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Sigdh) ons may he established via single.inpyt single O .
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 sharing available system resources (e.g.,
bandwidth, transmit power, ...). Examples of such multiple-access systems may
include code division multiple access (CDMA) systems, time division multiple access
(TDMA) systems, frequency division multiple access (FDMA) systems, orthogonal
frequency division multiple access (OFDMA) systems, and the like.

[0004] Generally, wireless multiple-access communication systems may
simultaneously support communication for multiple mobile devices. Each mobile
device may communicate with one or more base stations via transmissions on forward
and reverse links. The forward link (or downlink) refers to the communication link
from base stations to mobile devices, and the reverse link (or uplink) refers to the
communication link from mobile devices to base stations. Further, communications

between mobile devices and base stations may be established via single-input single-
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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 aspects and corresponding disclosure
thereof, various aspects are described in connection with facilitating reduced feedback
required to be transmitted on a reverse link channel in response to a forward link data
transmission for multiple-input multiple-output (MIMO) wireless communication
systems. In particular, in a MIMO system implementing a per group rate control

(PGRC) scheme, codewords can be linked to more than one layer. Codewords are
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correspondence between codewords and layers, shuffling codeword blocks across
antenna groupings based upon symmetrical permutations of the groupings, transmitting
the shuffled codeword blocks via a forward link channel through the transmit antennas,
receiving a condensed feedback metric relating to the transmission of shuffled
codewords and adjusting subsequent transmissions based at least in part on the received
feedback.

[0013] In accordance with yet another aspect, a method that generates reduced

feedback in a wireless communication system comprises unmixing permuted codeword
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BRIEF DESCRIPTION OF THE DRAWINGS
[0017] FIG. 1 is an illustration of a wireless communication system in
accordance with various aspects set forth herein.
[0018] FIG. 2 is an illustration of an example communications apparatus for
employment within a wireless communications environment.
[0019] FIG. 3 is an illustration of an example wireless communications system

that implements a per group rate control scheme.
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DETAILED DESCRIPTION
[0029] Various embodiments are now described with reference to the drawings,
wherein like reference numerals are used to refer to like elements throughout. In the
following description, for purposes of explanation, numerous specific details are set
forth in order to provide a thorough understanding of one or more embodiments. It may
be evident, however, that such embodiment(s) may be practiced without these specific
details. In other instances, well-known structures and devices are shown in block

diagram form in order to facilitate describing one or more embodiments.
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[0030] As used in this application, the terms “component,” “module,” “system,”

and the like are intended to refer to a computer-related entity, either hardware,



details. In other instances, well-known structures and
devices are shown in block diagramformin order to
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device(s) and may also be referred to as an access point, Node B, or some other

terminology.

[0032] Moreover, various aspects or features described herein may be
implemented as a method, apparatus, or article of manufacture using standard
programming and/or engineering techniques. The term "article of manufacture” as used
herein is intended to encompass a computer program accessible from any computer-
readable device, carrier, or media. For example, computer-readable media can include
but are not limited to magnetic storage devices (e.g., hard disk, floppy disk, magnetic

strips, etc.), optical disks (e.g., compact disk (CD), digital versatile disk (DVD), etc.),
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118 and receive information from mobile deV1ce 116 over a reverse link 120.

Morecover, mobile device 122 is in communication with antennas 104 and 106, where
antennas 104 and 106 transmit information to mobile device 122 over a forward link
124 and receive information from mobile device 122 over a reverse link 126. Ina
frequency division duplex (FDD) system, forward link 118 may utilize a different
frequency band than that used by reverse link 120, and forward link 124 may employ a
different frequency band than that employed by reverse link 126, for example. Further,
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402 fryrsnatstoedevas ds nvetriferwwrd/mlb&)m&mddéﬂllm permuted form so that each
codewords transmits in part on all selected antennas in the MIMO communication
system. Mobile devices 116 and 122 receive the permuted transmission from base
station 102 via respective forward links 118 and 124. Mobile devices 116 and 122 are
aware of the permutation scheme employed by base station 102. Accordingly, mobile
device 116 and 122 can unmix and reconstruct the original codewords after receiving
permuted codewords through respective forward links 118 and 124. In addition, mobile
devices 116 and 122 may determine feedback to be provided to base station 102 related

to the permuted transmission. For example, mobile devices 116 and 122 may utilize a



system and the | evel of correspondence between
codewords and | ayers. Base station 102 transmts
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transmission. The antennas can be physical or virtual antennas. A physical antenna is
an antenna employed to radiate a signal and typically has a limited maximum transmit
power. A virtual antenna is an antenna through which data can be transmitted but the
virtual antenna does not necessarily radiate a signal. According to one example, a

virtual antenna can be associated with a beam formed by combining multiple physical

antennas through a vector of coefficients. Multiple virtual antennas are possible by



[0038] Turning to Fig. 2, illustrated is a
comruni cati ons apparatus 200 for enploynent within a
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apparatus 200 nay be a base station or a portion
t hereof or a nobile device or a portion thereof.
According to an illustration,lconmuni cati on appar atus
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antennas are enployed to transmt and receive data
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the four antennas. Permuter 202 permutes frames of the data streams so that portions of
any given data stream transmit on all four antennas. Beforchand, the data streams are
conventionally encoded, interleaved and mapped to modulation symbols. However,
prior to transmission by the transmit antennas, the modulation symbols are mixed
according to a cycling or pseudo-random pattern by permuter 202. By way of

illustration and not limitation, a first block of each data stream is transmitted via a first

combination of MIMO channels. For example, four data streams numbered 1 through 4



uplink or reverse link resources in providing a CQ

for each of the nmultiple channels. [0040]
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202 that pernmutes data streans over a plurality of

antennas. In a (S)PARC schene, pernuter 202 can

perform | ayer permutations such that each data stream

is transmtted in part via all or a selected subset

of physical and/or virtual antennas. For exanple, a
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I\/ﬁﬁ/lé ahannefI 3o eel(ar%p lhte '0819 ensed form can include a reference SNR and a
delta or differential SNR. The reference SNR can correspond to the SNR value of a first
decoded data stream and the delta SNR value corresponds to the difference between
successive data streams resulting from successive interference cancellation.

[0042] The transmitter of the permuted data streams receives the condensed
SNR via the reverse link or uplink. The transmitter can employ the condensed SNR

value to adjust the data rates with which to encode subsequent data streams. For

example, the transmitter assumes the reference SNR included in the condensed SNR is



average provi ded that the channel remains nearly

static during the transm ssion of the blocks of data
waeoogasnspor each period of permutation. The siPgT/H82007/077536

channel conditions results in simlar CQs (e.g.,

SNR, SINR or other such netric). For exanple, the

respective SNRs for each of tie data streans shoul d be

wel | behaved and only vary based upon any successive

interference cancellation performed on the nmultiple
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[0045] Turning briefly to Fig. 3, illustrated is an exemplary wireless
communication system 300 that implements a PGRC scheme. System 300 includes two
data streams (i.e., Data Stream 1 and Data Stream 2) and four transmit antennas 316-
322. Thus, system 300 can be described as a 4x4 MIMO system. It is to be appreciated
that additional antennas and data streams can be utilized to expand the MIMO system.
Data Stream 1 is encoded at a first data rate by an encoder 302. In one example,

encoder 302 partitions Data Stream 1 into binary blocks of a specified length and the



each of the M MO channels and reconstructs the

original data streans. The reconstructed data streans
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the SNRs of the data streans or sone other CQ val ues

as descri bed above. Alternatively, the M MO channe

esti mates obtained via refererice signals or pilot

signals can be enployed in conjunction with the

pernmutati on schene to derive the SNRs or other CQ
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PGRC multi-codeword scheme. In the (S)PARC scheme, one codeword corresponds to
one layer (e.g., data stream, physical antenna, virtual antenna...). In the PGRC scheme
described with respect to Fig. 3, one codeword corresponds to one or two layers. In
other words, one encoded data stream can be transmitted on one or two antennas.
Permuting on the layer level may not achieve the desired performance increases in some
cases because a codeword can correspond to two physical or virtual antennas. Many
layer combinations result in an effectively identical arrangement as the original. The

only difference being the codeword portions associated with a particular group of two

antennas are swapped. In other words, if a first portion of a codeword is to be



stream 1 and antennas 318 and 322 for encoded data
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codeword is transmitted through a first antenna, a second block through a second
antenna, a third block through the first antenna, and so on. Blocks of a second
codeword follow a complimentary permutation pattern. Permuting the codewords in
this manner results in each codeword experiencing substantially the same channel
conditions. Thus, the feedback comprises a base CQI reflecting the SINR of one of the
codewords and a differential CQI reflecting the SINR gain obtained by cancelling

interference of one codeword through successive interference cancellation. Moreover,



there is only one conbination in this instance.
Second, if two antennas are active and each codeword
W@ rse3sends to two | ayers, conmuni cati on appaP@r/us2020077536

transmts the data streamthrough the two active

antennas as a group. A first portion of the data

streamtransmts through one Ii¥f the two antennas and a

second portion transmts through the other antenna of

the group. Permuter 202 can symmetrically permnmute the
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£odemed idtference can be cancelled out of the superposition of the data streams.
Thus, the second data stream or codeword can be decoded with less interference,
resulting in a higher SINR value for the stream. Accordingly, the essential feedback is a
base CQI representing the SINR of the first decoded codeword or data stream and a
differential CQI representing the SINR gain obtained by cancelling the interference of

the first codeword by successive interference cancellation.



| ayer correspondence is not equivalent for all

codewords. [0051] Finally, if four antennas are active
W@ eese3sh codeword corresponds to two | ayers,PCT/US2007/077536

comuni cati on apparatus 200 comruni cates data as two

data streans encoded at different data rates with

each data streamtransm ttingl@ hrough a group of two

antennas. Permuter 202 symmetrically pernutes the two

codewords across the two groups of antennas. The
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two codewords over both antenna groups. Some exemplary permutation schemes are
shown infra with respect to Figs. Sa-c. In exemplary system 400, the number of active
antennas is assumed to be four, in which case there are six possible antenna groupings
that map each codeword to two antennas and six corresponding inter-codeword
permutation schemes. Moreover, for each inter-codeword permutation schemes, there

are four different intra-codeword permutation schemes, but different intra-codeword

permutation schemes for an inter-codeword permutation do not contribute to further



rearranged or reordered in a non-conti guous manner so
as to inprove performance. Mapper 306 receives the
WO ni0gosmsawved stream and maps it to nodul ati on BgROS1087/077536
to be transmtted via the antennas. Encoder 308,
i nterl eaver 310 and mapper 312 performa simlar
operation with respect to DatE Stream 2. [0054]
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second bl ock of the codeword is transmtted through
theeriggat BO® Cagroemngs. gnsbpsymgmctoeplr greimyg,antenerds! B20mits over

grﬁgnn?é'g%’and 4 and codeword 2 transmits over antennas 1 and 3. Following codeword
permutation, each codeword transmit over all four antennas. In particular, successive
blocks of each codeword transmit over alternate groups. For example, in Fig. Sb, the
first blocks of codeword 1 transmit over antennas 1 and 3 and the next blocks transmit
over antennas 2 and 4.

[0059] Turning now to Fig. Sc¢, another permutation scheme is illustrated. In the

original PGRC, codeword 1 is transmitted over antennas 1 and 4 and codeword 2 is



[0056] Referring now to Figs. 5a-g, exenplary codeword

permutati on schenes are depicted. For the purposes of
waRoplossde y of expl anation, the exanpl es il | usPCEHUS2007/077536

four antennas and two codewords. Those skilled in the

art should appreciate how the pernutation schemes can

be applied to systens includilgy a greater or |esser

nunber of antennas and codewords. The depicted

schenes are exenplary of those utilized in system 400
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occur along with inter-codeword permutation.

[0062] Referring now to Fig. 5f, another example permutation scheme is

illustrated depicting codeword permutation without regard for original antenna

groupings. In the original PGRC, codeword 1 and codeword 2 correspond to two

layers. Codeword 1 is transmitted on antennas 1 and 2 and codeword 2 is transmitted

on antennas 3 and 4. After permutation, codewords 1 and 2 are both transmitted over all

four antennas based upon a cycling of all permutation patterns described supra with

regard to Figs. Sa-c. In accordance with an aspect of the subject disclosure, permutation



original PGRC, codeword 1 is transmtted over antenna
1 and codeword 2 is transmtted over antennas 2 and 3.
WO-20080%U8Ng codewor d pernutation, codewords 1 apdI/BSHNE077536

transmtted over all three active antennas. Wile Fig.
5d depicts a cycling pernmutation pattern, the

di scl osed subject matter is nit so limted. For

exanpl e, the codewords can be pernuted according to a
pseudo-random pattern. Additionally, codeword 2 may
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mbelled IBeils $rahﬂﬂﬂtteabmgmtdmﬁa 1 e Spaitidy ehdrtidoascddbwbRE2 labeled X
codewords. In the Ol‘lngl nal PGRC, the portion of

BoteWwtEed PVEREEEEg 2andghe P%tﬁ@ﬁi%b@@é Y pEns@ited pyar antenna 3.
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hﬂtmiﬁledt nagmi ta ﬂte&mmnal gmmqmtgb e Fpoetanpie, lifthe beﬂloﬁ labeled A
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transmts over al foufr ant &nnas. The pofrtions
bubpesit diclBsurk, faﬂdaem‘n@taeelscm dcant.y pernuted and

mtte Thus, one ect of ft.he )
loBRE: " o Befealt & Fih aot bl TsRRRE & pedinulif codewords in
ARBHEcRWIRGMIM D s 't_sﬁ‘érﬁi a&@@%‘ﬁﬁfe@ VK F@ gudibsed SO8@blicity of
Referring now to ) anot her exan‘pl e permutation

exhanagion.ghe methspglologteé @r@élpvv@tamd geessiedins ¢ sqyes @iinets.iibiy to be

V\fl&eli]s?goq 5@%&9& a?%i t%gt tgé {f]% hognfogi}g Are Tgbr 31 J[erdq)s thé Or ngf acts,

ewor corr SpOﬂ

ﬁsl\@)rnd aYemhsy, itackevdunde Withnt ban®md érbstievnd dc@ onasdifferent
and 2 and codeword 2 is transmtted on antennas 3 and

qrde;z&fatnééor senqyicatly vith othsa agls fipsn thapshewy apdglepibgd herein. For
%flb?!gntfl(li ?‘gkﬂ%ﬁ fn ﬂllelart SN dBRlSARAS a@ﬂéﬁgtelf ) Iﬂethodology
cycl'ing o supra

pernmutati on patterns escrib
voutldh alteregtarety borcpregantedbas cserien oﬁnmredk&ﬁtﬁam bhevants, such as in a

aspect of e subj ect scl osur e, rmut ati.on
'ggif%%@@o %WGBJ%BL}%‘?VB@ actﬁéﬂ%y eiggueddp ﬂf\é\gef”&m a

Qfe{h%ki{?l%ky A4 RBARNEY &}Hﬁ’ bRISr mbRY e RITRERs. t he group
conprising antennas 1 and 2 can transmt portions of

HW6R] code\/\hfunhsng:forlhg.r& elthtsmtedss & hethodolo) G606 that tacrlitaigs
ﬁ%‘}’lvﬂtgg If%etdgacksf%f l\/ﬁﬁO sys erns r et etdactoldgvgo%% ?)%g}sto transmission. At
602, antenna groups are determined. An antenna group can include one or more
physical or virtual antennas of the MIMO system. Antenna groups are determined
based upon the MIMO configuration, the number of active antennas, the number of
streams to be transmitted and the manner in which the data streams are encoded. For
example, in a MIMO configuration with four active antennas and two streams, two

groups of two antennas each can be employed. At 604, codewords are permuted over

the antenna groups. Blocks or portions of the codewords are mixed based upon the



Fig. 59 depicts intra-codeword permnmutation as shown in
Fig. 5e and pernutation wthout regard to ori ginal

W@ 08/ ogr oupi ngs as shown in Fig. 5f. In thePGrU§EOAIT7S36
PGRC, the portion of codeword 1 |abeled Ais
transmtted over antenna 1 and the portion |abeled B
is transmtted over antenna &0 Simlarly, the portion
of codeword 2 | abeled X is transmtted over antenna 2
and the portion |abeled Y is transmtted over antenna
g’omblﬁ‘zlt‘icﬁfs OP?EMtQﬁan R tﬂeha%téﬂﬁﬁ tgf §§ T ROR RG-S cgmn?fvatlons

are transmtted over al ant ennas w t hout
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accordi ng to one aspect of the subject
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foedback basedsinen pseputed pedaverdsyransmitigdda adBAQ ealﬁaonment At
?(Ejé)lbgﬁélg[r g?&e%trdst 1€ rBLAE gl%] o@)'r\gérdq{n% Al b%v@rﬁn@(y(e g,ina
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&Kl fi f’sﬁgode(lfohhl% cf%l':(gde\ﬂ" alnh reRAG R QNG 2, ﬂ%ﬁ?e?fe?etn%e Ell%%d by

a met hodol ogy could alternatively be represented as
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state am NMoreove ot I illustr acts
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Wigbier 88 ifdérfdoR® f?dﬂ?‘ﬁ{@ BN dctoddO@Rah if vadtened 41 thé SINR value
6, illustrated is a nmethodol ogy 600 that facilitates

irepiaesndf theetineddifional NpwSrsyss enfscaggwprisntlie ygerference created
8ur9nbﬁjv@£n%§u£{ Inoorf tllle név%l? r&%@d%ﬁ Is&@arn ’%t mgenegettedal %itbe qtﬁlged in the

are antenn

it DA fvdth Iﬁﬁ‘a{rﬂ it® BilterQlécodedtsttadmﬁ Rk eBirRase oimérbe70d 1M}peated
system Antenna groups are determ ned based upon

th@ll&@rﬁ jtigamahpanbech slecofigdisad respngipuctage Ad08n 5@bac{< he
f
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Mridomaoad ofgubsdqueant datatthankmissioas.t Thefcadbakrampand 4 huse channel
strea

ns, ro ps. of t antennas e C be
o iea ok CEBLe I CCME OpBY SRS DARG0Ruc Figae first
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are m xed based upon the (
a@TLIlsE GE7hGTeER6c oPc dustivir patvianky ctncoqlmirqudt:‘aoﬁd@ns of

Edﬁ%,nant enng 3 %%%%prema?edrwaﬂb Elracgordggc@vgl agne or'more aspects

described herein, inferences can be made regarding identifying active antennas,
determining codeword to layer correspondence, providing channel related feedback,
utilizing channel related feedback, efc. As used herein, the term to “infer” or
“inference” refers generally to the process of reasoning about or inferring states of the
system, environment, and/or user from a set of observations as captured via events
and/or data. Inference can be employed to identify a specific context or action, or can

generate a probability distribution over states, for example. The inference can be



depends upon the size of the groups and the M MO
configuration. For exanple, a 4x4 M MO configuration

WOREB/03080€nna gr oups conpri sing two ant ennas eRBCHIURAE7/@77536

antenna groups and, accordingly, two pernutations or

conbi nations. At 606, the pernuted codewords are

transmtted via the antenna gtloups such that each

codeword, in part, is transmtted over all antennas.

[0066] Now referring to Fig. 7, illustrated is a
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[0068} 1 er endecardivmte AR CramRle. AR5 ardc sicthodpicsented above can
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fedeswtrngsutilizR@@éliewdrdwethutagoippr BEMD edtdnhédplolying a Per Group
accordance with one or nore aspects described herein,

Raedraniob P Ghe) waemadMabdgdewicn§00 ermptisey pagpeatet Py that
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correspofidence, provi anne
adtions Hengpndb.gn Ifﬁﬂerst eﬂnphﬁds tleendacksts, etcC). thdsecused signal and
herein, the ter "infer” i nf er.en
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user from a set of servati ons as Capt ured via events

symalfads ardiaprayide mﬁeent Mmoc@ﬂom&ﬂ@ptlwledl astmatiemt Progesaor 806 can
$ecifi% cﬁ 0 ot gverdet}a}e'a 802 and/or

pr dBaBFTPE §° ‘faéffdr'i B‘Bf" 61Hg 6’:‘/f8‘r’m%{ A'ES Y ISR 802 apde

bHeedtRRGRfoEAR REfoV\Pa RIS OB OB H Eraialitt ISR 4 €836 that controls

one or more components of mobile device 800, and/or a processor that both analyzes

information received by receiver 802, generates information for transmission by

transmitter 816, and controls one or more components of mobile device 800.

[0070] Mobile device 800 can additionally comprise memory 808 that is

operatively coupled to processor 806 and that may store data to be transmitted, received

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



21 probabilistic-that is, the conputation of a

probability distribution over states of interest
wha®sm3msm a consi derati on of data and events. PCF/ESEOTEI7536

can also refer to techniqgues enployed for conposing

hi gher -1 evel events froma set of events and/or data.

Such inference results in th® constructi on of new

events or actions froma set of observed events

and/ or stored event data, whether or not the events
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for channel estimation. Processor 806 can
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utilize the unmixed codewords and decoded data streams retained in memory 808 of

mobile device 800 to determine a condensed feedback form to transmit over a reverse
link channel or uplink channel to a base station. For example, the feedback evaluator
812 may perform successive interference cancellation on the codewords. Feedback

evaluator 812 can regenerate the interference created by a first decoded data stream or
codeword and employ the regenerated interference to cancel actual interference while

decoding subsequent data stream or codewords. The cancellation increases the SNR or



data, information related to avail able channels, data

associ ated with anal yzed signal WO 2008/ 030806
WEAINBBBOO7/ 077536 22 and/or interference streeQU007/077536

information related to an assi gned channel, power,

rate, or the like, and any other suitable information

for estimating a channel and Zmunicating via the

channel . Menory 808 can additionally store protocols

and/ or algorithnms associated with estimating and/or
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mory. [0072] Receiver 802 is further operafively

8oum aemirnbﬁra)f pwe%nm(aot #0On).hat unni xes the

FROAYT ke ki on BaRiiar e RO B Ring o

&Q&m&%&@&%@qﬂﬁed&b QoI TUivREd Phk Bhndrlissibh aﬁasmmo S¥tem
to increase the sEatlaI diversity of each codeword and

meplementinger BaBGrichane. $yséeth Q0K corapyisics @ basostaiind) (eige access
f I
BBl ik st ARESR A BSCHLIBAN FRL"GR Bt W i

HOMBrayhtagiTuratityeofaocteviintenna e APE lah @ ﬁ@ﬁnﬁﬁﬁt@ﬂQIBihhMriﬂ%ﬁuts to
sanme conditions. The SNR or SINR val ues of th
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ggéntér@rl]@lc rec Vgﬂﬁgs an ﬁg%%grr 3§t]e?1n£599()6 Al 656?atlvely

e unn1xe ata streans
ambaaueé avithra atmnmjuyat@(m 2ahat denloidhlated esdeoed 8XOrmhaion.

eternm ne a condensed feedback for tra mt over
Do s BBl 25 B proneooh D et £ B Tokger S tnd
BloREdsONdesEiPbede80PWaN rEdied fPEEbacGkd %ﬁéﬂﬁ@%@ﬁple@% HBMory 916

perform successive interference ‘cancel l ation on the
thetigtouss ddornrdmalyaleted to estimating a 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 a grouper 918 that determines groupings of transmit antennas 908 to utilize
for data transmission in accordance with a PGRC scheme. Grouper 918 establishes
groups based upon a number of active antennas and a layer-to-codeword ratio. For
example, grouper 918 may group antennas in sets of two antennas each with one data

stream or codeword to be transmitted on each set.



eval uator 812 can regenerate the interference created
by a first decoded data stream or codeword and enpl oy
w0 b@sissgener ated i nterference to cancel act ual PCT/US2007/077536
interference while decoding subsequent data stream or
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2008/ 030806 PCT/ US2007/ 07753624 23 SINR val ue of the
subsequent codeword. The feedback eval uator 812
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Rrsee@sF@ss. 9 UanidS-9ndneimethods (Figs. 6-7) described herein to facilitate

wireless communication there between.
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[0076] At base station 1010, traffic data for a number of data streams is
provided from a data source 1012 to a transmit (TX) data processor 1014. According to
an example, each data stream may be transmitted over a respective antenna. TX data
processor 1014 formats, codes, and interleaves the traffic data stream based on a

particular coding scheme selected for that data stream to provide coded data.



coupled to a grouper 918 that determ nes groupings of
transmt antennas 908 to utilize for data

WO e@Re886i on i n accordance with a PGRC schenePCTRIS20pB077536
918 establishes groups based upon a nunber of active
antennas and a | ayer-to-codeword ratio. For exanple,
grouper 918 may group antenna® in sets of two antennas
each with one data stream or codeword to be
transmtted on each set. WD 2008/ 030806
F«(ﬁb ESZOOWTQJ dRRE dafiol %ﬁ%ta@ﬁ%@ﬁaﬁg@m ﬂﬁ%l&@d with pilot data
urther coupled to a pernmuter 920 that m xe
U$U®Mh®nalcﬁrwsn<ad diviaivnenultpgrimgg OF M biastedqueso i ddfimnally or

ante e Tl FaREYS b B sk ey B bl S PR, time
§Wmﬁﬁlg%&ﬁﬂ @TDNE &Se%'dg ARAESISPMAIERSRAICHNPU PEhe pilot data is

pernmuter 920 m xes codewor ds bl ocks of the first and
SeteHy adodensriagemibaris b@phssaq’qtnemh@vm vapr afh gwslibagsed at

?ﬁ%ﬁe aéw 5016 ! ?ﬁ 1S cfl nc re%%onégzﬁlgrgun r%g{‘x%ﬁ ﬁﬁé{j a5 ded data

conp exity 6t bass ¥

fof shé@ata @By BE ﬁﬁ)‘dﬁme)d (kef, se@abbl @apRaNBascdoh laqﬁﬁhcular
in the MMO system s transmt antennas. 908 as woul d
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armun&lpof f eed ck requi to control subse
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BARIFRY or PHRSRA! ro&@@q@g@& ons may be provided to a
modul at or “922. For exanp modul ator receives the

HW38] CQ anbe moﬂﬁletlemlsyralbolcﬁgr t@/@tmmmsmyﬂmrbeided toaTX

802 f dul at 922 ti
PR Bracioet J OB, Py R b RS Raf TR R E g, for
DESN)T X /MO %@06@550@ Woro ABh BRRAIR08. th@duI®RRInl §mbol streams to Ny
devi ce(s) 904. Al though depicted as bei ng separate

frepmitters (pMddad§a2a thranghi 102 Inyaeussgmhasiementad X MMO
ﬁ;{g%'%orc MZ%%pg 1§slb am‘%&‘iﬁﬂfé 3t 4(5%% 0 tﬁ@%ﬁ@{olm}{é 8&8 trga%%s and to

processor rocess

(mahtenﬁmﬁwwhlbﬂﬂieﬁynﬁbgls bkhesthowmitesd. exanpl e wirel ess
cormunl cation system 1000. The wreless comuni cation
bm 1ooEa%pqr@ﬂ§tteér192% EeSaIvEs aitq RIRCePastr IEARECH R Symbol stream

{Bg[prblfﬁg oflE Yt &Srelcglég) S nafsa!fr?d fthBr &3\8&%115 tpgeéﬁfﬁl dﬁést filters,

e appreci at e that syst em 10
and epcohertsptie dnalog sgnalslto proavibt/ modmiatredtsigaml soutebloddyi | e

d wh d d
RO R T SO T —
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devi ce 1050 descri bed below. I'n addition, be
mppectictlat ed that base station 1010 and/ or m)bl I e

Hﬁl\éh]ce 105gt rno%llee ngc I(H?) the transmitted modulated signals are received
by Ny antennas 1052a through 1052r 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.

[0081] An RX data processor 1060 may receive and process the Ny received

symbol streams from N receivers 1054 based on a particular receiver processing



systenms (Figs. 1-4 and 8-9) and/or nethods (Figs. 6-7)
descri bed herein to facilitate wreless comrunication
w0 b@se3lses ween. [ 0076] At base station 1010, tPEEFDUB2907/077536
data for a nunber of data streans is provided froma
data source 1012 to a transmt (TX) data processor
1014. According to an exanpl® each data stream may
be transmtted over a respective antenna. TX data
processor 1014 formats, codes, and interleaves the
{&aﬁlgm&togﬁsﬁdéwea&e&@@%%%l reaRR! RO Uh@pr&RoRI060 may
sche sel ected for that "data streamto provi de coded
dateduland) 20081030306 deaxcld8alDdattAT 536bol 26cdrd @371@0\7&1 ¢he traffic

ded f dat t b
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alternatively, the pilot synbols can be frequency

atRios1 Q9. mul ti pl exed (FDI\/p time division nmultiplexed
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cul ar ation sc erre (e
pleaskngsthi fcbmhﬂmldagoﬁ BRISK)d/opha ckrcatviad elatyah;arsms hé teverse link
keyi hase

ng I ft keyin
meaiagap%vﬁp qu,{:ﬁﬁ,qe lb&id‘eT )?rga@péqqe&?r %@w WQ al@q Eecyves traffic data
Fcﬁ'a%hﬁfér 50dath batantiatsn %Ri‘éﬁ%ﬁhltce 1956’%&&11&?&9% Qﬂo‘aﬁlator 1080,

mbol s. The data rate, coding, and nmodul ation for
etmdlrtlmd é)ys;ltanaamersaly)Sléetldemgr HiSdednbyransmsittcd badkondase station
ﬁ@g{ ornmed or provided by processor 1030. [0078] The
ulation symbols for the data streams nmay be

08y ded t &t BaskXtativh YOI PRERSIRatcHQ als‘ﬁ'ﬂn@ﬁlo'ﬁﬁ&’ deV1ce 1050 are
urther process the nodul ati on synbo

g.,
GFEIvpd b Xutkame lﬁ%wgémpnqcbl;zsorepmwsriﬂé% d@é@dutﬂted by a

OB kP LTI M RS T
phloaRS9¢ trifkAdttePpy hebild darit O 080N Funticg Piccdsor 1 0BH may process

synbol s of the data streans and to the antenna from

Wics Hagtpremssa [0 deserpungiyhich RreRflng sRptrix torsg) forduiprmining the
N 2 receives and processes a respective

syﬁg%ﬂ}“s%?&eeé%ﬁgt o provide one or nore anal og signals,

HO85F ur t heProcessdist 080 and é0H) mapdipbdtlie.es codtidlL c&losdlnata,ndanage,

P gRAr L0 Mresen [ ChnartiosvBs dESE Re Dot Rpective
ﬁ'ég@s@&ls 10B0R40 %70 N veodycatk&bwih ﬁ{%ﬂ{&% 6PMnd 1072 that store

nsmtters 1022a through 1022t are transmtted from
NDgeam evrvasnd 0&4.a Ptdvessagphl 080244 1070 can also perform computations to

derive frequency and impulse response estimates for the uplink and downlink,
respectively.

[0086] 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), processors, controllers,



respectively. [0080] At nobile device 1050, the

transmtted nodul ated signals are received by NR
W@ni0g0smes 1052a t hrough 1052r and the recei vedPGI/gszl7/077536

fromeach antenna 1052 is provided to a respective

recei ver (RCVR) 1054a through 1054r. Each receiver

1054 conditions (e.g., filters, anplifies, and

downconverts) a respective signal, digitizes the

condi tioned signal to provide sanples, and further

RiQ6&BRES drd) %1%1%?&%%%0}30 oﬂfeP é’l'eé’t?orﬁc uﬁ%rc{e%%%’c[‘gi p¥form the

‘recei ved" Synb tream RX data processor
ﬂ@@ﬁomnymmﬂwﬂﬂmem@mmapombeaSOmﬂ@KNR recei ved synbo
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RX dat a processor may denodulate, deintérleave,
machidetwdeble awdivatseeh ade sorige comperea AGOd@ pepyeant miaw

RS P 3 B P PR PSP i, o

pRUhles z[fﬁﬁftv{'zate Packib R Pas9.CR 3B P cohBRAtieM df ﬁk@nﬁiﬁﬂoﬁs, data structures,
processor 1014 at base station 1010. £0082
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al ue gortion., Q083] The reyerse |Iﬂk nmessage na
éﬂ’fﬁ C4- LTS t%?‘é‘é@nﬁisuﬁt ORI 1BV 1P%&5‘1“H¥Y] at”r?@ message

ﬁ_&%@ﬁ‘gnﬂoﬁéﬂ ba%@mg ew R Amilfnr geei ved data stream
he reverse k message nmay be processed by a TX

HWOB8] pr oc eBer sof388s inplembntatien thetedingss desdribed hekainamay be
for er of ,data strea n1a dat g source, 1036
IR SRR a0 ORI 4o GroatEis PR Lr g R Qb g Petorn the
fun@nedy dek@ited HoRAR THY QS hrd ORIEE mag i stdrédmiththed RaGkind
to base station 1010. [0084] At base station 1010,

eXREUte B | PERGSE 0SS gﬂeﬂ BenPwmMoBY be teplpmentedBathgy the processor or

%}%%%1 gqhg %ru ?Qstsgtn hljcg% Se 1%) dﬁeté %ﬂﬁwgﬁlve Ceo'u%l%d%o the

uato

prooeseisad vhows rﬁéﬁn@@ﬁ&@b%&ﬁ$lwarﬂ,042 to extract the
reverse |ink nessage transnmitted by nobile devi

H9881  Fur ¢ Neth refrenceda Bie. ié@@uﬁﬁa}e%@ gowsiem AR that Facilitates
%&h&lﬁé&%@rﬁg $aAg%K b 91%"\7 sml Sf"ofﬂarﬁ‘f% ﬁ{gtseﬂ?&; {rénsrmttlng

to us etermning the ea ormng weig
f@R8o)dsAn ad¥H0 sehehx3Iroaugtl all A¢vanayerthias. eEdr dxemgle, system 1100
31%9 trersule at ?e%(s)tr Igjartrllﬁly within a%%se station. 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
can act in conjunction. For instance, logical grouping 1102 may include an electrical
component for identifying a level of codeword to layer correspondence 1104. For
example, in a MIMO environment implementing a per group rate control scheme, a
codeword can correspond to two layers (e.g., physical antennas, virtual antennas, etc.).
It is to be appreciated that a codeword can correspond to any number of layers. Further,

logical grouping 1102 may comprise an electrical component for formulating groups of

transmit antennas 1106. Groups are determined at least in part on the level of codeword



etc.) operation at base station 1010 and nobil e device
1050, respectively. Respective processors 1030 and

W@ 008/08mMm be associated with menory 1032 and 1PZRUSINAT077536

store program codes and data. Processors 1030 and

1070 can al so performconputations to derive

frequency and i npul se responsX estimates for the

uplink and downlink, respectively. [0086] It is to be

under stood that the enbodi nents descri bed herein may

Q)elayér%h@g}%ﬂaﬁiee' RoP&L qg@é Svhed QMR Rwold ETHRPErds to two layers,
| ewar m cr ocode, any conbi nation thereof.

fhen ga)upa otlver Eansmpt mt@mtaat:aod)ra;re fdreuptac d‘éerengeru lvigiel grouping

: t ed thin o icati
ey il B FLre Bt Lioraiated DABTERI g cs Gk gRygetions of

B RGRSEONDS( @%E’&‘)din%Ctb theﬁhmﬁﬂeg)ﬂiélrelﬂ hQRE8SSrads A8YHiS8S with two
(DSPDs), pr ogr ammab | ogi ¢ devices (PLDs), field
]@W@rgr %mﬂm éwgam@nam@yh cgrrpeaagljzed pd @%’e@@@ Iy, cach group transmits

éod% ({ SAft I3 s ?étlo §£§)%r6mutqré %a%c%o 7715d|3 xed between all
mcro contro i Croprocessors: other el &St oni
Bitbir® gi@@sg;ﬂeldtﬂaﬁe&ﬁrgfr@fpﬁdﬂﬁﬁntsflti rp@fu SRsy elrisGoid elehrther
herei.n, or_a conbination thereof. [0087] Wen the
BapaHsRhefcodewoidsy) Beranteslform cagilevgticsy caderRighioexperience
gﬂé’g%ﬁ%{@{ ﬁ?ﬁﬁr gﬂaﬁﬁagcgggiitlgfrﬁe gﬂ{@{:@sﬁ&dﬁ vﬂ{llngéﬂggead dchta)lrmel quality
vadesuwhicls srady lﬂﬁe ebdﬂz&@r(ag)eco(clewpmh eMdltldhaﬁgd‘f;Is&ﬁghﬁ)ﬂtmay include

ma re res nt a.pr.ocedure, .a functiqgn, .a sub
%1"% af T&E?ﬂ‘{)snlésm’é“@%f% GX§oHENE g‘mc é&l%{g({ wit
él@étﬁ@ﬁrc%ln%%ﬁe‘rﬁg 1042 1 FORSAd 1968, 216 MRID AL be@fly Sfternal to memory

I nstruct data’structures, or program statenents.
Al Ko des selgmmenicrsteogd the ono @ph@de ofocleatoedl eompontmts Elgre ht06, and

ar.dwar.e circui passi ng and/ or receivVving
?nggl?l%?’f%t Wlﬂ&ﬁtnhemoﬂg&ﬁ%nt s, parameters, oOr nmenory
fRObENt S, THMAIRIFIEN2, ALGHABRA S s RENANEI0EhS: caftdlales reduced
etc. may be passed, forwarded, or transmitted using
Eﬂwbambtya@méom&ﬁs:cmmeu@tierfgremmeyatmapnrpgrrnufed; esdyavords.
0535k 1900 bl SRR A% mARIRL el £RARMRST Quplla, system 1200
Tware i St 10N ec%p ed

dﬁﬁmies ﬁmdtldi\:eaﬂ Bld@kmylt ﬂey rdpﬂ@bﬁﬂlﬁﬁ&tﬁﬁhs \implénﬁ'ﬁtéwb@% processor,
procedures, functions, and so on) that perform

@qfewér%: (PR EPMEHR e HicFqab éele-h BFBALe) ThEstas fl 0@ msludssia ogical
g&% fhg 139 B?%&tﬁcﬂ%ﬁi ndHil fngit f’a@@uat% H)tlﬁ‘n% R¥ward link

roge SOors. e nenor uni t may e |n'p ene ed Wlth
trivesnpssome sisayicad groupidger20aimdyantlnée fr ceesisdrcomponattt IereceiVing
case it can be ni catiyely coupled t he }
B?Wé@sf&ﬁevas\}gﬁmgf AR, adeqene deug# PRMEVP system with

FRAEN r ML B SRERLERELAR pEinSuted dodeot dRIEAERA YySalPreceive
system 1100 that facilitates

antennas. Moreover, logical grouping 1202 may include an electrical component for

reconstructing received codewords 1206. According to an example, the codewords are
received in permuted form. The codewords are unmixed and reconstructed. It is to be
appreciated that the permutation scheme employed during transmission is known so that
the codewords can be depermuted. Further, logical grouping 1202 may comprise an
electrical component for regenerating interference created by a first codeword 1208.
After, reconstructing the codewords and decoding a first codeword, the interference
created by the first decoded codeword is regenerated. Also, logical grouping 1202 may

include an electrical component for cancelling the regenerated interference in additional



reduci ng required feedback on a reverse |ink channe

of a MMO system by transmtting codewrds in a PGRC
waetsssodhir ough al |l active antennas. For exanpP&l/US2007/077536

system 1100 may reside at |east partially within a

base station. It is to be appreciated that system

1100 is represented as includinhg functional bl ocks,

whi ch nmay be functional blocks that represent

functions inplenented by a processor, software, or

EQIRIARL 1290, 'FB?&?&?I{ 1§, 8 Ore en&ét%@%@ér?érenc%ﬁ%&@aét%@ Qrhile

I ncludes a | ogi cal grouplﬁ of electrical
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SOHE SRy Pl ey ey 212 ) £t Y sttt Borsserutiper

AR SSRRReNSEwA @fbctrfc@l conSoRBRs 204,N286,M2WR) and 1210. While
enV|ronnent i mpl ementi ng a:fer group rate contro

begng exerteylde enewny ¢ dt4. disip émbk wlersipod téytealﬂs:tncal
(S fcpRE8L ClpGAMANNRS LA 1BL ADHSDNAS £ 51

0 be appreciate Ddeword can cor espond to
pw1nunber waifat haywes deéibllbt:ch @wove ih@gdes akagples pf gk drifatre
conprise an electrical conponent for formnul ating

@rpé@cbgmgﬁs I ip.{ sattse. 9t epwade ordpscrily Gyigpscoaeaivable combination

00 SBaP S obbs B el B b Sab Rl Yk RppRARNRG R

cobodEspondanoac oFordirexysiill én tthme;amhogmd@ﬂmr w@any further

corresponds . to two.layers, then groups of

COTRPISRHANS AR SRTBLA g KT KOS HHRGHAR afR/BP gr Accordingly, the

h&ghﬁéad erﬂﬁé&ﬁﬁblﬂg arclinfRdOBY% dnfirhdadB @Bh Qﬂt&%é}ﬂscﬁ%dlﬁcatlons and
conponent for performng symetri cal per nut at I ons of

votenos thet fallozelthlmdmpmtragdtsoommf ehwrgpmde\dhémmsn Farthermore, to

d d th,t ft
festabteLBe RRnAh TG 1 $-Dai s e eBiigTags PR, of 2
SIL RN shdhaBSst ifiten @0 RABMRSIfe in¥ f8finc? sHYiIEFeS fheG&im
ernutatlon each codemord is mxed between all

AOEISEN 6126 Lipm st anterpeastsl Whenugmiplpseskas a tsansitipnal word in a

, every codeword. Further, transm ssion of
codewords in pernuted form enabl es every codeword to
experience substantially simlar channel conditions.
This results in well behaved channel quality values
which vary little codeword to codeword. Additionally,
system 1100 may include a nmenory 1110 that retains
instructions for executing functions associated with
el ectrical conponents 1104, 1106, and 1108. Wile
shown as being external to nmenory 1110, it is to be
understood that one or nore of electrical conponents
1104, 1106, and 1108 may exist within nmenory 1110.
[0090] Turning to Fig. 12, illustrated is a system
1200 that cal cul ates reduced feedback by enpl oyi ng
successive interference operations on pernuted
codewords. System 1200 nmay reside within a nobile
devi ce, for instance. As depicted, system 1200



i ncl udes functional blocks that may represent
functions inplenented by a processor, software, or
W@ 098081806 on t hereof (e.g., firmware). System BQD0S2007/077536

includes a logical grouping 1202 of electrica

conponents that facilitate controlling forward |ink

transm ssion. Logical groupim 1202 may i nclude an

el ectrical component for receiving pernmuted codewords

1204. For exanple, a receiver is included in a M MO

systemwith nultiple receigefgt ennas and each

pernmuted codeword is received by all receive

ant ennas. Mbreover, |ogical grouping 1202 nay i ncl ude

g@@g&gﬁtri al conponent for reconstructing received
d8°4506. According to an exanple, the codewords

are received in pernuted form The codewords are

unm xed and reconstructed. It is to be appreciated '

that thecthed that facilisatcsisuerng eanpired Eagdbaskifagdata rate control in

trapnsm ssion j.s known.so that the codewords can be

YRR RE e PP HSRE cal gr oupi ng 1202 may

conpr j&ernfifing®n€ of fioe@kroapimpOsLMplut ity bLgaREiBdnitdigas;

interference created by a first codeword 1208. After,

r econBETPENE datarsHeans sadvords acatl v ogd PagEatiqnyafithe antenna
. the interference created by the first

%@%ﬁ%@%q@gdemord is regenerated. Al so, |ogica

gr oupiragnii2ing thayermurel aodewanls érecglr the ahe compon@igrodongs of

cancel ling the regenerated interference in additiona

(S D008 O OBEE BRI 00 FBIME6 29 codevor ds 1210

For exanple, the regenerated interference is

subtracted while decoding a second codeword to

2npr oVke gicthodlof aladm d hdetambinipgaink oy mosgigioupmgabdmyprises

system 1200 i ncl ude a [ 212 that retain .
YA 1BRS PR P B RBRUE (g SRS GhemieDisendy 81 Girepprding
Rla8Sd dnf@inas RABORRMURtiAZ b onk2f Grord 2RBpiRRd 1210.
While shown as being external to nmenory 1212, it is
to be understood that electrical conponents 1204,

206, RBY xi st . W thin nmenory 1212.
Oogl?ﬁ%ﬁggmﬁggc%éé%’ esgfgggémﬁ%%ve i ncl udes exanpl es
of ongeterimifidge lapsrhe dbdi$ratiot ands, of course, not
possi bl e . to descri be every concei vabl e conbi nati on of .
conpoffehicEng p s RGNS §F 8YWT¢ sroupingp Exbs lafer Heedewpidygtio-
the aforenenti oned enbodi nents, but one of ordinary
skill in the art may recogni ze that many further
4onbi hht metiedadf dlape Brwhearteinosash 0ddaveord coisespohdtiomro i syer;
are possible. Accordingly, the described enbodi nments
are intended to embrace all such alterations,
godi firgakdeMa &@ﬁim@a%%i@%hth@éwcfr&'cbrr&FpBﬁdlﬂott&}@ layers;
spirit and scope of fhe appended clainms. Furthernoré,
to the extent that the term"includes" is used in

ither,the . detai] ed. description.or the «clains, such
gern1&EeFﬁﬁ?ﬁﬁiahFBlbgnﬁﬁﬁgﬂgp%%Pgn a manner simlar
t o t hecti®in®a condensed channel quality indicator (CQI) as feedback related to
transmitting the permuted codewords; and

adjusting at least one of a data rate, code rate, or modulation scheme of

subsequent codewords transmitted based upon the condensed CQI.

7. The method of claim 6, the condensed CQI comprises a base CQI reflecting a

signal quality metric of a first decoded codeword and a differential CQI reflecting a



"conprising"” as "conprising" is interpreted when

enpl oyed as a transitional word in a claim WO
wWQee8NIBOB06 PCT/ US2007/ 077536 30 CLAIMS WhaRCT/BS2007/077536

clainmed is: 1. A nmethod that facilitates reducing

requi red feedback for data rate control in wreless

communi cation, conprising: deilerm ning one or nore

groupi ngs of a plurality of transmt antennas;

permuting data stream codewords according to a

Bgﬁ%@lﬁ?%@irp&bdm@d W&ﬁf&@lﬁn% HOMRI MYl B deword in decoding a

transmtting the pernuted codewords through the one or

saoped ofdegroodipi ngs of transnmit antennas over a forward

l'ink channel. 2. The nmethod of claim 1, determ ning

one or nore groupings conprises identifying active

gnt enMAS nRMRASD than Bl theadbhdshsed C%@@rﬁ ifes ATHaSNO8S ré@ting a

di sregarding inactive antennas en formul ating the

paeal graltymectye olipeth gdirstalecaded cvdewiond aofl aserdne dzcoded codeword.

further conprising: determning a |layer to codeword
ratio; and restricting a size of the one or nore

9r oupThgmethddidfelaiayethets@zna DYDY thefritis One offa sidi-to-noise ratio
net hod of claim 3, wherein each codeword corresponds
(R sighpEfo-ingerfergnecpbeshiiscortien BYIMR3,  wher ei n each
codeword corresponds to two |ayers; 6. The nethod of
claim1, further conprising: receiving a condensed
thann&he mgedoidtoy clandi7¢ adjostingGbyeqasnt fcedabadk corepradesd t o
trans ]ttinq the pernuted, codewords; and adj usting at

| east AGHEMSThatdedshongei daly e, cqferatsOr odiiaHPR sreme of a

%%mpﬁmt SHRIBAHERbr SRATRWRL Iscld@PgRd t ted based upon
the condensed CQ . 7. The nethod of claim6, the

condendedin@the atdngpt dseel addtasre, CQllc ragd, e owidnigtian scheme of

si gnal ality metri f a first decoded c rd ang.

S fichaL Miesah ER Bt bae g3 W 9068 PeSaded & Mufiple of
REHitdSR (17536 31 signal quality gain obtained by
cancelling the first decoded codeword in decoding a

second codeword.

11. The method of claim 8, adjusting subsequent codewords comprises:
adjusting the at least one of a data rate, code rate or modulation scheme of

subsequent first and additional codewords based upon the base CQI.

12. The method of claim 1, permuting codewords comprises distributing codewords
blocks amongst all antenna groupings such that each codeword is transmitted in part

over each antenna in the plurality of antennas.

13. The method of claim 1, the plurality of transmit antennas include one or more

physical or virtual antennas.

14. A wireless communications apparatus employable in a multiple-input, multiple-
output system, comprising;:

means for identifying a level of codeword to layer correspondence;



8. The nethod of claim6, the condensed CQ conprises

a base CQ reflecting a signal quality netric of both
w@2G0B10380clecoded codeword and a second decodedPCT/US2007/077536

codeword. 9. The nethod of claim7, the signa

quality nmetric is one of a signal-to-noise ratio

(SNR) or signal-to-interferem®-plus-noise ration

(SINR). 10. The nethod of claim 7, adjusting

subsequent codewords conprises: adjusting the at

| east ,aRe BF fAmdRkRe LRiuPs of A& rkikiRenfS bIREUE RLLGR part on the

schene of a subsequént first codeword according t 8

tevel dfaedev@gd comnspoad¢nest dandg t he at | east one of a data

rate, cod%?ratg or nDduIallon schg %é tIOH al d

subs &M OF BEEBY s S WATE ol Aabpmy Jrat F‘r’i‘ét PRS-

and a nmultiple of the differential CQ. 11. The

met hod of claim8, adjusting subsquent codewords

Ednpr Ih@mreleasj‘fqmmuwgattm apparpips of clawe [ dfurther seraprsing,

code R BhuTRAHhBlPo.TRLEN By tiBaRERR it e wncons

didvapsrehiod of claim 1, pernuting codemords conpri ses

di stributing codewords bl ocks anongst all antenna

gr oupMsgs fetietlizing fecdbrck related v e tragsmisaing e Lheet qant two

%%k%, fver each antenna in the plurality of antennas.

The met hod of claim1, the plurality of transmt
antennas include one or nore physical or virtua
nt enn 14. A wirel ess comuni cation

Z?ml o}fg%}”éf cleps %PTW%}P?IP?:}FO@S iAARATRLUS ?lf”inbi% tﬁ%&e@‘aﬁc comprises a

SRR El'uafnggl balB20% VERE ahdg Akl ¥iDg cohayel of

codeword correspondence; WO 2008/ 030806

PCT/U82007/077536 32 neans for fornulating groups of

t based at
1 o B PaleE R Rt ene arP A REAET] brRDEefGiicRyrises
Eé/s Fﬂeﬂ@dtm?%r.ﬁ%ﬂa@huémﬁ oPthe @t Ich&ash chi@vsagdewor ds.

e W rel'ess communi cations apparatus of claim 14

further conprising: neans for transmtting the at

et A BB ROV BB B ont e

groups; neans n k related to

t he t & aRsivrs Haoretaihs inbRu@ionb eAstd torgrousiad &amdnis antdfas,
The wi rel ess comruni cati ons apparatus of _claim 15, the
PEENHAS Qo@qy\ﬁyﬁ symboly based upon the antenna groupings and utilizing feedback

to adjust transmission performance; and
a processor, coupled to the memory, configured to execute the instructions

retained in the memory.

19. The wireless communications apparatus of claim 17, the memory further retains
instructions related to determining a number of active antennas and identifying a level

of codeword to layer correspondence.

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

instructions for:



condensed CQ including a base CQ value and a
differential CQ value. 17. The wirel ess

W@ 0oRHsI8e@t i ons appar atus of claim 15, the fecPtiEUK2007/077536
conprises a base CQ reflecting a signal quality of
the at | east two codewords. 18. A wireless
communi cati ons apparatus, comy®&ising: a nenory that
retains instructions related to grouping transnit
antennas, pernuting codeword synbol s based upon the
ant en%_%ugfn YRhQER aRRAnHYabd £ O}ﬂ)ﬂ of &8 lElencteobef\i;iée'ﬂsctodevvords
transm ssi on perfornmance; a processor coupl ed
aiklagemory, confi gured to execute the instructions

retai in the Wi rel ess

o B shASKFT ARG acighs ENGHeichr TR osihop symmetricl
péttduRions 8F keRoupimpst ructions related to determning a
nunber of active antennas and identifying a |evel of

codewsrebmiingdheshugided eosiowatibloeks 12@a fgxward link channel through

bl e medi um having stored thereon
ﬁg%aﬁ%ﬁ“éﬁégﬁ able instructions for: WD 2008/ 030806

PCT/ U260 #gQ/cdnd bnscd Sccd baikith agic rélatsd ot th @ fruei sssorbeSsbd ffled
upon a correspondence between codewords and |ayers;

Pordsaandodewor d bl ocks across ant enna groupi ngs

based r#?%%ﬂlﬁ%%{lé‘rh ‘%@hmig%ﬁ%a%%di gﬂETs?ﬁ]k]éeH?org{h% YRIAGT:

trans codewor

feedburkd I|nk channel through the transmt antennas;
recei ving a condensed feedback nmetric relating to the
transm ssion of shuffled codewords; and adjusting

5u bse@H@Hﬁcﬁlﬁ@P&%ﬁé h%ﬁnb 8e&dinfibo, |tﬁ@§$rrés oﬂ&%ee gﬁciﬁ%@ for
recei ved feedback . The machi ne-reada medi um of

cdchitran@0issivh eandor mteslpﬁm od e{yce asperitéd egh k@n’n COéawhrd
transm ssion rank a nunber of |ayers associated with
each codeword. 22. The nmachi ne-readabl e nmedi um of

gd ai MR mavhiBE-SdadaBlt nlc@Afh oPAIBinh Y, 8FhdrSin aBREQGNAIBMr is
with a codeword. 23. The machi ne-readabl e nedi um of

afsedipted Withghendewardat | east two | ayers are associ ated
with a codeword.

23. The machine-readable medium of claim 21, wherein at least two layers are

associated with a codeword.

24, The machine-readable medium of claim 20, shuffling codeword blocks
comprises symmetrically permuting codewords over all groupings such that each

codeword transmits in part over all transmit antennas.

25. The machine-readable medium of claim 20, the condensed feedback metric
comprises a base CQI reflecting a signal quality metric of a first decoded codeword and
a differential CQI reflecting a signal quality gain obtained by cancelling interference of

the first decoded codeword in decoding a second codeword.

26. The machine-readable medium of claim 25, adjusting subsequent transmissions

comprises:



24. The machi ne-readabl e nedi um of cl aim 20, shuffling
codeword bl ocks conprises symetrically pernuting

W@ owemsnsoes over all groupings such that each POOESNT077536
transmts in part over all transmt antennas. 25. The
machi ne-readabl e medi um of claim 20, the condensed
feedback netric conprises a Bhase CQ reflecting a
signal quality nmetric of a first decoded codeword and
a differential CQ reflecting a signal quality gain
obt ai pediqt %%t fANGH oAU atath T ERIERE Sr Hodulitn géﬂeﬁ{e of a
decoded codeword i n decoding a second codewor d.
Tbseqreohiinteqdendabingcsppdsaitm thé bake£iQ@h; 28] adj ust | ng

subse ent nsm s |on ses 08/ Q3080

Pt gt b e 04 Ruay RleR s s RN aehemmcadditional
§ii¥s ueﬁp&ﬁ‘leﬁv@hﬁ, DabeddulaaubOsY tBE BEFR @ and a rﬁhﬂ%%ﬁlﬂé

first codeword in response to the base CQ ;

giffceqnitingC@. | east one of a data rate, code rate or
nodul ati on schenme of additional subsequent codewords
based upon a sumof the base CQ and a nmultiple of the

o7 f f eTe&tadhin&dada@é meliien BREBInNeS repdeht subveglicdMrofsmission
cl ai m 25, adjusting subsequent transmi ssion conprises
BRI RISICH ﬁ@uﬁtﬁtg the a1 léa% Pngaka dita satga0de Fag ar medatigrpzcheme of

SbsPRIH: At B RENRRE Ry GREIEMEHonhd BleBW. 0 116
machi ne- readable nedlun1of cIa|n125 S|gnal quallty

tri is one of nal- O- n0| e.ra

gna&h? Blaplﬁfla‘f@raéa@ﬁ Exdgimy et ﬁaxr%% TSR fhu }nc i5gne of a
%f ?ﬁalrf@(hlais@ Raf LRNAD| £ sIRI-440RE fefdnl gh%qlm&rrm (RINR).

ansnit antennas *~ conprises identifying active
ant ennas and dlsregardlng i nacti ve antennas. 30. The

chi ?E?]ng ﬁ%la%dnl?qdl u l al n?& ?ﬁwl}/ﬁggr al?sma}t a?nteznena(s)f
§(9f1 @s%@ Q{é@lﬁgﬂi@% mfﬁv%ﬁﬂ%nﬁﬁchﬁqu‘ﬂ%a?d]ﬂg irA¥€&VSantehhas. The
i ne-rea e nmnediumof claim?20, the transmt

antennas i ncl ude one or nore physical or virtua

3t enpgs mlaaége-'géoagﬁ%lg i%gediul'ﬁ?gf &Sﬁrﬁ A el’?er&ﬁ qlé?z%%f S%gg%%&k group

In awrele

Lsnidtosmit@® d Fesnmthcadricgabadencd bb{vmhaomdd amglapas a
pernmutati on schene enployed during transm ssion;
regenerating interference created by a first codeword

gii.{r i nghd &%@tﬁﬁ%-%e%id%'e medium of claim 20, the transmit antennas include one or

more physical or virtual antennas.

32. A method that generates reduced feedback in a wireless communication system,
comprising:
unmixing permuted codeword blocks according to a permutation scheme
employed during transmission;
regenerating interference created by a first codeword during transmission;
evaluating a channel quality indicator (CQI) related to the first codeword; and
evaluating a differential CQI related to quality increase resulting from cancelling

the regenerated interference in decoding a second codeword.



eval uating a channel quality indicator (CQ) rel ated

to the first codeword; and evaluating a differential
w@eyostosised ed to quality increase resulting froP€T/US2007/077536

cancelling the regenerated interference in decoding a

second codeword. WO 2008/ 030806 PCT/ US2007/077536 35

33. The nethod of claim 32, figther conprising

recei ving pernuted codeword bl ocks through a

plurality of receiver antennas. 34. The nethod of

§3 al Mrgemeiod of %fafﬂ‘itﬁ,dfu%gleé’&ﬁﬁisﬁﬁo&géviﬁg%el_frﬁlﬁgal &deword

| east two codewords. 35. The nethod of clalm 32,

blocktibrough mplirslitypfdeod agtetds. unm xed codewor ds.

36. The nethod of claim33, the CQ and the

differential CQ based at |east upon a SNR value or a

S NR YAE HRthod 6f claiin 32MhE Pk8SEcd ST E Blobars Yidhei leAANtwo

a(ggarat us conprising: a processor configured to:

easpiosds uct at | east two codewords received in a

permuted form determne a base CQ reflecting the

signal quality of a first codeword of the at | east

850 CUHEeMRIdE of @atin Gal Rithat @ndpritelgt @cbdhg BasemhiNgdRdewords.

the signal gain obtained in a second codeword. 38. A

wi rel ess communi cati ons apparatus that cal cul ates

duc eml -y : L ' r

B oot R 2g et e (R B R SO REA & RN Epon o

sRnsldeosr ar IO vdlig per nut ed codewords on a plurality

of receiver antennas; neans for reconstructing

codewor ds based upon the pernuted codewords received;

geansyf @%i&%@@é&ﬁrﬁhﬁi@&idn%@t’éﬁl? b r&ﬁ?@dﬁ&is‘ﬂi/g: a first

codeword during transm sSion; and nmeans for

canceh piaegsspheonfiggadgonat ed i nterference whil e decodi ng

a second codevtvorf-jrét 39,[ The wi rgjﬁess.c%mmni cattlggs )

appar at us BFORTECTAtAES! PR (HEY oL HRrEHY A PeTRYRL Gy

det er m ni ngetgrnkiad & beSd C YR8t HpkhE @Tghﬂgglﬁli dMdHrst codeword of

uality of the first codeword; and WO 2008/ 030806

9800P/cOFPBAEEs; and

calculate a delta CQI based upon the signal gain obtained in a second

codeword.

38. A wireless communications apparatus that calculates reduced feedback by
employing successive interference cancellations on permuted codewords, comprising:
means for receiving permuted codewords on a plurality of receiver antennas;
means for reconstructing codewords based upon the permuted codewords
received;
means for regenerating interference created by a first codeword during
transmission; and
means for cancelling the regenerated interference while decoding a second

codeword.

39.  The wireless communications apparatus of claim 38, further comprising:
means for determining a base CQI value indicating a signal quality of the first

codeword; and



36 neans for calculating a CQ boost reflecting an
increase in signal quality in the second codeword

w0 e®alsisng from cancel ling the regenerated PCT/US2007/077536
interference. 40. The w rel ess communi cati ons
apparatus of claim39, further conprising nmeans for
transmtting the base CQ and36CQ boost on a reverse
i nk channel .

means for calculating a CQI boost reflecting an increase in signal quality in the

second codeword resulting from cancelling the regenerated interference.

40. The wireless communications apparatus of claim 39, further comprising means

for transmitting the base CQI and CQI boost on a reverse link channel.



