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(57) Abrégé/Abstract:

The present invention is related to a method and apparatus for implementing space frequency block coding (SFBC) in an

orthogonal frequency division multiplexing (OFDM) wireless com

munication system. The present invention is applicable to both a

closed loop mode and an open loop mode. In the closed loop mode, power loading and eigen-beamforming are performed based
on channel state information (CSI). A channel coded data stream is multiplexed into two or more data streams. Power loading is
performed based on the CSI on each of the multiplexed data streams. SFBC encoding is performed on the data streams for each
of the paired subcarriers. Then, eigen-beamforming is performed based on the CSI to distribute eigenbeams to multiple transmit

antennas. The power loading may be performed on two or more

SFBC encoding blocks or on each eigenmodes. Additionally, the

power loading may be performed across subcarriers or subcarrier groups for weak eigenmodes.
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(57) Abstract: The present invention is related to a method and apparatus for implementing space frequency block coding (SFBC)
in an orthogonal frequency division multiplexing (OFDM) wireless communication system. The present invention is applicable to
& both a closed loop mode and an open loop mode. In the closed loop mode, power loading and eigen-beamforming are performed
& based on channel state information (CSI). A channel coded data stream is multiplexed into two or more data streams. Power loading
is performed based on the CSI on each of the multiplexed data streams. SFBC encoding is performed on the data streams for each
of the paired subcarriers. Then, eigen-beamforming is performed based on the CSI to distribute eigenbeams to multiple transmit
antennas. The power loading may be performed on two or more SFBC encoding blocks or on each eigenmodes. Additionally, the
power loading may be performed across subcarriers or subcarrier groups for weak eigenmodes.
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[0001] " METHOD AND APPARATUS FOR IMPLEMENTING
SPACE FREQUENCY BLOCK CODING IN
AN ORTHOGONAL FREQUENCY DIVISION
MULTIPLEXING WIRELESS COMMUNICATION 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 implementing space frequency block coding (SFBC) in an

orthogonal frequency division multiplexing (OFDM) wireless communication

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] 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 subcarrier is much
smaller. Therefore, the symbol duration is much larger. A large symbol
duration can tolerate larger delay spreads. In other words, it is not affected by
multipath as severely. Therefore, OFDM symbols can tolerate delay spi’eads
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.
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[0008] Multiple-input multiple-output (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.

[0009] SFBC is a scheme for transmitting symbols of a space diversity
coding on neighboring subcarriers rather than on the same subcarier in the
successive time slots. The SFBC avoids the problem of fast time variations in
space time block coding. However, the channel needs to be constant over the

subecarriers that combining takes place.

[0010] SUMMARY

[0011] The present invention is related to a method and apparatus for
implementing space frequency block coding (SFBC) in an orthogonal
frequency division multiplexing (OFDM) wireless communication system. The
present invention is applicable to both a closed loop mode and an open loop
mode. In the closed loop mode, power loading and eigen-beamforming are
performed based on channel state information (CSI). A channel coded data
stream is multiplexed into two or more data streams. Power loading is
performed based on the CSI on each of the multiplexed data streams. SFBC
encoding is performed on the data streams for each of the paired subcarriers.
Then, eigen-beamforming is performed based on the CSI to calculate
eigenbeams over multiple transmit antennas. The power loading may be
performed on two or more SFBC encoding blocks or on each eigenmodes.
Additionally, the power loading may be performed across subcarriers or
subcarrier groups for weak eigenmodes.

[0012] In accordance with the present invention, a robust channel
estimation can be provided in all channel conditions, with or without channel
information feedback, and low complexity is achieved at both transmitter and
receiver. In addition, scalable solution can be used with any antenna

configuration and backward compatibility is provided with enhanced
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performance with 802.11a/g.

[0013] BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Figure 1 is a block diagram of an OFDM-MIMO system
implementing a closed loop mode.

[0015] Figure 2 is a block diagram of a system implementing open loop.
[0016] Figure 3 is a block diagram of a transmitter for depicting power
loading.

[0017] Figure 4 is a diagram of an exemplary power loading and
adaptive modulation and coding mapping between two pairs of modes.

[0018] Figure 5 shows an example of pairing of subcarrier groups for
power/bit loading.

[0019] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0020] Hereafter, the terminology "station" (STA) includes but is not
limited to a user equipment, a wireless transmit/receive unit, a fixed or mobile
subscriber unit, a pager, or any other type of Adevice capable of operating in a
wireless environment. When referred to hereafter, the terminology "access
point" (AP) includes but is not limited to a Node-B, a base station, a site
controller or any other type of interfacing device in a wireless environment.
[0021] The present invention will be described with reference to the
drawing figures wherein like numerals represent like elements throughout. It
should be noted that figures provided in the present invention are high level
functional block diagrams and the functions implemented by the functional
blocks may be implemented by more or less blocks. 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.
[0022] Embodiments of the present invention provide a transmitter
implementing SFBC MIMO coding and receiver matched filter. Embodiments
also provide transmitter channel precoding and receiver antenna processing

as well as channel decomposition functions.
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[0023] 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.
A variant may be used for transmission to legacy STA where it provides
diversity benefits.

[0024] In the closed loop mode, CSI is used to create virtual independent
channels by decomposing and diagonalizing the channel matrix and by
precoding at the transmitter. Given the eigenvalue spread of TGn channels
the present invention employs a space-frequency orthogonal MIMO coding in
the transmitter at the input to the channel precoder to increase robustness at
the cost of decreasing data rate. Any coding scheme in MIMO has to deal with
the diversity versus multiplexing gain trade off. It is desirable to have a trade
off scheme that is best suited to particular channel statistics. An SFBC is
chosen due to low mobility and the long coherence time of the channel. This
scheme allows for receiver implementation simpler than a MMSE receiver.
The combined solution enables higher throughput over a larger range.
Embodiments of the present invention allow for per subcarrier power/bit
loading and maintains a sustained robust link through closed loop operation
with channel state feedback. Another potential benefit is that it is easily
scalable to any number of antennas at both transmitter and receiver.

[0025] The CSI can be obtained at the transmitter either by feedback
from the receiver or through exploiting channel reciprocity. Channel
reciprocity is useful for mainly TDD based systems. In this case it is possible
for the transmitter and receiver to independently estimate and decompose the
channel. The channel update rate can be lowered when the SNR is high
resulting in a reduced feedback bandwidth load. Latency requirements and
feedback data rates are typically not significant to the inherent frequency non-
selectivity of eigenvalues.

[0026] The closed loop mode requires calibrations of the transmitter to
compensate amplitude and phase difference of the estimated channels in the

uplink and downlink directions. This is done infrequently, for example during

A-



CA 02576842 2007-02-08
WO 2006/020741 PCT/US2005/028487

STA association or under application control, and can use channel reciprocity
for the estimation of the channel at both ends. In addition, a CQI (or SNR)
per eigen-beam is fed back to the transmitter to support adaptive rate control.
[0027] Figure 1 is a block diagram of an OFDM-MIMO system 100
implementing a closed loop mode. The system 100 comprises a transmitter
110 and a receiver 130. The transmitter 110 comprises a channel encoder 112,
a multiplexer 114, a power loading unit 116, a plurality of SFBC encoding
units 118, a plurality of serial-to-parallel (S/P) converters 120, a plurality of
eigen-beamformers 122, a plurality of IFFT units 124 and a plurality of
transmit antennas (not shown). The channel encoder 112 encodes data
preferably in accordance with a channel quality indicator (CQI) which is sent
from 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.
[0028] The transmit power level of each data stream is adjusted by the
power loading unit 116 based on feedback. 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), which
will be explained in detail below.

[0029] The SFBC encoding units 118 perform SFBC encoding on the
data streams. SFBC encoding is done over eigen-beams and sub-carriers for
each data rate that is transmitted. FEigen-beam and sub-carrier pairs are
selected to ensure independent channels. OFDM symbols are carried on K
sub-carriers. To accommodate SFBC, the sub-carriers are divided into L péirs
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.
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[0030] 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:

*
S =8
s, 8]

[0031] Once the SFBC encoding units 118 construct OFDM symbols for
all sub-carriers, the coded blocks are multiplexed by the S/P converters 120
and input to the eigen-beamformers 122. The eigen-beamformers 122
distribute the eigenbeams to the transmit antennas. The IFFT units 124
convert the data in frequency domain to the data in time domain.

[0032] The receiver 130 comprises a plurality of receive antennas (not
shown), a plurality of FFT units 132, eigen-beamformers 134, SFBC decoding
units 136, a combiner 138, a channel decoder 144, a channel estimator 140, a
CSI generator 142 and a CQI generator 146.

[0033] The FFT units 132 convert the received samples to frequency
domain and the eigen-beamformer 134, the SFBC decoding unit 136 and a
channel decoder 144 perform the opposite operation which is performed at the
transmitter 110. The combiner 138 combines the SFBC decoding results
using maximal ratio combining (MRC).

[0034] 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 from the channel
estimation results and the CQI generator generates a CQI based on the
decoding results. The CSI and the CQI are sent back to the transmitter 110.
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[0035] The channel matrix H between nT transmit antennas and‘ nR

receive antennas can be written as follows:

hn h21 h‘l,nT
_ by hy o By
hnR,l hnR,Z e hnR,nT
[0036] 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 € CnRanR
and ¥V € CnTsnT, Then, for transmit symbol vector s, transmit precoding is
simply performed as follows:

x = Vs (transmitted signal).
[0037] 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:

vig® =y*yp*u? =D"U".
[0038] After normalizing channel gain for eigenbeams, the estimate of
the transmit symbols s becomes

s=aD U™ HVs +17

=§+7

[0039] s is detected without having to perform successive interference
cancellation or MMSE type detector. DED 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 HEH and D is a
diagonal matrix of singular values of H (square roots of eigenvalues of HHY). -
[0040] Figure 2 is a block diagram of a system 200 implementing open
loop mode in accordance with the present invention. The system 200
comprises a transmitter 210 and a receiver 230. In the open loop mode, a

combination of space-frequency coding and spatial spreading in the
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transmitter 210 provides diversity without requiring CSI. A variant of this
scheme can be used when operating with legacy 802.11a/g STAs.

[0041] The transmitter 210 comprises a channel encoder 212, a
multiplexer 214, a power loading unit 216, a plurality of SFBC encoding 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 encoder 212 uses CQI
to determine coding rate and modulation per sub-carrier or group of sub-
carriers. The coded data stream is multiplexed by the multiplexer 214 into
two or more data streams.

[0042] In the open loop, the eigen-beamformer is replaced with the
Beam Forming Network (BFN) 222. The BFN 22 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.

[0043] 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 802.11a/g equipment.

[0044] The receiver 230 comprises 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 the received signal in time domain to the
signal in 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
constellation size. Symbols are combined using MRC. The channel decoder
238 decodes the combined symbol and generates a CQI.

[0045] A first embodiment of power loading is explained hereinafter.
The spatial processing is a combination of space-frequency coding and eigen-
beamforming. This is performed to give the best compromise between the
redundancy gains that SFBC affords and the spatial multiplexing that the

eigen-beamformer provides. The power loading scheme operates across the
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eigen-modes of the channel matrix. However, SFBC also introduces the
constraint that the outputs of the coder have the same power loading no
matter what the input power loading is due to the cross-operation inside the
coder.

[0046] Figure 3 is a block diagram of a transmitter 110 for depicting
power loading. Figure 38 illustrates 4x4 case as an example and the first
embodiment of the power loading scheme will be explained with reference to
4x4 case. However, it should be noted that the 4x4 case can be extended to
any other cases.

[0047] For a particular subcarrier &, four streams of data are mapped to
2 pairs of power loading/AMC modes. In other words the modulation order is
selected the same for each pair of inputs. This is later mapped to pairs of
eigenmodes. Output of the power loading unit 116 is applied to the dual 2x2
SFBC encoding units 118 and then passed on to the eigen-beamformer 122.
The eigen-beamformer 122 maps the inputs to the eigen-modes of the channel
through the preprocessing.

[0048] For all K subcarriers, the eigenvalues of the channel matrix are
known at the transmitter. The channel energy for each eigenmode is defined

as follows:

2
]

K
afzgy%x

where 4, is the i-th eigenvalue for the k-th subcarrier’s channel. Two SNIRs

are defined for two coupled eigenmodes as follows:

M2 M

Pronn = Zlo‘ilz and Po = Y |“i|2

i=1 i=M/2+1
where M is the number of eigenmodes. In other words, the eigenmodes are
grouped such that half of the eigenmodes with the largest channel energy (or
SNIR) are in one group and the other half with the weakest channel energies
are in the other. Therefore, the harmonic SNIRs represent the total channel
energy of the stronger and weaker eigenmodes. Channel energy is an

indication of how robust the eigenmodes and hence the signal that is carried
-9-
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over these eigenmodes would be. This information is used to apply different
adaptivemodulation and coding (AMC) and/or different power loading for each
half as is explained in more detail subsequently. The separation of the

coupled SNIRs are defined as follows:

Aﬂ = ﬂmodl _ﬂmod2

[0049] During the closed loop operation the transmitter 110 has the
knowledge of current CSI from which it extracts the eigenvalues and
preprocessing matrix. The transmitter 110 also infers the data rate that can
be supported in the link, Rb, from the CSI. Then, power loading for a given,
acceptable, CQI is an optimization between the number of bits that can be
sent per OFDM symbol and the type of modulation that is to be used for each
mode.

[0050] Using the channel energy calculated for eigenmode i as explained
above, the maximum bit rate that can be supported for the channel condition
is determined. Then, using the mode separation calculation above it is
determined how the bit rate needs to be distributed between the two pairs of
modes. Figure 4 is a diagram of an exemplary power loading and adaptive
modulation and coding mapping between two pairs of modes. In this example,
the bit rate that can be supported is 24 bits per OFDM symbol for the
particular sub-carrier. The lowest modulation order satisfying the bit rate is
found in Figure 4 as indicated by the dashed arrow. In this example, first and
second modes (first pair of coupled modes) will be using 16 QAM and third and
fourth modes (second pair of coupled modes) will be using 256 QAM.

[0051] Note that this mapping is described for one CQI that is
acceptable and for one subcarrier. In the case of alternative MIMO
configurations, such as 2x4, 2x2, etc, the same power loading scheme is
applicable except that the total number of bits in the table entries are scaled
down to represent the transmit capability and that power loading can be done
on a single pair of modes.

[0052] A power loading scheme in accordance with a second embodiment

is explained hereinafter. The eigenvalues per subcarrier A1k > Ak > ... >
-10-
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Anr(k)) are ranked and eigenbeams (E1, E2, ... , E=T) are created by grouping

the same ranked eigenvalues for all subcarriers as follows:
E'={13,1),42),..A,K)} fori=1,2,...nT,

where K is the number of subcarriers, nT is the number of transmit antennas

and Ai(j) is the i-th eigenvalue of the j-th subcarrier. nT is an even number.

[0053] The average of the eigenvalues per eigenbeam are computed as
follows:

i 1 < , ] =

A =EZ_1:1, ) fori=1,2,..,nT.
[0054] The eigenbeams are paired to create Alamouti space-frequency

blocks, such as {El, E2};, {E3, Ed}s,...,{E2-1, E2i); .. {ExT1 EnT} e, However, if
the SNR of a pair is greater than SNRmax, then the second eigenbeam of the
pair is replaced with the eigenbeam with the next lower eigenvalue average

until its SNR is less than or equal to SNRmin.

SNR() = (%, + 4}/ o7 5

where o?is the noise variance and SNRuin is the minimum required SNR for
the highest data rate for a required quality of service. This step is repeated
until all the eigenbeams are paired. Figure 5 shows an example of pairing of
subcarrier groups for power/bit loading.

[0055] A data rate for each pair of eigenbeams are determined by
mapping the SNR of a pair to the data rate for a given quality. The required
SNRs may be adjusted for all pairs of eigenbeams to compensate for the
measurement errors and make the total transmit power be constant.

[0056] A weight vector per pair of eigenbeams per subcarrier may be

computed as follows:

wlc(i!j) = 1,%;;(8%: ’

where i is the i-th pair of eigenbeams, j is the j-th subcarrier.
[0057] In accordance with the third embodiment, in addition to the first

or second embodiment, another power loading is applied across the sub-
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carriers or group of sub-carriers for weak eigen-modes. In other word, instead
of power loading being applied to all eigenmodes it can be applied only to
those that are weaker and hence can benefit from the power loading the most.
In such a case, those eigenmodes that are not power loaded can still have
SFBC or other coding or can have different AMC settings individually,
whereas those eigenmodes that power loaded share the same AMC setting for
instance. Also, the eigenmodes of the channel are always ordered in power,
from strongest to weakest. By pairing eigenmodes of similar power one may
improve the power loading of the channel.

[0058] A spatial processing scheme is configurable to any number of
receive and transmit antenna combinations. Depending on the number of
antennas on each side, a combination of SFBC and eigen-beamforming options
are used. The table below summarizes the various configurations supported
and the state of the spatial processing and power loading that is applicable to

each scenario.

igen-Bea
M beams at Tx
MXNM,N#1) M/2 block codes N beams at Rev
To be determined by
I1XN (N#1) not used receiver vendor
MX1M#1) M/2 block codes M beams at Tx
Table 1
[0059] 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.

-12-
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What is claimed is:

1. A method for implementing space frequency block coding (SFBC) in an
orthogonal frequency division multiplexing (OFDM) wireless communication
system, the method comprising:

| performing a channel coding on input data stream;

multiplexing the coded data stream to two or more data streams;

obtaining channel state information (CSI);

calculating channel energy for each of a plurality of eigenmodes for all
subcarriers;

calculating harmonic signal-to-noise ratios (SNRs) for the eigenmodes based

on the calculated channel energy;

calculating separation of the harmonic SNRs;

determining a data rate that can be supported based on the CSI;

determining bit rates distributed between the eigenmodes;

pairing subcarriers for SFBC encoding;

performing SFBC encoding on the data streams;

performing eigen-beamforming based on the CSI to distribute eigenbeams to
a plurality of transmit antennas; and

performing inverse Fourier transform for converting the data stream to data

1in time domain for transmission.

2. The method of claim 1 wherein the subcarriers are divided into a

plurality of groups of subcarriers.

3. The method of claim 2 wherein bandwidth of the group of subcarriers

is less than coherence bandwidth of a channel.

4. (cancelled)

13

/1 o ey g r—\ﬂ—m\ (n

: -;J.w’u_;w U §



05 MAY 2008

CA 02576842 2007-02-08

B L R L o i R TR R L
1 )
f 5. The method of claim 1 further comprising the step of applying power

optimization across each subcarrier or subcarrier group for weak eigenmodes.

6. A method for implementing space frequency block coding (SFBC) in an
orthogonal frequency division multiplexing (OFDM) wireless communication
system, the method comprising:

performing a channel coding on input data stream;

multiplexing the coded data stream to two or more data streams;

obtaining channel state information (CSI);

ranking eigenvalues per subcarrier;

generating eigenbeams by grouping the same ranked eigenvalues for all sub

carriers;

calculating average of the eigenvalues per eigenbeam;

generating space-frequency blocks by pairing the eigenbeams;

determining a data rate for each pair of eigenbeams by mapping required
signal-to-noise ratios (SNRs) of the pair of eigenbeams to data rates;

pairing subcarriers for SFBC encoding; '

performing SFBC encoding on the data streams;

performing eigen-beamforming based on the CSI to distribute eigenbeams to

a plurality of transmit antennas; and

performing inverse Fourier transform for converting the data stream to data

in time domain for transmission.

7. The method of claim 6 further comprising a step of adjusting the
required SNRs for all pairs of eigenbeams to compensate for measurement errors

and make a total transmit power be constant.

8. The method of claim 6 further comprising a step of applying a weight

vector per pair of eigenbeams.

14
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.‘s 9. The method of claim 1 wherein the CSI is generated by and sent back

from a receiver.

10. The method of claim 1 wherein the CSI is generated by a transmitter

through channel reciprocity.

11. A method for implementing space frequency block coding (SFBC) in an
orthogonal fréquency division multiplexing (OFDM) wireless communication
system, the method comprising:

performing a channel coding on input data stream;

multiplexing the coded data stream to two or more data streams;

pairing subcarriers for SFBC encoding;

performing SFBC encoding on the data streams;

generating a plurality of beams by a beamforming network without channel
state information and permuting the generated beams; and

performing inverse Fourier transform for converting the data stream to data

in time domain for transmission.

12.  An apparatus for implementing space frequency block coding (SFBC)
1in an orthogonal frequency division multiplexing (OFDM) wireless communication

system, the apparatus comprising:

a channel coder configured to perform a channel coding on input data stream;

a multiplexer configured to multiplex the coded data stream to two or more
data streams;

a power loading unit configured to calculate channel energy for each of a
plurality of eigenmodes for all subcarriers, calculate harmonic signal-to-noise ratios
(SNRs) for the eigenmodes from the channel energy, calculate separation of the
harmonic SNRs, and determine data rates for the eigenmodes based on channel

state information (CSI);
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) a plurality of SFBC encoding units configured to perform SFBC encoding on
the data streams for each pair of subcarriers;
a plurality of eigen-beamformers configured to perform eigen-beamforming
based on the CSI to distribute eigenbeams to a plurality of transmit antennas;
a plurality of inverse Fourier transform units configured to perform inverse
Fourier transform for converting the data stream to data in time domain for

transmission; and

a plurality of antennas.

13. The apparatus of claim 12 wherein the subcarriers are divided into a

plurality of groups of subcarriers.

14. The apparatus of claim 13 wherein bandwidth of the group of

subcarriers is less than coherence bandwidth of a channel.

15.  (cancelled)
16. The apparatus of claim 12 wherein the power loading unit is
configured to apply power optimization across each subcarrier or subcarrier group

for weak eigenmodes.

17. An apparatus for implementing space frequency block coding (SFBC)

in an orthogonal frequency division multiplexing (OFDM) wireless communication
system, the apparatus comprising:

a channel coder configured to perform a channel coding on input data stream;

a multiplexer configured to multiplex the coded data stream to two or more
data streams;

a power loading unit configured to rank eigenvalues per subcarrier, generate

eigenbeams by grouping the same ranked eigenvalues for all subcarriers, calculate

16
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an average of the eigenvalues per eigenbeam and determine a data rate for each

pair of eigenbeams;

a plurality of SFBC encoding units configured to perform SFBC encoding on
the data streams for each pair of subcarriers;

a plurality of eigen-beamformers configured to perform eigen-beamforming
based on the CSI to distribute eigenbeams to a plurality of transmit antennas;

a plurality of inverse Fourier transform units configured to perform inverse
Fourier transform for converting the data stream to data in time domain for
transmission; and

a plurality of antennas.

18. The apparatus of claim 17 wherein the power loading unit 1s

configured to adjust the required SNRs for all pairs of eigenbeams to compensate for

measurement errors and make a total transmit power be constant.

19. The apparatus of claim 17 wherein the power loading unit is

configured to apply a weight vector per pair of eigenbeams.

20. The apparatus of claim 12 wherein the CSI is generated by and sent

back from a receiver.

21. The apparatus of claim 12 wherein the CSI is generated by a

transmitter through channel reciprocity.

22.  An apparatus for implementing space frequency block coding (SFBC)
in an orthogonal frequency division multiplexing (OFDM) wireless communication
system, the apparatus comprising:

a channel coder configured to perform a channel coding on input data stream,;

a multiplexer configured to multiplex the coded data stream to two or more

data streams;

17
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a power loading unit configured to perform power loading based on channel

state information (CSI) on each of the multiplexed data streams;

a plurality of SFBC encoding units configured to perform SFBC encoding on
the data streams for each pair of subcarriers;

a beamforming network configured to generate a plurality of beams without
channel state information and permuting the generated beams;

a plurality of inverse Fourier transform units configured to perform inverse
Fourier transform for converting the data stream to data in time domain for
transmission; and

a plurality of antennas.
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TABLE ENTRIES ARE THE
NUMBER OF Tx BITS WHEN LEVELS
MODULATION DUAL 2x2 STBC IS USED REPRESENTING
FOR MOD1 T / THE SEPARATION
256 QAM 328176 BETWEEN MODES
(8 BITS)
64 QAM |
(6 BITS) i\
l, ‘\
16 QAM . A
(4 BITS) LEVELS
. N REPRESENTING
QPSK IR g THE BIT RATE THAT
(2 BITS) ITS CAN BE SUPPORTED
QPSK 16 QAM 64 QAM 256 QAM MSODRUI\LA‘(\)T[')%N
(2 BITS) (4BITS) (6BITS) (8 BITS)
FIG. 4
SAME MODULATION/CODING 4 PAIRS OF

| - SUBCARRIER GROUPS

T T

SAME MODULATION/CODING

FIG. 5
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