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1 Introduction

In RAN2 #81bis meeting, the expected challenges were fully discussed and analyzed for each scenario of small cell enhancement. And the architecture for both U-plane and C-plane specifically designed for dual connectivity has been discussed [1-2]. In this contribution, we provide further discussion on architecture related issues for small cell enhancements,.
2 Discussion 
2.1 Discussion on Terminologies
In previous meeting, some agreements were made as follows for C-plane of small cell enhancements for dual connectivity:

· From a standards point of view, each eNB should be able to handle UEs autonomously, i.e., provide the PCell to some UEs while acting as assisting eNB for other
· We assume that there will be only one S1-MME Connection per UE (requires confirmation by RAN3) 

From the agreement and discussed in RAN2 email reflector, we can see that each eNB could work in standalone mode firstly, and then for some specific UE, it could work in non-standalone mode as an assisting eNB; furthermore, the anchor eNB for C-plane function, e.g. S1 termination, mobility control, etc, should be located at anchor eNB.

However, when the UE with dual connectivity moves to the centre of assisting eNB cell or an area where macro has poor coverage, the RRC signalling may need to be transmitted via assisting eNB only. In this case, some RRC function may still be located at anchor eNB, while all RRC signallings are transmitted through assisting eNB.
Observation 1: Even for dual connectivity, UE could only receive signalling and data from assisting eNB in some cases.
And during the email discussion, the following terminologies are defined for dual connectivity [3]:
· The Anchor eNB has main responsibility for maintaining the UE’s RRC context and terminating the S1-MME interface towards the MME. 

· The Assisting eNB provides additional radio resources for the UE. 
The terminology definition about anchor and assisting eNB mainly focus on dual connectivity scenario during email discussion, however, since it has already been supported that UE only receives signaling and data from assisting eNB, and in other scenario, e.g. scenario 3 or combination of scenario 2 and 3. There are also some kind of coordination between small cells or between macro and small cells [3], and thus, terminologies should be extended to other cases. 
Observation 2: For some other cases, e.g. scenario 3 or combination of scenario 2 and 3, the terminologies of anchor and assisting eNB are also applicable. 
2.2 Architecture Discussion for Scenario 3

For scenario 3, following challenges were agreed [4]:

· Increased signalling load (e.g., to CN) due to frequent handover;

And the architecture of solution for scenario 3 to address the above issues has not been touched yet. We think for scenario 3, current agreements for C-plane of small cell enhancements could be applicable here. Since

· Firstly, the small cell eNB could work in standalone mode; simultaneously, it could also work in assisting mode for other eNB including macro and small cell as coverage extension.

· Secondly, the S1-MME could also be one from core network point of view.

The architecture for supporting the above content is as follows:
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Figure 1. Architecture indication for scenario 3

In this architecture, a coordinator is introduced for convergence of S1-MME from RAN side to CN side; furthermore, it could work as a centralized controller or an anchor for all small cells in one area, e.g. to perform part of the RRM function like RBC, RAC as well as CMC. In Figure 1, we can see that the coordinator is a logical entity. Based on current discussion in RAN2, we consider it is reasonable and understandable to locate this entity at macro or small cell eNB, thus, the figures could be as follows:
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Figure 2a. Coordinator located at macro cell                 Figure 2b. Coordinator located at small cell
When there is macro eNB at the edge of the cluster of small cells, and the coordinator could be located at macro eNB; on the other hand, when there is no macro eNB, the coordinator could be located at one small cell which was selected, all S1-MME for specific UEs could be converged in the small cell with the coordinator locally. 
Proposal 1: RAN2 could consider the above architectures for solutions to the increasing signalling to CN challenges in scenario 3.
2.3 Benefits for the Architecture Option

For control plane of the above architecture, at least the mobility function could be implemented in the coordinator located at anchor eNB. In this case, following benefits could be expected:

· Signaling load to CN due to frequent handover, e.g. path switch, could be reduced as it is for dual connectivity.
Since all S1 is converged at coordinator, there is only one S1 interface from CN point of view. Therefore, the S1 connection between RAN small cell and CN is greatly reduced. Furthermore, since handover could be locally handled without sending path switch request to CN, thus, the signaling load to CN due to frequent handover could be reduced as it is for dual connectivity. 
· Provide the possibility of using RRC signaling diversity for mobility robustness at the edge

Currently in RAN2, the handover robustness between small cells is mentioned as an open issue, which requires further discussion. However, the handover number could be increased definitely, while the risk for handover failure is increased, especially considering the handover boundary between small cells is very narrow. With the above architecture, RRC signaling related to mobility could be received from multiple small cells and the diversity gain could be obtained (details are FFS). In this case, the mobility robustness could be improved.

For user plane of the above architecture, the data streaming could always be forwarded from anchor eNB to assisting eNB in case there is no direct link between the anchor eNB and the UE, so the bear splitting is not needed while the carrier aggregation gain could not be obtained. However, following benefit could be achieved:

· The data forwarding may be saved.

When UE is moving from the coverage of one small cell to the other; or from macro to the small cell, the data should be forwarded from anchor to assisting eNB. However, when UE goes back to the coverage of source cell, the data forwarding could be saved. In this case, the load to the backhaul could be reduced to some extent.

Observation 3: Some benefits could be foreseen from C-plane and U-plane point of view.
Proposal 2: RAN2 should capture the above benefits for the proposed architecture in the TR.
3 Conclusions
Based on the discussion, our proposals are provided as follows:
Proposal 1: RAN2 could consider the above architectures for solutions to the increasing signalling to CN challenges in scenario 3.
Proposal 2: RAN2 should capture the above benefits for the proposed architecture in the TR.
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