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1. Introduction

The new SI “Small Cell enhancements for E-UTRA and E-UTRAN” is approved at RAN#58 to study additional functionalities for enhanced performance in hotspot areas for indoor and outdoor scenarios using low-power nodes [1]. Scenarios, metrics and requirements for small cell enhancements were studied RAN plenary circles and identified in [2]. This suggests that mobility enhancements for small cell deployments should be further evaluated. Our views of mobility enhancement especially for “Small cell discovery” and “dual connectivity” are described below.
2. Discussion
2.1.  Small Cell Discovery
One of the objectives of this SI is to identify and to evaluate the necessity of overall Radio Resource Management structure and mobility enhancements for small cell deployments [1]. Studies of potential enhancements which are addressed by HetNet Mobility WI are out of scope. One area that requires further evaluation is the need for cell identification enhancements while minimizing increased UE battery consumption. According to [2], one target for small cell enhancement is to improve network energy efficiency. Small cells in a dormant mode have already been considered for network energy saving for the case when small cells not serving any active users. Depending on the dormant mode design it’s assumed small cells in a dormant mode may cause unexpected impacts for cell discovery. If small cell is undetected or the detection is delayed, UE may lose opportunities to achieve better user throughput/capacity and QoS. Also higher UE energy efficiency can be achieved with effective small cell discovery, which is a target of this SI, since NW can configure an effective measurement configuration based on small cell discovery. It’s obvious that the impact to UE power consumption depends on how often and for how long a UE performs inter-frequency measurements. Therefore, discovery of small cell of non-energy efficient cells or legacy cells have already been addressed in e.g., HetNet Mobility; however, discovery of energy efficient small cells that may be dormant is an entirely different challenge and that RAN2 should consider enhancement for discovery of this type of cells.
Proposal 1: RAN2 should study discovery mechanism for energy efficient small cell.
2.2.  Dual Connectivity
2.2.1. Necessity for Dual Connectivity
Another object of this SI is to 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. Therefore RAN2 should consider the scenarios where dual connectivity is beneficial at first. We assume the desired scenarios are the one not handled by the existing mechanisms. Considering the small cell’s short range transmission path, if UE only has a connection to Small Cell a large number of HO/re-direction would occur. Furthermore, Small cell enhancement should target both with and without macro coverage, both outdoor and indoor small cell deployments and both sparse and dense small cell deployments should be considered. Therefore, increased number of radio link failures may occur if the UE is only allowed to connect to small cells. To provide better mobility robustness, RAN2 should consider allowing the UE to connect to both small cell and macrocell simultaneously. It has already been described in [2] that some new structures using dual connectivity such as supporting C-plane and U-plane in different nodes, termination of different protocol layers should be studied. The complexity of supporting such a feature should be taken into account as part of the decision to adopt dual connectivity.  
The main advantage of having dual connectivity is to allow the UE to be served by two cells simultaneously thereby improving the user experience by offering more useable BWs as well as by providing mobility enhancements for small cell deployments. The basic goal is not too different from what is already discussed for CA, and CoMP. Therefore, it is necessary to consider whether all the desirable deployment options for operators are sufficiently addressed by existing mechanisms. For the case where the macrocell and the small cell are served by the same frequency, the scenario can be addressed by CoMP. Also with interference management via FeICIC, the cells can retain more of the useable resources for serving UE which in turn provides better user experience. Based on [2], the case for non-co-channel deployment of small cells is considered highly desirable. Therefore, RAN2 should prioritize the case whereby the macrocell and the small cell are supported by different frequencies. In CA, the Type 4 scenario with RRHs appears to have the basic tools needed to support dual connectivity since the UE is simultaneously connected to the macrocell and the small cell (RRH).  However, Type 4 CA is not intended for C-plane, U-plane decoupling. And further enhancement may still be needed.  Additionally, Type 4 CA does not address the general case where the small cells are not RRHs. Therefore, in general, there is currently no existing mechanism that allows the UE to be simultaneously served by two non-co-channel cells belonging to different eNBs. 
To support the use of dual connectivity for the non-co-channel scenario, RAN2 should also consider the complexity in supporting such a feature and whether it is really essential to support deployment scenarios outside the capability of CA or CoMP. It has been identified in [2] that the backhaul latency of the small cell may not be ideal (as in the case for RRH). With higher backhaul latency, it may be necessary that each small cell will have its own scheduler. So in order to support dual connectivity, the additional complexity to coordinate the schedulers between the two cells must be carefully considered, i.e., whether the benefit for increased user experience justifies the increased complexity. 
Furthermore, RAN2 should consider the need for supporting dual connectivity for both the case where the small cell is based on Legacy Carrier Type (LCT) or New Carrier Type (NCT). However since RAN1’s NCT designing is still on-going, the detailed discussion should be done keeping in step with RAN1 progress.
Proposal 2: RAN2 should adopt dual connectivity architecture in Small Cell enhancements SI.
Proposal 3: For dual connectivity, RAN2 should prioritize the case whereby the macrocell and the small cell are supported by different frequencies.
Proposal 4: RAN2 should consider whether dual connectivity should be applicable to either small cells with LCT or NCT or both.
2.2.2. Design of Dual Connectivity
Although detailed design of dual connectivity is FFS, we think at least macrocell should always provide mobility information when UE have dual connection. And cell combination candidates which dual connection is available should be pre-defined. If candidate cells for dual connectivity can be pre-defined, the network would have the option to exclude certain small cells with excessive backhaul latency from the dual connectivity. This allows the network to determine which small cells have acceptable backhaul latency necessary to coordinate dual connectivity.
Proposal 5: Cell combination candidates which dual connection is available should be pre-defined.
3. Conclusion
This contribution provides our views of Mobility enhancement especially for “Small cell discovery” and “dual connectivity”. We have the following proposals.
Proposal 1: RAN2 should study discovery mechanism of energy efficient small cell.
Proposal 2: RAN2 should adopt dual connectivity architecture in Small Cell enhancements SI.
Proposal 3: For dual connectivity, RAN2 should prioritize the case whereby the macrocell and the small cell are supported by different frequencies.
Proposal 4: RAN2 should consider whether dual connectivity should be applicable to either small cells with LCT or NCT or both.
Proposal 5: Cell combination candidates which dual connection is available should be pre-defined.
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