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FAST GPS SIGNAL ACQUISITION IN GPS SYSTEMS
ABSTRACT OF THE DISCLOSURE

An improved code acquisition scheme for faster acquisition of GPS “coarse acquisition” (C/A) codes
leads to faster detection of GPS signals, and thereby a wireless terminal may determine its position in a
shorter period of time. The scheme is a combination of a frequency-domain and time-domain code acquisition
techmques. The scheme utilizes a frequency-domain code acquisition technique to detect one GPS signal and
to create a precise timing reference at the wireless terminal, and then utilizes time-domain code acquisition
techmques to detect other GPS signals from the same satellite or other satellites faster. The scheme has the
advantage of Being able to be used for any wireless communications system without the requirement of
maintaining a precise timing reference in the wireless terminals, and without the requirement of heavy

computational resources that are usually needed in systems that utilize frequency-domain code acquisition

techniques.
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FAST GPS SIGNAL ACQUISITION IN GPS SYSTEMS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to satellite navigation systems, and, more
particularly, to satellite navigation systems employing wireless communications

technology to enhance signal-detection sensitivity.

Description of the Related Art

A satellite navigation system, such as the Global Positioning System (GPS),
comprises a constellation of satellites that transmit GPS signals that can be used by a
wireless terminal to determine the wireless terminal’s position. The orbits of the
satellites are arranged in multiple planes in order that signals can be received from at
least four satellites at any position on earth. More typically, signals are received from six

or eight satellites at most places on the earth’s surface.

FIG. 1 illustrates GPS system 100 of the prior art. In prior art system 100, one or
more satellites 101 of a satellite constellation transmit GPS signals 102 that are received
by a wireless terminal 103. As is known in the art, the positioning operation is
performed by receiving GPS signals 102 from three or more satellites. The basic method
of determining position is based on knowing the time difference for each of the satellites.
The time difference for a satellite is the time required for a GPS signal 102 initiated at
the satellite to be received by wireless terminal 103. When GPS signals 102 from three
satellites are simultaneously received, a “two-dimensional’ position (latitude and
longitude) can be determined. When GPS signals 102 are received from four or more
satellites simultaneously, a “three-dimensional” position (latitude, longitude, and

altitude) can be determined.
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Wireless terminal 103 typically comprises a GPS receiver 105 for receiving GPS
signals 102 via a GPS antenna 107. A measured range, referred to as a “pseudorange,” 1s
determined between GPS recetver 105 and each of the satellites based upon the
corresponding signal propagation time. The measured range 1s referred to as the
pseudorange, because there is typically a time offset between the mutually synchronized
clocks on the satellites and the local clock within GPS receiver 10S. To determine a
three-dimensional position, at least four GPS signals are needed to solve for the four
unknowns representing the time offset and the three-dimensional position of wireless
terminal 103.

The nature of the GPS signals transmitted from the satellites 1s well known 1n the
art. Each satellite transmits two spread-spectrum, L-band carrier signals, referred to as the
L1 and L2 signals. Two signals are needed if 1t 1s desired to eliminate errors that may arise
due to refraction of the transmitted signals by the 1onosphere. The L1 signal from each
satellite 1s binary-phase shift-key (BPSK)-modulated by two pseudorandom noise (PN)
codes in phase quadrature. A pseudorandom noise code sequence 1s a series of numbers that
1s random 1n the sense that knowledge of which numbers have already been received does not
provide assistance in predicting the next received number. Further, using a biary PN code
to modulate the phase of a carrier signal produces a suppressed carrier spread-spectrum
signal. The L2 signal from each satellite 1s BPSK-modulated by only one of the PN codes.
Use of the PN codes allows simultaneous use of a plurality of GPS signals for determining a
receiver’s position and for providing satellite-specific navigation information. A GPS signal
transmitted by a particular satellite 1s selected by generating and matching, or correlating, the
PN code for that particular satellite. Some of the PN codes are known and are generated or
stored 1n GPS receiver 105. Other PN codes are not publicly known.

A first known PN code for each satellite 1s the “coarse acquisition™ or C/A code. A
second known PN code for each satellite 1s the “precision™ or P code. The C/A code 1s
intended to facilitate rapid GPS signal acquisition and hand over to the P code. The C/A
code 1s a relatively short, coarse-grained code. The C/A code has a relatively short length
before it repeats. The P code, on the other hand, 1s a relatively long, fine-grained code. The

full P code has a length of 259 days, with each satellite transmitting a unique portion of the



10

15

20

25

30

CA 02340519 2001-03-13

Da 3-35 3

full P code. The portion of the P code transmitted by a given satellite has a length of

precisely one week before the portion repeats.

In GPS recetver 105, signals corresponding to the known C/A and P codes may be
generated 1n the same manner as in the satellites. The L1 and L2 signals from a given
satellite are demodulated by aligning the phases, 1.e., adjusting the timing of the locally
generated codes with those received from the satellites. To achieve phase alignment, the
locally generated code replicas are correlated with the received GPS signals until the
resultant output signal reaches a peak. Because the time at which each particular bit of the
PN code sequence 1s transmitted from the satellite 1s defined, the time of receipt of a
particular bit can be used as a measure of the range to the satellite. Because the C/A and P
codes are unique for each satellite, a specific GPS satellite may be 1dentified based on the
results of the correlations between the received GPS signals and the locally generated C/A
and P code replicas. Methods for generating the C/A and P codes are set forth in various
publicly available publications.

The C/A code component of the L.1 signal 1s provided for commercial use. Various
techniques have been developed to replicate the C/A code in GPS recervers. As a
consequence of the repetition of the C/A code approximately once every millisecond,
correlation at the GPS receiver may be performed 1n the absence of precise knowledge of the
time of transmission of each C/A code bit. Acquisition of the P code 1s generally acquired
by first locking onto the C/A code. Once the C/A code has been acquired, the C/A code-
modulated carrier component of the L1 signal carrier alone may allow for satistactory
measurements. However, when high-resolution measurements are desired to be made
quickly, the L2 carrier signal must also be used. The unknown atmospheric delay of the L1
and L2 carriers may be determined when both the L1 and L2 carriers are used.

The GPS signals are intended to be recovered by correlating each incoming signal
with a locally generated replica of each code, both the P code and the C/A code. The result
of such correlation is that the carrier in the GPS signals 1s totally recovered when the
modulating signal 1s the PN code sequence that matches the P code or the C/A code. The
locally generated PN code is adjusted in time to provide an optimum correlation with the

incoming signal. The correlation output is then a single narrowband peak centered at the
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carrier frequency. The carrier recovered by correlation provides the best available signal-to-

noise ratio.

The key to achieving GPS navigational performance is the processing of one or more
GPS signals, each of which carnies a coarse acquisition code, to achieve code acquisition of
these GPS signals.

There are two commonly known approaches for the C/A code acquisition process:
code acquisition 1n the frequency domain and code acquisition in the time domain.
Frequency-domain code acquisition schemes are based on the fast Fourier transformation.
Time-domain code acquisition schemes are processes that align the incoming GPS code with
the local replicated code within one chip or, equivalently about one micro-second, since the
chip rate for a GPS C/A code 1s 1.023 MHz.

For a conventional wireless terminal to achieve code acquisition 1n the time domain,
the correlation procedure 1s typically implemented many times, where each implementation
searches one possible code phase at one possible Doppler frequency. There are a total of
1023 chips in a C/A PN code, and the Doppler frequency range of the GPS signal 1s (-5000,
+5000) Hz. As a result, the maximum number of code-phase searching steps 1s 2046, while
the maximum number of Doppler searching steps 1s 200. For each searching step, one may
increase code phase by a half-chip, or one may increase the Doppler frequency by 500 Hz.
As aresult, the acquisition time 1s proportional to the product of the number of code-phase
searching steps and the number of carrier-frequency searching steps.

If the satellite Doppler frequencies are known or can be predicted, they can be
utilized to reduce the signal detection acquisition time for both the time-domain and the
frequency-domain approaches. If the satellite code phases or ranges are known or can be
predicted, they may be useful for the time-domain code acquisition schemes provided that
the wireless terminal has built a precise timing reference. The frequency-domain code
acquusition scheme however does not rely on the satellite code phase information and thus
places a heavier computational burden on the wireless terminal than the time-domain code
acquisition approach. Furthermore, the wireless terminal utilizing a frequency-domain code
acquisition scheme takes a longer time to find its position.

SUMMARY OF THE INVENTION
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An mmproved code acquisition scheme for faster acquisition of GPS “coarse
acquusition” (C/A) codes 1s proposed. The faster acquisition of C/A codes leads to faster
detection of GPS signals, and thereby a wireless terminal may determine its position in a
shorter period of time. The proposed scheme 1s a combination of a time-domain code
acquisition scheme and a frequency-domain code acquisition scheme. The proposed scheme
utilizes a frequency-domain code acquisition technique to detect one GPS signal and to
create a precise timing reference, and then utilizes time-domain code acquisition techniques
to detect other GPS signals from the same satellite or other satellites faster. The proposed
scheme has the advantage of being able to be used for any wireless communications system
without the requirement of maintaining a precise timing reference in the wireless terminals,
and without the requirement of heavy computational resources that are usually needed 1n
systems that utilize frequency-domain code acquisition schemes.

In accordance with one implementation of the present invention, a wireless GPS
information server (WGIS) communicating with the wireless terminal via a wireless or land-
line link 1s provided. The WGIS maintains information about all satellites 1in view. This
information includes each satellite’s navigation data which 1s modulated onto the
corresponding GPS signal. The WGIS then utilizes known features of the navigation data
stream and the demodulated navigation data to predict one or more code phases (or
equivalently the predicted ranges) and one or more Doppler frequencies. The server then
forwards the predicted code phases and the predicted Doppler frequencies to the wireless
termunal.

The wireless terminal detects at least one GPS signal by a conventional code
acquisition technique in the frequency domain. The predicted Doppler frequency received
from the WGIS helps the detection process by narrowing the frequency search bin. After the
detection of a GPS signal from a satellite, the code phase of the GPS signal or the
pseudorange from the wireless terminal to the satellite 1s measured. The difference between
the previously predicted code phase received from the WGIS and the actual measured code
phase is then calculated. The difference between the code phases 1s then converted into time

units based on the known GPS signal frequency. For example, 1023 chips of code phase
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equals 1 ms of time. A precise timing reference 1s then established by adjusting the time

reference of the wireless terminal by the calculated time units.

The wireless terminal may then use the precise timing reference to apply time-
domain code-acquisition techniques to detect other GPS signals from the same satellite
or other satellites 1n a relatively short time. These other GPS signals may be previously
stored GPS signals or subsequent GPS signals. Generally, the WGIS provides the
wireless terminal with satellite Doppler frequencies having an error less than 50 Hz.

As such, the wireless terminal need no longer to try all possible frequency steps in the
code-acquisition process. The acquisition time 1s reduced by being proportional to the
actual number of code-phase searching steps. Furthermore, the WGIS provides the
wireless terminal with the satellite’s code phase information, and, thus the wireless
terminal only needs to search within the possible code phases defined by the timing
accuracy. Therefore, the wireless terminal has the advantages of faster code-acquisition
and lower computational requirements. For example, if the wireless terminal has
established a precise local timing reference accurate to the level of a few micro-seconds,
the wireless terminal needs to search GPS signals in only a few code phase chips and
thereby wireless terminal may acquire subsequent GPS signals in a relatively short

period of time.

In an alternative implementation, the code phase and Doppler frequency
prediction capabilities are provided within the wireless terminal. In this embodiment, the
WGIS receives a GPS signal, demodulates the navigation data modulated on the GPS
signal, and forwards the demodulated navigation data to the wireless terminal. The
wireless terminal receives the demodulated navigation data from the WGIS and predicts
a code phase and a Doppler frequency. The remaining steps of detection of a GPS signal
In the frequency domain, measurement of an actual code phase, comparison of the
predicted code phase and the actual code phase, computation of a difference between
both code phases, conversion of the difference between code phases to time units,
establishment of a precise timing reference, and detection of other GPS signals in the

time domain remain the same as in the first embodiment.
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In accordance with one aspect of the present invention there is provided a method
for detecting two or more signals from one or more satellites, comprising the steps of:
(a) recerving timing reference assistance information corresponding to a detected first
signal from a first satellite; (b) detecting a second signal from a satellite using a
frequency-domain code-acquisition technique; (c) determining an actual code phase
based on the detected second signal; (d) generating a precise timing reference by
adjusting a local clock reference based on differences between the actual code phase and
a predicted code phase indicated by the timing reference assistance information; and
(e) detecting one or more other signals based on the precise timing reference using one

or more time-domain code-acquisition techniques.

In accordance with another aspect of the present invention there is provided a
terminal for detecting two or more signals from one or more satellites, the terminal
comprising: (a) a satellite receiver configured to receive the two or more signals from
one or more satellites; (b) a telecommunication receiver configured to receive timing
reference assistance information corresponding to a detected first signal from a first
satellite; (c) a processor configured to process the two or more signals from the satellite
receiver and the timing reference assistance information from the telecommunication
receiver; and (d) a timing calibrator configured to generate a precise timing reference
for the terminal, wherein: the satellite receiver detects a second signal from a satellite
using a frequency-domain code-acquisition technique; the processor determines an actual
code phase based on the detected second signal; the timing calibrator generates the
precise timing reference by adjusting a local clock reference based on differences
between the actual code phase and a predicted code phase indicated in the timing
reference assistance information; and the processor detects one or more other signals
based on the precise timing reference using one or more time-domain code-acquisition

techniques.
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BRIEF DESCRIPTION OF THE DRAWINGS

Other aspects, features, and advantages of the present invention will become
more fully apparent from the following detailed description, the appended claims, and
the accompanying drawings in which:

FIG. 1 1llustrates a prior art satellite navigation system:;

FIG. 2 illustrates a wireless satellite navigation system 1n accordance with an
1llustrative embodiment of the present invention;

FIG. 3 1s a block diagram illustrating major components of a wireless GPS
information server (WGIS) 1in accordance with a first implementation of the present
Invention;

FIG. 4 1s a block diagram 1llustrating major components of a wireless terminal in
accordance with the first implementation of the present invention;

FIG. 5 1s a block diagram 1illustrating major components of a WGIS in
accordance with a second implementation of the present invention;

F1G. 6 1s a block diagram illustrating major components of a wireless terminal in
accordance with the second implementation of the present invention;

FIG. 7 1s a tlow-chart 1llustrating various steps involved 1n the first
implementation of the present invention; and

FIG. 8 1s a flow-chart illustrating various steps involved in the second
implementation of the present invention.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

FIG. 2 illustrates a wireless satellite navigation system 200 in accordance with an

1llustrative embodiment of the present invention. Wireless satellite navigation system
200 comprises a conventional satellite constellation (i.e., a plurality of GPS satellites
101), a wireless terminal 203, and a wireless GPS information server (WGIS) server 205.
Satellite constellation 101 is preferably the GPS system, which is well known in the art.
Those skilled 1n the art will understand how to implement the present invention in the
context of satellite navigation systems other than the GPS system.

WGIS 205 communicates with wireless terminal 203 via a telecommunications
link 204, which may be a wireless link or a land-line link. One goal of the illustrative

embodiment 1s to create a precise timing reference so that time-domain code-acquisition
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processing may be applied in systems where wireless terminals do not otherwise maintain

precise timing references.

In accordance with the 1illustrative embodiment, the signal acquisition and signal
processing requirements of wireless terminal 203 are reduced by the use of WGIS 205. In
particular, the tasks of GPS code acquisition and GPS signal processing required for a
conventional wireless terminal are divided between wireless terminal 203 and WGIS 205.
Partially processed signal information can be exchanged back and forth between the two
through telecommunications link 204 as needed to achieve a desirable division of processing
tasks between wireless terminal 203 and WGIS 205,

It 1s possible to divide the processing tasks between wireless terminal 203 and
WGIS 205, because the GPS signal transmitted by each satellite 101 carmes the satellite’s
position data as well as information about clock timing. More specifically, the GPS signal 1s
modulated with digital information 1n a manner similar to how, for example, a cellular
telephone’s radio signal 1s modulated with voice data. Such information can be detected and
demodulated by any receiver adapted to do so. The position data reconstructed by the
receiver 1s an exact replica of the information modulated onto the signal by the transmitter
(except for possible errors due to noise, distortion, etc.) and 1s the same for all recervers,
regardless of their position. This position data shall be referred to as “information about the
satellite’s ephemerts.”

In a GPS system, there 1s also important information in the timing of the GPS signal.

The transmitting satellite carefully adjusts the timing of the transmitted GPS signal
according to some precise reference, such that the timing of the signal, as received by a
wireless terminal, carmes information about the distance between the transmitting satellite
and the wireless terminal. Such information will be different from one wireless terminal to
another wireless terminal, and 1s only available at the wireless terminal itself. This
information shall be referred to as “ranging information.”

For example, since each satellite 101 transmits a GPS signal 102 that contains both
kinds of information to both wireless terminals 203 and WGIS 205, some or all of the

information about the satellite’s ephemeris can be acquired by WGIS 205 even though the
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ranging mnformation acquired by WGIS 205 is relevant to the position of WGIS 205 and not

to the position of wireless terminal 203.

However, WGIS 205 may have approximate knowledge of the position of wireless
terminal 203 (for example, through knowledge of the cell and sector where a wireless
termnal 1s located). Therefore, WGIS 205 may combine this knowledge with the acquired
ranging information and with the satellite’s ephemeris information to predict ranging
information for wireless terminal 203 (in particular, predict a code phase and a Doppler
frequency for wireless terminal 203). These predictions, together with the satellite’s
ephemeris information, are transmitted, via telecommunications link 204, to wireless
terminal 203 to assist wireless terminal 203 in reducing signal acquisition time for other
GPS signals.

Because wireless terminal 203 1s freed from the task of acquiring some or all of the
information about the satellite’s ephemeris and 1s advantageously provided with a prediction
of the ranging information, wireless terminal 203 can use the predicted information to create
a precise timing reference and then acquire other GPS signals 1n a relatively short period of
time by utilizing time-domain code acquisition techniques.

FIG. 3 1s a block diagram illustrating major components of WGIS 205 in accordance
with a first implementation of the present invention. In this embodiment, WGIS 205
comprises a GPS antenna 209, a GPS receiver 301, a coarse location predictor 303, a
satellite visibility predicator 305, a Doppler predictor 307, a code-phase predictor 309, a
telecommunication system manager 311, and a telecommunication transceiver 313.

In general, WGIS 20S uses 1ts GPS recerver 301 (or alternatively a network of GPS
recetvers (not shown)) to obtain from each satellite above the horizon both ranging
information and information about the satellite’s ephemeris, in well-known fashion using the
Coarse Acquisition (C/A) code and possibly the Precision (P) code. In the process of
obtaming the ranging and satellite ephemeris information, WGIS 205 determines from its
GPS receiver 301, among other things: (1) the 50-bps modulated bit stream from each
satellite, (2) the identity of satellites that dre above the horizon (relative to the terminal), (3)
the PN synchromzation from each satellite (1.e., the exact timing of the PN code transmutted

by each satellite), and (4) the Doppler shift associated with each satellite.
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When WGIS 205 i1s part of a wireless telecommunications system that partitions a
geographic area into a number of tessellated areas called “cells,” WGIS 205 knows which
cell wireless terminal 203 is 1n and, therefore, its location to within a few miles.
Telecommunication system manager 311 informs coarse location predictor 303 of the cell in

S which wireless terminal 203 1s located. Coarse location predictor 303 uses the information
from telecommunications system manager 311 to predict the latitude and longitude of the
location of wireless terminal 203.

For each GPS signal from a satellite 101 above the horizon, GPS receiver 301

determines the signal’s exact time of arrival (i.e., its PN synchronization). GPS receiver 301

10 demodulates each acquired signal to recover its 50-bps modulated bit stream. Satellite
visibility predictor 305 extracts satellite ephemeris information from the received modulated
bit streams and estimates which satellites are visible to wireless terminal 203 at its location
based on the predicted latitude and longitude generated by coarse location predictor 303.
Doppler predictor 307 predicts a Doppler frequency for wireless terminal 203 based on the

15 predicted latitude and logitude of the wireless terminal. In a similar manner, code-phase
predictor 309 predicts a code phase for wireless terminal 203 based on the satellite
ephemeris information extracted from the 50-bps modulated bit stream.

For at least one GPS signal processed by WGIS 205, telecommunications
transcerver 313 transmits to wireless terminal 203 over a telecommunications channel 204

20 (1) the predicted code phase, (2) the predicted Doppler frequency, and (3) the demodulated
50-bps modulated bit stream. Collectively, this information is known as “Navigation
Message Data.”™
FIG. 4 1s a block diagram 1illustrating major components of wireless terminal 203,
which comprises: a GPS antenna 207, a GPS receiver 401, a processor 403, a timing
25 calibrator 405, and a telecommunication transceiver 407. Preferably, but not necessarily,
wireless terminal 203 is capable of performing all of the functionality associated with a
typical wireless terminal (e.g., a cellular telephone). In addition, wireless terminal is
preferably capable of having bi-directional communication capabilities with WGIS 205.
The Navigation Message Data transmitted from WGIS 2085 1s received by wireless terminal 203 via

30 telecommunication transceiver 407, which passes the Navigation Message Data to processor 403. Wireless
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terminal 203 also receives the direct sequence spread spectrum C/A code signals from the visible satellites
via GPS receiver 401. Wireless terminal 203 then detects one of the GPS signals utilizing a conventional

frequency-domain code acquisition technique aided by the satellite Dbpplcr frequency provided by WGIS
205.

Processor 403 computes the actual code phase associated with the detected GPS sxgnal Processor
403 then compares the actual code phase to the predicted code phase supplied by WGIS 205 to compute the

- difference between the actual code phase and the predicted code phase. Processor 405 then converts the

difference between the code phases to time units and forwards that information to timing calibrator 405.
Timing calibrator 405 adjusts the timing of a local clock maintained in the wireless terminal by the calculated

‘time units to create a precise timing reference.

The wireless terminal is then capable of utilizing time-domain code acquisition techniques to detect
other GPS signals, which may correspond to the same satellite or different satellites.

FIG. 5 1llustrates major components of WGIS 205, in accordance with a second implementation of
the present mvention. In this implementation, WGILS 205 comprises a GPS antenna 209, a GPS receiver 501,
a coarse location predictor 503, a satellite visibility predictor 505, a telecommunication system manager 511,
and a telecommunication transceiver 513, each of which performs functions analogous to the corresponding
components of WGIS 205 in the first implementation of FIG. 3. In this second implementation, however,
telecommunication transceiver S13 forwards the demodulated 50-bps bit stream and predicted location of the
wireless terminal to wireless terminal 203 via telecommunication link 204

FIG. 6 illustrates major components of wireless terminal 203 in accordance with the second

embodiment of the present invention. Wireless terminal 203 comprises a GPS antenna 207, a GPS receiver
601, a processor 603, a tming calibrator 605, a telecommunication transceiver 607, a Doppler predictor 609

and a code-phase predictor 611. Telecommunication transceiver 607 receives the demodulated 50-bps bit
stream and approximate wircless terminal location from WGIS 205, and predictors 609 and 611 utilize this
information to predict a code phase and a Doppler frequency, respectively.

GPS receiver 601 detects a GPS signal utilizing a frequency-domain code acquisition technique and
forwards 1t to processor 603, which determines an actual code phase. Processor 603 then compares the
predicted code phase and the actual code phase to determine the difference between the code phases. .
Processor 603 then converts the difference to time units and timing calibrator 605 creates a precise timing

reference by adjusting the local clock in the wireless terminal.
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FIG. 7 is a flow-chart illustrating varnous steps mvolved in the acquisition of GPS signals n
accordance with the first implementation of the present invention corresponding to FIGs. 3-4. In this method,

 the WGIS receives a GPS signal (step 701) to determine the satellite’s cphemens information (step 703).

The WGIS also computes an approximate position of the wireless terminal based on its cell and sector (step
705). Then, the WGIS predicts a code phase and a Doppler frequency for the wircless terminal (step 707).
The WGIS then forwards the predicted code phase and the predicted Doppler frequency to the wireless
terminal (step 709). _

The wireless terminal receives the predicted code phase and Doppler frequency and, by its GPS
receiver, also detects the GPS signal from the comresponding satellite utilizing a frequency-domain code
acquisition technique (step 711). The predlcted Doppler frequency helps in the detection of the GPS signal.
The wireless termial then computes an actual code phase associated with the detected GPS signal (step 713).

The wireless terminal then compares the actual code phase and the predicted code phase to find a difference
between the code phases (step 715). The wireless terminal then converts the code phase difference to time
units (step 717) and adjusts its timing by the computed time units to create a precise timing reference (step
719). The wireless terminal is then capable of detecting other GPS signals utilizing time-domain code

acquisition techniques (step 721). The other GPS signals may correspond to the same satellite or different
satellites.

FIG. 8 illustrates the various steps involved in the second implementation of the present invention
corresponding to FIGs. 5-6. The WGIS receives a GPS signal (step 801) to determine the satellite’s
ephemeris information (step 803). The WGIS also computes an approxamate position of the wireless
terminal (step 805). The WGIS then forwards the satellite ephemens and approximate position information
to the wireless terminal (step 807).

The wireless terminal utilizes the satellite ephemeris and the approximate position information to
predict a code phase and a Doppler frequency (step 809). The wireless terminal also detects a GPS signal
using a frequency-domain code acquisition technique (step 811) and computes an actual code phase (step
813). Steps 815-821 in FIG. 8 are similar to steps 715-721 1n FIG. 7, where the difference betwecn the
actual code phase and the predicted code phase is computed and a precise timing reference is created. As in
FIG. 7, the wireless terminal is then capable of detecting other GPS signals by utilizing time-domain code
acquisition techniques.

In both the embodiments of FIGs. 7 and 8, the WGIS may be said to transmit “timing reference
assistance nformation’ to the wircless terminal. In the embodiment of FIG. 7, the timing reference assistance
information comprises a predicted code phase and a predicted Doppler frequency, where the WGIS has
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approximate location of the wireless terminal, and the wireless terminal then generates the predicted code

phase and Doppler frequency from the approximate location of the wireless terminal.

One goal of the present invention is to reduce signal acquisition and signal processing requirements

of a conventional wireless terminal so that a wireless terminal in accordance with the present invention can

determine its location more quickly and with weaker GPS signals than wireless terminals in the prior art.
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CLAIMS

1. A method for detecting two or more signals from one or more satellites,
comprising the steps of:

(a) receiving timing reference assistance information corresponding to a
detected first signal from a first satellite;

(b) detecting a second signal from a satellite using a frequency-domain
code-acquisition technique;

(¢) determining an actual code phase based on the detected second signal,;

(d) generating a precise timing reference by adjusting a local clock reference
based on differences between the actual code phase and a predicted code phase indicated
by the timing reference assistance information; and

(e) detecting one or more other signals based on the precise timing reference

using one or more time-domain code-acquisition techniques.
2. The invention of claim 1, wherein the second signal is from the first satellite.

3. The 1invention of claim 1, wherein the second signal is from a second satellite

different from the first satellite.

4. The invention of claim 1, wherein the second signal is detected using a

frequency-domain code-acquisition technique.

5. The invention of claim 4, wherein a predicted Doppler frequency indicated in the
timing reference assistance information based on the detected first signal is used to

accelerate the frequency-domain code-acquisition technique used to detect the second

signal.

6. The invention of claim 5, wherein the timing reference assistance information

comprises the predicted Doppler frequency.

7. The invention of claim 5, wherein the predicted Doppler frequency is generated

from the timing reference assistance information.
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8. The invention of claim 1, wherein the one or more other signals comprise one or

more signals from one or more satellites other than the first satellite.

0. The invention of claim 1, wherein the one or more other signals comprise a

subsequent signal from the first satellite.

10.  The invention of claim 1, further comprising the step of determining position
based on the detected second signal and two or more other detected signals from two or

more other satellites.

11. The invention of claim 1, wherein:
the first signal is a first GPS signal from a first GPS satellite; and
the second signal 1s a second GPS signal from the first GPS satellite.

12.  The invention of claim 1, wherein the timing reference assistance information

comprises the predicted code phase.

13.  The invention of claim 1, wherein the predicted code phase 1s generated based on

the timing reference assistance information.

14. A terminal for detecting two or more signals from one or more satellites, the
terminal comprising:

(a) a satellite receiver configured to receive the two or more signals from one
or more satellites;

(b)  atelecommunication receiver configured to receive timing reference
assistance information corresponding to a detected first signal from a first satellite;

(c) a processor configured to process the two or more signals from the
satellite receiver and the timing reference assistance information from the
telecommunication receiver; and

(d) a timing calibrator configured to generate a precise timing reference for
the terminal, wherein:

the satellite receiver detects a second signal from a satellite using a frequency-

domain code-acquisition technique;
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the processor determines an actual code phase based on the detected second
signal;

the timing calibrator generates the precise timing reference by adjusting a local
clock reference based on differences between the actual code phase and a predicted code

phase indicted in the timing reference assistance information; and

the processor detects one or more other signals based on the precise timing

reference using one or more time-domain code-acquisition techniques.
15.  The invention of claim 14, wherein the second signal 1s from the first satellite.

16. The invention of claim 14, wherein the second signal 1s from a second satellite
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