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ﬁg”l acg(tenna device may utilize its nmultiple antennas
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SFBR/I ?s wgdae?y used in various \&Xreless communication systems, such as those that

implement the well-known IEEE 802.11a and 802.11g standards. IEEE 802.11a and

802.11g generally cover single-input single-output (SISO) operation whereby a
transmitting device employs a single antenna for data transmission and a receiving
device normally employs a single antenna for data reception.

A multi-antenna communication system may support communication for both
single-antenna devices and multi-antenna devices. In this system, a multi-antenna
device may utilize its multiple antennas for data transmission to a single-antenna device.
The multi-antenna device and the single-antenna device may implement any one of a
number of conventional transmit diversity schemes in order to obtain transmit diversity
and improve performance for the data transmission. One such transmit diversity
scheme is described by S.M. Alamouti in a paper entitled “A Simple Transmit Diversity

Technique for Wireless Communications,” IEEE Journal on Selected Areas in
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shift selected for that frequency subband and antenna to generate a phase-shifted symbol
for the frequency subband and antenna. The phase-shifted symbols for the multiple
frequency subbands of each antenna are then processed to obtain a sequence of samples
for that antenna.

[0008] According to another embodiment, an apparatus is described which includes a
spatial processor and a modulator. The spatial processor obtains input symbols to be
transmitted on multiple frequency subbands of multiple antennas and modifies the input
symbol for each frequency subband of each antenna with a phase shift selected for that
frequency subband and antenna to generate a phase-shifted symbol for the frequency
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dorhpint sagpipsendbe mulapkrcamsuti seqachces @m tramsnmtiEd ifpping the multiple
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t 0 prAe&Rdingdad Fet Moffel 8nBoditheht) RHlappAHtuE I Gesbifibed wh1ch includes
ti me-domai n sanpl es, a processor to generate nultiple
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511? gfissfor processing data to obtain an input sequence

t rre domai n sanples, neans for generating nmultiple
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for generating multiple output sequences of time-domain samples for multiple antennas

by temporally modifying the input sequence of time-domain samples, and means for
transmitting the multiple output sequences from the multiple antennas.
Various aspects and embodiments of the invention are described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows a multi-antenna system with an access point and user terminals.
FIG. 2 shows a block diagram of a multi-antenna transmitting entity, a single-

antenna receiving entity, and a multi-antenna receiving entity.
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DESCRI PTI ON [ 0025] The word "exenpl ary" is used herein
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illustration.” Any enbodi nent described herein as
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Wef akegifald T, 120.US&n &dedspnpoiht ($Edenefallysantix&l keftion that
term nol ogy. For a centralized architecture, a system .
anYRFates With dhe bigp tegunals anbmay also be referred to as a'base station or

some other terminology. A user terminal may be fixed or mobile and may also be
referred to as a mobile station, a wireless device, a user equipment (UE), or some other
terminology. For a centralized architécture, a system controller 130 couples to the
access points and provides coordination and control for these access points.

Access point 110 is equipped with multiple antennas for data transmission and
reception. Each user terminal 120 may be equipped with a single antenna or multiple
antennas for data transmission and reception. A user terminal may communicate with
the access point, in which case the roles of access point and user terminal are
established. A user terminal may also communicate peer-to-peer with another user
terminal. In the following description, a transmitting entity is equipped with multiple
(T) transmit antennas, and a receiving entity may be equipped with a single antenna or
multiple (R) antennas. A multiple-input single-output (MISO) transmission exists when

the receiving entity is equipped with a single antenna, and a multiple-input multiple-
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270x, and provides the received pilot symbols to a channel estimator 284x within a
controller 280x. Channel estimator 284x derives channel estimates for the effective
SISO channels between transmitting entity 210 and receiving entity 250x for subbands
used for data transmission. Detector 270x performs detection on the received data
symbols for each subband based on the effective SISO channel estimate for that
subband and provides a stream of detected symbols for all subbands. A receive (RX)
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unused and serve as guard subbands, where K =N + N, + N . For example, 802.11a

utilizes an OFDM structure that has 64 total subbands, of which 48 subbands are used
for data transmission, 4 subbands are used for pilot transmission, and 12 subbands are
unused. In general, system 100 may utilize any OFDM structure with any number of
data, pilot, guard, and total subbands. For simplicity, the following description assumes
that all K subbands are usable for data and pilot transmission.

FIG. 4 shows a block diagram of OFDM modulator 230 at transmitting entity
210. The data to be transmitted (or information bits) is typically first encoded to
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respectively. Menory units 242, 282x, and 282y store
data and/ or program code used by controllers 240,
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and tt S T | on 34 sho:
b Sph Biies, EER SRS G0 sopie 4tz S e fratfiie fy one sample

%aﬁout yAZMauéﬂhe seiadla(f/e) leenviertan A8 tsefialiAedrthe 'K lés Ofdr each
|styp|callyf|rst encoded togenerate code bits,
foamsd esymbeh i At @iclieavelix sraeratoni430 hgp cgpenty @ pgrtion (or C
] he r d (O \Y
Ay 1csg_oglé &1 tr I{Iyg | Sagk{nkmna{baf’&rg @Obgﬁ%\é’glﬁihglcglat dontains K +C
mﬂﬂﬂsat'ﬂmrcysymbmﬁxhaaml tomombavﬂtdraymbnl mednfenence (ISI) caused by
%gflﬂgctedfor gw : SK or MOAM ere M= 2B
DEOIACHYP 1%%, RS 1ssa CQUSR{ ERPRRSF (RaL VATIES AR éhe overall
F £ !
%g Cﬁ{@inld@"idtﬁ néfn% i gﬁﬂJo g%rﬁ?rlo (gQgH atl?glﬁgge;lﬁnlgg@me)rlélﬂ as simply
] i‘sgmhmi pemnﬂ”b)rs thadhrasuin bfintk OFRM |sgn‘ad>l andlisiequal to & -oC sample
his also called a zero synbol, is usually
Ib‘?"é’@? ‘ded for each unused subband.) An inverse discrete
Four i B sylstedN 300 AMISHF thariRl ex#B2bdtR6&1 ¥ §fuli-antenna transmitting
nmodul ati‘on synbols for the K subbands in each OFDM
gymo@nd pesingieranteRzneCoving aobgy. KF%MIQHDMrbaSW@H,t the MISO
(El}hagrét %g)g’aﬂ’l% T [%l{ﬁnn?%%ttgeg gaJ{SIal’}lnS glgn Y an@él?e Slg%elg a%enna at the

ﬁéaémingfentlﬁaﬁﬁly Bé’t ORdrectérszed byanget ©f K\/diaﬁﬂeltr&pbﬁse row vectors, each
transm tted in_one sanple perjod. A parallel-to-serial

offimpnsiom ¥ T thichanaxes pepressedkasi he K sanpl es for each
transformed synbol. A cyclic prefix generator 436 then

repeak&t)%[?)g{lg&]i g;‘tk&gm% | es) ofg Ieﬂchotraﬁsio’émed Eq (1)

synmbo ol that contai’'ns

where k is an index for subband and A;(k), for i=0, ..., T-1, denotes the coupling or

complex gain between transmit antenna i and the single receive antenna for subband k.
For simplicity, the MISO channel response h(k) is shown as a function of only subband
k and not time.

If the transmitting entity has an accurate estimate of the MISO channel response,
then it may perform spatial processing to direct a data transmission toward the receiving

entity. However, if the transmitting entity does not have an accurate estimate of the



sanpl es. The cyclic prefix is used to conbat
inter-synbol interference (I1SlI) caused by frequency

waelosat49se fadi ng, which is a frequency responBer/usmbs/015040

[0037]

[0038]

[0039]

varies across the overall sys§em bandw dth. An OFDM
synmbol period (which is also referred to herein as

@irﬂ@isychannéi,,y KB ltheOF taB8issibis frBR e MahdtOkhad fcaide bg:QMh gently
synmbol and is equal to K + C sanple periods. [0035]

slyestesrhas@hon the MiSBss kbamnel. exi sts bet ween a

mul ti ntennatran mtf ntity an in enn
recelw §}e° CSt%f%\/i bé%‘éit‘j'alsa)l/)get’zhrﬁ g?nr? atl(}ln Ptymay
t‘}dil@ﬂlﬁledataf nbﬁaeds fryantdi@asl t tHe 6 anfenid e ctif BigSdhitity usifg steering
entity and the single antenna at the receiving entit

drusrsipetocachicne transymib divsipity, greaterelipbiing Andlpr magprsrerformance.

A1 sy Ay o ) iy s
d)a,ta transmiksidbn obssvdsl Jiffeieat effkctiv& eiram'leisi @grobo thessifbbamt$ used for
n denot e

ﬁ‘é 6‘>P coﬁ%n%%auararyn scfoanee, is Rehiicaag gwna pad channel

feaﬁizahbﬁ SﬁlﬁgépﬁtlilWSéééﬁné%ﬁE‘t@éhxfgofhvéfdﬁg%GlslS .sulPkhat the single-
sinplicity, the SO channel response is shown as

anténpa geéadving fentityl sanspesfamcthl Immahmocessm fof (S@S@]opleratlon (and

he trans ttin an _accu t est|
G ok BEPLRS Aoy e FpeaP pRib AT R Farpgt FREGiSY nprer to
RESEL I dia trandthikH61 afd E@bR the' Eﬁﬁ:ﬁiﬁ@ﬂ t@dfnshﬂ\/m{/éi'sftﬁ eFor clarity,
rece|V|ng entity. However, if the transmttin entitfy o
hedalloygng ldasf:@paﬁn Hegmerly f@%@ﬁ%@?@%ﬁmwmq%és%dex or time is
el, then-the T transm ssions fromthe T antennas
cannot be intelligently adjusted based on the wireless
channEIG. § €08/ ]a i$deh f@rtraasmissiah ewtliﬁcamlg deedrsityefoe omessubband &

ot avail able, the transm ity may transmt
B B RS R Uhe iy 910 o SBR Ao A e ane entiy 250x. A

ﬁl‘é&\ﬁhﬂ’dd"%nf’d%tl k) #5bd\@nbbie SivbaRd Ry ﬁfaﬁhl'l)y pxtoees'é@d"bvﬁl{ ' complex

transmt “diversity, greater reliability,” and

WERhRVEE seflhf QAINB)C P, (k Wihidugh e/, (F)J télioyairs It ifansfnﬁlﬁ symbols for
transmtting entity perforns spatlal processi ng sucﬁm
dubBand hewhlizharé thensproscssanarab set \fren died Teteanginit antennas The T
effective channel s across the subbands used for

trwngﬁﬁygéwo&qfor abhardik abserye, chaenal sespansseof 4, detthrough th(k)

di ct bad channel. realizati on. The_, spat

or oceLE MO SR e TS DY PROPUS GhCHCR ypband k for
{ib&ing dherBNLEPMBwsECel Vi ng entity can performthe

normal procéessing for SISO operation (and does not

need to do any other special processing for transmt

di ver 3(R)yv{En sékXer to refookerO.t.heKddta transmission Eq(2)
and enjoy the benefits of transmt diversity. For

t
ngrE:I seéc’) is a modulation symbol to be sent on subband £;
v(k)=[vy(k) v,(k) ... v, (k)]" is a T x1 steering vector for subband £;

x(k) =[x,(k) x,(k) ... x;,(k)]" is a Tx1 vector with T transmit symbols to be

sent from the T transmit antennas on subband k; and

“T» denotes a transpose.

In general, the modulation symbol s(k) may be any real or complex value (e.g., a signal

value of zero) and does not need to be from a signal constellation.



the follow ng description is generally for one OFDM
synbol, and the index for tine is omtted. [0038] FIG

wh2eRowe3a nodel for transm ssion with steeri nECT/US2005/015040

[0040]

[0041]

[0042]

diversity for one subband k fgom nulti-antenna

transmtting entity 210 to si ngl e-antenna recei ving

ent | Uhhe? pléived STRibBIsAhI Mt $oc3RRMg Shtity ¥ BRNSGbbafD k may be
bband k is spatially processed with T conpl ex

mragmdsas(or scal ar val ues) VO(A;) through vT_, (& to

obtain T transmt synbols for subband k, which are

then ce d sgRt fromthe T transmt antennas.

The _éﬁff-gaﬁ)%@ f or subband k observe channel

responses of ho(k) through h L(k) . [0039] The

transmi tt Ehfkpm(k}: y(/@eﬂf(g)rrs spat i dbr frdbessKnd, f or Eq(3)

each subband k for steerlng diversity, as follows:

x (k) _V(k)zmﬁ”(@ s(k p;, , K- 1, Eq (2) where

s(k) is a dul atii on synbol to be sent on subband k ;

(k) =[vo(k) VIi(A) ... ,(A')]Gis a T Xl steering
w&&éw(kﬁqgaﬁdébi@a@gyﬁsboméwubsmk) JCI(AY) ... x (k)]t
isaTXx]| vector with T transmt synbols to be sent
from zfek)T is ransffettientSESOashannels uespans Hor, sabtehnd &, Which is
denotes a transpose. In general, the nodul ati on synbol
s(k) may bg Gm)yzli(ekalv(@y amnpl ex value (e.g., a signal
val ue of zero) and does not need to be froma si gnal
const g{k) at themohe@dOqubbinel k.ecei ved synbol s at the
receiving entity for each subband k may be expressed
as: hd?z(vrk (

2. Hxq in edifa'ﬁlm gbﬁ hlfﬁef ?painﬁ]; p&%%(s)sﬁ%kl?(y fh@ l'\)k\%lgl?llet{n?% e})ftlty for
stwrmgrchwsltbems@wmahe frodulstibb aymibéd s(kh fpk pachssubband k observing
effective SISO channel response for subband k, which
the eﬁf@qatfve( $IP O=¢lamnel-regpense h@r{(g) nykirhiiacledes the p@galfMi[SO channel
subband [0041] As shown in equation (3), the
mmlsel_(lp)r ektheistegring vedier vikantormithat iswlpandt |Tthy réegiving entity can
steering diversity results in the npdul ati on synbol .

estipmpter gie etieative UHB S ehaanglEespeniss ghy Ke) > for sxample, pssd on pilot

channel res onse hef f (kz , which includes the actual
sc¥sspiMed from the transmutting entity. The receiving entity can then perform

detection or matched filtering on the received symbol r(k) for each subband k with the
effective SISO channel response estimate l;eﬁ (k) for that subband to obtain a detected

symbol §(k), which is an estimate of the modulation symbol s(k) transmitted on the
subband.

The receiving entity may perform matched filtering as follows:

by (k) r(k)

o . Eq (4)

s(k)=
where “ * ” denotes a conjugate and n'(k) is the noise after the matched filtering. The

detection operation in equation (4) is the same as would be performed by the receiving

entity for a SISO transmission. However, the effective SISO channel response estimate,

h o7 (k) 1s used for detection instead of a SISO channel response estimate, i;(k) .



response h(& and the steering vector v(& for that
subband. The receiving entity can estinmate the

wetdosai49se Sl SO channel response h (k) , for ex@npPs®Ns/015040

[0043]

[0044]

[0045]

[0046)

based on pilot synbols receiygd fromthe transmtting

entity. The receiving entity can then perform

det eCFdros@ee?l'h nav&Se the |r§c%wlﬁ’€ efifityt difes N1R% He¥ Pt TNHNOkhether a
r (k) eacﬁ subband k with the éffective SISO

gele melennasgpmtaale@ntenmSearh aused Yorf ¢ata trqpsmissipiband alse does not
e?a qﬂ a d te{t%enngsye:go? us%é ;)r Ea&{n Etﬁ)%flfedc’ aﬂle %exvm% entity can

onTsy transm

Iidvblbh?él@hs ehj&@‘iﬁe} bek€its’ cﬁ"@ﬁh&ihﬂ @n&i’diﬂytlydlrfﬁ)(em gﬂééﬂigfvectors are used
matched filtering as fo

aquss)t nsu{o 7nds E@fi (dAijerm)affeW@r SISO *cglm% @feegogned for these
at
RPN QY ibgirfsidrPal BB SUMRIC b FBLE Wi observe an
d¢risemblenef diffenent| effdotiveSISOr niehnbly ddnessr the esubbargdsendedt for data
for a SISO transm ssion. However, the effective SISO
HSPEIOTr esponse estimate, eff () > use for detection

i nst epyG. 6 siowdl PBIdeRANABAM FSPPIRSHPafSlt proBdsSor I¥04)and an OFDM

[0043] For steering diversity, the receiving entity
wodulaton 230 evhitl akn any entbetineant of §EX1 gp@tlaérptr@cwmr @20 and OFDM
mul, toi nt enn re. Uss fjor t Si
IEP%‘%} t§6:2 Ong fSpﬁgt“éf’? 0"k n @/ tzhe g?egra%ﬁlg PYEE Sor Oiuhso adrecewes K
ﬁl@dul@t&ﬁhsﬁhﬁlﬂﬁ(& gehBficA1B¢ enpuit RgmBOLs) tsY0)C ﬁﬁfough s(K-1) for the K
neverthel ess enjoy the benefits of transmt diversity
subbatids ffer aaah QHIBM symyol/pariodr Vihin TS sphtiabprosesserid0a, a different

b f f f | SO ¢ S
#phRampPtEreel ShiBlinie Samaifitor rERPEaTha S K weights
2¢608RouBH Li(Rl-8) SHOLRAGEnYRY! Mtdnbe T aﬁ@%%\){&‘esq{‘ weighted symbols

ensenbl e of 'different effective SISO channels across

foh ¢hat R AN STHS B dhiation 8frAbdlr AR Tos&dch Bubla 44k thhémitted from

shows a bl ock diagramof a TX spatial processor 220a

alnd aatenfdsLivd iothultilied w2BOBweightschy (B threughevy ()i foe tie Diransmit
TX spatial processor 220 and OFDM nodul at or 230,

andemas forvtbhtysubband=l BX patidhprepessoral2larmpoddenil s2B0 K weighted

regei ves K dulai n synmbols (or generically, input

W?P(? % (ng ﬁﬂﬁ K-1) for the K subbands for

each Wit OFDRe modelat@@30)Vthdset of X weighted Isyxﬂb@l@ ESSAEh transmit
220a, a different set of Krrultlpl|ers 620 multiplies

ANk iri ansfornesd toythogme-damain hy cessrtive MB ﬁtné 632 to obtain a
transformed symbol for that antenna. The K time-domain samples for the transformed

symbol for each transmit antenna i are serialized by a respective P/S converter 634 and
further appended with a cyclic prefix by a cyclic prefix generator 636 to generate an
OFDM symbol for that antenna. The OFDM symbol for each transmit antenna i is then
conditioned by transmitter unit 232 for that antenna and transmitted via the antenna.

For steering diversity, the transmitting entity uses different steering vectors for
different subbands, with each steering vector defining or forming a beam for the
associated subband. In general, it is desirable to use as many different steering vectors
as possible across the subbands to achieve greater transmit diversity. For example, a
different steering vector may be used for each of the K subbands, and the set of K

steering vectors used for the K subbands may be denoted as {v(k)}. For each subband,



V1(O through V1(K-1) for each transmt antenna i and
provi des K wei ghted synbols for that antenna. The

wormsh awsdon synbol s(k) for each subband k i s PCT/US2005/015040

[0047]

[0048]

[0049]

transmtted fromall T antenngs and is nultiplied with

T weights VO(A:) through vt.,(& for the T transmt

B8 sRAMBSvdcRir thalPbe e RRABGverltiing BAkdad lchit g@c@%s S Glon? ool period
provides T sets of K weighted synbols for t

torsambed perigdt ennas. [ 0045] Wt hi n OFDM nodul at or 230a,

t he o) r NSt

ant eilﬁ rai< ans‘%rﬁl%rre%fqéq 1111?% b2 usg("i“i'gro%%clﬁn fggleaK subbands for

St@eingcdlvetatﬁDEIwamt, 16 Fasire thitt porforMatideaizsiod rdtgfhded for single-
synbol for that antenna. The K ti me- donq;n sa es for
VeSS Dol et

th*rémﬁ daviseshatare aghaware pf thesiering diyeesiiyibeing resfosmed apd further

r?féf rﬁgdrﬁ@gorm%}ﬁ)é\r Qﬁé éﬁ%b%{é Hen q%f'ﬂlg NeQoft be defined such
rther appen a cyclic pre y a cyclic

thatethe keageneargimna cﬁﬁﬁmbus gpsteed of sbrapt noEDRt sorossche subbands. This

S48 b ASHEVRLDY PRYOB ATERGHEY SYneRERSAS TS tHPE by gubbands

foP leadt Bhnshiit @RRANANA st 5@%51& efhe hasd BARIMABNEinge in a linear
[0046] For steering diversity, the transmtting entity

meener gicfdse rthetsubbands i fary epdlt tiongmit cantasnd f ardegech antenna may be
subb
ssocuﬁ@cﬁj %gh\ge&é%e Fl%a‘%é gl%éé’g‘%dé%%g)% g@an q! ﬂl?a&%ﬁlgahneornaqf linearly

¢Hang1$1g @ﬁsdershh’cs&o infodustioasyniboly ifi tHef R¢qishcysd@edin mghy be achieved
vectors _as possi bl e across the subbands to achi eve
byt tempera ]tYrIB?@FMl‘Eg (- epither glelapipe o capplpdy shifing)iths egresponding

t?rh %E)fnggl \ég'% dégr PR reRait ?l%@Kr‘iirg \%ct(ﬁé‘ﬁll@ WREd H}%ﬂ*ferelat subbands, then

bands the set o eering vectors used for
ﬂhh endﬁuwiohauydﬁ)olsaﬁor tleese snottands ase Yaafrield}in. differenedicéctions by the

SRS e SEER YEEkho TR O s SRl s i

- peeicadstebHY ?ﬂenl dbc%ﬁ%&)@}fonﬁd’ﬁ}fe 8 Qe ROinR6+ Odued ®YthE §ncreased

used for each of the K subbands for steering
@wems. ty. However, to ensure that perfornance is not
f ar ea a_dev 68844 hat not .awa

of 1 i B afrife P Ribr PR T NsaRod BRlenle BeBR} 4F VR aifrremt
difdcHioRy) tR e CIT BV ABISD cAGHIRS $e$5ﬁseshl%|@k‘)n dould B8o vary widely
steeri ng vectors nmay be defined such that the beans
Mdéng he adjaecemt Jubbaids. | Susie Adei®ingaditities rﬁ@rﬁtﬂfbeaeﬁﬁ:@é 9f steering
t he subbands. This may be achi eved by applying
dyersity heing Ippriprmedyisnen phlesacy HP§F@W6%V$%1%%%E@§O2 lla

a Iy
Rlopf 2 THetk BREHbE ARy st B0 el HEpBRVirics slowly
&md»ﬂs ahel squandfatdmiay qxest‘mm chaireh astimatiod ieachanmdr o sanplify the

be ,associ ed MAH di fferent hase slog ., as
r&& %5t fetehel %pﬁﬁ“c & © Pﬁ“??eg}alyy ity ithgy channel
&E‘;ﬁﬁx@e $& hisabied Melléttb@n sHUERQ Bnd Mist htefgoRMidR N6t some other

domai n may be achi eved

techniques to derive estimates of the channel response for the other subbands. The use
of abruptly changing steering vectors (e.g., pseudo-random steering vectors) may
severely degrade the performance of these receiving entities.

To provide transmit diversity and avoid degrading the performance of legacy
receiving entities, the steering vectors may be selected such that (1) different beams are

used for different subbands and (2) the beams for adjacent subbands have smooth



by tenporally nodifying (e.g., either delaying or
circularly shifting) the corresponding tine-donain

wa2amphew39 | f different steering vectors are usedr/fi1005/015040

[0050]

[0051]

[0052]

[0053]

di fferent subbands, then thejpodul ati on synbols for

these subbands are beamed in different directions by
ihteadPéf MYuitradsitioAf SThé wRitheNdaske fbf theNC SalAndRbBthe ST transmit
spread over nultiple subbands with different steering,
anteanasimey be exprpssed 8 mance will likely inprove due to

~the increased diversity. [0048] If the steering

vectors for adjacent subban generate be LR very
different directions, th nv‘g@e e‘fﬂﬁéct'i"\/e"g@é5 hannel
response he (k) woul d al sov¢@ry wildely- angBg 1) he

adj ac¥it [V yahds Y EBok Flecei vi n‘gf enti.ties :may {not be Eq (5)
aware of steering diversilty being perfornmed, sdch as

| egacy singl e-antenna devi‘ee®)i wr.dh EEER80R-1|1a

system These receiving entities may assune that the
channel response varies slowly across the subbands and

wegre Pe s ong 1 Hastnia|of seighisafor 8i¢ K subbapdnefthe T dragpmmsjaptepnas.
the receiver design. For exanple, these receivi

enti g eﬁﬁvdwrﬁt,ﬁ%% weights ip ﬁaﬁm&mwsaas fetinadgs faftows:
subset of the K total subbands and use interpolation

or sone other tgghniques to derive estimates of the
Channﬁkzi)@;ég?fb#?f or the gt pery subbangss ¢ Te Use-pf  Eq(6)
abrupt’Ty changi ng 5teering vectors (e.g.,

pseudo-random steering vectors) may severely degrade
Where PB(if) G ABSaFleR kainlTesarsatitindnng ienti ties. [0049] To
provide transmt diversity and avoid degrading the

per f oy, (Endehoveighgfor yubbané kof trgnsamt arnterem,i; 4dde st eeri ng
vectors may be selected such that (1) different beans

ar e ugRdhé hagihdr§ eslaatefinddangs yand (2) the beans for
adj acent subbands have snoot hi nstead of abr upt

transiyt | . [ tO: :

tho 7Y BREnASE ABktel i 8% ol mhllif R RgAAG o o,
¢l |) BYVY|| < KO I fpr VEQD).., VI1{1.) Th Méigh}s shown[ik/(eGhatiopl (b) correspond to a
V(K-1)] = Eq (5 V-1 (O V 1(l) VI- 1 ( K-_1 ) where
wrogrsssaveTphaskshifitfer sachsulbhaing lang antgnna hehere weightsrritecyely form a
the T .transmit antennas. | e '
SRR PR Bedon 10 P Spoan o) el by S 3 Y Sl freennas
k J In a specific embodiment, the weights are defined as follows:

Jelai 2 ”_x_( k_K)

vik)=e7".e X =¢ X\ 2/, Eq (7)

for i=0, .., T-1 and k=0, ..., K-1. The embodiment shown in equation (7) uses
B(i) =e™’™ for equation (6). This results in a different phase shift being applied to
each antenna.

FIG. 7 shows plots of the phase shifts for each transmit antenna for a case with
T =4. The center of the K subbands is typically considered to be at zero frequency, as
shown in FIG. 3. The weights generated based on equation (7) may be interpreted as
creating a linear phase shift across the K subbands. Each transmit antenna i, for
i=0, .., T-1, is associated with a phase slope of 27-i/K. The phase shift for each

subband %k, for k=0, .. K-1, for each transmit antenna { is given as



V1(A:) = 5(0e k, for i =0, ..., T- 1 and k = 0,
..., K- 1, Eq (6) where B(i) is a conplex gain for
WO e@sam9s antenna i; VI(A) is the weight for Babbszvds/iso40

of transmt antenna I ; and jj3is the inmaginary val ue
defined by | V-1 . [0051] The nmagnitude of the

X [ f S O i be _ t :
%78 gp ke K?%”)/ E( )qrhleelég fb{ %@F g". ?%Bﬁrlﬂ%u d g—sl?the ddserving a

mﬁgeggﬂiﬁoﬁﬂ%m in equation (6) correspond to a
progressive phase shift for each subband and antenna.

[0054] Thes eThﬁenggb§ darived thaged gn fegnation €1imax by \dewedepeatlinear filter
h_subband f f T
o PR el B0eor o G A T P D s el 1l

wei ghts are defined as follows: vi(k) =e j It i -e Kk
=e k 2, Eq (7) for i_®%0, ..., T -1 and = 0,

K-1 .G k? dmezl)eeénm/m in equation (7) uses B(I) Eq (8)
=e~j or equatlon (6). This results in a different

phase shlft bei ng applied to each antenna. [0053] FIG

fér sho@s...pirot samf & ké-KHaje..sK 12 si¥.or Teachblandniadex k£ is for a
antenna for a case with T =4 . The center of the K
sibbirsinisntesing pphenzd thyt placesitberard ficquivey at subband N, =K/2, as
frequency, as shown in FIG 3. The wei ghts generated
fpawadn @ﬁée%fu ahe ewbbany indey A eisiarfhifiedrversaen akthesubhanddndex k by

Ky3eqt pgeekabl FnRGEans if WEodind YARFBEIRe BE9GR Sequeney for the

antenna i, isTassoc
v Eh&aﬁf‘ﬁ%ﬁbé{rfgps%h&ﬁe Rfﬁkhlthé hdex The Whasmagbeletudlas some other
each subband k, for =0, ..., K-l , for each transmt

v’iilhieelﬂﬁtaad of ¥i/eeif tl&Slﬂ@ex- k ts(defindd d) doihe otfdranatsmer @fg. BE )L, ...,
i result in subband = K/ 2 observing a phase shift
Qﬁﬁ Fén0@®@®n?ﬂThe m5|ghts derived based on equatlon
near filter

100551 {0 iy b FOrae B e Fesbigsh o RESOTthelifep B Foay e
: 2 8 G

(;\albstam% é%%grlt;onncrg% %I-%mpxt ID%’IZ(% t?e d%?rege #ﬁiu%{u@ggz a%o@?se dgg( ). The-
1%1&)@56 o] - W gggja[}gg@g ﬁlrgg%gegchene that places the

ro freguen nter = K/'2 , as shown in
FIG 3. The subband index ' is a shifted version of
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Eq (9)

Ki2-1 2n—(1+n)

M

i
K
|1 for n=-i
| 0 otherwise
where 7 is an index for sample period and has a range of n=0, ..., K-1. Equation (9)

indicates that the impulse response g;(n) for transmit antenna 7 has a single unit-value

tap at a delay of i sample periods and is zero at all other delays.



or if Kis an odd nunmber. [0055] A discrete
ti me-domai n i nmpul se response g,(n) for the linear

wo pdoser49smy be obtai ned by perform ng a K-poi neCT/DE2ZD0SI0N5040
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the discrete frequency responge G kr) . The inpul se

response g, (n) may be expressed as: 1 KJ 2| -- 1l j 2
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wei ght ed synbol s. Equival ently, t es processi ng

Wlﬁd%aﬁae@@elqyebgmaﬁl [?)éri@ﬂs achi eved by (1) performng a
K- poi nt DDFT on the nodul ati on synbols to obtain K

ti me-Xi6rveliAn skep block dirgrane pf pdi spatiehprogesspy 24fibsand an OFDM
rﬁS&M 099389 %wthhgre&r;otﬂg? mﬂﬁﬂﬁdﬂﬁ RGP l19{5 i%et aE rPtr{S' or 220 and
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the @Cbnfoﬁﬁl@tlb‘le syritba1®aid pitovides Ky timeldonbaiD3aniple UQTP/S k&werter 834
1). for the K subbands for each OFDM synbol perio
sarighes e Kvime demainsamplesy A %)f?henapcﬁwﬁn@raggz%ééhmmﬁnds a C-

ﬁnﬁ]@@ycnltc pQQ’i:x af'provides an OFDM symbol containing K +C samples to TX
spatial processor 220b. TX spatial processor 220b includes T digital delay units 822a

through 822t for the T transmit antennas. Each delay unit 822 receives and delays the
OFDM symbol from OFDM demodulator 230b by a different amount determined by the
associated transmit antenna. In particular, delay unit 822a for transmit antenna 234a
delays the OFDM symbol by zero sample period, delay unit 822b for transmit antenna
234b delays the OFDM symbol by one sample period, and so on, and delay unit 822t for
transmit antenna 234t delays the OFDM symbol by T-1 sample periods. The
subsequent processing by transmitter units 232 is as described above.

FIG. 8B shows a block diagram of OFDM modulator 230b and a TX spatial
processor 220c, which is yet another embodiment of TX spatial processor 220 in FIG. 2.
OFDM modulator 220b performs OFDM modulation on K modulation symbols for each
OFDM symbol period as described above for FIG. 8A. Transmitter unit 232 then
receives and conditions the OFDM symbol for each symbol period to generate a
modulated signal. TX spatial processor 220c provides time delay in the analog domain.
TX spatial processor 220c includes T analog delay units 824a through 824t for the T
transmit antennas. Each delay unit 824 receives and delays the modulated signal by a

different amount determined by the associated transmit antenna. In particular, delay



the K nodul ati on synbol s and provides K tine-domain
sanples. A P/'S converter 834 serializes the K

W 2oveAdeBRi N sanpl es. A cyclic prefix generat orCBB882005/015040
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saarpdessiean D Mdmbdylaton 28018 ﬁﬂEIG A iy teqmsainpleditus athigher rate
antenna 234b_del ays the dul at e gnal by one sampl e
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The sane OFDM synbol 1s transmtted fromeach o
Tra@}nthe cxolie predix. appendadeto, eachcOFIPMVspybdlahalemsm liheapndelay by

§§f§{]ﬁ{ﬂ_a§?ﬂ§@s E?Zfémt enggg 'gﬁlag ﬁllaﬂ% gf%&éﬁagrs h(fefa Gifdar rotation for the

circular convolution with the time-domain impulse response g;(n). The weights as

defined in equation (7) may thus be implemented by a time delay of i sample periods for
each transmit antenna i, as shown in FIGS. 8A through 8C. However, as shown in FIG.
8C, the OFDM symbol is transmitted from the T transmit antennas at different delays,
which reduces the effectiveness of the cyclic prefix to protect against multipath delay.
[0062] The IDFT of K weighted symbols (which are obtained by multiplying K
modulation symbols with the phase slope shown in equation (7)) provides a time-

domain sample sequence that is equal to a circular shift of the K time-domain samples



OFDM synbol s for the T antennas may be viewed as T
different versions of the sane OFDM synbol. [0060] For

wa bwsemosdi ments shown in equations (7) throughCt /032008515040
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[0065]
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FIGS. 8A through 8C, the del gs for the T transmt
antennas are in integer nunbers of sanple periods.
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spatial processing may thus be performed by circularly
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ADIA FRMthe Q&b@&iﬁ&éﬂmﬂwﬂt@ FIG30Aangd Eﬁlfeﬁematvelaion of the OFDM
processor 220, respectively, in FIG 2. Wthin
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The embodiments shown in FIGS. 8A, 8B, and 9A illustrate some of the ways in

which spatial processing for steering diversity may be performed. In general, the spatial
processing for steering diversity may be performed in various manners and at various
locations within the transmitting entity. For example, the spatial processing may be
performed in the time-domain or the frequency-domain, using digital circuitry or analog
circuitry, prior to or after the OFDM modulation, and so on.

Equations (6) and (7) represent a function that provides linearly changing phase
shifts across the K subbands for each transmit antenna. The application of linearly

changing phase shifts to modulation symbols in the frequency domain may be achieved



spatial processor 22Qd includes T circular shift units

922a through 922t for the T transmt antennas. Each
w@mios/19@2 recei ves the K tine-domai n sanpl es frOnU§2085/015040

converter 934, perforns a cifgular shift of the K

ti me-domai n sanples by i sanples for transmt antenna
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descri bed above. In general, the phase shifts across
napigllyfos thebtarsmitting esdithtor ysaladivist beant @tmralgrmytlme, and so on. The

SRR e AR OB TR o345, S fimiin oo
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[0070] Steering diversity may also be used for various applications in a wireless system.
In one application, broadcast channels in the system may be transmitted using steering
diversity as described above. The use of steering diversity allows wireless devices in
the system to possibly receive the broadcast channels with improved reliability, thereby
increasing the range of the broadcast channels. In another application, a paging channel
is transmitted using steering diversity. Again, improved reliability and greater coverage

may be achieved for the paging channel via the use of steering diversity. In yet another



function of phase shifts is just one exanple of a
conti nuous function. The continuous change ensures
wo bas/114989 per f ormance for singl e-antenna devi CBSI/USBDS/015040
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of user term nals under its coverage area. [0071] The
steering diversity techni ques descri bed herein may be

wo npsemdsd ed by vari ous nmeans. For exanpl e, thBSEUS2005/015040
techni ques may be inpl enment edqoi n hardware, software,
or a conbination thereof. For a hardware
i npl enentation, the processOpamM$ts used to perform
spatial processing for steering diversity may be
i npl enented within one or nore application specific
i nt egy at ed t Lt al
(DSPs{ dlﬁ%gtﬁgglogné\@pr oc chx:t:%éﬁ eﬁgggé B%élg; fiBh System,
qngyisagrabl e | ogi ¢ devices (PLDs), fiel d pr ogr ammabl e

gate arrays .(FPGAs), praocessors, contr
o SRS S P o B R o & fReAis E drepgncy subbands
mﬂlﬁraQ@Séfg,B&gngso performthe functions described

herein, ‘or a conbination thereof. [0072] For a
sof t vmo@fymplaemmw aymbel, for hechsfr@cmen%gs@bmd of each antenna with a

t.ech t th
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dhiifitet Jy@ibol ﬂﬁ%lfdfr&ﬁﬂn&}eﬁtbbﬁhd éﬂal&hémtémt @ncL‘OdeS may be
stored in a newo [ unit 242 in FIG

2) arRfoRssEing pb@ﬁe pﬁb’&gé@%@? the @hgahty o6 freausnei subbapgs of each
AT GO Bhin'H Ve &RX ofgetrﬁdilﬁﬁmta%?e&iﬂat hin the

processor or e terna € processor, in which case
it can be communicatively coupled to the processor via

vari ous ns n the art. [0073] The

previous dﬁl%"c"l‘"‘?tg‘f’ﬁll%‘lﬁ B?rs"@m%‘é’&‘ Eerrbodi ments is

provi %@yﬂi@hﬁ&ﬂ |v‘irﬁﬂg/ RRE SRifts 3kiokd A€ plitalithrFHequéRy subbands
make oOr ‘use the presenP I nvention. Various

fopdadhi angennans to t hese enbodiments will be readily

apparent to those skilled in the art, and the generic
principles defined herein may be applied to other

enbod ment Fhemedhed bf eleial ! fuftBer dodiprisiig@: spirit or scope
of the invention. Thus, the present invention is not

i nt erdRpying awefferenl phage slepe Rerossihs aTlyrahtysofsliramngesubbands for
%lél 0 be accorded the w dest scope consistent with

e principles and novel features disclosed
herein. CLAIMS 1. A nethod of transmtting data in a

W rel ess comruni cation, s conprij sing: obtaining
i nput4synbbremethod af ?P‘é‘hiM@(ﬁo&Pr‘émﬁf urality of

fr equeReYins LBRAMBAsI9F vﬁ'ylﬂh LHh%Lé dinefacRIRt 4RO huralit %' of frequency
nodi fyinig an i1 nput 3y f'or each frequency sub

mmbeabﬁbmmmhanmmmath a

5. The method of claim 4, further comprising:
determining the continuously varying phase shifts across the frequency subbands

for each antenna based on a function selected for the antenna.

6. The method of claim 1, wherein the processing the phase-shifted
symbols comprises

performing orthogonal frequency division multiplexing (OFDM) modulation on
the phase-shifted symbols for the plurality of frequency subbands of each antenna to

obtain the sequence of samples for the antenna.



phase shift selected for the frequency subband and the
antenna to generate a phaseshifted synbol for the

wo eewquernsy subband and the antenna; and procesBETIYS2005/015040
phase-shifted synbols for thegplurality of frequency
subbands of each antenna to obtain a sequence of

sanples ok, LiRrAN BNRireldss c-gﬁﬁnﬂfﬁéa:ﬁ@ﬁ‘ sterfy) c%ingiri]sing:

further conpri'sing: applying linearly varying phase )
shi f tasspatinbpwcesser {9l obtaini inputofynfhobsgieche: framsmiotiechdn af plprality of

ach ant enn .. The..rethod of claim1. .£furt.her
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frdiedyl 6@bahy off edchestt@imaywihbbaphge §Oft eddckedafdretheafrequency
4. The method of claim11, further conprisi n%:1 appl yi ng

subbandrand ibe pntnna torgenpiatese phaseshifted symbal for thepiregueney jubband

f H&Ec ubbands for each antenna. 5. The net hod
%F%‘%%lgm , dErther conprising: determning the

cont i  umdalayorvier priodess pitasestified tsgmbals ofes thd gliralég usfnfryquency

supbands for each antenna based on a_ function sel ected
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processi ng the phase-shifted synbols conprises
perform ng orthogonal frequency division nmultiplexing
( OFDN. nodIieaapparatusnofi dlainphawhersini the epatiy phaskssof eppliesdinearly

I ] f. f bbands of h
B ot sRl T B G 7 o SRR R A
apparatus in a wreless comunication system

conprisingf a spatial processor to obtain input .
synbol-s t oltise appasafysriaft elginen/.awpeiginthe ypaffal fpreegsearc gpplies a
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antenna with a phase shift selected for the frequency

subband and the antenna tq geperate, a phase-shifted .
synbol0-f orT}t%é‘PPﬁ“éﬁ‘éeﬂgfl%‘H’o?;nB’ i (he SPATEnRICSsRE applies

%nﬁ?ﬂﬂs%@%ryﬁ)g PHa8C QR fts RBRSE I8 S FBQleAcy Sbbah for each

requency subbands of éach antenna to
oiemmian a sequence of sanples for the antenna. 8. The
apparatus of claim?7, wherein the spatial processor
applies linearly

11.  An apparatus in a wireless communication system, comprising:

means for obtaining input symbols to be transmitted on a plurality of frequency
subbands of a plurality of antennas;

means for modifying an input symbol for each frequency subband of each
antenna with a phase shift selected for the frequency subband and the antenna to
generate a phase-shifted symbol for the frequency subband and the antenna; and

means for processing phase-shifted symbols for the plurality of frequency

subbands of each antenna to obtain a sequence of samples for the antenna.

12.  The apparatus of claim 11, further comprising:
means for applying linearly varying phase shifts across the plurality of

frequency subbands for each antenna.



varyi ng phase shifts across the plurality of frequency
subbands for each antenna. 9. The apparatus of claim
w(o2008hemed n the spatial processor applies a di PEBUSIINS/N015040

phase sl ope across the plurabyty of frequency subbands
for each antenna. 10. The apparatus of claim7,

wher ej 3 thﬂmééf)@ﬁn‘aﬁls o CRERIS CfurRBPd dnStisHRAL | nuous| y

varyi ng phase shifts across the plural ?%; of frequency
subbanemst for applyingamtdafierant phiase Atopapgszesatthe plurality of frequency
Lfeless ¢ ni cati on system conprising: nmeans for

%f’%ffdﬁ% %Fn%aynbol s to be transmtted on a

pl urallty of frequency subbands of a plurality of

ant ennas; neans for m)dlfyl ng an input synbol for each
frequihcy Thapanrtusot ském 1&n§-‘é‘hﬁracqmﬁr}$“¥£'phase shi ft

sel ec f

ocnes bl bl EER0S7 WIRARE L S ULENOR iy of
fedueat\dsubbshdsifer euch anteana. and neans for processing
phase-shifted synbols for the plurality of frequency
subbands of each antenna to obtain a sequence of

sanpl g5 oK BRod UfeRRRmitiAg Jal?@ iR P Yirdleds c@fnn’ﬁ{:@éaﬁbn system,
11, further conprising: neans for applying linearly

caamprismg: phase shlfts acr oss the pI urallty of frequency
subbands for e tenna. a %t us. of CIIlaI m
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phas egealefififig @@hﬁﬁﬁtytdﬁau%hﬂﬁeqhéﬂc)és of tithe-@anRicsanpldaiansplurality
for each antenna. 14, The apparatus of claim 11,

efiantenans otepwosilivgnodibangthe drpub paugnae féima-deman sagples; and
varyi . smh@?ig é Inraﬁ W o) &ﬁli%&ﬁ&ﬁéeg tﬂﬁ)H {h¥: P%alfltry%qliﬁt@ﬁyas

subbands enna
transrn'tting dat a |n a W rel ess conmmuni cati on system

corrprlsm oce | a to .obtain al’ll u .
sequeHte o qmﬁé @ ﬁ&gw iéﬁﬂreé@n thepraressing @%Aata comprises
pI ur abdrfom@ g Qfﬁhpéijse 3@9&&%&&&#&% QIQHBhﬁlal ?'HPlnﬁﬁlt symbols

for a plurality ant ennas by tenporall yi ng
fone pluxality of éqqmg saifbandse-odptrima plusality Ioétamealmmaln samples, and

e MR ik bt P EhRorENERGRS o] G e o
dequentd OF Bhie-dongipEReesi ng the data conprises

17.  The method of claim 16, wherein the generating the plurality of output
sequences of time-domain samples comprises '
delaying the input sequence by different amounts to generate the plurality of

output sequences.

18.  The method of claim 16, wherein the generating the plurality of output
sequences of time-domain samples comprises
delaying the input sequence by different integer numbers of sample periods to

generate the plurality of output sequences.

19.  The method of claim 16, wherein the generating the plurality of output

sequences of time-domain samples comprises



performng an inverse discrete Fourier transformon a
plurality of input synbols for a plurality of
wo e@quensy subbands to obtain a plurality of PCT/US2005/015040

ti me-domai n sanpl es, and repeating a portion of the

plurality of tinme-domain sanples to obtain the input

sequ i thel it deqRinBe 3 MMf&ent factioddlAmBRROSE PEample period

claim 16, wherein the generating the plurality of

togeparatedegplarpibsolofutput sequenersi n sanpl es conpri ses

del ayi ng the i nput sequence by different anmounts to

generate the plurality of output sequences. 18. The

met hax). of THeanethd® of wlain @b whéreinghe eaAdnmittéhg the plurality of output

plurality of output sequences of timne-donmain sanples

CONPCFSEENRIBFayYi ng the i nput sequence by different

inte ; I [ FRAEH

pl ur gﬁntsglﬁgpgcglﬁﬁ 3&‘?51?236 uf:%c st. &%8?&0'?' e mttlﬁ‘{)gll%?ﬁ%logi ar%tennas

st@tinghtedifferent timeggenerati ng the plurality of output

sequences of tinme-domain sanpl es conprisesdel ayi ng the

i nput sequence by different fractional anobunts of a

sanpl A . pertitnt@od 6NakiAt €5, tWitrdith tHerbéeésiff tidabidomprises

sequences. 20. The nethod of claim 16, wherein the

t r ansparformimng anHaverpadis¢rete\Fagrienasiarmseryd pheddy of input symbols
j tr 1t1] I [ 0 . .

BEDRIEAEy (r Rty AL, 1 Ul It by lidibhce of e domain

@nipledr ent times. 21. The nmethod of claim 15, wherein

the processing the data conprises performng an

i nverse discrete Fourier transformon a plurality of

i nputysYy : [ : )

bt ai 221 el omered SERLAREN, hefiin v LR P BRREITY of output

skljeences dittmetlomhini samles commprisdsn t he generating the

P onpriisatar] st Ty Bis Sragnch et | i toBa AT, Py differen
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plurality of interiedi ate sequences of tinme-domain
sanpligpeatingch perpentafrgcla igemedatie sequeneshof Hmerdopehiimsamples to

uence of tine- i 0 obtain a respective
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23.  The method of claim 22, wherein the circularly shifting the input

sequence comprises

circularly shifting the input sequence by different integer numbers of samples to

obtain the plurality of intermediate sequences.

24.  The method of claim 21, wherein the transmitting the plurality of output

sequences cComprises

transmitting the plurality of output sequences from the plurality of antennas

starting at same time.

25.  An apparatus in a wireless communication system, comprising:

a modulator to process data to obtain an input sequence of time-domain samples;



23. The nethod of claim22, wherein the circularly
shifting the i nput sequence conprises circularly
wGehioStii49gp t he i nput sequence by different inteper/us2005/015040

nunbers of sanples to obtainsoghe plurality of
i nternedi ate sequences. 24. The nethod of claim 21,
wher &} BrocB&of foPEidtatd b BAirlftG o biifpal bdgheftles Q¢ iRt domain samples
sequences conprises transmitting the plurality of
loueplurabypfentmsas by tempesally mp@i%‘ring: thef inpuit ssquense of time-domain
sta ting, at same tine. 25. An apparatus in a wireless

h tion system conprising: a nodulator to
pr ocesplueityof fadiiiférunats té Gankmis @YhaRtydf output sequences from
ti me-domai n sanpl es;a processor to generate a
the phuplity pf aateggsput sequences of tine-donai n sanpl es
for a plurality of antennas by tenporally nodifying
the i nput sequence of tine-domain sanples; and a
pl ur a26.t y Diie appangud of elninubj whemir thenaoedilatbhperforms an inverse

lurality. of output sequepces.fromthe plurality of
BoreR datiepmarsi®t p3adols O mer GPRORY PRIt R frequency
ARIMARUE bR b PITRLE B tIYEAGRaifl sambfl nfr Fiihe? repeats a portion of
transtormon a plurality of input synbols for a
thee upladalityy ob ftime-éeruain cspmplasbtenelyainothebingith sequphcer of time-domain
of pﬁli me- domai n sanpl es and further repeats a portion
VIR e plurality of time-donmain sanples to obtain the
i nput sequence of tinme-domain sanples. 27. The

apparatus of claim 26, wherein the processor del ays i
the i%put Tegyaepratupyofgelpme 20ntwhaseinnthe processofedelays the input
I 4 : us
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plurality of delay unit to delay the input sequence by

di ff erent actional amunts of a sanple period.to
gener4t-e t hee 3APATANYS; qff%%uwgﬁfﬁlns%ﬁgg’ﬁegg COIBPIISER o

appar Atogamly &f alay it wh@a@% hd RfpuPlsbfithtd byOdifferent fractional
transmtter "units transmt the plurality of Output
smounghebssampieperios tplgenerhte the plfirality efnwpnt sequencesg at
different tines. 30. The apparatus of claim 25,

wherein the processor circularly shifts the input

sequepge Ofhd apFarstasaif t1GmTRS ewhérginditel Slufility dftAAEHitter units
to obtain a plurality of ) )
transmit the plurality of output sequences from the plurality of antennas starting at

different times.

30. The apparatus of claim 25, wherein the processor circularly shifts the
input sequence of time-domain samples by different amounts to obtain a plurality of
intermediate sequences of time-domain samples and repeats a portion of each
intermediate sequence of time-domain samples to obtain a respective output sequence of

time-domain samples.

31.  The apparatus of claim 25, wherein the plurality of transmitter units
transmit the plurality of output sequences from the plurality of antennas starting at same

time.



i nternmedi ate sequences of tinme-domain sanples and
repeats a portion of each internedi ate sequence of

WO 20veAdPBRI N sanpl es to obtain a respective ouP@LIUS2005/015040
sequence of time-domain sanpbgs. 31. The apparatus of
claim25, wherein the plurality of transmtter units
transgpi t t i 3 f .
ol ar al  y ‘of et ISR le SRl ORISR En GpBrle
apparmeans forpracessing datg$o obtam ani ivpitisequenys o £ime-domain samples;
conprising: neans for . processing data to tain an
e der AR g f RS S R B fRbheeh b i dpth samples for
D BRRAIRY | ST anferRhd/ b thinporafly Qi difling GRUBPEE Seqdbnce of time-domain
t1 me-domain sanples for a plurality of antennas by
sagwpissi and y nodi fyi ng the input sequence of time-domain

sanpl es; S f ot 1 L4 t [ (o) .
o i 0K Pl IR o ot B Mo Sy of
abeenagpar at us of claim 32, wherein the neans for

processi ng the data conprises nmeans for performng an
i nverse discrete Fourier transformon a plurality of

| nput3ssy esaaqp%at@s pf Hiafh i35Y whbreld GRUBRSME gﬁ?@&%&*ﬁg fhe data

obtain a plurality of time-donmain sanples, and neans
domiprisepeat i ng a portion of the plurality of

time-domain sanples to obtain.the input sequence of .
{i mo- TG 11" SEHBITEBe 23,inveng diggiels Epfuer Fapfoih 6n ¢ plurality of
W& §tbolser ﬁfBﬁﬁ‘élit? of ASQRAEREIUBEANAIS obtdi @lplirMit9lof time-domain
out put sequences of tinme-domain sanples conprises

del ayi ng the input sequence by different

’ t t I l i . : .
35, " ThEh JoSfeRRliRiely bRoR of 4 AlphuBl o bR UbrARIMERIS o obtain
the afpuebdquemg dfftienepdomaih isangpled. out put sequences

conprises neans for transmtting the plurality of
out put sequences fromthe plurality of antennas

startifng afv%«gdlpégﬁﬁﬁrgf cldifiB8; \%vﬁé'ein-lihg né&ﬁsafo?%ﬁ%rﬁfng the plurality

claim 32, I'n the neans tor generating

@f amtpait iséquendes of tipiet dsegn eavades aimprisee- domai n sanpl es
Conprrlnga?nss for delaying the input sequence by different amounts to generate the

plurality of output sequences.

35. The apparatus of claim 32, wherein the means for transmitting the
plurality of output sequences comprises '
means for transmitting the plurality of output sequences from the plurality of

antennas starting at different times.

36.  The apparatus of claim 32, wherein the means for generating the plurality
of output sequences of time-domain samples comprises

means for circularly shifting the input sequence of time-domain samples by
different amounts to obtain a plurality of intermediate sequences of time-domain
samples, and

means for repeating a portion of each intermediate sequence of time-domain

samples to obtain a respective output sequence of time-domain samples.



means for circularly shifting the input sequence of

ti me-domai n sanples by different anounts to obtain a
w@basal498y of internedi ate sequences of tine- deaEUS2005/015040

sanpl es, and neans for repeabkng a portion of each

i ntermedi ate sequence of tine-domain sanples to obtain

a respect i ﬁ%‘a@éﬂls %?O&QHFQZOwaei‘éﬁ? tHOHédhs for transmitting the

sanpl’es. 37.  The apparatus of claim 32, wherein the

pfeahsldfmutrtma@tslnncteswmglpnm plurality of out put
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