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PROCEDURE TO INCREASE POSITION LOCATION AVAILABILTY

BACKGROUND

[0001] The ability to locate persons, vehicles, and the like has become more important
in recent years, particularly in view of new technologies being introduced and increasing
concerns over safety and security. A person or vehicle can be located by determining the
location of a mobile radio device carried by the person or vehicle. For example, it is
desirable to provide a cellular telephone system with the ability to determine the
geographic location of an individual cell phone used to report an emergency so that such
location can be reported to emergency response workers such as police, fire and
ambulance services.

[0002] Several schemes for determining one’s position on Earth are available. One way
to determine position involves the use of the global positioning system (GPS). The GPS
was originally conceived and developed by the U.S. Department of Defense as a military
navigation system. Over time, elements of the system have become increasingly
available for civilian use. The GPS uses a constellation of 24 satellites, in a geo-
stationary orbit, whereby position can be determined by timing satellite signal journeys
from a GPS satellite to a GPS receiver. Five spare orbiting satellites are provided
primarily for backup in case one of the 24 satellites fail. The satellites transmit spread-
spectrum signals on two frequency bands L1 (1575.42 MHz) and L2 (1223.6 MHz). The
signals are modulated by two pseudo-random noise codes; a coarse/acquisition (C/A)
code and a precision (P) code. The C/A code in the L1 band is the code pertinent to
civilian applications. Additionally, the GPS signal is modulated with a data message
commonly referred to as the GPS navigation message.

[0003] Typically, a GPS receiver employs a trilateration scheme in an effort to obtain a
position fix. For instance, a GPS-derived position can be accomplished using two-
dimensional trilateration. For example, signals from three satellites can be used to
determine position based on the intersection of three intersecting circles. More
specifically, each satellite signal can provide a radius in which the GPS receiver can lie.
Two intersecting radii allow the position determination to be narrowed to the area of
intersection. Another satellite signal can provide a third radius indicative of the position
of the GPS receiver since all three radii should intersect at a single point. Expanding the

forgoing concept to three-dimensional trilateration, each satellite signal can be used to
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indicate a sphere whereby three intersecting spheres can used to determine position
which includes altitude information. More satellite signals can be used, and typically are
used to improve accuracy.

[0004] At the GPS receiver, the satellite signal is demodulated after it is matched and
synchronized with a pseudo-random noise code. The GPS receiver uses the GPS
navigation message to calculate satellite signal transit times in addition to the
coordinates of the GPS satellite. Position measurement by a GPS receiver can typically
be accomplished within 15 meters (50 feet). However, the accuracy of these calculations
are dependent upon measurement accuracy and satellite configuration. Atmospheric
conditions can cause ionospheric delays. Additionally, uncertainties in satellite orbits
can contribute to errors since, axiomatically, satellite orbits degrade over time. Reliance
upon position indication using GPS data can be additionally problematic in view of
public safety concerns in today’s environment.

[0005] In order to address signal availability problems associated with the GPS, server-
assisted GPS was introduced in the late 1990s. Stationary server computers are provided
with a stationary GPS receiver for receiving GPS satellite signals. The stationary GPS
receivers are associated with an antenna having a full view of the sky in order to allow
continuous monitoring of the signals from all visible GPS satellites. A radio interface is
provided with each server to allow communication with mobile GPS stations. In
connection with a position query about a mobile GPS unit’s position, the server
transmits its GPS satellite information, obtained from its stationary GPS receiver, to the
mobile GPS unit. This information includes a list of observable GPS satellites and data
which allow the mobile GPS receiver to synchronize and match psuedo-random noise
codes with those codes of the GPS satellites. The mobile GPS receiver transmits its
collected GPS data to the server. The server, in turn, computes the position of the
mobile GPS receiver from the data provided by the mobile GPS and the stationary GPS.
While this scheme permits greater accuracy over non server-assisted GPS, satellite
signal availability can still cause problems in acquiring an accurate position.

[0006] The enhanced signal strength (ESS) system employs a position location scheme
which is independent of the GPS. Three-dimensional information covering the terrain
including buildings, structures and other obstructions is collected in order to model
radio frequency signal propagation characteristics for a wireless transmitting antenna in

a given geographic area of interest. The results of the modeling are stored in a database.
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The position of a mobile locator is determined in connection with the locator measuring
the signal strength of a signal from a number of wireless transmitters. The position is
calculated by the system using input information from the mobile locator and the stored
database information. This system has been used in Japan in connection with the
Personal Handy Phone System (PHS).

[0007] Other schemes for determining, position, without using the GPS, make use of
either the angle of arrival (AOA)of signals at receivers or the time difference of arrival
(TDOA) of signals at receivers.

[0008] The network-based angle of arrival scheme determines the location of a mobile
station (as, for example, a mobile phone, a personal digital assistant with wireless
communications capability, a portable computer with wireless communications
capability, a pager or other personal communications device) by determining the angle
from which a signal is arriving at two or more fixed antenna sites. For instance, signal
direction or angle of arrival at each site can be determined from the difference in time of
arrival of incoming signals at different elements of a single fixed antenna at that site.
For instance, a two element phased array antenna can be used to cover angles between
60° and —60°. A six element phased array antenna, which is equivalent to three antennas
with 2 pairs of elements, can cover 360°. Equipment within the communication network
combines the angle data from multiple sites to determine the location of the mobile
station. Proper angle measurement and the geometric relationship between the mobile
station and fixed antennas can affect position measurement. Proximity of the mobile
station to the mid point between two fixed antennas can cause significant position
measurement error. For this reason, it is desirable to use three or more antenna sites in
making AOA measurements.

[0009] The time difference of arrival scheme of determining position is another
network-based solution which measures the time difference of arrival of a radio signal to
at least two antenna sites. Using the speed of an electromagnetic wave and known
transmit and receive times, the distance between a fixed antenna and mobile station can
be determined. The processed information is translated into longitude and latitude
position readings. The accuracy of synchronized clocking information necessary to
properly compute TDOA is critical to proper position measurement. Synchronized

accurate clocking can sometime be problematic in TDOA measurement. TDOA position
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measurements can suffer as a consequence thereof. A mere micro second clocking error
can contribute to several meters of error in position measurement.

[0010] Forward link trilateration can also be employed to determine position whereby
the time difference of signal arrival from a base station antenna to a mobile station can
be calculated by measuring the phase difference between pseudo-random noise coded
signals being transmitted from at least two antennas to the mobile station. This scheme
is particularly useful for code division multiple access (CDMA) systems. Advanced
forward link trilateration (AFLT) is a variation of this scheme wherein the mobile
station and base stations reverse roles. In AFLT, the position of the mobile station is
fixed in connection with the base stations receiving transmissions from the mobile
station. In AFLT, the mobile station measures CDMA phase offsets of different pilot
phase noises and reports them to the position determination entity at the network. The
position determination entity uses the different pilot phase measurements to perform
forward link trilateration to compute the position fix for the reporting entity.

[0011] Fingerprinting provides another approach to determining the position of a mobile
station. Radio frequency signal characteristics associated with various regions in a signal
transmission area are collected in a database. Each grouping of signal characteristics for
a region is known as a fingerprint. The position of a mobile station is determined by
comparing an RF data sample collected by the mobile station to fingerprint data in the
database. The comparison can be made at the mobile station or at the server holding the
fingerprint data. The fingerprint data collected benefits from the collection of multi-path
signals which arise through indirect signal paths from transmitter to receiver. While not
subject to many of the problems associated with other position identifying technologies,
fingerprinting requires substantial work in data collection and is therefore economically
feasible only for highly populated, highly concentrated metropolitan areas.

[0012] Thus, as described above, numerous individual position-determining schemes
are known in the art. These schemes can be categorized broadly as mobile station
assisted modes (MS-Assisted mode) and mobile station based/standalone mode (MS-
Based/Standalone modes). In the MS-Assisted mode, the position of the mobile station
is determined by the by a computer commonly referred to as the Network/position
Determination Entity (PDE), which computer is connected to the communications
network. The PDE can employ one of the methodologies outlined above as, for

example, TDOA, AOA, ESS, etc. In MS-Based/Standalone mode, the mobile station



WO 2006/135418 PCT/US2005/032014

computes its own position location using its processor using data available at the mobile
station. One example of an MS-Based/Standalone system is a system in which the
mobile station is equipped with GPS receiving and processing capability, and
determines its position based on GPS signals received at the mobile station. Individual
scheme of position determination depends upon different elements/resources which are
susceptible to different types of errors. For instance, network connection is needed in all
GPS MS-Assisted methods regardless of the scheme (GPS, GPS plus AFLT, etc.)
chosen. Even if the GPS measurements are excellent, the MS-Assisted method is going
to fail if the network connection fails. Therefore in this instance, a stand-alone GPS
methodology would provide a better location estimate.

[0013] Each of the foregoing schemes for determining position may be inaccurate or
unavailable on occasion as noted above. Thus, a mobile station or network using any of
these known position-determining schemes may fail to obtain any result when asked to
determine the current position of the mobile station or may obtain an inaccurate result.
A need therefore exists to create a method for more reliably determining the position of

a mobile station with greater confidence.

SUMMARY

[0014] One aspect disclosed provides a method of determining the location of a mobile
device. A method according to. this aspect includes determining the position of the
mobile station using a first scheme of position determination and, if the first scheme
does not yield an acceptable position result, repeating the determining using at least one
further scheme of position determination different from the first scheme in at least some
repetitions until (i) a repetition returns an acceptable position result or (ii) all available
position-determining schemes have been used. The different schemes used in the
method may use measurements of different signals or different measurements of signal
characteristics as the basis for the position result. It is unlikely that all of these different
schemes will fail to return an acceptable position result; thus, the reliability of the
system is improved. In effect, the method selects a position-determining scheme which
gives acceptable results under the prevailing conditions. The system switches schemes
dynamically as conditions require.

[0015] A further aspect provides a method of determining the position of a mobile

station including making position determinations for the mobile station, according to a
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plurality of different schemes, and determining an estimate of error for each position
determination scheme. The method according to this aspect may include the further
choosing one position determination method having a smallest estimate of error, and
selecting as the position of the mobile station a position result provided by the chosen
position determination. This method effectively selects a position-determining scheme
which gives the best available results under prevailing conditions, so that here again the
system switches schemes dynamically to meet changing conditions. Alternatively, the
method according to this aspect may include calculating the position of said mobile
station by combining a plurality of the position results as, for example, by computing a
weighted average of the position results.

[0016] A further aspect provides a mobile device and systems for locating a mobile

device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Figure 1 is a functional block diagram of one embodiment of a system.

[0018] Figure 2 is a flow chart depicting a method of making position determinations.
[0019] Figure 3 is a flow chart depicting a method of making position determinations.
[0020] Figure 4 is a flow chart depicting a method of making position determinations.
[0021] Figure 5 illustrates a block diagram of the interaction of mobile station 2 with
Network 14.

DETAILED DESCRIPTION

[0022] Figure 1 illustrates, in functional block diagram form, a system including a
mobile station 2 and communications network 20 and associated position determining
entity (PDE) 14.

[0023] Mobile station 2 includes. a processor 6, memory 8, and transceiver
(transmitter/receiver) 10. As used herein, the term “transceiver” refers to any
assemblage of components which will perform transmitting and receiving functions.
Thus, transceiver 10 may include common components used in both functions or
entirely separate components for performing transmitting and receiving functions.
Transceiver 10 is capable of transmitting and receiving signals appropriate for

communication with network 20.
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[0024] The transceiver is connected to processor 6 so that the processor can control the
operations of the transceiver and so that the processor can send data to the
communications network 20, and receive data from the communications network, via
the transceiver. The mobile station 2 typically also includes components (not shown) for
user communication and user control. For example, where the mobile station is a cell
phone, the mobile station will include a conventional microphone and speaker linked to
the transceiver under the control of the processor, and a conventional keypad and
display (not shown) for entering and displaying data. In the particular embodiment
depicted, transceiver 10 is capable of receiving global positioning system (GPS) signals,
and processor 6 is capable of deriving a position result based on the GPS signals, using
software stored in memory 8. Processor 6 is also arranged to determine a parameter
associated with the expected error in the position result as, for example, the number of
sate]lite signals received and used in arriving at such result.

[0025] Network 20 includes a plurality of base stations, such as cell phone towers 22,
24, 26 and 28 at diverse locations. Each base station includes equipment 30 for
monitoring signal characteristics or broadcasting a signal of pre-selected characteristics
as required in at least one individual position-determining scheme. For example, the
base stations may be configured to operate in an angle of arrival determining scheme, in
which case equipment 30 at each base station would include a phased-array antenna at
each station and a circuit capable of measuring the difference in time of arrival at the
different elements.

[0026] Alternatively or additionally, the base stations may be arranged to operate in a
time of arrival monitoring scheme, in which case the equipment 30 at each base station
would include conventional devices for monitoring the time of arrival of a signal at the
station using a network-wide master clock or a local clock synchronized with such a
network-wide master clock, so that the times of arrival determined at each station can be
compared with the time of arrival determined at every other station.

[0027] The equipment 30 at each base station may also include equipment for
measuring signal parameters associated with the suitability of the signals for use in a
position-determining scheme. For example, the equipment 30 used in a time-of-arrival
or angle-of-arrival scheme may include equipment for measuring the strength of the

received signals.
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[0028] The position determining entity (PDE) 14 includes one or more computer
processors 36 connected to base stations 22,24,26,28, and a memory 38 connected to
these processors. The memory 36 holds software which instructs the processor 36 to
perform the functions required to derive a position result for each individual position
measuring scheme implemented in the network components. For example, where the
network implements a time-of-arrival scheme, the memory. may contain data
representing the physical locations of the base stations and instructions for calculating a
position result in a conventional manner based on the differences in time of arrival at the
various base stations and the locations of the base stations.

[0029] As further explained below in connection with Figs. 2-4, the PDE processor 36
also performs the functions of determining position based on selection of one position
result determined by one position determining scheme from a plurality of results derived
using different schemes or based on a combination of such plural results. The element of
the processor which performs these functions, referred to herein as a controller, is shown
as a separate functional element at 40.

[0030] This portion of the processor may include the same physical structures as are
used for other functions, or may include separate physical structures. The controller
operates according to instructions and data stored in memory 38. Also, the processor 36
and memory 38 may be physically dispersed. For example, memory 38 may be linked to
the processor through communications network 20 or through another public or private
network (not shown) as, for example, through the internet. The elements of the
processor also may be physically dispersed and linked in any suitable manner.

[0031] Figure 2 illustrates a flowchart depicting a method of making position
determinations, using a system as discussed above with reference to Fig. 1. The method
begins (step 100) when PDE 14 receives a request to determine the position of mobile
station 2. Such a request may be input as a user command at the mobile station, or may
be initiated by another source. For example, where the system is a cellular telephone
system linked to a public safety answering point (PSAP) the request may come from the
PSAP or may be initiated automatically whenever the mobile station is in
communication with the PSAP as, for example, when the mobile station user dials
“911” in the United States.

[0032] The PDE sends a command to the base stations, mobile station or both to collect

data and derive a position result according to a first position determination scheme. (step
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102) The position result returned by the first scheme is then tested for acceptability (step
104) according to one or more predetermined criteria. For example, where the first
scheme is conventional GPS location, the PDE may command the processor 6 of mobile
station 2 to attempt to derive the position of the mobile station based on GPS signals
received at the mobile station, and to communicate the derived position result to PDE 14
through network 20 along with data indicative of the quality of the result, such as data
indicating the number of satellite signals received and used in deriving the result.

[0033] The PDE may apply an acceptance criterion based on the number of satellite
signals used in deriving the result. For example, the criterion may specify that a result
derived using four or more satellite signals is acceptable, whereas a position result
derived using three satellite signals is not acceptable, and that a position result
indicating that no position could be determined is also not acceptable.

[0034] In another scenario, a user may be lost and may locate himself/herself by
invoking position determination wherein processor 6 uses MS-Based/Standalone GPS
methodology. However, due to signal unavailability or a weak GPS signal, the MS-
Based/Standalone method may fail. Mobile station 2 can direct processor 6 to use a
method which uses AFLT measurements in addition to GPS measurements, i.e. a MS-
Assisted mode, to increase the probability of obtaining a position fix.

[0035] Alternatively or additionally, a direct estimate of error may be included in the
position result. For example, a position result may be expressed in terms of latitude and -
longitude together with an accuracy indication or error estimate of plus or minus a
number of feet or meters. In the case of a GPS result using more satellite signals than the
minimum required to derive a position result, the processor of the mobile unit or the
PDE may obtain an estimate of error by comparing the position results derived from
various subsets of the available satellite signals.

[0036] The criteria for acceptability may include an acceptable tolerance was +75 feet,
in which case a returned result accompanied by an estimate of error of +50 feet, would
be found acceptable since it is within the tolerance of +75 feet whereas a position result
accompanied by an error estimate of +75 feet would be found to be unacceptable.

[0037] Yet another criterion which may be applied is comparison with previously-
determined position of the mobile station. Memory 38 can hold historical positioning
data representing a previously-determined position of mobile unit 2 and the time of such

previous determination. The acceptance criteria may include a criterion such that a
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position result differing from a previously-determined position greater than a threshold
limit per unit time since the last determination is regarded as unacceptable.

[0038] For instance, if a position result returned by the GPS scheme shows a ground-
based mobile station at a position 10 miles from a position determined 2 seconds
previously, such result may be deemed unacceptable. In a variant of this approach
position determinations taken closely together. may be averaged together so to calculate
a moving average or compared with one another to establish an average velocity of the
mobile station.

[0039] Any or all of the foregoing criteria, and other criteria, may be applied in step
104.

[0040] If the position result returned by the first scheme is acceptable, the PDE 14
selects that result and as the position of the mobile station (step 106). The accepted
result is communicated by the PDE to the mobile station, to a PSAP or to any other
appropriate destination as the position determined by the method, and the method
terminates. The determined position may be expressed in the form of latitude and
longitude, or converted to a street address or map grid location or any other suitable
form.

[0041] However, if the position result returned by the first scheme is not acceptable,
then the method branches to step 108. In this step, the PDE 14 commands the base
stations and/or the mobile unit to perform a second position-determining scheme
different from the first position-determining scheme.

[0042] For example, if the first position-determining scheme used GPS, the second
position-determining scheme may use time difference of arrival. The times of signal
arrival at the various base stations 22,24,26,28 are determined and communicated to
PDE 14, which calculates a position result unit based on these time differences. Here
again, the information reported to PDE 14 or compiled at PDE 14 may include data
about the signal measurements used to derive the position result, such as the number of
base stations receiving the signal, the strength of the signals received at the various base
stations and the like, and optionally may also include a direct estimate of the error in the
position result. Here again, the controller compares the position result with acceptance
criteria and determines whether the position result returned by the second scheme is

acceptable (step 110).
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[0043] The criteria applied in this step may include some or all of the same criteria as
discussed above in connection with step 104, or may include variations of these. For
example, in a time difference of arrival scheme, acceptance criteria may include a
requirement for receipt of the signal with a certain minimum signal strength at least 3
base stations. If the position result returned by the second position-determining scheme
is acceptable, the controller 40 selects that position result as the position determined by
the method and communicates that position (step 112) in the same manner as discussed
above in connection with step 106.

[0044] If the position result returned by the second scheme is not acceptable, the process
continues using further repetitions of the position-deriving step using further different
schemes for deriving position results (step 114), and further determinations of
acceptability (step 116) until an acceptable position result is found and communicated
(step 118) in the same manner as discussed above or until all of the n position
determining schemes possible using the equipment included in the system has been
used. If the nth scheme is completed without returning an acceptable positioning result,
the controller 40 returns an error message (step 120) and the method ends.

[0045] In a variant, the order in which the method uses different schemes may be
adjusted based on the results achieved. If a particular scheme is found to give acceptable
results in the sequence of steps discussed above, that scheme may be placed first in the
order of use. Thus, when another position request is received by PDE 14, and the
sequence of steps discussed above is initiated again, that scheme will be used in the first
position-determining step. It is likely that such scheme will give acceptable results. By
using a previously-successful scheme as the first scheme, the system minimizes the
number of times it must “hunt” through a plurality of schemes before finding an
acceptable scheme.

[0046] In a variant, the method may begin again (return to step 102) instead of, or in
addition to, returning the error message. In a further variant, in the event that all n
methods have been used without finding an acceptable position result, the system may
select the best position result from among the available results. For example, where all
of the position results are accompanied by data representing an estimate of error, the
system may choose the position result associated with the smallest estimate of error and

communicate that result.
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[0047] In a method according to another embodiment, the controller 40 actuates the
components of the system to perform all N position-determining schemes in parallel and
selects one position result from among the position results returned. Figure 3 illustrates
a flowchart depicting this method.

[0048] Position determinations according to n schemes are carried out in parallel (steps
202, 204, 206). Each position result is tested against pre-selected acceptability criteria as
discussed above (steps 208, 210,212) and unacceptable results are discarded. Acceptable
results are compared (step 214), and the best result is selected according to a
predetermined measure of merit (step 216). For example, where the results are
accompanied by estimates of error, the result associated with the lowest estimated error
is selected.

[0049] Alternatively, the controller may assign an estimate of error or other figure of
merit to each result based upon a known or assumed relationship between conditions
associated with such result and the accuracy of the result. For example, the controller
may assign a more favorable figure of merit (such as a low estimate of error) to a result
derived from angle of arrival at four base stations and a less favorable figure of merit
(such as a high estimate of error) to an angle of arrival result based on signals received
at three base stations. The selected position result is communicated as the position
determined by the method (step 220).

[0050] In a variant of this method, the step of determining acceptability of each result
and discarding unacceptable results (steps 208-212) are omitted, and all results are
passed to the comparison step with estimates of error or other figures of merit.

[0051] In a method according to another embodiment, (Fig. 4) plural position results are
obtained using different position-determining schemes (steps 302-306), and an estimate
of error or other figure of merit is determined for each result in the manner discussed
above (steps 308-312).. Each position result is considered a random variable with a
stated measure of confidence embodied in the estimate of error (accuracy estimates) or
other figure of merit. The various results are combined (step 314) with one another to
yield a combined result using a combining algorithm which gives different weights to
the various individual results according to this measure of confidence.

[0052] In one such combining algorithm, an average, weighted according to the level of
confidence, is calculated for these position random variables. If, for example, n (n being

an integer) readings were taken by n different schemes, Wi, W2,...,Wn represent the
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weighting factors attributed to each position result and X;, X2, ....Xn represent position
result, the weighted average can be expressed as follows: WX+ WoXo+W3Xs/(W1+Wa+wWs).
[0053] In order to accord a greater weight to a position measurement with a high
indication of accuracy, (and conversely accord the measures with the least confidence a
smaller weight) the reciprocals of the accuracy indications can be used as weighting
factors in calculation of a weighted average. Consequently, should x; have an accuracy
of +5 feet, X, have an accuracy of +50 feet and x3 have an accuracy of =10 feet,
weighting factors wi, Wo, and w3 would have values of 0.2, 0.02, and 0.1, respectively.
The x; reading is given the greatest amount of weight followed by X and x3 readings.
The weighting factors can be calculated using other methods. For instance, the squares
of the reciprocal of the accuracy indication can be used for the weighting factors.

[0054] In yet another embodiment, the foregoing described position location
methodology can be implemented by a mobile station and/or by the Network/PDE in
conjunction with the mobile station.

[0055] Figure 5 illustrates a block diagram of the interaction of mobile station 2 with
Network/PDE 14. Mobile station 2 includes position determination mode multiplexer 4,
processor 6, memory 8, transceiver (transmitter/receiver) 10 and display 11. In one
aspect, mobile station 2 will attempt to determine its position, within a pre-specified
tolerance, using a Network/PDE method as directed by processor 6. Should the position
determination not achieve the pre-specified tolerance then multiplexer 4 dynamically
switches modes in an effort to obtain a position fix, of suitable accuracy, using another
position determination method.

[0056] The position location mode selected by switch 4 can employ a methodology
based in the mobile station 2, i.e., MS-Based/Standalone mode (e.g., GPS) or a
methodology based in the MS-Assisted mode using transceiver 10 to communicate with
network/PDE 14. Double arrow 12 signifies the interaction of the network/PDE with
mobile station 2 for the MS-Assisted mode of operation. In connection with a position
being determined for mobile station 2, in one embodiment of the invention, the location
can be shown on display 11 of mobile station 2. Alternatively, the position can be
forwarded and/or determined at network/PDE 14.

[0057] Memory 8 can hold historical positioning data. Processor 6 is programmed to
direct the operation of multiplexer 4. In conjunction with the storage of previous mobile

station location readings in memory 8, should the current position readings change
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above a threshold limit, within a predetermined time period, such may indicate a
significant error in position measurement. Processor 6 can provide a response
necessitating the determination of the mobile station position by another method. For
instance, after 2 seconds, should the mobile station move 10 miles, this determination is
likely erroneous especially where mobile station 2 is ground based. Alternatively,
memory 8 can allow position determinations taken closely together in time to be.
averaged together so as to calculate a moving average. Although this provides a
smoothing effect regarding changes in position over time, this method can introduce
some error. For some applications of position determination, this error may be
acceptable.

[0058] Mobile station position determination can be accomplished by choosing different
methods wherein each method comprises one or more schemes. For instance a GPS MS-
Assisted method can comprise GPS or GPS combined with AFLT. A network-based
method can comprise TDCOA or AOA or a combination of both, while a GPS MS-
Based/Standalone method may use, for instance, GPS only.

[0059] Conventional attempts at making mobile station position determinations fail
entirely if for some reéson the particular position determination method fails. Mobile
station position determination according to the invention permits methodologies which
contain different position determination schemes different from or in addition to a
particular scheme that for some reason may fail to determine the position of the mobile
station.

[0060] Availability of a successful position determination scheme thereby increases
using the invention as compared with conventional methods. Further, the invention
permits the use of different resources for position determination, using the same scheme,
from that which would otherwise fail using another resource.

[0061] Although the invention herein has been described with reference to particular
embodiments, it is to be understood that these embodiments are merely illustrative of
the particular principles and applications. For example, the particular position-
determining schemes referred to in connection with Figs. 1-4 are merely illustrative; any
of the numerous known individual position-determining schemes can be used. For
example, trilateration schemes in which use time of arrival of signals from multiple base
stations can be used. Desirably, the various position-determining schemes rely, in whole

or in part, on different physical measurements of signal characteristics, different signals,
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or both. Also, the functions performed by the PDE 36 and controller 40 in the examples
discussed above can be performed in whole or in part by elements of the mobile station
2. Stated another way, the processor 6 of the mobile station can include functional
elements which perform the functions of the controller 40. Also, the position-
determining method can be performed to determine the positions of multiple mobile
stations simultaneously or sequentially. The techniques described herein can be
implemented in essentially any network, such as not only CDMA systems but also in
time division multiple access (TDMA) systems or frequency division multiple access
systems (FDMA) or space division multiple access (SDMA) systems. It is therefore to
be understood that numerous modifications may be made to the illustrative
embodiments and that other arrangements may be devised without departing from the

spirit and scope of the present invention as defined by the appended claims.



WO 2006/135418 PCT/US2005/032014
16

CLAIMS

1. A method of obtaining the position of a mobile station comprising:

(2) determining the position of the mobile station using a first scheme of position
determination; and

(b) if the determining does not yield an acceptable position result, repeating said
determining using at least one further scheme of position determination different from
said first scheme in at least some repetitions until (i) a repetition returns an acceptable

position result or (ii) all available position-determining schemes have been used.

2. The method of claim 1 wherein said mobile station is a mobile
communications device selected from the group consisting of a mobile phone, a
personal digital assistant with wireless communications capability, a portable computer
with wireless communications capability, a pager, and other personal communications

devices.

3. The method of claim 1 wherein said position-determining schemes are
selected from the group consisting of GPS, trilateration, server assisted GPS, enhanced
signal strength, angle of arrival, time difference of arrival, forward link trilateration,

advanced forward link trilateration, fingerprinting, and combinations thereof.

4. The method of claim 1 wherein at least one of said position-determining

schemes is a mobile station-based stand-alone scheme.

5. The method of claim 4 wherein at least one of said position-determining

schemes is a mobile assisted-based scheme.

6. The method of claim 1 wherein at least one of said position-determining

schemes is a mobile assisted-based scheme.

7. The method of claim 1 further comprising deciding if each said determination

has yielded an acceptable position result.
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8. The method of claim 7 further comprising deriving an estimate of error
associated with each position result, wherein said deciding whether if each
determination has yielded an acceptable position result includes comparing an estimate

of error associated with such position result to a predetermined tolerance.

9. The method of claim 8 wherein said predetermined tolerance is £50 feet.

10. The method of claim 8 wherein at least one said scheme includes monitoring
a characteristic of signals transmitted between said mobile station and a plurality of base
stations, and said deriving an estimate of error includes determining a number of base

stations included in said monitoring.

11. A method of determining the position of a mobile station comprising:

determining a position for said mobile station according to a plurality of
different position determination schemes, and determining an estimate of error for each
position determination scheme; and

choosing one said position determination scheme having a smallest estimate of
error, and selecting as the position of the mobile station a position result provided by the

chosen position determination scheme.

12. The method of claim 11 wherein said mobile station is a mobile
communications device selected from the group consisting of a mobile phone, a
personal digital assistant with wireless communications capability, a portable computer
with wireless communications capability, a pager, and other personal communications

devices.

13. The method of claim 11 wherein said schemes are selected from the group
consisting of GPS trilateration, server assisted GPS, enhanced signal strength, angle of
arrival, time difference of arrival, forward link trilateration, advanced forward link

trilateration, fingerprinting, and combinations thereof.

14. The method of claim 11 wherein at least one of said schemes is a mobile

station-based stand-alone scheme.
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15. The method of claim 14 wherein at least one of said schemes is a mobile

assisted-based scheme.

16. The method of claim 11 wherein at least one of said schemes is a mobile

assisted-based scheme.

17. The method of claim 11 further comprising deciding whether each said
determination has yielded an acceptable position result, said choosing including

choosing between only the acceptable position results.

18. The method of claim 11 wherein at least one of said position determination
schemes includes monitoring a characteristic of signals transmitted between said mobile
station and a plurality of base stations, and said choosing includes determining a number

of base stations included in said monitoring.

19. A method of determining the position of a mobile station comprising:

determining a position for said mobile station according to n different schemes,
n being an integer, so as to provide a plurality of different position results; and

calculating the position of said mobile station by combining a plurality of said

position results.

20. The method of claim 19 further comprising deriving an estimate of the error
for each said position result, said calculating includes combining said plurality of

position results based at least in part on said estimates of error.

21. The method of claim 20 wherein said combining involves computing a
weighted average of the position results using weighting factors based on said estimates

of error.

22. The method of claim 20 wherein said weighting factors are the reciprocals of

the estimates of errors.
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23. A method of claim 22 where said weighting factors are the squares of the

reciprocals of the estimates of errors.

24. A system for determining the position of a mobile station comprising:

a mobile station;

a network adapted to communicate with said mobile station by radio signals;

a position determination entity in communication with one or both of said
network and said mobile station said mobile station, network and position determining
entity being operable to derive a position result representing the position of said mobile
station by plurality of available position-determining schemes; and

a controller in communication with said position determining entity, said
controller being operable to actuate said position determining entity, network and
mobile station to derive a position result according to a first scheme representing the
position of the mobile station, determine if the position result according to the first
scheme is acceptable and, if not, to actuate said position determining entity, network and
mobile station to derive a position result according to at least one further scheme
different from said first scheme until either all available position-determining schemes

have been used or an acceptable position result has been obtained.

25. A system for determining the position of a mobile station comprising:

a mobile station;

a network adapted to communicate with said mobile station by radio signals;

a position determination entity in communication with one or both of said
network and said mobile station said mobile station, network and position determining
entity being operable to derive a position result representing the position of said mobile
station by plurality of available position-determining schemes; and

a controller in communication with said position determining entity, said
controller being operable to actuate said position determining entity, network and
mobile station to derive position results representing the position of the mobile station

according to more than one of said schemes and select one of said position results.

26. The system for determining the position of a mobile station comprising:

a mobile station;
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a network adapted to communicate with said mobile station by radio signals;

a position determination entity in communication with one or both of said
network and said mobile station said mobile station, network and position determining
entity being operable to derive a position result representing the position of said mobile
station by plurality of available position-determining schemes; and

a controller in communication with said position determining entity, said
controller being operable to actuate said position determining entity, network and
mobile station to derive position results representing the position of the mobile station
according to a more than one of said schemes and compute the position of said mobile

station by combining said results.

27. The system of claim 26 wherein said network is adapted to communicate
with said mobile station through a technique selected from a group of radio-channel
access schemes consisting of CDMA, TDMA, FDMA, SDMA, and a combination

thereof.

28. The system of claim 26 wherein said schemes are selected from a group
consisting of GPS trilateration, server assisted GPS, enhanced signal strength, angle of
arrival, time difference of arrival, forward link trilateration, advanced forward link

trilateration, fingerprinting, and combinations thereof.

29. The system of claim 26 wherein said mobile station is a mobile
communications device selected from the group consisting of a mobile phone, a
personal digital assistant with wireless communications capability, a portable computer
with wireless communications capability, a pager, and other personal communications

devices.

30. A mobile station comprising:

a position determination mode multiplexer for choosing a position determination
methodology for determining the position of said mobile station, said position
determination mode multiplexer being operable to choose between mobile station stand-

alone and mobile station-network assisted position determination methods;
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a transmitter and a receiver for providing communications via radio channel
access with said network; and

a processor for directing said multiplexer.

31. The mobile station of claim 30 wherein said radio channel access is provided
through a technique selected from the group of radio channel access schemes consisting

of CDMA, TDMA, FDMA, SDMA, and a combination thereof.

32. The mobile station of claim 30 wherein said methods are selected from the
group of methods consisting of GPS trilateration, server assisted GPS, enhanced signal
strength, angle of arrival, time difference of arrival, forward link trilateration, advanced

forward link trilateration, fingerprinting, and combinations thereof.

33. The mobile station of claim 30 wherein said mobile station is a mobile
communications device selected from the group consisting of a mobile phone, a
personal digital assistant with wireless communications capability, a portable computer
with wireless communications capability, a pager, and other personal communications

devices.
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