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CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
wappkiogseei on clains the benefit of U S. Provi sSPOIEE2008/053504

Pat ent application Serial No. 60/889, 252 entitled "A

METHOD AND APPARATUS FOR EFFI Cl ENTLY USI NG CODEWORDS

IN A WRELESS COVWUNI CATI ON SYSTEM' which was fil ed

February 9, 2007, the entirety of the aforenentioned

application is herein incorporated by reference.
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Dicorperaed butcférpheexi ng (TDM), Code D vi sion
Mul ti plexing (CDM, Third Generation Partnership
Project (3GPP) Long-Term Evolution (LTE) systens,

Ot hogonal Frequency D i§g¢REGROUNIY! €xi ng (OFDV), and
ot hers. [0004] Cenerally, wreless nmultiple-access

EommuRieddit i on systens can sinul taneously support
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forward Iink (or downlink) refers to the comuni cation
pystd.f r om base stations to nobile devices, and the

reverse link (or uplink) refers to the comuni cation

link from nobile devices to base stations. This
tlomMmuBhaéiadroand! i nk canbe established via a
single-in-single-out (SISO, multiple-in-single-out )
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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
simultaneously support communication for multiple mobile devices. Each mobile
device can communicate with one or more base stations via transmissions on forward
and reverse links. The forward link (or downlink) refers to the communication link
from base stations to mobile devices, and the reverse link (or uplink) refers to the

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



[ 0005] For instance, a M MO system can enploy nultiple

(NT) transmt antennas and nultiple (NR) receive
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by the NT transnmt and NR receive antennas can be
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al so referred to as spatial channels, where Ns
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Wham siltse ansnlaetresnilablovbiht acasypsiat and a base
station can be across traffic channels and control
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conS|dered for the design o
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



of uplink control channels. SUWARY [0009] The

follow ng presents a sinplified summary of one or nore
wepdpsaysrent s in order to provide a basic underBCEHOSI008/053504

of such enbodi nents. This sumary is not an extensive

overvi ew of all contenplated é&nbodi nrents, and is

intended to neither identify key or critical elenents

of all enbodi ments nor delineate the scope of any or
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concepts of one or nore enbodiments in a sinplified
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that is presented later. [0010] In accordance with one

or nore enbodi nents and correspondi ng di scl osure

thereof, various aspects SUMMBSRYI bed in connection

wth facilitating the transm ssion of control channel
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ﬁ%%meen coggqnication devi ces. A conpl ex orthogona
BROTE e {4 ¥an conprise a first subset of codewords
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anot her subset(s) of codewords that can include

dixglosyathetcod oceinos apectiaes deserilicddr pomngatien with desiliteting the
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edrhinghRMeoh eraNdhMEntqede Waikdlesd @bmsninhatio eodibdenedt). The
undesi rabl e cross-correl ation progfrty (e.g.,
diselepedonbiectinaiéa.cap pbrc ¢ORPIpF opkezopyl cotprordagbiher ¢rn be
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such as erasure decoding and/or interference-I|eve

gsetrdtcbdeworflp thaekavepl desirgtde timss-borraateon prppotyeand another
?u%ggt\(\g) %tf rc]o evaoir sI {Rathn 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-correlation 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.



[0011] According to related aspects, a nethod that
facilitates transm ssion of information, for exanple,
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t he codewords generated based at ,
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.



| east in part on a predefined codeword criterion.

Mor eover, the processor can be configured to utilize a
w@eoosigs22nf the set of generated codewords to PCT/US2008/053504

facilitate transm ssion of control channel infornmation

based at |east in part on theSpredefined codeword

criterion.[0017] According to other aspects, a nethod

that facilitates transm ssion of information
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generated set of codewords that facilitate transmitting information comprising control
channel information based at least in part on a predefined codeword criterion, and
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.



conmuni cati on system can include a processor, wherein

the processor can be configured to receive signals
waz®soaeed with a generated set of codewords PEEUS2008/053504

facilitate transmtting information conprising contro

channel information based at beast in part on a

predefined codeword criterion. Further, the processor

can be configured to decode the received signals.
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g&ﬁﬁﬁﬂyﬁﬁ&p%mkgfornatlon associated with a wirel ess
comuni cation system [0028] FIG 6 is an illustration

fX02Zh exanpl@ Smetaholdistragyn ofvat cxeenpld methbdelagethat can employ
scrambling to facilitate transmitting information associated with a wireless
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.
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exanpl e net hodol ogy that can facilitate erasure

decoding to facilitate transnission of information

associated with a wrel ess communi cati on system
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%g various systems and methods described herein.
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foll ow ng description, for urposes of expl anati on,

numer ous specific df} Ripfﬁﬂyln order to
0

provi de a thorough u one or nore
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" "system" the like can refer to ,
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details. In other instances, well-known structures and devices are shown in block

diagram form in order to facilitate describing one or more embodiments.
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[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



conbi nati on of hardware and software, software, or
software in execution. For exanple, a conponent can
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a processor, a processor, an object, an executable, a
thread of execution, a progra#& and/or a conputer. By
way of illustration, both an application running on a
comput i ng devi ce and the conputing device can be a
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Additionally, various storage media described herein can represent one or more devices
and/or other machine-readable media for storing information. The term “machine-
readable medium” can include, without being limited to, wireless channels and various
other media capable of storing, containing, and/or carrying instruction(s) and/or data.
[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



but are not Iimted to magnetic storage devices (e.g.,
hard di sk, floppy disk, nagnetic strips, etc.),
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groups can be designed to communicate to mobile devices (e.g., 116) in a sector of the
arcas covered by base station 102. In communication over forward links 118 and 124,
the transmitting antennas of base station 102 can utilize beamforming to improve signal-
to-noise ratio of forward links 118 and 124 for mobile devices 116 and 122. Also, while
base station 102 utilizes beamforming to transmit to mobile devices 116 and 122
scattered randomly through an associated coverage, mobile devices in neighboring cells
can be subject to less interference as compared to a base station transmitting through a

single antenna to all its mobile devices.



i nformati on from nobile device 122 over a reverse link
126. In a frequency division duplex (FDD) system
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band than that used by reverse |ink 120, and forward
l'ink 124 can enploy a differeh frequency band than
that enpl oyed by reverse link 126, for exanple.
Further, in a time division duplex (TDD) system
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S(brgﬂléﬁdh M@8perty, which can facilitate reducing the number of tones utilized for
orthogonal multiplexing of uplink control channels, facilitate interference-level
estimation, erasure detection, and/or facilitate the simultaneous or substantially
simultaneous transmission of multiple types of control information (e.g., CQICH,
Precoding Matrix Indicator Channel (PMICH), Scheduling Request Channel (SRCH),
etc.). For instance, the subject innovation can design a desired (e.g., large) set of

complex orthogonal codewords, and can expurgate worst-case codewords and/or

additional codewords from the complex orthogonal code in order to create a bandwidth-
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(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
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Hadamar d code). the bits of contro
binafyaathogonal 51gna11ng 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
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there is perfect coincidence in the Q-phase, there can be undesirable correlation. If the
I-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



above set of (QPSK codewords to practical non-coherent
signaling due to the significant cross-correl ation

wa@emsgo2an di fferent codewords, e.g., S n m S BCT/D82008/053504

p(mn) == mO, -, -h=,m n (1) 2 v 2 Note that the
cross-correl ati on between codelwords is an inportant
paraneter that governs the perfornmance of non-coherent
signaling. Typically, a pair of different codeword
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are orthogonal, the correlation value {e.g.

¢hem, dheaiptioml powjpeldryyt reanvep eaDtakd tite doflcveordbat rhdxémizes
| -phase or the Q phase is coincident but the other
phase is orthogonal, or the -phase of the first

codemord | 0| ent to the Q phase of the second
Jq?ﬁ zlthe first odemord S
t @JI-pHﬁse of t'hg Usbcond>Todeword, the

correlatlon vaI e can be 1/2'or I/ J . A prrncrpal 'S
that it is desirable to renove as many of these high '
Imrthtee lcatei oh diessely feseption wogstduscawe ther osdtipadr ros| muitiphe receive
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conplex codeword has the perfect coincidence in either

I-phase or 5} hase - if there IS perfect coi nci dence
in th h@y t Q% arf e undesj r bl e correl ation,
atd) =f tdz , QO ISgens, ez i n ,#hg R phase, 3)
t her e ;C@an bk"undeﬁb e ®brrelation] the - phase

of one codeword is perfectly coincident with the
Q phase of agother codeword, there can be undesirable
correl ati WM espect to suchgcodewords as well.
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by a background noi se vector z with a normalized
vhthicandewordhe T Bdkd lomg-teen gverapapevat dtthomti @R ersttgrchannel, and
observe + Z Then, the optimal non-coherent receiver

1}9’1'1‘1]15t t@%ecohﬁﬁoﬂ: @1@&@9 oft thFALAREIH AES When /the Cha@lnellproﬁle is not

measurable, a;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 value 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-phase 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 1/42 can

occur between two complex orthogonal codewords S, =€, +.J€0 »» and

Sy =€1, T J€o,» when the codewords satisfy the following two conditions:



In the case of diversity reception (e.g., due to the
mul tipath or nultiple receive antennas) of order L in
w0 bsRgszbei gh fading channel , the optimal netrPCT/UV08/053504
change to , /i 0O, 1, . .., 255 (3) with a/, , where
i I +zis the / th d|ver3|tytiecept|on of the
codeword, s is the long-term average power of the /-th

diversity channel, and ||s|| is the commobn energy of
the valid codewords. Wen the channel profile is not
urabl e, al can_he set Cc 1. - [0030] Typically,
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hp opgl conpl ex code design even if the
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correlation originat es froma perfect collision of one
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1/-/2 , of another codevvord 0051] In accordance w.th

airdicH dor laphsseirteRtPhaseRfes %awheé%a ARt Ireah seraphbag code
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thed¥phaserof ehdt dodawofd. tThe teonmpdpestiversctaogdmglcodesdiol Bphasn and Q-
in the non-coherent receiver (e.g., base station 102).
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satisfy the followng two conditions:[Condition 1] c/

m- COm- CQn O ¢/ m- CQ111 - C1 n and (4a)
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I m Q n S{nSQ,m
where Rro(m.n)= ” ”” ” and Rro(.m) :W are the pseudo-random variables
m m n

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

and 4y . Making an assumption that 4; and 2¢ are independent random binary

sequences, R[,Q(m, 1) and R],Q(n, M) can be approximated as zero-mean gaussian



vectors a and b . In another aspect, the codewords can

be further scranbled by a UE specific conplex PN
wGaemsmeyeel of a specified length (e.g., |ength PET/LS20081053504

t he above exanple) to provide a better autocorrel ation

in the nultipath channel. [00B8] The cross-correl ation

bet ween two different codewords sm= s i, m+ Js Q m and

n=si,n+Js Qnis likely to reduce as it can take
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whi ch can be dependent on the codeword pair and the
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assunption that / and a are independent random bi nary

sequences, R/ () and I ( ) can be approxi mated as

zerp- mean gaussi anrandom variables with variance of

+4p5Gad,sequence | ength of N Therefore, with the 7)

random scr aMo|’i ng sequences, the peak correl ation can

be statistically described by which is likely to be

smal ler than 1/-/2 when JVis large. In the exanple of

Nhichi6likély debesmaltve thand/ e elgnaV is largk6 In theaxempttanfoe= 16 (V

ith th bove ex | e), t ypi. orrelation val.u
e Earnogi 6 1060 o Sk e A rEnniEhadspicd
823 sidnOfalR @hieRakaRtdA’o har ger than this typical
correlation value (Wl ch's | ower bound). By designing

phe paijr |of scranbling sequences 7 and Q SO that the
fst er@63ss-correl ati on between |-phase and
phaséNdan be mini nized or reduced, the performance
of the non-coherent denodul ati on can be i nproved. '
Hoosugr, the vetstoragaeross-oarrdiatiporan b lasatrdbiamins typicalecopictagion
of a contraol channel information can be split into
Hilpe (Wrishslpwet kougdy Bridesigiiasths nelof ﬁ@fafﬂggﬁ% pRqueRegs ;7 and
over separate tine-division nultiplexing (TDM or
Apesputbatcthe tiovitshesrcrasstqoryslasion hgtweEDphasssod @phascwwhe be
the splitting of such bits can facilitate reducing
andimaredos meduskd.ithgparfremaneosef-thasen-eohssent dempdulationopan be
properfy. I n accordance with an aspect of the
argel osed subject matter, binary orthogonal nodul ation
ps4pe enplroyeesdadttvith hindthdr csiHodBhe®fthObitSoof cdi@idl Elgdnnel
channel information can be transmtted to a receiver
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I?efnbgra@é‘@ﬁ@%ﬁvigigﬁ siftlitifAExiRE FPD M) of AL LRy SRANBE hultiplexing (FDM)

ormati on
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 1/4/2° 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



be transmtted to the receiver over another subset of

tones. [0055] As a result, the wll not be encountered
whedmsmees22codewor ds, as, in this enbodi ment, theCT/US2008/053504

wor st - case crosscorrel ati on produced can have a val ue

of 1/2 at nost, as either thelfirst subset or the

second subset m ght be perfectly aligned to sone other

codeword. By enploying separate transm ssions of the
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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 each 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



together within the coherent tinme and coherent

bandwi dth, as the nultiple real orthogonal nodul ation
woreapsne22be efficient in ternms of nultipath reBCHUSV0E053504

performance due to the short |ength (or despreading

peri od) of each sub-codeword (&.g., 16 tones) if the

two resources experience different channels. The
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such codeword pairs as possible. Thus, it can be
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ogona ation
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part on a predefined codeword criterion. Further, a
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Sﬁ%{: %.fﬁﬂ‘%ﬁgle relggf Bits of controlie Eugnetl 1&01%?21%091%%15 6clirat castin part on the
predefined codeword criterion, where such discarded codewords, or a portion thereof
can be employed for other purposes (e.g., interference-level estimation, erasure
detection, multi-mode control channel, etc.). 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



desired (e.g., mninmmnm nunber of codewords remaining

that can facilitate transm ssion of the desired nunber
w@boobioee20f control channel informati on based BET/UE88/053504

in part on the predefined codeword criterion, where

such di scarded codewords, or B portion thereof can be

enpl oyed for other purposes (e.g., interference-|evel

estimation, erasure detection, nmulti-node control
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bi nary orthogonal (e.g., Hadanard)

number of available codewords (e.g., 256 codewords) to facilitate transmission of 8 bits
of control channel information, as there is no 23 Hadamard codeword, for instance, so
the next smallest available Hadamard codeword is 20, which cannot produce at least the
desired number of available codewords. As it is desired to have 256 codewords to
accommodate the transmission of 8 bits of control channel information, a subset of 256
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.,
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[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 control channel information over 24 tones through non-
coherent signaling to a receiver (e.g., base station 102), which is 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
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L(sy) =Im[(C(¢, 1)) ClC )], (differential combining)  (10)

[0066] In another aspect, the number of tones utilized to transmit a desired
number of bits of control 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, 18} , which can be obtained by swapping the I-phase and the Q-phase of
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set size. [00 67] When t he avail abl e nunber of tones is
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OrITHIOH wher e evvor SIS
ge%%lmllclets %y% Ctz [AL n%nl SSI ?@} can be ernp%oyed 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, etc.). 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 8 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.,



bits froma transmtting communi cati on device (e.g

nobi |l e device 116) to a receiver (e.g., conmunication
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of tones that satisfies N(N- 1) 256 is 17.

Therefore, a 20-1ong real bindy Hadamard sequences by

{C: [/ =0, 1, . .., 19} can be enployed instead of

24-1ong real binary Hadamard sequences, as utilized in
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[M7&] (e. gThe jageieef eaneadetcemins\th¢ 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



estimation). It can be beneficial to nmeasure the

background noi se | evel using such discarded codewords.
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di scarded codewords. [0070] There can be a variety of

techni ques for applying erasute decoding. In an

aspect, a receiver (e.g., conmmunication device, such

as base station 102 or nobile device 116) can enpl oy
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ot%er te%nqglges Uhin BE ernpfoyed 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.



codeword can be utilized as a reference signal or
pilot signal, which can be utilized to facilitate
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the channel, the channel power can be neasured. The
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[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



transmtting conmmunication device (e.g., nobile device

116) to a receiving communication device (e.g., base
wGe@Bies221102), based at | east in part on a prepelf/Usmds/053504

codeword criterion that can relate to the avail able

bandwi dt h, avail abl e codeword¥, the nunber of tones,

the type of orthogonal nodul ati on, and/or other

factors, such as described herein, for exanple. [0075]
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HWE8] abl e The subject innovation can utilize complex sequences for bandwidth-
efficient non-coherent signaling of control channel information by a communication
device to another communication device. In accordance with various aspects and
embodiments, the subject innovation can employ complex orthogonal code and can
expurgate worst-case codewords from the complex orthogonal code to create a
bandwidth-efficient non-coherent signaling set of codewords that can have a desirable
cross-correlation property. Further, in accordance with various aspects and

embodiments, by partitioning the designed codeword into multiple subsets of

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



di scarded codewords, and there can remain 60 di scarded

codewords, which can be utilized for other purposes,
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erasure decoding or to deliver a third control channe

(e.g., SRCH, request related 20 the uplink resource

al l ocation), for exanple. As the set of the codewords
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codeword criterion, in order to obtain codewords with a desired design. 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 (e.g., binary orthogonal
modulation, complex orthogonal modulation, expurgation-based complex orthogonal
modulation, expanded expurgation-based complex orthogonal modulation, etc.) desired
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-



conmmuni cati on devices in accordance with an enbodi nent
of the disclosed subject nmatter. System 200 can
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facilitate designing and/or generating codewords that
can be utilized to facilitate&ransni ssion of

i nformati on, such as control channel information,
erasure decoding information, interference-I|evel
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bandw dt h-"ef ficient nanfier using non-coherent
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Appar atus 202 can conprise a codeword generator 204

AP 2 G5081a Q8 RAIAL Q1aBOREMDLID, IN8eEABRMRIEE, GARotIR satisfied.

ener ated based at |least in part on a predefined '
élvor d chi stékanether pspeets therexpargetor 206 also demBcdsatoiexpurgating
25 r e i an.. Th redef.i ned d I. iLferiqn .
4R LES! oy 8 P HRERY A RIPIR L offeh silfhe desired
tpeetralwtheen&f (e@0 deyprcdscintiné der&abldafuntRe efvallidscodtwerds desired
nunber of bits of control channel infornmation to be
for aryAn usebeaof ngv dhe remaningieadererds inche cedayrqre set can be
ye%%éﬁ@d Kl co e\;/&glg Al LY PO PR 2] .fto f‘a‘%ﬁﬁﬁ% Eﬂﬁsmi@%&ﬁ[ Bfc&fain control
orthogonal nodul ation transm ssion (e.g., binary
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detection, multi-node control channel, etc.), and/or
priokiess and/or analyze data to facilitate designing and/or generating codewords,
selecting codewords, expurgating codewords, efc. 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



factors. [0081] In accordance with another aspect, the

apparatus 202 can include an expurgator 206 that can
wheooasssaei ated with the codeword generator 204PCHUSENS/053504

of codewords can be generated, and the expurgator 206

can facilitate expurgating a Zubset of the codewords

of the codeword set based at |least in part on the

predefi ned codeword criterion. For exanple, the
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comprise, without being limited to, these and any other suitable types of memory.

[0086] Referring to Figs. 3-7, methodologies relating to employing complex
sequences for bandwidth efficient non-coherent signaling in a wireless communication
environment are illustrated. While, for purposes of simplicity of explanation, the
methodologies are shown and described as a series of acts, it is to be understood and
appreciated that the methodologies are not limited by the order of acts, as some acts can,
in accordance with one or more embodiments, occur in different orders and/or
concurrently with other acts from that shown and described herein. For example, those
skilled in the art will understand and appreciate that a methodology could alternatively

be represented as a series of interrelated states or events, such as in a state diagram.
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data to be transmtted, received data, information
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discarded codewords, or a portion thereof, can be utilized for other purposes, such as
estimating the interference level, erasure detection, and/or transmitting other control
information (e.g., PMICH, SRCH, efc.), for example. For instance, by partitioning the
designed codeword into multiple subsets of codewords, the complex orthogonal code
can be utilized for one or more control channels, such as CQICH, PMICH, and/or
SRCH, to further improve bandwidth efficiency.

[0090] With reference to Fig. 4, illustrated is a methodology 400 that can

facilitate generating codewords to facilitate transmission of information (e.g., control
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employing a codeword expurgation condition, € (k) # Cp(k), vk , S0 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 1/4/2.

[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
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modulation in the non-coherent receiver, independent real scrambling code can be
applied for the I-phase and Q-phase of each codeword in the codeword set, such as more
fully described supra. In accordance with another aspect, the codewords can be further
scrambled by using a transmitting communication device (e.g., mobile device 116)
specific complex PN sequence of predetermined length (e.g., length determined based at

least in part on the number of tones) in order to provide a better autocorrelation in the

multipath channel.
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[0096] Turning to Fig. 7, illustrated is another methodology 700 that can

facilitate erasure decoding to facilitate transmission of information (e.g., control channel
information) associated with a wireless communication system. In one aspect, erasure
decoding can be applied to non-coherent signaling in order to facilitate transmission of
information between a transmitting communication device (e.g., mobile device 116) and
a receiving communication device (e.g., base station 102). At 702, determined
codeword can be utilized as if it was a known sequence. At 704, the propagation
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
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1nferr1ng states of the systern, environment, and/or user from a set of observations as
captured via events and/or data. Inference can be employed to identify a specific
context or action, or can generate a probability distribution over states, for example.
The inference can be probabilistic—that is, the computation of a probability distribution
over states of interest based on a consideration of data and events. Inference can also
refer to 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
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For instance, if the nmetric is equal or greater than

the predeterm ned threshold I¥vel, the determ ned

codeword can be determned to be a valid decoding

result; if the nmetric is less than the predeterm ned
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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



if it is determned that the SNR value is equal to or

greater than the predeterm ned threshold |evel, the
waledoenvs2aed codeword can be determ ned to be aP@EHUBIH08/053504

decoding result; and, if the SNR value is |ess than

the predeterm ned threshold I¥vel, an erasure can be

decl ared, and thus, the determ ned codeword can be

deternmined to not be a valid decoding result. [0097]
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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



devi ces; and/or determ ning whether to expurgate a

particul ar codeword froma set of codewords and/or
wanioshoedewor d(s) to expurgate froma set of PCT/US2008/053504

codewords. It will be appreciated that the foregoing

exanples are illustrative in 3ature and are not

intended to limt the nunber of inferences that can be

made or the manner in which such inferences are made
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communication device, such as a mobile device(s) 906, another mobile device, efc. The
base station 902 and mobile device(s) 906 each can include the same or similar
functionality as a communication device, such as more fully described herein, for
example, with regard to system 100.

[00104] Processor 916 can be coupled to a memory 918 that can store
information related to data to be transmitted, received data, information related to the
transmission or reception of control channel information (e.g., information related to
complex orthogonal modulation, expurgation-based complex orthogonal modulation,

and/or expanded expurgation-based complex orthogonal modulation, etc.), information
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YPPSEOTPPIOTi g. 9 is an illustration of a system
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Information (e.g., control channel information)
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@;@hﬁl@gl basg statignandigygnekilegdoyices can be substantially similar or different

from example base station 1010 and mobile device 1050 described below. In addition,
it is to be appreciated that base station 1010 and/or mobile device 1050 can employ the
systems (Figs. 1-2, 8-9, and 11-12) and/or methods (Figs. 3-7) described herein to
facilitate wireless communication there between. It is to be appreciated that base station
1010 and mobile device 1050 each can be respectively the same or similar as, and/or
can comprise respectively the same or similar functionality as, respective components as
more fully described herein, such as, for example, with regard to system 100, system

200, system 800, and/or system 900.



800) through a plurality of receive antennas 908, and
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transmt antenna 912. Receiver 904 can receive
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DR A U R RSP s,
61&1 @conbérﬁ@ﬂté 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 Ny antennas 1052a through 1052r and the received signal from each antenna 1052 is
provided to a respective receiver (RCVR) 1054a through 1054r. Each receiver 1054

conditions (e.g., filters, amplifies, and downconverts) a respective signal, digitizes the
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nodul ation, etc.) and/or codewords. [00105] It will be
appreci ated that the nmenory 9B descri bed herein can
conprise volatile nenory and/or nonvol atile nenory. By
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SR ISl PR SE Ty bR IO hroces
MeR&a886d mbhde atC &R kddhitcOvhich 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
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{rnsmission 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



provided to a respective receiver (RCVR) 1054a through

1054r. Each receiver 1054 conditions (e.g., filters,
wa@ppB9s2es, and downconverts) a respective si gp@l/PsS2008/053504

digitizes theconditioned signal to provide sanpl es,

and further processes the samMil es to provide a

correspondi ng "recei ved" synbol stream [00112] An RX

data processor 1060 can receive and process the NR
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be processed by a TX data processor 1038, whi ch al so
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1080, conditioned by transmtters 1054a through 1054r,
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bt OB B st ao. migetsomoed bhe-Bp B BT o acw o desired
ROTPY LRE dRNSd E&ctral 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, etc., 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 bandwidth-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



derive frequency and inpul se response estimtes for
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g?ggl;é%ﬁ)bXndZ%?f? n 81‘ra e%{ro pﬁﬁ%:s; Iﬁl‘ﬁgﬁioglaﬁr r?}algtler?lnl 108 can include a
IRAREYTRE 100Rat AR QMR SirucRBR AR bRIcBting AfndtioR! s FAGd Wh
passed, forwarded, or transmtted using any suitable

ﬁle@tﬁgalu cnpipauénisy | Hidd i §6. shdil 10%y, Wikils slagyen p@alses,mg@tem@lktermemory

net rk tr.ansm ssi on
g]?OS it 1gto € n%} tonotd at alp[o rI]le 0{ Hlé)r? %fi ff% %tn%aq go%agé ei,n?sol 13)4 1106, and
hBosedan o&abwlin MheRentied with rmdul es {e.qg.,
rocedures functions, and so on) that performthe

09423l ons duaing todaenis dlustratee s %WE%F Octhetessn daglitgle
&5&%&1&{‘0%{%‘?&){%&{‘ eﬁ%’l &%@rof&ﬁ%‘ﬁﬂél? oPr){%tEJn%g&?‘e%ﬁ%ommﬁlcatlon
Wthin e

unit can enent e rocessor
ée(\tlc&rsra&ioctamdt\heh POCESS oasmnliumcxmd)ménv@mameht SyarenbE200 can

conmunj catively coupled to the processor via variqQus
Fraldis @t leastinartiallyyrth a@ﬂ@n&mtcatl?lgéﬁmﬂ SYght 3% & bepe platin 102, for

fn@taﬁbeg Ag-&eplétbdl usitEAtedol '11%11?(16§ Y cEiBha bRQ KL BAk c4PRpresent

facilitate transm ssion of information {e.g., control
Givaniorel imiphdnoamiat byomprobessoe emftwmmmmouémamnn derédds g.,
rele nmuni ¢ nnent

RoR~ et arsren 190 ok Fob Rt FRLP UG 1202 PEREE S arErepgas that
Wit 4tk th @nRpeRbRI CaditALrél e £2025046 in ASdcBecalBI L& 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



device {e.g., 116). It is to be appreciated that

system 1100 is represented as including functiona
whbk@skes22iwhi ch can be functional bl ocks that reEFrESHN8/053504

functions inplenented by a processor, software, or

conbi nation thereof (e.g., fi4dmware). System 1100

i ncludes a |l ogical grouping 1102 of electrica

conmponents that can act in conjunction. [00121] For

ERENREG 0] hﬂ@ﬂn%iﬂongé QU PiQ16H) LA/ of 8fhet MEIrHEB0RNN one aspect, the
el ectri cal nEonent for generating a set of codewords

pargian of ﬂlecsntaofat @e@ﬁeworclSecaQéle desigeesidw s cm%@s pairs
itate the téansnls

d fa
%ﬁpﬁ%lﬁ%e 06%% %a%e C%ﬂssé%orrce aﬁlplrl SP RE SFLed ?ogf rom n%? PQ rrt110n of the set of

BRiceBSHordS BNt GadH WOrstleamt CoGew S HE re@St ParfiBbihk podRMioE Ehe set
116 and a basestation 102. In another aspect, the

ebihe wedavasdy igeeitied nart pratharaspest.dhe Pﬂfg‘@lﬁ af thesetfaks on
gc?({eg/ordsbdapﬁ[s% 8{1&&0&9&%ed%ﬂ&!\1@1 rg 9 cﬁ§(ca ded codewords can
hogona d expur gat i ase conpf ex

be¢ tiplogadiior maau baitposds, s@hp&ﬁd&dﬂﬁ%@ gragatidotodiag étterference-level
conplex orthog nal dul atj on) for non-coherent

Greaion gultipgpdpentr %ﬁ)s@%n@s | ongFasiapi ﬁ@ﬁ%m@réaﬂrqug%

ectri (

@‘E’égﬂ)r s § R ARRRIGbuNRL | PG Shphee fn SKOFEL Pl hent for
frenotlingra racpvedegnahé2i0c oddemwoner, brgidaé grooping1lQ62 comclude an

pl.e d d | ud d.
AP 5B Ra T oo s BT 94§ Bzdy pEF-So G o ine 1208,
PHE Bradfre Hbcddtng cadMd pRHBAnEPHaMREAlyRalk oF a GaAcRf ways, for
expurgated, which can inprove the worst-case cross

XANEE, atlcloas etofebn dm@brdamrml ﬁgdrtleggiéxs Sy&t@mdaw sapificlude a
&Ode\m th AR IARES, V\f' T execu i) Inm:’\n d01at (F w1t electrical
ch%ﬁ% st Can heges ?dhgd as aﬁgl&ﬁ ?&é?? %
EaPIRKtsanDH0IPOBAdndCIOde. Pttt howadas aeﬁg@xtemal to memory 1210, it
expur gati on- based ort hogonal code) that can

Bttp be tindwsfod; Bt et MoFe ofislestricabenpmpongits Jé% rlép@t%nérm%% can
pur gati on-based conpl ex orthogona
%gguences |s&¥?%ﬁ%a5 opposed to | / L/2 ) by enploying
E()O(l@ﬂ]evvo r dWehap biisgaten desceibodl atidveincledasckimples of &ne, otkmore
that th co ditions 1 a 2 assqciated wth
la%cﬂmaﬂ@ &Ourﬁe @épa%sﬁg? r%%acrﬁt&f‘éfew cqigeiahle gambination
§P$dnﬁ:fdn@ﬁlts o‘fa‘ﬁleﬁloﬁg% o ol P&V desPEbiR® tlfeoﬂﬁ‘éﬁfegtloned
palirs producin rst-case cross-corrélation val ue
ahbddln@ﬁts bt[t©@& 2Pprdimrasiotl htetheeixianw ecogmuod ther mgubSether

codewor ds can be codewor ds n be expur
B BT GE 2B A SO TRal Ve IHSR P BB Beon e ecordingly. the
J&0BbE A8bddImbRE afbhtcAfic COIRYRE Gl Rk Slté%&‘i‘éhst fodifications and
facilitate transm ssion of certain control information
Q.jrlagmns they faH)within gherppiriyeand (sgopg of tlpﬁ awenéadmlaimg. Furthermore, to
%16 ex?en? hglt t%%?e?n%r )m(ﬁyde& R used tne el l} cfjetadl%d laescrlpho%r the

red's ency
ohinve |5111c311 t@ﬁﬁi awated8ed bednclusive in a manner similar to the term

“comprising” as “comprising” is interpreted when employed as a transitional word in a

claim.



gi ven nunber of tones). The di scarded words, or a
portion thereof, can be enpl oyed for other purposes,
w@omk/0ge2i nt er f erence-1 evel estimation, erasurBCT/US2008/053504
detection, etc., as desired. As a result, transm ssion
of information, such as contr4dl channel information
enpl oyi ng hi gh order nodul ation (e.g., QPSK) for
non- coherent signaling can be realized in a
bandwi dt h-effici ent manner.c/AMpsgs | ogi cal grouping
1102 can include an electrical conponent for
transmtting signals associated with at |east a
ﬁﬁ{ lO@lof the set of codewords 1108. In one aspect,
ﬁgFg can be transm tted enpl oyi ng non coherent
S|gnaI|ng using a set of conplex orthogonal codewords
onpl ex orthogonal codewords, expurgation-based

iorrpl é@@h@%ﬁlgbf@aﬂlt%ﬁté@wm&mn@{paf@@@atlon comprising:
expur éHe!r gt&as%?@r GRERLEX tc?fa hﬁ%%hsrﬁ%smrﬂ&) g e
t he s gna s®can betransmt 5 Fom one connunlég%lon
deiprisingd €ongro] climplintl iefadeviiee ahd6) t o anot her

conmuni cati on devi ce se statlon 102

I n
anot heFPUASBEE, SuPWéOET&‘PtCP%WQ{ 5 baned alpleagyfin pigon a predefined
EQReMP dsefan | nclude sel ect codewords in the set of
éR%emordse ﬁgt contain a desired (e.g., good)
cross correlation property (e.g., codewrds associ ated

i cro relatign value of 1/2 or .l ess), wher
The s ShEEETRAREREIRY. B o'alsmed pocahnd brip ST faquly §'of ast one
bf ANSA1hB1E BEndRABEN, @huﬁlhmodé\%ﬁﬁ iPdht QB dfRoBewords, a number of
In still another aspect, the portion of t he

cQ .

bigt ofiﬂontrhbclxaom@mpt:matmﬁo d;)@ m@mrgléted ke avdetimsod emar-d@‘relatlon
Vq pe di | S¢ ar ded 69 (F pprtian 5 9 ¢

whey 8 affé%eco‘F% Baf Qe e%’e caH E%gonta Poddlgtigry ransmission

fi@stietl itd BS @scdf aﬂ&@ﬂr&ddﬁﬁrmba@@crosm&fdmfoﬁ%ﬁrel RWeden codewords, a
estimation, nulti-node control channel operation to

ramberiaf sgnes emplyag éxfasilitee tgnwaipsien At sastro] pirapnekdniogmation, or a
b&nBerof® %lﬁgl%h (? E%ar;elg\iol?&s?to)b'e u@lﬂgé(g%é 88 SthQt Jb%ﬁtﬁ%gs&f £ mbination

pur poses system can

therooif,ywlctdif thd@therageratieoh atcomprisaty di tdasose dfantcexenct-icng
functjons assqciated with el ectrical nents 1104,
PSHIIOR A DBSICNON @ STBIhMIES BT Byl apsratiog, or a
RO YioklihOeoft 1S tO be understood that one or nore
of electrical conponents 1104, 1106, and 1108 can
exi st within nenDry 1110 [00123] Turning to Fig. 12,

Il us ate |s a te at .can facilitate .
ransf# ot Fp oo eagh R RG el rfdpmoras i
ﬁég@ﬁhgﬂhap@kwﬁgﬂiconnunlcatlon devi ces associ at ed
a W reless communi cation environnent. System 1200

can reside at least partially within a connunlcatlon

evi c Su S t at 1O
Repi ot BPeRTe RS0 bl e bR B B0 AR
GadlrateRr#AONGf cach codeword n 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.

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

random noise sequence of a predetermined length.



functions inplenented by a processor, software, or
conbi nation thereof (e.g., firmvare). System 1200

WO pBek2s1 a | ogi cal groupi ng 1202 of el ectri caPCT/US2008/053504
conponents that can act in conjunction. Logica
groupi ng 1202 can incl ude cardé ncl ude an el ectrica
conponent for receiving signals associated with a
portion of the set of codewords 1204. In one aspect,
bhe 1 epehaddDIf gﬁ%% Qﬁﬁﬁrgﬁln@%%uﬁ&tﬂ ef ﬁ@%o&év@d}ﬁé baldd at least in
related to control channel inAformation being
parhors Aptadetingd: m@l\ewn@i woememiucthet emuees e@ufgatigg codeword pairs

thm de%?ge K) L §4&§hgﬁ comuni cati on devi ce
g@ RS T ﬁ% $1O0 %ot her aspect, the
codemord structure can relate to orthogonal nodul ation
% ., binary orthogonal nodul ation, conplex

1 t ho§baecthed @i claim dn whesepLihg aorseatag et sigitier value is 1/4/2.
ort hogonal nodul ati on, expanded expurgati on-based
conpl ex orthogonal nDduIation) for non coherent
81 gnafThagethod oftlaith 1afetheecorsinad stricheingahé parraéd ddnef
set of the codewords can include sel ect codewords
grlcaierdsdips ghatdepsbNgrEion hepmiMay erthogeasl maglation.
crosscorrel ation property and can be utilized to
facilitate transm ssion and reception ofcertain
Qontr@hehmﬂmdmﬁtbﬂnl(ﬁn@wrc&mpﬁﬁﬁgand/or ot her

informatian. In o the portion. of the set of .
t he cg%%}m&‘g aam” éoggléﬁ Yrfonte m?%l% OFBHEORIP ??Q transmitted;
pai r sqRERUAHRLNY Bilble GARKiAR0SS- correl ation can be

expur gat ed fron1the portion of the set of the
codewdetemining atthipg olsurtdiogaesl snodvdagioncodewor ds are not

part f t he. ort n f
Pece: famirieaini BheddiSonBop B phlEEPARIRat spat one other
§§drattdn; k@ codewords can al so include discarded
codewor ds, where such di scarded codewords can be
enpl oyerigmegteibep af 9ges, such as to facilitate
erasure decodi ng, interference-|evel estimtion,
mul ti - mode control channel operation, and/or other
Sir 0 J LY
0 Sl PR e L Gl e OB e R vy
ou

163 %Iaonl‘?%‘%ﬁ% Aaoatody o B hunsd Rl ol hrein i

Bl %@ LA EASES SRR Ry A e

V|rtua vari.et s, for exanp

Bt ARt @raﬁ%%-ewss@ée et iR er ST Sy or the

ﬁ@t@x@ﬂa@ %&n I%SE' fbfin Qi?"cb{mi&%kﬁr dpakd Eo%lﬁih@%odewords
structl or ex utlng furictions associated wt

el ectrical conponents 1204, 1206, and 1208. Wile

shown as being external to nmenory 1210, it is to be

understood that one or nore of electrical conponents
1204, 1206, and 1208 can exist within nmenory 1210.



[00125] What has been descri bed above includes

exanpl es of one or nore enbodinents. It is, of course,
woeaspesi bl e to descri be every concei vabl e cop@i/ns1008053504

of conponents or nethodol ogi es for purposes of

descri bi ng the aforenenti onedd®enbodi nents, but one of

ordinary skill in the art may recogni ze that many

further conbi nati ons and pernutations of various

efrbodirRBRlcthodlo? cRAASI Rlrfier ARG NOl Y, the descri bed

enbodi nents are intended to enbrace all such

al t er ainsongingreodiréli channed rfommationarsingta sohsct oh gedefirds that do not

wi thin the sgirit and ol elof t he appended cl ai ns.

POAH e RS S S IS ER ATVl the torm "incl udes” is

used igin€h hBeiontofithedkpatdatd cdesesidp Foran ekt dnd@titdr abs@tion, the

such termis intended to be inclusive in a manner =

afj lpast gpe ether epsratioppsorIses pldpg ongaf intesiepiiceileygh estignation,

. : A 0
LA DEELT ORI RIS 0, VT b
thaedolf,i wiadreia thia porson sBihorxmdrgatad osdetordiare dsoptled todgwords that
generating a set of codewords to facilitate

ticaRShicd é?%ﬁh?)tfth?rﬁfl%?‘?%épil%e%S b HeMAgMEBrpseogkiiag value of
{h%fseg%gy cwBRE R gﬁ&édqs%ahéfubset of the codewords

base east 1 n part on a predefined codeword
criterion. 2. The nethod of claim1, the predefined

Frai 1 bt Bt Qe |G ReR o1 B g BSCq i PR baad at last
R paSOSEVBcESTincd BHEPEI BikerlintfartRér GRIPHERL: &parkiehg a subset of
a

information to be transmtted at a given tine,
theeedevwwds edrapiiong watstreassfcodewerslp dioni the sgiaificoddwords to create a

ode d .a_ type of orthogonal dul ati,o
bR Sici b oo BBl 0BHRR 8 TR RIS ey e e nrsdefined
E100S Sor€diticnl [bpaty, Wakteth HekvrARo8SMAIO st mplexdiHdgbndicode.

tones enployed to facilitate transm ssion of contro
channel information, or a nunber of expurgated

de i lihz r i r
(B B Rl aNE 1 RO DR cRELAN Pt o
canitiom vafpeadf IV2ast one of interference-|evel

estimation, erasure detection, or a nmulti-node contro

channel operation, or a conbination thereof. 3. The

et hogh Ofycflo@idcthim92Cthe %Qﬁjl?l’&rogthb goﬂam EofIGH %Jé@frgéjdo%-e&ased
of codewords is a conplex orthogonal codeword.

complex orthogonal code or expanded expurgation-based complex orthogonal code.

15. The method of claim 1, further comprising;:

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, comprising discarded
codewords, to facilitate at least one of erasure decoding, estimating an interference
level, or transmitting at least one other type of control channel information, or a

combination thereof, to facilitate improving bandwidth efficiency.



4. The method of claim3, further conprising

scranbl i ng an i n-phase and a quadrat ure-phase of each
weomemes2ell i n t he generated set of codewords, WPET/E52008/053504

the scranbling of the in-phase is perforned using a

first sequence and the scrant#d ng of the

guadr at ure-phase is perforned using a disparate

sequence. 5. The nethod of claim 3, further conprising

$6r anhi RGRAGT chadaworhd firfl tf i€ rIeResAthE RS &ifoRhation comprising
codewords utili zi ng a conmuni cati on devi ce-specific

cbaplcbQupls dnid catandannab((Ed EBgushibe ableay one other type of control
redet.ermined | ength. 6., ., The nethpd of imal..
SO ETRED <y KRBT R BB hpicpggCpamet
(M EHT f orBrhadiingdedquag T hanste R AHY,Mdrtaohdihatish thiesof.
conpri ses expurgating codeword pairs that have a
wor st - case cross-correl ation value. 7. The method of

g2t 1 O SO SRS PRI B4R,

conprising structuring the generated set of codewords

ﬁgsed at. |l east in part on a conpl ex arthogonal

dul ét‘?’lé‘ﬂ.es@.onwl‘i?_é‘f’ﬂ%@%?at% S‘i)rﬁpris,lflg-u rther

Conpr b $eibry Het FtdThMinSGu&iod! f@?@céd &f tral}isﬁﬁttiﬁ% irﬁeﬁﬁa{tﬁ)ln using
channel 1 nfornmation to be transmtted; detérmning an
envdeivoady genbatediasitdngt 1chst mrpaitriinregprad¢fined codlevoortl kogpoiea) and
nodul ati on; determ, ni a_nunber .of dewords, to be .

UL 1§ SEEiSOr SOiPIFY B memhsi e i Grecis b P apctions
Adndehehdinkindgy @ nunber of tones. 10. The nethod of
claim1, expanding the generated set of codewords, ,

by addi ng anot her set of codewords, S, to the

nerated.set of codewords., whereirn S i rt hogonal  t
A e e S S e
SoRPRIDEritckien toMrba® et frack dndefgh actkiRbly RmpWake afuntie bf
of the conpl ex codewords, except for the potential

S . :
esiepioads 18 dhaasebpf erglepards. & Brmbel af bitp pf panrol ghagiml ipfrgmation to
GOHEYRIifS Jt]a %Jéheti ,tap&gssg 0 Ilﬁ:oﬁ]vékuefolfpr&ﬁ:ctive air of
conprising: transmtting control channel T nTornmation
usicngrds, s urelf oethogodemodalatidhainstassiot dgeireditecte: wed, a defined

wWor st - case cross-.correl gti on val ue; usi n% a (Et;e)trti on q
Wﬂé“'é%ﬁ?lﬁr‘gsétcége HaRwplug Setmsen spdavesds, a : bk pfdpnes ?mp
PRATAL hARsmis16n 8t ccln%%'? th208 iﬁfd?&'éti&ﬁ oF ahuRBer (itgafed
at |l east one of interference-level estination, erasure
detesotrdsan be mtilizednfiok alilothqzrd@eta@inn,mrla ahebmmagion thereof, wherein the

transm ssion, or.a cqnbinatian o
other operation, comprising atqeast one ofolnterference-level estimation, erasure

f
oyed to

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

20. The wireless communications apparatus of claim 18, wherein the memory
further retains instructions related to complex orthogonal modulation associated with

the generated codewords.



thereof, wherein the portion of the expurgated

codewords are di scarded codewords that are sel ected
weemk/oef2at there is not an increase in the maxPOMDS2008/053504

cross-correl ation value of the subset of codewords

when operated together. 12. Tk nmethod of claiml1, the

expurgating a subset of the codewords based at | east

in part on a predefined codeword criterion further

SO TR Hekelc8X 3L ARICAEbR apPREAE oPElafnh €8 GRIVR Wesmemory

conprising worst-case_codewords fromthe set of

m@'s/\msfaj@ttons talated @ afitsasubattoifligeedrated icedawardntheodrenaproduce a

8}?%& ga c??s&cgfrle%l IOIb PI‘O&)SI"[}’ )E}I’l& V\ﬁlg%sé |OIr11€ ?tﬁglp g ].OF%aneI‘aCEed codewords
thatReRideseipar @estidodswords Regprisihg aoRest odd of di€ard®t dvddwords or
of claim 12, the predefined cross-correlation property
pardeatonds thef PHOGUSE RSV BT GHE GRPTTEOTBTIAtINDIONXtY, Thed C%{i)lﬁéf@pn
re%k %l{f@rélﬁ '© 51{1%6 %1%%%1' e\QBItdhgg%&% &% ogoc‘nal codewo
expurga bas 3’conp ort ogon code~or expané
expurgati on-based conpl ex orthogonal code. 15. The

tehgg%lg {yfr%lf:g%@mmml Hél%{lt%{]ng raﬁgﬁcl)rgqu)lrﬁlp é g]lgljlbggttgt I@,t]tcllea%? Iorrlle other set of
g&%@%&f Axtewdtdslihdhng, g%néﬂafe?ltcoéé{péﬁg th%f at% %Qﬁﬁ(@ﬁtgé bh&d at least in
acilitate transmtting a first type o
pdraom#le prededinpdtodemordndtetonl i zi ng at I east one ot her
subset of codewords, conprising discarded codewords,
to facilitate at | east one of erasure decodi ng,
esti Mehé RekcRBs &&ﬁﬁﬁﬁl@ﬁtﬁﬁﬁ %pfgeﬁ*&tﬁb of 8lkink Qﬁ%ﬁ@rélh itRprédefined
| east one other type of con channel i nformati on,
mdeafoccbmﬁcnam srmql tel érae generated pedsiword pries thagnreduasg worst-case
dmnd ef fi eqﬁﬁ 3% Eﬁ?nethod f claim15, the
?“?%?nf QH§PH§ t Hanifel® YR L i on conpri si ng
Channel Quality Indicator Channel (CQ CH), and the at
| east one other type of control channel informtion
bnpr Agiapparatus] @ayYisege of Precoding Matrix | ndicator

or . Sbodstey B cagiey 59 GRAUARE pRS AL B PRk b o

predéfigidroedewordexiegiongo it thosmbsionlod iinfordnatib@.coprising
mnreless comuni cati ons apparatus, conprising: a

ghammgk nfEmations andst ructi ons rel ated to
trans r p@ﬁ
base d% E)Equ %td)tqltl% eggﬁliggfés Hé&égx?oé& %\@ég‘ﬂg%sge 1?9 predefined
codetverd omeriand a processor, coupled to the nenDry,
configured to execute the instructions retained in the
menory.

25. The apparatus of claim 24, wherein the codewords are complex orthogonal
codewords.
26.  The apparatus of claim 25, the complex orthogonal code is expurgation-based

complex orthogonal code or expanded expurgation-based complex orthogonal code.



19. The wi rel ess comuni cati ons apparatus of claim18,

wherein the predefined codeword criterion relates to
wa@tooBegseel one of an avail abl e bandw dt h, a nunber/Usf008/053504

codewords in the set of codewords, a nunber of bits of

control channel information t¥ be transmtted at a

given tine, a cross-correlation value of a respective

pair of codewords, a type of orthogonal nodul ation

b7 ansThe gharattest damh 1@ tRexpaRbtor Fadfthicd 86 MRS at4&8€one of

cross-correl ati on val ue between codewrds, a nunber of

therrapurgatidohasdd romplgsiorthoganal eqdsres thessipendadfexpurgation-based
channel, i nf or i or an er. of expur.gat ed
SORRRGH 0% SiFhHRs oDy o BN s T oS ureppd gomplex
s0hdionalt deGiterichelk a0 or 1okesyadniplbYitg alcbéswarakpilirg®ibn condition,
conprising at |east one of inter%erence-level

gﬁ%ﬂdng{gw el ASH rcem(g)ea&pc%p,ar%uﬁa{rﬁb&haémg%g Lsg&lences

eration, oOr a co nati on ereort.

WGbLASinSHATUEH LALIQPFuRAPAIAS UBe R cGhBlcTolBog MABESIcHord.
t he nenﬁ?y further f%ta?ngminstru%tignsﬁfelatg% to ot
conpl ex orthogonal nodul ati on associated with the

gener ghod, codevor gs, 2k T b Lol e5s. COTUILOALLONE. vk
AT 3 B T TARRR P 21 i
R R R
GORBHRRCR e oS0 B R i v
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30. The apparatus of claim 24, the codeword generator is configured 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.
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35. The wireless communications apparatus of claim 32, wherein the predefined

codeword criterion 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 transmitted at a given time, a 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 transmission of control channel information, or a number of expurgated
codewords to be utilized for another operation, or a combination thereof, wherein the
other operation, comprising at least one of interference-level estimation, erasure

detection, or a multi-mode control channel operation, or a combination thereof.
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apparatus of claim 24, the codeword generator is

configured to scranble the geferated set of codewords,
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mode control channel operation, or a combination thereof.

39. In a wireless communications system, an apparatus comprising:
a processor configured to:
utilize a set of generated codewords, the codewords generated based at
least in part on a predefined codeword criterion; and
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.
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wirel es?gw n na?s gmocrlata H%g%\%éra%ﬂ g cgaﬁvgorgs tha Pacﬁltate

ﬁ@fmﬁttﬁﬂgﬁgfonﬁatwrp@oe{qﬁmngcwﬂfrbgwaﬁﬂeltlﬁfonﬁmdﬂ WScdatd€dst in part
of generated codewords, the codewords generated based
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given time, a cross-correlation va s o a respectlve 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
transmission of control channel information, or a number of expurgated codewords to be
utilized for another operation, or a combination thereof, wherein the other operation,
comprising at least one of interference-level estimation, erasure detection, or a multi-

mode control channel operation, or a combination thereof.

43. The method of claim 41, the decoding the received signals further comprising
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.
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at least one of:

determining that the determined codeword is a valid decoding result, if
the at least one of the difference or the 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 at least one of the difference or the ratio is less than the predetermined threshold

level.
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i n non-coherent signaling. 4735 The nethod of clai m 46,
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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-to-noise ratio is less than the predetermined threshold level

49. A wireless communications apparatus, comprising:

a memory that retains instructions related to receiving 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 and
decoding the received signals; and

a processor, coupled to the memory, configured to execute the instructions

retained in the memory.
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53.  The wireless communications apparatus of claim 49, wherein the generated set
of codewords comprises a first subset of codewords that is utilized to facilitate
transmission of control channel information and another subset of codewords
comprising 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 channel operation

comprises transmission of additional control channel information.
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to facilitate transm ssion of information related to
mformssion teohetrafsmitted at a given time, a 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 transmission of control channel information, or a number of
expurgated codewords to be utilized for another operation, or a combination thereof,

wherein the other operation, comprising at least one of interference-level estimation,

erasure detection, or a multi-mode control channel operation, or a combination thereof.
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transmission of control channel information, or a nurnber of expurgated codewords to be
utilized for another operation, or a combination thereof, wherein the other operation,

comprising at least one of interference-level estimation, erasure detection, or a multi-

mode control channel operation, or a combination thereof.

62. The machine-readable medium of claim 60, the machine-executable instructions
further comprise performing erasure decoding on a received signal utilizing a subset of

the generated codewords that are discarded codewords.
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