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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.
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gener ate
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 1is 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.
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[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
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Therefore, a conbination can be chosen according to

some criteria, such as robustness, a data rate, a
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dneludesn acchagpgkeoder Al 2; praulipleraskld papyegsdeadingmnit 116, a
IS o GRS s BOOERL ADST bl b L GHIL AR P o
abnbeattérst 1200 a hradsarit hm:infc&mlr\léﬂ 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
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%%Q3F534#gsg%€ transmitter 110 and a receiver 130. The
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trans i ncl udes a channel coder 112, a
mul ti pl exer %:4,_§:Eomer | oading unit 116, a plurality

of optionaP=$FBC uhjts 118, a plurality of
serial-to-pard el L.S/P) converters 120, a transnit

IPGPATT Whestihi pafahet e uhiaa1a sepstspet OBRM bl sl sub-

1:3;?1’1&@‘:*&% dat@pRers ﬂe%ﬁhﬂlékeﬁ%@h@ e @oxWeHbr@lmnd input to

is provided by the receivér 130. The CQ is use
ttbe blr@tnemxt beamformer 482 r Ehe trangmibbraraformer $2hdistribetes eigen-

ub- c u submca rs. coded .dat
SRRl L B Sl PRSI i B4 R B gate in
(ﬂ‘eqﬁliEfley d@haustormmtdh’étmieﬂﬂkﬂ;ﬂ&mThe transnit power

Ievel of each data stream, 115 b; aq usted by the power
Q%] ng The receivsT plileerrepriseseq PAwrality of gieseive cdtengss, 128, a

DG ARE OF YT 43fls 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 FET 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.
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[0027] Once the optional SFBC units 118 construct
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146. vegH =v*yp*u” = D"U".
[0034] After normalizing channel gain for eigenbeams, the estimate of the
transmit symbols s becomes

;=aDHU”HVs+77 .

=s+7

[0035] The symbols 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 ¢ = D, U are eigenvectors of HHY, V are eigenvectors of HEH and Dis a
diagonal matrix of singular values of H (square roots of eigenvalues of HHH).
[0086] Ifthe 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
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time domain by the antennas 128 to frequency donai n.
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0 fr.omt el ver e tran
FpentiBiRh 216, ARCE s iveritnd Ot B b RRb IS4, 2 eoiination of
&ph&aﬂﬂ@éuéiﬁ:@* BRngesal ypatddll sﬁﬂé&tﬁnﬁ an the tiMrshlitter 230 provides
fol | ows: =" 2,1tT %0032 The channel matrix His
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SpEr e B PRl I 8051 Mol el B BR0AL, TP o
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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
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[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, S;is sent on a half of sub-carriers and S;* 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.

ns "SISO (Without FD) | SISO (With FD) -
" [s1,82 S1, S1*
1 %
Table 1

[0050] Two transmit antenna case.

[0051] Withtwo transmit antennas, a 2x1 or a 2x2 MIMO-OFDM system may
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er n 0041 e receiver 0 incl S a .
oGt e, P s dagare Shlet i 555 46 Defrpiica %53s fase will be
BEdi-ad3d, sinée thieBecsRTadbAE vafltHeQmki 1 Tir Roh didh# vaA 36 irfdleded only
channel decoder 238. The FFT units 232 convert sanples

m@@@rved in time domain by the receive antennas 231 to

6(%35L]Ien% dQIR treHE AEPGPEERILLIY RTMEOFDN! B@sed loop is

summarized in Table 2.

S1,81*

S2, S1*
1/4 Y

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 34 of the SM without FD
9.



unit 236 decodes and conbi nes synbols received from

sub-carrier groups/eigenbeans and converts themfrom
woanwlosed41t o serial using a prior know edge of PCT/US2005/039525

t heconstel | ati on size. Synbols are conbi ned usi ng MRC

The channel decoder 238 decodes the conbi ned synbol

oigk. generates a CQ 240. [0042] If the SFBC units 218

and the_SFBC decoding function of the SBC decoding and

QNES ni AESERCtwitls thexfized kepnioamingmatris iy nseds Hive dafa symbols

e
e ﬁk&ﬂbéﬁ,mf&tﬁﬂ@g eTh@gia&FB(fe lﬁdhtaﬁﬂ)fahd Smm}ﬁm&@?} tase.

t ance W e entio
TR fhren it stenaga e, Torotben 2 NG EbRY hgmodps is
ghminhgizBadulpigsdgsynbol s. The [ ength depends on how

ny gr s the sub-carriers for data are divided

int

Nos@Vitkdidh i g n-
' kslcsrzrl ers f®r, Sttt a. [C(m5]s1dn deno
w3ssaf the cs';@rggeﬂ mat rigp, sghere di
V] M 15 The [rgxi mum numgE of the si

" ~ (T-e-, the numnber & T FSTI antenmas)
[0046] Rate = 1 neans that ﬁ?PsyrrboI s are sent and
recovered per one subcarrier during one OFDM synbol
006] | 02x1\MEVIOL@EDM (denNbypibake dﬁl‘t@ strefin @Re,

eco er% the rate is fractional 0047] In FD, Si_is
2] o gt fwp latst staeam cars  apeariaommody shauldrbessegiince an
V105 asgﬁ@a [
I berbav s S b lLan vl R S fie pUPRAF? hn wil e
as explained herembefore W1thout FD, one data symbol is sent per sub-carrier

o N S (N —"

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.

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-



[0049] In a SISO case, only one data stream and one

spatial streamare inplenmented. Wthout using FD, one
wepnismssi4s sent per sub-carrier. Using FD, onePeymsai05/039525

is sent per two sub-carriers. It is sunmarized in

Table 1. Table 1 [0050] Two transmit antenna case.

k%]ls WL B B O hidh rraq{% e@%ﬁx%?ﬂ@isvalﬂezéﬂd e AhéXBeam of each

DM syst em ppo el t one or
swlp-cataien is drseawdednﬁqr ltﬁans squmomemth{:mdsm Onbdlata symbol is sent
M MO OF cl.os 00p - one a_styeam cas 005
P SecBSETHET B uReRene R Bt 1R A et oD ome
Fht226Yn S BE s évatyp R awe S0l -ca bl Bechydadiag bhagpatisll #eeapn t he
beam havi ng smal |l er singular value wll die, qQne beam

10068k | edFeospetinbeigermy/for cxple suvERTier ATERACHEed apergias to the
ng tRE 81{?%11(% orTT% fl{]ﬁfoe&rrfa? bnd tRE TS %Lrﬁﬁ&ls QL Bk E two

i's sent per a sub-carrier and
aulbeamaslbgatsmngEBCh FD, one data synbol is sent per

b- I b | ect i th .
lRgP 5 e S b W 38553 St By, e top s
EanmequtTM@yel iability is increased. [0054]

tr anqm tted

Hepenkor fmcezof {issaase oy, B+ bd

%?Sg@ﬂd %t?’r 88 W th the gnmaller S2, S1*
es Oﬂlﬁ/{]\gi Se. llyQJ%j LI]E data %

lIC L)\J. IVIJJL.{)IKJ_SJIVI L.I UbUU IU | SIS

summari zed in Table 2.

[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 2x1 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.
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Tabl e 2 [0056] 2x1 M MO OFDM open | oop - one data

stream case. [0057] In an open | oop node, SMaMth or
woibtemas24FD and SFBC nay be used. For SMwi t h pae/uSeoosd39s2s

beanform ng matri x) without FD, one data synbol is

sent per sub-carrier for each spatial stream by using

thes dti%ﬁ“ Depg{oT M NG angppV ~and [ §f1 SMW Th FO'SPBe
| QitEBG: PBY | FWSHIHY C&I (FIS L ShohdfD 1
1oL o PSRl L ST el h

non

= gﬁgs IQSZ'I ol :_‘ SZn I:::IL;- A%S’SSFE‘U:::L :‘:i ’” 1*
1r(=am and m’(?: Q\/rrhnl 34sent on DEIC:;/2

onle &fﬁat i al

subcarrier on the other sp3eblel6stream The data rate
is 3A of the SMw thout FDcase. [0059] If SFBC with
foer6l | x 8d2 MAETOcORDM clvaéd 1oopi-swosiadla streanmdatsa. synbol s

R hgn T8 doclarreC i anye S 15t Al wirbies SR m el SMis

Bfroflat EwithiSvD %eﬁnﬂ'@&lnﬁmgfanﬂ Ro %ﬁl@@f&nﬁ[ﬁ@ a9&ilable for each
0060] One data streamcase for the 2x1 M MO OFDM o

subrgairiers uﬁmmtbene pre thapdatstreame.ecome Fpadinal] stpsemm s ould be

NLN%u%: Pgé [Ea S%Q}n Hvﬁ‘é@gsan tﬂo“ggﬂle %h L%ng%%ason

r eam case an
UGS si doe m w‘a’t/llibﬁe}a]m h@e/dm@ @mlmihb eéntspagotheasubﬁeémmr for

e PR SR o SHOTB D chmed mspioo) & Shep o sub
SHRi&GR be ‘u@fngf dHe $HALIH1 SRe4rh et o bIrRATBN T @U‘éﬁct‘m'):rpFIH@ Possible.

dat a sy IS sent per two sub-carriers for each
Q9 al Tsnor data stogemn rease ofor dheF2x 2 MM IMEROED Msclosed loop is
ROSS B %d in Table 7.

Table 7

[0080] 2x2 MIMO-OFDM open loop - two data stream case.

[0081] Inanopen loop, SM isimplemented 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.
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[0063] Two data stream case for the 2x1 M MO OFDM open

| oop is summarized in Table 4. Table 4 [0064] 2x2
wORMs/SFM cl osed | oop - one data stream case. PLCO@BH]05/039525

In a closed | oop node, SMMth or without FD, beam

sel ection with or without FD and SFBC may be used In

a cl osefdspagn NDdEgM wWo spat i ajybeans af b

SVD f or| SeiehinSUD- Payithsit FDY0PRLHPD) SM bt iyt F
one dat gﬁlﬁ% TBSFeEs PEr OWg Byh-car sﬁrsiﬂor ea_h

spati al afrg S 4;olw Wi .$2 +one o) ynboti i s
sent peft Wb e n PP Rt s By Li ere—spptat—st+eam
Conbi nak R?‘J}e of ED énr‘l non-FED 42 nOSS! bl _’A rngnﬂ Eor

beam sel ecti on, one SVD behablet ween two beans for
each subcarrier is selected, which has |arger singular
[098dE Theee trensnitemtbenarcage. each sub-carrier |

s

rd am se ectlonvvl u D d
RigREE ot Ao SRSt iiteRRpY! 27000 Andd 3a rfro-oFDM
SPBéma mSt b€ atippdrésd, la@ﬂnéwl@ére(ﬁid, &Wo b tthrdeatangrabdidmay be

synbol is sent per two sub-carriers by using one
%‘&Roir%ﬂd stream [0068] Two spatial streans for each

RioRsEar s&g IR GFDS abesh ﬁsgggﬂé Adtd &wﬁn%%oﬁ t he

channel -carrier two dat a | s can
[008§knt Ima cdaved derdp made,i pyasn bglecidom gf1f$C<BON1th0@’GED @ukeSFBC

I Y T N TN NEN
9416¢tidnQ e spaARE beldinds S416ERAY 6185 One b 1d avdilable R two other
ll)ga?ngs doS rl\llg\iﬁ; garl]'r;) rrlotvﬁﬁlrtlghgllljtt noEs% gr?cij Wlsli:(%%) n’ITJ"l e kt))eeg;lncsl %gxe&rgttig 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 choseﬁ 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.

f‘f,Sﬁpatialijpreéms " |'SFBC . .
Stream1(d1) S1, -52
‘Stream 2 (d2 = 0) S2, S1*
Stream 3 (d3 = 0)
Rate 1/3 1/6 1/3




SMs inplemented wwth a fixed beanform ng matrix and

both spatial streans of each sub-carrier may be used.
wpQE6ApsHOr SM wi t hout FD, one data synbol is BemUSp®S5/039525

one sub-carrier for each spatial streamand for SM

with FD, one data synbol is sent per two subcarriers

[B0945 | Ngx PNEIMBAOTBI | Shameh a8 HL Rk hsED and
non-FD i s possible. wo data synbols of the

WR03] st ramapen lbep wﬁt ShhanSFRh areimplemented wildicthe fixed

bl il ARt e s O RS 275,

f0093}1 heFBiK SV yﬁt}ﬁmt Flm;vmeedatatdymhme ig @asﬂtqm&mm dub-derier for

be t I nce rec ennas re e
S @e%imbff@ @‘ém %ﬁl%z%e as fwegegmer two sub-
Ml%g%%ﬂhthﬁg&ehﬁl SHRAdE&HAID 138 hen FT) 3RLible. One

2X2 closed oop - two data stream case.
flaleaymhoh issenk peretivd sdpcarvides orsMapatiad straammut oreBymbol is

may be used. SMis perfornmed wth SVD beam‘ n

{556 £2F ob8 Si-comrudy el P hatisd Rorpbins X e Aol BBl sent
BétvErdub-erriel 66 Ewb Bpittalatfeaniarthéite S AS seriRr one sub-
spati al stream shoul d be assigned to each data stream

WQSPBC‘? POthRnsngbak sBPFf or the sane reason. [0078]
o045V B HROMGy R iminded viYTBO it Sub PPL ARbn@Nfice spatial

spatl al stream and
fibparmnsdoeach syhvbairierstee ﬁpatptdr strewons abe ased &rsSHYC and the

i ng_one s al r I F d FD
oHElep 8 AopSon Sispoh G efa 2P et TPRrdire, P eB RulPRls can be
MV LM Glosadiel a0BadlSinstyAtar i zed in Tabl e 7. [0080]
2x2 M MO OFDM open |l oop - two data stream case. [0081]

[0998h opas Habp, st@mns qaﬁ?)l forethee dxli MMAOFPNe@pen loop is
DGAMAMH R TS 1

S3 S3*
S5, S6 S3, S3* S4, S4* Sb, S5* S3, S4 S3, S3*
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-



and two spatial streans are avail able for each

sub-carrier. As explained hereinbefore, one spati al
wennwassi4s assi gned to each data stream [ 0082PCEmiIS20BM039525

wi t hout FD, one data synbol is sent per one

sub-carrier for each spatial streamand for SMwth

bk otPePd SRl ArsahiTBOLs Aot 16 SFBTEIATh¥Rg SiuiE Q'ﬁ_éﬂiﬂrs%r&hfns for each

usi ng one spatial stream Conbination of FD and non-FD

pab-gewigrpiwo spadEsitrepmes ane usedtipeaRBCaand they othpeonsis for the

n loop is summari zed in Tabl e 8.[0084]
%#%eped%f%gg%&t antenna case. [0085] Wth three
{01003 m Twantdabtaastredin leas8xbratite I3 MINDOCBEDNM ygieamboop is

may be,sup d,_and either one, two or three data
§1‘%¥‘é‘%ﬁ¥eaé§%?%abported. [ 0086] 3x1 M MO OFDM cl osed

‘ogpr dat.al spf eam C M (PDA+ 'Y
fns OFE@ tﬁgﬁtmEW% Mhi QWi FP &l Gy
-0r ppy AN pr e genergl.gi Pase A
S Beam 2vhit-a r‘.cblaé']fv"v g:“hlu A ) Vi
9354 ni hS209¢" nol 9% S35y %, 94 g) bLoapp2, S1*

D]

[ hi

! q 185 saarg 8 S‘?’*ngu At SA1 ud 9% SHE| gt S‘{E Q0REY, S3*
‘Rade beanlsel ect | &2 wi t hol®3FD, onleéb/@ata sydl is st
per one subcarrier for theladileddn spatial stream and

for beam sel ection with FD, one data synbol is sent

PEI0 11 Wo 35U MIMOLOFDM {entlbép)C RRERUHRAtIcAn Eddecam
quOSQ] For. SFBC with SVYD beanform ng, two spati al
102k s Imthis sase epaper dopshryrtainshenld bepseddasend and recover

ERleb AR ROAYE s I b _éﬁ@ grd ir@l&?@hﬁerd ‘k/i% e ﬁg&i lt)&‘fnforming
other one corresponding to one of the rest. wever ,
ewvdnixtanougive¢ dotas yirbans acadivided 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.

Str 1
Stream 2 | 83, S4 S2, S2%*
‘Stream '3 S5, S6 S3, S3*
‘Rate - 1 Y

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-



sent at the sanme tinme by using SFBC t hrough two
sub-carriers, the performance will be very |ow, since
woneeapsdd4i al stream i ncl udes only noi se. [ 0090PCDWS2005/039525
data stream case for the 3x1 M MO OFDM cl osed | oop is
summari zed in Table 9. Table 9[0091] 3x1 M MO OFDM

ARG 12 sid aﬂ@élﬁe§§f€e§€ﬁc@&§e [0092] In an open
| oop "case, SM and SEBC are inplenmented with the fixed

VY0 or Fon §anthc»utm ctrter «ézetasqo’mb@us s«mtemrm@r satb-carrier for
0093 Ul ne
?aSC%S QESF%%%%‘LE car r g r f drongac fta %WI at® s?’ ¥ gg?nkwo sub-

edithidre forPchispati i treuin. Azbmbinativn of D a8dnopelD is\possible.
ubcarriers for each s atial stream _Conbj natlon of . FD

8hon PDSFgch’%%ﬂﬂ Sféﬁ%mﬁ reach sufsrarrier aggelested and two
LWL RrE 3kht GF $ho Eaﬁ@%ﬁl@ by ﬁém@tgﬁ(g‘g?%g‘hnﬁmf ¥ihehrriers.

I's sent per one sub-carrier 'on two ot spati a

Utsmﬁhﬁ sahenmw éwdaata symbell candesrenoveped pemivo sub-carriers.

B D D B sl BRS, Tox h° STRE ATLAGEPEP Sl Toor 5o
LR HrioaBe e D& i npl emented with or w thout FD.
Anong three spatial streanms for each sub-carrier, two

spati al strearrs are used for SFBC and the other one is

Table 13

[0110] 3x2 MIMO-OFDM open loop - one data stream case.

[0111] The 3x2 open loop case 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.
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[0097] In this case, an open |oop structure should be
used to send and recover two data streans. SM and SFBC
waneociospl4enent ed with the fixed beanform ng maPCcTAUS206/039525

two data streans are divided into three spati al
streans for each subcarrier. [098] For SM w t hout FD,

onesglala Stydhat 1|[sMent per ongwﬁb— carriefgipor.each
spat’i al  stream a”‘tv&fiﬂio@"ﬂ]ﬂ t L) d. : a(FﬁZY% FE)
oS T L% i
SHE re nga cfrbul“4is Sen i

t
Spr&w e data stream does not usel SEBC_ Anpng
t hrB#tespatial strleddm for eachl/8ub-carrier| 18w
spatial streams are used fIablSEBC and the other one is
for the other data stream [0100] Two data stream case
f0an 6t he382 MIMIODEPMbgcloop 0 Owo idats siremnicagel i n Tabl e

Bzl o tBadreiopen %mm Femiwsia acég@%]%#o%%)é%tq éﬂgkexel open

ﬁ,b?léggwogt‘fva%ltgsggaﬁged to send and recover three
a streans. SM and SFBC are inplenented with the

[O1A8H b3a2MIMOHIFRRL r threaddta streamdase streams are

Rifofs BT EBETAR L Rerlok AT doh 5G3RMs i spupe to the 3x1

MIMIBIOFOM syvtenh fhrothired-Bataditteatad.a symbol is sent per
ne sub-carri er for ﬁach spatial stream and for SM

121 Fo3xd AN QEFRYheigped ]§°Eeﬁ¥le pata stfermaeasar ri er s
foap1pacty apabée[fd 1&%&%@% ﬂﬁem Bahi efRank £ %%gat%ga; Fd sM

are possib ee da a stream case
Bxthoivt ND, mfzapﬂe'mbocb tpseing petiomemsulzeatrien foizdsick 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.
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Table 12 [0105] 3x2 M MO OFDM cl osed | oop - one data
stream case. [0106] Two spatial streans are avail able
wobanostois=1 case. Twobeans are sel ect ed anong t hpPee/usems®39525
for each sub-carrier generated through SVvD. TwoSVD
beanshavi ng | arger singul ar val ues are selected

"SpERATT For] S w Thpgk1 FD, T ene(Fiatal sSWiteD + S
SHAgm ub- cay ghoﬁpf(wgﬁhb%aeﬁmqj hearrRnd s
W th FD opgpgata SyRpol i 5.380) PPlcabdd) YOS

ST e o, ST P e S

Strepm 2(d%) ST 4" [ 82, 8951 83,935 o §§,~$2 ,
Sﬂ'@m @331_ a S$,}$*Q.q§4 E‘ffma 3551§5 ng

1sub-catMRers. [P ng thi 8/6schend 2/8wo_dail®

syrrbol can be recovered p#&rblevl® sub-carriers. [0109]
One data stream case for the 3x2 M MO OFDM cl osed | oop

i u ri i Tabl e. 13 [0110] 3x2
RT3 b R0 DR cheh dooms Shecd B SMeERLESS 5111] The
[BXZ610PER drisiend88ScdsRl a0 fite %ﬁldi‘m%ﬁ Bandieh 18@157@as%‘f61ﬂﬁ1e data

3x open | oop case for one ta stream [0112]
siraam orRpNectssded | oop - two data stream case. [Oll%

Bisns p%éﬁhl]@{ﬁ@?@é{}ﬁn@segmﬂ . %atcgggtrggb  GASe. TWO

anon eac carrier gener at ed
[0 _11281 ug fT}ﬁ‘stpaﬁaMi‘mhsealre a’ﬁmﬁa&éﬂbbﬁam%amidrtgzol datgetreams

gula val ues ar ) ect ed 0114]. For
digded into LSRR tial §!ﬂ§éms faléi[é bs%?aﬂear POF%# loop, for
C\*?ltﬁ&ﬂt FB! ofib rd%.@ﬁ”s?ﬂﬂi)of 2 seM pdr tdheFdab- @cﬁ'ﬁeg FbPeach spatial

syrrb ol I's sént per two subcarriers
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.

[0181] Two data stream case for the 3x3 MIMO-OFDM closed loop is

summarized in Table 16.
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for each spatial stream A conbination of FD and

non-FD i s possible. [0115] Two data stream case for
woOheocBs24M MO- OFDM cl osed | oop is sunmari zed i RCTAISk@®5/039525

14. Table 14 [0116] 3x2 M MO OFDM open | oop - two data

stream case. [0117] The 3x2 open | oop case for t wo

SHHEE ST e A sy e s

Stcase [01@@& %wﬁtm QINSHSt &.00%) t T ﬁﬁ"‘ﬁ | D
ST L b or b oy e

mSt n, 2 ) 6___h___ ] “35 gSﬁ fal ,§§, 8op—¢ H Eg’ -S3*

Stream 3 443) St ol SO | 4 o SEABGE L h * 098, S2%

Ratiet a synbbl is sent/2per gi®#3sub-cabffer for2@ach |12

spatial stream and for SKbleA6FD, one data synbol is
sent per two sub-carriers for each spatial stream

(B N@i3aisMO-OFDM bgen WbpFBrvadetpeigsarlcase.[ 0122] For
SFBC, two spati_al strealtrrs among three spatlal streans
[Q}33] s e B @AAPEn PO @S5 lythetqnéweaéors%&tqpan %qn@aﬁﬁorrtw data

Sﬁ%g{hs%g falkbgr are selected, which have snaller

si ngul ar YvalUes. Two synbols are sent at the sanme tine
[@184dsi 18x3SMBEOOFIM closed baug- tlmweldalta streamnmsef two

R Srtiei gl sbifinth A1 JERDIGI PR Spsscan fhrondata

shRbrdsre MRVIISE Bltothaéd SatdlsGd@ms for ERSsWSeslrie@NEh a closed
data synbol is sent per one sub-carrier for this

legradoraPMswithant HRd one dabp symbel issent penenel subreayrgofor each
sbcsttiglegﬁerﬂﬁ bl P %Qm@ﬁ‘ Fﬁj, Gha dgﬁf sytn%cﬁ iR b@% twé £@RPrriers

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.

‘%S” (xaiers

1 1/2 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 3x1 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.
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[0124] One data stream case for the 3x3 M MO OFDM

closed | oop is summari zed in Table 15. Table 15 [0125]
wGaxecMs8a OFDM open | oop - one data stream caseCcT[uUS8i®6)39525

In an open | oop case, all the options for 3x1 open

| oop case for one data stream may be used. [0127] 3x3

Iﬁrﬂlm OFBM $ATRE6 OF9RPclodeMobi ! SnSHARAT &GRS Basd, 0128]

hree spatial streans are available for this case and
i0Wd2ld at @nist oreapatial streamiisiavhilableforthiscasp dniaglosed loop case,

31 R R BT bl S 3SRt D 5

ssldrted M VD Meattkivitgahé drgedtrtagnlanndldeds s&btiad! h
FD, one_data synbol_is sent per two sub-carriers for

0343] spher 2M veitherHD onestatasyahel 1p pentpes ane shreqimsiey fer the
i . ! i.al: I ~ .

L Pl 0} SEIHI ortoU b6l i SRR 0 S8 carriers

foathspattialststameans for each sub-carrier are sel ected,

i, ch ve || -ngul ar. val ues. For,. qQne dat
WL, PP B eth VP BeaiforiBipt Bee Sl AFrebBisFor snshy ot
cfrBer are dalettEamsRaFduRbeiins @8iEradéd thveush BVDROedosresponds
and for the other good streamfor each carrier,

h
for ther lazgest sipgulam Yalugand the Rt @F’E@@Po{l@lé‘l)]onﬁfﬂfe@ﬁere“-
Rﬂﬂaggr%%& BALHAL ¢ ux% b& s, aW'tBP Qbtnefbne Bg gtsﬁlgﬁﬁd RRugh two

is's per-one s carrier for this s stream
sathdcantiehs, Ebe perferman@e withisolowi, sircethe pad spatdal stream includes
sqb-carriers for this spatial stream [0131] Two data

¥ &8Pcase for the 3x3 M MO OFDM cl osed | oop is

PUABEr | @8d ddvaldhbsmlBastaBdretHd 4x1 MIMO-OFDM closed loop is

summarized in Table 18.

Y4

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.
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[0132] 3x3 M MO OFDM open | oop- two data stream case.

[0133] In an open | oop case, all the options for 3xl
wopess/ossap case for two data streans may be usedr/usS2005/039525

[0134] 3x3 M MO OFDM cl osed | oop- three data stream

case. [0135] Three spatial streans are available for

g CcaTrnERdtibhce S MIzA@SFBOSIA tRhé fxed Besiafbrifth®matrix are
three spatial streans for each sub-carrier. In a

posgibled A Besps option ispreRxh SEBCRmd breSNatEerapeideta pigeam, this
I

?’grgh % I%(ﬁﬁ?_ssé !ﬂ% %1%% ;u? gaIIlg u ?@oié@?{iéﬂ% Iyﬁ:{bro?salfhg Qﬂler two

spatiabsrédres of dach s&h&hrmamneaised tforeivhof ﬁnnthem awvb dasta sfmbols

E d FD i bl e 013 T d .
of Bab gt raen SN boPR B A BR e e etbal sh e ee R grp SagFier for
e'a@h pria s%am-rﬁ@(!l &ithFD Qﬁ}%7d]at§ %ﬁn%l"i’%&&% %@mcamers for

|'oop- three data stream case. I n an open
eagls epatidl strépen opombimations o ¥D apbnon-ddparmpessitde as hﬁ@@n in
1lilag)i%&trearrs may be used. [0139] Four transmt antenna
10140] Wth four transmt antennas, 4x1, 4x2,

[Bx50]andA decon Moo idDibingtive P 28BBOLE Fotip @putiﬁd;tre@mls of each
ei t her, one, .two, .three or four data streans _may

be
subspbriearedivided inte twoanenrsobive Fizearas pad gach %HEP bﬁaﬁsglgned
§tera Fclf@e For EeERlin&n¥, f‘?)'ﬁ? (@pﬁéﬂaaégrﬁﬁélg%b lsént on two sub-

aval e for this case. ose case, one

claeraemsdnmng the ﬁm;hh&imfmnm hnd tivo SxP rSP&C@ ener at ed
t hrough SVD i s sel ected. The SVD beam having the
I argest si ngul ar value is sel ect ed

S1, S1*
S3, S4 S2, S2* S3, S3* S3, S4 S3, S4
S5, S6 S3, S3* S4, S4* S5, S5* S5, S6
S7, S8 S4, S4* S5, S5* S6, S6* S7, S7*
1 1/2 5/8 3/4 7/8
Table 19

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
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[0143] For SMwm thout FD, one data synbol is sent per

one sub-carrier for the spatial streamand for SMMth
woeDpoesmag4tat a synbol is sent per two sub-carri eCE/US005/039525

the spatial stream [0144] For SFBC with SVD

beanform ng, two spatial streans for each subcarrier

L8aBRtaEh 66 AR Witk FD) 8 A8 Ba g @i 8k dn F)ey@l?o mamers

e corresponds to the Iargest si ngul ar value and the

fon therspetnl Sxerondombingtions pf FRandaon-Flajarepessible ae shown in
’I%%)Fbﬂ STﬁg QOIRSI{])J&%%E] c%gest nglﬁgqﬁ ’Ita'Tb'l.EEZ PXI gSI{O[E QIISég ﬁ%namtam

carrlers or manc
tBe ﬁs:metthelltmﬂ)rwah data sjmbeelrof leadi dakasstesdny. noi se.

(045 oo asgnnton Ghsil AREGHHC Tith Brebieonippalomappmagyix is

p6§s]ibM '\@Q: QiBﬁrlsltﬁl%pZXZ QFBHaha ¥ SN OReedathGtream is
147] enmented with the fixed beanform ng

aﬁagne& t@hlde gg@@ spdithelotherr datarstenam daysenitdipt 8M. [ @‘Wm@]atlal

sl;:re m%Mf“eg(ﬁl (lt:aEI)'ti’]ﬁ(I:? Hfe u? Itdgfpxs" g?ﬁ@ andsthge th?, M&gﬁlakﬁ?eams

-carrier e Spa ream an

oﬁé&ﬂ@?o@a&ﬁﬁb@fe gggarSMp @V1thw1?t B]Dhnmgralta eymbélcis sért’beper one
atial stream i nations of ED and non-FD a
sk}gv&grva?refoa%a@xwail Al S04 B i neraa syebel4E gent per two

sablcaffdrs W?%?%?@%éﬁﬂsAr{ﬁ%lbpﬁt Rf ¥ Hthd d‘FDrié g6§%1ble

same qual ity data sy O 149] Co I nat i
agfshSwinaimdl SHBC2wi Thistdomkinatden bwezmﬁatrlmedqzonaamtalratb same

B0 33 ol il o Fe A8 Sy B R B o

maamt almse%aﬂ@opw@{ istasidPtwad k2 SFBas SEREESta sH&nQisfa@glgned
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.

S1, S1*
S3, 54 S2, S2* S3, 54 83 S4
S5, S6 S3, 83* S4, S4* S5, S5* S5, S6
S7, S8 S4, S4* ‘85, S5* 56, S6* S7, S7*
1 1/2 5/8 3/4 7/8

TSFBC TSFBC | SFBC (D | Two SFBC
‘(Without FD) | (With FD) |+ non-FD = |

m1 - |S1,82 S1, S1* S1, S2 S1, -S2*
Stream 2 - | S3, S4 S2, S2* S3, S3* 82, S1*

Stream 3 | S5, -S6* S3, -S4°* S4, -S5* S3, -S4*

Stream 4 S6, ShH* S4, S3* S5, S4* S4, S3*

Rate 1 3/4 k) 5/8 1/2
Table 22



spatial streanms of each sub-carrier are used for SMf

anot her two data synbols of the data stream W thout
woeDpoesag4tlat a synbol is sent per one sub-carri CTUS2005/039525
each spatial streamand wth FD, one data synbol is

sent per two sub-carriers for each spatial stream

Conbi nations of FD and non-FD are possible as shown in
Efhe 201 NifeRDRiN ¢6RA0PL tARed datdHhthnd ¥Eke2X 2

Four spatial streans of each sub-carrier are
[@157 dednithiseaseyangpen i pchonlddbestsed doserahandrectvegitionee data

strgeds SADH wilp Gtk the fr o RER B by i rhg g data
strieyf@ HRAEIAE NEtA Tl WRta2XgmbbBCor daahl SuldBadrfbk51A1 the

4x1 M MO OFDM So en | oop) - two data stream case.
cpmbiptions ipfiable 3L ean beuggtbn | oop shoul d be used to

TS oD of NSt PG ST e R Fhrcd Bnitorming g i

pdsmhlest Aeﬁrm caxtmndjsvmsingl onet2xX SHBGs pad italo SMisedfiwo fspatial

h O 153] E FD, dat a
G5 R o ek snb-eamibone dssn ten SFECH Wi dgin.stieten iy seht using

tﬁfsrm and the ﬁxémaﬁﬂfomm@ BEd tiad Gthay tbe kpatﬁal%@fetm@eff each
two sub-carriers for the spatial stream Conbi nations

sub-camyiemarensad fm Y of Presether ’@Vta@atgﬁbmmsﬁ%ﬂmﬁ F1D, one data

T8 ERPAOR R G305 PP Eh A SRR oY D 5 8sa
sgmbbl idatat sdrrte@mublcahbdys fhiogdehrphtiahstodantVAaathbfkR{on of FD

W.th t fixed beanf orm.n trix is possible. A first
aBBtI’rOB ds pAsibleas g @@ndﬂga{g’%o&%M One data streamis

[@Pﬁﬁég nedrbO At R cAB forithe 401 MIMIBPD I Jed R dpToSSIBC is

Two spatial streans of each sub-carrier are
Susmlalﬁzﬂd@lf-&blaﬂa the other two spatial streams

S1, S1*
S2, S2*
S3, -S4*
S4, S3*
1/2
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
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of each sub-carrier are used for SM Wthout FD, one

data synbol is sent per one sub-carrier for each
wenpeieioas24st ream and with FD, one data synbol PeTRSZI05/039525

per two sub-carriers for each spatial stream

Aconbi nation of FD and non-FD is possible as shown in

d-g@:? kPmBE1 1sTsleh§ tp@P b B@h-CoRidFaYr AR spated h‘eaﬁf‘hﬂl ﬁirrSM with

t e same quality for each data synbol fSthe

B, emendathi symhadeis St per1 68 subemridra)rﬁmn e |S§a’u§l Atream.

strea SS
QiAo ot e s aFaPle & SRy a8
C] L@ﬂ CarRdrSFBC &wd spatiatstiretins foW@a@{ Qupsa@iertan®sebétedBhich
and .each group is assigned to_each SFBC. _For each

haN§t ayger sgngydan valpepo [l3voosymebly arpsept At the samestimgdy using

ri 8l si e
S 6&%%%6 él%%’ﬁg%ﬁ% 'Iﬂ %ng%% 6156 94%3 Yt g@ﬁa@l are
cqwered pmp;wosuhacmledaa‘aeaﬂlrmammbase [0157] In this

opgen shoul d,.be ,u recoyer .
7de Tnd" e 00 e ooz BN ORE FRRE, Toop s
soednhared BOTaslkerd4x and three data streans are divided
into four data synbols for each sub-carrier. Al the

conblnatlons in Table 21 can be used. [0158]

al strearrs ar
¢t her two data streams. Wthout FD, one
,,,,,,, “i's' |sept per onplMub-car(Bé for each 1/4
stream and W th Fpled¥e dat a

spati a

[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.
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synbol is sent per two sub-carriers for each spati al
stream Aconbi nation of FD and non-FD is possible as
wehesvs52a1 Tabl e 23. [0159] Three data stream cBE®US05/039525
the 4x1M MO OFDM open | oop for SFBC is sunmarized in
Tabl e 23. Table 23 [0160] 4x1 M I\/D():DM (open Ioop) -

fod m-¢ [0T6T]
I oog gﬁ%ﬁls %]géuse %ﬁmﬁgﬁfb)a i3 f

St I- b‘szcu Wt

N vnr\nﬂn‘-

t

B ",4f, n fﬁ Ui@lﬁgUI III 'y

::’)-B ngéh gL:r; fa er . \Sg tggn :rr::“hnrls
inﬁyﬂamaidi%m())hn used. [0142] 4x2 M NO- OEDM cl osed
| ogStreasné (dhed)stream case. [[0163] Onlly two spati al
st &ats are availabte for thilsl/éase. Twd/Beans are
sel ect ed anong four beansTélde 26ach sub-carrier
generated through SVD. Two SVD beans havi ng | arger

[F1gul axoWatMEsOFDM 98k tdpd- twiodat2MeaiPbseFPn this case, all
onedata synbol is sent per one sub-carrier for the

the aptiens o dud dorsiver dafe streams magbe used. data synbol is
% P&Lka tml\/ﬁ;r E)E@W ! @]ﬁl%e (ﬁ% tﬁ?ea%ﬁ’%tktgl R ‘thgr&se all the

i nati1 ons nd non- are showi
optibhefo?4.x 1[f0d thdke Hata SfrBiins vy ISepasedaI str earrs for

sub- rie el ect ed, which have. | arge )
i 42 JENbEOr D et astupdnearn: Tathisia S anibeoptions
f&yuanoﬂ%éF&@atsweaﬂﬁf}nhwe%Qd carriers. Using this
schene, data synbol ™ are recovered per two

(@1 caA%Bd\HEVIQtOE closed o9p.- n@esa sipamaase. st ream
[(ﬁafﬁia %M %ﬁ%pﬁ%e%e%ﬁ%tgasm{% | ooé) an& tBreesp spaJclalesq;reams

are avallable 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.
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Tabl e 24 [0166] 4x2 M MO OFDM open | oop - one data
stream case. [0167] In this case, all the options for

wa 20605823en | oop case for one data stream nmay BeTwS2@®s/039525
[0168] 4x2 M MO-OFDM cl osed | oop - two data stream

case. [0169] Two spatial streans are avail able for
Sl s JEEarE (8 SeTESNEC Aned TOU i T SRR
ﬁac% TCar R ed hgf h- D 4 W TFD o
aving | ar gerpy T\glul %D)\,/a'l_y ﬁor?ljﬁ)) | t ou1 o V
S T T R [T BT T BT e S TN T L. ot
A NNIEA REME 83, o34 | B2, -83*
SRR | E55i 850 (S B6F {83, S2*
Statearn 44d4 edh|case for the 4x2 M MO QFDM cl oded | oopl|is
Ratenmari zed i{i3/4abl e | 3% Tabl 585 [ 017112 4x2 [N/ OFDBIS
open loop - two data streggpble@se. In this case, all

the options for 4x1 for two data streans may be used.
&0172] 4x2 M MO OFDM - three data streamcase. In this
[RHER, ~ 443 MEMQPFTUA epewtoopx one dataishream epse dndhiscans all the

g?%n??c] dforﬂ)ﬂéﬁgla g‘iff%ar%{lﬁ%ngns%e qur data stream

I'S case, 4x1 for four
[0HTH st4SaMEMO OBV ehesdd 1@@1‘%}0 dat3 shdcix €XM cl osed

PR ootit3e prrmk S TV etz adeltBipasrapal siroams

¥ %.Krlaﬁgbfé foP rthié"'éa%ec apRe dhbs QereaRAL ARl divideBa®o thitle spatial
have | arger singular val ues
streams for each sub-carrier. All the SM methods in Table 26 can be applied to
. this case.
[0181]

streams for each sub-carrier are selected, which have larger singular values.

For SFBC, one data stream is sent by using SFBC. Three spatial

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]
Table 26 can be used for this case.
[0183]

summarized in Table 27.

The other stream is sent by using SM. All the methods for SFBC in

Two data stream case for the 4x3 MIMO-OFDM closed loop is

-926-

M~ [SM  |SFBC+ |
M+ - |ED+ ‘non-FD
R ) FD) | non-FD) .

Stream 1(d1) = | S1, S2 S1, S1* | S1, S2 S1, S2 S1, S2 ,
Stream 2 (d2) S3, S4 S2, S2* | S3, S4 S3, S3* S3, -S4* | S2, -S3*
Stream 3 (d3) S5, S6 S3, S3* | S5, Sb* S4, S4* S4, S3* | S3, S2*
Stream 4 (d4 = 0)

Rate %4 3/8 5/8 1/2 1/2 3/8

Table 27




are selected. Wthout FD, one data synbol is sent per

one sub-carrier for each spatial stream and wth FD,
woneoethaszal synbol is sent per two sub-carriers POT/US20K/039525

spatial stream Conbinations of FD and non-FD are

possi bl e as shown in Table 26. [0176] For SFBC, three

[BP&d)i al 4>@M?M@ OfF‘TjM%%H 10opR 1688 At rddntcate] Hl%fs%ase, all the
|c have | arger singul ar “val ues. Anong them two

oppians &ir Gtl arkwo datesaealnl cpse myﬂ@mussadat i al streans,

ass C, T sent at the
@; 41%1@@1\/{?20 @I'—c% @ﬁ"‘%m S aﬁtf a}m§?‘7‘ eans of
[DY&B]S u I8Mads frhfleSnerdbdiwithrSVID %e@msdrnﬁpgtamalthﬁéd@amaoétreams
each carrier, one data synbol is sent w thout SFBC.

argavapiablefor dhisgege: él-]hrgét dalgnstroamn are dpndeds o dhree spatial

PR fo Eacg?éﬁb-gﬁr S With B, | Sile dfth s H01 £kt ﬁbr one sub-
stream and wt one data symbo sent per

cautieidfor eachssfadial e‘aehms pad wath KDy cawdat{l SybiaEgl 1s)mnt®ar two sub-

SRS Bah fourial Eress FapInSHon SRR SAd oo P Ree Bppible.

[0pg7] | COree @a{’c@ Sipban Séds Y GRS e4x3 IMINMOSOFBIE, clédell loop is
the options for 4x1 for one data stream case may be

sugagariper ioTalle 28V MO- OFDM cl osed | oop - two data
stream case. [0180] SMs inplenented with SVD
beanf or m ng and thr,ee spatial streans are avail abI e

2 sshieans disMdi vided 1
$Wilgh F@)r I(F!D +i‘/ﬁbh- ’

Bies36 Can Jis, anpl 1 dBLEA N 5 Caisy 52

BB,; S@pe dat asgs,ts"zeam I§3 ssqnt [OVAVE Ig3983*

Rg! 56" S3, S3* S5, S5* S4, 84

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 4x1 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
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streans for each sub-carrier are selected, which have

| arger singular values. Anbng them two spati al
woennowass4l preferably two bad spatial streans, POT/US2DK/039525

sub-carrier are assigned for SFBC. Two synbols are

sent at the sane time by using SFBC on two bad spati al

$4ih8 MBot@br tWPgsd ﬁraﬁ !;t@éa?ms bR kuld BerrRir AR datd %%KBOIS are
is sent by using S he nmethods for SFBC in

st barnsieg Bk dvmlmuttEm‘E,Cc 1\1@ éhis[cageg 37ithws Kdtanesiate amnbol is

%erﬁl%?aﬁ?ne QC%%F Morg-% %J:é)l\qlacll 9 d lﬁ%a%gmopen fl bol is

sentPetl v @swh-coaore &aach @paﬂia&tm A adrhbinlagioaif iFMd non-
faor. 4x1 for two dat ream case may be used. [0185]
Eﬁs‘s WW@B@@W&S@?M& -~ three data stream case.

093861 §I¥E§0ﬂdr%tﬁfﬁei@tt%§jn%’\‘c&@2@/ BreaN Il B d’aﬁ;g. SyBREs are

spatial streans are avallable for this case. ree
aiwignedtto Samseparatedi=2i SEHC| Koar spatiedstrpamns af e@thrselbmrrier are

fiaeT350 G R Ao sPaia e aflfr iy literied to cach

SFBO. Alr «adk ifehat, AP ) dasa sgmboRT thudasd bﬁ-aam & Swo sub-
for, each spatl al _stream._ Conbi nations of FD and non- FD

eRrBiepHRLe sk by usingrtherpY R begmierning aadh tevps?x3 8FBLse

@gé‘ﬁ A g@n%%fdrgﬁ%ﬁ% &%ﬁ(%'ﬂgﬁﬁbzéﬁ'ﬂl\m c]f-g)'%l@él ﬁ)é)g%or SM is

simmanzed se Table ﬁﬁiaﬂdcamedaial sltreteim cagH fowrthef4o<r4 MEMQG-60FDM

sﬁlﬁ@ PO SIS POBR T efaﬁf &tﬁgi?ng]gaif In this

S1, S1*
S3, S4 S2, S2* S3, S3* S3, S4 S3, S4
S5, S6 S3, S3* S4, S4* S5, S5* S5, S6
S7, S8 S4, S4* S5; S5* S6, S6* S7, S7*
1 Y5 5/8 3/4 7/8
Table 29

Table 30

[0195]
options for 4x1 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

4x4 MIMO-OFDM open loop - one data stream case. In this case, all the
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the options for 4x1 for four data stream case may be

used. [0190] 4x4 M MO OFDM cl osed | oop - one data
werowassaase. [0191] SMis inplenented with SVBCT/US2005/039525

beanf orm ng and four spatial streans are avail able for

this case. Wthout FD, one data synbol is sent per one

agy RGaNLLR folr AhiLasde. STl @taSitr&ANE R0 AiVIMES iﬁiahf&&espaﬁa

ata synbol is sent per two subcarriers for eac

stysamisdbr sachesirh-cazoieni Adk thersedodsin Zables @9-am0 3} ean be used.

i bl A T 2 9 [ tl
LR P32 Pkt S AT e
optiogs f(ﬁ'r4>évlaﬂo1i::l () gﬁtaeméamwgs@ﬂfatyi l@l"usetiwo spaL i al
streans, prefera t wo spatial, streans having
m%ﬁ erd*4; MQMOaPFﬁM&S,eg @-@r%@fg&. stY§RIR fa¥e t wo

Sp . . -

(DR300 AN 8 plegRiiRo® i BEIYLBANEOHELE and Bftn APhiial stroams
age acradphlei fal thisr@ans Wireealaha stieanwr areedivided ke four spatial

nbols are sent by usj,ng S i t.hopt, ,.SEBC. Ln this
STEEER Gr Ehh ST Pesrbn okl A RN 1R iz eH chp bR sisg.
[62(0H C arFdrSFE@one@&R SHBY had twé S¥RMre assh 1ok tHreb Batafeams.
data synbol is sent per two sub-carriers for e

h
Qpacit SErransent bumsmttieR BEFEO Hith FUH.bepmipgning. By
IV VS I ool hPHE G, il SerButERORORG) G bad
sastabsteehrhe haﬁagmlews'ﬁ_lgiﬂ&‘ \‘Eiﬂﬁé}?, afFe sele(_sipdt iOad these two bad
srfiehens Glrach abPaenrtiee. Srndafh iyhalf Sgodh fptaSRream on two
s8BTh#ned 4re s BIBESFBO afBSVIDIbRE Hd6minEO The bflerdModlata

synbol s of the data streamon two subcarriers are sent

skrpains arg semcbyIvaing Nk ihm VA9 bammfarang x Ysiseribe othertyggood
PR it AT 535 SR, Loty MR S b PRl 0R or

thasthdramwot dutadkrbaM My QEDYISM, 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.

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.
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closed loop for SFBC is summarized in Table 30. Table

29 Table 30 [0195] 4x4 M MO OFDM open | oop - one data
werowassaase. In this case, all the options foPCUs2606/039525

one data stream case may be used. [0196] 4x4 M MO OFDM

closed loop - two data stream case. [0197] SMis
[6905] € NI QS i idmer ¥l RealE VD B BAdi{PMhd fRAtdpatial streams

streansare available for this case. Two data streans .
age evdilablgefpri thi cdseur Fepadatd steamarmrefdivideddnto four spatial

ub-casrier. | the aods i.h nd. 30 can
sBid%Eat Lo L IRERRBA AN BRI S Blboeal
[6208am4ASMIMO-ORDM dpasdoor! foul ldato pireamscaberindhis éxze, all
two data_ stream case may be used. [0199] 4x4 M MO OFDM
the gEens Byl fonfoar debe streameane Buebe Yoo sMiis
(098] € B RSl M Hlfa? ?%,’fﬁg gﬁ%&ra&ﬁgn@ﬂef kRULreRAL i@lention are

stréans are ava r this case, Threq dqta
deserizavsindhe puéfermdd @nibotonémbs in ppriiqudar comlbnations; pachdeature
sub-carrier, Al .the nethods,.i n [Table 29 can,be used.

F SRS i begtispd ‘Wi SiB0RE the' R, Eartlng Allp HeplSHS of the
préfertdde@cbddiindntd drdaRariodentisihationy wilot #itdeat othyr features
using the 2x2 SFBC with SVD beanform ng. By singul ar

apg| alements of {bp pEefent ipvenglon. t wo spatial streans,
preferably,two bad spatial sg{reams having smaly er

si ngul ar val ues, are selected. On these two bad
spatial streanms of each sub-carrier, two data synbols
of one data streamon two sub-carriers are sent by
usi ng SFBC and SVD beanform ng. The other two data
streans are sent by using SMa th SVD beanf or m ng.

Usi ng the other two good spatial streanms of each
sub-carrier, two data synbols per sub-carrier are sent
for
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the other two data streans by using SM w thout SFBC.
In this case, wthout FD, one data synbol is sent per
wonecakedcarri er for each spatial stream and RCTHSED5/039525
one data synbol is sent per two sub-carriers for each
spatial stream A conbination of FD and non-FD is
possi bl e as shown in Tabl@LAIMS 0202] Three data
stream case for the 4x4 M MO OFDM cl osed | oop for SFBC
What JCI8{d s sed | n Tabl e 31, Table 31 [0203] 4x4
M, MO @RV ORSBleLiapRt myIBpEEodiha (MIMOTSERSSn ] Frdgibficy divisi
case, aHMnt he gplt ?ongm%m&) 421%&% or( thregbdatgz;o streergm ey division
multiglags e(OEDMesysteth 1hoRMhg 4x 4rdhBitEEDWithos eplurabify -of transmit

four data stream. case.[0205] SMis inplenente i fh L
antenngerpd 4 FEERINER Y1k pflaf@gltx aélchawe@tnftw, ar@emf%%ma@mttmg
hi uf. . d . Str I Vi i.nto four
data fidlh thil Faf@aftte R h Mt ARG hkpfiins:T O O

i() Tiebtendthicten deterditflg alt 0848 o dhtl ¥ke4hPM open
l oop - four data streamcase. In this case, all the
db? theiranemitier gpnerdting agderalityrod spatatetreamspthemumber of the

0207] ,Al.t hough the features a el enments of the .
goneryf oAt A DERERSPUPE GEEPTIHOMP B WPehgptg of the transmit
antenf AP 9HH TRBISurhBe P! LM cBIveCHRhAAL] ons, each feature

or elenent can be used al one w thout the other

f(elathe tranandtter alebetninhgtahtramsefissiondschrbedimeotosdance with at
in various conbi natj

ons wi.th i t.hout .ot her feature
least gRe ob) SRCATECHINH bGP B <King ASERDospetial pRuipiexing (SM) and
I ($: 1. In a multiple-input nmultiple-output
beamfé%%éfhogonal frequency division nultiplex (OFDV
W ptienirafsitten grah sniistisgidat€ in the data straamld the fceiver based on

transmt
the selected transmission scheme.

2. The method of claim 1 wherein frequency diversity (FD) is utilized in
transmission of the data, whereby the 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.

3. The method of claim 1 wherein more than two spatial streams are

generated for the SFBC, whereby Alamouti-type SFBC is applied to OFDM symbols.

4, The method of claim 1 wherein and both frequency diversity (FD) and

non-FD are simultaneously applied to the spatial streams.
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antennas and a receiver wwth a plurality of receive

antennas, a nethod for transmtting data fromthe
wonersgattier to the receiver, the nethod conpr PETMg2005/039525

(a) the transmtter generating at |east one data

stream (b) the transmitter generating a plurality of

dpat i dlhetmethvsl, of lebainuMbavherkin m0@etgimmtt@d> spatiahistreams are

sonerdta A Bk et oL SRR B A BB Plpelio tho spatia
streargBt €nnas; (c) the transmtter deternmining a
transm ssion schene in accordance with at |east one of
space-frequency bl ock coding (SFBC), spati al
nul ti plexing. (SM, and beanform ng; ,and (d) the
t4-ansnihe srethpd € glaim hdures compriangat a stream t ot he

r pver h { ed 1.SS1.0f3. .S .

SRR AP M GBI IA By and he
receivied foitddchzRib-ddiricr 2wheiéisi #He Rhnéhessit sctheyheis SeYerinfi®ied based on

sub-carriers are divided into two groups and one group

the CBEkansnits data synbols and the other group transnits a
conpl ex conjugate of the data synbols. 3. The nethod
of claim1l wherein nore than two spatial streans are

gener aprd nf Qholi R BHRC6 Wherehy Kiataivint %Pl%r%ﬁ%ihéular value
applied to OFDM synbols. 4. The nethod of "claim1

obtainsdteh e simgahair valule decenperityord(SAD$ of y ch&ihelandtrirns Bélected when
are simyltapeously applied to the spatial streans.5.
beam?ﬁl@cﬁépﬁédﬂtgﬂe&h aim4 wherein nore than two spati al
streans are generated such that a conbi nation of SFBC,
FD and non-FD is applied to the spatial streans. 6.

The neThednethod af @laind Jr HWhRkei®OtHs ISFBQ: is applied on two spatial

streams having lower singular values obtained by the SVD of a channel matrix.

9. The method of claim 6 wherein the CSI is fed back to the transmitter from

the receiver.

10. The method of claim 6 wherein the CSI is obtained by the transmitter

using channel reciprocity.
11. The method of claim 1 wherein the transmission scheme is determined
without channel state information (CSI) and beamforming is performed with a fixed

beamforming matrix.

12. The method of claim 1 wherein the number of data stream is determined

by a modulation and coding scheme.
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obt ai ni ng channel state information (GSI) between the
transmtter and the receiver for each sub-carrier
wohere@by241 he transm ssion schene i s det er m nedPoasseno6m39525
the CSI. 7. The nmethod of claim®6 wherein a beam
havin% a |l argest singular value obtained by sin
d

ul ar
13l ue Ideconjosletinpnt fetipletuipus KMHNED) orghegonal gequency division
1 .Hﬁr%IEE@L‘e \‘\lne beam sel ech:i on is utilized. 8. The
multi gL gystem. 2 BY'HeT FRMEERESs applied on two
| &l . ' wer singul ar val ues obtai ned
%}@?}%]% t%@Df%?ggngﬁgﬁne a{sr?rat rix. 9. The nmethod of claim
@ oiwemeil rodlérecdzFiguredfte hebforin b ehhanel esting toneimphat almta;
the receiver. 10. The method of c]aim6 wherein_the
edeamfosmezicanfignyed oparionm rigenchbearsforgniaghased on channel state

. reci ity...11.. The.oet f ' '
ST TR
Stueali fyf SfiARErTa s urianEta RSP RMATFTTYuhis & peforsing IFFT by

with a fixed beanform ng matrix. 12. The nethod of
conventing wutputrepfithet beamforar tf dasa anstimeeydongain for transmission,

whoreitEh ERBSF A5t SAREF R ity sp AP AR lpnd” °
frequency division nultiplex (OFDM system a

transmtter conprising: at |least two transmt
ddt enfdss transhdatiee lof clader 18 eviargin ik timpytaddtarimtransmitted with

frequopg GhT OrHOet ] ERRFDg G BIEs 478 (EIRArigto Sy igoups and one
group ttffrnn } 1;% 'L (s l)o_lé gﬁg'tﬂa dtRYS Er&;Q%nEﬁﬁ@ atcgnhﬁgx conjugate of

ansmt ant ennas;
the data symbols.

15. The transmitter of claim 13 further comprising a multiplexer for
generating a plurality of independent data streams, whereby the plurality of data

streams are separately transmitted.

16. The transmitter of claim 13 further comprising a plurality of space-
frequency block coding (SFBC) units configured to perform SFBC coding of the data

streams for each pair of sub-carriers.

17. The transmitter of claim 16 wherein more than two eigen-beams are
generated and two eigen-beams are used for SFBC and the remaining eigen-beams are

used for SM.

18. The transmitter of claim 17 wherein the input data is transmitted with

frequency diversity (FD), whereby for the eigen-beams used for SM, sub-carriers are
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a plurality of inverse fast Fourier transform (IFFT)
units for performng |IFFT by converting outputs of the
woeearsioss2zaer to data in tine domain for transn BETWIS2005/039525
whereby the input data is transmtted using spati al
mul tiplexing (SM. 14. The transmtter of claim13
dividedhisteitwot groupspand dae growp tranmsmnits dada wynibdls endeibeyother group

diversit wher e S carriers are divided into
ransiis R RTINS GAARIAITS dat & symbol o and

the other group transmts a conplex conjugate of the

data synbols. 15. The transmtter of claim 13 further

ckopr i'Bhe dransmititeplofokiint A7 gdreeint the ag@h-l’beahist foroBFBC are
i ndependent data streans, whereby the plurality of

selectedhpased pr Singwles vgé%da@cényoqlhané&m )eaf a glganmg]gnatrix.

transmtter of claim13 further conprising a plurality
of spacefrequency bl ock coding (SFBC) units configured

0. perfies tRabisBGtKeR AF Flainf19Wkerdat sigthlldiBs havingaedhller singular
pair of sub-carriers. 17. The transmtter of claim16

valuesvarg e¢lactedrfor SFBCt wo ei gen- beans are generated and
two ei gen-beans are used for SFBC and the remaining
ei gen-beans are used for SM 18. The transnmitter of

Gl My \“‘%ﬁ'{/ Shiftpd ¥ dlgﬁ'ftmdsﬁh élﬁ d é@t{fadgl gi%ei’i‘ ildims having a

frequency ersity ( whereby fo beans
largerusiagulaar valMe whiclke iy obtavisedibgdiingaled vaitio dewnmoennm (SVD) are
and gne group transmts data synbol s . and_ the ot her
Selectad abf thednpr data iv inpseitiedjiadhe selactedgiggacheams.
synbols. 19. The transmtter of claim 17 wherein the
ei gen-beans for SFBC are sel ected based on singul ar

2l ue TgecaiitEpld-intut aSYIRpl&bup i BIIMO) bRthob¥naldkbquéhiey division

transmtter of claim 19 wherein eigen-beans having
multiplew|(OFDM) systean, a transmitter comprising:

at least two transmit antennas;

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

a beamformer network configured to generate a plurality of beams in accordance
with a fixed beamforming matrix; and

a plurality of inverse fast Fourier transform (IFFT) units for performing IFFT by
converting outputs from the beamformer network to data in time domain for

transmission, whereby the input data is transmitted using spatial multiplexing (SM).

23.  The transmitter of claim 22 wherein the input data is transmitted with
frequency diversity (FD), whereby 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.
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val ues are selected for SFBC. 21. The transmtter of

claim 13 wherein a portion of eigen-beans having a
woOan@®ss=i ngul ar val ue which i s obtained by si RQUIUS2005/039525

val ue deconposition (SVD) are selected and the input

data is transmtted via the sel ected ei gen-beans. 22.

124.a fihe itphesmitper ofuckaipl €20 fuxther (samvyistng Rogontiplexer for

generqftt{igg uﬁeﬁr;ﬁ%/r ft%%%ﬁggugééérg gé(f@ég%,s%%ghy&he plurality of data

Nmmﬂgﬁggggﬁiggggﬁgggﬂgﬁﬂ&ggpr configured to performa

anne on 1 nput data; a beanforner network
configured togenerate a plurality ofbeans in
accordance with a fixed beanformng matrjx; and_ a

Adur alThe teansmifters ef claim Ruiurther pomprising @ phyplity of space-

uni t.s for perf ' |EFT by c rij f
ey Bl QTR EPTE SR GRRYE] hAByBSPHE iRl ot the dnta
strearh§ B1SEHchSHAAR of WBL@RYietdle i nput data is transmtted

using spatial nmultiplexing (SM. 23. The transmtter

of claim22 wherein the input data is transmtted with
fyequency, diversity.(FD), rehy sub-carriers are
1 achlid Sty PSR AR BREP tBthy (oamoiA besths pge generated
and twd BBRES ef’l"éq.}steﬁefop C 9nAUR el A AN S bBam8Hk Gised for SM.
conjugate of the data synbols.24. The transmtter of

claim 22 further conprising a nultiplexer for
ener at i n%@a pl.urali t¥ .of independent . data_streans,

er eblhe Hransmitter;afwlam 96 e eTer B E datgdsdrangmitted with
t ] TR0 i ' f . .
frequeC 5&3?%%5#395%? WP}P%}&%O%&E%%E ﬂed%?Sﬂ%ﬁ%&é%r%ga?% Sre divided

spacefrequency

into te@FBedupivlsereobhé Aroad tiRnRafitoamSHEnbeldi Adofhd dcher group
data streanms for each %ai r of sub-carriers.
transmits a complex conjugate of the data symbols.

28.  In a multiple-input multiple-output (MIMO) orthogonal frequency division
multiplex (OFDM) system, a transmitter including at least two transmit antennas and
an integrated circuit (IC), the IC comprising:

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

a beamformer configured to perform eigen-beamforming based on channel state
information (CSI) to distribute eigen-beams to the transmit antennas; and

a plurality of inverse fast Fourier transform (IFFT) units for performing IFF'T by
converting outputs of the beamformer to data in time domain for transmission,

whereby the input data is transmitted using spatial multiplexing (SM).

29. The IC of claim 28 wherein the input data is transmitted with frequency

diversity (FD), whereby sub-carriers are divided into two groups and one group
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26. The transmtter of claim25 wherein nore than two
beans are generated and two beans are used for SFBC
wanaetois241 ermai ni ng beans are used for SM 27. PO®/US2005/039525
transmtter of claim26 wherein the input data is
transmtted with frequency diversity (FD), whereby for
transmis dadasgpmiptsiand th&thesgroep trammmsita neodiplexdeanjugate of the data
two groups where one group transmts data synbols and
symbalge ot her group transmts a conpl ex conjugate of the
data synbols. 28. In a nultiple-input nultiple-output
(M M) orthogonal frequency division nultiplex (OFDM
It erTha ICr eihdlairt 28 furthlen dontpridingensiiultiplexerafiengdnerating a
antennas and an jntegrated circujt fil O, theIC
pluralitynpf indenpndgnt ataciiremmer wawneby the Plbsalier pbeata streams are
Cth n?el ceg% on i nput data; a beanforner configured
separ?ggyé P& Gen- beanf or ni ng based on channel state
information (CSI) to distribute eigen-beans to the

transmt antennas; and a plurality of inverse fast
Flur i éPhe F@nE¢lainm 28 feFthennomprifing apeluiality of gpaed-firefyency block

. C i ng outputs of the, be ryrer..to a,ipntinme
codingi RET) fteroabiaied tonorore S frdipg gt Ehadath plrdams for each
: 1S4 using spatial nmultiplexing (SM. 29. The
pair OF%&@?%{%% 28 wherein the input data is transmtted
with frequency diversity (FD), whereby sub-carriers

are divided into two grou,ps and. one grouptransnits
dt-a sthelP of daimiHewberrin mersthan tareigensbaams ape generated and

.conjugat e_of V. S. . [
two o PIA e SPRG R s G lrhofig Pt ed for SM.
plurality of independent data streans, whereby the

plurality of data streans are separately transmtted.
33. THEhe IC of clalimi 38 pdeteinttherinpuhdataisiganswitied witly frequency

divers%y (SF%(,: sv_hferre uFor}'Ct\fleglié)é:ri(—beams used for SM, 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.

34. The IC of claim 32 wherein the eigen-beams for SFBC are selected based

on singular value decomposition (SVD) of a channel matrix.

35. The IC of claim 34 wherein eigen-beams having smaller singular values

are selected for SFBC.

36. The IC of claim 28 wherein a portion of eigen-beams having a larger
singular value which is obtained by singular value decomposition (SVD) are selected

and the input data is transmitted via the selected eigen-beams.
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coding (SFBC) units configured to perform SFBC codi ng

of the data streans for each pair of sub-carriers. 32.
wohesloSsmi cl ai m 31 wherein nore than two ei geREDEER®S/039525

are generated and two ei gen-beans are used for SFBC

and the remai ni ng ei gen-beans are used for SM 33. The

137.of InlaammlEplesmprusinmuitipde-ontpnt (YHMO) erthpgeralifraquency division
LWt encydi versity.(FD erehy fqr_the .
muttigles ORISR  trnsitrer i i itcastmin tnmmmit antgumas and
: QRS 0 Szm%m ts data synbol s and
an mtieggabgpher é‘?g[g}& ??eaﬁg%h??&g conpl ex conjugate of the
datlamyeitvolder cldfigiivel toGaforah ai chadhelbedizignon hreput data;
eigen-beams for SFBC are sel ected based on singul ar,
vabeamiraRsratvarksopSgmyedsio generatsraplugakity of begms imggcordance
. L), 3 er.ei_ n_ei.gen- beans having smal |l er
with E{Siﬁﬁgéjpglf‘&\fa IEIe araﬁfsggﬁegt ed for SFBC. 36. The |IC of
d phuiFa By vhierverse fspPolitrieRtr@hsfRira TPy iitiay pérferming IFFT by
| arger singular value which is obtained by singular .
convertghg cowpubspent itha beubformer sefwerledtoaddta hia itipetdomain for
data is transmtted via the sel ected ei gen-beans.37.. .
transiffdor SyReBY i BPuk Rt BRI PRSP AR RO lpxing (SMD).
frequency division nultiplex (OFDM system a
transmtter including at |least two transmt antennas
a8 arThel@of aladénh 37 wheiréin(the)inptihdat«lsctwapsimsttad with frequency
) ¢ha cqder. configured to perform.,a channel codin
diversyty :Zﬁﬁkvt nggﬁtrg}?y é%%@#ﬁﬁrengkm@?fle%ﬁwgug&lps ang one group
. ; . y
transh M MBILL PhL b5 Bl o FEARTEE el o the cate
symbdlast Fourier transform (1 FFT) units for performng

| FFT by converting outputs fromthe beanfornmer network
to data in tinme domain for

39. The IC of claim 37 further comprising a multiplexer for generating a
plurality of independent data streams, whereby the plurality of data streams are

separately transmitted.
40. TheIC of claim 37 further comprising a plurality of space-frequency block
coding (SFBC) units configured to perform SFBC coding of the data streams for each

pair of sub-carriers.

41. The IC of claim 40 wherein more than two beams are generated and two

beams are used for SFBC and the remaining beams are used for SM.

42. The IC of claim 41 wherein the input data is transmitted with frequency

diversity (FD), whereby for the beams used for SM, sub-carriers are divided into two
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transm ssion, whereby the input data is transmtted
using spatial nmultiplexing (SM. 38. The IC of claim
WQ@2ZooshvasEin the input data is transmtted w t hPCT/US2005/039525

frequency diversity (FD), whereby sub-carriers are
divided into two groups and one up_transmts data

groups ywlirresorsh greve tmmﬂgrdﬂtp smhglm and ghe mtppegroup transmits a
con ugat at a ols. 39. The IC of claim 37

complp%f: g%ﬂ‘tF ﬁﬁgﬂ Mggopl exer for generating a
plurality of independent data streans, whereby the
plurality of data streans are separately transmtted.
40. The | Cof claim 37 further conprising a plurality
of space-frequency bl ock coding (SFBC) units
configured to perform SFBC codi ng of the data streans
for each pair of sub-carriers. 41. The IC of claim40
wherein nore than two beans are generated and two
beans are used for SFBC and the remai ni ng beans are
used for SM 42. The IC of claim 41 wherein the input
data is transmtted with frequency diversity (FD),
whereby for the beans used for SM sub-carriers are
di vided into twogroups where one group transnmts data
synbols and the other group transmts a conpl exkK
ccoonnjjuuggate of the data synbols.
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