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1 Introduction

General
This document describes an architecture and exemplifying call flows for inter-service roaming for  Telephony as classical TeleService Speech in GSM/UMTS networks and Telephony as the voice component of a MultiMedia service. The document is intended to show the reasons and principles of the proposed architecture. Although the document in parts is fairly detailed, the intentions with such details are only meant to facilitate understanding of the principles by examples. 
Terminology.

 
(exact terms are f.f.s.)

· Network Domain: common name to refer to GSMisdn Domain, GPRS Domain (as well as other IP Accesses) and IP MultiMedia domain. 

· GSMisdn Domain: the core network architecture as defined by the GSM/UMTS standards excluding GPRS. The GSMisdn Domain is based on the ISDN-paradigm. The core network entities, born in a circuit-switched world, are in R00 mapped as Servers and Media Gateways to the All IP Network architecture. The GSMisdn Domain supports the TeleService Speech as well as add-ons (standardised Supplementary Services and IN services (CAMEL)). The GSMisdn Domain also has dependencies on numerous support entities for Operation and Maintenance. 

· GSMisdn Domain services. This is all the circuit-switched services of GSM/UMTS (although in R00 carried over IP). Besides the dominant TeleService Speech, it includes also data services and MultiMedia Services in the H324 series. 

· TeleService  Speech. The classic Speech service of GSM, carried over GSM or UMTS radio, and with all it’s associated add-ons (Supplementary Services, CAMEL, prepaid etc. )

· GPRS Domain. The core network architecture as defined by the GSM/UMTS standards for GPRS. The GPRS Domain also has dependencies on numerous support entities for Operation and Maintenance. 

· IP MultiMedia Domain. Common name for the core network architecture of H323 and SIP MultiMedia standards, complemented with necessary mobility functions to conform with wide area mobility qualities up to the norm set by today’s cellular networks. The IP MultiMedia Domain is assumed to be used for various IP-accesses. 

· IP MultiMedia services. MultiMedia services defined in standards H.323 and SIP.

· IP MultiMedia Voice Service. The Voice component of a MultiMedia service when used for Telephony purpose.

· Personal Number Domain. An optional architecture that is overlaid over the GSMisdn Domain and the IP MultiMedia Domain to support user reachability according various criteria such as Network domain attachment(s), user preferences, incoming traffic characteristics etc. 

· Personal Number Service. The service supporting reachability across Network Domains. 

· Personal Number Function (PNF). The function performing the routing control. 

· InterroGation Function (IGF). A call processing function that routes call to the appropriate Network Domain based on interrogation of the Personal Number Function. 

Architectural overview:
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An All IP network shall support R99 terminals. Furthermore, to allow smooth migration for users from R99 to R00 terminals, the R99 TeleService speech services should be retained in the R00 terminals. Thus, R00 terminals would occur as multi-radio and multi-service terminals, offering compatible R99 TeleService Speech as well as the new IP MultiMedia services upon GPRS. 

The GSMisdn Domain architecture

In the All IP network, all entities are IP-based. To support the R99 TeleService Speech, the R99 core network traffic executing entities implementing cs voice services are proposed mapped as Servers and Media Gateways onto the R00 reference model as discussed elsewhere. In the picture above these occur in the “GSMisdn Domain” part which thus logically operates as a GSM cs Core Network but where all signalling and user payload is mapped upon IP transport. This also allows for full roaming compatibility with all pre-R00 GSM and UMTS networks (mapping via signalling and media gateways). By this, the GSMisdn Domain core network is all IP and gives full outbound roaming Speech service compatibility with any R99, R00 or GSM/UMTS network, thereby inherently leveraging on the huge deployment of also GSM networks. 

The GPRS Domain architecture

The GPRS Domain consists of the GPRS core network entities. In R99 GPRS runs over GSM, EDGE and UMTS radio providing non-real time packet services including full roaming. In R00 GPRS is complemented with real-time packet transport thus now enabling conversational IP MultiMedia services. 

The IP MultiMedia Domain architecture

The R99 GPRS core network is complemented with real time services capabilities in R 00. In addition, the necessary control and media entities for IP MultiMedia services (e.g. CSCF, MGCF etc.) are added. The multimedia control entities are based on main stream MultiMedia call control standards, such as H.323 and SIP. This inherently provides user experience transparency when using these services from other IP-accesses such as tetherless and wireline accesses. The standards also include mechanisms for registration of users location i.e. for roaming. This opens the door for providing roaming also between various IP- accesses. 

The flavour and scope of this service conforms to the chosen MultiMedia standard e.g. H323 or SIP. These are young standards and are expected to evolve with add-ons based on the whole IP community and Cellular community innovations power, not allowing to be restricted or delayed by GSMisdn Domain compatibility requirements. MultiMedia inherently includes a Voice component, which can be used as a Telephony service, also here taking advantage of this fresh start situation in a future-proof direction. 

The need for back-up inter-Domain Network roaming

Having these structures in place, we inherently obtain full inbound and outbound roaming within each of these Network Domain families (Intra Network Domain roaming), each also leveraging on multiple radio technologies. However, the EDGE and/or WCDMA radio coverage cannot be assumed to provide full coverage in many network for years to come. The users of MultiMedia voice will depend also on GSMisdn Domain TeleService Speech coverage. The coverage is enabled by dual radio mode phones which also can access both services: the TeleService Speech within the GSMisdn Domain and the MultiMedia Voice service. Where there is single service coverage, the network needs routes the call to the current serving Network Domain. Where there is dual service coverage, the user can make the choice of which service to use. This is easy for outgoing calls, however, for incoming calls, the networks have to deliver the call in the mode of users’ preference. One way is assuming different dialling to reach the user via the GSMisdn Domain or IP MultiMedia domain (e.g. for the case when covered by both). However, we cannot exclude the case where migrating GSM users wish to keep their number, also for the IP MultiMedia service. All this gives the need to support routing of incoming calls to one and the same number based on user location in terms of visited Network Domain(s) , single or dual service coverage at the location, requested service by the caller (voice only or full MultiMedia) etc. The criteria for incoming call routing can be quite complex, also with strong customisation need per user, and by time including more and more access possibilities.

The Personal Number Domain architecture 

Obviously, the network needs new functionality to handle these routing requirements. Here it is proposed to provide this functionality overlaid as a Personal Number service, typically occurring in the home environment. The reason for this is to keep as loose as possible coupling between the GSMisdn Domain and the IP MultiMedia domain. The aim is to avoid disturbing the user experience in the tremendous growth in GSMisdn Domain deployment  and to avoid restrictions and delays for the development of the IP MultiMedia domain. The need for the functionality may vary as coverage for the IP MultiMedia service becomes more complete- looking to a distant future, this overlaid routing function may not be needed at all. Seen from the all IP network, the GSM Speech fall-back could be seen as an architectural exception, however for years to come commercially very important. 

Based on these extensive flexibility requirements we propose the overlaid approach rather than to implement the functionality into the core of both Network Domains. Thus we have rejected any solution where the IP MultiMedia Domain regards the GSMisdn network as a visited network due to associated complex mappings user profiles. The reason is the necessary freedom for new innovative add-on services within the IP MultiMedia Domain which would become impossible to map transparent enough into GSMisdn services. 

In line with the VHE/OSA approach, we propose to implement capabilities in both domains to report routing impacting events to the Personal Number Domain. This may also be complemented by direct (network transparent) interaction from the mobile or the user. 

This approach allows for maximum control power to the home environment on the design of the routing algorithms, to make them customised per user, to change them by time etc. Even if use of a single reachable number creates the need, nothing restricts using the concept for other cases as well and even expand it to a full fledged add-on services/applications concept, as desired by each operator

It is also assumed that the Personal Number Domain is regarded optional in the architecture. e.g. for a situation where there is not need for a fall-back from the IP MultiMedia service to the GSMisdn Domain Teleservice Speech, the discrimination of users to various IP accesses shall also be possible within the IP Multimedia domain. 

The Personal Number Domain is suggested as a call processing Personal Interrogation Function linked into the call chain (thus not excluding sequential or parallel hunting algorithms) and a Personal Number Function hosting the user preferences, visited network domain(s) etc. as well as the algorithms for routing decisions. Thus, the service can be introduced with minimal coupling to the Network Domains. The needed adaptation of the served underlying networks is the capabilities to report routing impacting events to the Personal Number Function. This approach is aligned with the VHE/OSA concept of UMTS and allows for re-using these capabilities for any kind of services/applications.

The Personal Interrogation Function may not be identical when interfacing the GSMisdn Domain and the IP MultiMedia domain due to the very different environment, these details are for further study. 
2 Call handling

In the next following chapters a few principle call scenarios are shown to highlight how packet and circuit calls interact with respect to the one MSISDN concept as well as to the R00 reference model. By “circuit” switched (CS) we herein mean the “circuit” related call control as of GSM/ISDN and payload over an IP transport network, conforming to the GSMisdn domain as above. In the examples that follow, H.323 is named just as an IP multimedia example, although SIP and H.323 may both become valid IP multimedia mechanisms for R00.

It is here assumed that the home PLMN makes the interrogation towards the Personal Number service, which determines the called user’s call reception point preference based on a one MSISDN scheme. The split of CSCF into a visiting and home CSCF has not been considered herein. Optimal routing is not considered either, but remains for further study.

2.1 Registration of a CS/PS Mobile Terminal in an R00 Network
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Above is shown how a CS/PS mobile terminal e.g. at power on makes three types of registrations. One is a circuit registration, one is a GPRS registration, and one is an IP multimedia e.g. H.323 registration. The latter is done within the GPRS user plane. The HLR indicates to the Personal Number Function that the user is available for CS speech calls. The CSCF indicates to the Personal Number Function that the user is available for IP multimedia voice calls. 
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PSTN -> Mobile Subscriber IP Multimedia Voice Call

Above figure shows an incoming call from PSTN to a mobile subscriber who wants telephony calls as IP multimedia voice calls. The SSP together with the CSE/SCE functions makes up the IGF as described above in chapter 1. Of course the SSP can be realised as an SSF within some other network element.

1) Incoming call from PSTN is received in the SSP

2) SSP informs CSE/SCF

3) CSE/SCF interrogates the personal number server for routing instructions. 

4) A routing number is returned in SSP which forwards the call to the SGW

5) SGW translates ISUP/STM to ISUP/IP towards MGCF

6) MGCF allocates resources from the MGW

7) MGCF translates the ISUP signalling to H.323 towards CSCF

8) CSCF checks the user’s service profile and thereafter routes the IP MM call over GPRS onto the terminal. 

User plane in this example is STM between MGW and PSTN, and GSM-AMR between the MGW and the mobile station.

2.3 PSTN -> Mobile Subscriber Roaming in a GSM Only Network
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Above figure shows an incoming speech call from PSTN to a mobile subscriber who is registered under a GSM only PLMN.

1) Incoming call from PSTN is received in the SSP

2) SSP informs CSE/SCF

3) CSE/SCF interrogates the personal number server for routing instructions 

4) A routing number is returned in SSP which forwards the call to the SGW

5) SGW translates ISUP/STM to ISUP/IP towards the GMSC

6) GMSC requests routing information from HLR

7) HLR requests roaming number from VLR

8) GMSC receives roaming number and allocates resources in the MGW

9) GMSC sends ISUP/IP call to SGW 

10) SGW translates ISUP/IP to ISUP/STM towards PSTN that eventually reaches MSC/VLR, which pages and does call set up.

User plane in this example is G.711 between PSTN and the MGW, and G.711 between MGW and BSS, and GSM-EFR between BSS and the mobile station. 
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