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1 Introduction
This contribution lists the possible roaming scenarios with home tunnelling and local breakout for 3GPP access. 

Note that the figures below assume the architecture according to the current version of TR 23.882. Discussion is under way on the split of MME and UPE, and on common vs. separate anchors for 3GPP and non-3GPP; a decision on split or merge would result in the appropriate changes in the figures below. 
Note that in this contribution Ericsson addresses the roaming deployment scenarios applicable to the 3GPP accesses where existing GRX/Roaming relationships will be reused to a largest extent possible (see contribution S2-062805, “Migration aspects of Roaming”). In a longer term, it is expected that the overall roaming interfaces for 3GPP and non-3GPP accesses will evolve to a common set of interfaces and protocols, if so desired/required by the operators.

For non-3GPP accesses, it is expected that S9 reference point and some additional interfaces will have to be developed in order to support roaming (see contribution S2-062802, “Architectural aspects for roaming in non-3GPP IP accesses –visited anchor” for Ericsson view on the non-3GPP access).
2 Roaming scenarios

2.1 Home tunnelling 
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In this scenario, traffic is routed via a visited 3GPP anchor in the VPLMN and an Inter AS anchor in the HPLMN. 
PCEF functionality is provided in the HPLMN SAE GW only. QoS information is sent over S8 from the HPLMN to the VPLMN, using an evolution of the Gp interface. This scenario re-uses the existing GRX infrastructure, and it can be introduced without requiring any major changes in the roaming agreements.
Note that there are still multiple options with respect to what extent the HPLMN is informed about the change of 3GPP access. 
· Inter AS Anchor in the HPLMN is informed when the UE is to make an inter-3GPP handover. The Inter AS Anchor in the HPLMN may allow or disallow the access change based on the operator policies and user profiles.
· Operator policies and user profiles about which accesses are allowed are downloaded into the VPLMN (MME or visited 3GPP anchor, FFS). Based on this information, the VPLMN can decide by itself whether an inter-3GPP access is allowed or not. The Inter AS Anchor in the HPLMN still needs to be notified about the change of access in order to allow the appropriate policies and charging to be installed depending on the access type. 
2.2 Local breakout 
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In this scenario the SGi reference point is provided in the VPLMN together with the services. Examples for this case include local internet or corporate access, or local IMS services such as local emergency calls. Note that the HPLMN must be in control to allow this scenario by allowing or disallowing the SGi reference point in the visited network.
The application function (i.e., termination of the Rx+ reference point), PCRF and policy enforcement are all implemented in the VPLMN without any direct HPLMN involvement. This can be accomplished if the services provided by the VPLMN to the user are agreed in advance with the HPLMN, and this roaming agreement also includes how policy and charging control is to be performed. 
This scenario is in line with current GRX architecture since it corresponds to the “GGSN in VPLMN” model, although this is not used in practice as of today. 

2.3 Simultaneous home tunnelling and local breakout
It is possible to use home tunnelling and local breakout in parallel, and have simultaneously home tunnelling for some of the traffic, while local breakout for other part of the traffic. In this case the UE is connected to one or more PDNs at the HPLMN, and also at the same time connected to one or more PDNs at the VPLMN. 
Given that this scenario involves a UE being connected to more than one PDNs, it can be solved using the mechanisms for providing connectivity to multiple PDNs. Consequently, Ericsson proposes that the mechanisms for providing connectivity to multiple PDNs shall be also capable of providing connectivity to PDNs both from the HPLMN or from the VPLMN. This is actually not a new requirement since the APN mechanism of current GPRS already satisfies this requirement.
In the following is an example of simultaneous home tunnelling and local breakout
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In this example, operator services are provided in the HPLMN using basic home tunnelling with QoS information carried over S8. Providing operator services in the HPLMN avoids the need to make service-level roaming agreements between operators. Additionally, the user has an internet connectivity, which is provided in the VPLMN to avoid the extra transport costs of tunnelling internet traffic via the HPLMN, and allows optimized user experience due to the reduced delay. Note that the Visited Inter AS Anchor acts as the SGi termination point for the local breakout traffic, while it acts as a visited 3GPP anchor for the home tunnelling traffic. Policy and charging control for the internet access is done in the VPLMN, and it is based on a pre-established roaming agreement between the HPLMN and the VPLMN. 
3 The use of the S9 reference point

The use of the S9 interface between vPCRF and hPCRF has been proposed earlier for further study. The addition of this interface in the case of 3GPP access would mean a significant new addition to the roaming interface requiring extra standardization, implementation and deployment work and it is expected that it will take a considerable amount of time to be introduced. 

The addition of the S9 interface is motivated by advanced roaming agreements, where it is possible to introduce charging and policy control in the VPLMN. This would allow more sophisticated charging and accounting agreements between the HPLMN and the VPLMN. Additionally, this scenario would allow roaming agreements to be service-aware rather than just based on aggregate traffic per QoS class. 
However, a lot of further work is needed to study the requirements on S9 in the case of 3GPP access, and understand if the advantages justify the extra complexity. Ericsson therefore proposes that the basic roaming scenarios for 3GPP are defined without any dependency on the S9. 
4 Proposal

Ericsson proposes to add the following annex to TR 23.882.
Annex X: Roaming scenarios

X.1: Roaming scenarios for 3GPP access
For 3GPP accesses, deployment of SAE/LTE system shall not be dependent on the S9 reference point, as it is expected that to incorporate all the complexity and deployment and operational costs and delays incurred to replace GRX infrastructure will have an adverse affect on SAE/LTE systems.

Development of S9 reference point  (& any other reference points needed to support roaming of non-3GPP accesses) shall take into account the requirements for 3GPP accesses as much as possible, though it may be phased in later than in case of non-3GPP accesses in order not to delay deployment of non-3GPP accesses using SAE architecture.

The scenarios below only shows 3GPP roaming without requiring S9 reference point.
Home tunnelling 
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In this scenario, traffic is routed via a visited 3GPP anchor in the VPLMN and an Inter AS anchor in the HPLMN. 

PCEF functionality is provided in the HPLMN SAE GW only. QoS information is sent over S8 from the HPLMN to the VPLMN, using an evolution of the Gp interface. This scenario re-uses the existing GRX infrastructure, and it can be introduced without requiring any major changes in the roaming agreements.

Note that there are still multiple options with respect to what extent the HPLMN is informed about the change of 3GPP access. 

· Inter AS Anchor in the HPLMN is informed when the UE is to make an inter-3GPP handover. The Inter AS Anchor in the HPLMN may allow or disallow the access change based on the operator policies and user profiles.

· Operator policies and user profiles about which accesses are allowed are downloaded into the VPLMN (MME or visited 3GPP anchor. Based on this information, the VPLMN can decide by itself whether an inter-3GPP access is allowed or not. The Inter AS Anchor in the HPLMN still needs to be notified about the change of access in order to allow the appropriate policies and charging to be installed depending on the access type. 

Local breakout 
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In this scenario the SGi reference point is provided in the VPLMN together with the services. Examples for this case include local internet or corporate access, or local IMS services such as local emergency calls. Note that the HPLMN must be in control to allow this scenario by allowing or disallowing the SGi reference point in the visited network.

The application function (i.e., termination of the Rx+ reference point), PCRF and policy enforcement are all implemented in the VPLMN without any direct HPLMN involvement. This can be accomplished if the services provided by the VPLMN to the user are agreed in advance with the HPLMN, and this roaming agreement also includes how policy and charging control is to be performed. 

This scenario is in line with current GRX architecture since it corresponds to the “GGSN in VPLMN” model, although this is not used in practice as of today. 

Simultaneous home tunnelling and local breakout
It is possible to use home tunnelling and local breakout in parallel, and have simultaneously home tunnelling for some of the traffic, while local breakout for other part of the traffic. In this case the UE is connected to one or more PDNs at the HPLMN, and also at the same time connected to one or more PDNs at the VPLMN. 

Given that this scenario involves a UE being connected to more than one PDNs, it can be solved using the mechanisms for providing connectivity to multiple PDNs. Consequently, Ericsson proposes that the mechanisms for providing connectivity to multiple PDNs shall be also capable of providing connectivity to PDNs both from the HPLMN or from the VPLMN. This is actually not a new requirement since the APN mechanism of current GPRS already satisfies this requirement.

In the following is an example of simultaneous home tunnelling and local breakout
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In this example, operator services are provided in the HPLMN using basic home tunnelling with QoS information carried over S8. Providing operator services in the HPLMN avoids the need to make service-level roaming agreements between operators. Additionally, the user has an internet connectivity, which is provided in the VPLMN to avoid the extra transport costs of tunnelling internet traffic via the HPLMN, and allows optimized user experience due to the reduced delay. Note that the Visited Inter AS Anchor acts as the SGi termination point for the local breakout traffic, while it acts as a visited 3GPP anchor for the home tunnelling traffic. Policy and charging control for the internet access is done in the VPLMN, and it is based on a pre-established roaming agreement between the HPLMN and the VPLMN. 
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