A METHOD AND APPARATUS FOR PRE- CODI NG FOR A M MO
SYSTEM CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001]
wabkiog/osmpt i cati on clains the benefit of U S  PCT/US2006/060338
Provi sional Patent application Serial No. 60/731, 022
entitled "A METHOD AND APPARATUS FOR PRE- CODI NG FOR A
M MO SYSTEM' which was filed Cctober 27, 2005. The
entirety of the aforenentioned application is herein
i ncorporated by reference. BACKGROUND |I. Field [0002]
The follow ng description relates generally to
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generating unitary matrices that can be utilized in
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Cenerally, wireless nultiple-access comrmuni cation
systens may si mult aneousBACGKIGROUNEbmuni cati on for

[ ti nobi | e devi ces. Each nobil e device may
comunicate with one or nore base stations via
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comuni cati ons between nobil e devi ces and base
;ﬁtatigaaqﬁaunae establ i shed via single input
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wireless communication systems may be multiple-access systems capable of supporting

communication with multiple users by sharing available system resources (e.g.,
bandwidth, transmit power, ...). Examples of such multiple-access systems may
mclude code division multiple access (CDMA) systems, time division multiple access
(TDMA) systems, frequency division multiple access (FDMA) systems, orthogonal
frequency division multiple access (OFDMA) systems, and the like.

[0004] Generally, wireless multiple-access communication systems may
simultaneously support communication for multiple mobile devices. Each mobile
device may communicate with one or more base stations vig 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-



[ 0005] M MO systens conmonly enploy nmultiple (Nr)
transmt antennas and nultiple (NR) recei ve antennas
WO 007@58192 t r ansmi ssi on. A M MO channel forned PYT/URBOMG60338
Ttransmt and R receive antennas may be deconposed
into Ns i ndependent channels, which may be referred to
as spatial channels, where Ns {NT ,NR}. Each of the
Ns i ndependent channel s corresponds to a di nmensi on.
Mor eover, M MO systens may proyi de i nproved
performance (e.g., increased spectral efficiency,
hi gher throughput and/or greater reliability) if the
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[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
disclosurc thercof, various aspects arc described in conncction with facilitating
computing a precoding index that corresponds to a matrix within a codebook associated
with a wireless communication environment. In order to employ the precoding index

(which can correspond to a matrix within a codebook), several simplified algorithms can



(which can correspond to a matrix within a codebook),

several sinplified algorithnms canbe utilized for M MO
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effective signal-tonoise ratio (SNR) can be conputed

for each tile and for each precoding matrix, wherein

the precoding nmatrix with the highest effective SNR

can be selected. For an average feedback schene, an

effective signal-to-noise rati® (SNR) averaged over
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over the whol e bandw dth can be conputed for each
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fﬂ%(iﬂ) Another aspect relates to a communication apparatus that may include a

memory that retains instructions related to computing a precoding index by calculating
an effective SNR for at least one of a per-tile feedback scheme and an average feedback
scheme. Further, a processor, coupled to memory, may be configured to evaluate the
instructions to employ the precoding index utilizing at least one algorithm, the
precoding index correlates to a matrix within a codebook.

[0012] Yet another aspect relates to a communication apparatus that facilitates
computing a precoding index. The communication apparatus may include means for
computing an effective signal-to-noise ratio (SNR). The communication apparatus may

further include means for selecting a precoding matrix and a corresponding precoding



[0012] Yet another aspect relates to a comuni cation
apparatus that facilitates conputing a precodi ng
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for computing an effective signal-to-noise ratio
(SNR). The conmuni cati on apparatus may further include
nmeans for selecting a precoding matrix and a
correspondi ng precodi ngi ndex. Mbreover, the
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enpl oying the precoding matrix in a M MO wirel ess
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[0016] FIG. 1 is an illustration of a wircless communication systcm in

—t

accordance with various aspects set forth herein.

[0017] FIG. 2 is an illustration of an example communications apparatus for
employment within a wireless communications environment.

[0018] FIG. 3 is an illustration of an example system that facilitates computing a
precoding index in a wireless communication environment.

[0019] FIG. 4 is an illustration of 4 communication apparatus that can be
employed to mitigate complexity involved with computing a precoding index in a

MIMO wireless communication system.



precoding index in a wreless conmmuni cation
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system [0020] FIG 5 is an illustration of an exanple
nmet hodol ogy that facilitates inplenmenting a sinplified
al gorithm associated with conpgsiti ng a precodi ng i ndex
ina MMO w reless comuni cati on system [0021] FIG 6
is an illustration of an exanpl e nethodol ogy that
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forth in order to provide a thorough understanding of one or more embodiments. It may
be cvident, however, that such cmbodiment(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.
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[0027] As used in this application, the terms “module,” “device,” “apparatus,”
“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 module may be, but is not limited to being, a process running
On a processor, a processor, an object, an executable, a thread of execution, a program,
and/or a computer. By way of illustration, both an application running on a computing
device and the computing device can be a module. One or more module can reside

within a process and/or thread of execution and a module may be localized on one



hardware, firmmvare, a conbi nati on of hardware and

software, software, or software in execution. For
wez@mposa92 a nodul e may be, but is not |inmted POI/D8I0NEI60338

a process running on a processor, a processor, an

obj ect, an executable, a thread of execution, a

program and/or a conputer. By way of illustration,

bot h an application running on a conputing device and

t he conputing device can be a godule. One or nore

nodul e can reside within a process and/or thread of

execution and a nodul e may be | ocalized on oneconputer
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herein can represent one or rg devi ces )
Additionally, various storage media described herein can represent one or more devices

and/or other machine-readable media for storing information. The term “machine-
readable medium” can include, without being limited to, wireless channels and various
other media capable of storing, containing, and/or carrying instruction(s) and/or data.
[0030] Referring now to Fig. 1, a wireless communication system 100 is
illustrated in accordance with various embodiments presented herein. System 100
comprises a base station 102 that may include multiple antenna groups. For example,
one antenna group may include antennas 104 and 106, another group may comprise
antennas 108 and 110, and an additional group may include antennas 112 and 114. Two

antennas are illustrated for each antenna group; however, more or fewer antennas may



and/ or ot her machi ne-readabl e nedia for storing
i nformati on. The term "machi ner eadabl e nedi unt can
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and various ot her nedia capable of storing,
contai ning, and/or carrying instruction(s) and/or
data. [0030] Referring nowto Fig. 1, a wireless
comuni cation system 100 is illustrated in accordance
wi th various enbodi nents presented herein. System 100
conprises a base station 102 that may include nultiple
ant enna groups. For exanple, one antenna group may
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examl e, cel | ul ar phones, snmart phones, | aptops
AaAcHert BePHRAFde | BniSdb sPEBuNi AR R A EGHBRN ] Agnd 114, where

ARMIEES 12 8Ad @14 brhsrhi@th 18EmatiInGBho RRUSHARN 18%H2Y & ¥eird link
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tidmnghieesive mgowiationrema meatsledsiirgril 6 b repsted ik 1166
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wth antennas 112 and 114, where antennas 112 and 114
antennsmil04 pnd dPGrirensmit informpidndodechilsaleyi 1@2eqvena forward link
T Li . . g i
e e
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forward link 1 48gay enploy a different frequency band

3 SRR SFe BRSO by reverse link 126, for exanpl e.

feoB2her,  Each group of antennas and/or the area in which they are designated to
communicate may be referred to as a sector of base station 102. For example, antenna
groups may be designed to communicate to mobile devices in a sector of the areas
covered by base station 102. In communication over forward links 118 and 124, the
transmitting antennas of bage station 102 may utilize beamforming to improve signal-to-
noise ratio of forward links 118 and 124 for mobile devices 116 and 122. Also, while
base station 102 utilizes beamforming to transmit to mobile devices 116 and 122

scattered randomly through an associated coverage, mobile devices in neighboring cells



in a time division duplex (TDD) system forward |ink
118 and reverse link 120 may utilize a common
wo e@guoenegy band and forward |ink 124 and reverBeI/U510k6/060338
126 may utilize a common frequency band. [0032] Each
group of antennas and/or the area in which they are
desi gnated to conmmunicate may be referred to as a
sector of base station 102. For exanple, antenna
groups may be designed to comgini cate to nobile
devices in a sector of the areas covered by base
station 102. In communication over forward |inks 118
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18ed b Qnipn%ﬂﬁ (iBéar ph@odMdyD precodi ng, wherein such
Pl corrgspon S %o a %%téﬁ)(%gilﬂ n a codebook. Linear

W08dbdi ng Permaridoagotheycrennle.fibe syrered 0P sagutilizysipplisied
él%@ﬁih% 15 QRS £0reLBAA: 1R x (PANBEMINGD Pt &P aineed kg the code
t hus, subseq&%nt ransn%SS|ons over the channel my %e

Beuk deslgned ibielaed 1o Zi-ff, Yhe khaonel sppedcdieditiegdhaedoding
(e.g., beanforming gain imay be obtained by enpl oyi ng
tdchiglic prEisOehPBYyed baAR3ApolPyestiRfecdtackbotitaivemgafpdddack. In

he syst 100 can utilize sinplifie | gorithng to
LR o sarmn e Hedd epis CPBPIEND i<y pppvided a channel
AREH TR AiffdientGNELarb ARKotd@ 85 AN S, I8l edit @nbethd humber of
1. It is to be appreciated t 3t the pr ecodi ng

tiks hna quieettaBsiementndy edfibasady URAR tpes appredatté deth gieknumber
or.the erage, f eedhack. I.n the -tile fe ack

& st Wk apbe 51730 SopmperaaTEar o opf PRI the whole
sl (Qg.chenvetage feedback scheme).

[0035] In a per-tile feedback scheme, the effective signal-to-noise ratio (SNR)
can be computed for each precoding matrix, wherein for each tile there are i-th tiles

H,,. After the computation of the effective SNR, the precoding matrix with the

highest effective SNR can be selected. It is to be appreciated that the effective SNR can
be computed by first computing the post processing SNRs and then converting the post
processing SNRs to constrained capacity (e.g., or unconstrained capacity) with certain
gap to capacity. The computation can be simplified utilizing the following metric to

pick a precoding matrix:



matrix for different tiles are denoted as H1,H/ , ,
~Af , M can be the nunber of tiles in a current
waz@rgsmment and/is frequency. It is to be apprBCl/asmde/060338
that the nunber of feedback bits can be saved by
consi dering feedback for one PI for the whole
assignnent (e.g., the average feedback schene). [0035]
In a per-tile feedback schenme, the effective
signal -to-noise ratio (SNR) can be conputed for each
precoding matri x, wherein for each tile there are i-th
tiles H. After the conputation of the effective SNR
the PReGROLAGIEH! totihil kG Mwihgst effective SR

can be selected. {t to be appreciated that the

ef fecty ;I%} kﬁq@ uted by first conputing the
post proE essl fg S]th arizpt hen converting the post

processing SNRs to constrai ned capacity (e.g., or
unconstrai ned capacity C)i with certain_gap to_capaci
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@sraﬂwwmomp@e) thateffeefaset SNRe Equiweofcet the axssghaimngl covariance

9'1 c) nde O%rtatlllfleo oLverQ 1ng gl)tlsfhg%ﬂlég@e ﬁlxgtwhol? %Illdé I'ylvhic:h can

epen ent up ass e co
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matri x can be obt a| ned’ by aver over the

arsriggrivdiit andoy) maremideoibe cHaeitye ng sehstitpiieg B igtoheipost
n be sel ected through one of the

%F?Sgbﬁgﬁﬁggﬁﬁﬁ 3‘3@ 1) where p is the average SNR;

@ea73) naxlms mebct a@rechawdtthatéoﬁhlﬁcbwmms(mgt wieirhide Redback

%C[Plt@%lgg he roéc’x;erz?%gcef‘ ChSCI\nI‘lRCS QHQHOI% lle (()% Qr?ggﬂaugtgve Ssearch can

ecl a or Ci her SC
pcsaved hﬁd/bee@tbdmkbﬁphenemngmﬂé osdehval mgce bé\&@ ksabd;ets For instance,

A T
¢18§DroSaviesetler ﬁuhs Sbie Jf@ErthinStliAMNRes (e.g., such as the Euclidian distance),
while the matrices from different subsets have large distances. The metric (e.g.,
effective SNR) for sample matrices in the subset can be computed, wherein one or more
subsets with the largest metric can be selected. The exhaustive search can be employed
within the matrices within the selected subsets.

[0038] Turning to Fig. 2, illustrated is a communications apparatus 200 for
employment within a wireless communications environment. Communications
apparatus 200 may be a base station or a portion thereof or a mobile device or a portion
thereof. Communications apparatus 200 may include a precode index engine 202 that
utilizes at least one simplified algorithm to compute a precoding index (PI) for MIMO
precoding, wherein such precoding index (PI) can correspond to a matrix associated
with a codebook. Upon computing the precoding index for MIMO precoding, the

communication apparatus 200 and a disparate communication apparatus (not shown)



t he codebook can be partitioned such that the

precoding matrices within one set are close to each
w@ehensiim t he sense of certain distances (e.g.PCHUSINOEE60338

the Euclidian distance), while the matrices from

di fferent subsets have | arge di stances. The netric

(e.g., effective SNR) for sanple matrices in the

subset can be conputed, wherein one or nore subsets

wth the largest netric can bejgel ected. The

exhaustive search can be enployed within the matrices

wWithin the selected subsets. 10038] Turning to Fig. 2
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[0041] Based on the simplified computation of the precoding index (PI), the

communication apparatus 200 may employ a set of unitary matrices such as {U A },]cv_ 1>

where N may be any integer. Further, N=2* where A/ may be a number of bits of
feedback. Pursuant to an example, N may be 64 and accordingly 6 bits of feedback
(e.g., associated with the precoding index) may be transferred from a receiver (e.g.,

mobile device) to a transmitter (e.g., base station); however, the claimed subject matter

is not limited to the aforementioned example.



devi ce that enploys at |east one matrix fromthe
codebook by | everagi ng the conputation inplenented by
wo b@7psaende i ndex engi ne 202. Accordi ng to thPGI/US2006/060338
illustration, the nobile device may estinate a channe
and utilize the unitary matrices to quantize the
channel estimate. For instance, a particular unitary
matri x that corresponds to the channel estimate nmay be
selected fromthe set of unitany matrices and the
conmput ed precodi ng index that pertains to the sel ected
unitary matrix nmay be transmtted to a base station
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to transmit antennas of base station 302 and rows of H may pertain to receive antennas
at mobile device 304. According to an example, base station 302 may utilize four
transmit antennas and mobile device 304 may employ two receive antennas, and thus,

channel estimator 310 may evaluate the forward link channel to yield a two-by-four

hll h‘lZ h’13 h14

channel matrix H (e.g., where H = { }); however, it is to be
hll h22 h23 kQA-

appreciated that the claimed subject matter contemplates utilizing any size (e.g., any



that conputes a precoding index that correlates to
such matrix. Al though not depicted, it is to

weonrespbat ed that the precode i ndex engi ne 31BECT/HS2006/060338
conpute the PI which relates to a matrix within the
codebook 306 for the nobile device 304, and such P
may be provided to base station 302, wherein the base
station 302 can. identify the appropriate matrix
utilizing such PlI, -for exanpl g2 However, it is to be
appreci ated that the clained subject matter is not
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[0048] Further, precoder 316 may be ut1hzed by base station 302 to alter

subscquent transmissions over the forward link channcl bascd upon the unitary matrix
identified by feedback evaluator 314. For example, precoder 316 may perform
beamforming for forward link communications based upon the feedback. According to
a further example, precoder 316 may multiply the identified unitary matrix by a transmit
vector associated with the transmit antennas of base station 302. Further, transmission
power for each transmit antenna employing a unitary matrix may be substantially

similar.



314, the feedback generator 312 can provide the index
to base station 302 via the reverse |ink channel.

WO 0®4/p511Base station 302 may further include aP¢PEMIaEK0338
eval uator 314 and a precoder 316. Feedback eval uator
314 may anal yze the feedback (e.g., the obtained index
associated with the quanti zed information) received
from nobil e device 304. For exanple, feedback
eval uator 314 may utilize thejgodebook 308 of unitary
matrices to identify the selected unitary matri x based
upon the received precodi ng index; thus, the unitary
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calculating the cffcctlvc SNR for at lcast onc of per-tile feedback schemes and average
feedback schemes. Additionally, the communication apparatus 400 can include a
processor 404 that can execute such instructions within memory 402 and/or employ the
precoding index with the highest effective SNR.

[0051] For example, the memory 402 can include instructions on calculating the
precoding index for a per-tile feedback scheme, wherein such instructions can be
executed by the processor 404 to allow for determination of a precoding matrix and
corresponding precoding index with a high effective SNR. In another example, the
memory 402 can include instructions on computing the precoding index for an average

feedback scheme, wherein such instructions can be executed by the processor 404 to



conmpute a precoding index (PI) for M MO precoding in a

per-tile feedback schene and an average feedback
waehwenel1vin a per-tile feedback schene, the efPE&US2006/060338

SNR for each precoding matrix can be cal cul at ed,

wherein the precoding matrix with the highest

ef fective SNR can be selected. In an average feedback

schene, an averaged effective SNR can be conputed and

over the assignnments (e.g., migtiple tiles) or over

t he whol e bandwi dth for each precoding matrix. It is

to be appreciated that to save conputation conplexity,
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gla gram Mreover, not all illustrated ag
NRS to constrained capacity (e.g., or unconstrained capac1ty§ with certain gap to

capacity. At reference numeral 506, the precoding matrix giving the highest effective
SNR can be selected. It 1is to be appreciated that the computations referenced in

numerals 504 and 506 can be simplified to pick precoding matrix with the following:

compute max[tmce(FfI HY M, F, )] )

J

for thei-thtile H ,,,

At reference numeral 508, the precoding matrix and corresponding precoding index can

be utilized in a MIMO wireless communication system.



may be required to inplenment a nethodol ogy in
accordance with one or nore enbodi nents. Now turning

W 200708195, illustrated is a methodol ogy 500 tP@E/US2006/060338
facilitates inplenenting a sinplified algorithm
associated with conputing a precoding index in a M MO
W rel ess conmuni cati on system At reference nunera
502, a per-tile feedback schene can be utilized for
M MO precodi ng. The codebook figr the per-tile feedback
schenme can be CF} _ . In the per-tile feedback
exanpl e, the Pl can be conputed for each tile.
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reference nuneral 602, an average fe ack schene can
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per-tile feedback schene can be C = JF. Pr.ovi
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signal -to-noise ratio ("SNR) can be conput ed. to

pnpypreni at ed that the average effective SNR can be
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ed over
calculating a precoding index i m a per-ule feedback scheme employed within a MIMO

wireless communication system. At reference numeral 702, at least one of an effective
signal-to-noise ratio (SNR) and an averaged SNR can be computed. Itisto be
appreciated that a per-tile feedback scheme and/or an average feedback scheme can be
employed (e.g., discussed infia). At reference numeral 704, a codebook can be
partitioned into at least two or more subsets. At reference numeral 706, the subset of
matrices within the codebook can be partitioned based at least in part upon a distance.
For example, the Euclidian distance can be employed, wherein precoding matrices

within one set are close to cach other while the matrices of different subsets can have



conput ati on conplexity can be reduced by sanpling the

assignnent (e.g., or whole bandw dth) to conpute the
wetdoeositve SNR. At reference nunmeral 606, an aREr/H§®A6/060338

channel covariance matrix can be obtained. The

aver aged channel covariance R = (H H) , can be

obt ai ned by averagi ng over the assignnents or the

whol e band. At reference nuneral 608, a precoding

matri x froma codebook can be igel ected utilizing at

| east one of the average effective SNR and the

aver aged channel covariance matri x. The codebook can
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that can be made or the manner in which such inferences are made in conjunction with

the various embodiments and/or methods described herein.

[0057] Fig. 8 is an illustration of a user device 800 (e.g., hand-held device,
portable digital assistant (PDA), a cellular device, a mobile communication device, a
smartphone, a messenger device, etc.) that facilitates monitoring and/or providing
feedback in connection with broadcast and/or multicast transmission(s). User device
800 comprises a receiver 802 that receives a signal from, for instance, a receive antenna
(not shown), and performs typical actions thereon (e.g., filters, amplifies, downconverts,

efc.) the received signal and digitizes the conditioned signal to obtain samples. Receiver



states, for exanple. The inference can be
probabilistic-that is, the conputation of a

w@e@bakitbity distribution over states of interkPSL/URNSEH0338
on a consideration of data and events. Inference can
al so refer to techni ques enpl oyed for conposing
hi gher-1evel events froma set of events and/or data.
Such inference results in the construction of new
events or actions froma set af7 observed events and/ or
stored event data, whether or not the events are
correlated in close tenporal proximty, and whether
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erforns typical actions thereon (e.g., filters,
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S S) yne RAM (SLDRAM), and direct Rambus RAM
(DRRAM). The memory 808 of the subject systems and methods is intended to
comprise, without being limited to, these and any other suitable types of memory. In
addition, it is to be appreciated that the data store (e.g., memory 808) can be a server, a
database, a hard drive, and the like.
[0060] Receiver 802 is further operatively coupled to precode index engine 810
that can facilitate computing a precoding index (PI) utilized for MIMO precoding,

wherein such precoding index can correlate to a matrix within a codebook associated



nore conponents of user device 800. [0058] User device

800 can additionally conprise nenory 808 that is
woperasitvel y coupl ed to processor 806 and t hatPE@EYS2006/060338

store data to be transmtted, received data,

information related to avail abl e channel s, data

associ ated with anal yzed signal and/or interference

strength, information related to an assi gned channel,

power, rate, or the like, andigny other suitable

information for estimating a channel and comruni cati ng

via the channel. Menory 808 can additionally store

mtﬁtapf‘e@étso&wa%s@ktg%ﬁ L nﬁ‘)%ﬁ@ %ﬁb@dm bReceal inaB kRgine 810

and/or utilizing a channel (e.g., perfornmance based,

esgpreenuye Besdipctivg @gylal-tpﬂ@mam (W Rb fsecaglppresediag appirix and

t%xlgﬁtselgaethg e‘%oa rn?atﬁ? ﬂﬁgﬁ%}!t é%@é%}wg SRE. ' F ;rer—tlle feedback

erein can be el her VO nory or nonvol ati
sobgmeythesffectiye SNRI Qﬂd@e@omuwdl far p4ah rraebdiminnairiy fok gach tile. For
JPIRL: S 1?}4%3’&%14 sgﬁenllé It%séf? @Nﬁ"g% lglé)%ve!réégdtcﬁltef féﬁ%ﬁ%lgnments

Nnonvo c¢an
(wrngmaktiMbtikesm\Av(om@vacreﬂhe cnmlrodmlntiwlctthogr ammbl e ROM

lf@gow %::E {iévqg r%O Sl abl e PROVIe% SEPWtbr 9{2 I £5 Ransmitter

ry can ndl ndom access
mytréﬁﬁma thm,bignhl tacfos 1mamm1 cebmlsmmnhmamyr deByce, a NOC,

illustr on a mtation

LG pke FemanipoaR e e o bEREDRRPs BHR tougipcessor 06, it o
léeSEizglemaiﬂﬁ ml&a’ﬂpeeoB&B/hr(daRANgmeSy nDaht/on miﬁluﬁ%kg& 12SRERAM part of

ubl e rate enhanced SDRAM
Erﬁﬁfﬁ%g(% %E‘I’WP?{W W?‘gﬁmw@nd di rect Ranbus
[8b¥R( DRRAMFig, BhgiolB ek BBt Wireleheconib)iRichtiG st 9amdThe
nethods is intended to conprij se, mnthout bei n g
vgelephermmapisation) steR £08 dPpigiiagey Baspstation %QT%‘P‘{/OM’I mpobile device
S s Qs of ﬁre{rﬁy t Ho%v@rgﬁ L6 B @fhrddiatbd tHAe sPhdia 980 e include

(e.g., nenory e a server, a database, a hard
@eryhan gng b@&?esmrqveand[’qym]s thcaaapbibodesice, phergipadditional base

ﬁgﬁér?sac I\ﬁrdrh&ﬂ%e@g:eg 91138 rb%%%@?caﬁﬁbqﬁ)%u%ﬂgf 5‘196,1%;&& B8 example

can Itate conputin re00|ng|n ex(

loaselstatied Hl@ranfmpbi rd@«v@él%g degrihed bglogyichp geldétiend itrig to be
BB SEDAIPARS 0, BB 501 A o O e o
(igs.|1e4 dad Brand/dhmethpds Figs. iﬁﬂﬂ)&i@ﬂ@tﬂ@ﬁdﬂg@r@ﬂ;@o Eanilitate ereleqs

&gﬁ Bﬁaﬁ 1E£g§§“m ye signal-to-noise ratio (SNR) for
each d Ing matrirx and then sel ect the precoding

1oR68] x VVI t lAttHaee hatgdsreSIO chffecdaty &rﬁ\ﬁmﬁrrofala‘paeﬂtreamls@sprovided
eedback sche ff SNR can c ut.ed f
SR+ R E0 R g it § P CLRE R priSiibgTa AU 0%

cxamplc, cach data strcam may be transmitted over a respective antenna. TX data

processor 914 formats, codes, and interleaves the traffic data stream based on a
particular coding scheme selected for that data stream to provide coded data.

[0064] The coded data for each data stream may be multiplexed with pilot data
using orthogonal frequency division multiplexing (OFDM) techniques. Additionally or
alternatively, the pilot symbols can be frequency division multiplexed (FDM), time
division multiplexed (TDM), or code division multiplexed (CDM). The pilot data is
typically a known data pattern that is processed in a known manner and may be used at
mobile device 950 to estimate channel response. The multiplexed pilot and coded data
for each data stream may be modulated (e.g., symbol mapped) based on a particular
modulation scheme (e.g., binary phase-shift keying (BPSK), quadrature phase-shift



an average feedback schene, the effective SNR can be

averaged over the assignnents (e.g., nmultiple tiles)
w@eooaweriaged over the entire bandw dth. [0061]PWEEL2006/060338

device 800 still further conprises a nodul ator 812 and

atransmtter 814 that transmts the signal to, for

I nstance, a base station, another user device, a NOC

a renote agent, etc. Although depicted as being

separate fromthe processor 8Q6, it is to be

appreci ated that precode index engine 810 and/ or

nodul at or 812 may be part of processor 806 or a nunber
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ta streans ed from data source 912
Bosfl o e e R Y S et oSt S Srgoqty® aymbol stream
wmﬁs onB8aE thodl@bdalod Eigak my fhfhér @Agitidnk ¢6 g ¥iplifies, filters,
respective antenna. TX data processor 914 fo natg

anstiarconyierts) tha analegsigaals faupreyide @ modpted signabshits,

R Pnidbd bedHRE MIRAD REas RN er®isg] ArhRdula@dd difadls #8tdransmitters
streamto provide coded dat a. [0064] The coded dat a

931 thprh P22 harsttrapam tasyTee Nmantanppelete rqushgi2ie trespecﬁvely
Em DMJSI ng A%ﬁ&ﬁ&%% fosBake @&Mbtﬂiﬁé'd%@dhléﬂéli Lig]ma@)&ké"&cewed by

t echni ques. itionally or alternativ

Pr a@ﬁenwﬂ;ﬁhéhr@agh 8é21f arelfbe reogivail wismabfromgach @n@%@@j 952is
e
cqzmltmel(y ga flltvosampéifigs, matitdewmccortreetﬂ_%) 8 r¢spodbsseghal,ligitizes the
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ann r eSpon exed
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demodulate, deinterleave, and decode each detected symbol stream to recover the traffic

T

data for the data stream. The processing by RX data processor 960 is complementary to
that performed by TX MIMO processor 920 and TX data processor 914 at base station
910.

[0069] A processor 970 may periodically determine which precoding matrix to
utilize as discussed above. Further, processor 970 may formulate a reverse link message

comprising a matrix index portion and a rank value portion.



(MQAM, etc.) selected for that data streamto

provi de nodul ati on synbols. The data rate, coding, and
wore@abstidon for each data stream may b e det er P TEs2004/060338

i nstructions performed or provided by processor 930.

[ 0065] The nodul ati on synbols for the data streans nay

b e provided to a TX M MO processor 920, which may

further process the nodul ati on synbols (e.g., for

OFDM). TX M MO processor 920 then provides N T

nodul ati on synbol streans t o JVjtransmtters (TMIR)

922a through 922t. In various enbodi nents, TX M MO

0BOESSOr 920 ARPIJ 185 ReaTEOrAY QGm\bﬁ'sgbiﬁodszﬁ&%f information
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esdage td d&eintiae Ivsxlﬁdih ﬁrB&di’hg Abddx tdnisefghd &bdinideabé beamformmg
recei ver 954 conditions (e.g., filters, anplifies, and

U6 nverts) a respective signal, digitizes the

o7d] t i onegrsdeitt 93®adt 910 Ay aﬁeal (@, cdnof, gbbldatate, manage,
processes the sanples to Qrow de a correspondl

eip d CBPREA™ 2k Jars statiopPd Qrind merbalg dexipe RO d%aecam’gfe&épecﬁve

PeRediB g%d@o%ﬁ bRa9sRHSed Wah M 889982 dnd WD Ghat store program
Streans from NR receivers 954 based on a particul ar

W_d?é .avé datsr Preasssary 93 anhP Yuean FsppeieraecamrEati s tagerive
shi %ﬁﬂ@lse %%%s%%@ $1Ghe ?Qxﬂ@?ﬁ/d GoREl adBectively.

e| nt e¥| eave, ecode each detected synbol stream
t978kcover Itiago b¢ anddretodd thet thererpbrdiggnpty d@ﬁ‘ifé’&ﬁqhefmlé may be

O
PAPEREF 0 P Blp St a3 GoLORNL Sk,
mmbmstsm tl@nabfafobabadmam ingle@entatipnoBoprotepiegenitsonay be
OB RS AR el AL ML SR RIB o, i
siayalfppocasbat €DAPs)e d@ttabs@med lprcmessag devices (DSPDs), programmable

logic devices (PLDs), field programmable gate arrays (FPGAS), processors, controllers,

micro-controllers, microproccessors, other clectronic units designed to perform the
functions described herein, or a combination thereof.

[0074] 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,



conprising a matri x index portion and a rank val ue
portion.[0070] The reverse |ink nessage may conpri se

wo 200708991 ypes of information regarding the  PCT/US2006/060338
conmuni cation |ink and/or the received data stream
The reverse |ink nessage may be processed by a TX data
processor 938, which also receives traffic data for a
nunber of data streans froma data source 936,
nodul at ed by a nodul at or 980, 2¢ondi ti oned by
transmtters 954a through 954r, and transmtted back
to base station 910. [0071] At base station 910, the
1OPHd8E o 1BingRdte (s hggﬁx%%t'aﬁle%@ééh‘é S ddng E&-n{dﬁ Shfifh, message
by antennas 924, conditioned by receivers 922
RS HB AP S PRSP Ean et BioB iPBEssionc.and processed by a
82‘7§§at a pragey %}fwgr%gmbf%ﬂgéﬁlutﬁﬁ thtel'lgclfn?%ég $€sdr ﬁ)@& herein may be

message transm tted devi ce

ipideraenied Wt@oﬂﬂ@vem@w@dﬁ@e%mu@m@nﬂeg Qabélat perform the
%ﬁ&t%l@ cf%gcrwé'd%rﬁ ?T?g E&@wg%tcroh Qy BF 85’%%{ in memory units and

fermning the orm ng melg rocessors
SB0utad by 97@:qmys d"ll"h@mcn"(oey gmt nwrhcrlaipicm@ttccd withirethe processor or
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res éc s ec |ve process
mn&s%%aam&m&mmwa&lmbwmtﬂﬁhm@ry 932 and 972 that
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e ERERER T
1hﬁﬂ&ﬂﬁig&nhaﬁ)ﬂanbf@akﬂ Wetieh ma9 bt Wadctionkl HlBM@r tBat represent functions
dlemaﬁgy m crocode, or any c nblnat :h% gp For
RSP ERiE PABPSHEA SaTERe, qrweﬂﬁe%@gé Hgo 15} For
o ERIpRITEIN %dtém 1000 maR®e %pf%e%téﬂﬁﬁ'd Rl OTERE Sbf§tbﬁ1 1000
integrated circuits (ASICs), dlgltal S|gnal processors

T@Bﬂ%% a 10&10@, ggqupg]gg}gjg2 qf,eg@gg%al ﬁ@nﬁ@qﬁn&a af M)n conjunction to

1ﬁﬂi@gtreqmbfh€a§u9&h&1t N i CRIirbELPSY insthh &, %@éf@gﬁﬁmbb €can
gate arrays (FPGAs), processors, controllers,

inplade 26 eleciish] eqmaponent | ¢k five sewpring wn pifectiviesignabis-goise ratio
Eﬂu{ S FOeekINFH, £ a %‘Pé i3 &fékf H&{; g@ifﬂﬁvﬁ%'sﬁkﬁgcm be

or a conbi t|on t ereo en th
cennn@dr@n eachatile foneachmeenodihg matsiof tHemee avétagenfgadback scheme, the

agléga%lg %@?@%@@%&‘?@%ﬁmﬂ Q&Qrg%ag ﬁgér ihQ gigs tg?ents (eg.,

e stored ne-rea
nmd@m&mﬂeguuhv@@gaiQV@ﬁhgemmnﬁpnmwnhh A code segnent

i og]r epresgnt,, 1n£ i&?f&%r%pm na ng%r{clhg)c{]e %1ueflecl{r1 a%}?@ 1006 for

sphxc’mrag ran ,prcg:ozli?@smatrm amz;xammb; thatpraiodofg mmisixrmm thortdghcst
sgganta tos-h&%g tra 10 (QS’NR) can be selected. Grouping 1002 can further include an
electrical component 1008 for employing the precoding matrix in a MIMO wireless
communications system. Additionally, system 1000 can include a memory 1010 that
retains instructions for executing functions associated with the electrical components
1004, 1006, and 1008. While shown as being external to memory 1010, it is to be
understood that the electrical components 1004, 1006, and 1008 can exist within
memory 1010,

[0078] What has been described above includes examples of one or more
embodiments. Itis, of course, not possible to describe every conceivable combination

of components or methodologies for purposes of describing the aforementioned



or program statenents. A code segnent nmay be coupl ed

to anot her code segnent or a hardware circuit by
w@a®giosig9and/ or receiving informati on, data, aPQUDE&)60338

paraneters, or nmenory contents. Information,

argunments, paraneters, data, etc. may be

passed, forwarded, or transmtted using any suitable

nmeans i ncl udi ng nenory sharing, nmessage passing, token

passi ng, network transm ssionpzetc. [0075] For a

software inplenmentation, the techniques descri bed

herein may be inplenented wth nodules (e.qg.

PR REARShut (A8 Gl bRNRary @Rl $:0n6 Bt Iﬁ@%c@@ﬁi@m Hbey further

functi ons described herein. The software codes nmay

congfrinatiang ape perputationsofspgonx embedimepis e petsshler éccqnﬁl@gly, the

d5s8@hed éfiﬂﬁ&ddﬂ%ﬂts bge iRl RARS Eﬁgra\% taﬁ Isfch Ql@er@trl&fse%mﬁcgﬁons and

extern processor, in whi case it can

asietions that fallevighio g sndtt pusl scope pf ‘d@@@@gmdem chaiggr E@ahermore to
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80y el BB SpLIblss 8 pLORT s Wi hoh SEEH 0E8 o e
csiilim;sL Btidhddrnaisgmtdntihdrm b@mcwmwun |anga1m0p Bmtﬂd |t<m §10| tenahe x

MO ) .
c%m %151I\I/I1§t aw%%rg{)rqsﬁ CO %ca dg r e r ¥ﬁd acf a tr:ic’ns tPonQFword ina

dmmdudlng functlonal blocks, whi ch nay be functlona

bl ocks that represent functions inplenmented by a
processor, software, or conbination thereof (e.g.,
firmvare). For exanple, the system 1000 may be

i npl emented in a nobile device. System 1000 includes a
| ogi cal grouping 1002 of electrical conponents that
can act in conjunction to indicate that a neasurenent
gap is desired. For instance, the grouping 1002, can

i nclude an el ectrical conponent 1004 for conputing an
effective signal-to-noise ratio (SNR). For exanpl e,
for a per-tile feedback schene, the effective SNR can
be conputed for each tile for each precoding matri x.
For an average feedback schene, the average effective
SNR can be cal cul ated by averagi ng over the
assignnments (e.g., multiple tiles) or averaged over
the entire bandwi dth. [0077] G ouping 1002 can
additionally include an el ectrical conponent 1006 for
selecting a precoding matri x. For exanple, the
precoding matrix with the highest signal-to-noise
ratio (SNR) can be selected. G ouping 1002 can further
i nclude an el ectrical conponent 1008 for enploying the
precoding matrix in a M MO wi rel ess contmuni cati ons
system Additionally, system 1000 can include a nenory
1010 that retains instructions for executing functions
associated with the electrical conponents




1004, 1006, and. 1008. While shown as being externa
to nenory 1010, it is to be understood that the
webk@cosilenl conponents 1004, 1006, and 1008 caPCEKSRD6/060338
wi thin nmenory 1010. [0078] What has been descri bed
above includes exanples of one or nore enbodi nents. It
is, of course, not possible to describe every
concei vabl e conbi nati on of conponents or nethodol ogi es
for purposes of describing thes
af orenment i onedenbodi nents, but one of ordinary skill
in the art may recogni ze that many further
conbi nati ons and pernutations of various enbodi nents
are possible. Accordingly, the described enbodiments
are intended to enbrace al ICEAdMS| terati ons,
nodi fications and variations that fall Mﬁthln t he
spirit and scope of the appended clains. Furthernore,
Wboat laeladedis: t hat the term "includes" is used in
either the detailed description or the clainms, such
termis intended to be inclusive in a manner simlar
t.0 t h& mehed thao ﬁamilitsflca gdmastingommepdinggtiddxsn a wircless
|nter reted when enp gyed as a transitional word in a
%lfi}ﬂnl\félv\ﬁﬁ)gfnel s c &I fed is: 1. A method that
faC| | utildtins a perviilet feedpaak potlmnmjﬁong/.llil\m@qxedoﬂir@,vw rel ess

conmuni cat.i on e onnent I iz
o - oL S g LB e gy and o
tile; effective signal-to-noise ratio (SNR) for a
precod rix a datile,; eI ct.i. he. pre i n
ot 1 e B ar e rRR Mt Fioie e 1 Besk iy S ha

enpl oxhpldyidpeche peodingGnatEk ahd c@ﬁésp@ﬁﬂﬁ@%ﬂéﬁ&dhx@ndex in the
precoding index in the MMO wreless communication

$ COMMURICAtIAR CRGEPHRCTE ai m 1, furt her
conprising a codebook related to C=yj ) . , where C
denotes the codebook, F/ is a matrix within the
ZodebPkmetndNfickian ifatisgenmptisigta daebodlnelateéty C = {F, |,
within the codebook. 3. The nmethod of claim1, further
wbasrpl(l dérugescthd cudl@bbh,gF,ﬁhenmﬂ@cwdhﬁgthb rdéebobky arebls his an integer

tile within the.per-til eedback schene. 4. The
‘ﬁ%?ﬁgﬁcdwcgpﬁﬁﬁF 4@ﬁﬁiﬁ@? gbnpr|3|ng a channel matrix

t hat denotes dlsparate tilesas H/ 1,H 2,---,H/ ,

Wher e'Mle met orc]l or{tz:?dlm 1, f{lrtile(:erscohﬂonmng ca[culi]dtmg the precoding index for

each tile within the per-tile feedback scheme.

4. The method of claim 3, further comprising a channel matrix that denotes

disparate tilesas H ., ,H ,,,---,H ,,,, where M is a number of tiles in a current

assignment and f represents frequency.

5. The method of claim 4, further comprising employing the following metric to

select the precoding matrix:

for the i-th tile H ,,, compute max[z‘race(F}H H” ;H IFJ)]
6. The method of claim 1, further comprising:

computing a post processing SNR; and



assi gnnment and/ represents frequency. 5. The nmethod of

claim4, further conprising enploying the follow ng
woredoros119D sel ect the precoding matrix: for theCT/U81006/060338

tile Hf t , conpute max[trace(FfKH/ ,,-H'".F,)]. 6.

The nethod of claim 1 further conprising: conmputing a

post processing SNR, andconverting the post processing

SNR to at | east one of a constrained capacity with a

gap to capacity and an unconstpai ned capacity with a

gap to capacity. 7. The method of claim1, further

conprising: partitioning a codebook into at |east two

Or  NMDESHARENS poRASrbbdsRBISRER k15 18440988 0Ph cORItale@apacity with

based at |east in part upon distance; and enpl oying an

L RHMIPSAPFE s R FhuNeNEra BEERAPEHItE WS 2aRi tP 1FapRfily.

421 0ho SN oL ORI Bkl Dri?NR. 8. A method hat

acilitates conmputing a precoding index in a wreless

commupintitioniog acpdcbarimatn at leaspre of mgre srbisetiszi ng an

aver age..f. g ; k]

an oy B EREEE S0Pl oo bANE B GEQ Y Bk pERERH}ADS, ond

pr ecodinphpyieg ani axhaotiai sehrel oars sketagbsetvatingic largest signal-to-

c&veargt%gggr trix; and selecting a precoding matrix

oM % edook utilizing at |east one of the averaged

effective SNR and the averaged channel covari ance

trix. 9 e thod of claim8, further conprising a
odebauRobe A Sestorufibd s predotfte lint AL MRl
caaenaitkiior #nviforindimt donprisidghi N t he codebook, andN is
an integer of matricges. included within the codebook.
10| THEGbe Apavores e et far AP ErdgE:
CoNputdMPuiidiarddes a8ecreictioe kb al-Blidisd ratie (SNRS €or ApreCoding
(SNR) that is averaged over at |east one of the
P8Powi ng: 1) the entire assignnent; 2) at |east one
tile ghtaldife 38 &) AR SLanA SoBarighcB Hditi@nr@f t he

bandwi dt h that is not dependent upon the assignment.
selecting a precoding matrix from a codebook wutilizing at Teast one of the

averaged effective SNR and the averaged channel covariance matrix.

9. The method of claim 8, further comprising a codebook related to C = {F ; };\;1 ,

where C denotes the codebook, F; is a matrix within the codebook, and N is an integer

of matrices included within the codebook.

10. The method of claim 8, further comprising computing the average effective
signal-to-noise ratio (SNR) that is averaged over at least one of the following: 1) the
entire assignment; 2) at least one tile of the assignment; and 3) a portion of the
bandwidth that is not dependent upon the assignment.

11. The method of claim 8, further comprising sampling at least one of a tile of the

assignment and the entire bandwidth to compute the effective SNR.

12. The method of claim 8, further comprising utilizing the following to compute

the averaged channel covariance matrix:

R = E(H”H), where R is the averaged channel covariance matrix.



11. The method of claim8, further conprising sanpling
at least one of atile of the assignnent and the
wepioros11ibandwi dth to conpute the effective SNRPCI/ES20061660338
met hod of claim@8, further conprising utilizing the
following to conpute the averaged channel covari ance
matrix: R=E HLHH , where Ris the averaged channel
covari ance matrix. 13. The method of claim 12, further
conprising selecting the codelpaok with at | east one of
the following: 1) max[/race(pf RF )]; 2) max[| ogdet(/
pF? KF} \ where p is the average SNR, and 3) naxim ze
the effective SNR by substituting Rinto a post
processi ng SNR conmput ation. 14. The nethod of claimS8,
further conprising: partitioning the codebook into at
jpast Thg\ﬂg‘ﬁ{odr%&aiﬁypﬁ%ﬁhe&%ﬂﬂr&lr@ﬁef&tihg EheSdIRBE 01O ith at least
matri ces based at | east (n parj upcon _di stance;

an
enpb Ttk feflawingx anmkjneSEEREN | @ malekeet|d fh&E} )|, where p is
: : "

with the |largest signal-tonoise ratio (SNR). 15. A
theravemaige SINRoand 3p araaimize thoefiedtiyie SgNR by webrbityting dnto a post

ﬁrﬁggﬂf[}%yéﬁﬁt&)ﬂﬁﬂta‘?{&i related to conputing a precoding

calculFating an effective SNR for at | east one
of a per-tile feedback schene and an average feedback

fthem%' agneghot%h&rcqgesg% hEOL § 1o menory, configured

0 eva e 1 nstructions erﬁjl oy the precoding
i ndexpatitiohinigrne avddbeak intoneleastgeooidrmmre shiesepy, ecodi ng

i ndex_correl ates t.o tri X wthi G k. .

The. cBMIRTER BN Spa Br bt fist o oy G DR A oimoo; nd
conpr esiphgiigdwn eddabivaksebschraal aagebettdédsubset with Y largest signal-to-
wher e _Ce(gg@ﬁt es the codebook, F7-is a matrix within

PHSC 59 - and Nis an integer of matrices included

Wi thin the codebook. 17. The comruni cati on appar at us

of claim 16, further conprising. calculating the

b?-ecodi FRIVPHYERNIHEPRIZEHS (CPTRT™ M Bhi n the per-tilc

f eedbagler86H @ rethéhs idARCEOATEEMIER ] AMARRR AlrdSodihg index by
claim17, further conprising a channel matrix that

eripdetine an sffentive SR ffessat deasipye of  poy-tile feedbpely schepgapgd an

M d-SocreBiRe cofnd: ;@S 1 n a current assignnment.19. The
co ni cation apparatus of claim 18, further

conpr korergswmptapladgorrmems) Faigigehistevpliateths insguetions to
E&ﬁlo@r’tﬁg Bfgcgging%&éﬁﬂitilizing at least one algorithm, the precoding index

corrclates to a matrix within a codcbook.

16. The communication apparatus of claim 15, further comprising the codebook is

related to C = {F y }]]V_l , where C denotes the codebook, F; is a matrix within the

codebook, and N is an integer of matrices included within the codebook.

17. The communication apparatus of claim 16, further comprising calculating the

precoding index for cach tile within the per-tile feedback scheme.

18. The communication apparatus of claim 17, further comprising a channel matrix

that denotes disparate tiles as H ,,,H ,,,---,H ,,,, where M is a number of tiles in a

current assignment.



for the i-th tile Af ., conmpute max[trace(FfUf f Fj
)]. 20. The conmuni cati on apparatus of claim 19,

WO eoovlosr9zonpri si ng: conputing a post processi PCI/B8IRN6/060338
and converting the post processing SNR to at | east one
of a constrained capacity with a gap to capacity and
an unconstrai ned capacity with a gap to capacity 21.
The communi cati on apparatus of claim 20, further
conprising computing the average effective
signal -to-noise ratio (SNR) that is averaged over at
| east one of the followng: 1) the entire assignnent;
2) at least one tile of the assignnment; and 3) a

ortion of the bandwi dth that is _not dependent. upon

he adhy eemBNIRication anprsatyy RAGIIE 48; BHthshpRIPBHYES @,mploymg the

ﬁhl@%gzéxetrfd%tsﬁ%t &%’E&do&id@&nﬁ@&@ ing at |east one of
atile of the assigniment and Th gntlre band dth to

conpufee thhethetileidt, | venGNR n2&|s-ddetr CH M cBL).
apparatus of claim 22, further conprising utilizing
the following to conpute the averaged channe

spvar Tﬁ@ & fdaﬁon \% a,rétug Hf H)alm 1%%%68%%rgpﬁﬁﬁg:

aver aged channel co |ance mat ri x
commuekropitinge by aretessin®PNE; andn 23, furt her

fg?; J: v%&lr%eéhg%?@;gxﬁg? n %ﬁ??oo g\%:s gﬁ%&f %3] @&?s&ra%%ﬁ cgfaamty with

4 gayi toecagedtyagel SNR)coastthi®)d crpaiihy whtalmpetb fcepatmtve SNR

by substituting Rinto a post processing SNR

conputation. 25. The comruni cati on apparatus of claim

a5, fmhéb@nnnmﬁmﬁbﬁhpgnwmsbfthﬁnnﬁgﬁnﬂmw@mﬂpﬁﬁn§c¢m¢mﬁngthe

WO .0 _.nor e sub |t|on|n t he
Blersekrepechit® yRbuomoivdats SNRDEA N pGHdl ov arudeREfte of me
Riphvdryd: MY tier@ds askidrivéht SHat CdasDoh eitils @if €ied BdightiREEand 3) a
Wi t.h tF l.ar ges si nal -t onoi se rati SNR). 26. A

fh o iy o RRPIGeRE b ot Qe SRR i ng a
precoding index, conprising: neans for conputing an
ef fective S|gnal-to noise ratio QSNR) nmeans _f or

Zel ect hsigoEyREEHan ARPITRILP Pk Claa 24, W’é%@%ﬁlﬁ% sampling at least
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23. The communication apparatus of claim 22, further comprising utilizing the
following to computc thc averaged channcl covariance matrix:

R = E(H”"H), where R is the averaged channel covariance matrix.

24. The communication apparatus of claim 23, further comprising selecting the

codebook with at least one of the following: 1) max[trace(FjH RF; )] 32)
max[log det(] + pF jH RF, )], where p -is the average SNR; and 3) maximize the effective

SNR by substituting R into a post processing SNR computation.

25. The communication apparatus of claim 15, further comprising
partitioning the codebook into at least two or more subsets;
partitioning the subset of matrices based at least in part upon distance; and
employing an exhaustive search on a selected subset with the largest signal-to-
noise ratio (SNR).



27. The communi cati on apparatus of claim 26, further
conprising neans for conputing the average effective
W@ e@nasHdD- noi se ratio (SNR) that is averaged PUBEUSHD6/060338
| east one of the followng: 1) the entire assignnent;
2) at least one tile of the assignnent; and 3) a
portion of the bandwi dth that is not dependent upon
the assignnment. 28. The conmuni cati on apparatus of
claim 27, further conprising mgans for sanpling at
| east one of a tile of the assignnment and the entire
bandwi dth to conpute the effective SNR 29. The
comuni cati on apparatus of claim 28, further
conprising nmeans for calculating an averaged channe
ovar AeEENWEERT oD APPRFRtEIRAE ’@Pﬂ%%? figpmpting 3 prapgding index,
f%ugﬁhs t he averaged channel covariance matrix. 30.
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conpr msksgfomeamputing am effectiviersigral-toteiso BRIOASTR )at

] iRaR R o B8 LB m B R e heB e indes:
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claim ngéj ]%)15 r ”é“ﬁ%%%rﬁ%&%f‘%&%% eboo at Ha%s Bmmunication
syetemt.ed to C= | } ,where C denotes the codebook, F, -

is amtrix within the codebook, and N is an integer

of matrices included within the codebook. 32. The

mrmrumhe admauniqapen appsatuk of chaimm28] furfher t:dsraprising means for
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apparatus of claim 33, further conprising neans for
enploying the following nmetric to select the precoding
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dlstance, and

29. The communication apparatus of claim 28, further comprising means for

=O

calculating an averaged channel covariance matrix with the following:

R = E(H"H), where R is the averaged channel covariance matrix.

30. The communication apparatus of claim 29, further comprising means for

selecting a codebook with at least one of the following: 1) max[z‘mce(F f’ RF; )], 2)
max[log det(] + oF jH RF; )] , where p is the average SNR; and 3) maximize the cffective

SNR by substituting R into a post processing SNR computation.

31. The communication apparatus of claim 26, further comprising a codebook that is

related to C = {F y };V:l , where C denotes the codebook, F; is a matrix within the

codebook, and N is an integer of matrices included within the codebook.



means for enploying an exhaustive search on a sel ected

subset with the largest signal-to-noise ratio (SNR).
w@a078s5 e hi ne-r eadabl e medi um havi ng stored tPEr/E82906/060338

machi ne- executabl e instructions for: conmputing an

effective signal-to-noise ratio (SNR); selecting a

precoding matri x and a correspondi ng precodi ng i ndex;

and enploying the precoding matrix in a M MO wirel ess

comuni cation system 37. Theogachi ne-readabl e nedi um

of claim 36, further conprising conputing an average

effective signal-to-noise ratio (SNR) that is averaged

pyer fhe E@rﬁﬁﬁm%tﬁoﬁﬁpﬁaﬁﬁufs eF biawh BY; fuldhet BSinMMihg Breans for

assignnent; 2) at |east one tile of the assignnment;
eaterldingithp pracogimegndexhior sagttiieqrithin g aer-tike fggdback scheme.
dependent upon the assignnent. 38. The

machi ne-readabl e medi um of claim 37, further ]
Fonpr The pemuwmisiation apparktys of cloine 38f fugthet pamprisipga channel matrix
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SBrent Wi BkeOMPri si ng cal cul ating an averaged channel
covariante matrix with the follow ng: R=i ?(H HH) |,
where R is the averaged channel covariance matrix. 40.
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is the avergge SNR and 3) maxim zey &ff ive
SNRby%g Thetii Hﬁlﬁsﬁl QRS é‘fceg‘ﬁo 4 SﬁvﬁgbefgtNR
conmput ati on. 41. The nmachi ne-readabl e nedi um of claim

36, further conprising a codebook that is related to C
35.F j Whe cudearuaidGtide app@stus b€ chod@bobktheFFomprisingat r i X

wi thin the.codehook, and i.s.an_integer of natr,ices
el ubsEniE R e S HtboRt B e FAE Uk oR et MEES) ¢
medi umeahs folr partitbhingf the hisset 6Dmptrices basedal takbtanipag upbe distance;
grrégcodi ng index for each tile within a per-tile
dback schene. 43. The nachi ne-readabl e nedi um of
cl ai Mfkdns fod ehipsyie® oM ekisuBGvasdabdidith s¢ledted sulisbadith the largest
dengotes disparate tilesas H1 H 2,---,H/ , whereMs
sigpirpaioinmatp (FAR)n a current assignment. 44. The
machi ne- readabl e nmedi um of cl ai m 43, further
conprising enploying the following nmetric tq select
3P pﬁe@@@hm@rqﬁgﬁblp)@cdmm having storcd thcrcon machinc~-cxccutablc

instructions for:
computing an effective signal-to-noise ratio (SNR);
selecting a precoding matrix and a corresponding precoding index; and

employing the precoding matrix in a MIMO wireless communication system.

37. The machine-readable medium of claim 36, further comprising computing an
average effective signal-to-noise ratio (SNR) that is averaged over at least one of the
following: 1) the entire assignment; 2) at least one tile of the assignment; and 3) a
portion of the bandwidth that is not dependent upon the assignment.

38. The machine-readable medium of claim 37, further comprising sampling at least

one of a tile of the assignment and the entire bandwidth to compute the effective SNR.



for the i-th tile H, , conpute 45. In a wireless

communi cati on system an apparatus, conprising: a
w@e@cesHer configured to: ascertain to enpl oy BCT/USHSE/060338

one of a per-tile feedback schenme and an average

f eedback scheme; select a precoding matrix and a

correspondi ng precodi ng i ndex; and enpl oy the

precoding matrix in a M MO wi rel ess contmuni cati on

system 29

39. The machine-readable medium of claim 38, further comprising calculating an

averaged channel covariance matrix with the following:

R = E(H"H), where R is the averaged channel covariance matrix.

40. The machine-readable medium of claim 39, further comprising selecting a

codebook with at least one of the following: 1) max[trace(F J.H RF; )], 2)
max[log det(l + poF jH RF; )], where p is the average SNR; and 3) maximize the effective

SNR by substituting R into a post processing SNR computation.

41. The machine-readable medium of claim 36, further comprising a codebook that

is related to C = {F ; }j;l , where C denotes the codebook, F; is a matrix within the

codebook, and N is an integer of matrices included within the codebook.

42. The machine-readable medium of claim 41, further comprising calculating the

precoding index for each tile within a per-tile feedback scheme.

43. The machine-readable medium of claim 42, further comprising a channel matrix

that denotes disparate tilesas H , |, H ,,,---,.H ,,,, where M is a number of tiles in a

current assignment.

44. The machine-readable medium of claim 43, further comprising employing the

following metric to select the precoding matrix:

for the i-th tile H ,,, compute max[trace(F}H H” M, F, )]

45. In a wireless communication system, an apparatus, comprising:
a processor configured to:
ascertain to employ at least one of a per-tile feedback scheme and an
average feedback scheme;
select a precoding matrix and a corresponding precoding index; and
employ the precoding matrix in a MIMO wireless communication

system.



