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System for locating mobile telephones.

The present invention relates to digital cellular
radio communication with mobile stations, for example in
accordance with the @GSM (Global System for Mobile
communications} standard.

The invention relates more particularly to a system
for locating mobile stations communicating by means of a
fixed receiver terminal which is part of a network.

This type of system generally employs time division
multiplexing which entails dividing time into frames of
fixed and predetermined duration. The frames are in turn
divided into time slots. This technique is known as time
division multiple access (TDMA). A particular time slot
recurring in each frame constitutes a physical channel.
This structure is used both for the uplink from a mobile
station to a receiver terminal and for the downlink from a
receiver terminal to a mobile station. The data exchanged
by a mobile station and a receiver terminal is transmitted
in the form of packets, each of which is placed in one time
slot. The various logical channels, for example traffic
channels (TCH) and control channels, are multiplexed onto
the physical channels. Consequently, the time slots of a
given physical channel are divided between a plurality of
logical channels, which produces a new structure known as a
multiframe.

The GSM communication protocol is described in the
book "The GSM System for Mobile Communications® by M. Mouly
and M-B. Pautet, 1992, the content of which is hereby
incorporated herein by reference.

With regard to the GSM protocol, the mobile
telephone network knows roughly where a mobile station on
standby is located in real time, in the sense that it knows
the reception area with which the mobile station is

_communicating at its current location. The reception area

is represented by a- plurality of contiguous receiver
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terminals. If the mobile station leaves a sector served by
one reception area it transmits an update message to
indicate the change to the network. A mobile station can be
called at any time because the network knows its location.
Moreover, the network knows the cell global identifier
(CGI) of the cell that a communicating mobile station is
logged onto, a cell being a portion of terrain served by
the same radio terminal.

At given time intervals a communicating mobile
station. transmits a measurement report message to the
receiver terminal it is logged onto on a service radio
channel (SACCH). This information enables the network to
choose the best receiver terminal to carry the call with
the mobile station at all times.

Knowing the time to cover the distance between the
mobile station and the radio terminal, which is known as
the timing advance (TA), the mobile station can transmit to
the radio terminal at a time chosen so that said radio
terminal is able to receive the transmission from the
mobile station without interference from trénsmissions by
other mobile stations. The timing advance TA therefore
reflects the distance to be travelled by the radio wave
between the mobile station and the radio terminal. A unity
increment of the timing advance TA corresponds to a
distance of approximately 550 metres. |

The measurement report message transmitted by the
mobile station to the radio terminal includes a parameter
RXLEV which corresponds to the level at which the mobile
station receives from the radio terminal with which it is
communicating and up to six of the best adjoining receiver
terminals. The measurement report message also includes a
parameter RXQUAL which corresponds to the quality of
reception by the mobile station from the radio terminal

.with which it is communicating.

A short message service (SMS) enables the
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transmission and reception of text messages between a
mobile station and the network, either on the SACCH if the
mobile station is communicating or on the signalling
channel (TCH/8 or SDCCH) if the mobile station is on
standby. The mobile telephone carrier can employ a radio
planning tool to calculate the reception level and quality
at a given' geographical point as a function of the
geographical location of the radio terminal, adjoining
radio terminals, their transmit power, their type, the
frequencies used, etc.

The phase 2 + GSM 11.11 and GSM 11.14 technical
specifications specify the interface between a mobile
equipment and the SIM card of a subscriber. In particular,
a SIM card can request a measurement report from a mobile
equipment, instigate the transmission of SMS short messages
and store the content of incoming SMS messages. This is
known in the art.

EP-A-0 398 773 describes a method for determining
the geographical location of a mobile station in a time
division multiple access communication network, the method
including the steps of transmitting to a first fixed
station a value measured at the mobile station of the
relative phase of synchronization signals received from the
first fixed station and at least one second fixed station,
measuring at the first fixed station the propagation time
of the synchronization signal from the first fixed station
to the mobile station and the relative phase with which the
BCCH is received, calculating at the first fixed station
synchronization signal propagation times from the second
fixed station to the mobile station using the previously
stored transmission relative phase, and calculating the
position of the mobile station from the propagation times
and the geographical co-ordinates of the first and second

. fixed stations.

WO 9635306 describes a method of determining the
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location of a mobile station of a cellular radio system
including a plurality of base stations. The time
differences between transmissions from the base stations as
measured by the mobile unit are determined. The distances
between the mobile station and each of the base stations is
determined from these time differences. The location of the
mobile unit is deduced from these distances. The time
division structures of the control channels of at least
some of the base stations which are within range of the
mobile station are synchronized and said mobile station
determines the time differences of a characteriztic element
of the time division structure broadcast on the control
channel of each base station. If the number of base
stations detected by the mobile station is too low, the
timing advance required for communication with the server
base station is used to deduce the distance between the
mobile station and the server base station.

However, the wvarious methods that have been
proposed enable location of the mobile station unknown to
its user and are cumbersome and expensive to implement.

An object of the present invention is to propose a
system in which a mobile station can be located only at the
command of its user or using an ad hoc SIMToolkit
application. The SIMToolkit applications can instigate the
automatic transmission of short messages. The SIMToolkit
applications can transmit these messages only when a
specific telephone number is entered.

Another object of the present invention is to
propose a system for locating mobile stations that does not
require any modification of the GSM protocol.

The location system in accordance with the
invention is intended for wmobile stations able to
communicate with a first radio terminal of a network of

.radio terminals supervised by an operational control

centre.
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The mobile station includes means for estimating at

‘least one parameter representative of the position relative

to a radio terminal and means for transmitting information
relating to said parameter to a server via the first radio
terminal.

The server includes weans for comparing the
information relating to said parameter to a predefined map
of said parameter and deducing from the result of such
comparison an estimate of the location of the mobile
station.

In one embodiment of the  invention, the system
includes means for estimating the distance between a mobile
station and the first radio terminal with a margin of error
Ad,, as a function of the time taken by a wave to cover
said distance.

In one embodiment of the invention the system
includes means for estimating the levels of reception from
the first radio terminal and adjoining radio terminals.

In one embodiment of the invention the system
includes means for estimating the quality of reception of
transmissions from the first radio terminal and
advantageously from adjoining radio terminals.

The mobile station advantageously includes means
for comparing the times r; of reception by the mobile
station of transmissions from other radio terminals at
times r of reception of transmissions from the first radio
terminal and deducing therefrom the wvalue Ar; of the
receive time shift and means for transmitting the value of
each time shift Ar; to the server wvia the first radio
terminal and the server advantageously includes means for
estimating the distance between the mobile telephone and
each of the other radio terminals as a function of the time
shift Ar; and the time shift Ae; between the transmission

.times e; of the other radio terminals and the transmission

times e of the first radio terminal.
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In one embodiment of the invention the system
includes means for specifying the location of the mobile
telephone by cross-checking the estimated locations
obtained using at least two parameters.

Location can be effected at the command of the
mobile station user.

The server can include means for transmitting
information to the user as a function of the location of
the mobile telephone. That information can comprise either
audio messages or messages for display.

Because information is transmitted between a mobile
station and a radio terminal on a service logical channel
and on a traffic logical channel, the information relating
to said parameter is advantageously transmitted to the
first radio terminal on the traffic logical channel, for
example using the short message service.

The map can be adapted to the transmit power levels
of the various radioc terminals by linear interpolation.

' The map can be recomputed as a function of changes
in parameters likely to modify the values relayed to the
geographical information server, for example as a function
of activation or non-activation of frequency hopping on the
various radio frequencies.

The map can be recomputed as a function of
activation or non-activation of enhanced full rate (EFR) on
the various radio frequencies.

The map can be recomputed as a function of the
transmit power levels of the various radio terminals, a
change to the topology of the stored maps, for example due
to the construction of a building, and activation of
frequency hopping.

In one embodiment of the invention the parameter
representative of the position is the parameter NB-

.correlation corresponding to the number of correlations to

the BCCH frequency.
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The mobile station can be provided with means for
comparing location data with a previously stored area, for
the purposes of special rate charging, for example for
calls near the user's home, with the location data being
stored in a SIM card of the mobile station.

The wmobile station can include means for
transmitting charging data by means of the short message
service.

In one embodiment of the invention the mobile
station transmits charging data if a call is made or
received in the vicinity of the previously stored area if
the mobile station enters or leaves said previously stored
area during a call.

In one embodiment of the invention, the mobile
station includes means for transmitting a “transfer to
fixed network” message if said mobile station is in the
previously stored area, causing modification of call
routing so that any incoming call is notified to the fixed
station or stations and to the mobile station.

In a system of the above kind a mobile station can
be used for many purposes, for example to transmit a
distress signal or to provide the user with information
relating to their 1location. The wuser can therefore
communicate with a database containing geographical
information for navigation or tourist information including
commentaries on what the user can see from their location.
This communication with a database can be effected by means
of a dedicated telephone number that does not change with
the location. The language in which the information is
supplied to the wuser can also be selected, either
automatically on the basis of the information transmitted
to the location server or at the command of said user;
alternatively, it can be associated with the telephone

_number.

The present invention will be understood better
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after reading the following detailed description of a few
embodiments of the invention, provided by way of non-
limiting example and shown in the accompanying drawings, in
which:

figure 1 is a diagram showing the operation of a
mobile telephone network according to the invention;

figure 2 is a variant of figure 1;

figure 3 is a diagram showing the capture of the
number of correlations of a radio wave in the geographical
information server; and

figure 4 is a diagram showing the capture of a
particular time profile.

In the following description, the expression
"mobile equipment® refers to a "blank" wmobile telephone
with no operational SIM card inserted into it. A mobile
equipment can transmit only emergency calls.

The function of a SIM ({(Subscriber Identity Module)
card is to identify a subscriber to a given mobile network.

A mobile station is the combination of a mobile
equipment and a SIM card. A mobile station can transmit and
receive telephone calls.

_ A services logical channel conveys all the
information needed for correct operation of a mobile
network: transmission of calls, reception of calls,
handover, etc.

A services channel uses various types of physical
channels, such as the BCCH and the SDCCH.

The information transmitted on a services logical
channel is managed by the mobile telephone carrier’'s
infrastructure.

As opposed to services logical channels, a traffic
logical channel conveys information addressed to the
correspondent of the mobile subscriber. A traffic logical

radio channel uses one or more physical channels such as

the TCH or SDCCH (TCH/8), or half a TCH if the telephone
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carrier has implemented the half rate option. Note that the
SDCCH (TCH/8) is a physical channel that can carry service
information or traffic information. The information carried
on a traffic channel is not addressed to the mobile
telephone carrier and is charged for. It can be audio
information or "data" information intended to be displayed:
short messages service (SMS} messages, unstructured
supplementary services data (USSD) or global packet radio
switch (GPRS) messages.

.The GPRS radio communication protocol governs the
transmission of data in accordance with the Internet
protocol (IP) via a GSM telephone infrastructure.

The GPRS is interfaced between the IP communication
layer and the physical layer of the ISO model.

The GPRS therefore enables a mobile station to
communicate in the IP format: access to Internet servers,
transmission + reception of electronic mail, etc.

The expression "fixed/mobile convergence" refers to
all techniques enabling fixed and mobile telephone
subscriptions to be harmonised and possibly merged.

This 1is to offer the advantages of the fixed
telephone in the home, in particular in terms of speech
quality and high bit rate, in conjunction with user
mobility.

Other advantages associated with fixed/mobile
convergence are single billing, differentiation of call
charges according to the place from which the call was
made, and possibly the use of the same telephone handset.

Figure 1 shows that the mobile telephone network
includes a plurality of radio systems 1 each including a
plurality of transmit and receive terminals, not shown,
referred to as radio terminals, each adapted to communicate
with a plurality of mobile stations, not shown. Each radio

.8ystem 1 is connected to an operational control centre 2.

Each operational control centre 2 manages a plurality of



10

15

20

25

30

35

WO 00/03556 L PCT/FR99/01693
10

radio systems 1. The operational control centres 2 are in
turn connected to a network management centre 3. The
network management centre is connected to a geographical
information server 4 adapted to exchange information with a
radio planning tool 5 and with a mobile switching centre 6
which provides an interface to a landline telephone
network, not shown. '

Figure 2 shows a variant in which the operational
control <centres 2 are connected directly to the
geographical information server 4.

For the geographical information server 4 to be
able to compute the position of a wmobile station it is
necessary to relay information from the mobile station to
the geographical information server 4. The traffic logical
channel is used to transmit location parameters to the
geographical information server 4. The geographical
information server 4 is able to receive messages on the
speech channel in the short message service (SMS) format or
in the IP format (when the information is transmitted by
the mobile station in the GPRS format).

The service information that the mobile station can
transmit to the geographical information server 4 is made
up of parameters assisting location:

- the server cell’s cell global identifier (cer),

- the binomials BSIC, BCCH of the cells adjoining
the server cell, the mobile station relaying this
information for all the BCCH that it is capable of
interpreting, the number of which can exceed six,

- the parameter RXLEV relating to the reception
levels from all the aforementioned cells,

- the parameter RXQUAL relating to the reception
quality from the server cell and advantageously from
adjoining cells,

- the reception time difference (DIR} for all the

aforementioned cells,
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- the NB-correlation parameter indicating the
number of correlations with the BCCH frequency for the
aforementioned cells,

- the reception time difference (DTR) for the
synchronization bursts (SCH) of each of the aforementioned
cells, and a parameter associated with the time that has
elapsed since the beginning of measurements by the mobile
station, and _

- a parameter related to the distance from the
server radio station.

The cell global identifier (CGI) parameters and the
binomials BSIC and BCCH are the most useful for locating
the mobile station. These parameters identify the cells
involved in locating the mobile station. They are already
known and processed by the mobile station and it is
therefore a simple matter for the mobile station to
transmit them to the geographical information server 4.

In particular cases, and especially for emergency
calls, the mobile station can transmit service information
concerning cells of another mobile telephone network. The
GSM 05.08 ETS 300578 recommendations specify that a mobile
station must be able to scan all GSM frequencies to
identify BCCH frequencies in order to compute their receive
level. In this case, the geographical information server 4
knows the locations of the cells of the various networks
and therefore knows which cells adjoin a given cell.

In the remainder of this description the messages
containing the information needed for geographical location
are referred to as "location measurement messages'.

A mobile station already computes the RXLEV
parameter for the carrier frequency (RXLEV-FULL-SERVING-
CELL and RXLEV-SUB-SERVING-CELL) and the BCCH frequencies
of the adjoining cells (RXLEV-NCELL) and the RXQUAL

parameter for the carrier frequency (RXQUAL-FULL-SERVING

CELL and RXQUAL-SUB-SERVING-CELL) .
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The mobile station can advantageously compute the
parameter RXQUAL from the BCCH frequencies of adjoining
cells.

Moreover, to harmonise the measurements relayed to
the geographical information system 4, the parameters RXLEV
and RXQUAL for the server frequency can be computed only
from the BCCH multiframe instead of from some or all of the
TDMA frames. However, there remain inaccuracies as to the
parameters RXLEV and RXQUAL corresponding to the various
radio terminals, caused principally by diversity and
interference with other radio waves.,

The timing advance parameter TA is computed in the
following manner. A mobile station synchronizes to the BCCH
frequency of the server radio station using the FCCH and
SCH. In the case of multipath transmission, which occurs
mostly in urban environments with many obstacles, the
mobile station synchronizes to the signal received most
strongly. When it begins to communicate, the radio system 1
estimates the distance travelled by the radio wave between
the mobile station and the server radio terminal and
transmits the parameter TA to the mobile station.

In the case of multipath transmission, the mobile
station correlates to the same signal several times. To
synchronize, it chooses the signal that corresponds to the
best path in terms of reception level and quality, which is
received at a time T2. However, the mobile station also
knows the time T1 at which the first correlation with the
signal was received. It is therefore possible to define a
new parameter referred to as the direct path distance (DCD)
between the mobile station and its server radio station:
DCD = D(TA) - c.(T2 - T1), where D(TA) is the distance
computed from the timing advance TA transmitted by the
server radio station and ¢ is the speed of light.

The parameter DCD is a better representation of the
actual distance between the server radio terminal and the
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mobile station than the timing advance TA. The first signal
correlation received may have been attenuated by various
obstacles, for example trees, on its propagation path. The
strongest correlation received may have been reflected by
obstacles of other types, for example the flat facade of a
building.

The reception time difference (DIR) of signals from
the various radio terminals can equally be used (see the
GSM 05.10 - phase 2+ recommendations). The mobile station
could compute the reception time difference corresponding
to the shortest propagation time of each radio wave, rather
than the time for the signal received at the highest power,
to avoid inaccuracies associated with multipath
transmission. Thus the mobile station could compute the
parameter DIR for each adjoining radio terminal.

If the radio terminals are synchronized or if the
geographical information server 4 knows the transmit time
offset RTD between the various radio terminals, the server
will be able to compute the distance relative to the
adjoining radio terminal in gquestion. However, the
parameter DIR enables the location to be computed precisely
only if the radioc terminals are strictly synchronized or if
the transmit time offset RTD is known and does not drift
with time.

A mobile station monitoring a mobile telephone
network needs to synchronize to each of the BCCH
frequencies of the server cell and the adjoining cells. To
this end, it synchronizes to the synchronization burst SCH
on the BCCH. A radio wave can take different paths between
a radio terminal and a mobile station. This phenomenon is
called multipath transmission. In the case of multipath
transmission the mobile station correlates to the best path

in terms of power and quality, which is not necessarily the

_shortest path. The number of BCCH frequency correlations

received by the mobile station is counted. The mobile
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station is therefore able to compute the value of the NB-
correlation parameter for each BCCH frequency received and
transmit it in the location measurement message. A filter
can of course be provided to eliminate correlations
corresponding to very poor reception quality.

A mobile station can be enabled to sense if it is
moving and, if so, to estimate its approximate speed. The
reception time difference DTR is measured by measuring the
reception time difference for the same SCH burst of a BCCH
multiframe. A BCCH multiframe contains five SCH bursts.
Within the BCCH multiframe, an SCH burst is transmitted
every 10x8 burst periods (BP}) or 11x8 end of BCCH
multiframe periods. Because a burst period BP is exactly
15/26 ms, a mobile station that is not moving receives each
SCH burst every (10x8x15)/26 ms and one time in five every
(11x8%x15) /26 ms. A BCCH multiframe is transmitted
cyclically. Its transmission time is 51x8x15/26 =
235.38 ms. If tl is the time the mobile station receives an
SCH burst of a BCCH multiframe and t2 is the time the
mobile station receives the same burst SCH of a BCCH
multiframe transmitted five cycles later, for example, the
reception time difference DTR is: DTR = t2 - tl1 - t,
where t = 5x51x8x15/26 = 1.17692 s. The minimum speed will
then be the maximum value of the parameter DTR computed for
each of the BCCH frequencies received. If a BCCH frequency
has not been received continuously over five multiframes,
the mobile station indicates this in the location
measurement message.

There are various ways to activate relaying of the
location measurement message to the geographical
information server, either by automatic activation after
entering the telephone number of the geographical
information server 4 or by manual activation by the user.

_The telephone number of the geographical information server

4 can be contained either in the SIM card of the user's
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mobile station or in the software of the mobile station.
The user can store the telephone number of geographical
information servers authorised to locate it. Once the
telephone number of the geographical information server has
been entered, the mobile station starts to measure the
aforementioned parameters. The mobile station can also
transmit to the geographical information server the receive
levels for the various BCCH frequencies of the cells of the
mobile network picked up by the mobile station before call
set-up in order to begin the location computation as
quickly as possible. .

The location measurement message can be transmitted
by the mobile station on various frequencies. The mobile
station can transmit a location measurement message only
when it considers itself able to do so, for example if the
parameter DTR reaches a high value.

The mobile station can also transmit location
measurement messages only on receiving a request for
location information transmitted by the geographical
information server in the form of an SMS message or via thq
GPRS. The location measurement messages can be relayed at
predefined intervals, for example every 30 seconds.
Finally, the frequency on which the location measurement
messages are relayed can be specified in a message
transmitted by the geographical information server.

The above possibilities can advantageously be
combined. For example, the mobile station can transmit
location measurement messages just after the telephone
number of the geographical information server has been
entered, or if said mobile station has wmoved, and on
receiving a message requesting location information. This
can be particularly beneficial if the geographical
information server has not succeeded in estimating the

_position of the mobile station, in particular in the case

of erroneous or incoherent data.
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The geographical information server may need
measurements relating to a particular radio terminal. It
then sends a "specific measurement request" SMS or GPRS
message to the mobile station specifying the BSIC, BCCH
combination for the radio terminal. The mobile station then
transmits a "measurement for one terminal" message relating
to the radio terminal specified in the specific measurement
request message. The measurements contain the BSIC, BCCH
combination of the radio terminal, the wvalues RXLEV,
RXQUAL, NB-correlation, DTR, NB-cycle, and ©possibly
parameters relating to the distance if the radio terminal
in question is a server or if the mobile station knows how
to compute the parameter DIR relative to the server cell.
The data transmitted between a mobile station and a radio
terminal is encrypted to preserve some degree of
confidentiality.

That data is not sufficient to compute the position
of the mobile station, because the position of the radio
terminals constitutes information that is not transmitted
over the network but is known to the geographical
information server.

The mobile station transmits location measurement
messages only in the following situations:

- when a particular telephone number corresponding
to a geographical location server is entered;

- when an "authenticated" message corresponding to
a location request is received; or

- periodically, to a server identified by the
mobile station.

In the latter two cases, the subscriber's SIM card
manages transmission of the location measurement messages.
Some subscriptions can entail the mobile station being
located periodically by a location server. An ad hoc

'8IMToolkit application has been developed to cover this

eventuality and the holder of the SIM card will have been
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advised that the mobile station can be located when it is
switched on.

Security mechanisms can be implemented to prevent
unwanted location. For example, the 1list of telephone
numbers of various geographical information servers can be
stored in the SIM card or in the mobile equipment itself.

For improved confidentiality the SIM card of a user
can contain an encryption key K which is the same as or
different from the key used for encryption in accordance
with the GSM recommendation. The mobile station checks the
identity of the geographical information server. When the
call is set up, the mobile station transmits to the
geographical information server a code number RAND. The
geographical information server, which holds the user's key
K, then computes the code SRES and transmits it in the
location information request message. On receiving that
message, the mobile station checks if the code SRES
corresponds to the code it has computed itself. If so, the
mobile station transmits the location measurement message.
If not, the mobile station does not transmit and advises
the user that an unsuccessful attempt to locate them has
been made.

Instead of transmitting the location measurement
messages directly, the mobile station can transmit only the
BSIC, BCCH combination of the server cell. The geographical
information server, which will have recovered the parameter
LAI identifying the reception area of the server cell by
interrogating a visitor location register (VLR) database
covering the area from which the call was sent, can then
find out the parameter CGI of the server cell and all the
BSIC, BCCH combinations of the adjoining cells and transmit
them to the mobile station. The mobile station then checks
the accuracy of the information transmitted.

The geographical information server 4 is an expert

system which estimates the most probable position or
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location area of the mobile station by correlating the
parameter values relayed to it and values stored in its
database. The parameters stored in the database of the
geographical information server are associated with fixed
geographical points. The parameters that the geographical
information server can use to estimate the position of a
mobile station are the reception level and quality, the
distance, the various paths taken by a radio wave between a
radio terminal and a given point, the motion of the mobile
station and the communication time profile of the cell.

The parameter RXLEV corresponds to the receive
level of transmissions between the sefver or adjoining
radio terminals and the mobile station. The mobile station
knows the downlink parameter RXLEV, i.e. the level at which
it receives a transmission from a server or adjoining radio
terminal. Even for a mobile station that is not moving at a
given location, the parameter RXLEV can be subject to
numerous variations, mainly because of fading. A wave of
given frequency is very often the resultant of a plurality
of signals received with different phases.

The reception quality parameter corresponds to the
guality of reception of transmissions between the server
radio terminal, and possibly the adjoining radio terminals,
and the mobile station. Once again, the reception quality
parameter can be subject to many variations, mainly caused
by interference between different signals at the same
frequency, brought about by the re-use of the same radio
frequency by other radio terminals, or fading. Accordingly,
the greater the number of calls at a given time, the more
likely the reception quality is to be poor.

Frequency hopping improves reception quality by
changing the frequencies employed, except for the BCCH
frequency, in a pseudo-random fashion. The map may need to

take account of such frequency changes.

The distance between the mobile station and its
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server radio terminal is estimated either from the timing
advance TA or from the direct path distance DCD. The
distance to the adjoining radio terminals can be estimated,
if necessary, from the reception time difference parameter
DIR if the radio 1terminals are synchronized or if the
geographical information server knows the transmission time
offset RTD for each radio terminal. In this case, the
geographical information server SIG can compute the
observed time difference parameter OTD = DIR + RTD. The
distance to the adjoining cells could be computed from the
formula D = Do + Cx (OTD), with Do = distance computed
using the parameter TA or Do = DCD, and from C, the speed
of light.

The parameter NB-correlation corresponding to the
number of BCCH frequency correlations between a radio
terminal and a mobile station is associated with each of
the geographical points and each cell. The wvalue of this
parameter depends greatly on the topology of the terrain.
Entered in the database of the geographical information
server, this value can be computed by the radio planning
tool 5, possibly in conjunction with physical measurements
(see figure 3). In the case of values from the network
planning tool, the pertinence of the values computed
depends on the quality of the digitized topology, which can
be improved by comparing the actual measurements and the
computed measurements.

For a given call, the value of the parameter RXLEV
and, most importantly, the wvalue of the parameter RXQUAL
depend on the number of simultaneous calls at the server
radio station and its adjoining radio stations. It is
possible to establish traffic time profiles as a function
of place, day and time. Statistics processed by the various
operational control centres 2 enable the network operators

.to establish a traffic time profile for the various sites

processed by the geographical information server 4. For
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example, the traffic at radio terminals covering a football
stadium will be much greater on a match day.

A time profile system 7 (figure 4) can be
interfaced to the geographical information server to define
the time profile concerning the simultaneous traffic of
each radio terminal. The time profile system can draw
information from operational control centre statistics or
network management centre statistics or statistics entered
manually. The time profile for each radio terminal depends
on the day (business day or weekend), time, special days
and other events. .

The geographical information server receives the
calls transmitted by it and processes the location
parameters associated with the call.

Because of its interface with the operational
control centres 2 or the network management centre 3, the
geographical information server knows the parameter CGI of
the server cell and the corresponding relationship of the
(BSIC, BCCH) combinations of all the cells adjoining the
server cell with their respective parameter CGI, the exact
geographical location of each radio terminal of the network
(in three dimensions to allow for the height of the antenna
of the radio terminal), the transmit power of each radio
terminal of the network, the transmit frequency of each
radio system: GSM 900, Extended GSM, DCS (or GSM) 1800, PCS
1900, or any other type of frequency, a parameter
indicating if frequency hopping and EFR (Enhanced Full
Rate) are activated or not for each radio terminal, and the
exact geographical location of each fixed point modelled,
in three dimensions. The enhanced full rate (EFR) option
improves transmission quality on the radio channel through
improved radio channel transcoding, which has been
standardized. Note that the EFR option is activated for

each call only if the mobile station is capable of

supporting that optien. The EFR option is processed
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similarly to frequency hopping: the frequency is the same
and activating this option improves quality on the radio
channel.

Using its interface with the radio planning tools,
or manual measurements, the geographical information server
knows the estimated reception and quality levels of each
BCCH frequency received by a modelled geographical point
and the number of paths that a radio wave can take between
a radio terminal and a digitized point. The interference,
quality, reception level values and the number of paths
estimated are stored in the geographical information server
before calling the mobile station.

The geographical information server uses the above
information to compute estimated values off-line. However,
it must take into account operational constraints, in
particular for some radio parameters which depend on the
network, in particular the corresponding relationship
between the BSIC, BCCH combination and the CGI, the power
level of each radio terminal and whether frequency hopping
is active or not.

Through an interface with the network supervision
means, preferably a standardized Q3 interface, the
geographical information server is kept up-to-date in real
time on any changes to the parameters, in order to take
account of the changes in evaluating the position of the
mobile station. The geographical information server also
takes into account the operational status of a radio
terminal, in particular in the event of a breakdown.
Similarly, if the transmit power of a radio terminal is
changed, the geographical information server can arrive at
a first approximation by considering the ratio between the
receive power at a given geographical point and the
transmit power of the radio terminal, considered to remain

_the same.

On receiving a location measurement message, the
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geographical information server computes the CGI of all the
cells involved in relaying measurements by means of the CGI
of the server and the BSIC, BCCH combination of all the
adjoining cells.

It then estimates the most probable area in which
the mobile station is located from the information on
distance, receive level, reception quality and number of
correlations between the mobile station and the various
adjoining radio terminals. The estimate is obtained by
comparison with previously stored wvalues in accordance with
rules defined by an expert system. In absolute terms, too
much information is relayed to the geographical information
server. However, allowance must be made for the fact that
some parameters may be incorrect. The expert system is
capable of discarding inconsistent parameters and computing
the location from the other parameters.

On receiving the parameters, an inference engine
starts a consultation and uses the rules of logical
reasoning to make deductions leading to the location of the
mobile station. The location.estimated by the geographical
information server is different according to whether the
mobile station is stationary or moving. The mobility of a
mobile station can be evaluated from a number of indices:
change of server radio terminal, high frequency of relaying
location measurement messages, the parameter DTR, etc.

If the mobile station is not moving, the
geographical information server has the time to compute a
more accurate location and can use all of the parameters
available to it.

For a set of wvalues available to the geographical
information server corresponding to a call, i.e.:

- {RXLEX}, the set of geographical points of a
topology corresponding to the values RXLEV for the various

.radio terminals concerned,

- {RXQUAL}, the set of geographical points of a
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topology corresponding to the values RXQUAL for the
different radio terminals concerned, and

- {distance}; the set of geographical points
corresponding to the estimated distance from the server
radio station,
the geographical information server then conforms to rules
of logical reasoning, of which the following are examples:

Rule 1:

If the intersection between the aforementioned
three sets enables a point to be determined, then the
location of the mobile station has been found.

Rule 2:

If the intersection of the sets {RXLEV} and
{RXQUAL} yields several points and if the distance
estimated from the timing advance TA yields a set of points
farther from the server radio terminal than those
previously found, then the timing advance TA definitely
corresponds to multipath transmission. The parameter TA
must therefore be ignored.

Rule 3:

If the parameter relating to the distance supplied
to the geographical information seiver is the direct path
distance DCD the estimate is more reliable than that based
on. the timing advance TA. The geographical information
server begins its search with points corresponding to the
parameters DCD and then correlates them with points
obtained using the parameters RXLEV and RXQUAL.

Rule 4:

If the set of geographical points found is near a
radio terminal and the latter does not appear in the
location measurement message, the geographical information
server checks if the radio terminal is active, using the

interface with the operational control centre or the

.network wmanagement centre. If the radio terminal is

inactive then the location has been found. If not, the
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geographical information server sends the mobile station a
specific measurement request message specifying the BSIC,
BCCH combination of the radio terminal in question. The
mobile station transmits a location measurement message to
the radio terminal in question. The geographical
information server then determines if the computations are
correct.

In the case of a mobile station that is moving, the
geographical information server does not have time to use
all the parameters available to it. The geographical
information server estimates a displacement index DPT which
is the maximum reception time difference DTR in order to be
able to estimate the minimum speed at which the mobile
station is moving. The geographical information server uses
the identifiers of the radio terminals received by the
mobile station (CGI and BSIC, BCCH combination) and the
distance to the server radio station to arrive at a first
estimate of the location of the mobile station.

If no location measurements have reached the
geographical information server, it begins the same
location process as for mobile stations which are
stationary. Otherwise, the geographical information server
estimates the position of the mobile station from the
difference between the values relayed to it.

The parameters used are the identifier CGI of the
server radio terminal, the identifier of the adjoining
radio terminals {computed from their BSIC, BCCH
combination), the distance to the server radio terminal and
the geographical information server’s map. Because a mobile
station cannot move at high speed except on main roads and
railways, the geographical information server contains a
vector map so that it can take roads and rail routes into
account in estimating the location. The geographical

-information server uses expert system rules.

The following 'three rules are examples of such
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rules:

Rule 1:

In the case of handover between relaying of two
parametexr wvalues, the geographical information server can
estimate the position of the mobile station from
geographical cross-checks, a vector map, the time that has
elapsed between relaying the two parameter values and the
parameter DPT. If the parameter DPT yields an estimate of
the speed of the mobile station of at least 40 kph, the
time between relaying the two measurements is 20 s, the
circular arcs marking the distance range between the mobile
station and the two radio terminals at the two relaying
times are contiguous, and if more than one route exists at
the place where the two circular arcs are contiguous, then
there is every chance that the mobile station is located at
that point.

Rule 2:

Depending on the speed of the mobile station
estimated from the parameter DPT, the geographical
information server knows the road or rail routes on which
the mobile station is likely to be. For example, if the
estimated speed of the mobile station is of the order of
250 kph, the user is very likely to be on a high-speed
train, whose route can be recognised by the geographical
information server.

Rule 3:
If no value is relayed for a relatively long time
period, for example 15 seconds, the geographical

information server starts the fixed station location
procedure.

The above mobile telephone location system can be
used to broadcast geographical information related to the
exact place from which a call was sent. The information is

-broadcast with the agreement of the publishers of

geographical information and available only to subscribers
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of the mobile telephone network or to those who have
purchased the service, The Dbroadcast language can
correspond to the telephone number, which can be the same
in all networks. The geographical information can be of any
kind: cultural, touristic, gastronomic, meteorological,
commercial, etc. If the geographical information server
estimates that different locations may.be confused, it can
propose commentaries relating to different sites to be
chosen by the user or send the mobile station a "location
information request" message.

The above location system .can also be used for
navigation or in an emergency. A probable area in which the
mobile station is located can be highlighted on a digital
map at the geographical information server. An operator can
then provide guidance to the user, or download information
for the user to display, or locate the source of a distress
call. The position relative to the radio terminals can be
computed relative to radio terminals of different mobile
telephone networks.

The telephone carrier can use the location system
to offer fixed/mobile convergence services, either to apply
special charges to all calls transmitted from near the
user’s home, or to cause mobile and fixed calls to
converge.

In the former case, the mobile station transmits
"charging measurement" messages to a charging centre via
the traffic logical radio channel. The location measurement
message contains the date and time at which the call
started, its duration and the identifier of the mobile
subscriber. If it cannot transmit its message, for example
because the network is overloaded, it can store it to
transmit it as soon as possible.

The mobile station sends a "charging measurement"

.message during a conversation only in the following three

situations: incoming or outgoing call effected in the home
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area, exit of the mobile station from the home area during
the conversation, entry of the mobile station into the home
area during the conversation.

In the case of fixed/mobile convergence as such, a
mobile station entering the perimeter of the home of the
subscriber transmits a transfer to fixed message via the
traffic logical radio éhannel to a switching centre.
Thereafter an intelligent network system modifies the
routing of calls so that the mobile station and the fixed
station of the subscriber "are one and the same": outgoing
calls can be ﬁransmitted from the fixed station or from the
mobile station of the subscriber and incoming calls are
notified on the fixed station and the mobile station of the
subscriber. Of course, the mobile station does not need to
be communicating to transmit the transfer to fixed message,
given that the GSM standard provides that any mobile
station that is switched on performs reception measurements
in the "idle" mode.

In the case of a family with a number of mobile
telephone subscriptions but only one fixed telephone
subscription, the mobile subscriptions can converge towards
a single fixed subscription.

On leaving the home area, the mobile station
transmits a "cancel transfer to fixed" message to the
switching centre. The effect of this message is to separate
the convergence between the mobile station and the fixed
station.

Transmission of transfer to fixed messages can be
deactivated manually.

There are two different ways to activate
fixed/mobile convergence at a mobile station.

The first solution is as follows: when the owner of
the mobile station is at home, they can call a server in

.order to transmit a location measurement message. The

server receives the data and compares it to the values in
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its database. If the data is consistent, the server
transmits a message to the mobile station to advise it that
the data transmitted corresponds to its home. The server
also transmits the correspondences between the BSIC, BCCH
combinations and the cell global identifier CGI of the
adjoining cells. GSM technical specifications 11.11 and
11.14 provide for the mobile station to store the cell
global identifier CGI of the cells that the mobile station
of the subscriber picks up at home, their associated
BSIC/BCCH combination, and their reception level, computed
in the subscriber's SIM card.

A second solution is for a data processing server
to download into the mobile station, via a traffic logical
channel, the cell global identifier CGI of the cells that
the mwobile station of the subscriber picks up at home,
their associated BSIC/BCCH combination, and their estimated
reception level. GSM technical specifications 11.11 and
11.14 provide for the mobile station to store the wvalues
transmitted by the data processing server in the
subscriber’s SIM card.

In the event of a change of frequency plan on the
mobile network, the correspondence between the cell global
identifier CGI and its associated BSIC/BCCH combination
changes. In this case, the data processing server downloads
the values described in the previous paragraph before the
frequency plan is implemented and the subscriber’s SIM card
contains the two sets of computations that can be used to
compute if the subscriber is within the perimeter of their
home. Those values will have been computed by the radio
planning tool available to the carrier.

Similarly, in the event of a change of transmit
power of a radio system covering the subscriber’s home, the
data processing server downloads the new associated

.reception levels "in real time”.

Finally, if a° cell within the perimeter of the
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subscriber’s home is added, removed or breaks down, the
data processing server downloads the new associated
reception levels "in real time".

To perform its computations and to estimate if it
can transmit a charging measurement, transfer to fixed or
cancel transfer to fixed message, the mobile station has
the cell globél identifier CGI,.the associated BSIC/BCCH
combination, and the associated reception level for each of
the cells within the perimeter of the subscriber’s home. It
is important for the SIM card to hold all the cell global
identifiers CGI because the cell carrying a call
transmitted from the subscriber’s home will not necessarily
always be the same one. A mobile station knows only the
cell global identifier of the cell carrying the call and
the relative identification of the adjoining cells, i.e.
their BSIC/BCCH combination.

The software on the SIM card of the mobile station
computes if it is within the perimeter of the home in the
following manner: it searches if the cell global identifier
CGI carrying the call in progress is stored in the SIM
card. If it is, it compares the reception level values
computed by the mobile station with those stored in the SIM
card for the server cell and the adjoining cells identified
by their BSIC/BCCH combination. Of course, the SIM card
software applies a margin of error in order to take account
of the multiple inaccuracies already described. If more
than one set of wvalues is stored in the SIM card, the
software in the SIM card uses all the sets of values to
carxry out this comparison.

Outside the perimeter of the home, the mobile
station does not transmit any message associated with
fixed/mobile convergence. The mobile network subscriber
therefore knows that they will be located “without knowing

.it” only when they are within the perimeter of their home.
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1. A system for locating mobile telephones adapted
to communicate with a first radio terminal of a network of

radio terminals supervised by an operational control
centre, the mobile telephone including means for estimating
at least one parameter representative of the position
relative to a terminal, and means for transmitting
information relating to said parameter to a server via the
first radio terminal, and the server including means for
comparing the information relating to said parameter to a
predefined map of said parameter and deducing therefrom an
estimate of the 1location of the wmobile telephone,
characterized in that, information being transmitted
between a mpobile telephone and a radio terminal on a
service logical channel and on a traffic logical channel,
the information relating to said parameter is transmitted
to the first radio terminal on the traffic logical channel.

2. A system according to claim 1, characterized in
that it includes means for estimating the distance between
a mobile station and the first radio terminal with a margin
of error Ad,, as a function of the time taken by a wave to
cover said distance.

3. A system according to either preceding claim,
characterized in that it includes means for estimating the
levels of reception from the first radio terminal and
adjoining radio terminals.

4., A system according to any preceding claim,
characterized in that the mobile station includes means for
comparing the times r; of reception by the mobile station
of transmissions from other radio terminals at times r of
reception of transmissions from the first radio terminal
and deducing therefrom the value Ar; of the receive time
shift and means for transmitting the wvalue of each time

.shift Ar; to the server via the first radio terminal and

the server advantageously includes means for estimating the
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distance between the mobile telephone and each of the other
radio terminals as a function of the time shift Ar, and the
time shift Ae; between the transmission times e, of the
other radio terminals and the transmission times e of the
first radio terminal.

5. A system according to any preceding claim,
characterized in that it includes means for specifying the
location of the mobile telephone by cross-checking the
estimated locations obtained using at least two parameters.

.6. A system according to any preceding claim,
characterized in that 1location can be effected at the
command of the mobile station user.

7. A systém according to any preceding claim,
characterized in that the server can include means for
transmitting information to the user as a function of the
location of the mobile telephone.

8. A system according to any preceding claim,
characterized in that the map can be adapted to the
transmit power levels of the various radic terminals by
linear interpolation.

9. A system according to any preceding claim,
characterized in that the map can be recomputed as a
function of changes in parameters likely to modify the
values relayed to the geographical information server, for
example as a function of activation or non-activation of
frequency hopping on the various radio frequencies.

10. A system according to any preceding claim,
characterized in that the mobile station includes means for
comparing location data with a previously stored area, for
specific charging, the location data being stored in a SIM
card of the mobile station.

11. A system according to claim 10, characterized
in that the mobile station can include means for

transmitting charging data by means of the short message

service.
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12. A system according to claim 11, characterized
in that the mobile station transmits charging data if a
call is made or received in the vicinity of the previously
stored area if the mobile station enters or leaves said
previously stored area during a call.

13. A system according to any of claims 10 to 12,
characterized in that the mobile station includes means for
transmitting a “transfer to fixed network” message if said
mobile station is in the previously stored area, causing
modification of call routing so that any incoming call is
notified to the fixed station or stations and to the mobile

station.



