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Managing roaming agreements between IMS networks

Technical field

The invention relates to techniques for managing roaming agreements between IP
Multimedia Subsystem (IMS) networks. More specifically, the invention relates to
techniques for managing an automatically established roaming agreement between
two IMS networks, wherein one IMS network supports multiple proxy nodes at the
network edge towards the other IMS network.

Background

The IP multimedia subsystem (IMS) is a specific domain in mobile communication
networks such as in General Packet Radio Service (GPRS) and Universal Mobile Tele-
communication Systems (UMTS) networks. IMS enables the centralized provision of
multimedia and other services to users. IMS-based services may be used essentially
independently of a particular access technique; for example, while normally the ac-
cess will be based on a packet-based transport mechanism, a user may also access
the IMS via a CS (Circuit Switched) domain of, e.g., a GSM network. Independent of
the specific access chosen, a user has to register in IMS in order for a provision of
IMS services. Registration and service provisioning to a specific user is controlled by
a Serving Call State Control Function (S-CSCF) of the IMS.

Roaming scenarios as known for the provisioning of speech services, for example,
are also relevant for the provisioning of IMS services. A user may attempt to register
in its home IMS network via the IMS domain of a visited network. In this case, the
user terminal sends its registration request to a Proxy CSCF (P-CSCF) of the visited
network, which forwards the registration request to the user's home network. For
this purpose, at least one Interrogating CSCF (I-CSCF) has to be available at the
home IMS network, to which the P-CSCF sends the registration request. It is then the
task of the I-CSCF to identify an appropriate S-CSCF of the home network and send
the registration request thereto.

The prerequisite for such an IMS roaming scenario is that a roaming agreement is in
place between the home network and the visited network which defines that and
how a visiting user can access a desired service in its home network via the visited
network. With regard to IMS services, today's roaming agreements often merely
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comprise a tunnelling approach, e.g. because the visiting network does not have an
IMS. This means that the visiting user traffic is tunnelled from an SGSN (Serving
GPRS Support Node) in the visited network to a GGSN (Gateway GPRS Support
Node) in the home network. This solution may not assure a desired QoS (Quality of
Service) for the user. Consider for example the case that a simple bearer for Best
Effort QoS is provided in the visited network. This might not suffice for the service
actually requested by the user from the home network, e.g. in case of a high band-
width and/or low latency multimedia delivery session such as videotelephony.

The number of IMS domains increases and will most probably continue to increase in
the future, including IMS networks with local and/or temporary coverage only which
are enabled by cost-efficient "IMS in a box” solutions. In order to be able to flexibly
provide multimedia services to the users it is a prerequisite that services can be
provided with a desired quality to the IMS users and thus corresponding roaming
agreements have to be in place. Currently, roaming agreements are normally set up
manually. However, it appears unfeasible from a practical (business) perspective to
manually manage the required numbers of roaming relationships in the future, not
only in view of the generally increasing number of IMS domains, but in particular
with regard to IMS domains which are only temporarily existing, for example for the
duration of an exhibition, conference, cultural event, etc.

Moreover, it appears desirable to have the possibility to flexibly update an existing
roaming agreement, for example in order to be able to flexibly react on short-term
traffic peaks or temporary service offerings, which normally will not be achievable by
manual administration of roaming agreements.

For these reasons, procedures for automatically establishing (and updating) roaming
agreements between IMS networks are required. The 3GPP Technical Specifications
TS 24.228 and TS 24.229 define IMS signalling flows, including signalling flows be-
tween IMS networks in case of roaming. However, in these specifications it is as-
sumed that a roaming agreement is either in place or not, i.e. the procedures are
based on manually established roaming agreements. The 3GPP Technical Report TR
22.971 describes a form of “automatic” roaming based on a central inter-network
service point, which is provided to enable the establishment of roaming relations.

In the 3GPP TR 22.980, implementation examples for so-called Network Composi-
tions are described. Such Compositions are based on a concept developed within the
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“Ambient Networks Project”, in which a generic network architecture has been devel-
oped, including generalized control functions and standardized reference points be-
tween two networks. The concepts include a generic automatic negotiation
procedure performed between networks, see for example the Ambient Networks
Deliverable D3-G.1 “Design of Composition Framework” of November 2006, available
online on http://www.ambient-networks.org/deliverables.html. However, while ge-
neric scenarios for automated roaming agreement negotiations are discussed, no
practically applicable solutions for roaming agreements between IMS networks are
provided.

In fact, in order that automatic establishment procedures for roaming agreements
between IMS network become feasible, various problems remain to be solved in
detail. Herein, in particular the following problem is considered: In many cases an
IMS network will comprise multiple I-CSCFs as possible contact points for a P-CSCF
from another IMS network. Multiple I-CSCFs may be provided, for example, for rea-
sons of load balancing, reliability, etc. A P-CSCF querying for an I-CSCF will have
assigned one of these multiple I-CSCFs according to, e.g., a round robin scheme.

However, in a straightforward extension of the scenarios discussed further above, a
specific roaming agreement will be handled by one particular I-CSCF from the muilti-
ple I-CSCFs. In this case, the I-CSCF the address of which is provided to the P-CSCF
will be in many cases not the I-CSCF in charge of handling the corresponding roam-
ing agreement. This will result in inconsistent behaviour; for example, the contacted
I-CSCF may try to establish a roaming agreement despite the fact that one is in place
already, parallel existing roaming agreements may not be consistent with each other,
such that a service with one or the other QoS might be provided at random chance
to a roaming user, etc. The possibly complex situations with parallel setup and/or
maintenance of multiple roaming agreements between two IMS networks will also
result in a considerable processing resource usage in all of the nodes involved in
managing the roaming agreements and in time delays when serving roaming users.

Summary

There is a demand for a technique for consistently and efficiently managing roaming
agreements between two IMS networks when one IMS network supports multiple
proxy nodes, such as I-CSCFs.
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This demand is satisfied by a first method for managing an automatically established
roaming agreement in a first IP Multimedia Subsystem "IMS" network. The first
method is performed in a first edge proxy of the first IMS network and comprises the
steps of receiving a registration request of a user terminal via a second IMS network;
sending, based on the registration request, a roaming information request indicating
the second IMS network to a user database associated with the first IMS network;
receiving, in response to the roaming information request, from the user database a
roaming information answer indicating information related to the roaming agree-
ment, and forwarding, based on the roaming information answer, the registration
request to a second edge proxy of the first IMS network, wherein the second edge
proxy is managing the roaming agreement between the first and second IMS net-
work.

Any of the edge proxies may be implemented as an Interrogating Call State Control
Function "I-CSCF", Interconnect Border Control Function "IBCF", or Session Border
Gateway "SBG".

The above-mentioned demand is further satisfied by a second method for managing
an automatically established roaming agreement in a first IP Multimedia Subsystem
"IMS" network. The second method is performed in a user database associated with
the first IMS network and comprises the steps of receiving, from a first edge proxy of
the first IMS network, a roaming information request indicating a second IMS net-
work; and sending, in response to the roaming information request, to the first edge
proxy a roaming information answer indicating information related to the roaming
agreement. The user database may be implemented as a Home Subscriber Server
"HSS".

According to one or both of the first and the second method, the roaming informa-
tion answer may indicate the second edge proxy. The roaming information answer
may comprise an indication of a state of the dynamic roaming agreement. For exam-
ple, the automatically established roaming agreement may be a dynamic roaming
agreement with an expiry time, in which case the state of the roaming agreement
may be, for example, one of 'in preparation’, 'established', or 'expired'.

An implementation of the first method comprises, after the reception of the registra-
tion request and before the sending of the roaming information request, the steps of
sending a routing permission request to the user database, the routing permission
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request requesting permission for routing the registration request to a user registrar
of the first IMS network; and receiving, in response to the routing permission re-
quest, a routing permission response from the user database rejecting the requested
permission; wherein the roaming information request is sent to the user database in
response to the received rejecting routing permission response.

The user registrar may be implemented as a Serving Call State Control Function "S-
CSCF". According to one variant of this implementation a single message comprising
the routing permission request and the roaming information request is sent to the
user database. The single message may for example represent a Diameter User
Authorization Request command. Additionally or alternatively, only a roaming infor-
mation answer and no routing permission response is received from the user data-
base.

An implementation of the second method comprises the step of determining, based
on the received routing permission request, if a permanent roaming agreement be-
tween the first and second IMS networks exists, wherein the rejecting routing per-
mission response is sent because no permanent roaming agreement between the
first and second IMS networks exists.

According to one or both of the first and the second method, the roaming informa-
tion answer may optionally comprise a roaming agreement template for establishing
a roaming agreement between the first and the second IMS network. Additionally or
alternatively, the communication between the first edge proxy and the user database
may be based on Diameter messages. ' '

The above-discussed demand is still further satisfied by a third method for managing
an automatically established roaming agreement in a first IP Multimedia Subsystem
"IMS" network. The method is performed in a second edge proxy of the first IMS
network and comprises the step of receiving a user terminal registration request from
a first edge proxy of the first IMS network, wherein the registration request has been
received by the first edge proxy via a second IMS network and is forwarded to the
second edge proxy managing the roaming agreement between the first and second
IMS network.

Moreover, the above-discussed demand is satisfied by a computer program product
which comprises program code portions for performing the steps of one or more of
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the methods and method aspects described herein when the computer program
product is executed on one or more computing devices, for example an edge proxy,
user database or user registrar. The computer program product may be stored on a
computer readable recording medium, such as a permanent or re-writeable memory
within or associated with a computing device or a removable CD-ROM, DVD or USB-
stick. Additionally or alternatively, the computer program product may be provided
for download to a computing device, for example via a data network such as the
Internet or a communication line such as a telephone line or wireless link.

The above demand is further satisfied by a node implementing a first edge proxy and
adapted for managing an automatically established roaming agreement in a first IP
Multimedia Subsystem "IMS" network. The node comprises a component adapted to
receive a registration request of a user terminal via a second IMS network; a compo-
nent adapted to send, based on the registration request, a roaming information re-
quest indicating the second IMS network to a user database associated with the first
IMS network; a component adapted to receive, in response to the roaming informa-
tion request, from the user database a roaming information answer indicating infor-
mation related to the roaming agreement, and a component adapted to forward,
based on the roaming information answer, the registration request to a second edge
proxy of the first IMS network, wherein the second edge proxy is managing the
roaming agreement between the first and second IMS network.

The node may further comprise a component adapted to send a routing permission
request to the user database, the routing permission request requesting permission
for routing the registration request to a user registrar of the first IMS network; and a
component adapted to receive, in response to the routing permission request, a
routing permission response from the user database rejecting the requested permis-
sion. The node may be adapted to send a single message comprising the routing
permission request and the roaming information request sent to the user database.

Still further, the above-mentioned demand is satisfied by a node implementing a user
database associated with a first IP Multimedia Subsystem "IMS" network and adapted
for managing an automatically established roaming agreement in the first IMS net-
work. This node comprises a component adapted to receive, from a first edge proxy
of the first IMS network, a roaming information request indicating a second IMS
network; and a component adapted to send, in response to the roaming information
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request, to the first edge proxy a roaming information answer indicating information
related to the roaming agreement.

This node may further comprise a component adapted to receive a routing permis-
sion request from the first edge proxy, the routing permission request requesting
permission for routing the registration request to a user registrar of the first IMS
network; and a component adapted to send, in response to the routing permission
request, a routing permission response to the first edge proxy rejecting the re-
quested permission. The node may be adapted to receive a single message compris-
ing the routing permission request and the roaming information request sent from
the first edge proxy and may be further adapted to send only a roaming information
answer and no routing permission response to the first edge proxy.

The nodes implementing the first edge proxy and the user database may be adapted
to communicate with each other using the Diameter protocol.

The above-mentioned demand is further satisfied by a node implementing a second
edge proxy and adapted for managing an automatically established roaming agree-
ment in a first IP Multimedia Subsystem "IMS" network. The node comprises a com-
ponent adapted to receive a user terminal registration request from a first edge
proxy of the first IMS network, wherein the registration request has been received by
the first edge proxy via a second IMS network and is forwarded to the second edge
proxy managing the roaming agreement between the first and second IMS network.

Brief Description of the Drawings

In the following, the invention will further be described with reference to exemplary
embodiments illustrated in the figures, in which:

Fig. 1 is a sequence diagram schematically illustrating an automatic
establishment of a roaming agreement between two IMS networks;

Fig. 2 is a flow diagram schematically illustrating a handling of a registration
attempt of a visiting user in an IMS network;



10

15

20

25

30

35

WO 2010/133239 PCT/EP2009/003584

Fig. 3 is @ message sequence diagram schematically illustrating a message
sequence related to a handling of a registration attempt of a visiting
user in IMS networks;

Fig. 4a illustrates an embodiment of an IE to be included in Roaming
Information Request messages;

Fig. 4b illustrates embodiments of IEs to be included in Roaming Information
Answer messages;

Fig. 5 schematically illustrates functional building blocks of a first I-CSCF
of Fig. 3;

Fig. 6 is a flow diagram illustrating an operation of the I-CSCF of Fig. 5;

Fig. 7 schematically illustrates functional building blocks of an HSS of Fig. 3;

Fig. 8 is a flow diagram illustrating an operation of the HSS of Fig. 7,

Fig. 9 schematically illustrates function building blocks of a second I-CSCF
of Fig. 3; and

Fig. 10 is a flow diagram illustrating an operation of the I-CSCF of Fig. 9.

Detailed Description

In the following description, for purposes of explanation and not limitation, specific
details are set forth, such as a specific network structure, signalling protocols, etc., in
order to provide a thorough understanding of the current invention. It will be appar-
ent to one skilled in the art that the current invention may be practiced in other em-
bodiments that depart from these specific aspects.

For example, a specific IMS environment will be introduced below for illustrating the
invention, wherein edge proxy functionalities are implemented on one or more Inter-
rogating Call State Control Functions "I-CSCFs", the user database is implemented on
a Home Subscriber Server "HSS", the user registrar is implemented on a Serving Call
State Control Function "S-CSCF", and the user proxy is implemented on a Proxy Call
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State Control Function "P-CSCF". However, it is to be understood that the invention
may also be implemented on other functional entities or nodes. With reference to a
more general IMS / SIP environment, for example the (SIP) edge proxy functionality
may not only be implemented on an I-CSCF, but may additionally or alternatively be
implemented on an Interconnect Border Control Function "IBCF" or Session Border
Gateway "SBG". Depending on existing or future SIP implementations, also the roles
of the user database, user registrar and/or user proxy may each be implemented on
one or more appropriate nodes.

Further, the skilled artisan will appreciate that the current invention may in principle
be practised in other environments that depart from the SIP environment based on
the SIP and Diameter protocol used below to illustrate the present invention. In fact,
essentially any protocol, including a proprietary protocol, may be used which enables
providing the required signalling indications to the participating entities.

Those skilled in the art will further appreciate that functions explained hereinbelow
may be implemented using individual hardware circuitry, using software functioning
in conjunction with a programmed microprocessor or a general purpose computer,
using an application specific integrated circuit (ASIC) and/or using one or more digi-
tal signal processors (DSPs). It will also be appreciated that when the current inven-
tion is described as a method, it may also be embodied in a computer processor and
a memory coupled to a processor, wherein the memory is encoded with one or more
programs that perform the methods disclosed herein when executed by the proces-
Ssor.

With regard to the drawings it is noted that those entities which are illustrated in
more than one figure are referenced by the same numerals.

Fig. 1 illustrates in high-level form an example scenario of how a roaming agreement
(RA) may be automatically established between two IMS networks 102 and 104. A
User Equipment UE_B 116 is a subscriber of IMS network 102. UE_B 116 is visiting
the IMS network 104. With regard to the point of view of UE 116, the network 102 is
also referred to as IMS network B, and the network 104 is also referred to as IMS
network A. Illustrated in Fig. 1 are the functional entities I-CSSF_B 106, S-CSCF_B
108 and HSS_B 110 of the IMS network B, and I-CSCF_A 112 and P-CSCF_A 114 of
IMS network 104 A.
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UE_B 116 wants to access IMS services of its home network 102. However, between
the IMS networks 102 and 104 no permanent (static) roaming agreement is in place.
Fig. 1 illustrates a time point when there is also no automatically established (dy-
namic) roaming agreement in place, but is automatically established triggered by the
registration attempt of UE_B 116. It is assumed that the Diameter and SIP protocol is
used for signalling between the components illustrated in Fig. 1 and the following
figures.

In step 150, the subscriber UE_B attempts to register to its home network 102 and
therefore sends a Register message to the P-CSCF_A 114 of visited network 104. The
P-CSCF_A 114 determines the I-CSCF 106 as the I-CSCF of the home network 102 to
which to forward the Register message. There may be more I-CSCFs available in
network 102 than only I-CSCF_B 106 for communication with network 104. However,
in order to clearly illustrate the process of automatic roaming agreement establish-
ment, only the I-CSCF_B 106 is depicted in Fig. 1. The case of roaming agreement
management in case of multiple I-CSCFs in network 102 will be discussed in detail
further below.

In step 152, the P-CSCF_A 114 forwards the register message to the I-CSCF_B 106.
The details of the forwarding step 152, such as gathering an IP address of the I-
CSCF 106, the existence of a protected channel on network level between the net-
works 104 and 102 are known to the skilled person and are therefore omitted here.
In step 154, the I-CSCF_B 106 checks whether a roaming agreement exists with
network 104 in order to decide whether to forward the Register request to the S-
CSCF_B 108. As illustrated by the cross in Fig. 1, it is assumed that the I-CSCF_B 106
determines in step 154 that no roaming agreement is in force yet between networks
102 and 104. Thus, the UE_B 116 is not able to register at its home network 102.

Triggered by the failed registration attempt of UE-B 116, in step 156 the entities 106
and 112 of networks 102 and 104, respectively, negotiate a roaming agreement
which is valid for at least the particular subscriber 116. The negotiation in step 156
may consist of an offer/answer procedure which may comprise one or more cycles.

The I-CSCFs 106 and 112 are normally the first point of contact between the IMS
networks 102 and 104 and therefore form the negotiating partners in step 156. In
other embodiments, the negotiation function or a similar functionality related to an
automatic establishment of roaming agreements may additionally or alternatively be
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located in other nodes of an IMS network. For example, such functionality may be
located in an S-CSCF in the home IMS network, which may negotiate a roaming
agreement with a P-CSCF in the visited network. In other examples, such functional-
ity may be located in an application server or in a dedicated node. In such embodi-
ments, the I-CSCF may relay the signalling, e.g. the registration request, to the
dedicated node. However, when considering for example that the roaming agree-
ment negotiated in step 156 may be provided not only for roaming user 116 but for
other users roaming in network 104 as well, using the I-CSCFs of the networks for
the automatic roaming agreement establishment process appears advantageous.

When both parties agree on a roaming agreement, in step 158 an OK message is
sent and in step 164 an acknowledgement (ACK) message is sent back in order to
finalize the negotiation phase 156. While in Fig. 1 it is illustrated that the OK is sent
from the visited network to the home network, it is noted that the OK may also be
sent from the home network to the visited network and the ACK may be sent from
the visited network to the home network.

As indicated by steps 160 and 166, the negotiated roaming agreement is stored in
the corresponding I-CSCFs 106 and 112, respectively, and is also stored in the corre-
sponding user databases, wherein only the step 162 of storing the agreement in
HSS 110 is illustrated in Fig. 1. In step 168 the procedure for registering user UE_B
116 is performed in the same way as would have been performed when in step 152
a (permanent or dynamic) roaming agreement would have been in force already.

The roaming agreement negotiated in step 156 may cover the user identity of user
116 or of a group of users. The roaming agreement may further indicate the services
a roaming user is allowed to access, possibly including predefined QoS characteris-
tics, and technical parameters required for setting up and tearing down sessions
between the IMS domains 102 and 104. Such parameters may relate to, e.g., maxi-
mum bandwidths, data volumes, etc., and possibly an expiry date of the roaming
agreement. Further, while generally a roaming user may request a service from its
home network, an automatic negotiation such as that indicated in step 156 can also
comprise an agreement that a roaming subscriber may use services of the visited

network.

After the roaming agreement of Fig. 1 has been established, it may also be valid for
other users attempting to register via visited network 104 in their home network 102
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(and for users of network 104 roaming in network 102). In case the roaming agree-
ment cannot be taken as it is for these subsequent users, the roaming agreement
may be adapted, i.e. updated, in response to a further registration request. An up-
date procedure of the roaming agreement may include a further negotiation phase
similar to that indicated with step 156 in Fig. 1. An update procedure may also be
triggered by other events, e.g. at a predetermined point in time, the provision or
activation of a new service, etc.

An automatically established (dynamic) roaming agreement may be valid for a limited
or unlimited period of time. Even in case no expiry date has been defined for the
roaming agreement, there may be events leading to its termination, e.g. when a
negotiated maximum amount of data has been transferred or in case the visited IMS
is a temporary IMS network which is switched off at a certain point in time.

The following description focuses on roaming agreement management in an IMS
network having multiple I-CSCFs designated for communication with another IMS
network. It is assumed that at most a single roaming agreement should be in place
between any two IMS networks. While in principle other configurations may be pos-
sible, additional problems may arise in such configurations with regard to consistently
and efficiently serving roaming users.

Fig. 2 illustrates an embodiment of a general approach of managing roaming agree-
ments in an IMS network having designated multiple I-CSCFs. The procedure accord-
ing to Fig. 3 may be implemented in an I-CSCF or similar edge proxy node of an IMS
network. In step 202, the I-CSCF receives a registration attempt from a roaming user
forwarded by a P-CSCF of a visited network. The reception of the registration at-
tempt triggers that in step 204 the I-CSCF requests information regarding a general
(permanent) roaming agreement from a HSS or similar user database. The HSS pro-
vides an indication to the I-CSCF whether a general roaming agreement exists which
would allow the user from which the registration attempt originates to roam in the
visited network. A general roaming agreement may, e.g., be valid for all times
and/or any user of the network to which the I-CSCF in Fig. 2 belongs to. In case such
a general roaming agreement (RA) exists, in a step 206 registration of user 202
would be performed, e.g. the I-CSCF would forward the registration attempt to an

appropriate S-CSCF.
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According to the procedure illustrated in Fig. 3, in case no permanent or general
roaming agreement exists, the I-CSCF does not deny the registration but performs a
further message exchange 208 with the HSS or user database. Specifically, the I-
CSCF requests from the HSS information indicating whether a dynamic roaming
agreement exists between the involved networks. The further behaviour of the I-
CSCF then depends on the answer from the HSS. In case no dynamic roaming
agreement exists, the I-CSCF starts in step 210 with negotiating a dynamic roaming
agreement with the visited network. The negotiation may take place as has been
described with regard to the negotiation phase 156 of I-CSCF 106 illustrated in

Fig. 1. In case however a dynamic roaming agreement exists already, the I-CSCF
acts in step 212 to forward the registration attempt received in step 202 to the I-
CSCF in charge of handling the current roaming agreement.

While the procedure of Fig. 2 has been described as being applied for automatically
established roaming agreements, it is in principle also applicable for manually estab-
lished roaming agreements.

Fig. 3 illustrates in more detail a specific embodiment of the procedure outlined in
Fig. 2. As before, the procedure relates to the handling of a registration attempt of a
visiting user in its home network comprising multiple I-CSCFs. The example scenario
of Fig. 3 refers to the home IMS network 102 and visited IMS network 104 which
have been introduced in Fig. 1. Over those entities which have been discussed al-
ready, the home network 102 is depicted as comprising a further I-CSCF 302. A DNS
server 304 is associated to the visited network 104. A user of user equipment (UE)
306 is subscribed in the network 102 and is visiting network 104.

For purposes of illustration it will be assumed in the following that the procedure of
Fig. 1 has been performed earlier in time, i.e. a roaming agreement has been estab-
lished between home network 102 and visited network 104, wherein the I-CSCFs 106
and 112 are in charge of the roaming agreement and are involved in a corresponding
ongoing SIP dialog 308. The dialogue 308 is kept alive as long as the roaming
agreement exists.

In step 310, the UE 306 sends a SIP Register message to the P-CSCF 114 of visited
network 104. In step 312, the P-CSCF 114 sends a query to DNS server 306 for an
indication of an I-CSCF to contact in the home network 102 of UE 306. As multiple I-
CSCFs are available at home network 102, namely entities 106 and 302 and possibly
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more I-CSCFs, the DNS server 304 returns an address of an I-CSCF based on, for
example, a round robin mechanism in order to in this way ensure load balancing
between the multiple I-CSCFs of network 102. In the example configuration of Fig. 3,
the DNS server 304 responds in step 314 with providing an address of the I-CSCF
302 back to the P-CSCF 114 and the P-CSCF 114 correspondingly forwards in step
316 the Register message of UE 306 to I-CSCF 302. The reception of this message
corresponds to step 202 of Fig. 2.

Based on the example of network 102 in Fig. 3, a problem is illustrated which may
occur in networks with multiple I-CSCFs: A dynamic roaming agreement has been
negotiated between networks 102 and 104; specifically the I-CSCF 106 is in charge
of maintaining the dynamic roaming agreement by means of the SIP dialogue 308.
However, the I-CSCF receiving a registration attempt from visited network 104 may
be a different one than the I-CSCF 106 involved in the existing roaming agreement
between the two networks 102 and 104. Such configuration may be avoided, for
example, by implementing a single boarder gateway concept. With reference to
Fig. 3, for example the P-CSCF 114 might be configured to send any registration
attempts to the I-CSCF 106. In such a configuration, a load balancing would then
have to be implemented internally in home network 102. However, according to the
techniques described herein a different approach is proposed which offers more
flexibility and efficiency.

At the time of reception of the registration attempt in step 320, the I-CSCF 302 has
no information available about a roaming agreement and the status thereof between
networks 102 and 104, as the roaming agreement is only handled in the I-CSCF 106.
In step 320, the I-CSCF requests from HSS 110 information on whether a general
roaming agreement exists with network 104 which would allow user 306 to roam
therein, and uses the Diameter User Authentication Request (UAR) command for this
purpose. With the User Authentication Answer (UAA), the HSS provides in step 322
an indication to the I-CSCF 204. The UAA indicates to the I-CSCF 302 that no general
roaming agreement exists with network 104. The UAR / UAA message pair in steps
320 and 322 implement step 204 of Fig. 2.

Corresponding to step 208 of Fig. 2, the I-CSCF 204 requests in step 324 from HSS
110 information on a dynamic roaming agreement between networks 102 and 104.
The request is implemented as a Diameter "Roaming Information Request” (RIR).
The HSS 110 returns in step 326 a corresponding Diameter "Roaming Information
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Answer" (RIA). The RIR / RIA message pair will be described in more detail further
below. As it is assumed that a dynamic roaming agreement is in place, the I-CSCF
204 acts in step 328, which corresponds to step 212 of Fig. 2, to forward the Regis-
ter message received in step 316 to the I-CSCF in charge of handling the current
roaming agreement, i.e. to the I-CSCF 106.

In steps 330 and 332 the I-CSCFs 106 and 112 perform an appropriate re-negotiation
of the existing roaming agreement in order that user 306 is also covered by the
agreement. In step 334, the I-CSCF 106 informs the HSS 110, based on a Roaming
Update Request (RUR) message, of the re-negotiated roaming agreement allowing
user 202 to roam in visited network 104. The HSS 110 indicates in step 336 success-
ful update of the data related to the roaming agreement based on a Roaming Update
Answer (RUA). In step 338, the I-CSCF 106 repeats the UAR unsuccessfully tried by
the I-CSCF 302 in step 320. As the roaming agreement has been updated meanwhile
by the responsible I-CSCF 106, the HSS 110 responds with a UAA in step 340 indicat-
ing that a registration of roaming user 306 is permitted. Consequently, the I-CSCF
106 forwards the Register message received in step 328 in step 342 to S-CSCF 108.
The registration process will further continue in the normal way.

Fig. 4a illustrates an information element (IE) which may be sent in the RIR in step
324 of Fig. 3 from the I-CSCF 302 in response to the reception of a registration at-
tempt of a visiting user to the HSS. The IE 'Visited Network Identifier' may comprise
an indicator of the visited network 104 in home network 102. This information ele-
ment may be mandatory (‘M').

Fig. 4b illustrates information elements which may be sent in the RIA in step 326 in
Fig. 3 back from the HSS 110 to the I-CSCF 302. The RIA may comprise an informa-
tion element 'Roaming State' indicating a state of a roaming agreement which may
control the further behaviour of the I-CSCF 302 as discussed for example with regard
to step 208 in Fig. 2. The status indication may extend over the mere indication of
whether or not there is a roaming agreement existing for the visited network indi-
cated in the RIR. Possible state indications may comprise, for example, “Established",
"Terminated”, “Early”. While the former are self-explaining, the state “Early” may
indicate that a roaming agreement is currently in the negotiation phase of similar
preparatory phase, i.e. an I-CSCF may already be in charge of the roaming agree-
ment, but the agreement itself is not currently in place.
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Further, the RIA may comprise the 'Roaming Template' IE, which field may comprise
a roaming agreement template, which would then (step 210 in Fig. 2) to be used by
the receiving I-CSCF to start negotiating a roaming agreement with an interrogating
counterpart in the visited network. Still further, the RIA may comprise the 'Roaming
Handler' IE which, in order to enable forwarding of the registration attempt to the
responsible I-CSCF, indicates this responsible I-CSCF. For the example scenario of
Fig. 2, the Roaming Handler IE would indicate an IP address, SIP URI, or similar
address of the I-CSCF 106 handling the SIP dialogue 308 with visited network 104.

In Fig. 4b only the Roaming State information element is indicated as mandatory IE
('M"), while the other IEs may optionally ('O') be included, dependent on the roaming
agreement state. Other implementations may also be considered. For example, in
one implementation, no Roaming State IE is available, but the I-CSCF receiving the
RIA has to indirectly conclude the state from the received IE 'Roaming Template' or
'Roaming Handler'. For example, in case a RIA contains a Roaming Template IE, the
I-CSCF may conclude that no roaming agreement is currently in place, and will start
negotiation. In case a RIA contains a Roaming Handler IE, the I-CSCF may conclude
that a roaming agreement is in place and that the indicated I-CSCF is in charge
thereof. In this way the Roaming State IE may be seen as obsolete.

It turns out, however that in certain implementations providing the Roaming State IE
as a mandatory field is advantageous. Consider, for example, a situation of an ongo-
ing roaming agreement negotiation. In this situation, direct knowledge of the roam-
ing state can be used as a control input to influence the further behaviour of the I-
CSCF receiving the RIA. For example, in case a state 'Early' (or 'Currently under ne-
gotiation' or a similar indication) signals to the receiving I-CSCF that, on the one
hand, it should not try to establish itself a further roaming agreement, but that, on
the other hand, it should momentarily not forward a registration attempt message to
the negotiating I-CSCF. A possible reaction to the roaming state 'Early’ may be to
repeat the sending of the RIR to the HSS after a predetermined time span has been
elapsed. As a result, the (mandatory) inclusion of the 'Roaming State' IE ensures
proper handling of the received registration attempt.

In case the I-CSCF sending the RIR and receiving the RIA is itself in charge of han-
dling the roaming agreement, an optimized signalling scheme may be employed. As
this I-CSCF has already all required information available. For example, in an imple-
mentation in which only the Roaming State IE is a mandatory IE, this field may carry
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a specific value indicating that the receiving I-CSCF is itself in charge of the roaming
agreement with the visited network indicated in the RIR.

In Figs. 2 and 3 it is illustrated that there are two message exchanges between the I-
CSCF and the HSS, namely (referring to Fig. 2) the UAR / UAA message pair in steps
320 and 322, and the RIR / RIA message pair in steps 324 and 326. Providing the
communication between I-CSCF and HSS in the form of two separate message ex-
changes minimizes the additional implementation efforts and additional adaptations
required for IMS networks employing multiple I-CSCFs, as this procedure leaves the
conventionally known UAR / UAA message exchange entirely or in part unaltered.
However, in case a minimization of network traffic / signalling is more desirable,
instead of two message exchanges, a single message exchange may only be per-
formed. For example, the information element “Visited Network Identifier” of Fig. 4a
may also be included in the UAR and/or the HSS 110 may be adapted to, in response
to the reception of a visited network ID in an UAR, search for both, general (perma-
nent) and dynamic (temporary) roaming agreements with the visited network as
indicated. In this case, the UAA may already include one or more of the information
elements illustrated in Fig. 4b. In this way, one message exchange could be saved.

Fig. 5 schematically illustrates functional building blocks of an exemplary implemen-
tation of the I-CSCF 302 of Fig. 3. The I-CSCF 302 comprises a reception component
502, a query component 504, a response component 506, and a forwarding compo-
nent 508. The components of I-CSCF 304 may be adapted for communication based
on the Diameter and/or SIP protocol. Generally, the I-CSCF 302 operates to manage
an automatically established roaming agreement in the IMS network 102. An exem-
plary operation of the I-CSCF 302 will now be described with reference to the flow
diagram of Fig. 6, which refers to the scenario of Fig. 3 from the perspective of the I-
CSCF 302.

In step 602, the reception component 502 receives a registration request from UE
302 via visited network 104 (step 316 in Fig. 3). The reception component 502 pro-
vides the visited network identifier included in the registration attempt to the query
component 504 which is thereby triggered to send, in step 604, a routing permission
request, more specifically an UAR, to the HSS 110 (step 320). The UAR requests
permission for routing the registration request to a user registrar of network 102,
more specifically to an S-CSCF. In step 606, the response component 506 receives,
in response to the UAR, a roaming information answer from the HSS 110, more spe-
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cifically an UAA (step 322). The UAA rejects the requested permission, as there is no
general roaming agreement established between networks 102 and 104.

In step 608, the query component 504 operates to send, in response to the rejecting
UAA, a RIR to the HSS 110 (step 324 in Fig. 3). The RIR indicates, based for example
on the IE illustrated in Fig. 4a the visited network 104 to HSS 110. In step 610, the
response component 506 receives in response to the RIR a RIA from HSS 110 (step
326), wherein the RIA contains one or more of the IEs illustrated in Fig. 4b. Based on
the information received with the RIA, the forwarding component 508 acts in step
612 to forward the registration request received in step 602 to a further I-CSCF,
namely I-CSCF 106 of network 102, which has been indicated in the RIA.

Fig. 7 schematically illustrates functional building blocks of an exemplary implemen-
tation of the HSS 110 of Fig. 3. The HSS 110 comprises a reception component 702,
a database access component 704, an associated database 706 and a response com-
ponent 708. The components 702 and 708 may be adapted for communication based
on the Diameter and/or SIP protocol. Generally, the HSS 110 operates for contribut-
ing to a management of automatically established roaming agreements in the IMS
network 102. An exemplary operation of the HSS 110 will now be described with
reference to the flow diagram of Fig. 8, which refers to the scenario of Fig. 3 from
the perspective of the HSS 110.

In step 802, an UAR from I-CSCF 302 is received by the reception component 702
(step 320 in Fig. 3). In response to the reception of the UAR, the database access
component 704 accesses database 706 to determine whether a general roaming
agreement between networks 102 and 104 exists. As in the example discussed here
no such general roaming agreement exists, in step 804 the response component 708
constructs an UAA message rejecting routing permission for the registration attempt
of visiting user 306 and sends the UAA back to the I-CSCF (step 322).

In step 806, the reception component 702 receives from the I-CSCF 302 a RIR (step
324 in Fig. 3). In response to the reception of the RIR, the database access compo-
nent 704 accesses database 706 in order to determine whether there is a dynamic
roaming agreement between networks 102 and 104. Specifically, access component
704 accesses look-up table 710 which will be described in more detail below. As a
result, in step 808 the response component 708 provides a RIA to the I-CSCF 302,
wherein the RIA indicates the roaming handler, i.e. the I-CSCF 106 which is in charge
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of the existing dynamic roaming agreement between networks 102 and 104. The RIA
may for example comprise the IEs “"Roaming State” and “Roaming Handler” as illus-
trated in Fig. 4b.

The lookup table 710 in Fig. 7 exemplarily illustrates a structure of data records
which may be stored in database 706 in order to enable the HSS 110 to efficiently
react to a request for information on a dynamic roaming agreement. A data record in
the lookup table 710 may comprise a field 712 for representing an indication of a
visited network identifier ('Visited Network ID'), a field 714 for representing an indi-
cation of a dynamic roaming agreement ('RA ID'), a field 716 may be provided for
indicating a roaming handler ('Roaming Handler'), and a field 718 may be provided
for representing a state of the dynamic roaming agreement ('RA state"). Further
fields may be provided depending on implementation.

The Visited Network ID in field 712 is be related to the indications of visited networks
delivered by the registration attempts of roaming users, i.e. for example to the con-
tent of the IE 'Visited Network Identifier' illustrated in Fig. 4a and provided in a RIR
to the HSS 110. The indication of the roaming handler in field 716 may be, for exam-
ple, an address, such as an IP address, a SIP URI, or similar indication pointing to
the I-CSCF in charge of a dynamic roaming agreement. The field 718 may indicate
states such as “Early” or “Negotiating”, “Established”, or “Not Existing”, “Expired”,
etc. depending on the current state of the roaming agreement, as discussed above.

While lookup table 710 of Fig. 7 represents only one example of a data structure
enabling the HSS to respond to a RIR, in general the HSS should have efficient ac-
cess to an association of a visited network identifier and a roaming handler. The IP
address, host ID, etc. of the roaming handler might exist at least as long as the
roaming agreement is in place. In some implementations, the roaming handler ad-
dress may still be accessible in case the roaming agreement has expired. For exam-
ple, in some configurations a dynamic roaming agreement with another network
might always be negotiated and maintained by one and same I-CSCF.

In another implementation, the table to be accessed in order to respond to a dy-
namic roaming information request may comprise a list of roaming agreements,
which would require that the HSS for each request has to scan the entire list in order
to identify the respective visited network. However, the table could be configured
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efficiently by, for example, indexing it according to visited network identifier. Such
structure is seen as corresponding to the structure 710 as illustrated in Fig. 7.

Fig. 9 schematically illustrates functional building blocks of an exemplary implemen-
tation of I-CSCF 106 of Fig. 3 which is in charge of negotiating and maintaining the
dynamic roaming agreement with I-CSCF 112 of visited network 104. The I-CSCF 106
implementation in Fig. 9 comprises a reception component 902, a RA update compo-
nent 904, a HSS request component 906 and a forwarding component 908. An ex-
emplary operation of the I-CSCF 106 will now be described with reference to the flow
diagram of Fig. 10 which refers to the scenario of Fig. 3 from the perspective of the
I-CSCF 106.

In step 1002, the reception component 902 receives a registration attempt (step 328
in Fig. 3) from I-CSCF 302 of network 102. In response to the reception of the regis-
tration attempt, the update component 904 performs a re-negotiation of the dynamic
roaming agreement in place between networks 102 and 104 (steps 330, 332). After
successful re-negotiation, the component 906 indicates in step 1006 the re-
negotiated roaming agreement to the HSS 110 (steps 334, 336). Moreover, the com-
ponent 906 operates to request from the HSS 110 information regarding the dynamic
roaming agreement according to the procedure illustrated in steps 338 and 340 in
Fig. 3. In step 1008, the component 908 forwards the registration attempt received
in step 1002 to the S-CSCF 108 (cf. Fig. 2).

While in conventional IMS network implementations normally only the S-CSCF is
stateful, according to the techniques proposed herein also the I-CSCF is stateful with
regard to dynamic roaming agreements. Generally, it is proposed that an I-CSCF in
charge of negotiating and maintaining a dynamic roaming agreement is configured
stateful, i.e. it remembers the details of the roaming agreement negotiated with the
other network and has access to information regarding the current state of the roam-
ing agreement. For example, the I-CSCF 106 in Fig. 3 in charge of the dynamic
roaming agreement between networks 102 and 104 is stateful in that it keeps track
of the dynamic roaming agreement and maintains a corresponding SIP dialogue with
the corresponding I-CSCF 112 in network 104.

As it is proposed herein that at most one dynamic roaming agreement between any
two IMS networks exists and that one specific I-CSCF is in charge of a dynamic
roaming agreement in a network, another I-CSCF in that network cannot react con-
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sistently to the reception of a registration attempt from a roaming user. The reason
is that this I-CSCF has no information about the state of a roaming agreement, i.e. it
does not know whether such RA is existing or is to be established. For example, the
I-CSCF 302 in Fig. 3 has not any state information available at the time the registra-
tion attempt is received in step 320. Therefore, the I-CSCF 302 cannot handle the
attempt correctly after the HSS 110 has announced in step 322 that no general
roaming agreement is in place.

For this reason, the I-CSCF receiving a registration attempt must be enabled to re-
ceive information regarding a dynamic roaming agreement. In this respect, in the
example embodiments above the RIR / RIA message pair is introduced. The informa
tion contained in the RIA enables the I-CSCF to either (dependent on implementa-
tion) start negotiating a dynamic roaming agreement or to forward the registration
attempt to the I-CSCF in charge of the dynamic roaming agreement. This latter I-
CSCF may re-negotiate the roaming agreement accordingly. Thus, all registration
attempts pertaining to a given dynamic roaming relationship may arrive at a particu-
lar I-CSCF which enables an efficient handling of the roaming agreement on the one
hand and the user registrations related to the roaming agreement on the other hand.

While in the example embodiments described herein an I-CSCF is in charge of man-
aging a roaming agreement, in general the proposed functionality may be imple-
mented on any appropriate node, i.e. any SIP proxy, edge proxy, SIP proxy server,
border proxy server, etc. may be chosen.

The techniques proposed herein contribute to a comprehensive framework for ena-
bling an automatic establishment of roaming agreements between IMS networks.
The proposed techniques enable a consistent management of roaming agreements.
Techniques known or discussed for managing general or permanent roaming agree-
ments can be re-used to a large extent.

When employing the proposed techniques, an IMS network having initially only a
single I-CSCF or edge proxy for communication with other IMS networks can easily
be extended to multiple I-CSCFs. Further, the proposed techniques contribute to
minimizing processing resource usage and network traffic between nodes. Optimiza-
tions to existing procedures have also been indicated herein, which may contribute
further to minimizing network traffic and/or processing resource usage. Complex
situations with parallel roaming agreements and/or a shift of roaming agreements
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responsibility to other nodes can be avoided. No new nodes needs to be established
in order to implement the proposed techniques.

While the current invention has been described in relation to its preferred embodi-
ments, it is to be understood that this description is for illustrative purposes only.
Accordingly, it is intended that the invention be limited only by the scope of the
claims appended hereto.
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Claims

1. A method for managing an automatically established roaming agreement in a first
IP Multimedia Subsystem "IMS" network, wherein the method is performed in a first
edge proxy (302) of the first IMS network (102) and comprises the steps of:
receiving (202, 316, 602) a registration request of a user terminal (306) via a
second IMS network (104);
sending (208, 324, 608), based on the registration request, a roaming infor-
mation request indicating the second IMS network to a user database (110)
associated with the first IMS network (102);
receiving (208, 326, 610), in response to the roaming information request,
from the user database (110) a roaming information answer indicating infor-
mation related to the roaming agreement; and
forwarding (212, 328, 612), based on the roaming mformatlon answer, the
registration request to a second edge proxy (106) of the first IMS network
(102), wherein the second edge proxy (106) is managing the roaming agree-
ment between the first and second IMS network.

2. A method for managing an automatically established roaming agreement in a first
IP Multimedia Subsystem "IMS" network, wherein the method is performed in a user
database (110) associated with the first IMS network (102) and comprises the steps
of:
receiving (324, 806), from a first edge proxy (302) of the first IMS network, a
roaming information request indicating a second IMS network (104); and
sending (326, 808), in response to the roaming information request, to the
first edge proxy (302) a roaming information answer indicating information re-
lated to the roaming agreement. :

3. The method according to claim 1 or 2,
wherein the roaming information answer indicates the second edge proxy (106).

4. The method according to any one of the preceding claims,
wherein the automatically established roaming agreement is a dynamic roaming

agreement with an expiry time, and
the roaming information answer comprises an indication of a state of the dynamic

roaming agreement.
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5. The method according to claim 1,

comprising the following steps after the reception of the registration request and

before the sending of the roaming information request:
sending (204, 320, 604) a routing permission request to the user database
(110), the routing permission request requesting permission for routing the
registration request to a user registrar (108) of the first IMS network (102);
and
receiving (204, 322, 606), in response to the routing permission request, a
routing permission response from the user database (110) rejecting the re-
quested permission;

wherein the roaming information request is sent to the user database (110) in re-

sponse to the received rejecting routing permission response.

6. The method according to claim 1,
wherein a single message comprising the routing permission request and the roam-
ing information request is sent to the user database.

7. The method according to claim 6, _
wherein the single message represents a Diameter User Authorization Request com-

mand.

8. The method according to any one of claims 5 to 7,
wherein only a roaming information answer and no routing permission response is
received from the user database.

9. The method according to claim 2,
comprising the step of
determining, based on the received routing permission request, if a perma-
nent roaming agreement between the first and second IMS networks exists,
wherein the rejecting routing permission response is sent because no permanent
roaming agreement between the first and second IMS networks exists.
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10. The method according to any one of the preceding claims,

wherein the roaming information answer optionally comprises a roaming agreement
template for establishing a roaming agreement between the first and the second IMS
network.

11. The method according to any one of the preceding claims,
wherein the communication between the first edge proxy (302) and the user data-
base (110) is based on Diameter messages.

12. A method for managing an automatically established roaming agreement in a first

IP Multimedia Subsystem "IMS" network, wherein the method is performed in a sec-

ond edge proxy (106) of the first IMS network (102) and comprises the step of
receiving (328, 1002) a user terminal registration request from a first edge
proxy (302) of the first IMS network (102), wherein the registration request
has been received by the first edge proxy via a second IMS network (104) and
is forwarded to the second edge proxy (106) managing the roaming agree-
ment between the first and second IMS network.

13. A computer program product comprising program code portions for performing
the method of any one of the preceding claims when the computer program product
is executed on one or more computing devices.

14. The computer program product of claim 13, stored on a computer readable re-
cording medium.

15. A node implementing a first edge proxy (302) and adapted for managing an
automatically established roaming agreement in a first IP Multimedia Subsystem
"IMS" network, the node comprising:
a component (502) adapted to receive a registration request of a user termi-
nal (306) via a second IMS network (104);
a component (504) adapted to send, based on the registration request, a
roaming information request indicating the second IMS network to a user da-
tabase (110) associated with the first IMS network (102);
a component (506) adapted to receive, in response to the roaming information
request, from the user database (110) a roaming information answer indicat-
ing information related to the roaming agreement, and
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a component (506) adapted to forward, based on the roaming information an-
swer, the registration request to a second edge proxy (106) of the first IMS
network (102), wherein the second edge proxy (106) is managing the roaming
agreement between the first and second IMS network.

16. The node according to claim 15,

further comprising:
a component (504) adapted to send a routing permission request to the user
database, the routing permission request requesting permission for routing
the registration request to a user registrar of the first IMS network; and
a component (506) adapted to receive, in response to the routing permission
request, a routing permission response from the user database rejecting the
requested permission.

17. The node according to claim 15,
wherein the node is adapted to send a single message comprising the routing per-
mission request and the roaming information request sent to the user database.

18. A node implementing a user database (110) associated with a first IP Multimedia
Subsystem "IMS" network (102) and adapted for managing an automatically estab-
lished roaming agreement in the first IMS network, the node comprising:
a component (702) adapted to receive, from a first edge proxy of the first IMS
network, a roaming information request indicating a second IMS network; and
a component (708) adapted to send, in response to the roaming information
request, to the first edge proxy a roaming information answer indicating in-
formation related to the roaming agreement.

19. The node according to claim 18,

further comprising:
a component (702) adapted to receive a routing permission request from the

first edge proxy, the routing permission request requesting permission for
routing the registration request to a user registrar of the first IMS network;
and

a component (708) adapted to send, in response to the routing permission re-
quest, a routing permission response to the first edge proxy rejecting the re-
quested permission.
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20. The node according to claim 18,

wherein the node is adapted to receive a single message comprising the routing

permission request and the roaming information request sent from the first edge
proxy and is further adapted to send only a roaming information answer and no

routing permission response to the first edge proxy.

21. The node according to any one of claims 15 to 20,
wherein the nodes (702, 708) implementing the first edge proxy and the user data-
base are adapted to communicate with each other using the Diameter protocol.

22. A node implementing a second edge proxy (106) and adapted for managing an
automatically established roaming agreement in a first IP Multimedia Subsystem
"IMS" network (102), the node comprising a component (904) adapted to receive a
user terminal registration request from a first edge proxy (302) of the first IMS net-
work (102), wherein the registration request has been received by the first edge
proxy (302) via a second IMS network (104) and is forwarded to the second edge
proxy (106) managing the roaming agreement between the first and second IMS
network.

23. The node according to one of claims 15 to 22,

wherein at least one of the first edge proxy and the second edge proxy is imple-
mented as an Interrogating Call State Control Function "I-CSCF" (302, 106), Inter-
connect Border Control Function "IBCF", or Session Border Gateway "SBG", the user
database is implemented as a Home Subscriber Server "HSS" (110), and the user
registrar is implemented as a Serving Call State Control Function "S-CSCF" (108).
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Information Mapping to | Cat. | Description
element name Diameter
AVP
Visited Network | Visited Net- | M Identifier that allows the home network to
Identifier work- identify the visited network
' Identifier
Fig. 4a
Information ele- | Mapping to | Cat. | Description
ment name Diameter
AVP
Result Result-Code | M Result of the operation.
/ Experimen- Result-Code AVP shall be used for errors
tal Result defined in the Diameter Base Protocol
Roaming Roaming ) If there is not roaming yet for the current
Template Data visited network, the roaming template
must be sent in order to start a negotia-
tion
Roaming State Roaming M If there is already a roaming for the cur-
State rent visited network, the state must be
sent
Roaming Handler | Roaming 0] I-CSCF which handles the current roam-
Handler ing with the visited network

Fig. 4b
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Manage an automatically estab-
lished roaming agreement in an
edge proxy of a first IMS network

602

Receive a registration request of a user terminal via a
second IMS network

'

Send a routing permission request to the user database, the
routing permission request requesting permission for rout-
ing the registration request to a user registrar of the first
IMS network

'

Receive, in response to the routing permission request, a
routing permission response from the user database reject-
ing the requested permission

v

Send, based on the registration request, a roaming informa-
tion request indicating the visited IMS network to a user
database associated with the first IMS network

;

Receiving, in response to the roaming information request,
from the user database a roaming information answer indi-
cating information related to the roaming agreement

'

Forward, based on the roaming information answer, the
registration request to a second edge proxy of the first IMS
network, wherein the second edge proxy is managing the
roaming agreement between the first and second network

S

604

S

606

Y

608

MY

612

<

Fig. 6
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Manage an automatically estab-
lished roaming agreement in a
user database of a first IMS net-
work

802 Receive, from a first edge proxy of the first IMS

network, a routing permission request requesting

permission for routing a registration request to a
user registrar of the first IMS network

804 l

Send, in response to the routing permission re-
quest, a routing permission response to the first
edge proxy rejecting the requested permission

806 l

Receive, from the first edge proxy, a roaming in-
formation request indicating a second IMS network

'

808 Send, in response to the roaming information re-

quest, to the first edge proxy a roaming informa-

tion answer indicating information related to the
roaming agreement

S

S

S

S

Fig. 8
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Manage an automatically estab-
lished roaming agreement in an
edge proxy in charge of negotiat-
ing and maintaining a dynamic
roaming agreement

1002 Receive a user terminal registration request from
a first edge proxy of the first IMS network,
\/\ wherein the registration request has been re-
ceived by the first edge proxy via a second IMS
network
1004 l
\/\ Perform a re-negotiation of the dynamic roaming
agreement
1006 Indicate the re-negotiated roaming agreement to
the user database and request further
information
1008 i
\/\ Forward the registration attempt to a
user registrar

Fig. 10
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