaighap a8 ayarage p%\@@ thafy weyles beiapd ifdzangmigsioBnmere gpcour on all of

the g@%sca?%beggﬁ Eﬁ%@éa@@g%%g{: 1% %P%{Jdgﬁ{;?pwgﬁtngogﬁ of subbar;/ds assigned to

eaclbanterssi agd ¢let munoher o neable gibbaygpdsof subbands (as

de c i beqd, foy FIG, 3C, and [0063] Pilot and/or
dat'd OF Jngler (et nihep r}sgn&twiﬁr 6‘&%& ajjeqngs gpmutfgreously using the
e & 4

. T A BRSS9 T ). e s
frone neddimienna o‘Ehwsammﬂy tiof gtouar(snigtoupenelt sw.tbbamcgeasmgned to the antenna.
T R T R M —
for dacR 08 FHeMRQNIE sUifban®@2 GForaffl eRehi EIRD A PartidBNr BRup of two (or possibly

scal ed higher than an average power that woul d be used
morgy anteraas i tspicdly wisd éonasch o the Mrusahle setbandhe M usabl e

su [ C e t t

nu%gr]%z?hoyl}b %fo lk cﬂ rfa%nEeHga o%lbogg‘ﬁ gnotr%en% sgrl]lgert Hmt 500 and two

receﬁuﬂﬁhﬁﬁts CHSONSﬁbll SS(S}thanﬂﬁln—Eu&@ﬁ@ cHinhhication Qystehat @ith Smulti-carrier
hen transm tted fromthe T antennas simultaneously

mocg@a,twg ¢-Be OKRNY.| Braasgitisn ait 5P0 i aspinned Wiyl antepmpas, receiver unit 550x
d%lﬂ'ﬁ&l sﬁl%l@ %ﬁf@nﬁa RAUELcelvel ﬁfﬁt %?ﬁy) is e-aﬂﬁ%)&? Wl‘tﬁ'ﬂ Stk

m eac enna occurs on on or groups
of Asubdnainiteer aaiiSgoeal ttansrhio QTthieual’piocesEﬁrS 1Pirk@adives traffic data from a
trans | y one of t nnas i s typjcal

datalfggra:e Si gﬁﬁe{‘lgﬁa ?Wﬁ)% porbt ﬁ:@ é38 § &< ¢atg progesse %Iq\ﬁodgs interleaves,
and l’lﬁ@c!ﬁhﬁgss %béﬁ? So fF&¥iad %@d&létﬁﬁ‘ls N8O N whi2h PRE LS  trred to as data

group possi b
symbols. A TX spatial processor 520 receives and multiplexes the data symbols with pilot

symbols (e.g., using time division multiplexing or subband multiplexing) and may perform
spatial processing for data transmission. For example, TX spatial processor 520 may implement
the STTD scheme, the Walsh-STTD scheme, or some other scheme. TX spatial processor 520
provides a stream of transmit symbols for each of the T antennas. (A transmit symbol stream is

referred to as a symbol substream in the description above.) Each modulator (MOD) 522



[0067]

[0068]

[0069]

{0070}

nore) antennas is typically used for each of the M
usabl e subbands. [0065] FIG 5 shows a bl ock di agram
w@booan7Eabodi nent of a transmitter unit 500 anBCT/S2004/005312
receiver units 550x and 550y in a nulti-antenna
comuni cation systemwi th nmulti-carrier nodulation
(e.g., OFDM. Transmtter uniffy 500 is equipped with T
antennas, receiver unit 550x is equipped with a
single antenna, and receiver unit 550y is equi
receijjes MR PAPACETSA ASIESIAGH ¥ [rangmif S¥mbea} %tfeéiim %pwvwoa carrespondmg radio
r gi
froafdrER AR giehdiuc ol PRRSRGIUATE AR LHF ek LA b THbAilators 5222
throegin®22 lahé traf3titted Konbdll antpmmes e84 thréigh Tadasspectively.

interl eaves, and | ates th ta.to prov
o2t Secon Bt Sh0uh B e R ampan SR snef e repspgd by one or

moré)éﬂ@ﬁh% 593, -%d %Q@{ htendf n@&)@ﬁﬁ@ fa égggvéde %%hMec% a’iﬂgpectwe demodulator
mul tiplexes the data synbols with pil synbol

(DEMOB) 554sEngh démustugtiter ﬁ%pﬁrfnymtsuppd)c@xsmg compbmnm to that performed

o B S TR 25 e e 56
perf&%% BFtYial FRICEEERIY on tthe r@Ehedssaeids flohe al\desdvdblaldds 554 to provide

schene, or sone other schene. TX spati al grocessor 520
recopetsdispabols, whiek ar asfimeies 08 thetdagwm@s JegF Dy Herrapsmities unit. An RX
S 0 0
oo [pRELEEE D KA ML WIE o LIRS BLEIEalibacooas)
recoierdd | sgirthiols( tdpiovhid 2deé6sd0844, 0w HicAOmPCbe Ysa0idéd @0 a3data sink 572 for
14 recei ves and procggses a respect|v§§Fran

storagey @kt & COPENA8] 106y P%E‘Hoﬂ’&?‘?ﬁémngad st @éq‘fegsor o2 360 may also
estnﬁﬁg)thm%xﬁél ’@m%' ?rﬁ onTthg ?h@ld afd ﬁro@%d% channel estimates

ener at ec tors 5 rough 52

(denbfcNSMH &15&1%1 Eés?mlslé @it Wit &%ﬁ@u&ﬁﬁwg h 524t,
respectively 0067] At "each receiver unit 550 t he

t r dusrollee dS3IRFamloﬂI8ﬂ adrerbl Sheopbratian ef rvadeus prbcbgsimgnenits within the
tranq,réléfg?\gé]g agfrl] E’lﬁeg?e%%%grs 241%2%%@?& ng d enna ‘ o%%?%%ﬂ/%g% store data and
progiaft- o Facled YRt e 5302 dPR0f fé'éﬁ@%tl%l?c essi ng

conpl enentary to that performed by nbdul ator 522 and
pr &UGd ésshosesei bledk diagtroh of aAlX spetial procRxjorsyz@e which implements the

s [T R e a—

s(nY ﬁ%ﬁi’?KQﬂit b& 510k ProRdES tald@ﬁhﬁisp@ter%m \dlfﬁt:ﬁi demultiplexes the
synbol s se by the transmtter unit. RX

dataP 5P@es80 Iint5 70M ulath &ymPoD CRBSBRE . (@enottﬂﬁ rad ud f’:(tzyf sand s,,(n), for
del nterl eaves, and decodes) the recovered synbols to

ke prr ovivge, dlea:pede af dah aymbbl aibstieamd orfpacly iof @tk Mousabliasubbands. Each
sink 572 for storage and/or a controller 580 for
dataf symathed r substozes smqhgies R»ﬂesqlfaa isgmbpl domw sanbr nﬁ@@alna@ b sQFDM symbol

pen%%d ’@%’ﬁpﬁ%& ogeda % rg%ﬁ? 8%1 tﬁf’b@h‘?ﬁ Ce' déo are prov1ded to M

spaceRAAE BhcodeSHR0S thr 62?9rﬂ'|) to controller 580 [0068]
Control Il ers 530 and 580 control the operation_of

variagh §p¢9eda@fs snaegeupR( ceiiveshing prioeessesy isnpai pf data gpinpol substreams
to pgovadesg\g gﬁ% - nge %c%lgé% s{}m%gleﬁfblst\fgérxs fohr/btﬂg ragsogﬁltetdss&%gnd. For each

pair of data symbols (e.g., s,, and s,,) in the two input substreams, space-time encoder 620

provides two vectors x,, and g, ,, with each vector including two space-time encoded symbols

(or simply, encoded symbols) that are to be transmitted sequentially in two OFDM symbol

periods from an associated antenna. In particular, the vector X, is transmitted on the k-th
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[0072]

{0073}

10074]

program codes used by controllers 530 and 580,
respectively. [00691 FIG 6 shows a block diagramof a
waxogpatd@l processor 520a, which inplenents tPer/USH0D005312
schenme and is one enbodi nent of TX spatial processor
520 in FIG 5. The data synbols .s(n) from TX data
processor 510 are provided togsa dermultipl exer 610,
whi ch denul tipl exes the data synbols into 2M data
synmbol substreans (denoted as ski (n) and sk,2 (n) ,
subbpiad frofn one fiktenna anWithe vester ggi is Ginsgutied ey theof-th subband from another
substreans for each of the M usabl e subbands. Each -
antentst a sinbwle sulsidiment; i thel uderoneredatefingd nbel Horls,, s..] and
each interval of two OFDM synbol periods. The Mpairs
%, fls,dat 8 §yndsothcsubs Pi@ass froendthe dbsdibkst, shbbartds are defined as
are provided to M space-tine encoders 620a through
x,, 820m 5[ GOERh Fach[-spaGe 1t | MneeaPeiodb? Qymbeleii esclaidctor have the
T protesses its pair of data synbol substreans to
samdrAYhifRlel4GhS DAL SyrhbdTe benaadbe raxeb ol pisisbs Eaetaspcé-time encoder 620
t he associ at ed subband. For each_ _pair of data synbols
provides §wo esgaded, BYMBRL sg})strqarrtsﬁg twwa%merg ST tEeReTs 630a and 630b.
sp - v
& 2568 R ERAAL Sl G s Y KB oL GO SEEBD, InM spceried symbol
subsgghofem Ybspast-tipleyenceduro d20h tyoryhl &0nt, natltiplerest the lpacoded symbols

transmtted sequentially. in_two. OFDM synbol eri ods .
and milghSERDSIS SHEP AW AREIANA I3 DSl FRREIISRON SHIFTYRs gy provides T/2
b bSndhifi§Hbbieds a2 tRgnkad. h PAG 2004 5041 stream includes pilot
Stre%%T?USZ%M?OB%%lZ 15 subband from one ant élnna and the d
symbels tdoring kit irsnsmiasiemiand egcadedt sysntiolt Huringh datAdransemgsion, where the
pilorgg?tf ‘%ag:(r?dg Q}tl 5 cr;i?'age! Fe %S tgg‘%%qilaﬁg%mgﬁﬁﬁ t\%/ “:Eliet ?éténzr ﬁsesd to transmit
that stréan., as showin FIG 6. 111 another enbodi nment, the

vectors are defined as -''k,1 = [ski sk,z%T and Zk, 2 _
= Dusing2pit, UpTsmissipe mwdippEsydemaliplesps 0% apf 630b collectively

vector, have : N ¢ a
proWE g o, e TRk 08 RSl Mt TR XIRGLR symbol s
inch @R pilk QyinBes fonaheresiads sysifield ®uihstassaimed antenna and zero signal
mul t'i pl exers/ denultjplexers 630a and 630b. [OO,?lIgI
valugsfqs thapasgEesdeyubhendsi Fop fedemspasionsehimeshqn wFIG. 24, the stream

BT e T e e —
incl@d%cﬁlﬁjtggsl bt th@REbHRhEL§n %ﬁg@oi,sarﬁaﬁ)egn,%datge stream x,(n) would

par ar datal prlot trans i on schene, an

inclileMiASPmBAI3 forthé 8Fan®f intdrgisTi t synbol s for T/2
ant'ennas. Each transmt synbol stream i ncl udes pil ot

sy ibuing dits fragnpssian, mulapicrirs/sdeoriltplaxasn 63reends agh provide T/2
s S B o BRIOT A7) PGy B NS 0AE symvon o

the SMBHRANAA abBARIL © theadksdbidted taBINS tah@ aro [sPARYaltey ifigthe unassigned
pilot transm ssion, nultiplexers/denultiplexers 630a

subznds.6 30 tholtiapsrnissieh yschemne whelen Tn JilCedds the streams miy () and xy (n)
Llii/rrbol s for the T antennas. Each transnit_ synbol

WO

inchide encoded symbols for the subbands in group 1, the streams x,,(n) and x,,(n)
would include encoded symbols for the subbands in group 2, and so on, and the streams x,, (1)

and x,,(n) would include encoded symbols for the subbands in group T/2.

Each modulator 522 processes a respective transmit symbol stream in the manner

described below to provide an RF modulated signal for an associated antenna.
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i ncludes pilot synmbols for the subbands assigned to

t he associ ated antenna and zero signal values for the
warassigaed subbands. For the transm ssion schep@EUSIvO¥NS312

in FIG 2A, the stream xA (n) would include pil ot

synbol s for the subbands in group 1, the stream xAZ(n)

woul d include pilot synbols {@or the subbands in group

2, and so on, and the stream xB, (n) mould i ncl ude

pi | ot Tﬁ%?OIS for the subbands |n 54 [ 00731 3
Du diba$ Tdat schemans dessdbeshin frther dst d&moelrl An @papy entitled “A

: >y
oy SO S RN STt o e
Aresyria iiegmsyiohions, Yot 16,1Me & Cobrbrd $9585 $E9 l’léﬂl-ﬂés&hﬂnch is incorporated
hercqnas STGiABE - DB RIRSCITs 1% 0 Sheaa 8y S SEHeigplication Serial No.
10/ 1\72%?@ eﬂtlﬁclch Difbrsit efl%ﬁé{’{ﬁl@%l@ Xﬁodéﬁ)fofim@ dFDM Communication

ude encoded sy for the subbands in
Systgmguildd Juhe %&,rm asfighed tanthexBB{gnky ofwbl grasetl epglication and
encodﬁg ﬁb for the subbands in group 2, and so
incogppratgd here %HF& XA, (11) and xBt (fa) woul d

I n@hedvaleﬁt@qd@isoﬁuﬂf% Zy%ra EdiBbisAtRRAITAS) STTDI 8 WRhiE4 orthogonality

[0074] Each nodul at or processes a respective
in atpagirefrAntensgnped (tWelshhdiversitetonashieae oriflegenalibeacrpesl mltiple pairs of

oo V5T SISHLT 5 a3k SR S s

4, 6ﬁhan$§JBhpchene is described |n further detail by S. M
Alarmutl in a paper entitled "A nple Transmt

A/shp@@rmlpla%dlragmnwf ales gp@@ahﬂ@mse%& 38R Whlqhez@lements the

Walﬁ}g @ﬁgﬁ %S: rgg%h& ig %%thesggﬂ’%?ﬁ%f%wpg | Cpﬁ&%gsoY@ZO it ®1G. 5. In this

embodingsnp,02-ahi@dWalk sejquenbys 4refueed fareprockkenGTahD Bk de The data symbols
S5 POV (oo IeEsn, A WA AR Siea a'aago Sfsofnto 4M data
Symgﬂeﬁ/owgaamg?apﬂ%t%@g%t God2) HEURE Sekblerter bpR} cabllan ohe set of four
sub iR (P St S o962 éd%eﬁtm lﬁgﬁcf 5B st Lagirpapns for the M

usali3€ BhsbuBdOLt PRAANRI th N Wilsh-8TH® dncBier@ M@ RAfgATI0M2)
Wal sh diversity to achi eve orthogonality across

nulBach| Walshi S D fenceder si29ateceivhe apd | BEPCSSEY Ditss s¢teple fopgydata symbol
subssr%a%l%egskz@az@gugﬁ) BT PR BB APROERfy ot s
subfHeREadnl) ThEas (DS R EOCE RIS e e li§iERess 7302 through 7304
TR b P S Be sygt Hlp 7

receVe@ GRDE byibol ARSH M enchded BEnbEs@bsiaRR ffom M Waldh-STTD encoders 720a
provided to a denul tiplexer 710, which demrultipl exes

througle 720 ohsltiplexes 4hg @a@@edssmimls 9n¢baxlkoéaswmbebeh@ﬁpéom a particular
datan%o% §rgPSU§)’1|§glP1ta E{;ho lrjr%h aﬁ'clf provﬂ‘e)s T/4 s@eams (')% tiansfmt syMbo)S for T/4 antennas.

Each transmit symbol stream includes pilot/encoded symbols for the subbands assigned to the

antenna used to transmit that stream.
FIG. 7B shows a block diagram of a Walsh-STTD encoder 720x, which may be used for
each of encoders 720a through 720m in FIG. 7A. Within Walsh-STTD encoder 720x, a space-

time encoder 722a receives the first pair of data symbol substreams, s,, and s, ,, and a space-

time encoder 722b receives the second pair of data symbol substreams, s, ; and s, ,. For each
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substreans for each of the M usabl e subbands. The M
sets of data synbol substreans for the M usable

WG aiwbantso are provi ded to M Wl sh- STTD encoder BCTRBZ2004/005312
through 720m [0078] Each Wal sh- STTD encoder 720
recei ves and processes its set of four data synbol
substreans, sk, (n) through sky#4(n), and provides four
Wal sh- STTD encoded synbol substreans, Zk , (n)

through zk,4 (n) , to four nultiplexers/denultiplexers .
pairzfipta mﬁm&mw@e&wo Srh¥regmsdBdis Ef@“ ByiretRaceEmergotiy 722a provides
descri be}g be SOW. * ltiplexer/d
re ‘

h L 73
V@‘éﬁo{/ses—‘pii"[ ! ssv: glaéﬁgn%”ﬁzl\ﬂ @héobség“msjy}érlbo u?éﬁ%gg% rg%ﬁ%a and 724D,
i M Val.she S 7 7 . .
e D 0800 TR RSASE 3208 AP T2 g n e s i
: At ; { LoD h e
o8 AR ) s L R L RIS OSSR, LT o

mul@pli&eNas andEPAR, fefRaMW@I, synbol streamincl udes
pil ot/ encoded synbols for the subbands assigned to the
antidnhipliers @44 and 724is eadh dlatecsive eafinst 2-0BPIW alchGeqidce W2 =[0 1],
shows a bl ock di agram of a Wl sh- STTD encoder 720x,
andwhillpliers 726 ants 821 d each adsicteceifve aneoatet 2-cHipOWatshrsegggnce W, =[1 0].
720min FIG 7A. Wthin WAl sh-STTD encoder 720x, a
Each padéipliari 124 therc owdiiplies 2achr eyebalds itsheectar ks, Wil its o alsh sequence to
data synbol substreans, sk,, and Sk,2, and a space- .
proyifeiwe YW alsheS TR encpded pyralols fie be denpmitisd;sedesmtighy 4n two consecutive

OF B SRTCHER bk 51 FpBREE" b s TRAmER el  he fpur mutiptiers

724an thweugnwo 32kt rp@nklei n fohe f encotdegpai symb@acesubstrams to  four
encoder. 722a provjdes t tors -Xk,1 =[Sk 1 sl

mul@pffx /fﬂiewf@h%e 512 chwgégiﬁﬁ ESREFHYER) i ers 724a and
724he WARBPSLI Yeheme HhdY hidh Ibé, inffEm&RED sRA thaPonfAbfe pair of data
synbols I1n the two substreans in the second pair,

synibpheubstreanss, e aders, 722 provided thesch WalsleSTaDsendod& 720 and processed
[Sk,3 Sk,4] T and k,4 = [S&4 - s! 3]Tto nultipliers

to prédde grdoudRddtodesyatailisubltyeai@PDI(nMtrdug izg[(8) 7 2%hds may be used to
and 724b each also receive a first 2-chip Wl sh

achizee|gsnace dilRrsity[ 4D tHd expensndf aldwerplatacmase. 7PHec Wenlkdh-SPHID scheme is also

e e e
syniael. § dholwksS 1?’18@1% Qfa%f%ﬁ bf ¥ ERbblisnchBbs By BRBMNESAdIRor 522x, which

provide two Wal sh- STTD encoded synbols to be .
may banssad tioe dache gl gret Tainbgulators W82 dimovghutSR2ein GIGMS. Within OFDM

0 eriods on the k-th subba f t ssaci at ed .
modffiBnad th Bt peie PRl HFDEF S5 Hteam of twansmit
synfPoRY 1,0&) f Ry &h@ﬂ&oﬁﬁ&l@dﬂaoéoﬁ%&{cﬁaﬁﬁué&e foPW transmit symbols into a

mul ti pl exers/ denul'ti pl exers 730a throdgh 730d,

timé-85Remt irMBkotmell A9Ehbbl Thidg\Vid shpshhtl ivefsee® PRitick! tesfem, where N
i npl enented such that only one pair of data_ synbol

corgspeads éxths, totak nembpr ok gygbbands. pEash shadencs @l Hransmit symbols includes
- 7 Cess ovi

o TR PR 8 T BT RS A v o

unagdigned stibbshdREatie trigdorniedl symbol comprises N time-domain samples. For each

two

transformed symbol, a cyclic prefix generator 814 repeats a portion (or C samples) of the
transformed symbol to form a corresponding OFDM symbol comprised of N +C samples. A
transmitter (TMTR) 816 receives and converts the stream of OFDM symbols from generator
814 into one or more analog signals, and further amplifies, filters, and frequency upconverts the

analog signal(s) to generate an RF modulated signal for the i-th antenna.
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achi eve greater diversity at the expense of a | ower

data rate. The WAl sh-STTD schene is also described in
wo oootloer73det ai |l in the aforenentioned U. S. Pat BEIL/US2004/005312

Application Serial No. 10/179,439. [0082] FIG 8 shows

a bl ock diagram of an enbodi mrent of an OFDM nodul at or

522x, which may be used for jgach of the T nodul ators

522a through 522t in FIG 5. Wthin OFDM nodul at or

522x, an inverse fast Fourier transtor %IFF;& uni t.
81Phy grlet gBY dalas RSN (SPRFTRH flosC 9?9{?8 wm ghay( Ry implemented by
varidu@'mdafl§ Fsﬁég;o@gﬁ@, RNRe ﬂ@ﬁ&%@& $e %ﬁﬁi&@ﬁ%ﬁﬁ%@m&l software, or a
S ofs’into a tine- f

transmt sy omai n" t ransfornme
comibsipatbel thesiafg &or M- paidetard implesenfatist, Bwueleprents used to perform the

transform where N corresponds to the tqgtal nuynber. of
proceSiiaRaLe R Uet e P N JHAHTHE UYRBRPL eiTligene or more
applftaticd Rickfic iﬁtélgpa@écﬁcﬁ&ﬁtst@m@g%@ndpsig@aIlﬂ&%@sd@ (bBEs), digital signal
I -th antenna and zero signal values for the
processagsiloed QRmdprogRanhable dpgit glevises SYRP8), fiddpnpgemmable gate
N tipe:- domai n sanmpl es... For _each transf d nbol .
oy (REAS) BRs§ e RRlers 18 wpent AR Bl Flp kg ot clectronic
unitS@&AES Jo PfforMehe FundsAsOddIBEbedHERGh, dra@ dogibihaion thereof.
correspondi ng OFDM synbol conprised of N + C sanples. .
A For apefiivereamplemantytiony ther prossssids aidbe Bapspiftes apdy geceiver units for
I f - o r
e SRR SO 3 DR e B P52 procurs
funcdofk, hh@ go eny shatpaforuethe Suhdiivns dasdribgd degial Thy software codes may be

enerate an_.RF nodul at ed si I t | -th antenn
o s oy T Lo, 2 RO ] S0 Bk 3 R SR b procesers
(e.gd @Silrtﬂﬁ‘lte?s 5%@%@5@5! %e%@ﬁ@ﬁﬁuﬂ%%ﬁjl Be %Pﬁa‘ifénfhdnﬁychi'ﬁ%r external to

I mpl enent e varl ous neans For exanpl e, t hese )
the precessoguds wiagh loasei thely evapnive dommuninatively ecouplsidt toa the, processors via

.or a conbi,nati on th{eof. For a hardware
vatiQUs IneaRs AY SsI8H™ 1 ¥ ®Y enent s used to perform the

Pr 9%e pidvitths desdripfioh o BNibdISed *RIboHREG LY RIProvidé® td@hdble any person
be i nplemented within one or nore application

skilleppdui the cart e egaket el ues ribeiipresepiaBIvEstion.di Yptiews &aglfigations to these

embg i S‘,%IE p % 3’? g%%ﬂ%é%n% 3‘:’ éﬁ(l) gcsilci:%egp{ngﬁ%i%,n%dgﬁ\éi $ehBric principles

defilRidranmad v gplied (R bthdy SmbbRmbals, willicd€ dseting from the spirit or scope
controllers, mcro-control]ers, m croprocessors,

ot her
of the iggentioni Thugrthe Presessi igretionds pet pemded i be digitcddpdhe embodiments
. ] . onhi . o .
shofF Bl AR 075 B deofio@ufnMRIAAdRE cHIGHAR with BAZBhndfles and novel
featireadiscivdeddieraind recei ver units for the transm ssion
schenmes described herein may be inplemented with
nodul es (e.g., procedures, functions, and so on) that
VVH@Fff§TﬂBhﬂ@Eﬁqg?ti°ns descri bed herein. The software
codes may be 'stored in nmenory units (e.g., nenory
units 532 and 582 in FIG 5) and executed by
processors (e.g., controllers 530 and 580). The
menory units may be, inplenmented within or external to
the processors, in which case they can be
communi catively coupled to the processors via various
means as is known in the art.




[ 0085] The previous description of the disclosed
enbodi nents is provided to enable any person skilled

WO pootloz77a0t t o nmake or use the present inventiBOT/US2004/005312
Various nodifications to these enbodinents will be
readily apparent to those skilled in the art, and the
generic principles defined hggein may be applied to
ot her enbodi nents w thout departing fromthe spirit or
scope of the invention. T?ﬁzA tge present invention
Is not intended to be Iim ISt he enmbodi ment s
shown herein but is to be accorded the w dest scope
consistent with the principles and novel features
di del osetmgdiod of rawaiTtingSnEUANNED 418 CADNRO0EtDE 2¥8am, comprising:

Cr ARERTE SR 9 s O aub e Yo B iy P etgyags herin cach of

the glofity 6f $10ups ek Wdidfepint skl of 1R pIaF APt Qfbbasdbands
with a plurality of subbands, wherein each of the

pl @Fagning cath ofr dnlysality of anfernas witlf 4 diftasentsusfttheplurdligy of groups;
andPl Urality of subbands; assigning each of a plurality

of antennas with a different one of the plurality of

gr omapsnittiggnftotn the parblifynd ahtennad digwthasoaklytysinyf the plurality of groups

ant ennas. si mul t aneously using the plurality of groups
of SB&@E%‘SH%@{H Hiseransputing ff?‘ﬁrfsaﬁ]iltaélfeﬁﬁa faCewES et the group of subbands
assidRHeH IR AeGHLS on the group of subbands assigned to

he antenna. 2. The nethod of claim1, wherein pilot
is transmtted fromeach antenna on the group of

subhbands. assi.gned.to.the antenna. 3. The .nmet hod of

o1 2 o g Be e S Birhof RS BIOLTY (rGHUEs G Sach antenna on the
gnnbngkugﬁ&d§&@&%@H@oﬂﬁQﬂuﬁﬁ&Of subbands. 4. The net hod

of claiml, erein the subbands in each of the

plurality of groups are uniformy distributed across

thg plurality o bbands. 5. The thod .of claim1l
unr o1 n 15l o HRBER e sl T plifrl of R st same
numbér éflxabbatdbands in the group assigned to the antenna

is scal ed higher than an average power obtai ned by
di stricbuting total transmt power across the plurality

of 4subbghpd $netfod E{“aaﬁ?ﬁ h%ﬂex%l; ‘171%: glrlng%aiitdls }{\r"lf gécg 8k tBQ %lurality of groups

mul ti-antenna conmrunication nfé

are i fombodistribiited queni e thedilva By sobbahdp! exi ng (OFDV) . 7.
A nethod of transmitting pilot in a multi-antenna
conmuni cati on system conpri Sing:

5. The method of claim 1, wherein for each antenna, transmit power used for each
of the subbands in the group assigned to the antenna is scaled higher than an average power

obtained by distributing total transmit power across the plurality of subbands.

6. The method of claim 1, wherein the multi-antenna communication system

utilizes orthogonal frequency division multiplexing (OFDM).

7. A method of transmitting pilot in a multi-antenna communication system,
comprising:

forming a plurality of groups of subbands with a plurality of subbands, wherein each of
the plurality of groups includes a different subset of the plurality of subbands;

assigning each of a plurality of antennas with at least one of the plurality of groups; and



formng a plurality of groups of subbands with a
plurality of subbands, wherein each of the plurality
w@boogooups | ncl udes a different subset of the pCTUS1004/§05312

of subbands; assigning each of a plurality of antennas

with at |east one of the plurality of groups; and WO

2004/ 077730 PCT/ US2004/ 0053120 20 transmitting pil ot

fromthe plurality of antennas si nul taneously using

the pluralit, roups of subbands,. wherein the

oi Ftemiging: il e e PR SEBAD SN P L EHBA o e g luraliy of

&8 ® ands: Reahgneed &on é‘ﬁshaaﬂﬁe%ﬂﬂé il least one grou

gﬂm&ﬂgﬁeln&g%r ég%ﬁﬁﬂ %ﬂ ' perlggl d the pil " ° Srotp
of subbamisrrstigmal toftho anteme, @xid whereipl for @aqhtsymbsbl mn@nthasﬂ@tos transmitted

each .of the alit f od of
ﬁmﬂﬂ@%Q%wﬁlﬂ%W@E%P ARt '% gF ﬁbqﬁﬁ %?5?% E?mgﬁﬂ ands s

included in only one of the plurality of groups. 9.

The method of claim7, wherein the subbands in each

of
t h8. at iréametmo@lmw wkestigreaeh obtheaplpralifit ehsibards is included in
buted across the plurality of
onlygg}sgghgs[}furfhfsy ('Flh% Wt hod of claim 7, wherein each

antenna is assigned at |east two groups. 11. The
met hod of claim 10, wherein the subbands in each

th8 at Measetherboprlaimd. whewingthesubbandsdm eah ehivg aé#@st one group
f
assi %{ltréh I%é g%?ledg\tle\n%g Ia.re Jh?fo%@bcﬂﬁgﬁléﬂeﬁ abD8R4Hl #ﬂ\ﬂﬁf?@e& s@bbanli€

groups net od o arrm 10,
wherein subbands in the at |east two groups assigned

metlgggcg“]hg AR r e e,;q d&g}e{g 1 ﬁgc Cq%.gﬂn?l ?srdzgﬁ]@ﬂﬁ%aﬁeast two groups.

comuni cat i on systen1 conprising: formng a plurality
of groups of subbands with a plurality of subbands,
whéiei nTeaaketodd oft ﬁ@nplerleemly ﬂtﬁf sugbansdssn iend) ofcfhe apleast two groups

differe ubset of r of subbands:
assigfetig TomeieR ¢ Theeas R e spobaRos FiS8RRR opgreof gpe ot teast two
gro be plurality of groups; and transmtting data from

he plurality of antennas sinultaneously using the
pI urality of groups of subbands, wherein data is

395 L M CAE, 76100, S8 B QLR Rhs SWRRANHS assigned to

enna;’ an erein

@wﬂdﬁﬁmﬁthi@ﬁmﬁysﬁﬁgﬂap&tthe plurality of subbands by a
particul ar group of at |east two antennas. 14. The
nethod of claim 13, wherein each of the plurality of

/p?) 7' grhé{g@{} ’ {f; gr&gﬁ%gg% \fg@efzn A Qf nanpRARASa MBmunication system,

compnsmg.

forming a plurality of groups of subbands with a plurality of subbands, wherein each of
the plurality of groups includes a different subset of the plurality of subbands;

assigning each of a plurality of antennas with one of the plurality of groups; and

transmitting data from the plurality of antennas simultaneously using the plurality of
groups of subbands, wherein data is transmitted from each antenna on the group of subbands
assigned to the antenna, and wherein data is transmitted on each of the plurality of subbands by

a particular group of at least two antennas.

14.  The method of claim 13, wherein each of the plurality of groups includes the

same number of subbands.



15. The nethod of claim 13, wherein the subbands in

each of the plurality of groups are unifornmy
wale@un7tied ed across the plurality of subbands. PABUSIN€005312

met hod of claim 13, wherein each of the plurality of

antennas is assigned a different one of the plurality

of groups. 17. The nethod of 2gl ai m 13, wherein each

pair of antennas in the plurality of antennas is

i gn L ffer ' L1

S5 S euht 57 Bl Bl Bl il PUR By ofgroups
are uhif@REPHsteshi@Dac®ahOplutdiey of swbBhidsy of subbands by a

particul ar group of two antennas. 19. The net hod of

claim 13, further conprising: processing data using

S e- t4 k. diwer s TD)., | . . .

v et ape BTl 157 ubeloly Caeb o0 EBRBH D 8r hepps is assgned o
diffeteheorteved tlsd pleadtiy of gioypdol s to provide a plurality of

substreans of synbols, one substream for each of the

plurality of antennas, wherein the denultiplexing is

p or 3 ] b ' t :

arh ant Snpaan OF R B CURrpin SR P S a R e pluratiy of
antenings tsrasngmidt & difffefando meaol the phcialay efigawpenna. 20. The

met hod of claim 13, further conprising: processing

data using Wal sh space-tine transmt diversity (STTD)

en@odi Nthe Refol\drdLaimVYS WiRATS dafa i8 YiRGhted \Wnadagh V¥ ki plurality of

greater than two; and denultiplexing the Wstreans of
subbandaiby lapartirubar@roufeofdwel anteabpt y of substreams of

synbol s, one substream for each of the plurality of

antennas, wherein the demultiplexing is perforned

baged orhd fethgd @8 plath 13 UhkbadengaRigned to each

antenna, and wherein each substream of synbols is ) »

t rERSSHING «litF HERE SRAEsEDE itrpEBitaHyEnia (STID) vheoding fogrovide two

' wherein for each antenna, transmt power

Streaﬁ’ggg@%@%}?ﬁ of the subbands in the group assigned

t adeinfdtiplatigpniae i tivossiedaed dii gymawold harpravidavee phgaitp afesubstreams of

symb?)ﬁs;%%{:] Eggqt%%/qag;{ grréag tkg)léﬁ &)ﬁ\tygtzg{ﬁzywsm %ggglﬁginat L,Odsegmltiplexing 18
perfo A%g&p%oﬁn%?’%%ugzgf dfbbaddl€ a n%ﬂ%ﬁdtoogaéhl @hhra3r and wherein each

erein the mul ntenna comuni cati on system
substetaint oizzysnboils is dgosvalitefl feguemasgodated sntennarul t i pl exi ng
(OFDM. 23. An apparatus in a multi-antenna
comuni cation system conprising nmeans for assigning

eag)) of T Mbtoalor EMid 13 ankBeN@mpMsidp: at | east one of a
plurality of groups of subbands, wherein the

pl wipedssing dota ening) Béaldf spechbaxdeansing diversitd (Y1 encoding to provide

' stl%lau%g %lf gyngbocig, where W is greater than two; and
demultiplexing the W streams of symbols to provide a plurality of substreams of
symbols, one substream for each of the plurality of antennas, wherein the demultiplexing is
performed based on the group of subbands assigned to each antenna, and wherein each

substream of symbols is transmitted from an associated antenna.

21.  The method of claim 13, wherein for each antenna, transmit power used for each
of the subbands in the group assigned to the antenna is scaled higher than an average power

obtained by distributing total transmit power across the plurality of subbands.



subbands, and wherein each of the plurality of groups

includes a different subset of the plurality of
wa@aebardse and nmeans for transmtting from t hePCT/US2004/005312

plurality of antennas sinultaneously using the

plurality of groups of subbands, wherein transm ssion

from each antenna occurs on22he at |east one group of

subbands assigned to the antenna and in a manner to

i dA I | f .
240" S0 SELSLERESLMETS, DRSS Yoo iy B R scon sy

utilizesrthogbhdlreghetyl Evigias nfltipiesing iedDa1). di f f erent one of
the plurality of groups. 25. The apparatus of claim
23, wherein each of the plurality of antennas is

Si - 3l i . and
apor o e f RS bl MR Ay Rom KRR
dindahe fenbssipnidzpbachesfi oglurdfy of hatcapmawith us ledst ohaofm plurality of
23, erein for eac ynbgol period the transm ssion .
sroupsbpublgih %’%Cfflﬁég% lirally B} 25108 g U E dpdnee) B riuraliy of
subban@§, dnBSyHRbath @bt ¥r BE 8ﬁﬁ‘£lﬁ9 %@%rou%z incldies ARIPREBE UL of the plurality

claim 23, wherein for eat ntenna, transmt power
of subhagésd ahdr each of the subbands in the group assigned

to the antenna is. scal ed hi.gher than an avera ower .
St S e Tt g ehBar v sen SE RER G pBRE He pluraity
of groupB ©f PhBHaaly, twhefdin GURRMABEEN frdh cabh afRRR 6dcss dithd at least one group
mul ti -ant enna conmuni cation system conprising means )
of subljapels assigngdita gheamienngfang iplagnainer yo ayoid antereraacepppng e plurality
of anteﬁ{asa plurality of groups of subbands, wherein the
plurality of groups of subbands are formed froma
plurality of subbands, and wherein each of the

lurality of groups.includes a djfferent subset of the .
rp%4m aﬁhefﬂpaﬁra%@@é E &3, yﬂaremagb@tiﬂ@mr@bty of antennas is assigned a

differeltl?%(e&?%g@ﬁ@pgg;%@gﬁt means for transmitting data from

urality o nnas si nul taneously using the
plurality of groups of subbands, wherein data is

transm,tted fromeach tenna on th r oup,. of . .

dbbankl’s VSR TET fo UHFURRED U RILFED P! daicgnpsis assigned
at least RN \SThE DRFAIXY BFUpRS arldWhdrbisr éabh bY tHefat 1SHORANEDUPY istused for a

particul ar group of "at | east two antennas. 29. The
differentyanrtel periasf. cl ai m 28, further conprising: neans for

processi ng data using a particular diversity encodi ng

schene to provide at |east two streans of synbols;

aed MeRH¥SapparaneeslldinPRE i geih For @dchls§abbl paMbdSthe @afBmission for
of synbols to provide a plurality of substreans of

each ofstherpbirality of sulhapds eecarn frern oag ehthefplymbtysif gptepnasy of

ant ennas, wherein the

27.  The apparatus of claim 23, wherein for each antenna, transmit power used for
each of the subbands in the group assigned to the antenna is scaled higher than an average

power obtained by distributing total transmit power across the plurality of subbands.

28. An apparatus in a multi-antenna communication system, comprising

means for assigning each of a plurality of antennas with one of a plurality of groups of
subbands, wherein the plurality of groups of subbands are formed from a plurality of subbands,
and wherein each of the plurality of groups includes a different subset of the plurality of

subbands; and



demul tiplexing is performed based on the group of

subbands assigned to each antenna, and wherein each
wa@amgrgam of synbols is transmtted from an aBEDUSZN€N5312

antenna. 30. A transmitter unit in a nulti-antenna

comuni cation system conprising a controller

operative to assign each of23a plurality of antennas

with at | east one of a pIuraIity of groups of

AR RO AR Tak D ecBl Y2 DL or90 RURR U SHABB0ES using the

pluralit® &€ araufps L euiHatd| hiteyei® fda@ﬁ@ uﬁﬁsmﬂfte«ﬂ des eachdinfdn@n @ntthe group of
subset of the plurality of subbands; and a spati L
subbanxil)sr HelEes o élgye@rg@m\@e apd u{ly@g@éggtasl§ (8¢mitied on each of the plurality of

subbandd 1A hﬁﬂ@&lﬂ?ﬁ%ﬁ?ﬁéﬁ@lﬁ%‘t Blo faﬁt%gi?aishe plurality of

ant’enhas usi urali groups of subbands,
wherein the transm ssi on from each antenna occurs on

éﬁe ah,least one gyoug f Eubbands assigned to the
t enrf4© aRRptptes gf RrIURCTLPBIPESIGE er f er ence anong
h{éﬁn? ey V\%}s&ngfda?&” h&hy %,Sgart:féulal-r@i%ﬁsf@ RaBJiAE kchéMd tPprovide at
claim3 eréin the fulti-antenna comuni cati on
kamtwgwgbgmsuf§mnmésaodthogonal frequency divi sion
rr%la}lé Péred%kﬂlxﬂtiélg:mggbthe at least two streams of symbols to provide a plurality of
substreams of symbols, one substream for each of the plurality of antennas, wherein the
demuitiplexing is performed based on the group of subbands assigned to each antenna, and

wherein each substream of symbols is transmitted from an associated antenna.

30. A transmitter unit in a multi-antenna communication system, comprising

a controller operative to assign each of a plurality of antennas with at least one of a
plurality of groups of subbands, wherein the plurality of groups of subbands are formed from a
plurality of subbands, and wherein each of the plurality of groups includes a different subset of
the plurality of subbands; and

a spatial processor operative to process symbols for simultaneous transmission from the
plurality of antennas using the plurality of groups of subbands, wherein the transmission from
each antenna occurs on the at least one group of subbands assigned to the antenna and in a

manner to avoid interference among the plurality of antennas.

31. The transmitter unit of claim 30, wherein the multi-antenna communication

system utilizes orthogonal frequency division multiplexing (OFDM).



