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range of channel statistics typically found in wireless environments. On the other hand,
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precursor and a reconbi nant protease produced at high
productivity w thout addition of aninmal-derived
s. Further requirements would be ro
W&%E%%Eg%ce conveni ence and | ow cost. A bi gb#(g"t@mopsé%()%s
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accuraoand eemriexiyed reconbi nant GLA- domai n- | ess

prethronbin digested with reconbi nant ecarin to

generate reconbi nant human t hronbin. The productivity

of prethronbin at processSY¥MARYvas 150- 200 ng/L,

V‘h"h@ rbrés%n?unm%ﬁtrelgfegqg Sththdd/ arfoo p%?ém?fo? kel ngcbaalcF detailed
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ee W02005038019) . The present inventio
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spectRIn®tAN R Fhit bf FHRITBNRE dNahRel RESTHRINMEA e s ited b.a@:tm@t the
previ ously been used for manufacturi ng%P&O%Fcowb n

transIREEABIER. OrHiIP ARRHTPYORN PR ERRTFE HRtst qryygrd an Teverse
chanrie®s afelrbfigidicalecarin is new. The net hods descri bed woul d

be suitable for | cale rh-t nbi.n uf ac
o ROTE SRR T e R SR iBE FBsoEtaL o 4 HerenCdomain
befor@HWﬂB‘ﬁg(ﬂ?e Eﬂrﬁnlel\é@l?ﬁléltéa\l #&@Qmpl@gmtam e’:itntfddim‘éntaemé for MIMO-
t he |nveﬂt on, ded fo rooduc

OF O sy B PR SPAPSH B N B R rhin may BEtransformed

into tiffeCddMiMrBhdhndbtiapg TS brifbidoatain mahelnaﬂnamanfgn twiBin a predetermmed
e et e%eof Accor

de'avtsar%ﬁdaaﬁsﬁﬁ'ggeégﬁgge%zn fﬁﬁaﬁé%%an@bﬁ%l edPsTBfiphald A eiohinto the
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the transformed coefficients.

The channel state feedback is decoded by the transmitter using quantization codebooks
of the corresponding rates (or resolutions) to obtain estimates of the transformed coefficients,
i.e. quantized transformed coefficients. The rate or resolution of each quantizer is computed in

the same manner as in the receiver based on the relative variance of the corresponding
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acceptable carriers, vehicles and/or adjuvants.
According to further aspect, an isol ated DNA sequence

W(g%{gg)lb%vk%ed codi ng for reconbi nant ecarin acclg ﬂ éﬁo%s

2 or a honol ogrye t here tized

fo tpava ?{%ll ? the
transfopesbpaaigNt o SupISALENO Y TSR LBO AT S 24n eI
transﬁﬁﬂ@&&oef@c@’r@ﬁo%btélﬁ aﬂftﬁéﬁtlﬂa@d/eembﬂ teé I‘qumwsﬁoh&iredwannel

DNA sequence codin reco nt eca
responge S@@qqu\]@s?hgpn "PTS%‘?W@ gb @rpaoqrec Vi pae?%g Q‘}'\r&gdl{\g rates,
and/d? Ch3arief gty MaicatoSESQI) Bt &éhArebnentydiangbet @nymnecaammmansmmer
aspect, a cell line is provided conprising a vector
conprising an isolated DNA sequence coding for
reconbi nant ecBRIBF aesorzmngNt@F $HO DRAWINGSOr a
horml ogue t her eof havkﬁ% ast O %identity to
ales GEPIEMAREY FE"DRAW NGS Fi gur e
1- F|§| 21 m@ﬁ@éaca?m@termpléry Eb@mwlcﬁtlomem usiop hradeptive feedback
Fi gure 3. Exanple of a process outline for thronbin
schemgnuf acturing Figure 4. Nucl eotide sequence alignnent
of Fig exNohidtesdn ecmnplary esethunitatibresysters eningiameasiapliverfeedback
and wild type ecarin Figure 5. Am no acid alignnent of
sChem&conbi nant ecarin used in the present invention and
Wi Fig. 4 Ypstratesan exdrmganyenéhodGoaphcaitguehagnelimpiality feedback according
¢ act i A\ ti on of reconbi nant ecarin during cell death
0 ONg\FEIPO MR gure 7. Activation of reconbi nant ecarin
i nFige$ llustrdteéiaresxensarytetbod s segatindshaBDSRAGHY Féegibaek according
8. .Chr I om Cl EX purification of rh-thronbin.
to onﬁieéﬁpg%gférﬁgngﬁee tLced SDS- PAGE anal yses of fractions
ObFEigi &wdsttmeﬁmmwlarfyl feedtiaok eDestder foednddddMispstenn of
th of a
corp TRHE ] erfugtefther 8O ol ANRREERE. O,
( Frigus éudfyatemamdkergp!ayrteansforroatimnasrbeesspHior jhedaisoidifegdback encoder
abl e control sequences and human gamma- gl ut anyl
S“°“?§P%gdxt§3r ase (GCGCX) associated by suitable control
sebigeddlestratépan ex¢mplatydemnstosmatinouprdcassocioo ferOkBMtfeedback decoder
showd iRtEY 9rbi n expression is in excess of the GECX
expression by at least a factor of 10. The host cell
i sFigueef WY ifstrates thekarfgrotance obd MIMDygyistead a¢nosding tel the present
mveﬁt%' ude, but are not limted to insect cells, yeast
ells, and mammalian cells. Mammalian cells are
paF'Ql thlllmtweqoﬁh@fp@rfp@mancsmf thetddaptivenfieatibaoh schérhe illustnaded in Figs. 6
and 7nclude, but are not limted to, CHO HEK, NSO 293,
Per C. 6, BHK and CCS cells, and derivatives thereof.
In one enbodi nent the host cell is the manmalian cell
line CHO-S. The obt ab‘WllPé[S’b'E‘Sg'ﬁiPﬂdN oduci ng cel |
line is grown under culture conditions optimsed for
hi Gafeging nevolo the diamvingsb Exeraplaiy egaiodinments of the present invention are
At
descﬂ@é@'ﬁtﬁ%?%&%ﬁoﬁ%nf?uﬂtrlr;]alé/'aﬁl%ﬁﬁ‘ efﬁgglg%oc ég?q?l@ﬁov?ﬂq% 1. The
multiple\asYgnnarromnyigatios sy ste et Wanaw fer examplec gpraprlse a multiple-input, single-
outp@ (RH SOPERkdM Ur agfﬁﬂ'ﬂ'ﬂegrl]dﬂt W{lplg ARG IMRRD) Osrys%Frth'ﬁ{o@e skilled in the

encodi ng sequence of one of these protelns’t
art will recognize, however, that the principles illustrated by the disclosed embodiments can be
applied in other types of communication systems.
The muitiple antenna communication system 10 comprises a first station 12 transmitting
a signal over a communication channel 14 to a second station 16. The first station 12 is
referred to herein as the transmitting station, while the second station 16 is referred to as the
receiving station. Those skilled in the art will appreciate that the first station 12 and second

station 16 may each include both a transmitter and receiver for bi-directional communications.
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co- expressed. Myreover, and in particular with respect
to bl ood coagul ation factors, nunmerous nutant fornms of
ins have been disclosed in the art.
wo ?@ggg%fnventl on is equally applicable to pro ?ﬁ?EanS/OSO%S
The 'lahUOf@éhﬁﬁargqrmJttlawtatloabékqtrasrecarmmgasmtncsrotm referredl twlasghe downlink.
The I|Hl@¥rb'rrn%e Vec@f\:/ﬁlﬁrsrfdétfag 18lth ﬂle'utgar?\ég\ ﬁgﬂstatlon L gfeﬁgﬁio es@e uplink.
in ong ?P(ﬁé‘i‘ﬁl@%ﬁ”@@ﬁ'ntﬁé\t dh@éﬂmmmng statioi 1a|rB/a badedstatygmen a wweless
n y

comnglg%:af;%ergﬁéel\?{gg Igradé\frt]{er}te@élwkiét%orpﬁ/ S ngc%beﬁ %{Gaﬁlgn Tﬁe 'l"ﬁ?ﬁ?t invention
may bedisgdrferexamnie.del trpnsnnagate fromcths bpee atatioh 12'8;tthe rrilobEaslatlon 16 on
h d
e e

|EB%F?$$@§m9é§¥@Qéﬂﬂ@mﬁméssﬁmﬂeﬁe@sn@ﬁMQ@humnypetaﬂwmewmg
stationV s afHicH RaPThcRideldng of ﬁ{o'ré’l‘e%ef% %Ef%'nﬂés Iiﬂ%nf??ﬂ t@gné\g &ftenna

in the present i nventi on. term
comMBICAREy SyaiaTs that eraroya Sl@? mwawénbei rthe trenﬁwslng@na receiving

stationd ’Fﬁ"f‘Br‘?iﬁwsdﬁ%%‘t@mapgeﬁyy%aﬁg}géhz%aq hd &#8Ssmitting stat|on 12 has

car boxyT ati on” of [ utam c reS| ues.
detailgg @%'@@ﬁ;ﬂf messhana@itre%ponaﬁ épr thp ehanaein! ddfram de tfaf@mlmmytatlon 12

to the ‘i’éd‘ef\)?f{geﬁﬁtlm'ﬂw% r%ls'é’nﬁn?%taﬁlaﬁ1@@5Mﬁé¥e¥‘@§‘tlirﬁates of the channel 14 from
hinapterus | eucas, the toad sanus

the tra@ﬁmékr&ste@] 131t tharacgjng q\%t@m@rﬁn@maisms gmmﬁehsst@)feedback to
the tréﬁ@ﬁﬁﬁrﬁ“&@tl&{ @o(&'a@édb%cl@@ﬁ%@?@sl)i@wé\féq fte&ﬁn&@&ﬁ’( detailed

snail Conus textile (Begley et al

channgHAtBREAMYAY tha reaiving asgion il G fasthe trﬁﬁéméta}goﬁ%gﬂna@econﬁwﬁﬁs

valual§l® BHSIWBMRIdn ths réierd Rk tha cbmulonenﬁ@é B@Wé@ﬁﬁca@fgd.us@ﬁ@ata In
been expressed i nCOS cells éCZermnec et al

multipjegrignnagyaieMmse g anrust ef tﬁg channel siate fgedlygol incagpsge drastically with

the anﬁBé‘ﬁ@fﬂréhs'nﬂtsé?ﬂtrécé’rwarﬁléﬁﬂ@ﬁé{r@t es such as Anophel es
nbi ae, Drosophila nel anog{@iter and Leptospira wt

I\IEE} 2 é@é@%@? an eﬁemgéfystrar@ 3196 ggtﬁne tr@psrgrﬁm@é@@n 1& and receiver

200 atztﬂgl&%ﬁﬂng Qétlo%‘l@Weéél%r(ﬁ@mﬁe@w&)(f@énﬁat@h techRQQé’s to reduce
respect ively. The, car boxal ase enzyne di SF s%t@m 10

the chaRelelalh oS dagel Lﬁqrsﬁawy'tmewe thabihe agmiraynjeatio

emplo@@%dﬂ%ﬁt%@%&%nﬁh%an&f 1278vYd bemlre%ﬂitéﬂnadat tHe receiving
have, activity simlar to that o

statiom 1o o BENCIAPRISTE) PR B Gt Sy eieond T AP GRRARFY 8! the
receiirgy stii@®nhigman enzyne. Table 2 identifies representative
sequences of predlcted proteins honDIogous to hunan

300 12 IR5° 58 BB e b

CHANNEL FEEDBACK ON _SECON
by a UgPRTI §ANeST T L R O T e P
M do@ﬂﬂﬁ(c&iahﬁelt ()ortel’f&)nh eammrmiimtman hamnedwrdinkichannels from the

e co nicati on net
wansrp O R Ry 1T oHErR S End® Aisparariae 1 br S Brgm
channel state feedback an adaptive mann C use
chanrfs witH & iclpérmeanebamsg?m t?)nen thedinsndldro@n aadid¥ er J?i)eln the frequency
receiver in wreless comruni cati on systens has

domadtt tThatiaeebaridbsdraint-( gl reativedibt the reveringt dhatiopalstis dveady:
because of the potential inprovenent in both coverage
and data rate rke S|ngle]antenna systens, where

r(0) = |x,(1)* g, (O]+v(t) Eq. 1

m=1

where * denotes convolution and v(!) is the baseband noise. The m ™ downlink channel may

be modeled as:
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channel state information does not significantly
i nprove the capacity, substantial gain in capacity can
ieved in nultiple antenna systens when
W(gz%)n)rﬁglk %t ate information is avail abl e at thelél&c/%b%%50865

transmtter In a fgaquengy-division nultiplexing (FDD)

system thegrdépFver G yﬁ?éaﬂl'ySfeeds back channel Eq.2

state information t0 the transmtter Wile assum ng

perfect channel state information at the transmtter

is unrealistic due to the capacity . limtatiwon. . on t T
wherd &bdbackthetthanes! capfiiciepts of Herappd frogeingy” Lenigtha el “ 4 are the

shown that even partial channel know edge at the th
delayb Anantdi estiroator PObet tHe redegyinigstationt 16ganerates ampalimaty of the 717

conpared to SYSt enms that do not take into account
downpMeH1ReNelAcsP @ 9P or mat i on However feedback of detail ed

channel state infogpmation consunes val uabl e bandwi dth

on the reveysgyli NgreueptTy)y there is significant
interest | "dggi gﬁng”’é?ﬁect [ ’(/e‘y)’rret hods of reduci ngaéh' 3
the anount of feedBack of channel state information

wi t hout si gnifi¢antl enal j zi ng_t he capaci f
wherg gy, G- e | #hign e'%ﬁﬁ¥@EW ' Nﬁgﬁf‘gf) qé'?gﬁlzée t&éggﬁﬁ:ﬁ' Note that
uses unstructured bl ock or vector quantizers (VEg) toyy
0 in"RAYGEndieREbAGKIyquananKah Eat At Bhé bhiainendtiotateds gglﬁéﬁ},m:l are
T in theory unstructured V@ can attain the opti mal .
providedtcey ek ive cmpr mesessnr 2@hier dempduiatingithefecgived basetandgignal
VQs grows exponentially wth the dinmension-rate
r(1) prg&gt‘fc}naﬁ? rthfél‘?dmleﬁeétiﬂwa@eiﬂ{go ($y}5,tﬁn3!r’é"irt|6htfo 5 fH¥B AR encoder 206.
an reécei ve ant ennas, the dined&ion of the
unstructured V@ being proposed in the,l |é§3@t ure can

The fRBdBSckl M 8@er2D6 4&c81ves(the sharm@redtiffR@d N ALY, 1,5, @bmeanebhannel
channel tap coefficient) = 16 The storage and

conput ati onal requirenent of |ar %e di ReMsi on
estimaert 204c quandides/ Qe channd) sopffiopmtBin i gelg ingh andl fpedachackéne

for antjzatijon resol utions. (or soyrce coding rates
uanifd SHRE e BRI EoBRTEPa P AGAP: from o o)

conmput ati onal conplexity ano@!l}er problemw th _
unhe estimatedichapmel resporsier Simndbl for the dawraidiypbanne! from one transmit
di fferent channel statistics Most p[o‘g )sed )
antegRfAN B2EINSAPLaBNATSRGEEWIN R EiRPRISSHT gn'&lamwae regponge filter with
0 nbeeehask cashidies tdigt the M MO channel taps are
i ndependent and identically distributed (MD) across
spatial dinensions In pgactice however, the
statistigalf)dstdi oy af M[MO- nnels is often
hi ghl y c%'f'$e)I at e%"'?g}at i;l 3'/"'Lan[d agalggSs frequency VQs
desi gned based on the HD assunption may not provide
t he desired performance over the w de range gémiﬂ hel
whergrm T &t i edt WANSSAYSNtY oA @rotiemvef ererpenisalngr =0 the
the other hand, desi gning an unstructured VQto ac q}mt
trandr@fting statiBRIS iPLGicHIsHt td et draWem Rk chRmupRamEIS L PRl _, .
whi | € mai ntai ning reasonabl e quanti zati on accuracy i 3
noTh@embbdie@ht smeondHin @ yses bhateptive cuantztioh tachnique that assigns a
t hods of, .c ressi ng channel state feedpack that
oreafFE YRR 8P 0 TR 1o B A L PRl on £ FeRe e o e fess
signifiegos civdmriettapal Mhabitiafigcatioas aneadalbptivetyceomnamytedibaked on long term
. [ The,.pr (P [ e S
staiGRIRE e i i e SR EARR o BEER BBt R Bl ovs oo
that b pfestetamined digomtign adaptieva theeres otingjaeantized clkannghesponse is
. I : :
mlmlrr'i?ztegf? ttﬁ@%t%gﬁg{b@' Hfaliishie Bg@nﬁu@ro%pﬁ:%l @Q@Sﬁ?ﬁe cpgrér%%sagrf used: a low

statistics . variance) to coffpress
rate fgfedbiek ¢haonelriBanthetow feedback channel) to feed back the bit allocation and a

Eq. 4
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response of a spatially correlated M MO channel .
Mul tiple | owdi nensi onal vector quantizers (V@) of
resolution (or rates) quantize diff
W&E@%{ag‘%%al ued channel tap coefficients. The FEt8Emsi0soses
highef-gale fepdpack efanselci8bythei fssta@mmack/ehapns&Itaeteteemadaalseedumzed
fiLiBRt \eamead?ﬁ f
o A G (1 o e an e droai e oL BB e Bfraprances o
the chagpeltaps) WF@P@'IEé rrefase gnamnzemrr:dnformenomu rsgandkmgtth@nurﬁber of bits
alloca‘ﬂétﬁfé? h@@ﬁ%é’iﬁn%'teg?zaﬁ%ep@g gﬁ!‘cgw ntbgckt ‘%Ian?rg}ttlng station 12
thro“@h’é‘ﬁﬁgw @?ﬁl?chtqhéﬁnel\ﬂ/ﬁ? CH‘W@@UM @gardlrrgeﬁmelqyam;zted Ivatsion (according
to theRﬁFrEﬁtr MI@Sath Br tAY %Qtldwﬁw egé?'\: %ﬂ'égt% 'cRQrﬁlel %}ﬂzﬁ%ﬂrl@ggnt back

I N one exenp I ment

pe”Odd%ﬂTr[g F@Q%@U"hﬁéﬁlﬁ%@l@a@f Cftﬁﬁ‘ée'l 185t ant aneous channel
r B’ﬁ@%é‘éiﬁaé@&cfoﬁgr 205 RE BdesSd ﬁh#a‘ﬁfy‘ cff $n - E\(é Srdvé?ﬁﬁfé rb® vector

he transmitter. The conpressed
qua”*ilﬁ@t%ﬁﬁt 3 MsYirscaltaiped 14 @aparnae cpgtrcf”éd%%ckh@mab@ rptgstector
quantfz@@cﬂl@qkdlﬁb@éllpQ;Iuant-’gé%é BRaHAE co%?f%ﬁe'n?st f‘oFéa &aﬁwﬁg 1Qa%e rate or

he transmtter over a slow feed cnanne

reSO'Ué'eP. a&e%@&k’anm 2 is iBavidpaliy Stel?étqdet@éw ep thaetatisties gf the

correé‘pbﬁ@hh@ Bhanhel ﬁ@n T'hB@‘nétﬁ@&al&ﬂ&gtbmkcﬁﬂﬁ’&é@gtanét'@s &Mlich as the
| ternat e embodi nent, use when the noi se spectrum

variars, Glenen FRI 1FPAY ST TRENEH AERDRRS e SBRTIAL AP SAtics to the

rate c@ﬁtrdﬂéﬂ‘ 2163fTHeh§hahﬁé1 létefti@ﬁ’cs%?@@@ﬁbut%ﬁ %Fnbﬁtb'cfb%nt“%y orbﬁ"’u this
nput ed |rectlb/q{ he transmtter based on

emboaggeﬂhpﬁeorﬁt% RO B IATEInes 13 PR BRS @'Wéaﬁee f&aeh quantizer

212. wnmrﬂwro‘s eit€ hiaarko ar ah@@r P1DERlated 13 tHOFRe or resolutlon of the
nts, the channe be transforned int

pSs
q“a”*'ée'd??zr efheruagizag WaB%?'&P@fﬁaa%%ﬁ@r % franpites f@ﬁaﬁﬁéﬁ‘sm'“'ng station 12
over tBStdstREb8SackcAan@X aBPp! Ehe bif alﬂ:l%aﬁcb'fb&iéﬂﬂi’ﬁﬁ%d swthbaabeofwmsner 216 is

ey e e S D BRI S T i Rty e

rate c&qmemw@m@éd bafShe thanrel stetigliosrabm thé alene) caﬂo@mortmatand the
et erm ne spread are se)ected

t hi
oit alogRRon SO CRERBFS {PaT SPTaeS 2L B EPPRE STy 12
dThE RBdBACK ddcedérD4 ' tigetdnsaatimg statidrh €2 c@ﬁpmstes I’ag)lurahty of

transf or ned efficients e ant i zedlndv
auantie T AGRaEI B PGS oo TSP ] B OO P BTG R ALy0 senerate
estimadapt thyqbyntizetmbémél a@afﬁn'mmgaaea dnhtee vereivad bits remblvbh@n the fast

feedb%é«a%@ggéggg 3 R 80(34; ent -I}E?eolﬁtgo%ﬂggaﬁsrhﬁtezgy ‘tene r*%% controller 112
based%)‘df@b@tﬁdcﬁ op thet biteallo caitioaSamnthie ngtercahiesiief @16 Bemelrermnmms)tatlon 16.

ain esti of .t he transf
Y A SR
metrudf&ﬁﬁ)khet meéthic @falcelatdn 2q4and thecatei ntolgo Ut 2dt ihe ttanemgtingestation 12
er based on the relative

could AN @es .rr spandj ﬁg %c
\93’?‘9&3‘?3 617 ﬁ8 % &l5Al gt r ansf or med coef fi ci ent .
Stlgs 8djustratey aniembediseert thansnrumms tensowfeedhpph creainelol8a. The

same (5%8 %g Bgm ge:;g%g@%% ﬁiﬁlﬁsd 12 a?lg 5%0‘? Res cérﬂp&%‘ﬁ?s' tﬂfnaare the same.

req uency ona n
In therezsqpdinsent sBasreth fog. 3. Miestrartsanittied stahérof Zraemputes theechannel statistics

of thecqg) an%lgﬁ/ﬂgﬁ ig a Fne%tt5 S?@& %‘HJ‘QS trh@t |sfi'&df/oplrhe downlink

ca or each requency can
chanris a0 stermineatha bibaliocafrsiftareine CRRIEE SBESICRI ETINAEaoE. the channel

statnstﬂé‘%r%\f&{g@%ﬂ@ Quarﬁlz!‘ztl dnus%ttﬁéttt?é s§fﬂe QB ERs@al be generated at both

onmuni cati on sy % | ustrates an exenp | a ry
the trwmﬁtm@ statioroih2 §9§f€t§ﬁ1VU§| gfioar GaJé‘B?? %‘@”efdééén?a%ﬂ'(w”' appleciate that

the meFi8 {Bed to compute the bit allocations in a current rate control period will be used to

determine the bit allocations in the next rate control period. The metric calculator 214 computes

6
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Fig. 3 illustrates an exenplary comuni cati on system
usi ng an adaptive feedback schene. Fig. 4 illustrates

ary method for encodi ng channel qual]
W(?goé)g)égfggi accor dg&g to one e beHisEamsiososes

€ odi ment ., Fig. ;
the SIAFUESF & 88 A <LiEE AR PO B O Ao G WK SRR ShE AR cosfiients.
The Wiidhtdsyorfotrad Batikticcaro sdppligd tothemateaxcatrlieri26, which determines the bit

embodi nent. Fig. 6 illustrate N, ex ary. feedbagk
alocgiigadening winagle DAy SLER P 12 T [rededrdegBie oA o e
transeiten@pbtation 12edbrek trdanedered dvanasl cobfiblentss tremmetrigioglcultor 214 uses

the BB L RO RGBNP U UhOaH T e GBI Hefigd Riponure the b

allocatidng $6rrtad asxtameexampl peripd t Thabit alicratiorecoprpatasiadne previous rate

OFDM f back d d h i.n Fiag..7.. Fi 1
conrb 5 0 LEFENENS 55800 B0 Bl binE oS

quantiged tteanpelesefiicientsventi on. Fig. 11 illustrates the

performapnce of, th dapti v C
ISR PRPEGmRhsr BuR EPlok 2 oh ¢ RRRRBY a5 iR sqr st aps may be
compre¢dsa thagthe owednosduaeediditievengsheteremiilesssyimatedodhianeeitresponse and its
of the present invention are described in the context
quar@fedverbibh isthRirARE & i3 BB, | 10N @Y LA dla‘ks BEN#le tH real and
Fig. 1. The nultiple antenna conmuni cati on system 10
may, for exanple, conprise a~nultiple-input,
imaggiangbatudiphe egtin56) clsarmbktap B ia respectipdip-anapett |
mul ti pl e-out put (M M) system Those skilled in the
~ art.pld; regogni;ze, hpwever, \fhat the principles
a, 7 G%&tal‘h}k@gzbya@ﬂe“@ﬂﬁ@ ¢hed Jenberditeriiat 5™ eactobehannel tap. Let O, ()
applied in other types of comrunication systens. The
denotauf vegbrequantizeTrid 2c6 dimetisoatd g nwitty A quariti@attongarints @sedto quantize
. first station 12 transmtting a signal over a
a,c i catiqn chan 4 1o secofnd st adi -1 h .
k¢ TEERLER oo TIRE Pt d b dsheg ool & B2 1022V, whien
&ragsm’tti ng station, while the second station 16 i.s
denotesrtap NUPELOTRLS @iecatedt i) dpantizestashi(tal-vatnerd e lerent ok @, i. The goal is
the art will appreciate that the first station 12 and
to find dbgypRtinaal kitiaberation ¥agtoeRe A (Fndtudelpbsen aa te minisize thesum of mean-
an(ﬁ I eﬁ.ei ve{1 T r bi-directional communications. The
squarsd@stPitighs PHal ¢agAs RS 9MEN B ation 12 to the recei ving
station 16 is referredoto as the downlink. The Iink
fromthe recei Y(IR) st abi to the transmtting
station 12 is re(fe)rredgégrﬁ§t'he uplink. In one Eq.5
exenpl ary enbodi nent, the transmtting station 12 is a
The ‘Ei&@@'%t@%llﬁérfoﬁ%Cfaar\mf@péfssivmmuni cation network, and
the receiving station 16 is m)bifl e station. The
present inv pbon_maysbe nlfor exanple, to
transmt datquf{’r or_nnE & p é&gt)ﬂt'i on 12 to the nobil eEq. 6
stat %v16 ﬁn.tpe Hi Spgjlg u‘li")ownl i nk Packet Access
( ERRRRERIHPA s 4fuqud i@ solyg gxaqtly siyep the digtortion D(R,) is
. station 12 transmts signals fromnultiple antennas to
a h'gﬁ'Mé'OP‘EE%?rJP%'OE,Pé ronHa@evefa aepdrapprioniolatel eololive @n be derived

. re receLv tennas. I n contrast to single antenna
usmgr“%e %enngtgkagor-aé]ersho asymptotic formula for D(R,) givgen by:

D(R,) = 27N 0',‘27,“ Eq. 7

where k=1.2,....0, o-,f is the variance of vector channel tap ﬁk ,and Y} is a quantity that

depends on the joint probability density Py () of 4, and some design characteristics of the
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comuni cation systens that enploy a single antenna at
both the transmtting and receiving stations 12, 16,
' i n, system capacity can be realized if t
W(??dé)ﬁé%@%i ng station 12 has detail ed know edggg%/§E2toﬂsé050865
quaniiearihé) . Sebpdnting Epr7 infoeEq Baeveals thét the @nbbents of the optimal vector
transmtting station 12 to the receiving station 16.
R thatainimizes PRy a5z givéroby: 16 conmput es estimates of the
channel 14 fromthe transmtting station 12 to the
receiving statjon 16 and pragnsmits channel state

f eedback sz‘tll?e"'tgkﬂﬁ on 12 over a Eq. 8
f eedback channel 48. mw@'w’fjéegi ng back detailed
channel information fromthe receiving station 16 to

the transmttingsta 'QS_Q nsunmes val uabl e
for k‘ﬁé@r?deaQt'thﬁtﬁtfﬁ‘e]? evef s )}4112?/& lihotes thedawet der minstesr bebits
used to carry user data. In multiple antenna systens,
allocatqckpef Y8EtQf chdnneHaPchannel state feedback increases
drastically with the nynber of transmt and receive
aneayRag that the elengnts of iL{pIk ES&W menaticadyn dsiribwtsddoyall & except for their
transmtter 100 at the transmitting station 12 and

ol Riep. 0 8 AT pes ey aalon do e teceiver
P ()RS Behie® e & donan el e e e Sama lesn Erghentis. then {7, )
are idé\ﬂ{c‘i%?éu ?t.tlh'ﬂ%?s Eés%’?%ﬁ?nég%iﬁ @z?ssttat' on 12 and a single

antenna a e Tecerv on 16. The principl es

described herein are easiky extended to nultiple
ant ennas atR_theRHdOgW—l-»g—L—a#?on 16. The transmttin
station 12 (e.g., baii Qaéj jn transmits signals [Ef,

generated by a trans siignal processor 102 to the
receiving station 16 (e.g., nobile station). There are
for £ M.downfi nk channel s (one from each transmit antenna).

T T SRR SR R
variarice$tehé racaivingrtatiohaiéresldsrans inittiry stlteomme mustspoasesgeaively, the

in tj me domsi nd.ln VJ |n the frequen in .
encod 2 et At A of b olbyb AP Bt ik O s since
the rasdsatompatettusirg . Benayoyot eXactly[matth YHe ava(lablé rates/(cStain Eupnding

1 nF\ ere_.* denotes convol ution dyvL/) is th
operalfaSubange AETSEEC T RO TSGR JAnk {’91)&93%%“}?&5‘& cygrall rates

: = " . |
st Bl elesp WRL Exlt by BB LACRHAING) e e cqovt e
rates for ¢het ¢rendelltagsseqiectiainael esti mator 204 at the

recei ving stat ;(_an16 generates an estimate of the m

downl i %Rchaﬁel Rccording to: - _kTs ) Egq. 3 where m -

/[ _ard T i a=lsahp+il%% intervid kused to quanti ze the

delkays T te;tha 3 is(@etnecessaril gq. 10
equal tokQT%)E"ql 2. The @Ei%neb‘ .eﬁ/ti mates \g m (t))q
me] are j=k 7

where k=1.2,...,0 and R, denotes an approximation of R, due to rounding. It may be

observed that where RJ= R, forallj=1,2, ... k-1, R, computed by Eq. 9 and Eq. 10 will be

the same. To ensure good performance, it is preferable to compute the rates in the descending
order of the corresponding channel-tap variances and to use rounding-up operations so that the
dominant channel taps are assured of an adequate number of bits.

The computation of bit allocations according to Egs. 8 and 9 represent one exemplary

embodiment of the invention, which is based on the ratio of the standard deviation o, of each

8
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provided to a receive signal processor 202 for
denodul ati ng the recei ved baseband signal r(t) .

N 1y, the channel estimates \g m(t))
w&%b}uht%g‘? Pgﬁ%&g 050865

I nput variations of

0 a feedback encoder 206... Th
channg b @i SOS eF A NERA P BT PG ied F PO RE SRan
the in@SHiibATHcRIde 204 corfiplaatidrzadittaiecatiban bade doweth iadiheretis mean\of some
functim} tm:\ p angl {)t%edgabaeg the qﬁ%attéize_d channel
bR KarancEs PR RIS ISR YT NG9St ati on 12. The
eﬁtinafeg channel responff o nv) gor Lhe downlitnkI
channel, fro n r m e n be conceptual ly
associ ﬁked' E g’h?a%@fgiﬁe@ﬂngr@?njt e inpul se Eq. 11
response filter with Q nan-2&ro tap coefficients,
e.g., Qm) < gnfri\ mlkd[n - hk \ Eq 4 Jt=] where m=
1, ... . ent| h j.cat |
anergs =12, Y anS SN EN kYool BEePUOR B By ARG R, For
equi valent to the praoblem of conmunicafi \q. /
exam BT Whe Hel b D8t Heh COR 1SS 5o cAtemetBlysphet /() =
quanti zation technique that assigns a greater nu r
V5 oAl e bh A peat A RS RTRHFY PessHon NG e A i BLfne standard
. l.esser .nunber to the.less sjignifican I
devialis 5pif SAPY GARPLRE o SReb B Dere b e e st R
! Web@ﬁ@a atd ks Qmd BRg-EranIglstiEaRSout BHCEhaRrRelirBgbonse (e.g.,
rel ati"'ve powers or variances of the channel taps, so

i edstengined 8 o dr s o Boit aflosations |
n ther%@[&fr? F %81 %cqigb%ﬁetnpzsedqc Hannel "r 82 35‘;‘228&? Ut(r%itui)]riq Pnpoz'te%llof %tlrons o
ifferbMenbMetagd WaRYe Hbredvad habl e bits. Two | ogi cal
d er%eedback a(:dr%annel S g?e used: a |l owate feedback channel
18a (the sl ow feedback Chig?el) to feed back the bit
al | ocati on gnd:5H1@h@9?Q§t 4 d84pack channel 18b (the 12
fast feedback channel) t% /feedback the quanti zed

wnerf L Lol P Lo e RSk ot G apbl b Blon FELTBhe 4 channe
tap. Fﬁa{wsén BRI p A Es&Rlcheal adchaihghs quanti zati on.

formation regardi ng thé nunber of bits allocated for

quant i za@ygo_nzgf"g?ach channel 1t ap ps periodically sent
backpt o Transnaitl 'n}gAsfﬂu_Qn_lZ_I Augh the slow .
feedﬁ‘ack chanhel] 18a. k f opreak A= egardi ng the Q.
guanti zed version (according to the current bit
wher8l{d 0¢at i 0D)arRf Rt BEn&ES bABbSoRMaB8S Br RPREE b FoupbRENE!
real i zation, is’sent back periodically through the

f asd mea@Nedlisotd ambrier IShplehient trRaalatisn eRe adasmidg station 12 and
i.ncl ude i-rate vari abl.

. S lurality of mylti 0 ate
receiyg sta1oR Ja At mpremdns mujfile epeodersand gerprpr i diffigntates and
distoftiah ¢eveBrdorthhtl differ2diGevelef quaniiadibe cambe prdide@raccording to the

BT, B T e TS FE BTk cvantze v
to provedeodifiéreanendls ebqiantzstiohi Zee eRddter soria MWD dtrés ¥ balanced encoding

| ect ed based . on, the .statistics.qf the carrespondin
wee ATARRBREER TS U el i8 Badriinciog e siops, BRRAFEREA S Sbuence
b tyiasti cs, such as the variance, of each channel tap

b EZ ?l%ach otraspreids 1dthembrpaioeoides) véutorcRannfkd muttidimensional
statistics to the rate controller 216. The channel
statistics are Cﬁrputed prior to quantization in this

hypegignscRneemthresnple r/idt e Febaxaanie.dhe damh géthertraeraay pprehosen as
nunber of bits allocated to each quaptizer 212. The

d =MER obikhis (8tnofed)8R cloP cRarfidfidbi 281 tHlehcBaHE bR et Obegins at
the rate or resolution of the

the root node of the tree with the corresponding hyperplane (p, 77) and calculates:
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quanti zer 212. The quantized channel coefficients are
transmtted to the transmtting station 12 over the
WO IR HRE Dy The rat elfﬁm ol ler 216 fs fed BGHREguososss
channer 185, A& FalPY8i = e race control i er a1€a. 14
e ﬁgb%%fre&rasce%éaﬁrqtéé.rf%oggrq% | BB BRe BRI Sgero 20

At thd REXNEVBE tHeladicb8éri 88 Rmpul@ transmitting station 12.
The feedback decoder 104 at the transmtting station

12 conpri antl zation decoders 110
and a rat ?TQOE ylj:@irb (1 T anti zati on decodelEy. 15
110 generate estimates of the quantr zed channel
US'ngé'o%hmecplerrﬁ mnbas.eti’abnorfemon@dertl%ewalm ofsblil le Cldie\emdodar 206 repeats
ack channel 18b. The decoding rate or
this PF%&%% aft%uaﬁe%na'sre?ﬁmea“we% ‘he rate controller 112
based o dback hebrt allocation fromthe rate
controll l;nglﬁt (op I-V-I C)atl on 16.
Al ter nativel Y, ntroI k€r’ 216 at the Eq. 16
rec n[g st ah 3)616 couI d feed back the statistical
wherg B b b2bm-Pht t%nrbfhegpeaﬁmf&*tszﬁ@”a%e@Fpé%rrtemg A, is
controller 112 at the transmtting station 12 coul
reachednttis i o pneasisbARA PYPYS theak) B aequsice kblal.b[3]- - b[R ]) forthe
illustrates an enbodi nent that elimnates the slow
VeCtOf@'@d‘BSBRpc‘hannel 18a. The sane reference nunbers are
used in Figs. 2 and 3 to indic ensthat are
L Ripog sfee Pt o neis casasLll SRS AU AL AL . B therdgoder 104 of
transmtting station 12 conputes the chann

TSVQgafierates eéwart'zeﬁéhamq' tAe HhBaReg|on wﬁceﬁmséreﬁsoé derih ¢ ghose
nodesb etr#ﬁ Iesvagtﬁo&r?a(sje%:ggr}ﬁzégtgn%ang?%% Wtrr :i%g \éﬁoncﬂrlr(golevel of quantization.

The hryherplaeb usta i edtchdsvel Hepanids on traeseytpathoits chrzmpnieu at the previous levels.
t C f .
In adcfho‘% %%{p??{n%ssﬁrgcé ?ncéa ﬁg @ %@h ﬁ%dé gc? egg{;hhd? %Eé&%'clrng tree of
quanttzl‘ear\vsﬁtbtsl) largdezighiet! a0 mbithahel stadistzavdistgbsticatdf o . 16.
Those skilled in the art will appreciate that the
me B peastiod eamnpinicatipusystemahe changie| igeamayyary slowly from one
feedb‘éEl( ﬁr@@ﬁns‘ﬁ fo SRUMLOTHRE i rdhf%rier‘Md qudrBzAtRAGs Erré GahREITA ay be
ocations In the next rate control perio
used.Tindhigeese. dhe alinainleg descobed %ﬁrp@eeepﬁ@t%rraﬁowﬂctw with any
d|fferérﬁlagcguanY%tfoﬂ@Eﬁéme W qEREle HAARARY e iR DERRFeABpd fAdn one time
uanti1 zed channel coeff|C|ents he vari ances or other
'”Sta@ﬁ‘aﬁn@h‘?fcs are supplied to the rate controller 216,
WHihe rbnq&%l%ﬁ 5 PR Srédesi P\Vént%'n'déﬁ %E'a%BF?eof 8roriH¥g oA FréfleBcy Division

rate vec quanti zer . dback decoder 104 at
Multinleyéng (QIHaYH %yrsreﬂgs dp &anrPsz#te@erh@éfseqr%vm'r Qe%fband received-
signafMayBemdeierbfdsci ents. A netric calculator 214 uses the

quanti zed channel coefficients received in a current

rate contgpklrerHpd[ kdsEhipptw([tkle bit all ocations o4

t he next E (l contlf[) q) E ?‘m—l { e] 'bit allocations

computed in_the preV| ous rate control period are used
wherdy + ha- quhénﬂﬂ[e“t i isRNdEc ¥ dermatriy ddmt@QMliM@eChannel fesponse r{k]

estimates of the quantized channel coefficients.

is thetrpeei st aveshi Isis e tRansnptted ﬂ%nal And w43 |s thewissy qlus rnterference
coniBRkASRU Lok DEBAIEL A Py U BOTBUL SR e i

transfilaRfedhag Qﬁ@ﬂp$@oe@édantérﬁwab rBsp‘)edﬂvl@.W TE€Hoi¥€ ESMPEhans w(k] is
m nim zed, as described below Let n k and mk denote

assumpe ta keastatisigaliyingdeneadgntmerass fisAuensy. Rigits saYE@Nen AIREY denoted by
tap (r)mk , respectively, and let _ ( R/ R/ L [/ \

10
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\'al\,k" al\,k'" a2,k ai,k'" " a.\[,k' aMk,|j
denote the k th vector channel tap. Let Ck ( ) denote

quanti zer 212 of dinmension 2L/ with
W(?ZOOSMI%E%l on poi nt; used to quantize k . The ﬁ;lgr P EAR08/050865

qlanti z
R GBI RLEL by 0100089 g ) oo o

value%%c‘q@a%t@aﬁildé{h%adraék%ksled) el errent of k . The goal IS
find the optimal bit alloca

ion_v
; Tme rpoeiin@st e;nﬁﬁﬁﬁﬁ*ﬁl%tésm?ec ORI Eé;r@&fﬁé? By vartarice R, k).
istortjons of an neI taps given by: The

The@hn@pg?ph@}pej Ee/sgonae '? F ¢93annel tap is given by: The

above opti obb ficult to solve
exactly si :Efaﬁfﬁﬁzdﬁaorfmﬁsjjelﬁi ) is a highly Eg. 18
non-1linear function of Rk . However, a good,
for kapipl,oXiMTEYE sssleitbat cedrinzecorst- om!edstaastng of Iﬁb | are available at the
Bennett - Zador - Gersho asynptotic fornula for )D
transgiittieg staion hherer gxampie, th?ecogd-,ogdeﬂ' Khanng §tg;ﬁt@s Gfan e collected at the
receN%%tsP%loﬁh@rB?%lven‘a@th ovér maﬁg%aﬁlzé‘hoh§ oBséWélﬁb\lfér)é dehain tlme period

s on the ] Ol nt probabi | it densi

t
and thensen'do e RSIiNG Hakem { e Teqgheslap f%wéae'aﬁtewslr Jeay 9@@8 previously

desc{lbéd A@ma?tfvbgyu\tvh&gth%%ms% dpRERUrFSh refativ@y @al, st leB&tpaktht® the channel
nponents of the optimal vector R that mnimzes

Sfa“%ﬁ R)ayaﬁ*@ kst cREPUSSA d*f?ﬁ"y et med@ﬁ%@é%”gt Hatiofy e AxRg e negprocal

prop@ﬁy Qf'5h%nﬁél|s@é¥|§ﬁ&dorpf%|‘wéfr§%h@rre\fé'?s"é'kﬂ%'nnélaﬁ4 Assuni ng
he el enments of { a are identi cal szdl st ri but

f oF'ga‘l" lugtraigs é’b?x?’BP'a’t’YH@FﬁhOQ/ aP PR edeyghe fge Pawen%?dﬁf 206 for

encdding chafind! ebtich&tes akéorbin t& BRBeMBbdlehZ Tde ‘f’étr&fbbélyencoder 206 receives
function p(x)) and that the %uantl zers

changp| esimplRAdTah dhesdirenelestigatos naf a4 é?mB&‘t%%ta ‘?')H'}ér(e Pg VRriance) for

each ofalﬁ@crhaﬁ'ﬂat ddedtlcidn® ( b&ick 51).. THéWratéWd:cﬁﬂr@ﬁérGMGE%ter&mes the rates for a
ifies to: In or er to guantlze th?ﬁc ann

corrSagBRYING FEIY ST AFETERE 3 IBeeh Ee HIaR RGN e G sk (Block 54). The

multvidtd Qihe8ers Rhe tHe&ﬁﬁ‘d|VIUO@Iy&$@hI|ﬁke§@eoﬂw§1 clﬁér&iéﬁéﬂéfﬂdtdi% at the rates
ore, res ctlv e, enco

station 12 nus , ers . 206
detefACHBR LI ROIOL tosed PR IE Lelies Sidhe Caf Feathsts (block 56).
In scﬁéw&rgsomdm@gstéﬁét@s lcorSpnt@e I!]rt fhe c[:&bﬁlt_srlexféodﬁhbl tbEskriagibefbre quantization

. m exact tc t he val era
are \ESG ARCIBUR NS St of RS offe” sePrdmeal. (iR statistios computed
afteraﬁﬁpwztatrﬂg irt the cuat@sateRlon}rol pefiod @nsLEeR tb lidteriie thy esw@ted coding
wi |l not exceed the capacity of

s r
ratestﬁéﬁFééeé %?&C%ﬂ%?ﬂﬂg 48, one can conpute the rates for
t hélgcbalmse;htet apexseglasninethibol B0 asHominer 18y the feddback decoder 104 for

oo R 0 e BRI e 4R convter 1
for trad ﬂeydback de2oder.104 determihes Rke mm:ﬁxt(ﬁ%dmtdﬁqor & pirelityEsf.quantization

e the.s n ood pe
cecelBri 1o o 8RR cec Rl TH el b a bR IR et Boina the
ratedetermio¢d bésedaorthe b aiahiatign tHedbaed the aqte cantralec @sockitd). In some

embéﬁran%ﬁgﬁ, Yr}%“rgf%' Q:gn %@ G%Pe(?r[n te'd%%%eé gna e&%é? %fdﬁ;%g# Q@ofrrlztations or channel

s are assure
statigtics grontTthe femﬁvpdt endooer 296 (dnlctck@m oloaiim&rmntw@mrtﬂs rseatistics computed

= gy 00y ERL PSR SRR e VR A Bl
usedjipireasubsaqesot odte santia rmanmato dedgrmine thh aatge fortive eantieation decoders
1100f standard deviation of all channel taps. Qher

variations of the invention include the conputation of

bi Figaf llyetaatreAB exerspi@ndiredirask gnredardpy fortearecevingstation 16 in an

OFD;\}::JE%S?&EEQ% féehﬁaé@édc@ﬂ@re@mﬁclﬁti& SWaRelg #18PS02, a transformation

processor 304, scallng unit 306, metric calculator 308, rate controller 310, and variable-rate
11
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where i = 1,2 Cand \f j O, denotes a set of
nmonot oni cal Iy i ncreasing functions. For exanple, when

ogQvg)/2 . Eq- 11 is the sarre as Eqg.
W%{Ot%)r%lgilvely, when fk(x) = x for all k. the %&’SEZOOS"’S“S“

atiqn.i ut ed based on the rela e i tude
"ecmbﬁ‘“at"ﬁéers3&%2’?‘388@(}%”& PB’Na@l@héF”%é‘%ﬂPOam%m )?Eﬁ.'}mm a channel

respect to the average standard devi ati on. Mre
estimgen20a4dd/ithe inbisé cdesaihes nw%@rfE%sl{%Q{k?yQ §tn%Lt t%tthé: Whitening filter
about the channel response (e. 2\
302. ',Blpe,wéﬁerpm; fdteb 302 firshperfems a(wtﬁl'énlng(&ﬂ:e%tlpn by ﬁch)rrelatlhb&he channel
respoﬁse'mlga@ﬁ 'frggu E:Bgtthea%;ln%%%ﬁc?ﬁ C{ﬂ% oo‘ F tb gtgmsg c%aanafﬁe

taps can b sse

accorc? OB tBPEn@rate a whiterAdnEhAel }es‘agﬂsg EHSP

ocation function designed for the kx c,(hann
E %T} be conputed sequentially according to: :
respomj ,)'f is th@nﬁr@)\sfgan%bwmg‘.prmanorjzprocess@r Atlagdescribed in
denotes an approxi mati on of R due to roundi ng. As
more detail below thtaaaeetor bhconnlex-valged coeffizreany X hié X nent-+.00, ) where
the transmtting station 12 and receiving station 16
n. dematss therrpineaee of transfdrimed ehemed desficiemsl  Tlee echiing umit 806 scales the

different rates and distortion |evels so that
transformedahante! ceeficigntsin uBhihergorraspardingistansiaed deyéations. The scaled

and tré&%ﬁ&ﬁ@d%aﬁrﬁelbbﬁﬂé@rﬁ§ %F@ﬂeﬁb@érﬁt&bdﬂ GRlividatig b abrraebdding variable-
can use a Ssin ree-structured vector Uant| zer

one
rate (qr¥aRry'e qu»out'af\‘)w&é%a ey T W?tfiéﬂ ? gff designed

ofﬂmeTJS}Q:ilfBét@ﬂdﬁifesf(@freé’olJt%\ﬁ sés%eﬁ fr h@ta@m@é%r@ﬂ%@ﬂ'll@%éds@%n
| anes of each node of the

Samp'F? é’eé unit uRfeeeer hie ’é\e‘g?rtq%@a%fé%é@ May), for pxages. éQB@Hé%tWO'

d|mensl@nélh@cmﬂﬁtﬁ@ttlzér%ol\n)éfﬁétl\ié%hl@herFHulﬂeﬁito@al vector quantizers 312 may also
| tidi nensional | ane d a threshold b . For

be used 9 fyPR!IZe o P8 Frare ﬁgnﬁfﬁ@"qdrcé’é H&PtsH@ Mhosen as u - 2MX
GI'N@fht@(erwunBHI @A ty QQémrze chamfredsférafedkcoefficlant is adaptively

selecte\ﬁt pﬁsqdhcgt t@é%?ﬁ%&aﬁ%@ of] é}egﬁ%r%:& @na?rﬂghag{qa coef‘fI c1en?s A metric

calculgtal 808 edrpsLitad e &aflarice¥)of theneinerraedbitariict cotitienlts. The rate
R A T e e A

usi ng the hy erpl ane p h that corresponds t
variangeg o heﬁhme C%ﬁe'%oéetem't &y@a@s‘o{%‘]% bb&%es@mmthe number
subsequent | evel s and conputes: where / (6[1], [2] [
f/X
of b'ts %)us’ffjﬁ&augqngghac e fen ? %éytggﬁgége?ﬁagkgﬁcngggr 206
outputs the Rk bit seq ence (Z>N]1,/>[2] b[RK]) for
t he vector channel tap| k . Upon eceipt of the encoded
bit sequence @ ]1/>[ 1 bLRK]) t he decoder 104 of
TSVQ geneBa R | tap a based on Bq. 19
decodi ng tree 8&f d@pth E oje npdes at each | evel

bwe wh|tened channel

contain quantized chan Ca th the corresponding
| evel of quantization.\Yh2 hyperpl ane used at each

| ev depends _on th
e b B GHSREINER 0ol 19 AR SRR Bl s gm o
large is TBMAC4 &l relativaniotthe peemetor mespohdi thg vdeeoaisndifter @eangization, the
encoded bits are sent to the transmitting station 12 via the fast feedback link 18b.

Fig. 7 illustrates a feedback decoder 400 at the transmitting station 12 for an OFDM
system. The feedback decoder 400 reverses the operations applied by the feedback encoder

300 at the receiving station 16 to generate a quantized estimate {ﬁ'f[k]} of the whitened
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quanti zed vectors) are designed to match the
statistical distribution of a . In a practical
communi cati on system the channel taps may Vﬁté 3/
WO 22 f eedback tine instant to anot her. 1 3eobdsoses
chanﬁélfréﬁfo‘?@é '{ﬂ p/UHntTﬁ@fele@B‘adedeElS&rQb@Htﬁﬁ]deﬁs%ﬁ:ﬁur@ﬁt\j obfulti-rate
used. In thls case, the principles described herein
decodé mpeﬁc@tuﬁg urit mlhjrrwmstel teamsiorrh aticnprociskbe4@nihdlate controller 408.
uantizatio uan in the
Based e FERelBE o i Brar AR erbialh 02 GoARa I op Rslies o e

transformed icparet! ocﬁeflldim'rtspr Télsearate conteii¢n 408 iodivatbe tredpl alledatton to each
deco%/r; A{b%ﬁ,g/ %i‘r ([ae%%uegl\;lys e%/ 'grs rjeggHtM# otflettgéugﬁéé)@gaé%%e bit allocations
usedlgybd quahtic ataei d&sdéergm@IZ aneayorbputed te thedatescontrpkgr 468/in the same
rond S ek Mol 0 o080 o B e e habirnl
coefficjaals, mdiohhie ture cam bedee\regﬂedm tr@[dta}tistisaltirlfernnatranspm\mcteelday the

- ‘ . I
ece 9 30hen 98,8 L < £D 0 A V3 LRI Es sy e
estimgitesedfdhes transfermedchanog cggfﬁclemts\hvtﬂhﬁurnespecmne aiahdard deviations.
Frnalﬁn h%q%s@ﬁ%w\ﬁﬁéﬁ?byo%e%ﬁga@gﬁglie[s%%ﬁﬁfetr Vﬁ%rysforhng the scaled

I se conponent I'S assune

i ndependent oss fre ¢ s covari.anc
repr%ﬂrcﬁ% oqg‘g tanéffrwg{cwﬁﬂeﬂ\ ¥%DWFRTe e)quanﬁiaﬁeg vyrgey%[h{lﬂ f[k ]} of
wi th frequency, erii E denotes the expected val ue
the whiteperbchpnaniresgonsasifelf He brackets. The recei ving
station 16 estimtes the channel {H[/r|} and the
not1ay imRortapiqantiyes forrmaxigigingehe dn Radh His! systesherragity ean be
defined as f [K] R J / 2[k% ELf [ }—E 18 for k =
derivgd from the quaptizegwrhigreshehanAalresransaititl E/EHndE@rcﬁémple. the optimal

statistics o& ([%@é are available at the transmtting
precedesidepatedby Bl dhat maximizes@e 4ok serpcily gkthe dhafiemiency can be

cmn&%@%é&%hﬁﬁ gan be coll ected at the receiving station

AVera ging over many realizations observed over a

certp sent ytorpe transnitting
st at|[) 12 tHﬂ)%u ﬂsWIdf) 76[rllrfél(*,lba’cﬁg"ic nel 18a as EQ.20
Rrevi, noi se

W“efspercft? é‘tsg‘?i#ara'r'PeEP@”rcF@%”i‘%retﬁ%égﬁnrgﬁfrgqr F‘hlﬁrﬁ‘éat”x
1, 2 V7 L e (D47 S0 Do 12 g M Hecereisps saginal matrs wit

property of channel statistics on forward and reverse
. nnels 1 nrd | lustrates an exenplary method 50
d'ag%‘éfr'sr‘ﬁﬁﬁ g{? [:llgg}lf-éel‘i( R IRrRAHYYURY 206 for encoding

channel estimates accordl ng to one enbodi ment. The

f eedback encodel _206! receryqs @ﬂ estimates from

t he chanpelk]est iinmat,pj[k204 ant nﬂ%tes statistics

(e.g., varianck) fgr each F OB channel coeffi ci ent%

(bl ock 52) The rate contro]] 516 determines the

rate grre@ﬁgngrn? set of mul ti-rate quantizers
wherg 1H= d”an{ fro.. Ehbinneis Rg satick thesrespansingsigenvales of

mul ti - rat e quantizers 212 then individually quantize

H [k ¢5pédri vandchannglsererbisush gt S dt ot fig =+ at &k,
Hs det Ic;:)lr%m ned by the rate controll gésed on the Ve {7,1k]} may also

be us‘éﬁajsltﬁé blﬁiéhn@fqdah]@r ifdanbal C@P)Qicfréﬁ' cﬁf‘f%r@nt(f@qgghc ésﬁgnd cﬁrﬁ‘erent eigen-

modey ngs %rrents zoatrstrcs conputed in the curr
0de3, WEIcR i P rPTsEIYIEe %ﬁh‘&ﬂ?'l”ﬂaﬁ”idd'ﬁkéﬁ’épta% to
dG’fr@r&ﬂIrﬂH&ratdseths operadort ottrargformbesn proBesbh804 for transforming the
enbodi nents, the statistics conput ed

whitened frequency domain channel response {H [k]}k =1 . The transformation processor

304 performs a two-dimensional linear transformation of the whitened channel response
13
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after quantization in the current rate control period
are used to determ ne the source coding rates for the
next rate control period. Fig. 5 illustrates an
WQUMIILPY net hod 60 perfornmed by the feedbackPEEERYAT050865
{ll ﬂor decodi ng channel estimtes according to one
fex #BWIO eryboidi afdransforheoeffitientsoxitto athieve 4 @ statiat doenpression
f eedback decoder 104 determ nes the source coding
of the,chepnel Fe?ﬁ'%le'ﬂ)‘ﬁ upfasheyn ¥ Figfhthe freauensy-depaid arhitenadchannel
The Ega ti.zati on decoders 110 then decode the channe
respoasg it bht ksl husi isdirstivenvertegsntdettemariioresin vdstededehanhe! resdonse
al l ocation feedback the rate controller (block 64). In
H X .
(1, (P00 FROGH SR oBh o ERoP A g BREu R e
maxinfiuro ra!tetalyepfeee@baﬁl@yeﬂ&ﬁﬂd@tlraélﬁo@blh()ééboﬁgé malynhér thetruncated to

fower EIREPLT fann el PHURIP & 1 BRI T BT deTEn Py Yot 12
Each 8%@?[{@%? Hegggﬁﬁnda%%énparg%)%qﬁé ?Hg{ @ Su@?ﬁ?‘i‘jé?ﬂ%n&%%d spatially,

ermn &0

as de€BiBBY bW, BotisiA adet 5f tlaHeformkg vediod dHanBéItadL BX[AI)
exenpl ary feedback encoder 300 for the receiving

stackest tatforomthearanafosme OF@Hficisn veetor Xivevet@étiéek  eNibUBr wbee |17 |
itening filter 302, a transformation
denot5§ &?Mﬁrﬁwdm@%ﬁl ?ng unit 306, metric cal cul ator
3BBcortiin@o 666 Bk kbodiktbntsadTdhe/mveidhethe apete abRsformation is done
gquanti zers 312 The frequency domai n channel response

accorbinfito X[ =k1E{TRJV€fC( biy{ A))chaangle IﬁSWh&‘ét Of, déhbteuimbitik comprising

which is then

nel’ *

nol se covari ance nmatri Ces { R w [ are input to the
whi t filt f
the elg%r}vfeg} ofm%a fe fé r{?,g’ér d e A ﬁt 7 o éo“? Iar%ge Erl(\)artulrng I a&\%%Ngltteﬂgé channel

respoR§ENHKh i§ gRBAB§E at each frequency by the
correspon square-root of the naise covariance
according to 18_to enerale a i tened channe
responﬁml(ﬁﬁg[ yeo( HTHé )/Wﬁciﬂoé@])c@nnel response Eq/22
I J/ is then ltk=ansforned by transfafmati on processor
304 as described in nore detail belowinto vect or of
wherec o‘ﬁ?ﬂ(éx)— deriotrsch wantdriformeasitiysstacking a4 c@lumns-of & imtg a single vector.
where nc denotes the nunber of transforned channe
Cd'daéfnhatlii)eMﬁz cahheithecbé faqigbacph ta thgdensmitingsstaties 12 using the slow
transf or ned coefficients i th ink.
feedogtl {RABBMHAnG SIEHTRIAFU Y 2t FSRa S Ha Y Cif Hemegts on the uplin
This tdnfbsmeafidresbreBpsritRlto GaeiUll KaiaRés-Lose Traasfoa eKLIT) padhe spatial
i ndi vidual l'y by corresponding variablerate (or
channeitdpablisrsiies dU yt | pr)tranesitorg slatamt 12246snddd.thd hisrianes bbeach
quanti zers 312 are designed offline for different
compbaér@sf (] rwisioh gam alss pe tna'medavalrable‘ orthe rehsmitieg statlon 12 through
zero-nmean HD Gaussian sanples with unit variance. %
the slowdegstoagghanngktéa. terdarQ CaFB'PteetfaaﬁfﬂP&f alqgatien desource bits for a

gweanQ@uggnS|onal vector quanti zers. Alternatlvely,
I gher - di mensi onal vectohggaantlzerszﬁﬁﬁ é? ﬁ &
us‘*@aoadwgo}aéﬁmhs@eﬁmflw SRR MEnh AT BRI ABETR ?’b‘ﬁ ne
j oi ntl he ra esol ution sed to _guanti ze o
accoremna%ﬁﬁi&?’ﬁ@éﬁ:& ané@ﬂa"i 4 %%ptwhﬂé@ W s Seaetes e matrix with
based on the set of variances of the frequency domain

eigen&Eagﬁ%f e e7f 'bg' ARt §andhil®dnhé db?rlefé%r"ﬂr%fnxsgn% FREMEER of the

e varianc f the transfor med channel coefficients.
i Qpeon Rémip farfie] 8 dReR RldiRhay! on
e'genflgao'gg&éh (?léctré?ltrlauarﬂ't |&zer 312 ba'seg4 on th 12‘ varll aﬁ%:yes
of the channel cogfsdi ci ents Fgr exanple, given a
total bit bdeget 2| Ot & [k]'t Hg[ qrrber of bits k used Eg23
quanti ze the coef kﬂlent k may lbe chosen according to:
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As shown by Eq. 19, the nunber of bits allocated to a
particul ar coefficient depends on how large its

variance is relative to the geonetric nmean of _all the
WQ2MWANEEs. After quantization, the encoded biPGT/2FH08/050865

‘ Co ] Vi

Note ?%EEBF&%E& F\l%nrt}%%gﬁ@%%}s%‘}ﬁ% |1 Egtn?a;'tzbeesaegwfggzrgbacﬁfu” channel
decoder 40Q at the transmitting stagion 12 for an OFDM .

correRish aatrixT e rfiee Shacikcalgcodererddof e giys dsthehe™ row and the J "
operations applied by the feedback encoder 300 at the

recei Vi tation £ t guant | estdmat
courp ey G FotOul? ebReBRER e DuEMERER T S
The fee ck, decoder 400 includes a plyral ity of
[‘D Lt T-IF iagh!d]eﬂodwsi O js)mmuinm\g? umiere t[(}jmn,w:mﬁiﬁ'@tr_es the
transformati on processor 406, and rate controller 408.
(1 Based Joby t(fe- pet di) vatmatrixstakdrhfeory tranitlz &t i tnrosiearatfears the p th to
402 generate the estimates of the transfornmed channel
q th echernf ptthemalrix the rate control l er 408 indicates the
bit allocation to each decoder 402, which determ nes
t heng mbeixot) # @aeleithérae fod bhbetodies paesmiting statioe 1Riusing a slow
al l ocations used by the quantization decoders 402 are
feediasinsherne! Ha.ton@lteraptivetio ity beeestigmged wsing@egayremanismerthe reverse
as the ceiving station 16 based on the relative

link. \B&sid@8C Othd théhshiing SRR e aRehEEEd @RtariaNdd GRabMcomponent of
turn can be derived fromthe statistical information

ovi.ded b i Vi t i . .
XUPLSEEer o RErTBE BV B [t fing ¥Hih d2aldh g sow
feedickicNBARS 104, ih BRIk ot nataRsk sopaelocarefdfis6ireatbss Ry a given bit

their respective standard deviations. Finally, the

budgehyerse transformati on processor 406 applies an

| NX&Josding tordiot et Bnfbe dinfeht I6& bedlial @aiststiatib® Rsdopk dcb&rding to

transforrrjt;d_coeffi cients to produce the gquantized
X[peesieurU , iH) [ AU L | feppd o, ]

[ }] . I\/éawgy ¥ n’pb[rga[gl% Dgﬁﬁ%t Iti es'?’gr@'%n_rrax'f r%%i?t%g%ﬁ@s?l?‘m\"

eigerdRdtor16f awa’g1 BN, G,afea6ivé Yharmiel e relifioh \elrik ?iOBﬁl bpe

quanti zed i tened channel response {Hy[]} . For

exanpl e, the optifal. _precoder, denoted by P J , that

maxi m zes t gl deﬁrﬁ}tﬂj[-[aﬁ]”t he kI h frequency capq 24

be conputed accordikag to: P[*] \lf {p [kl p2[kl-,p nr

[k\) Eq. 20 where | " [k] denotes a matrix whose
The ﬂ}%%r%‘?}%}?g&(ﬁl%ec’ié?{vgﬁiﬂ'ﬁﬁcfméﬁ‘f?{su?r#‘rﬁng?ﬁél l:cjli'?.ﬁo?éé%sjﬂ)-matrices of size

denotes a diagonal matrix wth diagonal elenents ,
whi ch areqgi venMyp where | =1,2,- -- W- , { ( 11, |
g PN E9he Sbt ;?Yt H@ﬂ%’r’P@@ﬁi’}h‘bﬁ“ﬁa"f@i"@énval ues of
Hy[& HYy [ J, and >0is selected such that T " [ ] =
l.g; VEer B (.
auSlTECRY G AP et 7 el eRerdR HF B by Fafit ARG stevon 12
usingaa dlodi feédaeR costr g enamie s 8a Wi akérnativelyo hizgheagifattd @ing
resource scheduling and Iink adaptation. Fig. 8

measdrbmehts dhese tdversepiakaBesiaeofU tr s oy TR traRsiitRgR88R 12 also
304 for transform ng the whitened frequency domain

oo EIRO0S S SERIE k) X0 T AL DS b e

transhiiging s@kiomt 2 eirowdh thbelouhiet et chiaiueba e srAsSEaléuldte the proper
all th, k:f\ int%.a vect.or g{: transformcoefficients X to
ocgiaf ¥veuge Biip i adiyeq o %LH-{QF ssion of the channel
cosédordingtut yet aAsthehembodimeti the sPatislvanfoafatemay deenBdddrding to
whi t ened_channel

X[n] = vec( H,[”] Wy ) where W, denotes the IFFT transform matrix whose element at
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response { "/I1 J}*=1 is first converted into a
ti me-domai n whitened channel response (H, [ ] } =1
h_an inverse fast Fourier Transform (I FFT
W%ﬁ@?@? Dependi ng on the maxi mum del ay sprat{SEF008/050865
yhe system 'tfhe time-domain respo then be
the 7 r@M’c%tdéHet% f €A FRLGIRSY Do FXP adjri’éw {Efés Withikicasea the transmitting
wi ndow of time indices, denoted by ¢ {I.2.---

statloEaQ hisohredsthetvapande éfleach espdrghgol nﬂ]elwrr&smm& kdmade
116 ,,. is further transforned spatially, as

avail @s*erfh%%ﬂ%ﬂtlagvstat'@n dBthapyghethe slowdeedhagk shamneb dida ét orgler to
caIcuISQQHQ?Podeﬁ@l%c@ﬁgrn&)f}soﬂ@e'blts oM e it EJb%@t stacked to

formthe transfornmed coefficient vector =

Vé\émqe]nsmﬂt’mg statjorxﬁ apyinverse tmeémFtIQ]VS\apgleqﬁidpé@e epeoduced
transfBdESocflcidnftio e gain B ré¥rod\ection 6f thg frteGuéHb? Rimdid&hitened channel

enbodi ments of the invention, the spati al

respofvéé“{‘ﬁffc[%rf?t ﬁo&gﬁeﬂﬁrﬁ%%&]&r S;L Btided ¢ an]sformé’d Ve & X His first

?]) ‘for es a mat
. rising the ejgenyectors of of the full n Rt
avided i PEaAvEe oDl vaﬂpft%w@eae'éﬁ%ﬁngi L7 sponsbmverse spatial
which is given by: F ffju.ll Il VeCCH WVeC(H 1*])"

transfgim isxpemarniied toeaghapp erﬁBﬂ de peduee thercofresprrdinigytime-domain
stacking all colums of _Ainto a single vector. The

quanti¥ati WhitehédidRanne respdnes ME 1fledrieaitehed tienner @Bsdriset il 7]},
station 12 using the sI ow feedback channel 18a, or

is theﬁ‘EEr‘:‘o[ﬂé@Bé&'ﬁJ rm I{H, t’} bewsieh ls"fﬁer?ﬁiaﬁ’s%rﬂfgadrﬂ%@?wt@fﬁ%meﬁuency
on the uplink. Thi's ?aAnsf or mat i on corresponds to the

domainuhtoufbah irfr@ ropecioe td geneste thm ddthdi qoantizke whpenadadhannel
channel taps. Besides TR the transmtting station 12

respopses OHpdkls.it he variance of each conponent of X["] ,
whi ch can al so be made available to the transmtting

sNefq At the tuRciagRnd e 238 RAAERG BRRRISa AN IDddds. F’r?”d 7 may be

om|tte@rfgtec§hahﬁelqabﬂlﬂhbﬁﬁﬁ/etsﬁh%lIWaﬂErﬂfesQiebélfs@tfbﬂﬁlscﬁcceﬁﬂw 6 source bit will
bits for a g| ven bit budget. According to another

typically Begliegedenbodi ment, the spatial transformation is

dq}nﬁlsaéi!b%@iioﬁgwé Ge%bn&tra?e th%Cp(erfbi'mar{ce]HénZﬁt of tHeQRveatibn through a
U 7 denotes the X Wth ei

re ri X. ei ge r f .
MM QBT S oferm R G aErIEIA™ BORIUITIES BEromEETS o SHEA IR FFT size of
512. Tl'ﬁéhemderoéf ot:tlﬁm@:l gaRueietDis 300 fwiichidre eBnenyt digis&drinto 25 chunks (12
elation matri x

subc RS BRCH)2 JRBSUBGHER SPRERE I o ElrariEIPEGRVaIGR T SHUlated Wit the
3GPAEatibPchirnd atbdeewitiethewedetrianBichendel btofiehiarneicro-cell environment.
o b3 i B Rt BT By g e
receivel fitenmak. Bbecufmw,esmotedamgfﬁcmn Rtlsejbﬂratldg'ex thendiffefenne jn the SNR
Ievels&é?ﬂife% gfp@e%é&a Egr_telliang%) ap%céty(level eg.. 5% ts Bé y«:{hanngl use) between
the id)zalSjabérMWEIe)Qhé ahesmrhrngmtdtloe athas u)erféétikhowlevigemﬁhé irgtantaneous
channel state and t%e cgset thr(?altHenTr]\s%fntatnggusnmarn%él s’/t%te is compressed using the
invention before being fed back to the transmitting station 12. The bit budget is normalized
according to the number of chunks available in the system. As shown in Fig. 10, exploiting the
spatial correlation among different elements of the channel matrix through different spatial
transformation is very beneficial in reducing the amount of fast feedback. For example, to
achieve within 1 dB of the ideal closed-loop capacity, about 3.5 bits per chunk (for a total of 3.5
x 25 = 63 bits over the whole band) is required if uneven bit-allocation across is applied only
across different time-domain channel taps with no spatial transformation. However, if a fixed

FFT transform is applied to each channel coefficient as described in the previous section, less
16
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The matrix can either be fed back to the transmtting

station 12 using a slow feedback channel 18a, or

Iternatlvely, it may be estl mat ed usi ng rreasurerre
WL 2yver se |ink. Besides T, the transnit¥§ §E2008/050865

than 3 Pis PeIrFIUDK HPb ORGS0 PRROELthesiiERIe BAN R FEQUYRY Bhagiyeve within 1

dB of9ded! chsed-Wa3p pBri6@arRES FuRBefRAS ifdrI df el LT @pétiaetransformatlon
transmtting station 12 thr ou h the sIo

descrfiaindle FrEMOS TECUP A AHPLEL TREANAPRS 1HB T ChuK for a total of 25
bits 0kt tAE AhoRMoaAl) BRMHeeaed B ddhidvewitdingl UB f bietldéau@@érmance. If 2 bits

or RS oV S S BB P3P b e pa e im0 o
from [He7did4l €ioed- Qfopéﬂelrfoﬂnﬁwc\é./- where U denotes the matrix

01 BTG PRP 13 B ERARSF AR R gk SETFTG lustrated n Figs. 4
and Slagsurarty fouotmarfseii arlgnriag rand nge irdceive a&gem?l Is tHis oaler if ae®ven bit-
alloc:fc{gon-sfé sz?e onk?)y aérgis @]‘f%[lep(a&n%(? (lgiortnlélilltnrl\llcbaﬁ%%lli%gé v}g’i%é@ﬁaﬁéﬁtr%formation

abouf @6It§)a£rk:hhok (fbnea totaies Aixt25 1P bitsadvieo thelZhals bagd)ds ﬂqOM\ed to achieve

o SEB05 AP0 BB el SRR e B o
each Basnro sodfficderd ad descrlb:elden theomevidid $6mgor$tembu0h bil aeaimak (for a total

of 25358 o B Bl ARG R 5 Tro dRdo TP ooy cobet o
perfofrBander dlugthetninwe sif ove bfabel Ka&‘lepamnaeéfom&mns desgrided irt the previous
sectlgri”qscaﬁlp@écf %g\g OD{ Biks ;(g:eggclr LIRIQ g& i(z gésﬁgvetr) éﬁ%%ﬁgﬁ?d) is needed

to achllaee wphinilalB Ofrtaaszfear paxfdrmanges Iﬂb bE paccmmdl(ﬁmg attataDqf 2B.Dbits) is

aforde R e e Plog IR s I VE AR bR ety PR g

perfogmpicey2/ / /| N) . |n this case, the transmttlng
Stﬁ{e‘ e o iAo 1REY Sy LB <Y Al AR Gl i PBRE: GATDRAR Hose

specffieallyset forthmgrein withain dmarttlhg toglessértias tlaradterstioaokthe invention. The
pres&F@g{gg{jl{%eﬁ?s rbg% 8% ggﬁ é?e&?" zﬁlurleéﬁaeectst Qselllﬂ? tpag% an? not gestrictive, and
all chepges ¢amBgrivthinie meamngranglzqwaaiemwens@otmarappmdeatqlms are
untenhéd ﬁ\,pd).:] drfbkab&y tHafeis eproduced transformed coefficients
to obtain a reproduction of the frequency-domain

whi t ened channel response { H[ ] } , as depicted in

Fig. 9. The quantized transformed vector X is first

divided into a set of quantized transfornmed vector

channel taps {X [>?]} nW. An inverse spatia

transformis then applied to each tap X [n\ to produce

the correspondi ng tinme-domai n quanti zed whitened

channel response H[/7] . The whitened channe

response { H'[;7] },,e), - is then zero-padded to

form{H '[>7]}" = 1 which is then transformed back

into the frequency domain through an FFT operation to

generate the domai n quanti zed whitened channe

response {H[ ] }H=1 . Note that the truncation and

t he zero-paddi ng operations, shown in Figs. 6 and 7

may be omtted for channel taps that have snal

vari ances because for this scenario, no source bit

wll typically be all ocated.
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In this subsection, we denonstrate the perfornmance
benefit of the invention through a M MO OFDM system
The overal|l system bandwi dth is assuned to be SMiz
WORPAOLIOET sjze of 512. The nunber of occupi efCT/SE2008/050865
subcarriers is 300, which GrAMsqual |y divided into 25
What@&l‘%@%@éz subcarriers each). The subcarrier spacing
| . The performance is simulated with the 3GPP
1. spanetapd (3 ehelantizide ichanneh statecfepdizhe’ icharanteBzexhiaynnel
p@@gerrt’lﬁndgrktﬁls §fropa‘bﬁjrellt Qf\’dhﬁﬂme%ﬁmgh@ (5%0&%10\% the
pertformarnce of the inven |on our t
afidivigvady awantizine spisodiralty ghehamnalscoeffisieotsf atcaties getermined based on
plots,sggsﬁngmﬁgghgg of the bit budget, the difference
in the SNR | evel's reqU|red to achieve a certain
ergodi c capacity level (e.g.. 5 bits per channel use)

2. b?ﬁé\@r?erﬂhdd"(@oj S#Q‘fl’élmqa@ﬁh&*&%nglhﬁ tlah&¥BfHThg 4R Q:héﬁr?etl b&ﬂfcnents to

12 has perfect know edge of the’instantaneous channel
createsiranséoraied charnet se&fficiprdfe t he i nstantaneous channel

state i s conpressed using the invention before being

fed back to the transmtting station 12. The bit
3. pdhagestethed (§8) W'Q'@&J‘N%?Iéﬁrtfﬁnﬁfg"ﬂ'ﬁgtsﬁg chanmrl cogfficignts tkereate

transfaiddd HahRell BefiBRn&XDhPiikeds shown in Fig. 10,
exploiting the spatial correlation anmong different

eff éﬂ%fﬁ%”%fre‘ﬂtr?é'% HamABI chaaRe! ceeffitiprss ¢j'ﬁ° merdomaift channel
spati akodtig@egfor mation i s very beneficial in reducing
the anount of fast feedback. For exan‘g , to aé:hi eve
wiseRFINgTinEdsRain kRannel speligiis thip GPredgieistingd delgpipread: and
3 tran§ibinSin@ 84id €Blebled ¢y dondittadnnef co%ff&ne)htsZtS eigehdoridirschannel
over the whole band) is required if uneven
bi t - al CBEREEUR across is applied only across different
t| me- domai n channel taps with no spati al
nsfor However, . if fix FET tra
4 o TBF e oOb R RLARETS EoerPertinaer ot SRRl pluraity of
chanrid EodHicatit® dem sk ideterminggsdrhiadividulli statispe for ebetnéhanher caefficient.
total of 50 bits over the whole band) is required to
achieve within 1 dB of ideal closed-loop perfornance.
5. Fone hr&!tlﬁmf (60) off claimes wheremeth&lnBividuat stafistic campfigasithe reative power
fth dcz‘scr | ff the previ ous section is applied instead,
ot th€ Qgeng ﬁgﬁ <i'erPJlt per chunk (for a total of 25 bits over

t he whol e band) is needed to achieve within 1 dB of

q?girr?eﬁl?o%@%&ef gajlml X aer]em sga cgrla{eséi aﬁg I %W@ég Eﬁ; geﬁc?rr\]cf(ir’\g order of

said relaeve:mwas.hl eve within 0.5 dB fromthe ideal
cl osed-1 oop performance. Fig. 11 further shows the
performance of adaptive feedback schene illustrated in

7. FiTge methe(b0potdaiond whereauthe indiial statisticennegsestiie gagance

V. s case, if uneven bitallocation

assoﬁ'ag&gksmtg t&n%h%ﬂggrcgégcﬁn#f erent time-domai n channel taps
with no spatial transformation, about 2 bits per chunk

8. (ML Aethd ?O gf Clgl gvﬁerenr?% @*aiecs Qg%%t&ﬁ\%ewa&c@ﬁ&% order of
is require oac leve Wt dB of the ideal

said \Gﬂrleewl oop capacity. However, if a fi xed FFT
transformis applied to each channel coefficient as
described in the previous section, about 1 bit per

9. cHihskmethed (59) pbamy of sfaims 1t yherainetheralgs \R/F?o‘i’%erﬁaﬂ‘?ﬂ basgd on

statnsfn@&é’dllé@(gd P2 8GR YAte bbhthdl Pedod] Bn@ivhieAaabaig |s{é$§t€1:s|a@é)§omputed
performance. Furthernore, if one of the KLT@@PF‘B

before ayARizaHeme tia shannet Foafienthinthe cyren raa S0
applied, about 0.4 bits per chunk (for a total of 10
bits over the whole band) is needed to achieve within
1 dB of the ideal performance. If 1 bit per chunk (for
a total of 25 bits) is affordgble in the reverse I|ink,
one can achieve within 0.5 dB fromthe idea
cl osed-| oop perfornance.
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The present invention may, of course, be carried out
in other ways than those specifically set forth herein
wi t hout departing fromessential characteristics of
W?iﬁ@% &htion. The present enbodi nents are,t of GESE2008/050865
10. cokhsiraethed (30 okelpim ggﬁ@a@tf&faﬁeﬁ IR YR ed QYR ariigw feedback
chanh&@SiAd Ghdré saf8liartize FERMEBIScoEAIBIeAE Atk trahsnittBe ol@afaBeedback
and equi val ency range of the appended clains are
chanpglt ended to be enbraced therein. CLAIMS What is clai med
is: 1. A nethod (50) of quant| zing channel state
feedback characterized i\erm ni n statistics

1. g B]eu'pgthg §,5Q3fof E%ﬂfrfé?'méc;e?q e g\e(r tf)s ar%ﬁgtermmed 8er\sed on

statlsltnﬂéjbddleét@ahrﬂ ¥ pWJslréﬂel’tﬁmﬁaﬂ pdripd, LHn@lMHeyelﬁfsamWBeés are computed
icients at ra i ned

ef fi

after gpaptizaionte t'@&sahwf} Epifs M?%B@V%Bjatwoaﬁ{ Priac

further conprising transform ng said channel
12, SO REhEt D oS! SRR sogipas e ranites
overtarf@enﬁembatm&@aed channel coefficients to create

transfornmed channel coefficients conprises:

transform ng frequency domai n channel coefficients
13. | nTtee inetmed (dSDTBJif ang bgiaiels 16 t& Whecdie determisgigesatd crgnbeélroeefficients

i en&s Wi thin a predeterm ned

h f f
'”C'U‘g%ﬁ ‘ﬁt}peé‘c an C%%gg ?’%ﬁ&%‘ $ing said selected tine

domai n channel coeffi ci ents to ei gen domai n channel
cogf f t
4. \/\ho@} %" hggt(éq)rﬁl} ¥19FCSI abi st i cs%%%"? ng% uaﬂ%ﬁﬁ%nq'zmg sAi d3plurallty of
chanoblaveicieatsedt rates dattesnmed]basemsw shed enm compyisen scahng said channel

i ndi. vi | s {:sti 0
coeffilcﬂae tsnﬂé%hég C?n(sg%;sh%% 5%320?%1%\%%8:@@?@[4 an% cﬁfgtw ﬁ#&%g%ld s?aled channel
coeffgiemts.sti ¢ conpri ses the relative povver of the channel
coefficient. 6. The nmethod (50) of claim5 wherein
said rates are deternmi ned in descending order of said
15. relha m@opéﬁwraycorﬂing'lfh@nvret tHaichs(B1, vdfergh andinidualih guaitaing said

pIura'ﬂQeof 'R n\é' 9&@1} %esrtlﬁtdf rséz?1 We'dscfﬁea Bﬁ s‘é%étﬁgﬁﬁs comprises:

anne coef
nedetgr(gm(nsgplt @floqﬁhansnfo? sait ptusality sfdaid qchﬁr‘@gl epefficients based on said
determﬁg%t Esqi,%scendi ng order of said variances. 9.
The net of any of clains 1-8, wherein the
r ainglidgplly Qi@tnéllﬁﬁl Aeid Phualéyi otshaspeltcosticiestscd Irates deldrhined based on

a currefdiy habfoGstd ol period, and wherein said
statistics are conputed before quanti zation of the

channel coefficients in the current rate control

16. PeArQinabe erﬂb@ef@bbp@r GoshtizRb cﬁ!aﬁrﬁé“s%té’%%ﬁ@é the feedback encoder

rates are transmtted over a sl ow feedback channel
charagieriaglewei n sai d quanti zed channel coefficients are

t ré‘ﬂﬁe’fﬁééa@cﬁ:lé?&e(m@ 50%%0 écﬁﬁﬁ?@&'éh&ﬁ@%ei plurbty oTBﬁanneI coefficients;

nmet hod (50) of any claims 1- wherei n the rat
ar @ P&l %m@@-rq}ggeant&qrs (212, 312) to individually quantize sald plurallty of

channel coefficients at rates determined based on said statistics: and

a rate controller (216, 310) to determine said rates for said quantizers.

17. The feedback encoder (206) of claim 16 further comprising a transformation processor

(304) to transform said channel coefficients to create transformed channel coefficients.

18. The feedback encoder (206) of claim 17 wherein the transformation processor (304)

transforms frequency domain channel coefficients into time domain channel coefficients, selects
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statistics collected in a previous rate contro
period, and wherein said statistics are corrput ed after
quantl zation of the channel coefficients in th
WOUIOLE2 rat e control period. 12. The net hod ?%H?E@PS/OSO%S
said tioleadomalri chvémeeiesaefficiestsowisin bpeaﬂietﬁrrmmeelldeme;‘pfeadt errnd Bansforms said
r nsmtted ove edback .channel
seIeCtr"élr&eﬁ Wtce)(f% {r’oafﬂ haf"n%llncf © 'en{sqor?bgeﬁf d%?a'wpearne?' °°8§?'8P??1 n| ng
sai d channel coefficients includes whitening said
c I ef fici I IV
19, ¢ AP RRGEQT ebierabey ackoinbdB i o i teb hlyn i e metrc
calculptoudeteintipedn tldivimvel steltdit forciaelm clsarmie! eqtffesentlet er m ned
based on said rates conprises scaling said channe
coefficients based on statistics of said channe
20. coks faedbagitencader (§oRImf iclaindO sdietkins thel iedividiad stadistic comprises the
: L Cd Arethod (50) according to any of
relatrvgfbg?v%gsrltﬁél‘&ﬁanvﬁg?oee% ndi vi dual | y quanti zi ng said
plurality of channel coefficients at rates determ ned
21. b?ﬁ@%e@ﬂaé@ér@oééﬂ@bﬁtdf CRirk QUWh'e?eeﬁthqutteQ{omrBHe'?Qer%'rrrunes said
al l ocations for sal lural it sai annel
rates fopagqiflicharnel soghigients rdesaentling %ft’?fsqflsé@ refatige powers.
i ndividual ly quantizing said plurality of channel
coefficients at rates determ ned based on said bit )
22.  glhefesdpagkencoder (A0§)«d glaie 1O m@mpﬂe(r@gduql §tatistic comprises the
vanan%@@&dczdtéwwmm%lanﬁér%bsfré.s&dback sai d feedback
encoder characterized by: a nmetric cal culator (214,
308) to conpute statistics for a plurality of channel

23. COoRé tdetbBiK &hcodeRO6)af ickaym OB widldinh thedb dwaartér;ms 31 0)
312) to indivi dual Ifﬁ?%ﬁantr ze s lurali

1
dete”l(?'ﬁﬁﬁ Aaif r%@%FOF PRId&hpaNeA £oF S fedesrri %0’%%@&36{1‘}/%‘5[‘6&5

statistics; and a rate controller (216, 310) to

determ ne said ra for said tizers
TR 1 0 o [ g AL R L (T
contrcdllet (2385310)) HBtbi'rﬁlﬁe@ﬂﬁQﬁ&a%QfasécB&%taﬁQlcts rcansted imasairént rate control
coe cients to ¢ transf

chann a d annel :
period, ga¢ %ereéh%agd stalistiogage F%&lﬁa@ 56%%%@?29@6@? n@fChEF%ﬁ' pefficients
in the bdrrefteatei dntrdipetio@nst or mat i on processor (304)

transforns frequency domai n channel coefficients into

ti me domai n channel coefficients, selectssaid tine
25. donRafdedebendralodera@f) aficainh 24 whiehdim the fpedlﬂxet( enoddee (R06) transmits

the ragan%vr% é\lsPo e%edt?a?cﬂgﬁ%ér?e? Sgnglrtrg%ﬁmg% ﬁrzgcﬁg qe| cno%ff%?e'y&i Oer a fast
feedbacdedHanaelents. 19. The feedback encoder (206) accordi ng
to any of clainms 16-18, wherein the metric cal cul ator
determines an individual statistic for each channel
26. cdeéfeadbeck encdBer (208) deediraxctk aep obdaims( ), wdiereih tiemate
comi U 1) 5 B e AR £ 0T B e con
period, @ed b&relenea@ddtatlst(czoﬁg cohpigkedpiter2liantization of theeharnas coefficients in
nes said rates for said channel
the pr%9 %Pé‘lr‘ gérr}tr%%&{o?escendi ng order of said relative
powers. 22. The feedback encoder (206) of claim 19
27. YHRE fdduphOEAlodLY zgéf%f cﬂrrﬁtﬂe% e?erﬁ%%b&@a%kteh@oder (2086) transmits

vari ance assocl ate annel coefficient.
the quantized channel coefficients over a fast feedback channel.

28. The feedback encoder (206) according to any of claims 16-27, further comprising a

whitening filter (302) to whiten said channel coefficients.
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23. The feedback encoder (206) of claim22 wherein the

rate controller (216, 310) determ nes said rates for

sai d channel coefficients in descendi ng order_ of sai

WQAWANCES. 24. The feedback encoder accRf HP 0865

29. anfhefeedpagkpncadrr (206)\helpin A7 fuider o8 Pr 7 8fd"ag 4 ) to scale
said HdhnelgdeBicEniESaded O RAtRTcPHSRM chanhédbobBitied® prior to quantlzation.

collected in a current rate control period, and

wherein said statistics are conputed before

30. qQUBHY fegabdcRrenebddriieod rbireingeeahy bicdiginissi 620, Wherein the rate
current rat i f eedhack . en

. d. .25. . Th : .
contOBRIE o3 B G RTDHE Y kR oAU TTdOT SARBATNFE AEBRER of 568 piatistis.

transmts the rate over a sl ow feedback channel, and

¥ ggﬂéggag@ﬂ(ﬁ%ﬁt@%gﬁggg Q%;P?gg ?%g}oef I CEent 3%&8?\&?@%?&% multi-rate

quanfig€s (2 113 12)oconitrisefananab e of Ge@Strustbredaientot heantae® designed based
8 {t oller (216, 310) determ nes rates based on
on sad 51a8Y9%cs col lected in a previous rate control
peri od, and wher ei n sal d statistics are conputed after
qu anne OffICIe n_the .
2. ARS8l o eshiParhpan s 8500 S deldattBanc oder
( ZQG)JIduéllycdieiennmﬂﬁg wates &dira dlivelity ebchizmokl eedTidats ©2))6herein said

transmt the ua t|z i_ent v

ot T ellHaE “ChaneRe toce e oCRR S nEeR R g

acdmodmggsaid)plwmytyoﬁ chéraiehsoctiBsictils aff said individoelpdetsintigechrates (64).

whitening filter (302) to whiten said channel

coefficients.29. The feedback encoder (206) of claim
33. 17Theimetred (6©)nquCiaj;rhri!@ vehesein [detegminitigtra{e806) a ploradityadf ehannel
coefﬁ(ﬁ%rﬂ {;\'ﬁg I&%ﬁ\;el]; gélg?%tge p?ré%grgg%%nﬁé@tdtl% 09§ é%lcpﬁiéeq}back
charineedback encoder (206) according to any of clains

16-29, wherein the rate controller (216, 310)

determines bit allocations for said quantizers based

34. onThamgthndd60)sadcerdingstolany helaimsedh ad kvhaneio deter 0@ rates for a
f | vi i

plurﬂlﬁpﬁ ﬁ?@%éwﬁgﬂ%{?@e?@bﬁﬁ%?@ﬁg sta%rﬂégalg%ﬁg?]%el goefficients from a
recepyfngt statiengiveue siowefdedhask ghariga nd computirg $3j¢ ealehbased oprsaid
receﬁx@b@ta%%@és' stics. 32. A nethod (60) of decoding channel

state Teedback characterized by: individually

determining rates for a plurality of channel
35. Co‘?f\é hrfekteal §O)(<§?€)a|m"ﬁ%ﬁéré‘ln%@?dqeééﬁ&sst?ﬂ‘ Fic&copride tﬁé‘ variances of

the statistics of said channel coefticients;

Sa'd&@é'éﬂﬁ' peefieeMs.pl urality of channel coefficients at

said individually determ ned rates (64). 33. The

met hod 60 of claim32 wherein determining rates for
3. a phe 68k acoREHREIC ayef FlREERR-35. cMiRseingletermining rates for a

pluréhﬂP&'c‘ﬁbﬂr@el%ééfﬂméﬁ% %émEHQéE rﬁeéﬁlﬁﬁ@ %iaﬂgtlo‘ét(ﬁtsbler&hgﬁ(r?efl c8efficients and
sl ow feedback channel . accordi ng

compyingspidyiates|faf $aid piprality Of\mgrr"z,ﬁl ﬁo%‘@?'@?tﬁ'i)ﬁ??fboﬁ 8Aid greppyred statistics.

a plurali ty of channel coefficients conprises

reﬁ_ei Vi gt istics of said channel coefficients from

Bz Al Cﬁ*g(G } otqIBR ouierain SPIGFIFUsEeRRERS YR Fvfelirst atgicontrol

perigDameWisb @ Sovhslité AdtesinkasRAn® Faté abtrd pecby ed

statistics. 35. The nethod (60) of claim 34 wherein

said received statistics conprise the variances of
38. The method (60) of claim 37 wherein said statistics comprise the variances of said

channel coefficients.
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said channel coefficients. 36. The nethod (60)
according to any of clains 32-35, wherein determning
rates for a plurality of channel coefficients
WRAMWH1¥eS neasuring statistics of said channePCT/SE2008/050865
39. cOed Metiodri6d) amnardogripany DQCISI&ISCB2F3§3: éstheotommpiisihg transforming said
f.¢c ff ed on said
channel| éﬁreﬁ’,deh}/st C{eal?xtg{}g%fo@f% ﬁﬁﬁeq%%fgggstgo) of claim 34
wherein said statistics neasured in a first rate
C
40. g@%ﬁwgl‘;ﬁ??%? é;%frg 895@%@ Hgﬁsrmmrggdgf%gr)?aﬂn I e%lﬁ;?ﬁ%%?to create
transfqm@d@hﬁnwpdefémamts sonpasasdrapsiogwing Iseic\chanael @esﬁ” oénts antd
frequeﬁ@@&&ﬁ&n%@ff&bgﬂientS 39. The nethod (60) according to
any of clalns further conprising transform ng
sai d channel coefficients to create transforned

41, Chﬁ@ﬂ%lhoﬁ?@(ﬁ fdcﬁbr‘amgsto aﬂQ of J Qﬁqs@umb @P);or%nsqr#gféodz\i#g?said

wher ei n trans orm Ng sal d channel coefficients tc ]
Cha””@'r@@ff@'emsabﬁﬁéPﬁé&ﬁ“éi‘férﬂfé?'d@bémffql epeffigients anpApeqsing said scaled
channkl @R&-RKE Ng said channel coefficients into frequency
domai n coefficients. 4 1. The nethod (60) according to
any of clains 32-40. further conprising scaling said

42. Chaabcicaedobibi198) for BasRhgQhastd bbatitiests @liased by a variable rate
channel coeffi CI ents and decodl ng said scal ed channel

quantizejefif gedhack deppdenchogrctizer Pecoder (104) for

degoedriiai&nansab de@%i‘nb%ﬁegpﬁmamgméﬂege& APlurdiity F ErRding|
rate quant| zer, said feedback decoder characterized

by: raf®¥ ficisnts grfler (408) to determine correspondi ng

r aesntlzefi orﬁdéﬂodéra(hbﬂ)llto(ﬁdl\ﬂmy‘ abcdeafald gty f cRdthePcoefficients
quanti zati on decoder ally decode said

vi d
pl ur al Pt eéfdelﬁﬁ'ﬁﬁﬁglbyéék?f%fec‘ioéﬁf"ge é‘foebjat es det erni ned
by said rate controller (408). 43. The feedback

43. l@%gjeeagécéoq%c:ﬂg%r (iécﬁd)rpelgw S/é%{ﬁrl]rhgaaqu gﬂtégg@taﬁlgrn 6408) de?ermmes
said c@ﬂrwp@hd“hy rftés Phapnehlitg obfHanaélenkfickyitsitgaetsiving ssidirates from a
statjon over a slow feedback

rece"’@ﬁa”fﬁi'é’f”roegr?4§?'h§ ee%) GRckiEb oder (104) according to

any of clains 42-43, wherein said rate controller

s 7 e By E SeBRPPEP R o PR, hgin saa rate

controﬂiéra(t408)t darérrrmfesmndicccrfeapmmmg,‘mea‘sffbm ﬁhuteﬂltyf of@hmanel coefficients by

recervgwgr?&}yts} ﬂsgo %fcligchgﬁP \é%rggsatsg 5?%:% sl%} 3 %eraglla\% feedback

channst, ahd sbmpstmg%:d rakes ﬁaeedbasklddemmah@rstémsﬂds of claim44
wherein said received statistics conprise the
vari ances of said channel coefficients. 46. The

45, f éb@lfmdkadmamdeer (1094f coc d#4 dihacein saidngcevked stadistins comprise the

varlanégs Sal nﬁ!el é%ﬁi'c%n{ate controller (408) determ nes
corres ondi'ng Mates for a plurality of channel

coeff| ci ents by nmeasuring st atlstl cs of said channel

46. ﬁggé Eéregégé]{ co@%l’%@@)@i:%r‘dﬁf% té? 8{) E’é df%%g/rh@féirgeéug rate
contrafiemi4aB Ydetenenas saidedreespandng wiasrfor & elurglinod)chapnsd Gﬁ%fﬁC'entS by

measuring statistics of said channel coefficients, and computing said rates based on said

measured statistics.

47. The feedback decoder (104) of claim 46 wherein said rate controller (408) measures
said statistics in a first rate control period and computes said rates based on said measured

statistics in a second rate control period.
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said statistics in a first rate control period and
corrput es said rates based on said neasured statistics
a second rate control period.48. The feedback
W%%@B@é‘rﬁsi 104) of claim 47 wherein said stati sf¢ESE2008/050865

conprise the variances of said channel coefficients.

48. 497nd k&dﬁﬁ&@&&%ﬁeﬂﬁgﬁﬁ&rclaﬁ&%)wr@@ﬁ ieidngatisfcadynpsiise the variances
claims 42-48, ther conprising a transform processor
of sgid gegnrebFoafficiMs or mi ng sai d channel coefficients to

create transformed channel coefficients prior to

f eedback _decod a
48, S PB19FaPRORPARCL OF M GPEAL BT A U8 FAAGT AN “Capgeis 2

tranﬁbﬁﬂ?ﬁicewuom lfcﬁﬂﬁaﬁsﬂoﬂhmgfséﬂcblheﬂw cdeffigients to create transformed

coefricients f eedback decoder (104) according
chapngl g ?ﬁﬁn%?ntgpréqrﬁgdggo - further conprising a scaling

unit (404) for scaling said channel coefficients based
t|c of S channel coeffici
50. GodBaiersbeth teesr D0 AR Ao SR PP brogessor (406)
trankfoRAHELIK cﬁlﬁmdediefﬁdé}#é inte tequdnogdoraiayefiitiealsai ns
42-51, wherein the quantization decoder ( 110) is

i mpl ement ed using a decoder of a tree-structured
51. vedherfegtbadik de&ider (104) according to any of claims 42-50, further comprising a

scaling unit (404) for scaling said channel coefficients based on statistics of said channel

coefficients and decoding said scaled channel coefficients.

52. The feedback decoder (104) according to any of claims 42-51, wherein the quantization
decoder (110) is implemented using a decoder of a tree-structured vector quantizer.
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