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1 Introduction
In LTE [1], the UE in RRC_IDLE mode may evaluate its mobility state (High, Medium or Normal) and perform speed dependent scaling according to its mobility state. In addition, in LTE HetNet mobility enhancement WI in Release 12 [2], the results indicate that the HOF/RLF rates can be reduced by preventing fast moving UEs to enter pico cells. 
In this contribution, we would like to discuss how to improve state estimation and prevent fast moving UEs from entering pico cells NR, and give our proposals. 
2 Discussion
2.1 State estimation
In LTE Release 8, the UE in RRC_IDLE mode performs mobility state estimation (MSE) and applies scaling to its cell reselection parameters (Qhyst and Treseleciton) based on the speed dependent scaling rules. The UE speed estimation for idle mode is based on the number of cell reselections (NCR_M, NCR_H) within a network configured time duration (TCRmax, TCRmaxHyst). Thus the UE in higher mobility can speed up its cell reselection process towards the candidate cell, which is considered beneficial for system performance. In LTE Release 11, it is observed that the MSE is not as accurate in HetNet environments since it does not take into account cell sizes [3]. The enhancements focus on the connected mode UEs who will report the history cell list and Time of Stay on entering into connected mode. 
It can be observed that the accuracy of the LTE MSE performed in the UE itself may depend on the UE speed, the UE’s moving direction and the cell size. It is not so accurate and its benefits in the real network is not so obvious. 
In RAN2#101bis meeting [5], there are extensive discussions on whether the LTE MSE mechanism should be reused in NR. Some companies propose to reuse LTE MSE mechanism in NR to save time and keep that function in release 15. On the other hand, some companies think that the LTE MSE is not accurate and it does not work in NR, thus enhancements are needed. 
In our opinion, HetNet deployment will be common in NR especially when NR is deployed in small cells on higher frequencies. Inaccurate MSE could result in improper scaling of the mobility parameters, which will cause ping-pong, early or late cell reselections for idle mode UEs. Thus more accurate mobility state estimation mechanism is beneficial for the mobility performance. 
Proposal 1: RAN2 is kindly suggested to discuss the enhancements on UE's mobility state estimation.

2.2 Preventing high mobility UEs from entering small cells
In LTE HetNet mobility enhancement WI in Release 12, the simulation results indicate that the HOF/RLF rates can be reduced by preventing fast moving UEs to enter pico cells [2]. In addition, UE with a high moving speed can have more frequent cell reselection in small cell deployments, which will increase power consumption of the UE in idle mode and should be avoided. Moreover, when a UE in high mobility state in idle mode changes to connected mode, if it is served by small cell layer when in idle mode, it needs to perform handover procedure to macro cell layer in order to avoid frequent handovers when in connected mode. So it is beneficial to keep the UE in high mobility state in idle mode served by macro cell layer also in NR. 
To keep the UE in high mobility state camping on the macro cell layer in NR, the gNB could inform the UE of the cell reselection related parameters, where some parameters have multiple values and each of them corresponds to different mobility state. After the UE obtains its mobility state, it can apply the cell resection parameters corresponding to its mobility state when performing the cell reselection. So the UE in high mobility state has the higher possibility to reselect to the macro cell layer. We would like to propose RAN2 to discuss the potential enhancements. 
Proposal 2: RAN2 is kindly suggested to discuss the enhancements to prevent the UE in high mobility state from camping on the small cell layer. 
3 Conclusion

In this contribution, we have discussed the state estimation and how to prevent fast moving UE from camping on small cells. We have the following proposals:
Proposal 1: RAN2 is kindly suggested to discuss the enhancements on UE's mobility state estimation. 
Proposal 2: RAN2 is kindly suggested to discuss the enhancements to prevent the UE in high mobility state from camping on the small cell layer. 
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