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[0007] The following presents a simplified summary of various embodiments in

order to provide a basic understanding of some aspects of the embodiments. This
summary is not an extensive overview. It is not intended to identify key/critical
elements or to delineate the scope of the embodiments disclosed herein. Its sole purpose
is to present some concepts in a simplified form as a prelude to the more detailed
description that is presented later.

[0008] Systems and methods are provided for determining timing and frame
synchronization in an Orthogonal Frequency Division Multiplexing (OFDM) system.

In one embodiment, time domain processing is applied to received Time Division
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[0010] To the accomplishment of the foregoing and related ends, certain illustrative
embodiments are described herein in connection with the following description and the
annexed drawings. These aspects are indicative of various ways in which the

embodiments may be practiced, all of which are intended to be covered.
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delayed samples. In one embodiment, a method is provided for determining
synchronization information in an Orthogonal Frequency Division Multiplexing
(OFDM) broadcast. The method includes employing a time domain correlation to
detect the start of an OFDM super frame and utilizing the time correlation operation to
correct the initial frequency offset between the transmitter frequency and the local
receiver frequency. In one example, the sample can be employed in a forward link only
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[0021] As used in this application, the terms “component,” “network,” “system,”
and the like 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. By way of illustration, both an application running on a
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conputer-related entity, either hardware, a
w@eowbiovesi on of hardware and software, softwarBCT/U82006/009470
software i n execution. For ex | e, a conmponent may
be, but is not limted to being, a process running on
r
PRRERRRIASL: afi AEARE brialLabhl & hmpBRaR SAS FdbSie gfmponents
Wey mfmdel Witlsitir atprosess laod/or ahreap pifi @@tutoh Ghd Rl B@npdhent may be

co i cations device and the deV|ce can be a
i‘o&a@?ﬁ%m On‘b‘%%mavteﬁﬁl?‘g Retyygen FWQ On &10kF CARULETS.  Also,
I ¢
Do SaEpPAL Lt SXEHE L) SPRpRaH rEPRRBRRa0RY varions
d@avw@nturemstmed rtbereorc o rT;hatcanq:)onéﬂlts anayt beamuaicaonentlscal and/or
can execute frogmvario rgl cor@gﬁ .rrg)ggabl e nedi a
FARTIRETREPIeS Ut | AEOTTARGT WED &:53nad MR Y{BE Q8f Or Fpke data packets
(PP ARG Thdin BRY ceRPBhEH GRERCHYE WithOfdthed R Bnélﬁ Rh8ocal system,
processes such as in accordance wth a signal having

distribytednyysiend and( Opqu@taswqr@i of. Wirelassanetwouk sa.:mle as the Internet).

ﬁ%ﬂgﬁfng@g' i‘tﬂ%[ { lja}’\ﬁeé‘rrfmr? r(‘:Ot e{l?arh gc}r;ga?wf{gfe%ssget\gork system 100

forrdecbrmining [1ﬁhl®§ §yﬂaﬁtdﬁiﬁa&oﬁ uﬁ@ fraqwnl&? ofRéte 'Rt 9ystem 100 includes
[0022] Fig. 1 illustrates tine domain correlation for

ANGNPF E1BE STERETiSFK 1 5Y Shad pomoennigite detoey mwalrr%ssmqwa@ to one or
FVRCNEAR &t IR apfl TEEGUSD CYZ(Pfcfaﬁe SluEE whéRham r?;l type of
I ncludes one or nore transmitters at" conmu

eonossicating deliessiches warekl p}mne,n&)nmuterppﬁsasm aseArs, hand held or

herec:lvelecanlnIudesu anti al |
i noutoe i, oSt 136 & crpigifel o decode and

ﬁfb@'@é&taedh eﬂq@z{rﬁ@ 120 aBsihet & suchal %lﬁﬁ‘ﬂngdl‘ﬁrda{aaqthggu er frame 130
devi ces, and so forth. Portions of the receiver B

Br genémhllyotymnnf@ddgn ot ©rthogomal direguengy JRipisionf mma;aﬁg (OFDM)

‘lf}g’r?@é ﬁ%& emp ogéﬁ“UCh ? ym ogﬁy @Td(l[))ggr% c%%]efrﬂ;g%{@tglg\gﬁgldata transfer.

Elé diguseaey, Driths Dovisibh Mdlﬁbl@x(ﬂn%g’llbgf BMce gt WasrkvikiB@to process the
| oys forward |ink onl rot ocols for
?H]Hef framgiand deliesming Apspgr ¢ n equemex pHeated timefiomain correlator 150

Bcé{l'véé ﬁ@ sk@értffa%eeﬁmneéehg teé a%x%‘é]%%g[%{i l%ﬁalpfé%v\k/%% 1t gncountels

process t super fra et er

i e IQEDMf s‘yﬂﬂiol vhdre Es dmrmll thatCODIVE aichDl/EPﬂotl are equivalent
receiv H%IS er fra andkggnerates a ranp

@Eﬁﬂﬁut Ig}lnb 0\%%% e%orrbm e@PtﬂVIS a threshold to

St&Bhe wHeg Clehding %r Rl % éd%@tonTt@Mraﬁg qlag—g%é:éﬂg@ﬁlpr@(fe?emuned

equi val ent terms.. From the ranp out plt
thrasbeldotvhich elaedleoprogmmﬁa iroyte ADM @sdmed;sdr tléO if desired. If the

whe I d th
8 A B R R R R b B can b
Sﬁ 1R0ERARE @mplbyed Qo BPMhroNios 8p8@tiodst0f tHef red@Sér €20 whth the super
e threshol d has been exceeded for a predeterm ned

ﬁr@rﬁ% 136 Ohes@spests ingndariivectingrrepleand imaginary phase components (e.g.,
I/Q) and sending to an automatic frequency control block (not shown).

[0023] Output from the time domain correlator 150 generates a well defined ramp in
the time domain that can then be detected by comparing an edge of the ramp to a
predetermined threshold in the detector 170. In one example, the TDM1 processor 140
provides a delay-and-correlate circuit 150, where the circuit correlates a received

sample sequence with a sequence delayed by 128 samples. Since TDM1 is periodic and
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[0025] Since the TDM Pilot 1 210 marks the beginning of each 1 second super
frame, the task of frame synchronization reduces to the detection of the TDM Pilot 1
symbol. The time domain periodic structure of TDM Pilot 1 210 is exploited for its
detection and estimation of coarse OFDM symbol timing. The TDM1 Pilot 1 symbol
210 is also used for the initial frequency estimation. The initial frame, time and

frequency synchronization are achieved by processing the output of a delayed



mul ti-path channels as the waveform periodicity is
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which only one in thirty-two i_s non-zero, whereas at
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of the correl ator output exceeds a predeterm ned (3)
threshold T which is described in nore detail bel ow

[0030] Fig. 3 illustrates an exanpl e del ayed
0028k atThe folbovpinp ebtisidQBtatibiicsgendiealforniddm ng and dat a

acqui sition can be based on nmultiple observations of
the correl ator

k
* _ 1 ., Q
errj_,, =Z,+JjZ;
j=k—(P-1)

(4)

[0029] where P is the period of TDM Pilot 1 in number of samples. The acquisition
is based on the event that the magnitude of the correlator output exceeds a

predetermined threshold T which is described in more detail below.

[0030] Fig. 3 illustrates an example delayed correlator component 300. In general,
timing and data acquisition can be based on multiple observations of the correlator

output when it exceeds a threshold T 310. A sliding window integration over the length

of 128 samples can be implemented by adding the newest term (7,7, ) to an

accumulator 320 and subtracting the oldest term (7,_j,% ,5) from it at 330. Self-

correlating a periodic waveform of periodicity P can include an input buffer of length P
at 340 to hold the last P input samples, and a single complex multiplier at 350. A shift

register or memory 360 of length P holds the last P product terms, wherein the
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[0032] An ARM Interface module 560 allows software to write to control registers
that affect this block 500 and the AFC block. When TDM1 detection is reliable and the
end of TDM1 is confirmed, the receiver assumes that the local clock has approximately
synchronized to the carrier frequency after the AFC block has been updated. Frame
synchronization is also achieved with high probability. A rough OFDM symbol timing
estimate is determined based on the measurement of the falling edge of the correlator
output during TDM1. The determined timing accuracy should be within a few hundred
chips of the exact timing. The AFC block has two counters that determine the timing.

An ofdm_symbol_counter tracks the OFDM symbol number in the Superframe. The



accumul ator value is witten to the AFC bl ock. The AFC
bl ock uses the tan Q1) fornmula to calculate the
w0 e@gueasey error between the TX clock and t he PODEE20854009470
cl ock. [0032] An ARM I nterfacg nodul e 560 al | ows
software to wite to control registers that affect
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goufectimbgy ArhIthe goseciieNteSFRD wiidaeerday bdedegivadilogn the profile
t he data s%/nbol TDMR is periodic and each period is
2194B° ERrp St the chemel FRjae-t he rough tining estimte
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| ock oper tes ‘on a segnment o sanpl es of
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URBE: PR B b 48 Uty oF BN Racptigre for ilusraton
&0 b Wxamble §ﬁib&§1ﬁﬂmby Ethn@ﬁﬁ?Ehleﬁ&H@h dtotehie efrﬁ%gﬁhents these
timng error. If the span of the true channel is |ess
q@ers_[@@@r@gﬁapgnable via software. During the first stage, an algorithm searches
for the leading edge of the correlation curve. The magnitude square of the correlator
output is compared with programmable threshold T at 540. If the correlator output
exceeds the threshold consecutively for 64 input samples (or other determined amount),
the algorithm enters the second stage of the acquisition process.

[0035] In the second stage, a hit count at 564 is incremented each time the
magnitude square of the correlator output exceeds the threshold at 540. The algorithm

can return to the first stage if it determines that the leading edge observed was false.
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F003Y] WhiTHe programmable threshold T 444 can depend on the AGC setting and is
recommended to be computed as T = (1/4) (128* 6,%)* where o, is the received signal
power. Since the AGC provides a constant signal plus noise power M = 0'52 + an, 00
dB Signal-to-Noise Ratio (SNR) can be used for a given operating M to compute the
threshold T. For ADC range =*1, the full-scale power can be 2. If a significant AGC
error is expected (in fast fading), it should be considered when computing the threshold.
The threshold should be computed for a negative AGC error that favors high SNR

operation; otherwise, the detection performance at a high SNR may degrade.



Is proportional to the frequency offset is used to
correct the frequency error between the transmtter
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[0042] The processes 600 and 700 depicted in Figs. 6 and 7 relate to the state

machine described above with respect to Fig. 5. In general, the state machine is in
IDLE state at 610 until it is enabled by software and all memory locations in a
corr_mem (Shift Register FIFO) have been written with ‘0’s. The next state,
START_RIS_EDGE_DETECT at 620, is the starting point to detect the rising edge of
the comparator. In this state, a run_count counter is held in reset state. If the
comparator output is ‘1’, implying that the sum-correlator value is greater than the
threshold, the state machine transitions to the RIS_EDGE_ON state at 630. At every
sampling clock edge, the run_count counter is incremented by 1 if the comparator
output is ‘1’. If the comparator is ‘0’ on any sampling clock edge, the state machine
goes from the RIS_EDGE_ON state 630 to the START_RIS_EDGE_DETECT state

620 and the process starts over again. When the run_count reaches 64, implying that for



may have excess del ay spread, the tail end of the TDM
synbol is not typically periodic. As a result, the
w0 e@guessey estimate based on the tail end of tPer/UEBDG6/009470
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i nterval count, hit count, and run cou
$PARTVEALEQBROCE: BIFEEEIT htatei 676y tunteod]_snuniersset. If the hit_count

SR HAY 56! 8 129HE sBRmachine proceeds to START RIS, EDGE_DETECT

620 and the process starts over again, as it implies that the correlator output was not

above threshold for a sufficient time. Otherwise: If the comparator output is ‘1’ the
state machine goes to FALL_ABOVE_THRESHOLD 650. Then, if the interval count
equals sw_ic_after_fall, which implies that the expected “fall” is not occurring, the state
machine goes to START_RIS_EDGE_DETECT 620. If the comparator output is ‘0’,
the state machine goes to FALL_BELOW_THRESHOLD 660. Then, if the
interval_count exceeds sw_ic_after_fall or if the run_count exceeds sw_rc_after_fall,
the state machine proceeds to TDM_PILOT1_DET state which is shown at 710 of Fig.
7 (i.e., TDM Pilotl1 has been detected successfully).
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DVPRHIONIENDEY snairelwdei thadi enlg hoemort (ROM)ofprégmgmmable ROM

(PROM), electrically programmable ROM (EPROM), electrically erasable ROM

(EEPROM), or flash memory. Volatile memory can include random access memory
(RAM), which acts as external cache memory. By way of illustration and not
limitation, RAM is available in many forms such as synchronous RAM (SRAM),
dynamic RAM (DRAM), synchronous DRAM (SDRAM), double data rate SDRAM
(DDR SDRAM), enhanced SDRAM (ESDRAM), Synchlink DRAM (SLDRAM), and
direct Rambus RAM (DRRAM). The memory 808 of the subject systems and methods
is intended to comprise, without being limited to, these and any other suitable types of

memory. User device 800 further comprises a background monitor 814 for processing



7 {i.e., TDWPilotl has been detected

successfully).[0045] Fig. 8 is an illustration of a
W@ e@e/0okse1 ce 800 that is errpl oyed in a wrel esSBCT/US2006/009470
communi cati on environnent, fccor dance with one or
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aﬁplhfles converts, etc.) the received signal
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streamcan co-exist with a wireless device such as a
99d8k but Fig. 48 skews an byernplagprinelesst copimmricatixin szyewmcH)OO The

mt and receive o a FLO chann
DBERS b el B o oo RoneeiRS St e e for sake
dﬂEbraﬂW eHbat R4, {thato bdi@ppladiaes tioh ehd Sstbm cAEHRIIIE Shore than one

onponent s descri bed herein can be either volatile
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stration nonvo
wmmnlahilalscmh}adrt&hﬂv only menmory (ROM, pr ogr ammbl e ROM
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acts as external cache henory
ﬂylmh@i;tm%) (ﬁmffam dlataoend ipnovidesi modulRAM isgmhukai {“dhﬂaesy’rmbols”) A

BR300 B SRR PSR NcrbbEN:ple 4 BN symbols and

pofab a stream of symbols. A symbol modulator 1020 multiplexes data and pilot

symbols and provides them to a transmitter unit (TMTR) 1020. Each transmit symbol
may be a data symbol, a pilot symbol, or a signal value of zero. The pilot symbols may
be sent continuously in each symbol period. The pilot symbols can be frequency
division multiplexed (FDM), orthogonal frequency division multiplexed (OFDM), time
division multiplexed (TDM), frequency division multiplexed (FDM), or code division
multiplexed (CDM).

[0050] TMTR 1020 receives and converts the stream of symbols into one or

more analog signals and further conditions (e.g., amplifies, filters, and frequency up



(DDR SDRAM, enhanced SDRAM (ESDRAM), Synchlink DRAM
(SLDRAM, and direct Ranbus RAM (DRRAM . The nenory
wW@®60995the subj ect systenms and met hods is i nt rOTEs2006009470
conprise, wthout being Iim't%d to, these and any

ot her suitable types of nmenory. User device 800

r i i t. ..
LRSI RS SERAC RGEMON ORI B0t ot Ofor fransmission over
the avisriess tckan@l 6 Thédowhlislnsipndl §s thea trmsiiltiebrosplyaalantenna 1025

0047] Figq. is an_il]ustrates exanmpl e st em.900,
(o2t o EmFRL 403 B0 A R bt Bk Gignal and
%ﬂaa;deg 6L R URBASIGNA! 0S) BERIBrORGt QRCVINC1GEL! MR¥IVEL Snit 1040
04 through a plurality of recelive antennas 906, and a

congitims (¢. e fiYen, amplifies; ambirequentypdowe comerts) theoeeivedesignal and

evi ces, 904 through.a transm.t antenna 908. Receiver
SRS SontURRsak i S offieBe: vi Hah Rogggtor 1045
@fbdusat@Pendipryaliss AesRed iR syhibbisatlanmadsséonof Zor channel
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esfimseos. ayabehdrpedelatey 184 fedies Jerei g4 frgiency response estimate
|- jeh i led t ,
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res In matron re
syaihods td obtkinpddtalbl@bolr etiataed (whedtetue, esdn@icdrofahy t@hieitted data

suitable jnformation related to perforping the various )
w&b%ﬁgsa@ﬂomﬁ%me&@ EROR §HRatRR FeIR Xpiag BOseson §0pS, which

cicle?nédﬂlﬂatt&e .£0 'é?llélﬁgl W-nfaps): QiERENE esd 1B 4C 95%‘21@%3%1% et symbol

acilitates sending FLO information to one or
gstigpesttp vesovsghe trendnoigted 98ic dataydbhe mrboessi@g dysgmbol demodulator

[t [ | f ] [ b i tt
45 bR S Rafl et AT S SO T Y P (e oEssiggy symbol
1h8@4i8or FO L5 ankOr % RiawSpradksSorauph,atsberi vy, 8% Sccess point 1005.
conmmuni cati on system 1000. The wirel ess communi cation

¥951em 1008 epepiost L0WradplASe direett (ean cantioloaeondinate, manage, erc.)
%q%g%tﬁghkag agéegg rggl\ﬁlt t1@505 'élxgﬁ{\?ev Ginal '153@,‘;%3%?%@?\?61%2 gagé:eltcﬁ%&ize grnocessors

m can 1 ncl ude nore one a

- 090/ mid heB0ecdnhisa agDeiatedr With alemot &inéts n@ddhiotind iadt J8@8 §rogram
stations and/or term nals can be substantially simlar )
@degipnd daient Progesspiiel Weangl HISP wasise pearipeh camgutations to derive

: . ‘ . ¢ .
{EIRREPn e BSPoRE Qlimaicd ¥k the BEA Sl Repdolvely
00X] dat a Pysiems snd ddOdG desarthed dsreif oragdesmpbosased in hardware,
i nterleaves, and . nodul ates_(or s ol .maps) traffic .
SRS PO PHALCRBRRIPLt | BAY &y RISTES (MREIEnERB o processing
i B For BhEhA A e m AP ma§ B8 IiMPRen@hek A% REBSERSor B6re application
data synbol s and pil ot s%rrbol s and provides a stream

pecifiy riptsiggatedh cirguitso (ADiSn digtal sigrd poresspisetR¥Pstladigital signal
p%‘gges?ﬁllg Wevices (DSPDs), programmable logic devices (PLDs), field programmable
gate arrays (FPGAs), processors, controllers, micro-controllers, microprocessors, other
electronic units designed to perform the functions described herein, or a combination
thereof. With software, implementation can be through modules (e.g., procedures,
functions, and so on) that perform the functions described herein. The software codes
may be stored in memory unit and executed by the processors 1090 and 1050.

[0053] For a software implementation, the techniques described herein may be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes may be stored in memory units and

executed by processors. The memory unit may be implemented within the processor or



synbol s and provides themto a transmtter unit (TMIR)

1020. Each transmt synbol nay be a data synbol, a
w@Rloe9synbol , or a signal value of zero. The PCT/U82006/009470

synbol s nmay be sent continuou§%y in each synbo

period. The pilot synbols can be frequency division

O3S o 2. WAL f SRR fiR lgpro o e

proegsseneiy vdrivesmemsn lig kijvaxiadhd M) , or code di vi sion
tipl d . ] 0050] TMIR 1020 receives and_ )
E@ﬁélrt %ﬂ%ﬁﬁ%a#&ﬂ JABeYsinchidss srenpiAhgRRodmsPisg Tt is, of
sbuseal fotapcksibid h Qfes&‘ﬁfédé\;érg Noné&vible BMYildiofSor components or
filters, and frequency upconverts) t%e anal og signha
methpdnlogies domputposes iof klesridpimg the embatineentsybut one of ordinary skill in
ransm _ssion ove he wi ess cghannel . The downl i nk )
GRS Toah B b Rt ian and dRmactiBos s possivle.
Blaeortigigly, NéleSe  Ahbdd@imehahrel @iPndedn t&NéBPABe 1ABSuch alterations,
recei ves the downlink signal and provides a received
modiipations andrvagiationsrthefrfpll witkARe spoitEnd Reapsiof éhe appended claims.
itions Oprs Tl S, almpLif i es nd . .
AR BN d R ey Jhe RO nBBh L G M iher the detitea
desgiipiiaresr theeclsiandiidhaned isinggrlkd t® be kididve aiP hesnePsimilar to
aénbol“denodula;or“1045_dequulates and provi des o
B e BOTBPTBRE s ITiFOPPrisHIgn 1hine@Edest When Gnipdeyed g inisansitional
fotd At d1g/. Synbol denodul ator 1045 further receives a
frequency response estimate for the downlink from
processor 1050, perforns data denodul ati on on the
recei ved data synbols to obtain data synmbol estinates
(which are estimates of the transmtted data synbols),
and provides the data synbol estimates to an RX data
processor 1055, which denodul ates (i.e., synbol
de- maps), de-interleaves, and decodes the data synbo
estimates to recover the transmtted traffic data. The
processi ng by synbol denodul ator 1045 and RX data
processor 1055 is conplenentary to the processing by
synbol nodul ator 1015 and TX data processor 1010,
respectively, at access point 1005. [0051] Processors
1090 and 1050 direct (e.g., control, coordinate,
manage, etc.) operation at access point 1005 and
term nal 1030, respectively. Respective processors
1090 and 1050 can be associated with nenory units (not
shown) that store program codes and data. Processors
1090 and 1050 can al so perform conputations to derive
frequency and i npul se response estinmates for the
uplink and downlink, respectively. [0052] Systens and
devi ces descri bed herein may be inplenented in
har dware, software, or a conbination thereof. For a
har dwar e i npl enent ati on, the processing



units used for channel estimtion may be i npl enent ed

Wi thin one or nore application specific integrated

wa@ 20061094587 (ASI Cs), digital signal processors (BSPEY2006/009470
di gital signal processing deV|ces (DSPDs) ,

progranmmabl e | ogi ¢ devi ces (ﬁL field programmble

I ), processors, controllers,
Wei% @r@%}m m croprocessors, other electronic
units designed to performthe functions descri bed
herein, or a conbination thereof. Wth software,

i npl ementati on can be thr o@@hﬁlﬁ@ul es (e.g.,
procedures, functions, and so on) that performthe

unctions gﬁxgérft)rbc?e‘tiet{}ﬁm%% s% c};po 1Z°‘a f%"‘@foﬁg&?&eéo s19§

5t or ed xec processors

1090 and 40e0e hIBShER 3, 3R1S0 Sl PHETE. 3L BBt e

thd) axgdul es (e.g., procedures, functions, and so on)
that performthe functions described hereln The
sof t war gug?ﬂg $hd e lagnﬁfnq,roﬁ‘éla'tlen E@E@?{c}irdﬁ‘éetasre@él%r to a frequency
executed by processors. The nmenory unit may be
comoamerifelok (&iFDMﬂupdnérapleocessor orexternal to the
processor, in which case it can be conmunicatively
coupled to the processor via various neans as i s known
in the art. [0054] What has been descri bed above
2.ncl udeghexmepbarof eladi, iafthér cbinptiSing Afmploving ehe nample in a
ossi bl e to descri be every concei vabl e conmbi nati on of
@@Wﬁ@ Q?XﬁY$ﬁﬁhodolog|es for purposes of describing
t he enbodi nents, but one of ordinary skill in the art
may recogni ze t hat many further conbi nations and
pernmut ati ons are possi ble. Accordingly, these
2nbodTientethear & ¢laine ofl ethimol , dnishercepngtisingueAmpling an input buffer
| terations i fi ca d variations that fal
6@?&%%@4%@@@%gﬁgfm§ﬁ é@ﬂ Ig? "t he appended cl ai ns.
Furthernore, to the extent that the term"includes"” is
used in either the detailed description or the clainms,

such termis intended to be inclusive in a manner
4i mi | Bhe methodeof chaimm 3, dether ,cgmggsmgg:erfgmg,asqogg)le)q gultiplication

dh GRS PR R R Bl TR Tor " °

det ermi ni ng synchroni zati on |nfornat|on, conpri si ng:
enploying a time domain correlation to detect the

tart_of a uper _ f and utilizing t ti :
omai B& g}eﬂg ‘%M I nf% %%?WW%P‘F@ gp SF‘%‘ 5eg{g?er function
frbRAHEDSHpIER TRAAGNth. t he OFDM super frane.

6. The method of claim 5, further comprising performing a complex addition and a

complex subtraction at an output of the shift register.

7. The method of claim 6, further comprising storing the complex addition and the

complex subtraction in a register.

8. The method of claim 7, further comprising determining a magnitude squared

value from the register.



2. The method of claim1, further conprising enploying

the sanple in a forward link only system 3. The
woredokoghsef claimof claim 1, further conprisi nBCT/US2006/009470

sanpling an input buffer fronhg gain anplifier for at

| east 128 sanples. 4. The nmethod of claim 3, further

conprising performng a conplex nultiplication at the

out put of the input buffer which operates as a

orrelation. 5.. The hod of claim4, further .

e 107 AT R of s i rmisfieicioar B obs Bepiigisavared to
b pederiiRY thidtHdl PV 4168td @fternfine dAEHHRIITADIRE ofid HiniBoD.
further conprising performng a conplex addition and a
conpl ex subtraction at an output of the shift

register. 7. The nmethod of claim®6, further conprising

3000 - 28 Wb A bt BBedifed ME BN s programmable.

further conprising determ ning a magni tude squared
value fromthe register.9. The nethod of claim8,

further, conprisi co ri.ng the .nagnjtude squared.to .
A Dr cd SRS PIRSEOY B Hof BrTAICGRPHS g ke e HPEEdFoRL @ pilot
9mBolPi | ot one synbol. 10. The nethod of claim9, the
predeterm ned threshol d value is programmuable. 11. The
nmet hod of claim 1, further conprising detecting a
rising edge of a pilot synbol. 12. The nmethod of claim

, f i.8t Ng, e ' f] at ' er. .
55 ccthh g ShnEO TR BLRTLECH AL MR dbESAT AN ogion afier
fletettherthe cisipgiedgdg setting a timer to detect a length
of tinme for the flat region. 14. The method of claim
13, further conprising resetting the counter if the

ot . . _ Y Cr o
Ctbseapont gt £ SRS DRk EpbOicesect a ongth of
fimetfhethe latpegian ng conparing the flat region to val ues
above and bel ow a threshold. 16. The nethod of claim
15, further conprising starting a falling edge
et ectrh® MRS @PGRiml T3, ikBeMBoMNPSsiRE rédein® 4 counter if the flat

further conprising detecting a pilot synbol base on
tegion is not detected and re-determining a subsequent rising edge.

15.  The method of claim 13, further comprising comparing the flat region to values

above and below a threshold.

16.  The method of claim 15, further comprising starting a falling edge detection

sequence.

17. The method of claim 16, further comprising detecting a pilot symbol base on the

falling edge detection sequence.

18.  The method of claim 17, further comprising determining an I and Q correlation

value that are supplied to an automatic frequency control component.

19. A correlator module for a wireless network system, comprising:



falling edge detection sequence. 18. The net hod of
claim17, further conprising determining an | and Q

we@erseheei on val ue that are supplied to an aut BOEHUB2906/009470

frequency control conponent. . A correlator nodul e
for a wireless network syste conprising:a tine

?gngie? %Eé dgllnslltﬂo rfeﬁ]a%r tha{) ﬁ?o%gsesgf % s%?@refra%e%?d t(') %efj ct a signal

mhgﬁahﬂhdddﬁhﬁ@ﬂ@mamhamienploys t he signal nagnltude
to derive a start synchronization signal for the super
f r amea  hEsholdo BeteetRt thtldemelogs @Pawml@lgmagw%io derive a start

%%FH ﬂ]@{ gdata buffer and a
aye%bgg%p%angﬁﬁwgﬁﬁgi :@gnndule of claim 19,
further conprising a conplex nmultiplier conponent to
process pilot data. 22. The nodul e of claim 19,
pair t her Tenraodé bfclaim ea&ithemneniftisiig 4t€edss b sdnhpied tga buffer
process pilot data. 23. The nodul e of claim19,
fifk 2 Aedpyedompieshdra conpl ex adder and a conpl ex
subtract conponent to process pilot data. 24. The
nodul e of claim 19, further conprising a magnitude
2hnponerithetmodidt ef ¢thine 19, Hertbdrgroalprismgra dontgdex @nltiplibecomponent
nodul e mt$a1m24 further conprising a conparator to
WREreSF RBOHA | ot start fromthe signal magnitude and
a predeterm ned threshold. 26. The nodul e of claim 25,
further conprising a conponent to programthe
$?-edet erffieneddultipeshiond 9, frtheThempizing et tehstodngi shife ézgister FIFO
Iurr%ge%g 1otnEP ising at | east one state machine to
et 8Y T Re pllot start tinme. 28. The nodul e of claim
19, haV|ng a machi ne readabl e medi um havi ng nmachi ne
execut abl e |nstruct|ons stored thereon to execute the
% ne donfiermedile ef eeigr 19 further qomrsishng aceaples rdder2gd agomplex
oﬁﬂﬁongﬁtttgéfﬂc@és lotthg@ang data in a wirel ess

netmo neans for analyzing a super frame
to detect a S|gnal magni tude in the tinme domain; and

2? :HI }16%%:9 I(J:Itg: (gg calfeu%eo@ %ur%her co%]ll)r'l;slilrtljge at r%agnel%u%re rTéorr]neponent to

determine the signal magnitude.

25. The module of claim 24, further comprising a comparator to determine a

pilot start from the signal magnitude and a predetermined threshold.

26. The module of claim 25, further comprising a component to program the
predetermined threshold.
217. The module of claim 26, further comprising at least one state machine to

determine a pilot start time.

28. The module of claim 19, having a machine readable medium having machine
executable instructions stored thereon to execute the time domain correlator or the

threshold detector.



t he super frame. 30. A machine readabl e nedi um havi ng
machi ne executable instructions stored thereon,

W@ 09p09Yseng: processi ng an OFDM packet to det eRCT/EHS2006/009470

signal magnitude in the tine mai n; and means for
detecting the signal magnitudé to determne a start

M N ' f et 31. A machi
2 iy o RlEor e TR AR s Nl BB inprising
t her eaang Gorpariadyzngy aasupéuframnetty ddtecdal sighdlemagnitude in the time

toring correlated values froman OFDM broadcast
a‘é‘@%@t?nda data field to store a threshold val ue for

anal yzieagk fh @ittt Meod i ?Igaggﬂﬁ&efd %&&%}iﬁe QUPALALY signal for

field to determne”a st uence base I n part on
thesupdirfeshol d val ue and the OFDM broadcast packet. 32.
A W rel ess comuni cations apparatus, conprising: a
menory that includes a conponent to determne a tine

g0Mai A GRChiAkE Aefdabla @t AN FREKLY exeEiMble instructions stored
broadcast; and a processor that determnes a start

therponbgonapnigtes:i ng the time domain correl ator values to

a programmbl e @H)g\%hold. 33. rocessor that. . -
oo PBETRE: &, DRPAR SRy o Beishh  EGET TG in the sme domain
amf ormation for a wrel ess conmuni cation environnent,
the instructions conprising: receiving an OFDM '
br oad®&3Rs {94 cREecting) Eiceyi ghah Mpgnitidretogdmierttne astas) Bmingnyignal for
&@(hﬁgwﬁf {roadcast packet; and determining a start
t1me synchroni zation for a wireless receiver base in
part on the tinme domain correlations and at | east one
H]r eshol d .val ue . , .
. A'machine readable medium having a data structure stored thereon, comprising:
a plurality of data fields storing correlated values from an OFDM broadcast
packet;
a data field to store a threshold value for analyzing the OFDM broadcast packet;
and
a comparator field to determine a start sequence base in part on the threshold

value and the OFDM broadcast packet.

32. A wireless communications apparatus, comprising:

a memory that includes a component to determine a time domain correlator
values from a receive OFDM broadcast; and

a processor that determines a start time by comparing the time domain correlator

values to a programmable threshold.

33. A processor that executes instructions for determining timing information for a
wireless communication environment, the instructions comprising:
receiving an OFDM broadcast packet;
determining time domain correlations to the OFDM broadcast packet; and
determining a start time synchronization for a wireless receiver base in part on

the time domain correlations and at least one threshold value.



