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1 Introduction
During RAN#58 meeting, a new SI “Study on Small Cell enhancements for E-UTRA and E-UTRAN – Higher-layer aspects”[1] was approved with the objective to identify potential technologies to enhanced support of small cell deployment and operation. 
The following two important objectives about dual connectivity need to be studied[1]:
· Identify and evaluate the benefits of UEs having dual connectivity to macro and small cell layers served by different or same carrier and for which scenarios such dual connectivity is feasible and beneficial.

· Identify and evaluate potential architecture and protocol enhancements for the scenarios in TR 36.932 and in particular for the feasible scenario of dual connectivity and minimize core network impacts if feasible, including:

· Overall structure of control and user plane and their relation to each other, e.g., supporting C-plane and U-plane in different nodes, termination of different protocol layers, etc.
In this document, we will further analyze the scenarios, potential options and other related issues about dual connectivity.
2 Discussion

2.1 Scenarios of Dual Connectivity
During RAN2#81 meeting, three potential deployment scenarios were proposed and agreed on[2]:

· Scenario 1: Macro and small cells on the same carrier frequency (intra frequency) connected via non-ideal backhaul
· Scenario 2: Macro and small cells on different carrier frequencies (inter frequency) connected via non-ideal backhaul
· Scenario 3: Only small cells on one or more carrier frequencies connected via non-ideal backhaul typically low and medium UE mobility
In scenario 1, the study focuses on co-channel HetNet deployment. The mobility robustness of this scenario was studied intensively in Rel-11 HetNet Mobility SI. Some solutions in HetNet SI can be referred as the baseline for scenario 1. However, non-ideal backhaul will result in longer latency and therefore there may be some negative impact on the handover performance. In scenario 2, the mobility challenges in the inter-frequency scenario have not been identified in details. Therefore further studies are needed. In scenario 3, the study focuses on the challenges caused by adopting dual connectivity between small cells via non-ideal backhaul. We agree that this scenario is similar to the macro only deployment and we may not need specific solutions for this scenario. However, pico-only scenario is common in the realistic network and those pico cells are used to improve macro coverage. So we prefer a common solution for the total three scenarios. The related problems will be discussed in the following sections.  
Proposal 1: The outcome of the HeNet SI can be considered as a baseline in terms of the challenge of mobility robustness in Scenario 1.  However the potential impact caused by non-ideal backhaul should be studied.

Proposal 2: Challenges of mobility robustness in Scenario 2 should be studied further.

Proposal 3: Specific solutions for Scenario 3 may not be needed however a common solution for all three scenarios is preferred.

2.2 Potential Options of Dual Connectivity
In order to achieve the higher data rate, techniques such as carrier aggregation and CoMP have already been specified in R10 and R11 specifications. With the new mechanism of CA and CoMP, one UE can maintain connectivity with two or even more serving cells. By receiving and transmitting data at multiple serving cells, higher user throughput is achieved. However, in small cell enhancement SI, the proposed and agreed scenarios are all based on non-ideal backhaul, which means the latency requirement of CA and CoMP cannot be satisfied. 

The new concept of Dual Connectivity implies that an UE can have multiple connections or traffic paths to the network.  It can be interpreted as either user plane split or control plane split.
In case of user plane split, one UE may have either single or multiple traffic paths to the eNBs. The examples of dual connectivity between macro cell and small cell are shown in figure 1.
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Figure 1. User plane split

Figure 1.(a) shows the example that UE only has a single data path to small cell eNB. Figure 1.(b) shows the example that UE has data paths to both macro and small cell eNBs. 

In single UP solution, all traffic of UE is served by small cell layer while marco cell layer only performs control plane functionality. The advantage of this solution is simple. The additional data packet split function is not needed comparing with multiple UP solution. However, the most important goal of user plane split is to enhance the current load balancing mechanism. In multiple UP solution, UE’s traffic can be split over multiple eNBs depending on QoS characteristics of each traffic type. For instance, UE’s real time traffic can be  transmitted on the macro cell layer and UE’s best effort traffic can be transmitted on small cell layer. With multiple UP solution, an overload marco cell can offload UE’s data traffic with some QoS classes  to small cells instead of handing over those UEs themselves to small cells. Base on the above analysis, we propose to adopt multiple UP solution as the baseline.
Proposal 4: Adopt multiple UP solution as the baseline. 
In case of control plane split, we focus on RRC connection split.  The examples of dual connectivity between macro cell and small cell are shown in figure 2.
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Figure 2. Control plane split

Figure 2.(a) shows the example that UE only establishes RRC connection with macro cell. Figure 2.(b) shows the example that UE establishes two RRC connections, one with the macro cell and the other with small cell. In both options UE should maintain a RRC connection with macro cell in order to perform mobility control. And in multiple CP option, part of the control plane functionality such as controlling radio resources and DRBs established at small cell will be split. Then the exchange of those related information between different network nodes can be avoided. Considering all three agreed scenarios are based on non-ideal backhaul, the reduction of those signaling exchanges can be a significant benefit. However impacts on both the network side and the UE side caused by maintaining two RRC connections should be considered as well.`
3 Conclusion
In this document, we further analyzed some related issues about dual connectivity and provided our views. RAN2 is kindly asked to discuss and agree on the following proposals:

Proposal 1: The outcome of the HeNet SI can be considered as a baseline in terms of the challenge of mobility robustness in Scenario 1.  However the potential impact caused by non-ideal backhaul should be studied.

Proposal 2: Challenges of mobility robustness in Scenario 2 should be studied further.

Proposal 3: Specific solutions for Scenario 3 may not be needed however a common solution for all three scenarios is preferred.

Proposal 4: Adopt multiple UP solution as the baseline. 
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