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II. Background

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

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

simultaneously support communication for multiple mobile devices. Each mobile



from base stations to nobile devices, and the reverse
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comuni cati ons between nobil e devices and base

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

that is presented later.



cl assifying one or nore nodes of transmission. In

addition, the nethod can include selecting a cyclic
w@e@Biogeddur ati on for at | east one sub-frame i NPCT/US2008/050724

accordance with the classified one or nore nodes. The

met hod can al so conprise nultiplexing pilot

i nformati on and user data in 8he at | east one

sub-frame based at |least in part on the sel ected

cyclic prefix duration. [0009] Another aspect relates
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transm ssion. The integrated circuit can further be
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



configured to select a longer cyclic prefix duration

for at |east one sub-frane inaccordance with the
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integrated circuit can be configured to nultiplex

pilot information and user data in the at |east one

subfranme based at | east in padt on the |onger cyclic
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[0018] FIG. 11 is an illustration of an example methodology that facilitates
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.

[0021] 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.



herein.[0022] FIG 15 is an illustration of an exanple

systemfacilitates constructing a pilot pattern in
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el enents throughout. In the follow ng description, for

pur poses of explanation, nunerous specific details are
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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



devi ce, or user equipnent (UE). A nobile device may be
a cellular tel ephone, a cordless tel ephone, a Session
WO piolost4son Prot ocol (SIP) phone, a wrel ess | PCEUS2008/050724

| oop(WLL) station, a personal digital assistant (PDA)

a handhel d devi ce having w rel ess connection

capability, conputing device, 6or other processing

devi ce connected to a wirel ess nodem Moreover,
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term "machi ner eadabl e medirumi’ can incl ude,
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figennas 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, etc.), 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



appreci ated by one skilled in the art. [0028] Base
station 102 may comrunicate with one or nore nobile
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122; however, it is to be appreciated that base
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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, efc. 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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daerstinerca cyahic pPefis foarat trangmassionl | sy Jantoduiatlolt hecs ypoth es OFDM,
can utilize a cyclic prefix in link construction. Pursuant to an illustration, the cyclic
prefix facilitates improved reception of a transmission under multi-path channel
conditions. Multi-path is a propagation effect in wireless communications that results in
a radio signal arriving at antennas by two or more paths. Atmospheric ducting,
reflection and/or refraction in the ionosphere, or reflection from buildings or mountains
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
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than in the first symbol). Typlcally, unicast reference symbols occupy every sixth tone.
In accordance with an aspect of the subject disclosure, multiplexer 206 structures the
resource such that unicast reference symbols occupy every twelfth tone in the first and
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
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stem O I ncl'udes communi cati ons apparatus 302 t
304 over a forward link channel; further communications apparatus 302 can recelve data

from apparatus 304 over a reverse link channel. The forward link and reverse link
channels can include point-to-point transmission modes (e.g., unicast), point-to-
multipoint transmission modes (e.g., multicast) and/or broadcast transmission modes.
Moreover, system 300 can be a multiple-input, multiple-output (MIMO) system.

[0038] Communications apparatus 302 includes a transmission type detector
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



comuni cati ons with communi cati ons apparatus 304
(and/ or any nunber of disparate apparatus (not
W@ b@sague1l Comruni cati ons apparatus 302 can tr aPGTiU$2008/050724
data to apparatus 304 over a forward |ink channel;
further communi cati ons apparatus 302 can receive data
from apparatus 304 over a reveErse |link channel. The
forward Iink and reverse |ink channels can include
poi nt -t o-poi nt transm ssion nodes (e.g., unicast),
R A isS M IBREINEraddhAESEH SR/ GNa BRABSast.€ THe prefix selector 308 can
mul t1 cast) and/or broadcast transm ssion nodes.
emouen cyslyspreﬁx 300 trarsnbmcm nin| ani ifh@ratevhimstance, the cyclic prefix

[ tiple- ti
g%lp]%\elr %{Oﬁs g)l#tl?ﬂ(ﬁ gg)ss glh%p,{egg |C(3_,I$1 b%?gﬂ%@fsgeqngig n duration,
Qg @AnBEabICK r8iRtREIRs ﬁp&rm adohidloe X8ty lgﬂ-@eyc_ﬁ'a?)reﬁx can

transm ssion type detector 306 can deferm né the type
be 3Avdemistroseeatsninsdiration. o The @ﬁ@nmgﬁé@nu ¢hngbe based upon channel

%on%nt‘?ons dsad Bver %l%%fna tsﬁjosldssg tan§ ) 5101(1:“ %(naoﬁple?c the

ransn133|on can be a unicas ansm'ssi’on, a

oLy ansm BRilFlexed AVBIMNtipIcAS Sinsisol O Prién@/ @ansahission to apparatus
broadcast. The prefix selector 308 can deternmi ne a

89| Multiplergnd lpoc‘ranantﬂﬁla@m%%%f?fermeawmhql%%Itdr %F]éTdransmlsswn
iarﬂﬁltogﬂl%e% l&rﬁgr %¥€l C?relﬁg(e\ixitlﬁlnctﬁg S ﬁlgstpa%r 1%155 o8 O"inte In an

I X can m Crosecon S
1llmstﬂalr\&t1nslmceaslbts mgntxamnng)bngcﬁr GolioprefiesHdOtrgisniissions and unicast

duration and_a | onger, or v | o ljc prefix_can
eSS B e SEEEHES Brmilolerb D i th@@ﬂ%ﬁ@fqr%e symbols
£RaRcREn BRSGHd %}HEH‘S%%WJQ & th& QBe1 é&ﬁﬁlondﬁh% 'ffeﬁge&Y&ra@l%éﬁlons for
t hreshol ds, transm ssion node, etc. [O | exer

Bt Cumedst rqulen% Sﬂylmisalcsn i tregemdt lveawsem Eklsl fonst tamd third symbols.

PRPERER B doiohs roionle SERPalY S FRley Sioru et o B e first and
AT mMBAIE! | SindE @hd Xond §tcthgt Re7SaRBIA RO AU SIShANsPak&Bbetween
interval. In an illustrative instance, slots
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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.



determ nes the cyclic prefix duration enployed by
comruni cati ons apparatus 302 in a transm ssion or
w@oBigdet her eof . Pursuant to an ill ustrati on, PCT/US2008/050724

communi cati ons apparatus 304 can be a nobile device.
Typically, a nobile device detects the cyclic prefix
duration during an initial celd search procedure.
Conventionally, the nobile devices had two hypot heses:
short cyclic prefix and Iong cyclic prefix. However,

the i g@ﬁg a n I ,
IéUOWﬂ m crlggf(;econdltsl(wertlo ﬁ%s o mh%%t T§,| ﬂggoélﬁéee?%%gplﬁ?sn&e depicted
tr anemiase with enrrpip@yn afghd subg@t doylobure. Ppefhieypurposes of simplicity of

ral og there ar.e three synbol s r slot. .In a
2P0y Lo INES BN Grpuee, MRtk B g tIE: Rt yfrequency
§1YI%§169§1 it tid @u Qfl Qﬁlra{tﬁﬁ% AeGsubeBARdaf Ywo slots of a transmission

synchroni zati on codes (SSC) are transmtted on two

gepar améh@ymfﬁl sEgtiht hiogk mm the glopg. thyHipguennyl a}m) figpresents a tone

\(\%g%fb thi %papc?rllgmetwg% ! Ioa dsc 34 trepenh Sht é)IOICl ?l%:tdhs ic %reﬂnc?uratlon utilized.

Eaansiotisslony theAtBO LS Rprasentsa syhbea@eicfEit dutafien and number of

| onger .cyclic prefix nunmerology. is not enployed in

SieRass BoHtaencRgs pae Hisarvshc 8t sraplerids gﬁdﬁ@ poeraeciated that

E:%)eﬁ T1b 3% ROV s@raF %reggutipélse% Qnd 9{}2 RIS s Eﬁj%&%&?er is not limited to
Ings are depicted in accordance W th an aspect of

tHe@espﬁb}feh:&se (ékamj)les uTkoseBbifled ethpurtphewld apf)reSlat‘q:ﬂdv@ﬂieyesource

of ex | anat i on, e exa es il|llustrate a resource

BRBRREY it ecx s éﬂ cmtn@a Gty eI OReeR & aptgnnas, varying

RAERbadih, dW8- ﬁiah@r&luh%oﬁné%c sub-frame or two slots of a

transmssion (e.g., 1 mllisecond). Each block in the

HI0d2h t he v egoumboginexi, s:onwm@selmteﬁeramcsymbmhemmturetlhedentlcal

PP g ORI st (ERCRORY k3R ahiT il bffevtic profin

AraBor ! fges ant smidroyedaal. Whallginy tthe &M’lz@dﬂdﬂﬁl esﬁqcture channel
nunber of synbols is al so depends u$on the cyclic

pﬁ{@iﬂtlf@n@@ffpﬁmby py mebile dpacaprr eitica from {llhﬂétngFlf the delay spread
ée u%j R dlt?{rerlléel Wedile Itli Yﬁf]“r? S gplﬁtgﬁsat%lﬁe olﬁgntd:aﬁcf %asg multipath

i SN0 SUope™o

ecmpmieﬁg is grease tisdal 13 krbgecdbiB. afvenshich ldﬁga@bﬁ@pteﬁk&iuratlon or
how t he resource mappi ngs can be extended to syste
lomestusiicHg Pty euratien. trbemncistograghplals, emﬁlpwdq@‘ th% H@lcast delay

%ﬂn_gégi DGeefUPHEEATR, %’i%@w MY 5 8@ ict t[&xgouﬁﬁ a]s{ lcﬁr&tructures ernployed

dinent, conventio refer nce Sy truc ure IS
witenibhg a:lyc]ﬁco prdiot Hudatog teyierhissiops efat Xadlitagt posiding. e , mismatch

66 n1§roseconds nd shaort cgcllc refix duration
é@wﬁmlmﬁlﬁdﬁﬁﬁwa§8 gharacl gSfimation AGFUr4f¥: convent i ona

fogget ure, Incii'%~I nebnesiy- Ff@itnb Qv P SIbEs? %Hﬁgln% ﬁ’tﬂl‘as%hbﬂ &mbols is

device can suffer fromaliasing if the delay spread
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86(.)pq;£g[o(li1 et%cﬂ?rg %roavulieassetfﬁcrttllélnt op%rattlon in high Doppler scenarios. Pilot symbols
are transmitted on the first and fourth symbols of the first slot as well as the first 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.



conmponent) is greater than 13 m croseconds. Even with
| ong cyclic prefix duration or |onger cyclic prefix

walenoansam the numerol ogy cannot be enpl oyed iPCT/H82008/050724

uni cast del ay spread exceeds a threshold. Figs. 4 and
5 depict two unicast pilot structures enployed wth

| ong cyclic prefix duration transm ssions that
facilitate avoiding the m smatch between prefix
duration and channel estimation accuracy. [0043] In
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siafla€ tcSthaﬂ@dﬂikﬂéd ﬁi Figl 4 pﬂfef@ﬁ Fig. Wepﬂﬂ@ﬁhﬁ@ﬁeﬂeﬁ%ﬁmmlsmon based
overhead. This structure illustrates pilot synbols
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ane FHogn ﬂlappddetdmnﬁbmigs apieenashi it éds teerpplam st&:narlo a 4 antenna

di versity.[0044] nd 7 depict. nul tjpl exed
foissefsta%wwa@mre@r aﬁ%ﬁfi iognte the wueast d%’ﬁlff CQisypbgls, unicast
ASRESH 28 PORECIS lﬂl%hﬁﬁfsmghsg%%ﬂtrﬁ thé ﬁrs@@wb Iswgslrs AritNEsub-frame.

I nstance, the depicted exanpl es involve unicast
Moaersit, SN dataogmdt SN ackrroos epighelntarc hlaoneht c(n«@#(ﬁbfol s within the

e bl Rl cln, PG ER BGoN O AP e HEC T ds ot alered:
NG GHr dRerhBRCKIAifARSIE. SKi P, $PamcdsnPcfickb SHARAL re not sent in

Fig. 6 depicts multiplexed transm ssions based upon a
fhicl sseonshslpeh the sb-irme.o Alant weipise ded. e muljiplaxcd structurcs in

%rg AR '% fgcilhtatedr%ﬁ cntl% O\ri"éli%%lrdplt 4 ?ﬁ t(fulgpﬁlui. %htgp &@(ﬁﬁ a%curacy 18

frhjghctd. as[ Q)(Mrﬁ]as lanyt Eshekdnlt UddhicaiuR@ofUint byt-Bx@es rsebRyliaR to the
bl ocks, unicast reference synbols are shown napped to
BB@?W@@P@Fmﬁﬁtennas In this exenplary scenario,

1 1 VG AEIST 0, L gt oo
AL M VB BIEAST S O, AL B
pattemssios su wunssapdotssanutturd) tltah emblaysta lowgersyolo beefiaf durdteon. For
sub fra Nbreo FN data an ref erence
Syt dhe jonesy S o1 Eairetts 'f\fu@y%aﬁ% R %ﬂt%@em épggonstructed
BUR LEATR: a hdheH gcmg frohD 85 Wit LRSE 5 KefLT6AKS tBYRBL: cyclic prefix
structure is not altTered; however overhead renains
thaegen, cheh Flpgcom}lnmlsymbols ragbppanad ¢o sixnbyedosrdangy.nol millisecond
g’u%r]%rarlng contains 6 symbols instead of 12. The pattern depicted in Fig. 9 can be
employed with 4-stream MIMO systems. The pattern illustrated in Fig. 10 provides
lower 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 SFN 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



the second sl ot of the sub-frame. Absent unicast data,
the nmultiplexed structures in Figs. 6 and 7 facilitate
WO ed8o8dgl over head. Channel quality indicator PQQ$2008/050724
accuracy is inpacted as well as any coherent
denodul ati on in sub-franes subsequent to the
illustrated exanple. [0046] Turning nowto Figs. 9 and
10, illustrated are unicast reference synbol patterns
for a unicast pilot structure that enploys a | onger
FXGLAS: Binffolo WKL AIACRCEE RS PERTM GandiSid PBAPSFRYEHL. Cin slots
prefix duration can .33 m croseconds and
omﬂanmgclpa@brfqyoho; rpeefucc SEE teansomsiosp aod ngidasotriseisdion, the tone

%_I%i‘&ﬁlgslﬁ ??g&#{%&ﬂgﬁge& ﬁ%ﬁ&er ¢ Cl ; COE grl;]j(’)gl d %tumcast reference

AR bRt indhd fidt sy inBgICOMEe §léb II{ adEtish @ﬁ@fr@@eﬁcy is staggered
symbol s instead of 12. The pattern depicted in 9

betnotelhenpicuyedsybois in e fiesny WOV Sy (oslol ahe he st symbol of
Rlat tegontrgi slot olfsffl [ ?tn?lﬂlse d s%b fra \}&I%etﬁe stg%germ fieapelgtgd as six

ey enpy oyi ng -2 St Y ean

dinb!@ [Ishiagmﬁgapit ik rt@fﬂ;bcabb@elamaytﬁatc@theraﬁa@?eﬂ amouhfs can be utilized.
avai | abl e. [0047] Referring nowto Fig illustrated
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I S staggered between the reference synbols in the
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be utilized. Mreover, the unicast reference synbols
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erence synnbo parti c
mappéardanet with eonea ot Mneret wbmmntanmesodamg her differdnoveeders and/or

than th ticul ar .t one. r eadi reference synbol s
PQICHERYY VHRIOMHER apts floThrliah FA AT dasFibad sy FRESBImple, those
SR GASH \Qﬂatﬁfﬂi%fstafngranq tpﬁbécﬁn&r 0% nRRRIIBRIZY BdId alternatively
el even m crosecond so reduci ng overhead in the

be ecquensuted derrabanics MHn@hohEdrmte$ ontwintd, ngch ehgen state diagram.
Moreover, not all illustrated acts may be required to implement a methodology in
accordance with one or more embodiments.

[0049] Turning now to Fig. 11, illustrated is a methodology 1100 that facilitates
providing a pilot structure in multiplexed unicast transmission with SFN transmissions
with longer cyclic prefix durations. Method 1100 can be employed, among other things,
to construct a pilot pattern in a multiplexed 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



cyclic frequency SFN transm ssions, the tone spacing
can be 15 KHz and a nom nal structure such as that

WO ktogssiat ed in Figs 6 and 7 can be enpl oyed. PODB83008/050724
Referring to Fig. 11, illustrated is a nethodol ogy
relating to facilitating nmultiplexing unicast and SFN
transm ssion while preservinglauni cast pilot structure
with sufficient critical sanpling properties. Wile,
for purposes of sinplicity of explanation, the
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gapebdteach tones eevupiet bgiumenast, refretrivodyhbold of dre fiest symbol of the slot
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6cﬁﬁlalhﬁhg| ufilieast arcydraigeeC yahbdls pielf ihe Ifesigtyisbol Fof a subsequent slot
exanpl e, the c¥cl ic prefix duration can be short
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eter atron 1's nade as
[00&0E M dsivilhbe aglrodesd shadtia amdrharSEl\izltlr(mmrim&ie(aspects described

npl oying | onger or |onger. cycl.i refix duratjon. |If
RECInAiFGRceD £ Op s Gt rqiaE AUNQy EHsssiapmage iy giployed, which
Wl%%epr%HQVcﬁﬂﬁthd?ﬁ?é uliBSR Sehc® VARPLcia UUR IR | Sattern should be
utilized. If | onger cyclic pr efix SFN transmssi on
tmployedent , As h@dri'@tmmdhd_mm tprodeds “tn(ﬁermfeé rreﬁatsegenerally to the
numsr al. 1108. Al ,[1 a Structure, | reated wh {a
o(f reasoning abouf or inferring states o the 3 system, environment, and/or user
frorn 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



reference synbols are sent in the synbol of the slot.

At reference nuneral 1110, the gap between tones
W@ewaps@dl by uni cast reference synbols of the PCT/ES2008/050724

synbol of the slot is increased. For exanple, the

ref erence synbols can be spaced to occupy every

twelfth tone in of the first Bynbol in |onger cyclic

prefix transm ssions as opposed to every sixth tone

typically utilized in long and/or short cyclic prefix
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whet her over head reduction should”be the primary goal
by gransntitted 1216b&ndaqoptrelsicat ed noacornpanchisroé gwibrlg device 1200.
e and are not

| ust ive in nhatu
el T R B R A i O LR A
Bﬁéi‘@ti@'[y tcB@pled to processor 1206 and that may store data to be transmitted,

received data, information related to available channels, data associated with analyzed
signal and/or interference strength, information related to an assigned channel, power,
rate, or the like, and any other suitable information for estimating a channel and
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, ezc.).



manner in which such inferences are made in

conjunction wth the various enbodi nents and/ or
woreiokogigedescri bed herein. [0052] Fig. 12 is aPCT/US2008/050724

illustration of a nobile device 1200 that facilitates

enpl oyi ng transm ssi on containing nultiplexed uni cast

and SFN transm ssion with |onger cyclic prefix

durations. Mobile device 1200 conprises a receiver

1202 that receives a signal from for instance, a
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data store g. ry 1208) described herein can
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BRARAY%n, Vai@ile! 8EITADY0 GRAN FRHeH ABrfpRREOM ABERSHr 1214 and a
menory (RAM), which acts as external cache menory. By

twanysnoften 1216ghat atansmitam signdt(e.gi, atkmmwledgmdRAMebsige) to, for instance,
a base station, another mobile device, efc. 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



avai |l abl e in many forms such as synchronous RAM
(SRAM), dynam c RAM (DRAM, synchronous DRAM ( SDRAM ,
Wa@lowblgs4aat a rate SDRAM (DDR SDRAM), enhanced BORBE2008/050724

(ESDRAM), Synchlink DRAM (SLDRAM, and direct Ranbus

RAM (DRRAM). The nenory 1208 of the subject systens

and nethods is intended to corfprise, w thout being

limted to, these and any other suitable types of

menory. [0055] Processor 1202 is further operatively
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Al t hough depi cted as being separate fromthe processor

12(1316 Thct trasniissidre magp cat baed of hatiqastembste, deBliEs trovde, a MBSFN

1986 By reoer o’ o ouatedie (Rl nBi Mapanaay: con further

frlcBirde 13 pieFixadtldctdrUsinnahhof Qs 8 S¥Bé ?E‘éfﬁ@@@faﬁ&@&o employ in the
according to an asgect of the subject disclosure

BYRAMEFAIABO0 poitonitBasofa Frrsxampls W@ﬁylrgggwh(: @regfix durations can be
h e

lgtﬁ;lézr?a B%e?éﬂt sub fr‘aznew&a tr%ngn%%ﬁpx gle%%i‘agls?%?@%ﬁ trt%ﬁ;%%%tga may be

propideﬂabl 1 kchifulaft@C $3BB$ anddinaas 133D 6Gan andltiplex the inforrnation for

transm tter 1322 that transmts to the one or

%tkﬁmléﬂ%w cetranspper h3Kugrouehprferny 13080 foOBH% rﬁetme(s) 1304.
gﬂh as Helh %%Cﬁorﬁtéﬁeca’ﬁégésts&eﬁ 1&31% ?sth% appreciated that

tra ata st mtot or nore’ no
dlﬁnochﬁastoﬂB})lQ dstcetos éﬁ]Lﬁa nsclectof 18120 mcbacheﬂlﬁamudhzz ay be part of

each pa is transmtted in tu ntil acknow edged.
P{@&%ﬁs&e%fﬁ@ TURPF BLRIPGESPT (Rt ‘P‘?’ fromreceive

TORBITSA598 06 8, 9L LS ESRELOMon 140, T
witssnaoinonnicBeom dyﬂtaneldﬂroﬁydﬁpcﬁts on¢ bagnsthtyored4 1y amd one mobile
gervcl’geeﬁ%%rfo% g’a 4 tEnrewty rhowever 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.



simlar to the processor described above with regard
to Fig. 12, and which is coupled to a nenory 1316 that
WG @Bes8s4onf ormation related to estimati ng a siBEEIIS2008/050724
(e.g., pilot) strength and/or interference strength,
data to be transmtted to or received fromnobile
device(s) 1304 (or a disparat®¥ base station (not
shown)), and/or any other suitable information rel ated
to perform' ng the various actions and functions set
r hef@lRe [.80p k16 CHRSHHa 7 %%&%r Q@ dfa’térsttltégﬁls is provided
coup to a transm ssion detector 131
fretnen rdlataewlltrcteelﬁ?atmmtwsmn (fYeddto phm:eswplldyéd Agroading to an
tran m ss to nobile ces. 1304. The tr nsmssnon
s i g 14 P HEE TG OV SFRPIRGRE: AEeRRSRAX data

ﬁ%@@ssoﬁlb[@&gﬁﬁa% foMe 2d %t@r‘l’é’bf%ﬁ@ﬁd %fﬁ&@ﬁﬁoitreaﬁa%@sed on a
station 1302 can further include a prefix selector

n@pioulahendingsicheme seeqge for éhq@ detrisireain tapiogklcicodehgitoy
dﬁ6hre RN deasda%mfocl)rre 2 RRL st?e%n{ I{Jner e‘t?ef {nu:l:t?ple c?)a nRil pilot data

ary ng cyc I'c pre 6P AR,

adihgd Gﬂﬁ(ﬁgonSUﬁe(foeﬂ@SEélvisﬁorﬁrnhrt@llk&liﬂgSG{)MM) kathaigoned. | Alﬂdlhﬁnally or
be transmtted nmay be provided to a modul ator, 132
Misauatirebr tha ot aymbrls cpplbexirequeneyn dbrsar .r@wtlpl@md (FDM), time

R R B 3 P B G R PR SR pilot dasa s

b@idagy admawatdatd paorert thet isrpm@mmirin BXhéwnirhariner tuad ey be used at

i ated t hat denodul at 1312, et e
%% %‘flcelg“zs@ g qefigpte feaponfgz tﬂﬁ ’i:?érﬁﬂ%ﬁnd coded data
Ffr%@l? ¥9fa stddth 1%1 %enrﬁgaﬁﬁte@f(e gr %91%%510{11% S toaSROY A particular

58] Fig. 14 sh ows an exanp Wi rel ess comruni cati on
spdulenon 40cmeT Iﬁegwmmrgsmas@smﬂnkaymg @P&&st@mﬂmﬁm@ phase-shift

S8 1P RS, TR S Eb: 5t ), KT pEFHLGE modutaion

(MFQRM)a&z@(j stiBatd SrsthamaalA QR arBd praﬁldél 4R dOREBn tsﬁﬁﬁol@nﬁfhe data
base station and/or nore than one nobil e devi ce,

it reeilingaded moghkation fetecashadata piscean thayrbendtieiuneieby drstructions
ial or different from exanple
BBt RE 3 PRNRIE ile i i

nmobi '€ devi ce 1450 descri bed

[odloo)v. | Thcashddiiladeh syrbols fbo the daphesmatrd, bh qiro‘hd&E to a TX
st ation 1410 and/or. nobil e device 1450 W}E/pderrpl oy
YIMQ pgoqeriogd 429 whighgmay further presesy theen @10(11F$ygnb01qyeg for

PRERL. oEf NIRNO Bat S Ao L s M3k A4 B AT G rRL L Pms o,
tiattsmlftem (amnm)emzm thi@atigh std2@anslni sarusverdeetifienty) X MIMO
data so e 1412 t transmt pr.ocessor
RPESOAL0 WP PO mABRE T Es b ok b G RS RS ftpayesses and to
H-angwhi s @Pﬁ%ﬁ thd sfyﬁﬁ;BP&tHeﬁl% wkenpa. TX data

processor 1414 formats, codes, and interl eaves the
{0042F i ¢ khagh arammetarrﬂ%@dewns ald 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 1424t, respectively.

[0063] At mobile device 1450, the transmitted modulated signals are received by Ng
antennas 1452a through 1452r and the received signal from ecach 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



particul ar coding schenme selected for that data stream
to provide coded data. [0060] The coded data for each

wW@l2008/08t46am may be nul tipl exed with pil ot datBCTUER208/050724

ort hogonal frequency division nmultiplexing (OFDVM

techni ques. Additionally or alternatively, the pilot

synbol s can be frequency divi® on nultipl exed (FDM,

time division multiplexed (TDM, or code division

mul ti pl exed (CDM. The pilot data is typically a known

%d?tldﬁ%ﬂts?gnﬁl %&ﬁrgvi& APEES 86 filrthef pFIReWEs FRNORpIAN prov1de a
be used at bile d vi ce 1450 tg esti mate channel

mﬂgppmshmgﬁheﬂwufmypmekqum | ot and coded data for

gg ?t%bgggcﬁ%hprgc é?rt fjrﬁ!}ya%g%vi{ glﬂ(? Bfﬁcé% Ebﬁi?[& Ee@eiged symbol

btdaalsyrahaperesdivéd 148y 'bﬁ@d(c%D §F§Zrtlcﬁﬂldﬁ%c@fvéf Brocessing technique to
phase-shi ft keylng ase-shift keyi ng

PO RISKY “rd@tqetadl’r aymbgp strRamlst u rdo@urbrawsmr (460QaNy, demodulate,
gélﬁte%le eI S er?‘80 eactlﬁrﬁttec Ge%ts msot gtzf-‘ Eo)%lr%ga traffic data for the

|0n S

omg tslnaamonTﬁ@q)r@amngiaymtdaeﬁmdéassoqumlercmn@&@lnd@yary to that
|nstruct|ons per f ormed or giovrded by processor 1430.

potemed frye T ¥oMiM&: Posessgbdidsandb Xt dida pracsssot ldihat hasy station
?guprOV|ded to a TX M MO processor 1420, which nmay

urther process the nodul ati on synbols (e.g., for
[oepy) . '@(phrﬂ»d@oprl@l@ésmmy ptd@dicdllye detpmaiuée dﬂﬁ'cleﬂ'ecoding matrix to

nmpdul ati on synbol streans to NT tr mtters (TMIR
yialsaenay dissughd fﬁm ﬁewn@arrrae&wng%fﬂ Rt E.Oﬂnrwwmverse link
RreQS% éé&ﬁ?ﬁﬁgga aRRE BRPERBOR LAY B e At np%ntl&h the

the data streans and to the antenna from
W%éh t Nhesyavook lisk re¢sageet mays nompest. VRGOG2}yrBacef information

ra er 1422 recelves nd .process ares ve

PRRETE b ontnig et Sufli” o RETREERuf sl EaR e mhies Reverse fink
ﬁrasisagérﬁia %& pesvRslct lb?f&STX @atd -procRBIk 1438 SvhiéH Jrl&@fe‘éew@d"ﬁ‘afﬁc data
upconver the analog signals to rovide a modul at ed

&rglrrmm@u pf dish streaans fromrisents sousee ; mogulafgd\iy a modulator 1480,

?(j)'h%ntlo%eg tb an,?ﬁ&t&eag\lgh% tlﬂ¥1 ﬁg}%?@g rﬁ%d%rangr%m;e ba(c],k %o base station

ransm ht ou are transm
NIlgant ennas 1424a through 1424t , respectively. [0063]
At npbil e device 1450, the transnrtted nmodul at e

HI0gAkI s ar At bassatafion 14y0.nke awriéﬁrrésslgrw@zaomﬁr%l@rdevwe 1450 are
Tedaiebd A dnginhECriMe donhi@idfbd T ‘; f%@&& ﬁgg@ﬂoﬁi&ted by a

I'S provrde to a respective receiver
ddsmmdlgzktoﬂ.m anqutdmesse:deyve RXL45t4 Iﬁocmdsd:ri leAg t6 exgact the reverse

Lk i shiep RGPkl B ol doF oo aa0 s Fatafh PERRRER 14 may process
fRBR4ESted Asdotth ReferRMRGHRER %retca@in? AR €30 h& RJr WtedBining the

a correspondi ng "recei ved" synb ream
beamforming weights.

[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



[0064] An RX data processor 1460 may receive and
process the NR received synbol streans from NR
W0 2@8lsass 1454 based on a particul ar recei verPCT/US2008/050724

processi ng technique to provide NT "detected" synbo

streans. RX data processor 1460 nmay denodul at e,

dei nterl eave, and decode eachldetected synbol stream

to recover the traffic data for the data stream The
processing by RX data processor 1460 is conpl enentary

E&n&'ﬂ?ﬁorpﬁfe‘}&ff e, by hz?ﬁ%@@n?[eﬂ%%%gﬁ fi£b2 oé&gm-é)ﬂmlts may be
data processor 1414 at base station 1410. |0065]

prdemsstod withitOomrayr merciappiicdioh yp@@fﬁcemmgnaed:vhur@hts (ASICS) digital

odln mat to.utilize as discussed a

BEFi nupoyTa bisksh ik S Mpdramid ahere gy sk prgerammable
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val ue portlon 6] The reverse nessage nmay
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nunber of data streans froma data source 1436,
Frodlieware ProRiceoRBeiMasEm JaB00r eakasaRrsAd they may be stored in a

%I%@igﬁg]réatd%lg Hlégiiiﬁ‘lt(f%? (L;% 6%]154%1%% c%ﬂqa oh&fNSTH g_cgﬁg, s@?@ént may

ase station ase station
ropekskiat 2 prosedymal s fiuincton rmdmblpmgﬂm; € praatad, alrcmtmepeisulﬁdutine a
b tenn S 142é( condi ti oned receivers 142

ufll SUEYRTR Packagerfo Eﬁsa?fof}nyl%ﬁ@maéﬁa Flbsé%‘%%% figra gtructures,

148t3 PLRERAROTA %6&@256%%6%%( b8 olfFIch @(Y ShotRer! dordg segment or a
ness ge transmtted by nobile device 1450. Further,

pzrrdwessmcumél@q)myg pn«b’oe wetvm miqmatuble,ddam Sisggeeﬂ.tﬂa parameters,
deternm ne ]Elreco natri x to use

e P HhichY ePtﬁe Lol P]i]ﬂ Wéu%ﬁlté’hwgamft@% éi]a tapefsc SRS Passed,
fortwardB Sorlifaf8mited Wingemly siRalle meaAncRIdin f‘&?@fﬁgﬂy%ﬁﬁng, message

manage, etc.) operation at base station 0 and
passinE efolen passing ABOWorkelsaIemissioal ¢fc. Respect i ve

@fgg@essor Sﬁ%g’ g%f?wgreji Z)E)en?e%?atf%ﬁ %%Stgccﬂn?ciau%g dV\@ rﬁeﬁr%npen}/ may be

and 1 at sto ram co

Prgicassod sviltdafddard (447 Q)réwdluﬁs,s QurRe6 R raml GO rim)t taht pdiform the
to derive frequency and i npul se response estinmates for
tinetions datrribadahereiinl Thik sofbwarp cofes Biay ey gorsd]in remeryg gnits and

%S?H%g %'Slsptrg&gsotrg! afpd Hl%m%pyﬁrﬁ't Hﬁg’%% 1915&%6'11&%%%5 Gf‘llléqplrocessor 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,
system 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 thereof (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 therecof. Further,



i npl enented in hardware, software, firnmare,
m ddl eware, m crocode, or anyconbi nation thereof. For
w@2008/08b46r € | npl ement ati on, the processi ng uni PGI/LE20087€50724
i npl enented within one or nore application specific
integrated circuits (ASICs), digital signal processors
(DSPs), digital signal proces® ng devices (DSPDs),
programabl e | ogi ¢ devices (PLDs), field programmbl e
gate arrays (FPGAs), processors, controllers,
RraP ?&Iyn{ 5@ SnayHhRREORLSROHR Al S3EEncRl G §e@&'tlﬁg a cyclic
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i ons scribed her of twar e codes
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| ogi cal grouping 1502 may include an el ectrica
conponent for classifying a node of transm ssion 1504.

wab@snsedel can be a point-to-point transm ssi onPEEU/R008/050724

uni cast), a point-to-multipoint {e.g., multicast), a

broadcast or a conbination thereof. Further,|ogica

groupi ng 1502 may conpri se a3l ectrical conponent for

selecting a cyclic prefix duration 1506. For exanpl e,

t he node of transm ssion, channel conditions, or

efficiency concerns can infdiugRge the cyclic prefix

duration utilized. Moreover, |ogical grouping 1502 can

i nclude an el ectrical conmponent for nultiplexing pilot

gﬂ%?rnition.in a sub-franme 1506. For instance, in a
Uilgtecd it ai n | onger cyclic prefix SFN

transm ssions, unicast pilot informati on can be sent

in the first and fourth synbols of the sub-frame. In '

hddi t Aancthpe gorf ranguetting acnijor eigaal with nbdtiglexgggeniesst and multicast
ween the first and fourth synbols. Additionally,

g%é é%?%%oﬁ”%%%éé%c|ude a nenory 1510 that retains

i nst r tlatsifis dnefor eacee HodBgoff tidShiRids; associ ated with

el ectrical components 1504, 1506 and 1508. Wil e shown

as bebdiertisgrderear cydicnapr gurngen forjat lgast eng syb-frame in accordance

. f electrical conponents
%ﬁgi&§§§%g“§2§%f§3§”§%§5§§?2 wi thin nmenory 1510.
[ 007 3mulMpdtxitapildraeforcesar alrbakcakiaen ithecatu ckass orx sutpfreme based
of one or nore enbodi nents %% I.s, of course, not
st B Rt ot e denechey Ay dFrScdediabl e conbi nation of
conmponent s or net hodol ogi es for purposes of descri bing
t he af orenenti oned enbodi ments, but one of ordinary
gki | | ThenteHwdayftclaray 1, relcwenithe nodas ohempsnfissarhieclude at least one

c$nbinat%o S and.gfrnutatioFs of varkoug gnbodinents Iticast
F & BT LIANSTHEUGP of nfy/e TREHSE ITHYE SRR HEN, & multicas
BhE i Q1) d 8 hih10ase FRAREISs G br SHiOBd @bt B4Rk R,

nodi fications and variations that fall within the

spirit and scope of the appended clains. Furthernore,

80 t h€hextahed phalaimhé, wderairt it langes 'Uuiationselic rprefix is 33.33
ei.ther the detailed description or the clainms, such
P8 nt ended to be inclusive in a manner similar

to the term"conprising" as "conprising” is

knter @ﬁ@hﬁ%o‘&’fmlaﬁﬁpi,%?&eiﬁ%h@loh@é&%ir&tﬁ&ﬁ@cli&‘@?&iﬁ R Bnstructed
claim CLAIMS What is clained is: 1. A nethod for

by exdeping Ritene spapingot signal with nul tipl exed uni cast

and nulticast transm ssions, conprising: classifying

ne or. nor es .of transm ssi.on; : I
g . li“he meﬁlogooq claim 1, further comprising precluding the utilization of a longer

duration in sub-frames that contain synchronization codes.

6. The method of claim 1, wherein selecting a longer cyclic prefix duration
comprises selecting a longer duration in single frequency network transmissions that

include extensive application of repeaters.

7. The method of claim 1, wherein multiplexing pilot information comprises
employing conventional reference symbol structures when the at least one sub-frame

does not contain longer cyclic prefix single frequency network transmissions.



sel ecting a longer cyclic prefix duration for at |east
one sub-frame in accordance with the classified one or
WOorere/osmdes; and mnul tipl exi ng pil ot informati oPCEO2008/050724

user data in the at | east one sub-frane based at | east
in part on the longer cyclic prefix duration. 2. The
met hod of claim1, wherein th® nodes of transm ssion
include at |east one of a unicast transm ssion, a
singl e frequency network transm ssion, a nulticast

rans sihipl ca an o i ; ;
B Ao S od B e FEN s HijoF IR ARG comprise
hlbovgeng duoicadtireferange Isymbels efi iaxfiiss sy3BbB df rslats os Broaidsast one sub-

. _The, nethod of claim 1, erein the |onger duration
ﬁrel NG drY s et ST PEILEISE anglsndeauenty network
FRRE 8 Gonsind ThR aseEAdisgbng! @i m 1, further conprising
precluding the utilization of a |longer duration in
sub-frames that contain synchronization codes. 6. The

thogd, of ¢l ai . in selecting a l.onger clic
%‘?ef i ih%l ettt Cif%ﬁlpv\érlffré@slerscé’?“é’g{su}nﬁglg%mF‘%‘?\%glre @?Ibaek‘iv%er? tones of
iR fEktngh®of 6@UPRAGY unRaviatirdncasaibsisi ons that include
extensive application of repeaters. 7. The nethod of
claim11, wherein multiplexing pilot information

npr i e A ' i \/ i
TR DR P ST RORlp KR RRE i nigast reforence
gonlicds ocdupngesry tyelfthaonar. ef i X si ngl e frequency network
transm ssions. 8. The nethod of claim1, wherein
mul tiplexing pilot information conprises allocating .
Uhi ca&)he meatleqde AE 6lagy b offugther comprising segagsEie Bequemey qitilized for
ifcddp ?efglterl&ee%%boq @1%{1%@&5& Bl Qh% ﬁf‘s% §§7{9531riﬁq}:r‘e at least one sub-
contai ns Tonger cyclic prefix single Trequency network
frampand g sulseguandymbolcast transm ssions. 9. The net hod
of claim@8, further conprising increasing the gap
bet ween tones of the first sypbol occupi ed by unicast

F2f er Ehe arcsipdd] daim bl whsciehe sebssucat ayRpY, is wHepgh gymbol in
ﬁgﬁ%gggxhgshgg&ﬁé§ed such that unicast reference
synbo

S occupy every twelfth tone. 11. The nethod of
claim8, further conprising staggering frequency

g%ili ed. for unicast reference synbol transm ssion
t weBnV I HesSFOPLRUNCALER RPPAFUREORPTISWESt one subfrane

and a, ${haRYURAtre@M¥AR ructions related to classifying one or more modes of

transmission, selecting a longer cyclic 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; and

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

retained in the memory.

14. The wireless communication apparatus of claim 13, wherein the modes of
transmission include at least one of a unicast transmission, a single frequency network
transmission, a multicast transmission, a simulcast transmission or a broadcast

transmission.



12. The nmethod of claim 11, wherein the subsequent
synbol is a fourth synbol in the at |east one

wawshs@ne. 13. A wirel ess conmuni cati on apparBETUES2008/050724

conprising: a nenory that retains instructions rel ated

to classifying one or nore nodes of transm ssion,

selecting a longer cyclic prefix duration for at |east

one sub-frane in accordance with the classified one or

nore nodes and nultiplexing pilot informati on and user

gata irfe [NRIA cdRAShicARts Sipardf TR IAASEd \xﬁlteréu?ﬁl%tmérﬁory further
part on the longer cyclic prefix duration; and

ptoce ssoucttmypiebted ® pt@@ludmgoﬂly utdeafigrgof @dlongeredwamre in sub-

he sfructions,retai.ned in the nmenory. 14. The
{%Wl?lﬁ @@{s AHRSHICE l@ﬂogﬁﬁéﬁsat us of claim 13, wherein
the nobdes of transm ssion include at | east one of a

Yhi Caghe LFiANSY c%ﬁ{rﬁﬁhlca@loﬁ' eﬂ%hﬁt&sr%eﬁﬁﬁylw %H@P&K the instructions
transm ssi on, a mul ti cast transm ssi on a si nmul cast

talaed i wéoding arcyalib podckcdisttidr emsprisshsgnctibns heted to selecting a
rel ess .conmuni cati.on apparatu f claiml1 wher ei n .
RS RerGT oy PReR ForuiiRe Heupi, Zendnihifh dhugiehde Textensive

pRchtc dcpdigersit i |1 zation of a longer duration in
subfranmes that contain synchronization codes. 16. The

W rel ess communi cati on apparatus of claim 13, wherein
ihe i hb¢ muctéss memmaelracatidnt appselscef plgina ldy(wlieceiprthé iinstructions

duration .c ris ructions related to sel

L P B e Pt STRGIGpy ey TRGsgR reised 8 Employing
ESRRRTARS lr@ﬂaﬁenb@ 3ymboIC bt @urBX baRAI e 2APst Ak @B-Aime does not
repeaters. 17. The wirel ess conmuni cation apparatus of

edmddimlarger arvdic drefix Hiegle frsguansy inoerk dragnaigsions.
nultlpIeX|ng p|Iot i nformati on conprise instructions

17! 2L S5 R! SHAERPIYL N of 5 ESUBNERSl mocions

F&Jié@hﬂlthﬂ’&&&é plwqmroﬁnm&{ dompise GhBrubiGBUSREM D alIV g unicast
transm ssions. 18. The wirel ess conmmuni cati on

eqﬁ?mn@t aysnbots gl aafiist assanmé sloitnintthe af lesstione shlpfigme when the sub-
frgl!n {Hﬂllgﬂé%é l%%él[l%o ?ﬁx nffro ure(Ré}; ng&qin{l)gﬂs%qssmns and unicast

ruc I ons ng - uni ca
&yﬁdﬁﬁbﬁonsn a first synbol of sI ots in the at |east one
sub-frame when the subfranme contains |onger cyclic

refix single frequency network transm ssions and
E?H cashe piglpsneyringmisation apparatus of claim 18, wherein the memory further

retains instructions related to increasing the gap between tones of the first symbol

occupied by unicast reference symbols.

20. The wireless communication apparatus of claim 19, wherein the gap is increased

such that unicast reference symbols occupy every twelfth tone.

21. The wireless communication apparatus of claim 18, wherein the memory further
retains instructions related to staggering frequency utilized for unicast reference symbol
transmission between the first symbol in the at least one sub-frame and a subsequent

symbol.



19. The wi rel ess comuni cati on apparatus of claim 18,
wherein the nenory further retains instructions
WO 200a08d6t 0 i ncreasi ng the gap between tones oPCT/H82008/050724
first synbol occupied by unicast reference synbols.
20. The wirel ess comruni cati on apparatus of claim 19,
wherein the gap is increased Zuch that unicast
ref erence synbols occupy every twelfth tone. 21. The
wi rel ess comruni cati on apparatus of claim 18, wherein
the menory further retains instructions related to
staggering frequency utilized for unicast reference
28/ nmboA wirelasnieshunciiensapparatue thdt fadilieyasioinsmiitioge palot signal
ﬁ H E ub- & and. a subsequent synbol.22. A
e VY:‘@H??H raBﬁE“%B‘p%F%ﬂPE@“P%at facilitates
t r ansiichds 8 classpiyirondi i Mddre Mdlded of t@éiﬁﬂns\é&o&lh mul ticast
transm ssi ons, conprising: neans for cli assi fyi ng one
or non@atrﬁo@égelgcftmgr?aWQWscgwbﬁ prqf@ahgatim fos @t é@&tmg sgb-frame in
acocg heé Xzﬁh Itﬁ:e %fﬂ o%g 51} 868 111d | east one

PSRBT Haccor ance aSS|f|ed one or
nmor e fea@Sfor andtipleding pilot 1ﬂfblﬂn§dt1]@h@ﬁdﬁgelpddt@ﬁn the at least one sub-
informati on and user data in the at |east one subfrane
Fame based 4t foastinipart 9 the lopgerryclioprglx degadione prefi x
duration. 23. The w rel ess comruni cati ons appar at us of
claim?22, wherein the nodes of transm ssion include at
Qhast Thtﬂ@vit‘ﬁles& comira@stationsrppiasisoot, clainsi22glvehercin the modes of

twork transm ssi.on, a nulticast
tf'r‘ UQLInGRIC At Lsat Aealta HHIHS HABETIHOBr Hngle disgusngy network

LhARSGS Qnmui?tf&ast-r%né%ﬂéﬁp@s% &%ﬂﬂ’a@{ GRInkQfSion. or a broadcast
apparatus of claim 22, wherein the [ onger duration
trysmissigr.ef i x is 33.33 microseconds. 25. The wirel ess
comruni cati ons apparatus of claim 22, wherein the

%Zgg %gv;rgtel o ﬁ]ll}k%&)%rs ;fgll)a)irq-tlp,}g 0 3 nSt é Cv%l?e(ljrem the longer duration

ERIMRL 3 139133 rﬁ@ﬂﬁé&ﬁl% of claim 22 furt her

conprising neans for precluding the ut|I|zat|on of a

| onger duration in sub-frames that contain

3y.nc hThaivzrates Otoneradeisatichg apfjdretusiof ebms 32, colmmeiniticakon gersiuration

appar at us. of cl ai 22 wherej n neans for selecting a
H%GE?QFP%m@ﬁF t 6ﬁ‘5@ﬁ%ﬁ?§%§p%ﬁﬁhs for selecting a

| onger duration in single frequency network

?68 ngmlé %JII%%S tc&ﬂhm'nﬁﬁhb’r% p%)é}amséfvc%lﬁpﬁ’é I ﬁﬁhéro&rﬁgrlsmg mecans

for precludlng the utilization of a longer duration in sub-frames that contain

synchronization codes.

27. The wireless communications apparatus of claim 22, wherein means for
selecting a cyclic prefix duration comprises means for selecting a longer duration in

single frequency network transmissions that include extensive application of repeaters.

28. The wireless communications apparatus of claim 22, wherein means for
multiplexing pilot information comprises means for employing conventional reference
symbol structures when the at least one sub-frame does not contain longer cyclic prefix

single frequency network transmissions.



28. The wirel ess communi cati ons apparatus of claim 22,
wherein neans for nultiplexing pilot information

W@ vps@es nmeans for enpl oyi ng conventi onal rePEr/Es2968/050724
synbol structures when the at | east one sub-frane does
not contain longer cyclic prefix single frequency
network transm ssions.29. The rel ess communi cati ons
apparatus of claim 22, wherein the nmeans for
mul tiplexing pilot information conprises neans for
al l ocating unicast reference synbols in a first synbol
of slots in the at |east one sub-frane when the
sub-frame contains |onger cyclic prefix single

t ans TR B St RS 3 SRS Gl 221 ahgrein the means for

ARRAIALMS Mfot CinfdrMad8n EoMprleE AN S RHodMIAPS uhi@hst reference
i ncreasing the gap between tones of the first synbo

@cmhqés» & ablyrsupinebad tofrdgte i e 2t ipatotns, sdiframthevhen the sub-frame

%%ntéa‘mg gg?%e(i) Cc;}% ref&ons%%%) pff]‘ ueﬁ%z g{gts Collrgl Ie aénrsgiﬁscs%on% gncp unicast

ﬁmﬁhﬁkﬁnggcupy every twelfth tone. 32. The wirel ess

comuni cati ons apparatus of claim?29, further

conpri sing nmeans for staggering frequency utilized for

3 cashe W@ﬁéﬂse ﬁ@l@nwmmn& AL Ssef ambé vfeethert ¢yenprising means

for 1nc1raas¥nrgt ygng qep ee)egttoqfhseosftv‘\cnher 21 st sgrngol rr?‘ﬁ.?HP H%Plouﬁlécast reference

atus of claim 32, wherein the subsequent synbol

is a fourth synbol in the at | east one sub-frane. 34.

A machi ne-readabl e medi um havi ng stored thereon

?ﬁachl hbe exe@eiSabm@mun@tafiw ppprsatbprof elaassid,ywhgreondhe gap is
r m.s Nn;. Sel i n nger

erlé : Xdes %g}aﬁ 81210 stt Fete enfe S}ntlao (l)snoeccgﬁ%%\ferrg%elhﬁ ISR

accordance with the classified one or nore nodes; and

sl ti phexiiRspicb@muhthasiBdjpamnanst st 20 %ﬁhéﬂ"cdnﬁﬁlsﬁfg means

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

fay ﬁg)gger@}g:fre@epqc}eﬂqllxzedlfpraumgqq;t redgrencghgymbol transmission between the

iu f cI n, the nodes
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transm ssion, a single frequency network transm ssion,

3.l The asteldst BEHFEIER0ns ApSdril GRSl aihn 3NSWh&EInOthe Wubsequent

a broadcast transm ssion.36. The nachi ne-readabl e

bl iy dfougthaymbglin thihetrlegshorhgubtsager durati on cyclic

prefix is 33.33 m croseconds.

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

35. The machine-readable medium of claim 34, wherein the modes of transmission
include at least one of a unicast transmission, a single frequency network transmission,

a multicast transmission, a simulcast transmission or a broadcast transmission.



37. The machi ne-readabl e nedi um of cl ai m 36, wherein
the longer duration cyclic prefix is constructed by

WO 2@8/08dgl a t one spaci ng. 38. The nmachi ne- r eadedil/ES2008/050724

medi um of claim 34, wherein selecting a cyclic prefix
duration conprises precluding the utilization of a
| onger duration in sub-franmes2& hat contain
synchroni zati on codes. 39. The machi ne-readabl e nmedi um
of claim 34, wherein selecting a cyclic prefix
duration conprises selecting a |longer duration in
ngl r S
gé)i( i engh%/ éﬁgﬁ'ﬁ %aéitg?ltg\éﬁ?écﬁuélecﬂ{e]cz% §4 %Igerélaaﬁle Hﬁ%letu&l&atlon cyclic
m&ﬁhnmﬁSBEaﬂabkﬁomﬁdlun1of cIa|n134, wher ei n
mul tiplexing pilot information conprises enpl oying
conventional reference synbol structures when the at
past Thamashipereadgbleqpediumat dapy 36.vhaspigdhe fgpgps duration cyclic

feﬁ&ﬁ(ccﬁfs{}%@%F§?&Hgﬁg%£fé§gﬂ@ ﬁqtrsins\wh:?gsﬂs 41. The

I ne- rea
mul tiplexing pilot information conprises allocating

88\ caThe melcRinere/labeniedism 6f alafrh r3sit waieradlscleétiid Otcgclic prefix
in the at | east one sub-frame when the sub-franme

dwatien sempasrgercelyding dhpugifizatiog) ¢fgt dongee dutiey instiwdiares that
E&ﬁﬂﬁ gaﬁ&ﬁgB@qug i cast transm ssions. 42. The
In rea

ifumof claim41l, further
conprising instructions for increasing the gap between

8@nesThE nideRintiréstabRymibLmO6L laire B4bwhdrdig dslecting a cyclic prefix
reference synbols. 43. The machij ne- readable nmedi um of
dyration 400MpiEP ePHettiE JapongeTi Klraigedn s sidBler Higquency network
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conprising instructions for staggering frequency

40.i | i Thel Mmachibhicadstile r ekeiancse swifoB4! NaRGeinS shudiiplexing pilot
between the first synbol in the at |east one sub-frane
Hhmtien sewgissstenyprng comyentrpral peferenprosynabad apneures When the at

PR St Mot mol SR Dch g, ST IRy iRy hetvork

wanselissensconmuni cati on system an appar at us

conprising: an integrated circuit configured to:

cIaSS|fy one .or nore nodes of transn1SS|on sel ect a
#bngelhe yepehingsreadable guediumrpff Rimt heakhereife multiplexing pilot

ﬁllf&H{a[‘tlgH%Oanrlses allocating unicast reference symbols in a first symbol of slots in
the at least one sub-frame when the sub-frame contains longer cyclic prefix single

frequency network transmissions and unicast transmissions.

42. The machine-readable medium of claim 41, further comprising instructions for
increasing the gap between tones of the first symbol occupied by unicast reference

symbols.

43. The machine-readable medium of claim 42, wherein the gap is increased such

that unicast reference symbols occupy every twelfth tone.

44. The machine-readable medium of claim 41, further comprising instructions for
staggering frequency utilized for unicast reference symbol transmission between the

first symbol in the at least one sub-frame and a subsequent symbol.



accordance with the classified one or nore nodes; and
multiplex pilot information and user data in the at

wo e@sos@ne sub-franme based at | east in part onpPe€TES2008/050724
| onger cyclic prefix duration.
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45.  The machine-readable medium of claim 44, wherein the subsequent symbol is a
fourth symbol in the at least one sub-frame.
46.  In a wireless communication system, an apparatus comprising:
an integrated circuit 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 user data in the at least one sub-frame

based at least in part on the longer cyclic prefix duration.



