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BACKGROUND
L. Field

[0002] The following description relates generally to communications systems
and more particularly to providing a pilot structure in multiplexed unicast and single

frequency network transmissions.

11. Background

[0003] Wireless communication systems are widely deployed to provide various
types of communication content such as, for example, voice, data, and so on. Typical
wireless communication systems may be multiplle—access systems capable of supporting
communication with multiple users by sharing available system resources (e.g.,
bandwidth, transmit power, ...). Examples of such multiple-access systems may
include code division multiple access (CDMA) systems, time division multiple access
(TDMA) systems, frequency division multiple access (FDMA} systems, orthogonal
frequency division multiple access (OFDMA) systems, and the like.

[0004] Generally, wireless multiple-access communication systems may

simultaneously support communication for multiple mobile devices. Each mobile
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which may be referred to as spatial channels, where Ny <{N,,N,}. Each of the Ns

independent channels corresponds to a dimension. Moreover, MIMO systems may
provide improved performance (e.g., increased spectral efficiency, higher throughput
and/or greater reliability) if the additional dimensionalities created by the multiple
transmit and received antennas are utilized.

[0006] MIMO systems may support various duplexing techniques to divide
forward and reverse link communications over a common physical medium. For
instance, frequency division duplex (FDD) systems may utilize disparate frequency
regions for forward and reverse link communications. Further, in time division duplex
(TDD) systems, forward and reverse link communications may employ a common
frequency region. However, conventional techniques may provide limited or no

feedback related to channel information.

SUMMARY
[0007] The following presents a simplified summary of one or more
embodiments in order to provide a basic understanding of such embodiments. This
summary is not an cxtensive overview of all contemplated embodiments, and is
intended to neither identify key or critical elements of all embodiments nor delineate the
scope of any or all embodiments. Its sole purpose is to present some concepts of one or
more embodiments in a simplified form as a prelude to the more detailed description

that is presented later.
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[0010] Yet another aspect relates to a wireless communications apparatus that
facilitates transmitting a pilot signal multiplexed with multicast transmissions. The
apparatus can include means for classifying one or more modes of transmission. In
addition, the apparatus can include means for selecting a longer cyclic prefix duration
for at least one sub-frame in accordance with the classified one or more modes. The
apparatus can further comprise means for multiplexing pilot information and user data
in the at least one sub-frame based at least in part on the longer cyclic prefix duration.
[0011] Still another aspect relates to a machine-readable medium having stored
thereon machine-executable instructions for classifying one or more modes of
transmission. The machine-readable medium can further comprise instructions for
selecting a longer cyclic prefix duration for at least one sub-frame in accordance with
the classified one or more modes. In addition, the machine-readable medium can
include instructions for multiplexing pilot information and user data in the at least one
sub-frame based at least in part on the longer cyclic prefix duration.

[0012] According to another aspect, in a wireless communications system, an
apparatus can comprise an integrated circuit. The integrated circuit can be configured to
classify one or more modes of transmission. The integrated circuit can further be

configured to select a longer cyclic prefix duration for at least one sub-frame in
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providing a pilot structure in multiplexed unicast and multicast transmissions with
longer cyclic prefix durations in accordance with an aspect of the subject disclosure.
[0019] FIG. 12 is an illustration of an example mobile device that facilitates
employing a pilot structure in mixed mode transmissions.
[0020] FIG. 13 is an illustration of an example system that facilitates
constructing a pilot pattern in accordance with an aspect of the subject disclosure.
10021} FIG. 14 is an illustration of an example wireless network environment

that can be employed in conjunction with the various systems and methods described

herein.



BRI EF DESCRI PTI ON OF THE DRAWNGS [0014]FIG 1 is an illustration of

a wrel ess

comuni cation systemin accordance with various aspects

set forth herein. [OO15]FIG 2 is an illustration of an exanple
comuni caty@ams/egspar at us for enploynment in a wrel ess pomBRIKEDT?ANS
system according to an aspect of the subject disclosure. [0016]FIG 3
Is an illustration of a wirel ess conmuni cati ons system according to
an aspect of the subject disclosure. [0917]FIGS. 4-10 are
illustrations of an exanple resource nmappi hgs in accordance with an
aspect of the subject disclosure. [0018]FIG 11 is an illustration of

an exanpl e
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di scl osure.

DETAILED DESCRIPTION

[0023] Various embodiments are now described with reference to the drawings,
wherein like reference numerals are used to refer to like elements throughout. In the
following description, for purposes of explanation, numerous specific details are set
forth in order to provide a thorough understanding of one or more embodiments. It may
be evident, however, that such embodiment(s) may be practiced without these specific
details. In other instances, well-known structures and devices are shown in block
diagram form in order to facilitate describing one or more embodiments.

1Y

[0024] As used in this application, the terms “component,” “module,” “system,”
and the like are intended to refer to a computer-related entity, either hardware,
firmware, a combination of hardware and software, software, or software in execution.
For example, a component may be, but is not limited to being, a process running on a
processor, a processor, an object, an executable, a thread of execution, a program,
and/or a computer. By way of illustration, both an application running on a computing
device and the computing device can be a component. One or more components can
reside within a process and/or thread of execution and a component may be localized on
one computer and/or distributed between two or more computers. In addition, these
components can execute from various computer readable media having various data
structures stored thereon. The components may communicate by way of local and/or
remote processes such as in accordance with a signal having one or more data packets
(e.g., data from one component interacting with another component in a local system,
distributed system, and/or across a network such as the Internet with other systems by
way of the signal),

[0025] Furthermore, various embodiments are described herein in connection
with a mobile device. A mobile device can also be called a system, subscriber unit,
subscriber station, mobile station, mobile, remote station, remote terminal, access
terminal, user terminal, terminal, wireless communication device, user agent, user
device, or user equipment (UE). A mobile device may be a cellular telephone, a

cordless telephone, a Session Initiation Protocol (SIP) phone, a wireless local loop



[0019]FIG 12 is an illustration of an exanple nobile device that
facilitates enploying a pilot structure in m xed node transm Ssi ons.
[0020]FIG 13 is an illustration of an exanple systemthat

facilitatgpoepesdsa¢sCting a pilot pattern in accordancepgrfuBagnsaspect
of the subject disclosure. [0021]FIG 14 is an illustration of an

exanpl e wirel ess network environnent that can be enployed in
conjunction with the various systens and net hods descri bed herein.

WO 2008/ 086461PCT/ US2008/ 050724 5 [0022]FIG 15 is an illustration of
an exanple systemfacilitates constructing a pilot pattern in

mul ti pl exed Wik § 3atoRN0pdtnhi 8341 sLidRsiPesd)ORhandheld device having wireless
connection capability, computing device, or other processing device connected to a
wireless modem. Moreover, various embodiments are described herein in connection
with a base station. A basc station may be utilized for communicating with mobile
device(s) and may also be referred to as an access point, Node B, or some other
terminology.
[0026] Moreover, various aspects or features described herein may be
implemented as a mecthod, apparatus, or article of manufacture using standard
programming and/or engineering techniques. The term "article of manufacture" as used
herein is intended to encompass a computer program accessible from any computer-
readable device, carricr, or media. For example, computer-readable media can include
but are not limited to magnetic storage devices (e.g., hard disk, floppy disk, magnetic
strips, etc.), optical disks (e.g., compact disk (CD), digital versatile disk (DVD), ezc.),
smart cards, and flash memory devices (e.g., EPROM, card, stick, key drive, etc.).
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.
[06027] Referring now to Fig. 1, a wireless communication system 100 is
illustrated in accordance with various embodiments presented herein. System 100
comprises a base station 102 that may include multiple antenna groups. For example,
one antenna group may include antennas 104 and 106, another group may comprise
antennas 108 and 110, and an additional group may include antennas 112 and 114. Two
antennas are illustrated for each antenna group; however, more or fewer antennas may
be utilized for each group. Base station 102 may additionally include a transmitter
chain and a receiver chain, each of which can in turn comprise a plurality of
components associated with signal transmission and reception (e.g., processors,
modulators, multiplexers, demodulators, demultiplexers, antennas, erc.), as will be
appreciated by one skilled in the art.
[0028] Base station 102 may communicate with one or more mobile devices
such as mobile device 116 and mobile device 122; however, it is to be appreciated that

base station 102 may communicate with substantially any number of mobile devices
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base station 102 utilizes beamforming to transmit to mobile devices 116 and 122
scattered randomly through an associated coverage, mobile devices in neighboring cells
may be subject to less interference as compared to a base station transmitting through a
single antenna to all its mobile devices.

[0030] According to an example, system 100 may be a multiple-input multiple-
output (MIMO) communication system, Further, system 100 may utilize any type of
duplexing such as FDD, TDD, etc. Pursuant to an illustration, base station 102 may
transmit over forward links 118 and 124 to mobile devices 116 and 122. Moreover,

mobile devices 116 and 122 may estimate respective forward link or downlink channels
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and 122 can { |Gl bHhelissRRON Riore RARTE R RRAS DroddRikk AR
handhel d cortngrgﬁug%%? gégggvai %nelga% han%ﬁ%%'com%ti ng devi ces,msat el_fhi%tee
radi os, gl ofedqupegintivank (GBSKS) emsmiBbasan hadmployedyFuthher combinatipreof
device for co ni ing o ireless.c I cali. S .

depi ct ed, noBiPe: ég&t %necg 1 |SSF\Ni ﬁrarclz%%g%onnl%ca %)en%évfll?eﬂ' airﬁ}eg%ggé)q‘%l 1arsitd
114, where aphenREsnsldad wnebnbinkdtsramstplexddniol SEN toamsinGsivob mithinde sanoe
116 over a forward link 118 and reﬁei ve jnformation from nob

device 116 CWEFMISIPR\EKS Wtqryaly HpopthenEprtsy Sommpgigations FRR4Taas 'fb@ engblps,

comuni cat i QRidktihndRiseiBRasd $P4 tARhia6n Whehife ANELANASIHbREcANT id @be
transmt infornmation to nobile device 122 over a forward link 124 and

recei ve i nf cppiseiesd thitpddisienil| tengaissien mpdes beyepd shose mentigned; ahrve o be
In a frequengy..di Vi.Si : em forward link 118 may
utilize a dirlﬁ lé‘?deerﬂtﬁ?@ggggﬁgggégé%g@%sﬂgﬁﬁ%'hat used by reverse |ink
120, and forige3A | i nk ConumnptiemspimpyratusdiOf emeintlufle @cquelve yelecierd2q4h that

that enpl oyed, by.reverse link,.12 for .exapple.. FEurihe J i

di vi si on dup%é%%t“?bb)cy% ifsl%r‘é% fog 8?5%8?1’8’3?1?% 18 mé’r‘%ﬁla{r‘&/é’?%ég‘l‘ﬁ%natﬁ AR
my utilize @ncempea dclegpeficyn hiakdomsndctfiar Weuirstiant rkarl Alis@atbnr everysie
link 126 may utilize a common frecEJ.encX band. .OOZQL%}E set. ofC I
ant ennas andmeix tfARItaIE AIRONAA ERCRIGRY O Pe THLTI NG HEAY o MR BRI CRaTS

may be ref erd,adiibes. aAuRi-H8C kA prfaghnertah vaRickdomiiaicasabheresults in
mul ti pl e antennas may be designed to conmuni cate to nobile devices.in

a sector of & meliasumel esiviiedt BYeBES dYstvar 05 rmae Pathsn AbmpaRRFta NS,
over forward. hinKs 2118 Aidcindn ddBndhRs BrtlfidddoR RbANRNARINGE oPASEtains

: a t sg

station 102 may ufil ﬁll ze beanfouning toO I nprove signal-to-noise ratio
can create multi-path channel conditions. The cyclic prefix can enable a multi-path to
settle prior to reception of actual transmission data. Typically, receiver systems decode

a signal after it settles to allow frequencies to achieve orthogonality. According to an



8 and generate correspondi ng feedback that may be provided to base
station 102 via reverse links or uplinks 120 and 126. [0031] Turni ng
now to Fig. 2, illustrated is a comruni cati ons apparatus 200 for
enpl oymeniyd fhogodblidie! €ss communi cati ons environnent. Cpolugiossdsonas
apparatus 200 can be a base station or a portion thereof. In
addi ti on, conmunications apparatus 200 can be a nobile device or a
portion thereof. Conmunications apparatgs 200 can send and received
data transm ssion to and from ot her conmuni cati ons apparatus, base
stations, nobile devices, etc. For exanple, comrunications apparatus
200 can | n%;}s@& eh@%g;ﬁegqreﬁneun% 4 FABRM pd:Bbn SV OFBM ONGthQURSE dyfbol.
communi catioh ih a W reless comuni cations system Conmuni cations

appar at us 2B@ axamplenpi o paitiosl o 3symbeihean be trppoed ttdbhbrgimés of gecrsyabol.
but not limted t0,.OF T : i . .
Communi cat | B8 ZBDAFT OGN AL L P s eh A e el et orpegiod

202 that def0®Bsi nes alypyqatlyofhetduaninmi @Sthorvytlic pefie nghbulyeckeecihthe largest
transm ssion can be a single frequenc etwork,.(SFN) transni ssion

(e.g. sinul €& prporigncegdine HHIT“}'P%E s m%@?[ﬁ%@%ﬁg B ghicatl prefix
transm ssi oo EAOMESmplGyddU I Tht e3dic RRERAckBAST shbit @l @icipréfilU@RGY duration
network (MBSFN) transm ssion can be enployed. Further, a conbination
of uni cast, oSkR reer@sesPdABIFNGE Fyohs Predisi (6a 164A mperogtepRds).cy a lpger cyclic
exanpl e, unj,Cast ¢! ANGMB 'o?a%s%a%ér%s&eﬂ@ég.nqﬂ_e WngBlbycliP hRFRA . W, BB 33
SFN transm Ssions®w thin a sane transmssion tine’interval. In other
wor ds, conmumidrostomiss cap bartenefcid 00 Fidhbrawrion witisextenstgsist sofi igpeasael

SFN transm ssion.to be.ti.ne divi.si | ti P .
appr ech at e PRIyt et PIHE i ok B BElleg bh st b P sprcing
above can besuwiti zed wth aspects of the subject disclosure.

[ 0032] Communi cat i ons apparatus 200 can ipcl.ude a prefix sel.ect :
that deter midfedl a cychPemppigttiops pgparafug ?Q(ﬁglfﬁ 5 .deﬁ/ﬁﬁ?‘ﬁﬁ?)lﬁﬁﬁr?m;optz)tﬁﬁ

types, such ascdatM orcdtiplek kvd 8r RofeMbdnb@isPiord bodiffEtidgl thies or modes. In an
construction. Pursuant to an illustration, the cyclic prefix )
faci | it at esiliusprtdigeinstaaee pmubipleser 2001 eavs muidhion noHide-Paf t(e-gpatipcast)

channel conglhddQFons' i $rr0 3t MBS RIARAAAL! 90 nREFREL cycllc PhefiRifRion

comuni cati on results 1n aradio signal arriving- at antennas by
two or nor e lgafdrsinicAsinosphssioes, docest agd SFfttagemission amdloyimgradprese cydis

in the ionos r r. reflection fr.om buildings At al ca;:
create mul tpg%%tsﬁb%lﬁa]eﬁ e IHIR@ntIP‘gﬁ ?Xe%hellncofl% i“??psr’ g%%)?ﬁ glg{r%sdéeng(gill%ueg
mul ti-path e Begdr! Sci befixt SFN eesphibsdemsof Hawéwsal tot facifitnd sfficiencydadthin
Typically, receiver systens decode a signal after it settles to allow
f r equenci es.W]adlﬁlcé‘éfée FGPH%@GWQ?% f‘}F{_. 1056%6 6?@?%‘5@%’6 Sg}ﬁl m@‘&?g@%‘f@ﬁ%&
cyclic prefig,f@8e BRilidh1&-LR8aHE iRk 9Anghisash BhPhieraDt e dlsiRiment,
synbol . For exanple, an end portion of a synbol can be repeated_at

t he begi nni mpllexan @06 phgrpresoyrae allpcatigroier siof confapang lmgenryeiic piglix SEN
cyclic prefix Ls a fat er esd i Q038L unicast
Typi cal |y, tt Bg"?f&r%#i (%1}1& glfl{ctgﬁeg%%%%lsgﬁm e??ﬂgusliotlgjl {ljd gg%sggd&?he upfu_:as
| ar gest del ayfeexesyneotsedte itansmitted in thpdirst aot dirrdesymbadscaf ablotg| I, addition,

vari ety of clic prefix |engths can be e oved. ' J
can beya shgﬁlet1Lr %}lgﬁg)‘iycorﬁ?%eﬁ iagg((aée.%d? ?heaundﬁ Ptglg #65 C%Fy'ﬁ@ﬁs %ﬁxgéragé%g%ﬁ%{é’%n
a I?_ng Eycl itlge ﬁfsgﬁhd(th_ﬁﬂ- s@n}bolhﬁ(ggﬁ dgﬂfﬁﬁrﬁsfmaadﬁés' d,ar@[uili_lﬁzeﬁ?ingl&f thwcsly?l_boz
refix (e.g., a duration of a 33. m croseconds e |l onger c iC
brefix (oo thangs thoyingt symbebe dacHTY, AFICRY THERETS BEP!S RO ST (6
Wi th ext ensipygchsgael wWilPRAsBES of METRLACO BXcib&ire, ARG HPIORAENE Grbbties the
prefix can be constructed by reducing tone spacing to 7.5 KHz.

[ 0034] Conmunisontce sheh dpiarieasusioene symbole pojupy [vriEdwelfifions ip|thsBrst 216
t hat

third symbols. The additional spread in the allocation maintains a critical sampling of
the unicast channel to facilitate accurate channel estimation for delay spreads up to 11
microseconds. In addition, by reducing the number of occupied tones, the overhead of

the unicast reference symbols in the frequency domain is also reduced. However, the



can conbine or nultiplex two or nore transm ssions of differing types
or nodes. In an illustrative instance, nultiplexer 206 can mnultipl ex
point-to-point (e.g., unicast) transm ssions wth SFN or MBSFN
transm ssiyaNsosJddedll Ni M ze cyclic prefix insertion | ospct@s2ougbsonst
transm ssi ons, unicast and SFN transm ssion enploying a | onger cyclic
prefix should be tinme division nultiplexed. In other words, certain
slots are dedicated for |Ionger cyclic proefi x SFN transm ssi ons.
However, to facilitate efficiency within RANI, unicast reference
synbol s and | onger cyclic prefix SFN nulticast transm ssion should be
mul ti pl exed. w thi . PR, SR ' i I n

enbodi nment C%ﬁ%?%ag?lgg r1§ 0 erf';ffter S ?gigg?lgeg%el Sg%:(gl"tigi/g{ﬁfs (FrﬂH z;.‘l g?%above
cont ai ni ng ietrige rreqyeseited frrafliscraBriburpesas aldsait dimitation] 1ind odstappreciated

transm ssi ops ursuant, to .an kIl ust.ratiaon, e i t -retere

syrbol s ar op SEhRYRR SrcRRe bra Bt 1R sERE g AL ELTRRRecs
addi ti on, thanfoleguéseypyyed.ones al |l ocated to the unicast reference
synbol s are_staggered between the first and third s ols (e.qg,,

di fferent f[@aﬁﬂnci esMareavel: i flivugh i Aot h@o‘t"ﬁi r'd é?yrféol % H@%re@%ﬁeﬁihéhm
first synbobdmmiyiRiteal |appartith CABL mbfTiBARNRC et RP Mas reGfl PistAasds with
sixth tone. In accordance with an aspect of the subject disclosureg,
mul ti pl exer IBDBt 4@ reseivingedate Paclket FoumEssiansc PRI (ffaceAskel EBIEMERIOES,
synbol s occypy1euef¥ tiEhiskBnd il kR igmint gk beh BXTRE! Furilde

addi ti onal spr eag I'n the a%’]goéatl or‘%nmal_ nt al%g a Cl‘la%I cal sanpling of
t he uni cast tiehmamely tan freteinl preaibeslpaecerat edath packets &gt ¢omettinasion f pyror to

del ay spreads t m croseconds. |n. addition. .by re i

nunbor bt ottty e bRty B nmnaRR e Yl e d FEHEI At My be

synbol s i n thezdirigasanediod ol rxdcuitifd $stiiethng gd.g., Hawaiegons tondned Within

2008/ 086461PCT1US2008/ 0507}%4, 10 cri t(i:l,cal sanpling is preserved due to
the smal | er MBS, SHHUFHRLRS gptained fiRpL2 digREte BN et ri cs are present ed

for illustraggsge Pur ppgRmeadd ROFig! B Nih@tatd@Ns alWirdl&s teomBRnRRASRGyatad
t hat ot her synbol %pam ng, frequencies _sgam ng. and staggering of .

uni cast ref 8P@ e efpetudies cmpleypenterfpheligxed oBSST vad dyilasast HESHGIIgRS:

not shown. Shebd S8 REuiR0! SGIALSChibRR L GAMIN Moo k2384 APRRIARHRAOH

may i ncl ude nory that retains Phstructions with respect to

recei vi ng dapgerpecke? ahd/ansfid ssn drsy besnivitivinngr dagoetiopadkedf. In addition,

transm ssi ons, decodi ng _data nsm ssi,ons, sendi.ng acknow e
messages, aﬁmglc?t?%é.%p%ﬁl%%éf?’rﬁjgarﬁigjﬁﬁ%b?:gr?l Pl g?‘ﬁc%?iéa\llp%tﬁgi y Heof.
recei ved datarspatkets flRkraRADERin GO0 pah die titilizdé do dirirgess Foorinhmications
comuni cat i %ns appar at us 2019 ma t_i ncl ude a El%oceﬁi or, that rrayadbﬁaoc) or
utilized i nbEBIERROEDF K MPENDASK SEHPRSPIF (Rt PG BN fgiys (e.g.,"ad-hoo),

i nstructi ongefRERALNEFtaVibidHnd HBBP U¥vicdsNSt ructi ons obtained from a
di sparate source, ... 6] Turning nowto Fig, 3, illustrated is a

. [003
wirel ess col®#icati o%‘aﬁfélyst 30ucledest  eqrpBBRigHioas cHPRBIens0bhf that
DR ‘ . . A nee<
mul L1 P exed Mk GARkiGR by fbdha ATty L aRRIAR ASCnE%P LMl uidigeR

conmuni cat i ons appar muni cati ons dpparatus 3
and/ or 304 apperites tuobasevid) atemomunicatznp epparaws 3Herae dfangmit defdite pparatus

comuni cat i apparat us..302 and/or, 304 can.be a mobile vi ce or

bort1on & herBapYerBPBIR{iT: gredhel Tid e BirtefaPBnr S a0t e de
utilized in fithi epRSSus ONYRrCatdvorRs laktaveaml.oMmae dorwind éinbaaeé reverse link
stations, one or_ nore mpbile devices grtg.g._, .ad- hogc or between base

stations andhawsls eatydysledss PoingtRsnqidy SRRRIATRR iWRﬁ%H@@TB b TSNS

appar at us 3%%@& EORMERR FhdRE e W il SN URY/BAbIRAGsPRARNR16S B6kks.
(and/ or any nunber of disparate apparatus (not shown)).

Conmuni cat i dercespaysitns 080 bammukiaipsinbyt, Bukinle iy fIMO) systo% over

a forward |i #g hanne'm%Hx g cgg’g}é'c S AR AP RALALMS i3 Retect

recei ve dat zlﬂ rsim appgpa s g(g Sover glsrg{%/erse ?Slonk agl%anﬁleﬁ%yﬁee eeior
306, a prefix selector 308 and a multiplexer 310. The transmission type detector 306
can determine the type or mode of transmission to be employed in a transmission to

apparatus 304. For example, the transmission can be a unicast transmission, a SFN



[ 0038] Communi cat i ons apparatus 302 includes a transm ssion type
detector 306, a prefix selector 308 and a nultiplexer 310. The
transm ssion type detector 306 can determ ne the type or node of
transm ssizgidgodagsienpl oyed in a transm ssion to apparadtrgsiatsoso29r
exanpl e, the transm ssion can be a unicast transm ssion, a SFN 11
transm ssion, a MBSFN transm ssion and/or a broadcast. The prefix

sel ector 308 can determne a cyclic prgfiix for a transm ssion. In an
illustrated instance, the cyclic prefix can be short, long or |onger.
A short cyclic prefix can be 4.7 mcroseconds in duration, a |long can
be 16.66 mg&ﬁ%@ﬁ%ﬂdél\m‘sﬁb‘%ﬁéﬁ&&ﬁ%&oﬂaoﬁl%dcaﬁr TR e 08RO Can
prefix can 3" m croseconds in duration. The determ nation can
be based updsterotimmetclic @rﬁcﬂithpbmganmmedn ov dhivbatad instapesh degpyclic prefix
transm ssion 0039]

d xer I
prior to tr&hsi Egﬁtel K8 %I[ lgﬁ%ar a hort%é > 11% rgééXL{eJ{ Hé%éfeg%@é %?‘%@tﬁﬁ éx
uni cast ref efcapgeen by nhed SicassdcdpidiNin duan i aad lacbmngenq:ﬂ \ayy logg aydliopgeix can
cyclic prefjx_within the sape transm ssipn ting interval. In an
TP ust 1ot vee BhaS ARCESOQNTs & QIS niTh JeRGBILY 6P O gPise olrgammel
transm ssi Opshdalies, URkiFAYvethe /B IEsBSHS) &@na@xﬂéhd)ﬂn@der set ured by
mul ti pl exer 310 such that unicast ref erence synbols are sent in first

and third sm%ll s of Mulsiplexen 310 mulkiglexes SymbosHarior te fapyiissien to apparatus
al I'ocat i ons, (? g;fé&l' g?@ all ﬁlfu %)Ftﬁclﬁn m@r&cg%ﬁmp&s $h@QIRT @Fsmission
I'r st n

bet ween t he Mor eover e uni cast reference
synbol s canemployipy @legy ¢ywh¢ fptdﬁxt wiikin; the tsree ﬁnanssnlbamhmhlln@ﬂ@ynﬂmlds.

Since the t acin he ad a

occupi ed toﬁ@??ﬁg a@“’%&é"ﬁ%""é@m“% o8t nglf‘“te]?:? f’ﬁgan ?r%gﬁsm?rlglufnﬁsﬁ
of the uni ce;sﬁsnﬁmm ehn b&atuctired By tinatpleter Bk such ritatiimiciso nfernaysyinbols
prefix SFN transm SIO onve al techniques, can be .utilized.

[ 0040] CommuAieSEHi® Bt é‘bcf)@%f 9t 18 3lof. g1 O the Brquenciey aé@t’%}(’ﬁ% o
that deter nmael_ﬁuéalgﬁre%fsﬁdecsyaibsfsl eandw Al doond ayEpl ey el Byst GABTLIR GRhbAAS
apparatus 302 in a transmssion or portion t hereof. Pursuant to_ an

i |1 ustrati oMorecyamififi @a%ﬁsbﬁ@@f%ﬂ?ﬁé}"a @ls capaccRn C¥aY Bvsidibang i firel and
Typical l'y, g;noRllgdewies g tt@ﬁé %%OCE@ &Y §lsi I &fel Xadbmat ke BV Q8

an initial cell “search proce ure. entional Iy, the nobile devices
had two hypotdi@ssdsﬂon&hmﬂhcesymkﬂma(prveﬂ}out aff@btmgrigltlgglcsamhpg affi the unicast
However,

I
M Cr 0Secon d g anngl ﬁnoF dS??‘l h%th Q; nsot acon%ﬂ'g ?orng%:y chc':l%c ' §FI(I C Qflsm1s§%n§3

efrerges nsm Ssion
enpl oying | Qm%ﬁtuﬁ])&lliebimldpfe@f:aﬂ(bd’mﬁﬁéd)l ogy, there are three synbols

er slot. In a tinme division nulti Iexe ucture
gynchr oni zal%M8l codesCopBeRicainys 48 @ﬁ@%gﬁog scﬁ}’hdﬁlfi i % B1s8H e&%ﬁé 1?3[%)
are transm ytednial &%ye%ﬁﬂﬁéﬁ Buiaiabahsloyddt h ébdnﬁurﬁceﬁﬂoﬁé apphiss, 3ogr1h>é

one synbol per slot remains for conmon control channel
primary brodgeumissierhemnpstion berdpf-t Peraast &sabilusirtions epmgunjcatiphs @nparam

enbodi nent, bmagg%%eg?@aglrdegé ref)t cagy@r&&%ydév&en&kecﬁmk%%ﬂc IpPefix

slots contalnlng SSI1 ons
duration during an initial cell search procedure. Conventionally, the mobile devices had
two hypotheses: short cyclic prefix and long cyclic prefix. However, with the
introduction of a longer cyclic prefix (e.g., 33.33 microseconds), a third hypothesis
emerges. In a transmission employing longer cyclic prefix numerology, there are three
symbols per slot. In a time division multiplexed (TDM) structure for primary
synchronization codes (PSC) and secondary synchronization codes (SSC) are
transmitted on two separate symbols within in a slot. Thus, only one symbol per slot
remains for common control channel (CCCH) or primary broadcast channel (BCH)
transmission. Accordingly, in an embodiment, the longer cyclic prefix numerology is

not employed in slots containing PSC and/or SSC transmissions.



[0041] Referring now to Figs. 4-10, exenplary resource mappings are
depicted in accordance with an aspect of the subject disclosure. For
the purposes of sinplicity of explanation, the exanples illustrate a
resource N@sdssigdadine time and frequency di mensions thattius2oesesat2ai n
duration to one sub-frame or two slots of a transmission (e.g., 1
mllisecond). Each block in the along the frequency axis represents a
tone wherein the spacing between tones ji2s dependent upon the cyclic
prefix duration utilized. Each block along the tine axis represents a
synbol wherein the duration and nunber of synbols is al so depends
upon the cyglyisg Pref ix.semR be U ot ! i ke gist
4-10 are fofdoﬁﬁl ustralﬁ ve %ggggsléséﬁgﬂfﬁ% ilﬁﬁﬁggggﬁgfegf%ﬁaﬁt t?%red
i s not |iniegcordancheviticopepast of the sebjesk displosse. Forgbepwreses ebpimpligityeof
art should appreciatg how t I, [ce ] c t

systens i ncPdi g ?‘Fe?xélﬁltpi]eﬁuﬂ ugt?a%%fa an g@\%\gg?{:kv%?ﬁeﬁgu Og{g&ig% E:lialrﬁ; ,
sub-frame dygmankions that &. cquaD@i2duratcantoestiecibsfeante, orciovav gots iof rralransmission

ref erence synbol structure is identical for poth |ong cyclic ef i x
Gur at o ( ety | ERGcaer gk bifE)n df oloRe b EyRITEY BT TRSGt i
(e.9., 4.7 WnekpsBe Iemg teltvdeh Zdndgistdegerdemph HRtlicHERE ttttton utilized.
channel estimation performed by any nobil e device can suffer from

al i asing i f Entheblael dlgnahe dme axs.rgpresepisriesyaioph whapia dhdirgliosrng npmber of
mul ti pat h Cgﬂﬁ%ﬂ? tal?on&iep@ﬁ&sl nTd L oﬂétp?ef&oémﬁ )1t iisstogfee&l%b%'biak]aatﬁat

13 m crosec ven Wt ng cyclic prefix duration or |onger

cyclic pref iFigsddultarefor iltuseativeperiosognd dandistlodsd serigstt oyger ismot faited to

uni cast del spre exceeds a-thre l.d, .Fi i

ini cast i1 0 SRR RPEEOETreD JRAN IR 15 g e Bt ectn OB Bl e
transmni ssi om@pﬁﬁgé cdraled bttraibe tayaicdisngeludieg difSrat ahmbeat ofeaenpas fvanying
duration and channel es%ina ion accuracy. [0043]In Fig. 4, one
sub-frame ({S05 SBRHS P BAPAFHERY: G cast pilot synbols is

i | lustratedpdpfer a tPRYeRYSdihbntPEiveXtidhdl Atdr@ite spR6Hl Shoture Britiaitias!
si x synbols. The depicted structure provides efficient operation i

hi gh Doppl erforseashdatigoryelipprefx duation|(&g-an 6.6 rARcOREY 2B SRATLCYY P Prefix
and fourth S A ot : -1 Hhiistinaade f
synbol s of t%%gﬁglécg' (o] Elh]gtnglbtlroglécf) ﬁdes f ogﬁltlﬁﬁéfﬁgoﬁogb%ﬁoggt %t sl ote ’s?h%lr%?l
al | resour cestimatenmmpoeted by zuytresiisievicn cadsliffer fnm aliasingifgbe A¢ay siread

shifted to provide dj.versity. Fig. epi.cts, a pi t
t hat provi d@%-gvr oW} Jbﬁf@?%cgaﬁéwﬁlgsa glfS?uclflﬁIP%hi {H%Lﬁsag ‘Lr;nét éeljlsdo %i Fjgtt Fn%mbath
synbol s occupmipbikn®viekicatet fieh 13ankrdstcohtie Evenswitiafig fogeiict prefy divetion of
the both slots. This structure reduces the overhead 1b o.gﬁbehal.f
Similar to UPRESHEYAEMRCT P HermpREeIon SPHE! MapBPRGE s SHFpt dedey

to provide dinghSkde¥ds a thdesh@844tidl 99nd 6 RPRt thrl@RERE pilBilstrigdhex etployed
uni cast and MBSFN transm ssions in accordance wth an aspect of .the
subj ect di sc¥igslme. cyichc arefix dwstionatrprsmissipns Shatcfacifiigee gupiipg dhp mismatch

exanples in WP 1,.SS. t now edgnment channel
( ACKCH) and%t% ee%pﬁgésf% i%fat%%%ﬁ?%a&ﬁ%%ﬁ%@[&ngﬁgﬁn [ (PDCCI%). No uni cast

data is tranéed¥|ted. [mFigm 4epbosibaieme (tvhelod(iOhtammy RIDECHpilot symbols is

transm ssi on.span .t nmbal s. Fig. 6 depi i

transm ss: origu%rﬁgegd%g%%y?% 1 Eéﬂs‘le‘gﬁatéolnm% Cg];:sa%oégﬁﬁg{tsgﬁfg I C Otlasd F}rlle

Fi Ig 4 wher Q&gicﬁdgsltrucﬁu&%b\ﬁﬂés d_ﬂ:it}iéﬂtpberxﬁ? ihrkﬂglzlﬁm;qgér&méigjsielc[’ﬂmp&ymlmls
ilot pattern simlar to that i strated,in_Fi t he

Pl st Pat eq e ERsHEen feagth i g pemoaphBe Tt Habee MeD 45y Blig and

fourth symbols of the second slot. In the fourth symbols of both slots, not all resources

are mapped to antennas. In addition, the mappings are shifted to provide diversity. Fig.
5 depicts another pilot pattern that provides lower overhead. This structure illustrates
pilot symbols occupying every other tone in the first and fourth symbols of the both
slots. This structure reduces the overhead by one half. Similar to the pattern depicted in

Fig, 4, the mappings are shifted to provide diversity.



are shown mapped to particular antennas. In this exenplary scenario,
a 4 antenna M MO systemis provided. In addition to the unicast
reference synbols, unicast ACKCH and PDCCH transm ssions are sent in
the first gowogygdng! s of the sub-frame. Mreover, SFN gaiasangospi
reference synbols are also sent on synbols within the depicted
sub-frame. In Fig. 6, the unicast reference synbol structure is not
al tered; however overhead remains large3 In Fig. 7, unicast reference
synbols are not sent in the second slot of the sub-frane. Absent

uni cast data, the nultiplexed structures in Figs. 6 and 7 facilitate
reduci ng ovgpfgad. UL Y BERALP Lnik{shhd RAIUNR EYndrfissions i

i npact ed asﬁ{v(\]/gﬁl ascl"ilﬁgg)gilo%erentISldem)lglm:eatc:’;)otrll1 [ nasub_-f rarr_esn_ som
subsequent twmotdarce Withisiraped oftbarpibgect [dBOWeHTurni angillyevative imtgse, the
and 10, illystrated are unicast reference mhol .pa n a

uni cast pi l gft‘p‘%t?ci GEPTPIES (R BBICA STadis gﬁ%é? ogyg{éi %&gé‘ggfl% ¢ tr e
For exanpl e(atkeH) ang@elie shyslchl dpiinkxcoduslattianmel (RDCOE)3N@Bnicast data is
m croseconds and constructed from reducj a acing.from 15 KHz
to 7.5 KHz. repfuitcd ndn |gngeboiipetti &%K@H@* &ﬂﬁ%ﬁ%ﬁi, téad‘é_ﬁ‘lséﬁoBtSPa“ fwo
contains 3 gyRPlssmesls.OMRREepids Sluliplede Maminiediohs tased tfohld sk atdern
sub-frame contains 6 synbols instead of 12. The pattern depicted in
Fig. 9 can beilentsl thgtettpigiodrin Fig trveersaniig T<{ptcisngultiplseedfrangmisgion based
illustrated, ] . PLovi ] I gﬁ{?@ﬁ%in systens enpl oyi ng
2-stream M Wf{pﬁﬁg%t%n?%ﬁl %{j%;slfhé%r %t?ty ) from other physical
ant ennas, i {00§hi | abl la.th¢ 0D4T3tREMetiplaxgd resenrco bisicky, usicast rdfersngeatymdolss
uni cast reference synbol, pattern for a unicast_transm ssion

mul £ pl exed i R HHRH: S Qe shieptss Sy S GRlety, @ 4 antenne
accordance WIIMO agstasmpie Chroditied. hansaddjiat todihs Clrosr esferGhati $yabolsy ubigst.
6 and 7, the exenplary sub-frane illustrated i.n Fig. ontainsg _

uni cast ref &Cddeld 28¢ Rﬁ@@ (ragSRpISSIORS F‘@fséme‘ﬁége é?ﬁﬁ%‘?%quﬁ’iﬂ ‘E}[efg? b‘%cf{@lf:‘

and PDCCH t RaRsles SUFD dAR dnPEhNGRERench By SbOlt SrC A8 b oA GyBAB&¥ithin the
cyclic prefix SFN’transm ssions and uni cast transm ssion, the tone

spacing is Aecteesub-fambt idFigné Bashicastoelernnt A0l FUyGHEOB g0t Fhiged;
uni cast ref %Bf'%?e?‘ SYTRQ! SnRh8 lﬁggt It ﬂieéi e fikdsp E’efé%ﬁ@osg bistdienst @bt in
g fre dgger bet we e

I n addi ti on, guency 1s s en ther rence synbol s
in the firsthesyubal siof of the subiistmes| Abseandnitése dhfar e mylhiblekedofiruchees in
second slot of the m.l | second sub-f . Wilg th t i LS;
depi cted as Fégsx%taﬂ(?'liécaqﬂﬁta% BB ?I%e?d" ?(?%tn(r)lelbc@agtﬁﬁlr“gl%aﬁcgt te%gﬁi %ngmkf 15
ot her st aggempaieduad Svetlads hey Wohérede demdduilation eif, subhfearnisi adséquent to the
reference synbols occupy every twelfth tone of the first synbol of
each slot. PstaRdfFYIC.ant enna 1 can be mapped to a reference symbol

at a particypggs t one. T4 0 FRPI NehCi0, ANsBBRA ale nficdsVRIENE RPASoI
hi gher or | ower than the particul ar tone. Spreading reference synbols

to every twghfierhs fayreumiesisihpilat sEuesviettha smplayid longpr syclichprelih deglen. For
channel for d 1 r hi ng.: el 19Gr i A9

reduci ng oveeF{%Aé@é’ tlig I(fq%glspfcﬁe{g@geﬁ%yd‘g%ﬁ% C%M% ()3’?]33%%%%%0&9 dé(l:\li?;ﬂnait gcinnl nged
| onger cycl iftonf redotieg e yorSkbhdingfremi ISKidn®, 7.6 Fdlz divedes feddmggr cyaliclpectxs

eI T I R ML

met hodol ogy shglfiate N@ntathsf @eyhbdlainst@d of 12. The pattern depicted in Fig. 9 can be
employed with 4-stream MIMO systems. The pattern illustrated in Fig. 10 provides
Jower overhead in systems employing 2-stream MIMO with cyclic delay diversity
(CDD) from other physical antennas, if available.
[0047] Referring now to Fig. 8, illustrated is unicast reference symbol pattern
for a unicast transmission multiplexed with a longer cyclic prefix SEN transmission in
accordance with an aspect of the subject disclosure. Similar to Figs. 6 and 7, the

exemplary sub-frame illustrated in Fig. 8 contains unicast reference symbols, SFN



mul ti pl exi ng uni cast and SFN transm ssion while preserving unicast
pilot structure with sufficient critical sanpling properties. Wile,
for purposes of sinplicity of explanation, the nethodology is shown
and descr ifagshodascagiseri es of acts, it is to be under st oghussndsosor24
appreci ated that the nethodology is not Iimted by the order of acts,
as sone acts may, in accordance with one or nore enbodi ments, occur
in different orders and/or concurrentlyiamith other acts fromthat
shown and descri bed herein. For exanple, those skilled in the art

wi Il understand and appreciate that a nethodol ogy could alternatively
be represented g3 s@m%glr | Sificdlf ACRICE hid PO EARsRh AY TS dats UGs188
in a state cfagram Moreover, not all illustrated acts may be
required t ocomghiegdongen cpelichmefx &Y vmmmnaam@nm Hrapsaissen, by éone
enbodi nents. [ 0049 I

met hodol ogy pf%ﬁ’@ ¢ hg&fq 4 ingtatgg eprhgsillotdc jomanjls 3“%{1151{’&1 ?? llﬁei'tllﬁcaSt feforence
nul ti pl exedsyfibatasie stitdn s firsi gmbol dhthSkhit.t Iraaaﬁmoss:herf&qmmh id mrmred

cyclic pref x durations. Method.110Q. can

t hi ngs, o beert %&refgr%‘fq Séffnbﬁgtuf ﬁw%frtﬁwgﬁﬁﬁepﬁo %Séi(éf a&%ﬁ“{fﬁ’f&

offers s uf f bl sefndGdtlor @l 1 SANRchRDsbOkanid) aWREE t18Sd:doFBilingOm dﬂﬂbﬂe@ as six
reduci ng overhead. In an enbodi nent, nethod 1100 can be nplenented
on a rbi | etateyircmagnithderit i W9aeanprosiatesthpirother itegrieggountssean be utilized.
cormuni cat i Zwcfl BANSTE Fh@yb iR
i s obser vedmﬁg‘%f&gﬁnﬁ%gfegﬁagcg%ﬁgagggﬁﬁéé%%@t r gnsrﬁ ssion, a
transmi ssi onf cachVBSEN For ansmplssimennaal lsandcasypet rtars mfershasnsyneod dt a
Mor eover, the transm ssion i L.

a1 on. ¢ REFERAREHT < ShERb-E AR PSR T R Eheh AL e oWerthan e
For exanpl epatibglaCivhbl SpphadingXcfittnad kpnbalam bers hotlfth (tmegmammnﬁ crltlcal
m croseconds), |ong. (16.66 m crosecon or l.on r 33. 33 .

m cr osecond$FMPIRE letherEpcast FRRRFLATOT ﬂ%@& sPreag ARRT| ‘i&%ﬂgi %ﬁvqnsmf‘f:é%?@ccﬁlg
to whether thge tafs@@@cﬁﬂcﬁ@d%@rhb&?in%ﬂ@ﬁet?leﬁ&ysdﬁilﬂ B5N16t5 0SSN longer
enpl oyi ng | on(ger or er cyclic prefix duration. If No, nethod 1100
proceeds t ocy@iceiremency tahsmisgensyfier Ene shAgigt G2Brhgl 1 KHlaragd @gnominal
synbol stru i i X SFN

transm ssi o%&?gst&erg’g%h;gsttﬂldt?ﬁgmﬁg% hnaﬁfhgggﬁf%g%ﬁgdeée Sp%}%tir eference
numer al 11080048f 1T0Gerriag $o rigt Ut eillvsiragademt = dneflivdplogynilotrg to &fcditetinge
synbols are s i.n the t he. sl ref ere o
10, the oamburBemEsh il SotReral S et LRRRE R e v
the first syiielendéritichbsagiplihg p@peries. eWaitel. foFanpexasfiiaplidityeofceflerstione

synbol s can be spaced to occup very twelfth tone i.n of .the S
symbol in Iélng@Ft%E%ngclSﬁP‘é‘l"F 204 Aoseuibrdsaspassen el Hipdside P 8%%%*905 and

sixth tone tairﬁ'eaadehmamel th& 86t dhy! oRg AR08y B QFder 67 Gdtd, Gis BEBE bots may,
transm ssi ons. reference nunmeral 1112, the freq uenc%(f is staggered
[+

bet ween thellﬁlacgftl‘d%l}ﬂﬁbmthoffneoﬁ@ TRQTE  CrERAGHIATI, rRFCHN it 24 TR erdérrcéndfor
synbol s and [ J.CA
ref erence syhg&flfehﬁ%nﬁ%gg 1 thQFYS?lstﬁ%%g&gmH? [IEH %él:ﬁgedg%?r&e@s ?‘gﬁé’ 6%1
frequency i sklcddgyteead it wdentanthend appstcian thaf @mdhwdglpgjood)lsld eltemitively
sub-frame. [0050 i1l be a accaqr t

or nore aspé’(‘?trgp %eélf:e\rg: BaSHE gFHﬁerfﬁ?t%cfgﬁ%%g &4 “‘Soé“%a%e regsgt\gfre cfn ?‘Fg%'
whi ch transmisgoen, igdal ilfusefpd ayedmnayvbe abquited| th Cinplaeidnk admeihbddogyi &
utilized, whether a special nulti pI exed pattern shoul d be enpl oyed,

etc. As usedoFREfaIcR Withioae PRMATCEOOMIMEI  or i nference” refers
general |y tqofddg PrpGRss R foeﬁgornnmru%%& isOf metHo@816EN Y160 BHa fachftates
the system ‘environnent, and/or ‘user froma set of obsServations as
captured vi @revdéngs ralntirtmcummramultmieéﬁ@n@éasé érﬁn%bb@rﬁprvé@ SHNttgnsmissions
identify a C t r !C@&y% 2 akl lHig
di stributi oﬁpglvlgﬁéegtcgﬁﬁﬁé# ocgfraet%glg ﬁ&thoﬁl 1é&?n eren & ng%l% gk,
to construct a pilot pattern in a multlplexed situation that offers sufficient critical

sampling for channel estimation while reducing overhead. In an embodiment, method

1100 can be implemented on a mobile device and/or a base station in a wireless



10051] According to an exanple, one or nore methods presented above
can include nmaking inferences pertaining to determ ning the node of
transm ssion. By way of further illustration, an inference nay be
made r el aeihhgosdghier m ni ng whet her a sl ot contains | opgRUSHYSIsITR4
prefix SFN transm ssions and uni cast transm ssion, whether a high
doppl er structure should be enpl oyed, whether overhead reduction
should be the primary goal etc. It wllisbe appreciated that the
foregoi ng exanples are illustrative in nature and are not intended to
limt the nunber of inferences that can be nmade or the manner in

whi ch such | EHtoRs %’sﬁerﬁ.mg? rd e FQYUAREHI 102 W ErkhshiRiohayh Ol Sbserved.
enbodi ments and/or net hods described herein. [0052]Fig. 12 is an

i || ustrati ofhofrapsoisiion eanldei & eunicag0 trehenisdicsid | aensapipiay i . §MBSFN
transm ssi on_cont ai ni i.pl nica S SSJ i.th
| onger cycI??mg?%?Fkagﬁ?%#%%ﬁ%@gﬁgg?#éageé%ggﬂ%ﬁﬁggg%%%ﬁﬁggg%?9%6%&§
recei ver 128znfikaionrtaaedfvelr aldsiognaic frarmsmissioarcan nstladecegryiag regclal pefix

antenna (not sho , and rfor t ypical. actipns thereo e. 0.

f1 tore, anpreyebor ciamalb frasels piefk iyint Spb B Pnetiti g iaighonds).
di gitizes tasemeh hicesiecbnab)tiabngep(38BBahibrosBRIHS At REeehscatunit2D2 104N
be, for exaone, an MVGE receiver, and can conprise, a denodul at or
1204 that carfetaniatirnit madeesyod wgthpiohe Harprpiss geludpeslofo wath SEN

processor 1&%@&1&3{0113%@1@2%%%&% iolﬁgezr_ lid Bk dtBatioRT %@@%{eth%gf)ﬁoo

can be a processor d o ana ing 1 hformation received

recei ver 12p@cenddtoreferener muiang 1166 orhees ¢ammertionalt neforenek synbel shyctyre is
ransm i i215, 1 PYBEGPASS Bk SONt 5l f JRLS. SRTHBAE o

nmobi | e devi procesSsor t yzés information
recei ved byproeesls i@ reft202; ngeaal 416 Anfladsed sowctiroris teratdnvsst anichst

transmtter 1216, and controls gne o conpgnent s of nobi |

devi oo 1200r riaBs R 520 it Be Bt Lo ad A TaEI BIpRFsE 10, the
menmory 1208 hedtwbéh ORGIREENEA] by GREHRE RELréRe BY1ABS 60the 12D Gy:abel of ftatslot
may store data to be transmtted, received data, information rel atl%ﬂ

to avail abl & ip¢rassaé| Eor eyampleaibs seipraneehymibely camag SpRetfl iGFHRY CHFRI/BE

i nterferenc t. i i i I
power | r at 0 015 i Sahq st Y AEARh 1l Y Aloehd (RS RLA G BRI every
estimating asixth&maelypmaldy cohmdninc &nignapditrashonte cxdhiarprefix tvpsmisgions2 08\

ddi ti I t d/. - i :
cot i mat | ng_ BEPHY DN R B ERuRRS) © uBi Al LLUR AERRELANRT Ao
capaci ty basethin@iCuicast WFRA08/59H6416 1RATHISHOO S RBOV D4 d Bup@qieti | dlot

wi || be appreciated that the dat to .g., nmenory.1208) descri bed
herein can BREPMEANIHY) TatrInes %ﬁi?i%z @Sﬁfggﬁ’fgépﬁ PF & lwﬁgmﬁf&ééﬁne’
i ncl ude bot by vplsatidyes antheRAMEalcRh tlceibRNB FbrthRymbel oPfheishb-gaieat i on,
and not limtation, nonvolatile nenory can include read only nenor

(RO, progl@¥fhbl dt RPq BROvjateddbEcinraceaifnge BBRnS RREISFLISRENS descriBed
(EPROM), el GelLf] GalikNce§ @S BPGdd %@Emmﬁﬁsﬁ e%&?%lﬁyed, which

h
Vol atil e nmenory can 1 nclude rand ess nenory (ORA , acts as
ext ernal cachadicnprbix ydurBionwayutdized,| Whgharas ispeciamdultiplex¢d pitttesn isbould BaM

is available i ny forms such as .syncheoneus .. ]
RANE ( DRAM) . CEPRREGHoLS: AT C SRR odire Hali st or SLRRGTLRR foe
SDRAVM), enhapeed SDRAMViNEIBRANr, inSytingstitekoDRAM t<Sh DRAMnmandandiarestr
Ranbus RAM (DRRAM) . The nenpry 1208 of the subsj ec sxsftenis and

met hods i s itWbAgish of gebservations as captured vig events and/or data. nference 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



conprise, without being limted to, these and any other suitable
types of nenory. [0055]Processor 1202 is further operatively coupled
to a prefix detector 1210 that determ nes the cyclic prefix duration
enpl oyed Ryo spspadcat i ons apparatus 302 in a transm Ss&pys@isx0fdi on
thereof. Pursuant to an illustration, comunicati ons apparatus 304
can be a nobile device. Typically, a nobile device detects the cyclic
prefix duration during an initial cell gearch procedure.
Conventionally, the nobile devices had two hypot heses: short cyclic
prefix and long cyclic prefix. However, with the introduction of a
longer cycl jb, RieX of fotdhe ex?é%fs:sa"f’e 96rﬁ{laﬁé&?ﬁloéws%)ti:mﬁorﬁlmr?ﬂmwpﬂfdmﬁer
energes. In a’transm ssion enploying Ionger cyclic prefix nunerol ogy,
there are tthkeescrsyaidalag qoer fedmpone Afsteralgatmend daja stweceenpl oyed cyclic

prefix nume gy, .the.transm ssion can be de d.an refer
Bymbols it 1TSEE”§ Aok aE RN LS a0t it FERORuRlRs A S BTG
still furthgakiagnpfereses gertiiing af Ottechddide ahel nade rensmihission. 1 B0 wiah atf
transmts a_sign (e, g., acknow ed nt ssage o, far instance, a
bage. st at i ORI GLAGH I ECTR F8Y el AL (BT T A B oh 61y
separ ate fr Qmihe I REACERIBO PrefXOSFN | thanbristiOn P S PRAERE hidh@dssidhatvheief kX
detector 1210 and/or nodul ator 1214 may be part of processor 1206 or

a nunber of highgleprlsvstsctuie shasibimymplppsh sihethgr ovehqad redyction shoukhbs B

of a syste a 'y ~te af ot he ject
di scl osur e%‘é‘?‘g&eé%q%’&oqﬁ‘gﬁgf?? s&éﬁ a@g@@g g‘tn? Oﬁkggﬁéﬂ%eseigg 1 lluasg%tgg sm
poi nt, ...) natuteland areoei wenddi3wAinib dte meder v nfgbupes kias yarf bomadner te

nore nobi |l e _devi ces, 1304 .t.hrough a plurality of receive antennas
1306, and o EPIGTERFRERFuchBm e e Ptk Rebtpgiondtiing Voot LS menis,
devi ces 1304nd/6vastBbdsalefdribedhdty. of transmt antennas 1308. In an 18
aspect, transmtter 1322 can. .transmt a data str to the one or .
mor e nobi | e [H959] _ce@g:sl_@&s &8 1%‘15§éfé|‘_l]’e‘i’éf’en’8 S‘?ﬂ&?"é‘: @gg]é}faé_fg‘%ﬁgﬁtef ﬁ@P{o@é’@h
packet is taRsMididnethnkdinihd ithliiftled 1REdaROMIETIO® GhandRESSdY Rith ISilder 6fdlic

receive information fromreceive antennas 1306 and is operatjvely,
associ at ed wrefi daratiensdMohilo devig ROOHampHsssrdEraYE s 2P 8t vasgives a Signal

i nformation froBe E’@%&t%@fﬁ&éé&?@ l:n?ceﬁfaefn h%ﬁg ga&’ é%rﬁ)rglg \%ﬁ?ﬁﬁ Utiohs é}'lﬁe{%m

that can be siimla rocessor: descri oV regar
Fig. 12, andeghifdfers, ssnqoifips, edowwoavarenere) 181 6ctived signek @sd digitizes the

information related to estimating.a signal ( . i l.0t). .strengt
and/ or intef? té%g SigPplRAtRm agﬂ@est.ot{g%sn{e}" aiggérgncz%nt @ed f‘frogxt‘ajurmLa‘é(":ugil@\e/I E
from nobi | e rgemis @08 karl ddprisera den@ddsprt a6t s eansdeaiddalate( rRediveangwibp)s,

and/ or any other suitable information related to performng t
vari ous act PBHETHY PEMdP Roweceswr 1PER fcﬁ %é?@?ﬁ$tlr‘?5(§’8§??@>ﬁ€fc®§es2§r°i§i%
can be furthegs cAUR £8rdksér ddaRaRMIS %hﬁf'ziﬁ?ir%hﬁﬁoﬂ-%&vé@ﬁfr receiver 1202
determ nes the transni ssion node to be enployed in a transmssion to
nobi | e devi eed/on g@urating dnfprmaiionifesranmitsive Wah Tseie 1310, Dieresset that

node, a SFN Q{E@ !ggﬁ i JI0G80 Ofn 4@ GOTDL0L 2R both
t hereof Basé s 3% fngen 1 g‘? ca %P%n?% ﬁ%@gﬁ%ﬁ%ie a%%’re ix de ee?:%or 1350
t hat sel ect anayzegdbfosngoeféceivdd batréw@ivet 2@ngtreyatésninfonmationafios frissiisson

or a portion thereof. [For exanpl.e, varying cyclic prefix,durathons
can”be ut | | PYSATTHNG: ¥4 By oL prahatert foireh of LIS 326

| nf or mat i on [4e53pe tMgHgTIdEYies 118y &e pddMbrhéd tdnmisa0semahorn2082Rat is
Modul at or 1322 can rrult};fi)l ex the information for transm ssion bg a
transnmitter OPF2BVIRCOUYEA 4N ERRTESOLIBEO 1< nBBi M8y dRIF B |° f%d_iﬁ“ I_mtted’
Al though depiGhed (36, REbDRiseRAME] & 1VanmBlt RRanREIRCHSS NsockRdd withtanhi§z4d
be appreciated that denodulator 1312, detector 1318, selector 132
and/ or rodulsignsl anide Antergrotrs syngthomipmetdensitedipian wpigachehenes!, ppwer,
processors. (rgtg,t ob I{'rloevn\ql%% Oz%x(aoﬁrlegt'hgr s&ébﬁ:hﬂl\fﬁnﬁﬂof)f@r”pgt&a%éea! Efanel and

conmmuni cat i on syste
communicating via the channel. Memory 1208 can additionally store protocols and/or

algorithms associated with estimating and/or utilizing a channel (e.g., performance

based, capacity based, efc.).



wi rel ess communi cati on system 1400 depicts one base station 1410 and
one nobil e device 1450 for sake of brevity. However, it is to be
appreci ated that system 1400 may include nore than one base station

and/ or ok bdagiseedle nobi |l e device, wherein additional pBag§2084/60tANS
and/ or nobil e devices may be substantially simlar or different from

exanpl e base station 1410 and nobil e device 1450 descri bed below. In
addition, it is to be appreciated that jpase station 1410 and/or

nobi | e devi ce 1450 may enploy the systens (Figs. 1-3 and 12-13)

and/ or methods (Fig. 11) described herein to facilitate wirel ess

conmmuni cat i mrs’r%]h erg Qgg}(ﬁgeag{)reci%%d[tﬂ%@l]ﬁp&aﬁp gtgteef fet bRRokA1808)t dedlrfved

t
data for a er of reams Is provided om a dat’a source 1412
to a transnh¢reiiTodn batdhgrrodass orenioty 4r horoletlic myemoyanr exanmpdlede betbh
data stream TRy,

be,transmtted ov ar ectj.ve antenna, .. IX dat .
orocessor 130T G agoralle ety By, wavoniliation s potlihagion qdivSlatile
st ream bas edleﬁmga caﬁ(rjihiamgjd aeadc odiyn gheanhe r(anog\ej eprbg}dnﬁrmblet REM d@RDM),
streamto provi. code ara | 006 caode at a r
stream nay Bls_ctﬁmelm%?%ﬁ@waﬁhetf{?%@%&% geguraly o *ﬁa&gﬁﬁ(ﬁ?&mm
di vi si on mukhdnoingmbR9 (R mé@eh b USSude heliidrh QR&st YneRfory (RAM), which

alternatively, the pilot synbols can be frequency division

nul ti pl exedaqispajextetiaheache viemaess. nBY Mayl ebxillgstiatipvpnd gpt EBdation. RAYo
mul ti pl exed gggf% . i i 'E%E t ?R%M
that is pr o%\éastsl; 4 %ng @%%uc?%%ﬁ?i%?ﬁ%ﬁy gsrgqslgi%qﬁ;ﬁn%bl (3 @gla\e“ Czéi
1450 t o est symeh®ncisaDRAM (H3RANEedou atautats PPBRASM (PPROIDIRAN ) cadente
data for ea a I ) ) o] d
based on a PARAE PP Str S arindt (RrbRaty), 3] 9Bt CRABRY pane
keyi ng ( BPSH)RRAWHIr The! herpita 0% F fthe kejiod Gy{eSlknd mdtipdasie-istbindet to

keyi ng (M PSK), Mquadrature anplitude dulation (MQAM, etc.)
sel ected f oFOPES: Hithoyt ?‘P%ﬁﬁﬁ‘tg‘gtop%% aﬁ%aﬁﬁaﬁl%we&m%aﬁ FMRe dat a

rate, codingyssnd magldlat 1om fARAGhadRldy SSupRAM B cRe dSt8iST M108Hat
by instructions performed or provided by processor 1430. [0061] The

nodul ati on $¢tamones the eyaliserefan dirationedmpoyadybymronprwsatiens apamtupORine

processor 1 WA C f r S | ation: sy

e oS P or " Ryt fERor! MELBE P RSQAER e ARREN, Gt RO Bt
synbol stredbw cho bR trodils mietiter STypINIR) a baddla dehico ulgtect4tBR teyclia prefix
vari ous enbqdi nts, TX.M. rocessor J142Q.appl.i es. beanf ar.m no.

wei ghi's to BHENG, PBES dPHES aRra Borulifte GNCHiS e Ne (R P aHRAeTFoed
whi c_h the sygbdypbthedesi Bigrt Ib?ﬂﬁ:”pieﬁﬁdand[ 0Rig2 ¢ytie hpfeﬁ:ansHb{_avé&f, 348 2the
recei ves and processes a respective_synbol _streamto provide one or,
mor e anal og§TgHEIE, ofeh Pt FYREF REEfT] q—&'—oﬁé-%e’m@f.(’?ecaﬁ&)i #jtsed hypothesis
filters, andnupeonyel ﬁ%mﬁé@%m%@l%éloﬁ%'c&cﬁ r@ﬁ:@ﬁﬁtﬁfi'oﬁ Dt ateiree

signal suitable for transm ssion over t channel . Further, NT
nmodul at ed siynlels per ovett r ddiari datenting 1the 2emplpyedu gyeliv4 pfix gpwnerology, the

transmtted.LLQMATh BN 6098l 448 did FiAe 19 abbts (f20F Fl Miftladt channel

estimation. Mobile device 1200 still further comprises a modulator 1214 and a
transmitter 1216 that transmits a signal (e.g., acknowledgment message) to, for instance,
a base station, another mobile device, efe. Although depicted as being separate from the
processor 1206, it is to be appreciated that prefix detector 1210 and/or modulator 1214
may be part of processor 1206 or a number of processors (not shown).

[0056] Fig, 13 is an illustration of a system 1300 that according to an aspect of the
subject disclosure. System 1300 comprises a base station 1302 (e.g., access point, ...)
with a receiver 1310 that receives signal(s) from one or more mobile devices 1304
through a plurality of receive antennas 1306, and a transmitter 1322 that transmits to the

one or more mobile devices 1304 through a plurality of transmit antennas 1308. In an



[ 0063] At nobile device 1450, the transmtted nodul ated signals are
recei ved by NR antennas 1452a through 1452r and the received signal
fromeach antenna 1452 is provided to a respective receiver (RCVR)

1454a t hr epgbooddssdsl Each receiver 1454 conditions (e. gcrukioos/esnsd
anplifies, and downconverts) a respective signal, digitizes the 20
conditioned signal to provide sanples, and further processes the
sanples to provide a correspondi ng "rece ved" synbol stream [0064] An
RX data processor 1460 rmay receive and process the NR received synbol
streans from NR receivers 1454 based on a particul ar receiver

processing teehniAleitQ BLO &Nt dal@Ghesh (SHrRAk of RaiRbilRieWaka
processor 1460 may denodul ate, deinterl eave, and decode each detected

synbol st reddf4 e ¢ semyorse afidata pagkets suelnthat pesh naplect dafransgtiftedain tugmuntil
processi ng 4 ' -g@q@h :

per f or ned bga$§%bﬁ%%ﬁgg%§§§§§gbfﬁi8Q§ﬁ%1 é@g%%%g%égggﬁh%g%ilgpgmd
base stati oz b#d@tivdlp0GShctatpd ogitls sor detbiflatay 1Pk ithaddi dehbdduladet ecerived
whi ch precoding matrix to, utilJiz s di scuss above. Fur r
processor 1@%'%?‘?&9“'f 06 ?Pﬁfrdé‘faéedﬂfg?@%— &g 14 e&r&é’ s%é’éocgﬁf%rl?gﬁf Higt gam be
matrix i ndeyinfRF td 18 paResser dedttbed absie Wig tepad to FRO6S]ahteviiavie cowpldd tok
nmessage nmay conprise various types of informtion regarding, the

communi cat i rUeTely hHOUSR! sieeesy wéamation geletgd dp restimptingha gl (68 nilAR

nessage May e B ARt IR A¥n@ iRt BuitLloa%ePRhitt4 3§ or Wakicld AbSGnobile
receives traffic data for a nunber of data streanms froma data source

1436, nodul deder(By] Wintedul disparate 4867 sietori(ndt hewn By and/emnawi ether suitable
1454a thr Ou%o%nd‘a%ﬁ relﬁggtotﬂe%ﬁmné rtlf‘eq/ag&?sl%ctcignsba%ﬁ%urﬁﬁigﬁé Rt H8rein.

{0057} Processor 1314 can be further coupled to a transmission detector 1318 that
determines the transmission mode to be employed in a transmission to mobile devices
1304. The transmission mode can be one of a unicast mode, a SFN mode, a MBSFN
mode, a broadcast mode or a combination thercof. Base station 1302 can further
include a prefix selector 1320 that selects a cyclic prefix duration to employ in the
transmission or a portion thereof. For example, varying cyclic prefix durations can be
utilized in different sub-frames of a transmission. Information to be transmitted may be
provided to a modulator 1322. Modulator 1322 can multiplex the information for
transmission by a transmitter 1326 through antenna 1308 to mobile device(s) 1304.
Although depicted as being separate from the processor 1314, it is to be appreciated that
demodulator 1312, detector 1318, selector 1320 and/or modulator 1322 may be part of
processor 1314 or a number of processors (not shown).

[0058] Fig. 14 shows an example wireless communication system 1400. The
wireless communication system 1400 depicts one base station 1410 and one mobile
device 1450 for sake of brevity. However, it is to be appreciated that system 1400 may
include more than one base station and/or more than one mobile device, wherein
additional base stations and/or mobile devices may be substantially similar or different
from example base station 1410 and mobile device 1450 described below. In addition,
it is to be appreciated that base station 1410 and/or mobile device 1450 may employ the
systems (Figs. 1-3 and 12-13) and/or methods (Fig. 11) described herein to facilitate

wireless communication there between.



[ 0067] At base station 1410, the nodul ated signals from nobile device
1450 are received by antennas 1424, conditioned by receivers 1422,
denodul ated by a denodul at or 1440, and processed by a RX data

processor wd4dshssagxt ract the reverse |ink nessage trapgiustoagiodny
nobi | e devi ce 1450. Further, processor 1430 nay process the extracted

nmessage to determ ne which precoding matrix to use for determning
the beanform ng wei ghts. [0068] Processores 1430 and 1470 nmay direct
(e.g., control, coordinate, manage, etc.) operation at base station
1410 and nobil e device 1450, respectively. Respective processors 1430

and 1470 capgag) assQyaad §ekiod fﬁo”ﬁ&‘?ﬁ@ﬁaﬂa"{%?a@ﬂﬂlb@ﬂgfzdétbﬁea%k% Srovided

program codes and data. Processors 1430 and 1470 can al so perf i nt
conput at i onéomoa dafei &@ercﬁrléq&éﬂ@yﬁ%auﬁ P & prspBas &ldst Areardias fioran

the uplink X énpqé) V%A gat'a srtx%gtg d&%‘#e%g lt?énsx{'l@tg%%lz&l a réslqe%w)ggan%gﬂ%; SO,

that the e escri rein nay war e,
sof tware, f pratemoe 4 dahewaredesmand @mmdi@,vemheamngﬁczjhta:sﬁn@mépmednon a

t hereof. For a hardware inplepentation,, the ocessi,n s nay be
ipl enent ed PHREHATCUE SEr T Boap o R ATeBh A T Ed T

circuits (AR0E8) . dihgidodéd GhtgITod eVhORES Stdatn ﬁ@ﬁp&)muﬁp@k&camtm [araldata
processi ng devi ces (DSPDs), progranmable |l ogic devices (PLDs),. field

pr ogr ammabl ssiga pehogong feeqpagaliyision pktplerines(OFDI} feghnigyes. Additionally or
m cro-contr QL&E%E%%!”H%{] g@% SR &n H@%ucﬁéfﬁfv‘lé?&i &uﬁgﬂéx%d Fﬁlvﬂnﬁﬂle

to performt un escri bed herei tion thereof
[ 0070] When ﬂh@l@nmmp&mmi $TRaMe, ornmderfbwslem muitigefed&D). f Therpdetedata is

m ddl ewar e %}]1 G395 gatglpggérﬁg%a%? ﬁo@es%e%%% k%S\QH%%ﬁer a%ﬁ%%’aﬁr%%s?aeat

stored in a as a's
code segnenindiily dds\&w BSG 3 cmnmtmﬁimm esspanst.umbd nmmplcacd; pibsprang cadyd data

program a rout| a subrout of t war e, package

P agsor "oty CoRGFASERER B PhSbefelRafe: BbS tHGht HREE o gy parfeula

progr am st ahﬁﬁfﬁﬁh& sﬁle‘ﬁ@d@gsegﬁ'i@ﬁrt pREBY.-shi: E%y/q@ ERPSIO), audrhare gRde-shift
and/ o

segnent or a hardware circuit b pa55| n receivi

i nf or mat i on kexiag AQPSIK Yy Uviehase-shih keyiag I@F MfﬁH%ﬁrr%fu@oﬁﬁlgﬁ‘ﬂ%e modulation

for %ﬁéh?”é@??ﬁﬁ?ﬁ&? PURAERT YR e gﬁ%ﬁ?ﬂa%’%&%ﬂﬁ%d?%é‘ﬁﬁﬁﬁﬁg‘%‘&dﬁm

sharing, nessagedpassichygodtletienfopasdi daje sterworek berdetesminsd ibynpstatctons
performed or provided by processor 1430.
{0061} The modulation symbols for the data streams may be provided to a TX
MIMO processor 1420, which may further process the modulation symbols (e.g., for
OFDM). TX MIMO processor 1420 then provides Ny modulation symbol streams to Ny
transmitters (TMTR) 1422a through 1422, In various embodiments, TX MIMO
processor 1420 applies beamforming weights to the symbols of the data streams and to
the antenna from which the symbol is being transmitted.
[0062] . Each transmitter 1422 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 1422a
through 1422t are transmitted from Ny antennas 1424a through 1424, respectively.
[0063] At mobile device 1450, the transmitted modulated signals are received by Ny
antennas 1452a through 1452r and the received signal from each antenna 1452 is
provided to a respective receiver (RCVR) 1454a through 1454r. Each receiver 1454

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



[0071] For a software inplenentation, the techniques described herein
may be inplenented with nodules (e.g., procedures, functions, and so
on) that performthe functions described herein. The software codes
may be st e¥@chokssa®NOry units and executed by processopsT/u$ives/emary
unit may be inplenmented within the processor or external to the
processor, in which case it can be comunicatively coupled to the
processor via various neans as is knowedn the art. [0072]Wth
reference to Fig. 15, illustrated is a system 1500 that effectuates
transmtting pilot signals multiplexed with multicast transm ssions.
For exanpl ecoiviinesikaiOo %1&@%%33511& fRdkr PREdskA! thy sHhiI& & @ovide a
nobi | e devi ce and/or "base "stati on. is to be appreciated that

syst em 1500cqrgespeisings sercse a@@hﬁ’éﬁ%ﬂhg functional bl ocks, which may
be function oc f

processor, gdfﬁ E)Lva ﬁ%ira%%% |Jr.?gst%??)%\60 lﬂé}:}eb?%aﬂdg}? b& @mr%&l@%symbd
1500 i ncl udetseamslfugn dalregiheupl 45¢ thSARomE paﬁleldalnec‘aVerqmmwam@teghmeo

|Cﬁ2| 33'{6 ;2 ﬁ%n n tl“ Q%%?{%O%ﬂf fsg 2 agg{gi 5%%%631%6%?‘9% Haﬁ{odulate,

transm ssi Oﬂe1ﬁéﬂéave'ritﬁl dvoste: can détectai @ﬁi’th‘(bl stteﬂrrpl@lradovbrl’ the saffsdaanfor the
(e.g., unicast), a point-to-nultipoint (e. rrultlcast) a broadc
or a conbi nddRSHcHRer Bist Pllﬂﬁ‘f'sﬁlﬁérby R%qut%éf%ﬁfrso’gl%‘ippisn@ni PRy to t o)
conpri se an,alaslenigatx QANO R csdoP 1 43E hf TN EhtAp@¥EhdiC1 AUk I¥se station
duration 1586 For éxanple, the node of transm ssion, channel

condi tions, 1610.ef fici ency concerns can influence the cyclic prefix
duration uti d. ;

el ectrical g%)dr?é ner@’%@%@g@g{ I?J{(gﬁleglaﬂr%g%%g)t E?é;kn%ﬁl(?fgnuatl &Jd métfix to
sub-frane 1b0bze EOWiscustdnbee. | ﬁuxahesuprotcfsamrelfé:?@nmy rfomdgera oyetse dink
prefix SFN transm ssions, untl cas({ |.ot i nfounat lgan be sent in
the first amF¥8tPIRPEARAPETISAD eﬁé’o’é‘l&’B apd g pnkvp 338 % on, the
frequency engisayed mﬁnreb@rsétlﬁ&gﬁfe%dgbeﬁa@eeﬂmbﬂ’@ fidak @pe HOURfoRmation
symbol s. Additionally, system 1500 may include a menpry 15%0 t hat
retains i nsf?ﬁﬂﬂ“%ﬂ@ qgrEyction ligh ap ﬁﬁfheoli’?%elﬁ“s]s%i‘ 8- wi ey reverse link

el ectri cal %& @ﬁﬁ $e éﬁ%@ssecﬂ-é@@l‘ﬁ%’t%@&smﬁhi@ whit®WsodSceR Rl REffic data

external to rre IS to be understood that one or nore of

el ectri cal (f@mmmebﬂ Qf dBoarearBFnan data 50gcerkda be xiodelatail biiiarmagutaseryl 480,
1510. [0073L¥}bcﬁ£o&ﬁ%yt1%§@m§é§§f4s%mggt%vmg%%m%ﬁs IBAES o Has RGN

nor e enbodi course eto escrlbe every
concei vabl e 1dbirbi nati on of conponents or nethodologles for purposes

of descri bi e afore ntlone odi ne of .. ordin

skill in ch%fT Ry s i ?@%@rﬁ%&uﬁfﬁt I.?&'? dICe 490 are
per nut at i ongedived aby omenaaﬂ)qdwe RbElidRd PBy s:e&dpesrs Am@r demglyiated gy a
descri bed embodi nents are intended to enbrace all such al terations,

modi fi cat i ogmakdalon 440 paharacessed Py RiideRi Hogaseer JAf i CHmEt Bedpwres
the appendedi gl alsfiBe uEh{nhiREd BPIBbIld Beilie1488! E0EthdrNGbcdshs 1486 ?HaPJ process

"includes" is usedin elther the detailed descrlptlon or the cflains,
such term i shd entapigdadnasegheo etermin¢ wiichrprecodmameatris faniseafpr defemiiaing dom

"conpri sing IS | nterpreted when enployed as a
transiti onalbeg‘rﬁf 5'%9’%%‘@% im

[0068] Processors 1430 and 1470 may direct (e.g., control, coordinate, manage,
etc.) operation at base station 1410 and mobile device 1450, respectively. Respective
processors 1430 and 1470 can be associated with memory 1432 and 1472 that store
program codes and data. Processors 1430 and 1470 can also perform computations to
derive frequency and impulse response estimates for the uplink and downlink,
respectively.

[0069] It is to be understood that the embodiments described herein may be

implemented in hardware, software, firmware, middleware, microcode, or any



CLAIMS 1. A nethod for transmtting a set of pilot signals with

mul ti pl exed un cast and nulticast transm ssions, conprising:
classifying one or nore nodes of transm ssion; sel ecting a

| onger cye&¥o soopomhdix duration for at | east one sub-frareTus2008/050724
accordance with the classified one or nore nodes; and

mul ti pl exi ng uni cast reference synbols, nulticast reference synbols
and nulticast user data in the at |east2lone sub-frame based at | east
in part on the longer cyclic prefix duration; wherein the

mul ti pl exi ng i ncludes one of: enpl oyi ng uni cast reference

synbol's in gathingloat Se@bt, t IFer athad®ASE iRPRmSHAtié, 208 pydteidghenits may be
sub-frame does not contain |onger cyclic prefix single frequency .

net wor k t r aimememeiteshwithiggge or more appligssiar pprgififriptearsted capepd ASECH B s

only in the_f] eqak.l d

sub-frame c%%{lgal%ﬁg&k%tﬁsgg?sgzé}c?]ggalpéﬁgﬁ X i)(g:i%?\g ea%‘é%gggggsg)ﬁ ?Fﬁ%ﬁmable

transm ssi olgic deRices (R Dwt findd profracinzdbin gate winays SFRGA$e pivockeds,afontrollers,
ast one_ of .a uni |

e st OBy RehMRGRL 8RRy R SRR 0 o OIRLS

transm ssi ofunefishsaefridadibasih, s amabimsbnthercoR. The method of claim 1,

ahereln the LaRoer dUGaLion cycl L pre X 3 consly et ed by v educing
middleware or microcode, program code or code segments, they may be stored in a
machine-readable medium, such as a storage component. A code segment may
represent a procedure, a function, a subprogram, a program, a routine, a subroutine, a
module, a software package, a class, or any combination of instructions, data structures,
or program statements. A code segment may be coupled to another code segment or a
hardware circuit by passing and/or receiving information, data, arguments, parameters,
or memory contents. Information, arguments, parameters, data, efc. may be passed,
forwarded, or transmitted using any suitable means including memory sharing, message
passing, token passing, network transmission, efc.
[0071] For a software implementation, the techniques described herein may be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes may be stored in memory units and
executed by processors. The memory unit may be implemented within the processor or
external to the processor, in which case it can be communicatively coupled to the
processor via various means as is known in the art.
[0072] With reference to Fig. 15, illustrated is a system 1500 that effectuates
transmitting pilot signals multiplexed with multicast transmissions. For example, .
systemn 1500 may reside at least partially within a mobile device and/or base station. It
is to be appreciated that system 1500 is represented as including functional blocks,
which may be functional blocks that represent functions implemented by a processor,
software, or combination thercof (e.g., firmware). System 1500 includes a logical
grouping 1502 of electrical components that can act in conjunction. For instance,
logical grouping 1502 may include an electrical component for classifying a mode of
transmission 1504. The mode can be a point-to-point transmission (e.g., unicast), a

point-to-multipoint (e.g., multicast), a broadcast or a combination thereof. Further,



4. The nmethod of claim 1, further conprising precluding the
utilization of a longer cyclic prefix in sub-frames that contain
synchroni zati on codes. 5. A wireless comuni cati on appar at us,
conpri Si Nngvo 2008/0864@ NMenory that retains instructions retaUsSH/EE0724
cl assifying one or nore nodes of transm ssion, selecting a |onger
cyclic prefix duration for at |east one sub-franme in 24 accordance
with the classified one or nore nodes aid nultipl exing pil ot
information and nultiplex user data in the at | east one sub-frane
based at least in part on the |onger cyclic prefix duration; and

a processor joaRUPLRMping 1508 ABMBEHMprieOnf bigstied dotpB¥&e Ube sdififing a cyclic
instructions retained in the nenory; wherein the instructions related
to the nul t Psfisxdurgon déPdEsr ermands the mode of Hangmigsiqne ghanngl ndiiops or

enpl oyi ng upd - Iy : -1.pe -afe
R A S R P R
si ngl e freqgeopygded2vonkndudermrblesicahgympnent for multiplesing pdet infegmation in
related to allopcating Léni gast peference bg%argl)é)lcsmqgl s ERe. TLIst ae
slot of the®atPTELSt “fhe ELIPRAMe Tiferr RE"S FBIFATRER SHEAT REFoRger
cyclic pref irgnsgiiss@ing, dni@sutiocinforaaien dantbeaasin §Rifostsind fdrth Bh@bols of the

{r anom ssi o HENudl HINRBRGE TBRTY CHP b4 o S SR 15 Ggie

frequency nefardmbbRNSAAESHANy, FsdH 1400asky InchRS M $8h6H. 1A0ShitGAS!

transm ssi on and a broadcast transm ssion.
instructions for executing functions associated with clectrical components 1504, 1506
and 1508. While shown as being external to memory 1510, it 1s to be understood that
one¢ or more of clectrical components 1504, 1506 and 1508 may exist within memory
1510.
[0073] What has been described above includes examples of one or more
embodiments. It is, of course, not possible to describe every conceivable combination
of components or methodologies for purposes of describing the aforementioned
embodiments, but one of ordinary skill in the art may recognize that many further
combinations and permutations of various embodiments are possible. Accordingly, the
described embodiments are intended to embrace all such alterations, medifications 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.



7. The wirel ess conmuni cation apparatus of claim5, wherein the
menory further retains instructions related to precluding the
utilization of a longer duration in sub-franes that contain
synchroni zati on codes. 8. A wireless communi cations apparatus that
facilitates transmtting a pilot sign mul tiplexed with multicast
transm ssi ons, conprising: nmeans for assifying one or nore nodes of

transm ssi on; nmeans for selecting a |longer cyclic prefix
duration for at |east one sub-framgy gpggcordance with the classified
one or nore nodes; and means tor nultiplexing pilot information

and user data in the at |east one sub-frane based at |east in part on

the longer cyclic prefix,duration:. wherein the a for_,nul.tiplexing
i ncl udes one of: %Smetlh()d Orrtrlieag%nsu@tlm(%ra Seegr?ﬁ%%/oltt ﬁlén%{%?véqgﬁu%% xeerd élrlllccél&

synbol s igndboilficast @insmBfiohd)eodpridig@st one sub-franme when the
sub-frame does not contain longer cyclic prefix single frequency
networ k t r ans iaSEReREOneH dnore MOdpsf{@nFBIsSIgN;| ocati ng uni cast

reference symyglsin lﬁn%é? LR Fréfdlursh Rl foPht 1bREoR subgBSe iRREordance
sub-frame when the "sub-Trame contains |onger cyclic prefix single

f r equencywittethwolaksifiedoreror sgiromodes; gad The wi rel ess communi cati ons
apparatus of cl aj NS SSi onbioﬁ%alde at

.m 8. wherein the mpdes of. tr
ehst one of dfineaus FRTIAbS SROGR AR RRLER SheaAr
t ransm sshalficasaudtn bith @bt at leasn 658 Sbifoame bassd alksastpattraaniaioagéragcland
a broadcast_transm ssion.
prefix duration;
wherein the multiplexing includes one of:
employing unicast reference symbols in both slots of the at least one sub-
frame when the sub-frame does not contain longer cyclic prefix single frequency
network transmissions; and
allocating unicast reference symbols only in the first slot of the at least one
sub-frame when the sub-frame contains longer cyclic prefix single frequency

network transmissions.

2. The method of claim 1, wherein the modes of transmission include at least one of
a unicast transmission, a single frequency network transmission, a multicast transmission,

a simulcast transmission and a broadcast transmission.

3. The method of claim 1, wherein the longer duration cyclic prefix is constructed by

reducing a tone spacing.

4. The method of claim 1, further comprising precluding the utilization of a longer

cyclic prefix in sub-frames that contain synchronization codes.

5. A wireless communication apparatus, comprising:
a memory that retains instructions related to classifying one or more modes of

transmission, selecting a longer cyclic prefix duration for at least one sub-frame in



10. The wirel ess comuni cations apparatus of claim8, further
conprising means for precluding the utilization of a | onger duration
in sub-franes that contain synchronization codes. 11. A
non-transitory machi ne-readabl e medi um havi ng stored thereon

machi ne- execut abl e instructions for: assifying one or nore nodes of
transm ssi on; selecting a |longer prefix duration for at |east
one sub-frame in accordance with the classified one or nore nodes;

and acéwaetnwkv%mmclmsﬁga oh®b60hBRIh RS aﬁwmuﬁﬁ;lex@l?gtﬁlot fhféﬂﬂﬁh@ﬁ and
| east one sub-frame based at least in part on the |onger cyclic

prefix durdtiplonysensan él herhlsasione syptoannbasedet loae ; pwfeonghe longer cyclic

enpl oyi n ol rence synbols in both slots of the at |east one
sub-f rarrg) é\;#eér%ll%ﬁe %L frarre does not contain |longer cyclic prefix

si ngl e frequengyodesioneslplddriatenmastignsinfigmed to execudlthedastticrignauni cast
reference synbols only in the first slot of the at |east one
sub- f r amE“HER Y HE ™SI r ame cont ai ns | onger cyclic prefix single

frequency net wieleit e MEusidn@Rdated &Pthe dditiplB&ndRER A @Rdabl e nedi um
of claim 11, wherein the nodes of transmni ssion include at | east one

of a unicast transisgastions related foginen]e yingueipasy raferenas sknbela s bt sion,  a
mul ticast tr a%? eS8 18R ond s-FHhE 3REn o305 Faid30s AR oRaRNGALE B5ttic

transm ssi on
prefix single frequency network transmissions; and

instructions related to allocating unicast reference symbols only in the first
slot of the at least one sub-frame when the sub-frame contains longer cyclic prefix

single frequency network transmissions.

6. The wireless communication apparatus of claim 5, wherein the modes of
transmission include at least one of a unicast transmission, a single frequency network
transmission, a multicast transmission, a simulcast transmission and a broadcast

fransmission.

7. The wireless communication apparatus of claim 5, wherein the memory further
retains instructions related to precluding the utilization of a longer duration in sub-frames

that contain synchronization codes.

8. A wireless communications apparatus that facilitates transmitting a pilot signal
multiplexed with multicast transmissions, comprising:

means for classifying one or more modes of transmission;

means for selecting a longer cyclic prefix duration for at least one sub-frame in
accordance with the classified one or more modes; and

means for multiplexing pilot information and user data in the at least one sub-
frame based at least in part on the longer cyclic prefix duration;

wherein the means for multiplexing includes one of:



13. The machi ne-readabl e medi um of claim 11, wherein selecting a
cyclic prefix duration conprises precluding the utilization of a
| onger duration in sub-frames that contain synchroni zati on codes.
14. In a wireless conmunication system an apparatus conprising: an
integrated circuit conprises a processpr and a menmory configured to:

classify one or nore nodes of transm ssion; sel ect a | onger
cyclic prefix duration for at |east one sub-frame in accordance with
the classified onepRindmF EmPRYRS unRAH referencd@inttol i€%of IS of the at least

i nformati on and mnul ti cast user ata in the at | east one sub-franme

based at | eastong pubphinme phen e shofigare degindt coppiaripngereycde PEAX sies ei n
t he integrateqkﬁhéﬁyh&“%ggﬁ&%ﬁﬁgﬂ)gqlgultlplex I's further configured

to one of: uni cast reference synbols in both slots of the
at | east one sub- f IEEAES fmhelmocﬁahmg snibast refrencd opsbole bnlyonthei ﬁrstlsbngé‘rhe

cyclic prefix single f uenc wor transnls I on

al | ocate uni cé‘glea &Pe Pk Vﬁﬁ%f B mler‘fo?tﬁ]éls 9est dygf%?regf‘ PRI at

| east one sub-fchasRy m@@@wmﬁgmgugmﬁ@ane contains | onger cyclic prefix

singl e frequency netmork transm ssi ons.
9. The wireless communications apparatus of claim 8, wherein the modes of
transmission include at least one of a unicast transmission, a single frequency network
transmission, a multicast transmission, a simulcast transmission and a broadcast

transmission.

10.  The wireless communications apparatus of claim 8, further comprising means for
precluding the utilization of a longer duration in sub-frames that contain synchronization

codes.

11. A non-transitory machine-readable medium having stored thereon machine-
execuftable instructions for:
classifying one or more modes of transmission;
selecting a longer prefix duration for at least one sub-frame in accordance with
the classified one or more modes; and
multiplexing pilot information and user data in the at least one sub-frame based at
least in part on the longer cyclic prefix duration;
wherein the multiplexing includes one of:
émploying unicast reference symbols in both slots of the at least one sub-
frame when the sub-frame does not contain longer cyclic prefix single frequency
network transmissions; and
allocating unicast reference symbols only in the first slot of the at least one
sub-frame when the sub-frame contains longer cyclic prefix single frequency

network transmissions.
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12. The machine-readable medium of claim 11, wherein the modes of transmission
include at least one of a unicast transmission, a single frequency network transmission, a

multicast transmission, a simulcast transmission and a broadcast transmission.

13.  The machine-readable medium of claim 11, wherein selecting a cyclic prefix
duration comprises precluding the utilization of a longer duration in sub-frames that

contain synchronization codes.

14.  In a wireless communication system, an apparatus comprising:

an integrated circuit comprises a processor and a memory configured to:

classify one or more modes of transmission;

select a longer cyclic prefix duration for at least one sub-frame in accordance with
the classified one or more modes; and

multiplex pilot information and multicast user data in the at least one sub-frame
based at least in part on the longer cyclic prefix duration, wherein the integrated circuit
configured to multiplex is further configured to one of:

employ unicast reference symbols in both slots of the at least one sub-frame when
the sub-frame does not contain longer cyclic prefix single frequency network
transmissions; and

allocate unicast reference symbols only in the first slot of the at least one sub-
frame when the sub-frame contains longer cyclic prefix single frequency network

transmissions.



