
WO 2005/060144 PCT/US2004/042236 SPATIAL SPREADING IN A MULTI-ANTENNA
COMMUNICATION SYSTEM Claim of Priority under 35 U.S.C. 119 [0001] The
present Application for Patent claims priority to Provisional Application
Serial No. 60/531,021, entitled "Pseudo-Random Transmit Steering in a
Multi-Antenna  Communication System," filed December 17, 2003, and assigned
to the assignee hereof  and hereby expressly incorporated by reference
herein. BACKGROUND  Field [0002] The present invention relates generally to
data communication, and more  specifically to techniques for transmitting
data in a multi-antenna communication  system. Background  [0003] A
multiple-input multiple-output (MIMO) communication system employs  multiple
(NT) transmit antennas at a transmitting entity and multiple (NR) receive
antennas at a receiving entity for data transmission and is denoted as an
(NT, NR)  system. A MIMO channel formed by the NT transmit antennas and the
NR receive  antennas may be decomposed into Ns spatial channels, where N. <_
min {NT, NR} .  The Ns 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 Ns spatial channels of the MIMO channel may
experience different channel  conditions (e.g., different fading, multipath,
and interference effects) and may achieve  different
signal-to-noise-and-interference ratios (SNRs). The SNR of a spatial channel
determines its transmission capacity, which is typically quantified by a
particular data  rate that may be reliably transmitted on the spatial
channel. For a time variant MIMO  channel, the channel conditions change
over time and the SNR of each spatial channel  also changes over time. To
maximize throughput, the MIMO system may utilize some  form of feedback
whereby the receiving entity evaluates the spatial channels and  provides
feedback information indicating the transmission capacity of each spatial WO
2005/060144 PCT/US2004/042236  



2 channel. The transmitting entity would then adjust data transmission on
the spatial  channels based on the feedback information. [0005] However,
this feedback information may not be available for various reasons.  For
example, the MIMO system may not support transmission of feedback from the
receiving entity. As another example, the MIMO channel may change more
rapidly  than the rate at which the receiving entity can estimate the
channel and/or send the  feedback information. In any case, if the
transmitting entity does not know the channel  conditions, then it may need
to transmit data at a very low rate so that the data  transmission can be
reliably decoded by the receiving entity even under the worst-case  channel
conditions. The performance of such a system would then be dictated by the
expected worst-case channel conditions. SUMMARY  [0006] In one embodiment, a
method for processing data transmission in a wireless  multiple-input
multiple-output (MIMO) communication system is described in which  data is
processed to obtain at least one block of data symbols. Spatial processing
is  performed on the at least one block of data symbols with a plurality of
steering matrices  to obtain a plurality of sequences of transmit symbols
for a plurality of transmit  antennas, wherein the plurality of steering
matrices randomize an effective MIMO  channel observed by a receiving entity
for the at least one block of data symbols. [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 WO 2005/060144 PCT/US2004/042236  3 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.
[0009] In another embodiment, a method for processing data for transmission
in a  wireless multiple-input single-output (MISO) communication system is
described in  which data is processed to obtain a block of data symbols.
Spatial processing is  performed on the block of data symbols with a
plurality of steering vectors to obtain a  plurality of sequences of
transmit symbols for a plurality of transmit antennas, wherein  the
plurality of steering vectors randomize an effective MISO channel observed
by a  receiving entity for the block of data symbols. [0010] In another
embodiment, a method for receiving a data transmission in a wireless
multiple-input multiple-output (MIMO) communication system is described in
which  received data symbols are obtained for at least one data symbol block
spatially  processed with a plurality of steering matrices prior to
transmission via a MIMO  channel. A channel response estimate is obtained
for an effective MIMO channel  formed by the MIMO channel and the plurality
of steering matrices. Receiver spatial  processing is performed on the
received data symbols with the channel response  estimate to obtain data
symbol estimates for the at least one data symbol block. [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 matrices 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 multiple- output (IvIIMO) communication system is described
which includes means for obtaining  



received data symbols for at least one data symbol block spatially processed
with a  plurality of steering matrices prior to transmission via a MEMO
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 WO 2005/060144 PCT/US2004/042236  4
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. [0013] In another embodiment, a method of receiving a data
transmission in a wireless  multiple-input single-output (MISO)
communication system is described in which  received data symbols are
obtained for a data symbol block spatially processed with a  plurality of
steering vectors prior to transmission via a MISO channel. A channel
response estimate is obtained for an effective MISO channel formed by the
MISO  channel and the plurality of steering vectors; and detection on the
received data symbols  is performed with the channel response estimate to
obtain data symbol estimates for the  data symbol block. BRIEF DESCRIPTION
OF THE DRAWINGS  [0014] FIG. 1 shows a process for transmitting data with
spatial spreading.  [0015] FIG. 2 shows a process for receiving data with
spatial spreading. _ [0026] FIG. 3 shows a transmitting entity and a
receiving entity in a MIMO system.  [0017] FIG. 4 shows the processing units
at the transmitting entity. [0018] FIG. 5 shows the processing units at 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 4 x 4 MIMO  system. DETAILED
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 necessarily to  be construed as preferred or advantageous
over other embodiments. [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 transmit antennas simultaneously,
possibly with different amplitudes  and/or phases determined by a steering
vector used for that data symbol. Spatial  spreading may also be called
transmit steering, pseudo-random transmit steering, WO 2005/060144
PCT/US2004/042236  5 steering diversity, matrix pseudo-random steering,
vector pseudo-random steering, and  so on. The spatial processing techniques
can randomize an "effective" MIMO or MISO  channel observed by a receiving
entity for each block of data symbols transmitted by a  transmitting entity
so that system performance is not dictated by the worst-case channel
conditions. [0023] In an embodiment for transmitting data with spatial
spreading in a MIMO  system, the transmitting entity processes (e.g.,
encodes and interleaves) data for No data  streams and generates ND blocks
of coded data, where ND > 1. A block of coded data  may also be called a
code block or a coded data packet. Each code block is encoded  separately at
the transmitting entity and decoded separately at the receiving entity. Each
code block is symbol mapped to obtain a corresponding block of data symbols.
The No  data symbol blocks for the ND code blocks are partitioned into NM
data symbol  subblocks for transmission in NM transmission spans, one
subblock in each transmission  span, where NM > 1. A transmission span can
cover time and/or frequency dimensions,  as described below. A steering
matrix is selected (e.g., from among a set of L steering  matrices) for each
of the NM data symbol subblocks. Each data symbol subblock is  spatially
processed with the steering matrix selected for that subblock to generate
transmit symbols, which are further processed and transmitted via NT
transmit antennas  in one transmission span. In effect, the ND data symbol
blocks are spatially processed  with NM steering matrices 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 aspects and embodiments of the invention are
described in further detail  below. [0025] The spatial spreading techniques
described herein may be used for MIMO and  MISO systems. These techniques
may also be used for single-carrier and multi-carrier  systems. Multiple
carriers may be obtained with orthogonal frequency division  multiplexing
(OFDM), some other multi-carrier modulation techniques, or some other
construct. OFDM effectively partitions the overall system bandwidth into
multiple (NF)  orthogonal subbands, which are also referred to as tones,
subcaniers, bins, and WO 2005/060144 PCT/US2004/042236  6 frequency
channels. With OFDM, each subband is associated with a respective
subcarrier that may be modulated with data. 1. MIMO System [0026] For a
single-carrier MIMO system, a MIMO channel formed by NT transmit  antennas
at the transmitting entity and NR receive antennas at the receiving entity
may  be characterized by an NR x NT channel response matrix H, which may be
expressed  as: h11 1c,2 ... hINT H h2 1 h2,2 ... hz NT Eq (1)  hNR,1 hNn,2
... hN,,NT where entry h,1, for i=1 ... NR and j= I ... NT, denotes the
coupling or complex  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 Ns data symbol
streams are  transmitted simultaneously from the NT transmit antennas. The
model for the MIMO  system for this transmission scheme may be expressed as:
r=Hs+n , Eq(2)  where s is an NT xl vector with Ns non-zero entries for Ns
data symbols to be  transmitted on the Ns spatial channels of H ; 



r is an NR x 1 vector with entries for Na received symbols obtained via the
NR  receive antennas; and n is a noise vector observed at the receiving
entity. The noise may be assumed to be additive white Gaussian noise (AWGN)
with a zero  mean vector and a covariance matrix of A, = o'2I, where o'2 is
the variance of the  noise and I is the identity matrix. WO 2005/060144
PCT/US2004/042236  7 [0028] The Ns data symbol streams transmitted from the
NT transmit antennas interfere  with each other at the receiving entity. A
given data symbol stream transmitted from  one transmit antenna is typically
received by all NR receive antennas at different  amplitudes and phases.
Each received symbol stream includes a component of each of  the Ns
transmitted data symbol streams. The NR received symbol streams would
collectively include all of the Ns data symbols streams. However, these Ns
data symbol  streams are dispersed among the NR received symbol streams. The
receiving entity  performs receiver spatial processing on the NR received
symbol streams to recover the  Ns data symbol streams sent by the
transmitting entity. [0029] The performance that can be achieved for the
MIMO system is dependent (to a  large extent) on the channel response matrix
H. If a high degree of correlation exists  within H, then each data symbol
stream would observe a large amount of interference  from the other streams.
This interference or cross-talk cannot be removed by the spatial  processing
at the receiving entity. The high level of interference degrades the SNR of
each affected data symbol stream, possibly to a point where the data symbol
stream  cannot be decoded correctly by the receiving entity. [0030] For a
given channel response matrix H, system capacity may be achieved when  the
transmitting entity transmits data on Ns 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"
channels 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 stream (e.g., WO
2005/060144 PCT/US2004/042236  8 because feedback is not supported by the
system or the channel conditions change faster  than the feedback rate),
then the transmitting entity may need to transmit the data  symbol streams
at low rates so that these streams can be recovered even under the
worst-case channel conditions. System performance would then be dictated by
the  expected worst-case channel conditions, which is highly undesirable.
[0032] Spatial spreading may be used to randomize the effective MIMO channel
observed by the receiving entity so that system performance is not dictated
by the worst- case channel conditions. With spatial spreading, the
transmitting entity performs spatial  processing with different steering
matrices to effectively randomize the MIMO channel  so that each code block
for each data stream observes an ensemble of channels and is  not stuck on a
bad channel for an extended period of time. .. [0033] The spatial processing
at the transmitting entity for spatial spreading may be  expressed as: x(m)
= V (M)  s(m) , Eq (3)  where s(in) is an N. x 1 vector with Ns data symbols
to be sent in transmission span m;  V(m) is an NT X Ns steering matrix for
transmission span m; and x(m) is an NT x 1 vector with NT transmit symbols
to be sent from the NT  transmit antennas in transmission span in. In
general, up to Ns data symbol streams may be transmitted simultaneously
using the  



Ns spatial channels of FI(m). For simplicity, much of the following
description  assumes that Ns 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 symbol. As another  example, in a multi-carrier MIMO
system, such as a MIMO system that utilizes OFDM,  a transmission span may
correspond to one subband in one OFDM symbol period. A  transmission span
may also cover multiple symbol periods and/or multiple subbands.  Thus, m
may be an index for time and/or frequency. The transmission span may also be
referred to as a transmission interval, a signaling interval, a slot, and so
on. [0035] A set of L steering matrices may be generated as described below
and used for  spatial spreading. This steering matrix set is denoted as {V},
or V(i) for i = 1 ... L, WO 2005/060144 PCT/US2004/042236  9 where L may be
any integer greater than one. One steering matrix in the set may be
selected for each transmission span in. The transmitting entity would then
perform  spatial processing for each transmission span m with the steering
matrix V(m) selected  for that transmission span, where V(m) e {V}. The
results of the spatial processing are  NT transmit symbol streams, which are
further conditioned and transmitted from the NT  transmit antennas. [0036]
The received symbols at the receiving entity with spatial spreading may be
expressed as: K(M) = H(m)  V(m)  s(m) + n(m) = Buff (m)  s(m) + n(m) , Eq
(4)  where H(m) is an NR x NT channel response matrix for transmission span
m; H,ff (m) is an NR x N. effective channel response matrix for transmission
span  m, which is Heff (m) = H(m)  V (m) ; r(m) is an NR x 1 vector with NR
received symbols for transmission span m; and  n(m) is a noise vector for
transmission span m. [0037] As shown in equation (4), because of the spatial
spreading performed by the  transmitting entity, the Ns data symbol streams
observe the effective channel response  Hey (m) instead of the actual
channel response H(m) . Each data symbol stream is thus  



sent on a spatial channel of H,(7n) 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 H.,(m)=H(m)V(m),  where " ^ " denotes an estimate
of the actual matrix. Alternatively, the receiving entity  can directly
estimate the effective channel response matrix, H., (m), e.g., based on WO
20051060144 PCT/US2004/042236  10 received pilot symbols that have been
transmitted using V(m). A pilot symbol is a  modulation symbol for pilot,
which is data that is known a priori by both the  transmitting and receiving
entities. [00391 In general, any number of (ND) data streams may be
transmitted simultaneously  via the MIMO channel, where NS ? ND >_ 1. For
example, if ND = Ns, then one data  stream may be transmitted on each of the
Ns spatial channels of Hff (m). If ND =1,  then one data stream may be
demultiplexed and transmitted on all Ns spatial channels of  Hi(m). In any
case, each data stream is processed (e.g., encoded, interleaved, and
modulated) to obtain data symbols, and the data symbols for all ND data
streams are  demultiplexed into Ns data symbol streams for the Ns spatial
channels of Hff (m), as  described below. A steering matrix is used for
spatial processing for one transmission  span, which may cover one or
multiple data symbol vectors. [0040] FIG. 1 shows a process 100 for
transmitting data with spatial spreading.  Initially, data is processed to
obtain a set of ND data symbol blocks for ND data streams,  one block for
each data stream (block 112). Each data symbol block contains data  symbols
generated from one code block of coded data (or one coded data packet). The
data processing may be performed as described below. The ND data symbol
blocks are  



partitioned into NM data symbol subblocks to be transmitted in NM
transmission spans,  one subblock in each transmission span (block 114). NM
is also referred to as the block  length and is NM > 1. Each subblock may
contain one or more data symbols from each  of the ND blocks. For example,
if ND = Ns, then each subblock may contain Ns data  symbols from Ns blocks
for Ns data streams. As another example, if ND =1, then each  subblock may
contain Ns 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) may be
selected from the set of L steering matrices  {V} (block 118). Spatial
processing is then performed on data symbol subblock m with  steering matrix
V(m) to obtain transmit symbols (block 120). If transmission span in  covers
one data symbol vector, then one vector s(m) with up to Ns data symbols is
formed from data symbol subblock in and spatially processed with steering
matrix WO 2005/060144 PCT/US2004/042236  11 V(m) to obtain the corresponding
transmit symbol vector x(m), as shown in equation  (3). If transmission span
m covers multiple (Nv) data symbol vectors, then Nv vectors  se(m), for 2=1
... Nv, are formed from data symbol subblock in, and each vector  su(m) is
spatially processed with the same steering matrix V(m) to obtain a
corresponding transmit symbol vector xp(m). In any case, the same steering
matrix  V(m) is used for spatial processing for all data symbol vectors in
transmission span m,  and the resultant transmit symbol vectors are
processed and transmitted via the NT  transmit antennas in transmission span
m (block 122). [0042] A determination is then made whether the NM data
symbol subblocks have been  processed and transmitted (i.e., whether m = NM)
(block 124). If the answer is `No',  then index m is incremented for the
next subblock/transmission span (block 126), and  the process returns to
block 118. If the answer is `Yes' for block 124, then a  determination is
made whether there is more data to transmit (block 128). If the answer  is
`Yes', then the process returns to block 112 to start the processing for the
next set of  data symbol blocks. Otherwise, the process terminates. 



[0043] As shown in FIG. 1, each set of data symbol blocks is spatially
processed with  NM steering matrices to obtain NT transmit symbol sequences.
Each transmit symbol  sequence is transmitted via a respective one of the NT
transmit antennas in NM  transmission spans. The NM steering matrices
randomize the effective MIMO channel  observed by the receiving entity for
the No 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. WO 2005/060144
PCT/US2004/042236  12 [0045] FIG. 2 shows a process 200 for receiving data
with spatial spreading. Initially,  index in used to denote the transmission
span for the current set of data symbol blocks is  set to 1 (block 212).
Received data symbols are obtained from the NR receive antennas  for data
symbol subblock in (block 214). Steering matrix V(m) used by the
transmitting entity for subblock in is determined (block 216) and used to
derive a  channel response estimate for the effective MIMO channel observed
by subblock in.  This channel response estimate is then used to perform
receiver spatial processing on  the received data symbols to obtain detected
symbols (or data symbol estimates) for  subblock in (block 218). [00461 A
determination is then made whether the NM data symbol subblocks for the
current data symbol block set have been received (i.e., whether in = NM)
(block 220).  If the answer is `No', then index in is incremented for the
next subblock/transmission  



span (block 222), and the process returns to block 214. If the answer is
`Yes' for block  220, then the detected symbols for all NM subblocks are
processed (e.g., demodulated,  deinterleaved, and decoded) to obtain decoded
data for the current data symbol block set  (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
pseudo-random manner.  For example, the steering matrix to use for each
transmission span in may be selected  based on a function f (m) that
pseudo-randomly selects one of the L steering matrices,  or steering matrix
V(f (m)) . In yet another embodiment, the steering matrices are  selected
from the set in a "permutated" manner. For example, the L steering matrices
may be cycled through and selected for use in sequential order. However, the
starting  steering matrix for each cycle may be selected in a pseudo-random
manner, instead of WO 2005/060144 PCT/US2004/042236  13 always being the
first steering matrix V(1). The L steering matrices may also be  selected in
various other manners, and this is within the scope of the invention. [0048]
The steering matrix selection may also be dependent on the number of
steering  matrices (L) in the set and the block length (NM). In general, the
number of steering  matrices may be greater than, equal to, or less than the
block length. Steering matrix  selection for these three cases may be
performed as described below. [0049] If L = NM, then the number of steering
matrices matches the block length. In  this case, a different steering
matrix may be selected for each of the NM transmission  spans used to
transmit the set of data symbol blocks. The NM steering matrices for the  



NM transmission spans 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 selected in sequential order for each data symbol block
set, with the same (pre- selected) or different (pseudo-randomly selected)
starting steering matrix being used for  each data symbol block set. [0050]
If L < NM , then the block length is longer than the number of steering
matrices  in the set. In this case, the steering matrices are reused for
each data symbol block set  and may be selected as described above. [0051]
If L > NM , 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  ND data streams and
provides Ns data symbol streams, where Ns ? ND >_ 1. A TX  spatial processor
330 receives and spatially processes the Ns data symbol streams for  spatial
spreading, multiplexes in pilot symbols, and provides NT transmit symbol
streams to NT 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 WO 2005/060144 PCT/US2004/042236  14 analog,
filters, amplifies, and frequency upconverts) a respective transmit symbol
stream to generate a modulated signal. NT transmitter units 332a through
332t provide  NT modulated signals for transmission from NT antennas 334a
through 334t,  respectively. [0053] At receiving entity 350, NR antennas
352a through 352r receive the NT  transmitted signals, and each antenna 352
provides a received signal to a respective  



receiver unit (RCVR) 354. Each receiver unit 354 performs processing
complementary  to the processing performed by transmitter units 332 and
provides (1) received data  symbols to a receive (RX) spatial processor 360
and (2) received pilot symbols to a  channel estimator 384 within a
controller 380. Receive spatial processor 360 performs  spatial processing
on NR received symbol streams from NR receiver units 354a through  354r with
channel estimates from channel estimator 384 and provides Ns detected
symbol streams, which are estimates of the Ns data symbol streams sent by
transmitting  entity 310. An RX data processor 370 then processes (e.g.,
demaps, deinterleaves, and  decodes) the Ns detected symbol streams and
provides ND decoded data streams, which  are estimates of the No 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 controllers 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 ND data stream
processors 410a through 410nd for the ND data streams {d j) , for 2 =I ...
ND . Within  each data stream processor 410, an encoder 412 receives and
encodes data stream {d$}  based on a coding scheme and provides code bits.
The coding scheme may include  cyclic redundancy check (CRC) generation,
convolutional coding, Turbo coding, low  density parity check (LDPC) coding,
block coding, other coding, or a combination  thereof. A channel interleaver
414 interleaves (i.e., reorders) the code bits based on an  interleaving
scheme to achieve frequency, time, and/or spatial diversity. A symbol
mapping unit 416 maps the interleaved bits based on a modulation scheme and
provides  a stream of data symbols {se} . Unit 416 groups each set of B
interleaved bits to form a  B-bit value, where B >_ 1, and further maps each
B-bit value to a specific modulation  symbol based on the selected
modulation scheme (e.g., QPSK, M-PSK, or M-QAM,  where M = 2$ ). The
encoding is typically performed separately on each data packet in WO
2005/060144 PCT/US2004/042236  15 each data stream {d1} to obtain a
corresponding coded data packet or code block, and  the symbol mapping is
then performed on each code block to obtain a corresponding  



data symbol block. [0056] In FIG. 4, ND data stream processors 410a through
410nd process the ND data  streams and provide ND data symbol blocks for
each block length of NM transmission  spans. One data stream processor 410
may also process the ND data streams, e.g., in a  time division multiplex
(TDM) manner. The same or different coding and modulation  schemes may be
used for the ND data streams. Furthermore, the same or different data  rates
may be used for the ND data streams. A multiplexer/demultiplexer (Mux/Demux)
420 receives and multiplexes/demultiplexes the data symbols for the ND data
streams  into Ns data symbol streams, one data symbol stream for each
spatial channel of  Hej-(m). If ND =Ns, then Mux/Demux 420 can simply
provide the data symbols for  each data stream as one data symbol stream. If
ND =1, then Mux/Demux 420  demultiplexes the data symbols for the one data
stream into Ns data symbol streams. [0057] TX spatial processor 330 receives
Ns data symbol blocks from TX data  processor 320 and NM steering matrices
V(m) from controller 340 for each block  length of NM 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 in to obtain  NT transmit symbol sequences, which are to
be sent from the NT transmit" antennas in  one or more symbol periods and/or
on one or more subbands. TX spatial processor 330  further multiplexes the
NT transmit symbol sequences for different transmission spans  and provides
NT transmit symbol streams, {x1} for j =1 ... NT, for the NT transmit
antennas. [0058] FIG. 5 shows a block diagram of the processing units at
receiving entity 350.  NR receiver units 354a through 354r provide received
pilot symbols, {rp} for  i=1 ... NR, to channel estimator 384. In one
embodiment, channel estimator 384  derives H(rn), which is an estimate of
the channel response matrix H(rn), based on the  received pilot symbols.
Channel estimator 384 further receives the steering matrix WO 2005/060144
PCT/US2004/042236  



16 V(m) for each transmission span in and derives the estimated effective
channel  response matrix as Heg (in) = H(m)  V(m). For this embodiment, the
receiving and  transmitting entities are synchronized so that both entities
use the same steering matrix  V(m) for each transmission span in. In another
embodiment, channel estimator 384  directly derives Hell (in), which is an
estimate of the effective channel response matrix  Hef(in), based on the
received pilot symbols. For both embodiments, channel  estimator 384
provides the estimated effective channel response matrix Hef(m) to RX
spatial processor 360. [0059] RX spatial processor 360 also obtains received
data symbols, {rd } for  i=1 ... N, from NR receiver units 354a through
354r. RX spatial processor 360  performs receiver spatial processing on the
received data symbols with Hff (in) and  using any one of a number of
receiver spatial processing techniques known in the art.  RX spatial
processor 360 provides detected symbols (or data symbol estimates) to RX
data processor 370. [0060] For the embodiment shown in FIG. 5, RX data
processor 370 includes a  multiplexer/demultiplexer (Mux/Demux) 508 and ND
data stream processors 510a  through 51Ond for the ND data streams.
Mux/Demux 508 receives and  multiplexes/demultiplexes the Ns detected symbol
streams for the Ns spatial channels of  He,(m) into ND detected symbol
streams for the ND data streams. Mux/Demux 508  operates in a manner
complementary to Mux/Dernux 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 transmitting entity 310. A decoder 516 then  decodes the deinterleaved
data in a manner complementary to the encoding performed  by transmitting
entity 310 on that stream. For example, a Turbo decoder or a Viterbi
decoder may be used for decoder 516 if Turbo or convolutional coding,
respectively, is  performed at transmitting entity 310. Decoder 516 provides
a decoded data packet for  each data symbol block. 



WO 2005/060144 PCT/US2004/042236  17 C. MIMO-OFDM System [0061] With OFDM,
up to NF modulation symbols may be transmitted on the NF  subbands in each
OFDM symbol period. Prior to transmission, these modulation  symbols are
transformed to the time-domain using an NF-point inverse fast Fourier
transform (IFFT) to generate a "transformed" symbol that contains NF
time-domain  chips. To combat intersymbol interference (IS)), which is
caused by frequency selective  fading, a portion (or Nip chips) of each
transformed symbol is repeated to form a  corresponding OFDM symbol. Each
OFDM symbol is transmitted in one OFDM  symbol period, which is NF +N0P chip
periods, where Nn, is the cyclic prefix length. [0062] For a MIMO system
that utilizes OFDM (i.e., a MIMO-OFDM system), the  spatial spreading may be
performed for each of the subbands used for data transmission.  Index m for
transmission span is thus substituted with k,n for subband k and OFDM
symbol period n. One vector s(k,n) may be formed for each subband Iz in each
OFDM  symbol period n. Each vector s(k,n) contains up to Ns data symbols for
transmission  via the Ns spatial channels of H ff(k,n) for subband kin OFDM
symbol period n. Up  to NF vectors, s(k,n) for k = 1 ... NF, may be
transmitted concurrently on the NF  subbands in one OFDM symbol period.
[0063] The set of No 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 NF subbands.
In this case, each data  symbol block is transmitted on all NF 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) plus  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 NF in OFDM symbol period n, then subbands 1 through NF in  



OFDM symbol period n + 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 WO 2005/060144 PCT/US2004/042236  18 subbands.
The three cases described above for L = NM , L < NM, and L > NM may  also be
applied for the subbands, with NM being replaced with Np. [0065] For the
MIMO-OFDM system, each transmitter unit 332 performs OFDM  modulation on the
transmit symbols for all NF subbands of an associated transmit  antenna to
obtain a corresponding stream of OFDM symbols. Each transmitter unit 332
further conditions the OFDM symbol stream to generate the modulated signal.
Each  receiver unit 354 performs the complementary OFDM demodulation on its
received  signal to obtain the received data symbols and received pilot
symbols. OFDM  modulation and demodulation are known in the art and not
described herein. D. Steering Matrices Generation [0066] The steering
matrices used for spatial spreading should be unitary matrices and  satisfy
the following condition: VH(i)V(i)=1 , for 1=1 ... L, Eq(5)  where "H"
denotes the conjugate transpose. Each steering matrix includes Ns columns
and may be expressed as V(i) = [v1(i) Y2 0) ... v_NS (i)] . 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 II v_a (i) II= v_a (i)  va (i)
=1 for a= I ... NS , and (2) the Hermitian inner  product of any two columns
of VQ) should be zero, or vQ (i)  v_6(i) = 0 for  a=1 ... Ns, b=1 ... Ns,
and a # b. This condition ensures that the Ns 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  maybe
expressed as: C(y)=VF`(i)V(j)~0 , for 1=1 ... L, j=l ... L,andi#j, Eq(6)
where C(ij) is the correlation matrix for V(i) and VU) 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 matrices may be derived such that
the maximum WO 2005/060144 PCT/US2004/042236  19 energy of the correlation
matrices for all possible pairs of steering matrices is  minimized. The
correlation matrix C(Y) for a given pair of steering matrices may be
computed as shown in equation (6). The energy of C(ij) may be computed as
Ns N E(U) = 11 C(ij)112= I Cm,,, (ij) I2 , where cm,n (ij) is the element in
the m-th row and n- m=1 n=1 th column of C(ij). The energy E(j) is also (1)
the trace of C" Qj) -!Q(y) and (2) the  square of the Frobenius norm of
C(ij). The steering matrices are generated such that  the maximum energy
E(Y) for all pairs of steering matrices is minimized. [00691 The set of L
steering matrices {V} may be generated in various manners, some  of which
are described below. The set of steering matrices may be pre-computed and
stored at the transmitting and receiving entities and thereafter retrieved
for use as they  are needed. Alternatively, these steering matrices may be
computed in real time as they  are needed. [0070] 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 to be
generated (block 612). An N. x NT matrix G of random variables is then
generated  (block 614). The elements of G are independent identically
distributed (ED) complex  Gaussian random variables each having zero mean
and unit variance. An NT x NT  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=EDE" , Eq(7)
where E is an NT x Ns unitary matrix of eigenvectors of R ; and D is an N. x
Ns diagonal matrix of eigenvalues of R. The diagonal matrix D contains
non-negative real values along the diagonal and zeros  elsewhere. These
diagonal entries are referred to as the eigenvalues of R and represent  



the power gains for Ns eigenmodes of G. [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 WO 2005/060144
PCT/US2004/042236  20 for the first steering matrix. The check may be
achieved, for example, by (1) computing  a correlation matrix C(j) between
matrix E and each steering matrix V(j) already  generated, for j =1 ... (i
-1) , (2) computing the energy of each correlation matrix  C(j) as described
above, (3) comparing the energy of each correlation matrix against a
threshold, and (4) declaring low correlation if the energies for all i-1
correlation  matrices are less than the threshold. Other tests to check for
low correlation may also  be used, and this is within the scope of the
invention. A determination is then made  whether the low correlation
criterion is met for the eigenvector matrix E (block 622).  The low
correlation criterion is not met if the correlation between matrix E and any
prior-generated steering matrix exceeds the threshold. If this is the case,
then the  process returns to block 614 to generate another matrix G.
Otherwise, if the low  correlation criterion is met, then steering matrix
V(i) is set equal to matrix E (block  624). Steering matrix V(i) is a
unitary matrix because matrix E is obtained through  eigenvalue
decomposition, as shown in equation (7). 100731 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 i is incremented (block  628), and
the process returns to block 614 to generate the next steering matrix.
Otherwise, the process terminates. [00741 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
matrices by unitary matrices (so that the resultant matrices 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. [00751 In a second scheme, the
set of L steering matrices is generated based on a set of  



(loge 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 NT x NT unitary
matrix. Index i for the steering  matrices in the set may be denoted as i =
2,22...2Q , where Q = log, L, , is the first bit WO 2005/060144
PCT/US2004/042236  21 of index i, .tQ is the last bit of index i, and each
bit can take on a value of either 0 or 1.  The L steering matrices may then
be generated as follows: V(P1$2...2Q)=521' 522' ... 52Q Y0 , for 21> 2, ...,
2Q E{0,1}, Eq(8)  where V. is an NT x Ns independent isotropically
distributed unitary matrix; and Q41, for j =1 ... Q, is an NT x NT
independent isotropically distributed unitary  matrix. Matrix V. may be
defined, for example, as -V7,' =[IN5 0], where IN5 is an NS xNs  identity
matrix. The second scheme is described in further detail by T.L. Marzetta et
al.  in "Structured Unitary Space-Time Autocoding Constellations," IEEE
Transaction on  Information Theory, Vol. 48, No. 4, April 2002. [0076] In a
third scheme, the set of L steering matrices is generated by successively
rotating an initial unitary steering matrix V(1) in an NT-dimensional
complex space, as  follows: V(i+1)=0' V(1) , for i=1 ... L-1, Eq(9)  where
0' is an NT x NT diagonal unitary matrix that may be defined as: ej2sa,41L 0
... 0  0 e'2z.u,4/L ... 0 O` Eq (10)  0 0 ... ej2xw Ti1L and u" u2, ... uNT
are NT 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 O' is as low as possible. The NT diagonal
elements of 0' are L-th roots of  unity. The initial unitary steering matrix
V(1) may be formed with Ns different  columns of an NT x NT Fourier matrix
D, where the (n, in) -th entry, w,,. , is given as:  -.l2n(n-I)(m-1) 



wn,,,,=e NT for n={1 ... NT} and m={l ... NT}, Eq(11) WO 2005/060144
PCT/US2004/042236  22 where n is a row index and in is a column index. The
third scheme is described in  further detail by B.M. Hochwald et al. in
"Systematic Design of Unitary Space-Time  Constellations," IEEE Transaction
on Information Theory, Vol. 46, No. 6, September  2000. [0077] In a fourth
scheme, the set of L steering matrices is generated with a base matrix  B
and different scalars. The base matrix may be a Walsh matrix, arFourie1r
matrix, or  some other matrix. A 2 x 2 Walsh matrix be expressed as W2x2 =
Ll _ 1 I . A larger  size Walsh matrix W2Nx2N may be formed from a smaller
size Walsh matrix WNxN, as  follows: WNxN  W2Nx2N = [3YN.N Eq (12)  WNxN -
WNxN Walsh matrices have dimensions that are powers of two. Fourier matrices
of any square  dimension (e.g., 2, 3, 4, 5, and so on) maybe formed as shown
in equation (11). [0078] An NT x NT Walsh matrix W, Fourier matrix D, or
some other matrix may be  used as the base matrix B to form other steering
matrices. Each of rows 2 through NT  of the base matrix may be independently
multiplied with one of M different possible  scalars, where M > 1. MNT'
different steering matrices may be obtained from MNT-1  different
permutations of the M scalars for the NT- 1 rows, For example, each of rows
2 through NT may be independently multiplied with a scalar of +1, -1, +j, or
j, where  j= . For NT= 4 and M = 4, 64 different steering matrices may be
generated  from the base matrix B with the four different scalars.
Additional steering matrices  may be generated with other scalars, e.g.,
et'3' 4, et"`'4, e `18, and so on. In general,  each row of the base matrix
may be multiplied with any scalar having the form e19,  where 0 may be any
phase value. NT x NT steering matrices may be generated as  V(i) = gNT .
B(i) , where gNT =1/ NT and B(i) is the i-th matrix generated with the  base
matrix B. The scaling by gNT ensures that each column of V(i) 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 WO 2005/060144 PCT/US2004/042236  23 in a pseudo-random manner
(e.g., such as the first scheme) or a deterministic manner  (e.g., such as
the second and third schemes). E. Performance [0080] FIG. 7 shows plots of
the cumulative distribution function (CDF) of the overall  spectral
efficiency achieved for an exemplary MIMO system. For this MIM0 system,  the
transmitting entity is equipped with four transmit antennas (NT = 4) and the
receiving entity is equipped with four receive antennas (NR = 4). The MIMO
channel  is assumed to be as described above for equation (1). The received
SNR, which is the  SNR of the received symbols prior to the receiver spatial
processing, is assumed to be  20 dB. The receiving entity is assumed to be
using a minimum mean square error  (MMSE) receiver spatial processing
technique. [0081] Plot 710 shows the CDF of the overall spectral efficiency
for the case in which  spatial spreading is not performed. Spectral
efficiency is given in units of bits per  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 (10-2) 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,
respectively, with 4, 16  and 64 steering matrices, respectively. For one
percent outage probability, the use of  spatial spreading improves the
overall spectral efficiency from 9 bps/Hz to  approximately 15.8 bps/Hz
(with 64 steering 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 WO 2005/060144 PCT/US2004/042236  24 number of transmit and
receive antennas, the spatial processing technique used at the  receiving
entity, the coding and modulation schemes used for data transmission, and so
on. 2. MISO System [0084] A MISO system employs multiple (NT) transmit
antennas at a transmitting entity  and a single receive antenna at a
receiving entity for data transmission. A MISO  channel formed by the NT
transmit antennas and the single receive antenna is composed  of a single
spatial channel. The MISO channel may be characterized by a 1xNT  channel
response row vector h, which is h = [h, h2 ... hNT II where entry h,, for  j
=l ... NT, denotes the coupling between transmit antenna j and the single
receive  antenna. [0085] Spatial spreading may be used to randomize an
effective MISO channel  observed by the single-antenna receiving entity so
that performance is not dictated by  the worst-case channel conditions. For
the MISO system, the transmitting entity  performs spatial processing with a
set of steering vectors. [0086] The spatial processing at the transmitting
entity for spatial spreading in the  MISO system may be expressed as: x
,rso(m) =_v(m) s(m) , Eq (13)  where s(m) is a data symbol to be sent in
transmission span m; _v(in) is an NT x 1 steering vector for transmission
span m; and x s0(m) is an NT x1 vector with NT transmit symbols to be sent
from the NT  transmit antennas in transmission span in. [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 maybe selected for each transmission span
m  (e.g., in a pseudo-random or deterministic manner, similar to that
described above for  



the steering matrices). The transmitting entity performs spatial processing
for each  transmission span m with the steering vector _v(m) selected for
that transmission span. [0088] The received symbols at the receiving entity
with spatial spreading may be  expressed as: WO 2005/060144
PCT/US2004/042236  25 r(M) = h(m)  _v(m)  s(m) +n(m) = 12,ff (m)  s(m) +
n(m) , Eq (14)  where r(m) is a received symbol for transmission span nz;
hel(m) is an effective channel response for transmission span m, which is
he f (m) = h(m)  v_(m) ; and n(m) is the noise for transmission span in.
[0089] As shown in equation (14), because of the spatial spreading performed
by the  transmitting entity, a data symbol stream observes the effective
channel response  hef-(m), which includes the actual channel response h(m)
and the steering vector  v(m). The receiving entity can perform detection
(e.g., matched filtering or  equalization) on the received symbols r(m) with
an effective channel response estimate  hef(m) to obtain detected symbols
s(m), as is known in 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., 11 v_(i) f l2 = v"
Q)-y(i) =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(ij)=v"(i)v_(j)-, 0 , for i=1 ... L, j=1 ... L, and i # j,
Eq(15)  where c(U) 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 WO 2005/060144 PCT/US2004/042236
26 processors (DSPs), digital signal processing devices (DSPDs),
programmable logic  devices (PLDs), field programmable gate arrays (FPGAs),
processors, controllers,  micro-controllers, microprocessors, other
electronic units designed to perform the  functions described herein, or a
combination thereof. The processing units used to  perform spatial
processing at the receiving entity may also be implemented within one  or
more ASICs, DSPs, processors, and so on. [0093] For a software
implementation, the spatial spreading techniques may be  implemented with
modules (e.g., procedures, functions, and so on) that perform the  functions
described herein. The software codes may be stored in memory units (e.g.,
memory units 342 and 382 in FIG. 3) and executed by a processor (e.g.,
controllers 340  and 380). The memory unit maybe implemented within the
processor or external to the  processor, in which case it can be
communicatively coupled to the processor via various  means as is known in
the art. [0094] Headings are included herein for reference and to aid in
locating certain  sections. These headings are 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: 



27  CLAIMS 1. 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 systems; 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;
partitioning the at least one block of data symbols into a plurality of
subblocks of  data symbols; and selecting 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; 28  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 transmitting each sequence
of spatially processed data symbols from the plurality  of transmit antennas
on a respective group of frequency subbands. 4. 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, 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 29  matrices in a
deterministic manner, where L is an integer greater than one. 6. 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 by cycling through the L
steering matrices in sequential order, where L is an  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: 30  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
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. 9.
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; 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 31  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
with a base matrix and a plurality of  scalars. 11. 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 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. 32  13. 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 partitioning the at least
one block of data symbols into a plurality of subblocks of  data symbols,
each subblock of data symbols being designed for transmission on a
respective group of at least one frequency subband and from the plurality of
transmit  antennas, and wherein the spatially processing comprises 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. 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. 33  15. The apparatus of
claim 14, further comprising A transmit processor configured to transmit
each sequence of spatially processed  data symbols from the plurality of
transmit antennas on a respective group of frequency  subbands. 16. 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, 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. 34  18. 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
by cycling through the L steering  matrices in sequential order, where L is
an integer greater than one. 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 35  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 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. 



21. 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 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  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 36  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
matrices with a base matrix and a plurality of scalars. 23. 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
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 37  matrices based on a set of independent
isotropically distributed unitary matrices.  25. 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 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 least 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 38  subblocks of data symbols; and means for
selecting a steering matrix for each subblock of data symbols, and  wherein
the means for spatially processing the at least one block of data symbols
comprises means for spatially processing each subblock of data symbols with
a steering  matrix of the plurality selected for that subblock. 27. 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 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: 39  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 in a
deterministic manner, where L is an integer greater than one. 30. 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 by cycling through the L steering matrices in sequential order,
where L  is an integer greater than one. 31. 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 40  matrices randomize an effective
MIMO channel observed by a receiving entity for the at  least one block of
data symbols; and means for a 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. 32. 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 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 41
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 generating the plurality of steering matrices
with a base matrix and a  plurality of scalars. 35. 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 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. 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 42  means
for generating the plurality of steering matrices based on a set of
independent isotropically distributed unitary matrices.  37. 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  subblocks of data symbols,
each subblocl< 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. 


