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1   Introduction

At the RAN#51 meeting, a study item on further enhancements for HNB and HeNB[1] was approved for Rel-11. In the SID, the objectives for LTE are the benefit evaluations for enhanced mobility between eNB and HeNB, inter-CSG enhanced mobility, X2 GW proxy, RAN sharing for HeNBs and deployment with two HeNB GWs directly interconnected to each other. This contribution focuses on the analysis of X2 mobility enhancement between eNB and HeNB and proposes a way forward. 
2   Discussion
HeNBs are primarily used in the following two scenarios: one is designed for hotpot areas to offload macro eNB’s traffic, which is always applicable for public areas with a large number of users; and the other is deployed in macro coverage hole areas to extent area coverage, which is available for resident areas and enterprises to expand indoor coverage, and the public areas in the edge of a cell to extend the cell edge coverage. 
Introducing HeNB for offloading macro eNB’s traffic or extending area coverage in public areas, the open access HeNB is chosen, aiming to enable every user in the public areas use the HeNB. For example, in the shopping mall, the open access HeNBs may be deployed in macro eNB for the customers. Still considering the mall environment, in the peak time of shopping, high frequency of handovers between the eNB and open access HeNB may occur. The current specification only supports S1 handover between eNB and HeNB. As we know, S1 handover results in relatively heavy signalling load to CN, and also causes a certain degree of delay. In order to relieve CN’s load and decrease the delay, X2 enhanced mobility between eNB and open access HeNB is necessary to be standardized. In addition, it mentions that support for enhanced eNB to HeNB mobility has already be proven to provide significant benefits for open mode HeNBs used in mall environments and to extent coverage areas of macro network in [1]. But because of time constraint, the eNB to HeNB mobility enhancement was de-scoped in Rel-10 and postponed to Rel-11[2]. Moreover, in current Rel-10 specification, the X2 based handover between HeNBs has been introduced. Therefore, there is no need to do too much standardized work for the X2 mobility between eNB and open access HeNB. Last but not the least, with regards to the aspect of security, connections between HeNB and eNB are protected via a Security GW. So no further security between eNB and open access HeNB is needed for X2 handover [3] [4]. 
In order to expand area coverage in indoor areas, the HeNB with closed cell is required with the purpose for only allowing the users who are member of CSG with corresponding CSG ID to access. For example, in the residential area, the HeNB with closed cell is planned for family member; in the enterprise, the HeNB with closed cell is placed for their staff. If the X2 mobility between eNB and HeNB with closed cell is performed, the access control mechanism is needed to be considered. However, the X2 based handover between HeNBs is initially designed with the intention that no access control at the MME is needed. The access control which is necessary in the X2 mobility between eNB and HeNB with closed cell violates the current principle of designing X2 based handover. Furthermore, small number of users in the HeNB with closed cell may not lead to high quantity handovers between eNB and HeNB with close cell. However, even if X2 mobility is not support, the X2 interface may be setup between eNB and HeNB with closed cell for support of SON function, such as load balancing or interference coordination. The X2 interface could to be used to forward user plane data between eNB and CSG cell as well. 
Proposal 1: Introducing X2 interface between eNB and open access HeNB/HeNB with closed cell, but only the X2 interface between the eNB and open access HeNB is used for mobility enhancement. 
For the X2 connection between eNB and HeNB, there are two solutions were discussed in the previously meetings: one is direct X2 connection, i.e. a macro eNB is directly connected to all HeNBs in its coverage, and the other is indirect X2 connection, i.e. a macro eNB is connected to a HeNB GW which has connection with every HeNBs in the macro eNB. 
For high density of HeNBs, employing the indirect X2 connection has the following advantages:
· Reduce the number of X2 connections towards macro eNBs, and therefore reduce SCTP associations.

· Lower the maintain complexity for X2 interfaces, such as SON functionality of X2 interfaces.
· Reduce the X2 signalling overhead, such as X2 Setup and eNB Configuration Update. 
· No InterOperability Testing problems exist between macro eNBs and HeNBs.
For low density of HeNBs, using the indirect X2 connection does not has the significant benefit as described above, and also cause the following negative impacts:
· Has relative larger delay because the signalling is handled in HeNB GW. 
· X2 GW proxy shall be supported in Rel-11.
Proposal 2: For high density of HeNBs, the indirect X2 connection is selected; and for low density of HeNBs, the direct X2 connection is chosen.
3   Conclusion

In this contribution, we discusses on X2 mobility enhancement between eNB and HeNB. It is proposed that RAN3 to take the discussion into account and agree the following proposal:
Proposal 1: Introducing X2 interface between eNB and open access HeNB/HeNB with closed cell, but only the X2 interface between the eNB and open access HeNB is used for mobility enhancement. 

Proposal 2: For high density of HeNBs, the indirect X2 connection is selected; and for low density of HeNBs, the direct X2 connection is chosen.
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