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1
Introduction
In RAN#66 meeting, the following DC enhancement in R13 needs to be investigated and discussed [1]: 
· Requirements, and, if needed, respective solutions for the support of CSG and LIPA for dual connectivity may be studied as well.
In this paper we mainly discuss the requirement and solution for support of CSG in DC.
2
Discussion
2.1  Requirement for support of CSG in DC
According to the description in [1] as below:
Although not included in the objectives of the Study on Small Cell enhancements for E-UTRA and E-UTRAN – Higher-layer aspects, HeNBs were not precluded (but not distinguished from Pico eNBs in terms of deployment scenarios and challenges even though the transmission power of HeNBs is lower than that of Pico eNBs). Only HeNB with open mode can be supported in Rel-12 dual connectivity for LTE work item. HeNB with closed or hybrid access mode were not discussed in Rel-12.
From potential benefit point of view, apparently HeNB with closed or hybrid access mode has similar effection with HeNB with open access mode. For example, in aspect of per user throughput, By adopting the dual connectivity feature a user can utilize radio resources from a Macro eNB and a HeNB with closed or hybrid access mode simultaneously. The difference is merely that some users have the possibility but others have not. Then it seems reasonable for network to provide this possibility to this part of users.
Observation 1: In aspect of per user throughput, the Users accessing HeNB with closed or hybrid access mode can enjoy benefit of dual connectivity.
On the other hand, in aspect of mobility robust, HeNB with closed or hybrid access mode also can enjoy benefit of dual connectivity operation. For example, for enterprise deployment, a considerable number of HeNBs are deployed within a continuous coverage area. Then in case a user moves at medium speed within the coverage area, or in case the user moves in or out of coverage area, by keeping the signaling connection in the macro cell can save signalling overhead towards the CN and reduce the probability of RLF.
Observation 2: In aspect of mobility robust and signaling load reduction, HeNB with closed or hybrid access mode also can enjoy benefit of dual connectivity operation in some cases, e.g. for enterprise deployment, etc.
Considering above benefits due to the support of CSG for dual connectivity, it is proposed for RAN3 to further investigate potential solutions for the support of CSG for dual connectivity.

Proposal 1: It is proposed for RAN3 to further investigate potential solutions for the support of CSG for dual connectivity.
2.2 Potential solutions and impact of existing specification
When MeNB performs dual connectivity operation for a UE, if target SCG Cell is a hybrid Cell or closed Cell, then the MeNB needs to firstly check UE CSG member status for the CSG Cell to be accessed. If allowed, the MeNB initiates SCG Addition procedure by which the UE CSG member status information is signalled to the SeNB. And then the SeNB performs access control for the bearers to be shifted based on the related information , which is shown as Figure 1:
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Figure 1: Support access control or CSG membership verification in DC
After accessing CSG cell, the UE needs to be further verified its member status by MME. But there may be different impact on specification per bearer type. For example, for SCG bearer, E-RAB Modification Indication procedure can be used to signal the information related to member verification, e.g. CSG membership status, etc. Based on which and the stored CSG subscription data for the UE the MME performs membership verification for the DC UE. And then the MME includes its verified CSG membership status in the E-RAB MODIFICAITON CONFIRM message to the MeNB.

Based on the verified CSG membership status, subsequently the MeNB would perform additional procedure for the DC UE. For example, in case the verification is same as the original. No additional procedure is needed.  But in case the UE CSG member status has changed, if the SCG Cell operates in “closed” access Mode, the MeNB shall initiate SeNB release procedure etc. else if the SCG Cell operates in “hybrid” access Mode, the MeNB should signal updated CSG member status to the SeNB.
For split bearer, a new S1AP procedure needs to be defined for MME to perform membership verification for the DC UE. Likewise, based on the verified CSG membership status, the MeNB would perform additional procedure for the DC UE. The cases are same as that of SCG bearer.
Potential impact of existing specification:

For the stage 3 specifications, e.g. X2-AP specification - TS 36.423:

· A CSG membership status IE needs to be introduced into SeNB Addtion request message.

· A new IE should be defined to signal updated CSG member status to SeNB.

For the stage 3 specification, e.g. S1-AP specification - TS 36.413:

· For SCG bearer, these IEs, e.g. CSG id, Cell Access Mode, CSG membership status, should be introduced into E-RAB Modification Indication procedure.

· For split bearer, a new S1AP procedure should be defined by which these IEs, e.g. CSG id, Cell Access Mode, CSG membership status would be transmitted.

Based on analysis above, it seems acceptable to support CSG in DC in aspect of modification of specification.
Observation 3: It seems acceptable to support CSG in DC in aspect of modification of specification.
Proposal 2: Select above solution as way forward of supporting HeNB with closed or hybrid access mode for dual connectivity in R13.
3
Conclusion
In this document, we discuss the mobility scenarios and signalling flow to support the dual connectivity operation, it’s proposed that:
Observation 1: In aspect of per user throughput, the Users accessing HeNB with closed or hybrid access mode can enjoy benefit of dual connectivity.

Observation 2: In aspect of mobility robust and signaling load reduction, HeNB with closed or hybrid access mode also can enjoy benefit of dual connectivity operation in some cases, e.g. for enterprise deployment, etc.

Proposal 1: It is proposed for RAN3 to further investigate potential solutions for the support of CSG for dual connectivity.

Observation 3: It seems acceptable to support CSG in DC in aspect of modification of specification.
Proposal 2: Select above solution as way forward of supporting HeNB with closed or hybrid access mode for dual connectivity in R13.
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