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POSI TI ON LOCATI ON W TH EFFI\ 5 BACKGROUND OF THE | NVENTI ON 1.
Field of th¥QedBd8e7 on The preseatssxi nventi on rel ates to posiRCTUSI920280i on.
More particularly, the present invention relates to a novel and inproved
met hod and 10 apparatus for performng posjition |location in wreless
comuni cations system |1. Description of the Related Art Both governnent
regul ati on and consuner denmand have driven the 15 demand for position

| ocation functi ' ' b WTPP
system (GPS) i %ﬁ?%*? gga?@ggﬁwgm%ﬁmgﬁ%%ﬁggl on Eisi ng
a GPS receiver in conjunction V\AEEF&(-gﬁl\F'BfR@éIAHgQEbi ting satellites. It
'is therefore desirable to introduce GPS functionality into a cellular

t el ephone. 20 Cel lul ar tel ephones, however, are extrenely sensitive to
cost, weight and power consunption considerations. Thus, sinply adding
radditional scircuitry for BACKGROUNRD OETHBEINVENTION sfactory
solution for providing position location functionality in a cellular

t el ephone. Thus, the present invention is directed to providing GPS

functi onal i t yL.ikField abthelirsent®n e| ephone system with a m ni num of

addi tional har dwar ¢pe %Qégen@']ﬂvgﬁﬁ@lﬁ géggéygtpod%%o %ﬁ.%&b‘ a'r&h’ﬁé@;f?\'

30 The present invention Is a nove and apparatus for
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perform ng pothe iRFESeMcMYYHION Felagesedd 2onoveli and drproyedermetpd and

embodi mentjgof appLrabiy ¢t ipRRfor&itAEi positRnBbbiibd Oh REkéIess dinRAfliEhAABNSs
| ocati on i ncl udi n&‘ the steps of receiving signal 35 sanples, generating a
coarse acqui sPYT*6™-sequence, rotating said coarse acquisition sequence

yielding a rotated coarse acqui sition sequence, and WO 00/ 14567 z 1 0O

MAR 2003 PCT/ [ I gl.rotated coarse acquisition seguence
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to said signha time offsets yielding correl ated out put
data. 5 BRI EF DESrcT;Epﬁng)(pmmqurmAanmnd consumer demand have driven the

15 demand for position location functionality in cellular telephones. The
global positioning system (GPS) is currently available for performing
position location using a GPS receiver in conjunction with a set of earth
orbiting satellites. It is therefore desirable to introduce GPS functionality
into a cellular telephone.

20 Cellular telephones, however, are extremely sensitive to cost, weight
and power consumption considerations. Thus, simply adding additional
circuitry for performing GPS location is an unsatisfactory solution for
providing position location functionality in a cellular telephone. Thus, the
present invention is directed to providing GPS functionality in a cellular

25 telephone system with a minimum of additional hardware, cost and power
consumption.

SUMMARY OF THE INVENTION
30

The present invention is a novel and improved method and
apparatus for performing position location in wireless communications
system. One embodiment of the invention comprises a method for
performing position location including the steps of receiving signal

35 samples, generating a coarse acquisition sequence, rotating said coarse
acquisition sequence yielding a rotated coarse acquisition sequence, and
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The features, objects, and advantages of the present invention wll bﬁcorre
nore apparent fromthe detail ed description set forth bel ow when take 0i AR 2003
conjunction with the drawings in which |like reference characters 10 :
identify cor WOMMBINgl y t hroughout and wherein: Fig. 1 is a BEHURGOH am
of the d obal Positioning System (GPS} waveform generator; Fig. 2 is a =
highly sinplified block diagramof a cellul2ar tel ephone system configured

in accordance with the use of present invention; |5 Fig. 3 is a block

di agram of a receiver configured in accordance with one enbodi nent of the

i nvention; Fi ipplying sidtrotitedicostsedicqaisitivRiseljiencee@isiR siganl sdrapldsnat-ag.
3; Fig. 5is a Fle(f‘ L ver f(:onf i.@ared in%lafe?rd%i%a\gith an al ternative

enbodi nent of h& &?@%ﬂffsﬁtﬁ;yl g gorrglared Qu fart of the steps
performed during a position |location operation; Fig. 7 is a block diagram
of a DSP configured in accordance with one enbodi nent of the invention;

Fig. 8 is a flow chart iIIustratinﬁ the step a search 25

s perfornmed duriné
performed i® accor dance BRIEF £2B TRENN @lfmei%AWBN; Big 9is a

time line illustrating the phases over which fine and coarse searches are
performed in one e iggﬂﬁ: f ok [ LA A L - 4 -fihe
search process Wne%égrf ormed S “t@%c%}/‘g%ﬁé’gﬂ%ﬁ ehg%fnét?eerﬁ)tggﬁn&m{rﬁ'eé?l%?\hcemlﬁ

i nvention; 30 fecgmemare apparent famaiths aleteiled deseriptivn. sep fogthabelovewheni n
accordance wi t{f3xaf Gh"&injGRBAGHh "With e RRvingK&R! Wiich Aike PEfbAéAdE characters
DESCRI PTI ON_. OF THE . PREFERRED, 35 EI\ﬁCDI IKENTS‘_@ n(ﬁ/egl' and 1 nproved nethod and
apparatus 8r ideptify gprgspeadingly t O8K% anet Whexewks conmuni cati ons
systemis describedFigTheis aViloBR/ didBfiin3of the N@R)moaomanwﬁg%ﬁﬁaﬁp (GPS)
exenpl ary enbodi neat i s desqtrl bed in the context of the digital™ cellular

t el ephone syst BAVERATT 8SBEEREt hin this context is advantageous, different
enbodi nent s of the Figv@nisi arhighly Isempliiedpblackedidgrani fofea esllulamvtalephenes

fi ti | l. - . _ ;
be formed uai 1y etep BrEHEd in skBerdail Witn e B BREEAERbeRABR] O 1 T

Uesl

i : ed circuits, or,
di screet 188ic, hovkigeB,isianplpekdingram pf prresaivient capfigusgdciry ageardagce with
preferred. Theygl@etbddisderitCéf @reSinvedionds, information, signals, synbols
and chips that may he referepnced,t hr Qqughout e application are_. .
advant ageousl y repr ﬁ%@ﬁg‘qgal?gﬁa?%r%? &st,eg&vs&%#a u Fig-saves, 10
magnetic fields or Pigit5 dbes recgiveradonfigared o1 areotdariceswith am adtdrnativieon

thereof. Addit] 4L I ywn in each bl ock di agram may represent
har dwar e or m%'%(@%dé%gﬂté p)? t?le%l%%nﬁgﬂ,

20 Fig. 6 is a flow chart of the steps performed during a position location
operation;
Fig. 7 is a block diagram of a DSP configured in accordance with one
embodiment of the invention;
Fig. 8 is a flow chart illustrating the steps performed during a search
25 performed in accordance with one embodiment of the invention;
Fig. 9 is a time line illustrating the phases over which fine and coarse
searches are performed in one embodiment of the invention;
Fig. 10 is a time line of the search process when performed in
accordance with one embodiment of the invention;
30 Fig. 11 is a diagram of search space.
Fig. 12 is a receiver in accordance with another embodiment of the
invention.

DETAILED DESCRIPTION OF THE PREFERRED
35 EMBODIMENTS

A novel and improved method and apparatus for performing
position location in wireless communications system is described. The



Fig. 1 is a block diagramof the d obal Positioning System (GPS) waveform
generator. The circle with a plus sign designates nodul o-2 15 additifopmat 03
general, thewd6ymesstel | ation consists of 24 satellites: 21 poposwmessec! es
(SVs) used for navigation and 3 spares. Each SV contains a clock that is-
synchroni zed to GPS tinme by nonitoring grou stations. To determ ne a
position and tinme, a GPS receiver processes The signals received from
several satellites. At least 4 satellites nmust be used to solve for the 4
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bor ng operatt iﬁﬁﬁc APl i LSl i FE R R stk Bl 5
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navigation message, which is exclusive-ORed with both the C/A code and P
35 code before carrier modulation, provides system information such as
satellite orbits and clock corrections.




As described in copending US patent application serial no. 09/040, 051
entitled "SYSTEM AND METHOD FOR DETERM NI NG THE . 35 POSTTION OF A \ir RMAR-4HE

CDVA TRANCEI y jgned to the assignee of the present invepti ’
i ncor por at ed "her eﬁ?ﬁby reference, position |ocation is facil i?%‘t/gg”%%ohe

transm ssion of a position request nessage 1 0 MAP 2003 WD DO/ 14567 5
PCT/ US991 Z0280 contai ning "aiding informati dh" that allows the nobile

t el ephone to quickly acquire the GPS signal. This information includes the
| D nunber of the SV %ﬁv ID), the estjnmated code phase, the search w ndow
si ze around the esti kae dlcagdepimmodulated: by the tCoarse dAequisitionc (CHdpsPde, a

Using this 5 inimna{ig eul HRNHIN c8dE BidnsEAftedRH Y1028 M&ﬁs @Rt i heBAlfSr 206l
determne. its locati npre quickly, In response to the’(s) di na r’rﬁssage,
the nobile uni tPPHHEE togakiop S@S@ﬁ*e&é%é%’ﬁﬁﬁ%@gﬂﬁ@% b £oAp hat gepeats
_regei veddsibgnalhewgymmé,smgpaou)é, gt fﬁlﬁidﬁyoﬁm?g@@@f?’fw tleMat is 267
i ndi cat ed byt ase, statign. Lt yses t he,ai.di ng.i nformatjon to narro
the search spac®a¥hift ]ce&ﬁ%éngi?e FBHeﬁb’EﬁF@ro%ho&tCQ?"%ob%tb‘ts 0 degrees Sut ‘of
pseudo-ranges fphaseavtiths teeCl/iAt eddesomgheiliiecaroier e Tate 60HzNodeightiah triessage,
pseudo- r anges . i | ' ref,er e r .
2 Ri0F S L QRITRRORES Yhich BT OF & RRCENA P TOA0 Bef M arrier

receiver's conbiner systemtine counter ( ayed-version 0
time. 15 Once tmosiylationnprovides systent imtorawtiarhsunhtas| satellite oglkitsl andhelock
pseudo-ranges fgirgagbnsatellite (preferably to 1/8 chip resolution) and
the tinme the _neasurenents were taken to t base station. The mphile unit
then retunedfto cuvﬁﬁ@ Idearrign ds frrf&he,larf-’rd.q gwg ,Coarsei Hequisitiore (B/A) code, a

i nformation, theoBSchipseeutibar@itin warle dedryniBiedeftl.om Micps thankaised fbRivil
pseudo-ranges from .o .

| e.unit tune as ajion tinme and conputes the
ot ! i ed posi t PORER Ioptiabiserttf: Eac Sefiierhas e WRE 7R PAERREFenes:
several spher esevewyolther Tha Pamwelee whiclis deedl foy RRS; isa 0§ Mitksegte thattihe67
frequency Doppl ermQf I e | f
apparent 25 chaﬁg%é)l{rh%'f rr%l%uie)?f?yeo a&{r%e)écjlgit?\elaeﬂa {‘alhg%gﬁ Hﬁ*ﬂig ﬁ&ggrgg gpltvoef
vel oci ty betlReephese withythan(/veeodmen ribedl eatrierhdlhg SOz pavigatiopopysissagen
baseband s gnal  pach 7 SxAsRE ORGHEHEVIRPRICC (AL ahQ P Tole Befotd. Hitier
Doppl o changesTIULIAHER; peav e YSIemanFRBIIAR s 78 R telie Arbits Prlaciinke
as denodul ati ngcotrebtiensarri er offset. Since the base station's GPS

oppl o1 due to sat o) FPEboRBIERERE » ReEEY ¢ 7A Todeling bilopge I o gfyly SIS

fromthe bas¥® srallédbfokdhdoddse (oldi dasleanire userhbecanseibp sress-creelation thafween
mobi le unit is efdRCHb RN, 1T MG is!%ex@?%heﬁsiﬁg%é"’501§Yaﬁﬁa%iﬁax%§isters

Boppl 61 val ue,  BREMUEY | EIoM in JEskte-LAck arlhe G EReeraber et thengolynomtal
(BAR 2003 WO 0011%86X' PeMilss9/h@280G2  generator uses the  polynomial
1+ X2+ X3e X4 X34 X%+ X", The C/A code is generated by exclusive ORing t}
25 output of the G1 shift register with 2 bits of the G2 shift register.
Fig. 2 is a highly simplified block diagram of a cellular telephone
system configured in accordance with the use of present invention. Mobile

telephones 10 are located among base stations 12, which are coupled to base
station controller (BSC) 14. Mobile switching center MSC 16 connects BSC 14
30 to the public switch telephone network (PSTN). During operation, some
mobile telephones are conducting telephone calls by interfacing with base
stations 12 while others are in standby mode.
As described in copending US patent application serial no.
09/040,051 entitled "SYSTEM AND METHOD FOR DETERMINING THE .
35 POSITION OF A WIRELESS CDMA TRANCEIVER" assigned to the assignee
of the present invention and incorporated herein by reference, position
location is facilitated by the transmission of a position request message



frequency Doppl er ranges from -4500Hz to +450DHz, and the rate of chang% IS
on the order of 1 Hz/s. The effect of the code Doppler is to change théU MAR 2003
1..023Mz chi pyodbsasshi ch effectively conpresses or expands t periised sy
the. received C/ A code 5 chips. In one enbodi nent of the invention, the .
nmobile unit correct for code 10 15 Doppl er mul tiplying the frequency
Doppl er by the ratio 1.023 / 1575.42. The nobile unit can then correct for
code Doppl er over time by stewing (introducing delay into} the phase of the
received 1Q sanples.i.n 1,./.16 chip incremenis, as;hecessary.,.kig, 3 is a
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bl ock di agr am ofbetweemr ¢he etransmiifteuraed receioeror Jec effect of che Bopplbrnent thod
the invention, whghs [NRRLa' aRlildity Wobbr \QHIECAIL" Slfeditel Bhl Habthdh
greater detail. FIg. IS a recervericontig I n-accordance W th an

al ternative enbsignedis refernedetojasvaedeildopplehi s i nternal enbodi nent of the

invention takes advanja biglai h t )
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35 Dby the base station. In one embodiment of the invention, to correct for the
frequency Doppler value, the mobile unit uses a rotator in the receiver. The




Anot her significant inpairment that degrades the performance of the
position location algorithmis the frequency error in the nobile unit$§ MAP 2003
internal clock. It is this frequency error which drives the use of sho
coherent int XM tines on the order of 1 ns. It is preferBEFAS ?9620280
perform coherent integration over |longer tine periods. In an exenplary
configurations, the nobile's free running (bnternal) local oscillator clock
is a 19.b8MHz crystal that has a frequency tol erance of +/-5ppm This can
cause large errors on the order of +/- 7500 Hz. This clock 30 is used to
generate the cdrequensy Bapmplévrargesdioma4H0H ta 5@z sanghshe ratoof hkange

clock error wl; al acquisition tine. Because the tine
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of the receiver i n gengral prevents | ger coherent I ptegration tines.,
'n one enbodi mdhe lawepﬁenrn Rt FesRivedhwavefrrm 1Y o Asnibiey C4 o P

bydperform Pg rttéﬁ}ﬁmmﬂma wnh%gcfa&he@atF fre uéﬂé W.on fwnérr@wh?ntﬂegﬁ?wﬁmm
reauces ert or nance. stem da
S0 rodun at oo GRS FeQuERSL ISR Mite, af s it ﬁﬁﬂ?S?PB#A T R, By,
occurs bet wéen dahellitevonbaemesnt.of Ehe dDeppler freqeenat mangm rfdom, @ hehen the
|t h ' '

e LLng foher Rk d A Al Abl AResl RNy IS8 S IRE S, LA, tfe HabRe
non- coher ent acknaleg &eFiéoR cay bermofaledhas demadulatien withhagarrienat deagaency
?ﬁunda[) I Ies of fklv| ahaertaﬁabﬁi 1|hatsése Efbﬂoﬁr)éﬂf £ ?agS fllfaghgdo not arrive at

e nobil e uni Sl aneo ec 0 e C
s path dolay of f oT¢ eriing, Resbsad Semalos P%%SESv@HOBEPaaB PAD SPrkrer
enbodi nent 20 t(metshvemitoprodhuee digital &andfQdiahiles nhitht arephawelssmothat they
di ff t ' d Mades
et Sty bpdtady Rablie e PRI B0l L BB e
denodul ating t He/Aomededchip, rate (¢hipxa) which tine twer resplutionotrarpmesessary ftor

each satellite. §¥0Hﬁ'tﬂg fﬁ-l}oé@a?&gﬁl 1thH19 BUuiSyWith Ql’dﬁy 118txﬂ§o|9%§ﬁ1p%addtﬁrto
can encode the data ase in, 5 bits (per satellite)

i ndi cating whi cPe 6‘}95 g ?@é%ﬁ’lﬁﬂ‘%ﬁ%ﬁ? oféﬂ?m@FYZ N BRREIRA U Pr‘é?é-}'atm%n
occurs on. Bb tperfonhettendearchingratdrosomething gieatdcthan 10ms SAHrdadatte allow

secti on’ preced: NibRECRrLAREE Ak} ﬁ% r%%gh%\tgkvéoiwﬁlf’ﬁ%{%éﬁ‘ff aéﬁ% peIFE Chfeeried
boundary. For ebtdegiagion period. |'Hlesh@rwmtal noagrtmnSomc being insdde or
wi ndow pr ecedi nﬂottﬂﬁvﬁ%t:f‘dlﬂ‘éwgw Pge EhteRitehal f of this window and En2 is

t he coherent integrat sum over e w ndow fol | owi ng t he dat a bound%ﬂz ;
Jto

the nobile 35 unit thmgaoeeraahqrheﬂWaﬁamnW( iafe finghi 0tieyl by (xatptor
(in case th@OdaI:ﬁ'réétaﬁéﬁQltho Iéi}fréqhﬁler(@nbffsetEn%e(fd%at@dsﬁahﬂeQdéhtnﬁl les are

changed) to account ase ch unpt .al so _has
option of perfof l@ftec{ 1wgﬁ 19363 &iﬁéoq)flt@%?sat%e lite’s 'C/ A sequence L the

resulting products are coherently integrated over Nc chips by integrators 104.
The coherent integration sums are squared and added together to remove
the effect of the unknown phase offset 6. To augment the hypothesis test for .
35 a particular offset, several coherent intervals are non-coherently combined.
This despreading is performed repeatedly at various time offsets to find the
time offset of the satellite signal. Rotator 102 removes the frequency Doppler



PCT/ US99/ 20280 9 non-coherent conmbining of the two hal ves over this data

wi ndow or avoiding this data w ndow conpletely. In an alternative 10 MAR 2003
enbodi ment Swideoliased0 25 30 35 of the invention, the nobile witysbeeEpt s

to find the data transitions without the aiding information fromthe base
station by conparing the magnitude squared f the sumand difference in 1

ns coherent integration. In one enbodi nent of the invention, a

firnmware-based DSP (Digital Signal Processor) approach is used to perform

M) or ohi pxd RS PRSI Vel JEREs URITpERs Hoghefdy Bicikicg Biihe
sanpl es in its hase etatinin @Merabiytq\mmedﬁbal(ﬁ‘lkmmnvdehandtﬂwat%lﬁlgémChQas
the C A sequencsgnﬁﬂgg Fe] O&QE%I%U%HCfbﬁ%yat e frequency Doppl er, and

correl ates over the searc QV] t he base station for each of
the satellites. The Insmeembedimentré the inyention. dtheorptation s cortinueustonly

cogbl & ngI angl ?@%h@'&oh&e‘i@ﬁ?i eRrates mhabwasmaeeﬁ&nf )i'otd!oﬁ%fﬂiﬁrlﬁab@cﬁéén
code ppler. To,save co ation a itial ,search

o ormon! oL i ohegat HEBAEE SATaNE o o erarBlk ch e oARY, FmMing phase
(hi gher) resol Wiffererice 19et1frﬁhaﬁd dumshﬁdre drebﬁumndex (or |ndexes) Syst em
tinme i s mai ntai ned count | n rru hved
fromlocal oscillat g?‘lﬁ gﬁd@é}%ﬁghc;(\aéﬁﬁ%éﬂ % Yfgnfo ] égq‘ﬁr{i%ﬁ?e
the fine searctwith m&fembmﬂntr;ntaof:mlwllavemﬁgonhevhenept&& sanaptblepotﬂhdmhérthe
resol uti on) 16V ec&(}@r gu& Qﬁoglgﬁperqyta p.at various chi px8 of fsets. The

correl ation codes are ap e accunul ated val ues yi el di ng
correl ation val ues tHigt 5vl§r ¢ ¥igqeivarnsoptigured|inr ageprgapeh witht anTﬁﬁtgrrbﬁtFYﬁvs

t Ee tCOdlel of I Se'{exﬁ@o@i@n&ﬁt@ﬁ tHen RV enitioh. Clﬂh@(ﬁ\téiﬁe?' ?&ﬁ'\b@??‘mE?ﬂ of&hé Sn@rlelil'titlyh
chart illustrat, ste o,correct. for e local oscillator
error during a tﬁggﬁ tﬁgedt$€rfhﬁrg§ggywé°wﬁté)ﬂ? JORt SPTALQF | Retyyee, £afierent
with one enbodi mla&grab{m phaodsMatMg tiie kxcally geberdted Y Alsbquendecithsvdael bér

t he | ocal osggilhat: corrected recently. If not, then the pilot is
acquired fr3$n tljr%l% EU?%gfniatq?%n and error of the local oscillator is

deternined by comparAsghown hhepCl/ét saquensg ckn) awerosted by applicatien ttoothe
signal gener at egnhasiad $R( Whﬁ‘l‘ )eaﬂ&rcosmen'rl Od PRéh lsﬁﬁféa tﬂméfr@h‘atl%ﬁ%f the

e ers' Gos. moocC hheaBERG: e nee%%&”b?be%gﬁwiﬁ‘%r bt sachrapteihee c JhvBe rafpting

cl ock. Once t hetheoSi/AI sequeneat rediceashbeamnonnat f of werh dthﬁormb&duiredhl tlt also

leaves GPS 3R08 Res ShizharY in a¥ B8p! 488 b0 phrfbrm “thiis 2ednphtatic R} 29480
embodiment of the invention.

Another significant impairment that degrades the performance of the
position location algorithm is the frequency error in the mobile units

; internal clock. It is this frequency error which drives the use of short
25 coherent integration times on the order of 1 ms. It is preferable to perform
coherent integration over longer time periods.

In an exemplary configurations, the mobile’s free running (internal)
local oscillator clock is a 19.68MHz crystal that has a frequency tolerance of
+/-5ppm. This can cause large errors on the order of +/- 7500 Hz. This clock

30 is used to generate the carriers used for demodulation of the GPS signals, so
the clock error will add to'the signal acquisition time. Because the time
available to search is very small, errer of"this ‘magnitude due to the
frequency tolerance are not tolerable and must be greatly reduced.

To allow longer coherent integration times, in one -émbodiment of

35 the invention, the CDMA receiver corrects for local oscillator error by using
timing acquired from the CDMA pilot, or any other source of timing
information available. This produces a control signal that is used to tune the



Fig.. 7 is anillustration of a DSP receiver systemconfigured in accp g\ﬂm 9
wi th one enbodi nent of the invention. The DSP perforns the entire sea ! @

oper ati on wwoho/issy mal addi ti onal hardware. DSP core 308, noa@nusy9£0280
interface unit 300, ROM 302 and Menory (RAM 304 are 5 coupled via bus 306.

Interface unit 300 receives RF sanples frogjman RF unit . (not shown) and
provi des the sanples to RAM 304. The RF sanples can be stored at coarse
resolution or fine resolution. The DSP core 308 processes the sanples

stored in ne [

202 Vonm:  SREHSRAR Shr S R 50 A et s Soat

and some of wapphedttertheilogal pa@llatqrscloqs,lweffpzem wherf ﬂmBF@mAswtgbeg ram

during normal cypge td: 8 is a flow chart of the steps perforned during a
positionlocaﬁ;EY t1on. posltl n | ogati,on (ig%eratlon begi ns, when t he
ai di ng messagitVgN ‘?re %Bed‘é)ﬁ'dlstﬂ%r prmed susing the Sminginformatioy trom

frequenci e athshagedMtiohS(oMshet eourte), shawbtehesbrhe addrional @sck tefi]gor _
I on rom

frequency trackin DSP, recei v S ai
he phone i crEmRsolh ona, bRt OE e fivendios, Khf piesmlthg, e aten A
step 602, the mmartamt ea:ﬁechod‘ataon ds sit/erl@0H=. t Tihis nelmeaﬁﬁlig feAhdr Jtikk rBSRces

receives a feyh c(ér&s ggcsel%r, S{l‘ﬂi"tm r?er{ilggg&;erﬁg l&g%oh%@egpe

DSP records the &Qﬁlf 1Fre”ana I ns
limtation) ofinfcgrqixcznw@naet dnj nnet embediment efAthe Angentioguothe vemabming

data is Usgfl feprgf §1ﬁ§ﬂ%%ﬁo‘f@ecﬁ5§ﬁfér§oﬁ§mgoﬂsnm&@ﬂt 1%%?#1&? Batdudation

stored, a coarse sea IS perf he DSP begins the coarse
(chi px2 resol @firaese thagy tms whic eréé‘r‘lmﬁ%f’é}' Cehe DSP 25 generates the

C/ A code, rotates tA@al@@dﬁoMsﬁ rgnlme Smmumvysﬁh@m Qita isAlkcAigRIlateas

h h f h
bl i cati on oPRREREA hier: 47 it FOReID 48 Lok o QAR firaen the

are processed tenethalves scxfma bﬂmes‘edatm gration awinddne, bidet resulping hooherbasi s
that exceefle aufikesboldled %ﬂfh@g@f‘é’%@i U 674 Fabicsewit ,gamgpaaal BERef0_

coherent int egra non- CO erent I nt egra I ons I'S used i n
enbodi nent of Gute 'Ehwefﬁeci@w y reshaess ehaaber j oft rep-spherent; mmtahtmwbsed

(for exanpl e |sh, M'WB&UQE‘E,@WMQ{&@W ALY dehahﬂés';llof eth et émenﬁe@a?e
made as descri bed, bel, Od§g @6’ t he coarse earccﬂai gp rTE 1 e search
i s conduct ed, S¥PCRI¥EP e} 6o N2 BN mORjle HBIY FiRu %’é‘?‘lﬂ?yt aBES
conput es the roftthe eiiffé‘feﬁncemie p‘am]n dedayn Thid patls dietdyl éffectivelnirandbdinizes the

DSP to pro WD 00/14567 11 1 0 MAC, 2003
PCT/ LlSQQ/%Z%SEaﬁeérle(ﬂl a?»ﬁ%_ In perform ng the fine (chipx8 resol ution)

search, the satel |l ilnconeyemhodimens cof the inventionghe\problims ef differgnt slatahe

DSP first sl e%dsbﬁ SHeCaiIRYEHt E%:ﬁwnﬁﬁtiﬁclh% @1@@%@9 &sre fiAr tl’ié‘ealﬂ'u\(
satellite(s). @} al sg reset

Rx, AGC val ue
1ns boundary B Qﬁnéa%‘t’%rﬁeﬁﬁ m ihe baserstation nﬁo\égfeam% &ntdlo w(g%cec I’i]i‘?»h?se
sﬁrrpl is The Reitign qs easdilating tiheUS0Hz datd)’it knowd uihean the’ﬁ:hitilﬁmlfibns
this ns C erent _i.ntegrati,o QL ne.
best hypot zgmosccgﬁtf%}fﬁ (31 F%te{lﬁ%” @p\ﬂgm‘g Swg&%ﬁ ?P&h%lp{r}ég S r%%htﬁ%
| rns 10 w ndowstatitre camsenccsleathe dettbphese dmhéoreaxamplerdd tbhﬂSS(mssaseihnte)sby
conbi ned non- g@?ﬁ‘gﬁg{% WHith dHe nﬁnlgécehat iRSvall bt %tfeio)(meaaummfr{sﬁ%n

stewing the d IS repeated on the sane data for the next satellite
until all t he @&UE PRt es have been processed. If the code Doppler for 2

satellites is thhI@helrémrr&&e tatitth winddwystﬂﬁidl%%éﬂsm—wd&fa Bbafdasy khkh
'n the wor 30 coatisrent flfet kR e e, S LR A

sear ch. the data boundary and one section following the data boundary. For

example, if Enl is the coherent integration sum over the window preceding

the data boundary the first half of this window and En2 is the coherent

integration sum over the window following the data boundary, the mobile

35 unit then selects the maximum (in magnitude) of (Enl + En2) (in case the

data stayed the same) and (Enl — En2) (in case the data changed) to account

for the phase change. The mobile unit also has the option of performing



Finally, at step 608, the results are reported to the m'croprocessor.lfﬁnlglAP 2003
the vocoder process is restarted within the DSP so that the call can !
conti nue. 20VO9®/1438P r eports pseudoranges to the m croproces@CT/USHI0280
forwards themto the base station. After the mcroprocessor redownl oads-the
vocoder program code into the DSP nenory, the DSP clears its data nenory

and restarts the vocoder. Fig. 9 is a diagramillustrating the fine search
performed after the 25 coarse search. After isolating the best chipx2 phase

in the coarse ggriceherérie cOBBiNR VfNthed tiiohBabRA Gved! BMBddhhl wipbdese be
gai n chi px8 resol Htro The 5 Qases to. C rrpare in the fine search are

shown encl osed¥RIHE is data é"l it:d T:'fgg?leé px2 phase is evaluated again so
that conparisons caln ha ahemativer ehitdiawatsof thie ﬁ&ta\tldﬁhi Shal mobilkel owsit

h j ff
The fine Sear chinBRCI Brfi. A A58 Grnifiors withohP AR ridihg HhRlfiliod Fepen
satellite nbhy thevbase stdticar dnt coafpmufg)rtheoIIGgwplpﬂeersquﬁregl (v qbfeovurreaalad
time |ine of t{?ﬁf&@ﬁ‘éecﬁ\ ?rﬂgeﬁ‘ﬁey&e%@% Irrred i n accordance with one

enbodi nent of e |l nventr on e overal’l processi n% 35 tinme (coarse + fine
search) is per for el PRe £5eke 1@%240§3&)Hué¢11twfbne umpyaraeatedoPSPhDigital

nvent | on, Wi GiandpPRodeBich) EE;;aaqs GBbA toéfeih the AEPOYSoiSirgal Thi DSP

cont I nue once THE ot S35 RIS b8 Cbime AT o, Cgepﬁg?éﬁ%ﬁ&éﬁ%setﬁm,

00l 14567 12 10“’4?@lyes
becahse it rfassamsuirbah shhgsm&Ft%fn%gctsI drad Qegrerrﬁpleelﬂg 1% imémlal RiAd. and each
sate Ite as a Sea W _nNAdow, Q apl || e ire
T o4 seconds w it o hEeRaREigY, afbflifen, ME B5P Wnetakd thd Ty A REathdd,
the Satellite petforms rotadion g elimirfate sﬁreqmnryBDoppd@rsamﬁl eomtelatesi gver the
col  ected at tgerﬁ%v%ewewldg%ays figk 55& asﬁbﬂdfo%acﬁ sparéeaeﬁﬁregh The

performed interna coul i con vm |1
probabl y ter ni P&f’epe PIms kRBerend em§%réflp¥‘t‘tn NeRS eareet |ce lrtmgean dglews
the coarse 15eagrliQ @mﬁl@fdﬂcﬁﬁdtortdsme@ééaep(ﬂ@%oﬁfper@@ﬁéﬂ'éi edde lde]:Qext i me

d 84, which ta 10 24 t 6.th |
QSIL& ed Forcodle DoBnE SPriacy, e el HEs Snfals teath & paLStned

peri ods 88, fi nsingear chips resdufienf anded finet hseak¢h dat abtdnpl A& chip t(higher)
conti nuous adj I S

integration ti &rjr%tso@ B Eﬁeﬁﬁﬁ&)&jg 615}9% tthg%egte C%%t%%qggg%& e%?ﬁfeéfnrl(jetgle‘rgslgd
C/ A code phas enraanfamedtfé' @mrrrttrar lwdwege-g@nara ad flangfinterewpts. (dgsived Eiqmt
sequences g aliidﬁfo‘gﬁlllhﬁa nd fine searches are performed for the up to

ei ght satellites, inme the pgsijion.lo |on chd re.is
conpl ete. Additi ona ‘“Pﬂaéﬁn’é‘ 8%5&‘%%#1{’%2 ftc&@ lf‘ e fine spasch is
continues to t perﬁsamntedrlq;veccsmhlarhrhgf therakspx® sﬁﬂnwldrsa(&aghéafresmumbn) @vlehethzo

posi tion |ocatliy Q‘? {,@C%f%%v mp‘ﬁr\;a%d{fsd chi SSfféété‘”Bﬁmémc}Srﬁe‘?%@ﬂ rkéﬂé (are

i nformation si ase to remain synchronize
t he subscri ber app ied torthe mmmdrwu%n@dmga@m@labﬁarvalms:fhﬁﬁt\raéyr ‘Sltéih

as power coi ”E’lke nﬂ? éPﬂ‘ *S‘Eﬁfs@’t’it"ﬂ% AESNESthe dbde 10FRBE TH 5 ARt miedse
frames is pref perf when GPS sanpl es are not being 25 gathered
when the RF ci F¥‘§/P reé\? l11‘a‘1!3rl e, or while the GPS sanples are gathered

if sufficient RF ciRigi6isa flowathart ﬂhiseratﬂulgt tioeui gteps perforeneal td Somect for the
i ntegration t ' Vq%'&ﬁlza]tcgp g{r%f ]Ejf@"?% 33?9&1 %8&9&&[& &g%)ggdﬁfea%@ésﬁ RIed

data over the can cause pr an e
occurs within uheadcerdameowksong empbodiment3of dbscmveaﬂoabovey steméoﬂauals

change causgs t{afe 8 #h H}i@r ﬁ'legftﬁ:lal E)Qﬁ:lﬁgfcfrt has’ B@%é%f&eeeaaree lant et

occur at drfferent aces or each g_ ase of
transitions fortheacthespilef |is racqmired Hopn ther @éﬁ \f@t}oﬂraﬁﬁén?rzréﬂ y the docal

varying path | qpefiiasol isodeea@inéd by domparifg ttbethlé 6t tihiinghgt vee ssozcaﬁ@ a
if the data bit was |nvertazd in th 5 coherent integration

interval, the COR&CHAP sign &%Fﬁﬁgﬁﬁ?‘g oﬁ‘eﬁ'@Bﬁﬂloétel y wiped out. For this
reason, in an alter g flewetherdieagisttocitep 1564, wherd itlon cotreetibn sigrtl ds ifoozen

must communigate fe GatAr Wale! A nstgﬁugk%’}rerﬁﬁrg ¥P§A%Bde and performs the
position location using the corrected clock. Once the position location has
been performed, the mobile unit leaves GPS mode at step 508.



1 0 .M-SR 20D3 WO 001 14567 PCT/ US99l 20280 13 satellite to the phone (al so
"described above}: Preferably, the data transm ssion boundary is al sol 0 MAR 2003
i ncl uded i nwdne/mseli ng nessage transmtted fromthe base st apcprsisiacdy as

in a set of five bit messages indicating the mllisecond interval during
which the transition occurs for each sateljate). 5 The phone uses this
boundary to split the coherent integration interval for each satellite

into 2 pieces and decide whether to add or subtract the coherent

t t i st h
oy o S TR NPl S S
i ncreased. 10 acgoxdance vty lomeye r@h@dmnﬁ@hto d etlmrenhoant The, D&E

uncertainty Cré?ﬁ‘frésse%rélﬁﬁﬁp Peratiohl ﬁlﬂ@hﬁﬂﬁﬁ?ﬁ&&%ﬂﬂ Bﬁf‘dxﬁgﬁer ‘UBP core

integration tine. For exa ncertainty. loss.in_ Ec/ Nt

i ncr eases rap@tﬁ’ﬁyn&deﬁ‘hewéoﬁgﬁ Ate unit Py R&Mtq%ané Mgmarys BRAMIs 30 a4 |
n Table I. 35 dN vid Busg0éi h&%ﬁfaéé—uﬁwﬁolfbcdﬁag‘l@ é@rﬁ?ﬂ& 8B4 R unit

(4ms) 2. 42 dB613 dB81 1 d al so not ed
above, there i'8 6(89%358 ’i?ﬁ’li ’?%ﬂﬂ%’ﬁ& %ﬁie"?"‘of%ﬁ Sugples
oscillator in sttmdnmtbcndaesmmsbluﬂwnlcsr tinesrasokutiom  { Tiee) UBSE ycové 1308 tprdQedseat

prevents |ongg e%gﬂﬁ(;j;@é‘&w?&& Qﬁeﬁgh‘g}gg nk'}hgﬁﬁ%hbﬁnstfp'i@&nﬁg ; @ﬂ/[ Bgﬁ fggmwgﬂ

Longer coheren rove proc )
frequency of f s?e,stmcmsnwrméorledﬂ@mry |3|Q4cmey drayedimdtiplerf'banks'] ﬁm@ﬁmfowhlchi s

unknown fr ggueRse g)c{ﬁlgf\‘efs drd 86RUAE %1&?%&'}% 1?1§.Eﬁﬁﬂbﬂg R JREAT#0 msevelr al

2 dinmensions tgQ_Lnclude 25 frequency searches or each hypot hesi
f requency sear(gﬁéé APOCESING EHS ﬁﬂgpélaw frequency search assunes the

frequency of fset i sFig. Biwalowath@t oByhe Beepk Heridiendd @lﬁl#ﬂ[gi)i pﬁsﬁﬁ@ﬁ Soc&m@n

can reduce the freguency uncertain to an .ar |trar|IR/ ue at th
expense of ado‘?%’oeréﬁﬂﬂm R 1%20 rQPETAgPn 33%%‘? hen t n%efa]ui Ev° aging
hypot heses ar eisuseeive@pamdlehed?sEllsyistnglssrsaswitcbeprh(te GBS sfhequmnmesl:agstep 600.\\O
00/14567 145 \A‘/ﬁ/ '?113%3 1? dZQ@%cézl% &py/ t}]tgofi‘é ﬁpﬁlﬂﬁnﬁoéocrp is

uncertainty, ypi.cally opera I'ng. Specr fi ca
unit, this confpxeﬁ;ré(bﬁd?ﬁli’éem\é@ UREN G ionefjoEndh ecﬁ ane MigropyPgeysefie

hypot hesi s MUSAnd oMk ithe Satéflités BY Ddsppléﬁ&ﬁ&gmidc&quency offset). Wth a

20rns coherent int °Rt Ste aL O6q)2t Ithrteeé:oarge searcﬁ ciata 1S étored within the DSP RAM. The
DSP receives a few hundred microseconds of input data to set an Rx AGC.
20 The DSP records the system time and begins storing an 18ms window (DSP
memory limitation) of chipx2 IQ data in its internal RAM. A contiguous

window of data is used to mitigate the effects of code Doppler.
Once the data is stored, a coarse search is performed at step 604. The
DSP begins the coarse (chipx2 resolution) search. For each satellite, the DSP
25 generates the C/A code, rotates the code based on the frequency Doppler, and
correlates over the search window specified by the base station, via repeated
application of the C/A code to the stored coarse search data. Satellites are
processed over the same 18ms data window and the best chipx2 hypothesis
that exceeds a threshold is obtained for each satellite. Although a 2ms
30 coherent integration time (with 9 non-coherent integrations) is used in one
embodiment of the invention, longer coherent integration times can be
used (for example 18ms), although preferably where additional adjustments

are made as described below.

Once the coarse search is performed, a fine search is conducted, at step
35 606. Before beginning the fine search, the DSP computes the rotated C/A
code for each of the satellites. This allows the DSP to process the fine search




5 wth a 20Hz frequency offset is 2.42 dB. By doubling the nunber of
'frequency hypotheses to 10, the frequency uncertainty can be r educed Ot MAR 2003
| OHz, whi ch ‘2919%‘555% Ec/Nt | oss of .58dB. However, adding a@€T{Usegizi80
hypot heses w dens the search space, whi ch increases both the conmput ati on
and nenory requirenents. 10 One enbodi nent ¥if the invention conputes the
frequency hypot hesis by lunping the frequency offset in with the frequency
Doppl er, and conputing a new rotated PN code for each frequency hypot hesis.
However, this imkesl-tife. rlu@mfomﬁm@ﬁhqd&mkﬁi%p&&é&ﬂ&ﬂoﬁ) ehtchp the shtelBtes

factor in the t heses woul d nean 5 tines

15 as nuch conp N t Y, regquency uncertainty is
TR BroGRrRtbe b e pYEALREEn B8,

smal | conpared to tAhkefDSR fiesicsle®s (i decimater rtotcampemspieder cade Peppler for

considered to ( p d
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Fig. 10 provides a time line of the search process when performed in
accordance with one embodiment of the invention. The overall processing
35 time (coarse + fine search) is performed in about 1.324 seconds in one

embodiment of the invention, which does interrupt the call, but still allows

the call to continue once the search is performed. The total search time of
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these frames is preferably performed when GPS samples are not being
25 gathered when the RF circuitry is available, or while the GPS samples are
gathered if sufficient RF circuitry is available.
Although the use of 18ms integration time avoids the effects of code
Doppler, the transmission of data over the GPS signals at 50Hz rate can
cause problems if a data change occurs within the 18ms processing span (as
30 described above). The data change causes the phase of the signal to shift.
The 50Hz data boundaries occur at different places for each satellite. The
phase of the 50Hz transitions for each satellite have been -effectively
randomized by the varying path lengths from each satellite to the phone.
In the worst case, if the data bit was inverted in the middle of a
35 coherent integration interval, the coherent integration could be completely
wiped out. For this reason, in an alternative embodiment of the invention,
the base station must communicate the data transition boundaries for each
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the art to make or use the present invention. The various nodifications to

t hese enbodi ments will be readily apparent 1Bo those skilled in the art, and
the generic principles defined herein nay be applied to other 10

enbodi ments without the use of the inventive faculty. Thus, the present
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Nc Loss in Ec/Nt |
1023 (1ms) 0.14 dB
2046 (2ms) 0.58 dB
4092 (4ms) 2.42 dB
6138 (6ms) 5.94 dB
8184 (8ms) 12.6 dB

Table L.

As also noted above, there is always some unknown frequency offset
of the local oscillator in the mobile unit. It is this unknown frequency offset
20 that prevents longer coherent despreading and integration from being
performed. Longer coherent would improve processing if the effects of the
unknown frequency offset could be reduced.
In one embodiment of the invention, this unknown frequency offset
is accounted for by expanding the search space to 2 dimensions to include
25 frequency searches. For each hypothesis, several frequency searches are
performed, where each frequency search assumes the frequency offset is a
known value. By spacing the frequency offsets, one can reduce the
frequency uncertainty to an arbitrarily small value at the expense of added
computation and memory. For example, if 5 frequency hypotheses are used,
30 the resulting search space is shown in Fig. 10.
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FS#10%e& IO - > b One embodiment of the invention computes the frequency
hypothesis by lumping the frequency offset in with the frequency Doppler,
and computing a new rotated PN code for each frequency hypothesis.
However, this makes the number of frequency hypotheses a multiplicative
factor in the total computation: 5 frequency hypotheses would mean 5 times

15 as much computation.

Alternatively, since the frequency uncertainty is small compared to
the frequency Doppler, the rotation phase can be considered to be constant
over a lms interval (8% of a period for an 80Hz hypothesis) in another
embodiment of the invention. Therefore, by dividing the coherent

20 integration interval up into 1Ims subintervals, the integration sums of the
subintervals are rotated to reduce the added computations needed to
compute the frequency searches by three orders of magnitude. The result is
that longer coherent despreading can be performed, and performance
improved.

25 Fig. 12 is a block diagram of a receiver configured in accordance with
the use of longer coherent despreading approach. The first set of multipliers
50 compensates for the frequency Doppler by correlating the IQ
samples with a rotated C/A code. This is equivalent to rotating the IQ
samples before correlation with the unmodified C/A code. Since the

30 frequency Doppler can be as large as 4500Hz, the rotation is applied to every
chip. After coherently integrating over a lms interval (1023 chips) using
accumulators 52, the second set of multipliers 54 rotates the 1ms integration
sums (Z, and %) to implement the frequency hypothesis. The rotated sums
are then added over the whole coherent integration interval.

35 Recall that the frequency Doppler rotation was only computed on
1023 chips to save memory and computation. For coherent integration
times longer than 1ms, each coherent integration sum are multiplied by a
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10 sum can be expressed as:

S@ms) =Y [(n)+ jO)k(mye "

n=}

1023

= 2 [(n)+ jQm) b(mye ™™+ gmrutom . Z [7(2 +1023) + jO(n+1023) (e

15
=S| + e—;w‘,(1023)7; S2

Here, S, is the first Ims integration sum and S, is the second 1ms

integration sum computed using the same rotated C/A values that were

20 used to compute S;. The term eWAITe 5o the phase offset that

compensates for using the same rotated values. Similarly, a 3ms coherent
integration sum can be expressed as

SGBms) = S, + e MUMBILG | g MAMT g

So to extend the integration time while using the same 1023-element
rotated C/A sequence, the (n+1) 1ms integration sum should be multiplied
by e ™9™ pofore being added to the whole sum. Since this is a rotation of
lms integration sums, we can combine this operation with the frequency

30 search to avoid having to perform 2 rotations. That is, since
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20 base station indicates where the boundaries are for each satellite and the DSP
decides whether to add or subtract the sum of 20 1ms coherent integration
intervals to or from its running sum.
However, because the product of the frequency uncertainty and the
integration time constant affects the loss in Ec/Nt, the frequency uncertainty
25 must be reduced to very small levels for long coherent integration intervals.
Since a 20ms integration with a 20Hz frequency uncertainty resulted in a
loss in Ec/Nt of 2.42 dB, maintaining the same loss with an integration time
of 400ms requires that the frequency uncertainty be reduced to 1Hz. To
correct for this problem, the frequency uncertainty is reduced down to 1Hz
30 in a hierarchical manner. For example, a first frequency search reduces the
uncertainty from 100Hz to 20Hz, a second search reduces the uncertainty to 4
Hz, and a third search reduces the uncertainty to 1Hz. The frequency search
will also compensate for errors in the frequency Doppler obtained from the
base station.
35 Additionally, to perform longer integrations only satellites with
similar Doppler are searched over the same data for long integration times,
since the code Doppler is different for each satellite. The DSP computes how
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invention is not intended to be limited to the embodiments shown herein

but is to be accorded the widest scope consistent with the principles and
novel features disclosed herein.
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(a) receiving signal samples;

(b) generating a coarse acquisition sequence;

(c) rotating said coarse acquisition sequence yielding a rotated coarse
acquisition sequence;

(d) applying said rotated coarse acquisition sequence to said signal samples

at a set of time offsets yielding correlated output data.

2. The method as set forth in claim 1 further comprising the step of accumulating

said correlated output data.

3. The method as set forth in claim 2 wherein step (d) comprises the steps of:
performing coherent integration;

performing non-coherent integration.

4, The method as set forth in claim 3 wherein said coherent integration is
performed over a first duration, and said non-coherent integration is performed over a

second duration.

5. The method as set forth in claim 4 wherein said first duration is approximately
one ms.
6. The method as set forth in claim 3 wherein said non-coherent integration is

performed on results generated from said coherent integration.

7. The method of claim 1 wherein a coarse search is performed, followed by a fine
search.
8. The method as set forth in claim 1 further comprising the step of storing said

rotated coarse acquisition sequence.



