WO 02/ 06847 PCT/ US01/ 22755 1 METHOD AND APPARATUS FOR REDUCI NG CODE PHASE
SEARCH SPACE BACKGROUND OF THE INVENTION 1. Field of the Invention 5 The
present iwoernoisen relates to reduci ng code phase search spar@Séi735
receiver in a distributed system 2. Description of Related Art A satellite
positioning systemconprises a set of orbiting satellites (also called
space vehicles or 'SVs') that broadcast signals fromwhich a 10 receiver
may determine its position. Two such systens are the NAVSTAR GPS system
referenced herein (as described in G obal Positioning System Standard

Posi ti oni ng SerETHOD ANDAPPARATUS FORCREDBCING'CODE: 2, 1995,
U.S. Coast CGuard Navigation Center, Alexandria, VA and the 3 obal O biting

Navi gati onal System (GLCNASSHASE’ISENRCH)SPNCBUSSI an Republic. In 15

order to determne its three-dinmensional position within such a positioning
system a receiver nust first acquire the signals of four SVs. The initial
acqui sition of each SV si naI is typicall utation-intensive and nmay
take up to several mi nut KﬁR@UéEﬂQETﬁ\édNy%T@QHI a receiver must |ock
onto both the frequency 20 of the carrier signal and t he phase of the code
nodul ated onto the carrier. Because of the notion of the SV relative to the

receiver and, tﬁ:%IJSFwetfn%ntlpﬂppl er shift, the frequency of the received
carrier may change naccuracies in the receiver's local oscillator may

cause an additional frequency error.
5 The present invention relates to reducing code phase search space for a

receiver in a distributed system.

2. Description of Related Art

A satellite positioning system comprises a set of orbiting satellites

(also called space vehicles or ‘SVs’) that broadcast signals from which a

10 receiver may determine its position. Two such systems are the NAVSTAR
GPS system referenced herein (as described in Global Positioning System,
Standard Positioning Service Signal Specification, second edition, June 2, 1995,

U.S. Coast Guard Navigation Center, Alexandria, VA) and the Global Orbiting
Navigational System (GLONASS) maintained by the Russian Republic. In

15  order to determine its three-dimensional position within such a positioning
system, a receiver must first acquire the signals of four SVs. The initial
acquisition of each SV signal is typically computation-intensive and may take

up to several minutes.

To acquire a GPS signal, a receiver must lock onto both the frequency

20  of the carrier signal and the phase of the code modulated onto the carrier.
Because of the motion of the SV relative to the receiver and the resulting
Doppler shift, the frequency of the received carrier may change. Inaccuracies

in the receiver’s local oscillator may cause an additional frequency error.



WO 02/ 06847 PCT/ US01/ 22755 2 Therefore, |locking onto the carrier may
require the receiver to search for the signal across a range of
frequencive@ 02/éseh SV transmits a signal that is spread byrpdr/sew2233quence
spread spectrum nodul ation. Specifically, each SV transmts a signal that
is spread 5 by a known di gital pseudorandom (or "~ pseudonoi se') code called
a coarse acquisition (CA) code. This2periodic code has a chip rate of
1.023 MHz and repeats every 1,023 synbols (i.e. once per mllisecond). A

signal receipgegl Rk oRlovEE cﬁﬁiér%y%egﬁf@ﬂfé!&@ei@ér_téiééﬁl@h%f gRnsm tted by
several SVs. The code phase of a received SV signal is established by the

| ocation i n sighd] 4dré8e a@inge offregieheiesti ned position within the signal's CA
code. As the CA codes are periodic, the possible |ocations of the
predeterm ned position (i.e. the possible code phases) may be represented
as points al ong tHaeh SM trenswiitr enignalothat iscspreade by adireshesmends PEIRE 1.

Determ ning the code phase of g received. signal requires searching for a
correl ati on SPECHm faQ 1t ﬁ@e‘ilgcar”é(eé?cée% Hﬁl‘?sﬁ‘t‘}fs EL tg‘?f‘dés PLfence based

el at | on e B et BetpHs ang _
'S locataa i rmorg BRya e Ehgfiaitm W bebbofihtLEaf bilef LBk ance of

2 oor el at | SRl (CRPEAMSCriil Bl Bale SA iEp rheSAUNONDE, 8PS i gna

is 1.575 GHz, t to maintain a signal lock in areas such

as indoors, repstdfeAN1 ¥BNEENRSAs (IRNSARebRIkiBédInt). €8 simabReesed aen a
portable GPS receiver loses a signal |ock, an inconvenient suspension of

posi ti oni ng radxivermyaycrech @nepoaitgodagnatsargmemitteddrysseverek®Vs.ces may be
sustai ned while the receiver attenpts to
The code phase of a received SV signal is established by the location in
10 time of a predetermined position within the signal’s CA code. As the CA
codes are periodic, the possible locations of the predetermined position (i.e.
the possible code phases) may be represented as points along the
circumference of a circle, as shown in FIGURE 1. Determining the code phase
of a received signal requires searching for a correlation (e.g. between the
15 receiver output and a code sequence based on the particular CA code) at each

position on the circle until the code is located in the received signal (e.g. as

indicated by the occurrence of a correlation peak).

Because the nominal carrier frequency of a GPS signal is 1.575 GHz, it

may be difficult to maintain a signal lock in areas such as indoofs, inside

20  vehicles, and/or beneath tree canopies. When a portable GPS receiver loses a
signal lock, an inconvenient suspension of positioning ability and a drain on
computational resources may be sustained while the receiver attempts to
reacquire the signal. As the frequency offset changes rather slowly, re-
establishing a frequency lock after a short break may require only a limited

25 effort. The code phase of a received signal changes more quickly, however,
and it may be necessary to search for the lost signal across the entire 1,023-

symbol code phase circle. For applications in which accurate position



reacquire the signal. As the frequency offset changes rather slowy, re-
establishing a frequency | ock after a short break may require only a
limted 3B0et/basnt. The code phase of a received signal chpODESOVIES

qui ckly, however, and it may be necessary to search for the | ost signa
across the entire 1,023- synbol code phase circle. For applications in
whi ch accurate position WO 02/06847 P@T/ US01/22755 3 information nust be
avai |l abl e on demand, such a delay nay be unacceptable. O course, it my

pe benefi ¢i aheohfa@indsi QN ARNAYS deEd\Guitlh bRl 1AGALE Shhdsaptams. well. 11t

is desirable to augnent certain wreless systens” for nobi

comuni cat i @Ecolisesi€l Hiaf Be bEeefloaid &Patdid Yonp dela9s dintng Métia asquiditioh & a
particular nmobile unit. One reason is a regulation pronul gated by the
Federal Commalhni cati ons Conm ssion (Docket No. 94-102, third report and
order adopted Septenber 15, 1999, released Cctober 6, 1999). This
regulation requires all cellular carriers in the United States_to be able
to locate the podftifofestablef ton MgPeR £erteip| Sprshise Hekimy BT omedle| | (o

ithin 50 meters for. 67% of..call 0d tq within 150 £ qr 95% of

\(I:Mal | :s) by OCOBBEIGHERS bﬁ‘{ﬂé‘?gaﬁlh‘g égpa?@a% tho{Q%Mﬁt‘? H‘Ir‘?gﬁosﬁg’é‘g& %ﬁg@%‘%érbi i t§ in
wrele i | i | yes h
s vt gat | QOGN el ' HeBual {RoRHRaC oS WITTCER! LT 20 Sue

addi ng posi ta¢@mReAIdne CoRmELol @RRITNGI ©3Li02Nhird ¥epdnd érdedd GPS
receiving capability to the nobile units. However, suc an approach

suf f er s fr omadbpied dBérfterabdrtlys, dD9BRireitamediOmyoleel6l all9OB).r eTleipt fegmlaindn  GPS
signals in many areas where nobile units are connnnly used, such as
requires all cellular carriers in the United States to be able to Iocate the position
10  ofa cellular telephone making a 911 call to within 50 meters for 67% of calls
(and to within 150 meters for 95% of calls) by October 2001. Other uses for
positional location capability in wireless communication systems include

value-added consumer features such as navigation and vehicle fleet management

support.

15 One option for adding position location to such a communications
system is to add GPS receiving capability to the mobile units. However, such
an approach suffers from the difficulty of maintaining reliable reception of
GPS signals in many areas where mobile units are commonly used, such as
indoors and within vehicles. On the other hand, the base stations in such a

20  system are typically well-situated in terms of satellite visibility, and it may be
feasible for the base stations to assist the mobile stations by collecting
information on SV signals (including code phase) and forwarding it to the

mobile stations.

In a code-division multiple-access CDMA system for wireless
25  communications, operations by the mobile and base stations are synchronized
to a common time base (see FIG. 1). Because of this feature, a base station can

send code phase information relative to the time base that will be meaningful to



i ndoors and within vehicles. On the other hand, the base stations in such a
20 systemare typically well-situated in terns of satellite visibility, and
it may bavobmesibl e for the base stations to assist the nPOTNUS0ER23S ons by
collecting information on SV signals (including code phase) and forwarding
it to the nobile stations. In a code-division nultiple-access CDVA system
for wreless 25 communi cations, operations by the nobile and base stations
are synchroni zed to a common tinme base (see FIG 1). Because of this

feature, a hage,l fz&t‘g&{‘ CB%@ausﬁdei{Pt%fé@\%é%gi?f%ggﬁ@s@ﬂé t'bf)gie; gés%t én‘ﬁi to the

time base that wl e meani ngf ul [ US 2755 a nobile

station. Begabsle @htishs! f fidene@ssd oft MacRemidsi aNshOfmbbiR hase anrgt nobile
stati ons, and because of inaccuracies in the nobile units' | ocal

osci | | at or s ostiletorsp the qolda phase ifformaionosensens bise stativasrays heit comrideay not
coincide precisely with the code ghase of the GPS signal received by a
nobi | e uni t preiseby withhae eode phasshokather GBE ignel rregivedib¥ taamobids pyitr educe t he

size of the_code hase_ search base (for exanple, from1, Q023 s ols to
onl'y 30)° | ANeYRriBglessodpelyApropsduss Wrsé‘ggé’%mi]@n’i"rg‘t‘ﬁeéé? P‘&ﬁé’%&& ﬁg‘gs) t he
advanced Ll e ph Sel Vi A L de ed in the United

St at es, hg[\]éee/sé’rs,egrﬁg%gﬂec@&ﬁx%p%ageg%&?%fWﬁﬂ%\g’e&rﬁ X ﬁ@ nobi |l e stations and
t he base 10 station. Indeed, the operations of the stations may not be

synchroni zed to 1uh Bhdlo@KREMPRR WikdlbdsREMMEhidatioRs sichistthdBdvafeddr aver se an
entire code phase circle). Therefore, no systemreference point exists in

rel ati on t o nwdbilehphohe sebdse (AMPS) ogystemmywidelgnasedt inmdeeniUnged | Statesle phase
information (see FIG 2). Therefore, in an AMPS system whi ch supports GPS
| ocat i on abihbweyerbyo sstch time base exists between the mobile stations and the base
10  station. Indeed, the operations of the stations may not be synchronized to
within even one millisecond (i.e. the time to traverse an entire code phase
circle). Therefore, no system reference point exists in relation to which the
base stations may transmit meaningful code phase information (see FIG. 2).
Therefore, in an AMPS system which supports GPS location ability by the
15 mobile stations, any acquisition and reacquisition of a satellite lock may

require searching the entire code phase circle. It is desirable to reduce the code

phase search space in such distributed GPS systems.

SUMMARY

A system, method, and apparatus for reducing code phase search space

20 in a code division multiple access receiver, such as a GPS receiver. The
reduction is obtained by applying information pertaining to a time relation
between the code phases of two received signals. The time relationship
provides the ability to know the code phase of the second signal if the code
phase of the first signal is known. Knowing the code phase of the second

25  signal reduces the search space, since the searcher can go directly to the

anticipated code phase.



15 nobil e stations, any acquisition and reacquisition of a satellite |ock
may require searching the entire code phase circle. It is desirable to
reduce tweoopas47 phase search space in such distributed GRSI/Eg6l2MS.
SUMVARY A system nethod, and apparatus for reduci ng code phase search
space 20 in a code division multiple access receiver, such as a GPS
receiver. The reduction is obtained by applying information pertaining to a
time relation between the code phases of two received signals. The tine
rel ati onship provides the ability to know the code phase of the second
signal if the code phase of the first signal is known. Know ng the code
phase of the second 25 signal reduces the search space, since the searcher
can go directly to the anticipated code phase. WO 02/ 06847 PCT/ US01/ 22755

5 BRI EF DESCRI PTI ON OF BRIEFIDEZSCRIBIIONORIHERRAWINGSdr awi ngs, which are
incorporated in and constitute a part of this specification, illustrate an

enbodi ment of the_invention.and, 5 together with the descgription, explain
t he advant ages aﬁ%lerﬂcF?fEP%y&g PR ‘%ﬁlﬁ{;@Fﬁinﬁ?FPOTaFth‘ﬁ r%ﬁﬁﬁt}&f‘z FI GURE 1

shous a COVR e¥SLOMLN3LABRR, SNRSM LELRRERAGRR! LFShe ELEHRT nahiows an

AVPS system't a systemrererence shows how a

code phage Qfocnes wiRkhdTBYscBBLSE &piHid ek aH&aﬂFQgéslhn@p?iﬂ@ﬁlé%h@ﬁﬁleOf anot her
signal and (2% atime difference between the code phases;

invention. In the drawings:
FIGURE 1 shows a CDMA system that has a system reference time;

FIGURE 2 shows an AMPS system that lacks a system reference

time;

10 FIGURE 3 shows how a code phase of a signal may be determined
from (1) a code phase of another signal and (2) a time difference between the

code phases;

FIGURE 4 shows one approach to representing time differences

between code phases for more than two signals;

15 FIGURE 5 shows another approach to representing time differences

between code phases for more than two signals;

FIGURE 6 shows a system according to an embodiment of the

invention and a plurality of SVs 100;

FIGURE 7 shows a block diagram for an apparatus 120 according to an

20  embodiment of the invention;

FIGURE 8 shows a flow chart for a method according to an

embodiment of the invention;



FI GURE 4 shows one approach to representing tine differences between code
phases for nore than two signals; 15 FIGURE 5 shows anot her approach to
representwag@z/odswe di fferences between code phases for norPeTAUR@rR2r3%0
signals; FIGURE 6 shows a system according to an enbodi ment of the
invention and a plurality of SVs 100; FIGJURE 7 shows a bl ock diagramfor an
apparatus 120 according to an 20 enbgginent of the invention; FIGURE 8
shows a flow chart for a nethod according to an enbodi nent of the

nvention; W0 02164k RCILIROY Ra¢S5af 1 HBa) sliaid Lijghart for a

met hod accordi ng to another enbodi nent o e 1nventio 10 shows a

flow chart febodidid BPthedsw@tigh,ng to a further emnbodi ment of the
invention; 5 FIGURE 11 shows a bl ock diagramfor an exenpl ary

i npl ementation of an apparatus 120 according to an enbodi nent of the

i nventi on; FlI GURFIGRIRH dOshaewd laofiéw dihang rfarma froethed acqopdingtus fitfBeraccor di ng
to an enbodi ment of the invention; FIGJRE 13 shows a bl ock diagram for an
exenpl ary i rapthedinenaof e inveption; an apparatus 110 according to an enbodi nent
of the invention; and FI GURE 14 shows ‘a bl ock di agram for another exenplary

|l enentat i o of AR APRYRLYS M QuAREELT xS &SP RMIR Dty e

of an apparatus 120 according to an embodiment of the invention;

FIGURE 12 shows a block diagram for an apparatus 110 according to

an embodiment of the invention;

FIGURE 13 shows a block diagram for an exemplary implementation

10  of an apparatus 110 according to an embodiment of the invention; and

FIGURE 14 shows a block diagram for another exemplary
implementation of an apparatus 110 according to an embodiment of the

invention.

DETAILED DESCRIPTION OF THE DRAWINGS

15 The following detailed description refers to the accompanying drawings
that illustrate the embodiments of the present invention. Other embodiments
are possible and modifications may be made to the embodiments without
departing from the spirit and scope of the invention. Therefore, the following
detailed description is not meant to limit the invention. Rather the scope of

20  the invention is defined by the appended claims.

In a system, method, and apparatus according to an embodiment of the
invention, the code phase of a second received signal is localized by using the
following items of time information: (1) the code phase of a first received

signal and (2) a time relation between the code phases of the two received



DETAI LED DESCRI PTI ON OF THE DRAW NGS 15 The foll owi ng detail ed description
refers to the acconpanying drawings that illustrate the enbodi nents of the
present iw@entdsan. O her enbodi nents are possi bl e and noBCTUS@I2035s may be
made to the enbodiments without departing fromthe spirit and scope of the
invention. Therefore, the followng detailed description is not neant to
limt the invention. Rather the scope pf 20 the invention is defined by

t he appended clains. In a system nethod, and apparatus according to an
embodi ment %ﬁgnhﬁe{for'é%ﬁfﬂe', QMimel BifeRAEE 1P BRGE B P@G?@?.O%ﬁ %ﬁﬁ‘o&&f’ signal is
| ocal i zed by using the "followng itens of time information: (1) the code
phase of a frh&stber @a&idédcto all@malocaliratidn? of aadditiohal abedivednsigadlyvagn t he code
phases of the two received WD 02/ 06847 PCT/ US01/ 22755 7 signals (for
exanpl e, a trroadiagfiheceaatel timeshfemndes (F¢.GvitB)respehi & appheacheivedhy be

extended to allow localization of additional received signals b_%/ provi di ng
i ncrenent al signak agshavar BnEKEURE 4 andjor pequanpated tims difierences (ke ddity ed

signal, as shown in F RE 4) .and/.or .a | ated time differences (i.e.

o Phs'  dopdtPeroibtiet peeivhe EBets BEIHIRENCS, o' B cre 5 o R GURe 6
shows a bl ock diagramfor a system according to an enbodi nent of the
invention that inghLudas @chd 4 HREE! 10 apdy@emehas ol Gfei ver 120.
Ref erence receiver 120 rege(? ves sﬁ)gna‘?{égr?m}omrat P,eg_st aofc!ﬂfri toand a second
SV 100 and deitRtihenesf tHeentadRnph@siasueds 4 Hedeedefeeil Y@Ens hdoRleticd €. 9. 10 by
correlation with a local copy of the known CA code). Information

pert ai ni ng trecewer ik Reb@hcomcdedni2e neceives sigukds fihmsadeast atfiret andeei ved

signals is then transmtted to field receiver 110. Upon determ ning the
code phase ¢gcaad SV 100 and determines the code phases of these received signals (e.g.

10 by correlation with a local copy of the known CA code). Information
pertaining to a time relation between the code phases of the received signals is
then transmitted to field receiver 110. Upon determining the code phase of a
signal from the first SV 100, field receiver 110 uses the time relation
information to reduce the size of the space it must search in determining the

15  code phase of the signal from the second SV 100.

FIGURE 7 shows a block diagram for a reference receiver 120

according to an embodiment of the invention. Within reference receiver 120,
radio-frequency (RF) receiver 210 receives modulated carrier signals from at

least two SVs and outputs the corresponding demodulated signals to correlator

20  220. Correlator 220 determines the code phases of the received signals and
outputs information relating to a difference among those code phases to

transmitter 230 (e.g. as shown in tasks P110 and P120 of FIGURE 8).

Transmitter 230 transmits the information outputted by correlator 220,

as shown in task P140 of FIGURE 8. In one example, correlator 220

25  determines the difference between the code phases, and transmitter 230
transmits this difference (e.g. as shown in tasks P130 and P145 of FIGURE 9).

In the alternative example of FIGURE 10, transmitter 230 transmits



signal fromthe first SV 100, field receiver 110 uses the tine relation
information to reduce the size of the space it nust search in determning
the 15 ovdexfdsase of the signal fromthe second SV 100. PCTURH/2273%hows a
bl ock diagramfor a reference receiver 120 according to an enbodi nent of
the invention. Wthin reference receiver 120, radio-frequency (RF)

recei ver 210 receives nodul ated carri g signals fromat |east two SVs and
out puts the correspondi ng denodul ated signals to correlator 20 220.

Correl ator agf%nﬁ%&fﬂaaﬁﬁg 14 1he cb@ShaBERSTeRe REcilvBPsiERA (MRIPBIYNales and

outputs information relating to a difference anmong those code phases to
transmtter tB3fbcti®ergof this Bifiawation (4.8 Sfedd Rélcéﬁeﬁﬂ]m)ﬂia?ﬂ)mi[s tht GURFOB) .
Transmitter 230 transnmits the information outputted by correlator 220, as
shown i n t asleteBb#tngthemin@UEeBncd betwern thx aogsi phasasor r el at or 220 25

determ nes the difference between the code phases, and transmtter 230

transmts this difference ée. . as fiown in tasks P130.and P145 of FI GURE
9). In the alteddGURRLIER ??ﬁ?gén8¥elm BYREPIneH3oNoF TefeECo K5 flansni t s WO

02/ 06847 P S01/,22755 f f th
recei ved s%ﬁ§1 Sn }P%SV“E@&# re%rﬁ %ﬁj;recel g\}%gdsoi?orﬁlﬁscﬁ&%r %gno( e. ge
field receiygg %&%opermr BBgd Btadasitobaricleher diikg hRel gl 1 erence

bet ween the co ases. FIGQURE 11 shows an exenplary inplenmentation of

reference reggimefed By Ird@smitiRr DB0YegX&Tphe or Miore ¢kl weeivéid 0 10pedi ves
signals from SVs 100 via GPS antenna 240. The code phase information as
di scussed alowsmirscativenanterma?sfti tted by transnmitter 230 (e.g. to one or
nore field receivers 110) via conmunications antenna 250.

Reference receiver 120 may be collocated with and/or integrated into a
10 base station of a system for wireless communications. In this case, the
location of reference receiver 120 may typically be known to a high degree of

accuracy.

As shown in FIGURE 12, a field receiver 110 according to an
embodiment of the invention includes a receiver 310 that receives signals from

15  atleast two SVs. Radio-frequency receiver 310 also receives a reference signal,
from which it derives a time relation (e.g. a difference) between the code

phases of the signals of the SVs as received at a reference recetver.

For the signal received from a first SV, correlator 320 determines the
code phase. Correlator 320 combines this code phase information with a time
20 relation between the signal of the first SV and the signal of a second SV in

order to reduce the code phase search space for the signal of the second SV.

In an exemplary implementation of field receiver 110 as shown in
FIGURE 13, RF receiver receives the signals from the SVs via GPS antenna
340 and the reference signal (e.g. from reference receiver 120) via

25  communications antenna 350. RF receiver 310 may be an integrated unit, or



Ref erence receiver 120 may be collocated with and/or integrated into a 10
base station of a systemfor wireless conmunications. In this case, the

| ocat i on vob 02/&f8eT ence receiver 120 may typically be knownP€ousolm2gss degr ee
of accuracy. As shown in FIGURE 12, a field receiver 110 according to an
enbodi nent of the invention includes a receiver 310 that receives signals
from1l5 at |east two SVs. Radi o-frequency receiver 310 al so receives a
reference signal, fromwhich it derives a tine relation (e.g. a

di f f erence) petpgog ﬁWnﬁE%mﬁﬁ@%@% &lgcrétla%ﬁﬂsQ(@ﬁi§re@éivérh_§l(§l/5an<ﬁls received

at a reference receiver. For the signal received froma first S

correl ator 3@@nm@icatisndreseitdre100pdeshiovasia FIGUREI4At or 320 conbines this
code phase information with a tine 20 relation between the signal of the
first SV and the signal of a second SV in order to reduce the code phase
search space for In e diephsdrvesfarchifgctyecointheSuventiongas sweimpinaliy. 2,

i npl ementation of field receiver 110 as .sho in FlGQJ 1%, RF receiver
recei ves t héhesregial §er1"?ro]i’ﬁst%OWsGysare@@ra%teﬁﬁgws SXectyn¥heketheet er ence

350, R § eosttolRAS ihdhe bhva % REGmaRe kv SufRD Bl Bpiphe™ o
PCT/ US01/ Zzg_ﬁ%r%ﬁgﬁgetﬂfe%ﬁ"&@ [SatdfiesMBYd @}%r@ér'v?ﬁ g?n‘}zﬁ?g iR REGnidRbLS (GPS

receiver _31 communi cations recel ver _ as shown in Fl GURE 14.
In the clienhes@f¥ehaps&idiihRehbtich ©fthd Bgent MEREION thRSsafIgedin viek! G 2, the

central server has its own GPS receiver that knows exactly where the 5
satel |l ites ao¢hat thetdliensdoes nbhieve te spaecicioe svafy satetite behtathdrions fand t he
timng differences between the satellites and the server, anmong ot her
i nf or mat i on the satellites for which the client has a reasonable chance of receiving signals.
10  For example, the server may forward information relating to the code
sequences corresponding to the SVs in view (e.g. the sequences themselves, or
one or more indices into a predetermined table of code sequences). The server
may also send the Doppler frequency information of the satellites to the client.
Additionally, the server may send the timing of the satellites (e.g. one or more
15 time differences between code phases) to the client. It may be desirable for the

server to transmit these three kinds of information in the order in which they

are presented above.

Accordingly, the acquisition search space or time for a GPS receiver in

a client is significantly reduced in the invention. In a wireless GPS client-

20  server architecture according to an embodiment of the invention, transmission
of the relative timing of the satellites by the server may reduce the search
space for the client even in cases where no timing reference is available at the
client or where no common time reference is available between the client and

the server.

25 The foregoing presentation of the described embodiments is provided
to enable any person skilled in the art to make or use the present invention.

Various modifications to these embodiments are possible, and the generic



The server may send information to the client identifying the satellites in
view so that the client does not have to search for every satellite but
rat her ow@ot/es47the satellites for which the client has BCT/E&86IR235 e
chance of receiving signals. 10 For exanple, the server may forward
information relating to the code sequences corresponding to the SVs in
view (e.g. the sequences thenselves, o9 one or nore indices into a
predeterm ned table of code sequences). The server my al so send the

Doppl er  f r eqgptYesihERhiAHERM Rhy bBapsitidablotited erfbdidi@iCdsi Wal. - For
Additionally, the server may send the timng of the satellites (e.g. one or
more 15 ti mxdmﬁfegﬁem@mﬁ&emea irapldtepled3epart bointwitole bs ®Rsird-wiredray be
desirable for the server to transmit these three kinds of information in

t he order i rimwhit,chs tshejrcuibr@nfigestion ddbrdatade intac @or appligaiion-spesifacqui si tion
search space or time for a GPS receiver in a client is significantly
reduced in tHESRIGSHERGOr a3 A famyareprogangisgded e, popolatile\sBorags ot t ect ur e
accordin an, enbodi nent q&ﬁt e inveption t.ransm ssion of hhe rel ative

to
timng of t Ff‘esorél%aé? [PFQgadm Jga AR PO R R HORAEE UL AF BRChBBace for the
client even j L m: r 1 I | e client
or where nor%%ﬁ@%ﬁ%?%ﬁgﬁﬁ3?@?3%%%“?%“%@%@%gﬁ%@”@%ﬁ%ﬁ%ﬁ‘?ﬁ§£8f?¥%¥ and the
server. 25 Tgndn®y 889 B aPhRSEIbsE@N00bikeh QliglRs GignRie grRbhak MBALS i
provided to enable any person skilled in the art to nake or use the
present i nvertuspthe prééent awsntimdisfriot antendes tbdbet lresel ©nthe dnbedinsenss e
possi bl e, and the generic WO 02/06847 PCT/US01/22755 10 principles
present ed hebhevn abexe iy raihgslis tocbe agcondad theevrislssli seene sorsistomt| with iy exanpl e, -

the invention, be i npl nted in part or, in whole as a hard-wred
%O prm[:q%) es and ng}f)el Efg&ures cclllsclose%ain any fashlon\?fe]:rem.

WHAT IS CLAIMED IS:



circuit, as a circuit configuration fabricated into an application-specific
integrated circuit, or as a firmvare program | oaded into non-volatile
storage ov0bB2es8sDft ware program | oaded fromor into a dat BCBUSNZESSEdi UM
as machi ne- readabl e code, such code being instructions executable by an
array of logic elenents such as a mcroprocessor or other digital signal
processing unit. Thus, the present ipyvention is not intended to be limted
to the enbodi nrents shown above but rather is to be accorded the w dest
scope consistent with the 10 principles and novel features disclosed in
any fashion herein. WHAT IS CLAINEE%#ém%$[)02/O6847 PCT/ US01/ 22755 11
CLAIM5S 1. A nethod conprising: 2 I ning a code phase of each anong a
plurality of received signals; and 4 transmtting infornmation pertaining to
a time relation betwegn thenchde cBhpagagof at |east one pair anpng the
plurality of received signals. 2. The nethod according to claim1, wherein
the 2 information conprises a tine difference between the code phases. 3.
The met hpd accor di ng tdetemrhiaing dlcodeiphaseiof eadhcimengrryduraltytdfeeqeivedal i ty of
recei ved signals has a correspondi ng periodic code, and wherein each anong
t he code phaigeslsyasfates to a predetermined 4 position within the
correspondi ng periodic code. 4. The nethod according to claiml1l, wherein

each anon 2 the plurality.of. recej.ved si.gnals j.s based at |east in part
on a cor gspondi ngp transm1¥t1ng m{”orma{lon pe an%ng to ajclme raatlon between P

the code phases of at least one pair among the plurality of received signals.

2. The method according to claim 1, wherein the

2  information comprises a time difference between the code phases.

3. The method according to claim 1, wherein each among

2 the plurality of received signals has a corresponding periodic code, and

wherein each among the code phases relates to a predetermined

4  position within the corresponding periodic code.

4. The method according to claim 1, wherein each among
2 the plurality of received signals is based at least in part on a corresponding

direct-sequence spread spectrum modulated signal.

5. The method according to claim 1, wherein each among
2  the plurality of received signals is based at least in part on a corresponding

direct-sequence pseudonoise modulated signal.



di rect - sequence spread spectrum nodul ated signal. 5. The nethod accordi ng
to claiml1, wherein each anobng 2 the plurality of received signals is
based at weawotesitnh part on a correspondi ng direct-sequencePOBESUMESSeE
nodul at ed signal. WD 02/ 06847 PCT/ US01/ 22755 12 6. The net hod according to
claim1l1, the nmethod further 2 conprising receiving a conposite signal
wherein each anong the plurality of rgqgeived signhals is based at 4 |east
in part on at |east a portion of the conposite signal. 7. The nethod

i Pey of pever v o sh R it NS, B SEBaB RER8e T o T
each anong tc%%,l Jura(ledem%gpz;%gng}goghg?ﬁ?ﬁ signals, between a correspondi ng
a a

code seguence n3m§IS|gn east in part on the conposite signal
6 wherein each anong the plurality of received signals has a correspondi ng

periodic code, and 8 wWogl&hRa&PsHoHMEBlurdIRy 6008 PEPASRI] Blhadednt L0 2

corresponding predeterm ned position wWthin the corréespondi ng periodic
code, and 1(exdn@r parhon hideasd d posimusibecompaitesigadl. | east in part to the
correspondi ng periodic code. 2 4 8. A nethod conprising: determ ning a code
phase of a first received signal; and

7. The method according to claim 6, wherein the
2  determining a code phase of each among a plurality of received signals
comprises calculating a correlation, for each among the plurality of received
4  signals, between a corresponding code sequence and a signal based at least in

part on the composite signal,

6 wherein each among the plurality of received signals has a

corresponding periodic code, and

8 wherein each among the code phases relates to a corresponding

predetermined position within the corresponding periodic code, and

10 wherein the code sequence relates at least in part to the

corresponding periodic code.

8. A method comprising:
2 determining a code phase of a first received signal; and
determining a code phase of a second received signal,

4 wherein the determining a code phase of a second received

signal is based at least in part on information pertaining to a time relation



determ ning a code phase of a second received signal, wherein the

determ ning a code phase of a second received signal is based at |east in
part on iwdoremii on pertaining to a tine relation WO 02/ 0B8WTS01/22755

PCT/ US01/ 22755 13 6 between the code phase of the first received signal and
t he code phase of the second received signal. 9. The nethod according to
claim8, wherein the 2 information conprises a tine difference between the
code phase of the first received signal and the code phase of the second
received signal. 10. The net ording .to.cl erei.n the first 2
recei ved®si g’r‘?ﬁ’i’eeﬁi}%e %DdﬁﬁhPﬁs%gﬁﬁfﬁgreﬁWF 5163138 gleacr‘?gep BeOLnd recei ved
si gnal has Y olelels periodi c code, and 4 wherein each anong the code
phase of t he§ ‘PF§<%B§§g%5§d signal and the code phase of the second
received signal relates to a corresponding 6 predeterm ned position within
the correspondi ng periodic code. 11. The nethod according to claimS§,
wherein each anong 2 the first received signal and the second received
signal is based at least in part on a corresponding direct-sequence spread
spect rum nodul at ed si ghal . Th2.mé&hed aedhiig tactond, mhetem theai m 8, wherein
each anmong 2 the first received signal and the second received signal is
based at 2| edsformatiqegamprisas a tigsrdiergasedichyeca; theeqdegbyirstfdhe Bt udonoi se

g}) glulmat8edt ﬁléggggxlch,}éw qdﬁgg ggde%gée%gt‘%%e/ s%<2307n5dsrece1ve]d s1gnai1e method according to

10.  The method according to claim §, wherein the first
2 received signal has a corresponding periodic code and the second received

signal has a corresponding periodic code, and

4 wherein each among the code phase of the first received signal
and the code phase of the second received signal relates to a corresponding

6  predetermined position within the corresponding periodic code.

11.  The method according to claim 8, wherein each among
2 the first received signal and the second received signal is based at least in part

on a corresponding direct-sequence spread spectrum modulated signal.

12.  The method according to claim 8, wherein each among
2 the first received signal and the second received signal is based at least in part

on a corresponding direct-sequence pseudonoise modulated signal.



2 conprising receiving a conposite signal, wherein each anong the first
recei ved signal and the second 4 received signal is based at |east in part
on at | eawd0xn048eTti on of the conmposite signal. 14. The neChodoizx2es ding to
claim 13, wherein the 2 determning a code phase of a first received signa
conprises calculating a correlation between a code sequence and a signal
based at least in part on the 4 conpegite signal, wherein the first

recei ved signal has a corresponding periodic 6 code and the second

recei ved signal has a correspondj ng perj odi c, code, and rein each anong
the code phase of the Bt r st HedRehebarces @Claéﬂéﬁ@etrﬁﬁthgfgg@%ﬁﬁase of the
second recei ved .si . rel ates tlge% cci)rrespondi ng predeterm ned position

I
within the @8@?8%82%’??(&1‘%&%@&5 e, and 10 wherein the code seqguence

relates at least in part to the periodic code corresponding to the first

received signal. 2 15-w1é?eiﬁe&%rﬂ&1§tﬁ@fmue§éw&sigmngﬁ&ih\é@écoﬁ@nfi gured to
receive a plurality of signals; a Correlator configured to determ ne a code

phase fon eaedrivedai@mnpisttagedutlsast intpartain at sl vgstion ghtlespmpodteND 02/ 06847
PCT/ US01/ 22755 15 a transmitter configured to transmt information
pertaining tsggnal. 6 tinme relation between the code phases of at |east one
pair anmong the plurality of received signals.

14.  The method according to claim 13, wherein the
2 determining a code phase of a first received signal comprises calculating a
correlation between a code sequence and a signal based at least in part on the

4 composite signal,

wherein the first received signal has a corresponding periodic

6 code and the second received signal has a corresponding periodic code, and

wherein each among the code phase of the first received signal
8  and the code phase of the second received signal relates to a corresponding

predetermined position within the corresponding periodic code, and

10 wherein the code sequence relates at least in part to the periodic

code corresponding to the first received signal.

15.  An apparatus comprising:
2 a receiver configured to receive a plurality of signals;

a correlator configured to determine a code phase for each

N

among the plurality of received signals; and



16. The apparatus according to, claim 15, wherein the 2 information
conprises a tine difference between the code phases. 17. The apparatus
accordi ngvo 02/ad8ai m 15, wherein each 2 anong the pluralityrPof/useceiised
signals has a correspondi ng periodi c code, and wherein each anong the code
phases relates to a predetermned 4 position within the correspondi ng
periodi c code. 18. The apparatus acconding to claim15, wherein each 2
anong the plurality of received signals is based at least in part on a

correspondi ng direct-sequenc r ead ectrum.npdul ated signal. 19. Th
appar thous Iacgor:ji ng t??‘ %@Pﬁﬁqg’gnﬁﬂgﬁig’nﬁa@ﬁgﬁtHqg’“éﬁ'@?fbp?r%:gﬁ%{?r%ll ity ofe

i ved .si lo. i ) ) :
T oot aGouoBt fliRniRnctathe LERMLE RH kalnB iR bEBRRMRY |

to claim 15, ,MbefRlRichie 2 correlator is further configured to determne a
code phase for each anong the plurality of received signals at least in
part by calculating a correlation, for each WO 02/06847 PCT/US01/ 22755 16 4
anong the plurality of received signals, between a correspondi ng code
sequence and the plurality of received signals, 6 wherein each anong the
plurality of received signals has a corresponding periodic code; 8 wherein
each anong the code phHses Th@l@Pé@tl%s@cgpré@gﬁ%§b§ﬂg§n‘ﬁherﬁmé%term' ned

position wthin the correspondin eriaqdic code, and 10 wherein the
cor r espordi d&%ﬁ’%"%%‘ﬁﬁ@ﬁ%&?@%ﬁ 2\ eé‘ggetntgﬁc?)‘%r@lasﬁso t he correspondi ng

peri odi ¢ code.

17.  The apparatus according to claim 15, wherein each

2 among the plurality of received signals has a corresponding periodic code, and

wherein each among the code phases relates to a predetermined

4  position within the corresponding periodic code.

18.  The apparatus according to claim 15, wherein each
2 among the plurality of received signals is based at least in part on a

corresponding direct-sequence spread spectrum modulated signal.

19.  The apparatus according to claim 15, wherein each
2 among the plurality of received signals is based at least in part on a

corresponding direct-sequence pseudonoise modulated signal.

20.  The apparatus according to claim 15, wherein the
2 correlator is further configured to determine a code phase for each among the

plurality of received signals at least in part by calculating a correlation, for each



21. An apparatus conprising: 2 a receiver configured to receive a first and
second signal and to receive a signal conprising information pertaining to
a tinme ravantesssbet ween 4 the code phase of the first receCv@®dogi2gisal and

t he code phase of the second received signal, and 6 a correl ator
configured to determ ne a code phase of at |east one of the first and
second received signals with respect e a predetermned code 8 and to
correlate the other of the first and second received signhals to the

predet er i ned code hased on.the.ti relationshi etween the first and
0 second. r dcupgdie Bighay dresvedrisre oy i A SIS ol ai m 21
wherein the Sgcﬁﬁe%%)gﬂgat%gﬁrﬁ%ﬁg@&%@ﬁgﬁﬁedl fference between the code

phase of the Tirs recelrve nal an code phase of the second
recei ved signal. WO 02/06847 PCT/US01/ 22755 17 23. The apparatus accordi ng

to claimg2l, wherein tmreigeg&lrmngttﬁgplhﬁﬁwftrgﬁvech_[g&jagq{a@g to determi ne a
code phase for the second received signal "at least in part fromthe

i nf or mat i on.co?dspoAding peesdicoadet i si ng: 2 a reference receiver configured to
receive signals froma plurality of space vehicles and to transmt
information; and 4 a field receiver configured to receive si%nals froma

plurality of space vearieediesachrpgnang theeade\phasen eclatas toraenricaponddignher ei n t he

reference recejver .determ nes_a reference. code .phase, for each anong at
| east a fird¥® POsitigR SH M hE CB?G%PHBd@g@ﬁ%‘?‘g? Sy end
10 wherein the corresponding code sequence relates at least in part

to the corresponding periodic code.

21.  An apparatus comprising:

2 a receiver configured to receive a first and second signal and to
receive a signal comprising information pertaining to a time relation between
4 the code phase of the first received signal and the code phase of the second

received signal, and

6 a correlator configured to determine a code phase of at least one
of the first and second received signals with respect to a predetermined code

8  and to correlate the other of the first and second received signals to the
predetermined code based upon the time relationship between the first and

10 second received signals.

22.  The apparatus according to claim 21, wherein the
2 information comprises a time difference between the code phase of the first

received signal and the code phase of the second received signal.



8 wherein the information pertains at least to a tinme relation between the
ref erence code phases for the first one and the second one of the 10
signal s, vedd2/0dserein the field receiver determ nes a fiel BCUod&/phsse f or
the 12 first one of the signals, and wherein the field receiver determnes
a field code phase for the 14 second one of the signals at least in part
fromthe information. 25. The system ¢f claim 24, wherein the information 2
conprises a tine difference between the reference code phases for the first

one and the second o r&% of ’fhgeams)él%&% Iagéording to claim 21, wherein the

2 correlator is further configured to determine a code phase for the second

received signal at least in part from the information.

24, A system comprising:

2 a reference receiver configured to receive signals from a plurality

of space vehicles and to transmit information; and

4 a field receiver configured to receive signals from a plurality of

space vehicles and to receive the information,

6 wherein the reference receiver determines a reference code phase

for each among at least a first one and a second one of the signals, and

8 wherein the information pertains at least to a time relation
between the reference code phases for the first one and the second one of the

10  signals, and

wherein the field receiver determines a field code phase for the

12 first one of the signals, and

wherein the field receiver determines a field code phase for the

14  second one of the signals at least in part from the information.

25.  The system of claim 24, wherein the information
2 comprises a time difference between the reference code phases for the first one

and the second one of the signals.



