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1. Introduction
RAN Meeting #66 agreed to launch a new Study Item on Extension of Dual Connectivity in EUTRAN [1]. The SI objectives are the following:
o
Study how SIPTO in the dual connectivity can be supported

o
Study whether and how L-GW can be co-located with MeNB, SeNB or both.

o
Study whether and how SIPTO at the Local Network with standalone GW for Dual Connectivity can be supported.

o
Study the requirements and, if needed, respective solutions for location reporting enhancements.

o
Study solutions for the support of inter-MeNB handover without SeNB change, and handover with SeNB Addition (retaining the MeNB’s role).

o
Study the need and solutions for other enhancement or optimization, e.g. UE-AMBR coordination, X2-UP flow control (UE throughput history, UL X2-U loss detection support) between MeNB and SeNB.

o
Requirements, and, if needed, respective solutions for the support of CSG and LIPA for dual connectivity may be studied as well.

This contribution focuses on architecture aspects, i.e. it starts to evaluate the different possibilities of where the L-GW could be located in the context of Dual Connectivity.
2. Discussion
SIPTO/LIPA mechanisms have been designed to cope with the rocketing use of mobile data communication, by allowing some data path avoiding traversing the Core Network (CN). As one of the goals of Dual Connectivity (DC) is to enhance user throughput, it is then worth studying the possible coupling between DC and local access offloading. 

Moreover, there are some advantages to keep a connection to a macro eNB while also communicating with a HeNB, for example smothering changes between indoor and outdoor compared to legacy hard handovers, and reducing mobility signalling load towards the CN.
[2] Foresees two use cases for such an offloading architecture:  (i) deployment at home or in areas like Starbucks cafes and (ii) enterprise deployment (indoor or outdoor).
The four architectures for DC with SIPTO presented in [3]are reminded in figures 1 to 4. We analyse them in the following with respect to offloading efficiency and mobility support along with signalling load impact on the CN.
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Figure 1: Atl.1 - Co-located SIPTO@LN with DC Split bearer
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Figure 2: Atl.2 - Co-located SIPTO@LN with DC SCG bearer
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Figure 3: Atl.3 - Standalone SIPTO@LN with DC SCG bearer
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Figure 4: Alt 4 - Standalone SIPTO@LN with DC Split bearer


We assume a macro eNB acting as a MeNB, and a HeNB having the role of a SeNB, as we hardly see a HeNB being promoted to a MeNB. 
In Alternative 1, a L-GW is co-located with the macro eNB. This assumes that the macro eNB has an Internet access independent from the CN. The architecture fits with Dual Connectivity Split bearer option, and L-GW selection should not be problematic, as from CN point of view, the UE is attached to the eNB embedding the L-GW function. Macro eNB has then all in hands to manage bearer splitting and data forwarding. However, the security aspects of having a macro eNB being connected directly to the Internet have to be studied. Moreover, SeNB mobility is supported in the MeNB coverage only, although without impact to CN. Offloading is then achieved by this architecture, however advantages compared to a solution with SIPTO above RAN are unclear.

Alternative 2 consists in placing a L-GW in the HeNB. With DC SCG bearer option, data paths are rather clean, having the data path coming from the CN kept unchanged compared to legacy case and the local breakout data path being kept at local network side. However impact on signalling and how to select the L-GW have to be checked, as in this case, the eNB the UE is attached to does not embed the L-GW. Mobility is not supported since session is broken when the UE moves outside HeNB's coverage.
Alternative 3 shows a standalone L-GW/S-GW located in the local network associated with DC SCG bearer option. Internet traffic interface point can be as local as possible to the HeNBs and is quite optimal. However traffic from the CN has to reach first the L-GW/S-GW before going back to mobile operator's network to end up in the macro eNB. Mobility is supported in the local network area, i.e. in the coverage of all HeNBs located under the L-GW.S-GW and announcing the same Local Home Network Id. This mobility generates however signalling toward the CN (path switch update).
Alternative 4 features as alternative 3 a standalone L-GW/S-GW in the local network, but associated with DC Split bearer option. Local traffic is routed from L-GW/S-GW to the MeNB, before being forwarded back to the HeNB acting as a SeNB, leading to non-optimal routing.  Mobility is supported in the local network area without signalling toward the CN, the MeNB being able to act as a mobility anchor point while the UE while the UE remains under Local Home Network area.
3. Conclusion
Alt.2 (Co-located SIPTO@LN with DC SCG bearer) appears to be a good choice from data path efficiency point of view. However its impact to standard has to be assessed, and session continuity is not supported when UE moves to another HeNB. If its feasibility is confirmed with reasonable standard impact, this alternative could be the one for residential deployment. 

When coming to enterprise deployment scenarii, with a bunch of HeNBs in the local network, then a standalone L-GW/S-GW seems preferable, as the architecture is able to support mobility with session continuity inside the local network. Alt.3 (Standalone SIPTO@LN with DC SCG bearer) has a more optimised data path compared to Alt.4 and could be a better candidate.
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