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LAST HOP DECISIONS IN TELECOMMUNICATIONS NETWORKS

Technical field

The invention relates to methods and apparatus for controlling last hop decisions in a

telecommunications network. Specifically, the invention may relate to methods and

apparatus for controlling last hop decisions within the core network, for example, by an

applications server and a domain name server.

Background

In current systems, last hop decisions regarding routing are fully controlled by a

border element in a telecommunications network. As such, the Core Network (CN)

does not control these last hop decisions.

Last hop decisions are usually used in Proxy Call Session Control Function (P-

CSCF), Interconnection Border Control Function (IBCF) and Transit Internet Protocol

(IP) Multimedia Service (IMS) use cases. In those use cases routing policies can be

applied on a per Enterprise, Session Initiation Protocol (SIP) trunk, Access Network,

or Foreign Network (independent of the CN) basis. If Constraint Based Routing

(CBR) is used, it must be configured, fully controlled and applied statically at the

border element. That approach is based on market legacy and has a significant

impact on operation and management, and on provisioning of a telecommunications

network because, for every route and signalling point, an operator must configure

statically the routing constraints, even the overlapping values, and apply them per

network or per user.

A border element may be, for example, a Session Border Controller (SBC) in non-

IMS networks or an IBCF or Transit node in IMS networks.

In addition to the operation and maintenance impact of the above approach, border

elements are single points of failure regarding last hop routing decisions, which

increases instability in the network.



Existing technologies impact operation and maintenance heavily since every single

last hop, last hop decision and associated signalling entity (e.g., SIP trunk) must be

individually configured and statically controlled by the border element application.

Summary

Aspects and embodiments of the invention aim to obviate or mitigate one or more of

the problems associated with the prior art, including those mentioned above.

A route profiles data base is disclosed herein and can be replicated between nodes.

Therefore, a new node added to a network can start selecting routes without

provisioning or configuration. Also, there can be default route profiles per system.

Without this, every network expansion will end up with re-configuration and re-

provisioning regarding route selection.

There is a desire from Operators for a new "IMS business trunking for IP-Private

Branching Exchange (PBX) in static mode of operation," which is the subject of on-

going 3GPP standardization work, is minimal or no impact on involved IMS node

configurations. Exemplary embodiments of the invention provide minimal or no

impact on involved IMS node configurations can also be useful for migration or

expansion projects where one customer is moving to another border element

instance and the needed route selection data can be provided dynamically. The

current system of last hop decisions at border elements is not able to fulfil that desire.

According to the invention in a first aspect, there is provided a network node for use as

an application server, AS, (106) in a core network. The network node comprises a

receiving means, which may be a receiver (304), configured to receive a call setup

message from an Interrogating Call Session Control Function, l-CSCF, wherein the call

setup message requires data to be transmitted over a foreign network. The network

node comprises a route profile determining means, which may be a route profile

determiner (314), configured to determine a route profile for data relating to the call and

for control of last hop decisions in a border element ( 1 00) between the core network

and the foreign network. The network node comprises a Fully Qualified Domain



Name, FQDN, retrieving means, which may be a FQDN retriever (316), configured to

retrieve from a database a FQDN associated with a user service profile and the

determined route profile. The network node comprises a FQDN controlling means,

which may be a FQDN controller (31 8), configured to insert the retrieved FQDN into

the call setup message and to control a transmitter (302) to transmit the call setup

message to a border element (100).

As used herein, a call setup message may comprise data that at least partly is

responsible for setting up a call in a telecommunications system. A call may be a

voice call or any other type of connection between two nodes in a

telecommunications system for the transfer of data.

As used herein, a foreign network may be any network that is not the home (or core)

network of a subscriber to a telecommunications system. In addition, a foreign

network may be a target or destination network in which a device is located to which

a call is to be setup, and a home network may be a source network from which a call

setup message originates.

Optionally, the route profile determiner (314) is configured to determine the route

profile based on a subscription of a user originating the call.

Optionally, the route profile determiner (314) is configured to determine the route

profile based on one or more network requirements.

Optionally, the FQDN retriever (316) is configured to retrieve the FQDN from a Home

Subscriber Server ( 1 08).

Optionally, the FQDN is stored in a memory (306) of the network node, and wherein

the FQDN retriever (316) is configured to retrieve the FQDN from the memory.

According to the invention in a second aspect, there is provided a method for

controlling a network node for use as an AS (106) in a core network. The method

comprises receiving, at a receiver (304), a call setup message from an Interrogating

Call Session Control Function, l-CSCF, wherein the call setup message requires data

to be transmitted over a foreign network. The method comprises determining, by a



route profile determiner (314), a route profile for data relating to the call and for control

of last hop decisions in a border element ( 1 00) between the core network and the

foreign network. The method comprises retrieving, by a Fully Qualified Domain

Name, FQDN, retriever (316) from a database, a FQDN associated with a user

service profile and the determined route profile. The method comprises inserting, by

a FQDN controller (318), the retrieved FQDN into the call setup message and

controlling a transmitter (302) to transmit the call setup message to a border element

( 1 00).

Optionally, the route profile determiner (314) determines the route profile based on a

subscription of a user originating the call.

Optionally, the route profile determiner (314) determines the route profile based on

one or more network requirements.

Optionally, the FQDN retriever (316) retrieves the FQDN from a Home Subscriber

Server (108).

Optionally, the FQDN is stored in a memory (306) of the network node, and wherein

the FQDN retriever (316) retrieves the FQDN from the memory.

According to the invention in a third aspect, there is provided a computer program

(310) comprising instructions which, when executed on at least one processor, cause

the at least one processor to carry out the methods described above.

According to the invention in a fourth aspect, there is provided a carrier (312)

containing the computer program (310) above, wherein the carrier is one of an

electronic signal, optical signal, radio signal, or non-transitory computer readable

storage medium.

According to the invention in a fifth aspect, there is provided a network node for use as

a border element (100) in a core network. The network node comprises a receiving

means, which may be a receiver (204), configured to receive a call setup message

transmitted from an application server, AS, (106), wherein the call setup message

requires data to be transmitted over a foreign network and comprises a FQDN



associated with a route profile for control of last hop decisions in a border element

between the home network and the foreign network. The network node comprises a

FQDN extraction means, which may be a FQDN extractor (214), configured to extract

the FQDN from the received call setup message. The network node comprises a

route profile data retrieving means, which may be a route profile data retriever (216),

configured to retrieve from a database route profile data based on the extracted

FQDN, the route profile data comprising a route profile ID. The network node

comprises a last hop controlling means, which may be a last hop controller (21 8),

configured to determine routing for data to be transmitted over the foreign network,

based on a route profile identified by the route profile ID.

Optionally, the route profile data retriever is configured to retrieve the route profile

data from a DNS (102).

Optionally, the route profile data retriever is configured to retrieve the route profile

data from a memory (206) of the network node.

Optionally, the last hop controller (21 8) is configured to obtain the route profile based

on the route profile ID, and wherein the last hop controller (218) is further configured

to determine whether the route specified by the route profile is up or down.

Optionally, if the route is up, the last hop controller (218) is configured to control the

last hop of data relating to the call in accordance with the route.

Optionally, if the route is down, the last hop controller (21 8) is configured to obtain a

further route profile and to determine whether a further route specified by the further

route profile is up or down.

Optionally, if the further route is up, the last hop controller (21 8) is configured to

control the last hop of data relating to the call in accordance with the further route.

According to the invention in a sixth aspect, there is provided a method for controlling

a network node for use as a border element (100) in a core network. The method

comprises receiving, by a receiver (204), a call setup message transmitted from an

application server, AS, (106), wherein the call setup message requires data to be



transmitted over a foreign network and comprises a FQDN associated with a route

profile for control of last hop decisions in a border element between the home

network and the foreign network. The method comprises extracting, by a FQDN

extractor (214), the FQDN from the received call setup message. The method

comprises retrieving, by a route profile data retriever (216) from a database, route

profile data based on the extracted FQDN, the route profile data comprising a route

profile ID. The method comprises determining, by a last hop controller (21 8), routing

for data to be transmitted over the foreign network, based on a route profile identified

by the route profile ID.

Optionally, the route profile data retriever retrieves the route profile data from a DNS

( 1 02).

Optionally, the route profile data retriever retrieves the route profile data from a

memory (206) of the network node.

Optionally, the last hop controller (218) obtains the route profile based on the route

profile ID, and wherein the last hop controller determines whether the route specified

by the route profile is up or down.

Optionally, if the route is up, the last hop controller (218) controls the last hop of data

relating to the call in accordance with the route.

Optionally, if the route is down, the last hop controller (21 8) obtains a further route

profile and determines whether a further route specified by the further route profile is

up or down.

Optionally, if the further route is up, the last hop controller (218) controls the last hop

of data relating to the call in accordance with the further route.

According to the invention in a seventh aspect, there is provided a computer program

(210) comprising instructions which, when executed on at least one processor, cause

the at least one processor to carry out the methods described above.



According to the invention in a eighth aspect, there is provided a carrier (212)

containing the computer program (210) above, wherein the carrier is one of an

electronic signal, optical signal, radio signal, or non-transitory computer readable

storage medium.

Brief description of drawings

Exemplary embodiments of the invention are disclosed here with reference to the

accompanying drawings, in which:

Figure 1 is an architecture diagram of a telecommunications system;

Figure 2 is a block schematic diagram of a border element;

Figure 3 is a block schematic diagram of an application server;

Figure 4 is a signalling diagram for a method of controlling last hop decisions; and

Figure 5 is a block schematic diagram of a border element showing data flow.

Detailed description

Disclosed herein are methods and apparatus for CN control of last hop decisions in a

telecommunications network. In exemplary methods and apparatus, an operator can

configure a network such that last hop decision control is provided at an Application

Server (AS). In such methods and apparatus, the operator may configure and

activate a "last hop controlled by AS and Domain Name Server (DNS)" feature (or

"dynamic routing" feature) on the border element. This way, the last hop decision can

be decided by the AS as part of the IMS user service profile and this can be

especially useful for the future of the Enterprise market in the IMS core.

Specifically, by allowing the AS to control which routing profile to apply at a border

element for a particular user under particular conditions, the number of routing

profiles stored at the border element may be drastically reduced. In current systems

every possible routing profile for every user must be stored at the border element, as

the same routing profile cannot be used by more than one user. However, in the

invention, each routing profile stored at the border element may be used by any one

of the users and so a reduced number are required to be stored.



In current systems, last hop routing features are not part of any user service profiles,

but with the methods and apparatus disclosed herein, AS vendors may include such

last hop routing features in the IMS user service profile through route Fully Qualified

Domain Names (FQDNs). The AS vendors may map a user FQDN to routing

constraints that belong to a unique route profile ID. That is, an FQDN may be used to

represent a route profile ID.

The unique route FQDNs can be generated in the operator Operations & Support

System (OSS), provided in a Home Subscriber Server (HSS) under an IMS subscriber

service profile and accessed by an AS (e.g., as in IMS sh interface usage). This is just

one implementation but others are possible.

A benefit of the methods and apparatus disclosed may be in the fact that these actions

(route selection) can be seen as value added services (VAS) and part of the

subscribed list of paid features. That is, by applying route profile ID selection at the

AS, it is possible for operators to charge users for providing certain routing profile

benefits. In the prior art this is not possible, as the AS has no control over the route

profile of data for a user. The same thing can be achieved by not putting these unique

route FQDNs in the IMS service profile, but instead, the AS can do the same thing by

manual configuration, after the generic service profile is downloaded.

Using methods and apparatus disclosed herein, there is no need for: an individual

last hop decision on a border element; individual last hop static routing strategy

usage on the border element, individual last hop static route constraints configuration

and static multiple signalling points grouping on the border element. Exemplary

methods and apparatus therefore simplify and reduce the border element operation

and maintenance requirements. Exemplary methods and apparatus include the last

hop routing decision in a user service profile on an AS or HSS.

Also, exemplary methods and apparatus may use dynamic objects like a "route

profile", a "route group" and a "route status lookup", which can be re-used and

changed to include different received and resolved FQDNs, generated and/or

controlled by AS. FQDNs can be generated and associated with a route profile on an

OSS as part of user service profile creation and HSS provisioning, or as an alternative,

FQDNs can be generated and associated with route data on AS itself. By



configuration, FQDNs can be added to user service profiles such that the FQDNs are

associated with a user and a route profile.

As used herein, the term "route profile" encompasses a set of rules and procedures for

determining the last hop of data relating to a call. A route profile may be identified by a

"route profile ID", which is a unique identifier of a route profile. An FQDN is used as a

reference to route information (including a route profile ID) stored on a DNS.

Configured route profiles are stored in a border element "route profile database".

Further, the term "route group" encompasses a set of routes. Typically, if a first route

(e.g. IP address and port) using an associated route profile within a border element is

not available then the border element will implement the next (second) associated

route from a route profile group according to a particular strategy. The border element

may then apply the same route profile to determine the status of the second route. A

route group may be identified by a "route group ID", which is a unique identifier of a

route group.

In addition, a "route status lookup" is a managed object that uses an identified "route

profile", which may be an active route IP address and also uses the optional "route

group" managed object for the next "route status lookup" according to a "route profile"

strategy.

Different route FQDNs relate to and identify one or more "route profile ID" values

relating to route profiles stored in a border element and mapped routing constraints

provided by an AS. By selecting different FQDNs, an AS is able to select different

route profile IDs and thereby obtain different routing constraints and strategies that

can be used at the border element for data originating from a particular user.

Referring to Figure 1, a border element 100 provides connectivity between a Foreign

Network (FN) and a CN (or home network). The border element 100 may be an IBCF

for IMS networks or a SBC for non-IMS networks and is in electrical communication

with a DNS 102 and a Call Session Control Function (CSCF) 104. The CSCF 104 is

in electrical communication with an AS 106. The AS 106 is in electrical

communication with a HSS 108. The DNS 102 and the HSS 108 are each in

electrical communication with an OSS 109.



Figure 2 shows a schematic diagram of a border element 100. The border element

100 may be used in the architecture shown in Figure 1.

The border element 100 comprises a transmitter 202 and a receiver 204. The

transmitter 202 and receiver 204 are in electrical communication with other

communication units, nodes, UEs, servers and/or functions in a telecommunications

network and are configured to transmit and receive data accordingly.

The border element 100 further comprises at least one memory 206 and at least one

processor 208. The memory 206 may comprise a non-volatile memory and/or a

volatile memory. The memory 206 may have a computer program 210 stored therein.

The computer program 210 may be configured to undertake methods disclosed herein.

The computer program 210 may be loaded in the memory 206 from a non-transitory

computer readable medium 212, on which the computer program is stored. The

processor 208 is configured to undertake at least the functions of a FQDN extractor

214 and a route profile data retriever 216, as set out herein.

Each of the transmitter 202 and receiver 204, memory 206, processor 208, FQDN

extractor 214 and route profile data retriever 2 6is in electrical communication with the

other features of the border element 100. The border element 100 can be

implemented as a combination of computer hardware and software. In particular, the

FQDN extractor 214 and route profile data retriever 216may be implemented as

software configured to run on the processor 208. The at least one memory 206 stores

the various programs/executable files that are implemented by a processor 208, and

also provides a storage unit for any required data. The programs/executable files

stored in the memory 206, and implemented by the processor 208, can include the

FQDN extractor 214 and the route profile data retriever 216, but are not limited to such.

Figure 3 shows a schematic diagram of a AS 106. The AS 106 may be used in the

architecture shown in Figure 1.

The AS 106 comprises a transmitter 302 and a receiver 304. The transmitter 302 and

receiver 304 are in electrical communication with other communication units, nodes,



UEs, servers and/or functions in a telecommunications network and are configured to

transmit and receive data accordingly.

The AS 106 further comprises at least one memory 306 and at least one processor

308. The memory 306 may comprise a non-volatile memory and/or a volatile memory.

The memory 306 may have a computer program 310 stored therein. The computer

program 310 may be configured to undertake methods disclosed herein. The computer

program 310 may be loaded in the memory 306 from a non-transitory computer

readable medium 312, on which the computer program is stored. The processor 308 is

configured to undertake at least the functions of a route profile determiner 314, a

FQDN retriever 316 and a FQDN controller 318, as set out herein.

Each of the transmitter 302 and receiver 304, memory 306, processor 308, route profile

determiner 314, FQDN retriever 316 and FQDN controller 318 is in electrical

communication with the other features of the AS 106. The AS 106 can be implemented

as a combination of computer hardware and software. In particular, the profile

determiner 314, FQDN retriever 316 and FQDN controller 318 may be implemented as

software configured to run on the processor 308. The at least one memory 306 stores

the various programs/executable files that are implemented by a processor 308, and

also provides a storage unit for any required data. The programs/executable files

stored in the memory 306, and implemented by the processor 308, can include a profile

determiner 314, a FQDN retriever 316 and a FQDN controller 318, but are not limited

to such.

An exemplary OSS 109 may be configured to activate a new "last hop controlled by

AS and DNS" feature, on the border element 100. This may be done through network

operator provisioning procedures. Data may be transmitted from the OSS 109 to the

border element 100 to activate the feature in the border element 100. If the default

route profile object in the border element 100 for each system (for example, the route

profiles for Voice Over LTE (VoLTE) roaming, for SIP trunking or for priority services) is

acceptable, the OSS 109 may only generate and provide route profile IDs, and the

feature is ready on the border element. The generated route profile IDs may then be

stored on the DNS 102, along with the other route data stored against a FQDN. If the

route profile objects need to be updated/amended, the network operator may provide,

via the OSS 109, individual route profiles and associated route profile IDs to the border



element and that way activate the feature. As before, the route profile IDs may be

stored on the DNS 102.

An exemplary border element 100 may be configured to determine a route profile

object for a particular user. This may be done in response to receipt of a call setup

message, such as a terminating INVITE message, which includes a FQDN

associated with a route profile. The determined route profile object may be based on

route profile and route profile ID data received from the OSS 109 or may be a default

route profile object already stored within the border element 100. The route profile

object may be stored locally in a route profile database of the border element 100.

If necessary, exemplary border elements 100 may also determine a route group

object, which may comprise a plurality of routes received from the FQDN - the DNS

102 can respond with 1-N IP addresses/ports that correspond to routes - or may be a

default route group object on the border element 100, which may comprise one or

more default routes. The route group object may be stored locally in a route profile

database of the border element 100.

Exemplary border elements 100 may be configured to associate a route profile ID

received from the DNS 102 to a route profile object and a route group ID received

from the DNS 102 to a route group object (if necessary). When route group objects

are not used, a route group ID is not needed and resolved FQDN IP addresses may

be used for the default route group creation

FQDNs are used to identify data relating to a particular route profile. This data may

include an IP address of a destination network, a port identifier of a destination

network, transport protocol and a route profile ID (e.g., a Name Authority Pointer

(NAPTR)). Route profile data is stored in a memory of the DNS 102 and is obtainable

from the memory using an FQDN. Each FQDN may identify different route profile data.

In addition, FQDNs relating to one or more route profiles are associated with a user

service profile, for example an IMS user service profile, in the HSS 108 or the AS 106.

The user service profiles and the associated FQDNs may be retrieved from the HSS

108 by the AS 106, or may be obtained from an internal memory 306 of the AS 106.



In the AS 106, FQDNs can be mapped to associated routing constraints that are

synchronised with border element routing constraints. That is, the AS 106 is aware of

each of the route profiles in the border element 100 and which FQDNs are associated

to which route profiles.

Referring to Figure 4 , a signalling diagram shows an exemplary method for controlling

last hop decisions.

1. In response to a call from a remote end device, an Interrogating Call Session

Control Function (l-CSCF), transmits a Location Information Request (LIR) to

the HSS 108. The HSS 108 responds to the LIR request by transmitting to

the l-CSCF a Location Information Answer (LIA), which comprises information

about the location of the AS 106.

2 . To establish a call, the l-CSCF sends a terminating INVITE message towards

the AS 106.

3 . The route profile determiner 314 determines which route profile should be

used for data relating to the call. In exemplary methods and apparatus, the

route status lookup object determines the route profile (through the route profile

id, FQDN). The route profile to be used may be determined on one or more

user based criteria. For example, the route profile may be determined based

on one or more of a user's subscription, a time of day, a load on the home or

foreign network, a required bandwidth etc. The FQDN may be stored in the

HSS 108 as part of a user service profile. FQDN retriever 316 of the AS 106

retrieves from the HSS 108 a FQDN relating to the determined route profile.

In other exemplary embodiments the FQDN may be stored locally on the

memory 306 of the AS and may relate to a user service profile also stored in

the memory 306. In such exemplary embodiments the FQDN retriever may

retrieve the FQDN from the memory 306.

As mentioned above, the selection of the route FQDN may be based on any

relevant criteria, such as the time of the call or Call Admission Control (CAC).

For example, between the hours of 8am and 4pm route 1 may be required with



one last hop decision and between the hours of 4pm and 8am route 1 may be

required with a different last hop decision. Different route profiles may specify

different last hop decisions. Two FQDNs, FQDN 1 and FQDN 2 , may therefore

each specify a different route profile having a different route profile ID and

specifying different last hops, but the overall route (route 1) will be the same.

Therefore, between 8am and 4pm FQDN 1 specifying route 1 with a first last

hop is retrieved, and between the hours of 4pm and 8am FQDN 2 specifying

route 1 FQDN 2 specifying route 1 with a second last hop is retrieved.

The FQDN controller 3 18 inserts the retrieved FQDN, which may be an IP-

PBX FQDN, into the terminating INVITE message and controls the transmitter

302 to transmit the terminating INVITE message towards the border element

100, which may be an IBCF. In exemplary embodiments, the terminating

INVITE message may be transmitted to the CSCF 104 and from the CSCF

104 to the border element 100.

The receiver 204 of the border element 100 receives the terminating INVITE

message from the AS 106 and the FQDN extractor 2 14 extracts the FQDN

from the message. The route profile data retriever 2 16 initiates a DNS lookup

and controls the transm itter 202 to transmit a request to the DNS 102 for the

route profile data relating to the extracted FQDN . As well as legacy routing

information, the DNS 102 responds with an NAPTR record that carries the

route profile ID of the route profile determ ined by the route profile determiner

3 14 of the AS 106.

The last hop controller 2 18 of the border element 100 obtains from memory 206

the route profile corresponding to the retrieved route profile ID. The last hop

controller uses the obtained route profile together with legacy route profile data

retrieved from the DNS 102, such as an IP address ( 1 .N) of the last hop or

foreign network and a port, to determine last hop decisions for data exiting the

telecommunications network for a "foreign" network. The last hop controller 2 18

may first locate the user access network or foreign network using legacy route

profile data such as the IP address and the port. Then the last hop controller

2 18 may determine the route profile from the retrieved route profile data. After

route profile is determined, the last hop controller 2 18 may use the route IP



address from the determined route profile route status lookup. The route status

lookup determines the status of the route specified in the obtained route profile

ID. I it is determined that the route is inactive/down/exceeded constraints, a

further route profile may be used according to a strategy. The strategy may be

contained within the first (inactive) route profile. In such circumstances, the last

hop controller 218 may move to the next route profile ID in a route profile group.

The last hop controller 218 may check the associated route group managed

object and undertake a route status lookup with the next IP address in the same

group (while applying the route profile strategy).

Once a route profile is determined that is active and able to be used, the last

hop controller may control the last hop of data relating to the call according to

the active route profile.

Figure 5 shows a data flow through a border element 100, which may be a transit node

or an IBCF. The data flow is described below.

500: A terminating INVITE from Telecom IMS core (AS, HSS, CSCF) is sent

towards the border element 100 with route (SIP trunk) FQDN in the route header or

request-URI.

502: On IBCF/Transit node, the route (SIP trunk) FQDN is resolved to obtain

route data comprising multiple IP addresses, port, transport protocol, route profile ID

(NAPTR) and optional route group ID (NAPTR). The route data may be obtained

from the border element 100 or from the DNS 102.

504: The border element 100 uses the resolved FQDN legacy information

together with the route profile ID and (optional) route group ID to undertake the

associated route status lookup. The route status lookup object locates the selected

route profile with the route profile ID and sends the FQDN resolved IP address for

route status lookup. The route profile object uses the FQDN resolved IP address for

constraints associated SIP statistics lookup. The route profile object compares the

configured route constraints values associated with route profile 1 with the real time

constraints associated SIP statistics values. If there is a match, the route is "UP" (or

available), and if there is not a match the route is "DOWN". If the first route is



DOWN, the route status lookup object will use the route profile route strategy and the

received route group ID (from the route FQDN) to locate the next IP address for the

next route status lookup. The same "route profile" object is used for the next "route

status lookup".

506: In the case of Figure 5, route profile 1 (route profile ID 1) is UP and so SIP

network 1 508 is used to send data relating to the call to the foreign network 510.

A computer program may be configured to provide any of the above described

methods. The computer program may be provided on a computer readable medium.

The computer program may be a computer program product. The product may

comprise a non-transitory computer usable storage medium. The computer program

product may have computer-readable program code embodied in the medium

configured to perform the method. The computer program product may be configured

to cause at least one processor to perform some or all of the method.

Various methods and apparatus are described herein with reference to block diagrams

or flowchart illustrations of computer-implemented methods, apparatus (systems and/or

devices) and/or computer program products. It is understood that a block of the block

diagrams and/or flowchart illustrations, and combinations of blocks in the block

diagrams and/or flowchart illustrations, can be implemented by computer program

instructions that are performed by one or more computer circuits. These computer

program instructions may be provided to a processor circuit of a general purpose

computer circuit, special purpose computer circuit, and/or other programmable data

processing circuit to produce a machine, such that the instructions, which execute via

the processor of the computer and/or other programmable data processing apparatus,

transform and control transistors, values stored in memory locations, and other

hardware components within such circuitry to implement the functions/acts specified in

the block diagrams and/or flowchart block or blocks, and thereby create means

(functionality) and/or structure for implementing the functions/acts specified in the block

diagrams and/or flowchart block(s).

Computer program instructions may also be stored in a computer-readable medium

that can direct a computer or other programmable data processing apparatus to

function in a particular manner, such that the instructions stored in the computer-



readable medium produce an article of manufacture including instructions which

implement the functions/acts specified in the block diagrams and/or flowchart block or

blocks.

A tangible, non-transitory computer-readable medium may include an electronic,

magnetic, optical, electromagnetic, or semiconductor data storage system, apparatus,

or device. More specific examples of the computer-readable medium would include the

following: a portable computer diskette, a random access memory (RAM) circuit, a

read-only memory (ROM) circuit, an erasable programmable read-only memory

(EPROM or Flash memory) circuit, a portable compact disc read-only memory (CD-

ROM), and a portable digital video disc read-only memory (DVD/Blu-ray).

The computer program instructions may also be loaded onto a computer and/or other

programmable data processing apparatus to cause a series of operational steps to be

performed on the computer and/or other programmable apparatus to produce a

computer-implemented process such that the instructions which execute on the

computer or other programmable apparatus provide steps for implementing the

functions/acts specified in the block diagrams and/or flowchart block or blocks.

Accordingly, the invention may be embodied in hardware and/or in software (including

firmware, resident software, micro-code, etc.) that runs on a processor, which may

collectively be referred to as "circuitry," "a module" or variants thereof.

It should also be noted that in some alternate implementations, the functions/acts noted

in the blocks may occur out of the order noted in the flowcharts. For example, two

blocks shown in succession may in fact be executed substantially concurrently or the

blocks may sometimes be executed in the reverse order, depending upon the

functionality/acts involved. Moreover, the functionality of a given block of the

flowcharts and/or block diagrams may be separated into multiple blocks and/or the

functionality of two or more blocks of the flowcharts and/or block diagrams may be at

least partially integrated. Finally, other blocks may be added/inserted between the

blocks that are illustrated.

The skilled person will be able to envisage other embodiments without departing from

the scope of the appended claims.



CLAIMS:

1. A network node for use as an application server, AS, (106) in a core network,

the network node comprising:

a receiver (304) configured to receive a call setup message from an

Interrogating Call Session Control Function, l-CSCF, wherein the call setup message

requires data to be transmitted over a foreign network;

a route profile determiner (314) configured to determine a route profile for data

relating to the call and for control of last hop decisions in a border element (100)

between the core network and the foreign network;

a Fully Qualified Domain Name, FQDN, retriever (31 6) configured to retrieve

from a database a FQDN associated with a user service profile and the determined

route profile;

a FQDN controller (31 8) configured to insert the retrieved FQDN into the call

setup message and to control a transmitter (302) to transmit the call setup message

to a border element (100).

2 . A network node according to claim 1, wherein the route profile determiner

(314) is configured to determine the route profile based on a subscription of a user

originating the call.

3 . A network node according to any preceding claim, wherein the route profile

determiner (314) is configured to determine the route profile based on one or more

network requirements.

4 . A network node according to any preceding claim, wherein the FQDN retriever

(316) is configured to retrieve the FQDN from a Home Subscriber Server ( 1 08).

5 . A network node according to any of claims 1 to 4 , wherein the FQDN is stored

in a memory (306) of the network node, and wherein the FQDN retriever (316) is

configured to retrieve the FQDN from the memory.

6 . A method for controlling a network node for use as an AS (106) in a core

network, the method comprising:



receiving, at a receiver (304), a call setup message from an Interrogating Call

Session Control Function, l-CSCF, wherein the call setup message requires data to be

transmitted over a foreign network;

determining, by a route profile determiner (314), a route profile for data relating

to the call and for control of last hop decisions in a border element ( 1 00) between the

core network and the foreign network;

retrieving, by a Fully Qualified Domain Name, FQDN, retriever (316) from a

database, a FQDN associated with a user service profile and the determined route

profile;

inserting, by a FQDN controller (318), the retrieved FQDN into the call setup

message and controlling a transmitter (302) to transmit the call setup message to a

border element ( 1 00).

7 . A method according to claim 6, wherein the route profile determiner (314)

determines the route profile based on a subscription of a user originating the call.

8 . A method according to any of claims 6 to 7 , wherein the route profile

determiner (314) determines the route profile based on one or more network

requirements.

9 . A method according to any of claims 6 to 8, wherein the FQDN retriever (31 6)

retrieves the FQDN from a Home Subscriber Server ( 1 08).

10. A method according to any of claims 6 to 8 , wherein the FQDN is stored in a

memory (306) of the network node, and wherein the FQDN retriever (316) retrieves

the FQDN from the memory.

11. A computer program (310) comprising instructions which, when executed on at

least one processor, cause the at least one processor to carry out the method

according to any one of claims 6 to 10 .

12. A carrier (312) containing the computer program (310) of claim 11, wherein the

carrier is one of an electronic signal, optical signal, radio signal, or non-transitory

computer readable storage medium.



13 . A network node for use as a border element ( 100) in a core network, the

network node comprising :

a receiver (204) configured to receive a call setup message transmitted from

an application server, AS, ( 1 06) , wherein the call setup message requires data to be

transmitted over a foreign network and comprises a FQDN associated with a route

profile for control of last hop decisions in a border element between the home

network and the foreign network;

a FQDN extractor (21 4) configured to extract the FQDN from the received call

setup message;

a route profile data retriever (21 6) configured to retrieve from a database route

profile data based on the extracted FQDN, the route profile data comprising a route

profile ID; and

a last hop controller (21 8) configured to determine routing for data to be

transmitted over the foreign network, based on a route profile identified by the route

profile ID.

14 . A network node according to claim 13 , wherein the route profile data retriever

is configured to retrieve the route profile data from a DNS ( 102).

15 . A network node according to claim 13 , wherein the route profile data retriever

is configured to retrieve the route profile data from a memory (206) of the network

node.

16 . A network node according to any of claims 13 to 15, wherein the last hop

controller (21 8) is configured to obtain the route profile based on the route profile ID,

and wherein the last hop controller (21 8) is further configured to determine whether

the route specified by the route profile is up or down.

17 . A network node according to claim 16, wherein if the route is up, the last hop

controller (21 8) is configured to control the last hop of data relating to the call in

accordance with the route.



18. A network node according to claim 16 or 17, wherein if the route is down, the

last hop controller (218) is configured to obtain a further route profile and to

determine whether a further route specified by the further route profile is up or down.

19. A network node according to claim 18, wherein if the further route is up, the

last hop controller (21 8) is configured to control the last hop of data relating to the call

in accordance with the further route.

20. A method for controlling a network node for use as a border element (100) in

a core network, the method comprising:

receiving, by a receiver (204), a call setup message transmitted from an

application server, AS, (106), wherein the call setup message requires data to be

transmitted over a foreign network and comprises a FQDN associated with a route

profile for control of last hop decisions in a border element between the home

network and the foreign network;

extracting, by a FQDN extractor (214), the FQDN from the received call setup

message;

retrieving, by a route profile data retriever (216) from a database, route profile

data based on the extracted FQDN, the route profile data comprising a route profile

ID; and

determining, by a last hop controller (218), routing for data to be transmitted

over the foreign network, based on a route profile identified by the route profile ID.

2 1 . A method according to claim 20, wherein the route profile data retriever

retrieves the route profile data from a DNS ( 1 02).

22. A method according to claim 20, wherein the route profile data retriever

retrieves the route profile data from a memory (206) of the network node.

23. A method according to any of claims 20 to 22, wherein the last hop controller

(218) obtains the route profile based on the route profile ID, and wherein the last hop

controller determines whether the route specified by the route profile is up or down.



24. A method according to claim 23, wherein if the route is up, the last hop

controller (218) controls the last hop of data relating to the call in accordance with the

route.

25. A method according to claim 23 or 24, wherein if the route is down, the last

hop controller (21 8) obtains a further route profile and determines whether a further

route specified by the further route profile is up or down.

26. A method according to claim 25, wherein if the further route is up, the last hop

controller (218) controls the last hop of data relating to the call in accordance with the

further route.

27. A computer program (210) comprising instructions which, when executed on at

least one processor, cause the at least one processor to carry out the method

according to any one of claims 20 to 26.

28. A carrier (212) containing the computer program (210) of claim 27, wherein the

carrier is one of an electronic signal, optical signal, radio signal, or non-transitory

computer readable storage medium.
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