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1
METHODS AND APPARATUS IN A
TELECOMMUNICATIONS NETWORK

TECHNICAL FIELD

The present invention relates to methods and apparatus in
a telecommunications network, and particularly relates to a
method in a mobile switching node and a method in a
location register of a telecommunications network, as well
as the corresponding apparatus, for providing location infor-
mation of a called mobile terminal.

BACKGROUND

The IP Multimedia Subsystem (IMS) is an architectural
framework for delivering Internet Protocol (IP) multimedia
services. It constitutes an approach to providing internet
based multimedia services, including voice calls and mes-
saging, to various wireless telecommunications networks,
such as Global System for Mobile Communications (GSM),
wireless LAN, and Universal Mobile Telecommunications
System (UMTS), as well as fixed line networks. One of the
protocols used in the IMS network is the Session Initiation
Protocol (SIP). A terminal used with the IMS network is
referred to as SIP terminal.

FIG. 1 shows the architecture for handling a terminating
IMS call, whereby the call is offered to a GSM terminal of
the called subscriber. FIG. 1 also shows a SIP terminal; the
called subscriber may have both a GSM terminal and a SIP
terminal. This architecture is used for IMS Mobility (also
known as Multi Access Extension, MAE). A subscriber of
such a network service, i.e. an MAE subscriber, has access
to IMS services and may use a GSM terminal or a SIP
terminal for call establishment and call reception. The
subscriber may receive a call and answer that call on his
GSM terminal or on his SIP terminal.

The Serving Call Session Control Function (S-CSCF) is
an entity in the IMS network that handles incoming and
outgoing calls in the IMS network. In FIG. 1, an S-CSCF 10
receives an incoming call establishment request message
destined for an MAE subscriber, who has a GSM terminal
and a SIP terminal. The call may be offered on both the MAE
subscriber’s GSM terminal and the MAE subscriber’s SIP
terminal. For the offering of the call to MAE subscriber’s
SIP terminal, the S-CSCF 10 communicates with a proxy
CSCF (P-CSCF) 12 using SIP, and the P-CSCF 12 forwards
the call establishment request message to the SIP terminal
14. The S-CSCF uses, for above-described routing of the call
towards P-CSCF and SIP terminal, a contact address that the
SIP terminal had previously deposited in the S-CSCF, during
the registration of the SIP terminal in the IMS network.

For the offering of the call to MAE subscriber’s GSM
terminal 24, the S-CSCF 10 communicates with a Media
Gateway Controller (MGC) 16, using SIP signalling. The
MGC 16 contains a Media Gateway Control Function
(MGCF), which, among others, converts the SIP signalling
into ISUP signalling (ISDN user part, a call establishment
signalling protocol for ISDN networks and GSM networks).
That is, the MGC 16 terminates the SIP signalling from the
IMS core network and establishes the terminating call leg in
the GSM network, towards the called subscriber’s GSM
terminal. The MGC 16 sends a call establishment request
message to the Gateway Mobile Services switching Centre
(GMSC) 18 in the GSM network. This call establishment
request message may be an ISUP Initial Address Message
(IAM). The GMSC 18 requires routing information in order
to be able to forward the call towards the Mobile Services
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switching Centre (MSC) currently serving the GSM terminal
24. Hereto, the GMSC communicates, using MAP (Mobile
Application Part) signalling, with a Home Location Register
(HLR) 20. The HL.R 20 is a database that contains subscrip-
tion and location details of the subscribers that are autho-
rized to use the GSM network that this HLR forms part of.
The HLR 20 receives the MAP signalling message from the
GMSC 18 and requests routing information, in the form of
a Mobile Station Roaming Number (MSRN), from a visited
MSC (VMSC) 22. The VMSC has a Visitor Location
Register (VLR, not shown) integrated in it. The HLR stores
the VMSC address for each subscriber of the network. That
facilitates the HLR to contact the VMSC for requesting an
MSRN. The VMSC 22 supplies the MSRN of the called
GSM terminal 24 back to the HLR 20, and the HLR 20
forwards this to the GMSC 18. The GMSC 18 may then use
the MSRN to forward the call to the VMSC 22; the VMSC
may then offer the call to the GSM terminal 24.

The MGCF may be located in a separate device, the MGC
16, as described here, or incorporated within the GMSC 18
in which case the S-CSCF 10 communicates directly with
the integrated MGCF & GMSC.

When a subscriber has answered a call, it is important for
the operator to know on which device the call was answered
and, especially in the case of answering the call on a GSM
terminal, the location of the GSM terminal. The location of
the GSM terminal, when answering the call, may be used
for, among other things, terminating call charging. When a
call is answered on a GSM terminal, there may be cost
associated with it, especially when the person answering the
terminal is currently residing in a foreign network, i.e. the
location of the GSM terminal at the time of answering the
call is important information. When a call is answered on a
SIP terminal, there are normally no charges associated with
this terminating call.

Within SIP, the location of a terminal may be reflected in
a designated SIP header in SIP request messages and SIP
response messages. This header is the P-access-network-
info (PANI) header. The SIP terminal in FIG. 1 may for
example report its location when returning SIP messages to
the P-CSCF 12 when answering a call. The PANI is defined
in IETF RFC 3455. 3GPP has specified further enhance-
ments to PANI in 3GPP TS 24.229, to cater for a variety of
access network types.

A problem with the contemporary solution for offering a
call to multiple terminals, including a GSM terminal, is that
the MGCF does not have access to any location information
of the called subscriber’s GSM terminal 24. Hence, the SIP
signalling generated by the MGC 16 towards the IMS core
network, more specifically, response messages such as 180
Ringing, 183 Session Progress or 200 Ok, do not contain the
PANI header. Therefore, it is not possible to provide the
called subscriber’s GSM terminal location information
transparently, i.e. within the call establishment signalling, to
the IMS core network with the current network implemen-
tation.

The SIP response(s) generated by the MGC 16, related to
the SIP Invite message sent from the S-CSCF 10 toward the
GSM terminal via MGCF, will contain a Contact header. The
Contact header is a designated SIP header comprising an
address that can be used for addressing subsequent address
messages to that entity (MGCF), for the remainder of the
SIP dialogue. The Contact header may be placed in a
charging record that is generated by entities such as S-CSCF
or SIP application server. The charging record may be used
off line, to determine whether the subscriber answered the
call on his/her SIP terminal 14 or on his/her GSM terminal
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24. However, the Contact address from the MGC 16 will
typically be an IP address of that MGCF; this follows from
the fact that the SIP signalling terminates in the MGCF. The
MGCF converts the SIP signalling into ISUP signalling.
Using this MGCF Contact address to determine whether the
call was answered on a GSM terminal would require that the
IP address of the MGC 16 be configured in the off line
charging system, to be able to recognize it as an address
associated with the MGC 16 and hence to ascertain that the
call was answered on a GSM terminal. This method of using
Contact address is further hampered by the fact that the
signalling between S-CSCF 10 and the MGC 16 may
traverse an Interconnect Border Control Function (IBCF, not
shown) replacing the Contact header. An IBCF is used as
border gateway between two IMS networks or between an
IMS network and a circuit switched (CS) network such as a
GSM network. This method of using Contact address also
does not provide any location information of the GSM
terminal 24. The Contact address relates to the MGCF and
is not related to the location of the GSM terminal.

This limitation of the current solution has the effect that
the IMS core network has insufficient capability for termi-
nating call handling (it does not know the location of the
called subscriber’s GSM terminal and hence cannot act on it
within service logic processing) and has the further effect
that charging record correlation may be needed to correlate
GSM charging records, containing the location information,
with IMS based charging records, containing other relevant
data of the call. Correlation of charging records of the IMS
network with charging records of the GSM network is
technically feasible, but is generally costly and processing
intensive.

Various solutions exist for providing location information
of the called party’s GSM terminal to the IMS network.

As shown in FIG. 1, the S-CSCF 10 has access to at least
one IMS service 26, such as IP Centrex (network based
PBX), that is controlling the terminating call to the IMS
subscriber. The IMS service 26 might apply a Subscriber
location query using Any Time Interrogation (ATT), which is
a MAP procedure specified in the CAMEL standard. By
using ATI, the IMS service may obtain the subscriber
location (Cell Id and/or geographic coordinates) and the
subscriber status (Idle, Busy, Detached).

The IMS service 26 would send MAP ATT directly to the
HLR 20, which sends a MAP Provide Subscriber Informa-
tion (PSI) message to the VMSC 22. The VMSC 22 provides
the requested information to the HLR 20, which forwards
the information directly to the IMS service 26.

This method of using ATI has the following disadvan-
tages:

IMS services like IP Centrex or similar, do not generally
support SS7 protocol stack, so cannot support MAP
operations. Implementing SS7 in these service nodes is
often not feasible or is expensive.

When the IMS service 26 is handling a terminating call to
a subscriber, it may not know what device(s) the
subscriber has, i.e. the IMS service 26 would not know
whether the subscriber has a GSM device, possibly in
combination with a SIP device. The fact that the IMS
service does not have this knowledge available is
intrinsic to the IMS network architecture. The public
user identity that is used to call the subscriber, e.g.
sip:;john.smith@company.se or tel:+46702983789 is
not an indication of the type of terminal used by the
subscriber.

Should the IMS service 26 apply MAP ATT and obtain the
subscriber’s GSM terminal location, then even when
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the call is established to the subscriber, the IMS service
26 may still not know whether the call was answered on
the GSM terminal 24 or on the SIP terminal 14. As
explained earlier, this knowledge is important for the
purpose of charging.

Applying the location query prior to establishing the call
to the subscriber results in additional call establishment
time.

When using ATT for the purpose of obtaining the called
party’s location information, such ATI query would
need to be performed for each and every IMS service
that needs this information. Multiple IMS services may
be invoked for a call to an IMS subscriber.

There is therefore a need for an improved method and

apparatus for providing location information of a mobile
terminal from the GSM network to the IMS network.

SUMMARY

It is an object of the present invention to provide infor-
mation to the IMS network, related to the location of the
called party when the called party is receiving the call on a
GSM terminal. The IMS network may use this information
during the handling of the terminating call to the called
party. The information is provided to the IMS network in a
transparent manner, using enhancements to existing signal-
ling, without the need for additional signalling or additional
procedures.

According to one aspect of the present invention, there is
provided a method in a switching node of a circuit-switched
telecommunications network, comprising the steps of
receiving from a packet-switched telecommunications net-
work a request to establish a call towards a mobile terminal
of the circuit-switched telecommunications network, and
sending a request message to a location register for an
instruction comprising one or more parameters for allowing
the continuation of the establishment of the call to the
mobile terminal. Upon receiving the one or more parameters
from the location register, at least one of the one or more
parameters is used to establish the call towards the mobile
terminal. Furthermore, at least one of the one or more
parameters is sent to the packet-switched telecommunica-
tions network. The at least one or more parameters sent to
the packet-switched telecommunications network relates to
the location of the mobile terminal.

According to another aspect of the present invention,
there is provided a mobile switching node for use in a
circuit-switched telecommunications network. The mobile
switching node comprises: first interface circuitry for inter-
facing with a packet-switched telecommunications network,
configured to receive from a packet-switched telecommuni-
cations network a request to establish a call towards a mobile
terminal of the circuit-switched telecommunications net-
work; second interface circuitry for interfacing with a loca-
tion register, configured to send a request message to the
location register for an instruction comprising one or more
parameters for allowing the continuation of the establish-
ment of the call to the mobile terminal, and configured to
receive the one or more parameters from the location reg-
ister; and third interface circuitry for interfacing with a
remote mobile switching node, configured to use at least one
of the one or more parameters to establish the call with the
mobile terminal. The first interface circuitry is further con-
figured to send at least one of the one or more parameters to
the packet-switched telecommunications network, the at
least one of the one or more parameters being related to the
location of the mobile terminal.
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According to another aspect of the present invention,
there is provided a method in a location register of a
circuit-switched telecommunications network. The method
comprises the steps of: receiving, as part of a procedure to
establish a call towards a mobile terminal, a first request
message from a first switching node for an instruction
comprising one or more parameters allowing the continua-
tion of the establishment of the call to the mobile terminal;
sending at least one second request message to a second
switching node for a mobile station roaming number
(MSRN) to be used for the establishment of the call towards
the mobile terminal; receiving at least one response message
from the second switching node, the at least one response
message containing the MSRN; and sending to the first
switching centre the MSRN. The at least one second request
message contains a request for information related to the
location of the mobile terminal, and the at least one response
message contains information related to the location of the
mobile terminal. The location information related to the
mobile terminal is sent to the first switching centre.

According to another aspect of the present invention,
there is provided a location register for a circuit-switched
telecommunications network. The location register com-
prises: first interface circuitry for interfacing with a first
mobile switching node, configured to receive, as part of a
procedure to establish a call towards a mobile terminal, a
first request message from the first mobile switching centre
for an instruction comprising one or more parameters allow-
ing the continuation of the establishment of the call to the
mobile terminal; and second interface circuitry for interfac-
ing with a second mobile switching node, configured to send
at least one second request message to the second mobile
switching node for a mobile station roaming number
(MSRN) of the mobile terminal, and configured to receive
from the second mobile switching node the MSRN of the
mobile terminal. The first interface circuitry is further con-
figured to send to the first mobile switching node the MSRN
of the mobile terminal. Furthermore, the at least one second
request message is also for location information of the
mobile terminal. The second interface circuitry is configured
to receive, from the second mobile switching node, location
information of the mobile terminal. The first interface cir-
cuitry is configured to send, to the first mobile switching
node, the location information of the mobile terminal.

The invention has the advantage that, entities within a
packet-switched telecommunications network (e.g. an IMS
network) that handle a terminating call for a call that is
delivered to circuit-switched telecommunications network
access (e.g. GSM), receive location information related to
the connected party, i.e. the party (terminal) receiving the
call. This information is received transparently in Session
Initiation Protocol (SIP) signalling. Examples of SIP entities
benefiting from this method are Serving Call Session Con-
trol Function (S-CSCF) and SIP application server (SIP-
AS); the SIP-AS may e.g. contain a Virtual Private network
(VPN) service, a multimedia telephony application or a
charging application.

Receiving the destination terminal’s location information
transparently has the advantage that the packet-switched
telecommunications network entity does not have to perform
further action to obtain the called subscriber’s location
information.

A further advantage is that no post-processing of call
detail records (CDR) is needed. The invention may therefore
constitute a substantial reduction in complexity.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention, and to
show more clearly how it may be carried into effect,
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reference will now be made, by way of example, to the
following drawings, in which:

FIG. 1 shows an architecture for handling a terminating
IMS call;

FIG. 2 is a signalling diagram of a method in accordance
with an embodiment of the present invention;

FIG. 3 is a signalling diagram of a method in accordance
with another embodiment of the present invention;

FIG. 4 is a signalling diagram of a method in accordance
with a further embodiment of the present invention;

FIG. 5 is a signalling diagram of a method in accordance
with a yet further embodiment of the present invention;

FIG. 6 is a flowchart of a method in a mobile switching
node according to an embodiment of the present invention;

FIG. 7 is a flowchart of a method in a location register
according to another embodiment of the present invention.

FIG. 8 is a mobile switching node according to an
embodiment of the present invention; and

FIG. 9 is a location register according to another embodi-
ment of the present invention.

DETAILED DESCRIPTION

FIG. 2 is a signalling diagram showing a method in
accordance with an embodiment of the present invention.
The signalling is for use within the architecture described
with respect to FIG. 1. It will be appreciated, however, that
the invention is not limited to such an architecture and its
associated signalling, but may also be applicable to other
architectures and associated signalling.

In order to establish a call towards a Global System for
Mobile communications (GSM) mobile terminal, the Serv-
ing Call Session Control Function (S-CSCF) 10 sends a
session establishment request message 500 to the Media
Gateway Controller (MGC) 16, in the form of a Session
Initiation Protocol (SIP) Invite message. The MGC termi-
nates the SIP signalling (i.e. acts as a termination point for
the SIP signalling), and converts the information into Inte-
grated Services Digital Network (ISDN) User Part (ISUP)
signalling for communication with the circuit-switched tele-
communications network. The MGC 16 sends an ISUP JAM
(Initial Address Message) 501 to the GMSC 18 in order to
establish the call towards the called subscriber.

The Gateway Mobile Switching Centre (GMSC) 18
requires an instruction comprising one or more parameters
in order to be able to continue the establishment of the call.
For example, the GMSC 18 requires at least a Mobile
Station Roaming Number (MSRN) in order to establish the
call. The GMSC 18 therefore uses Mobile Application Part
(MAP) signalling to communicate with the Home Location
Register (HLR) 20. A MAP SRI (Send Routing Information)
message 502 is sent to the home location register 20 in order
to obtain an instruction. In addition, the GMSC 18 may at
this point suppress the “terminating CAMEL subscription
information” (T-CSI), to prevent the call from looping back
to the packet-switched telecommunications network. That
is, the T-CSI for a subscriber may indicate that a Customized
Applications Mobile network Enhanced Logic (CAMEL)
service shall be invoked for a terminating call to that
subscriber. The terminating call CAMEL service may be
used for routing a terminating call to that subscriber, when
that call is established in or routed through the circuit-
switched domain, to the packet-switched telecommunica-
tions network. When the packet-switched telecommunica-
tions network wants to deliver the call to the GSM terminal
(for example) of that subscriber, the requesting of T-CSI is
suppressed in GMSC, to prevent looping back to the packet-



US 9,497,616 B2

7

switched telecommunications network. Instead, this time the
GMSC wants to receive a MSRN from the HLR. Hence, the
GMSC 18 includes ‘suppress T-CSI” in the query to the HLR
20. The GMSC may determine from designated routing
information contained in the call establishment request
message received from MGC, that this call establishment
request message relates to a call destined for a GSM
subscriber’s terminal and that therefore the T-CSI shall be
suppressed.

Instead of using CAMEL, other, non-standard techniques
may be used for the ‘overlay’ (routing) from the circuit-
switched telecommunications network to the packet-
switched telecommunications network, such as Terminating
IN Category Key (TICK). In such a case, the GMSC 18
would be instructed, when the packet-switched telecommu-
nications network wants to deliver the call to the GSM
mobile terminal of that subscriber, to include ‘suppress
TICK’ in the query to the HLR 20. Those skilled in the art
will appreciate that any of a number of methods may be used
to prevent ‘looping back’ to the packet-switched telecom-
munications network in such a scenario.

On receipt of the MAP SRI message, the HLR 20 sends
a MAP PRN (Provide Roaming Number) message 503 to the
Visited Mobile Switching Centre node (VMSC) 22, request-
ing the necessary routing information (i.e. a mobile station
roaming number). The result is returned in a MAP PRN-Res
message 504. The HLR keeps track of the MSC where the
subscriber is registered, so knows to which MSC to send the
MAP PRN.

The HLR 20 returns the MSRN to the GMSC 18 in a
MAP SRI-Res message 505. The GMSC 18 then uses the
MSRN to establish the call towards the VMSC 22, using the
MSRN in the Called Party Number field in the ISUP IAM
506. The VSMC 22 then establishes the call towards the
GSM mobile terminal 24 by using DTAP Setup messages
(Direct Transfer Application Part) 507.

In addition, however, in accordance with embodiments of
the present invention, the GMSC 18 returns the MSRN to
the packet-switched telecommunications network. The
MSRN has the form of a routing number, representing the
address of the MSC currently serving the destination (GSM)
subscriber. Hence, the MSRN may serve as an indication of
the geographical location of the destination subscriber,
including the country or region in which the destination
subscriber resides.

The MSRN may be returned to IMS in a number of ways.
In the illustrated embodiment, the MSRN is returned by the
GMSC 18 in an ISUP CPG (call progress) message 508. For
example, the MSRN may be conveyed as a Generic Number
(GN being an information element used in ISUP for con-
veying a network number of designated kind) within the
ISUP CPG message 508, with a designated number qualifier
(this being an indication embedded inside the header of the
GN, indicating the kind of number conveyed in this GN).
The MGC 16 may then forward the information to the
S-CSCF 10 within the P-access-network-info (PANI) header
of a 183 Session Progress message 509, for example.

FIG. 3 illustrates an alternative embodiment, whereby the
MSRN is conveyed to the packet-switched telecommunica-
tions network without using an additional intermediate mes-
sage (i.e. such as the ISUP CPG message 508). In this
embodiment, the MSRN is conveyed within the PANI
header of an Answer message, which is necessarily trans-
mitted as part of the call establishment process, thus reduc-
ing the amount of ISUP signalling and SIP signalling
required.
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As can be seen, the method illustrated in FIG. 3 is
substantially identical to that shown in FIG. 2. However, as
part of the call establishment process, a DTAP alerting signal
510 is passed from the GSM mobile terminal 24 back to the
VMSC 22; this signal is converted to an ISUP ACM
message (Address Complete Message) 511 and sent to the
MGC 16 via the GMSC 18. The MGC 16 converts the
message to SIP signalling and transmits a 180 Ringing
message 512 to the S-CSCF 10. Once the call is connected,
the GSM mobile terminal 24 transmits a DTAP Connect
message 513 to the VMSC 22; this is converted to an ISUP
ANM (ANswer Message) 514 and transmitted to the GMSC
18. In accordance with this embodiment of the invention, the
GMSC 18 adds the MSRN to the ISUP ANM message 514,
and forwards it to the MGC 16. Again, the MSRN may be
in the form of a generic number with a designated number
qualifier. The MGC 16 converts the ISUP Answer message
514 to SIP signalling, and transmits a 200 Ok message 515
to the S-CSCF 10 with the PANI header modified to contain
the MSRN. As previously stated, this removes the need for
sending an intermediate ISUP message (such as ISUP CPG)
and SIP message (such as 183 Session progress) containing
the MSRN, by using signals necessarily sent as part of the
call establishment process.

The GMSC 18 may be triggered to send the MSRN to the
packet-switched telecommunications network in any of a
number of ways. For example, the GMSC may determine
from designated routing information contained in the call
establishment request message 501 received from MGC,
that this call establishment request message relates to a call
destined for a GSM subscriber’s mobile terminal and that
therefore it shall return the MSRN towards the IMS network.

In one embodiment, the GMSC 18 receives an indication
in the ISUP IAM message 501 that the terminating call
relates to a terminating call for a subscriber for which (the
call) terminating services have been executed already. This
indication may for example have the form of a prefix in the
Called party number in the ISUP IAM 501. As previously
stated, the GMSC 18 will for this terminating call suppress
T-CSI. However, the GMSC 18 may use the same indication
in the Called party number in ISUP IAM as a trigger for the
returning of MSRN.

In another embodiment, the MGC 16 includes an explicit
‘request for MSRN” in the ISUP IAM 501 sent towards
GMSC 18. Such request may e.g. take the form of a
designated bit in the ‘Optional forward call indicators’
information element in the ISUP

IAM. The GMSC 18 may, when receiving this request,
return the MSRN in an ISUP CPG (i.e. it will return the
MSRN as soon as possible, once it has received the MSRN
from the location register, rather than wait for an answer
message). In this embodiment, the MGC will have to be
aware that it is handling a terminating GSM access call, so
it can assert the request for MSRN in the outgoing ISUP
IAM. The assertion of the request for MSRN may e.g. result
from B-number analysis in the MGC. The B-number analy-
sis in MGC, in turn, uses the Contact address in the S-CSCF
related to the GSM mobile terminal; this Contact address is
received by MGC in the SIP Invite. The Contact address
may include a designated prefix, used for suppressing T-CSI
in GMSC when delivering the terminating call to the sub-
scriber’s GSM phone. B-number analysis in MGC may,
when detecting this prefix, assert the ‘request for MSRN".

The above described embodiments therefore provide
methods and apparatus for providing information back to the
packet-switched telecommunications network. For example,
the S-CSCF 10 can determine from the MSRN the country



US 9,497,616 B2

9

and network in which the GSM subscriber, when answering
the call, is currently roaming. However, in alternative
embodiments, different parameters may be sent back to the
packet-switched telecommunications network. For example,
the MAP PRN-Res message 504 received by the HLR 20
contains the address of the VMSC 22 in addition to the
MSRN. This VMSC address may, just like the MSRN, be
used as an indication of the location of the called party.
Therefore, in one embodiment of the present invention, the
VMSC address is returned to the packet-switched telecom-
munications network, in the same manner as the MSRN is
returned to the MGC 16, as described above. Returning the
VMSC address to the MGC 16, as opposed to returning the
MSRN, has some advantages, as the VMSC address is
generally considered to be less confidential than the MSRN.

In further embodiments, the GMSC 18 may be adapted to
explicitly request, in MAP SRI 502, the location information
of the called party. FIG. 4 is a signalling diagram in
accordance with an embodiment of this aspect of the present
invention.

As in previous embodiments, the signalling related to
offering a terminating call to a GSM mobile terminal is
initiated in the S-CSCF 10, which sends a SIP Invite
message 600 to the MGC 16; the MGC 16 in turn transmits
an ISUP IAM message 601 to the GMSC 18. However, in
accordance with this embodiment of FIG. 4, the MAP SRI
message 602 sent from the GMSC 18 to the HLR 20 is
adapted to explicitly request location information, despite
the fact that the GMSC suppresses the T-CSI in this MAP
SRI.

The return of location information from the HLR 20 to the
GMSC 18 is normally associated with IN (CAMEL) service
invocation from the GMSC 18. The location information is,
normally, included in MAP SRI-Res together with T-CSI.
However, when the GMSC 18 is handling a terminating
GSM access call, as in the call case in the present invention,
the T-CSI will be suppressed in the HLR 20. As a result of
the suppression of T-CSI for this call case, an HLR 20 will
normally not provide location information to the GMSC 18.

The GMSC 18 according to the present invention there-
fore signals in MAP SRI 602 to the HLR 20 that it should,
in addition to providing the MSRN, also provide location
information to the GMSC 18. Thus, in response to the
adapted MAP SRI 602, the HLR 20 transmits a MAP PSI
message (Provide Subscriber Information) 603 to the VMSC
22, which returns location information of the called sub-
scriber in a MAP PSI-Res message 604. The HLR 20 also
sends a MAP PRN message 605 to the VMSC 22, which
returns the MSRN in a MAP-PRN-Res message 606. On
receipt of the MSRN and the location information, the HLR
20 forwards them to the GMSC 18 in a MAP SRI-Res
message 607.

The GMSC 18 uses the MSRN to establish the call to the
VMSC 22 as before (i.e. with an ISUP IAM message 608),
but uses the location information to send an ISUP CPG
message 609 to the MGC 16. The ISUP CPG message 609
will include the location information, carried in a designated
information element such as a generic number. The MGC 16
converts the ISUP CPG message 609 to a SIP 183 response
610 containing the location information in the PANI header,
and transmits this towards the S-CSCF 10.

For this embodiment, therefore, the parameters transmit-
ted towards the packet-switched telecommunications net-
work, conveyed in a designated ISUP information element,
comprise location information instead of the MSRN. Loca-
tion information gives a finer granularity of location than
MSRN, and may be standardized specifically for the purpose
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of reflecting a GSM mobile terminal’s location. It may
contain, among others, the Cell Global Identifier (CGI), the
location number (a number representing the location) and/or
geographic coordinates of the GSM mobile terminal of the
called party. The CGI relates to the (geographical) position
of the base station and hence of the subscriber.

The method described with respect to FIG. 4 may be
employed irrespective of whether or not the VMSC 22 is
within the home network, i.e. whether or not it is within the
same network as the GMSC 18 and the HLR 20. However,
if the VMSC 22 is within the home network, alternative
signalling may be employed according to another embodi-
ment of the present invention. FIG. 5 is a signalling diagram
illustrating this alternative embodiment.

The method is similar to that described with respect to
FIG. 4. However, on receipt of the adapted MAP SRI
message 602 from the GMSC 18, the HLR sends a single
request message 611 in respect of the MSRN and the
location information, rather than requesting both in separate
messages. In addition, the VMSC 22 returns both the MSRN
and the location information to the HLR 20 in a single
response message 612. In one embodiment, on receipt of the
MAP SRI message, the HLR 20 sends an adapted MAP PRN
message 611 to the VMSC 22. The MAP PRN message 611
is adapted to contain a request for location information in
addition to the MSRN. The VMSC 22 responds with a MAP
PRN-Res message 612 that is adapted to additionally con-
tain the location information as well as the MSRN. Both the
MAP PRN 611 and MAP PRN-Res 612 messages have
ellipsis in their formal syntax definition, allowing the addi-
tional information elements to be included. ‘Ellipsis’ is an
aspect of the Abstract syntax notation (ASN), used to specify
the MAP message. An ellipsis within the formal definition of
a message allows for extending the message definition in a
backwards compatible manner. Other than these messages,
the method operates similarly to that described with respect
to FIG. 4.

If the VMSC 22 is unable to provide the requested
location information, for example because it cannot be
obtained from the visited location register (VLR, not illus-
trated; in communication with the VMSC 22), the HLR 20
may return the VLR number to the GMSC 18 in addition to
the MSRN, i.e. instead of the location information. The VLR
number, which is functionally identical to the VMSC
address (since MSC and VLR are integrated), is known to
the HLR 20 (since HLR keeps track of the VMSC/VLR
where a subscriber is registered), and may suffice in certain
situations. Therefore, in this embodiment, the GMSC 18
returns the VLR number to the packet-switched telecom-
munications network, in a similar manner to the location
information described above.

The method described with respect to FIG. 5 is generally
only applicable when the VMSC 22 is within the home
network, as it cannot be guaranteed that a VMSC in a remote
network will be able to understand or respond to the modi-
fied MAP PRN message 611. However, if the remote net-
work is adapted similarly to the home network of the present
invention, the method will still be applicable.

Both methods described in FIGS. 4 and 5 use ISUP CPG
messages to report the location information back to the
packet-switched telecommunications network; however, the
principle described with respect to FIG. 3 may also apply to
these latter methods. That is, instead of using ISUP CPG 609
to convey the location information, an ISUP ANM message
(i.e. an answer message) may be modified to include the
location information instead.
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This method may be applied in optimized network where
the GMSC 18 and Media Gateway Control Function
(MGCEF) are integrated. In such case, the ISUP signalling
between the MGC 16 and the GMSC 18 takes place inter-
nally within the node.

FIG. 6 is a flowchart of a method in accordance with an
aspect of the present invention, performed in a switching
node of a circuit-switched telecommunications network (e.g.
a mobile switching centre of a GSM network).

The method starts in step 300. In step 302, the mobile
switching node receives a call establishment request mes-
sage from a packet-switched telecommunications network,
e.g. an IMS network, requesting the establishment of a call
towards a mobile terminal in the circuit-switched telecom-
munications network. For example, this message could be in
the form of an ISUP IAM message from the MGC 16.

In step 304, the mobile switching node sends a request
message to a location register (e.g. a home location register)
for an instruction that allows the continuation of the estab-
lishment of the call to the mobile terminal. In one embodi-
ment the request for instruction could contain a request for
MSRN; alternatively, the request for instruction could con-
tain a request for MSRN as well as a request for location
information.

In step 306, the mobile switching node receives the
requested instruction from the location register, for example
in the form of a MAP SRI-Res message. As described above,
the received instruction could be just the MSRN, or the
MSRN as well as location information.

In step 308, the mobile switching node uses the MSRN to
establish the call with the VMSC. This will be achieved
using an ISUP IAM message, with the MSRN as the called
party number.

In step 310, the mobile switching node sends at least one
element of the received information back to the packet-
switched telecommunications network. For example, the
mobile switching node may send the MSRN back to the
packet-switched telecommunications network. In another
embodiment, the mobile switching node may send location
information back to the packet-switched telecommunica-
tions network if it has received location information as well
as the MSRN. The information sent back to the IMS network
may be sent as part of a call-in-progress message (e.g. ISUP
CPQG) or an answer message (e.g. ISUP ANM).

FIG. 7 is a flowchart of a method in a location register of
a circuit-switched telecommunications network, in accor-
dance with embodiments of the present invention. For
example, the method may be performed in a home location
register of a GSM network.

The method starts in step 400. In step 402, as part of a
process to establish a call with a mobile terminal of the
circuit-switched telecommunications network, the location
register receives a request message for an instruction that
allows the continuation of the establishment of the call to the
mobile terminal. In one embodiment the request for instruc-
tion contains a request for MSRN as well as a request for
location information. The message could be received, for
example, as a MAP SRI message, modified to include the
request for location information.

In step 404, the location register determines whether the
mobile terminal is currently registered in the home network,
i.e. the network in which the location register resides. With
reference to the location register 200 described in FIG. 9, the
processor 206 consults the database 208 to determine
whether the mobile terminal is currently registered in the
home network.
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If the mobile terminal is not currently registered in the
home network, the method proceeds to step 406 and the
location register sends a request to a remote mobile switch-
ing node (e.g. the VMSC) for location information. The
message may be in the form of a MAP PSI message. In step
408, the location register receives the requested location
information.

In step 410, the location register sends to the remote
mobile switching node a request message for the MSRN of
the mobile terminal. For example, the request may be in the
form of a MAP PRN message. In step 412, the location
register receives the requested MSRN.

In step 414, the location register forwards the MSRN and
the location information to the requesting mobile switching
node. For example, they may be sent in a MAP SRI-Res
message.

If the mobile terminal is currently registered in the home
network in step 404, the method proceeds to step 416 and the
location register sends a request to a mobile switching node
(e.g. the VMSC) for location information and MSRN. The
message may be in the form of a modified MAP PRN
message. In step 418, the location register receives the
requested location information and MSRN in a single mes-
sage, for example a modified MAP PRN-Res message.

In step 420, the location register forwards the MSRN and
the location information to the requesting mobile switching
node. For example, they may be sent in a MAP SRI-Res
message.

Therefore, according to the present invention, entities
within a packet-switched telecommunications network (e.g.
an IMS network) that handle the terminating call for a call
that is delivered to circuit-switched telecommunications
network access (e.g. GSM), receive location information
related to the connected party, i.e. the party (mobile termi-
nal) receiving the call. This information is received trans-
parently in SIP signalling.

Examples of SIP entities benefiting from this method are
S-CSCF and SIP application server (SIP-AS); the SIP-AS
may e.g. contain a VPN service, a multimedia telephony
application or a charging application.

Receiving the destination mobile terminal’s location
information transparently in SIP signalling such as 180
Ringing, 183 Progress or 200 Ok, has the advantage that the
packet-switched telecommunications network entity does
not have to perform further action to obtain the called
subscriber’s location information. An example of such fur-
ther action could be the any time interrogation (ATI) pro-
cedure. Packet-switched telecommunications network enti-
ties may, however, not support MAP procedures.

A further advantage is that no correlation of call detail
records (CDR) is needed. The service record/session record
generated by the SIP-AS or by the S-CSCF could off-line be
correlated with CDRs generated in the GSM network for the
terminating access leg for this call. CDR correlation is,
however, a processing-intensive task. Hence, receiving the
required information transparently in designated SIP signal-
ling facilitates the S-CSCF or SIP-AS to place it in service
record or to use it immediately in service logic processing.

This method may therefore constitute a substantial reduc-
tion in complexity.

FIG. 8 shows a mobile switching node 100 for use in a
circuit-switched telecommunications network. For example,
the mobile switching node 100 may be a Gateway Mobile
Services Switching Centre (GMSC) for use in a GSM
telecommunications network, for performing the methods
described above.
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The mobile switching node 100 comprises first, second
and third interface circuitry 102, 104, 106, as well as a
processor 108.

The first interface circuitry 102 is for communicating with
a packet-switched network, for example an IMS network.
That is, the mobile switching node 100 may receive, via the
first interface circuitry 102, requests for establishment of
calls from the packet-switched network, and may send
various confirmation messages such as a Call progress
message and control messages such as an Answer message,
such as are necessary to establish and (at a later moment)
release the call.

The second interface circuitry 104 is for communicating
with a location register, for example a home location register
of a GSM telecommunications network. The second inter-
face circuitry 104 may therefore send to the location register
request messages for information about a particular mobile
terminal, and may receive from the location register the
requested information.

The third interface circuitry 106 is for communicating
with a remote mobile switching node of the circuit-switched
telecommunications network, for example a mobile services
switching centre of a GSM telecommunications network.
The third interface circuitry 106 therefore may send and
receive messages for establishment of a call with the remote
mobile switching node, or for release of the call, once
established.

The mobile switching node 100 is therefore capable of
operating as the gateway mobile switching centre 18 shown
in FIGS. 2 to 7, in that it can communicate with a packet-
switched telecommunications network (for example an IMS
network), a location register (for example a home location
register) and a remote mobile switching node (such as a
visited mobile switching centre).

FIG. 9 shows a location register 200 for use in a circuit-
switched telecommunications network. For example, the
location register 200 may be used as a home location register
in a GSM telecommunications network, for performing the
methods described above.

The location register 200 comprises first and second
interface circuitry 202, 204, as well as a processor 206 and
a database 208.

The first interface circuitry 202 is for communicating with
a terminating call handling mobile switching node within the
home circuit-switched telecommunications network, i.e. a
mobile switching node within the same circuit-switched
telecommunications network as the location register 200.
For example, the mobile switching node may be a gateway
mobile switching centre within a GSM telecommunications
network. The first interface circuitry 202 may receive
request messages from the terminating call handling mobile
switching node for information allowing the call to be
established. Once this information is obtained, the first
interface circuitry 202 can send it back to the terminating
call handling mobile switching node.

The second interface circuitry 204 is for communicating
with an access call handling mobile switching node of the
circuit-switched telecommunications network, for example
a visited mobile switching centre of a GSM telecommuni-
cations network. The access call handling mobile switching
node may be in the home circuit-switched telecommunica-
tions network, or in a remote circuit-switched telecommu-
nications network. The second interface circuitry 204 may
send request messages to the remote mobile switching node
for information regarding the called party, and may receive
the requested information from the remote mobile switching
node.
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The location register 200 operates as a database for
information regarding subscribers of the circuit-switched
telecommunications network. In particular, it maintains
information regarding the location of subscribers, and stores
this in the database 208. The location information stored in
the database 208 amounts only to the particular mobile
switching node which is currently serving each subscriber
(i.e. the VMSC where a subscriber is currently registered).
The database 208 and processor 206 therefore act as means
for determining whether or not a mobile terminal is part of
the same network as the location register 200, i.e. whether
or not the mobile terminal is part of the “home network”.

The location register 200 is therefore capable of operating
as the home location register 20 shown in FIGS. 2 to 7, in
that it can communicate with a terminating call handling
mobile switching node (such as a Gateway Mobile Switch-
ing Centre) and a remote mobile switching node (such as a
visited mobile switching centre).

The invention is described with reference to a GSM
network and a GSM mobile terminal. However, it is under-
stood by the person skilled in the art that the invention is
equally applicable to UMTS networks. It is further under-
stood by the person skilled in the art that the invention is
equally applicable to different types of access networks that
may be used for circuit-switched calls, such as, but not
limited to, TDMA, W-CDMA, HSPA and Generic access
network (GAN), the latter also being referred as Unlicensed
mobile access (UMA) and encompassing WLAN and Blu-
etooth.

Equally, the term “mobile terminal” is taken to include
any of mobile terminal, mobile station, mobile phone, user
equipment, a laptop, etc.

It should be noted that the above-mentioned embodiments
illustrate rather than limit the invention, and that those
skilled in the art will be able to design many alternative
embodiments without departing from the scope of the
appended claims. The word “comprising” does not exclude
the presence of elements or steps other than those listed in
a claim, “a” or “an” does not exclude a plurality, and a single
processor or other unit may fulfil the functions of several
units recited in the claims. Any reference signs in the claims
shall not be construed so as to limit their scope.

The invention claimed is:

1. A method performed in a switching node of a circuit-
switched telecommunications network, the method compris-
ing:

receiving, at the switching node from a packet-switched

telecommunications network, a request to establish a
call with a mobile terminal connected to the circuit-
switched telecommunications network;

in response to receiving a request to establish a call,

sending, from the switching node, a request message to
a location register to obtain an instruction comprising
one or more parameters associated with continuing the
establishment of the call to the mobile terminal con-
nected to the circuit-switched telecommunications net-
work;

receiving, at the switching node, the one or more param-

eters from the location register;

using, at the switching node, at least a first parameter of

the one or more parameters to establish the call with the
mobile terminal connected to the circuit-switched tele-
communications network; and

sending, from the switching node, at least a second

parameter of the one or more parameters to the packet-
switched telecommunications network, the at least sec-



US 9,497,616 B2

15

ond parameter associated with a location of the mobile
terminal connected to the circuit-switched telecommu-
nications network.

2. The method of claim 1 wherein the at least second
parameter sent to the packet-switched telecommunications
network is the same as the at least first parameter used to
establish the call with the mobile terminal.

3. The method of claim 2 wherein the at least first and
second parameters is a Mobile Station Roaming Number
(MSRN).

4. The method of claim 1 wherein the at least first
parameter used to establish the call with the mobile terminal
is different than the at least second parameter sent to the
packet-switched telecommunications network.

5. The method of claim 4 wherein the one or more
parameters comprise a Mobile Station Roaming Number
(MSRN) and location information, the location information
comprising one or more of a cell ID associated with the
mobile terminal, a location number associated with the
mobile terminal, and geographic coordinates associated with
the mobile terminal; and

wherein the MSRN is used to establish the call with the

mobile terminal, and wherein the location information
is sent to the packet-switched telecommunications net-
work.

6. The method of claim 1 wherein sending at least a
second parameter comprises sending the second parameter
to the packet-switched telecommunications network using a
call-establishment-in-progress message.

7. The method of claim 1 wherein sending at least a
second parameter comprises sending the second parameter
to the packet-switched telecommunications network using
an answer message.

8. The method of claim 1 wherein the packet-switched
telecommunications network is an IP Multimedia Subsystem
(IMS) network, and wherein the circuit-switched telecom-
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munications network is a Global System for Mobile Com-
munications (GSM) telecommunications network.
9. The method of claim 1 wherein the switching node is
a mobile switching center.
10. A switching node in a circuit-switched telecommuni-
cations network, the switching node comprising:
a first interface configured to:
interface with a packet-switched telecommunications
network; and
receive, from the packet-switched telecommunications
network, a request to establish a call with a mobile
connected to the circuit-switched telecommunica-
tions network;
a second interface configured to:
interface with a location register;
in response to receiving a request to establish a call at
the first interface, send a request message to the
location register to obtain an instruction comprising
one or more parameters associated with continuing
the establishment of the call to the mobile terminal
connected to the circuit-switched telecommunica-
tions network; and
receive the one or more parameters from the location
register;
a third interface configured to:
interface with a remote switching node; and
use at least a first parameter of the one or more
parameters to establish the call with the mobile
terminal connected to the circuit-switched telecom-
munications network; and
the first interface being further configured to send at least
a second parameter of the one or more parameters to the
packet-switched telecommunications network, the at
least second parameter being associated with a location
of the mobile terminal connected to the circuit-
switched telecommunications network.
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