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The Ng spatial channels may be used to transmit data in a manner to achieve greater
reliability and/or higher overall throughput for the system.

The N spatial channels of the MIMO channel may experience different channel
conditions (e.g., different fading, multipath, and interference effects) and may achieve
different signal-to-noise-and-interference ratios (SNRs). The SNR of a spatial channel
determines its transmission capacity, which is typically quantified by a particular data
rate that may be reliably transmitted on the spatial channel. For a time variant MIMO
channel, the channel conditions change over time and the SNR of each spatial channel
also changes over time. To maximize throughput, the MIMO system may utilize some
form of feedback whereby the receiving entity evaluates the spatial channels and

provides feedback information indicating the transmission capacity of each spatial
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steering matrices to obtain a plurality of sequences of transmit symbols for a plurality of

transmit antennas, wherein the plurality of steering matrices randomize an effective
MIMO channel observed by a receiving entity for at least one block of data symbols.

In another embodiment, an apparatus in a wireless multiple-input multiple-
output (MIMO) communication system is described which includes means for
processing data to obtain at least one block of data symbols; and means for performing
spatial processing on the at least one block of data symbols with a plurality of steering

matrices to obtain a plurality of sequences of transmit symbols for a plurality of transmit



matrices to obtain a plurality of sequences of
transmt synbols for a plurality of transm tantennas,
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an effective M MO channel observed by a receiving
entity for the at |east one block of data synbols.

[ 0009] hi another enbodi nent, a nethod for processin
apennas.oheselh the Blavality jof Heskingematehimdoplies AR ;f%fecmge MIMO

&{aﬂ%ﬂ%b &t\dlgcﬁéyégé cglrggrnltggssegdﬂitrgﬁ%%? %Sﬁylgétg ocifcg‘?‘s %;gt&gg,@sd
sy nbolms andpat émbodimente s inethoidsfop gardeessieg data fdretriplsogssion in a

werelstr ritele s Sinaty oupub AR eSopEhERlad frfeis Risbraribed in
&Jﬁ.[chada% b %Lrécteﬁ’se@ftot SRART hiGHkt 61AaR, syMRIEi 15 fpg & processing is

ur al |ty st eeri ng vectors random Ze an ef ctive
Mrﬁﬁmcﬂ anrtb¢ bivick of eta swmbalsrwrtb ipolwrglityrafi stapring veeties to obtain a

Rufbu O et b oyt BUPRO ol A IER R0 MiGas Seterein

Re! grivali bNAVrdEN dckdh @arleiixt al MYEtive IS Michadried Bbserved by a
systemi's described in which received data synbols are

tﬂsclaﬂnge@tlf}bforﬁlehl@f&(sqf@fﬁesyméﬁ symbol bl ock spatially
proce Sed W' te&bédl%e% 89 E’ﬁ%@@e‘ffih&%ﬂ?&dm@ﬁ%sﬁﬁf ' wireless

to tr sonwaal

ﬁﬁ&ﬁﬂ@ﬁ@uﬁﬁiﬂhﬁﬂé@mpﬁt ORITRIO) ebniratiniedtionf fyseii i/sedé\dbﬁ&d in which
channel fornmed by the NBVI Ochannel and the plural.t
woeiyed dlatan §ymhels | @8 sobtmaediforrat dpastione detacwsahoh gblpf§< spatially

BRGLALTAUES HBIEE S A3y Rl il vi o o

elﬁnnalat s chanhel respadsel estistate ive obkainad Syrrian| effdctiek MIMO channel

%@001&@ ﬁgﬁrﬁ/ﬁ@c@aﬂgom g uﬁ?ig)égf gtgo%r%%%e? Receiver spatial

gﬁ%g?géﬁgcﬁt rﬁiéat &Mths &R bad %1 ol WA Hﬁ:eéhﬁmel response

receiver units to obt recei ved data
sgtimidé ® dbdain datalsgmbbl ahimattatior thy ablobst bhe dita spaboldilogk.

processed Iur lity of steerin
(o trinngmt & GDoarehl e Fes iR . kol MHORpIeGpH multiple-
Oc ithahilatforC AR is REAMACwARh RhRled QF pRifality of
ect [ ve%l Ochan%el for rredlsby the WI O channgl alrjld e

rdwewpt unis ite yobtﬂin sc@é\rqdn@atmmb@bsforaﬁdle@stscp@t flagn symbol block

{
BRAREE EhcrtbaTEieh S PRI o or iR o iRy, RGP 2L Rp@ission via o
SAMOBhEnddl; Qhﬂﬁm&bl datitator MBObbieiRt & ekl fr@ipohhf eStimate for an
| east one dat a ynmbol bl ock. &&0012 hi anoth
effesire MRYIO drana?lp@rra@%yﬂhe P ethagrel r?ﬁfltth?) |plwalﬁmf steermg
I
iR 4 Sl Mt S8 BRHENG oy B EidkSssing an th received

dath aymyolb otith the thainel egxinsoagtingat to shtaih Qllatakﬁymblol estlmates for the

spat 1 al Ig proces%ed with a
at least one data symbol block.

In another embodiment, an apparatus in a wireless multiple-input multiple-
output (MIMO) communication system is described which includes means for obtaining
received data symbols for at least one data symbol block spatially processed with a
plurality of steering matrices prior to transmission via a MIMO channel; means for
obtaining a channel response estimate for an effective MIMO channel formed by the

MIMO channel and the plurality of steering matrices; and means for performing



plurality of steering matrices prior to transm ssion
via a MEVI O channel ; neans for obtaining a channel
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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.

Techniques for performing spatial spreading in a multi-antenna communication
system are described herein. The multi-antenna communication system may be a
MIMO system or a multiple-input single-output (MISO) system. Spatial spreading
refers to the transmission of a data symbol (which is a modulation symbol for data)
from multiple transmit antennas simultaneously, possibly with different amplitudes
and/or phases determined by a steering vector used for that data symbol. Spatial

spreading may also be called transmit steering, pseudo-random fransmit steering,
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below. Various aspects and embodiments of the invention are described in further detail

below.

[0025] The spatial spreading techniques described herein may be used for MIMO and
MISO systems. These techniques may also be used for single-carrier and multi-carrier
systems. Multiple carriers may be obtained with orthogonal frequency division
multiplexing (OFDM), some other multi-carrier modulation techniques, or some other
construct. OFDM effectively partitions the overall system bandwidth into multiple (Ng)

orthogonal subbands, which are also referred to as tones, subcarriers, bins, and
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transmitted simultaneously from the Nr transmit antennas. The model for the MIMO

system for this transmission scheme may be expressed as:
r=Hs+n, Eq(2)

where s is an N, x1 vector with Ns non-zero entries for Ng data symbols to be
transmitted on the Ng spatial channels of H ;

is an N x1 vector with entries for Ny received symbols obtained via the Ng

I

receive antennas; and

n is a noise vector observed at the receiving entity.

The noise may be assumed to be additive white Gaussian noise (AWGN) with a zero

mean vector and a covariance matrix of A, = oI, where o’ is the variance of the

noise and I is the identity matrix.



mean vector and a covariance matrix of A = s2l , where
s2 is the variance of the noise and | is the identity
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correlation, or when there is insufficient scattering, multipath (large coherence
bandwidth) and/or temporal fading (large coherence time) in the wireless channel. The
occurrence of “bad” channels is random and it is desirable to minimize the percentage
of time this can occur for a given data rate selection.

For some MIMO systems, performance may be dictated by the worst-case
channel conditions. For example, if the receiving entity cannot send feedback

information to indicate the proper data rate to use for each data symbol stream (e.g.,



occurrence of "bad" channels is randomand it is

desirable to mnimze the percentage of tine this can
woaeaensrochiar a gi ven data rate sel ection. [0031] PEDMUSS®AB42236

M MO systens, performance n&y be dictated by the

wor st - case channel conditions. For exanple, if the

receiving entity cannot _ send feedback jnfoynmation t
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performance woul d then be dictated by the expected

[0032] wor st Spatsé spreadingl meprkf wbeshdo ramdostize shaiefertive MIMO channel

ndesi,rahl e. [.0032] ..Spat.i al readi ng_ng
PRI R trstectshd e SRR Tlon R B8 135 kY the worst-
E£6 @hainRDcaiditidny. WWitH §hatialipsdading eHeltemBMiiaRg eRitP Pbrforms spatial
di ctated by the worstcase channel conditions.
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[0033] ext endBel spatial pEpcsrsing Akthel m@ﬁmaé@%ﬁrawa%o%@g%may be
g}g Ldigghd.ansmitting entity for spatial spreading nay
epexpressed as: x(m =Y(m -s(m , Egq (3) where s(nm
is an Ns x 1 vector with Ns data synbols to be sent in
transx(@p=o(mpsm)n V(m) is an NXx xNs steering matrix Eq(3)
for transm ssion span m and x(m is an N1 x 1 vector
wth NT transmt synbols to be sent fromthe Nx
whares 8(7¢) sraneNpad vieptor waihd¥ dadd sirmbnisile be sentingdranemispion span m;
up to Ns data synbol streans nmay be transmtted
si mul tEmois ah yWN s Ny ptachiag Meatp fariteginsissian epan naf and( m)
For sinplicity, nuch of the follow ng description
assumaém) hatan\yddt sedgmpsh Nt teasmit symbplsadashe sengdrom the Nt
si mul taneousl¥r.g %8034;.A transm ssi on span nmay cover
time and/ ofRSHELEARDGS H REENSSHE SPER - exanpl e, in a

single-carrier MEVI Gsystem a transm ssjion span may )
Ebeenesgdownita Hs date sypbpbsirgsas may bosppsnitted sranliappruisly using the

S o ok 30 B2 5 SRRy ARz dspion
Msl¥Res ot REUEDRYmYLT dieZ38 afdFitFMemitted simultaneously.

[0034] A transmission span may cover time and/or frequency dimensions. For
example, in a single-carrier MIMO system, a transmission span may correspond to one
symbol period, which is the time duration to transmit one data symbol. As another
example, in a multi-carrier MIMO system, such as a MIMO system that utilizes OFDM,
a transmission span may correspond to one subband in one OFDM symbol period. A
transmission span may also cover multiple symbol periods and/or multiple subbands.
Thus, m may be an index for time and/or frequency. The transmission span may also be
referred to as a transmission interval, a signaling interval, a slot, and so on.

[0035) A set of L steering matrices may be generated as described below and used for

spatial spreading. This steering matrix set is denoted as {V}, or V(i) for i=1... L,



a transm ssion span may correspond to one sbband in

one OFDM synbol period. A transm ssion span may al so
woausrocomsht i pl e synbol periods and/ or rmul ti pl ePCT/US2004/042236

subbands. Thus, mmy be an $ndex for tine and/or
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transmtting entity would then performspati al

Nor isensgnt sigtiod streagass whidharafigthes gordiipned agdttransmigted from the Ny
[ matrix V(m selected for that transm ssion

fi%%ﬁ,ﬁa&%éﬁ%-vm {\V}. The results of the spati al

[0036] Pr OCERfR RGeide® shinbolsranthairtcedyinp adntityt méthngpatiwhsrbadimg may be
further conditioned and transmtted fromthe Nx
SXPEGRISHias: ant ennas. [0036] The received synbols at the
receiving entity with spatial spreading my be
expr d @8,k =\ H( =ﬁﬁ’ { =eff(mM gga
s(m eﬂaﬁ( #Em) é@dﬁ&_s)(m\%ﬁedpen)H w’?;%&ﬂjﬁg@&mﬁk channel 1)
response matrix for transm ssion span m ~A (jn) is an

_ , h . N .
R ML S N LA S5RRER B oy sy

r(m s @) ABNL e EFECtt tHariR] FRFSs¥ehiSY i kshn@sion span
transm’si'on spafi ' m°and n(m is a noise vector for

transm ssi on. SRR mﬂaﬁg,gasﬁ mﬁy@ggv\m in equation (4),

because of the spatfi spreading ‘perfornmed by the

transp it Nt it : ‘o .
obsoreD I ki bctok WG, 3kiSed AR, B iARicsion spay m; and

of t hgiacisualoisn2BRe fortRaRaARSen sha m: Each data symbol
stream i’s thus sent on a spatial channel of H ()

i nstead of H( . ..Ih t ' tri b

o051 §07 beRS st i bR SEb Ay TR Sh 58 B S arpmgnsg, by e
ehsRtahe eﬁﬁtt}’§ RRtNAHats RAABE! streiins [dbBdrve tHEEMRRMSE chdnhel response
different sfeering matrices are used across a code

Hl o@¥), insteahof the actablecheymdd o¢sporissr Hithp. Eecleddth spkbalsirkam is thus
observe different channels across t-he code bl ock.

{8038} sphwtal chamicl oA d £ 0) tinsteadrofpE(mpr Mheetering matrices may be
spatial processing on the received synbols with an
sekctadeich tfat tdvh dafd symtiol etresnmnbssives e posenebleaf spatial channels of
recover the tranpsnmtted data synbol streans. |f

he .
Hépdi NGO }ftc{)]f}?ragt %mmgéa@teg%ﬁ arp JECd pERSS; %@Odetblock» then the

data symbols for the code block would observe different channels across the code block.

[0038] The receiving entity can perform receiver spatial processing on the received
symbols with an estimate of the effective channel response matrix to recover the
transmitted data symbol streams. If the receiving entity has knowledge of the steering
matrix used by the transmitting entity for each transmission span m, then the receiving

entity can estimate the channel response matrix (e.g., based on received pilot symbols)
and compute an estimated effective channel response matrix as Eeﬂ (m)=H(m)-V(m),

where “” ” denotes an estimate of the actual matrix. Alternatively, the receiving entity

can directly estimate the effective channel response matrix, H ;(m), e.g., based on



matri x used by the transmtting entity for each
transm ssion span m then the receiving entity can

wegtismat4t he channel response matrix (e.g., baseaso4/042236

[0039]

[0040]

[0041]

recei ved pilot synbols) andoconpute an esti mated
effective channel response matrix as H-( ) = H(m-
V(m, where " " denotes an estimate of the actuyal
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used to denote the transm1ss1on span for the current set of data symbol blocks is set to 1
(block 116).

One steering matrix V(m) is used for spatial processing for each transmission

span m. This steering matrix V(m) may be selected from the set of L steering matrices
{V} (block 118). Spatial processing is then performed on data symbol subblock m with
steering matrix V(m) to obtain transmit symbols (block 120). If transmission span m
covers one data symbol vector, then one vector s(m) with up to Ns data symbols is

formed from data symbol subblock m and spatially processed with steering matrix



[0041] One steering matrix V( ) is used for spati al
processing for each transm ssion span m This steering

worbosiosoMg " z) may be selected fromthe set of BCT/US2004/042236

[0042]
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[0044]

steering matrices {V} (block 118). Spatial processing
is then perfornmed on data synbol subblock mMth

steering matrix V(r) to obtaln trapsm t géi ol s, (bl ock
Y5o) .to pbtain teseirssnogAng EaRsIL SYPOPL VI 3§3§H‘b‘6ﬂ1 in equation

i R TR ) ST e
sRA Kes 8 Y=Rrocesserl wrkid Hae rdafbgsﬁ%dl | uBighk t8) :ﬁﬁt &ich vector

correspon Y]g transmt synbol ‘vector x(m ,

]_FE;?;?W id @pﬁﬂlﬂ?t p:%ees(séa with fhe 2R SekAR: aﬁaﬁxqu%e t§ obtain a

data synbol vectors, then Nv vectors s (

aorresllﬁdifdlﬂg traﬂsmlt syrbol, vedto® X Qe CInfafIQYQa@at the Sy Gkeering matrix
ock m and e€ach vector s (m is spatially

Mg es asd for sfatinhprosessimgsbesl datg symboli vectdsiin ﬂransnimtsmnrspan m,
a corresponding transmt synbol vector t (m. In any,.
ambthe tehdtagh transnié syibgl wmtmisXarv(mycqssﬁ u%btrﬁmmltted via the Nr

t| aI oce sing. for vectors in
8?11113 Slé’ﬁcfp?lhgld@%’%ﬁ?gﬁt transnit synbol
V e Ct OAQieﬁbhﬁnﬁﬁQﬁ esthedl naidd wheties tHet @ datai sgmibbEsd¥blocks have been
transmt antennas in transm ssion sEan m (bl ock 122).

Prooesgdd andiwensmiiterh(iicarvhetherherr NaddblpgktlRe) e mmeyaeras ‘No’,
symbol subbl ocks hav been roc d and transm

e andex it HEFERPah Ry kNGO LR B ROTE bl 126), and
th'ébb%rocésE SRR EX HRLS 1 l@ cr ﬁ"@@t SwbPLs R8s NEH block 124, then a
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61%1oc1€§somehk}ee th@?rdééé%q:@fhﬁnit@i urns to block 112
to start the processing he next set of data

symboAs ishowk §1 FIG.heeatls sst of Wetaptyebel blocks i apatlélsv processed with

i}]o%%%lﬂésgnitglg‘fs LY (Ptg}alBS%% é‘gg%lag C\erlsﬁgl @%{1% %Zésfl Eéﬁp Rhnsmit symbol

SRfubhceeR tr@nsahfted Vid al rdspedtivel énes yirhid Nﬁmﬁﬁﬁﬁsantﬁm@fl in Ny
transm t synbol sequence is transmtted

Vi a
reapuetion epaphe The Naheteoying ma@wgsﬁmdamtzeﬁheeffﬁﬁwwmo channel

tyansni,ss e
SRS R AL T 2o L HIRABAAAE S reppivaion o
fHRC MIMMO gclemhelt Yedults from MNEingatdfesantrbsiberigo akedriceShéor different
random zati on of the M M) channel results from u5|£ .
trpmsipsion: spepe and Rf negessraly dTony Fanderngssdn the ¢lsments thesteering
31% Sgand not necessarily fromrandommess in the

emsrits of the steeri ng matrices. [0044] As noted
abov eAs aoted abevy, 8 $iansmisgian spoucahde defingietd coverome®r nome symbol
Serzno S an o¥ rgtr)lgl or more subbands. For improved performance, it is desirable to
select the transmission span to be as small as possible so that (1) more steering matrices
can be used for each data symbol block and (2) the receiving entity can obtain as many
“looks” of the MIMO channel as possible for each data symbol block. The transmission
span should also be shorter than the coherence time of the MIMO channel, which is the
time duration over which the MIMO channel can be assumed to be approximately static.
Similarly, the transmission span should be smaller than the coherence bandwidth of the

channel for an OFDM-based system.



peri ods and/ or one or nore subbands. For inproved
performance, it is desirable to select the

woOResgasi on span to be as small as possi bl e BoTHUSAI04/042236
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decoded data for the current data synbol bl ock set
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t her eA MM&LMI ve (block 226). If the
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el ecti on 0047] not ed above, a set of L steerin
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e set in a

steering matrix V(2), and so on, and then the last steering matrix V(L). In another

embodiment, the steering matrices are selected from the set in a pseudo-random manner.
For example, the steering matrix to use for each transmission span m may be selected

based on a function f(m) that pseudo-randomly selects one of the L steering matrices,
or steering matrix V(f(m)). 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-random manner, instead of



determ ni stic manner. For exanple, the L steering

matrices nmay be cycled through and selected in
woeeqsmati4al order, starting with the first steeCcTmg2004/042236

matrix V(I) , then the secadd steering matrix V(2) ,

and so on, and then the |ast steering matrix V(L) . In
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340 MSEMINIO EJ¥em 300. At transmitting entity 310, a transmit (TX) data processor
320 receives and processes (e.g., encodes, interleaves, and modulates) traffic data for

Np data streams and provides Ng data symbol streams, where Ng=N, 21. A TX

spatial processor 330 receives and spatially processes the Ns data symbol streams for
spatial spreading, multiplexes in pilot symbols, and provides Nr transmit symbol
streams to N transmitter units (TMTR) 332a through 332t. The processing by TX data
processor 320 is described below, and the spatial processing by TX spatial processor

330 is as described above. Each transmitter unit 332 conditions (e.g., converts to



current data synbol block set may be the steering
matrix after the |last one used for a prior data synbol

wohoskeets. B. System [ 0052] FIG 3 shows a bl eck/us2004/042236
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diagramof a transmitting a@atity 310 and a receiving

entity 350 in a MMO system 300. At transmtting
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r ocessi.n T. tLal I ' cri
B Re SR YR LI ot ool 5855 oD SR p g ol énentary
Ot Prbéestinaetotmed bl ttRmsmiteAMIhits 383, andnstobides|(Bneyeived data
upconverts) a respective transmt synbol stream

t
gahols tooa geopsvru(BXk apatial processiT 300 3RS (L) Faseived iptlgto saphpls to a
. ‘] | i .
PRRSA3AE 3F SH  p  AE0il Bpgesor 60pertorms
s plesrbtassing .on[ 1P tedkivad syrabali swiemgs @oti Ny r&@iver MRits 354a through

ant ennas_352a t hrough, 352r recei ve the transmtted
3345nuita chaprel eﬁ‘aewa%?%tfé% aChSS%S pﬁsswt?é§’8§t et Broyides Ns detected
SRR strl find WiEGPae tehtYr?atE?GPﬂhE‘ &/ dapy %ﬂb%%an%%nt PG Ahsmitting

r'ecel ver unit performs processi conpl enentary to
ity pit 0.c AsisR KglapeeprooessadB Mythen prosedses @rg. uddngaps 3&dntariehves, and

st e N el ST RO S 1 BoRidre A e it o cgms, which
5Q cRiRNRNBEhe 86! dARERE384 Wi thin a controller 380.

Recei ve spatial processor 360 perforns spati al i )
pr oc e€sntnejlesn 340 Rnd 6188i gantrok yirehoperafiore ghwafiousnpiNceRsing units at

ecei.ver unit 54a t hrough .35 wi th gchannel .
el R reee Ny r0 dsipeafERy v s 342 and
dgt f6icafhSaane prédrh®adtes 1Bl B catitIRES 34TBind B 80f rebtetity.
data synbol streanms sent by transmtting entity

. . 310.
An RXFHGt 4slroceblock dzgmm pie preseesirgunitseat gransraisiigoantity 310.
ei nterl.eaves eg)
E5, B SR DD AP RIS B e bRy, e sam
oBeR8isi 4Tk ¥roBEh 4 endNoPHatR dsth seadrls {§J0% /=1 ... N,. Within
ntrollers 340 and 380 control ‘the operation of
¥ibhi RUSsHRAACHBEEBE 410, his edodbr 4UPSIEdives dhdesticodes dfstream {d,}
and receiving entity 350, respectively. Menory units
Bdd anda coding scheme and provides code bits. The coding scheme may include

cyclic redundancy check (CRC) generation, convolutional coding, Turbo coding, low
density parity check (LDPC) coding, block coding, other coding, or a combination
thereof. A channel interleaver 414 interleaves (i.e., reorders) the code bits based on an
interleaving scheme to achieve frequency, time, and/or spatial diversity. A symbol
mapping unit 416 maps the interleaved bits based on a modulation scheme and provides

a stream of data symbols {s,}. Unit 416 groups each set of B interleaved bits to form a

B-bit value, where B>1, and further maps each B-bit value to a specific modulation

symbol based on the selected modulation scheme (e.g., QPSK, M-PSK, or M-QAM,
where M =2%). The encoding is typically performed separately on each data packet in



382 store data and/or program codes used by
controllers 340 and 380, respectively. [0055] FIG 4

wehoosvea4bl ock di agram of the processi ng unit spPar/us2004/042236

[0056]

[0057]

[0058]

transmtting entity 310. Fas the enbodi nent shown in
FIG 4, TX data processor 320 includes ND data stream

processors 410a through 410nd f.or the ND data st reangs
cadeylata strggm =i, } to oRfin 2 WEERPANUAR o data packghpr code block, and

rocessor 410, .an encoder 412 recei nd encodes .
Bismool maniind 1§ on SerlogReh 0k St GPdecetlo o ARt & parsgonding
&4 o Blocithe codi ng scherme nay include cyclic
redundancy check (CRC) generation, convol utional

codi rlg, FTGu#h dipodedd sigganh procdssntsi 4 iathrougly 4d fed kracesdridy Np data

vamaghd Pivide el sl HordS S Shen Hodk BRER S Fhnsmission
$paRd. dBhs Hath REefR PRodebdor 4DORY N BocésdliRs Npadtd @reams, e.g., in a

schene to achievé frequency, tinme, and/or spatial

tithe divigioly multiplgm P Myapssingy The sanze1¢r diffseent peding and modulation

I nter| eaved Dbi ased u ' C .
PR o R 400 RS AR DT e e
SR YRS RAGRd S8 the INRddtd biesanea e ehuldiiplex dridefraltiplexeB(Muk/Demux)
val ue, where B > 1, and further maps each B-bit val ue

h
429 receipescand mukindenes/drwnltiplarsy thepdate gymbols Her the Me dalg streams

dyl at i r
PSR RE8, re SEmbE Sond ol QM S o
%P@E)@t H W, N athbn Aai:e Dok @20 ichre sidiplyl ptevidd the alatal ynjbols for
to obtain a correspondi ng coded data packet or code

&lcRCkata aRtearh N SieTdala FRABSINGrdat. t MENNRe: T OfHERdMBR/Demux 420
each code block to obtain a corresponding data synbol

Mdnadkiplek Qb6 {lath syrEbls fet, thé\ehaddetastetameiatn Ns date spwbal streams.

410a t h 410nd th D t

o ovi T8 RIS ARy B SRS by Gl AvBbolc BIGRk giom oFX data
3 $S) -dat r

%&g@é%@% ?%(g erN@z %tf’e{%gn%lqgg?gﬁ% Q’(éig rrg@ﬂi‘ PERFRES 810 43P each block

a str e.dg., inatimnme

Ri¥hSoON,Mthidnilkdn (FRN) ThANGering hBatsissE naly b Fétgeadt from a
codi ng and nodul ati on schenmes may be used for the ND
sterringsmatsanSMmipraae A3 vethin meenagiyrangr 342 o gansratedyhy gontroller

b d _ . X
A Dbt Ferd il o0 PedsaF oRRERP LI R A0y st wrogessing on the
ath ipbex et AR Lihhdhie%es shALnOaitd thy hetisig frodtrik NW (AP for that
data streans into Ns data synbol streans, one data

syishissicst spaamnd provedesHrappattisginbols fonthe tahsthiesipnispan. | TX spatial
ND = Ns t hen Mux/.Demux 420 ca [ y, provide the .

BRE O FIOREITP R e AT YRR Bk oty O S oGy to obiain
& 1285hit s{mbh s_eqﬂt?nc'éﬂeﬁhiw %t RMBEsch? GroHE el I} BhANES antennas in

the data Synbols for the one data streaminto Ns data
syquhorstsymhakperjodd 87d/omon epaer mpresubangds.ol X3petial processor 330

Fiher }/n%?tiplflesxeg ?ltqeaN?%rrg?lgrlnit kélyr%%iéls sefqﬁgﬂrc]e;r%(ordcﬁ%f%rent transmission spans

and provides Nr transmit symbol streams, {x;} for j=1 ... Ny, for the Nt transmit

antennas.

FIG. 5 shows a block diagram of the processing units at receiving entity 350.
Nr receiver umits 354a through 354r provide received pilot symbols, {r”} for

i=1.. N, to channel estimator 384. In one embodiment, channel estimator 384

derives _ICL(m) , which is an estimate of the channel response matrix H(m), based on the

received pilot symbols. Channel estimator 384 further receives the steering matrix



processor 320 and NM steering matrices V(#z) from
controller 340 for each block I ength of NM
wOResERsi on spans. The steering matrices mayPOE/US2004/042236
retrieved froma steering matri x (SM storage 442
within nmenmory unit 342 or generated by controller 340
as they are needed., TX spatial processor 330 perfor.ns
¥Ya) i B q8eh cleansmisgionn spase 7 04, the eghimalgd reifective channel
transm ssion span mwth the steering matrix V(r) for |
response MEtEhias ﬁ@fﬁmé sdR(man ¥ () ovFerethiy prrhediment ihp gpegiving and
for the transm ssion span. TX spatial. processor 330 .

tramsmitng retitiesiaee synghemized ol botl eptities aise theasame; stestigy matrix
t t ai NT t ' I i ck
SRR B e iRl el R 1 AR proB GRS St fbpator 354
55 B o BB B8 S AR Sport mati
ra

mt synbol, sequenges. for different. transm ssio
’a]P?&e%r%\/iﬂEFe? eﬁrﬁlﬂ&tn‘?m Sbtrbo orsPP@aﬁ?, °§ enps’ chamnel
for =1 ... Nx , for the NI transmt _antennas. [0058]
Etidats 384 emevidesthe extimated) eEpgtyr ohprnebresperssimyriy dlydm) to RX
at receiving entity 350. NR receiver units 354a
&phhdmwesmg%r ovi de received pilot synbols, {r?} for
z= |

. NR .t h ti 384. | d
0051 £ RISk A gl Bl B iy )

b5Lea 5 EHE Neosrdus FEot e, MEORE > Branks Sl hrgegyor 360

384 further receives the steering.mtri xV for..each
RS 5% B TROnEaR, D SO ] Rizitels Vit 3 () ana
ef.fective channel response maf.rix as .He . = .

¥im S e O FarmpR O BB et PPRETIPE Phiahge kpepm in the art.
RKADMIJrbOGs R MO0 Ir&FEIEY EetSAATEBYIZ BF Bt ol RirRates) to RX
entities use the sanme steering matrix V(VK) for each
dataprogesset M. span m | n anot her enbodi nent, channel

[ 384. di. |y der. ' ' .
o S5 1 RSl BSR4 5 g e 378 s o

foidtiplesesm@ifipleRe (MeLDepshx)i 303t asd MI9Idata EREand @rbeessors. 510a
enbodi nents, channel estimtor 384 provides the

hequghatdanéf farctthe e Nohadfte| streagisons MpweDemix 4 308) reggives  and

RX. ti . '
SRR RlPRSes B8 ROk AR R ARR 4 Ay R 3558 Cfanncs o
H_, (MRinto N8t BEtE] EREEH 1 VWeieatiB ifé1Sthe M3 ditarsaeghs. 3 Mux/DBXux 508
spati‘al processor 360 perforns receiver spati al

FRAESH A ghadher! ddRnpl@aEItMgTo MUHDRIMROIZY atitidnsiitiing eatitst 310 in
usi ng any one of a nunber of receiver spatial i )
et T exdr dftre SURHB\RTOPIESAhEl Gr ¢ sypRol slgpagping unit 512
R&l?lggcﬁlﬁactgsr tth§ %gttegtre? ¥Mﬁ§§<‘}&t 6 L& AR Sstiehn ifl@k&rdance with the
synmbol eésti mat’es 0

modulation scheme used for that stream and provides demodulated data. A channel
deinterleaver 514 deinterleaves the demodulated data in a manner complementary to the
interleaving performed on that stream by transmitting entity 310. A decoder 516 then
decodes the deinterleaved data in a manner complementary to the encoding performed
by transmitting entity 310 on that stream. For example, a Turbo decoder or a Viterbi
decoder may be used for decoder 516 if Turbo or convolutional coding, respectively, is
performed at transmitting entity 310. Decoder 516 provides a decoded data packet for

each data symbol block.



data processor 370. [0060] For the enbodi nent shown in
FIG 5 RX data processor 370 includes a

woubdasiogbxer / dermul ti pl exer (Mux/ Denux) 508 andptiDusai0a/042236

[0061]

[0062]

[0063]

[0064]

stream processors 510a thradgh 510nd for the N D data
streans. Mux/ Denux 508 receives and

nmul tiéErLexes/dermlti pl exes the Ns detected synbol

stre S al channels of He (m into ND

U SHERP R SR MRl Sy on 0=

sbbdnie rﬂdxea@KOOPDM lsHAS01 béridtly) EMidrity Bakkniiskidr, Ghest. modulation
Wthin each data stream processor 510, a syrrbol

sybalspinegransformsd 2o dberbis- daraain (ysingan M rentsipeise Jast Fourier
f h :
e EE T, B & bR SAE PO Rt 0 iA-domain

e disl ceinedt Hiddreymibl Gliterferehced @SN whilck dveunsdilsly frequency selective
dei nterl eaves the denndul at ed data |a a manner
f

fading) armonien Yor Nt HEDSNelePICBInFEPTRISH 1 MR 15 Aerepigd to form a
Heg Haiéhb@gﬁi rgp{érfrbopg ]ﬁ&fx' H¥DRE %ym'ﬁofj?sc Rdmind® ik R OFDM

data 1 n"a manner
ﬁéfﬁfdlt @hichti® N heNenetdgipagodsewhereig isijte cyclic prefix length.
transmtting entity 3f0 on that stream For exanple, a

Tur baFgies dMIMO ofystamVitiae tilized cOBD™ (inmy 2 MIMEOe@FDYdE system), the
decoder 516 if Turbo or onvol u

spasyeptpdiesymay b R?éfOPB? eggh ?fité ‘%hagﬁ?ﬁﬂllgsgg it daja tsasmission,

e Lo

pétivd R Ofie FBAN Skl HNmEY BB BhrenodBir ERhsLBBISIHIAh @dch OFDM
on the NF subbands in each OFDM synbol period. Prior

dyénblol Pél‘-icb‘d ASiBath védies(kim)dedmiinonp sy Myalata Smebols for transmission
transtforned to the tinme-donmai n using an NF-poi nt

viaverNe spaial cianuels of H f6ns) domsubb&kdly it OFpdheyabe period n. Up
"transformed” synbol that contains NF tine-domain
toiNpsectdss, ekt farnk erlsy iidp) magtter frensnitted CbBivrrentipiavhthe Nr
i s caused by frequency sel ective fading, a portion (or
Nbparglyiip she OFDdAsymbalpedodr ned synbol is repeated to

form.ga corr 0 ol i .

t ranshit i é8§ﬁ’)? C{éga S@ﬁﬂ%@%@%’e@n ogﬁlt‘% V%gpsl\'lbaﬁ&rs in the
NINGIO-OFDM R §teMd SForvi@fld) each Gath MY block phdf b transmitted as
l ength. [0062] For a M MO systemthat utilizes OFDM

qrie. entry of Memc@m«cszysioe@m pﬁﬂleslﬁatsulé}anéspr éta@hlﬁgase each data
sed for

b f d.f
BPIHRS HRS Ao B SHP RGP AL RO B Rdency Hiferty. Bach
e ?}%ﬁditb?&k% je‘ﬁiﬁh@r §hh oadBbangiie @T‘i)l@:s%é}/m(ls Fach data

ctor s(k,n) may be formed for each
suiitohdbtbck niay thas kpam:ffekxllency and/or time dimensions (by system design) plus

spatial dimension (with spatial spreading).

The steering matrices may also be selected in various manners for the MIMO-
OFDM system. The steering matrices for the subbands may be selected in a
deterministic, pseudo-random, or permutated manner, as described above. For example,
the L steering matrices in the set may be cycled through and selected in sequential order
for subbands 1 through Ny in OFDM symbol period #, then subbands 1 through N in
OFDM symbol period 7 +1, and so on. The transmission span may be defined to cover
one or multiple subbands and one or multiple OFDM symbol periods. The number of

steering mairices in the set may be less than, equal to, or greater than the number of



synbol period n. Each vector s(k,n) contains up to Ns
data synbols for transm ssion via the Ns spati al

woherswedt4of H ( , ) for subband k in OFDM synmboi/UusS2004/042236

[0065]

[0066]

[0067]

[0068]

period n. Up to NF vectors,18s(k,) for k =l ... NF,

may be transmitted concurrently on the NF subbands in

one OFDM synbol period. [0063] The set of N D data

syhpzds- @@cﬂh@en%aﬁe%éespﬁ%ﬁotv?éar |In—\]/\£\vr=| dursNum e r & > may

SFechacoRag: 18 s v ni o e SRR BN VLot or

S( K, Morf@E PAGID-OFDMEsyNens UdlbR Neshsmitbert fihiS 33aSgerfd@ie NOFDM

data synbol block is transnitted on all NF subbands

modhlatishi e dbe frapsui rayynbeisy & silt Wr sbbpndsaeh as yasspsiated transmit
aglge?ﬁn% aon%éga:]éoggesgox@j% q{e% df CE%M g%lﬁ)oﬂ: %cﬁ%%gljmtter unit 332

furRsUQMEItions dh® OFDM%yﬁibUBﬁtﬁdaﬁﬂ&) gmeresysmeemodehtegrs)gnal Each
plus spatial dinmension (with spatial sprea

mmmmé% PP, R REEeR QFQM erdnBh gm s received

4R e 6 BB LTy Tk orou

ﬂsdtﬁﬁtiﬁnﬁnﬂtdemodn&aud arerlamdrnnm tlmrarpmdmﬂt deedbadiherein, as
descri bed above. For exanple, the L steering matrices
in the set may. be cyc ed through and selected in
sequebit Rigering M At eIy s 1 thr ough NF in OFDM

riod n hen ban FOuU .
Synbo*hezﬁeerg@ il ces Hsgaﬁg [ Spatia Iamgn r%uggheo%nlgggMamces and
SByfyBe filoki cdrﬂltg‘(@lver one or mJItl pl e subbands and
one or rrultl pl e OFDM synbol periods. The nunber of
steeri ng matrices in the set may be | ess than, equal
to, oN’die¥(®r=k hafor i kd nllnber of subbands. The three Eq (5)
cases described above for =NM L<NM and L > NM

may al,so be applied for the subbands, vvlth Nl\/be
bg?aci’ddqnpteﬁ the FonjygatreiEnspRse- tHagh piges: Jélafs Ns columns

g‘lﬁﬂtl %2‘%[6]{&5% [ I—s(l)f—gliz(af ({{f SH@EMGIE&% lggftrf]:h %Re.eﬂﬂg matrix
%f@oh o @%ﬁfqé%&ﬂgf RRale? léﬁ P oSRPEEYY' H8ud bave
Wﬁg{ g gr‘-iak ?:t[t)'\fr i%g%? \? vér Sf}ﬁtiet @) g‘gf‘r ﬁéﬁ‘%ﬁlan 1mer

the co Ierrentary O:DM denpdul ation_on its recegi
BOgv| OFf F¥LEEP nCQlpEng ét,fe;_V\ng sharld 8§ nBBPs %Enda $¥0=0 for

R
Q%g 3,1'1 n. B 8 mﬁt eer i léséI\/]%gt {rs%?c}:rc;@gpgqeé E‘%\%ﬁoﬁ’ﬁﬁ uﬁ"B"eﬁ and are

gllt‘llto g%ﬁM tHBhHE hﬁcﬁﬁer%%r to transmission.
Some of the steering matrices may also be uncorrelated so that the correlation

between any two uncorrelated steering matrices is zero or a low value. This condition

may be expressed as:
Ci)=V @) -V(j)=0 , fori=1..L, j=1..L,and i, Eq (6)

where C(jj) is the correlation matrix for V(i) and V() and 0 is a matrix of all zeros.

It may be difficult to satisfy the condition in equation (6) for all steering

matrices in the set. The steering matrices may be derived such that the maximum



satisfy the following condition: Y (0O Y(O=1 , for i
=1 ... L, Eq (5 where " H" denotes the conjugate

wonesgpote. Each steering matrix includes Ns cBCuUMS2004/042236

[0069]

[0070]

[0071]

[0072]

and may be expressed as V(@®= [Y1(O 2(O ... YNs (O]
For a given steering matrix V(O , the condition in

equatl n@%%qﬁ:ﬁng iq%:fng?géega%orl(%% ea%@yefﬁélgs”% (()%espgq(gomv Q atrices 1is
el A8 Il o
orhpytéd s shown MSe uat@ioﬂ (}?) Nee en@@y & (/) Tha$ be computed as

condi tion ensures hat t Ns data synbol§ transmtted
si mul t aneousl si ng st, eering matri x V(O have the sane
BT || €60 IIaF%%(%I tpGNal, wherconin (Ghést the lepranbin the m-th row and n-

transm ssi on»=[+9067] Sone of the steering matrices may

| so be orrel ated so g hat | at i et wes
g heis oLIRK6) 1 e eBtreR &6 gLl Deates of 201 @T i nd @) the
| owe\@';gl grolpl 2 condl tfl G?J)EBX"Be S%)(Bﬁgeﬁlg'gcegﬁg gerferatedEﬂlch that

%1@%“%‘%‘312‘ %*%’E%{"? FILBEH B SRl SRR B e

di ffi¢Hd betlo? 15 driloYmAthiBesC P intdyaie dﬂeﬁ%hlxaﬁoﬁﬁﬁla&%s some
al | steerlng natrices In the set. e steerlng

ohivhichese deyeribed Helbiny €thesset bf tsﬂeaﬂmg hmtm:ex nmyrengregypnplited and
the correlation matrices for all ible pairs

sloesdrat fep WaRSRIICIO8 and TRTSAYIAR sutities i %F%%qrgﬁmsﬁe% sg as they

(e debddda® rAl?erﬂ%ti‘éf%Wl} RRLE sk & g)@&ngﬁ% b6 putd Yy fé%% time as they

conput ed "as I'n equation . e energy of
mmyleb@dconputed as E(U=11C0Oy)II2=1 mn(U)12 >vvhere

ot "t FIG ¢ St S gvgip ey oceriod] it B S Pa @i e s
S;Kt&%ng)%aﬁrﬁaqg ( Dk R i€ s to 1N r FLRRD k& iM}0h Mrix to be

eerln ‘matrices are generated sucC

bORbatbd Bo168X6 THM LR N OY NE(nbthixf @ oftdndBi ¥a¥iables is then generated
Steering matrices is m nim zed. “10069] The set of L

IS 6119, MhE lembmts Of GMBY iRGepafdRE leflcdlly diskibRed (IID) complex
manners, sonme of which are described bel ow. The set of
sa‘aa@ianngnmhwaﬁeslemyclbh@vmg eeoitigati efd antt wiraned @An N, xN;
the transmtting and receiving entities and thereafter

E&rkdlhteradathiflof (S 6s B%n thayued s ReedEd.G é\broek gas). vel y,
these steering matrices nmay be conputed in real tine

as t hgjgeavalugdestasbosition of the correlation matrix of G is next performed
(block 618), as follows:
R=E-D-E" , Eq (7)

where E is an N, x Ny unitary matrix of eigenvectors of R ; and

D is an Ng x Ny diagonal matrix of eigenvalues of R.

The diagonal matrix D contains non-negative real values along the diagonal and zeros
elsewhere. These diagonal entries are referred to as the eigenvalues of R and represent
the power gains for Ns eigenmodes of G.

The correlation between the eigenvector matrix E and each of the steering

matrices already generated for the set is then checked (block 620). Block 620 is skipped



[0070] FIG 6 shows an exenplary process 600 of a
first scheme for generating the set of steering

worbosioceert4{V} . Initially, index i is set to 1pEomstiean42236

[0073]

[0074]

[0075]

first steering matrix to beogenerated (block 612). An
Ns x Nt matrix G of random vari ables is then
enerated (block 614). The elenents of .G are )
P e G auasting AT oL Sheak St 8 FEREYRbET @Empiceky (1) computing
LEMTEAR RARECCPREREA AR & 1B O SRCBnTRAREN ) already
%ﬁ@ﬁte‘&?'}‘&m ol as(iR 17, @)Cedmp@slg GEGinergP@f bhch correlation matrix
I genval ue "deconposi tion of the correlation matrix of
_@E})Sasf@é,ﬁﬁmrd‘bﬁﬁéﬁ(g) (dphmeing GABgnergsof @ch cumelaformbtrihgainst a
-E, Eq (7) where Eis an Nx x Ns unitary matrix of )
thiegholdeandi(4) déclRing hvd cDreletiom ifNthe gneaxgies dpmgldniatl correlation

matri x of ei genyal pe . Th i agopal trix
TBYFICE S 175 ﬁﬁ%ﬁﬂﬁﬁﬁv@@iﬁ%ﬁﬁ% o858 ?%@%Vd‘f%\’@%a?’éﬁn may also
RNgkeAChRE ! ReWMIBhahe T ftha aBRAtio N Hetsm@n&ion is then made
referred to.as the eigenvalues of R and represent the
wintker theiovs cowelatisn efitgdomixdest fofr e cigh0@zR} nex E (block 622).
correlation between the eigenvector matrix E and each
Bie love corddatidmeritamon iscees métrid dlsy coreglaticat eetweenr mafix Feand any
is then checked (bl ock 620). Bl ock 620 |s. skippedfor
Rm-gep?@tegs%t%eanign@am Pregedsrie @ﬁ@hﬂﬁmf BES i Hieetad, then the
e I r t icon X
i S sCrs Bk K14 30 UL DI a R B 7 TRt i the Tow
BN FRORIAEGhbt, fRh steefthg matrit V(i)Lis set 6dhal @6 FRdHik "B (block
the energy of each correlation matrix C(J) "as
sy Ccrsiherlgakame, V(i$lis & unRady Mtk RcanemiiriefE €aobtained through
cofrelation matrix against a threshold, and (4)
dgaivahierigcdmpositomy & siowariniefudtioa (Bnergies for all z- 1

correlation.matri.ces are,less_th the threshol d

& her AaRigop 6 QenBrq BRFEG AL Latr e g ar b e set have
Bé%ﬁ%ené}@%d_t(mo%k'@%‘" 1B ahfiPerSiSORE, BHentif@ed NtSRtRRNted (block
determnation i s then made whether "the | ow correl ati on

@28)1 end dhe ipgocess rétornst toe bluickedide to @enerater the Eextbiteating matrix.

2).. The low correlation criterion is not net if the
Sﬁ\ﬁ}‘g!sggﬁ%p{os&as&ggﬁn%“ x E and any prior-generat ed
st eer TRY si¥Biihg nAAERCEmetl@l Wihesldedsd. 600f nfahti e irfiprohed by (1)
case, then the process returns to block 614 to ) )
identifymgetha meirhelr stearing] maigoes withethaitighest energie fortheir correlation

o656 QRSB B v Roorpf RS pRu i the stoering
HiBfrick by L@jtadySmakridey (sariflatnthe resqlthEcatsiees@deralso fmitay matrices).

obt ai ned t hr ough ei genval ue deconposition, as shown in
Bl aniteyy mpatyices for the pre-multiplication may be selected to modify the two

steering matrices in a deterministic or random manner. The process may be iterated
until the maximum energy for the correlation matrix cannot be reduced further.

In a second scheme, the set of L steering matrices is generated based on a set of
(log, L) +1 independent isotropically distributed unitary matrices. A random unitary
matrix is isotropically distributed if its probability density is unchanged by pre-
multiplication by any deterministic N x N, unitary matrix. Index i for the steering

matrices in the set may be denoted as i=£,£,...£,, where Q=log, L, £, is the first bit



[0073] A determ nation is then nade whether all L
steering matrices for the set have been generated
wOhbi3oko826) . If the answer is 'no', then i ndeRrCI/US2004/042236

i ncrenented (bl ock 628), ard the process returns to

bl ock 614 to generate the next steering matriX.

Q. herw se, the process term nat %s._ [0074] The steerjng

HeRdaEcie 4 o g6 e lastdt of infexyy godeachduiCandpkden o yplug 0Eaitsy 0 or 1.
1)_identifying the pair of steeri matrices with the
e SSPTIRG RIS By theaibe &?B?fﬁté’ﬁé? Fﬁgﬁ’%t rix and (2)

"separating" these two steering matrices by

e 1 S TG B TG Tam b ot et Brls  Ba®
unifary na}{igss)h The ugi;:rgcpatrices g?; t?ﬁe -
e Vg Raofrs Tdrbndidt BPPE: ARPRRL istey Fudpig ma

The process may be [teragtedq_untj!l the maxi num eper. .
for t¥e -dek /ailati @nisl h%%am%Persgn%@a%%wTWﬁ%ﬁ?d unitary
[0075] In a second schene, the set of L steering

matrices i9¥&nerated based on a set of (log 2 L) + 1

RS SES, P e LB, Y0 A o .

distributedf its,probabjkity, densdty i C g
PRkl R BN R S R IR e o
etgtusturé URkaly $pticelThile Age¢ddivg: TBhstellpidvpns, N [EBB F@hsaction on
may be denoted as i = 1.. , where Q=10g2 L 1 is the
Infqranatipn {Teoryn¥ek 48, Ny 4, Apfihé09%ast bit of index , and

[0076] each fﬁ' gl fiin Séh%h’l% ?/r{éh&t \é?ngﬁeéﬁnéeflen gg:'é; gﬁ g%%w%?? fﬁcciessively

steeringnatri cesmayt henbe gener

rbtating an initiat M@tdrPbtedringZmatrik Y01)! th daON{-8)metdsdhel Odehplék space, as
an NX XxNs i ndependent 1sotropically distributed

fotiotvary matrix; and Qe/ , for =1 ... Q, is an Nx xM\

i ndependent isotropically distributed unitary matri x.
Matrix VO may, be defined, for exanple, as VO " = [INs

0] , WietdF8sY@) anfeesi xNs- Ldéntity matrix. The Eq (9
second schene is described in further detail by T.L.
Marzetta et at in "Structured Unitary Space-Time

wherec Biinap SansNeldiagondgitery) pptpx thaf magyche dofinehas:

I nformati on Theory, Vol. 48, No. 4, April 2002. In a

third schene, the set of L steerikng matrices is

gener at edeby“succedsi vel'y rothting an initial unitary
steering |matgi x Y% n..an Ntgdi nensi onal conpl ex

space®’ . . : . ) Eq (10)

0 0 e J2mauy /L

and u;, u,, ... #y_ are Nr different values, each within the range of 0 to L-1, which are
chosen such that the correlation between the resulting steering matrices generated with
the matrix @' is as low as possible. The Ny diagonal elements of @' are L-th roots of
unity. The initial unitary steering matrix V(1) may be formed with Ng different
columns of an N, x N.. Fourier matrix D, where the (n,m)-th entry, w,

is given as:

am?

2 )

W,, =e Moo forn={..N;}and m={l.. N}, Eq (11)



follows: Y ( +1) =Q - V(1) , for I ... L-1 ; Eq (9)
where @ is an Nx xNx diagonal unitary matrix that may
woeod@binred as: J2p-u i/L 0 0 j 2p-u2 -i/1 0 QpCEHUSZ04/042236
(109 J2p-ut -i/-L 0 and UR2 u2, ... t are NT
di fferent values, each within the range of 0 to L-1,
whi ch are chgsen such that .the.correlatian between {he. .
WhRaFE 17t 1T &g i iacelungR e eJEﬁwﬂPﬁi $Femisgls desgtibed in
. _ . The . )
GuLnidl b 08 mespiel T Sl dnanl o o i Tne
ComstallationshIEER Tvfdshctivayorbfemratiod Tiepty, Nbold#6,f Me.ehtSeptember
Iourms of an Nx xNx Fourier matrix D, where the
% .M -th entry, wajm is given as: - j it-(B1)(MI)

00771 W 1M aTFobrthNschended theseFoAL steeridd mhtrRB8lisBehérated withta base matrix
Eq (Il)where nis arowindex and mis a columm i ndex.
Bhand diiffeckns sdedare  The bescmatvizdnahbd arW dleh nuhdtizgial Fdwyier matrix, or
B.M Hochwald et al. in "Systematic Design of Unitary

] A larger

S - Ti me,_Const el | atj " |EEE T ] 1
o e PO T 2 DA e g gl e 2D o
[0077] In a fourth schenme, the set of L steering

B WatBSmhtBix OANE! atigsl, Md fobmad B8fea SMAlldrsiR WaBh matrix Wy, as
different scalars. ThHe base matrix nmay be a Wl sh

folibtvkx, a Fourier matrix, or 1 1 sone other matrix. A

2 x 2 Walsh matrix be expressed as Wx2 = A larger 1 -

1 size Wal sh_nmatrix W N may be fornmed froma

smal | er sizel Waksh Wi Xk WAXN, as fol | ows: JWKNXN -

WP - NXKEMARNK _WEQ, (1p) Wal sh matrices have Eq (12)
di nensi ons t NI € s of two. Fourier matrices of

any square

Walsh matrices have dimensions that are powers of two. Fourier matrices of any square
dimension (e.g., 2, 3, 4, 5, and so on) may be formed as shown in equation (11).

[0078] An N, xN, Walsh matrix W, Fourier matrix D, or some other matrix may be
used as the base matrix B to form other steering matrices. Each of rows 2 through Nr
of the base matrix may be independently multiplied with one of M different possible
scalars, where M >1. M™™ different steering matrices may be obtained from M
different permutations of the M scalars for the N —1 rows. For example, each of rows
2 through Nt may be independently multiplied with a scalar of +1, -1, 4, or —j, where
Jj= J=1. For N, =4 and M =4, 64 different steering matrices may be generated

from the base matrix B with the four different scalars. Additional steering matrices

+jz/8

e

+j37/4
IS , e

may be generated with other scalars, e.g., e timls , and so on. In general,
each row of the base matrix may be multiplied with any scalar having the form e’?,

where @ may be any phase value. N, xN, steering matrices may be generated as
Y () =gy, -B(), where gy = 1/ JNT and B(7) is the i-th matrix generated with the
base matrix B. The scaling by g, ensures that each column of V(7) has unit power.

[0079] Other schemes may also be used to generate the set of steering matrices, and this

is within the scope of the invention. In general, the steering matrices may be generated



di mension (e.g., 2, 3, 4, 5, and so on) may be forned
as shown in equation (11). [0078] An Nx x Nx WAl sh

worbosiogoiM, Fourier matrix D, or sone other nMRCTIUS2008/942236

[0080]

[0081]

[0082]

[0083]

be used as the base matrix 28 to form other steering
matrices. Each of rows 2 through N T of the base

15 PAPAATINIOTSTBIET de g, ek aniir &ohpHeme) o ardertiinisfic manner
@'_%’fsﬁl{;}%ﬁm@%&%mgﬂdﬂﬁ}dgcﬁaﬁe?ay be obtained fromM 1

' h
I

erent permnutations of e Mscalars for the Nx -
rows. For exanple, each of rows 2 through Nx nay be
i ndepBn@erfokmancgg ti plied with a scalar of +1, - 1, +,
or - | , Wwhere | = - For Nk =4 and M= 4 , 64
di f f t7 shosslely ot suraating digfEbgacrefuactien (G¢IOR) efHbe overall
ase N | e, f ' t I i
SRS el B ] M ROy S8 3t i i ysem,
Ok hednsEf@ihar stitye -ig-equ@PE& witte Jpard trans@jit Rhtenn@NIN§G= ON.and the
In general, each row of the base matrix may be
feobivingl eneith isieghipped withabar rebave mgtetuims (Nyy #49] The MIMO channel
where g may be any phase val ue. XNx steerin

N
issssunessistorhgyastsisseythed rabperi faasqygtion(1y The @W@ﬂgwwmch is the

e AR P A TS SR B b 1y Wi oo

2O 1aBMTRE rMeRifiasntityi & d8auedd td DO WSihg@ hefintehenes sqare error
al so be used to ]genera,te the set of steering matrices,
AYINISH) recejver gpatigl proe¢fsing derbBigye- t he i nvention. In

ener 8l 71 ' ncthSRE I019E BRI SRRl BYcPh Ik tBHR @se in which

- K i
pseudo-Trandom manner (e.g., such as the Tirst schene
spatial sieteling iv séti perframedr Frecyal, effivichcyass given seamitd of bits per

and third sche . E. Performanc Q80] EI hoy
008 B LG (oDt Foh 6o PR G gt T (D digates the
f o . . ¢ -
BRGNS 9 RERL Rkl SR BSY B Lo Pt ample, poin 712
indivatesithdtitheye éns oy pesertoiDPppwbabitity éfdhe overaHspedtral efficiency
ntennas (Nt =4 nd_.the receiving entity is equi pped
ok o D BPYE SR SN e, TS WS- CH R encodes

it BSRHIR Halatat B Reraflase!drveshsADS eonf tEre 88l dhk PBrcbddprobability
The recelved SNR, which is the SNR of the received

thatibelrecepringentity wik aot beadile torcostsatly decoge Sieedsia. s prpbability is
sunmed to be 20 .dB..The regceivihg.entity is assuned

f?%o B‘émﬁlgfl]s{gregﬂﬁ‘g HY FUES nRERES B5Y a@ ﬂgﬁ or ( MVBE)

recei pRis FpAt 730 apd OTEB Shévy the WIDFEWE. the WBAll Bpeatrall Efficiency

shows the CDF of the overall spectral efficiency for

achaevied swith spotial Grresding vsing Py d80indg 01 Stageng Jetirigpsaaespectively.

h tioi $ ; co .
BOGE 17, W AP0 , VL SR o v
§¥cotrali FACi¥ncy; beidpewiISE thandi2ch1¢$ dnkd€ 5.8 bps/Hz, respectively, with 4, 16

and 64 steering matrices, respectively. For one percent outage probability, the use of

spatial spreading improves the overall spectral efficiency from 9 bps/Hz to
approximately 15.8 bps/Hz (with 64 steering mairices) for the exemplary MIMO
system. Line 750 is for 50% probability and may be referenced to determine the
average overall spectral efficiency for the four cases.

FIG. 7 shows the performance for an exemplary MIMO system with some
specific assumptions. In general, the amount of improvement may be dependent on

various factors such as, for example, the characteristics of the MIMO channel, the



probability of the overall spectral efficiency being

worse than x . For exanple, point 712 indicates that
woOhers@ei4a one percent (10 ) probability of tReT/US2004/042236

overal | spectral efficiency4being worse than 9 bps/Hz

wi t hout spatial spreading. If the transmtting entity

encodes and transmits data at. an o.viarall rate

i of. 9
nipere! Rt eRbFECIVE ARtomes. Bt SRATR! BROSBHIS teehriafapsed at the
hEERkY] bk bfd Widdu]ish sBifen@RhRed for@atd @hfshission, and
eRERE SRy, B9 EabL S e e Carmonl g o and so
oheferred to as the "outage" probability. [0082] Plots
720, 730 and 740 show the CDFs of the overall spectral
effi ii achi eved with spatial spreading using 4, 16
ané Mi&ﬁ% matrices, respectively. Points 722,
732 and 742 indicate that there is a one percent .. X
[0084] pr obabMISOysysten: ¢vaployemaltiple () tieasmié PRicERAS 9 § TgRTHIng entity
rse. than 12.5 n oF S i: ,
(St edity Yooty & HeoBRal PRRY Ry BSR4 MisoO

cDBfhe Bt tbyahé Ngerapsmi abichhdsyandtihesitigle redeivepamtanah is composed
spreadi ng i nproves the overall spectral efficienc
offraminglebmlggcha@nglppffbﬁiMhﬁ%wym@l anaphe HkareWﬂFFdéhy a 1xNyp
steering matrices) for the exenplary, MEV] O ,system

chepgeel 7SEPONge RN IR pho FENFY il8 Jﬁ’ =i by }Eye]r Shereo gty By, for
to determi ne the average overall spectral effi cﬂlen,cy .
fod .t f Wt%ﬁ@@“l[l@%lsﬁtwﬁf@rm?sn@ﬁ dliisnpg, 4 and the single receive

performance for an exenplary MBVIO systemw th sone
Pfic assunptions. In general, the anount of

[0085] | NPT GYRRENkprRRYinP oS IRNESAL 1O NraM@fthiodSad atfettive JUSID channel
as, for exanple, the characteristics of the MBVIO

atisevad by thésingletratennd reqeiingrntityfe thelcrerfpemanaeds mgt dictated by
he spati al [ 0cessi,n e i que d hg r i\ .
RSB RB RA coh NSO o AR eni

onh Sc¢h

fomb EFUNEIhrd6dseing withth S6 oOsteerhg W63, Syst em [ 0084] A
M SO system enpl oys nmultiple (NI) transmt antennas_at .
[0086] a traReeinatichgrosatsing afhe Bansmbing ety i spaveb sprgadipg in the

Vi t] r..data transm ssion. A M SO
@éa(ﬁﬁgtgﬁfl%?a%e%é&%tg%gaﬁ T transmt antennas and the
single receive antenna is conposed of a single spati al

channgl . (hevih)SEHNannel may be characterized by a 1x Eq(13)
Nx channel response row vector h , which is L= [ZZ1 h2

... N5 where entry hj , for 7 =1 ... Nx , denotes

where cowpl israglabretymbohtc beseshint transmessien spamwy t he singl e

recei ve antenna. [0085] Spatial spreading may be used

to raldehisza Np*dfStessnEvect BotapgRisEn span m; and

(m) is an N x1 vector with Nt transmit symbols to be sent from the Nr

X miso
transmit antennas in transmission span .
[0087] A set of L steering vectors may be generated and denoted as {v}, or v(i) for
i=1 .. L. One steering vector in the set may be selected for each transmission span m
(e.g., in a pseudo-random or deterministic manner, similar to that described above for
the steering matrices). The transmitting entity performs spatial processing for each
transmission span m with the steering vector v(m) selected for that transmission span.
[0088] The received symbols at the receiving entity with spatial spreading may be

expressed as:



observed by the single-antenna receiving entity so
that performance is not dictated by the worst-case

wohersedi4econdi tions. For the M SO system the PCT/US2004/042236

[0089]

[0090]

[0091]

[0092]

wheea gi(m df aecgiveisyab

transmtting entity perforrms spatial processing with a

set of steering vectors. [0086] The spatial processing

at the transmtting entity for spatial spreading in

t he M@Fﬁ@dﬁ”ﬁa&(’@é’é&(éF&aﬁ@'é MEG ) =\im  Ea(d4
-s{m , Eq (B) where s(n) is a data synbol to be sent

in transm ssion span, nm_ v( i.s.an N1 x 1 steering
%W%ﬁ%@ﬁ“%@aﬁi”éo(m is an Nx x
| vector wi.th N .ransmt.synbol s.to _be sent fromthe. . .
N T tkatrahit 2l SRl RS RS pg ik is
set of L steering vectors y be generated and denot ed
as {v}, orhejyl@ﬂ=g(ﬂ‘)'¥%’f’{z"?ﬂ?L One steering vector in
the set nmay be _%gtlaect ed .for each transm ssion span m
(e. g.7(m)pis AheQIRFHST FaFUTRYY SPABEr i ni sti ¢ manner,
simlar to that described above for the steering
mat r iAseshowriTineequations (14)t bergussnef thy spetidispresdipgenerfarmed by the
ssion. s m
(S

%&%ﬁ&ﬁ% ne\%lggi?roar %3%2?}%&8{1]2 cam PRse ag?l t‘\#g‘%gﬁé gczlla%l}]el response

%E?ﬂ , wHRBShcTRS EIF:CQ&tMaﬁdclﬁﬁﬁ@oﬂegrp&%e UK\%) 86@ItNd Bering vector

y Wwth spatial spreading may be expressed as:r(

Y?%Pl ;F}ﬂ%)n?e.cei%r@ R Vga;n E&ﬁ%{ﬂ] ?ét@@tio‘h R€.8), mafefled Mfldering or

IS aTrece or transm ssion span

dbialbRtib) orl e deteRiell 8pibyIe CMRRIE arl EFRARNS EhdndE] response estimate

transm ssion span m which is Kf (m - () Y-O; and

kS obtdfh NS fyMbdld 808N 8SE REoWR D tHE arl. 0DBOlecéiving entit
@‘Sﬂ?’v\% iﬁ equati on (}?gfb because ofothe spati al CoCHVIng enily

RRh&HbOG s lo0r duRthdRlatdsh eihfeAB&HEs | zlﬂdﬂ%c@@és? the d@edled symbols
synbol stream observes the effective channe response

F(()ntp obten decoded flafdes t he actual channel response h(m
and the steering vector, v(m. .. The, recejvj entity
can perrdeeing e ‘bﬁqg & %g?}alﬁafe@ g R i%Fet Qﬁ?qug m’should have

lizat] .h [ nb it .
SR Sblehmhil ey BRSIZL Rintel heftr (o Mot s Bt power
i . i . T )
LI AR o8 DELSTNR b gy i
vbeiond Bralyedsodss wimodrehiedodeth)t thheortelation betwegmisoy $we @ngorrelated

to obtain decoded dat a. . .\
steering vectors 18 zero or a low value. This condition may be expressed as:

c(i)=v"(@)-v(j)~0 , fori=1..L, j=1..L,and i j, Eq (15)

where c(if) is the correlation between steering vectors v(7) and v(j).

‘The set of L steering vectors may be generated in various manners (e.g., in a
pseudo-random or deterministic manner, similar to that described above for the steering
matrices). The columns of the steering matrices generated as described above may be
used for the steering vectors for spatial spreading.

The spatial spreading techniques described herein may be implemented by
various means. For example, these techniques may be implemented in hardware,
software, or a combination thereof. For a hardware implementation, the processing
units used to perform spatial spreading at the transmitting entity may be implemented

within one or more application specific integrated circuits (ASICs), digital signal



[0090] The steering vectors used for spatial spreading
in the M SO system shoul d have equal energy (e.g., ||

woee)/ppd4= v (z) - v(z) =1 for z=1 ... L) BOTHISAI04/042236

[0093]

[0094]

[0095]

[0096]

the transmt power used for26the data synbols is not
vari ed by the spatial spreading. Sone of the steering

vectors al so.be uncorrel ated ,so that th )

BOPTSETaL (P She R R ISRy PRSI 0ISVAIEA L LAPE e Proggrmmsble Togic
19T ®1I5%) Z arrhd e

SEEET LD Bl LS o SPGBt

micko-contrdllers, amibroprpcgssdzg, Oths) eldednonice (mity desighdie to perform the

i IR M Rl et
%&fﬁr épﬁﬂﬁ pPBEEISInG af ﬁlegf.ec‘?i}’iﬁg RnBSAHENP 2158 M AMpRimented within one

etermnistic manner, simlar to that descri bed above
éromoneaSIEiscBBPs pronessors @8g so The col unms of t he

steering matrices. generated as described )Y} Yy pe
used P8t & REEFE oPTETGRaHeh oo oroah PRl focifipes” may be
{823ntdd evigP alddales YBES dibdtduiceChRcHNES abe el dd)atlat perform the
herein may be inplenented by vari ous means. For .
fmghinsedesenifeascheareinh nihgurodwiers costss Ryl bhitateddinj pemory units (e.g.,
[ f P C ' ' f r
REPEE s 20 iR 1p PEG™ (R BAALEEY A BRICERLr (i offymgtiers 340
per 180 NThp atcnddry Spit eagibegmaltenidneedtwislia thd proogs@rdriekiernal to the
may be inplemented within one or gre g%ppl i.cation ) )
Bi9ERSSP, &0 WHichGRsh 16 ganths cqmupunicatsiel§ouplsdde ¢hg processor via various
j SPs), digital signal processing
gigggggdggg%gfgt,ﬁe %{aogr ammabl e | ogi ¢ devices (PLDs),
fi el dHpadingsaare bdcdudpdt beraimr fyrsrefdEBaas pnd go oaid smolaating certain
control lers .cro-controller .M.Croprocessors, othe .
SIFBEEY oRie HEPIGETE Fph Biendgt Jo LY T BREDS Uhibt FOREDS described
ARRGH uh&d, I ele cOicePtsGRIPhARL dplictiRiSAf othdNRctions throughout
processing units used to perform spatial processing at
theentiecpesifingioant ity may al so be inpl emented wthin
one or, nore. ASI.Cs,. DSPs r,0Cessor nd so on.. 93
For aTuEPEvisPE drmp bt P AR eyERrR NP gt fyptabte any
hESHNUEGIGSIn Y aR Qo infiRE SFBY B prdskit ifPEHIbAS Vatiols modifications to
procedures, functions, and so on) that performthe

thepre embedimgatswillbeairendiby ppparenh do ke whilled én thesarirgpdise generic
PR ORI, Wl B REP YRy Aol it om

ﬂié"ﬁfphﬁ' drafcspS4PiRndvation. THue, fhie Péseniiniventionyis i@t intended to be
i mpl enment edpvvithi n the processor or external to.the

brgeddaothe smbagfiments shewn herein by ds I8 nbaiAscoadsdy, they widest scope
CRURGEE v o BRIMEr AT iorkd Rt dMRoslBRARIES, | o, TTO

reference and to aid in |ocating certain
WHAT IS CLAIMED IS:




sections. These headings are not intended to [imt the
scope of the concepts described therein under, and
woOhes®eciamcept s may have applicability in ot hePCT/US2004/042236
sections throughout the ent2’re specification. [0095]

The previous description of the disclosed enbodi nents

is provided to enabl e any Ei&a skilled in the art to

make or use the present in i Vari ous

nodi fications to these enbodinents will be readily

apparent to those skilled in the art, and the generic

pri ncl.pl esA dedthotbof frecassing deip foriransmission ine@ veitdiess multiple-input

enpodi ment s, wi t hout departing fromthe.spirit or scope
SRt BT R IMO Crr SRRt B RARTGER, | on 75 not”
i nt englgekskifg ABtalth BhiaBflatl1east B 1168106H ARyl WAd her ei n

but i's to be accorded the w dest scope consistent with
t he ppdrfosingigespatinlipreesssingfamathe rag deagh ene loeld ofi dptajsymbols with a

T IR R RV S, T R——

Platdlitp betrhii@it amfehridsPlvBereiit e tplirblitykdf steemiy thateitésoandomize an
system conprising: processing data to obtain at |east
tine HENQ rhanaebobsgivisd by a raerivips ertly #oi§e aplgast ope block of data
%%@%E§sing on the at |east one block of data synbols
a plurality of steering matrices to obtain a
plurality of sequences of transmt synbols for a
plurality of transm t_antennas, wherein the plural,]

t
of steeri nghsetodof clain domhseimihe Preceating datgyiq pptain the at least
DNAanR&d o SWI%J&) fgceiving entity for the at
ck o0

east one a synbols. 2. The nethod of
cl ai nercpdinhentitn geheraterabestinahladhiod codedalateaand t he at
| east one_bl ock of a.s 0 ri.ses encodi ng,.
ot . DO RIS s RIS U e G OHED b o rtap g, ok of
dxgeghvdieppi ng each bl ock of coded data to obtain a

corriespondi ng bl ock of data synbols. 3. The nethod of
claim1l1, further conprising: partitioning the at |east

one b) ock data.s ols knto a plurality of
subbl Bcks @ée@g d&?ﬁ%&@:h’gﬁg%“’éﬂ Bt1&g a steering

mat ri ¥arfi@énif@ et AUBRL 0AK bRIk d#idatasyipelsSintodd Fhm&lﬁy ®ff Bubblocks
the perform ng spatial processing on the at [east one

bf ddksyambadsitead synbol s conpri ses
selecting a steering matrix for each subblock of data symbols, and wherein the

—

performing spatial processing on the at least one block of data symbols comprises
performing spatial processing on each subblock of data symbols with the steering matrix

selected for the subblock.

4. The method of claim 3, wherein the partitioning the at least one block of
data symbols comprises

partitioning a single block of data symbols into a plurality of subblocks of data
symbols.

5. The method of claim 3, wherein the partitioning the at least one block of

data symbols comprises



perform ng spatial processing on each subbl ock of data
synbols with the steering matri x selected for the
weubdsioecies 4. The nethod of claim 3, wherein tReT/US2004/042236
partitioning the at | east @8e bl ock of data synbols
conprises partitioning a single block of data synbol s
into a plurality of subblocks, of data synbo)s..5. . T

ot hATOnE PR IARGHBEHT ALy 18 fgrH 4f subblocks of

qlsﬁ” e bl ock of data synbols conprisespartitioning
da&p rbgFgl'ty of bl ocks of data synmbols into a plurality

of subbl ocks of data synbols. 6. The nethod of claim

3, wherein_the partjitioning,the at |east. o l.ock of.

Gat o Gy o orte TRl bh el s Fhor g Rk gadEhind Hie AUBRE B block of
d%ka%%&%is&%;ﬁ‘iséé’”bm s into a plurality of subblocks of

dat

synbol s such that each subbl ock includes data
sy mbqastitionirg thaeh laast etecblack pdae spmnbolsliniele plyralify,ef subblocks

TR b DP e pE SRR A L b e
ks in a plurality of transm ssion spans, one

subbl ock in each transm ssion span. 8. The net hod of
claim3, further conprising: transmtting each

subbl7o_ck Oﬁ%esrﬁ&h&@l)f'%iaig{n?,gﬁﬁﬁ&dcoﬂﬂ'@iniy”b°| s fromthe

plurality o ransm as In‘one-synbol peri od.
9. Theangkitting tiof platatityroBsutblodkbef spaiatly ipsodegsed data symbols in a

transmtting each subbl ock of spatjally processed data
rlyaliby] of transiRissieg spAngy oG Subblerk i %?HL‘ HHARSTINEIR BRAY- on a
respective group of at |east one frequency subband.

10. The method of claim 1, further conpri sing:

t ranssr t t i Tig théthopbiiclaim 3 yfuchersempeisings of transnit

nbols framth I [t ft 1t t .. 11,
The rEHBRIGE Bk THOblock P REri B BReE G UL ey fom the
;Ethgtng)emﬁinbﬁm aafenﬁasqﬁ&)hhe GyBAIefiSs. fromanong a set of

ring matrices, ere i's an integer greater
t han one.

9. The method of claim 3, further comprising: .
transmitting each subblock of spatially processed data symbols from the

plurality of transmit antennas on a respective group of at least one frequency subband.

10.  The method of claim 1, further comprising:
transmitting the plurality of sequences of transmit symbols from the plurality of

transmit antennas.
11.  The method of claim 1, further comprising:
selecting the plurality of steering matrices from among a set of L steering

matrices, where L is an integer greater than one.
12.  The method of claim 1, further comprising:
selecting the plurality of steering matrices from among a set of L steering

matrices in a deterministic manner, where L is an integer greater than one.

13.  The method of claim 1, further comprising:



12. The nmethod of claim1, further conprising:

selecting the plurality of steering matrices from
wanwigea4set of L steering matrices in a deter RCTiIUSRG08/042236

manner, where L is an inte@fr greater than one. 13.

The method of claim11, further conprising:selecting

the plurality of steering matrices from anong

a set. .of .

L st eglecting tha pluedyf SFEmendaiies N8 §t58§ r"%r}g steering

LSS Il . RSER ik sbGuedfiall dHHEYYhere L is an
Ig?&élg Seﬁtc%dglr@gﬁ%‘ﬁgfﬁ@ LF%{eééﬁg%hod oe?' 1iglsa(lfum 1,1 fu??her
inlepprdreataghasedect i ng the plurality of steering
matrices fromanong a set of L steering matrices in a
pseudo-random manner, where L is an integer greater
than pne. iR mdiheq BESIARE1 Huthérdotpdisigtr t her
conprising: selecting a different steering matrix for .
each sefectihe the phuhlityyofosteeringh magtiess dfom sanaongy Atset 9f L steering

16.. The nmet hod of, claim 3. .further . IS0

et PR Py B el Fy SRR b ane.
each subset of L subbl ocks anong the plurality of
subbl ocks, where L is an integer greater than one. 17.

The nkt hodTlsfmethad af alaingBcfueher ORPISING al i ty of

st eer| . I -upi : ' . Q6 of dat
o 1 ST b S P bR plfRhdi] 38 phfie] BEoIEBIRS of data
dfyaweld. ow correl ati on between any two steering

matrices. 19. The nmethod of claim 1, further

conprising: generating the plurality of steering

matri ges W [ lity of

scal air:bg. ‘é"gﬁé‘?ﬁtgg&né? ﬁlggl& ?)Tfﬁgﬁggcr%% fm S?{ug?t her

conprdeddctigg agkfiecat order ¢fHe stobnimginiatrices forshadesubset of L subblocks
matri ces_based _.o n.initial .unitary matrix and a
anergcHia Pl of Seolocks WRsE L b iieery Seastiud opd an

i nteger greater than one. 21. The nethod of claim1,
further conprising: generating the plurality of )

st eerlhg nihe metiwdoefsddinod, avhsrain dlie phigdihe vd strering matrices are
isotropically distributed unitary matrices.22. The
%{aﬁb@aﬁ}cea aim1, further conprising: processing the

plurality of sequences of transmt synbols for

ort hogonal ) _ . '
18.  The method of claim 1, wherein the plurality of steering matrices have

low correlation between any two steering matrices.

19.  The method of claim 1, further comprising:

generating the plurality of steering matrices with a base matrix and a plurality of

scalars.

20.  The method of claim 1, further comprising:
generating the plurality of steering matrices based on an initial unitary matrix

and a diagonal matrix of L-th roots of unity, where L is an integer greater than one.

21.  The method of claim 1, further comprising:
generating the plurality of steering matrices based on a set of independent

isotropically distributed unitary matrices.



frequency division nultiplexing (OFDM . 23. The net hod

of claim1, further conprising: selecting a different
webtewsricoug4 mat ri x for each of a plurality of frequaseln4/042236
subbands used for data tram®m ssion. 24. The nethod of
claim1l1, further conprising: partitioning the at |east

one bl ock of data synbols into a plurality of

subbl ocks of data synbols, each subbl ock of data

synb bej i { f i5.3L 0N on a

respgiczt?i vgh%%ggt%é%gpgiaﬁgé’a@h%ﬁfﬁﬁgg%éncy subband and

f r ompirbeesgihgr thei plpraifty t ofaseenceano® traasmit asyntwie rfer rorthogonal

he perf.orm ng spatial essing conprises perform ng
éw@ %leweég%%ﬁg’xmg(fjﬁ@mbm ock of data synbols for
each group of at |east one frequency subband with a

respective one of the plurality of steering matrices.
25. A8.appHrcamethod of clam 1 cfuether aemprispige- i nput

mul ti pl e-.out . CO nj L Ol SHST

con‘prﬁpeLelc ge aﬁ%"éé’%%%@%ﬁ@ﬁx og%%’ o%easlﬁ&rt?g%yac’ftﬁoeq%?cgi sybbands
&ed ksamta ea8ndsfipk of data synbols; and a spati al

processor to perform spatial processing on the at

| east one bl ock of data synbols with a plurality of

st eerd ng I t [ | of sequences

of t r%ﬂs m!xfﬁesr?%@éflg??lg?ﬁ g’ %ftu?rg({oﬁp?ﬂsg “transmt

ant engistionde kiRl a1 1é43€ ofd blogk bf WatafsysibeBrintoga phukality € subblocks
random ze an effective M MO channel ogser ve

oledaia plL eech gubblpckiofday symbals benge %n%@t@%ofgy atsgpission on a

jg . : . .
SRS D RO Sl O AR APRIE, BFRE o amemi
aehnabeandi whereinhthb perflrnaihg spated pdatessing corapries performing spatial
Spariaeds: O SPHOHS shAblbo pheh BBttt off Foguency
Sirbaid Wih gg%éi)gftﬁ% RHe®f W J1@hty BHstdeARS naficed he

appar at us aim 25, erein the spatial processor
partitions the at |east one bl ock of data synbols into

Soat LA pr SECuNTH A ch o RuTa PGB BT umno)
W{lﬂgﬁﬁnojyst_@ﬁ;’@o@gggﬁé&s with one of the plurality of

steering matrices. he apparatus of claim 28,
f ur t hedate prasessor togprogess date to phtain at deagieansdilock oftdatarsymyols; and

matri ) sgatci%{%raoggsrs] {3 p%]‘:sttomcl) fspa{tia%l%gégsﬂ% JFRhE iaPl%gst one block of data

symbols with a plurality of steering matrices to obtain a plurality of sequences of

transmit symbols for a plurality of transmit antennas, wherein the plurality of steering
matrices randomize an effective MIMO channel observed by a receiving entity for the at

least one block of data symbols.

26.  The apparatus of claim 25 wherein data is encoded to generate at least
one block of coded data and wherein each block of coded data is mapped to obtain a

corresponding block of data symbols.

27.  The apparatus of claim 25, wherein the plurality of steering matrices are

unitary matrices.



for each of the plurality of subbl ocks of data

synbols, where L is an integer greater than one. 30.
wohersappian at us of claim 29, wherein the contr oPCEMUS2004/042236

selects the plurality of stidering matrices from anong

the set of L steering matrices in a determnistic

manner. 31. The apparatus qof claim 29, wherein the..
cont 28 | el'hg @ppara StolﬁélaBP@SaWﬁ?rﬁl e&%g?m?ﬁeﬁﬁ’f patitigns the at

1ddsP ma@%?&ﬂ 5 8ats folsL%ﬁcS SEH 1Rty BE shBIScltsNof data_symbols and
pseudo-random manner. 32. The apparatus of claim 28, )
peffernes spatilileprivdeing et each wf ithe plasality ohopblvsks bf defaswapols with
di vi.si on mul tipl|exin OFDM) . 33. An apparatus in a
%Ppéth@éurﬁ%ﬁyﬂfﬁ{esn% Gl ti pl e- out put (M MO

communi cation system conprising: neans for processing
data to obtain at |east one bl ock of data synbols; and
meang9f or Therpparaius 9f slain 28/ fupgherceogwrisigon t he at

| east on | ock of data.synbol s-w t [t .
st cor AR stet b Aol HgbS rii s ey dcling matrices
16f edch 0 818 JludHRLSH stbbletkso fldlatal syhibols, wheterlafysi iteger greater than
antennas, wherein the plurality of steering matrices

angandom ze an effective M MO channel observed by a
receiving entity for the at |east one bl ock of data

synbol s. 34. The apparatus of claim 33, further

conprigsi Nrhermppatds@T chamt%, inbstegthelvenablldreakttsaheplurality of
bl ock of data synbols into _a plurality af subbl ocks of
stReting SYARSS Sonh HEAREIS seinf %%Pf‘é@&%ﬂéessl{l adeteRymigicpganer.
for each of the plurality of subbl ocks of data

synbol s, and wherein the neans for perform ng spati al
procexsi ndheappaiatesofrkans2% ehepar fheravntrgllesatectsithe plurality of
processi ng on each of the pluyrality. of subbl ocks of

eriag Symbrs tart e Beewedol rileeling wale: di 3 regandom
}ock. 35. The apparatus of claim33, wherein the
plurality of steering matrices are unitary matrices.

36. The apparatus of claim 33, further conprising:

nmeans_for selecting th l.uraldg ty,of . steerj rpces ...

f r om 3rmon %PMG&ISLO& @@m > né'thﬂegle stﬁ? ni\/gg/[ém gyslte(fn utilizes
ARIoRbMH1 Heghdrey WRAGSA mulifiEans (DEDRY). | Nt eger great er

t ha one.ea37.yThe apg};lrat us %g clgli)m 33, further

conpri si ng:

33.  An apparatus in a wireless multiple-input multiple-output (MIMO)
communication system, comprising:

means for processing data to obtain at least one block of data symbols; and

means for performing spatial processing on the at least one block of data
symbols with a plurality of steering matrices to obtain a plurality of sequences of
transmit symbols for a plurality of transmit antennas, wherein the plurality of steering
matrices randomize an effective MIMO channel observed by a receiving entity for the at

least one block of data symbols.

34.  The apparatus of claim 33, further comprising:
means for partitioning the at least one block of data symbols into a plurality of
subblocks of data symbols; and



means for selecting the plurality of steering matrices

fromanong a set of L steering matrices in a
woemsdeesandom manner, where L is an integer gPEaUus004/042236

than one. 38. A nethod of processing data for

transm ssion in a wreless rrultiple I nput

si ngl e-output (M SO conmmuni cat m .c ri
pr océ@@ﬁnﬁgfp saleeting apHeing Be 6‘?3%/8“;\{ @%%BBI %fs "&%H’Cks of
rf g I

B sERIP P Siklin BOTERE: TG ?Efrff’%‘gnge%%%%??%@% o prises

Iﬁeamls forpérfyrmidg s;&\qubpmeessnfg dirr eavhnaft the pidyality dfeubblocks of data

plurllty of transmt ant S r|nthe plurality
bofiouiiy 8 SitRb e oSS B BTG ve M SO

channel observed by a receiving entity for the bl ock

of data synbols. 39. The nethod of claim 38, further

conprisi ngThem)pmlatuscnfC&egmt?r% vibieraii thefpluality ofstigssing matrices are

into a urality of subbl ocks of data synbols; and

Wi tﬁ‘ﬁesa steering vector for each of the plurality

of subbl ocks of data synbol s, and wherein the

perform ng spatial processing on the block of data
synbdits cosrappastug@f chimi3ag GOEMPIINEE essi ng on

each of t raI| ﬁs{%g‘%'

Wi th qlﬁaélsgtﬁlég?l 1ngv tpg]flragépgz:?t %%?q%&aﬁ-ﬁc su Iocagfoset of L
stORingBhAcks O a @E:tatrfﬁn%w HBES wheedly s ihtegér grtater thagone.
vectors anong the plurality of steering vectors have

| ow correlation. 41. The nethod of claim 38, further

conprq-sin [ p teering

vect oéri %%&gﬂggg&gogg aﬁu}ﬂ?%ﬁ%ﬂn@} éﬁt%pasﬁ ane scal ar.

42. Theanyebh @éieafngcihalphlﬁﬂty oL stbétmg oamues $rang :among a set of L

selecting the plurality of st eer vectors from

dessg Tptrigesdp d @FGUdg T B FETnET, WhERRels t ARLERST SPTALeA e one.

where L is an integer greater than one. 43. The net hod

of claim38, further conprising: selecting the

pl ur a38.t y Afmethaderfipnocessing dats frtramsmission im agateless multiple-input
[ seudg-random manner, where L is

t
Szﬂgeler I @E&@@ﬁﬁﬂwﬁ 105, FESteRACOMDISNG 04 of recei vi ng

a datlgoéésaﬁg 'Eht%% Qﬁtaiﬂ"a Blo¥lk bEAASSynbYIL; iaRkie- | nput
mul tipl e-ou put conmuni cat1 on system

corrprp@fommngo&ptaaalmmgessmg@m@d blerkeofsdatd smbcfl@ witht a plurality of
sl,teeeall'mtg V%gt%rs to o%tal%{ a p?uramy o%kseq e%tcésaolf] ansmit symbols for a plurality of

transmit antennas, wherein the plurality of steering vectors randomize an effective

MISO channel observed by a receiving entity for the block of data symbols.

39.  The method of claim 38, further comprising:

partitioning the block of data symbols into a plurality of subblocks of data
symbols; and

selecting a steering vector for each of the plurality of subblocks of data symbols,
and wherein the performing spatial processing on the block of data symbols comprises
performing spatial processing on each of the plurality of subblocks of data symbols with

the steering vector selected for the subblock.



processed with a plurality of steering matrices prior

to transm ssion via a MPV10O channel ; obtaining a
wohersedi4t esponse estimate for an effective M ROI/US2004/042236

channel formed by the Mevl @8hannel and the plurality

of steering matrices; and perform ng receiver spatial

Chandbl T dopeREr keI S0 E AR PALOS SEgipe fectors among the
pﬁ%él'itﬁ?%%gﬁxg# V%JFH;’S Bive 16Ror@RGofat @ synbol bl ock. 45.

I'm44, further conprising: selecting
a steering matrix for each transm ssion span, and

wherein t performn recei yver spati.al processing
conpfilses ﬁ%@#é?@?ﬁ@cﬁ,megﬁgﬁpg?m%r ocessing on

the recebiedidafrafit OO tSerfr@l veRast withaBHeSHABIR MmAai least one
based on the steering matri X sel ected for the

stalansm ssi on span. 46. The method of claim44, further
conpri si ng: processing the data synbol estinmates for
the at | east one data synbol block to obtain decoded

dat a 401 R ridthd EeElain 38, datieer sympasingl ock 47. The
nmet hod of claim44, wherein the plurality of steeri

mat r isclssting e phireliy ! sieerng gectors gronpaman a el afd- stgerE vectors
Wi ol tiple-j gl 4 ples NO
e e o B E AR T bletetilbbibn 60

receiver units to obtain received data synbols for at

| east one data synbol bl ock spati al I,g/. rocessed with a
plurd3ity ﬂﬁ%@@@‘i’%mﬁ?’a}gfai}@é@rﬁ%? P& transni ssi on

vi a %e{!‘c{r@g%g@g (iel'g/t(ﬁ* s&lgﬁﬁg Gttt dRbont 9 SQNtEéVt?ioﬁeé}ing vectors

channe imate for an effective

i hgRaelo-fandore thanyert tvbeleB\is@nhateger greatet thiveonml ural ity
of steering matrices; and a spatial processor to
performreceiver spatial processing on the received

data gynmbol %né@hn%d‘ of PRGN Ghtal BARPNERANCHd WeRsé thultiple-input
obtai n data synbol estimates for the at |east one data

ayltipte-otipwid MIVAY). colinaurtggtion sysismoforeprising: 48, wher ei n
1 AL e S S B 5B 14 ot o patay
PRbdsSR GAthnR WiurdMly! bP kel Ritri€dPMidd) to transmission via a MIMO
channel;

obtaining a channel response estimate for an effective MIMO channel formed by
the MIMO channel and the plurality of steering matrices; and

performing receiver spatial processing on the received data symbols with the
channel response estimate to obtain data symbol estimates for the at least one data

symbol block.

45.  The method of claim 44, further comprising:

selecting a steering matrix for each transmission span, and wherein the
performing receiver spatial processing comprises performing receiver spatial processing
on the received data symbols for each transmission span based on the steering matrix

selected for the transmission span.

46.  The method of claim 44, further comprising:



conmuni cati on system conprising: neans for obtaining
recei ved data synbols for at |east one data synbol
wohoskesaat i al |y processed with a plurality of peraseiong42236
matrices prior to transm ssdon via a MMO channel ;

means for obtaining a channel response estinmate for an

ef fective MeEvI O channel_ faornmed the M MO c
the [raeestipg yicodais saboheimess 1Y 1" s dapgymbel lock to

(%?%lfl a&wgg@ Fétﬁ?&* tﬁ@ﬁth%&%h@hata kPEBSIHISK on the received
e channel Tesponse estimate to
obtain data synbol estimates for the at | east one data

s e SR A g

lﬁﬁﬁﬁgm gl of L steering matrices for each
trafsmssion span, where L is an integer greater than

one, and wherein the neans for performng recel ver

spati processin conprlse

el der "B arltfo ELEL M P e ffletiont amO)
SYfaehiSatiodlsysaacdmpisiig: ssi on span based on the

st eering I’TH(FI X selected for the transm ssion sp

52. /e plerdliylobreceiserayniisiig ohtaimogeived dataisyabels fp]hate}east one data
I
SR R S PR R ke, iy oo

Waistisionbes s MIMO ahatmie synbol bl ock spatially
processed with a plurality of steering vecta

S prj.or.
to trashamnelssEmalor o PPINNSEHEARA FPONSSIFs AT HgT s effeative MIMO

AR T RS BIREQ SIS R B RUPILF T i siidrs; and

of st gepdtialproeedsor &y penfictnpesctivenspagiabiptosessingnomo thet teecived data

BT (G DBTHPooReee SHBRE (& SPPHLE SYRPOL Rumgigs for the a

RYIRRE dh kbolblockThe method of claim 52, further
conprising: selecting a steering vector from anong a

set of L steering vectors for each transm ssion span,

wh
| the gﬁé;””er gt it }it‘egéﬁélgenﬁmﬁ? Si@gérfn&mamces are

&B@aﬁl%hﬁtr@é&.al ned based on the sel ected steering vector
r the transm ssi on span.

50. An apparatus in a wireless multiple-input multiple-output (MIMO)
communication system, comprising:

means for obtaining received data symbols for at least one data symbol block
spatially processed with a plurality of steering matrices prior to transmission via a
MIMO channel;

means for obtaining a channel response estimate for an effective MIMO channel
formed by the MIMO channel and the plurality of steering matrices; and

means for performing receiver spatial processing on the received data symbols
with the channel response estimate to obtain data symbol estimates for the at least one

data symbol block.

51.  The apparatus of claim 50, further comprising:
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means for selecting a steering matrix from among a set of L steering matrices for
each transmission span, where L is an integer greater than one, and wherein the means
for performing receiver spatial processing comprises means for performing receiver
spatial processing on the received data symbols for each transmission span based on the

steering matrix selected for the transmission span.

52. A method of receiving a data transmission in a wireless multiple-input
single-output (MISO) communication system, comprising:

obtaining received data symbols for a data symbol block spatially processed
with a plurality of steering vectors prior to transmission via a MISO channel;

obtaining a channel response estimate for an effective MISO channel formed by
the MISO channel and the plurality of steering vectors; and

performing detection on the received data symbols with the channel response

estimate to obtain data symbol estimates for the data symbol block.

53.  The method of claim 52, further comprising:

selecting a steering vector from among a set of L steering vectors for each
transmission span, where L is an integer greater than one, and wherein the channel
response estimate for each transmission span is obtained based on the selected steering

vector for the transmission span.



