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1 Introduction
The S2 reference point needs to be further clarified to progress the work on non-3GPP accesses. It is important to understand the requirements on the architecture before going into technical solutions. 

This contribution analyses the business roles for non-3GPP IP accesses and introduces an alternative SAE roaming architecture for home routed traffic where a visited anchor functionality is introduced for non-3GPP accesses. The concept of a visited anchor was discussed in several contributions at SA2#53 as a means to improve efficiency of inter-access handovers in the roaming case. This contribution finds other benefits of a visited anchor such as supporting different business models and enabling common solutions for all accesses for key functionalities such as PCC and LI. 
2 Analysis of current TR 23.882 v 1.3.0
Chapter 5 states:

“In order to maximise users' access opportunities, the evolved architecture should allow a UE which is roaming to a VPLMN to use a non-3GPP access network with which the VPLMN has a business agreement. For example, it should be possible for a user to use a WLAN access network with whom only the visited operator has a direct relationship (not the home operator).”
This requirement reflects the fact that the business roles may differ for roaming in non-3GPP accesses compared to 3GPP accesses. For example, it is likely that the non-3GPP access providers will be both smaller and exist in greater numbers than what is typical for the 3GPP operators. The number of business agreements that an EPC operator needs to establish with different non-3GPP access providers is therefore an issue, in particular for international roaming. The three-network roaming scenario then becomes important. (see Fig below). 
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Figure 1 Example of roaming scenario with home tunneling where the visited EPC acts as mediator between home EPC and non-3GPP access provider. Business agreements exist between hEPC and vEPC as well as between vEPC and non-3GPP access provider, but not between hEPC and the non-3GPP IP access provider. 
3 Visited anchor for non-3GPP accesses

In the above three-network scenario, the Control Plane (AAA etc) will be mediated by the visited 3GPP operator. It is however not clear whether the user plane will pass the visited 3GPP operator or not. By introducing a user plane (UP) anchor function in the visited EPC for non-3GPP accesses, also the UP can be under control of the vEPC operator. 

There are further reasons for introducing a visited anchor. 
· The vEPC may want to implement UP functions such as charging, policy enforcement and LI uniformly for non-3GPP accesses. This is particularly important if the trust between hEPC and vEPC operators or between vEPC operator and non-3GPP IP access operator is limited. The vEPC may also want to implement UP functions such as charging and policy enforcement uniformly for non-3GPP accesses if these functions are not supported by the non-3GPP IP access operator.
· Regulatory requirements may force the visited 3GPP operator to process the user plane, e.g. to support LI. 
· If a common anchor for 3GPP and non-3GPP accesses is used (co-located visited 3GPP and visited non-3GPP anchors), common user plane handling is enabled. This reduces the need for context transfer and for coordinating information related to e.g. QoS, charging. This will simplify the architecture. It will also reduce the number of interfaces as well as the operational costs.
· If there is no business agreement between the non-3GPP IP access provider and home 3GPP operator, the two operators may not share a common inter-connect network for transporting inter-operator traffic. The home network would need to accept traffic from an unknown non-3GPP IP network. With a visited anchor in the vPLMN, the GRX and existing agreements between hPLMN and vPLMN can be re-used.
4 Roaming architecture with visited anchor
Encouraged by the above reasoning, this section introduces an alternative roaming architecture for non-3GPP accesses where the S2 interface is anchored also in the visited EPC. 
The Figure below shows the roaming architecture for home routed traffic where an anchor for non-3GPP accesses is introduced in the visited EPC. 
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Figure 2 Roaming architecture for home routed traffic with a visited anchor for non-3GPP accesses
To enable the anchor function in the visited EPC, the S2 interface is split (see also Fig 2):

· S2 access (S2a and S2b) interfaces between non-3GPP IP access and EPC. See contribution S2-062801 for a discussion on S2a and S2b interfaces.
· S2 roaming (S2r): interface between the visited and home EPC 
The difference between S2r and S8 is that S8 is related to the user plane for 3GPP accesses while S2r is related to the user plane when using non-3GPP accesses. We anticipate that S8 need to be Gp-like to ensure smooth migration and to enable inter-2G/3G/LTE mobility, e.g. for terminals that have 3GPP accesses only. S2r on the other hand is used to support non-3GPP accesses where a Gp-like i/f may not be suitable.   
It should be noted that the proposed S2 interfaces do not assume a specific inter-access mobility solution. In particular, the visited anchor does not limit the possibilities to use a host based mobility solution for mobility between 3GPP and non-3GPP accesses.
5 Proposal

____________________- Start of modification - ______________________
4.3.1
Scenario 1: Evolved packet core in the Visited network – Evolved packet core in the Home network

In this section it is considered the high level target roaming architecture in case both the visited and the home networks are evolved Packet Core networks. Migration routes to this target roaming architecture are FFS. Two alternative architectures are shown, depending on whether UE traffic has to be routed to the HPLMN or not. It is FFS whether the two alternatives can be used in parallel by a UE, e.g. when only a part of the user's traffic has to be routed to the HPLMN.

In case UE traffic is routed to the home network, the SAE architecture is depicted in figure 4.3‑1.

Editor's note: The update in Section 4.2 at SA2#52 on showing the split of the IASA into two functional entities, namely a 3GPP anchor and SAE anchor, requires the following figure to be updated. Whether the anchors are going to be separated is FFS. In particular, although the Home IASA is illustrated in the HPLMN, it is still an open issue whether the SAE anchor is located in the VPLMN. It is FFS how the above changes impact the SAE roaming architecture depicted below. 
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Figure 4.3-1: SAE Roaming architecture – Home routed traffic

For home routed user traffic the Inter AS Anchor is located in the HPLMN. Due to this reason, an interface between the Visited 3GPP Anchor and Home EPC is needed. This interface is referred to as S8.

The vPCRF is located in the VPLMN, while hPCRF is in the HPLMN. The need for a vPCRF and the reference point S9 is FFS.

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. 

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

Note: It is FFS what is other functionalities of the 3GPP anchor in VPLMN besides user plane anchoring between 2G/3G access systems and LTE system.

It is FFS whether the Mobility anchor between 3GPP and non-3GPP access systems is provided by entities in the visited network or by the Home Inter AS Anchor.

The IASA in the home network remains the entity that terminates the IP Access Service.

The Visited Non-3GPP Anchor is a function through which UE traffic is routed between non-3GPP IP accesses (including I-WLAN) and the Home IASA. It is located in the VPLMN

In case UE traffic is not routed to the HPLMN, the SAE architecture is depicted in the following figure 4.3-2.

Editor's note: The update in Section 4.2 at SA2#52 that the split of the IASA into two functional entities, namely a 3GPP anchor and SAE anchor, requires the following figure to be updated. The decision to split the anchors is FFS.
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Figure 4.3-2: SAE Roaming architecture – Local Breakout

If and how to connect the Rx+ reference point is FFS.

The need for dynamic policies in the roaming case is FFS. In the case it is decided that PCRF in the visited network is used, one alternative solution is that the enforcement of the Home PLMN policies (e.g.: QoS and charging policies) by the visited Inter AS Anchor is performed through the interaction of Home and Visited PCRF. Possibly, the Visited PCRF may add/modify policies according to those defined in the VPLMN. The related reference point between PCRFs is referred as S9. The use of S9 is limited to this alternative solution and is FFS.

Additional reference points for roaming scenarios (in addition to those described in section 4.2)

S8:
indicates the roaming variant of S5 reference point when the Inter AS Anchor point is located in the HPLMN.

S9:
indicates the roaming variant of the S7 reference point for the enforcement in the VPLMN of dynamic control policies from the HPLMN. The use of S9 is FFS.

S2r: 
provides the user plane with related control and mobility support for users roaming in non-3GPP IP accesses.

NOTE:
S2 and S4 reference points could be interoperator when the GGSN/PDG and the Inter AS anchor belong to different PLMNs.
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