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1 Introduction

In this contribution, we show the results for benefits on keeping high speed UEs in macro cells as in proposal #12 of email discussion RAN2[82#16].

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 Simulation results for the UE speed based HO decision
Large area hetnet simulations were conducted to study the HO decision based on the UE speeds. The large area simulation parameters and assumptions are followed from [2] unless otherwise specified. ABS is enabled at the Picos. 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.  Set 3 configurations are used here.  If the UE speed was either 60 km/h or 120 km/h those UEs were not handed in to the picos and they stay in the macro layer and communicate with macro in the pico ABS sub-frames when they move into the pico coverage and this is compared with UEs being handed over irrespective of UE speed to picos without ABS. 
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Figure 1 The HO performance improvement with UE speed aware HO decision and pico ABS.

	HO state
	HO metric
	 No high speed HO to pico and with pico ABS 
	     All speeds HO to pico and no pico ABS

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

	2
	HOFs/UE/s
	0.002852
	0.001311
	0.020109
	0.024272
	0.006995
	0.008186
	0.020621
	0.035802

	
	HO failure rate [%]
	18.562874
	18.978912
	15.315894
	15.803924
	26.596823
	38.844369
	15.794132
	20.133793

	3
	HOFs/UE/s
	0.000008
	0.000000
	0.000031
	0.000038
	0.000036
	0.000000
	0.000009
	0.000044

	
	HO failure rate [%]
	0.049900
	0.000000
	0.023356
	0.024959
	0.135181
	0.000000
	0.006808
	0.024961

	Total
	Successful HOs/UE/s
	0.012504
	0.005596
	0.111162
	0.129262
	0.019270
	0.012888
	0.109949
	0.142107

	
	HOFs/UE/s
	0.002860
	0.001311
	0.020139
	0.024310
	0.007031
	0.008186
	0.020630
	0.035847

	
	HO failure rate [%]
	18.612774
	18.978912
	15.339250
	15.828882
	26.732004
	38.844369
	15.800939
	20.158754

	Short TOS/UE/S
	0.017364
	0.019137

	Short TOS rate [%]
	13.433367
	13.463823

	
	
	


Results show that the HOF failure performance including the HOF rate and HOFs/UE/s significantly improves with the UE speed based HO decision.  The short time of stay rate slightly improved.

In the absence of ABS in the pico, RLF will increase while the UE is in the pico.  For UEs without GBR bearers, the network can still keep the high speed UEs in pico with longer T310 to prevent RLF while the UE in the pico.    
