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TRANSM T DI VERSI TYAND SPATI ALSPREADI NG FORAN

OFDM BASEDMULTI - ANTENNACOVMUNI CATI ON SYSTEM BACKGROUND
wo 2005888l [ 0001] The present invention rel at eBCT/US2005/005261

generally to comuni cation,and nore specifically to

techniques for transmtting data in a nulti-antenna

communi cation systemthat utilizes orthogonal

R AT A A N MR AN s

bandwi dth into nultiple (NF) orthogonal subbands,
which are also referred to as tones, subcarriers,
bi ns, and frequency channels. Wth OFDM each subband
is associated with ar i carrier that may be
nodul at ed wi th dat a. O%%Flﬁsélgmé el'y used in various
I W rgleg$s conmuni cati on systens, such as those that
i npl enent the wel |l -known | EEE 802. 11a and 802.11 g .
st ahbeprpsentimrEmtign relatesnseneerllg 0o comgugicabion) and mexgespecifically
. s al o out . ( _ g
to Hclfiofet BBl Qb RS b A G B tha
utilizes Pshb Sstad frequbiic pdividml nultiiglesténg (OFDIM).nal | y enpl oys a
single antenna for data reception. [0003] A
mul ti-antenna conmuni cati on system i ncl udes
IIsi n Ia - ar(1)t enna devi ces and mul ti-antenna devices. In
"t hi e’%‘t a nmulti-antenna device may utilize its
mul OFDM i8Nt edilisartier ntbdtRtibh ascii@®i that ffeetively partitions the
si ngl e-ant enna device. The nul ti-antenna device and

ovegpkh giystean bavdva difie tite snwple (A eorfingoaply sethands, which are also

ref PR 29%o é%ngmtaﬁ%?salbiﬁsr, 3338 r@réqughéﬁﬁ %g&%léCW%FﬁM, each
order to obtain trandmt diversity -and I nprove

sufband as assoctddowith heredactivd sebramies Shanmapbe modilated with data.

OFE@%lefl elgri,}l\égé %Ib%é}osug %ﬁ@s&}oﬁ%ﬁ%ﬁ%&%ﬁg s%%‘gﬁgrl\fﬂch as those that
impleM @RS fHeYw dIREAG A YRR R02 WM § 6he 392 $ETHMdeRks! OIERE 80X ER: and
Journal on Selected Areas in Communications, Vol. 16

80N 1g Sgenerlllybeover9siggleppput 1 4B gleiottBit KSESQ)hepatiomuvhereby a
the transm tt. dvicetr(g%gm'ts each
fon

R R e
deABSnd BB RERT1MsHIIBY it enrRebdAg feckMiod. ecei ved synbol s
obtai ned for the two synbol periods to | .

A multi-antenna communication system includes single-antenna devices and
multi-antenna devices. In this system, a multi-antenna device may utilize its multiple
antennas for data transmission to a single-antenna device. The multi-antenna device
and single-antenna device may implement any one of a number of conventional transmit
diversity schemes in order to obtain transmit diversity and improve performance for the
data transmission. One such transmit diversity scheme is described by S.M. Alamouti
in a paper entitled “A Simple Transmit Diversity Technique for Wireless
Communications,” IEEE Journal on Selected Areas in 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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recover the pair of data synbols. The Al anouti schene
as well as nost other conventional transmt diversity
W@ elvs/eR4F equi re the receiving device to perf oP@T/US2005/005261
speci al processi ng, which may be different from schene
to scheme, in order to recover the transmtted data
préResLMith txﬁhﬁ/ Feeﬁﬁ“fe'rérﬁ Bm SRS sCl MRS $h lo¥der E}quéuver the
However, a single-antenna device nay be designed for
tragirS0ed date and obtaomthy bermditslefteansmgdlivassityy. This i s

norpally the.case if the.wireless devi.ce | esi gned

for Toine ppaisgyapiespa ity 5 Jpainpariar SEyl Rperitonty, as
desdrBe@bY¥lows| THisEs FBERARAHERREE & thE WifklReldebRe aDUsIgRA for the
performthe special processing required by nost

IEEB %0212 on®02. t hzstandard. drugh esilagpey cviegle-gnteines davidesy@sd not be
j b, i ' i_.gh desir f l 3] - T
ol B e, B oS PO e b PhATA e v
scletvdsC AN elvBrtlee] €580 & sti3lud phlly iebirdbidpfop ueultienkenh ldetiye to transmit
and/ or performance can be achieved. [0005] There is .. ..
datanfer Bedegacy Feglerapienas devies 1 G magneh Fughy diattigpseysd iphiability

' j AV a | egacy singl e-antenna
m%@@%@@gq%%?g.%%mRY [ 0006] Techni ques for
t r arfhoret s ithayefbad a nbedin theran for tawhhignesatot achieyrittahsmy diversity
eng t%{ to.a single-antenna receiving entity using a
forq L8y PRI BN SR ISP YN SEVISS- r andom transnit steeri ng
(PRTS) node are described herein. In the steered node,
the transmtting entity perforns spatial processing to
direct the data transm ssSUMMARM d t he receiving
enti-ty. .ln the PRTS nod the transm tting entit. .
por ittt F srsralRE i ol criRatond Yy ldity enty 0
sidglengeimRSeOdiviap SatiNesinan drsied el dindtorS SugbadidehStransmit
across the subbands, and perfornmance i s not_ dictated

stagying (RRRES)anedmar dessalbpd heein  [n theesteqrethmerie.ithe farsmifting entity
. . st i it . .
L e A SR L
mgHBSPRR ﬁidﬁl'b,rtge t&ﬁﬁénﬁﬁ%ﬁi&@fﬁﬂlﬁ(ﬂﬁerfdﬂﬁs 5 235e pnﬂ[&sgglog%ucll}rfhat the data
oes not now e cnhann response. e
OB RYsArycE rendgm pf‘gf%m&el%aeh%nebr BTess iy suRteRds, and
pekfoImacE ¢ h&gdiyt%féhq{yfs’a g&d Eﬂﬁﬂelf IreQﬁQdaEiBﬁ ths,(?raﬁ%‘l%’rﬁﬁé entity may

response estinmates for the steered node and
usp$ Eutdhe -stemnaiomod¢ élitikmgwe dbt ogsporiserofithe nRi S eopls  sitghebutput

OSE heHhel T ancaried RERLeA 1 o Prts oM pap T oes not

knb%aRs MISOShERQ SeshOsel ransmi ssion from NT transm t
antennas, where Nx > 1. i ) ) )
The transmitting entity performs spatial processing with (1) steering vectors

derived from the MISO channel response estimates for the steered mode and (2)
pseudo-random steering vectors for the PRTS mode. Each steering vector is a vector
with N elements, which can be multiplied with a data symbol to generate Nt transmit

symbols for transmission from Ny 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 an entire

packet for each subband. The receiving entity does not need to have knowledge of the
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[0008] The PRTS node may be used to achieve transmt

diversity without requiring the receiving entity to
w@essosany speci al processing. For transmt PCT/US2005/005261

diversity, the transmttingzentity uses (1) different

pseudo-random st eering vectors across the subbands

i : t '

P e B R e ey
alspdeaised tocpobiave tsyatihd egrembing, wegdfor sedures/éath trandnaidsjen.oFor spatial

t hepseydo-random st [ d.by t .
spiPIRE e, THGTLNE O it R asuldbfh. strsring pgetors
acrRSN HIRY SustRAld ahd SRY QBEEBEL steerthg vE@brsSaGHEetidapatket for each

transm ssion. For Spatial spreading, the transmtting

sulthandlt Fayssesure1datelitfahemission. pardyidbe iansfoitiing ead irpegiving entities
0, I t he,sub . (2) different steering
lmé‘ggl{leo%tée@%rvgg%rst ]ﬁsgd g%cc%%tqga?lcs)@%g%\% h subband. For secure

dat gherseReddl & PRTSORbIes th®y blkamsnistd ifog datadrane@ikion fpm a
entities know the steering vectors used, for data .
myl{i-aptena drapsmitiing) GofityT e asPEli-afenifg IeRIVNgGEBY, fgydescribed

bel%lwS oVQ?odésdgﬁecftsoé:nddé?ﬁ@odﬁr{léﬂ?m ﬁl%ii%nftiBH WPalso described in further

mul'ti-antenna transmtting entity to a nulti-antenna

detaddelowi.ng entity, as described bel ow. Various aspects
and enbodi nents of the invention are al so described in
further detail bel ow. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 00 BH1HF SESERPRIONO IR TARA WINGS _
comuni cation system [0011] FIG 2 shows a generic

f r akEGahshqvesckatiltiartenaa comoBmRatipn eyst@nshows pi | ot
tra ission from.a.dual - ant t itti tit
to 4101 AR ae R et and Pagebierel. o013 FiG 4

showsGa 3 hee Sflot @fanthiR iR ifidnh A0dhhatelfd BEndrhiting entity to a
steered or PRTS npode; [0014] FIG 5 shows a process

sirfglg-antenpagpaeiing gntédit a usi ng bot h nodes; [0015] FI GS.

6A ific. -
oo ERASHRR FR Ryl B 800 RS SR o
g ec@IGi g%oem d pxioe@s f(ﬁl?fhlﬂﬂliﬁ{ﬁhgsdatg psi?g hsthamtn{_le? ck [0018]

I agram o a nmu | -antenn ansm I n enti ;
FI 6%1673\- @hand 65 waawo aﬁ)e&a ¢ 2 R%c}sgﬁ %naﬁﬁzgnna

r el gy Fld fdhsnAfitle kAR Fhd FhGrecBRisd Qe8P OCK

di agram %? a mﬁﬂ}sl -an enng rece(lg;\r/eicnglent [ t)?. DETAI LED
DESERGPY oV D612¢K dinpemwiradniiiéxantginatphsmitingedityier ei n
to rﬁan 9A ows 28102k d%gra?ri(g slir?gle-I nfcétnglalg %e%éiving entity; and

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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or illustration.” Any enbodi nent described herein as

"exenplary" is not necessarily to be construed as
wee@sosresl or advant ageous over ot her enbodi mePCBEUS2005/005261

[0021] FIG 1 shows a nultigantenna system 100 with an

access point (AP) 110 and user termnals (UTs) 120. An
terfifG18Sy. POA Ndystefn S6ARSIRE! M302cdupt&@dics it hQiksd BBints and provides

communi cates wth the user termnals and may al so be
copreiraation dnd cordml forishese astess p@ntsor some ot her

t er nj nol ogy.. ser ternmnal, may.he fixed ar bile . .
nd aseaPiat 103 eabPRfl £t FRiniE spidiRE; X G2 ngfomission

Eadh 18dr@&nifd8Vi208naytbd/Sfiippd Wihe éthk \drtenn® or 5RMEle antennas for
ot herterm nol ogy.” A system controller 130 couples to

dataHgangBssios. pbiwesteaminabmey icamenuninsie Withtthe acegagpoint, in which
f . ' : Mald
ca%i@l% .rrgies offac pégg ]S)%n? %ﬁ(ﬁﬁ.?@tr ﬁ%}n@ﬁ% atré gg)[g@llspé‘fc %Sﬁsaeﬁ) Urffinal may

i'S equippe ntéennas for da
alsorcaf B Sdtepeer-Ea@Berugiel arothieniuse!terhdfalivdly theefotiqwing@estription,
with_ a single antenna or nultiple antennas fqr data .
a trangpdteng SnBlY. maY 8 @R acesSHPAML OfdylSEhiFRuRb A0d aficetiVipg entity

m@ﬁ%&?ﬁe RPh&ess dofnt iaqgerct@ﬁ*@rxl h eFng{aﬁﬁm?&in@@ﬁtﬁZ?s gﬂﬁpﬁ;&s with

user termnal are established. A user termn
mutiple MNeyriramintbdrgerpas rantl thpeeeivinigtentignobi be egsipped with a single

ol R A STl R i

enfity ReGuippBd wiihld diMglBB¥teRhS AndQ Iﬁﬁlﬁ?}“eciﬁﬁﬁt Beitle-Altpd (MIMO)
user termnal. The transmtting entity is equipped
trappmitssion|exists whepnherjeceivingentity iange@inpedswith milipe antennas.

recei_vjn tit be equi.ppe i i nal . s
o SHRHE0 e Y o AT e g B e BBA 60 B
dupeFDIY cheeRl MirigureN Fot thel TDP Girhgtpesl thed ddwrink iaf@ bilink share
antenna, and a nultiple-input mnultiple-output (M M.
the pang fcgesneH band,syish thsele OEBg a}ﬁﬁ@tefé dtRorijon of the time and
AR Ryl SR SP0GRprHNRAL REERETDEIRIRY,
dotkintink iaad ugliph eve a|loEARd sdparateireqicnhoy bads. Hoorclarig tHd@llowing

structure, the downlink and | ] share the sane
depqrintioB FESF IR R SYIER 195&1@%%%#5 UAYTSI | ocated a
por t3yapnPiod sy ﬁﬂil'f%fs @Jtpﬁ)é\tqp& R trﬁ&lfsnﬁﬁéi&g OFDRE ploHiet RS total

remal’ni ng portion o I me. For the FDD structure,
subbandd,oviwhick Nanshibbpihdsrdee asel for |detratragndssjrar andeare referred to as

reqguen ands. For_ cl arigt the follown .
oigo STHERRES O SUDHB-Ap HAES dy SHTRBTIRE PN 208 TefedriRys pilo
subbdnds! ai®Ethe[rORZihingSNS tseFBahAY art) 86t uskd labd @6rvERaMubi@r subbands,

data transm ssion. OFDM provi des NF total subbands, of

whyte O NIV stbhans. dr eachdiDMosynthel periodanipid dpidetn samdpols may
are referred to_as data subbands, Np, subbands are used .
befsspt o BgA¥n ¢ata pibbardsasnd wirte Neailot sabels may bejsprfion the Np pilot

subbands. As used herein, a “data symbol” is a modulation symbol for data, and a
“pilot symbol” is a modulation symbol for pilot. The pilot symbols are known a priori
by both the transmitting and receiving entities.

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 (IFFT) to obtain a “transformed” symbol that contains N
time-domain chips. To combat intersymbol interference (ISI), which is caused by

frequency selective fading, a portion of each transformed symbol is repeated to form a
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[0028]

subbands, and the remai ning N G subbands are not used
and serve as guard subbands, where NF = N D + NP + NG
w0 p00sagta4XOFDM synbol period, up to ND data synpol/ES108§005261
be sent on the N D data subBands, and up to Np pil ot
synbol s may be sent on the Np pilot subbands. As used
coﬁ‘@s?@h(ﬁng @Flﬁﬁt %frgl%/dfbofhe feﬁeﬁed@gﬁ Al is Yhed aheled 18 rafs a cyclic

synb nodul ati on synbol
prqﬁXI Qrtguafﬂwmtmdtlotms@ﬂ?w sylab@l pm@dl{wapﬂu ipalsolyefeod ko hﬁem as

mHG B H PoREs D e HA e RSRR b EM s ol ~D data

SYTTFNESZ s sPArl SlenpYarP Blathe 280 adidt ZRAHCISE: 2@0%at may be used for
transforned to the time domain with an NF-poi

system d08e E%iétls Pengessed at p AFEEH layier pEdgtp wngs otﬁaah ﬁia@ unit 210 is

r Y, [
coff USSR SRLHIRAL ALY P ol Bl poaton
sche‘m&ﬁﬂ}aﬁﬂl foy tﬁatectwemﬁay @abledﬁtaumm‘ 20 Bossaiqat withra signaling

each tgtgnsforrred synbol is r a ed to f

POHKB320LB#ATHTS EooNs EVH*E‘S‘]GIS et ?eﬁ&h() ifghthpigdata unit,
wHdH &8 ursgé 15 ﬁ?éirekavﬁg %‘ fgyt% eﬂrsc § ?ﬁm% i‘ecg{ler%é‘ﬁgta unit. Each data

I nterva Ich 1s also
unitefé its eignslingpredm ams:oéed;pmb@l msgmﬂ,oandwmhbmpdulsted beform

» safiafipe 2y PG 220 4! pPRER 2301 UDEUPL o TrETT ey s both
sulbﬁaﬁ@s bRl sSBLEPRARR- in 88 AataSpdHios ¥F IR padked Paclt®230 further
er as data units. Each data uni t 218 Is coded and
|zammrr(té¢ 24 nitbaf C@mp%a@d? cgemamts@ley ohked uspd for various
COdI
g Cehre? ?glg%?#l %'érl%l EOCI a]?%éf) 'h{ihk@talnqgﬁﬁa portion
256|Iﬁﬁlﬁ|ehd1gb@(ﬂ}¢edodi' w?a&‘ﬁblehlahgthaaﬂdl B8Ry \wdhtail anp anaie: ef OFDM
., the rate and length) for that data unit, which
SY@b@lsused by the receiving entity to process and

oA ) 0 A, T

entiydudeatthel preanitie rof ehes ipgelat ifog butdﬁtaac Eairt contra? 4A.@&F), ahversfcy
packe 0. The_data, unit is transm.tted acrqss .bot
selgm@%ﬁ%&ngymﬁ%gww@% 1R PEPRESH B ISSVRS frigitioaygoarse
an@ %E $loqudrRy 84nidatn, [ HAAMREEstinikio Hdﬁﬁi @ da eﬁ@%&l‘%ﬂg entity uses
hat cgrrl €s Oone or nore types of | ot used f
thwmﬁpmwiswp ebpisdsirdy thepgeambleity pncg:esmihe sggnalmg/@émm@bn of the
@é?an‘ol e 240 and signaling/data portion 250 may each
fixed or variable length and may contain any number
of OFDM synbols. [0027] The receiving entity typically

P1OEISOST Eafdimissioet separately. The receiving entity
usesS the preanble of the packet for automatic gain

conty sk MGHo, £NSDSEafnel 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
the receiving entity may be characterized by a set of Nr channel response row vectors,

each of dimension 1x N, which may be expressed as:
b(k)=[h (k) hy(k) ... by (K)], forkekK , Eq (1)

where entry h;(k), for j=1.. N, denotes the coupling or complex gain between

transmit antenna j and the single receive antenna for subband %, and K denotes the set of
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selection (to select one of several input ports to
process), timng synchroni zati on, coarse and fine

wo e@gueney acqui sition, channel estimation, anPCEHUSINS/005261
The receiving entity uses tge information obtained
fromthe preanble to process the signaling/data

p ' o} e i i SSi .
e bR S’ MENPREY e oo B0 RaRESE ) (BB o e
cor¥tint acraﬁte%&m?aék%ﬁﬁﬁ% tiuls AGingtioh lof oARGuBbAdRg| e- ant enna
receiving entity. For an OFDM based syste the M SO

chaihetransmiting isptityhmak tenamitedaimdron lishaulipls spternaspty the

. ent i nd t.be singl e apnt r Ll ARY
singftnishnd ot fer bl Sy aTaRRr Spot gt BERbIAL BERIY Yandror
perfeanes b Be acl@evedof MbirstRas itle ddtx tansmiskion mayale bech that the

_expressed as:. Uk) .= Wic) 2(Jc)... [/ Nt (/C&g , §§6 k e .
single-anteng TFcefyiBg nfytgap nefoym the p@]mql pxgeessing fgr SISO operation

€ ' I ' : i
oSO 448 U ST S5 BRI e
theaiath tlardeisions t he set of NF subbands. For sinplicity,

the_M SO channel response h(k) is assunmed to be . . .

condta SR GRECuks RgaERets s RS RB PeRivigE entity
usiﬂg l¥e stRBRRRBAK or HROEOTS HEe.! HRthS EidetddNEo®) e tYar¥Biitting entity

transmt data fromits nultiple antennas to the )
pefomgy spatialt proeesing de idireetghe data tianpmissiondeniad theicavetving entity.

' d reljability.and/.or rforman .
In g TEYE ot B in i me B SR b ing S g e date
trah$iatssibA 8bSerta rendont effedive SISO ¥haigheRrictdsy tteanbbaids.o M PRTS
t he normal processing for_ SISO operation, (and does not,
magleaart bs wed ingchigvedranspi diversityvydoss reqyring the Fegpyg entity to
ver . r t 1SS :
petfnhabl Sk BrSESIET THE PRI Aodd Ay MedHehoa i dibve spatial
spiehdigh ce. g fenssureedati Wangniesion.t Botis bfi thesd modte endotimaiethese
or the PRTS node. In thqg:e red node, the

applicatiens 1ot the Ry moge sy E)(?I{%DESQM'M processing to

direct the data transm ssion toward the,receiving

ent iTA.yStelaﬂedt dERSvigee, the transmitting entity
perfor Ssing such that the data

tranggi @ﬁisﬁﬁuiﬁg%@mgegeﬂf@;ﬁ@ospaemf gotéxmgJoBGacthatbahd for the
across the subbands. The PRTS node may be used to
stegesidireqde, a5 WAOWSt di versity without requiring the

receiving entity to performany special processing.

The PRTS e i be used to achieve spati al 2
spr egﬂf’sﬁg?’r%g._g‘:?”?(%? gjr(ﬁ’gc%éure data transm ssion. Both oqu( )
t hese nodes and both of these

where s(n,k) is a data symbol to be sent on subband % in symbol period #;
v, (k) isan N, x1 steering vector for subband % in symbol period »; and

(n,k) is an N x1 vector with Nt transmit symbols to be sent from the

xmiso,sm

N transmit antennas on subband % in symbol period n.

In the following description, the subscript “sm” denotes the steered mode, “pm” denotes
the PRTS mode, “miso” denotes MISO transmission, and “mimo” denotes MIMO
transmission. With OFDM, one substream of data symbols may be sent on each data
subband. The transmitting entity performs spatial processing for each data subband

separately.
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applications for the PRTS node are described below 1

A. Steered Mode for M SO [0031] The transmtting
werdaosgi4per f orms spatial processing for each setsbasmos/005261

for the steered node, as fol4ows: in, k) = sn(k) s(n,

Ky , Eq (2) where s(n,k) is a data synbol to be sent

on . . , _ g
on ARGl gl BV B G SR kY ek
re$PoRBrBwvéctor B(k§MasMbliows: vector with NT transmt
synbols to be sént fromthe NT transmt antennas on
subband k in synbol period n. In the follow ng
descyi pkyOR7 (hheosURS qhih Rlare @Y denot es the steered gq(3
mode, ™ p)rn'_d((en)ot es f‘ﬁ"g%z’RT§{%Dﬂgeﬁ ™m so" denotes M SO 16)
transm ssion, and "m no" denotes M MO transmi ssion.

& harGkiME) P N@end kel Sthé ea?%h% 1Ot 87N RN S Hey ghRR et 1
Won each dat)g salbband. e tnr ansm t%ti ng entity perfor rrcsomp ox
cofjigbicatrapspose s sTiny afguimend qhrovddés ekutpantaving unit magnitude and

.separately.[0032] For the steered node, steeri n?
differenbphasgs fetermiied byethievalempnis of bif) 1 pe thdidhadpll power of each
response row vector h(‘%%% as .fol | oys: sm(k) _H(k) or i
tra‘pgmt*e)nt% {npf*y(lﬂus’ed@a- frml%sugk gé\{sﬁq( ﬁ-x,:}chalg}%ﬁégorfsgeg(k) is

o QiR Lot bl Caghableieet oSG g8 e el constant
c yg%dg[&ﬂmﬁq&yﬁ%ﬁﬁﬁ ’ 14 g&t{?gﬁggt phases det erni ned

ements o so that the full power of
eachHlThermpaned syarttodswt shammyeibing vy rhaor badatpaessed as:
transm ssion. Since the channel response h(k) is

assuned o0 be gonstant acrqgss. each packet, the
ot cobi ik cTHP Sempithh)5 243 - dBRBar) 56rd35 )
packet and is a Jk n?ti 3n Zf Snly subband k. [0033] Th&a®
recei ved syfalsfats(etd 28&d ving entity my be
expressed as: sm(n, k) h(k)-x msosnm(n, k) +z(n, k)
=h(k)-v smk)-s(n, k) +z(n, k) Eq %4) =Kf f, sLk) -s( , k)
whezg nf.kye.£) W?efﬁ%elY%erQ’mb@§ for subbapd dn gaabd prEed 71 or
subband k_in synmbhol period n; , o
hy (k) 1s an effective SISO channel response for subband k, which is

hog ou (k) =h(k)- ¥, (k) ; and
z(n,k) is the noise for subband £ in symbol period =.

As shown in equation (4), the spatial processing by the transmitting entity results

in the data symbol substream for each subband % observing the effective SISO channel
response .z, (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

response A ., (k) , for example, based on pilot symbols received from the transmitting
entity. The receiving entity can then perform detection (e.g., matched filtering) on the
received symbols 7, (n,k) with the effective SISO channel response estimate,

I;W,m (k) , to obtain detected symbols $(n,k), which are estimates of the transmitted

data symbols s(n,k).

The receiving entity may perform matched filtering as follows:



[0036]

[0037]

[0038]

[0039]

e ,sm s effective SISO channel response for subband
k, which is h(k) nd z{n,k) is the noise for subband k

w0 poospstaas period n. [0034] As shown in equat i PCT/{82005/005261
the spatial processing by thg transmtting entity
results in the data synbol substream for each subband
E ?Fserw) ng R& ef(;fzzgtive SI SO channlel respoRse I
e = 25%)H t ual M SO channe Ea (5
resp%ﬁgg h(l{)z r((k)ﬁhe_ggeer)l%g s@ctor y J;n(k) . The 16
recei ving entlty can estimte the effective SISO

channel response h - n(k) , for exanple, based on
whisirg 6t* "Sgenotsiss: qompgatee dl Herdstactibe operatiemint aguatipre(s) i e same as

wold HeRF PP B Pty isre CPERe RS duS LT hOanSr Sy Hoever, the
TSR S TRELTE, (LB P gt -
SI?QSC%@?]‘A#E%ES&S&Q&Q{% transnmtted data synbols s(n, k) .

recerving entity may perform matched
filtering as follows:where " * " denotes a conjugate.
The BlePRAS Mode fier Eramsmit Divegsitst i on (5) is the sane as
woul d be perforned by the receiving entity for a SISO
t r arfritesPRES m@ﬁ?eﬂﬂé rrangrpigting ¢ty nses p&t@@rémm gfeering vectors

used, f.or etectlon
of SERBD oS e Sk el BB b JF L8O LBl gosvn
prb(sniﬁes‘ a¢ dekscabaibdlowd versity [0036] For the PRTS node,
t he transm tting.entity uses pseudo-random steerjng

vectTﬂ chigre amamitdivyribe wad; the PRYRevedes theckansgiiias Rty uses
th&/sém (\j‘ﬁg ‘{egtol? 31\68(6;%%1 %{gﬁ% %%élké't B} Gadif %%Eﬁdd %S Tﬁ@ steermg

descrl hieve transmt diversi
veslokdhwhtild tRiRANE arfigietion 6Rorly autband kiandnétryidbyl psRe A, bﬁ vp,,, k).

sanme steering vector across an entire packet for each
Ingehdrah dk ik desitablestbane i amglanﬁ diffurmtmahﬂg Vdvtots bepassible across the
Su{)unctl on _of onl% subband riod n,

ba&ﬁl@ m achigye ge @rrigqmsrqrrt 1v§r31a§é Plégqaégfma ergat sﬁeaaﬁxg)g vector
m%t)%é ﬁ%aﬁ%r S1chiat ALY SR X §etaosfl‘ﬁ)°§c§érm e%&soﬁénc}tgfas (0},

s to achieve greater transmt iversrt

mg}éﬁﬂﬁ%ﬁtfoﬁ s&llt)% @%mgtfglefhfe 'Tﬁ)&ﬁ& 0ol B ééﬁfedstée%g vector

steering vectors,
setl@nQi(B)} iauised forygadhepaukedadroys thppichmblendciaal/diga pertion for the
the N data subbands. The same steering vector set is
pau]scﬂdfofmat gmem paEket 2) athe stetihg vectenstil maped the same or may

I r n for th
chan e Ol‘{‘l%%glg?t ré)oopattclko or the

The transmitting entity performs spatial processing for each subband as follows:
-Xmiso,pm(n‘)k) =!pm(k)'s(n>k) . Eq (6)

One set of steering vectors {v ,(k)} is used across all OFDM symbols in the packet.

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

ra(ok) = R0(k) " X piso,pm (7, K) + 2(n, k) = B(K)- ¥ ,,, (K) - 5(n, k) + 2(n, o)

Eq (7
= heﬁ,,d k)-s(n,k)+z(n,k) . 1M



[0040]

[0041]

[0042]

[0043]

packet format shown in FIG 2). The steering vector
set may be the sane or may change from packet to
W@ awkos144§ 0038] The transmitting entity perforPGT/US2005/005261
spatial processing for each gubband as follows: ( , )
= (k) s(n,k) . Eqgq (6) One set of steering vectors

bacise et B 66 O“Zé%fevé%ms Vhpord B e e s deformined
tit X , S ' .

o RO R AL O o

Yo 5)puse:dzfo?1 %ﬁu?%‘iﬁ o’?ﬂ@eﬁ%&ﬁfﬁ%ﬁ%ﬁ éﬁéﬁl@l ?&g&ﬁ.@ o gky) for each

onse eac I's determn
f .
0540E1 b O SLPIRcLLEERBRSE G ke B Do 1) i

ass?l\%&%ﬁat?gore c §thaﬁtfs %(gg gintg@ E%lépaﬁ@ﬁﬁ%ers?e%ﬁﬂg%cﬁﬁfvf }’g’gt is used

eac I's constant acrosS the pac
acReSMdshctdie actual channel response h(Jc) is assumed
to be constant across the packet and the sanme steerin
vectThe xep@¥ingcintity recsiksdbe dpsmitied mackest and] doves amprifective
receivi ng entity receives the transnitted packet_ and
]

SI§@r phanweh fespppssc eptimats) g ethannier gael s subkandnpgsed on the
he d (k) , for each data subband _baged on the )
presnaitiedy I Be reppiyinesaEity, then ussstthe gifgotixp SRR shammel 1esramss psjignates,

~ Sl channel response timates, Kff . td ) " .t ;
e o hPaEPEE (e BROTn OB G FeRsp SumByhh e Sigmatipgfiata portion of
signaling/data portion of the packet, as shown in
thepasket, @ﬁS%(@)n, nGRBREOTHEDMWRETE Bg).. (§)is8RstiEWielOT Prgy .. dDF sm
(Jc) . [0042] For transmt diversity, the receiving
ent ioy teppemitndivensidbdthe JeripiRg \iEPhdoes nadingge do dnpwniwhether a
. S
sl bty A TR oS ok s Ml SR e p e to
kneacthe Stdstian dectdheserlfore tachrmgbleaidi tTheaaceiviay entityedap asvertheless.
enj oy .the benefits, of transmt _diversity since
engRYF rbéﬁ@ﬁt§t°2@iarlﬁaﬂ Ve Pstagecdifietsat Sepriue Vg are used across
the gﬁ?@aglr D3 q§ ik ﬁ]ﬁﬁblfeﬁle efBLRS §RE kN Binshs S GBARAEKS Mk subbands.

ese subbands. Each packet woul d then
Ewhyeckest vanlé tisandbserve fanpaesande 0 pshodo-sirsiont R ehannels across

acr.oss,t he supbands_.use o transmt the packet. C
th?’??ib%amlége? i‘? ggbsgp the p%%fei'adi ng

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

[0044]

the data transmission by other receiving entities.
For spatial spreading in the PRTS mode, the transmitting entity uses different
steering vectors across a packet for each subband k. The steering vectors would then be

a function of both subband and symbol period, or v, (n,k). In general, it is desirable

to use as many different steering vectors as possible across both subbands and symbol
periods to achieve a higher degree of spatial spreading. For example, a different
steering vector may be used for each data subband for a given symbol period, and a

different steering vector may be used for each symbol period for a given subband. A set



[0045]

[0046]

[0047]

[0048]

[0043] Spatial spreading may be used to random ze a

data transm ssion across spatial dinension. Spatia
wa@prosasi4ng nay be used for secure data transni BET/ORA2005/005261

between a transmtting entify and a recipient

receiving entity to prevent unauthorized reception of

) oihe L e _
of NBHEHR RIS ARLER, BPESHuS BRI 1R RS Drfhsine s
Nt 28 $0bbdnds For Bhé sym¥sEperild, fa@l endiffet @R rse thayesd tded for each
across a packet for each subband Jc. The steering
symbelrsriodastasd thhpackise At RURBITER, Sifcrut Bets o siesanS:Keptors are
. or - Li Lot i .
s S BBt aff e s 004 poridn SEmOGRUIE el Bnd S8 may
ind@dehvestdrbandl carsl Thebktderipg vecads sdto nagltiecthie samhiog ey change
degree of spatial spreading. For exanple, a different
frog packetig nagltor may be used for each data subband for
a gi i g1l $18E&RingSHhP BhLNGubtaRd OF each
nanggqﬁﬁégm$%?agggﬁgg§ olﬁﬁéri%d forga gi ven o
symhblqzenidd, & foHows: ND st eering vectors, denoted as {v(",
k)} , may be used for spatial processing for the ND
data sub ds for ane synbol period, and a different
set Zmayps 3&U§¥diﬁd§'g§ synbol period across the Eq(8)
packet. At a mninmum different sets of steering

S o PR Yo G Br T Re RASED AR et

may include vectors of all ones. The steering vector

sets, (W%B be- Bg- 6 AME(nOk) Y, DRAR@S- ¥ | OKPACHE) +z0n, )
packét. [0045] "The fransnitting entity performs Eq (9)

spati al precess(ng)fseh, k§acly,gybband of each synbo
period, as féffgms?lﬁﬁgg,sgi)y:vpn(n,k) s(n, k) . Eq
(8) [0046] The received synbols at the receiving

Th%néﬂfécﬂv\??ié)@eg}?%ﬁ’éle%%ﬁéz’rﬁ?.ls(;zw\r?gﬁ%g: fg éack) 6lidband of each symbol

XM SO0SS -s(n, k) +z(n,

g At By h LA ST it 1 150 ma

th WEhHe WRFdr Oflni ) SRHTEhE8ebud bhEsAtdIpkridd. SChE iRt SISO

response h()~for that subband and t'he steering vector

chéfhek kespdask 171%7 (l¥e serbhandubbdsy wadds pesssatle patiet if different
effective SI 83 channel response h -ss{n, K) for each

steHRD Bt Val(h G REuednctdieteaalmed. if different
steering vectors v pm(n, k) are used across the packet.

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 packet. 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 packet transmission appears spatially
random to these entities. The likelihood of correctly recovering the packet is thus
greatly diminished for these receiving entities.

The recipient receiving entity receives the transmitted packet and uses the
preamble for channel estimation. For each subband, the recipient receiving entity can

derive an estimate of the actual MISO channel response (instead of the effective SISO

channel response) for each transmit antenna, or k (k) for j=1.. N, based on the



[0047] The recipient receiving entity has know edge of

the steering vectors used by the transmtting entity
w@pasiosi4abl e to performthe conpl ementary spatPEr/US2005/005261

despreading to recover the fansmtted packet. The

recipient receiving entity may obtain this information

r r g tenna

P g AR CirB i i Pl antonnas f
desmbedbdngectors and the packet transm SSI on appears

random t.o hes ntities. The
0491 oor B8, pystp Rt hadR, e Tos e, i g ey X frofl @ two-

anféhfd RhsRfdinkntitRSEsih e ShichRdreRBivirdd &tity. [ Q81 S};I-Ilﬂfbl p(k) is
reci pient receiving entity receives the transmtted

spaRtlyeproasdediseith tthe plearibl © (hot) ah@nngh,i9sbf naticaing vector
For each subband, the reC|p|ent receiving entity can

v glér,kyeo aibtads thivoEtansmit dylebodes tidhadh MeSher ket rfedm tless fyon ransmit
(| nstead of the effective SISO channel response) for

aneands. t The sWo tradmbitrsymboly obsexvi)chibmiiel jresponses.ofNi, (k) and 7, (k),
based on thepreanble. For sinplicity, channel

whieh sngassuntedfto be gondiand apfoshtheweckatansnit antennas i's

[0050] ?fz %‘}g el Oié‘él %%i‘ﬁs]btﬁ%ﬁ% fﬁg\&n}’%’;éy][%bgf’aﬁ%odg Qin® W& Sets of
stetgﬁﬁgswc{o .4: n%&t@ ﬁ%&o a ((E gltﬁe@%ee '}Fl%nreﬁc ot C})ols at the

[s spatia ces

i Mg A7) and v2(n, k) of a steering
reé\%%?%%@%ﬁ#ﬁ E; ?geo tai n two transmt synbols, which
are then sent fromthe two transnt antennas. The t wo
t r angiyik) =gy kD oh, €1, bo ek eh dhrmp@lk)r pfperEks) ofanfh (k)

and h2(k), which are assuned to be constant across the

LR S ARl A Sy e

vectors, \ pm(l,k) and \ pm(2,k) , then the received
wiith flay b¥ Reressedtin bla@rix feRiIa¢i Ng entity maybe expressed
as: r(l,k)=h (k)-vi(l,k)-p(k) +h2(k)-v2(l,k)-p(k)
+z(l,k) , and r(2,k) =/ 1(Jc)V1i(2,k) p(k) +h2(k)
V2( 2t Kk) kX3 2k) loXk) + eék)gh may be expressed in Eq (10)
matrix formas: | p(k) =Y p(k) ht (k)-p(k) +z(k) , Eg
(10 where rp (k) =[rp(l,k) rp(2,k)]t is a vector with
whate r gepyed, b 17962, B)nbisl 8 Veotor swithame keceiwherpelot symibols for
denot'es the transpose; Y p(k) is a matrix with the two

st eer i ng subbandirs whed « k) &nvtes the) trargposes) | r
V, (k) is a matrix with the two steering vectors v, (1,k) =[v, Lk) v, (LA

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 k; and

z(k)=[z(1,k) z(2,k)]" is anoise vector for subband k.

[0051] The receiving entity may derive an estimate of the MISO channel response,

h(k), as follows:

h(t) =V, (k) -x,(k)-p"(k) . Eq (11)



and ypm(2, k) =[V1(2, k) V2(2,k)]t used for subband k;
h(k) =[ 1(k) h2(k)] is a channel response row vector

wo orosesakand k; and z(k) =[z(l, k z(2, k)]t i sSPEI/NB1088005261
vector for subband k. [0051]1pThe receiving entity may
derive an estimate of the M SO channel response, h(k)

, .as_follows: UK). - Uk I The
Thp s pieBhAcoR S g GG car e S (6D At dt kAo %fﬂ gleppnis of
knows _all of the elenents of V p . The ot
Y dae Tﬂt%@th%tewv@g itigH o ve%’wow &p((k can%%trﬁ@atpute for V,'(k),
and cannot derive a sufficiently

conmput e for leép' ,
ang ganoi darieae pyRticiendy awgte eSt[r@%TBQf bife descri ptl on

abo for.the si th two.transmt
005 o eihieadescRRigrAaia B Br 4% s So VHhrSH Fonsmt
geGHE M ARAb&TUT mataﬁranwmsfmrwﬁmh@ nfi@ber 6feopmmymbo1s for
(thé Iength of the pilot transmi ssi on) and the size of
thevpildt)(the lemgth af theqilog trangmission)sandiibd sizaot Vi, /an sk patteeylar, pilot
for a mninmumof NT synbol periods, and the matrix V (
syDnbols ary piansthitted dér ainiminsinoof Nt symbdbperiofl) @88 theTatrix V (k) is
reci pient receiving entity can thereafter derive an
typEsiliyef dimehsibheN gk Ngct i ve SI SO channel response, he
ss(n, k) , for each subsequent OFDM synbol in the
[0053]  pac k']gte regipiqnd [reasivgng lntitykcan thurafter\depig gn p@ytlmatgq)f (tllezyffectwe
The steering vector hange from s per
SIZPnBenngersroass. ot hr e bR s PBisARRS: égg%&\ﬁ E%t 1Bi B packet,
rg@e|V|ng entity knows the steering vector used for
as d¥cVSubband and each symbol period. The receiving
entity uses the effective SISO channel response
esti pat 4 for each subband of each synbol
peri ’“Eféfkgé'rlt(%i mPtﬂQf e?:tl on on the received synbol forEq(lZ)
that subband and syrrbol period, e.g., as shown in
uatio

ESHH%&&E%I} I\_l\é\';@g L & ea (a{élgég%a:rgﬁtu ?ﬁ}‘]{’%g{fﬁ%dﬁ% rsyHl%ol period for
ea% Ht IJ‘@&V%’H& th¥ r&gﬁﬁeﬁlj éQelbﬁlg%iﬁt lqjiot%&es tB s%%nné ector used

ecear atral processing
forreadhi sabyarigarddeach isymbolspariod] The ecceband eﬁtttgmsemthe effective SISO
antenna with a diffgrent orthogonal sequence (e.g., a
ch¥vihed respgse resnatef A,ppGt b) Nicoreagh subbangeof masht $ypitol gferiod to
NT. Inthis case, the receiving entity can estinmate
petfoemMe8Otioh anribe received symbol for that subband and symbol period, e.g., as

shown in equation (5), where heﬂ,“ (n,k) substitutes for heﬁ,’sm (k) and varies across the

packet.

[0054] 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

_pm

channel response as: ﬁeﬁr (1,k) =h(k)-v (LK) . The transmitting entity may thereafter
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[0056]

[0057]

[0058]

response h(k) directly by multiplying the received

pil ot synbols with each orthogonal sequence used for
w@RlosHst4rBENSM ssion and i ntegrating over the |RODHUB200$/005261

the sequence, as is known insthe art. Alternatively,

the transmtting entity may transmt the pilot using

traﬁﬁﬁit %ta"aeﬁél#%al%/ %ﬁér s'fiefe%%ltg l%ctow@%fdﬁ)z, Jn%‘tﬁé ¥éc@g/1@néﬂt1{t:}l can then

nnelfespon

est{r}ggtte (nd ©) ei}?ééfl)ve K) chanthB€ /e LULEND @ i Tt as:

thereaftertrans data using arnother steering

e |
@%p& gmé “e"’fi k)t Boe, NF THRGRIoY i38sB1tibh ¥nd @Harﬁlgpéhtlmatmn

f'ec SO channel response for th

ﬁs '@é erﬁ)rfn%d ik arr\Bf th¥anels) fo¥ spatiallspfdadindm( 2, k)

h Iot transm ssion and channel estimation may thus
be ﬂgxeftmnﬁmrtma eutityi eanpeniaimspatisl sprospiagionl bcélp t@a&rzﬁgble and

Nt erf
the[ é) gl? %%1&7&1% O}%Jr@ ﬁ%fhh QIFCZa %: s%altt? ng:bggr:] a gl% spatlal
sprré@dithtih pfst e pRaadted, orThet the avigrlingidat ﬁd’i‘hbﬁy Iaadhy case, the
al so performspatial spr eadl ng on _just_the_ preanble,

spajial FPI@PleEéS gichthatitheyehnanel eﬁalin@tecfrbtalmd baged elag@ preggable is not
i e e G

o tgtrgi ﬁt&a Egsfg)g @1% %%‘ﬁg‘%@é‘% ?Brtldgl no]?@g&;?& r gé%érg{r%@e may be

achviabedlby (plerfohmngl spathli spedadatgaomat idasinthe Isignabing/data portlon of the

er f or panc be achi eved. erform atia
SRaTG Gin B 2P SRl ART AR HepOme: Beisine entites
Wlfﬂb%t WI%H%§@fﬂlg§feeﬁﬁg Sedd@Elion appears spatially

randomto tThe other receiving entities w thout
knovios dg@wd)‘spltew@ns,ttbe rqcngeMe@Qab‘rlsg epm%})wsﬁmt spétifle pntennas

b o dain EESIRL H ShERE KRBT B0 siekting SEHRr il for cach

su‘tﬁwnﬁhﬁr edeRO}WEnHON %)eﬁb@ erTgspagiat G.ésp@déa‘ﬂﬁugf Rr ese@gfally achieved by
subband in each synbol period. The spatial despreading

using  ghes prAPea| Stseriaghy esied @yd@éﬁ’ﬁ’hé}l? cpi v SASQt @@mﬂgresponse
YR RFLER AE TP AR, SRR SRR SRy e

enjio8s it Béﬁeﬁltseciéﬂraﬂsﬁgt éintisity sinlcs diffsrptyssecting vbetonfdre Slsddf across
transmt diversity since different steering vector
they perkigh e dhg Olss Jeqiung gakides dorpet ‘grave fher desing; yegtors used by the

trafShithih %n NusKARW ME@% %Biﬁﬁ'[g;l ?&R/I&gs%té% [iiates GFL 1O Vi€ for the

trans g entity. Thus, hannel r'esponse
sigaaﬁhg‘da‘re:pomcm sk, wheh uged for detagleticgna progde dcgaqlmimri corrupted

dofffen Rt o Lonr et dn ERiedor BepYg i, fE YRbRed packer

mdy k&lsibeadiagl inpaene tbnthebd 6thef 28 eMind 6AtitRAC kSihcd B MReeiving
subst anti al Ity i pacted for these other recejving
A

enfdtit pescedo psifae sprelal prasewsing fenehanpeh é%wqh@np@df getagtion for
sp%tga? éééx{%:a%iﬁrgf oggc? 1%961(/?1& eﬁﬁﬁ‘&? a}hlc%satré H@Stlél%la f&nngO operation only,

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

corresponding block of data symbols (block 412). The block of data symbols and pilot
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spatial spreading, |egacy receiving entities, which
are designed for SISO operation only, also cannot
WO e@swer4n spatially spread data transm ssi on. PEDOS2P5/005261
Spati al spreading nmay al so g performed for the
steered node and the PRTS node by rotating the phase

yrEf)olg %{d&@ﬁlﬁﬁﬁ%ﬁﬁ@ 8{1 ﬂaﬁ%ﬁﬂﬂ'&d"s ¥ @B{Em%@(ﬁue‘hﬁ&toﬂgl.ot and

nown rans mtting and recelving entit
dat[aOS)ﬁ@olFlf@ the o wiataa sﬁbhamdsjl(b@chmm aSpatiat qsrscessmg is then

for transmttin atr tt ent
peraimsd Ao SrtieBoe DGRy apy, 0o syl 15t cashaa pybiAndpfat least
on@a@&%g eéct&%@cﬂea f&rtﬁs eSsHRAd (Blo8k 416)0ded, interl eaved,
d synbol (fped to obtain a correspondi ng bl ock of

dat &og fhelrieese md@l@MEmenngWectbr we@foromtplad@ty wlftagd, and the

a denul t i nt o.ND d
s Rise 2 BHR 4R Yebr S THubl Bey it Alidior Blg th receiving
eniy MV Sransrhit tdiverdiy &laha PRIISHAOES o(ab |p@é‘dﬁo4r$ﬂdom Seatngvector is

processi g is then perforned on the sequence of pil ot
&

usethigr gaghadaly sibpad, fagd ﬂ@a@helﬁﬁlgéngt)fkfb&ﬁ dotpaed t%ha‘feéﬁgwledge of
EREAIETHRAY 7 PhuAShEBIEE [ofe PRISUUBAL (Lot gt

raridoniistectifgovectadusddtfor eachdatacubbad, Whereahﬁéreﬁl steenng is applied
processjng h this eerln ve or. sfeers th

to Phersnmeliion hospiasins ped it ?/tralpﬁafrlﬁmgaaﬁlémeﬂﬂng

enfHidChSd Knd\«ﬂeggbe of Ia;resst@%?% VQé"r@r(QS egpgp ’tﬁ@?ﬂ‘?m Bb&Eth®Ypatial

vector is use each data subBand, and t
proceseny witd the psmylodamkmm steemeededtors tramhvrmnwﬁhe INpeefisictive SISO

chigiigt” oberi-Boay T Moy cblen P artBio SPUE A oo 5 e o

Suyﬁggsfor each dat a subband, where different steering
applied to the preanble and the signaling/data
port ihgreceayig enfity nayenatbaable to prorgrlymiosese  fafp frgnsmission sent

usHL RS RS RSO, Bl L0E B SEIAG. 9K ALGOhy Ry uss

soRS FUEe of anepolatibe asrosnothe eatands foariiaet estinidti@nND this case, the
effective SISO channel s obseryed by the ND sequences
tragpmisiing ety qam BRI HHes & e W%%@W@U%ﬁﬂd&ocewng

[0060] The receiving entity nmay not be able to

Pr oS’ MulBlieas @ transm ssion sent using the
PRT?HQH%%&?EWM case, for exanple, if the

I ecerpél tPeﬁlsﬁlmlh% ¥ntit§aHays 8168 trhAdnil dhtaitb ey RO4iRnk Qaﬁtlty using both
across the subbands for channel estimation. In th

the gisered apd PRIS8edest (Thy tupsmitiing enfity eamysd the B&Tﬁgn%de when the
chﬂ}%i ?Iq_'é%)ggg %J\éfrog%%g%’na{l}yd w%ﬁ QL tHE %?@e?gd Ade Q)nce 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
reciprocal channel implies that the channel response from the receiving entity to the
transmitting entity is given by h” (k). The transmitting entity can estimate the channel
response for one link (e.g., downlink) based on a pilot transmission sent by the
receiving entity on the other link (e.g., uplink).

FIG. 5 shows a flow diagram of a process 500 for transmitting data from a

transmitting entity to a receiving entity using both the steered and PRTS modes.



[0063]

[0064]

[0061] The transmtting entity nmay also transmt data

to the receiving entity using both the steered and
wWERNS0sades. The transnmitting entity can use tPET/BRIES/005261

mode when the channel respofie is not known and sw tch

to the steered node once the channel response is
e g i A Sy s el Uty Ming the PRIS
modmsindeeit doghabt have dhanhelkpsponpe estizmtes fondha reamivislg entity (block

s12) R B SRl o Bk ERR. S T o 1 bewoen
the krdirhiff gl 4181 reb B9 i EARNeS (ML E Fof exanifle, the Gehsviiftthg entity

entity to the transmtting entity is given by h (Ar). |
can i estimate the ehangelrespange deia Esttilinkt (6-gHbe uplinipdiased on a pilot

sponse.for one || . [ e .
senl 7 B Bt 2Ro L) B ppfLichiing sARERCP R sopond link
(e.@tthedownlikc)(ts€d on (). 459 rec[R6E b)Rhéxhdmnshewmnse stimates for

di agram of a process 500 for transmtting data frama .
the irsinléth.  Th gramsmittipe eptity thereafics Hanssmts @é\%ﬁ iR thegrepdv e entity

: S e e : t i A

i SRR o, P BB kbt ey 8 pons
estifrtaees Fidl thersdeorsli e drice dbe shamtel hespensshestineites fos ghn seceiving

estimates for th eceiving entity (block 512). The
ent’ttYé’i?Wlf%lﬁgblg?hg](@' derives channel response estimates
f Orrﬁ$§aﬂgxﬁﬁth@§%wa§%ah bhANERA Fdri Bet@RBn HIRS Slede@Gnd PRTS
bl ock 514). Fo

entities ( r exanple, the transmtting
modest d¢pgndiag ¢ )whether ot ot t dhenied] aigsnsinse estppaise afavaglable. The

first [.jnk . Q. o the uplink as Dl ]
recgigiEplb DG Bt P Pa oy b I O it Pl af Betbn for
botBSthbdeRt 881 fdeks @b @eeddo IHenkwhe. 6f whidhen@dwankibk)g basletly the
on (e.g., as a reciprocal of) the channel response i
transgiitingeatty & anyeiven racket nRetter perfpragnsaicar fymcabltheraphieved
. [ r a i .V it
with 3 GBS ad S A WS ARk GBS B N e ot for
thefsteetadi hede. h@m agy casesthensmsaiitihgehidty daorsignhktheastended for each
i nk, once the channe] respons% estimtes for th(?
packecisi the signafipg pyrioneidhe Preiit-c The ek B )ity fruld then process
r hhld ' i@t ai dt"pabIed WRe T hétBrd
eacglt%ggégg’ta%%@d gl&g%gsbﬁrfaég&e;l?g gg%(teér%di néﬁﬁfd‘\xhq%t hli)g r or not reanee
withhlasindicatedsptense estinates are avail abl e. The
receiving entity perforns the same processing for
3£a |l estimati.on and detection for both nodes and
em:%@é‘—w S awar e of whi ch node is being used
by the transmtting entity for any given packet. ..
Bet e pysranf H}%ﬁnMélg% whenyst Exlstsy bEwCar ri YRR tramgmiting
entf‘(g hl %dmﬂ?r?—gtﬁteﬁﬂg réc@ﬁ/]jﬁ(% BNy NG 6RDM-¥adtaYsyBemARleEMMMO

use a er rate
channel formed by the Nt antennas at the transmitting entity and the Nr antenna at the

receiving entity may be characterized by a set of Ny channel response matrices, each of

dimension N x N, which may be expressed as:

IRy Mp(k) oo By, (R)

hz,l (k) hz,z (k) - hz,NT (k)

H(k)= , forkek , Eq (13)

hNR,I(k) hNR,Z(k) hNR,NT(k)



[0065]

[0066]

[0067]

the steered node. In any case, the transmtting entity

can signal the rate used for each packet in the
wGak@sagismy portion of the packet. The recei vi nECEOB100y005261

woul d then process each packgt based on the channel

esti mates obtai ned for that packet and in accordance

.t ndicat.ed rate. angbes| :
Wh%fpgg]%‘@@ ’af%ﬁ/lll\Td éhaﬁngll%d J)%g/?é-f{)’é’t vveetr%a{:ﬁg cbiiping between
Lt - er o i i . i a 4 e
o B R R MIMO
chailidl fesPonid HITEY idasyurhbdto\Pe combtannager aichigeekdtr ansmi tting
entity and the NR antenna at the receiving entity may
be Thachomel iespehshymatris () faxreacth avbbehd mesyplomdesomposed into
matrices, each of dinmension NR x t , which may be
Ns epatink shamelss where( N), Sahisy @ eV} Hihe Ny spptiglgghaprels may be used
NR and | =I. .. , denotes the coupli

. Nx i.ng be n
to {ragR daterin o TARICh . AGUBIe, TR STFEOHIEY SRS Db overal
cantenrt oarr
el PRBLBIS Ky BRI P00 Sonf R TERIR A om
Nrchaimiait nespoass anmehel xsyrfbal ) peoed etac rachistyb ahigheaythbenghput.

deconposed i nto Ns tial channel s, . wher < mn .
AERTSlngg Stoelp@t AP 1o CHEMEHE TR oD Bagnph intennas n

b Wt H82dR th NacRidRNBRAtet QeBERNIIBYE Khredh®licity, the followin
eacre i a]g&l’l Pt y and/ or1 hi gggr over al ISIth oughfor?tl. Ix—or s
deseriptionl essuiss that NsyMyot Bray be transmitted

sinul taneously fromthe NT transmt antennas in each

synBbé tpmsingting cendith ineaye trenspie rdatsh t@ dgh pereiving entity using the

Al ter el i t he t B
st PRI Sod it PSe BRSO RBIO TR iRk B RAL Rfforms
spa@iﬁﬁ%')r@\é@ssﬁfget@ttﬁhsmm dagbdyimitiols orfthie “&igepiiodés”yof the IIMO channel,
follow ng description assunes that Ns = Nx < NR . .
as [dewEbed ThRIoWr a@ rthe tRRES dnede, ytheyansmifiug; qutiga Pgifogns spatial
fhe. r g |t .
oSSR I Dt pSL AR A o RSB, oo
stegred faadnBR P ahodds e atiffashnste¢ring mabtrsoes tand abquisy difikent spatial

on the, "ejgennpdes” of t channel , as .descri be .
rOSEISEAR, DY S RESPRTS e, TROR AP IEPh %8 ey v f3F fransmit
div@%ﬁ&%ﬁg?ﬁpgg%@gdigépcessi ng such that the data synbols

obs

rve tandom effective M MO channels. The steered
and PRTS nodes use different steering matrices and
r eqdi r BtediefdfMioda forsMHM Q)|

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(k) for each subband, as follows:
H(k) = UR)Z(*) Y., (%) Eq (14)

where U(k) is an N, x N unitary matrix of left eigenvectors of H(k);
(k) is an Ny x N, diagonal matrix of singular values of H(k) ; and

V., (k) is an N, x N, unitary matrix of right eigenvectors of H(k).

A unitary matrix M is characterized by the property M7M =1, where I is the identity

matrix. The columns of a unitary matrix are orthogonal to one another. Since the



[0068]

[0069]

[0070]

[0071]

processing by the receiving entity. The PRTS node may

al so be used for transmt diversity and spati al
waprsagisng. A. Steered Mode for M MO [0067] FoPCT/B2005/005261

steered mode for MMO, the fransnmitting entity derives

Steering matrices y_ n1{k) by perform ng singular

val ue dec S|t|ono e e J: :
chawei\r%s;? HS 23 BHARY" to o?xlgﬁﬁp%rogs’_?z%)&%g ;ggas% ép;ﬁ%]grg%mces

A el sRe %rct’éé %ifis%“aﬂéc‘z%%&?ﬁ ity bt 2

di aﬂiér’cﬁinsﬁﬁﬁﬁg stith pekfogus spativBpraesssidlg K dich;subbbad ¥s follows:

.smk) s an x x NX unitary matrix of right

elgenvectors of H(A:). Aunitary matrix Mis

chaXantdriRedy hgk) ténddoperty MM = | , where | is thE1(5)

identity matrix. The colums of a uni tary rmtri X are

ort hogonal to_ one another._Since thechan res
whewp g8(ni/8) sy Rad i gvestor il Narfata symials o cf!?@t of Spband & in

steerin trice k) are also constant across the
packet gsﬁfan%g afl’m on of only subband k. [0068] The

tragsm td,i noiseRt N Yx PO FathSN ttﬂaﬁé RISOLBERItO Befsefit from th
each™8tb akr?dlsas foIyx owg m no, s@ m \S/Q@l - s( nes om e

Eq (15) N@@é@nﬁt(dht&hndsson@nbll)&hdﬂc in sy@mbbpemdrh NT dat a
synbols to be sent on subband k in synbol period n;

T h@s{}%%% rBrgaﬁ:ssit[%GJi’dﬁ)this te@ﬂné Iﬁ%mlice‘é e@t Qk) Yéstilis Biftht Naed dymbols

sent from ansmt antennas on
in ﬁ%%aeang tlaRsrEMBd Wn mrdlgailmibdei be HIEPBIVED cREERESShitl may be
h the steering matrices V_.sm k) results in the NT
v1edadas&y1{dgohai spatiad (chatr)elbei ng transm tted on NT
ei gennodes of the M channel be vi ewed as
or ¢ RGRareCmnls RN OE B Ao PRy

synbols at the receiving entity nay be expressed as:

rg{r@n%% gﬁf%éyf"_"’;m ;g%z ?g])(;(, m%léﬂ(k?(gﬁ{o‘) Q;k)c)-‘l-\z(nsﬂ k)  Ea (16)

vector with NR received synbols for subband k in
whéaém?ol szié 811NY x ARdcitk Kt N} Secdive@s$RbyIE Fb0subbatd  in symbol
ban in syrrbol period n.
period n; and

z(n, k) is anoise vector for subband & in symbol period .

For simplicity, the noise is assumed to be additive white Gaussian noise (AWGN) with
a zero mean vector and a covariance matrix of A=c¢?-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. (mk) =27 (n,k)- U (n,k) x,,(n,k)=s(n,k) +2(nk) , Eq (17)

-sm

where §,,(n,k) is a vector with Nt detected symbols for the steered mode, which is an

estimate of s(n,k), and z'(r2,k) is a post-detection noise vector.

B. Steered Mode with Spatial Spreading

Spatial spreading may also be performed in combination with the steered mode.

In this case, the transmitting entity first performs spatial processing on the data symbol



[0072]

[0073]

[0074]

For sinplicity, the noise is assuned to be additive

white Gaussian noise (AWGN) with a zero nmean vector
war@sasaavari ance matrix of L = s2 | , where SPCT/BS1008005261

vari ance of the noise observygd by the receiving

entity. [0070] The receivi ng entity perforns spati al

w558 iy LB A5 LIl et

spB@ EENISIE{or the stiebred &I, Wor\spitinl Wredﬁhg cthe Qraﬁmﬂienttty uses
for the steered node, which 1s an estimate _of s(n,

)
diffrent S{eerng yatces raess-adeacket §ob fathosubband k¢ gt is desirablé to use as
Iy [
A M i iR B PRIZEL B B 308 ol peiods o
achitween diphep degrbe dfmpsnaa@faadhige Foragxamplé, | andifferdnt syt of steering
first perfaorns spatial processing on the data
maiwﬁs‘o{ﬁ §rdo} Jpay ibe ys6f 19paesiaryBpelepatiadgaane thearcket. At a
perfornms spatial processing on_the resultant spr ead
m@wﬂw Qershzering anatrigescb s yasd dor thspregsale an ea?@sett?rgﬂng matrix
sof Bstd BRI ILBAIE Y pHOSE, Pherh S RlosFRE TP sotmay include
idehtisy mafiplces.t 0 use as many different steering matrices
ssi bl e. across. bot h. subbands and s ol riods to
2o h B3 iR i PG SRR roE g sypoand Sf each
SyebgﬁﬁhgdzgngJ@grent set of steering matrices {V.
}may be used for each synbol period across the
packet At a mninmum one steering matrix set is used
for Xhe.pledxs ¥, i bpduors(stiering matrix set is  Eq(8)
used for the remai nder of the packet, where one
steering matrix set may include identity nmatrices.
whedd 79, (ke is pmAN gt nspudnirandonp she¢rmgmagixafor aibband £ in symbol
processing for each subband of each synbol period, as

Peflgtl roviss shon=l ¢quaiion (k8), thwf;anSeqthlgs:)ltIWhB?réor(nﬁ Sp)‘»ﬁl&i spreading
v e gSrber BT Bl oroE RECEh S eg%p,gqgrg oo o Rl Processing
fO’E ‘iﬁi‘ggsrgn’@ It’la‘g] avw% %ftEe” AR 1Y (1?3\}/ cf ! e?%oﬁgi’cy'ht/tﬂvto channel
reRpi ERBs AP ng P T ”fﬁw%éte% SuShECRE TR s
e oy a?ﬁﬁﬁ"%%%?féynﬁﬁ“ﬁe‘? % R T anam t1ed on
t he Tétegmmd eymbblst 4t ¢hevieMviigamtitt may DO Z8)reFhae as:

recei ved synbols at the receiving entity may be

ex p r—esmss? dk)as—' H(k) Zmimo,sm,ss (n k) + z(n k)

Eq (19)
=H(%)-V,,(k)-V,, (n,k) -s(n,k) +z(n,k) .

—-sm —pm

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

despreading as follows:
Somss (1:6) = V0, (1,K) - 27 (1,k) - U (1,k) - L5, (1, 5) = 8(m, k) + 2/(m, k), Eq (20)

As shown in equation (20), the receiving entity can recover the transmitted data symbols
by first performing the receiver spatial processing for the steered mode followed by

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



Lsmisns ,k) =H(A') x mino>sm (, k)+z(n,k) Eq (19) =
HA Y (kK)V (n, k) s( ,*) + z(H *) . [0074] The
WO e@siogi4ng) entity perforns spatial processing POT/US1005/005261
steered node and spatial degpreading as follows: i ( )
() -1y - (i, *) - Lo (%) = 8(%, *1) +
stedred tlode )Nlﬂ'lES%aﬁgpg rERiY) e A 1158 WAENT 9%11(3&93[ bﬁaeed by the data
receiving e Fean r&cover the transmtteé)
synstyoid fiir satdy stﬁb‘tfaSltl ipelufiey bothgnattieesr ¥ (kY eands Mgy, (;a Vc) used by the
processing for the steered node foll owed by spati al
trardesitingadiityg wi th t he pseudo-random steering matrix
{vm.(n,k).} For thesteered node with spatial
spr a ffecti ve M M) channel observed by the
dat gq;l\i“% ,1% ﬁ@“s %ﬂuumnc:l udes both matrices V

L O e e
ste&ﬁi‘é&nﬁﬁﬁés faar sptiMprocbsinigt alibesetstéanmganttiicys meederived to have

do-random steering matrices for spatial
Cel%i yabl ﬁ@rOPFﬁé%gea%‘{1§éF]Pfﬁlgbqll‘&le ces are derived to

hav d I
000 39S SEGER By Sak AL AT RR B ST AL BRAERRALRY ity v
diffenahe stebting maimsam dctasm ghee mhbaydmlswtsthd isfrhe rsteeting taatrik @gross an

matrices, acr t.he s g sane stee I

entffa (RAPAEt ooy GRS SPORAIAL o i oS0 B g iopfbny steering

matrioe§ EssbcfsﬁlBieeacE@ssliﬁ@ sibbafid % a@hifefi@ bRbter §he@hit B ersity.
matrices as possible across the subbands to achieve

[0077]  gr eZhetransmitiog antigy perfarmsypatjad prorpssiteior cagissubbendes follows:
entity performs spatial processing for each subband as

foll K) - ,K) , Eq (21) wh

8 zwm?f?@r?gmﬁm@? ﬁi’pﬂg’t zae?i(ﬂg )rratrig 1Sorl)subg;ﬁd Eq (21)

JC|n synmbol period n; and is an Nx x 1 vector with N T
o St BTSSR AP ol B

SymBobss ¥rE} Hesbabicat VeFioh vt Ao et VaRoR st S ndrom the

h

tH(f\ rec €} 'n%g?rﬁﬂta;ﬁefng?e/ %%b%ﬁ?&ﬁf%%lo?ifnﬁﬁ( n. k)

k) +
One setZ sfeezm gla&%ggs {V ,.(k)} is used across all OFDM symbols in the packet.

[0078] The received symbols at the receiving entity may be expressed as:

(k) =H(E) X, (n,5) +2(n,k) =H(k) -V ,,, (k) - 8(n, k) + 2(n, k)

Eq (22
=Heff,rd(k)‘§(n,k)+z(n,k) q(22)

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

H,; (k) isan N; x N effective MIMO channel response matrix for subband &
in symbol period n, which is H 4 , (k) =H(k)-V . (k).
[0079] The spatial processing with the pseudo-random steering matrix V ,, (k) results

in the data symbols in s(n,k) observing an effective MIMO channel response

H, ;. (k), which includes the actual channel response H(k) and the steering matrix

V,.,(k). The receiving entity can estimate the effective MIMO channel response



[0080]

[0081]

=Eeff,tL ) -s(n,k)+z(n,k) , where rld(n, k) is a vector

of received synbols for the PRTS node; and 2 7 (k) is
w@rooklogi4xs Nx ef fecti ve MEVI Ochannel response ne€T/US2008005261

subband k in synbol periodog which is He (k) =H(A) \

pn(k) . [0079] The spati al processi ng wth the

e Zn BORET, et S E o  aBO S R gl oy
Th&gb% B8] BARDAR D] orkdoh spalfl SRode BB RS e AR Bl in

res onse e steeri

W\%ﬁh tHOSAEGLE MO SRdnnlel &%gm(@@tegﬁﬁhﬁ tﬁe ,1(k) to obtain

fective M MO channel response > r exa

S n Sy oI t I®9
eGP B h R Pl TRAy sk Fa0 SR SGob PR 5.0 ().
Lo |

for ghd! %%?W{f@éécw?%b{ %%%ﬁ‘nfﬁﬁjpééé%%ﬁé%fsgéb 8 i IR Fhannel
responst LGN 81 RsihRideetirtconyaiohsross the(phckt andT{®) the same steering

ef fecti veM MO channel response estimate, H, ( ) , for
maR&cW s hisnstdlacioss thematient across the packet because

(1) “the actual M MO channel response H(A:) is assuned

t 0 Pke carbiliag entityr@asddrive theclatcted dynbplst beng amious receiver

steering matrix Jc)is used,across. the packet.
propese, SREaNS, ReTpRg b piin BEbteadneb R SiesiR fgeMD
tecP{rﬁg @%&@%em@ EoRfRERSREREd &F Rl h%ﬁﬁfdr&‘iﬁ usiiMguel ind (2) a
nAel correlation matri x i nversion technlglga dal
spatia

minitiuoh nien adgierecamaroYYISHaftecheique.o E@b a lz SHBIfaBIZes

ok SR 415 20004 oy R BRSNS, BRI e 1

mat E]t)em b §5RiaY iRG etk For tﬁ@CGMP telehMue i, VWBEL) is a spatial filter

=t%€hni ques. In Table 1, l\/b( is a spatial filter
mafB fdrihé MMSEEtefHiduel a6, que, (KM iBTiBEdsdnal nh#iriR for the MMSE
spatial filter matrix for iﬁ E techni que, and J)

tec?ﬁ ﬁ\@lcl{ Sorflaifid fﬁ% gﬁgbnmfeh}xém% 8F M he "IVW#BE(%?F” que

W confains t I agona enent&" of d( k)
efftd (k) ). Table 1 As shown in Table 1, for transmt
diversity, the spatial fifTislematrices Mccm td (k)
Mmse |Id (k) for each subband k are constant across

the packet—becausg th fecrive WO channel T esponse

e, H- () ece“’??@ﬁg? hfo%i’E?‘Bgs t he packet. For

transmtl diversjty., the receiving entity does not Rg&ht
to know|t heiste®rT cmnaﬁkgi-m%@j for eachsubband. Prl @Ssmg
rm'[[\” ng enti 1'\/ cannevertheless cnm oY t he—-behefit

dmi 1 Fil
o TN S Bl e o o] St

£ £ ot
CIrTTULT ¥

. Spatial
._mmse,td (l’l » k ) - _._mlmse,td (k ) . Mmmse,td (k ) ‘Y (n’ k) PI‘OECSSing
A H A ~ H _
MMSE | M0 () = By (1) e o () Hog e )+ 0™ 0™ | g ion Fiteer
Matrix

D00 (F) = diag [M,,.0, e (OH, , (K)]

As shown in Table 1, for transmit diversity, the spatial filter matrices M,,,; ,, (k)
and M,,,..... (k) for each subband £ are constant across the packet because the effective

MIMO channel response estimate, EI_ o (K) » 1s constant across the packet. For transmit

diversity, the receiving entity does not need to know the steering matrix used for each
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[0083]

[0084]

[0085]

M MO channels are forned for these subbands. D. PRTS

Mode for Spatial Spreading [0082] For spati al
waprsagisng in the PRTS node, the transm tti ng BEL/UB3005/005261

uses different steering matyj ces across a packet for

each subband k. The pseudo-random steering matrices

S

S P2 R PR Do e Rel e DY TR e R SE el diversity
s1nemthff6yenpstebnngmnaﬁmasl aat qscd)@els;)ss tige Suhbandsc nd diffeaerd ebfective

| as faollo m nmos( , k) =V pn(n, k)
M@ﬁiﬁgb qi% %’P &fgﬁf‘%ﬁ?@ Yecei ved symbol's at the
receiving entity may be expressed as: r ss(n,k) =H(/c)
X DRI Veadetst Bpatidl Spredidgpn( n, k) -s(n, k) +z(n, k)
Eq (24) = eftss(n, k) -s(n,k)+z(n,k) . The effective
M Mibrcspatialedpreagisppinsthe RRKTS modep thee’aaﬁsnﬁﬂhﬁgamﬂity)hsesacﬁfferent

synbol period is determ ne ctya nne
StopE BLEoHERPST 3%k SEBahFUaPARG: Fo HE e@ﬁuaa-rﬂﬂom Rcering
ma&f%&gffdf’ éﬁua‘l‘ §;§i‘gaén %mtag) 8L ssiebkand dé’é&gib§d/ ARsYe f@leﬂh'e @g:ere-ﬁt}ﬁode
fecti nnel response SJ (",A) for each
su blﬁhm dtahsrmamg sntay rpesfermé epatzed Iq:afocdssug (for eglitf subbend of each
%{g rrg(g ces Y.pm(n, k) are used across the
SV IPSIE‘O 2D Tﬂ SThe recipient receiving entity receives
the transmtted packet and uses the preanble for
charnel @S}&)I:{lvm@lnk) f@rrpach subband, the recipient Egq(23)

==INIMa,ss

recei"Vi'ng  éntTty can derive an estimte of the actual
MMO channel response H(A:) (instead of the effective
M MPhehagbined syrelsdlonsiBe rdeabatt efity htvybeagpidseed akhe
recipient receiving entity can thereafter deri ve an
estimate of the effective M M) channel respo
r’rht(ﬂbl‘ia 'EH(kk§mzmo s)(ngc)rl_ Zégcl?) _Staébh&avm&ﬂ ézﬁéh k‘% Vl%}blk)
period, as follows; }r >B (i =|[(*) -VIBL(",*) . Edq@24)
(25) The sHaps (k) 5@ )26, {Ch &) may change from synbol
period to synbol period for each subband. The
receiving entity uses the effective M MO channel
The effpciveeVENIQ rleanael Eepoiss SH(xn, () k) foroeach ssvhbandbdiaeathafymbol
each synbol period to perform spatial processing on
petidibisr dateimineds Yyrisbe sctirgr chivael wpblaﬂe:d Ehy foy thixokubband and the

peri od, \9 usi ng the CCM
steering matrix (n k) used for that subband and symbol period. The effective

MIMO channel response H;  (n,k) for each subband k varies across the packet
because different steering matrices V ,, (n,k) are used across the packet.

The recipient receiving entity receives the transmitted packet and uses the
preamble for channel estimation. For each subband, the recipient receiving entity can

derive an estimate of the actual MIMO channel response H(k) (instead of the effective

MIMO channel response) based on the preamble. The recipient receiving entity can

thereafter derive an estimate of the effective MIMO channel response matrix,

ﬂeﬁp,ss (n,k), for each subband of each symbol period, as follows:

A, . (nk)=HF) -V, 0k . Eq (25)



[0086]

[0087]

[0088]

MMSE techni que. For exanple, the matrix He ( " ) may

be used to derive the spatial filter matrix for the
WE@ANE/081443VMSE t echni que, as shown in Table 1, MBEUS2005/005261

Heffss {n, k) substitutes foj, He (A). However,

because the matrix effss (n, k) varies across the

Th? %{éelélglté% f(ﬁeap%( [3’68%%%5 I'-Ifgl?}ll .tglgagi[gl atornilS g)(rgaéagl? Ré% . ﬁonyalﬁtgoqspseriod for
T N —
A eagh g??@?%ﬁé’h 5UbbeAE Bf §é/éﬁbs%nbgﬁ?%rﬁﬂ dtgfs‘g?fgglg?%ﬁitagﬁmcessing on

~H&f’'orm the conpl enent ary “spat :
the' REOVEsyiBBIst fRANEM biveandask %Srmba_lhﬁeﬁgé,t 3|, using the CCMI or
despreading is achieved by using the proper steering
MMBE' te€l@fqie0 Her exanglbetheithagki e, NkMp) chapmel use@spatesive the
estimates, which are then used for spatial processing.
spafilaE fittth Biatrixe €l the ICCMD bl MRS Ediechiiidu éaaestorareTgisie df, where
_the steering matrices and the packet transm ssjon
H apeé) subgattes fdryHyan(@p mHovavee dbecanseithe emtritAd 2  (n,k) varies
result, these other receiving entities have a | ow
actosskibe phaket] thef spateldilter matriz deo varms seridss gk peskétet . E.
Mul ti - Mode eratio 0087] The transm.tti.ng enti.t
my FEF SO ARSTHRIDEIAPS FPO e FeatEtt TG e dpigy of the
steB@idmbhiE Red Byans uaipdiRg diBfehr eddhe stiBRAg T bhdgmbol period
entity can use the PRTS node when the channel response
and & abs togpeaform hecamplemantarspatinl dpwreadiag deirevovs thy ransmitted

BT I m R .
defied the @ERctiveeMI IO clidnaelRBIponsOekEnmiys, Fehicke aerthte dsddnfor spatial

vari ous_manners.  Sone exenplary schenmes for_ generating .
praceusig- stheerthergesrvng paiiticreio mpt Bayedne wigdss ¢fijbe stseiipgymatrices

LG E Re 2 u
oo R e o R M A TRl B RAE S RIERY PR 2 these
otehsrceiairtgamtitied hdvewddw lideliheod ofisecoheyng the trasnhéited packet.

Alternatively, these steering vectors/matrices nay be
con'%gt L. re tine as they are needed. In the

f ol M‘" ,@B?—r-&g—m 1 53 set of L steering vectors or

mat L4 i S. t (o) - f. a .
prerSE SRatef ARG} B 3 SEEEMER e BGHHE ohelg using both

theSRRES biid)stecred atoses) SEitE frafmiting PRTS camdse sioPR TS hevde when the
the follow ng properties _in _order to achjeve good

chawel gispamseds nof aveilablg ped switeh do theystcersst gdeianes the channel

resggﬁsqug@d?ﬁﬁ%y. First, each steering vector should have
nit energy so that the transmt

3. Steering Vector and Matrix Generation

The steering vectors and matrices used for the PRTS mode may be generated in
various manners. Some exemplary schemes for generating these steering vectors/
matrices are described below. The steering vectors/matrices may be pre-computed and
stored at the transmitting and receiving entities and thereafter retrieved for use as they
are needed. Alternatively, these steering vectors/matrices may be computed in real time
as they are needed. In the following description, a set of L steering vectors or matrices

is generated and selected for use for the PRTS mode.



[0089]

[0090]

[0091]

[0092]

power used for the data synbols is not varied by the

pseudo-randomtransmt steering. Second, the N T
web@awsit4gs of each steering vector may be defi nedr/U82005/005261

have equal magnitude so thag the full transmt power

of each antenna can be use Third, the different

stegri e reasonably uncorrel ated so
th%ﬁ%gt&ém& flob en any two steering vectors
i N TRe stRting SveREL uQJd forl G PRITEE moda §hd¥ﬂ’d‘ Cﬂatvb Offie r!l'&/lowmg

be expressed as: ) v (0-v pnO O , for =
propetties 1n ordgptoj achijeve gaayl ep®ymens: eSteic §1c)hereg1cc mgthese propertles is

notvn% n%s%)&t II?%&ge‘%t }\1’\%1% gnrﬁfe%&#r%%oﬁ(lgigﬁéﬂeﬁléﬂ@%g&# 50 ﬂ;g;t/ t}beetransmlt

povgenRe@ f@che 9h1agGyiBolks 94 BotSedied®s, the pseudo-fagliorn ahemit steermg
the L steering vectors are_ generated based. on Nx x

Seqtlr hee Srcelsments qefp edie ectite NEF &I 1YY diss defimgst &y lxapcra) equal
[ Y r
maf TRk FRURE B FERANDARE HOLRR: oRBEL MALEGpeE] Tpind, the
diffarent isteeGing Svectonyp siicndd ds ﬁason@aly@mﬂreﬂb&ab ra;p othed thes cdrrelation
E-D -E to obtain a unjtary nmatrix . E
betygsn MY ekgesringsy eEtPESelPutﬁ%X%% e ¢ apwzy rﬂ“srf’éég’élon may
be EpRek@yuLorrel ation criterion with each of the
steering vectors already in the set. [0091] In a
second schenme, the L steering vectors are generated by
suce@pst VI - v QAR Og &7 7=l Li B, gailtaly, aatees jng Eq (26)
vector V (I) as fol l ows: vpn(i + ej 2 1L -vpn(i) , for
z=2 ... L, where L > NT . Eq (27) [0092] Inathlrd
w}&(?dle(ﬁﬁ 1stﬁwcdne£dtleﬁbem@eﬂaeémgsvan@sQen(ab ainédv SUph that
the el'ements of these vectors have the sane nmagni t ude

but THE §dt @I &dtecping ye&orsHar @)}gm\a@besgeﬁe{atddglsﬁ%ﬁ’@foué séhemes.
[vi (Ov 2(0 VN(Q whi' ch may b e generated in any

In ABANShen®, HRMNBbdrA %d,re&bﬁeefrb Benet8Rl ased .l R, Batrices G of

formed as: pn(i) e3 Aej ... Aed {i) , Eq(28 where A
indeendemtoidsh@radly ( distgbute(A (€1 ncbr@al)ex =Gwssian randorm hearfablese each
of thejr-th elenent of v fl . .The norrrg%lvlé zed . .
ach matrix G is

having, @10, gregl Andr Wl [VEWEICEhe Af avmekarl%srﬁ?tpx

avai | abl e fgr each antenna to be used for
corppies a5 K7&n. -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,,(?) 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
V. G+D)=e".y (i), fori=2 .. L,where L=N; . Eq (27)

In a third scheme, the L steering vectors are generated such that the elements of
these vectors have the same magnitude but different phases. For a given steering vector

Yo @) = (@) v,(@) ... vy (D], which may be generated in any manner, a normalized

steering vector V. (i) may be formed as:

—pm

Ty () =[4e7O 4O | 4", Eq (28)



[0093]

[0094]

[0095]

[0093] Ot her schenmes may al so be used to generate the

set of steering vectors, and this is within the scope
wo@bRooslogl4ehivent i on. B. Steering Matrix Gener at i POT/PSDB#P05261

The steering matrices used §or the PRTS node should

have the followi ng properties in order to achieve good

performance. Strict adherence to these proper [c E IE
whegd Mecessatant (ofd.f st=11 hee Wl (7= DBL () Lesn is the
unitary matrices and satis y the “Fol 1 bw ng corikledi; @)}:
ViL(O Y pmQ =1, for i =1 ... L. Eq (29) quatlon
phe29f thefilcelermenttofat ,, @AC ITIinommhzﬁd steepinBvestod W d (hailews the
unit energy and the Hernitian inner product of any t wo
fult tthﬂmnfspcwfrervv@)abmu bathlantennetaobe dded Sordmmgntissioh.
ens S at t he T data. synbols sent sinultaneously
usi K&ﬁ %%*emmﬁa SPbertised ¥ &G 404 Pt Of drrstesBNe veethgp, and
thlgqsewgﬁlhrﬂmgﬁgofttﬁegﬁgn@&pt her prior to transm ssion.
Second, the correlation between any two steering
matrices |n the set shoul d be zero or a Iow val ue.
Thi $B.chiieen ' =~-‘~,.Nu essed as: C(| O Vj L(O -VJ

, for i =

( 3o§rhms¢e@ne@w§s il G o) RRES s shudepharty fhe) following
pr gtleg-nq Blde} tPRRie! ﬁé QBB id%cOf s oL ucgﬁfet%%attg Fkgeesls properties is

teering matrices Be generate
nofragdjessany. eiﬁﬁstgyheosfted;rhg mairiced sttoudth bemnitiryamatrives ahll satisfy the
P OSSI bI e a| rs of steering matrices is m nim zed.
01? onset of L steering matrices {V_pmQ} may be
generat ed using various schenes. In a first schene,
t he ri t es, ar£ generated based on
mat r‘IL-L@'Z@e? g ﬂgg’n#:o\%grlslablgs A matrix G of random
variables is initially generated, and a correlation
Equﬁgttlc{ 99f1n(ﬁ t&%‘éﬁ %glu%ﬂg g g@oﬁl%qmtl?axfebévrﬁlc lgn&gy and the

escri
h
AN A S e B

stee

en &Sl e T8I dald s e ARG Eﬁjeﬂo%glyeea § e HterEdgatLE Y pn ()
hafiE T8 A %g‘ﬁ%p FR0kre LB REHSHIIE prbl ', pPhEShRS Second,

the mrtélﬂiontlfﬁtwaernyaﬂyaﬁw'd Medf{rlg) maicad ni\lthedseﬂglliéhl@ﬂﬂi zero or a low
| ex sgace as follows: Y n( + 1) =Q" .V (I),
1 Thisgonditiop mpay be expressed aghere Q is an Nx x NI.
d| agonal unitary matrix with elenments that are L-th

MOV (1) V(D=0 , fori=1..L, j=1..L,andi%j,  Eq(30)

Eq (29)

where C(7) is the correlation matrix for V() and V() and 0 is a matrix of all

zeros. The L steering matrices may be generated such that the maximum energy of the
correlation matrices for all possible pairs of steering matrices is minimized.

The set of L steering matrices {V (i)} may be gemerated using various
schemes. In a first scheme, the L steering matrices are generated based on matrices of
random variables. A matrix G of random variables is initially generated, and a
correlation matrix of G is computed and decomposed to obtain a unitary matrix E, as

described above. If low correlation exists between E and each of the steering matrices



[0096]

[0097]

[0098]

[0099]

[00100]

unity. The second schene is described by B.M Hochwal d
et al. in "Systematic Design of Unitary Space-Ti ne
w@orsgldhmt i ons, " | EEE Transacti on on | nf or mat POTUS2005/005261
Theory, Vol. 46, No. 6, Sepfsenber 2000. [0097] O her
schenes may al so be used to generate the set of L
. , o  Chinthe S
ot B At G B P ol d Bl btk 9 JOTRRIOKALTTo the
g : ra manner .
<ot PHEPRLE o B B e A BBl
st eBr angcuel scheleprahe iIc seeting nipriceet areregenbratak bycsuedessively
for use jn various nanners. A %t eer.i nq vect or may b?
rotgfing gadnitial ynigeymAEYED BrEdrHEcRHRa! £oRBleRLPAFs gs follows:
just one colum. Thus, as used herein, a matrix may
contain one or _multiple colums, [0099] In one
enbddin ke = @ hd stleer 8¢ Thtr Lebs are sel ected from Eq (31)
the set of L steering matrices in a determnistic
manner. For exanple, the L steering matrices may be
whengc @ dis tahr v g N 2 didgerd] awitery mamgerqaeﬂpmams dhafegre L-th roots of

iy e SRAR bR discticrap Bt HoBREE: g, SRrmae Design
of ggga@?ﬁ%%-gﬁné COMEINRIAE? TEBE ArARSURIA-drARAR P IRA M eory, Vol.

, the steering matrix to use for each
46 Nb I$a Reptkmhen2008. sel ect ed based on a function f(k)

t hat, jpseudo- r ando sel ects one t he steering, .
i S SR SRR v S SR the Ao SheREe Mpriees, and
thi$ §£ @AthO tHBEdohE @F thé envelieet g dehed), tthe sketing matrices may be
"pernutated' manner. For exanple, the L steering
genpgated Bespseugo-pradericr detergtilginaaner- sel ected for use in
sequential order. However, the starting steering

mat 6&’%_&8% gaoplﬁitﬁixr?ey c% selected in a

pseu of al ways being the

firghe 31 QEANYvERSEtatYées)in - thd B& thay b QEleRGANRY Nis€ 88 various
may al so be selected in other manners. [00100] The

magperer Angjearmigriertos slaydiei vewerhss adegsndyeted siserngmeatok cohlgining

. _nunber, of eerin trices (.L) in the set and.the .

u b ThEbahte TR Aotafi i Sehf R or SR conyepns.
st edf biwemBodiment\MHestddRng n¥drices lafe @fddeddatrom LtheBYt dFEL steering
greater than, equal to,_or less than NM If L = NM

marigen ima detereinistie mapaey Koy exemplethadstasang alagaeesgnaype cycled
h of the NM subbands, If._ L. < i
e st Y aERH P atptd il VDT Tish 91 G R, and
g 9712, BB Pholi ) U8 B BIA IS U B e et
pséRbirhe® hhnéh eFAM:GUANES skBmdORatRl RCiRdfdreadh subband &

may be selected based on a function f(k) that pseudo-randomly selects one of the L

steering matrices, or V(f(k)). In yet another embodiment, the steering matrices are
selected from the set in a “permutated” manner. For example, the L steering matrices
may be cycled through and selected for use in sequential order. However, the starting
steering matrix for each cycle may be selected in a pseudo-randomn manner, instead of
always being the first steering matrix V(1). The L steering matrices may also be
selected in other manners.

The steering matrix selection may also be dependent on the number of steering

matrices (L) in the set and the number of subbands (Ny) to apply pseudo-random



determ ni stic, pseudo-random or pernutated nmanner, as

descri bed above. [00101] For transmt diversity, NM
wGet@snsrags matri ces are sel ected for the NVsubbea®s1005/005261

each packet. For spatial spgeading, NM steering

matri ces nmay be selected for the NM subbands for each

Lod @f t k i ff
trangf{gg%eﬁig&{%g? i Ig@ S= lﬁg )—/IH\E]; gﬁe ‘F’% & tr%ldi fl%l{flébta%%%{sef/- %a&l,\l eMlal to, or
lesfHah Ol W”E%T&hﬂaei%t diff¥nt Bed | b h&Nklected for each of

pernutation of“fhe L steering nmatrices. [00102] For

the MR sLBdandPr A1 A8 | GherdMelktddria® rasflcdd MO re@fddyfok R@ch symbol
transmtting and receiving entities know the

perfpgie utoLsaNgQrthat aesubsiy ofehe iskedng setridesris apeti ol each symbol
processi ng. This may be achieved in various manners. )

perlad. dioe akk ntreslithe Ny, stetisg matricesdenthe Ner sabkands may be selected in a

seudp-random y.sel ected fromthe set of teerin

e e PR R ATk Pertr o Fiabie, Ao Bt dbefg

[00101]  SECHéErdnSin@ divdrkiB)) NoFstéringandtaes ade Setdibd @ the Niy subbands for

identifier, or a serlal_ nunber) exchanged_ between the
eachpgaksti thor gatial spreadiabyNmptessinB thatgcgsangy beyselectadoir dhe Ny
- - @ [ | oNey; r [ :

sut PR DEER Do Bt QL pbke R RIER sof BERG)stecklymatrices
mapebdnstiatied fon cachaymdol paded) whéry the ddiemby amshideta nijfferent

and receiving entities hi another enbodi nent, the
perppgioniof thely StEHdNg BB ng entities modify the conmon
S R t | MGSoM§! 18 Ratdilifith@ and
[00102] mat ??ﬂxﬂ%‘tltqﬁgéﬂe%gﬁ%mwgnllqgg?oaﬁy@[\% %n ities. Tﬁi s% an
recejyergatentitiesvdsnobe thx ppeesdethndem ‘steepng) mptriceglUused Zpr ospatial

.pmu(0.= (0 The di f.i.ed steering matrices are.then .
progERUE oFbis S5 B OPOEALE VRO AR afbPREEPivotma stecring
mafiiRe didRehdo-FdMBoflPEBddt frbYl tRSkt 08 G Lit¥dring @Atrickt BEsed on an

pernmutate the col ums of the conmon steering matrices

algprithan mayi e seddedwitiosecyretinformation evio akay eisesd, anidemdifier, or a
anot her .enbodi nen he.tr LELing .and RYiye .
Ser@ﬂﬂup} SQ %ﬁg?%t% eﬁe%twgens%hé:’eﬁﬁsg% 1{r?a ri&g e%ggléj% l? é"g}éﬁg‘?&e(&g" via
sedieesked thagie d opilingTDy$ens beher RfeafidyRThisredulizyin thadey of steering
these two entities. The pseudo-random steering ..
majfiaep bews ResEbtates nspmanagr Kionaaenlydo tis TaSTRg gidrcelving
/o t | £ r QU L S I S hFi
o] BRARE. Sihiipl 1 g Rl by o
comnPOhQRkrily) hatrieb khowie o slbatitieb asing e naigne tatrik el i sled is known
for various OFDM systens, e.g., for systens that
onfyntpltherevt erfffieE 0. dptmtian dnBOR dxpreysediise \ED) =U, -V (i) or
structure for 802.1la/g partitions the overall system
v hapaigt v,i(Nt 0 BHe anddifhigbstdering bibatnides (aoy then used for spatial

processing. In yet another embodiment, the transmitting and receiving entities
permutate the columns of the common steering matrices in a manner known only to
these two entities. In yet another embodiment, the transmitting and receiving entities
generate the steering matrices as they are needed based on some secure information
known only to these two entities. The pseudo-random steering matrices used for spatial
spreading may be generated and/or selected in various other manners, and this is within

the scope of the invention.



= 64), which are assigned indices of - 32 to +31.
O these 64 subbands, 48 subbands (with indices of {1,
WO 2005/081448, ..., 20, 22, ... , 26}) are used fPCT/U81085/005261
transm ssion, four subbandsyf{w th indices of {7, 21})
are used for pilot transm ssion, and the DC subband

(A SREESOX1P] 0) Sﬂgrbhiuéggﬁhg' e T ;,
woto3] S-SR BB SectiPed RIBRIRR L pie 6 EidtstdfiI $88s, e.e.

foruswtenss #0t Miplesient QEEEaem\/mdt dhd 302151g. eatl ORDRAh@Ructure for
duration_of 50 nsec, and each OFDM synbol has a

802} 1 afg | Rertitisms 4he aversdl, syaient ﬁan@W@ﬂe inghy (61 ggthttg@nabénbwds (or

Ny he bRy e IR E0Y 12 e 01 B i puiindls, 48

Accegs gCont hgl I\/AC) ygicaa
Suﬁ%a;lgér %@%%Mg%@;gf%at [ or§s8 Hi g?gs 2'6ée ? F lEaege{rbr data

transmis$ien, So@HubBamds, (Wliﬁetpthend)efi{fegﬂ}) mfmusbﬂ @ phlotl trapksmission,

nf Y5 B8 ek P ipdsy SteBeendgBe Sahainieg aber B eed and
se¥8 3@* gh&dsuppads. ek |EEEE' 803 tl@%egacmﬂnﬂmﬁﬂlﬁ iPBbRposed of a

(for both transmt dlver3|ty and

S4sprsgscumiobod eelfslia sk paia %E,Esﬁ%lll@/gmp)es 2 20
Mﬂ—lgl % Jteﬁl rﬂ)g}lcgvgldﬁw&s IS leaalt g}ué hfag b dulE Zion é) Rl 1% £C, (%tgg%ﬁfg OFDM

esse ayer ervice

syﬁB@lrhaﬁ’ﬁQldnﬁﬁQx df4.G gé’éi‘ﬂm{bﬁ TRy IoHmv S%B@{jﬁérﬁﬁ)’fd?%@ @ystem

on_a codi ng and nodul ati on schene sel ected for th

ThiscOEDM: strnctrse) dgswibed in laetochmentafop|IEEE rfé@mbrd 8@@ ltlh@mtltled

“PY P A e RS oo (A AR PR o o)

Speéisiedtioast High-spded Bngichl Ldyet th &6 GHgBeaad E‘Sef)tbmbéﬁ 1999) which
of the PSDU in units of octets. A parity field 618
is publiclyeayadabie. b|t even parity for the three preceding

[ooto4 i e*ﬁﬁé 6A ﬁ g%éﬁ%k%?f‘ofr}nﬁtss@ LSS IE'EE%%OH Format

fl ush out t e enco servi ce I ncl
608 eumn bauistd o tssppiste Hothothe nitdeirad inwele aandctharBRES nhode (foe both

PSDU d d.bits. field 6 ' )
tragspie ﬂ%@&l&lmﬁﬁégﬁEgl%ﬁdlpéb%ré\éﬁﬁcgﬂan@?%%si& P hysical (PEIY)
1ayé§ ﬁplthte g,r&bemtéeutfoﬁ E&EEE@@ZJ?? rdataﬂs\ﬁ&de%feh &s 'P@ﬁ%ﬁbl%?& service

carries a sufficiént nunber of pad bi
da‘taamtSt(HéDUSDUEhch PERPU 3@ trecoded reand rmoduladebhéreyatilyl based on a

co%h?lg %gﬁ_hq%aga%o g?e%%kecgeg ofp%?’g?i’gﬁﬁ aﬁgc% Itéﬁll.l%ﬁoaﬁl?ther 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 fields. A tail field 620 carries six zeros used to flush out the
encoder. A service field 622 includes seven null bits used to initialize a scrambler for
the PSDU and nine reserved bits. A tail field 632 is appended at the end of PSDU 630
and carries six zeros used to flush out the encoder. A variable length pad field 634
carries a sufficient number of pad bits to make the PSDU fit an integer number of
OFDM symbols.

[00105] Each PSDU 630 and its associated fields are transmitted in one PHY protocol
data unit (PPDU) 640 that includes three sections. A preamble section 642 has a



[00106]

data unit (PPDU) 640 that includes three sections. A
preanbl e section 642 has aduration of four OFDM synbol
w@eorososig4mnd carries ten short traini ng synbol BCBERR05/005261
and two | ong training synmbajgs 642b, which are used for
AGC, timng acquisition, coarse and fine frequency
Cuigl ekl OFDN 0! nfiey 2R3 Lflce RIACH el BRRAS c¥ and
tway domgr trainia g veiytibols2642be wibfidhcarpiviset fayAGQ), sintng 2@&juisition, coarse

AR .
entg?.e qihkitén Bidrokrais o&lnaré geitesibdRAhed SbRNSISTaPFbols on

so span _two OFDM synbo eri ods. A signal séction

12 dasigaded pubbandreandren Sy DVosymtod peiipds The/bvd iletgitraining

t t.i. 6 carri£s a variable
syttt 3fe SEREES py R RS BN B R T il B s ama
alsb epetetivo OFBMPSRhbolareoddIeA sighsle@btst 6440¢drriéshef@HDM symbol

fjelds. PPD&J 640 is also referred to as a packet. FIG
foré% Srb e dieldscainthe degder dndata sertioné8icarinsmayatigbde npmber of

T .
OFPRY s E0HE IR SHARDRE Ml heiies oRPPSBRAR M Ripa e i
and prdsfidlds. BRDW 1660 ikd o wfqpredaorhd £psdket. i on 652, a signal
section 4, a MM pilagt section 656, and_a data
secﬂ(_grpé %@Wmm@a@ eoaﬁldé?ﬁk@aﬁ”ﬁaé_é%@ dhpt ey be used to
suppbRi T theSYEERR] SndCBRES 3itled MR HoBNMITSO3INA I MIEAVBYERRINSission. A
52b, simlar to preanble section 642. Signal section

PPBE46 TR for s &irppahlinohayles gr pre@bble6Botiom d52vey sigpaldefdtiond654, a

v SRt i e £ SoRe Eramag B B parcs ton shor

trafintr@nsfibolse62a R $wb Wngtrfinihg sHRbSI 65TWIrsifil@! to dreamble section
channel s maybe avail able for data transm ssion

647 epignal s5gen piecHUpbERNEngfacRYNY eftasdimaay berdefinest 2 shown
in Tffie #ach spatial channel is indicated by the rate ‘
vector field. The receiving entity may determ ne and
send back the maxi numrates supported by the spati al
channel s. The transmttinGabdaRity may then sel ect the
rates for data transm ssion based on (e.g., less than

or equal to) thpse.gaxi mumrates. O her formats wth
di f fEekht fields r@l | so be used f Desqipgpal section
654 [00107] IJ I\Q%l ot section 656 carries a MM

CGH Rate Indiegtoby | t he2r ec ¢ Ratenfyr esmitriol yhannel (ECH)Mat e t he

MIMOilat Legdth t f ansmi t ¢

— VMEVIO channel | The M | Ior.-Transmi tred—
¢ Z#teg 1! §§1\/§I§$@ pﬁt S{aﬁtéonc(?.ga];.'.or ¥OrDMm
without any spatial pi R ipﬁ@ X2) with pseudo random

| MBM@é@ndiogons shownlin eindidatePl((Plhcader dfIBhmat602.( 3) On

@She el genrmdeSf or ,tht ¥ 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 [EEE 802.11).
Rate Vector 16 Rates used for spatial channels 1, 2, 3, 4.

Reserved 2 Reserved for future use.

CRC 8 CRC value for the PLCP header.

Tail 6 Six zeros to flush out the encoder.

Table 2 shows an exemplary format for signal section 654 for four transmit antennas

(N; =4). Up to four spatial channels may be available for data transmission: depending




MEVI O channel as shown in equation (18). The transmt
synbols for each transmt antenna for the MBVIO pil ot
ware@sosmsher nmultiplied (or covered) with an Ne€TOBW05/005261
ort hogonal sequence (e.g., & 4-chip Wil sh code)
assigned to that transmt antenna. Data section 658
o A YL R Ea i g e ST ISP IR bl s ileqted by the
raté ﬂactOI[ ﬁemo The Fanei titgeerBRT ﬁayrddtenmnb fandl seritiask @0marichum rates

do-ranpdomtra er| i s applied across
sutgeted By in s B e S he S g et e hem e g etes for
dafa4andiikbsRa0basE® lont (63N 8dst thAt M? bl o) 3 §ARBnum rates. Other
pseudo-random steering vector/matri x IS used across a

forgraty wish Piffouett dicldsanty asodtsansed farsignghbsection 6%pr eadi ng,

[00107] dlf lﬁ\g@tpéiég%cqr 5 gcrah%t%s %(? Igg\ﬂf %fﬂfl?ye gf{?celvmg entity to

est&hﬁe rthe VReot em@ﬁamat Mhe eIMOeplstett £ Qilot RRnsmitted from all Nt
preanbl e/ pi | ot secti on used for channel estimation and

trapgpait gaicanaseCl); ‘am to clewd witiout apy spatieh pErcsssing, f(R b maht pseudo-
i BRPELOY B0 M RER TS0 S00oAS 01 6RTHL BMAGHAY & e
M@ chenticlas shawnbe @jubticn@s). Oitef waentit S}ﬁﬁlﬁﬂﬂ; i¢r each transmit

anl§Bes 5 oM BB BS e ke TPRIeBloFri VAt il ap Nrchip

orflBSorB L Sdquibe(BY., Ber- &W&?Wa‘i’&@dd&)’as@%héd f&tthQPalaQI%h ahf¥8na. Data

recei ving enti y typically processes each packet (or
sem@DL6)5 Sgepiasat wingble TheberoeDYDM symbols yorahe data,epa(d]l)ltst el tail

shor rajni ols for AGC, diversity selection ,
bit;s ﬁ tgg{%‘ ?‘H%%Z% and coarse frequency acquisition,
[0o108] and P()QihetFIETS fHdde il fBinids 600RR1 §02f 9§euﬁb-@§ﬁoﬁﬁﬁé&%ﬂﬁﬁ’steenn g

acquisition. The receiving entity can use the |ong

is anpdied aWQS%tgaﬁﬁ@?@ndwdmc@@ﬁ alh aﬁtbmse@ms aEPPBHs £4¢ and]éSO For
e Vsl 88 oV B PRl SR o P G s am

enxetHPDIY é@r &ick egtiblayd.oFori spalid] 8piehding ) diffetchevati@giatiedmay be
I Opi I and_use the channel estimates for detection
us a§f§§§| BFBEE e rfgeh subbader | Hé o2 apByEum, &fferedin stcering

vec{tgﬁgﬂrﬁ%c@ 4 udeSRPYR pﬁ‘eakﬁ]lﬂ?&’élrl](?t: sggﬁ%s%& g& channel estimation and

ti-antenna transmtting
thesdatg keetianto tiraP PR UeiForr egarapit) dif/feﬁmeerhrgjvmtors may be used for

R ey IR BB B g seion
mafel d1F s M ek btedrRigThitAbes rﬁﬁybe neetoy tm\amb piYot 48 data

may also b e an access pol nt or a user term nal
sections of PPDU 650, where the steering matrix for one section may be the identity

matrix.

[00109) The receiving entity typically processes each packet (or PPDU) separately. The
receiving entity can use (1) the short training symbols for AGC, diversity selection ,
timing acquisition, and coarse frequency acquisition, and (2) the long training symbols
for fine frequency acquisition. The receiving entity can use the long training symbols
for MISO channel estimation and the MIMO pilot for MIMO channel estimation. The
receiving entity can derive the effective channel response estimates directly or indirectly
from the preamble or MIMO pilot and use the channel estimates for detection or spatial

processing, as described above.



[00110]

[00111]

[00112]

[00113]

[00111] At transmtting entity 710, a transmt (TX)
data processor 720 processes (e.g., codes,
w0 niosidraves, and synbol maps) each packet of PEI/ES2005/005261
obtain a correspondi ng bl ociy of data synbols. A TX
spatial processor 730 receives and denultipl exes pil ot
qﬂdgggkinsynbols onto the proper subbands, perforns
spattarprocessing for the steered and/ or PRTS node,

RS ¥ P T FRy ik A shighte Fansmkhe dntiy 710, a
sinbledinkt REcivikt enfid? 780LCHEE aSmultBarttedAs fickivay &ty 750y in

Streamto generate a nodul ated signal. Transmtter
sysign 11907 3Pansmpigtinggentirg 710 may\heden RECEshpelint ar adnwiigatgnsa user
t 1SS : t . h, 7 p
) RS P NS A RO 48 B 0
ent iAlt rranSiiting@ BntdRt72 0N A trabsnit (EXRidurasprobedsdy 70 processes (e.g.,

transm tted signals and proyvides a received signal to _.
cogpsy BReeAYES, R tSymRel/mapysench naeked; fedaty ip ©obtasy g corresponding

by b0 TR I GATRGREREL PIcbly S BRI BIRE P and
dataysylndiods botoathd girepdrasubB4i0x, perdorfiid) spatieleproeeksimgl ot the steered

to, a channel estimator. 784x. w thin . .
an PR B et OB e PGS B B3P DbIa 19 Vg gansrmiter i
(TR B2 BRASR §82€ SEARRE A8 mitedr 73S hREEds¥LitsStr@Bmit symbol
channel s between transmtting entity 710 and recei ving
streamn tq gerplatx a fandulatdd sigtad Stapbaittes unibe ¥ st througls k2t provide Nt

B TR Bl B Rt 258 G R s otvety

res mnﬁﬁ%le%h’teﬁﬂi Qeéﬂiﬁ% heatitys 780N 6 ametnah Oxs2d eRcdlves the Ny
stream of detected synbols for all subbands. A receive

trapgeyifted Signalsr grdewridey 20oeceied signak os 3 ageqigerginit REAHR) 754x.
.dei . det
R i b DTS oo BB SO iy L B Ul rtormed by

trapagitet unitOTBR1RNd pdvided (1) repived datarsyadiolsi to@ detectar 760x and (2)
750y, .N R antennas_, 752a through 752r. receive_the N T
reqe}vgﬁ%% g@pbals gqlawlg%nnaﬁast%?r SWHhin Aseongpller; 0% Lhannel

estififtel YRy MefV& chBndl FRFRRE tdsMBateSCol VRS HBitlve /d40 chagmels

Fach receiver unit 754 processes a respective receive
betsvegn afrarsnudttipg oanitidie 10 13ndr exveivireg] edtitya 78Gnifal 8llt dnta subbands.

DR Dy BBV G R AR eer P U PRal T T RUIpand based
onGRNEMQVE SISG MannehREilse 85tinh 18 FtthA%AWbARrad @fovides a stream
channel response estimates for the actual or effective

of Mefaoteghaymbedls ferllewhbandinsAi racelvg ER¢) dytazmrocesser 770x then
L e e T S e R

an@® pravides eddded datarfed saels patapeaclest i mat es and the steering

matri ces, .and in accordance with, e.g., the or
At multi-antenna receivcl)ng entity 750y, N antgnnas 752a %Mlgh 752r receive

te

=

vl

the Nt transmitted signals, and each antenna 752 provides a received signal to a
respective receiver unit 754. Each receiver unit 754 processes a respective received
signal and provides (1) received data symbols to a receive (RX) spatial processor 760y
and (2) received pilot symbols to a channel estimator 784y within a controller 780y.
Channel estimator 784y derives channel response estimates for the actual or effective
MIMO channels between transmitting entity 710 and receiving entity 750y for all data
subbands. Controller 780y derives spatial filter matrices based on the MIMO channel



MMSE techni que. RX spatial processor 760y perforns
spatial processing on the received data synbols for
weawk/osultband with the spatial filter matri x dRCT/USZ05/005261
for that subband and providgs detected synbols for the
subband. An RX data processor 770y then processes the
resPSiisE %%tﬁﬂatéé’ E'IE:P 8 slddfin kﬂatﬁéé@ Qﬁ@@ﬁa&:@?ﬁaﬁé@ﬁtﬂeé g J8fQCEHII or
ata for eac ta pa [00114] Contr et s~ 740
MMSB xteclaiqhie7 SGX cspatial oprotdseoro pedsaperornst spakiel pravessissd pg the

el e S LA 0 82 P e e for

subbdrd aBprovideh WeteBitd sFhBbR Aot AR Rh BN amaqﬁ@@ssor 770y
used by controllers 740, 780x, and 780y

, respectivel
thegqrogegsasyihe detented esymbetsr fpr b subbards andprevidee dgeaded ﬁ%@ for
S ndom st eering vectors (SV) and/or steering
eaclﬁ &drgae%&( SM. [00115] FIG 8 shows an enbodi nent of
[00114] t herﬁ@@lﬁ@ 2 0)] mokt@daasoyrcaﬁsm the opgatisit of the pidbessing units at
Wthin TX data processor 720, an encoder 822 receive
tranRE N CHUEYS 7é9@ﬁd dﬁ@eawg&@ﬁatless% by 30 sespEctyislya Memory
unifOHNGSBL A I9sA) R aﬁ%%r%%’%mﬁ bde usEH% SOtk Afrs 740, 780x,
ncreases ‘the Pel T abi ity o data trahsm ssion.
andl 180 ¢ otspegtigsellye nBomeyaniple, thase memam mnisl ungasioye tleesdt of L
convol ution ur | ow densi t rity check
psppR o TERIE R R A DG e Aot hat | on
[0o115] { heFf@fs shdvd Qﬁeﬁ%@nﬁﬂd& thé Fsﬁ)c%\dﬁlgclﬁﬁts\é@wnﬁﬂﬁtﬁgserﬁty 710.
data packet even if the wreless channel is
Wmnaééd@talprmmﬂag amenootlert 822 repeives and grgedesteacindata packet

B BB PG R, 16 4 o

relizBiied opﬂfefdafaﬂ@ﬂﬁﬁuss&mp rIRadddingseherh© niak éndvdy @glc Sd‘dﬁndancy
across the packet. An interleaver 824 iInterleaves

ch%dﬁaé})scqmel%lea@ Bibe, ovi-densith ppalyicBeckyd M o hlogk “and other
codlﬁ%ecgr e@og'blﬂgatf‘ %thtﬁ%%f Oh‘ﬁﬁ%'% Mogg YR %m%%g&{o ea data

I'versi mappl nd uni
padkiet evendattedvipdless cha)r[nebﬁ;(ﬂat paketl] hbetisend atatio @uéra:hb packet.

schene_(e.qg..  QPSK, PSK, o
A gyiBeiRutht PQ}"éﬁrQﬂ@ﬁisiﬁ eP o e B%ng%POfggﬂﬁé‘%c @nawal across
then@ﬂ!{h @lsh %at%h et ¥ Fogsﬁmﬁa%eﬁw %@rag@tsma—%% the
@ rate sel ted for thg acket 00116] "Wthin

packeht Aalinferleres §@4 1ﬂtEﬂ¢avas demorddrp thexeade bide rﬁom(e)aCB mcket based
o S A SR S0 5 DS LAY £ e
ndadmt 826 Rad She FREriQaed viIRt Br ShdDpitet Basellldn ®meo®ilation
schemexee g8 3(sfPSrIg CI\%I-]E\’/SeIg or M-QAM) and provides a block of data symbols for the
packet. The coding and modulation schemes used for each packet are determined by the

rate selected for the packet.

[00116] Within TX spatial processor 730, a demultiplexer (Demux) 832 receives and
demultiplexes the block of data symbols for each packet into Np data symbol sequences
for the Np data subbands. For each data subband, a multiplexer (Mux) 834 receives
pilot and data symbols for the subband, provides the pilot symbols during the preamble
and MIMO pilot portions, and provides the data symbols during the signaling and data
portions. For each packet, Np multiplexers 834a through 834nd provide Np sequences
of pilot and data symbols for the Np data subbands to Np TX subband spatial processors

840a through 840nd. Each spatial processor 840 performs spatial processing for the



pil ot and data synbols for the subband, provides the

pil ot synbols during the preanble and M MO pil ot
w@orosiogsragy and provides the data synbol s duri nBCT/H82005/005261

signaling and data portiong, For each packet, N D

mul ti pl exers 834a through 834nd provi de ND sequences

[ r N ubhandsioho

sl OIS 0ok 3 PHIRRL A8 b0l B R iR
spatizhptocsysat 84 pgrfone spatial puessary ar spidphenditatp spmbsksaqgence

o f t hest d PRTS f I ve .dat
with Qe 0t Oge e S P o e LR A5 PHvifRoqe sepenees
of trBAhniP Syrh§Y 18 For RN, Manfhi? GRS EhARGo N} rhiileiflbkers SANOtHERIA 842t
For s%n‘ool sequence with one or nore steering vectors

Qt teansmgssionh sadusnstiaivmaesspr 840 demuiliinlexesqiie pdet awd data

a 1.t .S S r N J tga 1.t aptenpas to N .
symbbif B KIS PRt otbs 1 Rty RN et ppatio
procesyiiy spatid Nk pilooass darn sydBolamutdgualcex egith tohe [Url breadiébring

data synbol sequence into Ns_sub-sequences faor Ns
matieesselected Han His subbard, agd proddest Natrapyadlesanbe] ssAuenges to Nt

iRl S0l P ST 03] B

sympole Yorddksuibandsrta asedpectiwertrmkmétequeit (82 . t1ach tdansmitter unit 732

. [ tiple 842a .t hr 842t . Each nul tipl exer 842

inctifes,f it CF 0 qehuson MBI heCiirtpanes PN foautaon on a

respS&tRRARGEM! SF BnkARRS Aok arld" @5 & "X R udtti 454784t cRtons (e.g.,
transmtter unit 732 includes (1) an OFDM nodul at or

conyexisory 28slpgst Akigrs,pamploiass a0-Diquency upeanoversh the stream of OFDM

spect j treamof,.transmt s 0 nd (;2) a TX RF
sy BSELOY BT bl BR R o S B S YRR bRt B84 e 0y
[00117;] fiIFI@r 9A ahews fanesmbadicheht RFUMB Chrobddsiaiy inetst &) sinBR-antenna

stream of OFDM synbols from OF nodul at or 852 to.
recelyae caHY AWod Reewar dngnaidx obuley(DFian RIp Rifhowit k2 that

confREL o HOSoBEORO IO el LA AT i
and §2) RXORBMIdemoddl2tot (REMOINA9 14 thaspafudma QFDM eleniddelation on

recei ved si gnal from antenna 52x and provi des sanpl es .
the ??%)Pf%‘ﬁd@ﬂsﬁﬁlﬁ %%ﬂbplsaeéémorfﬁ%r@é yevidgs weceived
pnotgfﬂiﬂo@@fm&%ﬁév SRm@fdr 17R%x S THBhRS o %rdz%gxr&%y&fé channel

ata symbols to detector 7<5(0x, and provi des recelve
resppidecastigpieb dorsthe effe¢taverfdS Oadhnnmeds based 8rxthe Gbeemveel pilot symbols
dest ibﬁra or_ 784x g/l{grives the channel response estimates
and pOSSIY, MICS{9eHPE V690§l SO channel s based oa. the recei ved

[00118]  Pi IVpithif YdHMS 260k, ROSehBltipldxbe 99b eintuMip¥sel Ghs -received data
00118] Wthin detector 760x, a denultiplexer 922

symg@lmﬁor iep¢te packet fintor Mo eiecaitpdddata syyibpbissqnencee sfon the Np data
subl%ﬁgg{adt %llatvleeé\lﬁ?lerﬁg Séq\ﬁggceg % ﬁDSS%BPa(}lld cﬁ%g&g&%aftﬁrrou%ﬂ ®24nd.

Each subband detector 924 performs detection on the received data symbols for its

-

subband with the effective SISO channel response estimate for that subband and
provides detected symbols. A multiplexer 926 multiplexes the detected symbols for all
data subbands and provides a block of detected symbols For each packet to RX data
processor 770x. Within RX data processor 770x, a symbol demapping unit 932 demaps
the detected symbols for each packet in accordance with thhe modulation scheme used
for that packet. A deinterleaver 934 deinterleaves the dennodulated data in a manner
complementary to the interleaving performed on the packet. A decoder 936 decodes the

deinterleaved data in 2 manner complementary to the encodixig performed on the packet.



subbands and provides the N D sequences to N D subband

detectors 924a through 924nd. Each subband detect or
wQ@2espeuidrns detecti on on the received data spODUBE05/005261

for its subband with the effgective SISO channel

response estimate for that subband and provides

Fof 84 8518 0a W{iicogé 6&“%) i ﬁxﬁcogégﬁ?; *b%h%k&’f&sdegwé% 936 if

det ect ed synbo or all data su provi des a
Tufogw kconvoluamet ¢aling yespetteBpis reabmpdbik ahndnattR edtitye710.
pro S 77Ox. Wthin RX data,processor 770x, .a .
[00119] syngg(ﬁ‘ ggﬁﬁ]ﬁ%"l‘%@?u Oggfngé)ﬁawg P’f?ge%&ge@{& aéylﬁ’ﬂ)]éll' qoterma
reckingeatilly PSBK HRechivePEuR AR HgoMsH ’_msztrfc(r;h&tiaﬂ,cai%iﬁké, Qfid OFDM
schene used for that packet. A deinterleaver 934

degedaterthe Ne geqeiied deigrads| prowide dgeeivech datansymniends to RX spatial

the.inter e rformed an e
pr&S R PO AL ol e vy Bl SR B PR e, Ghanme
estintater TeAyrietivensiahdleespande dstimiatee fente Ao RasRIsBaskddh the
t he packet. For exanple, a Turbo decoder. or a Viterbi

recqived delet supbele (fsarofler 7Hek derévesopatialf filigir matrigps based on the
Y | We egtLi | f ofBgl, .

Nt Phgonk ey BACE Y frte SRGRRE, O, R il

proeadsod V 6y INrafentuiitéplgwene 42 thepugh i 2r elitaimthé recaiveéd data symbols

EroB SR S CRih /S48 B Qe and o SR BB 240 dpHabRipces the
reckBe& iRk yRibe RS eao‘ﬁg;%\(/:kéjc‘%nf eqs rdRt et SR |s§(1u'81?ce§afor the

0
spatial processor 7 and provide recei'ved pil!
N. gibbands and pnerddesabe Nmegeguenzestio NoRah saliband spatiat processors

8 ri ve nel,. response tinmates for the .M MO .
oufe BROUER 300 Friet PREBOE AW e nES pestivet ! ptessing
on @A trédRlivedr dafB QYmBElE | foL Sts Squbbiardl with| therspa@dlr file@SmMAg efr that

on the MDVI O channel response estimates and the

subbaiad apd protadssi detasted\yyipiols. RA Bigkinleer 946 aewltplexepgly detected
. Cai
v LR YT B0 S5A0LIL NRR AR Sl g e
RX Gato pgirestbd 770 Eadhickdmay bk iipbxeshtcd4itld dredatiepdesist 9s R data
recei yed d%@ nbol s for each packet into ND received
PIogErar i@rﬂﬂ%l e(a%-ences for the N D data subbands and
[00120] P O¥hel&mid h%né}hi%iaﬁqm&gés 48s M herih t}ﬁgsf bggig&cméhenrted by

processors 944a through 944nd. Each spati €sso
vardeps pemfsor ier ezamples thespdedhaiques ouas be ngipdemdrtte] in hardware,

ecei ved data |ls for, its subband with the atial .
sof FiEet® EPRPRTER (D o BB T GHAe e, Heriatessing
uni$YiERa kS perforMbrisupp ke dAthGramtinissidh e dniduBS attBé aksBHtting and

. synbols for all subbands and provides a bl ock of )
recgvingc eattiesy Mo e figlanetieh ailen ens RX mare applieties apecific
1nt%gr<9é% tcﬁ@%?sﬂ%%%és}? %J/é}@ ls%gglgérggesg% QDtSIi}’%, Sc’i?él?al glegﬁélgpnroge%sing
devices (DSPDs), programmable logic devices (PLDs), field programmable gate arrays

(FPGAs), processors, controllers, micro-controllers, microprocessors, other electronic
units designed to perform the functions described herein, or a combination thereof.
[00121) For a software implementation, the data transmission techniques may be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software code may be stored in a memory unit (e.g.,
memory units 742, 782x and 782y in FIG. 7) and executed by a processor (e.g.,
controllers 740, 780x and 780y in FIG. 7). The memory unit may be implemented



[00122]

[00123]

[00124]

[00120] The data transm ssion techniques descri bed

herein may be inplenented by various neans. For
wWex@spsr4s t hese techni ques may b e i npl enent edPCTUS2005/005261

hardware, software, or a coghpination thereof. For a

har dware i npl enentation, the processing units used to

. f pQrt d r iQn [.que:
wilfs | e TR See S ExiPRLCE Tk PURRET L R B be
coimmpingatvily dowplédionthe pmcessomuin &abpus meeak iaois kspomiih the art.
integrated circuits, (AS| , digital sgignal processors .
(DsBEHEhEs oft drcludgh beroin b 8o end (o ioBpipong corain
sedtoRdlr @Hégékﬂeﬁdihgghfé iR YheRed(Blas) thef dc8pdoPIRTOLANYRPE ribed
gate arrays (FPGAs), processors, controllers,
therpinrusdero and dhese conceptscme)p hove epplicebilitt meothed sectiomnibroughout
thug'} %g@#gﬂ;d to performthe functions described
%é?é?ﬂf 2 onbi nati on t her eof . [00121] For a
sof tTyapeevidiRldeseiptioh ioPthe distfose@EmbbdinRatiis floMHed to enable any
techni ques may be inplenented with nodules (e.g., )
pepsen skiled asthefitiemaker use thequessa) inypritonp e Fripugmadifications to
[ i rej T f I .
OSSPl ony D R R 15 T A i
priaoigled B2finddhdrei may) banshlied ec vited chipodinenoeisiiat déirigng from
controllers 740, 780x and 78Qy in FIG 7). The nenory
the, BRI FaPOBR OF M5 BYEM Wl R Hict eSSt BvetiQs isgpot mtended to be
linSi¥daeton e Erﬁb&diﬁleﬂtrsoﬁﬂ% Oheretn™lsCH 6@S€cdrlied #E Bidest scope
comuni catively coupled to Phe processor via various
conssterg vath the pkinciples iand honel fratured di6d@R{l heleadi ngs are
i ncluded herein for reference and to aid in |ocating
certain sections. These headings are not intended to
i mywHAeIscopanVipiiRe concepts descri bed therein
under, and these concepts may have applicability in
ot her sections throughout the entire specification.
[00123] The previous description of the disclosed
enbodi nents is provided to enable any person skilled
in the art to nmake or use the present invention.
Various nodifications to these enbodinents will be
readily apparent to those skilled in the art, and the
generic principles defined herein may be applied to
ot her enbodi nents w thout departing fromthe spirit or
scope of the invention. Thus, the present invention is
not intended to be Iimted to the enbodi ments shown
herein but is to be accorded the w dest scope
consistent with the principles and novel features
di scl osed herein. [00124] WHAT IS CLAI MED | S: CLAI M5 1.
A nmethod of transmtting data froma transmtting
entity to a receiving




entity in a wreless nmulti-antenna conmuni cation

systemutilizing orthogonal frequency division
worziosiopl4exi ng (OFDM), conprising: processi ng aPARUS2005/005261

packet to obtain a block ofysdata symbols;

demul ti pl exing pilot synbols and the bl ock of data

synbol s onto a pl uralityfﬁ{m bands to obtain, for

the data packet, a plurality of sequences of pilot and

data synbols for the plurality of subbands; and

performng spatial processi on the seqguence.of pilot .

ndldat 2 ASpRBeRe RN Gf iy UrnAnaing gLy o Adecaiving
entfty REE wa&wégﬁ{&ﬁ-aﬁﬁh%éo%qnﬁrﬁeatm%g/&e&hﬁﬁ&mgt&_ﬁlog@ﬁl if@buency
_processing randomzing a pluralify of effective
divssiorginaltiphgzang €M -comppsing( S| SO channel s observed by

the plurality.of seaguepces i Lot an ata synbol s

senpRstistiss dhrgpackFily Bffte Biosk ol i BAepdE o, Roaof

cl ademditiprBigepilbt shabsle aHe meeblotk BF gtk sgiBoRadn®o a plurality of

synbol s for each subband is spatiall ¥ processed with
subbaedssta eblafly e dhofatg arasketed Bluralibhel semisaees. o3 pilgthend data

1 ein a plurality of different

Sy@%@?&ﬁ%%@%@mgﬁﬁggﬁé’e rdf or Iot he pl u)r/al ity of

s ubpadiisisning spafiabprioedshiag onfthecdegqiiencg of phietraidriatahsgmboB for each

steering vector used for spatial. processing for each |
subbgph Fid 3t LeagiiaTlRTieS Ve %%e@ﬁ\f%f&e &pithapg, the SpaaEprocessing
bgg%o i b N ;sequ il n
rangg@ as n%olfi {sﬂlfh r ]oefac stﬁgbgh I%i lgﬁgpgﬁégﬁ %tplgr (g%]tess eghannels
obsainteld tgt the phsslitywd seuendes ofj pileicindrdntassyimdolestnf o thelpdurality of
ubband. 6. The nmethod of claim 1, wherein one pil ot
S“%’lan ta symbol is sent on each subband in each synbol
period, and wherein the sequence of pilot and data

synbol s for each subband is spatially processed with a
di f er enflhg meathhddnef claioy brwhaseindhe bequgnasor! plot jaad) data symbols
The, nmethod. of ¢l aim 1., wh i-n th t t.on
for 0 PR Ot ol PP E] S oB Bk RoPicte for the
subsbdhdand is known only to the transmtting entity and
the receiving entity. 8. The method of claiml1,
wherein the spatial processing with the at | east

3. The method of claim 2, wherein a plurality of different steering vectors

are used for the plurality of subbands.

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.



one steering vector for each subband is perforned only
on data synbols. 9. The nethod of claim1l, wherein the
w@r@sm8RiHfNg a data packet includes encodi ng t heCTHESH05/005261
packet in accordance with asgoding scheme to obtain
coded data, interleaving the coded data to obtain
interlea [ [
dat o s SR oFlins 1 R AP ok e effle SN heed for
spatiaé podassing fordech sahbdnd| is kndGn g torehe transaittink adntityl and the
further.conprising: selecting the at |east one
recebds FitYvect or for each subband from anong a set of L
steering vectors, where L is an integer greater than
one. 11. The nmethod of claim 10, wherein the L
st e i ng Theanethed af elainydh whiesin theyspptidlrprodessing svithribe at least

ool S5, AR S P R S B Rt

conprising: selecting a steering vector for each

subband in each synbol period fromanmng a set of L

st e€r i ng hesrcihag ofigiaamel, whereim thepreceseing adatapagket ingludes

one, . ' e t Ik

vecraroting 1S (5 aebln fBldhds Wi Eldh 8508 1§ Shlsifcodea
dawdj f f erent phases, where T is the nunber of transmit

antennas at the tfransmtting entity and is an integer

gr eé’ft@’aealvﬂ'%#ﬁﬁ led ta tﬁr‘?ﬁ’?ﬂ)‘b‘é’?‘a’ieﬁﬁeq 4% 2fflr el ess

Ml &imB5L AR E QETIMBICALA Afta 3y 8ERMMES {Nﬁtﬁ'a']‘?oélgg'%on scheme to

ort hogonal frequency division nultiplexing
Ob@@mbc%éhﬁgﬁddadaM@OErocessor operative to process a

data packet to obtain a block of data synbol s;a

demul ti pl exer operative to denultiplex pilot synbols

and 1phe liheedetitdd dftamSly Faeles cOipAsiAg:p! ural ity of
subbands to obtain, for the data pac%(et, a pl ~urality

of Selgetinecthe algeashiono steening hatan fox/eashisubifand fromeamong a set of L
. [ X tial processor
Stegllﬁllgé g%c:t{)/%’ %er%%ﬁ?%?%?egﬁggﬁ% 3& %1?3%8 élg'si ng on the sec
ience of pilot and data synbols for each subband with
at | east Tger}e steering vector selected for the subband,

t he 1&pat iTae npsithndeafslaig 10 misreiny thed- sieqsmer vactors arg such that any
£hF aeliinytdidhhio ' nel s
paobser veof’e%y t%eﬁg %@gﬁi St%%?%ﬁ%%%é@%@%@?% and
data synbol s
12.  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.

13.  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.

14.  Anapparatus in a wireless multi-antenna communication system utilizing
orthogonal frequency division multiplexing (OFDM), comprising:
a data processor operative to process a data packet to obtain a block of data

symbols;



sent on the plurality of subbands. 15. The apparatus
of claim 14, wherein the spatial processor is
wop@sasi® to spatially process the sequence oPCPUBING/005261
and data synbols for each ézbband with one steering
vector selected for the subband. 16. The apparatus of
ol ai _ . < : : . .
o ot huplty 8 SiBubiaSo R AR A E Bhott ingREE A of aate
symbplsbaits & phurality rofsaubbanid toi obthinatfod @rsdats waclsdt.eemplmgality of

seqlP Ty 0! GG IR B (RS OD 6 SR Frg ot or's
fora gaah ﬁﬂé@&'@&doﬁﬁi\}é%%rﬁ%%/sggﬁ%lﬁ:er&geg{iﬁg‘ohtt%(l@tgeqli%r%ce of

_entity and a receiving entity ta packe
pilothed égspeymabals fagfeadh subhariUwithvatleast one ste¢ringt weetar sgjected for the

vectar includes T el eqents having.sa ni tude. but .
subliiy e shrta) preesng prafaniving Pty SRESFTEF SHcGimRaL single-
outpift €8IS chirdiR & Bbkery BEb e IPARKAIS s8difént S FPiloNiRGREA symbols

greater than one. 19. An apparatus in a wreless

senty the phrlEy phsubbamdsni cati on system utili zi ng
ort hogonal frequency division multiplexing (OFDVM,
conprising: neans for processing a data packet to
obtidi. n a'tel apphratis afalAmsl4)tessin MiEagiBitiflofrocessor is oprerative to
d I tiplexing pil ot s;irrbols and the bl ock of data .
SPa'é“\j OEeSS ﬁﬁ% seausnes af pHot #1d defpsamasls fsr gaehn pybband, with one
stediiE vEAbA RN, 1 shband! 11y Of sequences of * pil ot
and data synbols tor the plurality of subbands; and
nmeans for perform ng spatial processing on the

se nce.,of pilot and.d nbhol s for. each suhband .

¢ THaebuafts BRbans HE ieteis e bl Bcwat i g erative o
spa@ally odds thdRqaRk o8 ilbl fEESH: BEnbAN &R Hadh Bebband witth at least

plurality of effective single-input single-outp~ut

two(sBlesuy ¥eriers etlsctob fathesibbgnd. he plurality of sequences
of pilot and data synbols sent on the plurality of
subbands. 20. The apparatus of claim 19, wherein the
sequenceThefapphdatiis cfrthitlalR vierdipltise dteaseagd seuiandcioss for
spatially processed with gne steering vector selected

each gbbepdaig kpgwnenlntp a transnEbivgeatityandfa repeivine potity for the data

pacpé\ger ein the sequence of pilot and data synbols for
each subband is spatially processed with at |east two
steering vectors

18.  The apparatus of claim 14, wherein each steering vector imcludes T
elements 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.

19.  An apparatus in a wireless multi-antenna communication systen 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

means for performing spatial processing on the sequence of pilot and data
symbols for each subband with at least one steering vector selected for the sub>band, the

spatial processing randomizing a plurality of effective single-input single-outp-ut (SISO)



sel ected for the subband. 22. The apparatus of claim

21, wherein the at |east two steering vectors for each
wabasd4mr e known only to a transmtting entiPQI/ERNORN005261

receiving entity for the dajga packet. 23. The

apparatus of claim19, wherein each steering vector

chigEh S8y L L SUEPAREFY! nSRIR FRACE LRGP Kimbole sent on the
pludiylof subbamissnmi t t he data packet and is an integer
greater than one. 24. A nethod of transmitting data
froma transmtting entity to a receiving entity in a
Wi 1 2h esSTHY labpithis | SOl ivieReif UthB WeqhidchJf pilot and data
communi cation s §ten1ut|I|2|ng ort hogonal frequenc
symibals &ir eacthswbbansl ie epatiplly oFmrgsed e thenestasgng peeserssldcng far the
at a packet to obtain a block of data synbols;
il ti pl exing pilot synbols and the bl ock of data
synbols onto a plurality of subbands; and perform ng
spati al processing on the pilot and_ data synbols_for
eacRlsubBhpdrprers 0f plang t19% mghaeetbe ngdngice of pilot and data
0 @l . ' :
sy RIS TP Cnct buhlfie 3 RADRy bdRsBRE WA (BT prig yector
seledied folr thieadubbandof subbands observed by the pil ot and
data synbols sent on the plurality of subbands. 25.
The nethod of claim 24, wherein the pilot and data
symbol s fgE afRkitus BPBANRA 287 RheRa ihdlat Yeabl W&t@%g‘_’r\@'&tbrs for
one steering matrix selected for the subband. 26. The
cachetubbahdodre khesvmorly, towHemsinitting entiliend e eeqeiving ity ifyr the data
sed for spatial processing for each subband is
pw%ﬁgnomn to the receiving entity. 27. The nethod of
claim 24, wherein the pilot and data synbols for each

subband are spatially processed with a different
st e@Bi ng Thatappsratugrofegléim shPnidicrqia rqashy stepgng Tyestofanplydes T

| ai . ' iy Cri
gl AP by MIFEH0L 16 4ok 5° bR LB 18 plflber o
antefihas used tohteankmitnberddth bangeaidis yn anebek Reeatee dain\oinag

entity. 29. The nethod of claim 24, wherein the

spatial processing with the at | east one steering

mat Lyx for . ] r e

Tt PgEA AR aBR AL MRl 5u9 « rcivin
eniitynjr aswirgless multiple-input multiple-output (MIMO) communication system

sub

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 chamnels for the plurality of subbands
observed by the pilot and data symbols sent on the plurality of subbands.

25.  The method of claim 24, wherein the pilot and data symbols for each

subband are spatially processed with one steering matrix selected for the subband.



mul ti plying spread synbols for each subband, obtained

fromthe spatial processing with the at |east one
wWaL@®sisags matrix, to transmt the spread synboPGTI/U82005/005261

ei gennodes of the M MO changgl for the subband. 31.

The method of claim 24, further conprising: selecting

theogt | adsndRl bl 1) WiRtdih thel R sRRANg MHARARL A 5:0Patial

anong a set of L steering matrices, where"L 1s an
procgssepgfor gadhaubbandhisinnimosn t8 2he Eheivimgtehtity. of cl ai m 27,

further conprising: selecting a steering matrix for

each subband in each synbol period fromanong a set of

L sbgeri miemBéthoL 65 clanhe4e whekdin e iinétem d4th @hBbls for each
t han one. 33. The nethod of claim31, wherein the L

subfapd aregpatigityipreeessadivitine difrend steegng matrirafor graj symibel period.
steering matrices anong the L steering matrices have
| ow correlation. 34. An apparatus in a wreless
mul 28pl e-Tihi pthodd flcl 4ne240 whptein hiMaMahstonertestie@aix used for

system utilizing orthoganal frequency division .
Spfﬁélf Professtis &r(%%rsml?baé@rm#qnemg%y 69#%? Brusedipgrentity and the
re&%f&ﬂﬁ{ﬁ to process a data packet to obtain a block

of data synbols; a denultiplexer operative to

demul tiplex pilot synbols and the bl ock of data

sy l's to l.ity, of subbands; .and a spati.al

o7 08y sort ot STt Y4 BTHR i el eBeaBE e wh at least
ont Bieerdigd MhtrxTor 6idh SutsbarB o SerfoRhe 881y cnithibagidhoMd h at

| east one steering matri X selected for the subband,

the spatial processing random zing a plurality of

effggtiv > f th lurality of subbands

obs§§Ved%%gl e S?P%@%E%H a658§§ 81% sent on the

pl umadliiplyingf sgreiibana®ols3for Aadtetstibishndf dbtdf@ifiohi He spatial

data frogma transmtting entity to a receiving entit

ProegssingyniYy e <At east jong ieSHAS YRR Earsnah ths spresd symbols on
cigthinblidd A OMINRPANRheI HEMYSAGHAnG! Vi STon mul tipl exi ng

%% , conprising: transmtting data to the receiving
entity using a first node if channel response

estimates_for the receivi entity. are unavail able to
t he 3_tr1nri an #Fﬂqt}f?g ‘gﬁﬁﬁnﬂ%& E?‘Hn%‘éﬁ%:synbol s are
spakbiaéting tRE AAEE 6k %ér?xr%gﬁﬁﬁgi%f ARAM A Hoh8nong a set of L

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

32.  The method of claim 27, 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.

33.  The method of claim 31, wherein the L steering matrices in the set are
such that any pair of steering matrices among the L steering matrices have low

correlation.

34.  An apparatus in a wireless multiple-input multiple-output (MIMO)
communication system utilizing orthogonal frequency division multiplexing (OFDM),

comprising:



first node; and transmtting data to the receiving

entity using a second node if the channel response
we@saosost4es for the receiving entity are avai | abCBUS05/005261

the transmtting entity, whggein data synbols are

spatially processed wth steering vectors or matrices

deriyv ' €S ¢h:
Socor it SRR S GUANE, RRASEr SRl Bl 4 DRgk of data
symbalssni tting data to the receiving entity using a

obt &1 HEREPIPRE SHegRiedp draTAidphBapt o ed i logh of data
syRibbRlonfydhet3itPetkubbsndki 4t bl ock of data symbols onto

a plurality of" subbands, and perform ng spatial
pr o@cspsii prenesson@ppiative toaprifarax spatigimyetossing ondhe pilot and data
| | east .on seudo-r St.eeki
DRI b e A% B B S BB G bans, e
spiti) Qs Bési faadsiaFing Nglueality uf affédiye MIMVD fcgdrieWefor the plurality
si ngl e-i_nput _singl e-output (SISO channels observed by
of spibapily ehserygd by dhepiloy ﬁ@(gd%ta gpnRbols sent ga thy plpealify 9f sypbands.
subbands. 37. The nethod of claim 36, wherein the
transmtting data to the receiving entity using a
secdid nodeeihnd efdemsmitting siatanfjora ssteasnditidgteatipaketeceiving
t.0 obtain a Sﬁcond bl ock of . data o
engDHB G S et L RnEenR OBMUBtcad g Biem Uiliring ertgogplfrequency
iR kufipleiah g (SYPRD! SontHsthg he plurality of subbands,
and performng spatial "processing on the pilot and
dat drapgmitiongs ddtato deectecsiviigaantityviising a fustempdeif chepnadresponse

derived.from.a. chanpel response . estimate.f.or a. .
BT B b R TinE P BRI SBle ERARHLRE P, Waeroin aata
syfbBRaRE spatifllp bRREsskd i PsesdPAn8bmishRring kedtod el nikdices in the
synbols toward the receiving entity. 38. The nethod of
firgi8pdp; 851 wherein the transnmitting data to the
recej,yYL.ng.: QY ' 1St i.ncl .
or oL e o e Pt Bl B YRR P i g ghpmmel
resplonska estinSat¢d rsthe Al ing pdrey rage Pivhitibles yoritgd sramdsittinge entity,
first block of data synbols aonto a plurality of

WhSHHB SAH<SYTHRALF 356 PRI MEoCSpre it eSS cHRIS GRakices derived
frdth bR chamill f3pchst LERRAEs fnQhe SR6HA BidRRaNd

€

2]

36.  The method of claim 35, 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

performing spatial processing on the pilot and data symbols for each subband
with at least one pseudo-random steering vector selected for the subband, the spatial
processing randomizing a plurality of effective single-input single-output (SISO)

channels observed by the pilot and data symbols sent on the plurality of subbands.

37.  The method of claim 36, 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,



with at | east one pseudo-random steering matrix
sel ected for the subband, the spatial processing
wo anndosi4ais ng a plurality of effective nultipl ePCTPS2005/005261
mul tipl e-output (MEVIO chappels for the plurality of
subbands observed by the pilot and data synbols sent
on t ' 0 i [
35, DRaRERRR o P AEIne SPond R Bl bR o the
plemlifytof sulshands, andecond node i ncl udes processi ng a

oo g R0 R B8
will Q(‘sﬁeeﬁflg dadtar, AP FoBDh Q:hﬁrthecl Rlspbde| ésirim%fe Rﬁkébﬂﬁﬁfple—mput

and performng spatial processing on the pilot and
singda-autpyin@éISO)f draneechr saebipzbbeandsite Istegr tangmissign rdtthé pilot and

fro channel r. gsponse estimate for a M MO
dagaﬁézﬁx\kggt?\g?r ttﬁ%reﬁﬂg%‘e&ﬁ "0 transnit the pil ot and
data synbol s on ei gennodes of the MEVI O channel for
t he subband. 40. An apparatus in_a wreless

mul 38- antldermactbermi Alaa 350 whespin G transmitting gata to the receiving
enﬁiyﬁﬂ%gapﬁllst&[)ggiﬁ%ﬁ di vi si on mul tipl exing (OFDV),
canprisi ng:

a controll er operative to select a first
mod @ré@ﬁsiﬁ@i first daw patlss toobthia a&irﬂt&ﬂ@ik\/dﬂtgtﬂjﬁﬂﬂoys i f
chan sponse estimates for t ei ving enti
are 55?% pilog sambelaed tie Tetbiask ﬁﬁ%@éa FRbRIRPR0 2 phirality
of shiaM; S8 on to the receiving entity if the channel
response estimates are avail able, wherein data symbols
are r@rfanmaglspaqmi quessgog witthe pﬂem:nmlr datal spmbolsefpr paph subband

ct t d d th st [ t .
Wil B O R B T FEdBUHE GBS ot G bp the spatil
préReans raﬂ‘iﬁgﬁlzn?%@' pBrSIRGlof %Tfe&{v%%‘&lﬁ Ie-lﬁp@tf BlikpR-dudput (MIMO)
perform spatial processing for each bl ock of data

chglwﬂﬁofos tlilmplataéléy gh pebangly ﬁbaeﬁ'@d odbe pdpeandedate @Vmbhle sent on

4 thod of receiving a data transni ssion
S Iﬁfaﬁwo%supﬁ%nﬁm tting entity to a receiving entity in

a wreless nultiple-antenna comuni cati on syst em

ut| I i zing ort hogonal fre%uency di vi si on_nul tipl exi ng
gféﬁrpwtbv hgt clobn ditnhgrein thy ternsmiftng da .tb%recelvmg

enﬁ 1?3 se&%ﬁg{g?@ﬁlgﬁl 8; recei ved synbols for S

que ot and data synbols transmtted via S
s ub k;mmhssﬂng/a I;eh:endl tata pacitet tonahtain bistgondwherkeo fAatasyaibols,

I nt Sf% eat ge %ﬂ&han 190?3 ang1 n}gje ‘s“él?:gﬁf bToc'i(hc?f Eat %gglgeosnto the
plurahty 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

for the subband, to transmit the pilot and data symbols on eigenmodes of the MIMO

channel for the subband.

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

a controller operative to select a first mode for data transmission to a receiving
entity if channel response estimates for the receiving entity are unavailable and select a
second mode for data transmission to the receiving entity if the channel response

estimates are available, wherein data symbols are spatially processed with pseudo-



data synbols are spatially processed with a plurality
of steering vectors at the transmtting entity to
wo anndosi4ae S ef fective single-input single-outPCr/US2005/005261
(SISO channel s observed bygbhe S sequences of pil ot
and data synbol s; deriving channel response estimates
i iy :
ra iSRG Sp Bl M At hOR ARl Ry AR ARl PEBLniAl from the
chamret! pespburerestimadeinstht saondmodecaidved data synbols in
the S s guences of recejved.s nbol.s[ based oF th%1
charfri@PUF SR operfiFg oReTioph spaftel groqepiteg foy sadh blesk of data
syRIbBIRNE hécdr@arRP Waihthd8las sty P tlehlod2. The method of
claim4l, wherein the sequence of pilot and data
synbol s for each subband is spatially processed at the

for ine. <hBbREl ot kelVihda AR BhSSRNET st B3 rifming ity o
a TERRIVINE eBtiBefih NY wWiRdsO ' mulSigl-d@énns P hAmRAOGE SFHAE utilizing

for each subband is unknown to the receiving entity.
orthegongh freguqney divasior matiplexing (MEPM) commsisingguence of

pi | |.d . h ' '
o oSbidifaloh, SHIDAL o anas SUABARE, 46 cpaTk Bl o
segtemees of) pileic ot dats alyabbBdrdnsmittddeviaud Babishndd by the @ransmitting
of .claim 44, wherein the at | east two steerin

net hod
eniBe GIES D 4BHR FHECE Brerien hap 0gecd; Wereig the 3 SRAHEHAfpllot and
n : t nsam.t ti i
o] SyRBOMa@ ety (Gock RN WAl b Pty O siBBithd WRotors at the
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43.  The method of claim 42, wherein the one steering vector used for spatial

processing for each subband is unknown to the receiving entity.

44.  The method of claim 41, 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.

45.  The method of claim 44, wherein the at least two steering vectors used
for spatial processing for each subband are known only to the transmitting entity and the

receiving entity.



synbol s; and a detector operative to performdetection
on received data synbols in the S sequences of
w0 e@siosrds synbol s based on the channel responsECT/US2005/005261
estimates for the S effectiye SISO channels to obtain
detected synbols. 47. The apparatus of claim46,
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two steering vectors selected for the subband.

49.  The apparatus of claim 48, 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.

50. A receiver apparatus in a wireless multiple-antenna communication
system utilizing orthogonal frequency division multiplexing (OFDM), comprising:

means for obtaining, via a single receive antenna, S sequences of received
symbols for S sequences of pilot and data symbols transmitted via S subbands by a
transmitting entity, where S is an integer greater than one, and wherein the S sequences

of pilot and data symbols are spatially processed with a plurality of steering vectors at



52. The apparatus of claim50, wherein the sequence of
pil ot and data synbols for each subband is spatially
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steering vectors selected f t he subband. 53. The
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and data s ol s for each subband is spatially
SteﬁF‘B%@%@%rcﬁ%ﬁchqf%thPé'é@angne steering matrix at the

transmtting entity to random ze an effective M MO

channel observed by the set of T sequences of pil ot

and 5at a Bymigpasgtusdef icldimg5@ whesine ther espemseof pilotané data
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processing on received data synbols in the set of R
sequences of received synbols for each subband with
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(MVEE) t ek hrilgpdef récéividhe date transhiedionc et by 24ranswhittied éntity to
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a receelvmg engty mna wﬁ'e ess multlpie-f%put mul%pije-output (MIMO) communication

system utilizing orthogonal frequency division multiplexing (OFDM), comprising:

obtaining, via R receive antennas at the receiving entity, 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 the 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 matrix at the transmitting entity to randomize an effective MIMO channel
observed by the set of T sequences of pilot and data symbols;

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



synbol s for each subband is spatially processed at the
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60. The method of claim 59, wherein the at least two steering matrices used

for spatial processing for each subband are known only to the transmitting entity and the

receiving entity.

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

a plurality of (R) demodulators operative to provide received pilot symbols and
received data symbols obtained for R receive antennas, wherein S sets of R sequences
of received symbols are obtained, via the R receive antennas, 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
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62. 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
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.



