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Introduction

The present contribution proposes a service model for R'00 PS based on the concept of service control located in the visited network, and describes the features and the advantages of the model. The contribution also compares the model with other models, highlighting what are the reason for considering the proposed model as the most adapt for R'00 PS.

Definitions and Requirements

The following definitions and requirements are not meant for acceptance but are included here in order to create a framework for the proposal contained in the following document.

1. Definitions

2. Subscriber is home when they are in the same network as their associated HSS.

3. A user’s Service Data is held with the HSS of the Home network. 

4. Services include all 3G multimedia services including voice.

5. Service Logic is located in SCP or Application server (as defined in OSA) in the application cloud. The interface between Service logic and Service Control can be provided with e.g. CAMEL or OSA.

6. Service Control is equal to call processing i.e. call control signalling processing and service triggering for IN services (CAMEL). 

7. Home CSCF is located in the home PLMN. Home CSCF performs the Service Control when subscriber has registered to it.

8. Visited CSCF is located in the visited PLMN. Visited CSCF performs the Service Control when subscriber has registered to it. 

9. IP Multimedia Services is the set of services provided by the IP Multimedia CN subsystem. 

10. Service data is e.g. triggering information that is downloaded from HSS to CSCF during the registration procedure.

11. Triggering is performed by CSCF and it can be done at different call phases e.g. at setup, mid-call and release phases. 

· Basic services vs Subscription services

· Basic services are the minimum set of capabilities/services required to make a call.

· Subscription services are all services/service capabilities that require subscription for use. e.g. 
12. The location service for emergency call support is counted as part of the basic service, however, the use of location services for non-emergency call applications is a subscription service. This definition is in line with the Basic Service definition in TR 22.976. i.e. "basic services are the teleservices and bearer services".

13. Call Associated services vs Non Call Associated services: differentiation is based on the use of call control to support the service. Typical call associated services include voice and conversational video.

1. Requirements

2. Whenever a subscriber is roaming outside the network of their service provider, the subscriber will still wish to access the same set of services that they have available in their home network.

3. Control of services by the home network should allow the service provider to have product differentiation and to provide these services on a home network and serving network basis

4. Minimise user plane and optimise between originating and terminating party.

5. Minimise control plane interactions, consider pros and cons of control plane to home network and control plane to serving network.

6. Minimise user plane and signalling tromboning.

7. Single call control protocol between the UE and the CSCF 

8. The serving network is the controlling entity of the network resources to be utilised for bearer traffic.

9. Interconnection is required for the correlation of charging data between resource usage and service usage.

10. Enable roaming to/from legacy CS networks

Serving Network Service Control Model
· In the proposed service model can be described as follows:

· basic services are controlled by serving network according to subscribe profile downloaded from the home network

· service logic is located in home network, although there are some services in MT calls that should be triggered by home network e.g. CFU and some barrings. In general, call signalling is not processed in Home network.

· serving CSCF triggers services based on the triggers received from the home network and provides information to service logic with e.g. CAMEL interface. 

· MT calls are routed via home network where I-CSCF (Incoming CSCF) determines by UMS query where the subscriber is currently registered. 

· In MO calls, calls are routed by serving-CSCF in visited network. 

· Most of the network elements (MGCFs, MRFs and MGWs) exist in both the serving network and the home networks. It depends on the call type (MO/MT), which elements are used in home and visited network.

· The proposed service model is describes in terms of the following issues and it is shown how the proposed service model can support these issues:

· normal call origination

· call delivery

· routing of mobile originated calls to a local number (local to the subscriber’s current location)

· routing of mobile originated calls to a number in their home location local number when the subscriber is roaming

· roaming to/from R'99/GSM from to R'00 PS

· charging and accounting

· prepaid services

· support of emergency calls

· lawful surveillance

Normal call origination

For normal call origination, the CSCF that the subscriber has registered with is responsible for handling the call.  

In the propose service model , the call is handled by the S-CSCF according to the subscriber service profile, which is downloaded from the UMS at the time of registration.

Usage of MGCF/MGW and MRF is described in the follow.

Call delivery

For call delivery, the call is initially routed to the home network. For calls from PSTN, the call will be delivered to an MGCF. MGCF chooses a CSCF (ICGW) (choice can be based on different criteria). For calls from IP networks, the call will be delivered to a CSCF (ICGW) based on translation of the dialled logical name (choice can be based on different criteria). 

From the origination point (either PSTN or other IP network) ICGW handles the call and queries the UMS to determine the S-CSCF that is currently serving the roaming subscriber. The call setup is then routed to the CSCF after any SS or incoming call screening is performed.
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Routing of mobile originated calls to a local number (local to the subscriber’s current location)

CSCF should have the capability of analysing dialled E.164 numbers in order to decide how mobile originated calls should be routed. If such capability is not available, independently of the service model route optimisations cannot be achieved and the calls have to be routed directly to PSTN.

· In order to route mobile originated calls to the appropriate destination network while avoiding inefficient routing, CSCF must :

· have enough knowledge to analyze the dialed number (e.g. knowledge of area codes, country codes, etc.);

· have access to MGCF/MGW in the appropriate locations.

In the proposed service model, since Serving CSCF (S-CSCF) is local to the subscriber current location, S-CSCF has enough knowledge to route the call to the appropriate network and has direct access to MGCF/MGW in the local network.

S-CSCF can simply route the call to PSTN through an appropriate MGCF/MGW. How S-CSCF chooses MGCF/MGW in the local network is outside the scope of this contribution, but it is assumed that S-CSCF has sufficient knowledge to select an MGCF/MGW belonging to the same network the S-CSCF belongs to. 

If supplementary services involving the MRF have to be supported, S-CSCF can select and control an MRF belonging to the same network the S-CSCF belongs to. 

Optimisations of the call routing are possible. In fact, mobile originated calls dialled using an E.164 number belonging to a subscriber of another R'00 PS mobile network can be routed directly to the destination R'00 PS network without leaving the IP domain (i.e. without being routed through PSTN). Solutions are available to achieve these optimisations, although the author thinks this document is not the right venue to discuss the details of such solutions.

Number portability issues are not considered in this contribution.

Routing of mobile originated calls to a number in their home location local number when the subscriber is roaming

Again, CSCF should have the capability of analysing dialled E.164 numbers in order to decide how mobile originated calls should be routed.

· S-CSCF has two choices:

· S-CSCF simply routes the call to the destination of the call through a connection to the local PSTN by using an appropriate MGCF/MGW.

· S-CSCF performs route optimisation of the call based on the E.164 number analysis (route optimisation is based on agreements between carriers):

· if the number corresponds to a non R'00 PS network (e.g. PSTN) local to the home network of the originating subscriber, S-CSCF can route the call to the destination "location" without leaving the IP domain (i.e. without being routed through PSTN), and route the call to PSTN only locally to the home network. This can be achieved by the S-CSCF choosing a MGCF/MGW located locally to the subscriber home network. Such MGCF/MGW can:

· belong to the serving network (e.g. serving network installs MGCF/MGW in remote location to support optimal routing over IP and maximize the revenue)

· belong to the home network and agreements exist between serving and home network in order to achieve optimal routing and maintain for as much as possible the calls over the IP domain.

if the number corresponds to a subscriber of the home network, or of another R'00 PS network local to the home network of the originating subscriber, S-CSCF could interrogate the UMS of the destination network to locate the called subscriber and route the call appropriately. Solutions based on agreements between carriers and appropriate number analysis can be provided for this purpose.

Roaming to/from R'99/GSM from to R'00 PS 

· In order to allow R'99/GSM subscribers to roam to R'00 PS and to allow R'00 PS subscribers to roam to R'99/GSM, the R'99/GSM roaming model must be respected and simulated by the R'00 PS network since no modification shall be imposed to R'99/GSM networks to allow roaming to/from R'00 PS. This means that:

· when an R'99/GSM subscriber roams to R'00 PS, from the point of view of the R'99/GSM network the R'00 PS network has to behave as a serving MSC (or visited system), and

· when an R'00 PS subscriber roams to R'99/GSM, from the point of view of the R'99/GSM network the R'00 PS network has to behave as a home network, i.e. download service profile and triggers to the serving MSC, and leave all service control to the serving MSC. 

For R'99/GSM subscribers to roam to R'00 PS, the R'99/GSM network expects service control to be performed by the serving MSC and only downloads profiles and triggers to it. Therefore, the R'00 PS network must implement service control for the R'99/GSM roaming subscriber and accept profile and triggers from the R'99/GSM network (with appropriate conversions if needed). 

For R'00 PS subscribers to roam to R'99/GSM, the R'99/GSM network expects service control to be performed by the serving MSC and only to receive profiles and triggers from the home network. Therefore, the R'00 PS network must not retain service control for the R'00 PS roaming subscriber and download service profile and triggers to the serving MSC (with appropriate conversions if needed). 

The adoption of the proposed service model with service control in the Serving CSCF allows R'99/GSM users to smoothly roam to R'00 PS networks and R'00 PS users to smoothly roam to R'99/GSM networks with no impact on R'99/GSM networks.

Charging and accounting

· Charging in R'00 PS networks takes place at two levels: 

· GPRS level: resources usage can be charged in terms of packet/octets volume and QoS, and other aspects of the data connection, and/or a combination of such aspects

· Application level: multimedia calls can be charged based on the time duration of the call, the types and number of media involved, the destination of the call (local, long distance, international, etc.), the location of the user (in home network or roaming), and/or a combination of these factors.

The exact details of charging are for further study. In particular, what charging factors are considered, how these factors are combined, and in general the way billing is performed is mainly an issue related to the carrier needs and to services provided, thus the details of how billing is implemented should be left to the carriers.

Nokia does not believe that carriers will not charge an extra for long distance calls and in particular international calls, and in particular for the roaming (forwarded) legs of mobile terminated calls for user roaming in a serving network different from the home one. 

In the proposed model, the network elements have enough information to charge the roaming leg. In fact, being S-CSCF located in the serving network and I-CSCF in the home network, it is possible to exchange information between the two to support charging of the roaming leg. Other service model s, instead, do suffer from problems and cannot perform charging for roaming (forwarded) legs. 

Correlation of charging data between resource usage and service usage can be achieved, and solutions are available for this, although this contribution is not the right venue to discuss the details of such solutions.

Prepaid services

· In general, prepaid can be implemented as a service in the SCP, which has standardised interfaces to CSCF and SGSN, or through other solutions (e.g. charging gateway). For R'00 PS two separate sub-scenarios can be identified when providing prepaid services: 

· the subscriber has a regular GPRS subscription at the TL, and a prepaid subscription at the AL.  The AL prepaid subscription can be handled via SCP-CSCF interaction. The correlation of the AL and TL charging records can be handled by post-processing mechanisms, these mechanisms should ensure that the subscriber would not be billed twice for the same multimedia call. 

· the subscriber has prepaid subscriptions at both the TL and AL. In this case the SCP could handle the correct correlation of AL and TL charging.
In both sub-scenarios the key to provide prepaid services is to take care of proper correlation of AL and TL charging. This proper correlation can be easily ensured with the proposed service model, since the visited network provides both TL and AL services. 
Support of Emergency Calls

The emergency call requirements vary in different countries. Emergency service is a mandatory feature in several countries imposed by the government bodies that has strict requirements in completing the call setup under all conditions e.g. with or without SIM.  Depending on the physical location of the user a local PSAP or emergency call center is chosen by one of the local network entities local to the MS location. So, the provision of the emergency service should be independent of the service model adopted in the 3GPP R00 and is a service provide by the serving network. The CSCF may be selected by the GGSN based on a predetermined basis for handling the emergency calls and it belongs to the local network where the user is present.

There could be several emergency numbers under use in any PLMN. The required service level may differ based on the emergency authority called. It is assumed that the terminal would have the capabilities to handle all emergency numbers, or otherwise the emergency calls are handled like any other local calls.

Lawful surveillance

Lawful surveillance requirements indicate that the both control signalling and content of the user information is monitored in UMTS networks.  Interceptions will be required at least in the following network elements: CSCF, MRF, GGSN, and HSS.  There is an effect on how the lawful interceptions are provisioned based on the service model adopted.

Application Level (AL) calls related signalling interception can be handled by the CSCF. CSCF establishes a conference call with the lawful surveillance collection function point through MRF to bridge the user data.

Transport Level (TL) data interception is handled by the GGSN and bridged to the lawful surveillance collection function point.

In the proposed service model, legal interception is easy when the user is roaming within the home country. When the user roams to a different country, the S-CSCF and the serving network GGSN can provide complete legal interception to the visited network lawful surveillance collection point.  The S-CSCF is able to control a local MRF to bridge the call to the LEA.
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Analysis

· The following advantages can be identified for the proposed service model:

· Optimised routing:

· user plane for both MT and MO calls is optimised (no tromboning)

· control plane for both MT and MO calls is optimised (no tromboning except in some terminating call cases similarly to 2G).\

· gateways are local to the location of the MS and S-CSCF
· optimal routing for two MS roaming to the same visited network can be performed under one S-CSCF
· MRF function can be controlled locally to the serving network
· the mobile dialling plan is exactly the same for E.164 numbers

· it is very easy to detect setup messages, thus allowing for charging for unsuccessful call setup

· emergency calls toward the emergency services local to the MS location can be easily provided

· routing of mobile originated calls to a number local to the subscriber’s current location can be easily supported with optimal routing for both user plane and control plane.
· the fact that CSCF is located in the visited network allows for control of resources from its network

· there is no packet delay for signalling traffic and call setup due to the location of the S-CSCF, thus the experience of the users is equivalent to today’s networks
· charging can be easily supported even for roaming legs independently of the charging method adopted (both at AL and TL)

· abbreviated dialling for services in the visited networks can be easily supported

· announcements in preferred language can be supported by roaming agreement and by providing the visited network with the announcements to play. The S-CSCF can base the choice of the language the announcements should be played in on the service profile downloaded from the UMS
· The following disadvantages can be identified for the proposed service model, but they do not make the situation worst than it is in current networks while allowing for improvements:
· carriers need application level roaming agreements 

· standards are required for the call state machine in the CSCF and the protocols for giving control to service logic in the home network. Anyway, an existing protocol such as CAMEL can be adopted.
· requires the visited CSCF to have the same capabilities of the home network in terms of roaming interfaces (i.e. CAP interface). In fact, CSCF does not need to have any specific capabilities apart from supporting the roaming interface (e.g. CAMEL) since, as per S1 statements, CSCF should not be supporting any service in itself, but rely on triggers and interactions with the service logic.

Others

Handover is not considered in the discussion since it is not an issue from the point of view of the service control. Handover is a bearer level function handled by the GPRS network; the application level entities (e.g. CSCF) are not involved in the handover.  When the GPRS network decides to perform a handover, GPRS handover procedures enhanced to support RT services are used to handover the call to a suitable target network entity.  This function remains transparent to the application level entities.  So, the handover procedure remains the same independently of the service control model adopted.

Conclusion

· In order to specify and complete architecture for R'00 PS within the R'00 time schedule, Nokia recommends the service model proposed in this contribution to be selected as Service Control concept for R00 architecture.  The proposed solution has the following key advantages:

· roaming from R'00 PS to GSM/R'99 and from GSM/R'99 to R'00 PS is easier and flexible, and supports such roaming with no impact on R'99/GSM networks .

· emergency calls and local numbering are easy to handle

· standardisation effort is minimised, and leverages the existing VHE/OSA architecture.

· the service model is  based on an existing Service Control interface, whereas alternative solutions require new interfaces between home and serving network

Proposal

Nokia proposes the service model based on the serving network described in this section to be adopted as the service model for R'00 PS.
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