
[0001] METHOD AND APPARATUS FOR COMBINING
SPACE-FREQUENCY BLOCK CODING, SPATIAL MULTIPLEXING AND
BEAMFORMING  IN A MIMO-OFDM SYSTEM [0002] FIELD OF
INVENTION [0003] The present invention is related to wireless
communication systems.  More particularly, the present invention is
related to a method and apparatus for  combining space-frequency block
coding (SFBC), Spatial multiplexing (SM) and  beamforming in a
multiple-input multiple-output (MIMO) orthogonal frequency  division
multiplexing (OFDM) system. [0004] BACKGROUND  [0005] OFDM is a
data transmission scheme where data is split into a  plurality of smaller
streams and each stream is transmitted using a sub-carrier  with a smaller
bandwidth than the total available transmission bandwidth. The  efficiency
of OFDM depends on choosing these sub-carriers orthogonal to each
other. The sub-carriers do not interfere with each other while each
carrying a  portion of the total user data. [0006] An OFDM system has
advantages over other wireless communication  systems. When the user
data is split into streams carried by different sub- carriers, the effective
data rate on each sub-carrier is much smaller. Therefore,  the symbol
duration is much larger. A large symbol duration can tolerate larger  delay
spreads. Thus, it is not affected by multipath as severely. Therefore,
OFDM symbols can tolerate delay spreads without complicated receiver
designs.  However, typical wireless systems need complex channel
equalization schemes to  combat multipath fading. [0007] Another
advantage of OFDM is that the generation of orthogonal sub- carriers at
the transmitter and receiver can be done by using inverse fast Fourier
transform (IFFT) and fast Fourier transform (FFT) engines. Since the IFFT
and  FFT implementations are well known, OFDM can be implemented
easily and  does not require complicated receivers. -1 



[008] MIMO refers to the type of wireless transmission and reception
scheme  where both a transmitter and a receiver employ more than one
antenna. A  MIMO system takes advantage of the spatial diversity or
spatial multiplexing  and improves signal-to-noise ratio (SNR) and
increases throughput. [009] SFBC is a scheme for transmitting symbols of
a space diversity coding  on neighboring sub-carriers rather than on the
same sub-carrier in the successive  time slots. The SFBC avoids the
problems of fast time variations associated with  space time block coding
(STBC). However, the channel needs to be constant over  the sub-carriers
that combining takes place. [0010] SUMMARY  [0011] The present
invention is related to a method and apparatus for  combining SFBC, SM
and beamforming in a MIMO-OFDM system. The system  includes a
transmitter with a plurality of transmit antennas and a receiver with  a
plurality of receive antennas. The transmitter generates at least one data
stream and a plurality of spatial streams. The number of generated spatial
streams is based on the number of the transmit antennas and the number
of the  receive antennas. The transmitter determines a transmission
scheme in  accordance with at least one of SFBC, SM and beam forming.
The transmitter  transmits data in the data stream to the receiver based on
the selected  transmission scheme. [0012] BRIEF DESCRIPTION OF
THE DRAWINGS [0013] A more detailed understanding of the invention
may be had from the  following description, given by way of example and
to be understood in  conjunction with the accompanying drawings
wherein: [0014] Figure 1 is a block diagram of an OFDM-MIMO system
implementing a  closed loop mode in accordance with the present
invention; and [0015] Figure 2 is a block diagram of an OFDM-MIMO
system implementing  an open loop mode in accordance with the present
invention. -2 [0016] DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS  [0017] The present invention will be described with
reference to the drawing  



figures wherein like numerals represent like elements throughout. [0018]
The features of the present invention may be incorporated into an
integrated circuit (IC) or be configured in a circuit comprising a multitude
of  interconnecting components. [0019] The present invention provides a
plurality of combinations of SFBC,  SM, FD and beam selection according
to the number of available data streams  and spatial streams and the
number of transmit and receive antennas. The  combinations provide
flexibility on the design of MIMO-OFDM systems and  scalable solutions
for any number transmit and receive antenna configuration.  Each
combination has trade-offs between performance, reliability and data rate.
Therefore, a combination can be chosen according to some criteria, such
as  robustness, a data rate, a channel condition, or the like. The number
of data  streams is preferably decided based on a modulation and coding
scheme. The  number of spatial streams is decided by the number of
transmit and receive  antennas. [0020] There are two modes of operation
of the system: a closed loop and an  open loop. The closed loop is used
when channel state information (CSI) is  available to the transmitter. The
open loop is used when CSI is not available at  the transmitter. A variant
may be used for transmission to legacy STA where it  provides diversity
benefits. [0021] In the closed loop mode, CSI is used to create virtually
independent  channels by decomposing and diagonalizing the channel
matrix by precoding at  the transmitter and further antenna processing at
the receiver. Given the  eigenvalue spread of wireless channels, a
trade-off is made between a data rate  and robustness by employing
SFBC and/or SM. This scheme allows for a simple  receiver
implementation, simpler than a Minimum Mean Square Error (MMSE)
receiver. The combined solution enables higher throughput over a larger
range  compared to traditional techniques. The technique allows per
sub-carrier  power/bit loading and maintains a sustained robust link
through closed loop  -3 operation with CSI feedback. Another benefit of
the technique is that it is easily  



scalable to any number of antennas at both transmitter and receiver.
[0022] The CSI can be obtained at the transmitter either by feedback from
the  receiver or through exploiting channel reciprocity. Latency
requirements and  feedback data rates are typically not significant to the
inherent frequency non- selectivity of eigenvalues. A transmit antenna
calibration scheme is required. In  addition, channel quality information
(CQI) is used to determine a coding rate  and a modulation scheme per
sub-carrier or group of sub-carriers. The  determined coding rate and
modulation scheme determines the number of data  streams. According to
the number of data streams, the combinations are chosen  with the
available spatial streams. [0023] Figure 1 is a block diagram of an
OFBM-MIMO system 100  implementing a closed loop mode in
accordance with the present invention. The  system 100 includes a
transmitter 110 and a receiver 130. The transmitter 110  includes a
channel coder 112, a multiplexer 114, a power loading unit 116, a
plurality of optional SFBC units 118, a plurality of serial-to-parallel (S/P)
converters 120, a transmit beamformer 122, a plurality of IFFT units 124
and a  plurality of transmit antennas 126. The channel coder 112 codes
data preferably  in accordance with a CQI which is provided by the
receiver 130. The CQI is used  to determine a coding rate and modulation
scheme per sub-carrier or group of  sub-carriers. The coded data stream
is multiplexed by the multiplexer 114 into  two or more data streams 115.
[0024] The transmit power level of each data stream 115 is adjusted by
the  power loading unit 116 based on feedback 150 provided from the
receiver 130.  The power loading unit 116 adjusts power levels with
respect to the data rate of  each eigenbeam to balance the total transmit
power over all eigenbeams (or sub- carriers). [0025] The optional SFBC
units 118 perform SFBC on the data streams 115.  SFBC is performed
over eigen-beams and sub-carriers for each data rate that is  transmitted.
Eigen-beam and sub-carrier pairs are selected to ensure  independent
channels. OFDM symbols are carried on K sub-carriers. To  4 



accommodate SFBC, the sub-carriers are divided into L pairs of
sub-carriers (or  group of sub-carriers). The bandwidth of each group of
sub-carriers should be  less than the coherence bandwidth of the channel.
However, when combined  with eigen-beamforming this restriction is
relaxed due to the frequency  insensitivity of the eigen-beams. [0026] The
pairs of sub-carrier groups used by the block code are considered
independent. The following is an example of the Alamouti type SFBC
applied to  an OFDM symbol: s1 -Sz  S SZ S'* [00271 Once the optional
SFBC units 118 construct OFDM symbols for all sub- carriers, the coded
blocks are multiplexed by the S/P converters 120 and input to  the
transmit beamformer 122. The transmit beamformer 122 distributes eigen-
beams to the transmit antennas. The IFFT units 124 convert the data in
frequency domain to the data in time domain. [0028] The receiver 130
comprises a plurality of receive antennas, 128, a  plurality of FFT units
132, a receive beamformer 134, a plurality of optional  SFBC decoding
units 136, a demultiplexer 138, a channel decoder 144, a channel
estimator 140, a CSI generator 142 and a CQI generator 146. [0029] The
FFT units 132 convert samples received in time domain by the  antennas
128 to frequency domain. The receive beamformer 134, the optional
SFBC decoding units 136, the demultiplexer 138 and the channel decoder
144  process the samples converted to the frequency domain. [0030] The
channel estimator 140 generates channel matrix using a training
sequence transmitted from the transmitter and decomposes the channel
matrix  into two beam-forming unitary matrices U and V, (U for transmit
and V for  receive), and a diagonal matrix D per sub-carrier (or per
sub-carrier group) by  singular value decomposition (SVD) or eigenvalue
decomposition. The CSI  generator 142 generates CSI 147 from the
channel estimation results and the  CQI generator generates a CQI 148
based on the decoding results. The CSI and  the CQI provide feedback
150 from the receiver 130 to the transmitter 110. 



-5 [0031] The channel matrix H between nT transmit antennas and nR
receive  antennas can be written as follows: h1 '2l ... 'I,nr  H = h21 h22
11nR,1 hnR,2 kRmT [0032] The channel matrix H is decomposed by SVD
as follows:  H = UDV" where U and V are unitary matrices and D is a
diagonal matrix. U e CnRxnR and  V e C'". Then, for transmit symbol
vector s, transmit precoding is simply  performed as follows: x=Vs.  [0033]
The received signal becomes as follows:  y=HVs+n; where n is the noise
introduced in the channel. The receiver completes the  decomposition by
using a matched filter: VHHH =VHVDHUH =DHU". [0034] After
normalizing channel gain for eigenbeams, the estimate of the  transmit
symbols s becomes s = aD"UHHVS+77  =5+77 [0035] The symbols s is
detected without having to perform successive  interference cancellation
or MMSE type detector. DHD is a diagonal matrix that  is formed by
eigenvalues of H across the diagonal. Therefore, the normalization  factor
a = D-2. U are eigenvectors of HHH, V are eigenvectors of 73x$ and D is
a  diagonal matrix of singular values of H (square roots of eigenvalues of
BIP).  [0036] If the optional SFBC units 118, and the optional SFBC
decoding units  136 are removed from the transmitter 110 and the receiver
130, respectively, the  transmitter 110 and the receiver 130 may be used
for SM. [0037] In the open loop mode, a combination of space-frequency
coding and  -6 



spatial spreading in the transmitter 110 provides diversity without requiring
CSI  147. The CQI 148 is used to determine a coding rate and modulation
per sub- carrier or group of sub-carriers. This coding rate and modulation
scheme  determines the number of data streams. According to the
number of data  streams, the combinations are chosen with the available
spatial streams.  [0038] Figure 2 is a block diagram of a system 200
implementing an open loop  mode in accordance with the present
invention. The system 200 includes a  transmitter 210 and a receiver 230.
In the open loop mode, a combination of  space-frequency coding and
spatial spreading in the transmitter 210 provides  diversity without
requiring CSI. A variant of this scheme may be used when  operating with
legacy IEEE 802.1la/g user equipment. [0039] The transmitter 210
includes a channel coder 212, a multiplexer 214, a  power loading unit
216, a plurality of SFBC units 218, a plurality of serial-to- parallel (S/P)
converters 220, a beamformer network (BFN) 222, a plurality of  IFFT
units 224 and a plurality of transmit antennas 226. As in the closed loop
mode, the channel coder 212 uses CQI to determine coding rate and
modulation  per sub-carrier or group of sub-carriers. The coded data
stream 213 is  multiplexed by the multiplexer 214 into two or more data
streams 215. The BFN  222 forms N beams in space, where N is the
number of antennas 226. The beams  are pseudo-randomly constructed
by the BFN matrix operation. The independent  sub-carrier groups used
for the SFBC coding are transmitted on individual  beams. [0040] For
legacy support, SFBC coding may not be performed. Instead  diversity
through beam permutation is performed which improves diversity and
therefore the performance of legacy IEEE 802.11a/g user equipment.
[0041] The receiver 230 includes a plurality of receive antennas 231, FFT
units 232, a BFN 234, an SFBC decoding and combining unit 236 and a
channel  decoder 238. The FFT units 232 convert samples received in
time domain by the  receive antennas 231 to frequency domain. The
SFBC decoding and combining  unit 236 decodes and combines symbols
received from sub-carrier groups/eigen- beams and converts them from
parallel to serial using a prior knowledge of the  



-7 constellation size. Symbols are combined using MRC. The channel
decoder 238  decodes the combined symbol and generates a CQI 240.
[0042] If the SFBC units 218 and the SFBC decoding function of the SBC
decoding and combining unit 236 are removed from the transmitter 210
and the  receiver 230, respectively, the transmitter 210 and the receiver
230 maybe used  for SM. [0043] Examples of SFBC, SM, FD and beam
selection combinations in  accordance with the present invention are
explained hereinafter. [0044] Si denotes the group of the modulated
symbols. The length depends on  how many groups the sub-carriers for
data are divided into. Sub-carriers are  divided into two groups. Each Si
includes symbols whose length is a half of the  number of sub-carriers for
data. [0045] d, denotes singular values of the channel matrix, where di >
d2 > da >  ...> dM, M is the maximum number of the singular values, (i.e.,
the number of  transmit antennas). [0046] Rate = 1 means that M symbols
are sent and recovered per one sub- carrier during one OFDM symbol
duration. When less than M symbols are sent  and recovered, the rate is
fractional. [0047] In FD, Si is sent on a half of sub-carriers and Si* is sent
on the other  half of sub-carriers. [0048] Single transmit antenna case -
Single-input single-output (SISO).  [0049] In a SISO case, only one data
stream and one spatial stream are  implemented. Without using FD, one
symbol is sent per sub-carrier. Using FD,  one symbol is sent per two
sub-carriers. It is summarized in Table 1. Spatial Streams "SISO (Without
FD) aSISO (With FD)  Stream 1 S1, S2 SI, S1* Rate 1 i  Table 1 [0050]
Two transmit antenna case. [0051] With two transmit antennas, a 2x 1 or
a 2x2 MIMO-OFDM system may  



-8 be supported, and either one or two data streams may be supported.
[0052] 2x1 MIMO-OFDM closed loop - one data stream case. [0053] In a
closed loop mode, beam selection with or without FD and SFBC  maybe
used. Since data transmitted on the beam having smaller singular value
will the, one beam is selected through SVD. The SVD beam having a
larger  singular value is chosen. For a beam selection without FD, one
data symbol is  sent per a sub-carrier and for a beam selection with FD,
one data symbol is sent  per two sub-carriers. In a beam selection with
FD, the rate is a half of that in the  beam selection without FD case, but
the reliability is increased. [0054] Although the data transmitted on the
beam having smaller singular  value will die, two symbols can be sent at
the same time by using SFBC through  two sub-carriers. Using this
scheme, one data symbol is sent per sub-carrier.  Comparing with the
beam selection case, the performance of this case will be  degraded,
since the second stream with the smaller singular value includes only
noise. [0055] One data stream case for the 2x1 MIMO-OFDM closed loop
is  summarized in Table 2. Spatial Streams Beam Selection . Beam
Selection . g SFBG `  (Without FD) }+x(With FD) 'Stream 1(d.1) ` S1, S2
S1, Sl* Si, -S2*  Sfream 2_(d2 =0) S2 S1*  hate A 1/2 1/4 1/2 Table 2
[0056] 2x1 MIMO-OFDM open loop - one data stream case. [0057] In an
open loop mode, SM with or without FD and SFBC may be used.  For SM
(with the fixed beamforming matrix) without FD, one data symbol is sent
per sub-carrier for each spatial stream by using the fixed beamforming
and SM,  and for SM with FD, one data symbol is sent per two
sub-carriers for each spatial  stream by using the fixed beamforming and
SM. [0058] Combination of FD and non-FD is possible. In such case, one
symbol is  



sent on two sub-carriers on one spatial stream and one symbol is sent on
one sub- carrier on the other spatial stream. The data rate is 3% of the SM
without FD  -9 case.  [0059] If SFBC with the fixed beamforming matrix is
used, two data symbols  of the data stream are sent on two sub-carriers
through two antennas by using  the fixed beamforming. The data rate is a
half of the SM without-FD case.  [0060] One data stream case for the 2x1
MIMO-OFDM open loop is  summarized in Table 3. Spatial SM SMa
SFBG;  Streams (Without FD).. (With FD) 1(FD + non FD) Stre"am l Si, S2
S1, Sl* Si, Sl* Si, -S2*  .Stream 2 S3, S4 S2, S2* S2, S3 S2, SI*  Rate: 1
1/2 3/4 1/2 Table 3 [0061] 2x1 MIMO-OFDM (open loop) - two data stream
case. [0062] For two data stream case, an open loop mode should be
used since an  SVD beam having a smaller singular value carries nothing
but noise and will die,  as explained hereinbefore. Without FD, one data
symbol is sent per sub-carrier  for each spatial stream and with FD, one
data symbol is sent per two sub-carriers  for each spatial stream.
Combination of FD and non-FD is possible. [0063] Two data stream case
for the 2x1 MIMO-OFDM open loop is  summarized in Table 4. !Spatial
Streams :SIT (Without=FDJ SM(FD`+-non FD,))sSM (With FD);  Stream 1'
Si, S2 Si, Sl* Si, 81*  Stream S3, S4 S2, S3 S2, S2* State; " 1 3/4 1/2
Table 4 [0064] 2x2 MIMO-OFDM closed loop - one data stream case.
[0065] In a closed loop mode, SM with or without FD, beam selection with
or  without FD and SFBC may be used. In a closed loop mode, two spatial
beams are  



formed by SVD for each sub-carrier. [0066] For SM without FD, one data
symbol is sent per one sub-carrier for  each spatial stream and for SM
with FD, one data symbol is sent per two sub- carriers by using one
spatial stream. Combination of FD and non-FD is possible.  [0067] For
beam selection, one SVD beam between two beams for each sub- -10
carrier is selected, which has larger singular value, and the other beam of
each  sub-carrier is discarded. For beam selection without FD, one data
symbol is sent  per one sub-carrier by using one spatial stream. For beam
selection with FD, one  data symbol is sent per two sub-carriers by using
one spatial stream. [0068] Two spatial streams for each sub-carrier are
generated according to the  SVD of the channel of each sub-carrier and
two data symbols can be sent on two  sub-carriers by using SFBC. [0069]
One data stream case for the 2x2 MIMO-OFDM closed loop is
summarized in Table 5. Spatial SM + SM + SM+`% .,Beam Beam ~~j
SFBC)  Streams; SUD SUD SVD Selection 'Selections '  (Without `
`(WithAPD) (FD + ithout, (With FD) non-FD). FD) Stream 1 (di) ` Sl S2 Si,
S1* S1, S2 Sl, S2 S1, Sl* Si, -S2*  Stream 2 (d2)' S3, S4 S2, S2* S3, S3*
S2, S1*  Rate - 1 1/2 3/4 1/2 1/4 1/2 Table 5 [0070] 2x2 MIMO-OFDM
open loop - one data stream case. [0071] In an open loop, SM with or
without FD and SFBC may be supported.  SM is implemented with a fixed
beamforming matrix and both spatial streams of  each sub-carrier may be
used. [0072] For SM without FD, one data symbol is sent per one
sub-carrier for  each spatial stream and for SM with FD, one data symbol
is sent per two sub- carriers by using one spatial stream. Combination of
FD and non-FD is possible.  



[0073] Two data symbols of the data stream can be sent on two
sub-carriers for  each spatial stream by using the fixed beamforming and
SFBC. [0074] The transmitting method is same as one for the 2x 1
system. However,  the performance will be better, since two receive
antennas are used in a receiver.  [0075] One data stream case for the 2x2
MIMO-OFDM open loop is  summarized in Table 6. -ii Spatial SM SM SM
SFBC  Streams (Without FD) (With FD) (FD .+ non-FD) Stream 1 Si, S2
Si, SI* S1, S2 Si, -S2*  Stream2 S3, S4 S2, S2* S3, S3* S2, S1*  Rate 1
r/z 3/4 1/2 Table 6 [0076] 2x2 MIMO-OFDM closed loop - two data stream
case. [0077] In a closed loop mode, SM with or without FD may be used.
SM is  performed with SVD beamforming and two spatial streams are
available for each  sub-carrier. Since there are two data streams, one
spatial stream should be  assigned to each data stream, and SFBC is not
possible for the same reason.  [0078] For SM without FD, one data
symbol is sent per one sub-carrier for  each spatial stream and for SM
with FD, one data symbol is sent per two sub- carriers by using one
spatial stream. Combination of FD and non-FD is possible.  [0079] Two
data stream case for the 2x2 MIMO-OFDM closed loop is  summarized in
Table 7. Spatial Srearris SM +SVD ;.;SM + SVD SNL' D + ="'
(Without,FD), C,WithFD non-FD)  ;Stream I (dl)- Si, S2 Si, SI* S1, S2
Stream 2 (d2)` S3, S4 S2, S2* S3, S3* Rate 1 1/2 3/4  Table 7 [0080] 2x2
MIMO-OFDM open loop - two data stream case. [0081] In an open loop,
SM is implemented with the fixed beamforming matrix  



and two spatial streams are available for each sub-carrier. As explained
hereinbefore, one spatial stream is assigned to each data stream. [0082]
For SM without FD, one data symbol is sent per one sub-carrier for  each
spatial stream and for SM with FD, one data symbol is sent per two sub-
carriers by using one spatial stream. Combination of FD and non-FD is
possible.  [0083] Two data stream case for the 2x2 MIMO-OFDM open
loop is  summarized in Table 8. -12 Spatial SM 'SM SM(FD  Streams
(Without FD) (With FD) non-FD)  Stream 1 Si, S2 Si, Si* Si, Si*  Stream 2
S3, S4 S2 S2* S2, S3  Rate 1 1/2 3/4 Table 8  [0084] Three transmit
antenna case. [0085] With three transmit antennas, 3x1, 3x2 and 3x3
MIMO-OFDM  systems may be supported, and either one, two or three
data streams may be  supported. [0086] 3x1 MIMO-OFDM closed loop -
one data stream case. [0087] In a closed loop mode, beam selection with
or without FD and SFBC  may be used. Beams are generated with SVD
beam forming, and for beam  selection, one spatial beam is selected (only
one beam is available since two other  beams do not carry nothing but
noise and will die). The beam having the largest  singular value is
selected. [0088] For beam selection without FD, one data symbol is sent
per one sub- carrier for the chosen spatial stream and for beam selection
with FD, one data  symbol is sent per two sub-carriers for the chosen
spatial stream. [0089] For SFBC with SVD beamforming, two spatial
streams are selected for  each sub-carrier: one corresponding to the
largest singular value and the other  one corresponding to one of the rest.
However, even though two symbols can be  sent at the same time by
using SFBC through two sub-carriers, the performance  



will be very low, since one spatial stream includes only noise. [0090] One
data stream case for the 3x1 MIMO-OFDM closed loop is  summarized in
Table 9. Spatial Streams Beam Selection ;-Beam Selection SFBC
(Without FD) (With FD) Stream 1 (dl) Si, S2 Si, Sl* S1, -S2*  Stream 2 (d2
= 0) S2, S1*  Stream 3 (d3 = 0) Rate 1/3 1/6 1/3  Table 9 -13 [0091] 3x1
MIMO-OFDM open loop - one data stream case. [0092] In an open loop
case, SM and SFBC are implemented with the fixed  beamforming matrix
and three spatial streams are available. [0093] For SM without FD, one
data symbol is sent per one sub-carrier for  each spatial stream and for
SM with FD, one data symbol is sent per two sub- carriers for each spatial
stream. Combination of FD and non-FD is possible. One  data symbol is
sent per two sub-carriers on one spatial stream and one symbol is  sent
per one sub-carrier on two other spatial streams, or one data symbol is
sent  per two sub-carriers on two spatial streams and one symbol is sent
per one sub- carrier on the other spatial stream. [0094] SFBC may be
implemented with or without FD. Among three spatial  streams for each
sub-carrier, two spatial streams are used for SFBC and the  other one is
used for independent data symbol. Therefore, three symbols can be  sent
for each sub-carrier at each instant. [0095] One data stream case for the
3xl MIMO-OFDM open loop is  summarized in Table 10. Spatial' SM ?.
SNI SM (FD -SM`(FD. + SFBC + - SFBC +  Streams (Without (With FD)
non FD non-FD Without With FD  x : a FD) (ease 1).,[ (case,'2) FD Stream
1";, S1, S2 Si, S1* Si, S2 Sl, S2 S1, -S2* Si, -S2*  



Stream 2 S3, S4 S2, S2* S3, S3* S3, S4 S2, Sl* S2, Sl*  /Stream-3 S5, S6
S3, S3* S4, S4* S5, S5* S3, S4 S3, S3*  Rate" 1 1/2 2/3 5/6 2/3 1/2 Table
10 [0096] 3x1 MIMO-OFDM (open loop) - two data stream case. [0097] In
this case, an open loop structure should be used to send and recover  two
data streams. SM and SFBC are implemented with the fixed beamforming
matrix and two data streams are divided into three spatial streams for
each sub- carrier. [098] For SM without FD, one data symbol is sent per
one sub-carrier for  each spatial stream and for SM with FD, one data
symbol is sent per two sub- carriers for each spatial stream. Combination
of FD and non-FD is possible.  [099] With SFBC, one data stream is sent
and recovered by using SFBC and -14 the other data stream does not use
SFBC. Among three spatial streams for each  sub-carrier, two spatial
streams are used for SFBC and the other one is for the  other data
stream. [0100] Two data stream case for the 3x1 MIMO-OFDM open loop
is  summarized in Table 11. Spatial SM SM SM (FD + SM (FD + SFBC +
SFBC +  Streams (Without (With FD) non-FD =non--FD Without WLth FD
FD) ) (case 1) . (case 2) , : FD Stream 1 S1 ,S2 Si, Sl* Si, S2 Si, S2 Si,
-S2* Si, -S2*  Stream 2 S3, S4 S2, S2* S3, S3t` S3, S4 S2, Sl* S2, S1*
'Stream 3`.' S5, S6 S3, S3* S4, S4* S5, S5* S3, S4 S3, S3*  Rate 1 1/2
2/3 5/6 2/3 1/2 Table 11 [0101] 3x1 MIMO-OFDM (open loop) - three data
stream case. [0102] In this case, an open loop structure should be used to
send and recover  three data streams. SM and SFBC are implemented
with the fixed beamforming  matrix and three data streams are divided into
three spatial streams for each  



sub-carrier and SFBC is not possible in this case. [0103] For SM without
FD, one data symbol is sent per one sub-carrier for  each spatial stream
and for SM with FD, one data symbol is sent per two sub- carriers for each
spatial stream. Combinations of FD and non-FD are possible.  [0104]
Three data stream case for the 3x1 MIMO-OFDM open loop is
summarized in Table 12. Spatial SM SM ~$M' ((FD + SM (FD  non FD:E
Streams (Without FD) (With'FD) non ?D (case ,1) (case 2)  Stream f'-"' S1,
S2 Si, Si* S1, S2 Si, S2  Stream 2S3, S4 S2, S2* S3, S3* S3, S4  Stream
'3 S5, S6 S3, S3* S4, S4* S5, S5*  :Rate i 1/E 2/3 5/6 Table 12 [0105] 3x2
MIMO-OFDM closed loop - one data stream case. [0106] Two spatial
streams are available for this case. Two beams are selected  among three
beams for each sub-carrier generated through SVD. Two SVD beams  -15
having larger singular values are selected. [0107] For SM without FD, one
data symbol is sent per one sub-carrier for  each spatial stream and for
SM with FD, one data symbol is sent per two sub- carriers for each spatial
stream. A combination of FD and non-FD is possible.  [0108] For SFBC,
two spatial streams for each sub-carrier are selected and two  symbols
are sent at the same time by using SFBC through two sub-carriers.  Using
this scheme, two data symbol can be recovered per two sub-carriers.
[0109] One data stream case for the 3x2 MIMO-OFDM closed loop is
summarized in Table 13. Spatial Streams SM SM SM SFBC  (Without FD)
(Wiith;:FD) . , (FD=+ non-FD), Stream 1'(dl) S1, S2 S1, S1* Si, S2 S1,
-S2*  



~Stream24d2);' S3, S4 S2, S2* S3, S3* S2, S1*  Stream 3Ad3"= 0) Rates
, 2/3 1/3 1/2 1/3  Table 13 [0110] 3x2 MIMO-OFDM open loop - one data
stream case. [0111] The 3x2 open loop ease for one data stream is same
to the 3x1 open loop  case for one data stream. [0112] 3x2 MIMO-OFDM
closed loop - two data stream case. [0113] Two spatial streams are
available for this case. Two beams among  three beams for each
sub-carrier generated through SVD are selected. Two SVD  beams having
larger singular values are selected. [0114] For SM without FD, one data
symbol is sent per one sub-carrier for  each spatial stream and for SM
with FD, one data symbol is sent per two sub- carriers for each spatial
stream. A combination of FD and non-FD is possible.  [0115] Two data
stream case for the 3x2 MIMO-OFDM closed loop is  summarized in Table
14. -16 Spatial Streams SM SM- SM (Without FD) (With FD)..; (FD +
non-FD)  Stream j (dl) Si, S2 Si, SI* Si, S2 Stream 2 (d2) S3, S4 S2, S2*
S3, S3*  Stream 3 (d3= 0) Rate 2/3 113 1/2  Table 14 [0116] 3x2
MIMO-OFDM open loop - two data stream case. [0117] The 3x2 open
loop case for two data streams is same to the 3x1 open  loop case for two
data streams. [0118] 3x2 MIMO-OFDM - three data stream case. [0119] A
3x2 MIMO-OFDM system for three data streams is same to the 3xI
MIMO-OFDM system for three data streams. [0120] 3x3 MIMO-OFDM
closed loop - one data stream case. 



[0121] In a closed loop case, three spatial streams are available. For SM
without FD, one data symbol is sent per one sub-carrier for each spatial
stream,  and for SM with FD, one data symbol is sent per two sub-carriers
for each spatial  stream. Combinations of FD and non-FD are possible.
[0122] For SFBC, two spatial streams among three spatial streams are
selected. Preferably, two bad spatial streams for each sub-carrier are
selected,  which have smaller singular values. Two symbols are sent at
the same time by  using SFBC on the two bad spatial streams of two
sub-carriers. For the other  good stream for each carrier, one data symbol
is sent without SFBC. [0123] For the non-SFBC spatial stream, if FD is
used, one data symbol is sent  per one sub-carrier for this spatial stream
and if FD is not used, one data symbol  is sent per two sub-carriers for this
spatial stream. [0124] One data stream case for the 3x3 MIMO-OFDM
closed loop is  summarized in Table 15. -17 Spatial SM SM SM.(FD'+
SM.(FD  SFBC,+ SFBC  Streams (Without (With non-FD non-FD Without
With FD) FD) (case (case 2) FD FI)  Streaml (dl) Si, S2 Si, Sl* Si, S2 S1,
S2 Si, S2 Si, S1*  Stream 2 (d2) S3, S4 S2, S2* S3, S31` S3, S4 S3, -S4*
S2,-S3'4  Stream 3 (d3) S5, S6 S3, S3* ! S4, S4* S5, S5* 1 S4, S3* S3,
S2*  Rate 1 1/2 213 516 2/3 1/2  R Table 15 [0125] 3x3 MIMO-OFDM
open loop - one data stream case. [0126] In an open loop case, all the
options for 3x1 open loop case for one data  stream may be used. [0127]
3x3 MIMO-OFDM closed loop- two data stream case. [0128] Three spatial
streams are available for this case and two data streams  are divided into
three spatial streams for each sub-carrier. In a closed loop, for  SM
without FD, one data symbol is sent per one sub-carrier for each spatial  



stream, and for SM with FD, one data symbol is sent per two sub-carriers
for  each spatial stream. Combinations of FD and non-FD are possible.
[0129] For SFBC, two spatial streams are selected among three spatial
streams. Preferably, two bad spatial streams for each sub-carrier are
selected,  which have smaller singular values. For one data stream, two
symbols are sent  at the same time by using SFBC on two bad spatial
streams of two sub-carriers,  and for the other good stream for each
carrier, the other data stream is sent  without SFBC. [0130] For the
non-SFBC spatial stream, without FD, one data symbol is sent  per one
sub-carrier for this spatial stream, and with FD, one data symbol is sent
per two sub-carriers for this spatial stream. [0131] Two data stream case
for the 3x3 MIMO-OFDM closed loop is  summarized in Table 16. 18
Spatial SM SM SM (FD + SM (FD + SFBC +. " SEBC +  Streams (Without
(With non-FD non-FD Without With FD  FD) FD) (case 1) (case 2) FD
Stream i (dl) Si, S2 Sl Sl* Si, S2 S1, S2 Si, S2 Si, Si*  Stream 2 (d2) S3,
S4 S2, S2* S3, S3* S3, S4 S3, -S4* S2, ..53*  Stream 3 (d3) S5, S6 S3,
S3* S4, S4* 85, S5* S4, S3* S3, S2*  Rate 1 1 1/2 2/3 5/6 2/3 11/2 Table
16 (0132] 3x3 MIMO-OFDM open loop- two data stream case. [0133] In
an open loop case, all the options for 3x l open loop case for two data
streams may be used. [0134] 3x3 MIMO-OFDM closed loop- three data
stream case. [0135] Three spatial streams are available for this case and
three data  streams are divided into three spatial streams for each
sub-carrier. In a closed  loop, for SM without FD, one data symbol is sent
per one sub-carrier for each  spatial stream and for SM with FD, one data
symbol is sent per two sub-carriers  for each spatial stream. Combinations
of FD and non-FD are possible. 



[0136] Two data stream case for the 3x3 MIMO-OFDM closed loop is
summarized in Table 17. patial SM SLI 5M (FD +.m SIVZ (FIl"+  Streams
(Without (WithPD) non-FD 1) r' ; non-FD2)  ~'Stream,.](id1)" Si, S2 Si, S1*
Si, S2 S1, S2  SStream 2 (a2) S3, S4 S2, S2" S3, 53x S3, S4  Stream,3
(d3):"' S5, S6 S3, S3* S4, S4* S5, S5*  Rate 1 11/2 2/3 5/6 Table 17
[0137] 3x3 MIMO-OFDM closed loop- three data stream case. [0138] In
an open loop case, all the options for 3x 1 open loop case for three  data
streams may be used. [0139] Four transmit antenna case. [0140] With
four transmit antennas, 4x1, 4x2, 4x3 and 4x4 MIMO-OFDM  systems
may be supported, and either one, two, three or four data streams may
be supported. -19 [0141] 4x1 MIMO-OFDM closed loop - one data stream
case. [0142] Only one spatial stream is available for this case. In a closed
loop case,  one beam among four beams for each sub-carrier generated
through SVD is  selected. The SVD beam having the largest singular
value is selected. [0143] For SM without FD, one data symbol is sent per
one sub-carrier for the  spatial stream and for SM with FD, one data
symbol is sent per two sub-carriers  for the spatial stream. [0144] For
SFBC with SVD beamforming, two spatial streams for each sub- carrier
are selected among four beams generated through SVD. One
corresponds  to the largest singular value and the other corresponds to
one of the rest.  Although two symbols can be sent at the same time by
using SFBC through two  sub-carriers, the performance will be low, since
the bad spatial stream includes  only noise. [0145] One data stream case
for the 4x l MIMO-OFDM closed loop is  



summarized in Table 18. Spatial Stre"ams SM SM SFBC  (,Without' (With
FD) FD)"`- -Stream 1 (dl) Si, S2 Si, S1* Si, -S2*  Stream 2 (d2'=0) S2, S1*
"Stream 3 (d3 ='0) Stream 4 (d4 11-, R' i/4 1/8 1/4  Table 18 [0146] 4x1
MIMO-OFDM open loop - one data stream case. [0147] SM is
implemented with the fixed beamforming matrix and four spatial  streams
are available. [0148] For SM without FD, one data symbol is sent per one
sub-carrier for the  spatial stream and for SM with FD, one data symbol is
sent per two sub-carriers  for the spatial stream. Combinations of FD and
non-FD are possible as shown in  Table 19 below. For one data stream,
these combinations may not be used to  maintain same quality for all data
symbols. -20 [0149] Combination of SM and SFBC with the fixed
beamforming matrix are  possible. A first option is one 2x2 SFBC and two
SM. For one data stream, this  option may not used to maintain same
quality for all data symbols. The other two  spatial streams of each
sub-carrier are used for SM of another two data symbols  of the data
stream. Without FD, one data symbol is sent per one sub-carrier for  each
spatial stream and with FD, one data symbol is sent per two sub-carriers
for  each spatial stream. Combinations of FD and non-FD are possible as
shown in  Table 20. [0150] A second option is using two 2x2 SFBC. Four
spatial streams of each  sub-carrier are divided into two groups of two
streams and each group is assigned  to each SFBC. For each instant, four
(4) data symbols are sent on two sub- carriers by using the fixed
beamforming and two 2x2 SFBCs. 



Spatial SM (aWith6lit SM' SM; (FD + SM (E 1)  St(FD fi  Streams FD)
(With "FD), non FD' 1)" w: uorx;I p 2) ' Dnoj FD 3.) r'  Stream, 1; S1, S2 Si,
Si* Si, S2 Si, S2 Si, S2  Stream2 S3, S4 S2, S2* S3, S3* S3, S4 S3, S4
Stream'3 S5, S6 S3, S3* S4, S4* S5, S5* S5, S6  "Stream 4' S7, S8 S4,
S4* S5, S5* S6, S6* S7, S7*  Rate ' ; 1 1/2 5/8 3/4 7/8 Table 19 Spatzal
SFBC -r.SFBO SFBG (FD + ~'Two SFBC  Streams. (Witho it FD) ',(*,Rh
ED);, no ,:FD . Stream 11`Si, S2 Si, Si* Si, S2 Si, -S2  ~Stze'ain 2 S3, S4
S2, S2* S3, S3* S2, Sly`  Stream 3 S5, -S6* S3, -S4* S4 -S5* S3,-S4*
,Stream 4 [ S6, S5* S4, S3* S5, S4* S4, S3*  Rate ,, . 3/4 1/2 5/8 1/2
Table 20 [0151] 4x1 MIMO-OFDM (open loop) - two data stream case.
[0152] In this case, an open loop should be used to send and recover the
two  data streams. SM is implemented with the fixed beamforming matrix
and two  data streams are divided into four spatial streams for each
sub-carrier. [0153] For SM without FD, one data symbol is sent per one
sub-carrier for the  -21 spatial stream and for SM with FD, one data
symbol is sent per two sub-carriers  for the spatial stream. Combinations
of FD and non-FD are possible as shown in  Table 21. The combination
cases 1 and 3 in Table 21 may not used to maintain  the same quality for
each data symbol of each data stream. [0154] Combination of SM and
SFBC with the fixed beamforming matrix is  possible. A first option is one
2x2 SFBC and two SM. One data stream is  assigned to the SFBC and
the other data stream is sent by SM. Two spatial  streams of each
sub-carrier are used for SFBC and the other two spatial streams  of each
sub-carrier are used for SM. Without FD, one data symbol is sent per one



sub-carrier for each spatial stream, and with FD, one data symbol is sent
per two  sub-carriers for each spatial stream. A combination of FD and
non-FD is possible  as shown in Table 22. This combination may not used
to maintain the same  quality for each data symbol of the data stream,
which uses SM. [0155] A second option is using two 2x2 SFBCs. Each
data stream is assigned  to the separate 2x2 SFBC. Four spatial streams
of each sub-carrier are divided  into two groups of two streams and each
group is assigned to each SFBC. For  each instant, 2 data symbols of
each data stream are sent on two sub-carriers by  using the fixed
beamforming and each 2x2 SFBCs. Spatial. , SM~(Witho$t. SM '!
S141(FD + SM (FD SM (FD +.  Streams,-. "FD): (With FD) anon FD 1). `
non-FD 2) non-FD 3)  Stream 1,. ; Si, S2 Si, Sl* S1, S2 S1, S2 Si, S2
Stream 2. S3, S4 S2 S2* S3, S3* S3, S4 S3, S4  Streaii?'3 S5, S6 S3, S3*
S4, S4* S5, S5* S5, S6  ,Stream 4 S7, S8 S4, S4* S5, S5* S6, S6* S7,
S7*  Ratb ' ,+ ; 1 1/2 5/8 13/4 7/8 Table 21 Spatial SFBC  SFBC SFBC
(FD Two SFBC  Streams,. (Without FD) (With FD) + non-FD Stream1 Si,
S2 S1, Sl* Si, S2 Si, -S2*  Stream 2' S3, S4 S2, S2* S3, S3* S2, Sl*
Stream 3 S5, -S6* S3, -S4* S4, -S5* S3, -S4*  Stream 4 S6, S5* S4, S3*
S5, S4* S4, S3*  Rate 3/4 ihz 5/8 1/2 Table 22  -22 [0156] 4x 1
MIMO-OFDM (open loop) - three data stream case. [0157] In this case, an
open loop should be used to send and recover three data  streams. SM is
implemented with the fixed beamforming matrix and three data  streams
are divided into four data symbols for each sub-carrier. All the
combinations in Table 21 can be used. 



[0158] Combination of SM and SFBC with the fixed beamforming matrix is
possible. A first option is using one 2x2 SFBC and two SMs. Two spatial
streams of each sub-carrier are used for SFBC. One data stream is sent
using  this SFBC and the fixed beamforming and the other two spatial
streams of each  sub-carrier are used for SM of the other two data
streams. Without FD, one data  symbol is sent per one sub-carrier for
each spatial stream, and with FD, one data  symbol is sent per two
sub-carriers for each spatial stream. A combination of FD  and non-FD is
possible as shown in Table 23. [0159] Three data stream case for the 4x 1
MIMO-OFDM open loop for SFBC is  summarized in Table 23. Spatial
3SFBC SI BC SFBC;(FD  Streams (Withob F.D) (With kb"").' +.rion FD ..
~StreamS1, S2 S1, S1* [Si, S2  Stream2 S3, S4 S2, S2* S3, S3*
`Stream. 3 S5, -S6* S3, -S4* S4, -S5*  Stream 4 = S6, S5* S4, S3* S5,
54*  Rate 3/4 1/2 5/8 Table 23 [0160] 4x1 MIMO-OFDM (open loop) -four
data stream case. [0161] In this case an open loop should be used to
send and recover four data  streams. SM is implemented with the fixed
beamforming matrix and four data  streams are divided into four spatial
streams for each sub-carrier. All the  methods in Table 21 can be used.
[0162] 4x2 MIMO-OFDM closed loop - one data stream case. [0163] Only
two spatial streams are available for this case. Two beams are  selected
among four beams for each sub-carrier generated through SVD. Two
SVD beams having larger singular values are selected. For SM without
FD, one  -23 data symbol is sent per one sub-carrier for the spatial stream
and for SM with  FD, one data symbol is sent per two sub-carriers for the
spatial stream.  Combinations of FD and non-FD are possible as shown in
Table 24. 



[0164] For SFBC, two spatial streams for each sub-carrier are selected,
which  have larger singular values. Two symbols are sent at the same
time by using  SFBC through two sub-carriers. Using this scheme, two
data symbol are  recovered per two sub-carriers at each instant. [0165]
One data stream case for the 4x2 MIMO-OFDM closed loop is
summarized in Table 24. Spatial Streams SM S1VI SNI SFBC  ~V f,
(Without-FD) (WithFD)= (FD'+non-FI)) u$tream 1(dl) Sl, S2 Si, S1* Si, S2
S1, -S2*  Stream21d2)] S3, S4 S2, S2' S3, 53* S2, Si'  Stream 3 (d3 = 0)
Stream 4 (d4 Rate) ' = 1/2 1/4 3/8 1/4  Table 24 [0166] 4x2 MIMO-OFDM
open loop - one data stream case. [0167] In this case, all the options for 4
x 1 open loop case for one data stream  may be used. [0168] 4x2
MIMO-OFDM closed loop - two data stream case. [0169] Two spatial
streams are available for this case. Two beams are selected  among four
beams for each sub-carrier generated through SVD. Two SVD beams
having larger singular values are selected. Without FD, one data symbol is
sent  per one sub-carrier for each spatial stream, and with FD, one data
symbol is sent  per two sub-carriers for each spatial stream. A
combination of FD and non-FD is  possible. [0170] Two data stream case
for the 4x2 MIMO-OFDM closed loop is  summarized in Table 25. -24
Spatial Streams SM ' SM: (Without FD) (With FD) FD'4 -no -FD,),.  



Stream I (di) Si, S2 Si, Sit Si, S2 Stream 2 (d2 = 0) S3, S4 S2, S2* S3,
S3*  Stream 3 (d3 = 0) Stream4(d4=0)  Rate : i 1/4 3/8  Table 25 [0171]
4x2 MIMO-OFDM open loop - two data stream case. In this case, all  the
options for 4x 1 for two data streams may be used. [0172] 4x2
MIMO-OFDM - three data stream case. In this case, all the  options for 4x
1 for three data streams may be used. [0173] 4x2 MIMO-OFDM - four
data stream case. In this case, all the options  for 4x 1 for four data
streams may be used. [0174] 4x3 MIMO-OFDM closed loop - one data
stream case. [0175] SM is implemented with SVD beamforming and three
spatial streams  are available for this case. Three spatial streams that
have larger singular values  are selected. Without FD, one data symbol is
sent per one sub-carrier for each  spatial stream, and with FD, one data
symbol is sent per two sub-carriers for  each spatial stream. Combinations
of FD and non-FD are possible as shown in  Table 26. [0176] For SFBC,
three spatial streams for each sub-carrier are selected,  which have larger
singular values. Among them, two spatial streams, preferably  two bad
spatial streams, are assigned for SFBC. Two symbols are sent at the
same time by using SFBC on two bad spatial streams of two sub-carriers,
and for  the best spatial stream of each carrier, one data symbol is sent
without SFBC.  For the latter spatial stream, without FD, one data symbol
is sent per one sub- carrier for each spatial stream, and with FD, one data
symbol is sent per two sub- carriers for each spatial stream. [0177] One
data stream case for the 4x3 MIMO-OFDM closed loop is  summarized in
Table 26. -25 Spatial Streams SM SM SM, SM SFBC + `SFBC+  



(Without (With (FD + (PD + non-FD'' FD  FD) FD) non-FD) non-FD)
Stream!l(dl) Si, S2 S1, Sl* S1, S2 Sl, S2 S1, S2 Sl, S1*  Stream 2(42) S3,
S4 S2, S2* S3, S4 S3, S3* S3, -S4* S2, -S3*  Stream 3(d3) S5,S6 S3, S3*
S5, S5* S4, S4-' S4, SP S3, S2*  Stream 4(d4 = 0) Rate 3/4 3/8 5/8 1!2
1/2 3/8 Table 26 [0178] 4x3 MIMO-OFDM open loop - one data stream
case. In this case, all the  options for 4x 1 for one data stream case may
be used. [0175] 4x3 MIMO-OFDM closed loop - two data stream case.
[0180] SM is implemented with SVD beamforming and three spatial
streams  are available for this case. Two data streams are divided into
three spatial  streams for each sub-carrier. All the SM methods in Table
26 can be applied to  this case. [0181] For SFBC, one data stream is sent
by using SFBC. Three spatial  streams for each sub-carrier are selected,
which have larger singular values.  Among them, two spatial streams,
preferably two bad spatial streams, for each  sub-carrier are assigned for
SFBC. Two symbols are sent at the same time by  using SFBC on two
bad spatial streams of two sub-carriers. [0182] The other stream is sent by
using SM. All the methods for SFBC in  Table 26 can be used for this
case. [0183] Two data stream case for the 4x3 MIMO-OFDM closed loop
is  summarized in Table 27. Spatial treams SM 6M, SM SM FBC + .
SFBC+  (Without (With, (FD,+ (FD + non-FD FD  FD)~ FD) non-FD)
non-FD) Stream 1(dl) S1, S2 Si, S1* S1, S2 SI, S2 S1, S2 Sl, S1* Stream
2 (d2) S3, S4 S2, S2* S3, S4 S3, S3* S3, -S4* S2, -S3*  Stream 3(d3) S5,
S6 S3, S3* S5, S5* S4, S4* S4, S3* S3, S2*  Stream 4 (d4 = 0) Rate 9/4
3/8 5/8 1/2 1/2 3/8  Table 27 



-26 [0184] 4x3 MIMO-OFDM open loop -two data stream case. In this
case, all the  options for 4x 1 for two data stream case may be used.
[0185] 4x3 MIMO-OFDM closed loop - three data stream case. [0186] SM
is implemented with SVD beamforming and three spatial streams  are
available for this case. Three data streams are divided into three spatial
streams for each sub-carrier. Without FD, one data symbol is sent per one
sub- carrier for each spatial stream, and with FD, one data symbol is sent
per two sub- carriers for each spatial stream. Combinations of FD and
non-FD are possible.  [0187] Three data stream case for the 4x3
MIMO-OFDM closed loop is  summarized in Table 28. Spatial"streams
`SM . ISM SM SM (Without PD) 1(Withl+D) (FD1+ non-FD) (FD .+ non
FD)>  Stream 1(dl) S1 ,S2 Si, S1* Si, S2 S1 52  5treant2(d2) , 53 S4 S2,
S2* S3, S4 S3, 53*  ,,Stream (d3,) 55, S6 S3, S3* S5, S5* S4, S4*
Stream 4(d4 01; Rate 3/4 3/8 5/8 1/2  Table 28 [0188] 4x3 MIMO-OFDM
open loop - three data stream case. In this case, all  the options for 4xI for
three data stream case may be used. [0189] 4x3 MIMO-OFDM closed
loop - four data stream case. In this case, all  the options for 4x1 for four
data stream case may be used. [0190] 4x4 MIMO-OFDM closed loop -
one data stream case. [0191] SM is implemented with SVD beamforming
and four spatial streams  are available for this case. Without FD, one data
symbol is sent per one sub- carrier for each spatial stream, and with FD,
one data symbol is sent per two sub- carriers for each spatial stream.
Combinations of FD and non-FD are possible as  shown in Table 29.
[0192] A first option for SFBC is using one 2x2 SFBC and two SMs. By
singular values of each sub-carrier, two spatial streams, preferably two
bad  



spatial streams having smaller singular values, are selected. On these two
bad  spatial streams of each sub-carrier, the data symbol is sent by using
SFBC. By  -27 using the other two good spatial streams of each
sub-carrier two data symbols are  sent by using SM, without SFBC. In this
case, without FD, one data symbol is  sent per one sub-carrier for each
spatial stream, and with FD, one data symbol is  sent per two sub-carriers
for each spatial stream. A combination of FD and non- FD is possible as
shown in Table 30. [0193] A second option is using two 2x2 SFBCs. Each
two data symbols are  assigned to the separate 2x2 SFBC. Four spatial
streams of each sub-carrier are  divided into two groups of two spatial
streams and each group is assigned to each  SFBC. For each instant, four
(4) data symbols of the data stream on two sub- carriers are sent by using
the SVD beamforming and two 2x2 SFBCs. [01941 One data stream case
for the 4x4 MIMO-OFDM closed loop for SM is  summarized in Table 29
and one data stream case for the 4x4 MIMO-OFDM  closed loop for SFBC
is summarized in Table 30. Spatial SM SM SM (FD + ' S~1V1(FD + SM
(FD +  S reams ~; (Without (With FD) cnon FD non' FD non F =f _  FD). r:
(ease 1) , ? (case"2) ,(case 3) Stream,l(dl) S1, S2 S1, Sl* Si, S2 Si, S2 Sl,
S2  Stre it 2(d2) S3, S4 S2, 82* S3, S3* S3, S4 S3, S4  3Streamr3(d3) S5,
S6 S3, S3* S4, S4* S5, S5* S5, S6  Stream 4(d4) S7, S8 S4, S4* S5; S5*
S6, 36* S7 , 37*  Rate 1 1/z 5/8 3/4 7/8 Table 29 Spatial : SFBC SFBC
SFBC "(FD Two SFBC"  Streams (Without FD)' (With FD") + non-FD),
Stream l(dl) Si, S2 Si, Sl* S1, S2 S1, -S2*  Stream 2(d2-) S3, S4 S2, S2*
S3, S3* S2, Sl*  ?Stream 3(d3) S5, -S6* S3, -S4* S4, -S5* S3, -S4*
Stream 4(d4) S6, S5* S4, S3* S5, S4* S4, S3*  



Rate 3/4 1/2 5/8 1/2 Table 30 [0195] 4x4 MIMO-OFDM open loop - one
data stream case. In this case, all the  options for 4x 1 for one data stream
case may be used. [0196] 4x4 MIMO-OFDM closed loop - two data
stream case. [0197] SM is implemented with SVD beamforming and four
spatial streams  -28 are available for this case. Two data streams are
divided into four spatial  streams for each sub-carrier. All the methods in
Tables 29 and 30 can be used.  [0198] 4x4 MIMO-OFDM open loop - two
data stream case. In this case, all the  options for 4x 1 for two data stream
case may be used. [0199] 4x4 MIMO-OFDM closed loop - three data
stream case. [0200] SM is implemented with SVD beamforming and four
spatial streams  are available for this case. Three data streams are
divided into four spatial  streams for each sub-carrier. All the methods in
Table 29 can be used. [0201] For SFBC, one 2x2 SFBC and two SMs are
used for three data streams.  One data stream is sent by using the 2x2
SFBC with SVD beamforming. By  singular values of each sub-carrier, two
spatial streams, preferably two bad  spatial streams having smaller
singular values, are selected. On these two bad  spatial streams of each
sub-carrier, two data symbols of one data stream on two  sub-carriers are
sent by using SFBC and SVD beamforming. The other two data  streams
are sent by using SM with SVD beamforming. Using the other two good
spatial streams of each sub-carrier, two data symbols per sub-carrier are
sent for  the other two data streams by using SM, without SFBC. In this
case, without  FD, one data symbol is sent per one sub-carrier for each
spatial stream, and with  FD, one data symbol is sent per two sub-carriers
for each spatial stream. A  combination of FD and non-FD is possible as
shown in Table 31. [0202] Three data stream case for the 4x4
MIMO-OFDM closed loop for SFBC  is summarized in Table 31. Spatial
Streams" SFBC SFBC SFBC (FD 4  (Without FD) (With FD) non-FD  



Stream1(dl}__ Si, S2 Si, S1* Si, S2  Stream 2(d2) S3, S4 S2, S2* S3, S3*
Stream3(0) S5, -S6* S3, -S4* S4, -S5*  Stream:4(d4) S6, S5* 54, S3* S5,
S4*  Rate 3/4 1/2 5/8 Table 31 [0203] 4x4 MIMO-OFDM open loop - three
data stream case. In this case, all  the options for 4x1 for three data
stream case may be used. [0204] 4x4 MIMO-OFDM closed loop - four
data stream case.  -29 [0205] SM is implemented with SVD beamforming
and four spatial streams  are available for this case. Four data streams
are divided into four spatial  streams for each sub-carrier, All the methods
in Table 29 can be used. [0206] 4x4 MIMO-OFDM open loop - four data
stream case. In this case, all  the options for 4xl for four data stream case
may be used. [0207] Although the features and elements of the present
invention are  described in the preferred embodiments in particular
combinations, each feature  or element can be used alone without the
other features and elements of the  preferred embodiments or in various
combinations with or without other features  and elements of the present
invention. -30 CLAIMS  What is claimed is: 1. A method for transmitting
data using multiple-input multiple-output  (MIMO) orthogonal frequency
division multiplexing (OFDM), the method comprising:  generating at least
one input data stream; determining a transmission coding scheme;
processing the input data stream in accordance with the transmission
coding  scheme to generate an output data stream, the transmission
coding scheme using  beamforming and a combination of at least one of
space-frequency block coding (SFBC),  spatial multiplexing (SM), or
frequency diversity (FD); and 



transmitting the output data stream via a plurality of spatial streams. 2.
The method of claim 1 wherein both FD and non-FD are simultaneously
implemented in the output data stream transmission. 3. The method of
claims I or 2 wherein beam selection is implemented in  transmission of
the data whereby the output data stream is transmitted only via the
selected beam. 4. The method of any one of claims I to 3 further
comprising: obtaining channel state information (CSI) between a
transmitter and the receiver for each  sub-carrier and selecting a
transmission coding scheme based on the CSI to transmit the  output data
stream. 5. The method of claim 4 wherein the transmitter receives the CSI
as  feedback from the receiver. 6. The method of claim 4 wherein the CSI
is obtained by the transmitter  using channel reciprocity. -31 7. The
method of any one of claims I to 6 wherein the beamforming is  performed
with a fixed beamforming matrix in transmission of the output data stream.
8. The method of any one of claims 1 to 7 wherein the number of data
streams is determined by a modulation and coding scheme. 9. A
multiple-input multiple-output (MIMO) orthogonal frequency division
multiplex (OFDM) transmitter comprising: at least two transmit antennas; a
transmit processing unit configured to determine a transmission coding
scheme,  and process an input data steam in accordance with the
transmission coding scheme to  generate an output data stream, the
transmission coding scheme using beamforming and a  combination of at
least one of space-frequency block coding (SFBC), spatial multiplexing
(SM), or frequency diversity (FD); and a transceiver configured to transmit
the output data stream via a plurality of  spatial streams. 10. The
transmitter of claim 9 further comprising a multiplexer configured to
generate a plurality of independent data streams, whereby the plurality of
data streams are  



separately transmitted. 11. The transmitter of claims 9 or 10 wherein the
transmit processing unit is  configured to implement FD and non-FD
simultaneously in the output data stream  transmission. 12. An integrated
circuit (IC) for implementing multiple-input multiple-output  (MIMO)
orthogonal frequency division multiplex (OFDM), the IC comprising: a
channel coder configured to perform a channel coding on input data; and
a transmit processing unit configured to determine a transmission coding
scheme,  and process an input data stream in accordance with the
transmission coding scheme to  generate an output data stream, the
transmission coding scheme using beamforming and a  combination of at
least one of space-frequency block coding (SFBC), spatial multiplexing
(SM), or frequency diversity (FD); and -12 a transceiver for transmitting
the output data stream via a plurality of spatial  streams. 13. The IC of
claim 12 further comprising a multiplexer configured to  generate a
plurality of independent data streams, whereby the plurality of data
streams are  separately transmitted. 14. The transmitter of any one of
claims 9 to 11 wherein the transmit  processing unit is configured to
perform beamforming with a fixed beamforming matrix  in transmission of
the data. 15. The transmitter of any one of claims 9 to 11 wherein the
transmit  processing unit implements closed loop processing so that the
transmit processing unit  uses channel state information received from a
receiver in transmission of the data. 16. The transmitter of any one of
claims 9 to 11 wherein the transmit  processing unit is configured to
implement open loop processing so that the transmit  processing unit
transmits the data without receiving channel state information from a
receiver. 17. The method of any one of claims 1 to 8, wherein FD is
implemented such  that a plurality of sub-carriers are divided into two
groups and one group transmits data  symbols and the other group
transmits a complex conjugate of the data symbols. 



18. The transmitter of any one of claims 9 to 11 or claims 14 to 16 wherein
the  FD is implemented such that sub-carriers are divided into two groups
and one group  transmits data symbols and the other group transmits a
complex conjugate of the data  symbols. 19. The IC of claims 12 or 13
wherein the FD is implemented such that sub- carriers are divided into two
groups and one group transmits data symbols and the other  group
transmits a complex conjugate of the data symbols. 20. The method of
any one of claims 1 to 8 or 17 wherein the transmission  coding scheme is
dynamically changed dependent on a channel condition such that a
different number of spatial streams are generated using a different
transmission coding  scheme and transmitted via the different number of
spatial streams dependent on the  channel condition. 21. The transmitter
of any one of claims 9 to 11, 14 to 16 or 18 wherein the  transmit
processing unit is configured to dynamically change the transmission
coding  scheme dependent on a channel condition such that a different
number of output streams  are generated using a different transmission
coding scheme and transmitted via the  different number of spatial
streams dependent on the channel condition. 22. The IC of any one of
claims 12, 13 or 19 wherein the transmit processing  unit is configured to
dynamically change the transmission coding scheme dependent on a
channel condition such that a different number of output streams are
generated using a  different transmission coding scheme and transmitted
via the different number of spatial  streams dependent on the channel
condition. 34 


