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1 Introduction

We believe that the performance potential of MSE for HetNet = the potential of applying UE speed-optimized TTT. Possibly some enhancement such as introduction of scaling factor = 0 need to be introduced, to fully achieve this potential (allowing TTT = 0 for high speed UEs). 
In R2-121353, the following graphs gave an intuitive view of cell counting in HetNet compared to counting macro cells: 
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The main problem of using MSE in a HetNet is the unpredictability of the counting result as a function of speed, which makes it very difficult to use this feature, i.e. to plan which configuration parameters to use, and which thresholds shall apply to detect different mobility states. 

This document compares different ways of counting cells for MSE in a heterogeneous network:  
· Equal weight count of all cells (current function). 

· Only count cell changes where Macro is the target. 

· Weighted cell count where the weights are cell type specific (cell type: macro or pico). 

· Weighted cell count where the weights are cell specific. 

2 Simulation parameters
Table 1: Set of simulation parameters
	Item
	Description 

	General parameters
	Parameters are set according to HetNet calibration parameters, exceptions below. 

	Number of Picos per macro-cell
	Randomly selected 2 or 8 or 12.

	Pico cell placement
	Random according to 3GPP TS 36.814

	UE speed
	3, 30, 60, 120 km/h

	TimeToTrigger
	160 

	cellIndividualOffset [dB]
	2

	RSRP L3 Filter K
	1

	t-Evaluation (sliding window for cell count)
	30s

	Simulation network time
	300s
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Figure 1. UE trajectories
3 Cell Counting 

The UE implements cell counting according to TS 36.304 with the following interpretations 
·  A cell change is counted when cell is changed regardless if the change is due to a successful handover or a failure-recovery. 

·  A cell change is not counted if it is a change back to the previous serving cell of the last cell change event which occurred < 1000 ms ago.
Weighted counting depending on the target cell: 
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Four schemes are simulated
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4. Cell Specific weights
Description of Scheme 4, Cell specific weights
A simple heuristic, but not optimal, scheme could be to select the pico weights α according to the inverse of the number of picos within the estimated coverage area of the current macro cell k’. That is,
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where Nk’ is the number of picos within the coverage of macro cell k’. The cell specific weights α (or Nk’) could be broadcasted or unicasted to the specific UE by each pico cell. 
4 Results 

CDF
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Max Separation locations 
	Max CDF Separation
	EqualWeight
	CountMacroOnly
	CellTypeDep
	CellSpecific

	
	Max CDF Separation
	Threshold (NCR)
	Max CDF Separation
	Threshold (NCR)
	Max CDF Separation
	Threshold (NCR)
	Max CDF Separation
	Threshold (NCR)

	Between 3 km/h and 30km/h
	0.4865
	1
	0.6109
	0
	0.5508
	1.0
	0.6043
	1.0

	Between 3 km/h and 60 km/h
	0.6150
	2
	0.7479
	1
	0.7361
	1.7
	0.7558
	1.5

	Between 3 km/h and 120 km/h
	0.7509
	4
	0.8762
	1
	0.8678
	2.2
	0.8718
	2.0

	Between 30 km/h and 60 km/h
	0.2630
	4
	0.2732
	1
	0.3041
	2.5
	0.3072
	2.2

	Between 30 km/h and 120 km/h
	0.5707
	5
	0.5490
	2
	0.6125
	3.2
	0.6039
	3.1

	Between 60 km/h and 120 km/h
	0.3584
	6
	0.2850
	2
	0.3647
	3.5
	0.3628
	3.6


5 Conclusions
This document has shown performance of a couple of ways of cell counting that increases the predictability of cell counting for mobility state estimation. The statistical likelihood of separating UEs of different speeds by a cell counting threshold in a heterogeneous network has been studied. It was shown that both cell type specific counting, e.g. counting only cell changes to macro cells, or counting macro and pico cells with different weights as well as a heuristic cell specific weighting provides better statistical separation then the legacy method of equal weight cell counting. The least complex of the investigated enhancements is believed to be the cell type specific counting.

Conclusion: Cell type specific cell change counting (cell type = macro, pico) should be considered to enhance predictability of MSE in HetNet. 
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7 Appendix

Appendix shows the CDF separation between different speeds, 
CDF differences (reference 3 km/h)
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CDF differences (reference 30 km/h)
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CDF differences (reference 60 km/h)
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CDF differences (reference 120 km/h)
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