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(57) L invention porte sur un dispositif, un proceéde et un
systeme permettant de localiser un dispositif de
communication sans fil avec precision sans requerir du
dispositif d’important traitement de signaux ou calculs.
Le dispositif sans 11l convertit la frequence d 'un signal de
localisation, de sa fréquence 1nitiale en la fréquence d un
canal standard de communication, puis la transmet a une
station de base de manicre usuelle. Un récepteur de
localisation associ¢ a la station de base recoit le signal de
localisation a partir duquel 1l localise le dispositif de
communication sans fil.
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(57) A device, method and system which enables the
location of a wireless communication device to be
accurately determined without requiring the device to
perform extensive signal processing or calculations. The
wireless device {frequency converts a location-
determining signal from an 1mitial frequency to the
frequency of a standard communication channel, and
transmits the frequency-converted signal to a base
station 1n a conventional manner. A location-
determining receiver associated with the base station
receives the location-determining signal and determines
the location of the wireless communication device based
on the location-determining signal.
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ABSTRACT OF THE DISCILOSURE

A device, method and system which enables the location
of a wireless communication device to be accurately
determined without requiring the device to perform extensive
signal processing or calculations. The wireless device
frequency converts a location-determining signal from an
initial frequency to the frequency of a standard
communication channel, and transmits the frequency-converted
signal to a base station in a conventional manner. A
location-determining receiver associated with the base
station receives the location-determining signal and
determines the location of the wireless communication device

based on the location-determining signal.
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WIRELESS COMMUNICATION DEVICE AND SYSTEM
INCORPORATING LOCATION-DETERMINING MEANS

Field of the Invention
The present invention relates generally to locating wireless communication
devices, particularly when a wireless communication device 1s located in an

obstructed area. More particularly, the present invention provides a method, device

and system which incorporates GPS in a wireless communication system.

Background of the Invention

The development and refinement of wireless communication services and
devices continues to occur at a extremely rapid pace. One problem associated with
wireless communication devices relates to determining the physical locationn of a
device. It can be highly desirable to locate a wireless communication device for a
variety of purposes, such as when there 1s reason to believe that a subscriber
associated with the device is experiencing an emergency situation, or when the device
has been misplaced. A solution to this problem must be carefully considered within
the cost, size, and power consumption limitations of wireless communication systems
and devices. The problem is further compounded when the wireless communication
device is located in an obstructed area, such as inside a building.

One proposed solution for determiming the location of a wireless
communication device is to use the wireless communication device as a transponder,
the device echoing back a location-determining signal to multiple base stations. The
delay in the echoed signal 1s used to determine the distances between the wireless
communication device and each of a number of base stations. The location of the
device can then be determined from the locations of the base stations and the
determined distances. However, it 1s difficult to measure the echoed signal delay

with sufficient accuracy, particularly when the wireless communication device 1is

located 1n an obstructed area.




CA 02282582 1999-08-26

WO 98/38522 PCT/US98/02099

10

15

20

25

-

A second proposed solution 1s based on the well-known Global Positioning
Satellite (GPS) system, and involves incorporating a GPS receiver into the wireless
communication device. In the GPS system, a device whose location is to be
monitored (in this case, the wireless communication device, but more typically a
boat, airplane, truck, etc.) 1s equipped with a GPS receiver. The GPS receiver can
determine 1ts location on the earth's surface, to an accuracy of about 150 feet, based
on signals transmitted to the receiver by a GPS satellite. In operation, the GPS
recelver receives a time-coded location-determining signal from a first GPS satellite.
The receiver determines how long it took the location-determining signal to reach the
ground by comparing 1ts departure time (from the satellite) with its arrival time (at
the receiver). Based on this time differential, and assuming a transmission speed of,
for example, 186,000 miles per second, the receiver calculates the distance to the first
satellite (for example, 13,000 miles). Based on preprogrammed information about
satellite's orbit, the receiver can determine where in space the satellite is at the time
the signal 1s sent, and the receiver can use this information to determine that its
location 1s somewhere on the surface of a sphere having a radius from the satellite
equal to the determined distance (in this example, 13,000 miles). The receiver
repeats this process using location-determining signals from additional GPS satellites,
and finally determines, based on the points of intersection of the resulting spheres,
where 1t 1s located.

Unfortunately, a typical GPS receiver is larger than a typical wireless
communication device. Even if the GPS receiver is reduced in size, the incorporation
of the GPS receiver in a wireless communication device would significantly impact
the s1ze of the device. Further, known GPS receivers typically do not have sufficient
performance capabilities to determine location within an obstructed area such as
inside a building.

Any solution to the problem of determining the location of a wireless
communication device which involves significant signal processing operations within

the wireless device will drastically affect the device's cost, power consumption,
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and/or performance.

Therefore, it would be highly desirable to be able to accurately determine the
location of a wireless communication device, particularly when the device 1s located
in an obstructed area such as inside a building, in a manner which does not

significantly impact the cost, size, performance, or power consumption of the

wireless communication device.

Summary of the Invention

The present invention overcomes the above-described problems, and achieves
other advantages, by providing for a wireless communication system, device, and
method for determining the location of a wireless communication device which does
not significantly impact the device itself. According to exemplary embodiments, the
wireless communication device, which can communicate with a base station on a
communication channel, is provided with location-determining circuitry for receiving
a location-determining signal (e.g., a GPS signal), converting the received signal
from a first frequency to a second frequency, and transmitting the frequency-
converted location-determining signal on the communication channel to a location-
determining receiver. The location-determining receiver is preferably a GPS receiver
associated with the base station.

According to exemplary embodiments of the method of the present invention,
a location-determining (e.g., GPS) signal is transmitted at a first frequency from a
location-determining system to the wireless communication device. The location-
determining signal is then converted from the first frequency to a second frequency
by the wireless communication device, and the frequency-converted location-
determining signal is transmitted at the second frequency to one or more location-
determining receivers tuned to the second frequency.

To better enable the location of the wireless device to be determined when the

device is located in an obstructed area, and to ensure that the location-determining

signal is properly received, the transmission of the frequency-converted location-
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determining signal can occur at power level greater than the power level of
communication signals ordinarily exchanged between the wireless device and the
control station. Alternatively, or in addition to this feature, the control station
associated with a location-determining receiver can temporarily suspend
communication links with other wireless communication devices at the second
frequency 1n response to receiving the frequency-converted signal, or a precursor
signal transmitted by the wireless device prior to transmitting the frequency-converted
signal.

The present invention enables the location of a wireless communication device
to be determined without significantly impacting the size, cost, performance, or

power consumption of the wireless communication device.

Brief Description of the Drawings

The present invention can be understood more fully upon reading the
following Detailed Description of the Preferred Embodiments in conjunction with the
accompanying drawings, in which:

FIG. 1 1s a block diagram of a wireless communication system according to

an embodiment of the present invention;

FIG. 2 1s a block diagram of the transmitter circuit of a wireless
communication device according to an embodiment of the present invention; and
FIG. 3 1s a flow chart describing the steps of determining the location of a

wireless communication device according to an embodiment of the present invention.

Detailed Description of the Preferred Embodiments

FI1G. 1 shows an exemplary wireless communication system according to the
present invention. The system includes a plurality of mobile communication
terminals such as mobile terminal 10 and a plurality of base stations such as base
station 12. The mobile terminal 10 exchanges communication signals with the base

station 12 in a conventional manner. For purposes of explanation, the invention will
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be described assuming that the mobile terminal 10 and base station 12 exchange
signals according to code-division multiple access (CDMA) principles. CDMA
signals have a bandwidth of approximately 1.2 MHz, and GPS signals have a
bandwidth of approximately 1 MHz. However, it will be appreciated that the
invention is not limited to CDMA systems, and the principles of the invention can be
easily adapted to other types of communication systems.

The system of FIG. 1 operates in connection with a location-determining
system, which in this example is a GPS system. The GPS system includes GPS
satellites 14, and one or more GPS receivers 16. Each GPS receiver 16 is preferably
associated with a base station 12, either directly or via an optional interconnection
means 18. Each GPS receiver preferably includes at least two complete GPS
receivers, one of which receives signals from the mobile terminal 10 via the base
station 12, and the other of which receives GPS signals directly from the satellites 14.
It is possible to use only one GPS receiver and multiplex 1t between the two
functions. However, such a configuration requires a data processor to make
corrections for time offsets between measurements.

In operation, when it is desired to determine the location of the mobile
terminal 10, such as when the subscriber associated with mobile terminal 10 has sent
a voice or data message indicating that the subscriber 1s experiencing an emergency
situation, one or more of the GPS satellites 14 transmits a location-determining GPS
signal at 1575.42 MHz. This signal is received at mobile terminal 10, which
frequency-converts the GPS signal from its original frequency to a second frequency
suitable for transmission on the conventional CDMA channel, and transmits the
frequency-converted GPS signal to the base station 12. The frequency-conversion
circuitry of the mobile terminal will be described in more detail below with respect
to FIG. 2. The base station 12 relays the frequency-converted GPS signal to an
associated GPS receiver 16, either directly or via optional interconnection means 18.
Interconnection means 18 converts the frequency-converted GPS signal from the

CDMA channel frequency to its original frequency, and can simply be an inverse
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version of the frequency-conversion circuitry of mobile terminal 10. If no
interconnection means 18 1s used, the GPS receiver 16 can be tuned to receive signals
directly on the CDMA channel. The GPS receiver 16 uses the GPS signal received
via base station 12, preferably in conjunction with GPS signals received from other
GPS satellites, to determine the location of mobile terminal.

It will be appreciated that 1f the receiver 16 includes two separate GPS
receivers, two additional tasks can be accomplished. First, one of the two receivers,
operating 1n a conventional mode with normal GPS signal levels, can perform all of
the functions necessary for correct location determining - i.e., demodulate the GPS
signals to obtain positioning and timing information. This permits the second
receiver, fed from the remote unit 10, to have relatively long inte gration times. The
long integration time would prohibit the second receiver from performing data
demodulation, but enable the second receiver to perform code synchronization in very
weak signal (obstructed) conditions, while having access to the rest of the information
needed to find position. Secondly, this arrangement allows the system to perform
differential GPS, a method of removing residual errors. According to differential
GPS, a GPS-predicted location generated by the first receiver is compared with its
previously and accurately surveyed location to determine correction factors. The
determined correction factors are then applied to the location-determining data
generated by the second receiver to determine the location of the wireless
communication device.

FIG. 2 1s a block diagram of the transmitter portion of an exemplary wire less
communication device according to the present invention. The transmitter portion
includes a location-determinming circuit path and a transmitter circuit path. The
location-determining circuit path includes an antenna 20, a filter 22 connected to the
antenna 20 for filtering location-determining signals received by the antenna 20, and
a mixer 24 connected so as to receive the filtered output of filter 22 and an oscillator
signal provided by oscillator 26, and provide a intermediate frequency output signal

(which is at approximately the same frequency as the output of source 34, discussed
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below). The transmitter further includes a second filter 28 connected to an output of
the mixer 24 for filtering the intermediate frequency. An amplifier 30 is connected
to the filter 28, and amplifies the filtered intermediate frequency. The filtered
intermediate frequency is provided as one input to a switch 32.

The transmitter circuit path includes a source 34 for supplying a modulated
intermediate communication signal which carries voice, data or control information
to be transmitted from the wireless communication device to the base station. The
modulated intermediate communication signal 1s at substantially the same frequency
as the intermediate frequency signal output by mixer 24. The source 34 outputs the
intermediate communication signal as a second input to switch 32. The state of
switch 32, which can be controlled either by the subscriber (for example, by
operation of a switch or entry of a command into the wireless communication device)
or by the system (for example, by a control signal sent to the wireless communication
device by the base station 12), determines whether the transmitter will transmit a
signal generated by the location-determining circuit path or the transmitter circuit
path. The output of switch 32 is provided as a first input to a second mixer 36,
which mixes the switch output of switch 32 with a second oscillator signal 38. Mixer
36 outputs a desired transmission signal which, in this example, is a CDMA
communication signal at a frequency in the CDMA communication channel. The
transmission signal is then filtered by a filter 40, amplified by amplifier 42, and
transmitted to a control station via transmitter antenna 44. It will be appreciated that
the transmitter circuit path of FIG. 2 is substantially identical to the transmitter path
of a conventional wireless communication device.

In operation, the transmitter in an initial state operates to transmit
communication signals (i.e., voice, data, or control signals) to one or more base
stations via the transmitter path. In this initial state, the switch 32 1s positioned to
receive the output of source 34 and provide the output of the source 34 to the second
mixer 36. If the device is placed in a location-determining mode, then a location-

determining signal (e.g., a GPS signal at 1575.42 MHz) is received by antenna 20,
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this location-determining signal 1s received and frequency-converted by elements 22-
30, and the state of switch 32 i1s changed from the initial state such that switch 32
provides the location-determining signal at the intermediate frequency to the second
mixer 36. In this location-determining mode, the second mixer 36 frequency-
converts the processed location-determining signal from the intermediate frequency
(the frequency of the intermediate frequency signal output by mixer 26, having a
bandwidth of approximately 1 MHz) to a second frequency suitable for transmission
over a communication channel (e.g., a CDMA communication channel having a
bandwidth of about 1.2 MHz). In this location-determining mode, the communication
link established between the wireless communication device and the base station is
temporarily interrupted.

In a wireless communication device incorporating the circuit of FIG. 2,
assuming an appropriate gain is provided by amplifier 30, the location-determining
signal 1s radiated, substantially unchanged other than having a different frequency,
to one or more base stations by the transmitter. The transmitter can first send a
precursor signal to indicate to the base station that a location-determining signal is
forthcoming. The base station then uses a location-determining receiver, such as GPS
recetver 16, to determine the location of the wireless device. The location-
determining receiver can be tuned to the wireless communication channel frequency
rather than the initial frequency of the location-determining signal, or can receive the
location-determiming signal at 1ts initial frequency after circuitry such as
interconnection means 18 (FIG. 1) re-converts the location-determining signal from
the communication channel frequency to its initial frequency. It will be appreciated
that a wireless communication device having the circuitry of FIG. 2 enables the
device to incorporate a location-determining means without the necessity of
performing signal processing, detection, or location calculations in the device itself.

FIG. 3 shows a flow chart describing the process for determining the location

of a wireless communication device according to the present invention. In step 100,

a communication link is established between a wireless communication device and a
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base station. While this communication link is established, communication signals
(i.e., voice, data, or control signals) are exchanged in a conventional manner between
the device and the base station. In step 102, the device determines whether it has
received a location-determining signal, either a signal e.g. from a switch on the
device, or a command from the base station via the communication link. If not, the
process returns to step 100 and the conventional communication link is maintained.
If a location-determining signal has been received by the wireless communication
device, the device changes modes in step 104 and the switch 32 selects the location-
determining circuit path rather than the standard transmitter path. As a result of this
mode change, the conventional communication link is suspended. In step 106, the
frequency-converted location-determining signal is transmitted from the wireless
communication device to the base station in step 106. After transmission of the
location-determining signal is completed (enabling suitable location-determining
calculations to be performed by the location-determining receiver), the process
returns to step 100, in which the conventional communication link 1s re-established.

As is apparent from the foregoing, the present invention provides a method,
system, and device for determining the location of a device in a wireless
communication system. The invention is particularly advantageous in that the device
itself is not required to perform significant signal processing functions.

While the foregoing description contains many details and specificities, 1t 1s
to be understood that these details and specificities are not limitations of the
invention, but rather are included merely for purposes of illustration. Many
modifications to the above-disclosed examples will be readily apparent to those of
ordinary skill in the art which do not depart from the spirit and scope of the

invention, as defined by the following claims and their legal equivalents.
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L. A method for determining a location of a wireless communication device,
comprising the steps of:
transmitting a location-determining signal at a first frequency from a location-
determining system to the wireless communication device:
switching a transmuitter path in the wireless communication device from a first
transmitter path, in which the wireless communication device is capable of transmitting
communication signals to one or more control stations at the second frequency, to a second
transmitter path, in which the wireless communication device is capable of converting the
location-determuning signal from the first frequency to the second frequency:;
converting the location-determining signal from the first frequency to the second
frequency;
- transmutting the converted location-determining signal at the second frequency to
one or more location-determining receivers tuned to the second frequency; and
determining, at the one or more location-determining receivers, the location of the
wireless communication device.

2. The method of claim 1, wherein the location-determining system is a global
positioming satellite (GPS) system, the location-determining signal is a GPS signal, and the
location-determining receiver is a GPS receiver.

3. The method of claim 1, wherein the location-determining receivers are associated

with the one or more control stations.

4. The method of claim 1, further comprising the steps of:

filtering the location-détermining signal;

downconverting the filtered location-determining signal;
Wﬁltering the downconverted signal; and

amplifying the downconverted signal,

prior to the step of converting.

5. The method of claim 1, wherein the first frequency is approximately 1575.42
MHz, and the second frequency is a mobile radiotelephone communication frequency.

6. The method of claim 5, wherein the mobile radiotelephone communication

frequency 1s a CDMA channel frequency.
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7. The method of claim 1, wherein the transmission of the communication signals is
pertormed at a first power level, and the transmission of the frequency-converted location-
determining signal is performed at a second power level greater than the first power level.

8. The method of claim 3, further comprising the step of:

transmuitting, prior to the transmitting of the frequency-converted location-
determuning signal, a precursor signal to the one or more control stations associated with
the one or more location-determining receivers; and

suspending, at the one or more control stations, communication links with other
wireless communication devices at the second frequency.

. 9. The method of claim 1, wherein there are at least two location-determining

receivers and the step of determining is performed by:
predicting a location of a first location-determining receiver;

comparing the predicted location with a known location of the first location- -

determining receiver to determine error correction factors: and
determuning a location of the wireless communication device at a second location-
determining receiver using the determined error correction factors.

10. A wireless communication device, comprising:

wireless communication means for communicating with one or more control stations
On one or more communication channels; and

location-determining means for receiving a location-determining signal from a
location-determining transmitter at a first frequency, and communicating with one or more
location-determining receivers associated with the one or more control stations on the one
Or more communication channels,

wherein the location determining means includes a switching means for switching a
transmitter path in the wireless communication device from a first transmitter path, in
which the wireless communication device is capable of transmitting communication signals
to the one or more control stations at a second frequency, to a second transmitter path, in
which the wireless communication device is capable of converting the location-determining
signal from the first frequenby to the second frequency.

11. The device of claim 10, wherein the location-determining means includes a
means tor converting the location-determining signal from a first frequency to a second
frequency for communication on the one or more communication channels.

R R o R T e e =,
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12. The device of claim 10, wherein the location-determining signal is a GPS
signal, the location-determining receivers are GPS receivers, and the location-determining
transmuitter 1s a GPS satellite.

13. The device of claim 11, wherein the first frequency is approximately 1575.42
MHz, and the one or more communication channels are CDMA communication channels.

14. The device of claim 10, wherein the device transmits a precursor signal prior to
communicating with the location-determining receivers, the precursor signal causing each
control station associated with the location-determining receivers which receive the
precursor signal to suspend communication links with other wireless communication
devices at the second frequency.

15. The device of claim 10, wherein the device communicates with the control
stations at a first power level and communicates with the location-determining receivers at

P

a second power level greater than the first power level.

16. A communication system, comprising:

one or more control stations associated with one or more wireless communication
devices, each wireless communication device capable of exchanging communication signals
with the one or more control stations on one or more communication channels; and

location-determining equipment capable of transmitting a location-determining
signal to a wireless communication device at a location-detennining frequency, receiving a
frequency-converted version of the location¥deterrnining signal from the wireless
communication device, and determining the location of the wireless communication device
from the frequency-converted version,

wherein a wireless communication device includes a switching means for switching
a transmutter path in the wireless communication device from a first transmitter path, in
which the wireless communication device is capable of transmitting communication signals
to the one or more control stations at a first frequency, to a second transmitter path, in
which the wireless communication device is capable of converting the location-determining
signal from the location-determining frequency to the first frequency.

AMENDED SHEET
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17. _ The system of claim 16, wherein the location-determining equipment
includes one or more location-determining transmitters for transmitting the location-
determining signal, and one or more location-determining receivers associated with the one
or more control stations for receiving the frequency-converted version of the location-

determining signal.

18. The system of claim 16, wherein the location—determining frequency is
approximately 1575.42 MHz.

19. The system of claim 16, wherein the frequency-converted version has a
frequency within one of the communication channels.

20. The system of claim 19, wherein the frequency-converted version is transmitted -
at a power level greater than the power level of the communication signals.

e

21. The system of claim 17, wherein each control station associated with a location-
determining receiver suspends communication with wireless communication devices
communicating on the same channel as the frequency-converted version of the location-
determining signal, in response to the location-determining receiver receiving the
frequency-converted version of the location-determining signal.

ALIERDED SHEET
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