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1
Introduction
This document shows performance results of HetNet calibration simulation which was conducted due to simulator calibration purposes between different companies as agreed in RAN2#74 meeting. Main goal of the simulation was to see how mobility performance metrics as radio link failures, handover failures and ping-pong handovers behave in HetNet scenario with UE velocities of 3km/h, 30km/h, 60km/h and 120km/h. In addition, five different handover parameter configurations were used for each velocity case. In RAN2#75 the conclusion of the calibration campaign was following: there are significant variations among the companies in the RLF, handover failure and ping-ping results meaning that clarifications for simulation assumptions were needed [1]. The biggest change compared our earlier contribution [2] was an implementation of user drop model after radio link and handover failures. Other simulation parameters and assumptions were defined as in [3] and [4].  

2
Simulation Scenario
The simulation scenario consists of 57 macro cells with ISD of 500m and three pico cells. All users were distributed in the close vicinity of the pico cells at the edge of a hotspot circle with a diameter of 200m as agreed in [2]. During the simulation UEs moved with constant velocity inside the hotspot. A direction of the movement was defined always at the edge of the hotspot when UE bounced back with varying random angle with in ± 45 degrees. Table 1 shows the mobility parameters and Table 2 shows the radio related parameters for the calibration simulations.

Table 1: Configurations for the HetNet mobility simulation

	Profile
	Set 1
	Set 2
	Set 3
	Set 4
	Set 5

	UE speed [km/h]
	{3, 30, 60, 120}
	{3, 30, 60, 120}
	{3, 30, 60, 120}
	{3, 30, 60, 120}
	{3, 30, 60, 120}

	TTT [ms]
	480
	160
	160
	80
	40

	A3 offset [dB]
	3
	3
	2
	1
	-1

	L1 to L3 period [ms]
	200
	200
	200
	200
	200

	RSRP L3 Filter K
	4
	4
	1
	1
	0


Table 2: Configurations for the HetNet mobility simulation

	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
	3 (NOTE 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
	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 

	Indoor Penetration Loss
	20dB
	20dB

	Antenna configuration
	1x2
	1x2

	Minimum distance
	The same requirements as specified in TR 36.814.


NOTE 1: Three centremost cells had one pico cell in boresight direction at the distance of 0.25km.
3
Simulation Results
The simulation results consist of radio link failure (RLF) statistics, handover failure (HOF) statistics and ping-pong handover statistics. Moreover, the radio link failures can be categorized between state 1 and state 2 radio link failures as described in [3]. Similarly, handover failures can be categorized between state 2 and state 3 failures [3].

NOTE: 
The statistics were collected only from the events where pico cells were involved, e.g., handover failures and ping-pongs between macro cells are not taken into account.
3.1
Radio link failures
Overall radio link failure performance in state 1 and state 2 RLF statistics are shown in Table 3.
Table 3: RLF/UE/s state1 and state 2 statistics
	RLF

state 1
	Velocity
	Set 1
	Set 2
	Set 3
	Set 4
	Set 5

	
	3 km/h
	0
	0
	0
	0
	0

	
	30 km/h
	0
	0
	0
	0
	0

	
	60 km/h
	0
	0
	0
	0
	0

	
	120 km/h
	0
	0
	0
	0
	0

	RLF

state 2
	3 km/h
	0
	0
	0
	0
	7.46E-05

	
	30 km/h
	1.86E-05
	0
	0
	0
	0.0002238

	
	60 km/h
	1.86E-05
	0
	0
	0
	0.0004289

	
	120 km/h
	1.86E-05
	0
	0
	0
	7.46E-05


The results indicate that the radio link failures are not present anymore. Compared with the earlier results in [2] there is a remarkably smaller amount of the state2 radio link failures for high mobility cases 30 km/h – 120 km/h. Since the current handover failure metric dominates the statistics, e.g. a significant amount of handovers are considered to fail due to the PDCCH state2 failure, the UEs are removed from the problem area before RLFs occur.
3.2
Handover failures
Overall handover failure (HOF) performance is shown in Figure 1 and differences between state 2 and state 3 failure statistics are shown in Table 4. State 2 handover failures consists of state 2 RLFs + state 2 PDCCH failures which are assumed to occur in case the channel quality is poor during the reception of HO COMPLETE message as described in [3]. 
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Figure 1: State1 + State 2 overall HOF performance.

Table 4: Handover failure statistics 
	HOF

state 2
	Velocity
	Set 1
	Set 2
	Set 3
	Set 4
	Set 5

	
	3 km/h
	10.3
	4.0
	0.2
	0.2
	0.7

	
	30 km/h
	55.4
	37.6
	16.6
	7.6
	3.6

	
	60 km/h
	63.1
	52.7
	28.8
	17.2
	7.3

	
	120 km/h
	59.4
	56.9
	38.6
	26.4
	12.3

	HOF

state 3
	3 km/h
	0.0
	0.0
	0.1
	0.0
	0.5

	
	30 km/h
	0.3
	0.3
	0.8
	0.5
	1.1

	
	60 km/h
	1.0
	1.1
	2.0
	1.5
	2.2

	
	120 km/h
	4.9
	3.1
	3.1
	2.2
	2.7


The results in Table 4 show that the state 2 PDCCH failures cause most of the problems. This is in line with the earlier findings in [2]. However, in this contribution, there’s clearly less handover problems present for handover sets 3-5 in case of the higher UE mobility, e.g. 30km/h – 120 km/h. Since, the amount of state 2 RLFs has been smaller compared to the amount of state 2 handover failures all the time, the improvement in HOF statistics are caused mainly due to the UE call drop model.
3.3
Ping-pong handovers
The overall ping-pong handover statistics are shown in Figure 2. The ping-pong handovers were collected only if a pico cell was involved in a handover where the time-of-stay either in pico or macro cell was less than minimum time of stay (MTS) 1 second as mentioned in [3]. 
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Figure 2: Ping-pong handover statistics
The ping-pong statistics are in line with the RLF and HOF statistics as a smaller amount of failures indicated increase in ping pong statistics. This occurs due to the fact that the handover problems are reduced by making handover settings faster.  Compared with the earlier results in [2], there is a small increase in the amount of ping-pongs in high mobility cases for fast handover settings e.g., set 4 and set 5.
4
Conclusion
We have analysed the results from the calibration cases, and made the following observations:

· Very few radio link failures occur in any of the cases
· Handover failures are reduced quite a lot due to the adopted call drop model
· The fast handover sets 4&5 cause a lot of ping-pong handovers
Based on these, we make the following proposals:
Proposal 1: Better modelling for HO failure could show the extent of the possible handover problems in state 2.
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Appendix A: Simulation parameters
	Feature/Parameter
	Notes
	Value/Description

	Bandwidth
	
	10 MHz

	3GPP Macro Cell Scenario
	Cell layout
	57 sectors/19 BSs

	
	Inter site distance (ISD)
	0.5 km

	Pico cell layout
	Distance to eNB
	250m in boresight direction

	Macro-pico deployment type
	
	Co-channel

	Hotspot for UE movement/placement
	Diameter (around pico cell)
	200 m

	Distance-dependent path loss
	Macro cell model (TS 36.814, Model 1)
	128.1 + 37.6log10(r)

	
	Pico cell model (TS 36.814, Model 1)
	140.7 + 36.7log10(r)

	BS Tx power
	Macro

Pico
	46 dBm

30 dBm

	Shadowing standard deviation
	Macro

Pico
	8 dB
10 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Shadowing correlation distance
	Macro
Pico
	25 m

25 m

	Multipath delay profile
	
	Typical Urban

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

	UE movement
	How do the UEs move in the cell?
	Straight line throughout the call

	UE placement
	Proportion of UEs placed inside the pico hotspot(s) for each cell
	1

	RSRP Measurement
	L1 measurement period

Measurement bandwidth

Measurement error standard deviation
L1 sliding window size
	40 ms
6 RBs

2 dB

5

	Handover preparation time
	Time from reception of UL A3 measurement report to sending HO command
	50 ms

	Radio link failure monitoring
	Qout threshold

Qin threshold
T310

N310
	-8 dB

-6 dB

1000 ms

1

	Cell identification
	
	Ideal

	RRC signalling
	How are UL reports and HO commands modelled?
	RRC messages Sent Over Air

	Transmit mode
	UE receiver assumption
	1x2 MRC

	Number of calls/simulation
	
	300 calls, call length 142 seconds.

	DL Interference load
	Macro, Pico
	100% RBs loaded



