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A METHOD AND AN ARRANGEMENT RELATING TO
TELECOMMUNICATIONS S8YSTEMS

Technical Field

The present invention relates to a method and to an arrange-
ment for moving a position coordinate which shows the position
of a first mobile subscriber after transferring a call from
the first mobile subscriber to a second subscriber, so that
the position coordinate can thereafter be brought together
with a positionmark which indicates the position of the second
subscriber. The cost of the call can be billed after combining
the position coordinates, for instance.

Description of the Prior art

It has long been known to use certain so-called plus services
within public telephone networks, for instance call transfer
service. When debiting a call which has been transferred in a
country network, the cost of the call is shared fairly between
the subscribers involved. A calling subscriber pays the call
costs to a called subscriber, whereas the called subscriber
pays the remainder of the cost to the end-subscriber to which
the call has been transferred. This type of billing within the
public switched network is possible because each of the
subscribers involved is fixedly located at known geographical
points. The distance between the subscribers is calculated on
the basis of the subscribers' telephone numbers. U.S. Patent
Specification 5,217,703 teaches a method of dividing the cost
of a call by virtue of a mobile subscriber calling a public
special node with the aid of a prefix which precedes the
telephone number of the called subscriber, wherein the calling
subscriber need only pay the cost of the call to the node.
Many mobile telephone systems, among them the Japahese PDC
system, which has already passed the first development phase,
now concentrate on further develop;pg these systems, inclu-
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ding the introduction of optional services. One such service
that exists today is the call transfer service. In the case of
present-day techniques, when a calling subscriber calls a
subscriber which is located in a mobile telephone network and
which has asked for calls to be transferred to a so~called
end-subscriber, the calling subscriber is billed for the call
for the whole distance between the calling subscriber and the
end-subscriber. A division of the cost in the same way as that
employed in the fixed telephone network is desirable. The
mobility of the mobile units in the mobile telephone system
make the transfer of the prior art technology to the mobile
telephone system problematic. Because of the mobility of the
mobiles, the subscriber telephone number cannot be used as a
basis for billing. In Japan, the country is divided geographi=-
cally into so-called messages areas of about 2x2 km in size,
the centrepoints of these areas being called position coor-
dinates. The message area is, in actual fact, represented by
a number which is specific to the message area and by means of
which the geographical location of the message area can be
calculated. This number has been made equivalent to the
position coordinate in the following text, in order to enable
the invention to be understood more readily. The message areas
are used both by public switched networks and by mobile
telephone networks to establish whether a call between two
subscribers shall be debited at a so-called high or low rate,
depending on whether the call is made over a distance greater
than or smaller than 160 km. The distance is assessed by
virtue of the fact that when making a call, the position
coordinate of a calling subscriber accompanies the call number
of a called subscriber and is combined or brought together
with the position coordinate of the called subscriber. The
position coordinates can then be compared to establish the
distance between the subscribers. The aforesaid technique
cannot be applied in the case of a call between a calling
subscriber and a called subscriber who has requested a call
transfer to an end-subscriber and when there is no connection
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route either between the calling subscriber and the called
subscriber or between the called subscriber and the end-
subscriber, but solely between the calling subscriber and the
end-subscriber. It is necessary to transfer a position
coordinate before connecting the call. Mobile systems which
include the call transfer service are the GSM System (Global
System for Mobile Communication) and the PDC System (Personal
Digital Cellular). The GSM system is described in CME-20
SYSTEM, ERICSSON document EN/LAT 120 226 R2A 1991. The network
part in PDC is described in the standard Internode Specifica-
tion for Digital Mobile Communications Network, Ver. 3.2.

Summary of the Invention

The object of the present invention is to transfer a position-
mark in a mobile telephone system, so as to be able to combine
the position mark, which indicates the geographical position
of a first mobile, with a position mark which indicates the
geographical position of a second subscriber, this combining
of the position marks being a further object of the invention.
The two position marks can be compared after having been
brought together. This comparison of the position marks is
necessary in order to enable the cost of a call to be shared
fairly when a called subscriber has asked for calls to be
transferred to an end-subscriber. This facility for facili-
tating cost-sharing is another object of the invention. A
calling subscriber pays for the call up to the location of the
called subscriber, while the called subscriber pays for the
call between its own location and the location of the end-
subscriber. This facility of enabling call costs to be
determined more easily is a further object of the invention.
After having compared the position marks, the call can be
billed, for instance, or connection of the call may be denied
because the distance is considered too far. The facility which
facilitates the choice as to whether or not the call shall be
connected is a further object of the invention. According to
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known mobile telephony techniques, identity designations are
stored for the purpose of localizing mobile subscribers in a
central database, the so-calléd home location register HLR in
the mobile telephone system. The term localize signifies that
it is possible to establish the local exchange in which the
subscribers are dealt with at that moment in time. This is
possible because the home location register is able to
establish a connection with all local databases in the system
belonging to the local exchanges or local switching centres,
these local databases being referred to as visitor location
registers. The position marks of the mobile units are also
stored in the visitor location registers, i.e. information
relating to the geographical area in the active range of the
local switching centre in which the mobile is located at that
particular time. The aforesaid problem of transferring a
positionmark is solved by the home location register taking
from the visitor location register of the called subscriber
the position mark that shows the geographical position of the
called subscriber, before transferring the call. This
position mark is combined with the positionmark of the end-
subscriber in a later stage. The two position marks can be
compared after completion of the transfer, and the call can
then be billed.

The invention will now be described in more detail with
reference to preferred exemplifying embodiments thereof and
also with reference to the accompanying drawings. The inven-
tion is characterized by the characteristic features set forth
in the following Claims.

Brief Description of the Drawings

Figure la is a block schematic which illustrates a traffic
situation in a telephone network, where a fixed calling
subscriber calls, through a main switching centre, a mobile
subscriber who has requested calls to be transferred to a
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fixed end-subscriber. The called subscriber is located
temporarily in a mobile telephone network other than its home
network.

Figure 1b is a flow sheet which illustrates diagrammatically
an inventive method for transferring a position mark in the
traffic situation illustrated in Figure 1la.

Figure 2a is a block schematic which illustrates a traffic
situation in a telephone network where a fixed calling
subscriber calls, through a main switching centre, a mobile
subscriber who has requested for calls to be transferred to a
mobile end-subscriber.

Figure 2b is a flow sheet illustrates diagrammatically an
inventive method for transferring a positionmark in the
traffic situation shown in Figure 2a.

Figqure 3a is a block schematic which illustrates a traffic
situation in a telephone network where a fixed calling
subscriber calls a mobile subscriber who has requested calls
to be transferred to a mobile end-subscriber.

Figure 3b is a flow sheet which illustrates diagrammatically
an inventive method for transferring-a position mark in the
traffic situation shown in Figure 3a.

Figure 4a is a block schematic which illustrates a traffic
situation in a telephone network where a mobile calling
subscriber calls a mobile subscriber who is located in the
same mobile telephone network and where the called subscriber
has asked for calls to be transferred to a fixed end-subscrib-

er.
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Figure 4b is a flow sheet which illustrates diagrammatically
an inventive method for transferring a position mark in the
traffic situation shown in Figure 4a.

Figure 5 is a block schematic which illustrates a traffic
situation in a telephone network where a mobile calling
subscriber calls a mobile subscriber which belongs to the same
local switchboard and where the called subscriber has asked
for calls to be transferred to a fixed end-subscriber.

Figures 6a-d illustrate a number of traffic situations in
which the invention can be applied.

Best Modes of Carrying Out the Invention

A mobile telephone network of the PDC type (Personal Digital
Cellular) will now be described in general, whereafter a
number of exemplifying embodiments of the invention will be
described with reference to the accompanying drawings.

A PDC-type mobile telephone network includes a central mobile
telephone switching centre, a so-called main switch, which is
connected to several local telephone switching centres, so-
called local switches. Each local switch is connected to a
number of base stations each super\iising a geographical area,
called a cell. Each of the local switches includes a local
database referred to as a visitor location register. The
visitor register contains all mobile units which are located
at that particular time in one of the cells handled by the
local switch. The mobile telephone network also includes a
first central database, a so-called home location register,
which is connected to both the main switch and to all visitor
registers within the network. The mobile units which subscribe
to the mobile telephone network operator are registered in the
home register. The network also includes a second central
database, a so-called main visitor location register which is
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also connected to all visitor registers within the network.
Those mobile units which are temporarily located in the
network but which belong to another mobile telephone network,
i.e. which subscribe to another mobile telephone network
operator, are registered in the main visitor register. The
primary purpose of the main visitor register is to cut down
signalling between the visitor register of the local network
and the home register of another network. In addition to being
divided into cells, the total geographical area covered by the
mobile telephone systenm is also divided into so-called message
areas, normally rectangular areas. The position of the message
areas within the total geographical area covered by the public
switched network is given by a position coordinate which
indicates the centre point of the message area. The area
covered by a message area can vary. Information as to the
location of a mobile unit in a message area is stored in the
visitor register which belongs to the local switch and which
handles the mobile at that moment in time, i.e. the position
coordinate is stored in the visitor register. The PDC network
is well specified in the standard Internode Specification for
Digital Mobile Communications Network, Ver. 3.2.

Figure 1a illustrates only those local switches, visitor
registers, message areas and base stations that are necessary
in order to obtain an understanding of the invention. Multi-
ples of these units have been excluded from the Figure, for
the sake of clarification. A mobile unit BO, the so-called
subscriber BO, belongs to a first mobile telephone network
PILMNOl, i.e. the subscriber B0 subscribes to the mobile
telephone network PLMNO1 and is therewith permanently regis-
tered in a home location register HLRO. The home register HLRO
is constantly updated with regard to the visitor register in
which the called subscriber is at that moment registered
within the local network, or in which mobile telephone network
the subscriber is located when the subscriber is located in a
network other than its local network. The called subscriber BO
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is located in a second mobile telephone network PLMNO2, more
precisely within a cell which is controlled by a local switch
MSC-BO. Thus, the called subscriber B0 is simultaneously
registered temporarily in a first visitor register GLR-B0O and
in a main visitor register GLRO2 and is stationarily registe-
red in the local home register HLRO. The main visitor register
GLR02 is always kept updated in relation to the visitor
register GLR~BO in which the visiting mobile unit B0 is
registered at that moment in time. The cell is located within
the area covered by a message area, and the position coordi-
nate CO-B0 of this message area, i.e. its centrepoint, is
stored in the first visitor register GLR-BO.

.Figure 1la also shows those parts of a public switched tele-

phone network PSTNO necessary to the illustrated embodiment
of the invention. The public telephone network PSTNO has been
symbolized in the Figure by two mutually separated punctiform
rectangles. A calling subscriber A0 and an end-subscriber CO
are fixedly connected to a respective public switching centre,
the so-called first and second standard switches of exchanges
EAO, ECO in the public switched telephone network. The
geographical position of the first public exchange EAO is
given by a position coordinate CO-A0 which is stored in the

- public switching centre. The geographical position of the

second public standard exchange or switching centre ECO is
given by a position coordinate CO-CO stored in the public
switching centre. The public switches or exchanges EAO, ECO
are connected to the main switch GMSCOl1l in the first mobile
telephone network PIMNO1. Signalling between the public
network PSTNO and the first mobile telephone network PLMNOl is
effected over its connection.

All fixed connections between earlier enumerated signalling
nodes, in other words subscribers, switches, registers and
base stations, have been illustrated in Figure la in thick
full lines. Signalling, which will be described in detail
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below, takes place, of course, over the fixed connections,
although signalling has been shown in the form of thin full
lines on one side of the thick lines, for the sake of clarity.
The arrows drawn in conjunction with the signalling lines show
the directions in which signalling occurs. The called sub-
scriber BO communicates with the base station BS over a radio
link. The radio 1ink has been shown in the Figure as a zig-zag
between base station and mobile subscriber. The signalling
shown in the Figure and necessary to the present invention
does not claim to be the total signalling procedure that is
carried out when connecting a call. The Figure shows only the
signalling that takes place in the three networks PSTNO,
PLMNOl1l and PLMNO2, whereas signalling to and from the sub-
scribers involved has been excluded from the Figure. Further-
more, neither the text nor the Figure include details of that
part of the signalling procedure which is considered to form
part of the known prior art.

As earlier mentioned, the mobile telephone systems PIMNO1,
PIMNO2 operate in accordance with PDC specifications,
although the method described below may also be applied in
similar systems. The exemplifying embodiment described in
detail below shows the call bill ing procedure adopted when the
calling subscriber A0 calls the called subscriber B0 after the
called subscriber B0 has asked for calls to be transferred to
the end-subscriber C0. As earlier mentioned, when billing a
call after a call transfer has been made in a mobile telephone
systen, it is important to be able to localize the geographic-
al positions of the subscribgrs involved and to bring these
positions together for comparison therebetween and for
calculation of the distance involved. The inventive method
which will now be presented is able to perform this essential
function and icludes the following steps:

= The calling subscriber A0 calls the called subscriber BO.
- A first address message 01 which includes the call number
of the called subscriber B0 is sent together with the position
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coordinate CO-A0 of the calling subscriber from the first
country switch EAO to the main switch GMScCol.

- The position coordinate CO-AO of the calling sq'bscriber is
stored in the main switch GMscol.

- A routing query 02 requesting the location of the called
subscriber B0, i.e. asking for the local switch that handles
the called subscriber BO, is sent from the main switch GMSC01
to the home register HLRO. As before mentioned, the home
register is aware of which mobile telephone network PLMNO2 the
called subscriber is located when this network is not the
local network PLMNOl.

- Using information earlier obtained, the home location
register HLRO ascertains that the called subscriber BO has
asked for calls to be transferred to the end-subscriber C0 and
that the called subscriber is temporarily located in a second
mobile telephone network PIMNO2 which is handled by an
operator other than the local operator, wherein the inventive
method further includes the following steps:

-~ There is made a coordinate query 03 asking for the position
coordinate CO-BO of the called subscriber BO to be sent from
the home register HLRO to a main visitor register GLRO2 in the
second mobile telephone network PLMNO2. The main visitor
register GLR0O2 is cognizant of the visitor register GLR-BO in
the second network PLMNO2 in which the called subscriber BO is
registered at that moment in time.

- With the aid of two messages 03!, 04', the position coordi-

" hate of the called subscriber is taken from the visitor

register GLR-BO in which the called subscriber is temporarily
registered and transferred to the main visitor register GLRO2.
The two messages 03' and 04' are of the same type as the
earlier mentioned messages coordinate-query 03 and the
coordinate-response 04 mentioned below. The only difference
lies in the address part which indicates destination.

- A coordinate response 04 containing the position coordinate
CO-BO of the called subscriber B0 is sent from the main
visitor register GLRO2 to the home register HLRO.

g
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- A routirig response 07 in answer to the aforementioned
routing query 02 and containing the call number of the end-
subscriber CO0 is sent from the home register HLRO to the main
switch GMSCO01, together with the position coordinate CO-BO of
the other subscriber.

- The position coordinate CO~-B0O of the called subscriber B0
is stored in the main switch GMSCO1l.

- The distance between the position coordinate C0O-A0 of the
calling subscriber and the position coordinate CO-B0 of the
called subscriber is assessed in the main switch GMSCO01,
wherein a preliminary decision is taken to connect the call.
This preliminary decision will be explained in more detail
below.

~ Preparation is made to connect the call between the calling
subscriber A0 and the end~subscriber C0. An address message 08
containing the call number of the end-subscriber CO is sent
together with the position coordinate CO-BO of the called
subscriber B0 from the main switch GMSCO01 to the second public
exchange or switch ECO.

- The position coordinate CO-~BO of the called subscriber BO
is stored in the second public exchange ECO.

- The distance between the position coordinate CO-B0 of the
called subscriber and the position coordinate CO-CO0 of the
end-subscriber is assessed in the second public exchange or
switch ECO, wherein a final decision is taken to connect the
call. This final decision will be explained in more detail
below.

- The end-subscriber C0 answers the call from the calling
subscriber A0, by lifting his telephone receiver, wherewith
the call is considered to have been connected.

- The cost, i.e. a so-called primary call cost, covering the
call between the calling subscriber A0 and the called sub-
scriber BO is calculated in the main switch GMSCO01, wherein
the calling subscriber A0 is billed for the call.

- The cost covering the call between the called subscriber BO
and the end-subscriber C0, a so~called secondary call cost, is
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assessed in the second public exchange ECO and the called
subscriber B0 is billed for the cost.

It has been assumed in the above embodiment that the calling
subscriber A0 has specified a distance condition relating to
the maximum distance which can be permitted between the
calling subscriber A0 and the called subscriber B0 for the
call to be connected. The preliminary decision as to whether
or not the call shall be connected is made after assessing the
distance between the two subscribers.

In the embodiment, it has also been assumed that the called
subscriber B0 has specified a distance condition relating to
the maximum distance which can be between the called subscrib~-
er BO and the end-subscriber C0 for a call to be connected.
The final decision as to whether or not a call shall be
connected, which is made only after the preliminary decision
has been reached, is made after assessing the distance between
the called subscriber B0 and the end-subscriber CO0. The call
is not connected until both the preliminary and the final
decision have been taken to connect the call.

Naturally, a case of this type is conceivable in which the
distance between the calling subscriber A0 and the called
subscriber B0 is longer than the maximum permitted distance
specified between the subscribers. In this case, connection
of the call is denied through a spoken message to the calling
subscriber A0, in which it is suggested that the subscriber A0
should accept a longer distance than the distance earlier
specified. When the called subscriber B0 has specified a
maximum permitted distance condition between himself and the
end-subscriber €0, it is feasible to precede denial of the
call connection with a message to the calling subscriber a0
suggesting that the caller calls the direct number of the end-
subscriber. -
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The aforedescribed signalling procedure will be seen as an
example of how signalling is effected when practicing the
inventive method. As will be understood, the order in which
the aforesaid method steps are carried out can vary. For
instance, the distance between the cailing subscriber A0 and
the called subscriber B0 can be assessed and the cost of the
call calculated at different stages than in the procedure than
those stated above. It is continuously also conceivable for a
main visitor register GLR0O2 to obtain knowledge relating to
the position coordinate of the message area in which the
subscriber is located, in addition to having knowledge of the
visitor register in which a visiting mobile subscriber is
registered, wherein it is only necessary to signal between the
home register and the main visitor register.

Figure 1b is a flow sheet which illustrates the aforedescribed
method. The flow sheet and the following simplified descrip-
tion of the method are intended to be read together with
Figure 1la and the descriptive text associated with this
Figure. The flow sheet illustrates the steps that are most
essential to the concept on which the invention is based. The
abbreviations included in the text in the Figure are consid-
ered to have been clearly explained in the aforegoing. The
method is carried out in accordance with the following
description and in accordance with Figure 1b:

- The calling subscriber A0 calls the called subscriber B0,
in accordance with block 001.

- An address message to the called subscriber BO is sent from
the first public exchange or switch EAO0 to the main switch
GMSCO01 together with the position coordinate CO-A0 of the
calling subscriber A0. The position coordinate CO-A0 of the
calling subscriber is stored in the main switching centre
GMSC01, in accordance with block 002.

- A routing query containing a request for a route to the
called subscriber B0 is sent from the main switch GMSCOl to
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the home register HLRO in accordance with known technology and
in accordance with block 003.

- The home register HLRO ascertains that the called sub-
scriber BO has requested call transfer to the end-subscriber

€0 and that the called subscriber is located in another

network PLMNO2, in accordance with block 004.

- An enquiry with a request for the position coordinate CO~-BO
of the called subscriber BO is sent from the home register
HLRO to the main visitor register GLR02, in accordance with
block 005. '

~ The request for the position coordinate CO-B0O of the called
subscriber B0 is forwarded from the main visitor register
GLRO2 to the visitor register GLR~BO of the called subscriber,
in accordance with block 006.

~ The position coordinate CO-B0 of the called subscriber BO
is sent from the visitor register GLR-B0 of the subscriber B0
to the main visitor register GLRO2, in accordance with block

007.

- The position coordinate CO-B0 of the called subscriber BO
is sent from the main visitor register GLR02 to the home
register HLRO, in accordance with block 008.

- A routing response to the earlier routing query, containing
the call number of the end-subscriber €0, is sent from the
home register HLRO to the main switch GMSCO1l together with the
position coordinate CO~B0O of the second subscriber, in
accordance with block 009. The position coordinate CO-BO of
the called subscriber BO is then stored in the main switch
GMSCO1. "

- The distance between the position coordinate CO-A0 of the
calling subscriber and the position coordinate of the called
subscriber is assessed in the main switch GMSC01, in accor-
dance with block 010.

- A call connection between the calling subscriber A0 and the
end-subscriber C0 is prepared, wherein the position coor-
dinate CO-BO of the called subscriber BO is sent from the main
switch GMSCO0l1 to the second country switch ECO. The position
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coordinate CO-BO of the called subscriber is stored in the
second country switch ECO0, in accordance with block 011.

~ The distance between the position coordinate CO-BO of the
called subscriber BO and the position coordinates CO-CO of the
end-subscriber C0 is assessed in the public exchange or switch
ECO, in accordance with block 01l12.

~ The end-subscriber C0 answers the call from the calling
subscriber A0, by lifting his telephone receiver, in accor-
dance with block 013, '

~ The cost of the call between the calling subscriber A0 and
the called subscriber B0 is calculated, wherein the calling
subscriber A0 is billed the cost, in accordance with block
014. ,

- The cost of the call between the called subscriber B0 and
the end-subscriber €0 is calculated and the called subscriber
BO is billed for the cost of this part of the call, in accor-

dance with block 015.

The aforedescribed method is only an example of one configura-
tion of the ordered sequence in which the various method steps
can be carried out. For instance, it is feasible to calculate
the cost of the call in a later stage. '

The aforementioned coordinate query 03, 03¢ contained in the
messages and the coordinate response 04!, 04 will now be
described in brief. The home register HLRO and the main
visitor register GLRO2 are both able to communicate with
earlier unknown interfaces. The protocol has a structure
similar to the protocol used in a GSM mobile telephone
network, namely "GSM 09.02 MAP", i.e. the protocol described
in GSM recommendation 09.02. Consequently, the protocol can
be structured by using a CCITT No. 7 based protocol MAP, SCCP
and TCAP from the protocol stack of CCITT No. 7. CCITT No. 7
is well known to the person skilled in this art.
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The MAP operation between the home register HLRO and the main
visitor register GLR02 and between the main visitor register
GLR02 and the visitor register GLR-BO, i.e. the messages
coordinate query 03, 03' and coordinate response 04', 04 can
be described according to ASN.1 (CCITT recommendation X.208)
as shown below:

T c/G DA
GetMSC/GLRData ::= Operatiori
PARAMETER
imsi
RESULT
messagearea

The above sequence for bringing the position coordinate CO-B0O
of the called subscriber BO to the home register HLRO is as
follows:

- The message coordinate query 03 (GetMSC/GLRData) . is sent
from the home register HLRO to the main visitor register
GLR02, while stating the identity number (IMSI) of the called
mobile subscriber BO.

- The message coordinate query 03' (GetMSC/GLRData) is sent
from the main visitor register GLR02 to the visitor register
GLR-BO together with the identity number (IMSI) of the called
mobile subscriber BO.

- A coordinate response 04! including the position coordinate
CO-BO (MessageArea) is sent from the visitor register GLR-BO
to the main visitor register GLRO2.

~ A coordinate response 04 including the position coordinate
CO-BO (MessageArea) is sent from the main visitor register
GLRO2 to the home register HLRO.

There now follows a description of a further embodiment of the
invention. Figure 2a illustrates solely the local switches,
visitor registers, message areas and base stations that are
necessary to understand the invention. Multiples of these
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units have been excluded from the Figure as in the earlier
case, for the sake of simplicity. A mobile unit Bl1, the called
subscriber Bl, belongs to a mobile telephone network PLMN1 and
is located within a cell controlled by a first local switching
centre MSC-Bl. The called subscriber Bl is thus registered
temporarily in a first visitor register GLR-B1 and permanently
registered in a home register HLR1. The home register HLR1 is
constantly updated with regard to the visitor register GLR-B1
in which the mobile unit Bl is registered temporarily. The
cell is located within the area covered by a message area, and
the position coordinate CO-Bl of which message area, i.e. its
centre point, is stored in the first visitor register GLR-~B1.

A mobile unit C1, the end~-subscriber Cl1, which also belongs to

the mobile telephone network PLMN1l, is located within a cell
controlled by a second local switching centre MSC-Cl. The end-
subscriber C1 is, at the same time, registered temporarily in
a second visitor register GLR-Cl and is permanently registered
in the home register HLR1l. The cell is located within the
coverage area of a message area and the position coordinate
CO-Cl1 of the message area is stored in the second visitor
location register GLR~-C1l. Figure 2a also shows those parts of
a public switched telephone network PSTN1 that are necessary
in carrying out the illustrated embodiment. A calling subscri-

- ber Al is permanently connected to a first public exchange El

in the public switched telephone network. The geographical
location of the public exchange El is disclosed by a position
coordinate CO-Al which is stored in the public exchange. The
public exchange El1 is connected to the main switch GMSC in the
mobile telephone network PIMN1. Signalling between the public
switched network PSTN1 and the mobile telephone network PLMN1
takes place over this connection.

All permanent connections between the earlier enumerated
signalling nodes, i.e. subscribers, switches, registers and
base stations, have been shown in Figure 2 with thick full
lines, as in earlier Figures. Signalling, which is described
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in detail below, takes place over the permanent connections,
although this signalling has been shown with thin full lines
on one side of the permanent connectiéns, for the sake of
clarity. The arrows shown on the signalling lines indicate the
directions in which signalling takes place. The called sub-
scriber Bl and the end-subscriber C1l communicate with respec-
tive base stations BS via a radio link. The radio link has
been shown in the Figure by a zig-zag marking between base
stations and mobile subscribers. The signalling necessary to
the invention and illustrated in the Figure does not claim to
be the total signalling that is carried out when connecting a
call. Only the signalling in the two networks PSTN1 and PLMN1
is shown in the Figure, while signalling to and from the
subscribers involved has been excluded. Neither has that
signalling which is considered to belong to the state of the
art been described or shown.

As before mentioned, the mobile telephone system PLMN1
functions according to PDC-specifications, although the
method now described can also be applied in systems of similar
types. The following exemplifying embodiment illustrates the
procedure followed when billing a call when the calling
subscriber Al calls the called subscriber Bl after the called
subscriber Bl has asked for calls to be transferred to the
end-subscriber Cl. As earlier mentioned, when call billing
after a call transfer service has been requested in a mobile
telephone system, it is essential to be able to localize the
geographical positions of the subscribers involved and to
bring these positions together for comparison with one another
and for calculation of the distance therebetween. The fol-
lowing inventive method is able to carry out this important
function and includes the following steps:

- The calling subscriber Al calls the subscriber Bl.

- A first address message 11 which includes the call number
of the called subscriber Bl is sent from the public exchange
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El to the main switch GMSC, together with the position
coordinate CO-Al of the calling subscriber.

- The position coordinate CO-Al of the calling subscriber is
stored in the main switch GMsC. '

- A routing query 12 containing a request for the location of
the called subscriber Bl, i.e. a query as to the identity of
the local switch which deals with the called subscriber Bl, is
sent from the main switch MSC to the home location register
HLR1. As before mentioned, the home register is aware of the
visitor location register in which the called subscriber is
temporarily registered.

- With the aid .of earlier obtained information, the home
location register HLR1 establishes that the called subscriber
Bl has asked for calls to be transferred to the end-subscriber
Cl, wherein the inventive method includes the following
further steps:

- A coordinate query 13 requesting the position coordinate
CO-Bl of the called subscriber Bl is sent from the home
location register HLR1, to the first visitor location register
GLR-Bl1l, in which the called subscriber Bl is registered
temporarily.

- A coordinate response 14 including the position coordinate
CO-Bl of the called subscriber Bl is sent from the first
visitor register GLR-Bl to the home register HLRI1.

- A routing response 15 in answer to the earlier-mentioned
routing query 12 and including a call number to the end-
subscriber €1, this number being stored in the home location
register HLR1, is sent from the home register HLR1 to the main
switching centre GMSC, together with the position coordinate
CO-B1 of the second subscriber.

-~ The position coordinate CO-Bl of the called subscriber Bl
is stored in the main switching centre GMSC.

The following part of the method belongs to conventional
signalling procedure within PDC mobile telephony and is not
therefore explained in detail. The purpose of this procedure
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is to make clear to the main switch GMSC the location of the
end-subscriber C1 at that moment in time, so that messages
from the main switch can be directed or routed to this

‘destination. This is achieved by virtue of the main switch

GMSC communicating with the home location register HLR1 and
therewith obtaining routing information relating to the end-
subscriber Cl. The inventive method thereafter includes the
following further steps:

- Preparation is made to connect the call between the calling
subscriber Al and the end-subscriber Cl. An address message 18
including the call number of the end-subscriber Cl is sent
from the main switch GMSC to the second local switching centre
MSC~Cl, together with the position coordinate CO-Bl of the
called subscriber Bl.

- The position coordinate CO-Bl of the called subscriber Bl
is stored in the second local switch MsC-Cl.

- The position coordinate CO-Cl of the end-subscriber C1l is
taken from the second visitor register GLR-Cl1l to the second
local switch MscC-C1.

- The position coordinate CO-Cl of the end-subscriber C1 is
stored in the second local switch MSC-C1.

- The distance between the position coordinate CO-aAl of the
calling subscriber Al and the position coordinate CO-Bl of the
called subscriber Bl is assessed in the main switching centre
GMSC.

- The distance between the position coordinate CO~Bl of the
called subscriber Bl and the position coordinate CO-Cl of the
end-subscriber Cl is assessed in the second local switch MSC~
Cl.

- The end-subscriber Cl1 answers the call from the calling
subscriber Al, by lifting his telephone receiver, wherewith
the call is considered to be connected.

- The cost for the call between the calling subscriber Al and
the called subscriber Bl is calculated in the main switching
centre GMSC, and the calling subscriber Al is billed for this
cost.
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- The cost of the call between the called subscriber Bl and
the end-subscriber Cl is calculated in the second local
switching centre MSC-C1 and the called subscriber Bl is billed
for this part of the call. .

The aforedescribed signalling procedure will be seen as an
example of how signalling may take place when practicing the
inventive method. It will be understood that the order in
which the method steps are carried out may vary. For instance,
the distance between the calling subscriber Al and the called
subscriber Bl and also calculation of the call cost can be
done in an earlier stage.

Figure 2b is a flowsheet illustrating the above-~described
method. The flowsheet and the following simplified descrip-
tion of the method are intended to be read together with
Figure 2a and with the descriptive text relating to this
Figure. The flowsheet illustrates the steps that are most
essential to the concept of the invention. The abbreviations
used in the text shown in the Figure have been explained in
the aforegoing. The method is carried out in accordance with
the following description and also in accordance with Figure
2b: T

- The calling subscriber Al calls the called subscriber Bl1,
in accordance with block 101. .

- An address message to the called subscriber Bl is sent from
the public exchange or switch El1 to the main switch GMSC,
together with the position coordinate CO-Al of the calling
subscriber Al. The position coordinate CO-Al of the calling
subscriber is stored in the main switch GMSC , in accordance
with block 102.

- A routing query requesting routing to the called subscriber
Bl is sent from the main switch GMSC to the home location
register HLR1l, in accordance with block 103.
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- The home register HLR1 establishes that the called sub-
scriber Bl has asked for calls to be transferred to the end-
subscriber Cl1, in accordance with block 104.

- A query with a request for the position coordinate CO-Bl of
the called subscriber Bl is sent from the home register HLR1
to the first visitor register GLR-B1l, in accordance with block
105.

- The position coordinate CO~Bl of the called subscriber Bl
is sent from the first visitor register GLR-Bl1 to the home
register HLR1l, in accordance with block 106.

- A routing response in answer to the aforesaid routing query
and including the call number to the end-subscriber C1, is
sent from the home location register HLR1 to the main switch
GMSC together with the position coordinate CO-B1 of the second
subscriber, in accordance with block 107. The position
coordinate CO-Bl of the called subscriber is then stored in
the main switching centre GMSC.

- The information necessary to localize the end-subscriber C1
is taken from the home register HLR1 to the main switch GMSC,
in accordance with block 108.

- Connection of the call between the calling subscriber Al
and the end-~subscriber Cl can now be prepared, wherein the
positioh coordinate CO-Bl of the called subscriber Bl is sent
from the main switch GMSC to the second local switch MSC-Cl.
The position coordinate CO-Bl of the called subscriber is
stored in the second local switch MSC-Cl1l, in accordance with
block 109. |

- The position coordinate CO-Cl of the end-subscriber C1 is
taken from the second visitor register GLR-Cl1l to the second
local switch MSC-Cl, in accordance with block 110. The
position coordinate CO-Cl of the end-subscriber is stored in
the second local switch MSC-Cl.

- The distance between the position coordinate CO-Al of the
calling subscriber Al and the position coordinate of the
called subscriber Bl is assessed in the main switch GMsC, in
accordance with block 111.
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- The distance between the position coordinate CO-Bl of the
called subscriber Bl and the position coordinate CO-Cl of the
end-subscriber Cl1 is assessed in the local switch MSC-Cl, in
accordance with block 112.

- The end-subscriber Cl1 answers the call from the calling
subscriber Al, by lifting his telephone receiver, in accor-
dance with block 113. '

- The cost of the call between the calling subscriber A and
the called subscriber Bl is calculated and the calling
subscriber A is billed for the cost, in accordance with block
114.

- The cost of the call between the called subscriber Bl and
the end-subscriber C is calculated and the called subscriber
Bl is billed for this part of the call, in accordance with
block 115.

The éforesaid messages coordinate query 13 and coordinate
response 14 have the same structure as the messages described
with reference to the earlier embodiment. The aforedescribed
sequence in which the position coordinate CO-Bl of the called
subscriber Bl is transferred to the home location register
HLR1 is as follows: .

- The message coordinate query 13 (GetMSC/GLRData) is sent
from the home location register HLR1l to the visitor location
register GILR-B1, stating the International Mobile Subscriber
Identity (IMSI) of the called mobile subscriber Bl.

- A coordinate response 14 containing the position coordinate

-CO~-B1l (MessageArea) is sent from the visitor location register

GLR-B1 to the home location register HLR1.

There will now be described an embodiment of the invention in
which a called subscriber B2 and an end-subscriber Cl are
located in a PDC-type mobile telephone network (Personal
Digital Cellular) similar to the case in the earlier embodi-
ment. In this embodiment, it is assumed that all 1local
switches MSC also include the earlier described function of

e T
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the main switch GMSC, i.e. the function whereby a connection
can be established between the mobile telephone network and an
external telephone network through the medium of a selected
local switching éentre, and whereby signalling between an
external telephone network and the local switching centre need
not take place over the main switching centre illustrated in
the earlier embodiment. As before mentioned, the PDC network
is clearly specified in the standard Internode Specification
for Digital Mobile Communications Network, Ver. 3.2.

similar to the earlier Figures, Figure 3a shows only those
local switches, visitor registers, message areas and base
stations that are necessary in obtaining an understanding of
the invention. The called subscriber B2 and the end-subscriber
C2 belong to a mobile telephone network PLMN2 and are handled
by the same type of equipment as that described in the earlier
embodiment, namely local switches MSC~B2, MSC-C2 and visitor
registers GLR-B2, GLR-C2 and a home register HLR2. In the case
of this embodiment, the local switches and the visitor
registers are referred to as first and second local switches
MSC-B2 and MSC-C2 and first and second visitor registers GLR-
B2 and GLR-C2 respectively. Each of the mobile subscribers is
located within its particular cell, these cells, in turn,
being located within a message area whose centre point is
given by a position coordinate CO-B2, CO-C2. The mutual
relationship between the home register HLR2 and the visitor
registers GLR-B2 and GLR-C2 is the same as that earlier
described. Figure 2a also shows those parts of a public
switched telephone network PSTN2 necessary to the illustrated
embodiment. A calling subscriber A2 is permanently connected
to a standard public exchange E2 in the public telephone
network. Since all local switching centres or switches MSC-B2
and MSC-C2 in this embodiment also function as main switching
centres or switches, a connection is established between the
standard exchange E2 of the calling subscriber A2 and the
first local switch MSC-B2 which handles the called subscriber



10

15

20

25

30

25

B when a call is made from the standard public telephone
network PSTN to the mobile telephone network PLMN2. Compare
the previous embodiment in which this takes place over the
main switching centre GMSC. The reason why the standard public
exchange chose the local switching centre that handles the
called subscriber as being the most favourable switch for
establishing a single connection was because the local switch
MSC-B2 happens to lie nearest the standard public exchange E2.

Drawing details such as line types for indicating permanent
connections and signalling markings have been shown in Figure
3a in the same manner as that shown in Figure 1la.

The signalling necessary to the invention shown in the Figure
does not claim to be the full signalling procedure that is
carried out when connecting a call. The Figure solely shows
the signalling that is carried out in the two networks PSTN2
and PIMN2 while signalling to and from the subscribers
involved has been excluded from the Figure. Neither the text
nor the details shown in the Figure include signalling that is
considered to belong to the state of the art.

The embodiment described below is concerned with the procedure
adopted in billing a call when the calling subscriber A2 calls
the called subscriber B2 after the called subscriber B2 has -
asked for calls to be transferred to the end-subscriber C2. aAs
before mentioned, it is essential when billing calls after a
call transfer service has been requested in a mobile telephone
system to be able to localize the geographical position of the
subscribers involved and to bring the positions together for
comparison with one another and for calculation of the
distance involved. The inventive method described below is
able to perform this important function and comprises the
following steps: ‘

- The calling subscriber A2 calls the called subscriber B2.
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- A first address message 21 which includes the called number
of the called subscriber B2 is sent from the standard public
exchange E2 to the first local switching centre MSC-B2,

together with the position coordinate CO-A2 of the calling
subscriber. It should be pointed out that the choice of just
this local switching centre MSC-B2 is taken without knowing
whether the called subscriber B2 is handled by just this
switch or not.

- The position coordinate CO-A2 of the calling subscriber is
stored in the first local switch MSC-B2.

- A routing query 22 with a request for the location of the
called subscriber B2, i.e. asking which local switch handles
the called subscriber B2, is sent from the first local switch
MSC-B2 to the home location register HLR2. As before men-
tioned, the home register is cognizant of the visitor register
in which the called subscriber is registered at that moment in
time.

-~ With the aid of earlier obtained information, the home
register HLR2 establishes that the called subscriber B2 has
asked for calls to be transferred to the end-subscriber C2,

wherein the inventive method includes the following further
steps: .

- A coordinate query 23 with a request for the position
coordinate CO-B2 of the called subscriber B2 is sent from the
home register HLR2 to the first visitor register GLR-B2 in.
which the called subscriber B is registered at that time.

- A coordinate response 24 which includes the position
coordinate CO-B2 of the called subscriber B2 is sent from the
first visitor register GLR~B2 to the home register HLR2.

- A routing response 25 to the aforesaid routing query 22
which includes the subscriber number of the end-subscriber is
‘sent from the home register HLR2 to the first local switch
MSC-B2, together with the position coordinate CO-B2 of the
second subscriber.

= The position coordinate CO-B2 of the called subscriber B2
is stored in the first local switch MSC-B2.
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- The distance between the position coordinate CO-A2 of the
calling subscriber and the position coordinate CO-B2 of the
called subscriber is assessed in the first local switch Msc-
B2,

The next part of the method belongs to conventional signalling
procedure within PDC mobile telephony and will not therefore
be explained in detail. The purpose of the method is to make
clear to the first local switch MSC-B2 the whereabouts of the
end-subscriber €2 at that moment in time, so that messages
from the local switch can be routed to this destination. This
is achieved by virtue of the first 1local switch MSC-C2
communicating with the home register HLR2 and therewith
obtaining routing information relating to the end-subscriber
C2. The inventive method then includes the following further
steps:

- A call connection between the calling subscriber A2 and the
end-subscriber C2 is prepared. An address message 28 which
includes the call number of the end-subscriber C2 is sent from
the first local switch MSC-B2 to thé second local switch MSC-
C2, together with the position coordinate CO-B2 of the called

~ subscriber B2.

- The position coordinate CO-B2 of the called subscriber B2
is stored in the second local switch MSC-C2.

- -The position coordinate CO-C2 of the end-subscriber C2 is
taken from the second visitor register GLR-C2 and transferred
to the second local switch MSC-C2.

- The position coordinate C0-C2 of the end-subscriber C2 is
stored in the second local switch MSC~C2.

- The distance between the position coordinate CO-B2 of the
called subscriber and the position coordinate CO0O-C2 of the
end-subscriber is assessed in the second local switch MSC-C2.
- The end-subscriber C2 answers the call from the calling
subscriber A2 by 1ifting his telephone receiver, vherewith the
call is considered to be connected.



10

‘15

20

25

30

28

- The cost of the call between the calling subscriber A2 and
the called subscriber B2 is calculated in the first local
switch MSC-B2, and the calling subscriber A2 is billed for
this part of the call. .

- The cost of the call between the called subscriber B2 and
the end-subscriber C2 is calculated in the second local switch
MSC-C2 and the called subscriber B2 is billed for this part of

the call.

The aforedescribed signalling procedure will be seen solely
as an example of how signalling can be effected when practic-
ing the inventive method. It will be understood that the order
in which the various steps are carried out may vary, as before
mentioned.

Figure 3b is a flow sheet which illustrates the aforedescribed
method. The flow sheet and the following simplified descrip-
tion of the method are intended to be read together with
Figure 3a and with the descriptive text relating to this
Figure. The flow sheet illustrates the steps most essential to
the inventive concept. The abbreviations used in the text in
the Figure have earlier been explained. The method is effected
in accordance with the following description and in accordance
with Figure 3b: .

- The calling subscriber A2 calls the called subscriber B2,
in accordance with block 201.

~ An address message to the called subscriber B2 is sent from
the standard exchange E2 to the first local switch Msc-B2,
together with the position coordinate CO~A2 of the calling
subscriber A2. The position coordinate CO-Al of the calling
subscriber is stored in the first local switch MSC-B2, in
accordance with block 202.

- A routing query requesting a route to the called subscriber
B2 is sent in accordance with known technology from the first
local switch MSC-B2 to the home register HLR2, in accordance
with block 203.
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- The home register HLR2 establishes that the called sub-
scriber B2 has asked for calls to be transferred to the end-
subscriber C2, in accordance with block 204.

- A query asking for the position coordinate CO-B2 of the
called subscriber B2 is sent from the home register HLR2 to
the first visitor register GLR-B2, in accordance with block
205. | |

- The position coordinate CO-B2 of the called subscriber B2
is sent from the first visitor register GLR~B2 to the home
register HLR2, in accordance with block 206.

- A routing response in answer to the earlier routing query
and containing the call number to the end-subscriber C2 is
sent from the home register HLR2 to the first local switch
MSC-B2 together with the position coordinate CO-B of the
called subscriber, in accordance with block 207. The position
coordinate CO-B2 of the called subscriber B2 is then stored in
the first local switch MSC-B2.

- The distance between the position coordinate CO-A2 of the
calling subscriber A2 and the position coordinate of the
called subscriber B2 is then assessed in the first local
switch MSC-B2, in accordance with block 208.

-~ Information necessary to localize the end~-subscriber C2 is
taken from the home register HLR2 and transferred to the first
local switch MSC-B2, in accordance with block 209.

- A call connection between the calling subscriber A2 and the
end-subscriber €2 is prepared, wherein the position coor-
dinate CO-B2 of the called subscriber B is sent from the first
switch MSC-B2 to the second local switch MSC-C2. The position
coordinate CO-B2 of the called subscriber is stored in the
second local switch MSC-Cl, in accordance with block 210.

~ The position coordinate CO-C2 of the end-subscriber C2 is
taken from the second visitor register GLR-C2 and transferred
to the second local switch MSC-C2, in accordance with block
211. The position coordinate CO-C2 of the end-subscriber is
stored in the second local switch MsC-C2.
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- The distance between the position coordinate CO-B2 of the
called subscriber B2 and the position coordinate CO-C2 of the
end-subscriber C2 is assessed in the local switch Msc-C2, in
accordance with block 212.

- The end-subscriber C2 answers the call from the calling
subscriber A2 by 1ifting his telephone receiver, in accordance
with block 213. ‘

- The cost of the call between the calling subscriber A2 and
the called subscriber B2 is calculated and the calling
subscriber A2 is debited for this part of the call, in
accordance with block 214.

- The cost of the call between the called subscriber B2 and
the end-subscriber €2 is calculated and the called subscriber
B2 is debited for the cost of this part of the call, in
accordance with block 215.

The messages coordinate guery 23 and coordinate response 24
have the same structure as the messages described above in
earlier embodiments.

Another embodiment of the invention will now be described in
which a calling subscriber A3 and a called subscriber B3 are
located in one and the same PDC-type mobile telephone network.

As with the earlier embodiments, Figure 4a shows only those
signalling nodes that are necessary to explain the invention.
The calling subscriber A3 and the called subscriber B3 belong
to a mobile telephone network PLMN3 and are handled by the
same type of equipment as that described in regard of the
earlier embodiments, namely local switches MSC-A3, MSC~B3 and
visitor registers GLR-A3, GLR-B3 and a home register HIR3. In
the case of this embodiment, the local switches and the
visitor registers are referred to as first and second local
switches MSC~A3 and MSC-B3 and as first and second visitor
registers GLR-A3 and GLR-B3 respectively. Each of the mobile
subscribers is located within its respective cell, wherein
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each of the cells is located in turn within a message area
whose centrepoint is given by a position coordinate CO-A3 and
CO-B3. The mutual relationship between the home register HLR3
and the visitor registers GLR-A3 and GLR-B3 is the same as
that earlier disclosed. Figure 4a also illustrates those parts
of a public switched telephone network PSTN3 necessary to the
embodiment. An end-subscriber C3 is connected permanently to
a standard public exchange E3 in the public telephone network.
The geographical location of the standard exchange E3 is given
by a position coordinate CO-C3 stored in the standard ex-
change. Drawing details such as line types for permanent
connections and signalling markings have been illustrated in
Figure 4a in the same way as that described with reference to
and shown in Figure la.

The signalling necessary to the invention and illustrated in
the Figure does not claim to be the total signalling that is
effected when connecting a call. Only signalling in the two
networks PSTN3 and PIMN3.has been shown in the Figure, while
signalling to and from the subscribers involved has been
excluded. Neither the text nor the details in the Figure show
the signalling that is considered to belong to the state of
the art. -

The embodiment will be described in more detail below with
reference to the call billing procedure adopted when the
calling subscriber A3 calls the called subscriber B3 after the
called subscriber B3 has asked for calls to be transferred to
the end-subscriber C3. As before mentioned, after a call
transfer service has been requested in a mobile telephone
system, it is essential when billing calls that the geograph-
ical locations of the subscribers involved can be determined
and that these locations can be brought together for compari-
son with one another and for calculation of the distance
jnvolved. The inventive method now presented is able to
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perform this important function and includes the following
steps:

- The calling subscriber A3 calls the called subscriber B3.

- The position coordinate CO-A3 of the calling subscriber is
taken from the first visitor register GLR-A3 and stored in the
first local switch MSC-A3.

- A routing query 32 asking for the location of the called
subscriber B3, i.e. asking for the identity of the local
switch which handles the called subscriber B3, is sent from
the first local switch MSC-A3 to the home register HLR3. As
before mentioned, the home register cognizant with the visitor
register in which the called subscriber is registered at that
moment.

- With the aid of earlier obtained information, the home
register HLR3 establishes that the called subscriber B3 has
asked for calls to be transferred to the end-subscriber C3,
wherein the inventive method includes the following further
steps:

- A coordinate query 33 asking for the position coordinate
CO-B3 of the called subscriber B3 is sent from the home
register HLR3 to the second visitor register GLR-B3 in which
the called subscriber B3 is registered.

- A coordinate response 34 including the position coordinate
CO-B3 of the called subscriber B3 is sent to the home register
HLR3 from the second visitor register GLR-B3.

-~ A routing response 37 in answer to the earlier-mentioned
routing query 32 and including the call number to the end-sub-
scriber €3 is sent to the first local switch MSC-A3 from the
home register HLR3, together with the position coordinate CO-
B3 of the called subscriber.

- The position coordinate CO-B3 of the called subscriber B3
is stored in the first local switch MSC-A3.

- The distance between the position coordinate CO-A3 of the
calling subscriber A3 and the posit:lon coordinate CO-B3 of the
called subscriber B3 is assessed in the first local switch
MSC~A3.
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- A called connection between the calling subscriber A3 and
the end-subscriber C3 is prepared. An address message 38
including the call number of the end-subscriber C3 is sent to
the standard public exchange E3 from the first local switch
MSC-A3, together with the position coordinate CO-B3 of the
called subscriber B3.

- The position coordinate CO-B3 of the called subscriber B3
is stored in the standard public exchange E3.

- The distance between the position coordinate CO-B3 of the
called subscriber B3 and the position coordinate CO0-C3 of the
end-subscriber C3 is assessed in the standard public exchange
E3. '

- The end-subscriber C3 answers the call from the calling
subscriber A3 by 1lifting his telephone receiver, wherewith the

call is considered as connected.

-~ The cost of the call between the calling subscriber A3 and
the called subscriber B3 is calculated in the first local
switch MSC-A3 and the calling subscriber A3 is billed for the
cost entailed thereby.

- The cost of the call between the called subscriber B3 and
the end-subscriber €3 is calculated in the local switch MSC-C3
and the called subscriber B3 is billed for this part of the
call.

Figure 4b is a flow sheet which illustrates the above-de-
scribed method. The flow sheet and the following simplified
description of the method are intended to be read together
with Figure 4a and the descriptive text relating to this
Figure. The flowsheet illustrates those procedural steps that
are most essential to the inventive concept. The abbreviations
used in the text have been explained above. The method is
carried out in accordance with the following description and
in accordance with Figure 4b:

- The calling subscriber A3 calls the called subscriber B3,
in accordance with block 301.
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- The position coordinate CO-A3 of the calling subscriber is
taken from the first visitor location register GLR-A3 and
stored in the first local switching centre MSC-A3, in accor-
dance with block 302.

- A routing query asking for the route to the called sub-
scriber B3 is sent in accordance with known technology from
the first local switching centre MSC-A3 to the home location
register HLR3, in accordance with block 303.

- The home register HLR3 establishes that the called sub-
scriber B3 has asked for calls to be transferred to the end-
subscriber €3, in accordance with block 304.

- A query containing the request for the position coordinate
CO-B3 of the called subscriber B3 is sent from the home
register HLR3 to the second visitor location register GLR-B3,
in accordance with block 305.

- The position coordinate CO-B3 of the called subscriber B3
is sent from the second visitor register GLR-B3 to the home
register HLR3, in accordance with block 306.

- A routing response containing the call number of the end-
subscriber €3 is sent from the home register HLR3 to the first
local switch MSC-A3 together with the position coordinate CO-
B3 of the called subscriber, in accordance with block 307. The
position coordinate CO-B3 of the called subscriber B3 is then
stored in the first local switch MSC-A3.

- The distance between the position coordinate CO-A3 of the
calling subscriber and the position coordinate CO-B3 of the
called subscriber is assessed in the first local switch MsC-
A3, in accordance with block 308.

- A call connection between the calling subscriber A3 and the
end-subscriber €3 is prepared, wherein the position coor-
dinate CO-~B3 of the called subscriber B3 is sent from the
first switch MSC-A3 to the switch MSC-C3. The position
coordinate CO-B3 of the called subscriber is stored in the
standard public exchange E3, in accordance with block 309.

- The distance between the position coordinate CO-B3 of the
called subscriber and the position coordinate CO-C3 of the



10

15

20

25

30

35

end-subscriber is assessed in the standard public exchange E3,
in accordance with block 310.

- The end-~subscriber C3 answers the call from the calling
subscriber A3 by 1lifting his telephone receiver, in accordance
with block 311.

- The cost of the call between the calling subscriber A3 and
the called subscriber B3 is calculated and the calling
subscriber A3 is billed for the cost, in accordance with block
312.

- The cost of the call between the called subscriber B3 and
the end-subscriber €3 is calculated and the called subscriber
B3 is billed for the cost, in accordance with block 313.

The messages coordinate query 33 and coordinate response 34
have the same structure as those messages described above with
reference to the earlier embodiments.

Another embodiment of the invention will now be described
briefly, in which a calling subscriber A4 and a called
subscriber B4 are located within one and the same local
exchange included in a PDC-type mobile telephone network.

Similar to the earlier Figures, Figure 5§ illustrates solely
those signalling nodes that are necessary to the invention.
The calling subscriber A4 and the called subscriber B4 belong
to a mobile telephone network PIMN4. Each of the mobile
subscribers is located within its respective cell, these cells
being handled by one and the same local switching centre MSC-
B4. The subscribers are handled with the same type of equip-
ment as that described with reference to earlier embodiments,
namely the local switching centre MSC-B4 and a visitor
location register GLR-B4, and a home location register HLR4.
The local switch and the visitor register are referred to in
this embodiment as a first local switch MSC-B4 and a first
visitor register GLR~B4 respectively. As before mentioned,
the mobile subscribers are each located within its respective
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cell, these cells being located within a respective message
area, the centre points of which are given by position coordi-
nates CO-A4 and CO-B4 respectively. The mutual relationship
between the home register HLR4 and the visitor register GLR-B4
is the same as that earlier mentioned. Figure 5 also shows
those parts of a public switched telephone network PSTN4. An
end-subscriber C4 is permanently connected to a standard
public exchange E4 in the public telephone network. The
geographic position of the public exchange E4 is given by a
position coordinate CO-C4 stored 'in the exchange.

This embodiment of the invention will be described in more
detail below and proposes a method of procedure for call
billing when the mobile calling subscriber A4 calls the mobile
called subscriber B4 after the called subscriber B4 has
requested calls to be transferred to the end-subscriber C4. As
before mentioned, in the case of call billing after a call
transfer service has been requested in a mobile telephone
system it is essential to be able to localize the geographic
positions of the subscribers involved and to bring these
positions together for comparison with one another and for
distance calculating purposes. The inventive method now
presented is able to perform this important function and
comprises the following steps:

- The calling subscriber A4 calls the called subscriber B4.
= The position coordinate CO-A4 of the calling subscriber is
taken from the first visitor register GLR-B4 and stored in the
first local switch MSC~-B4.

- A routing query 42 asking to be informed of the location of
the called subscriber B4, i.e. a query asking to be informed
of the local switch that handles the called subscriber B4, is
sent from the first local switch MSC-B4 to the home register
HLR4. As before mentioned, the home register is cognizant with
the visitor register in which the called subscriber is regis-
tered at that moment in time.
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- With the aid of earlier obtainéq information, the home
register HLR4 establishes that the called subscriber B4 has
asked for calls to be transferred to the end-subscriber C4,
wherein the inventive method includes the following further
steps: '

- A coordinate query 43 asking for the position coordinate
CO-B4 of the called subscriber B4 is sent from the home
register HLR4 to the first visitor register GLR-B4 in which
the called subscriber B4 is registered at that moment in time.
- A coordinate response 44 containing the position coordinate
CO-B4 of the called subscriber B4 is sent from the first
visitor register GLR-B4 to the home register HLR4.

- A routing response 45 in answer to the aforesaid routing
query 42 and containing routing information relating to the
end-subscriber C4 is sent from the home register HLR4 to the
first local switch MSC-B4, together with the position coordi-
nate CO-B4 of the called subscriber.

- The position coordinate CO-B4 of the called subscriber B4
is stored in the first local switch MSC-B4.

- A call connection between the calling subscriber A4 and the
end-subscriber C4 is prepared. An address message 48 contain-
ing the call number of the end~-subscriber C4 is sent from the
first local switch MSC-B4 to the standard exchange E4,
together with the position coordinate CO-B4 of the called
subscriber B4. :

- The position coordinate co-B4 of the called subscriber B4
is stored in the standard public exchange E4.

- The distance between the position coordinate CO-A4 of the
calling subscriber A4 and the position coordinate CO-B4 of the
called subscriber B4 is assessed in the first local switch
MSC-B4.

- The distance between the position coordinate CO-B4 of the
called subscriber B4 and the position coordinate CO-C4 of the
end-subscriber C4 is assessed in the public exchange E4.
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- The end-subscriber C4 answers the call from the calling
subscriber A4 by 1ifting his telephone receiver, whereupon the
call is considered to have been connected.

- The cost of the call between the calling subscriber A4 and
the called subscriber B4 is calculated in the first local
switch MSC-B4 and the calling subscriber A4 is billed for the
cost. _

-~ The cost of the call between the called subscriber B4 and
the end-subscriber C4 is calculated in the public exchange E4
and the called subscriber B4 is billed for the cost.

The aforementioned messages coordinate query 43 and coor-
dinate response 44 have the same structure as those referred
to in connection with the earlier embodiments and illustrated
with the aid of Figure 1c.

As inferred in the aforegoing, the illustrated and described
exemplifying embodiments of the invention may be varied
without departing from the scope of the invention. For the
sake of simplicity, it has been assumed in all embodiments
that the local switching centres and the visitor location
registers associated therewith have the form of one physical
unit. It is conceivable, however, for the switching centre and
the register to be two different units that are connected one
with the other. This dissimilarity ir configuration has no
significance to the invention. Furthermore, the order in which
the various method steps are carried out may vary, provided
that the desired end result is obtained. The shape and size of
the message areas may also vary. For instance, it is con-
ceivable to represent each cell by one message area. The
position coordinates illustrated and described in the
descriptions of the embodiments may be replaced with numbers
that are specific to the message areas and by means of which
the geographical position of the message areas can be es-
tablished. As explained in connection with the first em-
bodiment described above, the message structure will only be
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seen as an example of one such structure. Furthermore, it is
feasible with all of these embodiments for the called subscri-
ber to be located temporarily with an operator other than his
normal operator at the time the call is made, as illustrated
in the first embodiment. In this case, the two messages
*coordinate query" and "coordinate response" are sent between
two operators. The aforedescribed exemplifying embodiments of
the invention therefore merely represent examples of dif-
ferent traffic situations embraced by the invention. Figures
6a-d illustrate with the aid of symbols other examples of
traffic situations. The symbols are explained briefly below,
followed by a brief analysis of each of the Figures 6a-d.

Symbol explanation:

-~ A rectangle 501 corresponds to a mobile telephone network.
- An octagon 502 corresponds to a public switched telephone
netwvork.

- A triangle 503 corresponds to a main switching centre, the
function of which has been earlier explained in connection
with the above embodiments.

- A circle 504 corresponds to a local switching centre, this
circle enclosing the subscribers that are handled by the local
switching centre at that tine.

-~ A first letter A corresponds to a calling subscriber, who
may be a mobile unit or a telephone unit permanently connected
to a public switched telephone network. The type of subscriber
can be discerned with the aid of the symbols 501, 502, which
designate the type of telephone network concerned.

- A second letter B corresponds to a called subscriber, which
in this case is a mobile unit.

- A third letter C corresponds to an end-subscriber, which
may be a mobile unit or a telephone unit permanently connected -
to a public switched telephone network. The type of subscriber
involved can be discerned with the aid of the symbols 501,
502, which indicate the type of telephone network concerned.
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It should be mentioned that in all of the traffic situations
shown in Figures 6a, 6c and 64, the called subscriber B may at
that time be a visitor in another mobile telephone network
handled by another operator. This has been indicated in Figure
6a with broken lines.

Figure 6a illustrates six different traffic situations with
the aid of six part-Figures. A basic feature of the six
traffic situations is that the called subscriber B and the
calling subscriber A are permanently registered in different
telephone networks 501, 502 and that a connection between the
telephone networks is effected via a main switch 503. The
first of the six part-Figures represents the second embodiment
described above. As before mentioned, those instances in which
the called subscriber is located in a mobile telephone network
other than its local network have been indicated with broken
lines. The third of these traffic situations is represented by
the first embodiment described above.

Figure 6b illustrates a further six traffic situations with
the aid of six part-Figures. A basic feature of these six
traffic situations is that the called subscriber B and the
calling subscriber A are permanently registered in different
telephone networks 501, 502 and that a connection between the
telephone networks is effected via the local switching centre
that handles the called subscriber B. The first of these six
part-Figures is represented by the third embodiment described

above.

Figure 6c illustrates examples of traffic situations with the
aid of three part-Figures. A basic feature of these three
traffic situations is that the calling subscriber A and the
called subscriber B are located in one and the same mobile
telephone network 501 but are handled by different local
switching centres 504. The third of the three part-Figures is
represented by the fourth embodiment described above.
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Figqure 64 illustrates examples of a further three traffic
situations, with the aid of three part-Figures. A basic
feature of the six traffic situations is that the calling
subscriber A and the called subscriber B are located in one
and the same mobile telephone network 501 and are handled by
the same local switching centres 504. The third of the three
part-Figures is represented by the fifth embodiment described

above.

Thus, the invention also relates to a telephone system which
also includes mobile telephone systems and in which a mobile
subscriber may request a call transfer service to an end-
subscriber. The invention provides the advantage of enabling
the costs of a call between a calling and a called subscriber
to be shared fairly, in a ready fashion. The invention also
enables the system to decide readily whether or not a call
shall be connected in those cases when a subscriber has
requested restrictions with regard to the connection of long
distance calls.

As will be understood, the invention is not restricted to the
aforedescribed and illustrated exemplifying embodiments
thereof and that modifications can be made within the scope of
the following Claims.
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CLAIMS

1. A method for tra.msferring a position mark (CO-B0O) of a
mobile subscriber (B0) in a telecommunications system which
includes a first mobile telephone network (PLMNO1l), wherein
the network includes a main switching centre (GMSCO1) to which
a home location register (HLRO) is connected and wherein the
mobile subscriber (BO) is permanently registered in the home
location register, wherein the telecommunciations system also
includes a second mobile telephone network (PIMNO2) which
includes at least one first switching centre (MSC-BO) includ-
ing a visitor location register (GLR-BO) in which the mobile
subscriber (B0), which is temporarily handled by the first
switching centre (MSC-B0), is registered together with
information relating to the position mark (CO-BO) of the
mobile subscriber, wherein the second mobile telephone
network (PIMNO2) also includes a main visitor 1location
register (GLR02) which is cognizant of the visitor location
register (GLR-B0O) in the second mobile telephone network
(PILMNO2) in which the visiting mobile subscriber (BO) is
registered at that moment in time, and wherein the method
further includes

- a reguest from the mobile subscriber (B0) for the transfer
of calls to an end-subscriber (CO0):

- a call to the mobile subscriber (BO) from a calling
subscriber (A0) which is connected to a second switching
centre (EA0) in a telephone network (PSTNO) which is connected
to the first mobile telephone network (PLMNO1l):;

- sending from the second switching centre (EA0) to the main
switching centre (GMSC01l) a position mark (CO-A0) which marks
the geographic position of the calling subscriber (A0);

- storing the position mark (CO-A0) of the calling subscriber
in the main switching centre (GMSCO01), whereafter the inven-
tive method includes the following steps:

- taking the position mark (CO-BO) of the called mobile
subscriber (B0) from the visitor location register (GLR-BO)

* C - L M H *
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to the home location register (HLRO), via the main visitor
location register (GLRO2);

- forwarding the position mark (CO-B0) of the called mobile
subscriber (B0) from the home location register (HLRO) to the
main switching centre (GMSCO1l):; and

- storing the position mark (CO-BO) of the called mobile
subscriber (B0) in the main switching centre (GMSC01).//:?

2. A method according to Claim 1, characteriged in that the
transfer of the position mark (CO-BO) of the called mobile
subscriber (B0) from the visitor location register (GLR-BO)
to the home location register (HLRO) comprises the steps of

-~ sending a coordinate query (03) with address to the main
visitor location register (GLR02) from the home location
register (HLRO), said query including a request for informa-
tion regarding the position coordinate (CO-B0) of the called
mobile subscriber (BO):;

- sending a coordinate query (03') with address to the
visitor location register (GLR-BO) from the main visitor
location register (GLRO2), and including in the query a
request for knowledge of the position coordinate (CO-BO) of
the called mobile subscriber (BO):

- sending a coordinate response (04') with address from the
visitor location register (GLR-BO) to the main visitor
location register (GLRO2), and including the requested

position coordinate (CO-BO) in the response; and

- sending a coordinate response (04) with address from the
main visitor location register (GLR02) to the home location
register (HLRO) and including in the response the requested
position coordinate (CO-BO).

3. A method for transferring a position mark (CO-Bl) of a
mobile subscriber (Bl) in a telecommunications system which
includes a mobile telephone network (PLMN1), a so-called first
telephone network in the telecommunications system, wherein
the subscriber (Bl) is permanently registered in a home

3o
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location register (HLR1) in the mobile telephone network
(PLMN1), wherein the mobile telephone network includes at
least one main switching centre (GMSC) to which at least one
first switching centre (MSC-Bl) is connected, wherein the
first switching centre includes a visitor location register
(GLR-B1) in which the mobile subscriber (Bl), which is
temporarily handled by the first switching centre (MSC-Bl),
is registered together with information relating to the
position mark (CO-Bl), wherein the method comprises

- a request from the mobile subscriber (Bl) for a call
transfer to an end-subscriber (Cl);

- a call from a calling subscriber (Al) which is connected to
a second switching centre (E1) in a second telephone network
(PSTN1) in the telecommunications system to the mobile
subscriber (Bl); |

- sending from the second switching centre (El) to the main
switching centre (GSMC) a position mark (CO-Al) which marks
the geographic position of the calling subscriber (Al):;

- storing the position mark (CO-Al) in the main switching
centre (GMSC), whereafter the inventive method comprises the
steps of '

- transferring the position mark (CO-Bl) of the called mobile
subscriber (Bl) from the visitor location register (GLR-Bl1)
to the home location register (HLR1): |

- forwarding the position mark (CO-Bl) of the called mobile
subscriber (Bl) from the home location register (HLR1) to the
main switching centre (GMSC): and

- storing the position mark (CO-Bl) of the called subscriber
(B1) in the main switching centre (GMSC).

4. A method according to Claim 3, characterigzed in that
transfer of the position mark (CO-Bl) of the called mobile
subscriber (Bi) from the visitor location register (GLR-Bl)
to the home location register (HLR1) comprises the steps of
- sending from the home location register (HLR1) to the
visitor location register (GLR-Bl) a coordinate query (13)

Iy
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which includes a request for the position coordinate (CO-B1)
of the called mobile subscriber (Bl); and

-~ sending from the visitor location register (GLR-B1l) to the
home location register (HLR1) a coordinate response (14) which
includes the requested position coordinate (CO-Bl).

S. A method according to Claim 1, 2, 3 or 4, characterized
by '

- preparing a call for connection between the calling
subscriber {(A0; Al) and the end-subscriber (C0; Cl), wherein
the position mark (CO-BO; CO-Bl) of the called mobile sub-
scriber (BO; Bl) is sent from the main switching centre
(GMSCO01, GMSC) to a third switching centre (EC0; MSC-C1) which
handles the end-subscriber (C0; C1); and

- storing the position mark (CO-BO; CO-Bl) of the called
mobile subscriber (BO; Bl) in the third switching centre (ECO;
MSC-Cl).

6. A method according to Claim 5, characterigzed in that the
end-subscriber (Cl) is a mobile subscriber whose position
coordinate (CO-Cl) is transferred from a visitor location
register in which the end-subscriber is registered, to the
third switching centre (MSC-Cl).

7. A method according to Claim 5 or 6, wherein the calling
subscriber (AO; Al) has specified a condition for the distance
between itself (A0; Al) and the called mobile subscriber (BO;
Bl) at which a call may be connected, characteriged by

- assessing the distance between the calling subscriber (A0;
Al) and the called mobile subscriber (B0O; Bl) with the aid of
the position coordinates (CO~A0, CO-B0; CO-Al, CO-Bl) of the
subscribers (A0, BO; Al, Bl); and

- deciding whether or not the call shall be connected, this
decision being based on a comparison of the aforesaid distance
with the distance conditions earlier specified by the calling
subscriber (A0; Al).
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8. A method according to Claim 7, in which a preliminary
decision to connect the call is made, wherein the called
mobile subscriber (BO; Bl) has specified a distance condition
concerning the distance betweén itself (BO; Bl) and the end-~-
subscriber (C0; Cl1) for which a call may be connected, charac-
terized by

- assessing said distance between the called mobile subscrib-
er (BO; Bl) and the end-subscriber (CO0; Cl) with the aid of
the position coordinate (CO-BO, CO-CO; CO-Bl, CO-Cl) of the
subscribers (B0, CO; Bl1, Cl1); and °

- deciding whether or not to connect the call, this decision
being based on a comparison of the aforesaid distance with the
distance condition earlier specified by the called subscriber

(BO; Bl).

9. A method according to Claim 8, in which it is finally
decided to connect the call, whereafter the end-subscriber
(CO; C1) answers the call, characterized by _

- calculating a primary call cost on the basis of a billing
tariff specific to the distance between the calling subscriber
(AO0; Al) and the called mobile subscriber (BO; Bl), and
billing the calling subscriber (AO: Al) for the primary call
cost; and

- calculating a secondary call cost on the basis of a billing
tariff specific to the distance between the called mobile
subscriber (BO; Bl) and the end-subscriber (C0; Cl) and
billing the called subscriber (BO; Bl) for the secondary call
cost. '

10. A method according to Claim 5 or 6, wherein the end-
subscriber (C0; Cl) answers the call from the calling sub-
scriber (A0; Al), characterized by

- assessing the distance between the calling subscriber (A0;
Al) and the called mobile subscriber (BO; Bl) with the aid of
the position coordinates (CO-A0, CO-BO:; CO-Al, CO-Bl) of the
subscribers;

W
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- calculating a primary call cost on the basis of a billing
tariff specific to the distance between the calling subscriber
(A0; Al) and the called mobile subscriber (BO; Bl) and then
billing the calling subscriber (AO; Al) for the primary call
cost; '

- assessing the distance between the called mobile subscriber
(BO; Bl) and the end-subscriber (CO; Cl) with the aid of the
position coordinates (CO-BO, CO-CO0; CO-Bl, CO-Cl) of the
subscribers; and

- calculating a secondary call cost on the basis of a billing
tariff which is specific to the distance between the called
subscriber (BO; Bl) and the end-subscriber (C0; Cl) and then
billing the called mobile subscriber (B0:; Bl) for the second-
ary call cost.

11. A method according to Claim 9 or 10, characterized by
calaculating the primary call cost in the main switching
centre (GMSCO0l, GMSC).

12. A method according to Claim 9, 10 or 11, characterized by
calculating the secondary call cost in the third switching
centre (EC0; MSC-Cl).

13. A method according to Claim 2, 4, 5, 6, 7, 8, 9, 10, 11 or
12, characterized in that the coordinate query (03, 03'; 13)
includes a predetermined number of binary characters which
define this type of message.

14. A method according to Claim 2, 4, 5, 6, 7, 8, 9, 10, 11 or
12, characterized in that the coordinate response (04, 04';
14) includes a predetermined number of binary characters which
define this type of message.

15. A method for transferring a position mark (C0-B2) of a
mobile called subscriber (B2) in a telecommunications system
which includes a mobile telephone network (PLMN2), a so-called

Y i
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first telephone network in the telecommunications system,
wherein the subscriber (B2) is permanently registered in a
home location register (HLR2) in the mobile telephone network
(PLMN2), wherein the mobile telephone network includes at
least one first switching centre (MSC-B2) which includes a
visitor 1location register (GLR-B2) in which the mobile
subscriber (B2), which is temporarily handled by the switching
centre (MSC-B2), is registered together with information
relating to the position mark (CO-B2), wherein the method
comprises "

- a request from the mobile subscriber (B2) for calls to be
transferred to an end-subscriber (C2);

- a call to the mobile subscriber (B2) from a calling
subscriber (A2) which is connected to a second switching
centre (E2) in a second telephone network (PSTN2):

- sending from the second switching centre (E2) to the first
switching centre (MSC-B2) a position mark (CO-A2) which marks
the geographic position of the calling subscriber (A2);

- storing the position mark (CO-A2) in the first switching
centre (MSC-B2), whereafter the inventive method comprises
the steps of:

- transferring the position mark (CO-B2) of the called mobile
subscriber (B2) from the visitor location register (GLR~B2)
to the home location register (HLR2):; '

- forwarding the position mark (CO-B2) of the called mobile
subscriber (B2) from the home location register (HLR2) to the
first switching centre (MSC-B2); and

- storing the position mark (CO-B2) of the called subscriber
(B2) in the first switching centre (MSC-B2).

16. A method according to Claim 15, characterized in that the
transfer of the position mark (CO-B2) of the called mobile
subscriber (B2) from the visitor location register (GLR-B2)
to the home location register (HLR2) comprises the steps of

- sending from the home location register (HLR2) to the
visitor location register (GLR-B2) a coordinate query (23)
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which includes a request for knowledge of the position
coordinate (CO-B2) of the called mobile subscriber (B2); and
- sending from the visitori_location register (GLR-B2) to the
home location register (HLR2) a coordinate response (24) which
includes the requested position coordinate (CO-B2).

17. A method according to Claim 15 or 16, characteriged by

- preparing a call connection between the calling subscriber
(A2) and the end-subscriber (C2), wherein the position mark
(CO-B2) of the called mobile subscriber (B2) is sent from the
first switching centre (MSC-B2) to a third switching centre
(MSC-C2) which handles the end-subscriber (C2); and

~ storing the position mark (CO-B2) of the called mobile sub-
scriber (B2) in the third switching centre (MSC-C2).

18. A method according to Claim 17, characterigzed in that the
end-subscriber (C2) is a mobile subscriber whose position
coordinate (C0-C2) is transferred from a visitor location
register in which the end-subscriber is registered to the third
switching centre (MSC-C2).

19. A method according to Claim 17 or 18, wherein the calling
subscriber (A2) has specified a condition with regard to the
distance between itself (A2) and the called mobile subscriber
(B2) for which a call may be connected, characterized by

- assessing the aforesaid distance between the calling
subscriber (A2) and the called mobile subscriber (B2) with the
aid of the position coordinates (CO-A2, CO-B2) of the sub-
scribers (A2, B2); and

-~ deciding whether or not the call shall be connected on the
basis of a comparison made between the aforesaid distance and
the distance condition earlier specified by the calling
subscriber (A2).

20. A method according to Claim 19, in which a preliminary
decision has been made to connect the call, wherein the called
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mobile subscriber (B2) has specified a condition with regard to
the distance between itself (B2) and the énd-subscriber (C2)
under which a call may be connected, characterized by

~ assessing the distance between the called mobile subscriber
(B2) and the end-subscriber (C2) with the aid of the position
coordinates (CO-B2, CO~C2) of the subscriber (B2, C2); and

~ deciding whether or not the call shall be connected, on the
basis of a comparison between the aforesaid distance and the
distance condition earlier specified by the called subscriber
(B2). '

21. A method according to Claim 20, in which a final decision
to connect the call has been made and in which the end-subscri-
ber (C2) has answered the call, characterized by

- calculating a primary call cost on the basis of a billing
tariff which is specific to the distance between the calling
subscriber (A2) and the called mobile subscriber (B2), and
billing the calling subscriber (A2) for the primary call cost;
and

- calculating a secondary call cost on the basis of a billing
tariff specific to the distance between the called mobile
subscriber (B2) and the end-subscriber (C2), and billing the
called subscriber (B2) for the secondary call cost.

22. A method according to Claim 17 or 18, in which the end-
subscriber (C2) has answered the call from the calling subscri-
ber (A2), characteriged by

- assesﬂshing the distance between the calling subscriber (A2)
and the called mobile subscriber (B2} with the aid of the
position coordinates (CO-A2, CO-B2) of the subscribers;

- calculating the primary call cost on the basis of a billing

_tariff specific to the distance between the calling subscriber

(A2) and the called mobile subscriber (B2) and billing the
calling subscriber (A2) for the primary call cost;
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- assessing the distance between the called mobile subscriber

.(B2) and the end-subscriber (C2) with the aid of the position

coordinates (CO-B2, CO-C2) of the subscribers; and
- calculating a secondary call cost on the basis of a billing

. tariff specific to the distance between the called subscriber

(B2) and the end-subscriber (C2) and then billing the called
mobile subscriber (B2) for the secondary call cost.

23. A method according to Claim 21 or 22, characterized by
calculating the primary call cost in the first switching centre

(MSC-B2) .

24 A method according to Claim 21, 22 or 23, characterized by
calculating the secondary call cost in the third switching

centre (MSC-C2).

25. A method according to Claim 16, 17, 18, 19, 20, 21, 22, 23
or 24, characteriged by including in the coordinate query (23)
a predetermined number of binary characters which define this
type of message.

26. A method according to Claim 16, 17, 18, 19, 20, 21, 22,
23, 24 or 25, characterized by including in the coordinate
response (24) a predetermined number of binary characters which

define this type of message.

27. A method for transferring the position mark of a first
mobile subscriber in a telecommunications system which includes
a first mobile telephone network in which the first mobile
subscriber and a second mobile subscriber are permanently
registered in a home location register in the mobile telephone
network, wherein the mobile telephone network includes a second
switching centre which handles the second mobile subscriber,
wherein the second switching centre includes a visitor location
register in which the second subscriber, vhich is handled by the
switching centre at that moment in time, is registered together
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with information concerning the position mark of the second
subscriber, vherein the telecommunications systemalso includes
a second mobile telephone network which includes at least one
first switching centre, wherein the first switching centre
includes a visitor location registér in which the first mobile
subscriber, which at that moment in time is handled by the first
switching centre, is registered together with information
relating to the position mark of the mobile subscriber, wherein
the second mobile telephone network also includes a main
visitor location register which is cognizant of the visitor
register in the second mobile telephone network in which the
visiting mobile subscriber is registered at that moment in
time, wherein the method includes

- a request from the first mobile subscriber for a call
transfer service to an end-subscriber;

- a call from the second calling mobile subscriber to the first
called mobile subscriber;

- A transfer of the position mark of the calling mobile
subscriber from the visitor location register in which the
subscriber is registered to the second local switching centre

and storing the position mark in said region, whereafter the

inventive method comprises

- transferring the position mark of the called mobile sub-
scriber from the visitor location register in which the called
subscriber is registered, to the home register;

- forwarding the position mark of the called mobile subscriber
from the home location register to the second switching centre;
and

~ storing the position mark of the called mobile subscriber in
the second switching centre.

28. A method according to Claim 27, characterized in that the
transfer of the position mark of the called mobile subscriber
from the visitor location register in which the called subscri-
ber is registered to the home location register comprises

Ny
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- sending a coordinate query with address from the home
location register to the main visitor location register, said
query including a request for information regarding the
position coordinate of the called mobile subscriber;

-~ sending a coordinate query with address from the main visitor
location register to the visitor location register in which the
called mobile subscriber is registered, said query including a
request for information concerning the position coordinate of
the called mobile subscriber:

~ sending a coordinate response with address from the visitor
location register in which the called mobile subscriber is
registered to the main visitor location register, this response
including the requested position coordinate; and

- sending a coordinate response with address from the main
visitor location register to the home location register, thls
response including the requested position coordinate.

29. A method for transferring the position mark (CO-B3) of a
first mobile subscriber (B3) in a telecommunications system
which comprises a mobile telephone network in which the first
mobile subscriber (B3) and a second mobile subscriber (A3) are
permanently registered in a home location register (HLR3) in
the mobile telephone network (PILMN3), wherein the mobile
telephone network includes at least one first switching centre
(MSC-B3) which handles the first mobile subscriber (B3), and a
second switching centre (MSC-A3) which handles the second
mobile subscriber (A3), wherein each of the switching centres
includes a visitor location register (GLR-A3, GLR-B3) in which
the subscribers (A3, B3) are registered temporarily together
with information relating to the position mark (CO-A3, CO-B3)
of respective subscribers, wherein the method includes

- a request from the first mobile subscriber (B3) for a call
transfer service to an end-subscriber (C3);

- a call from the calling, second mobile subscriber (Aﬁ) to the
first, called mobile subscriber (B3):

R

NN ) lll!l lllll | llll



10

15

20

25

30

35

54

- transferring the position mark (CO-A3) of the calling mobile
subscriber (A3) from the visitor location register (GLR-A3) in.
which the subscriber (A3) is registered to the second local
switching centre (MSC-A3):

- storing the pbsition mark (CO-A3) in said local switching
centre, whereafter the inventive method comprises the steps of
transferring the position mark (CO-B3) of the called mobile
subscriber (B3) from the visitor location register (GLR-B3) in
which the called subscriber (B3) is registered to the home
location register (HLR3):

- forwarding the position mark (CO-B3) of the called mobile
subscriber (B3) from the home location register (HLR3) to the
second switching centre (MSC-A3); and

- storing the position mark (CO-B3) of the called mobile
subscriber (B3) in the second switching centre (MSC-A3).

30. A method according to Claim 29, characterized by trans-
ferring the position mark (CO-B3) of the called mobile subscri-
ber (B3) from the visitor location register (GLR-B3) in which
the called subscriber (B3) is registered to the home location
register (HLR3) comprises the steps of

- sending a coordinate query (33) containing a request for the
position coordinate (CO~B3) of the called mobile subscriber
(B3) from the home location register (HLR3) to the visitor
location register (GLR-B3) in which the called subscriber (B3)
is registered; and

- sending a coordinate response (34) which includes the
requested position coordinate (CO-B3) from the visitor location
register (GLR-B3) in which the called subscriber (B3) is
registered to the home location register (HLR3).

31. A method according to Claim 27, 28, 29 or 30, characteriged
by _

- preparing a connection of the call between the calling
subscriber (A3) and the end-subscriber (C3), vherein the
position mark (CO-B3) of the called mobile subscriber is sent
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from the second switching centre (MSC-A3) to a third switching
centre (E3) which handles the end-subscriber (C3); and

- storing the position mark (CO-B3) of the called mobile
subscriber (B3) in the third switching centre (E3).

32. A method according to Claim 31, characteriged in that the
end-subscriber (C3) is a mobile subscriber whose position
coordinate is collected from a visitor location register in
which the subscriber is registered and transferred to the third
switching centre.

33. A method according to Claim 31 or 32, in which the calling
subscriber (A3) has specified a condition with regard to the
distance between itself (A3) and the called mobile subscriber
(B3) for which the call can be connected, characterized by

- assessing the distance between the calling subscriber (A) and
the called mobile subscriber (B3) with the aid of the position
coordinates (CO-A3, CO-B3) of the respective subscribers (A3,
B3):; and

- deciding whether or not the call shall be connected, this
decision being based on a comparison between the aforesaid
distance and the distance condition earlier specified by the
calling subscriber (A3).

34. A method according to Claim 33, in which a preliminary
decision has been made to connect the call, wherein the called
mobile subscriber (B3) has specified a condition with regard to

the distance between itself (B3) and the end-subscriber (C3)

for which a call may be connected, characteriged by

- assessing the distance between the called mobile subscriber
(B3) and the end-~subscriber (C3) with the aid of the position
coordinates (CO-B3, CO-C3) of the subscribers (B3, C3); and

- deciding whether or not the call shall be connected, this
decision being based on a comparison between the aforesaid
distance and the distance condition earlier specified by the
called subscriber (B3).
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35. A method according to Claim 34, in which a final decision
is made to connect the call, and.in which the end-subscriber
(C3) has answered the call, characteriged by

- calculating a primary call cost on the basis of a billing
tariff specific’to the distance between the calling subscriber
(A3) and the called mobile subscriber (B3), and billing the
calling subscriber (A3)' for the primary call cost; and

- calculating a secondary call cost on the basis of a billing
tariff specific to the distance between the called mobile
subscriber (B3) and the end-subscriber (C3), and billing the
called subscriber (B3) for the secondary call cost.

36. A method according to Claim 31 or 32, in which the end-
subscriber (C3) has answered the call from the calling subscri-
ber (A3), characterized by

- assessing the distance between the calling subscriber (A3)
and the called mobile subscriber (B3) with the aid of the
position coordinates (CO-A3, CO-B3) of respective subscribers;
- calculating a primary call cost on the basis of a billing
tariff specific to the distance between the calling subscriber
(A3) and the called mobile subscriber (B3), and billing the
calling subscriber (A3) for the primary call cost;

- assessing the distance between the called mobile subscriber
(B3) and the end-subsc:i_ber (C3) with the aid of the position
coordinates (CO-B3, CO-C3) of respective subscribers; and

~ calculating a secondary call cost on the basis of a billing
tariff specific to the distance between the called subscriber
(B3) and the end-subscriber (C3), and billing the called mobile

"subscriber (B3) for the secondary call cost.

37. A method according to Claim 35 or 36, characterized by
calculating the primary call cost in the second switching

centre (MSC-A3).
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38. A method according to Claim 35, 36 or 37, characterized by
calculating the secondary call cost in the switching centre
(E3) which handles the end-subscriber (C3).

39. A method according to Claim 28, 30, 31, 32, 33, 34, 35, 36,
37 or 38, characterized by including the coordinate query (33)
a predetermined number of binary characters which define this
type of message.

40. A method according to Claim 28, 30, 31, 32, 33, 34, 35, 36,
37 or 38, characterized by including the coordinate response
(34) a predetermined number of binary characters which define
this type of message.

41. A method for transferring the position mark of a first
mobile subscriber (B4) in a telecommunications system which
includes a mobile telephone network (PLMN4), a so-called first
telephone network in the telecommunications system where the
first mobile subscriber (B4) and a second mobile subscriber
(A4) are permanently registered in a home location register
(HLR4) in the mobile telephone network (PLMN4), wherein the
mobile telephone network includes at least one second switching
centre (MSC-B4) which handles the first mobile subscriber (B4)
and the second mobile subscriber (A4), wherein the switching
centre includes a visitor location register (GLR-B4) in which
the subscribers (A4, B4) which are handled temporarily by the
switching centre (MSC-B4) are registered together with infor-
mation relating to the position marks (CO-A4, CO-B4) of
respective subscribers, wherein the method includes

- a request from the first mobile subscriber (B4) for a call
transfer service to an end-subscriber (C4):

- a call from the second calling mobile subscriber (A4) to the
first, called mobile subscriber (B4):; _

- connecting the position mark (CO-A4) of the calling mobile
subscriber (A4) from the visitor location register (GLR-B4) and
transferring the position mark to the second switching centre
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(MSC-B4) and storing the position mark (CO-A4) in said second
switching centre, whereafter the inventive method comprises the
steps of

- collecting the position mark (CO-B4) of the called mobile
subscriber (B4) from the visitor location register (GLR-B4) in
which the called subscriber (B4) is registered and transferring
said position mark to the home location register (HLR4):

- forwarding the position mark (CO-B4) of the called mobile
subscriber (B4) from the home location register (HLR) to the
second switching centre (MSC-B4): and

- storing the position mark (CO-B4) of the called mobile
subscriber (B4) in the second switching centre (MSC-B4).

42. A method according to Claim 41, characterized in that the
collection of the position mark (CO-B4) of the called mobile
subscriber (B4) from the visitor location register (GLR-B2) to
the home location register (HLR4) includes the steps of

- sending a coordinate query (43) containing a request for
information relating to the position coordinate (CO-B4) of the
called mobile subscriber (B4) from the home location register
(HLR4) to the visitor location register (GLR-B4):; and

- sending a coordinate response (44) which includes the
requested position coordinate (CO-B4) from the visitor location
register (GLR-B4) to the home location register (HLR4).

43. A method according to Claim 41 or 42, characterisgzed by

- preparing a call connection between the calling subscriber
(A4) and the end-subscriber (C4), wherein the position mark
(CO-B4) of the called mobile subscriber is sent from the second
switching centre (MSC-B4) to a third switching centre (E4)
which handles the end-subscriber (C4): and

- storing the position mark (CO-B4) of the called mobile
subscriber (B4) in the third switching centre (E4).

44. A method according to Claim 43, characterized in that the
end-subscriber (C4) is a mobile subscriber whose -.'_;_)__qition
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coordinate is collected from a visitor location register in
which the subscriber is registered and transferred to the third
switching centre.

45. A method according to Claim 43 or 44, in which the calling
subscriber (A4) has specified a condition concerning the
distance between itself (A4) and the called mobile subscriber
(B4) for which the call may be connected, characterized by

- assessing the distance between the calling subscriber (A4)
and the called mobile subscriber (B4) with the aid of the
position coordinates (CO-A4, CO-B4) of respective subscribers
(A4, B4); and

- deciding whether or not the call shall be connected, this
decision being based on a comparison between the aforesaid
distance and the distance condition earlier specified by the
calling subscriber (A4).

46. A method according to Claim 45, in which a preliminary
decision to connect the call has been made, wherein the called
mobile subscriber (B4) has specified a condition with regard to
the distance between itself (B4) and the end-subscriber (C4)
for which a call can be connected, characterized by

- assessing the distance between the called mobile subscriber
(B4) and the end-subscriber (C4) with the aid of the position
coordinates (CO-B4, CO-C4) of respective subscribers (B4, C4):
and

- deciding whether or not the call shall be connected, this
decision being based on a comparison between the aforesaid
distance and the distance condition earlier specified by the
called subscriber (B4).

47. A method according to Claim 46, in which a final decision
to connect the call has been made, and in which the end-subscri-
ber (C4) has answered the call, characteriszed by

- calculating a primary call cost on the basis of a billing
tariff specific to the distance between the calling subscriber
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(A4) and the célled mobile subscribet (B4), and billing the
calling subscriber (A4) for the primary call cost; and

- calculating a secondary call cost on the basis of a billing
tariff specific to the distance between the called mobile
subscriber (B4) and the end-subscriber (C4), and billing the
called subscriber (B4) for the secondary call cost.

48. A method according to Claim 43 or 44, in which the end-
subscriber (C4) has answered the call from the calling subscri-
ber (A4), characterized by

- assessing the distance between the calling subscriber (A4)
and the called mobile subscriber (B4) with the aid of the
position coordinates (co-M:, CO-B4) of respective subscribers;
- calculating a primary call cost on the basis of a billing
tariff specific to the distance between the calling subscriber
(A4) and the called mobile subscriber (B4) and billing the
calling subscriber (A4) for the primary call cost;

- assessing the distance between the called mobile subscriber
(B4) and the end-subscriber (C4) with the aid of the position
coordinate (CO-B4, CO-C4) of respective subscribers; and

- calculating a secondary call cost on the basis of a billing
tariff specific to the distance between the called subscriber
(B4) and the end-subscriber (C4), and billing the called mobile
subscriber (B4) for the secondary call cost.

49. A method according to Claim 47 or 48, characterized by
calculating the primary call cost in the second switching

‘centre (E4).

50. A method according to Claim 47, 48 or 49, characterized by
calculating the secondary call cost in the switching centre
(MSC-C4) that handles the end-~-subscriber (C4). '

51. A method according to Claim 42, 43, 44, 45, 46, 4.7, 48, 49
or 50, characterized by including the coordinate query (43) a
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predetermined number of binary characters which define this
type of message.

52. A method according to Claim 42, 43, 44, 4'5, 46, 47, 48, 49
or 50, characterized by including the coordinate response (44)
a predetermined number of binary characters which define this
type of message.

53. A method according to one of Claims 7, 19, 33 or 45, in
which it has been decided to release i:he call, characterized by
informing the calling subscriber (A0; Al; A2; A3; A4) that the
condition has not been fulfilled, through the medium of a spoken
message.

54. A method according to one of Claims 8 20, 34 or 46, in which
a decision has been made to release the call, characterised by
informing the calling subscriber (A0, Al; A2; A3; A4) that the
condition has not been fulfilled, through the medium of a spoken
message.

55. A method according to Claim 1, characterized in that the
main visitor location register obtains continuously from the
visitor location register (GLR-BO) information concerning the
position mark (CO-BO) of the called mobile subscriber (BO), and
in that the transfer of this information to the home location
register (HLRO) comprises the steps of

- sending from the home location register (HLRO) to the main
visitor location register (GLR02) a coordinate query (03) with
address, this query containing a request for the position
coordinate (CO-B0) of the called mobile subscriber (BO); and
- sending a coordinate response (04) with address from the main
visitor location register (GLR02) to the home location register
(HLRO), this response containing the requested position
coordinate (CO-BO). |
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56. A method according to Claim 27, chiracterized in that the
main visitor location register obtains continuously from the
visitor location register information relating to the position
mark of the called mobile subscriber, and in that the collection
of the position mark and its transfer to the home location
register comprises the steps of '

- sending a coordinate query with address to the main visitor
location register from the home location register, this query
containing a request for the position coordinates of the called
mobile subscriber;

- sending a coordinate query with address from the main visitor
location register to the visitor location register in which the

- called mobile subscriber is registered, this query containing

a request for the position coordinates of the called mobile
subscriber;

-~ sending a coordinate response with address to the main
visitor location register from the visitor location register in
which the called mobile subscriber is registered, this response
containing the requested position coordinates; and

- sending a coordinate response with address from the main
visitor location register to the home location register, this
response containing the requested position coordinates.

57. A telecommunications system which includes a mobile
telephone network and decision-making devices for deciding the
connection of calls to or from a mobile subscriber in dependence
on distance between a called subscriber which has requested a
call transfer service and the end-subscriber to which the
requested call transfer is to be made, wherein the telecom-
munications system includes means for supplying the decision-
making device with information relating to the position of the
called subscriber which has requested the call transfer service
and the position of the end-subscriber to which the requested
call transfer is directed.
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58. A telecommunications system which includes a mobile
telephone network and which also includes means for calculating
the cost of a call to or from a mobile subscriber in dependence
on the distance between a called subscriber who has requested
a call transfer service and the end-subscriber to which the call
shall be transferred, wherein the telecom-munications systenm
includes means for supplying the cost calculating means with
information relating to the position of the called subscriber
which has requested the call transfer service and the position
of the end-subscriber to which the call shall be transferred.
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