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1	Introduction
Several mobility related papers were treated during RAN2#98 online UAV session (Meeting notes available in [1]). Due to the lack of consensus, it has been decided to work out the common simulation prerequisites in the course of RAN2 e-mail discussion. The outcome and simulation guidelines can be found in [2]. This paper is aimed at presenting our preliminary simulation results, focused on UAV mobility performance. 
2	Simulation assumptions - Rural Macro AV scenario
The mobility simulation assumptions conform the RAN2 agreements in [2] and use the working assumption for RAN1 scenario modeling [3]. Table 1 summarizes the parameters used in our simulation which are different from the RAN1/ RAN2 agreements. 
Table 1: Mobility simulation assumptions different from RAN1/RAN2 assumptions
	Parameter
	Value

	LOS/NLOS model [RAN2]
	Based on the speed of the UE, S, and a correlation distance L, where L is the same value as the shadow fading correlation distance (50m for RMa) [4]

	Traffic model [RAN1/RAN2]
	 DL only traffic, including:
· Data traffic for the ground UEs: FTP Model 3, 0.5MB packet size.
· Command and control traffic for aerial UEs: X=1250bytes, D=100ms

	Ground UEs [RAN2]
	All ground UEs are outdoor and moving at 30km/h speed (linear paths)



3	Simulation results
The following statistics have been collected in form of CDF (across simulation time, all 37*3 RMa sectors and all UEs): 
- Resource utilization (RU) [#PRBs]
- Number of HO over time [HO/UE/sec]
- Number of RLF over time [RLF/UE/sec]
We present results for the following cases, according to agreements in [2]:
1) Reference case, Case 1 (All ground UEs) and 
2) Case 3 (1 AV UE per sector, 14 ground UEs per sector) with AV UE AGL of 50m or 300m and speed of 30 km/h or 160km/h

3.1	Reference Case 1 
Figure 1, 2 and 3 show the CDFs for the resource utilization (RU), HO/UE/sec and RLF/UE/sec metrics, respectively, as achieved in the reference scenario when all UEs are ground UEs. We show three resource utilization cases, RU20%, RU50% and RU90%. The former two are the values agreed in RAN1 [3], while the latter one is just for sensitivity study purposes. Both HO and RLF results show the expected trend versus resource utilization in the network, thus confirming the correct functionality of the simulation environment.
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Figure 1: Case 1 (all ground UEs) - Resource utilization (RU)
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Figure 2: Case 1 (all ground UEs) -  Number of HO over time
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Figure 3: Case 1 (all ground UEs) -  Number of RLF over time


3.2	Case 3 results
Figure 4, 5 and 6 show the CDFs for the resource utilization (RU), HO/UE/sec and RLF/UE/sec metrics, respectively, as achieved in the scenario Case 3 with 1 aerial UE per sector and 14 ground UEs per sector (in average). We show the sensitivity of the HO and RLF KPI on the aerial UE AGL and speed.
For these results we have attempted to reach the same resource utilization of 20% as in the reference case (Section 3.1) by adjusting analytically the packet arrival rate of the ground UEs while taking in consideration the offered traffic by the aerial UEs (100kbps [3]).
From Figure 4 the first important conclusion is that a (simple) analytical adjustment of the packet arrival rate of the ground UEs to reach the desired load is not sufficient, and the actual achieved load is around 37% (~17 PRBs) instead of 20% achieved in the reference case. Same observation has been made for 50% target load. We conclude that multiple simulation runs (sweep of the packet arrival rate) are required to determine the packet arrival rate values to be used to achieve the target resource utilization of 20% and 50% when aerial UEs are simulated along with ground UE.
Observation 1: Achieving 20% and 50% load points agreed in RAN1 when aerial UTs are simulated requires extensive simulations (sweep of the packet arrival rate) and setting cannot be estimated analytically.
Based on this observation the results for HO/UE/sec and RLF/UE/sec metrics in Figure 5 and 6 are not compared to the results obtained in the reference case (Section 3.1). The achieved resource utilization was approximately 37% in all these results and we label this as ‘low-medium load’. The obtained HO/UE/sec and RLF/UE/sec are still useful to analyze and comparable between the different cases when we vary the aerial UE AGL and speed. 
Observation 2: In RM-AV scenario Case 3 and low-medium load, the HO and RLF KPIs for the ground UEs are not significantly impacted by the AGL or speed of the aerial UEs.
Observation 3: In RM-AV scenario Case 3 and low-medium load, the impact of the aerial UE speed on the HO KPI is more significant compared to the aerial UE AGL. The average HO/UE/sec metric increases by factor of 4.5 when the speed is increased from 30km/h to 160km/h (at same 50m AGL).
Observation 4: In RM-AV scenario Case 3 and low-medium load, the impact of the aerial UE AGL on the RLF KPI is more significant compared to the aerial UE speed. The average RLF/UE/sec metric increases by factor of 10 when the AGL is increased from 50m to 300m (at same 30km/h speed).
Observation 5: In RM-AV scenario Case 3 and low-medium load, the average RLF/UE/sec is very low regardless of aerial UE AGL or speed settings.
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Figure 4: Case 3 (1 AV per sector) - Resource utilization: Left) 30kmph and 160kmph AV speed at 50m AGL; Right) 30kmph AV speed at 50m and 300m AGL
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Figure 5: Case 3 (1 AV per sector) – Number of HO over time: Left) 30kmph and 160kmph AV speed at 50m AGL; Right) 30kmph AV speed at 50m and 300m AGL
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Figure 6: Case 3 (1 AV per sector) -  Number of RLF over time: Left) 30kmph and 160kmph AV speed at 50m AGL; Right) 30kmph AV speed at 50m and 300m AGL

4	Conclusions
This paper focused on UAV mobility performance in Rural Macro scenario. Several figures and results have been provided for the reference Case 1 and Case 3 traffic settings. As a consequence, the following has been observed and proposed:
Observation 1: Achieving 20% and 50% load points agreed in RAN1 when aerial UTs are simulated requires extensive simulations (sweep of the packet arrival rate) and setting cannot be estimated analytically.
Proposal 1: In the cases when aerial UTs are simulated (Case 2 - 5) the packet arrival rates for the ground UEs should be set to the same values as in the case when all UE are ground UEs (Case 1). This setting is easier to use and the results are more meaningful for RAN2 mobility purposes.
Observation 2: In RM-AV scenario Case 3 and low-medium load, the HO and RLF KPIs for the ground UEs is not significantly impacted by the AGL or speed of the aerial UEs.
Observation 3: In RM-AV scenario Case 3 and low-medium load, the impact of the aerial UE speed on the HO KPI is more significant compared to the aerial UE AGL. The average HO/UE/sec metric increases by factor of 4.5 when the speed is increased from 30km/h to 160km/h (at same 50m AGL).
Observation 4: In RM-AV scenario Case 3 and low-medium load, the impact of the aerial UE AGL on the RLF KPI is more significant compared to the aerial UE speed. The average RLF/UE/sec metric increases by factor of 10 when the AGL is increased from 50m to 300m (at same 30km/h speed).
Observation 5: In RM-AV scenario Case 3 and low-medium load, the average RLF/UE/sec is very low regardless of aerial UE AGL or speed settings.
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