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Discussion
1 Introduction

In this contribution, we discuss UE mobility state estimation in NR based on MSE in LTE.
2 Discussion
Even if the legacy mobility history report is used in NR, NR UE still needs to estimate its mobility state by itself at least in RRC_IDLE/INACTIVE to enable the UE to adjust network configuration based on its mobility state.
For instance, for an IDLE UE in high mobility state, it may need to skip inter-frequency measurement on high frequency band to reduce power consumption meanwhile UE in low speed needs to perform that. Or, it can adjust cell re-selection related parameters based on its mobility state like in LTE.
In LTE, UE just counts the number of reselection regardless of the size of the previous serving cell. So if an UE reselects small cell consecutively during the time period, the mobility state of the UE is positively biased. In addition, even when the UE moves to an inter-frequency neighbour cell which is overlapped with current serving cell, the UE also counts the reselection. Such problems of legacy MSE was pointed out during HetNet WI in LTE.
Observation 1
Legacy MSE estimates wrongly in following scenarios:
· When UE visits various-sized cells.

· When UE moves to inter-frequency neighbour cell that overlaps with current cell.
Furthermore, in NR, small cell would be more widely used on high frequency band, so there is a good chance that the accuracy of the legacy MSE will be even worse than in LTE. So it is proposed to improve the legacy MSE so that it can provide accurate mobility state.
Proposal 1
Improve MSE so that it can properly estimate the mobility state even in mobility scenarios in observation 1.

The easiest way to take into account the size of each visited cell is each cell broadcasts its weight factor based on the cell size. I.e. large cell broadcasts large value while small cell broadcasts small value. Then, UE can calculate the mobility state from sum of weighting factor of visited cells. 
However, though each cell broadcasts the weight factor, the mobility state still can be estimated wrongly in some mobility scenarios. For instance, some cells on different frequencies can be overlapped as shown in figure 1. If an UE moves to the overlapped cell on inter-frequency, the weight of the previous cell will be added entirely and the mobility state will be positively biased.
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Figure 1
Observation 2
Though each cell broadcasts its weight factor and UE estimates the mobility state from sum of the weight factors, the mobility state is still distorted when UE moves to inter-frequency neighbour cell that overlaps with current cell.
On the other hand, if the weight factor of the previous cell is provided by the next cell, different weighting factor can be applied for different target cell. For example, if UE is moved from inter-frequency and the coverage of the previous cell is overlapped completely with that of current serving cell, the serving cell indicates that the weighting factor of the previous cell is zero as illustrated in Figure 2. 
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Figure 2: Weighting factor of the previous cell
To achieve this, cell should broadcast the weight factor for multiple neighbour cells, but not for all neighbour cells. UE will consider the weight is ‘1’ if it is not broadcast for its previous cell. So the signalling overhead doesn’t seem so heavy. On the other hand, the accuracy will be significantly improved. Therefore, it is proposed that UE acquires a weighting factor of the previous serving cell after reselection, and estimates its mobility state by averaging the weighting factors.
Proposal 2
After serving cell change, UE receives a weight factor corresponding to the previous serving cell, and estimates its mobility state by averaging the weigh factors.
3 Conclusion
In this contribution, we discussed UE mobility state estimation in NR and proposed followings:
Observation 1
Legacy MSE estimates wrongly in following scenarios:

· When UE visits various-sized cells.

· When UE moves to inter-frequency neighbour cell that overlaps with current cell.

Proposal 1
Improve MSE so that it can properly estimate the mobility state even in mobility scenarios in observation 1.

Observation 2
Though each cell broadcasts its weight factor and UE estimates the mobility state from sum of the weight factors, the mobility state is still distorted when UE moves to inter-frequency neighbour cell that overlaps with current cell.
Proposal 2
After serving cell change, UE receives a weight factor corresponding to the previous serving cell, and estimates its mobility state by averaging the weigh factors.
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