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METHOD FOR POSITIONING MOBILE STATION, MOBILE POSITIONING SYS-
TEM, BASE STATION AND NETWORK ELEMENT

FIELD

[0001] The invention relates to a method for positioning a mobile
station, to a mobile positioning system, a base station and a network element.

BACKGROUND

[0002] There are various methods for positioning a mobile station.
In data transmission systems the positions of terminal devices can be deter-
mined for example by measuring the signals transmitted by base stations. The
positioning may be based on the physical structure of the data transmission
network or on the coverage area of a cell in the network. In cellular data
transmission systems positioning may be based on measuring from the cover-
age area of the cells signalling information detected by a mobile station. The
positioning may be carried out using for example location-dependent parame-
ters of the GSM system (Global System for Mobile Communications), such as
serving cell identifiers (ID), Location Area Codes (LAC) and transmission tim-
ing parameters (Timing Advance, TA). To carry out the positioning, signal
strengths of the serving cell and the neighbour cells are usually required. Fur-
ther, the position of a mobile station that happens to be outside the coverage
area of the data transmission network cannot be determined at all with the
above methods.

[0003] One solution would be to integrate a GPS receiver into the
terminal device. In GPS (Global Positioning System) the position of a mobile
station is computed on the basis of signals obtained from satellites orbiting the
earth. However, GPS positioning requires a GPS receiver or a mobile station
provided with a GPS receiver. Moreover, to integrate a GPS receiver into a
mobile station is expensive, complicated and the receiver consumes a consid-
erable amount of power in the mobile station. Further, GPS is suitable neither
for urban environments nor for indoor positioning.

[0004] Reliable positioning systems are needed particularly in
emergency situations, when operating in difficult circumstances and in different
rescue operations, for example to locate missing persons through their mobile
stations. Positioning should also be possible for example in a situation where
the user of a mobile station is not personally capable of using the device. It is
also possible that a person in distress succeeds in making an emergency call
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but does not know his/her location, or the call is disconnected before the per-
son is able to tell the location. A reliable positioning system is also needed
when a person on a hiking tour, for example, is unable to call for help because
he/she is in an area that is not covered by the public radio network.

BRIEF DESCRIPTION

[0005] It is an object of the invention to provide a method and a sys-
tem implementing the method to obtain an improved method for positioning a
mobile station, an improved positioning system, a base station and a network
element. This is achieved by a method for positioning a mobile station, the
method comprising: determining an identifier of at least one mobile station to
be positioned. The method of the invention further comprises: forming at least
one positioning cell area by means of a mobile positioning system; receiving in
the positioning system an identifier of one or more mobile stations on the basis
of location updates made by the mobile stations in each location area of the
formed positioning cell area; and positioning the mobile station when the posi-
tioning system receives the identifier of the mobile station to be positioned.

[0006] The invention also relates to a mobile positioning system
comprising at least one processing unit controlling the operations of the posi-
tioning system, the processing unit being arranged to determine at least one
identifier of a mobile station to be positioned. The positioning system of the
invention further comprises: at least one base station connected to the proc-
essing unit; and a network element controlling the operations of the base sta-
tion; the base station being arranged to form at least one positioning cell area,
to receive an identifier of one or more mobile stations on the basis of location
updates made by the mobile stations in each location area of the formed posi-
tioning cell area, and the processing unit being arranged to position the mobile
station to be positioned when the positioning system receives the identifier of
the mobile station to be positioned.

[0007] One aspect of the invention is a base station to be used in a
positioning, the base station comprising: a processing unit for controlling the
operations of the base station; at least one transceiver connected to the proc-
essing unit for communication purposes; and at least one antenna connected
to the transceiver for sending and receiving radio waves. The base station of
the invention is mobile, and the transceiver of the base station is controlled by
the positioning unit and arranged to form at least one positioning cell area and
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to receive an identifier of one or more mobile stations on the basis of location
updates made by the mobile stations in each location area of the formed posi-
tioning cell area to enable the mobile station to be positioned when the posi-
tioning system receives the identifier of the mobile station to be positioned.
[0008] One aspect of the invention is also a network element to be
used in a positioning system, the network element being arranged to control
the operations of a moving base station. The network element of the invention
is further arranged to control the base station to form at least one positioning
cell area, to receive an identifier of one or more mobile stations on the basis of
location updates made by mobile stations in each location area of the formed
positioning cell area to enable the mobile station to be positioned when the
positioning system receives the identifier of the mobile station to be positioned.
[0009] The method and system of the invention provide a number of
advantages. For example, positioning accuracy is improved, no changes are
required to existing mobile station equipment, and positioning is also possible
indoors and in urban environment. In addition, positioning is possible when the
mobile station is outside the coverage area of the public data transfer network.

LIST OF FIGURES

[0010] In the following the invention is disclosed in greater detail
with reference to preferred embodiments and the accompanying drawings, in
which

Figure 1 illustrates a data transmission system and an example of a
positioning system;

Figure 2 illustrates a base station of a mobile positioning system
and a mobile station;

Figure 3 illustrates an example of a network element of a mobile
telephone network;

Figure 4 illustrates an example of cell coverage areas of a cellular
radio network and a positioning cell area of a positioning system;

Figure 5 illustrates an example of positioning cell areas of a mobile
positioning system; and

Figure 6 illustrates an example of a method for positioning a mobile
station.
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DESCRIPTION OF EMBODIMENTS

[0011] Figure 1 illustrates an example of a data transmission sys-
tem in which the disclosed positioning solution can be applied. Figure 1 shows
a mobile station 110, which may be for example a mobile phone provided with
the usual functionalities, a PDA device provided with communications connec-
tions, or some other similar device capable of communicating with a data
transmission network, for example. The mobile station 110 communicates for
example within a data transmission network represented in Figure 1 by radio
access networks 120A, 120B. The data transmission network may be based
on GSM (Global System for Mobile Communications), WCDMA (Wideband
Code Division Multiple Access) or CDMA (Code Division Multiple Access)
technology, for example.

[0012] The radio access network RAN 120A, 120B comprises at
least one base station controller BSC 116A, 116B. The base station controller
116A, 116B controls at least one base station 114A, 114B. The base station
controller 116A, 116B may also be referred to as a radio network controller,
and the base station 114A, 114B as a node B. When within the coverage area
of the data transmission network, the mobile station 110 may communicate
with one or more base stations 114A, 114B over GSM/GPRS/EDGE connec-
tions, for example.

[0013] The mobile positioning system 100 of Figure 1 comprises a
processing unit 102 controlling the operations of the positioning system, at
least one base station 104 connected to the processing unit 102, and a net-
work element 106 controlling the operations of the base station. The base sta-
tion 104 is connected to the processing unit 102 via the network element 106.
The positioning system 100 may also comprise a user interface 108 enabling
the operations of the positioning system 100 to be controlled and monitored. In
addition, the user interface 108 may comprise a display and a keyboard. The
user interface 108 may further comprise various user interface parts, such as a
microphone and a loudspeaker. The positioning system may also comprise a
satellite locator for determining the location of the positioning system. The po-
sitioning system 100 may also comprise a memory as well as various other
elements. When necessary, all parts of the positioning system 100 may be in-
tegrated into a single positioning device. The mobile positioning system 100
may also comprise other portable positioning elements comprising at least the
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processing unit 102, base station 104 and network element 106, which are il-
lustrated in Figure 1 by reference 100N.

[0014] The network element 106 of the positioning system 100 op-
erates by emulating the operations of the mobile telephone network to the
base station 104 over a base station controller interface. The network element
may comprise a NetHawk BSC/Abis Simulator tool, for example, which in turn
may also comprise protocol elements above the base station controller, such
as an MSC (Mobile Services Switching Center), HLR (Home Location Regis-
ter), GGSN (Gateway GPRS Support Node), SGSN (Serving GPRS Support
Node), to enable communication at the A-bis interface without a connection to
the actual mobile network.

[0015] The network element 106 may also contain a wireless con-
nection to some network elements of the mobile network for retrieving the nec-
essary authentication and encryption keys, for example. As shown in Figure 3
the mobile telephone network is provided with a server 604 that connects to
network registers HLR 606, VLR 608, EIR MAP 610 over an interface. The po-
sitioning system 600 connects to an Internet service access point AP 602 via a
wireless connection provided by GPRS, for example. The connection from the
service access point to the server 604 is formed via the Internet. The server
604 provides the interface for the positioning system 600 to inquire encryption
keys or other data in the registers. The server 604 retrieves the data from the
register over the MAP interface.

[0016] The network element 106 may be connected to one or more
base stations 104. The network element 106 also enables mobile phones, for
example, to be linked to the positioning system 100, thus allowing the mobile
phones to communicate through the base station 104.

[0017] The processing unit 102 is a block controlling the operation
of the devices and today it is usually implemented as a processor provided
with the associated software, although different hardware configurations are
also possible, such as circuits consisting of separate logic components or one
or more Application-Specific Integrated Circuits (ASIC). Also a hybrid of these
implementations is possible. The positioning system 100 may comprise a per-
sonal computer carrying for example a Windows® or some other user interface
and equipped with a network element 106 linking the system to the base sta-
tion 104. The network element 106 comprises an interface card, for example,
that can be implemented into an extension card conforming to the PCI (Pe-
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ripheral Component Interconnect) standard, for example. The interface card is
used for connecting data traffic to the positioning system 100 over an E1
(European Digital Signal 1) / T1 (digital T-carrier system) link providing the
base station with a base station controller interface. The structure and opera-
tion of the interface card is disclosed in greater detail in the earlier applications
F1 20045134 and FI 20040397 of the Applicant. The base station may provide
the base station controller interface also via an IP network, in which case it
may connect to the network element through the IP interface of a personal
computer.

[0018] The processing unit 102 in the mobile positioning system 100
is responsible for data processing. According to an embodiment the processing
unit 102 is configured to determine an identifying identifier of the mobile station
to be positioned. Examples of this kind of an identifier include IMSI (Interna-
tional Mobile Subscriber Identity) and IMEI (International Mobile Station
Equipment Identity) of the mobile station 110. IMSI is a unique subscriber iden-
tifier containing an NMSI (National Mobile Subscriber Identity) and an MCC
(Mobile Country Code). IMEI in turn is an identifier that enables the mobile sta-
tion to be uniquely identified as a part of a specific device or system. For ex-
ample, when the identity of a missing person is known, also the identifier of a
mobile station carried by the person is easy to find out. If the mobile positioning
system 100 is controlled by rescue authorities, for example, it may be allowed
to retrieve identifiers from mobile network servers, for example. An identifier of
a mobile station 110 to be positioned may also be entered manually into the
positioning system 100 through the user interface.

[0019] Figure 4 shows an example of the cellular coverage areas of
a cellular radio network and a positioning system. The mobile station 110 to be
positioned may be within a GSM cellular coverage area, for example. In the
example of Figure 4 the mobile station 110 is located in cellular coverage area
A 320 of the cellular radio network, the coverage area serving the mobile sta-
tion 110 and being located in a first location area. A cellular coverage area B
322 is located in a second location area. The mobile station 110 also meas-
ures signals 326, 327 transmitted by the base stations in neighbouring cells,
for example signals from neighbouring cell B 322. The mobile stations 110 of
the cellular radio network may perform location updates for example when the
power of another signal 326, 327 measured by the mobile station exceeds the
power of the signal 327, 326 of the current location area.
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[0020] According to an embodiment the base station 104 of the mo-
bile positioning system 100 is arranged to form at least one positioning cell
area 300. In the example of Figure 4 the mobile positioning system 100 thus
forms a new positioning cell area 300 within the cellular coverage area A 320
of the radio network where the mobile station 110 is located.

[0021] According to an embodiment the moving base station 104
receives identifiers of one or more mobile stations 110 in each location area of
the formed positioning cell area 300 on the basis of location updates made by
the mobile stations. The mobile positioning system 100 sets the parameters
valid in the positioning cell area 300 such that mobile stations in the positioning
cell area 300 perform their location updates to the base station 104 of the posi-
tioning system 100. In other words, the base station 104 of the positioning sys-
tem 100 is included in the list of neighbour cells of the mobile stations, the
power of the base station 104 exceeding that of the other cells. The mobile
network code (MNC) and the mobile country code (MCC) used by the position-
ing cell area 300 are the same as those of the radio network and its location
area code (LAC) is different than the location area code of the neighbour cells,
but to ensure that the mobile stations perform their location updates to the
base station 104 of the positioning system 100 and not to the base stations of
the radio network, it has a higher transmission power level than the cellular
coverage areas of the radio network.

[0022] Mobile stations within the positioning cell area 300 may per-
form location updates to the base station 104 by using a TMSI identifier (tem-
porary mobile subscriber identity). The base station 104 asks the mobile sta-
tion to send its identifier, such as the IMSI or IMEI. When the identifier of the
mobile station 110 is received, the base station 104 is arranged to maintain a
radio connection 112 or to set up a new radio connection 112 to the mobile
station 110 to be positioned. The processing unit 102 is arranged to locate
then the mobile station 110 to be positioned on the basis of the radio connec-
tion 112. The radio connection to the mobile station 110 may be set up only for
a little while at a time to save power. The neighbour cell settings of the posi-
tioning system may be modified for example to allow a plural number of posi-
tioning devices to be used or to remove cells disturbing the measurement of
the mobile network from the list of neighbour cells of the mobile station.

[0023] According to an embodiment a directional antenna 206 is
used to find the direction of the best radio field, the strength of a radio field be-
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ing read from measurement reports sent by the mobile station 110. For exam-
ple, the base station 104 is arranged to adjust the transmission direction of the
antenna 206 on the basis of signals received from the mobile station 110 to be
positioned. The antenna 206 may be for example a small, portable directional
antenna, such as a Yagi, whose direction a rescue team member, for example,
may adjust manually on the basis of the strength of the received signal.

[0024] According to an embodiment the mobile positioning system
is portable, the base station thus being a small pico base station and the proc-
essing unit and the network element being arranged to operate in the portable
device. In that case a small directional antenna is used, and the equipment is
provided with batteries. The batteries may be replaceable during operation.

[0025] According to another embodiment the positioning system
100 may prevent location updates from mobile stations whose identifier is not
the same as the identifier of the mobile station 110 to be positioned. This may
be implemented by sending a location update rejection together with a suitable
reason code from the positioning system 100 so that subsequent mobile sta-
tions do not try to perform location update to the base station 104 of the posi-
tioning system 100.

[0026] Since the positioning system 100 is mobile the mobile station
may be positioned by moving the positioning system 100 towards the mobile
station 110 to be positioned. By moving the positioning system 100 it is also
possible to triangulate, for example, the location of the mobile station 110. The
positioning is carried out using for example the values measured by the posi-
tioning system 100 in its different locations as the location of the positioning
system changes towards the mobile station to be positioned. It is also possible
to position the mobile station by using values measured from known neighbour
cells.

[0027] Figure 2 shows a base station 104 of a portable positioning
system and a mobile station 110. The base station 104 is a small portable pico
base station comprising at least one processing unit 200 for controlling the op-
erations of the base station, at least one transceiver 202 connected to the
processing unit for communications purposes, and at least one antenna 206
connected to the transceiver 202 for transmitting and receiving radio waves.

[0028] According to an embodiment the transceiver 202 of the base
station is controlled by the processing unit 200 and arranged to form a mobile
positioning cell area, and to receive an identifier of one or more mobile stations
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on the basis of location updates performed by the mobile stations in each loca-
tion area of the formed positioning cell area. The processing unit 200 of the
base station 104 is also arranged to maintain a radio connection 112 or to set
up a new radio connection to the mobile station 110 to be positioned when an
identifier of the mobile station to be positioned is received to enable the mobile
station 110 to be positioned on the basis of the radio connection.

[0029] According to an embodiment the distance between the base
station 104 and the mobile station 110 can be deduced on the basis of the
transmission power of the base station 104 and the reception level (RX level)
measured by the mobile station. The accuracy of positioning may be further
increased by also taking into account the timing advance (TA) of the transmis-
sion and/or the transmission power level and/or the location of radio network
cells around the mobile station 110 and their transmission power levels. If the
mobile station 110 to be positioned is operating in the GSM network, the
method can be applied without any changes to the network; the only thing to
do is to find a weak neighbour cell of the mobile station 110 to be positioned,
the channel of that cell being then used in the positioning system. The position-
ing system may comprise an engineering phone used for measurement pur-
poses and allowing power levels of neighbour cells to be measured in the mo-
bile network. It is also possible to add the channel used by the positioning de-
vice into the list of neighbour cells of the mobile network.

[0030] According to an embodiment it is also possible to use the
positioning system to influence the base station settings in the data transfer
network. This alternative may be used for example when the positioning sys-
tem is near an efficient data transfer network cell, in which case the transmis-
sion power of the network can be momentarily decreased to find the mobile
station to be positioned.

[0031] Figure 5 illustrates an example of positioning cell areas
400A, 400B, 420 of a mobile positioning system. In this example the portable
mobile station 110 is not within the coverage area of any public radio network.
The user of the device may have got into an area where connection to the pub-
lic radio network cannot be set up. In this situation a mobile positioning system
could be used by a rescue team, for example, alarmed to find the user of the
mobile station 110 reported missing.

[0032] The positioning of the mobile station 110 may begin for ex-
ample in an area where the missing person is known to have been last. It is
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possible that location data is received through the radio network to establish
where the mobile station 110 was last in contact with the radio network, and
the search may then start in this area.

[0033] It is possible to position the mobile station 110 as above by
using the base station of the positioning system to form one mobile positioning
cell area 400A, by receiving an identifier of one or more mobile stations 110 on
the basis of location updates performed by mobile stations in each location of
the formed positiohing cell area 400A, by maintaining a radio connection or by
setting up a new radio connection to the mobile station to be positioned when
the positioning system receives an identifier of the mobile station to be posi-
tioned, and by positioning the mobile station on the basis of the radio connec-
tion. When necessary, it is also possible to set up a voice contact or to send a
short message or some other information to the mobile station by means of the
positioning system. ,

[0034] According to an embodiment it is also possible to use two or
more positioning elements comprising a processing unit, base station and net-
work element of the positioning system and to form a plural number of position-
ing cell areas 400A, 400B. Figure 5 shows an example of two positioning cell
areas 400A, 400B. When a plural number of positioning elements are used,
one may form a fixed, stationary positioning cell, for example, and another po-
sitioning element may form a mobile positioning cell. It is also possible that
both the positioning cells are mobile. In practice one positioning element may
move within a particular area, in a car for example, a second one in a helicop-
ter, and a third one may be carried by a rescue team member. Using a plural
number of positioning elements is advantageous particularly when the person
carrying the mobile station 110 to be positioned is moving.

[0035] It is thus possible to enhance positioning by using a plural
number of positioning cell areas 400A, 400B, as shown in Figure 5. One of the
two positioning cell areas 400B of Figure 5 may be determined as a neighbour
cell of the first positioning cell 400A. Next, a direction from the second position-
ing cell area 400B to the mobile station 110 to be positioned may be deter-
mined on the basis of measurement reports relating to the neighbour cell 400B
of the mobile station. When a plural number of positioning elements are used,
they can be synchronized and made to communicate with each other. The
measurement results may be transferred on a connection between the posi-
tioning elements. A rescue team member, for example, may thus manually ad-

RECTIFIED SHEET (RULE 91)



WO 2006/048508 PCT/F12005/050385

11

just the directional antenna of the second positioning cell area on the basis of
measurement reports relating to the neighbour cell 400B.

[0036] According to an embodiment it is possible to change the size
of the positioning cell area 400A dynamically on the basis of the distance be-
tween the base station of the positioning cell area 400A and the mobile station
110 to be positioned by adjusting the transmission power of the base station.
In the example of Figure 5 the size of the positioning cell area 400A has been
reduced because the distance between the base station and the mobile station
has shortened. The reduced positioning cell area is represented in Figure 5 by
a positioning cell area 420. The size of the positioning cell area 400A, 400B
may be changed on the basis of signals received from the mobile station 110
to be positioned.

[0037] Figure 6 illustrates an example of a method for positioning a
mobile station. The method starts at 500. At 502 an identifier of the mobile sta-
tion is determined, and at 504 a positioning cell area is formed. The size of the
positioning cell area is determined on the basis of the assumed location of the
mobile station to be positioned and on the basis of the power level of other
cells in the network. At 506 location update data are received from a mobile
station located in the cell coverage area. At 508 the routine checks whether the
location update data contain the identifier of the mobile station to be posi-
tioned. If not, the routine proceeds to 510 where subsequent location updates
from the mobile station to the positioning cell area are blocked. From 510 the
routine returns to 506 where location update data of another mobile station are
received. If it is detected at 508 that the location update data now received
contains the identifier of the mobile station to be positioned, the routine pro-
ceeds to 512.

[0038] At 512 a radio connection is maintained or a new radio con-
nection is set up to the mobile station to be positioned. The location of the mo-
bile station may be determined on the basis of the radio connection. In the ex-
ample of Figure 6 the routine then monitors whether the signal received from
the mobile station is growing stronger and/or whether the distance between the
mobile station and the positioning system decreases when the portable posi-
tioning system is moved to a particular direction. If this is not the case, the
routing proceeds to 516 where the direction of the antenna of the positioning
system may be changed, for example. From 516 the routine returns to 514. At
518 the positioning cell area or the power of the positioning system may be

RECTIFIED SHEET (RULE 91)
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reduced if it is detected that the signals received from the mobile station is
growing stronger or the distance between the mobile station and the position-
ing system is becoming shorter. At 520 the mobile station is positioned on the
basis of the radio connection. The positioning may be carried out using for ex-
ample triangulation in two different ways: by changing the location of the mo-
bile positioning system or by using values measured from known neighbour
cells in the radio network. Another way to carry out the positioning is to move
towards the mobile station to be positioned. The method ends at 522.

[0039] Although the invention has been disclosed above with refer-
ence to an example based on the accompanying drawings, it is obvious that
the invention is not restricted thereto but may vary in many ways within the
scope of the accompanying claims.
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CLAIMS

1. A method for positioning a mobile station, the method comprising:
determining (502) an identifier of at least one mobile station to be positioned,
characterized bythe method further comprising:

forming (504) at least one positioning cell area by means of a mo-
bile positioning system;

receiving (506) in the positioning system an identifier of one or more
mobile stations on the basis of location updates made by the mobile stations in
each location area of the formed positioning cell area; and

positioning (520) the mobile station when the positioning system re-
ceives the identifier of the mobile station to be positioned.

2. A method according to claim 1, characterized by com-
prising: maintaining a radio connection or setting up (512) a new radio connec-
tion to the mobile station to be positioned when the positioning system has re-
ceived the identifier of the mobile station to be positioned; and positioning
(520) the mobile station on the basis of the radio connection.

3. A method according to claim 1, characterized by com-
prising: changing (516, 518) the size of the positioning cell area dynamically on
the basis of the distance between the mobile positioning system and the mo-
bile station to be positioned.

4. A method according to claim 1, characterized by com-
prising: changing (516, 518) the size of the positioning cell area on the basis of
signals received from the mobile station to be positioned.

5. A method according to claim 1, characterized by com-
prising: moving the positioning cell area towards the mobile station to be posi-
tioned on the basis of the radio connection and reducing the size of the posi-
tioning cell area when approaching the mobile station to be positioned.

6. A method according to claim 1, characterized by com-
prising: rejecting (510) location updates from mobile stations whose identifier is
different from the identifier of the mobile station to be positioned.

7. A method according to claim 1, characterized by com-
prising: using a directional antenna to form a positioning cell area.

8. A method according to claim 1, characterized by com-
prising: measuring the distance between the mobile station to be positioned
and the mobile positioning system on the basis of the ratio between a timing
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advance (TA) and/or the transmission power of the positioning system and the
strength of the reception level (RX level) measured by the mobile station.

9. A method according to claim 1, characterized by com-
prising: positioning the mobile station by triangulation.

10. A method according to claim 1, characterized by com-
prising: positioning the mobile station to be positioned by using values meas-
ured by the mobile positioning system in different locations thereof when the
location of the positioning system changes towards the mobile station to be
positioned.

11. A method according to claim 1, characterized by com-
prising: using two positioning cell areas for positioning the mobile station to be
positioned.

12. A mobile positioning system comprising at least one processing
unit (102) controlling the operations of the positioning system, the processing
unit being arranged to determine at least one identifier of a mobile station (110)
to be positioned, characterized in that the positioning system further
comprises:

at least one base station (104) connected to the processing unit;
and

a network element (106) controlling the operations of the base sta-
tion;

the base station (104) being arranged to form at least one position-
ing cell area, to receive an identifier of one or more mobile stations on the ba-
sis of location updates made by the mobile stations in each location area of the
formed positioning cell area, and the processing unit (102) being arranged to
position the mobile station to be positioned when the positioning system re-
ceives the identifier of the mobile station to be positioned.

13. A positioning system according to claim 12, character-
ized in that when the identifier of the mobile station to be positioned is re-
ceived, the base station (104) is further arranged to maintain a radio connec-
tion or to set up a new radio connection to the mobile station to be positioned,
and the processing unit (102) is arranged to position the mobile station to be
positioned on the basis of the radio connection.

14. A positioning system according to claim 12, character-
ized in that the processing unit (102) is arranged to change the size of the
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positioning cell area dynamically on the basis of the distance between the posi-
tioning system and the mobile station to be positioned.

15. A positioning system according to claim 12, character-
ized in that the processing unit (102) is arranged to change the size of the
positioning cell area on the basis of signals received from the mobile station to
be positioned.

16. A positioning system according to claim 12, character-
ized in that the processing unit (102) is arranged to control the mobile posi-
tioning system towards the mobile station to be positioned on the basis of the
radio connection and to reduce the size of the positioning cell area when the
mobile station to be positioned is being approached.

17. A positioning system according to claim 12, character-
ized in that the processing unit (102) is arranged to reject location updates
from mobile stations whose identifier is different from the identifier of the mo-
bile station to be positioned.

18. A positioning system according to claim 12, character-
ized in that the processing unit (102) is arranged to measure the distance of
the mobile station on the basis of the ratio between a timing advance (TA)
and/or the transmission power of the positioning system and the strength of the
reception level (RX level) measured by the mobile station.

19. A positioning system according to claim 12, character-
ized in that the processing unit (102) is arranged to position the mobile sta-
tion by triangulation.

20. A base station to be used in a positioning system according to
claim 12, the base station (104) comprising:

a processing unit (200) for controlling the operations of the base sta-
tion;

at least one transceiver (202) connected to the processing unit for
communication purposes; and

at least one antenna (206) connected to the transceiver for sending
and receiving radio waves,

characterized inthat the base station is mobile and that

the transceiver (202) of the base station is controlled by the posi-
tioning unit and arranged to form at least one positioning cell area and to re-
ceive an identifier of one or more mobile stations on the basis of location up-
dates made by mobile stations in each location area of the formed positioning
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cell area to enable the mobile station to be positioned when the positioning
system receives the identifier of the mobile station to be positioned.

21. A base station according to claim 20, characterized in
that the processing unit (200) is arranged to maintain a radio connection or to
set up a new radio connection to the mobile station to be positioned when the
identifier of the mobile station to be positioned is received to enable the posi-
tioning of the mobile station to be positioned on the basis of the radio connec-
tion.

22. A network element to be used in a positioning system according
to claim 12, the network element (106) being arranged to control the opera-
tions of the moving base station, characterized in that the network ele-
ment (106) is further arranged to control the base station to form at least one
positioning cell area, to receive an identifier of one or more mobile stations on
the basis of location updates made by mobile stations in each location area of
the formed positioning cell area to enable the mobile station to be positioned
when the positioning system receives the identifier of the mobile station to be
positioned.

23. A network element according to claim 22, characterized
in that the network element is arranged to control the base station to maintain
a radio connection or to set up a new radio connection to the mobile station to
be positioned when the identifier of the mobile station to be positioned is re-
ceived to enable the positioning of the mobile station to be positioned on the
basis of the radio connection.

24. A network element according to claim 22, characterized
in that the network element is arranged to emulate the operations of the mobile
network to the base station through a base station controller interface.
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