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Handling of forwarded calls

Field of the invention
This invention concerns the handling of calls that are forwarded to
a mobile telephone.

Background of the invention

Call transfer is one of the most commonly used services in mod-
ern telecommunication networks. In the service a subscriber can specify that
calls destined to him are to be forwarded to another subscriber's number.
For example, Beth can transfer her calls to Cindy when leaving her home to
visit Cindy. A subscriber can specify that his calls be forwarded in various
situations. For example, when the CFU (Call Forwarding Unconditional)
service is activated, all the calls destined to the subscriber are forwarded to a
given number. In the CFB (Call Forwarding on Busy) service, calls are for-
warded if the called subscriber is busy. By activating the CFNRy (Call For-
warding on No Reply) service, the subscriber instructs that his calls are to be
forwarded after 4 alert tones, for example, if the call is not answered before
that. For mobile subscribers the CFNRc (Call Forwarding on Not Reachable)
service can be defined. In CFNRCc the calls are forwarded if the subscriber is
not in the coverage area of the mobile telecommunication network, or if he
has turned his mobile station off.

The routing of forwarded calls, as well as the charging principle for
forwarded calls, are shown in Figure 1. In the figure, the caliing party A
makes a call to B. B has forwarded his calls to C. This is done by giving the
exchange of B instructions to forward the calls addressed to B to a third party
C. Both B and C are fixed network subscribers. A may be a fixed network
subscriber or a mobile network subscriber. The call is first routed from A via
his Local Exchange LE(A) to the local exchange LE(B) of B. Information con-
cerning the specified call forwarding is stored in LE(B). In response to having
received the request for call establishment from LE(A), LE(B) notices that the
call is to be forwarded to C. In response to that, LE(B) routes the call to the
forwarded to party C via the local exchange LE(C) of C. LE(B) becomes the
transit point of the call. The first call leg from A to LE(B) is paid by subscriber
A. The forwarded leg from LE(B) to C is paid by subscriber B.

PCT/F198/00969
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In Figure 2 is shown a situation where the call is forwarded to mo-
bile subscriber. In the example, both A and B subscribers are fixed network
subscribers. However, they can also be mobile subscribers without causing
any remarkable changes in the process. When compared to the case shown
in Figure 1, the only difference is the leg between LE(B) and subscriber C.
This is due to the basic feature of mobile telecommunication systems: the
location of the subscriber is not fixed. Therefore, the location of the sub-
scriber has to be ascertained before establishing the connection.

In modern mobile telecommunications networks, the network
maintains information about the location of the mobile subscribers. In the
GSM network used as an example in this application, this information is dis-
tributed between the home location register HLR and visitor iocation registers
VLR directly connected to mobile switching centers MSC. The HLR is in the
home network of the mobile subscriber and contains the unchanging sub-
scriber information and the location information of the mobile subscriber with
an accuracy of one VLR area. The VLR area typically equals the area served

- by one mobile switching center. The VLR of the visited mobile switching

center VMSC responsible for the area the subscriber is currently visiting
contains more exact information about the subscriber's location.

On the leg from LE(B) to subscriber C, the call is first routed to the
Gateway Mobile Switching Center GMSC(C) of subscriber C. GMSC(C) is
basically any MSC capable of making interrogations to the home location
register HLR(C) of subscriber C. In response to having received the HLR in-
quiry, i.e. the query for routing information, the HLR ascertains the VLR the
subscriber is currently visiting, and sends that VLR, i.e. VLR(C), a request
PRN (Provide Roaming Number) for a roaming number.

In response VLR(C) returns HLR(C) a roaming number MSRN
(Mobile Subscriber Roaming Number) identifying the called subscriber in this
VLR. HLR(C) forwards the roaming number to GMSC(C). GMSC(C) adds to
the call record comprising information of the call information that subscriber
C is receiving the call in the area on VLR(C). Using the received identification
MSRN and the message IAM(MSRN) (IAM= Initial Address Message),
GMSC(C) establishes a connection to the MSC VMSC(C) currently visited by
subscriber C. To identify the called subscriber corresponding to the received
roaming number with his identity number IMSI or TMSI (Temporary Mobile
Subscriber ldentity) VMSC(C) queries VLR(C), which then returns this infor-
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mation. According to the specifications, this is done using messages SIFIC
(Send Info For Incoming Call) and CC (Complete Call). Having ascertained
the identity of the called subscriber, VMSC(C) now establishes the final leg of
the call to the called subscriber.

In GSM, the basic principle in charging is that the calling sub-
scriber pays the leg between himself and the home network HPLMN(B)
(HPLMN= Home Public Land Mobile Network) of the called subscriber. The
rest of the route is paid by the called subscriber. The idea here is that the
calling subscriber should not have to pay a surprisingly high price for his call,
for example, when the called subscriber is roaming in a distant country. Ac-
cording to this principle, when subscriber A in Finland calls a mobile sub-
scriber B whose home network is in New Zealand but who is currently roam-
ing in Finland, the call is routed via New Zealand. Subscriber A pays the leg
from Finland to New Zealand and subscriber B the leg from New Zealand
back to Finland.

Due to this charging principle, the forwarding subscriber B pays
for the leg between LE(B) and the home network of C and subscriber C from
his home network onwards. It should be noted that for most operators, re-
ception of calls is free in the home network HPLMN (Home Public Land Mo-
bile Network) of the subscriber. However, when the subscriber is roaming
outside his home network, he is charged for the roaming leg from his own
home network to the VPLMN (Visited Public Land Mobile Network) he is cur-
rently visiting.

The problem with this charging principle is that it is unfair to the
mobile subscriber if the call has been forwarded. When the principle is ap-
plied, a GSM subscriber who answers a forwarded call is charged for the
roaming legs even if he is not the intended recipient of the call. For example,
let us consider a situation in which Beth and Cindy trave! abroad together.
Cindy has a mobile phone, and Beth forwards calls destined to her fixed
telephone to Cindy's mobile phone. Now, when Andy calls Beth, Andy is
charged for the local telephone call leg of the call. Beth pays the leg from her
own exchange to the HPLMN of Cindy, the price of which is the price of a
national call to a mobile telephone. Cindy, in turn, pays for the roaming leg,
i.e. from her HPLMN to her VPLMN. In many cases, the roaming leg is the

most expensive of all the legs of the call. Thus, even if the call is from Andy
to Beth, Cindy is the one who is charged the most.

PCT/KF198/00969
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The objective of this invention is to solve the above-mentioned problem
of the prior art. This objective is achieved using the method and apparatus

specified in the independent claims.

Summary of the invention

This invention proposes a new charging principle according to which
the roaming leg is paid entirely by the party who forwarded the call to a mobile
subscriber.

In an exemplary embodiment, the call is first routed to the exchange of
subscriber B, who has forwarded his calls. After determining that the call is to
be forwarded to a mobile subscriber C, the exchange routes the call to the
gateway mobile switching center GMSC capable of making interrogations to
the home location register of subscriber C. The GMSC adds in the call record
of the call the information that the call has been forwarded by the called
subscriber B.

When generating the charging record for the cali, the called subscriber
B is charged for the leg between the GMSC and subscriber C. Thus
subscriber C does not have to pay for calls addressed to subscriber B. To
minimize the call costs to subscriber B, as direct a route as possible is
preferably used on the leg between the GMSC and subscriber C. The
charging record may be generated in other network elements than the GMSC,
such as in the billing center.

According to a broad aspect of present invention there is provided a
method of handling calls forwarded to a subscriber of a mobile telephone
network. The method comprises registering location information of a mobile
subscriber in a home network of the subscriber. Information is stored about
call forwarding in the home network of a subscriber B, who has forwarded his
Incoming calls to a mobile subscriber C. In response to a call addressed to the
subscriber B, the call is routed to a gateway exchange and from the gateway
exchange to the subscriber C. A call record is generated comprising
Information about the call. The method further comprises adding to the call

record a notification that the call has been forwarded by the subscriber B and
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the subscriber B is charged for the leg between the gateway exchange and
the subscriber C.

According to a still further broad aspect of present invention there is
provided a billing center for a telecommunication system for generating and
handling billing data. The telecommunication system comprises a mobiie
telephone network comprising a home location register adapted to store
information about the location of a mobile subscriber C. Switching elements
are adapted to forward calls to the mobile subscriber C subscribing to the
mobile telephone network. The billing center has a home network of a
subscriber B, who has forwarded his incoming calls to the mobile subscriber
C, the home network of the subscriber B being adapted to store information
about the call forwarding. A gateway exchange is adapted to interrogate the
home location register of the mobile subscriber C and to generate a call
record comprising information about a call to the subscriber B. The billing
center receives call records from the switching elements, and charges the
subscriber B for all the call legs between the gateway exchange and the
mobile subscriber C.

According to a still further broad aspect of the present invention there is
provided a telecommunication system serving mobile subscribers. The system
comprises a plurality of home location registers adapted to store subscriber
iInformation such as the location of the mobile subscribers. The system also
has switching elements, such as gateway exchanges, adapted to interrogate
home location registers and to forward calls to a subscriber of a mobile
telephone network. The system also has a home network of a subscriber B,
who has forwarded his incoming calls to a mobile subscriber C, adapted to
store information about the call forwarding. A gateway exchange is adapted to
interrogate the home location register of the mobile subscriber C and to
generate a call record comprising information about a call to the subscriber B.
The system is adapted to charge the subscriber B for all the call legs between
the gateway exchange and the mobile subscriber C.

According to a still further broad aspect of present invention there is

provided a home location register for a telecommunication system, wherein
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the home location registers are adapted to store subscriber information such
as location of mobile subscribers, the telecommunication system comprising:

a mobile telephone network comprising a home location register
adapted to store information about the location of a mobile subscriber C;

switching elements, such as gateway exchanges, capabie of
interrogating home location registers and forwarding calls to the mobile
subscriber C;

a home network of a subscriber B, who has forwarded his incoming
calls to the mobile subscriber C, said home network being adapted to store
information about said call forwarding; and

a gateway exchange adapted to interrogate the home location register
of the mobile subscriber C;

characterized in that the home location register comprises:

means for sending to the home location register of the mobile
subscriber C a request for routing information;

means for receiving from the home location register of the mobile
subscriber C information about the current location of the mobile subscriber C;
and

means for determining whether use of a direct route between the
gateway exchange and the mobile subscriber C minimizes the call costs of
the leg between the gateway exchange and the mobile subscriber C for the
subscriber B, and, if using a direct route minimizes the call costs for the
subscriber B, for returning to the gateway exchange routing information for

routing the call directly from the gateway exchange to the mobile subscriber
C.

Brief description of the drawings

The invention is described more closely with reference to the
accompanying schematic drawings, in which

Figure 1  shows a forwarded call;

Figures 2 and 3 show a call forwarded to a mobile subscriber,
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Figure 4 . shows normal routing of a call to a mobile subscriber;
Figure 5  shows optimal routing of a mobile terminated call;
Figure 6  shows direct routing of a call to a mobile subscriber; and

Figures 7 and 8 show signaling of call establishment procedure.



CA 02280013 1999-08-10

‘WO 99/31916 PCT/F198/00969

10

15

20

25

30

35

Detailed description of the invention

A technical solution for implementing the invention is illustrated
below. The exemplary solution assumes that the ISUP (ISDN User Part) sig-
naling protocol is used. However, the chosen signaling protocol has an effect
only on the messages used, and the invention can just as well be imple-
mented using some other signaling protocol. ‘

When using ISUP, the following signaling information concerning
forwarded calls can be used:

eredirecting indicator: Information sent in either direction, i.e.
from the exchange of the forwarding subscriber (the forward direction) or vice
versus (the backward direction) indicating whether the call has been diverted
or rerouted and whether or not presentation of redirection information to the
calling party is restricted.

eredirecting number: Information sent in the forward direction
when a call is diverted, indicating the number from which the call was di-
verted.

eredirecting reason: Information sent in either direction indicat-
Ing, in the case of calls undergoing multiple redirections, the reason why the
call has been redirected.

eredirection counter: Information sent in either direction indicat-
ing the number of redirections which have occurred on a call.

eredirection indicator: Information sent to indicate whether the
call has undergone diversion or rerouting. It also contains information about
presentation restrictions.

eredirection Information:. Information sent in either direction
giving information about call redirection or call rerouting.

eredirection number: Information sent in the backward direction
indicating the number to which the call must be rerouted or has been for-
warded.

eredirection number restriction indicator; Information sent in
the backward direction indicating whether the forwarded-to user allows the
presentation of his number.

eredirection reason: Information sent in the call diversion infor-

mation parameter and the redirection information parameter to indicate the
reason for the redirection.
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cation standardization sector) recommendations Q.762 and Q.763 published
by ITU.

For clarity in the example, we shall use the following names for
the parties participating in the call: |

e Andy: the original calling party. Andy may or may not be a
GSM subscriber.

e Beth: the intended recipient of the call. Beth may or may not
be a GSM subscriber. Beth has forwarded her calls to Cindy. In the exam-
ples, Beth has instructed that all her calls be forwarded, i.e. she has acti-
vated the CFU service.

e Cindy: the mobile subscriber who finally answers the call.

Two different situations are to be considered depending on
whether the call is routed via the gateway exchange GMSC(C) of Cindy or
not. The former is the current GSM practice, but the latter becomes possible
with implementation of the optimal routing feature included in GSM phase 2+
being currently specified by ETSI (European Telecommunication Standards
Institute).

We shall first study the case where optimal routing is not possible.
This case is shown in Figure 4. The procedure starts when Andy dials Beth’s
phone number. In the call establishment procedure, Andy’'s exchange LE(A)
analyzes the dialed phone number. On the basis of the analysis, the ex-
change sends Beth's exchange the message IAM(ISDN(B)) requesting the
establishment of a connection. In the IAM message, the ISDN number
ISDN(B) of Beth is specified as the called party number and the ISDN num-
ber of Andy as the calling party number.

In response to having received the IAM message, the exchange
LE(B) of Beth consults its database and finds out that Beth has instructed
her calls be unconditionally forwarded to Cindy’s mobile phone. In response,
LE(B) sends the gateway MSC GMSC(C) of Cindy the IAM message
IAM(MSISDN(C)). In the message, the redirection indicator shows that the
call has been forwarded. The redi'recting number is the ISDN number of
Beth, and the redirecting reason CFU. The redirection counter has the value

1. The called party number is the MSISDN number MSISDN(C) of Cindy and
the calling party number the ISDN number ISDN(A) of Andy.
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In response to having received the message IAM(MSISDN(C)),
GMSC(C) inspects the redirection number information included in the mes-
sage. GMSC(C) notes that the call has been forwarded and adds the identity
of the forwarding subscriber Beth the generated call record. GMSC(C) sends
Cindy's home location register HLR(C) the request SRI (Send Routing Infor-
mation) for routing information. In response to having received the message,
HLR(C) asks the visitor location register VLR(C) connected to the MSC
VMSC under which Cindy is currently roaming for a roaming number MSRN
(Mobile Station Roaming Number). VLR(C) returns the MSRN, and HLR(C)
forwards the MSRN to GMSC(C). GMSC(C) establishes the connection to
VMSC(C) by sending it the message IAM(MSRN), and the VMSC(C) estab-
lishes the connection to Cindy's mobile phone C via the base station con-
troller BSC(C) and the base transceiver station BTS(C). The call redirection
information included in the message is similar to that included in the |IAM
message sent from LE(B) to GMSC(C). VMSC(C) includes the information in
its call record that the call had been forwarded by Beth. '

Having completed the call, the call records generated are sent to
the billing center (not shown in the figure) or to some other network element
handling the billing information. On the basis of the call records, Beth is also
charged for the roaming leg from GMSC(C) to VMSC(C). The oniy changes
in the existing network elements and protocols is the functionality of adding
the call record information about the call being forwarded and the identity of
the forwarder. In addition, it must be arranged that the billing center charges
the forwarder, i.e. Beth, for the roaming leg.

The use of optimal routing has some influence on the above-
mentioned methodology. The method of optimal routing is currently being
standardized by ETSI|. The method is described in more detail in specifica-
tions GSM 02.79 and GSM 03.79 published by ETSI. The basic idea of the

- optimal routing method is to route the call using the most direct route be-

tween subscribers A and B, and is shown in Figure 5 for nonforwarded calls.
Instead of immediately establishing a connection to the gateway MSC
GMSC(B) of the home network of the called subscriber, the gateway MSC
GMSC(A) of the calling subscriber sends the home location register HLR(B)
of the called subscriber the request SRI for routing information. HLR(B) asks
the visitor location register VLR(B) of B for a roaming number, and forwards
the routing number to GMSC(A). Using the roaming number, GMSC(A) es-

PCT/F198/00969
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tablishes a connection directly to VMSC(B) visited by the called subscriber.
Thus, the call is not necessarily routed through the home network of sub-
scriber B, since the home network is contacted in the HLR iInquiry only. Using
optimal routing, the interexchange call expenses and thus the total call price
can be reduced.

GSM MoU (Memorandum of Understanding), an organization of
GSM operators, has specified two conditions to be met by the implementa-
tion of optimal routing:

1. use of optimal routing may not increase the call price for any
subscriber (tariff requirement), and

2. at least In the first phase of the service, one call leg is always
paid by one subscriber.

Because the expenses caused by different legs can not be as-
sumed to be known in the first phase of optimal routing, optimal routing is
used in the first phase only if both GMSC(A) and VMSC(B) or both VMSC(B)
and HLR(B) are in the same country.

The aim of optimal routing is to route the call as directly as possi-
ble. Thus, the HLR inquiry requesting information about the location of the
subscriber to whom the call is to be forwarded must be made as early as
possible in the establishment procedure of the call. If the calling subscriber
belongs to the same mobile telecommunications system as the called sub-
scriber, the inquiry can be made by the gateway MSC GMSCA of subscriber
A. If the calling subscriber A is not a subscriber of the same mobile telecom-
munications system as B, the call may be routed to a network element capa-
ble of making HLR inquiries. '

The call establishment procedure according to the invention in a
case where optimal routing Is possible is shown in Figure 6. In the figure,
Cindy is a mobile subscriber and Andy and Beth are mobile subscribers or
subscribers whose exchange is capable of making HLR interrogations. How-
ever, for the presented embodiment it is only essential that Beth's exchange
is capable of making interrogations to Cindy’'s HLR without first routing the
call to a exchange in Cindy’s home network.

Again, the procedure begins when Andy dials Beth's phone num-
ber. In response to having received the phone number, Andy’s exchange
GMSC(A) analyzes the number. If Beth is a fixed network subscriber or
Andy’s network is not capable of making interrogations to HLR(B), Andy’s
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exchange sends on the basis of the number analysis Beth's exchange the
message IAM(ISDN(B)) requesting the establishment of a connection. In the
IAM message, the ISND number ISDN(B) of Beth is defined as the called
party number and the ISDN number of Andy as the calling party number. On
the other hand, if Beth is a mobile subscriber and Andy’s network is capabie
of interrogating the home location register HLR(B) of Beth, HLR(B) is sent a
request SR for routing information.

Generally a call leg is paid by only one subscriber. Therefore, in
the preferred embodiment of the present invention the call is always routed
via GMSC(B), because the direct route from Andy to Cindy may cost more
than the route from Beth to Cindy or more than from Andy to Beth. HLR(B)
has no means of knowing where subscriber C is, unless HLR(B)=HLR(C).
The decision concerning the tariff requirement can thus not be made by
HLR(B).

For the above reason HLR(B) returns GMSC(A) (or Andy'’s fixed
network exchange capable of making HLR interrogations) instructions to
route the call to an exchange GMSC(B) in Beth's home network. In re-
sponse, GMSC(A) sends GMSC(B) the message |IAM(ISDN(B)) requesting
the establishment of a connection based on the analyses. In the IAM mes-
sage, the ISDN number ISDN(B) of Beth is specified as the called party
number and the ISDN number ISDN(A) of Andy as the calling party number.
In response to having received the IAM message, GMSC(B) interrogates
HLR(B). HLR(B) returns the call forwarding (CF) data.

GMSC(B) recognizes Cindy's number as a GSM number, and in-
terrogates HLR(C) for a roaming number and routes the call directly to
VMSC(C). According to the invention, B pays both the leg from GMSC(B) to
the home network HPLMN(C) of Cindy and from HPLMN(C) to C. Thus, di-
rect routing between GMSC(B) and C is always cheaper for B. A method of
bypassing the tariff requirement for optimal routing is presented in FI
973996, which at the filing date of the present application is not yet laid open
to the public. The basic idea of the invention presented in the referenced ap-
plication is to specify a condition for routing the call directly which is inde-
pendent of the tariff requirement for direct routing.

According to one embodiment presented in the referred applica-
tion, the calls within a pre-specified user group comprising two or more sub-
scribers are always routed directly. Thus, the leg from GMSC(B) to C can be

m*"“
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specified as always using the direct route by adding to Cindy’s subscriber
information stored in HLR(C) a note to bypass the tariff requirement for calls
being forwarded by Beth. In another embodiment presented in the referred
application, the call is specified to be routed directly on a call per call basis.
This can be achieved by adding to the call information a flag indicating that
the call is to be routed directly. Thus, GMSC(B) adds a direct routing flag into
the call information sent to HLR(C) in the HLR inquiry.

Because the call between GMSC(B) and C is specified as a di-
rectly routed call, HLR(C) sends Cindy’s visitor location register VLR(C) the
request PRN for a roaming number. VLR(C) returns the roaming number
MSRN in the message PRN ACK, and HLR(C) relays this to GMSC(B) in the
message SRI ACK. GMSC(B) then establishes a connection to VMSC(C) di-
rectly using the received MSRN. In addition, GMSC(B) adds to the call infor-
mation a notification that the call has been forwarded by Beth.

When the call is completed, the call records generated are sent to
the billing center (not shown in the figure) or to some other network element
handling the billing information. On the basis of call records, Beth is charged
for the whole leg from GMSC(B) to Cindy.

The implementation of the above embodiments of the present in-
vention does not require changes in existing protocols but only to GMSC and
HLR functionalities. If the call records generated in current switches contain
suitable call forwarding information, part of the implementation can be done
in the billing center. A billing center according to the invention is adapted to
receive call records from switching elements and to charge subscriber B for
all the call legs between the transit point and subscriber C.

In yet another embodiment of the present invention there are
means for signaling the information that the call is to be forwarded by Beth to
HLR(C). In this case, the call can be routed directly to subscriber C without
passing via the home network of subscriber B. Implementations of this em-
bodiment are shown in Figures 7 and 8.

In the embodiment shown in Figure 7, GMSC(A) first sends
HLR(B) the request SRI(MSISDN(B)) for routing information identifying the

- called subscriber B. In response to having received the message HLR(B)

determines that the called subscriber B has forwarded his calls to subscriber
C. In response to this HLR(B) sends directly to HLR(C) the request
SRIH(MSISDN(C), FW) for routing information determining that the incoming
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call has been forwarded to subscriber C by subscriber B. Having received
this request HLR(C) determines the current VLR address VLR(C) of sub-
scriber C and sends VLR(C) the request PRN for a roaming number. VLR(C)
returns the roaming number to HLR(C), which forwards it to HLR(B) in the
message SRIHack. HLR(B) checks whether the direct route meets the tariff
requirement, i.e. that in using the direct route neither Andy or Beth would
have to pay more than they would have to pay when using the indirect route
passing via GMSC(B). In the first phase of optimal routing, this requirement
is met if the direct route from GMSC(A) to Cindy is cheaper than the leg from
GMSC(A) to GMSC(B). If the tariff requirement is met, HLR(B) forwards the
roaming number to GMSC(A) in the message SRlack. In response to having
received this message GMSC(A) establishes the connection to subscriber C
using a direct route. If the requirement is not met HLR(B) sends GMSC(A)
the message SRI error, In response to which GMSC(A) establishes a con-
nection to the gateway exchange GMSC(B) of subscriber B. GMSC(B) con-
tinues the routing procedure as presented earlier in this application. |
In the embodiment shown in Figure 8, GMSC(A) sends HLR(B)
the request SRI(MSISDN(B)) for routing information. HLR(B) determines that
the called subscriber B has forwarded his calls to subscriber C and sends to
HLR(C) the request SRIH(MSISDN(C), FW) for routing information just as in
Figure 7. Having received this request HLR(C) determines the current VLR
address VLR(C) of subscriber C and returns the address VLR(C) to HLR(B)
in the message SRIHack. HLR(B) checks whether the direct route meets the
tariff requirement, i.e. that in using the direct route, neither Andy or Beth
would have to pay more than they would have to pay when using the indirect
route passing via GMSC(B). If this requirement is met, HLR(B) sends VLR(C)
the request PRN for a roaming number. VLR(C) sends the roaming number
to HLR(B), which forwards it to GMSC(A) in message SRlack. in response to
having received this message GMSC(A) establishes the connection to sub-
scriber C using a direct route. If the requirement is not met HLR(B) sends
GMSC(A) the message SRI error, in response to which GMSC(A) estab-
lishes a connection to the gateway exchange GMSC(B) of subscriber B.

GMSC(B) continues the routing procedure as presented earlier in this appli-
cation.

PCT/FI198/00969
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It must be noted that the embodiments of Figures 7 and 8 are not
consistent with current GSM specifications, which have no mechanisms for
dialogs between two home location registers. .

In the above exemplary embodiments, the invention is imple-
mented in a system utilizing the ISUP protocol. However, the scope of the
invention is not limited to systems utilizing ISUP protocol. The only limitation
concerning the signaling protocols is that the protocols used must provide a
means for transferring between the exchanges the necessary information
about the forwarded call. Likewise, although used in the examples, sub-
scriber C does not necessarily have to be a GSM subscriber, as in the ex-
amples. He may as well be a subscriber of any other mobile telecommunica-
tion network using similar charging principles. The invention can be used
with any call forwarding service, and is not limited to the CFU service used in

the examples.
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The embodiments of the invention, in which an exclusive property of

privilege is claimed, are defined as follows:

1. A method of handling calls forwarded to a subscriber of a mobile
telephone network, the method comprising:

‘registering location information of a mobile subscriber in a home
network of the subscriber;

storing information about call forwarding in the home network of a
subscriber B, who has forwarded his incoming calls to a mobile subscriber C;

INn response to a call addressed to the subscriber B, routing the call to a
gateway exchange and from the gateway exchange to the subscriber C;
characterizedinthat the method further comprises:

generating a call record comprising information about the call; |

adding to the call record a notification that the call has been forwarded
by the subscriber B; and

charging the subscriber B for the leg between the gateway exchange
and the subscriber C.

2. A method according to claim 1, wherein the method further
comprises:

routing the call via a network element of the home network of the
subscriber B, the network element becoming the transit point for the call.

3. A method according to claim 2, wherein the method further
comprises:

routing the call from the transit point to an interrogating network
element being capable of making interrogations to a home location register of
the subscriber C, and from that network element directly to the subscriber C,
without passing via the home network of the subscriber C.

4. A method according to claim 3, wherein the method further
comprises:

adding to the home location register of the subscriber C instructions to
always route calls forwarded by the subscriber B using as direct a route as

possible;
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sending the interrogating network element the home location register a
query for routing information;

returning by the home location register the interrogating network
element routing information routing the call using a direct route; and

routing the call using the direct route.

5. A method according to claim 3, wherein the method further
comprises:

sending by the interrogating network element the home location
register a query for routing information, specifying in the query that the call is
to be routed using as direct route as possible in all cases;

returning by the home location register the interrogating network
element routing information routing the call using a direct route; and

routing the call using the direct route.

6. A method according to claim 2, wherein the method further
comprises:

sending the call record to a billing center; and

charging, in the billing center, the subscriber B for all the call legs
between the transit point and the subscriber C.

/. A method according to claim 1, wherein the method further
COMprises:

routing the call directly to the subscriber C without passing via the
home network of the subscriber B.

8. A method according to claim 7, wherein the method further
comprises:

storing information concerning the call forwarding in a home location
register of the subscriber B;

routing the call to a gateway exchange capable of interrogating the
home location register of the subscriber B;

sending from the gateway exchange to the home location register of
the subscriber B a request for routing information;

determining in the home location register of the subscriber B that the
call is to be forwarded to the subscriber C;
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sending from the home location register of the subscriber B to a home
location register of the subscriber C a request for routing information;

returning from the home location register of the subscriber C to the
home location reqister of the subscriber B information about the current
location of the subscriber C;

checking in the home location register of the subscriber B whether
using a direct route between the gateway exchange and the subscriber C
minimizes the call costs for the subscriber B; and,

if using a direct route does minimize the call costs for the subscriber B,
returning from the home location register of the subscriber B to the gateway
exchange routing information for routing the call directly from the gateway
exchange to the subscriber C.

9. A method according to claim 7, wherein the method further
CoOmprises:

sending the call record to a billing center; and

charging, in the billing center, the subscriber B for all the call legs not
charged from the calling subscriber.

10. A billing center for a telecommunication system for generating and
handling billing data, the telecommunications system comprising:

a mobile telephone network comprising a home location regqister
adapted to store information about the location of a mobile subscriber C;

switching elements adapted to forward calls to the mobile subscriber C
subscribing to the mobile telephone network;

a home network of a subscriber B, who has forwarded his incoming
calls to the mobile subscriber C, the home network of the subscriber B being
adapted to store information about the call forwarding; and

a gateway exchange adapted to interrogate the home location register
of the mobile subscriber C and to generate a call record comprising
Information about a call to the subscriber B;

characterizedinthatthe billing center is adapted to:

receive call records from the switching elements; and
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charge the subscriber B for all the call legs between the gateway
exchange and the mobile subscriber C.

11. A telecommunication system serving mobile subscribers and
comprising:

a plurality of home location registers adapted to store subscriber
information such as the location of the mobile subscribers;

switching elements, such as gateway exchanges, adapted to
interrogate home location registers and to forward calls to a subscriber of a
mobile telephone network; and

a home network of a subscriber B, who has forwarded his incoming
calls to a mobile subscriber C, adapted to store information about the call
forwarding;

characterized in that the telecommunications system
comprises.:

a gateway exchange adapted to interrogate the home location register
of the mobile subscriber C and to generate a call record comprising
information about a call to the subscriber B, the system being adapted to
charge the subscriber B for all the call legs between the gateway exchange
and the mobile subscriber C.

12. A telecommunication system according to claim 11, wherein the
system further comprises:

means for routing the call to a gateway exchange capable of making
interrogations to a home location register of the subscriber B;

means for sending from the gateway exchange to the home location
register of the subscriber B a request for routing information;

means for determining in the home location register of the subscriber B
that the call is to be forwarded to the mobile subscriber C;

means for causing the gateway exchange to route the call to a second
gateway exchange located in the home network of the subscriber B,

means for routing the call to the second gateway exchange; and

means for routing the call from the second gateway exchange to the

mobile subscriber C.
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13. A telecommunication system accbrding to claim 11, wherein the
system further comprises:

means for routing the call to a gateway exchange capable of making
interrogations to a home location register of the subscriber B;

means for sending from the gateway exchange to the home location
register of the subscriber B a request for routing information;

means for determining in the home location register of the subscriber B
that the call is to be forwarded to the mobile subscriber C;

means for sending from the home location register of the subscriber B
to the home location register of the mobile subscriber C a request for routing
information:;

means for returning from the home location register of the subscriber C
to the home location register of the subscriber B information about the current
location of subscriber C; and

means for defining in the home location register of the subscriber B
whether use of a direct route between the gateway exchange and the mobile
subscriber C minimizes the call costs for the subscriber B, and, if using a
direct route minimizes the call costs for the subscriber B, to return from the
home location register of the subscriber B to the gateway exchange routing
information for routing the call directly from the gateway exchange to the
mobile subscriber C.

14. A home location register for a telecommunication system, wherein
the home location registers are adapted to store subscriber information such
as location of mobile subscribers, the telecommunication system comprising:'

a mobile telephone network comprising a home location register
adapted to store information about the location of a mobile subscriber C;

switching elements, such as gateway exchanges, capable of

Interrogating home location registers and forwarding calls to the mobile

subscriber C;
a home network of a subscriber B, who has forwarded his incoming
calls to the mobile subscriber C, said home network being adapted to store

information about said call forwarding; and
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a gateway exchange adapted to interrogate the home location register
of the mobile subscriber C;
characterizedinthatthe home location register comprises:
means for sending to the home location register of the mobile
5 subscriber C a request for routing information;
means for receiving from the home location register of the mobile
subscriber C information about the current location of the mobile subscriber C;
and
means for determining whether use of a direct route between the
10 gateway exchange and the mobile subscriber C minimizes the call costs of
the leg between the gateway exchange and the mobile subscriber C for the
subscriber B, and, if using a direct route minimizes the call costs for the
subscriber B, for returning to the gateway exchange routing information for
routing the call directly from the gateway exchange to the mobile subscriber
15 C.
15. A home location register according to claim 14, wherein the home
location register further comprises:
means for sending to the gateway exchange a message causing the
gateway exchange to route the call to a second gateway exchange located in

20 the home network of the subscriber B.
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