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[0002] The following description relates generally to wireless communications,
and more particularly to linear precoding in a time division-duplex (TDD) wireless

communication system.

11 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 multiple-access systems capable of supporting
communication with multiple users by shaﬁn g 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 mulﬁple-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-
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that is presented later. [0008]1n accordance with one or nore
enbodi nents and correspondi ng 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 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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readable medium may further have stored thereon machine-executable instructions for
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.

[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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with implicit feedback estimated from the reverse link channel.

[0016] Still another aspect relates to a wireless communications apparatus for
utilizing implicit and explicit feedback related to a forward link channel to modify
subsequent transmission over the forward link channel. The wireless 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 chgnnel to obtain

implicit feedback corresponding to a portion of a forward link channel; anglyzing
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| BRIEF DESCRIPTION OF THE DRAWINGS
[0020] FIG. 1 is an illustration of a wireless corﬁmunication system in
accordance with various aspects set forth herein.
[0021]. FIG. 2 is an illustration of an example wireless communication system
that transfers explicit and implicit feedback related a channel (e.g., forward link
channel).
[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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[0027] FIG. 8 is an illustration of an example mobile device that facilitates
estimating a forward link channel and/or providing feedback (e. g., explicit and implicit)
in connection with a TDD MIMO system. )
[0028] FIG. 9 is an illustration of an example system that facilitates receiving
and/or utilizing explicit and implicit feedback related to a forward link channel (e.g., in
a TDD MIMO system).
[0029] FIG. 10 is an illustration of an example wireless network environment
that can be employed in conjunction with the various systems and methods described
herein. |
[0030] HFIG. 11 is an illustration of an example system that generates and/or
transfers implicit and explicit feedback related to a forward link channel.

~ [0031] FIG. 12 is an illustration of an example system that utilizes implicit and
explicit feedback related to a forward link channel to modify subsequent transmission

over the forward link channel.

, DETAILED DESCRIPTION _
[0032] Various embodiménts 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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~ 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
cordless telephone; a Session Initiation Protocol (SIP) phone, a wireless local loop
(WLL) sfation, a personal digital assistant (PDA), a handheld device having wireless
connection capability, computing device, or other processing device connected to a
wireless modem. Moreover, various embodiments are described herein in connection
with a base station. A base station may be utilized for communicating with mobile
device(s) and may also be referred to as an access point, Node B, or some other |
terminology. |

[0035] Moreover, various aspects or featu;es described herein may be
implemented as a method, apparatus, or article of manufacture using standard
programming and/or engiheering 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-



7 processor, a processor, an object, an executable, a thread of
:ﬁe;utlpn‘¥&2Qﬁngag1 and/or a conputer. By way of 'llusféﬁ%kﬂﬂgm )
pplication running on a conputing device and the .conputing device
can be a conmponent. One or nore conponen%§ can reside within a
process and/or thread of execution and a “conponent nay be | ocalized
on one conp ted between two or nore conputers. In

ter. and/ or distribpt ] !
addi tion, t lﬁ%f’?@ble&ﬁe&&ﬁaﬂ"f@ Ieéﬁgémbm&m*&fl iiQarelessshannelsand yarpws

nedi a havi n%tﬁé@fﬂeﬁf&scaﬁﬁl?olﬁEtbﬂﬁé,gﬁﬁt%irﬁﬁ LE@ot BRE %ins&ﬂ&io(ﬁgﬂgg@g??‘ﬁa.

may conmmuni cate by way o oca /or Fenote processes su
accordance \W036] a si gReferting noy toKig. dr a mirelessiedrampaickibdrssysengl00 idat a

from one conponent,.i nteracting, w t.h anot her conponent in a ] ocal
system distrt i‘i‘teéén g‘iﬁg{‘%ﬁff’ ﬁB/VGFO%F&%@éHa?%%Wei%ﬁna&ﬁtﬁ@ 100
Internet W thm@hif8lh bayseitn 102 HaYmeY inkhee ﬂﬂ@@hhm&ﬂ@é%hﬁﬂﬁd;@gﬂ

various enbodiments are described herein in connection D
devi ce. A nobe prieria\grewp way indlyls dnéennad 10dchnd 199s rether gudponapermpriset |

subscri ber i.00~o MDDI statiqgn.. mbile, reno station, .re

Corm nal . olRBuelosARRAIC B3 Biiaf ot iibine Spfthaflug GA11E. Two
comuni cat i eitegiey afesillustiéd RE@Ah anish giSi, AéweRdr, MERS or FeWéI IR Ahas may
(UP). A nobile device nay be a cellular telephone, a cordless

tel ephone, Be Wilizsrder qacherenp dInsesistion 402 may pydiparal éncleded irasisedter chain
local loop (NLecsitat difaih, é?tfhocﬂ‘ WRBR L arf %Itnacloxrgﬁgé ?&)?L{}Lht&%?’é% offents
g wre T abr FLy S SBUT PG

;s
Te

handhel d device havin ess ‘connection ca

devi ce, or edshentepwithesgiahrankenissien amhweesitiod (£.9., provessete aduneam
Mor eover, var 'hloulls enmhodi nent s gre descri bed herein in ¢onnection with-
a base st at PUHIPIXeE, demadulators, demyltiglexess; antenngs 4 @6 Wikl AF aRRTPHCHDY h
mobi | e devi ged sieaing iyt al so be'referred to as an access point, Node
B, or sone other term nol ogy. [0035] Moreover, various aspects or
features ded¥B3¥bed heBederstation 162 mayxdosmewmtiede withoneet hwde mapjledatices,
or article Qf,manufactur.e i ng, standard pr.qgr amm ng, and/ or .

ongi neer  ng EBERAISHTE B8, Lo Bt PhARK dos R AR fabS anpreiagd the
herein is.ibdsesdgen 102 B9 CORASHIACRAR Bt tanAAIPE AR MMBESE D hivbe BEARS
any conputer-readabl e device, carrier, or media. For exanpl

€,
conput er - r cHEAIBT © mekiledeyiass il He padit22 JYlobitedgyines (1l frand 423 eaneg it i ¢

; device sk . . ; _
otor ) opt | bl Bt pHRhe, St pbh P B HinafRE BBl Rl P fovicey; o1
(DVD), et c.Dandketdcompatinfsdevaced, fakedlite radion) plobdbposiitshinesydtemsFPBAY) and/or

card, stick, key drjve, etc.). Additionally, various storage nedia

descri bed Y& réﬁ"ﬁ? "eﬂ‘?"é C_B‘ﬁ‘Bm_B}"aWb% %Veﬂéwecl,"& ORI Plhéi_fStem 100.
machi ne-r eaﬂ;@@é}ﬁct&ﬁ%@oifeqevﬁ:%q"lb@Qin'c'%ff%ﬁti@éa‘ti%ﬁ with ¥ntdrna & | 12Ewher
readabl e medi um’ can include, without being limted to, wreless
channel s arantenaps blkanst Hertrangahitdntoamatidretoghohiteateivivg, 116 omera forwerd link -

and/ or carrydong  instruckion(s).and/ or..data. [[Q036] Referri.n wto
fg. 1, o EPesERbRARRAS! RRupRhsfyBs 11k R dieae Latefl
accor dance Motddvatfnoblle deTBO IR SomfrRAREGHWHE afteAnasA 88016 Ovhere
conprises a base station 102 that nmay include nultiple antenna

groups. Foranisaaapl ¥ angnlO6ransmitdnipraaiiomigynohilel devise 432 enersforgard dink

106 1oL e 40 TRty R B I AT A0 g

addi ti onal ‘group nay udée ant ennhas

i | 'ustr at edrdquensyadiisipntdeplea (FDD)Rystbayfvesird k16 8qhay @ilLE aaliffE&BMAS
may be utilj zed fq{r gaﬁgﬁ\l group. Base statigon 102 may additi onal
i ncl ude a tiFegNeRAYiheBe thandhat uskd by reveese line 1 28 randforvead hnk  2¢may e mpley a

in turn Comgs %e@gwﬂaﬁl%% hEHABRA By 2oLk gg%gg{&aﬁip@ Further,

transm ssion an pti o .g., processors,
mul ti pl exeris 2 tideendigisiomtdwplex (ABM)I slystpineforwsrd lark Bl rewdrse [ink 6 may |

be appreci %tti%%e g%ox%?n%n elqluxler?c%l l;arr]ldtanhg féir\rzvtafd ILIH(O?ZZJ aBn%SrgvesrgealEIIﬂ? ? 261 1’91221}’ gc?l)l/ze

a common frequency band.




WO 2007/050860PCT/U82006/041948 9 [0038] Each group of antennas and/ or
the area ?, ey are designated to communicate naypé$h%£%3&ﬁ&g
to as a s or o ase station 102. For exanple ant enna groups

be designed to communi cate to nobile deV|§es in a sector of the areas
covered by base station 102. In conmunication over forward |inks 118

d 124, tt t f b t at til
ggam‘ or mi ngﬁpgﬁﬁgrsatnovgagﬁ Fop a%BO ean%Zﬁeﬁﬂ% %‘Fégg‘?’éﬁﬁ@qyﬁug&ﬁé&énﬁ
124 for mbl&&ﬂﬁﬂa@@&aﬂ-ﬁ@r@&‘i‘ecﬂl%zas Ne8Br offiist ahi@s 805 AL %f%%ntenna

utilizes beanform ng[wto transmt to nobile devices 116 an
scattered rZhlnvinenherdssighedito cossuiniaate th mobidy dayéces imbistaodsfitheasad n

2 base st at oreed b BheFoRl 07 bn b SRa e RRAR g0 1R TS, de
nmobi | e devi mmﬂtﬁh%éi@@@bﬂbd&@ stafioRN0Z ¥RARtifize BeabifBAMHE% ﬁﬁ%/rob@s@nal-to-
TDD mul tiple-input nultiple-out (M MJj conmuni catlon

Furt her, sy®PBratisooffary %%Pb%/l 1§at@a1r24tfpemohﬂm@em@s dd6wid ézz;hAlmewmle

rel at ed fee =14 k. 8 a 4
bt suant | 1 o ARl 102 wiBEL A Aohib g1 IR BB ke i
forward | i nkeattefe ramrhbnil?ﬂmboglnmbadsecldled lcﬁﬁ'ag’elﬁloaﬂé déﬁaes 1Mihéighsor1ng cells
devi ces 116 an%g ZglF%téé estimate the forward Ilnk channel s and

i

det er ni ne eXPVi Ies8 nterbeTRRGs As gemparer 42 @ base#tating tramemittng through a

explicit fesubRGteNRYtd £ & Mobfle BHNiLdsONS of the estimated forward
| i nk channel s. Mobil e devices 116 ané 122 may provide explicit

f eedback t olM038k st at Aceorddi2 to\anlexaraplersgetein erOsmaQBe aﬂ‘d)ﬂﬁﬁltﬂﬂe—h‘@lut
as inplicit back ted wWith reve s 120 126.
Inplicit feeglgt%’%f( OWE}?@@%@@ v‘?’ﬁje]&ntcﬁtl%‘h%yé a]Jt:‘f fé‘%te %tIBaYc‘HﬁPtﬁlél
reci procit ylines pracadiag to\biohide)chh@isl %&Qe@%sﬁgacﬁ (46D ﬁ&hﬁ'{% th ?otgvard links

since forward |1 nks 118 and 124 utili ze substantla
frequency bhhbRndal4)oRyrsvand te an Blssiratine hasestation 162 myl trankmltmer fondard

126 | ted at t
109 iy bo. TR anh 194 SSUBEAE aedickh 11RART 22 CHAPIIE HEReRLHRERS 26 By
a portion téstimeod the mwmmdcmnnetetantt deteing espliclifeaddtRto ;311331de Babse

station 102 ma t nneI rel ated i nformation ., associ ated
with forwar s&atﬁ/%ﬁ)g Cit2fﬁ§ ek may pelate,tp ppiiops Qﬁ@eleﬁ@pﬁ'@ﬁ forward link

f eedback, afnkdle M&ﬁﬂé‘@éwéé@l 1@%%93?5?{%6\3%% pt?ﬁ%fba!:l{ el%ﬁé %{%t'iogn ’

cont rol subsequent transm ssion O
by perfornmHg dBieareverserlinks 120 aist H6restyverindsamplicig fegdback asf94€] With névagse

to Fig. 2, | e wirel ess, comuni cati on system
200 t hat trlansq‘tﬂgb é%‘? ]i‘fi‘ftahcéﬁg REF ey e praiteddr ba siption 1692 fPel
(e.g., forvenasnd lré&fpr@&iqnmbchate&wﬁﬂﬁ%QQtQOO% 4AEEDR s@z@t%?n fﬁ%ﬁd
that transmts information to a nobile device 204 oveér

channel : fUMKsdd8 apd i3 ilige; S@h“@@@%’é@éﬂ&fé@@d@y hands)asrmmpamdftpom

nmobi | e deV| h tem 20 be.a TDD
M MO system su%% dlﬂét e‘?engeel¥r§{s\?1\29c?h P @ gﬁanénﬁly %8 re\f%squ@%%gténqll nk
channel nmayestitiatei] atbase statish 402 Infalylbﬁ sabsnadtally kingthites ee foaRaa link BHsnel
the reverse | j,nk chann simlar to the forward |ink channel.
Hovever o ¢ Ry REAOR thoreen) csfemates atirao bl doyines tléoﬁn@épré%t Bpsecsvation! 103

MD MB/ 10 SBfﬁfI taifN RSB n%l‘n%
provide expl I}ﬁ(ISE}[m% eed aglcfé%é%fgl ﬂ?‘???é ?ee%g [JI? %Og\galﬁq‘%t}(lgﬁyg and
forward |i r1I24):fIamnb¢ expligittand implieit &edlbachkamlhhmi&innelaemtddhﬁfdtﬂt@ﬁlchﬁﬁlh

may be util by base station 202 tp gain an unde tandin
forward Ii Mg gﬂ‘ t&""nmsél SOEEENY T EANSTHSSINY Oy er Igrwaa ] Flé%a?‘glz"n@(ﬂ oy

subsequent pkffansi ggéﬂ@mwﬁ&)%f)mﬂ channel (e.g.,
enpl oyed t(?il;‘l%(j‘,l | Ttate beamformn n%g@iﬁ)

Turning to Fig. 2, 1%ustrated 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; furthef, base station 202 receives



[0041]Nbbi|e device 204 may include an explicit partial feedback
gener at or npl oys |inear precoding to yield ex I
f eedback ?ﬁ?gototé@?oisg&t he forward |ink channel. For exarrpﬁéf/hg%ﬁ%“lb&
device 204 may estimate the forward |ink,channel. NMbreover, explicit
f eedback generator 206 may enploy the ch%a nel estimate to generate

partial explicit fe dback_ rel ated to a portiagn of th hanne] (e.d.,
explicit feglf % Fagbile device, 2l e adeverss linkchagy *tglﬁ{el?(?@ (;n,zg/gbea

the reverserhm %&gé h suc th&t@h&ﬁmﬁﬂf lf:ﬂ(tcgﬁ elfah @ e%rkﬁﬂ?%laﬁﬁel

204 to base station e reverse annel may provi
implicit fesdyatkzas sﬂmtaatlel&iy sindilar freqlmmay rechge; thils, tﬂtﬁerenzetramhnlt channel may

Furth b t, t | i | t, f k | t
D06 1 hai onbe Ui, e foryaay otk el AR evER A g Rableet mEATIARR
(e.g., obtajpedits aﬁl%mﬂ@&f'anmb fm\n@ sﬁ/géﬁlé 4&&&&%%' exai'ﬂ%!ec Pncﬁb?@

be substantlally simlar to a portion o orward |1 nk channel
and an expl deiite Z(Medb)apﬂovsiﬁ@b(phctlbfeedli@ktahdumphfnefee@aclamiatcd t@ﬂlarfmmasd

part ol 1 coRBagienEnar eap g tretmnt b ieabnm e il pas

for exanmpl estaisteP0d t69@inka whdeAthnd M thfopwald 1RkSINahre® AvIRYR inal e

reverse |ink channel, .). Base_station 202 may conbine inplicit

f eedback an@nebmd ©i qonﬁeb@ﬁéfémlqd;fmbwqmma@a@@sms ovRs thefopapnd linknk
channel [ 0042] According to an
exanpl e (e &‘a‘m%ﬁ g@é@h@@é@%ﬁ% LVI O system), nobile

devi ceh20;1 [rmm];a?/e Emoﬁila Heslu&nwhmaﬁ 1richﬁle aﬂ?}(pliﬁﬁ@mﬂ feéﬁb@fzk’@éﬂﬁorl

over the fo i channe set__of actjve_ante ile
o subset of 24tHibat g quﬁ @%ﬁ?@ﬁ%ﬁgg E%Yleld exgligit Parfial fegdback g at?qﬂ@ het of
ant ennas)  Ofor Rk cﬂgﬂﬂe@ep&%amwe BoLAE WkViEe DO i3 BIHALE Rld Ry ANk
the reverse |1 nk channel Izing a subset of " the.antennas :
reverse |i mhanmimMnrca\tﬂrmXphbamdbadﬁgeoﬂamZOGH;ay@stplwmﬂhe charpet estmate

of the 11 channel rel at bs of anteppas, e ed to .
cormmuni cat e°&7BFAE Rl GXp %écé fg‘?‘h&?%ﬁ;‘ﬁﬁ f OEQF&FF&P@% ?%/ CXP?IC”
portion of febdbaekainelayBeYralsfeBd & HHRE stadon DO bedrihd R PsBaEKK BlAhbIBL O
208. Accordlg&h fromthe point of view of base station 202, base

station 202vkilmepremuniegtians fiont mebe devies, A4 fatbese Stadn 2R\vid theaevassedlink
because. o Sahd e H0RGe boitig ekl oyt SIalRERcy bETHANRE)

reverse | i rkarthesnasd staiva02imay inoludwelan hmplidiefee&mkladﬁﬁatof 208 what obtams

ant ennas of bil e device 204 may be jpnacti VZé However . base statl on
202 typi camr@)ogﬁka plyges implicibshannplielatedfeedbark & gnobiaiged Frapestimaging the

to ef fect ugkGeReRM QathAONhich¥hh 86 stEWBRAUAIP AP R @§> otibg of (23berd link
(e.g., corresponding to particular active antenna(s(5 hus

addi ti on t chanpdl) @idtanfexphitiatdedodekaivaksdtov &0 thapieceives dneléutizaatnines explicit

| uat 208 .q. l.at ed t th |i nk
bace. ot at | Giisd g FEBi ey mrovared Poin ARl pafal Babeek Biesiies ot
of the channebild®vibe 208xdtd Gich ab SRF BRGIDIE Ruah@ibdldata2 il BIIBRS:E. AR HR]
set that may be inactive for reverse link channel communi cati on,

explicit favablekewssdirkahannshi + 0. Haspsiations(2 mey eomiing ernphqxhﬁeredback and
For " sxhnpl SXPHIS el RATEEb ARwILe0 of BE 0G0 B chabe OO0 Fikstory

be quanti zafhkamdmmlpw ded to base station 202. By conbining i rrpl i Ci t
and explici edback, base station 202 may obtain an under st andi ng

of the entil b@‘uﬁhannel C?U@%]“ﬁﬂ?ﬁ%%@&aﬁhefgsﬁtqm@@@ gagn gja

exanpl e w ry

ol Lot t ognesy SETRIBYRE 08 MA E M, HEn ST B Fiie bl
over a charuvet the Syrstaedrlifiochamayl (erpclasdeofbmsiee shtahiag)) wale af subset of the

conmuni cat es nobi | devi ce 204 ., via forward and . reverse
lt1plte antennas (% g., one, two, efc. éfe thg set o¥ antennas) of mobile dev?ce 04 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



[ 0045] Explicit partial feedback generator 206 of nobile device 204
may enpl o @?(bb% el estimate generated by forward lin

esti nator)%(é)gﬁw pF‘lpcit parti al feedback generator 206 ngﬁf’?gigﬂﬂg’be”%s
codebook 304, a codebook nodifier 306 anﬁ:a guanti zer 308. Codebook
304 may include a set of N original matrtces (where N nay be any
integer) (e.g., a set of Noriginal unitary matrices), For exanple,

codebook 30004FR¢ TBlatedda thenwlsetf antgrirsicawloypdite aerpervgisAte oyer the reverse link

mmy be a ripd] THEARARAE of Y bittn of RECRAREI WAl bPBHaliEe by BAPREIE T

ant ennas, afeddback@yalneon20% nkcé'tﬁldibglly, frumahe point shpreitwalf bade! statioh @0 ighse

streans. Accordi o an, exanpl e, codebook 304 may i nclude 64 ,

?)_r i _gi ngl gastt?ti“?f’e?& éqg@(@?gpﬁmgqf@ec&a&k fﬁ?&“@@b%o& Flgus%%t’“e?-c"?%ggﬁ dPagf the
imted. 0 r , (hb,%g

substanti aﬁll;iﬂg@ e'%éPaFgﬁcégggigogﬁgﬁgnn&nge n connéggtg%g %t%xhnals:BB

syst ens; yanpbilddeviedldanayxbaactive dorerenate linlotliandeltcontnmimcation wilile.the

Addi ti |1 | t tively, book 4 vy be retajned b bil.
devi ce. 204 Fueinder pElHRBsHGAS St RTHIE Cvicantt 4o PRRAFLGr nPYFY SRt Jkion
nmay be storgsh Qyichily émplogh f&ﬂbgélkgrel(a%?i 16 RniRechaRBe1q¥:, to effectuate

[ 0046] Pursuant "to anothef exanpl e, gen deconposition of the channel
mat ri x H neieapdorting); ratberdhian @pertion ofy thexchhingl (e. pacariegporfdingioparticular

ot r eapond K6 AREATY et Pl i B2Ton Gl Mgy ovyind st relac

unitary mateviakiafor20R €e.gOrNAEE Eb bk 1nks Blordfhaf bh@lifial .. .WHab@dtiticBl0s Bep
from codebook 304 (l,e: % , .. by enpl oying quantizer 308) and/or_a
tailored sdecave expliciisedback jelated fopgemaingenpidhe chapael (¢ig. sxpligihieedback
may i ncl ude.j ' '

determ nederl@iragg%qg)%ggﬁf%c&#?ﬁf%ﬁ%ﬁ%@{a&%ﬁa?ﬁvﬁm%gnh ecgfrhpngéi tion
of the charmoelmurdtation, ¢xpligit fémelbedlf assdaiattd oithabgpdratgphnk(s)Rither thidAlihk(s)

where U may be a unitary .nmatrix correspondjn 0t channgl frix
Ve ey AR SpRULHE Lk ae GRE SRR DB e hmy ) b E RGBS e
transpose %e&l&acl@@&‘re%pﬂi?dinglﬁ) @sphrae ‘Hﬁﬁds? Ry be quantizdd L& ArolMeb 2O ¥ &k

codebook nodifier 306 may alter original nmatri'ces from™codebook 304
based upon siafoni202t Byreemiehing éhplictandrexpliei faedbacky base dtadow 262 miag obtain
reverse link channel, fr mobi | e devi ce 204 to base station 202

(e.qg., whi' ¢h %La?/rs%lgdglgfogﬁeﬁnglﬁe gtfanggl“ ve versus inactive antennas of
nobi | e devi[oe43]04 ut iTirdgd tb Fig:GDﬂRl@ﬂritt@@ith@ntéXaﬁlE% WeMeds®mnhitication
channel ). Accordi ngthto t he above exanple with the two-hy-four channel
matrix H, tShEem;309ithatemmeys cxphsitagsbimeplicy chanme} ealated frsiack 4o OHY of
nobi | e devi : I
antenna of ot 3iunli8oRe GRS ohiol®Eyl i 306 pld) (R ISEFORE s BOFHY Pt
nmobi | e devicommdcatesywitlemobile devck 2@ (eq miaforwatd and reverse lidkechaenes)s e

link ch whi | i f i | i
ey oo madbipET e 005 B SR BB B s ey
l'i nk channelyh@¥oRRriss BEfiRRHasidl yeeabmldhg%ﬁeﬁaa)r@oaaﬁa b&R sBhioh B2 fugapwar d

i nk channel (e.g., corresponding to the first receive antenna

mobi | e deviledudinplicit/ferdba¢ieevalyasor 208vend explivit fobdhank Evateatei X10H i n t he
af orenent i exanpl due to ciprogity. -Accordi nal ofdebook
modi 11 er 3000y adapronbiyG A A, S oL SR PR TRk RER G

f eedback r ek@hedr 802 tHacestiaedddth fopeRAMRKIALGTRN &robf ba¥B Biatién 9@ ioGRoHRA;
thus, a set of tailored matrices corresponding to the nodified

codebook magvise 284t Hemvwad lipk olwepel astimatas 03 08 yragpergteanptzia Bithedr t i on
N . ; v | h
Co an i1 usPrtRl tme kABER ARCTRAT biGe ERNNR or kb o lle (S HARUAL

mobi | e deviapenR@offbake $tatdois2025aidadwe veH mbepéremne tsecdive knted a8 at mobile

308 may performyector quantization and/or scalar quantization. For
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



unitary matrix (or a portion thereof) estinated based upon the
forward | with the set of tailored matrices f ?’HQ

nodi fi ed %e@ooa&?o identify a closest tailored natri xﬁ r %n%tgﬂ%‘u%s
set. Further, quantizer 308 may determ rﬁvgn i ndex associated with

t he identified, cl osest tailored matrix reover, explicit partial

f eedback generator 206 may feedback t he i ndex t@o base station 202.

[ 0049] Accor di n to an er exa hgualnzti bgr 2P errpj 0 cal ar
quant i zat i d’g’ gi{]eﬂ’e F hel hapnel }52 §r¥ 3’

consi dered |ndependently Further ok®30 nd/ or codebook

nodifier 3 ﬁfﬂhg nt
(and/or ele nt S oﬂﬁ%trtﬂtgﬁ%riim%ﬁy‘ﬁie%é%ggi %@gﬁﬁe%m%ﬁﬁé rrf e%J Ay
f eedback) nmymbee of ruj’&rmliddnmblwmmm elmninzledatain d (g ansorrdspemling tb any noarber
station 202, and station 202 gay construct a matrix based upon
the feedbactfre ‘@3"6‘?&5 @n%tap@ﬁm’fga may obtain information (e.g.,

| ncl udi ng {ogasindex GarRARARL RedbRL r%aﬁeﬂafiﬁabs bf EdphB b AELShaTRAY | X

when quantizer 308 enploys "vect or quanti zation) over the reverse |link
channel fr cmplopihechaenel essiegd gereuatedibn forW@IChlnnlec&ammbﬁtlmh@r PO ebix phwit

channel - hatteiAl fedpel Bihar BTN BR R FaftebaR L el Bodipdign s
subst ant i aldny aafiyntieiB68. Cbddidok 308 maRHEE&NM sdtloe N dﬂ%ﬁfa] nhatidds Givhere N

f eedback eval uator 208 may anal yze the reverse |ink channel to
identify i rrprty kg anyrigiegpRl d& 85 Ao8h qfdii)pilen@iewtée' maicesyy Foperamplepspehook

f eedback . nay 4 4 m@e@%nﬁ@&‘oﬂ 18&1%@&‘ pendbnt e{h'sﬂiéufé'd%ﬂ&f%haﬁﬁélé ”PﬁrEHe

310 t hat reverse EeVEerse channe

esti mat or N tha of IthitabyasRaNRShay b
esti mat or %g %gg?di ng to iga}e%g‘r;rvgéﬂgﬁ g%gter%]gg%@rrlg];/ be g TOD M? al% 5

R b i s L S L e

to a porti cmuluplekimg sasamsraAecafinghe ad e»ramqud, dodeook!3r medy iotiude 6re driginal

the forward | ink channel I ere t ortio
corr espond<R4tHCes; RRWEYEE; the 2@8“‘?%?“ q‘?émragéféﬁ ggt Sioivwimlt%aé}ﬁ@f { o a forther
[ 0051] Expl 'e%hﬂqgfeeé‘éﬂé%&{ @Uzﬁinu%e %ub%ianQifiy Qﬁﬁﬁrﬁi@db%bl@@&pi@éd%m yze

explicit feedb e.g., the obtained i ndex when utilizing vector
quant i zat i eohnactior w‘@cFEE@mtmmb,i Yeb thiestibiest cloins &Ex pbt inited tocthiisegkmple.

modi 11 er 3 D60 U bR SRRoR 0T RAT e iR SEEERAN Pt (-

sim | ar setingfenfiry)gwhdk a%&bdthﬁﬁﬂg%h@@@@ﬁ&&bk%% bel¥ire@ B¢ bascGedioh 20”
nodi fier 314 rray adapt codebook 312 in the sanme and/or substantially

simlar nadfedesgEbedd¥iook nodi fier 306 adapts codebook 304. For

exanpl e, 66%30‘( nod§, f.i (&g&p

312 'si mul tg neodsly. Iu?fﬁétgéh?r?th@f‘%rr ?Pﬁg H%g&%%% @ﬁéﬁ?ﬂ%l‘r”}gﬂnx
306 and 3 1AH Ry bbeffectuaed (¢ gnby s)rpl(oet mErtial rﬁeaeibhdkigenermr@%h@mwardémk

i nk, .. tiI zed for_the reverae | i nk channe] and .hence, kar?r’matﬁx

simlarly & BRI IOL> 30404ld 8 porresPRRIng Mpitiny RALriK Lo gy I

eval uat or %Ommsrmwﬁa&iﬁhﬁg% V%@éefoecr deBlr &Ygiﬁaltiﬂi?cafy%@ché& ﬂrdnﬂk
and identify the tailored matrix to he i ndex refers fromthe

modi fi ed c@déethook 304 (e g hby empbcsfmgq@nnm 308pandéyr 4 taidoned ectaof ppiiaryder

316 t hat aIt ran over the.f.or

channel baéle #3 Ité ﬁleayf%ﬂiig f?’ir‘\r,ﬁio%%}ﬁtﬁglm
obt ai ned frdge&ﬁdiﬁof&is@bhmél @mnnﬁaai ﬁ@mrhé@aﬂﬁwai@haﬁwinﬁmnﬂi @EHigen\O
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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, HY may be the
conjugate transpose of H, U™ may be the conjugate transpose of U, and A may be a

diagonal matrix.



precoder 316 may perform bearnformng for forward |ink comunications

based upo gcit and inplicit feedback. [0052] Co
nodi fi ers%%ﬁ %’%1\5314 may define new sets of codebool csd%gf{ﬂ 86/%4f§48

i n any manner. These nodified codebooks q?y be utilized by quanti zer
308 (e.g., in connection wi th vector quantization) and/or explicit

dback entif, t I hat nds
ot ha bt sl 71 o Mgty edRpodkcasias AT ltes petsiel mgisos FiopL
306 and 314 cgaghosR 304 b%@?@@ﬂ hﬁpﬁ’@ﬁclﬁﬁﬂel%ﬁteﬁ%ﬁﬁhh o%]dw‘lvzf_z tf(?é ﬂ:@?rse

_vector(hhil + Ff(: Pursuant to th
may denote dink gharmet frﬁmaﬁoblleedervmerZOﬂ t¢-basgrsthtion 209 (fcht; wdasthmaiy beoa function

articular w. (far a I cul ar ,ce 20 t he
a/hol e channé’? Vtervi""&Su %b%?‘:ﬂt?wagﬂ?t gﬁ%a@'l?ﬂ @ﬁt‘iﬂ é‘?c%ﬁ’ﬁ?ﬁﬂnewmi'&
both base Str@fekéémn?&ﬁa . kot dngRVihe ﬁb&%xﬁﬁiﬁl@ With #RSBLYy-four channel
correlation matrix codebook nodifiers 306 and 314 may adapt

codebooks 3@ptEnH, Q@Zﬁrsfa@wnay corezspond fo st reogivmanthena ofamshiietdevice 204

| di the foll
St on( ht o ol biskedagbRih ikt & 4 QEadPlocil Abentormo Sl @Rice 204, 0
of the mat r Further( thedirst rReARVEIREM: of E&Bﬁéh&d@@@@haﬁﬁé uliligdsfos06 and

314 may additionally or alternatively alter codebooks 304 and 312 as

fol | ows, foFCBRERSREON ever theteyersplink ehangel whila themerondrecaivg ynteynacf =

{proper _noppajik aditOP mbydd itabtive. Since system 300 may be a TDD system, the
reverse link channel may be substantially similar to a portidn of the forward link
channel (e.g., corresponding to the first receive antenna of mobile device 204 and/or the
first row of the channel matrix H in the aforementioned example) due to reciprocity.
Accordingly, codebobk modifier 306 may adapt codebook 304 to enable providing
explicit feedback related to the second receive antenna of mobile device 204; thus, a set
of tailored matrices corresponding to the modified codebook may be obtained.

( [0048] Quantizer 308 may quan‘uze a portion of the umtaly matrix U obtained
from the channel matrix H. Pursuant to an illustration, quant1zer 308 may quantize
links not utilized by mobile device 204 for transmission over the reverse link.
Quantizer 308 may perform vector quantization and/or scalar quantization. For
example, quantizer 308 may utilize the modified codebook generated by codebook
modifier 306 to quantize the portion of the channel. Quantizer 308 may compare the
unitary matrix (or a portion thereof) estimated based upon the forward link channel with
the set of tailored matrices from the modified codebook to. identify a closest tailored
matrix from the set. Further, quantizer 308 may determine an index associated with the
identified, closest tailored matrix. Moreover, explicit 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 independenﬂy quantized and transmitted



According to the above exanples, SI =+ all where a may be a constant
dependi ng lity and availability of the channel I anc
mat ri x R.“ﬁgaég?ﬂ@ggover, quanti zer 308 may effectuate S%@ﬂﬁ?&m&&u&w
guanti zation, for exanple. Pursuant to tﬂ%s exanple, h may be

utilized as one of the basis. Further, quantizer 308 may quantize the
proj ection of the dom_ pant ei gennpdes onto h (and/or other random zed
ort hogonal &hase sisiipR 20hand Paseitition 202 maspesmsEue @ynatx basedypgn thap
2007/ 0508605«’6@%@2006/ 041948 16 feedback the projection to base
station 202. itionally, other (possibly randoni zed) orthogonal
conpl emrent (0050} may Basesstarivn20Rithsy cbtaihliefodinhiger (e@n indluding the index

[ 0056] Accordi ng to_an exanpl e, quantizer 308 may utiljize the unitary
matri x U obfHrseendipgia e g@ﬁﬂfi@é%@i Aty vhen duantizsy é‘iﬁﬁﬁplpywm.

Further, a s ; ' e ‘ i th
bot h base shatt3a gV HERNEE IR ChadRE bR Gultenol? PRifhfto th
uni tary mat examplgythdmdek maly 0bmpfie Gbils thaemby ibs tomolunivatedfvid thie sevrse link

uni tary 1) x iy 08,02 SRheSh bR e RLIanes sy SRSy

number of bits to represent the index. Implicit feedback evaluator 208 may analyze the
reverse link channel to identify implicit feedback from mobile device 204. Further,
implicit feedback evaluator 208 may include a reverse link channel estimator 310 that
may estimate the reverse link channel. Reverse link channel estimator 310 may be
substantially similar to forward link channel estimator 302. According to an example,
system 300 may be a TDD MIMO system; thus, the estimate of the reverse link channel
determined by the reverse link channel estimator 310 may be substantially similar to a
portion of the estimate of the forward link channel obtained by the forward link channel
- estimator 302 (e.g., where the portion corresponds to links utilized for the reverse link
channel). |

- [0051] Explicit feedback evaluator 210 of base station 202 may analyze explicit
feedback (e.g., the obtained index when utilizing vector quantization) received from
mobile device 204. Explicit feedback evaluator 210 may further include a codebook
312 and a codebook modifier 314. Codebook 312 may include the same and/or
substantially similar set of original matrices as codebook 304. Moreover, codebook -
modifier 314 may adapt codebook 312 in the same and/or substantially similar manner
as codebook modifier 306 adapts codebook 304. For example, codebook modifiers 306
and 314 may adapt codebooks 304 and 312 simultaneously. Additionally, for instance,
‘codebook modifiers 306 and 314 may both know link(s) (e.g., one link, more than one
link, ...) utilized for the réverse Iink qhannel, and hence, may similarly adapt codebooksk
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,



a =UT ei and e=0 . Additionally, base station 202 may obtain ai

(e.g., vi ni cation over the reverse |ink), MW e
quanti zed %@7@%&%{? f eedback. Moreover, base station 2 0088415‘&
construct the followi ng based upon the fes}eTgback: 3 =Eate, . It is
to be appreciated, however, that the cl al¥red subject matter is not
i=o limted to the aforenentioned exanple. [0057] Referring to_ Figs.
4-7, met hodpteogdes$16 aaytrierfgrm beapivpmninigrfgr forpyridlink comgmeniedtions based upon
f eedback related.t. r i hannel s in TDD MEMO systens are
illustrat ed%he\?ﬁpﬁlcé?%%ﬁgg‘%egggd(gf sinplicity of explanation, the

met hodol ogi p®521 € sho@Bdebvdk demifidrds0b asd I 4SRAY EefimenedCdes, oficodétboke304
be understood and appreciated that the nmethodol ogies are not |imted

by the ordetd}lZiamny mpanely nhesemedifigd codebogksway hp slizgoithy qypaatizer 308
nor e enbodi t.s, i i . QF der. . jth
other act s Prbriricnaftb whiletiofl i ici5iaaAP toloicioabuil Atlaterdih
skilled in (ehe tarifentify theunateix sliad nokrespondsap tiecothined hdbx)a Avedbidbakotocmy
could alternatively he represent ‘as_a series of interrel ated_ states
or events, @@&Pl%@siﬁ%oaﬂéqooﬂieféﬂa?&g@wl%ﬂé 90%901%§|3104iar1¢3é%@&t ed
acts may begljig@di red to inplenent a nethodol ogy in accordance with
one or nore enbodi nents. [0058] Referring nowto Fig. - 4, illustrated
is a nmethodgl a wack (i ypy.ey enerating explicit and
inplicit fegﬂb cﬁé}g”gieg{z)z htgpl;’(?'?)%&éf #ink channel for linear

pr ecodi ng. . fQr Ayl ] ) I -fﬁﬁﬁﬁ k

generate a %ﬁéﬁﬁt%@@g&? %@Leaﬁéé's&r?&{@ ?gt%ﬁ,sgg%lra E@s‘%ﬁfr}%] ng Eiir:hta%l grh ymay
matri x U, .corjespdrdrtoepartuiutar révw éfol apaaictlalr amsmeamietiledayichd 204) ofth:
MEMO channel . Moy eover, ,ei]gen deconposition of a channel matrix H may
be effect ua‘f’]é‘%}ef%a"yl?%‘ina nitary matrix U 17 [0059] At 404, a

porti-on of rphssmat ri XmRYoRe QYA ARt eQGRAEE BEthitRs@ftation 202 and mobile

device 204 know a transmit correlation matrix R, codebook modifiers 306 and 314 may

adapt codebooks 304 and 312 based at least in part upon the transmit correlation matrix

R according to the following:

L C,= {eigen _ vector(hhH +R"*F i (:v :)Fj (:’ :)H R*" )}ll

In this example, RY? may be the square root of the matrix R (e.g., R =R"2R%/2).
[0054] Codebook modifiers 306 and 314 may additionally or alternatively alter

codebooks 304 and 312 as follows, for example:

C, = {eigen _ vector(ﬂl/ZFjF ; QH/Z)}?,

=1

or

C,= {proper _ normalizationof (Ql/ ’F i )}j’

=1
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 ei gehmodes onto h (and/or other

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



exanpl e, vector quantization and/or scalar quantization may be

enpl oyed () SHedokdsés the nmatrix. For instance, the quant 5’?/‘35%9%{6{19&
of the matrix may correspond to antenna(s) of a nobile device't

are inactive for reverse |ink channel 3 ni cati on. Vector

guanti zati on may enpl oy a common codebo known to both a base’

station and a nobile device; further, the comon codebook gﬂﬁltE)‘e .
adapt ed by f@crﬂba@iaﬂ@ DspisetiQodaee strEonmo: 1Addiiianaliy, @thera(pgimr pmized)

simlar ma i soci at ed
with the r SUBbedRR SthBlodiPhisd MapBile fGte Rk bEhd ailion offiDDC! 2 BC
forth. |In go0esgldance A¢doRdiag e direexampﬁﬂmhmuzer;w&mag utibzd malunxlmy nnwynxU

utilize a row h fromthe channel . rix.H as a hasis, and quanti

proj ect i on OtAiRKTeRH SR fecRmBR §S%ﬂﬁr&uﬂm{zaﬁar oFu%liq’ieq'&’rs eZed
or t hogonal (f%ﬂé{ﬂlc &IE Hhd ﬁ’@%aﬁ% m@tbe‘kﬂﬁed Yot 65be SkiBn BBY &moblle device
transmtted over a'reverse channe at _provides inplicit

f eedback c@oreFppidiange,the mtaeﬁmatrﬂemmbe fthe [Wipt U, % an®ttediratrdoltnon afithis
exanpl e, the reverse |ink channel may be substanti aIIy simlar to a

Dpl oyech . WHEPERS s pERe o dh sttt SHOHR SRERBY I e e e

forward |ink channel may be derived fromthe reverse li nk channel .

[ 0060] Turning to Fi ,hl | lustrated is a methodol ogy .500 that
facilitat es“frmUu fya odeBdErnally, pass stitios 203 @Ayt fhit(p-8ati%on of
forward |ink channel rmation. At 502, a unltary ITB.tI’IX

correspondr r HBY f feedback.
i nst ance, M‘%lrl(%gro ‘g Ir%anng‘imp}awl% g?l mf@%ﬁﬁieﬂ%&r{ Q eehae
channel rratMomo%r FaSBTShmr)n 262 geny odaﬂmcpﬂmrfbHMnngddelpenmhm&eﬁaabh
determne the upitary matrix U At 504, a codebook may be nodified

based at |egsL ¥y panfiypea, eﬁfl@mgﬂéd Wv}aﬂ BHGR tHeld é&lhﬁﬁguﬂjg& matter is not

communi cati ny éyef ‘a revers channel.” "According to an exanpl e,
t he codebook rray al so be nodified as a function of a known transmt
correl ati odlnmmdrtpxh@forﬁmeer@@m@b@@mp&my be substantially simlar to a

wth the AT e RIS il TumetisaBkie: PR R o A1 e
simlar m@kﬁm@aferemmﬂateheo eardahbikk cHafifidd I TDBAIMEO Diseasste

matching matrix in the nmodified codebgok maypﬁ)e i.dentifi dﬁéleq%
conparing tibestigheds Mﬂ%ﬁfﬂrﬁ"%@%eﬁ R sEppeibyohexplanalen.the TRodYgs ?é’i?

debook e
codebook) . ﬁzﬁ\%végﬁ%d@&ﬁg 8 Qefneg)t}{e é?ﬁ@%&bé@ﬁ&gﬂkover Lty i‘ec%éﬁtﬁ%th

det er m ned. ex nm e transmtt reverse
li nk channeﬁethdawoglm nmalymhedwﬂlet%derwtﬁecte avlsoeng abts meayh &t anofdameywith

any integer; thus, cit forwar annel,, rel at ed K

e or ovi dede gr mnte GaBRdiEeNt: Sirtn i 41TofoRL TR Her Sl oREyLy SR IR
18 bandwi dighyy, A idvanald déscﬁEH@l'He?élﬁ Faeshapk, Mk BE186 BOGE aﬁeﬁnw th
the reverse |ink channel. [0062]Wth reference to Fig. 6, illustrated

i s a nmet hodotlogtandeod epprecittadhatiataethedaleg) qozlid@termvr%b' he raprgseasgst ase

f eedback rel ate a r d | in t
602, a1 evares dinEied s VBl P Rl g Rk, BICRERRLAB: af

f eed back r gli@t@tdiatsamPPbé i‘efqmr@d tdlh@lérﬁﬁmlarmbﬂhodmkogyhﬁlaaﬁirdarﬁe with one or
exanpl e, by enploying TDD, the reverse |link channel may be

substanti arnrqregmbpﬂ@rem% a portion of the forward |ink channel due to
reciprocit 604,

forward |i ﬁﬁ 5(lﬁlannel r ecer eé“{/t?gﬁ?ﬁﬁmt{es?gtr%g?? %%E%gﬁ%%zlgf?@ﬁfat P{g;ﬂft&@s
eval uat ed. gAgeratind evgpltca aad imykcipfeedback eclateg fto afarwraeceuﬂdadianndfon lirglatide

i nformation rel ated t Iar nti zati on .and/.or vector
quant i zat i Gecofingsay 4 qrmarqqlérr @W%&mﬁé t%)%ﬁ?qr%tﬁa TR a8k

may be CO”QPQ:E‘% Bﬁﬁmpﬁe’coﬁf gUﬂHﬁhgﬁﬁl'taﬁ’?nfh‘fﬂlﬁ hy FQF SREHId, 'tlﬂakfoﬁbzﬁrﬁ'l'i%k

may be nodi utifrzin e” conbi ned f eedbac For exanpl e
channel may be 2 TDD MIMO channel. Moreover, eigen decomposmon of a channel

matrix H may be effectuated to yield a unitary matrix U.



[0064] 1t will be appreciated that, in accordance with one or nore
aspects d ' rein, inferences can be nmade regardi LA
inplicit S%Edggﬁg |8gqet channel rel ated feedback, eval uatiﬁgr@%%w@l?&
and explicit channel rel ated feedback, ui’zl izing inplicit and
explicit channel related feedback, etc. used herein, the termto

19 "infer" E@ "inference" refers gg erally to the process of

reasoni ng a or i nfdA0*RPatigp Okt mﬁﬁé‘%@’ﬁe&ﬁan@i’@i Aseaisking to an
and/ or user i Tay iy i

Gt a1t or SaBflev Rl il PAREA KRILOLALERYERRAE Y bOCRTES |8l
action, or d¢anmetereFar sstanpe,dhadidntivzed pbriom bbtht nwtrio wew cotredpdad td or

exanple. The inference can be. probabilistic-that is, the conputation
o 5 pr obabAMeRYAH Lerpas drvidh e a3 mpdiveger 1oypies ok champehecgpmhication.
consi der at i qncRf q@ﬁﬁﬁa@&f’mﬁ%@&?& 4 SUnBh6RESIeBBk Bhcith fotiofl a blse station and
t echni ques enpl oyed for conpos ng hi gher-1 evel events froma set OP

event s and/ emabale aleviSescurtherf theeoremoresndebaoki may beadapresit ryuthe base stftionand

Gt o, whet ot 8Pl se i n 3 Shlent AR SR aratTBP i s T B dpve.

proximty, &ARs)RS6HLE] Wi Y fivefse ¥R cHAIMI], GARshItCBHERR0R Mad B 8hdko
event and data sources. [0065] According to an exanple, one or nore

net hods pr ef®H: da agensdance arith anothed exavailerigalangeansipation may utilizei angwtlofrom

al l ocating pnf 1.on.: li.Cl t c . pnformation for
Tplicit fel et ~§§Pﬂm’éfy¥a3?“%°aa*rst ala SRR CELiBh St fhe difhnl Sigenmabdes
be made rel attod (and/sebthet tandordizea drRogdiyl sdbhslbmest basid). f At 406, @hadize@lata
codebook (e.qg., infer known informatjion such as know edge of |ink(s)
utilized wi fq%y Pﬁga?%%fﬁg QVEL Aievelse Hke Fhangpldfptargudesimplicit fepdhpck
correlation AT ! p I g@dgi] {:
exanpl es ar %%P%@?%%v%ﬂ%\ﬁdﬁ%ﬁhg@ﬁ -'airslg&{rl]%%ﬁ?%% en é%a?%é ]I%?%g?h{ﬂge
nunber of i elfaanedmeaysbe swhstagtiallybemitacie agportidreofithe fmwatrdilinbhélannsl(elg., since

i nferences made in conjunction wth.the various, enbodi.nen

and/ or et h@é@ IB&@? F%B@yﬁ%)ﬁ ﬁ?eﬁ‘?foref BoEE t1'—{?]"9‘1.ba Felated i 3 pofLipn 8%&‘8:#018‘@‘1
a nmobi | e dewilecnaBR¥] hditbe dedBielliffoRt e r&ie TRk dhdnfelf orward 1ink
channel and/orﬂFrOV|d|ng feedback (e.g., explicit and inplicit) in

connect i on 06O a TDOTurvingyo Hg.t, dtastrristiis emgthpidologg 600 dwtrfrcilitetes a

receiver 802 1 i .Sl 0 .or. instance...g r.ecei.ve
ontonna. ( noRoLihe » E6EILER BB AR vecshllent Biop 8 FERGRLI: oBRGe1
filters, anpforfriatten. A0S @unttatSmaixColresgdBdingae h¥evasd GRiathaREl may be
digitizes the condir)';ti oned si gnal t o ohtain sanples. Receiver 802 can
be, for exa®fSFtedsFoRmstancedhs iawardlink channed srayrhesstimaied ip dislde ehangely
that can deppest gt ed; : | %Séﬁpr
806 for channel Ig'stﬁlinrrtrlgf%i %ggg%e?gc gglggﬂggg%gﬁpg@egﬁg%%%@gp{e

dedi cat ed tmataindl.yAt Hf,iardodelmkiroay beemeodified biasedrat teastir paB d@omonk @rmore
generating jinformatjon for trapsm ssion by a. transmtter 816, a
processor t! ugg%?drfg’F SOTBRRNSALRS PYET @ JRY R CHRN Gy BiCF RrdEfis fo 28 egpple,

and/ or a priaeesdeBbok hay aketbe rAGBLYE &5a Fdte e 4 BlbwWEeRsMACRklation matrix
recei ver 802, generates 20 information for transm ssion b

transmi t t erRgTBe cedehoelomay be subsiantiolly misitar coarpoiebaels restinesbby b basgotation
800, [ 00671 5hReA, & cfiph it AT YA {kGOIRY be BuflaRb LerBMRare

that is

substantially similar modifications of the codebook.

[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.r The index may be M
bits, where M may be substantially any integer; thus, explicit forwafd link channel

related feedback may be provided to the base station utilizing the limited reverse link



operatively coupled to processor 806 and that nmay store data to be
transmtt ed data, information related to avail ab]

channel s, %g@%ﬁg@gc' ated with anal yzed signal and/or i nf&yﬁé‘?ogﬂ%“é%s
strength, information related to an asm? ed channel, power, rate, or

the Iike, and any other suitable informatTon for estimating a channel
and comruni catin VI a_the channel. Menory 808. can additionally store

" protocol s aR#dyidigy f#mﬂy,awmbéné@qdbaw WAy be psspeieted yvitrilie severse link
utilizing a ﬂ}@ el (e g., perfornmance based, capacity based, etc.).
[ 0068] It wi f € appreciated that the data store (e.g., nenory 808)

descri bed hgg0s2h can Wéitlteiefdrerce\to Fig.i6, ﬁlu@’&ﬂt@d)/s alheﬂioﬂblogyﬁ(iﬂ)() ﬂlaﬂﬁﬂﬂﬂ’cates
or can include both volatile and nonvol atil e
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SDRAM), enhanced SDRAM (E i nk DRAM ( SLDRAM), and direct
Ranmbus RAM foDREgNjnk Chhmlqirmrvpd 8@&ho frevietre lpkishewtel m,as be walaatdd rrm:d:mdmg

is intended, to co lim,ted to,.

ot her suita® HBLC gﬁeeﬁ\ﬁgh‘ﬂp%ealf%g@%ﬁ@@é‘%@go ° f"ﬁfl

operativel y%mu@étﬁﬂ dn6/oR veQAbM@ladtizAtivh. GH08Ethe ﬁﬁplwfﬁefe@dba&l @nd ﬂfétexphcﬂ
evaluates the forward |ink channel at nobile device 800. For

i nstance, flsediack mayhe corbinee) Aéﬁoﬁn%ﬁn@nummqweg@ﬁ@maéd tink ghanse] may
matrix 1| at?elﬂg eHIB Qltlﬁ%ﬁg?he eedbeag Sﬁgrdegtc r’y #ﬁ@“ ;{%ngfbe

performed upon t ann nat ri x
Addi t i onal Igffec&mt@b&p»l amployipg the @hnﬁlﬁ&waedﬂacgenerat or 812 may utilize

t d to the f d link ¢ch .0., th oF |
mat i x 14 ARSI ar yNecmina g estted i BRBPACPET TR SRR LHEY
may be tr arlﬁf)&ﬁlﬁga(‘ﬁdﬁook tdPerf %ﬁg?@éd@%ﬁé t'hgﬂhclugé‘spin' ifilldx 188&iVéPbver a

f eedback generator 812, for ex , may quantize a portion of the
matri x (e. geyersg link czhangelveﬁctﬂ@ﬂ acatieboolsmay e nupdifiedi astd aidast igeaotutiong

t illustrati t nt t b b
Stored i n gt BT S o o7 ¢ vene Balb SRR g b e
812 may  2leodtbdokzBaybeoRssibas&DEpditrametif dorieltfios B8RO akial Rr AREAKAL At
for characteristics associated with the reverse |ink channel (e.g

li nk(s) util10zanindenmagbgeecsived from a nxtbile ggvice that wpdified arﬁﬂbﬁ?tmﬁ%y
correspond &,6:1hNaG E:]Boo% ift Qtsﬁﬂgﬂﬁ{ﬁ%jl TS MG Vﬁo% Qxﬁgl ?)Vénipqoée% n

utilized in connection Wt i SSi On OVer gre
channel . Maohhectidewitheth8 ¥esseilink chattirteh atay be kpows, %déboth)tﬂia Inedbdle dB#e and

and a transmtter 816 tha ragnsmts nal to, for _instance, a
base stati gHSe SAGIHBAY ﬁ‘ﬁ%faﬂé‘ aaléﬁ@écoé?%(ikgﬁ%‘@%s INfrP3lieR: pej ng
separat e f ngsebis:, E’E&ﬁﬁx%ﬁ(?zérsﬁﬁﬁofthé ohgmal%oasb&ﬁ BAAA genehjgf[b tmﬁéfard

| i nk channel estinmator 810, explicit partial or 81
and/ or noduhelilerde8ics andhateestgtiont Fofthen dmaswmsplﬁe wreisedviniibe revérse hnk

500 that T SCTPIkAUBEN Figx oF oA tn Sheafminot fgdbehivBiee Yo domiet ek
f eedback r ehail AO766,}hAMMEI 6 Mtk BHRMRSHOlRied codébeoﬁmE%eWEé‘{faﬁed

systen). System 900 conprises a base station 902 (e.g., access point,
) wth Dapascuiondhe Begivedimdex. eéé70%§hesﬁl@n@ﬂ(m€)tﬂx nombswembinedoyigh

o e, ot pab b Bl A e RlufPightg anternas 006, ard e

t hrough a t[e@edm t amnt efinse cidted tHay, &1 actbdadwith ©8é \éfindof‘é &peati on
fromreceive antennas 906 and is_operatively associated with a
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



22 to control subsequent transrri ssions to nobile device(s) 904 (e.g.,
by enpl oy mng, ...). Information utilized to
subsequenw(??@gﬁgasgil ons may be provided to a nodul ator géyUSZOOG/O‘”%s
Modul at or 922 can nultiplex the control 11 formation for transm ssion
by a transmtter 926 through antenna 908°to nobil e device(s) 904.

Al t hough depg&t gd gs being separate fromthe processor 914, it is to
be appr eci at BHett 9&t feFpRGec 1§ eﬂ@ege%aléktce&bapmpeﬁrofgwom@ggbwm inferring

e e
exanpl e wi r elessamiiordard. dafdrame $ys beempdYed tolidentiflyraabedfic context or action, -

conmuni cati on system 1000 gb i cts one base station 1010 and one
mobi | e devi CECHREREY; 2 RioRability CB?‘?EW@@“ oygswates, for pxample.t heyinference can be

appr eci-at ed T _rﬂegfﬁ
and/ or nor ep%dfi\%%ﬂ%%ée no %I%eéocg g&?ﬁ édéf,?’ﬁmﬁ ap e(l%r%{jgg% H]%?%Hri:lg gérgtag%ﬁf lgér%rseSt
and/ or nobi based eviacessidenptitreofddts dradxtvieats| finfeienct ean aso widriieteehhighesom

exanpl e base sfatign 1010 .a | e devi ce 1050 described below. |n
ST on.; EBSSE O TEaHaE PPt Fla Bl Sems  aghod Svert S aren Such

nmobi | e devi GferéA&0c5m if MR YsthitSion b8 h@\ﬁf‘évélﬁk Sﬁactl})né;fr@iﬁ% Bt 8 otiBHLa"

met hods (Figs. 4-7) described herein to facilitate wreless

communi cat i eyent riserodenent (0@ Metheroaset the awmsnam Odmdelated arf Elose dat a
for a nunber _of st eans ovid d f.ro a source 1

a transmt ﬁr%oragﬁ&m?t&aéls s%}?e%lleﬁ  CVRR C?Pgldﬁ Ct°8°e 0%93%% ¥ve féj;EYFn?
dat a streammbdatdsourésdnsm tted over a respective antenna. TX data
processor 1014 formats, cqodes, and interleaves the traffic data
stream base@088] 2 par Areqfing t¢ dprnRle g @@remeéwdﬁ presetfied abpye gan

streamto nemdgﬁa% %%ﬂfeg&fcé‘s %41939}‘7114% ‘;Jaqd%lo% 19 for%ﬁfhc%lgl%géback

st ream may exed Wt ng or ogonat frequency
di vi si on andrsqslmﬁmmgtuérdw 1mplm:1nﬁeqnitmsk B(jd;lraty o:frfaafthey ikustratidng ranahfcxalcy

t he pil ot an _.be.frequency divisjion tiplexed (F , tine
di vi Si on mﬁ'ﬂﬁ @8“’(1%* 0 sefctigg @%P%@f‘&hwﬁﬁ? m%%fxﬂaane%odew
pil ot data (e, MRk &kAbwY 1@0%159@6{1 sQéHQS BRMWIEIDR df Ii‘iﬂk%sb §u]ﬂeﬁ%ﬁﬁ§$9 révdrd

known manner and may be used at nobile device to esti nmat
channel re nnethignovledgef exteadsipiticotrelatidn macted ettt at Wik bwmlneoukaeda

st.ream ma t. ed o ticul

modul at i o% tggtﬁggrrgorféongg e;gagx?;ﬁ% %}e ﬁﬁ%&gl%&rﬁ%ﬂa %9’? %“ e‘i} taﬂEﬁ* e
phase- shi f tnugsher 6 nif@ﬁlé); thaVeBs £ra8d1bif the @¥in&Gin (%Bﬁiﬁ)sh Yo RMBEY At HiaBe
anpl i tude nodul ati on % etc. % selected for that data streamto

provi de nodf ICSHUB?P@)/%% Va’l‘ﬁ\aﬁ edimgpts and/ermetiodadescribriliteseinon f or

orovi dedt by P08 eaao MRS A 000 PER BRLILERB5 bk Bl Gymating
T e it o b
synmbol s (e St qorfe’ﬁlP&S?ﬁ/? HesivVRITS02
st 1 T, N e v ate M thor g ot oms

beanf or m ndymiedlgiatienstberepr (esgzrrﬁbltbetrs, apfiplifice, ctba‘lraoa‘tmaets) thede¢tedvadignal
antenna fr %%\ﬁ?élﬁ?esttge cosn¥lrr%ne mgnatlﬁ Biald saarﬁlsp es. tlfecelver 802 can be, for

example, an MMSE receiver, and can comprise a demodulator 804 that can demodulate

received symbols and provide them to a processor 806 for channel estimation.
Processor 806 can be a processor dedicated to analyziﬂg information received by
receiver 802 and/or generating information for transmission by a transmitter 816, a
processor that controls one or more components of mobile device 800, and/or a |

processor that both analyzes information received by receiver 802, generates



[ 0076] Each transm tter 1022 receives and processes a respective

synbol stream _to provide one or nore anal og signals, and further
condi ti Onf(?é@#o?os Qrpl ifies, filters, and upconverts) th%cyﬁﬁ?%@o‘”%s
signals to provide a nodul ated si gnal su'ééabl e for transm ssion over
the M MO channel . Further, NT nodul ated gnals fromtransmtters
1022a through 1022t are transmtted from NT antennas 1024a t hrough
1024t, resplEpiRation for wanspissionpiransmitisri81e. awwnirplsene oamers ¢amapbnents
nodul at ed sj ived by /sli antennas 1052a through 1052r
and the recgﬁghﬁ%%ﬁ%{%{?om each antenna 1052 is provided to a
respective [006%] ver (RGbIR)IeE2E400 thr addionh(péompEachernosesosahat 954
condi tions ée.g%, filters, anplifies, and downconverts) a respective
signal, di gPRErENelY punlsHigineocsat 800 grdithat may stors erta tubiransmitich received
further progsssaforiig . - i " N
symbol st 1 oo TORTaTAR RS AR ARCR, B4 ESHAR vtk RO M
process t healdRrrieteeiewede styeripth, isforreation tlach thikn hetgiedehantied pbweasae, or

on a particyl recei ver. processjng technique tq provide NT o
"det ect ed" @‘9%1 and; any iher s %Z%’c“ggrﬁ?%‘%g%%st@@%@g #relargehang fognanicating
dei nt er | eavgyg 1ia\6hadB6I0 MerRas BOSRES S8R HomIRRR HGRIR LR SSEERA he
traffic dat'aafqr the data gI?r eam The grocesé,r??g y R%Zﬁéata pr.org%assor
1060 is comgssediatnd aHith astimating aperf wilizbg dshalixel . b, Perfomtmss based 02Pacity
and TX dat abagr(gcegés or 1014 at base station 1010. [0079] A processor
1070 may pen% ical’'ly determ ne which precoding matrix to utilize as

di scussed #0088} Furt heyill berappeemek A (e daY st @Y. 3h&mery D8LASEribdd 1K
nmessage conprising. a matrix I ndex portion and a rank val ue portion.

[ 0080] The risieipsan be pihersolidemampTicemonyelatileapemaeny. esgaagndade both
i nformatio ' . |, CARY, | b an . Lved d
T T e A e
processor 10&8pryandhcladesmad enlyimmeasodyr(RON peagiraninableR OMNPROMJ, dat a

t f .d 0] b du] at 1080 WO
ZOB??(@EO8%%& %8%%@%&@5& @P%é%,eeqectr%ca?lyrgasgblg P(i{rOM (EEPROM), or

flash memory. Volatile memory can include random access memory (RAM), which

acts as external cache memory. By way of illustration and not limitation, RAM is
available in many forms such as synchronous RAM (SRAM), dynamic RAM (DRAM),
synchronous DRAM (SDRAM), double data rate SDRAM (DDR SDRAM), enhanced -
SDRAM (ESDRAM), Synchlink DRAM (SLDRAM), and direct Rambus RAM
(DRRAM). The memory 808 of ;che subject systems and methods is intended to

- comprise, Without’being limited td, these and any other suitable types of memory.
[0069] Receiver 802 is further operatively coupled to a forward link channel
estimator 810 that evaluates the forward link channel at mobile device 800. For
instance, forward link channel estimator 810 may generate a channel matrix H as
described above. Moreover, eigen decomposition may be performed upon the channel
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



conditioned by transmtters 1054a t hrough 1054r, and transmtted back
to base station 1010. [0081] At base station 1010, the nodul at ed

si gnal s f "OhPUEB93E° devi ce 1050 are received by ant ennasP4HP82006/041948
conditioned by receivers 1022, denodul ated by a denodul at or 1040, and
processed by a RX data processor 1042 tokextract the reverse link
nmessage transmtted by nobile device 1050. Further, processor 1030
may pr ocessutilive psocessorttd tormwdify ¢ha eoddeeakr tiapepunhfar ithanactedstios gssvatateidx

and 1070 e TR EGELSTORLEK ChapBRt ot I F A Eomslaaler . cLEE Jorion of e
Oper al | o 2Rl facHg et e tsd AAGoIETRIE UG litized

Respective processors 1030 and 1070 can be associated with nenory
1032 and 10MmZonhestios mathetransoyssion evsd the rayagsedinkschamne) c daehnlegley 880G sitll

1070 | f tat t ive f i mpul
esponce esLTh e AR IR gl - ik BET LD ERspf Bl o, o
[0083] I't i sinktandSa baGast&iRdQandthatimétiR c@m@e,détaeAltﬁonﬂg@ﬁregid@&ﬂasF&i@ s@parate

may be inplenmented in hardware, software, firmmare, m ddl eware,

m crocode, BemahgProeeasPn%A0, Hris e anpreciatest that forwerddink chamned pstipater &9,

t he process] |t ' Pa)
appl | cat i or Scitprial {ERMR doABAETRES iyl b aBPeLP R Bare of processor
processorElE((]Blf‘d?&)nungjegbfpa‘oc?sisgfse(glotrﬁhowiagsi ng devi cels ( DSPDs) , :
pr ogr ama ogi c devices (PLDs), . fi programmabl e gate arrays
(FPGAS) , pr@&!&lsor s, Fign e P%t,ratwwga-s S8 faat acilifpies srgeninb i,
ot her el ect ' hE | | i
Per el n. - or A B i e R MniA 3k BRETDD
i mpl emrent e dVIMOssyftewalr Systein laaomprisedabaseatation P02« g.0awdss, papntogr)avith a
code or code se t t hey ma tored in a machine:re | e
rodtum sucreSEetIT0 i st TR o orp Rl A Jrairer o udieh &
procedur e, RudalfyCfireEbivaariettg 906, 4 adrapERlfefdR2 that @Misii& to #he one or more
subroutine, a nodule, a software package, a class, or-any conbination
of i nstructmehile deyices 984 thyenghy aEansert ieme B s Recaiventle caprecsive
Eeg”em . ”a%n%glpﬁﬁ%%% &&i@é‘&h@ﬁ{as ‘é@@' ﬁnc?l%%g?ﬁhv&& a@s.o'ai’%['ie%’@{tﬁa% §&ﬂ1£tor
y passi ng and/or receiving I nformtion, a, argunments, paraneters,
or nmenory caateattdemotinfatys redeiad, infoigatiean t Bemddil sted s ghilsols dtadalyeddby a
may be passed, forwarded, or transmtted using any suitabl e neans

i ncl udi ng RERTESPr SH et gan Re Saitie i e ragssof BraeHbphaavA gt EeHe i Fie. 8,
transm ssi %?ilg g\?fri%ig ggﬁ%ﬂeg aP2 Méﬂ{oggﬁ@{}fai"@c&%s MfBﬁﬁmtr_@fate‘aQO egtﬂﬁating a

t echni ques rein may
’ signal (e.g., pilot) strength and/or interference strength, data to be transmitted to or

received from mobile device(s) 904 (or a disparate base station (not shown)), and/or any
other suitable information related to performing the various actions and functions set
forth herein. Processor 914 is further coupled to an implicit feedback estimator 918 that
evaluates implicit feedback obtained from mobile device(s) 904 via reverse link
channel(s). For example, implicit feedback estimator 918 may estimate the reverse link
channel(s), which may be similar to a portion of the forward link channel(s), to obtain

» implicit feedback related to the forward link channel(s).
[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



i npl enented with nodules (e.g., procedures, functions, and so on)
that performthe functions described herein. The software codes ma
be stor ed Wh2WEAHEP uni ts and executed by processors. Th%CTfHﬁ%?PVOﬂ%“St
may be inplenmented within the processor %g external to the processor,
in which case it can be comunicatively upled to the processor via

various neans as i.s known in the art. [OQB?J&V\Vth reference to Fig.
11, i1 ust r &¢ entre] subseguang anspaissiersio mebhilerdsvisa(s) ddlecs:., by emploging

inplicit an i g f . . L ink channel . For
exanpl e, syg)tf3 %?%PA%, r'r'ége@ey tel[nz![u ﬁb%{%s@%@?@%%@égﬁtF@WSIW%EG

device. It ipsotidecho aappdudatbe922) Modtlaky SL2banlhORiplek theBéRER MBEnAn for
i ncl udi ng functional bl ocks,  whi may be functional bl ocks that

whi ch
represent f RBHNISHEN by3 teAupiten 9B thiopghyntanga P08 tamehide deviea(s) 904.
combi nati on : inel. | ogi.cal
ar oupi ng 1169 1pESfiefefas pdihi ARESS cronifl BBeCE RO RV EER: BmtPuiTiog
facilitate dgepkcitfeediopckeddloatot 9 E8)ekplivii fagdbaok evatidto0nd exdrirgddulator 922
f eedback. For i.nst n(l;e, lgig‘if?i‘lé ‘groupibng 1102 may i ncl ude an
el ectrical BB PSPaf o piee O HBURDFIHIERPESIOFTROEHANR to yiel d a
matrix 1104100721 exampig 10H6ws %&f‘z}ﬂplé Wﬁ%le‘éé‘@dmxﬂlém%mﬁ s ﬁfﬂfdo?ﬁ%g

with a TDD M MO system Moreover, the matrix may be a channel natriX
H and/ or a Wiicless gommmpicatian gystemn 100Sdepiatechethaspsiatiar 10 10gndi qpe mobile

deconposi ti . e FURth l.ogi.cal groupj 1102. may  conpris n
el ectri cal g%brlr%%%\oes)r?tfo %arkgagémvf% I%)wfvglh btégton%fappf?glaﬁeé{ tth?&sg}f??%fm%%ay
exanpl e, t hinchudesedre tantone bags dtation di/d2 ndib @idhioae thad¥le ABPIO W IDein
vector quantization and/or scal ar quantization. Additionalll,

quant i zed dadHtioRA) basesiatiqns endies mpbils davinss eey e substantialy sireilar o differaft
the matri x. r e i 1102, hncl ude el ectri.cal
conponent f%%ﬁtér%gﬁgﬁ b[alts ?%g&%}a‘%{(?ézi@c}ﬂ g'él{]ezlié% é%/cgﬁ bgé ?é(;s\(féfg%%g‘%]??fk Addition,
provi des i nitlis toite dpprediatedithatddasd steltidr01 Gl Or axdivir Abdile dEvicd €03WBinaY ¥mpbI8he

Addi tional | system 1100 include a nepory_1110 that retalns.
i nstructi oné’s?eél{s @@c iaﬁﬁ%@w %ﬁ%f’ﬂé%dssg&gét %@ desembed heseinite facilitate
conponent s JiBKss dokRRuniafdn Q8 veifiiche shown as being external to
menory 1110,. it is to be understood that one or nore of electrical

conmponent s [0983] 1106At basd statios 104, tefficdatafdrhinmbenof gatd dt@ms is

0087] Tur ni 1 .. illu ted is tem 1200 t utilizes
pl 1 614 arious Feta s e 0P adiandit T3 pApErink LoHanherordi to
modi fy subsaguaipld, bahsditgicath @Y be riRshiRbAeTd albdpbcEoiiiGing, PXCIAM
1200 may reside within a base station, for instance. As depi cted,

syst em 120PPeeFrdOd4 formats. spgdas, #diatesleaves thawaffic dpiestream basadomi ns

i npl enment e i nation .the e.g.,
2611 o S E g3 me Ao ol Beek AT BB BGS

el ectrical [06Ponent sThetvatied dath ffort eatle dathistréamh ARGy ibeRhilaplexedeith pRbi dokd
f eedback. Logi cal, groyping 1202 may include an el ectrical conmponent
for obtaini'fi %‘1’?%10281?# %F’g\g“d’ﬁé{@k"lfd@%&‘U’&JWP&(%HPM)&@@QU?MA@%%@IY or
1204. For exefptifelyl MPbilsH ai ned.. %ﬁ@ i

the reverse |i .nkl c annie)ilh?ﬂs\t?\,hrqb?%dér%gyég@gﬁ t@‘ﬁ%@%ﬁf"g‘l@?’ﬁﬁs r %hg%
portion of divisionwaHdplexesk TERNh e codeediyisjonduetiplxech@@iDiel). he pilotatitd iy

associ at ed .. T . reover. .logical grauping 1202 may j ncl ude an
el ectrical t%%gnaﬁowrbl\@at%ﬁ%{f%f%g &B‘ququtmﬁé{@g'ﬂagkanp@b_ ay bg wsedigk
reverse | i mobileaienich 1090 esAaeS cHaRel rOspdiset MR lfeﬁ&ﬂ%ﬂ’&%nd coded data
gquanti zed data may be eval uated. Further, | ogical g?oupl g 1202 may

conpri se anCetash datastpan maydwanedulaed (gl $yynbed mepped) asest orompartieularn
f dli binat i. he ijmplici.t .
feedback i FRARE ARG 5y BpaguiP RAGER ettty Ford Byt ittor st

may i ncl udé&eping¥@BSK), M Phasenstift keyiag (B-PSK], Mehh@Rgrd Ahpesas HodiBtion
functions W&M ed with electrical conponents 1204, 1206, and 1208.
- , 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.



CLAIMS What is claimed is: |I.A nethod for generating feedback rel ated
to a forward |ink channel for linear precoding, conprising, in

corbi nat i 8 240RE@58kps of : estimating a forward |ink chaffnb’S3086/041948
generate a matrix; quantizing a portion E»the matrix to yield
explicit feedback; and transm tti ng“quanti zed data over a

reverse |ink_channel that provides i ngl icit feedback corresponding to
a remai nder [8973Ihe natThemodulation simbelsifar thh daktstparos mgy baprovids] thRdrX

ortion of tﬂml ' .CONpri-ses perform ng vector

guant i zati on, aﬁ?*{’%%@@@?@ﬁ%@gﬁﬁﬁﬁ -eaﬁr%cgfﬁ)ﬂ?gggqﬁﬁon Symels (§&nfpra
codebook bas¥FDMD. TEAMIMOprEedstorliB0 thideprVidBPNE motikGont'SRRbdl Qreams to Ny
communi cating over the reverse |ink channel; identifying a closest

mat chi ng mattnsmitirs (FTHRYIG22e threvge &Rk Interionsembedimantsi EISMIMDO t he
fhpiet e D S T ST N
| east one othesantérmadimim whichithe symgbol is being transmitted.
[0076] Each transmitter 1022 receives and processes a respective symbol stream
to provide one or more analog signals, and further conditions (e.g., amplifies, filters,
and upconverts) the analog signals to provide a modulated signal suitable for
transmission over the MIMO channel. Further, Ny modulated signals from transmitters
1022a through 1022t are transmitted from Ny antennas 1024a through 1024t,
respectively. '
[0077] At mobile device 1050, the transmitted modulategi signals are received
by Nk antennas 1052a thrbughv1052r and the received signal from each antenna 1052 is
provided to a respective receiver (RCVR) 1054a through 1054r. Each receiver 1054
conditions (e.g., filters, amplifies, and downconverts) a respective signal, digitizes the
conditioned signal to provide samples, and further processes the samples to provide a
corresponding “received” symbol stream. 7 ’
[0078] An RX data processor 1060 may receive and process the Ny received
symbol streams from N receivers 1054 based on a particular receiver processing
technique to provide Nr “detected” symbol streams. RX data processor 1060 may
demodulate, deinterleave, and decode each detected symbol stream to recover the traffic
data for the data stream. The processing by RX data processor 1060 is complementary
to that performed by TX MIMO processor 1020 and TX data processor 1014 at base
station 1010. | ’
[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 méésage 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,



a unitary matrix related to the channel matrix. 3. The nethod of

claim1, higher conprising quantizing the portion of the matrix that
correspon&‘é‘%@”@ﬁ@%r nmore inactive antennas associ at ed V& VHS08¢/e41848

| i nk channel conmuni cation. 4. The net hag of claim1, quantizing the
portion of the matrix further conprising“effectuating scalar
quantization by using a row of the matrix as a basis and quanti zi ng a
proj ection G‘F’négﬁ? ¥ traysgtiers 4824 aghroyh AB341; vl taangmittarkhack smbaseistatidn
orthogonal qgggl ement basis. 5. The nmethod of claim1, further
conprising nodifying the codebook based upon a 28 transmit

correl ati on[0B811i x. @\t bﬁk@etﬁt&inhldmgpﬂaﬁ @mﬁlulmtéld ségmsrb ﬁm% rﬁ&ﬁleﬁgﬁggggt&% are
' bstanti al iml|ar to a codebook e oye y a base s

whi ch the | Fﬁfsiz%@w%mﬁa {02 gcondiiongs by Feoeiées ¥P22cdemedulatediyla f yi ng

h deb ' | b re a_base
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-associ ated wit

h,a tinme division duplex (TDD) nultiple-input nmultiple-
out put (M ex{ragtgdmesypge ﬁ@efﬁ%l%lﬂgwﬁ@h REgegrling matrig e Heg 108 detpitpisingghe
ef fectuati ngemiggﬁi,%qg@gmgsition upon the matrix to generate a _
correspondi ng unitary matrix, wherein the matrix is a channel matrix.
10. A wirel E’g@z]:ommni’wwsomsl(ﬁﬂpad 40T@may dirpeti(aign gontrsl, coondihataf hatige,

efc.) operation at base station 1010 and mobile device 1050, respectively. Respective
processors 1030 and 1070 can be associated with memory 1032 and 1072 that store
program codes and data. Processors 1030 and 1070 can also perform computations to
derive frequency and impulse response estimates for the uplink and downlink,
respectively. |

[0083] It is to be understood that the embodiments described herein may be
-implemented in hardware, software, firmware, middleware, microcode, or any
combination thereof. For a hardware implementation, the processing units may be
implemented within one or more application specific integrated circuits (ASICs), digital

- signal processors (DSPs), digital signal processing devices (DSPDs), programmable

logic devices (PLDs), field programmable gate arrays (FPGAs), processofs, controllers,
micro-controllers, microprocessors, other electronic units designed to_perform the
funcﬁons described herein, or a combination thereof.

[0084] 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, efc. may be passed,
forwarded, or transmitted using any suitable means including memory sharing, message

passing, token passing, network transmission, efc.



a nenory that retains a codebook and an estimated matrix related to a

forward |ink channel; and a processor, coupled to the
confi gur VO 2007054860 ydify t he codebook based at | east |?1C'f{§$%°0ﬂ%?f‘8
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and/or transfers implicit and explicit feedback related to a forward link channel. For
example, system 1100 may reside at least partially within a mobile device. It is to be
appreciated that system 1100 is represented as including functional blocks, which may
be functional blocks that represent functions implemented by a processor, software, or
combination thereof (e.g., firmware). System 1100 includes a logical grouping 1102 of
electrical components that may act in conjunction to facilitate generating and/or
transferring implicit and explicit feedback. For instance, logical grouping 1102 may
include an electrical component for estimating a forward link channel to yield a matrix
1104. For example, the forward link channel may be associated with a TDD MIMO
system. Moreover, the matrix may be a channel matrix H and/or a unitary matrix U
(e.g., obtained by performing eigen decomposition, ...). Further, logical grouping 1102
may comprise an electrical component for quantizing a subset of the matrix 1106. For
example, the subset of the matrix may be quantized by employing vector quantization
and/or scalar quantization. Additionally, quantized data may provide explicit feedback
related to the subset of the matrix. Moreover, logical grouping 1102 may-include an
elec_trioal component for transmitting quantized data over a reverse link that provides
implicit feedback related to a remainder of the matrix 1108. Addi'tion‘ally, system 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, itvis 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.,



explicit feedback related to a forward |ink channel, conprising, in
conmbi nation: neans for estimating a forward Iink channel to yield a
mat ri x; mPHh2007/8308¢iant i zi ng a subset of the matrix; andPCT/US200¢/@4dp$
for transmtting quantized data over a reyverse |ink channel that
provides inplicit feedback related to a P@nai nder of the mat riXx;

means for perform ng scalar quantization to generate the quantized
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associated with the closest adapted matrix over the reverse |
channel .  15hansehiZdi Feor excplp) imphiet ifeadbickunabsoltnindd by estémating the

machi ne- execut abl.e.i pnstructi.ons for: esti.mti.ng, a,forward l.ink .
channel ; ge %Vrﬁgsfeil%cﬁmﬂﬁﬁtw H‘&V?’F)?u]%?g%gﬁ%\fl lag fq %P‘\?,%QHPSP\?W&I‘HWR
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i fying a codehook based at | east in part upon the one_or nore
gg? : v)é agt eﬂﬁ%{dgcgl component?or modifying comm%mcatlonpover a forward link channel based

upon a combination of the implicit feedback and the explicit feedback 1208.
Additionally, system 1200 may include a memory 1210 that retains instructions for
executing functions associated with electrical components 1204, 1206, and 1208. While
shown as Being exfefnal to memory 1210, it is to kbe understood that electrical
-components 1204, 1206, and 1208 may exist within memory 1210. )
-[0088] What has been described above includes eXamples of one or more
embodiments. It is, of course, not possible to describe »every conceivable combination
of components or methodologies for purposes of describing the aforementioned
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.



30 and the one or nore inactive antennas; identifying a closest
matching matrix in the nodified codebook; and transmtting an index
that relates to the closest matching matrix via the reverse |ink
channel . 16. The machi ne-readabl e medi um of claim 15, the

machi ne- execut abl e i nstructions further7conprise quanti zing el ements
of the portion of the unitary matri x separately based upon scal ar
quanti zation. 17. In a wireless communi cati on system an apparatus
conprising, in conbination: a proces€bAIMENfigured to: generate a

matrix related to an estimated forward |ink channel; guanti ze a
portion of the matrix to yield explicit feedback related to part of
t he esti naWba if cleimaedds! i nk channel ; transmt quantized data

over a reverse |link channel, the reverse link channel provides
inplicit feedback related to a remmi nder of the estinmated forward

link channel; A method@8i feedtif RANRK rElaSEth AlorW@A3InkicRaBR! forYigep one
or nore |links used for comunicating over the reverse |ink channel;

i dentify @PreIO8E@sEOmRIISENE: Hyamhingtion; te s1§8S ¢fbdi fi ed codebook;
determ ne an i ndeXag 4 REWEIIRRThadtRE &G TRy, and
quantizing a portion of the matrix to yield explicit feedback; and
transmitting quantized data over a reverse link channel that provides implicit
feedback corresponding to a remainder of the matrix;
wherein the step of quantizing the portion of the matrix further comprises
performing vector quantization, and the vector quantization comprises
modifying a codebook based at least in part upon one or more links used
for communicating over the reverse link channel;
identifying 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.

2. The method of claim 1, wherein the matrix is at least one of a channel matrix and

a unitary matrix related to the channel matrix.

3. The method of claim 1, further comprising quantizing the portion of the matrix
that corresponds to one or more inactive antennas associated with reverse link channel

communication.

4, The method of claim 1, quantizing the portion of the matrix further comprising
effectuating scalar quantization by using a row of the matrix as a basis and quantizing a
projection of dominant eigenmodes onto that row and other randomized orthogonal

complement basis.

5. The method of claim 1, further comprising modifying the codebook based upon a



transmt the index over the reverse link channel. 18. A nmethod that
uses inplicit and explicit feedback related to a forward |Iink channel
for linear precoding, conprising, in conbination, the steps of:
estimating a reverse link channel to obtain inplicit feedback related
to a portion of a forward |ink channel 28 eval uating explicit
feedback related to a remai nder of the forward |ink channel received
via the reverse link channel; conbining the inplicit feedback and the
explicit fleagplerirelate Mpitkg communi cation over the forward |ink
channel using the conmbined 31 feedback; nodi fyi ng a codebook
based at | east in part upon one or nore |inks used for communi cation
via the reversé&heinmkhahafiotein; 1, wherein the cedebbolgisanbstaitiaity inarax & 4robi | e

devi ce that dified a,substantiall im]ar codebook in a
substantia‘iofjé)}%é)l(W’Ipere Hﬁz’?Su“m“th%éﬁh%??@ﬁ@méﬁmﬁﬂgﬁ@ed mat ri x
fromthe nodified codebook based upon the received index; and

7. The method of claim 1, modifying the codebook in a substantially similar manner

as compared to a base station to which the index is transmitted.

8. The method of claim 1, wherein the forward link channel and the reverse link
channel are associated with a time division duplex (TDD) multiple-input multiple- output
(MIMO) system.

9. The method of claim 1, further comprising effectuating eigen decomposition upon
the matrix to generate a corresponding unitary matrix, wherein the matrix is a channel

matrix.

10. A wireless communications apparatus, comprising, in combination:
a memory that retains a codebook and an estimated matrix related to a forward
link channel; and
a processor, coupled to the memory, configured
to modify the codebook based at least in part upon one or more links used
for communicating via a reverse link channel,
to compare a portion of the estimated matrix to altered matrices in the
modified codebook to select a closest altered matrix, and
to transmit an index associated with the selected, closest altered matrix

over the reverse link channel.

11. The wireless communications apparatus of claim 10, wherein implicit feedback

related to a portion of the forward link channel is provided based upon active antennas

used for transmitting the index.



combining the adapted matrix with the inplicit feedback. 19. The

met hod of claim 18, wherein the reverse |ink channel is substantially
simlar to a portion of the forward Iink channel. 20. The nethod of
claim 18, wherein a tinme division duplex (TDD) nultiple-input

mul tiple-output (MMJ) systemis used o comunicate via the forward
link channel and the reverse link channel. 21. The nethod of claim
18, further conprising evaluating the explicit feedback that | .ncl‘udes
quant i zed Wat a. TheZ@irela'SherOmmumscdtimfs appatws 211<;lai\nmla(2I e"vheretixhéleqmmrme(ébs
data is at f. r and vector quantize

dat a. qu?ﬁ&se% d?l%&%ﬁ 11nm(’g| %@gﬁlef&&t %8(? H‘prl sing perform ng
beanf orm ng for a subsequent transm ssion over the forward |ink

channel by, usi t he conbi ned, f eedback. 24. A wirel ess
conmuni ca%/' ons n’ﬂw&r%ﬁsa SOMERRisATQs agparatys ehciaih LY ivdisrein the procgssegmor y

that ret aifnsditsMdeRRRkKo 8BdseAatioR dex nﬁ@?ﬁ%@ b bRt sikiar CRRBEACK a
recei ved over a reverse |ink channel; and
substantially similar manner.

14. A wireless communications apparatus for generating and transferring implicit and
explicit feedback related to a forward link channel, comprising, in combination:

means for estimating a forward link channel to yield a matrix;

means for quantizing a subset of the matrix; and

means for transmitting quantized data over a reverse link channel that provides
implicit feedback related to a remainder of the matrix;

means for performing scalar quantization to generate the quantized data;

means for modifying a codebook based at least in part upon an active link
associated with the reverse link channel;

means for matching a part of the matrix to a closest adapted matrix included in the
modified codebook; and

means for transmitting an index associated with the closest adapted matrix over

the reverse link channel.

15 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;
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;

modifying a codebook based at least in part upon the one or more active antennas



a processor, coupled to the nmenory, configured to nodify the
codebook based at least in part upon one or nore |inks used for
comuni cation via the reverse |ink channel, 32 to determ ne an
adapted matrix fromthe nodified codebook related to the index, and
to conmbine explicit feedback associatedOwith the adapted matrix with
inplicit feedback estimated fromthe reverse |link channel. 25. The

W rel ess communi cati ons apparatus of claim 24, wherein the processor
nodi fi es tHE hOMEIBSROTP inaglieq e @ALi al |y similar manner as a nobile

devi ce modi f1 eSagipthgt anktablaicdl i@l it AISRRAAMRAGAR. grherate the

i ndex. 26. The w reléss conmuni cati ons apparatus o ai m24,

wher ei n the pr deessdtingradinflexetat fehitas oo dieatised asechingoatrix vaénthricr¢verse
correl ati lr%latcled data. 27. The wireless comunications apparatus
of clain1ggvxﬁﬁgrkin t he processor adjusts transm ssion over the
forward |ink channel based upon the combined explicit and inplicit

ack. 8. wWre|less ¢ Pnunications apparatus using inplicit and
];)e(gflib cit f¥edb a’@i? n?aéﬁiﬂe-eraadag e medium of claim Ig,F‘zhe machme—execgtablrer?nstructlons
further comprise quantizing elements of the portion of the unitary matrix separately based

upon scalar quantization.

17. In a wireless communication system, an apparatus comprising, in combination:

a processor configured to:

generate a matrix related to an estimated forward link channel;

quantize a portion of the matrix to yield explicit feedback related to part of
the estimated forward link channel;

transmit quantized data over a reverse link channel, the reverse link
channel provides implicit feedback related to a remainder of the estimated
forward link channel;

modify a codebook based at least in part upon one or more links used for
communicating over the reverse link channel;

identify a closest matching matrix in the modified codebook;

determine an index of the closest matching matrix; and

transmit the index over the reverse link channel.

18. A method that uses implicit and explicit feedback related to a forward link
channel for linear precoding, comprising, in combination, the steps of:

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;

combining the implicit feedback and the explicit feedback;

modifying communication over the forward link channel using the combined



to a forward |link channel to nodify subsequent transm ssion over the
forward |ink channel, conprising, in conbination: neans for
obtaining inplicit feedback received via a reverse |ink channel
means for analyzing explicit feedback received via the reverse link
channel ; means for nodifying communi catsjon over a forward |ink
channel based upon a conbination of the inplicit feedback and the
explicit feedback; means for nodi fying a codebook based upon
one or norfedhacignnas of a nobile device used for transm ssion over

h li nk | f i i ved
ndex to matri CBeFPERTRedB pasee PR R rol RoS PURC DR MR P
f eedback. com#funiddi@nWid it eserse OieAarmalk i ons apparatus of claim 28,

further conprising neans for analyzing at |east one of scalar .
quant i zed dat a '§ffdVip@eR S1deydiant 3 pebiladrvice thagmogifiedm syhetAntbly sEBiD| e

medi um havigaebsikah 8 dubReki e sifGhagsgxecut abl e instructions for:
estimating a reverse Iink channel to obtain inplicit feedback

cor respondi ng tiderdifping en edepidd matrigifigar theImodifiegradetsiok based upon the

anal yzi ng LCl& . back received via the reverse |ink channel,
t he expli5??8%%55%3J§&£0rresponds to the remai nder of the forward

l'ink channel ; combiningiterndagted mabixnaith the inplidineedbapk.i cit feedback and
the explicit feedback to nodify conmmuni cation over the forward |ink
channel ;

19. The method of claim 18, wherein the reverse link channel is substantially similar

to a portion of the forward link channel.

20. The method of claim 18, wherein a time division duplex (TDD) multiple-input
multiple-output (MIMO) system is used to communicate via the forward link channel and

the reverse link channel.

21. The method of claim 18, further comprising evaluating the explicit feedback that

includes quantized data.

22. The method of claim 21, wherein the quantized data is at least one of scalar

quantized data and vector quantized data.

23. The method of claim 18, further comprising performing beamforming for a

subsequent transmission over the forward link channel by using the combined feedback.

24. A wireless communications apparatus, comprising, in combination:
a memory that retains a codebook and an index associated with the codebook
received over a reverse link channel; and
a processor, coupled to the memory, configured
to modify the codebook based at least in part upon one or more links used

for communication via the reverse link channel,



nodi fyi ng a codebook based at |east in part upon one or nore active
antennas and the one or nore inactive antennas; identifying a closest
mat ching matrix in the nodified codebook; and transmtting an
index that relates to the closest matching matrix via the reverse

i nk channel. 31. The machi ne-readabl 82nedi um of cl aim 30, the

machi ne- execut abl e instructions further conprise eval uating quantized
data that provides the explicit feedback. 32. In a wireless

communi cat i on syst erp det§raipp ap adapseddnetpk ifomige modiftedreoehook selated to the
processor confi.gure to estimate a reverse |ink channel to
determne inplicit’ feedback related to a portion of a forward |ink
channel ; to euabmabmeemwkmdhmﬂmdeubamkmiwhﬁﬂeﬂﬁhmeanmenawnmer

of the forward .li n Lecel ¥ yia t he .revers Ilnk channel ; to
conbi ne the inﬂWP@PfﬁFg% g&%ﬁ“ﬂﬁﬁ %%BPPEPPkﬂgﬁaéa . to
nodi fy a codebook based at |east in part upon one or nDre | i nks used

for communj cating via a reverse |ink channel; conpare a
portion of?%an é@‘tel‘ﬁﬁ‘ﬁt@éCﬁ‘ﬁtTWP%a?@IS&PE%fa‘tuéofﬁémf%‘}\)Oé‘leEPHP theloredsssonel to

altered ”Brﬁ(gdlﬁ@ssthé Bo&elﬂgomdd Ju'b?cgntfa@lggpﬂ% nlBnSk & okﬁlle(file gﬁé)gﬁ'leggr ed

matri x; and transmt an | hdex associ ate cted,
cl osest alwbﬁfﬂ‘dlaﬂﬁﬁmdar@V@boolhesedé@etrr@mtd: thnkndchannel .

26. The wireless communications apparatus of claim 24, wherein the processor

modifies the codebook based upon transmit correlation related data.

. 27.  The wireless communications apparatus of claim 24, wherein the processor
adjusts transmission over the forward link channel based upon the combined explicit and

implicit feedback.

28. A wireless communications apparatus using implicit and explicit feedback related
to a forward link channel to modify subsequent transmission over the forward link
channel, comprising, in combination:

means for obtaining implicit feedback received via a reverse link channel;

means for analyzing explicit feedback received via the reverse link channel;

means for modifying communication over a forward link channel based upon a
combination of the implicit feedback and the explicit feedback;

means for modifying a codebook based upon one or more antennas of a mobile
device used for transmission over the reverse link channel; and

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

evaluate the explicit feedback.

29. The wireless communications apparatus of claim 28, further comprising means

for analyzing at least one of scalar quantized data and vector quantized data.
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30. 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;

using a combination of the implicit feedback and the explicit feedback to modify
communication over the forward link channel;

modifying a codebook based at least in part upon one or more active antennas and
the one or more inactive antennas;

identifying a closest matching matrix in the modified codebook; and

transmitting an index that relates to the closest matching matrix via the reverse

link channel.

31. The machine-readable medium of claim 30, the machine-executable instructions

further comprise evaluating quantized data that provides the explicit feedback.

32. In a wireless communication system, an apparatus comprising, in combination:

a processor configured

to estimate a reverse link channel to determine implicit feedback related to
a portion of a forward link channel;

to evaluate explicit feedback related to a remainder of the forward link
channel received via the reverse link channel;

to combine the implicit feedback and the explicit feedback;

to modify a codebook based at least in part upon one or more links used
for communicating via a reverse link channel;

to compare a portion of an estimated matrix related to the forward link
channel to altered matrices in the modified codebook to select a closest altered
matrix; and

to transmit an index associated with the selected, closest altered matrix

over the reverse link channel.



