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[0004] Generally, wireless multiple-aécess 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-



multiple (NR) receive antennas for data transm ssion

A M MO channel fornmed by the N Ttransmt and NRreceive
wanv@wsesso ey be deconposed i nto Ns i ndependenPCT/US2006/041948

channel s, which nay be referred to as spatia

channel s, where Ns {NT ,NR} . Each of the Ns

i ndependent channel s corresponds to a dinension

%@?9@%9& Mrs §¥r§ﬁl§§f§-1 févd @ﬁtems multlple—mput

, I'ncr spe I cl ency

Irmgﬂnpie dutplmag]ﬂ}z{m) sys’uﬂhsgrangseﬁdr&r reI [ abr lity) i f t he
i tional ' nsionalities cre ed

FosY 2 AN B SR oran e L s 0 Pangsif aftennas and
%;IS?V Nﬂ@&@ivé@%mﬁﬁ?ﬂﬁ uata\r%gmmqu Rl FAMTICHBEAToRHESbY the

ideé forward and reverse |1 nk conmuni cati ons over
afrctxamlnrt apﬂl%lrwlvermthnum mEpbe dersiposed infa Heindepagpdent channels,

RK(UBRE S FBETOHS o ofotl Shainels QRUET QU LBr 1 ik Each O the N
GBS cOshhORlye BT oAt P Bl hay

PRIV @Y indrr6 RN RIFot R €A 8Y incegis@speti@ie¥fdiency, higher throughput
conventional techniques may provide |imted or

ead/anarerter egligbidigy)bthe ﬁédrﬁ@naludrmmwhw crmm% multiple
R&Q&Z&J&‘%&‘%ﬁ%&ﬁ%ﬁl&s%%ﬁﬁﬁ%& a sinplified sunmary of

ne or I'n"order to provide a basic
po0ds] st andiMIMOfsysierahmegisopporevitus ElIhplsxmg mavhniguesstordbtide

an extensive overview of all conte at ed enbodi.nents,
Sorrardandiedpiae dnk eoRBIRIGREONS AT § rf?»gwey Pg}/ﬂ%tf Moy, For
alsefee tﬁeqﬁ@né}t&wﬁ%% RRIEBD) QYstélft ia§ atiBzd Nsp2aePRgRincy

any or al odlnen I'ts Sole purpose is to present
segiensdonfepas! apfl reveesedmkrpnenerrbowinse Furgherin alme division duplex

zt§E$|f%ed %ornr %59 prelﬁ e to the re dgga L gcmnnmn
SR Tomrd pad s et Rk copapicalotdug] fhloy
egURFNERoM HBWERE, nvEMIcRaPRBIAHGIR ME B¥de limited or no
correspondi ng di scl osure t hereof, various aspects are

deesbackiyetitadfochmmetinformatiasi | i t ati ng generation and/ or
utilization of explicit and |an|C|t f eedback rel at ed
to a forward |ink channel §ar precoding in a
time division duplex (TDD B‘ e- i nput

007 Pl e- outhpyblidvivhMplesents b eimplifiEalsufintary @re@ireacﬁlmcrray

be provided by estinmating a reverse |ink channe
\ﬁmb@ﬁlniiﬁél}ﬁ ipeorda e pided ba,slcgrnﬁmrsap ing o4 puqhesgahtodiments. This

SOk Fgl?}?)lg tgnfﬂ% g\gg&e@&lw% fé&ﬂ?ﬁlgggedgﬂﬁnbokaﬁﬁ%ﬂ 5, 4RA%

ynteﬂldéddo hyithea idein# fynige yadr chﬁaaitelqimﬁs oﬂalba’mlEKIhmﬂ&k aondelineate the

: he ra\gg rgg g}!l IenE%cﬁ?q%gtgte }Ité %seﬂ:e%u’rpol'slé Esl tb%}e%gntvs%g{e%oncepts of one or

more embodlments 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 generation
and/or utilization of explicit and implicit feedback related to a forward link channel for
linear precoding in a time division duplex (TDD) multiple-input multiple-output
(MIMO) system. Implicit feedback may be provided by estimating a reverse link
channel, which may be substantially similar to at least a portion of the forward link

channel (e.g., based upon reciprocity). Moreover, explicit feedback may be yielded by
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mobile device that are inactive for reverse link channel communication and transmitting
the quantized data over the reverse link channel, the reverse link channel provides
implicit feedback corresponding to one or more links associated with one or more active
antennas of the mobile device.

[0013] In accordance with another aspect, an apparatus in a wireless

communication system may include a processor, wherein the processor may be
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subsequent transmission over the forward link channel. The w1reless communications
apparatus may include means for obtaining implicit feedback received via a reverse link
channel, means for analyzing explicit feedback received via the reverse link channel,
and means for modifying communication over a forward link channel based upon a
combination of the implicit feedback and the explicit feedback.

[0017] Yet another aspect relates to a machine-readable medium having stored
thereon machine-executable instructions for estimating a reverse link channel to obtain

implicit feedback corresponding to a portion of a forward link channel; analyzing
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[0022] FIG. 3 is an illustration of an example wireless communication system
that employs explicit and implicit channel related feedback to modify subsequent

transmissions over a channel.

[0023] FIG. 4 is an illustration of an example methodology that facilitates
generating explicit and implicit feedback related to a forward link channel for linear
precoding.

[0024] FIG. 5 is an illustration of an example methodology that facilitates

modifying a codebook utilized for vector quantization of forward link channel

information.
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DETAILED DESCRIPTION
[0032] Various embodiments are now described with reference to the drawings,
wherein like reference numerals are used to refer to like elements throughout. In the
following description, for purposes of explanation, numerous specific details are set
forth in order to provide a thorough understanding of one or more embodiments. It may
be evident, however, that such embodiment(s) may be practiced without these specific
details. In other instances, well-known structures and devices are shown in block
diagram form in order to facilitate describing one or more embodiments.
[0033] As used in this application, the terms “component,” “module,” “system,”
and the like are intended to refer to a computer-related entity, either hardware,
firmware, a combination of hardware and software, software, or software in execution.

For example, a component may be, but is not limited to being, a process running on a
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descri bed herein in connection wwth a base stati on.
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tQaR]lodvbr eover, various aspects or features descri bed
herein may _be inplenented as a_nethod, apparatus, or
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cture'
programming and/or engineering techniques. The term "article of manufacture” as used

herein is intended to encompass a computer program accessible from any computer-
readable device, carrier, or media. For example, computer-readable media can include
but are not limited to magnetic storage devices (e.g., hard disk, floppy disk, magnetic
strips, etc.), optical disks (e.g., compact disk (CD), digital versatile disk (DVD), etc.),
smart cards, and flash memory devices (e.g., EPROM, card, stick, key drive, etc.).
Additionally, various storage media described herein can represent one or more devices

and/or other machine-readable media for storing information. The term “machine-



herein is intended to enconpass a conputer program

accessi bl e from any conput erreadabl e device, carrier,
wonrowrwdisad For exanpl e, conputer-readabl e medi BCTAIS2006/041948

include but are not |limted to nagnetic storage

devices (e.g., hard disk, floppy disk, magnetic

strips, etc.), optical disks (e.g., conpact disk (CD),
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As depicted, nobile device 116 is in conmunication
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forvvar l'in receive in t1ron rom
dé+¢ianéretdite informationcfven swoblile nkvit® 022 Mareaeedrse imbldce In a

%é{lgq%p{ \ésiiorsf duglex ?IEIBB Isyc/:s?etnll rwaré %nl%qt rl’ll‘{]a?lsl’ltl%lze a %r}?erent
frequency band than that used by reverse link 120, and forward link 124 may employ a
different frequency band than that employed by reverse link 126, for example. Further,
in a time division duplex (TDD) system, forward link 118 and reverse link 120 may
utilize a common frequency band and forward link 124 and reverse link 126 may utilize

a common frequency band.
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devi ce 122 over a forward link 124 and receive
wonbwrogessd on from nmobil e device 122 over a revectaskionkd1948

126. In a frequency division duplex (FDD) system

forward Iink 118 may utilize a9different frequency

band than that used by reverse link 120, and forward
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conpared to correspondi ng reverse [1nks

awysbtdim ghapnel thiataddufargetion (eke. cdssoimed with forward links 118 and
124) from the explicit and implicit feedback, and the channel related information may
be utilized to control subsequent transmission over forward links 118 and 124 (e.g., by
performing beamforming to obtain beamforming gain).

[0040] Turning to Fig. 2, illustrated is an example wireless communication
system 200 that transfers explicit and implicit feedback related a channel (e.g., forward
link channel). System 200 includes a base station 202 that transmits information to a

mobile device 204 over a forward link channel; further, base station 202 receives



estimated at base station 102 may be substantially

simlar to the forward |ink channel (and/or a portion
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Base station 102 nmay obtain channel related
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[0042] According to an example (e.g., where system 200 can be a MIMO

system), mobile device 204 may have multiple antennas that may receive information
over the forward link channel (e.g., a set of active antennas), while a subset of the
multiple antennas (e.g., one, two, etc. of the set of antennas) of mobile device 204 may
be active for communication over the reverse link channel. By utilizing a subset of the

antennas for reverse link communication, base station 202 may estimate a portion of the



channel) and an explicit feedback eval uator 210 that

recei ves and/ or exam nes explicit channel rel ated
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illustrated is an exanple w reless comuni cation )
estimator 302 that estimates a forward link channel from base station 202 to mobile
device 204. Forward link channel estimator 302 may generate a matrix H that
corresponds to the forward link channel, where columns of H may relate to transmit
antennas of base station 202 and rows of H may pertain to receive antennas at mobile
device 204. According to an example, base station 202 may utilize four transmit
antennas and mobile device 204 may employ two receive antennas, and thus, forward

link channel estimator 302 may evaluate the forward link channel to yield a two-by-four
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matrices. For instance, the unitary matrix U may include information related to
direction of the channel determined from the estimated channel matrix H. Eigen
decomposition of the channel matrix H may be effectuated based upon H*H =U"AU,
where U may be a unitary matrix corresponding to the channel matrix H, H" may be the
conjugate transpose of H, U™ may be the conjugate transpose of U, and A may be a

diagonal matrix.



in menory), while a substantially simlar codebook may

be stored by base station 202 (as described bel ow).
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1dent1f1ed closest tailored matnx Moreover exphc1t partial feedback generator 206

may feedback the index to base station 202.

[0049] According to another example, quantizer 308 may employ scalar
quantization where each element of the channel matrix H may be considered
independently. Further, codebook 304 and/or codebook modifier 306 need not be
employed, for instance. Rather, each element (and/or elements other than those

associated with the implicit feedback) may be independently quantized and transmitted
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quanti zati on. For exanple, quantizer 308 may utilize
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g tor 208 may anal yze the reverse |ink channel to
ent | fy inplicit feedback from nobil e device 204.
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i nk channel estimator 302. According to an exanple,
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the forward |ink channel obtained by the forward |ink
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%ﬁg %ﬁi F}%E}qaaf}t%ohélﬁgﬁs 364 L 289 sﬁrﬁﬁlt&d@guﬂ}?vﬁﬁ&%ohélﬂg for instance,

codebook modifiers 306 and 314 may both know link(s) (e.g., one link, more than one
link, ...) utilized for the reverse link channel, and hence, may similarly adapt codebooks
304 and 312. Thus, explicit feedback evaluator 210 may receive the index transferred
over the reverse link and identify the tailored matrix to which the index refers from the
modified codebook. Further, base station 202 may include a precoder 316 that alters
subsequent transmissions over the forward link channel based upon an understanding of

the forward link channel obtained from the explicit and implicit feedback. For example,
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from nobil e device 204. Explicit feedback eval uator

210 may further include a codepook 312 and a codebook

nodi fi er 314. Codebook 312 may include the sane and/ or
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C,= {proper_ normalizationof (QI/ZFJ' )}ll

According to the above examples, Q =hh” +aR where & may be a constant
depending on the quality and availability of the channel covariance matrix R.

[0055] Moreover, quantizer 308 may effectuate scalar quantization, for example.
Pursuant to this example, h may be utilized as one of the basis. Further, quantizer 308
may quantize the projection of the dominant eigenmodes onto h (and/or other

randomized orthogonal complement basis). Moreover, mobile device 204 may



C2 {eigen_vector(hhH +R%;.,-)F (;.,-)HRH/ 2 ) In this

exanple, RLl/2 may be the square root of the matrix R
woleog/s08e0= R12R 2 ) . [0054] Codebook nodifi ePeT@88006/041948

and 314 may additionally or alternatively alter

codebooks 304 and 312 as fol I, for exanple: C3

={eigen_vector( 2FJF WH 2 )}"_i or CA = [proper _nom
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to base station 202. Additionally, other (possibly
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bitsyon t he gi rlciebgtgi on of h. [0056] According to a%dy l
exanpl e, quantizer 308 may utilize the unitary matrix
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Q b
quanﬂizatlonwmfurt er, a basis may b e constructed,
and the basis my b e shared with both base station
26@manidatimboves tittereiverse RAK), which naysheathe gpantized wersioaof feedback.

Satrix beU=JU1U2] apd the first colu f
Rl v, it oo oy prapirorcnd foutie b d hodit b RedRiok
W thsthis exanple, U1l = J(Xiei where '=0 (X =UTf e .
dhd= } a.e; JT-idfo be Anpdicidtah hbwyverbthsithe Chimehsubiret mafer is not
obtarn (X1 {e.g., via INl comunication over the

.everse.|ink 1l C e the quanti zed version of

?151&% %Q‘.e %%gglﬁéqeagg%éplgt ation 202 may construct the
{6ust7pwi ng  IRsEHn g ROMigh.E7 frealidiutégied felating to témbinmgtimplicit and
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one or more embodiments, occur in different orders and/or concurrently with other acts
from that shown and described herein. For example, those skilled in the art will
understand and appreciate that a methodology could alternatively be represented as a
series of interrelated states or events, such as in a state diagram. Moreover, not all
illustrated acts may be required to implement a methodology in accordance with one or
more embodiments.

[0058] Referring now to Fig. 4; illustrated is a methodology 400 that facilitates
generating explicit and implicit feedback related to a forward link channel for linear
precoding. At 402, a forward link channel may be estimated to generate a matrix (e.g.,
channel matrix H, corresponding unitary matrix U, ...). For example, the forward link
channel may be a TDD MIMO channel. Moreover, eigen decomposition of a channel

matrix H may be effectuated to yield a unitary matrix U.
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[0061] At 506, a closest matching matrix in the modified codebook may be
identified (e.g., by comparing the unitary matrix with adapted matrices in the modified
codebook). At 508, an index of the closest matching matrix may be determined. At
510, the index may be transmitted over the reverse link channel. The index may be M
bits, where M may be substantially any integer; thus, explicit forward link channel

related feedback may be provided to the base station utilizing the limited reverse link
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channel. At 706, an adapted matrix from the modified codebook may be identified
based upon the received index. At 708, the adapted matrix may be combined with
implicit feedback estimated from the reverse link channel.

[0064] It will be appreciated that, in accordance with one or more aspects
described herein, inferences can be made regarding providing implicit and explicit
channel related feedback, evaluating implicit and explicit channel related feedback,

utilizing implicit and explicit channel related feedback, ezc. As used herein, the term to
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matrix H to yield a unitary matrix U. Additionally, an explicit partial feedback
generator 812 may utilize a matrix corresponding to the forward link channel (e.g., the
channel matrix H, the unitary matrix U, ...) to yield explicit feedback that may be
transferred (e.g., to a base station). Explicit partial feedback generator 812, for
example, may quantize a portion of the matrix (e.g., utilizing vector and/or scalar

quantization). According to an illustration employing vector quantization, a codebook

may be stored in memory 808; further, explicit partial feedback generator 812 may
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[0071] Implicit feedback evaluator 918 may be further coupled to an explicit

feedback evaluator 920 that analyzes explicit feedback received via the reverse link
channel(s) from mobile device(s) 904. For example, explicit feedback evaluator 920
may obtain and/or analyze quantized data (e.g., related to vector quantization, scalar
quantization, ...). Moreover, implicit feedback obtained by implicit feedback evaluator -

918 and explicit feedback received by explicit feedback evaluator 920 may be combined
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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 1030.
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[0079] A processor 1070 may periodically determine which precoding matrix to

utilize as discussed above. Further, processor 1070 may formulate a reverse link
message comprising a matrix index portion and a rank value portion.

[0080] 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 1038, which also receives traffic data

for a number of data streams from a data source 1036, modulated by a modulator 1080,
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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, efc. may be passed,
forwarded, or transmitted using any suitable means including memory sharing, message

passing, token passing, network transmission, efc.
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stored. i nory units and executed by processors.
Rl Feapack reigLeado p AgmaRRaTob heanetine 10Re AghGeBYRD sygem 1100

may include a memory 1110 that retains instructions for executing functions associated

with electrical components 1104, 1106, and 1108. While shown as being external to
memory 1110, it is to be understood that one or more of electrical components 1104,
1106, and 1108 may exist within memory 1110.

[0087] Turning to Fig. 12, illustrated is a system 1200 that utilizes implicit and
explicit feedback related to a forward link channel to modify subsequent transmission
over the forward link channel. System 1200 may reside within a base station, for
instance. As depicted, system 1200 includes functional blocks that may represent

functions implemented by a processor, software, or combination thereof (e.g.,



external to the processor, in which case it can be

comruni catively coupled to the processor via various
worenTdses0i S known in the art. [0086] Wth ref eCEUS2006/041948

Fig. 11, illustrated is a system 1100 that generates

and/or transfers inplicit and26xplicit feedback

related to a forward |Iink channel. For exanple, system

110w aray S}@&hﬂmwmblﬁaé‘da]@ fckl @blpin@il 200 6f éledtBBAIlcBmponents that
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that retains Instrucfi executi ng functions
&4 sowpeneats oxinidthe@dodagies foaputposes ofi dedcsibinbGte afbieﬁﬁentmneld

sho as_bei external to meno 1110,
b, Rub Pl st p g R the arh B o Bav iy Fy Turther
eonpaaebhssant P Amuthdiffs ofafd odslEBb M ey 'a&tlfdé’sﬂ)ﬂ:' r]Axccordmgly, the
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ghQMplng 1202 of electrlcal conponent s that facilitate
utilizing inplicit and explicit feedback. Logica

groupi ng 1202 may i ncl ude




an el ectrical conponent for obtaining inplicit

feedback received via a reverse |ink channel 1204. For
wexenTpsercoi npl i cit feedback may be obtai ned byPCT/US2006/041948

estimating the reverse |ink channel, which may be

substantially simlar to a porX/iion of a forward |ink

channel {e.g., due to channel reciprocity associ ated

with TDD). Moreover, |ogi caCpLamym®i ng 1202 may i ncl ude

an el ectrical conponent for analyzing explicit

f eedback received via the reverse |ink channel 1206.

Iy an exanpl e, received quanti zed data may
ﬁ@%%53|%9yé§w Further, |ogical grouping 1202 may
conpri se an el ectrical conponent for nodifying
conmunj cation over_a forward |ink channel based upon a

chmbi rAipedpdihatfaelitatgs| seneratipgteqdback relaigd tha ferwsrd link channel
f ally, system 1200 may i ncl ude a
#@ﬁgﬁé&ﬁg%gggﬁ gﬁk%a%ﬂs instructions for executing

functi asnmaasgmﬁorazhﬁulnvk ¢Hangtlee beneeatt aconmponent s 1204,

1206, and.1208. g shown as being_external to

memor yIUEBYENE PPOIiUQn theempfiyde ytekbernligd fecdpads and a
CONMPONEHH

pouelind 1%1?13&3% guanﬁgémv%%? Bﬂg;aagggn@%%lg&&alﬁﬁelgha{t %&@vﬂes implicit
|fﬁ@dhadesoreesam1@tom‘ regragder ofthe enagrbodi ment s. is,

of course, not possible to describe every concelvable
conbi nati on of conponents or nethodol ogi es for

[Ur poskf dthékesidldii NGvidiein MOMBHRNS hBRE ofITBIOLENIRALSmatrix
but one of ordinary skill in the art may recogni ze

ARG WHAY Mk pelated hicchenmsheagid per nut ati ons of
various enbodi nents are possible. Accordingly, the
descri bed enbodi nents are intended to enbrace all such

8.1 er atheanshodwitildincH fivls cangriviag| Iqahntml‘? thB brtioal df the matrix
ithin the s irit and scope of the a d cl ai ns.

tPH@?WBP%S Ot PR @Oéfsdnéﬁtevq %ﬁnnﬁhé%%atﬁﬁ wiithdpyRTeashink ehannel
%%ﬁﬁhddkdﬁbﬁher the detailed description or the clains,
such termis intended to be |ncIu3|ve in a nanner
simlar to the term"conprising"” as "conprising” is

interprete ed. as transitional word. in

Ao IR %@Wﬁnﬁa@s . Alantizaee the Poiionof 3 ek IHERer comprising
feteitubti R8laf El@&tidﬁ%}f RAFRACKIwebBthE thatiPx & 4 S4svednd

l'i nk_ channel for |inear precoding, conprising:

ayentirng hprojection ahdeminapicigdmamdes onto thasnew ané other randomized

portion of the matrix to yield
epr?%? g@ rtgs]'gnd transmtting quanti zed data

over a reverse link channel that provides inplicit

5. The method of claim 1, quantizing the portion of the matrix further comprising

performing vector quantization.

6. The method of claim 5, performing vector quantization further comprising:
modifying a codebook based at least in part upon one or more links utilized for
communicating over the reverse link channel;
identify a closest matching matrix in the modified codebook;
determining an index of the closest matching matrix; and

transmitting the index over the reverse link channel.



f eedback corresponding to a remai nder of the matri x.

2. The method of claim1l1l, wherein the matrix is at
woOeearstosease of a channel matrix and a unitary nRCTiUS2006/041948

related to the channel matrix. 3. The nmethod of claim

1, further conprising quantizi8g the portion of the

matrix that corresponds to one or nore inactive

ant ennpife 1AGEO6E bAd1Gith B fhhhér%\sﬁ{ §m R €lkodebook based upon

communi cation. 4. The nethod a| m quanti zi ng

taEang it qopislagipn ikt r i x furt her conpri si ng

ef fectuating scal ar quanti zation by utilizing a row of

the matrix as a basis and quantizing a projection of

doM nérte wéthed ﬁﬂﬂ@lﬁl enverdih@e cfdél\éb@ikds gtithyemtinByn siaiilaz &a
ort hogonal compl enent basis. 5. The net hod of cI aim1l,

Gadehdoxichplaxed bycy hase paigmm ﬁon@hlnaatheu ipdex i trgaymitted.

conprising performng vector quantization. 6. The

met hod of claimb5, perform ng vector quantization

four t héPheanethod of ¢lgim aﬁﬂécﬁ&shﬁgtha codelebloka bitseatially similar

| east in part upor]j one or nore links utilized for
ARARPERASCARRIT O S Daphgation forveduch theundaxdp Hansmuftehnt i £y

a closest matching matrix in the nodified codebook;
determ ning an i ndex of the closest matching rratrix;

dl@d t r]alﬁsrmthwd oficlailrel iwiteoin theeforward link\chase] hidithe reverse link

ann 7. Th of ..cl ai er &9 n
RO gtk e St S tex P ieie bt iifipte-
GRfpue (VD) shBkhi X. 8. The method of claim6, wherein
the codebook is substantially simlar to a codebook
enpl oyed by a base station to which the index is
tirans t l.. nodi f.vin he ..
c1 Cludebni*htl‘(3 Iﬁ%h%(?%fu‘%gﬁi aﬂ?ﬁgl? ﬁg C8mP 8 %n} e ngnrg % enc‘%ﬁ'%lgpgsdtlon
tupom tHeaastrig ttaperenatt @ cmﬂbspbndhhg uhigemdtsix twissr&initid @ekrix is a
10. The method of claim1l, wherein the forward |ink
CRaEMSEMaEHRY t he reverse |ink channel are associ ated
with a tine division duplex (TDD) multiple-input
mul ti pl eout put (MEMO) system 11. The nethod of claim
12. furk deelesmmnmshingiomfsfappﬂrams icognpeismen decorrposi tion

on the natr t 0. gener, orrespon njtar
o R rcRayaha b Rin Soshook 3nd S% Hard A Rlatcsd o forward

Wnkeh8§21:G@AMuUNI cati ons apparatus, conpri sing:

a processor, coupled to the memory, configured to modify the codebook based at

e’

least in part upon one or more links employed for communicating via a reverse link
channel, compare a portion of the estimated matrix to altered matrices in the modified
codebook to select a closest altered matrix, and transmit an index associated with the

selected, closest altered matrix over the reverse link channel.

13.  The wireless communications apparatus of claim 12, wherein implicit feedback
related to a portion of the forward link channel is provided based upon active antennas

utilized for transmitting the index.

14.  The wireless communications apparatus of claim 12, wherein the index provides

quantized data pertaining to part of the estimated matrix.



a nmenory that retains a codebook and an esti mated

matrix related to a forward |ink channel; and a
wonrow@sessd, coupled to the nmenory, configured POTMIS206441948

t he codebook based at least in part upon one or nore

i nks enpl oyed for conmunicati2fig via a reverse |ink

channel, conpare a portion of the estimted matrix to

al3. er echeWiréleSaommutibRion® g;blfakzﬁﬁ% SRIBRPLK iR R Grod@ssor
closest altered matrix, and 'transmt an index

dEgemitathedndgs 19 a brse statienthaimodifios a sebstantiel e simitar codebook in
O Bhrad by ENRE SRR Channel . 13. The wireless
contrini cati ons apparatus of claim 12, wherein inplicit
feedback related to a portion of the forward |ink
channe| is provi ded based upon active antennas o
WG| | ZbaVireliss COmMARIHCRHPPPPHALUS Aoregenetnting The transfestiag smplicit
L Cat | L gl i.n . the
e S S L
t he eshéamfecbstinfating a IGrwakhiénkeaghelss yddmuRt@gt i ons
appar at us gf claim 12, V\,heretl‘n the processor transmts

the i riBeARs {QF WapU&Rs asulseo?f PHIRIREANE | es a

Subst ght4nd lfé)rytra?ﬂsﬂﬁtkiﬁ%qﬁﬁﬁ‘%?c?@ﬁa bPerh 2YASE AR LY that provides
simlar manner. 16. W rel ess conmuni cat1ons
dpwéiciafegdbdakrelpadgp atremgindercf theamsfiex ri ng i nplicit and
explicit feedback related to a forward |ink channel,
conprising: neans for estimating a forward |ink
civannethetwirdle| Bnanuidativns apPRARSs §rllaifURd) flrtePBoBprising means
subset of the matrix; and means for transmtting
doaprrformingisealar guantizatioreipegenerateithk qednsinediata.hat

provides inplicit feedback related to a remainder of

the matrix. 17. The wi rel ess comuni cati ons appar at us

dfs. cl diheviiteleds toih@Ini@O6RY AfphrgisoFansmf &, fupeict e6dipidng:

scal ar quantization to generate_ the quantized data.

18. THRFHRS Q) I@%@f%%ﬁﬁ?f?eéa@k based ablsast a1 part BponanaacHve Bnk

fﬁ&kﬁ%‘@@%‘g{s@{g{,&% LfEaRsndor modi fying a codebook

based at In part upon an active |link associ ated
Wi t h tnheans Brenatehihg nlpact loé tirahatrineacleosdsoadapatdahatrig iscluded in the

parf.of t atrix to closest adapted nmatrix included
ilﬂO({iiﬁ%{?‘ng‘?cﬂ%&m&odebook; and neans for transnmitting

an i n‘i‘l@én@?&‘iﬁ-ﬂn%ﬁﬁn%’aﬁ thakh %s@éigtg%ﬁ%&/&tlﬁﬂ@@fo@&t H&dptd dmatrix over

over the reverse |ink channel. machi ne-r eadabl e
ecficyenst Huk plpnoelor ed t her eon machi ne- execut abl e

19. A machine-readable medium having stored thereon machine-executable

instructions for:

estimating a forward link channel;

generating a unitary matrix associated with the forward link channel;

quantizing a portion of the unitary matrix that corresponds to one or more
antennas of a mobile device that are inactive for reverse link channel communication;
and

transmitting the quantized data over the reverse link channel, the reverse link
channel provides implicit feedback corresponding to one or more links associated with

one or more active antennas of the mobile device.



instructions for: estimating a forward |ink channel;
generating a unitary matri x associated with the
woéanorasaehi nk channel ; quanti zing a portion of PCNAIS2006/041948
unitary matrix that corresponds to one or nore
antennas of a nobile device tR8t are inactive for
reverse |link channel communication; and transmtting
120 qUBRimZdthed@hdatly Slediufi€off @MBY BE the IﬁKc}ﬁﬁtﬁé‘)fb@hbabfehﬁstructlons
reverse |ink channel provides |an|C|t f eedback
é@ﬁh@eﬂﬁﬁﬁﬁﬁg to one or nore links associated with one
[ 20. The
macii o B EpAE0R Bl i B Lo B oRE oF iore Wve
nacdnnacareidhe vhabl motaighdtive ahensgast ur t her conpri se:
nodi fyi ng. a codebook based at |east in_part upon t he
one. oNSHRIENG AaloReStAMIGHRE Paitgindhe moditicorcodgook; and

a7 et R o gop SR B o P PRl ARG the roverse

i lntkechatkedt relates to the closest matching matrix via
the reverse link channel. 21. The nmachi ne-readabl e
medi um of claim 19, the nachi ne-execut abl e

I NSt T URel RRRideUehfPe HRIRM SR1AMAY {7l rHQch%eeg%@ﬁt%%lg instructions
the portion of the unitary matrix separate y base

Upthersonipase gurntivingadénoents &2he portian wf Hel wstesry matrix separately
n i cation an apparatus conprising: a

ﬁ, 8FC@6%TFéﬁF%g%& generate a matrix related to

an estlnated forward Iink channel ; quantize a portion

of the matrix to yield explicit feedback related to
gt o atmad% PP aLOR WS J0rAPPeIREIS PeIpriging:

transmj o8 ﬁﬁg%ggha over a reverse |link channe

the reverse annel provides inplicit feedback
related to ganesmwm maleix relfatetihe alesitimméceﬁ)révafd/lﬂﬂ@bhlanmﬁi
channel . 23. A method tgé facilitates utili

i nplicit afaRHgs 3 RATHOR eliip kT @ %%@@Xpmhf%b%ﬁ%lated to part
li nk Ghapnglimhed fbfv&‘eﬁé'iml%ﬁ%ﬁ’;glngﬁd . conpri si ng:

estimating a reverse link c O obtain inplicit
f eedback r étaasredt quantizep drthiover ofeversé inkvahahnkl, the reverse link
chann eckxannel provides implicit feedback related to a remainder of the estimated

forward link channel.

23. A method that facilitates utilizing implicit and explicit feedback related to a
forward link channel for linear precoding, comprising:

estimating a reverse link channel to obtain implicit feedback related to a portion
of a forward link channel;

evaluating explicit feedback related to a remainder of the forward link channel
received via the reverse link channel;
r combining the implicit feedback and the implicit feedback; and

modifying communication over the forward link channel utilizing the combined
feedback.



eval uating explicit feedback related to a renai nder of

the forward |ink channel received via the reverse |ink
wohenTrs0860 conbi ning the inplicit feedback and PO®US2006/041948

inmplicit feedback; and nodifying communi cation over

the forward Iink channel utili3ing the conbined

f eedback. 24. The nethod of claim 23, further

coApr i ThewpethoBof Eirn a3 Auebelelagiishased at |east in

part upon one or nore links utilized for comunication

vi a t haodiéyiag 8 sodeberk basedréleastrin pait wpeyormot maexinks vtilized for

oo RN B R RS, T rmnner:

i dent i feydiviggan nadéaﬁlrcﬁﬂ am@dbileXlefico that AR dRdi f JuBstantially similar
codepook based upon the received i ndex; and conbining
t ¢pdle Mﬂ@éUH%@rrm%y\mmlﬁartwnpm| icit feedback. 25. The

net ho h

e Sundhiritod o ed BN fobife HEHBIAR MO Bon the
hwnkvmhmdaehnd26 The nmet hod of claim?23, wherein a

time division du ( TDD) Itlple

mul t i ploBitaRipg the fi@at’§§/ rﬂ‘? ’éniél?ﬁlfg‘}fg’édf ‘0

communi cate via the forward |ink channel and the

reverse |link channel. 27. The nethod of claim 23,

2t heFhegoethed of ¢lgine 23 wizeréin ghet tegerex hhk channélae didsstaatially similar

that incl ngize a. 28. The nethod of claim
ﬁﬂgyﬁﬁﬂﬁéﬁ%“ﬁﬁQW?‘g@ ata is at |east one of

scalar quanti zed data and vector quantized data. 29.

The nmet hod of claim 23, further conprising performng

b&ant obhieitghedef %lmgu%édmn aftymagndi Hisinsi dyp Qz\KeIDH)heultlple -input
BRIl Uk 0 RS DB v

oahiapiel andithe reversiaikychahadl. ret ai ns a codebook and an

i ndex associated with the codebook recei ved over a
reverse |link channel; and a processor, coupled to the -

MEATOT YrheGRGHO DY Q&ind 83 'Tﬁgllxé‘ﬂéoﬁllﬂ s1ﬁ g@ﬁﬁ%ﬁxg?gg %?%lfﬁt feedback that

l east in part upon on€ or nore

dosindssiquantized dataa t he reverse |i nk channel , determ ne
an adapted matrix fromthe nodified codebook rel ated
to the index, and conbine explicit feedback associ ated

vigt h tihe mdRed eCc1a®t 27 Xvhdkdif tHerqiﬂaht@ieH data is at least one of scalar

quantized data and vector quantized data.

29.  The method of claim 23, further comprising performing beamforming for a
subsequent transmission over the forward link channel by utilizing the combined
feedback.



feedback estimated fromthe reverse Iink channel. 31.

The wi rel ess comruni cati ons apparatus of claim 30,
woher7@seseb he processor nodi fies the codebook i RC&US2006/041948

substantially simlar manner as a nobile device

nodi fies a substantially sim |3 codebook utilized to

generate the index. 32. The wirel ess comuni cati ons

appar a wdreddss cbinindtiond @paiafist Esmpriggessor nodi fies

t he codebook based upon transmt correlation rel ated

dat a. B@empRethaf reiginsscedshorkmndamiindex aspprinted withdlie codebook

cl.al: L cessor adjusts transm ssion

o%gél{}%{ﬁ%e{ \é\l?%r%(fqﬁ%acﬁeghaﬁl | based upon the conbi ned

expl i cd proassdor, oplipled fo the adbek cosfiguréd vé Mol the codebook based at

commni cations apparatus for utilizing inplicit and '

lemitinpart yRAngME At mesp Sipkyutilized forommenication vimthe seversedink

hhol, RHORERISNLd !feﬁrh?m'if Ljroﬂ{‘thg JaifidecdR n%@clr 1%}3%&”[% the index,

channel, conprising: means tor obtalning
f aelcioanbinerexphiciv égbdback asootatet with therddapied mueetix withamplicit

for _anal yzin xplicit feedback received via the
ﬁ§9@¥§€e¥FW%g%ﬁ8ﬁH%F?“ﬁﬁﬁ%ﬁgﬁﬁ§npbr modi fyi ng
conmuni cation over a forward |ink channel based upon a

conmbi nation of the inplicit feedback and the explicit
f Hedbabie. wizgglessTiommuiiiedtions apmanatusnoiodaimod(s vdepan theypsoaksor
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ChudsthitZel§ sttail @ cd8ebobRentiizé BlogkhieaR b RideRt | Ons
apparatus of claim 34, further conprising: neans for

nmodi fying a codebook based upon one or nore antennas

Ofp. @ nRpl \Li?&f(lgﬁvéoﬁﬁmlﬂ‘ﬁéétfoéE a?atcus; di¥al 30> WPy file ptrgc%ssor
reverse |1 nk channel; an ans for conparing a
recdifivettie icodishook basudtupon @andnfit &drec] s felatsd dmd.ri x to

eval uate the explicit feedback. 37. A nachi ne-readable

medi um havi ng stored thereon machi ne-execut abl e
OLIeESOI‘
0

st r Uﬂfeivﬁﬁegs%mniﬁﬁédﬁ&hé AP 4d, %efemggﬁ
obtain inplicit feedback corresponding to a portion
adfustsieanemissivi aviatia gbrwaad ihly ghiangelebaptd apan the eathbiakd explicit

Qgéeiv§dt%ia?tge reverse |link channel, the explicit
FREHBRER! TE8PP%EEponds to the remainder of the forward
i nk channel ; and enpl oyi ng a conbi nati on of the

inplicit feedback and the explicit feedback to nodify
Mrmu ) waeleshecopapnichéorsapprreds fomitilizingrimplicit and explicit feedback

related to a forward link channel to modify subsequent transmission over the forward
link channel, comprising:
means for obtaining implicit feedback received via a reverse link channel;
means for analyzing explicit feedback received via the reverse link channel; and
means for modifying communication over a forward link channel based upon a

combination of the implicit feedback and the explicit feedback.

35.  The wireless communications apparatus of claim 34, further comprising means

for analyzing at least one of scalar quantized data and vector quantized data.



38. The machi ne-readabl e nedi um of claim 37, the

machi ne- execut abl e i nstructions further conprise
weveal7waticng quanti zed data that provides the erpTiUS2E06/041948

feedback. 39. In a wireless comunication system an

apparatus conprising: a proces®or configured to:

estimate a reverse |ink channel to determne inplicit

f e dbaThe wittlatsegbnibudcdnt b}%p%raﬁﬁs &f d1884, dudthddeomprising:
channel ; eval uate explicit feedback related to a

r emai ri@eFsder MAdifyige aapdebiopk kaseraiAg ong exwioveantanings effemobile
r&wg{%}g&&%‘%’f { %ﬁ&ﬂﬁgifm ?P tﬁéé%&%lgg }(ﬁlﬂ %hénrrrlréi; Ia%clit

fee e expll
means for comparing a received index to matrices in the modified matrix to

evaluate the explicit feedback.

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

estimating a reverse link channel to obtain implicit feedback corresponding to a
portion of a forward link channel,

analyzing explicit feedback received via the reverse link channel, the explicit
feedback corresponds to the remainder of the forward link channel; and

employing a combination of the implicit feedback and the explicit feedback to

modify communication over the forward link channel.

38. The machine-readable medium of claim 37, the machine-executable instructions

further comprise evaluating quantized data that provides the explicit feedback.

39.  In a wireless communication system, an apparatus comprising:
a processor configured to:
estimate a reverse link channel to determine implicit feedback related to
a portion of a forward link channel;
evaluate explicit feedback related to a remainder of the forward link
channel received via the reverse link channel; and

combine the implicit feedback and the explicit feedback.



