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1   Introduction 
In current specification, the Rel-10 HeNB mobility enhancement (i.e. X2-based handover) is restricted that only intra-PLMN handover can be supported between closed/hybrid access HeNBs having the same CSG ID or when the target HeNB is an open access HeNB [1]. As for Rel-11 WI of “Further enhancements to H(e)NB mobility”, it has been divided into three parts and RAN3 will first work on Part 1 [2]. Regarding the supporting scenarios in Part 1 shown below, it is not clarified whether or not the X2-based HO should be intra-PLMN as usual in Rel-10:

Enhanced Mobility macro – open HeNB, macro – hybrid HeNB, open HeNB – hybrid HeNB, and hybrid HeNB – hybrid HeNB (inter-CSG) where membership verification is performed.
In this contribution, we would review the rationale of supporting intra-PLMN HO in Rel-10 and analyze which kind of X2-based HO should be considered in Part 1, bearing in mind the recent agreement in SA2 on broadcasting multiple PLMN IDs in closed/hybrid cell [3].
2   Discussions
2.1   Supported scenarios in Rel-10
In Rel-10, the X2-based HO between closed/hybrid access HeNBs is supported under the following conditions:

· Cond.1: The HO shall be intra-PLMN;
· Cond.2: The source and target HeNBs shall have the same CSG ID;
· Cond.3: A closed/hybrid cell shall only broadcast one PLMN ID.

The above conditions are clearly stated in stage-2 specification [4], except Cond.3 However, it is a crucial issue, since Rel-10 RAN sharing cannot be supported in closed/hybrid access HeNB.
The reason for introducing such restrictions is that SA2 has agreed in Rel-10 the following:
“It was not possible to specify complete support for RAN sharing for closed subscriber group and hybrid cells in this release of the specifications. A CSG cell cannot broadcast the PLMN ID of each PLMN, and shall only broadcast one PLMN ID.” [5]

It should be noted that this restriction is not applied when the target is an open mode HeNB, since the source HeNB can initiate the X2-based HO only if the Handover Restriction List (HRL) allows.
2.2   Multi-PLMN deployment in closed/hybrid cell
At the SA2#92 meeting, SA2 has identified that the closed/hybrid cell can broadcast several PLMN IDs as long as the operators sharing the RAN nodes coordinate on the CSG ID with each other [3]. Recalling that Rel-10 enhanced mobility to HeNB is restricted in single-PLMN deployment, it should be clarified that whether this multi-PLMN deployment needs to be considered in the scope of Part 1.

In the sequel, we would analyse the impact from the abovementioned SA2’s agreement on Part 1 in details.
2.3   Analysis on Part 1
2.3.1   Single-PLMN deployment
In this case, the Rel-11 closed/hybrid HeNB is assumed to broadcast one PLMN ID as in Rel-10, which means there is no ambiguity for source eNB to select a target PLMN. Recall the discussion of Membership Verification (MV) in X2-based HO, where it has been agreed to adopt a CN-based approach [9]. Thus, no matter “Solution 1b” or “Solution 1d” [10] is employed for Rel-11 specification, we can conclude that all kinds of inbound X2-based HOs to hybrid HeNB (i.e. intra-PLMN intra-CSG, intra-PLMN inter-CSG, inter-PLMN intra-CSG and inter-PLMN inter-CSG) could be supported in Rel-11. Meanwhile, there is no impact on the X2-based HO scenarios supported in Rel-10.
2.3.2   Multi-PLMN deployment
In this case, the CSG/hybrid HeNB is assumed to broadcast several PLMN IDs together with only one CSG ID. Note that through X2 Setup and Update procedures, the peer (H)eNBs can exchange their broadcasted PLMN lists and CSG IDs.
When the target HeNB is a hybrid HeNB, depending on the type of the source cell, there are two scenarios to be considered:

· Scenario.1: The source cell is a macro cell or open mode HeNB;

· Scenario.2: The source cell is a closed/hybrid HeNB.
For Scenairo.1, currently X2-based HO can not be supported. The reason is that, although the source cell would know that the target cell is a CSG member cell for the UE, it may not be able to select an appropriate target PLMN from the PLMN list broadcasted by the target HeNB.
For Scenairo.2, if the UE’s Registered PLMN (RPLMN) and/or Equivalent PLMN(s) (EPLMN) are broadcasted in the target HeNB, X2-based HO can be supported, since the source HeNB can perform the selection of target PLMN and the serving MME would verify the HO. On the other hand, if none of the UE’s RPLMN or EPLMN is broadcasted in the target HeNB, similar to Scenario.1, only S1-based HO can be applied in this case.
However, since the closed access HeNB is also impacted, we need to further consider the case of intra-CSG HO to closed access HeNB. As required in [4], the source HeNB shall guarantee that no access control at the MME is needed before initiating an X2-based HO towards CSG cell. Therefore, we can conclude that:

· Scenario.3a: X2-based HO is allowed only when the UE’s RPLMN and the same CSG ID is broadcasted in the target CSG HeNB, otherwise
· Scenario.3b: Only S1-based HO is allowed since access control at MME is needed.
Therefore, based on the above analysis, we can summarize that the SA2 agreement on multi-PLMN deployment has significant impacts on Part 1. More specifically, macro – hybrid HeNB and open HeNB – hybrid HeNB X2-based HOs can not be supported in multi-PLMN deployment. Considering the split scheme between the three parts of the complete Rel-11 WI and the tight schedule in RAN3, we propose that:

Proposal 1:  Only single-PLMN deployment should be considered in the scope of Part 1 WI.

Proposal 2:  It is FFS how to support the multi-PLMN deployment.
3   Conclusion and Proposals
In this contribution, we introduced the recent progress on support for multi-PLMN deployment in closed/hybrid cell in SA2, and discussed its impact on the Part 1 of Rel-11 WI “Further enhancements to H(e)NB mobility”. Based on the above analysis, we propose that:
Proposal 1:  Only single-PLMN deployment should be considered in the scope of Part 1 WI.

Proposal 2:  It is FFS how to support the multi-PLMN deployment.
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