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1 Introduction

When considering the mobility between macro eNB and HeNB or between HeNBs, it is straightforward that decision on X2 handover and Membership Verification (MV) can be done only if the X2 interface had been successfully established between the two RAN nodes.

Thus, in this contribution, we discuss X2 interface setup between macro eNB and HeNB and between Hybrid HeNBs.
2 Discussions
2.1 X2 interface between macro eNB and open HeNB
The PCI/ECGI split information is used to decide the type of detected cell, e.g open HeNB or not. Therefore X2 interface can be established between macro eNB and open HeNB[1][2]. Similarly, X2 interface setup initiated from an open HeNB towards macro eNB can also be implemented. The agreement has been reflected in the TP which discussed previous of RAN3#74.
2.2 X2 interface between macro eNB and hybrid HeNB
By aid of the PCI/ECGI split scheme, the macro eNB can identify the target cell as a hybrid HeNB where a non-CSG member UE is allowed to access in. When a UE hands over from macro cell to open part of a hybrid HeNB, MV procedure does not need to be performed. 

When a UE hands over from macro cell to CSG part of a hybrid HeNB, it does not have any common agreement on whether optimized MV procedure is considered or not. If optimized MV could not be agreed, S1 HO should be used for this scenario.

For the mobility between macro eNB and HeNB, X2 handover can be used at least in the case of handover from macro cell to open part of HeNB. It has possibility that for the handover from the same source cell to the same target cell, two HO type should be applied due to different scenarios.

Anyway, to realize enhanced mobility between macro eNB and hybrid HeNB, at least for the mobility from macro eNB to open part of hybrid HeNB shall use X2 interface. Assisting by ANR function, source eNB can be able to extract the correct eNB ID of target HeNB from the information reported by UE, e.g. PCI and ECGI, and trigger an X2 setup procedure towards target HeNB.
In this case, an X2 interface between macro eNB and hybrid HeNB shall be setup.

2.3 X2 interface between hybrid HeNBs
Considering the cases that UE performs handover between two hybrid cells:

1) UE is a non-CSG member of source cell and source HeNB can get UE reported CSG ID and membership status information of target cell. If target cell has the same CSG ID with source cell, UE will be treated as non-CSG member of target cell. X2 HO for this case has some benefit. Reversely, if the CSG ID of target cell is different with source cell, MV procedure is needed. How to perform MV and initiate which type of handover have not been decided.

2) UE is a CSG member of source cell. If target cell has same CSG ID with source cell, UE will be the CSG member of target cell. It is an intra-CSG handover scenario which has been specified in R10. If the CSG ID of target cell is different with source cell, MV procedure is needed. Typically, the case of inter-CSG handover for a UE who performs handover from source HeNB to target HeNB as CSG member, and source HeNB has different CSG ID with target HeNB. Because the use case which needs optimization on inter-CSG mobility has not been confirmed now, we can assume that it has possibility to perform S1 handover when a UE moves between two hybrid HeNBs with different CSG IDs.

From the analysis above, we have summary as following:

· When the source cell and target cell have a same CSG ID, UE should always access to target cell with same membership status. X2 handover is a better way in the scenarios and MV procedure is not needed.

· When a UE is a non-CSG member of target HeNB, X2 handover can aslo be used.

· When the source cell and target cell have different CSG IDs, the membership status of UE in target cell shall be identified by MV procedure. Moreover, several optimized MV procedure is discussing in RAN3, if one of them would be agreed, X2 handover can also be used in the future. However, S1 handover shall not be excluded from hybrid to hybrid mobility due to inter-CSG use case is not high priority.

It deduced that X2 interface is needed between two hybrid HeNBs to realize enhanced mobility at least in some cases which performing X2 handover without MV procedure. During ANR procedure, source HeNB is able to identify the type of target HeNB, i.e. hybrid mode, and retrieve correct eNB ID from UE reported information. An X2 interface can be setup between two nodes.
3 Conclusion
Except for the mobility between macro eNB and open HeNB, X2 interface can also be used between hybrid HeNBs at least for following cases:

· UE moves from source cell as non-CSG member to target cell;

· UE moves from source cell to target cell as non-CSG member;

· UE moves from source cell to target cell, in both of cells UE acted as a non-CSG member.

Proposal: X2 interface is always established between macro eNB and Hybrid HeNB and two Hybrid HeNBs, if mobility between them is needed.
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