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relates to a nethod and apparatus for dit erm ning the position of a device
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a "correlator” and have only the energy of the signal that is encoded with
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wireless telephones and other devices are being designed to include global

positioning system receivers. These receivers are used to receive signals

20 from satellites. These received signals provide information that allows the
receiver to determine the receiver’s location on earth with relatively great
accuracy. The signals that are received from the satellites are typically
rather weak. Therefore, in order to determine the position of the receiver,
the receiver must be sufficiently sensitive to receive these weak signals and

25 interpret the information that is represented by them.

In accordance with the format that is used for one such GPS, the
signals transmitted by each satellite are encoded to distinguish the signals
transmitted by one satellite from the signals transmitted by the other
satellites in the system. The codes that are assigned to each satellite are

30 selected such that the receiver can apply a received signal that includes a
signal transmitted from a particular satellite and a particular code
associated with the particular satellite to a “correlator” and have only the
energy of the signal that is encoded with that particular code emerge from
the correlator.

35 Figure 1 is an illustration of the timing of a portion of a signal 101
transmitted from a global positioning satellite, such as those in common use
today. The transmitted signal 101 shown in Figure 1 is encoded with a
particular code having a duration of 1 millisecond (i.e., the “code period”).
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omain result provides an indication as to relative time difference between
the beginning of the code sample periods and the beginning of the actual
code periods of the received signal, assuming that the received signal has

35 sufficient energy which has been encoded with the particular code.

One problem with this approach is that the information that is

represented by the received signal, changes the state of the received signal
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correlation will only occur if the local Iy generated signal is "aligned"
with the rece?%ﬁloGPS signal. That is, as shown in Figure 2, the GPS signal
conprises a series of code peri ods 202 Each code peri od starts at the tinme
t he previ ous code period ARVOR tﬂﬁﬁv qNgenerat ed signal is
encoded with the code assocl ate W|th on'gH‘F the satellites in the GPS
system such that the code period of the locally generated signal is equal
in length2?o the cdbe disclped mrethorkand gpparatua pyevidesenbanced seasitivityt
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g severgi1 e perloéjs oE A" GPS signal in one embodiment, and by
performing a time to frequency domain conversion to the output from a

correlation processor in a second embodiment.

30 In the case in which coherent integration is performed over several
code periods, the method and apparatus take advantage of the fact that
CDMA cellular telephone base stations transmit information that allows the
receiver to determine GPS time before beginning a GPS signal acquisition
process. Once GPS time is known, the GPS receiver knows when each code

35 period and each bit period begins. With this information, the GPS receiver
can start an integrafion of the output of a correlator and continue to
integrate the output from the correlator over several code periods, since the
GPS receiver knows the location of the bit boundaries. The integration can



.35 satellite associated with that code start at the sane tinme with r%@ﬂ@“ﬂm
.to one another, then the two signals are said to be aligned. |In accordance
with one en¥88PMY of the disclosed method and appar at us, BI5AR341
.cellular tel ephone 401 is used to recei i nformation 1 6 JAI 2003 WO

" 00/ 14560 7 PCTNS99/ 20341 from a CDVA base station (not shown) which is part
of a CDVA wirel ess cellular tel ephone network. The CDVA base station
transmits inf @veatheozxpandedifnrthette inclobrrods perinds ifram marg than eng kitat ed
to "GPS tine". FQRE ¢&) ¥ [ ‘%ﬁgé ' e
processor 403 pteon)?'get eﬁgl‘;\%‘?ﬁeg ﬁ mﬁ%g ;sc}{, t he %%n@?sﬁgfgﬁéﬁﬁﬁ?gé Hiom
each GPS sat elpatiesns arectranynitteslnt pastisplpsdimes withan thatrensmissien &9ma covA
systemtine. KopeyRelitd,0 accurately determine GPS tine, the processor 403
nmust adj ust the systemtinme received.fromthe base station to renove
an of fset Phat is d%@%?%‘ﬁu’é“%loafﬁ‘ﬁrfﬁﬁﬂgsﬁn%gh?‘gép ARAArRHS, 5848 ne

E romthe base dliGissdratr':jxﬂﬁple)aédms (DMAY eeNelar ?ﬂgphbfhé $s adedisd rdméd rmisie maﬂe

y neasuring the t.Li signal . bei ng,..transnjt.t e r t he
s recel ver (BT Bt aROFA beliflop TUEbARR R Aot 1 b EFnah ol §

attenpting to nebeswstatiagmas withimmranger thepueithers at edriverdjon tpgrocessr fsirat or

407 receives | I f r he. i 1 I ngli,cat es

to the correl aslta %&h% f%av(\;f%nﬁa%glé% ?Eg?fg{:naﬁﬁ%s Szeir’ng”; él'? (félgj'r g?%fhéﬁ%l%'%&l d be

encoded wilPh, apuiuisem: acorrelatey whigh integrales ¢ erselatioago¥ey B @WHsul d be

f[ n or d_e{ t t 3 ?'ﬁéilﬂiti‘%stdgéd k@gﬁhéﬂ%@lﬁ?@?@ﬂﬁi_aﬁ Bfrtﬁirf twitif\ E_di@@tefﬁé ttiﬁﬁ" ddiﬂéihlg

ransmtted fro e desjred satellite, Sincethe timng o e signa

bei ng transm ttpgteqqegﬁy tc#?énﬂ@stﬁ%s(ﬁo’gat %‘H% 95cA disq ?‘FSV&E,W%%“ B g‘?'et he

correl at or carousput fitorgrtheadamsfermswiltindic2e thedprgsenceodf a digaal from as | ong
th . t ! i I L td ] f

The satol |\ te P ypsta BRNe i bebiitbeHerkpth RS ecErfifd SgiamAd £ || 0T

correl ati df f ugesived GRAsigralveral code periods (i.e., up to 20 in the
currently inplenmented GPS system). Furthernore, the tines at which bit

boundaries 201 (see Fi J { | } of the
signal being transm ttlggimﬁgglgﬁ(?@?pgwﬁﬁ?ﬁﬁm ange | ogi cal
state) can al so be determ ned by the processor 403 fromthe information
that is received frRiguthd iSDiM\illestratian dfetheptioving4dfia plrtiosf of @, sighal
nunber of ~god j t : gﬁﬁ,‘ N j S he
nunber of {Qod:tr%gn:ug gf?é}ﬁoanélﬁﬂgfﬁ;?osﬁﬁm %@h{e‘gﬁe, %l?cfgr{egsltﬂs:gg%u%aﬁ to %%%e
length of a bitoda¥i gure 2 shows a bit time that is equal to 20 code

periods. Even nore Fgan digtatdstheitimingedsfa bis wathidspe@itb @ dodédpestod. s known
to occur in the si e

al _that isptransmtted fr th atellite, th e bit
val ues can be take%}sﬂf% dﬁ@SdHPsﬁﬁaf’ﬂé’ng%rcgé@ 8Fr18§ﬁ§ﬁ%4nﬂeysafrﬂP%§riz§1i ng
t he 35 output fimeseadle correl ator 407. Thus, coherent integration can occur
over nore 4shan one ry . £ : in
conmnon useﬂsihn he Uﬁ .,npg‘nisg'ij Bﬁ%ﬁ%ﬁ%ﬁgﬁd#%}ﬁgﬁ? g%ﬁeﬁébao%gnfﬁf gzech
16 ~ar~ 2003 .dipgloserh appayatus. PCTNS99/ 20341 subfrane is a good candi dat e.
The val ue of these Bghid 5 id & sitiplifiedblodidingfaon of afidsher@nshedieseritof the
menory 413 fordl% Ogg§ab¥artatt1ues processor 403. Simlarly, other such patterns
coul d be used. p )

Figure 6 is a simplified block diagram of a GPS receiver that does not
30 have a CDMA telephone as part of the GPS receiver.
Figure 7 is a simplified block diagram of another embodiment of the
disclosed apparatus.
. Figure 8 is a flowchart that illustrates one embodiment of the
disclosed method.
35 Figure 9 is a flowchart that illustrates another embodiment of the
disclosed method.

It should be noted that like reference numbers refer to like elements.



Figure 5 is a sinplified block diagram of another enbodi ment of tHej JAN 7003
.di scl osed apparatus. The enbodi nent disclosed in Figure 5 represents a GPS
recei ver 5Q0p ooffae60GPS recei ver 500 includes a CDVA cel | ul arpgglsmreng 501,
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25 locally generated signal was encoded). The process provides a processing
gain nearly equal to N.

In addition, in the embodiment of the disclosed apparatus shown in
Figure 5, the frequency offset that is determined by the frequency at which
the peak energy is detected at the output of the transform processor 511 can

30 be used to adjust the oscillator which determines the frequency of the
locally generated signal.

In addition, the use of a time to frequency domain transform
processor provides a strong indication of correlation even when a bit
transition occurs such that some of the code periods correlate during a first

35 logical state, and others correlate during a second logical state. In fact, the
use of the time to frequency domain processor provides an indication as to

when a bit transition occurred within the N code periods that are correlated.



1 6 JRN 2003 -13 What is clained is: 1. A nethod for inproving the 16 JANTI
.sensitivity of a dobal Positioning System (GPS) receiver, the nethod

i ncl udi ng tWEAEYE of a) receiving a GPS signal froma GPSPERUSIYA034. )
determ ni ng whether the receiver has a ?ource for synchronization to GPS

" time other than the GPS satellite itsel and c) if there is a source for
synchroni zation to GPS tine other than the GPS satellite itself, then: 1)
det er mi ni ng, Thahis; the panichlagmattern of sitrlobes wihtieh banm daourd the paalpatural ity
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claim1, furtbg% dutglcyeleng the step of

A transform processor can be useful regardless of whether GPS time
is available to provide alignment of the locally generated signal with the
desired GPS signal. In fact, the transform processor is particularly useful

15 when GPS time is not available. For example, Figure 6 is a simplified block
diagram of a GPS receiver 600 that does not have a CDMA telephone as
part of the GPS receiver 600. The GPS receiver 600 includes a processor 603,
memory 609, GPS front end 605, correlator 607, and time to frequency
domain transform processor 611.

20 Since the GPS receiver 600 does not have a CDMA telephone, the
GPS receiver 600 cannot determine GPS time prior to acquiring the signals
(i.e., determining the timing of the signals) from the GPS satellites.
However, use of the transform processor 611 makes it unnecessary to align
the locally generated signal and the received satellite signal. This is because

25 there is an assumption that there will be at least some frequency difference
between the locally generated signal and the signal received from a GPS
satellite. This difference will cause the locally generated signal to “beat” in
and out of alignment with the signal received from the satellite at a rate that
is equal to the offset between the two signals. It is this offset frequency that

30  will be detected by the transform processor output. In addition, as noted
before, the fact that the bit boundaries are not known does not greatly
complicate the detection of the received GPS signal, since the relative
location of the bit boundaries can be determined from the output of the
transform processor 611. However, due to the presence of bit transitions,

35 the technique may suffer at most a 2-dB degradation compared to the
coherent integration that occurs when the timing is known from the CDMA
telephone in the other embodiments.



d) if there is no source for synchronization to GPS tinme other t han 1tohANGBE.
.satellite itself, then: 1) performng a tine to frequency domain transform
on the powavowpen4ste recei ved GPS signal encoded with the paPCTA899@0340de
associated with the particular satelli Llﬁ during each of the plurality of
code periods; and 1 6 JAN 2003 -14 2)*“processing the received GPS signal
using informati on about the particular satellite if the amount of power in
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31gnal the correlatlon over several code periods will degrade for the later
code periods. By determining the offset between the frequency of the
locally generated signal and the signal received from the GPS satellites, this
15  can be corrected, either by controlling the frequency of the locally generated
signal, or by periodic corrections within the correlator.
In another embodiment of a GPS receiver 700, shown in Figure 7, a
CDMA pilot channel, sync channel, and paging channel receiver 701 are
used to detect CDMA signals which indicate the identity of a base station
20 from which such signals originate. This embodiment also includes a
processor 703, a GPS front end 705, a correlator 707, memory 709, and a
time to frequency domain transform processor 711.
By knowing the identity of the base station from which such signals
received by the GPS receiver 700 were transmitted, the location of a base
25 station can be determined by a look-up table within the GPS receiver 700.
The location of the GPS receiver is then known to within a distance equal to
the distance from which the GPS receiver 700 can receive signals
transmitted by the base station.
It should be noted that CDMA system time can be determined from
30 the signals received from the base station. However, GPS time cannot be
determined accurately because of the offset in time that is imposed by the
propagation of the signal from the base station to the GPS receiver. It
should be noted that this offset is accounted for in the embodiment in
which the GPS receiver includes a CDMA telephone by measuring the
35 round trip delay. However, without a transmitter in the GPS receiver 700,
the round trip delay between the base station and the CDMA receiver
cannot be measured. Nonetheless, the offset in time created by the
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| a CDMA base station (STEP 803). In the case in which the GPS timing
information is received from a CDMA base station, the information is
15 received by a CDMA cellular telephone 401. The received GPS signal
received from the satellite by the GPS receiver 400 is correlated with a
locally generated signal (STEP 805). The timing information that is received
from the non-GPS source is used to establish the timing of the correlation
between the locally generated signal and the received GPS signal. Once the
20 timing of the GPS signal is known, establishing the timing between the local
signal and the received GPS signal is well known in the art. Since the
timing of the received GPS signal is known prior to acquiring the GPS
satellite, coherent integration of the correlation can be performed over
several code periods. That is, the correlation of each code period can be
25 added to the correlation of other code periods to provide a greater
correlation value for the collection of code periods over which the coherent
integration is performed.
By detecting the correlation of the locally generated signal to the
received GPS signal using a coherent integration over several code periods,
30 a determination can be made as to whether there is a correlation between
the locally generated signal and the received GPS signal. If so, a
determination is made that a signal transmitted from a satellite associated
with the particular code used to encode the locally generated signal is
present in the received GPS signal (STEP 807).
35 Figure 9 is a flowchart which illustrates another embodiment of the
disclosed method. A signal is received from a GPS satellite by the GPS
receiver 600 (STEP 901). The received GPS signal is correlated with a locally




satellite if the amobunt of power in any one of the frequencies in t1hGeJAN 2003 .
. frequency domain is greater than a predeterm ned threshold. 11. The

appar at us wio hasen 10, wherein the nmeans for determ ni ng Wyettingsvstizal

recei ver has a source for synchronization to GPS tine, other than the GPS
satellite itself, is constructed to resiond to a signal froma Cote
Division Multiple Access (CDVA) base station. 12. The apparatus of claim
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recei ved {§S gésiteddUThRYréGGhcy domain output is then analyzed to determine
whether a signal transmitted from the satellite associated with the
particular code used to encode the locally generated signal is present in the |
received GPS signal (STEP 909).

15 Industrial Application

This invention is capable of exploitation in industry, and can be
made and used, whenever is it desired to have. The individual components
of the apparatus and method shown herein, taken separate and apart from
one another, may be entirely conventional, it being their combination which

20 Iclaim as my invention.

While I have describe various modes of apparatus and method, the
true spirit and scope of our invention is not limited thereto, but is limited
only by the following claims and their equivalents, and we claim such as
our invention.

25 WE CLAIM:



of the plurality of code periods; e) sunmng the power received d“”‘l”@JEr@?d%
. code period to determne a total integrated power over the sum of the
plurality of code periods; and fj processing the received GPS signal using
~information about the particular satelij-te if the total integrated power is
greater than a threshold value. 14. The nethod of claim 13, wherein the
source f ﬁt@g@{rgﬁii@ation to GPS tinme conprises a signal froma Code

Di vi si on tT pl'e Cess (CDVA) base station. 15. The nethod of claim 14,
wherein the signal fromthe CDVA base station includes information based on
the round trip delay fromthe GPS receiver to the base station and back to
adj ust the of fAenethed feseimnroming $he sensitivifyeofan Glepa Rositoning Systema(GRs f or
| mprovin S ARV E . Posi tioning System (GPS) receiver,

t he appa%ggtﬂ\ger’i tﬁgﬁ{ﬁy}orﬁld&igé%ﬁgg%&ggrk receiving a GPS signal froma GPS
satellite; b) adyeaediigi GPSandl figmtalGPS eatellitegr wWith a source for

synchroni zatiqn to GPS tine, other than the GPS satellite [tself. c) nmeans
for deternini i) deterpminghwhehaiie sereter hana sehIFe & SRR todSPS
plurality, 1 i o eceived GPS signal; d) neans for

determ ni(ﬁgértt'ﬁégﬂgﬁoeﬁﬁtsg%?htgg\%%?%ﬁ t he received GPS signal by applying a
particul ar codg ibtheredk atsedrceiférsyachranization tarGRSitislel dther than thedGP® saeNited GPS
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power over thepydéfrRinihg Sfrdth Yh@kyrchronizaGof SoleE, tae bouiict bf BRIt
processing the received GPS signal using information about the particul ar
satelli techf:pcwstlnﬂzﬂremweﬁﬁﬁgémbomer is greater than a threshold val ue.

2) determining the amount of power in the received GPS signal by applying a

particular code associated with a particular satellite to the received GPS signal during each
of the plurality of code periods;

3) summing the power received during each code period to determine a total
integrated power over the sum of the plurality of code periods; and

4) processing the received GPS signal using information about the particular

satellite if the total integrated power is greater than a threshold value.

2. The method of claim 1, wherein the source for synchronization to GPS time

comprises a signal from a Code Division Multiple Access (CDMA) base station.

3. The method of claim 2, wherein the signal from the CDMA base station includes
information based on the round trip delay from the GPS receiver to the bases station and

back to adjust the offset between CDMA system time and GPS time.

4, The method of claim 1, further including the step of:

d) if there is no source for synchronization to GPS time other than the GPS satellite
itself, then:

1) performing a time to frequency domain transform on the power in the received
GPS signal encoded with the particular code associated with the particular satellite during
each of the plurality of code periods; and
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for;

a) performing a time to frequency domain transform on the power in the received
GPS signal encoded with the particular code associated with the particular satellite during
each of the plurality of code periods; and

b) processing the received GPS signal using information about the particular
satellite if the amount of power in any one of the frequencies in the frequency domain is

greater than a predetermined threshold.

11.  The apparatus of claim 10, wherein the means for determining whether the receiver
has a source for synchronization to GPS time, other than the GPS satellite itself, is

constructed to respond to a signal from a Code Division Multiple Access (CDMA) base

station.

12.  The apparatus of claim 11, wherein the means for determining whether the receiver
has a source for synchronization to GPS time, other than the GPS satellite itself, is
constructed:

a) to respond to information, included in the signal from the CDMA base station,
based on the round trip delay from the GPS receiver to the base station and back; and

b) to thereby adjust the offset between CDMA system time and GPS time.

13. A method for improving the sensitivity of a Global Positioning System (GPS)
receiver, the method including the steps of:

a) receiving a GPS signal from a GPS satellite;
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e) summing the power received during each code period to determine a total
integrated power over the sum of the plurality of code periods; and
f) processing the received GPS signal using information about the particular

satellite if the total integrated power is greater than a threshold value.

14.  The method of claim 13, wherein the source for synchronization to GPS time

comprises a signal from a Code Division Multiple Access (CDMA) base station.

15.  The method of claim 14, wherein the signal from the CDMA base station includes
information based on the round trip delay from the GPS receiver to the base station and

back to adjust the offset between CDMA system time and GPS time.

16.  Apparatus for improving the sensitivity of a Global Positioning System (GPS)
receiver, the apparatus including:

a) means for receiving a GPS signal from a GPS satellite;

b) means for providing the receiver with a source for synchronization to GPS time,
other than the GPS satellite itself;

¢) means for determining, from the synchronization source, the boundaries of a
plurality of code periods in the received GPS signal;

d) means for determining the amount of power in the received GPS signal by
applying a particular code associated with a particular satellite to the received GPS signal
during each of the plurality of code periods;

e) means for summing the power received during each code period to determine a
total integrated power over the sum of the plurality of code periods; and

f) means for processing the received GPS signal using information about the

particular satellite if the total integrated power is greater than a threshold value.
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