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(57) Abstract: A method and system for evaluating the validity of location fixes of a mobile station by comparison of a location
fix for which a validity determination is desired with one or more prior reference location fixes. In one embodiment, a satellite
positioning system (2, 4, 6) based location fix of a satellite positioning system enabled cellular mobile station (12) in a cellular
communications network (10) is validated by comparison of the satellite positioning system based location fix to one or more of a
plurality of network based location fixes, or to an estimated future location fix of the mobile station.
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METHOD AND SYSTEM FOR VALIDATING
A MOBILE STATION LOCATION FIX

FIELD OF THE INVENTIONS

The present inventions relate generally to locating mobile stations, and
more particularly to evaluating the validity of mobile station location fixes, for example
the validity of GPS based location fixes of cellular handsets in cellular communications
networks.

BACKGROUND OF THE INVENTIONS

The terrestrial positioning of cellular telephone handsets in cellular
communications networks with sufficient accuracy to support enhanced emergency 911
(E-911) services will soon be mandatory in the United States of America. Non-
regulatory, market driven forces are also motivating communications equipment
manufacturers and service providers to more accurately locate cellular telephone
handsets and other mobile stations, for example to provide promotional and fee based
value-added services. |

Network based schemes for locating cellular handsets in cellular
communication networks are known generally, for example those based on signals
received at the mobile station from several neighboring cellular base stations as the
mobile station moves about the cellular communications network. Known network
based mobile station location determinations include, among others, those based on
signal strength measurements, or on Angle of Arrival (AOA) measurements, or on Time
of Arrival (TOA) measurements, or on Enhanced Observed Time of Arrival (EOTD)
measurements, or on Time Difference of Arrival (TDOA) measurements, or on
Advanced Forward Link Triangulation (AFLT) measurements, among others.

Network based mobile station location determinations however are subject

to inaccuracies and positioning error. In some networks, for example, handset power
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limitations and the inability of the handset to maintain constant communication with a

sufficient number base stations, among other factors, limits the accuracy of network

based location determinations. See generally, U.S. Patent No. 6,081,229 entitled “System
and Method For Determining The Position Of A Wireless CDMA Transceiver”.

Another approach to determining the location or position of cellular
handsets is the use of satellite based positioning systems, which are generally capable of
providing longitude, latitude, altitude and velocity information about the mobile station,
although in some cellular handset positioning applications only longitude and latitude
coordinates are required. Satellite based terrestrial position determinations are made
generally by acquiring satellite data, with a satellite receiver integrated in the mobile
station, from several satellites among a constellation of satellites. Known satellite
positioning systems include the Navigation System with Time and Range (NAVSTAR)
Global Positioning System (GPS) in the United States of America, and the Global
Orbiting Navigation System (GLONASS) in Russia.

In cellular communications network applications, it is also known to
generate satellite based location fixes with assistance from the communications network.
See, for example, U.S. Patent No. 6,058,338 entitled “Method and Apparatus For Efficient
GPS Assistance In A Communications System” and U.S. Patent No. 5,982,324 entitled
“Combining GPS With TOA/TDOA Of Cellular Signals To Locate Terminal”.

Satellite positioning system based position determinations are also subject
to inaccuracies and positioning error. In cellular and other mobile station positioning
applications, mobile station location error may result from obstruction of satellite and
any terrestrial based assistance signals, for example by obstacles in urban canyons, and

from signal propagation delay, among other factors.

BRIEF DESCRIPTION OF THE DRAWINGS

The present inventions will become more fully apparent to those having
ordinary skill in the art upon careful consideration of the following detailed description
thereof in conjunction with the accompanying drawings, which are described below.

FIG. 1 illustrates a mobile station in communication with several satellites

of a satellite positioning system and a base station of a communications network.
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FIG. 2 illustrates a process flow diagram according to an exemplary
embodiment of the invention.

FIG. 3 illustrates a map of a cellular communications network, or system,
with a history of mobile station location fixes, an estimated future location fix, and

another location fix for which a validity determination is desired.

DETAILED DESCRIPTION OF THE INVENTIONS

In one embodiment of the invention, generally, a non-network based
location fix, for example a satellite positioning system based location fix, of a cellular
telephone handset, referred to herein more generally as a “mobile station”, in a cellular
communications network, is validated by comparison of the satellite positioning system
based location fix to one or more prior location fixes, for example prior network based
location fixes, or an estimated future location fix. In another cellular handset location
validation application, the location fix for which a validation determination is desired
may be a network based location fix, which is compared to one or more prior network
based location fixes or an estimated future location fix.

More generally, the invention has application to validating location fixes of
any mobile station, and thus is not limited to validating location fixes of cellular
handsets in cellular communications networks. Alternative applications include, for
example, the validation of GPS based location fixes in GPS navigation devices and other
satellite positioning system enabled hand-held devices, also referred to herein to more
generally as “mobile stations”, by comparison of a satellite positioning system based
location fix for which a validity determination is desired to one or more prior satellite
positioning system based location fixes or to an estimated future location fix.

Still more generally, any location fix of any mobile station may be
validated by comparison thereof to one or more prior or estimated future location fixes
of the mobile station, which may be acquired by the same or by different location
determination methods or means. Thus the present invention has other applications not
limited to handheld or battery operated mobile stations, including, for example,

surveillance, locating and monitoring freight and valuable assets, among many others.
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In the exemplary embodiment, the non-network based location fix is a
satellite or global positioning system based location fix. Known exemplary satellite or
global positioning systems suitable for this purpose include, among others, the
Navigation System with Time and Range (NAVSTAR) system in the United States of
America, and the Global Orbiting Navigation System (GLONASS) in Russia. The
satellite based positioning fix may be obtained autonomously or with assistance from
one or more terrestrial base stations.

In other embodiments of the invention, the non-network based mobile
station location fix may be based alternatively on a location positioning system other
than a satellite positioning system, including for example, but not limited to, loran and
other radio based navigation systems.

FIG. 1 illustrates a system 10 for obtaining and validating a satellite or
global positioning system (GPS) based location fix of a cellular telephone handset, or
mobile station, 12 in a cellular communications network.

In FIG. 2, the cellular communications network generally comprises a
plurality of cells, including cells A, B, C, D, E, F, G and H, each having a corresponding
cellular base station, only one of which, base station 28, is illustrated in FIG. 1.

InFIG. 1, the satellite positioning system generally comprises a plurality or
constellation of earth orbiting satellites, only some of which, satellites 2, 4 and 6, are
illustrated.

In FIG. 1, the exemplary mobile station 12 comprises generally a satellite
positioning system signal reception interface, for example, a GPS receiver measurement
system (MS) 14, for receiving GPS signals 16 from which GPS based mobile station
location fixes are determined, either autonomously or with assistance from the cellular
communications network or with assistance from some other network, for example
differential global positioning systems (DGPS), as is well known by those having
ordinary skill in the art.

The mobile station 12 also comprises generally a wireless communications
network interface, for example, a receiver/transmitter (TXVR) 24, for communicating
with the cellular communications network, for example communications 26 to and/ or
from the base station 28, which may be a serving or neighboring base station, as the
mobile stations moves about the communications network. In some embodiments, the

mobile station does not include the wireless communications interface.
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The mobile station also comprises generally a processor 22 having memory
23 associated therewith, which in some embodiments of the invention accommodates the
storage of mobile station location information or data from which said information may
be derived. The processor 22 is coupled to the MS 14 and the TXVR 24 for processing
information in association therewith.

In the exemplary cellular communications network mobile station
positioning application, the mobile station 12 samples signals from neighboring cells as
the mobile station moves about the cellular communications network to obtain
neighboring base station identification, signal strength and other signal information,
which is communicated from the mobile station to the serving base station for managing
hand-offs between serving cells, as is known generally. This information is generally
stored in a look-up table, for example at the serving base station or in the mobile station.

In some embodiments of the invention, neighboring base station signal
data routinely sampled by the mobile station for use in hand-offs between server
stations forms a basis for acquiring signal data of the neighboring base stations from
which network based mobile station location estimates and other information may be
determined. Mobile station location estimates may be based for example on signal
strength measurements.

In other embodiments, the sampling of signals from neighboring base
stations from which mobile station location determinations may be made departs from
the routine sampling performed by the mobile station for server station hand-offs, for
example the sampling rate may be increased to provide more frequent network based
mobile station determinations. Alternatively, the sampling of the neighboring base
stations may be unrelated to the routine base station identification and signal strength
determinations, and may instead be for the sole purpose of estimating the mobile station
location by a network based location method. The process flow diagram of FIG. 1,
illustrates the sampling of neighboring base station signals at sampling block 200.

In one embodiment of the invention, the neighboring base station signal
data derived from signals sampled by the mobile station is used for determining, atleast
roughly, the location information of the mobile station, and in some embodiments a
direction of travel, and/or a?proximate speed or velocity information of the mobile
station. The process flow diagram of FIG. 3, illustrates the derivation of information of

the mobile station, e.g., the position thereof, based on the neighboring base station
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signals at deriving block 210, but this step includes more generally the derivation of any
other information of the mobile station based on the sampled signals of the base stations.

In some embodiments, a time attribute, for example the time of acquisition
of the signal, is associated with the location or position or speed or velocity information
derived from the sampled signals or with the signal data from which the information is
derived. In other embodiments, the stored information or signal data from which the
information is derived has associated therewith an order attribute indicative of the order
in which the signal data was sampled or the order in which the information based
thereon was derived. Alternatively, the order of signal acquisition may be maintained
by ordering the storage thereof, for example, the earliest derived network based location
stored in a first memory location and the most recently derived network based location
stored in a latter memory location. A history of the mobile station location fixes may
thus be derived or generated and stored, thereby providing a reference against which
more recent mobile station location fixes may be compared for validity evaluation.
Alternatively, the history may form the basis for the estimation of future mobile station
location fixes, against which more recent mobile station location fixes may be compared
for validity evaluation.

FIG. 3 illustrates the association of an attribute to information derived from
the signals of the neighboring base stations at the associating block 220, but this optional
step may occur alternatively between the sampling and derivation steps, i.e., between
blocks 200 and 210, in embodiments where the attribute is associated with the signal
parameter data from which the mobile station information, e.g., position, is derived,
rather than being associated with the information per se.

In one embodiment, the specific information derived from the sampled
base station signals and any attribute associated therewith is stored, for example in the
memory 23 of the mobile station or in the memory 27 of the base station 28. The stored
information derived from the sampled base station signals may be, for example, the
position and/or direction and/or velocity and/or speed information of the mobile
station. This storing step is illustrated at storing block 230 in FIG. 3.

In another embodiment, the base station signal parameter data received by
the mobile station and any attribute associated therewith is stored as it is received for

subsequent processing, for example, processing to determine location and/ or direction
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and/or velocity information of the mobile station. In this alternative embodiment, the
storage step, at block 230, occurs before the information derivation step, at block 210.

In one embodiment of the invention, one or more mobile station location
determinations are made based on the strength of signals received at the mobile station
from several neighboring base stations. In one embodiment, this information is derived
from the look-up table used routinely for cellular station hand-off operations. More
generally, the signal strength based location fixes of the mobile station, or the signal data
from which they are derived, are stored in some other dedicated memory location for
comparison with some later derived location fix for which a validity determination is
desired, as discussed further below.

In other embodiments of the invention, location determinations, or fixes, of
the mobile station are obtained based on a time related parameter of the network base
station signals received at the mobile station, for example, based on Time of Arrival
(TOA) measurements, or on Enhanced Observed Time of Arrival (EOTD) measurements,
or on Time Difference of Arrival (TDOA) measurements, among others.

In other embodiments, location fixes of the mobile station are obtained
based on some other parameter of the network base station signals received at the
mobile station, for example based on Angle of Arrival (AOA) measurements, or on
Advanced Forward Link Triangulation (AFLT) measurements, among other network
based mobile station location fixation methods. ’

Generally, a plurality of network based mobile station location fixes, or the
signal data from which they are derived, are stored either in the mobile station or in one
of the base stations or at some other location for comparison with a later derived location
fix for which a validity determination is desired, as discussed below.

In one embodiment, the mobile station samples signals or parameters
thereof from neighboring base stations, which are useful for determining location fixes
of the mobile station as the mobile station moves about the cellular communications
network, as discussed above.

In FIG. 2, positions of the mobile station in a communications network is
indicated by a plurality of circles having numerals 1-5, with an earliest position fix 1
located somewhere between cells G and H, and subsequent location fixes 2-5 located in

cells E and C, suggesting that the mobile station is moving generally toward cell A.



10

15

20

25

30

WO 02/085047 PCT/US02/01334

8

InFIG. 2, the radius of each location fix, 1-5, is indicative of the uncertainty
or likely error thereof. The location fix uncertainty depends on a number of factors, for
example the particular method by which the location fix is determined, signal strength
and other factors known to those having ordinary skill in the art. Generally, the larger
the radius of the circle associated with each location fix, the greater the error associated
therewith. The uncertainty information, if known, may be stored as an error attribute in
association with the network based location fix in embodiments where mobile station
location fix is stored, as discussed above.

FIG. 3 illustrates the generation of a non-network based, e.g., a GPS based,
mobile station location fix at block 240. The exemplary GPS based location fix may be
generated autonomously or with assistance, including but not limited to network
assistance and DGPS. Asnoted above, alternatively, the non-network based location fix
may be a loran based fix or some other mobile station location fix not based on the
communications network. More generally, however, block 240 is indicative of the
generation of a mobile station location fix by any method or means for which a validity
determination is required. For example, the location fix generated at block 240 may also
be a network based location fix.

In one embodiment of the invention, the validity of the GPS based location
fix is evaluated by comparing it to or with one or more prior network based location
fixes, as indicated at block 260 of FIG. 2. The comparison may be performed by the
processor 22 of the mobile station 12 or by the processor 29 of one of the base stations,
for example the serving base station or it may be performed at some other location
where this data is stored. Where the comparison is made may depend on factors such as
the storage location of the network based location fixes or the signal data from which the
network based location fixes are derived, the availability of processing capacity, the
location where the validity information is required, e.g., at an E-911 emergency
operator’s station, etc.

In embodiments where the prior location fixes are in a form different than
the location fix for which the validity determination is desired, the location fixes are
generally translated into a common location form, or coordinate system, prior to
comparison, as illustrated at block 250 of FIG. 3. GPS based location fixes, for example,
are in longitude and latitude coordinates. In one embodiment, the one or more network

based mobile station location fixes are translated from their native form to longitude and
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latitude coordinates prior to comparison with the GPS based longitude and latitude
coordinate fix. The translation of the one or more network based location fixes may be
performed prior to storage thereof or just prior to comparison with the GPS based
location fix. Alternatively, the GPS based location fix is translated into the coordinate
form of the network based location fixes.

In one embodiment, the network based location fix is merely the
identification of the base station serving the mobile station, which indicates roughly that
the location of the mobile station is likely within the cellular geography of the server
base station, the coordinates of which are known. Gross errors in the GPS based location
fix may be identified with this rough network based mobile station location information.
Particularly, if the GPS based location fix is outside the roughly estimated range of the
network based mobile station location fix, the GPS location fix may be considered
invalid. If the GPS location fix is inside the roughly estimated range of the mobile
station, the GPS based location fix may be considered valid. ‘

As discussed, network based mobile station location fixes may be obtained
by sampling signals from several neighboring base stations, thereby relatively accurately
locating the mobile station within a region of uncertainty within a particular cell of the
communications network, for example, as illustrated in FIG. 2. Thus in some
embodiments, if the GPS based location fix of the mobile station is within a specified
distance or range of the network based mobile station location fix, the GPS based
location fix may be considered valid. However, if the GPS location fix is outside the
specified range of the network based location fix, the GPS based location fix may be
considered invalid.

In some embodiments, the acceptable range within which the location fix
for which a validity determination is required is considered valid is based upon, or is a
function of, an interval of time that passes between generation of the reference location
fix and the location fix for which the validity determination is desired. Generally, the
greater the time interval, the greater the acceptable range within which the location fix
for which the validity determination is required will be considered valid, since the
mobile station may move greater distances during longer time intervals. The time
interval may be measured or estimated. |

The acceptable range within which the location fix for which a validity

determination is required is considered valid may be a function of the velocity of the
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mobile station, in addition to the time interval consideration discussed above. The
velocity of the mobile station may be estimated based upon prior locations fixes or on
other known means, for example the fading pitch of one or more cellular channels.

In another embodiment, the validity of the GPS based mobile station
location fix is determined by comparison thereof to a plurality of network based location
fixes. If the GPS based location fix is located nearer more recent network based location
fixes than it is to earlier network based location fixes, or if it is within a specified range of
amost recent location fix, then it may be considered valid. Conversely, if the GPSbased
location fix is located farther from more recent network based location fixes than it is to
earlier network based location fixes, or if it is outside some specified range, then it may
be considered invalid.

In other embodiments, an estimated path and in some embodiments a
direction of travel of the mobile station, indicated by line 102 of FIG. 2, may be
determined based on the prior mobile station position determinations, for example by a
least-squares or some other path approximating method. Future estimated locations of
the mobile station are predicted by extrapolation along the estimated path. InFIG. 2, for
example, the estimated future position fix 6, L(v,t), is extrapolated along the estimated
path 102 some distance based on the time interval and velocity variables. The location
fix for which a validity determination is required may thus be validated by comparison
thereof to the estimated location fix of the mobile station.

‘ An acceptable validity range may thus be defined based on the estimated
future position of the mobile station, wherein mobile station location fixes inside the
acceptable range are considered valid and those outside the range are invalid.

In some embodiments, a most recently generated network based location
fix is compared to prior generated network based location fixes to assess the validity of
the most recent network based location fix by any one or more of the methods discussed
above. Erroneous or questionable location fixes may be discarded during the evaluation
of subsequent location fixes.

In FIG. 2, a location fix Z for which a validity determination is required is
nearer earlier generated location fixes 1 and 2 than it is to more the recently generated
location fixes 4 and 5, and thus the location fix Z may be considered invalid. The
location fix Z also may be considered invalid for its location outside an acceptable range

associated with the most recently generated reference location fix 5. The location fix Z
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may also be considered invalid for its location outside an acceptable range associated
with the estimated future location fix 6, if such a fix is estimated.

Whether or not a location fix is valid or invalid is largely subjective, and
generally location fix validity determinations will be assessed based on the requirements
of the particular application. The limits of acceptable ranges of the mobile station
location may readily be programmed in software.

In some applications, the determination of whether a location fix is valid
may be determined manually, for example, by visually displaying the location fix for
which a validation determination is desired and the one or more prior location fixes
forming a basis for a comparative reference on a map for evaluation by an individual.
This displayed form of location information may be useful, for example, for E-911
operators charged with locating a mobile station and instructing emergency response
personnel to the mobile station location.

Generally, where the mobile station location fix is considered invalid,
another location fix may be initiated as indicated at decision block 270 in FIG. 3, or the
invalid or suspect mobile station location fix may be disregarded. In embodiments,
where validity determinations are made manually, the party making the validity
determination may initiate another location fix, for example an E-911 operator may
initiate another GPS based position fix where the prior GPS based position fix was
suspect.

While the present invention has been described hereinabove to enable
those of ordinary skill in the art to make and use what is presently considered to be the
best modes thereof, those of ordinary skill will understand and appreciate that
equivalents, modifications and variations may be made thereto without departing from
the scope and spirit thereof, which is to be limited not by the exemplary embodiments
disclosed herein but by the appended claims.
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CLAIMS

What is claimed is:

1. A method for validating a non-network based location fix of a mobile
station in a communications network, comprising:

generating a non-network based location fix of the mobile station;

generating a network based location fix of the mobile station;

evaluating the validity of the non-network based location fix of the mobile
station by comparing the non-network based location fix with the network based

location fix.

2. The method of Claim 1, generating the non-network based location fix
by receiving global positioning system signals at the mobile station.

3. The method of Claim 1, the communications network having a plurality
of base stations, generating the network based location fix by measuring a time related
parameter of signals received at the mobile station from several base stations

neighboring the mobile station.

4. The method of Claim 1, translating the network based location fix and
the non-network based location fix into a common format prior to comparing the

network and non-network based location fixes.

5. The method of Claim 1, generating the non-network based location fix
of the mobile station in longitude and latitude coordinates, converting the network
based location fix to longitude and latitude coordinates before comparing the network

based location fix with the non-network based location fix.
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6. The method of Claim 1, evaluating the validity of the non-network
based location fix by determining whether the non-network based location fix is within a
specified range of the network based location fix.

7. The method of Claim 6, defining the specified range based on an
estimated velocity of the mobile station and a time interval between the generation of the

network based location fix and the non-network based location fix.

8. The method of Claim 1, the communications network having a plurality
of base stations, generating the network based location fix by measuring at the mobile
station several base station signals neighboring the mobile station, evaluating the
validity of the non-network based location fix by determining whether the non-network
based location fix is within a specified range of the network based mobile station

location fix.

9. The method of Claim 1, generating a plurality of network based location
fixes of the mobile station, evaluating the validity of the non-networked based location

fix by comparing it to at least one of the plurality of network based location fixes.

10. The method of Claim 9, evaluating the validity of the non-network
based location fix by determining whether the non-network based location fix is closer to
a less recently generated network based location fix than it is to a more recently

generated network based location fix.

11. The method of Claim 1, generating a plurality of network based
location fixes of the mobile station, estimating a future location fix of the mobile station
based on the plurality of the network based location fixes, evaluating the validity of the
non-networked based location fix by determining whether the non-network based

location fix is within a specified range of the estimated location fix.
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12. A method for validating a satellite positioning system based location
fix of a satellite positioning system enabled cellular mobile station in a cellular
communications network, comprising:

generating a satellite positioning system based location fix of the mobile
station;

generating a network based location fix of the mobile station;

evaluating the validity of the satellite positioning system based location fix
by comparing the satellite positioning system based location fix to the network based

location fix.

13. The method of Claim 12, generating the network based location fix by
measuring at the mobile station a time related parameter of signals received from a
plurality of cellular base stations of the cellular communications network neighboring

the mobile station.

14. The method of Claim 12, evaluating the validity of the satellite
positioning system based location fix by determining whether the satellite positioning
system based location fix is within a specified range of the network based location fix,

defining the specified range based on an estimated velocity of the mobile station and a

~ time interval between the generation of the network based location fix and the satellite

positioning system based location fix.

15. The method of Claim 12, generating a plurality of network based
location fixes of the mobile station, storing the plurality of network based location fixes,
evaluating the validity of the satellite positioning system based location fix by
comparing it to at least one of the plurality of network based location fixes.

16. The method of Claim 12, generating a plurality of network based
location fixes of the mobile station, ordering the plurality of network based location fixes
by applying a corresponding time of acquisition attribute thereto, evaluating the validity
of the satellite positioning system based location fix by comparing the satellite
positioning system based location fix with the plurality of time stamped network based
location fixes. ’
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17. The method of Claim 12, generating a plurality of network based
location fixes of the mobile station, evaluating the validity of the satellite positioning
system based location fix by determining whether it is nearer to a more recent network

based location fix than it is to a less recent network based location fix.

18. The method of Claim 17, estimating a future location of the mobile
station by extrapolating along an estimated path of the mobile station, evaluating the
validity of the satellite positioning system based location fix by determining whether the
satellite positioning system based location fix is within a specified range of the estimated

location fix.

19. The method of Claim 12, generating a plurality of network based
location fixes by measuring at the mobile station a time related parameter of signals
received from a plurality of cellular base stations of the cellular communications
network neighboring the mobile station, evaluating the validity of the satellite
positioning system based location fix by comparing the satellite positioning system

based location fix with at least one of the plurality of network based location fixes.

20. The method of Claim 12, generating a subsequent satellite positioning
system based location fix of the mobile station if a prior satellite positioning system

based location fix is invalid.

21. A method for validating a location fix of a mobile station, comprising:

generating a plurality of location fixes of the mobile station;

evaluating the validity of a recently generated location fix of the mobile
station by comparing the location fix for which the validity determination is required to

a previously generated mobile station location fix.

22. The method of Claim 21, evaluating the validity of the location fix for
which the validity determination is required by determining whether it is within a

specified range of the previously generated location fix.
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23. The method of Claim 22, defining the specified range based on an

estimated velocity of the mobile station and a time variable.

24. The method of Claim 21, evaluating the validity of the location fix for
which the validity determination is required by determining whether it is closer to a

more recently generated location fix than it is to a less recently generated location fix.

25. The method of Claim 21, estimating a future position fix of the mobile
station, evaluating the validity of the location fix for which the validity determination is
required by determining whether it is within a specified range of the estimated future

position fix of the mobile station.

26. The method of Claim 25, estimating a velocity of the mobile station,

defining the specified range based on the estimated velocity and time interval.

27. A cellular mobile station, comprising:

a satellite positioning system signal reception interface in the mobile
station for receiving satellite positioning system signals;

a cellular communications network interface in the mobile station for
communicating with a cellular communications network;

an information processor coupled to the satellite positioning system signal
reception interface and the cellular communications network interface,

the information processor for evaluating the validity of a satellite
positioning system based location fix by comparing it to at least one prior mobile station

location fix.

28. The mobile station of Claim 27, the information processor for
determining a network based mobile station Iocation fix based on signal data stored in
memory, the information processor for evaluating the validity of a satellite positioning
system based location fix by comparing it to at least one prior network based mobile

station location fix.
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29. The mobile station of Claim 28, the information processor for
determining the network based mobile station location fix based on cellular base station

signal strength data received by the cellular communications network interface.

30. The mobile station of Claim 27, the information processor for
determining a network based mobile station location fix based on a timing relationship
between cellular communication network signals received by the cellular
communications network interface, the information processor for evaluating the validity
of a satellite positioning system based location fix by comparing it to at least one prior

network based mobile station location fix.
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31. The mobile station of Claim 27, the information processor for
estimating a future position fix of the mobile station and evaluating the validity of the
satellite positioning system based location fix by determining whether it is within a

specified range of the estimated future position fix.

32. The mobile station of Claim 27, the information processor for
evaluating the validity of a satellite positioning system based location fix by determining

whether it is within a specified range of at least one prior mobile station location fix.

33. The mobile station of Claim 27, the information processor for
evaluating the validity of the satellite positioning system based location fix by
determining whether it is closer to a more recent prior location fix than it is to a less

recent prior location fix.
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