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1. Introduction
The new SI – Study on Extension of Dual Connectivity in E-UTRAN [1] was approved in RAN#66 plenary meeting. According to the SID [1], it is necessary to study the requirements and if needed solution for the support of CSG for dual connectivity. The text proposal for CSG support in dual connectivity is provided in this paper.
2. Discussion
4.5
Support of CSG and LIPA for dual connectivity
4.5.1
HeNB with closed and hybrid access mode
4.5.1.1
Requirement
Dual connectivity is introduced for small cell enhancement in LTE Rel-12. As we know, HeNB cell is one kind of small cell and there are three kinds of access mode for HeNB, i.e. open, hybrid and closed. However, According to TR 36.842, HeNB is not precluded in the Rel-12 dual connectivity for LTE work item, but not distinguished from Pico eNB in terms of deployment scenarios and challenges even though the transmission power of HeNB is lower than that of Pico eNB. That means, only HeNB with open mode can be supported and HeNB with closed or hybrid access mode were not discussed in Rel-12 dual connectivity for LTE work item due to the time limitation. Here we focus on the deployment of HeNB with hybrid and/or closed access mode in dual connectivity.  

Depending on the access mode of deployed HeNB in dual connectivity, the use cases can be divided into two groups: deployment of hybrid cell and deployment of CSG cell in dual connectivity.
· Use case 1：deployment of hybrid cell in dual connectivity
As described in Annex A in [2], the shopping mall scenario is the typical deployment of hybrid access mode HeNB. In the shopping mall scenario, a great amount of HeNBs with hybrid cells should be densely deployed, and their adjacent hybrid cells may have different CSG IDs. Users may walk across macro cell and the indoor hybrid cell, or between different hybrid cells with different CSG ID frequently especially in hot zone in weekend or holiday. As we know, the optimization of mobility to hybrid cell is studied in Rel-11 HeNB enhancement WI and the optimized solution is introduced to speed up the mobility procedure and reduce CN signalling overhead. However, there may be coverage hole of HeNB deployment between different hybrid cells, e.g. when UE moves from one hybrid cell to another hybrid cell. The UE has to perform mobility between macro and hybrid cell very frequently in single connectivity case. In this situation, dual connectivity could be used to decrease frequent mobility signalling assuming UE connects to outdoor macro cell as MeNB cell and connects to indoor hybrid cell as SeNB cell simultaneously. Furthermore, UE throughput will also be promoted if dual connectivity supports. 

· Use case 2：deployment of CSG cell in dual connectivity
In the following two scenarios, a great amount of HeNBs with CSG cells may be densely deployed.
· In Residential buildings, CSG cells have different CSG IDs. It is reasonable that only the family members can access the HeNB with CSG cell deployed at home. 
· In the enterprise environment, it seems more likely that neighbour CSG cells have the same CSG ID. 
In the two typical deployment scenarios listed above, although the mobility between macro cell and CSG cell won’t happen frequently, UE connects to macro cell and CSG cell simultaneously could provide smooth mobility from indoor CSG cell to outdoor macro cell to improve mobility robustness. Also UE could obtain increased user throughput using radio resources in both macro cell and CSG cell simultaneously adopting the dual connectivity. However, in order to support CSG cell in dual connectivity, MeNB needs to obtain UE’s CSG access control result from MME before addition of a HeNB with closed access mode as SeNB, which may lead to much impact on standardization. As a result, supporting CSG cell in dual connectivity could be regarded as low priority and can be investigated after Hybrid case. 

4.5.2.1
Solution
Assuming HeNB with hybrid access mode is to be supported (e.g. as SeNB) in dual connectivity, the membership verification issue should be resolved upon addition or change of SeNB. Since there is only one UE associated S1 connection for a UE using dual connectivity which is established between MeNB and MME, MeNB should be involved in the membership verification procedure with the MME. The MeNB should obtain the CSG membership status of the UE in the hybrid cell in the SeNB every time a HeNB with hybrid access mode is added or changed, which means the current SeNB addition/change procedure needs to be enhanced. In addition, extra effort is required to deal with the situation where UE’s CSG membership is modified or outdated.
Here are some potential solutions for membership verification in dual connectivity deployment upon SeNB addition and SeNB change respectively. 

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 only moves to the coverage of HeNB, and then the MeNB initiates SeNB addition procedure to add the HeNB as SeNB for the UE. 
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Fig. 1 Illustration of SeNB addition scenario

Generally, there are two options to solve the membership verification issue as below. 

Option 1. Membership verification before SeNB addition preparation procedure

In this option, membership verification is performed before SeNB addition preparation procedure via interaction between MeNB and MME. In this way, new S1 signalling need to be introduced for the MeNB to obtain UE’s membership status from MME. And then, MeNB initiates SeNB addition procedure based on the UE’s membership status, i.e. distinguished QoS could be offered for CSG member and non-member UEs. Meanwhile the MeNB shall transfer the UE’s membership status to the SeNB during SeNB addition preparation procedure. 
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Fig. 2. Membership verification before SeNB addition preparation procedure

Option 2. Membership verification during E-RAB modification indication procedure

In this option, membership verification is performed during E-RAB modification indication procedure, i.e. after the SeNB addition preparation procedure and the SeNB reconfiguration complete procedure. Assuming that the SeNB is a HeNB with hybrid access mode, MeNB and SeNB could regard the UE’s membership status to be a default non-member or reported membership status by the UE during the SeNB addition preparation procedure. And then the MeNB could obtain the UE’s membership status from MME during E-RAB modification indication procedure, which is similar as the solution for R11 enhanced mobility to hybrid cell. In this way, there is no need to introduce new S1 signalling to solve the membership verification issue. 
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Fig. 3 Membership verification during E-RAB modification indication procedure

Scenario 2.  SeNB change
The SeNB change scenario is shown in Fig. 4 as below. In the scenario illustrated in Fig. 4, the UE which is connected 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. 4. Illustration of SeNB change scenario

It should be noted that 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 with different CSGs, the same challenges and solutions should be considered in order to add the target SeNB.
5
Conclusions
Regarding the topic “HeNB with closed and hybrid access mode”, it was concluded that CSG should be supported in dual connectivity in order to improve mobility robustness and to increase user throughput. The support of hybrid cell is evaluated as higher priority than CSG cell case. Supporting CSG cell in dual connectivity could be investigated after Hybrid case.
In order to support CSG in dual connectivity, the related issues needs to be further investigated, including the membership verification issue and the handling of UE membership status update.
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