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Background
[0003] A multiple-input multiple-output (MIMO) communication system employs

multiple (N7) transmit antermas at a transmitting entity and multiple (Ng) receive
aptennas at a receiving entity for data transmission and is denoted as an (Nt, Ng)
system. A MIMO channel formed by the Ny transmit antermas and the Ng receive

antennas may be decomposed into Ng spatial channels, where Ng Smin{N,, N.}.

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

[0004] The Ng 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 vanant MIMO
channel, the channel conditions change over time and the SNR of each spatlal channel
also changes over time, To maximize throughput, the MIMO system may utilize some
form of feedback whereby the receiving entity evaluates the spatial chamnels and

provides feedback information indicating the transmission capacity of each spatial



2 channel. The transmtting entity would then adjust data transm ssion on
the spatial channels based on the feedback information. [0005] However,
t hi s feedbacssiondias mati on may not be avail abl e for vari pugnkemsensss For

- exanple, the M MO system nay not suppprt transm ssion of feedback fromthe

receiving entity. As another exanple, the M MO channel may change nore
rapidly than the rate at which the receiving entity can estimate the
channel andonelsehip trpesmittogdeatk wold das adiwst date saysmissien anf the tepatial

transmtti entq t ot Kk t he. channel conditions, then it may need
to transmi agﬂﬁeﬁétaﬁdgl?@ierféetﬁ%#?%{?}gn@g%t hat the data transm ssion can be
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- apparatus in a wireless nultiple-input multiple- out(i)ut (M MO communi cati on
" system i s ¢haseelicoaditiong. cBhe perforaeance of aed B EYstas sl hengheodiewteddut thet o

obtain at | east,one C f .synmbol s and a spatial processor to
perform Spg%egtﬁdg%sé-gés%cﬁl&ﬂ%erll%g]ﬁ&péﬁésst one bl ock of data synmbols with a
plurality of steering matrices to obtain a plurality of sequences of

transmt synbols for a plurality of transmt antennas, wherein the
plurality of steering matrices randofUMMARY¥ffective M MO channel observed
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| _ wth a pl ulgeaf ointn¥d 8}1 t]:%eta?t%aisp &ne block of data symbols with a plurality of steering matrices

to obtain a plurality of sequences of fransmit 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.

[0007] In another embodiment, an apparatus in a wireless multiple-input multiple-
output (MIMO) communication system is described which includes a data processor to
process data to obtain at least one block of data symbols and a spatial processor to
perform spatial processing on 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 at least one block of data symbols.

[0008] 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 transmt WD 2005/ 060144 PCT/ US2004/ 042236 3 antennas, wherein
t he pl ur &¥0 £ae5060184 eeri ng matri ces random ze an ef f.ecti rerikMM/0£2hannel
observed by a receiving entity for the at | east one bl ock of data synbols.
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[0011] In another embodiment, an apparatus in a wireless multiple-input multiple-

output (MIMO) communication system is described which includes a plurality of
receiver units to obtain received data symbols for at least one data symbol block
spatially processed with a plurality of steering maftrices prior to transmission via a
MIMO channel; a channel estimator to obtain a channel response estimate for an
effective MIMO channel formed by the MIMO channel and the plurality; of steering
matrices; and a spatial processor to perform 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.

[0012] In another embodiment, an apparatus in a wireless multiple-input muitiple-
output (MIMO) communication system is dcscribed 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



recei ved data synbols for at |east one data synbol block spatially processed
with a plurality of steering matrices prior to transm ssion via a MEMO
channel ; wieezas0don44 obt ai ni ng a channel response esti nep@r/UsI0EM2edf ecti ve
M MO channel formed by the M MO charnel and the plurality of steering
matrices; and neans for perform ng WO 2005/ 060144 PCT/ US2004/ 042236 4
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[0016] FIG. 3 shows a transmitting entity and a receiving entity in a MIMO system.

[6017} FIG. 4 shows the processing units at the transmitting entity.

[0018] FIG. 5 shows the processing units af the receiving entity.

[0019] FIG. 6 shows a process for generating a set of steering matrices used for spatial
spreading.

[0020] FIG. 7 shows plots of overall spectral efficiency achieved for a 4x4 MIMO
system. '

DETAYLED DESCRIPTION
[0021] The word “exemplary” is used herein to mean “serving as an example, instance,

or illustration.” Any embodiment described herein as “exemplary” is not né‘cessarily‘to
be construed as preferred or advantageous over other embddiments.

[0022] 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 fransmit antennas simultaneously, possibly with different amplitudes
and/or phages determined by a steering vector used for that data symbol. Spatial

spreading may also be called transmit steering, pseudo-random transmit steering,



system are described herein. The multi-antenna conmuni cati on system may be a
M MO system or a multiple-input single-output (MSO system Spati al
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spatially processed with the steering matrix selected for that subblock to generate

transmit symbols, which are further processed and transmitted via Ny transmit antennag
in one transmission span. In effect, the Np data symbol blocks are spatially processed
with Ny steering mafrices and therefore observe an ensemble of channels as opposed to
all blocks observing the same channel. The steering matrices used for spatial spreading
are unitary matrices having orthogonal columns or vectors and may be generated as
described below.

[0024] A MISO system may also transmit data with spatial spreading, as described
below. Various aspecis and embodiments of the invention are described in finther 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



[0024] A M SO systemnmay also transmt data with spatial spreading, as
descri bed below Various aspects and enbodi nents of the invention are
descri bew0 wof/oqotdier detail below. [0025] The spatial epresmoagimchni ques
descri bed herein may be used for MM& and M SO systens. These techni ques
may al so be used for single-carrier and nulti-carrier systens. Miltiple
carriers may be obtained with orthogonal frequency divisign nultiplexing
(OFDMV), sdfugiaerhapels; - é&ﬁhi@FD%dwphtﬁ"bﬁaa%eéwﬁm@éqd aiths gnEesprcHEe
construct. j iLLhops, the overall system bandwi dth into
mul tiple (S %ﬁ%@g@nﬁéﬁ%ﬁ@%@%‘é{? I'ch are also referred to as tones,
subcani ers, bins, and WD 2005/ 060144 PCT/ US2004/ 042236 6 frequency
channel s. W th MEMO Ssatdmsubband i s associated with a respective
subcarrier that nmay be nodul ated with data. 1. M MO System [0026] For a
si ngl Bodef 1| er P Mg s lcaier v i s i ne MIven "eent fmbd 8920 trangfit €nnas
at the transmtting entity and NR receive antennas at the receiving entity
may be cleatenosscatithe thatymistmgeitity Biid Naaneeive adepos sie theatecéixingl entityl may may be
expressed as: hll 1c,2 ... hINT Hh2 1 h2,2 ... hz NI Eq (1 hNR, 1  hNn, 2

hN, , Nbegharestegred by gn Ny <d¥; chapnel respqse mattic H, which\pray bremerressed he
coupling or conplex gain between transmt antenna j and receive antenna i.
[0027] Dat® may be transnmitted in various manners in the M MO system I|n one
sinpl e transm ssion schene, one data synbol streamis transmtted from each
transmt ~antenna 'thoqa;1 any.spatial processing, and up to Ns data synbol
streans are trangm'tted”8inultah®olisly fromthe NT transmt antennas. The
nmodel for the hzsystfb,mf'or s |t ransmi ssi on schene may be e rﬁ sed as:
r=Hs+n , Eq(2) erie s irs an, NT x| jvector with Ns non-zero entri@g% sor Ns
data synbols to b traﬂsm'tted on the Ns spatial channels of H;

hNRI Ne.2 kNR,NT

where entry A, ., for i=1 .. N; and j=1.. N;, denotes the coupling or complex

(R4
gain between transmit antenna j and receive antenna i.

[0027] Data may be transmitted in various manners in the MIMO system. In one
simple transmission scheme, one data symbol stream is transmitted from each transmit
antenna without any spatial processing, and up to Ng data symbol streams are
transmitted simultaneously from the Nt fransmit antennas, The model for the MIMO

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

where s is an N, x1 vector with Ng non-zero enfries for Ng data symbols to be

transmitted on the N spatial channels of H;

[~

is an N x1 vector with entries for Ny received symbols obtained via the N
receive antennas; and

1 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, =c”I, where o is the variance of the

noise and ] is the identity matrix.



rris an NRx 1 vector with entries for Na received synbols obtained via the
NR receive antennas; and n is a noise vector observed at the receiving

entity. Wie2009068844my be assuned to be additive white BuFssadynbse (AVWGN)
with a zero nean vector and a covarimance matrix of A, = 0'2l, where 0'2 is

t he variance of the noise and | is the identity matrix. WO 2005/ 060144
PCT/ US2004/ 042236 7 [0028] The Ns data sglnbol streans transmtted fromthe
NT t ri@oski t antBreisdatasenbelr streans tiansmidind Sonethedr tmmb@éemaﬁgltaﬁ@rbt y. A
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Thi s i nt erfiea80 eGnBY] sEEASSsdnf b ARG ﬁ‘ﬁf?ved by the spatial processing
at the rece?ew ngﬁgntlty The hilfgh Ieveltﬁﬁ% erference degrades the SNR of
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each data esch @éﬁwtefg rd@%eszsémbol istregme PossEAE e etnoig wherptthe ideta symbol stream
cannot be decoded correctly by the receiving entity.
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[0030] For a given channel response mafrix H, system capacity may be achieved when
the transmitting entity transmits data on N eigenmodes (or orthogonal spatial channels)

of the MIMO channel using eigenvectors derived from H. If the receiving entity can

provide the transmitting entity with either full or partial Channel State Information
(CSI), then the transmitting entity can process the data streams in a manner that
maximizes the overall throughput for these streams (e.g., by using an optimal or near
optimal data rate for each data stream). However, if the transmitting entity is
uninformed or misinformed, then the data rate(s) employed for the data streams may
result in frame or code block errors for a certain percentage of channel realizations. For

example, a “bad” channel response may occur when H exhibits a high degree of

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” chanmels is random and it is desirable to minimize the percentage
of time this can occur for a given data rate selection.

[0031) 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 siream (e.g.,




uni nformed or msinformed, then the data rate(s) enployed for the data
streans may result in franme or code block errors for a certain percentage
of channgl JeMdsbzat i ons. For exanple, a "bad" channel paSpPRsER4ERY OCCUr
when H exhibits a high degree of cogrelation, or when there is insufficient
scattering, nultipath (large coherence bandw dth) and/or tenporal fading
(large coherence tine) in the wireless channel. The occurrence of "bad"
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transmtting entity perforns spatial processing with different steering

matri ces 0 thetfeach cadsl Blogkafrd washy datp isireqmn Mbseiemare Ensesbla paehaaaels apdde bl ock
for each da trea ser n 2 of nnels and is not stuck on a
bad chann@ﬁ%ﬂa{%ag&fm%ﬁ%% %‘g&g‘ﬁgg%ﬁ%&oﬁ%?m%] The spatial processing
at t heysBr ansm tihe N@atetrirboeséiap o5 piad tahsnsinf@aeiting fomypdig] s@¥at B x(m
=V ?M rs(rr) , E;@?S) Ijl‘V\/mi,sregsfi(i n) is an N ;mg vegl?t or Smﬁthlﬁﬂaﬁa?ta synbol s

to be sentxpigssedafisni ssion span m  V(m) is an NT X Ns steering matrix for
transm ssion span m and x(m is an NT x 1 vector with NT transmt synbols

to be sent fromtt}gilén transmit antennas in transm ssion span |M£
gener al , upto-yh(lgld' )s§' ol streans may be transmitted sinulta |y
usi ng the

where s(m) isan Ny x1 vector with N data symbols to be sent in transmission span m;

Y(m) is an N x Ny steering matrix for transmission span m; and
X(m) is an Ny x1 vector with Nr transmit symbols to be sent from the Ny

transmit antennas in transmission span .

In general, up to Ny data symbol streams may be transmitted simultaneously using the
Ng spatial channels of H(m). For simplicity, much of the following description
assumes that Ng data symbol streams are transmitted 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 symhol.- 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 énd used for

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




Ns spatial channels of FI(m). For sinplicity, nmuch of the follow ng
description assunes that Ns data synbol streans are transmtted

si mul t ansomsdoy/oe®034] A transm ssion span nay cover tiperarshdnskicequency
di rensions. For exanple, in a singlecarrier MMD system a transm ssion
span may correspond to one synbol period, which is the tine duration to
transmt one data synbol. As another exanple, in a multi-carrier MM
system sU@HEas Ra\pavIn s egemerdiiar thal PR e OnomtoRring anatrin s fesset oreyspran may

correspond e subband i.n.on | period..A tr m sskon span
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may be an ghdideyrobsino! B cAMAMEmIERAYEREH- will el FARRY SHiLV GRS al so be
referred to as a transm ssion interval, a signaling rnterval, 'a slot, and so

on. [ 0035FsrAhatanSiskionlsPai, iviibrd (i) eqY} MEBheen dRNTHRS Sstiabprdessing hed bel ow
and used for spatial spreading. This steering matrix set i's denoted as {V},
or V(i) f ok transmit symbol strédfts20Bich G6OfehePEOAIIERBA 400 4285 0itted frohethe Ny may be
any integer greater than one. One steering matrix in the set may be

sel ect ed f@PsTBARHCRREnsni ssion span in. The transmitting entity would then

per f spati : | r LSS ] eering
ot 0 st ie REGH AT ool ot FE Teck IS BhS i SRR bt Gy B
resul ts okxpbgedpati al processing are NT transmt synbol streans, which are
further conditioned and transmtted fromthe NT transmt antennas. [0036]
The received synbols at the receiving entity with spatial spreading my be
expressed as: I&(M=ﬂ@()n¥(m9/(§@j¢)+§('ﬁ§=ﬂgm sl n)  s(m + FakP |, Eq
(4) where Hm) is an NR x NT channel response matrix for transm ssion span
m Hff (m is_an NR x N effective channel response matrix for transm ssion
span m witieesh HgmHsfan lWax N leanpel rosnomge makixnipr fransmissipn spas Miect or Wi th NR
recei ved synbols for transm ssion span m and n(m is _a noise vector for
transni ssi on sghg (i 13 eu3Vy x N effstive Phamaslsenosse mejrix fudepsaisspnsp@ spat i al
spreading performed by the transmtting entity, the Ns data synbol streans
observe the effecti we vdhenisdl (w3 pdbed- Viwy; (m) instead of the actual
channel response H(n) . Each data synbol streamis thus

r(m) is an N x1 vector with Ny received symbols for transmission span »; and

XD

1n(m) is a noise vector for transmission span .

[0037] As shown in equation (4), because of the spatial spreading performed by the
transmitting entity, the Ng data symbol streams observe the effective channel response

H_;(m) instead of the actual channel response H(m) . Each data symbol stream is thus
sent on a spatial channel of H,,(m) instead of H(m). The steering matrices may be

selected such that each data symbol stream observes an ensemble of spatial channels of
H(m). Moreover, if different steering matrices are used across a code block, 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 ﬂeﬁ (m)=H(m) - V(m),

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

can dircctly estimate the effective channel response mafrix, H - (m), e.g., based on




sent on a spatial channel of H (7n) instead of H(n). The steering matrices
may be selected such that -each data synbol stream observes an ensenbl e of
spatial channels of H(n). Mreover, if different steering matrices are used
acr oss awoowesdxoogk, then the data synbols for the codemiswobs/ussd observe
di fferent channels across the code blibck. [0038] The receiving entity can
performreceiver spatial processing on the received synbols with an
estimate of the effective channel response matrix to recover the

transni t t aepeivat Py gsbolstthaishaye bepn taBsrified iugingg Vérm i t 4 niles symbal Baye of
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transmtted using V(m. A pilot syrrbtgl s a, mpdul ation synbol for pilot,
which is GHEaD {HYt DS Ganerulpd an sastoef the Nsswetaliqhannels gh dhgr i) ndf dhd=fecei vi ng

entities. [00391 In general, any nunber of (ND) data streans. ma
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streans are denultiplexe Ns data synbol streans for the Spati al
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spatial processing for one transm ssion span, y cover one or
mul ti pl e dpsm vdyehboby vect ons or fudBiply d4F Gmib] ybadvs. a process 100 for

obt =i 104] set ot 1ip iatave rpareest GoRer greonphis o vulivsbotal BrBiGeic or
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blocks ar %ymbols generated from one code block of coded data (or one coded data packet). The

data processing may be performed as described below. The Np data symbol blocks are

partitioned into Ny data symbol subblocks to be transmitted in Ny transmission spans,

one subblock in each transmission span (block 114). Ny is also referred to as the block

length and is N,; >1. Each subblock may contain one or more data symbols from each
of the Np blocks. For example, if N, =N, then each subblock may contain Ng data

symbols from Ns blocks for Ny data streams. As another example, if N, =1, then each

subblock may contain Ng data symbols from one block for one data stream. Index m
used to denote the transmission span for the current set of data symbol blocks is set to 1

(block 116).

[0041] One steering matrix V(m) is used for spatial processing for each transmission
span m. This steering matrix V. (m) méy 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 Ny data symbols is

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




partitioned into NM data synbol subblocks to be transmtted in NM

transm ssion spans, one subblock in each transm ssion span (block 114). NM
is al so maberseehito as the block length and is NM > 1. pEpeR2cubihack may
contain one or nore data synbols fromeach of the ND bl ocks. For exanple,
if ND = Ns, then each subblock may contain Ns data synbols from Ns bl ocks
for Ns data streans. As another exanple, if ND =1, then each subblock may
cont ai n NsV{al & eYiatache comespondiog taosrhkit spnbariecthatx(#ot, ne dhawn ideguation used to
denote the transm ssion span for the _curre?t set of data s%lgrrbol bl ocks is
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, are formed from data synbol subbl ock in, and each vector su(m is
spati al | y tpmentssednasiit trapdneissianspat e blociyid®trix V(nm) to obtain a
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synmbol subbl ocks have been processed and transnitted , m = NM
(bl ock 124he¢ préceshectumswior blosk” N&. | If ttheansweiels fY¢8 fondreckerilédtteorat he
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“Yes', then the proce returns to block 112 to art the processing for the
next set dfata syathel bipakeo|Othbvaks therhesspiesminatdse process terni nates.

[0043] As shown in FIG, 1, each set of data symbol blocks is spatially processed with

Ny steering matrices to obtain N transmit symbol sequences. Each transmit symbol
sequence is transmitted via a respective one of .the Nr transmit antennas in Ny
transmission spans. The Ny steering matrices randomize the effective MIMO channel
observed by the receiving entity for the Np data symbol blocks. The randomization of
the MIMO channel results from using different steering matrices for different
transmission spans and not necessarily from randomness in the elements of the steering
matrices.

[0044] As noted above, a transmission span can be defined to cover one or more symbol
periods and/or one 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.




[0043] As shown in FIG 1, each set of data synbol blocks is spatially
processed with NMsteering matrices to obtain NT transmt synbol sequences.
Each transmt synbol sequence is transmtted via a respective one of the NT
transni t véme®nne44 n NM transm ssion spans. The NM st eBCT/OG200®04223€S

random ze the effective M MO channel 12observed by the receiving entity for
the No data synbol bl ocks. The random zation of the M MO channel results
fromusing dif ent steerin Lces for different . transm ssjon spans and
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span for ngﬁugolgéy,ﬁmgc@ﬁg)pf data synbol blocks is set to 1 (block 212).
Recei ved data synbols aré obtained fromthe NR receive antennas for data
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determ nation is then made whether the NM data synbol subbl ocks for the

current dage, thymbs deigctasksysaolhnfor allhhe subldees\asel pracessed (wgetdampdilated, NV)
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(block 224). A determination is then made whether there is more data to receive (block
226). If the answer is “Yes’, then the process returns to block 212 to start receiving the

next set of data symbol blocks. Otherwise, the process terminates.

A. Steering Matrix Selection

[0047] As noted above, a set of L steering matrices may be generated and used for
spatial spreading. The steering matrices in the set may be selected for use in various
manners. In one embodiment, the steering matrices are selected from the set in a
deterministic manner. For example, the L steering matrices may be cycled through and

selected in sequential order, starting with the first steering matrix V(1), then the second
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 psendo-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 i 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



span (bl ock 222), and the process returns to block 214. If the answer is
“Yes' for block 220, then the detected synbols for all NM subbl ocks are

pr ocesse®d znogoco1denodul at ed, deinterl eaved, and decodechyutkmofntizaign decoded
data for the current data synbol bl oak set (block 224). A determnation is
then made whether there is nore data to receive (block 226). If the answer
is "Yes', then the process returns to block 212 to start receiving the next
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and may be selected as described above.
[6051] If L>N,,, then a subset of the steering matrices is used for each data symbol
block set. The selection of the specific subset to use for each data symbol block set may
be deterministic or pseudo-random. For example, the first steering matrix to use for the
current data symbol block set may be the steering matrix after the last one used for a

prior data symbol block set.

B. System
[0052] FIG. 3 shows a block diagram of a transmitting entity 310 and a receiving entity
350 in a MIMO system 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 Ny>2N, =1, A TX

spatial processor 330 receives and spatially processes the Ng 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




NM transm ssi on spans nmay be selected in a determ nistic, pseudo-random or
per mut at ed manner, as descri bed above. For exanple, the L steering natrices
in the seto200B¥W60es sel ected in sequential order for eacpeflabmopysipRl bl ock
set, with the sanme (pre- selected) ongdifferent (pseudo-randomy sel ected)
starting steering matri x being used for each data synmbol bl ock set. [0050]
If L < NM, then the block length is |Ionger than the nunber of steering
matri ces apaloghélterst .ampiifieh snd degpencyeuponesis)ga maspectivs tansmit exysa] f or
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first steeeipagivelitrix to use for the current data synbol block set may be
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TX data pheoesssdimBa03§swithica cdawllbe? &y, Remive dpatislgateabor@odqeshimg by TX
spatial processor 330 is_as descrihed above, Each transmitter unit 332
condi t i on$PEial Frocessing, an Ny eIV %@g@f 6‘6‘?5’?1154&%%%1@2%3‘76% a thgughy 5| og,
filters, fife G Cl Ng&l ynbol
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t hrough 334t, respectively. [0053 t receiving entity 350, NR antennas
352a t hr oUFgHLSEH Kok guinfiredoneer 3%79 rﬁrtxfeéﬁpss(g@n eRaby HetierlogvVein fidthna 352

provides gutefe) MENSIBAA Ll SESRR ovides Np decoded data streams, which

are estimates of the Np data streams.

[0054] Controllers 340 and 380 control the operation of various processing units at
transmitting entity 310 and receiving entity 350, respectively. Memory units 342 and
382 store data and/or program codes used by contyollers 340 and 380, respectively.

[0055] FIG. 4 shows a block diagram of the processing units at transmitting entity 310,
For the embodiment shown in FIG. 4, TX data processor 320 includes Ny data stream

processors 410a through 410nd for the Np data streams {d,}, for £=1 ... N,. Within

each data stream processor 410, an encoder 412 receives and encodes data stream {d,}
based on a 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 chamnel 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 =27). The encoding is typically performed separately on each data packet in



receiver unit (RCVR) 354. Each receiver unit 354 perforns processing
conplenentary to the processing perfornmed by transmtter units 332 and

provi deswdjoosespeired data symbols to a receive (RX) smfmgioomﬁgﬁssor 360
and (2) received pilot synbols to a i1ghannel estinmator 384 wthin a

controller 380. Receive spatial processor 360 perforns spatial processing
on NR received synbol streans from NR receiver units 354a through 354r with
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length of Ny transmission spans. The steering matrices may be retrieved from a
steering matrix (SM) storage 442 within memory unit 342 or generated by controller
340 as they are needed. TX spatial processor 330 performs spatial processing on the
data symbols for each transmission span m with the steering matrix V(m) for that
transmission span and provides transmit symbols for the transmission span. TX spatial
processor 330 multiplexes the transmit symbols for each transmission span m to obtain
Nr transmit symbol sequences, which are to be sent from the Nt fransmit antennas in
one or more symbol periods and/or on one or more subbands. TX spatial processor 330
further multiplexes the Nr transmit symbol sequences for different transmission spans

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

antennas.

[0058] FIG. 5 shows a block diagram of the processing units at recelving entity 350.
Nr receiver units 354a through 354r provide received pilot symbols, {r”} for

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

derives H(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



data synbol block. [0056] In FIG 4, ND data stream processors 410a through
410nd process the ND data streans and provide ND data synbol bl ocks for
each block length of NMtransm ssion spans. One data stream processor 410
may al soWM§r ¥WeEe®d144he ND data streans, e.g., in a tine ”RiWUSIoeHodaedst i pl ex
(TDM manner. The sane or different #ding and nodul ati on schemes may be
used for the ND data streans. Furthernore, the sane or different data rates
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provide the data synmbols for each data stream.,as one data synbol stream |If
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TX spatial processor 330 nultiplexes the transmt synbols for each

t ransm ssepatiabpanessor 360. obtain  NT transmt synbol sequences, which are to
be sent fromthe NT transmt" antenpas in one or nbre synbol periods and/or
on off95% nor e Reuspatials propsesep iG0arlspr eblains orecaiyed dale t &M {4 bl d¥es t he
NT transmt synmbol sequences for different transm ssion spans and provides
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antennas. [0058] FIG 5 shows a bl ock diagram of the processing units at
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pilot synbols, {rp} for i=1 ... NR to channel estimator 384. In one
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[0060] For the embodiment shown in FIG. 5, RX data processor 370 includes a

multiplexer/demultiplexer (Mux/Demux) 508 and Np data stream processors: 510a
through 510nd for the Np data streams. Mux/Demux 508 receives and
multiplexes/demultiplexes the Ny detected symbol streams for the Ny spatial channels of

H ;(m) into Np detected symbol streams for the Np data streams. Mux/Demux 508

operates in a mamner complementary to Mux/Demux 420 at transmitting entity 310 in
FIG. 4. Within each data stream processor 510, a symbol demapping unit 512
demodulates the detected symbols for the associated data stream in accordance with the
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 {ransmitting 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.



16 V(m) for each transm ssion span in and derives the estimted effective
channel response matrix as Heg (in) = HmM V(m. For this enbodi nent, the
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to Np vectors, s(k,n) for £=1.. Ny, may be transmitted concurrently on the Ng

subbands in one OFDM symbol period.

[0063] The set of Np data symbol blocks may be transmitted in various manners in the
MIMO-OFDM system. For example, each data symbol block may be transmitted as
one entry of the vector s(k,n) for each of the Ny subbands. In this case, each data

symbol block is transmitted on all Ny subbands and achieves frequency diversity. Each
data symbol block may further span one or multiple OFDM symbol periods. Each data
symbol block may thus span frequency and/or time dimensions (by system design) pius
spatial dimension (with spatial spreading).

[0064] 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 Ny in
OFDM symbol period #+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 matrices in the set may be less than, equal to, or greater than the number of
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oty N TR e 0N

may be cycled t ect ed’'id sequential order for subba
through NF in OFDM synbol perl od n, then subbands 1 through NF in

where “#” denotes the conjugate transpose. Each steering matrix includes Ns columns

and may be expressed as V(i) =[y,(?) ¥,(@} ... ¥y, (?)]. For a given steering matrix
V(i), the condition in equation (5) indicates that (1) each column of V(i) should have
unit length, or ||¥, @) |l=¥7 (®)-¥,(f)=1 for a=1.. Ny, and (2) the Hermitian inner
product of any two columms of V() should be zero, or v (i)-v,({)=0 for

=1..Ng, b=1.. N, and a=#5. This condition ensures that the Ng data symbols

transmitted simultaneously using steering matrix V(i) have the same power and are

orthogonal to one another prior to transmission.
[0067] 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=Y"@) V(=0 , fori=1..L, j=1.L,andi=j,  Eq(6)

where C(jf) is the correlation matrix for V(7) and V() and 0 is a matrix of all zeros.
[0068] It may be difficult to satisfy the condition in equation (6) for all steering

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



OFDM synbol period n + 1, and so on. The transm ssion span may be defined to
cover one or nultiple subbands and one or nultiple OFDM synbol periods. The
nunber okwo SfosBgoisy mMatrices in the set may be | ess thaper/edimtnd96 OF
greater than the nunber of WD 2005/ 0§€144 PCT/ US2004/ 042236 .18 subbands.
The three cases described above for L = NM, L < NM and L > NMmay also be
applied for the subbands, with NM being replaced with Np. [0065] For the
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matri ces used for spatial spreading should be unitary matrices and satisfy
t he fol | ovhregluaensl C{iHn: The-kneryy IAFL is albo(1)1hd trace oft C7EH(-E)(57) whé () thel"
denotes the conjugate transpose. Each steering matrix includes Ns colums
and may besqamprofsheHrobenivg nprs of VA7) TR Gyering. matriNSs fiie) deneratedrsueh ghaten
steering matrix V(i), the condition in equation (5) indicates that (1) each
col umm of the mpxinme eeeraa E) Jar &1l pargfsteesng metricea igmpinimizedy _a (i) va (i)
=1 for a=1 ... NS, and (2) the Hermtian_inner product of any two colums
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matrices may al so be uncorfelated so that the correlation between any two
uncor r el atarenstdedr Adtgrnativelycthesd Searimgonarices thayvbevedroputediv maldomelat fhoy  naybe

expressed as: C&‘%ar) =VF (i)V(j)~0, for 1=1 ... L, j=I ... L,andi#, Eq(6)
where C(ij¥°Pe%%e correlation matrix for V(i) and VU and 0 is a matrix of
all zgpayg- FIG. 6 shows an exemplary process 600 of a first scheme for generating the set

of steering matrices {V}. Initially, index i is set to 1 for the first steering matrix o be
generated (block 612). An NgxN, matrix G of random variables is then generated
(block 614). The elements of G are independent identically distributed (IID) complex

Gaussian random variables each having zero mean and unit variance. An N, xN;

correlation matrix of G is then computed as R =G” -G (block 616).

[0071] Eigenvalue decomposition of the correlation matrix of G is next performed
(block 618), as follows:
R=E-D-E" , Eq (7)

where E is an N xNg unitary matrix of eigenvectors of R ; and

D is an Ng x N 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 o as the eigenvalues of R and represent
the power gains for Ns eigenmodes of G.

[0072) 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
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matrix of Gis next perforned (block 618), as follows: R=EDE" ', EQq(7)

wher e E i pravess\ictumido bibdkab i mmtgcmetatafaneﬂJQBMUKOGs &¥th@wiseantiti® losv an N. x
Ns diagonal matrix of eigenvalues of R The diagonal matrix D contains
non- negat icowelpien ciitgriorss michiben secrigagaimal Vi dis set egal & vatite e (blvtlese

di agonal entries are referred to as the ei %enval ues of R and represent
624). Steering matrix V(i) is a unitary mafrix because matrix E is obtained through

eigenvalue decomposition, as shown in equation (7).

[0073] A determination is then made whether all L. steering matrices for the set have
been generated (block 626). If the answer is ‘no’, then index 7 is incremented (block
628), and the process returns to block 614 to generate the next steering matrix.
Otherwise, the process terminates.

[0074] The steering matrices generated with process 600 may be improved by (1)
identifying the pair of steering matrices with the highest energy for their correlation
matrix and (2) “separating” these two steering matrices by pre-multiplying 'the steering
mairices by unitary matrices (so that the resultant matricés are also unitary matrices).
The unitary matrices 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.

[0075] 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=2£,{,..4,, where Q=log, L., £, is the first bit



the power gains for Ns eigennodes of G [0072] The correlation between the
ei genvector matrix E and each of the steering matrices already generated
for the wa2dosioshen checked (bl ock 620). Block 620 is skippethiMA2005/ 060144
PCT/ US2004/ 042236 20 for the first gsteering matrix. The check may be

achi eved, for exanple, by (1) conputing a correlation matrix C(j) between
matri x E and each steering matrix V(j) already enerated, for j =1 ... (i
-1) , (2) ofbrdsuti Ag i the lam bitgy indexdotild ageh biican take amea vilie olifher 8ordescri bed
above, (3) conparing the energy of each correlation matrix against a

t hr eshol d,Thakdsteeringdeaitiessimey henbe senceated pofellowvst he energies for all i-1
correlation matrices are less than the threshold. O her tests to check for
|l ow correlation my al so pe ysed ,and this is within the scope of the

i nvention. A deYenhi-Hadrdh 1Dzt hefa fretinde, +hdols Bor r el atiadd)
criterion is net for the eigenvector matrix E (block 622). The | ow
correlation criterion is not met if the correlation between matrix E and any
pri or - gendrigtedY s issBr Nag Nainderendgetdeieopiqadly dbstiabiied wnitary maHis apd t he case,
then the process returns to block 614 to generate another matrix G

Q herwise, if t@@,fow =¢or Q) iati M, sN,tiadépendér ismtopicatiy distriteted wgtamat r i x
V(i) is set equal to matrix E (block 624). Steering matrix V(i) is a
unitary matri x becawssrizatri x E i s obtained through eigenvalue
deconposition, as shown in equation (17). 100731 A determination is then nade
whet her alMattixsYeenaynge wafined; dor exampleyeass¥y, =Hdve 01.bwhereghpeis anel «Npck

626). If the answer is "no', then index i is increnented (block 628), and

t he proceséentigy matrix. t Thetieowid Shame i dgseréhredtin further detatl byt Bbr Matgettaet dlx .

Qh i se,. t. L1 ' . 0741 T ' ' ted
SRR e R R LR
natrices Whiohmbiiéh Thabne Stoleme Ny 4f Apritdpr correlation nmatrix and (2)

"separating” these two steering matrices by pre-nmultiplying the steering
mat ri[6@%$] by unilnar fhindeschéoesthe set ohhtstecniag meaftibesaist somaratddcles seacessittolp

unitary matri.ces). .. The. unitary matr.i f.or e.pre-nultipljcation may be
sel ect ed trata%?%yﬂ?;}éme%’ stering Al ) 2 N e gaRt PR SR 0oy of ancionm
manner . Tgﬁlkﬁﬁ)cess may be iterated wuntil the maxi num energy for the

correl ati rix cannot be reduced further. [00751 In a second schene, the
set of L steering matrices is generated based on a set of

ViE+D=0 V() , fori=1..L-1, Eq (9)

where @' isan N, x N, diagonal unitary matrix that may be defined as:

ejZn’-ul-HL 0 e 0
; 0 J2mydl L e 0
o Eq (10)
0 0 . ejz:rquT 4L

and u;, u,, ... 4y, 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 Ns different
columns of an N x N, Fourier matrix D, where the (#,77) -th entry, w,

is given as:

Jm?

)

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

nm



(loge L)+1 independent isotropically distributed unitary matrices. A random
unitary matrix is isotropically distributed if its probability density is
unchangeavdyoopmeniaqrul tiplication by any determ ni stic NgcrwubhBoowizar y
matrix. Index i for the steering nmateices in the set may be denoted as i =
2,22...2Q, where Q=1og, L, , is the first bit W 2005/ 060144

PCT/ US2004/ 042236 21 of index i, .tQis the last bit of index i, and each
bit can taWsron & aemyiader aafndy acobimn indexnclhe thirdeschage fadescaibed imy t hen

N

di stri but eThnsmeilitiony, " MEHEE Lrandadiobh, Inf@majior Theory, Yol 46,a0. N[ Sepdinber
i ndependent _isotropically distributed unitary matrix. Matrix V. may be
defined, f@P0exanple, as -V7,' =[IN5 0], where IN5 is an NS xNs identity
mat ri The se h .S Cldb ' : ' Ty .zetta et
Tyl NE, SCSRUYy AR B eSS HBLIE SRRl o, e L
Transacti op 2@ diffeest Rtk NTHOBSEYatiR Imayd a WlsifmadX, 2l FodB0Pmalf3066] I n a
third schene, the set of L steering matrices is generated by successively
rotating an initial unitary steering matrix V(1) in_an Tl-di nsi onal

1

conpl ex spape, ot matgk < 3/(Walgh sgeiris/pa prpressed e W, =| L- 1 |- EA(lgYger wher e
0' is an NT x NT diagonal unitary matrix that may be defli'neddas: ej2sa,41L O

... 0 0e.2 4/L .....0 O E 0O ... ej2xw Tj and. ut . u2, ... UuNT
are NT i (e WA P Y e o eriormed 50 2 el S e Rk My
chosen Su%ﬂé\ﬂé’it the correlation between the resulting steering nmatrices
gener ated "W "the matrix O is as |ow as possible. The NT di agonal
el ements of 0' are L-th roots of wunity. The initial unitary steering matrix
V(1) may be fornmed wi g NS, difngrN nt colums of an NT x NT Fourier matrix
D, where the (nw,ip)=ith entry, Wj , Is given as: -.l12n(n-1) (Hgl(l2)

Wiar — Wi

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, Fouriet mairix D, or some other mairix 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 MM
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, 1, or —, where
J =+/~1. For Ny=4 and M=4, 64 different steering matrices may be generated
from the base matrix B with the four different scalars. Additional steeﬁng mairices

+fri4 *jz/8

&jsmle , €77 and so on. In general,

may be generated with other scalars, e.g., e e

each row of the base matrix may be multiplied with any scalar having the form e/,

where € may be any phase valuse. Ny xN, steering matrices may be generated as
Y(@) = gy, -B(), where g =1/ JN; and B(i) is the i-th matrix generated with the
base matrix B. The scalingby 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



wn,,,,=e NT for n={1 ... NT} and n={I ... NT}, Eqg(11) WO 2005/ 060144

PCT/ US2004/ 042236 22 where n is a rowindex and in is a colum index. The
third scheoeoosssdescribed in further detail by B.M Hopbwakghogteats in
"Systematic Design of Unitary Space-Psne Constellations,” |EEE Transaction
on I nformation Theory, Vol . 46, No. 6, Septenber 2000. [0077] In a fourth

schene, the set L steering matrices i s ene ated with a base matrix B
and di f f erBritPsg —@Peomm@nwaé%gwﬁwh %Wﬁﬁ chiemg) oha HEieTTRIS G TBICE e 1r

matri x, or(e/g QH&é%ttﬂéﬁecHﬁﬂ%crgmﬁasghén% yVal sh matrix be expressed as Wx2 =

LI 11 l'arger size matr i x’ WVANx2N rmay be formed froma snal |l er
size Wal sh matrix WNxN, as follows: WAXN W2Nx2N = [3YN.N Eq (12) W\XN -
WAXN Wal sh nmat ri.cBerfbemangl nensi ons that are powers of two. Fourier matrices
of any square dinmension &m 3, 4, 5, .and so on) maybe forned as shown

in ed0estion (1HIG. [ﬁ:ﬂlW]s phyis i the quum thhutm ﬁmctmm ofdbe pyerd] or
th th f t
a1 ces. AR SrEGaE MriekREfs i eranaRey RUVR sidted, by s MU0 aBendent | v
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different steering obtai ned from MNT-1 f er'ent

pe mut at | Gegeidthg ety é@ﬁbﬁédswftﬁ&"o&hece%axﬁemﬁww Ron ) ©rREMIMO QRkhep! 1 OWS

2 through NT may be’independently multiplied with™a scalar of +1, -1, +j, or

j, where i assumfedro N as destnided/abovk, fob 4qubitibh €i e nTheteeeived SNRytwhicless they be
generated  fromthe base matrix B with the four different scalars.
Addi ti onal ER@M%@%&%@ FyRROIs RHOT Wethg asreivar eRptind ProcEISRG isesspmed to beg. |

et'3 4, W matri x
may be ITU|S%I pri e E&vm%] Ilggs %ﬂﬁgrﬁ&é@%rm @%5‘{181 \r/{}%fgrrltég&gmrm;l%ﬁe any
phase val @msm)mcéﬁeﬁdpa&ﬁhpﬂgce@ﬁhgte@mqmy be generated as V(i) gNT .

B(i) NT =1/ C&}f) matrj X gener at ed vmththe base
mat umml The s‘%laq ngswsg}hpr s@ﬂ’r@g owrakl sg%?é#al gBIciApRY der theicpsaiRsviieh t
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matrices,
second per Hertz (bps/Hz). For a given spectral efficiency x, the CDF indicates the

probability of the overall spectral efficiency being worse than x. For example, point 712
indicates that there is a one percent (10'%) probability of the overall spectral efficiency
being worse than 9 bps/Hz without spatial spreading. If the transmitting entity encodes
and transmits data at an overall rate of 9 bps/Hz, then there is a one percent probability
that the receiving entity will not be able to correctly decode the data. This probability is
also commonly referred to as the “outage” probability.

[0082] Plots 720, 730 and 740 show the CDFs of the overall spectral efficiency
achieved with spatial spreading using 4, 16 and 64 steering matrices, respectively.
Points 722, 732 and 742 indicate that there is a one percent probability of the overall
spectral efficiency being worse than 12.5, 14.6 and 15.8 bps/Hz, respectiveiy, 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 matrices) 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.

[0083] 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



is within the scope of the invention. In general, the steering matrices my
be generated WO 2005/ 060144 PCT/ US2004/ 042236 23 in a pseudo-random manner
(e.qg., su&bses/ashedfirst schene) or a determ nistic manpenudeoaddz2z§uch as

t he second and third schenmes). E. Per®#ormance [0080] FIG 7 shows plots of
the cunul ative distribution function (CDF) of the overall spectral
efficiency achieved for an exenplary M MO system For this MM system the
transmitt iNEGRDERPT pnymait aadirnstE antetmasdhe spatieh SrRcessing taehuigue nged=atghe and t he
recei ving | S el j [fu%uir r ' = 4) . M MO
channel irgé%@é%ﬁ%%yt@gggggg a?é)ggxgo” egnasg%%éééﬁlgrg@g%ﬁ%@?f?sl@ﬁggggcei ved
SNR, whichmis the SNR of the received synbols prior to the receiver spati al
processing, is assunmed to be 20 dB. The receiving entity is assuned to be
using a mni num nean_square error (MVBE) receiver spatial processing

t echni que. [@O S § shows the CDF of the overall spectral efficiency
for the case in which spatial spreading is not perfornmed. Spectral

ef fi ddesaty i s ghMESO sysieni ¢rsplofs twultiplpENr) tepemit dniepnastié atranérojiihg-jtity For  a
gi ven spectral efficiency x, the CDF jndicates. the probability, qf e
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spectr al e"?‘?lﬁc“’il tg%g{/eﬁ HB’Z‘P%%&E? ggﬁ%ﬁ%%ﬂ@;@g@ﬁﬁ%@? Edoelh}'tet %ﬁgﬁg{&%@‘%ﬁ ng. If
the transrgftd singleesiativl cigmaelde The NIBO roanmidl trsaydBé ahatacierizel byal 1xNat e of 9
bps/Hz, then there is a one percent probability that the receiving entity
will not hamid ectponsorewctdeiordbe odech e Wafl. 2,Thi 8, Jr siiebs lehtty kS foal so
commonly referred to as the "outage" probability. [6082] Pl ots 72’0, 730 and
740 show t e 1CDAS.. oferotes thy ebaplingspawtan randniit ahnoy / sad the vipglenccbivepat i al
spreading using 4, 16 and 64 steering matrices, respectively. Points 722,
732 and 74@tennei cate that there is a one percent probability of the overall
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[0086] The spatial processing at the transmitting entity for spatial spreading in the
MISO system may be expressed as:

X igo () = ¥ (1) - 5(m) Eq (13)

where s{m) is a data symbol to be sent in fransmission span m;
¥(m) is an N, x1 steering vector for transmission span m; and
X, () 15 an Nj x1 vector with Nt transmit symbols to be sent from the Nt

transmit antennas in transmission span #s.

[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(i) selected for that fransmission span.

[0088] The received symbols at the receiving enfity with spatial spreading may be

expressed as:



average overall spectral efficiency for the four cases. [0083] FIG 7 shows
the performance for an exenplary M MO systemw th sone specific
assunpt i ov@ 2005n6@ener al , the anmount of inprovenent may beTARRRIISNEs ON
various factors such as, for exanple25the characteristics of the M MO
channel, the WD 2005/060144 PCT/ US2004/ 042236 24 nunber of transmt and
recei ve antennas, the spatial processing technique used at the receiving

entity, the cod{mb—aﬁm)m(dn)}dtm)dm(@&ﬁé?ggdw)udedﬁldm)dat a transni s$iqdhd) and so
on. 2. M SO System [0084] A M SO system enploys multiple (NT) transmt
antennas at a transmitting entity and a single receive antenna at a

recei vi ngvéiatei () d¢ a thevived symbohifestransmission sgan sshannel  formed by the NT
transmt antennas and the single receive antenna is conposed of a single
spatial channelfy (Fhe iavrsoiEntimehanrsl rasponssafos drasmissivnbspaa mx Nbicke fannel
response row vector h, which is h =[h, h2 ... hNT Il where entry h,, for |
=| ... NT, denotes tfdgje(m")mﬂpﬂm)ng(m)at en transmt antenna.j and the single
receive antenna. [0085] Spati-al spreading may be used to random ze an

ef fective M SOr{mansntie nosedor vadmissianspas gl e- ant enna recei ving entity so
that performance is not dictated by the worst-case channel conditions. For

t he syste ts kA | \; I wth a
('}ﬁo%ﬁt t ems dhBGmtih %(a)@(l)%% 51'?4?, webideYof hes &{a'Ir%pl_%Q@ihg?JeriBﬁﬁé‘c?ﬁ 5 ithg

set Ssteering vectors. he spatial processing at the transmtting
entity fortra:sqmittir@ estiilye addatg Symhohestreamsmbsswsdherﬁiccﬁee chpmet gespoass X
, rso(m v(m q,(13) wher s a data sypbol to. be sent in
transm ssfheﬁr{”@péﬁmﬁ]il 5’(1‘1’1%)3’1"3 CW?N%W&‘:]L TeSPoBFq r@’”se%‘tdoﬁ her geering HeHPS si on
span m and x sO(m is an NT x1 vector with NT transmt synbols to be sent
fromthe Nf"tra TFC%Wﬂﬁnml‘?ﬁntP&ﬂst@qt%ﬁloﬁpmsrmﬂfF Hliepng eer of L

steering vectors nma ene d.an d e far i =1 ..
! Cone ot SGTRE R CRe 1o R SEol A M BBt T M e PR EE N span
m (e.g., An a pseudo-randaom or determ n| stic nanner, simlar to that
descri bed fa@vetor@tam detected symbols $(m), as is known m the art. The receiving entity

further processes (e.g., demodulates, deinterleaves, and decodes) the detected symbols
r(m) to obtain decoded data.

{0090} The steering vectors used for spatial spreading in the MISO system should have
equal energy (e.g., |[Y@ > =¥" (@)-¥(@) =1 for i=1 ... L) so that the transmit power
used for the data symbols is not varied by the spatial spreading. Some of the steering

vectors may also be uncorrelated so that the correlation between any two uncorrelated

steering vectors is 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¢(3) is the correlation between steering vectors v(i) and v(j).

{0091} ‘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.

[0092] 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




the steering matrices). The transmtting entity perforns spatial processing
for each transm ssion span mwith the steering vector _v(m selected for

t hat traggnmso@mspan. [0088] The recei ved synbol s at pfpusRegiMbig entity
with spatial spreading may be expregsed as: WO 2005/ 060144
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manners ( in a pseudo-random or deterim nistic nmanner, simlar to that
descri bed maéxme es isdmovienghemt.i ng matrices). The colums of the steering

For SRR ST o prsiieg, SF OBSBoa HEREH o S EprBATn P (b i HLORIEEEN bod
herein MayseDeds MAHRERREARthddYare not intended to limit the scope of the concepts described
therein under, and these concepts may have applicability in other sections throughout
the entire specification.
[0095] The previous description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.

[0096] WHAT IS CLAIMED IS:



vari ous neans. For exanple, these techniques may be inplenented in hardware,
software, or a conbination thereof. For a hardware inplenentation, the
processing wunits used to performspatial spreading at the transmtting
entity may be inplenented w thin one or nore application specific
integrated circuits (ASICs), digital signal WO 2005/060144 PCT/ US2004/ 042236
26 processors (DSPs), digital signal gocessi ng devi ces (DSPDs),

programuabl e | ogic devices (PLDs), field programmabl e gate arrays (FPGAs),
processors, controllers, mcro-controllers, mcroprocessors, other

el ectronic units designed to perforgpAfgs functions described herein, or a
conbi nation thereof. The processing units used to performspati al
processing at the receiving entity may al so be inplenmented within one or
nore ASI Cs, DSPs L QEESSOL S n o on..[0093]. For a.software ..
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t he i nvent i onparthigaingiieatdeast epf blpeldifiataosymbeTsipio 4 plueitheef wubblseks afi nited to
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VHAT | S CLAI Mskletthig a steering matrix for each subblock of data symbols, and

wherein the spatially processing the at least one block of data symbols comprises
spatially processing each subblock of data symbols with a steering matrix of the plurality

selected for that subblock.

2. The method of claim 1, wherein partitioning the at least one block of data
symbols comprises

Partitioning at least two blocks of data symbols into a plurality of subblocks of
data symbols such that each subblock includes data symbols from each of the at least two

blocks.

3. A method of providing data for transmission in a wireless multiple-input multiple-
output (MIMO) communication system, comprising:

processing data to obtain at least one block of data symbols;

spatially processing the at least one block of data symbols with a plurality of
steering matrices to obtain a plurality of sequences of transmit symbols each

corresponding to a different portion of the at least one block of data symbols;



27 CLAIMS 1. A nethod of providing data for transmssion in a wreless

mul tiple-input nultiple- output (M M) comunication system conpri sing:
processing data to obtain at | east one bl ock of data systens; spatially
processing the at |east one block of data synmbols with a plurality of
steering matrices to obtain a plurality of sequences of transmt synbols
each corresponding to a different poggion of the at |east one bl ock of data
synbol s; providing the plurality of sequences of transmt synbols to a
plurality of transmt antennas for transmission in a frame, wherein the
plurality of steétihfthephirtiitges séqraagio? @ansailt ahttedd lovweplMaMy ehanaalt observed
by a receiving entity for the at |east one bl ock of . data,synbaqls;

partiti off§EaEHEr Ensinission ipa frameowergi thip! araélgbfrﬁféresrmav@trac%rfialfi%}MZ?y of
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subbl ock of data sy d wherein the spatial processing the at |east
one bl ocklaafsyaiatla; @yinbol s conprises spatially processing each subbl ock of

dat nbol ith .a. st i t f t hat
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bl ock of ﬁ&hﬁm1§Mﬁ@ﬂh§oﬂ@F@@ﬁé@1@§ Ebffrb@&hé@s@baﬂc@aﬂ two bl ocks of data
synbols into a plurality of subb s of data synbols such that each

subbl ock i ncludes data synbols from each of the at least two blocks. 3. A
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nultlple- out put R cat I on system co rocessing data to
obtain atoutpaaS\tIIMO&c@hmuhcﬂion(taBta]nswmlsmg spati aI |y processing the at |east

olural fty of SatmsMEED Primett S SaenstEEh eopondi ng to & o
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the plurality of sequences of transmt synbols to a pl uralltg of transmt
steering matrices to obtain a plurality of sequences of transmit symbols each

corresponding to a different portion of the at least one block of data symbols;

providing the plurality of sequences of transmit symbols to a plurality of transmit
antennas for transmission in a frame, 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; and

selecting the plurality of steering matrices from among a set of L steering

matrices, where L is an integer greater than one.

5. A method of providing data for transmission in a wireless multiple-input multiple-
output (MIMO) communication system, comprising:

processing data to obtain at least one block of data symbols;

spatially processing the at least one block of data symbols with a plurality of
steering matrices to obtain a plurality of sequences of transmit symbols each
corresponding to a different portion of the at least one block of data symbols;

providing the plurality of sequences of transmit symbols to a plurality of transmit
antennas for transmission in a frame, 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; and

selecting the plurality of steering matrices from among a set of L steering



antennas for transmission in a frane, wherein the plurality of steering
matrices random ze an effective M MO channel observed by a receiving entity
for the at |east one block of data synmbols; and transmtting each sequence
of spatially processed data synbols fromthe plurality of transmt antennas
on a respective group of frequency su%ands. 4. A nmethod of providing data
for transmssion in a wreless nmultipfé-input multiple- output (MM
comuni cation system conprising: processing data to obtain at |east one

ol ok Of AHASY IOl S RRE bl R 07958) Nk BB, hERSA, ONe bl ock of data

synbols w't steering matri arn‘a plurality of
sequences of transmt synbols each corresponding to a different portion of

the at |least one hl qck of  data synbols; providing the plurality of sequences
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mul ti pl e-st@HhPUaivkMb eBEIUNI GAlrAIAN SV SeQMNc&OMPr irsishGt sPMBEESSAdAY data to
obtain at | east one bl ock of data synbols; sgati ally processing the at | east

one bl ockeogesneadiag iy apibfesenhperiion opihgahleast pngplock phddia fignbedtri ces to obtain a
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pl ur al i t yanohnsefqueacsedssan it ndrasm, wheginrbé plutaditypofrteerimk imayriak ramdamszi t

antennas for.transm ssion in.a fr , Wher.ein th lurality of steering
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integer greater than one.

7. A method of providing data for transmission in a wireless multiple-input multiple-
output (MIMO) communication system, comprising:

processing data to obtain at least one block of data symbols;

spatially processing the at least one block of data symbols with a plurality of
steering matrices to obtain a plurality of sequences of transmit symbols each
corresponding to a different portion of the at least one block of data symbols;

providing the plurality of sequences of transmit symbols to a plurality of transmit
antennas for transmission in a frame, 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; and

selecting the plurality of steering matrices from among a set of L steering

matrices in a pseudo-random manner, where L is an integer greater than one.

8. A method of providing data for transmission in a wireless multiple-input multiple-

output (MIMO) communication system, comprising:



out put (M MD) conmuni cation system conprising: processing data to obtain at
| east one bl ock of data synbols; spatially processing the at |east one bl ock
of data synbols with a plurality of steering matrices to obtain a plurality
of sequences of transmt synbols each corresponding to a different portion
of the at |east one block of data syn‘%)l S; . providing the plurality of
sequences of transmt synbols to a plurality of transmt antennas for
transmssion in a frane, wherein the plurality of steering nmatrices

random ze an gidegGhd ¥ M Wik BABRebn RS a! Med Y nbols€Cel ving entity for the
at | east one block of data symbols; and selecting the plurality of steering

mat ri ces fromsastoly rrospssingfthe atsteedranachlodkact daesyipols ywith agplutaligugh the L
steering matrices. in sequential order, ere L is.a i nteger greater than
one. 7. 0 Rk ok B Bty 2 Pt of PERabers Boniimilt WFpBL ERY

mul ti pl e-doRpsontink tté P HEferait betion cMhYE) lea@RIBlocRbT @ila SYREAN conpri si ng:
processing data to obtain at |east one block of data synbols; spatially
processi ng t heratiding s plasgityiseguegeespdiangyirpigniolasa hplradity phirsnsipitof

steering Jymbri i u ' of L ] nbol s
each corresg%n ?%%&ngg&dlﬁf far reaﬁ“eeh{;‘ﬁf,l %ﬂgw*ghlugfﬂfﬁgﬁge?m é%tatst{l@egﬁgeﬂd% ock of data
synbol s; qureffectvenyIIMae cidnueladbistived by aegeetviaesntitly for thio simldasisymeddbek 60 a

plurality, of trbag_sm' antennas for transm ssion in a frane, wherein the
pl ural i t Y2 sY&baE: #ty matrices randonize an effective M MO channel observed

by a recei Vi nge.RBid ¥difefent HBeddr 1 ﬁ@éﬁg%i@s@%a@ﬁ seqet@ FYHRQhehcesand
selecting the plurality of steering matrices fromanong a set of L steering

mat ri ces dmpng thsplutdity evdauennesnweere Lwhen éntegef greaier thaneger great er t han one.
8. A nethod of providing data for transmission in a wireless mnultiple-input
mul tiple- output (MMD conmunication system conprising: 30 processing
data to oftai m aetHoda$ brovitind g For @fanghaibdors rowirslessspatip@lihput prdggsesi ng t he
at | east one block of data synmbols with a plurality of steering natrices to
obt ai n a PRI AMIVEY) gpmuwgisatieriesysm. e9MmpIEsHE symbol s each corresponding to a

different portdon.afs §RetAWbuif akad B DbALK Ala Gafd1sSY Mol s;

spatially processing the at least one block of data symbols with a plurality of
steering matrices to obtain a plurality of sequences of transmit symbols each
corresponding to a different portion of the at least one block of data symbols; and

providing the plurality of sequences of transmit symbols to a plurality of transmit
antennas for transmission in a frame, 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,

wherein the plurality of steering matrices are unitary matrices.

10. A method of providing data for transmission in a wireless multiple-input multiple-
output (MIMO) communication system, comprising:

processing data to obtain at least one block of data symbols;

spatially processing the at least one block of data symbols with a plurality of
steering matrices to obtain a plurality of sequences of transmit symbols each
corresponding to a different portion of the at least one block of data symbols;

providing the plurality of sequences of transmit symbols to a plurality of transmit

antennas for transmission in a frame, wherein the plurality of steering matrices randomize



providing the plurality of sequences of transmt synbols to a plurality of
transmt antennas for transmssion in a frane, wherein the plurality of
steering matrices randonm ze an effective M MO channel observed by a '
receiving entity for the at |east one block of data synbols; and sel ecting
a different order of L steering matriﬂes for each sequence of- L sequences
anong the plurality of sequences, where L is an integer greater than one. 9.
A nmet hod of providing data for transmssion in a wireless multiple-input

mul ti pl e Qufelite XM AnRATTHBEECAE bR rSYSERMnt GO TR ths hh BastRIn@ Gestki 49 data to
obtain at |east one block of data synbols; Spatially processing the at | east

one bl ocklavfsyarhoels; adnbol s with a plurality of steering matrices to obtain a
plurality of seguenc of transmt.synhaols each, correspaondi 0

Gi fforent por Erine D Slugt o LSBT L af TR BB E Mk Povi i ng

t he pl ur atdliry. of sequences of transmit synbols to a plurality of transmt
antennas for transmssion in a frame, wherein the plurality of steering
matri ces random ze an effective M MO channel observed by a receiving entity

for the af | eash.MpgoPhBCHIMY dat Rl Rar¥TRYrSin JWARI&KS rﬁ}ﬁ &l ihp¥e-Of
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transm ssugmt (MIMOWoremesisatimnl systpieedmmisingmul ti pl e- out put (M M)
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of tr ansrg\%i{esi%%gé Eo éﬁﬁl‘ff‘éréﬂ} i}’(%rﬁln'l #)Plth?gl ltegs?‘gﬁﬂlg)ck B Aol Qr transmssion in
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a frane, ura eerin fices randomze 31 an
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data for hrRfefNSHiod tHanReWs&V&F By AYtdeivih el P ¥r itk [eRbi®ne block of
data symbols; and
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.

12, A method of providing data for transmission in a wireless multiple-input multiple-
output (MIMO) communication system, comprising:

processing data to obtain at least one block of data symbols;

spatially processing the at least one block of data symbols with a plurality of
steering matrices to obtain a plurality of sequences of transmit symbols each
corresponding to a different portion of the at least one block of data symbols;

providing the plurality of sequences of transmit symbols to a plurality of transmit
antennas for transmission in a frame, 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; and

generating the plurality of steering matrices based on a set of independent

isotropically distributed unitary matrices.



out put (M MD) conmuni cation system conprising: processing data to obtain at
| east one bl ock of data synbols; spatially processing the at |east one bl ock
of data synmbols with a plurality of steering matrices to obtain a plurality
of sequences of transmt synbols each corresponding to a different portion
of the at |east one bl ock of data sy | s; providing the plurality of
sequences of transmt synbols to a plutality of transmt antennas for
transmssion in a frane, wherein the plurality of steering nmatrices
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subblock of data symbols for each group of at least one frequency subband with a

respective ong of the plurality of steering matrices.

14. A wireless communication apparatus, comprising:

a data processor configured to process data to obtain at least one block of data
symbols; and

a spatial processor configured to spatially process the at least one block of data
symbols with a plurality of steering matrices to obtain a plurality of sequences of transmit
symbols each corresponding to a different portion of the at least one block of data
symbols and to provide the plurality of sequences of transmit symbols to a plurality of
transmit antennas for transmission in a frame, wherein the plurality of steering matrices
randomize an effective MIMO channel observed by a receiving entity for the least one
block of data symbols,

wherein the spatial processor is configured to partition at least two blocks of data
symbols into a plurality of subblocks of data symbols such that each subblock includes

data symbols from each of the at least two blocks.




antennas for transmission in a frane, wherein the plurality of steering
matrices random ze an effective M MO channel observed by a receiving entity
for the at |east one block of data synmbols; and partitioning the at | east
one bl ock of data symbols into a plurality of subblocks of data synbols,
each subbl ock of data synbols being designed for transm ssion on a
respective group of at |east one freqgency subband and fromthe plurality of
transmt antennas, and wherein the spatially processing conprises spatially
processi ng the subblock of data synmbols for each group of at |east one

f requency ssubbaedppirkts af cl4ias PEEiIrtecangidfg the plurality of steering
matrices. 14. A wrel ess conmmuni cation apparatus, conpri si.nlg: a data
processor conf} ARyt PECessC@stiswad o rensabt aich sevenceaeft spatidhiroesisedf dat a
synbol s; i.al £ all r e at
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obtai n a sobkandt.ity of sequences of transmt synbols each corresponding to a
different portion of the at |east one block of data synbols and to provide
the plurality of sequences of transmt synbols to a plurality of transmt
antennas f{gor tA aAeRtS&nBAudithdn appiRus, WhehRlifg:t he plurality of steering
matrices random ze an effective ™M MO channel  observed by a receiving entity
for the | east aotnéa ptoicessir ofnfigated toymrsksdativie petain atHeass pat bhick pf de@ssor i s
confi guresdm{bg1 pa}{giti tion at |east two blocks of data synbols into a

plurali tyyo ubbl ocks of data synmbol s such that each subbl ock includes

data synbol s far spaigiaeboesdor tebefigired ®agiatidlWopobae kise at33ast be bldik odplpar at us of
claim14, further conprising Atransmt praocessor_ configured to transmt
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processor_confi gured fto spat.i al I%/ ﬂocess t he ﬁt | e %t tone bl ock .of data

transmit anfennas for transmission in a trame, wherein the plurality of steering matrices

randomize an effective MIMO channel observed by a receiving entity for the at least ong

block of data symbols,

wherein the spatial processor is configured to select the plurality of steering

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

17. A wireless communication apparatus comprising:

a data processor configured to process data to obtain at least one block of data
symbols; and

a spatial processor configured to spatially process the at least one block of data
symbols with a plurality of steering matrices to obtain a plurality of sequences of transmit
symbols each corresponding to a different portion of the at least one block of data
symbols and to provide the plurality of sequences of transmit symbols to a plurality of
transmit antennas for transmission in a frame, 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,

wherein the spatial processor is configured to select 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.



synbols with a plurality of steering matrices to obtain a plurality of
sequences of transmt synbols each corresponding to a different portion of
the at | east one block of data synbols and to provide the plurality of
sequences of transmt synbols to a plurality of transmt antennas for
transm ssion in a franme, wherein the géurality of steering matrices
random ze an effective M MO channel observed by a receiving entity for the
at | east one block of data synbols, wherein the spatial processor is
configured to select the plurality of steering matrices fromanong a set of
L steering matrices, where L is an integer greater than one. 17. A wreless
comuni catd on Aappeteas esnowrpatiosiapppratas danprissrcessor configured to process
data to obtain at_|east one Dblock of dat ols; and a spatial, processor
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19. A wireless communication apparatus comprising:

a data processor configured to process data to obtain at least one block of data
symbols; and

a spatial processor configured to spatially process the at least one block of data
symbols with a plurality of steering matrices to obtain a plurality of sequences of transmit
symbols each corresponding to a different portion of the at least one block of data
symbols and to provide the plurality of sequences of transmit symbols to a plurality of
transmit antennas for transmission in a frame, 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,

wherein the spatial processor is configured to select the plurality of steering
matrices from among a set of L steering matrices in a pseudo-random manner, where L is

an integer greater than one.

20. A wireless communication apparatus comprising:

a data processor configured to process data to obtain at least one block of data



bl ock of data synbols, wherein the spatial processor is configured to sel ect
the plurality of steering matrices fromanong a set of L steering matrices
by cycling through the L steering matrices in sequential order, where L is
an integer greater than one. 19. A wireless conmunication apparatus
conprising: a data processor configurg? to process data to obtain at |east
one bl ock of data synbols; and a spatial processor configured to spatially
process the at | east one block of data synbols with a plurality of steering
matrices @peRtAgn a plurality of sequences of transmt synbols each
corresponding to a different portion of the at |east one block of data
synbol s and t @ spridalipdecesdve cphiiguadd toyspafialbeproesse ¢ afleast anslock sybiel s to a

plurality_o transmit .antennas for. transm.ssipn  in frane erein the
01t ai | (5 Bpols iR R ESERe plfish OB R B Db eHERREH obser ved
by a receiymboly @bk ichitedpdndinioat diffask poRen B @ekatokadaing BI¥EDOL Yatawher ei n

t he spatial processor is configured to select the plurality of steering
mat ri ces YGRS 28 ke Pepvid the foluraldly of spqigneestafitmasmit symbpls da adlvrahdorh nanner ,

where L i5 .80 JhheR80: Q%r?s%igsﬁont ilﬂazpfrgrﬂg'w!%?ein '%heV\@ﬁFalliﬁﬁéf ﬁgmg‘kﬁﬁééson

apparatus conprising: a data processor ‘configured to process-data to obtain
at | east rembnbiookeftdctidaVAMED chanyettabkayedabyda secsipaty akitypfoo dess deastcmrf | gur ed

to spati llglg)c?! dgrocess t[he at | east one block of data synbols with a
pluralita’ Kl g symBClimt rices to obtain a plurality of sequences of

transmt Synbﬂ{eﬁei@ﬁféﬁg%ﬂ pRRPRBHIsREnfigirdl WiskleremtfeRAf sldenofaf stbdimgat | east
one bl ock of data synbols and to provide the plurality of sequences of

transmit rBairersifer eash aeqieneeadti b yequences pansgrihe pwebiydsedunncess whewilsisi on in a
frame, wherein the plurality of steering matrices random ze an effective
M MO chaﬁhéﬁﬁggﬁg?§£3%gén% receiving entity for the at |east one block of
data synbols, wherein the spatial processor is configured to select a
different order of L steering matrices for, 6 each sequence of L sequences
among t he?lpl uraPielpssoonyaietion 8PPafHEy @MPrSE: an i nt eger greater than one.

a data processor configured to process data to obtain at least one block of data
symbols; and

a spatial processor configured to spatially process the at least one block of data
symbols with a plurality of steering matrices to obtain a plurality of sequences of transmit
symbols each corresponding to a different portion of the at least one block of data
symbols and to provide the plurality of sequences of transmit symbols to a plurality of
transmit antennas for transmission in a frame, 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,

wherein the plurality of steering matrices are unitary matrices.

22. A wireless communication apparatus comprising:

a data processor configured to process data to obtain at least one block of data
symbaols; and

a spatial processor configured to spatially process the at least one block of data
symbols with a plurality of steering matrices to obtain a plurality of sequences of transmit
symbols each corresponding to a different portion of the at least one block of data

symbols and to provide the plurality of sequences of transmit symbols to a plurality of



21. A wreless comunication apparatus conprising: a data processor
configured to process data to obtain at | east one block of data synbols;
and a spatial processor configured to spatially process the at |east one

bl ock of data synbols with a plurality of steering matrices to obtain a
plurality of sequences of transmt ggbols each corresponding to a
different portion of the at |east one bl ock of data synbols and to provide
the plurality of sequences of transmt synbols to a plurality of transmt

ant ennas | HmiARSAASE Blldod FAMRANGEGLR e IR B Lt mBliear | ng

matrices ran om ze an effective M channe erv ecelving entity
for the atndomast aroeftectibt YUK @ thabatlcobsymixbbisa ravhivirey antitshor plheuat ddast gneof
steering %I’I ces ar ni tary matrices. 22. A wireless comunication
appar at us” R AR SKEPO: dat a” processor configured to process data to obtain

at | east one RiiRedin e Satial proYEBSY 8 confehréd &PadHeRdte ﬁ{eoﬁlﬁﬁiﬁ%f ot Bdrirgured to
spatially process the at | east one block of data synbols vith a plurality

of st eer imgripgstwitlcaebase smapivt anda pluplibreflscalyrsof sequences of transmt synbols
each corresponding to a different portion of the at |east one block of data
synbols and to provide the plurality of sequences of transmt synmbols to a

plurality23of ISwiklansmhudodtionngsardtos cdnigizdrg: ssion in a frame, wherein the

lurality of steering matri random ze an effective M channel observed
Ey a recgi vi nd @m e1Set CQ’%@L‘E?? tPé’é%‘teS%ﬁ‘Ea 'y Ppi @f]e%isétoa"?\g!ﬂ?g r@a Baher ei n

t he spatls@hbgrsog&psor is configured to generate the plurality of steering
matrices Wth a base matrix and a plurality of scalars. 23. A wreless
communi cat i on aagpearlarosssorpniigiredyio spatiallyapiecess ébs o leaswvie dlnckdbitdatapr ocess
data to obt |aI ocessor
cont gur cuis it 1 SRR ERCuBE Flfest ] By SR D TR P EERLBgRbor < vt n
a plural liymb@fs §lcR JotdghofBing | 1665 differeftpirtbraoP ke & ichyt e Bleekioncas of
transmt yB%nbol s each corresponding to a different portion of the at | east

one bl ocksyBfoolaand o $yaiidn deamiratiyy cgrsewea@%t Hergapmit £y Mdglsgp aspibisbticels of
transm t Syohal.SiehRasdroP ithditdioh &fa frame, 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,

wherein the spatial processor is configured to generate 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.

24. A wireless communication apparatus comprising:

a data processor configured to process data to obtain at least one block of data
symbols; and

a spatial processor configured to spatially process the at least one block of data
symbols with a plurality of steering matrices to obtain a plurality of sequences of transmit
symbols each corresponding to a different portion of the at least one block of data
symbols and to provide the plurality of sequences of transmit symbols to a plurality of
transmit antennas for transmission in a frame, 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,

wherein the spatial processor is configured to generate the plurality of steering



transmt antennas for transmssion in a frame, wherein the plurality of
steering matrices random ze an effective M MO channel observed by a
receiving entity for the at | east one block of data synbols, wherein the
spatial processor is configured to generate the plurality of steering
matrices based on an initial unitary 5§trix and a diagonal matrix of L-th
roots of unity, where L is an integer ' greater than one. 24. A wireless
comuni cati on apparatus conprising: a data processor configured to process

data to Obhke Kiked &S Let BPRIBNAGEN RorBfikAl ﬁé&ﬁ@ﬁ’&&hn@aﬁ?n@aﬁo@@.ﬂ al processor
configured to spatially process the at Iegst one bl ock”of data synbols with

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

transmt 25syrrbdgl S Fach corr.eﬂgjondi n% to a di.fferent portion of the at |east
one bl ock®of datac &yHBoTEMEHY BPHFYY FYRPYNE plural ity of sequences of

transmt synbal gath @ratefobitaifiduyedofo prb¢cddath tio aBtad MaRadt Mhe thi@RSITidagd ON 1N a
frame, wherein the plurality of steering nmatrices random ze an effective

M MO chant¥&1bobhaet ved by a receiving entity for the at |east one block of
dat nbol s, Qi ' ' j t te th
ata synbol s eﬁlgh%oéég?orso%ﬁhgﬁkd g;gagigﬁ)ghro'céss(m@faff UL e b‘i’%%ﬁ a © 1€

plurality of st matrrces a set of 1 ndepen
i sot ropi calnbyldvistt 4 plocetl eyl oflmedriag ynatahdes kcelgain aPburaltywif s&juesss obtraasniicat i on

apparatus c ri sing: a data procgssor configured t roce ata to obtain
PP east B bk Grrelbaainds b ok Lorotriprions bt frBroes b gt oq o
spati al | ysyp{iR&es bhRodlle HRAThrafRCoMe8Gdnct ofd@diBmiSymdRlsStoW plirafitspbtir al i ty

of steering matrices to obtain a plurality of sequences of transmit synbols
each cor regpwiidinggnesofo tyhmissiemin poemeorwhatintthe phralite o€ steentie bhivieks of dat a

symbol S a&ﬁ?élﬁi phLo \ellifc%i ?iv% rﬂ?ﬂ\%%ﬁﬁjlfnief é(t{sgrfveé ﬁ?%%@c%%ﬁng%ntﬁr ?or}s[m gtl Q’s{Tgt?el s toa
plurality o £F AhENTt rant ennas 1 or Transnt §ston in &1 rame, erein the

pl ural i t yblotk sttcaersyaoiat ri ces random ze an effective M MO channel observed
by a receiving entity for the at | east one block of data synbols, wherein:

the data proce¥ddfiNis configured to partition the at |east one block of data
the data processor is configured to partition the at least one block of data

symbols into a plurality of subblocks of data symbols, each subblock of data
symbols being designated for transmission on a respective group of at least one
frequency subband and from the plurality of transmit antennas, and

the spatial processor is configured to spatially process the subblock of data
symbols for each group of at [east one frequency subband with a respective one of

the plurality of steering matrices.

26.  An apparatus comprising:

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

means for spatially processing the at least one block of data symbols with a
plurality of steering matrices to obtain a plurality of sequences of transmit symbols each
corresponding to a different portion of the at least one block of data symbols;

means for providing the plurality of sequences of transmit symbols to a plurality
of transmit antennas for transmission in a frame, 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; and

means for partitioning the at least one block of data symbols into a plurality of



synbols into a plurality of subblocks of data synbols, each subbl ock of data
synbol s being designated for transm ssion on a respective group of at |east
one frequency subband and fromthe plurality of transmt antennas, and the
spatial processor is configured to spatially process the subbl ock of data
symbol s for each group of at |east onggfrequency subband with a respective
one of the plurality of steering matrices. 26. An apparatus conpri sing:
means for processing data to obtain at | east one bl ock of data synbols;

neans forSu@pmltsajflcutagg@lggﬁsmag the at | east one bl ock of data synbols vvlth a
plurality of steering matrices to obtain a plurality of sequences of
transnit symbdneansfuiselegigngraseroingintgrix for sachi sublpenel daer bindelsofnd he at | east

one bl ock of I 0 uences of
ransm ¢ symbor s Hps (TR Lk BEOKE 8 1R MR el on BB ONF 2
frame, whengirinéd nearplfor slatiblyy procstsmgreadgsubb’mtk io€ dstarsguntolyiwich asteaifgect i ve

M MO channel ryed by a receivin ity for the at |east one bl ock of
dat a synﬂﬁ?%‘xogﬂﬁpx‘ﬂ% SpISFL egg?’tﬂi‘attl'gm??f&i the at | east one bl ock of data
synbols into a plurality of 38 subblocks of data synbols; and neans for

selecting a steering matrix for each subbl ock of data synbol s, and wherein
t he means2tor Apappatatiscopoidegsi ng the at | east one bl ock of data synbol s

conpri ses ne?rgr{s]eafnts)rfor (?c}?'%s%lﬁﬁl %atg{ ﬁ'ﬁqg&gf I ‘#{( bfla%aksgﬁ{)bgfat a synbols with

a steering r'i X of ock. 27. An
appar at us conphédsmk Mo smﬂﬁ ﬁr@:resmgnﬁgsal RE:t dakablbek obiiatansyatbolse@dth sone bl ock
of data synbagl s; neans spatially processing the at | east one bl ock of

data synbrlif erﬁteé””%mﬁ%ﬂeﬁ m/olaftmsatxéérraiIWgofrﬁﬁﬁwle@softt@n@Bttévws gidrality of
Sequencesco?.fesgcfnam%mé%d&ygaggﬁm%ﬁ%?me%@rera&%meﬂw RYrlifa rgbétéer ent portion of

the at | east ‘one ta synb means or providing the plurality of
sequences of tmeans rlftlnt prsyldmglthe ploraitp bliseghértogs of)ifrartsnalrmuolmtaepinahtyf or

transm ssi in.a erein the pluralit steerin trices
Fandon 2c¥a R ETYE B R OV ORRET 5ok PO Tirvei FAEIRRY BntFEd & o ¢ he
at | east m@iiGedHaREdmial aflatfectisy MIOAS ichaihdl observed by a receiving entity for the at
least one block of data symbols; and
means for a transmitting each sequence of spatially processed data symbols from

the plurality of transmit antennas on a respective group of frequency subbands.

28.  An apparatus comprising;

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

means for spatially processing the at least one block of data symbols with a
plurality of steering matrices to obtain a plurality of sequences of transmit symbols each
corresponding to a different portion of the at least one block of data symbols;

means for providing the plurality of sequences of transmit symbols to a plurality
of transmit antennas for transmission in a frame, 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; and

means for selecting the plurality of steering matrices from among a set of L

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

29, An apparatus comprising:



means for a transmtting each sequence of spatially processed data synbols
from the plurality of transmt antennas on a respective group of frequency
subbands. 28. An apparatus conprising: nmeans for processing data to obtain
at | east one block of data synbols; neans for spatially processing the at

| east one bl ock of data synbols with 3 plurality of steering matrices to
obtain a plurality of sequences of tr %sm’t synbol s each corresponding to a
different portion of the at |east one block of data synbols; nmeans for

provi ding the i : ] .a plurality of
transmt ant enrﬁgdgg ?A cgr&r %%eg%%%ﬁggmﬁ%gale# gﬁ%%@@%ﬂb&gbl urality of
steering matrieas fpaspially eremsaid et atvieadl dvid Wohadnnédaebserbvesdwidy @

receiving entijty.for. the at |east one ock of datg. synbols;  and ans for
sel ect ng” P, {yp(?/fﬁe_efflf'gff‘a&ceglt%gt‘%ﬁw& ﬂbﬁamyc sge‘ﬂl}e&ﬁ‘?sa%ﬁ%‘s’a%%‘f‘% E’E‘mest eering
matri ces, caMReicRidingits a AMfdrétt ORTon BT BRtae leattAB bRRAR of dfa siibAPpar at us
conprising: 39 neans for processing data to obtain at | east one bl ock of

dat a synbol s; meaadors ppvidingtthapluality eEeguensgs phisansmit satoloee Prebk of data
synbol s w Pl it ri |.C ' pl aral i of
sequencegépa%}n éﬁg}r{n{e@l‘a!ssy%ﬁgfag %gsglﬁh qgo%r?;ea@ &?@%‘“’%{g” ?[ gé ?@P@f"eégﬁtﬁyﬁ)ﬁt i on of

the at | eastricenanddnoiek aotffelaiva MM ehsincheiaas el oy apearvidg agity e thé wr al i ty of

sequences of transmt synbgls to a plurality of transmit antennas for
transm sskeaﬁopﬁﬁaok?i\%&yﬂm{iﬂ@ﬁeﬁw’ the plurality of steering matrices

random ze an ef{RGtiygciMiMY GRUMSliyORSqENRE R¥irided BERI ¥hbEE §Net by 1for the
at | east one block of data synbols] and neans for selecting the plurality

of st eer i sieprimgtmatness irf a deremmroge mastsr, wifer¢ L isameioteganeraaier thaesnd. n a
determni stic manner, where L is an integer greater than one. 30. An
apparatus conprising: nmeans for processing data to obtain at |east one bl ock

of data symbol g3 aiﬁ’@@dﬁ@gd@ﬁ{prﬁﬁ@ti ally processing the at | east one bl ock of
data synbols with a plurality of st_eeri%g matrices to obtain a plurality of
sequences of tFEaNs AIPresranes datecebtaie ot lewss penbipdget dtasymbtotser ent portion of

the at I|east qne Bl BEK LfI0FHASHIPAUSa [BA e BbPEP YR GohtohiewRhur al ity of
sequences of transmt %ynjogl s to a (8} ur aﬁgt y
plurality of steering matrices to obtain a plurality of sequences of transmit symbols each
corresponding to a different portion of the at least one block of data symbols;
means for providing the plurality of sequences of transmit symbols to a plurality
of transmit antennas for transmission in a frame, 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; and
means for selecting the plurality of steering matrices from among a set of L

steering matrices by cycling through the L steering matrices in sequential order, where L,

is an integer greater than one.

31.  Anapparatus comprising:

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

means for spatially processing the at least one block of data symbols with a
plurality of steering matrices to obtain a plurality of sequences of transmit symbols each
corresponding to a different portion of the at least one block of data symbols;

means for providing the plurality of sequences of transmit symbols to a plurality

of transmit antennas for transmission in a frame, wherein the plurality of steering



of transmt antennas for transmssion in a frame, wherein the plurality of
steering matrices random ze an effective M MO channel observed by a
receiving entity for the at |east one block of data synbols; and neans for
selecting the plurality of steering matrices fromanong a set of L steering
matrices by cycling through the L steering matrices in sequential order,
where L is an integer greater than opg. 31. An apparatus conprising: neans
for processing data to obtain at |east one block of data synbols; nmeans for
spatially processing the at |east one block of data synmbols with a

pl ural i t ymadicsd @eddriige BRESEQRS MDMORLAING] Sbsphvidd Bl iatr¥ccdfing Sl T6he af
transmt synbols each corresponding to a different portion of the at |east

one bl ockledit otablackohdsgs symhebsaard f or providing the plurality of sequences of
transm t Sy”b% nk %o al%l% f’ﬂl%pﬁf}h r&rk'% Ihgmﬁ&@q?onfl%hgtg%] N§Meggion in a

frame, wherein t e pluralit Stee matrices ran ze an effective
M MO chanstedringlnsatinaee h byscado-emebmi m:gmemwhblyc If Brantilmegatgredtealsin amae bl ock of
data synbol s; and neans for a selecting the plurality of steering matrices
fromanong a set of L steering matrices in a pseudo-random manner, where L
is an integer gf@afaeftuddddiprlm@: 32. An apparatus conprising: neans for
processing data to obtain at I'east one block of data synbols; nmeans for
spatial |y proceesis iy rrersssng ﬁ@amow@aﬁlﬂ@éRHQ)WO@!%@%MWOAS‘vvi th a

plural ity of ohestl 0o FRLIL GE5 ek el Pt ALLE Y1 Ol SBAEA° Ry o

transmt synbols eac core to a erent por %t | east

one bl ockpmfal1cgafbfbst@y1ﬂ@(nhasrlceﬁa@nstaifn@rplnfathw tﬁﬁsﬁ@udnh@ @ttﬂ’n@ﬂn[ttsymﬁf)ls%@ﬂuences of
transmt synbols to a plurality aof transmit antennas for transmission in a
frame, m%}r@ﬁﬁpnfm@tapmféqrmtyomonsotfé@ﬁt igst apaokack 5 danyBbR!se an effective

M MO channel ofsgl ‘f@ndprg%dﬁlgrtﬁ&?lu\‘éiﬁﬁl O?qugi&l?éfeg 8f tr&rﬁﬁu@é mﬂo‘?sal%t @G&h@ ock of

data synbols; and neans ecting a erent ord eering
mat ri ces éfbotramach aseguenice tomsiissioe goendeseandrgein ibe pjlu,nahilyl bl sekrimequences,

where L is an i nt eger parat us cor rls ng:; neans
For procetafity BaranesThataive Ao ghFnshabsias BV aregatiie S s ShF%k
least one block of data symbols; and
means for selecting a different order of L steering matrices for each sequence of L

sequences among the plurality of sequences, where L is an integer greater than one.

33.  An apparatus comprising:

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

means for spatially processing the at least one block of data symbols with a
plurality of steering matrices to obtain a plurality of sequences of transmit symbols each
corresponding to a different portion of the at least one block of data symbols; and

means for providing the plurality of sequences of transmit symbols to a plurality
of transmit antennas for transmission in a frame, 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,

wherein the plurality of steering matrices are unitary matrices.

34.  An apparatus comprising:
means for processing data to obtain at least one block of data symbols;

means for spatially processing the at least one block of data symbols with a



means for spatially processing the at | east one block of data synbols with a
plurality of steering matrices to obtain a plurality of sequences of
transmt synbols each corresponding to a different portion of the at | east
one bl ock of data synbols; and neans for providing the plurality of
sequences of transmt synbols to a plurality of transmt antennas for
transm ssion in a frame, wherein the urality of steering matrices
random ze an effective M MO channel observed by a receiving entity for the
at | east one block of data synmbols, wherein the plurality of. steering

mat ri ces it iftsRENn dTRkiricEER obtaft RTs@udBices Ofahsthid GymBBABR T OF
pr ocessi nlcgdi dzli ato o%%Tg]i rﬁcat I%ast ao@gaﬁpocﬁ@%f %Iata saynblolg};n;,l nmeans for

spati al | yopeweedisg i difierent portias pf Baet lshdeke blpcldat detagpmbwls with a 41
plurality of kN I ces . j | | i f nges;. of
transmt synbo egﬁgeg)é%r(%é%lp ? glgep%lh(g\hrp?g&?sga%e Eﬁgsf #@?délﬁ% %ﬁgﬁbﬁggggfﬁ"f@é&at | east

one bl ockfatandaitaamstiaelfs: taranissiborin pr Gdinmd) ngetche tid phadlity yofofteamguences of
transmt synbols to .a plural.i txﬂ of transmt antennas for transmission in a

frame, wHBHES rpmlenize gmglfachve MINQ ghanpg obseiyeq Bea rscsiyins ey B the #lect i ve

M MO changgl ,RbsssivEdR%vabhRCSIgvi ng entity for the at |east one block of
data synbols; and neans 1yor generating the plurality of steering matrices

with a base nutsanx fargtnerating thegllimlityoff ssedhansiri@s wikna hpgsanattiysinéanpri si ng:
means for lprgce Silil data to obtain at | east one bl ock of data synbols;
means f orP'¥BAYi%AP¥4" Br ocessing the at |east one block of data symbols with a
plurality of steering matrices to obtain a plurality of sequences of
transmt synbols each corresponding to a different portion of the at |east
one bl oclddef detapPeiphsSPEPrifBEns for providing the plurality of sequences of

transm t Sy”b%et% §9or$m%%&§rf%da‘ia%’to Blaid 51303 de OGS L Qhokr @ansm ssion in a
frane, wherein He pfurali of steering natrices random ze an effective
M MO channel ohses fadspayialy pecessitightheentledsy cherblddreofatiata |sgmbblsomieh lal ock of

data synbol s;; and neans for generating the plurality of steerj trices
based )c/)n FﬁWaF‘WiQ?iSQFrI%P’LaHWS? {3ip 2 pél?fahfa 0&@%@6&%3 O%értamfwtamﬁé]? FPoots of

unity, Wheresdendiifg @a HitteRGEHo1B0EBE BE af RAR one block of data symbols;
means for providing the plurality of sequences of transmit symbols to a plurality
of transmit antennas for transmission in a frame, 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; and
means for generating the plurality of steering matrices based on an initial unitary
matrix and a diagonal matrix of L-th roots of unity, where [, is an integer greater than

one,

36.  An apparatus comprising:

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

means for spatially processing the at least one block of data symbols with a
plurality of steering matrices to obtain a plurality of sequences of transmit symbols each
corresponding to a different portion of the at least one block of data symbols;

means for providing the plurality of sequences of transmit symbols to a plurality
of transmit antennas for transmission in a frame, 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; and



one. 36. An apparatus conprising: neans for processing data to obtain at

| east one bl ock of data synbols; neans for spatially processing the at |east
one bl ock of data synmbols with a plurality of steering nmatrices to obtain a
plurality of sequences of transmt synbols each corresponding to a
different portion of the at |east one block of data synbols; neans for
providing the plurality of sequences 42 transmit synbols to a plurality of
transmt antennas for transmission in a frane, wherein the plurality of

steering matrjces random ze effectiv MO channel , observed hy
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for gener atiégegddnd &sopbpicaly dirriblited QA RGtBE.r i ces based on a set of

i ndependent isotropically distributed unitary matrices. 37. An apparatus
conprising: neans for processing data to obtain at | east one bl ock of data

synbol s; ansa f ok, shat i . processing the at | east one block of data
synbol s vﬁh a p‘?pﬁreg |t03{ﬂ(1).¥mgf eering matrices to obtain a plurality of
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random ze an effective M MO channel observed by a receiving entity for the
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means for partitioning the at least one block of data symbols into a plurality of
subblocks of data symbols, each subblock of data symbols being designated for
transmission on a respective group of at least one frequency subband and from the
plurality of transmit antennas, and wherein the means for spatially processing comprises
means for spatially processing the subblock of data symbols for each group of at least one

frequency subband with a respective one of the plurality of steering matrices.



