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more prevalent but also demand unprecedented bandwidth to support large and complex
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[0004] While data traffic can be transmitted by way of wire, demand for wireless
communication is currently and will continue to skyrocket. The increasing mobility of
people of our society requires that technology associated therewith be portable as well.

Thus, today many people utilize mobile phones and PDAs for voice and data
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communication scheme where a high-rate data stream is split over a large number of

lower-rate streams and transmitted simultaneously over multiple sub-carriers spaced
apart at particular frequencies or tones. The precise spacing of frequencies provides
orthogonality between tones. Orthogonal frequencies minimize or eliminate crosstalk or

interference amongst communication signals. In addition to high transmission rates,
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[0013] In another aspect, a computer implemented method of timing estimation
comprises receiving a stream of broadcast input signals at least some being associated
with a pilot symbol, generating correlation outputs that form a correlation curve over
time from the signals and delayed copies thereof, detecting a leading edge of the
correlation curve, and detecting a trailing edge of the correlation curve.

[0014] In another aspect, a timing estimation system comprises a delayed correlator

component that receives a stream of input samples, correlates an input samples with
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BRIEF DESCRIPTION OF THE DRAWINGS
[0019] The foregoing and other aspects will become apparent from the following
detailed description and the appended drawings described in brief hereinafter.
[0020] Fig. 1 is a block diagram of coarse frame detection system.
[0021] Fig. 2a is graph of a correlation curve in an ideal single path environment.
[0022] Fig. 2b is a graph of a correlation curve in a real multipath environment.

[0023] Fig. 3 is a block diagram of an embodiment of a confirmation component.
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[0036] Fig. 15a is diagram of an embodiment of a TDM pilot-1.

[0037] Fig. 15b is diagram of an embodiment of a TDM pilot-2.

[0038]  Fig. 16 is a block diagram of an embodiment of TX data and pilot processor
at a base station.

[0039] Fig. 17 is a block diagram of an embodiment of OFDM modulator at a base
station.

[0040] Fig. 18ais a diagram of a time-domain representation of TDM pilot-1.
[0041] Fig. 18b is a diagram of a time-domain representation of TDM pilot-2.
[0042] Fig. 19 is a block diagram of an embodiment of synchronization and channel
estimation unit at a wireless device.

[0043] Fig. 20 is a block diagram of an embodiment of symbol timing detector that
performs timing synchronization based on the pilot-2 OFDM symbol.

[0044] Fig. 21a is a timing diagram of the processing for a TDM pilot-2 OFDM
symbol.
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disclosed. Rather, the intention is to cover all modifications, equivalents, and
alternatives.

[0054] As used in this application, the terms “component” and “system” are
intended to refer to a computer-related entity, either hardware, a combination of
hardware and software, software, or software in execution. For example, a component
may be, but is not limited to being, a process running on a processor, a processor, an
object, an executable, a thread of execution, a program, and/or a computer (e.g..
desktop, portable, mini, palm...). By way of illustration, both an application running on
a computer device and the device itself can be a component. One or more components
may reside within a process and/or thread of execution and a component may be

localized on one computer and/or distributed between two or more computers.
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to improve such estimation. System 100 is primarily concerned with detection of the
first pilot symbol for frame detection, although it can be utilized in conjunction with the

detection of other training symbols. System 100 includes delayed correlator component
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can further obscure the leading edge. This can result in a large number of false positive

detections. Furthermore, the spreading of the signal is not conducive to counting
samples to detect a trailing edge and noise will prohibit detection of a trailing edge

when values dip below the threshold. The techniques disclosed herein provide a robust
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[0062] Turning to Fig. 3, a block diagram of one exemplary implementation of the
confirmation component 130 is depicted to facilitate clarity in understanding.
Confirmation component 130 can include or be associated with a processor 310, a
threshold value 320, an interval count 330, a hit count 340, a run count 350, and a

frequency accumulator 360. Processor 310 is communicatively coupled with threshold
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[0064] In one embodiment, the confirmation component 130 can determine that the

leading edge component 120 detected a false leading edge by examining the run count
and the hit count. Since the confirmation component should be detecting a flat zone of
the correlation curve where the values are greater than or equal to the threshold, if the
hit count is sufficiently low and the run count is greater than a set value or the hit count
and the run count are substantially equal, then it can be determined that noise may have

caused incorrect detection of a leading edge. In particular, it can be noted that the
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covters. " one of the conditions is detected, the processor can provide one or more

additional checks on the counters to increase the confidence that one of the conditions
has actually occurred. In particular, the processor 310 can insist upon a minimum
number of hits in the flat zone as that is what it expected to observe after the leading
edge detection. For instance, the processor can test whether the hit count is greater than

a set value such as 2000. According to one embodiment of a frame structure disclosed
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thabthee détadtioni cortpoaeis) trailing edge component 140 can receive a plurality of

correlation values from the delayed correlator component 110 and increment
appropriate counts to facilitate detection of a correlation curve trailing edge associated
with a first pilot symbol (e.g., a TDM pilot symbol). In particular, processor 410 can
compare the correlation value with the threshold 420 and populate either or both of the
interval count 430 and the run count 440. It should be noted that although the threshold

420 is illustrated as part of the trailing edge component it could also be received or
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dalil (R HstahéOcanf (%Tebﬁb%td%‘ 8 256M shipleliH theGRUDOFHAP symbol
attains a certain value the trailing edge conponent

(&"@M odot-2x A fiae fomednteotiorssysteni ¢anrsybsedyentlyl inpreite, upph ghat

ailin nent 140 can continue to receive
v ﬁgpggPﬁﬁgng%§58%WBsupdate the counts. If,
[0oygVer Fig Meiliudkaey al daseat cofitdrecsmipsmen i {0 éi efmﬁey detail in

Iarge this can indicate that the trailing edge wll
aseerdpreeeitle one embedimgni elhg delayed cosglporroatponens 138 exploits the

pe%%g cen%tur«L, b f A pilot-1 OFDM symbol for frame detection. In an embodiment,

correlator 110 uses the following detection metric to facilitate frame detection:

2

, Eq (1)

n
-
2 T

i=n-L;+1




enbodi nent, this value can be 8 * 128 (1024). On the
other hand, if the run count 440 hits or exceeds a

wo 20088742 s can indicate that a trailing edge PapUk®mesn002544
detected. According to an eq‘godi ment, this value can

be 32. [0071] Additionally, it should be appreciated

that trailing edge conponent 140 can al so save tine

i hstances, for use in.acquisition of fine timng.

Lor o $ghe aﬁ‘ﬁ“’“é%ﬂ%l%ﬁhﬁﬁ‘?‘}’fetﬂ’?é‘ogf’éi ling edge
conpanegnt 140 can save the t] I nstance whenever the
run coun 3“88&&"8‘“? Y o°°PW§?‘8b§/‘{ESr oviding a tine
I nst B 4j kffardd uhé Bg, edge detecti on.
Acco?igcﬂngkﬁésgﬁéekcgjﬁa‘gog?mu and the frane structure
described infra, the saved ti I nst ance can .
keHes Zﬁﬁ@mp&tqs %@flwogra%%g?we% EVO &Pt SFRRNES gindtd 71, in
(TDM pi | (_)t-Z_%. A fine frane detegction Séstem can
wigroasasEtive Bilatripteayances Rc:tHat, - fv-al e dalaye eqrrpdation removes the
| ater sections. [Q072] Fi P S illustrates a del ayed .
et of deocompypisation chamel Withgut reguirwgt yichanngl gain estimate and

. . _ I

A CARBe Ry AR ey FEived P A o Rl Ehannel
Padaddn 11)OHeM yuholatel ahe toaeletiae tesalts dor. all f; aamples of a pilot-1
enbodi nent, . correlator 110 uses the foll ow ng
waraee o bt ap aceynylated qoprglation raswlt (et 3dihols: a gomplex value.
Sn Eq (1) WO 2005/074224 PCT/ US2005/ 002544 14 where )
@varlgnfﬂéhfd)eqe@m i dreiion anetids oscatislatiopQuimy o, for sample period

rg% }:gauqﬁigwa ¥ og%)l{je. e g? %Ug%{?edigﬂ%g%r%e_@c géﬂ%{eﬁggm telge E)P t?le energy of
§9 RS B BRI TR 5, Bl SRR g o

deqnerlees uded for the dBlagediRdrY@dnCcor r el ati on renoves the
effect of the communi cati on channel w thout requiri

90ZHann Y ithja delaged poraisonsampanant Hos acbifoieaiser 12 (of length L;)
nmbi th i d.b f th X
B s ond o ind TOSLETRIY (4 Jand pravidss. gt papales (v}

he, caorrelation. results for all Ll sanpl of .

P8 Bl B el Bt ob PR B0 pfusp o psed in
plecebftshift registdtian. i/ udit 5 06AIsE ¥ecébles the infr@tUAipR3 ahd provides the
then derives the decision netric or correlation output
Smflen-cagugsitesl mpni snples 4}t Héorsygolasadpleaypniot ude wfiltipher 514
. The decision nmetric Sn is indicative of the energy
wfltiptiese theedelayeddinpit| sample gpguéooesiuft tegistpr 15 121with fthe complex-
there is a match between the two sequences used for
dongugdeidaymad sampleet’ afkoromnit 516 and provides a correlation result ¢, to a shift

register 522 (of length L) and a summer 524. Lower-case ¢, denotes the correlation
result for one input sample, and upper-case C, denotes the accumulated correlation

result for L; input samples. Shift register 522 receives, stores, and delays the correlation

results {c,} from multiplier 514 and provides correlation results {c, ; } that have been

delayed by L; sample periods. For each sample period n, summer 524 receives and

sums the output C,, of a register 526 with the result ¢, from multiplier 514, further
subtracts the delayed result c, ; from shift register 522, and provides its output C, to

register 526. Summer 524 and register 526 form an accumulator that performs the

summation operation in equation (1). Shift register 522 and summer 524 are also



[00731 Wthin delayed correl ator conponent 110, a

shift register 512 (of length LI) receives, stores,
wae@sshizbe s the i nput sanples {r" } and provi dBCT/URN$/002544

samples {rn_L,} that have begn del ayed by LI sanple

peri ods. A sanple buffer may al so be used in place of

shift regi ster 512. A unit 516 al so receives the input

czg rg tcijl }r)]grfé)rgnoe\ll Ingxglfngéoggsﬁldgg | exaﬁlféo P‘%‘gﬁ# gloistnljggetnt correlation
BUhts! P 1ebughld +m*” Thiplid 8shithea wleka@the MBYhost 38RNE correlation
rfrom’shift reégirdter 512 with tHe conplex- conjugated

rbYE %ﬂphﬁlltgphef‘ B@E‘aﬂﬂ'sﬁb@é’c@ing%t RECYIrlERioR,_result ¢ ,, from L,

correlation r cn to a sh register 522 (o
?Qat geriblid efé, @/hﬁ:‘l’i"ﬂs"gfovﬁi%ﬂ bylsBMEfepfa? QZQ‘Aqﬁﬁ‘tqﬁScoHﬂ)ﬁtes the
c relation reésult r one i nput Sanple, and
sqpyred negssudenoftithe atasntlbed angund afrech sonmed 524 amd provides the
result for LI input sanples. Shift register 522
detctoneeirics{, or es, and del ays the correlation results
fromnmulti pI ier 514 and provides correlation

[g)@’é‘tll t sF{goh depicts atfinetframeg/detession system £0@d Swem 1609 armbtl@s a fine

el(rgag %gr%ﬁ,gnetn& C h S& q%ﬁgcoagrf co%gpoggrllts élzrﬁmrgﬁc Sent 610
daft $ebeive@he fife Iiﬁsfﬁ;hbé Vel ®F tl&%ars‘elﬁdxﬁtedete@ﬁub&ymhsoo tlag 1.
del ayed result c¢,,-L, fromshift %lster 522, and

ﬁmvnmd iabavegthiplifne aytange C%@m@m 0 ghe mfé?lp]&’z‘kf the next
f
b%tl SV hidtf Oanl &rﬁ.‘)ﬁg%lu g?lu (;'Trl]lllls?l% %méﬂﬁét aﬂﬁfr?i&r g@g ?ﬁtﬁﬁlzed

surma I on ’operation In regi
f612éhaaneis subjeat to mARipatheeffdctso THO it Ginding éé}ﬂ}éonent 610 can then

Q 2 44 1 confl ured t.o performa runn
ive phec o PigrpHy PO U cEte i ng S5 BHa g There
Jr@ ﬁﬂh& ﬁleGharﬁé?ﬁﬁH Qﬁblﬁi‘ﬁtel-ﬁn'% tlmlnghﬁc‘iudlﬁ o Bold BYSReh Mithe art.

sunmm ng t he nost recent correlation result C, from
Am:lordlpg toemmeXinbodiment hixema e fiicnuensytlotkied lworeﬂuma@n frequency

t | whi.ch
At hamcmybesfiRed hgnttaRsBisB ™ kodkind Moss e tines »°
dlﬂerenﬁag&nﬁﬁk tH@Sx‘ﬁbﬁt‘é @froPfind H@ifREGY Fidh €Mbop bhidWidfk. Data

fromsumer 524 and provides the detection netric Sn

decwanpqmetyt 62 erasitiempt to deiceds gneanranate deletQIIMMsyysibels This
1531(’1j extrsé}/sﬁ%:pef)rr]ag% fr(])g a&ﬁ?gna? C%Aiﬁgacet tbnﬂl' lﬂg tsfn%ﬂpo(?nnzeaﬁgn gg‘sobeen

a da Coler corpone
A osmplished. Bk det@tdodsaoedsdde,endw Reding s @ witl lare @cdbé)&etected
the coarse frane detection s stem 100 (Fig. 1)
agamydhe lradimgedge eomronentk20i (Fig: Ahckurthen detail F%%Cﬁﬁhlég ﬁ@e timing
: t. anpl e of the next OFDM synbol, which can
%Eﬁ?{%ﬁéﬁ%t -2. This is somewhat arbitrary yet
[6pT5]m zEdview@f thefmmplzsy sysignecdestiibedistpiap atethodbfotgtes shat may
The fine tj onent 6 t hen t he .
oIt e Rer prerewi prenen o th bow et Ries. 7
BStWHBE for blisbbses TR fplicy & f @?ﬁ]an{H%ﬁhlﬂQ nfeModbRgies are shown and

facilitate fine timng including those known |n t he
des¢ribed As a@er@hsmg blogks) ntels ¢corbodidesstoodvadaippreciated that the subject

metﬁgéjo? Xs arg %gtelgmitgcﬁ?y E oft etr 8?31%%?00 E, a3 46me blocks may occur in
different orders and/or concurrently with other blocks from what 1s depicted and
described herein. Moreover, not all illustrated blocks may be required to implement the
provided methodologies.

[0076]  Additionally, it should be further appreciated that the methodologies

disclosed hereinafter and throughout this specification are capable of being stored on an



control |oop can be switched fromacquisition to
tracki ng node, which utilizes a different algorithm
wo eoosomet e error and a different tracki ng | oOPCT/US2005/002544

bandw dt h. Data decoder conpgnent 620 can attenpt to

decode one or nore data OFDM synbols. This is an

extra step providing for additional confidence that
nchroni zat i s _been. acc i.shed. Lf the )

3t o Bl oo Ao BA G s B b toh e ioggies o

QRnpiRdretRes. PrEAkiin Biticld T nha@tichfe, 8 98cd; HRANABET toledBompass a

(Fig. 1). Further detail concerning fine timng 1is

qomppitet a0 SramagcespiblE7EIN pRY ranpterreadabledengs) earyier, or media.

ems fdescr |
®8§f]ener"{?1gan%mqb$g 'f‘lﬁQ‘B sé ﬁl%gfgﬁfogc aJEIlefls'dau'}uah ?ert%ecn% 1s f?lﬁstrated

Tie rhblﬁo& bsk\aht@dl@rdoﬁtaﬁfs tlﬁleg Stagos: Alt7 loyﬁlblfﬁstfsQige,mmraDIGﬁ@81s made
of sinplicity of_ explanatian, .the nethodol ogl es

igipbsfTvan ailotwEbe] lrading sdge- skiieileading edgesan e stectpd by gnalyzing
2B RSP OLRRR0F Rt Bk ith (et feies pHRMER by o delayed
dinetdtar, [apadioniar, hh@dﬂt&:tmynemm(ﬁ )ian sonieﬁ'tﬁmlenthemaﬂee 8.,5.7°..)

anq/ or concgur.ren th other hlocks fro

B e Cowam v tea brosbeld eE’Hten%lr‘%&Fé‘Pn St 1gcing edee can
fhkh Y pedicatdd Bh ke SuriBey o? Bre§ Hei h&flc §Pgrb VB! AR5t ecfuapto the
provi ded met hodol ogi es. [00761 Additionally, it should
theesholdt e 728,3he detectediading edgeie confitmeddiyodiserying additional

di d, h f d
SRS WO HRGH Fh. cpiygy ou
28D Itheetfto ke thi&sROIAAN A OBStvhtiohS mAdé teghRlif the number of times

manufacture to facilitate transporting and

the geelator pugukexcpedsdhabersheldi dge mcew@p §tayrin gus stagesfor
%ljgﬁell t%!nqbla&{suaf: (4 C;%%%eg?rprﬂé?lcﬁeﬁ bl of ﬁﬁleu(t? spbl'fqlﬁ%foetﬂg ﬁgt zone)

eéncoinpas - program accessi
@mp@utdefecui@mfmms@em ttsiling edgel @rshoald amx:bealotec{ lﬁ@tﬂquuency

Turnln a robust nethod of initial fra
%zﬁmt@nﬂ here be updaging aﬁ?eumwsﬂ%%lé@ﬁp?rmsﬂly If neither
&ﬂﬂé %ﬂﬁn%ﬁ&?@orﬁﬁt?&ﬁ? méet, thehPherk Wﬁs B'fz{lﬁ%dft&ﬁgﬁ f @fkading edge
tenpt 1's nmade observe a pi I ot synpol | eagl ng
mﬂghe prbedure et brgmﬁduyeectald sterted againtat @1 G yARTl, ya bitgmptas

@a ral Ibﬁé/r&% &@ggatll%g elél%g éang{t/rg{f%?o&lg Yy gé{vg(# aff :tl?Fnco(x)'re]iﬁor output
&ﬁ{atds%icﬁxr the hestded ﬁﬁta'n‘aﬁlb@}?&if donSecufive sdMipl & FB} example 32,
function thereof (e.g., Sn2...) can be conpared W th

BDMhpidat idetedtiom¢ande degltaethannd finitiel feeguienty asfjuistiion|asadieddo be

ca t hen ed on_the number..o
SRR P ol B R iR e s rbei PATRE ithliztd B apted
é% inad,10! Mhe detid OFRDM §atongme dginats iscsudéd siihe tﬁ)/hng edge.
observi ng additi onal correl ation_val ues and conp

Tlnpeﬁw? instanee Wher g spgelaigs putput gees bgloveths thyesheld %»mhq fggt time
i g 398%?({1 o5 tfuﬁ%&nﬁ% %&geec%ﬂ Bk Qf% e dag%p? X e\éte{% ,0Rg ?‘“?a?r‘?ple) into

mxﬁeﬂCBFIDMesytﬂbroe%tﬂ éor eximaple; TDBESilata stay in th| S

stage for . . I i :
[007 Fig. 8 is a flow chart diagram depicting a leading edge detection

methodology 800. At 810, transmitted input samples are received. A delayed
correlation is performed, at 820, on the received input and a delayed version thereof. A
correlation output is then provided to decision block 830. At 830, the correlation output
is compared with a fixed or programmable threshold value. If the correlation value is

greater than or equal to the threshold a run count or counter is incremented at 840. If



greater than or equal to a predeterm ned period of

time (corresponding to the flat zone) or upon
waletosot42on of a consistent trailing edge. It skoOUUS2005/002544

al so be noted that frequency1 of fset can be obt ai ned

here be updating a frequency gccunulator periodical ly.

‘If neither of the confirmation conditions is net,

hen there was a fal se detection of a | eading edge

i ot b oo Lo TheF TR il uFdhETL G R Bt Seiga ZFro, a

£50. TR rudboufd® thédcthp£8Dat 860, Wik(LprbQet GRRREY Fallid at is

trailing edge if not previously observed. [f the

epsimriz¢dafon detectiqmaf a lewhing edgelve h owltipath envirosiment! fenea

AP Eng: wECrR ciah® B PREer 3F B FonualiElhs

PediéraiihddOvhlashe PRiEcésds REmimaesdp 1ethe run EoudnfisSndt @il td B8 value
is not net then the process can be initialized and

them theadditiggaliinpuitvalpepareeeeivediat 8 H) andbr/pesgstsan rencaisd.

e i e b ¢
R SR R FERY e oot Bk e 08 confipipli Retmodoloey
900 edkthbdbld®y 9Gthepfes¢rd the isemond dtage itga okser ordhitiahfrafie detection
the trailing edge can be vjews as an_i ndex (e.qg.
meibpdologmip Whichi lgading, J&?é&@f@cm copfipped O igtcted) by way of
cgp?EéUﬁBh B addiibrll bffected 1t QZ,EHaanga f18 dode and/bPYMSINRL bdge. At
|agran1éep|ct|n a | eading edde detection
9, boclof omyri8DEf input Bidlestis mnaimed. t & delapgdicorsdatipnes perfamed

recei.ved. A del correl afion.i rforned, at 0,
S sl 0T ¥ Aaveirmies aromped oBEre Psict e Perssioy
&Lﬁ%ﬁt.e LagbTufilitPsit didteldtSt duljtifs 226 MenctRdlyhel WRE réshdt thh ock

830. At 830, the correlation output ™ is conpared with =
progiapweable thpesbelddermalke subspqueshddternipatipas. At 93(Gya determination is
correlati.on val.ye J s, greater ap .or.equal to

TR B ey S i BR SR el R bl g chane
BALE, ainbn¥\6IheOMBE{R7 FRAA etéerhindBef) 0&d BORBdif ndi/erfogh correlation
correlation value is less then the threshold val ue

euipyt vehiss pgrabewtim thresholde tAtt 3407 e desermipatiqese magp as o khether a
. o : . .

MR o ARG Ble, Blothortd bl BadihE AR Hetected
wdievellin®e thefat zoat egionvofithepidott Atio50 cndeteratiiainiemiade as to
t he  val ue_can, be 64 i nput sangples. If the run count J|is
whether & tpikingedesisbripg phcRed: 3@@% of fhespf sjage true based on
the %g?raﬁﬁ(ﬁ{joué'#)ﬁts FdAGived thus %i‘,"fhelﬁod'é% coffinads 4 916 WheléqhdIR input
then the additional 1 nput values are received at 810
sanplesage Eceived slfiany oepefithe dondid@wds trie,ghe Process garf tapfinue at

art dia m of , | eadi ng _edge,confirmati net.hodol o
G0p Mersti I oog BB SR Aok R R TS PR e
£ARMAEb&N obBérvédio Jfrf)ﬁﬂs céiidRadd @h it WRE BQEALD I yed, fhe procedure
whi ch a | eadi ng edge detection is confirmed (or
¢anjhederminated: 1@, e prasesseaniperreed with @netheyapthed,saeh asgmethod

Lt n Y f . e, and/ or railing e .

R B, GOt R LeBlinE 408 AR 800 ErBobibhl, 5w GHRP bl win

pretrappittaiasnegbedndAftet the pedviaiisEidt sydibdlhe i nput sanpl e

and a del ayed version thereof, at 920, to produce a
[0880)c| affig A0 depicts a more detailed method 1000 of detecting the flat zone and

confirming detection of the leading edge in accordance with a particular embodiment.
In this particular process, three counts or counters are employed: an interval count, a hit
count, and a run count. At 1010, counters are all initialized to zero. At 1012, input
samples are received. The interval count is incremented, at 1014, to indicate receipt of

an input sample. It should also be appreciate that although not specifically denoted in



output. A plurality of correlator outputs are then
anal yzed with respect to a progranmable threshold to
wors/0s2bsequent deterni nati ons. At 930, a PCT/US2005/002544

determnation is nade as to ghether a false | eading

edge was detected, which can'fesult from channe

noi se, anong other things. This deterninatlon can be

made i f not enough cqrrel ation t | ues, are

the bloek diagRims SHalienciloeprean b YRdae b THEB A Rlen R gecked by the

lhenva(ﬂ ES g A@wi@aeiuapai GARREtRSs 9&?&&%& drifing ltlfbtlﬁputlsﬂmple and
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G G AL B s oo VRS ool B rRUF £B 175, >

T, i thafR do@l is inbRneatcdet d020mdabé Miethvdlcat proceel 4tN088. Ifnot,
far, the process continues at 910 where nore_ i nput

themptleerminationde alade dt 1022 as tg whetheo$, € Feliosadhen Hegun eount is
1§§fgﬁ?nte9 § fﬁdﬂc §¢ ﬁo § tﬁg ﬂ{n (Q)ldﬁt @Hmtlg@z%d tgv%rg \ﬂ@ ttl‘he et%mea is
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confidence that it was he procedure

trabngrdeee fiabauldds. aPPIfeCﬁE?d ﬂt“ﬁé‘eﬁi“&l} é&&kc}&% Brist sigtly negessary
G L R e T

1nethod pmyedsed doms tnbt nded té baﬁscﬂ 4stshdwondhs areﬁwd cahtimyesttdn €028

Bl e funting 400 somhiret atrplnged ek PRyreiEndodpiaing cdee
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tparomal toH28end dmiu@caynt asughicey tham AG0.elfji is decidedithat a false
i nterval

Ak s RBEPA tafhrokr pioffioap PO PGt DR eking ey is toeatea.

Tf A Fbe pSsaiiel v rdt 6blE €S B¢ d@ekmiddiPthbn ttRprédess eoifiuéssat decision
incremented, at 1014, to indicate receipt of an input

ekl 030. 1At 19RQtheirum copntymddhephis count areanalyzed torftmwmﬁdf the

t
R RS Gu B Bk AR i embociment, this com
doeeppohdio hden fibaug dowmités yredteBthamopeqal @s7a8raad klmjhlbyount is

the interval count. At 1016, delayed correlatio |§
gesteithamer qaupl AR I this i fsirases thegiraceghgan cpntinue ai 1034. Tfthe

liglﬁd p%gcfé(ea%gloXﬁ%}éétQ&‘lawj HeRlhe #Bc&rs fieesd oqgﬁi G.'lh@ite' thdinterval

etermnation is en nmade,
@sint mdvwhe hinsrout' are sngjyzedite detetraime aff a &ajling edgﬁ 1abemg observed

h h T | >= t hen, t he, hit t i
b erendistenbihisccbeatiers s iHERRbEPELH et dfeaval to he
44538344 1f28p5ﬁd the mﬁébuat HokafdAtRal 1epd) InSothardrorad, tHORA 1@fth of

t o whet her yes, then the run count is
the ﬂatemxnthe@lbw dmzted and adép below rﬁhlteﬂ@ld has jugsbeen phserved. Ifno,

I 0 g o s 5 PGl 512 HSor s

RBpREs\ed teedived. H yed, ra&letdnlﬁfhaﬁdﬂﬁs made 51034 g didugh values have
appreC| ated that decision block 1022 is not strictly

brsa ebseaysd abree thephreshald oy wblsé@e mgthodelagy o defermigg with s
éo%ﬁlaé&téltﬁag I?ﬁe ﬁ:ﬂ {)Hgﬁastt;%@ﬁ détQ&e@ ke ﬂ)fecl?' EQI*IBI the hit count is larger

than some programmable value. In one embodiment, the value can be 2000. However,

this is some-what arbitrary. Ideally, the process should see 34 *128 (4352) samples
above threshold, but noise can temper the count. Thus, the programmable value can set

to an optimal level that provides a particular level of confidence that the flat zone has



nmet hod processes does not need to be fixed as shown.
The nethod continues to 1028 where the hit count and
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from recelver unit 1354 and performs synchronization to determine frame and symbol

timing, as described above and below. Unit 1380 also derives the channel estimate
using received pilot symbols from OFDM demodulator 1360. Unit 1380 provides the
symbol timing and channel estimate to OFDM demodulator 1360 and may provide the
frame timing to RX data processor 1370 and/or a controller 1390. OFDM demodulator
1360 uses the symbol timing to perform OFDM demodulation and uses the channel

estimate to perform detection on the received data symbols.
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ase station 131 I'n general, the processing
fields are also arranged in the order shown in F1g 14 to facilitate synchronization and

data recovery. Pilot OFDM symbols in fields 1412 and 1414, which are transmitted
first in each super-frame, may be used for detection of overhead OFDM symbols in field
1416, which is transmitted next in the super-frame. Overhead information obtained
from field 1416 may then be used for recovery of traffic/packet data sent in field 1418,

which is transmitted last in the super-frame.



by OFDM denodul ator 1360 and RX data processor 1370 is
conpl enentary to the processing by OFDM nodul at or
wa3dboanes TX data and pil ot processor 1320, PCT/US2005/002544
respectively, at base statiopz1310. [0091] Controllers
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provide good performance for frame detection in various types of channel including a

severe multi-path channel, (2) provide a sufficiently accurate frequency error estimate
and coarse symbol timing in a severe multi-path channel, and (3) simplify the
processing at the wireless devices, as described below.

[0099] Fig. 15b shows an embodiment of TDM pilot-2 in the frequency domain.

For this embodiment, TDM pilot-2 comprises L; pilot symbols that are transmitted on L,
subbands, where L, > L;. The L, subbands are uniformly distributed across the N total



TDM pilot-1 and TDM pil ot-2 are broadcast periodically
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peak-to-average variation in the time-domain waveform for the TDM pilot). The pilot

data for TDM pilot-2 may also be generated with the same PN generator used for



N =4096, L2 =2048, and S2 = 2. Again, other values may
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OB 4D 2 Tes TR SRR {BBR 5} Bt pEGrR R0 EbnhBisbitoRsvmbols
RERUADPIANEGMG30RRYa TBM @A Rizhal fiém t6@teblies 184® dMuBiplexer
generate data for both TDM pilots 1 and 2.

PN

avides to AU Mepoddatprhi3orthepidet symbels festhediDM pilpt hand 2

' i o : .
L R A e o G R S B
Figl M.t his case, PN generator 1620 includes (1) 15
046412) FSE Shshows 8 sk dAGIAR alR G wGRCHaH S LVighsatr 1330

2o : i

ERECER 5020 Rt SRS R0t 10 A58
pil@ spnboli GdAET Xntitd andgpilet propessonl320smdmeaps ffeae syniiéls onto the
P sapbinga besec g SUPBRTAL M LT ight 1 sonyfOe 1340. In cach

OfDHAP LA QRAdd Anappg ubi?M 710 pedvidese db@ or pilot symbol on each
01011010001110G0" for TDM pilot-2. In general, "any

sitvbandwespgd) éondataiorfrlot TBMNPAsier and a1 “zgredsymbol hevhich ista signal value

dat a be sel ected t.o-+eduyce t dj ffer e t

O TR0 o S5 T BHEGubB UeRH BT B oS thar o
Rotheéd £ERBY1s0eatwith Zere §ymbdle Foritadi @BDIMSymbol period, mapping unit
Feak-to- average variation in the tinme-domin waveform

B0 prevadasaNi sl symireds™dpr te N igta sulihgpdsymbers; qagh transmit
P8 88 A5 Bar oS A3 Syt AR flertfitrer
Fourier transform (IDFT) unit 1720 receives the N transmit symbols for each OFDM
symbol period, transforms the N transmit symbols to the time domain with an N-point
IDFT, and provides a “transformed” symbol that contains N time-domain samples.

Each sample is a complex value to be sent in one sample period. An N-point inverse
fast Fourier transform (IFFT) may also be performed in place of an N-point IDFT if N is
a power of two, which is typically the case. A parallel-to-serial (P/S) converter 1730

serializes the NV samples for each transformed symbol. A cyclic prefix generator 1740



scranbling data. The w rel ess devi ces have know edge
of the data used for TDM pilot- 2 but do not need to
whp@d/ot42e4 dat a used for TDM pil ot-1. [00103] APCT/US2005/002544

bi t-to-synbol mapping unit 19§0 recei ves the pil ot

data from PN generator 1620°and maps the bits of the
pilot data to pil ot syrrbol s based on a nodul ation

chenme. The sa Iatlon sche ma

then TeRgAts # BYTLIOBIAT @?ngs)ffgﬁﬂl téanS? T OFDM
s dhst LRglnd 05+ @%g%;é@'\fr i éy@h@ Peﬁﬁqgus%d tJ) @orhﬁéﬁnter—symbol
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mapping unit 1630 maps 2L1 ot data bits for TDM

syimibet perioddor $imply, 8t swhqimegméi’a ds the duratien ofarsOPPM symbol and
[ dat.: {DM pilot 2 to L2 pilot symbols. A
IQ atlt QXZ?%%@BQ?‘{‘% 0 recei ves the data synbols from
[60(1 aﬁt aFy m&eﬁ&m a]tﬁﬂéldoﬁnbm rppﬂesrtntamy’ﬁbﬁ T®HM bilotal. An OFDM
ppi Ng_uni gnal from

Bio} BF 1M p@%l ((MJ‘IPfIPﬁol QFQM smh@l ’bxs&emaegedt% adyappformed
%ﬁ%ﬂg@f 1?{1%1]1 %&dtznﬁmﬁb bﬁe‘f tx%f ;@"egédgtg \?ﬂbh%ﬂols for

ds and "t a sy
'EIDMI ikt & afé seintien Hf smﬂabatllﬂsftharm: e\&slysdpawd apart bFiSg subb4nds, and

HsPaep oy ep s P g hegeiguine SBbiioeine SesToiRied syRIDol for

BYNBR1ot i QoftdIR AN fhe‘ﬁﬁ@zﬂ ip016t- V Béduedcbi Oviie R HaSt-1 Requiata
and ~ pil ot synbol s from TX data and pil ot processor

chaining §; mpslonaissamplesd diagh piletol meenqgrrwealscslnmmmed by

e T e e

JRERY [ TDMPlotldivicdipdded Of the THEHmOR semples of tﬂébﬂiﬁﬁiformed
used for data or pilot transm ssion and a "zer

symbeband ig psetted i ant of thedrangiormed sygpbol e BS Plﬁ@rl QEPM symbol
. d
SRS RAS TSP L AR BSL AR 8T 96,1, -

BRSOk 82, dndrC eacm, t%ﬂﬁbm/lﬁbb DPWIspldboll’mﬂd Bgltaml?;lﬁ pilot-1
1710 provides N "transmt synpols" for the N totg}(S
ssawsFY ¥ith gaeh pil @a]c??qt‘?‘%%ﬁ%ﬁ‘t?lm@y]@@cﬂm gmpig samples

I,
B £ BB %ov@d‘éﬁ%dg@?ﬁﬁ%@%tﬁ%%?’rDP@gﬂbﬂZ’.eﬁebFDM

ete” Fourier trans recei ves
dyiboNfar [TanNd ipilbt-2 Yorii iphlet-2 OFIB smBHOMs a@prﬂboipogmirof@d

e RorigRd Rl o tenfse 3 gyt B ettt G, R s

Wpfortxm pE18i 8bMigindNS}] ideBH AP PROIY SRS wﬁa@aeh pllot 2

Sanple is a conplex value to be sent in one sarrgli
yequensel comwnmgplmtme dm@n§@rnpkasfh¢=mﬂlp erefix fanEPHE mlot 2 is

LA JRe £ Sgglt,ggs\kg;‘f g R s‘}fnb%!i‘%&ﬁ {g%s{éﬁed in front

Srapé€tram¥fdiniedlsi@boll Fos exdraple,(iPNS) 40%1@1‘42@48 1%&02 and C = 512,
serializes the N sanples for each transforned syrrbol
therthepilet-p QNOM syahal wewd cantain two complete pilot-2 sequences, with

each pilot-2 sequence containing 2048 time-domain samples. The cyclic prefix for

TDM pilot 2 would contain only a portion of the pilot-2 sequence.
[00107] Fig. 19 shows a block diagram of an embodiment of synchronization and
channel estimation unit 1380 at wireless device 1350 (Fig. 13). Within unit 1380, a

frame detector 100 (as described in detail in supra) receives the input samples from
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portion (or C sanples) of each transforned synbol to
wo eoosnan2OFDM  synbol that contains N + C sanpP@pUSINE002544
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interference (1SI) and intercarrier interference (1CQ)
caused by a | ong del ay spread in the communication
ﬁ'ﬁ%}%t 1854 PfoGREL L fn ids T dblbdif6r Iﬁg gﬁﬁt%?%ﬁ@leﬂame and
Fiedt Parrivi ng na I nstance an e latest
Iaowldas thg fimhmgriahingn#t syndxel amu‘c'g d&b@ﬁorvl@ﬂo refueivek el input samples

IRk (0 S TR oy SHIERL BEL IO 8 1 e

OROM §mitiid, A8S prdvitidd OR] syfibdl tichBf, A @eGueddcy bBr Samtd? 1912
representatlon %f TDNI&?E£t-l §%h gﬁﬁ? gnbof for TDM

gstimetes the faequepéyt ertorin (hé[vme;wqw DM Symtwdmrp‘b skaimef esgimator
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subbands, and because zero synbols are sent on
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@y%wgatwamhme? ﬁlqn@@ ive yhite Gaupsign ncmf‘eé}%\g’@ﬁ&hmﬁ The
sanpl es of the

I{H P‘g%g?g}én%a%gsgn%g}é Ifa%ﬁltcll)& Fl?yfﬁggé?ﬂé%ﬁ%% front of the

transforned synbol. The pilot-1 OFDM synbol thus

cont atpsxarwpt,al of SI + C /LI pilot-1 sequences. For Eq(2)

exanple, if N = 4096, L1 128, S1= 32, and C = 512,

then the pilot-1 OFDM synbol woul d contain 36 pilot-1
weejeendean ingdpx for sempleperiod;- 1 sequence contai ning 128

{1 o Srof Gim-ApRaC AR SR ot e BRaelsR 15 Sarng gesigd

nbol .f | i|
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sequences, wWith each pilot-2 sequence containing L2
0P 1R8] d o FESqHeRRATRSIO8 gstmmgr B2 esemptes thedraquencymmiop it e received

f‘ot 1 3911b%§ ﬂ}g %H&sltnfaiggﬁugfor oa.nto{lpgc%ur%eﬁ such as, for

rans ornme IS I nser
dxtafipsd, Qﬁffﬁdier&)éﬁiﬂ tHe. frdﬁoéncﬁesajmmeoscilfatdﬂs at the Bése stadior and
2048, S2. =2, and C = 512, then the pilot-2 O=DM
wigelsss deyised laom%?ﬁsa}fh apde0 e%nﬁqeev@cizs .erref eHmAtQ I ¢ By generate
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2quengb)l acfodloaisn only a portion of the pilot-2
sequence. [00107] Fig. 19 shows a bl ock di agram of an
enbodi nent of Tinchr oni Tti on and

1 .
Af, =——Arg Z Voi *TeivL,

Eq (1)
GD i=1

where 7,; is the i-th input sample for the £ -th pilot-1 sequence;

Arg(x) is the arc-tangent of the ratio of the imaginary component of x over the

real component of x, or Arg (x) = arctan [Im(x)/Re(x)];



channel estimation unit 1380 at wi rel ess device 1350

(Fig. 13). Wthin unit 1380, a franme detector 100 (as
walewsnidaed in detail in supra) receives the i NPUL/US2005/002544

sanpl es from WO 2005/ 074224 RET/ US2005/ 002544 L

receiver unit 1354, processes the input sanples to

detect for the start of each franme, and provides the

frame timng. A synbol timng g[eiector 1920 receives

the i@pista daepdrasin, aﬂﬂb}hbe[?,jﬁanﬁe—twmmg, processes the

i nput sanples to detect for théwstart of the received

OFDM synbol s, and provides the synbol timng. A

f r equéhdy ther fresuenest erratestimate for the -thrpilogd sequence.

frequency error in the received OFDM synbols. A

Theaangd ofeitdctmlefrequbfdPerfi€ fiay®8 giien@ut put from synbol

timng detector q20 and derives the channel

esti mat e. 0108] As described in further detail in

Fi g. det ctor 100, p r o r @M

synch#’grﬁl{‘lz i on k{? det ect ng, ﬁf&LT ep(inpi e, for TDM Eq(2)

pilot-1 in f"ﬁ”e i nput sanples from recei ver unit 1354.

For sinplicity, the instant detail ed description

Whért WE iR idph @smﬂﬂ%@\'{f\?ﬁa‘h@ﬂ (Iv)hﬁdﬁeﬁbs that @B rafdiof iMected

whi t € “Baussi an noi se channel . The input sanple

ﬁ&fueﬁéﬂéﬁo&@iﬁﬂi\;ﬁeﬂ&m &1l aﬁ@ﬁw@ﬁe@%ﬁa&ﬂ&@ dhéfength of the ﬁ‘ilot"‘l

ere n is an index for sanple peri od;
seguqlcp ] E@qumu fros gytpnators k2 may 4&@%&3@6@@1&@4 Wﬁhmﬁhe frame
GREREoBPohER 100 sl mol RoRAR by SAUBL fe QEhOLI iy,
¢comippachtdn 0sarp ke jpetimoldted.cofreR o0 festiteatt @36 v sitabty from
estimator 1912 estimates the frequency error in the
FEERendd-  pil ot -1 OFDM synbol . This frequency error
e [ 2 nt I a

RIS T A R N T G A
éxampleg the fsdqatngyreramdstivate Ifmcldpﬂote}eseqﬁbm:p Ineary tehiskd fo update a

nd so on, . Fre ncy error esti tor 912 ener at e

RN EREIPOD AL LISFTRL o GOBeCdE oIS ed i auBh T at the
&ﬁél@é%mevfcer Thé ﬁe!ﬂlz&lrkymakﬁhg ioop%ﬁW@)aseﬂggklfe? l_dloﬁﬁIéIF%that
¢ag ad;usSthp tﬁ@quencn of A pauines sigpil aisédfor ﬁheuency dowh¢asversion at the

PR eSicn e Bty kS Al B ise Yo dybfackdld il a single
RéquéncyérroNestithit: A7 &rah@pildt! INORDM syBeol) This Af may then be used

for frequency error correction either prior to or after the N-point DFT within OFDM
demodulator 160. For post-DFT frequency error correction, which may be used to

correct a frequency offset Af that is an integer multiple of the subband spacing, the

received symbols from the N-point DFT may be translated by Af subbands, and a

frequency-corrected symbol Ek for each applicable subband £ may be obtained as

R =R For pre-DFT frequency error correction, the input samples may be phase

k+df
rotated by the frequency error estimate Af , and the N-point DFT may then be
performed on the phase-rotated samples.

[00111] Frame detection and frequency error estimation may also be performed in
other manners based on the pilot-1 OFDM symbol. For example, frame detection may

be achieved by performing a direct correlation between the input samples for pilot-1
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wo e@aoeney error estimate for the -th pil ot- 1PCT/US2005/002544
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@@?@C %’gg’%ﬁ ?"Ft]g e?f&‘g/aqn lé)%r Sé({']\ghc(f%) 8&?%{ therb%sé %thoql he direct

dofréRitiS R bibvidds ath@@ édreldtion resaligbheaeh strbgg § gxhaoﬁnsiance (or
sequence. Frequency error. estimator 1912 nay al so
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onent since th ate atl on
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Tept el aions r equency error estinate

h@imac blgo b Shows §€le'1@3 gramaaf Pttt oY BEAbS tfi‘mng detector
frequency tracking | oop that attenpts to correct fofr

39, whick pt:xémrisrteqmgrswycmmmﬂoatbasdd@n the pdotel OFDAM symbol

T 82D SRR DB RSl b 28R

P Reteivies Bkt 1 954 aﬁfd%wem YsatPIETGOIRESW DIf @Rinplt $aigples for the pilot-
wi rel ess device. The frequency error estinates nm

%OEBM) syrabadr d4e starteof s empleawiidayl ie detemngiged by ¢ u@rti[te}o based
@%fén tﬂlag%@nmgneaé@&ohé} DM synbol . This Af may

use Fequency error correct ion either

[DDIIB] t PigoL1asHosvs a thrainky-diaprarh oDERE pabdelding fdr i pilot-2 OFDM
denodul at or, 160. For post-DFT frequenc

B0b B, deigios AONRIP Viles theckparss Sybp htieing 4denotes s iy based
& the {lotq tOﬁhﬁ\II symibA 'Igl@tspﬁggﬁ ORI %nﬁﬁe onfdtR S‘}li@ctiﬁ@&i pilot-2

spac ng, receive ols fro N- poi nt
segyenoes ¢fflemgth A4 6xlg. btywoé;ﬁlcsatsbquamscs cfilength 2048 if N = 4096 and L, =

guency-corrected s ol. f or,,each I
AR R adin gt SomBi i st ektod biap Vg O Br epiton2
OFBNMSREDO] §ﬂ'aftﬁfg & gﬁraﬁe%bﬁw ThNEhé BRKbf BRRMBR WAMoRWSs delayed
phase " rotated by t requency error estinmate Af

nah inhial dEset Gy DM thayoarlsﬁawntl@l tipang, of Fed= 8o+ B%m The initial

05 B P BB s bR e Bl BB P e o2
Rih@ice mmeétéd BesathlObuffdr20p2.| The thitidf Dis& nidydlso Beddelected
exanpl e, frame detection be achi eved by
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OFDM symbol may be applied to this next OFDM symbol.
[00114] Referring back to Fig. 20, a DFT unit 2014 performs an L,-point DFT on the

L; input samples collected by sample buffer 2012 and provides L, frequency-domain
values for L; received pilot symbols. If the start of the sample window is not aligned
with the start of the pilot-2 OFDM symbol (i.e., Tw # Tgs), then the channel impulse
response is circularly shifted, which means that a front portion of the channel impulse
response wraps around to the back. A pilot demodulation unit 2016 removes the

modulation on the L; received pilot symbols by multiplying the received pilot symbol
R, for each pilot subband k& with the complex-conjugate of the known pilot symbol P,
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[00114] Referring back Fig unit
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e uffer 2 12 and provides L2
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nodul ation on the. L2 receive Ilot s 0

systems Jf thedigtectien windamsdee s Fv %%lﬂiﬂery t"%e ﬂfecﬁpe)faéfaserﬁad of the

i’#gﬁﬁ th%lﬂ W@cﬁgw&k&ﬁ%}&ﬁ R Xy GRBh &Y oSl aphli€all of the

energy of the channel impulse response. The detection window size Ly may also be
selected to be no more than half of L, (or Ly<L;/ 2) to avoid ambiguity in the detection
of the beginning of the channel impulse response. The beginning of the channel
impulse response may be detected by (1) determining the peak energy among all of the
L, window starting positions and (2) identifying the rightmost window starting position

with the peak energy, if multiple window starting positions have the same peak energy.
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channel impulse response is at 1ndex 1, inserts an appropriate number of zeros after the

circularly-shifted channel impulse response, and provides an N-tap channel impulse
response. A DFT unit 2024 then performs an N-point DFT on the N-tap channel
impulse response and provides the frequency response estimate, which is composed of
N complex channel gains for the N total subbands. OFDM demodulator 1360 may use
the frequency response estimate for detection of received data symbols in subsequent

OFDM symbols. The channel estimate may also be derived in some other manner.
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Po? glnlsn g!:quency error prior to receiving the pilot-2 OFDM symbol. The pilot-1

OFDM symbol allows for estimation of a larger frequency error and for more reliable
placement of the DFT window for the next (pilot-2) OFDM symbol than conventional
methods that use the cyclic prefix structure of the data OFDM symbols. The pilot-1

OFDM symbol can thus provide improved performance for a terrestrial radio channel

with a large multi-path delay spread.
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[00130] At 2306, the magnitude square of the correlator output S is compared with a
programmable threshold T. In detail at 2306, for each new input sample, the process

performs the delayed correlation and if (|S,|*>=T), then the run count is incremented,
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@O34]j0 Fa2B14.a chhek AGRdadp detbaminbk evhiethprifrun count is >= 128 and the
hit count < 400) or (run count >=768 and hit count >=400) or (interval count >=34*128
and run count > 0). If yes, then the flow of control proceeds to 2316. Otherwise, the
flow of control proceeds to 2304.

[00135] At 2316, a check determines whether hit count is greater or equal to 2000. If
yes, then the acquisition process proceeds to 2304. It should be appreciated also that it
is at this point where the frequency locked loop can be updated periodically utilizing the
frequency accumulator, for example to acquire the initial frequency offset. If no, then

the flow of control proceeds to 2318.
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determ ne whether (run count is >= 128 and the

algorithms can them be utilized to improve upon that timing estimate as described in
later sections. Upon termination of fine timing acquisition, one or more data symbols
can be retrieved and an attempt made to decode such symbols can be undertaken at
2328. If, at 2330, the decoding was successful then the process terminates. However, if
the process was not successful then the methodology returns to 2304.

[00141] Stage three is for observing the trailing edge if it was not already observed in

stage two. In stage three, if the correlator output remains below threshold for a
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information provided by the prior coarse estinmate. In,
binary modulation of non-zero sub-carriers. Such a structure in frequency domain

results in a periodic sequence in time domain with periodicity equal to 128 samples.
Thus, the first pilot symbol in time domain has 36 replicas (including the cyclic prefix)
of a sequence of length 128. Such a pilot structure not only simplifies the
implementation, it is also well suited for frequency estimation and frame boundary
detection in severe multi-path channel.

[00145] Though the first pilot can provide sufficiently accurate frequency estimate in
severe multi-path channel, it cannot provide fine OFDM symbol timing in such a

channel. It can only provide coarse OFDM symbol timing along with the frame
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[00150]  The synchronization 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 hardware implementation, the processing
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structure of pilot synbols in frequency and tine
domai ns are shown figures 24 to 27. [00149] Fig. 24
WG bed®74EDM Pil ot in the frequency donmai n i n aRCDUSENE@®2544
with an enbodi nent. Every 323,sub-carrier is non-zero.
4096 sub-carriers 2402 are shown. Fig. 25 shows in
accordance wth an enbodi nent, a TDM Pilotl in the
time donpi ith .periadic,wayeform per.iodicij 128
TR SEEG s e P BESIng >b SRREFbe D Sy tarEled s smployed
FlaGrandi®iondlaVsid@n 4 BlMidTi 1 0t 2 in the frequency domain in
accordance with an enbodi nent. Every fourth
sub-carrier is non-zero. 4096 sub-carriers 2602 are
shown. Fig. 27 shows in accordance with an
enbodi nent, a TDMPilot2 in the tinme domain wth
periodi c waveform periodicity 1024 sanples, and four
periods. 512 sanples 2702 and 1024 sanples 2704 are
shown. [00150] The synchronization techni ques
descri bed herein may be inplenmented by various neans.
For exanple, these techniques nay be inplenented in
hardware, software, or a conbination thereof. For a
har dwar e i npl enentati on, the processing WO 2005/ 074224
PCT/ US2005/ 002544 38 units at a base station used to
support synchroni zation (e.g., TX data and pil ot
processor 120) may be inplenmented within one or nore
application specific integrated circuits (ASICs),
di gital signal processors (DSPs), digital signa
processi ng devices (DSPDs), programrable |ogic
devices (PLDs), field programmabl e gate arrays
(FPGAs), processors, controllers, mcro-controllers,
m croprocessors, other electronic units designed to
performthe functions described herein, or a
conmbi nation thereof. The processing units at a
wirel ess device used to perform synchronization (e.g.
synchroni zati on and channel estimation unit 180) may
al so be inplenented within one or nore ASICs, DSPs,
and so on. [00151] For a software inplenmentation, the
synchroni zation techni ques may be inplenmented in
conbi nation with program nodules (e.g., routines,
prograns, conponents, procedures, functions, data
structures, schemas...) that performthe various
functions descri bed herein. The software codes may be
stored in a nmenory unit (e.g., nmenory unit 1392 in
Fig. 13) and executed by a processor (e.g., controller
190). The nenory unit may be inplenented within the
processor or external to the processor. Moreover,
those skilled in the art will appreciate that the
subj ect inventive nethods nmay be practiced with other
comput er system configurations, including
singl e-processor or nultiprocessor conmputer systens,
m ni - conputi ng devi ces, mainframe conputers, as



wel | as personal conputers, hand-held conputing
devi ces, m croprocessor-based or progranmabl e
waonsomeed el ectronics, and the like. [00152] ABCTUES05/002544
herein, OFDM nay al so i ncludggan orthogonal frequency
division nmultiple access (OFDMA) architecture where
mul tiple users share the CEQP@lﬁ,fsannel s. [00153] What
has been descri bed above includes exanpl es of various
aspects and enbodinents. It is, of course, not
Wossis Blatmédisdescri be every concei vabl e conbi nati on of
conponents or nethodol ogi es. Various nodifications to
these enbodinments will be readily apparent to those
f skij j : - t SRR .ic principles
gefihé ?ﬁgﬁﬁﬁyﬁnﬁg§“ﬁgﬁgﬁbﬁﬁgd o ot her embodi ment s
Wi t haeteidiaparstrearg of input $ipmalsgiledst saame bangassofiateth avith a pilot
af grenent i oned enbodi nents. Thus, the discl osed
84i mrents are not intended to be limted to the
aspecieheiifly SHRAM SRS Suts M ANELrESfon Bk Gt M sigials and
is to be accorded the w dest scope consistent with
ddlayedcopies thereofand novel features and techni ques
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&ﬁﬁ&g;iaﬁﬂi on or the clainms, such termis intended to be
inclusive in a WD 2005/ 074224 PCT/ US2005/ 002544 39
nmannefetesting payailing edge of e eirvedam parelationeutputs.
"conprising"” is interpreted when enployed as a
transitional word in a claim WD 2005/074224

ECT/ US20mphfe0dapldmertod fiefokisf tiling edtnatioa) comtbrisiig: 1. A
nmet hod of, t recepvin

RO o edtanati
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formng a el ation cu romthe signals and
pildt aymbolcapl es t hereof ; detecting a potential |eading

edge of t.he correlatiop,curyv romcorrel ation

out pu‘?%‘?ctnaﬁG%Ql%ce?lﬁﬁﬁpg‘etcpgglﬁ{oﬁﬁu@age of the curve
fromcorrelation outputs. 2. A conputer inplenented
met hod of timng estimation, conprising: receiving
br oadEzesmethpd abielsim Bethe wirglessiymbals are 4MiDM symbelst i t y
of wreless synbols; detecting a potential |eading
edge of a correlator output associated with a first

4. The method of claim 2, the pilot symbol is a TDM pilot symbol.

S. A computer implemented method of timing estimation, comprising:

receiving a stream of broadcast input signals at least some being associated with
a pilot symbol;

generating correlation outputs that form a correlation curve over time from the
signals and delayed copies thereof;

detecting a leading edge of the correlation curve; and

detecting a trailing edge of the correlation curve.

6. The method of claim 5, the pilot symbol is an OFDM pilot symbol.



pil ot synbol; and detecting a trailing edge of the
correlator output. 3. The nethod of claim2, the
wowoosioeess synbol s are OFDM synbols. 4. The nepdidSmn5/002544
claim2, the pilot symbol isyp TDM pilot synbol. 5. A
conmput er inplenented nethod of timng estinmation,

onpri sLAg, k- Vi .of broadcast i nput
7(s':i gné?gi}n%?g ?%lgr%t%}s{g%elﬁ&éﬁgﬁgs ociated with a pilot
synbal delayed eom¢latog carnporehtthatrec@uespusteeathftingud samples,
correlation curve over fi fromthe _signals and .
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of" the correlation curve. 6. The nmethod of claim5,
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cevpanent that receives a streamof input sanples,

correlates an input sanples with del ayed versions .
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dohesibokakveand generates a signal if it detects a

potential |eading edge of the correlation curve; and

a trailing edge conponent that upon receipt of the
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correlation outputs fromthe signals and del ayed
therpdfeend t her eof ; and means for detecting a | eading

o05° 8B 4 0 PR L BRI e comtain
ddf@gtg_uc.t ions for perf ormng a nmethod of timng
estimation, conprising:
9. A microprocessor that executes instructions for performing a method of timing
estimation, comprising:

generating correlation metrics from signal samples and delayed copies thereof;
and

detecting a leading edge and a trailing edge by comparing the metrics to a
threshold.

10. A system of timing estimation, comprising:

a first component that receives a plurality of data packets comprising at least a
pilot symbol;

a second component that generates correlation metrics from the data packets;

a third component that analyzes the metrics overtime to determine whether a
pilot symbol has been received, the pilot symbol is received upon detection of metric

values consistently less than a threshold for a first number of times, followed by a



generating correlation netrics from signal sanples and

del ayed copies thereof; and detecting a |eading edge
waemsazeeqai | i ng edge by conparing the netrics POI/ES2005/002544

threshold. 10. A systemof tj4ing estimation,

conprising: a first conmponent”that receives a
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dory6nen enef at 88 correl ati on
foRd WSy eI viahiRs BarststhtiyHess shan the thresheldcforp cirhiunitea bf
analyzes the netrics overtine to determ ne whether a
t5eSot synbol has been received, the pilot synbol is
recei ved upon detection of metric val ues consi stently
| ess than a threshold for a first nunber of tines,
foll owed by a WD 2005/ 074224 PCT/ US2005/ 002544 42
metric values greater than or equal to the threshold
for a second nunber of times, followed by netric
val ues consistently less than the threshold for a
third nunber of tines.



