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1. Introduction
RANP#66 agreed the study on Study on extension of dual connectivity in EUTRAN with the objective [1]:
	The objective includes: 
· Study how SIPTO in the dual connectivity can be supported
· Study whether and how L-GW can be co-located with MeNB, SeNB or both.
· Study whether and how SIPTO at the Local Network with standalone GW for Dual Connectivity can be supported.
· Study the requirements and, if needed, respective solutions for location reporting enhancements.
· Study solutions for the support of inter-MeNB handover without SeNB change, and handover with SeNB Addition (retaining the MeNB’s role).
· Study the need and solutions for other enhancement or optimization, e.g. UE-AMBR coordination, X2-UP flow control (UE throughput history, UL X2-U loss detection support) between MeNB and SeNB.
· Requirements, and, if needed, respective solutions for the support of CSG and LIPA for dual connectivity may be studied as well.



In this contribution we look into the requirements and scenario to support CSG. 
2. Discussion
2.1 Deployment scenario
HeNBs could be involved in dual connectivity as is evident from the text in Rel-12 SI in [2]:
	HeNBs are 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


An assumption was made that the HeNB is operating in open access mode. The benefit of dual connectivity is not only to realize increased user throughput but also offloading the traffic to smaller cell and reducing the handover signaling towards the CN. From this perspective, dual connectivity involving HeNBs can potentially provide the same benefit as pico eNBs. The same principle shall apply to a HeNB operating in CSG/hybrid access mode and these HeNBs shall also be able to participate in dual connectivity.

Deployment of HeNB or small power nodes may require different treatment of users resulting it to operate in closed mode.

For macro cell, even though CSG deployment in macro cell is not ruled out, there is no practical scenario to support restricted access to some of the UEs in a large cell and at the same time refuse access to other UEs. So, our assumption is that macro cell should always be an open cell. 
Such combination of open macro cell and closed/hybrid small cell in dual connectivity (i.e. Macro and CSG/Hybrid DC) will be able to offer the benefits from split and SCG bearer configuration in dual connectivity like increased user throughput by splitting the bearer traffic between macro and small cell, reduced signaling towards CN due to frequent handovers whereby mobility anchor is located in the MeNB, and offloading of traffic to SCG while keeping the CN signaling terminated in the MeNB.
From TNL point of view, HeNBs are deployed using non-ideal backhaul and other schemes like carrier aggregation may not work well but dual connectivity has been designed to work with non-ideal backhaul. We therefore propose that:
Proposal 1: It is proposed to take a deployment scenario of Macro and CSG/Hybrid DC (i.e. whereby macro cell is operating in open access mode and small cell (or HeNB) is operating in CSG/hybrid access mode) for the extension of dual connectivity in EUTRAN.  
2.2 Possible issues to work
The impacts due to support of such deployment scenario i.e. Macro and CSG/Hybrid DC, is foreseen to be the following:

· The CSG related information (i.e. CSG ID and Cell Access Mode (hybrid or not)) need to be available in the MME for access control in the MME. The MME may also apply different charging for open and CSG depending on operator policy.

The main thing that needs to be discussed first is the timing of the CSG related information to be available in the MME, which can be the following three possibilities:
Timing 1) prior to the starting of the SeNB Addition procedure. 

Timing 2) during the SeNB Addition procedure

Timing 3) after the completion of SeNB Addition procedure

The three timings are expressed in the figure 1 below:
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Figure 1: timing of CSG related information to be available in the MME

For the SCG bearer option, here we give a simple observation that, all Timing 1, 2 and 3 can be realized by possibly reusing and improving the S1AP: E-RAB Modification Indication message, or alternatively can introduce new signaling message. This can be for further study.
Observation 1: For SCG bearer option in the deployment scenario of Macro and CSG/Hybrid DC, the S1AP signaling message E-RAB Modification Indication message can be reused and further improved in order for the access control and possibly charging aspect in the MME. Alternatively, a new signaling message can be introduced. 
With the observation 1, we therefore propose the following:

Proposal 2: It is proposed to further study the timing of sending the CSG related information to the CN in the dual connectivity SeNB addition procedure for SCG bearer option in the deployment scenario of Macro and CSG/Hybrid DC.
(If it is acceptable, we can simply follow the result of the existing X2 Handover to the CSG/Hybrid case, which will correspond to the Timing 3 in figure 1 above).

The Split bearer option, its benefit is not only to maximize the user throughput but also to reduce signaling towards CN because addition and change of SeNB does not involve any signaling to the CN. If for the SeNB Addition in such scenario i.e. Macro and CSG/Hybrid DC, it will need to issue signaling to the CN in order for CN to have access control, part of benefit of the Split bearer option may be lost. It is therefore observed that for the split bearer option, more work may need to be done. Also, it may not be possible to enforce different charging scheme for open and CSG data when packets are split over open and CSG cells.
Observation 2: For Split bearer option in the deployment scenario of Macro and CSG/Hybrid DC, if need to issue signaling towards CN in order for CN to have access control, part of benefit of the Split bearer option maybe lost. 

With the observation 2, we therefore propose the following: 

Proposal 3: it is proposed to discuss and confirm first the benefit for Split bearer option in the deployment scenario of Macro and CSG/Hybrid DC.
3. Conclusion
The possible deployment scenarios of supporting HeNB for dual connectivity has been discussed in this paper. 
Proposal 1: It is proposed to take a deployment scenario of Macro and CSG/Hybrid DC (i.e. whereby macro cell is operating in open access mode and small cell (or HeNB) is operating in CSG/hybrid access mode) for the extension of dual connectivity in EUTRAN.  
Observation 1: For SCG bearer option in the deployment scenario of Macro and CSG/Hybrid DC, the S1AP signaling message E-RAB Modification Indication message can be reused and further improved in order for the access control and possibly charging aspect in the MME. Alternatively, a new signaling message can be introduced. 

Proposal 2: It is proposed to further study the timing of sending the CSG related information to the CN in the dual connectivity SeNB addition procedure for SCG bearer option in the deployment scenario of Macro and CSG/Hybrid DC.
(If it is acceptable, we can simply follow the result of the existing X2 Handover to the CSG/Hybrid case, which will correspond to the Timing 3 in figure 1 above)

Observation 2: For Split bearer option in the deployment scenario of Macro and CSG/Hybrid DC, if need to issue signaling towards CN in order for CN to have access control, part of benefit of the Split bearer option maybe lost. 

Proposal 3: it is proposed to discuss and confirm first the benefit for Split bearer option in the deployment scenario of Macro and CSG/Hybrid DC.
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Proposed Text
Deployment scenario

Dual connectivity scenario whereby macro cell operates in open access mode and small cell or low power node (HeNB) operates in closed or hybrid access mode shall be studied further. Such combination of open Macro and CSG/Hybrid HeNB Dual Connectivity will be able to offer the benefits being realized from split and SCG bearer configuration in terms of increased user throughput by splitting the bearer traffic between macro and small cell, reduced signaling towards CN due to frequent handovers whereby mobility anchor is located in the MeNB, and offloading of traffic to SCG while keeping the CN signaling terminated in the MeNB.

From TNL point of view, HeNBs are typically deployed using non-ideal backhaul and other schemes like carrier aggregation may not work well but dual connectivity has been designed to work with non-ideal backhaul.

Scope of study

The impacts due to support of such deployment scenario i.e. Macro and CSG/Hybrid DC, is foreseen to be the following:

· The CSG related information (i.e. CSG ID and Cell Access Mode (hybrid or not)) need to be available in the MME for access control in the MME. The MME may also apply different charging for open and CSG depending on operator policy.

 The main thing that needs to be discussed first is the timing of the CSG related information to be available in the MME, which can be the following three possibilities during e.g. SeNB Addition procedure:

Timing 1) prior to the starting of the SeNB Addition procedure. 

Timing 2) during the SeNB Addition procedure

Timing 3) after the completion of SeNB Addition procedure

The three timings are expressed in the figure 1 below:
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Figure 1: timing of CSG related information to be available in the MME

For the SCG bearer option,  all Timing 1, 2 and 3 can be realized by possibly reusing and improving the S1AP: E-RAB Modification Indication message, or alternatively can introduce new signaling message. This can be for further study.
For the Split bearer option, its benefit is not only to maximize the user throughput but also to reduce signaling towards CN because addition and change of SeNB does not involve any signaling to the CN. If for the SeNB Addition in such scenario i.e. Macro and CSG/Hybrid DC, it will need to issue signaling to the CN in order for CN to have access control, part of benefit of the Split bearer option may be lost. It is therefore observed that for the split bearer option, more work may need to be done. Also, it may not be possible to enforce different charging scheme for open and CSG data when packets are split over open and CSG cells. The deployment scenario involving split bearer should be discussed first.
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