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1. Introduction
In RAN3#72 different architectural scenarios were introduced for the new HeNBs enhanced mobility SI [1]. In this contribution we further develop our view of the eNB-HeNB enhanced mobility and compare the different options available on the table. The contribution is concluded by providing guidelines for the comparison between the available options. 
2. Discussion
In [2] different requirements and deployment scenarios for Macro to HeNB enhanced mobility were discussed. The necessity for optimized mobility is motivated by the large number of inbound/outbound handover between Macro eNB and open HeNBs in the different scenarios and the main argument in favour of this optimization is to relieve the MME from processing large amounts of S1 handovers by allowing X2 based mobility between HeNBs and the neighbouring Macro base station. 
Different options were proposed to implement this X2-based mobility; they can be grouped into the two following alternatives:

1)  Enhanced mobility via direct X2 IF between the macro and HeNBs 

2)  Enhanced mobility via HeNB-GW based X2 IF(X2 proxy in HeNB-GW)
In alternative (1) the Macro base station is allowed to setup X2 IF with its neighbouring open HeNBs, these HeNBs can be either directly connected to the same MME pool as the Macro base station or connected to a HeNB GW acting as S1 proxy (see sections 2.3.1 and 2.3.2 of [1] for details) .
In alternative (2) the Marco base station is not allowed to setup X2 IF directly with its neighbouring HeNBs but sets up X2 IF with a HeNB-GW. The HeNB-GW terminates/forwards the X2 handover signalling between the HeNBs and the Macro base station (details are given in section 2.3.3 of [1]).

The main advantages of alternative (1) are lower handover latency and low standardization impact. Its scalability relies on the assumption of low density deployment of open HeNBs. This will be the case for example in shopping mall deployments  where HeNBs in the shopping mall are connected through a mesh network of X2 interfaces while only a limited number of open HeNBs are connected to the neighbouring Macro base station. 
However, the assumption could become questionable in other scenarios, for example if hybrid HeNBs become widespread: Macro – HeNB handovers will no more be limited to a small number of users since macro UEs can handover to the open part of the hybrid HeNBs. To be noted that current specifications considers mainly handovers to the closed part of hybrid HeNB, with a fallback to the open part if access control fails. We believe that there is no reason to request a S1 handover when the target is known to be the open part of hybrid HeNBs. 
.In such a scenario of dense deployment of hybrid HeNBs, optimising HO will become necessary and it will be more difficult to select only a limited number of neighbours  of the Macro base station to set up direct X2 IF . Hence, the number of X2 IF connections the Macro base station will have to handle will grow considerably, raising a scalability issue.
Because current specifications are not clearly considering the handover to the open part of hybrid HeNB, we propose the following: 

Proposal 1: Handover to the open part of hybrid HeNB should be clarified.
Proposal 2: Scenarios with a dense deployment of hybrid HeNBs should be taken into consideration in the enhanced mobility SI.
In [3] it was argued that there is no scalability issue for the eNB- HeNB handover since eNB can sustain thousands of X2 IF with low memory and processing overhead. However, in this analysis only basic SCTP associations are considered which is not a realistic assumption since interference coordination signalling  needs also to be carried on the X2 IF. We have shown in [5] that X2 proxy based solution can be a convenient solution for protecting the Macro base station from flooding, due to large amount of interference coordination messages received from the neighbouring HeNBs. 
However, this proxy solution adds extra complexity to the HeNB- GW since the X2 signalling needs to be routed to the corresponding HeNB. This routing issue should be carefully considered since large number of HeNBs is expected to be deployed under HeNB-GW.
To be noted that the X2 proxy solution does not reduce the NRT table size at the Macro eNB since the table is cell-based. 
The following table summarizes some pros and cons of the two alternatives:
	
	Advantages 
	Drawbacks 

	Alternative (1)
(Direct X2)
	- Low standardization impact 
	- Not scalable if dense deployment of hybrid HeNBs is considered

- Added complexity to macro HeNB and message flooding risk(interference coordination signalling for example)
- Added NRT management complexity in Macro eNB.

	Alternative(2)

(X2 proxy in HeNB-GW)
	· Scalable in dense deployment of hybrid HeNBs is considered.
· Limits Macro flooding due to large amount of interference coordination signalling.
	· Added NRT management complexity in Macro eNB.

· Standardization impact: Added complexity to HeNB-GW (routing,  control signalling management)


As seen from the comparison table, both direct X2-IF and X2 proxy enhanced mobility have advantages and drawbacks. The proxy based enhanced mobility have a clear advantage over direct X2 IF if scalability issue arises in the deployment scenario which we believe is the case with dense deployment of hybrid HeNBs. However, in order to provide a fair comparison between the two alternatives, we propose the following: 
Proposal 3: The maximum number of X2 IF a Macro eNB can support should take into account other aspects then SCTP associations management.
3. Conclusion
In the analysis above we have considered two alternatives for eNB-HeNB enhanced mobility. In alternative (1) direct X2 IF enhanced mobility is considered while alternative (2) describes an X2 proxy at HeNB-GW. A comparison between the two alternatives shows that when dense deployment of hybrid HeNBs is assumed, alternative (1) may exhibits scalability issues that the proxy based approach could solve. On the other hand alternative (2) introduces extra complexity in the HeNB-GW and routing issues that should be carefully considered. However X2 proxy standardisation work already done for relays should be re-usable. We suggest the following for further SI work:
Proposal 1: Handover to the open part of hybrid HeNB should be clarified. 
Proposal 2: Scenarios with a dense deployment of hybrid HeNBs should be taken into consideration in the enhanced mobility SI.
Proposal 3: The maximum number of X2 IF a Macro eNB can support should take into account other aspects than SCTP associations management.
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