[0001] METHOD AND APPARATUS FOR COMBINING
SPACE-FREQUENCY BLOCK CODING, SPATIAL MULTIPLEXING AND
BEAMFORMING IN A MIMO-OFDM SYSTEM [0002] FIELD OF
INVENTION [0003] The present invention is related to wireless
communication systems. More particularly, the present invention is
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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.

(00071  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
FET implementations are well known, OFDM can be implemented easily and

does not require complicated receivers.



[008] MIMO refers to the type of wireless transmission and reception
scheme where both a transmitter and a receiver employ more than one
antenna. A MIMO system takes advantage of the spatial diversity or
spatial multiplexing and improves signal-to-noise ratio (SNR) and
increases throughput. [009] SFBC is a scheme for transmitting symbols of
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[0012] BRIEF DESCRIPTION OF THE DRAWINGS

[0013] A more detailed understanding of the invention may be had from the
following description, given by way of example and to be understood in
conjunction with the accompanying drawings wherein:

{0014]  Figure 1 is a block diagram of an OFDM-MIMO system implementing a
closed loop mode in accordance with the present invention; and

[0015] Figure 2 is a block diagram of an OFDM-MIMO system implementing

an open loop mode in accordance with the present invention.
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figures wherein like numerals represent like elements throughout. [0018]
The features of the present invention may be incorporated into an
integrated circuit (IC) or be configured in a circuit comprising a multitude
of interconnecting components. [0019] The present invention provides a
plurality of combinations of SFBC, SM, FD and beam selection according

o s el AR BRIS Gt AR A s RESITINABB S e Ts

nsmit and receive antenna e combinations provide

flsbility CPhtharaesiy iaEMINMOTORD Mespiad viharSermedsharBaying

f%ﬁ%%@%me%mﬁg@mg@@ﬁx@eﬁmw@l&gaﬂmmh&ach
combination has trade-offs between performance, rellablﬁ?y and

THERSHore T2 ABIER Gh i BRSBTS R G SRR BATE:
&ﬁlt@gbblﬁd@@&%u& duta vatbe acifniret dand mmm@rcﬁmyrkﬁnghemu}nbaie of
ata stre ms is referacbly decided based on a modulation and coding

sc%grrﬁ(é. ﬁum‘ﬁgr o?nspatlal streams is decided by the number of

trEndSlit aﬁlﬂwawﬁ@tanm [O0P0PT harbreakitivel peotlisai operbBERC,
o fliersySIRI A fIOReHRRP-RPT AR ABSRd A TR EiRsathineR iS4 /56dams

when channel state information (CSI) is available to_the transmitter. The

opd 1BeHad HEEahBRICS RIS HBPEY A AR SR RSt R IACHaRAS N T e

”L@Mlbﬂlb!ﬁ@ﬂsf%&ﬂﬂ§ rmissiEnie pgacy &hiwbe MIMOrORDNM divsesily and

benefi ?%lztl eclosedl mode ig:SI s used to reate Vir aII  tion.
iR AR, I?ﬂi/rﬂg% SO AP A GRGT |zmg?ﬁ‘e c% e
rrihmh Ww@mbﬂtﬂh@tﬁsﬁ@tﬁeeag&fa@enwwﬁumbibm@e’skdagaawate

e%%; gésglﬂa%mﬂg&fﬁ%%&%@%aqc%wé% chAENgISaa, such as
IS ma

etween a data rate and robustness y employlng
sn@@sﬁmﬁ@rasiwmﬁées@n@rﬁéw&%%w&s%&@ vare number of data

'@8‘%@!@%@&@?&%@%@&%%&65@%@M&ﬁﬂ%%ﬁ@éﬁ@h@ﬁéﬂl%ie The
recelver The combined solytio les higher thr ut over a lar
B A AATor & OBl B e PR L S BB Jeteive

S@hﬁ&i{ﬁr power/bit loading and maintains a sustained robust link

(iR clofea oo téo%%d% QP YithG5 frsshagk Anotharanslh aha an

nique IS that it 1S easi
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 technigues. The technique allows per sub-carrier

power/bit loading and maintains a sustained robust link through closed loop
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scalable to any number of antennas at both transmitter and receiver.
[0022] The CSI can be obtained at the transmitter either by feedback from
the receiver or through exploiting channel reciprocity. Latency
requirements and feedback data rates are typically not significant to the
inherent frequency non- selectivity of eigenvalues. A transmit antenna
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channels, OFDM symbols are _carried on K sub-carriers. To 4
in accordance with a CQI which is provided by the receiver 130. The C@QIisused

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 sfreams 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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accommodate SFBC, the sub-carriers are divided into L pairs of
sub-carriers (or group of sub-carriers). The bandwidth of each group of
sub-carriers should be less than the coherence bandwidth of the channel.
However, when combined with eigen-beamforming this restriction is
relaxed due to the frequency insensitivity of the eigen-beams. [0026] The
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estimator 140, a CSI generator 142 and a CQI generator 146. [0029] The

FFT units 132gcontertsamples 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
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0 from the receiver 130 to_the transmitter 110.
SEBC decoding units 136, a demultiplexer 138, a channel decoder 144, a channel

estimator 140, a CBI generator 142 and a CQI generator 146.

[0029] The FFT units 132 convert samples received in time domain by the
antennas 128 to frequency domain. The receive beamformer 134, the optional
SFBOC 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 fransmitter and decomposes the channel mafrix
into two beam-forming unitary matrices IV 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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-5 [0031] The channel matrix H between nT transmit antennas and nR
receive antennas can be written as follows: h1 ‘2l ... 'l,nr H = h21 h22
11nR,1 hnR,2 kRmT [0032] The channel matrix H is decomposed by SVD
as follows: H = UDV" where U and V are unitary matrices and D is a
“diagonal matrix. U e CnRxnR and V e C™. Then, for transmit symbol
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e received signal becomes as follows: y=HVs+n; where n is the noise
inbhresdan drevetibienals Toloreteiver completes the decomposition by
using a matched filer: VHHH, =VHVDHUH =DHU". [0034] After

normalizing chanhel'gai for eige Beams, the estimate of the transmit
symbols s begpaies’s = ab"UHHVZ477 =5+77 [0035] The symbols s is
detected without having to perform’successive interference cancellation

or MMSE type detégtor #REID is &diagonal matrix that is formed by

ejgenvalues of H acrqss t!;rlge%j' onal. There re,st{;f? normalization factor
at— Bzvb Ueli‘r%cg:‘@‘é‘ﬁgéﬁ% ﬁl—?ﬁiﬁ%‘?%‘g}éﬁve orS %ﬁﬂ% and D is

a diagonal matebxgfsingular values of H (square roots of eigenvalues of

BIP). [0036] If the optional SFBC units 118, and the optional SFBC

debettd anthy agemitarsrmaistdeemdidvadisannal moErdGEER and
130, respectiviely,the, tanspiiter hQpndthe Jacavahi 30 doayhe iy sesply

for SM. [0037] In the open loop mode, a combination of space-frequency

CE@!‘Tﬁﬁ"Bﬁ‘a aséollows:

x=Vs,
f0038] The received signal becomes as follows:

y=HVs+n,
where n is the noise introduced in the channel. The receiver completes the
decomposition by using a matched filter:

VAR® =pHyDiU" = DU".
[0034]  After normalizing channel gain for eigenbeams, the estimate of the
transmit symbols s becomes

.; =aDU" HVs +77 )

=547

[0035] The symbols s is detected without having to perform successive
interference cancellation or MMSE type detector. DHD is a diagonal matrix that
is formed by eigenvalues of H across the diagonal. Therefore, the normalization
factor @ = D, U are eigenvectors of HHY, V are eigenvectors of HHH and D is a
diagonal matrix of singular values of H (square roots of eigenvalues of HHF).
00361  Ifthe optional SFBC units 118 and the optional SFBC decoding units
136 are removed from the transmitter 110 and the receiver 130, respectively, the
tranemitter 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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spatial spreading in the transmitter 110 provides diversity without requiring
CSI 147. The CQI 148 is used to determine a coding rate and modulation
per sub- carrier or group of sub-carriers. This coding rate and modulation
scheme determines the number of data streams. According to the
number of data streams, the combinations are chosen with the available
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sub-carrier groups used for the SFBC coding are transmitted on individual

beams.

j0040] 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 BEN 234, an SFBC decoding and combining unit 236 and a channel
decoder 238, The FFT units 232 convert samples received in time dqmain 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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- -7 constellation size. Symbols are combined using MRC. The channel
decoder 238 decodes the combined symbol and generates a CQI 240.
[0042] If the SFBC units 218 and the SFBC decoding function of the SBC
decoding and combining unit 236 are removed from the transmitter 210
and the receiver 230 respectively, the transmitter 210 and the receiver
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the' number of transmit antennas). [0046] Rate = 1 means that M symbols

afe0ssht afkrewpiveretl PEBOnSBUbFBantul deriny whecdEDMBYmBEPDS in
dyralieRWReRHRES Fﬂ@@em syRbals Al R S8 'BSRYREEG  the rate is
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Two transmit antenna case. [0051] With two transmit antennas, a 2x 1 or
a 2220w w@s@hwa%@m Wﬁ?ber of the singular values, (i.e., the number of

transmit antennas). _

[0046]. Rate = 1 means that M symbols are sent and recovered per one sub-
carrier during one OFDM symbol duration. When less than M symbels 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.

‘Spatial Streamis /SISO (Without EB). 1 SIS0 (With FD) |
‘ 1. . |S1.82 51, S1*
1 Ve
Table 1

(00501 Two transmit antenna case.
[0051] With two transmit antennas, a 2x1 or a 2x2 MIMO-OFDM system may
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-8 be supported, and either one or two data streams may be supported.
[0052] 2x1 MIMO-OFDM closed loop - one data stream case. [0053] In a
closed loop mode, beam selection with or without FD and SFBC maybe
used. Since data transmitted on the beam having smaller singular value
will the, one beam is selected through SVD. The SVD beam having a
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B AEIR B WitPAiR I EYIRE STOEAFT SiPgaiRt g iue
theiBaliwg ameblaymsmgeﬁd%ma treugh msm@mmmn@m a larger

schemle on data]§L mboII}s SeRnt per s arriet,, C ri the
v LRS! SYb hotd 'ﬁ%&‘?
beam" saélgc?tl%%lgé:ses?ﬁe pgﬁgrrﬁancgeo %%} nga%eowq] be d%g\ggq]egé bol is

skeed Hee sevbedrsirsamdfthahexmedlertitnguith Taluenindhideswhiy is sent
NBiEewIO0RRLONR Mt SliRam caserlon therlith MMQ:ORRM-H7eR:00 e

IS summarized in Table 2. Spatial Streams Beam Selection . Beam

Sasnsrlechiarhon fitherier By ihewrie By dtinsreaserle) © S1, S2
smsm Si, ARRbuSfreRedR 1402 50} 8 1dn hatehabih M dd 2rhatile Bingular

O-OFDM.open.loo data stream.case.
S TR SR SRELE i PERB ETEL) B nELt) Aoy e
(\Mh thb- ﬁxedebe.aﬁ:fmnm nigamahe@wma@mm$mbo@a$$syhml sslseatrier.

p?fo%ﬁﬁg'%tﬁ? %ﬁ@%@ﬁﬂ%@é&&&%@é@va@w&%ﬁgebmgmg%u be
d for SM with FD, one data symbdl is sent Eer two

siBezasiadrsinse sheRespat streradmi By TRl 5l sierinpig dasenly

SH:i§P058] Combination of FD and non-FD is possible. In such case, one
S i
Y0088]'S One data stream case for the 2x1 MIMO-OFDM closed loop is

summarized in Table 2,

S1, S1%

52, S1*
1/4 ¥

Table 2

[0056] 2x1 MIMO-OFDM open loop - one data stream case.

[0057] In an open loop mode, SM with or without FD and SFRC 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 D 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 % of the SM without FD
9.



sent on two sub-carriers on one spatial stream and one symbol is sent on
one sub- carrier on the other spatial stream. The data rate is 3% of the SM
without FD -9 case. [0059] If SFBC with the fixed beamforming matrix is
used, two data symbols of the data stream are sent on two sub-carriers
through two antennas by using the fixed beamforming. The data rate is a
fof the SM without-FD case. [0060] One data stream case for the 2x1
MIMO-OFDM open loop is summarized in Table 3. Spatial SM SMa
dEeRS] stediFiQwithdbe Epad rowmicmingrmairixds woi.die dabel Simbols
D RE Bbarelm 34 sV AT %—%@r&%’f&%h%%%@ﬁnﬁ%%lﬁing
1/2 3f/_4 1/2 Table 3 [OOGﬂéxl MIMO-QFDI%IJé(g}ﬁen O]C}Jﬁﬁ)) - two data stream
R TOOSSPESPIHE Batht SRS &riBhénh 1BoF thIdEhSHbi frse-
ueddinceCae SMia tamhasing demilter2singMaNROEDAIriesanOthing is
bSut noisei%le .Wiilacg&%, as explained hereinbefore. Without FD, one data
sm sen]irloer sub-carrier for each spatial stream and with FD, one

drfipetisibs) is seioer two SubSed aENspatial streapd'BC
. |

F Waleiad Bassly * okt Stran
SOEBM open 1B&p38* summarFed M Table 4| Bpafial |
RSt ED] SEEDS2 hon ED)ESEB(With ED):SB1r84m 1°

Stee i £
Sitedesii g g 81* Stream 93454 S2 S3 S 7;6%4:7* State: " 113J421/2
Table 4 [0064] 2x2 MIMO-OFDM cfo#d4 foop - one data stream case.

[0065] In a closed loop mode, SM with or without FD, beam selection with
ofddthoutd=D HNMSKBED Mayhe lsas -t dosedlonp mede, two spatial

bw AChsr two data stream case, an open loop mode should be used since an
SVD beam having a smaller singular value carries nothing but noise and will die,
as explained hereinbefore. Without FD, one data symbeol is sent per sub-carrier
for each spatial stream and with FD, one data symbol is sent per two sub-carriers
for each spatial stream. Combination of FD and non-FD is possible.
{0063] Two data stream case for the 2x1 MIMO-OFDM open loop is

summarized in Table 4,

S1, S1%
52, 83
%
Table 4

[0064] 2x2 MIMO-OFDM closed loop - one data stream case.

[0065]  In a closed loop mode, SM with or without ¥D, beam selection with or
without FD and SFBC may be used. In aclosed 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.
{00671 For beam selection, one SVD beam between two beams for each sub-
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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
carrler |s selecte h Iar er.si lar value h

S5Chsl c!arcr?gr |§v s%ar ed. rlgor%mggfé egﬁ%na\%l{:l;%%ﬁ I%p%n%%agpgac}l

syisatiiesimdisnarderb Bobbearieelogtios ﬁ@@?@%%@uangﬁé@rﬁyp@ﬁ’b@aﬁwt
SRIPGHEBNIER FR 908 0835y BRRALISHRALD AT Q. SHDSCR GRS BN Bne

one spatlal stream. [0068] Two spatial streams for each sub-carrier are

Gharve ErEtb A ds Shh §9 HRR SR/ P BHeR: FhaRe) Shectnatial B%eRer and
typoghata W@aﬁmﬁ@aﬁﬁmr@mawsmawé@&@mm&mmﬁﬁhe

strea fo th 2x2 MIMO-OFD 0o
SR e G A R T RS P R e et on two
?sEB@a)r:Setreécms&;sﬁig[Sm SVD Selection 'Selections ' (Without °

é&%@fp%ﬁg Ddatghgé&a%\/ EQsFeDéo?Oﬁlé: @xf %Iﬁ@@@‘ﬂﬁ@'éleéﬁs% 118
S2 Sl, S2 S1, SI* Si, -S2* Stream 2 (d2)' S3, S4 S2, S2* S3, S3*

m&rw%één Tﬁi?@ 84 1/2 1/4 1/2 Table 5 [0070] 2x2 MIMO-OFDM

N ."Thout._ ;

S Bh SpAH, Seam|id § SM véth §D. ohB &t syfbhl-52

WESLUB4 carié B2 usinds8n8¥patial stream. CombinatigrSgf S1*

{FD is possibk? 3/4 1/2 Y Y

Table 5

(00707 2x2 MIMO-OFDM open loop - one data stream case.

10071]  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 ¥D, 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] Ome data stream case for the 2x2 MIMO-OFDM open loop is

summarized in Table 6.

J11-



[0073] Two data symbols of the data stream can be sent on two
sub-carriers for each spatial stream by using the fixed beamforming and
SFBC. [0074] The transmitting method is same as one for the 2x 1
system. However, the performance will be better, since two receive
antennas are used in a receiver. [0075] One data stream case for the 2x2

MIMEO-OFEBM-open : : o Spatarh
197 GE). Bisee

| P2
AO0P-18S—Sut

EAERLED. Y:
TEaMPae3gpd S2, 5471585 53752, >§‘1’|-5§;Ee T

1z %4 12 kat I ZXZ MY EIIF DV ¢iggedgoop - two|dgga giream
casg J007 7] T ¢oset foop THQge, SM Wit of/without FD may be USed |

IS~ performed with SVD beamferipiag and two Spatial sireams are
available for each sub-carrier. Since there are two data streams, one

q@@ﬁ%st;gamhmmmﬁag%&qmmﬁw@m GRe, SgBC is not
passible for the same reason, [0Q78] For SM wit D, one data .
A Lot Bareon St nEMOr e ST SR ol SM i
Wyithhibdoh cdinei (Ve bebatfersdng pad two spilidatnermbynesinglohie for each
spatial stream..Co inrati Iy -FD | ihle. ]

B S I R A e e S e e
TasslerdSpatsh Setarrr Sm- s STBEVE nehpssikle forithesame reason.

(Wishgut, AR, SNHRER A Be Slte Al Hal = FerR S 03k Sib-&2rier for
Stream 2 (d2)" S3, S4 S2, S2* S3, Sﬁ* Rate 1 1/2 3/4_Taple 7 [008 2X2b
MERGOSESEBNF BERRIBBE v HEE F DA MR £t A BB PP ISP B pRTT 1BER S
¥riscim pleneiniedydfinthd direshbaamibimaikigon AR and non-FD is possible.

[0079] Two data stream case for the 2x2 MIMO-OFDM closed loop is

summarized in Table 7.

Table 7

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

[0081] In an open loop, SM is implemented with the fixed beamforming matrix
and two spatial streams are available for each sub-carrier. As explained
hereinbefore, one spatial stream is assigned to each data stream.

[0082] For SM without FD, one data symbol is sent per one sub-carrier for
each spatial stream and for SM with FD, one data symbeol 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

gummarized in Table 8.
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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. [TE0B3TWO daggrsiream casgfpr the ZxZ NE
loop is suryparized in TeRigfu D HpatiaisibiSM
(Without FBLQMEN FD) RengsD) Stream IsSk S2 S|, Sy7 $iFSi* Siream 2
S3, 5S4 S2Z SigEard 253 Hales] 172 3/4 kapkess [0084Kk2hpse transimit
antenna Ggeg[0085] With three trangmjeantennas, |3x%1, 3x2 and Bx3
MIMO-OFDM systems may be supgsléesd, and either one, two or three
data streams may be supported. [0086] 3x1 MIMO-OFDM closed loop -
doesdata dheassrteasenfOdBiEpimaaiosed loop mode, beam selection with
JgemouFIARE, SR, Tk SR BATS A8 dses Ml MR DM
beam forming, and for beam se ection, dne spatial beam is selected (on
ciietbedrmiy dyaiiubheribandabitar opediie @b Hoeedrjansaargbnay be
Isg.ad Will die). The beam having the largest singular value is
selected. %%%%84 For beam selection without FD, one data symbol is sent

p8PHle s NP OFHM Alrres R FRthTERYPPI@58am selection
VIDSFD, olReadétae8Youpokisdse beper dsectivh-eathenswittihe @vsed SEBC
spatial stream. [0089] For SFBC with S\VD formi two spati
SHaLhe WAl Bt o anem i o S B el B8 er beam
|aetretiosinmnd apatihldbeatd theelitied (only cos bspunidinpiteblesiokt favpether

HIRWEYRG SHERIRPHAM IMPLRNRBRIS GRNAR SENUALdBeAAMEIRa W argest
using SFBC through two Sub-carriers, the performance
singular value is selected.

[0088] For beam selection without FD, one data symbol is sent per one sub-
carrier for the chosen spatial stream and for beam selection with FD, one data
symbol is sent per two sub-carriers for the chosen spatial stream.

[0089] For SFBC with SVD beamforming, two spatial streams are selected for
each sub-carrier: one corresponding to the largest singular value and the other
one corresponding to one of the rest. However, even though two symbols can be
sent at the same time by using SEBC 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 8.

‘Spatial Streams - | Beam Selection : | Beam S¢lection” " 'SFBC .=
o T e (Without FDY U IWHh FDY - o
Stream 1 (d1) o S1, 82 S1, 81* S1, -5
Stream 2 (d2=0) 82, 81
‘Stream 3(d3 = 0)
Rate 1/3 1/6 1/3

Table 9

-18.



will be very low, since one spatial stream includes only noise. [0090] One
data stream case for the 3x1 MIMO-OFDM closed loop is summarized in
Table 9. Spatial Streams Beam Selection ;-Beam Selection SFBC
(Without FD) (With FD) Stream 1 (dl) Si, S2 Si, SI* S1, -S2* Stream 2 (d2
=0) S2, S1* Stream 3 (d3 = 0) Rate 1/3 1/6 1/3 Table 9 -13 [0091] 3x1

WIAAD-OFDN rpmienPme s dais s eaneaAseHRR92 5. an open loop

case, SM and SFBC are implemented with the fixed beamforming matrix

APePHrec 82l amendapmsears AMipRISTBSO sredrpiomonted M, tgedixed
dﬁt@agyﬂﬂa@mgkwme‘?@wmi@ﬁwm@m@b aﬁaﬂab&t.rfam ar;}d for |
t , O S IS S er two - carriers for each spati
I e e P S B bRe s SIS for
sephpeatiud Sm&as.mameh”omrswwﬁhﬁial stredatanyhong sysabdps msub
RELA0E RHRS f%ﬁ&ﬁ& wo gihes shial slreams %&ﬂ&%&%ﬁ%& One

sent per two sub-carriers on two spatlal streams and one sym IS sent

st AEY isserkpettesutherspas anSre A iodsapomprdaag warbol is
inplepee iR WIth-LRMIhoWLF REAgRA-I ¥R SRalis RS ionRAG sent

sub-carrier, two spatial streams are used for SFBC and the other one is

(RSSO SPRISAERERRTUAYS SPRTROISFHERSIBRS. IR BRLSISRAR B et
fodrehelvsubecatiiiar aineatRiinatant. [0095] One data stream case for the

(O] M open loop is._ summarized.in,Tab . Spatial;;SM 2. ..
e o e e
ridreFRDsron-FRh rhceevibath PR spabiat Bireease e cds@r Y PP Sirehithe
]ébéhéjorn%%ssi's@lfo§in§gp§£ﬁ§gt Qdia %@1.‘@3&&0%, three symbols can be
sent for each sub-carrier at each instant.

[0095] One data stream case for the 3x1 MIMOG-OFDM open loop is

summarized in Table 10,

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 sfreams 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.

029l With SFBC, one data stream is sent and recovered by using SFBC and
-14-




Stream 2 S3, S4 S2, S2* S3, S3* S3, S4 S2, SI* S2, SI* /Stream-3 S5, S6
S3, S3* S4, S4* S5, S5* S3, S4 S3, S3* Rate" 1 1/2 2/35/6 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

%%&%PQM%&%L%S&?%@H&%{& divisied A3 1bes cnalial SeAmS {9h: cach

each sub- carrier. [098] For SM without FD, one data sgr mbol is sent per
G- SaFCArTEP ﬁﬁa@%ﬁtﬁﬁﬂé%&é‘éﬁq BRI Pt rhenengaefor the
sa@modégégﬂgmr two sub- carriers for each spatial stream. Combination

RO ovETR: By e S Coihcha the b D S I B AL e

magmmmgpatual streams for each sub-carrier, two spatlal

('D

Sirsams argged fof SHPC andt TR o (e R Uate SR
S, R ¢ e gy %eﬁfﬁﬁh &é@ﬁq' LoPeipoRD
(IS summar, 1blell at Co

SN SM A + SHFD £ 5f

TSEBGT S >§§3§%5 (WHOBHEEWTT SP)SQO“ HEETTey--F ] ﬁ‘d‘}w‘w%@,t@* ‘,‘

ELLHCASES] SIcaSPey gD SRt ST 5% Bk ST SE5APk SZa0 517

s 585, BEcaN 5335 SESTTS3, 5B, 550 SA 88, § 52 BL 55

Tolteam 3[.155, 56 53,53 S4, 54855, 551 58, S4 53, 5 Rate 112

213 5/6 213 172 Table 11 [0101] 3xx MIMO-OFDM (6pen Toop) - three data

stream case. [0102] In this case, an open loop structure should be used to

sErndand wooMaMIHeT DM Gieadny) Stiesd S=BGam kaplemented

\A#Sli f| beamformlr;% mlatrlx nd.thre u}g 1§trea are IVId d into
re

84pati aDI reazrtﬁg’ 0Op s cture & use o =158 recover
three data streams. SM and SFBC are implemented with the fizxed beamforming
matrix and three data streams are divided into three spatial streams for each
sub-carrier and SFBC is not possible in this case.

[0108] Tor 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 lcop is

summarized in Table 12.

Stregm 81, 81#

Stream 2 7 82, S2% 83, 53* 33, 54

Btreamd 83, 53# 54, S4* S5, 85%

‘Rate % 2/3 5/6
Table 12

[0105]  3x2 MIMO-OFDM closed loop - one data stream case.

[0106] Two spatial streams are available for this case. Two beams are selected

among three beams for each sub-carrier generated through SVD. Two SVD beams
“15-




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

ygpnrplariized ir]si-ll;%@g 12. Sé)atial SSQ%%I\Q ~$M' ((FD + SM (FD non FD:E
rear‘ﬁsa(wﬁtrhou 3{’\7&}% $F%53 Ron 20 {(case ,1) (case 2) Stream f-" S1,

d01971Si* B, $¢ siitboutsileamme 83tesyspobz et B3* B8, Sh-Grdentor

3ach spRiR3 sdanm Sma ForSISwith PR Cont Bt b Rl drd IOR) P¥dh-

MIMO-OFDM closed loop - one data stream case. [0106] Two spatial

SHREEIRES freeschirmadabrtisriedeombipptigmel 4T eetbaru T BhivRESHPS
bleaus; formacradh) warEpsganeraies: treugh SV Ratue SYRlbermendkio

having Jarger singular, values are selected. [0 For SM,without FD, one
e i e R
SIMMmm&wm@mosémbemisdmapéretmm@@mmdenbaamgpatiaI
siEaae)- A sgmiination, ot FD.a0d pan+mk is,posslR (ORI Rtk Ei.&yp is

two spatial streams for each sub-carrier are selected and two symbols
ayesERriethin dhle ffhe by using SFBC through two sub-carriers. Using

this scheme, two data symbol can be recovered per two sub-carriers.

Table 13

[0110] 38x2 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.

i0113] 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 FDJ, 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 4.
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~Stream24d2);' S3, S4 S2, S2* S3, S3* S2, S1* Stream 3Ad3"= 0) Rates
, 213 1/3 1/2 1/3 Table 13 [0110] 3x2 MIMO-OFDM open loop - one data
stream case. [0111] The 3x2 open loop ease for one data stream is same
to the 3x1 open loop case for one data stream. [0112] 3x2 MIMO-OFDM
closed loop - two data stream case. [0113] Two spatial streams are

avcrrtgrblg‘g? IS caseT P beams amg '

sut-cgrrler genea?gfged Wﬁﬁﬂsﬂ,ﬁu%\f% ré
larg %tfég%}@@@ue_s #eg SgiEcted. {01

SYMERRIS eI 5T one S garTier for eggnssjaaual Stree @38.%@;10]’ S™m
With &L QRS QRSELSYNDOT 1S Semt per TWo Sub- Carfiers for each spatial

StrégfR A combination gi4-D and non-FEy4S possible. [0REp] TWo data
stream Case Tor the 3xZ2 MIMO-OFRJyjglpsed Toop 1S summarizedin Table
14. -16 Spatial Streams SM SM- SM (Without FD) (With FD)..; (FD +

rmomisb) SHEMM@D@D%&L@&)@ tﬁ% Sheoirantl 2 &3, S4 S2, S2*
ﬁﬁ@ sgiﬁa gﬁSdB Og Rate Table 14.10116 3x L

OFDR? 8581 R58p% Pm?&%?a%r '61 LTI SRR ix Spent open
|bmyp case flor tmodidtasbteaamms is same to the 3x1 open loop case for two

Tﬂg{ream& 19481 %M E M :fhreg data stream case. [0119] A
ree

x2 MIMO-OFDM system fo ata streams iIs same to the 3xI|
NARISLO FBH Br<y MEORS TR ideimsfrs Aire e [datzoltssana IV oD Mhe 3x1

clesathloNDNeBe:Hatarsirase CR%S streams.
[0120] 8x8 MIMO-OFDM closed loop - one data stream case.
[0121] In a closed loop case, three spatial streams are available. For SM

without FD, one data symbol is sent per one sub-carrier for each spatial stream,
and for SM with FD, one data symbol is sent per two sub-carriers for each spatial
stream. Combinations of FD and non-FD are possible.

[0122] For SFBC, two spatial streams among three spatial streams are
selected. Preferably, two bad spatial streams for each sub-carrier are selected,
which have smaller singular values. Two symbols are sent at the same time by
using SFBC on the two bad spatial streams of two sub-carriers. For the other
good stream for each carrier, one data symbol is sent without SFBC,

{0128] Forthe non-SFBC spatial stream, if FD is used, one data symbol is sent
per one suith-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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[0121] In a closed loop case, three spatial streams are available. For SM
without FD, one data symbol is sent per one sub-carrier for each spatial
stream, and for SM with FD, one data symbol is sent per two sub-carriers
for each spatial stream. Combinations of FD and non-FD are possible.
[0122] For SFBC, two spatial streams among three spatial streams are

S %fi fed, Prefeggply, tWodigU Spaligl SRS IONe@h SUBRATIEr PEFRC +
s% egied,” whickwhaye, SMaHRL SINOHIRE FalUeS N sy IMDals sk BeWali
the same time B using $EBC on thesbo badspatia) Stieems-of WBD

SHDERTIERS ;-QI_’L;[@)Q othex1 gopd sEean for eggh s@rrier; gnesiata |symBak

JeseRl iUl S BE . [0138]dser ez nog+SFBEsspatial Stssng4f F3ds -53*

Spedn g datassymbol isseEspersnesub-chgiesHr thissapaiit StRsang2*

Tend It FDiS nptused, onedata syl is sentyper two spsgarriers e this

spatial stream. [0124] One data strglsigigase for the 3x3 MIMO-OFDM
closed loop is summarized in Table 15. -17 Spatial SM SM SM.(FD'+

D SF reams_(With it -ED_non-FD Without
%ﬁo) M@@g@@ﬁ% %B" S?r%%?h%d%%%%f%?& Si, S2 S1,
B2%] Soisiasapesipeneree(@d)tbaogiogofog Sx Sepapirormss fosgnedata
%éég'ﬂla?t@q@eg_(ds) S5, S6 S3, S3* | S4, S4* S5, S5* 1 S4, S3* S3,
S2* Rate 1 1/2 213 516 2/3 1/2 R Table 15 [0125] 3x3 MIMO-OFDM

Hafloopr xS AL KA M s lesrd 19pR P81 HalE SPEATOEF Rase, all the
gpéim]s foridet openaionpaasamieranddataosticarnseant evwséak6th2dins
X IMO-OFDM closed, lopp- two data stream case. [0128] Th ti
& Fﬂgﬂg?e]%va aeﬁasf%&}t%ﬁg%léesagl gn? tWo dg%}gﬁ}é%%nr's]l%ried |\E/|g§el(§%|§i(j)§l i
ke aviphatial Bb e ansdareesiohisi isceeniepen euelesbddotir fior Sivh spatial

without ER4 Qpe dlata RYMtl 13 et PE 861 SURGA e (¥SRaNERAIR for

each spatial stream. Combinations of FD and non-FD are possible.

[0129] For SFB(, 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 symbels are sent
at the same time by using SFBC on two bad spatial streams of two sub-carriers,
and for the other good stream for each carrier, the other data stream is sent
without SFBC.

[0130] For the non-SFBC spatial stream, without FD, one data symbol is sent
per one sub-carrier for this spatial stream, and with FD, one data symbol is sent
per two sub-carriers for this spatial stream.

[0131] Two data stream case for the 3x3 MIMO-OFDM closed loop is

summarized in Table 16,
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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

mbale-ara
pois-are

<l

Spaiaros areraay me iy . TSR PRS-
salipe o R (o] el s AR e £
. carrier, the qt ydata SHERM.is Sef sdythout QERG, [0138mForthe - -

v Attt me-time )gﬂ%jlk‘lg%%ﬂg@ T 5]

SHOESERGSPalaistreqna; WRoUHDgpne dagg synbool S50 el SIS T

StrUEREI) TEETE SPAliahSHGan), @it FI3s0Rg dala SyMbt 19 senlss-

SHELYD 9P CRENES 10T BySgipatia sieam. (U35 1gswo dala gpsam saseor

RAQL The SX3 MMO-OFDM/glosed [epp 1S sumrggized in|Tpple 16. 18/

Spatial SMSM SMTFD + SMFIT#.eFRC +. " SEBC + Streams (Without
(With non-FD non-FD Without With FD FD) FD) (case 1) (case 2) FD

Bream | () Hirdd I BINCIpeR 15dp-S Sitad2 Siedil Bieam 2 (d2) S3,

, S2* S3, S3* S3, S4 S3, -:S4* §2, ..53* Stream 3 (d3) S5, Sp S3,
B15Y, “Srapdreniogy s R I P50 B B e
46013 23 [ B\t -OFDM open loop- two data stream case. [0133] In

R '9%@@%%@5@«%%@&%9 3¢l opgn:loopLasefor two data
streams may be used. [0134] 3x3 MIMO-OFDM closed loop- three data

EWSain cddeepo sastighrieeapur areravaiabirelay ditiblenss: e dhteeafate
thresndata. straanssiate givided d6ial tieespIHALsHe amsciRrRaCh a closed

ub-carrier, In.a clos ﬁloo .for SM without FD, one data,symbol is sent
9P 018 SN b aRtrE e 408 QSR BRREL SR RSF GRE AR b G
syathdlsis sentapdrfow S MubidaFis renéaladachrapaitialsstrepen tEo rubivatidass
%r':e%c LR 's:Qe‘%{S. %ﬁﬁlﬁiﬁiem of FD and non-FD are possible.

[0136] Two data stream case for the 3x3 MIMO-OFDM closed loop is

summarized in Table 17.

51, S1#

S3, S4 32, 82* S8, 83* 53, 84

55, 56 53, 83* B4, S4% 85, 85%

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, 4x8 and 4x4 MIMO-OFDM
systems may be supported, and either one, two, three or four data streams may
be supported.
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[0136] Two data stream case for the 3x3 MIMO-OFDM closed loop is
summarized in Table 17. patial SM SLI 5M (FD +.m SIVZ (FII"+ Streams
(Without (WithPD) non-FD 1) r' ; non-FD2) ~'Stream,.](id1)" Si, S2 Si, S1*
Si, S2 S1, S2 SStream 2 (a2) S3, S4 S2, S2" S3, 53x S3, S4 Stream,3
(d3):™ S5, S6 S3, S3* S4, S4* S5, S5* Rate 1 11/2 2/3 5/6 Table 17

Bi20] >N MROTI A oeddq0; Iusedaiasiiean gase. (07981 1

n open loop case optlons 3x 1 open Foop case ?or three data

$ietins rRasbeaseatifd :3%pRogaraiabif n idinersada 4olersf lonm case,
i HansmiLBRICARASHAhs 152 A43 ANl A4 MIMQEERMESYSIBMSVD is

may be supported, and either one, two, three or four data streams may

Belesipbof S@ Eiﬂ?ﬁ%%ﬁﬂ@‘@%ﬂ%&%ﬁ%}éﬁ isgiple stream
¢ase310142) Snlymane-sPRDAbSY e dgmabailaiieniosdhis caas-curdaiaaate

loo se, one beam r bea for e sub arri enerated
T B L ML ) e SA P el 8 B PR Bl Rere

Yatubasseiedtedef3i43] For SM without FD, one data symbol is sent per

ORELYP-CRIDRHER RS RITRhETRAP-ARY feko Ml ER..0ne ﬂ@f@ach sub-

symbol is sent per two sub-carriers for the spatial stream. [0144]

sEmienare ssiesbanmae g e ssenpréad Hseush E%th Qﬁlﬁceﬁfﬁ?@fm 5

%@tﬁelqgi%ds@reﬁ{g&mu&E@@m@eu&@ri@tﬁdﬁfg&ﬁlipgﬁm OnBe of the rest.
nas tot t sin r value anq t other c

e B et RIS CAR T ER By oTe SR A RERY A1 SAERS PRgh o

lsﬂlmgaSﬁ&@ thropgtfdmes reebrdh ieksy fnpe tor ivah cpaiil lseréam, md@des

the1 bad. fé)atlal stream includes only noise. [0145] One data stream case
for

X | MIMO-OFDM closed loop is
E014;5] One data stream case for the 4x1 MIMO-OFDM closed loop is

summarized in Table 18,

11 1/8
Table 18

[0146]  4x1 MIMO-OFDM open loop - one data stream case.

[0147F  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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summarized in Table 18. Spatial Stre"ams SM SM SFBC (,Without' (With
FD) FD)" - -Stream 1 (dl) Si, S2 Si, S1* Si, -S2* Stream 2 (d2'=0) S2, S1*
"Stream 3 (d3 ='0) Stream 4 (d4 11-, R'i/4 1/8 1/4 Table 18 [0146] 4x1
MIMO-OFDM open loop - one data stream case. [0147] SM is
implemented with the fixed beamforming matrix and four spatial streams

@[%éiva”ﬂ%'?%bﬁ 1481 FOLSM WtePHER LA SR8V Reh IS SE0 LR HING

-carrier for the spatial stream and for SM with ED, one data symbol is

ressiper wdrstbptianity snfop tREEPSERS Ea MM SinpiaidHe Sietmadhis

sgt'ibﬁ Raranaasible asshowsiind ghigidSbelonabosarstaEnsbaaitwo
these .combinations may not be used todgﬁ%l in sam %uallty for all d%t

HABLRreoB ot 28R BIRERERG 5T &i g &rsdga sy
e ot stgemativialoup 083 biee datfisyofitidndsonepaxarskBE mnddnior
SM. For.one data stream,.this, optian. may not,used to maintain s
R B Sy o AR Sl P A s for
sail: cpniby atecavsClonbivabionn of 18P &sl dwtar Elhae ipossibile asathown in
giieRMo 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
f850hcn Apsrensertine @&%Bmﬁe)ﬁ%ﬁ‘&%%nﬁ%ﬁwarétwgm oggh
sty B2b 820 (0101 Po386apsoppiio Bt Asin grilven 2 groiBiCadsiiited
atial s of each sub-carrigr are divided into two groups of two
B B oo R of0D 1o HEbi o 8 S SPRPOIE ek S He ety
¢4y deta sy nsboisthecisedttpaiviosihg eatiors By iEkg e fixed
beamforming and two 2x2 SFBCs.

[

D)

S, 81* 81, 82 51,8

. 852, B2* S8, 83* 53, 54 S3, 54

S5, 56 83, 83* 54, S4* S5, 85* 85, 56

87, 58 54, S4%* S5, 86% 56, 86* 87, 87

1 1/2 5/8 3/4 7/8

Table 19

S1, 82 51, 81 S1, 82 S1, -82%
s BB 84 52, 82 S3, 83* Sz, S1#
o 8B, -S6% S3, -B4* o4, -55* 23, -=4*
. 1| 86, 85* 54, 53% S5, S4* 54, 83*
3/4 e 5/8 1/2
Table 20

[0151]  4x1 MIMO-OFDM (open loop) - two data stream case.

(0152] In this case, an open loop should be used to send and recover the two
data streams. SM is implemented with the fixed beamforming matrix and two
data streams are divided into four spatial streams for each sub-carrier.

[0153]  Tor SM without FD, one data symbol is sent per one sub-carrier for the
921-




Spatial SM (aWithélit SM' SM; (FD + SM (E 1) St(FD fi Streams FD)
(With "FD), non FD' 1)" w: uorx;l p 2) ' Dnoj FD 3.) r' Stream, 1; S1, S2 Si,
Si* Si, S2 Si, S2 Si, S2 Stream2 S3, S4 S2, S2* S3, S3* S3, S4 S3, S4
Stream'3 S5, S6 S3, S3* S4, S4* S5, S5* S5, S6 "Stream 4' S7, S8 S4,
S4* S5, S5* S6, S6* S7, S7* Rate '; 1 1/2 5/8 3/4 7/8 Table 19 Spatzal

iiéég&g% %&%ﬁf&mﬁm@&&@ sﬁgs@msséﬂvgapt% Rib-EoRirs

tream 11°Si, S2 Si, Si* Si, S2 Si, -S2 ~Stze'ain 2 S3, S4
sialgresry,. SmbinatichepEED angnsy-FBareRossihleas shawn in
T@Hﬁalgloztlgxg @@]ﬁﬁmﬁﬂioﬁ ga(s)%ﬁ J%d%‘inﬁ&’blg Ql%nagriﬂét U8/ dintain
Table 151] 4x1 -OFD o data stream case.
%ﬁ%%‘{}ﬁ?&@’a@ K- Aé@ﬁ‘l%’ﬁ%s?i l% b &S Begg?wd and recover the
Eﬁ\lﬁéﬂatdkﬂiéﬁmﬁaﬁh,&ﬂ§%pmm#heﬂxaﬂ g OPREYE
2 ndiwo %ait? %5 %999 %%%@aﬁlap&v@'sﬁﬁeaa%f%ﬁg%mm is
arrier. [0153

Wlthout FD, one data symbol is sent per one

w@g@aﬂr“@r foe ﬁ@@%éﬁa@#&aﬁﬁ%atf@agwmﬁtm Pe darg spatial

SYEIR0L i SN REY-twQisk Rrealkiar fferte spatiat sHaaTy CamBiatiRasns
of FD and non-FD are p055|ble as shown jn_Table 21. Thegaomblnatlon

ekrash FUBHRITIET LRSS R Mol Bl s ARt SRR & SERTRPTSPe
Qachadsita syrabd spetehstietmstednvi(h M]Oﬁel‘hﬁmaﬁmbcéﬁﬂvhapdr two

SEBC with the fixed beamform atrix is 0ssi A fi
1
?kﬁcélﬁ% c’%’l}ld w% et % ?gs rear)%%aalgrsllgpn% toc{i%gs g{%&% ©

tesbtior talablecd?n @@em@g}o%xwgpmﬁ%g@ém@é&%the same
aHQLﬁWd? LA dseddanSiBEandheotbantwnrpatialstigams of each

sub-carrier are used for SM. Without FD, one data symbol is sent per one
f0155] Asecond optz,on is using two 2x2 SFBCs. Hach data stream is assigned

to the separate 2x2 SFBC. Four spatial streams of each sub-carrier are divided

into two groups of two streams and each group is assigned to each SFBC. For

each instant, 2 data symbols of each data stream are sent on two sub-carriers by
using the fixed beamforming and each 2x2 SFBCs,

LS (ED A+ SM(FD—I- ‘
W, D) |imonsF n-FD 2), [nou-ED 8)
81, 81* 81, 82 81, 82 81, 82
52, 82 53, 83* 83, 84 53, 54
53, 53 S4, 84% 35, B5* 85, 56
54, 854* S5, 35% 56, 56% 87, 87
1/2 5/8 374 /8
Table 21

SFBC ™~ SFBC (FD- | Two SFBC -

: (With FD) | +non-FD - | :
‘Stream 1 81, 82 |81, 81* S1, 82 S1, -S2*
Stream'2 - | 88, 84 52, 82% 83, 83#* 82, S1*
Stream 3 | 85, -S6* S3, -54% 84, -BE¥ 83, -S4*

Stream 4 S8, S5* S4, 83* S5, S4* 84 33%
Rate 3/4 14 5/8 1/2
Table 22
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sub-carrier for each spatial stream, and with FD, one data symbol is sent
per two sub-carriers for each spatial stream. A combination of FD and
non-FD is possible as shown in Table 22. This combination may not used
to maintain the same quality for each data symbol of the data stream,
which uses SM. [0155] A second option is using two 2x2 SFBCs. Each
data stream is assigned to the separate 2x2 SFBC. Four spatial streams

@fsach subreafies ypsiided inenarauesking stiears and each

@rou is assigned to each SFBC. For, each instant, 2 data symbals of

4Bl datkodibessasaraseprblotrehomils resd 1 sengagdReciygthree data
Heaniornsiv %Qi}ﬁﬁ@%hﬁ;é@vﬁﬁﬁﬁﬁ fisp@tishmHMmQY ithabis SM three data

141(FD + S SM (ED +. _Streams,-.."FD): (With FD) anon FD,1). .

R 3] RIS L ol LEPOP RN G SO0 sy At the
SirdAn 2083nSPhBR SPEE3HSe83, S4 S3, S4 Streaii?'3 S5, S6 S3, S3*

BA58" S50 S EATNARE 55 e DT 351,50455%

Ratb",+711/25/8 13/4 able 21 Spatial SFBC SFBC FBC. ’_is
pPBivlgo SrBGt Spdemis wingene E¥ BRBCFend: eSS stresmapatial
%fe%s %E* g@b%%g%ﬂ %4%6865%% %F%@S4S@§g a’éﬁ?z.tgé’lfﬁ% SMt using

ream -S6* -S4* 54, -Sh* -S4*  Stream , S5* S4, S3*
$: SRBE and o aed DML ERB S TNE %fil%vtb%éﬁ Freams of sach
MMM (ppédoloSh) of iire stHatavstréata tasenf) Yo htrutii® cased ata
open loop should be used to.send and recover d |
s LB R S

symbiplidednhrefomodatucayritis|Proreh enafif-sansar. Alpgmebination of FD
GRERIRNONS Ehdable AlRaRPDeusesle 23,

[0159] Three data stream case for the 4x1 MIMO-OFDM open loop for SFBC is

summarized in Table 23.

T
ey 2

S1, 82
188, 84 S2, 82%
18 | 85, -86* 33, -84*
4 4| 86, S5* S4, S3*
4 8/4 2
Table 23

[01607  4x1 MIMO-OFDM (open loop) - four data stream case.

[0161] Inthis 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.

[0182]  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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[0158] Combination of SM and SFBC with the fixed beamforming matrix is
possible. A first option is using one 2x2 SFBC and two SMs. Two spatial
streams of each sub-carrier are used for SFBC. One data stream is sent
using this SFBC and the fixed beamforming and the other two spatial
streams of each sub-carrier are used for SM of the other two data
FHEADRAIUT B 8 data. D0k € ShARL OSSP LAUTE &34 wien
each Spatial stream, and with FD, one data symbol is sent per two

Elb-oasidesdoranbpl sisasenstReaivwA eBBATESsh STFtheatRriigh-titerm.

peatiiiadsshewn in.hable. 2P 0453 threedata-atrgamisrsedor the 4x 1
MIMQ-OFEDM open loop for, SFBC is summé{ized in Table 23. Sgtggza

..
H8EfC STBCERBETE PSRl SR RT TR S RRAT KD 238 G iy ich
hbtechin®t stgBay SAILES], BRoSiredel? 53, S4tS2, 1525 &58e $Biie by using
) . 3 Sh, -S6* S3, -S4* 54, -S5* S = S6,,S5* S3*
S R 8 S P 0 B LM BT Do TR e
dextor stespercame s fd1GaTersiis eadeivgtasgen loop should be used to
senskandgeeovgtfonrdaia slkgams Y isanpementarminibeixedp is

beamforming matrix and four data streams are divided into four spatial

shmanasirsfeacipBlf?darrier. All the methods in Table 21 can be used.

[0162] 4x2 MIMO-OFDM closed loop - one data stream case. [0163] Only
o kst a-b a alee :

ro.-.aviadabla fnr that

; ahapie , poeainS A
B e e
. #
:|§§T§i?ub-ua%ésggg thesp té&l ,bké,%@lll
onedata-symboris Sentpertwo sub=carrigrs-for the
bimations of FB-andnon-FDare possibte-as shownin

1 1/2 1/4 3/8 i/4
Table 24

- = &
A USI SCTTIU MY

[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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[0164] For SFBC, two spatial streams for each sub-carrier are selected,
which have larger singular values. Two symbols are sent at the same
time by using SFBC through two sub-carriers. Using this scheme, two
data symbol are recovered per two sub-carriers at each instant. [0165]
One data stream case for the 4x2 MIMO- OFDM closed Ioop |s

sunt r+able 2450 yatiat out:c
(withdit-FD (WithF D) ) e o S2 sy S1.52
S1, ‘%Ea -; ﬂﬂ)‘m‘) ‘ m\y S2; 351 %réeam 37(d330)
Str @B-ea Z@QG)—=;_LB@,1$¢43/6 u4 SQD@M [Ulbgg 432 MIMO-OFDM
openg&ggm%r@g:lat@)sz €am case. [0167] I ThiSTAasE, il the options fpr 4
x 1 OREIIRPR GASE 9T dne data stream may be USpd. [0168] 4x2

MIM@-LIFDMCIGSEd 1opp, - two data sfrpam case. [04g9] TWO spatial
streams are available for thisS CaSg,iwodeams are selected among four
beams for each sub-carrier generated through SVD. Two SVD beams

lnaving lasgergngolarniesaidsglecies AWikordanDepae tathis)iaoll
ent per o? auli i:ar ier f rea hs atlal stream, and with FD, one data
BB SRR e S OB et RO BAPe P

per o SUB-Eairers Tor 6ach spatial stream. A
dT#inatior AEBAF Boh-F Brisepdssibibrd@n76istwdddizistresen Thdde

éﬁs?)&glfs ?8&24'\"1%%91%@%ﬂo&?gaﬁg%éy%%rﬂgéﬁ”zed in Table 25. -24
atial Streams SM'* Without F 3 (With FD) FD'4 -no -FD,),.
0173 4%2 MIMO- OFDM four data stream case. In this case, allthe options

for 4x1 for four data streams may be used.
[0174] 4x3 MIMO-OFDM closed loop - one data stream case.
[0175]  SM is implemented with SVD beamforming and three spatial streams

are available for this case. Three spatial streams that have larger singular values
are selected. Without FD, one data symbol is sent per one sub-carrier for each
spatial stream, and with FD, one data symbol is sent per two sub-carriers for
each spatial stream. Combinations of ¥D 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 symbeol is sent without SFBC.
For the latter spatial stream, without FD, one data symbal 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] Omne data stream case for the 4x3 MIMO-OFDM closed loop is

summarized in Table 26.



Stream | (di) Si, S2 Si, Sit Si, S2 Stream 2 (d2 = 0) S3, S4 S2, S2* S3,
S3* Stream 3 (d3 = 0) Stream4(d4=0) Rate :i1/4 3/8 Table 25 [0171]
4x2 MIMO-OFDM open loop - two data stream case. In this case, all the
options for 4x 1 for two data streams may be used. [0172] 4x2
MIMO-OFDM - three data stream case. In this case, all the options for 4x

a stream cas (0% Il thespgtions
streams_m;ay bg 1&58&%%1%;% M_gﬁp Viglnged lbop - one data

P T

V- T8hp o
b tdFD ‘

T
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Horthreedata ams may e u5t‘léNPI73];i FVIMORSE
Sag Jal Streanis %{ 9.1 fdrigus

SEIEEATIRESE: (O143] VTS IpEmenet Wi S Reamaniag angies:

T SEREVRRIEATS e gyailalie TapHs 56y 1NIeg Soadial siieais e, -S3*

ShRVeI3rday Singuiiar ygiue sSg,rggele GigdgNVitNauf Tddx one atgsynaokys

SeRALPAIANE §Hp-Carrier for each spatial stream, and with FD, one data

“ReYMbol 1S sent peg7iwo sub-ggrriers igg/seach spatial siream2 Combigagions

of FD and non-FD are possible agshieves in_ T1able 26. [0176] For SFBC,
three spatial streams for each sub-carrier are selected, which have larger

' ar val m, two spatial streams, preferably, two ba
e e R R R R Y S e
spiivesifoe ylfsingnS EBE Snenwo twsd Bpatibe ssedms of two sub-carriers,

ANdder the beshaPABRNSIRAN.ANEEE D GRS EROREdaldsinbol is sent

without SFBC. For the Tatter spatial Stream, without FD, one data symbol
950 pePlrie spplemsnien fHHBATH PeamMerFalng anAdhwnn etiBHeteams
SYENReL 5 SRIMPEHIWRsdb- TRy igss donpach Spasiaisidea mid ifdQpnatial
data stream case for the, 4x3, MIMO:-OFDM cl sedéo is,.summarized i
TR 0L Gy Pshn AL S SR X S el 2650 pe ampied to
 this case.

[0181] For SFBC, one data stream is sent by using SFBC. Three spatial
streams for each sub-carrier are selected, which have larger singular values,
Among them, two spatial streams, preferably two bad spatial streams, for each

sub-carrier are assigned for SFBC. Two symbaols are sent at the same time by

~ using SFBC on two bad spatial streams of two sub-carriers.

[0182] 'The other stream is sent by using SM. All the methods for SFBC in

Table 26 can be used for this case.

[0183] Two data stream case for the 4x3 MIMO-OFDM closed loop is

summarized in Table 27.

Stream 1:‘.'(d1)

SM*i ¢ ISM i o 'SFBC+ | SFBC+
(FR+ “-{(FD+ . nonFD FD .

¢ =8| AendFD) | nonFD) .

S1, 32 51,82 51, 852

Stream 2 (d42) 83, 54 S3, 83 83, -84* | 82, -83%
Stream 3 (d3) S5, 836 853, 83* | 85, 85* | 84, S4* 84, 83* | 83, 52*
Stream 4 (d4 = 0)

Rate 34 3/8 5/8 1/2 1/2 3/8

Table 27
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(Without (With (FD + (PD + non-FD" FD FD) FD) non-FD) non-FD)
Stream!l(dl) Si, S2 S1, SI* S1, S2 Sl, S2 S1, S2 SI, S1* Stream 2(42) S3,
S4 S2, S2* S3, S4 S3, S3* S3, -S4* S2, -S3* Stream 3(d3) S5,56 S3, S3*
S5, S5* S4, S4-' S4, SP S3, S2* Stream 4(d4 = 0) Rate 3/4 3/8 5/8 112
1/2 3/8 Table 26 [0178] 4x3 MIMO-OFDM open loop - one data stream
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e used FDM closed loop - two data stream case.
sptigoy Em4dx i desa site\erspaawfberReg and three spatial

giigams are suaiteispNib CasRop Wehdala streamaare.divided into

three spatial . streams for each sub-carrier. All the SM_methods in Table
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e usInY b FBor Thiceaspatflrsiréamsfaneachrudiddedeintseisale ciadial
hich have larger singular values. ng them, two.spatial streams, i
A e LA T e e RS SoR BR R e
SEEE. ffnrady rpatislatecsontaadmitbdThe dirad 4y sioihgl SFERG per twe sub-

hadisnatial siraamsoh wa.sHb-CarisES{01 82} ﬁ%ﬂ@ﬁﬁﬁlﬁﬁﬁ}&ﬁé@é‘iﬁﬁy
E(lesg; SM. All the'methods for SFBC in. Table 26 can be used for this

1 (0188 Eatata ErEENtass P Tol iR et Xai M-S deisdy logp i=

isnshadzedishlapie 27. Spatial treams SM 6M, SM SM FBC + .
SFBC+ (Without (With, (FD,+ (FD + non-FD FD FD)~ FD) non-FD)
S1* S1,S2 SI, S2 S1, S2 Sl, S1* St

1, | SHHBRF I (Breaneut ¥dn 5 (FRateod)

S1,81* |S1,82

52, S2* 83, 54

83, 83* S5, Sb*

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
97




-26 [0184] 4x3 MIMO-OFDM open loop -two data stream case. In this
case, all the options for 4x 1 for two data stream case may be used.
[0185] 4x3 MIMO-OFDM closed loop - three data stream case. [0186] SM
is implemented with SVD beamforming and three spatial streams are
available for this case. Three data streams are divided into three spatial

§1 f%h%?‘ﬁ@é%@g%@ ler, Without FRA00e AlalaSPRel I BeRRE50TS:

carrier for eac a?a | stream, and with FD, one data symbol is sent
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FD)ix Sitebla as(di)@m B2TSLIS89Si, S2 S1 52 5treant2(d2) 53 S4 S2,
ass hols are
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GpeEied p&thﬁé@aa@ées‘% K Bas & avr e dakeregimhel opelo Aekrepaygore
Hraa AR SHEAR RARGMRY BSavia e i180% AX3MINQ R ERM ERSEEh cach

Iooggfour data stream case. In this case all the options for 4x1 for four
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eaeriiatanstreain ivpasi9 104 KM isimiidemieieddvithoRvD $IBRGHOrming

ur spatial stre ms are a il bIe for hou e
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cusgstszyhibdl ablseh? padtaresiita chreiens fosefuhtbpatict HdeOFDM
%@%@ﬁiﬁ% girbe AdpansERARmANPInas shown in Table 26.

tst option o_r_SEBC IS uqmﬂ ane ?X? SEBC and two.SMs_By

| (Without FR) [(With I EX non—FD) oy
" s1, 82 S1, 91* S1, 82 S1, 82%
353, 84 52, 82 83, 83 S2, S1F
33, ~54* B4, -35% S3, -84%
54, 88* S5, S4* S4, 83*
1/2 5/8 1/2
Table 30

[0195]

options for 4x1 for one data stream case may be used.

[0196]
[0187}

~28.

4x4 MIMO-OFDM closed loop - two data stream case.
SM is implemented with SVD beamforming and four spatial streams

4dx4 MIMO-OFDM open loop - one data stream case. In this case, all the




spatial streams having smaller singular values, are selected. On these two
bad spatial streams of each sub-carrier, the data symbol is sent by using
SFBC. By -27 using the other two good spatial streams of each
sub-carrier two data symbols are sent by using SM, without SFBC. In this
case, without FD, one data symbol is sent per one sub-carrier for each
spatial

ith FD [ - |
e e R R S P e e

sitesynsifoTadth STh{aroT AAREbhaepirsts i Jsihiptwd ard Srpe demueH-
o glata sympeli@ierangigpat teibenrnaipierdad olBn Havcspatinlthe

streams of each sub-carrier are divided into two groups of two spatial
WbionH o5 der LR IS HESTRATI FIBACE B8 C. For each instant, four
(Fsdata symbatyis-hE D glsteddoupn firesdbtcorrials asessent by using

VD mforming and,twq-2 EBCs,[01941 One data stream case
B ST R A S B it SR RSN SR
arwdeondadtalstr thin @ase Bhthe daw piOrE EBMlivideddibo fofor SRES
issummarzedinfatle-30. 2Raiialeledd BM R 39 anldeER + SM

FD + S reams ~; (Without (With FD) cnon FD non' FD non F =f _ FD). r:
1) For @89 pynechice B aadineiide axgreed foptlyeadnagsigenmys.
R R ey e e
, S3* S4, 54* Sh, S5* Sb, tream 4 7, 1, S4* S5; SH*
SRE3HY S3gy Alreahl A R S 76 SRS sg%.sa@ré?fé%?ﬁ’&%&d
SHBE! (ERTwb SHERC Shewing liitvelitdEDIrdAatheRd!) OnribesE by bad
%&E&%@‘f Q&%’ ot each Sb-2hnBe Bho Bt SHEIN GA0Rs)RE: SRy oiwo
3, 2, SI* ?Stream 3(d3) S5, -S6* S3, -S4* S4, -S5* S3, -S4*
g{k@g{mrip(@@rg@?rgg)yggi,rg §§’ @)@%ﬁ’) heamforming. The other two data

streams are sent by using SM with SVD beamforming. Using the other two good
spatial streams of each sub-carrier, two data symbols per sub-carrier are sent for
the other two data streams by using SM, without SFBC. In this case, without
FD, one data symbol is sent per one sub-carrier for each gpatial 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.

SFEC__ 3
Without ED) | (With D)z
51, 82 S1, 51
53,54 52, 52*

‘Stream 2(d2).

. Stream 3(d3) 35, -86% 33, -54*
Stream4(d4) - | S8, 85* 54, 853*
‘Rate: 3/4 1/2
Table 31

[0208] 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.

-929.



Rate 3/4 1/2 5/8 1/2 Table 30 [0195] 4x4 MIMO-OFDM open loop - one
data stream case. In this case, all the options for 4x 1 for one data stream
case may be used. [0196] 4x4 MIMO-OFDM closed loop - two data
stream case. [0197] SM is implemented with SVD beamforming and four
spatial streams -28 are available for this case. Two data streams are
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stream case. 0200] SM is implemented with SVD beamfor and four

06! sthedmE Mt QiR IeFBenRs -(RuE drffsliraamy SR case al
ﬂi\éldpﬂdﬂédﬁﬂu&waxtlﬁiusTﬂemxfﬁmmmyMrﬂﬂedAll the methods in
T 29 201 For F e?2 FBC and t a
(B0 cr ATERTRACEG s o oy WO PR AU, MRalipiee

@ﬂa@mmmmm@mh@wgmgmarm@wmww earhdeatiies
aP @i@h@ﬁ@@ﬂ%@ refesabiyve badshalighsireamshaving sRallslts of the

|n ular values, are selected. On these two bad %E?Dtlal streams of each

piemhnd i mentsgRiBaIRtiNS serabin ens oG et eherdratares

§ﬁﬂ@éﬂ&i€@o§ﬁﬁ%ﬁg@1§\ﬁﬁr&ﬁwﬂformmg The other two data streams
are sent by using SM with SVD beamforming. Using the othgé two good

spatial streams of each sub- -carrier, tio data symbols per sub-carrier are
sent for the other two data streams by using SM, without SFBC. In this
case, without FD, one data symbol is sent per one sub-carrier for each
spatial stream, and with FD, one data symbol is sent per two sub-carriers
for each spatial stream. A combination of FD and non-FD is possible as
shown in Table 31. [0202] Three data stream case for the 4x4
MIMO-OFDM closed loop for SFBC is summarized in Table 31. Spatial
Streams" SFBC SFBC SFBC (FD 4 (Without FD) (With FD) non-FD



Stream1(dl}__ Si, S2 Si, S1* Si, S2 Stream 2(d2) S3, S4 S2, S2* S3, S3*
Stream3(0) S5, -S6* S3, -S4* S4, -S5* Stream:4(d4) S6, S5* 54, S3* S5,
S4* Rate 3/4 1/2 5/8 Table 31 [0203] 4x4 MIMO-OFDM open loop - three
data stream case. In this case, all the options for 4x1 for three data
stream case may be used. [0204] 4x4 MIMO-OFDM closed loop - four
data stream case. -29 [0205] SM is implemented with SVD beamforming
and four spatial streams are available for this case. Four data streams
are divided into four spatial streams for each sub-carrier, All the methods
in Table 29 can be used. [0206] 4x4 MIMO-OFDM open loop - four data
stream case. In this case, all thepiiovs for 4xl for four data stream case
may be used. [0207] Although the features and elements of the present
invention are described in the preferred embodiments in particular

Whal iSSEBSHE each feature or element can be used alone without the
other features and elements of the preferred embodiments or in various
_comb,i_natiom_s methar \Mlih@_léhg&hﬁ[r{ga&uf@%ﬁﬂg eiﬁmgmfr@ﬁﬁh%m@@rﬁmpm

tlon. - at.I1s. cla IS; r smitting. .

o at@u%ﬂ&%%ﬁ%h%%% :%mﬂﬁ[%[} Pe@u%ﬁ%xﬂ%&%?ﬁ %%eogr?gﬁa?g(ﬁg] é)i% ng:
divisFEReFALTEIENGRATY YERRDINY, A#é THEfAbd comprising: generating at least
one depundate streas;idetarnuiding altearrsmission coding scheme;
procggsingitbenrpidatasireamin accrrdaneRWiththenlraRsissidh coding
hc%gin% shcheme to gengr&te an Os%?éi% d%tl% stream, the tranfmissi

n .
sche dﬁ oeneraié  ans o dfa tra%smi%swn O }I%% s[c%eme using
coding scheme usmg eamiorming and a combination of a st one of

beapiaIRE e BIBERESHRG SRECYS Shatraentisiasing (M e (SFBC),
spdriatoendyl diier SRyl (R )frenency diversity (FD); and

transmitting the output data stream via a plurality of spatial streams.

2. The method of claim 1 wherein both FDD and non-FD are simultaneously
implemented in the output data stream transmission.

3. The method of claims 1 or 2 wherein beam selection is implemented in
iransmission of the data whereby the output data stream is transmitted only via the
selected beam.

4, The method of any one of claims | to 3 further comprising:
obtaining channel state information (CSI) between a transmitter and the receiver for each
sub-carrier and selecting a transmission coding scheme based on the CSI to transmit the
output data stream.

5. The method of claim 4 wherein the transmitter receives the CSI as
feedback from the receiver.

6. The method of claim 4 wherein the CSI is obtained by the transmitter

using channel reciprocity.



transmitting the output data stream via a plurality of spatial streams. 2.
The method of claim 1 wherein both FD and non-FD are simultaneously
implemented in the output data stream transmission. 3. The method of
claims | or 2 wherein beam selection is implemented in transmission of
the data whereby the output data stream is transmitted only via the
selected beam. 4. The method of any one of claims | to 3 further
comprising: obtaining channel state information (CSI) between a
transmitter and the receiver for each sub-carrier and selecting a

tranémissioRTHRHy ScHem BasRS Gieife GSPLé trdisRi the bsatpioraig i
perSbrea wathihgxmebhad fofralammmtvik reiantiei tsansofitte orepeivies: the: 5|
as feedback from the receiver. 6. The method of claim 4 wherein the CSI

is ohtained by the trapsmitter usin cEanneLreCi rocity.-31 7. The

method of 3Ry BIROEH GAiFRS 19556 LALIEIN the baaRHHiinG " BB o™
stregith & fixsanbasdiio ey Hesieikancieadstaisdismadf the output data stream.

8. The method of any one of claims 1 to 7 wherein the number of data

Stre@T“S _iS Q‘%’iﬁf%ﬁ‘@%ﬁ% %‘&189&@%&9&?'@91%@?‘%&&5@% i%eqbt‘l_ency division
multiple-input multiple-output (MIMO) orthogonal frequency division

| mumﬁiﬁblgpé%ﬁmﬁ%ﬁﬁﬁ@ﬁ’%%rising: at least two transmit antennas; a
transhifaproe ssimgnifitsonfigured to determine a transmission coding

schem@nsandpreeassaminpsitiaiasieam dnaaeordanagiwith thiing scheme,
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transmission odlng scheme using peamrorming ana a (;omblnat|6n of at
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(Sm&%@%gﬁt@@{@@@? wida pharality of spatial streams. 10. The
transmitter of caim B Iuithet comprising.a MUllpIer Confguied 0y iy of
g_enera%e a p’lurallty oliglnaepenéenstn%ilata strea?ns, W eregy he plurghty oi‘“
SPSSEEAMS are

10.  The transmitier of claim 9 further comprising a multiplexer configured to
generate a plurality of independent data streams, whereby the plurality of data streams are
separately transmitted.

11, The wansmitter of claims 9 or 16 wherein the transmit processing unit is

configured to implement FD and non-FD simultaneously in the output data stream

fransmission.

12, Anintegrated circuit (IC) for implementing multiple-input multiple-output
(MIMO) orthogonal frequency division multiplex (OFDM), the IC comprising:

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

a transmit processing unit configured to determine a transmission coding scheme,
and process an input data stream in accordance with the transmission coding scheme to
generate an output data stream, the tfransmission coding scheme using beamforming and a
combination of at least one of space-frequency block coding (SFBC), spatial multiplexing
(SM), or frequency diversity (FD); and



separately transmitted. 11. The transmitter of claims 9 or 10 wherein the
transmit processing unit is configured to implement FD and non-FD
simultaneously in the output data stream transmission. 12. An integrated
circuit (IC) for implementing multiple-input multiple-output (MIMO)
orthogonal frequency division multiplex (OFDM), the IC comprising: a
channel coder configured to perform a channel coding on input data; and
a transmit processing unit configured to determine a transmission coding
scheme, and process an input data stream in accordance with the )
trandrifisien e divig EEHEHEND hersiate datodeyata reamm!itheo! spatial
strdganrsmission coding scheme using beamforming and a combination of at
least one of space-frequency block coding (SFBC), spatial multiplexing

(SM), or frequency diversity (ED); and -12 a transceiver for transmittin

the atput%%‘ifa?gré’gnﬁ\?fﬁ}afguﬁél 5f0§6§f§‘“§r§a}ﬂgi_tf§?$ﬁ§ﬂ§%ﬁg red o
gerghaiin aldl eatine p Congnes g tal s stisRIRE derifbuthe RBIrgéiaradeta streams are
sepatatatyafdndependent data streams, whereby the plurality of data

streams are separately transmitted. 14. The transmitter of any one of
claims 9 to 11 wherein the transmit processing unit is configured to

perfdfm beFRFSHRTYTGNCA fiREdBEaRifdriifg mdftix in HEhEhiddor grsmit
profeesiagainlGis Tee fipanghtittperéfranheand ool matd woikediivensiprthieg matrix
in HRREMERrecassiag unit implements closed loop processing so that the
transmit processing unit uses channel state information received from a
receiver in transmission of the data. 16. The transmitter of any one of _
clainh$-9 to e iHErEHH et Bt Hrocedging hitds KonRfiray g transmit
prdpeplemenioperidooptpricessingpsprikatding tansmitproressingertising unit

usdfRASMILS A6 data-withautrerrilyingkhanngl staterinformatian @ @ia.
receiver. 17. The method of any one of claims 1 to 8, wherein FD is

implemented such that a plurality of sub-carriers are divided into two .

groulfs andrBRelGHsaP ARy daks  synilinssafidithe bthdetiisupre transmit
prdtansngitsrat denple wetjugatepbfiieat datensivapaisocessing so that the transmit
processing unit transmits the data without receiving channel state information from a
receiver.

17.  The method of any one of ctaims 1 to 8, wherein FD is implemented such
that a plurality of sub-carriers are divided into two groups and one group transmits data

symbols and the other group transmits a complex conjugate of the data symbols.

18.  The transmitter of any one of claims 9 to 11 or claims 14 to 16 wherein the
FD is implemented such that sub-carriers are divided into two groups and one group
transmits data symbols and the other group transmits a complex conjugate of the data
symbols.

19.  The IC of claims 12 or 13 wherein the FD is implemented such that sub-
carriers are divided into two groups and one group transmits data symbols and the other
group transmits a complex conjugate of the data symbols.



18. The transmitter of any one of claims 9 to 11 or claims 14 to 16 wherein
the FD is implemented such that sub-carriers are divided into two groups
and one group transmits data symbols and the other group transmits a
complex conjugate of the data symbols. 19. The IC of claims 12 or 13
wherein the FD is implemented such that sub- carriers are divided into two
groups and one group transmits data symbols and the other group
transmits a complex conjugate of the data symbols. 20. The method of
any one of claims 1 to 8 or 17 wherein the transmission coding scheme is
dynafricalijhenastied atpandeatBreidtanriel Condifiohhstin thatgnsmission
coditiifeseininny mbmefrspatiaksiresh sarenganesatedchsing! acdidaientsuch that a

GRS ISR 8@%5%189&9@%@ andransmitted \a, thediigrenhaHMBE! 0bding
s atlalgtreams endtg1 18%the chan elc ndltlon 21. The tranamltter

SChEPZrgP téaB?'Efé V§ 0 11 14" %‘8%@8} heTaTA tRE PR SHRE"
chaprsteesingonnit is configured to dynamically change the transmission
coding scheme dependent on a channel condition such that a different

number of QUIRUE SIreANS Fale. %%@%@&?gnl@@%aﬁ'ffﬁf%@tlwsm'%a{%m the

coding scheme and transmitted via the dlfferent number of s patial
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aredg&?é%@@Mﬁﬁg%%}W&éﬁ@ﬂ%ﬁiﬁﬁiﬁﬁbﬁo&iﬂﬁlscmﬁ&Qlﬁlﬁﬂ%@irﬁmea via the
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genera using'a different trahsmission coding scheme and transmitted
via the different number of spatial streams dependent on the channel
condition. J4e IC of any one of claims 12, 13 or 19 wherein the transmit processing

ent on the

unit is configured to dynamically change the transmission coding scheme dependent on a
channel condition such that a different number of output streams are generated using &
different transmission coding scheme and transmitted via the different number of spatial
streams dependent on the channel condition.



