[ 0001] METHOD AND APPARATUS FOR | MPLEMENTI NG SPACE FREQUENCY BLOCK CODI NG

| N AN ORTHOGONALFREQUENCY DI VI SI ON MULTI PLEXI NG W RELESS COVMUNI CATI ON
SYSTEM [ 0902pocki2ftsD OF | NVENTI ON [ 0003] The present i nveatriuseoossd284et ated to
Wi rel ess communi cation systens. More particularly, the present invention is
related to a nethod and apparatus for inplenenting space frequency bl ock

codi ng (SF n an ort (G:DI\/p
W rel ess CE@R}AI cation ‘Fhﬂb

: WL [0, |sadata
transm ssi on schenme where g %%ﬁg smal | er streans
and each streamis transm £Le8PR ‘#g#jé {3 andW| dt h
than the total avail aMELTHIHEMNG; ¥B%E§§A%QM Wé :HE(Y) @; 3#)

depends on choosi ng these sub-carriers orthogonal to each other. The
sub-carri er not interfere w EH NReFINMOte each carrying a portion
of the tot a@ 6123 data. [0006] GE@/ S;Q%‘gm has adlsant ages over ot her

W rel ess cqomasii cat i Bhe Spretetts inwheiont he redated dit amlrde&qolcntnmmloaison eans

carried by differ sub- car|er t he ffectlved te on.e
subcarrier S8 eﬁcﬁ%ﬁp?ﬁic edraser HBV%f ’E?ﬁﬁ'atﬁfl%&"f‘ Wtﬁ‘ﬁmi ar ger .
A l'arge synhohrit afor Ofin @ﬂmh@i'n%r 8b&eel egfEndLbBEKS BSEAES(SHBC ViR esn Wor ds,
Is not affected by mu ath as severely. Therefore, OFDM synbols can
t oI erate d@kﬁwggpaleﬁ‘dguwcvhgmﬂ% mpiltiplexing (QEBM)evirgloss semmyupigation
typical w reI systens need conpl ex channel equalization schenes to
conbat rrult?’pa i fading. [0007] Another advantage of OFDMis that the
generation of orthogonal sub-carriers at the transmtter and receiver can

be done by i§§| ;]g inverse fast Fouri ﬁkéﬁ@ﬁfﬁﬁﬁﬁ] (I FFT) and fast Fourier

transform ( engi nes. Since the
[0005] OFDM is a data transmission scheme where data is split into a

plurality of smaller streams and each stream is transmitted using a sub-
carrier with a smaller bandwidth than the total available transmission
bandwidth, The efficiency of OFDM depends on choosing these sub-carriers
orthogonal to each other. The sub-carriers do not interfere with each other
while each carrying a portion of the total user data.

[0006] OFDM system has advantages over other wireless
communication systems. When the user data is split into streams carried by
different sub-carriers, the effective data rate on each subcarrier is much
smaller. Therefore, the symbol duration is much larger. A large symbol
duration can tolerate larger delay spreads. In other words, it is not affected by
multipath as severely. Therefore, OFDM symbols can tolerate delay spi’eads
without complicated receiver designs. However, typical wireless systems need
complex channel equalization schemes to combat multipath fading.

[0007] Another advantage of OFDM is that the generation of orthogonal
sub-carriers at the transmitter and receiver can be done by using inverse fast
Fourier transform (IFFT) and fast Fourier transform (FFT) engines. Since the
IFFT and FFT implementations are well known, OFDM can be implemented

easily and does not require complicated receivers.
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| FFT and FFT inplenentati ons are well known, OFDM can be inplenented easily
and does not require conplicated receivers.[0008] Miltiple-input

mul ti pl e-wotpesio20MiMO) refers to the type of wirel ess tPamdise@sioosisand
reception schene where both a transmtter and a receiver enploy nore than
one antenna. A M MO systemtakes advantage of the spatial diversity or

spatial nuliipl.exi ng | I Welak - o r atd IJACr eases
t hr oughput .[b?@%OQ] SBE’E&PE@ gﬁﬁ%‘ﬁ@iﬁgﬁhﬁﬁng@?@)ng&%%nggr@eo% sogace
diversity oceidélegs dransaiigidoandgesspbivar sdhens: wheteebothhatransniiber sadea
subcarier in the successive tine slots. T el\m avoi ds.t he .probl em.of fast
time vari atieeFi¥er ¢iployaore thangnsan EBH?'ng. utem; fakeg ﬁgﬁ?@lagﬁé’gds to

be const anty,@\ghtihNEiverdSAdr dpakial hhatipkiy MdnpAKeS siphal-eo-nbiee +ofio SUMVARY
[ 0011] The present invenfion'is related to a nmethod and apparatus for

hrrpl enent i K§N§ﬁ?®d_in¢l@qa%ﬂr@}‘0w1mﬂt- coding (SFBC) in an orthogonal frequency
I Vi sion exin S ' | ent

i nventi onrriu[éb(?:\%pl [ ca%Fggt:g\%S%gngé g%o?éﬁ%g%%%@%%é?%ﬁgpgﬁae_%eggfﬁm)de.
Ln tge cl Oﬁﬁdiﬂgloap n@tgdﬁori?gvmbchﬂms ngtlerdtheingen the aafoer sibegriar én ke f or med
ased on channel state jnfo t CSl) .. A channel, cqded data streamis
mul ti pl exe(fuic?ﬁsél"ﬁ\féﬁn%rd%r i‘ﬂgf‘#‘g}ég‘f"é@ﬁﬁh@ ¢ Oéﬁﬁﬁ%&bmfaé' anEHOeBs i 4 Ibas ed
on the CSl tcfﬁﬁib Bock R6aify! tﬂm&&%,dtnta&@af n$le] RE8Hs toFBborROERMVRd thé

performed o e data streans for each of the paired subcarriers. Then,

ei gen- beanfswbpamiprs shagecondrining teksenlase. t he CSI to cal cul ate ei genbeans
over nultiple transmt antennas. The power | oading may be perforned on two
or nore SFBC encodi ng bl ocks or on each ei gennbdes. Additionally, the power
| oadi ng may[obeojper f or med acr oss subcaBUMNMARY subcarrier groups for weak

ei gennodes. [0012] In accordance with th resent inpventi.on, a robust
channel est[phhﬂi on cahe FEesngrERRt1g 18,559 a@ﬂaﬁ?n‘é@%ﬁﬂ‘giaﬁ’#&@arﬁfuﬁ %5r

wi t hout Chalﬁﬁ%menting space frequency block coding (SFBC) in an orthogonal
frequency division multiplexing (OFDM) wireless communication system. The
present invention is applicable to both a closed loop mode and an open loop
mode. In the closed loop mode, power loading and eigen-beamforming are
performed based on channel state information (CSI). A channel coded data
stream is multiplexed into two or more data streams. Power loading is
performed based on the CSI on each of the multiplexed data streams. SFBC
encoding is performed on the data streams for each of the paired subcarriers.
Then, eigen-beamforming is performed based on the CSI to calculate
eigenbeams over multiple transmit antennas. The power loading may be
performed on two or more SFBC encoding blocks or on each eigenmodes.
Additionally, the power loading may be performed across subcarriers or
subcarrier groups for weak eigenmodes.
[0012] In accordance with the present invention, a robust channel
estimation can be provided in all channel conditions, with or without channel
information feedback, and low complexity is achieved at both transmitter and
receiver. In addition, scalable solution can be used with any antenna

configuration and backward compatibility is provided with enhanced
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i nformati on feedback, and | ow conplexity is achieved at both transmtter
and receiver. In addition, scalable solution can be used with any antenna
conf i gur avpoanoéana74backward conpatibility is provi ded w POT/US2005/028487
enhancedperformance with 802. Ila/g. [0013] BRI EF DESCRI PTI ON OF THE

DRAW NGS [0014] Figure 1 is a block diagramof an OFDM M MO system

i npl enment i . ﬂ%ﬂf [0015] Figure 2 is a block diagramof a
system i nplri)grnfgn |ﬁ€ee‘gbégn 00p.°’[0016] Figure 3 is a block diagramof a
transmtter for depicting power |oading. [0017] Figure 4 is a diagramof an

exenpl ary | oadi ng and,.adap i A i i ng between
two pairs g‘f%\ﬁ%des. [ 0018] 1"13 @W@b@@?@ﬁ%@%ﬁﬁg 019
subcarrier [@yRgps f oFigpeyel/ i ta 1986k NGiagt4R19F ETOFDARMDBIORISHFIeN OF THE
PREFERRED EMBODI MENTS [00201 Hereafter, the term nology "station" (STA

i ncl udes bimpiementing f glosedilaop modgser equi prnent, a wirel ess

transmt/r e unif. Is I ek (e or an
ot her typeefg(ﬁ%evi ceﬁ‘%ggp%%llgégofl&%pde{?%ﬁapgg%e}lcgvm reqlglgllghiélﬁ ioP%?rJe t. V\he%
referred tdotEs]eaf t eFiguré @ it er biovlo ldiagraimaf 2 $sapmittet f¢r\Ypictmrg pdesr but i s
not Iim'teg td{? a Node-B, a base station, a site controller or any other
type of int¥%a€ing device in a wireless environnent. [0021] The present
invention vphi7ibe depgguirbed i b hdiagtahent ant @xbhplayapbwer loaihgsandier ei n
|l i ke numeral s represent |ike elenments throughout. It should be noted that
figures pr@dagtise mpdulation sedending mappirsbelineenityle nadksef megdest i onal bl ock

ot cmont c00RY Iror o EuPed. SRS AE LAl dri e QR TRl T o

may be i ncqoperbitddadingo an integrated circuit (1C or be configured in a
circuit conprising a nmultitude of interconnecting conponents. [0022]
Enbodi nents of the present invention provide a transmtter

[0019] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0020] Hereafter, the terminology "station" (STA) includes but is not

L

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

as well as channel decomposition functions.
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I mpl ementing SFBC M MO codi ng and receiver matched filter. Enbodi nents al so
provide transmtter channel precoding and receiver antenna processing as
wel | as owearn@lo20meonposi ti on functions.[0023] There ar @eCrhwus2008028i8Df
operation of the system a closed |oop and an open | oop. The closed loop is
used when channel state information (CSI) is available to the transmtter.

The open | gﬁ@%égsl g;:%&%%ie%'o th5ddidf o g&ﬁgioibdéﬁheéyé‘t@fﬂ Al odBBodifaiged for

transm ssi where It pr iversity beneflts 0024] In
the cl osed dmggenribde, TiStlokel lewpds sed mbanehannelsthte ndepeatden{CINannel s by

deconposing a zi ng t he, chann mat r i pre odi t the

t r ansni ttel%va%ab]g 8%@% ’éfé‘?ﬂg uﬁhgﬁp%na °8fls‘]"éﬁ()i(8“raP§Hn(2$]s St fﬁ’,aggg

i nventi on eXRIa@¥St AmsP AL ubbE Fbe BFahsatik08 o AleghtyMSTRO GiHige iiD ﬂrbﬁdes
transmtter at the input to the channel precoder t o increase robustness at

the cost ofdiveseitEdeneldtsdata rate. Any coding schene in M MO has to deal
with the di it |1t le t
6saL LY VE Beftd 15&%)%%909% defiag erdlitl v xltﬁal' ﬁdgﬁeﬁ-ideﬁp eto

have a tra f schene est swte to partlcu ar
st ati sti cs.chann&8EBhy i decohmmeimgdaadt dlalgona]nmhg I thw chaon¢lh maltuuxg apdhbky ence
time of the channe

| . Thi,s sch, l. for re er t on_ s | er
than a MVBETP g &t th?ﬁéa‘t%’?r‘g He 1%%1\,\@?‘? §18eB% \e/?rﬁ?‘gﬁtﬁ[& I YUt ! (r)reer
a | arger r%ﬁgq)re@mqﬁvmmxﬁeﬂbl gb% Eﬁa@éﬂﬁqu'eﬁ&ﬁﬂiﬂh@@oxﬁil'lﬁﬂ\/[ﬁpéod?@i t ] ]
i n roug

subcarri er nger/ | oadi ng mai ntai ns a sustai ned robust

cl osed | oop ﬁea@mlbwm‘ttthe emrtrtelthgtchaenﬂemwi% to Aperents robusiaess at
benefi t h b th
enefit is thd %ést' of degreggﬁlg[%\aégfiéﬁélﬁfcgﬁuggﬁc}%e rm@nsffmﬁéal%lﬂpo

transnitter recerver. ai ned transmtter
ei ther by fthedbagkity versus hﬁu]ltqﬂ@iinggamtra&e offg it 'fsxctdsmablml@ Idvaraniehde

hi s case [0 FeGESLIE: B PoT e Papeb L T SLUITER. (A dRdhdent |y
estimate angogdaraipesow hﬁolﬁh%n ARl thdheng Bﬁﬂa‘i‘@ﬂlceuﬁﬂﬁtﬁ' that cha@@sl. Ehik ower ed
when the SNR is high resulting in a reduced feedback bandw dth | oad.
Lat ency reqaghe]@mgai oysafat receiver implementation simpler than a MMSE receiver.
The combined solution enables higher throughput over a larger range.
Embodiments of the present invention allow for per subcarrier power/bit
loading and maintains a sustained robust link through closed loop operation
with channel state feedback. Another potential benefit is that it is easily
scalable to any number of antennas at both transmitter and receiver.
[0025] The CSI can be obtained at the transmitter either by feedback
from the receiver or through exploiting channel reciprocity. Channel
reciprocity is useful for mainly TDD based systems. In this case it is possible
for the transmitter and receiver to independently estimate and decompose the
channel. The channel update rate can be lowered when the SNR is high
resulting in a reduced feedback bandwidth load. Latency requirements and
feedback data rates are typically not significant to the inherent frequency non-
selectivity of eigenvalues.
[0026] The closed loop mode requires calibrations of the transmitter to
compensate amplitude and phase difference of the estimated channels in the

uplink and downlink directions. This is done infrequently, for example during
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feedback data rates are typically not significant t o the inherent
frequency nonsel ectivity of eigenval ues. [0026] The cl osed | oop node

requi res wal2néweabvidsons of the transmitter to conpensate agplistad@@st phase
di fference of the estimated channels in the uplink and downlink directions.
This is done infrequently, for exanple duringSTA association or under

applicatio ontral .. and ¢ Ci Lty far I i on of
t he channel%'lglsf ot 1r‘il’tlé’rlllaosr.u n rai’i’ﬁ’??%ﬂ@%n%% Ia?ggggl\]]é)e c?)lg}l }lgﬁ;egﬁ;—rgée{?m is fed
back ll:) Io tEe”cax_t thmssﬁmfaﬁbntoﬁthelphmﬁelaedatpith\mdsatla addition| a QD@7]|SIFRyure 1
is a bloc i agram of an M system 100 i npl nti.n cl osed | oo
mode. The $E P@?Plh?@%k?r%&jif’géwé t‘é)lc\@rté%%?ﬁ]{ ’grtoffﬁng%‘%g%ﬁpjflggé% n?lr@g Thg
transmtterodo) conpricses A ishaBiRk GRSPHR' ofldr. OFDMLMINIOCKRterh1400 @ pover

| oading unit 116, a plurali tf{DeOf SFBC encoding units 118, a plurality of
seri al - t o- peapddrhentifgsaRlosadnipep teede. 1Tbe sysisiny 1Q0; copnpyiseg ybrangBabtedr mer s

122, a pluraglity, of |EFFT i 4 I f 1 t
(ot showny 10ARE Sieeriver 14 dhedraedie? R0 b Rptie ehbbMIRBLbIAXRINE
Wi th a charnslultipkket M14ndi goaderr loadige) uititi K18, iaspheality oo SFBE eneknger 130.

The CQ is used to determne,a ¢qQding rate d nodul ati schene, pe
sub-carri eru_né‘is blf%l?pplf}\‘r? @b%%“r‘?ﬁéﬁ@arﬁ'ﬁ@ SOetrrg r%ﬂ?@aw?%rwto?m exed
by the mul te'ié%n%mi%%ei‘é“l@ﬁ WO pRITaliBY &f @ $nfiRaiB4 d0A8blubhBty bansm t
power |evel of each data streamis aq{hlfted by the power |oading unit 116
based on f dedipanik. affeanpswerot | gwaimg The changelaghepsies bbiveancpdeseldatai t h

respect to th t t f h el b . . l . 1
bover over HPRTAyaRseaaapat PLgE cApmra ity SELANEF GOP bR ieiscfeT
detai | bel avem[13R28ceivoe HBC HrcOGIng usdd $o HbBerpeink os rcoGirigCratecand ng on

the data streans., SFBC encodi ng i s .done over gigen-beanms_and sub-carriers
for each danredvlatien sphame per syfcarrieror spqup-of HcATEISE s Jfhe ?iﬁ??éra? airs

Ub- car 1 erer e Rt S it b B L Bl bt o L™

pairs [0628] The transmit powier level of each data stream is adjusted by the
power loading unit 116 based on feedback. The power loading unit 116
adjusts power levels with respect to the data rate of each eigenbeam to
balance the total transmit power over all eigenbeams (or sub-carriers), which
will be explained in detail below.
[0029] The SFBC encoding units 118 perform SFBC encoding on the
data streams. SFBC encoding is done over eigen-beams and sub-carriers for
each data rate that is transmitted. FEigen-beam and sub-carrier pairs are
selected to ensure independent channels. OFDM symbols are carried on K
sub-carriers. To accommodate SFBC, the sub-carriers are divided into L péirs
of sub-carriers (or group of sub-carriers). The bandwidth of each group of sub-
carriers should be less than the coherence bandwidth of the channel.
However, when combined with eigen-beamforming this restriction is relaxed

due to the frequency insensitivity of the eigen-beams.



of sub-carriers (or group of sub-carriers). The bandw dth of each group of
subcarriers should be I ess than the coherence bandw dth of the channel.

However, wibenocotiined with ei gen-beanform ng this rest PCELSV5028482] axed
due to the frequency insensitivity of the eigen-beans.[0030] The pairs of
sub-carrier groups used by the block code are considered i ndependent. The

follow ng i exa . th 1 i S pl4

synmbol : r @ O-%]S, ng‘h? ﬁél{é 20%[ %@%gﬁ’c%}%ﬁﬁg E%C%gnk%%?o%g&u%weg%8
construct Gebbideyetbidepbnderstl | Thalfollawingeissan teRempied of] thé ddamoatietype

mul ti pl exed the S/P conv rs 120 and input to the eigen-beanforners
122. The ei C@@&HF@F%PE)@&FWD%]?‘% bute the eigenbeans to the transmt
antennas. The | FFT unitis 124-tonvert the data in frequency domain to the
data in time domain. § 0?32] j’}e recei ver 130 conprises a plurality of
recei ve antennas (not slfewny, la plurality of FFT units 132,

ei gen- beanforners 134, SFBC decoding units 136, a conbiner 138, a channel
decoder 144[0031kchann®ncedhe PFHS; engnling unids 1dSrepgiryet OFDM mymbobsor

gener at or 141? 'sugggr:i%lrsﬂ&?e Eodeat .o gligeznﬁﬁ@?é%&g% ﬁ%&g@ég@%ﬁ%@lﬁﬁ to

frequency domain and the el gen-beant or ner Ing unrt 136
and a channaid depatieto 1hé pigdnchbeantfoemerpdd2t eTheeegehdreantformhenss 188r f or mned

at the transm tter 110.., The combi ner 138 combi pes t he, SF ecadi results
Gsi ng. e PP o HEoREERPSIT HRCRS (19051 PR TDE DoF G 1440

gener at es CHRARBR!thEREEL in HE§Héhe§ doh#ifith Shé BAAENGEmE d3nmmt t ed from the
transmtter and deco%)‘gses the channel matrix into two beamformng unitary

matrices U @A2N, (UTherreceisiers A8 camprives 6r plusalityvef) receive antenpgiofot matri x

([j)e(r:)g:rng? ; f%}%w(ng%@gaﬁ@ é)g #@gf%geiu ?52,‘-&8&9%%&%@%’ |1§Ji, gﬁ%é’ﬁiecoding
units 136, a combiner 138, a channel decoder 144, a channel estimator 140, a
CSI generator 142 and a CQI generator 146.
[0033] The FFT units 132 convert the received samples to frequency
domain and the eigen-beamformer 134, the SFBC decoding unit 136 and a
channel decoder 144 perform the opposite operation which is performed at the
transmitter 110. The combiner 138 combines the SFBC decoding results
using maximal ratio combining (MRC).
[0034] The channel estimator 140 generates channel matrix using a
training sequence transmitted from the transmitter and decomposes the
channel matrix into two beam-forming unitary matrices U and V, (U for
transmit and V for receive), and a diagonal matrix D per sub-carrier (or per
sub-carrier group) by singular value decomposition (SVD) or eigenvalue
decomposition. The CSI generator 142 generates CSI from the channel
estimation results and the CQI generator generates a CQI based on the
decoding results. The CSI and the CQI are sent back to the transmitter 110.



deconposition. The CSI generator 142 generates CSI fromthe channel
estimation results and the CQ generator generates a CQ based on the
decodi ng weuldmo74The CSI and the CQ are sent back to rhE/uUsc@s®ns48t er

110. [ 0035] The channel matrix H between nT transnmt antennas and nR receive
antennas can be witten as follows: [0036] The channel matrix His

deconposed VD asf ol | ows:; . ' ar i rices
and Dis a [Q?% onal ?r‘#‘%l.meel &a@%gya%%@%% n&%&gﬁgﬁﬁ%ﬁ%ﬁ?ﬁlsmt
synbol vectreéeite ahteARSStin pé eatitiémgs fdlosisnpl y perforned as fol lows: x =Vs
(transmtted signal). [0037] The received signal becones as follows: y =HVs
+n , where n is the noisé&intmoducel.in the channel . The recei ver conpl etes
the deconposition by usjpg anyatched, fiflter: g HjM=V HV D HJJH = J HJjH
[0038] After normali Zag channel. gain flor ei genbeans, the estimte of the
transmt synmbols s becohes s =aDHUHHVs [+h =s +h [0039] s is detected

wi t hout having to perfofsubgessi vlerirnt er f erence cancel | ation or MVSE type

detector. DHD is a diagonal matrix that is forlﬁrgdsftaé%ei el val ues of H
across t he [893onal . The ehamsl anatrixtd iy degomposed 8% pyfolipwes Uare

ei genvectors of HEP1l, YV I,x&}fei genvectors of BP1H and D is a diagonal matrix
of singul ar val ues o{{H square roots of eigenvalues of HH11l). [0040]

Foure 2 | SRl agbamitln AnakilSR0D 5P URBAL] RiOROU &pammpde i n

accordance W he present I nventi on. sﬁst e conprises a
transmitt erandlP cagarar.r eClgdny efor 28&hsnib syhebob yedtolr o pramobeit precatibg iat i on of
space- f requenci;w():é)rgi ng d?nd lslpat:i al spreading in thetransmtter 210 provides
di versity IR @siad-asfglle®s: A variant of this
x = Vs (transmitted signal).
[0037] The received signal becomes as follows:
y=HVs+n,
where n is the noise introduced in the channel. The receiver completes the
decomposition by using a matched filter:
vig® =y*yp*u? =D"U".
[0038] After normalizing channel gain for eigenbeams, the estimate of
the transmit symbols s becomes
s=aD U™ HVs +17
=§5+7
[0039] s is detected without having to perform successive interference
cancellation or MMSE type detector. DED is a diagonal matrix that is formed
by eigenvalues of H across the diagonal. Therefore, the normalization factor
a=D"2. U are eigenvectors of HHH, V are eigenvectors of HEH and D is a
diagonal matrix of singular values of H (square roots of eigenvalues of HHY). -
[0040] Figure 2 is a block diagram of a system 200 implementing open
loop mode in accordance with the present invention. The system 200
comprises a transmitter 210 and a receiver 230. In the open loop mode, a

combination of space-frequency coding and spatial spreading in the
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schenme can be used when operating with | egacy 802.11a/g STAs. [0041] The
transmtter 210 conprises a channel encoder 212, a nultiplexer 214, a power
| oadi ng uwwoOto@1R974a plurality of SFBC encodi ng units 218CTaspéodnad4sty of
serial-to-parallel (S/P) converters 220, a beanfornmer network (BFN) 222, a
plurality of IFFT units 224 and a plurality of transmt antennas 226. As in

the closed finden ¢ fov?&@n@ﬁbrﬁﬂp%@ﬁfoug Jrgqlltﬁg'xu%b@@{ A #arsigltesiie coding

rate and nodul ation per sub carrier é:%roup of carriers. The coded data
stream i s reghemplcan bd usyd wihenroperatnewith legary 8020l tafp SdAsmor e data streans.

[0042] In t p I t he ej anf orper s C t e Beam
For m ng Net[%ﬁj (BFr\BeﬁgZEranﬁ? t%i:kgg TGN geé:kg&ll%l s%gé(‘:\&eer \511B
the nunber mhltiMepeag, &2Bwet leadden iRt 1S, as;ﬂum:tymmwemmg uﬁited by

the BFN matri x operat on. The j ndepend sub-carrier roups used for the
SFBC codi ng18r e tRluradHyt o deral- )F%H‘?‘W]Gﬁa(é/@eﬁ%"elf%m s For bg EY€Eupport ,

SFBC codi n%e%ﬁr]{'@Flb?2g§, Vé“ C flty bOBFIBRGnGs VBIUSAAd a [ R @A Rsmit

pernmutation 1s perfornmne | iproves diversity and therefore the

per f or manc endénnaxg226/ 86in thetlysed)liopreode, t{le@:hal]mélﬂmlcoé@ezlﬁeusezml

conpri ses rec I,ve antenpas 2 s 232 BEN. 234 an SE ecodi ng
and conbi n| ‘ﬁﬁﬁl nf3%°(§ %ﬁﬁﬁn’énloa&k%{?&epetzﬁgb c%%e %%'GZ! convert
the recei VerﬁéﬂnaThé RodddTBatioSRbAM! 8 hiRigE@by ithe fm@lmp@a@y Hanmite. The
SFBC decodi ng and conblnlng unit 236 decodes and conbi nes synbols received

from sub- catﬂvplcé'rm@fiecﬁﬂﬁéﬁ 881 beans and converts them fromparallel to

serial usi prior i
conbi ned uglg(r)l?]l\/RC %Qﬁ&“@%ﬁk &kegggeéig%gg ecodes t%hggpg%%rﬁgifsynbol and

gener at es BeaHh Fo@'ﬁfmz@]NeAWbrk $BFRNPEEI nEhe BEN fwbormisoidbengns & erpeai ned
el N R o e T Y o pRBRGEEHNETCY,
bet ween t h&onstructed by the BFN matrix operation. The independent sub-carrier groups
used for the SFBC coding are transmitted on individual beams.
[0043] For legacy support, SFBC coding may not be performed. Instead
diversity through beam permutation is performed which improves diversity
and therefore the performance of legacy 802.11a/g equipment.
[0044] The receiver 230 comprises receive antennas 231, FFT units 232,
a BFN 234, an SFBC decoding and combining unit 236 and a channel decoder
238. The FFT units 232 convert the received signal in time domain to the
signal in frequency domain. The SFBC decoding and combining unit 236
decodes and combines symbols received from sub-carrier groups/eigen-beams
and converts them from parallel to serial using a prior knowledge of the
constellation size. Symbols are combined using MRC. The channel decoder
238 decodes the combined symbol and generates a CQI.
[0045] A first embodiment of power loading is explained hereinafter.
The spatial processing is a combination of space-frequency coding and eigen-
beamforming. This is performed to give the best compromise between the
redundancy gains that SFBC affords and the spatial multiplexing that the

eigen-beamformer provides. The power loading scheme operates across the
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redundancy gains that SFBC affords and the spatial nultiplexing that the
ei gen- beanf ornmer provi des. The power | oading schene operates across

t heei gen-wodes/b74ihe channel matrix. However, SFBC al secrntscadoess? t he
constraint that the outputs of the coder have the sanme power | oading no
rrﬁtterdv\hat Bhe I nput power loading is due to the cross-operation inside
t he coder 046] . Fi gur o] r ) 1 or
depi cting p{ r %oad%ﬁ t%eFF%%}Igels&gFlI%{ ;I—g)g‘{eg}4§£%§asag&;rsﬂlg{ﬁ&{e&%n%ri and

t hfe first eoixedinerthadfthe hﬁ1tpﬂt.seof tloadbdeyr hahetbe vianle ipewex dbadingdnani t h
reference to 4x4 case. However, houl ted that the 4x4.case can be
ext ended t ST Wf‘ﬁ%?h%}i%% P‘T"(?(’Si‘?? 1Rg s g"ﬁif’&?‘&ﬂr‘éﬁs -QQEERAT ?Iésrld(f(ghef our
streans of .gat,a are mapped to 2 pairs of power |oadi ng/ AMC nodes. In other
wor ds the nodul ation order is selected the sane for each ai r_of inputs.

This is | et[@O‘lGiappedFitgur@éi issa dflock @@mme@f (m%lpﬁm' teer 1HbIgyodapictinghdi ng
unit 116 is %gﬁll (g f‘herggﬂh%gaﬂgg%izle Q%U&a@%%@@g thep passed

on to_the @I OI’I’T'EI’ I’TB.pSt elnputs to
the ei gen- gadediént bKE‘thel”tp(WI lohﬂnmgwyhemleazvﬂ} b@empmdnglth[ afda8hedte al | K

subcarriers, thee enval f t Kk
transmi tte|4 RS h’g}‘ﬂf‘&%r’gﬁ%hg’g}ldf g‘?encgf‘ghﬁ@lt&ga 4 %%é%aﬁf %@&eﬁgé‘rg‘? | ows: 2

", - SI- g,lylotwcra%egl\]c is the i-th eigenval ue for the -th subcarrier's
channel. Tvvo SNIRs are defined for two coupl ed ei gennodes as follows: M| M
2 nodi = 40@¢MBnoi 2 Forla particular suhgpprier k, four streams of data are mapped to

2 pairs of power loading/AMC modes. In other words the modulation order is
selected the same for each pair of inputs. This is later mapped to pairs of
eigenmodes. Output of the power loading unit 116 is applied to the dual 2x2
SFBC encoding units 118 and then passed on to the eigen-beamformer 122.
The eigen-beamformer 122 maps the inputs to the eigen-modes of the channel
through the preprocessing.

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

as follows:

»

X 2
a; = Zlﬂ‘i,k
where 4, is the i-th eigenvalue for the k-th subcarrier’s channel. Two SNIRs

are defined for two coupled eigenmodes as follows:

Pronn = Zl“l and  foog = i |“i|2

i=M/2+1

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

indication of how robust the eigenmodes and hence the signal that is carried
-9-



where Mis the nunber of eigennodes. In other words, the eigennodes are
grouped such that half of the eigennodes with the | argest channel energy
(or SNl Rweaneodaomme group and the ot her hah with the weakastooshasiael
energies are in the other. Therefore, the harnonic SNIRs represent the
total channel energy of the stronger and weaker eigennodes. Channel energy
I's an indi 8\%{? s El%%oﬁgg Wtuid P@. eMHE E‘Iﬁ@%ﬁﬁ@ﬂqs heBE €0 labplysdi@Raéntt hat is
carri edover these ergennodes would be. This information is used to_apply
di fferent adagtivensotdation hod codidg ¢ AV GprdinGliffarehtqrovairfloadiag forpeanky

| oadi ng foy each half_as js explained,in, nore detaild subs t ley.r The
separ at i on{léﬁ hes @68}5\1%%& G| xﬁgredldggad{afsph%e@uggaym Ifél\ﬁsg%gﬂg? 1:rhleng t he
cl osed IooponggNﬁRQagggeﬁﬁmnbag; 110 has the know edge of current CSI
fromwhich it extracts the eigenval ues and preprocessing matri x. The
transmtter 110 al soyi nf rs_y;he data rate that can be supported in the
link, Rb, fromthe CSl. "THeén, m‘iS%)wer | oading for a given, acceptable, CQ is
an optim zgfg49n bet vB@fing e ndlodedr loop dieratidmahe clransmitbemi1@pdrasGioM synbol
and the type of nodul ation th S to . bhe used for, each node. .] 0050], Usi ng
the channeﬁn@‘ﬁlﬁdg? @%Ic&mf‘é‘ﬂ?eggﬁof’m@ JeNfBd ieXIa'?Ctéx Qi ﬂgﬁn‘?&ﬁ?ﬁef‘{dhe

maxi mum bi i)réfﬁb&sgi% L ﬁ%ﬁbﬂlé ReRiREr 190 Alfieithanhel daandtd tigk dan

det er m ned. en, usSing the node separation cal cul ati on_above it is

det er m nedbaewppirdedin the ik &bdfrom the Cils Thepupevebadinentor fegiv@B: pairs
of nodes. Figu 4 is.a diagram.of.an, exennl.ary. [ aptive
nodul ati on? (%Bgag%ﬁ’i hglrfﬁpﬁﬂ ﬂ%ﬁﬁlé?%élnb% \Wﬁg}éaﬁ%re sn‘%g%nltr)aggiglﬂ%g% %?g 1%ﬂarrpl e,
the bit rakgntatOFBM bpmbobaed tiadtype of 4ndilulatipe thaFBNb endeet fooeadthe
particul ar sub-carrier. The | owest nodul ation order satisfying the bit rate
is found i ®md9egure 4 as indicated by the dashed arrow. In this exanple,
first and &g)%p'd no i P31 fon@feyCRURI 1S ABH 8kniolik i BE edplanged 6 QAM
and third an ourtﬂﬁ%gglslé?%aecongnpagly? of coupl ed@angdes) Wi | Iﬁb_e.usi ng 256

QAM [ 0051 hbdind, ¢hé hatxitring biterase that sardbe snppated for thachamnel ¢padition

is determined. Then, using the mode separation calculation above it is

determined how the bit rate needs to be distributed between the two pairs of
modes. Figure 4 is a diagram of an exemplary power loading and adaptive
modulation and coding mapping between two pairs of modes. In this example,
the bit rate that can be supported is 24 bits per OFDM symbol for the
particular sub-carrier. The lowest modulation order satisfying the bit rate is
found in Figure 4 as indicated by the dashed arrow. In this example, first and
second modes (first pair of coupled modes) will be using 16 QAM and third and
fourth modes (second pair of coupled modes) will be using 256 QAM.

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

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

is explained hereinafter. The eigenvalues per subcarrier A1k > Ak > ... >
-10-



acceptabl e and for one subcarrier. In the case of alternative M MO
configurations, such as 2x4, 2x2, etc, the sane power |oading schene is
appl i cablwoes@apb74ihat the total nunber of bits in the trablus2@seses are
scal ed down to represent the transmt capability and that power | oading can
be done on a single pair of nodes. [0052] A power |oading schene in

accordance £GAR i | soexpl ai n i .

ei genval uesmgéeﬂrj) gﬂ%car r ﬁeaﬁ{%)%%%ﬂ?&in% 9% K) 3 'f'.’%ﬁ%&%ﬁ%%%c?éyrg%ﬁ%&gand

ei genbeans thekante?ranked eigenkalljes dorealt seladaerelyagfotlopsng t he sane ranked

ei genval ues for all subcarriers as follows: E1 ={I,Q, 1,(2),..., I,(K}
for i =1,2,..., nT, sMer@, Ke2i.s kg foribas2,af n¥pbcarriers, nT is the nunber
of transmt antennas and Xi (jé%) isthe i-th eigenvalue of the j-th

subcarri er . Whare K iy phepumbsr gharbcargepss pTup dhe pambes of transmibpgtanpasues per
ei genbeam BTRULed 1A% : ! i Lred to
create A a?r{blﬁit}i;es pacggft?lzea%%#gy ?fot%%%ﬂ]ssﬂg a%k?@%eﬁv‘g{ ]E%Q%E{(% N =
1, E2 k ...[p8B3li, EnThetaveragdoviether cigefivalhes BbiReigenbeguniarei ongruded @s t han
SNRmax, th\%n 1t he second ei genbeam of the pair is replaced with the

ei genbeam iCHR"Fhe next |ower ei genval ue average until its SNRis |ess than
or equal to SNRm n. SNR(IJ} = av + ) /sn, where s;is the noise variance and
SNRMin is the mni numvl&qu/I(eﬂ SNRférar= 1f2¢.,hTghest data rate for a required
quality of service. Thi &5t ep is repeated until all the eigenbeans are
aired. Fi 5 sho e LI S an. r for
bower 1bi t oading. [ S0CeTERRARS el pRRLd rplio NEA] Sha i MUMR)

det er mi ned WycksappiingstiBe, BRR @, E4pai. AEHS, Efik .dHiAly BeBuif0 Heveyev,eif

quality. The r i r.ed SNRs may be, adj ed for all pairs. of. eige ans to

conpensat e %8 rﬁﬁe"frﬁa%ﬁrl@ r%ﬁ%%elé ?JP%I? §@l’d""n@?@_ t?’r‘?eseg%'f% FIQBPQ??S‘% OEt%ﬁSwe r be

g onstant. [ROP& réplieidowithvidiet diedtanP@ith Ghe QbETIRRRGgdRaled Réaagber may
© until its SNR is less than or equal to SNRmin.

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

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

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

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

computed as follows:

Wi @GN = 1,__—‘3];]2(8;7: ’

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

or second embodiment, another power loading is applied across the sub-
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conputed as follows: , . . SNR(i) s 2 WL v 2A0 where i is the i-th pair of
ei genbeans, j is the j-th subcarrier. [0057] In accordance with the third
enbodi menwQ 2006/@dditi on to the first or second enbodi merCI/ts2@ses4sponer

| oading is applied across the subcarriers or group of sub-carriers for weak
ei gen-nodes. In other word, instead of power |oading being applied to all

el gen_m)des éat %%qmb%é)%g%lf Isgg-cgwti rs'Qr %Qﬁ%ﬁeﬁ% gL ﬂie&hg% W%Q&I, iﬁ%ﬁﬁ can
benefit fromihe poWwer 1l oadl ng S Mol MP%such 2 case, those€e ‘el gennodes

t hat are noéf powear ldadate Beingnapplidd tdallceiféiodes iit kwar be cafiphigdoonlgao have

di fferent AMC settings individually, ereas. those ei gennoges 1t hat power

| oaded shar¥oppEhatare ‘W\%e%f iltff‘&%ﬁ?ﬂlgﬁ’%? %‘?1&?5}19, E‘éa‘gP%gﬂ‘?rHH’é of the
channel arerakugys Qldeirshe! HoboWBles tHAMR AONESREr 16hdeRRSEtil] BiavRal i ng
ei gennodes of simlar power one nay inprove the power |oading of the

channel . [ 09BBC pr sgther aodingo oeseamdiage héifiereny AME| spitiags eindividnwgdlyunber
of receive and transmt. ant C | ' ) dj : r of
ant ennas. on B I3 SigAbARINGE TR PR REP B Ll A BEUBUIRET O
are used. Thetdmbl cAlbe| the sigemmbiesf tHeechammiebuse abmniysgorrdaiédirs pswppor t ed

and the staje of the spatial processing and power ] oading that is

appl i cabl e fremestEensest Weéi.‘e#agé% PE“}%S’@F”&"&?&)B@W@#& POERTMESTEH d

el enents of i\t NGvOERS Fier IOUGIN P& ERardRICr i bed in the preferred

enbodi nents 1'n particul ar conbi nations, each feature or elenent can be used

al one wi t hold58he ot Hespiidalt nrasesvingl scheme ris sconfigutable rtef any aymdhebodi nent s
or in various conbipnations. wth or wthout other faatures.an s of
Che. pr ecent MERUSNEID AT penate  Smtiaiioly Miéoepdild B yRpgper=at
I mpl ement i ngntepase oh eaclusideya bbrabinatiodi of $FBEF-BAY eigen-beamforming options

are used. The table below summarizes the various configurations supported

and the state of the spatial processing and power loading that is applicable to

each scenario.

vigen:Bea |
M beams at Tx
MXNM,N#1) M/2 block codes N beams at Rev
To be determined by
I1XN (N#1) not used receiver vendor
MX1M#1) M/2 block codes M beams at Tx
Table 1
[0059] Although the features and elements of the present invention are

described in the preferred embodiments in particular combinations, each
feature or element can be used alone without the other features and elements
of the preferred embodiments or in various combinations with or without

other features and elements of the present invention.
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in an orthogonal frequency division multiplexing (OFDM w rel ess

communi cation system the nethod conprising: perform ng a channel coding on
i nput datwogbesram4inul tipl exi ng the coded data stream t eChus2@s/oasse dat a
streans; obtaining channel state information (CSI); perform ng power

| oadi ng based on the CSI on each of the_nultiplexed data streans; pairing
subcarriers for SFBC endoci ng; perfor 18KRC encodi ng on the data
streans; peyfiQLd AgifsPRn- beanform ng based on the CSI to distribute

ei genbeans to a plurality of transmit antennas; and perform ng inverse fast
Fouri er transforim (| ARRptHadr for dmpbambéenting éeacd dreyusheyr block eodiagd SFBQ)i me
domain for transm Ssion. f. The net hod. of claigli mher%éﬂ the subcarriers
are di vi ded™ nd é’rﬁToﬁf’ﬁf" t§?‘38‘r‘elbﬁyou‘§é“%?ns idpjaxing QDN Friteless of

cl ai m 2 wheiphmuhrativh @iéteni, th encheligbreprisidgcarriers is | ess than
coherence bandwi dth of a channel. 4. The nethod of claim1 further
conprising: cal derirmige 8 shanesl cedingpn input datastesaiBnnode for al |l

subcarri ers: - calihl e B Bl Gath $hRhal €1 inblddta Shréblip) for a
plurality of nodes ron1%he channel energy; cal culating separation of the
har noni ¢ SNRs; dbtanmgvhagnel satainfarmeatitm(C3ln be supported fromthe CSI;
determning bit rates.distributed between t.he des. 5 he net.hod of claim
4 further conprif m%pgwgrbf'o l%ﬁ)g?%n(ﬂ’ M§8thaﬁpf£ttﬁ%ﬁnggpge§(§deach
subcarrier @tasyleaisi er group for weak eigennodes. 6. The nethod of claim

1 further conprising: ranking the_ei genvalues per subcarrier;
pairing subcarriers for SFBC endocing;

performing SFBC encoding on the data streams;

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

performing inverse fast Fourier transform (IFFT) for converting the

data stream to data in time domain for transmission.

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

plurality of groups of subcarriers.

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

subcarriers is less than coherence bandwidth of a channel.

4. The method of claim 1 further comprising:

calculating channel energy for each eigenmode for all subcarriers;

calculating harmonic signal-to-noise ratios (SNRs) for a plurality of
modes from the channel energy;

calculating separation of the harmonic SNRs;

determining a data rate that can be supported from the CSI;

determining bit rates distributed between the modes.
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generati ng ei genbeans by grouping the sanme ranked eigenvalues for all sub
carriers; calculating average of the ei genval ues per ei genbeam generating
space- f r egjoen@yo2bidocks by pairing the ei genbeans; and deCEruskonsngs4ar dat a
rate for each pair of eigenbeans by mapping required signal-to-noise ratios
(SNRs) of the pair of eigenbeans to data rates. 7. The net ho? of ¢claim®6
further conprisbng aTbe ametbpd afjclaim dgfurther, wapridng Shrster of APPLRRE r s of

ei genbeans _t 0. cONnNe f e S I it
bouer bo et TRk Aot e Earhibt U0 MNRBE b o wodiR STt

appl yi ng a eigdrghddegect or per pair of eigenbeans. 9. The nethod of claim1l
wherein the CSI is generated by and sent back froma receiver. 10. The
nmet hod of claim 1 wherein the CSI is generated by a transmtter through

channel reci progity. Tihd méfhs®biQdinh Qrfut-tiel esmptiking: space frequency bl ock
coding (SFBC) in an orthogonal frequency division nultiplexing (OFDV

wi rel ess communiraekingrihe gtgeanpluel @ensehroariewnpri si ng: perform ng a channel
codi ng on input data,str t i wo or
more data st eafenparterardsti bR s A LR RATA O 2 0

encodi ng onsublardetsa streans; generating a plurality of beans by a
beanf orm ng networ k. and permnuti t he gener at ed. be and perform ng
{(iPeeiger g

s
i nverse fast FoGRicBlatinegrerageelbeeige ueémg}gcepﬁﬁa@he data streamto

data in tine doah&ahRl dphtdlBRbEeh@blodd by PhifiRBahaeitenbedmsadEnent i ng
space frequency bl ock coding (SFBC) in an orthogonal frequency division
nul ti pl exi ng (OlBMrmvining @sdatromatmiferiteaeh Baistdnpigenbeasps hyaimaapping

conpri sing :required signal-to-noise ratios (SNRs) of the pair of eigenbeams to data rates.
7. The method of claim 6 further comprising a step of adjusting the

required SNRs for all pairs of eigenbeams to compensate for measurement

errors and make a total transmit power be constant.

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

weight vector per pair of eigenbeams.

9. The method of claim 1 wherein the CSI is generated by and sent

back from a receiver.

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

transmitter through channel reciprocity.

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

performing a channel coding on input data stream,;

multiplexing the coded data stream to two or more data streams;
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a channel coder configured to performa channel coding on input data
stream a nultiplexer configured to nultiplex the coded data streamto two
or nore dabalstmenmns; a power |oading unit configured t@®cparstasmesasner

| oadi ng based on channel state information (CSI) on each of the multipl exed
data streans; a plurality of SFBC encoding units configured to perform SFBC
encodi ng on t he paking sthcamnersiior SERCtensioengst subcarriers; a plurality of

ei gen- beanf or ne | far ' orm ng based on the CSI
to distribute e%%%ﬁﬁ@%#%gﬁgéé%%WﬁggP?ﬁgb? afggﬁgﬁ%ﬁ antennas; a plurality
of inverse fast gEneratimg tar phefadityn ¢fl BEIsubyt 8 bearhfogoriegl netwoekf andn | FFT
for converti ngméhe ata_ st re(ft%to data in time domain for transm ssion; and
a plural i t PeSTULNERA generpied ppams; atus of claim 12 wherein the
subcarriers arepgifyi ik\te@sd FRItUFabiidyy tRins@ral PEFIOF) fosbeodiveitehis thd4. The
apparatus of claim13 erein bandw dth of the group of subcarriers is |ess
t han coher ¢lf¢e srgamliogiata op tine demaim for sranppusdP®dar at us of clai m 12 wherein
t he power | oading unit conprises: means for cal cul ati ng channel energy for
each eigennode for all subcarriers; neans for cal cul ating harnonic

si gnal -t o- noi selRati Aa ffdRajud dor amplamexting sphcemfigaeheyomladiecalingnel

energy; ne for. calculatin eparatiagn.of the. h DNi : f
Got e ni ndSERGH " fa et Resepd HFBeSY, Aot iReERe RIDMY ERERs for
det er m ni NGoRirhuhidh®en Hystbii, e SbhatveRMpringodes.

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

stream;

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

a power loading unit configured to perform power loading based on
channel state information (CSI) on each of the multiplexed data streams;

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

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

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

a plurality of antennas.

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

into a plurality of groups of subcarriers.

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

subcarriers is less than coherence bandwidth of a channel.
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16. The apparatus of claim 15 wherein the power |oading unit further

conpri ses neans for applying power optimzation across each subcarrier or
subcar ri ewogo@upofior weak ei gennodes. 17. The appar at us pofi/usb@ismesy®7 wher ei n
t he power |oading unit conprises: nmeans for ranking the eigenval ues per
subcarrier; neans for generating ei genbeans by grouping the same ranked

ei genvalues for all sub carriers; neans for cal cul ati ng average of the

ei genval ues per ,ei g ea nmeans _for_.ge i ng: S - qy&w ks by
pairing the ei géﬁbe:ﬂﬁ? %P&lr?rﬁlgnglpfcg%]g%jgge%sn%é%?lﬁggggs%({‘%&r ate go?hggch pair

of ei genbeagmppisesrBppi Ng required signal -to-noise ratios CSNRs) of the pair
of eigenbeans to data rates. 18. The apipar atus ,of claim17 V\ﬁerg n .t he
power | oadi ng umeangfarnepleplating channel enereys for garh HERRmPHR PR 1 ed
SNRs for all hPalless:0f €i genbeams to conpensate for neasurenent errors and
meke a total transnit power be constant. 19. The apparatus of claim
17wherei n the powens| foadéalgulating harméric signpltoseaise ratianSNEEs) af9B1 3i ng a

wei ght vect qr r pair, of. eigenheans, 20. The apparatus of claim 12 wherein
the CSI is‘@‘é’?f@ﬁ&t‘)gamgﬁsgrﬁaagéen HRELSIYER a receiver. 21. The apparatus of
clai m 12 wher ei mddne f&aliflatiapeepirationyof thé hansonicISNR4;hr ough channel

reci procity. 22. An apparatus for inplenmenting ace frequency,. bl < codi ng
(SFBC) in an or fHRegsHar determiping,a @‘i‘f\?iré‘it%ghff’ﬁﬁaﬂ's% BSERT e@(émthﬁi(?@tess
comuni cati gy system the apparatus conprising: a channel coder configured

to performa channel coding on input data stream
means for determining bit rates distributed between the modes.

16. The apparatus of claim 15 wherein the power loading unit
further comprises means for applying power optimization across each

subcarrier or subcarrier group for weak eigenmodes.

17. | The apparatus of claim 12 wherein the power loading unit
comprises:

means for ranking the eigenvalues per subcarrier;

means for generating eigenbeams by grouping the same ranked
eigenvalues for all sub carriers;

means for calculating average of the eigenvalues per eigenbeam;

means for generating space-frequency blocks by pairing the
eigenbeams; and

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

data rates.

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

further comprises a means for adjusting the required SNRs for all pairs of

-16-



a nmultiplexer configured to nmultiplex the coded data streamto two or nore
data streans; a power |oading unit configured to perform power | oading
based on wbanewi2ostiate i nformati on (CSI) on each of theprowuse@saxadr dat a
streans; a plurality of SFBC encoding units configured to perform SFBC
encodi ng on the data streans for each pair of subcarriers; a beanfoQrmng
networ k coeigegheems to comnensate for measwemept sTropeand make piotalirangithe

gener at ed %%%%?Be m&&g%ﬁlity of inverse fast Fourier transform (IFFT) units
configured™to performTFFT for converting the data streamto data in tine
domain for transm ssion; and a plurality of antennas.

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

comprises a means for applying a weight vector per pair of eigenbeams.

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

sent back from a receiver.

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

transmitter through channel reciprocity.

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

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

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

a power loading unit configured to perform power loading based on
channel state information (CSI) on each of the multiplexed data streams;

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

a beamforming network configured to generate a plurality of beams and
permuting the generated beams;

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

a plurality of antennas.
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