LI NEAR PRECODI NG FOR SPATI ALLY CORRELATED CHANNELS

CROSS- REFERENCE TO RELATED. APPLI CATI ONS [ 0001] This
wappi7iosetsi on cl ai ns the benefit of U S. Provi sPOmMAIS2006/041949

Pat ent application Serial No.160/731,029 entitled "A

METHOD AND APPARATUS FOR LI NEAR PRECODI NG FOR

SPATI ALLY CORRELATED CHANNELS" which was filed Cctober

27, 2005. The entirety of the aforenentioned
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mul tiple access (CDVA) systens, tine division nultiple
access (TDWVA) systenms, frequency division nultiple
access (FDVA) systems, gi4EOREIE equency di vi sion
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Wielsey ehnipibdicgtm syetenl.i nk) refers to the communi cation

link frombase stations to nobile devices, and the

reverse link (or uplink) refers to the comuni cation

1. nk Bhargronkdl e devices to base stations. Further,

comuni cat i ons between nobil e devi ces_and base i )
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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 multiple 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-
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more embodiments in a simplified form as a prelude to the more detailed description
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[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
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forward link channel, estlmatmg 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
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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
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FIG 7 is an illustration of an exanple nobil e device
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[0025] FIG. 6 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 facilitates receiving
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.
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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 network 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
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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



conprises a base station 102 that may include nmultiple
ant enna groups. For exanple, one antenna group may
wonal7wdessant ennas 104 and 106, anot her group NRET/US2006/041949
conpri se antennas 108 and 110,8 and an additional group
may include antennas 112 and 114. Two antennas are
iIIustrat ed for each antenna group; however, nore or
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[0038] According to an example, system 100 may be a multiple-input multiple-
output (MIMO) communication system. Further, system 100 may utilize any type of
duplexing technique to divide communication channels (e.g., forward link, reverse link,
...) 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



groups may be designed to comrunicate to nobile
devices in a sector of the areas covered by base
weoereai7iose86102. | n commruni cati on over forward |i RES/USLB6/041949
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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
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(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. Assuming that a transmit covariance matrix R is known at both a



geonetry and/or location (e.g., limted space)

associ ated with antennas and/or the relatively narrow
wangl7@sete1 whi ch data nay be received. [0041] PCT/US2006/041949
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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-vectors 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
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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 Ur )R 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 determining 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 matrices, analyzing received

feedback by utilizing the altered matrices, controlling transmission over a channel based
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bakebook 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 mAay utilize four



station 302 may receive information from nobile device

304 over a reverse |ink channel. Moreover, system 300
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[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
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rlnggﬂzteé Iha? 1do TS momt%%d 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;



transmt vector associated with the transmt antennas
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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, inferences 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 identify a specific context or action, or can generate a probability
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I'Zzing anne
dedicated to analyzmg 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
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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 generate 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
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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 may 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.,
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p BB ot Brtkiaatt Bl MR of BaePSt oo WoNPLs ¢ ha
I(FO%D mts Fl%eslsaaab at Bxarhé wildRkaPGBmuAicRGEsysleat 9000, The
anot her nobile device, etc. Al though depicted as bein

y@p@sm@mummumypieﬁbwpwme hage ptgtignd Yeand one mobile device

§5% fo? %&%t cﬁ%ﬁé\;}ﬁé /}?&%gfe} % %o Se %p'jgérlr%yd gléag %}g?eglq g@? %y include

frodi or nodul ator

plocBias ofic 436 stition and/obeioredthap 6 @BBINE Sevick) whsfeinunjditional base
[0067] Fig. 8.is an illustration of a _system 800, that
fLaons; aiﬂé'ioé §19bgle devicnane Wsﬁﬁfl?l"lﬂbﬂlﬁ’gla? liHgrent frgm example

B bn 596 WRg tho #)il@ Kedib P AR SN &S I RRRion ICt) is to be

consi er ations of transmt covariance in a NEV(
eppreaiaadrint basBysitiem930 @nd/onpobidedevacaiH¥emsy enploy g0y stems

i1 SNEF37 aPel bemigs gide 410 RoRalbRE BRI o il ssloss

tOhRUARaforPhEfedetWaen0f receive antennas 806, and a
transmtter 822 that transmits to the one or nore

H9G0] e devAt b@sess@ﬁnonerBUQﬁﬁQ date dersarivgmbertod data sge@ns is provided

ERGCH B0 00 SRl SRR 0 ) BTGB BT G o
eenmilellcatiodatd @.t&eatﬂil ﬁiayd)e mdyhﬁéasvém@sp@dvet adtein 0 data
- Denodul at ed synbol s are anal yzed by a processor 814

pregessehl Afermptss qosles. apd inierlogiercibs Hgfficuaie strasanbagedor 2
ﬁ%&&gl#léﬁ%f%%r% %jcgellr:ﬂa Jelected ﬁﬂ?h%ht%lgtﬂeﬁnqg glt@é/ggtctgﬁe@data.

stores Information re
f071 hrat i ngThe sodpdalata(fer gach datal soehmahayebaytolltepieked with pilot data

interference. strength, data to be tted to 0 ,
P%E%P%‘tgofl?loﬁﬁ?%’&? Vigisbg e M Lleffirifudso Adaitionally or
BRSRatfeRL g%mﬁdil@‘éﬂ) Do fr@q’h@ﬁ@f dﬁ&YorPﬁnﬁﬁi'pleini (RS, time

|nfornat|on reI ed to performng the vari ous actions
dmtslcmmultnpmd §EPM)oert cwdh divasion mpltimesddcDdy The P110t data is

er .cou ov.ar i ance, evaj uat or 818 t

i) B A5NE B A B R CRlBOSE BRI B e b By e wsea
koble abas®I( ®)estifnate dﬁlﬁﬂ‘l@fﬁ@po&@v ahe angeplexal pirt afid &t@d data
may eval uate transmt
for'each data stream may be modulated (e.g., symbol mapped) based on a particular
modulation scheme (e.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.



covariance related to any nunber of reverse |inks.

Further, the transmt covari ance associated with each
woevErisesel i nk nmay be substantially simlar to BCT/US2006/041949

transmt covariance related t2la corresponding forward

link (e.g., due to statistical reciprocity). [0068]

Covari ance evaluator 818 nmay be further coupled to a

Eoo K ”Ti'l'e%ﬁ(?d’ulﬁr%g sy RBbLs ol 1BE aatﬁ sﬁé&%@ﬁl'ag) Sg rovided to a TX
codebook bas upon covariance rel ated data’ o Paln
Mﬂ\&@\pmqeasm @26\which nwy fell®r pFwessthe mddalatrbh gymbols (e g., for

| ebook cl ude N prec mat ri.ces
BRI LR D aiRgeSs rogePen gk B Sinblafe i bat SfSams to N
cafahiaek (TMTREIIR RN 92, mievmaus%i&ﬁ)oafmé%ﬁss Q")@mw(ﬁﬁrocessor
802. Codebook nodifier 820 may adjust the prédefined
080 eplisk begnformingiweighis t¢ th@rsam@glsmf tecadatpsterapiang to the antenna

RS QL IRAgE, TS A sk ed Sodebook may be utilized to

yze'rec ‘ed feedback. For

€00T3pl e, pBackeEaMmifdoATRYCH e Rhil hYocsRa h idspdtie symbol stream
matri x fromthe adjusted codebook that corresponds t

EBPOBISe A1 S8 TR ARSIl erefurthsr eendidans (654 amplifies, Filers,
ehd 65 ﬂ@él@s)ttﬁ@a@m#g&% tvp?<§v13@§nro<ahie{?erddslgﬂap&I&Bg%le'

as a functron
trengnistieanyarthe NgMO bhmfnnelmﬁlmhar DEivhodidaded €gwdnfroml transmitters

AP o3 eI HER oS ARG 0P I HISE b SFPFETvely

[gu7ay mat i oAbl 'RIREDSE RN R¥nfudd ﬁBﬁ@PaEeH%fgnﬁggre recelved by
t hrough antenna 808 to nobile device(s) ough

depheneds Wealthwongh $Eyandthe teayynd shgnap froueeagb |an181112ﬂa, 952 is

T S e R e e

Salitidns (B.., Fiddets, BinpRfi€; B8EQwitbAvéts) @réﬁgb@&ﬁf s®dnal, digitizes the
processors (not shown). [0069] Fig. 9 shows an exarrpl e

@@é SERFhiorTe HEF s#Eos pedigthor pmsesses Welsamples to provide a

g&%Q% ug:msg gﬁh%g%ﬁgﬁgICts one base station 910

evi'ce r sake of brevity.
oasyer, i tAnJ RXtdatak;ﬁo@pwreéo atagdetdiad amgligdens RV @yeived
|nckﬁge norg t han one base_ station and/or nore than
[FP4mas Ham Meteciers dph Pasgdion; adialic b decciYea PrasRasing

aRhiQhe PRV Re %V"d%&eﬁm%'yn%l Stibgh @ik abda é&deﬁ%ﬁ ?BO Hay

di fferent from exanple se station 910a
d@uo@éatesmrd@swbmdl dseddmrach detactdd syrobgl sirtarm $o tegotms the traffic

BRI HRE shfth aPE Frbbiiredi 1 Sl S ogke TIRR I Cofghntary to
iict: b&ﬂﬁn{eﬁlbgsrx AN6YO Peseisopeth M?erata%rf)éb@,‘sdrlglﬂtaﬁbase station

wi rel ess comruni cation there between. [0070] At base
gy&tlon 910, traffic data for a number of data streans

f ovi degl S%{)Q%&% gi&g@%}ﬁ%ﬁ ctal?} fetbfnife wh%%&éodgn-% atrix to

a proces
utlhze 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.



exanpl e, each data stream nmay be transmtted over a

respective antenna. TX data processor 914 fornmats,
woades0sand i nterl eaves the traffic data strea”RChaseme/041949

on a particular coding schene %2l ected for that data

streamto provide coded data. [0071] The coded data

for each data streammay be nultiplexed with pil ot

dE0E8LISi ng At bhseguaivh K10 eibiel eyl dvei S 20 fr b Ik dUFle @V 18 950 are

(CFD echni ques. Additionally or alternatively, the
pché‘%é i?ﬁﬁa‘iegn%a%%b@rﬁrt@a% R yecgiverss323ndemodulgeded demodulator

( ' AR |t T r_code..

it S ROl By 1EK b phgcll it 892 b R e 8 ik message

t irmisozitéd/bypmobiewde ded 2650p dhurther) pidveisor 93MiAG §esesk the eRracted
known nmanner and ppy be used at nobile device 950 to
UPTAET 1 atrmiRg Wg’gé PEIFeEINg TSI vsefPeseiernpning thesdpramforming
ceeighisdat a for each data stream may be nodul at ed

(e.g., synbol mapped) based on a particul ar nodul ati on

skof (‘e. gProctisnmrdpOphd 920 afay idirekEyigh@ofilBlSdordinate, manage,

L B PR SE n Rl ahileglemion gaUrBsr atalpRespective
(rbEABYrs 980 and 9P®LABEMsdcited With (ﬁ?r 355 gﬂ(ﬁgg’gél)trt]lat store program

provi de nodul ati on synbols. The data rate,

rfivdet aid a1 Biocessets 938 end 97¢ emmalsmgerfrendeigutdtioas tdderive

oSS PG AR SR s PR SRl 6 vl Sk ewsraveny
rt898te pr ovit ietd beanderiSoMHMHRIDERIAFAENLD dicribdi l?eﬁ‘eiﬁ%[ay be

f.urt her ocess the nodul ation synbols (e.g., for
.G“Y‘g@{l C}’l@fﬁ?ﬁfﬂf@yé@gg’é’fea frgwearge migHeward epickpcode, or any

reagbintiloR PhetYaH ¥ spitters .(TMIR
922a t hr oug‘?ﬁé{égggito?ﬁlhélﬁ\% %ﬁ)slé}%?‘;#got i mgﬂr?tpg?cef% mts)may be
prpleatentnd Wizkinapp bi ewrdxgpiitaton specifieiigbiatet @irtklies (ASICs), digital
%rﬁbﬁrl)s ofstm?aztgstrea and to the antenna from

- WHEhP'PRESEF DB Sk disfiah sigaf Prasetsing dsyices GOTRIPs)Eproarammable
t168088¥itdsQPLIRY, ek Slo¥Bshnidbik §§segupa;i [ '
sy%bol 1stS(lr?(gam %o prgﬂ\(/) rde one 2Etggrrigr e ana Itxggspg?égé%%\% ’Controllers,
ARErorgniRlerscmirdppioesssorg ethpr eleatrphictunits dedigiedes perfamdthe

. nal og si.gnal s 1o ovi de a nodul at ed
LR e Bl O e Bshheblr 't he o
¢onsihel . FOWhdiethe eMbddinredtsl /aé BEpIEMSRRY $n §dtRMre, firmwar
%8 smitters 922a through 922t are transmtted %nrnom X

RS GIMSTACAfS RErLIgR 40de greande segmuesity; thqy0Fyhe stbred in a
hing- ' i.tted [ at si gnal s
AR Ohing 1ER bR p i, 13F ol & SRR O RO iR WOSE ey

are recei ved . :
repcesevetipocerhat, o functicras butprdganaa Barims, AoeNhdledub@utne, a

re ctive receiver (RCVR) 954a through 954r. Each
PIOZHIe, & pOBuE tithce F1E5(&. Y ComPIAes of mhetionesatasitictures,
BOPREHINY Sthlefient. ESRRGEEHEN TN couBledith hAGiRerldd8e 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, etc. '
[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



condi tioned signal to provide sanples, and further
processes the sanples to provide a correspondi ng
woOnrerasessd” synbol stream [0075] An RX data pPOTASSMG6/041949
960 may receive and process tR8 N received synbo

streans from NR receivers 954 based on a particul ar

recei ver processing technique to provide NT

AeLeAt&th LW edEa
denndukgtglﬁﬁg?ﬁ%eépggve Seﬁ? g%g e eac ﬁQ&» @&%%?%nhe
a;m@aa;orsmarwmusmetaes:meﬂm@\hmmﬂlafaftl c data for the data

Th : 960
I errent S‘Wﬁﬁtrs%f’q%é? o AR it PO aerovices

Feovanerol indaise fhzﬂijg"trz@fsmhac%%ﬁ&%fz 'e&ﬂn%é@) For example,
[0076] A processo may peri odi call etermn
veertem 1906 eaadi nasj deratt ledst pantialky Whiilmea mbﬂe deviss dl 1sa;b e apprecmted

A T TN TR VAT -

bk @ kdprésent fuBOiohls ihBRe8aTR profdsstesTRBRe, rEﬁ)éombmatlon
conpri se various types of information regarding the

dberrefre gatlitewrare)n 1S valery KI00tinwdudes adpgical gxawmngt@(&awﬁ electrical

T e b

el 8l IESRARE TP R BERE SRR BbaL Ty P

riticttoder anOEflecdﬁtz& ceinpenrss fdr@@lﬁlﬂnﬁtn@ﬁr@sﬁﬁ%cﬁz@n@r&@ from a forward link
a nodul ator 980, conditioned by

d ul
% Q% %I%%Pleh% Sihstenoaly Slmélﬁatrerrsaﬁéwwwemkb
t
ﬁﬁmﬁé‘%? el a3 sl boydliice stimated
Byonaa tmrmsllnkManrmdmnHumhemnhd fdyywardeligi shensel 322 the reverse link
d nDd | ated by a de 940, and processed a,
B s B et ¢ S EMO piiony it Bydi€ Sopicaterobing 1002
risé 8 SIEccc YRR theal RS GEHrORPmelr %Jel?)%k based upon

processor 930 may process the extracted nessage t
dleg eavafisreevii9leh Fplr @@mlm gaBaos |m@1mdf:du9 ¢hef predefined codebook may

SSSSOLD A R IARA, OGEE G 00

ﬂﬂr}agﬁud@hﬁlel);-ctﬁbﬁro@EHp@ﬁerﬂtfoﬂg%ﬁeraﬁhglfée@Ba&MSétﬂﬁbdml ds@mate of
device 950, respectivel Respective processors 930

ahtfoorerddink obanned gedt thst ﬁfednCP‘Fﬁh?@héPQ -980c0iia 67 2n expample, an
%Etﬁ‘h?te@ ERAnE @Q%%%ﬁ@olﬂ%ﬁ@d fr?ﬁlnggﬁéﬁ{gth AQw AR & annel and

can al so perform corput ati ons requency an
|tlnrmstlsmterde}hpmreé enatist imambe sofnpareﬁ I(mr dquphiirdd) sonshatrices in the altered

| i especti vel Is to be unders
ERdPopR P P Se Pt i anstestie Hagk giom the e
|cB@éb%BE Bla§helifertlicd WAHBr trSRELNR (€., fth b AR Ration). Additionally,
m ddl ewar €, m crocode, or any

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 exjst within memory 1010. '
[0084] Turning to Fig. 11, illustrated is a system 1100 that controls forward 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



conbi nation thereof. For a hardware inplenentation,

the processing units may be inplenented within one or
wouno@/oapell i cati on specific integrated circuitsPCRABISEDF/041949

digital signal processors (DSPg), digital signal

processi ng devi ces (DSPDs), programrmabl e |ogic devices

(PLDs), field progranmabl e gate arrays (FPGAs),

S, L
RFASERSRNS 1o8Rat EBUEET0ThEY SO LIRS compopent or
pdclftxfymngttmasmm novam\nee oissd npdreghahy@iscofra, remrseshnk channel 1104. For

RBElC a3 APl b e Blrohand ik channel

g
stV%? 35"%?‘3 o aehT n'?e“ﬁ?%‘?ég%‘? Y PR R D, SRlenR oRBrer, the
cdriped enbjectmatisd s ¢ metet tcpragm—r@mre@ nhanaels(oge thusesysa:m 1100

2t b€ PRET 3t s JoBlfayng kLB ich e tetmica
adyposhifeedd@ingh pké&hﬁé’&éddé%@k 8L RinSdHttHE @@van%ﬁce 1106.
program statenents. A code segnment may be coupl ed

AMRGOHERS e xgBpife ATCCs}vVen atrha Hassmaitte may adluwhqoméq:fng:d
%ﬂét% i ﬁ%lys'tﬂl%ai gl%nf;a’ggr[a%ﬂ%r %ulrtﬁ? ofc;ggcfa?grg)tuﬁing 1102 may

arameters,
a:bglplmem bis cleﬂ@b@lmh@bﬁent dat evaluatifig febabadk®yRARSRE, the adjusted

rw@@g or transmtted using any suitabl e neans
iCREeReK 14 Ofre Aoy logieal grﬁgpmﬁééggg@yg%ré%cﬂq@ elecgieah component for
%ﬁﬁ’bl‘ﬁg g fI Tifc Ercﬁ‘%ﬁﬁégﬁ(ﬁisthaggd i the Egegﬁzgl;d Fega%ﬁg 1110. For

sof t war mpl enent at 1 on ni ques escri
lezample, beyntbeningpheyrtereffediuaietiibyrtediuigisg (e egalnated feedback.

edu functions,. an th performthe
ARy sty WanWéP& ﬂe aﬂ?éﬂ%&fltl it CHRsSFEptiges for
Sk Eduiflg ifin MBAPAK oMLY SviRIEXEE oS o&}itspﬂ@@ ©5198! $1087 Bk 1110.
menory unit may be inplemented within the processor

oVeile ghowal asthsingetesnal é@mmory iL b1 2ufitiic o eawreleistocelzhatisdectrical

EORUREEHOR Lo 7. B £ ey BBEF GRemepdy dRice o
F0@85]110, i IWh&thaab@s deScribed)ibbRIMnéRAEs &xARIRPhE 8BS more
-feedhack faor |inear precoding by utilizing transmt

cobaringte iy pheouesesot prssible e Agicabe syasy epncen@blerppynbination
abtd I

oS AR o b b BB Blne B I Bpiches

ambbodizhantt, byt dnend brdimal skillde kiss arvhiag heawgiyiz&that many further

fun t| nal bl ocks that represent functions inplenent
ﬁ8 RErMU3H PR aﬁB‘ﬂS TRRASTNERE 8t Hoﬁ%ggof/*ccordmglya the

G@sc@lbed feianﬂYﬁ{eﬁﬁs areMEn@sd &pé}ﬁbﬂaé@ﬁlygfcﬁ aﬁellaﬂgﬁsc fﬂodlflcatlons and
groupi ng 1002 of electrical conponents that can act In

canjtiame thasfell wihinithesparicand scos efethe gprenpédigainB0 Zﬁuumhyrmore to
RCLYLE (3 46! er%% rllél(glufl? ”g%ﬁenfﬁg\fug "the’ ﬁq{mpﬁ deB&liption or the

fransm t Cova i an
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.



channel 1004. For exanple, a substantially simlar
transmt covariance nay be estimated fromthe forward
woiok/osteannel as conpared to a transmt covari RATAIS2006/041949
estimated froma reverse linkshannel. Further, the
forward |ink channel and the reverse |ink channel nmay
be associated with a M MO environnent. Further,
| ogi cal grouping 1002 nay ?gggﬁﬂ e an electrica
conmponent for altering a p ed codebook based
upon the covari ance 1006. For exanple, matrices
i ncluded in the predefined codebook nmay be nodified as
Whatiscldioedof: t he estimated covari ance. Moreover,
-l ogi cal grouping 1002 may i nclude an el ectrica
conmponent for generating feedback based upon an
est i Matgebd HABTALANE] shnktdikg EQABAR! fod Bed: PRecBling "tzﬁﬂ)red based
codebook 1008. According to an exanple, an”estinmated
ey rignger omprisingde obt ai ned fron1ana|y2|ng t he

forward |li.nk channel and .t he g trix
oy pacletiiBh e G PRRS 0t (AR 0K o e IR SR R

al t er gddiFgiele AqRkdefibd tdiRboolobastd dpdn BE SO ¢ArRhes aMt h a
selected matrix fromthe altered codebook may

i dent ggrieeingdendback selated terthefprvardgink ghgnnel bayéhzmg the modified
§£EB6&9) Addi tionally, system 1000 may include a
nenory 1010 that retains instructions for executing
functlons associated with electrical conponents 1004,
006, 008.. Wil e_shown as. being external to
rmr? é‘(’dlotf claim ofusher CIRISREBd t hat one or nore
of ol &infdib@knCRIRAASM ARt 10 JORG craftt 100aemy
exist wthin nmenory 1010. [0084] Turning Fi g. 11,
i | | usquantizihgithe @has;xdteeﬁmnm(b@ St:hamg:@pltep@dlsg fatriafrom the
link transm ssion by enploying |inear precoding with
g&? 'Pd%%vgriance estimation. System 1100 may reside
Wi t hi flleptifyasanSihadd SBocidted with T ted)SrestRIP LChliix; and
"system 1100 1 ncludes functional blocks that nmay
r epr esEpmittingdhe BAex pygslaapentedénishaangdr ocessor,
software, or conbination thereof (e.g., flrnmare).
System 1100 i ncludes a | ogical grouping 1102 of
EIectTh@ﬂkﬂﬂﬂﬁﬁ@ﬁﬁﬁ&&ﬁﬁhﬁcdmpﬂﬁngaIe control | ing
f orwar d Ilnktransn1SS|on glcal grouplng 1102 may

i ncl ueRbMALNg theckopyarg)! m&ehﬁm foyigldra ghgmpal mafi gnd
tr ansg ro RO th8 chANEN B 8uri
link %%gﬁ%gﬁglf%%ﬁﬁég?ﬁg a e, ggreé%gieéc§n of x by
effexnrating wigen lecabpdsitsni upah Itlya dlannetlamattm, adf orward 1ink
channel ven h.th cha nels may | ack reciprocity
(e.g. 9" Pngﬂ%ﬁ%‘g9§ﬁ@ﬁ?: Réver the clai med subj ect
matter is not limted to non- reC|procaI channel s
%g g., thus, system 1100 may be a TDD sy stenL

r eo¥ke mefhegios slaing lomeilifying tgpradsfined epdeheok further comprises
el ectrical conmponent for adjustlng predeflne(:il/2 o Hf2
gogutioglan atfergd cadehopk €1 by evHluatisy &t Fagiees _1eoer RF F R )} ;

where R is a transmit covariance matrix, RY? is the square root of the matrix R, F y isa

j-th original matrix from the predefined codebook, F JH 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.



According to an exanple, a receiver and a transmtter

may adj ust the predefined codebook in a substantially
weizom7icaesemanner . Further, |ogical grouping 110BCTA32006/041949

conprise an el ectrical conpo t for evaluating

feedback by utilizing the adjusted codebook 1108.

Al so, Iogical grouping 1102 may include an electrica

onmpongent forward | ink transm ssion

Bas el DB R ST P Ty BB ABSRRCIAIES cofHo0R ai Somprisc
e or m nq. effectyated by | evera
E‘&%[ﬁ%%‘b@oa’é’gg 88‘%001&@21 T ﬁa‘?’]—;ﬂ%"wé%w% Wﬂg}/ ,» Where R is

include a nmenory 1112 that retains instructions for
efrecmit ogyafienct matnis, BY3 ecihasehraviddn oftheahatiic M, Fis a j-th original
conponents 1104, 1106, 1108, and 1110. Wile shown as
m@.trmgfr@nttm p:atleftr@drvedmmpk,lahﬂle id & numbdrof mtrived éictideddn the
f ﬁwf conponents 1104, 1106, 1108, and 1110
ﬁ@ e 08 hin nenory 1112. [0085] Wat has been
descri bed above includes exanples of one or nore
enbodi ments. It is, of course, not possible to
@ escr Themethed pf eloira di whsiein the nbvatanéeain apleasomp of e frassmit
for. purposes of describing the
8&%#%%%§%%%Bg nﬁgga&%pts but one of ordinary skil
|n the art nmay recogni ze that many further
conbi nati ons and pernutations of various enbodi ments

hre p’B@f‘smsqh@ Oﬁe@wdr Whergin the forgastlinlyehaneshiversaeiaed with 2
alterations,
l?rlggllplfl P?%ﬁgfpgengﬁgar ati onsﬁt‘éﬁgt fall vv: thin the

spirit and scope of the appended cl ai ms. Furthernore,
ot ext term"includes” is used in

i t het G HE" 8@9&&3 aBHtldlé!E%‘Pﬁ ? B0V apAnea fetarmipgisirom gbsprvation of
fhe Fébwafd 1Al SNARE i§ QutRembile) Yfhi¥eid h AufBABE b SvatihRe from a
to the term"conprising” as "conprising” Is
jerierse prieckwnolen enpl oyed as a transitional word in a
claim CLAIMS What is clained is: 1. A nmethod that
facilitates generating feedback for Iinear precoding
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11. A wireless communications apparatus, comprising:

a memory that retains a preset codebook and instructions related to estimating
covariance associated with a forward link channel, altering matrices in the preset
codebook based upon the covariance, and generating feedback by leveraging the altered
matrices; and

a processor, coupled to the memory, configured to execute the instructions

retained in the memory.
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means for generating feedback based upon an estimate of the forward link

channel and the altered codebook.

16.  The wireless communications apparatus of claim 15, further comprising means

for estimating a channel matrix associated with the forward link channel.

17.  The wireless communications apparatus of claim 15, wherein the transmit
covariance from the forward link channel is substantially similar to an estimate of

transmit covariance from a reverse link channel.



10. The nmethod of claim1, further conprising

guanti zi ng a subspace spanned by one or nore dom nant
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yield precoding feedback based upon the adjusted precoding matrices.

21. A method that facilitates controlling forward link transmission based upon linear
precoding that utilizes a measure of transmit covariance, comprising:

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.

22.  The method of claim 21, further comprising effectuating beamforming based

upon the analyzed feedback.
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obtained from a disparate communications apparatus that effectuated scalar

quantization.

29. A wireless communications apparatus, comprising:

a memory that retains a codebook and instructions for determining transmit
covariance, modifying a preset codebook, and evaluating feedback based upon the
modified codebook; and

a processor, coupled to the memory, configured to execute the instructions

retained in the memory.

30.  The wireless communications apparatus of claim 29, wherein the memory
includes instructions for performing beamforming associated with forward link channel

transmission, the beamforming being based upon the evaluated feedback.
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controlling communications over a forward link channel based upon an

evaluation of received feedback by employing the modified precoding matrices.

34, The machine-readable medium of claim 33, the machine-executable instructions

further comprise identifying a particular modified precoding matrix associated with the

received feedback.
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