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WO 92/12603 PCT/SE91/00866

A MOBILE TELEPHONE NETWORK STRUCTURE

5 TECHNICAL FIELD

The present invention relates to a telecommunication
network structure and in particular to a mobile tele-
phone network structure of the kind which includes a

10 first number of base station control units, each being
intended to control a limited number of individual
base stations.

BACKGROUND ART

15
By telecommunication network is meant the telephone
network (PSTN), a service specific digital network for
telephony and data (ISDN), a telex network, a teletext
network or a data packet network and combinations

20 thereof.

By mobile station MS, as used in this document, is
meant a mobile telephone, normally a vehicle installed
telephone, and also portable telephones which utilize

25 the mobile telephone network. The mobile telephones
are able to transmit speech and in some cases also
digital data information. The term mobile station
shall not be confused with a mobile telephone station,
which is a switch for mobile telephone calls. In this

30 document, a mobile telephone station, i.e. a switch
for mobile telephone calls, is referred to as a mobile
service telephone station.

A network structure of the aforesaid kind is available
35 as a pan-European standard for mobile telephone net-
works. This standard is referred to popularly as the
GSM-system. The GSM-system represents a step forward
in the art in comparison with earlier known mobile
telephone systems, since signalling between the mobile
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telephone network and the mobile telephone stations is
effected by digital transmission via radio. The GSM-
system has a number of base station control units,
BSC, subordinated a central mobile service telephone
station MSC which is connected to the public telephone
network via an extension terminal. The mobile service
telephone station MSC includes a switch which enables
physical telephone connections to be established, so-
called originating and terminating calls.

In addition to establishing telephone connections, the
mobile service telephone station MSC also performs
other services, such as a billing or charging service
for instance, and also incorporates the hand-over and
paging functions unique to mobile telephony. The GSM-
network structure also includes a so-called home
location register in the form of a database in which
the subscriber of the mobile station MS and subscriber
data are stored. The home location register HLR also
stores information relating to the location of the
mobile station in the network structure, i.e. the
location of the subscriber. The home location
register HLR also contains information for estab-
lishing a connection to the mobile station MS, so-

called routing information.

Also included in the GSM-network structure is a visi-
tor location register VLR, which has the form of a
database in which identification data relating to the
mobile station which temporarily visits the area
served by the mobile service telephone station is
normally stored. In addition to this identification
data, there is also stored in the visitor location
register a copy of the subscriber data which is stored
in the home location register for the mobile station.
The visitor location register VLR takes information
from the home location register HLR when the visitor
location register discovers that a new mobile station
MS is located in the area covered by the mobile

v
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service telephone station. The network structure of
the GSM-system also includes other units, such as an
authorization-control-database AC which contains
secret keys for checking the authorization of each
mobile station. The system also includes a database
EIR which stores information relating to accepted
mobile telephones, black-listed mobile telephones,
etc.

A base station BTS comprises a base station
transceiver having transmitting and receiving means,

antennas, and operating and maintenance means.

The base stations BTS are distributed over a
geographi-cal area served by one base station control
unit BSC. The base stations BTS are each connected to
a main base station control unit BSC by trunk lines.

Permanent connections in the form of so-called trunk
lines are also found between each base station control
unit BSC and mobile service telephone station MSC,
these trunk lines typically consisting of link
connections and/or underground cables.

Figure 1 illustrates a typical example, in which a
mobile service telephone station MSC is situated in a
first town, called town-X, a first base station
control unit BSC is situated in a second town, called
town-Y which is situated, e.g.,70 km from town-X for
instance, a second base station control unit BSC is
located in a third town, called town-Z which is
situated, e.g., 70 km from town X and at a distance
from town-Y. The majority of the mobile telephone
traffic in town-Y, however, is local traffic, i.e.
traffic passing between a mobile station MS located in
town-Y and a stationary subscriber Ab also located in
town-Y. The majority of the mobile telephone traffic
in town-Z is also local traffic. All of the telephone
connections between the parties in local calls within

b
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town-Y are connected through the trunk lines Tl from
town-Y to the mobile service telephone station MSC in
town-X and back to town-Y via trunk lines. Sound
information is thus transmitted through lines over a
distance of 140 km, just to provide a connection
between two parties who are separated geographically
by only some few kilometers. This is highly
unsatisfactory with view to the cost of the trunk
lines and the cost of their installation.

It is known to use remote subscriber selector stages
in telephony and mobile telephony stations. A remote
subscriber selector stage is located geographically
close to the area served by the selector stage.

Remote subscriber selector stages are used for the
purpose of reducing the length of the links. Remote
subscriber selector stages are controlled by system
specific signals. The system specific signals are
transmitted on a dedicated signalling connection
between the telephone station and the selector
station. Remote subscriber selector stages form an
integral part of the telecommunication network and are
installed when the telecommunication network is
expanded and require common maintenance with the
telecommunication network.

EP-B1-0 113 662 describes an remote subscriber
selector stage but has nothing in common with the
present invention, since this patent specification
describes a method of multiplexing transceiver control
signals so as to enable a central network unit to

control several transceiver units.

DISCLOSURE OF THE INVENTION

The object of the present invention is to provide a
net structure for telecommunication networks in which
the connection set-up function is separated from the

service control function and is incorporated in a
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standard, preferably digital telephone station. A
particular object of the invention is to provide a net
structure in which all service control functions are
incorporated in one service control station and all

5 connection set-up functions are embodied in local,
preferably digital standard telephone stations.

Thus, when the inventive concept is applied to the
mobile telephony services, all of the functions

10 characteristic of mobile telephony are incorporated in
one service control station and all connection set-up
functions are incorporated in local mobile switch
stations or points. This enables the mobile switch
points to be placed geographically close to the base

15 stations, resulting in short trunk lines.

Short trunk lines can also be obtained when the mobile
service telephone station MSC is situated
geographically close to its subordinated base station

20 control unit BSC, although this conceivable
alternative would necessitate the provision of a large
number of mobile service telephone stations MSC, which
is disadvantageous with respect to the high cost of
each individual mobile service telephone station MSC

25 and with respect to the necessity to upgrade the
software in each mobile service telephone station MSC
when desiring to introduce a new service into the
network. The correction of errors in existing
software would also make it necessary to visit many

30 mobile service telephone stations.

The concept of dividing a mobile service telephone
station MSC into a service control station and a
plurality of switch points in accordance with the

35 invention provides the additional advantage that the
switch points need not incorporate service-related
software. It is namely necessary to modify service-
related software when new services are introduced into
the network. The sservice station or point is opera-
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tionally reliable, since once it has been installed in
the field, there is no need to modify the station when
a service change is made in the network. This extends
the effective operational life of the service station.

It is possible to place many non-intelligent switch
points close to the base station control unit BSC,
resulting in short trunk lines. It is then possible
to connect locally a telephone call between a base

10 station control unit BSC and the nearest local, perma-
nent telephone station LE. This greatly reduces the
transmission costs in a mobile telephone network.

When these objects have been realized, there is

15 obtained a network structure which includes a main
central service control station which controls the
switch points of the network and which, via a signal
net, transmits service control signals (i) to and from
the base station control units and (ii) to and from

20 the telecommunication network and switching control
signals in only one direction to the switch points.
Short trunk lines extend between the base station con-
trol units BSC and the switch points, and also between
the switch points and the local telephone station LE.

25 All software related to traffic controlling functions
and to services are incorporated in the service
control station, which in turn is the main controlling

station over all switch points.

30 The nodes of the signal net are comprised of the
service control station, the switch points, the base
station control units and the local telephone

exchanges.

35 Compared with the remote subscriber selector stages in
a telephony or mobile telephony station described in
the introduction, the switch points are freestanding
elements in the inventive telecommunication network.
These switch points communicate with one or more

1
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service control stations with functional signals. The
functional signals are transmitted over a signal net
which is common to the telecommunication network.

This signal net may also be used for other purposes.

5 Compared with remote subscriber selector stages, the
invention has the advantage that the switch points and
the service control stations may be different
system-types, and may even be manufactured by
different manufacturers. Furthermore, existing net

10 elements of the telecommunication network may be
reused, by either converting the network elements to
switch points or by integrating the switching function
in other network elements, for example in a standard
telephone station or a base station control unit BSC.

15
The expression functional signals is intimately
connected to the expression functional signalling,
which implies that a transmitting net element commands
another net element to perform a given function, for

20 example to transfer a call to a subscriber without the
transmitting net element having detailed knowledge of
the manner in which the commanded net element carries
out the function.

25
BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in more detail
30 with reference to the accompanying drawings, in which

Figure 1 illustrates schematically the network struc-
ture of a conventional GSM-system;

35 Figure 2 illustrates the inventive network structure;

Figure 3 is a block schematic illustrating a service
control station;
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Figure 4 illustrates the connection control signals
from the service control station to subordi-

nated switch points;

Figure 5 is a block schematic of a service point or
station included in the inventive network

structure;

Figure 6 illustrates schematically a modified
inventive network structure; and

Figure 7 illustrates schematically a network
structure for a general telecommunication

network.
KNOWN PRIOR ART

Figure 1 illustrates the network structure of a
conventional GSM-system. Reference MS identifies
mobile stationé, BST identifies base stations, BSC
identifies base station control units, MSC identifies
mobile service telephone stations for establishing
telephone connections, charging, services and the
hand-over and paging functions unique to mobile
telephony. The reference HLR identifies a home
location register, as described above, and VLR
identifies a visitor location register, also described
above. The reference AC identifies an authorization
database and EIR identifies an equipment identity
register, both of which have been described above. Ab
identifies telephone subscribers, LE identify a local
telephone station and TE a transit telephone station.
The broken lines represent a connection set-up of a
local call of the kind described in the introduction.

The reference TB identifies trunk lines between the
base stations BTS and the main base station control
unit BSC. The references Tl and T2 identify trunk
lines between the base station control units and the
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main mobile service telephone station MSC. The trunk
lines are, e.g., coaxial cables or so-called fibre
cables, i.e. cables formed by fibreoptic conductors
buried in the ground.

The manner in which signalling is effected will not be
described in detail, since signalling is well known to
the person skilled in this field and because
signalling does not form part of the present

10 invention.

It will suffice to say that each MS informs the
network that it has arrived in a geographical coverage
area, referred to as traffic area, which consists of a

15 group of so-called cells, for a new base station BTS,
by the transmission of data from MS regarding its
positional relationship with BSC, which further
transmits this positional data to VLR. If VLR has not
previously registered the MS concerned, VLR updates

20 its main home location register HLR and VLR therewith
receives subscriber data from HLR. This function
which enables an MS to update its geographical
position, to ring outgoing connections and to obtain
connections irrespective of where MS is located in the

25 network is called roaming.

In order to enable an MS to make é telephone call, it
is necessary for the MS to have updated its
geographical position, i.e. VLR shall have updated HLR

30 and obtained subscriber data from HLR. The connection
from MS functions roughly the same as a connection
from a stationary subscriber, i.e. MSC functions as a
local station for the connection set-up.

35 - A connection to an MS is always directed to the
nearest MSC in the network. This MSC therewith
functions as a gateway MSC. Gateway MSC turns to HLR
for further routing information concerning the
position in the network of the called MS. The earlier
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positional updating has provided HLR with information
as to which VLR is serviced by MS. In response to a
command by gateway MSC, HLR will request further
direction information from VLR. VLR returns to HLR a
so-called roaming number. This roaming number is then
transmitted further from HLR to gateway MSC.

The roaming number is now used to direct the
connection further through the network to the MSC
where MS is located, this MSC being indicated with the
aid of the roaming number. Gateway MSC thus effects a
number translation from the dialled number to the
roaming number and carries out a possible call-
charging function. When the connection reaches MSC,
the roaming number indicates the called MS and the
connection is

established.

The drawbacks with this known network structure have

been described in the introduction.

BEST MODE OF CARRYING OUT THE INVENTION

Figure 2 illustrates the inventive network structure.
For the sake of clarity, the elements AC, EIR and HLR

have been omitted from the Figure.

The network structure illustrated in Figure 2 is
characterized by a plurality of mobile switch points
MSP to which a first, predetermined number of base
station control units BSC are connected. Each mobile
switch point is located physically near its respective

connected base station control units BSC.

First trunks T extend between each mobile switch point
and its connected base station control units BSC, and
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second trunks TN extend between each mobile switch
point MSP and the telecommunication network, and third
trunks TB extend between each base station control
unit BSC and its subordinated base stations BTS. The
telecommunication network is not shown in detail in
Figure 2 for reasons of clarity, and the Figure shows
solely one local stationary telephone station LE and
one subscriber line which extends from a subscriber Ab
to the local telephone station. Due to the close
geographic position of the mobile switch points to
their respective base station control units, the trunk
lines T are short and therefore inexpensive. The
system also incurs low costs.

The inventive network structure also includes a main
service control station MSCP which is the main
controlling station of a plurality of mobile switch
points and which to this end includes means for
producing service control signals and means for
producing connection control signals. The service
control signals concern (i) services and functions
which are handled by the mobile telephone network, and
(ii) services and functions which are handled by the
telecommunication network. The connection control
signals concern the path selected for the setting-up
of originating and terminating connections in the case
of calls between two mobile stations or between a
mobile station MS and a stationary telephone
subscriber Ab. Service control signals and connection
control signals are referred to commonly as traffic
control signals.

The main service control station MSCP never forms a
physical part of an originating or terminating connec-
tion, but merely sends control signals to the mobile
switch points for the purpose of establishing such
connections. The connection set-up is performed
exclusively in the mobile switch points and
originating and terminating connections are formed by
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the trunk lines TB, T and TN.

The traffic control signals from MSCP are delivered
over a signal net SN, which is shown in broken lines
in Figure 2. Nodes in this signal net SN are MSCP,
all MSP-units and all BSC units. The transmission
medium of the signal net may have the form of a
metallic cable system, a radio link system, a
fibreoptic system, or even a satellite system. The
signal net may be a packet switching net or a circuit

connected net.

As will be seen from Figure 2, each MSCP coacts with
its respective VLR in the same manner as in the
conventional GSM-system. VLR coacts with HLR (not
shown) so as to be aware of the geographical location
of each MS.

MSCP sends the traffic control signals, including the
connection control signals, to MSP and to BSC. The
connection control signals inform MSP as to which
multiple positions shall be mutually connected in the
mobile service point selector. MSCP obtains the
information carried by the connection control signals
from tables stored in MSP and from tables stored in
VLR. The service control signals include conventional
signals used in mobile telephony services, such as
call signals, digit transfer signals, disconnection

signals, paging signals, hand-over signals, etc.

Figure 3 is a block schematic of a service control
station. As shown in said Figure, the station
includes a central computer 1 which coacts with a
plurality of program modules, illustrated
schematically at P1, P2, P3, and with a database 2.
The program module Pl includes conventional programs
which enable mobile telephony services to be
performed, whereas the program module P2 includes
standard program modules for charging calls, and the

v
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program module P3 includes standard program modules
for operating and maintaining the service control
station. Under the control of the program module P1,
the computer 1 produces signals which control a first

5 device 3 for generating service control signals, a
second device 4 which also generates service control
signals, and a device 5 for generating connection con-
trol signals. The signals produced by the devices 3,
4, and 5 are adapted in a physical interface 6 to

10 signals suitable for transmission over the signal net
SN. More specifically, the device 3 produces service
control signals for transmission to subordinate base
station control units BSC. These service control
signals are known per se and are comprised of the so-

15 called BSSAP-signals in the standard GSM-network.
BSSAP is an abbreviation of Base Station - Subsystem
Application Part. The device 4 for producing service
control signals produces the TUP-signals known in a
standard telephone network, these signals being

20 transmitted in the form of a message packet consisting
of frames having a determined structure. When the
service control station is connected to an ISDN-net,
the signals produced by the device 4 are known ISUP-
signals.

25
The device 5 for producing connection control signals
produces the signals 6-9 shown in Figure 4. These
signals 6-9 are delivered from the device 5 in the
time sequence illustrated at the vertical arrow t.

30 The signal 6 is a signal for reserving the trunk lines
TN and T, the signal 7 is a signal for reserving a
path between the trunk lines and consists
conventionally of GSMUP-A and GSMUP-B, i.e. the
multiple positions which shall be mutually connected

35 in the selector of a mobile switch point. The signal
8 in Figure 4 is a signal which initiates the
establishment of a connection between the reserve
trunk lines TN and T. The signal 9 is a signal which
initiates disconnection of the established connection
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path between the parties. In conventional telephone

networks, the signals 6-9 are internal signals within

a node, e.g. within the node MSC in Figure 1, although

in the novel, inventive network structure, the signals
5 are transmitted between nodes in said structure.

Figure 5 illustrates a mobile switch point constructed
in accordance with the present invention. The service
point includes a computer 10 which is controlled by

10 program modules Pl and P2. The program module 1 in-
cludes connection control programs, and the program
module P2 includes programs for maintaining and opera-
ting the service point. The connection control
signals from the service control station enter a

15 physical interface 11 via the signal net SN, this
interface functioning as an adaptation means. The
adapted connection control signals are passed to a
means 12 for receiving said connection control
signals. Under the control of the program module P1,

20 these signals are converted by the computer 10 and the
computer output delivers signals which establish a
connection path through a selector 13. The selector
13 has first inputs which via a physical interface 14,
e.g. an extension terminal, are connected with a trunk

25 line TB to the base station control unit. The
selector 13 also has inputs which are connected with a
trunk line TBN of the telecommunikcation network, via

a physical interface 15.

30 The device 12 for receiving connection control signals
is known in the telephony field, but its use in
network structures constructed in accordance with the
present invention is novel. Since this device 12 is
known per se, it need not be described in detail here.

35
Finally, Figure 6 illustrates a modification of the
network structure illustrated in Figure 2. It will be
seen from Figure 6, that each MSP is located close to
a BSC, both geographically and physically. More
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specifically, the mobile switch point is an integral
part of a base station control unit BSC and has common
connection equipment and common CPU with BSC. The
integrated unit MSP+BSC is connected to a local
telephone station LE via a trunk line TN and, as shown
in full lines, may be connected to a further BSC-unit
and to this end is provided with a trunk line T. 1In
other respects, the network is similar to the network
illustrated in

Figure 2.

Figure 7 illustrates a network structure for a general
telecommunication network, comprised of a plurality of
regional service points RSP, of which the two
lowermost points are subordinated to a central service
control station CPl, whereas the uppermost service
point in Figure 7 is subordinated to a second central
service

control station CP2. Subscribers Ab are connected to
each of the service points. One or more base stations
BTS may be connected to the service points. Although
not shown, public telephone exchanges PABX may be con-
nected to a service point. The sole function of the
regional service points RSP is to establish a
connection path between connected subscribers and
stations, whereas all service controlling functions
are incorporated in the CP-stations. The regional
service points RSP are logically "transparent" to all
the service controlling signals of subordinate units
Ab, BTS, PABX, although separate out signals which
concern subscriber line signalling and send the
signals to a service control station CP. Between the
RSP-units and subordinate service control stations CP,
there is effected a transfer of service controlling
signals on a signal net SN which may be of the same
kind as that described above and which is shown in
broken lines in Figure 7. Trunk lines T are provided
between the regional service points RSP. When a
subordinated unit, e.g. Ab, in the uppermost service
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station RSP in Figure 7, is to be connected to a
subordinated unit, e.g. BTS in the lowermost service
point RSP in Figure 7, it is necessary for the
uppermost service control station CP2 in Figure 7 to
be connected with the lowermost service control
station CPl1 in order to enable a connection path to be
established between the subscribers. Thus, the signal
net SN must also include a signal link between the two
service control stations. This is shown by the
vertical broken line in Figure 7.

It is clearly shown in Figure 7 that compared with the
Figure 2 embodiment the switching function of the base
station unit BSC is transferred to RSP, whereas the
service functions of the base station unit BSC lie in
the service controlling point CP. The service control
points CP and the regional service points RSP are con-
structed in the same manner as that described with
reference to Figures 3 and 5. The database 2 contains
all information relating to all subscribers
subordinated to the regional service points RSP which
are served by the service control point and also
information concerning the service control station to
which the subordinated units Ab, BTS and PABX are

connected.

Although the embodiments illustrated in Figures 2-6
have been described with reference to mobile
telephony, it will be seen from the Figure 7
illustration that the principles fundamental to the
present invention can be applied to any chosen

telecommunication network.

The illustrated and described embodiments of the
invention can be modified and varied within the scope
of the following Claims.
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CLAIMS

1. A mobile telephony network structure comprising:
5 - a first number of base station control units (BSC),

each serving a limited number of base stations (BTS),

which in turn serve a plurality of mobile stations

(MS); and
- first trunk lines (TB) between each base station
10 control unit and its base stations (BTS);

characterized by

- a second number of mobile switch points (MSP) each
of which serves a number of said first number of base
station control units (BSC);

15 - at least one mobile service control point (MSCP)
which is the main control point of a number of said
second number of mobile switch points (MSP);

- second and third trunk lines (T and TN
respectively) which extend between each mobile switch

20 point (MSP) aﬂd its subordinate base station control
unit (BSC) and respectively between each mobile switch
point (MSP) and a telecommunication network (PSTN,

ISDN);
- a signal net (SN) whose nodes are comprised of the
25 mobile switch control point (MSCP), the mobile switch

points (MSP), the base station control units (BSC) and
access points to the telecommunication network:

- 1is further characterized in that the signal net is
used for transmitting traffic control signals; and

30 thereby enabling the mobile switch points (MSP) to be
located close to their respective base control units
(BSC).
2. A network structure according to Claim 1,

35 characterized in that a mobile switch

point (MSP) has connection equipment (13) in common
with a base station control unit (BSC) such as to form
an integrated unit (MSP+BSC).
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3. A network structure according to Claim 2,
characterized in that said structure in-

cludes a plurality of integrated units (MSP+BSC).

4. A network structure according to Claim 3,
characterized in that the integrated unit
(MSP+BSC) is connected to at least one base station
control unit (BSC) by means of said second trunk lines

(T).

5. A network structure according to one or more of
the preceding Claims, characterize d in
that a mobile switch point (MSP) includes a physical
interface (15) to the telecommunication network (PSTN,
ISDN), a physical interface (14) against subordinated
base station control units (BSC), switching equipment
(13) for establishing connections between the physical
interfaces, i.e. between mobile stations (MS) mutually
and between mobile stations and stationary subscribers
(Ab) in the telecommunication network, wherein the
connections are exclusively established through the
first, second and third trunk lines (TB, T, TN).

6. A network structure according to one or more of
the preceding Claims, characterize d in
that a service control point (MSCP) includes devices
(3, 4) for producing service control signals which are
concerned with services and functions, and a device
(5) for producing connection control signals which are

concerned with path selection information.

7. A network structure according to one or more of
the preceding Claims, character ized in
that the connection control signals include signals
(6) for reserving trunk lines (TB, T, TN), signals
(GSMUP-A, GSMUP-B) for reserving paths between the
reserve trunk lines, signals (8) for establishing
connection paths between the trunk lines, and signals
(9) for disconnecting the established connection path.
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8. A network structure for telecommunication
networks, characterized by
- a first number of regional service points (RSP),
each having subordinated units (Ab, BST, PABX)

5 connected thereto;
~ trunk lines (T) which extend between the regional
service;
- a service control point (CPl) which controls the
first regional service points (RSP); and

10 - a signal net (SN) having an access point in the
service control point (CPl) and an access point in
each of said first number of regional service points
(RSP) for signal transmission, for signalling of
services, functions and connection set-ups from the

15 service control point to subordinate service points
(MsP).

9. A network structure according to Claim 8,
characterized in that each of several

20 service control points (CPl, CP2) has subordinated
units (Ab, BTS, PABX) connected thereto and are
included in the network structure; and in that the
signal net has access points in the service control
points.

25
10. A network structure according to Claim 8 or 9,
characterized in that each regional
service point includes a physical interface (15) by
means of which the subordinate units (Ab, BTS, PABX),

30 switching equipment (11-13) for establishing
originating and terminating connections can be
connected to the subordinated units (Ab, BST, PABX)
and computer means (10) and software (Pl1, P2) for
controlling the switching equipment.

35
11. A network structure according to one or more of
Claims 8-10, characterized in that each
service control point includes access points to the
subordinated regional service points (RSP), devices
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(3, 4, 5) for producing signals intended for
controlling services, functions and connection set-ups
to the subordinated service points, computer means (1)
and software for controlling said devices (3, 4, 5)
and database means (2) containing information
concerning the regional service points (RSP) of said
network and the units (Ab, BTS, PABX) which are
subordinated said service points, and information
concerning the access points of said subordinated

units to respective regional service points (RSP).
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