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Introduction
TR 23.882 includes roaming with local breakout as one of the key issues for the SAE architecture. Local breakout addresses the optimization of routing for the roaming users, such that in certain cases we can avoid packets being routed through the home network. 
Although local breakout is only a key issue for roaming users, it was also discussed at the SAE ad hoc meeting in Paris whether it can be provided also within the HPLMN of a large operator. In this contribution we discuss applicability and potential solutions for local breakout in the HPLMN. 
Applicability of local breakout within the HPLMN
In general, local breakout within the HPLMN addresses the issue of route optimization within the operators network in the case of user mobility. But before trying to address the problem with specific solutions, we must also look at the extent of the problem and assess its significance. Below we analyze the necessity of local breakout within the HPLMN from two points of view: user mobility and traffic scenarios.
Regarding user mobility, we expect that a SAE/LTE system will have a large number of eNodeBs connected to a UPE/IASA anchor point and therefore users within a region of the operators network are able to use the same anchor point as long as they remain in the same region, even if the users are distributed over multiple UPE/IASA anchor points. Route optimization can become applicable only when a user moves from one region to another; this corresponds to wide area mobility when a user travels from one part of a country to another. We estimate that the ratio of users who make such a wide area mobility is very low compared to the total number of users. Consequently any optimization of the routing will affect only a very small proportion of the total traffic. 
Regarding traffic scenarios, we note that local breakout within the HPLMN has limited applicability in the case of server-client type of traffic: it is only applicable for new sessions when a new server is chosen, and only if the application supports the selection of a server out of many potential servers distributed in the network, based on the location of the user. This requires special support from the application. For ongoing sessions, a local breakout mechanism in the HPLMN does not optimize the route since the server remains the same, unless the application supports special server-relocation mechanisms just for this purpose. In the case of peer-to-peer traffic, local breakout within the HPLMN is advantageous when the two peers are geographically close to each other. 
The expected gain of local breakout within the HPLMN is a limited reduction of transport network usage. Additionally the end-to-end delay for the application traffic can be reduced, but we do not estimate this to be significant enough to be noticeable by end users in typical use cases. 
In summary we expect that a gain of transport network utilization can be realized only for a very small fraction of the users, and only in limited traffic scenarios. Since the total gain is expected to be very limited, we do not think that the SAE architecture should be optimized for local breakout within the HPLMN. 
We welcome further quantitative analysis from operators on the subject based on expected user mobility and traffic scenarios. 
Solution approach 

Even though we have argued above that the extent of the problem is very limited, we nevertheless discuss the potential solution approach below. 
The current SAE architecture already provides a way to provide an additional IP point of presence for a UE, using IP connectivity with multiple PDNs. We propose to re-use the same mechanism for this purpose (Figure 1). A user that has moved to a new region of the operator (wide area mobility) is assigned a new local PDN connection with a local IP address in addition to its existing PDN connection and IP address. As the user starts new application sessions, the new IP address is used by the UE and the application. Using the local IP address, the routing is optimized. It is up to the operator of the network to define policies for when a new local IP address (at Gi2) is assigned, and how long the original IP address (at Gi1) is kept, taking into account terminal requirements and capabilities as well as performance and complexity considerations.
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Figure 1: Local breakout reusing procedures for IP connectivity to multiple PDNs UE makes wide area mobility from region A to region B (Note that access network regions may or may not overlap depending on deployment)
Note that with this approach, an already running application needs to handle the change of the IP address. However, many networking applications can handle this already today, since networking applications can use the IP address supplied by the operating system for new sessions. Additionally, networking applications that require user reachability usually have an application-level registration mechanism (such as a SIP registration) to register the IP address currently used. It is FFS whether to use the new local IP address for all applications, or only the ones that have explicit support for it in the terminal.
Although the proposed solution involves the use of multiple IP addresses in the UE, this only occurs when the user crosses access network region borders which is assumed to be very infrequent. Therefore the extra burden on IP address usage for the operator is expected to be insignificant. 

An alternative solution approach using Mobile IPv6 route optimization has also been mentioned. However we believe that re-using the procedures for IP connectivity with multiple PDNs has a number of advantages over MIPv6 route optimization: (a) it can be realized as a small addition to existing procedures rather than introducing new procedures and mechanisms; (b) these additions are optional and can be implemented only for the operators that actually need it; (c) it avoids extra tunnelling overhead and extra signalling; (d) it works for IPv4 as well (note that Mobile IPv4 does not have a route optimization feature); (e) it can be optimized for 3GPP networks and terminals; (f) it allows applications and the network operator to be in control of when the routing is changed. Although Mobile IPv6 has the advantage that it provides long-term reachability at the same application IP address, most networking applications, including those that are expected to be supported by the 3GPP operators, do not require this feature since they have an IP address registration mechanism already. 
Summary

The applicability of local breakout within the HPLMN is very limited and the expected gain is very small, hence the SAE architecture should not be optimized for this issue.
If a solution is needed (FFS), we propose to re-use the procedures for IP connectivity with multiple PDNs as proposed in contribution S2-061327.
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