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1. Introduction

At the last RAN plenary meeting, the study item on small cell enhancements (SCE)[1] was approved and its activity was started in RAN2. The objectives of the SI SCE-higher layer aspects are identifying the benefits of dual connectivity and studying potential architecture and protocol enhancements for the scenarios in TR 36.932[2]. This document shows our views on dual connectivity and surveys the specification impact on Rel.11.
2. Discussion
According to the SCE SID[1], the SI activity includes the study on the support of dual connectivity in small cell deployment scenarios. The dual connection is that the network provides a UE simultaneous connection with both small cell and macro cell. The advantage of the dual connectivity would be to avoid frequent handover of a UE by maintaining a connection to the macro cell. This capability can enhance the mobility performance of the UE that is communicated with small cells. In addition, the dual connectivity of SCE improves the power efficiency of the UE and network through the packet services provided from the nearest cells.

Considering the Rel.11, a UE can have multiple serving cells if the UE is configured with CA. In this case, multiple serving cells are deployed as a single eNB(intra-eNB). So, the network maintains only one connection with the UE even though the UE is served by multiple serving cells. We can assume the scenarios where small cells are deployed with intra-eNB or inter-eNB architecture and then the specification impact is much different based on the deployment scenario. Therefore, we need to identity the differences between dual connectivity and CA (or CoMP) scenarios.
Assuming intra-eNB architecture, the major differences with CA(or CoMP) would be the geographical cell location and backhaul characteristics between macro and small cells. Thus, the RAN2 needs to discuss the backhaul interface between macro cell and small cell. If we consider inter-eNB architecture for dual connectivity, a candidate scenario is the separation of C-plane and U-plane. In the scenario, a macro cell has a responsibility on C-plane and a small cell provides U-plane. In this scenario, additional signaling is needed and it can be achieved by adding new messages for dual connectivity on the X2 interface.

Proposal1: Network uses X2 interface for dual connectivity between macro cell and small cell.
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Figure 1. Scenario examples for the dual connectivity

If we consider the inter-eNB scenario, RAN2 requires to discuss the aggregation level of the dual connectivity. To support the dual connectivity, the network needs to adaptively switch incoming traffic packets to multiple cells and aggregate uplink data in a network node. On the other hands, each cell for dual connectivity should independently schedule radio resources in order to support the UE of non-dual connectivity. For this reason, we can consider S-GW or eNB as an aggregation node as shown in Figure1 and Table 1 describes the impacts on EUTRAN.

Table 1. The impacts on EUTRAN due to aggregation level
	
	Aggregation at S-GW
	Aggregation at eNB(Macro Cell)

	Impacts on EPC
	· The S-GW is simultaneously connected with two eNBs for a UE.
· The S-GW needs additional functionalities for switching/aggregating packet data toward two nodes.
	· The S-GW is connected with one eNB for a UE.


	Affected Interface   
	X2 interface and S1 interface
	X2 interface

	Data forwarding
	No data forwarding between eNBs
	Data forwarding between eNBs


Based on the impact analysis, the aggregation at the S-GW significantly impacts on specification in terms of bearer management. But the eNB level aggregation can minimize the changes on specification even though it has a drawback on the data forwarding between eNBs. Hence, RAN2 should discuss the impacts  on specification such as connection control, RLF recovery, and measurement configuration, etc.
Additional functionalities to support the dual connectivity may appear during the SI discussion, but we prefer a minimization of specification impacts. Also, if a modification is necessary, it should be limited to the network side as possible to reduce UE’s complexity.
We may assume the UE’s backward compatibility in dual connectivity scenarios. In this case, the UE doesn’t need to know whether cells are deployed with inter-eNB or intra-eNB. Then, the UE can exchange packet data over the dual connectivity which is fully controlled by network. As a conclusion, the small cell enhancement should minimize the UE complexity and signaling overhead.
Proposal2: RAN2 needs to discuss the aggregation level for SCE dual connectivity.
Proposal3: The UE operates not to know whether the involved cells for dual connectivity are the same eNB or not.
3. Conclusion

This document has clarified the benefits of dual connectivity in small cell deployment scenarios and described the scenarios of SCE with the same eNB and different eNB. Based on the clarification, we suggest the following proposals.
Proposals:

1) Network uses X2 interface for dual connectivity between macro cell and small cell.
2) RAN2 needs to discuss the aggregation level for SCE dual connectivity
3) The UE operates not to know whether the involved cells for dual connectivity are the same eNB or not.
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