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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to satellite posi-
tioning systems which are combined with wireless com-
munication systems and also relates to radio location
techniques.
[0002] Wireless communications are rapidly augment-
ing conventional telephone communications. Wireless
cell telephones or cellular telephones, as they are some-
times referred to, are a form of cell based or cellular based
communication systems. These systems are capable of
being used in many different locations. In conventional
telephone communications, emergency 911 service has
been in existence for a number of years and has evolved
and been upgraded over time. Currently, for most wired
telephone systems, an enhanced 911 service is availa-
ble. In this service, the emergency center receiving the
call automatically from the telephone system learns the
phone number, location and identity of the calling party
without having been provided this information by the call-
ing party. In the case of a cell telephone, such enhanced
911 service is normally not possible. At the current time,
an emergency center which receives a call dialed from
a cellular telephone has no idea where the party is calling
from. One proposed solution to provide an enhanced 911
service for cell telephones is to use the overlay of the
cells in a cell based communication system. This overlay
arises from the fact that the effective radio communica-
tion distances from one cell site to the next overlap to
some extent. This is shown in Figure 1. The cell based
communication system 10 includes four cells 12, 14, 16,
and 18 which overlap to the extent shown in Figure 1.
Each of these cells has been drawn around its respective
wireless cell based transceiver which are shown as trans-
ceivers 21, 22, 23, and 24. These transceivers transmit
and receive wireless cell based communication signals
to and from the wireless mobile cell based communica-
tion systems, such as the wireless cell based mobile com-
munication systems 26, 27, and 28 shown in Figure 1.
As is well known in the art, there are numerous cell based
communication systems, such as the AMPS system and
the CDMA system as well as the TDMA, GSM, PCS, and
the ISM systems. Each of these systems share the basic
cell based communication wireless approach that con-
sists of base sites (also referred to as cell sites) trans-
mitting signals and deployed in the cellular topology
where each cell is defined by the coverage zone of sig-
nals to and from its cell site (wireless cell based trans-
ceiver) and with some cells possibly overlapping other
cells. The overlap of the cells typically will allow a radio
position operation to be performed at least in the overlap
areas. For example, the position of the wireless cell
based mobile communication system 27 shown in Figure
1 may be determined by determining the time of travel
of communication signals between the cell site 22 and
the mobile system 27 and similarly the time of travel of

wireless cell based communication signals between the
mobile system 27 and the transceiver 23. If certain as-
sumptions (such as approximate altitude) are made and
an angle of arrival (AOA) technique is used, the position
of a mobile cell based system may be determined with
as few as two wireless cell based transceivers being in
radio communication with the mobile unit. Typically, how-
ever, at least three radio communication links with three
different wireless cell based transceivers are required in
order to obtain a two-dimension position solution. There
are numerous examples in the prior art which describe
the use of the cellular overlay as a way to provide radio
position operations for mobile cellular based communi-
cation systems. One approach is referred to as a time of
arrival (TOA) technique and another approach is referred
to as a time difference of arrival (TDOA) technique.
[0003] While the infrastructure may to some extent al-
ready exist for the use of the cellular overlay to provide
radio position, it turns out that the overlay is typically too
small among cells in order to provide adequate coverage
over the various possible positions of a mobile unit. This
can be seen in Figure 1 where the mobile unit 28 may
only receive and transmit signals with one wireless cell
based transceiver, the transceiver 22, and not receive
signals from (or be able to transmit signals to) the other
transceivers or cell sites. In this situation, the position of
the wireless unit 28 can be defined no better than a circle
surrounding the cell site 22 and this in fact may not be
possible due to errors in the system and due to the ina-
bility to determine time accurately enough at the trans-
mitting and receiving systems.
[0004] Another approach to determining the position
of a mobile communication system is to incorporate a
satellite positioning system (SPS) such as the Global Po-
sitioning System (GPS) into the same enclosure or cou-
pled tightly with the communication system. Numerous
references have described this approach in which the
GPS system by itself is used to determine the position
of the integrated unit. An example of such an integrated
unit is described in U.S. Patent 5,663,734 by Norman F.
Krasner. In many such integrated systems which include
a GPS receiver and a wireless communication system,
the GPS receiver is a conventional correlator based re-
ceiver which often has difficulty collecting GPS signals
from enough GPS satellites to determine a position of
the GPS receiver. GPS receivers typically do not perform
well in environments where there is blockage of the GPS
signals from the GPS satellites. This blockage may be
only a tree overhead, and yet the GPS receiver may not
be able to acquire and track GPS satellites in such an
environment. Consequently, there are many situations
where an integrated GPS receiver and communication
system will not be able to provide a position which could
then be transmitted through the communication system
back to a 911 operator at a public safety answering point
(PSAP).
[0005] Another approach in the prior art which attempts
to provide a position for a wireless communication sys-
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tem is described in U.S. Patent 5,604,765. This patent
discloses a technique of embedding a CDMA navigation
signal into the existing wireless communication system
in order to provide navigational capability. The mobile
unit includes a GPS receiver and also includes a com-
munication system which can receive GPS-like naviga-
tion signals which have been embedded into communi-
cation broadcasts from cellular and/or other wireless bas-
estation transmitters. In this technique, a mobile system
can utilize both the GPS system and the communication
system. That is, the communication system, when there
is blockage of the GPS satellites, may use the embedded
GPS-like signals in the cellular communication signal to
augment or replace the GPS signals from the GPS sat-
ellites in order to provide a position. While this technique
described in U.S. Patent 5, 604,765 provides an advan-
tage over a cell phone which uses merely the cellular
overlay to perform radio positioning and also provides an
advantage over a mobile unit which merely uses the GPS
system to provide a position, this technique of embedding
a GPS-like signal into the wireless cellular signals re-
quires modifications to the existing broadcast signals and
thus would require considerable modification of the in-
frastructure of a cell based communication system.
[0006] U.S. Patent No. 5,327,144 describes another
positioning system which uses cellular transmissions of
a cellular telephone to determine the time difference of
arrival (TDOA) of the transmitted signals; these time dif-
ferences are obtained by using a GPS receiver to time
stamp the cellular transmissions in order to measure the
time differences between cellular transmissions between
the cellular telephone and several cell sites. However,
the GPS receiver is not used to determine pseudoranges
between a GPS receiver in the cellular telephone and
GPS satellites. U.S. Patent No. 5,512,908 also describes
a TDOA system which uses cellular transmissions to
measure the cell phone’s location from the time differ-
ences of arrival of the cellular transmissions; again, GPS
signals are used in the cell sites to time stamp the signals
in order to measure the time difference in signal travel
time. The GPS signals are not used to determine pseu-
doranges between a GPS receiver in the cellular phone
and GPS satellites. U.S. Patent No. 5,612,703 describes
a positioning system in a cellular communications system
based on round trip signal time measurements. U.S. Pat-
ent No. 5,724,660 describes a method for determining a
position of a cellular telephone by measuring the signal
strength of cellular transmissions between the telephone
and cell sites; this position is then compared to a position
determined from a GPS receiver which separately at-
tempts to determine a position. Thus, this patent deter-
mines a position by comparing a position derived from
signal strength measurements to a position derived from
GPS measurements.
[0007] Thus it is desirable to provide a system which
is capable of position determination in a variety of wire-
less environments and which may use both the global
satellite navigation system, such as the GPS system, and

a wireless system deployed in a cellular configuration.
[0008] US 5 422 813 describes a no outage GPS/com-
mercial RF positioning moteur.

SUMMARY OF THE INVENTION

[0009] According to the invention there is provided the
method of claim 1. According to the invention there is
also provided the apparatus of claim 9.
[0010] There are described examples of methods and
apparatuses for processing position information with a
satellite positioning system (SPS) receiver and by using
time measurements of messages in a cell based com-
munication signal. In one example, a SPS receiver re-
ceives-SPS signals from at least one SPS satellite. Cell-
based communication signals are transmitted between
a communication system which is coupled to the SPS
receiver and a first cell based transceiver which is re-
motely positioned relative to the SPS receiver. These cell
based communication signals are wireless communica-
tions. A first time measurement is determined, and this
time measurement represents a time of travel of a mes-
sage in the cell based communication signals between
the first cell based transceiver and the communication
system. A second time measurement, which may be re-
ferred to as a pseudorange to a SPS satellite is also de-
termined, and it represents a time of travel of the SPS
signals from the SPS satellite to the SPS receiver. A po-
sition is then determined of the SPS receiver from at least
the first time measurement and the second time meas-
urement and usually a third time measurement. The cell
based communication signals on which time measure-
ments are being performed are capable of communicat-
ing data messages in a two-way direction in one embod-
iment between the first cell based transceiver and the
communication system.
[0011] In one particular example of a method, pseu-
doranges to SPS satellites and cellular pseudoranges to
cell sites are used together to provide a position for the
mobile integrated unit. If, in one example, one GPS sat-
ellite is in view and two wireless cell based transceivers
(cell sites) are in radio communication (or can be in radio
communication) with a mobile unit, then effectively three
pseudoranges may be used to determine the position of
the mobile unit. The augmentation of the satellite posi-
tioning system with the wireless communication system
is performed without embedding navigation signals
which specify the position of the transmitter or are C3PS-
like signals into the cellular based communication sig-
nals. Thus, for example, the messages which are trans-
mitted between the mobile unit and the cell site may be
voice or data messages and these messages may be
used to perform the time measurement for determining
the cellular pseudoranges. These messages may be the
911 message or pseudorange messages describing
pseudoranges to the SPS satellites or may be Doppler
or other aiding information (e.g. satellite ephemeris in-
formation) being provided to a mobile unit.
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[0012] In another example, an integrated system in-
cludes a SPS receiver and a communication system such
as a cellular based communication transceiver. The SPS
receiver is capable of receiving SPS and providing data
(e.g. pseudoranges) for determining a first time meas-
urement which represents a time of travel of SPS signals
from a SPS satellite to said SPS receiver. The commu-
nication system, which is coupled to the SPS receiver,
is capable of communicating in a wireless manner with
a remotely located cell based transceiver and is capable
of providing data (e.g. a time stamp or a cellular pseu-
dorange) for determining a second time measurement
which represents a time of travel of a message in the cell
based communication signals between the communica-
tion system and the remotely located cell based trans-
ceiver. The cell based communication signals are capa-
ble of communicating messages (e.g. voice or data) be-
tween said communication system and said remotely lo-
cated cell based transceiver. A position of the mobile
integrated system is determined from a combination of
at least the first and the second time measurements, and
this combination is in a measurement domain defined by
these time measurements.
[0013] Various other aspects and embodiments of the
present invention are further described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The present invention is illustrated by way of
example and not limitation in the figures of the accom-
panying drawings in which like references indicate similar
elements.

Figure 1 illustrates a cell based communication sys-
tem which shows the overlay which may be possible
between adjacent cell sites.
Figure 2 shows an example of a location system
which utilizes an SPS system in conjunction with a
wireless communication system.
Figure 3 shows an example of a location server.
Figure 4 shows an example of an integrated SPS
receiver and communication system.
Figure 5 shows an example of a GPS reference sta-
tion.
Figure 6 shows an example of a method.
Figures 7A and 7B illustrate another example of a
method.

DETAILED DESCRIPTION

[0015] Embodiments of the present invention relate to
the use of cell based communication signals to augment
satellite position information in order to determine a lo-
cation of a mobile receiver having a satellite positioning
receiver and a cell based communication system. The
following description and drawings are illustrative of the
invention and are not to be construed as limiting the in-
vention. Numerous specific details are described to pro-

vide a thorough understanding of the present invention.
However, in certain instances, well known or convention-
al details are not described in order to not unnecessarily
obscure the present invention in detail.
[0016] In one example, a system consists of two ele-
ments: (1) a satellite positioning system, such as GPS,
and (2) a wireless radio communication system deployed
in a cell based (sometimes referred to as cellular) con-
figuration in which each cell is defined by its signal cov-
erage zone, with some cells possibly overlapping. An ex-
ample of a cell based wireless radio communication sys-
tem is the U.S. Cellular Telephone (AMPS) signal. Other
examples of wireless cell based communication systems
include the CDMA, TDMA, GSM, PCS, and ISM systems,
all of which are well known. Any wireless cell based com-
munication system that includes base sites transmitting
and/or receiving signals and deployed in a cellular topol-
ogy may be used in the present invention to augment
satellite positioning systems, such as the GPS system.
[0017] The cell based communication signals may be
used to derive a time of travel of a message on the cell
based communication signals which travels between a
cell site and an integrated wireless communication sys-
tem/SPS receiver. The time of travel of the message in
the cell based communication signal defines a sphere in
three dimensions or a circle in two dimensions with the
center at the cell site and the radius equal to a distance
traveled by a radio wave during the measured time pe-
riod. These time measurements are used to augment the
satellite pseudorange measurements according to one
embodiment, particularly when there is blockage of SPS
signals from SPS satellites or in other situations where
the SPS system docs not provide adequate position in-
formation.
[0018] In one example, the integrated wireless com-
munication system/SPS receiver may derive the posi-
tioning or time of arrival information from all available
signals, including SPS satellites and cell based wireless
communication signals and transmit them together with
corresponding timing information to a remote basestation
such as a location server described below for position
derivation. Since the positioning information (pseudor-
ange measurements) can be derived from different
sources, an appropriate weighting scheme can be used
to weight the measurements according to their estimated
errors to optimize the augmented solution. In an alterna-
tive example, the integrated wireless communication
system/SPS receiver may use the positioning informa-
tion to compute its location without the assistance of a
remote location server. It can then store the information
in memory and/or display it to a user and/or transmit it to
a called or calling party through the wireless cell based
communication system.
[0019] If precise timing information is not available in
the mobile integrated communication system/SPS re-
ceiver, then the time of arrival measurements may be
forwarded to a location server or to some other site that
has methods to derive the timing information, preferably
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from received satellite navigation signals which can be
used to derive the precise timing of the transmission and
receipt of the cell based communication signals.
[0020] A configuration of a mobile integrated commu-
nication system/GPS receiver together with a remotely
located location server can be used to remove common
mode errors in the time of arrival measurements. Some
common mode errors could be due to satellite navigation
system errors and some (in particular timing errors) could
be due to system errors in the wireless communication
system. In one case, the GPS time from the least atten-
uated satellite signal may be used to establish GPS time
of collection of SPS signals which were used to determine
the pseudoranges to the satellites and to establish GPS
time at the location server. In this way, time at the location
server and the time of the pseudorange measurements
(e.g. when the SPS signals, from which the pseudorang-
es were determined, were collected) are derived from
the same source and common mode errors will cancel
out. In some instances, such as a digital CDMA cellular
system, precise timing information is embedded in the
CDMA cellular communication signals and this timing in-
formation can be used to derive the time of receipt of a
message in the CDMA communication signal and a time
of transmission of a message in the CDMA communica-
tion signal.
[0021] Figure 2 shows one example of a system 101.
The system includes a cell based communication system
which includes a plurality of cell sites, each of which is
designed to service a particular geographical region or
location. Examples of such cellular based or cell based
communication systems are well known in the art, such
as the cell based telephone systems. It will be appreci-
ated that Figure 2 has not been drawn to show an overlap
of cells as is shown in Figure 1. However, the signal
coverage zone of the cells may in fact overlap as in Fig-
ure 1 but this is not required for the present invention. It
will be appreciated that if the signal coverage zones of
the cells do overlap, then additional aiding measure-
ments from the cellular system are available for use ac-
cording to the invention as described below. The cell
based communication system as shown in Figure 1 in-
cludes three cells 102, 103, and 104. It will be appreciated
that a plurality of cells with corresponding cell sites and/or
cellular service areas may also be included in the system
101 and be coupled to one or more cell based switching
centers, such as the mobile switching center 105 and the
mobile switching center 106. Within each cell, such as
the cell 102, there is a wireless cell basestation (some-
times referred to as a cell site or cell base) such as the
cell basestation 102a which is designed to communicate
through a wireless communication medium using cell
based communication signals with a communication sys-
tem, which typically includes a receiver and a transmitter
for communicating by using the cell based communica-
tion signals and a mobile SPS receiver. This combined
communication system and mobile SPS receiver pro-
vides a combined system such as the receiver 102b

shown in Figure 2. An example of such a combined sys-
tem having a SPS receiver and a communication system
is shown in Figure 4 and may include both the SPS an-
tenna 77 and a communication system antenna system
79. Each cell site is coupled typically to a mobile switching
center (MSC). In Figure 2, cell sites 102a and 103a are
coupled to switching center 105 through connections
102c and 103c, respectively, and cell base 104a is cou-
pled to a different mobile switching center 106 through
connection 104c. These connections are typically wire-
line connections between the respective cell base and
the mobile switching centers 105 and 106. Each cell base
includes an antenna for communicating with communi-
cation systems serviced by the particular cell site/base.
In one example, the cell site may be a cellular telephone
cell site which communicates with mobile cellular tele-
phones in the area serviced by the cell site.
[0022] In a typical embodiment of the present inven-
tion, the mobile SPS receiver, such as receiver 102b,
includes a cell based communication system which is
integrated with the SPS receiver such that both the SPS
receiver and the communication system are enclosed in
the same housing. One example of this is a cellular tel-
ephone having an integrated GPS receiver which shares
common circuitry with the cellular telephone transceiver.
When this combined system is used for cellular telephone
communications, transmissions occur between the re-
ceiver 102b and the cell base 102a. Transmissions from
the receiver 102b to the cell base 102a are then propa-
gated over the connection 102c to the mobile switching
center 105 and then to either another cellular telephone
in a cell serviced by the mobile switching center 105 or
through a connection (typically wired) to another tele-
phone through the land-based telephone system/net-
work 112. It will be appreciated that the term wired in-
cludes fiber optic and other non wireless connections
such as copper cabling, etc. Transmissions from the oth-
er telephone which is communicating with the receiver
102b are conveyed from the mobile switching center 105
through the connection 102c and the cell site 102a back
to the receiver 102b in the conventional manner. Typi-
cally, each cell base, such as cell base 102a, will include
a SPS receiver (or at least be coupled to receive SPS
time). The SPS receiver is used to time stamp the time
of transmissions of messages from the cell base to a
mobile unit and to time stamp the time of receipt of a
message at the cell base from the mobile unit. In this
way, the time of travel between the mobile unit and a cell
base of a message in the cell based communication sig-
nals can be determined. This time of travel may be re-
ferred to as a cellular pseudorange. In one example of
the invention, the time of transmission and time of receipt
of a message is sent to a GPS location server which
calculates the time of travel for the message to thereby
determine the cellular pseudorange.
[0023] In the example of Figure 2, each mobile switch-
ing center (MSC) is coupled to at least one regional short
message service center (SMSC) through a network
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which in one embodiment is referred to as a Signaling
System Number 7 (SS7) Network. This network is de-
signed to allow short messages (e.g. control information
and data) to be passed among elements of the telephone
network. It will be understood that Figure 2 shows one
example and that it is possible for several MSC’s to be
coupled to one regional SMSC. The SS7 network is rep-
resented by connections 105a, 105b and 106a which in-
terconnect MSC’s 105 and 106 to regional SMSC’s 107
and 108. The example of Figure 2 also shows two GPS
location servers 109 and 110 which are respectively cou-
pled to regional SMSC 107 and regional SMSC 108
through connections 107a and 108a. In one embodiment
of the distributed system of Figure 2, the connections
107a and 108a are part of a permanent packet switched
data network which interconnects various regional SM-
SC’s with various GPS location servers. This allows each
regional SMSC to act as a router to route requests for
location services to whichever GPS location servers are
available in case of congestion at a location server or
failure of a location server. Thus, regional SMSC 107
may route location service requests from mobile GPS
receiver 102b (e.g. the user of mobile GPS receiver 102b
dials 911 on the integrated cell telephone) to the GPS
location server 110 if location server 109 is congested or
has failed or is otherwise unable to service the location
service request.
[0024] Each GPS location server is typically coupled
to a wide area network of GPS reference stations which
provide differential GPS corrections and satellite
ephemeris data to the GPS location servers. This wide
area network of GPS reference stations, shown as GPS
reference network 111, is typically coupled to each GPS
location server through a dedicated packet switched data
network. Hence, location server 109 receives data from
the network 111 through connection 109a and server 110
receives data from network 111 through connection
110a. Alternatively, a GPS reference receiver may be
used at each location server to provide satellite
ephemeris, GPS measurements or local area differential
corrections and GPS time to the GPS location server. As
shown in Figure 2, each GPS location server is also cou-
pled to a public switched telephone network (PSTN) 112
to which two application servers 114 and 116 are cou-
pled.
[0025] The two GPS location servers are, in one em-
bodiment, used to determine the position of a mobile GPS
receiver (e.g. receiver 102b) using GPS signals received
by the mobile GPS receiver.
[0026] Each GPS location server will receive pseudor-
anges from a mobile GPS receiver and satellite
ephemeris and differential corrections data from the GPS
reference network and calculate a position for the mobile
GPS receiver and then this position will be transmitted
through the PSTN to one (or both) of the Application Serv-
ers where the position is presented (e.g. displayed on a
map) to a user at the Application Server. Normally, the
GPS location server calculates but does not present (e.g.

by display) the position at the GPS location server. An
application server may send a request, for the position
of a particular GPS receiver in one of the cells, to a GPS
location server which then initiates a conversation with
a particular mobile GPS receiver through the mobile
switching center in order to determine the position of the
GPS receiver and report that position back to the partic-
ular application. In another example, a position determi-
nation for a GPS receiver may be initiated by a user of a
mobile GPS receiver; for example, the user of the mobile
GPS receiver may press 911 (or some other button, such
as a "locate" button) on the cell phone to indicate an
emergency situation at the location of the mobile GPS
receiver and this may initiate a location process in the
manner described herein.
[0027] In an alternative example in which a mobile SPS
receiver determines its position, the GPS location server
may cause location appropriate satellite ephemeris in-
formation to be transmitted to the mobile SPS receiver.
This mobile SPS receiver determines satellite pseudor-
anges and calculates satellite positions from the received
satellite ephemeris information and also receives or de-
termines cellular pseudoranges (and the locations of cell
sites with which it is communicating). Using the satellite
pseudoranges, satellite positions, cellular pseudoranges
and cell site positions, the mobile SPS receiver itself de-
termines its position.
[0028] It should be noted that a cellular based or cell
based communication system is a communication sys-
tem which has more than one transmitter, each of which
serves a different geographical area, which is predefined
at any instant in time. Typically, each transmitter is a wire-
less transmitter which serves a cell which has a geo-
graphical radius of less than 20 miles, although the area
covered depends on the particular cellular system. There
are numerous types of cellular communication systems,
such as cellular telephones, PCS (personal communica-
tion system), SMR (specialized mobile radio), one-way
and two-way pager systems, RAM, ARDIS, and wireless
packet data systems. Typically, the predefined geo-
graphical areas are referred to as cells and a plurality of
cells are grouped together into a cellular service area
and these pluralities of cells are coupled to one or more
cellular switching centers which provide connections to
land-based telephone systems and/or networks. A serv-
ice area is often used for billing purposes. Hence, it may
be the case that cells in more than one service area are
connected to one switching center. Alternatively, it is
sometimes the case that cells within one service area
are connected to different switching centers, especially
in dense population areas. In general, a service area is
defined as a collection of cells within close geographical
proximity to one another. Another class of cellular sys-
tems that fits the above description is satellite based,
where the cellular basestations or cell sites are satellites
that typically orbit the earth. In these systems, the cell
sectors and service areas move as a function of time.
Examples of such systems include Iridium, Globalstar,
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Orbcomm, and Odyssey.
[0029] Figure 3 shows an example of a GPS location
server 50 which may be used as the GPS server 109 or
GPS server 110 in Figure 2. The SPS location server 50
of Figure 3 includes a data processing unit 51 which may
be a fault-tolerant digital computer system. The SPS lo-
cation server 50 also includes a modem or other com-
munication interface 52 and a modem or other commu-
nication interface 53 and a modem or other communica-
tion interface 54. These communication interfaces pro-
vide connectivity for the exchange of information to and
from the location server shown in Figure 3 between three
different networks, which are shown as networks 60, 62,
and 64. The network 60 includes the mobile switching
center or centers and/or the land-based phone system
switches or the cell sites. An example of this network is
shown in Figure 2 wherein the GPS server 109 repre-
sents the server 50 of Figure 3. Thus the network 60
may be considered to include the mobile switching cent-
ers 105 and 106 and the cells 102, 103, and 104. The
network 64 may be considered to include the Applications
Servers 114 and 116, which are each usually computer
systems with communication interfaces, and also may
include one or more "PSAP’s," (Public Safety Answering
Point) which is typically the control center which answers
911 emergency telephone calls. The network 62, which
represents the SPS reference network 111 of Figure 2,
is a network of SPS receivers which are SPS reference
receivers designed to provide differential SPS correction
information and also to provide SPS signal data including
the satellite ephemeris data to the data processing unit
When the server 50 serves a very large geographical
area, a local optional SPS receiver, such as optional SPS
receiver 56, may not be able to observe all SPS satellites
that are in view of mobile SPS receivers throughout this
area. Accordingly, the network 62 collects and provides
satellite ephemeris data (typically, in one embodiment,
as part of the entire raw satellite navigation message)
and differential SPS correction data applicable over a
wide area.
[0030] As shown in Figure 3, a mass storage device
55 is coupled to the data processing unit 51. Typically,
the mass storage 55 will include storage for software for
performing the GPS position calculations after receiving
pseudoranges from the mobile GPS receivers, such as
a receiver 102b of Figure 2. These pseudoranges are
normally received through the cell site and mobile switch-
ing center and the modern or other interface 53. The
mass storage device 55 also includes software, at least
in one embodiment, which is used to receive and use the
satellite ephemeris data and differential SPS correction
data provided by the GPS reference network 32 through
the modem or other interface 54. The mass storage de-
vice 55 also will typically include a database which spec-
ifies the location of cell sites which are serviced by the
GPS location server. These locations are used with the
cellular pseudoranges to determine the position of a mo-
bile unit such as an integrated communication sys-

tem/GPS receiver.
[0031] In a typical embodiment of the present inven-
tion, the optional SPS receiver 56 is not necessary as
the GPS reference network 111 of Figure 2 (shown as
network 62 of Figure 3) provides the differential GPS
information as well as the raw satellite navigation mes-
sages from the satellites in view of the various reference
receivers in the GPS reference network. It will be appre-
ciated that the satellite ephemeris data obtained from the
network through the modem or other interface 54 may
be used in a conventional manner with the pseudoranges
obtained from the mobile GPS receiver in order to com-
pute the position information for the mobile GPS receiver.
The interfaces 52, 53, and. 54 may each be a modem or
other suitable communication interface for coupling the
data processing unit to other computer systems, as in
the case of network 64, and to cellular based communi-
cation systems, as in the case of network 60, and to trans-
mitting devices, such as computer systems in the network
62. In one example, it will be appreciated that the network
62 includes a plurality of GPS reference receivers dis-
persed over a geographical region. In some embodi-
ments, the differential GPS correction information, ob-
tained from a receiver 56 near the cell site or cellular
service area which is communicating with the mobile
GPS receiver through the cellular based communication
system, will provide differential GPS correction informa-
tion which is appropriate for the approximate location of
the mobile GPS receiver. In other cases, differential cor-
rections from the network 62 may be combined to com-
pute a differential correction appropriate to the location
of the GPS receiver.
[0032] Figure 4 shows a generalized combined sys-
tem which includes a SPS receiver and a communication
system transceiver. In one example, the communication
system transceiver is a cellular telephone. The system
75 includes a SPS receiver 76 having a SPS antenna 77
and a communication transceiver 78 having a communi-
cation antenna 79. The SPS receiver 76 is coupled to
the communication transceiver 78 through the connec-
tion 80 shown in Figure 4. In one mode of operation, the
communication system transceiver 78 receives approx-
imate Doppler information through the antenna 79 and
provides this approximate Doppler information over the
link 80 to the GPS receiver 76 which performs the pseu-
dorange determination by receiving the SPS signals from
the SPS satellites through the SPS antenna 77. The de-
termined pseudoranges are then transmitted to a SPS
location server through the communication system trans-
ceiver 78. Typically the communication system transceiv-
er 78 sends a signal through the antenna 79 to a cell site
which then transfers this information back to the SPS
location server. Examples of various embodiments for
the system 75 are known in the art. For example, U.S.
Patent 5,663,734 describes an example of a combined
SPS receiver and communication system which utilizes
an improved SPS receiver system. Another example of
a combined SPS and communication system has been
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described in co-pending Application Serial No.
08/652,833, which was filed May 23, 1996. The system
75 of Figure 4, as well as numerous alternative commu-
nication systems having SPS receivers will typically time
stamp the time of the receipt of a message at the mobile
unit and the time of transmission of a message from the
mobile unit. In particular, the system 75 may use GPS
time (received from the GPS satellites) or use time from
CDMA transmissions (in a preferred embodiment) to time
stamp the time of receipt at the mobile unit of a message
and the time of transmission of another message from
the mobile unit. Alternatively, because a CDMA signal is
a spread spectrum (DSSS) signal, system 75 can derive
time of travel of a one-way signal by despreading the
received signal in order to provide a cellular pseudor-
ange. The CDMA signal generated by a CDMA cell site
is synchronized to GPS time, and it has both a spread
spectrum code and data modulation. The spread spec-
trum code modulation allows a CDMA cellular receiver
to determine, through a correlation operation, accurately
the time of travel of a CDMA signal and the data modu-
lation provides the time of transmission. In a preferred
embodiment, the time of receipt of a message at the mo-
bile unit and the time or transmission of another message
from the mobile unit are determined at the mobile unit
and transmitted from the mobile unit to a GPS location
server through a cell site. These times will then be used
at the GPS location server (together with the correspond-
ing times from the cell site) to determine a cellular pseu-
dorange for a message.
[0033] Figure 5 shows one embodiment for a GPS
reference station. It will be appreciated that each refer-
ence station may be constructed in this way and coupled
to the communication network or medium. Typically,
each GPS reference station, such as GPS reference sta-
tion 90 of Figure 5, will include a dual frequency GPS
reference receiver 92 which is coupled to a GPS antenna
91 which receives GPS signals from GPS satellites in
view of the antenna 91. GPS reference receivers are well
known in the art. The GPS reference receiver 92, accord-
ing to one example , provides at least two types of infor-
mation as outputs from the receiver 92. Pseudorange
outputs and/or pseudorange differential corrections 93
are provided to a processor and network interface 95,
and these pseudorange outputs are used to compute
pseudorange differential corrections in the conventional
manner for those satellites in view of the GPS antenna
91. The processor and network interface 95 may be a
conventional digital computer system which has interfac-
es for receiving data from a GPS reference receiver as
is well known in the art. The processor 95 will typically
include software designed to process the pseudorange
data to determine the appropriate pseudorange correc-
tion for each satellite in view of the GPS antenna 91.
These pseudorange corrections are then transmitted
through the network interface to the communication net-
work or medium 96 to which other GPS reference stations
are typically also coupled. The GPS reference receiver

92 also provides a satellite ephemeris data output 94.
This data is provided to the processor and network inter-
face 95 which then transmits this data onto the commu-
nication network 96, which is included in the GPS refer-
ence network 111 of Figure 2.
[0034] The satellite ephemeris data output 94 provides
typically at least part of the entire raw 50 baud navigation
binary data encoded in the actual GPS signals received
from each GPS satellite. This satellite ephemeris data is
part of the navigation message which is broadcast as the
50 bit per second data stream in the GPS signals from
the GPS satellites and is described in great detail in the
GPS ICD-200 document. The processor and network in-
terface 95 receives this satellite ephemeris data output
94 and transmits it in real time or near real time to the
communication network 96. As will be described below,
this satellite ephemeris data which is transmitted into the
communication network is later received through the net-
work at various GPS location servers according to as-
pects of the present invention.
[0035] In certain examples, only certain segments of
the navigation message, such as the satellite ephemeris
data message may be sent to location servers in order
to lower the bandwidth requirements for the network in-
terfaces and for the communication network. Typically
also, this data may not need to be provided continuously.
For example, only the first three frames which contain
ephemeris information rather than all 5 frames together
may be transmitted on a regular basis into the commu-
nication network 96. It will be appreciated that in one
example, the location server may receive the entire nav-
igation message which is transmitted from one or more
GPS reference receivers into the network in order to per-
form a method for measuring time related to satellite data
messages, such as the method described in co-pending
U.S. Patent Application Serial No. 08/794,649, which was
filed February 3, 1997, by Norman F. Krasner. As used
herein, the term "satellite ephemeris data" includes data
which is only a portion of the satellite navigation message
(e.g. 50 baud message) transmitted by a GPS satellite
or at least a mathematical representation of this satellite
ephemeris data. For example, the term satellite
ephemeris data refers to at least a representation of a
portion of the 50 baud data message encoded into the
GPS signal transmitted from a GPS satellite. It will be
also understood that the GPS reference receiver 92 de-
coded the different GPS signals from the different GPS
satellites in view of the reference receiver 92 in order to
provide the binary data output 94 which contains the sat-
ellite ephemeris data.
[0036] Figure 6 shows an example of a method in
which messages in a cell based communication signal
are used to provide time measurements which may be
used to augment time measurements from satellite po-
sitioning systems, such as the GPS system. In the
present example, the messages in the cell based com-
munication signals are not embedded navigation signals
which specify a position of the transmitter or are GPS-
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like signals. Rather, these messages may be arbitrary
data such as voice or data messages and the messages
may be typically communicated bi-directionally between
the mobile communication system and the cell based
transceiver or cell site. These messages may, for exam-
ple, be Doppler or other aiding information (e.g. approx-
imate location or time) provided from the cell site to the
mobile integrated communication system/GPS receiver
or it may be the 911 phone call from an integrated com-
munication system/GPS receiver or it may be the pseu-
doranges to GPS satellites determined by the GPS re-
ceiver which are being communicated from the mobile
unit back to the cell site and ultimately to a location server
as in one example. Thus these messages are typically
capable of bi-directional communication and may be ar-
bitrary data and are not embedded navigation signals.
[0037] The method as shown in Figure 6 begins at
step 201 in which GPS signals are received in the mobile
integrated communication system/GPS receiver and
pseudoranges to at least one GPS satellite is determined.
This one pseudorange represents a time of travel of a
GPS signal from a GPS satellite to the mobile GPS re-
ceiver. In step 203, a transmission of a message in the
wireless cell based communication signals occurs. From
this transmission, in step 205, a time measurement is
determined which represents a time of travel of a mes-
sage in the wireless cell based communication signals
between the communication system in the integrated
communication system/GPS receiver and a wireless cell
based transceiver at the first cell site. If the mobile inte-
grated communication system/GPS receiver can com-
municate with several cell sites, then several time meas-
urements that represent the times of travel of the mes-
sages between the mobile unit and several cell sites may
be determined. The same or different messages may he
sent between the mobile unit and several cell sites, and
the time measurements may be obtained from these
messages. These time measurements may be referred
to as cellular pseudoranges or cell based pseudoranges.
Having several cellular pseudoranges will tend to in-
crease the chances of having a three-dimensional posi-
tion determination, particularly if pseudoranges to at least
two GPS satellites can also be determined.
[0038] In step 207, the positions of the GPS satellites
at the time of collecting the data for determining the sat-
ellite pseudoranges and the position of the wireless cell
based transceivers are determined. This position data
will be used with the pseudorange data in order to deter-
mine the position of the mobile unit. In step 209, the po-
sition of the GPS receiver which is integrated with the
communication system is determined from at least the
pseudorange to at least one GPS satellite and from the
time measurements of the message in the wireless cell
based communication signals and from the GPS satellite
ephemeris data and the position of a wireless cell based
transceiver which was in communication with the com-
munication system of the mobile integrated unit. Typical-
ly, the position is determined based upon additional in-

formation such as another pseudorange to another GPS
satellite or another cellular pseudorange such as another
time measurement of a message in the wireless cell
based signals between the communication system and
another wireless cell based transceiver. It will be appre-
ciated that where cellular overlay exists between cells
and where the communication system can communicate
with two cell sites and where two GPS satellites have
been acquired and their pseudoranges determined, four
pseudoranges are available for use in determining the
position of the mobile unit.
[0039] In one example, the mobile unit itself may de-
termine its position by receiving the satellite ephemeris
data from the GPS satellites or from another source (e.g.
through cell based communication signals), receiving or
determining satellite and cellular pseudoranges, and by
using a local database which specifies the position of a
particular cell site or cell sites with which it is communi-
cating messages in the cell based wireless communica-
tion system. In an alternative example, a client-server
architecture is used in which pseudorange measure-
ments are transmitted to a location server, and the loca-
tion server receives the satellite ephemeris data and also
receives or otherwise determines the position of the cell
sites which are communicating with the communication
system in the integrated mobile unit.
[0040] Before describing another example, it is desir-
able to identify the unknowns in the system so that the
minimum set of measurements and the combination
thereof can be considered.
[0041] As far as a remote SPS receiver is concerned
the unknowns are receiver clock error t(SPS_rcvr), and
(x,y,z) for three-dimensional positioning or (x,y) for two-
dimensional positioning. As far as a cell site transceiver
is concerned, the unknown is the transceiver clock error
t(cell_rcvr). Cell site transceivers must be synchronized
to some common system time be it GPS or some other
time to be useful in ranging application. Irrespective of
the chosen reference time, the cell site basestations can-
not be perfectly synchronized Any cell base synchroni-
zation timing errors result in the cellular pseudorange
errors (1 nanosecond of timing error is equivalent to 1
foot of ranging error assuming that the signal propagates
with speed of light). However, in the derivation of a min-
imum set of measurements below, it will be assumed that
the synchronization between cell base transceivers is
perfect. The location of a transceiver antenna at the cell
site is assumed to be precisely known. Any error in the
antenna location translates into a cellular pseudorange
error.
[0042] Two-dimensional positioning is considered
first. Three-dimensional positioning is a simple extension
of a two-dimensional case.
[0043] In the case of a situation of cell basestation
transceivers synchronized to GPS system time, there is
a total of three unknowns: two spatial errors (x and y)
and one temporal error. There is only one temporal error
since the basestation transceiver clock t(cell_trcvr) and
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the SPS receiver clock t(SPS_rcvr) are slaved to the com-
mon reference time. Another way of looking at this is to
consider the cellular pseudorange, which is the time of
travel or difference of two times measured by SPS re-
ceiver and cellular transceiver clocks both synchronized
to a common source of time - GPS system time. Three
unknowns require three independent measurements: a
combination of i SPS pseudorangcs and j cellular pseu-
doranges where i+j is greater than or equal to 3. The
preferred example is to communicate with at least one
cellular basestation in order to fulfill communication link
requirements in the server/client architectural approach
and enhanced 911 application in particular. Each inde-
pendent cellular pseudorange requires a cell base trans-
ceiver producing a time measurement. Thus, i cellular
pseudoranges means i separate cellular basestations
making i time measurements.
[0044] In the case of a situation of cell basestation
transceivers synchronized to non-GPS system time,
there are a total of four unknowns: two spatial errors (x
and y) and two temporal errors (the transceiver clock t
(cell_trcvr) error and the SPS receiver clock t(SPS_rcvr)
error).
[0045] Four unknowns require four independent meas-
urements: a combination of i SPS pseudoranges and j
cellular pseudoranges where i+j is greater than or equal
to 4. For instance, in the TDOA overlay approach, each
independent cellular TDOA measurement requires a pair
of cell basestation transceivers generating time meas-
urements. Thus, i cellular pseudorange means i+1 sep-
arate cellular basestations making i+1 time measure-
ments.
[0046] For three-dimensional positioning, since there
is an addition unknown z, there is a need for an additional
independent measurement. This measurement can be
an additional cellular or SPS pseudorange, or a meas-
urement based on some estimate of the altitude within
the area of interest (altitude aiding).
[0047] Another example of a method will now be de-
scribed while referring to Figures 7A and 7B. In this ex-
ample, the integrated mobile unit may be an integrated
cell phone/GPS receiver which uses a CDMA type cell
based communication signal protocol. Thus, the time of
receipt of a message at the mobile unit may be obtained
from the CDMA signals themselves and the time of trans-
mission of a message from the mobile unit may also be
obtained from the CDMA signals. A cell site may use
either the CDMA signals to obtain time of receipt of a
message at the cell site or time of transmission of a mes-
sage from the cell site or may use GPS time obtained
from a GPS reference receiver coupled to the cell site.
The method shown in Figures 7A and 7B begins in step
302 in which a 911 message is transmitted from the cell
phone to a wireless cell based transceiver (at the cell
site). This 911 message is typically caused by a user
dialing 911 on the cell phone. The time of transmitting
this 911 message is recorded at the cell phone and this
time is typically transmitted from the cell phone to the

basestation or cell site. In step 304, the 911 message is
received at the wireless cell based transceiver and the
time of receipt of this message is also recorded. The time
of transmission which is transmitted to the wireless cell
based transceiver and the time of receipt of the message
which is recorded at the wireless cell based transceiver
is used to determine a cellular pseudorange for this 911
message and these times are typically forwarded to a
GPS location server which will determine the cellular
pseudorange. In step 306, a GPS location server re-
ceives the 911 request and determines aiding information
for the GPS location operation, In one example, this aid-
ing information may include Doppler information for sat-
ellites in view based on the cell site’s location and a spec-
ification of the satellites in view. The server transmits this
aiding information through the cell site (the wireless cell
based transceiver) to the mobile phone/GPS receiver.
The cell site records the time of transmission of this aiding
information. The recorded time will be used in conjunction
with the time of receipt at the mobile unit of the aiding
information to determine another cellular pseudorange
which may be used to determine the distance between
this particular cell site and the mobile unit. It will be ap-
preciated that this cellular pseudorange may be aver-
aged with other cellular pseudoranges between the same
cell site and the mobile unit.
[0048] In step 308, the mobile phone/GPS receiver re-
ceives the aiding information and records the time of re-
ceipt of this aiding information. The time of receipt may
be obtained from time information in the CDMA signals
or may be obtained from the time information in GPS
signals if the mobile unit can read these time signals from
the GPS signals from GPS satellites. In step 310, the
mobile unit receives GPS satellite signals and records
the time of receipt of these signals. The mobile unit may
record the time of receipt of these signals from time in-
formation in the CDMA signal or in the GPS time signals
in the GPS signals themselves. The mobile unit also de-
termines, in one example, at least one satellite pseudor-
ange if adequate signals from a GPS satellite can be
obtained. Alternatively, the GPS signal may be collected
and buffered and transmitted (with a time stamp) to the
location server which determines the pseudoranges. In
step 312, the mobile unit transmits the satellite pseudor-
anges it has determined for the various satellites which
are in view and determines the time of transmission of
these pseudoranges and transmits this time to the cell
site which will forward this time to a location server. In
step 314, the wireless cell based transceiver receives
the satellite pseudoranges and the time of collection of
these pseudoranges and also the time of transmission
of the pseudoranges and also records the time of receipt
of the pseudoranges from GPS time obtained at the cell
based transceiver. This information is then forwarded to
the location server which will perform the rest of the cal-
culations required in order to determine the position of
the mobile unit. In step 316, the location server deter-
mines at least one cellular pseudorange which repre-
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sents a time of travel of a message in the wireless cell
based communication signals between the cell phone in
the integrated cell phone/GPS receiver and the wireless
cell based transceiver. These cellular pseudoranges are
determined from the transmission and receipt times of a
particular message embedded in the cellular communi-
cation signals. In step 318 the location server determines
the position of satellites and the position of the wireless
cell based transceivers which were in communication
with the mobile unit. The position of the GPS satellites
may be determined from the GPS reference network or
from an optional GPS reference receiver at the location
server. The position of the wireless cell based transceiv-
ers which were communicating with the mobile unit may
be obtained from a database which specifies a position
for each wireless cell based transceiver in the system.
[0049] In step 320, the location server then determines
the position of the GPS receiver/cell phone from at least
the pseudoranges to the GPS satellite and the cellular
pseudoranges and the position of the GPS satellites and
the position of the wireless cell based transceivers and
typically at least one additional information. If only one
pseudorange to a GPS satellite is obtainable, the position
(in two-dimensions) of the mobile unit may still be deter-
mined by using two cellular pseudoranges. When two
satellite pseudoranges may be obtained, then a cellular
pseudorange in combination with another cellular pseu-
dorange may provide a three-dimensional position de-
termination.
[0050] Although the methods and apparatus of embod-
iments of the present invention have been described with
reference to GPS satellites, it will be appreciated that the
teachings are equally applicable to positioning systems
which utilize pseudolites or a combination of satellites
and pseudolites. Pseudolites are ground based transmit-
ters which broadcast a pseudorandom PN code (similar
to a GPS signal) modulated on an L-band carrier signal,
generally synchronized with GPS time. Each transmitter
may be assigned a unique PN code so as to permit iden-
tification by a remote receiver. Pseudolites are useful in
situations where GPS signals from an orbiting satellite
might be unavailable, such as tunnels, mines, buildings
or other enclosed areas. The term "satellite", as used
herein, is intended to include pseudolite or equivalents
of pseudolites, and the term GPS signals, as used herein,
is intended to include GPS-like signals from pseudolites
or equivalents of pseudolites.
[0051] In the preceding discussion the invention has
been described with reference to Application upon the
United States Global Positioning Satellite (GPS) system.
It should be evident, however, that these methods are
equally applicable to similar satellite positioning systems,
and in, particular, the Russian Glonass system. The Glo-
nass system primarily differs from GPS system in that
the emissions from different satellites are differentiated
from one another by utilizing slightly different carrier fre-
quencies, rather than utilizing different pseudorandom
codes. The term "GPS" used herein includes such alter-

native satellite positioning systems, including the Rus-
sian Glonass system.

Claims

1. A method of processing position information in a mo-
bile device comprising a SPS receiver and a com-
munication system transceiver (102b, 103b, 104b)
in a cellular communication system, said method
comprising:

determining a first time measurement which rep-
resents a time of travel of a message in a com-
munication signal between said mobile device
(102b, 103b, 104b) and at least one wireless cell
based transceiver (102a, 103a, 104a) at a
known location in the cellular communication
system;
determining a second time measurement which
represents a time of travel of satellite positioning
system (SPS) signals received by said mobile
device (102b, 103b, 104b); and
enabling a position of said mobile device (102b,
103b, 104b) to be determined using said first
time measurement, said second time measure-
ment, and an additional independent measure-
ment for elimination of wireless-to-SPS clock er-
ror, by either:

sending at least one of said first time meas-
urement and said second time measure-
ment to said at least one wireless cell based
transceiver (102a, 103a, 104a); or
receiving from said at least one wireless cell
based transceiver (102a, 103a, 104a) infor-
mation required for determining said first
time measurement;
or
determining said information at said mobile
device (102b, 103b, 104b).

2. A method as in claim 1, further comprising determin-
ing said position of said mobile device (102b, 103b,
104b).

3. A method as in claim 1 wherein said second time
measurement comprises a pseudorange to at least
one satellite and further comprising transmitting said
pseudorange and said first time measurement to
said at least one wireless cell based transceiver
(102a, 103a, 104a) which transmits said pseudor-
ange and said first time measurement to a system
which determines said position of said mobile device
(102b, 103b, 104b).

4. A method as in claim 1 wherein a time of transmitting
said communication and a time of receiving said
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communication determine said first time measure-
ment.

5. A method as in claim 1 wherein said position of said
mobile device (102b, 103b, 104b) is determined from
said first time measurement, said second time meas-
urement and a third time measurement which rep-
resents a time of travel of SPS signals from another
SPS satellite to said mobile device (102b, 103b,
104b).

6. A method as in claim 1 wherein an SPS receipt time
which represents a time of receiving SPS signals at
said mobile device (102b, 103b, 104b) is determined
from SPS signals, from a single SPS satellite, having
a least amount of signal attenuation.

7. A method as in claim 1 wherein said communication
comprises Doppler information of satellites in view
of said mobile device.

8. A method as in claim 1 wherein said communication
comprises a pseudorange to at least one satellite.

9. An apparatus for processing position information in
a mobile device comprising a SPS receiver and a
communication system transceiver (102b, 103b,
104b) in a cellular communication system, said ap-
paratus comprising:

means for determining a first time measurement
which represents a time of travel of a message
in a communication signal between said appa-
ratus and at least one wireless cell based trans-
ceiver (102a, 103a, 104a) at a known location
in the cellular communication system;
means for determining a second time measure-
ment which represents a time of travel of satellite
positioning system (SPS) signals received by
said apparatus; and
means for enabling a position of said apparatus
to be determined using said first time measure-
ment, said second time measurement, and an
additional independent measurement for elimi-
nation of wireless-to-SPS clock error, by either:

sending at least one of said first time meas-
urement and said second time measure-
ment to said at least one wireless cell based
transceiver (102a, 103a, 104a); or
receiving from said at least one wireless cell
based transceiver (102a, 103a, 104a) infor-
mation required for determining said first
time measurement;
or
determining said information at said appa-
ratus.

10. An apparatus as in claim 9, further comprising means
for determining said position of said apparatus.

11. An apparatus as in claim 9 wherein said second time
measurement comprises a pseudorange to at least
one satellite and further comprising means for trans-
mitting said pseudorange and said first time meas-
urement to said at least one wireless cell based
transceiver (102a, 103a, 104a)which transmits said
pseudorange and said first time measurement to a
system which determines said position of said ap-
paratus.

12. An apparatus as in claim 9 wherein a time of trans-
mitting said communication and a time of receiving
said communication determine said first time meas-
urement.

13. An apparatus as in claim 9 wherein said position of
said apparatus is determined from said first time
measurement, said second time measurement and
a third time measurement which represents a time
of travel of SPS signals from another SPS satellite
to said apparatus.

14. An apparatus as in claim 9 wherein an SPS receipt
time which represents a time of receiving SPS sig-
nals at said apparatus is determined from SPS sig-
nals, from a single SPS satellite, having a least
amount of signal attenuation.

15. An apparatus as in claim 9 wherein said communi-
cation comprises Doppler information of satellites in
view of said apparatus.

Patentansprüche

1. Ein Verfahren zum Verarbeiten von Positionsinfor-
mation in einer Mobilvorrichtung (102b, 103b, 104b),
die einen SPS-Empfänger und einen Kommunikati-
onssystemtransceiver aufweist, in einem zellularen
Kommunikationssystem, wobei das Verfahren Fol-
gendes aufweist:

Bestimmen einer ersten Zeitmessung, die die
Ausbreitungszeit bzw. Wegzeit einer Nachricht
in einem Kommunikationssignal zwischen der
Mobilvorrichtung (102b, 103b, 104b) und min-
destens einem drahtlosen zellbasierten Tran-
sceiver (102a, 103a, 104a) an einem bekannten
Standort in dem zellularen Kommunikationssy-
stem darstellt;
Bestimmen einer zweiten Zeitmessung, die eine
Wegzeit von Satellitenpositionierungssystem-
bzw. SPS-Signalen darstellt, die von der Mobil-
vorrichtung (102b, 103b, 104b) empfangen wer-
den; und
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Ermöglichen, dass eine Position der Mobilvor-
richtung (102b, 103b, 104b) bestimmt werden
kann unter Verwendung der ersten Zeitmes-
sung, der zweiten Zeitmessung und einer zu-
sätzlichen unabhängigen Messung zur Eliminie-
rung eines Drahtlos-zu-SPS-Takt- bzw. -Uhr-
fehlers, durch entweder: Senden mindestens ei-
ner Messung der ersten Zeitmessung und der
zweiten Zeitmessung an den mindestens einen
drahtlosen zellbasierten Transceiver (102a,
103a, 104a); oder
Empfangen von dem mindestens einen drahtlo-
sen zellbasierten Transceiver (102a, 103a,
104a) von Information, die notwendig ist zum
Bestimmen der ersten Zeitmessung; oder
Bestimmen der Information bei der Mobilvorrich-
tung (102b, 103b, 104b).

2. Verfahren nach Anspruch 1, das weiter das Bestim-
men der Position der Mobilvorrichtung (102b, 103b,
104b) aufweist.

3. Verfahren nach Anspruch 1, wobei die zweite Zeit-
messung einen Pseudoabstand zu mindestens ei-
nem Satelliten aufweist und weiter das Senden des
Pseudoabstandes und der ersten Zeitmessung an
den mindestens einen drahtlosen zellbasierten
Transceiver (102a, 103a, 104a) aufweist, der den
Pseudoabstand und die erste Zeitmessung an ein
System sendet, das die Position der Mobilvorrich-
tung (102b, 103b, 104b) bestimmt.

4. Verfahren nach Anspruch 1, wobei ein Sendezeit-
punkt der Kommunikation und ein Zeitpunkt des
Empfangens der Kommunikation die erste Zeitmes-
sung bestimmen.

5. Verfahren nach Anspruch 1, wobei die Position der
Mobilvorrichtung (102b, 103b, 104b) aus der ersten
Zeitmessung, der zweiten Zeitmessung und einer
dritten Zeitmessung bestimmt wird, die eine Wegzeit
von SPS-Signalen von einem weiteren SPS-Satellit
zu der Mobilvorrichtung (102b, 103b, 104b) darstellt.

6. Verfahren nach Anspruch 1, wobei eine SPS-Emp-
fangszeit, welche eine Zeit eines Empfangens von
SPS-Signalen an der Mobilvorrichtung (102b, 103b,
104b) darstellt, aus SPS-Signalen von einem einzel-
nen SPS-Satellit bestimmt wird, der einen gering-
sten Betrag an Signaldämpfung bzw. - abschwä-
chung hat.

7. Verfahren nach Anspruch 1, wobei die Kommunika-
tion Doppler-Information von Satelliten im Sichtfeld
der Mobilvorrichtung aufweist.

8. Verfahren nach Anspruch 1, wobei die Kommunika-
tion einen Pseudoabstand zu mindestens einem Sa-

telliten aufweist.

9. Eine Vorrichtung zum Verarbeiten von Positionsin-
formation in einer Mobilvorrichtung (102b, 103b,
104b), die einen SPS-Empfänger und einen Kom-
munikationssystemtransceiver aufweist, in einem
zellularen Kommunikationssystem, wobei die Vor-
richtung Folgendes aufweist:

Mittel zum Bestimmen einer ersten Zeitmes-
sung, die die Ausbreitungszeit bzw. Wegzeit ei-
ner Nachricht in einem Kommunikationssignal
zwischen der Vorrichtung und mindestens ei-
nem drahtlosen zellbasierten Transceiver
(102a, 103a, 104a) an einem bekannten Stand-
ort in dem zellularen Kommunikationssystem
darstellt;
Mittel zum Bestimmen einer zweiten Zeitmes-
sung, die eine Wegzeit von Satellitenpositionie-
rungssystem- bzw. SPS-Signalen darstellt, die
von der Vorrichtung empfangen werden; und
Mittel zum Ermöglichen, dass eine Position der
Vorrichtung bestimmt werden kann unter Ver-
wendung der ersten Zeitmessung, der zweiten
Zeitmessung und einer zusätzlichen unabhän-
gigen Messung zur Eliminierung eines Drahtlos-
zu-SPS-Takt- bzw. -Uhrfehlers, durch entwe-
der:

Senden mindestens einer Messung der er-
sten Zeitmessung und der zweiten Zeitmes-
sung an den mindestens einen drahtlosen
zellbasierten Transceiver (102a, 103a,
104a); oder
Empfangen von dem mindestens einen
drahtlosen zellbasierten Transceiver (102a,
103a, 104a) von Information, die notwendig
ist zum Bestimmen der ersten Zeitmes-
sung; oder
Bestimmen der Information bei der Vorrich-
tung.

10. Vorrichtung nach Anspruch 9, die weiter Mittel zum
Bestimmen der Position der Vorrichtung aufweist.

11. Vorrichtung nach Anspruch 9, wobei die zweite Zeit-
messung einen Pseudoabstand zu mindestens ei-
nem Satellit aufweist und weiter Mittel aufweist zum
Senden des Pseudoabstandes und der ersten Zeit-
messung an den mindestens einen drahtlosen zell-
basierten Transceiver (102a, 103a, 104a), der den
Pseudoabstand und die erste Zeitmessung an ein
System sendet, das die Position der Vorrichtung be-
stimmt.

12. Vorrichtung nach Anspruch 9, wobei ein Sendezeit-
punkt der Kommunikation und ein Zeitpunkt des
Empfangens der Kommunikation die erste Zeitmes-
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sung bestimmen.

13. Vorrichtung nach Anspruch 9, wobei die Position der
Vorrichtung aus der ersten Zeitmessung, der zwei-
ten Zeitmessung und einer dritten Zeitmessung be-
stimmt wird, die eine Wegzeit von SPS-Signalen von
einem weiteren SPS-Satellit an die Vorrichtung dar-
stellt.

14. Vorrichtung nach Anspruch 9, wobei eine SPS-Emp-
fangszeit, welche eine Zeit eines Empfangens von
SPS-Signalen an der Vorrichtung darstellt, aus SPS-
Signalen von einem einzelnen SPS-Satellit be-
stimmt wird, der einen geringsten Betrag an Signal-
dämpfung bzw. -abschwächung hat.

15. Vorrichtung nach Anspruch 9, wobei die Kommuni-
kation Doppler-Information von Satelliten im Sicht-
feld der Vorrichtung aufweist.

Revendications

1. Procédé de traitement d’informations de position
dans un dispositif mobile (102b, 103b, 104b) com-
portant un récepteur SPS et un émetteur-récepteur
de système de communication dans un système de
communication cellulaire, ledit procédé comportant
les étapes consistant à :

déterminer une première mesure de temps qui
représente un temps de propagation d’un mes-
sage dans un signal de communication entre
ledit dispositif mobile (102b, 103b, 104b) et au
moins un premier émetteur-récepteur radioé-
leotrique cellulaire (102a, 103a, 104a) à un em-
placement connu dans le système de commu-
nication cellulaire ;
déterminer une deuxième mesure de temps qui
représente un temps de propagation de signaux
d’un système de positionnement satellitaire
(SPS) reçus par ledit dispositif mobile (102b,
103b, 104b) ; et
permettre la détermination d’une position dudit
dispositif mobile (102b, 103b, 104b) à l’aide de
ladite première mesure de temps, de ladite
deuxième mesure de temps et d’une mesure
supplémentaire indépendante pour l’élimination
d’une erreur d’horloge entre le système radioé-
lectrique et le SPS,
soit en envoyant au moins une desdites premiè-
re mesure de temps et deuxième mesure de
temps audit/auxdits émetteurs-récepteurs ra-
dioélectriques cellulaires (102a, 103a, 104a) ;
soit en recevant dudit/desdits émetteurs-récep-
teurs radioélectriques cellulaires (102a, 103a,
104a) des informations requises pour détermi-
ner ladite première mesure de temps ;

soit en déterminant lesdites informations dans
ledit dispositif mobile (102b, 103b, 104b).

2. Procédé selon la revendication 1, comportant en
outre la détermination de ladite position dudit dispo-
sitif mobile (102b, 103b, 104b).

3. Procédé selon la revendication 1, dans lequel ladite
deuxième mesure de temps comprend en outre une
pseudo-distance par rapport à au moins un satellite,
et comportant en outre la transmission de ladite
pseudo-distance et de ladite première mesure de
temps audit/auxdits émetteurs-récepteurs radioé-
lectriques cellulaires (102a, 103a, 104a) qui trans-
met/transmettent ladite pseudo-distance et ladite
première mesure de temps à un système qui déter-
mine ladite position dudit dispositif mobile (102b,
103b, 104b).

4. Procédé selon la revendication 1, dans lequel un ins-
tant d’émission de ladite communication et un instant
de réception de ladite communication déterminent
ladite première mesure de temps.

5. Procédé selon la revendication 1, dans lequel ladite
position dudit dispositif mobile (102b, 103b, 104b)
est déterminée d’après ladite première mesure de
temps, ladite deuxième mesure de temps et une troi-
sième mesure de temps qui représente un temps de
propagation de signaux SPS depuis un autre satellite
SPS jusqu’audit dispositif mobile (102b, 103b, 104b)

6. Procédé selon la revendication 1, dans lequel un ins-
tant de réception SPS qui représente un instant de
réception de signaux SPS dans ledit dispositif mobile
(102b, 103b, 104b) est déterminé d’après des si-
gnaux SPS, provenant d’un seul satellite SPS, ayant
la plus faible ampleur d’atténuation de signaux.

7. Procédé selon la revendication 1, dans lequel ladite
communication contient des informations Doppler
de satellites en vue dudit dispositif mobile.

8. Procédé selon la revendication 1, dans lequel ladite
communication contient une pseudo-distance par
rapport à au moins un satellite.

9. Appareil pour traiter des informations de position
dans un dispositif mobile (102b, 103b, 104b) com-
portant un récepteur SPS et un émetteur-récepteur
de système de communication dans un système de
communication cellulaire, ledit appareil comportant :

des moyens pour déterminer une première me-
sure de temps qui représente un temps de pro-
pagation d’un message dans un signal de com-
munication entre ledit appareil et au moins un
premier émetteur-récepteur radioélectrique cel-
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lulaire (10, 101) qui comprend un premier émet-
teur-récepteur cellulaire radioélectrique (102a,
103a, 104a) à un emplacement connu dans le
système de communication cellulaire ;
des moyens pour déterminer une deuxième me-
sure de temps qui représente un temps de pro-
pagation de signaux d’un système de position-
nement satellitaire (SPS) reçus par ledit
appareil ; et
des moyens pour permettre la détermination
d’une position dudit appareil à l’aide de ladite
première mesure de temps, de ladite deuxième
mesure de temps et d’une mesure supplémen-
taire indépendante pour l’élimination d’une er-
reur d’horloge entre le système radioélectrique
et le SPS,
soit en envoyant au moins une desdites premiè-
re mesure de temps et deuxième mesure de
temps audit/auxdits émetteurs-récepteurs ra-
dioélectriques cellulaires (102a, 103a, 104a) ;
soit en recevant dudit/desdits émetteurs-récep-
teurs radioélectriques cellulaires (102a, 103a,
104a) des informations requises pour détermi-
ner ladite première mesure de temps ;
soit en déterminant lesdites informations dans
ledit appareil.

10. Appareil selon la revendication 9, comportant en
outre des moyens pour déterminer ladite position du-
dit appareil.

11. Appareil selon la revendication 9, dans lequel ladite
deuxième mesure de temps comprend en outre une
pseudo-distance par rapport à au moins un satellite,
et comportant en outre des moyens pour transmettre
ladite pseudo-distance et ladite première mesure de
temps audit/auxdits émetteurs-récepteurs radioé-
lectriques cellulaires (102a, 103a, 104a) qui trans-
met/transmettent ladite pseudo-distance et ladite
première mesure de temps à un système qui déter-
mine ladite position dudit appareil.

12. Appareil selon la revendication 9, dans lequel un ins-
tant d’émission de ladite communication et un instant
de réception de ladite communication déterminent
ladite première mesure de temps.

13. Appareil selon la revendication 9, dans lequel ladite
position dudit appareil est déterminée d’après ladite
première mesure de temps, ladite deuxième mesure
de temps et une troisième mesure de temps qui re-
présente un temps de propagation de signaux SPS
depuis un autre satellite SPS jusqu’audit appareil.

14. Appareil selon la revendication 9, dans lequel un ins-
tant de réception SPS qui représente un instant de
réception de signaux SPS dans ledit appareil est dé-
terminé d’après des signaux SPS, provenant d’un

seul satellite SPS, ayant la plus faible ampleur d’at-
ténuation de signaux.

15. Appareil selon la revendication 9, dans lequel ladite
communication contient des informations Doppler
de satellites en vue dudit appareil.
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