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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 Communications, Vol. 16, No. 8,
October 1998, pp. 1451-1458. For the Alamouti scheme, the transmitting device
transmits each pair of data symbols from two antennas in two symbol periods, and the
receiving device combines two received symbols obtained for the two symbol periods to
recover the pair of data symbols. The Alamouti scheme as well as most other

conventional transmit diversity schemes require the receiving device to perform special
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with Nt elements, which can be multiplied with a data symbol to generate Ny transmit
symbols for transmission from N transmit antennas, where N, >1.

The PRTS mode may be used to achieve transmit diversity without requiring the
receiving entity to perform any special processing. For transmit diversity, the
transmitting entity uses (1) different pseudo-random steering vectors across the
subbands used for data transmission and (2) the same steering vector across the pseudo-

random steered portion of a protocol data unit (PDU) for each subband. A PDU is a
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FIG. 9B shows a block diagram of a multi-antenna receiving entity.

DETAILED DESCRIPTION

The word “exemplary” is used herein to mean “serving as an example, instance,
or illustration.” Any embodiment described herein as “exemplary” is not necessarily to
be construed as preferred or advantageous over other embodiments.

FIG. 1 shows a multi-antenna system 100 with an access point (AP) 110 and
user terminals (UTs) 120. An access point is generally a fixed station that
communicates with the user terminals and may 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
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For OFDM modulation, Ny frequency-domain values (for Np data symbols, Np
pilot symbols, and Ng zeros) are transformed to the time domain with an Ng-point
inverse fast Fourier transform (IFF T) to obtain a “transformed” symbol that contains Nr
time-domain chips. To combat intersymbol interference (ISD), which is caused by

frequency selective fading, a portion of each transformed symbol is repeated to form a



"pilot synmbol"” is a nodul ation synbol for pilot. The
pil ot synbols are known a priori by both the

wonrensdsstesi ng and receiving entities. [0025] FecTORSDNG/007020

[0026]

[0027]

[0028]

[0029]

nodul ati on, NF frequency-domaizn val ues (for ND data
synbols, Np pilot synbols, and NG zeros) are

. ' opmi Lt h. an. NE: poi nt .
bERPLAHE Qi Nt PO bl s B eg to 2 2 ol
brefiansf guareitersylmrol OFDAL sgmbblapetodNwhidh i9R1sdGERIRd to herein as
chips. .To conbat j nttﬁres%ol interference (ISl), which
SIply s eyl penpd g dsihe (ireedion of pyeOF RM aygnbel: porti on of

5005/ SNGRE SRR PR ERRlat BrriaRe BbEhO N Ihhlo0q phat may be
9§q¢|bf_'ot sysTémflpép 23 i 53+ mgm“m”as?igmrdmygégﬁv elataﬁ\gﬁtlrso Eash data unit
B s, g TaodingfRiYoF sybpL iapied)iommmatohe bassrap ¢ cgding and

oM RAbn B&enRselected foP thafl HA@tin@N : :
[ 0026] FIG 2 shows an exenpl ary %%Cg?%%oﬁ%@%lﬁﬁmted with a

sipmulingf partien 220 that harriesrngridis pavemecters qe.gs st min 48Dlength) for that
ta i,s_processed, at .a higher |ayer as data_ units. .

kRl BEREAEE 2550 BY B ke snifh it ang dPech g data it

mn@mg)aﬁﬁgp@ra&elxﬁa;b%e 0RBssad Gt NBe MAfhe prfélieﬁtog%ing and

schene selected for that data unit. Each data unit

medulatier sehcmre than hag used orathe sgtapenit.| Bactpd@atumittand its signaling
i ' t Oy A t d
0D 5 OTOAPRCRBIAE % « ajng5 ot A T 0. e

édth uhit i$ agshdted acrastbotle eabbandd el daitivl wetiéds in th€data portion of

aqleghnal i ng _portion may be processed with the sane or

17 RDY 340 frthes doclndsg A preamhlecidQethet qavags aneaar eredypes of
oHal C t 1 i §S,Si LN
At of gt phmott o B8 PPk P8 BeeA kfibte 240 and
signdlingfda@/fortibn 25¢bhhy2&Hoh b'bELI&xedd@t @arizhbd letnlghiﬁh and may contain any
transm.t acr os t ands and_synbol periods in
’Plﬁaagfﬁ & Qﬁgﬂt' °§f q’?}lﬁ %§ y a%s@ezs@w@ £Q #et Packel greme other
RrRefyEkl e 240 that carries one or nore types of

pil ot USed for various purposes by the receiving
ent i t Yhe reveyergemtity tppieaipbpewcests amt PHUgsephiatedy.ddthe receiving

Y TR G
K efoR Grorselel 61%%5%@%3@1 iApRFeliSto erocés@ﬂ%;/rﬁ%%‘ gfné:gﬁnglzation, coarse

term nol ogy. [0027] The Teceiving entit
piceeicirqPBiloneghenaelaisimatitreg and sepw. e reeatving/entity uses

B85t

contr

L A T T W

BBWeral input ports to process), timng
synchroni zation, coarse and fine frequency. _
acqui 3 genensl, peetslorrandoss frapsnif sigeringvaray be epplieiite an entire PDU or

LY . . . . tai ¢
{ g5 BO AR, 9ERnd 5, OISR S RSO b s
pidrtion of a PDU may thus be all or a portion of the PDU.

=

1. MISO Transmission

In system 100, a MISO channel exists between a multi-antenna transmitting
entity and a single-antenna receiving entity. For an OFDM-based system, the MISO

channel formed by the Nt antennas at the transmitting entity and the single antenna at
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A. Steered Mode for MISO

The transmitting entity performs spatial processing for each subband for the

steered mode, as follows:
Xpisosm (1:5) = ¥, () - 5(n, k) Eq (2)

where s(7,k) is a data symbol to be sent on subband & in symbol period ;

¥, (k) is an Ny x1 steering vector for subband k in symbol period ; and
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t t
per ?ﬁ& rms s atl aﬂ"%?gkglggg P%g&?%%% I|3rg> s§1r1]1§| aﬁ%h data subband

smamteziyely [ 00331 For the steered node, steering
vectors vsm (k) are derived based on the channel

r es poR%ethe sigeredomade, istarying Xecters| ¥,o(f): are deriyed based jan thg channel
or vsm hH_( Eq (3) where arg{hH (k)}
&@n%qsggé\yﬁfsctgy éﬁ@eﬁfﬁég“ﬁH (k) and " H " denotes the

conpl ex conjugate transpose. The argunent provides

el ement s, hayi unit magni tude ,and different phases
deter%m{ég‘@?@he%leﬁm s-%g{elh((@ }.so that the full Eq@)

power of each transmt antenna may be used for data
ansm % i nce the channel _res
é‘(i‘ E ?@é 3 tafhe arerweat ehdh (%Mndt h("k’) td@@@tpth ghe complex

[ | so. _const ant I os ePDU nd is
X&ﬁl‘éﬁ%ﬁl on I%’F gon%}gsu nrg RO '[dﬁf)sej?ﬁnelrﬁ% gmagmtude and
ﬂl‘{mlt ?h@éestdé@erfrﬁlfe@ WY sk ERkchi dFili(lBe s%xﬂﬂﬁteﬁt%eﬂlllal?ct(wer of each
rs, = h(k) . xm so,sm(n, z(n
trmsml’( dﬁitemﬁ(rﬁay K9 usedzfon datk)iransﬂih@sfloﬁ nB{déE thes&fﬁnn&)res’ponse h(k) is
z(n, k) , EQ (4 where rsm(n, k) is a received
aspuined t6 be onktbainabréssi each R0 thpestéepgnvectref v s (Vt)( k) alk® constant
an effective SISO channel response for subbani

ogpssihe BDUrpsid s & fynckipn of gl subbasd( k) ; and z(n 'K) is
h ip.s Der | . [0035] As
shown Tueterifld FARRECH &} oSyl BABR P Be Binrtteds™ o

transm tting entity results
Tom (1K) = (K X i 00 (1, K) + 2(n, ) = h(E) - ¥, (K) - (1, &) + 2(m, )

= by (k) 5(n,K) +2(m,K)

o

Eq (4)

where 7,,(n,k) is a received symbol for subband k in symbol period n;
hy (k) is an effective SISO channel response for subband %, which is
Py om (k) = (k) ¥, (k) ; and
z(n,k) is the noise for subband £ in symbol period z.
As shown in equation (4), the spatial processing by the transmitting entity results

in the data symbol substream for each subband k observing the effective SISO channel
response k., (k), which includes the actual MISO channel response h(k) and the

steering vector v, (k). The receiving entity can estimate the effective SISO channel



in the data synbol substream for each subband k
observing the effective SISO channel response hef,sm

wOkdosssdad ch i ncl udes the actual M SO channel PeESpSE®S/007020

[0036]

[0037]

[0038]

[0039]

h(k) and the steering vectorgv s,,, (k) . The
receiving entity can estimte the effective SISO

e

Vﬁl@ Mﬁiﬁ% Qﬁtlt&rc%ﬂ %Héd‘l e]%érﬁgm fe@%cléltoé (e. gg,gga&:ﬁneg ﬁlllcen%g) on the

ent ty can form ection

fdckived i abodn £ W? kY egigh vihg  sffEdiRks stsm”( éhamel%ésboﬁéae estimate,
effective Sl SO’ channel response estimate, heft'>sm

(lze - (k)L % %Biaﬁi Betdgits %&ﬁ@oﬁyfc‘j{tﬂo@zt hith rzll_ge) Fstlrff%fés‘:g'{(?{een'ansmltted

timates of the tranSmtte
agggﬁhbglg%(,; %?el ving entity may perform matched

terlng as lows: heff,sm (k) . r(n, k) , s(n, k)
= a =Th¢ receivjngientity(May bérfonﬁa(cﬁéd fileding s&ollsws:where "
* " denotes a conjugate. The detection operation in
equation (Sktl Sgct)th( s]gms as would be perforned by the
recei Vv ng, evt. ) dn, ansni ssi on. However, the
effec{ g) & he Té(sﬁﬁ)n (o4} mate, heff,sm (k) Ea()
, 1s used for @F’ét’ Ji on instead of a SISO channel
response estimate. B. PRTS Mode for Transmt D versity

s F ney’ j USES,
b Songh i CHIoRf P 4 Qb ARSALIGD i Gy bt (8 1 Bsame o
pruldelss perforniBi dyetiet reeciving entict forsa SISO dembmigiono Hawever, the
certain desirable properties,, as described bel ow.
¢iixre8s SISO sbainsl eesppraesastimati \ﬁgf SRy inisdd fohdeteBidh instead of a
nmode, the transmtting entity uses the same steering
S54 hanpelrespensergstipgtaudo- r andom st eered portion of a
PDU for each subband k. The steering vectors would

t hen geﬂ{"ﬂ‘ﬂlﬁﬂe Y D} @1 d k and not synbol
perio’n—m—v—p&%—j}-rr—ge |, it is desirable to
use agortREPRISHhGICHe tii grﬁl{t’u entif gtgég: elitfd- ﬁﬁ&@hg ebring vectors

across the subbands to a ter trans

I \spatiil tgroceﬁsmg eRenp|steering dfleétbmr et desiveé rtb rguwve eettain - desirable
é%qge usg b ch dat a subband. A set of ND

WPRAPPS, g5 Jeser ‘?ds C%¥noted as {vpm (k)} , may be used

for Smbd:}ﬁévﬁeﬁﬁﬁﬁtsdlﬂ&s@ LithBe NRTSARbE, SHOR ttingrb%tity uses

same steering vector set” {v pm(k)} is used
thpisatpe stgering yectorsacredsethp peendotrendomy S‘@E@dqiomkm af a PDU for each

BBEHIER 96 R B AR i P Bt o oo

dyiBol Perifd4, or v, (k). 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 data subband. A set of Np

steering vectors, denoted as {v,,,(k)}, may be used for spatial processing for the Np,
data subbands. The same steering vector set {v,.(k)} is used for each PDU (e.g.,

across the preamble and signal/data portion for the PDU format shown in FIG. 2). The
steering vector set may be the same or may change from PDU to PDU.

The transmitting entity performs spatial processing for each subband as follows:

Xmiso,pm (71, k) = Y—pm (k) : S(ﬂ, k) . Eq (6)



[0039] The transmtting entity perforns spati al
processing for each subband as follows: X m so,pm(n,

wa@roos/osssepm (k) s(n, k) . Eq (6) WO 2005/ 088888T/US2005/007020

[0040]

[0041]

[0042]

[0043]

[0044]

[0045]

PCT/ US2005/ 007020 9 One set @f steering vectors LW
pm (k)} is used across all OFDM synbols in the PDU.

RS or HPubEEG S ter Y sy aleSi APOFDI RRSEL e ppu
et 1 BHEigpived By ¥ B cbiving Gy o b e

effective SI SO channel response heff,td (k) for each

subbang(s, %) detekikned, (nok) £ K@, Bct i) - M 90 -sharnet(x, k)
response h(k) for that subband ‘and the'st'eeri ng vector Eq (7)
y pm (k) used;ﬂ: kY hengybbend) The effective SISO

channel respon{gﬂhye??,t%g (%ﬂ ?or each subband k is
constant across the PDU because the actual channel

I €SPOTRE chibktive! SISCAGRUABRdelfonbE h%\(;‘g% (31{(}; e?ésilr éjli)g%ﬁcﬁﬁ determined

PDU and the sane steering vector

315 SN TR BRI L, BRI B BB AT v
gg,g%cg Shsell ESPRBSEo1RAE! Me@frebive B lannel 188pdR8C M da{/k? for each

nd based on the preanble. The receiving enf

SdbBAnd HER 5o%gtla1|§tf {1%8%311@@%%%2%}3%[3 ac ﬁlsapgf?:lﬁﬁlel response h(k) is

esti mat es, orm detection on

is36@kd €0 ¥ HRiENt derdsd he PDINRAD BHeOdhR RO ¥ NeL) is used
PDU, as shown in equation (5), where heff, td (k)™

sabsstthé pbes for he. am (k) . [0043] For transmt

diversity, the receiving entity does not need to know

whet h&he Eeceiyingginéityareeaimefethe trapsmitied PO amndedarives an effective SISO
sed for data transm ssion, and_does not need to know

eREnglrEROnsResIic fusldd - F5caghdata suhbeng hasedion the preamble. The
receiving entity can nevertheless enjoy the benefits

weelvingrentity thinwees theyeffsctive SIHQ thamel respaese iengmetest by (k), to
are used across the subbands and different effective

wirfoncdientiononghe réesivessynfbols inhbe signaliigidats portisacdf tROPDU, as
woul d then observe an ensenbl e of pseudo-random S| SO

hoxma cquationd 3l Wherre/ gutbbh pebstitiesdor bt @Edsmi t t he

PDU. C. PRTS Myde for Spatial Spreading [0044] Spati al

spr eat?ntjansayt giveisdzdthegesdnas Bniy doesanet naedrigrinosi whether a

. g . . . be
Saqapican2l ol FRARR0 e SBER Hoys SPLEANSIA, BV A not necd to
lroann thei stidering vectbr tigedafor] eachrsabbaaide rfher ecevivie RgtiBNdantnévertheless

SEponh LR S0P gk oY Sacial S LR Fleging Brasp apopsed actoss
P alubBdnds PinAad FBfnt @{ﬂe&ﬁze%@) RRefelst B€ HRANE B 89 subbands.

entity uses differen
Each PDU would then observe an ensemble of pseudo-random SISO channels across

the subbands used to transmit the PDU.

C. PRTS Mode for Spatial Spreading

Spatial spreading may be used to randomize a data transmission across spatial
dimension. Spatial spreading may be used for secure data transmission between a
transmitting entity and a recipient receiving entity to prevent unauthorized reception of
the data transmission by other receiving entities.

For spatial spreading in the PRTS mode, the transmitting entity uses different

steering vectors across the pseudo-random steered portion of a PDU for each subband %.



steering vectors across the pseudo-random st eered
portion of a PDU for each subband k. WO 2005/ 088863

wWOCHsW8He05/ 007020 10 The steering vectors woBCTH/USE®E007020

[0046]

[0047]

[0048]

be a function of both subband;nd synbol period, or
vpm (n, k) . In general, it is desirable to use as

! , v : o
TRY el SLAO PRSI LS 87 ol TP YR EARE o, o
¥e0inek) .of Inspaletal) it Bpdesabilego serasexany|@fferdnd ktfeélﬁ{ge Pctors as
steering vector may be used for each data subband Tor
posyibleacroysiath sitshahdelandayethbal gedddsrteathisve e higher 88061 spatial
e used for _each synbol . period for a given
%ﬁﬁﬁ% For erampls, ambffgr@@feit?%gw(se% sy heciod doF Qash data subband
I
fo\f(a a‘tfég) g tbdiﬁé}s?&% Oa'}{ﬁ gﬁiéffg%%sqﬁ?édn veetgﬁ’ ?ﬁﬁ/jie%eé 98t dalif symbol

pleﬂcfdeﬁ‘oe atgmtsub’ﬁandb% sated Npdtesdghyesiond) dendied b qig(n k)}, may be
across the PDU. At a m ni num different sets of
ugedefor ﬁgatteéq:trmegsmg donthedNH alats mebhpndsifidy eneasyimbdieperiod, and a

| i ng/ dat rt f t.he PDU, wh t . .
ORGP e 1R B30 10F Pack byt o afien dbe BRIE T Aseh Binimmum,
iRt Eé’t@oﬁs’i%r@ vebRYs &b asgiefof ﬂfé'ﬁr?ﬂ-’bl& endBld-sidn@BAS8ata portion

The transmtting entity perforns spatial processing
%ﬂleé’dzfﬁ whesone st maxdcncluds wersors pdralloonesasTieostéasing: vextor sets

k Eq (8 0047
rece| veé’%@a clhfjﬂeé(ﬂp#ﬁge?é]?viné en?| t(y) ma£/ be !

expr efls«e transmittigsSerdtity pe}formd fparial Erocesﬁﬁg‘ }"orSé‘acfx %ubﬂfe)nd’fof each
% = h(k).. vpm (n, k) s(n, k) + z(n, = h,
iyﬁ“ %Pen%‘t @s fallows: 7(n, k) Eq (9) The effect | ve Sl SO
channel response hef, ss (n k) for each subband of

each gynb ernined by the actual M SO
chaanT‘”"F §k2)n ﬁﬂﬂ that subband and the Eq (8)

steering vector _v(n, k) used for the subband and

Synbothé)l%ﬁéleéh sﬂ%l?étftﬁé:feb @m I 1‘&5@5‘9% Es@écp?{e PDU

hff,ss (n, k) for each sub aries across
i f dlfferent steering vectors vpm (n, k) are used

acr osg,(uff PEWK)E 9048(n, Rirez(meioi-ph@nt v [ €a.d) v(nge)erui(h,iky
has know edge of the steering vectors used by the Eq (9)

transm tting=Rkpti(a)) ate ks zébky to performthe
conpl ementary spatial despreading to recover the

transmtted PDU. The reci p| ent receiving entity may

THY affectivei SISO tRdniBL k&@ponse N/ Va(iz QY ST BIABR stibbadd of each symbol
descri bed bel ow. The ot her @ce|V|ng entities do not

praeg is KBenhRed dyahe b&ﬁalSMM IcAShnéE ?ésﬁéﬁste()w foP haPRidband and

transni ssi on appears spatially random

testetrigsvecidrev (i Nehdcl dacthe futband 8ed spmB @eMEd. T‘l‘ib dffRtive SISO
PDU is thus greatly dimnished for these receiving

ahatnel iresponse h;  (n,k) for each subband k varies across the PDU if different
steering vectors v, (n,k) are used across the PDU.

The recipient receiving entity has knowledge of the steering vectors used by the
transmitting entity and is able to perform the complementary spatial despreading to
recover the transmitted PDU. The recipient receiving entity may obtain this information
in various manners, as described below. The other receiving entities do not have
knowledge of the steering vectors, and the PDU transmission appears spatially random
to these entities. The likelihood of correctly recovering the PDU is thus greatly

diminished for these receiving entities.



WO 2005/ 088863 PCT/ US2005/ 007020 11 [0049] The
reci pient receiving entity receives the transmtted
woeDRWsasgBesises the preanble for channel esti maPCoONS2066/007020

each subband, the recipient rgceiving entity can
derive an estimate of the actual M SO channel response
(i nst | 1.SQ:  chann )

00451 2 oh ¢ PanSrplRE tE AL ey oty AR R RRER TS0 Ll pes the
preatnhle foprchamiel estikationsi Fopleach sybbandiahe etcigisht 1@ediviap entity can

B%{ &\?&HC?%SBE\@% tgﬁhtgmﬁgfagﬁﬂw Cil Ao g&%%g# qtgﬁ?isgfrtlhg etdfectlve SISO
PSSR B, RRG o %ﬁw@%@”ﬁiﬁiﬁ% d&el vi g based on the
%%%Jﬁb%ém erlpéélln %1?/ TB%H%P g%gmatlo %Ec:qsael | o;%%g%q antennas is

désedbedigplovector  _y p,,, (n, k) to obtain two transmt

synbol s, which are then sent fromthe two transmt
[0050] ant enKHe- 3 shews iomogdelntosipil O*sifﬁ@%n@s@b%rw gvhamkk from a two-

RSRATEASmRling et ko Rl asselips Pl ?/S A BRI RBoT P s
ﬁfa’ﬁ)ﬂl}b rbdRARAMWithe elvd rélérﬂ\gltssytﬁap}c) pﬂ‘id' d'd\;g%,ts\%%ring vector

steering vectors, v,,,,,

(nkia) to b tRLHhReRt Hﬁﬁ'bdlé |\91§1c1§3é{€3&1eﬁ seﬁtkgr&% the twp transmit
récel ving entity may be expressed as: , = h, t‘(ﬁ)
1 +
ant%hr?étﬁ rT(HS)twl?;)ﬁ@srhnTt %}%‘t{c}ﬁv obs‘(égve( {;(};sanh%)l (ﬁg?;(clﬁs%szoi? &l;(k) \%d h,(k),

Wﬁlchlajeasplﬁrhédtbma(amsﬂm)tacMisﬁ{eHmU be expressed in
rratrl orm as: —VP,éIﬁ) hT (k) p(k) + z(k)
[0051] f(ff%ﬁ Pﬂ%«?mo} @&/} is frgnsmytic lta)thpﬁy(@ol R91}0r1s|u§1n3 two sets of
vector wi.th two cei ved pil Is for subban
RS iorterton 083 A S a2 i3 b e (regeived Blaengols at the
eering ectors vP,,, (1, k) [v, (1,

’i?fel\vx’ﬁ‘g(eﬂtl{yﬁwt’e%?i?ae ) (2, K =[v., (2, k) v2 (2,
k)] T used for subband k h(k) [h, (k) h2 (k)] is a

h b k) =
ChanAL 0 SO LAY ESE R 91000 g0 g
0052 it d timte of
{he n}@&@%‘ﬁ/ﬁﬁ%@%wﬂééh%%xz TP et v o
2005/ 088863 PCT/ US2005/ 007020 12

WhicK hiaYbe ) FeBc)in Batd) forn B L)

r,(k)=V,(k)-h" (k)- p(k) +z(k) , Eq (10)

where r,(k) =[r, (LK) r,(2, k)]" is a vector with two received pilot symbols for
subband &, where “*” denotes the transpose;
V,(k) is a matrix with the two steering vectors v, (Lk) =[v,(Lk) v,(Lk)]"
and v, (2,k) =[v,(2,k) v,(2,k)]" used for subband ;
h(k) =[h (k) h,(k)] is a channel response row vector for subband %; and
z(k)=[z(Lk) z(2,k)]" is a noise vector for subband %.

[0052] The receiving entity may derive an estimate of the MISO channel response,

ﬁ(k) , as follows:



The recipient receiving entity can conmpute V p' (k)
since it knows all of the elenents of Y P (k). The

wothsrosssesei vi ng entities do not know VP (k), eamnmsto0s/007020

[0053]

[0054]

[0055]

compute for VP (k), and cappot derive a

sufficiently accurate estimte of h(k). [0053] The

descri~pti op - ve Js tar the sinple case with two
transﬁl%‘%):‘a&tpggﬁ'&rs.d‘)rﬁ (9@eneral, t he nunber of transnmit Eq(l1)
ant ennas determ nes the nunber of OFDM synbols for

the pilot (the length of the pilot transm ssion) and

fThe ragipient secepmng gytity can perppyte Y afk) sin¢eoit knewyslbpEthgretements of
transmtted for a mninmumof NT synbol periods, and
tWhgpaThe othePredejvingsentitiepidoalot ymok V] (iynednot dbkaputélfor. V' (k)
[0054] The recipient receiving entity can thereafter

aist ¢aneotederivs tisnfitodentlyy acheratefcbimbied h($) SO channel

response, hef,ss (n, k) , for each subsequent COFDM
synbollh¢ descrgtippigboessis fosl thewsnplhehse withrtwokiransnii{ kiteanas. In

k 12) .. The steering vector.v
He Pl B e s Bt Ml St BROFP bymbots or
1 ; . . | I 3 .
Bagot DR UM o) SLENL SRR Bk i
eff egf§i ve Sflg%{eﬁgﬁra%%{e}ﬁ%ﬁggﬁggglggﬁ%%gggﬁgft??%h}xn,zp (k) is

ioalll BF aBeBioawgbangd of each synbol period to
{é@q‘ao m det ectolﬁonTon t'he received symbol for that

subbamhe adtthisntToe¥iving ehBY, cafl- tHereafds defife\WA dsimBRUFthE Bffective
(5), where hef,,$ (n, k) substitutes for hef,sm (k)

A0 vizmnelsrespones st her, kP Hor eddhGabieqibre OFDNSdYinitol ifthe PDU, as
entity may also transmt the pilot "in the clear”

fllowsut any spatial processing, but nultiplying the

pil ot synbols for each transmt antenna with a

di f f er.ent orthp%onal sequence (e.g., a Wl sh sequence)

of | efigtHndy =d(Fx¥ i Gt&her nultiple of NT. In this Eq (12)
case, the receiving entity can estimate the M SO

channel response h(k) directly by multiplying the

T gieqians pedtert Vel s1ayi chiangsa Ghmosmhizd gresibd te egyuibnk period for
used for pilot transm ssion and integrating over the
eashgubbang. (Haweyss e secipient re¢aivirg ewityi knomsethe steering vector used

FRSERAR o AT, TS Yy R o
L B LT
petforth detdclion 'oh the Mckived sYRBBI fbr thok subbbg ahll %ﬂloﬁtgh%éérﬁq, e.g., as

entity nmay thereafter transmt data using a

SHo®@r h RgutRml (3Y, Whersni( 2, (nKR) subdfifhtdsTer heCeiryi A Wiled hitoss the

can then estimate thé”effécti ve M SO cHdhnel response
POU.the data as:

The transmitting entity may also transmit the pilot “in the clear” without any
spatial processing, but multiplying the pilot symbols for each transmit antenna with a
different orthogonal sequence (e.g., a Walsh sequence) of length Nt or an integer
multiple of Nt. In this case, the receiving entity can estimate the MISO channel
response h(k) directly by multiplying the received pilot symbols with each orthogonal
sequence used for pilot transmission and integrating over the length of the sequence, as
is known in the art. Alternatively, the transmitting entity may transmit the pilot using

one steering vector v, (1,k), and the receiving entity can estimate the effective MISO



hei' (2, k) = hef,, (k) vy,. (1, k) v_pm (2, k) . The
pil ot transm ssion and channel estimation my thus be

woeodsmsssesl i N vari ous manners for spatial spreadimg2005/007020

[0056]

[0057]

[0058]

[0059]

[0056] The transmitting entityscan perform spatial
spreadi ng on both the preanble and the signaling/data

pearrﬁ%fr;%@o&g% i D@W—aﬁ SR °?x§1§'@r§a‘?f thereafier
é’ gae[ gnal i g %a ortion. In any case
S e e annlo QS ol kb A ne e reisivim ertity can then

o3 a%gfgwb?ﬁie el Y Gt Al Ef%quq%%?c“,&'i‘rée the data as

sﬁ#%Z‘E R R AR ?Eh%? ] gredis™ a?aﬁ?a d
t

8 A R B PR Y SR B Sre R o Lo of

t he sTbaetramsgnttmgtantlsj cdllq%ﬁ)hn@phtlﬁl%@ﬁda@ingsdﬂlﬁﬁﬂ 'ﬂ[&preamble and
éflg‘ere i,ent recewmg entity knows that nultiple
ud/dafa gortioBpLHbs PHLK aThy pRsmiting entianfalgo peeform spatial

A, OF I OB pRAmE OB SRy, GBI’y case, the

s;agselrapr@ﬂirgg lamhzhethﬁdhd{)yhannsll estimatteobingitased 6@ tHeffeamble is not
vect rs toha/hf t he fﬁ%\gﬁfﬁ@eve SI SO channel response

4G P&sY2 r 88¢ gortisn. ddrwrensdeperfgmanahanay be
AcBfdvRd %S}tpeh%ﬁﬁin‘g' tif éa\fhr%l o':i? t fRAkOYS sféﬂglnpl%@aq %)ﬁlon of the

of tranSmt di ver3|ty nce d erent st
RBPY sgdhat this pogion appearpmtlalth eandbineto thecthenvieog vaptentiti@swithout

]gm“ﬂg& o ? he st eetrl ng vectors used by the
PANSM L L | eeﬁ‘f]gt V'Fhus, their M SO channel response
esti f’il&ir%ﬁatﬂil Sprégdiny ahé fécf}ﬁénttr&%lw% SiRl R Sak f"mgltlple antennas

portion and, when Used for data detection, prov

He gedider data drmsmissiot andefieder dneysritiod steexmgwememddyfor each

e v n trangmtte
Rl LR RGeS v by
IB'[Hgi thiee propBi eRribp evdc&ﬁrﬁl toi &N tie )éffeéiﬁi%dSIS‘D R&EMRY Mesponse
s ci al processing for channel estimation and

@Fﬂ whichsre theatusad forsgate deteption. | @bac%ﬂlm@dmewmgg entity also
eﬁwgﬂg tth‘%g%nﬁgﬁy c?ﬂe?h(‘:agl\%lzl}td(gvc‘éggggn% O&lffé ggtg 85 a\téelc Sts Are 1¥s’ed across
thes eﬁmn Shie arther [1665Fhg Snﬁtldasaﬂo Pt mbv ek Bedim %bt(lﬁ@ used by the

d d dth S
R cuie. RS beir MISOhCkHingl saeios stimates are not valid for the
S@ﬁlfﬁigd&tg ?ﬁ‘H@n@H N&hert MU fhdatk ﬁ@t@@mﬁﬁ[y B 8)81%({‘1; cf.g%@degl or corrupted

transmtting and Teceiving entit
dteoted sambblswConsaguently, thealilpliboed of #Oveting the @asHifdd PIIU may

oA S 175 s B B ) o
ot gl sy oS OSSR SAin L I g e

spigading, legacy receiving entities, which are designed for SISO operation only, also

_ﬂ_

alglpl estimation

cannot recover a spatially spread data transmission.

Spatial spreading may also be performed for the steered mode and the PRTS
mode by rotating the phase of each data symbol in a pseudo-random manner that is
known by both the transmitting and receiving entities.

FIG. 4 shows a flow diagram of a process 400 for transmitting data from a
transmitting entity to a receiving entity using the steered or PRTS mode. Each PDU of

data is processed (e.g., coded, interleaved, and symbol mapped) to obtain a



correspondi ng bl ock of data synbols (block 412). The
bl ock of data synbols and pilot synbols are

wdenslossgeb exed ont o ND dat a subbands to obt ai nPEIDUS2005/007020

[0060]

[0061]

[0062]

sequences of pilot and data nbols for the ND data
subbands (bl ock 414) Spatial” processing is then

Pcﬁﬁsgé %q%lﬂ{&cf{ '8? BSE ﬁf?lfo?lp I4(he ts t"ﬁ{] dlhlgag ?%i;ﬁ OliSols and pilot
syechads ameieﬁuﬂ‘epie}fenlr ontdn NDsddnd)amH»aﬁdﬁ CdbtAR Ny se[qa&fce& of pilot and

G vatel Sofindo G PREGE s Vﬁ%?&éﬁaé?%ﬁésmg is then

SHotmel 88 :
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for g hdatt a ub §nd. t he ecel Vi gg does

not nedd™f§* 9@% Gemgrvee Wied dpy ¢§ \916 tsybband, and the

$patia ééséhh Sﬂﬂﬁﬁ*ﬁ’d A€kring vebRr BRI tHPﬂ'gn frﬁgsﬂéﬁa Bbar® B receiving

pseudo- ran om steering vector is use ach data
%H!i’é’baﬁ@lf trggsaredigensite iethe PR Temode dns papylobmddorh (stebhﬁg vector is

[ dat
R0 A b B0t A Bl BRLAL R R A P e or
thb esteekiag rvedgrV eFdrogpéaﬁhl spréddidd e HRTBRMBIG0dE, NE 18R ha! pseudo-
processing W th the pseudo-random steering vectors

TRBAQIB Hesarg wvéorr@u@dffer: each alag)| sgbpansh wihews| (hff@bsteiteﬁemig hxyapphed

1 DRI g e s TR o

aimlues lhavqo kopeledye jof abe Steeing ab@oi(§yanFoi Hsd PRTs 8Rbde, the spatial

the PRTS node. This may be the case,
%“h“*%rl% wifly the psedoandqmy @teéﬂlﬁg Y&‘Ptoréémzqwh@ Noradfective SISO

I I t he
%ﬁ%@‘%ﬁa’ggﬁﬁp BY e 9y Uit OB BCHuALARRI Mk on the N
subbarslsbbands for channel estimation. In th| s case, the
tranaﬂiltting entj.t cani?a mt using "clear" npde

wi t hot® T5§ARFVIBB SRHLYmay Rt be g}o PIOH?@YPF%@%% datp frgnsmission sent

Witlg the PRYS ahé®. dehisRag i/ t‘B]E 6L et ki %t Sﬁe%f?lglﬁlg entity

vectors in a manner to ~facilitate chann
gsemes tbat the cleapoeliesppnenisi soynewhiot cazredatiad acrodshte subbands and uses

PR AT n%?sﬁﬁt ) SETHR SR8 CRpenS! Gimalon s Fotiferase, the
tEnaitigg é‘ahQﬁfﬂsﬁﬂs Wt QrgledPYmbEe %fhbﬂte%x Oﬂ)ealﬂgl processing.

correl ated g., to be rotated versions o
Bhedramemitting p@ﬁg mayeelsoudsifinn @ad/oDseledi ithe stédpibe vEptersini aamanner to

i | s d
th A bl SR Firetf B e foely) Yot 8RR 6 Fanomitting
E%&Snﬁ@d@sthe The Et@:ﬁrﬁ@]meuo%@& &bk bé%f?@?su%é‘ncfs h@g??&@ >1. As

when t he ha response i s not known
asuﬂlbrdcxampldz e S¢ermpedctondaapbe defifed t6 badoetlated €8 POMSE: rotated

For TDD syst he downl i nk and upl i nk
Vre%géoﬁ’ﬁ fﬁége %)ea g]?‘éiisbe reci procal of one
anot her . That IS, |f h(k) represents the channel
D. Multi-Mode Operation

The transmitting entity may also transmit data to the receiving entity using both

the steered and PRTS modes. The transmitting entity can use the PRTS mode when the
channe] response is not known and switch to the steered mode once the channel
response is known. For a TDD system, the downlink and uplink responses may be

assumed to be reciprocal of one another. That is, if h(k) represents the channel

response row vector from the transmitting entity to the receiving entity, then a



response row vector fromthe transmtting entity to
the receiving entity, then a WO 2005/ 088863

wOeCHsW8He85/ 007020 15 reci procal channel i npl Pes/uSk@s/007020

[0063]

[0064]

[0065]

the channel response fromtheyeceiving entity to the
transmtting entity is given %y hT (k) . The

y 1] j: Lmate the chanpel r.espon
{oERASEL chifin lbfcs maE e Babi® EanonSe, FOABR 5T HEE o the
fraRREHnS Al 8 hNG) . reeatasRgHRR Ehe -
ot her | |§nk Eye. gfl‘fen?&m Tng?. [ 006%&%1§§%gﬁ%h%{v}\§g§ﬁ?tf 8}\}\? channel
tspgsanfoofone lmloqegs ddihlink) Hased o 4 thil tHAkRiEANAL by the
transmtting entity to a receiving entity using both
RSV SBHEOLRG OB Bnk i@ stPlink)i t al 1y, the
transpidt i t t 4 ' 141 1g
enti T Cot naoThe PraRa S kst Sgb 16 ERSHKR atn fom o
Thrsmigingr @gibpris ea esdeiving estifyonsihfebotle ake \stgegededitd PRTS modes.

Bl S e b b o
#baO§iRbS it dods ABEhAVRC BN JesPBhde! dsBihatedd l(fgfﬁle%é@iv' g %{1 ity (block
S e iy

exanple, the transmtting entity can
ZRanndie tramspigting ehtty derives shanbelntesgansg estirhites fipl the\lipk between

AR R g e o b oRi o8 B Seale, b iietting entiy
¢ (@) estinifte HWNEHanAK)reGRBQITR T 18t Bnlc (45, el BfFinRY tﬂ&@ﬁ on a pilot

ofe1 the channel response estimates for "the'firs
genhRy therrecaiyiag satitn andd 2k Aerivieychates] aesponse ¢stimatesiforsa second link

Vi entity. usi,n he, st eer ed node,
(/%n?g{"ﬁhés?%er in s\%geg tc;cl)l s gl}rs fl\fécdpl}oF %lrﬂq} %‘8 C@Wﬁﬁsf’onse estimates for
the Spstriek. Thé iaBdmitidOentith eher@FRndraniiilts dMAAE thdGeceiving entity
channel response estimates for the receiving entity

UG SRea stegtstl empge.oWkh sstepring vestarp desived rfieranibet ¢hagnel response
niJ . an oxt.h steere d .
B EAMPGNA ol Ence e REATEORE PR Tor e recciving
entityparn aeaitebld (bbdokS16).e avai l abl e. The receiving
entity perforns the same processing for channel

est i nEtS GHSHAtNEREEY Ph s dack ged Ao betvesn dheisissredgmnd PRTS
r i e /

ERE JPeRnENR Fhithrr St B8\ HRafiel RoffisP SatRfts We biffable. The
peaiving nathicf@ea:ﬁvnng jllm'hsaaid probessiag ifoxe«/lﬁdnel%stihlatihzg and gclatection for
steered node, and .the transnittin ntity my be able

B ten T s ot St op B, A, BB PR GRS Tt pein, used by the
tEASRittihd enfity X0 Thi o it ' i

R enlE0F hj elVel Y01 Dot Berfinaiics bHF oy thihioved
widle Bie\steegedempile,yanddhe trandnsttingr entits s1ag detablePPlhsb asleigharnate for

ST SEOLTTAS B 50 50 P r
PD@ s theSidn@ling POIGidh off theBIUE Mhé Q&beivindniy GhoalBbn process each

exi sts between a nulti-antenna transmtti ng
PDU based on the channel estimates obtained for that PDU and in accordance with the

indicated rate.

2. MIMO Transmission

In system 100, a MIMO channel exists between a multi-antenna transmitting
entity and a multi-antenna receiving entity. For an OFDM-based system, the MIMO

channel formed by the Nt antennas at the transmitting entity and the Ny antenna at the



entity and a nulti-antenna receiving entity. For an
OFDM based system the M MO channel forned by the NT

wanv@rsgss3at the transmitting entity and t he NRCamS205807020
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at the WD 2005/088863 PCT/ US2}05/ 007020 16 recei ving
entity may be characterized by a set of NF channel

fe%éﬂ tlﬁltenr g%g %g%@@tﬁﬁzé?f lp&? Eﬁ%@yp(%%l rﬁh@?si(e) W%(Aﬁj:s each of

dmiei’lsuon(m 2 X0, AvHikh) maP bblExfridsefias: k E K, Eq (13)

hNR, i (k) hNR 2 (k) ... hNR NT (k) wher e’ entry h;j (k)

, for i =1 ... NRandj =1 ... NI , denotes the

coupling b t}l(\f(éh lh{zdlq)smt ahltNe(ia’)a j and receive

antenna i o & bb Forsi city, the M MO
chann@i(ky espohs ? s assuﬁ”fb t ,besrGoagt ant over Eq (13)
each PDU. [0066] The- chanhel résponse matrix H(k) fo

each subba gl k;g d orrposqed Ns spati al

channel s, é‘@l\lS g? Gé) ‘ISIF} . The Ns spati al

channel s may be used to transmt data in a manner to

Whdteenryah eat)e fof §itabi Ni t d/or Kig a
t hr ougﬁgut éyél'-)orfC)fe?(ar%p ei\I éh@ra}t apsyﬁiﬁé:agﬁmgélﬁ{) tdupling between

framRf it 5 hadkdRRROMI Al F B ,BE: '\ﬂ_ tffoﬁrl?rﬁ]éﬁclty the MIMO
antennas in each synbol period to ac I eve r-’

¢hanoel gégponse HAL ) rassuniedetb e canstamgber ehak DI rrbol may

be transmtted fromthe NT transmit antennas in each
symholhepehannel neepoasthmarix gH@htfer eacbl subbirdi tgy bEdecomposed into
sinplicity, the follow ng description assumes that NS

Ns Rpatial clmne 5[ Wy Nsrhanin (s Nxd t | Hep Naepatipl dm}mels may be used

ata to the receiving entity usjing

nsm.t
b} BERE! chBiorers”mEer B, ke enwarAsRIY codinkigher overal
n
S 0 AL B L
Nt MDanshah nasitennag sind essich | Isyidbcbielp@mpdl to tahmd;%RT&ghed ethroughput

T
tMyadban riﬁh%d tbh&chig¥ee efcatbr aRflabililyS "me& #ﬁl%lt% the following

different steering matrices and reduire di
deperiptioh asgunws dlsat iMg=MN, €M, .r ecei ving -entity. The PRTS
node may al so be used for transmt diversity and

spat i Hie Bprsadtinggentity 18y dransmivbtiéa to nhww@xflmg)@alltymmg the

f
s:tjéé??d\s‘/&ergﬁs eléjrlglg% Sln nt%% 1%% ‘rn(\sf1 efoil&@lolgfg,n %Iifl‘gp‘ﬁglﬂé e}itlty performs
sphitid q»kcﬁ:ﬁssv@ toerahe e daessyiniiols 6 tHeN@igehABAR! of S8 ISR channel,

mag rix H{) for each subband, as foll ows:
as described below. In the PRTS mode, the transmitting entity performs spatial

processing such that the data symbols observe random effective MIMO channels. The
steered and PRTS modes use different steering matrices and require different spatial
processing by the receiving entity. The PRTS mode may also be used for transmit

diversity and spatial spreading.

A. Steered Mode for MIMO

For the steered mode for MIMO, the transmitting entity derives steering matrices
V..(k) by performing singular value decomposition of the channel response matrix

H(%) for each subband, as follows:

H(k) =U(K)Z(k)VE (k) , Eq (14)



H k) = UK)E(k)V m (k) , Eq (14) WD 2005/088863
PCT/ US2005/ 007020 17 where U(k) is an NR x N. unitary

worbesiossses | eft ei genvectors of H(k) ;  E(k) i BCaushiRsmo7020

[0069]
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NT di agonal matrix of singulay,values of H(k) ; and
V. (k) is an NT x NT unitary matrix of right

: - i 1 Cri :
L @ 7S Ny Ve o ety FafR e eaggef B o
‘he i .' g . ' 1 :
A e T e i
(o SOa80 g et agemeey el OB PR RS or BB
across the PDU and is a function of only subband k.

Pogeyy mawix Maisseharactaniged By theyprppertioMrsMsphs where I is the identity
rocessi ng Eor eafch subband as follows: = Xm no,sm(n, .

%ﬂ L -sﬁﬂhek‘? ungs ot g junitagzgmagy are griogonglifo qoe gnothgs Njince the

b ] SR g B 00T Y s

%x f’?t RE aldb LMt hERESINE PIRY Pl hRctRE o%%pfy Juﬁﬁéﬂgtmhé

ansmt antennas on subband k I n synbol “perio
The siih¢ radsnjittingeatiygerdiab spdial ploeekingFon@ch selnY a8 Yollows:
(k) results in the NT data synbols in s(n,k) being
transmtted on NI eigennodes of the M MO channel,
whi ¢ h Xmmasn k) v Vemdd “48./3r-t hogonal spatial channel s. Eq (15)
[0070] The received synbols at the receiving entity

be expr.ess as: rsm(n, k). = H(k xm no, sm (n,
{{/;gr_p éQnﬂ}c%D g an K? Veggqrn‘élﬂ) NT)Scta,tg s;%ﬂgqls 3¢ ke syt qn( sgpband & in
(16) wher 2, k). i;s an NR x 1 vector with NR
recei ved s%bgqmggﬁ%d_rn’saﬁgband k in synbol period n;
and z &,r,;,.,,,,,,s},g%,k)s iPa O SL1 VeabPithU; &HRRAANG bl &Y B gém from the
period n. For sinplicity, the noise is assumed to be
addi tive V\Nirtxenéﬁausﬁbr&fasnﬁisaﬁamﬁvm)symbélg)eﬁadZzer0 mean
vector and a covariance matrix of A= 0-2. |, where
PrspaBial f18cesdini ARG bteet A
recséﬁiav?n%}%%nt [ %y. [00716i3 %@gﬁggr‘@f’ﬁg %ﬁgfst% tl%é;qu garltranssymbds
B bEICRASHIMG TR Nt RixefinBasLr RAAIAD EiRhhQWerhi
SS%(]M(?, ARSI kI)\vr-%H(n, ) TSy O e Viych may be
wipwed 28 ¢uthoglohal spatipl ChalneldD 2005/ 088863
PCT/ 005/.00702 18 where ssm g,n, k).is a vector
wi t h Ni° 1§eeEcd Sanholsdi dherergving ratibt ay beiexsersed o ch

I's an
I, (nak) = _H_(k) 'Xmimo,sm (n,k) + Z(nak) = .Ii(k) 'Xsm (k) §(n=k) +Z(n’k) > Eq (16)

where r,,(n,k) is an Ny x1 vector with Ny received symbols for subband % in symbol
period n; and
z(n,k) is a noise vector for subband £ in symbol period 7.
For simplicity, the noise is assumed to be additive white Gaussian noise (AWGN) with
a zero mean vector and a covariance matrix of A =0 I, where o? is the variance of

the noise observed by the receiving entity.

The receiving entity performs spatial processing for the steered mode as follows:

8, () =27 (1, k) - U (n,k) -1, (1, k) = s(n, k) + 2'(n, ) , Eq (17)



estimate of s(n, k) , and z'(n, k) is a post-detection
noi se vector. B. Steered Mbde with Spatial Spreading

wpQEsARssepat i al spreadi ng may al so be perf or me#Crms2005/007020
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conbination with the steered ygpde. In this case, the
transmtting entity first perforns spatial processing
fMBefe . , fare spat | al o
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as poSpatisl spraading may adsorbespepfoaned imemnlsipation witke theadeered mode.

oq.achi ey, hi.gher deqgrege, of .spatial. spreadi ng. For
tred e B ile BB A5t BeridBR sngiotavoesies By thseta symbol
{biork(h, HYBs6r BisatidBSHedinic SRGRerSYF RN '
PDU. k%«t a m'r %i%r#umﬁzne gst eer?lﬁ%_ MRt T isgﬁ_{sdcla? H)lcgé‘s 1{1@2031 t%lg?esuham
ttheadyestiol fr tiRndesadibinbés. BrapaiislGproatiizXths Slanéditit§léhtity uses
&igr{e t he remai nder of the PDU, where one steeri n%

Tk stegrng g iricat perass the esudeyandent pleersd ppopnait 22U for each

§%ﬁﬁ1§i§7ﬁ%%ﬂgﬁ e%fhtbhé %hlﬁ@;a';s/ 2%2[({)557 cﬁﬁ?ﬁeh?%te%{sn%%gﬁtfiiga%ga}sf SUssible across

eac eac peri od

Bath subtsunis snd symbol periads tlaphieve/a highendedtpe oBépatialgpreading. For

[0073]
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[0075]

Eq (18) .. re V.pm(n, k) is an NI x NT pseudo-random
» RefliHaient set 0b stegtimpmatnegs i{N s (nb| mapdeiuserl for eagh symbol

sho i n anﬁon(w)h the transmtting entity
FrRss 3% _‘Ish AL BrTBIdnpY, oxg fePringangua salos uaesiorthe preamble
SHdRbIHE B Mati¥ s .o &Qﬁ?g} el éﬁ%gld%r%%fletﬁ%\fﬁﬁf %é&ﬁlgre one steering

spati al processing Steere

mapiErsermayriitchide idadtisnméticed. deri ved fromthe M MO

channgl  respgnse trix H(k). The spread_synbol s

(i ns?@?aedtr%'?mg ‘é“gafé’t@ ¢ Ssgpaélﬁgpwa%smgt forrpagh sulynd (pf each

dyioPhGRIURERT0RE: the M MO channel . [0074] The

recei ved synbols at the receiving entity may be

expressed as: i'smss (n, k) = HKk) xmnmo,smSS (n,

)+ Rohom 1D HV)R) W sy f)s(u By pn: (n, k) s(n, k) Eq(18)
+ z(n, k) Eq (19) [0075] The receiving entity

perforns spatial processing for the steered node and

wieae | ¥, (ngfes jsrapali; gV apscudd-ramiom WQrRFAR4ARFEHEIbband & in symbol
PCT/ US2005/ 007020 19 ssmss (n, k) =V p (n, k)

pfno(i w, Ay showig in e@ﬁtmm ﬂﬁ)sﬁle(tra,nsmttil(;g S§1tity pﬁ)fomni Sifatial spreading
A E 0 As shown in. equation 0 the receiving )

i eyl sFeo R ol (e} SRPATAMSEIOY Spijal processing

perf orm ng. the recei ver, spatial processing for

I ISt
t%hglessﬁgquetao%wghfﬂgg fleRreg r@,%;nx (K} d%rived from the MIMO channel
response matrix H(k). The spread symbols (instead of the data symbols) are thus

e

transmitted on the eigenmodes of the MIMO channel.

The received symbols at the receiving entity may be expressed as:

Yom,ss (n7 k) = H(k) : _x.mimo,sm,ss (nﬂ k) + _z_(n, k)

Eq (19)

=H(k)-V,, (k) Y, (n.k)-s(n,k) + 2(n, k) .

pm

The receiving entity performs spatial processing for the steered mode and spatial

despreading as follows:



spatial despreading wth the pseudo-random steering
matrix {V p,n (n, k)} . For the steered node with

wepeisiiassespr eadi ng, the effective M MO channel pobaszonsdo7020
by the data synbols for eachjgubband includes both
matrices V. sm (k) and V,,,, (n, k) used by the

it ity. C. PRTS Mdg for T j
Di vor Sy 0 () Enih I (B E o ARG 2 0), a0

transmtting entity uses pseudo-random steering

for.s ' rocessing. These steering.
REMEER o GE R dhe RSN RRaR Lo ar o st biriapmgited data symbols
by dipstr e RemirS tHeeLediydremaliall 9beshial 48} HkOst&8A Y&ie followed by
transmt diversity with the PRTS node, the
snatinks Aespreadinge miitht theupssudo-tinfipey staering ewatiing{Vigin,k3es For the
across the subbands but the sanme steering matrix

giegred ;rodp avithpspatialospreadingnihst effective MIMO oharofel abseBtgdfbyrthe data

each subba o L esirable.to use. as ny

SRS AR sibtny e hell Buticed Vo et oloren) used by the
ubbands tp achieve greater transmt diversity.
?W%a?m%ﬁ%“iyr ansmitting entity perfornms spati al

processi ng for each subband as follows: X mno,td (n,

k) = & M!Sl(ﬂ!ocﬁ(mrﬁhnsmﬁmf&%'? where V Pm (k) is an
NT x NT steering matrix for subband k in synbol period
[0076] n; ankorxhei PRTS dnéde fde) MOy rth&Transrhithieg teatitywided p¥udo-random
transmt s%sn‘gg_ls t.%l be sent fromthe NT transmt .
PTG RAISH WIbRaiyl norsssignidiess siepiRe mairisss age derdyed to have

@éﬁﬁf&é@ﬁam%;fdp%ﬁﬁés{éé%éﬂ%%ibb wiSed across all OFDM
synbols in the PDU. [0079] The received synmbol s at
[0077] t he rEeechievegtramstiit divemity bathehp PRESeniods; the trangnmitting) entity uses

At g o oS Sy Ryt B ke g ross e
L : lis..:
O o e G T

panyHdifferent (stgering mattigs ks [Ossifle ectdsy ghavishtbantintmethieve greater

trix for subband k in synbol period n,
‘%&?‘?@W@%' td (k) = Hk) V p,n (k). [0080] The

[0078] Spat i He tRineB@SSE BftitvipefotnespRi AYHocdsang %Pe‘é&l?ﬁfﬂb%%i askf)onows:

matrix V pm (k) results 1in the data synbols in ,
observing an _effective M MO channel response Heff,td
(k) , Xanhaiabth k) cY ud &% S(hE) act ual channel response H(k) Eq(21)
and the steering matrix V pm (k). The receiving
entity can estimate the effective M MO channel
Wiste k) i 1 Naoix N )steering magiafopisebband ddul symbgliperiod #; and
synbol s received fromthe transmtting entity.

Ximoqa (M,K) 18 an Ny x1 vector with Ny transmit symbols to be sent from the

Nr transmit antennas on subband & in symbol period 7.

One set of steering matrices {V ,, (k)} is used across all OFDM symbols in the PDU.

[0079] The received symbols at the receiving entity may be expressed as:

L (k) =H(E) Xy, (n,K) + 2(n, k) = H(K) -V, (k) - 8(n, k) + 2(n, k)

=H,; ,(k)-s(nk) +2z(n,k) , Eq (22)

where r,(n,k) is a vector of received symbols for the PRTS mode; and



The receiving entity can then perform spati al
processing on the received synbols in rtd (n, k) with

woheos@B$sest i ve M MO channel response esti mat e, PERUSL@S/007020

[0080]

[0081]

(k) , to obtain detected synpgls std (n, k) . The
effective M MO channel response estimate, 1lle f,td (k)
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Matrix’ 0082] As shown in Table 1, for transmt

di verThd YGcerﬂ%%ﬂﬁ’ﬁy' édn ﬁéﬂ\ﬁeeﬂler@tédt&ﬁmmusfr% {dftous receiver

and Mmse for each subband k are const ant
E@P%%@gt ﬁ@m&s bl@éladm ther ehanwel comelationvbrattinrinmedrsion (CCMI)

FRAGE ) BLFaniBlby) dobil y 45 39P308Rls REhBRRp @ o
muamunnmeaeesqum rRVW(NIVES Byt l%aﬁil@.(k MetabieX 1 UsienrPdes the spatial

each . subband. The receiving entity can neverthel ess

RRPESSIE 6 thrarrepiving entity fam thei ¢C MI@&WE $qchaigues. In Table 1,
%%,ggkj sﬁ)t ﬁglriﬁ X P %)rc If edi C?b@@“ﬁ qalll%r R’fmsms t,(RE) 1s a spatial filter

matrix for the MMSE technique, and D, (k) is a diagonal matrix for the MMSE

technique (which contains the diagonal elements of M,,.ou (HH e (K) )

Table 1
Technique Receiver Spatial Processing
Deemitd (n k) _ccmx td (k) ) ) (7’1 k) Prig:zlséﬁl
CCMI g
A” ()b 1Y Spatial Fi
M, (B) =[Hz . ()Y, , ()1 " H,; , (k) Pallvgg)lclter
MMSE | § J) =Dt (B)-M,,,.. . (K)- Spatial
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M MO channels are formed for these subbands. D. PRTS
Mode for Spatial Spreading [0083] For spati al

wepnsadsssy i N t he PRTS node, the transmitting eariusyo05/007020

[0082]

[0083]

[0084]

[0085]

uses different steering matr'M:es across the
pseudo-random st eered portion of a PDU for each

. T paeuq%ﬁanduln st cerAi Ag—ratr+ees—f-or

spati ol i L OgRR peaelfeg e B donce! I8 abouc
ool Mol SR NNL JAOREEEO uEnd o pacT e

k) s(n, k) . Eq (23) [0085] The received symbols at

HOk) " ASahpw y Tibie | or ihospeit Rty o poatial BReIthettings M...o. ()

S k) + z(n, k) = Hef,ss (n, k) s(n, k) + z(n, k) . )

o M. O R PR R OsiAMctonasa SpoRBY Piepisshe effective
n, k) for each subband qQf each synbol period is

&@M@ wharmel rgpanse egfemaial Hopatiiels ¢anstanhanzoss(thy PPEE Féretransmit

subband and the steering matrix V p" (n, k) used for

grvsrsity, ths dpeeing eattiisioes pelasd to knewehe steeting mamimved for each

I f.f.S f ac ubband g

GURAAE THE PRGRRR. Huf Sar Revslhelo oG e bR B fguommit diversiy

piate diffesenivRtcering (mMatrikds @t @1seid acrods fRssubbhRisPRd. di¥¥rent effective

ﬁ/&g&éos%&% P%US%%%%%O?OZO 22 [0086] The recipient
ghangels 3 petaithess suthands. ansni t t ed PDU and uses

the preanble for channel estinmation. For each

SUbbaDq'PﬁT‘QM(ﬁféitBi~Sg?ti{aﬁ%@{#iﬂg entity can derive an
estimate o € ) nel response H(k)

(i nst padspatial §relifgert iheePRIE MddehaRNeInsmMBHERORABYY uses different
based on the preanble. The recipient receiving entit

! y
slagring malrises acsessdbe pseademansion] stegred pertiohef @fBIMd tfoweach subband

I :X [ L . S n fo
Foh s BERAE A PR Sl MAt¥ese o el gl by seleoted
describdd abokk Kor thpstedrad ode Eq (25) The steering matri x
V pm _&n, k) may change from synbol period to sgnbol ‘
per i odh§ Fpnsngmg el peEorny spatiak pragesring fri eagh sybland of each
[ MNO channel response estimate, Heff,SS
%}El?oog%&?&#’gﬁoéach'subband of each synbol period to
perform spatial processing on the receive synbols for
that spphdngd)ad  ees(nperi od, e.g., using the CCM Eq (23)
or MVBE techni que. For exanple, the matrix H ff,SS
(n, k) may be used to derive the spatial filter
mat r i Xhd xeceivéresydlidls arthdidBe vingatityquey basxpgéssediad: n
Table 1, where

Y, (k) =H(E) Xy 55 (1, 5) + 2(n, k) = H(K) -V, (1, k) - 8(n, k) + 2(n, k)
=M (n,k)-s(n, k) +2(n,k) .

i

Eq (24)

The effective MIMO channel response H; . (n,k) for each subband of each symbol

period is determined by the actual channel response H(k) for the subband and the

steering matrix V , (n,k) used for that subband and symbol period. The effective
MIMO channel response H,; . (n,k) for each subband % varies across the PDU because

different steering matrices V ,, (n,k) are used across the PDU.




IL ef-,SS (n, k) substitutes for Heff,td (k)

However, because the matrix Hf,,S (n, k) varies
waensasstche PDU, the spatial filter nmatrix al SBCYAIS2@®S/007020

across the PDU. [0087] For spafial spreading, the

reci pient receiving entity has know edge of the

st eeri it f Vorli it |t o]

[0086] each ggg blggl {eiLﬂﬁ rg%c ngyer%lgr r%%e?x{%g{h teajﬁr @Réol%lpébr?o{nd uses the
peafblenfor khameipitznaionarkor spelt subibatdd,sthe eadipisg: receiving entity can
recover the transmtted PDU. The spatial despreading )
v estiEatayt the ﬁ?rgalﬁﬂw& elgesponsen H(kh(inpterdsof the effective

fve, the. effective MO.channel . r onse.estinmat.es, .
MG ol Fesnoaeh sl ML S RERSbg! SRESER RIS TR Rty can
heFRRY NEriodt il | REmEAR P! thBauFedHRWMVANAS SHanhBIe response matrix,
steering matrices and the PDU transm ssion appears
ﬂljﬁls('ﬂkb yfor andhasibbandtdiesch smitioll pesed, As faloasul t, these
other receiving entities have a | ow |ikelihood of
recovering the transmtted PDU. E. Milti-Mde
Oper aﬁ_eg’p(,[,ﬂygﬁ(k he haysmtting entity may also

E
transm P q(25)

‘data o the”recéiving entity using both the
PRTS and steered nodes. The transmtting entity can

TBE sfebiend MhGiAE (VAT Mniyh BhansB FNE sy inBSIPRRR ﬂossl;{g%l period for

avai |l able and sWi'tch to the Steered node once t

€deARISHand! T3 P8R ingSerfitPided Mhelofrddiy e MARIO BBRRAI response estimate,
PCT/ US2005/ 007020 23 3. Steering Vector and Matri X

Eene(mk) ofor [cAEBAIbbIANE oS thrsyiBol pericd ® FHRfbriBiphiisl§Focessing on
%@g for the PRTS node may E’ggﬁ,geger at edlﬁji?n vari ogjsir s
theneedise sGmbelsefoe thitagupbanh and syibol gemet, a.g. Nasinpate CCMI or
steering vectors/ matrices are described bel ow. The

MINBE i teghnupiet oF ey ereiniple; ethe meatribeHpy g(nciommetyeb aswl to derive the
stored at the transmtting and receiving entities and
spatialefiteremairiat for dhe CONF oudEMSE tetteyqueane shewnlénl . Table 1, where
Alternatively, thesg steering vectors/matrices pay be
Horptt BY substifutes for by, (b Hesvever, beeruselthe matrixt Mg,  (n,k) varies
fol |l ow n]g description, a set of L steering vectors or

essitheRDU;, thespptaal flteymaisix also weies acrpentheEBU.or t he
PRTS gnde, .+ Lng Vect i Qn.:[ 0P90] Th
oos) TS RSy SRR 056 RS, B ROkl o e
dtéezinfrahataiwiused by tiepedrsinétting Rnityder eddh wbbarMVi@ eg6lgymbol period
er.foymance._ Strict aTIher ence to_ these properties is

is gllede pgHorm Hecomplementary spaital Aespyeadingrio serowpithp spasmitted
B, SRRt ARSI oA i LB s 1
darivndhe effettive NGO ch@mwd nespotdeeestifhates ewhich areofhepaséd for spatial
st eer.n ect.or nmay. be fined to have ual ) .
RGP PBIhS GUehSREoN iR S 6 SPIAVE RBOWIA LS g sipering matrices
RO PRE ABndBssiGiibpediispAtiallyt8ndom to these entities. As a result, these

other receiving entities have a low likelihood of recovering the transmitted PDU.

E. Multi-Mode Operation

[0088] The transmitting entity may also transmit data to the receiving entity using both
the PRTS and steered modes. The transmitting entity can use the PRTS mode when the
channel response is not available and switch to the steered mode once the channel

response is available.



different steering vectors should be reasonably
uncorrel ated so that the correlation between any two

wenesrosssgsvectors in the set is zero or a | ow Parmws2005/007020

[0089]

[0090]

[0091]

This condition may be expresged as: c(ij)__vp (i)
_vp,,,(j)~0, for i=1 ... L, J=l ... L, and i# ],

EQ(326£)‘>te 08§ oSl .. ‘ G i’;}hllon bet ween

v 5 (]) . [0091] The
set L steerin vec ors. )
gener'g][leeﬁfet?}’g}gn\ée wa for f;bﬁ I%R}"$ pgdegléqyehﬁgenerated in

Yhus mERH. ”%oyl‘?é: ‘eQ lﬁ%}aryes&%ﬂl%g abe eﬂ@rgﬁg% ?ﬁ%gn—st%nﬁg vectors/

matrices G of i ndependent 1dentical

0RYrOps mrﬂylsmbeédmksv afthe staeiong Worafmadasqes eanhbe jnawomgputed and
ari ance. correlation matri

G R oGt an e P08 et i Seadi SR B e s they

@8 nbededE AIQmatiE’élyt theSdtddrihgdyebiokd/MhicaBdal %I)be cgm F@8"n real time

colum of E may be used as a steering vector v p,,,

gsithey grejneedesdet ln the éollosving dencriptien, iacet of Listaeiing th()ﬂs or matrices

th n r dy in the set.
?%%gef%fefln iseigc%%c;]go gé%gﬁ%h ltﬁﬁgé f’eerl ng vectors are
generated by successively rotating an initial unitary
st eer An@taeeitiooVedtor Genérhtions fol |l ows: WO 2005/ 088863
PCT/ US2005/ 007020 24 vpm (i + 1) = e 2"/L vpm (i) ,
for iThe Rteering Lvect&hse rsed_ fG’r e PRS2 Aode[ H¥AR] hhwe ahe following
third sche L ste vectors ar ener a
et Sy o BirgneesEretimase: Mde i ool hesepmeertios i
TR GREdSHAHS. kPifst Q’!af:ﬁ §tre§ﬁﬁ% %@&%oulﬁq{avé uSﬁtV g g%fts‘?)\?\%lhtnl%e transmit

vector vpm ( = [v1(i 2 (1) ... VNI (I
prser eedy ﬁcnréhad@td syymbalsyis namveexed bar the paaidpzrenidons tremsnnih gteering.

%%8%% th\)épﬁ(r glglge%s.br?ef %DC%EE{[G?%% vecl': {r%} ){M]?gré fi{l gls‘goahave equal

lﬁ@gﬁﬁuaéltso (tBatOthe fﬁll—tlalnsﬁﬂ_‘r) p&t S edch) arfertn¥ dan(Be usedt @Phird, the
is the Re{q]é) |)} phase of the j-th el enent

@fferem( QZe;:anng ivectorsT pleould fbrreiichsoaablyt @@orrn@.t 6@ dlatvthen correlation
I ower a| | abl e f.0

b5 olsdering epigh AR08 or 2 tyolifoety B} c6iRtfiion may

Ewdxq:f@&drmy al so be used to generate the set of L

steering vectors, and this is within the scope of the

i nventi on. B Steering Matrix Generation [0095] The

st eer @y =g}, (1) 0gs (Dsed , f for itHe..PRTS =bdeLshodii & jhave  Eq (26)

the foll ow ng

where ¢(zj) is the correlation between steering vectors v, (i) and v, (/).

The set of L steering vectors {v,, (i)} may be generated using various schemes.

" In a first scheme, the L steering vectors are generated based on N x N, matrices G of

[0092]

independent identically distributed (IID) complex Gaussian random variables, each

having zero mean and unit variance. A correlation matrix of each matrix G is
computed as R = G” .G and decomposed as R=E-D-E” to obtain a unitary matrix
E. Each column of E may be used as a steering vector v, (7) if it meets the low
correlation criterion with each of the steering vectors already in the set.

In a second scheme, the L steering vectors are generated by successively rotating

an initial unitary steering vector v__(1) as follows:

~pm



properties in order to achieve good perfornmance.
Strict adherence to these properties is not
waeosdssrey. First, the steering matrices shoul #CibaIS2005/007020
unitary matrices and satisfy she follow ng condition:
Vp (i) Vp,,,(i)=lI for i=1 ... L. Eg(29) Equation (29)

1
i ndi cat es. t.hat ;gach colu of ,VPn{i) ,shoul d _have unit
ener ng-Paﬁd'lsmfj Heﬁmﬁ} a?‘l’rﬁﬁ&r---&o%‘&{e gfﬁ%{ny t Wo Eq (27)
colums of V pm (i) should be zero. This condition

[0093] ensur ﬁtéﬁ}gct scthgl%e I\H:le agt?erﬁ% %O?Si %%ng%g%igpé#lﬁtgc ngﬁgﬁ-}eyelements of

usi ng eerrng matrix

ose vedtd havethershine geapaitudobin diffasmtgiaiesP HoPk givn steering vector
transm ssion. Second, the correlation between any two
Sted) 7 iy Orava(Doe o, )1 mehichemay fhg gedetatedzia rany onarmet, @mormalized
value. This_ condition may be expressed as:
SIePIInEXATHTi ¥, () gy Ye-formed as: i=1 ... L, j=1 ... L, and

i# j, Eq(30) WD 2005/088863 PCT/ US2005/007020 25

where C(Y) is the correlation matrix for V pm (i) and

VPM ( [9),, @nel[AetS aqai8ib | x40t &1l zeros. The L Eq (28)
steering matrices may be generated such that the

maxi mum energy of the correlation matrices for all

possi ble pairs of steering matrices is mnimzeq., ., i)
h0EB6]4 fSecanetantle.d., i-eks/Ng) amt B €ps W) it Hase A2 | is the
generat ed using various schenes. In a first safeate@)}

the L steering matrices are generated based on

Rbase of ghe joth elemaerd o Xafi) afihegormaligedrstocriGe otctonigp@ allows the
variables is initially generated, and a «correlation

filt iransmgfrpoer gvailshinfor eachiratenns tonrotsed fordranismissiona

unita ' y be ve. |f l.ow, .

100941 o ¢ epg%e?g%ﬁég%sgfl %}?‘ 8 \%géﬁ&#ipoag%?%gﬁ% (Iiheo§et totﬁg‘ LPEHS Ygtors, and
thid 1siwdthén thelscemf thehwediond, then E may be used as a
steering matrix VPm (i) and added to the set. The

procegs S repeated until all L steering matrices are

gener t&ﬂ%ﬂé@%&&nd schenme, the L steering
matrices are gener.ated hy.succ Lyel rotating a .

o09s] {0 B ofeing TGS bl 5 R DR ey e the following
RFBtieXinSideeto RBick®b&ISérforYiafdB. ($tridt ddhert M ies i
’ﬁ ??rt ir ie Eq&i(/‘ger o ; eren%toxtﬁﬁérre(ﬁbpemes is

=1 ... L-1, E 1) where O is an
BRtASSPRERTYU nF it dr therigering matripeseshontsnbe unitexy raatecds artd satisfy the

@%%J dﬂ{&hty. The second schene is described by

. chwal'd et al. in "Systematic Design of Unitary
Space-Tinme Constellations,” | EEE Transaction on
Inforvﬁ’t&iﬁ.wﬂ@go_r]y,, Pl =1 46, No. 6, Septenber 2000. Eq (29)

[ 0098 "X hér™scheneés may al'so be used to generate the

set of L steering matrices, and this is within the

. BGR#RSn Pho)t ilﬁﬁic%t@:g @Rt Abh cblﬂn&e&eyap,ln ¢) SHEuIG UHRGE Wi energy and the

matri ces ‘may be
Hermitian inner product of any two columns of V om(Z) should be zero. This condition

ensures that the Nt data symbols sent simultaneously using the steering matrix V om ()

have the same power and are orthogonal to one another prior to transmission. Second,
the correlation between any two steering matrices in the set should be zero or a low

value. This condition may be expressed as:

Ci) =V, @)V, ()=0 , fori=1..L, j=1..L,and i, Eq (30)



generated in a pseudo-random or determ nistic manner.
C. Steering Vector/Matrix Selection [0099] The L

weoetewsrosssg3vect ors/ matrices in the set nmay be seCeaise®s/007020

[0096]

[0097]

[0098]

[0099]

[00100]

for use in various manners. 4 steering vector may be
vi ewed as a degenerated steering matri x contai ni ng

bRt B POt B Y] B g Pt P matri o a

di t . rin i.ces.ar lLected. from
FORERE e 3855 R, PR 8 R UBE b By or e
s@d]etion MatticexRAPIL ossile pairsSd Bedeking niilldos GERiTRYcae
cycled through and selected in sequential order,
st ar t The sk 0 My(stgeringhamatrige®) {V a6} smaprhe gemtratedharsing various
;&L). I n anot her enbodi nent, the steering matrices are

eBies-edn £ fiovhsehrane dhe Listagring seajdessraze generatechbased opgnatrices of

GO ARBTG5 B BEREG o
AR B 1 Gl SRR SRR Yo G . o

8RBT RO BB borrel ion TR betdedPE! hifSicROP th s'I_.%erring matrices

sel ected fromthe set in a "pernutate manner .

S RnerbRE, theB!EGhhyBe W8 AL£ St nRFiE e
t hr ggg%ngnd seleecTed }an? use in s(eglaml?,enti al “o”f”glzra.nd added to the

sVeve prockdias fdpaitbd Biskil a3t Stebrit MBfckstark @En@el cycl e

may be selected in a pseudo-random manner, instead of

al wayH Beseagnd Keheme; dhe dy steering) maitiedsxary( goneratdse by successively
steering mairi.ces np o. be..sel ected .in ot her

e B Y i Bl iR SRrl Rt Sragp, as folows:

al so be dependent on the nunber of steering matrices

(L) iR, the set.a e punber o ubbands (NM to
appl! yglpsg’d'ol Tr@aﬁgn{lyt’rgﬁs’rﬁ{ "Si‘éiri ng, e.g., N\M= ND EaGD
+ Np. In general, L nay be greater than, equal to, or

less than NM_If L = NM, then a different steerini
eiei € g0 P XN e diagenyl gpitayapatsix Wity elemgonts fhfaaseld-th roots of

| f. L NM hen the,steerin trices.are reused for, .

wivh mwsond $EPms i aRpAELdIRRM il ela B Nftomplic Design

61 BBitdr) Bpa®d-TinkeCohdtelliti6fs,? EER 84hs8iHAUN MRGHiaB6n ThHebry, Vol.
cases, the NM steering matrices for the NM

a
4B fa8emiebes208@ ected in a deterninistic,

pseudg: .as_descri bed .

oy o0 R e i SR A TRAOS B SsGHRST B marices, e
i i withinathe ssepeof elib fventidie WV gehdBR ES sfeefing @@ffices may be
PDU. For spatjal spreading,. NMsteering matrices may
groeriedaadieydorrapgdem Qr/AetsimiBisHa $1a0BeT- each synbol

period of the PDU A different set of NM steering

mat i eeKte VéetIVEE Selefiopach sympol peri od,
where t ferent permutation of

the LTid eedtédihgcior§8Sitrices in the set may be selected for use in various

manners. A steering vector may be viewed as a degenerated steering matrix containing

just one column. Thus, as used herein, a matrix may contain one or multiple columns.
In one embodiment, the steering matrices are selected from the set of L steering

matrices in a deterministic manner. For example, the L steering matrices may be cycled
through and selected in sequential order, starting with V(1), then V(2), and so on, and
then V(L). In another embodiment, the steering matrices are selected from the set in a

pseudo-random manner. For example, the steering matrix to use for each subband &



[ 00103] For spatial spreading for both M SO and M Mo,
only the transmtting and receiving entities know the

wozensdssssandom st eering matrices used for spat Pair/us2005/007020

[00101]

[00102] orJgaélamrthV% % B{usst@ﬂmr%

processing. This may be achieyed in various nanners.
I n one enbodi nent, steerlng matrices are

?lﬁgosefe%%ase 4 3% la%ﬁ&ﬁ) /‘%Qhﬁﬁﬁgg do-ran arﬁg%gfe tﬁ%ne of the L

rces on an e See
t ak&K
FESHp IR T YOPUQF, Jpyef e 22@‘?@9153‘3%%?3%‘&% o are

selevtsdnirbin the saiig o ‘anuuateg”emmtat eBox €xathple, th@ L $@EME Snatrices
over-the-air signal | some ot her neans Thi s

¥ bercyeled thiqegl and 8% %@C{e&mﬁ@ in feguentéal préssi rigpwever, the starting
&@é ARG 0P A BRIEhaY %Q‘@Qle&'&%i ﬁlé ';a n%kﬁ;afahngﬁ? rﬂleﬁgﬂep Ynstead of

ecelving entities. I'n ano

ﬂmps Meirlel the e steetiey Wialdk V(1) L i Ele MPsteérihg! MAtrice® M¥BNalso be

steering matrices known to all entities using a unique
sedeotédkinldther magnners. known  onl y to the two entities.

;r/hlpﬁ ?%? %t%%l%u?gnvgﬁ%&f ﬁs ?19? r T g‘%éﬁp\épﬁﬁm j ﬁthg gml)nber of steering
ARcks gn ) 5 9R¢ is@arBitiel f@Hba & sbdandsad,f & 2pRFtishdo-random
WD 2005/ 088863 PCT/ US2005/ 007020 27 processing. In
transmahstedreng, eigholj,melN,+ Npe It iganeai, 1t inay bagreater dbdry ieqypl to, or
entities pernutate the columms of the comon steering

leag thes MNvi K & ilm drenikehdifferemd isteexing matriss may g selected for each of

ntities. t anot her enmbodiment, the transmttin
"Z‘ﬁcNM é“E@i’Wﬁg )ig t T Nhred elg hretteqring Matrices avel Teysasalor |eé%!s symbol

RS Ty N tHEba SRRstatt E Bering R Hoes obFarigo it symbol
%&rﬁﬁr 'F%g aﬂ%%% Ghe Nu Ss?éé fng A Ra! f&l the RRY ﬁ.\%gluﬂﬂ ma be Selected in a

enerate In varil ous mann

dateintihistic Ipseudot-ﬂandbm tdir@)eﬁmﬁtatfed elanhBig as dléseﬁbécrﬁbové
| EEE 802. 11 001041 The techni ques described herei
%gfzeérpge sedegied for hgy Ny subbands for
&%ﬁt Ph ?uv
e

O:DM str uct u Vil %a/sgg%na%i g“e‘tﬁ?‘%g Sn%gﬁléé‘ églectg@ Ror the Ny
@bm forrabhi sytitbol pemoc‘ﬁdf metpmgo msaulfmn aeidist Xig rsteehEg matrices

whi.ch ndi.c 2 to +31.
2@% éﬂe%tﬁ&fgﬁ gh% 911 sW Wiet S i ma% IB‘Flu@e.L a different

I%ermuta@lon%ftheLsteé'ﬁl o Bdrices. - 26}) are used for data
ransm ssion, four subbands (with indices of {7, 21})

OO«

[00103] ar e UBerdsifatiel pirbasting fembothsMISA, andaNIMO,eoid¢ thelitzasditting and

bl 4000 ook W, b G0 Ei el | BAERgbotsplofy, spatia

RoedisivE DM1sy ?ﬂhZ'be‘ &h?@@@%@ﬂn&fs ﬁam%'s Cii Bnd EABSAiHHE Steering
Sy nbol and a chlg égllc prefix. | EEE 802.11a/g
mgfél@e%mz@seudqzragm raclegtedviram ithe seit o€ L searingahityicdsamsed on an

ﬁggr%}nolﬂa}Q {)e ?Qed B8 &ith s%age ?ﬂ%ﬂna%%%e.g., a key, a seed, an identifier, or a

serial number) exchanged between the transmitting and receiving entities (e.g., via
secure over-the-air signaling or by some other means). This results in the set of steering
matrices being permutated in a manner known only to the transmitting and receiving

entities. In another embodiment, the transmitting and receiving entities modify the

common steering matrices known to all entities using a unique matrix U, that is known
only to the two entities. This operation may be expressed as: V,,, ,()=U, -V, (i) or

Yomu@=U,-¥,,(@). The modified steering matrices are then used for spatial



synbol has a duration of 4.0 gsec, which is one OFDM
synbol period for this system This OFDM structure is

wdesasrosgsssl i n a docunent for | EEE Standard 802PaTaiS2005/007020
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(MAC) and Physical Layer Specificati ons:
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PSDU i S ul at.ed separ at el
TR R B2 artenBaande! sieoCoHeE Ue p OB BanReas. 4BA e is withn

BSBkbpeledahe PR30 further has a PLCP header 610 that
includes six fields. Arate field 612 i ndicates the

rate for the PSDU. A reserved field 614 includes one
reder HEBHERQ2.11 | ength fiel d 616 indicates the |ength
of the PSDU in wunits of octets. A parity field 618

[00104] car r i Else techniids dugearibedaicidin niayr be h@dtfbf eQiqusOBUIMG/siéhs, e.g.,
005/ 0888 3 PCT/ US2005/.007020 28 fields. A tail field
FYaiEms Bt uyRlemEnoWHE S02 62 rnds¥Zokie: | Abe AEBYb strugture for

SO M Eu‘tﬁiloﬁ the Isgfé@ u} t yo'sg'ra t
init iaf%el Zze a %craﬁo‘g rat rﬁlt E?ﬁ@%% e{{rtl%%r‘lll ?1% g%le&bbands (or
Di t=s64 )A which dré &issigﬁa’%iZlndScearrﬁ‘emino at31t h©fetdse b4 Robbhnds, 48
630 and carries six zeros wused to flush out the

ahbaisr (Wih vaiaq:eabmil{bngt,rﬁ p&d..f.i 20,d234. ¢ala}) ese ased for data
bi t t DU.f | . .
(PRSIl o TR iR 366k 4 €0 R Dt B Rt g,

zﬁfddthb t3C aablneidalwith fnidet d8 ORGAd &ﬁeafbﬁmlﬁlhg @ubﬁhnay @reéPhdf used and

protocol _data unit (PPDU?3 640 that includes three
ot $sosrerd pubheadwbFer BEE s@hl g daelk C&“DMmyathobm eimposed of a

G M PHIR BB RS BRI CREED PR A s 2

MiRZIsysteti andaiéthl SHehsf ech AP, hdsi Mingtias 9056 inkéAnd each OFDM
coarse and fine frequency acquisition, channel

Sé@%h()hh%% pAuratipR ob tcesep ek dssons OEDMe @ﬁnwlrr@noé o this, system.

SpeCI I C %"f?]lca'tré Esa%oﬁgedg%l@ l S‘H@erg’i Jﬁr § \é\ll]!gig{bZlﬁ& entitled

‘Pastnl 1t: er%mmmdnﬂﬂ rAdeedss. Cditeolt WRACPRAI 1P'h§s18é1rlgayer (PHY)
ymhol s are generated with 52 specific pilot symbol
%w disatinesi gl wiged BBpTLaueTn Ui S GHRRGL L enbRN: 1599, which

o Ly . A signal section 644 carries one OFDM
ygfdglr&?he first five fields of the header. A
[00105] dat a E&tﬁmmhﬁws T DU dornaat VGO0 ddfireednbiyTIEEE0802. X-Dilormat 600

of the erv' ce field of the header, the PSDU,
sgﬁﬁo&)shéoté L}%% tm9 pm{ the lgi{T mode & or both'transmit diversity and
spatial spreading) for MISO transmission. At a physical (PHY) layer in the protocol
stack for IEEE 802.11, data is processed as PHY sublayer service data units (PSDUs).

Each PSDU 630 is coded and modulated separately based on a coding and modulation
scheme selected for that PSDU. Each PSDU 630 further has a PLCP header 610 that
includes six fields. A rate field 612 indicates the rate for the PSDU. A reserved field
614 includes one reserved bit. A length field 616 indicates the length of the PSDU in
units of octets. A parity field 618 carries a 1-bit even parity for the three preceding



and pad fields. PPDU 640 may al so be referred to as a
packet or sone other term nology. [00107] FIG 6B
wehoeswseras exenpl ary PDU format 602 that suppor PeThiSR5/007020
the steered and PRTS nodes fg both M SO and M MO
transm ssions. A PPDU 650 for this format includes a

S PSTL B15FR i, 5 S5 TR o e s

6@Z tinchindes Ssevea minll elsitst &snadsﬂaomuahlzal AN kagmBlentret $hedB8BU and nine

EReaahd Pits.c Bt tgg%qggg o &aB8 FmhoRbSDUH0ig carries six zeros
ﬁééalnfél s E@l’{ thgpwoééo Fl {3 % psgxg@l g):!u%eglda& QQ{W@S écﬁfﬁcwnt

Table 2. T Lengt scription
Ramberl afghad hitoto IﬁalEeaiﬂle PSEU ﬁ‘omt mtdger:ﬂn&nhsmlof (IB(DM syxhdbbl@

10010610, ' 3 ERGPSOYE0T RaLs Geres s S frsr Gsmiteg e ¥rotocol
Rh&Rme et e UP b4 FhiteincRAds thréd Secfiofdial At eéﬁcﬂg}é Ui 642 has a

vi deo/ voi ce) Length Indicator 10 Lengt
wigtipoaf four @FDMrsymbbl pqﬂ@s and carhies temysbbit draprieg symbols 642a and

b8 RS 57305 sl ER e T AL St opon, coarse

sRBtihé freghchaneloguidition, cBnndl. estilBati6n, vad AhéremRposes b odr rece1v1ng
future use. CRC 8 CRC val ue for the PLCP header.

entdyx The rt%ﬁs shogt fraining symbolsrase epreeled withald) epepifisrmiles smbols on

r ur ..
PSR A04 LORL L b5 oS LARTGEL, TS o g
symbuie he gmyralﬂe&l Wltthﬂ?ﬁé‘.}ieelﬁbqﬁlod 8ymabbdls S d&di@iated subbands and
dependi ng _on_ the nuynbe recej ve antennas. The rate

R SEcHOEPME bl pREpds oA Eigakaeptioh 44 careis e QFDM symbol
Yo Ghe rsft 'ﬁ%le qieldgrkﬁ' hEFBhAE N 8'5{5 's&éﬁ E§’36'48d %sni D& %ﬂadlilumber of

sen he maxi mum r at es e spa
(‘)IFEMI symboli'lfer theasesvite field @f em heteydeﬂalye PEBI]I aad ded subb&uent tail

sni Ssi_on bas (e.g., less than
Ba‘b elfiso) %ﬁ%@ ‘%am%ﬁlﬁ? eheege dgé? asf3magked i some other
%ﬁl%[ t fields may also be used for signal section
654. 0%8108] M MO pil ot section 656 carries a M MO
[00107] pi | ot FISeaB showsram axempiary RDUsformaty602dhat supports both the steered and

PRTS modes for both MISO and MIMO transmissions. A PPDU 650 for this format
includes a preamble section 652, a signal section 654, a MIMO pilot section 656, and a

data section 658. Preamble section 652 carries ten short training symbols 652a and two
long training symbols 652b, similar to preamble section 642. Signal section 654 carries
- signaling for PPDU 650 and may be defined as shown in Table 2.

Table 2
. Length o oo

Field (bits) Description
CCH Rate Indicator 2 Rate for control channel (CCH).
MIMO Pilot Length 1 Length of MIMO pilot section (e.g., 2 or 4 OFDM

symbol periods).
MIMO Indicator 1 Indicates PLCP header of format 602.
QoS 2 Quality of service (video/voice)
. 10 Length of data section (e.g., in multiples of the

Length Indicator cyclic prefix length, or 800 nsec for IEEE 802.11).




estimate the M MO channel. The MMO pilot is a pilot

transmtted fromall NI transmt antennas (1) "in the
wohew@r088868t hout any spatial processing, (2) w POT/US2005/007020

pseudo- random steering as sheyn in equation (21) or

(23), or (3) on the eigennodes of the MI\/D channel as
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tail bits, simlar to data section 648. [00I09]
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M€ efthnpelr &S SHiowal 1ri Bguatibk/. (14}t Q‘h@‘n‘ﬁh%ﬁ]s%%t)fsefo? heh transmit

steering . vectors/matrices are used
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l ong training synbols in the preanb
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HERST \rﬁgtatsﬁ%hca’a@@ section of PPDU 640 wher e t he
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on the ten short training symbols may adversely impact signal detection, AGC, timing

acquisition, and coarse frequency acquisition, and is thus not applied on these symbols
if such is the case. For transmit diversity, for each subband, the same pseudo-random
steering vector/matrix is used across the pseudo-random steered portion of the PDU.
For spatial spreading, for each subband, different vectors/matrices may be used across
the pseudo-random steered portion of the PDU. At a minimum, different steering

vectors/matrices are used for the preamble/pilot portion used for channel estimation



frequency acquisition. The receiving entity can use

the long training synbols for M SO channel estimtion
wanastosesedl MO pil ot for M MO channel esti mati oRCT/TIS2005/007020

receiving entity can derive ghe effective channel
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stream to generate a modulated signal. Transmitter units 732a through 732t provide N

Q=

modulated signals for transmission from Nr antennas 734a through 734t, respectively.
[00113] At single-antenna receiving entity 750x, an antenna 752x receives the Ny
transmitted signals and provides a received signal to a receiver unit (RCVR) 754x.
Receiver unit 754x performs processing complementary to that performed by
transmitter units 732 and provides (1) received data symbols to a detector 760x and (2)
received pilot symbols to a channel estimator 784x within -a controller 780x. Channel

estimator 784x derives channel response estimates for the effective SISO channels



[00114] At nulti-antenna receiving entity 750y, NR

antennas 752a through 752r receive the NT transmtted
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then ipsesiepses ythe detehied dutnkolsr fan it szabbands afideprowidien decoded data for

i ncl ude cyclic redundancy check (CRC),
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WithimTXrdateapiocessec fizdyantencadenise eecfelim 4RA @GYicodes ¥Rch data packet

separately based on a coding scheme and provides code bits. The coding increases the

reliability of the data transmission. The coding scheme may include cyclic redundancy
check (CRC), convolutional, Turbo, low-density parity check (LDPC), block, and other
coding, or a combination thereof. In the PRTS mode, the SNR can vary across a data
packet even if the wireless channel is flat across all subbands and static over the data
packet. A sufficiently powerful coding scheme may be used to combat the SNR

variation across the data packet, so that coded performance is proportional to the
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[00118] FIG. 9A shows an embodiment of the processing units at single-antenna
receiving entity 750x. Receiver unit 754x includes (1) an RX RF unit 912 that
conditions and digitizes the received signal from antenna 752x and provides samples
and (2) an OFDM demodulator (DEMOD) 914 that performs OFDM demodulation on

the samples, provides received data symbols to detector 760x, and provides received
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channel estimator 784x. Channel estimator 784x derives
woheosmisgaagel response estinmates for the effecPCvassioSm7020
channel s based on the receiveg;pilot synbols and
possi bly the steering vectors. [00119] Wthin detector
i.nlie Lphl,exes t he rnecei.ve
Gt b i B el e e o el QR PR GRULE the chamnel
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processor 770x. Wthin RX data processor /70X,
widhraheieffgctive SI9B2chaanelpespanise altimatet &t thatisoblsand and
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B0 Gl AR for R TR o b A P oition scheme
deiofterthair packdh. t v ldeinteleader 93alcintefleaite dhé @endacREA! data in a
936 i f Turbo or conyol utional coding, respectively, is
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pedanted roouth dats pacledn ot Exempleli aTtrba eecatet ok Merbi decoder may

EPR L FaGroadtortns e sontoyinal coftog gospectia, ¥ pertormed by

RaMhifRoleaGRi M@d pilot symbols to channel estimator
784 annél estimator 784y derives channel response

y.
[00120]est | nHIGes IBorshowe davl MDbodiarme|of thasprbcessitigh@nits ext einvlHantenna

ilot s 0 ntrolle Oy, der.i spat.ial .filter
e e R0 Ly, FRRbive! iR thiv 752 cpBfbinmetiling Pod OFDM
agfoduigte She el M ré bl ' i
pr o?:essgr 73{8%, &ﬁlg%geﬁuglﬁ??’ p?egifgl?g eg%f‘éi(pta %ﬂf gty%boésdé? RX spatial

Bigcasser 1y, Pvidd repgived Pylaboingbols towiranirR] eeturitoe?84y. Channel

' A h,.d It i.pl 942
ek gton 349 oA Bl op ol P E inBy BRI Sidfogs s on the
peaeiked pilot oyrbdls.e Gnveller A8@y &Mi%@'sgét@ﬂqﬁ%%aﬁi@és b4s6& on the

ND dat a subbands and_ provides the ND sequences to ND )
annel gpsnonsg estipater 986 the gepaing ymatiighs. 0 4Within RX spatial

FRELsSPAI0y 2N RIRGRTAN crdbaRflhgh Fhor St8h L re3BRbd Bhta symbols
from Ny receiver units 754a through 754r. Each demultiplexer 942 demultiplexes the
received data symbols for each data packet into Np received data symbol sequences for
the Np data subbands and provides the Np sequences to Np RX subband spatial
processors 944a through 944nd. Each spatial processor 944 performs receiver spatial
processing on the received data symbols for its subband with the spatial filter matrix for
that subband and provides detected symbols. A multiplexer 946 multiplexes the
detected symbols for all subbands and provides a block of detected symbols for each



processing on the received data synbols for its

subband with the spatial filter matrix for that
weuhisasgteand provi des detected synbols. A mul t POTAN205/007020

946 multiplexes the detectedggsynbols for all subbands

and provides a block of detected synbols for each WD

a89 Owhi packet 1o
oot pReiel 0%yl 5 PP BRI GhR) Fhpyige same
design asdX idgfia pacceRXr dZ0aimpFlac8dsor 770x in FIG 9A
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WHAT IS CLAIMED IS:



limted to the enbodi nents shown herein but is to be
accorded the w dest scope consistent with the

wonrbismsgiees and novel features disclosed herei RCTNIREIDS/007020
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CLAIMS 1. A nethod of transmtting data froma
transmtting entity to a recgf Xipg entity in a
wirel ess multi-antenna communi cation systemutili zing
or t hogonal Af method wfransinitiing datarfrdn iaptaasinitting @Dl to a receiving

C i Sing, processing a data packet to qgbtain _a block
S0 48 & V(IS PR AR FRBRRIAG R Dty i EoTgoRsldrequency
8ivasdn ALt RxSIOHBNS, BhfpeisfgpP! ural ity of subbands to

obtain, for the data packet, "a plurality of sequences

of pi brocessing addatapackgirib obtair ablock ef gatasmhbaely; of
subbands:,..and. per.f orni spat. rocessi ng,on the )
sequ eﬁ%r%mg?féﬁﬂrﬂ%&lfog ﬁ}gmﬁglf ﬁgg)}]ﬁeglgllogk Pg ﬁatéaf bo@lﬂi‘ﬁ% Alurality of
wibblndt td 6BiGin, GVE tifed @Rk PHOkME Gl Plirabif) 8€1sB4hehds bhBilot and data
subband, the spatial processing random zing a

Hmehods for ghegplurafityeefisubeandsrapde- i nput si ngl e- out put

(SI's 3 . A t |ural ity qf

oquere LR ia ISR UEE o ¥od im0 hiSnd dpta symbols for each

fuibbaad with abfeastdub brorisg vétior leRcRB60Me Siibbahdl the dpatial processing
wherejn the sequence of pilot and data synbols for

RREPMANg, n Plyraliyp of i efifeciver egledupntysinglenupwt (R8N g channels
. f T t 0 :

e HY TR B 8 soolhef OB ima Rptn SO 08 bl pluatity of

subbammiss are used for the plurality of subbands. 4.

The nethod of claim 2, wherein the one steering vector

used for spatial processing for each subband is

unkn t IF\A '

Clai L, ey BRI AdG, ERbckdly . sl 9 Bld data symbots

oy rmsoh subband saspatislip lraockssesl syitht bed Isieering cestoe tselbicted for the

gh %gﬁst two steering vectors selected for the

§'B d. 6. The nethod of claim1, wherein one pilot

or data synbol is sent on each subband in each synbol

period, and wherein the sequence of pilot and data

synbol-s f ofhe mgidbhd of iskam®, ivéhesgiatai phialitypo hdiésmeat] stebriiy vectors

fle Hidd GF BRLIFAES ridnaggd O for each symbol  period.

4. The method of claim 2, wherein the one steering vector used for spatial

processing for each subband is unknown to the receiving entity.

5. The method of claim 1, wherein the sequence of pilot and data symbols
for each subband is spatially processed with at least two steering vectors selected for the
subband.

6. The method of claim 1, wherein one pilot or data symbol is sent on each
subband in each symbol period, and wherein the sequence of pilot and data symbols for
each subband is spatially processed with a different steering vector for each symbol

period.
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claiml1l, wherein the at | east one steering vector used
wobanos/sgrasi al processing for each subband i s kROWUSZE407020

to the transmtting entity amggthe receiving entity.
8. The nethod of claim1l, wherein the spatia
procegsi ng ] e .
Cach: Jubbantt P tet P el in bkt W KRG v it psed for
spetibbrogessidgafon ebch whighaed ris khewpidndy ts yebphsmmatiag ety and the
for. channel estimation by the receiving entity. 10.

\{ ‘of claim1, wherein the processing a data
packet includes encoding the data packet in
accordance with a coding schene to obtain coded data,
i nt er Beavi hhe niethadloefedaitnl awhereimbthaispatial tpeodessvedith the at least

SR Sr-amRosTT I ca RS b aRrbBhel oY 55 Beurhobne
bl ock of data synbols. 11. The nethod of claim1,

further con‘grisi ng: selecting the at |east one
st eerPng vE&be srethadrofcddaim Luvbeaia the pitotisyonizpls asensed fforl channel

i S, e L is an integer greater than
%sf@fdhgﬁ%yﬁeg}e%?ﬁlggﬁg{y. claim1l, wherein the L
steering vectors are such that any pair of steering
vectors anong the L steering vectors have | ow

cor r el&t i okhe methogef claim  owhereindhe pracessing & datepacket includes

conpr LSRG lsect | ] or r h .
CCpeb o B M S S A SghilsB i o coae
ddtgeri ng vectors, where L is an integer greater than

one. 14. The ﬁeth?id af cl all)m 1, wherein each steering

vect ofnterieaying e epded datatn %_talﬁdmieﬂﬁa‘éegﬁiétanﬁ‘%i tude but

di ff eg@iol £i2 thdb&hRaved Eatd fﬁeacemgﬁ%a With Mrﬁﬂﬁ{gﬁ[)n scheme to
ant ennas at e transmtting entity and I's an I nteger
ehtaiattks blotlaof datesyniiols. An apparatus in a wrel ess

mul ti-antenna conmuni cati on systemutilizing
ort hogonal frequency division nmultiplexing (OFDV,

conprisi ngThMR-R005 088883RET ddsaRAH007020 37 a

data processor operative to process a data packet to
obt ai s¢legting dskat ddasivenessteesipgivetter for each subband from among a set of L

steering vectors, where L is an integer greater than one.

12. The method of claim 11, wherein the L steering vectors are such that any

pair of steering vectors among the L steering vectors have low correlation.

13.  The method of claim 6, further comprising:
selecting a steering vector for each subband in each symbol period from among

a set of L steering vectors, where L is an integer greater than one.

14.  The method of claim 1, wherein each steering vector includes T elements
having same magnitude but different phases, where T is the number of transmit

antennas at the transmitting entity and is an integer greater than one.

15.  Anapparatus in a wireless multi-antenna communication system utilizing

orthogonal frequency division multiplexing (OFDM), comprising:



a denul tipl exer operative to denultiplex pilot synbols

and the block of data synbols onto a plurality of
weubisamgks3t o obtain, for the data packet, a pl BCa@US2OP5/007020

of sequences of pilot and dajp symbols for the

plurality of subbands; and a spati al processor

oper at i [

seque%11cd(é(?ao#n%cgses I? f’ @%?t g‘l"é’g“’{?bo ﬁti r ea h&gaﬁgbaalﬁlgCk of data

wyrhbolet | east one steering vector seI ected for the .

subband, the spatl al roceSS|

d
pl ur ap,({eyng‘ep efer cperafige 4o rﬁlﬁmé‘ﬂ%%%ggﬂg‘im Zl@g s gid fhs block of data
oﬁ]pl F o?ﬁ@rzlgﬁ ath %?rs‘dﬁl?anﬁé’ tb rl?otzﬁhuﬁﬁ ih%yda?@f Pﬁtﬁééﬂgé‘ Phality of

ot an [s sent ont l'ura
sesvioaced of pilét anﬂldetaqu’pﬁph;tfusthcfplurhhnymf lsﬁpbawﬂg raedn t he

spati al cessor er t| v tiall ess
that & Busnial aatesion ettt t pbHowd saifd breesgnb pS the Sequence of

§ﬂ&%ﬁfﬁaﬂﬂ st%'ﬁb%[hefor sdcRLbIHAI WA é%rlea'%%l?é:&%rﬂtgclfect%@ %k:cted for the
bband. he apparatus of claim 15, wherein

SIﬁ&:tanél the spatied chessmgdpedqmlzme & pluradippaof efff¢opive smgbsmput single-

h I f
bUBBE RIS fms Bhs@ied Hip Bl Buly Ho Srbienh oF Blifap data symbols
k@i oh e suRianek subBandthe apparatus of claim 17,

wherein the at |east two steering vectors for each
subband are known only to a transmitting entlty and a

recei yipng gﬁ& f)%argtﬁﬁ gi‘g il als aWhQI%Clﬁﬁlte %t?al r;Péoceésotr Js operative to

appar at us wher i i ea

sputiallgd @ockss eleessgntcenavpiig @drdatﬂagﬁbélbl (i"@r bath subband with one
di fferent phases, where T is the nunber of antennas

stsering vectar selepted fonthe spbbandacket and is an i nteger

greater than one. 20. An apparatus in a wreless

mul ti-antenna comuni cation systemutili zing

or t hog@nal The eppezatay oficlaim ilsnwiedein theesphtied p(r&éEMr is operative to

Sm?ﬁtnlgfl}lﬁ%#n fso Q%gfi’uegg‘{ é&%ﬁgﬁi n%n%gﬂ)g s? @?%gc s b%)a:nd with at least
W&Eérh@ %t&gs@é&éﬁfoﬁm%ﬁanand the bl ock of data

synbol s onto a plurality of subbands to obtain, for
the data packet, a plurality of sequences of pi I ot and

gggg/ 886%1%?’%3{%2‘%8@?%53 zo%h nﬁ@%%? ?aé‘f“‘ﬁ’ef%% Yrgtors for

sRtatsuBbanidl 26 RESWH 8nBo taft&n&ﬁﬁﬁﬁ%‘ 6t lan@hlr&deiRg eflat) For the data
synbol s for each subband with at |east one steering

paakebr sel ected for the subband, the spati al
processing random zing a plurality of effective
singl e-i nput single-output (SISO channels observed

by theg.pl urht ispparefus SEUCIBNE €S, GFhepdih QacRiebediaf dector includes T
slynbol s. sent on the
ements having same magnitude but different phases, where T is the number of

antennas used to transmit the data packet and is an integer greater than one.

20.  An apparatus in a wireless multi-antenna communication system utilizing
orthogonal frequency division multiplexing (OFDM), comprising:

means for processing a data packet to obtain a block of data symbols;

means for demultiplexing pilot symbols and the block of data symbols onto a
plurality of subbands to obtain, for the data packet, a plurality of sequences of pilot and
data symbols for the plurality of subbands; and



plurality of subbands. 21. The apparatus of claim 20,
wherein the sequence of pilot and data synbols for
weaals/sstoband i s spatially processed with one BCERIS2W§/007020
vector selected for the subbgnd. 22. The apparatus of

cl ai m 20, wherein the sequence of pilot and data

synbo e : 1 al r ed
S0P obph iy BERHAL W $r39RL o o PEBSRRLOPI: wn it
syrhias for é2éh subibend pithrafeast aie sideaingvador yéievt&l for tikeesudband, the
Ieasf two steerjng vect rs.foréﬁgach subband are_  known
shAtg! prgcessingg iging 3 Rl Pfgtiscive apglpynmy swgle-qupput (SISO)
R P I Phratfd of SRACRRSRBANE aR (2 b6l sent on the
hhwilitg ofsubbamdsgni t ude but different phases, where T is
the nunber of antennas used to transmt the data
packet and is an integer greater than one. 25. A
met hod) of tThanpPhdatusNer iR 30, Ahetein’ ARSHghEARIL B ¥nd data
to a receiving entity in a wreless nmultiple-input
ARl fos cocht pbbatMSID) o rensb sy Bnoms,secsime vattor scléctig for the
gﬁ%&&gonal frequency division nultiplexing (OFDM,
compri'si ng: processing a data packet to obtain a bl ock
of data synbols; dermultiplexing pilot synbols and the
bl ock_of data synmbols onto a plurality of subbands;
and pé#f or kP @PRyatus 0L plaie Xk wleerein theesegnense efhgilot and data
3 e e .
BP0l AR ML B LRl SR e e
peletabfor thg subbaadom zing a plurality of effective M MO
channels for the plurality of subbands observed by
the pilot and data synbols sent on the plurality of
subbawngls. : / S
vot hoR of AT Tk Dh O A pREEHPERALEH, s Eing ifors for
tazh sebluind aseikinewd onlydo apgensmittiyg ety esd edecsitihg emtéty for the data
ﬁ%ggring matri x sel ected for the subband. 27. The
flod of claim 26, wherein the one steering matrix
used for spatial processing for each subband is
unknown to the receiving entity. 28. The method of
cl ai @45, Therpparatubeofpélhimt 28navhdedim egyhristdesing oreceadhcludes T

DB Vi, FRRE eeniuf, 360 oot e T the mumber of
aéiag usdd 6 hdhéhit the MREpRKE Al es At inkBF breaRLHBH 8L NY

matri x used for

25. A method of transmitting data from a transmitting entity to a receiving
entity in a wireless multiple-input multiple-output (MIMO) communication system
utilizing orthogonal frequency division multiplexing (OFDM), comprising:

processing a data packet to obtain a block of data symbols;

demultiplexing pilot symbols and the block of data symbols onto a plurality of
subbands; and

performing spatial processing on the pilot and data symbols for each subband
with at least one steering matrix selected for the subband, the spatial processing
randomizing a plurality of effective MIMO channels for the plurality of subbands
observed by the pilot and data symbols sent on the plurality of subbands.



spatial processing for each subband is known only to

the transmtting entity and the receiving entity. 30.
woheosmestend of claim 25, wherein the spatial pPOTES30108/407020

with the at | east one steerigg matrix for each

subband is perforned only on data synbols. 31. The

met hog of [ [ ' I I

for channel nC St o SRR 75, wierdh o pAATHRY Saef S8 %or cach

Fitdband atecdatiefllyqiracesscdSyitli ome dtesringangirik selegted for the subband.

mul tiplying spread synbols for each subband, obtained

fromthe spatial processing with the at | east one

st eer bmng ' j r Sy : :

ol gontndes oy MO (eI ARLID, WL Bl RE KR g Cled for spatial

Prosessorgforieash subteindhivanknowmith éhe receipng eitiy. sel ect i ng

the at | east one steering matrix for each subband from

anong a set of L steering natrices, where L is an

i nt eges. Or TAé edethdiPOf B1ARn 234 whifeen MRS Pt 8ld &c{t@is?ﬁlg&s for each
further conprising: selecti n%; steering matrix tor

suhband asisp#thllyprecessedsyiftbo fliflssent sigefimgomatiixoioyeach symbol period.
of L steering matrices, where L is an integer greater
t han one. WD 2005/ 088863 PCT/ US2005/ 007020 40 35. The

net hog9g.of Thainkihdd of sheh@isnwhiiein ths hERAIt dEe BREMAERSrix ised for
the set are such that any pair of steering matrices

srdApProRessingsios epsih gulrand it kgowanvaly tnthectsansaliting entity and the
P Lt (M D) communi catf o System uti 1 zi ng

ort hogonal frequency division nmultiplexing (OFDV,

Gor™! Bl RSB B e BARSSE R o s
R RS ORRLE S0d R PHA UL bn Pty ©

subbands; and a spatial processor operative to perform

spati pracessi.n n.th il ot .and data nbol s for

each @ubba %’ We{hﬁgé& cﬂaé%‘gse Sherely g@rﬂlﬁ’é Sﬂﬁg‘%ﬁ Rre used for channel
StinRfibR By 1Ry rebdIPing¥Rk/Nd, the spatial processing

random zing a pluralitfy of effective M MO channels for

the plurality of subbands observed by the pilot and
data 3 L o’h%e r?lgt%tod oF cltalhrref 29,' [ é:rI (:to}lnp?'fsinsgl:J bbands.

multiplying spread symbols for each subband, obtained from the spatial

processing with the at least one steering matrix, to transmit the spread symbols on
eigenmodes of the MIMO channel for the subband.

33.  The method of claim 25, further comprising:
selecting the at least one steering matrix for each subband from among a set of L

steering matrices, where L is an integer greater than one.

34.  The method of claim 28, further comprising:
selecting a steering matrix for each subband in each symbol period from among

a set of L steering matrices, where L is an integer greater than one.



37. A nethod of transmtting data froma transmtting
entity to areceiving entity in a wireless

waoubisiosgsss enna commruni cati on system utili zi ng PCT/US2005/007020
orthogonal frequency divisiogynultiplexing (OFDM,
conprising: transmtting data to the receiving entity

usi ng fi Bty & e e | 3

the r gg’ei V:Tir\}é ent i téy)/ff 2?%?32’3{72,&?2@@2%( gte?%ﬁeé Rl ERs i the set are
suchn gt taniynppie of | teeringheatrices datag Hynbodtserfigematrices have low
s(gr?tli ally processed with pseudo-random steering

GUCHHY- o matrices in the first node; and

transmtting data to the receiving entity using a

second node if the channel response estimates for the
recei 96.ng émt ppperathe invai waeless manltiple-ivpud nswitiplé-ogtput (MIMO)
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met hod of claim'38, "wherein t transmitti
the receiving entity using a second node includes
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transmitting data to the receiving entity using a second mode if the channel

response estimates for the receiving entity are available to the transmitting entity,
wherein data symbols are spatially processed with steering vectors or matrices derived

from the channel response estimates in the second mode.

38.  The method of claim 37, wherein the transmitting data to the receiving
entity using a first mode includes

processing a first data packet to obtain a first block of data symbols,

demultiplexing pilot symbols and the first block of data symbols onto a plurality

of subbands, and
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the plurality of subbands.

41.  The method of claim 40, wherein the transmitting data to the receiving
entity using a second mode includes

processing a second data packet to obtain a second block of data symbols,

demultiplexing pilot symbols and the second block of data symbols onto the
plurality of subbands, and

performing spatial processing on the pilot and data symbols for each subband

with a steering matrix, derived from a channel response estimate for a MIMO channel
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ting entity to

performing detection on received data symbols in the S sequences of received
symbols based on the channel response estimates for the S effective SISO channels to

obtain detected symbols.

44.  The method of claim 43, wherein the sequence of pilot and data symbols
for each subband is spatially processed at the transmitting entity with one steering

vector selected for the subband.
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pi | ot 4@nd Y Smf 3 | tj-al

D occegod S PRI &% nAEin Rt 0RRAct B¢ SRl daks symbols

fareeach raybbact 51 speitinBy tpeokefssd aththe Srdnlomitting SRtityThith at least two

aratus of .cl aj 8, erein the sequence of pil ot
gtﬁgn%‘feﬁ%%méi‘%s{gfﬁ}e syRRds hhand is spatially
processed at the transmtting entity with at | east

two steeri nlgl vectors selected for the subband. WO
2005/ #8886 3heurthd200dri00%6,28herdin tha at Fast tywpsteaingsveofors used

L X AT —

laaemingentiyy.t 0 the transmtting entity and a receiving
entity for the data packet. 52. A receiver apparatus
in awreless nultiple-antenna conmuni cati on system
utilizéeng qr ughgy division.nultiplexing . .
( (]:DI\/§$ c o%‘p H&gﬁﬁg ?Jppgrrlégﬁ s&f gr W?ﬁ%%f rﬁ%ﬂtglﬂéva%g&gg S{ORgRpcation
systom wiilizing enineponsl Semyessyodisisivh metplexiag (¥, SohpFisiss:
sequences of tpi | ot and data, synbols transmtted via S .
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49.  The apparatus of claim 48, wherein the sequence of pilot and data
symbols for each subband is spatially processed at the transmitting entity with one

steering vector selected for the subband.

50.  The apparatus of claim 48, wherein the sequence of pilot and data
symbols for each subband is spatially processed at the transmitting entity with at least

two steering vectors selected for the subband.
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symbols for each subband 1s spatially processed at the transmitting entity with at least

two steering vectors selected for the subband.

55.  The apparatus of claim 54, wherein the at least two steering vectors used
for spatial processing for each subband are known only to the transmitting entity and a

receiving entity for the data packet.

56. A method of receiving a data transmission sent by a transmitting entity to
a receiving entity in a wireless multiple-input multiple-output (MIMO) communication

system utilizing orthogonal frequency division multiplexing (OFDM), comprising:
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steering matrix selected for the subband.

60.  The method of claim 59, wherein the one steering matrix used for spatial

processing for each subband is unknown to the receiving entity.

61.  The method of claim 56, wherein the set of T sequences of pilot and data
symbols for each subband is spatially processed at the transmitting entity with at least

two steering matrices selected for the subband.



64. A receiver apparatus in a wireless nultiple-input

mul tiple-output (M M) comunication systemutilizing
wonbismgessal frequency division multiplexing (€SEDS2005/007020

conprising: neans for obtainifpg, via R receive

antennas, S sets of R sequences of received synbols

for S;sets T zes of .pil.ot, a dat a .

tr ansft t ed i ol EHRRARSS . sy @Rl Ty SRHRR forrices usea
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received . synbols and one set of T sequences of pil ot
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are integers greater than one, and wherein the set of

T sequences of pilot and data synbols for each

subbafd i sAspetaivr| gpparauesined witelesat muéigdé-inpoe multiple-output
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sequences of pilot and data symbols for each subband, where R, S, and T are integers

greater than one, and wherein the set of T sequences of pilot and data symbols for each
subband is spatially processed with at least one steering matrix at the transmitting entity
to randomize an effective MIMO channel observed by the set of T sequences of pilot
and data symbols;

a channel estimator operative to derive a channel response estimate for an
effective MIMO channel for each subband based on the received pilot symbols and
steering matrices used for data transmission by the transmitting entity; and

a spatial processor operative to perform receiver spatial processing on received
data symbols for each subband based on the channel response estimate for the effective

MIMO channel for the subband to obtain detected symbols for the subband.

64. A receiver apparatus in a wireless multiple-input multiple-output
(MIMO) communication system utilizing orthogonal frequency division multiplexing
(OFDM), comprising:

means for obtaining, via R receive antennas, S sets of R sequences of received
symbols for S sets of T sequences of pilot and data symbols transmitted on S subbands
of T transmit antennas by a transmitting entity, one set of R sequences of received
symbols and one set of T sequences of pilot and data symbols for each subband, where
R, S, and T are integers greater than one, and wherein the set of T sequences of pilot

and data symbols for each subband is spatially processed with at least one steering
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matrix at the transmitting entity to randomize an effective MIMO channel observed by
the set of T sequences of pilot and data symbols;

means for deriving a channel response estimate for the effective MIMO channel
for each subband based on received pilot symbols in the S sets of R sequences of
received symbols; and

means for performing receiver spatial processing on received data symbols in
the set of R sequences of received symbols for each subband with the channel response
estimate for the effective MIMO channel for the subband to obtain detected symbols for
the subband.



