[0001 ] METHOD AND APPARATUS FOR IMPLEMENTING SPACE
FREQUENCY BLOCK CODING [00021 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
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{00061 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, i
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-
cartiers ai the transmitter and receiver can be done by using inverse fast Fourier
transform (IFFT) and fast Fourter transform (FFT) engines. Since the IFFT and FFT
implementations are well known. OFDM can be implemented easily and does not require

complicated receivers.



(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
subcarriers that combining takes place. [0010] SUMMARY [0011] The
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e4H8lion can be provided in all cmitions, with or without
ciaEi@l inforfiatiprdesidhrektmnddomiatud te xitneshadhieMegpphbdtils for

) et
chiraneaty Gvisiermuiiielesing (OFDMarirdoss crprem rabimsrirmy | Bhe
Qirekeit RIvAMIIN GSafili4bleigb neoihi s ekl dka@e ol an open loop
On'i?«i\e/al.- WI'YI %es %?33&8 loop mode, power loading and eigen-beamforming are
performed based on channel state information {CSI). A channel coded data
stream is multiplexed inte 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 CS8I 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 .chaﬁnel
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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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. [00171 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
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ESCRIPTION OF THE PREFERRED EMBODIMENTS [00201
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SFBC MIMO coding and receiver matched filter. Embodiments also
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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.
0o21] 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 & 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 channe! precoding and receiver antenna processing

as well as channel decomposition functions.
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A variant may be used for transmission to legacy STA where it provides
diversity benefits. [0024] In the closed loop mode, CSl 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
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with channel state feedback. Another potential benefit is that it is easily
scalable to any number of antennas at both transmitter and receiver.
[10025] 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 reguirements 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
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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. [00271 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 encqder 112, a multiplexer 114, a power loading unit 116, a
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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.




SFBC applied to an OFDM symbol: Sis, S82] [00311 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
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cRBnehpRS & chanrpiMesatel: 144, a channel estimator 140, a CSI
generator 142 and a CQLgenerator 146. 100331 The FFT units 132
convert the regeijed safrﬂf)les to frequency domain and the
eigen-beamformef.134; the SFBC decodlng unit 136 and a channel
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domain and the eigen-beamformer 134, the SFBC decoding unit 136 and a
channel decoder 144 perform the opposife operation which is performed at the
trapsmitter 110. The combiner 138 combines the SFBC decoding results
using maximal ratio combining (MRC).

[0634) The channel estimator 140 generates channel matrix using a
training sequence transmitied 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
decompositicn. The CSI generator 142 gemerates 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.



[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. UECnt--tt
and V e CnTsT. Then, for transmit symbol vector s, transmit preceding is
simply performed as follows: x = Vs (transmitted signal). [0037] The
received signal becomes as follows: y=HVs+n, where at is the noise
ilgﬁd%ced in the channel. The receiver completes the decomposition by
uSIAERA matctidg fhepoghmatgis/f-between nForappniternonnesizng ok
charie! gainfoseigebbeattisnae fogtwate of the transmit symbols s
becomes s=aDn"HVs+v =S+T([0039] s is detected without having to
perform successi ‘inte’r'?éreﬁbe cellation or MMSE type detector.
DXD is a diaggnal h\atri%tha:t"ls formed by eigenvalues of H across the
diagonal. Theref¢re, the normalization factor a= D' - U are eigenvectors of
, V are eigenvectois,of HHRH-andiR.i9 a diagonal matrix of singular values
o{olajsﬁr?quare ots of eigenvalues of HER. [0040] Figure 2 is a block
diagram of a sy&f ’ﬁﬁ:ﬁ’é‘r&ﬁﬁﬁw gsifeleEsidance
with the preséntitiitition. The system 200 comprises a transmitter 210
and a receiver 230. In the open loop mode, a combination of
SPABER (L GREntyPE ttear gt aise apRbingidiarenal matgmilles OY=
pandidtos Ghvereity Puiho o iGN 9688 Of thisnashepe:6am Ps
%}%gjig;r%%pfgr%?&tm%mthgpgacy 802.1la/g STAs. [0041) The transmitter
comprises a &hannel encoder 212, a multiplexer 214, a power
loading unit 216V s prieritttefl 8iEB@)encoding units 218, a plurality of

Soug{rto-paralid (B SOBMHPIR 2aRs A D RATRIREMeT

y=HVs+n,

where n is the noise introduced in the channel. The receiver completes the
decomposition by using a matched filter:

V" = vHpDHEUHE = AU,
{0038] After normalizing channel gain for eigenbeams, the estimate of
the transmit symbols s becomes

s =aD " HVs+n
=547
[0039] § 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". U are eigenvectors of HEY, V are eigenvectors of HEH and Disa
diagonal matrix of singular values of H (square roots of eigenvalues of HHH), .
[0040] Figure 2 is a block diagram of a sysiem 200 implementing open
loop mode in accordance with the present invention. The system 200
comprises & 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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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
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arf@EiTTinew Sprfsbatacermams rﬁléfﬁl%éﬁ‘i’e% BISHSE S into

andsonuais daemnifreamparallel to serial using a prior knowledge of the
C ation gizes3ymbols are combined using MRC. .The channel .
Ciﬁ&& é% %h g] 8 Sloo% Cf:%e aicen beﬁnggrmer is re C{%%gl EB% 4{%’]8

n
decoder 238 decodes the combined symbol and generate
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introduces t that the outputs of the éode,r have the same

e constrain ‘
o OTEFTR AP HEP (hEATEr REFTREE ot BSIOEPS b e PR, versity
craxed thoerfitie hhin pickotingance of legacy 802.11a/g equipment.

10044} The receiver 230 comprises receive antennas 231, FFT units 232,
a BEN 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 SKFBC 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
congtellation size. Symbols are combined using MRC. The channel decoder
238 decodes the combined symbol and generates a CQlL

[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 thé
eigen-beamformer provides. The power loading scheme operates across the
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coder. [0046] Figure 3 is a block diagram of a transmitter 110 for depicting
power loading. Figure 3 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 k, four

streams of data are mapped to 2 pairs of power loading/AMC modes. In
oftiEFRTBRISR N vl fasmeb rEratTix. sdleweneth SEBM eafisp dattoduiesotthe

inpuistr s ihdateHeMARPEs tor RSOl LI BERECHE SRR REARWES
Ioag'h@ uwniilt %%ﬁi IS %%Qlied to &he dual 2x2 SFBC encoding units 118 and
o the

then passe RGBTSR 1R &2 72, i aReRRSUtifis the
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reac

chavr;nellm trix are, known at the transmitter. The channel energy f
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effShtho 8 filitheates AFA R0 ok a0 grereeke and fhe ifirst
erfebadimerfontiteckptiwen beatiier ' schbmpnelll Thye:SNRed arelefiRashce to
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oﬁ?@r%‘?ﬂg‘?ﬁﬁe eigenmodes are grouped such that half of the

efge¢fhodes Wﬂ:ﬂb@m&ﬁ%{ﬁ?ﬁﬁ%ﬁﬁﬁﬁ?&@h% 3} ééﬁaiﬁﬁ‘ériﬁar%ﬁ}HRo
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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:

F Y

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 2 M 2

Pavat = Zlai[ and B = Z Iafi

i=}i imMi241
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
-8-



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: Ap = Ymod1 -fl 2
[00491 During the closed loop operation the transmitter 110 has the
knowledge of current CSI from which it extracts the eigenvalues and

preen dhespigenmades Teuld s niils infomation s asek eatankdifierent
Cﬁhﬂiﬁr&ﬂ@ﬂﬁl&%ﬁﬂ&ﬁ&c&ﬁﬂﬁﬁﬂ@@ﬂ%ﬁﬁﬁeﬁiﬂmmaﬁm g keich

\ o acce t lis ano tim zat n bet number, of bits that
%é% e sen T%% sym%o efﬁl ?eﬁe 0 r‘r’lodtpﬁatlgﬁptﬁmttls 0§%
usewiest ShiERs mdbﬁp@%ﬁ@&mg the channel energy calculated for

eigenmode i. as explained- above, the maximum bit rate that can be
supported forthé& Grarinéreondition is determined. Then, using the mode

smgmtion camuiﬁgo%am&t 1808l ]ﬁlﬁfﬂﬁ}ﬂd mmﬁsbﬁtf?te pm@tafgom@
Istri ween the aII’S 0] S. ure a dlagram or an

;f owg%gélnégg 9B G rﬁode’f\%a A anibe cgtﬁn% ﬁ’g?alpplr?éld
tmtmewtwomm ffibel ésarisnefiitetafhpleo ihferbithatdatraragribel can
SHPRRBsHSIA bilS Rk AEDMLRY TRRAbE mnoa%r AL SUE A ik,

lowest mod ation order satls |ng the bit rate is

nd | & ure 4 as
iAOReRIBE By Y eRP U ‘ﬁPth’éF"é?é%Pmﬂt% ”fH%t ghd %’Bﬁ%%%‘é ©
(Hest peir OFTH sadiwiodesilwiliyipe ofsingdkbaQuiMbah dsthirtieanskddorrémch
o(a%s (second pair of coupled modes) will be using 256 QAM. [00511
Note that this mapping is described for one C that is acceptable and for

8% bearridsingHe chaanst sReraRAHSNAKY
2ol ZTh € SR @M%M@%ﬁhﬁm&tﬂ ﬂpmh@abtemm@m&n

the ?t&l nl{{lnl&er,lcéf bits in the able g&ttrles are scal 8up\@n to rggreslﬁnt

tF]e ransmit capabil an]dl% powerﬁoaa]ng can be done on a'single

plitesprinsdckojOUBA)IA nabveeddantirky sirfathutid hebureanide kit pairs of
SEeaBs #RRRLINENt 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 266 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, ete, 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 (A:lk) > dofk) > ... >
-10-



is explained hereinafter. The eigenvalues per subcarrier (Xi(k) > X2(k) > ...
> -10 1nT(Kk)) are ranked and eigenbeams (El, E2, ..., EnT) are created
by grouping the same ranked eigenvalues for all subcarriers as follows:
E, ={A.,(1),A,(2),...,A,(K)} fori=1,2,...,nT, where K is the number of
subcarriers, nT is the number of transmit antennas and 1;(j) is the i-th

elgenvalue of the j-th subcarrier. nT | even number. [0033] The )
R o B B AR TSP 5 ekt ares S tHe A58 B ToRp g
yiderire t2ked Bifettlithieijbnidaamscaseapfitboito create Alamouti

space-frequency blocks, such as {E1, E2}1, {E3 E}2,.. . {E2i-1 E2i/i
...,(EnT1 EnT)ATHE4Hoi@ver fMHETSNRL8f a 5dir is greater than SNR..,

theRatierscand rigpiab e RitheeRak s taplacrRenNih he-£ig8NPeaRNnas
with tge nex*&rlower eigenvalue avera%g until its SNR_is less than or equal

1 BRI IS NR TR SiReRYAbe UhiRed B SRR HER & VAR AR & ShB SR n
isiegIninimuMbe guéregSHRHo reitmifitespdatageid damadeeiretuted as
q%‘ﬁ‘ig of service. This step is repeated until all the eigenbeams are

paire .sFigure 5 shows an example of pairing of subcarrier groups for
power/bit loading. {Q@55] A data rate fqr each pair of eigenbeams are
determined by’“ﬂ“n%&ﬁﬁé’}he SNEF2 Pir®lthe data rate for a given
quality, The required SNRs may be adjusted for all pairs of eigenbeams

t ensatd 16 TRETHRETS AT BRFEH S B TR o PR esARency

pbivekd) eacnsta il [DH0] BWaIght. vEetor, (BatpailBfRigeahesnE petver, if
subcalyl ay be computed. as fo, : SR, Wk(i,A 2,1.(]) where i is th

S i Ralet R SR ot ol SRR o e
theaihiiel wplocelinvabk, theaduiioretmtvafirshe next lower eigenvalue average

until its SNR is less than or equal to SNRmin.
SNR() = (4, + Ay)] 0y

where o’is the poise variance and SNRmw 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
SNRe may be adjusted for all pairs of eigenbeams to cormpensate for the
measurement errors and make the total transmit power be constant.

[00586] A weight vector per pair of eigenbeams per subcarrier may be
computed as follows:

[ ——

Wi fy = \/SME(:‘)U;'

EH

2447
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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or second embodiment, another power loading is applied across the sub-
-11 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 é%léuave .SFBC or gf{her codino%or can have diff rent .a
Aﬁ@gﬁﬁﬁé’%”‘iﬁai\‘}? P RareAs those Bigeniodes that power loaded.

shntre éemdmghhéi@tapg}ifeﬁ timstineigenisod¢ndieigenheoapelistitioaly to
COANNIEH IS ANAYSAHAGIE9 I RONEHf0R BEANGESHIRWERIAS B)e most.

pairing eigenmodes of similar power one may improve the power loading
of¥heughamsersotiBER ceigsamadnt thakinte sEAb FRIE iRl rate SElh Ay ve
nERBer of FRESNVRIELI 3RSl AHEHNAEBRINANCS sBitRedingioi tady,
number of antennas on.each side, a om{iaaa ion of SFBC an c e
el rg?ﬁ%aega%?g?rﬁfﬁanﬁﬁﬁ%‘??st ROVES 193eth BRI 185 s Al Z S has for
vamitasceonfifpoatiensiseppodedobtic: tHsstatd ofdrdvepatiatdredessipgwrer,
and power loagi is.appli I9,.; Ser one ma
-%gn |gr3%1a§%% &gfg%%}eé%lﬁec%ﬁ%%%(&%(éx Blgggggg?%%‘gggﬁgrmiﬁl Y
Misgaevie hemovax rpdimaeicths shenngbek codes N beams at Rev To be
desermined by LpoNaNdt-doeBahysed saceieroensanMoXtd (M# huMber of
block codes M beams at Tx Table 13,005,9 Alt%ou h (gle featyres and% -
o B BT R O EYo ST E A el SR T Y momiber o
e mitedime pis dachasiie, la canbibidio nsSERCH afebdigencheiarfventivg niigons
1558 glonedihelh iR AIRPL GRS AVhe eMenls RLIR PIIGILEtpported

em eoglments or in various co ations with or without other featU(es
anadibmebrte of thhe sradisltopestog, and power loading that is applicable to

each scenario,

e

M beams at Tx
MXNMN#LD M/2 block codes N beams at Rev

To be determined by
IXN (N£1D not used receiver vendor
MXIM#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.
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-12 CLAIMS What is claimed is: 1. A method for transmitting data using
multiple-input multiple-output (MIMO) space frequency block coding
(SFBC), the method comprising: performing a channel coding on input
data stream; multiplexing the coded data stream to at least two data
streams; obtaining channel state information (CSI); calculating channel
energy for each of a plurality of eigenmodes for MIMO
eigenbeamforming, the channel energy being calculated based on
eigenvalues of a channel matrix of each subcarrier; grouping the
eigenmodes into two groups based on a channel energy strength;
measuring a signal quality of theGimilgtdups of eigenmodes; calculating
weRaationgf.the signal quality; determining a data rate based on a total
channel energy of the two groups; distributing bit rates based on the
separation of the signal quality; performing eigen-beamforming to
distribute eigerlrerihsso aphintlifeofitansing anteppdsmanshirasismiting
a, m for t ikt t ing, multiple-input
e B RIS B e SRS, e
meth§ EBHPE il pertofRAR) ABHHRIEHding on input data stream;

multiplexing:hg eeded-dalasieamdadtiaasidamdatastieams; obtaining
channo | state inform r(%SI;;f.rar}Ejgnlg;eigenvalues per subcatrrier;

tion
ota 1900 ;
creating é%néncbgna%ssf STdcaica é()t?ng an average eigenvalue of each of

the eigeAbeinShpRitneretgeibesras staktiply ot encdeentsisaroivivEMO
dreriash Merageneigravelushhaseskng A SINA NeASUIeMeBtavalues of a

channel matrix of each subcarrier;
grouping the eigenmodes into two groups based on a channel energy strength;
measuring a signal quality of the two groups of eigenmodes;
calcolating separation of the signal quality;
determining a data raie based on a total channel energy of the two groups;
distributing bit rates based on the separation of the signal quality;
performing eigen-beamforming to distribute eigenbeams 1o a plurality of transmit
aniennas; and

transmitting the data.

2 A method for transmitting data using multiple-input muitiple-output
(MIMO) space frequency block coding (SFBC), the method comprising:

performing a channel coding on input data stream,;

multiplexing the coded data stream 1o at least two data streams;

obtaining channel state information (CSI});

ranking eigenvalues per subcarrier;

creating eigenbeams;

~13-



replacing the eigenbeam with the greatest average eigenvalue based on a
signal measurement threshold; determining a data rate for each pair of
eigenbeams; performing SFBC encoding on the data streams with a pair
of eigenbeams; performing eigen-beamforming to distribute eigenbeams
to a plurality of transmit antennas; and transmitting the data. 3. An
apparatus for transmitting data using multiple-input multiple-output
(MIMO) space frequency block coding (SFBC), 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 at

least BHEUINE HAYEIRES BBV [P (e eigamRfard to calculate

chanqgirﬁfgereﬁgem@@@m@&a@ltﬁ&htym@f &igapmadestoraMidelst average

en rmln F‘éq F the eli%(%nmodes into two groups based on
e nva u ase On & asurem
annel energy; ca e signal quality; determine a data rate based on a

total tapiasinel dpeiggnolath Moy SLRstEsUSEIBLREBMalos brse oars thgnal

hua.gaidpsihagraion the signal quality; an SFBC encoding unit
config red to_pair subcariers fﬁ)r SFBC eng,odlng and perform SFBC

enco %a%ﬁ‘ adia%rgﬁegrﬁ%c ah“ige aEr)?eamformer configured to
perfombgemﬁﬁﬁwmwmsﬁmwe@@mﬁeams 10 eigshheality; of

trans@&@mﬁéeﬁjoéwnfoming to distribute eigenbeams to a plurality of transmit
antennas; and

transmitting the data.

3. An apparatus for transmitting date using multipie-input multiple-output
(MIMO) space frequency block coding (SFBC), 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 at least two data
streams;

a power loading unit configured to calculate channel energy for each of a plurality
of eigenmodes for MIMO eigenbeamforming: group the eigenmodes into two groups
based on channel energy; calculate signal quality; determine a data rate based on a total
channel energy of the two groups, distribute bit rates between the two groups based on
the signal guality;

an SFBC encoding unit configured to pair subcarriers for SFBC encoding, and
perform SFBC encoding on the data streams; and

an eigen-beamformer configured to perform eigen-beamforming to distribute

eigenbeams to a plurality of transmit antennas.
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