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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. 

Contribution S2-063583 analyses the business roles for roaming in non-3GPP IP accesses. Two types of owner arrangements for the roaming architecture are discussed:

1. the non-3GPP accesses are owned and operated by the visited PLMN 
2. the non-3GPP IP accesses are owned and operated by separate business entities that have agreements with the vPLMN. This arrangement results in a three-operator scenario which, for completeness, is briefly discussed in Sec 2. 
The current SAE roaming architecture for non-3GPP accesses (Figures 4.3-1 and 4.3-2 in TR 23.882 v1.4.0) does not distinguish between alternatives 1 and 2. This contribution discusses primarily alternative 2 and its consequences for the reference architecture. 
2 Three Operator Model
As discussed in S2-063583, a scenario with three operators will become important when roaming in non-3GPP accesses. This scenario is exemplified in Figure 1 where PLMNA A is the home PLMN, PLMN B is the visited PLMN and the non-3GPP IP accesses are owned and operated by business entities separate from the PLMNs. In this example scenario, business agreements exist between PLMN A and PLMN B as well as between PLMN B and the non-3GPP access providers. PLMN A and the non-3GPP IP access operators do not have any direct business agreements. 

[image: image1]
Figure 1 Example of roaming scenario with home tunneling where the visited PLMN B acts as mediator between PLMN A and the non-3GPP access providers. 
3 Roaming proxy for non-3GPP accesses

In the above three-network scenario, the Control Plane such as e.g. user authentication signalling will typically be mediated by the visited 3GPP operator. It is currently not defined whether the user plane will pass the visited 3GPP operator or not. By introducing a Roaming Proxy for the user plane (UP) in the visited EPC for non-3GPP accesses, also the UP can be under control of the vEPC operator. 

Note: In previous contributions (e.g. S2-062802) the term “visited non-3GPP anchor” has been used. In this contribution that term has been replaced by “Roaming Proxy” to avoid confusion with the anchor entities already defined in SAE.

There are several reasons for introducing a UP roaming proxy. 
· Gives the visited EPC operator increased control of roaming traffic, e.g. for

· Policing/shaping of roaming traffic

· QoS control of roamers

· Statistics

· Increased charging control 
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.
· 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 roaming proxy in the visited PLMN, the GRX and existing agreements between hPLMN and vPLMN can be re-used.
4 Roaming architecture with UP roaming proxy
Encouraged by the above reasoning, this section introduces an alternative roaming architecture for non-3GPP accesses where the S2 interface is relayed through 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. 

[image: image2.emf] 

8   S  

S  2r  

Roaming    Proxy  

ePDG  

2b   S  

* Color coding:   r ed  indicates new functional element / interface  

WLAN    Access NW   

Roaming    Proxy  

S  2r  

2a   S  

Evolved    RA  N  

S  1  

GERAN  

UTRAN  

GPRS  Core  

G  b  

I  u  

S  3  

S 7  

Rx  +  

Home EPC   

MME  

UP  E  

S  6  

Op  .   IP  

Serv  

(IMS,   

PSS,  

etc.)  

Home  

Inter AS  

Anchor  

HSS  

S  6  

non 3GPP  

S4  

vPCRF  

S  7  

hPCR  F  

Visited    Network  

Home    Network  

S  9  

Visited EPC  

Evolved    RA  N  

S  1  

S G i  

UTRAN  

I  u  

S  3  

Rx  +  

Home EPC   

MME  

UP  E  

S  6  

Op  .   IP  

Serv  

(IMS,   

PSS,  

etc.)  

Home  

Inter AS  

Anchor  

HSS  

S  6  

non 3GPP    IP Access  

vPCRF  

S  7  

hPCR  F  

Visited    Network  

Home    Network  

S  9  

Visited   3GPP    Anchor  

SGSN  

S5a  


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):

· S2a and S2b interfaces between non-3GPP IP access networks and EPC 
· 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 and control plane for 3GPP accesses while S2r is used for 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 MIP based i/f is proposed.   
The ePDG provides secure connectivity to the home EPC over a WLAN access network. In the proposed architecture with a Roaming Proxy, it is natural to locate the ePDG in the vEPC for the home routed roaming scenario. This enables common handling in the vEPC (UP handling, S2r roaming interface, etc.) for all non-3GPP accesses. 
Co-location of ePDG and Roaming Proxy is FFS.

Co-location of the Roaming Proxy for S2a and for S2b is FFS.

It should be noted that even in the current roaming architecture (TR 23.882 v1.4.0), a user plane node in the VPLMN is most likely needed to support the three-network model, e.g. for fire-walling and packet-counting purposes. The introduction of a Roaming Proxy in the SAE architecture will therefore in practice not introduce an extra physical node on the user plane path. Instead it is a question of whether a standardized user plane entity is desired, or if UP handling will be deployed in a proprietary manner. A standardized solution will however allow multi-vendor solutions and also enables more advanced UP handling where e.g. QoS and charging policies from the HPLMN can be taken into account in the VPLMN.

It should further be noted that the proposed S2 interfaces do not assume a specific inter-access mobility solution. In particular, the Roaming Proxy must not limit the possibilities to use a host based mobility solution, such as Mobile IP, for mobility between 3GPP and non-3GPP accesses.
5 Proposal

It is proposed that Clause 4.3 is updated with an additional roaming architecture to address the three-network scenario.

It is further proposed to update the two roaming architectures in TR 23.882 v1.4.0 to reflect the split of the S2 interface into S2a and S2b.
____________________- Start of modification - ______________________
5.1 4.3
Architecture for the evolved system –roaming cases

Editor's note: It is not the finalized architecture model for the evolved system. I.e. it does not contain all functions/interfaces required, and some functions/interfaces may be added, deleted or modified in the course of the key issue discussions.
Editor's note: The protocol assumed in each interfaces in the roaming cases shall be inline with the protocol assumption in the non-roaming case.
5.1.1 4.3.1
Scenario 1: Evolved packet core in the Visited network – Evolved packet core in the Home network

In this clause 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 clause 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 - no vEPC Roaming proxy
An additional  roaming architecture is shown below, where the UP traffic is routed to the home network via the visited EPC.
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Figure 4.3-2: SAE Roaming architecture – Home routed traffic – vEPC Roaming proxy

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. 
Usage of S6, S8 and S9 for providing visited network with static/dynamic policies 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 Roaming Proxy is a function through which UE traffic is routed between non-3GPP IP accesses (including I-WLAN) and the Home Inter AS Anchor. It is located in the VPLMN. Deployment of a Roaming proxy by the VPLMN is optional. 
Whether the ePDG is co-located with the Roaming Proxy is FFS.
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 clause 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 4.3-3: SAE Roaming architecture – Local Breakout

Usage of S6 and S9 for providing visited network with static/dynamic policies 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. 

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

S2r: 
provides the user plane with related control and mobility support for users roaming in non-3GPP IP accesses (S2r is the roaming variant of S2a/S2b. Note: S2a and S2b can also be used as roaming interfaces for deployments without Roaming Proxy. S2r should be equivalent to S2a and S2b roaming variants).
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. 

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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