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BACKGROUND
I, Field
[0002] The following description relates generally to wircless communications,
and more particularly to codeword permutation for grouped antennas in a wireless

communication system.

1I. Background

[0003] Wireless communication systems are widely deployed to provide various
types of communication content such as, for example, voice, data, and so on. Typical
wireless communication systems may be multiple-access systems capable of supporting
communication with multiple users by 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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forward and reverse link communications over a common physical medium. For

instance, frequency division duplex (FDD) systems may utilize disparate frequency
regions for forward and reverse link communications. Further, in time division duplex
(TDD) systems, forward and reverse link communications may employ a common
frequency region. However, conventional techniques may provide limited or no

feedback related to channel information.

SUMMARY
[0007] The following presents a simplified summary of one or more
embodiments in order to provide a basic understanding of such embodiments, This
summary is not an extensive overview of all contemplated embodiments, and is
intended to neither identify key or critical elements of all embodiments nor delineate the
scope of any or all embodiments. Its sole purpose is to present some concepts of one or
more embodiments in a simplified form as a prelude to the more detailed description
that is presented later.
[0008] In accordance with one or more 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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transmit antennas over a forward link channel.

[0010] In accordance with another aspect, a wireless communications apparatus
employable in a multiple-input, multiple-output system, comprises means for
identifying a level of codeword to layer correspondence, means for formulating groups
of transmit antennas based at least in part on the level of codeword correspondence and
means for performing symmetrical permutations of at least two codewords.

[0011] In accordance with yet another aspect, a wireless communications
apparatus comprises a memory that retains instructions related to grouping transmit
antennas, permuting codeword symbols 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.

[0012] According to another aspect, A machine-readable medium having stored
thereon machine-executable instructions for grouping transmit antennas based upon a
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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feedback in a wirel ess comuni cation system conpri ses_ unn Xi ng, per nut ed
codeword 4hat calculates reduced feedback by employing successive interference cancellations on
permuted codewords comprises 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.
[0016] To the accomplishment of the foregoing and related ends, the one or
more embodiments comprise the features hereinafter fully described and particularly
pointed out in the claims. The following description and the annexed drawings set forth
in detail certain illustrative aspects of the one or more embodiments. These aspects are
indicative, however, of but a few of the various ways in which the principles of various
embodiments may be employed and the described embodiments are intended to include

all such aspects and their equivalents,

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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appar at us f,afnt of feedback required to control transmissions in a MIMO environment based
upon codeword permutation.
[0026] FIG. 10 is an illustration of an example wireless network environment
that can be employed in conjunction with the various systems and methods described
herein.
[0027] FIG. 11 is an illustration of an example system that facilitates reducing
feedback by transmitting codewords in a permuted form.
[0028] FIG. 12 is an illustration of an example system that calculates reduced

feedback based upon permuted codewords.

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, Tt 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.

3% e

[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,



enpl oynment within a wireless comuni cations environnment. [0019]FIG 3 is an
illustration of an exanple w reless comuni cations systemthat inplenents a
per groupVeIPW/WBHM6r ol schene. 5 [0020]FIG 4 is an il P¢HERPITTEF an
exanpl e wirel ess comruni cati ons systemthat effectuates codeword pernutation
in MMO environment. [0021]FIG 5a-g are illustrations of an exanple

pernut ati on schenes in accordance with dan aspect of the subject disclosure.
[0022]FIG 6 is an illustration of an exanpl e nethodol ogy that facilitates
reduci ng feedback for M MO systens through pernutation.

firmware, a combination of hardware and software, software, or software in execution.
For example, a component may be, but is not limited to being, a process running on a
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 component. One or more components can
reside within a process and/or thread of execution and a component may be localized on
one computer and/or distributed between two or more computers. In addition, these
components can execute from various computer readable media having various data
structures stored thereon. The components may communicate by way of local and/or
remote processes such as in accordance with a signal having one or more data packets
(e.g., data from one component interacting with another component in a local system,
distributed system, and/or across a network such as the Internet with other systems by
way of the signal).

[0031] Furthermore, various embodiments are described herein in connection
with a mobile device. A mobile device can also be called a system, subscriber unit,
subscriber station, mobile station, mobile, remote station, remote terminal, access
terminal, user terminal, terminal, wireless communication device, user agent, user
device, or user equipment (UE). A mobile device may be a cellular telephone, a
cordless telephone, a Session Initiation Protocol (SIP) phone, a wireless local loop
(WLL) station, a personal digital assistant (PDA), a handheld device having wireless
connection capability, computing device, or other processing device connected to a
wireless modem. Moreover, various embodiments are described herein in connection
with a base station, A base station may be utilized for communicating with mobile
device(s) and may also be referred to as an access point, Node B, or some other
terminology.

[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.),



100231FIG 7 is an illustration of an exanpl e nethodol ogy that generates

f eedback based upon pernuted codeword transm ssions. [0024]FIG 8 is an
illustration of an exanple nobile device that facilitates reduci ng feedback
by utili 2VR30BHaERGr d pernutation in a M M syst em enpl SHIAFZH70ER3Yr oup
rate control scheme. [0025]FIG 9 is an illustration of an exanple system
that facilitates reducing the anmount of feedback required to control
transmssions in a MM environnent baséd upon codeword pernutation.
[0026]FIG 10 is an illustration of an exanple w rel ess network environnment
t hat can be enployed in conjunction with the various systens and net hods
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reduced 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.
[0033] 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
be utilized for each group. Base station 102 may additionally include a transmitter
chain and a receiver chain, each of which can in turn comprise a plurality of
components associated with signal transmission and reception (e.g., processors,
modulators, multiplexers, demodulators, demultiplexers, antennas, efc.), as will be
appreciated by one skilled in the art.
[0034] Base station 102 may communicate with one or more mobile devices
such as mobile device 116 and mobile device 122; however, it is to be appreciated that
base station 102 may communicate with substantially any number of mobile devices
similar to mobile devices 116 and 122. Mobile devices 116 and 122 can be, for
example, cellular phones, smart phones, laptops, handheld communication devices,
handheld computing devices, satellite radios, global pesitioning systems, PDAs, and/or
any other suitable device for communicating over wireless communication system 100.
As depicted, mobile device 116 is in communication with antennas 112 and 114, where
antennas 112 and 114 transmit information to mobile device 116 over a forward link
118 and receive information from mobile device 116 over a reverse link 120,
Moreover, 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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transmissions and increase spatial diversity for each codeword. Pursuant to an
illustration, base station 102 may transmit over forward links 118 and 124 to mobile
devices 116 and 122. Base station 102 may mix codewords between antennas groups
and/or layers based upon a number of active antennas in the MIMO communication
system and the level of correspondence between codewords and layers. Base station
102 transmits codewords over forward hinks 118 and 124 in 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 vig 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



[ 0032] Mor eover, various aspects or features described herein may be

i npl enmented as a net hod, apparatus, or article of manufacture using standard
progr anmmi W@ 2808dBeR06 engi neeri ng techni ques. The term " ar tCAYES2HF7/0FEI6 act ur e”
as used herein is intended to enconpass a conputer program accessible from
any conputer-readabl e device, carrier, or nmedia. For exanple,
conput er -readabl e nedi a can i nclude but Yare not |limted to magnetic storage
devices (e.g., hard disk, floppy disk, magnetic strips, etc.), optical disks
(e.g., conpact disk (CD), digital versatile disk (DVD), etc.), 7 smart

cards, and .f}as0e RISk FRNHC 8S0 rmlg)%g&idtg Sﬂﬁ? ERfrste vakueE Yor K&yindvid@i etc.).

Addi tionally, various storage here| n can represent one or
nor e devi cebararet/aotennd, medewmdrwrttce-llleadeehmtdum1ﬂo$trmonra mggllem[h@lntmat i on.

The term "machi ne-readabl e nedi u an i e, t hout bein ted to,
wirel ess cI’(&ﬁ’ﬁé‘F%ﬂrﬁtﬁ r\?ﬁ‘i‘*ﬁ%@“"&t"?&“ é;ﬁ g]éaélf“\é\fsé]?ayg%eotﬁ‘ﬁﬁ‘ t fi‘f‘o{ﬂgﬁrﬁl ni ng,
and/ or car ok BRIl el RBE $16 érnﬂmrto%@éeastat[ Reb&vdri h chaKed Qbfdcd- 1. a

Wi rel ess comuni cation system 1 I's TllTustrated i n accordance wth" various
enbodi ment snatce semt sedirhigedei The @rﬂmekrnmgﬂbe tmnpnitisésver hmsersstink clamngl02 t hat
may i ncl ud% mul tlc%oﬁ)zantenna groups. For exanple, one antenna group may

i ncl ude antP@¥ny and 106, another group may conprise antennas 108 and

110, and anoggii {1 ondlasGuatif Y mhSbuiiFARA83ARR] KAbaAdrdddnoito_ant ennas

are illustr for eac antenna gfoup; however, nore or fewer antennas nay
be utilizedetioes b]aﬁcdndg]ﬂ@uﬁurﬁasbaﬁtsmtmndm@fﬁlynn&izamﬁ feedinak koyadjmstl ude a

transmtter chain and a recejver which can in turn, conprise a
plurality éf‘f’: SWBH'@HQ@S%}Q%@I%?]% V’ccﬁs gféﬂ%ijlo { (ﬁ% B e ept i on
(e.g., pro%%§é§?£t nfﬁ%%ﬂn@&%%mlﬁ%lbbh@hﬁ@i aths t&%ﬁﬁb‘h@«h@é $16 ﬁ#eJIM'IM(P' exers,
antennas, etc as w be apprecia y one skilled in the art

[ 0034] Base estiadriraent 10&rdiny te o pnmuta!aﬂmﬁM& butpmteetmamsr(]ree, modnd the dekplut es such

as nobile device 116 and nobil e devi e however i.s to be appreciated
That base SEHITOHIT ARV RO Nt Dt D B st AP HOREer  of

mobi | e devigg érle?lb@bﬁtﬁfanﬁlﬁ’llfﬁmﬂa‘?caﬁi\fﬁ(ﬁﬁsor}%r%édd&%% tr%ﬁhgsﬁ)nqs\éhﬂﬁé 116 and

122 can be, tor exanple l'ul'ar phones | apt ops, handhel d
conmuni cat |prmrmdmg |sme1ﬂ1ﬁdalefaeﬁ’vabldre¢almgu0 iah gutjmt/stmms fsah aidbule elemaei lbsto gl obal

positionin stens, P or any_ ot her su bl e vice faqr
communi cat ﬁﬁ@gﬁi@t&n 102 E@é‘% ﬁ%ﬂﬁtﬂ%]fqmdmll?rﬁae lgiﬁad’eeﬁ‘il P¥d, nobile
devi ce 116 eint @aSRTTUN6RM ANy Virhilr SN AR L2 AL dicpV IR Ercppibennas 112
and 114 tr r?sn]illt l(ls;r%f or %%?lﬁon t K\M 'Ear gew ce % vggd%ﬁz For vvar ]Irklt nk 118
and recei venayﬁmplnmmex&rémmarmﬂﬁahen thelmiqees] Basowetion |02may s€liké thk 120.
Mor eover, nobil vice 122 is in ¢o nication with antepnas 104 and 106,
wher e ant er?HBEhf%ﬁiélfe Clié%g t¥ F%U%Wﬁgﬁeicgﬂm’te@) IHYBY I"E{]?PéW W OPS9T over a
forward i nf, 124 anchi &FGhyE Eﬁt dt QMR 9 hfifni defen s & a
reverse |i %O éréb_r e‘%r equglhlcy%]tl{%‘:5 s(lﬂg)n&)cf@msex (S%:@IS ?%séyst em oéf{%a%lr d link
118 may ut idtﬁmmstaeadmsfdwer drtfofwadliekcharimahd than that used by reverse |ink
120, and f 6 dli nkl; 124 miié gpl oy jfferent frequency band fhan that
enpl oyed bﬁ erse |iYkngsprg lé‘i'éar?ﬁi 8 2 ceppyueationgapparatus 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. According to an illustration, communication apparatus 200 can be employed in

a MIMO syster where multiple antennas are employed to transmit and receive data

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 multipie physical

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



inatime division duplex (TDD) system forward link 118 and reverse |ink
120 may utilize a common frequency band and forward |ink 124 and reverse

i nk 126 W@agoosiosisoge a common frequency band. [ 0035] ThePSEUSaHO7AHSBhNnas
and/or the area in which they are designated to communi cate nay be referred
to as a sector of base station 102. For exanple, multiple antennas nmay be
designed to conmunicate to nobile devicé® in a sector of the areas covered
by base station 102. In comunication over forward |inks 118 and 124, the
transmtting antennas of base station 102 may utilize beanform ng to inprove
si gnal -t 0- pQi.se: ' | d hergevi ces 116
ang 122. AP %g@%aﬁ%%ﬂ%t%glg?%%ﬁ S?g{%%lﬂ% ﬁﬁjlhggga%égén %{trtﬁ n htvgnggsansm't to
mobi | e devieepingi&haimed 22 scattered randonly through an associ at ed

coverage, mpbhile devices in neighboring cells_ be subject t ess

i nt er f er end®33k corrp&%ogﬂmﬂ%caéloﬂé@%ar@tﬂlégp@ﬁ %PPQ%? H@H@'&WWSM@ ngl e
antenna to it i i i tem 100
R B U e S A
Further, sgslcetinclPO ArmagnnatRdt¢ Centasiy(SPXRE) oin d(PPaRiGhgchemehoiequodetvorddi vi de

comuni cation channels (e.g., faorward link, reverse link, ...) such as FDD,
TDD, and t RETESPRR4S twrl@ﬁﬂysr of %Wwﬁw@@wﬁ;}a@w% ¢ g JaBNGEY e PBIHGL i on to
11

reduce ano f e U tQ.1 : sm.ssi ons and
i ncrease sgat Ilngﬁf’ “diver 81 tyIrl f%lr{héegg?i 58%%1%?@%%@ (S)éh;eﬁ{éi ﬁcﬁst ration,
base st ati @hysl&? amdiyr virtasisaitdnne wansrhioy mala rbdoives aktparardial?dArebm nobi | e

devi ces 116, and 122, Base station 102 may m x codewor ds between antennas
groups andpwruliapgausly. Jaach datasgisan cAl ke epcoged afc*fqrsolegélﬁtaéﬁﬁabaﬁeﬁ UppR M MO
conmuni cat | - and: rds and
oyers. - RatBag SHE MRS cHerod B et 6172 ARSI SEy ORhURREAARI! 1 2154
i n per nut ediler tirsaghphats ebkhed by emplogmgtmalaiph ttamsmit apsmhapandahbltipk! ect ed
antennas in the M MO conmuni cati on system l\gbi | e devices 116 and 122

recei ve t h&SuEhtRtENas tapshcssiloRb A ehamels Betnands speimily; distingaished i ve

forward [i { [ f?%[ e
permut ati o?ﬁgc e%@%&%ﬁ%%%&lh@gﬁgng?# %%%A%%%ﬁggpﬁg Y, cﬁéﬁﬁﬁghdevi ce
116 and 122nd amnitttining amodntr fdesnibhcluctuirdtbtoach@iva alax toidaetier, dorakimpler £cei vi ng
per mut ed codewor ds _t hrough resEﬁcti ve forward |inks 118 and 124. In

addi tion, SBEICEAEREL wdicato 6CQhJs fobbagk jorrack chammel sodbatihe RabgBe ¢ovi ded

to base statian : t ] S$taN .. F 2 ,
mobi o devrantizd BeohfifhoF abfudiaeEhiBoRign AT, RID boRBbr SRR
opposed t o a@r@Madiingdudepspadl eo-valsuesid GNROAL highaldbMn@ifatenchplnp abise aatloenna,
codeword or th% i ke. According to an Jllustration, a_single quality val ue

accur at el y (}1efeSietbersugl mstricsiandfop A xaig comauted fiomnaich meayuisd WRRKIH t t ed

fromone o i i - . i : ver, the
BRIt e J st R S S R e B L el
over a revepkgk b lekershhniflsoliroeiapeoddial iadlQIO2 cachQiI3Nd Bagplstiahhels. 102 may
obtai n channel rel ated feedback from nobil e devices 116 and 122. Furt her,

base stati 8WHb2 nay Communieations apragaipuél) ¢ 1aelpdest reBdERbRihatt r ansni ssi ons
to nobile i j a pon 102
transmts ﬂu%ﬁ%ﬁs%a%%%{%g{tg OSJY t(]:lr2 %gﬁﬁﬁgf&%ﬁ?ﬁg&d@ﬁe@%@ s;c?x@%@wfek%ﬂgﬁvi r onnment
accordi ng 202 aarpggrfatindby@peahutbtiensautipthat sdchlatBstichmds traf8tted irt fret @xt put
streans am)ﬁg t he outglgit§ antennas). The multiple output streans, when

pernut ed, @XPERPeRTed sinsstmbysicalyandioriviriual aermasi BasexagwlawdBde, during
transm ssi el | 1§ : i | l- out put
streans f rgﬁf&nﬂéﬁiﬁr@gﬁ& c@w f%%p%éaﬁgg Léﬁ({s{trgﬁ%ﬁf%gﬁ% rlﬁ%é\%& ésag? O%gascg Oéf tation
102 and noblid feudentermas. 1P& ey 208 pleayutpeframtasf the datantraamsibisthatpdrdbhgossi m | ar

manner. Further, Hobi | e devices 1lﬁ and 122 %enﬁlﬁﬁ/ }i}fgcierfer ence

cancel | ati 8% B¥ERATGSEcem Baasmid on el foprpgienpas, Brferehsnd, thedads stmamsiasy

f eedback ( : f. :] aleNe nd one or
more. | nor ceun AR RAEH ) AV G20 ntlBlibd Kok Bk bRy

t ransm ssi prier todranaissivathyubhe sanseatmtennes, thhmotiviation syrthbaik aehaee! .

£

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 vig a first

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



10038] Turning to Fig. 2, illustrated is a communi cati ons apparatus 200 for
enpl oynent within a wireless conmmuni cati ons environnent. Comruni cations
appar at uswaoe@smwengobe a base station or a portion ther eoPCOUSHIOHISBE devi ce
or a portion thereof. According to an illustration, comrunication apparatus
200 can be enployed in a M MO system where nultiple antennas are enpl oyed to
transmt and receive data transm ssion. 1fThe antennas can be physical or
virtual antennas. A physical antenna is an antenna enployed to radiate a
signal and typically has a limted maxinumtransmt power. A virtual antenna
IS an antenna h%ﬁ%ﬁm‘é’g 'o%‘r A ﬁxﬁﬁ‘j‘f&% b ﬁﬂ@ﬂkﬁehﬁ%%‘&gh%h@fh\é'ffrétlb%ck?”t enna
does not necessarily radiate a signal. According to one€ exanple, a virtual
ant enna caof ffa s&od Bthestiph 4 dandhelitmpmited MM Ocehabhdls Dehrough 4 pl e physi cal
antennas through a vector of coefficients. Miltiple virtual antennas are

possi bl e byespeatvebodlieBoBeEPETPlosR0bedrpsysamy | Aoush dcihbe BARNIUEG t ual

0099 Cormin O shBlelEEE 1 R 13O EARRR | DIHER pYRIc PHPoLBARKIRA 7 ) 91
systens. Ogkanidlsty, 4CDeer8s VbR C e eniasnife blofkd @Mt (Rakait@arhtidk ( PARC)

or Sel ective Per Antenna Rate Control (SPARC). In a (S)PARC schene, one
codewor d comnaedoreyslingthoegh espl pf tie faundimplesyelingwermutaipas octha [Wh24 dat a

stream a physi,cal antenna Lriual enna or-the like, Accordingly, in
he” (S) PARBSIHE Rerm R ERR B BN et BB 421t 815 s & e SRR M or
recei ves atge@aiied ehélaydinglor pauds radddndpaaiutdtions Earbe galliad %6 6eganean be

encoded at varying data rates based upon, anong ot her things, interference

exper i encedclpgiedsuneirmri@hysion\aagdionyirtuabardennas sEachaltpck-ingh eerresppaditphisgh i s

achi eved by .enpl oying mul.tiple.transm.t antennas.and nmultiple receiver

At ennas ¢ SUEABLT B BB et BORE oo PP RARR R 1

di stingui siigbm@yendiddificl bhoh BbEs@RY e6trdyod MMasl sihRForhfin SPibdliczi NY

t hroughput for each channel and m nim zing anount of feedback required to
achi eve magravip2disyohols fothedknergbmaindrappiaispieh (ggabingle dapdirddMA, CONA, i s fed
back for eagﬁ channel so that the transmtter can maxi m ze throughput by

adj usting d%t’a rates on all channels. It is to be appreciated that a CQ can

include a Emmqil - t O- PRir@irpitht dath SHEAms éh §bdRAMMO icRimiciaicenamerbys noi se
ratio (SINR), or other such netrics and/or a value conputed from such

measur ed quidhpénmiugstionTificharngbetyaloikatings edalil ¢ peapdarnsedundtriv fabd WHizadps oach
consunes a.l t ,of .uplink or reverse |l.ink resaour i.n _providing a
G Tor eadtiiBih n ek of dhit i e BAB TR Ak Al NEHD SRBEVE s 200
can i ncl ude\@oRBIpIath 808 e URALHBARIHL R xAd idhcsd 1RARRe QU AmeRcdlditidhks bhy Of
antennas. In a (S)PARC schenme, pernuter 202 can performlayer pernutations

such that euchguprosided thedthe chatnea nemiing echrlynstaigrduring sheafrdnsonissionsdltect ed

subset of iC and/ or .vi rtual . gnt.ennas. . For_exampl e, a MO,.syst em can
e four DR SEetE Nl i e Priod e Bt SR choBrs S B e of

the four a@ésﬁﬂ@ﬁﬁsimﬁ%gﬂﬁﬁ(. 2 OSNRESTRHE @ﬁotﬁé@s’ﬁ@ﬁlnlféftrfié)h@ogéiﬁl trg@ms so that

portions of any given data streamtransmt on a our antennas. Beforehand,
t he data stespasttediNRcioneahtdfohaddty secioodbdyldibetver| dmed] anidnmppsd to

nodul ati on,s ols. However, .prior to tr m ssion by the transmit antennas,
The modul bR O9RERY SUCre A RHCRaEErIeAES Taryerd sy e HEERdet andom
pattern by speIRUtEle r@&}?ecti*ﬁ’é/SN’R){ o bé I EgbAtad Wah réd%@nélﬁé aéd_uPﬂc allon, a first
bl ock of each data streamis transmtted via a first conbinafi 6n of M MO

channel s. Fonrdeasehiore mdrogpmgattdhant previdingrsapdrete SR mchswenmykbntd forkgch

MIMQO channel. For example, the condensed 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



are to be transmtted over four M MO channel s nunbered 1 through 4. The
first block of data streans 1 through 4 can be transmtted by M MO channel s
1 t hr oughw® 20e84038896i vel y. Then, a second bl ock of the dRCI/ER2PEATES3E t hr ough
4 can be transmtted by M MO channels 2, 3, 4 and 1 respectively. The third
bl ocks can be transmtted by channels 3, 4, 1 and 2, respectively. The

remai ni ng bl ocks can be transmtted in f1Bis manner by cycling through each
of the four sinple cycling pernutations or the full 24 possible pernutations
of M MO channels 1 through 4. If only two or three streans are transmtted,
the cyclin UEoR g{f}ga 1 Sa [ : he

sel ected s%ﬂga{eltt@o phyrsn?éc%a aﬁgiw%¥§3§ﬁ antagaﬁsntgeg{.ﬂ' acht}%lsg%k&nég

cor r espond utibizetihSISRbc adjusieof the daga catpobthe mudchdng deta streéam.t Rer the second
frequency-domain tr In addition, each_bl ock may

nsm ssjon (e.qg., OFDVA).
cor respond daip Wem &Fﬁ@ﬂ%ﬁtﬁf ﬁssg?ﬁ%gﬁe %@SBJP@)@EROF egyalge the sum oh ®ti me- domai n
transm ssi QQfeﬁe%-cQSNRSeln'a%f/fi%réNﬁranE tt o 1tk ﬁcém‘diil AHPRMki 88, t he
data streans on a set of channe according to a [ "pernutation of
channel conhknalthehanemabl edizas dendansfbe reférene SNR hed oo tinrs dheadelfaeedback.
The bl ocks of each data streamare transmitted over all M MO channels.

Accor di ngl YN iraiwt thedatamateant socanisr pobdatpsiiermdpeedfiéthe sane channel

diti . ; : p Cotic duri
the.tr anomi 08 or SRR R SR s bt orh AR A By LS Tt N0
per nut at i ono afheatas OO Accivbathe pbrmeasd dith shcanisaaidet byiparmit ber. THI s (e. g.,
SNR, SINR or other such netric). For exanple, the respective SNRs for each
of the dat d°&tYE4ifs comGUInicaien aaparatye pan Rk BABLIG Ao priRLsbgregptin any
successi ve AR EEBAGAARIS 200 A0 BRLEPLIPHAR, S UIALBLE dapa st T eams.

The respective e Tepresente asonabl € accur acy

condensed fomihumdatios appatius 2R Pmolildddvicese pattaineth SR, teagbsieamidess f or
each M MO channel . For exanple, the condensed formcan include a reference
SNR and a debvatusrcarbe ¢ bpsrittation osmRctionbereel drhereeci GNRidsApPE6sdRgbedfd to t he
SNR val ue qf [l oded .dat h | ta.SNR~-val ue corresponds
to the di f&S‘FOglﬁtg%gt%%%%g%t @g%lg Sts?@éﬁnﬁ%{ﬂa@aﬁj%egﬁg%agé@gt%%% rom successi ve

i nt er f er engeconsneabd i i9 BwatcQiF4Rd I\E}ﬁ;utdti@ﬁ%ﬁﬂérﬁe%mﬂﬁ?ré&@y Pefitikired? gk
streans receives the condensed SNR via the reverse link or uplink. The

transm t t erthedia siganesaceens thooshdands dTisNreonstyetor 304ejcaiyes thedlerks &omates with
whi ch to encode. su ent _data streans. For exampl.e, the transmtter
Rssunes t heirbr LR Dedbiniihore B rElRl R s TR cuat 1o che
SNR neasur egdeditriiied 488 Sirais 4re bnPRdd3tadfesdiaCRBVall4t6r LOERIRdrinale the | |
utilize this SNR to adjust of the data rate of the matching data stream For
t he second W&tsofsthe datmstredias enrwmermtherdrQlagdupyes desveibad abamce dhIBKRtivelyequal to

th foth NR the del ta SNR. dj.ust. the d t
accor di nol yhe RS RRTRELes TS i i bt FabioTbiabtS &b’ Sum o
the refer engg|sN iR njun&idn! WS tHeRrH@bhEsh shiBnb %o ackivisthe SRR dRbher @i and so

on for each data streamthereafter. [0043]On the receiver side, a
corr espondivalpesonmuni cat i on apparatus simlar to apparatus 200 receives the

permuted d trea m xed. b ernmut er, .204. . The recei.ver side.co ni cation
Poparatus dlidle o montie ShistRe bR 200540 PR EFR SR Y £ S OE L4 B

appar at us 2Q(dewsrdavBaBesysiealsii® Bd@fio@tddBE ($PARM ISRl deSRDER LBV  For

conmmuni cati on apparatus 200 is a nobile device or portion thereof, the

recei ver si@émag‘pmmmuglc@mn twaratizad() is epplicablede 2 Por Ciap RateControl The
receiver si rat us i ngl reconstructor 204 that unm xes the pernuted
dat a strear@%ﬁ%g%g lg’tctoé%lwormﬂﬁg%ﬁ%m?'uctor 204 is aware of the pernutation

scheme enplioyg43] by peryrhingnbridQs «d piggisxﬂmbtmt@taltsan%ké@ﬁmy aGeRss the channels.
The reconstructor 204 receives the bl ocks fromeach of the M MO channel s and

r econst r uctoompEigtiogsHgrmPRP shad implements AROR € solrpng. urstam d80 kel are

anal yzed by f eedback evalwuat or, 2 t.o 1L.he.the SN f th at a
streans or d_saga tregrtnﬁ Zre'iﬁfta a!ea%sl aélg%a%%§&§%§25n%(g@g%ﬁ%@?ﬁ%?Wém,g' the M MO
channel est3nBtidgs,ahétmmB0 cuh de dedceibed &L SXONBMO §fstdth| Rtis & Secfddll be

enpl oyed in conjunction with the pernutation scheme to derive the SNRs or

ot her CQ \thitydditiohgoasnoayenddatasticoms spphe utilirzed200xpand the MEMID systemi n a

variety of 1591%5 Strcam 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



codeword M MO systens in addition to the (S)PARC schene descri bed above. For
exanpl e, conmmuni cation apparatus 200 is applicable to a Per G oup Rate
Control (MR&R@R/0B0sDE | - codeword M MO schene. [ 0045[ Tur ni ngCbftisedorp71586 Fi g. 3,
illustrated is an exenplary w reless comuni cati on system 300 t hat

i npl enents a PGRC schene. System 300 includes two data streans (i e , Data
Stream 1l and Data Stream 2) and four trgpsmt antennas 316- 322. Thus,
system 300 can be described as a 4x4 M MO system It is to be appreciated
that additional antennas and data streans can be utilized to expand the M MO
system Da tream 1 is encoded at a fif.st data rate. an oder 302. In
one exanpl b?’cg%%%&‘app%@“%ﬁﬂam %cﬁtewﬁé({' af@?ogg%oﬁ?sﬁ?%g%g ﬁvét@ a%? g%ﬁa of a
speci fied hengidieandl B Rtcrfbdvdd|308 K sniail@viRAR e PrddibPwhichdlockeddelnr d. The
codeword associated wi'th Data Stream 1 is interleaved by interleaver 304.

| nt er| eavi styeansata rearceged obrgowderashin ol nookcootigepud anaanst soedsio gnprovear r anged or

d di - ti . t,0 i . f . M
306 rocei vBETOIRENFR MAPRSt A0 TRt s e RtprIRa YR Strea GnorRS it P SHPLLUAUSBI s Lo be
transi {1 edyokils [8: @RLARARSyic ARANSS OBcodl 1Y, AieavaLo1 e Rpeer 312

performa simlar operation wth respect to Data Stream 2. [0046] Fol | owi ng
t he proces$ihgentdrnt heimihat epegatieanwsh respest oo PatagStedanci t 314 distributes the

encoded da reans _bet ween, the pl urali t f antennas 316-322. .ln one
bosei bl o Al but 1 oRoLaN e PLEsE et hs foRy F EUPBBIGH 0 encoded
data str eaﬁlsﬁ-ilﬁlgéi {ROERIAAE] 3B se&iind BANEM the Bl AR BeaRShtdsaN D2 encogled data

stream 1. Accordingly, antennas 320 and 322 transnmt a first and second
portion of pessideditritation sinteram326 caspasiitefisst potion of tucdded dpipstredratied t hat

a variety of other groupings can be enployed. For. exanpl e, groupi.ng circuit
314 can al PRECEMERAISGY gagﬁl%ltéﬁﬂcoé@d?o }5}1102&869}%& Ay e@‘?‘r]eaér?cf%alﬂfayant ennas
318 and S2gn{6has2069dedos bt h ARd sdind BErBHOTRBhaLd YRlERAepi cted i

Fig. 3 with two data streans an ur antennas, grouping circuit 314 can
choose anpngpsitiwelyodsishb e appbiattlition 8. vabetyefdilreg goupidee cawpoempldyehannel

rank, only_a part of the antennas are _sel ected a utilized for ta

1 ansni ss1 8AT YL 5P RE m&iﬁlﬂ%ﬁﬁﬁéﬂ&ﬂ?%ﬁ&@@%%i@ 5%@@@9@%&3&% used

to t i . i , { itted
o transm ;Lo dag Q%t%ﬂag? anl 323 Mr2nbARA da amid, %f{hcle)[e%i/%lﬂf ggétﬁrﬂsm e

t hrough t he ant enna Data Stream 2 may be transmtt t he

ant ennas 3l8piaed iBRiE, 3ith tvd datbereaappraad falredtehhas, gtdwpimntienitdd4 346G- 322 may
be either physical antennas, and/or virtual antennas. [0047] Referring back to
Fig. 2, théﬂqf@? FTOAE SEPosHale Fombaatians. dPen @B&@I@ﬁ%&‘@e‘éts@ §I?1ana§%r@m&t9@&f above

mul 1 - coneqdr Lt S SET AN AR L AP I Flaich HF el ontis 1

one | ayer (e aptendad 36 B30 8amd 320 ysdycad usad teetaamimiwot dadd stesateni@this ¢ase,l N t he
PCGRC schene described with respect to Fig. 3, one codeword corresponds to
one or two Na/dFem | maytdrangisiied thigheh bscateans 4 andbridariicean’ way be

Lransim ¢ od, 0002 Rl IR ANKEANT s BERN 1991 e ANPlhal GYShicliB Ot

achi eve the Sire mance i'ncreases 1 n sone € écause a codeword

can correspofd2? emaly\Wwe eithyispigaicalomtanng stal/oranttennatnndny | ayer conbi nations
result in an effectively .identical arrangenment as the original. The only

di ff erenceY¥iThg t he Rebens berkjetis.dntheapspeiptionandylifferantishfeedragkar group of
two ant eNNasnRhfs, SHBRPEL DoV wihREfrHRE Hthe '(é)P%l{('J Ealtenfé%éﬂ @enap%iie(?toctﬂgemr d

is to be
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

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



14 transmtted on a first antenna and a second portion a codeword on a
second antenna, one possible layer pernutation nerely results in:the first
portion O 2s03MEN tted on the second antenna and t hePEEHSHETBTE36G on on
the first antenna. Accordingly, in a PGRC scheme, pernutation should ideally
occur on a codeword | evel. [0048] Pernuter 202 pernutes codewords in
accordance with the nunber of active phisical or virtual antennas and the
nunber of |ayers coupled to each codeword. For exanple, in a 4x4 M MO system
(i.e., 4 input layers and 4 output |ayers) enploying a PGRC schene, pernuter

202 and co LiGad b9R FARRA AL Sn PO BRI ST AREd orti‘?);ﬂra %%P&’ic?& aig, sfpendi ng

on codeword correspondence and antenna activity. First, onfg one ant enna
i s active, pesithuhycrepdnontasipp areatly scs200irt thafissripbictdicin gasarsmettest aretaen t hr ough
the sole acti vg antenn%'Hf Permut er 202 does not per rrutec{,hq dat a%(%é eans as

there is oPfopnéaeermmIdibe pesand potp onithshighaennge AReardinglys e nnas are

active andscq@ﬁ_{éhgé}g]glm{og Sﬁ&ﬁa?‘?ﬁgﬁggg‘ﬂ&?ﬁ?@dk@gﬁrlévelpOmmni cati on apparat us

200 transmts ta stream WO active antennas as a group. A
first port{48pf thePdatmacsI02ermibiteaosdawiosdd inraocgtameeavidf the hembaoofant ennas

and a second, portion transmts through the other antenna of {he group.

Per nut er zwIV@a}hyglwh%m%ﬁmtywé@ﬁﬁﬂ@ fugben gt @ygrﬁ@ew% %qCEﬁgdeth& snmitted

benef 1 ts. TR CREDTG It k4 SO RGHAD 0P olEhyls nfd 03Pl BOGK) bABRYine o1 e
is a base @RAGREHdent] pagniuke 202 andgemeliheetion gpatdd’ 200 fdrforihvme af fowre

antennas. [0049]Thjrd, .if two antennas are active and each cqodewpr

cor r espond §PFTEINSSICARIdNG e eddeworbePIEgsBeRdcAsANd itEHA aRibYBS . Flesh ¥cation
appar at us ] tgﬁ gﬁﬁ r I ent data

rates wt hgg%%%&gpﬁgg%&tef ansm lt%?t?%l W@ﬁ%hﬁg@n%ﬁ?ﬁ%gta%ng%: E|fa'\;ﬁ{e ant ennas.

Permuter 2@o béle aativeyanp@inal Pesnitie2(Ovides asiepvamds: the das strédies 4swo act i ve
antennas. In this exanple, successive blocks of a given codeword are

t ransni t t edhorhis@nlphons dopehirationdp thininsencaoyecendapive amderap gk aHivekidbf a

Cecana ant SOOSTbH! Blrehthk Ut bl SiooBRp AP o BB RAGS SR B IR 570

of a seconda@edenntigdolig (he\tva aCORintdmAg @rafﬁﬁapmtfmsid@mmbmerdata%rwti ng
the codewords in this manner results in each codeword experiencing

subst ant i abirgan Henseufsshiohahaas oLGAdVe pRiRBIASIRG $ Sceand HoEELBRRMEGSNDr i ses a
base CQ T frhlggﬁ@lﬁgﬂ%gepﬁmé& Rhe gx%gl}%eﬁﬁ‘u‘%?r%ﬁgc‘ﬁﬁ %ﬁ@@?ﬁcaﬁ@%&é%' al CQ

reflecting aln-optai ne cancel'li'n eren ne codeword

through sudgesgtae pbhioas trefignieed sANBEWRirtethas MY ®ON @ftion ddes @acittagogswor d
can experience an increased spatial diversity, which inproves the robustness

of the syspedionndhenafds.lagbistseuaton thedesdbaccensential fualataoraternedjusipentts sig
I R o
essenti al | ypgdop same Thivdaif RiRenteeigE: Asiviibhdeath(CONEARE ®eksrmdsdeser i bed
Stpra. single layer, then there are two codewords. Communication apparatus 200 transmits the
data as two streams encoded at different data rates with each stream transmitting
through one of the two active antennas. Permuter 202 symmetrically permutes the two
codewords across the two active antenmnas. In this example, successive blocks of a given
codeword are transmitted through different antennas. For example, a first block of a
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 STNR gain obtained by cancelling

interference of one codeword through successive interference cancellation. Moreover,



[ 0050] Fourth, if three antennas are active, a codeword may correspond to a
single layer while the other codeword may correspond to two layers. In this
case, pemiens/o3®B6 should symmetrically pernute the twoPESASHITHES¥cr oss t he
three active antennas. Accordingly, pernuter 202 can operate in situation
where the codeword-tol ayer correspondence is not equivalent for al

codewords. [0051]Finally, if four antenifs are active and each codeword
corresponds to two | ayers, communi cation apparatus 200 comuni cates data as
two data streans encoded at different data rates with each data stream

transni U1 0g UGN AnGLOURNEL of HRrANERAR i REIL AR SV r cal 1y

pernutes the two codewor across t groups of ant ennas.

per nut at i orctesthessofalppdsiseth dapethdsepprd GQls arcemmat dyede fiengparting deleg. The
details of the permutation schenes are descrjped infra. [0052] The pernuted
codewor ds Fhasmglestinstipn errer, gnd eibsrs; dihersiorer with jwa ashve:a9mnahditd @ebst anti al | y

simlar ch L L i I I g%&qem -The
receiver eﬁ%&%sr&gﬁxg%%glg@@%Efﬁ#gel%*%?%ér@g@ghggﬁ?at| on Yo }lm%%@etlﬁg SI NR of
t he secondPGRG@sdiemeagwitRec@GNBARCGCheém2Bekeribed H@ra.ecei ver side unm xes the

two codewords. Reconstructor 204 is aware of the pernutation scheme utilized
by per mut el®28d of tﬁ@uﬁthaéﬁ@ﬁﬁ%ﬂéfinn%afﬁiaﬁﬂ‘t’%éCeg‘ﬁ'é‘?z@rf%?é’.C%??ép%’fd ®Re two

codewor ds e, facanshishedand, fsserad, cEeedback e¥alual of, @Re geasur es the

SINR val ue™ 0 fi1rst decoded co a str eval uat or

206 enpl oy peingerdCated ddgindneti¢atiapetoute eomat dodetvonls acegetierthtee atthe
interference that it created during transm ssion. The regenerat ed
i nt er f er en@RCRRAT. KHECRMIREAY.INSEWEE 26F canperipiBrsiyatian whesfhe epsdeyatditost r eans.

Thus, the zag?pé]%gegﬁél?dﬁgggﬁ%m ﬁ@“@ﬁﬂggﬁgﬁ‘@ C\g;)giﬁ‘ggleafsdecoded with | ess

interferen in-a or the stream Accordingly,

t he essent @511 eedbatknally, d fhas@tcbhds drepsegenticach tdRwOIdNRefspbiB thi r st
decoded codeword or data streamand a differential CQ representing the SINR
gai n obt ai H&elaygrseearempicaEn apparafisel0cormariestestdata 35 therdatodeaBs d by

successi ve gh&)td%& bé (ﬁi?f'efe%t SAREELd Jhh g?ch da%a%tle?&sr?%‘gﬁtﬁhg?hréﬁgtg% ou? of

illustrated is a wiréless conmunication system uates codeword

per nut at i ofwd Bntdnids MBefyngte20263 ¥ vt 0 lyepcies sieteecod Sy side e b@thic iwb udes
two data streans (i.e., Data Stream 1 and Data Stream 2) and four transmt
ant ennas 3gBuppof antpanas. e pemuigmn sshemesepliv depengs vped thodniengtream 1 i s

encoded at first.data ! .. 1n l.e, encoder 302
partitions g%aupg{ tlrhezgéh Iﬁ‘faﬁ?%%l %?fﬁg? ﬁaﬁﬁlgz@{?g ?égl%enéessaﬁggﬁcﬁéwg ﬁgt h and the

bl ocks are|gomped i nThe peMhited Yodeadedwifrghrovelip G adMRpaingbesigtaad W th Data
Stream | is interleaved bé interl eaver 304. Interl eavi glg_ IS a process by

whi ch bl ocRxpsricaceiabatastial daechassg! candjiensoesyltng eweldbehevgd S9NRcont i guous

manner so Lopr.ove performance.. Ma r 306 recej.ves the inte ved
ctream and Tupe T AR TROGS OB GRS S BNV utrtio W RS TRY ehnas.
Encoder 308f thent@inkieRwedtredh) RaRendtmipRe 2087 HRaeEOVen stdesinfhiked thepesat i on with
respect to Data Stream 2. [0054] Fol | ow ng the processing of the data

streans, aceaniilngReconstnctore4 is aware of the permutation scheme utilized by permuter
202 of the transmitter to mix the codewords. One of the two codewords is reconstructed

and decoded. Feedback evaluator 206 measures the SINR value of the first decoded
codeword or data stream. Feedback evaluator 206 employs the decoded data stream to
reconstruct or regenerate the interference that it created during transmission. The
regenerated interference 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.



di stributes the encoded data streans between the plurality of antennas
316-322. In one possible distribution, antenna 316 can transmt a first
portion OYO_2iW808H dat a stream 1 and antenna 318 can tr BAEMSR0Z0EE¥0oNnd
portion of encoded data stream 1. Accordingly, antennas 320 and 322 can
transmt a first and second portion of encoded data stream 2 respectively.
It is to be appreciated that a variety bf other groupings can be enpl oyed.
For exanple, grouping circuit 314 can allocate antennas 316 and 320 for
encoded data stream 1 and antennas 318 and 322 for encoded data stream 2. In
the exenpl foss Eyst erremElodle! 4) iMisharet ith Wil P cli@iRinRbiGAIRANOS

ant ennas, groupi ng circui can oose anong si x possi bl € conbi nati ons.
[ 0055] Syst ¢t éiﬂiébttiaﬂmdmdewom:[baumw,itmn pea MIMED sybbdn ehgloyimra PGRAT sdemedewor d

tat t bj ect di | t 402
Fecel ves ¢ RESEROBA A1 6P ABBRIBHTE A Guw et SETt | 334 DR SR AN § i wes
O per MUt €5 140 £94ARDHS Y s%ﬁaﬁao@mfwwgme@g%ta@m Py

per nut ati on enes aré shown ' in W th respect to I'n exenpl ary
syst em 400¢ndoded ntnfist dath rae by ue eanidendEs Inonaszameld, etzrmoﬁm~ F0@artitions whi ch

case there_are.six possjble antenna s .t hat p each code rdtotwo
ant ennas aRdtasiticadbt FEQ BBAET Plgcksmtars %E%‘i\g’% aﬁ}llﬁ FigrATe ARERRSM\Dr cover

for each | Bar; GORSARI driRRiALLBld &Ebc%ﬁ%k?ﬁﬁﬁf[)afti‘%&nﬁ% hilealid T ent

i ntra-codeword pernutation s enes erent 1ntra-co evvor per nut ati on
schenes fomtaﬁeamﬂm- dn@eaniing 3erprotads bpwhith etk afondata kiudaen 4ro further 17

i nproving the systemrobustness, spatial diversit and/ or feedback

i nf or mat i omar@agr@tqrdﬁoridﬁreﬂm§ne%aﬁﬁr@0u¢manmsa@%b ’é‘?tP?fFPm@B‘E?ﬂ bI ock of

a codeword f
previ ous bNaz)lEH or e%%g}‘é&%@?ﬁ%ﬂ%ﬁﬁ@éﬁ?@@%ﬁ%ﬁ S transmtted
t hrough antramingittodvigrtbe pitaghas o Bpcadee 30@ nttenassr 3lGarmneagis 312 perfeecond bl ock

of the codeword is transmitted through the second antenna grouping
conpri si ngSEHEE ARSI YItE Feppgstso 8%f-erring now to Figs. 5a-g,

crerm! a1 Sayor PSSR0 AELEED A IERIET s g apPRSCe, o

sinplicity € 11 aritennas and two

codewor ds. dikhilagesahe bhdded dath bigcamid beswedn tﬂe prmmiﬁgz bfhetcinesy 3 bS2pelmvideaat | on
schenmes can be applied to systens including_a greater or |esser numnber of

ant ennas ah@sstdedigsitysion méenaeéﬂé@@dtrwﬁéheeﬂrsap@f@né’ﬁ@m@ detasere luti i zed
In system gg%aﬁ%{erh 2 88 dn tr\Qﬁéﬂlﬁa%E&nH%%ﬁ q%'roffggﬁéafegpﬁeg#%ﬁ' 19 cc%hﬁn@?sg bl e

In system ree groupings are s 1ons O her

three. Accan@hmgl320 aEd 932 chatrghsintich flisdudl deyond parsibn af endoded i egeamver al |
groupi ngs absent the reflections. [0057] Turni nﬁ)@to Fig. 5a, a pernutation
scheme is &RSpravely. 1t tabe papieeipisd atp@aa@ets’ efhsr growames can ke pEployethsmi t t ed

L a%?&&%@%g&’&rﬁ%&%uﬁj 39 c%ﬂ%ﬁ@&fee r%&en%g§3g6n %J%)%‘Q’f% gngc}de& gattahus

transmtted over rou nas

appreci at edir¢daat ahd aﬁthmsysmm Bsmforreﬁédd%atdlatarsxre@mmevmrtﬂk dxen®pliry3ngemt t ed
over antennas 3 and 4 and codeword 2 over antennas 1 and 2. In the PGRC with

codeword péepiciedin Kig 4paitwoodntaerams sad 4 calsanii EEupingr @ropt3id it t ed over
bot h ant engﬁo%[%%ﬁhg %sfﬁf% ‘Hﬂwlﬂa?gés?] Referring to Fig. 5b, illustrated is

anot her possibl'e pernutiatt on sc
[0055] System 400 further includes a permuter 402 that facilitates codeword

permutation according to one aspect of the subject disclosure. Permuter 402 receives
the antenna grouping from group circuit 314 and symmetrically mixes or permutes the
two codewords over both antenna groups. Some exemplary permutation schemes are
shown infra with respect to Figs. Sa-¢. In exemplary system 400, the number of active
antennas 18 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



Antennas 1 and 3 transmt codeword 1 and antennas 2 and 4 transmt codeword
2 under the original PGRC groupings. In the symetrical grouping, codeword 1
transmts over antennas 2 and 4 and codeword 2 transmits over antennas 1 and
3. Fol | oNA&BBHMSMor d per nut ati on, each codeword transnPETEFENTATISG our
antennas. In particular, successive bl ocks of each codeword transmt over
alternate groups. For exanple, in Fig. 5b, the first bl ocks of codeword 1
transmit over antennas 1 and 3 and the héxt blocks transmit over antennas 2
and 4. [0059] Turning now to Fig. Sc, another pernutation schene is
iIIustrated In the original PGRC, codeword 1 is transmtted over antennas 1

and 4 and ?Qh@b)}bﬁém fobubthansiPatihedvayiey, aAlioe fRasack iafofmatiodol | owl ng
codeword perrruta ion,” codewords 1 and 2 are transnitted over all four

ant ennas aseddetiircinghis craopie] Retlewitigmyrmuiation eE@hgblOQd of yemdeazmd ker

pernutation sch is ill In this.ex are thre tive
ant ennas aH@" Wﬁﬁn%%%%ﬁ'ad@%t ij gowyihen dﬁﬁ?oﬁ) Bﬁf ﬁ?frf’é‘am%eﬁcvm; | e
codewor d 204k ER0N 6K ddleiori llsa«eaﬁgrﬁmeh Rhrbigh & AéMAl gr&iFRey coppawerd 1 s
transmtted over antenna 1 and codeword 2 iS transmtte over antennas 2 and

3. Fol | owi agtcnmdélbmadd Bés. e sacoadblock dEthe rcddeviord nsitransaritied thaouphithe ed over

Il th ti t . Vile Fig. 5 # be e
oL L e 2t Lol Wb e g A7, 1l g Pl on

codewor ds ebe per %P&ﬁ‘ n%ﬁ&ﬁ?"t@l?&@ $Qg %x%ﬁl?l!ﬁ'?cé&ém bt S dh schemes

Addi tional 'y, codeword undergo i ntra-codeword pernutation as descri bed
i nfra. [006&]@rqtndn§0mdw pnmp(Faegof ﬁmphalmy)oifmqplm‘amplthe panmitsllugratsthene s

illustrated de i,n WO atio dlntr -.codewor d

ber mut at 1 oAt eTRaR STt o, fivh DR Fenf i St eebaR 156 Boaevor ds
across ant ﬁ&%tﬂ[&x%ﬁeméﬂah%e%@ﬂﬁé@ﬂb@ ﬂ@ﬁ)ﬁ'&ﬁ&ddt g&'a&fr%% lds@r REABELAMY a
codeword within an antenna group. For exanpl e, Sc depicts an

inter- codeamlenlnqsandm@wurds s"Ehaat@uztedmchame& m‘etehanplae;poﬁihe@ utdizBdqn 5¢c with
the addition of4 sln%tlng tﬁres ctivegﬁcﬂgtlon 1of t he codewords.
In the ori §T¥&N % fe FHROBIO 'S YUERIGEIOUP PEBP BESSH'F & PPEAL T t ed
over antenrﬂﬁeel ) nk@@re ?ﬁ{nﬁe@rnca!l?&fe'cﬁ sﬁ‘)f‘tﬁe SthanHfdet tA?déoRﬂﬁg'l Fbeas 4.
Simlarly, the portion o odeword 2 [ abel edX|stransmtte over antenna 2

and the poitdiadudlbtiiigrhtertheshiee anemil gtegings ebscanthereeionf t er permut ati on,

the portio el ed iSs not _only transm.tteq over .antenn 1 and (or
ant ennas 1?‘5#3?3) but! WHRg FeFig. %‘%/é‘d’seﬁ‘?‘fl@“% eEIe|1s fieRjrtedn Ib%ﬁ%‘gtm

101! R B SO SAe REARC ARER

per nut at i oand anCodewordd! isnthusyittahsrittcd oveacte wtethapgoupofaritemas 3 and 4. It
is to be appreciated that in the symmetrical reflection, codeword 1 is transmitted over
antennas 3 and 4 and codeword 2 over antennas 1 and 2. In the PGRC with codeword
permutation, both codeword 1 and codeword 2 are transmitted over both antenna
groupings as shown.
[0058] Referring to Fig. Sb, illustrated is another possible permutation scheme,
Antennas 1 and 3 transmit codeword 1 and antennas 2 and 4 transmit codeword 2 under
the original PGRC groupings. In the symmetrical grouping, codeword 1 transmits over
antennas 2 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. Sh, the
first blocks of codeword 1 transmit over antennas 1 and 3 and the next blocks transmit
over antennas 2 and 4.
[0059] Tuming now to Fig, 5S¢, another permutation scheme is illustrated. In the

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



[ 0062] Referring now to Fig. 5f, another exanple pernutation schene is
illustrated depicting codeword pernutation without regard for original

ant enna grooMIsHgeso6 I n the origi nal PGRC, codeword 1 andPE3ASN 71536
correspond to two |ayers. Codeword 1 is transmtted on antennas 1 and 2 and
codeword 2 is transmtted on antennas 3 and 4. After pernutation, codewords
1 and 2 are both transmtted over all fo8ir antennas based upon a cycling of
all permutation patterns described supra with regard to Figs. 5a-c. In
accordance with an aspect of the subject disclosure, pernutation 19 is not

limted t Otﬁﬁ%ﬁiﬁt@@bv%%ﬂgs LR P&%mﬁgkgwggmﬁmmg B4Ry TP ahST NY

antennas 1 an can transmf portions o ewor ds ‘concurrently as
shown. [ 00@3frdtrammtedowertal fEmpntdngas ssedepartat her pernut ati on schene is
illustrated, Fig. 5g_depicts int F-cgdev\ord ernut ati on as s,ho]!/n in Fig. b5e

and per mut 4004 "wi t hEGECTHRYAPY 1 &% Pflgl i APOhRE RATHHIAB SHFYS!S A4 SER N i n
Fig. Sf. | Hﬂ@eﬁ?ﬂﬂﬂé Mflre %@;ﬁ& eGP Hiidnl alfcﬁaggtftg?é%'ofhsl CRBGLRAT A 1S

transmtted over arnténna the portion Is transmtted over
ant enna 4. cSirespbadd tp,onfsheneplay¢rivarilecfodewdehbeatredpdraised edo Myes. tn dresmi t t ed

over antenna 2 and.the portign |abeled Y is transmtted over . antenna 3.
After per w@f‘&tﬁagﬁnghéo%b‘Wiigﬁ%tri‘%ﬁﬁéﬁ%o‘ﬁf apfennd awijch%&wég @ﬂ%‘ﬁ%ﬂ%&%@ over
all four a i t el i ) r,.exanple, if
The porti on PaSTd 4B0LS. FEASH el Bitiq Hehlitn, S00UAIPS anfRlaexalD & 1 g
i S not restimahahitidd bocradil lreraacB8vd antennast WéailkdRigriill dopi@paaytlingtgeemotation nal

groupi ng). Thus,  according.to one aspect of, the subjec i scl osure, full

per nut at | oR2¢HR: he éwFfOSfcb@mq%Png At $oolpite F(g-e??m&f@s ﬂ’@d’@ﬂ%‘@?@é 3B at i ng
to pernuti i; | GO : } ted Wil e,
for pur posggpg s?'@rrf% |€41t%m6%béggg€gﬁi§t8f‘ﬂ%%t ‘egar&eﬁﬁlﬁ%%%?g(gqe‘g@rg?gﬂ hown and

descri bed asdags étttaasdefvotp@mutdtionss deschibedigier st ood and appreci ated t hat

t he met hodol ogies are not limted by the order of acts, as sone acts may, in
accor dance [0#&4 one drrwBe 8ow e &ig. Penngtheg gxample peanytaigenesthe®eder s and/ or

concurr ent ity Jafe) @ik ARLS0EABH kBRGNS Atk ASRER bReSh ABE SR, | FOr

exanpl e, those s he "art nders eclate that a

met hodol ogyntepubdbwalrd permaitationl iy tHeepetapiatdseof adleadrds tersk antenifia grotipy.r el at ed
states or events, such as in a state diagram Moreover, not all illustrated
acts may béntreedemend permutgioarelates 4o ﬁm%@aadgﬁewwdafé%n@a%@nw £QUBne or

ror e emodig Bl o1k HGSIT A rer Kb pebhi4atib A Lo Xidhib gl 09y 600

that facilita
depicted 1n Fig. S¢ with the addition of labels indicating the respective portions of the

codewords. In the original PGRC, the portion of codeword 1 labeled A is transmitted
over antenna 1 and the portion labeled B is transmitted over antenna 4. Similarly, the
portion of codeword 2 labeled X is transmitted over antenna 2 and the portion labeled Y
is transmitted over antenna 3. After permutation, the portion labeled A is not only
transmitted over antennas 1 and 2 (or antennas 1 and 3) but, rather, transmits over all
four antennas. The portions labeled B, X and Y are similarly permuted and transmitted.
Thus, according to one aspect of the subject disclosure, intra-codeword permutation can
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. 5a-¢. In accordance with an aspect of the subject disclosure, permutation



reduci ng feedback for M MO systens by pernuted codewords prior to

transm ssion. At 602, antenna groups are determ ned An antenna group can

i ncl ude ovezms/ossoe physical or virtual antennas of thePOTUSE®YETTEM Ant enna
groups are determ ned based upon the M MO configuration, the nunber of
active antennas, the nunber of streans to be transmtted and the manner in
whi ch the data streans are encoded. Forl®exanple, in a M MO configuration
with four active antennas and two streans, two groups of two antennas each
can be enployed. At 604, codewords are permnmuted over the antenna groups.
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comi nbat i omgteteparmd 2upanrahibait porivne bf béth codoupds endutrbetividBosanf i gur ati on.
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[ 0066] Now methentrrefayd t@ofbigal ahtenink lprsipiras asl shovainEghsl dh olgyor@al PGRC,

provi des feedback based upon Ber mut ed codewords transmtted in.a M MO

envi r onmenthe partionogf cogeweiisk blabeled dvis igasmitted peeramixaga Jiaad ha ptiah d | nk
channel or I ' : I are
v ed balBare L tehindi ol SR, SRUETL Albor PR of SRR SRR

transm ssi @tanfnitiddvet heeriatParsl the portioaN{tREENH thghstnditd dier shte@oword i s
decoded and reconstructed. Further, the interference created by the first

st ream dur T peranEHOEs theportions dehelesr A BdX, and Y7 ars tramsmitted ayst ol SWF eam

decoa g, RE S RHBRLIaRURYY g BuARERRRE, MRECHEAIPhLNGRED AL,

cancel | ed amdbd henslitNR yRdniendaltp iRVRStiond fabélBE&BE s abEregdidicdite aatenithed g.est r eans
and codewords, the interference created during transm ssion of the newly
decoded st theasgrons angeyanér heswiging Bouping).i Tow, perording suons aspemef thei th regard

to |ater dego : SET , f n al 706 is repeated until all data
streans hag@”%’gghs%g)é@%g@gﬁagﬁ%%{agglgﬁasiwj%?{‘ed. At 708, feedback is provided on
the uplink|gsd4] hat dakerring & FighUs? maheddadicdrladeo bernhipERegewnsHs ir mance
of subsequent data transm ssions. The feedback conprises a base channel

qual ity i naidticedewbMIM@sysens arg iHnwratsds SWhilgy dopurpesss af8MBLINIRY 9Bl ue of

the first degoded c rd, and a differentjal. reflectdn he increase in
SINR obt ai HOeBGORa T Sreti<r R B on Pl e n g SRS 66 P08 y
decoded codgawdsd aldOfpiddidtedmtlat the encliitioRphiddta@sinbtahited By Aeoeddlangas W th one
or nore aspects described herein, inferences can be made regardi ng

i denti fyi ngs $0Rg $as MAY.aARaeTdaNse avith aricrng muwel embediments, egr itdiffeessbondence,
provi di ng channel, rel at ed f.eedpha utidizing .channel .rel.ated f.eedback, etc.
e Used hePh s i tphF SRERer &k ek P SRR SRR IRt T L o ¢ e
process of cxgasiONhoHG sRARMLN He zirﬂxﬁvﬂ_[ﬁﬂdéﬂ;tsﬁidehh@%pﬁﬁecﬁaf&hﬁﬁ’asﬁl@ﬁibd@lﬂgﬂr ronment,
and/ or user froma set of observations as captured via events and/or data.

| nf erence eawdplcrapipyady belrapeescated v # yeries opderdlated states or eventasn¢hors,ingr can

generate a_probability distributi.ogn over states, for anple. The inference
oan be. 2 roBlen i Moo Piract il A e Pl s B BG H

di stributi eRtipdelogsiRhe&prdincé Rit@dRs br RREEEMBEiResQNSi deration of data and
events. Inference can also refer to techni ques enpl oyed for conposing

hi gher - | evéli068yent s eerngtoskig. ofillesiwtndss amtdolimy £00ghaHadihfatasence resul ts
in the con i ts or.actions, froma,set of observed events
and/ or st o?%ié‘ H@%e n@bgéal? fé?%vmg P?ﬁte%l% b}ﬁ %%m%lﬁeed %‘{5’%}%@ gdsé%r]eo r E%Fr?légln}ﬁsé%ﬂ'i ¢ cl ose
tenporal pb6OXiafichiia giougs whelcbemiddle Aavandiha ansipdahandedEods amease or several
event and data sources.

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



[ 0068] According to an exanple, one or nore nethods presented above can

i ncl ude making i nferences pertaining to selecting a nmanner by which to group
transm t vedR@80ads0¢ e. 9., sel ecting groupi ngs based uponPCHAISZWAOTSEE t O

| ayer correspondence and active antennas). By way of further illustration,
an inference may be nmade related to sel ecting whether to pernute codewords
in circunstances wherein benefits may o020 may not be obtained. It will be
appreci ated that the foregoing exanples are illustrative in nature and are
not intended to limt the nunber of inferences that can be nmade or the

manner in whic [ EL%E g@-&g !ﬂ%ﬁi‘ | O R, WG Loy | arious
enbodi nent %ﬁ@?@%%@p 0 s)t es?:)rf?%e:a e?&cﬂ%pg[ %gv Fi 8{]0%&’?12“%53%?% ustration
of a nobi | destads apondi00 sizbaf tHeagolpstant] else MM tordighetidhaFlor byamitlé,la 4x4ng

codeword pernutation in a M MO system enpl oyi,r‘rég a Per Gro%g Rat e Control
(PGRC)  sch®HMO opmfigusatipn,y il aBign RS COBPTIAMESwE; APAINBDACH Rat 2 FRERTIYes a

o1 gnal 11 OOt d DSLARGEY. Rud BESNIEIALLERNR s> AWK, e RtkoRRE o 1o

typi cal ac ereon ers, a I'es, downconverts, etc.) the
recei ved sicgdwatordddle diagirhittee sid the astomsh grbopeesic tiginaicht @dewbai, in saniy es.
Recei ver 802 can be, for exanple, an MVBE receiver, and can conprise a
denodul at ofragwatiehayerlmngarpYul at e recei ved synbols and provide themto a

processor or ch i i OR.. SQr asSor
Gedi cat od (00ghal =i ARNPIeFERL T Kle PILhORERS A mahiucian D Raflipss

gener at i ng f¢edbaukibédipdnieriniRd ol efirdf rmsndtitd ansMIMC enddameat. pADCessOr
that controls one or nore conponents of nobil e device 800, and/or a

processor tRAtperBYigd spdawordsaresecsivednion lareard Nakachapnelas dowahnig (8., Hener at es
b < o Y™ . |
component VM skiARTBLERE 2atprtt BAOR, &b BB bbb Bih hemflP, Ponart y

conpri se nenloyed@Bpdrimte themop®i & trv@inssial PAETD4, thepfac@RABN coBRbpaihgt hat
may store data to be transmtted, received data, information related to

avai | abl e &hafiFrsradevwrad & desednd andagcanstrrcte aliyrthes the fyienferenoe caamigddyy
nterferengs @kt SR urid AhIRLLOR  RpdlEfd CAPREIHANER, Ghapfel . pover,
rate, or the Tike, and amy ot nher sul e rnformation for estimating a

channel andogesponding & 4 Agkt\tbdewdid icdandel andeomisituBes. D&ﬁn?dééddiiﬁg@&id y store
protocol s and/or algorithns_associated with estimating and/or _utilizing a

channel (eregencipiedfigierfpisaes bawdbe fitshgeroded stirpseis cangetley and B BINR valia |  be
i at [t J 08 i i b
R 4 g T R e e T

" nc vol atil e

and nonvol gbih@trimiiidon EythvaywBf ddcbdddstreahiiorogemdithed @ bé filidcdtih €,
nonvol atil e nenory can include read only nenory (ROV), progranmabl e ROM
(PROV), el sumne meangryvigh sgrisimidtiederoind sipmms) Reteranse mpmsral y0e isaspgstest PROV

(R, wii SRR SRR e P LA B0 dBRR e 47 Fod RGEBRERon and ot
limtati on&rd%ﬁlédioil t8Y apliigddcethhdafiiye efc%ﬁdﬁﬁeﬁsl@zﬁh BSmaNdinprers RAM (SRAM ,
dynam ¢ RAM (DRAM), synchronous DRAM (SDRAM, doubl e data rate SDRAM ( DDR

SDRAM) , eninerfereinSDRAMDS EBDRMAL: traytsmansk dbsiorRmmyiseanbas dherte! Ranbus
e R
menory. decoded codeword and a differential CQI reflecting the increase in SINR obtained by

cancelling the interference of the first or previously decoded codewords.

[06067] It will be appreciated that, in accordance with one 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



[ 0072] Recei ver 802 is further operatively coupled to a depernuter 810 t hat
unm xes the codewords transmtted over the forward |ink channel or downli nk
channel BYO 200848806t ati on to nobil e device 800. The codBEBUFEFPESHer nut ed
prior to transm ssion to increase the spatial diversity of each codeword and
reduce the anmount of feedback required to adjust the channels for increased
performance. Since all the codewords ar2l transmtted over all the antennas
of the M MO system the codewords experience essentially the sane
conditions. The SNR or SINR val ues of the codewords will be well-behaved and
closely re Adai I ] | : b il he

unm xed coh@\qu\g@l gtﬁg%icfkhsgg%cﬁgé‘l B g%tlg)ﬁ?? ?@?ﬁé‘syﬁ giﬁ{r{g{émi&%%\r;ﬁ%%tsg %ﬂ6%%§‘8£ nobi | e
devi ce 800bised detaoniideratior ohdiensmbevicad bafcientocan dleo tefarie méchnioues a rever se
| i nk channel or | i nk channel t base station.. For ex e, ILhe feedback
eval uat or 8@21%°¥P%éP%PﬁP% highes velevens domas sl e&aﬁﬁéﬁgﬂ% I ho
codewor ds. ; ; i created by
2 Tirst debiaen ey B AR e e el COBIEL R ot okl &2 bRERARR

i nt er f er eneentamidncalredctanatath N lestharroe noethebvdngs slecodthgdsobkeguent dat a
stream or codewgrds., The cance]l ation increases the SNR or 23 SINR val ue of
the subseqtREMOrdutBYY; anthehstaadhaevenisad datigone B0y ong OFFHER 5V base
val ue i ndi cad geﬂalé’é/ e effective or average SINR value of the first decoded
data streamand a ‘differential suggested by the SINR gain of the second
codewor d opats8ned by Acamdilg thrag ckireplicndrer dranen destioddstphesefied aboveadawor d.

Alternatively, the CQ base valuye and the CQ differential can be derived by
usi ng t he MMdenakippnfEenGeRedaNigER pHeingiameieE Py HARChiP GRAHDSTE™Y | pi | ot

i gnal s), ] c | : j t.at .St . | ation
For the P BALE 08 Sacalry EANE AL &} Lot finfersRaRPRERe 7 o7
Mobi | e devig®a@iQ agtchhds)f Bytwwrofdonipsriikesratiomnd ih@teice &4 bemide relnedsm t ter

816 that transmits a signal (e.g., base CQ and differential CQ) to, for
i nstance, # fehesting pdetbshto pErBRRodERIds & gaginesiancey whersin bragHis fedRTct ed as

Y
deper it or Ty g0t PEThBAS PLASRIRRYGd oy e S REPRLAELRE i,
processor @Ofatae add Atunie intefdgdrto tiegsthe aumbet ofshfevences (haOokd] Hel rgadeDritlse an

illustration of a system 900 that facilitates redugi nget he anmount of
f eedback r 8HaGReTdn whischewich inffrengessse emafs Arcomjunstion wathdhe veriqus pmbedisyestsem

i npl ement i Q?d/&ﬁ%ﬁgdfﬁﬁgﬂﬁed @ﬁ%em 900 conprises a base station 902 (e.g.,
access point, ...) W a recelver 910 that receives signal (s) fromone or
more nobi | ¢UOYi ces $i StibepUyURratig off Bhbbife dvidee8Bithst facilienRashiRifl, and a
transmtter, 922 that transmits to the one or nore nobile devices 904 through

a plural i t yeedbaakibyngizinggodeypukpongtatime i YHMO systera smplesang e Peir@umat i on

912t hat  dSRSIU R0 TRER R METRRH b PR A A C e y e

by a procesaeive9a4ighhiafroreafor hstadbélial rageiteOaritdita fiRGHEHAY, ade perforaadygibgive Wi th
regard to Fig. 8, and which is coupled to a nenory 916 that stores

i nf or mat i oActiaEs diesepn (6 Ledilionn rmplliss, doyneonvees.grc.) e rercjvedsignabad and/ or
interferenge. =1 (e MR ; nsm.tte ecei.vegd from,mohile
devi ce(s) 3%21&%& aog'fig%g%%lgg%gggﬁté?‘a |(5)tr11és( %@&Eg@%@g bghg)f Sf'(‘%%%lf/’ Ot her
sui t abl e | MMSEatddver] @ldatag do@rifes Hanhddulgot $0B that dagWiRnmaddhla@g@cétel f uncti ons
set forth herein. Processor 914 is further coupled to a grouper 918 that

det er m nes SYRbRIp ARG Broyidetther ot progatsenpsiongbanns! eatimatipr. Percesrgr 806 can
transm ssi ' | ARERS & Bocei { I shes
gr oups bas ggaggoocggsgpﬁgﬁgaggd {ggféngl t |mPe arrf[§l gpﬁnas cealr%f? gyﬁg}?@?ﬂ%@z—g%%ﬂmr d ratio.
For exanpl gencgatigpafor@iBomnty tghatigsianbe anassmittes 816§ aqfrotessorahdtenmdsis each
with one data stream or code rg_ t8 he éranscin' tted on each set. 24

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 comprisc 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



[ 0074] Grouper 918 may be further coupled to a pernmuter 920 that m xes
codewords across all antenna groupi ngs based upon the initial group

desi gnat ivomsoosiesosoexanpl e, if a first codeword is assi gRe®/USE00a/07i586t
antenna group and a second codeword is assigned to a second group, permnuter
920 m xes codewords bl ocks of the first and second codewords between both
antenna groups. Encoding data streans rgjative to a group of antennas
reduces the conplexity of base station 902. Separate MCS systens are not
necessary for each antenna included in the M MO system s transmt antennas

908 as woul d,be required in.a. PARC schene. For. e | if ation
002 has 4. Y Srinis e Sotrlef b RS 0N an ot iR, el 83
el imnate @ lieagid hyMoerSUBARTTOIMABRIfOYdstthadind Sokarme eitbconiikibfting t he
anount of feedback ref}zl red to control subsequent transm ssion is also

reduced. | mfagherghdnaal. UMempryet)8 wnedaitiondllystitrsdaeteenls ardipssizesihelys nay be
provided to a nmpdul.ator. 922. For exanple,, no atqr_fseceives the base CQ
a1 er GHPFATCCA Spariias aaly SRERY Eenbile odsrPRERaE g bCmERT acor
922 can nubhdep! @x)the control information for transmssion by a transmtter
926 through antenna 908 to nobile device(s) 904. Although depicted as being
separate f %l he pr dcwdlskrappetiated thatsthe dath stoap e cinamedy $Hatdegpribad circuit
918, pernuter.920 and/ or ul ator 922 may be part of processor,.914 or a
nunber of - BFGEUGOURE BRI S RrFory BEReelige T o0k B TERRRIPE w r ol eqs
communi cat kgRikYmH&Eh 990 Iﬂ'é?ﬁo&! !@'v@ ofGRAIRARLE HldQfot Hiirsa85m, HACo1dERI Ct S
one base station 1010 and one nbbil'e device 1050 for sake of brevity.
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addition, it 1s to be appreci at ase station 1010 and/ or nobile
devi ce 105@cteny cetomlabgachbencsyosy.eBy Wakiod sllustradoramu @t dmitaudhpR Aetshods (Fi gs.

6-7) describe erein to facilitate wrel i catian_ther ween.
[ 0076] At bagﬁfja@[]edpi%aﬁw DS SUch 2F FYRChERIOYS R gg‘ﬂgﬁﬁeﬁmrma&éﬁﬁ@ is

rovi ded fr r i t e 014.
p s OiBhPorfdas ?inﬁég?l @gg@ﬁ% doBbR dta{aar%@ﬁRAWDIgﬁ IOIPA 96 EstQficel

According to an exanp dta stream may be transmtted over a
respect i ve SORAMAESDRA MatSynphlideBRAM (SIUARAM pradddirad BambuaRANInt er | eaves

the traffic_dat t b ticul di h | ected f
hat data SPREAME ol Bonasy HCR bbb SR TpooA RS tABE AL for cach
data st ' . . . ]

ata s rea%}ﬁ?%f@%%hﬁ@ﬂﬁ%ﬁg%o%ﬂw% bt ﬁer%ﬁit%g%)ﬁe%?%ﬁiog{.req“ency

di vi si on nu éxing ( ques. I'tiona al ternatively, the
pi | ot symb¢bE/2¢tan be Rereigercdiyis Airthies bperatindly cqipbedetd a(depbmuted 81 tHatvi si on

mul ti pl exed (TDM, or code division nmultiplexed (COM. The pilot data is
typi cal |y anghssiheeadsverdsitemnpmitiedoveisthe fgpeakbnk changelgidigmmbiak senghd may

be, used at U RN BondIRL 300! ThE oklARIEI ERARBR BrpTBe MLt 1 Pl exed

pi l ot and each dat'a stream nmay e.g., synbol
mapped) basedsmigsian painticasd e sporltatisan of edvhreedéwod. andhedire Yhpdiasat shi f t
keyi ng ( BPSK) uadrat ure phase-shift keying (QPSK), M phase-shift keying
(M PSK), Migidhavsaeaviscdingdiustithe chinngisder Barearaddesiormance. Singsialldhed for t hat

data st ambigaOed R LN BXaRRhds oFR GG EAlE:, GOMiGor@Ne

nodul ati on for eac ream may be erm ne y i nst’ructions perforned
or provi dedxjryicpcoessially 1R3&md @ddRlohheThoSNRairiSENRsytialof thoododeherddat a

streams ma%viﬁ%e F\)are lyti)e ggecf egldacle;rs)ély related. Additionally, a feedback evaluator 812 may
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
cvaluator 812 can regenerate the interference created by a first decoded data stream or
codeword and employ the regencrated interference to cancel actual interference while

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



M MO processor 1020, which may further process the nodul ation synbols (e.qg.,
for OFDM. TX M MO processor 1020 then provides NT nodul ati on synbol streans
to NT tran@ae0sioaes (TMIR) 1022a through 1022t. | n vari oBETANRWANIEHM s, TX

M MO processor 1020 applies beanform ng weights to the synbols of the data
streans and to the antenna from which the synbol is being transmtted.
[0079] Each transm tter 1022 receives anB processes a respective synbol
streamto provide one or nore anal og signals, and further conditions (e.g.,
anplifies, filters, and upconverts) the analog signals to provide a

nodul at ed g ' t 14S S t her,
NT modul at SHURT gL U s Bl LARRR Tk S s e Res 2 T e
from NT anbesnafuclibdidated by cegffelOPdr aveap SENRwalye. of tROBB} Atcodeddite devi ce
1050, the transmtted npdul ated signals are received by NR antennas 1052a

through 108PFenansl 4 R detariad sugeghan by ey DFesriB At BIFFaCORITPIFYORy ovi ded to
a respectli %?tafn%ﬁ%&‘éﬁﬁeﬁl@/tﬁé i&?&é&é&lf%ﬁﬁ@&é&mr@aﬁﬂ &Y, She e84
e.g., filters, anpli ?

condi tions res, and downconverts) a respective signal,
di gitizes bhe wabndinditeneq] difgraltial cambodirded aupingshe MINO chdnhelr processes
the sanples to provide a corresponding "received' synbol stream [0081] An RX
data pr oces§¥bnratapetained vindelsrapsc élﬁﬂalﬁg eBiotsigmalyR asppRing €etaY nbol st r eans

Lechni que FpmBo e R Bl BatRLOREN AL CRASR Al PARIRRL0 20

t echni que a processor 1060

may denmoduladeellatitai fot il CAVEiffersntal) e Musbéic dacibe 860 sl Agthsy cdiaprist heam t o
recover the traffic data for the data stream The processing by RX data
processor mglaf[@‘ﬂﬁﬁpﬂéﬁ@ﬁﬁaﬁsﬂﬁlﬁmﬂr&ﬁmﬁﬁﬂsc&r&@@Fﬁyg-Ib@SWQ%%ﬁiocessor 1020

o T O B RSP EPIL R AR AR AR B AR RERALghOTO Y
depicted as being separate from the processor 806, it is to be appreciated that
depermuter 810, feedback evaluator 812 and/or modulator 814 may be part of processor
806 or a number of processors (not shown).

[0073] Fig. 9 is an iflustration of a system 900 that facilitates reducing the
amount of feedback required to control forward link transmission in a MIMO system
implementing a PGRC scheme. System 900 comprises a base station 902 (e.g., access
point, ...) with a receiver 910 that receives signal(s) from one or more mobile devices
904 through a plurality of receive antennas 906, and a transmitter 922 that transmits to
the one or more mobile devices 904 through a plurality of transmit antennas 908.
Receiver 910 can receive information from receive antennas 906 and is operatively
associated with a demodulator 912 that demodulates received information,
Demodulated symbols are analyzed by a processor 914 that can be similar to the
processor described above with regard to Fig. 8, and which is coupled to a memory 916
that stores information related 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 on¢ data

stream or codeword to be transmitted on each set.



utilize as discussed above. Further, processor 1070 may formul ate a reverse
| ink message conprising a matrix index portion and a rank val ue portion.

[ 0083] Thewpneves/sesdsi nk nessage nmay conpri se various type@CTHiS20eWGrIdat i on
regardi ng the conmunication link and/or the received data stream The
reverse |ink nessage may be processed by a TX data processor 1038, which

al so receives traffic data for a nunber 29f data streans froma data source
1036, nodul ated by a nodul ator 1080, conditioned by transmtters 1054a

t hrough 1054r, and transmtted back to base station 1010. [0084] At base

station 10 he nogul a i.anal s: f.rom Il e Vi ecei ved by
ant ennas 13@91?J]condi t '%Hé%cbt@ nga ?%ae’l Q/}‘ggugr Cfgg%d t%%%g%lﬁgﬁgeﬁtg%ﬁéﬁggemdul at or
1040, and RpoHasesASdcrbys Al dierthat IRaRSA upb4le ndtigXtddCdesighetismy gose | ink
nmessage transmtted by nobile c%g(\)/tiqj(’:ﬁe)gsl%o. pljggrther, )ggol%g!ssor 1030 may

process t hexampleatfiadisimeodsagel i essdgnedtork disstwhicoha groap atil ageerdicodeweduse f or

determ ning the beanform ng weights 85] Progessors,1030.an 07Q may

direct (e g el 0 SEEh bRl dh e AT ARG R gkt AR T T2t on
1010 and nuBédrd Aa¥k6@s bORRen bEHRMEIhY Stotps REERRNId ¥Ra PirQSSSSRISe 230 and
1070 can be associated with nmenory 103% arI?d 1072 that storeM)rogram codes

and data. Ryrowesizatennavaduegsdhe goroplesity eff base patidn?(R. comprataM@nsystesnsder i ve
f d i I tinptes. f |.i nk dd | ink,
Feonoct | vele BBty PLERE 5T ERED A MIMO HE G BRI | be
herein nay o8 ok 'Wb'uﬁ[*@é“ﬁeﬁﬁréd‘inhﬂ?%li@scﬁ@ﬁé.%r%xaﬁlbfeﬁ%aﬁe stBficHId (VYR €,

m crocode, or any conbination thereof. For a hardware inplenmentation, the
processi ng antennss, fayquessidMdCormystemd imi ($)IPAREhechome ot earaglphinetatal astspeci fi ¢

B N e UL

progr ammablig ;g@td sabdeicnt LERSHRdion A AGPIaXT: 1EBRhARI ®lled tédontrol '
subsequent transmissions may be provided to a modulator 922. For example, modulator
receives the base CQI and differential CQI evaluated by mobile device 802 from Fig. 8.
Modulator 922 can multiplex the control information for transmission by a transmitter
926 through antenna 208 to mobile device(s) 904. Although depicted as being separate
from the processor 914, it is to be appreciated that group circuit 918, permuter 920
and/or modulator 922 may be part of processor 914 or a number of processors (not
shown).
[0075] Fig. 10 shows an example wireless communication system 1000. The
wireless communication system 1000 depicts one base station 1010 and one mobile
device 1050 for sake of brevity. However, it is to be appreciated that system 1000 may
mclude more than one base station and/or more than one mobile device, wherein
additional base stations and/or mobile devices may be substantially similar or different
from example base station 1010 and mobile device 1050 described below. In addition,
it is to be appreciated that base station 1010 and/or mobile device 1050 may employ the
systems (Figs. 1-4 and 8-9) and/or methods (Figs. 6-7) described herein to facilitate
wireless communication there between.
10076] 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.



m cro-controllers, mcroprocessors, other electronic units designed to
performthe functions described herein, or a conbination thereof. [0087]Wen
t he embodvoReB®3@we | npl enmented in software, firmvare, BCHAISWNEOE S

m crocode, program code or code segnents, they may be stored in a

machi ne-readabl e medi um such as a storage conponent. A code segnent may
represent a procedure, a function, a supprogram a program a routine, a
subroutine, a nodule, a software package, a class, or any conbination of
instructions, data structures, or program statenents. A code segnent may be
coupl ed o @y her Cagle SEARRL fodkah BRI dHaRAE) bE AR Rbiaad/ or
receiving information, data, argunents, paraneters, or nmenory contents.

| nf or mat i ongingbghoghkbireqrnayelaich molipiexig (OFDMY tdeknigass etlddifi@raligoded, or
transmtted using any suitable nmeans including nmenory sharin nmessage

passi ng, t akenatiebsithrpilolsymbelr can hﬁﬁmwpbﬁiylwrtmuttm@@}iréﬁpgf& 49t war e

i npl ement atyj he. I S SGI 4 I i wth
nodul es (e?dig"?%}"%%‘l&@@ﬁ"%gg?ﬂ#{@h8‘??"61%5‘1} ‘Hglﬁ gglgt? I%%{Q}ﬂ beﬁ%ﬁmﬁ'{aﬁ%% uncti ons
descri bed hgii@illy.a khdensiid yatetn hadie pratysclién 5 koses mafnereamdryaysd dssd and
executed by processors. The nenory unit may be inplemented within the

processor drobdgudeyigall 0:btotasimpiesharmsbrespersenwdhe mudiiplexqd pitoh gndyeoded data

Che art -1 UG uRH Rl by A THBREREP R, Yol BRPERASTRE PG00 ¢ har
facilitatespddamiieh @&&@%%{,%ﬁ@pﬂ@@%ﬁifgﬁ@g?@wﬁqﬁa‘dﬂ&u@nﬂm@bmﬂf a MM
ode e

systemby transmttin words in a P schene through all active

antennas. Kerine QB ;ﬁgstEe&hiﬁk@Iingr{aM—ifeIé], N-qardrpzsamphinds monylatipn hi n a
Feyingal . |
e vt g THQAND, )R REE R AR Rl b3 TN ol Sl SPRMAES 20 |

functions 4] REMa! S MY AaiisOfRR S8 datb@anbmny bOicte@mMEDBY iAuttmseof
(e.g., firmvare). System 1100 includes a |ogical grouping 1102 of electrical

conponent s petarmasam paeid¢dbypiopenset 1BA. For i nstance, | ogical grouping 1102
may i ncl ud el ect rd cal ponent faor i1dentifying a level .of rd to

| ayer corri‘%@%hdence&lﬁmd%%ggHQWhﬁlﬁg?r t}’%gﬁaﬁﬁ{?@%‘ﬁw &’?)RFPeVﬁ editﬁr%ﬂ?m:nti ng a
per group NNOGBHERY 192MeMEch Maf BHEWD bebcEAMhE RodREON SyhBoll Wog | RYer s
(e.g., physical "antennas, virtual antennas, etc.). It is to be appreciated

that a codéWdid).cEX MbBYOggpeassort 1028 thenuonides Bf mbdyletien syrolal lseeamd todircal

i 1102 i | ectrical ] . Qi i
of °t Fanom ARTENRAL Vo5 0268 STpet R v e difeaty TRMpdH "o St he”
llevel of cogRuRoE10Baplict BYRRIORRAMESRRGNSRNGE syfBils 8X ARRIa%: sttoRRR af @)

codeword corresponds t'0o two |ayers, then groups of two transmt antennas
each are f txonantcame dronMyhebibe symitggickdingranspiitted. 1102 may i ncl ude an

el ectrical onent _faor. perf.orn symmetrical pernutations of codewords
7106, AccolTRE o aheakiRiubHlRY RS snd i aBRe s Bt audbn) T Euo
layers, gr @pgvRk dnber HMERNAS: §8%s, 4R0 iktetLdddidRe g.%t%gi iifefdlilcys, each

group transmts one codeword. After 'a symmetri cal pé( i on,” each codeword
i's mxed betdvepsenatits)aint st gemilpe psodtc & dueedsigrbagtabieafos i ts, in part,

d d.. Further, j i i ted for bl
every codetignissionapa: e KBS ghabahhuiines Ao aduted ek ForoRm TGS Thi s
results 'nm@iaﬂthﬁﬁ@ﬁ\'l@Qz&?@ﬁﬂ&lmi%@frbﬁlym\’&ltﬁése W@ﬁhﬁ(ﬁ%bﬁ 11924»{} l'e codeword to

codeword. Additionally, system 1100 may inc a menor 10" that retains
i nstructi onsspéaddrvelxecut i ng functions associated with el ectrical conponents

1104, 1106 1108., Wi, l.e sho bei ng external to nenpry 1110, it is to
be under st l)%@%f hat o Wbllﬁﬁlﬁglcggoiié}bet V?rgﬁﬂlﬂ@dﬁﬁ%ﬂ%tﬁgélgfi]é&,e FEREcd and 1108
may exi sty hidneRAPT0524 Bug APIOLAWIRIEG el sl frdf eabh bihiAfR®D ik S 2
system 1200 t hat cal cul ates reduced
- provided to a respective receiver (RCVR) 1054a through 1054r. Each recetver 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 N received

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



f eedback by enpl oyi ng successive interference operations on pernuted
codewords. System 1200 may reside within a nobile device, for instance. As
depi ct ed,weys@a0sd200 i ncl udes functional bl ocks that nmRETUSPOEEEIISE
functions inplenented by a processor, software, or conbination thereof
(e.g., firmvare). System 1200 includes a |ogical grouping 1202 of electrical
conponents that facilitate controlling f@rward |ink transm ssion. Logi cal
groupi ng 1202 nmay include an el ectrical conponent for receiving pernuted
codewords 1204. For exanple, a receiver is included in a MMD systemw th

mul tiple receiver. antennas . c en rg i | by all
receive an%@ﬁ?ﬁ&g‘? tol\R)rg)g@\?erT , %?tg‘é?%@agyng‘%"é%aﬁ‘g& i‘%?%ﬁ"’f%% Tuggb gﬁa?el ectri cal
conponent  Hemodhege Ediftigddveardeieebdeshc deeved 9pmBAGEreaas escdiviight arafiic
exanpl e, the codewords are received in pernuted form_ The codewords are

unmi xed andatedeths drtgstream. [The processingebyalp et proeasseaml00 iheopleMeRtani on

schene enpl oyed dpring,t 15S10N 1S wn t.hat r can be
deper nmut ed!© %ﬁgﬁ’%gﬁnpe&% @mﬁﬁcﬁﬁoﬁg@ aﬁ%iﬁg g%ﬂrécggsgﬁqgfﬁ%bgs% al
conponent &@fiof G@ENErating interference created by a first codeword 1208.

After, reconstructing the codewords and decoding a first codeword, the
i nter f er end@82t eat ed Apgrocéssor 1078mayenssiodiwally detaniae maichepyeprsing @atrixApso,

| ogi cal ing 1202 i L ect pical £ f Iling th
r egenor at edileh G HETEIEEOPFE kAT RS TG Ry R BEAS oo s Bl ot he-
regener at eghdsoBhRAHANGS aintatik RideAPbRMNWAl 2 Faslecaed pariensecond codeword to

i nprove signal "and channel quality. Additionally, system 1200 may include a
menory 12120083kt r et Thagevenstlinkonéssras ayr cammeehanguy typet digniragkerni at ed

ith electri . t 204, . 12 1208, 1210, il h bei
\(,amxt erﬁalect %ég%gci%g répé?r:’%?m}s{‘fa%l{’ﬁ% aﬂ%hﬂlﬁé?%e{%eggﬁf% 48} e Ierrlg‘éeifeolmgneﬁlt gg
1204, 1206me§%§i’n}]a§| ! é)érgé&séﬁ%& £XKHataVrbSdsSorM®IBr WhitR hRo rbQARL IkRL ddtas been

t
descri bed abo s exanpl es of one or nore enbodi nents. It is, of
cour se, notforpossitref tlaadesams fremendataysonoreckdi36 apbduletediby manodnatof 1@®nponent s

or net hodol ogj.es f.qr purposes descri bj the aforenentjoned enbodi nents,
but one of CB&%TIW&YS%WFM? 8 !‘ﬁ’%‘%ﬁw%@bf‘@cﬁ@rﬁ%mﬁbaﬁ%ﬁ%g%ﬁF ap
conbi nati ongy@nd pernutations of various enbodi nents are possible.

Accordingly, the described embodi ments are intended to enbrace all such
al t er at i on$0084bdi f i cattibesesstatioh MHO] the nenlslatduladioradd fromirhdhile dehiwed P60 ate and

scope of the a nded clajixs. Furthernore, . to xte that the term
"incl udes” rq:cgn%@%a aflﬁ’n@?st ir{g‘z’? “HE‘PQg?é?fea’é’égc];qI}gt %O‘gﬁat?!ﬂ &l ai ms, such
termis !”Hﬁﬁgﬁﬂgtto?l@«ﬁ),'aﬂﬁgtb%bé@%d b 1 RXBARGHocRbadt 1042 oo er e Fellerse
conprising” as "conprisin is Interpreted when enployed as a transitional

word in a dinkinmassagd@raGiniitive badbilesleeicail 6841 Futher,lorodesset1i80 naygtrocess

facilitates reducing required feedback for data rate control in wreless
communi cat EXtEEEH Mespagg to determine which precoding matrix to use for determiming the

beamforming weights.

[0085] Processors 1030 and 1070 may direct (e.g., control, coordinate, manage,
etc.) operation at base station 1010 and mobile device 1050, respectively. Respective
processors 1030 and 1070 can be associated with memory 1032 and 1072 that store
program codes and data. Processors 1030 and 1070 can also perform computations to
derive frequency and impulse response estimates for the uplink and downlink,
respectively.

[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,



determ ning one or nore groupings of a plurality of transmt antennas;
permuti ng data stream codewords according to a pernutation of the antenna
gr oupi ngwanehsAsesaérber of | ayers coupled to each codewoP@T/Lap7/077536
transmtting the pernuted codewords through the one or nore of groupings of
transmt antennas over a forward link channel. 2. The nmethod of claim1,
determ ning one or nore groupi ngs conprgses identifying active antennas
anong the plurality of transmt antennas and di sregardi ng i nactive antennas
when formul ati ng the one or nore groupings. 3. The nmethod of claim 2,

when ing ti r mre g | et ho 2, -
cize of tnNERReRRoAR AR B ek o bR L o A et hod

of cl ai m 3funttieneddaicEiplheedt omar@dniiiatios plospets. t o one | ayer. 5. The nethod
of claim3, wherein each codeword corresponds to, twy | ayers. 6. The net hod

of claim 10087kt her Yhgprthepmyediments arg waplemegd i WoFtEnIBEVKannel qual ity
ndrcator (LR SHEREE, EREh oL AR D9 PR gy godovor o
scheme of sibkReueRbbRas@Mandsichaanstkdideedmbasad. wpasletsbgmeanagnsed CQ .
represent a procedure, a function, a subprogram, a program, a routine, a subroutine, a
module, a software package, a class, or any combination of instructions, data structures,
or program statements. A code segment may be coupled to another code segment or a
hardware circuit by passing and/or receiving information, data, arguments, parameters,
or memory contents, Information, arguments, parameters, data, efc. may be passed,
forwarded, or transmitted using any suitable means including memory sharing, message
passing, token passing, network transmission, efc.
[0088] For a software implementation, the techniques described herein may be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes may be stored in memory units and
executed by processors. The memory unit may be implemented within the processor or
external to the processor, in which case it can be communicatively coupled to the
processor via various means as is known in the art.
[0089] With reference to Fig. 11, illustrated is a system 1100 that facilitates
reducing required feedback on a reverse link channel of a MIMO system by transmitting
codewords in a PGRC scheme through all active antennas. For example, system 1100
may reside at least partially within a base 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



7. The nethod of claim6, the condensed CQ conprises a base CQ reflecting
a signal quality netric of a first decoded codeword and a differential CQ
refl ecti ngoaoos®iosss gnal quality gain obtai ned by cancel PCRQIS2#E/0715861t
decoded codeword in decoding a second codeword. 8, The nethod of claim6, the
condensed CQ conprises a base CQ reflecting a signal quality nmetric of
both a first decoded codeword and a secgfid decoded codeword. 9. The net hod
of claim?7, the signal quality nmetric is one of a signal-to-noise ratio
(SNR) or signal-to-interference-plus-noise ratio (SINR). 10. The nethod of
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one of a d rate, ation ScC seque I rst

codewor d aggRrdowd dfowd Randais enteias cadttarc formul@ed Ustorétget, hegiad! gragsig one of
a data rate, code rate, or nodul ation scheme of additional subsequent

codewor ds Bag2may penude anmecstical Rempensat fooperfpoming sympegical permuigtions of

di ff tial . T, t hod of ¢l aim 8. adi usting £ cod d
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t he base CQ. . The nmethod of claim11, pernuting codewords conprises

di stri buti rge codtawnd.dAfior »sxematisagRarmatationrekh pedeyvosd pi migsd abrecn Bt each

codewor d i g, L1 aNSLLY Sni BRI g QUSTha SRS, ANSDWr Lohiford! HithlLY ©f
transmission of codewords in permuted form enables every codeword to experience
substantially similar channel conditions, This results in well behaved channel quality
values which vary little codeword to codeword. Additionally, system 1100 may include
a memory 1110 that retains instructions for executing functions associated with
electrical components 1104, 1106, and 1108. While shown as being external to memory
1110, it is to be understood that one or more of electrical components 1104, 1106, and
1108 may exist within memory 1110,
[0090] Turning to Fig. 12, illustrated is a system 1200 that calculates reduced
feedback by employing successive interference operations on permuted codewords.
System 1200 may reside within a mobile device, for instance. As depicted, system 1200
includes functional blocks that may represent functions implemented by a processor,
software, or combination thereof (e.g., firmware). System 1200 includes a logical
grouping 1202 of electrical components that facilitate controlling forward link
transmission. Logical grouping 1202 may include an electrical component for receiving
permuted codewords 1204. For example, a receiver is included in a MIMO system with
multiple receiver antennas and each permuted codeword is received by all receive
antennas. Moreover, logical grouping 1202 may include an ¢lectrical 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 comprisc an
clectrical component for regencrating 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



13. The nmethod of claim1,

the plurality of transmt antennas include one or

nore physical or virtual antennas. 14. A wireless comuni cations apparatus

enpl oyabl wOiznosz3ntkt i pl e- i nput

for identifying a | evel of codeword to | ayer correspondence; 32
for formulating groups of transmt antennas based at | east in part on the

| evel of codeword correspondence and a nanber of

| ayers coupl ed to each

mul ti pl e- out put syst em PEAVFH2DETNITRI6 means

neans

codeword; and neans for perform ng symetrical pernutations of at |east two

codewords. 15. The wirel ess communi cations apparatus of claim 14 further
conpri si ng: t RN | - ewor ds
t hrough t hé°ah %ﬁ%gﬁ)ig’gor' o%ogs%?g}ghfg’ i réé]e %ﬁ%%%rﬁlﬁ%%r%reé??}Sﬁgpﬁg&%{;‘gﬁ%gck rel ated

to the trankddisg 9Beodhd théevadrd keasirotoigeadanordse] qubity. TRedivibfiglyess
ons apparatus of claim 15, the feedback conprises a condensed CQ

i ncl udi ng #Y#ewd 200mayancladen memony 121k Gat ieiinsauytrugdppeior exxutiTge wir el ess

conmuni cat i

communi cat i
reflecting
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a sighal qua eas codewor
shown as being external to memory 1212, it is to be understood that electrical

components 1204, 1206, 1208, and 1210 may exist within memory 1212.

[0091] What has been described above includes examples of one or more
embodiments. It is, of course, not possible to describe every conceivable combination
of components or methodologies for purposes of describing the aforementioned
embodiments, but one of ordinary skill in the art may recognize that many further
combinations and permutations of various embodiments are possible. Accordingly, the
described embodiments are intended to embrace all such alterations, modifications and
variations that fall within the spirit and scope of the appended claims. Furthermore, to
the extent that the term “includes™ is used in either the detailed description or the
claims, such term is intended to be inclusive in a manner similar to the term
“comprising” as “comprising” is interpreted when employed as a transitional word in a

claim.



18. A wireless comuni cations apparatus, conprising: a nenory that
retains instructions related to grouping transmt antennas, pernuting
codeword synbol s based upon the antenna groupi ngs and a nunber of |ayers
coupled to each codeword and utilizing ¥eedback to adjust transm ssion
per for mance; and a processor, coupled to the nenory, configured to
execute the instructions retained in the nenory. 19. The wrel ess
comuni cati ons apparatus of claim 18, the nmenory further retains
instructions related to determ ning gr of active antennas and
identifying a |l evel of codeword to | ayer correspondence. 20. A
machi ne-r eadabl e nmedi um havi ng stored thereon machi ne-execut abl e
instructions for: 33 groupi ng transnmt antennas based upon a

cor r espond&ive iseimsdns:codewor ds and a nunber of |ayers coupled to each
codewor d; shuffling codeword bl ocks across antenna groupi ngs based
upon synmmetrical pernutations of the groupings; transmtting the
shuf fl ed cqdewondmbineg kst Yictitateh e5doaing réduited ctuaibaed for daaugle cohieoltinansmi t
antennas; receiving a condensed feedback netric relating to the
transm ssi onreddss strufuhisdtioiogewprigsg: and

determining one or more groupings of a plurality of transmit antennas;

permuting data stream codewords according to a permutation of the antenna
groupings and a number of layers coupled to each codeword; and

transmitting the permuted codewords through the one or more of groupings of

transmit antennas over a forward link channel.

2. The method of claim 1, determining one or more groupings comprises
identifying active antennas among the plurality of transmit antennas and disregarding

inactive antennas when formulating the one or more groupings.

3. The method of claim 2, further comprising:
determining a layer to codeword ratio; and

restricting a size of the one or more groupings to the layer to codeword ratio.

4, The method of claim 3, wherein each codeword corresponds to one layer.
5. The method of claim 3, wherein each codeword corresponds to two layers.
0. The method of claim 1, further comprising:

receiving 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



adj usting subsequent transm ssions based at least in part on the received
feedback. 21. The machi ne-readabl e nmedi um of claim 20, the correspondence
specifies for each transm ssion rank a nunber of |ayers associated with each
codeword. 22. The nmchine-readabl e meddum of claim21, wherein at |east one
| ayer is associated with a codeword. 23. The nmachi ne-readabl e nmedi um of
claim?2l1l, wherein at |least two |ayers are associated with a codeword. 24.
The machi ne-readabl e nedi um of claim 20, shuffling codeword bl ocks conpri ses

Symmetr i Ca!siﬁxggﬁannggeaggg gﬁ%mg@mm‘%{ Al hrs%@éb%@gérc}]e%&tﬁ@ irﬁ]&&todfr?xg%h codewor d

transmts | trahsmt artennas. e machi ne-r eadabl e
medi um of ectmnicafeswdrdie condensed feedback netric conprises a base CQ
reflecting a signal quality metric of a first decoded codeword and a
differential CQ reflecting a signal quality gain obtained by cancelling

i nterferenge of T%Q‘?rggl%foz&f diecaslegk &@Iﬁ&%&l @éjl’]:ggﬁ;‘fﬁgé 4'Basd l%gﬁ@ﬂgct{h%%emr d.

26. The machi ne-rea medi urh of aim?2 usting s equen

t ransmi ssi eipnalapajity mesic of 84th a first ddcbeed argleatord maist seoned décodedladdewoad.e, code
rate or nodul ati on schenme of a subsequent first codeword in response to the
base CQ; and

9. The method of claim 7, the signal quality metric is one of a signal-to-noise ratio

{SNR) or signal-to-interference-plus-noise ratio (SINR).

10.  The method of claim 7, adjusting subsequent codewords comprises:

adjusting the at least one of a data rate, code rate, or modulation scheme of a
subsequent first codeword according to the base CQI; and

adjusting the at least one of a data rate, code rate, or modulation scheme of
additional subsequent codewords based upon a sum of the base CQ! and a multiple of
the differential CQL

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 CQL.

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;



altering at | east one of a data rate, code rate or nodul ati on schene of
addi ti onal subsequent codewords based upon a sumof the base CQ and a
multiple of the differential CQ. 27. The machi ne-readabl e medi um of claim
25, adjusting subsequent transm ssion c@Aprises adjusting the at |east one
of a data rate, code rate or nodul ati on schenme of subsequent first and

addi ti onal codewords based upon the base CQ . 28. The nachi ne-readabl e

medi um of claim 25, signal quality netric is one of a signal-to-noise ratio

(SNR) or si gnal _nIle%hg ﬂ)tr%lfrrgl%tﬂ%e%BE@sséfg%é§ﬁitraﬂ{ebﬂas(b%syfgt'leasggl n%a-w&l the .

machi ne-r eadabl &€ Tredi um o uping transmt antennas conpri ses

i denti fyi ngevaCbf dRlcdBikettASp@ldnet Midegamibenof layastcovsledns evhasdewd®@d;, The
machi ne-r eadabl e nmedi um of claim?29, wherein a size of an antenna group is
det er ni nedafidom t he correspondence between codewords and |ayers. 31. The
machi ne-r eadabl e _nmedium claim 20, .t [ 1t ' one or
nor e physi cal o " t%ﬁggﬂ?@%ﬁé?mdrﬁrs %hl#g{lﬁ)%of %g%gsgggégg%g@v&gduced
feedback in a wirel ess communi cation system conpri sing: unm Xxi ng

per mut ed codeword bl ocks according to a pernutation scheme enpl oyed during
transni ssi df; r dderareess sgmimmnesetienseanperatysedctdmphyt rther eomprsigor d dur i ng
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i ncrease r%%uptsjm fromcancelling the regenerated interference in decoding

a second codeword. o o
means for utilizing feedback related to the transmission of the at least two

codewords.

16.  The wireless communications apparatus of claim 15, the feedback comprises a

condensed CQI including a base CQI value and a differential CQI value.

17.  The wireless communications apparatus of claim 15, the feedback comprises a

base CQI reflecting a signal quality of the at least two codewords.

18, A wireless communications apparatus, comprising:

a memory that retains instructions related to grouping transmit antenﬁas,
permuting codeword symbols based upon the antenna groupings and a number of layers
coupled to each codeword 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 18, the memory further retains
mstructions 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:
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conprising receiving pernuted codeword bl ocks through a plurality of

recei ver antennas. 34. The nethod of claim 32, the pernuted codeword bl ocks
are fromat |east two codewords. 35. TA2 method of claim 32, further

conpri sing decoding the unm xed codewords. 36. The nethod of claim33, the
CQ and the differential CQ based at |east upon a SNR value or a SINR
value. 37. In a wireless conmunication systen1 an apparatus conprising: a

processor confi %%Lﬁ)%agtt‘?ansmlt ante QQ%%(JJ&? e?(% Qﬁaerﬁ; e%gl?\@?de%r&sece' ved

in a pernmuted f term ne ase |ng t signal quality of a
first codewndd nufnbmhdlayerk eaqiledtm&aclod@mmk and calculate a delta CQ
based upon the shg Cg in optained in a second codeword.
u mg odeword blocks across antenna groupings based upon symmetrical

permutations of the groupings;

transmitting the shuftled 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.

21.  The machine-readable medium of claim 20, the correspondence specifies for

each transmission rank a number of layers associated with each codeword.

22, The machine-readable medium of claim 21, wherein at least one layer is

associated 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;:



38. A wireless comruni cations apparatus that cal cul ates reduced feedback by
enpl oyi ng successive interference cancell ations on pernuted codewords,
conprising: neans for receiving pernmuted codewords on a plurality of

recei ver antennas; means for recoBgtructi ng codewords based upon the
per nut ed codewords received; means for regenerating interference
created by a first codeword during transm ssion; and means for

cancelling the regenerated interference while decoding a second codeword.

39. The wireless %r?n%ﬁgé%gé%eo% @aj\%) rteatcb’%e r%{e ‘%!“ﬁ%mlg@dng{?ﬂ%&ggf conpri si ng:

nmeans for deterﬁ# ué “rndi ca a srgnal "quality of the
first codewabdiuan@rst WI2ARQ8/1OZIBOBEET IhdDIAOT(Q0 2AT36 36 means for

calculating a boost reflecting an increase in_signal quali tg/_i‘n t he
second codewor d aHesng atjleagt peovh acdatt e, icpde takreoraediieicn sshemnp pbrddstiengt e,

40, The wi el 3%, SOTTMN 54! LR0F uBRPRLA YPalhald ALTLAP: nlHEHDEF EoTPr i Si ng

means
differential CQIL.

27.  The machine-readable medium of claim 25, adjusting subsequent transmission
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.

28.  The machine-readable medium of claim 25, signal quality metric is one of a

signal-to-noise ratio (SNR) or signal-to-interference-plus-noise ratio (SINR).

29.  The machine-readable medium of claim 20, grouping transmit antennas

comprises identifying active antennas and disregarding inactive antennas.

30.  The machine-readable medium of claim 29, wherein a size of an antenna group

is determined from the correspondence between codewords and layers.

31. The machine-readable medium of claim 20, the transmit antennas inchude one or

more physical or virtual antennas.

32. A method that gencrates 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.



for transmtting the base CQ and CQ boost on a reverse |ink channel.
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33.  The method of claim 32, further comprising receiving permuted codeword

blocks through a plurality of receiver antennas,

34, The method of claim 32, the permuted codeword blocks are from at least two

codewords.
35.  The method of claim 32, further comprising decoding the unmixed codewords.

36.  The method of claim 33, the CQI and the differential CQI based at least upon a
SNR value or a SINR value.

37.  Ina wireless communication system, an apparatus comprising;
a processor configured to:
reconstruct at least two codewords received in a permuted form;
determine a base CQI reflecting the signal quality of a first codeword of
the at least two codewords; 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
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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,



