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A SYSTEM & METHOD FOR THE M TI GATI ON OF CDMVA
CROSS- CORRELATI ON ARTI FACTS AND THE | MPROVEMENT OF
WO3D@MAB6330- NO SE RATI OS | N TDVA LOCATI ON NETWeRKA 1ZhELD1025
OF THE I NVENTI ON The present invention rel ates
gener aA Sy SIEM ws METEH QP A ORe g0 T A GO Odt CDYIA
pr ERGSS-CAORREIdETEINAREIF aC TISPANDAT BE ORPRIGOVIE SIEN B OF .
I n PSIGNAUITO-NCIBE RAEEENIN TDWREATIGOATE) N INEST WORKS
mtigation of pseudorandom code cross-correlation
artifacts and the inprovenent of signal-to-noise
ratios in Code Division Miultiple Access (CDVA)
positioning signals that are pulsed in a Tinme D vision
| 11 DMA) schenme. BACKGROUND TO THE
FIEW@#E@W i ol ocation systens utilize multiple
The frésaid aNtrkibeiebtes @agllytté gmsma dnll matfod f& @EnkiatgPeeSiseiiahgg d&ermination
in racﬁoqgcgtmql s{egxg qp a l)lglj &Lg’ SE&?H%%\%\OY( ;E&g g) l]%lngt%%!lon Oési')s orandom code
ene o ese signa
crOSSﬁprEﬁlaalpq er aghf and é@émﬂf@iem@ﬁ aﬁ‘ﬁlg@plgo ncésaéaﬁlosn@% Iplylslon Multiple Access

(CDMRY Yo diidAind GighaWehaDdre HIEEIN @ TinkeeDiadiel Multifloa Dt @DM A)Schthe
range to each of the transmtters. Traditional CDVA

DA ROl R RN I e bri 6 art posi 11 oni ng

Many ©ARIoVAEbIS sySRe4! eﬂtze nﬁlltﬁ‘slengih@mte&C @icll eraﬁshx_ganfged c@ﬁﬁ@&ssuraque code
o HONB nal. (RS Gird

lels{)ﬁmu@%le 'ﬁ%ﬁﬁ% {CD gréal VerDME elver%}u aﬁy tﬁ‘l oéﬁlaas usmg a £ urahty

of reggiver qb@mé& e mgrmbt opfANiBE torRE "ﬁwwamﬁs %@W@r‘he IRge to each of

the tﬁh&mng@l\/l%rablamdcmm @&e@@@tcbmmuoslwtc@f%tebxg@mcz@sa continuous CDMA

signa 0 leucrllgrs (gmom recelvers S uence a sm le ec 1vec%1el across a plurality of
g 605 F SAPnY &P GRATSSTe am Expelred Ty’ dPrivE 5t 24

contipey €PMA sigedei Tlemumme lof thie mqhmms feepival is povedyce thethardware cost and

powe@&iﬂ&&dﬁ%@tb@@%ﬁo;ﬂ@&h\kﬂ oning signals are typically
However, when the broadcast CDMA positioning

Not %fotgmﬁjnsar Sk C 1|Br\é§gttew Eﬁoadéas mg%u% s?gPagma{NHgl ﬁegrﬂdedcast SDMA

positenigg aiknapoane pll exrasiehiot arivesat di msmrt retdingr @ity ialiler signakepared then

com.mombm LeWBHing Isig R arQQWall}t ru@as MibveRdrS whehOths QP@H@BGCDMA
osi tioni under t hese

n
post g GRS P Sk EAaRL PG B R DG h s
fromUBd highee isighee rpoderf traggnitensC yistgre par signalo meceiveld oo the dbwee dignal power
transitzlrttgrgu%g MY&%MA Mﬁttﬂ)ﬁl% ﬁgrﬁg gﬁfétsthésg QMtel}lons' fHle éggﬂAt ﬂogﬁonmg

separati on ternativel
M U A TR A o
Multtplenz&cdﬂt WD NinS@diadnab itt@n; DN A gepsiatic@a | AledlativelpethdDCRMa [@kitioning
signa&vunlﬂ b@lﬁﬁther s%%?a?ed(uﬂ;%%@ eo ggltsfirggépgrlil}gp eths otc?lgﬁg%@bm%lon Multiple
Acceﬁfd§PMr‘\bm aﬁ@“@l‘@ﬁ&?@”"éﬁeﬂaﬁ@“s ame frequency in a pul sed
time division nmultiple access (TDVA) schene to

SomdTatibigatien syhiensaansmar CIMA pestiohi@sigrpls ob khe mameGiiyency in a pulsed time
dwnsi%n mu{nlglg gécg @h’dﬁ)ﬁéaﬁerg@ gb\érﬁ%tl rﬁ%ﬂg gd %g%@a@ g;lolﬁlgrg f‘[’:ﬁﬁmt &é‘i{lonlng
Slgnaéﬂhgwalssﬁmﬁaﬁ!dlamlh ragged%wmr@esﬁ\amww gonﬁf@?lérqla%@mw“&gﬁ@nals and
this cjym I'Bng@fls def3@hii 8 Wd@leﬁg’-ﬂlﬂMpﬁHﬂﬂmﬁﬁdo&l RiRNer G’Rﬂ?co’d&&dd fo @enerate

the C%SEAD[I)O&IH?WI snﬁpag%ﬂs égrgrv\%gblle%nlls % %lfedgrr@Fne ong ]g/;\r r{’?ﬁe f/ct:hg r? ntlﬁlllJOélil %DMA
positCDMAsipals exceedthindynanig riagegelative tocadly pther €D mposiieningzigyd and hence a
relative to any other CDMA positioning signal and
hence aposition receiver cannot distinguish between
the two CDVA positioning signals. Additionally, if one
or nore of the continuous CDVA positioning signals
exceed this dynami c range, the radio frequency (RF)
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front-end of the receiver may becone saturated. This

situation is nost conmmonly brought about when the CDMVA
wa@e@sal3ess ansnitters broadcast at the sanme powWBCT/AU2004/001025

| evel s, but are at disparate ranges relative to the
positbeﬁCFir'% iqannetcdistiggish beTpieen diespa CBMA posifienéng sigealy |Addifigually, if one or
moreValthél oBlmenJu@ @Dﬁﬂa&ﬁltleﬁh@%&ha]p&‘é&ﬁ tﬂl@@ﬁamlaﬁnﬁeﬁg rddfo flel\Rncy (RF)

ron R e e o Bt AT o B TR g apaghahen
CDMyy bavdbte@@tmlﬁqmmaacafsram the sareseivtrtlevels, thar etf dispgate ewgeb rdlatige to the
pos1tloﬂ réc@x@ert eIrhmdB&@JtJ faRdes ?e@ultdﬁ%@ingeres; E}ﬁcaoi‘lé?lglld%%r l-&leas seen at the

di Q iC m sSi on 8 ritinme defi nes
P < R AT TG CIART Brpeieghe Sl boades
from p drs tranisoitenQersfps revhing Thbe Rardiea/ drecdesdribathe forem. ssi on f or
Maritime (RTCM broadcasting schene divides the 1

The madlé Ixs&ﬁlen toRffidsiesl f(QfMHﬁﬁle Grotl dé?ﬂ@s' brle Q3ink6n %MAemoadcasmg

rseAc ui sition de into 11
Sche%? 8 ﬁg@é PogLe YHE" 5 1Bt ﬁfi(f 31{“ Bpical CmnwrSflglbg%%mflﬁe (RTCM)
broaddetieg schame dideas g emdlveqrnd pariod odDhel GlabalCHusitiongng Systé¢nt €GPS) Coarse

AcqitoH BE/RS cRe §1'tonlgl eGual B liidTB108! Qbh el Stk W11 B mitlisecond in duration,
m | lisecond. For subsequent mllisecond intervals, the

Durig, Bt o e TP BRI o 61 SiealCR A R He: WG icahlesconc. For
subsda@enieslilidecond jpresdsttiersob-naiieddsE DONIA ARG I SEghirMdechatlf®Based on a

prede?e@xgaeé 055@1@&%%&1 ?_%Ki&?feb WREl de%éﬁ%s%e“s&%&esen@i %Rﬁ? zpemﬁc tmve period

casting sch

in th? EDWH bgoadsagtip pems, hlms“liié"rnfl gythis §Xa{1’é}en‘é’d Periqd IS"FEWPQ %19 EDMA sub-
sequERCEIKPAC Perb@PFBE erdiftf RAD. TeliialLOdniniiSiolReeH Maritigs fmrmj broadcasting

Commi ssi.on for br oad stln
scheme repeea in ltS entLr steve ?(?Ornél ecgeng é%\@l%@wé‘ ﬁlﬂls%]éeéxo ’lij/? reﬁ%?.t perlod

t ernmed a f uI | sequence TDMA repeat period.
Signabitqyipipe J3tigs (FBHIRS @recampreyaissi SR 2 RPEiop GFepi S PP BEPUMK eqirelates against
TDMROSokitibr@ig sigfdle | WiRfi a ﬁ@mﬁm nwsdoymﬁafsny Qbradaes aga@alarIWAT;Ea&mO
51gna a H){)l,ttlﬁl’llj cgfI utS corr(ca:l%}oxrl éx %n\e/)ggeé thg dgsgrgd ’hl) A rs?t%)gm% FFnal kno(jvn as the on-
pulseé itignealDuripg 1@9 repiader of the h@feé:amrr tEheakioon af itheeoftipyis¢dutitess the meseived

positREiad &8s I&Mﬁnawtmel d0dHed\GenBil maﬁg, thelsmmls&smﬁea ehe%ﬂwns&@tver is
e I eni nder, of, the

corlfiipsit oo TRPE PO R T IS "oyt TR R i el
Contmiqysia kareitingvoting theedftiphdsed tivaes deshseetle wiisg hbght Dtg)rthemg»smon receiver

corretah@nsﬁocgis w1t9&ﬁ|t §1€rgasfn% m@%ﬂceltelag %egalugérhofseeﬁ g&d\é@{o tl'\escorrelatlon when
correlatin ainst_aqther T pOSItI oni ng si gnal s and

the di‘f‘ﬁ?dsség“alﬂfd’l"gﬁrﬁ LAESNReYEFEIHE- posi ti oni ng signal .
Conti nuously correlating during the off-pulsed tines
CDMAn cogsasedativh éncreaies evhbr @ Lpgtitioni matedvett bratiposiyt foomlaee eg@ingteTDMA

posntﬁ%g Q%n%fs' @BMRQ%@&)%&:]NOBM kV\Q)Cd‘r %&' dHA p(%ltxgxﬁﬁ‘g%lgﬁﬁg within the
Because naise is added tao the correl ati on when

dy"a'f‘ﬁéa'@éﬁ F‘éd"%‘loﬂ (R sa“hf_'i‘t‘tuiﬁllyé?g‘é’llf‘? withi dheqpqpselption process due to the
limitdietynaaasetze o IDMADRIAGsE:-sepprati@l dhe @sultiof opsasehtigvhie mdistortion of the
destios%én&l thnto c&&ﬁ'tlxneﬁmc@i&ptlh HdQ ldéltl){uoﬁg)r &fﬁ\Lrﬁhﬁg CBQ@&' ﬂa§&on-5%ems
tronin CDMA cross-correlatron 1s

CRM)A BPSSRYYC “ “rS’é irelatyely ﬂ@a“ﬂ’f@ﬁ&ldéo the, PP fode Fﬁ‘@ara“o" dynamic
rangdslyncmlva ﬂhangmmfpogithempqsueﬁu @Frelatdhg elmwgrthe SF-gulsaaltivt@l ihofeases the
Crossy coreratnon at%?vg 91' rIe lrtgartlcwooll‘llrdeol % egt& %}Ehoca:%gn%nuous m%na{ tTlHE is ql.ﬁ eto the
positiopEpertier @rreletrne g@met@ﬂne@ DA mﬁltlplyn%ﬁlgdﬂsdv@n& tilmff msed Wees

desired signal's auto-correlation function. In nost

continuously transmtting CDVA positioning systenmns,

the CDVA cross-correlation distortion is relatively

smal | conpared to the CDVA code separation dynam c

range. However, in a TDVA positioning system

correlating during the off-pulsed tines increases the

cross-correl ati on above the I evel that would be

expected with a continuous Zignal. This is due to the

position receiver correlating agai nst other TDVA

positioning signals during the off-pul sed

times. Ml ti -channel pr| or art p03| t| on receivers are

. L T . oY
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positioning signals. An exanple of a continuously

transmtted CDMA positioning signal is the d obal
w@o®sni1wes Nng System (GPS). Ml ti-channel priorP@r/AULHIS001025

receivers continuously correlate against the plurality
Multythagreh briian o UsiGiSeq@dsts tate0debifigd 34 GorRlveth o%th&d’u@@ttﬂaﬂsﬁutted CDMA
posifnin ?rsxgﬁlarlst ﬁpééaﬁ]blg ) g&lﬁﬁu‘é@sﬁéﬁtra‘i% ﬁ%%k svg%nm% 3161131 is the Global

p contl huous OSI oni n S usli
OsitiRINg Ryptey K@Fﬁh ellét'lwl@mteb PHQS cfifC weenﬁarv@mam@sla Fotrelaig elgainst the

plurgdignee Iontiouwvs UGPSR posifiorig sighals. p.@&rheftllvcoﬁlof BEFIs VB Beeivers @Hjﬂén@esbetween
the c%fmnggu's @blvﬁx '\é)omﬁ%ﬂ%%%ﬁé}g%mg S%l%%lé/ eﬁar(% tgcla.lgectlo o%igc& therhardware cost

ugus
and qu“iel[ @6““’@06 95the psigipn re@WFrﬁgEWB*FSe(ﬁP(l@mS)eqmtm nodeiygie re disclosed
in UReReiNoe+, 46303 1§she$Au§fﬁtt28 N@4 tlﬁeds%‘ﬁﬁal%éhionin§§%%ql ﬁi/gé)yivlultlplexed
e t. n 1 on th
el QOO Sp o Ra D rERNALTH Al BN Pt Seeigres Domodicon
Met@ﬁ&%éppm@@eng@p digpleshies tsachiar wnglehdinnglergrepprc@hiteravd@rsequences

betweItbitinutabl SDml\ﬁ%s@&ﬁigtsigﬁHN NQese keﬂﬁ@l:usg re&h@é %ch%egfﬁ@ E}gtécpcg)_]ects of

their, 1%%3%0%( g ?ed ar‘:?ng Ireecg §ertc£]anne?s an%sl? % eorlg ect ﬁn t neir f
i'nvent ron byorequci ng T ecel Ve tHARNErY %[‘ﬂc?°ﬁeéﬁ@@“mp“°“ of the

receipqi(] ﬂﬂ@}”ﬁ@r PT’\@ aﬁgsgqueramg rqseiveey decion Swingst & ernofor tdj@ting the sequencing

pattefre QilliMeio. a ’i‘bMﬂVlﬁ‘Jadcanng Qthedd, tand ﬁl%fgﬁcﬂa@gn J geel el Srede cross.
corrdlds orgﬁl{lde dGiol s roFl msd% B%%\J usting the sequencing
part Ao Rroplgmsdesr

ern 1o WrBadcasti ng scheme, and
_therefore have no neans to address the
Priorcario SRS reemmatigation tseei\SNRravietfr BRMA icommpricoting Nignatiefoc mtrbeell data

throughHVEe usePfeb@JersaEkam'EQL\/@n g bff‘s%énﬁ RreldREi6eY ﬁnrlﬁs tph@0s Fighs 402,
for jncreased

1ssuearrl;~l)l¥A %gn’?g t? n% Si %na

Fotig -85S Eimer e lpRPsy CommERiSgn Bstewy e By Ypag10.797,
issued fApgly 2% dPR9, biled “BiogisbmsL8PS Timidg Rignklstt and NIDS. Hat. 65 5467524, issued
Novénﬁ@r@@dwl):@ Beidd @K thSeFor S]cag%gl bitd 'l"r?rgmls;%nngndﬁé@ EJ%{ ﬁg}g}?& 241, issued

| on Syst ent
July , Sg@é’dltlﬁ Iqa‘a gmuq@g@s Smc}erp%tmnljilsg\g C&p BPFe’(Wr S’ﬂgse‘pprnmwgcanon
syste@h groddestr TIMA §ynSGironRarton ofNGer ré&xgidds/utifiZdy exte&SM@ﬁhﬂQHaﬁ&b@Jhmques
such %;thosl%l%%rde& f))l &1@618b%5n9)9m% 9%@9(%% gé ﬁll;? or.a similar, sajelljltte -based

Transm ssi on i'ssued
synchyapizatius ephnique sy biggts thsak A Aceticesiae reewserss&yﬁenw@mansztMatelhte
systetols Fuijer GRBitiR@C Birdi@re, namklie:s 6P RBIREN biC&hivAéht, SY £h @B to facilitate the

exter&ﬁ&ﬁhgnﬁlzﬁt% r‘g%esynchr oni zati on of user receivers

I zIng e Yeer nal synchroni zati on techni ques, such as
t hose provided by the d obal Positioning System (GPS).
Therq j§ iFlagjly @psedolpr 2iPasitinR Teggfvesthitt @pss inptareqyiie ) asjmdibr S IGIDMitt papmlators
runnib@ ediringusly SURDEER! SeadbildnehDidh 60 MDA GatltioRiRe El@lﬁﬁ' Vlﬁrtc?' afb@rarily
sequeﬁm%g)etgvg&sat t%haﬁlt? uQJs CtDRFA ?@%lgl(éltotd%gs tglig%éfglgé synchromzatlon and

diare,
(d) addgignal herdsyaee, suphsas ﬁéﬁmﬁé@tw@ateam ybtera (@ SShecegets ghanark only used to

estabﬁs}imﬂﬂnﬁ@t/& @bkitidh QA R optRRE %ltl'loﬁt t‘ﬁés@@&dstyau@s Q%%glyfdgglrable
oes not _r eqg uire:

ceiv
Therd B e AR By el Bt PO T E DHEP AEE) e delterious
effeCtp p@yqsel@rlnleta@@mém Aitd lohasignaktomoiSeDhtfas (SOR)) tnl TOIM A gcadibigitedosks. The
preseﬁtbﬂvertti@n AdhRlds E}ﬁ)srdeglbéblwg E&U%ﬁsnﬁﬁﬁé’ﬁ%ﬁonﬂwg%@ﬂ ﬁqlrl ta gSDMonbrroadcasting

uqu (c). to view sate S for

Schemfoﬁr\])i?“ JHEHY Bff %?tzrngﬁ Positieq tectiyer soth TerelRh DY APasiigniag signals, and
sequegtiatiy carsla@godnateeial/ TRNA ipasitiofSag Skrais tiresyByhsih Bil WitGNBES)ktwork TDMA
broadtRGRIsMERhs, that are only used to establish TDVA

timng. A position receiver that operates w thout

these constraints is highly desirable. There is also

clearly a need for a position receiver that can

provi de ranging signals free fromthe del eterious

effects of cross-correlation artifacts and | ow

signal -to-noise ratios (SNR) in TDVA | ocation

networ ks. The present invention achieves this

desirabl e goal by transmtting positioning signhals in

a TDMVA broadcasti ng schenme, chronol ogically

synchroni zing a position receiver to the received TDVA

positioning signals, and
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sequentially correlating on recei ved TDVA positioning
signals in synchronismwth the network TDVA
whemadciasd | ng schene. OBJECTS OF THE | NVENTI ON PET/AB2008001025
obj ect of the present invention to provide a position
OBJECES & THE ¢RVESEINe Whi ch mitigates crosscorrel ation
distortion and increases signal-to-noise ratios (SNR)
10 isjap, oY PSRl PBORTERARHIIN &1 RpIddest PR respiver dnpritgstucwdrichi mitigates cross-
corrdFiIMAdigorgort dnd MicraggesSs ggdl ad-Soisk Fatissy(SKRY i) mDDIAtp)ﬁsmnInE signak¥fieved by

t I cu

P SRl ki B 5 FONE RS spwryeans i
accugaly rfeT Gersurenpents P’!sd hgncp, aequrststy deteimened pQ;fﬂor[ folutignsesent

invention to provide a position receiver architecture
It is yfwrtiod otdest Qe PEsERt iyvestn CdProItie 2 @ssitioh fec@f dr@itadhirWhich autonomously
syncOAEE RSl ain HOIY b4 PAMAARLGGURIR: 1! 1S a Turt her

obj ect of the present invention to provide a position
I g eiver architecture that synchronizes its

tis & BiFpes Pt Yithepresrobigenty toproyikiA PRF oA cReBlet reliustrehetisyriqbyanizes it

corralagioruprpdess@p AFDNEX biesdadt schiytia Glthdequaing @MexfRANSachiohizdtidn Reans.

further object of the present invention to provide

It is Qcﬁ{hter' Sbikct &qgf:' M%Em %‘é&%ﬁ ‘tao rVide t&gtlone ecl,celvgr a%?nte(%’ure thac} efficiently

utilizes the receiver ware to mnimz
utilizgs MRrEC B BRI fogmnimyze "‘istsanép‘f"ﬁ’f‘toh%‘mp%j ect of the
present invention to provide a pseudo-random nunber
It is ¢ RRNr cbjecief the guenciavegimeas atoditle 4 fraddoGaBonk ﬁhﬁmbdxl (TRNP&Bd@ Yequence

geneﬁat&?tbg> Fé)hl r9ﬁ61§mé‘d?§ tﬁeﬁ”ﬁN Dl\/ﬁwgﬁé)tqum‘%ﬁe ph\é\get“hht the t1me avarﬁ)le during a

aval | duri ng roadcas
M‘Arlg?f’g?ﬁt%%ﬁmttfaﬁsé‘“ﬁ%t‘me 9t is a further object of the
present invention to provide a position receiver
It is arfothet efdcusfethd pradentpin@utiod @s poOIAE h PLERIS reeidke a&ﬁﬁkcﬁﬁrtﬁait @Fovides

contlgogé éoﬁt!: LrM cggg}tlf Ql alllf ggn(?%gérc}e ds\% laQ(LrI ({)%O%?urﬁer va ues 1n gq‘b#/&r %‘Padcast

br oadcas qui remen

SChe'E%Yﬁ‘f}EOFfd}Efd equiremenifR Gepfinteysly rurpige eode pridepri l‘m%l@%&i Goptrolled Oscillators
(Dcaspntrol l ed Gscillators (DCCs). It is a further object

of the present invention to provide a position
It is Fgﬁgkﬁf gaﬁec@&gtgér ér?sgétqﬁ\glgE)EQQ Pl%rﬁ? Y rfgos 101(1: gegggenr/] S Ih'l?éctgre Wrovxdes
CODUE}PE%B‘&%{W @Bﬁémsevﬁffph Beaswerepisiin p ﬁ@l\/feﬁ\dmadmtodsmy without requiring
contifiud s rivghirirfidr BligithNyFich@dlkyodmabs addsl Oscil l at ors

(DCCs). SUMVARY OF THE | NVENTI ON The present invention

r?ﬂﬁ nmethod to mtigate
SU cr ossYC’?%ngFﬁm?)Wf acts and i nprove
The gesgmarlverttion tiSdlB& ar étén® Sndi retHod Gemithatd &bs@-laorMéh&d fﬁtllf@cts and improve

I
sgnaﬁ%%&?@ra&q%de rﬁ?ﬁé‘f E]gpAg' Agcre]sas‘ (%I?MBUO u:l:agag nasl;st tgeg &5 eDHBed in a

Divisio
Tmeﬂwoq Yulgelp ﬁé“\?@dTQMPAh groe@c%scémer lhisTiOMNeesdrusied asogalled TDMA
correRIDENBIAs, lmﬂm{eﬁt%ﬂfﬂﬁiﬁh [Wlsxfld'hl rbtei@erD P8 TOMA) cdnBRGH éﬁglﬁe is Ilh&wlogncally
synch-rl-Dl\éﬁd ]\:Vh [hrg éegg 1 e I%IPrghtgf %f ﬁ]?l(élgqgilns?ngs:slgr?sgkﬁchr nrllz(z:morn of the TDMA
correlpiop pgip $kith é‘wsfeceBy)n ohtheri DMx’t tr@mmmﬁont lipeacHiDNA usiey # ed-@tlalr TDMA

sequeﬁ&@ibt@ﬁudﬁh&nhneﬁﬁe ThERRNIA 's&;[ﬂen@sf dekﬂﬁnaﬁ%aﬁs@@@%é ik %ﬁreh fiming
usi n sequence determ nat1 on

a. s
and FRELN0EY e R TR o Pong i G hismaly sonersted sgnal
replicwetarer synechemizech evith etqeu irgceigedt TAMAQ pa@itichiiRMg@bde The QUK &8quence
detertithdtidh RednGiliJdOED- &dirr@st@tcge{nnﬁ rﬁgknﬁco%}dﬁéaoﬁ \b]ﬁ)tthe ﬂﬁ\/lA transmissions
internally generated signal replicas are synchron ed
with the received TDVA positioning signals. The TDI\/A
sequence determ nation neans utilizes a so-called
mast er channel tinmer in conjunction with the TDVA
transm ssionsto establish this synchronization.
Additionally, rapid reuse of the TDVA correl ator

engi ne on all TDVA
4
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time slots efficiently utilizes the position receiver
har dwar e resources. BRI EF DESCRI PTI ON OF THE DRAW NGS
wWo-b@s/01368% a schematic representation of a si npdT/AU2®4/001025
position receiver channel illustrating a TDVA
to estaﬁ)ﬁfhrtﬁk %Qﬁonﬁﬂﬂin NAddifREIB, il Geuledf tHa @ DMASE kLol digieddn aiTDMA

ime AR PR nee =R R NG OB ook

Menory, and associ ated conponents. FIG 2 is a
BRIEC RESERIRTIAN ISEHEDRAWIDGSan al t ernati ve embodi ment

FIG. Qflsl_%l\/RlemQtjic Ie{)rgsgntg%ﬁlow oﬂnﬂllﬁgoebééﬁiBn 9&!3@@%11&1}14] 1llﬂx§t§'zft1§é lh NEHMA

ator engi accord ng resent

correlptpr, @G cordingr tp Hisr Prespie d‘i*"ﬁ'é‘l"%tt‘f“i‘?@"”é “ﬁmTWésgﬁuence Determination

Mean$He lCeMha Masté TRIYN a PRACI0dSeh@ade@iack Badory,wod &fddlatiDeberponents.
Generators. OVERVIEWA plurality of chronologically

FIG. ?(X gg(!')]lgr? ic ?gseggt%n ok Q{Hlta'gatlvpérﬁbogﬁlyﬂt G%mﬁ@&i ﬂok@cﬂlergceﬁ&r channel

ocations, transmt p05|t|on|n %na s in PRN
illustrefing FeFLAYLAricoTEsttoT fepgane CRogqrdingoi f‘wrffSFfm“a ‘}f\le‘b e ‘*P‘L‘Sm&ja“ng 2
PreseSRGUSNLERN SrdékiBelfi@] an@ 6@PRINFGASGAntraters. br oadcasts its

uni que CDMA positioning signal in a specified

ission tine slot. A position receiver is

O\qﬁgﬁﬁﬁghred to receive TDVA positioning signals from
A plirkigy BEtMelogicdly poshtonicddi pegitioning-udie ipvies pasitbnett ttekngivm docations,
transrgigéc%s{no m%nglL 910;1 1§r¥ e@tqlqneti'”l{g?e 161‘3\/'5& Muﬁllpl@tzélcye@s (tI@MAb %equence such

uni t eV|Ce net wor k gbg )
hat cRArpOSTT PO S COMAGIHT S GEF A REALpog PG o time sl
A poﬁtﬁﬁ&éc&@erﬁhﬁaﬂﬁl@ked&cﬁﬁ&hleﬁ' DMA pcememmg sfgyale frbry thometwork of positioning-
unit egllsceest %}’lg n(fg n%lﬁ%e rslli%nné g%lo%? éng g}ﬁg r@};\?) %atlvl_m) $he Sﬂoﬂ%}nﬁlg -unit device
netwazlorin edecsmbedimagnt Hie tpesition F’éelt’qﬁ aStcorffgmeE Z:Vé‘i @gngée r&rew Shapye], caggble of
recel\g&q}%l Qné/ bo‘&iﬂ@rﬂngMglnil laPdn@ gﬁ&ﬂt&x&STtﬁ@M%)reoelw ¢hednal indosporatEha spidly

modlitl%ﬁacgrr%iatﬁ;mne&ta bel tgqt gcra?e% n erah@rol?lg éeel%n%Fl? MuiélSlfe g\rcgegg(CDMA)

corretporst dlhiatripitly wovifEbRkMerpsifics arthiEER, refoaks A e EPMA sorrglator engine, is

capabtd/ mm%hgﬁi TWA%IEJ& Ctdm E(ﬁ@ @a@ﬁdn&@ 1rDJyn&1fbﬁlz£EQW1th the reception of
OS|t|0n|n correl ator engine rel.{_ryo%each

e TP B REPR APGTOMA PUTHAT a0 ruge i Sis s o
subseq ey re@tved DIIAA pqsglomnmmnlglng|ﬁgma|emqunneat mglpplh@annel conﬁguratxons

each %E;[ﬂgeq le Ql‘ired M L ITB&VQ gd?x@ﬁl@le lengﬁ'l@ erb\Qdé I'sibdulteesus c&mon of TDMA
anne conf |l$ture

a
POSlt}SF'b&/Silgj’élS gHatnsm %{ﬁ%"é'{}@"k’f% iltrtlgl pgilﬁloaﬁecglf/er,r%m 1t’5)8 Sﬁ%?lve(s ﬁonﬁéured with
a TDMAQRdabISortchgliie réyilavesl atpumaious kontimuons CM Atortehorspod fistdisgipguished from
prior ag(%eecelve%[r %/rlfA uf l§el auh Mo ?L@&t@ﬂﬂu‘?@ gﬂxﬂ%ﬁ@ ‘éxewm @ceﬁ%equence

epl aces uralit cont i nuous
This GoMYOTEHIPR 58 eged g P sonlled | %ﬂﬁ‘ SHHF rdsﬁ?‘b‘}a Qg mggnp which
synchr&HiR} WWe IMHMY cdriefitot ightl € BB kikats\redeivedafiidnd tho metwerk yof positioning-unit
nchronize with the TDVA reception sequence. This
dev'°§S>;nchron|zat|on is achi eved using a so-called TDNA
sequence determ nati on neans whi ch synchronjzes th
The TENI seoeiice deieramation gepns af*bﬂf%ﬁéﬂ@fogﬁ%% 01?%%“&‘?%&0?%% engine by
using D@ tRARHNRS akgoﬂtfhmn:@ﬁcﬂ bt BRIVREe N the TOBIA 1§ &casthy echdiiyipositioning-unit
eVl(Bfe}O(i%feﬁ(gl(S:,?ﬁgg/&}!l: netw I‘ eat | onf tﬂea&%o%g@hn%v&%ce%yﬂ%hfﬁm& chltrélaQJﬂ engine

of en etermnistic
intergdl prowdoirindor aswbdr (BRNKaeds/deeaties cerfe apdred 2 el b chpcprriprglisitally
contrdFdASEBNatoP @§¢C§)' Qé]éyﬁtgndd&lsty ug@a‘t/dd GEfoll®L At TDNIR, br@Bésttsbdence of each
network time of the positioning-unit devices. The TDVA
correl ator engine internal pseudo-random nunmber (PRN)
code generator code and code phase, as well as the
carrier digitally controlled oscillator (DCO, are
synchronously updated to follow the TDVA br oadcast
sequence of eachpositioning-unit device transmn ssion,
such that a single channel position receiver is
capabl e of correl ating 5
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only on the currently received PRN code. As the

position receiver |ocation changes, the determnistic
w@bk@sniiehsn consi ders the change in propagati onPCEAER004/001025

fromeach positioning-unit device and adjusts the TDVA

correlator engine start and stop tinmes for the

correlator integration interval to best fit the

reception of the positioning-unit device
p"st“f’%i'i‘%‘iﬁ‘ 88196 HansmissjagTEg) thﬂ‘il@“ﬂ&ﬂrﬂeme'@lﬁffﬂem dicegfic iseghable of correlating
onlg ymnthi rcmrmtbendcepm; PR Odtle.Ngs- tHE bdsntldEkébeEv@SloEa[l&ﬂ&BﬂgEs, @@Mlaermlmstlc
algP@S] LnQRksNBe SRR Fio T;%Eau@n ELBP"&\OR rQAGGaT5InD: ths&me hd @3 the

sition receiver. ion receilver
o oot geih ik e e e i A SoroBAE G ONTEEH] 1 bt Tt e esepion
of thepogitiqpog-atiekviee trhidhisiger r el at or engi ne. The TDVA

correlator engine is conprised of a rapidly
SYSPEM ANDARIEGHRssudo- random nunber (PRN) code sequence
generator, a carrier digitally controlled oscillator

Chfefrsb@fa"y AYEWaffigee Posiiigmingeinit 1dpvigsy iranspitiCPHMA positping eignals in a TDMA
bro@icastngalivyie NG afodh SreceRErC URAUPoSitiON Seeivah ﬁlcdqﬂﬁa&ﬁ foﬁ& Slsm&rQ receive

charﬁHlQ p&EfI ﬁuﬁclp nggr KJte?rL %MI\ %rre %ﬁn&lor : q{)glr ator engine is

on recei COI' r e a
°°"@ﬁ5§i‘ ﬁfea ﬁﬁP'é}\Vu ca'éfgure‘awaew()w%maw@r @RMisods %fﬂ‘é?m(elg&@awda*t Q@rrier
digisByrpdnesled (OscHlatﬁﬁ(’D.’OO&J a (hardelasSieNGndd Ndnl tKeG%edWc&ompihyﬁQ hixers,
accnpl%toi}sj % uft&ﬁ@e's ¥ iuppo;[ lE})%a ega‘cl"t)%&fq}g f]ﬁ\}?ﬁ I q\f'r%lgtclu%@gne w1rLarlgtEeS position

t he recei ve channel s erefore
receygi 1 BE APBIA OHERPensiteroyides BY - end Readierer(8Q dpta paplet to a
centsAbpradefsing uif (CR) wiin atteipys@iot @edivae TahEinGI reoﬁ'ﬁéiteU mtarhag@ lthe receive
char%@l? a%@ ﬁ%ﬂfél thoT WA tcmftla;gp%mg qk égkﬁ%k%emﬁpg) atlons at specific times

| \ync r n|C|ty Wlt he recelve
relaie iiaf Sannel magstimgh |Té<’ose%39"°a?g TERATOEY EPé‘ﬁ‘é‘ér ed@@eev Fﬂ“ﬁ‘&tﬂlctﬁ&nwﬂh
the precived TDIVEY pesiOprbigritzpalt heokualadl by AIEDNA sdhentd@utcdfifaibl BBfs that

com@fﬂg tEJ ﬁﬂ@mg%k @ﬁth; lo%or%lagé §an9fuss¥on %mQ QI%{S (flf 91@' 9&10?1 Q% T‘Imt device

posI tion an
iR DOl PPURB IS BRI GRS SHETT Rty s e PV
solutipnprand BN Ytats of| thet chapnel magted] ti@3r. frhvhe Sfartee eofodiima®, tidTENLE kequence

detefmﬁﬁl&f mct.ahﬁ&)annslaﬁa Johﬁarpglﬁfnﬁhrtﬁaﬁl pﬁmpmé AR timd Ufesul;g%t TDMA
n neans co rises a software

uence det er
posifgn g8 e, f“H&Pn]&? i‘m"gt“?“‘ffﬁ'é’e A FlpEEi B dTens this Pegrreppy be
dlstr‘ﬂbmmogbeib haﬂivorﬂar'rgsogwagqmblgnqnetuam ve to the channel
master tiner. In alternative enbodi nents this process

Refdifig 0@ 6l F@ﬁrﬁ i1 pwéred cfeﬁlct&ioi EmPREIVBVR Bindhecs Qgéﬁéﬁq)fv‘ of the present
e L) 208 LS i B ISE S
inpug FPéa Sﬁliﬂ@%ﬁelﬁ% friﬂﬁv exdiojfiggpency KREF) frawt-epst dngee-tofligitel TdNAer (ADC). Within
the DMAtcbrﬁHl’thﬁ @ngfile gﬂﬁ‘hesb SatzDEaQMlleﬁﬂﬂ ateGuphé& «J bbd e o4 5}:‘3&%)%3 and

Qua?rgglje 3§ IJOQ:{?SC%E IPrRl'(l)nthg &H) A corr atcg'sé{l%negl { !nglm eamlxe in the é‘?spectlve

ncy -ena ahna conver
carrerAgRes 103 1AG YUy M ToRaD 407 . Reteore R eompnent ¢fehs garier DCO
109.dAtedutp@sFmlcaser hi2rsaDe& I004pé ¢ue£quteﬂly atda td foee dnsaerpha%1 1) Which
are rJ‘ng‘H dthgﬁéﬁ 9({6%[\ ﬁ f%]?ncellg% Jeﬁ % r}gNaéo&TBﬁ%chence §eneratto 2 The

correlator engi ne are
outppts, ph thesgodg nixers §101% 111gproyfsg cwetavpntvnleeswﬁ%hrag@se(qveytlnmemdhelr
respéticechicainula@rs (1) &108. The ipRiem tascuiilatiol @alGed dérived frddCMis IfaBess are
f
subsg:{l]gnl? HJnR)léJ T% 2 dgtg s $for ﬂ}tlﬁggr?ﬁes]sg? b)&al%lgﬁ E% 1 i carri V\ﬁ'] DCF]) 109 and

subsequent e to co
the P&Né%‘ﬁ Sﬁ%'aws\mnﬁat?rﬂél PRIROEEIE by ths GPE B vigrhedatp busv 1 alto prgvided
is a ¢hirerelRidMergioehel 13 @bjctein coanegied a4 e @fa bid A5 todTEOMAItepIth@ d@Ermination
the code m xers 110 & 111 provide correl ation val ues
whi ch are subsequently passed to their respective
accurmul ators 113 & 114. The respective accumrul ati on
val ues derived fromthis process are subsequently
dunped to the data bus 115 for further processing by a
CPU 116. The carrier DCO 10® and
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the PRN code sequence generator 112, are controlled by
the CPU 116 via the data bus 115. Also provided is a
W@ b@sneidossrast er tinmer 117 which is connected vPEr/alie004/001025
data bus 115 to a TDVA sequence determ nati onneans
meansJﬂB Tha_hﬁn&hﬂﬁbfbe liméFRIS 1 Briovillds e timink Zefreroy fod @@ TOIVEA tdrmlatagengine

101. '{he m e&ra Cemtfexg.rgl s%ag am-ir % S rateede%[ng{ed %9 g{lenl%lv}:Q !*eque-htkedetermmanon

times are

meanstah s de WSttfhéamﬂbmeféébﬂ‘é RestmBtoepsertabspepiiinggnd end of
receptibh 8f &a€ll Abiv Ml pQseld the H‘@MAE}BOS]ﬁ&ﬂtgﬁ%haltw;ﬁﬂés td 1hé cariet DCO 109 and
o B4 SRS T a1 oPEPERDA 8 P s o
channgj gmsteritiovar H resshingalie. stayoia pled “t“ta'af‘?t’em‘é%t?‘r W thycehanpelgnagifrcimer
117 rPEfJéL &He %gﬁﬁﬁtwn&etug@mmhtagratﬂoi Zntafaﬁﬁ thY @feADTOA 09 BANERN code

Ul ta S 115 LiQ t I
seque?fﬁs%eg(irat?r i@ arf 11:7c0|p e% to R{: rogr ii va[ues At rl]le c%nc?lﬂﬂg of the

reconfigutadgy etthieaarriemPEd ¥eg and IrWé ode h@u@heagmmtorddétt@rchtftn#erraster timer

117 vaide/is Ea%ﬁﬁeh ad Juhlﬁedr‘tf) %ﬁﬁﬂﬁﬁdl§t1&5 bechh®Ror®113t&1 €14 are reset to zero, or
i nt egrat ion interval

e GBSO i St eSS BT R e
generfdsra 0. a0nwe the vearlian &0 109 antd BN corla s¢quesicogenapdtortlhare reconfigured and the
accunfufGRLS QUh ALk Rk, afe a@cnxﬁulﬁiﬁﬁ f)ﬂO&ESln@gﬂhm% s@fisles BRNigqd e
sequence generator 2, the channel master tinmer 117
val ue is captu a ed to the at a qe %
As d%&ﬂ%l azg JPesssy §1e £Rg'fﬁ eSPQency §eé1Franr éﬁagen I,y loa s the appropnate
PRN addbettip, hased prathe valk plgsse @ ook rampossanyned [y tﬂhélPUpué,tfeel PPRN code
sequeﬁé% gﬂo(gl%ﬁll M%&eﬁﬁﬁ’%dﬂ%ﬁ& a R%ﬁ@cp@ tHSBBE@AVOdode mixers

ecarrler € _.Se

e o 1D U PR ST Ml 0 o PG vaues r
summld veitht Iflegakion meselin tehecumciatiompraatss.oWhpr e deaiechgasef timer 117
reacheshtge g rag %{T‘ﬁll q%i%h% gxltewaptt}@qes &%ved?c(:\ﬁnmhﬁz&aﬁ@ dump their

e sequence gener at or
accung@qerewtupsap fhe dqtalpg élSthé“rﬁlﬁﬂ’FQﬁﬁF‘P%‘ty BN 1dbde chi p,
based on the code phase and code rate progranmed by
Syncﬂr&]ﬁus@ﬁtﬂ tHid Bumpf dfQEBuBulRBN valnd ghesehapual meastedinge k17N ive isycaptured and
dumdel tg Ft)he-lc-ihIe\l}tzselgg egﬂhh]%lg(né:f)ml %%Q%.te%%':l&?m v% @éej !ll%q’eatdpthg tldgtured
channelempte tingrel 12 aplpdsapd f eecpmalgs! 1g-Phos il Risdpyre (*r‘t@ Jalies from the

TDMQ%{reﬁit@}tehQﬁk Mrlvidase @fatbus IJIHTHﬁJ th@ \pRFerred1@ntotiine Itiget upadte rate of the
TDMﬁHchEr%z}tor eft%e fOi is7t Cgalﬁlarg%s %p/IAp e s?c? Yate Wlﬁe”r [%]\IZE pSM%E |sxgnal

f ECReE
although bgyrselecied matds fetllovithia the thh‘eSC?tegfﬁe'@tblt olthossentireatior s 113
& 114 dunp their accunul ation values to the data bus

The s%ﬂp’ﬁﬁédofnm kdrRBfor fHzRE SH&H nlgflgme it dms/ 1@thes]af|sﬁlgle Bydxola o) @otnally
ation. va

the Pﬁ’ﬁg)f g’ al[H} &?1??nf€tre{(igp%%rms §re sgp&ar&erde dtll%m t pe o‘%gﬂrmglsr}% invention.
Exanfiat awclbdesEadly &), 1Ate (Lhenddariymings-bate GfL)t wt@reutm kagly &)iophate (L) arms
are d]ﬂgae Etvgﬂe' hattE cORM 11&'1}5 sﬁa@ﬁgsﬁo;nhﬁe Qﬂpﬁp'tl r(ﬂdarﬂlhaplﬂfhbr tracking arm

ter timer 117 val ues the a Iated | n- rter of

Pl R Y (860 PRI TG PO PRI gP ek S gporerof
chip, @itgdénteof 4 BHiip, vt d@het tvaved@itar fogidred sérings ave tlmugweerde Furthef, a plurality of

enbodi i ; iedf@iQhvention.
ook G B WM B AR B ol i O B B BB e

the TDMA positioning signal, although other selected

rates fall within the broad scope and anbit of the

present invention. The sinplified TDVA correl ator

engi ne shown in Figure 1 only includes a single

tracking arm notionally the Pronmpt (P) arm

Addi tional tracking arnms are supported within the

scope of the present invention. Exanples include Early

(E), Late (L), and Early-mnus-Late (E-L), where the

Early (E) or Late (L) arns are placed at one half a

CDVA chip spacing fromthe Pronpt (P) arm Further

tracking arminpl ementati ons where the Early (E) and

Late (L) arns are at other chip spacings, such as one

quarter of a chip, one tenth of a chlp, or other

o o s .
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tracking arns at arbitrary spacing and density fall
Wi thin the broad scope and anbit of this

wo moosniiees. TDMA Correl at or Engi ne Synchr oni zat POINAU2004/001025
Synchroni zation of the received TDVA positioning

TDMﬁbGHaLﬁrEnglﬂe@?ncFMamr rel ator engine is established

u r m n €Sablish
Synch.[o\ﬁléatwﬁ %eﬁ&egr g?ﬁ%« p{OF]l onlmg talsgﬁ éh AL térogrgl%tlgﬁcésﬂ éﬁ stablished
by a D@ sdqunee defterminatiop gesiansi i segpbingsi the deanledee of 1) the Jocations and
transnlids @A) §1m: §16t85She ;%Ltl(tnh'@ uRi0&dvict Ransmifels, 2) lﬂEp(thxoﬁ 15} t1ﬂ13$f thé padition

el obt ai.ne it 1
G Pob o5 i 13} KB AP HORL ke o B s
timer.t iTheekey fiiisgorkefythd TRWA| oaretst dﬁtﬁ@mﬁmm@waéme%abhsh the relaﬂonshlp

betwegmetthg Fdli kOt HEERNIA | pasitiding $ﬁgﬂ4&| dnd Mhetchnd) @hastbd €HRS.NITRe timing

bet ween the receive tine TDVA
relatl@fh&,}léeltvgeeréﬂ-ja cpzwéel %tﬁrntérper r?ﬁé fhérrechtlon 0 Hui_ tl\J{/{) H?sqgnmg signals is
deternfigdd attrovginthb foflovoied spen t he channel master tiner and t he
reception of the TDVA positioning signals is

ldeA %6a§£‘e niﬁl%g raitfah@f[} i§ ﬁk@er&iﬂ&d' oNd d'd&sesﬁrﬁﬁ@srelatlonsk& E&&feﬁ ¢he channel

tlmn rel at ons £qQar s

r exngtef Hﬁeg mxdpt ebng{:%(ghof %g‘%&'ﬁ\a}ﬁoﬁ%fmnﬁa &nﬁs is %erlr\r/%are fr%m gg [é%non data
 edie pirbadeustofn thia eTONDMVPpopiiwiintzi Bgriig T guesitios fegeivge rintereogates  the
f r&mnﬂlﬁﬁéh g@i’l‘la@ﬁarﬁ%tﬁd@ﬁxk%@)%{;m the rTD‘M)’@ coHleMr engine at each

posi t1oni ng f siti.on receldver %nt er rt.O a
P hetcsrian il obF TiiseA e YHERCAPAQFRT T W Y AR
f r @piudel ehaliBMAast:o timed \atuex foethe stareangdtstop digks q;fnheelgtpagqog pnterval are
I ngtoe}gdvlg ICEU ln{em@ré r@l\éé g@tﬂa%l ﬂﬁ&ﬁtlr‘%r tvalﬁer AR rIahQJﬁon@a%&ﬁtr t@kition

e Int ration I nterval th eca{) b-
ol P DA G ST e b PO B ou s
t h@ankent @Qﬂhadataofhblﬁﬁﬁxe fewr@dinsad @oﬂtoﬁhhgﬁhltl tevicPWetwerDtinge stamp at a
Oqé:rgdeépnt%net%hloca th in rth%rdata {a&Eﬁa eg‘ﬁ ?ﬁsn{omg?‘uﬂayelvﬂét \Lv% the

ranS| lon s est e navli gation
datyach@ntzeq:,qer@dmap}strqnmléq«yp@gg?lé datg 8aqu&g: %“délrrtuwénformatlon When a
begi;p @ﬁbnfgim@fof ﬂav%&toﬂ dathl ki!;fcfeaﬂﬁi, thEaahorl @ima standp askdcaared with the sub-

cont ai ns un| t evi u
at fr%{n réla:éif gﬁylmeﬁ]ate t(i tg%ca nngl ﬁnawerttw%ﬁvaﬂggs\é\%%kegwétggl ?t%rggr?ghe sub-
Th eaqmoslpmbymawghlmhet copfen Afresrglatiphshini berwednehegypriet el g and the

NeWRbKnLaG ReideaRmait t1m°ey ﬁ@lﬁ rré)zﬁi@hbﬁlp dﬁdeﬁnd‘d raa mcdSHgse aifd because the
timng informti

n aeqné%pp Imt?fjle ta'%&bgls wgfnagn\h 8?:?8‘8“ refehvgr %@ fl%f ;I{opta¥atlon de{ags are not known.
as Scdommedmyde time biaeindudef dakreffsetanitiiethel pasition fegeiversds a'F'é%F position
to rege{}\eer gﬁ%ﬁ goms uc[x)ﬁ§ LE E’ec&bﬁ[gné(@%r&%h%&@ (’bk] aead cWhﬁ)&heﬁtb &@nd any

frame, thereby establis oar se
1 ke &1 80 PIGHORPES B8t IBCHORRE N L LB rRE 1o SO ARG bY
t h@e pasinisiidriistgecebi bitweetly pasigionietwvd ddyickd ansbthe fdyitign receiver.
reI ationship is defined as a coarse tinme because the

SI g a%lwé‘!ﬂ%ﬁ rteia%slﬂi @ﬁetéMnInm rkaﬁg}% rﬁ%ﬁfeﬁhr@snfo{ £AGhEST padittbning-

atlon easare no
oot ek o gt B bor s PR PR B crU. e

poﬁieislmaxﬂerﬁ Q&Eﬂng/ Rbpsate dniednl by ascupdaed IndFhase &d €lugdegturel @R QY data read
?s“énet %DﬁﬂA' od [ X@PLI smmaﬁngnt bl QU en@BRUSroR¥ed REcdRute

ht's, Phe gl tal processi ngn
™ eospmpalggm e (&ﬁ/)asylgnoar@e £i5e BROPRED HF HEHIoBOP g/ thme (PVT)
cauys§gfn BWart &Bmitd anNGEt&ThANddE Sinamaes The ThEAneduake determination
positioning-unit devices and the position receiver. 2.
A precise timng relationship is determ ned. Rangi ng
measurenents for a plurality of positioningunit
devi ces are derived from neasurenent tracking |oops
running in software on the CPU The neasurenent
tracki ng | oops are driven by accunul ated | n-Phase and
Quadrature (1&) data read fromthe TDVA correl at or
engi ne. The rangi ng neasurenents are processed to
conpute a 8

erval the
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position, velocity, time (PVT) solution. The tine

conponent of the position, velocity, time (PVT)
weoloaniwss i s an estimate of the conmon node tiPEI/AUA94/001025

The TDVA sequence determ nati onmeans corrects the

COafesB chird¥B tBS tdarkBitife Witinfatet Wit 166 BIMMONTRAE titrle MFRas RbtAGte, thereby

€S LIdIR e hARLE R R QU Hclnch 1 ROST 11 0N recer ver wi th

precise ne e arrival time of the TDVA
ositioning signals at the receiver is determned. To
é? ?ﬂ'ﬁétu{l‘ﬁg the TDMAgposifipning sigpalspt "PE)I\?A“Y?E@ ideterminedy gTo determine the
Si gmahl timg lafa TIDNA psﬁﬁpuﬁg]ﬁ@adﬁhb EDMIANdukRE ddIR@MStion means establishes
esrﬂ@h{lhs%hsg f T sitioni.n
nalaS : e‘I% a% {R?/s Jf W‘ﬁg&ﬁlorqu ;léﬂ?ﬁ%e]aglgT to%?s?er flaagne? tlmg-. The
t r ASTRISEY] (Hhes o ABgmigpdrorethenrim MR bexdeasias Jehrorandnirrk time
br ofulle 8 thirdngred goRiEGRUNATEVidRE t GRRE ke ttrhrﬂﬁlsﬁcﬁn tInh:Q)f the TDMA positioning
Sy@%{g«l?rs] Ssslztag)ﬁsh?ao ‘Qt'hetrlecg;g}{o nl L VI OE'IS/\ 0051rt11?nﬁn s S%nal évrtlé reis%ect to the
esManyri drnad, timnes rdeteremeﬁi orF he |mpetero¢ham1qletlmr@m1ue associated with the

p o] &hﬁshﬁéﬂd)rﬂ@neﬁi @ljlﬁtt:@by\%é J}lpJC@& ﬂﬁ}ﬁ&an’bﬁ) detlzJS} BetWhen kiR rpoﬁt:ﬂﬁrﬂlﬂﬁ bievices
ner va

s AR PR Ry Rl e ATt e Pl PR G et aeiobgme of e
t hé Dé@(\p@@lﬂ@@gpm asgiatpbh@tnd d@lhedycatym@ pighaposihen-unit devices are provided
pOSj' thb Qeﬂ'rghltmn Qjatgﬁwn@zﬁﬁanarﬂg e@tlhﬁtecﬁ)fat%tlt)ﬂ Sthe pgs‘;tﬁ)h Ye%glver af pdSlded by

ustin r_channel tiner val ue,
18’56?“’8& Vflf’% "(S'Tea?\ﬁ]@ Q‘ﬂ% posi tioning si gnal i's

est abl i shed. The | ocations of the position-unit
‘deVhcabgvedrstepprrorepdied tyeittdie TP isgalrbonticatThe hisitios tveledm) time
a n @b\l’ﬂ? Sl 1s %&ﬁlﬁ@uixpﬁﬁhé&mh%fthé d@ﬁtl&qweﬂ/ér‘?@alllb@ GRITHREA éeﬁuence

vided. b Qsi tion, vel oci
ﬁﬁﬁngﬁlon %eanﬁt]oe %{Hm éccgatg Pr@ﬁgﬂog Péth? léﬁpéléﬂnéﬁletos the TDMA ranging
mabigaliwith TeENdE tetinchhmmelmiagtaittioen. The position, velocity,
time (PVT) solution is continuously updated within the

Oncept9§ h‘bl\/&nseﬁ&ﬁ@é' &é%ﬁn&éﬁo@“e&WhE?%taI% HE GG g d;1onsh1p between the
det erm nati on to malntaln accurate ]g

chant eSS e Effe EFapEon i el DMADRGA P RIRHEHER. 8 d5Feabes chperine TOMA
correlh@s@Dt is delarddeynchraizee| Ora sineltroriidedyie TDMICRqiehe ddiéMMhation means
main 1Z he 10n1 1 S.
SRR 5L T i AR PR B
and the reception of the TDVA positioning signals, as
TDMdogifipRegeissiove, the TDVA correl ator engine is
In theck@eftreed edbcslyll‘bﬁthfhe ﬂl‘DM&d}OSl@hGﬁmﬁ@tﬁﬁd&mﬁqﬂs&Zﬁd cokvBioldDIA front-end, a
CPU, Sa%ﬁ‘ ldﬁenﬁremﬁg Fe%gl 91&1%19 r}:a rg&ae gﬁ%mq]etl (f‘sl &%f('l)grsu%? le t¥1 9 B"\Wj\ Icorre]ator

hr ou etr ac ul ation
engmf:oéf b i ifRgyensy é%laﬁ@nt-evﬂ)mw@éheﬂ“w LT e —

frequﬁkﬁ(ﬂl@l‘fﬁr@fbc&ﬂ@dd theBigital ddnaé. TRMPLDRSbdes @O seﬁr@lCzﬁlex@dkmg %mctlons of
the or% omo}esfeecglve channelg (kzx)nr(]ivs%erc]:%,]tJ caglp{ rrlanaglés Ihcra ‘ilevIA com{/aéor c?ﬂ%’}ﬁ?éﬁlgnfdsto each

nmore receive each recel
recel‘@dhafnrl@] urEedh redetvh chanmeDigiomprispdedizat mirer e dovmeconvEi gher B do baseband, a

TDMKVCW C¥girle R dembaudid hEOBME ‘BUSYt%B&gQ' s@rQlean-E %teﬁﬁ’c% Itd éuﬁlml ¥ cpru

h ¢ng2§ dto aﬁ i nternedi ate frequency é F) f
with (S S Qeperile (MAHTETY PP gl AT e (PIAERAGEQ) ¢ gelation
accungdsgiorsh Addidbntliyathk repegvefctimad hlongovides thi EPIO wih formaibe that is common
to all rcl%?n%\ é{;ﬁra&n@ QRE L&oﬁﬂgn W%l&e& Q:Qllnltey rea(ﬁ&@ Qgc?s%at&shﬁo QIM% regarding

I"at or engi ne_assigned to _each recelve channe

the S‘a.é%&fﬁhef@a ER¥ ¢ gﬁ’aﬂ AOMA Qrrelgonspgineeryd gieilabiligy of gpasyrgments.
down-convert the IF to baseband, a TDVA correl ator
engi ne to denodul ate the CDVA positioning signal, and
an interface to supply the CPU with CVDA code-specific
nmeasurenents such as | n-phase and Quadrature (I &Q
correlation accunul ations. Additionally, the receive
channel also provides the CPUw th information that is
conmon
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to all channel operations such as common tiner val ues,
counter readings, and status information regarding the
WGe@s®1383 t he each recei ve channel TDMA cor r el BADAU2004/001025
engi ne, and availability of measurements.In the
In thqoprefread e@bbdeinhiobk u&nﬁpldahreiat@IRUhuxra&eafadﬁanﬂataﬂi Ju&e&ubr&ly to the TDMA
correlafof @ﬁ%‘{rx% \94']@19 %gtll busar;}r;;orst?l Q§c%33¥?gpa%nﬁzg m(%e&r;atlon i e6va eaci;]e programmed

correl ator engine
nteghPgP e dV‘I‘?t“é@'rya@EeFeﬁiﬁnqdn‘tyetF‘i/ APMATIg@ucpe slglermrivtioh. means. At the
conclisiinegft @th proglaiier Whtdgralidh ﬁlgmalmtf@a:tﬂw réﬂ@st BE ARy 11-Pse and

Quad&%[é@%ﬁ%% ﬁieecltag rblrlrs] '?savselll(?i{] the cap master cpanile.ﬁ grrr}%llg ueisggdlée start

eac rogr anme 1on-l1 n erval
and sfop @f the t“tﬁ%ﬁP‘H‘t igfgrvaln Ihwa@eeenawa ProYisielr eftreseize ¢hhie) datdaplaads for each

progrhirfiradd 1ﬁt|§@atﬂﬁlh1@er\hu&tallﬁﬁ1? ﬁﬁhljnarl] agisteh &t @&E&I it @ bOBiRERdce between the
or the sta

CPU MQEJSFM recer;vr?;/cgarn\r}g |S To .]ﬁ(])wde re%Fleve echa&%eﬁ Ba%?%%ﬁ%iig%ﬁgngaemly for each
pr Ogr?“@é‘?é‘l ifegratinminivesl. daCBU mpdt opddis ﬂfeoq’celmwnyrd@tg pigiread the measurement
valuek Ettaﬁgbm”ﬁlat@ﬁthb rﬂ)ﬁ][AVtﬂrle sPitael [For dxBEpIdliNindRAdid ’%Ehr%ale(fonﬁgsmn for
Marmme @[Lm he bus interface between the CPU and

0]

PG SO i Frap e o ot BOTHRe de &5 SHOTRHA receive
Cham@ml@mulpﬁl positdhs r¢cpives pmnztermtelyWVM?l reigrofecqpdogr anmed
integration interval, the CPU nust update the receive
In anCAaiied ed@fdmnedd the r(fP@duptobd% AR rRIERbunBleH 95 PRte and Quadrature

ool R U By e Ry i B
This gmbodimeny rededaetheCPY hidgte tatcamstraities the recdveahanad,tbiur d@aesatat thOcost of
an in@¥eM ke BteCRCA t&%m@r@&@be\/@ee&m@aﬁ? hndWipivil &)rrglléi}gr eﬂ?f?}é talflﬁro&ample,

r approxi mately ever m croseconds.
i SR LT UG T HIKERYD it 8achemaal BHAGe deicsriods
can bapogrmnet ed thaméAsasenaned Quatdiadudy ehrfigR@) sepahia nfefn@fyl locations
withir} th@da%u? 'h{i'ssaptnlaacﬁ r&]llcggﬁe Ep@tlglcfa{g ¢l &Fq rn’ﬁﬁl?&?%lg gut has a{ llarr%er register

prog rarnTE egration I nter
mem%mfefé@elr r?est%ﬁvﬁ&e abaasréthnartavwné@rdarachuh@nruﬁenﬂn/eﬁeq eypodiment
reducghigramelnt ofliditald@aSequedab uﬁpﬁbﬁreﬂ(ﬂ&trec@if/er @jﬂreﬂd&ﬁlﬁ @8 8@Kltecture from 11

parall%l%%}&ﬁglecrorreﬁ%gr% Vit tlli]gmrgl%? cI nte?s s rn?er ace to I’] ’I‘lﬁ}ﬁ% %Egeda?%dengine

corre or engl ne usin
Howeyes thipirehifpctunpititiregaiies e ﬁcwrvalma pf 1t1 |chvene(lslﬂe’rb3mnt@f9¢e§xewgen the CPU and
the TISMIA @6¥R]atot dnpRATHelaBERe Sll)éktan(p]ﬁﬂsﬁr@ Qshelb p@ﬁd&erQQWQrp%gonly,

and is no? 1nten§1 %LE(I; ?ngl’fg I’Lt oca?roadﬁgy ne %acﬂﬁl:%%? lﬂ% nazgrf)(gw eﬁgby prleﬁragrmmg and
meas%}ﬁﬂ@ aerrollasigd, @éfs program @focksu Aker dlorkatm@figumtionsrand ppilsiggr ehenes fit

w1th1rhh’e1br$!1@§co§e anaﬁtﬁlﬂtrof{h@ﬂ‘bs%ﬁt@rfver{mmry requirement to store
the 11 |ntegrat| on intervals on the data bus

In the BRRGU! %f’é) %/ ) s. enbodi nent g ces, the anount  of
megigl T T egre ‘?'eé?fﬁ‘lv?’ ST oE R RPPSfTdhe cedeand fricpcking are
updatqdead |a¢ iimggert maltigle ohiht dOMAr 6mé slonpetidd. p Avradxhrile, alpamn ngg the Radio

Technﬁ:@lr(fo%lnﬁstsﬁﬁ Sor \Mat‘lhmél- TR %LIL ﬁé scﬁmn{ﬁg IPﬁN Q{I‘)egt) ldechoh N8 HeRRS: the
TDMA correl at or enﬁll ne.

to
st B E P PTG PaSHae G A Tegi Bafh TEMA posioning
signal chymtyevednsiuddg 10U f that eilfisa®ed Py m@ﬂpehlsreanmuo@adedtdaegz{fﬂwm the
next nﬁl‘ﬂgerxﬁlld ah%?ef(ﬁp grdgb%nder]; I&Fasﬁljgrqyn?s ol? He cfbl;ﬁ%&;%s@olﬂgé | arf on?y possible

DI OVi for exanpl e purposes o
at the ‘ ﬁ‘flgﬁ’iﬁf’éﬂit“{"ag feski Measrf@nemm&\klrﬁle%?a eReEs 3 isd emilippeond jupdatgesate, or
a slowme*atb,oialpev\mﬁg @hhe qaff@gmamrqm@mamdf tl@]ﬁ&tidng%i%rs I19¢h#€ example TDMA
oo GG SO RGN SRAT bl ikl Ehare! T0i sty grocking toop
broad scope and anmbit of the present invention. In the
preferred enbodi nent, the receiver neasurenent
tracking | oops for the code and carrier tracking are
updated at an integer nultiple of the TDVA tinme sl ot
period. For exanple, again using the Radi o Technica
Comm ssion for Maritime (RTCM pul sing schene, the PRN
repeat period, and therefone the fastest neasurenent
tracking | oop update rate that is possible, is 1
mllisecond. Each TDVA positioning signal is pul sed-on
during 1/11 of the 1 mllisecond PRN repeat period and
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next mllisecond. Therefore, independent neasurenents
of the TDMA positioning signal are only possible at
wo bes213s83 | | second tinmng | evel. Measurenment trEUKUZIY4/001025
| oops operate at this 1 mllisecond update rate, or a
paranleBWRra Il ahiBisecokRIp@mndi mtgwan Theh fostBied fr@élveanﬂa@ yRMshseBRtate the
measrggmemh@aclgr(l?ﬂarakngters oP eagh c%{“ TDIND\ 6051 ionin s*g{]nBs traékeggIA the PR}\J Irepeat

roadcast receil ver
Pe”"‘bfAlteH‘é“"F\?/aé‘R ettrckmBMqors |ngWaresm4Yr R fley Traskoipp éaoarperamtsrs at each
progrﬁmﬂedﬁﬁtégrdtlslﬁ‘ﬁ@ﬂﬁi td tH'EExalnBlE Qlf]e\tﬁl:kmg-[&@ sETORkelub@ifs Ea%ﬁ €DbMRTsignal’s
ro {e. emesue t _trackin
trackrﬁ%lx%{) {llg?oglpga oneoaf 8 q{Vﬁ glge%r pecl)r\éall H oﬁagmrg}saﬂ
tracked during the PRN repeat period. Alternatrvely,

TDMaorrelator Engipe Confipuradit war e may updat e the tracking

In thelpEetepreé@nitatigb@ ) SSTCMA aﬂrﬁﬁtop&n@gd’@m@rddm &gcfu@ttﬁeQBrrelatlon process on
a spe&{gé @]!’)MﬂlPRNI dér%k}ig £ rec 2_:ﬁtlpﬂ otI ahﬁ)lﬁ ans ggon a STHR@ accumulated In-

tes eac tracki ng
Phase@eﬁ*n@r*%ﬁr%rr(léﬂ) tiqﬁaewrt@s%b?ﬁcv everymr@ﬁnameri otrregranoxemtrcazhl ®his allows

correldtbrkd-u®@fat Bspd¥ lérérmmedydhe TOMM seGiRhde @btaHinRbtida@hdAI €
Cbnflguratlon In the preferred enbodi ment, a TDVA

r L e s, .confi gl red execut t he. .
For exagrPlre el{l an%e embocp xrgo Ct: céféciée péer:‘sené mél 0%9 ﬁ%cr@g&r@n SBMAande is
transmyifted af @@@p{f |l@2]3 Mfchigs/segondh This aemgemng gicote sequehcs dypqvioy of 1 millisecond.

The TRMAIBH ISR stdme RIRS @acl@@gM%ﬁjs’hﬁ{eH In% ;fséu@@nd%h@m&i}osuzﬂﬁat 93

e ever i ntegration interval
civs 5} PHRENE BF FaTHIEH PR FOL G RN 8 3Bt en D Qo Tiipeoices
eleven] DRMAstaepuseic ér deteevork efahionriogivelynsynchFenizede paainipig; unit Rieidde and
repres@rﬂpg{jh fma@f9°/l; H’%lsﬂfsﬁéle&tty 132]\4%“ &Bn ﬂm&ﬁ%@r (ng Qansmlssmn pulse

Cour se Amagrsrtlon is transmtted at
peiod5 sy A UPRSER ) AUCBRD TSy SPEaBILs Ul @ tepules cauals the
prescriped|diencyele dat syt gien oo millis¢tbid feS@IC ot @xampleethd pdng scheme could pulse

! BdRE fi S
N
in the 4¢xd "rlrsar?gﬁ?et%erurerla‘mh@amrISf Hethippripese OorchlpSanlyse@pvlew pause 300
chips, @hd guiss e &ﬁﬁm{ﬂg 23 EMeps. T-ﬁhbere,FhrIGDM/dﬁrﬁe it edbﬁirbe PR VoY 55|pU§§1ble (twenty
chips ?Il % s exﬁnﬁﬁea or a tlc\f,r\@(rjag t}%fdu§/ cyan 811?‘ e’plrneslé ﬁ%se )62 r?pl{)so &pproxrmately 91
mwros&wﬁ%“wﬁ%“mﬂr@mmwStiherefm ypeeajecitn af vaxiabledruiegiption and dump
period} WA pdrio@being EBRrrkd W’Iﬁeﬂiuﬁlﬁém the bﬂrﬁﬁlyﬁ&@rh@%h@@ﬁbsﬁiéﬁ 51gnal

in duration and al so vary in frequency, so long as t
The T%H/m correlator enﬁlHe i%ecfsfrtfie &uaa to ﬁ) Oovﬂeé FhIB %tgrse’zge]r__rl) Qgrg%?g%%/ggcyagwem memory,
eltherpfurhs@i’g’ (ycwr@rrethe ébMa Cpurlger 2ging fat the efiodl Dueeivel TDMAL Gfe slot.
Trackﬁg l/d'lhepﬂbl &ﬁseqrﬁeﬁdbj %@ﬁ mbi)ﬂlzt:chﬁr hERRI ﬂr‘bg?ﬂm‘?e 1n?tj§}a9(§1 dJelnodo marhough

there | n. trafc q‘%g F xt | i secon eri od

cre B R Tty e U B B0 T BB b A pahi oz an
initialigatiows of t@@kucgmapss proyaiastie S0y to Itnacrksx plaatit) qf synsteortolseTDMA posmonmg
srgnal! @tﬁﬁin@ 'arsg)g}% 3r15%li14 Qé'rela%p %ﬁgﬂe ofrgokmg v&%toﬁ‘éd%n}sﬁr%oug %H) Qmmed

as short as possible s in
mteg“’é‘?'éﬂﬁf“é‘f inclyge Cél%e POIRG 'eé%‘g‘taH%COH‘Lﬁ'k?d wﬁrt% BPP)RRase andate i vesll as
the cagt@sem&r channplin{ea pidIeOfH frakted yid Sdp times bﬂﬁ@rﬁt@@dﬁ)}l mteT\hE Predrctlons
I t e
o the AR R (RS Braflh R MEL rol DL B IRFL b Bl gy o
compysdiblig gover ned by the duratron of the currently
recei ved TDVA positioning signal. The TDVA correl ator
engine is configured to provide the storage of current
tracking values in nenory, either in the CPU or within
the TDVA correl ator engine, at the end of a received
TDVA time slot. Tracking values are subsequently
rapidly initialized for the next programmed
integration period. Al though there is no continuous
tracki ng mechani smincluded in the TDVA correl ator
engine, this rapid storingland initialization of
tracki ng values provides the ability to track a
plurality of synchronous TDVA positioning signals
utrlrzrng a srngle TDWA correlator engrne Tracki ng

o o, o
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integration intervals include code and carrier
digitally controlled oscillator (DCO phase and rate
wW@2008@1d638s t he captured master channel tiner PEi/AE3004/001025
for the start and stop tines of the integration
i ritedieving the ppsiadickanpebiger yalug Jswecialediwitthifielurseming erpgrfd@md integration

phi&@al 866 the ADRIAVRLURS dt@inktRE MEAnRY Pr ogr ammred
integration intervals are conputed by:1. Retrieving

t Iﬁed%ﬁf?‘gt tﬁg co%h %E]d’] c% F bEbQ/ luéé%rutﬁe \%}%&9 g togergmr\rll\gd 1{1}5%Q$eral

upcom ng 8?‘ egration int er
s dipehrcde “Efl‘é‘ta T VAR 8’?15 prestigyien is o linepy adigptament afjhe PEO phgepebased on

armb, dhafgé ln&ﬁe Xsfor MiadrUgiGe HeBieerd REPrNIO MitedQtigH iRSH A AHEEEe upcoming
§ 19193 L Jn%éf@ll fromthe stored tracking val ues.

H’ red ron 1S d |linear adjustnent of the DCO
phase_based on the change in the master tiner value
3petditisidng theeqinted\rpdsand icaimies GICEY Yalies Wit @Frecaipnssarpliechley the position
upedawngcwgqgcrpanmdpdsm&egfeakﬂ @akmgwtows\aajust ﬂ;’e cotﬁsddntl skt pCco

t h%asQ r ?«g Ira e vegues Q?d ‘?na%&% E)?{]“ re received EHDIUI% osmonn{gr %nﬁl These

rrections sup osrtion recefVer
| Fdiygmenpse mquttp & preéeeqnv&matuvtm kockign the agseived dfRMA p@shenmg
caggatand carrier DCO phase and rate values to maintain
| ock on the received TDVA positioning signal. These
aqjuﬁhSt g(?x%%{%g ?{ée re%{; {eg((jj cafigﬂkocalt'nlgre I 2 r\]/zlglrlles ttosfg:gosum]t to r 1rr‘1r§aflcur}§c?éls pn the
Fupastieqhange) timecmeniyset Hrethppr ﬁf@tee’éodere@e the mraSter ghanhed fimpydylaved

Vab e secemr @e& @ddﬂlﬁtorf(Q'D) ld&&&ﬁ‘aw EaGer eeonpnas& ﬁl&asm%ors result from

CHEVGE PPoeh A B 9 it ki, B [ PRIBh vipver oy e
| oeaiverderal dstibta(LQ) @Y. theGQyuahbropind rositigninguniDE@icpmamerk time-base.

MBS FlHR Lo SIdLQA Sodk Eihdied ﬂ@%h%%‘(ﬂe?swe%}ﬁ erfed éP@&Hmmtoﬁ‘ £ all of
position receiver time-base, prqvided to the pasition

r éE"éP"\?%‘fe“}ﬁVS phifnefl &em thy ejurafi ‘688@“8%‘%‘1"5’6“‘&“3( [‘B}efm’aﬁ’& common
t heasyemedt eooriigephrab BSiotniotean pogjtianimg uniddevicE dependeai weaskrement errors.
tD'C%E QAR EreceNAFSRKiABIGEHS YimohPrlakAHER %ﬁ%’rﬁ@asé&@%&@?}{ ﬂoﬁﬁomng-

hase neasurement errors are co
e devisrrarperdens pReaf s Bent FTShastrReriist aoxs. i Ip phepreferred embodiment, the
pQSirdcti@nd kg nasiertchah@al itim@rstimeHaerie basddeann at ivtiBmaRANdel managed by

pOSI‘?aE SHER 5 o%rtrleoélghevﬂ?eerp e%?tkcgl chfd‘é’l%&{}icfé? for acli,wstment of the master -

I onl n unit
THbanpe Simer tis-bpss delige pith tf‘%a'(‘:’kﬁl bagy df e pEwerty ﬁfrmmlwﬁalkedwe In
adm um&mte&b@ﬁﬁ@@ iR kRElveMabd) oRMstod (LONER G&feted to align with the time
Vi C?th(i Pv{%nk (S,Bt measur ement errors as descri bed

8%8 P er &dmﬁﬁédlnent the correction to
the mast er channel tlner ti me-base is based on a
Settingthe fotelthageal nodel managed by software running on the
The pﬁE’eLbf tﬂérkt%dd'@(t:(b] i@t Gkt thDABE iRk AVheaer fn@(rkmgghrh&ﬁ&aem se@fn the
e fmster channe

rom (Do A PR oL ook el o sty e sy coigphese in
real tilng witn a a¢rice phinedr\feedeaatb sich reeisters (LHSB). r B iange rthe] qodeaphase, the linear

feedba@l% G Je?lté?g (L@b-l@)arecaﬁ%n&@ oﬁﬁeﬁf&)ﬁs@&mtﬁ?ovﬁildgg'?eleg Ebdg Blﬁse ch{ﬁ@e with
base of the network ‘%%SI L1 oni n%qﬂunl t devijce
e

respeciy 1F igorping breatfast ﬂ%%ée TIMA Fes G ety dEWBE:@"rﬁ?QT phase
generded bg elineat fe¢dhek stafreegisten®FERS td thecopkd @hiasd foaekli proggrammed integration
mtervaq) fan &%&%fe%eéﬁs@ the ﬁ;ne {eauure@@) cﬂ-%eccgﬁer p%l)s@gs‘?}[plcgl%&ﬁ long%r than the
traditional receiver generatées the PRN codes that
deternmine the code phase in real time with a series of
|l i near feedback shift registers (LFSR). To change the
code phase, the |inear
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feedback shift registers (LFSR) are advanced or held
constant providing a relative code phase change with
WO e®pecic3t 0 t he i ncom ng broadcast signal. W tPCT/RN004/001025
positioning signals, slewing the code phase generated
time ebWaBle lirl tREFMA @6l El&(bkrloﬁhrlfefefofeﬁgllfﬁzteﬂlr m&ﬂeE%?\)setﬁn@ telt6de DCO phase
or each programed integration interval
hecause the tinme required to change
the code phase is typically much |onger than thetine
The peasent yBlion proyidesremetipiiand deries te rapily yedatedlis. codeRGQefabie én sginchronism
with ¢ nb@iRTEDME hoR@nihDEigraB!Ih kR Grefdted SRYIGMEYChORAS odb Sequences for
all of. th%ql‘ﬁ#![’c%aoiers1 thre]r% gre\zr) %dfe) raceng r(]ltaflig%ger&tb g’gl\/ﬂ:\gcgo lratgxf egg%ua?rfl pre-computed
using g ekat ‘eedpisks Sfeﬂ) theistEXTEF SRa baskthan storsg imariemoryi vattrinwet pasitidneeceiver digital

logic hsl'éd: Wﬂnﬂ@mm 0@@&'&0&&@&6% chahi@Ralrhe TIbMAtcBﬁelé?Jr %fx%{ rl@aqs the PRN
sequences

code B R peng o Bl ST G SRS P KB o ym T
(LFSRYo Thig pratidss the njlitn & satrtee qodeephaso topont d@sired sida ghase dffsevéanmly the amount
of tmieeﬁﬂkil@& ko &Bds§ the rn?egioﬁft l@é‘atlén'— FER teaﬁﬁilug b@&n&!ﬂﬂ% eaxgd LtBrin & thc code

t he tion receiver Ital "l ogic
suefg AR o HERESTaF B Gl ERARR A SO Comelation
proceSSDMA correl at or engi ne | oads the PRN code sequence
fromnmenory without the requirenent for sequencing of

In an El&ﬁlah\}erbﬁl%dnﬁe%? %aﬁjﬁ/lﬁ? EUnfeltato}' &1 1|ne3¥s %511 %l.l[l' cﬁﬁlhetwlli}kﬁ code generators.

rovi des the abili to set
one FRAKSoHB BTG LS Wiy fr?’fk?ﬁirﬂow(tnhlé St pibingis curen
integratQ iiterext] vihtist AECEiS istphese@Me yubbaq @At posiklonink Nighallree ey Gliteh the
subseﬁlfentgiﬁtgggtﬁg 1Hg'vﬁngh1§’ %n%gelssng, JoHtﬁm&?lQ ltg'rgzge%e nl?oevvslngI @e premgtm% and

vant requilr
switclyngrod the e PRY Cﬁ@r%ﬁtﬂr% %@alefér“ﬁtélv’ﬁielTQMApmﬁéé@@nng Bitis embodiment
reduca|tiieahdidty réguirendoslitieRpensetdien IddiBnac PN Gddatgéh%raﬁﬂ BLBs hlitional

d One. PRN cod
PRN %gp% he%{gr?aqm\{xltets Ee Edaw 6%‘35;[}%&%10% oftfid ﬁl\%\ forrefai?r %Elne code

rator 1s use e curre
positioning signal received within the current
To aid iy B PIRESSOP Arertcing &le, PRAh¢ode gengrter iotthregorreds tiagkingsvatuesf the linear

feedbdch ﬁnfSté&l&&QUF:HRl) bip@fuled Tadd e @ tigel n@fkﬂig aﬁr%(f&|e¥cﬁ inﬁ‘detPlRNQoéer},@quence
I OCeSS

Squent [
are st%r% n OUSVTI 1n t e?(EeI?}n a/?se%?ch }Elﬁ{ céo%e ﬁeé’erf‘tﬂr is SrrOérgxgxlnfq tﬁd péeﬁ&termmed
code @WP!I@PI ivalee, @Te Plqu@USﬂWGPRNVd@d eredeadet moohes|ircgrivalbasie shift register
(LFSRYiblt BAtRrntol @e TiOVA PRATCHA! gaePor SluGhd Brear Té@&bﬁckesmqgl@ mF SR) is then

uces. t he nenor nt at e expense of an
stvande e S LS GEHEIRCIGE OBl Fare Rt oimabRbs e
luwmﬁndewgmﬁsmamuﬂFﬁéwmﬂmtaaesukthw@pbdw%ecﬂmé|guratlon
of the TDVA correlator engine. To aid in the process

Referrfy nﬁﬁ'% S@Jr& Q Nerd RSN LCASIRA g&&ﬁ[o@tsr%fne by &Jhﬁguf"eg rvﬁtﬂ Glswitched
track 'Q% es, the linear feedback shift register

PRN sequensgpe ﬁa‘f’r e PEsgent uptiqpg "?CFP“f"h%f 3 TDYM KRR ontertigng! syprovided

to theAUMIA Worietptoe el 200 deinpe Glote So@leaé2 8émkedlid fieqn@EP(RF) front-end

analoé% tdléhen cgﬂa'tepE&bC)Aﬁhtﬁﬁ% %bk 9&1@@89 g’%ﬁg Q&]hﬁlesk Qata Famgles 202 are

ogr anmed redet er m ned ase va
supplidfe Bh @?/l"dl!r%SF 9 06 Qyerayia Q29 gcking BREAhe TANA eapaitor engine
201 aldiaredixed irochogedtivedairfet mik&g205t82206 (Wit BR)n- ;khhsle (P 26784 Quaalfature Q

208 coﬁ'ﬁgl}egtrs &f tﬁ’e ctarrle %%R) u%{ltﬁgfocgmea r}ndlxetrs 35 gzl 2'3(? are subserq%eat?y passed

is requ1red metﬁe prc%en?mBe[n{

ance he re
to codaﬁwmmt btwhe éreffﬁ"&‘étwﬁé ithe| PRYrradeechipfspayence pr@wcldd@y a PRN track
selectdd R €XI TR abuty af theecodedhik@t 11al& 18 [phowidd ffrelhtion @ @ties IvaRE Q@@J’Bsequently
shift register (LFSR) can be reset to a default val ue
between resets. Referring now to Figure 2, there is
depi cted a TDVA correl ator engi ne 201 configured W th
a switched PRN sequence generator of the present
i nvention. The reception of a TDVA positioning signa
is provided to the TDVA correl ator engi ne 201 as i nput
data sanples 202 froma raddo frequency (RF) front-end
anal og-to-digital converter (ADC). Wthin the TDVA
correl ator engine 201 these data sanples 202 are
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supplied to both the In-phase (1) 203 and Quadrature
(Q 204 tracking arns of the TDVA correl ator engine
wQ@emsamd3are mxed in the respective carrier MPEEAB2005601025
& 206 with the In-phase (1) 207 and Quadrature (Q 208
passedctp rfﬁsb FFEPPEtEve @fcumipetors 3y & @ 4. DimOespertive arpmulstioniatugs dsfived from this

proces§ arersmerqumuy QlirSped %th&dawﬁxsarefos mgeq)rbemrhgybypaem d16. @he carrier

pco F8 TRiOTEes e St 001 M) ~CoPR L Aseub B 215 Ao
providpd § a Chrtreelomstpmreer @18 phieh e@deeqﬁndweartée gatQbug, 2P3] tb apFIPVA desuence
detemﬁﬁfl&reh]@etnk 2o, ik %ﬁémérma@dar ane Ay t}ﬁ&%@%&éﬁ@@ﬁeﬁg £6:0the TDMA

ve. accunul at o
conest Sisine 2 AP BISHFHIR J0 G G B W 5 GGty TOMA sequenee
determpragepena ) slbiwequbntlayer dhampe dinteo 2thaddadfeatiu soiR i with the
begindiland E‘r{‘dtdg fdce FgﬂBrP@fQﬁﬁfﬁ}\gA ?Nsnﬁm%:ygngll 6 ﬁrﬂ"ﬁ{]\pa)rdg hé?rgratMO and a

PRN. code s are control
S"C"“‘gl}‘“? e epaeran 21\ Arec °¥‘){‘Fé“ é?‘t‘tg thﬁg’i&ﬂ%‘f p“}iF‘s%‘e“b‘F d¥i-aBy PR%’ “aCk
select@ 2¢ &rvoafiguigd ot Bternftivelp sel&f Be winpwg lof the ficso AR codehenciragor 2R@ or the
secondJI @kﬁ cP&éSgeﬁééortm% LMo &Y Uﬁmﬁe Q&I ﬁ&lé“of‘ alh MecPBEN Riterval, as

he  channel nBster tiner FOVI des refer ence
detemtu?epnbﬁéhef B?MﬁﬁéQWetmqa%qnarpws @Hg 5 611 chapﬁeé master timer 218
reachlhmegb@imlﬁﬁd staf tidE ¥Bdn imégaatibn AR alSthe PRIV bdde pre@r €lector 217 programs

the Plgp%ger lml lgxtqyteéﬁgrhg% im& IMHAGE oﬂFet %%ﬁe@ﬁo&{{%@ 3P 221 is not

ative ter channe
currengly gfestec BY {pe BB faskcreleqiir (2. (i SiEg VA Fiorvgle v et cuent integration
intervdl @@t it PRN1&dd EMEatp0xD tid erétéichyPRONakk seletbr 218 tas IfRMNto the
code t
e SRG82BERAR! S R ER DY P Al FRMEOLS, BRIPLALAL 3% v
conﬁgm]q ghepgppd FRACGedes gepasgtor 21 witlpthe eorreed RRN ggﬁeé@lu#@ for the next integration

interval £ h%rdﬂé’&ohﬂ@ra)iorﬁﬂdoﬁﬁ‘ciud&h@e ;Q&Hes@ P sl@tméﬁ HePiN Esub (RN 2:@0d Btarting

ney t or 220.or ode ne rato
R e e e e
deternimtigr merns 2sdetmtines iersed thne dfhesubsBivint Suegragerc mterval, although other
selecté.cil%tg'var@ AVt B8 Sco d arWid Plhe B@seﬁtnﬁ/erﬁlblannel mast er
timer 218 reaching t prograrrrred start tine of an
n interval, the P RN cq reset sel ector
The g AAMA R B e atotrl? P 2 e 8 grelt Fishve S, detidnaty
the Prompte(Pvauin. Adritonaltviaddng\aems of suppete®Rihic ddecqge nbthapeset REQtion.
Exam,srrs ifchbie & zrt@} LEHIh eﬁa E¥1ySEhRa he ¢e-Ry “ma@thEBw (E?&kLate (L) arms

sel ect or For il lustrative exanF&) urlr‘rla
are plagefl (ab9pc hlf &g oie; spacey, Bem (thee Prompin(ly B Fhuptly rfsmﬂg arm
impleig@nth€org @here it Ghrly B ant $ats @l) eatsad abythdPENNp {ppcipksusiedsent @rarter of a

chip, (éoéntﬁl%f al c'ﬂ u(;r e c&ﬂ%b g?eqmcﬁd%a&n%]ag a@o é%#\tlmc L élrther a glurahty of

ncurren Iy, I rect
trackingearmascaf bitrgry sparrnaﬂ 3p¢ adpfallgithie ﬂterlr@a%isensﬁeﬁ PRNtBiY evemlon
generator 221 with the correct PRN code required for
Acquikifién ¢sTADMA Pdseighing Sigmalsi nt erval . This pre-conf guration
At pos?tlgl)ﬁ 960!3[%? Lt}i{{jl?ps thL P&ltl@ﬂ r%ge%l.smg'fnoﬁla@e%ﬁigleng 'ih?orﬁfiﬁln %QQESIJOQ directly
correct ng position require
into ajsyjclrgiized imoe ?frwe?twal In trese casqsr Be é‘§§‘°‘? Esceier Ayt é‘d‘ ‘@‘éli? HDMA
posrtldnin@@rgﬁilkeﬁdﬂ%n&@&\hheﬁ ﬁﬁw&Bbﬁﬁoﬂﬂl&ﬂ{gluﬂm déRad s achl&e synchronization.
To be$nh§1%:j‘ rA syncfr:fnﬁza%(t)nﬁ)rrctmfstﬁ tlligeposq fon?%cgi\gprs etgf’lzeep a %loba#sgeig{haand Huires a
singlewnigke FOMAY eosbwmeadm@elcrpematrré frapriong ofdlfe popionimewinipdpyices in-view. At
this sthgavo@mels%h 188, Shd Mot @Ak dhDVR THMA BloddcingSRgicR® of eWDMA
in Figure f onIy i ncludes a single tracking arm
notionally the Pronpt (P) arm Additional tracking
arnms are supported within the scope of the present
i nvention. Exanples include Early (E), Late (L), and
Early-m nus-Late (E-L), where the Early (E) or Late
(L) arnms are placed at one half a CDVA chip spacing
fromthe Pronpt (P) arm Further, tracking arm
i npl ement ati ons where the Early (E) and Late (L) arns
are at other chip spacing, such as one quarter of a
chip, one tenth of a chip, or other convenient or
requrred spacrngs are also supported Further a
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Acqui sition of TDVA Positioning Signals At position
recei ver start-up, the position receiver may not have
we ufosiocicent i nformation to transition direct!| yPCTIAT204/001025
synchroni zed node of operation. In these cases, the
positiprir sighdfis hetk@dwhe ITheeid) theBDMA dortelate K@lﬂ?@%gﬁﬂﬂeﬂ toBhtAGously
correl§de an @le%m l[a Qlﬁn 1566\2%'358&%? ggnﬂ?t i%)rm thlS st%gﬁ ﬁcq%%{lon the position

OSItI onl ng- vices to~ achi
fece'%"tﬁ%@f“?ﬁ tt‘ﬁwéwmdwf@ewt&ﬁ |ﬁ2raﬁhe@?ﬂub?d@e%@smgvmedewce to determine
positifyix@tunit Gfavicee @@isitidionl finé, i Al | the TDMAJ boRRAstise dgdicedMle transmitted
nav1g§ft‘)£1 H£t£ gl?ot %& # %lfoerm%f{lon %E %?’lﬁ%l(ﬁ)los urtcl)lh I e:]\]'{ézys 3{39 &5{/ h&].é gespectlve
PRN f%ew%WPMAtbrqamagms seageecegfl et th@r paariesion imo dlets)s Ontdhtbe first TDMA

positichiigVidgnkl Kak ﬂSEenae&qilm"eJﬂ @ndT@MQaabgaQ&d 8AS trkeBzaR8 AHE @Gﬁlogfrecren@r can

TR R PRy IRl o
the PRYrepds] dplag O(ﬁfFPt tohée SquJg¢<bT@MAq198tldﬁmlgp@8)rdVlde nhientgming information

requirSd @ﬂﬂoarsﬂ&ﬁdhfbﬂlzinbh §f 5 BOBA BrreRfoflbhbind &)'tlQQecelnpﬁneO&%{ettﬂar%nntted
sgnal ﬁus 18 eerSync nterroga gs . the navi at ron data transmtted

MmOt e 5eqUrTe SIHCERTIRY TRV caEhinesuispntly e the esived
TDM@ dvssﬂtqnma isigapl.uieforedrsiing a yeeond nig@i TPMA ipasitionap dighdtethe tracking
paramé el Ror RORd a@RA pditisfrntE TN Gre, h& ib {)(%Hr%metcén%g m@rﬁ(yrsl gs%hI 3% the

CPUdata al so_provides informati on on

BENY-i Bl WrelaterRppipewitehes Rackin thafrfasttTF?MAr PosiEQngcsigng) avhen it
next defiig moﬁeﬁ)m Groddobdbind seqd@ et tibadiig He P 1dGBSstéred Rackihd)BFdtmation
fom LFG HRALS A BredibdiE R, B vl bl i ilon period, therctore
mm“ﬁ%ﬁ?ﬁﬁ?#ﬁﬁ“HHP@“PHP@F?ogated the position receiver

can determ ne a coarse network tine fromthe
In the paetirrgdi¢émbotimelat dace 651&8: tcmrdn'gmhti io#thiofed QOB tS&fu’étQt;Mﬁ}E*posmomng

unit dé\%ﬁ\osﬁﬁgm% Q&a],,PBg\st rﬁgll THMA E:Pfg%ltgthr engmg rre]z\?eétg % a s6ncﬁr0{uzed mode

osit1 oni ng S provi
of operagiey e madeék‘fa?séléﬁ‘)s%?ﬁ@ﬁfr eAA R BTGl pisiomMavices in-view

from i@fofnia€brodcQuire@ ﬁgh R fird pbsitRnih @GR dé@Acel H‘lﬁEeﬁerpoilth)ﬁmg unit device passes
mforma{lo%n %ardmlg%j ﬁéNgco’ﬁles a JI:IIBI&A fx)n%rs ?%]g?elar%? gt%srztlﬁltang unit devices to the

OSI I onr ecel
posm@u@srm iiaithsl nla\yga@vn dahaeThepesition eeden?ﬁDMes thio gifdringion rogryshignizd its one

or moREfTM £ c&ﬁ:ﬁk& Edgﬂlgs t@ tl%erfé%@ mlﬂﬁ)a&g RA5detah® Qﬁl&%’ acqu1re and
t he track ters for e first

ok g R B LG Tl S PBREE e B s ggiconds wil
be adepuatedorynitiad crghie BBMA mlotdtignn@RU nenory. The TDMA correl at or
engi ne switches back to the first TDVA positioning

In an SleMARL eMbtRAMeht toREGtre QQ&M{d%mhﬁE fﬂ}s@A BEMBni Pg’ & glclf’il%{ew r}ge position

ence by |.oadi reviously stored track
L bt I S N —
determtineaubich AN vede tresaréhofior. The ROMAIbselkjeaind i thegeoafidued to track the first
un1queO?IBMdeos&&%{gesﬁgqgl%unyégﬁss§Ihcpgott ngngatﬁg H’L&lﬂ l%n%q s?o?et%ri%erU

r0CESS. referred ce coarse
memoty) ?”drf’i‘Fei‘?fmf‘ é‘“‘&‘&’h %%aowwn@swbdw& ge ear@qlmgrt@a slots. When the
second) UBMAI puditiBug)ig bignall evacQﬂremQSd e O iggioss idgkd ad ,mteInIaQateal 0! icking
param&gmﬂﬁl!ﬁ: seI DA Cﬁo? grsg?arl] ?rl L NGred e\{l%z?tﬁsmon recel\éer %H gemory. The

synchroni ze
TDMAseprelatesinging §pvitghen pack @éhe Bend T”PMQ poatmimg sigmak wheagver it occurs in the

TDMAD&deEds@@ls&Qelﬂew 16@:&@&&-@&&:@4@/ ik dn¥oR w@pmme@&g bHdrBicting
oni ng unit devic first

the "“‘“%% e S RO, g ] sy L T © Py g search
the PRN codes and TDVA tinme slots of all nearby
positioning-unit devices to the position receiver via
the navigation data. The position receiver uses this
informati on to synchronize its one or nore TDVA
correlator engines to the network TDVA broadcasting
schenme and qui ckly acquire and track al
positioning-unit devices indview. In this preferred
enbodi nent, time within ten mcroseconds will be
adequate for initial coarse TDVA slot alignment. In an
alternatlve enbodlnent to ach|re a second unlque

——r—. AR ", = e .
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receiver utilizes the navigation data acquired from

the first TDVA positioning signal to subsequently
waledosiomdese whi ch PRN code to search for. The TBEVXAU2004/001025

correl ator engine is then configured to track the

proceﬁsl r'ﬁﬁs Ih*&ﬂeﬂ U?reE ; ﬁ tt Q\Qilzﬂ)ga BHMIR &lme q%@ Slgunhlt :ﬁl gl tﬁ@eavallable
e [ a

n rmation stared
oM o8 Aeiophe 2 Rttt %ﬁ?‘ﬁﬂ@“ﬁ%&%@ afl?fb%aﬁ@slter d’ﬁ'ﬁf‘ty and
Ume@MFlm tignhe remai ning tine slots. Wien the second TDVA
positioning signal is acquired and the navigation data

Alterﬂaﬁvelylﬂbrﬁé i fgatpaga pdsi'ﬂ@nﬂgrs@ﬁzk isﬁ&luﬂélf aadmt ﬂv%atfo@ Batd H@nogated coarse

netwo?k t1m<=t ma nb%gge)xen?/ éo est %% arréceeﬂ”ﬁa/%{)%rﬁo%ﬁ‘oa{“é Isngnals without

requrrmgghemesﬂywr tceih & dompke ¢ !l pmlosedmm alOliAe (PUT) doluderi 1FQr example,

if the k1@ of \M}%ﬁ)ﬁﬁz{lly sync%lﬁﬂaa PoditnihflEnitTdeMees RAAGAS L 1 De w1thm 10
sequ e tracking i nformation stored

ey e U G PREMPT ZoRIAiny e s e pigd 1
appr: OSlﬂlth]E gumivtosqcprtde gln a RedinTeglsridalbébmnagan for Mg RNOM} fuing scheme,
each jAGH HhS él&t'o@dﬁplw G SRR QF&&B‘&e il s %asp rtl%%ﬁ&ﬁ?huhﬁelatlve propagation

hr ough . all avai DVA tine s
st R Pl gpoRt e %?lémﬁ*ewn&b@ e TOMAngpsipringiea. leaving
58 migowcadquiTDdA Bosidoriingzaigka th, coatlhtovdaing. MhiougORPmitsat sigial @11 result
ina l@ve[%@%fgﬁajl Qnrmsyﬁa i @NtRy the%galf éoﬂ@lat(oﬁgzmer ?095! ﬁ%lﬁ oy rmsgs}ed s1gnal is less

ternati veI , once troning s
than %d@q 58 the ARt @oWter @%‘P‘? rahtl‘aéchmp A B¢ Pasigen reesivercand the docation
of thervifouwdagicallyl syrchrvaiyedp@sitdafnguait @Ricesf angsdnabh fu$ll]1 S)tnblﬁoﬁohsrﬂlcﬂlg may
occur QI a&nﬁnerﬁﬁﬁéh}ﬁgq % &Qsc}am%\r}! %!’hglp ﬁle §1 € o} Oxl\’/ltl of the TDMA
re U|r|ngt |t|on recel OCO {n a??
posnl(ﬁgglstgpa(lﬁ,fs su@'é;’eetdp fget thg Herking nagun(epvrp) of thg |pgpgqog feceiyep r Furthermore, as
the TEBMA I’p'ﬁﬂltﬁxnmg flgrfaiﬁ @re @&fhh‘&[ taclkll, 44 hein flvREtos Adtd Mterrogated the knowledge

or e SRS O e RIS it PRI b i BB Bt Pt i e
cross- Pqﬁrehthnhé‘ecnm iingrepse e SNR.Gherdby mereasing the psitiowlretrévet ferfortmede.t o
approximately 33 mcroseconds. In a Radio Technica

Dlspaﬁfé 'ﬂ'ﬂg&&b 0e p(;sQifbmh@Jnhttdems {s BH-I@Me d?¥Has) dxein Jﬁ& Ree phy%@a‘l: Bhenomena
her ef or e

naPALEE L TR\ porl shyod et cesontly mebdigic
Phenowellﬁl thiat el pff-nprminzd trecention inpindesiyndyroBBation etr¢re whllin the positioning-unit
deviced] a@rﬁd@ﬁﬁﬁ@&ﬁ? C&lfl'rlbtlllﬂ‘% tol Moﬁgﬁfoﬁ H@J}E %l@étg, nad othelr SRV, NYsing the

rosecon osi tionin
e e aﬁq%;s‘%°§é?0ﬁ'§$"es A E R Pty PPt dley gt canbe
mitigatedsul t in a | owered signal-to-noise ratio (SNR), the
overall correlation power loss fromthe m ssed signa

Normzllﬁ h@%@qutsrﬁ@in pl%cegsBls cUﬁlnGQl &nh?s@f%?eln! Jm@ Tlﬁm\’\’{p&qgﬁné)glgﬁls are

rel ative | ocation of osi tlon recelver
scqui A BTG aeﬁsatwﬁdﬁla@ﬁyeaﬁ fige YR sefuon: Adejposition, velocity, and
time (PUB)i sbiutiumi calgbeliddimputeliear mgyetBne dufidihd ickh@sitidn@raaess whdnyat least 3 TDMA
posmo?:}ﬁg %@Ea@snlﬁug‘ bddl? g&qn%y T8¢ gysrtloﬁtve@agf \I\é‘l d%eqy\r/'t).rkgluttiorr]lels required to
acquisition an rackin rocess i me of
estimalfy B spgflled Fortring MPEMIMGIYRS Mithip Hie mepition gpqeites Prge diapdnirednatede time
bias isteStinfiee@ thd fositidnr radék(érl’ﬂ:@nﬁlﬁﬁl b pre€if¥REt InfateQff th\k?&k s i 'l'hilsQ)Ebcnse network
time eEn?nCa%g% £ :eJ(JImIpE gnon o? {he oaréé ne?wocr{k {1 xP'e li)rct)%l\l/cﬁ g \’l} t Iecr)rgéagg} gtl% nav1gat10n
data, 1hﬁtcemfr1@g mpdsqitimg hles wn%mSé@geg &ignah empti@ntdehtes fiome] thehwetwork of
received tinme of each TDMA positioning signal is
refined to further mtigate the cross-correlation
effect and increase the SNR, thereby increasing the
position receiver performance. Disparate ranges to the
positioning-unit devices is only one of many exanpl es
of the physical phenonena which cause received TDVA
positioning signals to be in an off-nomnal tinme slot.
O her physical phenonena that cause off-nom nal
reception include synchronilgation errors within the
positioning-unit devices, atnospheric del ay
contributing to the propagati on delays, nultipath, and
other effects Uelng the above descrlbed ach|S|t|on
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mtigated. Normally, the acquisition process is
continued until sufficient unique TDMA positioning
wer@salw3are acquired and tracked to conpute aPCT/AU2004/001025
position, velocity, and time (PVT) solution. The
positiprOig-tnit dévicedl EFré@ B¢ heyworlatih dllbwiRhe( sEbniSbrd it Mabiathddel timer with

h Ul & Ny L durl the acqui sition process
oS Ay sl

mm%%u Toni ng si gnal s have been
qw red The position, velocity, and time (PVT)
ACC“%‘ESI RfeHoB g UWne qap by desemingst hydhe RREH redsiver iy perfehiagla pesitiab ryelocity
and time (RY'T) sak@iolivhite thil sinBle BhabRETIGS icéricibr ERGE is\éﬁﬁnok@m@ sydBronized
with 6O FBRIA Iﬂ%ﬁ( k srgglﬁpa!n?%?al'oven%ﬁtt in E%EWC% sgmﬂ? I%ISF ] 1P Eglk{R) r1rseobserved

recel ver conput ecl se e
due tq e TRYA cogdateretgine Ry jmegragas e et SRAGI Wt b reective
positibrirg Ggmalris BeuligenteWJK ThitE el TDNA @6krelyor felligﬁlﬂd%safof fﬁ&@x{aﬂe Qlﬂwanted
noise %rld B{HI o%go%&lt xIJvl%g t eg}gogihonmétum? %ev ap gyn'ﬂ o? Im(t)er[reis% H élohgetu%orre%wed
Furth%smgre»scrqsﬁ *HFTE ptign awrapts efevignifecantly Pritigeted or eliminated fotitelyndbie to the TDMA

correlatbrl é@y¥Be dohite Mg PRI BbRAhA ¥ tersmftthﬁfrJﬁﬂﬁl‘e?ﬁosﬁB}mt\ﬁlt ddvicBer
with the now knovvn network tine of t e

In thepé‘?ecilert d%gl'b?dgmelﬁ the d:q?eﬁl\r{él %1%5 er tlo%gef: {l%)lqlg):y]eer rpgréo 1§/ Pgeb@lan the furﬁesequence
TDM§ eqpead pefion gndahegfesglumrmﬁ thewb;qn@@; inpsyer timet iy dsrfipe, PRAEY than, the resolution
of the&ﬁl:khﬂg' c@dﬂ: 2l Edrer DS, %ﬂfég&lﬁmﬁlh%l@ﬁtllme}_%nﬁ&ﬁtroﬁ! M ng ossible, but
the IS chronol ogi cal | nchronjized with the T

y °H€f? V&EW R FRTPPERYE ﬂﬂﬁm %l%&%rﬁ?ﬂovw fréhey ingigge the measurement
noise.si gnal -t o-noi se ratio (SNR) i s observed due to the

TDVA correl ator engine only integrating on a

Clock¥MHilitg Ul ar PRN code when the r espect i ve posi tioning
Th El @ recei vedl T]h DMA correl ator

© %ﬁﬁ% SRy GEYe prsto rﬁ‘ieéY@fr‘%fF &5 F?Wé#hoé aseﬁ E9| dé‘ée BHEPN RtelapRegeine
will be e degrminlirgrfadidnén thoshulting micssgremenit iecateayi of ehe pregenainveafion. Traditional

posmérﬂ&%fv% bise! c§ntirﬂﬁguslp ﬁl'mmgg croﬁé:gl'd\éﬁger lﬁw‘ cto érma a@ mmodate variations in
cross-correlatjion artifacts are signiftlcant

the PO{IP] G ELIORPSUFPTL At BRI BHoT s SEilty g pyion receiver
local o@illatet AtQ)ris @nkply rectadGh predic@grthd ety MRNarfi@dBSO tvihiads @Eeﬁ on the
progr nfel %ggxr#gté rGagd ft Q ngg hr?arsterpt%%ér tﬁélgégiqgl%héé e}err dte é/nllb% 1ment tge position
fece“’?’d‘l’qa‘ ssjidator g&p |'Sd'éFd|af5th? @fqge‘re f‘trh‘ﬁwaﬁtﬁ eha{ﬂ{!ﬁl fimgeque n c e TDVA
repeat period and the resolution of the channel naster
The pbsitide FecdiGer BBal bichidtor @D) fuish B¢ stdbh&ﬂer tﬁehﬁdfcﬁ‘&%ﬂﬂdi o@ﬂle Qfeasﬁx@ﬁents

In the tpre?ecf‘rké nngooﬁl%grﬁ thi gabclﬁ%{ug? 15 rOéJF S%')fhe g&bﬁUb seq%)eme rfqg%tyerlod In the
Radiogfeglipéspl @@qwsroe ferdMpritims (BIMCld nwmewtlenettbe ABMAt wb-stghaace repeat

periodt isMErmillBdchiAly @cfefddd rdqhiiig |p@§troﬁ&§&1vgmﬁ)cﬂ%§%&n@@§ stability over
e. overa

oSy OSSR BB R P bt it Sl gt
(TCXPh eomDty wsed fo|thet positianmgéeiver lafal Iosctlletoa(ldbtl@s @isharngrm stability of

approfid&d1¥ pdrtrln {0 vEre Satbdd @ger%afﬁ)u 5@1%[1{5&9&1%” Fhitin P abVMBion results
ntion. Tradjti Onaf&(g S| tion receivers use
r

Vi
in & PRRSE FEATISETS) PR () BOUE B e A0 SR Bt WG pe range
error G @ppooxmmtkdyt ®03vigitlim@tets O ASrarige ertdn ef Q:)@jismtliimarers fisesD ffic ¢ forIn@@@position
I‘eCClVQ‘S gﬂpl éa@&ngr Sl(oluQ) m01je nprgclllg A, ?SS&Eurénfé}{cF o&a 1re5 ﬁera%u&ﬁ’ or other

st abi position trecai ver
matheatigyl eﬂlgvaf?nwpmﬂlﬁwmbe ERPIped dff tese frghnidhes aceo@euﬁlﬁram higher quality
positioR @¢ckiive NochXdkiNutdr (I8®) coaoachtsOsiicht 43 @n PR@OTARIIRE Os@lalol (KO) or an
and the channel master tiner value. In the preferred
enbodi nent, the position receiver |ocal oscillator
(LO is used as the reference for the master channe
timer. The position receiver local oscillator (LO
nmust be stable over the prediction period of the
measurenents. In the preferred enbodi nent, this
stability tinme is roughly tthe TDVMA sub- sequence repeat
period. In the
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Radi o Techni cal Comm ssion for Maritinme (RTCM pul sing
schene the TDMA sub-sequence repeat period is 1
waorRdosiosseond, therefore requiring position recBCwaU2004/001025
| ocal oscillator (LO stability over approximtely 1
atomiftitimk is@aaaindaycfe WRIASH rtlﬁrﬂi‘d'firre@ Eﬁﬁtjdﬁﬁe'hto 2] Tﬁﬁ]ﬁ@ature%&lyrﬂlﬂe@ @scillator
(TCXT)? EEB:?Af'd%‘{ﬁ g]nt rg %!v!erqocal oscrl ator ?LC?%O T&%%g%ij f"?%{’r}gf?e“ {r@; resulting

I ONn recel ve
from Fr*&gla‘a’ggh%ﬁr Pf 3 F@P'ﬁ‘?@lgé’lgpq] isttypically engpr eser nit%e bfthelcapigr wavilangth of
the brd&cAt WABI Fdr 290GEAGg- u@&ﬁce&raﬁbﬁﬁ&rﬂgdat 0k iz drkns 84N daveRngth is

appro;lnmgt%{y\} e2'r n1111]f1(e)ter ’ghsegel o 5105‘ 0! lﬁae efs; olfdnﬁaéur%?epg}mseﬁddid@y j_l'? position
receivgploeghepsillater(LQ) indveadivapr i the predigtiopprocessingell Biowahe wfe measurement

noise FFY PRXitidcheHg 8)s¥mQriBdbulidel. | | MEt €rs. A range error of 0.03
mllineters is sufficient for many position receiver

| i re preC| se range measurenents
T
Dmé%oad%asan% i q"eé'\cle[e]]?eg"fnh"np%'r ot her nat hemat i cal
In theéﬁeﬁar(p |e@bﬂdm@ee@ WHITQU@SbTPMSﬂS@G segnguces yaepchssotifited Wigsthe positioning-unit

devicé E(Nﬂﬂid&;u;ﬁﬁ ard rp&fel?dBty g§déf'afeh ¢l 18 time RinGNEL pch@H xlectex/etg%l!lgil 4RRse of

recei er Io al nponents such as an
o oS58 BBl 3ipun Tedtert Pt BeMECIKSR BF s APy nemaicl
equivg}qnan érarh@ smeppdipent Wieamdsitidnnre¢elver grtephigesr tha transioeli TRVIA , br@dcasting
sequeﬂ-cem?ra%élﬁtﬁgqo%&&%hlI‘i@l 56, hddateRlork Ti T@@%mﬂ 3 Héﬂﬁtgmilrgﬁ TDMA

positi ceiver | ocal oscillator
broadg g BBt s LR DM Gl BEATE S HEFMop GTHOB I S tigion of a

first poditiemimg-ofit devige Subsequerit rpgpt&mggmht degice BRN @eés| that odturt ifi éhe subsequent
time s%s%?ertllleqfdetgnm&cfl b)I ﬂ?@lo&f@ﬁ H rﬁ&heﬁ@%@ﬁﬁ%l@hegtela‘ilth%thsr Qe?\gegg ¢ PRN

For a positioning-unit transmtfing
code and she ARMA g et Pemativgly, Fhé IO\ epadpngting spagenspesridsbp n'atdetrryuned
through.aZintilad rhatte@btRtIProcdsh ghid édadutd @nto Hof@olbkilOmentiBry WikhiRh&fosititifreceiver.
nmeasur enent noi se added by the position receiver | oca

In an Q§ﬁl'a 1\Je %Ingd'dm(elnﬂhe Wﬁpﬁcbq&ﬁc%gtlég Eeghé%e? arte srg)ﬁged in he nav éauon messages

process 1s we nmeasur
transntiied fiom<he RogiHening-vaiy dyvises asd pre potispryiieally asseied Britb d@d’a@tqorlﬁg As
an exSARpEaeld@ior R)ﬂllﬁ];&%dh@rﬂuel the ttrﬁﬁmﬁfe@frﬁmesrozﬁ%ﬁ@s&ﬁl@ﬂce of a first
posrtrénﬂ‘g uIPMA}cp % ﬁnl%g Coaf%'ré]cil ngs av1 Srrll r%%%igar ée%gn oﬁ%{%tgl?lg unit Jewce within
range (9f éffeefiramoytng@ﬁematde@er wcwvearhe trpvigation ddtd thatt ihdudoo gk tfiry TDMA

broad&a&ﬁl@ héd@d’ncet JfrtlQl«ng'ﬂ p&shﬁnlkﬂ@ﬁthle@n Tat gkl %bs‘;tlofngg oA d@wcea)roadcasts

| ster ot her
s oM Rl R e ot e e i & WD e fovia
broadgapting praudned o itherfiest pasiviewingait émqene hirtl pesitioniagigniri detiedwitibMange of

both tm ﬁﬁ%@&%dnﬁ Q)oﬁtﬁﬂffl@ﬁlﬁte&wpéé r@&@@scthéaﬁa'vﬁtgloﬁl dit® ﬁ'@rh Yh% G PBN second
eterm ned

ed
posi Pt 46V @ éla‘ﬂ%eﬁ RO TGS TN e TpvRmerss.  The tird
positian@eugt ddvise b@m@ametsswm bomicasdiy Biuede tihitd Migatde WieSshdel @8 also
mcludgsfthlﬁ)l{]\j (,roﬁé and %MA @&h&gmg %’&{I\?ng§éf i ﬁrlg{%tljab &4 E&‘iionirt\gnunit devices

pOSI tl onit ng- uni t device OoCcu
in its GYIGRIOR TR (TS PioF<s omizpues UG ofibe pysifiowiesubylevices within view of

each ifeart brogealtingQtic PR E@eaddi TOMA yrofsdstly! sbcﬁx@@& of each other. The above

descrrlgeﬁ st?l}c %lr]% .bxlaﬂ?a? 0. tPee(F (%PI;]OF]I'EI hn%ﬁ%ﬁsl}l%& @ﬁig) sg\stcim So- calleéé){lf@ﬁag gata where

each Séﬁbﬂe br O%asgfraéct@é?@rlm neoematipr BUiEHIL. 4s wélias Ifoa the nemainderaf the sakellite
constefMtiof. € Shiddmbolidad ark pokitiéh ro@Nertek@idel Be m’@mr&‘oa&éagtmg &q&éﬂ@es of
position receiver. In an alternative enbodi nent,
TDVA broadcasti ng sequences are supplied in the
navi gati on nessages transmtted fromthe
posi tioning-unit devices and are not specifically
associated with the PRN codes. As an exanple
i mpl enentation of this technique, the transmtted TDVA
br oadcasti ng sequence of a first positioning-unit
device is incorporated in its navigation nessage. A
second positioning-unit deuwdce, within range of the
first positioning-unit device, receives the navigation
data that includes the first TDVA broadcasting
sequence of the flrst posrtlonlng unrt devi ce. The

L ) oy
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its TDMA broadcasting sequence in its navigation
nmessage, and al so includes the PRN code and TDVA
whemadciasd | ng sequence of the first positioni NBETIATR004/001025
device. A third positioning-unit device, within range
all posifiorli@tuhit Hdveed infvRiv bR et QBRI e ROBAtIoh MBdsibP TR iat 1Lk Sgsﬁromng
it &€l ves the navigation data fromthe first and second
posi tioning-unit device that includes their respective
TDVA broadcasti ng sequences. The third
PropagadenRedyi ng- unit devi ce broadcasts its TDVA
As thbdigade Beswden @ p&RIGHMBNEGR devicel ahBa ﬁt@Mbrgla&eﬁv@ﬂnﬂaﬁe% Qgﬁprﬁﬂganon delay
of thegtlléa‘gﬁne {ﬁe{:(]lgl;]jlug %?s&ﬁl% %D Bgrliaf:mcrglses g%cgrrc]l O”gnll €3 F] o té h%)FrPlned TDMA
positipning; sigadl nptrpeing secqived ierjiagly withimebe nomes! pGthlsrem\@ctewlot This is of no

conseQ@fide| wheie il ptﬁitlbrlmgalnlt deficet e e@ﬁlﬁs&ahﬂ ﬂgﬂ R gosHidh Fecgﬁe\/ b@c@tﬁe the time
s W Bth o0 1 St oLl e Brengscligg e AL
SlgmffFﬁ’ély HoByacyae the pesition reeqivet, lSPI"E'aRSSn staptidngtimes of théEDIGA pbsioning
mgnalPQ)‘BéuI' [ Qﬂltlﬂag po'SMSﬁ Qé&l(/él}]lgaatlcﬁﬁ/ Sﬁaﬁé& SP 'dgtajxnllrﬁsqc aallggﬁtﬂﬁccoggae?s the
propa at1 n dela Satc$ sm Dr gad (? (i d {1 %L | on

Pah or fat | on' 8 P‘f gtige-unttg C\X}é‘f Ian P‘fﬁ e DMéhePiiRsgr engine
synchephizatigr toshgstdit [the trecetion Sines| df gk ipositionihgrurtitde giceotrdnmaiisivad This variable
correlitld® tiRAS |p¥obé§§‘reﬁt§1‘ésethé/ Sharkie Ecﬁfsmeﬁ%? th% B I\%t@lx/ﬁ el tskog Gimes.

Foril ﬁ% uences. of al | poOsSI tioni ng-unit eVI ces I n-view

or ilbEYe AT %@S‘P‘H‘éﬁ%%“d&ﬂa H kgagtegfon ?@Pﬁpa%ltwm@asmt dsries and
100 npesi ftomon sepapud pbditiodidy-urdtedeviBy. OagaiapBitn Wy&ﬂ;bmptﬁe frBtGposmonmg unit
dev1ccdlE &ttm@er p@o%&&eam&o\%&elasotm ;Qggh %am)& degae¥ro ?he Sec nrf posmonfmg -unit

OS| tion receiver 1ncr eases, rop | on
devied o dn Y SETRT BPLRRTERRLSpIS SHetei B deteres g R ineiesd microsccond
TDMA G klots, nrgthyhe fifdh UickLpkSs freedidpahd eand BGvIcése]ﬂﬂsI%posmon receiver
will e ggén%éoo ls@ gve?l o&m%;gﬁx%}"naet%}g Iﬁd\’/]‘grplj;:rt%gegondse %wen hﬁsh?t]g%agono?le <8mon
rece”&’d’i*?é! agjne ﬁi: @team@ﬁ igf¢ryal gays andisiop Fimep-in thwad evpich esximizes the received

correlz&ilahl béltes Uzﬂlﬁtdufm‘ gQﬂ}f le@QSthgréti@m 1nfeﬁ)‘§ﬁ‘ Ti¥eEdxad EFRHRE rﬁé&%d tuh;ﬂ@nented
S| O net Wo

within 031?10n rece T w1ll ené oxy the erPorm reer at | Vee t{O/ t ver o d th
Howev & V\,ﬁ PGETE PoRT RE=UKIE TElyrreeas of & post R feckiv aid the

SPCCIfgpéﬁPrﬁlpééfﬁMPySlanﬂ T@PEIP@W% fromthe position receiver,
overlaps in reception tinmes of the TDMA positioning

Furtheﬁhc@@ arleu%esﬂﬁ)cﬂié posﬁﬁmﬁa@%ﬂp@@ic&s' Qn)nfye&l@' o\f%anil Q%Iple? 1¥f the physical

sti G Orlt m consi ders 't
pheno S 33 G Gy DAY G JFERL1 P08 ETGF GHP R e gnnal me
slots aéimﬂteé@y U tpositidngecEDVA @lmr plalsiatl phenemepian@cts ysnclackodTi sgi@hriofiFation
betweéth@%gmlgsioB t&d}}% of %%Qstltﬁogﬂg Bﬂltr@%cegfpr rﬁggan%_rhdelays such as altmospherlc

sitioning-unit device transm sSio IS var
d‘s“’“g’a (F §fF1ax P%&‘e tSieralngot Gestss o @Efﬂl?ﬂfhegoutdhaé%owaﬁhecrecewed TDMA
positicadlg sighalsen trriod ourdile of it @giadl irddEive thiteesior, aﬂ“heStanﬁlhueaiaﬂn&B QPove of
. cel
s AR @ o A R B Genp o BB SRR
evi ce and 100 neters froma second positioni ng un| t
M“""&J‘égvﬂf‘é"'s PREPHRUSIPMA GrrrefipEneineom t he first
The ahpwfsdetsqnlmn ogylapl prioblertl entibe ectified inrn flukter @fbdﬁglerfﬁﬁf thQpresent mventlon by
tion de
o S5A38EA0E OSEEAN, b BN B AL BEpl{ e
As W RHESQEIR dRstime, fworchwaals qapgimalispqopsdistragk boﬂpk’,m%mdgs prpviding that any
of theqEipvanay tdesBlbednedr@s Q.6mREIntT DM bd bR oS¢, OtAS pludlidy NoftrB&ive channels
first devices' pulses preceding the second devices'
pul ses, the position receiver will experience a pulse
overlap of approximately 29.7 m croseconds. Gven this
i nformati on, the position receiver may adjust its
integration interval start and stop tinmes in any way
whi ch maxi m zes the received correl ati on power val ue
during any given integration interval. The exact
adj ustment net hod i npl enentied within a position
receiver will depend on the performance requirenents
of the position receiver and the specific off-nom nal
TDVA signal reception timng.
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Furthernore, ranges to the positioning-unit devices is
only one of many exanples of the physical phenonena

wowioshisaaise recei ved TDMVA positioni ng signal sPaDADE04/001025
recei ved outside of the nomnal tinme slots allocated

incorfyatihdVEDIAASbitrdl4dd} eh @@ hIstEirovidel 1€ EapibNyts toGRatk RNEIOPRRN&udes that are
wansiH&fn @9 ehe rBRIA, Bl Ry NChr oni zat i on between the

transm ssion timng of the positioning-unit devices,

propagati on del ays such as atnospheric distortion or
Referaxéq %)91nd? tlleh]éad§>| Be-ﬁlg]lcal S?WW“éPIT ]@Ienetgne BICMyY, pplplwﬁcheme a single
channgloTIDMA absﬁat(ﬁaid@& tah 8infu@eduve¢ da&ED\ﬂ‘Mﬂ QSdltiohﬁQ |sn@1gilssﬂr<g‘n &l Snique
chronBlgg@a'lw Ly\‘xalrc%'fgeé x%orgrtgbuglg geﬁ:gsn&'l{ége n one S ep051 I(fnﬁlé sngnatl is broadcast

techn I q eS cri OV e o
in eaﬁhnﬁ%é 5T K | At gamektosiin rawerswépthq ahv&deﬁvaryedo’éDMA correlator
engmadaﬁth&lde @y flintiltagedtidy aday TDMAtﬂ'dﬁﬁcﬁlu@fsfgﬁﬁst ffom Milrkdup Lf@onologlcally

C orati T. rre
e LR VL P R B Bl BB PP ptgronaa
time floiy {ThiS Prasesb e tmqmerachf-edtth enyprese ef cliapnebsritdoparating TDMA correlator

engin@®l OVi di ng a position receiver with a plurality of
recei ve channel s incorporating TDVA correl at or

This sggo%cgu%ﬁ ‘h StAg.?‘]dte tﬁﬁlsl dio 'fe?lgléc 0 nhsD lﬁ?—?ﬁi g/lg dtérge &%?g@ P‘gf rﬁggscheme as a
commop, gramplgypf emulﬁxh&scbq*waéiumuyle@msre rTiDB& posisiaming systems. However, any

TDME 67d&dchsBhg teifem€ 8lls AR tR\6RI2E QO andhnble Wf B fAréskne flvedtiGiC €T VE
channeIS|ncorporat|ng TDVA correl ator engines al so

It w1llt f g(%ursgrgé re%hzgdnt%%?}n Qvt%l?st d’le alyov% ﬁas Eeen ﬁé/enn.r%my P}’ % Ry%lf\:/e example of this

inventigaf alspghapd qilegampdificgtiqnpand R@r@n@s TReett ad wald bEeppaiestsd gersofsokilled in

the arfVité ideméBo fam the Bloid J9&pe N8 BRof t8s SlN@nGs ﬁ hé}aﬁ' el roriPMA
correl at or engi ne can simul taneously track
positioning signals from 11 uni que chronologlcally
synchroni zed positioning-unit devices wherein one CDVA
positioning signal is broadcast in each TDVA tine
slot. A two channel position receiver with the above
descri bed TDMA correl ator engine architecture nmay
simul taneously track TDVA positioning signals from 22
uni que chronol ogi cally synchroni zed positioni ng-unit
devi ces, wherein 2 CDVA positioning signals are
broadcast in each TDVA tine slot. This process can be
general i zed to any nunber of channels incorporating
TDVA correl ator engines. This specification has used
the Radi o Technical Conm ssion for Maritinme (RTCM
pul sing schene as a commopn exanpl e of a pul sing schene
wel | docunmented in TDVA positioning systens. However,
any TDMA broadcasting schenme falls into the broad
scope and anbit of the present invention. It will of
course be realized that whilst the above has been
given by way of an illustrative exanple of this
invention, all such and other nodifications and
vari ations hereto, as would be apparent to persons
skilled in the art, are deened to fall within the
broad scope and anbit of this invention as is herein
set forth.What is clained is: 1. A nethod for
provi di ng accurate positioning signals in a TDVA
positioning systemto a position receiver configured
with at | east one correlator, said positioning
receiver mtigating cross-correlation artifacts and
exhi biting high signal-to-noise ratios, the nethod
conprising: a) transmtting said positioning signals
in a knowmn TDMA sequence; b) chronologically
synchroni zing said position receiver to said known
TDVA sequence of said positioning signals;
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c) configuring said at |east one correlator to
sequentially track said positioning signals in

weynshiwes city with said known TDMA sequence. PCT/A®004/001025
method of Claim1l, wherein said configuring further

What is Bigimddies sai d at | east one pseudo-random nunmber (PRN)

1.

code sequence generator replicating the pseudo-random
nunber (PRN) code sequence of said positioning signals
i m sythahoomoviditgyaceatepositrinihe kigearin TORMADetiins g aysted to g\position

recelvgegon %qregfwn%eaq l‘f&‘iﬁt dnglcl)rYelan? Cs%fdvﬂoﬂgonﬁlg Rbdive Ihﬁl atlQé crbédMbyrelation

posi tionin ghal s broadcast in a knowmn T

a”'facﬁsé%@‘h@'@"g ’T‘H@‘%ttﬁﬂfbse EHR P SFRRYLCOBISWE Dl oyi ng a

2.

apQEahirdltﬁﬁg $aid Qexitioging ﬁgﬂkmmmmm see&ns; t 0 receive and
I t t
o g e Aokl 03t A0 AR el LDV seaBRE o s
pd@Flthﬂé‘ﬂS‘lg@ésel ver, each correlator configured with: 1
cﬁ%ﬂﬁgluf'ucgr sdid QV iledit Nhe acoff@lfbreto telquehtidly rtefle kad eesifioding Sdgnals in
correl ator se the relationship
betWeen"” W“hrsaé%g%t%in% r@ll@glg? t he TDMA positioning
Si gnal s and said master timng reference, and
S URR @RUENS Y airfl @ viedin Bed thﬁiguﬁﬁg'ﬂn&heﬂlﬂducﬁi @l at led3Bde pkudoh@dom
val

numb%é lcaoéeiosir%ﬂli%nt Sg ra¥or re hca{nné%ﬁe npese:udo ?an@ou Xu@nbg Cttl’ﬁlé* f&de sequence of

eren ans to sequen

said pgeitiveingsignals hvesym»otllc@mh@@@@om TPHE stadenih TDMVA sequence

3.

responsive to said determ ned start and stop tines; b)
receiving at | east one TDVA positioning signal at said
position receiver and determ ning said reception tine

of A sathel FFPMAensiallynakising TplurgloyrpfiliiMyapdsitigningssigdaldlertadeast ine hown

TDM%%&TQQUJ, R0 b thBEohPrisi@l d at | east one correlator,

generating a PRN sequence in synchronicity
aj @eﬁloflh%a ROGIENIESEIYPT cBHAINRE  TDMA posi ti oni ng signal s.

i) means to receive and interpret said TDMA positioning signals;
ii) at least one correlator communicatively coupled to said position receiver, each
correlator configured with:

1. means for providing a master timing reference for said correlator;

1. means to analyse the relationship between the reception time of the TDMA positioning
signals and said master timing reference, and subsequently determine the start and stop
times of the correlator integration interval relative to said master timing reference;

1. means to sequentially generate the next PRN code of the known TDMA sequence
responsive to said determined start and stop times;
b) receiving at least one TDMA positioning signal at said position receiver and determining said
reception time of said TDMA signals;
¢) communicating said determined reception time to said at least one correlator, thereby generating a

PRN sequence in synchronicity with the reception of said TDMA positioning signals.
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