WO 02/ 06847 PCT/ USOL/ 22755 1 METHOD AND APPARATUS FOR REDUCI NG CODE PHASE
SEARCH SPACE BACKGROUND OF THE INVENTION 1. Field of the Invention 5 The
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receiver in a distributed system 2. Description of Related Art A satellite
positioning systemconprises a set of orbiting satellites (also called
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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 recei very aﬁfél&BFtﬁﬁﬁ:%BhBﬁ Doppl er shift, the frequency of the
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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.



in the receiver's local oscillator nmay cause an additional frequency error.
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requi re tweoz/esel ver to search for the signal across a rROGESOH22755
frequencies. Each SV transmts a signal that is spread by direct-sequence
spread spectrum nodul ation. Specifically, each SV transmts a signal that
is spread 5 by a known digital pseud@random (or "~ pseudonoi se') code called
a coarse acquisition (CA) code. This periodic code has a chip rate of 1.023
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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
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reacquire the signal. As the frequency offset changes rather slowy, re-
est abl i siwag2/es8iT equency | ock after a short break may reqRCT@®S@m2ys55a
limted 25 effort. The code phase of a received signal changes nore

qui ckly, however, and it may be necessary to search for the |ost signal
across the entire 1,023- synbol code phase circle. For applications in
whi ch accurate position WO 02/ 06847 PCT/USOL/ 22755 3 information nust be
avai | abl e o m3NL aa«agédlexn WBHaRE sHORG AR P%‘?A}Ebe uhoctpbIse, it may

be beneficial to av0|§ |'ong del ays during initial acquisition as well. It
i s desirabl etuadIfEaY be ®ehetichl ¥ 4wiehbag IRy e dBridgoinitiib bédussitidn as

comuni cations by adding the capability to |ocate the position of a
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Federal Communi cations Conm ssion (Docket . 94-102, third report and
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recei vi ng cajdaptelli Sgpterabdriies, nvd) eclemsed Octolmmdy el999% uchhis regulation

requires all cellular carriers in the United States to be able to locate 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



an approach suffers fromthe difficulty of maintaining reliable reception
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only 30). an anarog syste or "W re? conmiini ca ns such as the
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however, no such 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.



circle). Therefore, no systemreference point exists in relation to which
the base stations may transmt neani ngful code phase information (see FIG
2). Themedor/@847 n an AVPS system whi ch supports GPS | ocapCDUS@®2rist y by
the 15 nobile stations, any acquisition and reacquisition of a satellite

|l ock may require searching the entire code phase circle. It is desirable
to reduce the code phase search space in such distributed GPS systens.
SUMVARY A system nethod, and apparatus for reduci ng code phase search
space 20 in a code division nmultiple access receiver, such as a GPS
receiver. The reduction is obtained by applying information pertaining to a
tinme relation between the code phases of two received signals. The tine
relationship provides the ability to know the code phase of the second
signal if the code phBRIEGDESERIATION QF JHEIDRAWING&n. Knowi ng t he code
phase of the second 25 signal reduces the search space, since the searcher
can go directly the anticipated code phase. WO 02/%%&?7 PCT/ USOL/ 22755
5 BRI EF DESCRI PTIIOR 2SROPREY B8P Rigs TR RICA CEomEaRgTatRs BraRiSogeiitulhi ch are
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enbodi nent of e invention er w Scription, explain

the advast aggspandyipf tRC cBRHM, ddpfin HRY 8B¥dnRBes hild tp%c [@Whgr FIGURE 1
shows a CDVA systemthat has a systemreference tinme; FIGJRE 2 shows an

AMVPS syst emifiveatioh.alikthe draswiggsem r ef er ence
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;



time; 10 FI GURE 3 shows how a code phase of a signal may be determ ned
from (1) a code phase of another signal and (2) a tine difference between
the codevphzaems] FI GURE 4 shows one approach to represenPCHyS/aress

di fferences between code phases for nore than two signals; 15 FIGURE 5
shows anot her approach to representing tine differences between code
phases for nore than two signals; FIG4RE 6 shows a system according to an
enbodi ment of the invention and a plurality of SVs 100; FIGURE 7 shows a

bl ock di agram f%{‘fl @S}ﬁ%%ga gvjﬁ@ﬁa&%ﬁrg&@ﬁe%ﬁn%ccgﬁh@?%h%g of the

I nvention; FIGJ art for a nethod acc Ing to an

enbodi ment  QdnHodBnd il beNeligvntiMk) 02/ 06847 PCT/ USOL/ 22755 6 FI GURE 9 shows a
flow chart for a nethod according to another enbodi nent of the invention;
FI GURE 10 shows a flow chart for a nethod according to a further

enbodi ment of t h&FIGURE1Dchow$ aFll@uRBat fos hansthad btwodinglit@gr fanthéor an
exenpl ary inplenentation of an apparatus 120 accordi ng to an enbodi nent of
t he i nvent i cmbogingukef the iseslienia bl ock di agram for an apparatus 110
according to an enbodi nent of the invention,

5 FIGURE 11 shows a block diagram for an exemplary implementation

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



FI GURE 13 shows a bl ock diagramfor an exenplary inplenentation 10 of an
apparatus 110 according to an enbodi nent of the invention; and FlIGURE 14
shows a Wooko@itagram f or anot her exenpl ary i npl enent at i orCDUS@R2a§5par at us
110 according to an enbodi nent of the invention. DETAI LED DESCRI PTI ON OF
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acconpanying drawings that illustratey the enbodi nents of the present

i nvention. Qther enbodinments are possible and nodifications may be nade to

the embodi Mg V(ffarm%uﬁlﬁledgwet hit@rcht O ShGw:S Rh FIG. 30d 136OREpBhctt he
I nvention. Therefore low ng detailed description is not neant to

limt the inugntbeogkterBatiner alidve IBeaipatiaf of 24lditivhal neeiMedoBighds dgf i ned by
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signal, as shown in FIGURE 4) an t| me di ences (i.
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shows a bl ock diagramfor a system according to an
receiver 120. Reference receiver 120 receives signals from at least a first and a
second 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



enbodi nent of the invention that includes a field receiver 110 and a
reference receiver 120. Reference receiver 120 receives signals from at

| east a Wosrto@amt a second SV 100 and determ nes the codeCpubasiex7zsf t hese
received signals (e.g. 10 by correlation with a | ocal copy of the known CA
code). Information pertaining to a tinme relation between the code phases
of the received signals is then trangmtted to field receiver 110. Upon
determ ning the code phase of a signal fromthe first SV 100, field
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P145 of FIGURE 9). In the alternative exanple of FIGURE 10, transmtter
230 transm tcomDmd@tiof8aieP@PSUSOL/ 22755 8 information relating to the
code phases of the received signals (task P142), and

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



the receiver of this information (e.g. field receiver 110) perforns the
task of determning the tinme difference between the code phases. FIGURE 11
shows anveaenmsary i npl enmentation of reference receiver BCLPO01/A2m5t his
exanpl e, RF receiver 210 receives signals fromSVs 100 via GPS antenna
240. The code phase information as di scussed above is then transmtted by
transmtter 230 (e.g. to one or nore bield receivers 110) via

comuni cati ons antenna 250. Reference receiver 120 nmay be collocated with

and/ or i nt egirateviM Q) fhaylQnhARE thbadib@BteQnid @ RBRLQT 3Vd-1 eln@ss
communi cations. In this case, the location of reference receiver 120 may

typi cal |y beokffwtationsrebdight 3deQ) eesinfvn iadiGUREY14.As shown in FIGURE 12, a
field receiver 110 according to an enbodi nent of the invention includes a
receiver 310 that receives signals from 15 at |east two SVs.
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SV. In an expeRb@EymbyBRITERAkicaNtoQhe Elich dienaahy e shillitasinstiewn i n
FI GURE 13, RF receiver receives the signals fromthe SVs via GPS antenna

340 and t he so éfat thendiensdaps abt fave go sdardnfor efenyesatellite dokiatler ohBOforvi a 25
communi cat| (t)ﬁ]essa?eq{i’gzg rt]"gr \:;3}511%}1 tltilge%% %st S ;ea:gc:)Ln%blrI:ac ar?c% (?fnreci:eri]\'gigg gigxaﬁg. unit, or
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
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10  principles and novel features disclosed in any fashion herein.

WHAT IS CLAIMED IS:



client or where no common tinme reference is avail abl e between the client
and the server. 25 The foregoing presentation of the described enbodi nents
i S provi dedo02/664enabl e any person skilled in the art to nP&BPUSE1/223% t he
present invention. Various nodifications to these enbodi nents are
possi bl e, and the generic WO 02/ 06847 PCT/USQOL/ 22755 10 principles
presented herein nmay be applied to other enbodi nents as well. For exanple,
the invention may be inplenented in part or in whole as a hard-wred
circuit, as a circuit configuration fabricated into an application-specific
integrated circuit, or as a firmMﬂqlémﬁgran1loaded into non-vol atile
storage or 5 a software program | oa omor into a data storage nedi um
as machi ne- readabl e code, such code being instructions executable by an
array of logic elenents suchemsddompssiapr ocessor or other digital signal
processing unit. Thus, the present invention is not intended to be limted
to the enbodi nents shown above but rather is to be accorded the w dest
scope copsi stent wi t h defesminidy qeada phidead eadhchnmmgel plirahtywfescediedcl osed i n
any fashion herein. WHAT IS CLAIMED I S: WD 02/ 06847 PCT/ USOL/ 22755 11
CLAIMS 1. signésimod conprising: 2 determining a code phase of each anong a
plurality of received signals; and

4 transmitting information pertaining to a time relation between

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.



4 transmtting information pertaining to a tinme relation between the code
phases of at |east one pair anong the plurality of received signals. 2.
The net hodoazemeti ng to claiml1l, wherein the 2 infornati oPCTOSIA23®S a tinme
di fference between the code phases. 3. The nethod according to claim1,
wherein each anong 2 the plurality of received signals has a correspondi ng
periodi c code, and wher.ein each anongathe code phases relates to a
predeterm ned 4 position within the correspondi ng periodic code. 4. The

rethod aecording o clal m I Hekeh N Sagh AT | Bl BeuB ALY ©f

received signals is based a

di rect-sequence r%&%ﬁgeﬁgﬁéﬁgsg&)%ﬁt ed signal. 5. The nethod according
A 2hon e

to claimTl, réra each plurality of received signals is
based at least in part on a corresponding direct-sequence pseudonoi se

modul at ed signal . VO O4QERAAIPEISASEE pRAARS of dacifed ABRIBILARA saccor di ng to

claiml1, the nmethod further 2 conprising receiving a conposite signal,
wher ei n dacHeastinpart beatilkast alpottionadf theecmhpasite siggalal s i s based at 4 | east
in part on at |east a portion of the conposite signal. 7. The nethod
according to claim6, wherein the 2 determ ning a code phase of each anobng
a plurality of received signals conprises calculating a correlation, for
each anmong the plurality of received 4 signals, between a correspondi ng

code sequence and a signal Jhased. at |least jn, . )
a P ”Phe metho accordsmg {o'tlaim 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



part on the conposite signal, 6 wherein each anong the plurality of
received signals has a corresponding periodic code, and 8 wherein each
anong t havaodessphases rel ates to a correspondi ng predet epai/Nsa/2035 ti on
wi thin the correspondi ng periodic code, and 10 wherein the code sequence
relates at least in part to the corresponding periodic code. 8 A nethod
conprising: 2 determning a code phase¢3zof a first received signal; and
determ ning a code phase of a second received signal, 4 wherein the

par ¢ on' i GERSEPAN FEFRIATR F40 BILEPRG FEPL PO NS D DR SRR e o |

PCT/ USOL/ 22755 d%g,cequ 8?{%@?” the code phase of the first received signal

and the codesecp aLecor second received signal. 9. The method accordi ng

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 nethod according to claim8, wherein the
first 2 received signal has a correspondi ng periodic code and the second
recei ved signal has &.cor rEsposthodarcpelingtdickhimd@dwhemmdthd wher ei n each
anong the code phase of the first received signal, and the code phase of
the secoRd riefoanstian enngiises p érr@tde@er@@cedse&\mqnégq)Mi phgse of the first

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

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.



6 predeterm ned position within the correspondi ng periodic code. 11. The
nmet hod according to claim8, wherein each anong 2 the first received

si gnal amdovhesssecond recei ved signal is based at | east iRCPaER1/22035 a
correspondi ng direct-sequence spread spectrum nodul ated signal. 12. The
met hod according to claim@8, wherein each anong 2 the first received
signal and the second received signal 14s based at least in part on a
correspondi ng direct-sequence pseudonoi se nodul ated signal. WO 02/ 06847

PCT/ USQOL/ 22755 14 13., _The et ho ccordin Q ¢Jaim8 e _nethod further
2 conprising receivind3a c %?tg‘é?%‘icﬁ%g,t%\ﬁﬁ?éﬁ“é’&ee‘% O‘i “the first
recei ved,si %nal .and the.sec%nd 4ie[eceailved signal is based at |least in part
on at Ieast 8%8?1956%6131‘“%%%1@8 OLFe s ghal . 14. The nethod according to

claim 13, wherein the 2 determning a code phase of a first received signa

conprises cal cul ating ﬁeraﬂ%éﬁlﬁﬁang%@ﬁgv\@eay@dﬁgﬁ?aﬁ&%g%ﬁdand_ a signal
based at least in part on the 4 conposite signal, wherein the first

recei ved4si ga@livddaseral BWasaER st thapen 2 dast a fordon ef thedotdpesieecond

recei ved signal has a corresponding periodic code, and wherein each anong
t he code phagmabf the first received signal 8 and the code phase of the
second received signal relates to a corresponding predeterm ned position
wi thin the correspondi ng periodic code, and 10 wherein the code sequence
relates at least in part to the periodic

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



code corresponding to the first received signal. 15. An apparatus
conprising: 2 a receiver configured to receive a plurality of signals; a
correl at woonedSsitpured to determ ne a code phase for each pdrasum7ishe
plurality of received signals; and WO 02/06847 PCT/USQOLl/ 22755 15 a
transmtter configured to transmt information pertaining to a 6 tine

rel ati on between the code phases of at5|l east one pair anong the plurality
of received signals. 16. The apparatus according to, claim15, wherein the
2 information conprises a tine difference between the code .phases. 17. The
appar at us accor di ng t&%qrgpﬁﬁtqun&ﬁgpif]onﬁaélg%t 15%5% %P?ﬁgalrﬂﬁ%ﬁja?i ty of

recei ved ;si gnhal Lr i rl@di in each anong
the. code phabds R Brves e BRI AP aL R GnE BEF prBE b IRRELT
correspondi ngpefJ.Adighaigode. 18. The apparatus according to claim 15,
wherein each 2 anong the plurality of received signals is based at | east
in part on a corresponding direct-sequence spread spectrum nodul at ed
signal. 19. The apparatus according to claim15, wherein each 2 anpong the
plurality of received signals is based at least in part on a correspondi ng
di rect - sequence pseudonoi se nodul ated signal. 20. The apparatus according

to claim15, wherein tHe 2 Besravppmfusraceerdingte glaim donvhejindbe t o det ermine a

code phase for each anong the .
P 2 informat(fon compr(I:’ses a time difference between the code phases.

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



plurality of received signals at least in part by calculating a
correlation, for each WO 02/ 06847 PCT/USQOL/ 22755 16 4 anong the plurality
of recei wedozoggmal s, between a correspondi ng code sequenPET/ARU/12NES
plurality of received signals, 6 wherein each anong the plurality of
received signals has a corresponding periodic code; 8 wherein each anong
the code phases relates to a correspongli ng predeterm ned position within
t he correspondi ng periodic code, and 10 wherein the correspondi ng code

sequence ,rel ates at least in part. t he correspondi.n eri odi c code. 21.
An appar it u?“?f’é’ﬁﬁﬁ‘? @Pﬁg.ty @rﬁceﬁ\é@é‘eﬁ‘%‘%’ E%WF‘?%?‘E&PQP e a first and
second sign o} I L: . rising information pertaining to
atinme rel a%%%lﬂeﬂgeeé%tg%Sﬁﬁélﬁg?@%éﬁ@%ﬁ%a@%f the first received signal and
t he code phase of the second received signal, and 6 a correl ator

configurgd to determ Rgnefeifs B4R RRFBIOP ALY SBSEcivARigAfs Hablg first and
second received signals with respect to a predeterm ned code 8 and to

correl at e t erredpoadinghpetibdic todest and second received signals to the
predet ermi ned code based upon the tinme relationship between the first and
10 second received signals. 22. The apparatus according to claim 21,
wherei n Bhe 2 i nf or matWhereie e#gbranzag the eqdewhases redptentoes ¢nsrefpandinghe code

hase of the fjrst. received.signal and the code, phase of the second
IF’)ecei ved si @q&aiefcermmed posftlon w11§1119 the corresponding perqod1 coge, am;

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.



WO 02/ 06847 PCT/ USQOL/ 22755 17 23. The apparatus according to claim 21,
wherein the 2 correlator is further configured to determ ne a code phase
for the 3®@oNes4T ecei ved signal at least in part from thepCThisowmrison. 24.
A system conprising: 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 gygnals froma plurality of space
vehicles and to receive the information, 6 wherein the reference receiver

determ nes a reference, cod hase  for e a | east. a first one and
a second one of the sﬁ@nalgnﬁéwamgnﬁﬁgFgg Fﬁngﬁ?§PW§??Bﬁh Yertains at

| east to,a t] I%!ﬁ}_ L6 ]&h% for the first
one and ghe ggfglg%o one of @%ﬁﬁ% hagmﬁlﬁggc d&\ﬂggfogitn ?I&ﬁifl el d receiver
det er i nes afeééﬁédc&@ﬁﬂm@mﬁﬁpah%orh%mée%natlesl§t one of the signals, and
wherein the field recelver determnes a field code phase for the 14 second
one of the signals at least in part fromthe information. 25. The system of

claim 24, wherein the information 2 conprises a tinme difference between the
ref erence code phases for the first one and the second one of the signals.

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.



