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1   Introduction
Mobility enhancement from open/hybrid mode HeNB to hybrid mode HeNB was considered the highest priorities in Further enhancement for HNB and HeNB Study Item[1][2]. In this contribution, the solutions for mobility enhancement for the highest priorities use case were discussed.
2   Discussion
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In Rel-10, direct X2-connectivity between HeNBs was agreed, independent of whether any of the involved HeNBs is connected to a HeNB GW. Whether other alternatives in Rel-11 should to be supported need further discussion. There are two other alternatives: X2 GW based approach and direct X2 between two HeNB GWs.


           Figure 1 X2 through HeNB GW                    Figure 2 X2 between two HeNB GWs
The main benefits to have X2GW based approach are to have a concentrator of X2 interface and reduce the efforts of IOT. However, the coverage of HeNB is small. There are no so many neighbor HeNBs. The function of concentrator don’t bring much gain. In the enterprise/shopping mall scenario, normally the HeNBs are from one vendor. There is no IOT gain in this case as well. If both direct and X2GW based approaches are supported for HeNB to HeNB mobility, HeNB need to know whether perform direct and X2GW based approach which bring much complexity. Therefore, we propose that X2 through HeNB GW for HeNB to HeNB mobility should have lowest prority.
Proposal 1: X2 through HeNB GW for HeNB to HeNB mobility should be lowest prority.

It is not clear if there is scenarios to deployment two HeNB GWs in the enterprise. As a concentrator, the HeNB GW function is much simpler than the MME. In one MME serving area, one HeNB GW should be enough. It seems to deployment two HeNB GWs is not popular case in reality. In case of two HeNB GWs are deployed, direct X2 handover procedure is already supported. Direct X2 between two HeNB GWs is not a critical requirement. Therefore, we propose that direct X2 interface between two HeNB GWs should be lowest priority.
Proposal 2: Direct X2 interface between two HeNB GWs should be lowest prority.

2.1   Open/hybrid mode HeNB to hybrid mode HeNB mobility
For mobility from open/hybrid HeNB to hybrid mode HeNB, the main issue is how the target HeNB gets the UE’s CSG membership. The target HeNB may provide differentiated QoS for the CSG member UE and non-member UE. 

The same as macro eNB to hybrid mode HeNB mobility, there are two solutions to handle the UE in the target hybrid HeNB. 
Solution 1:  The target HeNB can treat the UE as non-member first. The target gets the UE membership until Path Switch Acknowledge message. If the UE is member, the HeNB may take further actions to treat it as a member UE.
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Figure 3 X2 handover from open/hybrid HeNB to hybrid mode HeNB

Solution 2:  The source HeNB gets the CSG membership status from the UE. The source HeNB includes the CSG membership status in Handover Request message. The target HeNB treats the UE as member or non-member according to the membership received from the source eNB. After the MME receive the Path Switch Request message, it decide the UE membership if the target cell is hybrid access mode. Then MME send the UE membership to target HeNB by Path Switch Acknowledge message. If the UE membership is different with the one received from source, the target HeNB can update the UE membership.
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Figure 4 X2 handover from open/hybrid HeNB to hybrid mode HeNB

We have no strong preference on the two solutions. Considering that normal UE will provide right CSG membership status to the network, solution 2 is slight better. Since the target can get the CSG membership early. If it is not correct, the target HeNB can update it after receiving Path Switch Request Acknowledge message.

Solution 2bis: Based on solution 2, there is a variant solution. The target HeNB can provide the UE membership to the MME in Path Switch Request message. The MME can further decide the UE membership and check whether the eNB provided is correct or not. If it is not correct, the MME include the right one in Path Switch Request Acknowledge message.

Since CSG membership in Path Switch Request Acknowledge message is anyway required. For simplicity, this solution does not bring any benefit.
Proposal 3: The target hybrid HeNB gets CSG membership status from source HeNB. The target HeNB can update it after receiving Path Switch Request Acknowledge message.
3   Conclusion
This paper includes the following proposals, that RAN3 is requested to conclude: 
Proposal 1: X2 through HeNB GW for HeNB to HeNB mobility should be lowest prority.

Proposal 2: Direct X2 interface between two HeNB GWs should be lowest prority.

Proposal 3: The target hybrid HeNB gets CSG membership status from source HeNB. The target HeNB can update it after receiving Path Switch Request Acknowledge message.
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