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s CORRELATED CHANNELS CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This

applicati the benefit of U S. Provisional tion
Seri al ‘98%@}/%)?1029 entitled "A MET AND APPARATU%%E&Q@FM% PRE-
CODI NG FOR SPATI ALLY CORRELATED CHANNELS" which was filed Cctober 27,
2005, The entirety of the aforenentioned application is herein

incorporated by reference. BACKGROUND |. Field [0002] The follow ng

description relates generally to w reless comunications and nore
particul arly BENEA Régifﬁf)@éb%iﬁ GRSPAITATI ) CORBEBATED GHANNEES ar i ance

in a wreless communication system H. Background [0003] Wreless
conmmruni cation systens are wi dely deployed to provide various types of
comuni cation content such as, for exanple, voice, data, and so on.
Typi cal wirel ess cCORMSS-REFERENGETOREDATEREARPLICATEONSCcess syst ens
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General ly, Wirel'ess nu e-access co I catlon syste

si mul t aneowsdrgncs.uppor t connunlcatlon for multiple nobile devices. Each
nobil e device nmay conmunicate with one or nore base stations via

transm ssions on forward and reverse |links. The forward |ink (or
downlink) refers to the communi cBAOKGRO¥NDI r om base stations to nobile
devi ces, dt reverse link (or uplink) refers to the conmmunication
link rom nbbi | &@8vices to base stations. Further, conmunications between

nobi | e devjppgs and bargoBdwihb BRHpRA Biated géﬁb%ﬂystb &fre¥dsfcthMBhiSationHut
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and more particularly to linear precoding based upon considerations of covariance in a

wireless communication system.

II. Background
[0003] Wireless communication systems are widely deployed to provide various
types of communication content such as, for example, voice, data, and so on. Typical
wireless communication systems may be mﬁltiple-access systems capable of supporting
communication with multiple users by sharing available system resources (e.g.,
bandwidth, transmit power, ...). Examples of such multiple-access systems may
include code division multiple access (CDMA) systems, time division muitiple access
 (TDMA) systems, frequency division multiple access (FDMA) systems, orthogonal
frequency division multiple access (OFDMA) systems, and the like.
[0004] Generally, wireless multiple-access communication systems may
simultaneously support communication for multiple mobile devices. Each mobile
device may communicate with one or more base stations via transmissions on forward
and reverse links. The forward link (or downlink) refers to the communication link
from base stations to mobile devices, and the reverse link (or uplink) refers to the
communication link from mobile devices to base stations. Further, communications

between mobile devices and base stations may be established via single-input single-



out put (SISO systens, nultiple-input single-output (MSO systens,
‘mul tiple-input nultiple-output (MM) systens, and so forth. [0005] M MO
systens commonly enmploy nmultiple (NT) transmit antennas and nultiple (NR

recei ve ah?&NAaY¥%¢r data transnission, A M VIO chann@CTGHEGBY the NT

transmt and NIt receive antennas may Be deconposed into Ns i ndependent
channels, which may be referred to as spatial channels, where N. <_ {NT,
NR }. Each of the Ns independent channels corresponds to a dinension.
Mor eover, NHRD (BIFEDersemaynulpplovimié singprooipetNSD)eystems enylipleinput ncr eased

spectral e ?t%eﬁgﬁ%%épiﬂ@;sy%%ggggQ%f);m%land/ or greater reliability) if the

addi ti onal red he multiple transmt and received
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syst emsmay Ny trhhshd €andi NEPRBE R CarktdrREHAAEYe decORbENRE ikt Vs ilepedenthshreRY er se
| i nk communi cations. Further, in tinme division duplex TDD) systens,

forward anwhichvesyde referkd tooansnetiat ehanoels whase Nl 10, A bokmabref thersquency
regi on. however, conventional techniques, ma rovi limted or no
feedback r Sldspeadent shamals seITePRRGIAA BT sIoBUMMRESYer, [?@@é(?]sysrﬁesmém owi ng

presents agﬁ)'vﬂi@ lidabio@el ?&fﬂﬁ%ﬂce‘l@.g? HRreAfedBBESral SHBRHAETBINS: thibughsiRr tO
provide a basic understandi ng of such enbodinents. IS summary is not an
ext ensi ve M@T@Wréﬂlﬂélhty)déaﬁéﬁ@hmaédllmﬁﬁéﬂﬂﬁ@m?@?teéhm thesmulfipleended t o
neit her i d?rgr#sixr]cityanﬁgé(cefve %‘iﬁ{;ﬁaﬁ% ﬁ{lﬁg@m s of all enbodi nents nor delineate
tthe scope of any or aIF enpodi nents. Its sole purpose is to present sone
concept s of0086k or Miyle syrtbmdinmmytportrvadows duplexfriggechihues @slivdgpr el ude to
the nore dFt ai l.ed.descr Ir?ﬁfsl on thatt S Epresent ed Iatﬁr.%%OOOEéX In

accor dance S 1 2BALSFC MBK SO B BIIREN PET 4T IR R HSH MG ™ aF ¥ osur e

t hereof , vakiantesfra@RAcY Sivaich digRe (FDBsystens aiayanilize dispaste fiet@ddncn g

estimati on of ’é‘%r’l nsrri_# covar i a\ﬁe from eval u%li ﬁ” of _a channe] ]((?e. g.,
forward |i FREICHEHARIWArG gieygse rl?ﬂ?“E‘H’élFﬁarEPl?s; urthgt, e diyisian; dpalex
l'inear precqsivngskk, H| dch Bh@rdvBRS fini 3t @riOHS Ry embMyMbmMdne! ess
communi cation systens. Predefined codebooks that includé any nunber of
precodi ng fequeneesgivny Hewehgrdeqvertiopaldedimigyenmey aiegidetingtedar pance WO

2007/ 0508 6@%5@& H@c?tgc@ éf &%&%ﬁl ﬁafor?’nation.

SUMMARY
[0007] The following presents a simplified summary of one or more
embodiments in order to provide a basic understanding of such embodiments. This
summary is not an extensive overview of all contemplated embodiments, and is
intended to neither identify key or critical elements of all embodiments nor delineate the
scope of any or all embodiments. Its sole purpose is to present some concepts of one or
more embodiments in a simplified form as a prelude to the more detailed description
that is presented later.
-{0008] In accordance with one or more embodiments and corresponding
disclosure thereof, various aspects are described in connection facilitating estimation of
transmit covariance from evaluation of a channel (e.g., forward link channel, reverse
link channel, ...) to be utilized in linear precoding for multiple-input multiple-output
(MIMO) wireless communication systems. Predefined codebooks that include any

number of precoding matrices may be modified based upon transmit covariance



estimtions to yield inproved precodi ng performance. Further, channel
‘rel ated feedback may be generated and anal yzed by utilizing the nodified

codebooks, #0009 According to related aspects, a nethod that facilitates
gener at i YO %8¢k for 1inear preceding tail ored bad&d’{FY 8¢ ari ance

is described herein. The nethod may cénprlse determ ni ng covariance from
observation of a forward |ink channel. Further, the nethod may i ncl ude
nmodi fying a predefined codebook based upon the covariance. Moreover, the
met hod nay egiompionste yid enpovetpreediigapekomadnat. eurthen chimme stajesk d | i nk

channel by it el g Lhe. Hedbid sdyoassbaaky. ] 0040l Aaabgbogepect relates

to a wirel ess co N ESE 3 apparatu €SS “conmunr cati ons
appar at us pEw9] ncl ud&c@rd‘rﬁgrwmlatdd%pelcet amsthod that Ssitatecgrdedtink and
instructions related to est|mat, ri ance associ at th a_forward
ok channdieabii it T inae e B Ser B o SO B BT 3HSt b
covari ance meafvd mgReNHALd MerhfRHP G krite iRYVEsREVASoL bt R At Gk Mat ri ces.
Further, the communijcations apparatus ma nprise a processor coupl ed

to the menshapnele grthejuihe anethydanacinelady lﬁ@m¥xl%a Pﬁ@é@fm%oqk‘@pak hwadin t he
h
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appar at us t gener at es by utilizing
transnmt covefawesl linklvbawiet by e@szm&tbﬁmmfmépo@ﬂbsolappar atus may incl ude

means for ting,t nsmt covariance,. from a k .¢hannel ;
moans for LT ng sob BlAR B RN R oL R B AR 2R,

covar i ance wi@hss maﬁmcﬁzmlbng@peraaislmguﬁﬂem&nb@sﬁﬂ iz ol a@resetsu mat e of
the forward. link channel. dlé He al tered codebook. x{a@?l |II anot her
aspect r el SPEEOoAnd RHTAHONS IPIB A SbPSETIRHERE CYAHARFP 4808 é‘?’@gn

nmachi ne- exgartidRhE, ARSHE Wietd @B the prefsttbdPdboiBassd apdnSthé @@Jmmw‘eomat ion
froma forward |ink channel estimating a matrix related to the forward

| i nk channépueraing feqqib@nkfvlﬁ@r%gn?ﬁ ‘Geaitqrerbmaigisere BBEIRET HigtcOMmARINAAERNSy
luralit
prurality g%%agzﬁﬁsr ﬁa&féo %ﬁ%@q p?&?%kﬁ%?@%al.ve@ttﬁe%hé@&lyher e%hfea Qﬂelcutyﬂﬁe

machi ne-rea e nmediu store ne
execut abl eiﬂstrs@trane:tatammilﬁ(bhemdamlfyl ng a particul ar one of the plurality

matric af ctlo of 1 st n inhg data
r eI ated t o(ﬁ?or@]S par ;J? g uﬁngp e~ frelf% Setomlr?eg?sgggm%m% ?nlsél g&%&eﬁaa{; reverse
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wi rel ess conmunj cation s%st emmay .inclu g@ocessor wher.ei n.t he

processor (TERPIHBICARATA APRTFEHTED L e FITFTH 0%165@ Hps HWE?E“bCé“rVF’é?‘ﬁF fg™ o a
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precodi ng matri ces |ncluded in a predefined
transmit covariance; and means for generating feedback based upon an estimate of the
forward link channe] and the altered codebook.
[0012] Still another aspect relates to a machine-readable medium having stored
thereon machine-executable instructions for estimating statistical information from a
forward link channel, estimating a matrix related to the forward link channel, and
modifying a predefined codebook that includes a plurality of matrices based upon the
statistical information. The machine-readable medium may further have stored thereon
machine executable instructions for identifying a particular one of the plurality of
matrices as a function of the estimated matrix and transmitting data related to the
particular one of the plurality of matrices over a reverse link channel.
[0013] In accordance with another aspect, an apparatus in a wireless
communication system may include a processor, wherein the processor may be

configured to determine a covariance pertaining to a forward link channel. Further, the

processor may be configured to adjust precoding matrices included in a predefined



WO 2007/ 050861 PCT/ |1 S2006/ 041949 4 codebook based upon the covari ance.
"Mor eover, the processor nmay be configured to vyield precoding feedback

based upqQp_.the adjusted precoding matrices. [0014] Ac i further
aspect, a ety %lhat facilitates controlling forwar &gfrﬂhg&?é’%ﬁ@ '

m ssi on
based upon linear precoding that utili f’e,s a neasure of transmt
covari ance is described herein. The nmethod nmay conprise determ ning
covariance froman anal ysis of a reverse |ink channel. Additionally, the
met hod nay codehedlilersedpncarthaepvarigicedMorsayer BPERRsEIRT Biay b coigiradie

covari ancey%eﬁﬁl.gﬁ%nﬁe%g@gﬁ%%pﬁye Ad?&kémecﬁgﬁl%%ﬁlg%sr ecei ved feedback

based upon Moreover, ~ t may conprise
control | i n§P0ARNs M sAc@ndioywra fartherragpact almathodchatdaalitatey cortmpling ng t he

anal yzed feedback. .[0015]. Anot her ect relat 0 a wWreles

conmuni cat '%W@@B‘&a“ia&?rﬂ?;méﬁﬁm wP ?“Zlff%%%PfS%"f%%ﬁ%&W%%a Bsaratus may
include a peRwiiycdvadince & @kdtbed heeie e knadiivd may@inpuise tassnihiag det er m ni ng
transmt covariance, nodifying a pre%,eﬁﬁ code oo(ifq,an eval yati ng feedback
based uponcPYiEERREdTam a2 greversGlink spanngh eAdgiimrly.dhe pghRt Ma¥at i ons

appar at us fRyude AGHEE: FeRREESRRbookAAR] GfdnttR NS RRED rihes IRS ndb@d O
execute the instructions retained in the nenory. [0016] Still another

aspect r el awgsnduleqnplyriap essivedfeadhick hased wpomipp alieredisodeheak. Meiseyes] s

forward i 'EH%J{uétﬁ&fﬁki§&%ﬂdsg¥oﬁ£@ﬁr§y&e{ﬁ9}ﬂs%ﬂaﬁ%ber&rfﬁﬁz&)ﬂh Rk Widnfeltgy2nsm t
covari ance estinat’i on. e w reless communi cati ons appar at us y include
means for apmeingilfeyannlyz¢d faedbatk. covari ance based upon anal ysis of a

reverse |i annel , ‘nmeans for., adjusti a _predefined codebaok as a
function or&{lﬁt covaﬁpgfﬁ%lgfpeﬁg%ﬁesggflWé\?gelgﬁ%?’igﬂlémcq‘uggﬂﬁpé’@ﬁagﬁy%i li zi ng
the adj ust egreiedalaknicands spantsindy i660dd Dbnog tharwaind alcbddvook and

transm ssi on based upon the eval uated feedback. [0017] Yet anp other aspect
rel ates to§THEHM? F@-df:@%]&mgéraﬁﬁ&tﬁ??{aﬁ’é@‘?enﬁmé‘gﬁpéﬂpmt“%fé?f’g oK, and |

machi ne- exgeih ARk @eddBallasdd w08 tehodfdd CREHIA. Fulthed BBy ar i ance
matrix froman evaluation of a reverse |ink channel; nodifying original

precodi ng AeMpuBiestiang appargpemey inglde 8 oHspok corpldo thronempRy, ¢aniigyiert
covari ance ri.X; . rgl 1 QR cations over a forward Iink
channel baée eﬁ%%ﬁhegﬁ&él\%g%ar |o%@g]fth§ece| ed feedback by enploying the
nodi fi ed pl@deédii ng niili nceiser afpeOh8htes o awoeleskavoenumidatiosapphtus dispect , an
apparatus in a communi .em nm ncl

wherein th §OIB o&%&@%ﬁ?@é trégﬁwlpséﬂ}c@;délﬁﬂoﬁxg }mear preXodinngﬂg ?ra%srBE ocessor,
covariance estimation. The wireless communications apparatus may include means for
identifying transmit covariance based upon analysis of a reverse link channel, means for
adjusting a predefined codebook as a function of the covariance, means for evaluating
feedback by utilizing the adjusted codebook, and means for controlling forward link
transmission based upon the evaluated feedback.
[0017] Yet another aspect relates to a machine-readable medium having stored
thereon machine-executable instructions for estimating a transmit covariance matrix
from an evaluation of a reverse link channel; modifying original precoding matrices in a
predefined codebook based upon the transmit covariance matrix; and controlling
communications over a forward link channel based upon an evaluation of received
feedback by employing the modified precoding matrices.
[0018] In accordance with another aspect, an apparatus in a wireless
communication system may include a processor, wherein the processor be configured to

evaluate a correlation associated with a reverse link channel], alter a codebook based



evaluate a correlation associated with a reverse link channel, alter a
‘codebook based WO 2007/050861 PCTI US2006/ 041949 5 upon the correl ation,
recei ve feedback related to a forward Iink channel, and evaluate the

f eedback YWAWF'WSYn the altered codebool ¢ [0019] To t RETACLVABtYEhnent of
the foregoing and rel ated ends, the oné or nore enbodi ments conprise the
features hereinafter fully described and particularly pointed out in the
claims. The follow ng description and the annexed drawi ngs set forth in
det ai | cer eminrthé tdreeddtivat icvaveafspdbetisretated the forvardlinlhehaandisdgivalnetes. These
aspects ar indicativ howe a few of the various ways in

whi ch the %‘ if%egg?ﬁ%g)@S%fup\s’ggi?eo%%{edec%eggﬁ%fents may he enpl oyed and the
descri bed poboKi mentBo @k acdontpiisidedht dhihe fabgide amgl tklakdehdudpentsr and their
equi val ents. BRI EF, DESCRI PT] ON THE DRAW N 02 Fl . 1.s.an

i 1] ust rat | BRIEORPARPINL uwpriss M%??Fﬁ“b%% %ﬁn}%%ﬁ‘é ﬁM (?eﬁm%]ﬁé 86‘? H%fh&‘@aw th
various asp&ffed o8h theitithsheneionowiddRdriphibPandthe Sn@Red tlaugddsabd fofth of an
exanpl e communi cations apparatus for enployment within a wireless
comuni cat ingletilagutindtirsative gspepssf the qoe o3 mase epbedimeris.r Bigse ASDEEts 8% exanpl e
wireless c A Cat t - b ; i based
upon consi g’%ﬁ%ﬁé‘b%iggégﬁ ?@ﬁc%%eveﬁ%gfﬁgﬂq% g@é‘%’]t E]i Cgcpé%&iccgq}gﬁgus

i |1 ustrati embafiments ey ivp ceploythodchodgsctibedtenfimdinidntscarentendedtorintliidey

f eedback fOﬁ Icgnngaertsplrg%o@ienﬁivglh%t may be tail ored based upon covari ance.
[0024] FI G B TEHRSTT UStHET6M of an exanpl e net hodol ogy t hat
facilitates quantizing data associated with a channel for providing

f eedback in connection w | ] ing. IG 6 is an
illustration of an exa%@%ﬁ@ﬁﬁ%@??ﬁg&ﬁ%ﬂg@ control ling
forward |i [We207 ansmsisl. 0ns RANEAHOOHE 4 WREBEs RHREAHaNe) §RR’In Mt i | 1 zes a

measure of transmt covariance. [0026] FIG 7 is an illustration of an
exanpl e noficPElag@Wisevarias agpael pat forthdiereidst i mati ng transmit covariance

and/or uti tdOéi 9 t hepty ansi fimEQMas bARGK ablel olinipRatioR HE& g, N a

ML1b] O sys em]n[ 002% F Si1s an | ustﬁrﬂgti on of an exgﬁ’pl e systemt hat

facilitat esmpleymentiwihin andkisss eonitimzdatigns eettbankntt o control forward |ink

transmi ssi g,hased uRen s SORSHARLAL 87 exluple RIS LoSRRLLRTS Syddin @ MO
that effectuates lincar precoding based upon considerations of covariance feedback.

[0023] FIG. 4 is an illustration of an example methodology that facilitates
generating feedback for linear precoding that may be tailored based upon covariance.
[0024] FIG. 5 is an illustration of an example methodology that facilitates
quantizing data associated with a channel for providing feedback in connection with
linear precoding. '

[0025] FIG. ¢ is an illustration of an example methodology that facilitates
controlling forward link transmission based upon linear precoding that utilizes a
measure of transmit covariance.

[0026] FIG. 7 is an illustration of an example mobile device that facilitates
estimating transmit covariance and/or utilizing the transmit covariance with linear
precoding in a MIMO system.

[0027] FIG. 8 is an illustration of an example system that facilitatcslreceiving
and/or utilizing feedback to control forward link transmission based upon considerations
of transmit covariance in a MIMO environment.

[0028] FIG. 9 is an illustration of an example wireless network environment that

can be employed in conjunction with the various systems and methods described herein.



[0028] FIG 9 is an illustration of an exanple wrel ess network
‘environnent that can be enployed in conjunction with the various systens
and nmeth rjbed herein. WO 2007/ 050861 PCT/ US20 [ 0029]
FIG 10 Bgééﬁgaﬁ%%ﬁlstrati on of an exanple systemthat %%&féé@g/g‘%lggdback
for linear precoding by utilizing transmt covariance estimate(s). [0030]

FIG 1.1 is an illustration of an exanple systemthat controls forward
link transm ssion by enploying |inear pr ecediyné;evm th transmt covari ance
esti mat i onl002YPETAI L CrRBYSERAqOY 32 FX3papE sysers Habaronisat Sedheek now

descri bed i@rﬁiﬂea"r‘?fe%%&flgE%hgﬁiieiﬁ%tréi{sﬂ?cegeﬁiamé"é'bﬁff%ié@s)] i ke reference nunerals

are used to refer t nts throughout. In'the follow ng
descri pti o03@lor purfI6s ébisai iBysphidmaliao sxamplersystens thepemitiolsdorfetrdlihls ar e

set forthtrcimré SI'S%EI’ 2 J?(g ?ﬁ“ nee pr&) bt} %Bl (g I:tSCtO A B!Q €S fma?lg . or nore
enbodi nent s. n’&?yeﬁjé evidrent', Phowever , at  su SO e N (s) may be
practiced without these specific details. In other instances, well-known
structures and devices are sr}%\f i@w‘ﬁb@ﬁ%ﬁﬁ" mformin order to
facilitate describing one or 3 ﬁgﬁ\gOBZ] As used in this

_ap![ol i gagi ?[0031]?6 tf“ﬂﬁidh@@ﬁﬁl@?ﬂﬁl@ﬁts 'lélre:['nﬁgfdiékc'tﬁib'téd ﬁﬂ‘l&%ﬁﬁf@nc?} toaeg@'dxwlmgls,i ke are
intended to refer to a conputer-related entity, either hardware,

firmare, #heendikaaeipshcormEENgvEdneieoPlikaclemegisthipaghout.dp tRof tware in
execut | On. ;o1 bR KATR)Er, Br GAPRANGNLp MR enuitbud s%eglﬁté dbibfl et 0 Dei ng,

a process running on a processor, a processor, an o , an execut abl e,
a, thread ofortieouder Orprovdps tgraugh undemidndingof oerpumere, enBypdivagntsofIt may
illLustrati . n.appli i ¢ i N .ce.and the
corput i ng Foiaat AeRey PRk AL LR HAR T a? B BRI pERKET TS, |0
W thin a pdoadbsdn athdl @statdes eedl-kfowasaacttites anddelics arrshowe it blogky be
| ocal i zed on one conputer and/or. di.stributed bet n two or nore
conput 6r s. SRETTRIETR ot A EEE = GrpBRREPES BaOGERAGEEP P om var | ous
conmput er rpagzbl e el @:h avihdpyRdation Shekainds “cSinbbfdntr emoaklor eghsteher eon.
The conponents may conmuni cate by way of |ocal and/or renote processes
such as i nAdBoHRHE & i deA tarekTr hasorkmarrglaisAenid. #ieehadvarepacket s
(e.g., datg.fgom aod?)%;t%maﬁ'B‘f‘ﬂérd\kzﬁfe%ﬁ@%y}fﬂv&hge,%ﬁ\bm@mtsb%m%%'P&Qﬁﬁﬁn.' n -a
| ocal system distributed system and/or across a network such as the
| nt er net wrerlexampler a gyspcamst tay beway isofot filveted itgybeing, 2 fr@BS3jmniEog pher nor e,
vari ous e i.pen d 1 he L i fon W nobi | e
dovi co. A PoBrTE hEvPESoC ROt sRe b,y R ARR b e, "o ¢
and/or a computer. By way of illustration, both an application running on a computing

device and the computing device can be a component. One or more components can
reside within a process and/or thread of execution and a component may be localized on
one computer and/or distributed between two or more computers. In addition, these
components can execute from various computer readable media having various data
structures stored thercon. The components may communicate by way of local and/or
remote processes such as in accordance with a signal having one or more data packets
(e.g., data from one component interacting with another component in a local system,
distributed system, and/or across a nétwork such as the Internet with other systems by
way of the signal).

[0033] Furthermore, various embodiments are described herein in connection
with a mobile device. A mobile device can also be called a system, subscriber unit,
subscriber station, mobile station, mobile, remote station, remote terminal, access
terminal, user terminal, terminal, wireless communication device, user agent, user

device, or user equipment (UE). A mobile device may be a cellular telephone, a



subscri ber station, nobile station, nobile, renote station, renote
“termnal, access termnal, user termnal, term naI W rel ess

conmmuni cat i on_devi ce, user agent, user devi ce, user Sy UE). A
mobi | e d&¥? &87/M°be a cellular tel ephone, a WO 2007/ 6’@6@%@0 Bk ¢
PCP/ 1JS20061041949 7 cordl ess tel ephohe, a Session Initiation Protocol
(SI'P) phone, a wireless |local loop (WL) station, a personal digital
assistant (PDA), a handhel d devi ce having wireless connection capability,
computi ng ersdlegseelepronot thBgssipn ddalion Kgotoen) (L) plmne@wedlessdogal logpr el ess

modem  Nor BOLES statyo%ragaﬁangg@gg LTERL St ngéﬁ%g%%[%n@e?add fe%'a ink: Wi G2 gpecti on

with a bas at'ion! tion nlcatlng wth
mobi | e  dewinnedtioh capsadhltty aypmpltiog dlchneecirejttree@rdcessﬁg denicacomsstepai it , Node B,
reover, vari ect s or feat ures

th [ 0034
desor 1 bed. NOPETTHOREG: DCeDifs CHIOH SARSEnEr i Ht S UMAR B0 SmBHCl 1| o o of

nmanuf act ur wltualba@ sEltidndarshse RERGN BTV GBS 0P EorBEhiBRETe With 66iM11 ques, The
term"article of manufacture" as used herein is intended to enconpass a

conput er p?WW&M%@é&§%S%P%felf?fm¢1taﬁ§/afb@ﬁ?ﬁﬁﬁ3@¥ﬁ Naslgdhaor eomepethere, carrier,

or media, FERhingk% conput er-readabl e nedi a can include but are not
limted to magne c storage devices (e.g., hard disk, floppy disk,
magnetic H034lps, etl‘dor)uovqyp‘tan@a?e asgieatker fézéuxgs descﬁhqnblweinlmk b¢CD), digital
versatile V, tLod [ ds._an devices (e.qg.,
EPROM car %pﬁé{lgﬂ?(@s E”F \é}%p&&e{?sc%’j %ClgggﬂaP%ﬁ% 14 usm@a‘?rl 83@ storage nedi a
descri bed ptegmnmngmm@mngmeMngQMnmmmm te‘lﬁ'v'faﬁﬂﬁe ofarnﬁﬂuﬁaictlﬁé hasrused

machi ne-readabl e Er{l:ggiqarﬁfor storing information. ‘ge term "machj ne-

readabl e nEdf A EPORTRRass ¢ CTREIENYR PEGRPY G I8! A SPBPEEE channel s

and vari ougadldRNiceReiderCaRadi€ M efdn@ilé,REmpERALALIHIOfhedidREd PEILEGST I'Yi N
|nstruct|on(s) and/ or data. [00351 Referring nowto Fig. 1, a wreless

comuni cat PBRTESps Hidiied sompanetic piorage faiesd (¢4 ééﬁ&a%ﬁﬂ“ﬂ(hmﬁ&ﬁ%us
embodi ment %ﬁ @z%%“&;%@aﬂ@%'@% eébfﬁﬁagmléip@:m 51'v%{%§u1% dhaspvahakd on 102

that may include multiple antenna groups exanpl e, one antenna group
may i ncl udsnarhtaedsnans! A4 memebry 06/ices hog. hEPR@Nngdnﬁykdcﬂmmwsﬂftc Bant ennas 108

and 110, - aRd.iffhaAgtNd00 ab-0L BB TR b&ﬁk&&ﬁ fADICBRA ofe 6r A0 abdidss, O

ant ennas ar each ‘ant enna ef, nore or fewe
ant ennas nmd/orlodlenmabhlzechaﬂﬂﬂe madih fdrrsto@mgmeasﬁost The enmIticinay additi onal
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t ransm ssi @herafidllid @HERNE bORofifa, JontaiRing CATRR Couryi P thdlradtidnss) and/or data.
[0035] Reterring now to Fig. 1, a wireless communication system 100 is
illustrated in accordance with various embodiments presented herein. System 100
comprises a base station 102 that may include multiple antenna groups. For example,
one antenna group inay include antennas 104 and 106, another group may comprise
antennas 108 and 110, and an additional group may include antennas 112 and 114. Two
antennas are illustrated for each antenna group; however, more or fewer antennas may
be utilized for each group. Base station 102 may additional include a transmitter chain
and a receiver chain, each of which can in turn comprise a plurality of components
associated with signal transmission and reception (e.g., processors, modulators,
multiplexers, demodulators, demultiplexers, antennas, efc.), as will be appreciated by
one skilled in the art.
[0036] Base station 102 may communicate with one or more mobile devices
such as mobile device 116 and mobile device 122; however, it is to be appreciated that

base station 102 may communicate with substantially any number of mobile devices



mul ti pl exers, denodul ators, denultiplexers, antennas, etc.), as will be
‘appreciated by one skilled in the art. [0036] Base station 102 may

connunic ne or nore nobil e devices such as e 116 and
nobi | e devﬁg&@ﬁfg’f however, it is to be8nappr eci ated tﬁg&/&sgg’g@?%atl on 102

may communi cate with substantially any nunber of nobil e devices WO
2007/ 0h0861 PCT/ US2006/ 041949 8 simlar to nobile devices 116 and 122.
Mobil e devices 116 and 122 can be, for exanple, cellular phones, smart

phones, | aftrBis (o mabitlviree bHnine 124t Mabilgevieesd.16 and ktheandeciorput i ng
devi ces, S%Bc%hﬂ)lbtc%llﬁ %d]%}%%es nah horR:Q%ﬂtbﬁ&”hé?ﬁhééi%%ﬁﬁﬁmmﬁ’%?dav?c@ ['or any

ot her suitable device commu |cat| ng over w reless communi cat’i on system
100. As délpndheétbompubng devileps setellitd Gudjos, globa]:pmmmmmmstamsy\]?]ﬁhs and/ennas 112
and 114, ﬁggm e[_i) as 112 and 1114 tt ansmt i nf or rratlog to gob' 0e devi ce
116 over war o REVIGE T SPROPREAGE VY SHCTS SPPE ™ Pa s HE5M @levi ce
116 over a Asalepicted, inbbike de2de 1164518 QU munidBiYnl vAittditémas 18Panidsl 14where

comruni cati on wth a(%&[mas 104 and 106, where antennas 104 and 106
transmt i ifGPRAstlildAnd bliemsmi ieeymation 1o mobiedevicer ldp\aeice forwwd limba and

recei ve i nfiqg BRd 1e08vd HATHIERGN h@mqﬂdfdﬂ‘é%le@ige?lﬁvcﬁfer Qrév@fé@'ilﬁﬁ 1ho,nk 126. In a
frequency division duplex (FDD) system forward |ink may utilize a

di fferent Meregjsenespilbanvice h¥hisiheamuurentioy widnaatenpay 104@14206 véhett f or war d

link 124 my teggag'1@¥m?d1w& mqguﬁﬁ&u%@%bﬁg&&ée%g BB 5o Rﬂﬁh?ﬁﬁd by

reverse lin or exanple n Ivision ex (TDD)
system f orl@4edd tecgike ibi8mation fremenahileldevike llmwag{revatse link é2@ Im(ammn

comon 1+ equaitgY Bkl Pithr D0 e Ot o B il R S v e i
whi ch t hey f&qeend?s:ugirtame«ﬂat@ed bpfewm ﬁﬂlt ezo;raxyd ﬂﬁwﬁﬁﬂﬁkﬂ@d nla® e@ploy asect or
Communi cat SRS SBEC UL BET PH FISCHor ek APeer Sesvk dUnBs: base
station 103 a lifhe @RAABNILGAA @mmvs%eﬁl%%d lihk 1k$ arkil@vaadiderbo hidje

transmtti ng antennas of base station % utilize beanformng to
i nprove si gHAETE @ ARG} Bequeagy kandfng &rwﬁdmhl 4 endi regersp Hnkl 226 may vtpizki | e

devi ces 11 . ile base station 102 utilizes beanformng to
transm t tgé rr@gm#l%%ggé\?!bgggn 16 and 122 scattered randomy through an

associ at ed [6@7¢r age, Emintgrblqa afemtenes ant/ontiegivacn whiphabdyl B¢ designated tsubj ect
L S e 55 SRR iR i h 40! FESble Al CUoh 2
groups may be designed to communicate to mobile devices in a sector of the areas
covered by base station 102. In communication over forward links 118 and 124, the
transmitting antennas of base station 102 may utilize beamforming to improve signal-to-
' noise ratio of forward links 118 and 124 for mobile devices 116 and 122. Also, while
‘base station 102 utilizes beamforming to transmit to mobile devices 116 and 122
scattered randomly through an associated coverage, mobile devices in neighboring cells
may be subject to less interference as compared to a base station transmitting through a
single antenna to all its mobile devices.
[0038] According to an example, system 100 may be a multiple-input multiple-
output (MIMO) cornmunication system. Further, system 100 may utilize any type of
duplexing technique to divide communication channels (e.g., forward link, reverse link,
...y such as FDD, TDD, and the like. Moreover, system 100 may employ linear
precoding that leverages covariance feedback; for example, a transmit covariance matrix
(and/or a transmit correlation matrix) may be estimated and employed in connection

with linear precoding. Pursuant to an illustration, base station 102 may transmit over



[ 0038] According to an exanple, system 100 nay be a nultipl e-input
“mul tiple- output (MM cone rmication system Further, system 100 nmay

utilize any.type of duplexing technique to divide co nication channel s
(e.qg., fs’}!%@%&oﬁﬂk, reverse link, ...) such as FDD. %SZ@F/H“??% li ke.

Mor eover, system 100 nmay enpl oy linear 7 preceding that |everages
covari ance feedback; for exanple, a transmt covariance matrix (and/or a

transmt c rreI tlon mit“}ﬁ% %be esti mated and enpl oyed i n connection
with Iinear® 8 angp{igApbIle Geyersi e ard $224 iNMabi edé@éf@e%ileﬁanéd%oz may

transmt O\hﬁiry e‘ﬁ&?{z&’t@%&@é@%?&%&? &Qﬁ;{[&%é)gégoma%ecflﬁg geéfgg ktﬁ'WHi8 and

124 to nobil devi ces 116 and evi ces
eval uate t rllah%hﬁgtandd\?ér Vbde d¢vdceg 116 awst 128 mdyi ecanl) baxmomatad sthwai t h

respective NSES 116 a 22 may each
be associ a ggg Elﬁ‘ed éddgggé{](te %?cguedég% (ﬁ%l\f/‘g%%& V(lber m?yntéelal?éﬁ ﬂ&ger%? ga rices,

where N mayf b/mchrmwylbatrﬁgﬁﬂiédbaeab&ponmﬁe a&hmﬁd&dﬁa\}‘anlaﬁcermﬁbcﬁataﬂwiﬂ@ﬁ@d upon the
esti mat ed covarl a ss C:]i‘é/ th the respective forward |inks 118 and

124. Addit FERE 11V9 41 Teidifipgaliys mMabgly deviessi 1§ gad {2ama¥%r war d
| i nk channekgmatd the fMlcf Jnﬁ@clﬁﬁ&e@?%ﬁn&@ﬂed&d@é&k@ﬁﬁ bk 8m gfé;Z&?{om ne

feedback to be provided to base station 102 related to th st1 mat ed
channel s. dptgmmigs fesdivask ipprosided tofagegationsl 03 nelated o fhapstimated channedet or
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illustration, an'in xassomate dat rix from
modi fi ed cdﬂjg@e@kﬁ theechiencks aasoriling ealarf lﬂlomanne, afinddxenssointddevitidavi ces 116

and 122 to, t.ati I imed s ect ter LS No so
limted. TR i, O“”%e%’di}o §%8§%b°?%81a6§%ﬁa‘é§“?lﬁ?f£‘? B O REIEFRRHE) ¢ o
base stati (davwe’ls(126 alﬁd)ozzzgl}a bBssatvhd 0L divwkod, e yladbédiudjechmanelis icdoat ed

f eedback f devices 116 and 122. Furthe base station 102 may
anal yze co tig‘)@!ée f((e‘%dbg“‘k Ry R SRRt RST  Hyetse | IB%FIi‘aélP%llttPBﬁse Stauo‘)‘ from
each of thegreverse links 120 and 126, and thereafter the covariance may
be utilized to alter_a predefined codebook retai ned by base station 102

(e.g., in 00dbst antBarisiptien 497 may peiarchams] ralatesfeetibagk fipminaildevi ces 116
and 122). def@é&%@hﬁkﬂl?ﬂ Ffth BéE@'s{%th preg&e ﬁ@céé)cggagggg&ah gevi ce

116 may ut| ize a substantially sim I ne the
codebook magvapenasodicfelaidng .n.) fromsedols bhthe lraazletsy lisksi A0zamd rtaOemd tifegeafter based

ypon <oyt AR TR IR RRL) R S e ER b P By ™
provi ded fnome dyabilsebstdeviktesihlior nandeasealtedibyanoble AevictkErsine 12hase
station According to an example, base station 102 and mobile device 116 may utilize a
substantially similar predefined codebook, and the codebook may be modified in a
substantially similar manner (e.g., based upon covariance that may be estimated by both
base station 102 and mobile device 116) to enable providing a common understanding
of feedback provided from mobile device 116 to base station 102; likewise, base station
102 and mobile device 122 may employ and modify a substantially similar codebook in
a substantially similar manner. The altered codebook may be employed to evaluate the
obtained channel related feedback. Additionally, base station 102 may control
subsequent transmission over the forward link channel based upon the analyzed
feedback (e.g., by performing beamforming to obtain beamforming gain).
[0040] Turning to Fig. 2, illustrated is a communications apparatus 200 for
employment within a wireless communications environment. Communications

apparatus 200 may be a base station or a portion thereof or a mobile device or a portion

thereof. Communications apparatus 200 may include a covariance evaluator 202 that



102 and nobile device 122 nay enploy and nodify a substantially simlar
‘codebook in a substantially simlaa manner. The altered codebook naybe
enpl oyed _t o eval uate the obtained channel rel ated feedback. Additionally,
base statYQH'1BIHay control subsequent. transni ssi on PGVAS2PKEE war d

| i nk channel based upon the anal yzed f¥edback (e.g., by performng
beanform ng to obtain beanform ng gain). [0040] Turning to Fig. 2,

illustrated_i.s communi cati ons. apparatus 200 for enploynment wt hi n 1
wirel ess co?ﬁ%nr?leéﬁﬂa@ﬁ%weﬁ\sﬁcﬂ ‘?ﬂ?@ﬁ?rar@%ﬁﬁ}ﬁnéﬁt |P§ﬁ§rdlwpan@lﬂu§§atmo may be

a base st at ¢ommaicaionos tpaﬁiﬂlsti'@@ﬁﬁé?rfbe@lhhéed']?la Sysfim fngeyt i on
ni_.cati ons appar at us I NC e a C ari ance eval uat or

t her eof . \C/,%mu
202 t hat OB ¢ Aok 0BG 4 [eTFe US@G@BF@@IW (e. gobmd ianeas $n povdaritance

associ at ed g to an. |

communi cat i or}gszmagtpésl%%?&g a% u@@éﬁ}mﬂas foﬁ% %’% 17 &4 hgkn "e{qgkg‘ﬁ%‘fa&ﬁk‘%ere a
forward | i nferagrd link aed/ ép severseniak Inmylhavmattm&ﬂ récypro€itydsinceNAG Gple @hndngASt 1 N
part due to m %Jnl mg@gC{QES? ac{a#le freg’l?[ﬁ{ bands for forward and reverse
|ink channef #’ hever % HHRR THEIE ey RRE Be foriRletati) have
statisticalaTBDi Mma skl Bae e foivk€1iAK BISHE teveRE hﬁlE‘Hﬁ? hiERYstdtfstical
correlated, Sim eﬁ%é‘ multiple transmt antennas may be correlated in a

TDD M MO syl§?18¥?1°“38| hppgh ‘IhB Firenels mapitfescPoy péance (eadloe coirliktiomyain be e
|
statistica estlfnﬁféﬂﬂroﬁ%cﬁl‘{a (VAR ﬁrﬁc%&gﬁhgi Q%O %@ﬁ? I8 d%@f%&h%h hra s Ov%mrce

(and/or correl ati onzf estimate
(e.g., at aurkshpmmel é/al%é}?a@rﬁéﬁtﬂonbrﬂws,rweﬂa@ovmamke ohaixRandrg., at a

base stati Whrelahiftha 19&) ? g?‘ghgfrmﬁ&‘é &/%r s% "%tgr(laé 58@532?‘@ rém d g}erbgéﬁa':]l ? E e

matrix i nmay be aval or es
base st at istatioanand thhenqmlo geviee. dﬁ)tlemﬁnplFQfanﬁXﬁﬂiitbﬁna dob@RiGh nadBé BRYY

correlatio and/or | ocation , l1mted space)
associ at ed%ﬂ%ﬁng d%l OCd%%ge/ %iSPP%?) aispgiaeg v r@éﬁﬂf‘%’?@ﬂlé’r g€ which data
may be rece‘bMEMyﬁﬁM]mo@am‘admm@itaﬁﬁljﬁb@&B@V&t us 200 may further include a
codebook Zgﬁmﬂge g., predefined codebook(gmand a codebook nodifier 206.
Codebook 2 y incpﬁﬂ“é‘“’éncag%‘is BPARUS PO GARfurtkerinelude  sodohpey 4N may be
any integerg.g( @eﬂefme@ c@@‘ébo@{? d\ld%rcbgéﬂaalk m%@ifﬁef“ﬁ% @E?ée {‘@4 m%PL?ls anpl e,

codebook 204 n%y desi for identically |ndepen Ut ed
(iid) chanféld. ‘P—"Eﬁl’{wﬂél* Lm‘@éé‘éhﬁi@)N RQsberpmy igeged (re{th}s'ét of I‘iphgmbiemaaxﬁl maybe

a Ml x L un ; ransmt. an and L
may be a rgfrlﬁzﬁ&g EEL Tl ?T%/"; H%ogggfmg?gg&fsﬁn p‘flg |1?1|%]t1§?1}ye13a§’ ‘%@giﬁr ding to
an exanpl e ,dis@ﬁldl@d@ﬂﬁh) @¢hicls. Further, codebook 204 may be C ={F ’ }j=1’ where Fj may be

a Mrx L unitary matrix, M7 may be a number of transmit antennas, and I, may be a rank
" and/or number of s patial multiplexing streams. According to an example, codebook 204
may include 64 original matrices; however, the claimed subject matter is not limited to
this example and rather contemplate utilization of any number of original matrices.
Pursuant to a further example, a subétantially similar codebook with substantially
similar matrices may be utilized with a disparate communications apparatus with which
communications apparatus 200 interacts. Codebook 204 may be retained in memory
(not shown) associated with communications apparatus 200, generated by
communications apparatus 200, obtained by communications apparatus 200 from a
disparate source, and the like.
[0042] Moreover, codebook modifier 206 may alter matrices included in the
predefined codebook 204 based upon the covariance estimate yielded by covariance

evaluator 202. Assurning that a transmit covariance matrix R is known at both a



may ‘i ncl ude 64 original matrices; however, the clained subject matter is
not limted to this exanple and rather contenplate utilization of any

nunmber matrices. Pursuant to a further e

subst ant |v5$?({?g/lg%h Y'ar codebook with subﬁt antially si %%@ng&g/ﬁl??es may be
utilized with a disparate comuni cati ons apparatus with which

conmmuni cati ons appar at us 200 i nteracts. Codebook 204 nmay he retained in

menory (n icatio appar tus 200,
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both a W 20%/ 050861 PCT/ U52006/ 041949 e@fﬁ"?‘aﬁi}n@mﬁa@é@‘%ﬁg@ Zé’g. ver,
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exanpl e, Caﬁﬁﬁ@ﬁkriﬂ@@iinﬁl)% 2062 1Y cdiBBliciyc,codebook 204 as follows (e.g.,
upon covari ance eval uat or 502 observing a strong correlation at the

transmtterC&n{%@amaﬁécrd; {%?rqfquﬂ w codebook Cr: Ci ={eigen vectar(l;
1/ 2F/ FXR'/ N Pur suant to this ill'U8tration, R J2 may be the square root of

the matriX PRrshfntGo thl&RHUStgtllog Rp# ﬁla be Sﬁggéé%%ggoﬁ%g%g{gtr%?gﬁéhg I

original matrix (e.g., unit ary mat maybe t he

conj ugat e tRaiPREE).ohatibiengllyi I, mﬁy@ltﬂaj tﬂ’@i%‘iﬂz% maﬁf;@@gcgﬁl nglgll&bg’gll o

Further, N may be the nunber of 'matrices included in th

|nstance Kromegodbigooki2y4 iand €demay bOBE 4bnjh st @CHRPERIG EheWirh t exanpl e,
codebook nodifier 206 may alter codeb(%o 204 gs fo@[}\(f)yI Bn%gglrgﬁﬁx

=~pr oper _ndiom dodelariok 28t | Gwitleek, ) Riak BEthe number of matrices included in the

codebook; for instarice, N may be any integer.

[0044] In accordance with another example, codebook modifier 206 may alter

codebook 204 as follows:
C,= {pmper_ normalizationof (R]/ ’F j) /\-11
==

[0045] According to another example, vector or scalar quantization nﬂay be
utilized to quantize a subspace spanned by dominant eigen-vectors of R (e.g.,
determined by covariance evaluator 202). For example, the basis may be randomized
and/or a smaller number of bits may be used for weaker ei gen-modes (basis).
Additionally or alternatively, for vector quantization, the dominant subspace may be
quantized. Pursuant to another illustration, for scalar quantization, dominant
eigenbeams of the channel may be projected onto the basis of the subspace spanned by
dominant eigen-veciors of R.

[0046] According to an example, communications apparatus 200 may be a
mobile device that evaluates a forward link channel to yield a channel matrix H.

Further, eigen decomposition may be effectuated upon the channel matrix by analyzing



[ 0045] Acco; ding to another exanple, vector or scalar quantization may be
-utilized to quantize a subspace spanned by dom nant eigen-vectors of R
(e.g., determ ned by covariance eval uator 202), For exanple, the basis
may be r AHAYWTVE61 and/ or a small er nunber of bits mapChHASYHeBIPHr weaker
ei gen-modes (basis). Additionally or d%ernatively, for vector
quantization, the dom nant subspace may be quantized. Pursuant to another
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eignvalues — thus, quantization may utilize a subset of the basis (e.g., 2 out of 4 basis) to

‘project onto the dominant eigenvectors (e.g., to save feedback and provide improved

performance). Additionally, for instance, A, and A, may be dominant and thus Ug;
and Ug; may be utilized as the projection basis; however, if A, and A, are substantially

similar to each other, then Ug; and Uk, may not be employed as the basis. Rather, a

new basis may be determined based upon U = (U a U )@ j» Where Q may be a

randomized unitary matrix known at both the base station and the mobile device, and
where j may be from 1 to N (which may be any integer).

[0048] Moreover, although not shown, it is to be appreciated that
communications apparatus 200 may include memory that retains instructions with
respect to determuning covariance (e.g., transmit covariance, correlation, ...) from
observation of a channel, altering matrices in a predefined codebook based upon the
covariance, generating feedback by employing the altered mairices, analyzing received

feedback by utilizing the altered matrices, controlling transmission over a channel based



and UR2 maybe utilized as the projection basis; however, if A and A2 are
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[ 0050] Mbbade afley t&iRb3D4nb@Eied 310] TdetoR eo&mwaeeg@daﬁlmto@aebbeﬁ tha@l
codebool ¢ 308, and a codebook nodifier 310. Codebook 308 maybe a

pr edef i nediPedea3RurRat of Mfesdes- WHiPrBABIEss) o Mable ﬂ?‘@%fs3q4én@’ obt3iRi t ary
mat rices) . i Mybiali6n BEMECR I3 IBYwRB TRk Phanh&lf @TRIdEDI@hR186 LR over a

forward |ink channel. Covariance evaluator 306 nmay determ ne coOvarianec
associ at eddsigritting vy afigrenassdcinicd kit eanfonyard figk ohangelradir gengrate 2 ansmi t

covar | ance iy Do ELr AL, SAFRSSHABE e A0 hetpgesgbook S08
l'i kewi se i mbwd@rahedmaﬁmmw\mbmat or 312, a codebook 314, and :,
codebook rrgglé{ er é[g ! 3%3 ubstC Sim Var é%' covari ance
eval uat or 1 codebdtk ‘@B%“ X é‘B??dR arﬁ@ P& T vel y.

codebook 314, and 1 codebook modifier 316, which may be substantially similar to

covariance evaluator 306, codebook 308, and codebook modifier 310, respectively.

Thus, base station 302 and mobile device 304 may employ substantially similar

predefined codebooks 308 and 314. Further, covariance evaluators 306 and 312 enable

both base station 302 and mobile device 304 to estimate covariance associated with the

reverse link channe! and the forward link channel, respectively (e.g., which may be

substantially similar due to statistically reciprocity within MIMO systems). Moreover,

codebook modifiers 310 and 316 facilitate adjusting matrices within codebooks 308 and

314 in a common manner based upon the similar covariance estimates.

[0052] Mobile device 304 may further include a channel estimator 318 and a

feedback generator 320. Channel estimator 318 may estimate the forward link channel

from base station 302 to mobile device 304. Channel estimator 318 may generate a

matrix H that corresponds to the forward link channel, where columns of H may relate

to transmit antennas of base station 302 and rows of H may pertain to receive antennas

at mobile device 304. According to an example, base station 302 may utilize four



Thus, base station 302 and nobile device 304 may enpl oy substantially
simlar predefined codeboolc 308 and 314. Further, covariance eval uators
306 and 312 enable both base station 302 and nobile device 304 to

esti mat e WO ¥Ee associated with the reverse | i nk PERASAWF LAY t he
forward |ink channel, respectively (e.d., which may be substantially
simlar due to statistically reciprocity within M MO systens). Moreover,
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transferre ' ; r | .. yfAccor di ng
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[0054] Moreover, feedback generator 320 may compare (or quantize) the
channel unitary matrix U to the set of altered matrices (e.g., unitary matrices) from the
modified codebook generated by codebook modifier 310 (e.g., to quantize the channel
unitary matrix U). Further, a selection may be made from the set of altered unitary
matrices. An index associated with the selected unitary matrix from the set may be
identified by feedback generator 320. Moreover, feedback generator 320 may provide
the index to base station 302 via the reverse link channel.

[0055] Base station 302 may further include a feedback evaluator 322 and a
precoder 324. Feedback evaluator 322 may analyze the feedback (e.g., the obtained
index associated with the quantized information) received from mobile device 304. For
example, feedback evaluator 322 may utilize the modified codebook of unitary matrices
generated by codebook modifier 316 to identify the selected unitary matrix based upon
the received index; thus, the unitary matrix identified by feedback evaluator 322 may be
substantially similar to the unitary matrix selected by feedback generator 320.

[0056] Further, precoder 324 may be utilized by base station 302 to alter

subsequent transmissions over the forward link channel based upon the matrix identified



[ 0054] Moreover, feedback generator 320 may conpare (or quantize) the
channel unitary matrix Uto the set of altered matrices (e.g., unitary
matrices) fromthe nodified codehook generated by codebook modi fier 310
(e.g., t0"Ya¥I%Y the channel uni taw matrix U). ; FECTASP00641E) ect on
may be made fromthe set of altered unitary matrices An i ndex associ ated
with the selected unitary matrix fromthe set may be identified by
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identify tbesgel ect mfammmgtamugmm:nmbaaegemmmngtmmmmagumn ndex; thus,
the unitary matrix identified by feedback eval uator v?raé
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relating t@pfe MhndntihfRasgy cBildGRekinRgyely ﬁefkeﬁl@y@tdda@&eeﬁ@&ﬂback in MM

systens are illustrated. Wiile, for purposes of sinp |ICQ Ié.l

expl anat i dﬁtemﬁlﬁ@dﬁﬁ%éﬁmw ach 25 & A KPR PderEpyperpt L ilpstrated pedy of
acts, It ig, ngrﬁlélgﬂ?nt%r}get%&'i At &drdahal wihend@idiggol ogi es are
not |imtec e or acts orre acts may, in accordance with

one or rmr@nbodnfmmﬂs ments, occur in different orders and/or concurrently

W th ot her Oﬁ%}és fro t r}gfgt f mlugg“gte&] %Sacrﬁétgg&&l%rﬁbrﬁhatt E&Eht%ﬁml e, those

skilled i i art and™ “apprecl odol ogy
coul d al tegeﬂaﬁatm{gfeydtbel\ lf«ﬁpfneﬁqmﬁtcedmg%aan&ybe eslogkl basadtupon ebatriedcest at es or

events, such as in a state dlara over | ust r at acts
may be reqtt 1%dcP@rRRsI e Estde %H@FW%BH’ES‘I 0((.??@?\’ ?t}?n&géﬁﬁwﬁfc% 8y ?Wagﬁféj 1i)r nor e
enmbodi ment channel). Pursuant (o an illustration, the covariance (e.g., transmit covariance,
correlation, ...) may be determined from the forward link channel as well as from a
reverse link channe! (e.g., in a MIMO environment). Accordingly, the covariance
estimated from the forward link channel may be substantially similar to the covariance
estimated from the reverse link channel. At 404, a predefined codebook may be
modified based upon the covariance. It is contemplated that adjusted precoding
matrices that form the modified codebook may be yielded. For example, the covariance
may be utilized to modify the predefined codebook in a manner agreed upon with a
disparate communications apparatus (e.g., base station). At 406, feedback related to the
channel may be generated by utilizing the modified codebook. In accordance with an
example, the forward link channel may be estimated and a channel matrix may be
generated. A particular altered matrix from the modified codebook may be selected
based upon the channel matrix (and/or as a function of a channel related unitary matrix
obtained by effectuating eigen decomposition). Further, an index associated with the

selected matrix may be identified and sent as feedback over the reverse link channel;



[ 0055] Turning to Fig. 4, illustrated is a nmethodol ogy 400 t hat
facilitates generating feedback for |inear precoding that may be tail ored
based upon covariance. At 402, covariance may be determn ned from
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t hat faci I biichtcedse muedhtlhTZdlmgAtCii@BﬁthaSQﬁhﬁ‘dt@tfaﬂwawhhk ahaﬁah&ﬁﬁ@ bef quiantied@Vi di ng

f eedback |Q2fspgnnec ion with |inear precedi nga At 502, covariance may be
T

det er mi ned HPp %P%Rélr‘k?dlci’ﬁiﬂ?o?}ﬁa?ﬂﬁéramlt%sﬁ gnd/og VRAIRASUSY ARy Mak 504,

a predef i npgeppaphook myq@@um%fah@@ Beaﬁagnw@@evertaf}@v&&%ﬂdcﬁ%ﬂ At 506,
t he forward I|nk channel may be estirmated. Accord }%to an exanpl e, any
g

type of dum 06%} ng navltbévfaﬂemq t &ig- ibnillueirtrakis lﬁl@wtmdp ¥ 980 that feailitatési nk
h | K ; t be
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esti mat ed freasureast t:amaiw shariaficet ke 602 wevadncd Ak bedaamnehdd. frchbmver
the for and_reverse

covar ance R SSLALIE Blenelpisl IR SN oL st everse
based uponsitdiler weickiiad: ¢RURBOY K. didpeiatedaiMingati SksHpBira@B ¢/ T m¥Bid Or

quanti zati Oerlnce) ¥rom which feedback may be obtained. At 604, a predefined codebook may be
altered based upon the covariance. At 606, received feedback may be analyzed based
upon the altered codebook. For instance, an index may be obtained, and a matrix from
the altered codebook that corresponds to the index may be identified. At 608, the
analyzed feedback {¢.¢., identified matrix) may be applied to control transmission over a
forward link channel. According to an example, beamforming may be effectuated by
utilizing the analyzed feedback (e.g., identified matrix).

[0061] It will be appreciated that, in accordance with one or more aspects
described herein, inlerences can be made regarding analyzing covariance, modifying
predefined codebooks, providing channel related feedback, utilizing channel related
feedback, efc. As used herein, the term to “infer” or “inference” refers generally to the
process of reasoning about or inferring states of the system, environment, and/or user

from a set of observations as captured via events and/or data. Inference can be

employed to identil'y a specific context or action, or can generate a probability



be enpl oyed. At 510, quantized data may be transmtted over a reverse link
channel. [0060] Wth reference to Fig. 6, illustrated is a nethodol ogy
600 that facilitates controlling forward |ink transm ssion based upon
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froma set of observed events and/or stored event data, whether or not

the event slimitahcmmmbsr af istprongescihaisan be made ot the pemmarin yhichsachinirmess t he
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According to an exa , one or nore net S presente ove can include
maki ng i nflereinces pertaining to selecting a manner by which to apply

pR e Ak M R RS R
estinmat e Ofradshe dok@NHOE inde@\dilizidp €)transmit covariance with linear precoding in a
MIMO system. Mobile device 700 comprises a receiver 702 that receives a signal from,
for instance, a receive antenna (not shown), and performs typical actions thereon (e.g.,
- filters, amplifies, downconverts, efc.) the received signal and digitizes the conditioned
signal to obtain samples. Receiver 702 can be, for example, an MMSE receiver, and
can comprise a demodulator 704 that can demodulate received symbols and provide
them to a processor 706 for channel estimation. Processor 706 can be a processor
dedicated to analyzing information received by receiver 702 and/or generating
information for transmission by a transmitter 716, a processor that controls one or more
components of mobile device 700, and/or a processor that both analyzes information
received by receiver 702, generates information for transmission by transmitter 716, and
controls one or more components of mobile device 700.
[0064] Mobile device 700 can additionally comprise memory 708 that is
operatively coupled to processor 706 and that may store data to be transmitted, received

data, information related to available channels, data associated with analyzed signal



By way of further i | to stration, an inference nmay be nade related to
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control s oNeladle apdhRanvolss eBeeeTys Byrwaywhillustrafiop and o Gmitghen. spnvolgile cessor

t hat both N r.oef i i j erates

i nformati o%{é?%%{ﬂt?a?é%@rﬁgé g?%é\nq%?e{nr%{éﬁdg\rfnﬁ?% g%’og%a?i%,ﬁhﬁéﬁgoig gpnl% rof’s one or nore
conponent s eleétrinallyi fregraiewiable RIDE.(EPROBY)] cloditially etheatile BRODO (BERRQMYior i onal | y

conpri se ry 708 . is operatiyvel ouplee tao pro r_ 706 and that
may stor enﬁg@éx?"&orﬁet\]g%‘é}%lﬁﬂ“?&cﬁm f’ngié/’gia %@gomc?gfegf mieﬂf%yr Wgr?’ ¥H ated to
avai | abl e ghamgatdsnal daha nesseei BY edyof ilsidiah yae dotdingiveaion \MARIGE 7/ 050861
PCT/ US2006/ 041949 18 and/or interference, sStr th, info ion |ated to
an assig _nea"aélﬁ@ﬁ Hbllnfmyp@%@? ?FCF‘é‘F gyncgronoysfRAM; (ﬁgg%%é Cmﬁﬁgﬁmabl e

i nf or mat i 0By fMonERHIRLI RHEANH NG dAR Yars STRUNT EBDREDR XD, dohigncedpannel .
Menory 708 ‘can additionally store protocols and/or algorithnms associated

wi th esti maDRAM AETPRAM)L $nckiimgDRAVhEARRANS agd dirgs RegbraROM based,
capacity e ok i L  data store
(e.0., nerr@?l?/ﬁg%@) %é]é’fnl[()%g?ﬁ %ﬂéé%ﬁg&eggﬁgtﬁggg{lf 8?’%\8/%1sglth?l§deehrrﬁrgrrory or
nonvol at i | eowipiigey Withauk beiag liinfted tug éhebodnd any othat sdiblanypes ohiweinatyi. | e menory.
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that evaluates transmit covariance (e.g., correlation) from the forward link channel at
mobile device 700. The transmit covariance obtained by covariance evaluator 710 may
be substantially similar to a transmit covariance obtained from analyzing the reverse
link channel — thus, the covariance may be known by both a receiver and a transmitter
(e.g., mobile device 700 and a base station). Additionally, a codebook modifier 712
may utilize the transmit covariance to alter a preset codebook retained in memory 708
of mobile device 700. For example, the preset codebook may include N matrices, where
N may be any integer. Codebook modifier 712 may adjust the N matrices as a function
of the transmit covariance obtained by covariance evaluator 710. The modified
codebook yielded by codebook modifier 712 may thereafter be employed (e.g., by
processor 706) to gencrate feedback that may be sent over a reverse link channel. For
example, one or more matrices from the modified codebook may be selected that
correspond to an estimation of a forward link channel, and data associated with the
selected one or more matrices may be transferred (e.g., to a base station). Mobile device

700 still further comprises a modulator 714 and a transmitter 716 that transmits the



el ectrically programmable ROM (EPROV), electrically erasable PROM
(EEPROM), or flash nenory. Volatile nmenory can include random access
menory (RAM, which acts as external cache nenory. By way of illustration
and not WHPHHIBH, RAMis available_ jn many forns s@@ﬁ/léé‘“’é/)‘)ﬂéﬁr onous
RAM (SRAM dynam ¢ RAM ( DRAM , synch#%nous DRAM ( SDRAM, doubl e data rate
SDRAM (DDR SDRAM), enhanced SDRAM (ESDRAM, Synchlinlc DRAM ( SLDRAM, and
direct Ranbus RAM (DRRAM. The nmenory 708 of the subject systens and

net hods | ssigmat tenfde ihstapce, e dagsr stasion. agothisbupbitredevigel ¢ai AlBoueh depinisdas and any

Ot her SUl bl S LYREs: O TBIDL: 70k ORAS] LBEGELYBE 1020 i Bt

operatively ovarrance eval u at evaluates transm t
covar i ance7l0ecadebookanddliatiiompd/br moditldter Fldrmasyr ek partrdf pedrassoelOdr 2 nobi | e
device 700. The transm t covari ance obtai ned by covari ance eval uator 710
may be suBEibSheLRAPgeysOs] @FiOF%h"“i“g a transmt covariance obtained from

anal yzi ng fog7r ever 8. glit RkilkBaRglof a sfshs 800 M8t BOUAMkdseRBinBandfrknown by
both a receiver and a transmtter e.g., nobile device 700 and a base

station). wdidingifendhadlyio canted demyersklirgemsmissior based yagn eansidpralionsf t r ansni t

covari ance, | ter. . | ' a;{ggg : bile
devi ce 700t.1 &nl%(ljﬂr?l Cé‘i%%?%%?ﬁ@‘%%@?@%&ée ot)eg[?gnt%ady&)lnprrc ud%b%lg%?ﬁ%dgg, wher e
N may be afay., iatdesegerint, CodelbiootecerndisflD grat Rt verngigratlpUfsomoheoNugt ri ces as a
function of the tr 1t _covariance. obtai ned b variance.ev ator 710.
The modi fi I@Bblieégﬁléﬁso%%i"&ﬁ‘aéB{“tS@‘%SfoFS%%%“ﬁ%‘BF%/ ﬁ‘@?a“f{&gw}“‘%ﬁg?gaf ter be
enpl oyed (@aGranshiYs toRROERSH Aord BBbild @evies 804iheovph adhaakit binaina8dg. be sent
over a reverse |ink channel. For exanple, one or%&tore._ matrjces fromthe
modi fi ed cBeEtBoK.Orray e Vg rlaEraign f1ea oo i #ueEanE s Bdh RS YRt i on of a
forward "&EOCEM\%{ 2 dANGIRLS 1BSEA bAbAMarY febeildiBnfoz@b@st €d one or nore

matrices may be transferred (e.g., to a base station). Mbile device 700
still furtBenoddaiptiyseslsarerarilizad by a Progesaerdt 14 thatsas he simalar p1Be t hat
transmts the 20 | . / X '

i nst ance, }«gﬁm%eﬁéslc\gdgstcgg %Cg%%%gﬁ%é@%a%%% e79 %%5‘?@13{1 isg%og?ggﬁ %%‘g’é’ﬁ;ﬁgé& cted as
bei ng sepathatstoréyiaforinhgorprehelss estintBifg aisignalyego plet) appgrzdransiieed t hat

covari ance, eval uat or 10, codebook, ifier.7 and/ or nodu 714 may
be part of MBFEEESSHIH 6336'?‘ to, etw%&&orﬁ?%&vgégmmfﬁl(lﬁ deyies %&{ f°6067]
Fig. 81is ;ﬁ@i_sﬂa{rité‘ﬁ&s@@iaﬁ@@ (1R slfovi) s bRIBIEA0 otlRatuifaBliihfobBiesm releeeiyi Ng .
and/or utilizing feedback to control forward |ink transm ssion based upon
consi der at pasfesmipE the yaaiey rrictionsend fuagtioas o fogthvientin e Riacesalts fushet em 800

conpri ses @ouB%ﬁ?o 2 I:(Wa.}ig&e%ggluator 818 that analyzes transmit covariance associated with

reverse link channel(s). For example, covariance evaluator 818 may evaluate transmit

covariance related to any number of reverse links. Further, the transmit covariance
associated with each reverse link may be substantially similar to a transmit covariance
related to a corresponding forward link (e.g., due to statistical reciprocity).

{00681 Covariance evaluator 818 may be further coupled to a codebook modifier
820 that alters a predefined codebook based upon covariance related data obtained by
covariance evaluator 818. For example, the predefined codebook may include N
precoding matrices, where N may be any integer. Further, the predefined codebook
may be retained in memory 816 of base station 802. Codebook modifier 820 may adjust
the predefined codebook to provide for improved linear precoding performance. The
adjusted codebook muay be utilized to analyze received channel related feedback. For
example, processor 814 may identify a particular matrix from the adjusted codebook
that corresponds to the obtained feedback. Further, processor 814 may effectuate

transmitting over the forward link channel as a function of the identified matrix (e.g.,



(e.g., access point, ...) with a receiver 810 that receives signal(s) from
‘one or nore nobile devices 804 through a plurality of receive antennas
806, and a transmtter 822 that transmits to the one or nore nobile

devi ces 8YA2UPYEYh a transnmit antenna 808. Recei ver F8TS2UHH18¢%i ve
information fromrecei ve antennas 806 %nd is operatively associated with
a denodul ator 812 that denodul ates received information. Denodul at ed
synbol s are anal yzed by a processor 814 that can be simlar to the
processor b@ﬁ@@lﬂb@ diowreatigntublizesiya Fentrad swisgquent trapsapisalone may 8e coupl ed to a

TOOrY 8165l 8 oS QLR bPEAL TAARR SO N EL ORI B ednBl gk (o 9.

pi | ot) stri erences reng nsmtted to
or recei vedaxfsrrmmonmbnltemdmmec&Z(sthrcﬁ@mmtama 808 do ﬁphﬂaﬂeead&esa 60«$t atl on (not

shown ny. sui tabl e. i nformati on | at e ing the
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coupl ed t OingplicR YddbARER @Yl BB, 0%pliit $eddbatk AB@hYE R0 dndARIMBdL1aERRAL I ance
associated with reverse |ink channel (s). For exanple, covariance

eval uat or B2BbgRAFt G\PAPGEaTOE Mamwmbere%pﬁaeqsa@ié@qtéwﬁéd to any nunber of
reverse | fgge) Furt riﬁ‘% 9 If3Gs bh @{c‘aﬁﬁﬁlé wit \é?srdoﬁﬂﬁﬁucaﬁ%ﬁgfs'téi‘ﬁ% eh each

reverse |ink may be stUbstanti al simlar to a transmt covari ance
rel at ed towaelcssrcpwpmmhmgS)fsm\%mcﬂeplcrslonébasg:.sxatiwuéle endommthatileclavice

reciprocit 0068}, Covarj.ance eval uator 81 be f her upled to a
Codehook nudh ot R SLuEA AT B0ER: RO Rl e B s8h S0 B B
covari ancembgd tHﬁMedﬁi@stﬂbmainﬂledmbye thaosemetieelceica | wirian adilBonaFoase

exanpl e, the. predefined codebook |ncl de. N. pr ding matrices, where
N may be aff§iqnfseRyermoe 4eKices mﬁﬁgﬂ%’rb%ta‘étf Héﬂn%(ﬁ’ég’gfgﬁem R B8Pt ai ned i n

menory 816pAt shaseo Bt AkidbhiBAevicEoteRoatoc a8l h a8ifodT®Ys apheust t he

predefined codebook to provide for inproved |inear precedlng per f or mance.
The adj us@mcwwéb@&aswwq@&IQtaanprz@@lbliecﬂeawa|9§9 gay epployde Bhgmiel rel ated

feedback, gﬁ%sg@éa ’aanoP&%ﬁT%?§ (CF%%sjf g—gggé/sahgﬁfﬁe'r{;‘e 2 aP@fdd &H%l@srs matrix

fromthe a book stot tal ned Teedback.
Furt her, pcmmamsmtmﬁllzbmhgtweérf ectuate transmtting over the forward |ink
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subsequent frbianBii 56ic09%$2 FRY rARmifITHY Hle Prdcessar Imd ARbringdd2n Modul at or
822 can nultiplex the control information for transm ssion hy a

transm t t ePXaPb, E¥hclagH AP aRAYPCADBIRIGCHBIRT PECWEI ESPENNB L datAI t hough
oLt e ol 110 oS LA gt Rkt ot
and/ or nodpdracwar c@@i2g scheme selected for that data stream to provide coded data.
[0071] The coded data for each data stream may be multiplexed with pilot data
~ using orthogonal frequency division multiplexing (OFDM) techniques. Additionally or -
alternatively, the pilot symbols can be frequency division multiplexed (FDM), time
division multiplexed (TDM), or code division multiplexed (CDM). The pilot data is
typically a known data pattern that is processed in a known manner and may be used at
mobile device 950 to estimate channel response. The multiplexed pilot and coded data
for each data stream may be modulated (e.g., symbol mapped) based on a particular
modulation scheme (¢.g., binary phase-shift keying (BPSK), quadrature phase-shift
keying (QPSK), M-phase-shift keying (M-PSK), M-quadrature amplitude modulation
(M-QAM), etc.) selected for that data stream to provide modulation symbols. The data
rate, coding, and modulation for each data stream may be determined by instructions

performed or provided by processor 930.



may be part of processor 814 or a nunber of processors (not shown). [0069]
'Fig. 9 shows an exanple w rel ess comuni cation system 900. The V\,i reI ess
comuni cat i on sg/stem 900 depicts one base station 910 and one

device 9b924%P°%%e of brevity. However, it is to be%ﬁﬁ%@ﬂﬁ‘f’&? that

system 900 may include nore than one ase station and/or nore than one
nobi | e device, wherein additional base stations and/or nobil e devices may

be substan (k)gﬂay simlar or di ffe{) from exanple base station_ 910 and
nobi | e dev' 50 deSis mpddatam syRbols frrdhnidats Hipams maybepgovided taadXeci at ed

that base si@mto gﬂ)’bcgs%gr end{Bich M'fhz%e‘ijﬁiﬂc&% t%o&!ﬁﬁ%m%%%ls the, gystems (

igs. 1-3 and and/ or nethods (Figs. 4-6) described herein to
facilitat ecﬁm\@ ags MIyEimasessar 26 ihantpse adesdynmedulatjod 870polAtredyasio Mt at i on

910, traff ?@}; t m.a. data
source 912Itrtg%squ&(?r gnsrqn?{t>la Ito(‘:llglEl %g%r glc\zaégg?g%lﬁﬁmgg or)gl ngqggc‘?‘?go

exanpl e, e&%appababesmﬁe@nngrwxgbe th thangmbolt efithedeta saednesqndcesd theandphenna. TX
data proc SS codes, .and interleaves the traffic data

or
stream bas B%Wl'éh iﬁé?’?‘ﬁ@dﬁg‘?m%gmsﬂﬁﬁ cheme selected for that data stream

to provide[erdpd datBach[iRQFkikeT I SRMRY ABBbACEREs BRGRAR SmBbI @aEMY be
mul tiplexed with pilot data _usi ;@gﬁort hogonal frequency division
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mul tipl exed (1 VI SI mul ti xed e pilot data is
typically aarll@mmndmeathpéﬂﬂ\é@ eharielt Hughesy Nﬁméddted ﬂigaalkﬁomtrammmters and may
£y1.Ce 950 est

be used at nse.

mul ti pl exed P %‘ na- coofé%’s%keg f mfno& aenté% aﬁ%%&ﬁo}‘léb%) r‘fﬁysPSthr?B'dul at ed

1(3 e.g., S%ﬂﬁmﬂr’:&]}?pedé)xt 1h851&£ﬁe®fc635@ahdﬂézﬁﬂinﬂfed mmiﬁh Wtaisﬁlg?ls&@él@aavc(cﬂg( QDSK)
inarypa shift in P adr ature ase-shift i ng

M phase- sh f AR RS%%%@E&%%@D&&%&P%W@IE& o 6o ARtsan? 3?21 (M QAM) ,
etc.) sel e@io@flleﬁ%aﬁe@ﬁéctxd@%e@el%rr(ﬁ@mR)@SWﬂRYd %ﬁgmdtﬁaa& feeavérmol s. The
data rate, codin and nodul ation for each data stream nmay be determ ned

by i nst r ucEegHINS fog f Biteradmplifiey, evd drschcpyvesis e wsprstivegena \WRIT e THO 5086 1
PO S200RLARED 2 LA TR O oS e oL
nmodul at i onceyaspoldsng(‘geqivedf symboﬂf@!\i)n X M MO pr ocessor 920 then provides
{\IF] \r/ne)‘(rtl :Jl)ﬁts @2%]32; Inb rrg ln‘%li kﬁ&q{prk%sggggé rgjg\g fsrgge}vte%ng pr(ocess Iﬁze ]8 Z%zcstel;[/efg ough 922t.

symbol streams from N receivers 954 based on a particular receiver processing

technique to provide Ny “detected” symbol streams. RX data processor 960 may

demodulate, deinterleave, and decode each detected symbol stream to recover the traffic

data for the data stream. The processing by RX data processor 960 is complementary to

that performed by TX MIMO processor 920 and TX data processor 914 at base station

910.

[0076] A processor 970 may periodically determine which precoding matrix to

utilize as discussed above. Further, processor 970 may formulate a reverse link message

comprising a matrix index portion and a rank value portion.

[0077] The reverse link message may comprise various types of information

regarding the communication link and/or the received data stream. The reverse link

message may be processed by a TX data processor 938, which also receives traffic data

for a number of data streams from a data source 936, modulated by a modulator 980,

conditioned by transmitters 954a through 954r, and transmitted back to base station 910.



920" appl i es beanfoni ung wei ghts to the synbols of the data streans and to
the antenna from which the synbol is being transmtted. [0073] Each
transmtter 922 receives and processes a respective synbol stream to
provi de SHR2Y/MBte anal og signal's, and,further condi tFSHS2EIY
anplifies, filters, and upconverts) the analog signals to provide a
nodul at ed signal suitable for transm ssion over the N I MO channel.
Further, N7 ul at ed, signal s f tra itters _922a through 922t are
transmtted P iom N a‘/sr*lttsbé1 %%%“Oé‘z‘i@’%%a@ﬁ%é%wls fregyaebiledevice 950 ag74] At
mobi | e devi eeei@Gllhy dringnty odis boriditmedbyitebayad 932, WRAbIIAEE b SeBIYEHY R
ant ennas 95 t hy ough 952r and the received signal fromeach antenna 952
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recei ver 95fans@aRdithiBfsic(@vide 950 IH ' i nyerts) a
respective singnal , bté)llilgi t iezeg1 %%e ggﬁ%ri’s{ulog%g%ﬂ%%Ogﬁa%p%g%s%@%gtgaé%@anpl es,
and f urt herMpiseaeds selstmine whinipireseding nptroviodse for deermiaspahsbeagnfomasei ved”
synbol str nth 0075] An RX data processor 960 nmay receive and process the
NR received Synbol streams fromrVR receivers 954 based on a particul ar
recei ver prl@8&ising Prechworfse snd 9PY oy BredN(e.c., SREOE Lo IingM AR g8 F €ans,
RX dat a progessar tQGOHgH% derrg&llrjl gte, .dei nterl eave, and decode “each

det ect ed syTiolP EPEARPES SPPBRHVE anflgRebile devipe 950y sspectivelyt Resndetive st r eam
The processiro@sdoys 939 Hatoao REOSEAFRMatBRith RS Lae

per f or med % TX M MO processor 920 aand TX gat %@%@?Z%%agﬁﬁmé’?g%%%e
station 9199 PBR RrsesossB8rndy® ermyrlsomeifotn capytatites 6y dirive whi ch
precedi ng Géneyvtafd b kd i above. rther, processor 970
may for mul gfég ar eve#g%m%éi% Oﬁiesegglégt%liog%r@%?génggwqﬁ%{e?ﬂ%’éwiﬁorti on
and a rank [080ke por fiiiotn b7 F 0T that the embsdinlehBkicfEiBE@BAINBYayHRNPT | SE

various ty i nf mtion .regarding the comrunication |ink and/or the
recei ved dgl"t?1 legﬁp{ggrlrx? ﬁ#ﬁ‘é’arreevgw ’flf%‘ﬁgrerfgﬁdggévé‘r%ﬁ‘}crﬁ@dﬁr%é&sed by a TX
data processmbind8a) thattof hF@la$@ardweesingRndntabhi e fRk&sink Ynitdmpligber of data
streans from]t% datg s&ur ce 936, nodul ated by a ?mg%ul gltn%y 1QBOTCEIIH%:)ondi tioned
by transmi tTRFECEEG Y OH RS mesuippliggtignspesiiinintageatedrirkitt @A BEsedigttalt i on
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modul ated signals from nobi | e device 950 are recerv Bs 924,
condi t i onedPgydeviceaikidps. Belg progemmpablcagatciarnys &FR@ADIploatsdrs, Bdfollead)d
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functions described herein, or a combination thereof.

[0081] When the embodiments are implemented in software, firmware,
middleware or microcode, program code or code segments, they may be stored in a
machine-readable medium, such as a storage component. A code segment may
represent a procedure, a function, a subprogram, a program, a routine, a subroutine, a
module, a software package, a class, or any combination of instructions, data structures,
or program statements. A code segment may be coupled to another code segment or a
hardware circuit by passing and/or receiving information, data, arguments, parameters,
or memory contents. Information, arguments, parameters, data, etc. may be passed,
forwarded, or transmitted using any suitable means including memory sharing, message
passing, token passing, network transmission, ezc. | -
[0082] For a software implementation, the techniques described herein may be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes may be stored in memory units and

executed by processors. The memory unit may be implemented within the processor or



transmtted by nobile device 950. Further, processor 930 may process the
extracted nessage to determ ne which preceding matrix to use for

determ ning the beanform ng weights. [0079] Processors 930 and may
di rect (é“gz"m@%?ﬁ?lrm coor di nat e, rrang,\ge, etc.) ope?&ﬂ%ﬁ“%f?‘“ﬁﬁse

station 910 and nobil e device 950, respectively. Respective processors
930 and 970 can be associated with nenory 932 and 972 that store program

codes and data. Processors 930 and 970 can al so perform conputations to
derive fr&§WEIALY BRHBIOFFSOR Tovhiglstrsntsambs somnaricatiyelytaeuplepid thk and
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wi thin the WO 2007/ 050861 PCT/ US2006/ 041949 23 external to
t he proces 1nq ‘l‘fls gﬁ}?t‘%g‘é"ni‘ﬁonﬁlérﬁortfé“?éﬁ‘ﬁﬁﬁ‘?F@&P]F DEEY BG4 SsHmeE of he

the forward link channel and the altered codebook 1008. According to an example, an 5{
estimated channel matrix may be obtained from analyzing the forward link channel, and
the estimated channel matrix may be compared (or quantized) to matrices in the altered
oo codebook. Further, an index associated with a selected matrix from the altered

- codebook may be identified and/or transferred (e.g., to a base station). Additionally,
system 1000 may include a memory 1010 that retains instructions for executing
functions associated with electrical components 1004, 1006, and 1008. While shown as
being external to memory 1010, it is to be understood that one or more of electrical
components 1004, 1006, and 1008 may exist within memory 1010.

[0084] Turning to Fig. 11, illustrated is a system 1100 that controls fowvard link
transmission by employing linear precoding with transmit covariance estimation.
System 1100 may reside within a base station, for instance. As depicted, system 1100
includes functional blocks that may represent functions implemented by a processor,
software, or combination thereof (e.g., firmware). System 1100 includes a logical

grouping 1102 of electrical components that facilitate controlling forward link



protessor via various neans as is known in the art. [0083] Wth reference
to Fig. 10, illustrated is a system 1000 that provides feedback for

| i near preceding by utilizing transmt covariance estimate(s). For
exanpl e, WRFHIRIWPAI000 may reside at |east partially wPCAIUS2Q6AEH e
device. It is to be appreciated that 2§ystem 1000 is represented as

i ncl udi ng functional bl ocks, which may be functional bl ocks that
represent functions inplenmented by a processor, software, or conbi nation
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forward |ink channel, and the estimted channel ‘matri X nay "be conpared
(or quanti sedpPoels L i rile dosigel greupiag d 92%may melid snflsctiical chmponeanfor ndex
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-embodiments, but one of ordinary skill in the art may recognize that many further

combinations and permutations of various embodiments are possible. Accordingly, the

described embodiments are intended to embrace all such alterations, modifications and

variations that fall within the spirit and scope of the appended claims. Furthermore, to

the extent that the term “includes™ is used in either the detailed description or the

claims, such term is intended to be inclusive in a manner similar to the term

“comprising” as “comprising” is interpreted when employed as a transitional word in a

claim.



24 transm ssion. Logical grouping 1102 may include an el ectrical conponent
for identifying transmt covariance ggsed upon analysis of a reverse link
channel 1104. For exanple, the reverse |ink channel may be statistically
simlar to a forward |ink channel even though the channels may | ack
reciprocity (e.g., for a FDD syste@;af\geever, the claimed subject matter
is not limted to non-reciprocal channels (e.g., thus, system 1100 may be
a TDD system. Moreover, Iogical grouping 1102 may include an el ectrical

conponent f codebook_.as.a function of the
covar Ince. Suogod enssrerrBe fttartaRaen g0 BE By PaR RSO ¢t er

may adh&ﬁﬁnégg1@5&gg&hp&gth@ggﬁggpk in a substantially simlar manner.
Further, logical grouping 1102 nmay conprise an electrical conponent for

eval uating fleedibatig doyauarick ifwnngbschatianplis fedardlbdedookell J08. Al so,

| ogi cal grou 1102 i,ncl ude | ectrical co pn nt for controlling
forvard 11 nRoH S it edaihon BEQetofs BibelnBS e e Et P cBliback 1110, For
exanpl e, beggd-ar BARYK REated fRHE datarl ik &f‘a\aﬁaafg» L&%gt e nRyiddidet ed

f eedback. dditionally, system 1100 may include a nenory 1112 t hat

r et ai nsodehsel;ucti ons for executing functions associated with el ectrical

ts 1 106, 1108..and, 111 b t |t
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possi bl e. Accordlngly the described enbodi nents are intended to enbrace

all such alterations, nodifications and variations that fall within the

spirit,and ope.,of, the.app ai.ns.. Furthernore, to the extent that
t he te%n1"ii§ Rlgumlﬁgﬁﬁggdﬁﬁﬂwrc?ﬁ%““?%e detail ed description or the
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term "conprising ‘conprisin is interpreted when enpl oyed as a
transiti onaﬂuwlzalguthe ghangelesimaizsdy selealinga precadingmi fiom Gemeaditisdg
f eedbag §1B85 Jinear preceding based upon covariance, conprising, in
conbi na ‘the steps of:

identifying an index associated with the selected precoding matrix; and

transmitting the index over a reverse link channel.

3. The method of claim 2, further comprising:
estimating the forward link channel to yield a channel matrix; and
determining a channel unitary matrix corresponding to the channel matrix by
effectuating eigen decomposition upon the channel matrix; and

quantizing the channel unitary matrix.

4. The method of claim 1, wherein the covariance is at least one of a transmit covariance

matrix and a correlation.

5. The method of claim 1, wherein the forward link channel is associated with a

multiple-input multiple-output (MIMO) system.



determ ni ng covari ance from observation of a forward |ink channel

nodi fyi ng a predefi ned codebook based upon the covariance; and generating
f eedback related to the forward |ink ghannel by using the nodified
codebook; wherein the step of nodifying the predefined codebook further
conprises generating an altered codebook Cl1 by evaluating ClL _

{ ei genygect omhRmeiddRifldRt2), Whekein WMeeio@arRincs deterhindd $idhi olsematibAbEGemat ri X,
R 1 is the square root of the matrix R Fi is a j-th original matrix

f rom t herwsrdldes ¢hanelds theisemi as prestimationeofeoririagas Eonr areypos dinkfhansl.j - t h
original matrix from predefined codebook, and N is a nunber of matrices
included in the altered codebook. 2. The nethod of claim1, further

conpri gi ng: Tas metaid oTg1dimel , fwdieyéd chel grédefi@bdosdibobloineligles Naurgagnmeatrices,
estimate; quantizing the channel estimate by selecting a preceding matrix
from t Rée iM4ye andBgesook : identifying an i ndex associated with the

sel ected precoding matrix; and transmtting the index over a reverse |link
channel . 3. The nethod of claim2, further conprising: estimating the
forwar @. | i nKhe hatingl oftotaii klfartieer chimprisihg gadntiziig andspaetsparnmiedibp@naochannel
unitary matrix corresponding to the channel matrix by effectuating eigen
deconpd¥re AYRINGPLHEIMECEHaAhR FOYRERRGMAEKD quant i zi ng t he channel unitary
matrix. 4. The method of claim 1, wherein the covariance is at |east one
of a transmt covariance matrix and a correlation. 5. The nethod of claim
1, whebPei n theirtlesswantntinicdtionk appeehtus, Soapsisibp ainedmbindiioa: mul ti pl e-1 nput
mul tiple-output (MIM) system 26 6. The nethod of claim1l, wherein the
covariance ASIERMYA¥Y from observation of the forward Iink channel is the

same as an esti ”?étéi\%ﬂg?f%%ﬁ%c%k%ﬁﬁ%ﬁoﬂsﬁ%@éeﬁﬁm!e%t(‘i}fﬂﬁﬁx&@é%hancJ- The

met hod of claim1l, ein the predefined co ok i s Nunitary
matri ces, wvecieteN witlya frewanl link édgenel, 8. The net hod of claim 1, further
conpri si ng quant

Vectors of a covaferamelisrag Ik pret souiprol e CominROREIA0RS Bpar at vo,
conprising, in coghifal fellback By TBARINnS hkltered matrices; and
a processor, coupled to the memory, configured to execute the instructions retained in
the memory;
wherein the memory modifies the preset codebook by building a modified codebook
C, = {proper_normalizationof (RI/ZFJ-)} j:]N, where R is a transmit covariance matrix, R"? is

the square root of the matrix R, Fj is a j-th original matrix from the preset codebook, and N is

a number of matrices included in the modified codebook.

10.  The wireless communications apparatus of claim 9, wherein the memory further
retains instructions for estimating the forward link channel,
selects a particular matrix from the altered matrices, and

determines an index associated with the particular matrix.

11. The wireless communications apparatus of claim 9, wherein the instructions for
altering the matrices in the preset codebook are the same as instructions for modifying a

substantially similar preset codebook retained by a disparate communications apparatus.

12. The wireless communications apparatus of claim 9, wherein the memory further
retains instructions for quantizing a subspace spanned by dominant eigen-vectors of the

transmit covariance matrix.



retains a preset codebook and instructions related to estimating
covariance associated with a formarq% i nk channel, alters matrices in the
preset codebook based upon the covariance, and generates feedback by
| everaging the altered matrices; and a processor, coupled to the nenory,
configured to execute the instructions retained in the nmenory; wherein
the nennry nodi fi es the preset codebook by building a nodified codebook

= {pBoper wirelerd donahindemfont Ripazathd it géndhatestfeedbabl fa lmetur prosodiig by
covariance matrix, R112 is the square rqot of the matrix R, Fi is a j-th
or|g|n&ﬁnﬁﬁﬁ?$&“F?%ﬁ@?ﬁ%cﬁﬁégﬁPgdBG%@gg%Uménd N, is a nunber of matrices
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altered matrices, and det ne i ndex assaoci ated. wt i cul ar
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i nstrughd MRSIERH coddtfoki N the matrices in the preset codebook are the

same as instructions for nodifying a substantially simlar preset
codebook reN@mmadﬂbynﬁmdﬂxpﬁmangﬂmqmnmﬁn@huubhedaﬁpémauusmmwigmwﬂmmg
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means for generating feedback based upon an estimate of the formard l'i nk

channel and the altered codebook; wherein the neans for altering the
pr edef ilfhed dbeleiustsiss t(tmmhercau@mmpp@reslsqénbmtlﬁn@rthmmmramncwébook Cl

b | yat C L. Ei HR where R
transnfiT el e Rl SRR Yo OO Msbtelor the matrix R FD i

aj-th original matrix fromthe predefined codebook, F " is the
conjugate transpose of the j-th original matrix from pr edef i ned codebook,
and N il& a hbeveeless coramphiseonsmpbudad of plairhd3 avhereindhe tdetpoidkovatidnceThe
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reverse link channel.

16. A machine-readable medium having stored thereon machine-executable instructions
for:

estimating statistical information from a forward link channel;

estimating a matrix related to the forward link channel;

modifying a predefined codebook that includes a plurality of matrices based upon the
statistical information;

identifying a particular one of the plurality of matrices as a function of the estimated
matrix; and

transmitting data related to the particular one of the plurality of matrices over a
reverse link channel;

wherein the step of modifying the predefined codebook further comprises building a
modified codebook C, = {proper normalizationof (R”sz)} j:]N, where R is a transmit
covariance matrix, R is the square root of the matrix R, Fj is a j-th original matrix from the

predefined codebook, and N is a number of matrices included in the modified codebook.



estimating a channel matrix associated with the forward |Iink channel. 15.
The w rel ess comruni cati ons apparatu 8of claim 13, wherein the transmt
covariance fromthe forward Iink chahnel is the same as an estimate of
transmt covariance froma reverse link channel. 16. A machi ne-readabl e
medi um havi ng stored thereon nmachi ne-executable instructions for:
estimating statistical information froma forward |ink channel;

esti maivng ahemtachixetreddablednd¢diurh o€ claon war e mackinekeapneihle netduétyonsg a

predefined codebook that. i ncl ude urality of matyices based upon the
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mat ri Ce3,18% tAhE WSkt Pinefhdnng. estimated matrix; and transm tt| ng data
related to the particular one of the plurality of matrices over a reverse

|l i nk channel ; wherein the step of nDdlfylng the predeflned codebook
further co i ses, bui codebo

o 1o B RiRle s it Riol Rl 86 aBPARES Emisine ReSbBivtinve macrix,

R'2 is the 59%@%();@(9{5%1}641}3@ matrix R Fi is aj-th original matrix from
the predefined codebo and Nis a nunber of matrices included in the

modi fi ed codebooﬁmezgnearovwn@cwa@ﬁnmegﬂeaﬁabmgih@@ﬂummdt claim16. the
machi ne- execut abl instructions. furt C e det, er n nnel
related unitary ﬁ&??tl :dg}%qlﬁtgc% IHQ?‘QW%%? ed Cgflgqog% e%tlf%mf  war d
| i nk channel . 18¢oJdiaAcMah@l €SS comuni cation system an apparat us

conprising, in conbi nation: a processor configured to: determne a
covari ance pert abisichgrecesling f@db@mamdﬂmoaﬁbmmustechnqee@dm@rr@érws,ng mat rices

| uded f d eld
precedi ng 1 &0aBUEReBREh AR RS pra?eﬁ‘s’nteﬁ80%@@86ar%§¥%é¢u?g“%§%ﬁere rein
the pres®bs6l Cadihimievahags Rl edRidenesbcrn Rf% Rnekdkid R 1@{5‘tr§ﬂshﬁf ed
codebook C, which evaluates C, = {euggn vector (. FJFlHF&VZ)} -,, Where

Ris acwaalramﬁ ltlatrlé,(oRar isdhe equaet rrOpkof majrex RhEjis girdlh eriginsk matrixtfram thet r i x
R Fi is trix fr edef i ned codebook, FFH is the
conjuggfge@r§ﬁ§ qgggb Jfﬁg%JDRH%8F|6WH%FGR§ﬂ¥|X fron1predef|ned codebook,
and N j-¢h @igibdreedtriefrofpreieffed doaeBidRdand N id¥enumber of matrices included in the

altered codebook.

19. A method that helps control forward link transmission based upon linear precoding
using a measure of transmit covariance, comprising, in combination, the steps of:

determining covariance from an analysis of a reverse link channel;

altering a predefined codebook based upon the covariance;

analyzing received feedback based upon the altered codebook; and

controlling transmission over a forward link channel by applying the analyzed
feedback;

wherein the step of altering the predefined codebook further comprises building a
modified codebook C, = {proper normalizationof (R 2Fj)} j:]N, where R is a transmit
covariance matrix, R"? is the square root of the matrix R, Fj is a j-th original matrix from the

predefined codebook, and N is a number of matrices included in the modified codebook.

20.  The method of claim 19, further comprising the step of beamforming based upon the
analyzed feedback.



al tered codebook. 19. A nethod that hel ps control forward |ink
transm ssi on based upon |i near precegjr?ng using a neasure of transmt
covariance, conprising, in conbinatioh, the steps of: determning
covariance froman analysis of a reverse |link channel; altering a

pr edef hned ¢adeRAOK PARSH 9PRACLI gggéégﬁée%ﬁghan&?aﬁ&'ﬁe%&aﬁﬁ‘ﬁhKEd

f eedba based upon the altére controlling transm ssion
over ac]fﬁamhmlarrdadsbaktedhat}ﬂze}nullyplan@iuymmgqﬂdneut@n‘eérmmdmeﬁteedback wher ei n
the step of altering the pr edefi ned codebook further conprises building a
nodi fi ed codebook C2 = {proper nornualizationgf (RF )} _, , where Ris a

transmyp C?H@Heg{bﬁ%f%%ﬁ&'l?rom tﬁnﬂh@ réd%&?sesl&'ﬁ% EndePQ c(l)ﬁxk fBa d%hk! X R F,

isaj-thorigin mat ri x predef i1 ned code , N Is a nunber
of mat chanasl usadlegoedyidivisioe dopldkinged codebook. 20. The nethod of claim 19,
further conprising the step of beanform ng based upon the analyzed

feedback. 29 21. The nmethod of claim 19, wherein the reverse |ink channel

and thesforygg Qletﬂoa%fc&%n@e{vh@rreﬁl tﬁé Q% RUBH Whddtl BndHettbRY£d IpRUL
mul ti pl'e-out put environnent . The nethod of claim 19, wherein the

rever s@dmal@schnmerdamswmdiuplwnfgorward link channel use frequency division
dupl exing. 23. The nethod of claim 19, wherein the reverse |ink channel
and the forward Iink channel use tine division duplexing. 24. The nethod

of clabm 19Th<¥\ﬂf%ﬂﬁ)'drbftclh¢mq<9V%b1%ﬁptﬁe det flalt@derhlinEn £HRAl Maly8isQf e
reverse link channel is the sane as an estinmation of covariance froma

f or war teveisakink lshanmel is thesaned anestimetipreiiovedafoediinae Korvasd lihehamthod of
claim terin ef i ned codebook further conprises altering the
predefﬁﬁgﬁ?btggﬁﬁgﬁegﬁEﬁggghe manner as compared to a source of the
received feedback. 26. The method of claim19, further conprising

anal yzi ng recei ved feedback obtained froma disparate comuni cations
appar aBds t ihe methodtf sladmddanltaringrihe pratéfored cpdicbonkviimbdresgipeisesmliciiogt i ons

nbi nat t hat t book
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codebook, and eval uates feedback based upon the nodified codebook; and

26.  The method of claim 19, further comprising analyzing received feedback obtained

from a disparate communications apparatus that effects scalar quantization.

27. A wireless communications apparatus, comprising, in combination:
a memory that
retains a codebook and instructions for determining transmit covariance,
modifies a preset codebook, and
evaluates feedback based upon the modified codebook; and
a processor, coupled to the memory, configured to execute the instructions retained in
the memory;
wherein the processor modifies the preset codebook by generating a modified
codebook C| which evaluates C; = {eigen_vector(R" 2FJ-FJ-HRH/ 2)}Nj=1, where R is a transmit
covariance matrix, R"? is the square root of the matrix R, Fjis a j-th original matrix from the
predefined codebook, FjH 1s the conjugate transpose of the
J-th original matrix from predefined codebook, and N is a number of matrices included in the

altered codebook.



a processor, coupled to the nenory, configured to execute the instructions
retained in the nenory; wherein the ocessor nodifies the preset
codebook by generating a nodified codebook CL which evaluates C =
{eigen_vector(R'"2F FjHRHI 2)}tT =i, where Ris a transmt covariance

mat ri Xpe R' 2748 ok Hdlﬁfh | : L3 e i-einal
matri x2§'r omT'%l ﬁgm%%rs ide I ﬁgéQ@%ﬁ%@g%@@s I@EHa}rﬁé 2’? h‘gﬁeg%%tgageybtrﬁaﬂﬁg%%ge of
t he |j - tdstrocticgis e penfatming Henoiomprieg efsbeiedd satheoowdrd lmkdhbhnes trangmisdier, of
matrices included in the altered codehao 0 28, The wireless
connun%FJFWQﬁgnﬁﬁ%é?ﬁgE@wéﬁme?gFﬁWEW?&aE@%%ﬁ -t he menory incl udes
instructions for perform ng heanfonning associated with forward |ink
channel transm ssion, the beanform ng being based upon the eval uated

f eedbadk. 28 witelpisreohesgnicasions apmadtiohst ampalsadbusart] hiak teasmissloa by asingr d
i nk tiansnission bﬁhUSin | i near ?recodin wi.t.h transpit .covari ance

est i mat NGh PrE8ine e NSt CONRBRTES EF IR e STRPEIRS. R SATPIGHAY t r ansni t

covari ance RpsRdiHRRAGAMY ¥ersthiPlovariiREShsRl dﬂoﬁ%nalﬁﬁ@%@@lré\{e@%q{}ﬁ( for
adj usting a predefined codebook as a function of the covariance; neans

for evehanael ng feedback by using the adjusted codehook; and means for
controlling forward.|link transim Ssi based .upon t eval uat ed feedback;
wher ei n themr?@és;gr A pSU aljl%rffl%qea%g%%gé‘fPﬁ‘@%%%ﬂgﬁﬁcﬂi’v?wcﬁer conpri ses
bui | di ng a mereh ol echicARRTRQIbaERbudiRE 9@%&3&6%&&%&& gopf (R F)}j-1N,

where Ris a transmt covariance matrix,. 2 is the square root of the
matri x R Fimepss faf cefiradlingfomanrdriakrtiansmissiontbased ypoedet ¢vrdaitabitedlook, and N

' mber _ of ' Luded jn th i fi ed.codebook. 30. T
i ol oss coeIaLt PR bR AP bE o IR AR bl Boo BRERS Bt s P he ans
for  agjouRtcdrRgdédook R, edgfrbpadnsoRrRamkdf R EFHINE, WRERR iPSuapimared to a

di sparate wireless ¢ommunications apparatus from which the feedback is
obt ai neqyarignce matpcRi nis thesmiats reohefdhematiavRnk is  prtle driginek matnix from the
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precoding matrices in a predefined codebook based upon the transmt
covariance matrix; and controlling communications over a forward |ink
channep0-basEle wieksseepremarigatians appiratup et dpipe 0 ffosbityaoknsisingmpeangiforg t he

modi fi gcﬂuﬂfn%%ﬂedﬁrggeﬁ%hrcioﬁgoso;ok in a same manner as compared to a disparate wireless

communications apparatus from which the feedback is obtained.

31. A machine-readable medium having stored thereon machine-executable instructions
for:

estimating a transmit covariance matrix from an evaluation of a reverse link channel;

modifying original precoding matrices in a predefined codebook based upon the
transmit covariance matrix; and

controlling communications over a forward link channel based upon an evaluation of
received feedback by employing the modified precoding matrices;

wherein the instructions modify the predefined codebook by generating a modified
codebook C; which evaluates Cy = {eigen_vector(R" ZFJ-FjHRH/ 2)}szl, where R is the transmit
covariance matrix, R"? is the square root of the matrix R, Fjis a j-th original matrix from the
predefined codebook, FjH is the conjugate transpose of the

j-th original matrix from predefined codebook, and N is a number of matrices included in the

altered codebook.



wherein the instructions nodify the predefined codebook by generating a
nodi fi ed codebook Cu which evaluates Cu =
{eigen_vector (RhOFi FjhIRH")}Ni -i, whefe Ris the transmit covariance
matrix, R'2 is the square root of the matrix R, Fis a j-th original
matrix fromthe predefined codebook, FFH is the conjugate transpose of

the j-th oritgk RakhieirEdMblerReniphedefdnsd, &@Mﬁﬁgvex@ﬂﬂaﬁ‘ﬂe itractiapyber of

matrices included in the altered codebook. 31 2. The nmchi ne-readabl e

medi umfiothee bempri@lidentHgingedgrariielareedifiebprecidiag mabty asseciated mithahe conpri se
identif%gqg aﬁggrﬁicular nodi fied precoding matrix associated with the
recei v&G*¥ g ®%33. In a wirel ess comunication system an apparatus
conprising, in conbination: a processor configured to: evaluate a
correlation associated with a reverse link channel; alter a codebook
based dpon ihe vwiwstesereaningnicatiewssisiea, fas @fparaivs cemprisige.tio camboaiigrd | i nk
channel ; eval uate the equ ck based upon the altered codebook; and

cont rol subgéﬁﬁgﬁprf? He iy g%on over the forward |ink channel based upon

the evaluation efaltidie afcBaeRAEK asswbigice vt MR vemansk tRdnnalj usting the
predefi ned codebook further conprises building a nodified codebook C2 =

{proper normal i zali¢raesideRIdkARsyq ipgn the coiidpr@orR is a transmit covariance
R e TR R R
included in the gpgdidtt ag eediRbRBYsed upon the altered codebook; and
control subsequent transmission over the forward link channel based upon the
evaluation of the feedback.
wherein the means for adjusting the predefined codebook further comprises building a
modified codebook C, = {proper_normalizationof (Rl/sz)} j:]N, where R is a transmit
covariance matrix, R is the square root of the matrix R, F; is a j-th original matrix from the

predefined codebook, and N is a number of matrices included in the modified codebook.



