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1 Introduction

In RAN #58 meeting, two study items about physical layer and higher layer have been established respectively to continue the technical part discussion of small cell enhancement [1, 2]. But from our point of view, the definition of “dual connectivity” mentioned for small cell enhancement is unclear and need to discuss further. In this contribution, we try to provide our understandings of dual connectivity and discuss some related issues including scenarios and evaluation metrics.
2 Discussion
2.1 Clarification on Dual Connectivity

In SID description of “Small Cell enhancements for E-UTRA and E-UTRAN - Higher-layer aspects”, some of them are as follows:
· 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:
……
There is new concept which is named as “dual connectivity”. However, it has not mentioned and officially discussed in 3GPP yet, therefore, we consider some definition and clarification on this concept is required.
In our understanding, “dual connectivity” means connecting more than one node, including macro and small cell nodes, from one UE. So at least three issues need to be clarified here:
(1) Whether the number of connection nodes could be more than two?
From the description of dual connectivity in SID, the number of connection points of UE might be two, i.e. one is macro node and the other is small cell node. However, when small cell layers are dense (each hotspot area can be covered by a group of small cells, i.e. a small cell cluster), it is possible for UE to connect with multiple small nodes. Thus, we think the potential solutions for dual connectivity should be possible to apply to more than two nodes.

Proposal 1: Dual connectivity can be applied to the case that UE can connect with more than two nodes.

(2) Whether the dual connectivity apply to the case that there is no macro coverage or not?

Since there is scenario where the coverage of macro cell is not guaranteed, and a number of small cells are deployed for coverage, and dual connectivity could have some benefit at least from UE throughput point of view; therefore, we think the dual connectivity solution should apply to the small cell cluster scenario.
Proposal 2: Dual connectivity solution should apply to the small cell cluster scenario including with and without macro coverage.

(3) Whether the connection to each cell is kept simultaneously or not?

Since dual connectivity means connecting with two or more cell nodes, including co-channel, inter-frequency and inter-band cases, therefore there are two possible ways for dual connectivity from UE point of view: 
· Transmitting/receiving data from only one cell node at one time and switching between different node frequently .e.g. between macro cell and small cell;

· Transmitting/receiving data from all nodes simultaneously (e.g. in each TTI) and no switching procedure at all.

So we hope RAN2 should discuss the above or more other mechanisms of dual connectivity firstly, then evaluates the benefit.

Proposal 3: Whether the simultaneous transmission/reception from more nodes is supported or not should be clarified in order to identify the benefit.
2.2 Feasible Scenarios for Dual Connectivity
In TR 36.932[3], some key scenarios related to small cell enhancements were identified as follows:

(1) With and without macro coverage

It is concluded that the following two scenarios can be considered:
· Where the UE is in coverage of both the macro cell and the small cell simultaneously

· Where the UE is not in coverage of both the macro cell and the small cell simultaneously
(2) Outdoor and indoor
It is concluded that for indoor UE, only low UE speed (0 – 3 km/h) is targeted. For outdoor, not only low UE speed, but also medium UE speed (e.g. 30km/h) is targeted.
(3) Ideal and non-ideal backhaul
Several kinds of non-ideal backhaul and one kind of ideal backhaul is proposed by operators, however, in our understanding, small cell enhancements which could apply to non-ideal backhaul scenario can definitely apply to ideal backhaul. Therefore, we should firstly consider non-ideal backhaul case to try to have a converged solution for all cases.
(4) Sparse and dense
It is concluded that both sparse and dense deployments should be considered with equal priority.
Based on the discussion in [3] and above analyzes, feasible scenarios for dual connectivity at lease include as follows:
· Scenario A: With macro coverage, UE speed up to 30km/h, non-ideal backhaul condition and sparse deployed small cell;

· Scenario B: With macro coverage, UE speed up to 30km/h, non-ideal backhaul condition and dense deployed small cell;

· Scenario C: Without macro coverage, UE speed up to 30km/h, non-ideal backhaul condition and dense deployed small cell;

Proposal 4: RAN2 is kindly asked to discuss at least above three scenarios in further evolution of dual connectivity.
2.3 Evaluation metrics for Dual Connectivity

To evaluate the benefit for small cell enhancements, some metrics were proposed as follows:
· System performance:

In [3], it is mentioned that small cell enhancement should support significantly increased user throughput for both downlink and uplink with main focus on typical user throughput; furthermore, small cell enhancement should also target the capacity per unit area to be as high as possible. Therefore, throughput and capacity should be the metrics to evaluate the dual connectivity.
· Mobility Enhancement
In [3], it is mentioned that the good performance, should be identified for small cell enhancements, firstly for mobile speeds up to 30 km/h. However, mobility enhancements for higher speeds (e.g. 50-80 km/h) in small cell enhancements, e.g. for offload from vehicular UEs in outdoor small cells, can be studied and the benefits of allowing high speed UE in small cells should be evaluated. Therefore, those metrics related to mobility enhancements, e.g. interruption time, packet loss, and HOF rate, should be included.
· Energy Efficiency
In [3], it is also mentioned that high energy efficiency for both network and UE should be targeted. In previous release, some other solutions, e.g. network energy saving, DRX, etc., have been introduced for energy efficiency. Therefore, energy saving gain for UE should be the metrics to evaluate the dual connectivity compared with the existed mechanisms, especially from RAN2 point of view.
· Cost and complexity
In [3], it is mentioned that the cost and complexity shall be minimized in order to support small cell enhancement deployments.  In order to stabilize the system & inter-operability and decrease the cost the terminal and network, options to the small cell enhancements should be converged. Furthermore, not only for same-vendor case, but also for multi-vendor case, the solution of small cell enhancements should work well. Therefore, the related interfaces for small cell enhancement (e.g. the interface between macro cell and small cell) should be standardized for multi-vendor case.
Proposal 5: Following metrics should be considered for further dual connectivity evaluation: Throughput; Capacity; Mobility related metrics, including interruption time, packet loss, HOF rate; Energy saving gain; Standardization for related interfaces.
3 Conclusions

In this contribution, we mainly discuss some issues related to dual connectivity, and provide following proposals:
Proposal 1: Dual connectivity should be possible to apply to the case that UE can connect with more than two nodes.

Proposal 2: Dual connectivity solution should apply to the small cell cluster scenario including with and without macro coverage.

Proposal 3: Whether the simultaneous transmission/reception (e.g. in each TTI) from more nodes is supported or not should be clarified in order to identify the benefit.

Proposal 4: RAN2 at least is kindly asked to discuss above three scenarios in further evolution of dual connectivity.

Proposal 5: Following metrics should be considered for further dual connectivity evaluation: Throughput; Capacity; Mobility related metrics, including interruption time, packet loss, HOF rate; Energy saving gain; Standardization for related interfaces.
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