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Arrangement for call forwarding in a mobile services 
switching center 

Field of the Invention 

5 The present invention relates to an arrangement in 

10 

a mobile services switching center for forwarding a 

subscriber directory number terminating call to a call 

forwarding number retrieved f rem a separate subscriber 
database. 

Background of the Invention 

One of the supplementary services of modern mobile 
communication systems is call forwarding which can be 

activ~ted by a mobile subsc~iber. It is poss~ble for the 

subscriber to determine various kinds of call'. forwarding 

15 functions. In an unconditional call forwarding, a mobile 

terminating call is always forwarded to a given call 

forwarding number. In a conditional call forwarding, a 

mobile terminating call is forwarded upon fulfilment of a 

specific condition; for example, when the subscriber is 

20 busy, when the mobile station cannot be reached, or when 

it is possible to establish a connection to the mobile 

station but the subscriber does not respond within a 
preset period of time. 

In the most recent mobile communication systems, 
· 25 the subscriber data are stored in a subscriber register 

separate from the mobile services switching center .. For 

example, in the pan-European digital mobile communication 

system GSM {Global System for Mobile Communications), the 

subscriber data are maintained in a network element 

30 separate from the mobile services· switching center MSC, 

i.e. in a home location register HLR, and in a visitor 

location register VLR located at the switching center MSC 

but operationally separate from it. Information on the 

call forwarding is obtained, depending on the phase of the 
35 call, from either one of the registers as a result of a 
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database enquiry by the mobile services switching center. 

Neither of the registers VLR or HLR, however, contain 

information on the phase of the forwarding call which is 

being established. Consequently, the register provides the 

5 mobile services switching center with a forwarding number 

even if the mobile services switching.center already had 

another call forwarding call of the same subscriber in a 

set-up phase. The aforementioned leads to a situation 

where a mobile subscriber and another mobile subscriber or 

10 a subscriber of a public switched telephone network PSTN, 

(e.g. the same person · from his work place telephone 

connec4ed to the PSTN), place a call forwarding to e~ch 

other, resulting in a third person who c~lls the same 

subscriber number or work place number creating· an endless 

15 call forwarding, if the telephone network between the 

forwarding subscribers does not support transfer of the 

call forwarding information. The "endless call forwarding" 

finally results in all the trunk circuits between the 

switching centers being reserved for this one call until 

20 there is no free trunk circuit, whereby all the circuits 

reserved for the call are released. Both the unconditional 

and conditional call forwardings cause problems between a 

mobile subscriber and a PSTN subscriber, as well as 

between two mobile subscribers in different networks. 

25 Between mobile subscribers within the same network but in 

service areas of different switching centers, problems 

occur in· connection with conditional call forwardings. 

Disclosure of the Invention 

It is an object of "the present invention to avoid 

30 endless call forwarding in mobile communication systems. 

This is achieved by an arrangement set forth in the 

introduction, which according to the invention is 

characterized in that 

the mobile services switching center comprises a 

35 call forwarding database which stores a directory number 

f 
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of a forwarding party from which a set-up of a forwarded 

call is in progress, 

the call control of the mobile services switching 

center is arranged to check, prior to initiating call 

5 forwarding, whether the directory number of the forwarding 

party is inc~uded in the call forwarding database, 

the call control of the mobile services switching 

center is arranged to release the call in response to the 

directory number of the forwarding party being included in 

10 the call forwarding database, 

the call control of the mobile services switching 

center is arranged, in response to the directory number_ of 

the forwarding party not being included in the call 

forwarding database, to insert the directory n~inber of the 

15 forwarding party in the call forwarding database, and to 

continue the call forwarding. 

In the present invention, the mobile services 

switching center comprises a call forwarding database 

which stores the directory numbers of the forwarding 

20 mo:Pile subscribers during the set-up phase of the call 

forwarding call. The call control of the mobile services 

switching center employs the call forwarding database in 

association with call forwarding calls. The call control 

inserts the directory number in the call forwarding 

25 database when a call forwarding is for the first time made 

from this directory number. As the mobile services 

switching center, during normal signalling between the 

switching centers, obtains information on the fact that 

call set-up has· been discontinued or interrupted, the 

3 O mobile services switching center deletes the directory 

number .from the call forwarding database. Upon receiving a 

command from the subscriber database to perform a call 

forwarding, the call control each time checks whether the 

forwarding directory number is included in the database, 

35 i.e. whether it already has a call forwarding call in a 



W096/205S4 PCl'/Fl95/00704 

4 

set-up phase. Consequently, if the same call during the 

call set-up phase returns to the mobile services switching 

center along any route, the call control detects by a 

check into the call forwarding database that there is 
5 already a call forwarding to a· mobile subscriber being 

established, and that the new call may be.released. When 

the call control inserts the new directory number in the 

call forwarding database, it also activates a 

precautionary time-out by means of which the filling up of 
10 the· database can be avoided in case the call control 

during malfunction does not receive information on the 

discontinuing of the call establishment and/or does not 

delete the directory number from the database.. If the 

precautionary time-out expires, the call cont~ol deletes 
15 the directory number from the database even if the call 

.set-up had not ended. Due to the fact that the number of 

_the forwarding mobile subscriber is in the database during 

the call set-up only, the database need not include 

records for all the subscribers within the MSC. service 
20 area. This allows to keep the database relatively small. 

The present invention makes it possible to prevent 

the developing of an endless call forwarding loop by 

internal changes in the mobile services switching center 
without any need for deviations from specifications 

25 determined for each mobile communication system, 

regarding, e·.g, external signalling. If an attempt were 

made to store the data on whether a call set-up is 

currently in progress or not, for example, in subscriber 
databases, it would require that the forwarding mobile 

30 services switching center would have to send information 

on the progress of the call set-up, and particularly on 

its ceasing, to the subscriber database to enable deletion 

from the database of information on the call forwarding 

call. The aforementioned alternative embodiment would, 
35 according to the GSM recommendations, be impossible to 

~·· 
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apply to a subscriber database of the GSM system, for 

example, because upon ceasing of the call set-up there are 

no operations by means of which the information on the 

f orwar~ed call could be deleted ~ in the subscriber 

5 register. Thus, the solution implemented in the subscriber 

database would require deviations from the signalling and 

operation according to the recommendations whereas the 

present invention can be implemented in present-day mobile 

services switching centers with no need to change the 

10 operation of the network or other network components. 

Brief Description of the Drawings 

In the following, the invention will be described 

in closer detail by means of the pref erred embodiments 

with reference to the accompanying drawings, ih which 

15 Figure l is a block and signalling diagram 

illustrating the set-up of a mobile terminating.call in 

the GSM mobile communication system, 

Figure 2 shows a block diagram of a mobile services 

switching center according to the invention, 

20 Figure 3 is a flow chart illustrating.the operation 

of the mobile services switching center according to the 

.invention, and 

Figure 4 is a block. and signalling diagram 

illust~ating a call set-up event according to the 

25 invention. 

The Preferred Embodiments of the Invention 

The present invention can be applied to mobile 

communication systems which employ a call forwarding 

service and which store subscriber information in 

30 subscriber databases that are operationally separate from 

the mobile services switching center, and in which 

signalling between switching centers does not transfer 

information on whether the call that is being set-up is a 

forwarded call, or transfers this information 

35 inadequately. The present invention is particularly well 
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suited to preventing an endless call forwarding loop in 
the pan-European digital mobile communication system GSM 
(Global System for Mobile Communications) , and in other 
similar mobile communication systems, such as DCS1800 

5 (Digital Communication System) and PCN (Personal 
Communication System) and in systems· according to the 
EIA/TIA INTERIM standard. In the following, the preferred 
embodiment of the invention will be described as applied 
to the GSM system without, however, restricting the 

10 invention thereto. 

Figure 1 very briefly illustrates the basic 
elements. of the GSM system without going any furt~er into 
their. characteristics or ct.her sub-areas of . the system. 
For a closer description of the GSM system, the GSM 

15 recommendations and "The GSM System for Mobile 
Communications", M. Mouly & M. Pautet, Palaiseau, France, 
1992, ISBN: 2-9507190-0-7 are referred to. 

The mobile ·services switching centre MSC handles 
the connecting of incoming and outgoing calls. It carries 

20 out functions similar to those of an exchange of a public 
switched telephone network (PSTN) . In addition to these, 
it also carries out functions characteristic of mobile 
communications only, such as subscriber location 
management in co-operation with the subscriber registers 

2.5 of the network. As subscriber registers, the GSM system 
includes the home location register HLR and the visitor· 
location re.gister VLR. The HLR permanently stores the 
subscriber information as well as information on which VLR 
area the MS is located in. The visitor location register 

30 VLR, in turn, temporarily stores the subscriber 
information of the mobile station MS during the time the 
mobile station is located in the area of the mobile 
services switching center MSC connected. to the visitor 
location register VLR. One VLR typically serves one mobile 

35 services switching center MSC. The mobile stations MS are 

.>J 
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connected to the switching center MSC by base station 

systems BSS. The base station system BSS consists of a 

base station controller BSC and base stations BTS. One 

base station controller BSC is used to control several 

5 base stations BTS. 

As noted above, various call forwarding functions 

may be determined by the mobile subscribers. The 

information on the call forwarding functions activated by 

the subscriber are permanently stored in the subscriber 

10 home location register HLR. In addition, the information 

on the activated conditional call forwardings, at least, 

is also supplied to the visitor location register VLR 

serving the ~ubscriber, and stored therein. 

To facilitate understanding of the present 

15 invention, the following describes establishing of a 

mobile station MS ter_minating call in the GSM system, with 

reference to Figure 1. It is. assumed that a call from a 

-public switched telephone network PSTN is received at a 

gateway mobile services switching center GMSC of the 

2 O mobile communication network. The GMSC carries out a 

routing information interrogation 1 to the HLR, which is 

determined by the subscriber number MSISDN of the 

subscriber. Within the routing information interrogation 

1, the MSISDN number of the subscriber is also sent . 

25 During location updating, the HLR is updated with 

information on which visitor location register VLR area 

the mobile subscriber is located in. The HLR checks 

whether the called subscriber has an unconditional call 

forwarding, or whether the subscriber is detached from the 

30 network and whether the subscriber has an active call 

forwarding for such a situation. If that is the case, the 

HLR supplies the GMSC with information on an active call 

forwarding and a call forwarding number in a response 

message 2. Following this, the GMSC routes the call on the 

35 basis of the call f~~arding number. 
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If the HLR notices that no active call forwarding 
exists, it carries out a roaming number request 3 to the 
VLR2. At the location updating, the HLR has been updated 
with information on which of the VLR~areas the subscriber 
is located in. The VLR2 allocates a roaming number MSRN 
and transmits it to the HLR in a response message 4. The 
HLR, in turn, transmits the roaming number forward in the 
message 2 to the interrogating GMSC. The roaming number 
space has been so determined that the call is always 
directed to that center MSC whose visitor location 
register VLR2 has allocated the roaming number. Therefore, 
the GMSC is able to route the call by transmitting an 
initial address message 5 to the MSC2 indicated by the 
roaming number. 

15 Upon receiving the initial address message 5, the 
.MSC2 notices in the roaming number analysis that the call 
will terminate at the service area·of the same MSC, and it 
is not intended to be forwarded. The MSC2 then requests in 
message 6 information for call set-up from the VLR2. 

20 Normally,. ·the visitor location register VLR2 returns the 
information required in a response message 7, and the call 

_will be set up to the mobile station MS through the base 
station system BS.S. If the stibE;Jcriber is busy, or located 
in a ~hadowed area or does not respond to the call, the 

25 "MSC2 detects the state of the subscriber and informs the 
VLR2, whereby the VLR2 checks whether a call forwarding is 
active. If there is. a call forwarding in an active state, 
the VLR2 ~eturns the call forwarding number to the MSC2. 
The MSC2 then routes the call forward on the basis of the 

30 ·call forwarding number ( 8) . 
In a mobile system such as the one described above, 

the mobile services switching centers GMSC and MSC2.do not 
have any information on whether a mobile subscriber 
already has a previous forwarded call in set-up phase. The 

35 initial address messages 5 forwarded by one center to the 

( 
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other do not contain this information, either. Thus, it is 
possible that an endless call forwarding loop will be 
developed as described above. 

Figure 2 illustrates a block: diagram of a mobile 
5 services switching center MSC according to the invention, 

capable of preventing the development' of an endless call 
forwarding loop. For reasons of clarity, only a switching 
matrix 11 and the call control of the MSC are shown in 
Figure 2. The call control in the embodiment shown is a 

10 distributed computer system comprising computers 13 and a 
message bus interconnecting them. In practice, the MSC may 
include a large number of various kinds of devices and 
functions that are not, however, essential. as f.ar as the 
present invention is concerned: Trunk circuits 5 are 

15 coupled to the switching matrix to the PSTN (in the GMSC) , 
trunk circuits 3 to other MSCs, trunk circuits 4 (to the 
base station systems BSS), and signalling lines 6 to the 
subscriber databases HLR and VLR2 and possibly to other 
network elements. As an example of such a swi t·ching · 

20 exchange, the Nokia Telecommunications DX200 MSC is 
mentioned. 

The MSC according to the invention furthermore 
comprises a call forwarding database CF 16, which stores 
the MSISDN numbers of the forwarding mobile subscribers 

25 during the call set-up phase. The database 16 is connected 
to the call control 13 through an internal bus 11. As the 
MSISDN ·number of the forwarding subscriber is stored in 
the database 16 for the time period of· the call set-up 
only, the database 16 need not have records for all the 

30 mobile subscribers within the service area of the MSC. The 
call control 13 directs three types of operations to the 
database 16. In the following, these operations are 

described with reference to Figure 3: 
- check_MSISDN. This operation is employed by the 

35 call control in all the situations in which set-up of a 
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call forwarding call is to be initiated. In Figure 3, for 

example, the call control 13 receives a terminating call 

with the directory number MSISDNl (step 31), and, 

depending on the case (cf . Figure : 1) , carries out an 

5 interrogation either to the HLR or the VLR (step 32). The 

HLR, or the VLR, resportds by informing of the call 

forwarding to a specific call forwarding number (step 33). 

In such a case, the check_MSISDN operation checks (step 

34) whether the MSISDNl is already included in the call 

10 

15 

forwarding database ·16, and returns the response to the 

call control 13 . · If the MSISDNl is contained in the 

database 16, the call control 13 releases the call (s~ep 

35) . If the MSISDNl is not included in the database 16, 

the call control continues the-call set-up. 

- insert_MSISDN. This operation is employed by the 

c;:all control 13 if the check_MSISDN operation (step 34) 

has responded with such an information that the MSISDNl is 

not included in the database 16. The operation (step 36) 

inserts MSISDNl in the database 16, . and activates a 

20 precautionary time-out in a timer 12 for a record reserved 

for the MSISDN. Following this, the call control 13 

continues the call forwarding normally (step 37) . 

- delete_MSISDN. This operation is employed by the 

call control 13 when the call set-up terminates, i.e. when· 

25 the called subscriber answers, or when the call set-up is 

interrupted for any other reason (step 38) • The operation 

releases the record from a database 16 by deleting the 

MSISDNl (step 39). In the same context, the precautionary 

time-out of the record in timer 12 is deactivated. 

30 If the result of step 38_ is negative, a check is 

performed on whether the time-out 12 has ejcpired (step 

40). Upon expiration of the precautionary time-out, the 

MSISDNl included in the record is deleted from the 

database (step 39) • The precautionary time-out is required 

35 to protect the database 16 from ·filling up in case the 

call control 13 during malfunction does not delete the 

( 
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directory number MSISDNl from the database 16. 

In the following, the operation of the MSC 

according to the invention is examined on a network level 

with reference to Figure 4. As far as Figure 4 is 

5 concerned, it is assumed that the MSC acts as the serving 

MSC for mobile subscribers A and B, and simultaneously as 

the GMSC towards the PSTN. The third subscriber in the 

call set-up is a PSTN subscriber C, which is coupled to 

the PSTN exchange EXC. It is assumed that the mobile 

10 subscriber A has an activated call forwarding to the PSTN 

subscriber C, and the subscriber Chas an.activated call 

forwarding to the mobile subscriber A. Hence, ther~ exists 

a situation which would cau$e ·an endless call forwarding 

loop between the exchanges MSC and EXC in a petwork not 

15 conveying the call forwarding information. 

Let us assume that a mobile subscriber B places a 

call to a mobile subscriber A. As the call of the calling 

subscriber B is received at the MSC (step 1) , the MSC 

requests the routing information of A from the home 

20 location register HLR (step 2) which returns the directory 

number of the subscriber C as the call forwarding number 

(step 3}. The MSC checks whether the directory number of 

the subscriber A is already included in the call 

forwarding database, i.e. whether A already has a call 

· 25 forwarding call in set-up phase. As this is not the case, 

the directory number of the subscriber A is inserted in 

the .call forwarding database in the MSC (step 4). 

Following this, the MSC establishes a call to the exchange 

EXC of the subscriber C (step 5) . The exchange EXC detects 

30 on the basis of the subscriber database it maintains that 

the subscriber C has an active call forwarding to the 

subscriber A (step 6) . As a result , the exchange C re-

establishes 

center MSC 

the call to the mobile services switching 

(step 7}. Upon receiving the call from the 

35 exchange C, the MSC does not know that the call is a 

returning forwarded call, and handles the call in the 
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normal manner. In other words, the MSC requests the 

routing information of the subscriber A from the HLR (step 

8), and the HLR again returns the directory number of the 

subscriber C as the call forwarding!number (step 9). The 

5 MSC checks whether the directory number of the subscriber 

A is already included in the call forwarding database, 

i.e. whether the subscriber A already has a call 

forwarding call in set-up phase. As the directory number 

of the subscriber A has already at an earlier stage (step 

10 4) been inserted in the call forwarding database, the MSC 

releases the call and thus prevents the development of an ( 

endles~ call forwarding loop. 

The f ~gures and their description are only intended 

to illustrate the present inventi·on. It is obvious for a 
15 person skilled in the art that modifications and 

alterations may be made to the solutions described, 

without departing from the scope and spirit of the 

attached claims. 

20 

25 

30 

35 
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Claims 

1. An arrangement in· a mobile services switching 

center for forwarding a subscriber directory number 

5 terminating call to a call forwarding number which is 

retrieved from a separate subscriber dat.abase (HLR, VLR2) , 

c h a r a c t e r i z e d in that 

the mobile services switching center (MSC) 

comprises a call f_orwarding database (16) which stores a 

10 directory number of a forwarding party from which a set-up 

of a forwarded call is in progress, 

15 

the call control (13) of the mobile services 

switching center is arranged to 

call forwarding I whether the 

forwarding party is included 

database (16), 

the call control (13) 

check, prior to initiating 

directory numner of the 

in the call forwarding 

of the mobile services 

switching center is arranged to release the call in 

response to the directory number of the forwarding party 

20 being included in the call forwarding database, 

the call control (13) of the mobile services 

switching center is arranged, in response to the directory 

number of the forwarding party not being included in the 

call forwarding database (16), to insert the directory 

25 number of the forwarding party in the call forwarding 

database, and to continue the call forwarding. 

2.. An arrangement as claimed in claim 1, 

c h a r a c t e r i z e d in that the call control (13) of 

the mobile services switching center is arranged to delete 

· 30 the directory number of the forwarding party from the call 

forwarding database (16) when the set-up of the forwarded 

call terminates or is interrupted. 

3 . An arrangement as claimed in claim 1 or 2, 

c h a r a c t e r i z e d by a time-out (12), which the 

35 call control (13) of the mobile services switching center 

activates when the directory number of the forwarding 

11111111111111 llllrlllll II llll . 
* C L M S * 



W096/20554 PCT/FJ95/00704 . 

14 

party is inserted in the call forwarding database (16), 

and which time-out the call control removes when the 

directory number of the forwarding party is deleted from 

the call forwarding database. 

5 4. · An arrangement as · claimed in claim 3, 

c h a r a c t e r i z e d in that the call control (13) of 

the mobile services switching_center is arranged to delete 

the directory number of the forwarding party from the call 

forwarding database (16) in response to the expiration of 

10 the time-out _(12) associated with it. 

5. An arrangement as claimed in ciaim 1, 

c h a r a c t e r i z e d in. that the mobile services 

switching center is a gateway mobile services switching 

center (GMSC) , · and that the call forwardi11:g· number is 

15 obtained from the home location register (HLR) . 

6 . An arrangement as claimed in claim 1, 

c h a r a c t e r i z e d in that · the mobile services 

switching center is the center (MSC2) serving the mobile 

subscriber, and that the call forwarding. number is 

20 obtained from the visitor location register {VLR2). 

25 

30 

35 

7 . An arrangement as claimed in any one of the 

previous claims, c h a r a c t e r i z e d in that mobile 

services switching center is the switching center of the 

GSM mobile communication system or a similar system. 

111111111111111111111111111111". 
* C L M S * 
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