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1 Introduction, Current Status 

HeNB mobility enhancements scenarios were discussed at RAN3 #69, aiming to identify the most probable use cases. Starting from the already agreed Stage 2 baseline [2], several working assumptions are now in place [1]. In the scope of HeNB mobility enhancement, X2-based mobility is allowed in the following cases:

· Between an eNB and an open access HeNB;

· Between two open access HeNBs;

· Between two closed/hybrid HeNBs only if they have the same CSG ID (assuming that this case requires no additional effort on top of what is needed to support hybrid-hybrid mobility within the same CSG ID).

Two WAs were made at the RAN3-AH meeting earlier this year [3]: that the X2-GW is co-located with the HeNB-GW and that for X2-GW the similar principles should be applied as for S1-GW.
In addition, 3 new WAs about the use cases are now agreed [1]:

WA1) X2-based mobility shall be performed only for the intra MME pool case.

WA2) When a HeNB-GW is present, X2 handover shall be performed only for the intra-HeNB-GW case.

WA3) For the HeNB-HeNB case, both direct X2 and X2-GW based solutions will be standardized, to address different deployment scenarios and use cases.
We will analyze the implications of these scenarios and assumptions, to try to progress the discussion.
2 Considerations on Scenarios

2.1 Implications with Respect to Deployment
It is worth noting that according to [4] the following scenarios should be prioritized:

· X2-based mobility between open access HeNBs;

· X2-based mobility between an eNB and an open access HeNB;

· X2-based mobility between closed/hybrid access HeNBs having the same CSG ID.

The first two definitely fall into the category of operator-deployed scenarios (it is unlikely that an end customer or enterprise would deploy open or hybrid HeNBs and accept to backhaul public traffic on its private network/link, and even in this case it is unlikely that the operator allows its public users’ traffic to go through a non-controlled network). A direct X2 interface is certainly justified in these cases and it does not come at the cost of additional complexity elsewhere (i.e. local access control is not needed).
But also for the third case, it could be argued that probably it is an operator-deployed scenario. And also in this case access control is not needed (this is an intra-CSG case), and so enhanced mobility via direct X2 “comes for free”. Incidentally, such a CSG deployment may very well be limited in size, and the mobility enhancement would be well effected using the direct X2 interface (rather than using an X2 gateway).
It has therefore been shown that a direct X2 interface on HeNBs is always beneficial.

2.2 Implications with Respect to GW

Current RAN3 working assumptions regarding X2-GW are as follows: if an X2-GW based solution is adopted, X2-GW is co-located with the HeNB-GW, and the same principles as for S1-GW should apply. But the X2-GW solution is one of the two solutions currently on the table, the other being the direct X2-based one. It is also stated that the two are not mutually exclusive [1].

It could be argued that the scenarios in the previous section are “X2-GW-agnostic”, i.e. the presence of the gateway is not mandated per se by the scenarios or by the benefit of having X2-based mobility, but it is more dependent on the specific deployment and on traffic density. Networks where the macro and the femto layers are deployed at the same time will probably work without an X2-GW, as all deployed cells will exist with “equal standing” with respect to one another: the overall network planning will have taken both into consideration from the start. On the other hand, if the femto layer is deployed after the macro layer is already in place and optimized, then the presence of an X2-GW may indeed prove beneficial in minimizing the impact of the newly deployed HeNBs on the rest of the network (i.e. for dimensioning purposes: if a large number of X2 connections is foreseen, or if mobility impacts are assumed to be high). It is worth noting that even in this case, an X2-GW is still not needed, as the newly deployed femto layer could use ANR and X2 to build relations to neighbor eNBs as required.
The adopted solution, therefore, should equally cater to both these needs with the same set of functionalities and signaling protocols, without forking between the two or additional complexity, and while keeping the same principles as for the S1-GW as already agreed. Furthermore, it has already been agreed that the X2-GW is optional. Therefore, for consistency, this implies that the same standardized protocols and interfaces that work with the X2-GW deployed should also work in the same way when the X2-GW is not deployed. This is also consistent with the fact that the choice to have an X2-GW is deployment-specific and depends on dimensioning issues. This will also ensure consistency with well-established S1-GW principles as required [1].

3 Conclusion and Proposal
It has been shown that the most relevant scenarios requiring enhanced (H)eNB mobility are the operator-deployed ones. While all such cases definitely benefit from the presence of a direct X2 interface in HeNBs, they are arguably also “X2-GW-agnostic”, i.e. they do not specifically mandate or preclude the adoption of an X2-GW. In order to maintain the maximum flexibility and not introduce additional complexity in the standard while staying true to S1-GW principles, we propose that:

Proposal 1: Direct X2 interface between (H)eNBs may be deployed in the scenarios where X2 based mobility was already agreed to be allowed; X2-GW functionality at the HeNB-GW may be adopted depending on specific deployment requirements, i.e. for dimensioning reasons.

Proposal 2: In line with the current understanding of the HeNB GW scope, no further standardization efforts are required regarding the X2 GW functionality.
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