PYRI M DI NYL BENZOTHI OPHENE COMPOUNDS BACKGROUND OF THE

I NVENTI ON Protein kinases nodul ate a wi de variety of
whe@bosise@l processes of cells, especially thoBeT/UREDG/060950

carry signals fromthe cell nmenbrane to intracellular

targets and coordi nate conpl ex cellular functions.

Many extracel lular stinmuli that induce cellul ar

responses to occur inside the cells act through

affecting protein kinases and the pat hways regul at ed
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responses such as cell proliteration, erenti ati on,

m gration, activation of transcription factors,

control of protein synthesis, regulation of cel

cycl e, secretion of hornones and cyt oki nes/ chenoki nes,

and gl ycogen netabolismcan be regul ated by these

extracel lular stimuli. Exanples of such stinmul
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R12 is (G -C4)alkyl, trifluoro(C 1-C4)al kyl, benzyl,
or (C3-C6)cycloalkyl; R13is (C 4)al kyl,
w@ agvasseycl oal kyl, or benzyl optionally substPCTUSZN06/060950
with (C C4)alkyl, halo, or (G C4)al koxy; R14 is
(C3-C6) cycl oal kyl , piperidinyl, indolylmethyl, or
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the term" (G -C 4)al kyl" includes straight chain and
branched al kyls, e.g., nethyl, ethyl, propyl,

WO s@posgsgd , butyl, isobutyl, ec-butyl, and terPebus3e060950

The term i ncl udes net hoxy, ethoxy, propoxy, and

but oxy. The term " (C3-C6)cycl oal kyl " incl udes

cycl opropyl, cyclobutyl, cyclopentyl and cycl ohexyl.

The term " (C2-C4) al kenyl " includes straight chain and
branched al kenyls, e.g., ethenyl, propenyl,

I sopropenyl, butenyl, isobutenyl, seobut enyl, and

terf- butenyl The term "hal 0" includes fluoro, chloro,
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at the 2 position of halopyrimdine (3) is then
di spl aced by (4) or an excess of (4), often at

web@varesad t enperatures (-95 0C), or in the preBEnT2008/060950
a base such as sodi um hydride or lithium carbonate to
produce Formula | . The primary amines (4) are either
comercially avail able or may be prepared via 1)
sodi um azi de, am ne or protected am ne displ acenent
reactions on al kyl halide or al %Isulfonate substrates
or 2) reductive am nation of al dehydes or ketones that
are known in the art. It should be clear to one
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chromat ography on silica gel and eluted with 2 M

NH3/ CH3OH i n di chl oronet hane 0-5%to provide the title
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Preparation of

3-(4-isopropyl pi perazin-1-yl)-propyl am ne Hydrazi ne
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2-[3-(4-isopropyl pi perazin-1-yl)-
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fapple e, SPIEHSIPY- teﬁé Icpta’elﬁte(QC) qg ,a eqpency error estimation

Rt rehik¥l, aR8IR ot funBli@RAr At hn 305 rém63cs the guard interval in each
- hydr yl ) - piperi di ne-1-carboxylic acid

OXypro
tre‘fﬁtwe&uégPl\EgtlebolthaS@%w ap K| Stayt panbgraad r¢ddesk gnput samples for
16.8 mmol ) is added to a stirred solution of .

3- pi peridin-4-yl propan- 1-ol (1.60 g, 11.2 mml) in

anhydrous di chl oronet hane (20 nL) at anbient

tenperature under nitrogen. The resultant mxture is

allowed to stir for 2 hours. The m xture is directly
subjected to chronatography purlflcatlon on S|I|ca ge
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Usi ng the net hod of
4- ( 3- am nopropyl ) - pi peri di ne-|-carboxylic acid
wo eqo70mesey| ester, the title conpound is prepaP€rus2vd6/060950
isolated as an oil. Preparation 16
4- (Benzo[i]thiophen-2-yl)-2-chl oropyri m di ne Aqueous
Na Cg 3 solution (2 N, 45 nL) is added to a stirred
m xture of thianaphtha-2-boronic acid (8.00 g, 44.8
mml ) and 2, 4- dlchloropyr|n1dgne (6.69 g, 44.8 muol)
in 1, 4- di oxane (100 nmL) at 60 OC. The resultant
n1xture is allowed to stir under nitrogen for 30
8Re mﬁm\db@hﬁfoe phwdETeSaf it PGt the. (38camen® of 4he FFT window
?no is adg%g? 0 tgﬁ)?ixture. The resultant m xture
g p Fae ﬂ%ﬁﬁy %n an oil bath at 90 0C for 14
Np. AborddHeh &Béeﬁrﬁmﬁmﬂ l$fyﬂ).boﬁ QOuntit 3 QH@bﬂ’oamja zm@om FFT/DFT

al f-saturated aque& l\& Iutlon are. ad ({ Qel for the K
ﬁm% Kelnpith gargplgs AR Proyyess E‘éﬂé’ﬁ%“rya?‘é‘aa%"&c?lﬁ% SYmbo's 1o
RANCQhah@Y €A | chahtidlt REinaRoct BT tdetlvid bheHahikbiBedtiblc bascd on the

The conbi ned organic |ayers are dried o er so

SeFha O kaPSbR. Tie oPes SRt SHYdM ¢ G g, ettt impulse
‘P@ oﬁ‘»%l ésﬁmd%@awbﬁﬁ %e‘&ﬁéﬁﬁy‘-&tﬁ*n&ﬁ%h%iel Frdueh@t Ryponse estimate. A

O n) are added to the m xture and t

he
ﬁa@pémp@ﬁaﬁos EénipetpEes aif%ﬁ ﬁeWéPléE}O{*/éeEjP%n £y the received data
?I{I:lhﬁqo s wiltEth§ Rhhthell sthﬂﬁ@ afll PR Y& Hatd syBhdTlestthatégr m

ronet hane an romat ogr aphed on silica (ISCO
FR4H2] SepAc bimentracking '@Ppt a2Qineetorne time | Eackip Jandesgdbed below,

%ol f8s Stf?% b &gh %MBQ{)ﬁbM %681 the ﬁI%LﬂaeQ 8 FFT Start
en- -y

enzofl -2-chl oropyri mdi ne,
foltawi Aghmgipn@m&imvmm Byt hden sigwplicipndFDM demodulator 160 may
0 ERARR A5 BOE Ol fueloh Bfch, i e QR RRABAUDR Froquency tracking,
Or OpyT I M di Nes: rep ar &t i on
4n¢Benﬁmfﬁkmhbm$hen 2- yI) 5- bronD 2-chl oropyri m di ne

- yl th| 20 7 in X [ d
3?@%& se %m}f s‘?s iy g%% g‘ fon" ‘fk‘%%ﬁcz) gi]ztoh?agahg&gr units within
(GEDNIZdgnodflatod lﬂtmhha)y pemfcﬁmhmdb@smgTdﬂﬁhc( %npdie)rafat Thz8e units may
under ni ro en ul t ant solutlo
eloddicimae tho glRlas o mstiirin, PRse St lands Bl MBer o roduce
Reppatatibhil &ﬂﬂ}ﬁﬁﬁty S "Ilhhﬁtﬂuﬁﬁtﬂﬁdtyvala) oatsdmplovide ré@ived signal and
mnutes to a stir g,g(illsolutlo Lt For clarity, the
PEHPBRBTICEHNS ﬁba[a Chiats HeoTds! @eaclievg heteresplytion, ’

R HHOHS b GdRend¥LproabssingD af Ghe Waaiplé heter ol efi@n quantities,
of the addition, the solution is allowed to stir at

cgpstassand thisshelds pregHyen B0 SHPRIGTEYS IEPNSIBE 0 0C for

3oe341e” e %M&Sma}T 'i‘)@rfbﬁﬁodrh@ @rabl&n UgRehieds \Mldnhers and based on
acetic acid ( 1.99 g, 33. mol ), en after

rMapgeeypes pf prsfom@mrewnmvﬁheaﬂ%ﬁr@#% nFef 3’933@’1% 7hg jragsmitter may
g%angui;m 1ldtn01@r}h‘y%9&&§db-rﬁﬁt (48 Quitte)mily dHibieBSacRbss1he K total

! xture is stirred for 20 m nutes _at 10 0C
tsabbﬂnels; whers lcoNcekt r Bherpceiyeyings repeierae QBPMysymp@l containing the
n o) £
3ok L BUATEANED D PGS RAOETINT B Pt
Sthé rdcawed\dlfl' DMoryaibol @Dolpthinc reredfedrpilot symbeld ferdt Wégplﬂot subbands.
e sol.id. Th conblne fil S r
ere%elg%rl mhay H gernoye guel Iéloc?uelglé(%lsorg%h N 9&%%&1 ];ﬁlto? gyﬁlﬁ’olb to obtain
oV chbeied pairdsanel (2§ perfoidi &t promt HQ?T/UZETm_@ thgnd ¢hiamnel gains to

SusBenson Lo sooated and bl et k0. g1 AEnhi5ubd Uifloh may be

RiapRbadsd PNfex A =0, ..., N-1. The receiver may also derive a channel impulse
2- (5-Brono- 2- chloropyr|n1d|n 4-yl)- benzo[l]thlop

_TEENopeK yastimatec it OgRE | BRRHEY | erde Y Ahe 3By o8 3t Hﬁ’ anem that is
2- (5-Dbrono- 2-chl oropyri m di n-4-yl)-benzo[i]thi ophene-4
-carboxylic acid. Butyllithium (2.5 Min hexane, 14.1

m.) is added dropwise to a stirred sol ution of

benzo[i ]t hi ophene-4-carboxylic acid (3.00 g, 16.8

mmol ) in anhydrous THF (50 niL) at -78 OC under

n|trogen The resul tant n1xture |s allomed to stlr for

. o, —r~ e~~~ |\ . - o -




(2.00 g, 17.5 nmol ) and diisopropyl ethylamne (2.94 g,

22.8 mmol) in anhydrous dichl oronethane (50 nlL) at O
wOMo7/0kes20 esul tant m xture is allowed to stir PCT/US2006/060950

overni ght. After concentration and subsequent

chromat ography on silica gel, eluting with 2 M

NH3/ CH3OH i n di chl or onet hane: 1-3%

benzhydryl - 3, 5-czs-di met hyl - pi perazi ne i s obtained as

a white solid (3.0 g, 61%yield).

7V- ( 3- Bronmopropyl )phthalimde (2.50 g, 9.33 mmol ) is

added to a stirred solution of benzhydryl -

Besoribad Setbiwyethhytepsipar paiforens( @m6 lirgpkinty B3sednoih Jtha gHannel impulse

dii sopropylethylamne ( 1.81 g, 14.0 nmol) in

?\fﬁsmsﬁﬁﬁ'é MScet amide (25 nL). The resultant mxture is

[oabpd ab1d. 2P sikvd abicbk diagat. ofAfd enbedineendf titiedraciing loop 320

gluﬁsq%%g/e%gj{q%ﬁm%%gm%ggmgql %:,}!31'1’? %l(g célé(el ﬂlt Il@%hanne'l']taps for the
ERrraft iIRSRARNMEEYImsE cBtirtEtc Frath BRI éﬁtﬁ@[taiiﬂ 1% kn@/éc)nliprtc}spthc squarc
rown ol

yl]-isoindol e-1,3-dione_is obtai nei:l Og fg des of th

[eeyudy ougrsiyahanepl, tapy Mokt lemey 2lspofilfer 189 sgusfigpaenitgdes of the

@ﬁi?ﬁgl(%s% @c@%& ﬁlﬁﬁﬁ)lé Mdl%ﬂ@ﬂb Unit 410 provides a channel power profile
- 3- (4-benz -2,6-cz' -

dowainma B (ﬁéﬁ%ﬁﬂl q)% ~ynfifieyed) sapare asaispirisiiaey foy thy Hrphapnel taps. A

ﬁet%c?tog 414 d%%cEETRJr )ihé ir&lHavRk {af (FAP) addendliadt WrRinsSpath (LAP)

eated at 70 OC for 12 hours to forma suspension. At
bassth o rbbe rdeond porecpxafile emdspravidesrbg datected &AP ‘and LAP, as

Ui 94 elolys ity in the det tdFAP dLAPand
gé_l(%ﬁ) enz ydry}?(}%ﬂG cz' Sodl Fre %L-u}f E)Ieran|er:1?lc-eyl an

praidas eoytpdt, HAP pnd7h8Py | Al @pteayfgna&ﬂ (CI¥h) dptgrteri ﬁ (te,grermmes the
i:ﬁ%tgr rr%jltvﬁ% gylo?[thé' ’cﬂlt&e?%%%? préﬁ%l gaspci QRYhe 'Burt]ﬁt WAPGnd LAP. A

Suipdher 9 prsobiydqis permizfgrtaﬂgey ﬁ))ﬁpﬂ)@@pltmdq ecnter of mass and provides a
g‘y’?{f% ggfpgeb‘h% tfr%% tgxizg% %soam ﬁrgertrg HR{OB%¥ %@ d?g’g éﬂ?‘mdow and may be a

E'@jiahﬁiabmﬁvaaﬁe The timing error is 1nd1cat1ve of the error between the detected
| or o- or gpyr.i.m 4-yl)-b nzo[ & t hi ophene-

Ee‘%g?‘g]d%?’f’s apdd {}? g”%?é%ﬁ’ﬁl% Vi t&ﬁﬁﬁ “Preparation of

3663%1 chl ar Rop-filtad GopFitdr St ﬁmﬂng/ b])relbemi pfa?z]uﬂdml o filnéme adjustment.

- car box c acid An. a 0 2 ut i n 3
ey Hescrabetthedt BT FB ataeti FUA 307 AEPISHReBe { A1 order lowpass
‘iﬁfep OA)iﬁﬁH‘iéﬁEﬂ tliﬂnﬂﬁﬁﬂi%s Zoeih QI @FUrGvidiCh @a1€13 }63urgmer 424 sums the
and di chl oro-5-1] uor yr|

@u;cp_yg of Iﬁ?ﬁlﬁp})ler ﬂﬁ%pﬂ% @ﬁé@}%(ﬂ g, H.gﬂlt d %)S(bw&e_s) the timing

%H JsQﬁEHtt IS Bhid Q6 LRSS tHY StRE ST sehﬁ@@rpmr R)r thipAext loop update.
onpl etion of addition

@ﬂ‘}?ﬂ ‘éﬁﬁt@?ssa@ﬁfqrp?%‘ﬁyqrgﬁé}@pﬁh}p?@nﬁ dpevaalsa ke yspd e Joppfilter 420. A

3R 45 0! AU AR i h O eﬂféuﬁ%ﬁﬂ t@ﬂwtﬁfﬂ%pﬁeﬁ@teﬁﬁﬁféﬂlr@ﬁ}ge of values and
mxturels heat ed at” 100 OC over ni hd The m xture is
agrt‘) 1§

eoovides aadenogretd dy7RstHentppt th afeseRRe ych the FFT window
%ﬁ([n%ld %relsmt)?ei%if OA Pt 33 ('}he @‘&@eﬁfce/frétlaid SQith@NwiARhe current FFT

water, the so dri ed under” vacuum
'swt qjmyxtc;dfrcprd 1 éelssaypérf@éohndrprgwdﬁi apfupdated FFT Start pointer. Delay

QeF R RIRL BANGIELATRA! sibhointdr fof &Y R4 Ribp Wpdaker e,
a g 3 IEJ agal O proviae
70027 chl @eteckorf 41lmrrmgydetmtdﬁon e VAP bedhZg{R Jin hiaophe menners.  For
Ig;lggg,: agt(s)]?%c# %§&1eme éor d%?ecghg Aé}ElBO/%KPeAn%) LAE’ @a‘sed on the channel power

%réﬁ}cclhldmax&df balewopRer thigsehetncy the besrge[df|athclogpinehtaps within a
carboxylic acid ¢ e Usin the thod of
Sl aEH S e P IR oA Loy SR AT ) SieIRRES cor

boxylic acid cycl opropyl am de,
2-(2-chloro-5-fluoropyrimdin-4-yl)-benzo[ & t hi ophene-
4- carboxylic acid cyclopropylamde is synthesized from
2-(2-chl oro-5-fluoropyrimdin-4-yl)-benzo[i]thi ophene-
4-carboxylic acid and cycl opropylanm ne as a solid (89%
crude yleld) Preparatlon 26
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a slightly yellow oil. (680 ng, 64%yvyield). (B).
Preparati on of
wd 200y 5By met hyl - 4- met hyl pi peri di ne-1 - car boxyl PCT/a810d6/060950
tert-butyl ester 4-Methyl piperidine-I,4-dicarboxylic
acid 1l-tert-butyl ester 4-nmethyl ester ( 1.48 g, 5.73
mol) is dissolved in THF (15 nL) and cooled to 0 OC.
1.0 MIlithium al um num hydride in THF (6.30 nL, 6.30
nmol ) is added dropw se. After .25 hours the reaction
I's quenched with MeOH, then stirred wth saturated
Rochelle s salt until two layers form The two | ayers
are ra‘t* cyi"agg ,he aqueous | ayer is treat ed with 5
and e ted-with diethyl etH&F % THhe--oMfahic Eq (1)
Iayers are corbi ned, concentrated, and chronat ographed
using silica gel, eI uting with Et OAc i n hexanes 0-40%
tvohaye e s tlee Q‘Iletg)eoﬁbﬁpbml tebs dithin SheMidirgy windo(wG} tap position £,

Pr epar

4- et hgjtnles &%d#)}logg(he Shtdhnﬁ Wﬂldﬂ%’t ﬁ’?ﬁ pi peri di ne-| - car box

ylic daned NEdeadtas y meelst@N dperation.

4- hydr oxymet hyl - 4- met hyl pi peri di ne-1-carboxylic acid

t189381but Jhe sbdiag Windo@5vigth fagHemoteticd av Ge Possitldd@r equal to half of

i n_dichl oronethane (1 t 0
50, b SR TR L0424 25, e e
rmphse réﬂfljoesa Stinout engtnB tepidhlly (R kha8@H ogaheidtth@uard interval, or
gng ﬁU|f§ %Ichl r|de and?gﬁrldlne are added. After
Fodr THE i BECHEE ATt Bteret db Reusibraralksied fohe grester than the
Ehﬁiﬁiel dBlhyWwpteall idloed@dd @doidlide afl gﬁi”sﬁ tlugtgcﬁlg (el') %(sesleatllally moves the

centrated and chromat.ographed
\Rf 5 mé’eaOernd UG JAghing Aerops thay, shenedlvnovick erefile|aad, Ebr cach tap
%@Bﬁﬁgirig? Fg%p%tfey ehd Q@) be {he]WQQ]aﬂnelgép@ WhthinGhe (s@img window. The
{15 VI8 FBIREP Y 1Iams iEeund 191 therfrant wé the ehunek power awifide upon reaching
e dnd 8K hb RSB pdWer profile.
4- met hanesul f on Pox met héfm 4- et hyl pi peri di ne-1-car box
WP aci & fiwige dtfﬁﬂrwceesﬂ ¢@nauted gor dachIapnpokition based on the tap
dhé.%gslsvgsdfohgw O (3 nmL) is added potassium cyani de
(0.373’ g, 5.73 mmol). The mixture is heated to 130 0C
for 18 hours. The react| on mxture is cool ed and
di luted w Et OAc a E/ater The organlc aye%T IS
concent’t atées), " Pak¥h b Th*MeOH and c Nt atetf dgai n Eq(2)
to give the title conpound as a brown oil (263 ny, 77%
yield). (E). Preparation of
hewe alﬁsrfbefﬁW }ilffﬁl‘wmehyﬂm pet i di ne-| - carboxylic acid
tert- byt k'th@ﬁhﬁéd %( & ) suspended | n

& i al e%u%t% pgr,L 4 49

wat er [ t hano cyanonet hyI

meymm WARE

(0 Sé)g 16\2(;1 'o'FQertlgtﬁ @tg Fk)s(ﬁsﬂg %%Bﬂju‘tee ano {ey !‘1163@ n{ ce, "Iaﬂs sliding

WCNFBS ’(nﬁl?]?d {103250 y fashive gcaesst the wharined power proﬁle For each tap
e st:kred at. roo .

?gﬁ%@? gt ﬁlreefﬁ?éodlﬂgfeﬁpé/ fH' Q9 %@ég %F ?%en&ﬁtferenc? %etv%eenrﬁle combined

endrgiss ao the firgtnialé of Hbe (shdlalgywmeWhEmush‘élefddrmwlﬁécB ehégies in the

mat hed I I,
%%B%i&ﬂ&ff%ﬁfﬁ% Sﬁ%}}{@ R Kllqlgaf)nel\/eo()r—]b S: nl ca ge
H0g8] or ohiwb aeteics osegli toeddidre o1t theeF AR BRO UNP (k30 8sfined based on

%vield). P ari 29
‘g‘g(%l;y?}eé?])ﬁ 7%4 ﬁ%ﬁ\rﬁr{lﬁjﬁﬁﬁf%@? VHPES 28 fI°YY hyl ani ne To
2-(2,2,6,6-tetranet hyl pi peri di n-4-ylidene)-ethyl am ne
(0. 48%9»(/‘?2—@3 Bpl)— o) - W‘%ﬂiln(mmm—) fos ipdded, 9% Pd/ C  Eq(3)
(48 ngy) and N HO (2.63 .2 mol ). At 50 pSI
hydro% gas at 50 0C the reactlon m xture is stirred
for &t} S ~OThE, tébhc th DD j5)Lid t erfod 4005 epiVel f he Eq (4)
catal yst and resubjected to the reaction conditions
using R PPh 3 (0.26mol ). Due to inconplete reaction
the mxture is diluted with water, concentrated to
renove any organic solvent, filtered to renove any
sol [ ds and then concentrat ed aga| n. The resi due S

o . L S




nmet hanesul fonyl chloride (3.45 ni, 42.6 mol ). After 1
hour, the reaction is not conplete and is warned to

WO o@mosseper at ure. After 18 hours at room t enpRCHUS2086/160950
equi val ent of pyridine and 1 equival ent of
nmet hanesul fonyl chloride is added and stirred for 4
hours. The reaction mxture is diluted wwth Et OAc and
washed several tines with saturated NaHCO 3. The
organic layer is dried over Na%SO4 filtered and
concentrated to give crude
4- (2- cyano-| - met hanesul f onyl oxy- et hyl) - 4- net hyl pi perid
ivﬂﬁal'r% &dnAsYArk GodrBicntsalstd MHBAP a6d BAP Assitidn)gsidddiVely,
yi e

4- ( 2- Srant®) s afetris FRSBAP sistACERY &t 1Y PpsiEiond 14 pi per i di
ne- 1 cay baxy ﬂs'acrnétﬁb%tt EAi"dQ‘eéthibn ﬁ@’@aﬁ _})0@1510?17( g, 15.8

nmol ) an trlet ylamne ( 1 are

ﬁﬁﬁ@ﬂl vegob it it (@Qeﬂﬁhﬁesaﬂ@ stéﬁﬁta@ijcy%tf tﬁQFQ@ fi&kctlon and may be

our "and concentrated The residue is dissolved in
ecleaz@d anch et ke FAR ishdateetesh if it isdhe tashisegr yeuedetorgia drop in a zone

@I ;%r{r? tglcl) %h £ dacguﬂqute]do QI{&%&C hl 5%81%% h %%gft{c(?eng ' &e determines the

4efdteiyaodihc HAD détecmirhgﬁdpnpﬁ bt delneted sw@rﬂheb(gd LAPagddtccted if it is
% fﬁ t?% tg{g& \éﬁj{l eﬁ.? %)Ee a rist in t%A) InE! oqf) ne%ts-rr?axct:mgr%r ac%lulnulated energy.

4de3ri@bhi QRrMBYd,) méy BBLBtBl pe bidlidegdodgerRmishte for AP and LAP
terf-butyl ester

detsetipmrisspectivelyyandonrne fetermimed Pesndar compreer sipylagion. empirical
xtéa%m%t&ttst ehd s@%yl ester (1.00 g, 4.0 mml)

;Q % and 28% aqueous NH3 ( 1
dﬂ%ﬂeat dhedocation @€ theF AP mardie depamrngd based 90 S@S‘t(k) as follows:
hydr ogen gas for 18 hours. The reaction mxture is
filter hr concentrated, and Ea (5
chr onatp%gpapet% Ehagiftlg @%/o (ZM NH3 in MeOH) in 16)
di chl oronet hane to give the title conpound as a cl ear

X!rll(egg Q‘A% glanh %% !)t‘(o%l adgietg{t%? %‘“VA%t {)ﬁﬁ}fﬁl pwgg (L In eCPJ[g,thIl (5), the

Aytigiest majfdre?ﬁﬁp(kmsyﬁrsesieanﬁem ang IfzhEd nesdidd thé indae that yields the
ﬁertr%gtrv%itiﬁeofgq g,f F/5) . - . .
- (3-a opr op¥1'Y- 4- met hy! pi peri di ne-1 - carboxylic acid

t[@043]but Mhedsdagion of the LAP may be determined based on Sp4p(k), as follows:

4- (3-ami no- I-hydroxypropyl)-4-nethy|piperidine-l-carbo
zykaccéﬂng te{nngﬁgy%kﬁeae&uis prepared from Eq (6)
-hydroxyethyl) 4- et hyl - piperidine-l-carboxylic acid

terf- but ester tion 32 -
2-(2-h rdcr mnétWytgﬁl di n-4-yl)-benzo[i]thi ophene-  E4(D
6-carboxylic acid A). Preparation of

Zynidre Lgﬁﬁlcpfsodnﬁnw ﬁ%lapd'é'tédt@djt,ﬁ@' Skt cibanaehbdnt MheRSibns (6) and

e- 6-carboxylic acid neth ester
K&hztbp isprelegpradwre f6- Sar®s 3@yf1¥5(§ idantifiefetheyinders thet yickdgthe smallest
l,ved i
S0 TR ST 00T G o v i
difi’sap ideyhadiNnepesatian incaqugtddn (1) ccﬁstﬁalms Mgdltq teorijhin a range of 0
[ |

TS, STy oRBHph 08 ERELd BRI e e e ana .
hesptivdlpeand®APd and LaTstdenoedhatietecodiFtAdhper BABr esfastively.

]Igggg]r athﬂg C&ﬁ%{‘%g%’ éﬁ]dslh%r&lf %rAcb d'fABycl‘le?é@tx'oW golr naen exemplary
chehﬁétdh@heeyb@wwéum@)té erﬂﬂﬁteca(niplé)ﬁNg; 16L, 8l theohnnel impulse
pal l adium (11) acetate éh%%l and Odh% h
CETRAG FEIE cofitais tz‘mol %ﬁlys %trtép 5’86‘88115 (784 &, as shown in
reaction is heated at 70 OC for 20 hours. After the

reaction solution cools to roomtenperature, water

(100 nL) and dichl oronmet hane (100 ni) are added. The

resulting precipitate is filtered and washed with
dlchloronethaneto glve a tan SO|Id (4 55 g) The

Y S s



roomtenperature, the mxture is concentrated and the
resultant solid is washed with diethyl ether (20 nli)

W 200gi0s%s2@ yel | ow solid. The solid is suspendePlCT/IIS2006/060950
di chl oronmet hane (5 L), followed by the successive
addition of triethylsilane (0.7 nL) and TFA (4 nl).

The resultant yellow solution is stirred for 2 hours.

After concentration to dryness, the crude product is

di ssolved in MeOH (20 ni)/ di chl 8ronethane (10 nL) and

the solution is treated in porﬁ rons with 2N LiOH (4.2

m.) to forma suspension. After concentration and

SEH0R €T e i1 G B kR we aaplay 59D & ﬂhbceile%@l £, @hltd PtV 1Uhof the finite

M NH3/ MeOH i.n di chl orone e 10% thetltle
C‘BEEB@&H%IQ swiht WineardsQa leitolf g?ﬁ & ipppuiss rgspopsepiiimate shown

éir%(é%gr ?tgl-l-g)n Séb H84s (a%g él@&pmg%?eﬁggzgpzk)[a% |Eﬂplo’c 518 of the metric
[ Sk (RY, @hﬂorxprﬁx nsed)ﬁyl pyri m din-4-yl)-benzo[i]thiophen-

6- I; nmor phol | | - met hanone Usi ng the net hod of
2[052 I5- dv%ﬂﬂhemplyr I aFn the JAY masnbo picpTtAingp b istestipg for a falling

bopeylih G185 19 BY gleoé?fe%YEP R teh ndeySintthdnl G £RBRAMBE bi Hetecting for a
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5-di chl - met hy| sul fanyl benzo t hi ophen- 2-y l%h
[B%$ mi le I-T—% aStg{tl pqn@’a:rslé| wc?/ 1f crent manncrs for the channcl

Gopibpivt smhtany Fag n@ﬁl[ab]itd@ OPlQﬁ&e 11§col=reéﬂ-d&ect¥onsgf {E®AP and LAP

and triisopropyl borate ( 1 ol ) THF
(oo liniy egpneops CrniRgEen Af f{hrso“éémlql @I&’é‘ﬁ%’d WHiglhhghresults in the FFT

chjths ogun%y lb@mgnﬁpciﬁe@ iMe stbMial Wrl Rfdng mﬁnéﬁ%ﬁlb@ May in turn

is allowed to slow Yy warmto roomterrperature
Aggerslg performancgfoChoth 2iomatrqckimDanyl dpadeteptinsl. | | n 11mL

t f b h .
L L
Eviluste( ioplnarofiigsbo ﬁp‘rtbﬁ &APar amﬁcbhé]i deaisicadita rdle(el‘m)ne whether these
C({%L]t%{délg %{e( %H;%&gr mé:é) %ﬁn{ﬁ%t}othes%e eaﬁcfoe&rgpe nfﬁ e§1s tﬁat the FAPd
aod| eAPY dlecamms t ga@eratt, raagd h}lpetms pk msAyodericae fal hmﬂems that the

S I, S.washed w t and. et hyl . ace
ik e cbp SR A EEE udeoro Pt e tb SR B ggeiver may
bycaitrocmthe ghaplyl tepolsgy ferathgehypdthetid BY ewplolting the OFDM symbol
di chl or onet hane: hexanes 2:8 to 3:7, to give the title
product as a light yellow solid (0.19 g). Preparation
46
2-(2,5-Dichloropyrimdin-4-yl)-benzo[i]thi ophene-4-car



(A). Preparation of 4-ethyl piperidine-I,4-dicarboxylic

acid 1-tert-butyl ester 4-nethyl ester Using the
woredonoshsed 4- et hyl pi peri di ne-1, 4-di car boxyl i cP@DUS2006/060950

l-terf-butyl ester 4-nethyl ester, the title conpound

I's synthesized from pi peridine-I, 4-di carboxylic acid

1-terf-butyl ester 4-nethyl ester and isolated as a

tan oil. (B). Preparation of

4- ( 3-am nopropyl ) - 4- et hyl pi peri di ne-|-carboxylic acid

terf-butyl ester Using the met Hod of

4- (3-am nopropyl) - 4- met hyl pi peri di ne-| - carboxylic acid

tsgfubtuBelbiyd using e rclahbﬁqmp bkEvANROPRT Start §Mﬂ1‘téi%ﬁll@éjchannel delay

from 4- ethyl eridi 4-di carboxylic acid
wrpkle ap despr bed @B?V%fnqrré%l b Oésthapuediel Fapmthy recongfructed channel
Ctb b the ré%%ﬁzl%ﬁ Eéﬁ h&@rt@ﬁ Wik MCouard interval and dguard copy are located

3-am nopro perl di ne-| -car DOXY i c_aci
tt@ﬁ?’d it 5’%183’161&9 L stpicgpar e gpeesrer mgyether evaluate each hypothesis
3an(13 6@5&9%@%&1@&%&%8{ %’é/'gllaﬂi Bﬁ&g‘él DR ca2d ROYY! | Ghe correct
aci d ter - y esterUsi ng the netho
my@sﬂ@,@ism vip\d 3 lgyepreeoreilatéon resalt tﬁ@saymc bgaised to correct erroneous

tﬁ%ﬁdQMIXAPE &lionkhe title compound is synthesized
fromracem c 3-pl perldln 3-yl propan-1-ol and isol ated

d906T oi [FIGBBA fregsly 8Di shavoin eabedingent for resolving ambiguity in the

oA RTIEPLIRULL AL BSELLRE i BB 812514 iy g, e

rirdP )am'i $.AeRi dedithteodedecttd FABnslOL AR iapnasfimedde e as 3ha§x8n in FIG. 8B,

neth XV RF. eri
t e t %u eyeICIegig%/Aef %1@ ld%ly aréJ 9 e(l;n’r{)h?‘) tlhe %am néﬁ Sﬁ%li 1on FAPh and
Tih&Phrdxtate éhel srpatiesixed FtA(P atd LABS reﬁ&cﬁﬁblﬁlofor bpahidamig. hypothesis.

om er at ur.e..e .t m Xt ure congent r at ed, h
Aopb$1S ™ EE RO NS pr e Brunkistrel i, 250 TG, bY Sflat td'fhe dotected
FARPLhOMAR r&@&hteﬂalwddrhﬂgﬂh%fz RAE]deHh& LA;Ij_hlﬁX):ell gari s shown in FIG.
er i s concentrate an t cruae pro uct
cﬁﬁ/ oAt slg}ngﬁhfeaolﬁﬁy sheweip EE? SA SUEFoRy e ter béffmn the hypothesized

FcRP alng 1LAPYahe 2 SYart hBi#érY €For the embodiment shown 1n FIGS. 8A
3-di oxo-1, 3-di hydroi soi ndal - 2-yl ) - propyl ]

|
rthmulgé éiD»caa FORBRPHIPR VeRIQ cV oS bt Jirstess (Igt@wrg sm@sval of the
yﬂ)ﬁbm syrﬁ‘b§lt éJpS/eﬂ)rstﬁ’é 'F‘EA]ﬂﬁ\r&fl(th PeSiaktnbRIITE ‘t”d @ﬂee a?d QBterval of the

hanol is tréated

H@HPM: rsmb@uccw @r tll%%‘r“yr hmhwwuﬂ@ ¢<§rqhaéatnewmalpw starts at
Ebg fe fnbx 3[§ Qﬁi"érﬁls a@sirﬁﬁl@ﬂdmt e suspension. At room

erature the suspension is qU|ckIy filtered and the
f[i0l169]at e Fog hypetbesis i athedhytnothfisized thieP end Le'dhersi eduahtaathe detected

SRy TN Gt P ke T o 0 i
il Theckenebtopdlogy shown i EIGRC {s nebcmsu’an’;@dlbasbc’am tha hypothesized
%1%% (a?ldOLgP 8 5% yl eﬁf@ Br er&a{h%t Il*‘kof] 4 Rac% For Ih?l]aothesm 1, the

an1noprop -1S0 ropy pi perazi carbo
aoretldtientwinddw Isteestae sarhple derxeDIa.raatilemts mﬁ‘san@(t@mdex Tip.

JOD AP o e B UEGP Pic bt pf (85 GroBon Wy e mey be

attdechit&l - stirred solution of racem c 2-
i sopropyl pi perazi ne (4 80 g, 37.5 nmol) in anhydrous

dichlo t 0 0C,. the he m xture is
stirred aatﬁ€€gﬁ¥{ﬁﬁﬁe re for 96’ R uﬁs. Af ter Eq (8)

concentration and subsequent chromatographic

L 5) SR, Sl 119, 940.2 MIRAAGEH: 0 o i

'ﬁ@irsgtggx?nan?ss@'ahd(ﬂ@ OA BEWRYSBEG 1 shBim iPFRPQIRE LRNSD.
4- (3-am nopropyl ) -3-i sopropyl pi perazi ne-1-carboxylic
acid tert-butyl ester Using the nethod of
3-(4-isopropyl pi perazin-1-yl)-propylamne, the title
conmpound is synthesized fromracenc

3-i sopropyl - pi perazi ne-1-carboxylic acid tert-butyl
ester and |solated as a tan oil. Preparation 55 (A).
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roomtenperature for 1 hour. After concentration and
subsequent chromat ography on silica gel, eluting with

WQ2@ 78598248/ MeCH i n di chl oronmet hane 3-12% t he PCHUS$10061660950
contai ning the desired product are collected and
concentrated to give yellow foam This foamis
di ssolved in MeCH (20 nL), treated with 0.5 N Li OH (20
nm.) then concentrated to give the crude product of the
title conpound as yel |l ow f oam ét is used for next
reductive nethylation w thout 6r t her purification.
Exanple 1
(1007 Benz dlor | dabh dpfpetheisyi, ) the ynidnbbithe 2oitblatibs-widdo®wt MY, may be
“fk enﬁﬁintl-yl)-propyl] -am ne tri-hydrochloride
e‘z¥%9 Hopr opyl ) - 4- met hyl pi perazine (3.02 g, 19.2
mol) is added to a stirred suspension of 4-
(benzofg]+ BFOSken+ 23yl ) - 2- chl or Gopyiopiidi ne (2. 06 g, Eq (9)
8.34 mmol ) in anhydrous 1, 4-dioxane (25 nL) at anbient
tenperature under nitrogen. The resultant m xture is
here d iy iadhotap lpeationagfor $BARDE after ac®@uhting for oty wrap-around effect.

i ent 19 ' e entrated.and . . |

STbpece t §TOR SvibBal D Motn iR B ROCB BT HaBRIG s waded 10

QlcbburOfoM §APA0MDKRL tth) 166 CoY @ AL eto\?mix?%ﬁe-afo%nd effect.

give the free base of the title conpound as a
shixb. 0= 02+ 83 fgr bypothysie|ldyhovihén dBOSe SCr ead BRS evlfcke AP is not added

, 3.8 ) is dissolved in _nethanol (10
ﬁieﬁltfﬁ Sh‘{%o#&eﬁ% rie thergehtiof FAR pgl thege dtamivgtp-around effect.
gooyx]r oushEGize0aStht SoftbRYbY vRHAGY, 8- Ezmhoﬂﬁfbtﬁe%g%, i may be computed

stirred solution for 2 mnutes, then the Tesulting

yél Tow sol dtsisbawngn ddaSe Birandeif.ithe gpwrelationy sfindpmws for hypotheses 0
sol.id. Th ellow solid is resuspended in nethanol (5
ﬁP?}‘WH?F@yéﬁvﬁﬁf BRi 8%f%d, it is diluted with diethyl

q00m3] (22, Edntelathinl 8 peffbirhéfbdiRBeE FfaYd BervhNGiditht gﬁard copy for
conmpound i s obtained as a yellow solid ( 1.85 g, 100%

yrReh bypothesis ions ollosss [ M-H] . Using nethods simlar to

[4- (benzo[i]thiophen-2-yl)-pyrimdin-2-yl]-[3-(4-nethy

| pi perazin-1:yl)4{ qaropyl]|-am ne tri-hydrochl oride,

t he fo£j£anb_gOkE?Pﬂd§;@ g synthestped, and i sol at ed Eq (10)
as free bdse dr. HOT.salt: Exanple 17

r4- (Benzor & t hi ophen-2-yl)-5-nmethyl -pyrimdin-2-yll-r3

25 i perazin-|-yl)-propyll-ame )
1{%5 M%&}b%b‘;?a}npg? pelrmnlswdex gfphbeyesdvedcPEOM symbol,
tert- oty Jthe%‘éh%[ati(ﬁ@%suﬁ&‘or Ay e dnd s added to a

stirred suspension o .
4- (benzo| BPLHE O AERPISE PRiugaten| or o- 5- met hyl - pyri ni di ne
140 mg, 0.537 mml ) and dii sopropyl et hyl am ne (140
0749 3051wt and 8 afrfélagu&rmmgqrﬁeé@séwam%thmg}lar&t copy for each

THD RNyl RITREHRL HhE ghRdahteMal FOGRIn B—S gﬁéges?g{iﬁlg,gﬁnd the guard copy

m xture is heated in an oil bath at

A shravn Afithy gisdashad benp &esteasie QFMn$sbelecopy, the guard interval is a

rat 0 h Ny , :
SHSAL 0 920 SRR BARLEA AR 108, 8B} gy o e
diitowval is multiplied with the complex conjugate of a corresponding sample in the
-f3 [A4- [ - 2- -5- - DV | i B- 2-
By ol SRR SR RRNET i okt EEGIRARY IR B Tolen of e
cerrtlabot yindst.eThadivasiom by g Tso T ) (ih 28uatipn (10Yaydoehe)for different
TFA (1 nl) is added to a stirred solution of the
spiEolatipn paudaw cizesbeing useBB9 hypothpsesrtand i enthydssith éme normalized
%Héz ottosuft: 08 mmol) i n anhydrous 1, 2-di chl oroet hane
m_) at anbi ent tenperature under nitrogen. The
1@EAF] t antf tholhypothrsizs]l BAPonldLAD stithe froe FAThend $.AP, as shown in

eg~C rati t he,crude pr.oduct .i.s, suspe din
B30 2P RSNL OB |l 0P TRRU L UG e com of
2.5 Nlithiumhydroxide (LiOH) (0.43 nlL) before it is
chr omat ogr aphed on silica gel, eluting with 2 M
NH3/ CH3OH i n di chl oromet hane 5- 20% to give the title
conpound as a yellow sh solid (132 ng, 100% yield).

NS N p— o A N



pi per azi ne- 1-carboxylic acid terf-butyl ester Using
t he net hod of

W 2000l0&952@[ i ] t hi ophen-2-yl)-pyrim din-2-yl]-[ 3PCHUS®DEY60950
| pi perazin-1-yl)- propyl]-amne tri-hydrochloride, the
title conpound is synthesized from
2-(2-chloro-pyrimdin-4-yl)-
benzo[i]thi ophene-4-carboxylic acid nethyl ester as a
solid (74%yield). (D). Prepar?rﬂ on of 4-
{3-[4-(4-carboxy-benzo[i]thi ophéen-2-yl)-pyrim din-2-yl
am no] - propyl } - pi perazi ne-1 carboxylic acid terf-butyl
dhe Ganuiitthy EHEV symibod, abghewnsn FI@-RCOMut ichnr(e2 t(ﬁ)oN)gy for the true

t | uti f 4-
T IO, B R S ek sy o o
rguag] copgrt&py‘ths]e th¢sepectiatisar-tEa s X Wal efoaai febrh QIEJ BMHlitter. If the

ster (.70 , 149 mol ) in THE (7 mb)/MeOH (4 i),
%Otlhgé C{)gg? arﬂ]dxll‘%? i Ez’gﬁertF@dF angd Lo f asrshewignrEIG. 8B, then
Abc 88r@& oD wihddel cév’z’crs &l'ﬂehlcbrﬁ ofdRefnidl ARkl SRVallAdldl& a portion
m nutes the m xture becones

t
57 B R RoR. o e G TION Bl TG haRAed teneiogy fo the alse
(h@ﬁ@tﬁhldﬁd théil aRta ied 1@&e1aca&é1h% 2ttt MR “R9P8 interval” and

ylel epar ati on of

CQP}(su =p‘@#ﬂﬁ§ iCRDeity randppndata thah 8ye piien ptatipticallyyindepsadent. The
maﬁél libhiephen eord
O oehor T T o Bet AR, Mk Po B4, Y6termine which
yg@hﬁﬁfﬂs) cogrrgt Rt toopsressy p@m%lﬁ@ne(ogs fg\P.E}nand BABS dmmio)ls that result

p
o aﬁﬂggn@ecﬁyeﬁme irﬂnpzlhf)e ,]%tﬁdsé ;F)en;;/grmodl _y

(%3 [4 -car oxy
AR no] be eryect hpp m&maehed@wmm asdoliawst
terf-butyl ester dlhydrocholrlc acid (950 ng, 1.66

mol ) if @ sy drous
|/]-benzbtri azoI A]E?F/Exyt r1s(di rre?mﬂl(l‘e'&ﬁghoe) ¥hosphoni um Ea(112)

hexaf I. e (8 2.00 mmpl ) is added to

t he méxjg i 0’ r‘%%%rt%ﬂng?’ﬁ@&ﬁ%:l% ABftowed to stir Eq (11b)
at 50 0C for 14 hours The mxture is concentrated and
GIRERITBA PE AR NEAP O BrSite! Y

NH3/ CHBOH 1 n di chi or onvet gk%f 1af gfkleg gl unic 414 1 F1G. 4.
Fouatinn @ proks fprcthe iseseain \ﬁlechbyaotyem aw; sdrresobindi theldegected FAP and

Y, sol ve
10 PO LE| SREAC BRSPSl R on 1
il wasn P@Ohd&@0¢®sbdbblwdetﬂmdw@md¢thﬁe$ FIAPr &l LAP are swapped
5191 aQ”[he oxﬂ%ﬁ’éﬁ&ﬁ %JE?\‘I;Nar m sol ution is capped
[

ass st opper an rred at anbi ent
[Q%’a’br atm B\sbowis ghitrioh® efnthiadidente | JfoMs UsPRMid@Nwindow. For the

S50t A RS S LS GOTRP Vo 1 i o

ES+¢mélﬁ)om371nﬁMVH]startExaﬂmlh@ 26t sample of the guard interval for the

a n ropyl am no
BT A S b Bl B o e g g e botssiz
bAE’l Ofrapy leatbodBnériilalbyied as WaabRe, (thS coffERBEA atih@%w Qfarts at the
%1]& ll%l OJSHE? e- 4dcarbo ylic, aci d A few crystal s of
fh PE Quisgerydanigys r@a the dyBpdegreh F AR gné sndsnat the last
s{aﬁdﬁ))le 64théIn@rd vk khd RyrhsiHe@ dsap Hiof gtg:oerﬂwmment labeled as

r ni %r ?F%en at nosphere,” then a sol ution of
&595elelpy mqg%w (cgmerg the entiyg ghpngl intervel for the hypothesized
BAPY drewgneT EnbédianMdbel i ng)?ﬁlldg\lgo@w?é coﬁaﬁéfuﬂdow covers a

only 5% of the total anmount is ad

Ryt (3-frethcrerndhalinef the guaed int¢real @astth@hypdthemm For the
drfbREE e,d e erature
ar ound&E‘%Oﬁttbeps(t%cdlb Thi (sis?a eglga%%ﬁer%?%b%ng&u es aﬁd © entire guard
interl | r e hypetbedizad FAPhe&Foedhaembodindmriatdleditas Whelow 6, the
nost of the My is consuned, the reaction is cooled to
23 0C and CO2 gas (generated fromdry ice in a flask)
is bubbled into the solution. This reaction is
exotherm c and the tenperature of the solution is kept
around 23 OC by nmeans of an |ce bath The bubbl I ng

o r A= NN .



8.23 mmol ) and powder ed

| //-benzotriazol -1-yloxytris(di nmethyl am no) phosphoni um
wheooahsaser ophosphate (3.64 g, 8.23 nmol ). The PEFUKE10861060950

m xture is allowed to stir at 0 OC for 2 hours, then

at anbient tenperature for 3 hours. Diethyl ether (35

m.) is added in small portions to the m xture, the

m xture is stirred for another 20 mi nutes before

filtration. After drying, the ggude title conpound

(2.45 g) is obtained as a tan lid. It is used

W t hout further purification. (E).

Zbohfmlaﬁmhawmdaw[ verk meusylcweg&mafz)r ihd hyﬁdth@i&ayﬂrmn@ LAP. For

"E%r Ib?g%%‘%ﬁﬂ%%%da?ﬁe%n%(}‘%’ t7h| vy qy o %H}Id\gglrdg\ozv as a ﬁxed size (e.g., G
|Saﬁ1¥i"1<i@”aﬁ@ R$ Otbred 4t RS ﬁlydldlé RERRZISTAC Ze%"ign Jor ﬁfé Hypothesized FAP

ded 0 a stlrre suspenS|on
gﬁg}%f’ di éﬁPB% ShEy FarrRlGR Windeys paayAdsq be H$eép H’é gaothegmbodiment
rtRX Y] infot agHotkn G CFIRRI OPUhABRRdtdn %@n&w SeiZd P! Ye sclected as

i n_anhydrous 1, 4-di oxane (40 nL) at anbient

t Bhpapatidn b Jﬁdﬂbrs gmhadigent, thrhprevious [RAS L AR lotatiensimay be used to

qFaﬁgh or%%ﬁon far 6.hours. After concentration, the
TEHAETY Swgﬁgpended i n di chl or onet hane (40

rY78IH30 FHG, 10 shbyvs befeaitediteritdftargatad 1000 forZdsdlvidd ambiguity in

B Bl P A Suf s Gor Tl o RSttt g rbased on o

cbhehhe rlﬁﬁﬁld&aﬁep(ﬁrsg%stlfﬂa% forad coRBRmEibal dhiaffe d@8ddke€12). The
H%%? é gﬁ) Iecteddand |l owmy concentrated in vacuo

E g dgtestgdng-gg B istEmyHne Bietrrgioseh ehanpaigaps within
M glidisg MaskRAy ifdr Giffeldnt BRY Hds@iths! QetbR@inHSHERS 1P erédS/alues based
sonj cation. After fjltration and dr ying, a |

ght
o th%ﬁp%rg}qsxjd?tqct% the Fa&ohasekrns ﬁr%t fmtamﬁ&he FRegies and the finite

|
ke 90,8055 L g RSO 18 (0 s n

éh%ﬁa% itts qﬁmcega@eﬁms deseribediabeve feqyationsy! sbironshdf)-
(01O Ya,p00eentl @A@dam%i; Ofbim ?ﬁ&%@ggﬁa&%o%ﬁ%(ﬂdmg to the FAP

suspension. Dieth et her
pof thidh deing qu@cﬁm slentsidore ldntmnr@drhae@d pohe d¢teeted FAP and LAP

Qbo%k%b lo&ﬁ@&w&%&%g%wgggﬁiiekjﬁy %%@H%%Bé%fﬁgﬁg %%gndmgtothe

(@5@1)(1 BAR b (83 Lty M’Eé\ﬂtcd Yziahgy ddtemiv¢dbatedion the detected FAP
L ( [ era2|n 0

S AP AR 101§ T PR SR IS aGet sl TR RyPgihesis based
oycthe myppt}hlealma(ﬂ EAT anchy.hFof| that lti:i@,othelsﬁ foxd dkol@ I18). The correlation
conpounds be pr ared and solate as

SABOY OF B pitpolBE D PleFeoR el S Enptignal oo, iperval for the
MyhdtheARE ER PREGEONVER Of o IfofHdAREY tHNTRiRVALinfeARRELAThOMypothesized
[[0Q01] The present application clainms priority to

isional U S. Application Serial No. 60/ 737,087,

E{MS(I] | ed CotYRIROWEDthER WerfbRAKbe AikddRlatdihdr\thA et thes1s based
RVAL RELATI ON_ FOR gggs SIGNALS, " filed Nove

5, 5 08318 LT ©riHe BiSs PGk ootk Afg).  Comsiation is also

ipREBFAGT @he’dlch@r:&k@d ot taf ﬁfreﬂl%néb@em@'ﬁmyl%abcd ofil @k Gorrclation
0002J The present disclosure rel ateS genera

GRNERY fentheoteconth dyprihesis fesls 182 yFQroeatCéCIW@Pél?é@ thgrcorrelation

RS 8L 'Be?ﬂ)rﬁlbﬁeo%@&khnﬁrbatbeg}néﬁc@f Y&leivel @ata within the  correlation

conmuni cati on system . Background [ 0003 VV]hogo

fyindems ey thet \}ngfgljlﬂmmnmapa;e@gndq gegropmM)f tiegeisied data that is K samples

Wa&' WAL & §8 tﬂ@%ﬁ@&d BPthteelﬁQﬁil Hﬁl&b@f art OFDN os\ffln%?_waThe correct
performance for sone W reless environnents

gapwhpm s thehedetarevizdd baspd toonthbandwlatibh reswlis fothd fitse and second

I equency subbands, which are al so

%ﬁ?tﬂé;eggglcgl?rll £e'%)s tones, bins, and so on. Wth OFDM

each subband is aSSOCIated Wth a respective

subcarrier that may be nodulated with data. Up to K

nodul ati on synbol s may be sent on the K subbands in

each OFDNIsynboI period [0004] In an OFDM system a

e o R o s o



LAP, respectively. However, if the delay spread of the

communi cation channel is excessive, then the FAP and
wa.2m7089520e i ncorrectly detected, and the det eRCBUSIAR060950

and LAP may be swapped and nay correspond to the true

LAP and FAP, respectively. [0008] To resolve anbiguity

in the detected FAP and LAP, two hypot heses may be

eval uated. The first hypothesis may correspond to the

FAP and LAP being correctly de%sct ed, and the second

hypot hesi s may correspond to the FAP and LAP bei ng

incorrectly detected. For each hypothesis,

HP P81 |hesilu edothAPaspact, tHAPcare:t datPesmd had &ra&i%fbrﬁfﬂnddhﬁy evaluating a

det ected FAP a P5 a correl.at. W ndqQw i
7 WPl c e EAT nET o BopR Y s8R e et tapdisefid above. A
ciiglelgbbtirsisi fotlalte FFAP eaghL Appabpeas sclédyd §oY valdhtion in various

or &/ ortion of the guard interval for the
si zed FAP and/or all or a portion of the guard

i [0082]V al rheh chfb@dﬁﬁ’d?@tehﬁﬁpoﬂﬁﬁlsl-tﬁﬁ rch@fs iB8Cdhaller timing adjustment to
perfornmed between a

ot hesi orrelation ma
ftﬁg §HrrEg Jﬁéfn§ta%}qu11€@feﬁs\ﬁ§licéétfar Sadurtient da this epmblogipest, the amount
WRERWE aBfisBn S8 46 BE GRENERFT®tarf B6RIMSEr H%cﬁheb‘{\p? Er%etermmed and

may be K sanpl es away, where Kis the duratio
fisBeied ap ¥ ko oTh%@maWthDMl@grﬁdmsﬂn@teto dbe cewent FFT Start pointer for

R e T
rtagieg \agdjustmynthie sak&d‘@ﬂefdr baseaticmnardd & thl,BdtH@r@Sthé@@ sEA€orrelation is

T T e T R O e T N

dygothesibe Myl b d&dqm!rdmygab&t ACBLESRbRY ¢, PlT8CR s t8Bn Cy, then

&% ecei ver, ti g \L}Iéeno V ri ous .aspects _an
fiERES dormEnas by theNErPEdbe R If Sieptinter may be
dptiaiel bhsdoum tHRRYPotHISERIFAT &N Ok PTIE hPRANENES. [&Qéi%se, if Cy is

The feat uchs and nature of the present invention w /|l

FEERNE 9Foless HPatenthoprBmathe f@’é’?ﬁlqsﬁdthél’é@@ﬁ inet |°Uﬁ1u§fé>ti (which is

fc@ﬂé&hﬂﬁitﬁ&hé’\ﬂﬁﬁ dRKRA toMbeCRB) WAL RhoMdstt, LhE the F?T Start pointer
drawi ngs, i n which |ike reference character$ 1denti

St Resrshtrdrpsgd omthsUytpethesizpd §AP) ard I@AP forymmthesis 1.
bﬁm di BOLAGMES eAbbARRSA] Lt P&@Qs&%%ﬁe%‘te Chor é\%%%l]on based on

2 shows a bl ock di agram at or
mng r(ags rﬁmmgradﬁpmmqs) TQri@ lytpotisess dicautnsdi Etgﬂmmmbodlment

Qlfrmﬁ a&}ﬁ%’%&iﬁé‘g&ggr OE?& ﬁﬁ' ng%tSr egﬁslr (r}] 61{119 qldé] d%sc%edél above. The

Iﬂ@ii}ég wéiustojapes B they ’@8) hﬁ)@ﬂ&lﬁﬂs oy éiBrcan@aFe@th%ndt tlrhE—hg adjustments

5 86 A8 B BT AL B B3PS, asovns

dordP ahesh medent npmrb@tdlylpeﬁwwssmyfberstdmd mdafml leyppthesis 0 or 1 that is

[ 017] FIGS. 7A- bl
SRSEEH MG PO KB Bl R, 5 V8] W RF0R G anoter
ekdmpler ateeh@pbthzmnsadl oreMtthitofs ¢losl toi thg BARBig@UliinYng Bf the P stored

PR 0 AP R B o1 ) S0 M SRl o

nmbfdctélyﬁéfhea@ (ieleéi?oranbm gHy teyise, (O 280bctEd Qypdtﬁeéi@% ¥e evaluated,

| FAP a
%A(g esm‘%s ]E-ll(é]e%%u}fllg Icgw tméqdy I nﬁgq%{gggttgce: fctilér,cshold Cy to determince
mﬂiewtﬁe SRV HyyolhBsit he deRChatiEAR aldoltSs « is the correct
{1002&% FIG 12 shows a process for perforring tine
Sy at the receiver. DETAILED DESCRI PTI ON [ 0023]
fous4apor dA” gxa8™Bbthesis Sméz‘y?' %Q SRRt} %vgﬁﬁﬁon %ggé’d 89 the detected

as an exanpl e, instance, illustration.

Enboidient ad }’é?é@ﬁygﬁfmépnb@ddehm@drﬁb@ye &herspiglq: #ypothesis may
r

g e oy ik e RS B o 3mohl By BREh Blgmy atways be

The tinme tracking techni ques described herein nay be

used for various comuni cation systens such as an OFDM

system an orthogonal frequency divisionmltiple

access ((]:DMA) ‘system a SI ngl e- carrl er frequency




a nodul ated signal, which is transmtted via an

antenna 134 to receiver 150. [0027] At receiver 150,
waeooanssena 152 receives the nodul ated signal PCDIS2006/060950

transmtter 110 and provides a received signal to a

receiver unit (RCVR) 154. Receiver unit 154 conditions

(e.g., filters, anplifies, frequency downconverts, and

digitizes) the received signal and provides received

sanpl es. An OFDM denodul at or (Renod) 160 processes the

recei ved sanpl es as descri bed Bel ow and obtains K

recei ved synbols for the K subbands in each OFDM

syhebietl, preenedipoiivsisimeaeby exhdssnip edlsctedic THd geleele@ihypsthesis may be

G344 ] 150 e TR oSS, Pl e o v

p’ethecthaIHnay h@sdlecaecktm@hﬁ@epgo@ﬂ @I’effySrrﬁitrﬁfée THReahfkilold Cy;, may also be
nﬁ/\/ zﬁ) %Fag gM rrbol od.  OFDM denodul at or
OO A R it o dUFESH 198BS SOFEIRIBTsRIS er the recent
K:eﬂed:tvhylpcdHésas symThol erwildtiona weh@n Gor 884 | JBRcked Qypothesis may be
btaln a ?Fﬁgrrbolgﬁhrmtes whi ch are estinmates of
frsthe q’éﬁ P S0¥ & th Frppdimasats descripadabove ke dile 9. A variable
@B&coﬁ@l&wﬁr@ﬁﬁﬁﬁﬂﬁm}Zﬁlptr&%nd&é&ﬁﬁrsﬁéﬁ%lﬁﬁngc , Pﬁﬁml" a fixed size
ps, deinterl eav and decodes) the data synbol

ST aen SRl voes e o Rton oMt al , 1 he
PO0BBESSi PEGHY1 G gesmdybiaieat of BB (ﬁcreégs %Gjﬁtr%sol‘gng ambiguity in

processor 170 is_conplenentary to't processi ng

teried FatosndiBAPanbherRARand bABows éwitiallpdetected, ¢.g., based on a
E@cﬁﬁﬁpfmﬁiﬁsé&esﬁdﬂsfs re@tﬁﬁgﬂetf&eﬁ C%T%glélg cg981§ kn m]tell'r gblock 1112). A single

Control l'ers/ Erocessors 140 contro
Bprthesivfonfthy diABumdplddt dsiselpetadi for gvaltatiors tblotler 1114).  The

ﬂ%)tﬁ&% KRy %evs%fecgf:% asE & SRk b é FREERN & rtltte:I4 2[11%11@7 information

store data an rog ramco or tran
fgricsdepoesesband seepe ﬁormv:tdtlpn if mggerrérﬁed bn&’eesmsecﬂdata for the

QQIQ&FdG%y?Q{% qblcg:&wm | a%o?r 1‘53,‘01:65l r}%yq)]ottﬁeesrrs is qle correct

bypmms;s is-dsteiniined hmqflbmmglelmrtela%ﬁ re@a:ternue&hmﬂompﬁ)ck 1118).

il ot 0.Subba ed for dat
LI PR feBiaBhs KRS Do is 47 B &0 el guisuty in the
EABtPa]ddISAPaiu‘:bcpbﬁwldﬁSthK chi@nRs mblﬁ%zslpfdaalﬁa 611‘1&6 tféﬂtﬁ‘hﬁf of the guard
0 nma e a gdata

a ubban Each transmt s
’é’@% ééh ot E%(gg) i) 23 Whengths éﬁm 4BlaY Spreadae lesoBRIOr equal to
RAFBP thepﬁfah@ ﬂlterJ\:IQf a%ejlegl_' 3%{!:”%% 'EBPcJtueQ E‘ﬁgetgé lrlﬁiedg% ﬁ%soﬁve ambiguity

transfornms the Ktransmt
Wr oy ta/or@hpnnﬂttansméir/am DEfulan dssponmmf escommumnsticm ¢tafinel, where the

chip i
l gg&t%ea ue t@%tgi%xg%%str {gﬁlﬁeq}?enqgg ﬁﬁsq gﬁ%mbel’f 16 ee,ar':l%a I_o% later than
thepaﬁrcahdcbharmels ¢ap.al QoPfeB)tionomesr ber pé’rl‘éknsﬁr ifat iz @fst hypothesis

éd}%sb((\)}gcphg nse | %ﬁs‘%ﬂnf pis S%lorﬁglﬂgr%aﬁng%ﬁ than g“&?tgg‘?@ﬁd(d}annel tap.

O wélaper) nofy dac betp’eafbﬁ‘hedl f&da Sycoddl hytpotHesisraorfts g to the first

tat ont ns K+ G.c Each():DMs
¢ oﬁa i 1”85 rthe seropd l?lf‘l Ig‘}frl faPa e ! B%m? Beulghor the two
lgqmﬂd:sbsmney ahscdr ﬂ’(b&io@h‘ﬁﬁﬂc WhtBEVEAL first JAaREk1 k&) KAFRRY or later than
b b‘?‘i“t?ﬁ used by del ay spread in the

RATRCE ®hannel . The length of the guard
[lontw]r ValReféarind otk o 86 . I @ chidf @8 $hasd QleR)tciPA ﬁfﬁ‘{jecéﬁéé the output
]%%e 5 ej ver can tolerate w thout incurri ng IS

| gs¥nif gV agd detesminey thy oata)offn@s o thhobanngl impulse

@éﬂﬁﬂse ditass8MyPhn @Hlb@@f%@ft TR 4 1%%@%&11{3 %r%r 38ass based

recei ver 150 in Wthin
Sf&ﬁsy op, thy eutppidehR @ed Leib linrcmcewtes thehentezedimessl may be set equal to

tﬁ@@hﬁsﬂrr&%é@ﬁ@x%ﬂ o, 32 fb1RRA. Provi des input
sanpl'es. Pre processor 10" may perform automatic gain
control (AGC), timng acqui SItI on, filtering, sanple
rate conversion, direct current (DC) of f set renoval,
frequency error estimation and renoval, and/or other
functl ons. A unlt 312 ‘renoves the guard interval in

p—r—. A o P pe—— gy



t he received OFDM synbol to obtain N received pil ot
synbols for the N pilot subbands. The receiver nmay

wao bh@n/osspove t he nodul ati on on the N recei ved PECT/082006/060950
synbol s to obtain channel gains and may perform an
N-point | FFT/I DFT on the N channel gains to obtain a
channel inpul se response estimte contai ning N channe
taps, which may be denoted as hn for n =0, ..., NI
The receiver may al so derive a,channel inpul se
response estimate in other manfiers known in the art.
In an enbodi nent that isdescribed bel ow, the receiver

per f orms <t (LpErd + galPopehodasedan t he channel i npul se Eq (12a)
response estimate. [0035] FIG 4 shows a bl ock diagram
of an embedrARst /24 iive N, acki ng 1 oop 320 in FIG 3. Eq (12b)

Wthin tinme tracking loop 320, a unit 410 receives the

ST ATS s PR EnSl AT 0P AraEOMbul B fpeehennel delay

Sprradds deaplicdds @LAPaGhFalranmeld Npprhddaithe dbd N@peration accounts

so filter the square magpituydes of the channel, taps
?8? s C3R61 1P Wp@hs'y‘ggﬁlls pR ?‘F%ﬁn%‘ O?Jﬁ itP o ¥ thy g}%n&s‘s dglay profile. In
CRane] (126Y\Rhe B&RE dfama8nt Bhlnbhthe(dhbhi@dRhyQpread from FAPo, where

unfiltered) square (rzr‘ufrgnitude val ues for the _channel
ttapInon N SPERtBR aptHR iR Pestf WHHE-aPYt ok th grpgr of mass. In
Rabihet EABbdRRGt 1S césl ofahhds Vi A&eRAhBd bR oPRsRALARA two (c.g., all)
t he channel power profile and provides the detected | )
FARpnRR apsam thes chael imaYlsh SPHRNSA ciipteq thanned dprfpewith sufficient
arRh U a1 o bhe ¥Rt ekl JrARRNEbrhARaBRY AP 8L dR%formed in oth
out p%ty’ FAP and LAP. A center %f nass ?CI\/D dey?ec?ge? Oirfg 1 omet
deemers ey mgthe erit er of mass of the channel power

il e - t
e 4 R S e b o Ry R AT letE
mass and provides a timng error. The timng target is
a t ar gbimipg &rgor 5rC¥or TiwagHz2shi- ndow and may be a Eq (13)
programmabl e value. The timng error is indicative of

TR t8hi@lerRR YR SBnsNPalHE IRE LRY YegRkRIve Oferf B egiiivd. he
target position for the FFT wi ndow. [0036] A |oo

! .V v R
fI0P¥Yr 430 a crbpdimand thenfimgng pdpstrae By lepps filfer 420 may be
tdomihgPLl dabwent . For the embodi ment shown in FIG 4,
loop filter 420 inplenents a first order | owpass
filter. Anmultiplier 422 nmultiplies the timng error
wi t h aligang Adpstpantel) 2 2imingdrerheCGain Hdimie Adjustment (£ -1). Eq (14)
multiplier 422 wth the output of a delay unit 426 and
AL AYHBES et BEditriedt, M8 BRliSIATRAhen8hRYe UBinhutdGs F8I15RS
t he out put of summer 424 for the next | oop update.
O her designs_and/ or other transfer functions may al so
be useHMiBE Adheisnent @st Taping BArqrpnfe@l 230 1inits the
timng adjustnment to w4hi- m - ange of
val ues and provi des an gﬁ@?\ ?ﬁ%ﬁg&%%ﬁ%%t " out put Ea (1)
t hat indicates how nuch the FFT w ndow shoul d be
MR din AqSAHTIE(14)34nd UGBnt hen AQYARE B! 84 @R@nOKIHUnay be fixed or
wth the current 'FFT Start pointer froma del ay uni
Azeapemablovaldess an updated FFT Start pointer. Del ay
unit 436 stores the updated FFT _Start pointer for the
A8990]] oog hapiaing. adietment may det lbmitgd po yaihin & pretletegpined range of
tHfuEAR BNgwkAP in various manners. For clarity, a
specific scheme for detecting the FAP and LAP based on
t he channel power 1profi.l e is described below. For this
scherpAGyRet GheryT GFinBinE Adusmer! @byt o Eq (16)
sliding window is first conputed for different tap
positions, as follows:EkK O ..., N- 1 , Eq (lI) where
is the energy of the channel taps within the sliding
wi ndow at tap position k, Wis the wdth of the
sliding wndow, and "nod N' denotes a nodul o-N
operation. [0038] The sliding wi ndow wi dth may be
selected to be less than or equal to half of the
| ength of the channel inpulse response estimate, or W

o o g, o, a1 -



SLAP(K) is a netric for LAP detection at tap position
k. [0041] Coefficient determ nes the sensitivity of
wao bh@782B2adet ecti on and may b e sel ected such tP@Er/us2w06/060950
FAP is detected if it is the last |arge value before a
drop in a zone of near-maxi mum accunul ated energy.
Simlarly, coefficient ¢ 2 determnes the sensitivity
of the LAP detection and nay be sel ected such that an
LAP is detected if it is the first |arge val ue before
arisein the zone o f near-maXf num accunul at ed
energy. Coefficients | and 2 may b e selected to
PriRYe qleapgmphq@ 6§ bR rdﬁ&@@lﬁ& { ate HoPHRNGhak A Gl kil zmjmnnent for any
respectivel nd nmay e determ ned based on conp
S wedeima Yilchis ﬁesggttraté% RPEratighy iy Egult {n@ofﬁé‘f/Ref @ is a
Eggnhgggﬁi@mvgﬁethe FAP may b e determ ned based on
as _follows: FAPd = arg in%wé%SFAF(ky\ } . Eg
(l@99 m@h@FEmiart ointer myeke Fpdeted asdolevsd FAP of
sufficient strength. In equation (5), the Iargest
val ue Hror staftWidter (7= TFFTSStak hDHéS (00 + ABGRRARY. | s Eq (17)

set t o the index that yields the Iargest val ue for

0043] The | ocat. o LAP
HEEET Sl Ttcba o et v '8 wiigs pouRd toasach OFDM symbol and
Y¥ulrihep gﬁtiLa,;%cE% A&)zélem €hén kAfRdobs updhhte lﬁctepvaf. or a ]
te of .sufficjient strengt n equation X

iﬁ@ﬁ?ﬁ Tpe tefeng degp 32 piterprfp iEmpjgse Jt% Spater pf e@ ot o specific
|l§&ﬁbhf1h@1€5 chdh@el dElSX pidiat, whieh Q§réf&@ed§ phd @éttar\g%t ’eiﬁimg A good
for SFAP_&_IS denoted as_mn, and LAPd is set to -
degptigndpt e el iming wayhe dewerhiieﬁt orrrﬂe ¥p@l shapst @W&? response,
il feqtgat bOhe(hhn®QNSLAREHDS vl (R), 0Bie b dth RFand gaae interval (G),
of O through N-I . In the follow ng description, FAP
&nd spAm. dé iyeerapHpakle (yalueApay he um%forrtés frseet Waing. Ehe loop filter
F

gAPrfj gﬁiﬁegﬁgﬁ aH@HPB&ef ?@ra&%te?§ﬁ1hgou‘§iﬁge§%g ﬁﬁ? EaAbF%e gﬁl es.

NF‘P&I et eEIGoriZf &hOVafh ap xempedimgnic Rhrngrodepp i R8@ for performing time

S t X I e

AGERRIR, €8 eORG, TE 0 SpB AR e RTS8 based on
@hamtwél 1rm1aqbs¢ aespoape posintatonfer 3a agedr8usisatsdrovehannd| (Glock 1212).

%HP IIG% ﬁwfﬁeggg?%?gh}o%lﬁer 21% Eﬁeelﬁ%%% ‘?ﬁy %\?ﬁo’%ﬂ%ﬁﬁogelaﬁon on

:rec%n)edf data tthe at: ke ehe ihgpothses rfes fienEA Peatd atPe (docdwwih214). Two

AP e ok Sy ars orrRet I iTPe LA MFE i tesis may be

%Vﬂ@ﬂteé 20 .dbscrifed@d FIGAS 1 S Mhenirhing kat the RBeivihis th&Pupdited based on

e Tyt L AP EL AH ROt ol R b 05k T2B" For block

agee) rﬂhaloeﬂar Y nthet ©F thdehanakl ﬁnﬂiﬂmespm@k Qbtidadtk #8Y be determined
erence

e finite di fference finit
gfﬁeﬁda‘t"} Sre-f %Srﬂlmnﬁlag}méﬁnﬁ%tﬁe& gitgmotheps ?fLFAg 2 T der the correct
HyPo@bsit hA thinfigt@rodich{yeb LGN bt ctivR (B 8EEYr ERmARYNd a timing
be used as the nmetric SFAP (K)- Siml arlyf the LAP may
paresswdray hedlteipddecbtain Agning adiuptmgntg The §aing agjugiment may be
$ikditddOto WiBIEREpBYclekminti GHefRY JaludsUiMl By be used to updatc the
ascertai ned by detecting for a trough in plot 514 fo
fereivar fintiag.de-f e HEE Shert painjes. gAEYP siampdﬂlatlﬁe i§ pﬁfqreled on the

S

%{eﬁ\%&lec%ﬁbp%d I%ﬁq%ér c}a@%tgfe%&tv%té (ﬁ)?oc% Th? ®FT Start pointer
magystes wseh dmelee sempkesin tlteereeemt:qad%a ﬁcrrqamcassnnEl GS. 5A

[t)]fgﬂ)‘! gh %ge técﬂﬁgh?%@eesﬁbé/@il&gefnq{a éﬁél%egte?%é ou%means For

exéﬁhples hhek¢ eésdhnigmles endyobe Bhplefiéhted do Urasdwdre] fidewake, software, or a
t o .be, at Pd 1+ 8-1 =.8 . .
cpfiti bR dibfeah” iR £ R 131 e alith. thp Hidvemai gppits used to

for another exenplary channel inpul se response
estimate containing two | arge channel taps at tap
positions 3 and 13. FIG 5E shows a plot 522 of the
energy Ek and a pIot 524 of the finite dlfference Dn

o o NS Y a1 e ~~ AN /



to account for various channel conditions. [0048] The
FAP and LAP detection schene descri bed above in
weouwansses (1) through (7) provides rel ativel yP@Emus20a4/e50950

detected FAP and LAP when the channel delay spread D ,
is less than or equal to half of the guard interval,
or Dh < G2 . However, when the delay spread is |onger
than half of the guard interval, the decisions may be
swapped so that LAPd = FAP andngPd = LAP . Hence, the
detected FAP may or may not be“the true FAP, and the
detected LAP nmay or may not be the true LAP. The
aewvaambiguiﬁyhﬁa & Alghnandstinidte ade®ir 36 QRsfolE a8 @ﬁdﬁlﬂg at a receiver
on t e act chann taps, the channel. del ay fs pr.ead

séma}u FHe emﬁ%mes or HERESe 2PPlication japscifih ategigted circuits
a@l@l@y)e ARG Y Bl ﬁic@%h@ (Dglf’s)':ﬁi%n@ﬂ glghﬁPprok@é%ﬂ@ ddh&es (DSPDs),
FAP and LAP may a be detected 1 n ot manner s
REgairareable ologit éiezﬂﬂ% nEldded fidd mesrapmablapeate arrays (FPGAs),

b&&EdRN coﬁtpcﬁ[c‘?s NRYcrORoAFDIGY! hﬂcr@ﬁr&c@ss\ﬁ‘f@t&[ﬁfu’o&ﬁ@ devices, other

etected FAP and LAP are correct or swapped
Tectrgiisl yuts gesignedhfe meaeramthe Linpotipmsedstighednbgreipe or a combination
rgsebyed by exploiting the relationship between the
start of the FFT wi ndow (which is indicated by the FFT
d0893] poifier ex Yirmmdire Radios swiftwane iniplarnesitatiel, she techniques may be

[ t [

Qk)%flédlﬁg{t%d Qw a[nr%%)éiﬁfés% gr Sé&%rcéé@%%s% sfgﬂét%ot%isha{&? SEA(S%) atﬂgt perform the
d’ep@nﬂendesolnbe{dl}leltehe prhepsafardarencodes anzy be rstcuthé 1ﬁA€P memory (e.g.,
rag? al?rélsln : pﬁll%gs § leaC(El ”yt 3 o\xgshsg& gerlj%l é\é‘orc]:%sos\fl)vr 1§—65 SThe memory
[08bad 1rElb16‘meﬁ1z&dSMde tlw”prexﬁnqui ca’re;:tdrn&irte mhesiooessaf. an

sy | via a 0 WiL,th mul ti
SRR Dt ot SREPon bR N lRaT SpuPhiial ayfvied to enabie
ady eersphexkided nnatid arty tprapegari ase ded tesdotinvedtion. Various
whi are determn by the nnel.. envi ronnent . For .
PRIy 1o e GRS PY AP LINGHITAP The D bl in the art
tmddhBe ge@drid priddiples exfaivdl iereid Rgaytied @yplRAredthedfendtd@iments without
communi catl on channel is D, which is the difference

OB TTHB (hF P A 569l thy SUYBHionn IR igRFSoRp fnvention is not

[18RRddd e 1AM 8B @inboaghse ShAviHB&EH buRad fo Mc@rdcd the widcest
guard interval. The receiver obtains a COEWF@)‘}

CREE Sansstt with tha gAneplpsand pavel. featuras doye
copy is scaled by the conplex gain for the aSSOC|ated
Si gnal path and is further delayed by the propagation
dePRl f oWHHEE IS (e IMER IS: For sinplicity, FIG 6A
shows only the first OFDM synbol copy received via the
FAP and the | ast OFDM synbol copy received via the
LAP. The start of the |ast OFDM synbol copy is del ayed
by A sanples fromthe start of the first OFDM synbol
copy. The received OFDM synbol is a superposition of
all of the OFDM synbol copies at the receiver. 1.
0053] FIG 6A also shows the placenent of the FFT
w ndow for the OFDM synbol. The start of the FFT
wi ndow i s indicated by the FFT Start pointer. The FFT
wi ndow has a width of K sanples and deterni nes which
sanpl es are selected for subsequent processing. For
the exanple shown in FIG 6A, the start of the FFT
wi ndow is D sanples away fromthe first sanple in the
useful part of the OFDM synbol copy for the FAP and is
D - Ah sanples away fromthe first sanple in the
useful part of the OFDM synbol copy for the LAP.
[0054] FIG 6A also shows an ISI/I1Cl-free region,
whi ch is an overlapping region for the guard intervals
for all OFDM synbol copies at the receiver. If the FFT
Start pointer is within the ISI/ICl-free region, then
the proper K sanples are selected for processing, and
ISI and I Cl are not encountered, which is desirable.
The goal of time tracking loop 320 is to maintain the

P pe—— ey



copy for the LAP is nore than Gfromthe start of the

FFT wi ndow. This results in the channel tap for the
wQ2@705%pPi Nng around and appearing at i ndex D, PeiiUsivoé/e60950

to the left of the channel tap for the FAP. [0059] As

shown in FIGS. 6A through 6D, the channel del ay

profile (e.g., in FIG 6B or 6D) nay be determ ned

based on the channel topology (e.g., in FIG 6A or 6C)

and the FFT Start pointer. Cbn%%rsely, t he channe

topol ogy may be determ ned bas on the channel del ay

profile and the FFT Start pointer. [0060] FIGS. 6A

t hrough 6D assune that the FFT Start pointer is not in

t he useful portion of an OFDM synbol. A given channe

topol ogy may al so be associ @ijedymygh nmultiple possible

FFT Start pointer |ocations. For exanple, the channel

topology in FIG 6D may al so be obtained with the

start of the E i ndow bhej ng at D sanples to the

rightigmay 0 a’%%%% g??mggmghe useful portion of the

OFDM satritrst ono pyocksror techefifiARy to detect f6r safinst esiving phik (FAP) and a

right.of th ET,.Start pointer |ocation shown in FIL.G .
it b B, T ) Ak iiaion PREL B RS paffelgh i on received
kiatd fos tactist bysieh@intareeshbsdingto det FARARnanch P Aling[dd0eddy detected,
Ti me .t racki .l oop 320 att ts.to maintain the FFT .

4 RFTOTR CATERIQR O (0F TREVSSI4ax § pand ByPRhesiy pogesponding to the
tHASE kb o ). APOSIn @ 26 odet @At ®cled, Atotderidih® a@oakct WypoliRsis among
p{lez.ence of ti m'é]g% rift due to difference between_the

PO SRS e RRenet dyPatnerssebased 08 UteFtitntrshite dory tye, first and second
Wbhbitssnsnd N the clock frequencies over tine, changes

in thecomuni cati on channel, and so on. Accurate

updat iGEHPOE pRIPETtodhe ot lepdiong BFOPEOBssenti al to

achi eve good data detection perfornmance. [0062] FIG

7A shows an _exenpl ary channel inpul se response

esti mie atThherpaegisyef . clame Ineodieiein thasakdenst eaftge processor is
bnfif G R A0RImIaR Afst @%Qaﬁ%ﬂ%ﬁ EOQQh Bt h?ﬁbﬁ%si% 9nd a second
time tracking, docs not know wnhere the channel I npul se
cegpletion vaedaya fonythe segond hypaibess baed dottbe tletectéd FAP and LAP.
within tinme tracking | oop 320 detects for the FAP and

LAP. [0063] FIGS. 7B and 7C show two possi bl e out cones

of theé.FAP Hred app#ratist et ¢laim f2or whiei hthanal leéaspudiee processor is

r ' e [ Y/ The chapnel . del cr s
SOERARSE S Bl Sohabilin, el  Fibe st 8L Rpied i wimin e
deste coreelafiiP wisdew amblex séoad sephent elffecteided ARdtd,Sarat to perform
icgdrgfétic[))n"'be . ,Tge cgannel elfa% rocLi Ite fo%{tg\e , relatio
SOEERHRD BTHrE = AR st OF PR Th 2Bt abib 9 sgsopd correlation
atindovd exd B feundh tdpenddebeedceivefAital s at index D + D .

[ 0064] Based on the channel inpulse response estimate

shown in FIG 7A FAP & LAP detector 412 provides the

det $0Ct4e d FAEB@Q@MBS dﬂfﬂé@ihl U};Wﬂg@cliﬁ&hé @Mgﬁ%ﬁ&cﬁd goBments arc
or , .dependi ng on et her t ay sprea

SxRazdgd %wﬁ*g SR a&f‘vfﬁ%ﬁqur e ngﬁtgléF&@e%ﬂs §5% seasrgicd hg K samples,
RER KUgde danfion@Fatisefl pbrton@reR¥IsM dyafsol. and

possi bly other factors. If the actual channel del ay

profile is as shown in FIG 7B and the FAPd and LAPd

deci sisons ari %gﬁar@ﬁ{s, of hagint he %%g?HhE OROhOGY HAOWRcessor is

in FIG 6A may Dbe reconstructed based on the
ceniguresh sn dptebaingdumotissizeh Fddetnd bAH fyypach hepethgsis based on the
ﬁEéE&dWLr?chAﬁ!‘d the channel delay profile. However,

if the actual channel delay profile is as shown in

FIG 7B and the FAPd and LAPd deci sions are incorrect,

then the incorrect channel topology shown in FIG 6C

may be reconstructed. [0065] The FFT Start pointer is

updated in different manners for the channel

t opol ogi es shown in FIG 6A and 6C. Hence, incorrect
detection of the FAP and LAP results in erroneous
interpretation of the channel topology, which then
results in the FFT Start pointer being updated in a




OFDM synbol copy for the FAP through the | ast sanple
in the guard interval of the OFDM synbol copy for the

WO 2M7/05%20 hypot hesis 0, the correlati on wi ndowGI/E81086/060950
at sanple index To,a and ends at sanple index To, b-
[ 0069] For hypothesis 1, the hypothesized FAP and LAP
are equal to the detected LAP and FAP, respectively,
or FAPhO= LAPd and LAPhO = FAPd, as shown in FTG 8D.
The channel topol ogy shown in EgG 8C is reconstructed
based on the hypothesized FAP and LAP shown in FIG 8D
and the FFT Start pointer. For hypothesis 1, the
correl@ti onThe rahparagisarof sclaim sfmmterdimdegx &t 18asnéhe processor is

e at_.s l.e index Ti 0070], For. eac ot hesi s

ictggflﬁléregt {g)r SISFIRe® SOFElAtRE; BRI é?fv\l,ea% ?‘é,ﬁmﬁ?ﬁvs e cover guard

deteevals foe dheisypothiesized FRISkRTLAP f3HLP hdpothésis. for i =

0, 1, Eq (8) where TFAP , is the tap location for

FAPhz. TFAP>0 = D -+ Ah for hypothesis 0 shown in

FI GS. BA anthSBippaehisTbAPclkim D5, f Qhhch¥POResi odst SBRMprocessor is

in FI GS., 8C and .8D.[0071J For each hypothesis i, the

&SRugirefie debirrinepicorelitieaorindaw for eaely hynothesie toricauer at least a
rtioh oba Fubd linRrddit for tHd b Ded/ : ; ; a ous

\;,\qﬁere TLA-F%,u is the tap | ocgrt)oit%énb%feng%S{hlg%gE% é& Q)pomon of & guard

AEREhEgtihe hgrotheszeddadl ar ound effect. TLAP = D + G

for hypothesis 0 shown in FIGS. 8A and 8B, where Gis

added to account for LAPhO appearing to the left of

FAPhO &due tthavepparafusuntl deitect,. wharin the+atDléast one processor is

%gﬁg%ﬁ%&lté dl‘te?ﬂﬁﬂ@ la 'cBn%ia%n v%gdgﬂd&? Qa%%gﬁoecl}%%%?o g:ﬁ\téFr at least a

ed because LAPhl appears to the rig
PREiWE ¢fa gisrdvndprval oo bt lsfiodesizef B@P2] The size of the
correlation wi ndow for each hypothesis i may be
conputed as T b -T a . As shown in FIGS. 8A and 8C,
t he cdékr el aklicomppamtiowst fdainhypotvheséis e amd [dast one processor is

i cal v i fferent .sizes. 73] A, correl.ation
PR Yo B Bl RO TRRGh ATRcoR B kot BFRP bRl S o teast o
popionfafra achithypel foe theshyipottesizédlAPWS: where rn is an
i nput sanple at sanple index n for the recei ved OFDM
synbol, C is the correlation result for hypothesis i,

ang 8 Cl;o' X dl&{@OtaPPal‘atU§ Oﬁp{&aﬁnﬁ lqr,‘j Wﬁaﬂclﬁll th@oetitﬁ]lcaﬁi (5%8 @M ccssor is

an 0 ar n as, we as the guar ]

B o7 MR RER SMbBIY LORyaS e parmel Heelyaospanse estimate
shane chymghaytishapidgl. and the guard copy is shown

wi th a dashed box. For each OFDM synbol copy, the

guard interval is a duplicate of the guard copy. As

shown 1iin equat bephrdhd) of SBER $OMRIRrdR HREMALE imppise response
interval is multiplied with the conplex conjugate 8}1 a

gHpate FORMTHES %gp]@ cl:l}qmpﬂetaggazf@ wopEein dbgd at feast one processor is
Bt fiduRbd 6l 8T8 SHbsPesH oY i i

I eng% h of the clor r ellg??sgn W ndo%%gﬁgﬁlglgﬁgﬁﬁgdow for different

tap1PRstHons) tq detsgininei dAinite Oliffersoer hessdfan thii ehegientfor different tap
84itiGhs2kd Qe WBE5asDE! [ NEses Q i

BORAGNT K, B0l RIQHL EAg B Lfith B3P BulcBln DHRES BRGEGp dnd the fnice
flgGTsIce! 4nd tealetigop fartths LARIbIEAR onacseLdfl fimetivd ef thewmergies and the

EAfRe anfl bR, as shown in FIG 8D, then the correlation

W ndow covers the guard interval and the guard copy

ofthe transmtted OFDM synbol, as shown in FIG 8C.

The channel. topol o fo he true, hypothesis then )
resul ‘2 i nlrgehl%aég%%o?é éaélpi h W& th thelsst qre processor is
guﬁ';g_lhrc’ndwtoetcvcﬁfniﬂ@hd ctdter @ﬂ@ﬁ@fdﬂﬁﬂﬁn@@&@gﬁ@o{i@@ﬁﬁ th% ?ommunication
ections cart e sanme waveformfromthe transmtter.

FRAREP Ry B8 s e ST rRECAP IO (omsct RRoisa. o update o
and LAP, as shown in FIG 8B, then the correlation

wi ndow covers a portion of the actual guard interval

and al so a portion of the useful part of the

transmtted OFDM synbol. The channel topology for the

fal se hypothesis then results in a |lower correlation

result between the "guard interval" and "guard copy"”,

T . o, Y . g



enbodi nent | abel ed as Wndow 5, the correl ati on wi ndow
covers the entire guard interval for the hypothesized
wWOo-20107/056e0 t he enbodi ment | abel ed as W ndow 6, PCT/US2006/060950
t hecorrel ati on wi ndow covers the ISI/ICl region for
t he hypot hesi zed FAP and LAP. For the enbodi nment
| abel ed as Wndow 7, the correlation wi ndow has a
fixed size (e.g., Gsanples) and is centered at the
m ddle of the ISI/ICl region f% t he hypot hesi zed FAP
and LAP. Various other correlatton wndows may al so be
used. I n another enbodinent that is not shown in FIG
Doititee basydr eh alid eentet B awsS| ARl BRMsdtheSpliftet @6 s8Rcdiamples in the
max .%D In this enbodi ment, the previous FAP/LAP
I'GEH ‘Fdo@@aﬁ%ﬁpr%esﬁ’él@d to limt the correlation w ndow
size. [0078] FIG 10 shows an enbodi nent of a process
1000 for resolving anbiquity in the detected FAP and )
LAP. The FAﬁh%rﬁrpemmapg ¢laine | B, | yhereinedhept leagy one processor is
b @duR 18 dCRAMMNRY tht TRMbSSE HESRS a%&d$§£n& BBiRch Ao Bypothosized FAP
communi cation channel (block 1012). The FAP and L
ra IeP det the cegectdiygothesy. det ermi ni ng t he energi es of
channel taps within a sliding window for different tap
positions, determning finite difference val ues based
on t hel‘ener §hesappgeatesc of ngjeinh el - APhergie dhoratalepftr ghe processor is
; . ¢ : i . ] o
VAREEA O el AR RO E AP ool on AL kBBl b BREVAR » timing torger,
ftarfdter dne tingerrentr ofiteiv anvhinghedjfistmient adidftb eypdate ¢he pointer based
Vv - [hed above for equations (1) through
(%t%ﬁgﬁ%gg]ﬂﬁ@%%lﬁesi zed FAP and LAP for a first
hypot hesi s corresponding to the FAP and LAP bei ng

correcidy detected are determned based on th .
det ect fegd FA?’EI%na&) pﬁ?@%’]s( 8? AR Oﬁ)wgﬁfﬁbttﬁeesalt z%ﬁStF%*ﬁ’ PTOCESSOT 18
andfipifedftodingt theatmitdg hyjctohas it within € prededimihet @addeaf values.

FAP and LAP being incorrectly detected are al so
determ ned based on the detected FAP and LAP (bl ock

1016) .16A coThel @fpapusMofdeldinh S1,deiRFdThNe@ borle@Cone processor is

h%p t hesi s based. on the%?ép t hesi zed FAP and LAP far

t 1%3&?% Mg tpipg desefs e eprigct: ests and i pRIGRY orthogonal

fRadqueash dRYReh ReMisIcRRY (OFTEVI) Abo@ilaBoR @htth®Rekfvcdii®ita bascd on

gjliard interval for the hypothesized FAJP and/or all or
pYPatechtiing-he guard interval for the hypothesized

LAP. [0080] Correlation is then perfornmed on received

data for the first hypothesis based on the correl ation

wi ndow % or freethpd semptigiBEhesi s (bl ock 1020).

Correl akd [ : ecel . I :

Che. Senha By Sbrham o e e P ALY Ao P Rk b AP in o

fagmmimscaiinomdniglpot hesi s (bl ock 1022). For each

hypot S . d ' . ) .

1 r ot e A B O R R Do R Pl cronding o

whe 4R endrLAR ringygouetidsiseand a second segnent of

receiv, . gt I.s K sanpl es_away, erg Kis_ the .

dur at ipgegfog@%] e&’%%%tﬁ . p%nr ﬁ% Sn '8 e“éé/n d%%?\/l g‘ifnbaol S.ec%de hypothesis

coregaindmgpotthe FAP dng Tt AR beulgtinsaricotig dbsted; and t he

correlation results for the .first d cond

hypot HELEEEa kT HypaEes phhe 26 A Pacisgsd bypgiheses based

aar doeelatiohAReand foARedre sldiseconidiggotheseval uating a

singl e hypothesis. The FAP and LAP may be initially

detected as descri bed above. A single hypothesis for

the FAR. andThARdiRIE BE cRehert ephdréin 1BY alcttatingFot the FAP and LAP

vari ous manners, [d%% In_an enbodi nent, a_ hypothesis .

RFPrises AP dinefon apd {1 bhrged ap ashawiql ippulspgesponse estimate

QUf e RbnftihisitdnichRrhdlit er 1s sel ected for eval uati on.

In this enbodi nent, the amount of timng adjustnment to

the current FFT Start pointer for hypothesis 0 is

deternmi ned and denoted as DTO. The anount of tim ng

adjustnment to the current FFT Start pointer for

hypothesis 1 is also determ ned and denoted as T1. The

o s - e



val ue that may be selected to achi eve good
performance. The threshold Ca, may al so be a
weonfiospse@bl e that may be set, e.g., based on PEEUS2006/060950
correlation results for the recent correct hypotheses.
The correlation wi ndow for the sel ected hypothesis may
be determ ned based on any of the enbodi nents
descri bed above for FIG 9. A variable size
correl ati on wi ndow may i nprove 2et ection performance.
However, a fixed size correl at? n w ndow may reduce
i npl ementation conplexity. [0085] FIG 11 shows an
enbodi ment of a process 1100 for resolving anbiguity
in the%d t ed d LAP. ., The FAP and LAP are
ni iy dbecs gﬂlamb&ZeaV °i0 tBR AT GPglation on the
rreeda@gts@tssdmpﬁﬂs@ for a comuni cation channel (bl ock
1112). A si.ngle % otheS|s for the FAP and LAP is
sel ect SEPHINE 2 §t SO Bndoy 49T then Brs\hypeHississand a second

rgdyrchiof &ViBEd W doRs 86bdRa HyRBthesis hefl OElFt-ﬁC b@Efcd FAP and LAP,
pointer, history information for prior hypotheses, and

S0 on.PERFMEIZEIEAn betwisen arffish sagmnenh of Eseived dlathawithin the first
fRfreldtiBn SEh&S @Hd QXQ@@%@Q&eﬁMH@&ﬁéﬁl&ﬁ&a et her the
sel ected hypothesis is thé correct hypothesis is
det er AHPENERS cOrTeation detveanep dhirdrregmsnt of gaekived data within the
tBES fkqingla{t*ah Hddvh
o?escrl bed her g?lnd&n%yﬁge useggé%;gr}ggg %gwgﬁb%lggdw ty in
the FAP and LAP detection when the channel del ay
spr ea S | §ia38f 1Hh L (ar .
24 % aorerat Bl 17 Rk b oting Bhrrgllion on e
Ire@svetdm@nnmqml to half of the guard interval. In

gener o resolve
anbi 934 t ;ﬁ{ﬁ—%% %%\%\h%‘é%%gﬁ%}) néﬁj)z‘%g)o?f aﬁawgte1651s based on the
mmotndsir“eﬁlbﬁnchLz%m;rlmnl cation channel V\,here t he

gud %% ue to ncerta éql her the
st etotmidne; Eogorr i Prfiove for Saeb i brie @b portion of a
@arh éhtetvap . fofSothe e]h}qidﬂ&mzfé&yFAP RebidR b f Or gdrd i ib&kval for the
E%'Bo hesid[s rretgﬁl?ndl ng to the first channel tap

figeigeq - 4 second channel tap. Correlation
may alpgefobainpeddrvidRe fodkach BRSIMGisBHREY BEIAS corrclation window for
cor{lmspondl ng to the first channel tap being |later

HeeSSecond channel tap. The correlation results

for the two hypotheses may be used to determ ne
whet her the first channel is earlier or |ater than
the sédond %ﬁ‘dﬁﬁ@Pdpgﬁlaﬂ[ldngWﬁeﬁ@ang ‘back to FIG
4, bt 5o e out put FAP
and Lz%af ruégt m uni bé}%%ﬁ%@e’%oggeg;% neséé%;gltl{]enter of
mass derfereingherdingonaledusacy adyisias enwdipleringe(OFRMArdemodulation
%H’Qﬁéjfééa%d dSG RS O8n R ﬁ@%gﬁmlﬁ s the center of nass
based sol ely on the outpuot P and LAP. For exanple,
the center of mass nmay be set equal to the m dpoint

betvve FAP ]l ows: DS = (LAPo - FAPO)

, 2 ﬁe“?ﬁk%%tﬁ%ms‘?ﬁk o + DS/2) nod N, Eq (12b)
V\,her e nB@ns éortdeteatiop dot & firs hanvieg pelidl (BAPS pnéadast Btriving path (LAP)
, ion (12a), . 1the,channel delay spread is conputed
grgy %xh%yggqaa&ﬁhﬁ rr%jd N}, where the nod N operation
accoumbenn$ aoffor t pﬁfmmg | coridbatinh bAPrbcels'eﬂ oddthefdred t fi®f hypothesis

FAPo in.th rofiIe t|on (12b),

PR patian To AL nd Tl pA5F conS Mt del ay spr ad

from Exlﬁi%ﬁs f(yrhpdfr&)rhhﬁg li’ﬁfﬁﬂtclutlsﬂ %ht&hb @ébfcﬁfi!élodti’di ?oﬁ‘ Ql’scc%orr]ld hypothcsis

p033| 0 e center of mass n anot her
ﬁgﬁg ﬁﬁ%ﬁgﬁﬁ?élfg? g lcpgegtht d5tasirddBased on

nDre than two (e.g., all) channel taps in the channe

i mpul se response estimate, channel taps with

sufficient strength, and so on. The center of nass

conmput ati on may be perforned in other manners known in

the art. [0088] The timng error fromsumer 418 may
be conputed as foIIovvs Tlmng Error = CM- Timng

A NN\ ——y = o L Y




[0093] FTG 12 shows an enbodi nent of a process 1200
for performng tine tracking at the receiver. The FAP
wanw7h®B2@re initially detected, e.g., based oOPCEHUS2006/060950

channel inpul se response estimate for a conmunication

channel (block 1212). Anbiguity in the detected FAP

and LAP is then resolved by performng correlation on

received data for at |east one hypothesis for the FAP

and LAP (block 1214). Two hypo&@eses may be eval uat ed

as described in FIG 10 or a sinhgle hypothesis may be

eval uated as described in FIG 11. The timng at the

r ecei vaganiss farhdateupihdte ch kased: diypbihesibyqpadipe sthe eflrsEARd second
f.or _the correct hypothesis (block 1216). For

3D Boleles 1ted QoG ER i RooE B et LS HhstfS

response estimate nay be determ ned based on (e.g., as

t he m_dpoi bet ween e, hypot hesj zed FAP and LAP for

the c ?ectrlf Iffy%’f“f?é?? %&‘Hﬂn} i¥ i WRPTEi the mpgys & performing correlation

dattks roicoedd dasednpristdie center of mass and a timng

t ar get andfnaﬁ be filtered to obtain a timng ]

adj ustTeERe oTHecIRneg e dgft rorisbion fapdew for the Eept hgpothesis and a

WeddaldreodreRitRAICHBIBWRS thaREHAl hMAMIES BRED BBYhPYeERY FAP and
o update the receiver timng, e.g., the FFT Start

Eﬁgﬁter. OFDM denodul ation is performed on the

recei fReredi e r .

(bl Qc‘é“fﬁ*‘él ! %”? The FE%n ity “‘B‘g iq)tr?{ﬁgeré'nn%f/ﬁ £ lsonhddf received data

sathae thedsigaarelationywiadpwoasid negeenat seefusnt of tseazed defa, and

[ 0094],cHhe e ‘iJ%H’oﬂH I g gepv%eﬁl 4 tFl?X s@%ment of received data

i npl emented by various neans. For exanple, theéese

Patimihg s eondespristationpliadewtaad aifautia seiywaens of fdceimsedeta.

software, or a conbination thereof. For a hardware

i npl ementation, the processing units used toresolve

anmbi géditt y iTheapphatuself cdaiti 2 tvéheacid tlor nieanspfer frerformhing® orrelation

bh kI8l 1A Leaglyer my be implemented within one

or nore application Specific integrated circuits

( ASI Csjeanslfagi detdrménigg abrpqﬂh?nD?ggg&B anDBRD for (élka)i@h h}i’qiothesis based on

SSi evi ces , programmabl e 1 ogic
giegc{é?écté’c{ ]g&L%Sa?fi T%_Fg br o9 9

€Vl Ces | d progranmabl e gate arrays

( FPGAs)canp Ifoc dsisfrhiing anédrildteinS wikdodw ol @AMl Alb&hssis to cover a
rnﬁropgocessgns, eLgct%gﬁic gfviégs, ot her el ectronic,
BHiPE APy e dMen 2h &0 BF vPhesiart Fibn e nester phaguard interval for
thergipothesize QLAY beth| & t her eof . [0095] For a
firmware a?d/or software |inplenmentation, the )
t echn§iB% rfaming, cerrelabery foh ¢aehhymothesis(hased on the correlation
PO €8 hfpoliedsisons, and so on) that performthe
functions descri bed herein. The software codes may be

stored in a nenory (e.g., nenory 182 in FIG 1) and

execubsd by ha aBpAGRS IPLIa(S8 28, furllePESHQLindB0) - The
memory may be 1 nplemented wthin the procéssor or

Y el
ext er Agpng for updatmediaingdiased opte]comset hyrmettiesiss and
descr i f LS ' -8 P | ded °
o onibis 2al ek a e B AgRr TRRRLAE uhikty Dk Sing, (oFDM)
daveo @ atemn thevessivedrdata/based os thodidataltitnongs to t hese
enbodi ments will be readily apparent to those skilled
in the art, and the generic principles defined herein
may be6.app mdctssontehdablensdoli foestbeingiinshatiordegmedbilag:
from spirjt scope of, t invention. Thus, the .
pr ese?ﬁ g‘ftngogn i%%{ LIS Rordt e(E‘ggéi Bela“P[i AARE pgitly (RAP) in a
@modnicedscisinovly herein but is to be accorded the
wi dest scope cqgnsistent with the principles and novel .
f eat PRI SRR WEFRAh <t e AT ¥ Rsthesay prsSPonding to the
FAP GhALMP BeindBor@figs ddratgedzonpri si ng: at | east one
processor configured to detect for a first arriving
path (FAP) and a last arriving path (LAP) in a
comuni cati on channel, to performcorrelation on
received data for a first hypothesis corresponding to
the FAP and LAP being correctly detected, to perform

o T o S



8. The apparatus of claim5, wherein the at |east one
processor is configured to determ ne a correl ation
wormdosestor each hypothesis to cover at | east BCPUS1006060950

of a guard interval for the hypothesized FAP. 9. The

apparatus of claimb5, wherein the at |east one

processor is configured to determ ne a correl ation

wi ndow for each hypothesis to cover at |east a portion

of a guard interval for the hy?gt hesi zed LAP. 10. The

apparatus of claim1, wherein e at | east one

processor is configured to detect for the FAP and LAP

based nenfoamcdearstrion orpthiesrecaieshdats dors sedvmtichyhothelib @orresponding
by ' el . 11 e .apparatus of claim 10,

\?\ﬁer elléﬁistg ﬁgi%ﬁ%gg %%‘Dr?%&ic%‘ég‘? Sgﬁ‘gr'f? estimat e

conpr idsesming 4 icptrectdhypotiebis tapsg tad dirshedaleBotd ByRkheses based on

I .one ocessor. i.s confiqured. to determ ne
gﬁ%r%fgalngg reosﬁ[t%ﬁ r{[ﬁ%ﬁrﬁtzﬂ:}és OPﬁiLf‘P{pﬁthg?qsdi ng wi ndow for

different tap positions, to determne a finite
differ2 ce ﬁ%sed on the Sqﬁrgi es for different tap )
posi t i“Ons, FEQEEICT BRdihe TrpPe pofs N 26 Apd sfurther for storing
finsmaictions aferdihietener gies and the finite difference,
and to, det ?Cttgf the LAP based on a second function

[

r
of t hEHE i e T4HEI 3ph & AR hesed o 4 phimab empulse repnense estimate for
appasmadusicefiorcéinie®, Wherein the at | east one

processor is configured to determ ne a center of nass

of an inpul se response for the comuni cati on channel

based 2@n t hghBRUERS] I%anb’fé“r)n@cgg $ABLIAN 26 Nen g %ﬁﬁ&% for storing

hypot hesis, to update apoi nter based on th€ center 0

HEEYCURIPRCERDIR® t he pointer to sel ect sanples in the

r ecel viegndfieaaf Bt REASEHSHin apRar A

claim12, _whe?ei n thgggdt%l%eastd%gfng&g?becgigsgo%;ﬁozhe%m and a second
eoelation windoo thatthe sricnad bithewnt based bu tipsdetasedFAP and LAP,

m dpoi,pie, bet 1 he t hesi zed FAP and LAP f the. }
corre t[;'1 fﬂ%o‘ﬁ%&tfgg ?L%%’Q%LS @fﬁég?%{? T %PISSFLXF%G%%, within the first
vireeletion wirsloat andems¢cond segmant ef saeivied daonihdur ed to

determni LT rror_based on the center qf nmass

and a%{iﬁnﬁé&bgﬁagg? ,%e oeeflialat?‘gg SPRRICRS of 1egeixed g?tat"i‘j‘thm the second
otrelbtomwindomngnda fasthreepinentedfdctdvatpdiad.e t he poi nter

based on the timng adjustnent. 15. The apparatus of

claim 14, wherein the at | east one processor is

confi @0redThe piodedsot eadabld RekdadjofSEIBRAL2E, Oattd tHkikbrafor storing
1gllrsedeterrri ne ange of values. 16. The apparatus of

r
gf‘fﬁof,so\ﬁ’/ﬁ K0 the at | east one processor is
conf i getesplink Qyppmatited FAPREJNaSR tbrQRch REpGRESIEBLsed on the detected
%ot? si.s, and to perform orthogonal frequency
IS I'tiplexing (OFDM denodul ation on the
recei yedrmtiat a JoasefiofvihBsw lﬂ"&d@cﬁ@y?bﬂﬁbﬁg to dofver éé)o%igtnh()f a guard

et hod cogrprisi ng:. detecting for a’tirst arrivin
|

lelpeml foF dhe hypethesized EAﬁg a’p&)ﬂipr( PAR)guard anterval for the hypothesized

cAPYb&RLdQN channel ; perform ng correlation on

received data for a first hypothesis corresponding to

t he FRPTERYCArPatinn fig ceeh hamtthssiddersed vadhe perélation window for the
Kdsation on the received data for a second

Rypot hesi s corresponding to the FAP and LAP bei ng

incorrectly detected; and determ ning a correct

hypot kesi s f and .secand .h t hese ase .

on co%k?el a??ggé}rg(éésgfrt §é%d%{?let i Pgth%ilﬂﬁ e dis'urg‘er for stormg

ingtpottioss epcratilg.toThe nmet hod of claim 17, wherein the

det ect i for the FAP and L conprises, detecting for
t he agent w%ggga%%cogeéﬁwgpesiw se response
estimate for the communicati on channel.19. The net hod
of claim 17, wherein the performng correlation on the
recei ved data conprises determning a first
correlation wi ndow for the first hypothesis and a
second correl ati on wi ndow for the second hypot hesis
based on the detected FAP and LAP, perform ng

o ] I T




I n a conmuni cati on channel; neans for performng

correlation on received data for a first hypothesis
we@enresysendi ng to the FAP and LAP bei ng cor r ece€HUS2006/060950

detected; neans for performng correlation on the

recei ved data for a second hypothesis corresponding to

the FAP and LAP being incorrectly detected; andneans

for determining a correct hypothesis anong the first

and second hypot heses based on Sorrelation results for

the first and second hypotheseg. 23. The apparatus of

claim 22, wherein the neans for performng correl ation

on t hedifee eﬂﬂ@gbrﬂaﬁaqmwfp dision Adtplekidg (OFRDNVINGEMBgulation on the

firSt%ﬁék | at.i on. Wi n qm;for the first hypothesis and

d°58Y ‘?Sreéloﬁttp%ﬂp W ®%r the second hypot hesi s

based on the detected FAP and LAP, neans for

perform ng correl ati on between a first segnent of

recei vdd dafB 2RPHRTUS CORPTSINESt correl ation wi ndow and

a secofidcaeen® B%oc@gso'i‘ %Gﬁﬁ%' d d@tcrBRE fBARRI J&Bnd channcl taps for

perform ng correl atlon ween a third segnen

reECEIRIEY FaPenseiafti AomABIsEEen @he@rqlaeﬂomrgﬂwm@wl% gn received

%dﬁ@ﬂfrtﬁﬁﬁgﬂyﬁ@ﬁeﬁi cBﬁQﬁJo‘ﬁﬁglgdt%ttﬁe 2@ chiRSe1aRP BEALUSrlier than the

of claim 22, "wherein the means for performng

sseonsl ehanael tam tprmrﬁom@ovr@tﬂﬂ@am tho figneisdslapre s segpnd hypothesis

%ﬁ%@@@@@%‘ggﬁ%ﬁ gftszqnglg E@E%e?ﬂ% l%_t%gthfaﬁ Jh%%é&nd channel tap, and to

fdsterphanewirethien theafitsd chedred itagniswtandeverf loter ghahthe second channel tap

' C rti al for
e b L S
for themhpoot begilekic thAR, least odnopmcessod. neans f or
performng correlation for each hypothesis based on
the correl ation wi ndow for the hypothesis. 25. The

appar aius ofhe hppamtd? of tlaimlBdr, wiengn ifst sarh Hmﬂ&%ﬁsothe at least one

RARRGy D e NG 6P Gans PEqUBNEY (o JTaigahesis o cover

brﬁdirﬁidarpbﬁx gﬁ@d(lﬁl(v;a@@l gdleme dithtodtagiicl aflp,tdgorties %f%%dlaﬂ:ﬁin@erval for the
ase n the updated timng._ 26. A rocess rea

eea qhgpn Qttam St qtbrs%nfuetnesﬁﬁ’gmdfﬁérﬁgaape ipg the i gvlsed on the
&olrclaton&¥ihdlosyrng path (FAP) and a last arriving path

(LAP) in a comunication channel; performcorrelation

on received data for a first hypothesis correspondi ng

to thes3-AP apd raRR BF QAN eat lwndeietedi PRAt06MR processor is
correl ati on on e received data for a second

Iippbewedi &0 cundetss gnimen§asesl tome tharcaringt Liypofleasisg and to perform
| RERJILREHL Yn 368 REbRMa 18061 6F Mo ddied UnhiBE !
hypot hesi's anong the first and second hypot heses based
on correlation results for the first and second
hypot hgs 4 t readabl e nedia of claim
26, and furAﬁ Pp%gﬁsg?gﬁﬁggglnstructlons operable to
det ectatfleast phe pﬁﬂz@sse)n gonfi@urbd sedetent for ehfnsh etriviimgppithFAP) and a
[ r n
Es? %gr?‘g g%?é%r Al Ié %l co&rﬁﬁgg 8&95@ éh%%tiér% %&%Pe%pg%ygotggsw for the FAP
fand TsABrfongvalnstieny goimenroperredidteont on diet esarivied detd iforsthe selected

orrel ati on, dow f or rst.h hesj s.and a .
bR oPRe 8 APt el Rr e ek R bR e Spect hypothesis
asetorn toridigticietegglt &d thé\RRlened hyyfdthgest bad m correl ati on
between a first se t of received data within the
first %@F’F’nya‘f‘?li?i ‘gﬁ HE?’)W ISA oge BEREEHET segnent  of
recei ved data, and performcorrelation between a third
segnment of received data within the second correl ation
wi ndow and a fourth segnment of received data. 29. The
processor readable nmedia of claim26, and further for
storing instructions operable to determ ne
hypot hesi zed FAP and LAP for each hypot hesis based on
the detected FAP and LAP, determine a correlation
wi ndow for each hypothesis to cover a portion of a
guard |nterval for the hypothe3|zed FAP ‘a portlon of



determ ne whether the first channel tap is earlier or
| ater than the second channel tap based on correl ation

wo emalosss2d or the first and second hypot heses; BOMUS2006/060950
menory coupled to the at | east one processor. 32. The
apparatus of claim 31, wherein for each hypothesis the
at | east one processor is configured to determ ne a
correlation wi ndow for the hypothesis to cover a
portion of a guard interval for,.the first channel tap,
a portion of a guard interval é&r t he second channe
tap, or both, and to performcorrelation for the
hypot hgsi s ?ras le@pafa?’:tih fceai! 3, La;mm’nln dayy. at3feastTble processor is
a atus o al , erern the af. | east .one .
p&ﬁ’?@g t sseﬁf&ﬁf% u’i*s@&w 18y ?sa%ffie OF WtRgY vakuraan ¢ fog hypotheses
CpretRGtlyRyRRbREsI s and to perform denodul ati on on the
recei ved data based on the updated timng. 34. An
apparatus conprising: at |east one processor
confi gyg ed e dghRfdud OF Qafrh!$f, Fhbicid NHc PAL RbabtF6R2 processor is
and a last arriving path (LAP) in a communi cation o
ceravigared topsdedter hypothgpb epwsiaied prtht HmirgHhas g clospst to timing of
R oBRL UG syt RuREGEd0r m correl ation on the received
data for the se?écted hypot hesi s, and to determ ne
whet her the sel ected hypothesis is a correct
hypot hesi s e r e jogy r - f h .
ool acton hypos npye STk ein 00 | Ry (B " Fret gpe processor is
| @ndigumdetopletmessowhatber thesckpisdriapothesik icthei qurBdt hypothesis based

i . cessor is configured to
se g%fgyﬁg%ﬁﬁkﬁ#ﬁgéﬁg'E%?é@'bn hi story information for

hypot heses previ ously eval uated. 36. The apparatus of

cl ai m 34, eggiqa %q:%_ | east one processor is

configured to RIS R 4§B3F%esis associated with

t i m ngmbha forr delebigefir at first arfivitg: @fth (AP} heke kst arriving path (LAP)

p:eviousI%iqyaI%%te . 37. The apparatus of claim 34,

wier ETHMHE ™ F¥E8T one processor is configured to

det er rﬁn@ﬁnsl\ﬂbe Eaec;ﬁﬂggaehﬁ?ﬂ%sisefﬁr gt leﬁdi BAIPSfok Bﬁailuation;

correct ot hesi ased on_the correlation result. an

a t hr eBRdy fongper FBtelRRo By the Ageelvdaretar fpr e setected
dsRgakpr a first arriving path (FAP) and a | ast

arriving path (LAP), in a comuni cation channel; neans i

for selEgly Ky EHTPoradidthydhe splectedpygnthepiaps potorrect hypothesis

eyRbYsh cORclaNBARSult 96r M LEIRERH AYp&ALdiel ation on the

received data for the sel ected hypothesis; and neans

for determ ning whether the selected hypothesis is a

correcio hyPghbesis Rasest eRikoskevAldran §RS Hhdant Ofort Becting th

sel ected hypoth%iig. 39. T é_ap arat us Qpﬁilé%ﬁ13§? é01ng .e

wkoghionist deannrisg R snchps f@feft@é@ttmggﬁ(t hepetppes hessidson history information
' i ng the hypot hesis based on

ﬁ?@?gééﬁ%ﬁgggﬁé?kgaefg%ﬁ ypot heses previously

eval uated. 40. The apparatus of claim 38, wherein the

means jl(?r dﬂl? ra%ﬂ'a{{']% o_fyg‘ﬂeﬁ}nhgé &/ﬁe%ei%etlhg %ee%s '}XP gétgﬁﬁiln"?ng whether

is the Correéec pothesi's conpri ses neans for

dibt evehictadnypdibtdiers tthe conteac hpsbthasocniaptisesi mebine for determining

g@%%ﬁgéfft}g%égl%tctgg %fy%o&%gig gs 4 ctopr%ct O}Ip%ﬁllegfslb%rs]ei &t lfﬁet co%%?ation result
and a threshold.




