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1. Introduction
At RAN #66, a study item on higher layer aspects of further enhancement of small cell was approved. It described the increasing signalling load due to dense small cell deployment. According to RP-142283, the objective is to identify potential enhancements for supports of dense small cell deployment applying to legacy or single connectivity UEs:
· Identify and evaluate the potential issues related to  the increased signalling load in case of dense small cells deployment and if issues are identified, study potential solutions (RAN3)
Therefore, this contribution attempts to clarify the dense deployment scenarios and mobility scenarios that would be help to further identify potential architecture and protocol enhancement.
2. Discussion
2.1 Small cell deployment scenarios
To resolve the increasing signalling issue for dense small cell deployment with legacy UEs, one should consider deployment scenarios with/without macro network overlaid, for separate carrier/co-channel deployment and for ideal/non-ideal backhaul supported. This statement reveals that the considered deployment scenarios are similar to the existing deployment scenarios for dual connectivity UEs in R12 which is cited in Fig 1:
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Fig 1. Small cell deployment scenarios

This observation is also consistent with the objective of the study of “further enhancement of small cell” which implying that the study should be an enhancement of R12. Therefore, the following is proposed:
Proposal 1: the enhancement should be applied to the dense small cell deployment scenarios discussed in TR 36.872 R12 for single connectivity UEs.
2.2 Mobility
As shown in Fig 2, the UE with single connectivity capacity can only connect to a single eNodeB. The frequent inbound and outbound mobility to small cells incurs increased amount of signalling messages towards CN compared to macro only network. In the following, the most typical mobility scenarios regarding the legacy UEs with small cell deployment are described for further investigation of reduction on increasing signalling load.
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Fig 2. Mobility scenarios for single connectivity UEs in small cell deployment
Scenario 1: UE moves from small cell 1 to small cell 2 and vice versa 
Generalization: UE has a radio connection with the small cell and switches the radio connection from one small cell to another. For the purpose of signalling reduction and mobility performance enhancement, the two small cells are supposed to be connected to an identical entity. The entity could be a traditional eNodeB which provide wireless coverage or a standalone Gateway which serves as a concentrator between the small cells and the core network for the C-plane/U-plane. The handover could be X2 based if X2 interface exists between small cells. Otherwise, S1 based handover is triggered.
Scenario 2: UE moves from small cell 2 to small cell 3 and vice versa 
Generalization: UE has a radio connection with the small cell and switches the radio connection from one small cell to another. For the same reason as stated in scenarios 1, the two small cells are supposed to be connected to different entities. The entities could be two different eNodeBs, one eNodeB and one Gateway or two different Gateways. Similar to scenario 1, X2 or S1 based handover could be triggered.
Scenario 3: UE moves from small cell 3 to macro cell B and vice versa 

Generalization: UE has a radio connection with the small cell or the macro cell and switches the radio connection from the small cell to the macro cell or vice versa. To reduce the signalling overhead and improve the mobility performance, the small cell is supposed to be connected to an entity. The entity could be the eNodeB the target cell belongs to. In this case, X2/S1 based handover is triggered.
Scenario 4: UE moves from small cell 3 to macro cell C and vice versa 
Generalization: UE has a radio connection with the small cell or the macro cell and switches the radio connection from the small cell to the macro cell or vice versa. Unlike scenario 3, the small cell does not within the coverage of the macro cell. In other words, the involved small cell is connected to another macro cell rather than the aforementioned one or to a standalone Gateway instead, for the intention of signalling reduction. S1 based handover is triggered.
It is observed that scenarios 2 and 4 involve change of entity. Therefore, hidden of mobility between cells from core network is impossible. Take into account the above scenarios and observation, the following is proposed for further investigation:
Proposal 2: the study on the further enhancement of mobility with dense small cell deployment should be carried out on the basis of mobility scenarios 1 and 3.
3. Conclusion
In this contribution, we discuss the deployment scenario should be considered for the further enhancement of dense small cell deployment. The mobility scenarios are also clarified. According to the overall analysis, the following is proposed. 
Proposal 1: the enhancement should be applied to the dense small cell deployment scenarios discussed in TR 36.872 R12 for single connectivity UEs.

Proposal 2: the study on the further enhancement of mobility with dense small cell deployment should be carried out on the basis of mobility scenarios 1 and 3.
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