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[0002] The following description relates generally to wireless communications,
and more particularly to efficiently utilizing codewords in a wireless communication

system.

11. Background

[0003] Wireless communication systems are widely deployed to provide various
types of communication; for instance, voice and/or data can be provided via such
wireless communication systems. A typical wireless communication system, or
network, can provide multiple users access to one or more shared resources (e.g.,
bandwidth, transmit power, ...). For instance, a system can use a variety of multiple
access techniques such as Frequency Division Multiplexing (FDM), Time Division
Multiplexing (TDM), Code Division Multiplexing (CDM), Third Generation
Partnership Project (3GPP) Long-Term Evolution (LTE) systems, Orthogonal
Frequency Division Multiplexing (OFDM), and others.

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

communication link from mobile devices to base stations. This communication link can



2 be established via a single-in-single-out (SISO,
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'n part to %tcr)égnll (Iatg c}eftant%at can be of independent reception interest to a mobile device. A
mobile device within the coverage area of such base station can be employed to receive
one, more than one, or all the data streams carried by the composite stream. Likewise, a
mobile device can transmit data to the base station or another mobile device.
[0008] Transmissions between a mobile device and a base station can be across
traffic channels and control channels. Transmissions for traffic channels between a
mobile device and a base station can be accomplished utilizing complex orthogonal
modulation. It can be desirable to utilize complex orthogonal modulation for uplink
control channel transmissions, particularly when complex orthogonal transmission is
utilized for traffic channel transmissions. However, efficient single carrier frequency
division multiple access (SC-FDMA) or orthogonal frequency division multiple access

(OFDMA) uplink control channel design can be challenging due in part to conflicting



3 requirenments (e.g., bandwidth limtations, etc.) that are to be
considered for the design of uplink control channels. SUMVARY
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with one or nore enbodi nents and correspondi ng di scl osure thereof,
vari ous aspects are described in connection with facilitating the
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can be determ ned based east in part on a predefined codeword
criterion. Mahsiissiomad coped ahinopl infsmeticathetivash chmmiveiceigmplesitecvdewor ds
can be enpl Q furth i ove_ . i |.Cl n dition,
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interference-level estimftjon, for e le, tq facilitate inpr veg
banchi dt - 6P FICHTER i BT RO O PO BBt RUgAlT e SORE Ko
that facilitRgRSaticARSqlcaS @ish muliNé BRkisQBC-HIMWIAS ¥EsHoBonal Rrequency
wi rel ess conmmuni cation environnment is described herein. 4 The method
can i ncl ude diyésieymeltiply agcasetORPMAY fuipisenst copirelgbannet iBfasmptioeivesdi on
of i nf or mat QN GRERInHePReE LSRN IE BAYEEhal IcBERFHBLd: 0fh cdatpiisb 8 irst T hE
nmet hod can conpr ?lse expur gat i nngI%a subset of the codcwor érgf based at
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subsct(s) of codewords that can include expurgated codewords, where the expurgated
codewords can include discarded codewords, where such codewords can be discarded to
meet a desired spectral efficiency, and/or codeword pairs that produce an undesirable
cross-cotrelation property (e.g., worst-case cross-correlation property). The codeword
set and subsets can be determined based at least in part on a predefined codeword
criterion. Multi-mode operation associated with the complex codewords can be
employed to further improve bandwidth efficiency. In addition, the discarded
codewords, or a portion thereof, can be employed for other desired purposes, such as
erasure decoding and/or interference-level estimation, for example, to facilitate
improved bandwidth efficiency.

[0011] According to related aspects, a method that facilitates transmission of

information, for example, in a wireless communication environment is described herein.



[ 0012) Anot her aspect relates to a wirel ess comuni cati ons appar at us.
The wirel ess communi cati ons apparatus can include a nenory that
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codewor ds based at least in part on a predefined codeword
criterion. Further, the wireless connun%cations apparatus can incl ude
a processor, coupled to the nenory, configured to execute the
instructions retained in the nenory. 100131Still another aspect

relates to apparat us., The apparatuys.can ingclude. a codewor
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criterion. 5 [0017] According to other aspects, a nethod that .

facilitat es fcilipaenirasmasgiogot information, for example, i a wireless communication
environment. The wireless communications apparatus can include means for generating
a subsct of codewords to facilitate transmission of information. Further, the wircless
communications apparatus can comprise means for expurgating a subset of the
generated codewords based at least in part on a predefined codeword criterion.
[0015] Still another aspect relates to a machine-readable medium having stored
thereon machine-executable instructions for generating a set of codewords to facilitate
transmission of information; and expurgating a subset of codewords based at least in
part on a predefined codeword criterion.
[0016] In accordance with another aspect, an apparatus in a wireless
communication system can include a processor, wherein the processor can be
configured to utilize a set of generated codewords, the codewords generated based at
least in part on a predefined codeword criterion. Moreover, the processor can be
configured to utilize a portion of the set of generated codewords to facilitate

transmission of control channel information based at least in part on the predefined

codeword criterion.



information associated with a communi cati on environnent is described
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decoding the received signals.

[0021] In accordance with another aspect, an apparatus in a wireless
communication system can include a processor, wherein the processor can be
configured to receive signals associated with a generated set of codewords that facilitate
transmitting information comprising control channel information based at least in part
on a predefined codeword criterion. Further, the processor can be configured to decode
the received signals. Moreover, the processor can be configured to perform erasure
decoding of received signals utilizing a subset of the generated set of codewords, the

subset comprising discarded codewords.



BRI EF DESCRI PTI ON OF THE DRAW NGS 100231FIG 1 is an illustration of
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systemth can ilitate generation of codewords to

transm ssion of information between congunication devices in
accordance wth an enbodi nent of the disclosed subject matter.
[0025]FIG 3 is an illustration of an exanpl e net hodol ogy that can
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all such aspects and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023] FIG. 1 is an illustration of a wireless communication system in
accordance with various aspects set forth herein.
[0024] FIG. 2 is an illustration of an example system that can facilitate
generation of codewords to facilitate fransmission of information between
communication devices in accordance with an embodiment of the disclosed subject
matter.
[0025] FIG. 3 is an illustration of an example methodology that can facilitate
transmission of information within a wireless communication environment.
[0026] FIG. 4 is an illustration of an example methodology that can facilitate
generating codewords to facilitate transmitting information associated with a wircless
communication system.
[0027] FIG. 5 is an illustration of an example methodology that can employ
scrambling to facilitate transmitting information associated with a wircless
communication system.
[0028] FIG. 6 is an illustration of an example methodology that can facilitate
erasure decoding to facilitate transmission of information associated with a wireless
communication system.
[0029] FIG. 7 is an illustration of another example methodology that can
facilitate erasure decoding to facilitate transmission of information associated with a
wireless communication system.
[0030] FIG. 8 is an illustration of an example mobile device that can facilitate
transmission or reception of information associated with a wireless communication

system.,



[0029]FIG 7 is an illustration of another exanple nethodol ogy that
can facilitate erasure decoding to facilitate transm ssion of

info'illatjon associated with a wirel ess comruni cation s
[0030] FI G214 | | ustration of an exanpl e nobile d%@/f@%ﬁﬁgﬁoﬁ?wéan
facilitate transm ssion or reception of,informati on associated with a

W rel ess communi cation system 7 [0031?LFI G 9is an illustration of
an exanple systemthat can facilitate transm ssion or reception of

i nformation oci at ith a wireless co ni catign. s e
[0032] FI G €937 an ?ﬁqﬁﬁéfsra&euwmn SR ERARPE &G gﬁaég%‘sflﬁ%'{‘n%r k
envi r onment ¢4 afiss©abr kMR @YiEermhdlios QRbHBCH WoR aWitdless Bemmahicaitn
systens and net hods described herein. [0033]FIG 11 is an

illustrati ofystsm.-an exanpl e systemthat can facilitate transn ssion of
Iccn)];r?nrj matc ;f.n Bﬂ?@%}‘r’]"\eﬂepoﬁfﬁmht Qis%ﬁ%lﬁ&ﬂa%vdf%ﬁ%xﬁﬁa&)%%fe@s%é%&ﬁ cRvivdrnfhess
that can be employed in conjunction with the various systems and methods described
herein.
[0033] FIG. 11 is an illustration of an example system that can facilitate
transmission of information between communication devices associated with a wireless
communication environment.
[0034] FI1G. 12 is an illustration of an example system that can facilitate

transmission of information between communication devices associated with a wireless

communicaiion environment.

DETAILED DESCRIPTION
[0035] 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 therough understanding of one or more embodiments. It may
be evident, however, that such ecmbodiment(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.

L 1Y % ce

[0036] As used in this application, the terms “component,” “module,” “system,”
and the like can refer to a computer-related entity, either hardware, firmware, a
combination of hardware and software, software, or software in execution. For
example, a component can 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 can 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 can communicate by way of local and/or

remote processes such as in accordance with a signal having one or more data packets



[0034]FIG 12 is an illustration of an exanple systemthat can
facilitate transm ssion of information between comuni cation devices
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in order to, proyide a thorough understanding .of one or, .nore

enbod ment o(i-4zegord ehe e TGREGE AREE RS SRR P8y
be practi cediswibiRaustdrese/os Re6dshierveek aidnss tHen@ideewith DHEAIERMSs by
wel | - known structures and devices are shown in block diagramformin
order to faE’PYPft&FélgH%lbcri bi ng one or nore enbodi nents. [0036] As used
in this applgagfion, fiffchfSidRariGRRAREMents ardBARiIRd herehyRlc8Mecti@Nd
the like can refer to a conputer-related entity, either hardware,
firmware, awibrtnebieidoricofA mmbiadeecea asobe orlicd 2 sygemusabseriberunit,

sof tware |0 GXGaUL L0 FRLISHATA Gond: FQARONEAL FAMDRImANE alBuno!
linited to De Ng, a Process runnfng on a processor, a procéssor, an
obj ect, an exemal, abdrésrminal,heredichl ofiredose coiimanicateonpiceige,angr agad/ wer a

conputer. By way of illustratian, boith an.appljcati runni ng _an
comput i ng LGS ORHE THDRBRUER Hyaen G an bed s R STRRE « sy
nor e conmpongidphokd SEQTIndRitMidPiatodo NEI0 @863 B /iRless IBE£ asbpaWI.L)
execution and _a conponent can be | ocalized_on one conputer and/or

di stri but edsBEwe@RseRt digitalpssigartdRpde-erhendheld daptrelrpns viglese
conponent s e&n\eam%@&nﬁty, Fiﬁ%&@fi&%%%ﬂ&%rdc@ﬁ%bie@ic@@&in@ct@@b@ N9
various data structures Stored thereon. The conponents can ]
conmuni cat e wiglewayodsim. | Mowovemdtions cabastimenss e dssraigedhrs¢in discdnpection
accordance i AidNa! NN 00ANG B LMRIA Al MAREERRS wiif lcBild
data from one conponent” intéefacting wth another conpon At in a local
system di sdevitait)edd sysilene rafedtodto acnasssapaisf WodkB sargbmasthehe
Internet with other systens by way of the signal). [0037] Furthernore,
various enb&ITHOHER- are described herein in connection with a nobile
device. A npiyIgp devi p@roast, MrvQs Bpeaabl Retuies AystBE hesdibsaitder unit,
subscri ber station, nobile station, nobile, renpte station, renote
termnal, adwelgwented # papthod,gpparttut. 9 Aaicle of Bepingiire ugingstagdard

communi cat i , ] le il i M8 8f mSAMLRIEN used
(UE). A m)b?rb evﬁggn%ygﬁént‘%gg gﬂigetleﬁ%glﬁ gﬁ%ﬁmnglaisc%rdl ess >

t el ephone, &cSinsis imendediiat dngethpass Peampwerd progrRacesble from aiyreempyist-

| ocal | oop (VI I QN,: n 1.ai i.St PDA)

nandhel d_gestaedis Bom, el BERART AL bt YorR IRl Re801e fleihen Rclude
devi ce, or othes ngrlgedso mgetkeicisteagedaviest(ed., hardaliski flgipgsiskmndgrnetic
Mor eover, varjous enbodinents are descrj erein in con on with
N bace: ot at i e bARC AL P @A CamoBRa kR, A e Blesi YD g £
nobi | e devi gRaS kard§ldng ABshah&Ro @ctiedsqbts EPROM TaR stk Sirive) 4d.). Node

B, or some other term nology. [0038] Moreover, various aspects of .
feat ures dedwditivaplnErqus siokgeepredia described herein can represent one or more devices

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

readable medium” can include, without being limited to, wireless channels and various
other media capable of storing, containing, and/or carrying instruction(s) and/or data.
[0039] 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 can include multiple antenna groups. For example,
one antenna group can include antennas 104 and 106, another group can comprise
antennas 108 and 110, and an additional group can include antennas 112 and 114. Two

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



i npl enented as a nethod, apparatus, or article of manufacture using
standard programm ng and/ or engi neering techniques. The term"article
of manufacture” as used herein is intended to enconpas Ui e

pr ogram alEEBE Y r om any conputer-readabl e devi ce, i%ﬁpﬁgﬁ%:’%ssi
medi a. For exanpl e, conputer-readable dia can include but are not
limted to nmagnetic storage devices (e.qg., hard disk, floppy disk,
magnetic strips, etc.), optical disks (e.g., conmpact disk (CD),

digital versatile disk (DvD), etc. smart .cards, d flash nenory
oot cos (o it Brenih iR Bt Fefor 107 an g G5ty e agamirsFETRY
various st of0frefEelr nAL G EH HchibiesRiin maorhgﬂzg'eaqﬂnaﬁ@ RE cEMipoNBiite

devi ces and/ or ot her nmachi ne-readabl e nedia for storing information.
The term " nisepfidied Wb sapL&apweison ddreePhet (e, PrOGORNBUOBERRE: | i i t ed
to, wrel eSﬁuﬁ@}m&%} R, 'd%l§lti§fe§&5, ARAA, £2DABNAI BF arthQididihy
contai ning, and/or carrying rnstruction(s) and/or data.

[ 0039] Ref er onernfyillsdwn the a%i g. 1, a wirel ess comuni cati on system 100 i s
il lustrated j,n.accordance Wt h,vario ! J: - '
system 100 HOHF T ses Hop Gelrk {02 2h 0B RPRE R B b E R IESuh
ant enna gr oagxsobifealevier dhphel mebike davice ity hgwoeep, it@to baalpudt@atainthabases

104 and 106, another group .can ¢ ri se antennas 10 1d 110, an n
2ddi 11 onal SFOp 4 PereP R AT B ARSI Sy qeEDs o R AP GRS Cn b
i1l ustrat ednfpile &3%Rs }1Y £ANA29 VA dBAVERVE6 andTPI2ea be fBNAmPNRY, SNRNAS

can be 9 utilized for each group. Base station 102 can additionally

include a t phavswistesphetesi Aptaprhandpeld spmarmisancvicas RanthelgispeRuingn
in turn comprise GreRlitiaalds! %10]:9;] G EEmESTRL!, A OGk iy bhes haaBle
transm ssi on and reception {e.g., processors, nodulators, .

mul ti pl exer devickdimatwhratrorasing degrovitalgsh exemsnicaivnepsien 10t 85 Yepicied, wi | |
be appreciated..by on killed in.the ar 004 t.atl

communi cat o RPLTCYRG 0P b BRI B0} s Rl BRSO PR o
and nobi | e deviicarah@dit infomerien o mbbilesdebive e aymp bdadwateElhld HEtanb aseive

station 102.can co nicate with bstanti al |. unmber of,. ile
devi ces si niq%%fp"af%n 5 “Gé'\?Y‘E%%F#C_’L‘@r %Ff’ﬁerf?%k fﬂ%iﬂgeﬂ‘éﬁ‘\ﬁ rﬁ%@gnf@‘ém%nd
122 can be, 1305 i€ saRhScatogith AlenPROMBSNd $0R FiheRNORASas 10ARAOPSE
handhel d conmuni cati on devi ces, handhel d conputing devices, satellite

radi os, gl obatsnpbisfarmatinyig nbdle device Bdayer afaver Laky2otHercd A t abl e
devi ce for ﬁ@%ﬂgﬁ%h% l%‘?i%vi%ﬁﬁ S35 2 FRETYRLE Md. A aHEREERY 1RiorAS

depi cted, no evice 1 I's In comunication with antennas 112 and
114, where dwmlenFD)sygeanirtad link 4hSeantutiling o diffstdanbicquengydisind ¢haddhit ce
116 over a forward |ink a r ecet i,nf or ion-4rom i ,
devi ce 116 898 3Eveatdbica 2l R bGP bl 2R R Pbang |
comuni cat i efan\that Bmploy ehiaRvdddianR 6106 exaryde. eFathice imatme A isoddubla

transmt infornation to nmobil e device 122 oyer a f.orward |link 124 and
ecetve. i nf GIAGE POt FoRPROI S by feerss 5 e giBE Ao Rty
I'n a frequepgy fd\bslaedlitipliand téolkd 1IN 32 @8N JHBENREShInb KrequbBoyCimd.
utilize a different frequency band than that used by reverse link

120, and fof94al | i nkEachgreumpfanisnusy and/en the aee Hy Which g Acydetigraicd Ran
t hat enpl o y j , i t xatnleBartd
nmp y%?ng%%w*%%?ﬁr?@e lefetitd g%& a Je%f ?ﬁ%@ét?ﬁlonﬁ bt REl o an}e, ﬁtéﬂ]?_ig 0

di vi si on dup system rwar d 118 and reverse | ink
can utili ze geouscande desigopden comiranidata hambbifedevides (ergk 119nnarsdctpraidhs e

link 126 can utilize.a,comopn freqguen nd. 1 h f
ant ennas and/“6t C({Vﬁléeﬁaw et I\R/Hiléﬁ f C@%%%ag%%%\%gg?dggﬁﬁlonkgg%ﬁﬁ&ét e
can be ref etfeathnimitérs Mtasd dhbagf sthimaa 03 tat itihize b&2nfofraing exiampdve,signal-

ant enna groups .can .be_.desi gne C i cate t.o.nphile Vi ces .

Co o136y WRos Bu eamt g buBd TI Buraims Sy td 16 faf 9, A v

comuni cat i RsQ¥Rbn 107 UAIAs béapksrdidSioantsthRfo mbhig: devaes Md dndng2

ant ennas of base station 102 can utilize beanformng to inprove
scattered randomly through an associated coverage, mobile devices in neighboring cells
can be subject to less interference as compared to a base station transmitting through a

single antenna to all its mobile devices.



nodul ation, to transmt control channels between to communi cati on
devices (e.g., nobile device, base station). For instance, when

ort hogona I Xi ng, such as single carrier freque IV, Shan
mul ti pl exik%%é@-g%\a or orthogonal frequency divi si onpsn%}]%(%’%)&(élaﬁg
(OFDM), is utilized for traffic channelyg, it can be desirable to

utilize orthogonal multiplexing for a control channel (s) (e.g.,
Channel Quality Indicator Channel (CQ CH), which can deliver downlink

channel sigpal-to-interference.plus npise ratio (SINR neasurenent

i nf or mat i on[@ﬂ%l] can k}gcal?sé’d{é%&bg&ﬁoﬁﬁp%ﬁwoﬁgﬁ@?ﬁ%gﬁyﬁg’ ?‘@ﬁé‘? %ﬁ%(’@fflalas
in terns of nohaniel , easwuiiedaibl chhe|Siieeefrto Sdrinligitationtdevitar(eace can
be observed between the traffic channel and %(éntrgl hannel . For
exanpl e, af F’_@Pﬂﬂ‘é"é’éfﬁi g B0 0 RPY BHtanch bz orthggong inﬁ_é‘p_cﬁ@gs 2% ype
of multiplexihng céﬂ_ﬁe_ﬂﬁe%ugﬁé QA bultigl EEnCRE0SL) 6PHEH dgb @D fcQuelley

interference condition) of the control channel can be neasured and
applied to divesianrmaglfiplexion §aRaM)+ ip utilsasi [forteatc ¢haprady dcae bpdesarblatu/ or
decodi ng of fF i |, i t, i :
transm a1 bR B EmGRARRRL YA FRLRE s, (CRai[BOMRY ngicor
channel con@htineh(GQILCHH maltitlocen delinotdoaubnk ctiahee! signlke-igenirersk pblsannel

does not util.ze .t nme type of | t.i pl exin e.g., orthogonal a
Ches Tt 1 1 et (K Benar e eio® i ) b s sn S ERORE TS et
based on nom&eﬁ&?{amn g6t chitgiel MedshRineaQiRrsemnt ostigilal inRegfeuid @nde

froma pilot overhead, while_ orthogonal nodul ation wth non-coherent
si gnal i ng cahser@ﬁub@'éveﬁ%@edlaffi%ﬂbaw?%d WngrFi’ﬁ'éﬂel-[Efﬁz%?%lﬁ\Png &‘??HQ‘ng,

the ef fici engyopholQhiiien8paking A ahOfpk BEmaapidaly (6228ARIgohs, ¢t i On
transm ssi on can %e undesirab | ow. 'Fhe subj ect I nnovation can

extend the oranhelgonditiomtsal intel foiengeraondibpmentyhe @ntrolphpenel gag by measured
quat er nary) .af | i i gaLti i ]

G111 of oncy, "R PLRb|cR oL B R PRy Bl conlL AR BRI,
of the ort haegfiitahacehtwhadh cahagsnk in impraled itgninmigsien s@tre@ption of signals on

bandw dt h-effici.ent co e odewords. th can have a .significantly
ar oved or edeny SheRat ] SIS Tt e e e PiRb R Y hhERHe
t he nunmber @harheNRss witivtiliZeMe ke §pé bagolfplexinp (& & phretigbgal s thepdd ik
control channels, facilitate interference-|evel estipmation, erasure

detection, &hamelk /Aneeier reesandor HEnGATIRRTIN BYHY N BT Pt

si mul t aneous;qt B iinasidRBeRf sighilitd Rlrfrd YR8 3 pRbt FRMcA® WHiIRbRRGEKAION
(e.g., CQCH™ Precoding Matrix Indicator Channel (PMCH), Scheduling
Request Chamvdllafi@Rei$h noetehcyent Fignaling semrsgwye thsapSuppibd pvérhgtdvat i on

can design ired . r .
codewor ds, i{;}@%i an ex%ﬁ?‘gg?%dd\%’rqg% ?fgggseréég{:ogg’ g%%ogﬁél ‘%ﬁ %:I?:g r ag h}rﬁ C(1)1 ﬁ%[fel
codewor ds f ffbmtidtien cangphissxonorah ve godairaldp thev. | Theaubiect it vatiaatae catend
bandwi dt h- 11 efficient non-coherent signaling set of .codewords with
a desirabl eﬂgﬁqgglgg W@%‘Qﬁﬁ‘%&ﬁgﬂéﬁ@.w‘%ﬂgé 116 ‘*‘,mml?‘?“% igR, which

operation cag QQniﬁ%'tl?YxﬁﬁroU(S baA@widiR eHRSneY eTheabjebENn@atdev®scdsnt 0
further inprove bandw. dth efficiency. 10044 As%%\g exanpl e, tyﬁi cally
Wi th bi nary 8HPHs dsrrificrrsy It e wihosmt eartrbehsansd §y 818t Bher ent
si gnal i ng, %Qndi’ﬁhﬂh‘-’e?ﬁci&t_l%bﬁqgkex‘E@Jb\ﬂo@d’thé‘c%al( BRRa shhift R RIHoRAdRssaNnd
such binary orthogonal signaling can cost 256 tones, which can be an
undesi r abl e chirgjhticirpyoprrty, which carclapilibée isdyarmithe hembaedigngs Hilsad st f or

t he orthogon L1 pl.exi i LRl ¢ G : : | al so
provi de an 8)?(%0 S fi{/'lgﬂ}s qégf\%/ggg%%@a@ @?@&8&? 81%%9%@?#&3%@% tgg{!ﬁlce W th
vari ous enbestimaivhseraduredsedipecindionfuoiliatte te stanitaneds oesubktentraliyber  of

t | oyed t i gni.fi | y.smal | f t , 32
tones or | st Prim e Bk LR rRR Ghin et FROPHy o
upl i nk cont rpedcogingMnglis Indr@tor IORSARNETRMICH)ES GBI BGIR sl i30T RdrineiN SRAM),

enpl oy conpl ex orthogonal nodul ation, (e.g quat ernary has)es-etscﬁj ft

etc.). For instance, the subject innovation can design a desired (e.g., large
complex orthogonal codewords, and can expurgate worst-case codewords and/or

additional codewords from the complex orthogonal code in order to create a bandwidth-



12 virtually any conmuni cati on device, whether conmunicating in a
wirel ess environment or a wired environnent. [0047]1n accordance with

one enbodi | ex orthogonal nodul ation can be e ,
utilized @83&0?:’8 Hﬁl cation device(s) (e.g., 102, 116) @mhfg%(zgﬂsg%%ﬂéh

order nodulation (e.g., QPSK) can be engl oyed for non- coher ent
signaling to facilitate reducing the nunber of tones enployed to
transmt control channel information. In one aspect t he nunber of

bits of cont chann i nf or sire sm tte can be
ol 1t i neo e R e G B S IR R 5B R R o
separatel y peperty. lanplidyh tgultiacaienpelatatan be Bnphgtd tdindie ibgpnedt s of
control channel information into nul tbl‘%ﬁ% &ectgg t he nunber of tones
enpl oyed cafPBRICY ERAGHATES o UEheidmPrevg baLHHE Ci¢i¥es, as compared to

the nunmber gjgqypnes e&aoérpafﬁglple tybﬁeilpwttﬁ bﬂ@ﬁforﬂ@go@phbauzamﬁ@amﬁns
| east in part on the nunber of Bits 1n each 'group of bits and/ or the

number of gbeepen sfobiceherent @gnalmgttamielever?Wé&@éﬁw@l\fﬁéﬁ%ﬁ) !é%ﬂ@nwed
ded f b
€xpande rQ@OF&{bﬂs{lX}l Bﬂalﬂ%?ﬁég%{ﬁf %%naﬁ?ggzﬁx stAS %%&{esq;[/ i L o fce%ﬂl s can

transmtted e 1n- anot her ‘subset o
be transmi t uedbsirare hige amoady &tiucae -bp Foayamd(ﬂ@ phaselh bgigetfot thaprthdgenal

respective se ce ontro| .channel ni at i
usi ng a hi g™ gtfpg%l‘? grfbfod]tﬁ}@ffodjﬁolcé‘aamls ﬁ9§t’<§1 %ﬁgm\g xf?sﬁlﬁgigl?? 8(3#
over the spegt {el (jéedl/mnheﬁcc@xfdaﬁ&ﬂﬁﬁlvahﬂu@ﬁﬂﬁd@lﬁﬁerﬁﬁﬂfé@hb;eéth@o@@tﬁiﬂﬂ@hd

can be scranbl ed by a specific conpl ex pseudorandom noi se (P14
sequence of reo@u%ep@éi‘i?‘iﬂ@?f of &gt emplayl to astenificaptly sopallernpppisy o étpn?%(ﬁé's in

each set) tagy angybld@ss?to%ﬁ&&rs lﬁfatf&ctﬁé 5@ RbhA 1608 StUptih R 8drirol
channel . [0048] For instance, in order to transmt a desired nurrber of

bits (e.g., cmnbelssForgnstasatthosubisshivneratipn tay ernlpoeerenertisepral
th |
Che o gnal i RRCHaBb (ko) e RS M2 IR RRTE SRR ngé}?“lﬁ 0
ort hogonal sidgoathe ngmbaf coss ud8etl oniemshé.cgntrol2bfnebin&snatidy as
| | th | modul ati. d
Lo t ranam ¢ CoRRTLE R RilRsb™ Grodlabieh ot RO B aefln sERRRAFEF vt o

can be reduegehrent @i@nﬁ?ﬁ@ﬁﬂh@caﬂdﬁiaﬂe&oﬂaﬂﬁas thet gro@Rs fbér Briblatisn (elg) one
aspect, the desired nu 1rfber of hits of control channel  information can

be separ at e@oTHEEATI{ VD) @ndiastde srpyspated, whicy can imprayethy wopstcade crogh g
each set Ca@o&éa%%{@éeﬁk% @&9&9@%@%&% Efﬂ@o%@év@&ﬁé amth'alaqarmr d

Code. The constellation can be expanded from binary to quaternary,
and 4 bits owmdetominedmanter pEdhe fonaining codeplordseanheldidcapiadgo owet the

transmtted f 1re(§ QI{%ﬁt 1%&?0?&&@%1 fﬁ% ez]a{rgf r{ﬂ% I ofqéélﬁacgdegzzcilh?fopgjg%gré 4

tones (e.g. re9id conven ogona iony,
t ones can beumbedf tdres). iThs tianaded tnes &r&dmﬁmdlﬁ@r slepangbsd, sudlt as t wo

sets of 4 informti its, .and each set can be separately 13
encoded by Grf%rfeﬁ?mﬁéﬁ@ﬁ&ﬁn&la%%é’rasﬁéie%%0“16“:1 ong real binary

sequences Cau48E I eprBSRBdr8shchwithha aﬁ]ﬂabf a@emﬁﬁlmc&{on]dewce suck2B%) mollilke
bi nary sequences can be SK nodul at ed = elm+ ][c 0 and

transmitt ed d6ves (exp Ilehasl/or tgobasg $tﬁti%n](9t2h%"‘|n "bg spriigured th SUEBFOMBIG can
be scranbl ed.hyn@s e baR&FikfH Eficient non-coherent signaling for uplink control channels

(e.g.. CQICH, PMICH, SRCH, etc.), for example, associated with SC-FDM or OFDM.
The communication device can transmit a desired number of bits of control channel
information, where such control channel information can be transmitted utilizing
complex orthogonal modulation.

[0046] It is to be appreciated that, while the subject innovation is described
herein with regard to a mobile device (e.g., 116) and a base station 102, the subject

innovation is not so limited, and aspects of the subject innovation can be employed in



conpl ex PN sequence of length 16 to provide a better autocorrelation
in the nultipath channel. In spite of the significant bandw dth

reduction e difficult to apply the above set
codemrds"?%a%ﬁﬁ%lzﬁcal non- coherent signaling due to tﬁé“g%’ P Yant
cross-correlation among two different cgdewords, e.g., " p(mn) -

1181,1 IIl1sll Note that the cross-correl ati on between codewords is
an inportant parameter that governs the performance of non-coherent

signaling. Typically, a pair. of diff nt codewor.d wll. not have the
corr el at | on "t {EansconipiREalighicie Brieha il S Be YirrlSp eRaionpe
1- phase or @ phas@envildniBity cases, there can be orthogonal 1 phase,
but coi ncident Q phase, or vice, versa, between a_pair of gviords.

Wienever bolt47he | - pRASE daaC Wik ony ﬁﬁlé%dé‘“%tecoé‘iptl%ﬁﬁ‘ﬁ&‘?“a ation

correl ati onyaldignd|§yed-and ﬁ@ﬁze@*wtalceﬂn%fe@@a&a&megv ctgte 192, pw; whtre a
ei ther the I-phase or the Q phaSe is coincident he ot her phase

i s ort hogonigh opder m@éullaﬂ?rh@ge AISK)tven be eyplopesienaerdcabgreabiignalidgint t o
h h
the Qp aseﬁ%il t%]tg?edﬁ @Qp% ‘}%ﬁ‘%@%@fr tﬁne@ Uy }099%8 PhARE 9{& g@ﬁarﬁﬂe r St

codeword is ona ase e secon emor
correl ation mfaﬂmaaonam dne alfe2t, dre nfhhﬂ)ﬂ:t of/bltp of mritrphé:hanml tistfatmatipn ldsmred to

desirable to renov ) ny. of thes corr n ses (e,

wor st - case B? Hg?nﬁﬁ?f%Pga F%‘H “\lfar“ﬂ’ihpi? eﬁq? j%t)sa Eg%logf: (?g eﬂ%déd
extent that qéﬂamaﬁ% r@%l&ﬁ@%m@dm@d tdded. emﬁmitt&lgaﬁ@b@/cafl@bﬁ}omheﬁfnez a
conpl ex codevvord as the ect coincidence in either d?lhase or

Q phase - i fnfpygsfign indo g tﬁ&ﬁetse@ie rEmgeRt donen enpeyed "ﬁlﬁé’%e £¢iiPe can

be undesira T8t dr9bhes BREotnbark D&Y the himBg b RREs G ddﬁms% en
t he Qphase%{ch%rggqlclgn be Sﬁdes?rgallor e cto$rel ation. S&%aﬁ phage of

one codewor oversnayeplitestdsat desishio ipeis an the umbehel bijs ph@@b g@ﬁlp a*ﬁb&tih@d/Of
codevor S, R Pyl AR LR R P ARt G aGac B
bei ng nul ti pinagdo bmatameq’l;rmidamecshmwdl bits t4n ooednbndiedfbr the mnﬁa&d(d-@ﬁaday
o OU 0 o SGL st B R ARy Gt
that the respective sequences of control channel information can be modulated using a
high order modulation (e.g., QPSK) and can be transmitted over the specified number of
tones. In another aspect, the codeword can be scrambled by a specific complex pseudo-
random noisc (PN) sequence of a specified length (e.g., cqual to the number of tones in
each set) to provide a better autocorrelation in the multipath channel.
[0048] For instance, in order to transmit a desired number of bits {e.g., 8 bits) of
control channel information using binary orthogonal modulation, which is based on a
non-coherent signaling, the signaling can involve (256, 8) Hadamard code, and such
binary orthogonal signaling can cost 2° tones (e.g., 256 tones). By employing complex
orthogonal modulation the number of tones employed to transmit the desired number of
bits of control channel information can be reduced, for example, to 16 tones to transmit
8 bits. In one aspect, the desired number of bits of control channel information can be
separated into multiple sets of bits (e.g., 2 sets of bits), and each set can be separately
encoded using the appropriate Hadamard Code. The constellation can be expanded
from binary to quaternary, and 4 bits can be transmitted for the I-phase and 4 bits can be
transmitted for the Q-phase, and as a result, instead of using 2° tones (e.g., as with
conventional binary orthogonal modulation), 2% tones can be used. For instance, the 8

bits can be separated into two sets of 4 information bits, and each set can be separately



Then, the optinmal non-coherent receiver can take the codeword that

maxi m zes In the case of diversity reception (e.g., due to the
multipath_or nultiple receive antennas) of order L in Lgh

f adi ng chgﬁigwgmpﬁﬁ'optinal metric can change to a.%gﬁy¥%§h§§%f No
with al -, where yr =1 07211s11 Es / nl ,-S1,2 + Z1 is the /-th

diversity reception 2 v 0 of the codeword, c7 is the long-term
average power of the /-th diversity channel, and 11s112 is the conmobn

ener of the rds
me a58¥ abl e, S0 %Ja (Bé Lga\%g@ardfod k}ehtgro(igalgrpgellea rlr(t)afrylr lse%ue':rlscesn gatn be
represented by the pair (¢, , €. ) (m =0, 1, ...,255). The binary sequences can be

QPSK modulated by s,, =¢;, + jeg,, and transmitted over 16 tones.

[0049] In another aspect, the codeword can be scrambled by a UE specific
complex PN sequence of length 16 to provide a better autocorrelation in the multipath
channel. In spite of the significant bandwidth reduction, it can be difficult to apply the
above set of QPSK codewords to practical non-coherent signaling due to the significant

cross-correlation among two different codewords, e.g.,

I m=n

H
Som Sn\

p(m,n) =rhe o T
[sunllls.ll |0

JHER - (1

Note that the cross-correlation between codewords is an important parameter that
governs the performance of non-coherent signaling. Typically, a pair of different
codeword will not have the correlation value of unity, because of the difference in either
the I-phase or Q-phase. In many cases, there can be orthogonal I-phase, but coincident
Q-phase, or vice versa, between a pair of codewords. Whenever both the I-phase and
the Q-phase are orthogonal, the correlation value (e.g., correlation property) can be 0,
but if either the I-phase or the Q-phase is coincident but the other phase is orthogonal, or
the I-phase of the first codeword is coincident to the Q-phase of the second codeword
but the Q-phase of the first codeword is orthogonal to the I-phase of the second
codeword, the correlation value can be 1/2 or 1/4/2. A principal is that it is desirable to
remove as many of these high correlation cases (e.g., worst-case cross-correlation value
of 1/4/2) as possible (to the extent that the required spectral efficiency is achievable)
where a complex codeword has the perfect coincidence in either I-phase or Q-phase — if
there is perfect coincidence in the I-phase, there can be undesirable correlation, and if
there is perfect coincidence in the Q-phase, there can be undesirable correlation. If the
TI-phase of one codeword is perfectly coincident with the Q-phase of another codeword,
there can be undesirable correlation with respect to such codewords as well. For

example, in the flat fading channel, after being multiplied by a complex channel



[ 0050] Typically, the high cross-correlation does not decrease in the
above orthogonal conpl ex code design even if the codeword length is
i ncreased J e high correlation originates from s
col li si on%(?&@%ggs}ﬂﬂnensi on of a codeword with one di neﬁ%f@%{ﬁgﬁvé??sgﬁ
can result in a correlation value of 1/, or two dinensions, which
can result in a correlation value of 1/41, of another codeword.

[ 0051] I n accordance wi th anot her enbodi nent, independent real
scranbling codes can b pplied for I-phase and Q.phase of each
cotovor d Loseiaini et kERLLY hgeRioumR BRoe 1esLs & e RO s e
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eQn, =et)/ , and(4a) [Condition 2] Cl," # eQ ,/(4b) [0052]1n order
to reduce the peak cross-correlation of the conpl ex orthogonal

modul ation in the nonscohefgnt receiver, independent real scranbling
codes can be](adgpilsrggzihfﬁ h1-phg¥¢ ang’g) phase, of each codeword, re
a first real scranblilng |cqd¥ can”be a pii'ed’ Por’the |-phase and

di sparate real scranbling 'code can be ‘applied for the Q phase of each
codeword. The two respective scranbling codes ase a

( for |.- dQ .
phase can b& tlprassetl trowify drceRien 462, dRdor e ‘F‘%‘%‘Hﬁpi‘ﬁgm&‘gﬁ’fﬂ &eetve

or t hogonal . f 1 ' ~ e
i (a Q CO ﬁ@%@é@ %IF} %,q{aglgbgg,h(igé)hﬁg efanddiliRe bpiiMdi@hdtAc canlddngelo , M

2
-1 | |' L-1 |
)= Zaz n er _ z a12 |h1 J?stm +572;
= | IS 1V e

=0

2

,n=0,1,...,255 3)

e Gf'"glles/No y =hJ£Ts F2) e gt diverst _
with = 1 +0_12"S”2 E/N, , where ¥1 =7 N ! is the /-th diversity reception

of the codeword, o/ is the long-term average power of the /-th diversity channel, and

2. . .
sl is the common energy of the valid codewords. When the channel profile is not

measurable, oy can be set @; =1,

[0050] Typically, the high cross-correlation does not decrease in the above
orthogonal complex code design even if the codeword length is increased, since the high
correlation originates from a perfect collision of one dimension of a codeword with one
dimension, which can result in a correlation value of 1/2, or two dimensions, which can
result in a correlation vatue of 1/4/2, of another codeword.

[0051] In accordance with another embodiment, independent real scrambling
codes can be applied for I-phase and Q-phasc of each codeword to facilitate reducing
the peak cross-correlation of the complex orthogonal modulation in the non-coherent

receiver (e.g., base station 102). For instance, the peak cross-correlation 1/4/2 can

occur between two complex orthogonal codewords 8, =€;,, + /€p n and

S, =C7 T j€o » when the codewords satisfy the following two conditions:



where the operator a a b can be defined as an el enent-w se
mul tiplication of the vectors a and b . In another aspect, the

codemrdsaf(ggaﬂ%gsgﬂrther scranbl ed by a UE specific cow‘,ﬁ obN53504
e above

sequence

a specCified length (e.g., length of 16 in

exanple) to provide a better autocorrelgtion in the nultipath
channel . [0053] The cross-correl ati on between two di fferent codewords
S,,,+]sQ," and sn =si,n .isQnis likely to reduce as it can take

172=n Sns"

p(mn)-- 11s/7,1111s/11 R ,e(mn)-R.,Qn,H 1 - + AR

, AmMmn)-3/4(n,mM ,m¥ n

[Condition 1] €;.n =€, =€0.n or €1 m =C€9m =C1n,and (4a)
[Condition 2] c],n # cQ,}; . (4b)
[0052] In order to reduce the peak cross-correlation of the complex orthogonal

modulation in the non-coherent receiver, independent real scrambling codes can be
applied for I-phase and Q-phase of each codeword, where a first real scrambling code
can be applied for the I-phasc and a disparate rcal scrambling code can be applied for

the Q-phase of each codeword. The two respective scrambling codes for I-phase and Q-
phase can be represented by 8; and 8¢, and the resulting complex orthogonal

codewords can take the form of

S = Sf,m + st,m = (al ° Cl,m)+ j(aQ @ cQ,m) ,1’1'1:0, 1,...,255, (5)

where the operator acb can be defined as an element-wise multiplication of the
vectors 4 and b . In another aspect, the codewords can be further scrambled by a UE
specific complex PN sequence of a specified length (e.g., length of 16 in the above
example) to provide a better autocorrelation in the multipath channel.

[0053] The cross-correlation between two different codewords

S =Sim+ JSomand S, =87, + jSp , s likely to reduce as it can take

H 1, m=n

p(m n) = i.s.fim = 1

A s, lIs,, 0, tRI,Q(m° =R o(n, m)‘, > + j(Ry o(mm)— Ry (1, m))! JMER
; (6)

T T
8; ,mSQ,;z S; ,nSQ,m
R - R e e .

where 1,007, ") H smm[sn" and £r,o(mm) "Sm””Sn” are the pseudo-random variables

which can be dependent on the codeword pair and the cross-correlation property of a;

and 4g. Making an assumption that 8; and g are independent random binary

sequences, R1,Q(m, 1) and RJ,Q(H:m) can be approximated as zero-mean gaussian



2 (6) where R Q11,n)-= ilsill and=are the pseudo-random vari abl es
1S, nDISI, Il which can be dependent on the codeword pair and the

cross-corr‘%%glg Jfroperty of a/ and aQ . Making an assiptio@stHat
RLQ?m n§ and

a/ and aQ are I ndependent random bi nary sequences,

R, Q12,111) can be approxi mated as zerg-nean gaussian 16 random
variables with variance of 1/4N for a sequence |length of N
Therefore, with the random scranbli ng sequences, the peak correlation

can be stat ira%&&rﬁ%!nli%lé%%ﬁlr\ja%%gceb&f ]fh%’tfor a sequence length of N. Therefore, with the

random scrambling sequences, the peak correlation can be statistically described by

~ |1 1

=|—+ jG(0,—

which is likely to be smaller than 1/4/2 when N is large. In the example of N= 16 (N
determined to be equal to 16 in accordance with the above cxample), a typical

correlation value can be calculated to be:

1 1

— - ]
2 J\/2N

However, the worst-case cross-correlation can be larger than this typical correlation

=~ 0.53 _

value (Welch’s lower bound). By designing the pair of scrambling sequences 4; and
a4 so that the worst-case cross-correlation between I-phase and Q-phase can be

minimized or reduced, the performance of the non-coherent demodulation can be
improved.

[0054] In accordance with another embodiment, the bits of a control channel
information can be split into multiple subsets and the subsets can be transmitted over
separate time-division multiplexing (TDM) or frequency-division multiplexing (FDM)
resources, where the splitting of such bits can facilitate reducing and/or controlling the
worst-case cross-correlation property. In accordance with an aspect of the disclosed
subject matter, binary orthogonal modulation can be employed, and a first subset of bits
of control channel information can be transmitted to a receiver (e.g., base station 102)
over a first subset of tones, and another subset of bits of control channel information can

be transmitted to the receiver over another subset of tones.

[0055] As a result, the worst-case cross-correlation property of 1/+/2 will not be

encountered between codewords, as, in this embodiment, the worst-case cross-
correlation produced can have a value of 1/2 at most, as either the first subset or the
second subset might be perfectly aligned to some other codeword. By employing

separate transmissions of the first subset of bits and another subset of bits, using the



22N (7) which is likely to be smaller than 1/1/2- when N s |arge.
In the exanple of N = 16 (N determned to be equal to 16 in

accor danc ' above exanple), a typical correlatj n
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be cal cul ,-- 21/ 2N However, the worst-
cross-correlation can be |arger than thjss typical correlation val ue
(Welch's | ower bound). By designing the pair of scranbling sequences
a/ and aQ so that the worst-case cross-correl ation between |-phase
and Q phase can be mnimzed or reduced, the performapce of the

non- coher enterdekitfatdii Aheuprstrase srpssorreglatipnpBug ¢!/ a8 cop daArddssh th

anot her enbodi nent, the bits of a control channel i i
compared to the complex orthogonal modulation instance described hereinabove.

[0056] For instance, continuing along the previous example involving 8§ bits of
control channel information, the 8 bits of control channel information can be separated
to two subsets of 4 information bits and each subset can be separately encoded by (16,
4) Hadamard code. The two 16-long real binary sequences (e.g., sub-codewords) can be
modulated by binary phase-shift keying (BPSK) and transmitted over two sets of 16
frequency tones each. Each sub-codeword can be scrambled by a UE specific complex
PN sequence of specified length (e.g., length of 16 bits in this example) to provide an
improved autocorrelation in the multipath channel. At the receiver (e.g., base station
102), the information bits transmitted over the two sets of resources can be separately
decoded by the peak energy detector (e.g., 1 out of 16, in the example) and concatenated
to recover the original information bit sequence of length 8 bits.

[0057] In the cxample case of transmitting 8 bits of control channel information,
32 tones are utilized to transmit the 8 information bits, which is larger than 16 tones
utilized for the complex orthogonal modulation but is much smaller than the 256 tones
utilized for the primitive single binary orthogonal modulation. It is noted that the
decoding is successful when both subsets of information bits are successfully decoded.
In terms of the cross-correlation, the normalized worst-case cross-correlation produced
can be 1/2, which can occur when either the first or the second sub-codewords of the
two codewords are coincident. Thus, as compared to complex orthogonal modulation,
the worst-case cross-correlation can be improved from 1/4/2 to 1/2 at the cost of
doubled time-bandwidth consumption (e.g., 32 tones, instead of 16 tones).

[0058] Additionally, it can be desirable to allocate the two sub-codewords
together within the coherent time and coherent bandwidth, as the multiple real
orthogonal modulation may not be efficient in terms of multipath resistance
performance due to the short length (or despreading period) of cach sub-codeword (e.g.,
16 tones) if the two resources experience different channels. The normalized out-of-
peak values of autocorrelation of random sequences can be approximately 1/4/N where
N is a spreading factor (or integration length). Thus, in the above example, where two

sets of 16 tones are transmitted separately, the multipath resistance can be degraded to
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predefined codeword criterion, where such discarded codewords, or a portion thereof

can be employed for other purposcs (e.g., interference-level estimation, erasure
detection, multi-mode control channel, efc.). The predefined codeword criterion can
relate to, for example, the available bandwidth, the number of codewords in the set of
codewords, the number of bits of control channel information to be transmitted at a
given time, the cross-correlation value of a respective pair of codewords, a type of
orthogonal modulation transmission desired to be used, a defined worst-case cross-

correlation value between codewords, a number of tones employed to facilitate



together within the coherent tinme and coherent bandw dth, as the

mul tiple real orthogonal nodul ation may not be efficient in terns of
mul tipath i nce performance due to the short |eng ez
&spr eadi nd{@g@%&zﬁof each sub-codcword (e.g., 16 tone% Tflbgfo{nﬂoebs?o\f\o
resources experience different channel s, The normalized out-of peak
val ues of autocon-el ation of random sequences can be approxi mately
1/47\7 where Nis a spreading factor (or integration |length). Thus,

in the above exanple,. where two sets of 16 tones ate transmtted .

epar at ol y. TEREUTOTYTSARTP CRGt e ae B T8 R g oL dea ey Cofgwords desired
appr oxi mat ety/belavhMiAe for dfds prdposeOMNANiRErfEendelevdritivhatidh herisQfd dtaaties
for 32 tones, which can_ be approxi nat el éell [ 0059] I n accordance with

anot her enb&WHHERES C%W"é%ﬁﬂ?ﬁa‘f’?-bﬁn‘y%@ r(,f@fﬁ?}ﬁex orthogonal code can
be desi gnedgyg) can bg it bideedl sRbf BreGQEMHRIOIRIJIORaGMASG Brinsthll @3, 2
nobi | e device (e.g., 116) and/or a base station 102, to facilitate

t ransni ssi ohladémaydrgeruincestran be kenerdtes. Mapiivef digingt segewicosin tiias s¢f of
anot her co ni L0 .ce) . .- . ) 1on-

conpl ox or t Regsiar “aHeHk R bR TP RS RS REL A5 BAREE
two hi gh-r abescdnt loayg émgdrt anotebaiemens tebetedi Ghedistins selpsoaes bdettdderaeibn.

Designing a cqd ere undesirapl e codewor ds dewor d pairs
mesoo! at od Sr T eulds Sur R urPEr e SR U Hapiery TRRLBR e
fromthe setugberdfaitt adodtreitamR Boréatod @od | CQRIED. Fane 6Hefof the
efficient transm ssion of control channel information. For instance,
it can be dEBFRHSEBICREss sxpln yHized B thedghasiong thigther distiast spiusaerc@nde

correl ati on gfi,dght2ne OFhadd tol AR thE XRHFIGRLRleABrd B MRS adaRbRyOr d
pairs as posm%l e. Tﬁus, It can be desirable to eg_gur gate codcwords
pai rs wher e codstordsieydndrhesenbai@f toiswordshiemared fo ailitasoernamisgion pbthe
coi nci dent W th.eithen - ] wor d
(o0 codedt if Sulrd ekl sl PRS0 e fnis BIARRA on RGP0
respecti vel yiisasgatioahedthsidedireiqgpatinbifcidecydng., 4o, desiscddmsber dfealid

herein), for exanple. [0060]In accordance with an aspect, conpl

or t hogonal ﬁB‘gWOg%)Si fgﬁa %‘é’%?,m@gﬁﬁonﬁ nqg%dlé‘ff‘ﬂi‘?e&fgﬁe“écﬁ ‘ﬁlhéjgtugg?e%xfor
codewor ds CaePBurg6dRssatied iRRFBEnAL Il agimdtian fatidurcodbtedtipn, @Sein read-
codeword criterion. Further, a subset of the codcwords, such as
codewor ds pradacPipl shamdelaretalisn %4 oss- nodul ati on val ue (e.g., 1/41),
can be expuigféz?d basg, &Emlbl%?iﬁ ohthuRf WisPfhe 3x AR RhERS]s aqgiengy d
criterion. so, a nunber of codewords of the set of codewords can be
expur gat ed aradsroit 8 bits ofeapniyolchandshinfarinetien, iths expuligetcd eemplex grthogandicadar)

nunmber of caodewords. .remi-ni ng th i 1.SSikrHN. 0 he
fracoalies L RS R IR R S
in part on %@@eﬁéef@@?!‘{lcp% godevond c&f bd GhnbQkd. WRraueicdbgrasded
codewords, or a portion thereof can be enpl oyed Tor other purposes

(e.g., interdgreace-hevel ofiriBid Ry BFAGIINA sHRlRES A he MBHcldd; WRide
control channel’ &tc.). The predefi ned codeword criterion can relate

to, for exang, gpovtde%4@\5&i YEbL&ilReR %\ib&tohas (ble (ﬂu”i@)?& —0f76G84EWRAYS Thé

the set of codewords, the nunber of bits of control channel
i nf or mat i on M ddembidandewdrt esh &t thasgallestoricitive cart fegulCinas Rast dhrer debiadd on

val ue of a respectjve ir of code s, ,a type of..orthogonal ]
Todul ati on (PEREHTEERIE Uy ags &&%‘3&% ,Oféﬁ S reir %@Hﬁﬁ@&é’égbﬁs
Cr 0Ss- cor r ela@bbfr ¥Rdntel iRREWERA, HABSWY 23 HadatiaRidodedodoRe fisRAg, oy ed
to facilitate 19 transm ssion of control channel information, the

nunber of ditbeapxdenelseniinHeesarbepdeyordds dQarhidiaangt procdyphigicast the

pur poses ( e-dlsiredfifBE! SMER1d BUBL0RS AR Rllire P AR BCURHEFIUON.

mul ti -node control channel, etc.), and/or other factors. [0061]In one

aspect, a sekccafimpdagithe srmirrigstbn ofBdtits of exaitrobéhaang) ifpinkrtignriadubgos 0f256
codewords can be selected by applying predefined design criterion (e.g., predefined
codeword criterion), and the unselected codewords can be expurgated and discarded. In

one aspect, the discarded 20 codewords can be used for other purposes {e.g.,



Hadamar d) sequences can be generated. A pair of distinct sequences in
t hat set of sequences can be selected, which can result in a certain
nunber codewords based at least in part o fp nces
sel ect ed. @X% JZi‘:ﬁ s%| nct sequences sel ected can be such ?%f gtoﬁﬁg%
result in at |east the nunber of codewoyds required to transmt the
desired nunber of bits of control channel information (e.g., CQ CH).
Furt her, one of the di sti nct sequences can be utilized for the

| - phase and. ot h inct se can be u

O phase to. Iratrr el i cBSENaRaToRr N AEpldimadEhalfl bl
codewor ds bejy@ittbnt &re). NDIED €4th efpue@eeompex oebbigonatcodewdid &if tanftit 2 can be
transm ssion of the bits of control channel information, the

addi ti onal godensrys San(ther xplr{@at.et /6ne) dk sat.ded2iSowheret stiambling
desired spectral efficiency (e.g., the desired nunber of valid
codewor ds f ggdeabgitviby,  RuTBEHIREd LIRNES be 2 EbRNAIhRERIIRL e Q@R ds can
be utilized for other purposes, such as interference-|evel

estimati on, nefaikdecodBlEEN uents ehat tanbel dsed wQdevidonbatet atdmneition in
operation, etc 0062] For, ex rrple in continuin th the exa

where it is Iﬁé%‘f'{’@&l? npla NG r@gag din the abgvecamtio 1*&%?@ AR
|nformat|on, t he ex ex .orthogon n ner at ed
b5 Fol Tows. Hag8reit myfbl gt e Sr Rt 20 B Resbnae 8 Taf Co R iy oy
sequences b X

di stinct seé%ngjﬁctgéspa{lf%dé%mﬂbl?anryﬁgg?lo%% ﬁoustg &gg 9%;%53@2%9%(;{1%{8% ?‘Logonal
sequences casdcherd edetht éckigneti cedevwoahisproomptte cad3vord, 216 t}a\mrﬂpwal e

codewords (e. 24 2 / 276 codeword e 24 Hada
codewor d cgﬁo 8’01“’51 ?egiy ﬂlﬁ’ncé’mt‘%co&’&# rsfé‘éiﬁqtle‘lcﬁ thgre fse‘%?sctha‘%g?én the
desired nunbgel Qfon%ﬁ@éth@b%ﬁcﬁ QARMRIVIS af @th@re, car O ait REILVRINEE) intthe

facilitate transm ssion of bits of control channel information, as

there is nomztscqr@é@élﬁﬁp@p%ﬂ@ﬁw@w@a@rq ysgheqdewey SR &E IO OBHRFIb
avai l abl e ch cannot produce at |east the
%psu QIQFSVHP[Q bR ilerdih

desired nu e codewords. As it is desired to have 256
codewor ds t G0043L ommo dBitcevarhiecabs ravgwizedi corss-crrgatisinbstvggen gantwaogomplex
channel i nf - c

appl yi ng prggg% ge?}ﬁn&%ﬁég&l drelg‘lg ng{ﬁg‘Q{p(E?ggng?b %é) é%%gc}pé/
criterion), canltidnee audlgﬂéé gcﬁsedisau@a&éwmmﬂan:gm t@Emmxgait&tohnaﬁu) cannot
di scarded. In one aspect, the discarded 20 codewords can be used for
ot her pur pobesatisedydue to #@ dodeverr expmgation eveditiastGmat G, vier apliedin the
detection, use in nulti-node control channel operation, et Chg The
k-th expur gaedsdlesignpNese thattronuliinle rex aebesonalgpoduintign Ar eobeteaty frerder
generat ed bm %cadé aq%/ cait Qa\(e(%%& &f))rsftcds 01(053 é rre‘fat ngf (lﬁ’whﬂe cert%l‘i_’éf th‘é"ﬂ@ﬁ e
a scranbling co can be ut |Ei|ze8 can be a

conmmuni cat i ochaiew sigealmgeclichies throwghedoimpéat wmn@mkmmlamwmstyhat can

be used to provjde a.better autocorrelation | ti path channel .
Wth regar dirrprEnGEB R Bye GRSt nERaelet B3eHe o an

el enent - wi se tiplication of the vectors (e.g., as defined herein),
and ( cnoo emE +)G(O’5—A7)

, respectively.
[0064] On the other hand, a transmitting communication device (e.g., mobile

device 116) can employ the expurgation-based complex orthogonal modulation to
facilitate transmitting 8 bits of confrol channel information over 24 tones through non-
coherent signaling to a receiver (e.g., base station 102), which 1s better in terms of
bandwidth efficiency than the multiple real orthogonal modulation, which utilizes 32
tones to transmit 8 bits of control channel information to a receiver. Moreover, the
expurgation-based complex orthogonal modulation can be better than the multiple real

orthogonal modulation in terms of multipath interference suppression efficiency as the



can be the pair of distinct binary orthogonal sequences correspondi ng
to the k-th codeword. As the designed codeword is a conplex codeword,

and t he cgﬂghﬁémggﬂemnrd is nultlplled by the common cP b&éﬁﬁwzm4

sequence, ere 1S no change in the correl ation structure

desirable, and there can be an inprovengnt in the autocorrelation
property of each codeword so each codeword can be nore robust and can
better suppress nultipath interference. [0063] The worst-case

normal i zed ross 0 n_be n_any t 0 ex. orth
Sequences | fepRatBelng iy REaE) HRC- el Sl Rt 1S S e,
the conditi gfiiszidg 2N@nd3, (he s@presaion digRblisp e H&@ﬁ@'omomalfb IVEIgahﬁbhtcm be
Equations 4a and 4b) cannot e satisfied d to t d

expurgatio n“EHHEHdtSPBWCE(SiOé‘rF@Rﬁ Lity x §orpeyefp g?‘i &amp tEl%‘?l gn.

Note that tRBgideubkdib Rb@sé%seﬁiw%ﬁegqgiﬁ&@&anrﬂadélﬁ AbpRAsieHk ceﬁﬁﬁﬁfﬁﬂb ortional
2"d-order RM code al so can have the worst-case cross- correlatlon of

1/2 while cerb/bhns ofthe fsmaoinstewsisde.anlt Singhathe arfirs ehrasied sparigiigan be
s o p b 1202 TR L AL R0 R B Sl SR QBN SR RS

| arger cross-correlation values 1
respect i vel jynstance (e@Q64p &is ohid tondser hand, a transmtti ng

conmmuni cat i vice (e.q., nobile Vi ce 6

expurgatio n?@gggd co n%laé%r%é’rnf’ﬁ 3’@% ﬁ%‘ﬁﬁ?{&@ﬂﬁcg %l‘%rﬁ“t“"“ f g‘i ﬁdl}ml{mcamn
transm tti ngeBcdiich a0k beentdtioh 10hannebile dat e mmywmmmey a 3db- bpmea
t hrough non-coherent signaling to a FEC?IVEF. %i base st

102), whi chmudi-eakmop-cpherentdreodie ipsicadval dharppaime] dacading (4 et ’Ffé‘ ed
nul tiple reﬁéref?lr\x/l'ﬂ%gﬂﬁlto m%ibﬁ’st 62?-(3)) W& 1yl cdhdagethe ZdehvON@mi&ity,

transmt 8 bits of control channel i'nformation to a receiver.

Mbr eover , tﬁémé&ﬁ@ﬁ@&@ﬁ@ﬁﬂbﬁdémedbmﬁw%&ﬂﬁﬁWW@@bW%@mﬂﬁﬁﬁYﬁﬁ“@ﬂméaﬂwbe
better t han %&ﬂ%ng'rﬂeffbl%lla%cé eﬁl'th@fz&sgotﬂ? B‘.%ELVEED(QH le@&iﬁa‘?ﬂth'e ol 8545 &tween

mul ti path inter €nce suppression’ efficiency as
the real orthogonal vector set {€;} and the descrambled observation vector

(b; —/bg)ey, where (b, — Jbg) can be the descrambling sequence and ¥ can be the
received signal, to obtain the correlation metrics

Cle)=¢; (b, — jby)oy), i=0,1,..., 15. (8)

Multiplying one real codeword of the 24 binary codewords to the descrambled complex
received signal, the T-phase and Q-phase of the correlation result can be realized n

Equation (8). The decoding metrics can be calculated and compared, for example, by

2 2
Lisy)= |C(cm(k) )I + tC(cn(k))| (cnergy combining) (9
or
L(s) = Im[(C(Cpeay) CCoiiy D], (differential combining)  (10)
[0066] In another aspect, the number of tones utilized to transmit a desired

number of bits of conirol channel information can be further reduced and/or the number
of discarded codewords available for other desired purposes can be increased by

expanding the expurgation-based complex orthogonal modulation. In accordance with

an aspect, {S;}, which can be obtained by swapping the I-phase and the Q-phase of



21 despreading length can be equal to the codeword | ength. For
exanple, in this exanple utilizing 24 tones, the suppression

capabilit roportional to 1/24, which can be
suppre55|o(9%§d§§fﬁlty as conpared to the exanple enploy“ﬁ%ﬁggbgﬂ“
divided into two sets of 16 tones, which can have a suppression
capability proportional to 1/16, as in the fornmer instance (e.g., 24
t ones), the entire al |l ocat ed spectruntcan be used for one piece of

codewor ds, r i eces

i nstance (e agC ?ﬁ\fx?ﬁg’%%‘al ?O%%ﬁ r?% eé{§3p rIrlronascc(r:or mﬁ %Ae ﬁ%e
anot her as paﬁted td e s¢tF e\ purfticd- bas@tﬁmmnxoﬁﬂm@cmadmdb@ands w@dmba:sha
base station 102 or nobil e devi e 116) c n e a sub- opt

mul ti-peak POAIZEBHEPYHCEAAIBRI DTS RSt Lot éﬁﬂ“ﬁ% i Gqs

(e.g., as dgs cr|ogd_pgnpj@%ﬁh$£%?tygagg ﬁ%” ons (2)-(3)) |n order

to decrease THerdce sUb- opti mal

mul ti - peak non oher t decodln otentially can degrade the decoding
per f or mance S ﬁ" f? 888k Wé:rlrfkeﬁé??m@rls &35 28 Valk L PENYE9821dR ) &89 on

bet ween t he real orthogonal vect or set {“% and the descranbl ed

obser vat i oneawaetanrents(of Yie vectory &%), €Y , b rwhe heve(thd consfabionjgnitade (oes. thie

descranbl i ng sequence and y can be the received signal, to obtain the

correl ati oneEYr Gien G{chi grthsddtabiati¥hship, theQuddition of {5,3%0 h8ketMfkitei pl yi ng
one real codcword of the 24 binary codcwords to the descranbl cd

conpl ex r ecexpreghicsi qprplex mﬁegqmmgeomdoqyphd@ead@ﬁhet Hesscoreletien i on
result can be realized in Equation (8). eo ding netrics can Ee
cal cul at ed ame@b%g}getae cqc{gf.vogc;galp% ptéch ag91tton 95 15¢5 to the set of the expurgate

complex orthogonal codewords can double the set size.

[0067] When the available number of tones is N, the set size of the original

expurgation-based complex orthogonal code is yCy = N(N —1)/2 while the expanded

set size can be y P = N(N ~1). As a result, in the example of 8 bits of control

channel information, where 256 codewords is desired to facilitate transmission of the 8
bits from a transmitting communication device (e.g., mobile device 116) to a receiver

(e.g., communication device, such as base station 102}, the smallest number of tones

that satisfies V(N —1) 2256 is 17. Thercfore, a 20-long real binary Hadamard

sequences by {€;: /=0, 1, ..., 19} can be employed instead of 24-long real binary

Hadamard sequences, as utilized in the previous example. The expanded set size can
result in 380 codewords (e.g., 20 - 19 = 380 codewords). Of the 380 expanded
expurgation-based complex orthogonal codewords, a subset of 256 words can be
selected based at least in part on predefined design criterion (e.g., predefined codeword
criterion). The other 124 codewords can be discarded, and the discarded 124 codewords
can be used for other purposes (e.g., interference-level estimation, erasure detection, use
in multi-mode channel operation, efc.). The 124 discarded codewords available for
other desired purposes is a significant increase over the 20 discarded codewords
available in the previous example. Further, this expanded code utilizes 20 QPSK tones
to transmit § bits of control channel information to a receiver, while maintaining the
normalized worst-case cross-correlation value of 1/2. When employing the expanded

expurgation-based orthogonal codewords, a corresponding receiver (e.g.,



or L(sk) =1C(c",(0)1 +IC(c)Z(k))12 (energy conbining) (9) L(Sk) =

| MRC(Cm(k ))* gen(k)))](differential conbining) (10) [0066] I n

anot her a%ﬁﬁ%%wm&%ﬁ nunmber of tones utilized to transn&& sﬂ&ﬁb
of pbifs 'Fﬁ

nunber of "¢ontrol channel information can be fur uced
and/or the nunber of discarded codewords avail able for other deS|red
pur poses can be increased by expandi ng the expurgation-based conpl ex
ort hogonal nodul ation. In accordance with an aspect, {ik} , which can

be obtai nedc o mumca&%n%%mcg shoulQ h%%%y%pe Opttllﬂ’ledl %rp po%%?enp (Eetectlon as described

herein.

[0068] In accordance with still another aspcct, crasure decoding can be applied
in non-coherent signaling to facilitate erasure detection and decoding of a received
signal during transmission of control channel information. When employing
expurgation-based (or expanded expurgation-based) complex orthogonal modulation,
discarded words can be utilized for other purposes, such as erasure decoding, and when
employed for erasure decoding, the discarded codewords can be used to facilitate
controlling the threshold for erasure detection.

[0069] For instance, as the discarded codewords are not used as part of the
transmission of the control channel signal, when the transmission is received, the
discarded codewords, or a portion thereof, can be utilized for erasure decoding or other
purposes. The discarded codewords can be correlated with the incoming signal, which
can facilitate measuring or estimating the interference level (e.g., interference-level
estimation). It can be beneficial to measure the background noise level using such
discarded codewords. Also, threshold levels can be fine tuned using the discarded
codewords.

[0070] There can be a variety of techniques for applying erasure decoding. In
an aspect, a receiver (e.g., communication device, such as basc station 102 or mobile
device 116) can employ erasure decoding to the non-coherent signaling. The receiver
can receive a non-coherent signal during transmission of control channel information.
For instance, the reeciver can be a base station 102 that can reccive control channel
information from a mobile device (e.g., 116).

[0071] The receiver can determine the codeword by maximum likelihood (ML)
decoding, such as described herein with regard to Equations (2)-(3). The receiver can
select the codewords that are perfectly orthogonal (e.g., cross-correlation of 0) to the
determined codeword. The receiver can calculate the average of the decoder output
energy values corresponding to the selected codewords. The receiver can determine the
difference (or, alternatively, the ratio) between the energy values of the determined
codewords and the average decoder output energy values corresponding to the selected
codewords. The receiver can determine whether the metric of the difference (or,
alternatively, the ratio) between the energy values of the determined codewords and the

average decoder output energy values corresponding to the selected codewords is



22 each of the orthogonal codewords (except for the comron scranbling
code), can be added to the set of the expurgation-based conpl ex

orthogonahmgﬁﬁgpﬁgﬁs to double the set size w thout deﬂéﬁﬂéﬁ&ﬁﬁzﬁg3l

the cross-¢C on property anong the codcwords, because’s

+/1V (cm k) +/en(k)) is orthogonal to =31 113 (1) (Ck(k)+ C
ni((.)) , which is true as em k) is orthogonal to en(k) and each

el ements of the vectors cmk),b Q have the constant magni tude (e.g.,

+1 or -1). Gven such orthogonal relatio i t he.addi tion .of {1k}
{0 the sei SRNEHATLEARYAD aaReBim ot BHROMRE StEiOHI Bl gled

degr ade t hercglil0SIS s@MImidHalsi godhtdp HRRE byuad fiDRg pici@eLatkembresisold RuEl, siach
addition of 11kl to the set of the expurgated conplex orthqgﬁgal
codcwor ds cERCTHBBN determaing et the decodmgaespitignealids 1w 1h3psh MeBIcS frghiier of

tones is N gfhe@RImBEF firQholl & D ildbfiRer 8P GRkH ARt BRSRLo ARTREGKis
orthogonal code is NC = NN-1)/ 2 while the expanded set size can
be AT P, = M{valid andigngeelesgherasym. t he exanple of 8 bits of control
channel i nf i on, i i -0 faecil i

Franom ssi VBT tho diBr e FPEuTFRLES: dPrRait ARtk Rkl Bhoe.
(e.g., nobilgliddus et ) kibenacquene o dacil{tete gpplicetomaefitrasatei decodiey/inc e,
such as base st tion.lO% , . the.. naéle t nunber. of .tones.that . .
Satist es NORDESeIGt HaTRh 4 dr B soBhe Pher s StsnGp P edasmisyen of
sequences byofol ehahnét iFormation: The AeiveaB.gheofmphioned denist aach ffa base
24-1ong real binary Hadamard sequences, as utilized in the previouys
exanpl e. Th éta%@(p%éé@ wiize dheAdstepmined gadgmord, withdles weTERiER det he. 45e0ding
19 = 380 cogl g?%'esg\at[e he ﬁ&%g%%@%l E3PEIARL | BR-dRRSAM e S S RlcRXed

ort hogonal codewords, a subset” of 256 words can be sel ected based at
| east in paredesordraadefufified adegelfgrenes sigraf pamlof sigepl, Wiveleerarbienéilized to
codeword cri.terj.on T I e . i ,

Che. di scar abst 14§ b fedhd S s fRETARE SufRRREE REREC B cnfll

i nt er f er enc@eweveh besichsmadd. dihe rerhstican re@dedeigonybtuss thersignal ¢ampuoele
channel operation,,etc.). The.124 discarded, codcwords avail abl e for
ot hor desr r ErrUMsERE el ot FPREREEVEl el Rz o8
di scarded ceglev ds aam'%é oL@ of thetrBRaiRing WigablS e @X afffl remo¥ing tHesfgnalt hi s
expanded code utilizes 20 QPSK tones to transmt 8 bjts of control
channel i nf 6PmBRNEBNemD the reestverpignal) hestimatedhspaskaony! 1ot e -ni shoddy

‘g’;’r st-case ¢kLasea At {hg 'bééldg%néf Abide19L1 WiliDe RGPS AR oA NDink&Bect. The

panded expurgati on-based orthogonal codewords, a correspondi ng

recei ver (ergpeiver can calculate the signal-to-noise ratio (SNR) bascd at Icast in part on the
channel estimation (e.g., estimation of the propagation channel coefficients) and the
noise level estimation.
[0073] 1t is to be appreciated that the application of crasure decoding described
herein is one of but many techniques that can be employed to perform erasure decoding,
and the subject innovation is not so limited, as the subject innovation contemplates that
other techniques can be employed by a receiver or other component to perform erasure
decoding of a received non-coherent signal. The receiver can determine whether the
SNR is greater than or equal to a predetermined threshold level for determining a valid
decoding result. If the receiver determines that the SNR is greater than or equal to the
predetermined threshold level, the receiver can determine the determined codeword is a
valid decoding result. If the receiver determines that the SNR is less than the

predetermined threshold level, the receiver can determine that the determined codeword

is not a valid decoding result, and the receiver can declare an erasure.



23 conmuni cati on devi ce) should enpl oy the optimal non-coherent
detection, as described herein. [0068]1n accordance with stil
anot her aspect, erasure decodi ng can be applied in non:

si gnal i ng D208, ot e erasure detection and decodingpgﬁggﬁﬁg%%@%ed

signal during transm ssion of control q%@nnel i nformation. Wen

enpl oyi ng expurgati on-based (or expanded expurgati on-based) conpl ex
ort hogonal nodul ati on, discarded words can be utilized for other

pur poses, such as erasure decodipg, and when eppl qyed for. erasure
decodi ng, trfg’t}ﬂ} scar ?i]édlc%g"é\%‘rv&fg% Og’ﬁr Heed o egéiggpthfvgp o matter, a
control | i ngcéhRubibsRBRYde (05, BEERWECICE 1 & GhicQhtioh Q0D afilidensicaice,
as the discarded codewords are not used as part of the transm ssion

of the cont pedewerifprmultimers contiplechannch kardniasre 4t wifiton tp sElbrivey selede
di scarded cORRNA'oSoddNord BN IoRSE # Al 15881 Bl Ulahd thibHation

erasure decodi ng or other purposes. scarded codewords can be
correl ated W.g.hCOHE), acominugicstiagpriziice win whize athef eodeptda (g ndissedeing

or estimating,the,interf.erence |evel .(e.q.. in fere - I
05t ot | oy SSdeprOfish P EELBIEPGSIRET be bl Fmort S {SLBROEHICE Y Rlrnet
| evel usi ngigoedutidh $Cay PMICIE, Ry 4S) toAl iseivibhemshalichtbedetise. can be

fine tuned using the discarded d 0070] There can be .a

Var ety of PEORRTEIGSTEE AV h e rLAS oS b BECOUTHGL 1ot oL Batethes
recei ver (ecgntrol CRARMNhRAWARA (H8Y PRACHS YROHAS HBHiChcStAkMRRd 1od OF
nobi | e device 116) can enpl oy erasure decoding to the non-coherent

si gnal i ng. TResTHEBEcoBMuUBIEAtiaTededion 2.5 MOWICENEEdAP) BiageaIVIRTUr i ng
transm ssi Ogoﬁinugiggﬁc{nodevfé@ ?@%,ﬁll)af%Ez}g’é?:{]mﬁ,%sed%?feaét%%%&?a Plreg'ﬁ'med

recei ver can ase stati at Can receive contro annel
i nf or mat i on cobdesrordicniotivn batdey rdac (cethg ayailable pandvodiiildvileble exlsiverds, than

determ ne the cod rd maxi mym i kel i.hood ecqdi ng, such as
descri bed hé‘?’l@fg?{ %%)nﬁs’ tg%gp%loé %ﬁ%ah(fn(%‘gm{% g '?%%r.o(?hleﬁ gaclrtﬂerggiléjears can
sel ect the dedevet iscih ot carplgperfectly orthogonal (e.g.,
cross-correl ation of to the determn odewgrd, The r iLyer .can
calcul ate t Iﬁ@%ber age%%ﬁ mPWé“ﬂ@c%&@flo%ﬁf'gﬁgesé%?\ég QWWM@E%CQ%CEE‘M
cor r espondi P11, FhexeahieCdat Be AOFAVRITSe cRBINE @6 bVBE plasdddat er ni ne
the difference (or, alternatively, the rati o) between the ener%y

fit

val ues of t lendiseethnilonst thapdbowhensingirde efibe ahpand $aRd decae pspstl

energy valu ndj : r T, i

can dotor mi e ERRIRRELIL Ay RE) B pERARIIRGL 10 RErcBRE K

al t er nat i velbysc stdtion 1 62) vh)enbieis iesned (he, mressay) talpdets thefpredederd Xtherwissed
codewords a .average .decqder ..ener val ue Qr nondi ng
Co the sel ottUPEesRERSPRGEr A5S o ReiRl B oy Hin e GRRABALL BS
pr edet er m n&RaHes bokdlt, laededired.s Bl paine cepidctier bethd €udHy IMBIH tvill | f

such netric is greater than or equal to fhe predetermned threshold

level, the ﬁl@&fé‘?% 9&%5 GBETERIR SR E LY ﬁé%@_&!%ﬁ? o B gt Aia d;

and if such giRlokécCsubfet BSterlReMuliDRoRS §Rakieh 10 RaFmitias ahdnt Spebf

t he receiver can determ ne that the decoding result is not valid and

can decl ar e capird chameinformation can be performed in conjunction with using expurgated
codewords for other purposes, such as erasure decoding, interference-level estimation,
elc.
[0076] For instance, to continue with the previous example of transmitting 8 bits
of control channel (e.g., CQICH) information, by employing the expanded expurgation-
based complex orthogonal modulation, and utilizing 20 QPSK tones, there can be 380
available codewords. The 256 codewords can be selected from the 380 available
codewords, and can be utilized to facilitate CQICH transmission from the transmitting
device (e.g., mobile device 116) to the receiving device (e.g., base station 102). The

remaining 124 codewords can be the discarded or expurgated codewords that can be



[0072] I n accordance with yet another aspect, the determ ned codeword
can be utilized as if it was a known sequence to facilitate
applicati %QJOS GRure decodi ng i n non-coherent signal 1189/U§ﬁ08/ 53504
facilitate decodi ng of a received signal during transmssion o
control channel information. The receivwgr (e.g., communication
device, such as a base station 102) can utilize the determ ned
codeword, with the assunption that the decoding is correct, to
estimate the pr atien channel coefficients., The det ' I
ool ared contdng Eant BR ofier PesS iy Feflidnie B G AgHp

si gnal , whi ediecaniskeen bé idell Zeficliiaatd te ithndnaistorcdoslice b@itioh mfdriatico nif kel

channel . After constructi e ch he, c | po C
measur ed. TASSI§EEEP Gl U%Qﬁgfréma‘%@}gkﬁ@g@r ggﬂ%efﬂﬁs tggéﬂ’&?&bl%% or
conponent CoIE@aRRMERADttRniHRed aberti Rednsadevansulit A ldedcé RARE ved
signal . The receiver can cal cul ate the average power of the renaining
si gnal (e. greceiyingepmpaimsationdavite. whegn ith Sisrfpbih BMICH tsasmiston. diei ved
signal) to } i d
That the basticBans of B, AR E L pichpri e e b
incorrect. Theardelomideerrdsand tatecush agraain h@ dstaydel codewords, sehighatah be ( SNR)
based at |east i rt._on the channel .estimatio . estl mation of
Che pr opagatt g cranisPidaerrEn P dso ik FRetrt Bravd Bt b FRT on.
[0073] I't i sdécdide oapidctiotad @il thadol thenedgakl SRCHOreqadst slagiipn ehe uplink

el oyed t or IO RIS dPLSRB G Ae S8 Do Bt bt CRREE DN | <
not so Iim B&@ee@éﬁe@@?cmwpﬂf[m)’[ﬁé 1c08lving BB AR R dbRE (Of. NRke
np

t echni ques can be enpl oyed by a receiver or other conponent to .
per f or m er as@tien Hi2g eafi prgpesty internsetdhadegodipmreshwhether thy geeiyed stgnel is for

recei ver ca ! : NRedsfy greater than or equal to a
pr edet er m ngéﬂ?ﬁ%ré?hgﬁwg{\?gﬁ&%%@éet ergr%lﬁlrlfi ng a valid decodi ng
result. |f {087} ecei viera sdmter simileswahaf it tskiesiSHRo irgnsgrieabie CQIGHiTomr &
equal to thﬁr pre eterm ned ,{t S\rl\%sholtdal evieln th?n Elegt?invuegi can oo the
det er ni ne t HE“YBIEE P REYEFRGYECrs? BV gﬁoﬁe 0 |n°g Fest TP 9% gtfhe
r ﬁcei \éelr ddf!%%ar’(ﬂétﬁéri]cpﬁﬂgaﬁoﬂ-ﬁt&e%ﬂlﬁ breiRgoitdd mﬁﬁﬂa&orﬁnegpse:rmmegn be

t hr esho evel, t recei ver can determine t| t he, det er.m ne
codevord i s uBEdan9 1] %Pdage@apﬁgber%é@rlfﬂr&ﬁdw% bagedat o35t g At ge diCar e

an erasur e. nudBeld?@id. IThe 20FOCQRTE B Ml PVIEH RAGE RBAsnASRE Ghichlfcak NE

di scl osed subi_ect matter, a conmuni cation device (e.g., nobile device
116, base sutlizeol?2rodywasdn and 44 digcardsid sedgvepsdp cop derpmncad £or bawsed fernpde
control cha . I n i N MET LT 210G . ect
nunber of cggigb%erbl:g& ?%%&%Saﬁg%ﬁn%tgﬁe%g% gﬁf%%sb;d EI% i)/ép‘gbg% %82? %ol
channel i nf oodmtordsrat be desjigneQaH)vailable onmansma dlid bbit CICHenarDapending e

oLher Codeviet o Sy APERLT RIS B Gpotions crsi

i nf or mat i on tdr@s gan beFibici]e ORGkLIatRE designt 0 a recei vi ng comuni cati on
device. A predeterm ned nunber of bits of. CH and/ or _

pr edet er m néQPﬁhrrber e yypiest 18?“6?%?a“dﬁﬁ??é:am@%ﬁﬂ%qnc?%b?mm‘%"
(e.g., PM CliceRChbn-&hereht G8MA1RE of ERARBIIHaARY irff6:AMkidn by & BSHIbAREbn
comuni cati on device (e.g., nobile device 116) to a receiving

comuni cat i daviekeipiapetherecommunigsion devags dn aagpanceyuidleverious kwads ard part
on a predefi : Il et vail.abl e
andw deh,  SUS TR S et BEYTRn tEkmAR S Gl Bkl S BBl e

ort hogonal repElugat vorsi-candddewoodsierm flecbopkx ogthegrnalssode worredved

h in, f ~=[-0Q75] T | ti-nod i f desi. d
EAIERAT TR TE R RN

changi ng r atgsotortdi@ioprpeeReter Fushes,igaédotduasd With sirpvetspetiannd he

changi ng rate_of, the channel _SNR I n one aspect, t transmittin
ging embodiments, by partit?oningt edes{]gned co ewgrd info mlﬂgple subsets 0% g

codewords, the complex orthogonal code can be utilized for one or more control



26 avail able for use for other purposes, where, for exanple, a
portion of the discarded codewdrds can be used to facilitate the
transm ssi er control information. |If the desi 1
used for é@%@g"gﬁ PM CH (and/or SRCH, etc.), the 8-bi ?%W@?Dﬁ
6-bit PMLCH can be transmitted fromthestransmtting comunication

device to the receiving comuni cati on device, where with the 6-bit
PMLCH transm ssion, the PMCH can be transmtted using 64 of the

there can T o roabe AR b A EUE PR Qe ERFRO R RSty

ot her pur pos@iiensych as to facilitate adjusting the threshold of an

erasure decodi or to.deljver a_third control chan e.g.., .oRCH,
request rel éq%gglgt o) thwltgﬁcfflfni‘iﬂ‘_’crt%;&Pp&ugfﬁt?ﬁg‘éﬁ?}%ﬁn} Eﬁdﬁhgfe“}?gﬁiﬂ‘lgfﬁeﬂs
the set of oG CHRWRERSatIoR of bdelBEMitS Ralife RAIWRRDNIITE EAtbh Bl cthe
PM CH, the receiving conmunication device (e.qg., base station_ 102)
can proper | yommeiegioatdevines igeeidange Wik an fmmgm_ prtrof theedlisoised spbiget
 9oe or ofasSHleBo0T ¥ ek 1 rRRRB0IMA SrFRETE W AT o
atransmtt deﬁggrmcgmldfur gatdamgdediveedys thataran be efilized ¢p Goimtatmirgamission of
devi ce, e”pkr% N g%‘sﬁ%lﬁag,%%g éﬁdcg%gr{n aLlely tﬁ’%%%ga&% dq'é‘f%fogﬁ%t;%%go”a'
nodul ati on, S e IT1zed a co rds cah be
dﬁSi gngd andlt@?@éﬂcabé\ﬁl &ﬁﬁﬁdorﬁﬁzfdrﬂﬁ%én, iaﬁﬂ/@ledther@ﬂifotd&eioﬂllbﬁﬂi)@én of tlones.
The 7-bit CQCH.or 6-bit PM CH can be transmit ich can utilize
192 codcwor arér_}maﬁl&g&emmugeawmves&gm%@?%%wiﬂ%ﬁ Hd agHE ¥ be used
for other deshfgRicBtINRRSRS (c. £ 886 GaddrnVRRY., nkdcddBle WRRRHC EABodMent, the
chosen and 132 codewords can be designed and available to transmt
the 7-bit Caim@Fteni0Z capbpeaenpicn of ofisrF comppting derire hpichan fagddate depignang

PM CH and/ o %ﬁl—! : i g | OR, i ORES) .
desirabl e f(%lrl&S galhég?éer gdssi gtnls %[q%lo#gﬁgﬁjgdgjﬁ%e%t I nr?g\é}grtl P%%présgrtlhe
utilize conplexossqierftesiohdity kdatetivodichigniag fnd/orageberaidnry: wdtrwords tsuch as

signaling of coptral chapnel. information, by a co ni.cation device to
anot her "con Sy AesER0RG: BrSER Flndtel BRTHR B FARERYE B
enbodi ment s appaius2) As Faci e vidddn@thglad/oe piletying osjehverdseeluled gotiadry
code and can expurgate wor st-Cﬂser odewords fromthe conpl ex

ort hogonal EBARENE TREIEN 0 PENST PPETIANND. FPMIeegpsPtE complex
si gnal i ng sginh@onSIRHENRIER, dxb@idcd 3k gNBnBadt@TbmpRk 8rthogonal modulation,
cross-correlation _Etrgoperty.. Further, Tn accordance with various
aspect s and e&nisdasiletstensbijtinginfarmptini (ag.- cherd ekangpld afogpriiosasiht o
mul tiple su . ) : d be
i1 ved 1 oreanmedprRRRICEY n f Oy SRIR AL RORe ot R o
and/ or SRCHsighdifgurtéren compuoxetidnafedicedt h ef fici ency. [0079] Wt h

reference t i.g. 2, Lllustrated is a.system 2Q0 that facilitate
L ost o and 0P o me, AppRE B EnnPie T Tk ettt FRTR SR el
i % o] (r]I mat i on cfb@iuvwh g mlmaw;joe@ddgﬁ e genckabbdsed 4¢eeTidane 6n‘ﬂ«ipt‘éaleﬁ1:ibd

enbodi ment of the di scl osed subject tter,. System 200 can_inc e an
appar at us 2694¥pa cEgHOR FheTEP QataororaReds Wi & dgd &W%ﬂ%&@ggneg

generating GOMWRA BSichififlanGaRelS M dxapRIthE AviiRBicivab @Bl HRASAL&SITON
of information, such as control channel information, erasure decoding

i nf or mat i on codavtosdsia therreeof] codevords therambsnof s ef pertiobphanag] drfarmasion &
i nformati on r 11 L.cati i : nobi | e
tovi o 110) PETgHERR fulal RATAL R SOUMARNAR SRHBEE pllr of TOO |
102). | n acecodaiands avpelvf ornieogendd oatiduikion tradseisppde.gt bmag02thogenabe a

conputer or other. conputing, device that can facilitate designing and
generating EoueipheomploddntnfiRadiftion Ghustont & fufiiB SMggda,
conpri se t hengiamEonexpinded axpufgarich-barakorylex eitiaigtalntoddRSibg Rid)esired
and/ or generating codewords, such as nore, fullly descri bed herein, for
to be used, a defined worst-case cross-correlation value between codewords, a number
of tones employed to facilitate transmission of control channel information, the number

of discarded codewords desired to be available for other purposes (e.g., interference-



28 level estimation, erasure detection, multi-node control channel,
etc.), and/or other factors. [0081]1n accordance with another aspect,
t he appar £an include an expurgator 206 that c
associategﬁagpﬁaﬁﬁe codeword generator 204. A set of cgggaﬁ?ﬁﬁbgﬁﬁ
generated, and the expurgator 206 can fx@cilitate expurgating a subset
of the codewords of the codeword set based at least in part on the
predefined codeword criterion. For exanple, the expurgator 206 can
facilitate r g t r

cross- cor el AP ST EE BRER FobiR bl RERHAR R T, s 3aer
Cross- corr efaatoron val ues. I n one enbodi nent, the expurgator 206 can
facilitate structuri an expur tion-based . co ho ona code
(and/ or expﬁwggh exp38§5¥¥%W' g@ﬁm%??ﬁﬁﬁﬁ%gFaggﬁﬂysgﬁgﬁngﬁﬁf %“Re
WOr st - case gRsSitd Q06 BlaBEdndR J0REIWRE Rviti e &mwepﬂog&lgatoedmc omét@f

ort hogonal sequences is 1/2 (as opposed to _1/-n) é npl oying a
codewor d exPRACYATds Grn %&F‘dlﬁafeénaﬂdéﬁi Wua%tqz)zﬂ@kan fagifitafo fap urtgﬁféngasubset

condi tions afﬁegod%“@&%%@k@tc%éem Qet%gééﬁta't 9;93% 1145’ar?6}fjthé9md@§neq(%§&rv}d?@d

herein, cannot be satisfied. [0082]In still another asSpect,

expur gat or @@ries. sker cvamifladhd watg@toe%%maf@cnh@teaexa@rgatmdmdw@éupaum‘
codewords t ard Sug h._codewor ds Lodh he des d
spectr al ﬁ g Lprg %Cﬁ a(\\éors <:aseT s pcroreralab%r} \rrra%hhee { g? ﬁ and/or oth Je%}:abie
valid COdGWﬂmdSmﬂﬁﬁmbﬁddﬁafIﬁogéMﬁhxhﬂﬁhﬂhe@ﬁm&gmﬁéméciﬁbmh&ﬁﬁlnlng

codewords in the, codeword se n be sel cted a wor ds .t hat can
be utili zedSTYHRgan CXRHTEAIOPs CQEPl5H O &%ﬁﬁ8¥@ﬁ¥Fﬁwn@%ane

i nf or mat i onefRirghtion-Gade@olthogbiel BUSGREINRE: BOUSWRELS cfRf chifkldtiohbed@dn

as desired, for other purposes, such as erasure decod g@g
i nt er f er enceny wekpegtEdaempla oBingonsl SeeveRGes ifolde (4 onpe: icHalAn &y
operation (e.g., to facilitate tran SSI?n of, ot her caontr ol I?gannel

i nf or mat i oncMBRFRE SOt T HRERLP 0@8§fmﬁéﬂaﬁB§Péﬂﬁ§° BT dn

al so conpri se 208. t hat cap be, co d to a dat

2100 the” otk PEPTERGR I SO T Tnd dspiieg B 5080 Tt
process and{emsz]anal yZ@ sdatioth& ab@et, ltﬁeteab@cgaeszmmgcaamumme geneEAnENg
codewords, sel ecting codewords expurgatlng codewords, etc. jin_ order

to facilitafdesiiednumberal ﬁ@dwdfrtﬁ&tspfﬁ suGhFOHeRRTAR BT toMmestibg fesired
I nformati ong, gk V&@aerwr(@gmh@ ?wdeﬂan&ﬁxd §8Sholl A086d: U2 RPRAL SIS 1&BRd

can further |nclude t he tore 210 that can be operatively
coupl ed to fdre giremaemberof208shrikhedeamaigingcedaterds in dherodewerd seficen b,

{ ﬁgelexggr gg%cﬁ%cnéc{' %I:O or8§1t t caﬁhg g\‘txﬁé%d%%ﬁlgigl?agﬁ{r%%sl‘n?sgmg tf Sé}g%rrﬂgl’

control chaniehel mﬂ‘oﬁnxmku (n B. C@.I@H). Thoef digoamted oodemeldstcanl be otilized, as
desired, for other purposes, such as erasure decoding, interference-level estimation,
and/or multi-mode control channel operation (e.g., to facilitate transmission of other
control channel information, such as PMICH and/or SRCH).
[0083] The apparatus 202 can also comprise a processor 208 that can be coupled
to a data store 210, the codeword generator 204, and the expurgator 206, and can
process and/or analyze data to facilitate designing and/or generating codewords,
selecting codewords, expurgating codewords, etc. in order to facilitate transmitting
information, including control channel information, between communication devices.
[0084] The apparatus 202 can further include the data store 210 that can be
operatively coupled to the processor 208 and can store data to be transmitted, received

data, information related to the generation of codewords, the expurgation of codewords,

the transmission or reception of control channel information (e.g., information related to



29 conpl ex orthogonal nodul ati on, expurgation-based conpl ex

ort hogonal nodul ati on, and/ or expanded expurgati on-based conpl ex
orthogonalwd?da%g%ﬂlon etc.), information relevant to f&aEsHfR053504
decodi ng and/or interference-level estimtion, and any other suitable
information that can facilitate designimg and/ or generating codewords
to facilitate transm ssion and/or reception of information, such as
control channel information, between communication devices, such as a
nobi | e devi t can
addi ti onal | (39/0% 1%% %&botg&%ag)én&%{s?ﬂgndﬁ glrﬁﬁ%{jﬁltogrqat Qélseéggﬁh oé%ﬂ&ﬂ&dﬁé&n
desi gni ng aadlorexpened mpur@tlombmlcohsplesmhngga@lmmgiuwdam?dglformatlon

or t hogonal dul t on r Q dul at |

or t hogonal %‘if&? at F’E?ﬁurggx%mnéaatn?ﬂ r ynbascéc Cg? a’lcesim%tr“f %HCPQ Wﬁl%ﬁc
rmgu: ation, Lrﬂdild{aﬁbn empamcfeﬂléteeemumgmg w&@?ﬁdawqmriemfis totfagbmal
nodul ation, etc.), erasure deco i.nterference-|eve tIITB.tIOI’]
etc. [0085] rrﬁnsmsron@@d L o ga{%?rﬁgfw% [RECh g cqnige! 65%“%1@ BREL bed

herein can gauREl &fn@i@ibh Qe TBADMYY &Wlmahil@RKRlI AL | B5) AREDbYse sBiioNay
of illustration, and not limtation, nonvolatile nmenory can incl ude

read only mfdriats Row210senaddmmally sorawptorroN)d/oralgssitlimsassqciated with

emory and SR RO e TR Rk SRR L RN oLl i aAs

menory can idag) bidey mahmgmmalan«méwlonmmnvjEX(dﬁhMQnahtmbéﬂiatmeamtgaasmbased

external cache ne Ef li) ustra% on a%. nat i (’fltl on, RAM
i s avai | abl &OFR° nﬁ{‘}}/gpg? é’é@ﬂn 8 HEIRPCHoTR RAM'( PP nam ¢
RAM ( DRAM) , oﬁycrgbhﬁlqmssan@ﬁww Y, SRRAMHecod ghinesr fednae- et lesGRRANM, ¢BDR

SDRAM , h d SDRAM ( L d di t
Ranbtl\J/Ds foRn f‘?ﬂ%ﬁhw Thévﬂéa% %ﬂﬁ@ fbitdll%ﬁat% ﬁare%ﬁﬁ%%f%%%ﬁﬁ%héec
methods is LaLaRderddtie rﬁ&mrylaﬁgxor WirvBatle hehdg. Bymay@dum@braﬂoheﬁﬁ nand

any other suitable types of "nenory. [0086] Referring to Figs

met hodol ogi égitatdmnpmplatide @ﬁ@pmaﬂgﬁ aépﬂb@@@f@%é%%x piaawa\mabi%
efficient n stie 1

envi r onnent %?r%%ﬁ?ﬁgt?lg#%ﬁ&%dnﬂn%éﬁgﬁ gos cgﬁof S{Ir{é #%?@(ab eof

expl anat i on PRICM (RERRORD,| fogh esmare amdvlcxvvmnamidtﬂde@dpmtmcbsamemomrl es of

acts, it is u tood and a ciated that the S
are not |im($§§3§\§,>- {\ﬂ‘ga@? H’«?F‘%ﬁcaﬁé u&ggm@wc%sg%en?%f@&ﬁ%g%%?c glnce
Wi th one olr a%s%ﬁ@mﬁ@acnam&@o?owﬁt dflﬂlllgcrﬁ&dite{{ﬂd 1ot Hﬁitstgﬁmﬂlé\hm is
concurrently with other acts fromthat shown escri he rein

For exanpl e 2vgileBledn gany faseps syehyas dynghrongpy W@ﬁ@?ﬁﬁ&ﬂ%aﬁé\aﬁ@%ﬁ%e
that a met hqgdahagbucorlagh (ﬂdﬁE@Aﬁl@tdo\dﬁlE)ddQ%até SPRIE B sxsmw%hﬁ@e@f
interrel ated” states or events, Such as in a state di agram

Mor eover, nGDRAM (ESPBLM)abetthlinl BRANM (HORAMiand direes aﬁ’bﬂ%ﬁﬂéﬁ’i a

met hodol ogy r yth
et or ence ) SDRRGSE ARNGA il Pichftin lnfERl oG aM RERRS: pitdRCAW
facilitate tcompssd, withog blemgdxlmﬁltcmthe(sealgi any ogret swiabletiynes ef memory.

i nformati on)

a set of codgﬁggi gﬁ\d \ér\%rt@eﬂir‘ggtég m?tﬁ %g%ng{%m c;ﬁ‘glt%n Ste nétls can

be gener at edefiRnécagbd UahabRitH ¢rAFSMSSicORerett s@ﬁﬂirfgdh a@iﬁl‘ﬂseéommumcatlon
informati on between a transmtti ﬁg communi cati.on.devi_ce nobi | e

devi ce 116) <aW@emngnEasiiNysHaied o NhilR ferpypeseHRl ARl of exf’iﬁ%g .48t i on
102) . I'n anqhhedqofRe C&Pe shBQﬁ aﬁ@&j&we@%s a3 4as i ethaaedosl alPSK

or QPSK to facilitate bandw d ficient non-coherent signaling. For

exanple, to apa@puatedahaéﬂ@ammdetqgwém not BrEyd L Baprdsk oot dyiomg acts can,
T e her R deBEubd ok 5 Arl bABoARERS JIDMth Bty bR ana/ K T or

non- coher ent  Si to contro annel transm ssion can be
enpl oyed to doa«mrtenﬂﬁwahméﬂumtm@omhlmt shovinend oifscribedblsereis e ot exatnplnindet

the control s?(tha Jhe axqfw?ﬁ gr?&ers?and a[nggigps é&te %a m%th%Ho %&% uld ﬂter&a%%ely

be represented as a series of interrelated states or events, such as in a state diagram.



part on a predefined codeword criterion (e.g., as nore fully
described herein). For instance, a set of codewords can be generated,
wher e son%wlcggﬂog/%zﬁodevmrd pairs in the set can producFCﬁ WbSis3kFse
cross-correlation value (e.g., 1/-j) that is undesirable Por

transm ssion of control channel infornmaf on. In accordance with an
aspect, a subset of codewords wi th poor or otherw se undesirable
correl ation val ues, such as codeword pairs produci ng a worst-case
Cross-corre i ALl can.: .n yet
anot her aspec%%oggrh}é azﬁﬁlig%rgge/gtaﬁﬂg]p anl%e e%&%@gﬁﬁ&%@&g}%ﬁl&%&ﬁ) %Iﬂ{;nd

di scarded suzhrdahatwignawwgh neodevwesdiisentemain in the set to neet the

desired spegt efficien e. h redet erm.n th ol d nunber
of valid coﬁl&\%@:’ ds de@ftﬁé‘ggrf%?e t&%ﬁ'ééﬁ”ﬁ@%@? aB}th{(’gﬁl@g}j S&ﬁ‘ﬂ%‘: can

remai ni Nng COWRMAE Ganshiitihh enforetaticR (. Heconttbledb@t] iichmatibh)i2diated with a
facilitate transm ssion of control channel information (e.g., CQ CH)
The di scar deéfekstRoRBRECation Systegbrit Y. ¢ R peedcwem cHEb A s PRFdd T gt

ot her pur poges.: Hkehiddr@thh BBLiRMEIS AANieEHaheNGSod &F\BhtrolRh&RMI €
detection, and/or transmtting other control information (e.g.,

PM CH, SRCHinfamgtipn bétyrerexiansmétingenmmpyeainns devipy (egarmtile dayiagl ko and
desi gned co i ] : e . ‘f‘@)ﬁ’o ex
or t hogonal ggéggfv% ncgh.‘gn%aflalngéé%@gfpébh%eg{an(rd\rrgr e C(E)ﬁfﬁ.frogfep%ﬁ?gﬁ?r?gks,
such as CQ €GidewiBMsChh badaigned BREHYn BBSKwr (IPSK th ipilowte bhadvdddhafficient

efficiency. [0090]Wt.h reference to Fig...4, .illustrated is a
L hodal ooy "orometeRt S EuRe kST b B, Bufliite R e sogwtes
facilitate braeiiIssddmtioh carlbriiaéd £ High gder Bafldtioh (.2 1QPSIANME hon-

information) associated with a wireless conmunication system At 402,
a number of clieret yend sitted o CREPHERIIChIyISHRSIOfF2R B Farlpyae ficilité can

be determn ?éélucihé] RIS P&Ghnes L& 10 waRkekit BF Bttt cRfnSARbERAtimhannel

information (e.g., CQCH) to be transmtted between a transmttin
communi cat i 6H88kvi ce £&309. 2 substs(9) ef te vpdpavordsaipn hp exrairgagasidiasddrag least m

comruni cat [ e, -statjon - ] At
2045 typeat OEY bifelifafodedtit Gushih L ok Bk B e REMNE By
t ransm ssi omstace, bactdd tedawondsctan Fo pereres¢damnbere samd of e nvdeatordpricamnthee

made regardi ng whet her to use BPSK or, a high order ulation. (e.q.,
PSK) ot abTHRY OB S5 GRSIOTEBHEY B gl T ARG st fr
and/ or ot hegrahdfiNidrdficomtrd) @hMReNn RN, GA hé RRIaHEIWRIEEn ashedt, £3BERbE,
based at least in part on the nunber of bits of information to be

t ransni t t ed Cedsaosts WiHEDoRY T PtheréseaAthir e RO TR RAeS, 408! aSICRECRIfber
of codewords,: i Lzed e GeLBENM D60t 1/059N8, 8S REStoatddne
nunber of cgfcii%ﬁgﬁp@sc%eés‘%@ggcag %HP %cﬁoﬁtl%taa? e t?‘g?\s r{f/gz’i o%@o?ﬁ%e attai n
control chaf@8P] i nf or matet owthee agpest, @QUCHyubsetdf opdefvordsirs e b expucgaredrand
pur poses (e..g....transm. ssion of. other control channel, inforpati.on,
't or 1 or encipided gk e ot odsPattranaid bl g 1 BPE e e oo
det er mi ned. efittncged £riht patietermitaithiehdddsatbabf anisiodeworpaddsiredfol he
nunber of bits of |nfaqrmati g[n to he transmtte b‘et\{vegn‘egom'ru.ni cation
devi ces, foB EXANBPY Of fHeENJPRETIUYPEEIICHATGSF KI° SEI 38 8F SO LGtHdwor ds,
where each ¢QR2WAs theDRitE oRERHUERDIRokES Ch8Rlel(iBfoBmatidqRd) CQICH). The
cross-correlation property, can be utilized to facilitate
transmi ssi odisefrdedsodarards.sriepertioniaieas] cap be o bzedifenPthes PHIPOSEEGUCHS
Anot her subggi a‘?irngc&gﬂ]qﬁ%gﬁce i@%l,cé??sﬁf’eme'téaﬁénﬂqu/SPt@é?\‘ﬁ@ﬁtﬂﬂ@&hér%ohmt
produce an undesi Fabl e cross-correlation property (e.g., worst-case
cr oss- cor r elifbinmtion &. @ ePMICH/ SRQR) etc h hiorzsampriou Fgaingdnce] by pettomdwrtbe
wi th one enmbodi nent , the.designed codeword se an _be, an
expur gat 1 on SR et LR AT RER S0 &l B o1l Retosonat code
expur gat i onchesegtilned heganal meedentrdl kinneBIsuble asCQLEH, UMNEICH uadiot hat
Hhe Tt - O RS SO A M E ST Gy {0 expurgati on- based
[0099] With reference to Fig. 4, illustrated is a methodology 400 that can

facilitate generating codewords to facilitate transmission of information (e.g., control



codewords that can be expurgated and di scarded such that the nunber
of codewords in 32 the first set of codewords is a desired nunber
(e.g., pr ined threshold nunber) of codewords to )
desired s%@%@g@%ﬁfi ciency (e.g., the desired nunber g??@g%olf)@fsssm
codcwords for a given nunber of tones).3;The subset(s) of discarded
codcwords can be utilized for other purposes, such as erasure

decodi ng, interference-level estimation, and/or nulti-node control
channel operation,.etc.,..as desired. [0093] At _408.. the. nu 0
Cones can beriatd R FodfE! MiPasb Rt mitGiob iy dteatiaty
QPSK t ones) ne@berke bidesforirsletdakrbBthrabtibie@dic tianspaed carbetdorminetheln of
bits of information to be transmtte et ween conmmuni cat | devi ces
and/ or the PYPBPEH BOBMRS 9_5‘31}8 q?&aaﬁ&cﬁﬁga V@@?OW?% @é’d%ﬁ%& ffebe
codewor d deghfiihittd ORI hWItRin§Rithy donBnundeatibh HiAgdd @€ ehobie device 116) and
met hodol ogy 500 that can enploy scranmbling to facilitate transmtting
i nf or mat i ona gesciying copmunitation devinel (cignbarerttip A 43 b deeradnag it 404,
wrel ess co 'o?gﬁh%nﬁ@ﬁrﬁ'ﬁoﬂo 20%i1i28d R8hcifhteGR! ﬁg(ioxfEatnh%gonal
codewords cam'be genetated. In one aspect, a set of conpl ex

ort hogonal deadenined] Foc arstapee, gelnermineitbnixas bd matle tegading whegwr to wa BESK
predefined codeword, criterion (e. ) I ul ly descrihe erein).
The_ compl ex bt PHBgEIsA ML gRiRhie g SO Rl g LR st e
enpl oyed t ojffa@idibh atidoit dikertikfafitdios denred Eorhmbgicativh idovicess foe bxasple,
certain control channel informatjon _(e.q.,. CQ CH) and/or other

i nf or mat i on besed gt least By ety the Aupksr of élas irformigndo e d and/or the

i nterferencgylig¥Rlhagstibfat i on, ot her control channel information),
froma transmtting conmuni cati on device &g. nobi | e device 116) to

a recei vi ng [Wni cabl 416, Bepuberat cadevasdste be btb#¢g a1 bpYelemHnsindt her
aspect, eac : -1.acl

P hase andaCkrhicnE AT 4 IRARIRL A BAIHD b it Sl control
codcwor d of chineelseformfitiondeigl, €QICH) hudjomntat useddoatinar gpsrposas (be. gersandsioad
i ndependent | wher for instance, .a first .scranbli.ng code can.be
uti 11 zed foPt PhE Cupebaneh HormisHn Mgt e SHTHIOR e difeting o g
for the Q phaSeanboidadeniaspSuth détomfigaiohichmbebasadiatdiaagintphe opaakoumber

cross-correl ation . of the coppl ex qrthogonal nodu] atiop jn the

non- coher en®f bl Tiapmation de Bb e e AT Vese Paﬁrfmupﬁ@ﬂ%l&&@w%@f@éample-
appl i ed for 1t Bepther REREE 2 &RE s(BsBNALEd Rlor@aGhere QABVIREEN A phid Erd&ﬁ&@\éﬂr d
set, such as nore fully described supra. In accordance wth another
aspect, t he devuéiog degoadafropecdriplativn Propertnrrbh bejulbijzed & fgilitate transmission
transmttin ol eVlel i J : , ' I CE. Lfic
conpl ex PN ggguencghgﬁf%gghg?ﬁ?ﬁ?ﬁégG%%ﬁagﬁ ?%gﬁgﬁ&?gﬁﬁ%%ﬁ%§§§§§§hed
based at | easdtichi vanpathideenddvred pairdbat poddutomes)desimblErales-cooelpiovi de a
better autocorrel?tion in the nultiP th chanﬂﬁl 33 [ 0095 VWtP
reference t &THEY (%5 VPPUEST FPSECTLIEORSENGY GGQC@b FRLEegn I

facilitate @tasdinee 4k oMk aEbd@MEACHE Hésained toRNGI S8 Lbea ekpdrpatiat i on
(e.g., control channel information) associated with a rel ess

conmuni cat i dAsedyremaler ophogss!l cod andion exsndr deanuigalsbass hetFiegonal fodspe

aspect, the (&Adaey GreRRbdREcH@EAhEWBRHACE cfRkbdrtdAlof beRRENAS, dRcodi ng
related to non-coherent signaling in order to facilitate transm ssion

of i nf or mat ieapurbeiondesedcompimramihpganalsequeneemis ¢ & (aoppngesd tod/ (&) by, |
nmobi | e device 116) and a receiving conmuni cati on device (e.g., base
station 102)emplayingiotodevordsppegationfendioviond “cho e, WebEtha Gaditipys M.

decodi ng, such_as nore fully describ herein, for .exanple, with
regard to Eqiaa@iawglateg)w%s%qua%%égevﬂ? g‘éas ROl ot 5@?&%%{*10"0%
At 604, codewp@SthtRatilldkfoREASRED h¥irsiréMRERA orkteath orogk&bfielation value
cross-correlatiqn) to the determ ned codeword can be sel ected. At

606, the avexage of the decoder output energy val ues corresponding to
[0092] In another aspect, there can also be one or more other subsets of

codewords that can be expurgated and discarded such that the number of codewords in



[ 0096] Turning to Fig. 7, illustrated is another nethodol ogy 700 that
can facilitate erasure decoding to facilitate transm ssion of
i nformati @y 4MRsBogeziCONt rol channel information) associ géRasbdd3sa
wirel ess communication system In one aspect, erasure decoding can be
applied to non-coherent signaling in orger to facilitate transm ssion
of information between a transmtting comuni cation device (e.qg.,
nobi | e device 116) and a receiving comruni cati on device (e.g., base
station 102 a TR
5120100, 102 oy Ofcodlh AR ERUENOL L, £ SR e b o
can be esti omtcedrdiasmdetabe dabst splectrq:bafftcmny (é@ taet@irnti maube ofiwalolr d
(e.g., with a ) tlonthtt d|n
Sonal comBimr A Pt N5 oS PR G ER e e b o
removed fr omilideé féretielr yegosis geh as drﬁlsuﬁﬂ&c@(ﬁ@gcﬁterfaemgmﬂ egiaiatibe,
transmtted fyom one comuni cati on device %gﬁlqegobl | e device 116)

n

to anot her E‘H@Fﬂﬁ‘?iﬁé‘ﬂqdﬁHOGQJlCE@“E’]eOp&rat‘O’Erﬁ%8§ 102). The si gnal
conponent ofpgasf ecei V@ldfio%' g@ﬁhms@rbf%egweﬂte&ﬁmgd sl hERet ed) from

the received signal. At 8, the average power of the remainin

signal (e. gnumhﬁr@ﬁmne&@rga@ﬁ%toaﬁ&)éan%qWmn@érbwﬁ@hteast@ Pt BE from
the recel vedub@d@bis SRR BhRMhiudd bofddin bRBREA QNG Ndlce

| evel can be estinate east In part on the average power

val ue of t hmengmfmodngeg @Mhmaddtcod@ unbteaddot ﬂlat:octemrdadﬁsiggr ound noi se

| evel will is thy dj . e SR
be. cal cul at B0%8hoed alTBRTFin s dary R N heeBhsiefiactdte e "

estination @dmnbla(ghglf@unﬁke mnm&ing\iﬂ’onﬁ&iomqag; mxroFﬂfanmsrtfamwon) he
pr opagati on channg Estl tion and background n se I?vel estimation
can be uti | PFEYAES WHARCTIIARSE CORBUERERON AYSIgR4 AL p Gemrplex edbpagaal
conpar ed t 0 .aeRoRAGLE bELORAdN rxﬁgﬂ@ésgedt avet omhiﬁe%cbr@l@g&nlaeco\aa%ﬁs Edh
of the decoding result. At 716, a determ nation can be nmade regardi ng
whet her t heb@g@r@raﬁciri@aedom@mﬁ dait en a predpiinpdfedeyeird grittaenfas. e swde at

| east in pa nce, if
it is deter nrﬁ}lwocg CH*%@?R g?\? ﬁlggvgﬁ’ ug 4}2{8 &% Fodeﬁxgilrs Calﬁg%%ég%ﬁ%(ﬁan t he
pr edet er m negehetdieds sivbérdplbpadad facilkiate (dwttsmsmmsdn cﬁd&u&ma@bm suthie certain

determned to b val.i codi ng if th SNR value is
ose Than ¢ T eliofSbiOrBSSRR: B2 CORGH) bt Migr oo Uiy iRt
decl ar ed, aﬁﬂat’édlté%lashfte;ied@in@g’, mtﬂeﬁemdempégﬁn@aan ehee edrdontimanclt 0 not

be a valid decodl n%) result. [009711t wll g eci a ed t hat in
accor dance WHPFNAGAR) SPMrfdFansai Wag qommpuucatinp dey! @i' e fﬁﬂ%‘?@n@é todan

be made regafdiviig A8 PNaRch JGRRELAL LAY staB6h EEL)] ﬂganoﬂf&PhH'pg@t ¢a08 of the
and/or utilizing codewords to facilitate transm ssion of nf or mati on

(e.g., cont p@npiehaﬁhr@onaiespé@wés eradedidegn liphaserang p &hplase. e%im the I-
estimation, % (% ﬁﬁ%sﬁ%a&e&%l:@?rdto@ﬂxc sef cq'qctcn%glc'x %Hﬁ&gon?lrcod&\%rﬁg &fice
refers generpa e process of reasoning a or-inferri

states of the scsymbledrindepmﬁcmkmwherp, fanuhsenceys Erst sqranﬂvlmgsaeﬂe o be utlllzed

el oyed Lot aBnERTy* 4R R aRegRe: o vl SR DARRE LT

probabi | ity aghiest, td faeitita@rc@iiy B¢ péakrosh-QbrrelXipuiYf ehe cthnexrﬁrmbme can
be probabilistic-that is, the corrputatlg of a ’rcoba Iit%/
di stri but i oM WYBHORIFPRROTSFONPIREIeERIYeTRdRENEt B GFETWEE S04 B dat a

and events. b;ﬂfe%rf&”cﬁ@l SR BhSQ- fgﬂh@sfe@ff chdh Jo@&{?d’rtl AHES cIBRIoRY &8 she as more
conposi ng hi gher-1evel events froma set of events and/or data Such

i nf erence r &gl describgd sirwac braseerdande grithgmothenpsaeasribe casiewards cenbe furthen a
set of Obsere/rsﬂb 48048ing g%&gmiﬁﬁlg csﬁnﬁm% RV Re (%’T\?eﬁlt}ﬁie icB Q8 6f pe

events are corre e tenp oral pr oxi whet
t he events apatifttatoapborfN faqoenco népmdetsmueerddbn@lv&g Eamgllh deitraiswlUnesist
[ 0098] Accor (i“ars] nt et 31 theexn%m%er of tones) Aord®Rs prowdct,] %2 %&t%gonr}e?gm%%? e

multipath channel.



transm ssion or reception of information (e.g., control channel

i nformation) associated wwth a wireless conmuni cati on system Mbile
devi ce 80Qy&afishiaaR)’ i se a receiver 802 that receives apsfgeRhsdssRM
for instance, a receive antenna (not shown), and perforns typi cal
actions thereon (e.g., filters, anplifi®gs, downconverts, etc.) the
received signal and digitizes the conditioned signal to obtain

sanpl es. Receiver 802 can be, for exanple, an MVBE receiver, and can

compr e, & 9B e P AL gl ol ond

aspect, thefaddinmdeahateodecddidg dxafacill@te;tumsmgﬂsma@f indorresion (4. gt @nirelobanvet

FUITy descr ISURGapavenacatiny s Raais-doppSas dsthaf «dii o

anal yzi ng i pdnyentterihed hednéashedy eaotdw@d c&m?e SRamifed genelligité fgsure
information for transm ssion by a transmt rocessor t hat

control s on8c@fingsslated BrpaBrroReEntsLnAREg NS %@%@@@r NSHEFFGR Of
processor t D@&mag&bbaw@éwg%sm&@g N %hﬁé‘éj&e%y rﬁ(ﬁﬂ% 'd‘éﬁEe 81253 and
gener ates information for transm sSsion by transmtter 8,

control s onér@ﬁlvmceﬁmwmﬁ@hdﬂé’we%gobﬂsﬁ@mw@1%vifb@08@03$PWbﬁh? e

devi ce 800

conj unct i ontouty Aty SF FRIlARe oy KB hg, 3A6h & R iRt ferin, for
si gnal s (e. gxampdatwalh regard fodEquatiatsdAE@) asaddsaﬁ:eds‘hé:tmmnctmmyqt@mwmekt

nobi | e devi etc. one as t, the dul ator 810 c e

Cont 1 cured BB citiSion ng i SRRER oylogfoal i e, AebhrisrrEiBediio gl cpsx
nodul ati on, détermtiacd dodbwéid chufi BasaMdctddl M@ 606,1hd Bleragbanmeldedoatouifit emdgy
and/ or other informati on to_anot her connunlcqglon devi ce, such as a

base st ati oMalIeFLorraonHiag Ihihe selertesiprewordg pan bepriculaied; r‘*é%i&hfte 800

can i ncl udegifag. 3o, ﬂ{enﬁh{}@& e faHBRPRR thd SheRS VA1uE QITR e RRhind
devi ce, such as nore I'l'y described herein, for exanple, wth regard

to system 1©@devv[00:bmrd0]1mmﬂb¢ul%ecu%«¢ra@eog®@t darey aekies ¢tx§f¢anqn§1mgé¢rﬁnelsglécfed
data store t rat.iNgl

can store. diEbiRef BRIAGRRE, HIclE o GENRYED, I dLAGREFATRAG 470,
to t he transaodeivarndre acnegephiuenf ik deombined coclheneind ithef e lortddamerage
(e.g., information rel tedto 0 0 dul ati on

o gat | on OB RS B RES OO HaHTE P olREs D BB amaL =
expur gat i onphasesmiaeimatakol@dvbioghialio MRAulidity 6T, deedding resilnfArgratd on

rel evant to erasure decodi ng and/or interference-|evel estimtion,

and any ot héftcaningtign|can Phmafamserieinegthcrda delgeningd cadewerddmg mpliki on
and/ or receptiamhQfsutthh QR lch @ p%ﬂ&fkh@%re%@t@ﬁﬁlﬁéd GRAMNE VR fpaxe Hﬁfahsm
bet ween communi cati on devi ces, such nobi | e devi ce 800 and a base
station 102if thamatristipequaBar Zreder tlamdhq pr@ﬁf&ttrtrynegltthméwiﬂ levdhcibe detenunast

al gorithns I tLOR. D :
or t hogonal %g%%afsa%q)cv&c{cgn?xgé tbgg:ta{}%glggg lﬁlri%—% d‘hfﬁlgf ffgl‘llqc?mcmp tN&s¥han the
expurgation ptmlsmdnmedmmhold tdvialp go exabureroshicaterlared vathdespectas prenidednined
expur gati on- based, conpl ex orthogonal nodul ation, etc.) and/or

codewor ds. %ﬁ? It wi |l be appreciated that the data store 812

descri bed hﬁ[?(!(f%[l can TAPkItS Big/ 0] iahita@dTeainer aRthoB510SOTOtha!dah €
menory. By way of illustrati on and not limtation, nonvolatile

menory can idfeitaa&arEsdeeNing tdieiise trRrv)ission o GHAFmALIOR de RoMnpRepDe!
el ectricall ynfe&ea@foammsﬁem QEPI@@M conﬁhﬁﬁéa‘hb&%}sle}h aha358 M pRctPREMre

(EEPROV), flash nenory, and/or nonvol atile random access nenory
(NVRAM) . Voldatdding cre o ryplicd to navedoliersnisignabing mcsdas o ﬁemgtr%mm of

whi ch can a?ﬁfo%ﬁﬁﬂ%m% a ft "Ittigg g&%ﬁ%&%@%&m\ﬁa&évﬁé 8{# ! Héﬁzfeacfeh%@ 1 gfggmd

not limtation I's aval orns such as synchron
RAM ( SRAM , adyo&anmg:cdaﬁn\mﬁmmewm(n@hﬂ)mmiom (ASDPAME:terdmad| e dat a

rate SDRAM (DDR SDRAM).S00ARSES vEDRAM(ESDRAM. - ARVl ok RN

channel coefficients can be estimated based at least in part on the determined codeword

{e.g., with an assumption that the decoding is correct). At 706, the signal component



1001031The base station 902 can al so conprise a nodul ator 916 that
can work in conjunction with the transmtter 910 to facilitate
transm tt g dkeRads (e. 9., data) to, for instance, a ﬁ@ﬁhgﬁﬁg@ﬁo@e
906, anot her device, etc. In one aspect, the nodul ator 916 can
configured to nodul ate signals, for example, enploying BPSK or QDSK
nodul ation, to facilitate transm’ tting control channel information
and/or other information to another communication device, such as a
mobi | e devi g f‘:(e%%j o %%&%ﬁnﬁ@%de@mﬂ:ﬁé’a‘n%’relﬁ&%d PRSP AR eived & mnm
902 and nobi evi Ce st 906 each can 1 nclude the sane or sim

functi onal i b§ec asgech, erndgttiaosmitied from, ons gorhmagicaonale gt (4. deebah bed
herein, for  exanl g Pr r 916
can be couppg‘é&ﬁg 6?%%?7%1?[ &)S%@EI?% ? ﬁ,}!‘ﬁécﬁ‘@‘ %QSC S#%B%rg(}l)og% ?g%ﬁeﬁed to
data to be tmmm@ttdfedecenedelgnﬂctmdhé amoivixd @rgmbtmattefdefmmeﬂe teocitdie
transm ssion or re tion of contr channel informatio e..g.,

1 or mat s on B (L A0E SR R OB GHAF MRB A n izt rimiifing after
expur gat i onsibag @empEHER 18 ¥erfd e GRa AL rd¥BEhd dfhaP)ban 3B dél@zﬂa’t@% pANTIR the
expur gati on- based conpl ex orthogonal nodul ation, etc.), information
38 rel evant AkeEnad peiee 1qud 6o PRCSHREIcEDaseA Phlors ibPRIBQT G BYCTREStIONEE | on,
and any ot hegueuthaRhfidifd Ot th%&é}ﬂhﬁ%&ﬁ@bﬁﬁ&@&@ 1684 %m;.{m@gls

transm ssi on of ormat| on , control channel information

bet ween corrthsrrdieguhngm 1mtem:cae§t 71\@1@@2\1@ ¢8 lanalcattidtbiasndalt legstdn pareon
protocol s apd/ o t Q lation
(e.qg., bi naﬁly (gl{aﬁo ona %ﬁ‘n@F%ﬁ?ﬁﬁgﬁ gnd%%l%{mmd I{Osstl‘g g%%g%g ggrr(grgu At | i on,
expur gat [ onﬂims&d tmqmagmldnrmmbmmamdwmmmumwdﬁmnemk@anﬂedl can

Cotowor ds.  POBRGSS 14 R e KB et 4 B0 SNAet ha HE P ous

descri bed hgfeﬂbtemﬁﬁéﬁ HRIRIIA &,@eM@laﬁHlté &e%l‘@fyyofaﬁhdde@édzﬂg)fb\éﬂ{ aki 118, a
menory. By way of |IIustrat|on not limtation, nonvol atll

menory can PeRIBREIONSARDOARYC 1oEHE ang wheghey the deteininerheasPuordne

el ectricall R I

CEEPROM 1 P B o ) 4 P eg&ﬁéﬂﬁ%dﬁzeé%‘é@mf’ e
(NVRAM) . Volfatis Idetenmm @tat:tbm SNMahldes sqndoor arsetes hamtheprardcCRANE]

whi ch can agt _as r.na of i1 ustr nd
not 1 m tat TEOAeE PR SR e R Bty SR RS

RAM ( SRAM) , redyinasnti Gf RRANINFDRAN is sy thah ﬂmnma&tela%bﬁ (lﬁ&h’élﬁ'bleveﬂ(aubfa@mdat a

(SLDRAV) , ali th FEEioC RIS RAGH CORRARFCcTRE o iy oomacd & ot

to conprisededddingQeiuitbeing limted to, these and any other suitable
types of mem)rg [ 00106] Fig. 10 _shows an exanple w reless

comuni cat i 98 st emli(?}@‘é)be Fpeecitedethals 4 acenrAanse wathiopp oseIc@AREE00
depi cts one 0 of
br evi . Hogegarc eRb IotES i AR [RRUIE SRR sl TR e

i ncl ude nor exmmmngmdbas@hmquowmaiaw forilitaty wanstigsnioo pé inferbyiatien (e.g.,
devi ce, wher ion n I be
subst ant  al o SEar: Rty PRBRaR R BT PliBRRl Qe EHUERE 68 an
nobi | e devi de 13056 “desc ol biatbraet Omwferd genachtly to tha prdcessio$ rdasorig; about or
appreci ated, that base él ation 1010 and/or b| Ig devi c 050 can

enpl oy t he SYfeTigggiaepppibe system, egvigonmant; a ‘1%‘2"? Na Ao HOHLIOPF g s

3-7) descri bgfudergiRediPaddrsidaial AtRrobd @h &S SRR 8LIFON sicbBI:€
between. It is to be appreciated that base station 1010 and nobile
devi ce 1050 CRHH OF AfHI0BeOTcaB Faiterdte & PRp bty istdbusien Sy FHistaas, 1R exaamdy. or
can conpris [

Fespect | ve abragiecth ol plEbIBATRnR s TheRa et 4 AR Ehituon
exanpl e, wi phersegand ittoey pated ivn 2@0nsidyalionml 280 an@m‘enﬁa‘@@nceamdhbo
system 900.

refg’rgto techniques employed for composing higher-level events from a set of events
and/or data. Such inference results in the construction of new events or actions from a

set of observed events and/or stored event data, whether or not the events are correlated



[ 00107] At base station 1010, traffic data for a nunber of data
streans is provided froma data source 1012 to a transmt (TX) data
processor w®igksodenording to an exanpl e, each data streafysansd8sos
transmtted over a respective antenna. TX data processor 1014
formats, codes, and interleaves the trafsfic data stream based on a
particul ar coding schenme selected for that data streamto provide
coded data 1001081The coded data for each data stream can be

mul ti pl exediiisda tRhAdRh1 SRty ShnB G HRIENRE ev@llts JnH%GM%B&)é @Vl R Reveral
mul ti pl exi ng (OF techniques. Additionally or alternatively, the
pi | ot synbobFentend forequency division multiplexed (FDV, tine

di vision mu exed [ r o The
pil ot data 60' ?{/pl cal'l ‘:'yr“’@gé%g an%gﬁirﬁ%ig at t% gﬁlﬁrﬁ&hb&ﬁér%%gﬁesse “h
known nan nemchxdel nmamgbﬁ“eweemi pattaiminpitd ées@mg@ﬁd/bﬁé@leta(ungswelerB

channel response. il.ot and coded data,far each, data
elaltinead e R R Y YA A R

nmodul ati on aﬁtwasaal(neocglanobldaaﬁxgatmmccs&mﬁmexl@mbg@la( ﬁBMUanwqﬂﬁ@ddur e
phase-shift keying (QPSK), M phase-shift keying , M quadrature

anpl i tude nEERIAIPY aiemcemmex ogb%g()}lamc&l&t@a, %} tOtfﬁcakﬁa ArRSERga m t o

provi de modylaii.88n 8Y0Qnfol chagnd ﬁfﬁ”&‘rrfa%@ infoREHtAd relRRd td‘@?%&l’@déc@dlné or
each data stream can be determ ned by instructions perfornmed

provi ded by indpwwtiss mlatq_d)tgonte{f@@wel]sweqtmwaneﬁm blrﬁt‘gsﬁmmtmmﬁh@he

Fur ther " pr oRsaen (g By &¥ftsnTghaihdofRtoRS ISPRAPLL Al MR A"

processor 1Q#Bretde€ cpr Md@el&lﬁdﬁ@dﬁémﬁi]iog\ a sypetod brtsdgoed rmochﬂmtihﬁ'is most

transmtter 02 thro 1022t .var i ous . & nmbodi

M N pr oces SHMOBSIIRH Fubmad iR mg ot P bR PR RES hEBRLT 90 e
data streangedndd; 4fd/drlieteARfRRPheticO ewﬁmcghtetahﬁrt&mb@ddewsrcbtmrﬂg set of
transmtted. 0110]Each transmtter 1022 receives and processel(ljﬂg:%I

respective § rdsepdienmhics cplenard(e) BsePWRaiHEPE ashpirgder gt § Wi

further Cong#ﬁrb&&%d {16t me forége?ﬁg éxla lesfafel Jl@sﬁx%tw@iﬂ%aﬂ@&é?ﬂ\é% fsthintthRd to
anal og signal's to provid nodul at ed signal suitab

transm ssi ohingitbe nmrhberm" w@zemmv@t canl-‘o@rrmalde pr thmnanm@uﬁ afﬁl@a sy¢hginEarances
fromtransm N I r

ant enna. 1030 1R CRATeh 35 A e s ot RS Rt B Mbieg,
1050, the tharsmtted nndulated signals are received by NR ant ennas
1052a th 52 h d f h 1052
prov?dedr?g?ﬂnégsp;ct e F%@éﬁvﬁﬁﬁgﬁﬁ%ﬁgqﬁkéﬁgggh&?@aﬁgﬁé§ﬂﬁ% ®Each s

recei ver 1094n&Rinadd dra8&plién 6f infolihtiddI(8.¢., astol thagel iREmLRDNERNIGEL S)
a respective S|gnal digitizes the 40 conditioned signal to provide

sanpl es, andit Iy A W IERlPSS 5P REwR Sation Faewa MAbls degonsWlsan ompPisaTeshh 80 hg
"received" gyRQLivSS 4 §8M from, for instance, a receive antenna (not shown), and performs

typical actions thereon (e.g., filters, amplifies, downconverts, etc.) the received signal

and digitizes the conditioned signal to obtain samples. Receiver 802 can be, for
example, an MMSE receiver, and can comprise a demodulator 804 that can demodulate
received symbols and provide them to a processor 806 for channel estimation. In one
aspect, the demodulator 804 can be configured to demodulate received symbols that
have been BPSK or QPSK modulated, for instance, as more fully described supra.
Processor 806 can be a processor dedicated to analyzing information received by
receiver 802 and/or generating information for transmission by a transmitter 808, a
processor that controls one or more components of mobile device 800, and/or a
processor that both analyzes information received by receiver 802, generates

information for transmission by transmitter 808, and controls one or more components



[00112] An RX data processor 1060 can receive and process the NR

recei ved synbol streans from NR receivers 1054 based on a particul ar
recei ver Ri@®sRSHIsPH technique to provide NT "detect ed" p&¥iHRbsosssos
streans. RX data processor 1060 can denodul ate, deinterl eave, and
decode each detected synbol streamto r@cover the traffic data for
the data stream The processing by RX data processor 1060 is
conplenentary to that perfornmed by TX M MO processor 1020 and TX data
processor 10dd.gle RIRE 386, aM'oQﬂfb dRIQ- 80{) Ol AnhRC £ aRahlahPE @kan
periodically deternm ne which pre-coding matrix to use (di scussed

bel ow) . Fur whdrin Cpnjac@@go‘rlthmer@a@mﬂerr 68&’@1 faeibitate tramymitiseg Signaks (mgs datge
conpri sing i rtlon. ,

[ 00114] The rﬁ)ég)gﬁlgsggﬁ]c& qq)%g(c s%%fo‘h 195 a%gﬁilcﬁngl?iﬁkdc%gz%: .glﬁtog}% gsglc%tf the

i nformati onnmégiaﬂodBchamhe conﬁgmmi toarhudohtd mgﬂalsafmdbmmlﬂdnemp@eig\mtﬁlﬁam a

stream The ers ink sa can _be processed a JX data

S beansor 1 GRSk Ao e B B R e g DR SR e Bl et AT B at
streans fromféndabatecsRuiheecokidnficdiod dbdts duddyas @ bandudtiah 002, k0S@er

condi ti oned bgﬂtransnltters 1054a t hrough 1054r, and transmtted back

to base stafio8He 401w errobhampile dsise 8¢ a@cq igpludpthe sarpey sipiay fupctignality
signal s f r0H%Mﬁ&@m%ﬁéh%wé@@@ch%?ndr@ﬁﬁl'y\ﬁ%&n@é’d ROLIE RS 2k with

condi tioned by recelvers 2, denodul ated by a denpdul ator 1040, and
processed bﬁ%@ﬂmxﬂwﬁvalw}ocessor 1042 to extract the reverse I|nk
message tra 61t ed e'v?ce%b! L% dﬂi%gal df %&n%rp*ﬂﬁé dat%tg%%%,g_%atg

can process extrac nessage an I'ch ‘preco |ng

matrix to usperﬁtmeiyd&ahpiedtmpm@snm(%&exa:htfamrsmrmgata\m l@htassmltted recelved data,

[ 00116] Processors. 1030 and, 1070 can direct

Coor di nat o, arAet el i RreRn g kb Suiehr Sl dRhE ihamsisnire
devi ce 1050infé@s@efk ka6l ¥-coMPRREthd R PHOGRERA! Splipdforah@ed bfthi&an be
associated with nenory 1032 and 1072 that store progran1codes and

data. Proce8gbreonalgnaiubatign. roter endadssriyertiarinseippinat qragoned
derive frequencyH&D gtc )”Bwrﬁﬁn&%ré%ﬁ% @rﬁédr@@éc@&nﬁ Qﬁd/énﬁtel'fglleh&heaad

downl i nk, respectlve y. [00117]1t 1s to be undersStood that the
enbodi nment s cefaRagionoed ahm@mrw@abie béomwpbleﬁ@ma@cfaqﬂrﬂahanﬁdwmn and/or

softvare, [lOWe Gy n{Fox%i? IonEh %srr?()%{r RS 1el &rfor%%?nc%&’%}e&g%n%uﬁl%foﬁo‘c

For a har dwar FOCESSI N
dev1ces, such as a mobile device 800 and a base station 102. Data store 812 can

additionally storc protocols and/or algorithms associated with orthogonal modulation
(e.g., binary orthogonal modulation, complex orthogonal modulation, expurgation-based
complex orthogonal modulation, and/or expanded expurgation-based complex
orthogonal modulation, efc.) and/or codewords.

[00101] It will be appreciated that the data store 812 described herein can
comprise volatile memory and/or nonvolatile memory. By way of illustration, and not
limitation, nonvolatile memory can include read only memory (ROM), programmable
ROM (PROM), electrically programmable ROM (EPROM), electrically erasable
PROM (EEPROM), flash memory, and/or nonvolatile random access memory
(NVRAM). Volatile memory can include random access memory (RAM), which can
act as external cache memory. By way of illustration and not limitation, RAM is
available in many forms such as synchronous RAM (SRAM), dynamic RAM (DRAM),
synchronous DRAM (SDRAM), double data rate SDRAM (DDR SDRAM), enhanced
SDRAM (ESDRAM), Synchlink DRAM (SLDRAM), and direct Rambus RAM



41 inplenented within one or nore application specific integrated
circuits (ASICs), digital signal processors (DSPs), digital signal
processi ngyé eyks&s21( DSPDs) , programmabl e | ogi ¢ devi cespétiuERdsoshiog! d
programuabl e gate arrays (FPGAs), processors, controllers,

m cro-controllers, mcroprocessors, otlgr electronic units designed
to performthe functions described herein, or a conbination thereof.
[ 00118] When the enbodi nents are inplenented in software, firmare,
mi ddl ewar e ghRRASH)OGREGata PORAIZT 258 BRNRSS SIBR g IRENKd G de
stored in a machine-readabl e nedium such asS a storage conponent. A
code segnenendany othep peteblettypesof mee@nt e, a function, a subprogram a
program 2 [@HbAne, 38 UPLaNG G dFRdUlién ol 381 LAREEIBRGKAY ssiBh or
cl ass, or ahy conmbi natfon of 1 nstructions, data structures, or

pr ogr am st ateesmivhof ioreation $egnwntrolcaianizt infeuplied swcamtwidra wodess

segnent or a hardware circuit b ssing and/or receiyin .
nfor mat | oncORRpRoHien s Yo AP IS RSk oo B gocess point
| nf or mat i on,  AgEARRESer 08t CArtreSoivaaial(s Efidin @by here PaspHedevices 906
forwarded, or transmtted using any suitabl e neans i ncluding rHsnDry
sharing, messagivpasamagr simHRpRneioaalitgs meataiucet i 8 ABHPSEPYIF, dewtce
[00119] For - ao@ahloWeH £plufiRkEoRELeRlel BfnndsH@ 8t £QANAMASASRAhREM nliRRSI N
can be i npl enent ed WII{Z)h modul es (e.g., procedures, functions, and so
on) that pesigosla{aghelata)tethi onsoraste ridbdd deraeasions trpeehsdfangmit enigotte s
can be stor i its. ar - . nory
ni ¢ can be e tERt o i reRie o RE 0B ates Y BRFRRNNGS on{OF, P
processor, bperuviebhassasaed witic aderhelut:oonfllditiva canvémpdobtepkedvetio t he

processor vi g various neans as is known jin the art 00120] W
reference t 8%??“&“0‘1'11?“ RSP 31%%“’.05“ atog %th %%f fﬁ'ﬁ)ﬁqufg%g?to éﬁ%ggutlge
facilitate tdaredbmsiodthafhakOh@hBHSKOG (ESOmod €088 Ifet instiadaNal more fully

i nformation) between communj cation devices associated with a wreless
communi cat i GASCERRA sBrfERRmodnlitedsy mbpls ¢an &S aabiired BB PSFSPEM p aat gqn be

| east parti al Li agiel j Vi - ARRid: e
device (e. ggpmﬁ%ﬁ Hgld'ltib ai&gqﬁ?o be %q{ﬁfog@?tg@e%&s‘ﬁg?y gggﬁgk%llogro!rs

r epr esent ed gagritinglinfdimagioh derdranemission b e krensmyiriérét O craprogrssdr trie conbiod

bl ocks that repr nt._functi i opl t , war e,
or conbi nat Pg%grtrﬁ%rgg ?p%%%gs.o?%ﬁﬁersﬁvp\ﬁgg@ a@%&%@i@%‘%ﬁ%??ﬁlﬁgégéé

| ogi cal gr otyfbimgatibi B2evtd BY ectiveril, ganjes arfbsndtibaforcansmeistion by

conj uncti on, 001 For, i nstance, |ogical groupin 02.can incl ude
oLl oet 1 C e AR AR SR STt oS R S PP R G RRE L0™
one aspect, [§f1@35et ofhEngdewntichsooann bigo Rlaetbduitdraeh tiat @indvdren
transm ssion of information, such as control channel information,

bet ween comsBipeaion srthdls reremittes dthtofacibitapgpmppitirasignels(ee. 448 & Base
42 station 10gn.l 0 AL RETIcASRE flothdr AeviEQIRWaN Qnesatsfr)r%t@ttw Bo&fitof SleAaR
to orthogonal nodulation (e.g., binary orthogonal dul at 1 on, conpl ex
ort hogonal  rredorfeuialry medplategégniisnfob el smployineditHogrddRFK modulation,
rodul ation,  exRANFEH RAPIL 08U 0N -DARA Sh GO % b! ARAMREIRAY Rldi0)
for non-cohef ent i gnhal'i ng” Fur ﬁer, I'ogi cal” "groupi ng can

conpri se an cememhichit@l devixppanient a fobileadepiteGadid) gnahs niabdt (is)icapbrc. The

Coe O el pElrP B0 MRS B R B e
codewor ds Ca@mdiBgdlies LOAQURTchtiBRUES ) ERUUS dge MlIWAESHbERRE:in, for
cross-correl ation value, such as 1/1,5", and such codeword pairs can

be expur gat S8MpE Wk EEHd Pl ®he wor st - case cross correl ation

bet ween t he ni ng ' ' fio £ AAE) thatRa@GERr dance
w th one entgg%%arrjent, ﬁ?gésgo el\%:r%é&géec{u%?grtlo bggd\eﬁgjiwglﬁetd tag gtn

expur gat i on-ibagedioo artpcéso duta ledg drandmitod eccetmd Ao, infopaiithadelated to the
expur gati onyhased;of (NRABNRN oFQARM dafiter G nBfo S & GhHE Aok ek RAL
complex orthogonal modulation, expurgation-based complex orthogonal modulation,

and/or expanded expurgation-based complex orthogonal modulation, efc.), information



em k) en(k),vk , so that the conditions 1 and 2 associated with
Equations 4a and 4b, as described herein, cannot be satisfied. As a
resul t, tlyep eoowwdsbzibe no codeword pairs produci ng a WoOPSTUSHES053504
cross-correlation value of 1/42".. [00122] As anot her exanpl e, another
subset of codewords can be codewords tH&t can be expurgated and

di scarded such that the nunber of codewords remaining in the set of
codewords to be used to facilitate transm ssion of certain control

i nf or mat i onref&att-to efGr@dcodmgan e fet@cdlovelsEnietiay, sadas difv: esholed
nunber) of codewords desired to neet the desired sPectraI efficiency

(e.g., the Hé¥MeEen Hahise feaitials deicgmiabgdiRarassienet ifTogngidm (G Enseptrads

tones). Th echlhﬁa%faﬁgatw ﬁéwc&lrcoamm&ctah&ndév%g eplfcmo%a@l G GARLOMKAG
for other purposes, such as interference-|evel estination, erasure
detection, &pts.protaeolsiensiaraliorifmsassasiatidyyith eréhogenal siognlaten (e.g., binary

i nformation f

order nodul alftﬁogﬁga(ﬁl?()d%%ﬂg?%ﬁ?%g ﬁ%ﬂﬁé%onﬁ'l éé%togsﬁgﬁl% 18%5%%%%125]@(
real i zed i noahdgandwidihaief,fandoeatpandedrespurgétionehasddompnpddx qythoggmiahg 1102
can include_an el.ec nt for transmtting signals

trica n
associ at ed WOH}H‘&%H F@Q?Pé/ﬁr??gﬁg Prglﬁ of the set of codewords 1108. In

one aspect, [(oh@5]si gnak silCBNapPeclataitharitlid @elnemm@)amgbmma@ bar @ﬁh’iprlse
signaling using a set of conplex ort hogonal codewords g npl ex

ort hogonal ¥YdEgacaory B3dRIMGaYSgHE BRIeH- Bhprest IHPWB@MQ n@da@m%s
expanded exp \aﬁ&ﬁeqﬂe&@l%gn GRemat ?e&d%fyhﬂ&ﬂmlm@mem@gaﬂmbm@ ; he

signal s can 43 tranSmtted from one conmmini cati on devi ce

mobi | e devi GEQME)E:]qcsicaﬂbpﬂ@mnﬁmhlmlﬁ%h&EPBﬁ)Mbvie@técql@ qgasablp &

station 102 f

codcwords c %E#ﬁrglﬁﬂgfea g%ddf%%?‘d@%%&ﬁam% ac‘%egg?lﬁ m\}%m hat
contain a d¥siatitnérog. can gmhm’i& rafd o ey mehatyl (BA MDY, eheshtcyn @ agexternal
codewor ds assqQci at ed 0SS-.corr Jon.va of 1/2 or |ess),
Shere the sBRBEreBest te el SRR B i ol Ra RN S B Shantt | ng
control chamgl sidhf R kpRht@bud RAY (SREdynantit RSN (DR AMD! HathasRect ,

the portion_of the set of the codewords can COTTEI’I se di scarded

codewor ds, BERAMKERPRAYDadadl dgHaiRorAMd netresed PR AMer e
such di scar gl%a%f eﬂngn@@lmm cswwé@ﬂ aﬁ(?dlfre%@ Rhinbad AR @FU AM). The

decodi ng, nce-l evel estimtion, ti-node control channel
oper ation t orehey ‘Pi&lauréertdpétoscrmsm@nwthfouftﬁmhrmmdttc,dhesp afh®yetthasn
(e.g., PM CH. 18R e i%ﬁ%’ 9,amd/or for other desired purposes.

Addi ti onaIIy, Sys an include a nenory 1110 that can retain

i nstructi on$06166] execRiki Hgshbwe et exmsplagielessatoethumdahoredygetr 10081 The

conponents 1104, 1106, .and 1108. i|le. sho as_ bhei ng. external
ey 1110wl rmindin sares o) defish G e seelap QO uFandRat Fropt
conponent s a&@éo 1050 Q@6x sa@@@iﬂﬂfé@@r GRIW O, Blis t0ibk RpfcAROD it shhkth 1000 can
100123] Turning to Fig. illustrated is a system 1200 that can
facilitate s fhgn 0@? basp sgtiemtdsn mose Han opgphil depisgriverein

| nf or mat i on)RELWEEM. CATBILLERL hfaﬂliéj@é%&%arﬁ%%%étéﬁtﬁﬁjr Whlilar & dMrERheSS
conmmuni cation environnment. System 1200 can reside east partially

Within a co ﬁmﬁx@amledqasajww@é 018 echmalsileadelyigs 403t dastrihed belpy. fiodditon,
| nstance. Ag Igg)mn Caﬁa feiaR Ha? E&q%%f%ﬁgﬁ g&l oua%%r H&Bﬁé RS 1f0?b Q%e?nﬁi%e

can represent ons I np €ssor,
conbi nat i on sydtense@igs( B-2g8-9, efndrlrmazf) en)d/oﬁysh@im(E%@(B V)rli}:lsud:eé herelnagl cal

groupi ng 12 of el.ectrical conpo t hat .can ct in.

ogi cal gr oiie PGB HE TR TR I HE i dG: B APBEE At BetRs R
for receivi ng1midtabisicassios | goadchtdnbeacipttiveBihOfantche sielar @f, and/or
codewords 1204. In_one aspect, the received signals can be

non- coher entataRMAISE FR§PICEN ey dif s Obpiilar ﬁl@ﬁ%ﬁﬁlﬁ@w 3BT EPEFHRICI CORPBRS S
transm tted {0/ QU8 FiBEIMRR LR R, A \ek SRpIE Swith regiFRRS bRt VIS Sysiehf)

200, systemn 800, and/or system 900.



certain control information (e.g.) CQ CH) and/or other information.
In one aspect, the portion of the set of the codewords can be

desi gned suekot/mabzicodewor ds pairs produci ng wWor st - CasBCT/US2008/033504
cross-correlation can be expurgated fromthe portion of the set of

t he codewords, so that such worst-case 3®dewords are not part of the
portion of the set of the codewords received. In yet another aspect,
the portion of the set of the codewords can al so include discarded

codewords, e Suchaihascaitibad 0COIRRS dta ©aRA nbmbmld@u@deemns ot her
pur poses, such as to facilitate erasure decodi i nterference-| evel

esti mat i on, Pienided frBcedaoirercs | Obh@rireanspi 4T 4 ?%%Pm&‘?f'a?io‘ro%t figgording to
desi red purgif’é%ﬁrplc[, Q0 2aks S%M%Hbd @&gﬁmcd%&%mct%%%dﬁa@ ToARkI se

an electric onent for decoding a received signal 1206.
Mor eover, | pygcesadr l@dﬂaﬁp'mﬁ@ arlex anhintdrisatey s taifiedae sirqapdiaseborponent

for performnp cffhr COHIH% gglee%l% Ielrcl,gte& Bor B dé:t? thc{aﬁ{;ttb d)%/\%(;efaéodgcgda?t208 The

erasure decBdi I'ng can performed 1 n variety of
ways, for epdnpsle, surie caéedﬁmefoi edchydategesm badbesuptiplexdddith pibmdhtay
system 1200 can i.ncl

u 1210 .t hat i instructi.gons for
oreeut! mo bR pgond Set et g e be CEFBMI bR As§hRa by
and 1208. WiikdratsB9\Mhe pRothOmBEls @t @méquteﬁbyrmmby mbRifdexet (FDM) ttinde
under st ood that one or nore of electrical onents 1204, 1206, . and

1208 can exHyisian mytiplengd @My on epd eFU@‘l%BFf‘VW exphCIM S nl hfilor faiis
above incl ug&ﬁcaﬁ;@m dm { pR0Len @t | fReQEPRAGI B Wh nanhér dnd caPbe GRYESE,

not possi bl descr ery concei vabl e conbi nati on of conponents
or et hodol oglbé{sdffvme 1@69 pw@mawfchmbmﬁmnﬁﬁg Theemafiplersdanilot oeagded data

embodi ment s for egé ata eam ca[q baR, Xulgtlé g% xﬁb%fmg@edmeé ﬁ%ggm &ﬁ%ll hat

many furt her”'¢onbinat i ons -and errru rrous e Iments arc
possi bl e. Aawdudtingdchiemst (e, dﬁﬁzcry pmd-sbuﬁddmghngﬁéEPSK}meadrmmmdm-sﬂldt

enbrace all such i.oNns nd,variati.gns th fall
within the SpiiP§ {(f;lagﬁ@ @c@ﬁé‘*?ﬁ‘ %ﬂ%@%yﬁgﬁﬂ‘? e ?‘HP]FH%? “iamf'o
the extent maQAmeer& REdRctddTe! MERRia st@alﬁwﬁkome@iouhﬁﬁoﬁ fientded aink eaa
description or the clains, such termis intended to be inclusive in a

manner si ni Faif. co@ingrad madilation fs erc daistigam caipbdgiamingd by dnstructions

i nterpreted anhgipi onal word in a claim 45 THE
G e Der REREe R EPbRYERd B Rl O e 5 ' A et hod t hat
facilitates[dHARsmM ssThfrmgduiatwﬂl@mhmls &y the dagd sigmeg can be provided to a TX
gener ating %/IT?;({) Blggccs%grd ﬁ%c%g nf i%ﬁh(%r pFr fL:?s thé %ﬂﬁtﬂh&oﬁ’f CQ{H1b8ls (e.g., for

information™i ng con anne or ma
expur gat i ng OFDhsEX MIM® b&)cemﬁiewaﬂ d@ntpamcﬂ:b aly nhcelamlom synpial straamsao Ny

predef ned codeunr dHUARSILIN fholat| 09, 2 BShossSaLR! B e v
predefined eadewsr h20rbheskibeimRERgRE@IES thdsyaibols@dsie @BEHeimaihd to
the antenna from which the symbol is being transmitted.
[060110] Each transmitter 1022 receives and processes a respective symbol stream
to provide one or more analog signals, and further conditions (e.g., amplifies, filters,
and upconverts) the analog signals to provide a modulated signal suitable for
transmission over the MIMO channel. Further, Ny modulated signals from transmitters
1022a through 1022t are transmitted from Ny antennas 1024a through 1024t,
respectively.
[00111] At mobile device 1050, the transmitted modulated signals are received
by Ng antennas 1052a through 1052r and the received signal from each antenna 1052 is
provided to a respective receiver (RCVR) 1054a through 1054r. Each receiver 1054

conditions (e.g., filters, amplifics, and downconverts) a respective signal, digitizes the



10avai |l abl e bandwi dth, a nunber of codewords in the set of codewords,
a nunber of bits of control channel information to be transmtted at
a given tiwea2o008/048¢gpe of orthogonal nodul ation transm sscposmesessad to
be used, a defined worst-case cross-correlation val ue between
codewords, a nunber of tones enployed t4d facilitate transm ssion of
control channel information, or a nunber of expurgated codewords to
be utilized for another operation, or a conbination thereof, wherein

the other opgfdaidnedsigddikdlovide Bgmpits, bRBRIEth@RoREseh Mle@lihfleeRGRotiey €l
estimation, erasure detection, or a nulti-nmode control channel

operation, BPTEPRWHAS ERCTSH BRobYcAm 3. The nmethod of claim| or 2,
each codewojghihsy the GRR&’ Bt &RIorAD6FLAURLAS Nk §r0%c§§9ﬁ93¢]7;§1;&ceived

ort hogonal codeword. 4. _'?'h-e met hod of claim3, furt '

i ncl udi ng seyrababsirengserent Nz pisaisersa AR eeseliends partiedargheeser pocesains
codevor d I n, &6 Jenet KLy SCLic0LyCOIMIPL s YRR Bl LOS 3 GHaTI Nd_of
the i n-phase” s 'perforned usi'ng a Tirst sequence and the sceranbl i ng
of the quaddahedudatghiamerlcsvepend ducodecbadds dnigrtal ghrbpbst@ba t6 egone cle. trafine

The nmethod qof claim3, further includin ranblin h codeword in
The menars: e Sulh i talro e PRI oD e R TG f ORDRRnfary
devi ce- specid thet [REBRAGMOWSE VARG BRYAERDNIONS enEEHWRAGRoREs0R 1014 at base
predet erm ned | engt h. 306. The nmet hod according to any one of clains |

to 5, expurgté‘ﬁl?ﬂq 8- subset of the codewords based at |east in part
on a predef jqRe3CcodevRne,LLh RIf0Qh [ééﬁédn«%ny aawﬂfghﬁﬁgf&&ahg%%r o

codeword pairs that have a worst-case cross-correlation valu
met hod accorgti ([dgcuseedrpjovan éugherchraressor| 1090 enffarmmiHate airgwstsadink gnessage

expandi ng t@gm%%rilggr%gt?jﬁ?%g%omo caggg\é\@ﬁ(g@ug?émogy addi ng anot her set

of codewords, erate ewords, wherein Sk is

ort hogonal (Wi and Theeeeiridinksedss@f cewcenpisdsarious types 6f @bdranti@d by

swappi ng t h?egial%-ing the communication link and/or the received data stream. The reverse link
message can be processed by a TX data processor 1038, which also receives traffic data
for a number of data streams from a data source 1036, modulated by a modulator 1080,
conditioned by transmitters 1054a through 1054r, and transmitted back to base station
1010.
[00115] At basc station 1010, the modulated signals from mobile device 1050 are
received by antennas 1024, conditioned by receivers 1022, demodulated by a
demodulator 1040, and processed by a RX data processor 1042 to extract the reverse
link message transmitted by mobile device 1050. Further, processor 1030 can process
the extracted message and can determine which precoding matrix to use for determining
the beamforming weights.
[00116] Processors 1030 and 1070 can 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.
[00117] It is to be understood that the embodiments described herein can be
implemented in hardware, software, firmware, middleware, microcode, or any

combination thereof. For a hardware implementation, the processing units can be



46 phase and the quadrature-phase of each of the conpl ex codewords,
Sk, except for the potential conplex scranbling part commonly applied
to all thavsodewspsls. 8. The nmethod accordi ng to any oper/of2068/as508
Ito 7, further including: 5transmtting control channel information
usi ng a subset of codewords that do not4lproduce a worst-case
cross-correl ation val ue; using a portion of the expurgated
codewords for at |east one other operation, the at |east one other

operation, imgbHeasd aﬁmh‘@% br Q6@ a@f)lldaﬂéleﬁﬁeeﬂﬁe MEezrhieV Ercults YA SHs), Aihsital
erasure detectlon or a nulti-node control channel transm ssion, or a

combi nat | onSIEREPESESSOR{BSREndigial siparkhrentsire davicce (R s sperammable
L0codevor ds @i ediSe AERT RRARINAARabIGNA Gy SEPEALE DUt Atrolibier ©

is not an increase 1 h thé nmaxl num cross-correl ati on val ue O
subset of ccdmﬂmsolkmemm@mwms wthgeelheroniounity designed Momerﬁm@dhﬁdu ng

Lo 2ny one ShRbABbLonRent 1S SLRYIBI WA Subset of the codevords

based at |east in par eword criterion further
i ncl udi ng: @xyLgjgat i N&hen Slﬂbﬁ'{bbdlﬁfeuish& ifrfplcnaaiedon skstwang fudivagg,
wor st - case cogﬁmords fromthe set of K codewrds to

1 )
bandw dt h. efTSGFRHE OHBHTESHE PEFErE PRt CRtF CRrerp ByFaner SO hiRe have
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program statements. A code segment can 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. can be passed,
forwarded, or transmitted using any suitable means including memory sharing, message
passing, token passing, network transmission, efc.

[00119] For a software implementation, the techniques described herein can be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes can be stored in memory units and
executed by processors. The memory unit can 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.

[00120] With reference to Fig. 11, illustrated is a system 1100 that can facilitate
transmission of information {e.g., control channel information) between communication
devices associated with a wireless communication environment. For example, system
1100 can reside at least partially within a communication device, such as a mobile
device (e.g., 116). It is to be appreciated that system 1100 is represented as including
functional blocks, which can 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.

[00121] For instance, logical grouping 1102 can include an electrical component
for generating a set of codewords 1104, In one aspect, the set of codewords can be
generated to facilitate the transmission of information, such as control channel

information, between communication devices, such as a mobile device 116 and a base



utilizing a first subset of codewords to facilitate transmtting a
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can be designed as an expurganon-based complex orthogonal code (and/or expanded

expurgation-based orthogonal code) that can be structured such that the worst-case
cross-correlation between any two expurgation-based complex orthogonal sequences is

1/2 (as opposed to 1/+4/2) by employing a codeword expurgation condition,
Cpn(ky # Cu(r), vk , SO that the conditions 1 and 2 associated with Equations 4a and 4b, as

described herein, cannot be satisfied. As a result, there will be no codeword pairs
producing a worst-case cross-correlation value of 1/+/2 .

[00122] As another example, another subset of codewords can be codewords that
can be expurgated and discarded such that the number of codewords remaining in the
set of codewords to be used to facilitate transmission of certain control information
(e.g., CQICH) is a number (e.g., predetermined threshold number) of codewords desired
to meet the desired spectral efficiency (e.g., the desired number of valid codewords for a
given number of tones). The discarded words, or a portion thereof, can be employed
for other purposes, such as interference-level estimation, erasure detection, efc., as
desired. As a result, transmission of information, such as control channel information,
employing high order modulation {e.g., QPSK) for non-coherent signaling can be
realized in a bandwidih-efficient manner. Also, logical grouping 1102 can include an
electrical component for transmitting signals associated with at least a portion of the set
of codewords 1108. In one aspect, the signals can be transmitted employing non-
coherent signaling using a set of complex orthogonal codewords (e.g., complex
orthogonal codewords, expurgation-based complex orthogonal codewords, expanded

expurgation-based complex orthogonal codewords), where the signals can be
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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 can exist within memory 1110.

100123] Turning to Fig. 12, illustrated is a system 1200 that can facilitate
transmission of information {e.g., control channel information) between communication
devices associated with a wireless communication environment. System 1200 can
reside at least partially within a communication device, such as a basc station 102, for
instance. As depicted, system 1200 includes functional blocks that can represent
functions implemented by a processor, software, or combination thereof (e.g.,
firmware). System 1200 includes a logical grouping 1202 of electrical components that
can act in conjunction. Logical grouping 1202 can include can include an electrical
component for receiving signals associated with a portion of the set of codewords 1204.
In one aspect, the received signals can be non-coherent signaling related to control
channel information being transmitted from one communication device (e.g., mobile
device 116) to another communication device (e.g., base station 102). In another aspect,
the codeword structure can relate to orthogonal modulation {e.g., binary orthogonal
modulation, complex orthogonal modulation, expurgation-based complex orthogonal
modulation, expanded expurgation-based complex orthogonal modulation) for non-
coherent signaling. In still another aspect, the portion of the set of the codewords can
include select codewords which can be codewords that have a desirable cross-

correlation property and can be utilized to facilitate transmission and reception of
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17 to 22, t beangdeewsdrd myesdnBtdescribed sgpmk.i gddiddnally, system 1200 can include a
memory 1210 that retains instructions for executing functions associated with electrical
components 1204, 1206, and 1208. While shown as being external to memory 1210, 1t
is to be understood that one or more of electrical components 1204, 1206, and 1208 can
exist within memory 1210.
[00125] What has been described above includes examples of one or more
cmbodiments. 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 arc 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.
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employed to facilitate transmission of contrel channel information, or 2 number of expurgated
codewords to be utilized for another operation, or a combination thereof, wherein the other operation,
15 including at least one of interference-level estimation, erasure detection, or a multi-mode control

channel operation, or a combination thereof,

3. The method of claim 1 or 2, each codeword in the generated set of codewords is a complex
orthogonal codeword.

20
4, The method of claim 3, further including scrambling an in-phase and a quadrature-phase of
each codeword in the generated set of codewords, wherein the scrambling of the in-phase is performed
using a first sequence and the scrambling of the quadrature-phase is performed using a disparate
sequence.

25
5. The method of claim 3, further including scrambling each codeword in the generated set of
codewords utilizing a communication device-specific complex pseudo-random noise sequence of a

predetermined length.

.30 6 The method according to any one of claims | to 5, expurgating a subset of the codewords
based at least in part on a predefined codeword criterion further includes expurgating codeword pairs

that have a worst-case cross-correlation value,

7. The method according to any one of claims 1 to 6 further including, expanding the generated

35 set of codewords, 8, by adding another set of codewords, §k , to the generated set of codewords,

wherein 8 is orthogonal to §;c and the other set of codewords, §k , 1s obtained by swapping the in-
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non-coherent signaling set of codewords that have a predefined cross- correlatlon property, wherem the

set of codewords is complex orthogonal code.

10. The method according to any one of claims 1 to 9, further including:
20 partitioning the set of codewords into multiple subsets of codewords;
utilizing a first subset of codewords to facilitate transmitting a first type of control channel
information; and
utilizing at least one other subset of codewords, including discarded codewords, to facilitate at
least one of erasure decoding, estimating an interference level, or transmitting at least one other type

25  of control channel information, or a combination thereof, to facilitate improving bandwidth efficiency.

1. An electronic device configured to execute the method according to any one of ¢claims 1 to 10,
12, A wireless communications apparatus, including:
30 a memory that retains instructions related to transmitting information using codewords

gehcrated based at least in part on a predefined codeword criterion relating to a cross-correlation value
of a respective pair of the codewords; and
a processor, coupled to the memory, configured to execute the instructions retained in the
memory.
35
13. The wireless communications apparatus of claim 12, wherein the predefined codeword

criterion also relates to at least one of an available bandwidth, a number of codewords in the set of
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operation, or a co
15 worst—case cross-correlation property, or a combination thereof, wherem each generated codeword is a

complex orthogonal codeword.

16. The wireless communications apparatus of claim 13, the at least one other set of generated
codewords includes generated codewords that are expurgated based at least in part on the predefined

20 codeword criterion.

17. An apparatus, including:

a codeword generator that generates codewords to facilitate transmission of information

including control channel information; and
25 an expurgator that expurgates codewords based at least in part on a predefined codeword

criterion relating to a cross-correlation value of a respective pair of the codewords.
18. The apparatus of claim 17, wherein the codewords are complex orthogonal codewords.

30 19, The apparatus of claim 18, the complex orthogonal code is expurgation-based complex

orthogonal code or expanded expurgation-based complex orthogonal code.

20. The apparatus of claim 19, the expurgator facilitates structuring at least one of the
expurgation-based complex orthogonal code or the expanded expurgation-based orthogonal code such

35  that the cross-correlation between any two expurgated complex orthogonal sequences is 1/2 or less by

employing a codeword expurgation condition, cm(k) F c,,(;c),wi , where cm(k) and cn(k) are



32. The nethod of claim 30 or 31, the decoding the received signals
further including selecting a codeword associated with the received
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re
s criterion also relates to at least one of an available bandwidth, a number of codewords in the set of

codewords, a number of bits of control channel information to be transmitied at a given time, a type of
orthogonal modulation transmission desired to be used, a defined worst-case cross-correlation value
between codewords, a number of tones employed to facilitate transmission of control channel

15 information, or a number of expurgated codewords to be utilized for another operation, or 2
combination thereof, wherein the other operation, including at least one of interference-level

estimation, erasure detection, or a multi-mode control channel operation, or a combination thereof,

23. The apparatus according to any one of claims 17 to 22, the codeword generator is configured
20  to generate codewords based at least in part on at least one of a number of bits of control channel

information to be transmitted, a number of codewords to be utilized for at least one other operation, a

number of tones to be utilized for a transmission, a type of orthogonal modulation, an available

bandwidth, or a combination thereof.

25 24, The apparatus according to any one of claims 17 to 23, the codeword generator is configured
to scramble the generated set of codewords, wherein the scramble of the generated set of codewords
includes at least one of a scramble of an in-phase and a quadrature-phase of each codeword in the
generated set of codewords using disparate scrambling codes for the in-phase and quadrature-phase or
a scramble of each codeword in the generated set of codewords utilizing a communication device-

30  specific complex pseudo-random noise sequence of a predetermined length, or a combination thereof.

25. A wireless communications apparatus that facilitates transmission of information, including:
' means for generating a subset of codewords to facilitate transmission of information; and
means for expurgating a subset of the generated codewords based at least in part ona
35  predefined codeword criterion relating to a cross-correlation value of a respective pair of the

codewords.
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10 27 A machine-readable medium having stored thereon machine-executable instructions for:
generating a set of codewords to facilitate transmission of information; and
expurgating a subset of codewords based at least in part on a predefined codeword criterion

based on a cross-correlation value of a respective pair of the codewords,

15 28. In a wireless communications system, an apparatus including;
a processor configured to:
utilize a set of generated codewords, the codewords generated based at least in part on
a predefined codeword criterion based on a cross-correlation value of a respective pair of the
codewords; and
20 : utilize a portion of the set of generated codewords to facilitate transmission of control

channel information based at least in part on the predefined codeword criterion.

29, The apparatus of claim 28, wherein the predefined codeword criterion is also_based at least in
part on at least one of an available bandwidth, a number of codewords in the set of codewords, a

25 number of bits of control channel information to be transmitted at a given time, a type of orthogonal
modulation transmission desired to be used, a defined worst-case cross-correlation value between
codewords, a number of tones employed to facilitate transmission of control channel inforrﬁation, ora
number of expurgated codewords to be utilized for another operation, or a combination thereof,
wherein the other operation, including at least one of interference-level estimation, erasure detection,

30  ora multi-mode control channel operation, or a combination thereof.

30. A method that facilitates transmission of information associated with a communication
environment, including:
receiving signals associated with a generated set of codewords that facilitate transmitting
35  information including control channel information based at least in part on a predefined codeword

criterion based on a cross-correlation value of a respective pair of the codewords; and
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cross-correlation value of a respective pair of the codewords.
32. The method of claim 30 or 31, the decoding the received signals further including selecting a
codeword associated with the received signals based at least in part on an energy level of the cross

correlation between the received signal and a candidate codeword.

15
33, The method according to any one of claims 30 to 32, at least a portion of the generated
codewords associated with the received signals include expurgated codewords that are discarded
codewords.

20 34, The method of claim 33, further including utilizing a subset of the discarded codewords to
facilitate erasure decoding in non-coherent signaling.
35. The method of claim 34, the erasure decoding further including:

_ determining a codeword by maximum likelihood decoding;
25 selecting at least one codeword from the subset that is perfectly orthogonal to the determined

codeword,;
calculating an average value of the decoder output energy values corresponding to the at least
one codeword; ‘
determining at least one of a difference or a ratio between a decoder output energy value of the
30  determined codeword and the average value of the decoder output energy values corresponding to the
at least one codeword;
comparing the at least one of the difference or the ratio to a predetermined threshold level
related to a valid decoding result;
determining whether the at least one of the difference or the ratio is greater than or equal to a
35 predetermined threshold level; and

at least one of:
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at least one of:
determining that the determined codeword is a valid decoding result, if the signal-to-
noise ratio is greater than or equal to the predetermined threshold level, or
determining that the determined codeword is not a valid decoding result, if the signal-

25  to-neise ratio is less than the predetermined threshold level,

37 A wireless communications apparatus, including:
a memory that retains insiructions related to receiving signals associated with a generated set
of codewords that facilitate transmitting information including control channel information based at
30  least in part on a predefined codeword criterion and decoding the received signals; and
a processor, coupled to the memory, configured to execute the instructions retained in the
memory,
wherein the predefined codeword criterion relates to a cross-correlation value of a respective
pair of the codewords.
35



codeword criterion based on a cross-correlation value of a respective
pair of the codewords; and neans for decoding the received signals.
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15 gcncrated set of codewords includes a first subset of codewords that is utilized to facilitate
transmissjon of control channel information and another subset of codewords including discarded
codewords, wherein at least a portion of the other subset of codewords is utilized to facilitate
transmission of information related to at least one of erasure decoding, interference-level estimation,
or a multi-mode control channel operation, or a combination thereof, wherein the multi-mode control

20 channel operation includes transmission of additional control channel information.

41. A wireless communications apparatus that facilitates transmission of information in a wireless
communication environment, including:
7 means for receiving signals associated with a generated set of codewords that facilitate
25  transmitting information including control channel information based at least in part on a predefined
codeword criterion based on a cross-correlation value of a respective pair of the codewords; and

means for decoding the received signals.

42, The wireless communications apparatus of claim 41, wherein the generated set of codewords
30 includes a first subset of codewords that is utilized to facilitate transmission of control channel
information and another subset of codewords including discarded codewords, wherein at least a
portion of the other subset of codewords is utilized to facilitate transmission of information related to
at least one of erasure decoding, interference-level estimation, or a multi-mode control channel
operation, or a combination thereof, wherein the multi-moc:ie control channel operation includes

35 transmission of additional control channel information.



44. The wirel ess conmuni cati ons apparatus according to any one of
clainms 41 to 43, the neans for decodi ng received signals further
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Cross-c@feef ati on value of a respective pair of the codewords; decode
t he received signals; and perform erasure decoding
of fBceived signals utilizing a subset of the generated set of
30codewas.ds, Thdweiradsbsmimuniedidie hppgraths Saddnigth 49 dedlicBns 41 to 43, the means

for decoding received signals further including means for decoding received signals to determine a

codeword based at least in part on an energy level of the cross correlation between the received signal

and a candidate codeword,

15

45, A machine-readable medium having stored thereon machine-executable instructions for;
receiving signals associated with a generated set of codewords that facilitate transmitting

information including control channel information based at least in part on a predefined codeword

criterion related to a cross-correlation value of a respective pair of the codewords; and

20 decoding the received signals.

46, In a wireless communications system, an apparatus including:
a processor configured to:
receive signals associated with a generated set of codewords that facilitate
25 transmitting information including control channel information based at least in part on a
predefined codeword criterion related to a cross-correlation value of a respective pair of the
codewords;
decode the received signals; and
perform erasure decoding of received signals utilizing a subset of the generated set of

30 codewords, the subset including discarded codewords.



