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1 Introduction

In last meeting, RAN3 agreed to standardize direct X2 interface for HeNB-to-HeNB mobility enhancements. This contribution discusses the open issues for supporting X2 handover. 
2 Discussion
2.1 Mobility to hybrid HeNB (the same CSG ID with source HeNB)

The eNB serving as Hybrid Cell may distinguish between a CSG member and non-member for handover and packet scheduling on Uu interface (including reduced QoS) of non-GBR bearers. So the target HeNB needs to know whether the UE is a member or non-member. It is better to let the target HeNB know this in handover preparation phase. If the source side is a CSG cell, the UE is a member. If the source cell is hybrid with the same CSG, the source side already know the UE membership. Therefore the source HeNB can inform the target cell the UE membership during handover preparation procedure.
Proposal 1: Include UE CSG Membership Status in X2AP Handover Request message.
2.2 Routing and identification issue

In HeNB architecture, there is S1 flex between HeNB GW and MME. HeNB GW is responsible for MME selection for UEs. The HeNB don’t know the MME selected for the UE. E.g. when the UE moves to HeNB-3 from HeNB-2 in Figure 1, the HeNB-3 don’t know which MME the Path Switch Request message needs to be sent to without right GUMMEI. Therefore, HeNB need to know the GUMMEI selected for the UE. When the UE moves to HeNB-2 from HeNB-3, the HeNB GW doesn’t know the source MME that the Path Switch Request message should be routed to.
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Figure 1: Overall E-UTRAN Architecture with deployed HeNB GW.
To solve the above routing problem, the HeNB GW needs to inform the HeNB the selected MME for the UE. During X2 handover procedure, the HeNB send source MME ID in Path Switch Request message. So the HeNB GW can route Path Switch Request message to correct MME.
Proposal 2: GUMMEI of the MME selected for the UE need to be sent to HeNB. Include source MME GUMMEI in Path Switch Request message.
Another issue is how to find correct UE in MME when receiving Path Switch Request message. MME UE S1 AP ID (MME assigned) and eNB UE S1 AP ID (HeNB GW assigned) are used to identify the UE over S1 between MME and HeNB GW.  MME UE S1 AP ID (HeNB GW assigned) and eNB UE S1 AP ID (HeNB assigned) are used to identify the UE over S1 between HeNB GW and HeNB. The HeNB only know the HeNB GW assigned MME UE S1 AP ID. The issue is which MME UE S1 AP ID is used in X2AP Handover Request message. 
E.g. when the UE moves to HeNB-3 from HeNB-2 in Figure 1, if HeNB-2 includes the HeNB GW assigned MME UE S1 AP ID as the source MME UE S1 AP ID and send it to HeNB-3. HeNB-3 will report this to the MME as the source MME UE S1 AP ID. The MME may not find correct UE context by this identity.
So HeNB need to aware the MME UE S1 AP ID assigned by MME. Then the HeNB can include source MME assigned source MME UE S1 AP ID in Handover Request message. The HeNB GW and MME receiving Path Switch Request always think the source MME UE S1 AP ID is the one assigned by MME. 
With this method, the HeNB GW has consistent understanding on the source MME UE S1 AP ID (MME assigned) no matter the source HeNB connected to the MME through HeNB GW or not. Also the HeNB GW has consistent understanding on the source MME UE S1 AP ID (MME assigned) no matter the source is HeNB or eNB if eNB to HeNB mobility is supported in future release.
Proposal 3: MME UE S1 AP ID assigned by MME need to be sent to HeNB.
New procedure can be used to transmit GUMME and MME UE S1 AP ID to the HeNB. Another alternative is when the UE moves to active mode, the MME/HeNB GW transmits the GUMMEI, MME UE S1 AP ID to the HeNB by Initial UE Context Setup Request message. The latter has less impact to the specification.
Proposal 4: Include GUMMEI and MME UE S1 AP ID assigned by MME in Initial UE Context Setup Request message.
2.3 Get right CSG ID and access mode in the MME

To apply the right charging, the MME need to send the CSG ID, Cell Access Mode, UE membership status to the PDN GW. In case of closed to hybrid or hybrid to closed mobility, the MME don’t know the access mode change with the current X2 handover procedure. So the MME has no way to update the information in the PDN GW. X2 Handover procedure may be used when the target cell is closed/hybrid with the same CSG or is open access mode. The MME needs to know whether the UE move to a cell with the same CSG ID as source or move to an open access mode. Then the MME can update the PDN GW accordingly for right charing policy. The MME can know the UE membership once it gets the CSG ID and access mode. Therefore the target HeNB needs to report the target cell CSG ID and Cell Access Mode to the MME. 

Proposal 5: The target HeNB reports its CSG ID and Cell Access Mode to the MME in Path Switch Request message.
2.4 CSG ID validity of the target cell

Currently, the source HeNB get the target cell CSG ID from the UE. The CSG ID may be not always correct. So the CSG validation function was defined for S1 handover. For X2 handover, there are several ways for the CSG validity. 

A. Transmit CSG ID to the target HeNB. So the target HeNB can verify if the CSG ID is correct or not. If the CSG is not correct, the target cell rejects the HO. If the target cell is hybrid cell, alternatively the target HeNB can accept the handover request and retrieve the correct membership by Path Switch procedure.
B. Exchange CSG ID between HeNB as part of cell configuration information during X2 setup procedure. So HeNB will have the mapping of ECGI and CSG ID. From the PCI, the HeNB can know the neighbor cell access mode.
Solution B seems simple. Since the CSG ID is get directly from the peer HeNB, it is always correct. CSG validation function can be avoided. 
Proposal 6: For closed/hybrid cell, the CSG ID is exchanged as part of cell configuration information over X2.
3 Conclusion and proposal
In this contribution, the open issues for supporting X2 handover were discussed. To make X2 handover works, we propose to agree the following proposals and the corresponding CR in [2][3][4][5].
Proposal 1: Include UE CSG Membership Status in X2AP Handover Request message.
Proposal 2: GUMMEI of the MME selected for the UE need to be sent to HeNB. Include source MME GUMMEI in Path Switch Request message.
Proposal 3: MME UE S1 AP ID assigned by MME need to be sent to HeNB.
Proposal 4: Include GUMMEI and MME UE S1 AP ID assigned by MME in Initial UE Context Setup Request message.
Proposal 5: The target HeNB reports its CSG ID and access mode to the MME in Path Switch Request message.
Proposal 6: For closed/hybrid cell, the CSG ID is exchanged as part of cell configuration information over X2.
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