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1.
Introduction
In the last SA2 meeting two high-level views on the evolved System Architecture have been agreed [1]. The architecture proponents were requested to provide further clarifications on mobility, roaming and policy control aspects, as well as on support for non-3GPP acess systems.

This contribution addresses the roaming aspects for the “Figure-2” architecture in [1], including support for non-3GPP access systems. Mobility and policy control aspects are covered in companion papers [2, 3].

In summary this paper proposes for the “Figure-2” architecture:

· that a concept for IP-level roaming be defined.

2.
IP-level Roaming vs IP-level Interworking
For the purpose of this paper we use the IP-level roaming definition from RFC 2486 [4]:

[IP] Roaming capability can be loosely defined as the ability to use any one of multiple Internet service providers (ISPs), while maintaining a formal, customer-vendor relationship with only one. Examples of cases where roaming capability might be required include ISP "confederations" and ISP-provided corporate network access support.

Note that the “ISP” term in the definition above could be replaced with “external PDN”, as 3GPP uses the term “external PDN” (exPDN) to designate either an ISP or an Intranet.

A fundamental concept in the IP-level roaming is the Network Access Identifier (NAI) with the following format: userID@realm (see [4]). In roaming, the purpose of the NAI is to identify the user as well as to assist in the routing of the authentication request towards a AAA server located in the “external PDN”.

Curiously, for some reasons 3GPP specifications allow for IP-level interworking, while excluding the possibility for IP-level roaming. In order to explain this statement, we will focus here on the 29.061 [5] and 29.161 [6] specifications, describing the Gi and Wi interfaces, respectively (i.e. applying to the GPRS Access System and WLAN 3GPP IP Access, respectively).

Take for instance the IP access, as defined in 29.061. The 29.061 distinguishes two types of IP interworking with exPDNs:

· Transparent access to the Internet, or

· Non-transparent access to an Intranet or ISP.

The salient features of these two interworking types are depicted in Figure 1:
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Figure 1. Transparent and Non-transparent IP access according to 29.061
· Transparent access: the UE is assigned an IP address from the PLMN’s addressing space (e.g. by a DHCP service in the GGSN) and the service offered to the user is plain access to the Internet. If the user wants to access an exPDN, he is free to authenticate with the exPDN via the bearer plane, transparently to the GGSN. In other words, the GGSN does not take part in the user authentication.

· Non-transparent access: in this case the UE is assigned an IP address from the exPDN’s address space. The GGSN takes part in the user authentication with the exPDN, by generating RADIUS messages towards a AAA server in the exPDN. The assigned IP address can be either conveyed via RADIUS messaging or locally allocated at the GGSN, meaning that in the latter case the GGSN is expected to handle pools of IP addresses belonging to the exPDN. Given that the assigned IP address belongs to the exPDN’s addressing space, some kind of “L2” tunnels is pre-established between the GGSN and each of the interworked exPDNs.

Note: exactly the same interworking model as described here is used for WLAN 3GPP IP Access (29.161), too. Of course, the GGSN in Figure 1 is then replaced by a PDG.

3.
From IP-level Interworking towards IP-level Roaming
In order to migrate from the existing IP interworking concept described in Figure 1 towards an IP-level roaming concept, there is a very small step to be made. Indeed, IP-level roaming can be obtained by combining some features from both access types, as follows:

· IP address assignment from the PLMN’s addressing space (as in Transparent access), and

· GGSN’s participation in user authentication with the exPDN (as in Non-transparent access).

This is depicted in Figure 2:
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Figure 2. Provisions for IP-level roaming
These two enablers are sufficient for providing the IP-level roaming capability. As indicated by the two vertical bars in Figure 2, there are now two different levels of roaming:

· PLMN roaming (Visited PLMN vs Home PLMN), and

· IP-level roaming (Home PLMN vs External PDN).

We suggest here to replace the “External PDN” term with a “Home IP network”, and, by analogy, allow for the visted network at IP level to be referred to as a “Visited IP network”.

In theory, the GGSN could be located in either the Visited PLMN or in the Home PLMN (as in Figure 2). As a consequence, either the Home PLMN or the Visited PLMN can be in the role of a Visited IP network, as depicted in Figures 3a and 3b, respectively.
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Figure 3a. PLMN roaming vs IP-level roaming: HPLMN is Visited IP network

[image: image4] Figure 3b. PLMN roaming vs IP-level roaming: VPLMN is Visted IP network 
If the Home IP network operator is also a PLMN operator, then the Home AAA function is likely to be located in the HSS (or in the 3GPP AAA server) and the user authentication procedure shall be SIM-based (cf. similar to EAP-SIM/AKA within RADIUS/Diameter authentication, as in 3GPP-WLAN interworking). Otherwise, the Home AAA server is a standard IETF-compliant AAA server and the authentication protocol is likely to be non-SIM based (e.g. PAP/CHAP). Note that provisions for the latter are already specified in 29.061 and has also been foreseen in 29.161 (although it is not currently implemented there).

For interactions between IP roaming and Inter-AS mobility, please refer to the companion paper [2].

4.
Why is IP-level Roaming Relevant?
When discussing the relevance of IP roaming, there are several important parameters to take into consideration:

· Whether the PLMN operator is likely to also become an IP network operator,

· Whether the “GGSN always in the HPLMN” model will prevail in the future, or whether the concept of “GGSN in the VPLMN” will become the common model, and

· Whether the PLMN operator wishes to establish roaming relationship with operators of non-3GPP Access Systems.

For example, if the PLMN operator uses the “GGSN in HPLMN” model and is not interested in supporting roamers from non-3GPP Access Systems, then the IP-level roaming may not be relevant.

On the contrary, if the PLMN operator wishes to support roamers from non-3GPP Access Systems (which also implies that the PLMN operator is an IP network operator), then the IP-level roaming is a must.

Finally, under the assumption that the “GGSN in the VPLMN” model will be gaining importance in the future, the IP-level roaming is likely to progressively replace the PLMN-level roaming (refer to Figure 3b).

5.
Summary

A simplified view of the “Figure-2” architecture from [1] is depicted in Figure 4. The only simplifications are the following:

· the access to the Internet has been omitted for clarity;

· a new “non-3GPP Access System” has been added in the bottom-most bubble;

· the PCRF2 function connects to all Access Systems through the Gx+ interface (for details refer to the companion paper [3]), and the

· Gx+, Wi+ and Gi+ interfaces are identified as the AIPN boundary.

The AIPN boundary in Figure 4 also identifies the IP roaming reference points: Wi+, Gi+ and Gx+.
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Figure 4. Reference points for IP Roaming: Wi+, Gi+ and Gx+
6.
Conclusion and Proposal

This paper has shown that IP roaming is currently lacking from 29.061 and 29.161. It has been argued that IP roaming is essential for support of non-3GPP Access Systems and is likely to become the prevailing roaming concept with the “GGSN in the VPLMN” deployment model. 

It is proposed to create a new section in the “Key Architectural Issues” section in TR 23.882:

· “7.x

IP Roaming”,
and include text based on Sections 2, 3, 4 and 5 in the following way:
· Sections 2 goes into a new subsection “7.x.1 Description of IP Roaming”;

· Sections 3, 4 and 5 go into a new subsection “7.x.2 Solution for IP Roaming”.
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