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(57) ABSTRACT 

Amobile location system. The GPS location system includes 
a radio positioning system (RPS) for determining times-of 
arrival at several locations for a radio positioning signal 
transmitted from a mobile unit and then using the times-of 
arrival for determining an RPS-based position and time for 
the mobile unit. The mobile unit uses the RPS-based posi 
tion and time for focusing a code phase search to a narroW 
range for rapidly acquiring a GPS signal. 
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RADIO POSITIONING SYSTEM FOR PROVIDING 
POSITION AND TIME FOR ASSISTING GPS 
SIGNAL ACQUISITION IN MOBILE UNIT 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] The invention relates generally to cellphone GPS 
location systems and more particularly to a positioning 
system using radio signal times-of-arrival for determining a 
radio positioning system (RPS)-based position and time and 
then using the RPS-based position and time for improving 
the speed and sensitivity of a GPS receiver for acquiring 
GPS signals. 

[0003] 2. Description of the Background Art 

[0004] The global positioning system (GPS) is a system 
using GPS satellites for broadcasting GPS signals having 
information for determining position and time. Each GPS 
satellite broadcasts a GPS signal having tWenty millisecond 
data bits modulated by a one millisecond pseudorandom 
noise (PRN) code having 1023 bits or chips. The PRN code 
is knoWn as a spreading code because it spreads the fre 
quency spectrum of the GPS signal. This spread spectrum 
signal is knoWn as a direct sequence spread spectrum 
(DSSS) signal. 
[0005] The GPS signals from all the satellites are broad 
cast at about the same carrier frequency. HoWever, the PRN 
code for each GPS satellite is different, thereby enabling a 
GPS receiver to distinguish the GPS signal from one GPS 
satellite from the GPS signal from another GPS satellite. The 
tWenty millisecond data bits are organiZed into frames of 
?fteen hundred bits. Each frame is subdivided into ?ve 
subframes of three hundred bits each. Near the start of each 
subframe is a Zcount having the GPS clock time that the 
subframe Was transmitted. A GPS receiver determines a 
one-Way range, called a pseudorange because it includes a 
local time offset, to a GPS satellite from the time-of-arrival 
of the PRN code, the Zcount and ephemeris parameters in 
the GPS signal that it receives from that GPS satellite. 
Normally four or more pseudoranges are used for determin 
ing or overdetermining a three dimensional position and 
GPS time. Three GPS satellites are suf?cient if altitude is 
knoWn or assumed. 

1. Field of the Invention 

[0006] GPS receivers are used in many applications Where 
it is important to minimiZe the time duration betWeen the 
time When the GPS receiver is turned on, or returns from a 
standby mode, and the time When it provides its position. 
This time duration, knoWn as the time to ?rst ?x (TTFF), 
generally includes (i) the time to acquire GPS signal poWer 
by tuning a local frequency and a local PRN replica code 
phase in the GPS receiver to match the carrier frequency and 
the PRN code phase of the incoming GPS signal, (ii) the 
time to receive data bits in the GPS signal to determine a 
GPS clock time, (iii) the time to receive ephemeris param 
eters in the GPS data bits, and (iv) the time to process the 
code phase timing, GPS clock time and ephemeris for 
determining a position. 

[0007] Conventional GPS receivers acquire signal poWer 
With a search algorithm. In a typical search algorithm, the 
local frequency is set to a ?rst trial frequency and then 
correlations are determined betWeen the incoming GPS 
signal PRN code and all possible code phases of a local 
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replica of the code. In order ensure that the correct code 
phase is not missed, it is conventional to increment the 
replica code phase in one-half chip or even smaller steps. A 
high correlation value indicates that signal poWer has been 
found. If no correlations are high enough, the local fre 
quency is set to a second trial frequency and the correlations 
are repeated. Although no one correlation Will take a great 
deal of time, the great number of correlations that must be 
performed can result in the time to ?nd signal poWer to 
acquire a GPS signal being the largest single component of 
the time to ?rst ?x (TTFF). 

[0008] There is a need for reducing the time that is 
required to acquire signal poWer in a GPS signal in order to 
reduce the total time to ?rst ?x in a GPS receiver. 

SUMMARY OF THE INVENTION 

[0009] An object of the present invention is to reduce the 
time for acquiring signal poWer in a GPS signal by ?rst 
determining radio signal times-of-arrival (TOA)s in a radio 
positioning system; using the radio signal TOAs for com 
puting a radio positioning system (RPS)-based position and 
time; and then using the RPS-based position and time for 
presetting a local GPS PRN replica code phase close to the 
GPS PRN code phase of an incoming GPS signal in order to 
reduce the number correlations that need to be performed in 
order to ?nd the correct GPS signal code phase. 

[0010] Brie?y, in a preferred embodiment, the present 
invention is a radio positioning system (RPS) apparatus 
having a server and three system units; and a mobile unit 
having a radio transceiver, a code range selector, and a GPS 
receiver. The mobile GPS receiver tunes its local reference 
frequency according to an accurate frequency in a radio 
system signal from the RPS apparatus; stores ephemeris 
parameters received from the RPS apparatus; and receives 
an RPS-based position and time from the RPS apparatus. 
The mobile GPS receiver uses the RPS-based position and 
time and ephemeris parameters for narroWing its search 
range for ?nding the correct PRN code phase for acquiring 
a GPS signal. 

[0011] The RPS apparatus derives the RPS-based position 
and time together from the times-of-arrival (TOA)s of a 
radio positioning signal transmitted by the mobile trans 
ceiver. The system units determine respective TOAs for the 
radio positioning signal according to GPS time. The server 
uses the radio signal TOAs for deriving the RPS-based 
geographical position for the mobile unit and the time-of 
transmission (TOT) of the radio positioning signal. 

[0012] The mobile transceiver generates a local TOT 
trigger to the code range selector for the time-of-transmis 
sion of the radio positioning signal. The code range selector 
uses the TOT trigger for determining an elapsed time 
betWeen the transmission of the radio positioning signal and 
a current time; and then adds the elapsed time to the 
RPS-based time for determining an RPS-based estimate of 
current GPS time. The RPS-based GPS time estimate is 
moved back to the GPS satellite by the transit time of the 
GPS signal to predict a particular code chip that is currently 
being received. The transit time is determined from the 
RPS-based position of the mobile unit and the location-in 
space of the GPS satellite. The location-in-space of the GPS 
satellite is determined from the ephemeris parameters and 
the RPS-based GPS time estimate. 
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[0013] The code range selector issues a code search range 
having a search Width about a search range center for the 
current predicted chip. The mobile GPS receiver searches 
Within the code search range for the code of the incoming 
GPS signal. The search Width is based on the expected 
accuracies of the RPS-based position and time, the error of 
the elapsed time, and the expected accuracies of the TOAs 
including multipath and other delay variations in the radio 
positioning signal. The error in the elapsed time depends 
upon the drift rate of a local frequency reference in the 
mobile unit and the length of the elapsed time. In the present 
invention, typical expected accuracies, drift rates and 
elapsed times enable the mobile GPS receiver to focus its 
code phase search so that only a feW of the total possible 
replica PRN code phases or times need to be correlated With 
the incoming signal PRN code for ?nding GPS signal poWer, 
thereby reducing the time to ?rst ?x. 

[0014] In a preferred embodiment the present invention is 
a radio positioning system, comprising: a plurality of system 
units for determining a plurality of radio signal times-of 
arrival (TOA)s, respectively, for a radio positioning signal 
received from a mobile unit; a server for using said radio 
signal TOAs for computing jointly a radio positioning 
system (RPS)-based time for a time-of-transmission (TOT) 
of said radio positioning signal and an RPS-based position 
of said mobile unit; and a system transceiver for transmitting 
a radio system signal having said RPS-based time and said 
RPS-based position to said mobile unit. 

[0015] In another preferred embodiment the present 
invention is a location method, comprising: determining a 
plurality of radio signal TOAs at a plurality of system 
locations, respectively, for a radio positioning signal 
received from a mobile unit; jointly computing a radio 
positioning system (RPS)-based time for a time-of-transmis 
sion (TOT) of said radio positioning signal and an RPS 
based position for said mobile unit from said TOAs; and 
transmitting a radio system signal having said RPS-based 
time to said mobile unit. 

[0016] These and other objects and advantages of the 
present invention Will no doubt become obvious to those of 
ordinary skill in the art after vieWing the draWings and 
reading the folloWing detailed descriptions for several 
embodiments for carrying out the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a block diagram of a location system of 
the present invention; 

[0018] FIG. 2 is a block diagram of a mobile unit of the 
system of FIG. 1; 

[0019] FIG. 3 is a block diagram ofa code range selector 
of the mobile unit of FIG. 2; 

[0020] FIG. 4 is a phase timing chart for a code recovery 
circuit in the mobile unit of FIG. 2; 

[0021] FIG. 5 is a block diagram of a radio positioning 
system base apparatus of FIG. 1; and 

[0022] FIG. 6 is a How chart shoWing a method of the 
present invention for determining location. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0023] The details of the preferred embodiments for car 
rying out the idea of the invention Will noW be described. It 
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should be understood that the description of these details is 
not intended to limit the invention to these details. On the 
contrary these details are merely intended to describe the 
best mode knoWn to the inventors for carrying out the idea 
of the invention. Numerous alternatives, modi?cations and 
equivalents of the embodiments described herein Will be 
apparent to someone skilled in the art as Within the scope of 
the idea of this invention. 

[0024] The invention is described in terms of a preferred 
embodiment for the global positioning system (GPS) using 
C/A code modulated GPS signals. HoWever, the idea may be 
applied to the P code GPS signals. Further, it Will be 
apparent to those in the art that the invention may be carried 
out With a generic global navigation satellite system (GNSS) 
With the global positioning system (GPS), the global orbit 
ing navigation system (GLONASS), the Galileo system or a 
combination of these systems using a code for modulating 
their signals in a Way that is sometimes knoWn as direct 
sequence spread spectrum DSSS. It should also be noted that 
pseudolites may be used in place of satellites for broadcast 
ing GNSS positioning signals. 

[0025] FIG. 1 is a block diagram of a location system of 
the present invention referred to With a reference number 10. 
The system 10 includes a mobile unit 12 and a radio 
positioning system (RPS) 13. The RPS apparatus 13 
includes three or more system units 14A, 14B and 14C, and 
a server 16. The system units 14A-C have knoWn positions 
from a survey or some other means and are synchronized in 
time. The server 16 may be located With one of the system 
units 14A-C or separately. The mobile unit 12 receives three 
or more GPS signals referred to With reference identi?ers 
22A-C. The GPS signals 22A-C are broadcast by respective 
GPS signal sources 24A-C. The GPS signal sources 24A-C 
are normally GPS satellites, hoWever GPS pseudolites may 
be used. In the folloWing description, the GPS signals 
22A-C are abbreviated as GPS signals 22 and the GPS signal 
sources 24A-C are referred to as GPS satellites 24. The 

mobile unit 12 may operate as a cellular telephone and the 
system units 14A-C may operate as cellular telephone 
transceiver units With improvements of the present inven 
tion. The cellular telephone operation preferably, but not 
necessarily, corresponds to a Groupe Special Mobile or 
Global System for Mobile Communication (GSM) cellular 
telephone standard. 

[0026] The mobile unit 12 transmits a radio positioning 
signal 32 that is referenced to a local time maintained in the 
mobile unit 12. The system units 14A-C use the GPS signals 
22 from one or more GPS satellites 24 to determine GPS 
based time. The system units 14A-C receive the radio 
positioning signal 32. Then, each of the system units 14A-C 
determines a time-of-arrival (TOA) for the radio positioning 
signal 32 using the GPS time as a reference. 

[0027] The system units 14A-C pass the radio signal 
TOAs to the server 16. The server 16 uses several radio 
signal TOAs and knoWn geographical positions of the sys 
tem units 14A-C for jointly determining an RPS-based 
time-of-transmission (TOT) of the radio signal 32 and an 
RPS-based tWo dimensional (2D) position of the mobile unit 
12. The RPS-based position is the position of the mobile unit 
12 at the RPS-based time (TOT). A fourth system unit may 
be used for overdetermining the 2D position of the mobile 
unit 12. Or, a fourth system unit that is not co-planar With the 
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other three system units may be used for determining a 3D 
position of the mobile unit 12. The accuracies of the 
RPS-based position and time are generally less accurate than 
a GPS-based position and time that is obtainable by almost 
any GPS receiver, even Without the use of differential GPS 
corrections, due to multipath of the radio positioning signal 
32, tropospheric delay variations, and other factors. 

[0028] The system 13 passes the RPS-based time and 
position back to the mobile unit 12 either directly from the 
server 16 or through one or more of the system units 14A-C 
in a radio system signal 34. The mobile unit 12 uses the RPS 
time and position information as an approximate time and 
position to focus its search to ?nd signal poWer for acquiring 
the GPS signals, and then uses the GPS signals for deter 
mining its exact (Within GPS accuracy) time and position. 
The radio system signal 34 may include the GPS ephemeris 
and almanac orbital parameters to assist the mobile unit 12 
in its GPS signal acquisition and position determination. The 
radio system signal 34 may also have an accurate carrier or 
subcarrier frequency that the mobile unit 12 can use for 
tuning its local reference frequency for acquiring the GPS 
signal. 

[0029] FIG. 2 is a block diagram of the mobile unit 12. 
The mobile unit 12 includes a code range selector 40, a radio 
transceiver 42, a GPS receiver 44, a memory 48, and a 
frequency and time clock reference 50. The code range 
selector 40, memory 48, and/ or the frequency and time clock 
reference 50 may be included as part of the radio transceiver 
42 or the GPS-receiver 44. 

[0030] The radio transceiver 42 includes a radio antenna 
52, a radio frequency circuit 54, a message processor 56, and 
a user interface 58. The user interface 58 has a display, keys 
and digital input/output capability for a human user to use 
the mobile unit 12 as a GPS position determining device and 
a cellular telephone or tWo-Way radio. The message proces 
sor 56 includes a microprocessor and memory operating in 
a conventional manner to control functions of the elements 
of the code range selector 40, radio transceiver 42, GPS 
receiver 44, memory 48, and clock reference 50 of the 
mobile unit 12. Further, the functions Within the elements 
may be implemented With hardWare, microprocessor-read 
able code in a memory and With digital signal processing 
(DSP) hardWare and softWare. The memory 48 stores GPS 
ephemeris, almanac and other GPS parameters and mobile 
unit status parameters. 

[0031] To initiate position determination, the message 
processor 56 uses a clock signal from the clock reference 50 
to generate a radio positioning message. The radio position 
ing message is passed to the radio frequency circuitry 54. 
The radio frequency circuitry 54 modulates the radio posi 
tioning message onto a carrier and passes a radio frequency 
(RF) signal carrying the radio positioning message to the 
radio antenna 52. There may be several radio transmissions 
back and forth betWeen the mobile unit 12 and at least one 
of the system units 14A-C before the radio-positioning 
signal 32 in order to calibrate the carrier frequency and 
timing of the radio positioning signal 32 to the frequency 
and time used by the system units 14A-C. This calibration 
may be used to calibrate the frequency and time clock 
reference 50. The message processor 56 also passes a trigger 
to the code range selector 50 for locally marking the 
time-of-transmission TOT of the radio positioning signal 32. 
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It is important that the TOT trigger is coincident or has a 
knoWn offset With the actual transmission of the radio 
positioning signal 32 so that the actual time-of-transmission 
(TOT) may be accurately determined Within the mobile unit 
12. 

[0032] With a feW tens of seconds, the radio antenna 52 
receives the radio system signal 34 having an RPS-based 
position and time that has been calculated by the server 16 
and passes the RPS-based position and time information to 
the message processor 56. The RPS-based time is the 
GPS-based time-of-transmission (TOT) of the radio posi 
tioning signal 32. The message processor 56 passes the 
RPS-based position and time information to the code range 
selector 40. The code range selector 40 uses the RPS-based 
position and time, the TOT trigger, clock signals from the 
clock reference 50, and ephemeris parameters from the 
memory 48 for selecting a narroW code search range for the 
GPS receiver 44 in order to reduce the time required by the 
GPS receiver 44 for acquiring the GPS signals 22. 

[0033] The carrier frequency or a subcarrier frequency 
difference of the radio system signal 34 may be used for 
calibrating the frequency and time clock reference 50. When 
the calibrated frequency and time is more accurate than a 
local reference frequency maintained by the GPS receiver 
44, the GPS receiver 44 uses the more accurate frequency 
and time for assisting its acquisition of the GPS signals 22. 
The radio system signal 34 may also include ephemeris, 
almanac and/or other GPS parameters. The message proces 
sor 56 passes these parameters to the memory 48. The code 
range selector 40 uses the parameters for determining a code 
phase range and the GPS receiver 44 uses these parameters 
for assisting the determination of GPS-based pseudoranges 
and GPS-based position and time. 

[0034] The GPS receiver 44 includes a GPS antenna 62, a 
GPS frequency doWnconverter 64, carrier recovery circuit 
66, a code recovery circuit 70, a GPS pseudorange detector 
72, and a GPS position calculator 74. The frequency and 
time clock 50 provides signals having frequencies and/or 
timing based on a local oscillator (LO) frequency reference. 

[0035] The GPS antenna 62 converts the GPS signals 22 
from airWave signals to conducted signals and passes the 
conducted GPS signals to the GPS frequency doWnconverter 
64. The GPS frequency doWnconverter 64 uses the signals 
from the frequency and time clock reference 50 for convert 
ing the conducted GPS signals to digital GPS signals at a 
loWer frequency. 

[0036] The GPS frequency doWnconverter 64 passes the 
digital GPS signals to the carrier recovery circuit 66. The 
carrier recovery circuit 66 uses the signals from the fre 
quency and time clock reference 50 as a starting point in 
frequency for searching for the correct carrier frequencies in 
the digital GPS signals in order to acquire and then to track 
the GPS signals 22 in order to effectively tune out the 
Doppler frequency variations of the GPS signals 22 and 
frequency drift in the frequency and time clock reference 50. 
The carrier recovery circuit 66 passes intermediate fre 
quency (IF) or baseband (BB) digital GPS signals 75 rep 
resenting the GPS signals 22, respectively, to the code 
recovery circuit 70. The GPS signals 75 may be pseudo-BB 
IF signals Where the carrier frequencies of the signals 75 are 
loWer than the bandWidths of the modulations on the signals 
75. 
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[0037] The code recovery circuit 70 generates respective 
replicas for the pseudorandom (PRN) codes that correspond 
to the GPS satellites 24 that are available. A particular one 
of the GPS signals 75 corresponds to particular one of the 
GPS satellites 24 having a particular PRN code that enables 
the GPS signal 75 for that one of the GPS satellites 24 to be 
acquired in the presence of the GPS signals 75 for the other 
GPS satellites 24. Each GPS signal 75 and each replica has 
1023 code chips of the C/A PRN code that may be labeled 
bit or chip or time or phase 0 through 1022. In order to ?nd 
the correct code phase of the PRN code of the GPS signal 22 
and GPS signal 75 for a particular GPS satellite 24, the 
replica PRN code for that GPS satellite 24 is generated or 
phase shifted to several phases for a serial search and then 
correlated at each phase against the GPS signal 75. 

[0038] A high correlation level indicates the correct PRN 
code phase has been determined at that replica PRN code 
phase and the GPS signal 22 has been acquired. When no 
correlation level in the search range is high enough to 
indicate signal acquisition, the carrier recovery circuit 66 
steps to neW carrier frequency and the code phase correla 
tion process is repeated. Several carrier frequencies may 
need to be tried before the correct carrier frequency is found 
Where one of the code phases provides a high correlation. 
lmportantly, the code range selector 40 in the present 
invention provides a code search range having only a 
relatively small number out of a possible number of code 
phases, thereby enabling the code recovery circuit 70 to ?nd 
the correct code phase quickly for the GPS signal 22. 

[0039] The GPS pseudorange detector 72 uses the timing 
of the code phase With clock signals from the clock reference 
50 for determining a GPS pseudorange betWeen the GPS 
antenna 12 and the GPS satellite 24. The GPS position 
calculator 74 uses an assumed altitude and three pseudor 
anges With ephemeris parameters for three GPS satellites 24 
and clock signals from the clock reference 50 for calculating 
a GPS-based 2D position and time. A 3D position may be 
determined using pseudoranges and ephemeris for more than 
three GPS satellites, or a 2D position may be overdeter 
mined. With more than four GPS pseudoranges and ephem 
eris, a 3D position may be overdetermined. 

[0040] FIG. 3 is a block diagram of the code range selector 
40 of the present invention. The range selector 40 includes 
a bootstrap clock 82, a GPS time estimator 84, a chip pointer 
86, a satellite (SV) locator 88, a transit time calculator 92, 
and a search Width siZer 94. The message processor 56 (FIG. 
2) issues the TOT trigger to the bootstrap clock 82 at the 
time-of-transmission of the radio positioning signal 32 or at 
a knoWn o?fset time from the time-of-transmission. The 
bootstrap clock 82 uses the TOT trigger and the offset time 
to start or re-calibrate a bootstrap time in order to determine 
the elapsed time from the time-of-transmission of the radio 
positioning signal 32. The bootstrap clock 82 may be 
implemented as a counter that is driven from the clock 
reference 50. 

[0041] The GPS time estimator 84 adds the bootstrap time 
to the RPS-based time from the message processor 56 (FIG. 
2) for providing an RPS-based estimate of the current GPS 
time. This GPS time estimate is based on the radio signal 
TOAs that Were determined from the radio positioning 
signal 32 by the system units 14A-C. The RPS-based GPS 
time estimate is passed to the GPS pseudorange detector 72 
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(FIG. 2) and the GPS position calculator 74 (FIG. 2). The 
GPS pseudorange detector 72 and the GPS position calcu 
lator 74 use the RPS-based GPS time estimate for GPS data 
bit timing, pre-detection interval (PDI) timing, lineariZing 
pseudoranges, and for avoiding the need to Wait for the 
Zcount in the GPS data bits. The chip pointer 86 uses the 
GPS time estimate With the transit time of the GPS signal 
provided by the transit time calculator 92 for predicting the 
chip position or phase in the PRN code that the GPS receiver 
44 should be receiving at the current time in the GPS signals 
22 from each of the GPS satellites 24. 

[0042] The SV locator 88 uses the RPS-based GPS time 
estimate With ephemeris parameters for determining a loca 
tion-in-space for the GPS satellite 24. The transit time 
calculator 92 divides the difference betWeen the location 
in-space and the RPS-based position of the mobile unit 12 by 
the speed of light for determining the transit time from the 
satellite 24 to the mobile unit 12 and provides the transit 
time to the chip pointer 86. In an alternative embodiment the 
RPS-based position may be replaced by a position entered 
by a user or a position stored from a previous GPS-based 
position ?x. 

[0043] The code search range is centered at the predicted 
current PRN code chip. The Width of the code search range 
is chosen according to the expected accuracy of the RPS 
based GPS time estimate and the expected accuracy of the 
transit time. The accuracy of the RPS-based GPS time 
estimate depends upon the accuracy of the RPS-based time 
and the accuracy of the bootstrap elapsed time. The accuracy 
of the bootstrap elapsed time depends upon the accuracy of 
the calibration of the TOT trigger to the actual time-of 
transmission of the radio positioning signal 32, the drift rate 
of the frequency and time clock reference 50 times the 
length of the elapsed bootstrap time betWeen the TOT and 
the current time. The accuracy of the transit time depends 
upon the accuracy of the RPS-based position, the accuracy 
of the locations-in-space of the GPS satellites 24, and the 
dilution of precision for the geometry of the positions of the 
GPS satellites 24. The accuracy of the locations-in-space 
depend upon the RPS-based GPS time estimate. The accu 
racies of the RPS-based time and position depend together 
upon the effects of multipath and other factors on the 
transmission times of the radio positioning signal 32 to the 
system units 14A-C, the accuracies of the time measure 
ments of the TOAs of the radio positioning signal 32, and the 
dilution of precision for the geometry of the positions of the 
system units 14A-C. A simple preferred search Width is tWo 
times the sum of the expected accuracy of the RPS-based 
GPS time estimate, the RPS-base position divided by the 
speed of light, and one-half chip. The factor tWo is used 
because the expected accuracy designated as plus and minus 
about the predicted center chip. 

[0044] The chip Width of the GPS C/A PRN code is 
1540/ 1575.42 microseconds or approximately one micro 
second. An error of approximately one microsecond in the 
RPS-based GPS time estimate and an error of approximately 
three hundred meters of the RPS-based position in the 
direction to the GPS satellite 24 With one-half chip on each 
side results in a code search range of ?ve 1/ 1023 phases or 
chips of the C/A code centered at the predicted PRN chip. 
For preferred embodiments of the present invention the 
search Width is someWhere in the range of ?ve to tWenty-?ve 
microseconds or ?ve to tWenty-?ve phases or chips for the 
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C/A GPS PRN code. The search width siZer 94 applies the 
search range width to the predicted chip phase and passes the 
code search range to the code recovery circuit 70 for aiding 
GPS signal acquisition by narrowing its code phase search. 

[0045] FIG. 4 is a timing chart illustrating code phases for 
exemplary GPS replicas A, B, C, D, E, F and G with respect 
to the GPS signal 75. The code recovery circuit 70 acquires 
or recovers the phase of the PRN code in the GPS signal 75 
by generating or phase shifting in increments a local GPS 
replica having the same PRN code. The increments may be 
viewed equally well as time increments, phase increments or 
chip increments. 

[0046] For signal acquisition, the GPS replicas A-G for 
each of the phase shift increments is correlated against the 
GPS signal 75. The phase shift yielding the greatest corre 
lation that is greater than a correlation threshold is identi?ed 
as the code phase of the GPS signal 75. For 1023 chips, there 
are 2046 possible half-chip code phases. Performing corre 
lations on all 2046 code phases for acquiring the GPS signal 
22 is time-consuming, especially when the GPS signal 22 
has a low signal level and/or the frequency relationship 
between the frequency reference 50 and the carrier fre 
quency of the GPS signal 22 is not well known. 

[0047] lmportantly, the present invention uses the RPS 
based GPS time estimate for reducing the number of code 
phases that must be correlated. The GPS signal 75 and the 
GPS replicas A-G have the same PRN code having chips or 
phases 0 through 1022. The GPS replicas A, B, C, D, E, F 
and G are illustrated for respective code phases of minus one 
and one-half chips (ILLS, minus one chip (I>_l_O, minus 
one-half chip —(I>_O_5, Zero chips (DO, plus one-half chip 
(I>+O_5, plus one chip (PHD and plus one and one-half chips 
(I>+l_5 with respect to the GPS signal 75. When the correla 
tions are performed, the GPS replica D will correlate with 
the GPS signal 75. The GPS replicas A-G represent a code 
search range of three chips out of the possible 1023 chips of 
the PRN code in its replica code phase. 

[0048] As an approximate rule, each microsecond or three 
hundreds meters of expected error adds two code chips 
(phases) to the width of the search range out of a total 
number of 1023 chips for the C/A code GPS signal. For an 
exemplary ?ve chip code search, the GPS receiver 44 can 
determine the code phase of the GPS signal 75 in about 
5/1023th of the time that would be required for searching all 
1023 chips. Or, the GPS receiver 44 can used the focused 
code search to improve its signal sensitivity and/or its 
immunity to a false signal. 

[0049] FIG. 5 is a simpli?ed block diagram showing the 
radio positioning system (RPS) apparatus 13 having the 
system unit 14A and the server 16. The system unit 14A 
includes a GPS antenna 152, a GPS timing receiver 154, a 
radio antenna 156, a radio transceiver 158, and a radio signal 
time-of-arrival (TOA) detector 162. The GPS antenna 152 
converts GPS signals 22 from airwave to conducted form 
and passes the conducted GPS signals to the GPS timing 
receiver 154. The GPS timing receiver 154 uses the con 
ducted GPS signals for determining a GPS-based clock time 
and passes the GPS clock time to the TOA detector 162. 
Other transfer time standards may conceivably be used in 
the present invention in place of the GPS antenna 152 and 
the GPS timing receiver 154 if they are maintained or 
calibrated within a few microseconds of GPS time. 
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[0050] The radio antenna 156 converts the radio position 
ing signal 32 having the radio positioning message from the 
mobile unit 12 from an airwave to a conducted form and 
passes the conducted signal to the radio transceiver 158. 
Similarly, the radio antenna 156 converts a signal having a 
system message from the radio transceiver 158 intended for 
the mobile unit 12 from a conducted form to an airwave 
form for transmitting the radio system signal 34. 

[0051] The transceiver 158 passes the radio positioning 
message to the TOA detector 162. The TOA detector 162 
uses the GPS clock time with the radio positioning message 
for determining a radio signal TOA between the radio 
antenna 156 and the mobile unit 12. Each of the system units 
14A-C operates similarly to the system unit 14A for deter 
mining respective GPS-referenced radio signal TOAs from 
the same mobile unit 12. The radio signal TOAs are passed 
the server 16. The server 16 includes an RPS position and 
time calculator 166 for using at least three radio signal TOAs 
for determining the RPS-based position and the RPS-based 
time (TOT) for the mobile unit 12. As shown below, the 
RPS-based position and the RPS-based time are jointly and 
mutually determined with each other in a combined manner. 

[0052] An equation 1 below describes the determination of 
the time-of-transmission (TOT) for the radio positioning 
signal 32 and the RPS-based position (X, Y, Z) and for 
mobile unit 12. 

T0Aj-T0T=[(Xj-X)2+(x-Y)2+@-Z)2]1/2/c (1) 
[0053] In the equation 1, Q(,Y,Z) is the position of the 
mobile unit 12; TOT is the time-of-transmission of the radio 
positioning signal 32; 0%, Y], Z1) is the known position of 
the jth system unit 14A-C; TOAJ- is the measured time-of 
arrival of the radio positioning signal 32 at the jth system 
unit 14A-C that is referenced to GPS time; and C is an 
effective speed of light. The product of ]TOAJ-—TOT] and the 
speed of light C is an RPS-based pseudorange PRJ- between 
the jth system unit 14A-C and the mobile unit 12. The 
equation 1 has four unknowns Q(,Y,Z) and TOT. However, 
in many terrestrial positioning systems the altitude differ 
ence (ZJ-—Z) can be assumed to be small and can be 
neglected. When the altitude di?ference (ZJ-—Z) is neglected, 
the number of unknowns is reduced to three. 

[0054] The server 16 uses the equation 1 with the three 
TOAj’s and known positions 0%, Y1) for the three system 
units 14A-C to resolve the three unknowns for a time-of 
transmission (TOT) of the radio positioning signal 32 and a 
two dimensional (2D) position Q(,Y) of the mobile unit 12. 
The 2D position and TOT may be overdetermined using the 
equation 1 for a fourth system unit. Or a three dimensional 
(3D) position and TOT may be determined using the equa 
tion 1 for a fourth system unit that is not co-planar with the 
other three system units. A coarse position of the mobile unit 
12 may be required by the RPS apparatus 13 as a starting 
point for resolving the equations 1. 

[0055] The server 16 passes the RPS-based position and 
time back to the system unit 14A for transmission in a 
system message to the mobile unit 12. For redundancy, more 
than one of the system units 14A-C may be used for 
transmitting RPS-based position and time, accurate fre 
quency, and ephemeris, almanac and other GPS parameters 
to the mobile unit 12. 

[0056] Further details of the system 10 of the present 
invention are described by Lau et al in the US. patent 
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entitled “GSM Cellular Telephone and GPS Receiver Com 
bination”, US. Pat. No. 6,122,506, incorporated herein by 
reference; and by Loomis in the US. patent entitled “Hybrid 
Radio Location System”, US. Pat. No. 6,430,416 incorpo 
rated herein be reference. 

Center of Code Search Range 

[0057] Equations 2, 3, 4 and 4.1 show details for comput 
ing or predicting a code search range center. In the equation 
2, the RPS-based time TOT and an RPS-based position 
(ME,MN,MU) are resolved using a plurality of the equations 
2 corresponding to a plurality of the system units 14A-C (not 
limited to three). 

[0058] In the equation 2, “E”, “N” and “U” refer to local 
east, north and up coordinates, respectively, of position; 
TOAj is the measured time-of-arrival of the radio positioning 
signal 32 referenced to GPS time at the jth system unit 
14A-C; (ME,MN,MU) are the unknowns for the RPS-based 
position of the mobile unit 12; TOT is the unknown for the 
RPS-based time of the time-of-transmission of the radio 
positioning signal 32; and (TJ-E,TJ-N,TJ-U) is the known loca 
tion of the jth system unit 14A-C. The unknown RPS-based 
time (TOT) and the unknown RPS-based position (ME,MN, 
MU) are determined by resolving four of the equations 2 for 
four system units j, or three of the equations 2 with an 
assumed MU up coordinate for the mobile unit 12 with three 
system units j, or additional equations 2 and system units j 
can be used to overdetermine the solution. 

[0059] The equation 3 shows the RPS-based GPS time 
estimate time "c is determined from the RPS -based time TOT 
and the elapsed time AT measured locally in the mobile unit 
12 since the calibrated TOT trigger. 

-c=TOT+AT (3) 

[0060] The equations 4 and 4.1 show the predicted code 
phase search center (ITO is determined from the RPS-based 
GPS time estimate time '5 minus the transit time. The transit 
time is the distance between the GPS satellite 24 and the 
mobile unit 12 divided by the speed of light C. 

[0061] In the equation 4, T0 is the time of the predicted 
code phase search center for the code being received from 
the ith GPS satellite 24; "5i is the RPS-based GPS time 
estimate for the ith GPS satellite 24; Si is the location-in 
space of the ith GPS satellite 24; M is the RPS-based 
position (ME,MN,MU) of the mobile unit 12; and Bi is a 
known code phase transmission time offset of the ith GPS 
satellite 24 carried in the ephemeris or almanac parameters 
for that GPS satellite 24. 

[0062] The time T0 prescribes a position in the code 
imposed on the GPS signal 22 transmitted from the ith GPS 
satellite 24. This code is divided into a series of twenty 
millisecond data bits. Each data bit is divided into twenty 
identical one millisecond Gold codes. Each Gold code is 
divided into a known sequence of 1023 chips of about 
0.9775 microseconds in length. By identifying the transmis 
sion time of the incoming GPS signal 22 within a few 
microseconds, the position of the received code can be 
identi?ed within a few chips. 
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[0063] The equation 4.1 has a modulo of the time TT for 
converting the time T0 to the phase (ITO of the predicted code 
phase search center. The TT may be taken to be the length 
of time of the phase correlation integration period. 

[0064] When the incoming data bits are known, the chip 
sequence is known for many seconds and the integration 
period TT may be selected up to many seconds. Even when 
the incoming data bits are not known, the chip sequence is 
known at least twenty milliseconds (between possible data 
bit edges) and TT is typically selected from one to twenty 
milliseconds (or more if data bit senses are known or 
assumed). For the GPS C/A code for example, each phase is 
approximately 0.9775 microseconds long. For the time TT 
of one millisecond there are 1023 phases. For the time TT of 
ten milliseconds it may be considered that there are 10* 1 023 
phases, for the time TT of twenty milliseconds there are 
20*1023 phases, and so on. 

Width of Code Search Range 

[0065] Details are described below for selecting the search 
width of the code search range about the search range center 
CIDiO for the ith GPS satellite 24. The search width may be 
selected based upon the standard deviation for the error oi 
for the predicted code phase center CIDiO for the ith GPS 
satellite 24 and the number of standard deviations that are 
desired in a tradeolf between fewer standard deviations for 
greater speed or more standard deviations for greater assur 
ance of ?nding the correct code phase within the range. The 
error oi depends upon the expected accuracies of the RPS 
based time and the RPS based position which depend in part 
upon several factors including the three dimensional RPS 
line-of-sight (LOS) vectors between the system units 14A-C 
(not limited to three) and the mobile unit 12. 

[0066] An RPS LOS matrix, referred to as H, has dimen 
sions (K><4) or ((K+1)><4), where K is the number of system 
units j. The generation of the H matrix requires a coarse user 
position from some other means. Of the four columns, the 
?rst three of each row correspond to a three-dimensional 
common coordinate system. A local east-north-up (E-N-U) 
is used as an example. The last column corresponds to an 
error estimate for the RPS-based time TOT. 

[0067] The RPS line-of-sight (LOS) matrix H may have an 
extra row corresponding to a coarse estimate of altitude. The 
altitude may be critical in some locations. For example, 
Denver is at an approximate altitude of 1500 meters, or ?ve 
microseconds relative to sea level, which is a large offset to 
the search center (ITO, equal to ?ve chips of GPS C/A code. 
Best results are obtained when the altitude estimate is 
accurate to better than one chip (300 meters for C/A code 
GPS). The elements of the altitude row are (0, 0, 1, 0). 

[0068] An example of the RPS LOS matrix with three 
system units 14A-C and an altitude constraint is: 

HIE, Hl , HIU, 1 
H5, H2 , HZU, 1 
11}, H3 , H3U, 1 
0, 0, 1/c, 0 

[0069] Each of the ?rst K rows of the RPS LOS matrix H 
corresponds to a system unit j. For each system unit j, the 
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?rst three elements of the corresponding roWs are de?ned as 
follows: 

[0070] The (TJ-E,TJ-N,TJ-U) is the position of the jth system 
unit; [Ti-M] is the distance betWeen the jth system unit and 
the mobile unit 12; and (ME, MN, MU) is the position of the 
mobile unit 12. In some locations, the altitude term (Tl-U 
MU)/]TJ-—M]) is near Zero and can be_ignored With a small 
corresponding increase in the error 0‘. 

[0071] A matrix R is de?ned for an error covariance of the 
TOAJ- measurements at the system units j. This includes 
effects of system unit survey error, measurement noise, and 
other random system timing errors. The TOAJ- measurement 
errors may be modeled to be independent With equal vari 
ances “r” (homoskedastic), in Which case matrix R=r*I, 
Where I is the identity matrix. 

[0072] A “q” is de?ned as an error variance of the timing 
betWeen the GPS digital signal processing clock and the 
cellphone GSM digital signal processing clock. This error 
includes small variations in hardWare or softWare delay 6B 
and the clock drift error. The variations in delay 6B includes 
event capture quantization. The clock drift error is the drift 
rate of/ f of the frequency reference 50 times the elapsed time 
AT betWeen the TOT trigger and the current time. For 
example, a clock drift rate E’Sf/f of 0.1 parts per million (ppm) 
for an elapsed time AT betWeen ?ve and one-hundred tWenty 
seconds leads to an error variance q of betWeen 0.5 and 12 
microseconds. 

[0073] In a similar manner to the roWs of the H matrix, 
LOS‘ vector is a line-of-sight from the mobile unit 12 to the 
ith GPS satellite 24. The ith GPS satellite 24 is denoted as 
Si. An equation 5 shoWs the GPS LOSi. 

]S‘—M),1) (5) 

[0074] The one sigma error oi of the search range center 
CIDiO in terms of the error variance q, the GPS satellite 
line-of-sight vector LOSi, the TOAJ- error covariance matrix 
R, and the RPS LOS matrix H is given by equation 6. 

[0075] In the case of homoskedastic errors for TOAJ- the 
equation 6 is simpli?ed to equation 7. 

[0076] From the equations 6 or 7, the search Width for 
capturing the GPS signal 22 Within the code search range is 
:oi (total Width of 26) for a one sigma probability, :20i 
(total Width of 40‘) for a tWo sigma probability, 13oi (total 
With of 66) for a three sigma probability, and so on. 

[0077] FIG. 6 is a How chart of a method of the present 
invention for a fast time to ?rst ?x for the mobile unit 12 in 
the location system 10 using GPS signals 22 from GPS 
satellites 24. In a step 202 the mobile unit transmits the radio 
positioning signal 32 to three or more system units 14A-C of 
the radio positioning system (RPS) apparatus 13. In a step 
204 the mobile unit starts tracking the bootstrap elapsed time 
from the time-of-transmission (TOT) of the radio position 
ing signal. 
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[0078] The system units receive the GPS signals and 
determine an accurate GPS clock time in a step 206. In a step 
208 the system units use the GPS clock time With the radio 
positioning signal 32 to determine times-of-arrival (TOA)s 
of the radio positioning signal. In a step 212 the RPS 
apparatus 13 uses the radio signal TOAs and knoWn posi 
tions of the system units for determining an RPS-based 
position for the mobile unit and time-of-transmission TOT 
of the radio positioning signal 32. The RPS-based position 
and time are determined together by resolving a set of 
equations having the TOAs and the locations of the system 
units. In a step 214 the RPS apparatus 13 transmits the 
RPS-based position and time back to the mobile unit. 

[0079] The mobile unit uses the RPS-based time and the 
bootstrap elapsed time in a step 216 for determining an 
RPS-based GPS time estimation. In a step 220 the mobile 
unit uses the RPS-based position for determining a transit 
time for the GPS signal from the GPS satellite. In a step 222 
the mobile unit predicts the current PRN code chip from the 
RPS-based GPS time estimate and the transit time. In a step 
224 the mobile unit determines a search Width for the code 
search range. The determination uses the expected accura 
cies of the RPS-based position and time, the expected 
accuracies of the TOAs, the dilution of precision of the 
system units, the dilution of precision of the GPS satellites, 
the length of the elapsed bootstrap time, the drift rate of the 
clocks in the mobile unit, and various quantiZation errors. In 
a step 226, the mobile unit receives the GPS signals. In a step 
228 the mobile unit uses the code search range for a narroW 
GPS code search for determining the code phase timing of 
the GPS signals. Then, in a step 232 the mobile unit uses the 
code phase timing for acquiring the GPS signals and deter 
mining a GPS-based position and time. 

[0080] Although the present invention has been described 
in terms of the presently preferred embodiments, it is to be 
understood that such disclosure is not to be interpreted as 
limiting. Various alterations and modi?cations Will no doubt 
become apparent to those skilled in the art after having read 
the above disclosure. Accordingly, it is intended that the 
appended claims be interpreted as covering all alterations 
and modi?cations as fall Within the true spirit and scope of 
the invention. 

What is claimed is: 

1. (canceled) 
2. The system of claim 8, Wherein: 

said radio signal TOAs are determined in the system units 
according to a global navigation satellite system 
(GNSS) transfer time standard. 

3. The system of claim 2, Wherein: 

said GNSS transfer time standard is global positioning 
system (GPS) time. 

4. The system of claim 8, Wherein: 

said RPS-based time and said RPS-based position are 
resolved from a plurality of equations in the form of: 

T0Aj-T0T=[(Xj-X)2+(x-YfPQ/c 
Where the TOT is the RPS-based time; the Q(,Y) is the 

RPS-based position; the Gil-Xi) is a location of a jth 
one of said system units; the TOAJ- is the TOA at said 
jth system unit; and the C is the speed of light. 
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5. The system of claim 8, wherein: 

said RPS-based time and said RPS-based position are 
resolved from a plurality of equations in the form of: 

Where the TOT is the RPS-based time; the (X,Y, Z) is the 
RPS-based position; the (Xj,YJ-, Z1) is a location of a jth 
one of said system units; the TOAJ- is the TOA at said 
jth system unit; and the C is the speed of light. 

6. The system of claim 8, Wherein: 

said mobile unit includes a mobile global navigation 
satellite system (GNSS) receiver for receiving a global 
navigation satellite system (GNSS) signal having a 
spreading code, the GNSS receiver having a code range 
selector using said RPS-based time and said RPS-based 
position for selecting a code search range narroWer than 
said code; and a code recovery circuit using said code 
search range for acquiring said GNSS signal. 

7. The system of claim 6, Wherein: 

said GNSS receiver is a global positioning system (GPS) 
receiver; and 

said GNSS signal is a GPS signal. 
8. A radio positioning system, comprising: 

at least three system units for determining a plurality of 
radio signal times-of-arrival (TOA)s, respectively, for a 
radio positioning signal received from a mobile unit; 

a server for using said radio signal TOAs for computing 
jointly a radio positioning system (RPS)-based time for 
a time-of-transmission (TOT) of said radio positioning 
signal and an RPS-based position of said mobile unit; 
and 

a system transceiver for transmitting a radio system signal 
having said RPS-based time and said RPS-based posi 
tion to said mobile unit for use by said mobile unit for 
acquiring a global navigation satellite system (GNSS) 
signal; and Wherein: 

the code range selector includes a bootstrap clock for 
determining a local elapsed time from a time-of-trans 
mission (TOT) of said radio positioning signal and a 
GNSS time estimator for combining said local elapsed 
time With said RPS-based time for providing an RPS 
based GNSS time estimate; the code range selector 
using said RPS-based GNSS time estimate for selecting 
said code search range. 

9. The system of claim 8, Wherein: 

the code range selector further includes a satellite locator 
for using said RPS-based GNSS time estimate With 
GNSS orbital parameters for determining a location 
in-space for a GNSS signal source transmitting said 
GNSS signal; a transit time calculator for using said 
RPS-based position With said location-in-space for 
determining a transit time of said GNSS signal; and a 
chip pointer for combining said RPS-based GNSS time 
estimate With said transit time for providing a predicted 
code phase for said code search range. 

10. The system of claim 6, Wherein: 

the code range selector includes a search Width siZer for 
using an expected accuracy of said RPS-based time and 
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an expected accuracy of said RPS-based position for 
determining a search Width of said code search range. 

11. The system of claim 10, Wherein: 

said search Width siZer further uses an RPS line-of-sight 
matrix for determining said search Width. 

12. The system of claim 11, Wherein: 

said GNSS signal is a global positioning system (GPS) 
signal having a pseudorandom noise (PRN) code hav 
ing code chips; and 

said search Width is betWeen ?ve and tWenty-?ve of said 
chips for said code. 

13. (canceled) 
14. The method of claim 20, Wherein: 

determining said radio signal TOAs includes determining 
said radio signal TOAs according to a global navigation 
satellite system (GNSS) transfer time standard. 

15. The method of claim 14, Wherein: 

said GNSS transfer time standard is global positioning 
system (GPS) time. 

16. The method of claim 20, Wherein: 

said RPS-based time and said RPS-based position are 
resolved from a plurality of equations in the form of: 

Where the TOT is the RPS-based time; the Q(,Y) is the 
RPS-based position; the (Xj,YJ-) is a jth said system 
location; the TOAJ- is the TOA at said jth system 
location; and the C is the speed of light. 

17. The method of claim 20, Wherein: 

said RPS-based time and said RPS-based position are 
resolved from a plurality of equations in the form of: 

Where the TOT is the RPS-based time; the (X,Y, Z) is the 
RPS-based position; the Gil-Xi, Z1) is a jth one of said 
system locations; the TOAJ- is the TOA at said jth 
system location; and the C is the speed of light. 

18. The method of claim 20, further comprising: 

receiving in said mobile unit a global navigation satellite 
system (GNSS) signal having a spreading code; 

using said RPS-based time and said RPS-based position 
for selecting a code search range narroWer than said 
code; and 

using said code search range for acquiring said GNSS 
signal. 

19. The method of claim 18, Wherein: 

said GNSS receiver is a global positioning system (GPS) 
receiver; and 

said GNSS signal is a GPS signal. 
20. A location method, comprising: 

determining at least three radio signal TOAs at a plurality 
of system locations, respectively, for a radio position 
ing signal received from a mobile unit; 

jointly computing a radio positioning system (RPS)-based 
time for a time-of-transmission (TOT) of said radio 
positioning signal and an RPS-based position for said 
mobile unit from said TOAs; and 
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transmitting a radio system signal having said RPS-based 
time and said RPS-based position to said mobile unit, 
said RPS-based time and position used in said mobile 
unit for acquiring a global navigation satellite system 
(GNSS) signal; and Wherein: 

selecting said code search range includes determining a 
local elapsed time in said mobile unit from a time-of 
transmission (TOT) of said radio positioning signal; 
combining said local elapsed time With said RPS-based 
time for providing an RPS-based GNSS time estimate; 
and using said RPS-based GNSS time estimate for 
selecting said code search range. 

21. The method of claim 20, Wherein: 

selecting said code search range further includes using 
said RPS-based GNSS time estimate With GNSS 
orbital parameters for determining a location-in-space 
for a GNSS signal source transmitting said GNSS 
signal; using said RPS-based position With said loca 
tion-in-space for determining a transit time of said 
GNSS signal; and combining said RPS-based GNSS 
time estimate With said transit time for providing a 
predicted code phase for said code search range. 
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22. The method of claim 18, Wherein: 

selecting a code search range includes using an expected 
accuracy of said RPS-based time and an expected 
accuracy of said RPS-based position for determining a 
search Width of said code search range. 

23. The method of claim 22, Wherein: 

determining said search Width further includes using an 
RPS line-of-sight matrix for determining said search 
Width. 

24. The method of claim 23, Wherein: 

said GNSS signal is a global positioning system (GPS) 
signal having a pseudorandom noise (PRN) code hav 
ing code chips; and 

said search Width is betWeen ?ve and tWenty-?ve of said 
chips for said code. 

25. The system of claim 6, Wherein: 

said code search range is less than tWenty-?ve microsec 
onds. 

26. The method of claim 18, Wherein: 

said code search range is less than tWenty-?ve microsec 
onds. 


