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1. Introduction
During RAN3#87 meeting, it was agreed that CSG support for hybrid access HeNBs acting as SeNBs has been identified as the only option for future normative work. And an example signalling flow for SeNB addition procedure was provided and has been captured in TR 36.875 [1]. However, the details for membership verification is not resolved and needs to be further studied. In this contribution, we study the detailed solutions for membership verification and present our preference. 

2. Discussion
Membership verification for CSG support in dual connectivity
In order to support HeNB with hybrid access mode acting as SeNB in dual connectivity, the membership verification issue should be resolved in both SeNB addition and SeNB change scenarios. Here we analyze detail solutions for membership verification in dual connectivity deployment upon SeNB addition and SeNB change respectively for both SCG bearer option and split bearer option. 
Scenario 1. SeNB addition
The SeNB addition scenario is depicted in Fig. 1 as below. In the scenario illustrated in Fig. 1, the UE which is connected with Macro eNB moves into the coverage of HeNB, the MeNB shall initiates SeNB addition procedure to add the HeNB as SeNB for the UE. 
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Fig. 1 Illustration of SeNB addition scenario

Fig. 2 is the example signalling flow for SeNB addition towards a hybrid HeNB as captured in TR 36.875 [1],
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Fig. 2 CSG support for DC – SeNB Addition towards a hybrid HeNB
In this option, membership verification is performed after the SeNB addition preparation procedure and the SeNB reconfiguration complete procedure. During the SeNB addition preparation procedure, the SeNB could admit the UE according to the membership status reported by the UE, which is transferred from MeNB to SeNB. And then the MeNB shall obtain the verified UE’s membership status from MME, which is similar as the solution for R11 enhanced mobility to hybrid cell. With regard to the membership verification procedure (i.e. the step 10 and 12 in fig. 2), there are generally two options as described below. 
Option 1. Reuse E-RAB Modification Indication procedure for both SCG bearer and split bearer option. 
In this option, there is no additional signalling overhead for SCG bearers. But for split bearers, additional E-RAB Modification Indication procedure shall be preformed for membership verification. Therefore, adding new signalling for split bearer case is unavoidable. New IE should be introduced in the E-RAB Modification Indication message for membership verification. Obviously, CSG membership status reported by UE and CSG ID should be added in the E-RAB Modification Indication message. 

According to TS 23.401, the CSG Subscription Data stored in the MME which is used for CSG access control/membership verification contains a list of UE subscribed CSG ID and optionally associated expiration date and APN(s). There is no associated access mode in the CSG Subscription Data in the MME.  MME shall obtain access mode information from the eNB to determine whether it is a hybrid cell or closed cell. As described in TS 23.401, if the target cell is in hybrid mode, it includes the CSG ID of the target cell and CSG Access Mode set to "hybrid" in the Path Switch Request message. And if the CSG access mode is not provided but the CSG ID is provided, the MME shall consider the cell as a CSG cell. Therefore, the access mode of SeNB shall be reported from eNB to MME  in order not to influent MME behaviour. 
As a result, in addition to CSG membership status and CSG ID, access mode also needs to be included in the E-RAB Modification Indication message to indicate that the SeNB cell is a hybrid cell. 
Note that the E-RAB to be Modified List IE is mandatory in the E-RAB Modification Indication message, which is not applicable for the split bearer option. To solve this issue, default value of E-RAB to be Modified List IE could be included in the E-RAB Modification Indication message to indicate that it is used for membership verification. When MME receives the E-RAB Modification Indication message including CSG ID and access mode, it shall ignore the E-RAB to be Modified List IE and perform membership verification for the UE.
Option 2. Define a new procedure for both SCG bearer and split bearer option. 
Option 2a)  define a new class 2 procedure [1], e.g. a class 2 eNB initiated UE Context Modification procedure, which triggers the existing UE Context Modification procedure. As analyzed in [1], unnecessary signalling is introduced if this option is used for SCG bearers. And for split bearer option, three additional messages are needed to complete the membership verification procedure if using the new class 2 eNB initiated UE Context Modification procedure.
Option 2b) define a new class 1 procedure to perform the membership verification. Comparing with option 2a), for split bearers, only two additional messages are needed in order to complete the membership verification procedure.
Comparing option 1 with option 2, option1 reuses existing E-RAB Modification Indication procedure and has least specification impact on S1 interface. Therefore, option1 is preferred to perform the membership verification for CSG support for dual connectivity. 
Proposal 1. It is suggested to reuse E-RAB Modification Indication procedure for both SCG bearer option and split bearer option. 
Proposal 2. In addition to CSG membership status and CSG ID, access mode also needs to be included in the E-RAB Modification Indication message to indicate that the SeNB cell is a hybrid cell.

Scenario 2.  SeNB change
The SeNB change scenario is shown in Fig. 3 as below. In the scenario illustrated in Fig. 3, the UE which has dual connectivity with Macro eNB and HeNB1 simultaneously moves to the coverage of HeNB2, and then the MeNB initiates SeNB change procedure to add HeNB2 and delete HeNB1 as SeNB for the UE. 
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Fig. 3. Illustration of SeNB change scenario

In this scenario, the source SeNB and the target SeNB are both HeNBs with hybrid access mode in this scenario. So there are two scenarios need to be considered: intra-CSG and inter-CSG mobility between the source and the target SeNB. If the source and target SeNB share the same CSG, there is no need for the membership verification for the target SeNB, the UE could access the target SeNB with the same membership status as verified in the source SeNB; if source and target SeNB serve different CSGs, the same challenges and solutions should be considered during the addition of the target SeNB.
Proposal 3: Membership verification may be needed during SeNB change if the source and target SeNB serve different CSGs. The same solution could be used as in the SeNB addition scenario.
3. Conclusion
In this contribution, we study the detailed solutions for membership verification. And we propose:
Proposal 1. It is suggested to reuse E-RAB Modification Indication procedure for both SCG bearer option and split bearer option. 

Proposal 2. In addition to CSG membership status and CSG ID, access mode also needs to be included in the E-RAB Modification Indication message to indicate that the SeNB cell is a hybrid cell.

Proposal 3: Membership verification may be needed during SeNB change if the source and target SeNB serve different CSGs. The same solution could be used as in the SeNB addition scenario.
The corresponding text proposal to TR 36.875 for Extension of Dual Connectivity in EUTRAN [1] is provided in [2]
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