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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 Release 11 HetNet mobility enhancement for LTE SI, it is observed that the MSE is not as accurate in HetNet environments as in macro only deployments since it does not take into account cell sizes [3]. There is consensus in RAN2 that enhancements should be considered to improve the mobility performance of HetNet. In the speed related enhancements in Rel-12 HetNet mobility enhancement WI [4], the UE collects and reports the history cell list and Time of Stay and the optional MSE at RRC connection setup, and the network adjusts the mobility parameters for connected mode accordingly. 
It can be observed that the accuracy of the LTE MSE performed in the UE, which may depend on the UE speed, the UE’s moving direction and the cell size, is not so accurate and its benefits in the real network may be not so obvious. 
In NR, HetNet deployments will be common especially when NR is deployed in small cells on higher frequencies. As mentioned above, the LTE MSE in the UE in this scenario could be inaccurate, thus enhancements may be needed. For example, the change of RSRP/RSRQ/SINR of the serving cell within a time period could be used to estimate the UE's state in NR. In Figure 1a below, if the UE is moving at a high speed from cell center to cell edge, the change of SINR/RSRQ/RSRP of the serving cell (cell1) will be high in the time duration T. In Figure 1b, if the UE is in small serving cell moving from cell center to cell edge, the change of SINR/RSRQ/RSRP of the serving cell in T can also be high, even if the UE is moving at normal speed. 
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It can be seen that the change of RSRP/RSRQ/SINR of the serving cell within a time period may reflect the UE’s speed, moving direction and small cell size more accurately than the current MSE in LTE. Hence, the UE in RRC_IDLE or RRC_Inactive could determine its state based on the range of the RSRP/RSRQ/SINR change of the serving cell, and then perform the corresponding scaling of the cell reselection parameters. 
Proposal 1: RAN2 is kindly suggested to discuss the enhancements on UE's state estimation.

2.2 Preventing fast moving UEs to enter 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 could correspond to different mobility state. After the UE obtains its mobility state, when the UE performs the cell reselection, it can apply the cell resection parameters corresponding to its mobility state. So the UE in high mobility state has the higher possibility to reselect to the macro cell layer.  
The cell reselection related parameters for different UE mobility state could be e.g.: 
· Special barring parameter only applied by the UE in e.g. high mobility state. If a small cell would not like a UE in high mobility state to camp on it, it will broadcast a special barring parameter to indicate that the UE in high mobility state should not camp on itself.

· Different cell reselection priority of the same frequency for different UE mobility state. For example, the cell reselection priority set of macro cell has two elements: the one for the UE in high mobility state is larger than that for the UE in other mobility states. Therefore, the UEs in different mobility state will apply different priorities for the same frequency so that they will reselect different cells possibly.
· Different cell reselection frequency sets for different UE mobility state. For example, the reselection frequency set for the UE in high mobility state only includes macro cells, while the reselection frequency set for the UE in other mobility states includes macro cells and small cells as well. Therefore, the UE in high mobility states will not reselect to small cells. 
· Different Treselection for the same frequency for different UE mobility state. For example, the reselection time of the frequency of small cell for the UE in high mobility state is larger than that for the UE in other mobility states. Therefore, the UE in high mobility state will pass through the small cell sooner that it finishes the cell resection procedure to small cell thus it won’t reselect to the small cell.
· Different values of the same threshold corresponding to different UE mobility state. For example, the macro cell will broadcast multiple cell reselection threshold values for the frequency of the small cell layer. Among those values the one for the UE in high mobility state is larger than that for the UE in other states. So the UE in high mobility state served by macro cell will be more difficult than the other UEs served by macro cell to reselect to the small cell layer. 
The idle mode fast moving UE could be prevented from camping on the small cells by applying the above cell reselection parameters by either the macro cell or the small cell. We would propose RAN2 to discuss these 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 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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