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1 Introduction

In RAN2#81 meeting, the key scenarios for small cell enhancements have been discussed and the potential solution, i.e. dual connectivity, has been initially addressed. Afterwards, the email discussion was held for fully understanding the key challenges for each scenario [1]. 
In this contribution, we try to provide some analyses on the architecture design for dual connectivity based on the main challenges for R12 small cell enhancement. 
2 Discussion
2.1 Key challenges for dual connectivity
In previous RAN2 meeting, some key challenges for three scenarios are listed for further email discussion. From our point of view, some challenges are foreseen to be identified, and some are expected to be further discussed whether these challenges could be solved by corresponding solutions or not. Among the potential challenges, we think at least the frequent handover signalling overhead and throughput are the main issues [1]. For the handover related issues, since the small cells can be densely deployed in all scenarios, and there is a large number of UEs in the network, thus the number of handover will be increased with even low speed UEs due to the coverage of small cell. Therefore, it may be necessary to decrease the handover related signalling and impact on CN as low as possible. For throughput enhancements of per UE, we think it is also one of the key requirements for small cell enhancement. 
Since dual connectivity is regarded as the key solution of small cell enhancement, and we hope the dual connectivity can handle the above two main issues with necessary architecture and protocol design. 
2.2 Dual connectivity architecture 
For the above issue, especially for scenario 1 and 2, some candidate solutions, e.g. C/U-plane splitting, are proposed [2-3]. From our understanding, the possible C/U-plane splitting architectures are shown as Fig.1 (for U-plane only one radio bearer is illustrated). We will analyze the potential issues from C-plane and U-plane, respectively.
C-plane Architecture 

For C-plane architecture of dual connectivity, taken scenario 2 as an example, it is appropriate to have RRC control function in macro cell. As indicated in Fig.1 (a), control plane of the UE is established mainly at macro cell, i.e. the RRC connection could be remained between macro cell and UE, and the main function of RRM is located also at macro cell (it is possible for small cell to have some RRM management function for necessary configuration of access protocol). In this case, even UE moves from macro cell to small cell or between small cells, there is no handover procedure, so the handover number could be decreased, and the potential HO failure and RLF frequency can be decreased correspondingly. 
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a)  U-plane transmission between UE with CN via small cell   b)  U-plane transmission between UE with macro cell via small cell
Figure 1. C/U-plane splitting Architecture 
But note that RRC signalling for measurement and small cell “activation”/”deactivation” are still needed for triggering the UE transmitting or receiving data from small cell, i.e. macro cell still need to send RRC reconfiguration message to UE when UE is to establish connection with small cell or release connection with small cell. Furthermore, UE still needs the necessary UL synchronization procedure when initially connecting with small cells. Therefore, the signalling overhead of handover via Uu interface may not be decreased obviously. From core network point of view, the signalling overhead can be deceased with some potential solution based on this architecture, e.g. anchoring the U-plane at macro eNB, thus path switch signalling between target eNB and MME and mobility bearer release related signalling between MME and S-GW are not need.

U-plane Architecture Discussion
For U-plane architecture in Fig.1 (a) and (b), there are two key issues:

Issue 1: Whether there is direct data transmission between small cell and S-GW or not.
If data can be transmitted directly between small cell and S-GW, there is no backhaul capacity limitation between macro cells with CN. Furthermore, it also can decrease the data delay introduced by non-ideal backhaul link. There are some different backhaul conditions in Table 1 [4]:

Table 1: Categorization of non-ideal backhaul

	Backhaul Technology
	Latency (One way)
	Throughput
	Priority (1 is the highest)

	Fiber Access 1 
	10-30ms 
	10M-10Gbps
	1

	Fiber Access 2
	5-10ms
	100-1000Mbps
	2

	DSL Access
	15-60ms
	10-100 Mbps
	1

	Cable 
	25-35ms
	10-100 Mbps
	2

	Wireless Backhaul
	5-35ms 
	10Mbps – 100Mbps typical, maybe up to Gbps range
	1


For Fig.1 (b), UL data from small cells should be aggregated together in macro cell and then transmitted to CN. If peak rate of small cell is 100Mbps or more, the backhaul link between small cell and macro cell should be carefully considered and selected. Furthermore, if the number of small cells is large (e.g. above 10), the macro cell may be the bottleneck for the backhaul link with CN. 
Issue 2: Whether one bearer could be transmitted from different nodes or not. 
We think it is related with the throughput requirements. For the U-Plane in Fig.1 (a), if there are multiple flows for one bearer between core network with UE, e.g. one flow is from CN to UE via macro cell and the other is via small cell; therefore, the impact to core network may be large and core network (e.g. S-GW) should be responsible for the data aggregations for each one S1 bearer. For the U-plane in Fig.1 (b), corresponding data bearer is established only when small cell is needed to activate to transmit user data. For S1 point of view, there is no much impact on CN because only one bearer could be transmitted between CN and macro cell. For Uu interface, there are some impacts on protocol design and how to aggregate the data from different sites for same radio bearer in macro and small cell should be further discussion..

Please note that even we analyze the U-plane mechanism in C/U-plane splitting architecture, the requirement for throughput and non-ideal backhaul condition are same for other potential architectures of dual connectivity [5].
Proposal 1: RAN2 is kindly asked to evaluate the benefit of C/U-plane splitting in terms of mobility robustness and mobility signalling overhead.

Proposal 2: For throughput requirement, aggregation of multiple flows for same radio bearer should be supported for dual connectivity
3 Conclusions
In this contribution, some key issues about dual connectivity are discussed, and following proposals are listed.
Proposal 1: RAN2 is kindly asked to evaluate the benefit of C/U-plane splitting in terms of mobility robustness and mobility signalling overhead.

Proposal 2: For throughput requirement, aggregation of multiple flows for same radio bearer should be supported for dual connectivity
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