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1 Introduction

During recent several meetings, several contributions were submitted to discuss whether further enhancement for MSE is needed in Heterogeneous Network (HetNet) and how it may be enhanced even though no conclusions have been made yet.
One point made by several contributions [1][2][3] is that counting only macro cell changes and not counting cell changes including small cells may be enough even for HetNet.
This contribution discusses how counting only macro cell changes may be or may not be accurate or useable enough in HetNet by analysing the MSE based on the cell changes including small cells (macro-pico, pico-macro, pico-pico) seperately from the MSE based on counting only macro cell changes (macro-macro).
2 Separate MSE analysis
The 1st column is just the number of rows.

The 2nd column in the following table 1 shows the MSE based on counting only macro cell changes, for example, handover from macro cell to another macro cell. It does not include the cell chages including small cells, for example, handover from macro cell to pico cell and vice versa. The values High, Medium and Normal mean that the UE is at High, Medium and Normal mobility state respectively based on the counting level.
The 3rd column shows the MSE based on counting only cell changes including small cells, for example, handover from macro cell to pico cell and vice versa. It also includes the count in between small cells, i.e., from pico cell to another pico cell but does not include cell changes from macro to another macro cell. The values High, Medium and Normal mean that the UE is at High, Medium and Normal mobility state respectively based on the counting level. 
The 4th column shows the relative density level of small cells in macro cells, which could be used to add more accuracy to the cell changes, only counting cell changes including small cells (3rd column). For example, if the density of small cells in macro cells is relatively High, then it is not clear whehter the High UE mobility state in the third column is due to High UE movement (speed) or due to the High chance for slow moving UE to meet the small cells because of High density of small cells. Likewise if the density of small cells is relatively Low, then it is not clear whehter the Normal (Lowest mobility state) UE mobility state from the 3rd column is due to Normal (Lowest mobility state) UE movement (speed) or due to the Low chance for fast moving UE to meet the small cells because of low density of small cells in macro cells. This is expressed in 5th column with the “less accurate” and “more accurate”.

Observation 1: If density of small cells in macro cells is used for the MSE, which is based on the counting only cell changes including small cells, then the UE mobility state accuracy is increased.
The 6th column (right most column) shows the combined estimated UE mobility state by taking into account both 2nd column result (MSE based on counting only macro cell changes), 3rd column result (MSE based on counting cell changes including small cells), 4th column (density of small cells), and 5th column (accuracy of 3rd column) and tries to see whether the 2nd column alone (counting only macro cells) is accurate enough or useable enough to estimate the UE mobility state. 
Following Table 1 shows the analysis results.

	Number
	MSE based on counting only macro cell changes and excluding cell changes including small cells (macro-macro)
	MSE based on counting only cell changes including small cells and excluding macro cell changes (macro-pico, pico-macro, pico-pico)
	Density of small cells in macro cells
	Accuracy of MSE based on counting cell changes including small cells (3rd column result)
	Combined estimated UE Mobility State

	1
	High
	High
	High
	Less accurate
	2nd column result

	2
	High
	High
	Medium
	Less accurate
	2nd column result

	3
	High
	High
	Low
	More accurate
	2nd column result

	4
	High
	Medium
	High
	Less accurate
	2nd column result

	5
	High
	Medium
	Medium
	Less accurate
	2nd column result

	6
	High
	Medium
	Low
	Less accurate
	2nd column result

	7
	High
	Normal
	High
	More accurate
	3rd column result

	8
	High
	Normal
	Medium
	Less accurate
	2nd column result

	9
	High
	Normal
	Low
	Less accurate
	2nd column result

	10
	Medium
	High
	High
	Less accurate
	2nd column result

	11
	Medium
	High
	Medium
	Less accurate
	2nd column result

	12
	Medium
	High
	Low
	More accurate
	3rd column result

	13
	Medium
	Medium
	High
	Less accurate
	2nd column result

	14
	Medium
	Medium
	Medium
	Less accurate
	2nd column result

	15
	Medium
	Medium
	Low
	Less accurate
	2nd column result

	16
	Medium
	Normal
	High
	More accurate
	3rd column result

	17
	Medium
	Normal
	Medium
	Less accurate
	2nd column result

	18
	Medium
	Normal
	Low
	Less accurate
	2nd column result 

	19
	Normal
	High
	High
	Less accurate
	2nd column result

	20
	Normal
	High
	Medium
	Less accurate
	2nd column result

	21
	Normal
	High
	Low
	More accurate
	3rd column result

	22
	Normal
	Medium
	High
	Less accurate
	2nd column result

	23
	Normal
	Medium
	Medium
	Less accurate
	2nd column result

	24
	Normal
	Medium
	Low
	Less accurate
	2nd column result

	25
	Normal
	Normal
	High
	More accurate
	2nd column result

	26
	Normal
	Normal
	Medium
	Less accurate
	2nd column result

	27
	Normal
	Normal
	Low
	Less accurate
	2nd column result


Table 1: Cell change rate case analysis
If the first row is taken,
	Number
	MSE based on counting only macro cell changes and excluding cell changes including small cells (macro-macro)
	MSE based on counting only cell changes including small cells and excluding macro cell changes (macro-pico, pico-macro, pico-pico)
	Density of small cells in macro cells
	Accuracy of MSE based on counting cell changes including small cells (3rd column result)
	Combined estimated UE Mobility State

	1
	High
	High
	High
	Less accurate
	2nd column result


the density of small cells is relatively High and it is not clear whehter the High UE mobility state from second column is due to High UE movement (speed) or due to the High chance for slow moving UE to meet the small cells because of High density of small cells. Therefore the second column result is less accurate if considered with density. However, both the 2nd column and 3rd column say the same High estimation value, the combined estimated UE mobility state is High becasue it is highly likely that the UE mobility state is High. Or in other words, it could be said that at least the 3rd colmun, even though it is less accurate, does not say any differently from the 2nd column.
If the thrid row is taken, 
	Number
	MSE based on counting only macro cell changes and excluding cell changes including small cells (macro-macro)
	MSE based on counting only cell changes including small cells and excluding macro cell changes (macro-pico, pico-macro, pico-pico)
	Density of small cells in macro cells
	Accuracy of MSE based on counting cell changes including small cells (3rd column result)
	Combined estimated UE Mobility State

	3
	High
	High
	Low
	More accurate
	2nd column result


both the 2nd colmun and 3rd columns say the same UE mobility state and the 3rd column is “more accurate”. The 3rd column can be said “more accurate” because the 2nd column value is High even though the density of small cells is Low. In this case, there would be no big problem to estimate that the combined estimated UE mobility state is High.
If we take one row after another row like this, similar interpretation could be made so that for most of the cases except the yellow coloured 2 rows, 2nd column result alone could be used. In other words, counting only macro cell changes is useable enough.
Observation 2: For most of the cases except the yellow coloured 2 cases, counting only macro cell changes would be useable enough.

However, if the first yellow colored row is taken, the interpretation is quite different because the 2nd column and 3rd column estimation is totally the opposite. One is High whereas the other is Normal (lowest mobility state) and vice versa.
	Number
	MSE based on counting only macro cell changes and excluding cell changes including small cells (macro-macro)
	MSE based on counting only cell changes including small cells and excluding macro cell changes (macro-pico, pico-macro, pico-pico)
	Density of small cells in macro cells
	Accuracy of MSE based on counting cell changes including small cells (3rd column result)
	Combined estimated UE Mobility State

	7
	High
	Normal
	High
	More accurate
	3rd column result


The 3rd column result is Normal (the lowest mobility state) even though the density of small cells is High. This could be interpreted as the UE mobility may be really Normal because the density of small cells is High. The higher density, the higher chance to meet small cels. However, the 2nd column, the MSE based on only counting macro cell changes shows the opposite estimation, High. This estimation difference may be interpreted as the UE may be moving slowly along or near cell border causing ping-pong handovers, having time of stay more than 1 second.
If the second yellow coloured row is taken, 
	Number
	MSE based on counting only macro cell changes and excluding cell changes including small cells (macro-macro)
	MSE based on counting only cell changes including small cells and excluding macro cell changes (macro-pico, pico-macro, pico-pico)
	Density of small cells in macro cells
	Accuracy of MSE based on counting cell changes including small cells (3rd column result)
	Combined estimated UE Mobility State

	21
	Normal
	High
	Low
	More accurate
	3rd column result


then UE mobility state from the 3rd column is High even though the density of small cells is Low. This can be interpreted as the UE mobility state is highly like to be High because the density of small cells is Low. The lower density, the lower chance to meet small cells. However, the 2nd column, counting only macro cell changes shows the opposite estimation, Normal (the lowest mobility state). This estimation difference may be interpreted as the UE may be moving fast within relatively small areas, for example, moving fast inside only one macro cell. 
Doing this analysis, one question would be raised as to whether the 2 particular cases are menaingful enough to consider. In other words, are those 2 cases realistic scenarios and often happening scenarios to consider.
Observation 3: For the yellow coloured 2 cases where the estimation of 2nd and 3rd columns are opposite, the MSE based on counting cell changes including small cells is more accurate than counting only macro cell changes.

Observation 4: If the yellow coloured 2 cases are not realistic cases and do not happen often, then couing only macro cells could be enough. 
Proposal: Consider the above observations when discussing whether counting only macro cell changes is enough for MSE in HetNet.
3 Conclusion

This contribution analysed whether counting only macro cell changes (cell reselection or handover) is accurate enough or not for UE mobility state estimation in HetNet. The way to analyse was done by comparing the MSE based on only macro cell changes (macro-macro) and the MSE based on cell changes including small cells (macro-pico, pico-macro, pico-pico) separately.

It is kindly requested for RAN2 to discuss and consider the following observations and proposal.

Observation 1: If density of small cells in macro cells is used for the MSE, which is based on the counting only cell changes including small cells, then the UE mobility state accuracy is increased.
Observation 2: For most of the cases except the yellow coloured 2 cases, counting only macro cell changes would be useable enough.

Observation 3: For the yellow coloured 2 cases where the estimation of 2nd and 3rd columns are opposite, the MSE based on counting cell changes including small cells is more accurate than counting only macro cell changes.

Observation 4: If the yellow coloured 2 cases are not realistic cases and do not happen often, then couing only macro cells could be enough. 

Proposal: Consider the above observations when discussing whether counting only macro cell changes is enough for MSE in HetNet.
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