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1. Introduction

In contribution S2-062095 “Migration from pre-SAE systems” the Ericsson view of migration was presented, including both migration for 3GPP and non-3GPP accesses. However, only the migration within a PLMN was presented.

Further, in contribution S2-062295 “Evaluations on S5 and S8” different aspects of the S5 and S8 interfaces was discussed both from a roaming and a migration point of view.

This paper discusses migration path from pre-SAE 3GPP system adding also the complexity of roaming.

In the following text and figures “Roaming Anchor” is used to denote the role of the 3GPP anchor in the VPLMN described in contribution S2-062804 “Roaming functionality” and the anchor for non-3GPP accesses in VPLMN described in contribution S2-062802 “Architectural aspects for roaming in non-3GPP IP accesses –visited anchor”
2. Discussion
2.1 Roaming in pre-SAE systems
Current 3GPP network is composed of GERAN and UTRAN/HSPA accesses connected to “GPRS Core” via Gb and Iu interfaces respectively. Roaming traffic is sent of the Gp interface.
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Figure 1: 3GPP Rel-6 Logical high level architecture for roaming
“One Tunnel” solution is currently under discussion for Rel-7 to optimize 3G user plane handling. Different alternative solutions for the roaming architecture still exist, but this shows the “GGSN Proxy” alternative preferred by Ericsson.
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Figure 2: 3GPP Rel-7 One Tunnel logical architecture for roaming, GGSN Proxy alternative
2.2 Roaming in pre-SAE VPLMN

For an SAE operator it might be interesting to enable roaming with a pre-SAE VPLMN with or without OTS implemented, e.g. to enlarge its coverage by national roaming with a UMTS network. In such a scenario the SAE GW (3GPP and SAE anchor) needs to handle the Gp interface to the pre-SAE PLMNs. Since GPRS core in SAE connect to 3GPP Anchor via the S4 interface (ref. TR23.882, Fig 4-2.1) and it is also stated in 23.882 (chapter 4.2) that interfaces from SGSN to Evolved Packet core are GTP based it would greatly simplify if S4 and Gn/Gp are closely related or even the same.

This scenario enables roaming in a pre-SAE VPLMN with PCC in the SAE HPLMN. Depending on the supported 3GPP release of the VPLMN there might be service limitations, e.g. on number and/or characteristics of dedicated bearers.
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Figure 3: Roaming from pre-SAE VPLMN to SAE HPLMN
2.3 Roaming with pre-SAE HPLMN

In a pre-SAE HPLMN a GGSN provides the Gi and related PCC functionality. To enable such roaming scenarios S8 should be equivalent to the Gp roaming reference point in order not to impact the GGSN in the non-SAE PLMN. This scenario enables roaming in an SAE VPLMN with PCC in a pre-SAE HPLMN. Depending on the supported 3GPP release of the HPLMN there might be service limitations, e.g. on number and/or characteristics of PDP contexts.
This chapter shows the possibility of connecting a SAE VPLMN to a pre-SAE HPLMN, but the relevance of this scenario can be questioned for different reasons. First it is unlikely that there exist UEs from the pre-SAE HPLMN that support LTE access and thus we can exclude roamers from a pre-SAE HPLMN in the LTE access. Secondly, the SGSN (or GGSN proxy) in VPLMN will also support the Gp interface which can be connected directly to the GGSN in the HPLMN. Therefore there are other alternatives for this scenario than the one shown in figure 4. 
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Figure 4: Roaming from SAE VPLMN to pre-SAE HPLMN
2.4 Roaming with non-3GPP accesses
Integration of 2G/3G accesses and non-3GPP accesses is performed introducing the SAE GW which contains GGSN and MIP HA functionality. This is a step towards Evolved Packet core, but the SAE GW does not include the complete UPE/IASA functionality at this point.

The non-3GPP accesses, which can be within or outside the HPLMN, are connected to the SAE GW using S2 interface. Connection between the non-3GPP access networks and the SAE GW can done over specific IP networks or even connection over public Internet if the HPLMN operator allows that.

Comparing with I-WLAN there is an entity, WAG, which acts as firewall for user traffic between non-3GPP access network and the 3GPP CN. A WAG can be used in this scenario, but as the specifications for WAG are not unambiguous, the WAG is likely to have some proprietary parts.
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Figure 5: Introduction of non-3GPP accesses (Note: the pre-SAE VPLMN in this figure support OTS, but a non OTS VPLMN may also be connected to the SAE GW via Gp)
2.5 Roaming in a SAE/LTE and non-3GPP mixed network 

The figure below shows a roaming scenario for Home-routed traffic with both 3GPP and non-3GPP accesses, once both VPLMN and HPLMN networks are fully migrated. A 3GPP anchor is unlikely a network entity on its own, especially to avoid too many user plane entities on the path for a roaming UE. An LTE Anchor is preferentially combined with an 3GPP anchor to anchor inter-3GPP mobility locally (in VPLMN) and potentially to provide functions for limiting idle mode signalling. In the HPLMN, a SAE anchor is combined with an 3GPP anchor to anchor inter-3GPP PLMN mobility as well as 3GPP to non-3GPP mobility and to enable pre-SAE-interoperation and migration scenarios. 
Also for non-3GPP access a Roaming anchor is introduced. The reason for this is that it 
· allow the VPLMN operator also to have policy/QoS control of the traffic,

· allow the GRX network to be re-used for non-3GPP traffic as well reducing the number of roaming agreements and less administration of roaming towards non-3GPP accesses/networks (since they are handled by a roaming partner in the visited country),

· enables lawful intercept in VPLMN, and

· increases security.

The non roaming figure would include the LTE Anchor in the SAE GW (as shown in HPLMN).
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Figure 6: Fully migrated SAE VPLMN connected to SAE HPLMN
3. Conclusion / Proposal
This contribution has shown possible migration steps/use cases when roaming between networks of same or different version.
From the described scenarios it is concluded that SAE GW shall support Gp, S4 and S8 for 3GPP accesses and S2r for non-3GPP accesses. In order to reduce the number of interfaces on SAE GW it would greatly simplify if the interfaces for 3GPP accesses are closely related or even similar.
It is also concluded that a roaming anchor in the VPLMN both for the 3GPP and non-3GPP can be included as later steps in the migration path, even if it is not included in the first steps of migration towards SAE.
If agreed it’s proposed to document the conclusions in TR 23.882, chapter 4.3.1 (text proposal below) and update figure 4.3-1 accordingly.
It is further proposed that the described scenarios in 2.1 to 2.5 are included in the new Annex of TR 23.883.
**** Start of changes for chapter 4.3.1 ****

…

The 3GPP anchor, which anchors user plane for mobility between the 2G/3G access system and the LTE access system, is located in the VPLMN. 

For the purpose of smooth migration in roaming scenarios, SAE GW shall support Gp, S4 and S8 for 3GPP accesses and S2r for non-3GPP accesses. In order to reduce the number of interfaces on SAE GW it would greatly simplify if the interfaces for 3GPP accesses are closely related or even similar.
A roaming anchor in the VPLMN both for the 3GPP and non-3GPP can be included as later steps in the migration path, even if it is not included in the first steps of migration towards SAE.

Note: It is FFS what is the functionality of the Home Inter AS anchor.

…
**** End of changes for chapter 4.3.1 ****
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