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1 Introduction

In this contribution, we provide the results for proposal #11 to show the performance benefit for speed dependent scaling of HO parameters, including A3 offset and K.  We also provide the results for calibration as .
2 Simulation results
2.1 Calibration results 
The following simulation results are for the simulation assumptions in TR 36.839 for large area simulations.  As captured in the TR assumptions, these results are for UE speed of 30Km/hr.

	
	
	
	Handover performance in HetNets
	legacy macro only system

	Company
	Handover state
	Handover metrics
	macro-pico
	pico-macro
	macro-macro
	pico-pico
	Overall
	macro-macro

	Alcatel-Lucent
	2
	HOFs/UE/s
	0.000309
	0.000894
	0.001731
	0.000000
	0.002935
	0.000177

	
	
	HO failure rate [%]
	2.878654
	8.479928
	2.341438
	0.000000
	3.070854
	0.259662

	
	3
	HOFs/UE/s
	0.000000
	0.000000
	0.000010
	0.000000
	0.000010
	0.000000

	
	
	HO failure rate [%]
	0.000000
	0.000000
	0.012865
	0.000000
	0.009987
	0.000000

	
	Total
	Successful HOs/UE/s
	0.010432
	0.009656
	0.072217
	0.000000
	0.092304
	0.067995

	
	
	HOFs/UE/s
	0.000309
	0.000894
	0.001741
	0.000000
	0.002944
	0.000177

	
	
	HO failure rate [%]
	2.878654
	8.479928
	2.354303
	0.000000
	3.080841
	0.259662

	
	
	
	
	
	
	
	
	

	
	 
	Hetnet
	legacy
	
	 HOF/UE/sec
	
	

	
	#Ping pongs/UE/S
	0.003306
	0.001913
	
	 
	State 1
	State 2_Normal
	State 2_HOF

	
	Ping pong rate [%]
	3.581182
	2.813658
	
	Hetnet
	0.000442
	1.43E-05
	0.002845

	
	TOS/UE/S
	0.011835
	0.010238
	
	legacy
	9.19E-05
	1.02E-05
	0.000163

	
	S-TOS rate[%]
	12.820116
	15.059577
	
	
	
	
	

	
	
	
	
	
	
	
	
	


2.2 Mobility configuration optimization based on UE speed (proposal #11)
The large area HetNet simulations were conducted to optimize the mobility parameters based on the UE speed.  The large area simulation parameters and assumptions are followed from [2] unless otherwise specified. Three UE speeds 30 km/h, 60 km/h and 120 km/h were considered.  The mobility parameters, Handover threshold, TTT and the K factor are optimized.  Multiple UEs were randomly placed in the simulation area and they were allowed to travel in straight lines at one of the three randomly selected speed among 30 km/h, 60 km/h and 120 km/h.  For the UE speed 60 km/h the mobility parameters are assumed  as TTT=160ms, HO threshold=2 dB and K=2.  For lower speed (=30km/h) all three mobility parameters are scaled by 1.5 and for higher speed (=120 km/h) they were scaled by 0.5.
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Figure 1 The HO performance improvement with UE speed dependent mobility parameter adaptation.
	HO state
	HO metric
	                    No Optimization
	                             With Optimization

	
	
	M-P
	P-M
	M-M
	Overall
	M-P
	P-M
	M-M
	Overall

	2
	HOFs/UE/s
	0.010435
	0.010672
	0.029661
	0.050768
	0.004100
	0.005938
	0.012376
	0.022415

	
	HO failure rate [%]
	36.274199
	49.872014
	22.363711
	27.779719
	20.967742
	35.004042
	12.284761
	16.349563

	3
	HOFs/UE/s
	0.000055
	0.000009
	0.000064
	0.000128
	0.000041
	0.000007
	0.000096
	0.000144

	
	HO failure rate [%]
	0.190416
	0.042662
	0.048183
	0.069899
	0.210379
	0.040420
	0.095283
	0.104869

	Total
	Successful HOs/UE/s
	0.018277
	0.010718
	0.102906
	0.131901
	0.015414
	0.011019
	0.088280
	0.114713

	
	HOFs/UE/s
	0.010490
	0.010681
	0.029725
	0.050896
	0.004141
	0.005945
	0.012472
	0.022559

	
	HO failure rate [%]
	36.464614
	49.914676
	22.411894
	27.849618
	21.178121
	35.044462
	12.380045
	16.454432

	Short TOS/UE/S
	0.012580
	0.014447

	Short TOS rate [%]
	9.535672
	12.594895

	
	
	


The results indicate that the HOF rate improves significantly with the speed dependent optimization in all cases (M-M, M-P and P-M).  But for this simulation model, it is still higher than what can be considered as acceptable.  As expected it increases the short time of stay rate.

