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as mobile phones and personal digital assistants (PDAs), among others, will not only be
more prevalent but also demand unprecedented bandwidth to support large and complex
interactive and multimedia applications.

[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
transmission (e.g., mobile web, email, instant messaging...). Additionally, growing

numbers of people are constructing wireless home and office networks and further



WD 2005/ 074223 PCT/ US2005/ 002542 2 expecting w rel ess
hot spots to enable Internet connectivity in schools,
waeodoseenbouses, airports and ot her public pl aRe€BUS2005/002542
Still further yet, there continues to be a | arge-scale
novenent toward integration of conputer and
EIE0TY WatleSihdt§eolne leffhle Merhétdapedtivay i0scheel] &fRs houses,
such as cars, boats, planes, trains, etc. In essence,
aigparisiepd othey pulamplwmﬁml &urthes ety BT RoMEBResdo e Alaragscale
&%v%%ﬁ&rﬁ'l&v%rﬁe Homf @on&’;ﬁﬁ&%&% ﬁlmuglmﬁgte\%ﬁdlogy in
continue to |nc ease 1 n e MAre ess rea
pradsportaticr vehitldstsutisasafats bodtkyeplanes,ataimy; aet e edsemoeglas computing

conveni ent communi cati on pedi u 0005 eneyal,
%CWEW%EO%WBW%PP@HWS% qrﬁ@%ﬁ@&@ﬁ%&? qyitous

ERLARN wANDnan Jt%qgérxfse in tHeSviRBad SLa1AGA Blu%&:&l%r Qsaﬁ & dHindhe

carrier si gna subsequently transmts th
o@strprasticsl zgldaionma'nt sommamgatiesmediunedi um (e g : rad| 0

engy).. receiver is the responsibl e
B V1 i et i S oY ien PRERS Fasiedrs boffsender and o
FaRliv M THYRRd R A ddufdtdsalatavon 4 &&néres@?lal/ eid msé@eﬁ&}dumsms that
synchroni zi ng the received signal det erm ne
setraclt sigrfal gveriagrrasmissiohgnedeuin dng.c mdicaireaugney). (The recelver is then
Ra80Rie AR oBhick Slndy 150 Bhor 308 Bl pore

ﬁﬁ‘h&ﬂarly nhereker enie wskahdlmtshm&r@ﬁﬁgmﬁ redamﬂlsi@alsmiatennine
obstacl es, the receiver nust still det ect or identif

th«?étaﬁscrfgm%gnab Anformatignsoptaineddythe sigpal, and whethgror not the signal
S&HHH& ﬁﬁgé HL)QIQQ&Q] ﬁkhﬁﬁ&ﬁﬁ&h uF)Hl?[lgatéc{ﬁy £/ 1nterference

conventlon spread frequency I on ndlo
hmi otferefagtbrsy dibspiWd ¢uch tobstades, dtdmcﬂlmmsst stilhédetpa \we rdenﬁfy the

w band informatio nal .is spread or
aj gwteangeé&ecgmegf@ee Flﬁ %‘%‘F%‘H O%r equency band.
fdvoﬁ ] SPr&aftdgt, rdshd 3 QS%tl@ﬁallsﬁr%ﬁ& GRS todtzhon

ransm SSI ons are generarl I mune to system noi se
tmmqloglcmlwmahplosge c‘tVnthIthqsomthieglss tthe pdvostef e marrow dand
robl . em w nvent i,onal stens.i s
R e et e GRS B8 FraP R EOR rohu and.
Phidlsprebdig & advatageoub Qpl@ﬂt béRsdduch MAnGhiRSIBRA &6 generally

rapi dly gai ning comerci al acceptance is orthogonal
fm@qnnewcsystammosﬁecﬂae teutheisplallspergral prmpndengfypNil¢wevgr, one known
ﬁ;%'i)ﬂen{ &f%thtsg&{' @o%?r?ﬂgglrgrl] sygt% {h%%hﬂirﬂaﬁllccﬂ?ag%p Sﬁﬁge@s

imeﬂ@moﬁgit&qﬂﬁam%mﬁamsm tted simultaneously over
mul tiple sub-carriers spaced .apart at particular

{q‘)@ahen&)‘&o fhe stendazds rapidlygaining eoramsrsial gogsptance 1s orthogonal
e GUED Bl AR PhQI I8y @IA0RD K J1GHIRSRaliBSon

requenci ze or elimnate crosstal
communicetidrescheme whnergs gh-caetdataistredn orsphit gvealadargé number of

P P SR O e P B SRS e
asarf 4t AHROME BSquencies 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,

and resistance to interference, high spectral efficiency can be obtained as frequencies
can overlap without mutual interference.

[0008] However, one problem with OFDM systems is that they are especially

sensitive to receiver synchronization errors. This can cause degradation of system
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flat zone portion of the correlation curve, and finally detecting the trailing edge of the
correlation curve.

[0012] In the first stage, an attempt is made to observe or detect the leading edge of
a correlation curve. The magnitude of the correlator output or metric or some function
thereof (e.g., output squared) is compared with a programmatic threshold. If the
correlator output exceeds the threshold for a predetermined number of consecutive input

samples (e.g., 64) the system or method can advance to the second stage.
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[0015]  In one particular example, upon successful detection of the first TDM pilot-
1, TDM pilot-2 can be employed to acquire fine OFDM symbol timing. Thereafter, an
attempt is made to decode OFDM symbol data. The frequency loop can operate in a
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[0019] P The foregoing and other aspects wﬂl becgme 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.

[0024] Fig. 4 is a block diagram of an embodiment of a trailing edge component.
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[Q0B8]se 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. 21ais a timing diagram of the processing for a TDM pilot-2 OFDM
symbol.

[0045] Fig. 21b is a timing diagram of an L,-tap channel impulse response from
IDFT unit
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tealizeden axedomputi snd/oidistabiuted betmean twwonmoremomputers.

f(ﬁ)rSrBth 'R urthermore, aspects may be implemented as a method, apparatus, or article
of manufacture using standard programming and/or engineering techniques to produce
software, firmware, hardware, or any combination thereof to control a computer to
implement the disclosed aspects. The term "article of manufacture” (or alternatively,
"computer program product") as used herein is intended to encompass a computer
program accessible from any computer-readable device, carrier, or media. For example,
computer readable media can include but is not limited to magnetic storage devices
(e.g., hard disk, floppy disk, magnetic strips...), optical disks (e.g., compact disk (CD),
digital versatile disk (DVD)...), smart cards, and flash memory devices (e.g., card,
stick). Additionally it should be appreciated that a carrier wave can be employed to
carry computer-readable electronic data such as those used in transmitting and receiving

electronic mail or in accessing a network such as the Internet or a local area network

(LAN).
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w th detection of
Detection metrics are provided to a leading edge component 120, a confirmation

component 130, and a trailing edge component 140 for further processing.

[0054] Turning briefly to Figs. 2a and 2b, two exemplary diagrams illustrating pilot
correlation outputs are provided for purposes of clarity as well as to facilitate
appreciation of one of the problems identified and overcome. The correlation diagrams

depict a correlator output as captured by the magnitude of the detection metric over
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abone theshieshdldh Beddigieige woinponent 12Ginoaitero shis covmter to ensure that

a predetermined or programmed number of samples have been analyzed. According to

an embodiment, this can correspond to when the run count = 64. However, it should be
appreciated that this value can be modified to optimize detection in a particular system
in a specific environment. This technique is advantageous in that it makes it less likely

that a leading edge will be falsely detected as a result of initial noise or spreading,
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fi&fueh&y MRt ERpIoyiAL frequency accumulator 360 as well as detecting the trailing
edge. Hit count 340 can be utilized to detect the symbol flat zone and run count 350 is

used to identify a trailing edge.

[0058] Prior to initial processing of correlation values, the processor 310 can
initialize each of the counters 330, 340, and 350, as well as the frequency accumulator
360 to zero, for example. The processor 310 can then receive or retrieve a correlation

output S, and the threshold 420. The interval count 430 can then be incremented to note
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detect the trailing edge of the curve while it is analyzing the flat zone to decide if a

proper leading edge was detected. If the trailing edge is detected, the confirmation
component can be successfully terminated. To detect the trailing edge, the interval
count and the run count can be employed. As noted above, the interval count includes
the number of input samples received and correlated. The length of the flat zone is

known to be within a particular count. Hence, if after detecting a potential leading edge
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just prior to detecting the trailing edge. Furthermore, proper synchronization
necessitates locking on the appropriate frequency. Hence, the processor 310 can update
a frequency locked loop utilizing the frequency accumulator 360 at particular times such
as when the input is periodic. According to one embodiment, the frequency locked loop

can be updated every 128 input samples as tracked by the interval counter, for instance.
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hits or exceeds a value this can indicate that a trailing edge has been detected.
According to an embodiment, this value can be 32.
[0066]  Additionally, it should be appreciated that trailing edge component 140 can

also save time instances for use in acquisition of fine timing. According to an
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[0068] Within delayed correlator component 110, a shift register 512 (of length L;)

receives, stores, and shifts the input samples {r,} and provides input samples {r, , }

that have been delayed by L, sample periods. A sample buffer may also be used in

place of shift register 512. A unit 516 also receives the input samples and provides the

complex-conjugated input samples {r, }. For each sample period n, a multiplier 514
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Aimeﬂﬁbm%b@? AﬂﬁQ ﬁmlé(i‘ﬂ'sitaﬂ@E 08¢ @BRpaR] to the 256™ sample of the next

OFDM symbol, which can be TDM pilot-2. This is somewhat arbitrary yet optimized

for channels subject to multipath effects. The fine timing component 610 can then
utilize the TDM pilot-2 symbol to improve upon this coarse timing estimate (7). There
are many mechanisms to facilitate fine timing including those known in the art.
According to one embodiment herein, a frequency-locked loop or automatic frequency
control loop can be switched from acquisition to tracking mode, which utilizes a
different algorithm to compute error and a different tracking loop bandwidth. Data
decoder component 620 can attempt to decode one or more data OFDM symbols. This
is an extra step providing for additional confidence that the synchronization has been

accomplished. If the data does not decode, a new leading edge will have to be detected
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offset can be obtained here be updating a frequency accumulator periodically. If neither

of the confirmation conditions is met, then there was a false detection of a leading edge
and the procedure can be initialized and started again at 710. At 730, an attempt is
made to observe the trailing edge if not previously observed. If the correlator output
remains below the threshold for a number of consecutive samples, for example 32,

TDM pilot detection can be declared and initial frequency acquisition assumed to be
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to observe the trailing edge if not previously
lehding vdgt. wasfdetdeteddoo tatd. ainmtheywquds, the leading edge was not detected

until well into the flat zone region of the pilot. At 950, a determination is made as to

whether a trailing edge is being observed. If none of these conditions are true based on
the correlation outputs received thus far, the process continues at 910 where more input
samples are received. If any one of the conditions is true, the process can continue at

960, were an additional determination is made concerning whether a long enough flat
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greater than or equal to 400. If this is the case, the process can continue at 1034. If the

leading edge was not detected late, then the process proceeds to 1032 where the interval
count and the run count are analyzed to determine if a trailing edge is being observed.
In one embodiment this can be where the interval count is greater than or equal to the

4352 (34*128) and the run count is greater than zero. In other words, the full length of
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prqocedure can be terminated. |f no, the process can
Ee@@s thyat the %a%eehasfb@‘erhe%}ect?{: OMosssprefifely: Uit gaungis larger

t
il scfl SIS BB A1 P, TR BBl T DA B o0 Hofvever,
thisas goneerivbatsarpitdant. I8gatlypthe pr@@sbshokldyee 38 *d2$(4352) semples

SRSl B o 000 R R4 Wi ey OB s

t@“aﬁ%ﬁﬁhﬁpfévw tﬁzﬁ pPoRddstd Sartiillar @EVRPET EBRMfidence!tRattthd Sat zone has
partlcu araﬁrocess three counts or counters are

teepdetpetad. Hirthe hit eowniiis groaten thamthegiprovidestivalue, thea the praeess

count counters n| t| al i zed t

ity Yonbhlie prGSig bReBaBl® 1 Bl bl = i Aty A7 b ceterea
[0076]t | Bigd. NC QGRS One ethbddihént dfQ tailihgCalge derRetidretibdology
an input sanple. It should also be appreciate_that

H00n a@hng]@figega@b?éqlw qap bgemplayeditg deteqtdhairglig edge of

X anpg#lggk%@e tagsgg%‘?{gl%tﬂ ?gﬂot‘s?'ﬂlbbﬁ &Fb‘# ?%eﬁg%lﬁﬁﬁc{el’ g%le At 1110,
aﬂmhaysadclndmgahamtemal ansi Penfconmedara initialzded go ére. AnpLL2, input
sanpl e and dela%yed version thereof t lngroduce

SRMPS 2 @F?lﬁ?fl JEheplBterY cyuntAs yereriepted gorgponding g a peceived
0

SRR of 10 EAch el Gl Ringh o 2aERER Bl dofiuce

aoighation suiput 5 eehltléd AadecisdaOis amede tah &1 IBeepardingawith the

G55 olput & st e Sgromeopmap® GEEFITLER IR 1o B rum

CRHN inctemémed SIERE Prbcads pkoctdds 1of1106, Ifithe Borkdiidnbutput is not
count is initialized to zero and the tine is save

1¢$sethgathe dhreshedd, thearthe tSmeCOpn@deéStOch@ atil A2 presthe tie instance
Y traili . ld be
pr e%“egtagg%ﬁw Rt ecr sfl%tg IF‘%C mi%%fggg%n%%éﬂ% r%%}él %q‘y
doeRRtion butputsetfaee bedn dbserpedvorsechtively t6 kaifideyitladesisrelsu@sssful
to highli t%gt further that the order of such nethod
idegficadiensihgrsel  nesabgdigendhisicoaespaadssion timeeereater than or
Cc e -
SRR 20 2 fEmt OIS SnolITUR bt b ERMRRe RIGeL ALy 16
the adi tige esdppe larg@enodghb ahé prbcess mrm:eedsemtdecisina iqcktli28 At 1128,
an correspond to th n count beln t ha
st soubiet e PIATE 1 JEIFT B IGIEBLE Qefpstiongthofl 100
dhbuldbedRHIRA. e éi‘nlfoﬁkrﬁ&)t P8 irtérvel Rt 9 eERA te8* (F(1024)
process proceeds to 1036 where a new | eading edge Is
the tratlleg edgd detq:tlfoa Imhqsblshoonwsms I the mpthed toeshwt timeout at

IdIPZ%, hh R 1t10na? samp &s EinheFeceive %natnld "he yzeac‘lt starﬁﬁg z‘cl’gacl)r? at 1112, If

the method does time out at 1128, then the new pilot leading edge will need to be

detected as the method 1100 failed to observe a trailing edge.
[0077] Fig. 12 illustrates a frame synchronization methodology 1200. At 1210, the

process first waits for automatic gain control (AGC) to settle. Automatic gain control



bl ock 1030. At 1030, the run count and the hit count

are anal yzed to determne if the |eading edge was
waletosotees | at e. According to one specific enboRiTESL005/002542

this can correspond to whéfh the run count is greater

than or equal to 768 and the hit count is greater

ddians the inpatdndl & g&oxde lafcoh&ibtenti stgriah@remgfieor 16t sﬁh&ﬁﬁ&ﬁe
can continue at 1034, If the |eading edge was

signabeandes nragessediprerertyn e‘\tplﬂae,easgeq&ee@e@alsedt lgon ff:LzL)m@%r@ulator
I
AT} i A e, 0
canibe domfrntedtblyi detection bfa fllteroae tindor ntraitiug Iengo Ufit i$ determined
e e AeOmE e e pot deiertciat 4318 i e meptoRgetometia 1212. T
sth!élh fb'ea &'Zeglﬁgeﬁ e tﬁggﬁ/s Qg @%ﬁ@xﬁ@i}é}eﬁ%@dl 899%7?4&ke& $oop can be
updated pediotitely qtﬂnxmgbhefreqmsey a@dmula‘tom for exarhpla t@hdquire the

BB L, e o uPAGRSRE ety

d{ﬁ@we@ Hed IR & ulbbricifo b lﬁﬁﬁﬁd@tofh&&ﬂal G YK theAhHE 8an be
have been observed above the threshold to enabl e the

wdﬁodmmg@date@ fetdfingrtimning. I the traidiog eigreis set den@qted #d 222 and
\%zllsar}ot Z%r\]/eous Pe%ﬁala tlgil tﬁan egior(%ewgtql%lsﬁg ‘%Eii e?llntég g(}%? was

ar er rogr ammb
dﬁ@tdﬂﬁbﬁﬂmm‘iﬂﬁal obhlee ﬂalett&)rﬂﬁﬁ bb@l &Q@ﬂete&lompmceddré‘lt@tmues
I S_sonme-what arbltrar I deal |y, the process shoul d

) é%%where thepfrequgnoy; log P%Iéls S&w@béo trackiag@pde. e timing is
{/&g{ﬁ&l Wiz Eond ’bﬁl\f% Fle d 1ﬁﬂﬁg§)ﬁcg% g{ﬁgg@)g the prior

ue can set to an vel
qoarst iestithate. Inepaticuddr, ﬁremﬁmejmstamcets!amd (tTh)scahIcatresmné tdhas

been_ detecte I f. t.he hit count r ater han t
Rﬁ‘?‘b“\}ﬁlf’cﬁ é?fniﬂﬁlog%et withip ﬂienséc?ﬂddeg’é §ym ‘g neg W‘tH &pe
dpdRhaR aRe szWeQ% Q: éaQ%@nEﬁﬁh& t@t}i@ez%@ gﬁﬁpl@ ¢€8R st&nd

be det ect ed. 0076] . 11 il'lustrates one
pahub eyttdn Spc;ﬁﬁcaahgoaihmsn:gn dubgebeletilizet ito imprevéiupiol thgfytiming

00, Trail d t hodgl o can..be loyed to. ..
GhrBie uRierbP T RS sBHES o POTEP RRUeY of Ry E abdhisidon, one
FI8GIE uattagylmwblts RaRbPidnMved Wil ah attdrhptiRideb B¥dodd Shoh symbols can
detected. At 1110, counters including an interval

be undertaksnat b328ar16 af 1230, e deserling wage puscessful thenzthe pws@ns

t?%gﬁllet?é ]t-al&e\ge\regcﬂh\égﬁimgl?&'a ﬁlc;t“as{l(\,/c%gsf&lod‘f%{ the ?netl‘llodolog returns to

2124. Each input sanple is utilized by a deI ayed
correlator to produce a .correlation out

0978 AThefqllopare ise diseyesion onerofg nhér@myafr%alt%hl% ﬁpetrﬁglg
RIEEn ot Ay BHP Kbt (b pirEiar D BLRGE BN supra.

Funthey meﬂtentemstbﬁoﬂmtp amtmsqumammléetmtnd]dbicﬁ‘lptlbfl ig previded of
corr Ilon i.S no t ha hr -
R embemePtal SR ividion Boliptog bubta oMty 53 drfl pitor-2

[00TR | n?h@%ﬁhroﬁ%ﬁ@&te‘é%ﬁﬁ’es@fes&ﬂo%& beldw ahldRroughout may be

determ nati'on is made as to whet her enough
usod fcelvanommdutqam@' stﬂavres bk for tiesdawndink @e wsH @s thewplipk. The
(}own‘f rdfent | ard 11911%) ers to the g(?rgfcﬁfug{catlon link from the base stations to
the wireless devices, and the uplink (or reverse link) refers to the communication link
from the wireless devices to the base stations. For clarity, these techniques are

described below for the downlink in an OFDM system.



identification thereof. In one enbodinent, this
corresponds to a run tine greater than or equal to
W@20050f42ehe run tinme i s |arge enough, the proCEBSEUSANS/002542
term nate successfully. If21the run tine is not |arge
enough, the process proceeds to decision block 1128.

P080]128 Fig. 1 Behdwi £bMoak diagtifi 6fa 8 statioe NPl (04tRIch Wideless device
det erm ne_whet her the detection nethod 1100 _shoul d be

135Rdm ap FDM sysera 18Adolnsestationfl 3L s gepetally aifixgd station and may
AR5t o sk hocier Pyt (B ORaR LR IRHARY bt e other
tatmindlbg®, Wihedess devicé i 2flaay berfikeboranobileand exayi aledbeareterred to
b stmipe. s Tl HBAN oM ATt FomiTolSy i Teddaraei 350
xﬂ@fglscg Be Qﬁortéjcﬁé Bt SEh38 atc@ﬁul Hb(ﬂg é—ﬁe@ﬁhél@'d&aﬁ@e JLa0wireless

observe a trailing edge. [007 Fig. 12 illustrates a
hodute, aspensonalodigital tabsistant€PRAJainddle 1200, At 1210, the

BRBGE: s besk i L0 TR e s Uo St 70 s Ve bitferent
19pey d#aRQR/c0 QraPricpacker cﬁl@d Ml SvetRed/comtl datapard plb@esses (e.g.,

provi de a conS|stent signal strength or |evel such
fm@adeSt inéerlegyagnand symbowap?)éb@@g%e%das@& geperate datpgonbals. As

« 0 F c &
AU hRS Kb P LOUbAAF A B b S symoor i
ﬁemﬂ@ﬁcﬁﬂhynﬂsbl foz pdot, taﬁtea hvddlarign sytgieol isatohplex el forechoint in
by detection of a flat zone and/or a trailli ng e%ﬁ&polf

3 pignal cemstellatipm for a medilatipn sgherpe (e dVingS on).

%ﬁgﬁs?éf%ﬁtals%%egs{eg gﬁot][ faa o ?Qg%erp‘?fok‘gﬁﬁbc{?arpdé&gwdg the data

addqnbtkyrmbo‘lsmopme(hEDMmontotbm can be updated

ol o PN s 30 ip S 67 G SRR sFeBpts o he

8'9 suf)%dla A dynid1 BESSIsERA fltehed BEFSTHRDF ]f)M"&leul%tlon on the

previously observed. It is here just prior to
mnitipiexed symbad$ tor geaerateDFDNGs aulpds, @b d@scnh@l belome. Actranismitter

Saf\éﬁ%f[ﬁg) E%&gC%S‘gel*%fi @gb 1 si nb 'irlgfén Qgcgg oref,eélglolg cﬂgnals and

Rt nditivnslet £ cimslifids eﬁntér&l %nmﬁfehﬂeﬂlcz @bwmérti)tzhelaﬂa&g signal(s)
If the trailing edge was detected then the initial

logneyatedianedilated SIE&%I BRaamstatinipl 3 Odlen transmys Hegredudated signal
ﬁ&ﬂtah%{%ﬁn% %34%8%re‘i‘é§ rdgw}:&%nfﬂ§ e%gl%ﬂlcy locked |oop is
SWtchto In

racki ng ng is acquired
[0083]i zi mgvs&rcﬁ&@dﬂdceTm\ﬂOptHeotansmmedIs1@mlcﬁ¢mfoa§ermﬁo@rl310 is

pravi ded bythe r|or coarse estimate. |n.p tlcular
reraved ean Hseaddse a%larocnﬁs t‘b%FFCE’dFTr‘é‘gW . Receiver

B S0 R SATRIE Al Skl h@nguegeye&%wnm&sga e received

. I'n accordance’w Iment, the
igmab adhdngitzes the comdmemanmghat t» ghitain 256¢€4m sﬁnphtesampletsh é\n

GEPR Jum o 038 o O b Pt it BEE%

SIRSA reRR-d IdBtal 2Rl PiloSSAiboRN VF BRI s B dHAB6O AlsO peffbiass
timng acquisition, one or nore data synbols can be

datectiveveg, matthed filleringhon thrantecives drte symebolsiwith oyhiruleestimate

&3. 2., a frequency response estimate) to obtain detected data symbols, which are
estimates of the data symbols sent by base station 1310. OFDM demodulator 1360
provides the detected data symbols to a receive (RX) data processor 1370.

[0084] A synchronization/channel estimation unit 1380 receives the input samples

from receiver unit 1354 and performs synchronization to determine frame and symbol



be undertaken at 1228. If, at 1230, the decodi ng was
successful then the process term nates. However, if

w0 bwsprazess was not successful then the net horlol/ospeos/002542

returns to 1212. [00781 Th2z following is a discussion
one of a plurality of suitable operating environnments

fiing; ay/dederitscdriboxé addelpar Uinil uB&(r) als@deriNds\tee efpAe teStimate
descri bed supra._ Further he interest of clarit

YRe TeRelesdpint am@olg frgst QFPMj dﬁég@%liﬁﬁ’f 139- iUnip}359; nxe\ages the

Yt fnfAD 6 et BnhacP o OFPNP LA 0L AV il fibide the

fyme hmmng odRX «iatatpe@dessoq U3 slekara doattobel 1380aQFDM demodulator

oughout used f or lti-carrie
%%t?‘ﬁﬁ&‘g%lrm?‘l‘fg t%%ﬁ‘?%@“‘ QM &ew 106‘@8 HpFSi th%"hamel
%ﬁﬁlatéj@\ﬁ%foﬂﬁ d@fé&u&%ﬂ"ﬁ& ‘E'ec'eiv@&)iatra% bolst O t he
conmuni cati on nk fromthe base stations to the

NOBé]I esMéMapwessaanmocqgmsmkg( eymbel\denmps, |deimkerleaves, and

C nlc 'on ' framith i r e] ess.
Aothd heistetfed BRMPR R O ooty Tap4 rl idices
A6 Gie Serdetaqﬁs@erss&qu ehdot édhhonaelm | 3K thefrathe timing
OFDM syst em WO 2005/ 074223 PCT/ US2005/ 002542 21

foTeSVEr qhiffgrenie/pgmff@tese@r by Rasgistagiendd 9. b geaeral, shenrpenssing

th20B DM Seoddbt 50 AR futg broToP 390 el RARLER, 1 the
prockssing byddHoMaroduddter 1330 dnd TaSdata bﬂ@pﬂdtrpmec@ir\wzo,

system (BTS), an. access point, or some ot her
TEERSTHRIY S ase\ﬁt‘i't&nels”% devi ce 1350 may be fixed or

{6@@6' € %ﬂtrﬂﬁéi F@G)a&eli%fd%é efa@ion%?l%a%e Y26i6n 110 and wireless

nal e station, or sone other term nol ogy.
vzl lééﬁ x@mmneelstsmmqmyrﬁw Bd2hed 43 dproahlestaraget fos prolgram

| ul h |
Shie i oass h B coREn s P e eP ey, and ¢ he
jook® [ ®a8ddtatt¥n PABSnAL RbE Q?oﬁﬁl&poﬁt E%sﬂﬁﬁs@orﬁtﬁ% dd1O%ireless

processor 1320 receives different ata
Qeem@, a multitast rapuiksion et groupdf wuehm&mcmmbrgadwat a)

roc t er| eaves
5alesPapas St onvp® RO o BeBE B B PL ARG nereor
p&%ﬁtaﬂnpreebase séitiofla8 B0 suyrbadcdsBpidot R gV éthbdaconitBb@ita to all
for data, &ﬁlot synbol"” is a nodul ation synbol for

Wirelgss deams HNGRs i cardrage ascaridase statian ¢ Hhmay furthier Barsght user-

é}c Ei?i'c Y sp&lf%lL %%%essﬁi%%}b? lnluﬁ{ 194 daf¥ 103 : g%@&%éj&s devices,

e g., SO on
drﬁlﬁﬁbabﬁloasnﬁeteesslewmldsoﬂe\d@rsa to generate pi | ot

LA LAY
ég'é{e}d Piox &satd AR flidk ha§td tﬁhélﬁlttteﬁ Yﬂ?eﬁ > HARES) v%hfeeach super-frame

roper subbands ‘and symbol periods and furth
pifgoa pred QEDNhebiime dbvation (JEng' t oree seporid)i [&I ielpadfr&ycrbmb'glso be

{e?eé%g e%.? é ame DMlmX nf?)?lor ‘some ogleeE’ errrlnpn% og F%r the embodiment
shown in FIG. 14, each super-frame includes a field 1412 for a first TDM pilot (or
“TDM pilot-17), a field 1414 for a second TDM pilot (or “TDM pilot-2"), a field 1416
for overhead/control data, and a field 1418 for traffic/packet data.

[0089] The four fields 1412 through 1418 are time division multiplexed in each
super-frame such that only one field is transmitted at any given moment. The four
fields are also arranged in the order shown in Fig. 14 to facilitate synchronization and

data recovery. Pilot OFDM symbols in fields 1412 and 1414, which are transmitted



unit (TMIR) 1332 converts the OFDM synbols into one or
nore anal og signals and further conditions (e.g.,
waopbofaes, filters, and frequency upconvert s)PaTiES2005/002542
anal og signal (s) to generate a nodul ated signal. Base
station 1310 then transmts the nodul ated signal from

Rt MY Abel-Bdthe! MayVbé BLeATBr d30to8 % oRerhbR G¥YPMe&mbols in field
£0083 At wireless device 1350, the transmtted signal
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base stat’ion 1310. DM denodul at or 1360 provi des
mhje ald@p@ttmewllaamnwgl are frgquency duiisien RMiplexgd avith data
o] elot sso&escsg1 0084] A synchroni zati on/ channel
2ati°mat't on {5 %80 receives the i nput sanples from

[069H VeThy ORDM39sterdds B b erallbystent BidwidthalfiBwI MI9z, which is
determ ne frane and synbol WO 2005/074223
peetiiiensd duys Noersmgonal spbhangs pejng Q¥ DM s dhe pragingdhsirecnqdiacent

bl Bl S NP AFlol Sk, AP BBRASR BB for pilo
dndiGiata tt!nismls’kﬁﬁOwhede@N dnldethe Eyminnhg tV MM gubdanids may be

h t te to OF 1360
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he sympol timng to perform OFDM denodul ati on and
=a§é guard sublirads eln geestal, any OFDM poudtarerwittesrgotinarer ofitotdlausable,

t | t 1370
iRt CRLbRR o i e e BEM 5Bl | oaves. and
@esmdes Wstdegeribed S&ArAITOM Filsty ARl 3 nhdy® dekibed F\)t)cz f(ajcﬂltate

denpdul at or 1360 and provides decoded dat a.
qymd@@g@@tnoml&me avirglase dedeasrin theayste@O A wilglegs devii¢pemay use TDM

%1{02% 5o tdel.?fﬂge stald f§ %%c%‘?zﬁned ot){a‘i%n ?5atr%ege%8§1a% ot%?x&lgolstgrﬁltng, and

base n genera rocess

@W&@é@dﬂ&ﬁrﬂfr TRevirhds Rvictahay pIbReRRANY us’lé’l'nOM Blot-2 to
onpl enentary to the _processing by OFDM nodul at or
qbsgerrsmaaq%raa%lﬁan%mamgngot processor 1320,

0858 <L 12ty S 3B OB GV g
Forrtleils esrbodnk&mt dDONI36I0t-1 cemprsdsily @llyt sylboby thatuane transiBrtéd on L,
s%lggan]ds gc?ne%rll%yls}gm 0 tpgrr sa %gagdolise c?rgltﬁl{? pilot-1. The L, subbands are
uniformly distributed across the N total subbands and are equally spaced apart by S,
subbands, where S; = N/L,. For example, N=4096, L; =128, and §; = 32. However,
other values may also be used for N, L;, and S;. This structure for TDM pilot-1 can (1)
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.



codes and data used by controllers 1340 and 1390,

respectively. [0087] Base station 1310 nay send a
WE2I0aH74203 poi nt transm ssion to a single wrel BEEUS2005/002542

device, a nulti-cast transg#ssion to a group of

Wi rel ess devices, a broadcast transm ssion to al

[0004] €S Figl@¥h Sl it@hbddirhier @F T il8L-2#h the Fredidhcy domain.

conbi nation thereof. For exanple, base station 1§1Q

Panyhis cobadiaent, iDMtpiletrd compriprsdd pelohtyindiolyithatare fraggnpitted on L,

| S i rl 0 a, .Bas '
B BB, S35, IR s S LAY MR BRI N
supbaidsiand wieregualbypspaesd apast bynSilstbbands twithpd & + & /d g Fotigxample,
of wirel ess devices, and/or broadcast data to all

N9 e =4844. @ad 52 F BogsiEpHier Yalueyiaasalgo Beypesd-fox Ak, and 5.
Ehib SEhcAEE oM e, TR pR o RSt syl Al Sehpes of
chiahhel esmdindisgip sevefe mntti-pdiavhangela Theoviedless mieviees mayralso be able to

ratio e. one sgecond). A super-fra may al so b
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Aral A JTTHLBL e OFPM kREbSITRAR TR ocehiMinddratEly Gfted DM pilot-2,
each super-frane includes a field 1412 for a first

21d/ () agfpdy the'syDhbbiithing-ta this next {QFIM symbal, bedesgribestlonioiv.

A TOM i L9t 2" field 1416 f
el wler PRI se® For T o s p At g Spey’ o can be
ddriticfed /iETIBML pithdl1a. A [£88hluthieudedSor £/ 0ltha tHAPilot-2 sequence is

t hrough 1418 are tine division nultiplexed in each
longay which gHows 2 itelpss deyiegtoohtain p danger chanpe] Ampplse eagperise

Bt 5D PRI TNk Ot BRI ALY A0 s

thyn;Hdenticzlgiilooh saqebncebairagemeansicfoy TDV Ipilbt- OFShtityiybthle d
in fields 1412 and 1414, which are. transm.tted WO

99bands far HaMmtintdgse seleciesbsiigh thap §2 tdeptigal pHota2 sqquences are

= if e used for detection of overhead
@%ﬁegyfﬁ'ﬁgpypﬁ%f?el d 1416, which is transnitted next
[0096]he Figp a6 showsreblotk dialgeatof axf @nbraliment of AXadatz and pilot
fromfi 416 e.used for recovery of
Pparbor ol af b s LIAT Wit pedsdr 1856 Ak fnfipgocessor 1610
febANSTEAdORES, e calvBs, BA® sy TS Imdpk &Hic/fdeR& Uatal tB Dﬁl\’jlzrate data

exenpl ary enbodi nent, field 1412 carries one
syntodd. for TDM pilot-1, and field 1414 also carries

OF synbpl ..for. TDM pilot:2. |In ral . .ea .
P0STIG s Bt Rty ARbebisitdom pirtoer (PR Ry g is used to
%ﬂ”néﬁftg@tﬂa for bathyT ]DMjllﬁ[ots TEN Pi PNtgeheratod 1620MnaY boimplemested,

roadcast periodically in each frane to facilitate

foy pxample with 2 bertaplinepefegiiback shift ragisier ' SR)fbat implements a
LB ARoRRL A S TS R s
FLA o O o A R S
edtupled beveen delay elements 1622n and 16220. Delay element 16220 provides pilot
data, which is also fed back to the input of delay element 1622a and to one input of
summer 1624. PN generator 1620 may be initialized with different initial states for
TDM pilots 1 and 2, e.g., to ‘011010101001110” for TDM pilot-1 and to
‘010110100011100° for TDM pilot-2. In general, any data may be used for TDM pilots
1 and 2. The pilot data may be selected to reduce the difference between the peak
amplitude and the average amplitude of a pilot OFDM symbol (i.e., to minimize the
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symbol may be a data symbol, a pilot symbol, or a zero symbol. An inverse discrete
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
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com;gjosée o{ t%e C r?é\ﬂtmost samples of the transformed symbol and is inserted in front
of the transformed symbol. For example, if N = 4096, L, =2048, S, =2, and C = 512,

then the pilot-2 OFDM symbol would contain 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.

[00102] 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



pilots 1 and 2. In an enbodi nent, QPSK is used for

both TDM pilots 1 and 2. In this case, mapping unit
wdae®s/ogresps the pilot data into 2-bit binary PEl/US®05/002542

and further maps each 2-b2f value to a specific pilot

modul ation synmbol . Each pilot symbol is a conplex

&4V unft 13 5& | ﬁB@éssé‘s%bsﬁ@hﬂ sfpQR té BéteéHSKthe kfartdPKect Fame, and

used for th DM pilots, then mapping unit 1630 naps

mpvidpy qh@tﬁazmtanmgt A syspbortiming degactor g0 recepyies dte input samples

BB Yhind YLt T30 E SRPIL A R BB o bl
OEDM séxsbdld) andl piovidey Hradymbbl timingX Al &"e@uemb? eﬁslsmmﬂaﬁ)‘r(m 12

t he E¥|Ot synbols from mapping unit 1630, and
estmiates the fE5igngeY $1rsin hsresesyddPFRNgymbols. tA4 5h9és@§1resnmator

00 O B et A 71 0 sl BTG

dstimatehe overhead and data. fields of each franme, as

QPEEH s st rihen e ncinl 9T Gecgpor 1 Btgperfgpms frame

Steofib A OBy ée%é'&ing'%o? MMBIe tf@r BORPEI-1"RARE AYu les from

710 receives the data and pilot symbols from TX data
mivcmundtBéﬁoEes%mphmBQ @leansjanmlp@ﬂcd] dessripiorbassementhat the
er . subbands sed.on ban

e ABE i RoPrestiEanme Gholg it i shhishpnel. The

ipgiitl safhple P BdchGampielpetiéd thayibe\ekpiessedias: data or pil ot

synbol on each subband used for data or pil ot

transm ssion and a "zero synbol" (which is a signa

val uef, of, Z®¥50) for each unused subband. The pil ot Eq (2)

synbols desi gnated for subbands that are not used are
Iaced math ero synbol_. For each OFDM synbol
Foﬂlsﬂh ?% r&ﬁPPefT7ﬁ provides N "transmt

syrrbo% 1s at H Staﬁli)iael rﬁgﬁmg g?ﬁe SMI%E]E% @’ﬁ}lﬁeﬁ)gﬂ&ﬁﬁn t

synbol” ata ot sy a zZ€ero
symbo r i
3T LR WS AR (5

OFDM S%ﬁﬂghoﬁgﬁh%%m ]ﬁﬁggﬁgrns the N transmt synbols

to the"time domain n N-point |DFT, and provides
an forned synbol th t contajin ti nme-domai n
@Qh%{le rﬁs&ewym egtimator é&r?ﬁﬁl%‘ﬁte%al qRENqyLTRox i the geceived

}? ol O%his %Qg%n@? leftbr ﬁlQ BE ﬁﬁe tof\%ﬁbuf &Wrée@ 'such as, for
ransforn1 I FFT) may ormed in place of an

ddappia e dlfﬁﬁnqefm Khei ﬁsequanqmné rthemSCtlmrs athe hasesstation and
typically the case.. A parallel-to-serial P/ S

wiRloS teiben I daf 85 oErae T e pE et T 1912 gigy enerate
SREQRhEY &Fort IEMMeFINPUCR ilbO] s@emtet(Ea02pl R MRAas pibel -

A cyclic prefix generator 1740 then repeats a portion
%@ummﬁba llews: of each transformed synbol to form an
OFDM synbol that contains N + C sanples. The cyclic
prefix is usedito conbaﬁrinter synbol interference
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A
| ong dglag5spr
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)];
27z-L

Gp is a detector gain, whichis G, = L. and

samp
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performed on the phase-rotated samples.

[00106] 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
OFDM symbol with the actual pilot-1 sequence generated at the base station. The direct
correlation provides a high correlation result for each strong signal instance (or

multipath). Since more than one multipath or peak may be obtained for a given base
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[00109] 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 # Ty), 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 & with the complex-conjugate of the known pilot symbol P,
for that subband, or R, - P, . Unit 2016 also sets the received pilot symbols for the

unused subbands to zero symbols. An IDFT unit 2018 then performs an L-point IDFT

on the L; pilot demodulated symbols and provides L, time-domain values, which are L,



The range of detectable frequency errors may be given

as: 27r . LI . 1 At i <T/2or IAfe |l < .fsanp &1(2)
WO smap74223.1 where fsanp is the i nput sanpl e rap@r/US2005/002542
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getestedpo bees siang than haef de (e dived. ;@ @3 kosaviond arbbigiitty 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.
The energies for different window starting positions may also be averaged or filtered to
obtain a more accurate estimate of the beginning of the channel impulse response in a

noisy channel. In any case, the beginning of the channel impulse response is denoted as

T3, and the offset between the start of the sample window and the beginning of the



timng information. Franme detection may al so be

achieved wth a conbination of delayed correlation
waosdieext correl ation. [00107] Fig. 20 showsP@r/b$mei002542
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tiaandliimphtse rdshéide ¢ THOH T - Wyt Fire syinBBDlimingThi@be uniquely

detector 1920, a sanple buffer 2012 receives the input

cumpitedsonce rﬂaﬂmg@e@mgx@fitha ghanngLIgpulss despopyecks ia detsEmippd

y n—g@}N Qﬁg s% %%o? ﬁnﬁle%en%fnggymﬁﬁg{&/v? Endl%n?é:e&rﬁhﬁ start of the

tegeiaedOFDM Byiibdia Td finonyrmbd timiagd's mayibeqséd omcturatety and
dete tor 10 0108 [ 21 a sho a.tinn i agr m
BoPE pla?f'o% g‘%@ Qynfd@%" E’ﬁ gﬂ% suBgeqye! melw?é%ﬁﬁj

S R0 G RSO0 g1, C oo

1@' doditaetz"omm@ymd ORI tsxinbel. Shei M awput mﬂlplqm \IvmhmZhe DFT

A5 S g b AR, S 8P B Ay S ANED 5

éﬁnudwf& tﬁ‘eafewl@eﬂ OBDMPS ol eﬁc&)tat%@lmleﬁemﬁfftﬁé DE¥2vih@w for
the pil ot - OFDM Sﬁngm starting at sanple period Tw

qash reqesed CH?DMW@H@Q Ingedgdria euder & anoidi(la dnterssymahel interference

(18Dt o BlcBhe SPhex OFNIALEBE (HRERSA T Shaddel b Mhasion
(ee@ointp@oﬂw D&Fqbwrn’aﬁw plardmichit rasy Rghleth ererﬁJiﬁdﬁsa:hhh@dl eStiifate),

npl ete pilot-2 sequence is collected in sanp
@)ﬁnerfs ip progesses that mlx iyt e&wlmreﬁw &t geq%@%téa%qge'eop,

I
B D oo, o B R
Hpitsil , The pilbaﬂ (IFIDM$ymbo] may aisange odildo nbelinf a mord dveurate

|Iot2 OFDM s IledtothlsnextC]:
R i F}f%ﬂ?ﬁa & REqushey fforsgay b Gmaipg; ding the
pitck® ﬁﬁﬁé&é%@hs&d’zoﬁ lﬁhoxp?g i\ Eise, liBe éd?ﬂﬁﬁmﬁﬁ%leﬁ%ned
col | ected by fer 12 and rOV|des L2

dyesdu myeﬁbMQ:ad of\la Ismagleﬂcfpr the prlec2 swdncp: | ot

TR a Trsich s llse Bonsh o R TP d LR el e wsed o

dérive-a, -E‘I ericy T@3ponbd €fintaiefos RO/ miidtio @harmRFHINesh base
circularly shifted, which neans that a front portion

giatiqrk3 101sad marelgspdeniew] 330 Soumis 2023 reprivesthe Artapshanne] impulse

n%sﬁse %u@{lllaﬁ% Wéhaé%eg nr\rll ﬂlgilse% | e%gcgrgg )E/(Srg}érgl% tl;)%El?mmg of the

malnhd:lﬁinpulﬁg rdspénse éctiindt 1inseits sy Apodpridkmimber @fiadros after the
p| t. sub nd k Wi, t h the conpl ex conj ugat e of the

Iypiha g impRlse Fesponse,and prpydgsan Nstaprghannebgmpulse
2 K A Yo P

iniyersepespoosawmndgmotidestbe ﬁtqﬂdﬁ@j response h:snmﬂeplvhlph is composed of
SRl et YRk 0 DO, R rREOTEAD 10y
8@ frequency response estimate for detection of received data symbols in subsequent
OFDM symbols. The channel estimate may also be derived in some other manner.
[00117] Fig. 22 shows a pilot transmission scheme with a combination of TDM and
FDM pilots. Base station 1310 may transmit TDM pilots 1 and 2 in each super-frame to
facilitate initial acquisition by the wireless devices. The overhead for the TDM pilots is
two OFDM symbols, which may be small compared to the size of the super-frame. The

base station 1310 may also transmit an FDM pilot in all, most, or some of the remaining



taps of an inpul se response of the conmunication
channel between base station 110 and w reless device

wd aos5/0§4203.10] Fig. 21b shows the L2-tap channebCT/ugob3@2542
response fromIDFT unit 20%8. Each of the L2 taps is
associated wwth a conpl ex channel gain at that tap

OEDBY synfttis inGaan S\§ler-fiaiie] $Or R TAMHOERNHRYhdWh FG |RalHeYFDM
shifted, which neans that the tail portion of

iRiren! omBleresing celp oA SLARYS SHEA AL IRl MBI 275EEen PR Set of
TR St SyulOF perfii il o Bty ot {bbar Hoda-

mdaieediegynidP Peritaly. @aﬂesdtrbmmmhe sufﬁyrehohuxhlbdﬂolﬁ ¢L5Y subbands to
searching for. the peak in the energy of the channel

ROt SRATielsEmaton and 0SB eUFRTH 4T R Atk eadnihe vegpless
c.hsolc%'t,. FhdhbBandlGh 84 &Préla%e le\f?rﬁﬂgeﬁs&lﬂuk@ &Pﬁe R N total

I npul'se response, as Indicate
Dibbarls iand evaniyispaced a;elmtaySf,b,F Ndd%muthastmmomeﬂle

b At each d t t
SBpatds f o it Mok o iegeathe Pt he REBFOREP WS PEiad tn the other
éé@ Y8 Wi the suBBkHES In fleGwo Zé!ts GreSH@YEced WitiPénelinotRe R&A S¥ample,
of the channel taps at different window starting

Nes4%60hs. =8, Hot 8t wnsihosuhbends ig tlsmﬁ\#q st may behﬁaggered by

arly,so that ed
BubBpfids” i Rinsl Syirhtoef RESopkitCeds A of (38 81 wé P pitor,
Addredetvset WiagRdn@iroatychuntbet BEsubbiusds aba ﬂnﬁbnd FY (8 (319 NJtotal subbands.
Energy is thus collected for the sane nunber of

OALHHe| Atﬁgglewievwgéwwsra dEM pilatstlj ang 2nfer mitiad gynchronization,

R Gkt KT AL BBt P it it PRYmns ERR S

tileing\acqyisiéien (fat poopet pledeasent dtthe @F Ti ertlbw for subsequent OFDM

di fference .between the earliest, atest arrivin
fﬁs Eg?r%fﬁgﬁ% evige RPN Bl § veal.zam for le, when

zg:lefs%ﬁl% a¥asd Eﬁtlocty R &P first ﬁrﬂ@ \J/lﬁehggéﬁwﬂg Blaﬁéﬂ%%ﬁﬁ?qw@ T e first

wirel ess devices In thé system the detection
tivhe doaftesiadeng permduodlinactvidy, Wlang'est polvaredtdne amtbdocagn.

d th t. th d ti.on W
RBLERY ) Jhe pigestditiey Refin Gdien S Rhal SEREPIO DT "
deli@ericBafaNRtect iR heStedcsPONBHilotINBFOM §ito? Bndvbid % start of a
size Lw may also be selected to be no nore than half

&upelLﬁaI(lgras [described alzgvet a"haxﬁeﬁ@’, theiywigrless feviae miag use the pilot-1

g{x n%gs t% tﬁilate tﬁ'e (L.r?(g' ﬁf‘[hf:t C[Elﬁ)t QW nﬁrnﬂ}?)ﬁj and to correct

foe ﬁﬁ@ﬁé@eﬁayel’ﬁ(ﬁ ;ﬁhbﬁ' ecs:teeeivhhg thelpilaler @FDMsymibol NEh@piddt-1
ener y am)n all of the L2 wi ndow starting pagsitions
Symbod afews for ﬁ&lfﬂﬂ@nrquﬂﬁ%%ﬁeweﬁ%%v@taaﬁ f@rrygore reliable

;HQ&'rﬁe!nP@f th¥DFT \Mﬁﬁoﬁ%&hgﬁ rlotI ak Y nsgl{ri‘%yﬂhg#gééﬁvemmnal

starting positions have
raethody that Use thediykcTie prefiix sWuctdm/mfsheadata OFDM symbalss Thapilot-1

be .ayer aged or . |Itere t obtalnanD
QB ol So s mroyide e e PRIPRIEISR ot AdetRsH atdio channel
\;Vmpglla?geﬁﬁﬁpgﬁﬁgela spreadlOi Sy channel. In any case, the
begi nnifng of the channel inpul se response is denoted

[49120]  The wireless device may use the pilot-2 OFDM symbol to obtain fine

symbol timing to more accurately place the DFT window for subsequent received
OFDM symbols. The wireless device may also use the pilot-2 OFDM symbol for
channel estimation and frequency error estimation. The pilot-2 OFDM symbol allows
for fast and accurate determination of the fine symbol timing and proper placement of

the DFT window.



TB, and the offset between the start of the sanple

wi ndow and t he begi nning of the WD 2005/ 074223
wEDDAE2005/ 002542 31 channel inpul se responsECT/BSID0%002542

= TB - T. Fine synbol tim A3 nay be uniquely conputed

once the beginning of the channel inpulse response TB

Pemqt eIkt REftless H&Adelhhy BRaf the FDMIpilér fbt €handdl eBtimbtiéh and time
i ne synbol ti mn% is indicative of the start of the

trackingand PoFTINY S9miesuencitigackinge Tdgless idayiagmmy ohigin yeinitial
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AR NG TR R (-
A PM fe RpRE SMhp1es (;erg Qﬁétto @Eﬁ%%ﬁﬁ@éhanﬁ&hnﬂﬁﬁé eéiabﬁse df the

i n channel esti ion .g., inproper DFT w ndow
gsimpvenieaiionphgnneds ul t |n an erroneous channel
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adHosBehs. Jor BxaApit] these(tédBnjqueniy $0 nﬂﬁl)emeﬁfed if Bardware,
ot her deleterjous effects. [00115] The pilot-2 OFDM
WY, ofagombugtionthereel For OIFaYaFe AmRlspienisionrihs Brocessing

IiRAYE BE Bt s&f:‘tto' gg;&ﬁt sﬁ%ﬁmﬁ?&ﬁf{&l Feo% t'gﬁ dhfaSAY ﬂStyprocessor

error nmay be est usi'ng t sequen
nbryi&dmptenmtedtwﬂnn ()ﬁé or toret dpphcatmespedlﬂemagmad cioguits

4#&18?):9%%@ Sl PEiceand D phdistt] Smd pestassis S rgn38PDS),
d fogﬂ;‘ dePlels (1ids) 20648 pFoYar@indle %@te%ﬁ%’s (FPGAs),

de Ive a frequency response est Imate fOr th
momssms,aamtrohere;hanmcorm@ﬂmemldmwecessaratqthm emmma mdits

reI dev 350 uni.t ,2022 receiv he . L2-
G peifpndfe f78toms ebihten G, of 5 Sl Bralol gfeol *Fhe
ﬁB@é‘sEhﬁF uhfiPat assﬁlréléﬁméﬂﬁaé uSédl tb pRffofrh SyrRBEHNIAAIBA (5., t he
channel inpul se response is at index 1, inserts an

phr@p}zp@meanqlmhg@iel estimatiopginif180) may glso be implemented within one
,{1&% Ib¥ ﬁﬁ%{) Leds gﬁannel i npul se response, and

ap c hatinel i mpul se response. A DFT

Mm 23]20$6r 4 befowgre ithplefenatioMthosymchiohization febienidhds @y be
channel i mpul. se response and praqvi des the frequency
impderpended wombgragion prthgogramBpiesHd Lo routies. gipgras,

his GRbA LR uhBford de Ghuchithb AR, -
% +tgtqgr &?g 68 rmyﬁ)l?se ? ﬂ'l'u ﬁHeqSée}%C)?s ?és po erform the various
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Moreover, those skilled in the art will appreciate that the subject inventive methods may
be practiced with other computer system configurations, including single-processor or
multiprocessor computer systems, mini-computing devices, mainframe computers, as

well as personal computers, hand-held computing devices, microprocessor-based or

programmable consumer electronics, and the like.



FDM pil ots. Base station 1310 may transmt TDM pilots

1 and 2 in each super-frane to facilitate initia
w@ezmsosi2zed on by the wirel ess devices. The overPEEUSK003/002542

the TDM pilots is two OFD8#synbols, which nmay be

smal | conpared to the size of the super-frane. The

fpasR)St aksiveEd A3dd, ORPM KRS alsodndidd anfdit 4 |ﬂe§ﬁeﬂc§’ division
all, nost, or some of the remai ni ng WO 2005/ 074223

rpqinplg&@s;@s/(@wm&) arghptecfmp/whotersprlsplerysets share the OFDM channels.
F
ARSI R e iy B8 PR RIS By B G DB an

ahisddithbias. Niid, OF coursd) abspasiblexedesdpibe enaryeeicedfable combination

subbands i n even-nunbered synbol peri ods_and an
firempepeniper Pethedelpgiat sV atousae 1@%@? tod %%?rﬁmodlments will be

I?E(?lWaICEEE)I}gés%tOf SRR HSard aﬁ&‘ fHe FHETRES ddhin gd herein
s to support channe est natlon an
mapbe pplietl ltcequhemmb(ahniemts wethbutaispamigg fyont the spirit ef s®pe of the

vi ces. The subbands ach et e uniform
HPen iR TR Geas nEn 8 Cie oot SRioRet arai ifgnded to be
BRAGER AP ﬁgp@ctbxnﬁéﬁ%diniéln{s shé»@'ﬁfhﬁdl@é%@ﬂl‘i’&i hefrdih 'btifelrs RDbE
the subbands in one set may be sta?gere or offset
agcotded dhepuidest seopetronsistotawidhs thie prinpiplesahé noved &eaturgpand

B Brele RS BylharieS e Bl i gti s usea

infeitierthS detailéll ddieripionln lﬂlﬁESclhlﬁist §ighttéyen BefitendeditdBe inclusive in a
staggered by four subbands. |n general, any number of

walisE pniket s theigy eompasingops TIPS i igterpreted qvhen employed
t . unmber of subbands and any one of
%ﬁ%ﬁ %@a @ﬁg%gQYIH [00118] A wirel ess device may
use TDM pilots 1 and 2 for initial synchronization,
for exanple for frame synchroni zati on, frequency
of fset estimation, and fine synbol timng acquisition
(for proper placenent of the DFT wi ndow for subsequent
OFDM synbol s). The wirel ess device may perform
initial synchronization, for exanple, when accessing
a base station for the first tinme, when receiving or
requesting data for the first tinme or after a | ong
period of inactivity, when first powered on, and so
on. [00119] The wirel ess device may perform del ayed
correlation of the pilot-1 sequences to detect for
the presence of a pilot-1 OFDM synbol and thus the
start of a super-frane, as described above.
Thereafter, the wireless device may use the pilot-1
sequences to estimte the frequency error in the
pilot-1 OFDM synbol and to correct for this frequency
error prior to receiving the pilot-2 OFDM synbol. The
pilot-1 OFDM synbol allows for estinmation of a |arger
frequency error and for nore reliable placenent of
the DFT wi ndow for the next (pilot-2) OFDM synbol than
conventional nmethods that use the cyclic prefix
structure of the data OFDM synbols. The pilot-1 OFDM
synbol can thus provide inproved performance for a
terrestrial radi o channel



with a large nulti-path delay spread. [00120] The
W rel ess device may use the pilot-2 OFDM synbol to
wobioaim2ei ne synbol timng to nore accurat el yP@I/ES®05/002542

the DFT wi ndow for subsequeéfmt received OFDM synbols.

The wirel ess device may al so use the pilot-2 OFDM

synmbol for channel estimpraavend frequency error

estimation. The pilot-2 OFDM synbol allows for fast

and accurate determ nation of the fine synbol timng

Wihdt ischppoed st acenent of  the DFT wi ndow. WD

2005/ 074223 PCT/ US2005/ 002542 33 [00121] The wirel ess

device nmay use the FDM pilot for channel estimtion

and t AfRethdd GkitiADfrane dpestsdnind siyidhrbriesioanenprising:

tracking. The wirel ess device may obtain an initial )

channirelgigigiapiream 94 syt signals at 1past samobappassegiatsd withgspilot
i bed above. The wireless device nmay use the FDM

iTot”’to obtain a nbre accurate channel estinate,

part i ganesitiny cofrelatidreottpiits ortmidg a sortelativgnduitecfior tlicsignals and

é‘ge super-frame, as shown in FIG 11. The wrel ess

Wedeopisy theredd use the FDM pil ot to update the

frequ LR j t I

L ¢ o SOk TORRR 1aRR Ror I L RIRA ul Rt SR

ogputse may further use the FDM pilot to update a tine

tracki ng | oop that can accoupt for fi.mn rify in
the 1 SEUE SRR U pdeRaieRefi Row' sl S bhnd nannel

| Mpul §edtig AT Idgt BE theCARIELTIR BbirSlRtiGTGRPE@L.) -

[00122] The synchroni zati on techni ques descri bed

herein may be inplenmented by various neans. For

Xa hni gues. i hpl nt i.n.. .
far colfemt 3By CERTE GG TR potEn TR SRR E oo cqmerises:
har dwesngparifip la&6BEBlatibh 6iput to& thfegledldsi Ng units at a

base station used to support synchronization (e.qg., T

X
dat a BeEMsiipg 2 pewkeardE ke outpppis lpssythancor eqpaldadha thgshold;
e . : o
e o ey BB RO Y SRS § SRS

di gital signal processing devices (DSPDs),
rogranmabl e | ggi ¢ devjces (PL f.ield . programmbl e

Sat e ‘Ahgmgod pg%a@) g Wé?rsleé %mgégﬁr%rv@ it &g,

m cro-controllers, mcroprocessors, other electronic

units designed to performthe functions described
#er ei The methad obalbinm &1 Whereinlvenfufiing Téadingmdge detsétivg includes

its at Wi rel.ess device used to perform
@%ﬁ%’l’i‘g&rﬂiéﬂeoaﬁld%é.aéfa} MESRF&ENr oni zati on and channel
estimation unit 180) may al so be inplenented within

one or nore ASICs, DSPs, and so on, [00123] For a
$of t whhemptihpd efelamadi whereinike Sgtrrone trileestaddyy counting the number

RO USSR DRued JPLEIRPEA of B GOUPL ARLAS ¥ 1

program no nes,

6. The method of claim 4, wherein the trailing edge is detected by counting the

number of times the correlator output is less than a threshold.



conmponents, procedures, functions, data structures,

schemas...) that performthe various functions
walzwsnid«aex] herein. The software codes may be se@Or/ES8R20031002542

a menory unit (e.g., nenoBy unit 1392 in Fig. 13) and

executed by a processor (e.g., controller 190). The

eI FhdiibthodBY clkigh 1 Wh&A@ERRbAGmIhE Bbectidifo N IOARSS&1geOr

external to the processor. Moreover, those skilled in

eomepres: wi | | appreci ate that the subject inventive

met hods_nay.. be cticed.w . np [ st e

cont 1 B Reranes iR B L e B RO L G IR G R hal 02

thtdsholgy ocessor conputer systens, m ni-conputing

devi ces, mmi.nfrane conputers, as _ well as. persona
conpufgicaentingy sqcand cq}g}ﬁmf thg goggl@p%régqlue 1s less than the threshold

< e consumner

PG RRER AL SRBRE e B BTTRR ST 422
PCT/ Usa6timhg @iz54Ries 8fitHe(ét2vjl séondseuntbmte degiplEF Biatigpeing
al so jnclude an orthogonal frequency division
WEFYY%l e access (OFDVA) architecture where multiple
users share the OFDM channel s. [00125] Wat has been
descri bed above incl udes exanpl es of various aspects
&nd Birboethadaf gaim 7, whereinfa false tesdingredge isalstsctstdavhen the first
describe, every, concei vabl e nbi pnati on of conponents
G fsrfélaée)tfugb%ﬁé(se.qu%g? ?{lafgc (ﬁoflfl%ﬁt ions to these
enbodi nents will be readily apparent to those of
skill in the art, and the generic principles defined .
%er ei Fhe meihod ef elpin 7.dyrther compaising#puiag admesfopnseiyia fine timing

[ f L SC of the
%‘g@?{éﬁen |n&h§$cé$£8%?{rtér r%% gcﬁ{alrih%u%?&t he di scl osed
enbodi nents are not intended to be limted to the
aspects and eg?odjnen s. shown and .descri bed herein bu

16" ¢ oThsamethed gt elan { Hiarthereaiprisigircreppaing: adhird gpyrger for each
oed fpMel features and techniques

ﬁls%?%gggkﬁggggﬁpaﬁurt ernore, to the extent that the

term"includes" is used in either the detail ed

e CRbEaP e S B B0 S B NE St 8 B
WREIRE 15t Sunfs indiafdR that lah @ntideT1dt SRS MoBldAVIBER received and
enployed as a transitional word in a claim WO

the 68001 40RBeNCTIcASR 008/2602542 35 CLAIMS Wat is

clainmed is: 1. A nmethod of initial frame detection and
synchroni zation conprising: receiving a stream of

121put Tisd 198RbE of¢laine ASfurtB @ S ndpeising réqisfed fhe didstwotute@value to be

pil ot synbol; generating correlation outputs form ng
greator han o ¢l lelalidng PuHbaIs vabyih aogldhrgwithout the tempering

effect of noise prior to declaring detection of a flat zone or a trailing edge.

13.  The method of claim 1, further comprising updating a frequency-locked loop
periodically prior to detection of the trailing edge.

14.  The method of claim 1, wherein detecting the trailing edge comprises:
incrementing a first counter when the correlation value is less than a threshold,
otherwise setting the first counter equal to zero; and

determining when the first counter is equal to a predetermined value.



del ayed copi es thereof, detecting a potential |eading

edge of the correlation curve fromcorrel ation
woatopt4?23 confirm ng | eadi ng edge detecti on freem/US2005/002542

correlation outputs; and detecting a trailing edge of

the curve fromcorrelation outputs. 2. The nmethod of

1. ai NTHe m¥M6d 8f Aaitd) 84, Ritetdih Rl pré®actnit:dadae jdep.ect i on

conprises: conparing a correlation output to a

threshold; increnmenting a counter if the output is

SsS [ | - | yzi

{65 o Rl B4R, L ¥ BB R Ravin PR Rty st counter

iy afjuit to Zero, ibLudeiynofineoimitigalgorithmwher ei n t he

predefined value is 64. 4. The nethod of claim1,

wherein confirm ng | eadi ng edge detection includes

O hodleaftipd bAigfPIF Fater CbmBrihg ek e RS secbnd Bt fo

dygrycaamplié regeivektonfacititate timingtautre sratling edge detbaionrpro@buaier a

ar reater than.or ual to a threshold. 6. The

Iﬁﬁ‘fel’i IW%WQMWQ& ein the trailing edge is

detected by counting the nunber of tines the

correlator output is less than a threshold. WO

005/ DreanetBodolivlaigr b,ob¢ pldotsymbolBis aDMsymbet. hod of

claim1l, wherein confirmng detection of a |eading

edge conprises: increnmenting a first counter if the

10T 1 €A abinpitey MhplémbiedinR ol of faak sPhchRenPdtionAnd initial symbol

t hreshol d; increnenting a second counter if the

HBMEACAHIFIHAN GRIMPBSING | ess t han the threshol d

ot her [ . c t : : .
! A5 A R BBl B omoon
countdetetihg apeenfisideadippddge ©f b eonejator eatpuvadocifted With a first

met hod of claim7, wherein a false leading edge is
Rt 8nkel when the first counter is substantially

equal 3 f ' .
e e R Rk
t i m ndgtectihgotiailmg edpenf thheosdeatondutpotint er i s equal to

zero. 10. The nethod of claim 7, further conprising
incrementing a third counter for each new sanple

Fecei Meonahed 60¢1hied 9,28k wikdlessldyBboR! 26 OFPIM §l@bsls 10,

wherein the beginning of the trailing edge is observed

21.  The method of claim 19, the pilot symbol is a TDM pilot symbol.

22.  The method of claim 19, wherein the potential leading edge is detected by
analyzing output of a delayed correlator to determine if the output exceeds a threshold

for a predetermined number of consecutive times.

23.  The method of claim 19,' further comprising updating a frequency loop

periodically during observation of the flat zone.

24, The method of claim 23, further comprising saving a time instance prior just
prior to detection of a trailing edge, wherein the time instance is related to a specific

number of samples into a second pilot symbol.



when the third counter indicates that an entire fl at

zone shoul d have been received and the second counter
WO ognBater than zero. 12. The net hod of cl ai nR@L/US2005/002542

further conprising requiriag the first counter val ue

to be greater than or equal to half the nunber of

2at The teHbA oPElaith DA AR sdcbRl pikiTRPinbSs aDIMGiloP§ymbol.

noi se prior to declarlng detection of a flat zone or a

trailing edge. 13. The nethod of claim1, further

npr ;
BT PR CPhReE EFUEREKSRELPER frequencydaop to
tlatkinpheodeet hod of claim 1, wherein detecting the
trailing edge conprises: increnenting a first counter
when the correlation value is |less than a threshol d,
her "
Het or DyaReBBh b 26, it ooBpHIE e AHER ThOUERNIIRNG e
Eradibiibt symbal and ltheesaviilDime @istaigd 223 PCT / US2005/ 002542
37 15. The method of claim 14, wherein the
predeterm ned value is 32. 16. The nethod of claim 14,
F8ir t here HOHBA bﬁélﬂi% $AMUIHRGeiR dbteting thE Bt 2dhe chinpfibes:
counter is equal to zero, for use by a fine |n1ng
aI gorgmhnatlnavorreltmomwabmomlmrmrm' signal saraples with a delayed
g%“pg incrementing a second counter for every
?q:g? f€Ceived to facilitate tini ng out a trailing
edge shaipacing @it PnRRAISA odfputlo Athrgahisldeirel m ned numnber
of sanples. (18. The nethod of claim1, the pil ot
sy mboRCTegeRting fraupiessyhen toe correlasion puiut F%P@ﬁféh%ﬁr equal to the

t?i?e‘sﬂ&ﬁ WherbMAAE AR Ot & fldl RLndRE cdlﬂx'tér'v%iuesié’ EEtlé’:lst half of the

mng acquisition conprising: receiving broad
wilgnthhtswidid be tetectedrin araidedleasirorangaitur al i ty of WI r eI ess
synbol s; detecting a potential |eading edge of a
correl ator output associated with a first pilot

£9/MbOte HEOMREA T DM 1@%&%@&&&&%%&% QYgeQ:%Bﬁ’)ﬁEésng

a correlator output flat zone; det

t r ai | gemgratidg eomélatidreowputs by eoroelating newt siged smﬁhles with halglayed
of .cl rgﬁi}? the wirel ess synbols are OFDM synbol s.
‘ff[?“onrﬁ‘@ hod of claim 19, the pilot symbol is a TDM

pi | ot compiipak eachoorrtioBhiipacltoof thidsRbld 4 Wherein the

potential |eading edge is detected by anal yzi ‘%

out puincisientiget equaieradiendhagasrelationgatmat if lags than thy ghreshold -
S BRSNS IGER 0P Y RREF A 2 TR IR when
tho sédoad conrteris gteagr tHadak eqgnl & 4 prdetefiniye valap.

30. A computer implemented method of initial wireless symbol frame detection and
coarse symbol timing acquisition 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;

detecting a flat zone portion of the correlation curve; and

detecting a trailing edge of the curve.



periodically during observation of the flat zone. 24.
The nmethod of claim 23, further conprising saving a
WO 2008/07428%3 ance prior just prior to detection BPET/ES2005/002542
trailing edge, wherein the3?ine instance is related to
a specific nunber of sanples into a second pil ot
31/ 100the HEhAROPURTHSE InFikh RBOGS BODFHM pAB: Ffnbolhe
nmet hod of claim 24, the second pilot synbol is a TDM
pilot synmbol. 26. The nethod of claim 24, further

£ e, Ty Ret bl TS, oierqih AEERARG RARink bagh EAANIE
acquidonip@rih a€otrelatiogoutput to aithgshdig, second pi | ot
synmbol and the saved tine instance. 28. The nethod

cI ai ngMeniRg BEGUREd BRE PHpUE tdess |ﬂéan oF el ¢ Hsrthegho  else
ﬂ%rtﬁé &cﬂﬁht Q5 L&batdqon outputs by correlating new
I g sarrp es wth a del ayed version thereof;
c onpavahgtihgtheconutet tatdemmonetipit s ¢qmahtotdpred;dfmied valand
incrementing a counter when the correlation output is
greater than or equal to the threshold, wherein the
44 at ﬂmﬁethéd gediget §2 vmeean bbect Hé Bkt ARk ¥8mpSseat
|'east half of the value that wou be detected in an
i deal commpating theeaorrelapion ometmthmhcﬂdr cl ai m 19,

wherein detectin e trailin onpr L Ses:

gener BUEERaEE+ Btabd St pis S HEAFBERARE sregipr than or
&jugnelthemrgheld; mid h a del ayed version ther eof ;

conmparing each correlation output to a thr eshol d; and

i ncr eERWIZE the coumetyalyieetenainedt thevalue dngtsatepthan psequal to

L ed it BTl o 1EREIA 30l Benc

occurs mhen the second counter is greater than or

equal,_to a predeter e val ue. 30. A conputer

4l eTﬁ?rff‘%tBO‘lerg Torther camosipg pRdmg it eneydAgp
ng acqui sition

‘%%%%?%gfﬁﬁﬁggggSQS%%gﬂg*@?@é%ﬁ?%? br oadcast i nput

signals at | east sone being associated with a pilot

nbal,; generati,n rrel ati,on out t ha orm
1 r et TS BF Rty S8 viirsth cPPefi R g B Sifes:
del ayigéetrefeRiifSa tHAr@ahter WREEHE icBHelatibLPslbdE 188 98andhe threshold
the correlation curve; detecting a flat zone portion

gtherwiige setimg dhesgqupter @q:ua}@o zeggychnd

determining if and when the counter is equal to a predetermined value.

36.  The method of claim 35, further comprising saving the time when the third

counter is equal to zero.

37. A frame detection and synchronization system comprising:

a delayed correlator component that receives a stream of input samples,
correlates an input samples with delayed versions thereof, and generates a plurality of
outputs forming a correlation curve;

a leading edge component that receives outputs, compares the outputs with a
threshold, and generates a signal if it detects a potential leading edge of the correlation

curve;



detecting a trailing edge of the curve. WO 2005/ 074223
PCT/ US2005/ 002542 39 31. The nethod of claim 30, the
w@2dosn7aeyarbol is an OFDM pil ot synbol. 32. TheCTres$1e0%i002542
of claim 30, wherein detec#dng the | eading edge
conprises: conparing a correlation output to a
thr eshedrfirmatiéd eoiBpuneithat, & edipt df thIsigRAl it theSeading edge
| ess than or equal to the t reshofd el se setting the,
CUERRPDERt, enpasppadditinpabouipwiatq thy thrathoibigrnoafirm ghat the leading
' i f.1t: s equal to a predefined value. 33.
%%ﬁagdﬁggfegfénc aim 32, wherein detecting the flat
zone zxtaiing sége congonp@rthatgpbinesceipt v£d sipha fromuthebnfinaaion
threshol d; increnenting a second counter when th
mmél?%&qom?atﬁﬁtagﬁlﬁwp@ ogFauLy ta/thg gihgh to lncais) the saifipg edge of the
ddMeeaidalcdiveand scrutini zing the counter value to
determine if the value is greater than or equal to a
predeterm ned value that is | ess than an expected
lued n an i l. vi ronment .. 34. The nethod, of clai

45\ Trhd nalem hidhim T B lopdlie PR sERbgaR B oR el to
%z%fa@éiﬂh@ 8ighil WienAtfi6 BEPLt fefiainsicakdddr thirfsteg Mo el thRkhold for a

5. The nethod of claim 33, wherein detecting the
predgtennipedaigebes ofrponssative spraplegnent i ng a third counter
when the correlation value is less than the threshold

ot herwi se setting the counter equal to zero; and
3kt er The¥ys@m of ckiith 38) eheicirethe @uiketiitivesnu@tb¢abf §anples is 64.
predeterm ned val ue. 36. The nethod of claim 35,
further conprising saving the tine when the third
FRuUNnt-ge éﬁteﬁ%@laiﬁloj% Vhereimthe c&lﬁﬁ@iﬁ%& @ﬁltng&taén? Eorﬁﬂqlses:
synchroni"zati on system conprising: a del aye

cor r ed bt oountarrtpastonts thé atmbacditves the attpwadspehter than br equal to
@larﬁgl %‘?? ~correlates an input sanples wth del ayed

&Pt hereof, and generates a plurality of

out puf finf @A HhaPst6rRS iRl idtRP o Can¥&outide Bﬁ’tﬁgﬂs Right 8Os than the
conponent that receives outputs, conpares the outputs
thrashold; andhr eshol d, and generates a signal if it

detects a potential | eading ed of the correlatio

cur vt Do S0aEPPss TR Habt08p B soapar guip s o Hlhveshotd
&@Populitdsicemte@ponent that, upon receipt of the

signal fromthe | eadi ng edge

41.  The system of claim 40, wherein the run counter and the hit counter provide an

indication that a leading edge was not detected.

42.  The system of claim 41, wherein the run counter has a value greater than or

equal to 128, and the hit counter has a value less than 400.

43.  The system of claim 40, wherein the run counter and the hit counter indicate that

the leading edge component was slow to detect the leading edge.

44.  The system of claim 43, wherein the run counter is greater than or equal to 768

and the hit counter is greater than 400.



conponent, conpares additional outputs to the

threshold to confirmthat the | eading edge was
walzteotees and a trailing edge conponent that RPDTS2005/002542

recei pt of a signal fromtHe confirmati on conponent

conpares additional outputs to the threshold to |ocate

Ahe tTR dysfReh IR0, Fikkher G&ﬁ%ﬂi@g hiPTht&rVE1\eBuntdPthatlsiéres the

system of claim 37, wherein the |eading edge conponent

mEnkes of pefpriechlyes prefuised andeanahgedi gnal when t he out put

remai ns greater than or equal to the threshold for a

predet erm ned nunber of consecutive sanples. 39. The

46/ st eTheofysehpo froldfh 43hderinthe fitesancrnte it eorjuricbion with the run

sanPI es.is 64. ~40. The system &f cl aii m 37, wherein

oA A 9aiedian 05 YIS dge AP SeRelationfurve ount er

that stores the nunber of tinmes the output is greater

than or equal to the threshold; a run counter that

4%. or €Ehe dystenuofidaimof6, eduesat the iintervalicquntes i grastemthen beapial to

n the threshold; and a processing conponent that
4&@9&6%F8mt§fls&??%é?@é‘zgmputs to a threshold and
popul ates counters. 41. The system of clai m 40,

wherein the run counter and the hit counter provide an
4&di cBhe systerrheficlaiml 45a durthgr eetgprisiag a pormpersnttptepdates a

he syste f claim wher ei.n,.t he,.run cqunter has a
GEEBAEoERoop 2T g Pt o€ picads Sy g SRRl
counter has a value | ess than 400. 43. The system of
claim40, wherein the run counter and the hit counter

#hdi cHresystea of alaim 4% adieren be GenEEAvoR CAMPAREN! & Rfigered to
éjﬁé ﬂ&?ri&{ﬁlglaﬁé%ﬂ& HE96h cotiiter Té“fqélﬁmtz%fﬂ. of claim 43,

rein run counter 1s greater than or equal to
768 and the hit counter is greater than 400. WO
2005/ Q74223 PCT/ US2005/ 002542 41 45. The system of
Y-ai lmﬁyssem?fwé%lmc%nmhmm e ﬁ}%teé‘ﬁ?/ SPMBRSISAE SAMRIISE:

st or eg rh D Eountit TR StoPds tRehitHber (R eHSeciRiVRIHHEEIh &8 Hrelation value

anal yzed. 46. The system of claim45, wherein the
isiese theal the thwesheld; amd conj unction with the run counter

cor i biopemordEteives cBrklaten sy Saites e Sarelasinn watye with
thB ehrbdHo®d Ml in&eieh8lthd BnEbERUEE vAISEHE Whick mﬁhicﬁtﬁve H3Rding

and the run counter is greater than zero. 48. The
glgetdeterddn.cl ai m 45, further conprising a conponent
that updates a

51.  The system of claim 50, wherein the trailing edge component detects a trailing

edge when the value of the run counter is 32.

52.  The system of claim 50 further comprising an interval counter that is
incremented each time a new correlation value is received, wherein the interval counter

is employed to time out the search for the trailing edge.

53.  The system of claim 52, further comprising a component that causes the search
for the trailing edge to time out when the interval counter is greater than or equal to 8 *

128.



frequency-I| ocked | oop every 128 outputs as indicated

by the interval counter. 49. The system of claim 45,
wowmseia2d he confirmati on conmponent is confi gUPETIUS05/002542

save the tinme instance whed2the run counter is equal

to zero. 50. The system of claim 37, wherein the

4.2 | TROsySEE£ fCPATROIIE RhefeThE 28 g edgé bomBEHERE Sfved thotime

stores the nunber of consecutive tinmes the correlation

yhenjan cpunt|igeqnal ips#ere-he t hr eshol d; and a processor

that receives correlation val ues, conpares the

correlation value with the threshold and increnents

$5e rAmiteﬂJeslhp}tdmuyedmm@ﬁg V\hi ch is indicative of

trailing . edge detectlon He system of claim

wher et FFCEINEr GOPIonERig %aﬁcé‘“’é’éh’ﬁ% east ﬂ@?&%se%nsanqlvdm ?ﬁblrahty

&d%el@gseﬂlrﬁlﬁ? 4Rl %% stasttd?l@ faHi® dofipishlg o r‘FﬁlO% BA; anh®

system of claim50 further conprising a |nterval
count eframbdetector componenethataderddich atstanteofa freme from detection of
@orrel at 'b% value is received, wherein the interval
§RHPEY™MPOL enpl oyed to tinme out the search for the
trailing edge 53. The system of claim52, further
conprising a conmponent that causes the search for the
6. ai | Thepppagiustad claime Sowherginghe wirelesnsyanbad framss arecPFPM
Ere ater than or equal to 8 128. WO 2005/074223
WUS2005/ 002542 42 54. The system of claim 52,
wherein the trailing edge conponent saves the tine
when run count is equal to zero. 55. A wreless

2bpar Bhaappepsf §laﬁ§ DS aWhersH) tb‘épll%‘éﬁﬁ’(?ﬁbﬁta TEIPMpﬂot symbol.

recei ves broadcast transm ssions including a plurality
of wireless synbol frames, at |east one frane
g mprTisd appamtysi df «:taimﬁﬁbﬁﬂhemﬂn;&idnmr@&tex%ﬂrgenerates output

ent tha nti ) start of frame fr .
%Pg‘?‘gé{]qanFCS‘fV d o pigaa E)F‘?CL@‘SW%B’GFS‘OU%he@%eth&ﬁB%Y %Eescﬁmducmg a
égr@lz[po%mm%pﬁlﬂet he wirel ess synbol frames are OFDM

frames. 57. The apparatus of claim55, wherein the

pi lot symbol is a TDM pilot symbol. 58. The appar at us

cl.ai m55, furt i sing,a,correl at
8oy Trpbaiarisi i sEolR bR SolPoRt cpbPatine:
del aygra¥ifip %dgkr&niﬂbﬁéﬁ%at d%fé@ts%tléé&ﬁgré@el&i cBFredt6h dve
a correlafion curve over tine he appar at us of

based on & &irst pregrammgpleyalueca Giresboldporicthe cemelptor eutnyt;

a flat zone component that identifies a flat portion of the correlation curve based
on a second programmable value, the threshold, and the correlator output; and
a trailing edge component that detects a trailing edge of the correlation curve

based on third programmable value, the threshold, and correlator output.

60.  The apparatus of claim 59, wherein leading edge component is configured to
detect a leading edge when the correlator output is greater than or equal to the threshold

for a consecutive number of times equal to or greater than the first programmable value.

61.  The apparatus of claim 60, wherein the flat zone component is configured to
detect a flat zone when the correlator output is greater than or equal to the threshold for

a number of times greater than or equal to the second programmable value.



a | eadi ng edge conponent that detects a | eadi ng edge
of a correlation curve based on a first programmble

wo 2008074223 t hr eshol d, and the correl at or out put PCEU$108$/002542
zone conponent that identi#Bes a flat portion of the
correlation curve based on a second progranmmabl e

onal uerhetdisgaﬁahfs%%taﬁhﬂ 612RHertiARhE RAliRE 88&Y cotoRbitis &mﬁg@red to

trailing edge conponent that detects a trailin g;
dstect the tradingeddge wdign @m%relamrw@% ks lessithen qbpcﬂypgmlfb

he thr hal cor
cao%!seé:r%té y& um o? Tihes g%uazii oor %ez%tgljl tgéxgl{he%kp érog{:a%%%b-ggﬁ%lue.
is configured to detect a | eadi ng edge when t he

correlator output is greater than or equal to the

©hr ek ritial figgme detestion sYstsny EOHPAYBE of tines equal to

or gr he
appar s SR g ahieah P ERRNERTR Y PRI it et
assootated wigh agdot symlnbé;t ect a flat zone when the

correl at or out is ater than_.or qua

©hr ecHBrPSor BRSBTS Hon oviRa® GPEuBE S s (e qovics
th&ebfgngecond progranmabl e val ue. WO 2005/ 074223

PCT/ US2005/ 002542 43 62. The apparatus of claim 61,

wher ei meansdor deséoting g leadire «sig ar7one¢, sind o iifailingredge fiom the
det t th% &railing edge when the correlator output is
ﬁqgf PREAPERe threshold for a consecutive nunmber of
times equal to or greater than the third programmble
value. 63. An initial frame detection system

o npr Thi sygtemepfiptaimcd3; wherertbp pilpigsymbel iseahP M pilat syabel.

at least a portion of which are associated with a

pil ot synmbol; a neans for generating correlation

&8Ut pulls systom dffetaimi (30 tesnains fatelerytinl & bpilimg edphesmmises a
and nmeans for detecting | eadi ng e | at zone,
BRSIOR GOHIRAFRG OB RYEVE Ao g wes gfl &hsﬂ%??irr{&ﬁdaa LB‘E& getegigd when
{0 Su%}iﬁa%@s% %%thﬁih@é th_le_:h“ml%'ée S})?lds}ati] (g&r?llﬁéo ];ref }%rgérmaﬁﬂﬁ(s 3%‘?4 %dxﬁbe"i‘ of
mmawshﬁmnnﬂstectlng a | eadi ng edge conprises a neans
for conparing output values to a threshold the |eading
edge being detected when the output values are

6. eat Bie %@@Hx ddaitngse aleqhéhnt ®or &tethﬁgsa fIRY 2RE AGWPBALR a means

nunber o consecutive tines. 66. e systemof claim

o5 compasingemitput falucsiiotthe thrgsgold, thlea&at zmeumﬁﬁtqoseéswlyn the

BNl Grs 3R ey SIS it For e 30 rnable

Ringheg beaines. t han or equal to the threshold for a
second programabl e nunber of tines.

67.  The system of claim 66, further comprising a means to detect coarse frequency

offset.

68.  The system of claim 67, further comprising a means to save a time after flat zone

detection and prior to initial detection of the trailing edge.

69. The system of claim 66, the means for detecting a trailing edge comprises a
means for comparing the output values to the threshold, the trailing edge being detected

when the threshold is below the threshold for a third programmable number of times.



67. The system of claim66, further conprising a neans

to detect coarse frequency offset. 68. The system of
wa@b@snor@RZ3 further conprising a neans to save BCT/URE05/002542

after flat zone detection4&nd prior to initia

detection of the trailing edge. 69. The system of

. ai M GferoptdRed¥BAMat dxREutEEinSPldtidfs forpeAbinhilg a9Etdkod of initial

conprises a nmeans for conparing the output vaI ues to

ﬁameedeﬁwé@h@hdlsymhmmzaapnpmgpe@g& bei ng detected when

the threshol d beIo .
or or S hRBRESSHAHER Bty Fel SR Ssthis i dslsOed Eopies thereof
@1/ US2005/ 002542 44 70 A m croprocessor that
executes instructions for performng a nmethod of
i ni t idetecting a jgadmaredee.iadint Zpre, ayhe Hﬁglﬁg £4g¢ bhcompaﬂng the

S nerating correlation netrics from signa
sanp%%%éqg% ‘gglayed copi es thereof; and detecting a
| eadi ng edge, a fl at zone and a tralllng edge by

h hol d. 71. Th hod .
73?”‘2?@{%@5 S ordrien 16 eun e I maes s et hepetic i
pr & dﬁﬁ&ﬂ i€ threshold fo@fa%sttdilé&téxﬁelehmuﬁmpbficoﬁ@écuavé tlf'n%&

erm ned nunber of ‘consecutive tines.
met hod of claim 71, wherein a flat zone is detected

T cac B et oF 7 £ SN RO B8t et S MePine roe
detien whkn tHeRétric To3gredtBetha® tHebkesHold fc&'a@bg&d pib@tRinned

the trailing edge is detected when the netric is |ess
numaher phemesr eshol d for a third predeterm ned nunber of
consecutive tinmes. 74. The nethod of claim 70, further
conpri sing updating a frequency-|ocked loop to

G C OUTHe théthodof ¢18igI70) (Wneﬁa‘ufl gerettrdilingCeige i ddtéoted whénthe metric is
flat zone detection. he et hod of cl aim 70,

lessrththe dypsholdios g tegwrﬁ@etarn%m%mmeé of pRAsESHIVEAImSS- at

| east a portion of the flat zone and prior to initial
trailing edge detection. 76. A systemof frane

’Zzhet ecTheanethodlofglaiah 7@ furtlzr icomprsing upddting a feeqiiemeytlocked loop to

ent that regeives a pl.ura of dat a.packets
RS BNt B CoprPBHOTL b Okt Sope SBtegi

conponent that generates correlation nmetrics fromthe
data packets; a third conponent that analyzes the
et r i B roetbed phdaino7@ efmehmricnmpmheg batinga tipielafier daferition of at

166 a oTm b “5aliesdd iR TR, o

threshold for a first nunber of times, foll owed by a

- 76. A system of frame detection and synchronization 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
metric values greater than or equal to the threshold for a second number of times,
followed by metric values consistently less than the threshold for a third number of

times.



metric val ues greater than or equal to the threshold
for a second nunber of tinmes, followed by netric

wo a00803%1220nsi stently | ess than the threshol d fBET/ES2005/002542
third nunber of tines. WD42005/ 074223
PCT/ US2005/ 002542 45 77. The system of claim 76,
A t e SORRY A4 75, figtheh canpianes forthdmpaeRURdt acédits for
frequencty of fset when the nmetric values are greater
fregmanor ofésgtiwhen thempririe Miloesase greateg thanies eqyal tethe diireshold.
claim 77, wherein the third conponent saves a tine
after detection of netric values greater than or
Fjual THeosybtam dftelamiy, dvhareth fhe shirddéongponent sad@st £tirhe afterof

metric val ues consistently |ess than the threshol d.
detection of metric values greater than or equal to the threshold and just prior to

~ detection of metric values consistently less than the threshold.



