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1      Introduction
One of the SI is “Study on HetNet mobility enhancements for LTE” [1]. It is suggested in [5] that “Need of mobility state estimation enhancement in HetNet” as well as 36.331 section 5.5.6.2 existing mechanism (scaling TTT based on MSE to improve HO performance) in RRC_CONNECTED mode. The question is does scaling TTT based on UE speed improves HO performance.
Large scale system level simulation is conducted for evaluation. Simulation assumptions are aligned with those captured in TR 36.839 [6] and are listed in Annex A.

This contribution is a revision of R2-122817. The implementation of MSE is updated regarding how to handle ping-pongs. In addition, a new configuration (Configuration 1 in this version) is added. 
2      Discussion
In order to use Mobility State Estimation (MSE) to improve HO performance, there are two steps:

1. Perform MSE to determine UE speed

2. Base on the UE mobility state, select A3offset and TTT accordingly 

In step 1, one needs to answer how accurate is the MSE and how large is the delay. When MSE does not perform well, what are the drawbacks? In step 2, we need to find each optimal combination of TTT and A3offset for each UE speed. That way, optimal HO performance can be achieved by applying optimal TTT/A3offset parameters for a given UE mobility state.
2.1     Step 1: Mobility State Estimation Accuracy
In this section, we show the performance evaluation on MSE. There are four schemes evaluated:
· No MSE: MSE is not used at all. In this case, we assume the optimum setting of A3offset and TTT are chosen based on the values shown in Section 2.2
· MSE without enhancement (legend “All 1”): in this scheme, all types of handovers have weight 1 when assessing mobility state.
· MSE with macro only (legend “Macro Only”): only macro-to-macro handover is considered when assessing mobility state.
· MSE with weights (legend “Weights”): the weights for assessing mobility state is shown below:
	Weight type
	All 1
	Macro Only
	Weights

	Macro to macro
	1.0
	1.0
	1.0

	Macro to pico
	1.0
	0.0
	0.3

	Pico to macro
	1.0
	0.0
	0.3

	Pico to pico
	1.0
	0.0
	0.15


Simulation assumptions are shown in Annex A. Specifically for this evaluation, following assumptions are used:
· UE speed: 30 km/h 
· For MSE: A3 offset = 1 dB and TTT: 480 ms 
· For non-MSE: A3 offset = 1 and TTT = 200ms
There are 4 sets of MSE configurations simulated as below.
	 Items 
	Configurations

	
	1
	2
	3
	4
	5

	sf-High, scaling factor for High-mobility state
	0.25

	sf-Medium, scaling factor for Medium-mobility state 
	0.5

	t-Evaluation, the evaluating duration to enter High- or Medium-mobility state 
	120 s
	60 s
	30s

	t-HystNormal,  the evaluating duration to enter Normal-mobility state
	30 s

	n-CellChangeMedium, the handover number to enter Medium-mobility state 
	1
	1
	1
	3
	7

	n-CellChangeHigh, the handover number to enter High-mobility state 
	2
	2
	2
	5
	11


Two Mobility States vs Three Mobility States

In current specification, MSE is divided into 3 mobility states: Normal, Medium and High. In section 2.2, we show that both Medium and High share the same optimal A3offset and TTT values. If the same set of A3offset and TTT values are chosen for Medium and High mobility states, effectively only two states are needed. Therefore, both 2-state and 3-state mobility estimation accuracy analysis are presented below.

Two Mobility States

When UE speed is less than or equal to 3km/h, the mobility state is Normal. Otherwise, it is in High mobility state. Based on the 2-state estimation, configuration 1 (shown in Figure 1) shows 94% accuracy using “All 1” MSE. As a result, it achieves the lowest HOF shown in Figure 7. However, Figure 8 shows it has the highest short ToS. Configuration 2 (shown in Figure 2) has a MSE accuracy of 85% with a better trade-off between HOF and short ToS. In contrary, in configuration 5 (shown in Figure 5), UE always stays in Normal mobility state. It is important to note that only one configuration can be used for all UE speeds. Configuration 1 is optimizing for medium speed UEs. When applying configuration 1 to UE speed = 3 km/h, MSE accuracy drops to 77% for Normal mobility state for “Macro Only” (shown in Figure 6) and 68% for other two approaches. 

Three Mobility States

In current specification, 3 mobility states are defined. When UE speed = 3km/h, it is in Normal state. When its speed is 30km/h, it is in Medium state. Otherwise it is in High mobility state. Figure 2 shows UE speed = 30km/h with configuration 2 which gives the highest accuracy. For “All 1” MSE, 54.0% is correctly detected in Medium mobility state. “Macro Only” MSE with configuration 2 has 53.9% correct detection rate. Finally, “Weight” MSE with configuration 2 performs the best with 61.1% correct detection rate. The implication is that MSE has 38.9% error for 3 mobility states.
Observation 1: Current proposed MSE is unstable because it depends on too many factors. 3-mobility state MSE is highly inaccurate.  
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Figure 1: Mobility state percentage for Configuration 1 (30 km/h)
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Figure 2: Mobility state percentage for Configuration 2 (30 km/h)
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Figure 3: Mobility state percentage for Configuration 3 (30 km/h)
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Figure 4: Mobility state percentage for Configuration 4 (30 km/h)
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Figure 5: Mobility state percentage for Configuration 5 (30 km/h)
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Figure 6: Mobility state percentage for Configuration 1 (3 km/h)
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Figure 7: HOF performance
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Figure 8: Short ToS performance
Some MSE configurations may favour High mobility and the others may be skewed towards the Normal mobility state. However, it is difficult to find one MSE configuration to accurately estimate all UE speeds. Some further studies are needed to investigate the possible optimum MSE configuration that can be applied to all UE speeds.
Observation 2: it is difficult to find one MSE configuration to accurately estimate all UE speeds.
Figure 7 and 8 show HOF and short ToS comparison between non-MSE and MSE performance for 30km/h UEs. In general, a non-MSE with optimal A3offset and TTT performs better than all MSE based enhancement when MSE is inaccurate and unstable.

Observation 3: non-MSE with optimal A3offset and TTT perform better than MSE based enhancement when MSE is inaccurate and unstable.

2.2     Step 2: Optimal A3offset and TTT for a given UE speed
Although most combinations of A3offset and TTT were evaluated, only a selected subset is presented below for clarity. Figure 7-10 show HOF and Short ToS for 4 selected combinations of A3offset and TTT for all UE speeds in different deployments. We assume that optimal values for A3offset and TTT are achieved when HOF is minimum while Short ToS < α. 
When α = 0.01, the table below shows the summary for the optimal A3offset and TTT for each UE speed:

	
	A3offset
	TTT

	3 km/h
	1
	480

	30 km/h
	1
	200

	60 km/h
	1
	200

	120 km/h
	1
	200


When α = 0.02, the table below shows the summary for the optimal A3offset and TTT for each UE speed:

	
	A3offset
	TTT

	3 km/h
	1
	480

	30 km/h
	2
	40

	60 km/h
	2
	40

	120 km/h
	2
	40


For both α values, except UE speed = 3km/h, all other UE speeds share the same optimal A3offset and TTT setting. UE speed = 3km/h has a very low HOF rate for most of the setting up to 10-3.
Appenx B shows simulation results of different companies in hotspot calibration [3]. For different UE speeds, 5 sets of TTT/A3offset combinations show the same trend in HOF and Ping-pong rate. Similar observation across the results from all companies that only 3km/h has a different optimal A3offset and TTT value, all other UE speeds share the same optimal A3offset and TTT value. 
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Figure 9: UE speed = 3km/h - HOF and Short ToS for selected A3offset and TTT
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Figure 10: UE speed = 30km/h - HOF and Short ToS for selected A3offset and TTT
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Figure 11: UE speed = 60km/h - HOF and Short ToS for selected A3offset and TTT
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Figure 12: UE speed = 120km/h - HOF and Short ToS for selected A3offset and TTT

Observation 4: All UE speeds share the same optimal A3offset and TTT setting except UE speed = 3km/h.
2.3     Drawbacks due to inaccurate MSE or delay of MSE
Table below shows the average HOF for all pico cell deployments which include pico cell is placed in the cell edge, random pico cell with cell number 1, 2, 4, and 10. 

Recall that, except UE speed = 3km/h, all other UE speeds share the same optimal A3offset and TTT setting (section 2.2). So, there are two sets of optimal A3offset and TTT values: let’s call them A3offsetnormal and TTTnormal for normal speed UE (3km/h), and A3offsethigh and TTThigh for high speed UE (>3km/h). Now, when using A3offsethigh and TTThigh for normal speed UE, the HOF is still very low (0.000238). On the other hand, using A3offsetnormal and TTTnormal for 30km/h UE more than doubles the HOF. 
	
	Avg HOF/UE/s with Offnormal and TTTnormal
	Avg HOF/UE/s with Offhigh and TTThigh
	Drawbacks

	3 km/h
	0.000015
	0.000238
	Still very low HOF 

	30 km/h
	0.0122
	0.0048
	x2.54

	60 km/h
	0.0439
	0.0267
	x1.6

	120 km/h
	0.0914
	0.0785
	x1.16


Observation 5: For normal speed UE (3km/h), HOF remains low even when using a non-optimal A3offset and TTT.
Observation 6: However, for high speed UE (>3km/h), HOF more than doubles when using a non-optimal A3offset and TTT.
Observation 2 and 3 strongly imply that high speed UE will suffer from HOF when MSE is inaccurate, but normal speed UE will not. RAN 2 could consider an HO enhancement that does not depend on MSE.
Proposal: RAN 2 to consider a non-MSE based A3offset and TTT adjustment for HetNet mobility enhancements.

3      Conclusion
In this contribution, we provide simulation results to investigate mobility performance related to MSE, and summarize the following observations:
Observation 1: Current proposed MSE is unstable because it depends on too many factor. 3-mobility state MSE is highly inaccurate (48% error).  
Observation 2: It is difficult to find one MSE configuration to accurately estimate all UE speeds.
Observation 3: non-MSE with optimal A3offset and TTT perform better than MSE based enhancement when MSE is inaccurate and unstable.
Observation 4: All UE speeds share the same optimal A3offset and TTT setting except UE speed = 3km/h.
Observation 5: For normal speed UE (3km/h), HOF remains low even when using a non-optimal A3offset and TTT.

Observation 6: However, for high speed UE (>3km/h), HOF more than doubles when using a non-optimal A3offset and TTT.

Observation 7: With observation 1 and 5, 48% of the time, more than 2 times in HOF rate for UE speed = 30km/h will occur by applying a non-optimal A3offset and TTT if MSE based scaling of TTT is used.
Proposal: RAN 2 to consider a non-MSE based A3offset and TTT adjustment for HetNet mobility enhancements.
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5      Annex A Simulation assumptions
Large scale simulation uses bouncing circle model.
Table A-1: Radio configurations for macro and pico cells
	Items 
	Macro cell 
	Pico cell

	ISD
	500m
	

	Distance-dependent path loss 
	TR 36.814 [4] Macro-cell model 1
	TR 36.814 [4] Pico cell model 1

	Number of sites/sectors
	19/57
	1

	BS Antenna gain including Cable loss 
	15dB
	5dB

	MS Antenna gain 
	0 dBi
	0 dBi

	Shadowing standard deviation 
	8 dB 
	10 dB 

	 Correlation distance of Shadowing

NOTE: this is the distance where correlation is 0.5 (not 1/e as defined in TR 36.814 B.1.2.1.1)
	25 m
	25 m

	Shadow correlation
	0.5 between cells/ 1 between sectors
	0.5 between cells

	Antenna pattern
	The same 3D pattern as is specified in TR 36.814,  Table A.2.1.1-2 [4]
	Omni, as is specified in TR 36.814, Table A.2.1.1.2-3 [4]

	Carrier Frequency / Bandwidth 
	2.0Ghz/ 10MHz 
	2.0Ghz/ 10MHz 

	BS Total TX power 
	46 dBm 
	30dBm 

	Penetration Loss
	20dB
	20dB

	Antenna configuration
	1x2
	1x2

	Minimum distance
	The same requirements as specified in TR 36.814 [4].


Table A-2: RRM/RLM configurations
	Items
	Description

	Fixed Pico cell placement
	Fixed location(s) as shown in Figure 5.4.5.1-2 of TR 36.839

	Number of Random Pico cell placement
	0, 1, 2, 4, 10

	Cell loading 
	100%

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

	Channel model 
	TU (fast fading included)

	TimeToTrigger  [ms]
	40, 160, 200,480

	A3-offset [dB]
	1, 2

	TMeasurement_Period, Intra,  L1 filtering time in TS36.133 
	200ms 

	Layer3 Filter Parameter K
	1

	measurement error modelling
	To obtain the 90% bound for +/- 2 dB, a normal distribution with deviation = 2 dB / (sqrt(2)*erfinv(0.9)) = 1.216 dB can be used (ref: TS36.133 [2])

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms


6      Annex B Companies result in R2-115638
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