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Abstract of the contribution:

This contribution compares various roaming architectures for SAE and evaluates their characteristics and performance. The results of this study show that there is a clear benefit of having an inter-access system mobility anchor in the visited network. As a consequence, this contribution clarifies some of the aspects that are for further study in section 4.3.1. 


Introduction

Section 4.3.1 of TR 23.882 lists several issues that are FFS. This contribution tries to resolve the following issues: 

“It is FFS whether the inter-3GPP access system Mobility Anchor and/or 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.”
“It is FFS whether it is advantageous to allow inter-access system handover also in the visited network (e.g.: in the same node as the MME/UPE). The IASA in the home network remains the entity that terminates the IP Access Service.”

Discussion

The section compares a number of different roaming architectures and evaluates their characteristics and performance. The following 4 roaming architectures are considered:

Architecture 1: One IASA for home-services and local-breakout
This architecture assumes that there is always only one Inter-AS Anchor (IASA) in the user plane path. For IP access services (bearers) that are terminated in the HPLMN the IASA is in the HPLMN, whereas for local-breakout the IASA is in the VPLMN.
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The main disadvantage of this architecture is that inter-AS handoffs are handled by the IASA in the HPLMN. As a result, inter-AS handoffs in the visited network are slow due to long signalling delays and introduce load in home network.


Architecture 2: Two IASAs for home-services and One IASA for local-breakout  

This architecture assumes two IASAs in the data path for IP access services (bearers) terminated in the HPLMN (home-services) and one in case the IP bearer is terminated in the VPLMN (local breakout). 
For home-services, one IASA is located in the VPLMN, which handles inter-AS mobility in the visited network, and one in the HPLMN. The Home-IASA terminates the IP bearer and provides the PDN gateway functionality. In case of an inter-operator/domain handoff, the H-IASA also handles the mobility.

For local-breakout, the IASA in the VPLMN handles both inter-AS mobility and IP bearer termination (incl. PDN gateway functionality).
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The main advantage of this approach is that it can handle inter-AS mobility in the visited network (close to where the handoff takes place); i.e., no long signalling delays are incurred and no signalling with the HPLMN is required. 
The disadvantages of this approach is that 4 user plane nodes (namely, E-NodeB, UPE, V-IASA, H-IASA) are in the data path and that it involves 3 levels of mobility management, namely on the S8 interface (H-IASA ↔ V-IASA,  the S5 interface (V-IASA ↔ MME/UPE/PDG+/GW), and the S1 interface (MME/UPE ↔ E-NodeBs). However, this extra complexity has the advantage that it makes this architecture very flexible and future proof.

Architecture 3: Two IASAs for home-services and local-breakout
This architecture assumes always two IASA logical entities in the data path. The visited (or “lower”) IASA, which provides intra-LTE and inter-AS mobility in the VPLMN, is co-located with the MME/UPE, whereas the other home (or “upper”) IASA, which terminates the IP access services and provides inter-domain mobility, can be flexibility located where the PDN Gateway functionality is needed. For example, for home-services the “upper” IASA would be located in the HPLMN, or for corporate access this IASA can be flexibly located where this access to the corporate network can be provided most efficiently.

For local-breakout, the “upper” IASA can also be co-located on the same node as the “lower” IASA and MME/UPE, as long it does not matter where the PDN Gateway is located. 
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Like for architecture 2, the main advantage of this approach is that it can handle inter-AS mobility in the visited network (close to where the handoff takes place); i.e., no long signalling delays are incurred and no signalling with the HPLMN is required. 

By co-locating the visited (or “lower”) IASA with the MME/UPE, this approach circumvents adding an extra node in the user plane path. However, this comes at the cost that for inter-MME/UPE mobility, signalling with the home (or “upper”) IASA is required. Note however that this is just a drawback when fast inter-MME/UPE mobility is required for active mode terminals.

Architecture 4: A Combination of Architecture 1+2 or 1+3
One strong technical characteristic of architectures 2 and 3 is that it allows handling of inter-AS mobility in the visited network, where it is best from a performance and efficiency point of view. However, the decision whether or not the visited operator is allowed to handle inter-AS mobility for an IP access service of a user must remain under the control of the home operator. Similar to the way the home operator can control whether or not a user can establish an IP access service that is terminated in the VPLMN (local breakout), the home operator must be able to control whether or not the VPLMN can provide inter-AS mobility for an IP bearer. 

As a consequence of this, architecture 4 combines architecture 1+2 or 1+3 in a way that the home (or “upper”) IASA handles inter-AS mobility for IP bearers for which the HPLMN policies do not allow inter-AS mobility handling in the VPLMN, and the visited (or “lower”) IASA for those IP bearers for which the HPLMN policies allow it. For example, in the figure below the HPLMN policies allow local breakout for the IP bearer towards the Internet PDN (brown), and inter-AS mobility handling in the VPLMN for IP bearer towards the Corporate Access PDN (orange), but not for the IP bearer towards the IMS PDN.
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Note: For brevity reasons the figure above shows only the architecture combination of architecture 1+2. The concept is equally applicable to architecture combination 1+3. 


Conclusion 

The comparison of the various roaming architecture described above is summarised in the following table:
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Notes: 
Inter-MME/UPE handoff performance for active mode terminals is best in the case of architecture 2 (as no signalling with the IASA in the HPLMN is required). However, due to the S1-flex concept, it is still FFS whether there is a need for inter-MME/UPE handoffs in active mode.

Inter-3GPP and 3GPP↔non-3GPP handoff performance as well as signalling load is much better in case of architectures 2 and 3, as handoffs can be entirely handled by the IASA in the VPLMN. Architecture 1 instead requires signalling to the HPLMN.

Architectures 1-3 can only handle inter-AS mobility in the visited network or the home network. Only architecture 4 provides the flexibility that the HPLMN can decide on a per-IP bearer basis whether inter-AS mobility should be handled by the V-IASA or H-IASA.

The evaluation shows that there is a clear benefit of allowing inter-AS mobility handling in the visited network. In case fast inter-MME/UPE handoffs for active mode terminals is desired (which is still FFS), architecture 2 provides the best performance. Otherwise, if fast inter-MME/UPE handoffs for active mode terminals are not required, architecture 3 is advantages, as it does not introduce an extra node in the user plane path. 

The roaming architecture should be flexible enough to handle inter-AS mobility both in the home and/or the visited network. The decision where inter-AS mobility should be handled (i.e., H-IASA or V-IASA) shall be based on HPLMN policies.

In conclusion, it is proposed to summarise the findings of this study in section 4.3.1 of TR 23.882.

Proposal

The following changes are proposed for section 4.3.1 of TR 23.882. 

Beginning of Change
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 roaming architecture in case both the visited and the home networks are evolved Packet Core networks. Two alternative cases are defined, 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.


[image: image6]
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 MME/UPE and Home Inter AS Anchor is needed.This interface is referred to as S8 and is the same reference point as S5 plus possible supplementary functions, if needed, related to roaming scenarios.

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.

In order to optimise the performance of inter-access system handoffs (inter-3GPP access system and between 3GPP and non-3GPP access systems) and to reduce the signalling load towards the HPLMN as a result of inter-access system mobility, it shall be possible for the HPLMN to allow handling of inter-access system mobility in the visited network, by a Visited IASA. The decision where inter-AS mobility should be handled (i.e., in the home or visited network) shall be based on HPLMN policies. The decision is taken at the granularity of IP Access Services and handled in a similar a way as local breakout. Whether local breakout and inter-AS mobility handling by the Visited IASA should be policed (by the HPLMN) on a per IP bearer basis or on a per service-data flow basis is FFS.
Figure 4.3-2 illustrates the roaming case where the HPLMN allows the visited network to handle inter-access system mobility for an IP Access Service that is terminated by the IASA in the home network.
[image: image7]
Figure 4.3-2: SAE Roaming architecture for home routed traffic for which inter-AS mobility is handled in the VPLMN

It is expected that the Visited IASA and the MME/UPE can be co-located in the visited network; however this decision is still FFS. 

It is FFS whether the GPRS Core contains a GGSN for this roaming architecture. In case a GGSN is included it is FFS whether a GGSN in HPLMN or VPLMN is used.

End of Change
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