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channels near each other in frequency. In some respects, OFDM is similar to
conventional frequency-division multiplexing (FDM). The difference lies in the way in
which the signals are modulated and demodulated. Generally, priority is given to
minimizing the interference, or crosstalk, among the channels and symbols comprising
the data stream. Less importance is placed on perfecting individual channels.

[0004] In one area, OFDM has also been used in European digital audio broadcast
services. The technology lends itself to digital television, and is being considered as a
method of obtaining high-speed digital data transmission over conventional telephone
lines. It is also used in wireless local area networks. Orthogonal Frequency Division
Multiplexing can be considered an FDM modulation technique for transmitting large
amounts of digital data over a radio wave where OFDM operates by splitting a radio

signal into multiple smaller sub-signals or sub-carriers that are then transmitted
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[0007] Time domain channel estimates are used for time tracking during a
superframe. Time domain channel estimates are obtained from FDM pilots, embedded
in data OFDM symbols. The FDM pilots can be always placed on the same interlace, or
they can occupy different interlaces in different OFDM symbols. The subset of
subcarriers with indices i + 8k is sometimes called the i™ interlace. In this instance,
N/P=8. In one case, the FDM pilots can be placed on interlace 2 during one OFDM
symbol, on interlace 6 during the following symbol, then back on interlace 2 and so

forth. This is called (2,6) staggering pattern. In other instances, the pilot staggering
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holds for time tracking on OFDM symbols located soon after the waveform boundary.
If time tracking is based on time-domain channel estimates, and if observations from
three consecutive OFDM symbols are needed for a single channel estimate, time
tracking cannot be performed during the first few OFDM symbols after the waveform
boundary. Therefore, alternative channel estimation and timing synchronization

techniques may be needed.
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superframes, where different portions of a superframe are intended for different
waveform delivery. For example, a number of TDM3 symbols could be processed from
a symbol set at each boundary which could be placed at the waveform boundaries in the
super frame to facilitate synchronization and channel estimation. Similar to TDM Pilot
2, TDM Pilot 3 (or symbol subset) can be designed to provide timing synchronization
and channel estimation except that TDM Pilot 2 is limited for Wide-area channel and
TDM Pilot 3 can be employed for either wide-area or local channel depending on the
position in a super frame. The structure of the TDM pilot 3 may be different from the

structure of TDM pilot 2. If the TDM Pilot 3 (or other additional pilots) is located
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[0022]  Fig. 9 illustrates an example pilot symbol process for a wireless system.
[0023]  Fig. 10 is a diagram illustrating an example user device for a wireless
system.

[0024] Fig. 11 is a diagram illustrating an example base station for a wireless
system.

[0025] Fig. 12 is a diagram illustrating an example transceiver for a wireless system.
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[0028] As used in this application, various wireless communications terms are

employed. For wireless transmission, on transmitted packet structure can include an
Orthogonal Frequency Division Multiplexing (OFDM) symbol that consists of 4642
time-domain base-band samples called OFDM chips. Among these OFDM chips are
4096 data and pilot chips, originating from 4096 data and pilot subcarriers in the
frequency domain. These chips are cyclically extended, with 529 chips preceding the
useful portion and 17 following the useful portion. To reduce the OFDM signal’s out-
band energy, the first 17 chips and the last 17 chips in an OFDM symbol have a raised
cosine envelope. The first 17 chips of an OFDM symbol overlap with the last 17 chips
of the OFDM symbol that precede them. As a result, the time duration of each OFDM
symbol is 4625 chips long.
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lzqsp¢qt t@blbrcaremnaetieriace befBi23o alsupset pf egeelirfigrstshaced by a certain
useful portion and, 17_foll ow ng the useful portion,
?Ié‘a%e(et&wespéﬁm 02 dgé 0T SX3PIA AR ifEbwyrriers eoyld |b§td1‘.[IFled into 8

R e Rtheld @ielsBBdarders %ht&slthllﬁeﬁébeq;%(}%¥ f&mﬁﬁ&%@%—m Among

rai sed cosi ne envel ope. The first 1
thentiz80 QRIV !a/plbnisuh at dupet Brame, ltfere hirg STvod TDIM pd6DYimbols (TDM1,

RURRE oS e Pl S e e VTS aasapymbol

Fourtses dvéﬂﬁﬁdﬁlﬁf@fnwloﬂaéyﬁlb@ﬁcd(ﬁsg ARl §ymistal;an G8Rall€ number of
general |l y oi%anl zed info super franes, wheré each

Sip s Padke aﬁow%ﬁ@nmﬁ@%@é’@)@wmbmssfopesrsmltmgrveth position
t t ed
GRE 218 Sk AP T 350 ERATTI T A B o

pitvterwiick arefoeatsd on @ck tbbs@daryafbemeen Gt lafaSandNBER Gol¥nt data;

a certain, anount acing of 8). For exanpl e,
Ao Bestsmaipg |S¥F’leéoar5? e Te Droadensi ﬁf &itBer widerarga €5 local area

WRRSTS . hﬁa&%g@ﬂffahﬁrc%nélgts toﬁ ?od{%lg% Ml %Cﬁ%lf‘F\sem;eIﬁ?esaﬁ symbols.

w th indices 8k+i. OFDM
[903ek f rTamme  Divigore l\&llaplei"mg (I Rilot WIJS(TEM\II) is the first

QR iAo 185 e TBAEL rsBRot e Ram 128 OFDM chip

peffodr Methd @é&eﬁ&ﬂ'@ﬁésSTDﬂlsforcﬂ?ﬁﬂE‘% n&ﬁfm?itﬁm Ad'AdAREe (course

nunber of two, six, 10, or 14 pilot positioning
wyisdlead frpayncyyashwisisionor Felkosiing TGV arh twossymbots that carry the

Transition
LRESHL e PRS2 RUTRE. 8t TLBRRLLLEO Rl BibSiagon o pertom
propat eltsaambhsd bpdradaisy foet WrencoMedfordfifa &Hﬂeﬂtocﬁ:ﬁhzmg the
content data; and the remaining synbols are used f
OrssREedne BN eanenrses.wi Bieea fuision M@@nlexmemlmmwra (TDM2)

5A6¢s PR rzﬁ‘gf ngﬁ(? [b%bfg% §8{nbzf_@u€vh tﬁ)MZaﬂe%ePPa%r QEVI% a 2048

as overhea VI'Si on
Qﬁw ch?p Ipenodﬁyamki@:bnthu(s'lfw gndi ssfraduienfjeritls. CFRea¥iveOhses TDM2

+hes REBRVLR ooyt Bniviias dpptiigon BGbs DHbRhaEH 11 ane

[6939hr OFbARNINGMTANY 2rdli hhyidel d¥Ba TEOURWFEPC) symbol; Five wide-area
OIS symbols; Five wide-area FDM Pilot symbols; Another WTPC; One local TPC
(LTPC) symbol; Five local OIS symbols; Five local-area FDM Pilot symbols; Another
LTPC; and Four data frames follow the first 18 OFDM symbols described above. A

data frame is subdivided into a wide-area data portion and a local data portion. The
wide-area waveform is pre-pended and appended with the wide-area TPC - one on each
end. This arrangement is also used for the local data portion. In this embodiment there
is a total of 10 WTPC and 10 LTPC symbols per superframe.

[0032] In another embodiment, each transition between wide and local-area

waveform is associated with a single TPC pilot symbol. The structure of a unique TPC



timng) and frequency acquisition. Following TDM, are
two synbols that carry the wi de-area and | ocal |IDs,
w0 e@ppeReyel y. The receiver uses this infornmat PORUS®06/008762
perform proper descranbling operations for the
correspondi ng content, utilizing the corresponding PN
piot) e differertifidn dhe/ kGu@ie N WITPICES# DEPRI AB&Sbo%{ ARk 2single pilot
) .follows the wi de-area and | ocal 1D synbols

\%}EBD&% TDesigged i gefick, bailayity andolegalareM chiangel estimation and
0. a ' i on.periads.. T .
RSz LSRR, MRS A PRI e pilos (or

TOM geloodl syabolgpeo upcnfrara.S channel . [0031] Fol | owi ng
are: One. W ﬂg area TPC r‘EWWI'PC) synbol ; Five Y .
M] ar &S & gy HERPLGRIgRD the dems ConmpoRes | Gretwork,” “system,
8 ®; : l.qc TPC (LIP 5 e .
F]i)ﬁ\[}g@1 Ila’ocgllﬁp Qdﬁgs]qfsk;\r/r%lc%;ﬁsn;ngglgg/ etel %lggl ?)araeg&@g%}ﬁ%ﬁ%?& entity, either
bymdvates a cambikwtion lof P@rdveanel afd softvdat asdftvan® sorfsoftivam inhecution.
irst 18 OFDM s(}/nbol S %es ri.bed f)bovg. A data frane is,
E%W\??Pﬁ%oa PHYRPET S -y BY 1§ 2PH BRSO RCIRRAR BRIQCESUNNIng on a
ficassBArd pfitessbiCaicBReAl SRMRUBHR! W {heedl 6f Qﬁéqggn,a@%rogram,
appended with the wide-area TPC - one on each end. '
Qr & camgeeent Bys vlys of ubedration, tbth lapcappligatien running on a

aq . ' di ' total of 10
DA 0 BOABEIORL i B 45 comper
magtieside eniddi Arpidceseandlof tiavad f Wrebifiopesm W éiﬁn_r;g%@nt may be

ocal -area waveformis associated with a single
bcﬁlb%edéyhﬁlaﬂ conpgers and/ex ¢ipibyted betivieanuayoTRCpIorG Eompyfers.  Also,
thebd 86:8PdnehtsCnt H@ el fisih Wafiold c&%ﬁ&ep fdﬁab;\iﬁg n?e%/ i H{a hg various
since a single pilot synbol 1s destgne 0 nee 0
ditel etractdres ctarkd dhereorc hdhaebmpshémaimayncoandunicate over local and/or
synchroni zation requirenents.. In this enbodi ment there
RO PSS pich s TR TTREINS Y 2 PIRDRABRE SR griseresgata packets
o, S4PBlokd B2 cohPORRL ifSrabtiROWItR ohBing Lt LPRg
?ﬁ% ter rrso " conf)%ngnt - nﬁ\%rgt vvorvlg,t" al?i'lsys{ g(?nﬁﬁ&&rmdﬁ?e?qal system,
dinleibuied systkm, arrdéor asresn dedradorvefadess metveork such as the Internet).

t er ed entity, either_ hardwa )
(ORTRY el BRRal it teiaR poDEono BT L « Jug systm 100 includes
o baioe tiangwiestst 1 W that@bmeaBRteCacressCHRRNE the Bk to one or
be, but is not linmted to being, a process running on
ROWr seEeEY 128. pribedewivera 28bractinclude esbsantiablye any type of

S RSO 00 s 1 PR ABLP TR i B et o

ustration, bo
lepomudeivicas, i amdssodfevthc eTkanslystdhe 10€\eingRoyiad p@lgalﬁy_otf he_nhanced super
t. Oneg or npre conponents may reside within a
GomPomenl OB, 0L components ey eSide WAL
& diffeabh 289 RN COIPMES rbeac'ﬂ%lg%ing'tﬁé AU SESLr frame structure

between"two or nore conputers.
130, that different application data is being sent from the respective transmitters within

the respective structures associated with each transmitter. In one embodiment, at least
one additional Time Domain Multiplexed (TDM) pilot symbol is added to a broadcast
symbol set at regular or determined intervals within a super frame broadcast depicted at
130. Thus, a TDM3, TDM4 (or more) pilot symbols may be added to an existing pilot
set at 130 to mitigate timing and channel estimation problems within an Orthogonal
Frequency Division Multiplexing (OFDM) network on boundaries between wide-area

and local data waveforms.



t hese conponents can execute from vari ous conputer

readabl e nedi a having various data structures stored

W0 b@seen22 The conponents may conmuni cate over PODEE2006/008762
and/or renote processes such as in accordance with a
signal having one or nore data packets {e.g., data

{00351 oneA< evifiobee rifesdribe@r iac kg déialiNbABRL RS 08RBRNE Y mbols are
in a local system distributed system and/or across a
Riacewed As isyBIbek suhset Hotr 1aqeever 420 twhere Hicesubstt)can include one or

o . e vor k ‘
bR oy TN bBbRNRR SRSy BP0 RELUR M Gl o
46 thedouctanyrbaiveah doead rangswilewirsae@s SvavefoMisk IOoéample, a

or re.receiver . The receivers 120 can i ncl ude
EX}B@M?%M?JWQ@D%% cgpld snirrived end prerevscdeatsthie eqgiver 120,

¥h6R! the BIQBEap AR REen fg@%lsﬁlﬁ%id$§a§éasl§/cﬂfﬁﬁar}}}§gﬂio%? i the super

or | aptop devices, and s orth. The system
&rmk ogamponehurldDi t yTlofs, embiant eshixdjraent§ r cine be oppoidedt S In one

L3 ek T R A TS RSl e e

frave B0 WRERYY i SthRuFeHBd SHE focéisﬁiﬁeois&fcﬁcﬁi}é'i &t #0receiver 120
that different application data is beling sent fromtﬁe

ey he cnpigecompdets m Int ether gihbedimenthetwaeépanoiey @DM pilot 3 symbols

t Ch af. it ach transmitter. . ln one
Tl o8 MEBPyaE TORL G EOIGN o E Dol oSSt hrp ro%i¥en) on mos
Duinklagdse wed p( HoMehpaftat TSy 2| sndege betde RPOrYabORSHhich are
é%nbol set at regular or determned Intervals wthin a
fbedip mpse geigd yudsesrishiodfisd?-at 130. Thus, a TDMB,
TDMA (or_nore) pilot synbols may be added to an
00B6k i n@nsiar grors sgceiyer PRTessiaiaminpaciets tldfiaregpramided to decode the

i At | Lt Ahi.n.an ogonal ..
e 50 B o DR TR b Sy L PR s s tming
fyacindaizhten el cheeit] whiitatiorg avharctht 06@apoktatsa 40 are shown generally

vef rms.%,OOBS] As will be described in nore detail
%@1 %\B,?Y ton BER iTeGedYeAI L 28y ndBrRg smehipnietiar basedsonaTDM pilot 3 for

t: -t 2l ]2 r . n
e T TN
pikdi 2i + avsedsyutieg  idémbdicggisitfondat Mosgovben! an | gigaitaeh for timing

UEDP bRt VRS RE T RIPbsbal milb ettt wares single or two-

B3] TPCOW deplByd e waseioRdy se 6 Lyer
k 20, where tﬁlgel gubset appear s&%lgtgﬁméznq?ﬁeg}eﬂacn({é‘%%ﬂ@ 140 for

igpdrenentatipnbara reeaespllly ovare eorsplicatedh esprepdly #framimgle TPC pilot is

T e RN
genyratie npr foeeisied ode beasdurp etéasileri MThubahs wREctive aRem can be

30, .whereas the structure_ and the Broce33|ng_of such
fargineds as; i duncdion; Ofer sympohdydeneantopesed rmpux information and an

a@§d?§§tio%%8@ﬂ dHBRte 'locIaWBn,(tHé cémﬁcﬁl)engg oRE {h%treg’eiée\f %8 Icgn select an

appropriate set of combining coefficients. = Based on analysis, the timing
synchronization, which relies on TDM pilot 3 placed on waveform boundaries, can be
expected to perform at least as well as time tracking algorithms deployed on data
symbols inside wide-area and local traffic blocks. Apart from timing synchronization,
the structure of TDM pilot 3 (or other added pilot symbols) allows for channel
estimation for the symbols that lie on both sides of the boundary between wide-area and

local data waveforms.



may be enployed (wth sinpler structure and processing

at the receiver) on nost boundaries, except for right
W@ba0en0992M pi |l ot 2, and right before PPC synmboP&T/Wk10061008762

are described in nore detail ypth respect to Fig. 2.

[0036] One or nore receiver processing conponents 140

E0087br ovAdtittortatlyd egogpstérhiel BUPAT ifdl@dee 1 35% (9&5001 for a

t he, added, TDMJEII | ot symbol for such aspects
BIRICRT GiTeLSEi diRisasan BiSHISseneastfordesasiing whisast dn’reeaddltlonal pilot

&Y &p%f’ ﬂal%% ewﬁé?rg\fﬁk gﬁﬁ?&nﬁLbﬂot%n%bogﬁ % gécgtgo% fp TDM1 and

di ven recerver I'mng Synchr oni 2
TDMEb(d g),t re&rélme ezl 20, demodigatoadedribed Baby). oPklso the protocol

| es._as synchronlzatlon based on
Bcf]gf‘s ‘z"e E‘Edgﬁ%}‘li“ﬁd & ﬁ?Rqréral%f‘cHUF@ virglass MW@ﬂi/éﬂﬁg reference

t ase
glll)l) anﬁgf?%%dg rTng %foc%&ﬁdﬂeg‘p glrﬁ:zéug@ Vﬁﬂezt% ﬁe?fbg?xnﬁl lgas? rbnl— Rt a channel

esfioaliah enhd TH@INS syhehionjzationte. puaneddrenan lblomndar i es
However, conponents 140 for inplenentation are
@@ﬁ&]’ al IFyg r@nl@sﬁateplancatmle gepecirahd ¥irhdtu@ 30019VehilP &ﬂy one

res e the pattern of pilot
%‘l‘ftéor“IaLB’égt 8 ,;151210@ ﬁ%@h%wgmthfywplg sepeariramg 300, it is to be
1< r
P el Glor R e TRRRE PABGL iy e eBbEEa The super

ﬁra;m:tsirmtu@f 2Q0 ymedotesi make VXN égm:ﬁmﬂs anfdchitate the broadcastlng of
| ocati on,

T R L NG I
@EPND pyhBélofse bursek f%@isn%dhgrﬂ@eﬁ)hfp PABL $- at B358@haR the second

roni zation, which relies on

al ysi s, thetlmngs
(%%M@mfo %@f@aﬁ?@au Achds segeenaean filowed by a first
S tracki
REEN g SorIOEI Yy 8 4By B b S G

240d Gepenily a aé\m koc:liil, DG Pllépal‘sydeSIOZBOtdaHlbﬁgnserted before the local

nchro tion, the structure of TDM pilot 3 (or
(gf\éhsg(nbg é’glsppqttsfn Wyslyp%tq il therjurdtigns between wide-area and

1684 cABIERSuER 5s hheresuiR glluﬁle}zﬁ A5y fgle?)gagq&ffg ﬁp\szvle\qeerslt% noted that

t he boundary between w area an
siyapler proaessing0Bas odkud uﬁ a s;ymlbdl;subdeltl hawviyig taeIBaétQGJoCs@'mbols is placed

| ud t f
T R IR T G T

200TBNUPHbt3N2d0 Ridl s%tfoﬁM@Qha\feoﬂ’ouﬁnﬁ‘ly B&4 i PILEs Wﬁgwgere the
t he addltlonaléllot sy isin addltlonto
eYgpvntertacgs (0,24 raéfh@écqubbﬁlpﬂQBO Unlédrentthe | BDMF Pilot 2 220, TDM

h cl ud
BES Padar PR b dpot Won B RARL nliRes oE 19ral mdre and one

f¢rewgleareaeif edscamdem]tﬁé))raﬂﬁﬁorﬂﬁ@ﬂﬁwfdé[ar@z[ fFRER! d1GhicBFor wide-area
| east one of a channel

er frape to perform at
pégfg aH‘&PP%meé 1 the FPNG Pyt 5l easitetsinthmtransitipn, from local to wide-
afe8! €T188¢81d54%) one embodiment where a single TPC pilot is deployed on each

boundary. In another embodiment, with two TPC symbols per boundary, Local

Transitional Pilot Channel (LTPC) symbols have all interlaces occupied by local FDM
pilots, and wide TPC (WTPC) symbols by wide-area FDM pilots. As can be

appreciated, other configurations for the super frame 200 are possible.

[0039] As a baseline, two hundred and ninety data symbols can be employed per
frame 200. Two new OFDM symbols, a wide-area 260 and local identification 270
channels (WIC & LIC) are introduced between TDM 1 and TDM 2 at the beginning of



[0038] Fig. 2 illustrates an exanple super frane
structure 200. While only one additional pilot synbol

W0 200BR®225 shown in the exanple super franme 202CT/U$2006008762
to be appreciated that nore than one additional pil ot
synbol may be enpl oyed. The super franme structure 200

et supelufiexpe 260 GF I 1eyaldd Spdroof 6 ishpdrdtLnd DR, e.g., twenty TDM 3
broadcasting of nultiple wde-area channels and

Rilpk symhely e dnfEerveed In gnethy srabedimente lawerk TDMAE pilot symbols

ol S . g .S ¢ ly T
b BB Y5l 2, RN 2T WM e o
Spdcqlized DMt gehtals 228ach Thdrsitioadeenesd widd abi aWedoddY channels.
first TDMPilot 3 at 230 followed by a wide-area O S
?@ﬁr&%aal)& PRERHMEL POHEVEHnHEFS) is ol ans TBM S simbp] bgfore the first
, ) Pj I n [
paskecols TRV RSP aRY 'y 0 G IPRARE, porore pec
pypleals,sasaindightied thiyethg wse bf @sborxetshiee oI TdF aragdndivsted at 230 and
gg& I .ctkannels such as at reference nuneral 250 for
aﬁ[}:ll%. "However, it is noted that sinpler processing

%gccu i f a synbol subset having at |east two

| s 7 SOPInasuipning Rilat chunshdriescapdieviddad @i R0, apdat includes
B IOESSELRUOR #2120 F T Bl SRl T Baffl nTR o
logaténg the eece{ver Syroygh) trimhgrigidnheethudn i nt er| aces
(0,2,4,6) are occupied by pilots. Unlike the TDM Pi | ot
27T2018,1: TDMI Bilbo} 168a2&B, mesmigdxheyt with ®& DPC kpubole perboundary
nunber edW: At@btesfeWideodred §6MolPhdratsnd wgpo@%nb%rpizots
W de- area—f—locatedi-nthe transition fromw de-area

to '|°3."":¢ ?ﬁrahg_lg%lﬁ Pf or Wéﬁﬁn@jﬁﬁd@é fioPt S aﬁgm‘%ﬁnﬁ&[ for

ocal | i e ilo &4 08 in n
from|ocal to w dearea. VTVHlf%r gglgs I n age%le?rgggf% of
where{a single TPC pi|ot is deployed on each boundary.
I n anpttrer—enbodiment—with—two—TFPE—sypbols—per

boundpaTPM21 ocW-OI8ans| ti onal BRil ot Chapnel (LTPC)

synbofs—tave—att—intertaces—oceupi-ed—by+tocalFDM
pi | ot sW-axisl MLA@ISTPC [ WIPC) syorbol s by| wi de- anea FDM
pi | ot p—As—ean—be—appfectated—othercponfigurations

for the-Gisporwipage 200 are ppssible. [0039] A3 a
basel Fre—two hundred! and ni nety dat.a er‘r‘nnl s _can_bhe
enpl oywdpagr->fI-pEe, 200. T PLFDM SYTBOL &L @riq)x;
wi de-jarea 260 and | ochl identifi%’jt’i on| 270 cﬁaﬁrel)sl’
(WC & LIC) are introduced(l5étiddh TDM 1 aficOIBBR at
t he beginning ofthe spper-frane 200—Hn—theremarntng
part |of-Dawe>sWpdatd r are 2008+Fr4™, twenty ITBKF-84)3,| ot
synmbol s 250 are introduced.,.| ot her| enbodi ngnt,

el even _TDM 3 pil ot sypnbol s (é_r]gz’?ﬂt r oduced. @ﬁﬁgg"ﬁer al ,
in e (ment wth t TDM 3 pilots, tjhere are two
speci "?jf&gae—ﬁwp%ﬁbwﬁl s at each trangjiti on%%g"f'\ﬁeen

w de-area and | ocal channels.

[0041] Locations of TDM 3 symbols are shown in Table 1 above in embodiment
with both wide-area and local TDM Pilot 3 symbols. The number of useful data OFDM
symbols per frame is denoted by F , out of which W are used for wide-area channels and
F — W for local channels, with W ranging from 0 to F . As mentioned previously, the
base line value for F can be 290, which corresponds to a baseline value of six

positioning pilots, P=6. However, if positioning pilots are not utilized, at least 2



There can be exceptions, however. There is only one
TDM 3 synbol before the first wide-area O S synbol
W@ YOh8Y922nd one at the end of the |ast franme, PEf/US®06/008762

PPC synbol s, as indicated by {jie use of a shorter

slice for TDM 3 as indicated at 230 and 280 if Fig. 2.

ERABAE sRoulevhedRsbive@nittg cRirtt nihaBne 2 @m&anv&lqﬁl P=2, the

added at 290, and it includes P O-DM s at the

ap@best of; pankolp wer frameecanrhe inssessed Grom @9@.tb 9. h6np rehationship
A t hrough triangul ati on net hods.

#&b%gﬁ?;:g ﬁ%%mgg{:’ @;l ocat i gns, in enbodi nent with two

TPC synbol s per boundary W nunber of Wde-area

synbol s per frane, PDOSIt#OQPEQ%EOtS [ 0041]

Locati ons of TDM 3 synbol’s wn in Table 1 above

i n enbodi nent with both w de-area and | ocal TDM Pi | ot

E)Oég}rboll‘sis 1ibteal thetyiem b deseiptibn JATDMIPDM 3 yyrhbdldo@eions above,

| t ed ut . of, which Ware used for
e EBy} BiCEna iR ah 50 biuipbPrrisda BHARRBRSS! it fame. In
E\ﬁrﬁﬂﬂhrn thd frie Q0D n befd \W@rpfﬂeq{ﬂﬁg aPé'aeYDM'BSéﬂmbcﬂ Iﬁ? the beglnmng
as

e line value for F Can 0, corresponds
and g |W1ﬁveth¢a1q9@1 DM} xsylpslbgh o th¢| ﬂgi |canldo¢an inplude the two TDM3
re.not ut

Fﬁg%gg)‘fse t tﬂ 193§t|1t Lirc])éln %’é&) Ir %§%§9 3803\}\4 qrea Wi t:hple e fraﬂalg With this

mmiﬁhgl thgymﬁtbﬁﬁbf §yrﬂl§cﬂs P trdm® would be Fhet NURDBIalRf the factor that
nmbol s per frane can be increased from 200 to 291.

a8 gt 1A shiaBoYet WeHaEy.athg FOMS gymbols yound, the OIS can be
{ng%gd 1rﬁ$ tHeSOfSol e ltil@airn 7 &L&@r@??ﬁﬁj gﬁcmlc%lta’ %?S g%ﬁ&?’é’,‘ with each

l'ot 3 synbo at 1Ions above
@ifmpbdi&s legmnah s end ending an pr @DMB agmbel. N§Vipsticr ’ﬂDNBhgrmbols are

i A e AN B3 e
E}hé‘oﬂv@ﬁ‘l@hce-r@mml TiP4n &6 BREnt @ i1 'gf@ ?ﬁ{ﬁolt B&h simple

two TDMB synbols at the transition rom%vvl
m@mesarfeaotqushbh: sines thegeraze in/ganierd] 8 symbnlsipeg fratdegexcept one

RS TR Bl RS, 1 1

[Boa3]l ar 'F)’ 3 DRisTANB as ¥RkepIS iReANRMp AR @)(ﬁf&ad"mﬁ%e TPC symbol
i ncl uded |nto the A S, resultlg‘g in 7 wde-area
QERHITING| o WaTpiormyhawaflary. Wi potedieboe 8 syivhekcdledi FMngjlot 3 is

ols are
BO Bt Do iNCyroy BB byiad R, BElRaRy T et o s
orbokistshown ib l‘fﬁg Ganinedrioesh® Airidve in this example) at 310, 312, and 314

respectively are occupied by the wide-area pilots. Interlace 4 at 320 is used by local

pilots. The acronym “ctpn” corresponds to channel estimation and timing wide-area
pilot. In other words, this interlace can be used by the channel estimation block in the
wide-area mode as the “previous symbol” FDM pilot interlace for the demodulation of
the first wide-area symbol, and is also used for timing synchronization. Similarly, “cpl”
denotes the pilot interlace used by the local channel estimation block when obtaining the
“future symbol” channel observaton. This observation is used for demodulating the last
local traffic symbol.  Pilot interlaces denoted by “tp” are used for timing
synchronization of data symbols in the following area. These interlaces 310-320 are
separated by null-interlaces where no energy is transmitted. In order to keep the total

transmitted energy constant among all OFDM symbols (including symbols with all



by conveni ence for hardware. In an enbodi nent with

single TPC synbol, such sinple anal ogi es are not
w@omsi2e2 since there are in general F+2 synbPCEURMNG6/008762

frame, except one frame (fi rsF3or | ast) which contains

F+3 synbols. [0043] Fig. 3 illustrates an exanple

iféick a6 upRY), SidncRerd RferRed AP Jifes §% led up by a f
occurring gn a wavef orm boundary. Ag not e[ﬁéﬂi%os\?ge 4P Dy a tactor

sﬁlmﬁal Ieahll ad Widdlged ohandel sstidepion\Reckatsheaehake this into account
cal /wi de-area and, wi de-area/l ocal boundary. The
&?% SFiREPiIgHs dRPEdsPRboIndi $PBhERrParticulrgthigimplies that the receiver
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pilots follow the sane pattern, where
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waveforms that appear in an OFDM transmission. In general, LTPC would be
employed to decode the last packet of the local data structure where, the last local
symbol may be referred to as local symbol L. Thus, a respective receiver would process
a three symbol packet that includes local symbol L, local symbol L-1, and the respective
LTPC to determine the channel estimate corresponding to the last local symbol L. If

decoding the first wide-area symbol N, the three symbol packet for receiver processing



the (2,6) staggering pattern, such restrictions are
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Since this might not be the case, there can be four different patterns 500 again for the
example of local to wide-area transition. Corresponding to each of the four different
patterns at 500, the demodulation technique used by the timing synchronization can be
slightly different.

[0048]  Consider the timing synchronization on the transition from local to wide-area
waveform in the mentioned embodiment with (0,3,6) pilot staggering and a single TPC
symbol. (This is the more problematic situation for timing synchronization, since the

wide-area estimated channel is often a superset of a local estimated channel.) Timing



synbols - WIPC are scranbled using a wde-area ID in

the seed, and the |ocal TDM3 synbols - LTPC are

wa@erani2erl usi ng both the wi de-area and | ocal POFUSI006/008762
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coiinesl Cossidamtheputput of @ 513+[EHT tandta phase ramp operating on interlace

i. If the channel estimation is based on I pilot interlaces, then channels of length
I-N, can be estimated, where N, =512 is the number of pilots per interlace.

[0051] In Fig. 6, I =3 and this corresponds to channel estimates of length 1536. A
real channel of interest is of length 4096 (the same as the length of the useful portion of
an OFDM symbol). However, in reality most of the non-zero channel taps are
concentrated in a narrow region. In one embodiment, it can be assumed that the total
delay spread (area occupied by non-zero channel taps) is at most 768 chips. This non-

zero real channel can occur anywhere between taps 0 and 4095. The estimates of length
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@@éﬁrla e. [0051] In Fig. 6, / = 3 and this
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sag Wpredl bchnangleins. t Bhs advaatage 0098ng 'ﬁﬂé3éddmg‘r(ﬂtaﬁﬁelafst1mate is that
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bi n 0, through 7, where
three p1lot interlaces is described, with the understanding that a similar process can be

used to obtain a 1024-long channel estimate using two pilot interlaces of a TPC symbol.

Referring back to Fig. 6, for 0<I<I-1, denoted by h(m) the I" portion (N,

samples long) of the estimated channel impulse response, where the I” portion refers to
contents from the I" bin which may be aliased when considering the estimated channel

impulse response. The n" observed tone on i interlace is then given by:



bin k consists of taps 512 to 512 ( + 1) - 1 . [0052]
In general, the real non-zero channel content can be

wo owaned2i n bins k, k+1 and k+2, nodul o 8, wherP€HES1006008762
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ceee sllavasadFighdrat ¥@0sthdamkngwhierced iph ed Thaspedm is solved by
inverting a 3x3 sub-matrix of a 4-point DFT matrix obtained by removing the row
numbered i/2 (where i is the index of the black interlace in Fig. 5), and keeping
columns (I,,l,,l,)mod 4. For example, consider the pattern shown in Fig. 7 with
assumed channel bins (7,0,1). The 1536-long channel impulse response A(n) as in Fig.

7 at 720 is obtained from the observations corresponding to interlaces 0, 2 and 6 as:



i mpul se response. The n"' observed tone on i"'
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I e index of the bl ack .
Ihnétﬁéﬂ A€k, Fig dedion amdrik eepibegbased @i lipeazorombinaiay of the

. For exanple, consjder the t
amumu]agaglmggg/c\ﬁgm@ W)é)gﬁgz a(ng ad%fg e di Efﬁreisiq%%%h]e@ & acZumulatec;
channe S at ot me f?ﬁ(hqnszero tap o
%nggg née%f:hf et f\ﬁflﬁé@&%@c}h{tﬁ}naﬁ io§ ne 1

servations correspondin (FAP)
ihBtpsdifcss cBanriel anekg@ dbhig 3y afsoO0gTVIFRY thesfnfst |3H%Y1P%tP§E‘
an exanpl e bl oc am of g afhc 0%t lated
Gitestion RRVHOU. TV AnPTG cuRebiriE Sy A gumulate
% ?@(cmﬁ%g of ﬁled&faﬁﬁéptﬁﬁ%i@lﬂﬁﬂﬁb Oﬁﬂ—ldmg sfidingi windowi therrgeeiver may

Fhaich mi‘?théﬁ’fahﬁfé;é;?gte?@ﬁ”éé't%&w SlFeot e L eqeyfg maximum
T S SELSRS LRSI Rl o, St n o
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combined with the information on the deliberate initial offset, in order to determine the
appropriate timing offset to be applied when processing the consecutive OFDM symbol.
[0058] Some constraints with the algorithm 800 are that the actual delay spread of
the channel at hand does not exceed half of the estimation length, i.e., 768 in this case
and that the occupied channel bins are known in advance — see Fig. 7. Under these
assumptions, the timing performance depends on the channel characteristics and on the

SNR at the entrance to the last box in Fig. 8 at 820. The useful signal at this point, i.e.,

the channel estimate h(n) has the same power per chip as the one when all four

interlaces of the TDM pilot are used. As for the noise, it passes through several blocks

before reaching this point and most of them are unitary (in other words, they do not
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at fhe Q@ei%}eend. At 920, additional TDM pilot constraints are considered. In one
aspect, this may include determining how many additional symbols to add to a
conventional symbol set of TDM1 and TDM2.

[0061] Generally, one additional TDM3 may be included but more than one
symbol can be added to the super frame and associated specification. Other

considerations include one or more of the constraints determined at 910 for the overall
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(RAM), wh1ch acts as external cache memory. By way of illustration and not
limitation, RAM is available in many forms such as synchronous RAM (SRAM),
dynamic RAM (DRAM), synchronous DRAM (SDRAM), double data rate SDRAM
(DDR SDRAM), enhanced SDRAM (ESDRAM), Synchlink DRAM (SLDRAM), and
direct Rambus RAM (DRRAM). The memory 1008 of the subject systems and methods
is intended to comprise, without being limited to, these and any other suitable types of

memory.
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[0067] TMTR 1220 receives and converts the stream of symbols into one or
more analog signals and further conditions (e.g., amplifies, filters, and frequency up
converts) the analog signals to generate a downlink signal suitable for transmission over
the wireless channel. The downlink signal is then transmitted through an antenna 1225
to the terminals. At terminal 1230, an antenna 1235 receives the downlink signal and
provides a received signal to a receiver unit (RCVR) 1240. Receiver unit 1240
conditions (e.g., filters, amplifies, and frequency down converts) the received signal and
digitizes the conditioned signal to obtain samples. A symbol demodulator 1245

demodulates and provides received pilot symbols to a processor 1250 for channel



is intended to conprise, without being limted to,

these and any other suitable types of nenory.[0064]
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codes and data. Processors 1290 and 1250 can also perform computations to derive
frequency and impulse response estimates for the uplink and downlink, respectively.
[0071] For a multiple-access system (e.g., FDMA, OFDMA, CDMA, TDMA,
etc.), multiple terminals can transmit concurrently on the upliﬁk. For such a system, the
pilot subbands may be shared among different terminals. The channel estimation
techniques may be used in cases where the pilot subbands for each terminal span the
entire operating band (possibly except for the band edges). Such a pilot subband
structure would be desirable to obtain frequency diversity for each terminal. The

techniques described herein may be implemented by various means. For example, these

techniques may be implemented in hardware, software, or a combination thereof. For a
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all such alterations,
. The module of claim 5, further comprising providing a pilot descrambling

component to process data from the FFT component.

7. The method of claim 6, further comprising determining and applying a phase

ramp operating at an interlace i, where i is an integer.



nodi fications and variations that fall within the
spirit and scope of the appended clains. Furthernore,

W@ 00ble92ext ent that the term "includes” is useRCT/HS2006/008762
either the detailed descriptihgn or the claims, such
termis intended to be |nclu3|ve in a manner sinilar
g 0 the gL gﬁetm L8R Y, fidfher €OMPFibiAL Mierindning at least one vector
|nterprete when enployed as a transi’tional word in a
cotrespondMBAT altigcClownaiEBnd Siegwinve domajn pikat igriacrobservaion.
synchroni zation at a wreless receiver, conprising:
receiving a data frame having at | east one Tine
Division Multiplexed (TDM pilot synbol; and
¢pr ocessiTRY pidaodadf d1gias, fartkerTdokpnisint ermplobiok thoetleed one TDM
at a transition between w de and | ocal waveforns. 2.
pileésyrabdl der draneelep@Mation. ur t her conpri sing processing
the at | east one TDM pil ot synbol, with odd interlaces
associated with the TDM pil ot being set to zero. 3.
The method of claim1, further conprising receiving a
idat a Theanethodadf ¢laict Odésther thugosiak Feeagsiog ©peDngtlageoaf the at

lflg\a%lﬁ H\%fﬁggnﬂ t gﬁ%l @%,g%ae&g'uﬁlbcya?wpé%n?ﬂ@@%%ed @Wﬂn?’m interlace

o83 dn@ERStoOta Bbntb@USHR SR Hothe a@lﬁSFIfOQéSSIﬂgnﬁlOther interlace of
sync ronization on the OFDM synbols follow n

thae fleastrobo T gilot symbRleasgran ﬁ@?i\domll%llateﬁﬁ%e C‘?IE?SPH%CFIH% to data
r for timng synchronization via at
q‘)@%%yﬁ@g’%& 85@1‘} tr Transform (FFT), and at | east

one Inverse Fast Fourier Transform (I FFT). 6. The

nmodul e of claim 5, furt her conprising providing a
il ot descrarrbl [ n%;] nent to Erocess data. fr

T Crgli}ﬁ)@ﬁ gl of pla hEABESIRE BIYEH10E Ut %eéface pebt?em of the
£0RL bR f@l\xﬂﬁﬁ&fsyhﬂabm ROSARR Wi pifot REBS ek Bpatern.

operating at” an fnterlace z, where 1 is an integer.8.
The nmethod of claim7, furt her conpri sing determ ning
at | east one vector correspondi ng to a tinme domai n and

freqguenc rI e :
ot TSRS0I il 2, LS SARG RERCRL A & Hifambin
]breﬁﬁ&ﬁétepﬂﬁ tHOM 1Bhdt Ghe TDM Philof Symisddagel ores wideires n:lenﬂlﬂer (WID)
he met hod of claim$9, further conprising processing

onen JopelewrsanidentaierhBDat

13.  The method of claim 1, further comprising determining data regarding a

location of the at least one TDM pilot symbol.

14. A time synchronization module for a wireless receiver, comprising:

a collection component to sample at least one additional pilot symbol for a
wireless network receiver; and

at least one decoding component that employs the at least one additional pilot
symbol to perform time synchronization or channel estimation at the transition between

wide and local waveforms.



| east one TDM pil ot synbol as a Frequency Division

Mul tiplexed (FDM pilot interlace corresponding to
waad0a/0g0et ent prior to a boundary, and processPEUS2006/008762

anot her interlace of the at | egst one TDM pil ot synbol

as an FDM pil ot interlace corresponding to data

aent effhe frabdudavion g1dife1hofuntler Yomprdsing AEF¥EEHR8HeOTransform (FFT)
claim1, further conprising processing an interlace

FampeReRt aysogined yrith by splleshion veyppndndt synbol i n

accordance with a pilot staggering pattern. 12. The

nmet hod of claim 1, further conprising determning a

déﬁg r %'mﬂ?l@aﬁ m_méﬂﬁ wheteh'gleadqllfe_e@@i (C\a/\lf S)H_@Mdr@d':di@s previous
.y Tbo ased_on a w area identifier and a

I%%E’é‘ug PO inframatipn é’i‘g%@h@? an ytial-phfsetaet hod of cl ai m

1, further conprising determ ning data regarding a

| ocation of the at | east one TDM pil ot synmbol. 14. A

iVme dhecdois ofaclhiom 16piicther doonprizing a pilesdescrandiivg component to
conprising: C ection conponent to sanple at | east
BEOEQ%?(&%#%‘?%‘HZW%#*WmBW& for a wirel ess network

receiver; and at | east one decodi ng conponent that

enpl o&s the at | east one additional pilot synbol to
ber f ol e tpefules 9h elaimnt 7z bt compisingnplocessingna M gitot symbol

Si. L] 1 W\E i de and .l ocal wavef orns. 15.
i S AL ARREIRTO e R 08Bioo5 g & Fast
Fourier Transform (FFT) conponent associated with the

&gl I e%i on cimn'pf(:)ne.nt. 16. The nodul e of claim 15,
er e 1ph&Qdyla e eleBh 1Sodpdins ompsisisieyas Ipreesgi BEE (IFFT) block to

FoRk YRGS MR bil R s Bt lies an initial
I(%ffset.a 17. T}%;]plnoglu{e o#lﬁ%%ﬁ%o% , further conprising
a pilot descranbling conponent to process data from

e FET co nent. .18. The dule of claim17, further
%(g'rrpr 45 rfag‘glﬁ%c%éﬁlﬂﬁl al-BT[ﬁqu?rl SOTRFTAS 2nnARseryasion combining
t@BpdnehBbProtebeadth Rk @B IOFT Btk Ve pilot interlaces.

19. The nodul e of claim 18, further conprising an

I nverse FFT (I FFT) block to process data fromthe
20. The . nmodul e of claim

j | |- .
o RGO PP CATRIE i R B S percin

odagbneNdbst a6 eaEbindR frodes@m t he | FFT bl ock. 21. The
nodul e of claim 20, further conprising applying a

matri x rotation operation
22.  The module of claim 21, further comprising a phase ramp selection and

application to facilitate the observation combining process.

23.  The module of claim 22, further comprising a fine timing block to process data
from the observation combining component and to determine and perform a timing

correction.
24.  The module of claim 14, further comprising a machine readable medium having
machine readable instructions stored thereon to execute the collection component or the

decoding component.

25. A pilot symbol protocol for a wireless receiver, comprising:



to facilitate observation conbining process. 22. The

nmodul e of claim 21, further conprising a phase ranmp
wa@edoenvi2zon and application to facilitate the PCT/US2006/008762
observation conbi ni ng processyp723. The nodul e of claim
22, further conprising a fine timng block to process

dat a fieans foreecdiies Makisd OnETHM DiAg i
oo né? oft mﬁﬁl%g%fd @% Bilot symbol

determ ne and performa timng correction.
AR rasiondelysen ide aeg loselrwaefgrmissh aguperrfeenis; ne

reada [ 18V L ne T, abl e instructions

st or eg‘l %%Hgﬁggwdﬁ%ggﬁ@%{ Ee g 6&%%3?168%11 BhoAR%t or

the dewads for pocpaienthe DM Aifit |0t p&FoFhOkt a6t 868lof a channel
for a wireless receiver, conprising: means for decodi ng

sumatipnang 3dinpingsyRshenizasionaul ti pl exed (TDM) pi | ot

synbol for a transition between wi de and | ocal

waveforms in a super frane; neans for receiving the

goper Af meekine nrebdeblonvinteelies shavaignarakhina ngkeomalls ihstructions stored

@_{qocessi ng.the TDM pilot to performat |east one of a
et OB Y Mat i on and a timi ng synchroni zation. 26. A

machi Bener-AaGaRkliGshBsH M A NInIFBE Péﬂ?an%ﬁﬁﬁ WeRhde \%idg and local

instructions stored thereon, Conprising: generatin
wareforrahia anRFBM roadapsthol per transition between wide

commu AR5 e e TERY RBRATRIIS eyt png osiver

| east dandingahehMedst ofeTDU phottsytbal at tB&EdceRBL addPM
pil ot synbol at the receiver; and performng a timng
det er A¥ ¥ha Hpdng deterannation and copectiancasitherectiecs¢dhin part on

Rkt 195 Jngqég%lﬂggﬁ%gnmg TDM pi |l ot synbol. 27. The

machi ne rea um of claim26, further
conprising perform ng channel estimation at the

é ceiiLE%. %:? A naéﬁrgl ne r.eadapl e nedi um having a data _
1 uct Ut SPEPEPPAHHET dBFIUR oM FlaEN g, Weheicpgprsing performing
HRags ofRalMihd Rbeilbe! d per transition between wide

and | ocal waveforms; separating the at | east one TDM

pilot field into one or nore interlace fields; and

%’% ?? :%tsnglag intfeggadggfﬁelﬁelécﬁg%ﬁalv&llg%Sdattef) stgu%%u%er: gt‘o?e% tﬁertel)rrlr,] cggnprising:
decoding at least one TDM pilot field per transition between wide and local

waveforms;
separating the at least one TDM pilot field into one or more interlace fields; and
processing the interlace fields to determine a timing correction for a wireless

receiver.

29.  The machine readable medium of claim 28, further comprising processing the

interlace fields to determine a channel estimation at the receiver.

30. A wireless communications apparatus, comprising:

a memory that includes a component to receive at least one TDM pilot symbol
per transition between wide and local waveforms in a super frame; and

at least one processor associated with a receiver that decodes the super frame

over a wireless network, the processor employs the TDM pilot symbol to determine a



receiver. 29. The nachi ne readabl e medi um of cl ai m 28,
further conprising processing the interlace fields to
wa@ledoen9n2ee a channel estimation at the recei vePCT/BS2006X008762

Wi rel ess comuni cations apparagus, conprising: a
rrermry that includes a conponent to receive at | east

ffind E3dRtibR bn ¥R ShanBEll estif@is fdr@he Qﬁ’el@?ﬁe&ﬂﬁhgﬁcﬁ%s
Ioca waveforms in a super frane; and east one
pPREEYYS Or associated with a receiver that decodes the
super frame over a wreless network, the processor
enpl oys the TDM pil ot synbol to determ ne atim ng
gorrect i Amealnst fF cRangblosstiglaties hi MwirkREs fe0&ivéNEom nsmg
Wi rel ess communi cations apparatus. 31. A nethod

channel 1@&611/15{?% RAstdne Q“D’Mrp?lb?%lfcﬁ ¢&d aYé?ir at aQPaETE’iElbﬁ 'b@tgveen wide

receiving at 'east one TDM pil ot synbol | ocated
archlosal w diefgrasviensn anOF®Mbroddozsal andvef orns fr om an
OFDM br oadcast ; and decoding the at | east one TDM
pi | ot sydeboding thef a&dedsi ba¢ DM piloebyneisdlitodaditiratef @rangel estimation
ﬁﬂ rel e%s receiver. 32. A nethod for tine
Y AChToRi*Z8i T Bh at a wirel ess receiver, conprising:
receiving a data frame having at least a first Tine
Di vision Multiplexed (TDM pilot synbol associated

wth a | ocal waveform boundary and at | east a second
%%DM pfy 1aetheg fﬁsdlm@a%éhﬁoam@owttmwaelﬂﬁsa@cw@acqmm&ﬁm m

bound [ il ot

ang tﬁecra se‘%‘o?;%ﬁgr%ﬁﬂ%%? 91? gta{‘%%& af?futr I?’ﬁ’ éSI%%ﬂbﬁw (TDM)

BBt sif'mbo}mdmatﬁd)fwmhl aaﬁdfl l&&,veﬂ‘oﬁmt]d@eﬁdzﬁvﬁm lhﬁlgm a seclzond 'Il“DM
a.three synpol packet that includes a |oca

E@H’rﬁ %EP agSé Pqiged Wikynpige-area wavghgm pramdagys endri e

Divis |t
P M i i DI R o
bstdetaetanon for | ocal syrrbols L or L-1. 34. The mnethod

of claim 32, further conprising processing a three

synmbol packet that includes a wide-area symbol N, a

38.de- ar emesyBiol & taird i, thehGeeaRstisth & n
Mul t |t§I exgd (TDM quOI Ialot synbol assoclsatgrg)r egéh%% three symbol

Rechel P@@Cmd%ﬁdﬁ ﬁﬁanid;I' |aj lpaaléymbahhel apdtthavfitst @lime Division
I(/l‘a[tlp\i\é)gﬁ @IFI?IQI) Sﬁl fg? yﬁlel ass001ated with the local waveform to facilitate

channel estimation for local symbols L or L-1.

34. The method of claim 32, further comprising processing a three symbol
packet that includes a wide-area symbol N, a wide-area symbol N-1, and the second
Time Division Multiplexed (TDM) pilot symbol associated with the wide-area

waveform to facilitate channel estimation for wide-area symbols N or N-1.



