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11. Background

[0003]  There is an increasing demand for high capacity and reliable communication
systems; Today, data traffic originates primarily from mobile telephones as well as
desktop or portable computers. As time passes and technology evolves, it is foreseeable

that there will be increased demand from other communication devices some of which

have not been developed as of yet. For example, devices not currently thought of as
communication devices such as appliances as well other consumer devices, will
generate huge amounts of data for transmission. Furthermore, present day devices such
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
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technologies being employed. With these technologies, the power of a narrow band
information signal is spread or enlarged across a large transmission frequency band.
This spreading is advantageous at least because such transmissions are generally
immune to system noise due to the small spectral power density. However, one known
problem with such conventional systems is that multipath delay spread begets ~ -
interference amongst a plurality of users. 3
[0007] One of the standards rapidly gaining commercial acceptance is orthogonal
frequency division multiplexing (OFDM). OFDM is a parallel transmission e
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,
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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systens and nethods to facilitate initial acquisition of frarre frequency

and synbol timng are presented herein. The subject systens and net hods

acquire initial frame synchroni zat if@%@ﬁt ecting a first pilot synbol
(e.g., a TDM pilot synmbol within a vironment). To facilitate pil ot

synbol det epoign, FhelRliayig p@@éﬁteh sitrpli fiébdintdgar? et prolide atadiay ed

correlator receives a stream of mgut saml es, correl ates the input
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Synb When detection netrics or co Ion es are served over a
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curve including, a.l a flat zone, and a trailing edge, wherein
the correl awweaéa‘f&écwgmagﬁ% laﬁalﬁqr-. bution output by the del ayed
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stages: detecting the 1eading edge correl ation curve, confirmng
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symbol (e.g., a TDM pilot symbol within an OFDM environment). To facilitate pilot
symbol detection, a delayed correlator can be employed. The delayed correlator
receives a stream of input samples, correlates the input samples with delayed versions
thereof, and generates a myriad of detection metrics or correlation outputs that can be
used to detect the pilot symbol. When detection metrics or comrelation values are
observed over a period of time they produce what is referred to herein as a correlation
- curve including a leading edge, a flat zone, and a trailing edge, wherein the correlation
curve is an energy distribution output by the delayed correlator. Detection of the first
pilot symbol can be divided into three stages: detecting the leading edge of the
correlation curve, confirming detection of the leading edge by detecting or observing a
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.



correlation curve. 100121 In the first stage, an attenpt is nade to observe
or detect the |eading edge of a correlation curve. The magnitude of the
correlator output or netric or some function thereof (e.g., output
squared) is conpared with a progranmatic threshold. If the correlator

out put exqﬁfgﬁ,,{,-ngz;,threshol d for a predeterm ned nunbep pfHdresyti ve
input sanples (e.g., 64) the systemgor nmethod can advance to the second

stage. WO 20051074223 PCT/US200S/ 002542 4 100131 In the second stage, an
attenpt is to confir etection of the |eadi dge .and opserve a
flat zone o%fﬁe it eefeﬁ?rfrgoﬁlnagéu‘?'\f’étemgb\?é‘? F %98 gﬁlf’ gt?ﬁfl}grlgad% be

enpl oyed t OedpaGid 655@&/@3?1% z%n@ﬁflth@t:&%]atfdﬂ%weoB@Je‘ré])éourﬁ?ér doﬁlﬁ&%%ﬁbea first
count can be” increnented each tinme a new sanple is received and

corr el at ed. empleyed do Ercditatthiscand other funpieenaliyn Fletiingtards, 2 firsbcauntcandrer el at or

out put exceeds t t hr eshol d St ur.t he e thlr count can be’
enpl oyed tomfrl’zg'c]kgq %aézﬁﬁﬂﬁt?é}e s}éeg%jlf’ ?C{/zg'dtcoﬁé]ate%‘ ksecab 8\“5t8'|" But put is

bel ow t he tfihf:l@ﬁ]hﬂhdieacﬂhﬁﬁ&h&@#ﬁla@d@u@aﬂe)&cbﬁl@ thessamt ltHrbsmm t9ilt flgke@r M ne,
anong other things, if a false |eadi ng edge was detect ed. due to noise for

exanpl e. | f yeh Fthrdeougbeaniemployed i tge é‘lf'ﬁlm‘i’éw |cenwryiyedmrs thi | | have to be
located in .5fade °9ﬁﬁts 1,5%18@ t@%\{oﬁe‘gh&lgaﬁﬁg GHEEs L3 1 beqﬁlthg&ftﬁd the system

or nethod remal ns | a pre etermne peri o time or until
a consi st endetérmine| amongadige t}iiﬁgsoifsndnlwemadmg)edgemsﬂaemed ahfe tb heist &adi ng edge

was detected late. |Is shoul.d also be a lated t ast one
addi ti onal %’S?H'J?ﬁ‘f 6%2’5&”’%“‘1‘%5@?‘% ‘I‘P'{)‘X/ cadine preee ‘H Piﬁee‘BbF ecatgdi® ng thi s

the second st%,%a@ IflaTalR@lehdiftbd¥e is fbt HECALE MeVsySBRRr AHITYERLIY inlsEred
frequency | oc | oop, autonmtic frequency control [oop...) can l§e upd

at ed
peri odi cal | ymtfor Zpredetérmined poriodief taue or untit 2 eapsisteoptralifgsesige israbseried, o e, iﬂé
the trailin f. the | ot c reI n.cu det ect ati

i nstance ca é%@%b"aﬁ'f‘ﬁ gﬁ& %as e &0 14 ?EseanP\@ngﬁsofbc?rapﬁgegag@%gmf"ﬁﬁgﬂ timng
system or nBﬁdh@dmoﬂé)@ﬂxﬂ:iluoﬁlzaﬁﬁa fuRét@Ralitg chrdbd robiBediRf @6rirgQRis Qe debéhdt rai | i ng
edge if it was not alread observed in stage two. Here at |east one

count er canstpgs. dmparagudd, 1 Bequepgidoemeccrmultor (e.&f freqypreydogkied doopi mes t he

correl ator gulpyl ﬂdzé{lén%%ﬁo "ﬂbo}ah% Mf,m{ g[aﬁcfd]é(ah? t&?&gg}y\ﬁ%r%tecfh

greater than a pre progr a
trailing edgéeduency difset Riiﬁhentoeeijtne traitilg edys bhthe pilctatorralaton bevegved

correspondi to the time rior to . detectjon, of trailing edge.
This time i Adsiedherceafime 5%6%*1%5?%@39@%0 Seof 55 useby'a fine? 9

timing system or method.

[0014] Stage three pertains to detection of the trailing edge if it was not already
observed in stage two. Here at least one counter can be employed to track the number
of consecutive times the correlator output is less than the threshold. If the count value is
greater than a predetermined or programmed value (e.g., 32), then the trailing edge has
been detected. A time instance can also be saved corresponding to the time just prior to 3
detection of the trailing edge. This time instance can then be utilized by the next
wireless symbol (e.g., an OFDM symbol), which in one exemplary embodiment is a
second TDM pilot. According to one particular embodiment, this time instance can
correspond to the 256™ sample of the second pilot symbol. However, if the count is less
than the programmable threshold or a consistent trailing edge is not observed during a
time out period (e.g., 1024 input samples), then the system or method can reset counters
and frequency accumulator and start searching for another leading edge in the first
stage.

[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. Thereafier, an
attempt is made to decode OFDM symbol data. The frequency loop can operate in a
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to locate t kclgnérgne}legdlmn d ge of
g edge detection upon receipt of a signal from the leading edge detection
component. The trailing edge component receives receipt of a signal from the
confirmation component and compares additional outputs to locate the trailing edge of
the correlation curve.

[0018]  To the accomplishment of the foregoing and related ends, certain illustrative

~ aspects and embodiments are described herein in connection with the following

description and the annexed drawings.

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 1s a block diagram of coarse frame detection system.
[0021]  Fig. 2ais graph of a correlation curve in an ideal single path environment.
10022]  Fig. 2b s 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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10024] Fig. 4.is a _block diagram of an enbodi nent of a trailing edge
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is a block ram of an e I'ne frane detectlion system
[ 0027] Fi g.methodolagyf | ow chart di agram of an initial coarse frame detection

nmet hodol o 0281 Fig. is aflowchart .diagr of a | eadi ng edge ’
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12 is a fl onetetian inethodgogyn of a frame synchroni zati on nmet hodol ogy. [00341
Fig. 13 is a schematic bl ock di glgr am of a sujtabl e operating environnent

for variout03peckig- Hibds a ipyha dtagrany efgalsading glge sonfirmaongng dlabzanst an 3
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[0032]  Fig. 11 is a flow chart diagram of a trailing edge detection methodology.
[0033]  Fig. 12 s a flow chart diagram of a frame synchromization methodology.
[0034]  Fig. 13 is a schematic block diagram of a suitable operating environment for
various aspects and embodiments.

[0035] Fig. 14 is a diagram of an embodiment of a super-frame structure for use in
an OFDM system.

[0036])  Fig. 15a1s 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 1s 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 3
station. ,

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

[0043]  Fig. 20is 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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detector thBY®M¥&rforns tining synchroni zation based on the pilot-2 OFDM

synbol . 10%&%&719 9F1g2§2%d(ﬁal§a]ﬁ ofTh gmot@ﬂaa@ﬁlmrpjchérﬁ@wmﬁ feanshABnloer a TDM
pilot-2 OF synbol 00451 Fig. 21b is a timng diagramof an Lz-tap

channel i rrp&"Dé’éamierRitimsletSf rom |DFT unit WO 2005/074223 PCT/ US2005/ 002542
7 (0046] Fig. 21c is a plot of the energy of channel taps at different

wi ndow starting positions (0047] Fig. 22 is a diagramof a pil ot

transm ssion schene with a comEDAILLEMDESCRIPMOeMd FDM pi I-ot s DETAI LED
DESCRI PTI ON 0048] Var| ous aspects and. enbodi ments are now described with
reference t P048he annéanoys awss Aiembdisneatsarg nedesenksdanth refsrease 100 | i ke or

cor respondi g aaﬁ%&ggta{gﬁ%m%am& purhdralf U iR BdELRhARg echigever T hat

t he draw ngs scription thereto are not 1Int to Iinit
enbodi nent s throughbat. maﬂlbuldﬂ)bande&mmhowﬁvsr;masmddmﬁangsand dethidedi ntention is to

cover all di f.icatjons ui val.e and alternatives. 049] As used in
this appli ggfﬁcﬂﬂtlontth‘?é'etf’éf t"’éﬂ‘r‘?ﬁ‘gﬁ’gﬁ?‘ﬂa‘?ﬂﬁhm%‘%ﬁo% lag?mnded to refer
to.a conput @fsclbﬂdalkﬁdleﬁ'ﬂ{e' 1hﬁénnc§i is RdovEradlIdHGYi foatidnsC BENaldts, & of  hardware

au sof t war e sof tware, or software i n executi on. For exarrpl e, a corrponent
alternatives.

[0049] 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.
[0050] ~ Furthermore, aspects may be implemented as a method, apparatus, or article ;
\__, of manufacture using standard programming and/or engineenng 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 altematively,
"computer program product”) as used herein is intended to encompass a computer
program accessible from any computer-readable device, carrer, or media. For example,
computer readable media can include but 1s 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

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

(_LAN).
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may be, but is not limted to being, a process running on a processor, a
processor, an object, an executable, a thread of execution, a program
and/or a conputer (e.g.. desktop, portable, mni, palm..). By way of
illustration, both an application running on a conputer device and the
devi ce it s@dtoogeiz3e a conponent. One or nore conponenpSrut@ys/doeskde W t hin
a process and/or thread of executionsand a conponent may be |ocalized on
one conputer and/or distributed between two or nore conputers. (9050]

Furt her mor Gio0§ P Ch okl TcSRRiB RS dRc BRI Shio RARALALS, or article
of manufacture using standard progranm ng”and/ or ‘engi neeri ng techniques to
produce sodesatbedin donnevvian withhankbaaber stabpn.aAysulsoritkr saticncantdiserbeof t o
control a co ter to inplenment t di scl os aspects.. The term"article
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fl ash menorgigick wdsizemt (PDA), a hadhéld devisd havkng wifdlebs tordeetidnycapdbilithastl d be

appreciated that a carrier wave can be enployed to carry conputer-readabl e
el ect roni ¢ B Rrosgmessvice eanmesiedte 3 Wreless AdERt i ng and recei vi ng

el ectronic iy Orpd h: 9Gcc I AG: AN : . a | ocal
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al so be ca‘i"ﬂréﬁf"séy"gwt“é‘ﬂim’és‘%'ﬁﬂ%&r ?)%‘:QMWQOE]SWSH?W“?PB?W BT BI6rlX, r endt
station, aceeSpresperfonRably Sleddiv&@Me obBiiloth ShdARIYMbAGHRRS ASHM nal ,

user termnal, 'user agent, or user equipnent. A subScriber station may be
a cel | ul ar hesesqsibodin meredotat lipths sectiorpthatfellow, framegdetashion isibasedonon Pr ot ocol
(SIP) phone,;_ a. tel I -1 0 t.at | rsonal | gital

assi st ant (gﬁiﬁwatga()%hogﬁaﬂteq?%%l e'iﬁi sﬁb&%@rﬁ%@&r zgﬁgessstﬁégﬁanfz% ?%rnsugggabi lity,
or other pfragedaiongerdbodibentCthe pietts@aibsl ak tithd dilieida niépeRed (POBB1 Tur ni ng
initially to Fig. 1,_fran% detection system 100 |s depicted, Mire

speci fi cal w!ot%a%mwerea &t piltsymbolean be eraployl foy caapssestiadionfad with
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Synchroni zati1on refers genera
to improve such estimation. System 100 is primarily concemed 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
110, leading edge detection component 120, confirmation component 130, and trailing
edge detection component 130.

[0053] The delayed correlator component 110 receives a stream of digital input 3
signals from a wireless device receiver (not shown). The delayed correlator component
110 processes the input signals and produces detection metrics or correlation outputs
(S,) associated therewith. A detection metric or correlation output is indicative of the
energy associated with one pilot sequence. The computation mechanisms that generate
detection metrics from streams of input signals will be presented in detail infra.
Detection metrics are provided to a leading edge component 120, a confirmation
component 130, and a trailing edge component 140 for further processing.

[0054]  Turnming briefly to Figs. 2a and 2b, two exemplary diagrams illustrating pilot
correlation outputs are provided for purposes of clanty 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



to the process perforned by a receiver to obtain both frane and synbol
timng. As will be described in nore detail in the sections that follow,
frame detection is based on identification of pilot or training synbols
transmtted at the start of a frame or super- frame. In one enbodi nent, the
pi | ot synb¥Dg0EH0&22y me division nultiplexed (TDVM pi | BEBUSHP5/G92HE i cul ar, a
first pilot synbol can be enployed fd coarse estimation of a franme at a
synbol boundary, inter alia, while a second pilot synbol can be utilized
for to inpugéeFrRUBIdepitd dbrkiatn outpyiSh @thadel withopf Wi IThy ce@aef aidshtwi t h
detection of the first pilot synbol for frame detection, although it can
be utilizedSkeahekssplsdingsagaa fAl RoFeon, apd whseapstly e tatimeedes Higidky synbol s.
System 100 i Lh& QR . ' e
detection cg%gﬁ%ﬁ% e%%@‘@%ﬁﬁ?lra %ﬁlt I on lgg(rerpmgﬁglﬁs? ij%é&%gﬁhﬁta’%f?ﬁls%g edge

det ecti on cooipoiseesidedBpon [l@@h&inelfh Ond edregbeetve that apilot Grexcstmp bowener it10
receives a streamqf digital. ingut . .si |s from.a wrel.ess .devige receiver
(ot shown) ° SPRamiYspathel st b iave convamnall SR LesiSf e

si gnal s and¢RpRIIS eleitafifot SMbIRT Inipasictlar, BRI thesidld i9Nsddtb BbtbSnind fhe
associated therewth. A detection nmetric or correlation output is

i ndi cative eRrtiohasynehedwon the sere¢latioacyalyes are greatepihpythe seton predeterniined

conput ati on ni 1 h 2 ' i ns of
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provi ded t o valut &®iH sythbeligeuld bepaestsd wheaQt cressesahdtivalat Suisequemiparenit 130,
and a trailing edge _conPonent, 140 for further processing, 100541 Turning

briefly to Moyl bepnitiatpdiiodserming thetenmesdge. ohligmativelyi the atipgedesgopdi ot
correl ation sgrg%ffé%(?:t&fe‘a vmegvﬂe%ﬂe;vqruemgB&%@%h&hregﬁ@a.! »{fg ndf&} lsu@s O

fag_i_litate ation of one o the problens 1dentifi and’ over cone.
Thé™ cor r el acomenttinametheds adé pachmiqees aernot tffdctve muatrpal mdispategivirosderty t he

magni t ude of, t he, detecti I ver WO 2005/ 0742 / US20 002542 9
v, Fig. 2 CHup BT RamCtify 2o e SIS FO6F RO AGPL LS FOUTTRATEE The
correl ator e dertblatié Rdies ¥s ﬁaﬁig_athleﬁaas 16 cB6kg Fhe valvieh R beRpread BiY noided _
subsequently a trailing ed [ 2b illustrates an exenplary correlation

e' . * . - -
curve in a Chafwber obsiirethe ?qadjn gei JhisiearfesuWlema lage gumber @b fadse positivesi dent

upon the ch 06 : - ALl i | st e however it is
obscured by%gﬁgti\&rfllse’l noF@%ﬁgé%ﬁétg ‘."Bg? E‘eglgp ég;é.)ﬁo C?\Q/@?\l{tv?g?n%%?/, a single
t hreshol d i samplapxbdytect atmnililgtedgd aml noise otill prohibitldetet tionpefatiiadinig@dge t he
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system and method of pilot and frame detection that is effective at least in a real world
multipath environment.
- [0055]  Tuming back to Fig. 1, leading edge component 120 can be employed to
detect a potential leading edge of a correlation curve (e.g., where the correlation curve
— represents an energy distribution over time). Leading edge component 120 receives a
series of detection metnic values (S,) from the delayed correlator component 120. Upon
receipt, the value is compared to a fixed or programmable threshold (7). In particular, a
determination is made as to whether S, >= T. Ifit s, then a count or counter (e.g., run
count) is incremented. Altematively, if S, < T then the counter can be set to zero. The
counter thereby stores the number of consecutive correlation output values that are
above the threshold. Leading edge component 120 monitors this counter 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,



threshold. In the ideal case of Fig. 2a, the threshold would be set close
to the flat zone value and a synbol would be detected when it crosses that
val ue. Subsequently, a count would be initiated to determne the trailing
edge. Alternatively, the trailing edge could sinply be detected when the

curve val ugs.6isp7pel ow the threshold. Unfortunately, syehyssRO¥HR onal
nmet hods and techni ques are not effectijyve in a real nultipath environnent.

As can be ascertained fromFig. 2b, the |eading edge cannot readily be

det or i ned L1.8ie (i ¥inbRk nELAKOA AL SS B3 U ULLABIY, ] £ERhScfag cause the

val ues to be sprea norse ~ can er scure the m(9,\‘dge. Thi s

can result Ofceétht asr@aicndybersasfied,ahskading edge\composinecdni detisre detetfidiesmor e,

the spreading of the signal is not conducive to counting _sanples to detect

a trailing aBesntiphieading sdee,Spbsegvently s semabedcde REeVIdRd tg coMUMRIRY edge when

val ues dip p&hnégﬂeﬁthgogxf?iﬁggggﬁh The techni ques disclosed herein provide a
od o

robust system and net pilot and frame detection that is effective at
| east in a [8&b] woAsdhe namietsiggsts, confnimaatiemeomporjed0E®lis dparablaty doafitm t 0 Fi g.

I, leadin dge, c opent 120 n enpl dt det ect nti al
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represents galea8ingedde Qieﬁ%th&lﬂyttﬂeﬁad%Veﬁlbedtédfﬂlenc&qaﬂb NGt A i§ agpaaent 120
receives a series of defection metric values (S') fromthe del ayed

correl at or Benponimateases the copfirtence thatdhpleadingedseaif the pilet vowpehwvesdetested i xed
or progra reshold (1), | rtJ r tarm Lon 1 s made as
to whet he%?l}@:léa?fnglepgﬁ %onlipg?’er{tﬁg%pgn}é{c)&'%b%gﬁawg%agg ee(rag%ngtgﬁcg}ou X count) is

i ncr enent eddetédtéde rifpvhnirscelpy of 4 figal frsmithéRadihg edge@otipeiient 820, (e set to zero.
The counter thereby stores_the nunber of consecutive correl ation output
val ues t hat cgfismatignspmpepcat { 3} aabsen to ressiys A aglyee addivnmaldstection npni torg
this counteg,e VAR, that a predeterm ned or programmed nunber of

sanpl es have been analyzed. According to an enbodinent, this can
correspond {W5%Ahen TumingtaFig: dumblock didgramimfieneexeniplaryg ivoplerdertaiona freeci at ed

that this val can be nodified ta optim.ze detection in articul ar
system in §°r§-e’[5'@85“ﬂ @MPRTM! i%@éHWIthgiosf%lé%ﬁwé m @%ﬁm&‘f‘g'geous in that
it makes it CoffSnakibik8dniponkhtaBo dar i \er AL Hdd willea prataerB1glat ected as a
result of initial noise or spreadin WO 2005/ 074223 PCT/ US2005/ 1102542 10

because t he thseshpideglugdal, a@éﬁ%@@wgm, shibgpuabiffea antdepeisiiBi adfaor a | engt h
I T v
can be provB32®Ednterwalcomiter 330] hibtounter 340, run counter 350, and the frequency

accumulator 360." Furthermore, processor 310 1s operable to receive and/or retrieve

correlation values S, as well as interact (e.g., receive and transmt signals) with leading

edge component 120 (Fig. 1) and trailing edge component 140 (Fig. 1). The threshold

value 320 can be the same threshold as was employed by the leading edge component o _
120 (Fig. 1). Furthermore, it should be noted that while the threshold value is illustrated 3
as part of the confirmation component 130 as a hard coded value, for instance, the

threshold value 320 can be received and/or retnieved from outside the component to,

among other things, facilitate programming of such value. In brief, interval count 330

can be used in determining when to update a frequency locked loop to détermine

frequency offset employing 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



conponent 130 indicating such. [0056] As the nane suggests, confirmation
conponent 130 is operable to confirm that a |eading edge was i ndeed
detected by the | eadi ng edge conponent 120. Following a |eading edge, a

| engthy flat period is expected. Hence, if the flat portion is detected

t hen t hi swiowraeases t he confi dence that the | eadi ng edga/wskooshesp | ot
synbol was detected by the | eading Bdge conponent 120. If not, then a new
| eadi ng edge will need to be detected. Upon receipt of a signal fromthe

| eadi ng edgRaGARRARAPL hibben réifewed EadH@hé £ e SORMNBA ka0 isGamieR@gi N to
recei ve and anal yze additional detection 3 netric values (S.). [0057]
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Furthernore, processor 310 is operable to receive and/or retrieve
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as was enpl gy afhole), MorlgtaRbrMingdge conponent 120 (Fig. 1). Furthernore,
it should be noted that while the threshold value is illustrated as part

of the conf %38t i olf e &wbedimenty Big carfirmation ¢prapone 1@ randleterpinethasthgnce, the
t hreshol d ' . ' - ' th
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cqQnponent to, I'tate value. In
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frequency | ocked | oop to determne frequency offset | oyi.ng.frequency
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be utilizedyt &uslels Sefficiehtsy B HAQ the thRtofPREraRY tHaH A sEtQMlde of B2 HitToudtsed to
identify a trailing edge.” [0058] Prior to1nitial processing of correlation

val ues, t heangithergsount areGubsiantiallyiequak Ktiep ot can bedesérmited thay mpisemay B8G, 340,
and 350, as_wel]. he fre . acgu atogr 360 to zer f.or exanpl e.
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WD 2005/ 074223 PCTN 52005/ 002542 tt .
embodiment, the determination that a false leading edge can be made when the run
count is greater than or equal to 128 and the hit count is less than 400.
[0060] A determination can be made by the oonﬁrmatio;l component 130 that the
leading edge was missed or otherwise detected too late for proper timing by again
~ comparing the values of the run count and the hit count. In particular, if the hit count
~ and the run count are sufficiently large such a determination can be made. Inone
embodiment, this can be decided when the run count is greater than or equal to 786 and
the hit count 1s greater than or equal to 400. Of course, and as with all specific values
provided herein, the values can be optimized or adjusted for a particular frame structure
and/or environment.
[0061] It should be appreciated that the confirmation component 130 can begin to
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



|

that a new sanple has been retrieved. Each tine a new correlation sanple is
retrieved the interval count 430 can be increnented. The processor 310 can
subsequently conpare the correlation value to threshold 320. If S" is
greater than or equal to the threshold, then the hit count can be

i-ncr enent egg ARk the run count, it can be incrementggishoenodss: | €SS
then the threshold 320, otherwise it 4, set to zero. Sinifar to the

| eadi ng edge, run count thus can indicate the nunber of consecutive sanpl es
bel ow threshold.. The count valu can be analyzed to determ.ne whether a

| eadi ng edgé‘"‘ﬁ%ew B APTepST Bupls ,(’Fﬁ?'ntéf’%e %ng?eastql?%? ’sSéOIBSﬂ'??’VEg}%Ea'Wﬁ% | eadi ng
edge was ot kegeMmize thd dafndtien @ompor@h cah dedigre ldate&tjon o MR thilRHg@Ee. t THeNTS .

[ 00591 In one enbodi nent, the confirmtion conponent 130 can determn ne that
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have causeghdpieRrrect detection of a |eading edge. In particular, it can
be noted that the received correlation values are not consistent with what
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[00611 It shou WiR&uaPRy 200.2h6brdiRgto dnl @nbeMidhiSal i LAIBAREHcIokeP can
begin to detect the trailing edge of the curve while it is analyzing the

flat zone t dertas thgexpéctesd numbepedrhits emtdie flgt 2ong shanddsbedidt o ba8ewhichpverhe trailing
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component 130 can provide a signal to the trailing edge component alternatively the

confirmation component can signal the leading edge component to locate a new leading

edge.

[0063] It shouid also be appreciated that the confirmation component 130 can also

provide additional functionality such as saving time instances and updating frequencies. 3

The subject frame detection system 100 of Figure 1 1s providing course detection of the

frame and symbol boundaries. Accordingly, some fine-tuning will need to be

performed at a later time to get more precise synchronization. Therefore, at least one

time reference should be saved for use later by a fine timing system and/or method.

According to one embodiment, every time the run count is equal to zero, a time instance

can be saved as an estimate of the last time for the correlation curve flat zone or the time

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 pertodic. According to one embodiment, the frequency locked loop

can be updated every 128 input samples as tracked by the interval counter, for instance.



t he nunber of input sanples received and correlated. The length of the flat
zone is known to be within a particular count. Hence, if after detecting a
potential |eading edge WD 21105/074223 PCT/ 1JS2005/ 002542 12 and recei ving
a proper nunber of flat zone sanples there is sone evidence of a trailing
edge, thewa tesiewrBi r mati on conponent can decl are det egtligmowfoorskhe trail i ng
edge. The evidence of a trailing ediye can be provided by the run count,
whi ch counts the nunber of consecutive tinmes the correlation value is

bel ow t he t[beeas$holReturhing @EgeNB@dingRdge cohipenend M40 ¢aiveiemployedodedt 130 can
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than or equhs raibregalse 1f popdetectad by theconfigmationcompensnt 130 dp aup.drailinghan zer o.
100621 | f Ef!a?" S&mohﬁ{!%(bﬁ% 6ITRBERE1 (iR irdafink Rd r%ﬁnt)p]?mﬁe%ﬂpsugfn wlfie above
three conditions then it 8an sinply continue To receive correl ation val ues
and updat e anb#her leasing edgscanltfe dotected by 1dading edgticomponenl $20det ect ed, t he

processor rovj. de ope..or, nor ddi tional...checks on t ounters to
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edye conpor@mpatedhd wrrgiatoravateawitiethd ithresholddtg and paypadite ¢ithesdrdwtidofahso be
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stores the number of correlation outputs received. Thus, with each received or retrieved

correlation value, the processor 410 can increment the interval count 430. The run
count stores the consecutive number of times the correlation value or output is less than
the threshold 420. If the correlation value is less than a threshold then the processor 410
can increment the run count 440, otherwise run count 440 can be set to zero. The ~-
trailing edge component 140 by way of processor 410, for example, can test whether an
interval count value or a run count value has been satisfied utilizing the interval count
430 and or the run count 440. For instance, if the run count 440 attains a certain value
the trailing edge component can declare detection of a trailing edge. If not, the trailing
edge component 140 can continue to receive correlation values and update the counts.
If, however, the interval count 430 becomes sufficiently large this can indicate that the
traiting edge will not be detected and a new leading edge needs to be located. In one
embodiment, this value can be 8§ * 128 (1024). On the other hand, if the run count 440
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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can be saved as an estimate of the last tinme for the correlation curve flat
zone or the tinme just prior to detecting the trailing edge. Furthernore,
proper synchroni zation necessitates |ocking on the appropriate frequency.
Hence, the processor 310 can update a frequency |ocked loop utilizing the
frequency or 360 at particular tines such as Lpput is
peri odi c. vi&cgdg%J?ggs to one enbodi ment, the frequency ngéﬁ/ggmf]‘g@égﬂcan be
updat ed every 128 input sanples as tracked by the interval counter, for

i nstance. WD 2005/ 074223  PCT/ US2005/ 002542 13 100641 Retur.nin o Fig. 1,
trailing eafd’ébog r{%'fralﬁ%“{@ﬁﬁmﬂ%ong%‘%@ BSG ! elf'@%{m&{'%eewlfer“ﬁ?rlh}?g edge i f
not det ect egnRyurt Bgualoitd hBRbY POvIANEROGRAInshBE judt Pristiditrallingiedgy  edge
conmponent 140 is operable to detect the trailing edge or sinply time out

such that datstiper Acrdingily qs@@b%w%@é&%@wqwtwee%?mdédgetl@onrponent

120. 10065 al 1.9, H@%di . rahlorsv conponent
140 is ilﬁsﬁgﬁ%gg{s%{daﬁf‘él ffs?&r;héﬁe ge ﬁ%psrg@fgﬁl?th%z?ght%n |§g@§%}e or be
associ at ed (HDN pilpt-Dc asfimy fraédeddeteatibnsyariindanl sdRLquemtly impreveagonabarnt 430 and

a run count 440. Simlar to the other detection conponents, trailing edge
conponent 1¥AdNeRAsiscusse] Pdater SSEHANSI ity of correl ation val ues fromthe

del ayed cor fpgsAt OF FizOBPRNAtes Ll felARd dMelAIFEHmpoRBR" A0 indfuRn&GOSMIF irf O

facilitate detection of a correlation curve trailing edge associated wth
a first pilascodymrgolith enegembodiniedM Phé¢ delaypdrrouklator compenent tlfl exploitstixcessor

410 can L. caonmpare.the.corre l val it.h the threshold 420.an

Sopul at e ei ERgRse B 5 BHE Oty §Ptptet 1 e areline” Poa wifoiBile a0,

I't shoul d bemak&d 10hsds i fohewial débionth@EH R fcilihelrdnte detdctisi:r at ed as part
of the trailing edge conponent It could also be received or retrieved from

out si de the conponent such as froma central programmtic |ocation. It
shoul d al so be apprecgiated ,? course that processor 410 can, prior to it
first conpari son,..=tfJ ti’,-all'if.%eythe interval count 430 and a run d@dh} 440 to
zero. The interval Eotnt 43 stores the nunber of correlation outputs
received. Thus, with each received or retrieved correlation value, the

processor 418 cagmi créament the i.nterval count 430. The run count stores
t he consecuVf¥& 'rsrgléer elpctipn mEmic fofSapEPENad fon val ue or output is | ess

than the threshql.d, 4 rrelati on value is less than a threshold
t hen the processor %f%‘gs%ggnmélér}‘g?oé% ﬁ't%’ %ﬁfe run count 440, otherw se run

count 440 can be|,3efienofts AR'sQuarddBagritudé bf N9 edge conponent 140 by way of
processor 410, for exanple, can test whether an interval count value or a

run count val ue has been satisfied uti.lizing the jnterval coun .
gquatlon ?]S) computes a delayed corre]tatlon Betwden two input samples rand r_ in

two consecutive pilot-1 sequences, orc; = r,, -1, . This delayed correlation removes the

effect of the communication channel without requiring a channel gain estimate and
- further coherently combines the energy received by way of the communication channel.
Equation (1) then accumulates the correlation results for all L, samples of a pilot-1 3

sequence to obtain an accumulated correlation result C,, which i1s a complex value.
Equation (1) then derives the decision metric or correlation output S, for sample period
n as the squared magnitude of C, . The decision metric §, is indicative of the energy of

one received pilot-1 sequence of length L;, if there is a match between the two

sequences used for the delayed correlation.

[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 infmt samples {r }. For each sample period n, a multiplier 514



430 and or the run count 440. For instance, if the run count 440 attains a
certain value the trailing edge conponent can declare detection of a
trailing edge. If not, the trailing edge conponent 140 can continue to

receive correlation values and update the counts. |[If, however, the
I nterval oouewsd33becones sufficiently |arge this carpdmdS2ewtoe2sehat t he
trailing edge will not be detected ahd a new | eadi ng edge needs to be

| ocated. In one enbodinent, this value can be 8 * 128 (1024). On the other

hand, if thgufigReschbeladdPinpll tsnpdé rEXCROAShA Kalsug Sibiwicar éafisat e t hat
a trailing edge has been detected. According to an embodinent, this value
can be 32. l{\ @édﬁ%qi éa&@'&ar' Hom uhit SPOMdbrBR IR SelapbRfEshinat (J £ @ijhi Ny edge
conmponent 140" Can | so savé tinme instances for use In acquisSition of fine
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enbodi ment, the tralling edge conponent 140 can save the tinme instance
whenever t hgsulf #? oneYhgut QEHAIES arielihet-DRE aDY d@fofidi tHE Rebughuldie®cdritsdipnce j ust
prior to trailing edge detection. According to one enbodi nent and the
frame struciesilefotEsmputliesiplesf Siaft régister 532y elvis, srores,aad delays thacoretatioaspond t o
the 256" h sanple in the next OFDM synbol (TDM pilot-2). A fine frame

det ecti on sigstlsnicdafiomumdbplice At4 gnd Rrpyigesconplation reaults {¢atL b davg beeissed in
| ater sections. 100671 Fig. 5.illustrates a del ayed correl at or conmponent
110 in f urt fedayed by i sample pesieds. o Eprcerchistmple menethBothnpasT: S24meeei Yrs| 4 e d
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offputes a aye ation en two 1 nput sanples r ‘and r-L in two
consecut i vesymrhation| opsextjoe it @gqyation (¢). Shift register 522 antli ssamobeddr H2d chre @tspel at i on
removes the r@ff%§L of .t he connuniqﬁtion channel . wi.t hout requiri g a
channel gai FPBEVIER BT  FEMDH et THOMESRBIEPO" CLBIA B KETL RIS P ecei ved
by way of t}b@meoawml@ﬁté on CHRRNGlachiERY Ay éﬁﬂl_miﬂ% @Bt asCHMbRlfARnt he
correlation results for art” LI sanples of "a pilot-] 3

result ¢, from multiplier 514 and subtracting out the correlation result ¢, , from L;

sample periods earlier, which is provided by shift register 522. A unit 532 computes the

squared magnitude of the accumulated output C, from summer 524 and provides the

detection metric S, .

[0069]  Fig. 6 depicts a fine frame detection system 600. System 600 includes a fine

timing component 610 and a data decoder component 620. Fine timing component 610
. can receive the time instance saved by the coarse frame detection system 100 (Fig. 1).
As mentioned above, this time instance can correspond tovthe 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 ohe 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
1s 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



sequence to obtain an accunul ated correlation result C. , whichis a

conpl ex value. Equation (1) then derives the decision netric or correlation
output S. for sanple period n as the squared magnitude of C. . The
decision nmetric S. is indicative of the energy of one received pilot-1

sequence ofoharR@tfd1, If there is a match between theppws@Sa€Cces used
for the del ayed correlation. 100681 Wt hin del ayed correl at or conponent

110, a shift register 512 (of length Li) receives, stores, and shifts the
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to observe a pilot symbol leading edge. The leading edge can be detected by analyzing -
a plurality of detection metrics or correlation output values produced by a delayed
correlator. In particular, the detection metrics (S,) or some function thereof (e.g., S,,z...)
can be compared with a threshold value. Potential detection of the leading edge can
then be predicated on the number of times the metric 1s greater than or equal to the
threshold. At 720, the detected leading edge is confirmed by observing additional 3
correlation values and comparing them to the threshold. Here, the correlator output is
again compared to the threshold and observations made regarding the number of times
the correlator output exceeds the threshold. The process can stay in this staée for
greater than or equal to a predetermined penod of time (corresponding to the flat zone)
or upon detection of a consistent trailing edge. It should also be noted that frequency
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 1s
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



As mentioned above, this tine instance can correspond to the 256 h sanple
of the next OFDM synbol, which can be TDM pilot-2. This is sonmewhat
arbitrary yet optimzed for channels subject to nultipath effects. The
fine timng conponent 610 can then utilize the TDM pilot-2 synbol to

i nprove upYh2OfRPME2280arse timng estimate (T,). There RITEISMNMPOIRLhani sns
to facilitate fine timng including those known in the art. According to
one enbodi ment herein, a frequency-locked | oop or automatic frequency
control | oogmpdete. HE thisndonditienl isfroometibepuihs iptdcess chmbd inaiakizaicandstlaed whi ch

utilizes a different al.gori t o, conpute err.oy and | fferent tracking
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nore data CR{IVseiAaMcs whiR e cofrSlaP o@ibt’ gdesSheliv e At dhblidof ME findinki onal
confidence that the synchronization has been acconplished. If the data

does not dedusig obsgrvation plhelirmlingedps cpR be vinwe as angndsy (elgs 824 sample) MYD5/ 074223
P17T/ USZOllééOQX%%M %ﬁn@ iepe P(%‘ e&ﬂﬁ 1Leﬁ% ogflge conponent 120 (Fig. 1).
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appreciated that the nethodol ogies disclosed hereinafter and throughout

t h™s speci f the serrddationvalue sdessithendhe thegshejd yelye Bgn the retncougy is set tezgsp, at

manuf act ur e 1] it at. [ g - et hodol ogi es
o comput of G EldohifiE eh BARBREL uPSholin s oS RATVIRER i 10D P 2
t 0 enconpassptanizaldopdeteetions Laoleadingaiye §sa tubiphthenvisomyheaoripoher - r eadabl e
device, carrier, or tHEdi a. [DO 721 Turn%ngﬁég Fi % 7, a robyst nethod of
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pil ot synbol |eading edge. The | eadi ng edge can be detected by analyzing a

plural ity ofhentheadditional mputvabess ane reasivied kbl li0mnd thetpmeessiun repeatedsr oduced by a
del ayed [0074]  Fig. 9 1s a flow chart diagram of leading edge confirmation methodology
900. Methodology 900 represents the second stage in a coarse or initial frame detection
methodology, in which a leading edge detection is confirmed (or rejected) by way of
detection of additional expected results, namely a flat zone and/or a trailing edge. At
910, one of a myrniad of input samples is received. A delayed correlation is performed
on the input sample and a delayed version thereof, at 920, to produce a correlation
output. A plurahity of correlator outputs are then analyzed with respect to a
programmable threshold to make subsequent determinations. At 930, a determination is
made as to whether a false leading edge was detected, which can result from channel
noise, among other things. This deternmnation can be made if not enough correlation
output values are above a threshold. At 940, a determination is made as to whether a
leading edge was detected too late. In other words, 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



correlator. In particular, the detection netrics (S") or sone function
thereof (e.g., S"2...) can be conpared with a threshold val ue. Potenti al
detection of the |eading edge can then be predicated on the nunber of
times the netric is greater than or equal to the threshold. At 720, the

det ect ed hegdigR@gr@soe is confirmed by observing additi paphis206960eghat i on
val ues and conparing themto the thrgghold. Here, the correlator output is

again conpared to the threshold and observati ons nade regardi ng the nunber

of tinmes t%&%ﬁ:@&%b%w%ﬁ%w@e%ﬁﬁ%cé e & Ragaihdh 1118, RE Blogafyrean St ay

in this stage for reater than or equal to a predetermmned p of time
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of the conf Iberﬁaﬁanne&&Mbédneaﬁeﬂmeﬁehoustﬂm;msme was a false detection of
a leading e and the qprocedure can be initialized and started again at

710. At 730, [8%%5] at tlagpi depicts gaere delailgdgeathad 098 of deteqting thedlageonefand) ot _
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for a nunber secut or “exanp étection
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when the correlator output goes ow the threshol d flor the tinme

during obseranapudsamyfle.t hshouldzliol begipp:dgeteclm altieough evtespasﬁcaﬂy ﬂcnbeed 1(1 e.g.,
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correlation is perforned, at 820, on the received |n§ut and el ayed
versi on t heradime- de&@yeécypﬁs@néhemﬁtmpcﬂm ajcarrelpéan QUi )edAﬂete@@aatmoﬁ bl ock

830. At 830’th r}ﬁa(féohr]g §ta.% ]ﬁ“ﬁep ?,hls é‘e%te? 3t & aWo arfhl%shfoﬁ(f(

pr ogr ammabl e r eshol e“correlatioh val ue eatér “than or
equal to the thenalstol cbuat is unreﬁmumtl aorozommemeﬂmdwmpﬁﬂmdtaemm 1BA&Y, |f
the correl atlon alue i.s Jess then. the thresholg_ ﬁ@vgue then the run count

is set to zdhe 2 dgtermanation ippnade a1 022 gs,to whethep 4n< p-ben the UBSEUNtEE t h g
predet er i nqgcr&ﬂémgd ;th@m 1% o, cn%ltﬂe&,ﬁ@om s,qﬁfaﬁfédlteeerefm@hleﬁaﬁuyg edge in a

nul tipath environment. In oné enbodi nent e val ue can be 64 | nput
sanpl es. |f saved. Tiha swdnmenlméqma)lrovndﬁstthwelme instance prior to observation of a

trailing edge. It should be appreciated that decision block 1022 is not strictly necessary
here but is provided for clarity as well as to lmghlight further that the order of such
method processes does not need to be fixed as shown. The method continues to 1028
where the hit count and the run count are scrutinized to determine if a false leading edge
was detected. In one embodiment, this can correspond to the run count being greater 3
than or equal to 128 and the hit count being less than 400. If it is decided that a false
positive was detected the process proceeds to 1036 where a new leading edge is located.
If a false positive was not able to be determined then the process continues at decision
block 1030. At 1030, the run count and the hit count are analyzed to determine if the
leading edge was detected late. According to one specific embodiment, this can
correspond to when the run count is greater than or equal to 768 and the hit count is
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 greéter than or equal to the

4352 (34*128) and the run count is greater than zero. In other words, the ful} length of



predeterm ned value the process is termnated. If the run count is not
equal to the value then the additional input values are received at 810
and the process in repeated. [00741 Fig. 9 is a flow chart diagram of

| eadi ng edge confirmati on net hodol ogy 900. Met hodol ogy 900 represents the
second st wgeobsmia2so0arse or initial frame detection merhseokegys2z i n which
a | eading edge detection is confirnmeild (or rejected) by way of detection of
additional expected results, nanely a flat zone and/or a trailing edge. At

910, one ofthed¥briedfds Béeniderebted HRIPAP Below thredRlded jusfoddalbBia’dC ofoel ation is
performed on the input sanple and a del ayed version thereof, at 920, to

_produce a dbanadithies eanditions pave failed 3pd;thg procgss procsesds te | Ql2gyhesempRgtiapwr e t hen

anal yzed w . ANERR guent

det er m nat is%ﬂgl_@?%t? ?%%B{B&aﬁacesgéggnénat | oh%@meﬁa%gg%gteﬁ%d%g]tu Egéll%%g fal se

| eadi ng edgeenaisersat shovethe thwishohl to ambledbemiethbdalogyctoalateshine wghse, anong

ot her things._This defermnatiop c be e if .not epough correl ation

out put val %Bgﬁ%?f“ée hyd %Z?Wﬁ}@éﬁﬁqngﬁteﬂ?d'g%fe %ﬁ’eﬂgf%llynlﬁlﬁg’?f:%t Isdargiye as to
whet her a  th£3Qine Pro3rBEnaMSyvAARL 88 bRCeritdRimdik, fhe ValueQuh 86 2000 dfowel&ie | eadi ng
edge was not detected wuntil well into the flat zone re%on of the pilot.

At 950, a dhisisrseinaathabarbitaryrddeallyghe procesp shomis see 34 F B8/ (Ah7) sadepdes s bei ng
observed. | nape .o hese conditio [ S t correl ati on
oot o0 ckotiRRe i bRGpRe Rl ArbkOREARE TRNOARE R AR R Ll = O

sanpl es ar ao ae6minv tbvel thatpryvides @ particiilicle s Bfitdniié e tifat the diat zohbBagdr ocess can
continue at 960, were an additional determ natjon is nmade concerning

whet her a |RSAydesrindg Af the bit conpt BEnesten thap she noeviiedyabisetents pcests zone  has
been obser vigeh:h fesPM6h e aé}B%fsé ﬂ?&%ﬂs toNdse %eﬁé@%e\g%hgé:ﬁe‘égs to 'bfa dé’tﬁéﬁd.t he
procedure can be term nat ed. no, the process cah proceed wt anot her

né‘t—hod, sudi0Hg ndhipdd ilk806tes bnegemijlimentoicatraling edlge datedtiendiethgdaldge. | n one

nbodi ment , pi | ot ill.  be.t itted fter th
or v oue pi 100" ifBeiedEe phalioed an neetipit A0S Sesee o s bel et nod 1000
of det ecti n@rbifod dudbe KRARAWIth £ byniBoNGf AR pR&{JuSIY dakctbdiead Badi ng edge in

accordance with a E)a(t i cular enbodinent. In this particular process, three
counts or couRersiRelwling asipteypland agun ¢ountsr grgmitializad to 2grajAt 11gumrut and a run

count. At ]s%%les &2 lﬂtgzteﬁ/%% Pl %l'vla] +0%1I iis lcl‘&?e%te&i%o&%ég?din fo Ja%t%bvf nput
sanpl es are recel ved. e Thrarvar count s 1ncrement et Cat , to

i ndi cat e r eample} atafl 14. auch input sagpleok atiliedl bg Adulagedaonelatoe toppdieehat e t hat
al t hough not specifically denoted in the bl ock diagram .a frequency | oop

ni g
can be upddoBglageneeuput Sgakhiif dcdegisiopisgppdept bl & pgarding with the
correlation output S, is less than a programmable threshold (T). If S, < T, then the run

count is incremented and the process proceeds to 1126. If the correlation output is not
less than the threshold, then the run counter is set to zero at 1122 and the time instance

can be saved at 1124. At 1126, a determination is made as to whether enough
o correlation outputs have been observed consecutively to confidently declare successful
identification thereof. In one embodiment, this corresponds to a run time greater than or
equal to 32. If the run time is large enough, the process can terminate successfully, If
the run time is not large enough, the process proceeds to decision block 1128, At 1128,
the interval counter can be employed to determine whether the detection-method 1100
should be timed out. In one embodiment if the interval count i1s equal to 8* 128 (1024)
the trailing edge detection method 1100 times out. If the method does not timeout at
1128, then additional samples can be received and analyzed starting again 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
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interval count. At 1016, delayed correlation is perfornmed utilizing the

i nput sanple and a tinme-del ayed version thereof to produce a correlation
output (S.). A determnation is then nade, at 1018, as to whether S. is
greater than or equal to a threshold (T). If S >= T, then the hit count

i s increngnd afls/ly2,5020 and the method can proceed at 1P28.sdobs/ a9l then a
determnation is made at 1022 as to yhether S" < T. If yes, then the run
count is increnmented at 1024. If no, then the run count is initialized to
zero and thg. ti | g . LITE 1t Loy the tinme

i nst ance pplgﬁl%{siﬁ% 1%@%3%5%’115?8%;0 aggxst%r?%nltl%l@g Sggﬁggzﬁ gllrltgvésiﬁ'gcéltgﬁzhee appreci at ed
t hat deci sisignaldan bk piod2ided sropealy. HtrlR220, layreqeersdarkyd lobp (ELIYutcuntulpsovi ded

for clarity as.wel] as _to highlight further that the agrder of sych nethod
processes d&g‘g‘“ﬁ%‘i‘{ n%‘e‘&t]f’@ﬂﬁ? “Pi‘]g%"&‘%‘i%ﬁ\ﬂl‘ﬂ“ _'efkf'r&]‘r%g’e&??ﬁ‘c"ﬂﬁ_ to 1028
where the hih b&HHmEDEY dd0&1bHBf £AMIbn@AR/ G @thillingicapd HrR id@hi&iimeae i f a

fal se | eadi ng edge was detected. In one enbodi mént, this can correspond to
t he run couhat aiyehthlgading edgerwas npladetegtedaty LAI8, then tiegnethad reenshie 1212odnt  bei ng

| h 400.. . Lf it i ided that.a fal ] i ti dth
prezietssagr c?g%‘ggibe ?@ri@@dﬁﬁ’gﬂé “a’ts g\sﬂsﬁ’gg] iw?fgreetgeglié‘%ulgl\{ﬁeycggc %gg".eotp%%‘% E%l 1Ealese

posi tive wagdited paRldRallputleifpahefrequess) dcbanulble o KaMpR 16 adthird s at
deci sion block 1030. At 103:%& the run count and the Eit count are anal yzed

to det er mi neitipkfragnencylofiseli vy 122 theryingedee sancdedgtested Kawbprgriagsly o one
specific e l ; I r: D q .S greater
t han or eqﬁ?&%%f?%lg hgllr%déstt ﬁg&ﬁ?tﬁ% C“rcl)’ﬁr§1]t£]i[;|gf'!hgrtr \ggltﬁgre a%hqg%q%rtﬁggﬂ%lﬂet o 400. If
this is theaeaidebe bied Iterdoetse tiraing c ifnhd traiBnged g 03ebt détectedat 12P2adi ng edge

was not detected |ate, then the proces rocee t 032, where the interval
count and t'&"PLRATCEGHAN 5%?%8%%11 @ﬁw&farﬁw&qﬂdﬁ& ?frﬁl'%ltr@l}"_ag FERd5Bage | 5 ‘5
bei ng obsergeaghed ted m%iti%ﬂm%bH&@étio‘iﬁx‘a&&ﬁ'&oﬁ%l%@ﬂ?"meHb%edu‘?é@oﬁﬁﬂﬁescount '

greater than or equal to the 4352 (34* 128) and the run count is greater
than zero. ath22s wieare thefigquencilockag 1por e mgiteh toftragiong 6@8E.0Fune Agng is

PCT/ US2005/ 002542 ...19 the f o} h been .det ect ed and, a.di p bel ow

hr eshol o HEARSERER Seaad FDMAT siaher 358 ThepiafiEh pity BEE pE PP “have
failed and dolge PRiARES In pArBicAIRd theltinelifdahcehgred (TMYE domRsond $4pl es are
received. If yes, a det grm’ nation i s made at 1%%4 as e?gugh val ues have
been obser \REIcyl3psammineffseh vitbindhepecandailghsyanbohelnpseardanse vl ovd det er i ne
wth config?clg s h pfically,
the hit coun ?E’leﬁlg%ee%a%tt%%ag@ne p?glg?ﬂmgﬁgé%ﬁﬁgwpwﬁ glﬁg&gﬁ%odi ment ,

t he val ue gulot Henhol Ofpecifiowipoathms calitemi i widiaed tohimproae lpdér thattimihgleal |y, the

rocess shoul.d see 34 . * 12 4352 les. . .. .
P estimate as described 1n ?aleg' sectiofs. Sl?prgi)l 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 1228. If, at 1230, the decoding was successful then the process
terminates. However, 1f the process was not successful then the methodology retums to
1212. 3
[0078] The following is a discussion one of a plurality of suitable operating
environments to provide context for particular inventive aspects described supra.
Further, in the interest of clarity and understanding a detailed description is provided of
one embodiment of time division multiplexed pilots — TDM pilot-1 and TDM pilot-2.
[0079]  The synchronization techniques described below and throughout may be
used for various multi-carrier systems and for the downlink as well as the vplink. The
downlink {or forward link) refers to the communication 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 clanty, these techniques are

described below for the downlink in an OFDM system.



above threshol d, but noise can tenper the count. Thus, the programmmabl e
val ue can set to an optinmal |evel that provides a particular |evel of
confidence that the flat zone has been detected. If the hit count is
greater than the provided value, then the process termnates. |If not, the

Pprocess pnacneiesi9 1036 where a new edge needs to be pdetigedosto2ss2] 00761
Fig. 11 illustrates one enbodiment ofi a trailing edge detection nethodol ogy
1100. Trailing edge net hodol ogy can be enployed to detect the trailing edge

of correl Zl\b@lS?JT C Uty 3 3RGAC 6 & Ndrim ofla Bise Qfatiy T1®and b fwifdfks RARYI Ously
detected. At 1110, counters including an interval and a run counter are

i nitialized3p®inanQFDMsystam 2300. Hage statsind 18 & geperallye Bxedestationged may er val
count is i Qrrespondi t # ' 4. Each

I nput sanprbgsroiei’g‘% ét}%‘?%tszgeasda @s@ﬁr éﬁgf/resgst%gr(gzﬁé?g?ccf S(S)S%g}r?l it)’g)ﬁé%}]%&%crorrel ation
output S,, tednidddgy. VAreles devian 356 nagde fixtd dririébileagd hidy aBo b tefertddao
correlation output S. is |less than a programmbl e tl&rl_eshold‘(%]). If S" <T,
then the r (@2 YeBlHmINaG aimpqbile ptatiens gr some QU toMyolegy- SYiEiesedevieed 39926, 1f the

correl ati ong Qe J partIE unit K2R ad DeMulal Bhdrd! SRAGhId dVI&Da WilBIeEHN counter is

set to zero at 1122 'and the tine instance can be saved at 1124. At 1126, a
det er mi nat i medules a persmabdigitad asstseanh@D AAnandthe bke:r el ati on out puts have been

observed c utiyel . C | d decl.are succ ul . identification

t her eof . Iﬁﬂiﬁi erf%tg’d%/erféﬁ‘(o?q?m'§q§{)éﬁ¥%§r§&{]§gpr?ﬁesiorﬁgzg {ef%esg]ftgeé?’gr t han or
equal to 3Zypdsfof 812 (e gl NraffidiFacket dhdafE o RIRdABRontid) Qath)y HAPSstesad\elgel M Nat e
successfully. If the run tinme is not |arge enough, the process proceeds to

deci si on bleqdes, intgrlcangs, andxgmbokHaps) the secpred dde it generaigabisymbelsoded to

det er mi ne - 1 b QN- | de ' »Qut. In one
enBodi nment M}F& Fﬁgem’l arr:t% gtgggﬁﬁcgoﬁ%tlﬂ?iuﬂg%ﬁémg fﬁgﬁ %28 @%%ﬂ%ﬁjtlgg trailing
edge det ectmaodulavieh bymbol 16 @ilbi, anlsa modulatioh syibolries bampledoeduatot a poinsaut  at
1128, then additional sanples can be received ed starting again
at 1112. i f3SPReCIRSEHAEn égnqq"%oaaﬁhe%?ﬂ-z&wfﬁw #EiosP)-ot I eading
edge wi || nggcksid 198) alé%ﬁﬁ&%%sggpl)i?’tft dh@%o ﬂgjp%lﬂai-%ﬁo@d A8 Prdvitied BRGatse @

trailing edge. 100771 Fig ustrates rame synchroni zation
met hodol ogyand 2§06t symbols 21an OF M medudaterd336. rst waits for automatic gain

control (A oS . 0 i c gain control 90 74223 PCT/ U S2 00
510 0 2 SaG@)BéO a@ﬁE Iélls{lﬁgo@k'? oriqﬁ%)(hpug‘\péﬁﬁsf 8’? 8“5%%\%?{? > Sé:o sh%"l%%ﬁl‘(gnt si gnal
strengt h orprbgy ehbbamtiAnd Haibol f&iods mgiRttheparibensDEDMSHRRtIAN6APLRHey . At 1220,
a frequency | ocked loop (FLL) accunulator is initialized. At 1214, a

pot enti al | BEEPleedsymbols b geatrateiAPM aymbols.gis dessabedhelny oA dapsmitter
unit (TMTR) 1332 converts the OFDM symbols into one or more analog signals and

further conditions (e.g., amplifies, filters, and frequency upconverts) the analog signal(s)
to generate a modulated signal. Base station 1310 then transmits the modulated signal
from an antenna 1334 to wireless devices in the system.

[0083] At wireless device 1350, the transmitted signal from base station 1310 is
received by an antenna 1352 and provided to a receiver unit (RCVR) 1354. Receiver
unit 1354 conditions (e.g., filters, amplifies, and frequency downconverts) the received
signal and digitizes the conditioned signal to obtain a stream of input samples. An
OFDM demeodulator 1360 performs OFDM demodulation on the input samples to
obtain received data and pilot symbols. OFDM demodulator 1360 also performs
detection (e.g., matched filtering) on the received data symbols with a channel estimate
(e.g., 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
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can be confirned by detection of a flat zone and/or a trailing edge. If it
Is determned that a valid | eading edge was not detected at 1218, then the
met hod returns to 1212. It should be appreciated also that it is at this
poi nt where the frequency | ocked | oop can be wupdated periodically

utilizingyy fpaguency accumul ator, for exanple to acgpi <N tial
frequency o(??"s"e/?ﬁ t 1220, the trail hpg edge can be det gc@gﬂ%??nh%t

previously observed. It is here just prior to the initial dip of the

trailing edge.that i I fine timng.
1 the Crai TR SfsectBed pfeFaMuRy R T35l s taRphe Rpl Mok 0T
det ect ed t heding leeciveeit gilods yneoly fisn OEDM dénodullatérié60.r Bt il BR) mrdgdesths

‘detected then the initial coarse det [ on has_ bee onpl et ed., The
procedur e c%)’ﬁlh"ﬂﬁ@é“g ¢ charpal GiiBRE 14 ﬁgbwg“dﬁféﬁf&orl lgéﬁé'gjo W‘%HOY'QCQ\RA tch to
tracking nmoggne fimiHg th R% Ofda procesSrd 9vo Sflydttal doh#bIg 1896 e dERNIRLLPt Symbol

and information provided by the prior coarse estimate. In particular, the
ti me i nst ant¥0gmesctie §ymo! tenngrto pedepoBDModeanodplation end uses thanjpngelof f set

within the seco il.ot ol . |.n _accordance wi,th one enbodinent, the
saved tine %SE‘HBP%OE’ﬁl}{o%‘ﬁ%@ﬁ%ﬂ’&lh&eéecteﬁgd g%ésﬂn‘é‘aﬁm e in the second pilot
synmbol . SpepioBs)c aRQOdHtd proBesScrN 3 1dyeotddses &k byiftsb] BemApEPdedveridap@aridnat
timng estinmate as described in later sections. Upon term nation of fine
tim ng acquflespdgsythe dgieeted data gapkolgifera S demodulatonB360a@pd pwyidgs and an

attenpt nad 0 t . at

1230, "t ho. coseaieBEE A B B iR QR SODCREL BB il Uy i
t he pr ocesstowasvandiffstenctgpaiofidath kamby hase satibo dDI00dy gerrraly the plocessih@ 12.

100781 The § ol | ng is.a discuss] one of a plurality of suitable

oper ating brOF bk ey lag%mﬁ?? denpeeesspol T4 _f%rt]%a?m?rm five aspelly
described SyRt&sing by ORI mddma{gg@%zm@rq@@aam%ﬂm P,tozesg&q:;quer standing &

detail ed descriptron is provid f one enbodinent of tine division
mul ti pl exedreppdcbvely,-at bskisplibmi310. and TDM pilot-2. 100791 The

synchroni zat t echnj ques scrihed.bel ow and t.hroygho may b used for
v;ri ous mul dlog ar r @Pﬁ@%& aﬁ‘ﬁ]%&’re‘fthoé’ercﬁ%?ti%ﬁe %%lﬂhpaa‘gw{rﬁlgssupl i nk.
The downl i akideOr35baesREtvely. Momdre bS] 34 ahi @396 VIAE Siafak®for bidgkant r Om t he

base stations to the wi reless devices, and the uplink (or reverse |ink)
refers to tFRdceanddan wad by gontiolgrs 134Qandt 1380, iesPest€Y. devi ces to the base
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device, a multi-cast transmission to a group of wireless devices, a broadcast
transmission to all wireless devices under its coverage area, or any combination thereof.
For example, base station 1310 may broadcast pilot and overhead/control data to all
wireless devices under its coverage area. Base station 1310 may further transmit user-
specific data to specific wireless devices, multi-cast data to a group of wireless devices, T

B and/or broadcast data to all wireless devices. - D

[0088] Fig. 14 shows a super-frame structure 1400 that may be used for OFDM

system 1300. Data and pilot may be transmitted in super-frames, with each super-frame

having a predetermined time duration (e.g., one second). A super-frame may also be

referred to as a frame, a time slot, or some other terminology. For 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-27), 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



100801 Fig. 13 shows a bl ock diagram of a base station 1310 and a w rel ess
device 1350 in an OFDM system 1300. Base station 1310 is generally a fixed
station and nay also be referred to as a base transceiver system (BTS), an
access point, or sone other termnology. Wreless device 1350 may be fi xed
or nobil e wodoosmy2zl so be referred to as a user term P@I/YS280500L54E e
station, or sone other term nology. Wreless device 1350 may also be a
portable unit such as a cellular phone, a handheld device, a wreless

nodul e, a pefssiiath dipgi-frathe, A%5ibs sl foPiAYction8fovelRad OKPM §yab8kin Atidbase
station 1310 a TX data and pi |l ot processor 1320 receives different types
of data (e. §*16. Mhichfs Eansmitied nextn Qeé\‘ﬂfr £hOxerhesstipfognatipgoffingdd processes

(e.g., enc%ﬁsﬁem mlgrnh Hérbe lﬁaﬁroﬁveemlry W%ﬁc/ﬁﬂﬁetrﬁﬁ%bxﬁ%ﬁﬁdéﬁ@lst 0

generate data synb used herein data synb nmodul’at i on
synbol for drhtcalswaﬂsmlttedﬂassmnmwen-ﬁm ~- nodul ati on synbol for pilot, and

a nodul atio ol is ac | ex wval Qi nt i Si

constel | ati gq@%‘]gb ?’%ﬂﬁm%ﬂg@é’%ﬁ’ffé&@ﬁ Eﬁ"ﬁéﬂj (ﬁﬁ%ﬂ gﬂg] S0 on).
Processor 13pM pil&q, BiOGSES SEF aol cairiesl ahccOFOMISHDOBIL TPM Silot-2y ol s and
provi des the data and pilot synbols to an OFDM nodul at or 1330. 100821 OFDM

nodul at or 13gGrakfech fitld may be phanysuzatigngng thedieldsymaydiearigpged in 4y orgaroper

subbands an qr on the

il 1 pl oxed IDPEAR RETHN BIGRLort skl dREbdiCATn SR M RAHENAL, °)
transmtter symhiohnzéﬂ'dWH?)mé.@ﬂaessmavieest i)ﬂeﬂmd]mwllsmﬂks datafieldddEB or nore
anal og signalsg further ongitio% ‘é )9 ifies, filters, and
frequency uf¥AlecerdginpHet symbels thatarg freayens d'f’ﬁ‘oé‘éﬁ‘@*‘%{?’é@dév‘ﬁﬂa@l ated signal .
Base stati ogy iRl at 8&Brideadepw ts the nodul ated signal froman antenna 1334
tq wireless devices in the system 100831 At wirel ess device 1350, the
transm tted{@9hal The OFDMAsystent kasiap overall gystem barléweiﬂveﬁ:BFBMémwamhemna 1352

Covar Ti 1 epbRofbaifis Al foettRldorput Bing S Eitvrots R B ca i gral

and di gi ti zegbbahd i€ SAUIN MET2E Of hedW Btal sGbbARAsAM suBb &S SagbOhsed i pilotsanpl es.
An OFDM denodul at or 1360 perforns OFDM denpdul ati on on the input sanples

to obtain @@%@t%@sw&nawrw ofY: Wrﬁb%@wmﬂﬁ@ﬁammﬁrw@seo al so
perforns d%hfs%& b ek agg?armb%m 1 Ad Ghb A e nd B?D&sty&h%ﬁ%g gt a synbol s

wi th a channel estinate e.g., a frequency response estinmate) to obtain
det ect ed daWaﬂm@twgwmmCthﬁaotaembMe’d =Gf000hsablimxhbam§ts;f‘mﬂ 9/~ant by

base station %%310 nmodul at or rovi d s the det dD

synmbols to & &':‘@ﬁdv" §F’é?"’§’rac5‘é’ éé:i)&? f'ﬂe with any number o t"ta usab
and guard subbands may be used for the OFDM system.
[0092]  As described supra, TDM pilots 1 and 2 may. be designed to facilitate
synchronization by the wireless devices in the system. A wireless device may use TDM
pilot-1 to detect the start of each frame, obtain a coarse estimate of symbol timing, and

'\,, estimate frequency error. The wireless device may subsequently use TDM pilot-2 to

obtain more accurate symbol timing.
[0093] Fig. 15a shows an embodiment of TDM pilot-1 in the frequency domain.
For this embodiment, TDM pilot-1 comprises L, pilot symbols that are transmitted on L,
subbands, one pilot symbol per subband used for TDM pilot-1. The L, subbands are
uniformly distributed across the N total subbands and are equally spaced apart by S;
subbands, where §; = N/L,. For example, N = 4096, L, = 128, and S, = 32. However,
other values may also be used for N, Lj, and §;. 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.



100841 A synchroni zation/channel estimation unit 1380 receives the input
sanples fromreceiver unit 1354 and perforns synchronization to determ ne
frame and synbol WD 2005/ 074223 PCT/ US2011j /1102542 22 timng, as

descri bed above and below. Unit 1380 al so derives the channel estinate

usi ng recayvyesspishet synbols from OFDM denodul at or 136@cTMRbdes/d0383 provi des
the synbol timng and channel estimate to OFDM denodul ator 1360 and may
provide the frane timng to RX data processor 1370 and/or a controller
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dermpdul at or NE3$8%, &n 2R, angta o+ m@meanu@yMeew% :t»én(lﬁze 3 ,
1320,
eapoot vel S SRR St Blod 2l VA s e e BG) g"&%ﬁﬁﬁ?ﬁ@g 450 di rect

operati on athahfe énchidirig devér thulthvplatliichianhels The d&mla@ed&&ﬁ@ mayakpéetblvel v.

Menory units 1342 provi de storage for ram codes and data used
by control I g"’f?&%ﬁi‘s@@' anye écb%‘éﬂ“%q? & 0%0831‘1’ PAUng PG I8 €1310 may
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mul ti-cast transmssion to a group of wreless devices, a broadcast
transmi ssi omnd(@) aﬂpl}'WBM@@W@SHW@DMSWMmmead belowor any

combi nati on r eof S| 8fLon 1310 ma bro dcast pil ot
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transmtted 1 n super anes super aving a predeterm ned
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generated for TDM pilot-2.
[0096]  Fig. 16 shows a block diagram of an embodiment of TX data and pilot
processor 1320 at base station 1310. Within processor 1320, a TX data processor 1610
receives, encodes, interleaves, and symbol maps traffic/packet data to generate data
~ symbols.
[0097] In an embodiment, a pseudo-random number (PN) generator 1620 is used to
generate data for both TDM pilots 1 and 2. PN generator 1620 may be implemented, 3
for example, with a 15-tap linear feedback shift register (LFSR) that implements a
generator polynomial g(x)=x" +x' +1. In this case, PN generator 1620 includes (1)
15 delay elements 1622a through 16220 c;mpled in series and (2) a summer 1624
coupled between delay elements 1622n and 16220. Delay element 16220 provides pilot
data, which 1s also fed back to the input of delay element 1622a and to one input of
summer 1624. PN generator 1620 may be imtialized 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



"TDM pilot-1"), a field 1414 for a second TDMpilot (or'"I'"DMpilot-2"), a
field 1416 for overhead/control data, and a field 1418 for traffic/ packet
data. [00891 The four fields 1412 through 1418 are tine division

mul tiplexed in each super-franme such that only one field is transmtted at
any gi ven wmmefti4238he four fields are al so arranged irct/bo@ndssz shown in
Fig. 14 to facilitate synchroni zati opd and data recovery. Pilot OFDM
synbols in fields 1412 and 1414, which are transmtted WO 2005107- 3223
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W rel ess device may use TDM ot-1 to detect the start of each frane,
obtain a co&?@éﬂ%’ﬁt’lgﬂﬁ{‘éﬁ%ﬂ‘ﬁ@&w Cirhgigepl frameroneller 134Q Mulgplexsicy error.
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accurate sy
fields and the data symbols for the overhead and data fields of each frame, as shown in

Fig. 14,
[0099]  Fig. 17 shows a block diagram of an embodiment of OFDM modulator 1330
at base station 1310. A symbol-to-subband mapping unit 1710 receives the data and
pilot symbols from TX data and pilot processor 1320 and maps these symbols onto the
proper subbands based on a Subband_Mux_Ctrl signal from controller 1340. In each -
_ OFDM symbol peniod, mapping unit 1710 provides one data or pilot symbol on each
subband used for data or pilot transmission and a *“zero symbol” (which 1s a signal value
of zero) for each unused subband. The pilot symbols designated for subbands that are
not used are replaced with zero symbols. For each OFDM symbol period, mapping unit
1710 provides N “transmit symbols” for the N total subbands, where each transmit
symbol may be a data symbol, a pilot symbol, or a zero symbol. An inverse discrete
Fourier transform (IDFT) unit 1720 receives the N transmat 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-seria] (P/S) converter 1730
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[0093] Fig. 15 a shows an enbodinent of TDM pilot-1 in the frequency
domain. For this enbodinent, TDM pilot-1 conprises LI pilot synbols that
are transmtted on L1 subbands, one pilot synbol per subband used for TDM
pilot-1. The Lj subbands are wuniformy distributed across the N total

subbands . as6,8Qual Iy spaced apart by S subbands, lon, NIL, . For
exanpl e, N 4 4‘696, L, =128, and S, 3 32. However, ot (‘é“?ﬁ%zg 'ﬁgé‘%ﬁy al so

be used for N, Lt, and S1. This structure for TDMpilot-1 can (1) provide

good performance. fan,frame detecti I n,vani ous types of chanpn | ncl udi ng
a severe milti=<pa r{"Wﬁéﬂea?‘ﬁﬁ'angfog\rllf%wogugfc?’éf)cé’ﬁ?‘fxygeggré{t}f z%?ad frequency
error esti nBérerepctch FrA6SEr CYsamples)df BhdhgranBfoan&dlsyaibel Wlfbrdn ap@FbMehannel

and (3) sinpli f%‘ the processing at the wirel ess devices, as described
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descri bed bel ow. 100951 A snal]er value is used for L, so that a | arger
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bl ock di agram of an enbodi nent of TX data an ot processor 1320 at base
station 131rprfoupimgian LypeabHYor omtbe d; pilpt symbrds for JPdE pdeidr The ticlicr ecej ves,

encodes, i gkl FPYRM pOch R¥BRBlscTBP e rithlh4 BAFHE of 4R Ak BB eT at © dat a

symbol and is inserted in front of the transformed symbol. The pilot-1 OFDM symbol
thus contains a total of §; + C /L, pilot-1 sequences. For example, if N = 4096, L; =
128, §; =32, and C = 512, then the pilot-1 OFDM symbol \;ould contain 36 pilot-1
sequences, with each pilot-1 sequence containing 128 time-domain samples.

[00101]) Fig. 18b shows a time-domain representation of TDM pilot-2. An OFDM
symbol for TDM pilot-2 (or “pilot-2 OFDM symbol”) is also composed of a o 3
transformed symbol of length N and a cyclic prefix of length C. The transformed
symbol for TDM pilot 2 contains S, identical pilot-2 sequences, with each pilot-2
sequence containing L, time-domain samples. The cyclic prefix for TDM pilot 2 is
composed of the C nghtmost samples of the transformed symbel and is inserted in front
of the transformed symbol. For example, if N = 4096, L, = 2048, §,=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



synbol s. 100971 In an enbodi nent, a pseudo-random nunber (PN) generator
1620 is used to generate data for both TDMpilots 1 and 2. PN generator
1620 may be inplenented, for exanple, with a 15-tap |inear feedback shift
regi ster (LFSR) that inplenments a generator polynom al g(x) = x15 +X14 +
1. In this case, PN generator 1620 includes (1) 15 delay elenents 1622a

t hrough 1®2W0¥&dPBed in series and (2) a summer 1624 P@GUpMedorBHEr ween

del ay el enents 1622n and 16220. Del ad/ el enent 16220 provides pilot data,
which is also fed back to the input of delay el enent 1622a and to one input
of sumrer réeRér uidiN ljenprbeetsws tHeG Ryt Bmpléneto idetetti fad the exdrt \of ¢deh dhiafnt e nt

initial states, for pilots | _an 011010101001110" for TDM
pil ot-] and’r?védﬁs(ﬁtieofia"ie g0 £ Si’mfgld‘m‘f‘%fjetﬁ‘%{?l ‘ﬁﬁﬁaﬁwzestl AIMPEHAMRICS any dat a
maybe used aB@'iheMaQH)ﬁESproc!esﬁgﬁine%puﬁ%pﬂﬁs't&@leté@tf& tﬁ@éfarbgf tﬁ@}c@&%%d to
reduce the difference bétween the peak anplitude and the aver age anpl i tude
of a pil ot Wsmhﬂalmélpr@ldestl@ Swﬂbﬂlmw t A &equney esgrERURagr 191
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gener at ed thmrdcaeemrmztﬂﬂNﬂgarsgmaéimmmgaaed@rl 9286 aiidddpivesifie d&hﬂcl The
wi rel ess devices have know edge of the data used for TDM pilot- 2 but do

not need t&FSWA#S t he data used for -TDM pilot-1. 100981 A bit-to-synbol
mappi ng unifpofRp0 A?&e% 3 it Hl?th&‘de%l n@'n%al fﬁaﬂ{QdDgéctog?G@ s¥oa@ and maps

the bits of tﬁé pi | ot aato pi | based on a uatlon schene.
The sane orsynéhrémzation bydetedtmg) fonemuﬂptynﬁm TBMpiw luinelk ipuwt sa'rmN/bs foorhots 1 and

2. In an enbodi nent i.s used. for In this

case. mappi REFRAD 13590 Tr SplSnte fisaBt el e RBOO P BHGRS Val es and

f uLt her mapemnatdatien éHahnel & dh@dbidvewhikeGhdstian Rbibota WOy brdnh&n TRy Mbol . Each
Iot symbol is a conplex value in a signal constellation for QPSK. [f

‘SK i s usddpytsamplpéoremm mplstpsriod Meybe exppssadgisuni t 1630 maps 2L/ pil ot
data bits for TDM pllot 1 to Li pilot synbols and further maps 2L2 pil ot
data bits for TDM p| | of 2 to L2 pilot synbols. A nultiplexer (]%\/uéi 440
recei ves the data sg/nbol 5 from TX data processor 1610, the pilo nbol s
frommapping unit 1630, and a TDM Crl signal fromcontroller 1340.

Ml ti pl exeryhed4Pishh Wded §6r shiR} lgf)gl}gdrmdul ator 1330 the pilot synbols for the
TDM pilot | and 2 fields and the data synbols for the overhead and data

fields of each fx,asetimesiostadvsample sent by the base station in sample period r;
r, is an input sample obtained by the wireless device in sample period n; and

w, is the noise for sample peried 7.

[00104] Frequency error estimator 1912 estimates the frequency error 1n the received

pilot-1 OFDM symbo). This frequency error may be due to various sources such as, for

example, a difference in the frequencies of the oscillators at the base station and

At wireless device, Doppler shift, and so on. Frequency error estimator 1912 may generate
a frequency error estimate for each pilot-1 sequence (except for the last pilot-1

sequence), as follows:

=—Arg':Lz Tei o T n+|.,] ) . Eq (1)

]

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

Arg(x) 1s 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)];
Gp is a detector gain, which is G, = Zﬂ'L‘ ; and

samp - -




Fig. 14. 10099] Fig. 17 shows a bl ock diagram of an enbodi nent of OFDM
nmodul at or 1330 at base station 1310. A synbol -t o-subband mapping unit 1710
receives the data and pilot synbols from TX data and pil ot processor 1320
and maps these synbols onto the proper subbands based on a Subband
Mix_Ctrl g4 m controller 1340. In each OFDM sy 098, Mappi ng
uni t 1710%@%@%/%73552%0% data or pilotsynbol on each sﬂ%ﬁg%%ﬁs{ﬂ@g‘ngor dat a
or pilot transmi ssion and a "zero synbol" (which is a signal value of
zero) for each up set?‘ %rubband. The.lﬁilgltIr sygﬂgl.? olesi nated for subbands
that are not us¥d!SiheiE@isneYerEPrFYmats for e ippifat-1 segientsch oFDM symbol
period, mapping unit 1710 provides N "transmt synbols" for the N total
subbands, \iferangeadHetectahis frequensyyertood maple piwersasdat a synbol , a pil ot synbol,
or a zero synbol. An-inverse discrete Fourier transform (IDFT) unit 1720
receives the N transmt ,h synbols for each OF synbol period, transforns
the N transmt sypfol fllq,;,@e tirreoqlomai,g”mf ran N-point | DFTy

provi des a "transfor’nﬁg,; synbol that cont & né-Iy fi me- domai n sanpl'es. Each
sanple is a conplex value to be sent in one sanple period. An N point
inverse fast Fourier transform (IFFT) may al so be performed in place of an
N- poi nt | DF¥heré f]\ i 1 theanmosemplefat¢. visquatini @hindgatey fiat thelrangelbé doegal A

paral l el -to-serial (P/'S) converter 1730 WD 2005/ 074223 PCT/ US2005/ 002542
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generator 1740 then repeats a.porti or, C.sanpl es f.ga r ansf or med
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prefix is Usadior Gompsreat 1008 hrosy/dpeaiticallyHyaidyeit eiecd1dyBtomredaisr | ntercarri er
interference (ICl) caused by a l.ong delay spread in the comunication

channel . Dedomiposgst & Hisines thtaccumplatedicpmrelptiamaesulis pirealse avmdablelyomest  arr i v@
signal inst 394 the latest arriving signal instance at a receiver. An
OFDM synbol period-(or sinply, a "synmbol period") is the duration of one
OFDM synbol [0ard$] | Thefimbndyeridr dstiGiaga iply ®e perdiindsroubOfhhérd Forg. 18a shows a

time-domain repregentation of TDMpilot-1.. An OFDM s ol for TDM pil ot-I
(or "pil ot;%a@BMj’? Rfney ey eé'ﬂfﬁi‘}g%(?a‘a‘fpﬂé"’t‘ SEHERST UPRd 9 uPdpteBengt h N
and a cycli geb@fyirvackihg P at@mﬁ@ﬁ%ﬁﬁ@ct?&%n# det@&tls@?re:ﬁ)éﬂ@ér&)rfapﬂsmeg’ TDM

pilot | are sent “on L, subbands that are evenly spaced apart by S,
subbands, awdclersdavise Perfrequeneiyditacking oop enay bon phise-lockedilavp{(JLEUblands, t he

transfor r’redc yagjfl)lgtl th(l,c tcr)gquency of a carrier signal used for frequency downconversion at the

S
an
wireless device. The frequency error estimates may also be averaged to obtain a single

frequency error estimate Af for the pilot-1 OFDM symbol. This A/ 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 3
received symbols from the N-point DFT may be translated by Af subbands, and a

frequency-corrected symbol R, for each applicable subband k may be obtained as

ﬁ, = §,+ s - For pre-DFT frequency error correction, the input samples may be phase

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

f00106] 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



TDM pilot 1 contains S, identical pilot-1 sequences, wth each pilot-]I
sequence containing L, tine-donmain sanples. Each pilot-] sequence nay al so
be generated by performng an Li-point IDFT on the L, pilot synbols for
TDM pilot 1. The cyclic prefix for TDMpilot-1 is conposed of the C

ri ght nost waptps/es2ef the transforned synbol and is i msardasionsiy ont of
the transfornmed synbol. The pilot-1 ®DM synbol thus contains a total of

S, + CIL, pilot-1 sequences. For exanple, if N = 4096, L, _ 128, S, = 32,

and C = 51ZatfoeiwidessRiVied waul@EQMrﬁmmimmyhgmmeHecbaeésﬁeans toUbtdin
sequences, wi th each pilot-1 sequence containin time-domai n sanpl es.

1001011 Fi ¢fiming gHorgkboR Erampﬁete@@ﬁﬂwa%se;bpéﬁéﬁteatw@rﬁ@mbmw%pf ot-2. An
OFDM synb Ael%g Eg%qu@,hfa&falgec( Ab\ ot -2 OFDM synbol ") is al so conposed of

a transforne and a cyclic prefix of length C. The
t ransf or rreqoonmm oFigf 28rshdwivh biol:lodnagamanm @ emBodiBentadE agmisd kimng detectbr

sequences, Ww.th C I lot-2 uence containjn Ljxe; donai n sanpl es.
The cyclic '@Pé’rw% WWDT\A"BMW%’?%“"%%Q@%‘WSB‘l?‘ﬁ:}ebbgﬁ @’Pﬂmst sanpl es
of the tranﬁfﬁtﬁfn@ﬂbwmﬂé\ldé%ﬂl@zﬁ) Q%@rhﬁl%@uff& iorl@?écew@; thE uf fafipRdsOr med
symbol . For exanple, if S2 2 = 512, then the
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h | ot - 204 d I
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sequence. 1§{xh®EdmEtithinglffons RAME detedibra0b. d| agram of an enbodi nent of
synchroni zati on and channel estimation unit-1 380 at w.rel ess device 1350

(Fig. 13). WP Eﬂm%lafhwa@nlﬂgﬂmﬁanu%&tb%mreﬁesm@fqrwm@%ﬂ% in detail
0, SUDT2) 1R bR AR 0 YRAORE I 4343 BTS20 002512

27 recei ver proces es the i nput “sa s to detect for the start
of\each fr aorethe pitat-1 QFOM syebolk I‘l&:eﬁ)rletrﬁaOFDM symbolﬁccmjamtsoi’z identitahgilateX ect or

1920 th t he f t he i nput
saml o to. SN qrmE 3 R, o nibh seitrues et M 0t B8R0 or vt des
the symbol $048). NA wiiolw STTY BipeYsaft &:e‘éﬁs &ﬁ&dtéﬁﬁa@mffefem fARe pilbte

frequency error in the received nbol s. A channel estimator 1930

recei ves anOBOMyyymbp} sartisg aitsempleipriiadyl lde%@taﬁrOfllmﬂmdeé@QW salelayere channel
estimate. rPg .ﬁl%aféffngBE fF’o%gthlce noJ r B&Sél ﬁ-ﬁ%? or 74 E% el 051 ?‘ﬁealqﬁ fiet ect or
for exd

100, perfor YT anre noMroni zati on ng? tp
pilot-] in éffetddepuét rfeedrmlbeaccfummmd is selected to ensure that one complete pilot-2

sequence is collected in sam;ﬂe buffer 2012. The initial offset may also be selected
such that the processing for the pilot-2 OFDM symbol can be completed before the
arrival of the next OFDM symbol, so that the symbol timing obtained from the pilot-2
OFDM symbol may be applied to this next OFDM symbol.

{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 # Tg), then the channel impulse
response 1s 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,

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;



receiver unit 1354. For sinplicity, the instant detail ed description
assunmes that the comunication channel is an additive white Gaussi an noi se
(AWGN) channel. The input sanple for each sanple period nmay be expressed
as: r"=x"+w' , Eq(2) where n is an index for sanple period; x, is a

ti me- domawo memplxe3sent by the base station in sanpl e gmavidhsm2az, s an

i nput sanpl e obtai nedby the w rel ess3sdevice in sanple period n; and w, is
the noise for sanple period n. [001041 Frequency error estimtor 1912

estimat es dpe of HEiEHRINEYespbhiselof the chitthuhREEnVcBEnnePbétweenlbat-EMiciyridahd Thi s
frequency error may be due to various sources such as, for exanple, a

di f f er ence Wisleshéevigeddlenci es of the oscillators at the base station and

wirel ess dgyiig6y @gg%ﬁgho%v@i thd Lz-agghmanmpgxggfezg;g@g%frﬁylﬁﬁ:Tmizﬁ?é.or 1912

may generate a freguency error” estimate t-1 sequence (except
for the | adiacipoflthe Ltapsiegssociaed withs cbmpleswbanne] daindttthat tap défay. [Ther ,

rr.r+L, Eq (1) .DLj=1 where r, is.t I - Il nput sanple for the f _-th
pilot-1 seaﬁﬁﬁeléwpﬂsa respse gay ﬁ%c%ﬁh&gfyaﬁ'?{ﬁfﬁtwﬁgh pigans Bttty BY PPEn Ofrmgi nary
conponent  @fe chashéElmpulR redpBe ntWRAP BRBInPandapp&ir ifNhe ehrly portied 6£1Re [ 1 M(x) |
Re(x)] ; GDis a detector gain, whichis GOD=2)t L, ; and - ranp WO

2005/ 074223upaTirus2DBb 1002682 28 4f, is the frequency error estimte for

the e -th pj - | uence he,trange, of. det ect abl requency. errors my
o o von 2T} RIHEDS S o Fiys 1G] S50 R b SRR
where f,,, symbd tinhﬁ‘% bylfedtchikTof tBe palcEn tHeQHérey 6Nthe 2hannBidimpalsefespdine. t he
range of detected requency errors i s dependent on, and inversely related

to, the | erlgeRedkidetastompybé schieyediesiiding Fidstieteatc v indproacresiheshapiel 1012 may
20, e TABIBEHRL i s, U5 S SRR i 20 TS

determined as described below. At each window starting position, the energy of all taps

falling within the detection window is computed.

[00112] Fig. 21c shows a plot of the energy of the channel taps at different window

starting positions. The detection window is shified to the nght circularly so that when

the right edge of the detection window reaches the last tap at index L, the window

wraps around to the first tap at index 1. Energy is thus collected for the same number of

channel taps for each window staﬂiné position.

{00113}  The detection window size Ly may be selected based on the expected delay

spread of the system. The delay spread at a wireless device is the time difference

between the earliest and latest arriving signal components at the wireless device. The

delay spread of the system is the largest delay spread among all wireless devices in the

system. If the detection window size is equal to or larger than the delay spread of the 3

system, then the detection window, when properly aligned, would capture all of the

energy of the channel impulse response. The detection window size Lw 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 nghtmost 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

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



conponent 110 since the accunul ated correlation results are also avail able
from sunmer 524. [00105] The frequency error estinmates nmay be used in
vari ous manners. For exanple, the frequency error estimte for each
pilot-1 sequence nmay be used to update a frequency tracking |oop that
attenpts WO wofwWLB for any detected frequency error aRCHWYRBOIMWAE ess
device. The frequency-tracking | oop H¥ay be a phase-l ocked | oop (PLL) that
can adjust the frequency of a carrier signal used for frequency

downconver sitanndimpise respongelieEg €&y Te. Fildigynibok iméigayaycienmiquelst | mat es may

al so be averaged to obtain a singl frequency erro .estimate of for the
pilot-1 OFDM GrCe FPRPESTAERS e‘ﬁWEPF] nglﬁ§° SRi] Bf‘?ﬂﬂi@ﬂ’é‘@' error
correction gipingr néﬂeﬂfngttegggrzm‘, i@ fink BgnbdtiRPhI s ifdichtivé bhthdstirrEihe

denodul at or  160. For post - frequency error correction, which may be used
to correct regeivedQIAMesymbek sldie fing syrphed timing Bymayrheaged torsgéuratplyandf t he

subband spagi n t i =YaT-TRY, S h | e

transl at ed %l;(/)p *y p31€ Baﬁg, Iwéﬁ wa% a@ééﬁ%ﬁ‘@@%’é&? %?@%@%bgth? or each
appl i cabl e p#ihandbwkindianedhe sfecHic Aeip@sariples(fldm athondWr+ QimpulFahpfesequency
error correctiogn, the input sanples may_be phase rotated by the frequency
error esti niftsollest for eachygcaiyed SHEPPEFheAynpys s3mples W‘ﬂ@?mﬁﬁ?ﬁ;d on the

phase-rot at g 3aR tﬁgnetr%lg%@d-wﬁ MR-pof BT 18 BbR AV gécﬁqgleﬂ(;hﬁa\/ i or

estimati on may al so rnmed [ n other nmanners base e pilot-I
OFDM synbol synitmis fexthepdcerved OBRM sjaibet t AanrateplacchentaftheDEY wimdopdorf or mi ng a

direct correlation n the.input .sanples f.qr. .pilot-| synbol with
the act ua | FenoreeyeL OEEh Dantglisaplen i S8 R dveif b e Eiimbn! PRRERENS oot
corr el at i on(I8N)@enfiereceditigdhh neA'OFINM s{Aboll @F dégradafién Mahlnnet &samdtiei gnal
ugance (or ‘nultipath). Since nore than one nultipath or peak nmay be

ob™ai ned f ofe-%. 1gipiaper BEE indowaiasment 4payIcsdtin esenosouochsael epigated.at i on, a

T T L T L T e A
combi nat i onawtbmatitedady@ttrel(AGE)pdnidaa o)) dndifd) edier debeterivuatifens. [ 001071 Fig. 20
ani ch per f o3 MAEPRIAF SRS BbPGRAT W AU 1 BPLAORI synbol
W thin symbglglehé) dbr d@inefd. Oor t2ihle. IeSRERER yRIbE Rhy BOdAmaRARLYEet he | Nput
sanples fromreceiver unit 1354 and stores a " sarrp¥ e" w ndow of L2 input
sanpl es f or pil¢te sofences and based on equation (3). In this case, the summation is performed

over L, samples (instead of L, samples) for the pilot-2 sequence.

[00116] The channel impulse response from IDFT umt 2018 may also be used to

denive a frequency response estimate for the communication channel between base

station 1310 and wireless device 1350. A unit 2022 receives the L;-tap channel impulse
response, circularly shifis the channel impulse response so that the beginning of the
channel impulse response is at index 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 dernived 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



| e I

2 OFDM synbol . The start of the sanple wndowis determned by a unit 2010
based on the franme timng fromfranme detector 100. [001081 Fig. 2la shows
a timng diagram of the processing for the pilot-2 OFDM synbol. Frane
detector 100 provides the coarse synbol timng (denoted as Tc) based on

the pil ot o oM symbol . The pilot-2 OFDM synbol cont appsyshedeit! cal
pilot-2 sequences of length L2 (e.g3; two pilot-2 sequences of 1éngth 2048

if N= 4096 and L2 = 2048). A wi ndow of L2 input sanples is collected by

sanpl e buff 12 for .the pilot-?2 | starting..at peri od
T he st (o tRSpiegls h fEpBheiniie Fori BIREmeR(Rhih HErig 2 BP0
fromthe coslos® septronQiteinaifigs@ts d@kubbands shch that@iot syenbolsWie sdit bik dhe seDbff Set
does not need tgo be accurate_and is selected tqQ ensure that one conplete

pilot-2 setberden @erarmbeardaymipl petash anhen 1nerhepert of subhandsin eddal  of f set
may al so be, 38GatGrboARdd Nakh _Eé?%?;Rﬁi%@ﬁﬁagmfn%b%(%,%Qfml%n@:tw synbol
the of th OFDM synool

can be conpl eted béfor arriva t he next so that the
synbol ti m sugp@bttanng dstimaivntahé pgrsibbt fQuer@yDM Synetmatkingby the vapdss ed to this

next OFDM synbol .. (001091 Referrin ack_.to,Fig..,.20, a DET ynit 2014
bor for s ande e THRSURRERds i caifeeet Ty PARRIo b HREL s ptese/ ol anpl o
buf fer 2012suam1dpﬁm/é\@ﬁ§s deell BPAUSNSY, - WTRI N subb3hdie FubtRérmbre, fRCei ved pi | ot
synbols. If the start o he sanpl'e ' w ndow is not aligned wth the start

of the pil otubbandrineysaiaty Yo staggeredar gffspisyith raspget torhe subhamdsiin thepthies e
response is_ci rl i S i rii { the
channel i rrpslﬁ3 ,széﬁﬁ# g’se B%bnbzdgasv# z%sm\ag?gtghgrgqﬁgﬁ%ﬁgu@gé’% L“E@Eeh %? aéig%gn 3?’at I on
unit 2016 rEEDI09S, Lhe= SIMdy) ats, and tha sitbendsan heeeb vadmay bestagperdddys by

mul tiplying the received pi]ot synbol .= Rk for each pilot subband k with the

conpl ex- confouyEbRands. Ingengrabapy Pimbsr okspbpd spis mayde usedfor g M ailotor Rk

Unit 20164l ; | ' ubbands
to zero syn%fgleégh %ﬁﬁ%ﬁ%&rﬁﬂﬁﬁﬁfg%%r? ﬂ%‘ﬁgﬁﬁ&n@%%g’?g‘gﬁ? Hlﬁ%anTﬁ' on the

L2 pilot del90tif)at Advissjesbdericeamay wedkDN @dots 2 anit Aforduitial synsiadnissionwhi ch ar e

L2 WO 20051074223 PCT/US2005/ 002542 311 |a f an.inpulse re nse of the
Gormuni cat | GHOGHIR G PHREERRRLo FEiTeaR Qb RO TR i STIRY ce 150.
[001101 Fi GtimikRcifiaisn (6réper bRBeridh@bNGL DFTRvhESY o sitabgRnf OPDM DFT uni t
2018. Each of the L2 taps is associated with a conpl ex channel gain at

that tap defvapolsihEhe whelessdevichpay peformapypymehignization,for exampley waen f t ed,
whi ch neansac’é&@ﬁgta%gset tlon B the AR f?rlime, when receiving or requesting data for the first

time or after a long period of inactivity, when first powered on, and so on.

[00119)  The wireless device may perform delayed correlation of the pilot-1

sequences to detect for the presence of a pilot-1 OFDM symbol and thus the start of a

super-frame, as described above. Thereafter, the wireless device may use the pilot-1

sequences to estimate the frequency error in the pilot-1 OFDM symbol and to correct

for this frequency error prior to receiving the pilot-2 OFDM symbol. The pilot-1 3

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 terrestnal radio channel

with a large multi-path delay spread.

[00120]  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.



t he channel inpul se response may wap around and appear in the early
portion of the output fromIDFT unit 2018. [001111 Referring back to Fig.
20, a synbol timng searcher 2020 may determ ne the synbol tim ng by
searching for the p~_4c in the energy of the channel inpulse response. The
peak det eoct® omsmmy23be achi eved by sliding a "detecti onPCuusedenwozsar oss t he
channel i npul se response, as indicate&d in Fig. 21b. The detecti on w ndow
si ze maybe determ ned as descri bed bel ow. At each wi ndow starting position,
the energy 1Al tTBOSireltaldelib@may Ldei the FDM ik a5 ich@meMdstisianvn azd Gigigput ed.
[001121 Fig. 21c shows_a plot of the _energy of the channe|] taps at

di f f er ent mxrefé}awangpaﬁswhér FeepeoFskingy I Brgless deMicamay Sainandmitial ed t o

the right cirgi %tlrﬁ(até@as%&‘n% m\é@g{;&.z (EﬁﬁMéﬁ%l,%@@&cﬁﬁedtﬁ@ve@%@%ﬂefé& Wi ndow

reaches the last tap at X the w ndow  w aps around to the first tap
at i ndex 1.dd&Ememgpy uss theliV pdotite oblaw afroere abmuradachannel eiienate partickladynd| t aps

for each w pd tartin osition.. 1001131 The detectiaqn w.hdow size Lw
nmaybe sel ec&‘@%%ig@%f ‘%E%Fﬁ’ét§eg>?ﬁré’ﬁsttgﬁs‘ﬁ’gf' €5 shoyp 'B;Fllﬁeh]e!'s’@ft“'ér ®5The del ay
spread at ajgeVidehSSasodRY tHieFDM plit@o LpdWee e Fb@leRbERackiRpiVGARatiche earl i est

and latest arriving signal conponents at the wrel ess device, The delay
spread of t ¢rsTest/or Epquencyt ¢reor imthg easeivebOEDMspmbets. diwo mareless deice @lagss devi ces

in the sys f e [ ' . ' I . er than the
del ay spr eawf" r 4Sﬁg¥e¢§%}\gtp Eelﬁftstuﬁgehrtly\% ﬁ’gggé‘fﬁée"ée]f)b nth\?\npér@g\?\%&n\/\ﬁérn&g{r" perly
al i gned, wouhflircpinpuesatiples ¢.g.] i to elnmpesin tife dhbnel mdpulie lrespofseibfthe r esponse.

The detection wi ndow sjze Lw nay al so be selected to be no nore than half
of L2 (or Leupgmgatonchygmgl.oi g anbiguity in the detection of the beginning

of Lhe Chanrmgzilrm%ésyngﬁ%ﬁam-mmﬁu&?&g&meage@ﬁ Iﬁmeqa@zﬂﬁﬁted bypul se

regsponse may be ‘detect’ed by (1) determning the peakK enefgy anong all of

t h& L2 wi ndowusimeansi Fgr pasipld, tese tachmiquey maylbatmflgmengedtiih bardiveskt nost  wi ndow
starting position wth the ak energy, . .if nultiple w ndow starting

poa! 1 o’ navEher Earmbinaline Bttt DT bk asn BbpaBsioh BF PReRERE W now
starting poghits 400 bad¥Batich 8RARE PP FFRAroRTzatidnl (B!, TK daa and!piidt prossop! €
accurate estimate of the beginning of the channel inpulse response in a
noi sy channé&?®) may bgrgplemseted wibintoag phmpregpplicatipe spepidia prieeratpheirays r esponse

B g S e L R
I mpul se r es prgrenmablelogic devilles{PIIDs)Hi¢1é pigriddahatile gatangrayaFRGAsINi quel y
processors, controllers, micro-controllers, microprocessors, other electronic units
designed to perform the functions described herein, or a combination thereof. The
processing umts at a wireless device used to perform synchronization (e.g.,
- synchronization and channel estimation unit 180) may also be implemented within one
or more ASICs, DSPs, and so on.

[00123] For a software implementation, the synchronization techniques may be

("

implemented in combination with programn modules (e.g., routines, programs,
components, procedures, functions, data structures, schemas...) that perform the various
functions described herein. The software codes may be stored in a memory unit (e.g.,
memory unit 1392 in Fig. 13) and executed by a processor (e.g., controller 190). The
memory unit may be implemented within the processor or external to the processor.
Moreover, those skilled 1n 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.



|

conput ed once the begi nning of the channel inpulse response TBis

determ ned. [001141 Referring to Fig. 21 a, the fine synbol timng is

i ndicative of the start of the received OFDM synbol. The fine synbol
timng TS may be used to accurately and properly place a "DFT" w ndow for
each subsecwen; I7y recei ved OFDM synbol . The DFT w ndow i ndicates the
speci fic NOMWPU*&dnpl es (from anong N + C i nput sanpl BSYUSHEHE ect for
each received OFDM synbol. The N i npﬁﬁ sanples within the DFT w ndow are

then transformed with an N-point DFT to obtain N received data/pil ot
synbol s f orl0®Rd] r edepsed herempOFBMBEY alspinelnds pe oxthegeaaidrrquatcy divéSI®FT w ndow

for eachr ] i | i L Nker-synbol
-interfer encrgﬁﬁkl}éé%egr: @X;D;M%?g%}e]%ﬁ%ﬂgg%ﬁggg{%ﬂ} lp&%%%%ﬁ?%%@%@g{%dati on in
channel est[00E2S5] onWhaehag beeni deporibpé nbddk Tnchidasienanplled o Neridus aEpectsasdll t i n an
erroneous channel estimate), (3) eryors.in _processes that rely on the
Cyclic prefdeopEngt. It e geires DPZ%QF’H@O 1_1%%'?6 evﬁﬂic@ﬁ%&‘Y@?“g‘é’Fﬁm@BH’i’rpl
(AGC), and ﬁQoﬂBérllcn%rb‘iblrrfeﬂ)odng §. USRS FolfitatdilsiEfes: ertfddintends illgbeP! | O -2

OFDM synbol may al so be used to obtain a nore accurate frequency error
estimat e. Feadilyappaytrd to these dfrskduie tipyarie ardathe genenb eniedplesdeimdd beemg t he

pilot-2 sequences and based on..equation (,3)..ln. this case, the mration is
per f or ned q’B?/ye € @Eﬁg‘gtﬁﬂ%é GTE%(BPE}&{EI ¥ IB(“E %eéaﬁ‘r’ﬁﬁnfé%'? t}feogp"'ﬁ RESGOPY 8@{5

sequence. 108¢hedtichBe embaimnehts. THit §i€ diseisanadolitemsla ot witdded Rl may al so
be used to derive a frequency response estimate for the communication

channel bethneitad tp theaspestsanil smbedments shpwal and|dssesibekhereia bugisdo bea unit 2022
receives th - 3 ' : (M3 jfts the
channel i npaﬁfésrée&rtggbvg%ggﬁgéf ‘{Oﬁgy cﬁ‘ﬁ“@%@gﬁﬁ%ﬁlﬁ&g K nt% géeﬁ%t&e%ﬂ{gnnel i mpul se
response i stechiniquesidixcldsed hereiy (Farbermapp toohe batbt thut teaemofindledesS isakédr the;
circularly-shifted channel inpul se response, and pro ide% an_N-tap chann

i npul se  r e8hrzdhe ‘J&‘@FffdﬁﬁﬁFP""Z’dﬂh"tﬁ@W&p"éF‘? TS lawn%zddai Rinchsivedha t he
N-tap chan i P I :

st mat o T T A SRt o MAPRERThh EIRRYEE 1 o
subbands. GEBNtadstionhlvatdin-a cl880 nmay use the frequency response estinmate
for detection of received data synbols in subsequent OFDM synbols. The
channel estinmate may al so be derived in some other manner. 1001171 Fig. 22
shows a pilot transm ssion scheme with a conbination of TDM and FDM
pilots. Base station 1310 may transmt TDM pilots 1 and 2 in each
super-frame to facilitate initial acquisition by the wireless devices. The
overhead for the TDMpilots is



two OFDM synbol s, which maybe small conpared to the size of the
super-franme. The base station 1310 may al so transmit an FDM pilot in all,
‘nmost, or sonme of the renmining WO 2005/ 07-1223 PCT/ US2005/ 002512 32 OFDM
synbol s in each wpRtaLy ame. For the enbodi ment shown in Fig. 22, "{,y;mgfmz
pilot is sent on alternating sets of subbands such that pilot synbols are
sent on one set of subbands in even-nunmhered synbol periods and on anot her
set of subbands in odd- nunbered synbol Bé—:riods. Each set contains a
sufficient nunber of (Lfdn) subbands taq sugport channel estimation and
possi bly frequency and tine tracking bflt“m wi rel ess devices. The subbands
in each set mang uni formdy distributed across the N total subbands and
evenly spaced apiPt#y™%Hm = N/ Lfdm subbands. Furthernore, the subbands
in one set may be staggered_ or offset with respect to the subbands in the
other set, so that ?‘ngﬂ’:‘?gﬁfti%"dga’?wetf%‘«%" W"Q‘é‘{)“ga‘é?f‘éo"ipﬁf‘%gfl aced with one
anot her. As an exanplr@siving\ streafi08 Giput kifuehYs at leastsdie beif abnciateB yitteaydlot he subbands
in the two setssm]‘be staggered by four subbands. In general, any nunber
of subband sets may be used for the FDM pilot, 3 and each set may contain
any nunber of subband@&cRbig caFrptieatPe fofmpes aqordntign cusia Fpa e sisnasem118] A

W rel ess devi ce demyd thpRrs thébdrpi lots | and 2 for initial synchronization,

for exanple for frang_synchroni zation, freque of fset estimation, and
fine symbol  tim ng St ieIenAlH ISR 05 e TSk b MPRUT DT wh nclow  or
subsequent OFDMougytshol s). The wirel ess device may performiniti al

synchroni zation, for &X%amkd BadinVBEP detedbon &9% M iafonRaS8s; 8fqat i on for the first
time, when receiving or requesting data for the first time or after a |ong

period of inactivity e P Petdepy s FEy B OBRYOLPPER. 100119] The
wi rel 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 xescrinb@anaBOYEn 1 SERBE b&dnrial IchdngWifcQL @SS BRKice My use
the pilot-1 sequences tqQ estinmate the f esgulﬁ'ncy error in the pilot-1 OFDM
symbol and to corr ect®™8E YRT LT BRHAREY B For " prior to receiving the

pi |l ot-2 OFDM synbol . inkEteeeping otourdter ifOiOMpS ysridsothanak tqosiso thaahresbsitii mat i on of a

| arger frequency err g, and e Qfundif Grehithd iADk EpualR] ASQPRRS vRE. t he DFT wi ndow
for the next (pil ot-2)a%:%f\/l s;?}bol {ehan 1co‘n?/qeu?ltiagpﬁal met hods that use the

cyclic prefix structure of the data OFDM synbols. The pilot-1 OFDM synbol
can thus provide inproved performance for a terrestrial radio channel wth
a large nulti-path ddhagetkdobdain 2, wherein the predefined value is 64.

4. The method of claim 1, wherein confirming leading edge detection includes

detecting a flat zone and/or a trailing edge.

5. The method of claim 4, wherein the flat zone is detected by counting the number

of times the correlator values are greater than or equal to a threshold.

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.



(00120] The wirel ess device may use the pilot-2 OFDM synbol to obtain fine
synbol timng to nore accurately place the DFT wi ndow for subsequent
.received OFDM synbols. The w rel ess device nmay al so use the pilot-2 O-DM
synbol for cha jmati on and frequency error estimtion. T i -
OFDM synbol al | CQ)JVE\)/?IM@%%J fast and accurate determ nation of the f?ﬁrél%gob“%é
timng and proper placenent of the DFT wi ndow. WD 2005/074223

PCT/ US2005/ 002542 33 1001211 The wirel egg device may use the FDM pilot for
channel estimation and tine tracking and possibly for frequency tracking.
The wirel ess devi ce ARYmQRHB# dhinRD whitkih &oﬁhrmin‘é'&é&ﬂ@of@%&dig‘%g@ based on the
pil ot -2 OFDM synbol, as descri bed above. Thée wirel ess evice may use the
FDM pi |l ot to obt'dPR¥& nore accurate channel estimate, particularly if the
FDM pil ot is transm tdceflerfied Ofs cduier iStip@relitioRale is@Sea®nMmar dqial blaG. 11. The
wireless device npy also use the FDM pilot to update the
frequency-tracking 1 oop that can correct for frequency error in the

recei ved OFDM synbol dicremppsing seeohdepunted éticcrrelptign valfigns teppaipan ths éhrestold FDM pi | ot
to U|todate ? ti Er%thgmgggfmgtthggggdwaa{greg@n?ﬁ@&gﬁnt flor_ ti rr: ng drift in 1Eht6h

i nput sanples (e.g., due to chan n e channel |npul se response o e
communi cati on crgeacrl“r)e%le’)a.m"’[”@(fffi lies%ﬁée fjgi}Ff‘é'ﬁ‘?‘CBWiCﬁ‘ﬁlfefséﬁdeg;g]%f’ﬁﬁ'i'ahﬁ L"8descri bed
herein may be inpfen‘ent ed by 1N.. various neans. For exanple, these

techni ques may be inplenmented in hardware, software, or a conbination
thereof. For a hardware inplenmentation, the processing units at a base
station used t o 8suppahd mahodetuln?, htrtinnfalseleding edpXisdatcd aheh tipifidt processor
120) may be i npl nt e it hi 0 re application specific integrated
circuits (ASI cé?‘mpg'ug b“:g?‘%r\#'a"gieﬁ‘ﬁ'g{]ﬁﬁsr‘%"é‘g%é‘%?s (DSP5), digital signal
processi ng devices (DSPDs), programuable |ogic devices (PLDs), field
programuabl e gate arrays (FPGAs), processors, controllers,

m cro-control | eds, niTes BqUliod 0BT, Syrthotchrayrisied @G aainicdorumiby 8 finedigtiggned t o
performthe f“”%fgkrﬂ%wﬁ'éﬁ%rsicg%qo %F@Lcﬂﬁl QL2 combination thereof. The
processing units at a wreless device used to perform synchronization
(e.g., synchronization and channel estimation unit 180) may al so be

i npl enented within one or nore ASICs, DSPs, and so on. 1001231 For a

sof twar e i npl endht at iToemetol ef dym & Hurbericomatrisiomindrenchumg @ thérd covaiyr forgachi npl enent ed

in conbination w.fh.BfogLaAnMMEW&S (€. 9., routines, prograns,

11, The method of claim 10, wherein the beginning of the trailing edge is observed
when the third counter indicates that an entire flat zone should have been received and

the second counter is greater than zero.

12. The method of claim 7, further comprising requiring the first counter value to be
greater than or equal to half the number of what it would be without 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.



conponents, procedures, functions, data structures, schemas...) that
performthe various functions described herein. The software codes may be
stored in a nenory unit (e.g., nenory unit 1392 in Fig. 13) and executed
by a processor . ontroller 190). The nenory unit may be

wi thin the procé@ggﬁmg% external to the processor. Moreover, thoségg%%ngd
inthe art will appreciate that the subject inventive nethods may be
practiced with other conputer system confjgurations, including

si ngl e-processor or nultiprocessor conputer systens, mni-conputing
devices, mainframe CONRE Socif1a, Wibdn RSRELFANAERAPUL €r'S, hand-hel d
conputi ng devices, mcroprocessor-based or progranmabl e consuner

el ectronics, and the |ike. WD 2005/074223 PCTI US2005/ 002542 34 1001241 As
used herein, OFDM may al so include an orthogonal frequency division

mul ti pl e access 1§.OFDIVE)metiod bii ctagie t4ufushendperpisingsd ving p liwe, whartke fgdhgquatert he OFDM
channel's.  100128L..M03%, RASscRE LM AGRE LRt above i ncl udes exanpl es of

vari ous aspects and enbodinents. It is, of course, not possible to
descri be every concei vabl e conbi nati on of conponents or nethodol ogi es.
Various nodifications to these enbodinents will be readily apparent to
those of skill i'h théhemathod afivéhin Hefuglenempisingriicrsopntingsseeped fonetel ftierein - may
be applied to oreneyrsaﬁlnb@eiiv@mtcasinmemmﬁgmdﬁm{gteh Jetftiiprdcheampirit or scope
of the aforenentioned enbgdipg&%s. Thus, the disclosed enbodi nents are not
intended to be PIIFHPEH 8% W& PBect s and enbodi ments shown and descri bed
herein but is to be accorded the w dest scope consistent with the
princi pl es and novel features and techni ques discl osed herein. Furthernore,
to the extent that the h@fodbf'dade!, ud@sot symbolths@@NBsymbd). €i ther the detailed
description or the clains, such termis intended to be inclusive in a /
manner simlar to the term"conprising"” as "conprising” is interpreted when
enpl oyed as a transitional word in a claim 3 W 20051074223

PCT/ US2005/ 002542 35" ©MAYNEnPlaysaied mashog piHiarme gyngheonizgtion andrigiighgyarbedf i niti al
frame det ecti oniag a@VikiGdrcomprgag:i on conprising: receiving a stream of

Input signals at | ea?etceivslr(ljg roa c%gt ggna%%'l%t()t%ils?ntitealﬂea\é\{i atppura%ty%;” \lavl(r)etless symbals;
detecting a potential leading edge of a correlator output associated with a first
pilot symbol;
confirming leading edge detection by detecting a correlator output flat zone; and

detecting a trailing edge of the correlator output.

20. The methed of claim 19, the wireless symbols are OFDM symbols.
21, The method of ¢claim 19, the pilot symbel is a TDM pilot symbol.
22, The method of claim 19, wherein the potential leading edge is detected by

analyzing output of a delayed correlater 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.



-

synbol ; generating correlation outputs formng a correlation curve fromthe
signals and del ayed copies thereof; detecting a potential |eading edge of
the correlation curve fromcorrelation outputs; confirmng |eadi ng edge

detection from gy feh@hi on outputs; and detecting atrailing edggc%m;];,mm
curve fromcorrelation outputs. 2. The nethod of claim1, wherein the

potential |eading edge detection conprises: conparing a correlation outpu
to a threshold; incrementing a counter ifkgthe output is |Iess than or equal
to the threshold; analyzing the counter to determne if it is equal to a

predefined val ues 3. ThBgM&RLNALM O, tels@bdMpdor syMpSIi€d THnt bieot B@slef | ned val ue is
64. 4. The nethod of claim1l, wherein confirmng | eading edge detection

i ncludes detecting a flat zone and/or a trailing edge. 5. The nethod of
claim4, wherein the flat zone is detected by counting the nunber of tines
the correl ator ¢&l uedhamahodplcipine?4, fulkencompridngaitching tha frequeneslaeritel. 6. The

met hod of cl ai mdokinghBéicei N the trailing edge is detected by counting the
nunber of times the correlator output is less than a threshold. WO

2005/ 074223 PCT@§200§LOO%§ﬁ2f|§6%gf ﬁyenPEEPOdUQ%,E|%iﬂ}lﬂiWPﬁéei”
confirmng deteéfion OFf" & f ZdIhg " SUFE " CONSATEEes e T ENER NG a first
counter if the coergilatsingnl apdaiheaviddimgmetatcer t han or equal to a threshol d;

i ncrenenting a second counter if the correlation value is |less than the

threshol d ot henw se 18&hdiod g ddHe 16 AR CaMEThE at @G &mptiQs:zer o, and

exam ning the values of the first and second counters o.ge%H her what is
being received. 8. FHEMECHETISrORIEIHZEIANSY SiEl 5t WE 3%86f ng edge i s
det ect ed when t hesibi thgtof, counter is substantially equal to the second

counter. 9. The met hog, af,.GleahMiafion duldliNEhSQERR SI NG saving a time for use
by a tine timng algorithmwhen the second counter is equal to zero.
incrementing a counter when the correlation output is greater than or equal to the

threshold, wherein the flat zone is detected when the counter value is at least half of the

value that would be detected in an ideal environment.

29. The method for claim 19, wherein detecting the trailing edge comprises:

generating correlation outputs by correlating new signal samples with a delayed
version thereof,

comparing each correlation output to a threshold; and

incrementing a counter when the correlation output is less than the threshold-
otherwise setting the run counter equal to zero, wherein flat zone detection occurs when the

second counter is greater than or equal to a predetermine value.

30. A computer implemented method of initial wireless syimbel 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.



10. The method of claim7, further conprising increnenting a third counter
for each new sanple received and correlated. 11. The nethod of claim 10,
wherein the beginning of the trailing edge is observed when the third
count er indicat h an entire flat zone should have been recej

t he second coun?@f&?@kﬁreater than zero. 12. The net hod of cIain%%ﬁgP%p@ﬁér
conprising requiring the first counter value to be greater than or equal
to half the number of what it would be wP?hout the tenpering effect of

noi se prior to declaring detection of a flat zone or a trailing edge. 13.
The nethod of cPhi m iThe mefed pleRingPnte 1l simbolis AnPTHG Pikt pMBeluency- | ocked | oop
periodically prior to detection of the trailing edge. 14. The nethod of
claim1l1, wherein detecting the trailing edge conprises: increnmenting a

first _COUI’]'[ er \Mj@l’l t hﬁe lﬁe‘ﬁfoﬁ @cﬁ“ fbpw%ﬁ:knm@teétiﬁg thceh%&ling Q@@cc{% t'in:E:es_hO! d,
ot herwi se setting the first counter equal to, zero; and c?et erm ni ng when the

first counter is equil™PPYea “PrEUBCEPHIYEYUtue. WO 2005/ 074223
PCT/ US2005/ 002542  3hcrtbentidgdreomet Hod owfut i lessi timn dequabetreatirghdldesepr edet er m ned

val ue is 32. 163ﬁ&%gw@§%gggzggaglain114, further conprising saving a tine,
when the first couriter iIs eqda’] to zero, for use by a fine timng

al gorithm 17. The nerHeinegr ceuntyitpiletemingif is pepl to finsfl vadpei ncrenenting a
second counter for every sanple received to facilitate timng out a
trailing edge detection process after a predeterm ned nunber of sanples.

18. The net hod 95 cl afihmn!:thodtopcﬁairphi,%erélygg%mngith%ﬂg_zg-lpl%nﬁyig@pl' 19. A conputer

i npl enented net hod of franme synchronization and initial synmbol timng
acqui si tion conpPyrefingdhe cprerlalion quiny 't 8deldst signals that transnit at |east
a plurality of wirel essmaymdak®nd cotitdr @BdnitiGoritiapatcaftiiiadreateaghiong edge of a
correl ator OUtp%Hmﬁ§§9&%%%ﬁqm$jth a first pilot synbol; confinning |eading
edge detection b@ e ecflng'a correlator output flat zone: and detecting a
trailing edge of thesxuinkiot it epunteyyalyae detepgine iThevare isigsaterdian et siahio19, t he

wirel ess synbol g pRlicerdFddVuisy i RliSs than2d-expcbhe viRE G enGb@ham 19, the pil ot
synbol is a TDM pilot synbol.

34, The method of ¢claim 33, further comprising updating a frequency loop

periodically to account for signal frequency offset.

35. The method of claim 33, wherein detecting the trailing edge comprises:
incrementing a third counter when the correlation value is less than the threshold
otherwise setting the counter equal to zero; and

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;



22. The nethod of claim 19, wherein the potential |eading edge is detected
by ' anal yzi ng output of a delayed correlator to determne if the output

- exceeds a threshold for a predeterm ned nunber of consecutive tines. 23.
The nmethod of chaimebd,s further conprising updating a frequency b&AR:sosnos4z
periodically during observation of the flat zone. 24. The nethod of claim
23, further conprising saving a tine ins%&nce prior just prior to
detection of a trailing edge, wherein the tinme instance is related to a
specific nunber of sanples into a second pil synmbol .. WD 20051074223

POt/ US2005/ 000542 38 0Bmein o Rp e GrrareRriel s e e S dBG B ot symbol
is a TDM pi | ot symbeht, comP@es afdi@nghettutsdo b theihald ta @dfirmfthar thdeadingonpr i si ng

swi tching the frgduaneyadogp to tracking node. 27. The nethod of claim 26
further conprising acquiring fine timng utiljzing the second pilot synbol
and the saved tinme iﬁgTﬂﬁéﬁ?c%%Pmﬁﬁ@“HﬁfﬁﬁﬂmﬁFS@WgﬁﬂWT@?maﬁ@W@in det ecti ng
the flat zone componesesmpage additiatal aufpus ariicahrashdldn l@att petslingydge oftheel at i Nng new
si gnal sanpl es g&%ﬂk%cggiayed version thereof; conparing the correlation
output to a thres oi ;and increnmenting a counter when the correlation
output is greater than or equal to the threshold, wherein the flat zone is
detected when the counter value is at least half of the value that would
he detected in as i dédsyemufclainrgnthereid e leddie engtchraghndnois cakigirathtd 9, wher ei n
detecting the t gkl 00 EHOGF AUR P ETin AFOSKAL G GAFANI R, Outputs by
correl ating new signal Sanples wth a dé ayeJ version thereof; conparing
each correl ati of*dApaM nppbeseficppatiisFPrleand i ncrenmenting a counter when the
correlation output is less than the threshold- otherw se setting the run
counter equal to zero, wherein flat zone detection occurs when the second

counter is greatgr thmys@erm@fq]'aliaql3s,tv91er@inme@a@etciﬂrvmdmer\eﬂauﬁlesi§94. A conput er

i mpl enented nethod of initial wireless synbol frame detection and coarse
synbol timng acquisition conprising: receiving a stream of broadcast input

signals at |east some being associated with a
40. The system of claim 37, wherein the confirmation component comprises:

a hit counter that stores the number of times the output is greater than or equal to
the threshold;

a run counter that stores the number of consecutive outputs that are less than the
threshold; and

a processing component that receives outputs, compares outputs to a threshold and

populates counters.

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.



pil ot synbol; generating correlation outputs that forma correl ation curve
over time fromthe signals and del ayed copies thereof ; detecting a
- | eadi ng edge of the correlation curve;, detecting a flat zone portion of

the correl ation ....and detecting atrailing edge of the curv
2005/ 074223 PCTYOMEBER002542 390 31. The nethod of clai m 30 tthTM]of‘/tmm

synbol is an OFDM pil ot synbol. 32. The nethod of claim 30, wherein
detecting the |eading edge conprises: cbhparing a correlation output to a
threshold; incrementing a counter if the output is less than or equal to
the threshol d efse S¥r¥eAp!tiHe 48J‘tfﬂf’é?m‘tr'él"&'z%‘r"Bemé?Pd“‘Ef\}*EFﬁﬂ‘é?s”ﬁg t he counter
to determ ne i f nintbed S oegpialued Godaceprdedyzeded val ue. 33. The nethod of claim
32, wherein detecting the flat zone conprises: conparing the correlation
output to a threshol d; increrrenti ng a second counter when the correlation
output is greater than or equa t, Ethreshold and scruytinizing the
counter value t 6‘deteeﬂsﬁ5‘3f’a'?ﬁé () i“ée“’@'rcé%['feéi“C?%‘ﬁﬁ“o&"’" gewr to a
predet er mi ned veadumer ibdirat détstidnas strdlinapdganf tiexpettieduwal ue i n an ideal
environment. 34. The nethod of claim 33, further conprising updating a
frequency loop periodically to account for signal frequency of fset. 35.

The net hod of cI im wher etectin trai, rrprl ses:
i ncrenenting a tﬂl rd?’rg% e ’e!mb% ‘f’tﬁre'"cfllf?’?'t g‘fou?)ﬁls\fé‘ia% tﬁal"%r RS §° than the
t hreshol d ot heré2sied hetut faagertiteeeagottantzep. equal to zero; and determning if

and when the counter is equal to a predeterm ned value. 36. The nethod of
claim35, further conprising saving the time when the third counter is

equal to zero. C nchroni zat stem conpri si ng:
a del ayed corr ef?“;t oﬁrlffgﬁpem Oqelfum %a%r[?m scel r'51¥§a comg?ne'%% f"(Q‘Fate'sﬁput sanpl es,

correl ates an i fipuencslepsil ap sypry hZSGeﬂPlawd’dvefrdéwdnyﬂqrﬁeqoemr and generates a
plurality of outputs formng a correlation curve;

49, The system of claim 43, wherein the confirmation component is configured to

save the time instance when the run counter is equal to zero.

50. The system of claim 37, wherein the trailing edge component comprises:

a run counter that stores the number of consecutive times the correlation value
is less than the threshold; and

a processor that receives correlation values, compares the correlation value with
the threshold and increments the run count the value of which is indicative of trailing

edge detection,

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 ¢laim 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.



a | eadi ng edge conponent that receives outputs, conpares the outputs with a
threshol d, and generates a signal if it detects a potential |eading edge of
-the correlation curve; WO 2005/074223 PCTI US20051002542 40 a confirmation
conponent that, Jungn r Zxcer pt of the signal fromthe |eading edge , . usi00sm02542
conponent, conpares aof tional outputs to the threshold to confi rmth (% Re
| eading edge was detected; and a trailing edge conponent that upon receipt
of a signal fromthe confirmation conponpent conpares additional outputs to
the threshold to locate the trailing edge of the <correlation curve. 38.
The system of clsgi M 3 s )RR bRIA D EhdGAR tRTinAGEMPIRABR R thd tReCONf i gured to
generate the si gnal when the output remains greater than or equal to the
threshol d for aYPBreyeteisiiREd“funber of consecutive sanples. 39. The
system of claim 38, wherein the consecutive nunber of sanples is 64. 40.
The system of claim37, wherein the confirmation conponent conprises: a hit

counter that stages l;mawm;rmﬁratug);ﬁomtph;@s t he out put |s greater t han or equal
to the threshold; a run counter consecutive

outputs that are Ies§refﬂ‘gﬁcoﬂ‘?%"e“tf'}?rr8°§ﬁ?§ltb8’a£55ﬁ%ﬂa"%{“ B8t 8%‘??"%"'8’5 onent that
recei ves out put of wieedesysamied frones,putast choframe ténrpesinl pilotapabol; p@ipul at es count ers.
41. The system of cl f?r'frE'Hm‘lcQtectm&E;%hé?ntM?%eJtMEL SQHBE Bfan Rt iRudilf counter
provide an indication that a | eading edge was not detected. 42. The system
of claim41l, whé¥@i$is¥heirun counter has a value greater than or equal to
126, and the hi twherahlﬂlEﬁﬁmé‘tﬁﬁctc&cM'&ﬂohkﬁtdoﬂﬁrfsest han 400. 43. The system of claim

40, wherein the run count e and th i cate. t hat base(pe | eadi ng

edge conponent was sla(mrg‘/t fed a"g’:]pgo glitfé:% I mgeeaio tpgelaufﬁcum §tem of claim
to 766 and the hit

43, wherein the run count er I's greai er than or equa
counter is greater tham 4R mpinBPRARE223 pPEdd Edo20RALNQAZONsed drda

second programmable value, the threshold, and 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.

56. The apparatus of claim 55, wherein the wireless symbol frames are OFDM frames.
57. The apparatus of claim 55, wherein the pilot symbol is a TDM pilot symbol.
38. The apparatus of claim 55, further comprising a correlator that generates output

values from received signals and delayed versions thereof, the output values producing a

correlation curve over time.

59. The apparatus of claim 55, 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.



45. The system of claim40, further conprising an interval counter that
stores the nunber of output val ues produced and anal yzed. 46. The system
~of cl ai m 45, mherein the interval counter in conjunction with the run
counter indicateg, 9@5 jon of a trailing edge of the correlation ﬁ“$ﬁ£@“ﬁz'
The system of cIa|n14 wherein the interval counter is greater than or
equal to 4352 and the run counter is greater than zero. 48. The system of
claim45, further conprising a conponent 4i;hat updates a frequency-| ocked

| oop every 128 outputs as indicated by the interval counter. 49. The system

of claim45, whegei nmbﬁ,pé;%fomm% @ner&pmp@ﬁ%ascdnéo.ﬁmfao (efkot 0 save the
time instance when the run counter is equal to zer qpﬁﬁxstem(ﬁ

cl ai m 37, mherelﬁ”?hngPéVM"H5°@E&@'@8ﬂﬁbﬂ@ﬁ?”%%%ﬁﬁ?g%@emﬁ count er t hat
stores the nunbemudier cfoinscdatet than ot eqn® & thehiecomtyitageimatablovelneal ue is | ess than
the threshold; and a processor that receives correl ati on val ues, conpares
the correlation value with the threshold and increnents the run count the
value of which is indicative of trailing edge detection. 51. The system of
claim50, wherein the trailing edge conponent detects a trailing edge when
the value of the run counter is 32. 52. The system of claim50 further
conprising an interval counter that is increnented each tine a new
correlation value is received, wherein the interval counter 1is enployed to
time out the search for the trailing edge. 53. The system of claim52,
further conprising a conponent that causes the search for the trailing
edge to tinme out when the interval counter is greater than or equal to 8 "
128. WD 20051074223 PCTI US20051002542 42 54. The system of cl aim 52,
wherein the trailing edge conponent saves the time when run count is equal
to zero, 55. A wireless apparatus conprising: a receiver conponent that
recei ves broadcast transm ssions including a plurality of wreless synbol
frames, at |east one frane conprising a pilot synbol; and a frane detector
conponent that identities a start of a frame from detection of



the pilot synbol; wherein the franme detector conponent conprises: a |eading
edge conponent that detects a |eading edge of a correlation curve based on
+a first programmabl e value, a threshold, and correlator output; a flat zone
conponent t hat %Qﬁ&%+&£ﬁs a flat portion of the correlation curve pﬁ&ﬁﬂmgﬁ
a second progranmabl e val ue, the threshold, and correl ator outpuf; and a
trailing edge conponent that detects a trailing edge of the correlation
curve based on third programuabl e val uey;the threshold, and correl ator
output. 56. The apparatus of claimb55, wherein the wireless synbol franes

_ar e OFDM fr a_rres 61. 57'T11J£&r§199%l2§1¥1 u@ wQJreirpljh@tiramnééige Wﬂﬁ‘;&ﬁht@s cton%u@& ljoot SY_”b_0|
is a"1l DMpilot synbol. 5 he apparatus of claim55, further conprising

8. T m
a correl ator thdfegBnailingadze yhansiseorelper prat is [egsap e Brssol fejagnal s and
del ayed ver si ongorts&etve aimbei diematiaLtd onpgedtaaizan e @hd gioggmm@ablecalng. €l at i on curve
over time. 59. The apparatus of claim55, wherein | eading edge conponent is
configured to detect a |eading edge when the correlator output is greater
than or equal to_the thtef ol for a consecutive nunber of tinmes equal to
or greater than he P HISGFEHEBTE YEPTES WO 2005/ 074223
PCF/ 1752005/ 002542  42@&an6 @r reddivngapipan af sipalodt leask apondod Of whihereei n t he fl at
zone conponent i.§ 6 Qﬂ&@ggﬁgwkﬁﬂ.detect a flat zone when the correl ator
output is greater than or equal to the threshold for a nunber of tines
greater than or equal® Mes fop genealing prarelaton gteutrfeem tee sipaaliaad dolagrdzemes 1074223
PCTI US2005100254R2reoddd61. The apparatus of claim 60, wherein the trailing
edge conponent is configured to et.ect the trailing.edge wh t he
correl at or out put isafgggﬁ¥%gﬁm¥ﬁgm%negeﬁ%z%“?%?“éugggﬁgggﬁTﬁ@% nunber of
times equal to oerdptiersueentst han the third progranmmable value. 62. An initial
frame detection systemconprising: a neans for receiving a stream of
signals at |least a portion of which are associated with a pilot synbol; a
means for generating.co i out put s L\gnal d del ayed
copi es thereof%gandTge%%gﬁgakﬁgudgFggﬁvﬁg&gﬁhégg?ﬁ%ggﬁﬁéwgg'fIat zone, and
a trailing edge fromthe

64. The system of claim 62, the means for detecting a leading edge comprises a
means for comparing output values to a threshold the leading edge being detected when
the output values are greater than the threshold for a first programmable number of

consecutive times.

65. The system of claim 64, the means for detecting a flat zone comprises a means
for comparing output values to the threshold, the flat zone being detected when the
output values are greater than or equal to the threshold for a second programmable

number of times.

66. The system of claim 65, further comprising a means to detect coarse frequency
offset.
67. The system of claim 66, further comprising a means to save a time after flat zone

detection and prior to initial detection of the trailing edge.

68. The system of claim 65, 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.



correlation outputs. 63. The systemof claim62. wherein the pilot synbol
isa TDM pilot synbol. 64. the systemof claim®62, the neans for detecting
-a | eadi ng edge conprises a neans for conparing output values to a
threshol d the | gadihgedge being detected when the output val ues-@lsSosose
greater than the threshold for a first programmabl e nunber of consecutive
times. 65. The system of claim64, the nggns for detecting a flat zone
conprises a neans for conparing out put | ues to the threshold, the fl at
zone being detec ed when output val ues are great an or equal to
the threshol d for A™ @8%‘ﬁ”“?%§? Eﬁﬂﬁwgm"% H%@Vm%F PF&? m@% The system of
cl ai m 65, furthémmecthpionsidugclaonmdmsonmisidet ect coarse frequency of fset.

67. The system of cl gi\0u@@ corfeldfidnMeelric SR dnal kiQIeRandBARSG Lo %e&ﬁé@,fa time after
flat zone detectlon and prior to initial detection of the trailing edge.
66. The systen16? claim 65, the neans for detecting a trailing edge
conprises a means f onect@upadingxged hitat et puda tdisihdk@ge Hyaohhengdthr eshol d, the
trailing edge b%kﬁ%tQ?&ﬁgm%d when the threshold i s bel ow the threshold for
a third progranma er of times. WO 2005/074223 PCTf US2005/ 002542 44
69. A m croprocessor that executes instructions for performng a nethod of
initial frame detection and synchroni zati on conprising: generating

correl ati on net.cs friomtsi gha:lm @amlree& laﬂidg, ded inyeadieColph @8 mktieseof ; and
detecting a | eadi.ng /888€ mredhofd il 55 [ ol y conparing the
netrics to a thggs%Jﬁ mw Odﬁe éépﬂgﬁm aﬁﬁfggﬂgﬁﬁégﬁfg a | eadi ng edge

is detected when the netrlc is greater than the threshold for a first
pr edet er mi ned nunber of consecutive tines. 71. The nethod of claim 70,
wherein a flat Zone Tk wdioécfickdn H vierein adladiomgs eedgel afickd¢adiog ¢den when t he

metric is great @stecmmem..emam.@%mr of A nAnSE RPN PE GURIALBaned  nunber  of
times. 72. The nethod of claim wherein the trailing edge is detected

when the netric"Peer9flges t han the threshold for a third predeternined
nunber of consecutive tines.
72. The method of claim 69, wherein the trailing edge is detected when the metric is

less than the threshold for a third predetermined number of consecutive times.

73. The method of claim 69, further comprising updating a frequency-locked loop to

account for a frequency offset in conjunction with flat zone detection.

74. The method of claim 69, further comprising saving a time after detection of at

least a portion of the flat zone and prior to initial trailing edge detection.

75. 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.



73. The nethod of claim69. further conprising updating a frequency-I| ocked
|l oop to account for a frequency offset in conjunction with flat zone
-detection. 74. The nmethod of claim69, further conprising saving a ti me
after detection “9(;‘2 at_ .| | east a portion of the flat Lone and pri or, L O icmozsaz
initial trailing e&“ﬁ& dbtection. 75. A system of frane detection 5;{'&?
synchroni zati on conprising: a first conponent that receives a plurality of
data packets conprising at |least a pilot,synbol: a second conponent that
generates correlation netrics fromthe data packets; a third conponent
that anal yzes thg net ésﬁm&%fﬂ ekl dRbS @L%h%mﬁma@m& @ symbol has
been received, the pi I’s recelved tection o metric

val ues consi st erfeupnay et ‘t’lﬁaﬁ‘e aettwﬂblswmgera%hanar fapa tertherfippedd: of tines,
followed by a netric values greater than or equal to the threshold for a

second nunber of tinmes, followed by netric val ues con5| stently less than
the threshold for a tTIgé !ygenmm%g760&/?$Ieﬁane§h1rdm&p£5t!a g L AECT N82005/ 002542
45 76. The systemof claim?7 risin orth conponent that

accounts for frdé‘ﬁi‘ﬂéﬁ&?‘eﬁﬂ’%@fg’WFFéWa't%éq“Hé‘ItF"i‘&’eﬁi‘a'lda’é‘sl“sél?’@r@r eater than or
equal to the thrdesdiol & mefié valkh@nSysilye8ss Mfin 16d iBkedkbld6, wherein the third
conponent saves a tine after detection of metric values greater than or
equal to the threshold and just prior to detection of netric val ues
consistently less than the threshol d.



