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1	Introduction
Several UAV mobility related papers were submitted to RAN2#99 meeting (August 2017), but there has been no consistency between the results submitted by various companies. As a result – additional e-mail discussion has been scheduled (report available in [1]), aimed at achieving a full prerequisite alignment so that the mobility study results are meaningful and comparable. This paper is aimed at presenting our simulation results, focused on UAV mobility performance with full buffer traffic model, in both UMa and RMa scenario. Please note that FTP traffic model results for comparison purposes are submitted in [2].
2	Simulation assumptions 
Table 1 summarizes some of the parameters used in our simulation [1]. 
Table 1: Mobility simulation assumptions
	Parameter
	Value

	Carrier frequency
	10 MHz in 2000 MHz band (UMa), 
10 MHz in 700 MHz band (RMa)

	ISD
	 500 m for UMa, 1732 m for RMa 

	BS antenna height
	25m for UMa. 35m for RMa

	BS antenna downtilt
	10 deg for Uma.  6 deg for RMa

	AV UE height
	50m, 100m, 300m

	Terrestrial UE height
	1.5 m

	AV UE velocity
	3 km/h, 30 km/h, 60 km/h, 160 km/h

	Terrestrial UE velocity
	3 km/h, 30 km/h, 60 km/h, 160 km/h

	Traffic model
	Full buffer downlink

	Number of AVs
	15 UEs per sector:
a) 0% AV (all terrestrial UEs). 
b) 100% AV (no terrestrial UEs)

	LOS/NLOS
	Static [1]. Determined based on ‘coin-flip’ at the beginning of simulation for each UE towards each sector and subject to the RAN1 channel model: 
UMa: NLOS allowed up to 100m height 
RMa: NLOS allowed up to 40m height

	MR triggering
	A3 event

	RLF triggering
	-8dB (SINR)

	Simulation time
	90 seconds (+10 seconds warm up time)

	Resource allocation
	Equal resources (all served UEs are scheduled)
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3	Simulation results
Two cases have been simulated:
- 0 AV UEs, on average 15 ground UEs per sector
- 100% AV UEs, on average 15 AV UEs per sector
The following statistics have been collected: 
- Number of HO over time [HO//sec/UE]: defined as the ratio between total number of HOs and the total simulation time and normalized with the number of UEs
- Number of RLF over time [RLF/ sec/UE]: defined as the ratio between total number of RLFs and the total simulation time and normalized with the number of UEs
- Average time in Qout [%]: defined as the ratio between the total time in Qout for all UEs and the total simulation time and normalized with the number of UEs
- Ping-Pong rates [%]: defined as the ratio between number of HOs which led to ping-pong over total number of HOs, from all UE s during simulation time
- Ratio of served UEs [%]: defined as the ratio between the UE which can be served with non-zero downlink throughput at least in one simulation time step during the total simulation time.

3.1	Urban Macro (UMa) scenario
Fig. 1 and Fig.2 show the HO, RLF and average time in Qout results, respectively. It can be noticed from Fig. 1 that average HO and RLF rates decrease with increasing heights, up to 100 m. Then, at 300 m the increase is observed again.  This effect is likely due to discovering a larger number of cells at 300 meters for UMa.  The ratio of RLFs drops a bit due to the improved SINR. Ultimately, not surprisingly, the amount of HOs increases with the velocity.
The results for the ratio of served UEs show a notable decrease for AV heights of 50m and 100m and AV speeds of 3km/h and 30km/h. This is a result of very low SINR conditions (average below -8dB) and limited mobility, which results in certain UE not being able to receive any downlink transmission during the simulation time.
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Figure 1 – UMa scenario: HO rate, RLF rate and percentage of served UEs
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Figure 2 – UMa scenario: Average time in Qout and percentage of served UEs

Qout duration rises with the increasing height. However, a visible decrease can be observed for the height of 300 m. It may be due to the improved SINR as cell load dropped with the increased number of UEs which were unable to connect/be served at al.
Fig 3 show the ping-pong rates determined for various AV height and speeds.
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Figure 3 – UMa scenario: Average ping-pong rate and total HO rate
As can be observed from Fig.3, the average ratio of Ping-Pongs decreases for altitudes other than ground level, for 50 m and 300 m being almost indifferent to AV UE’s velocity. 
3.2	Rural Macro (RMa) scenario
Fig. 4 to Fig. 6 show the HO, RLF average time in Qout and ping-pong rate results, similarly to the aforementioned UMa scenario.
The results for the ratio of served UEs show a notable decrease for AV heights of 300m and AV speeds up to 60km/h. This is a result of very low SINR conditions (average below -8dB) which results in certain UEs not being able to receive any downlink transmission during the simulation time. Only the UEs with speeds of 160km/h are able to re-connect to a serving cell with better SINR, hence receive downlink transmission.
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Figure 4 - RMa scenario: HO rate, RLF rate and percentage of served UEs
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Figure 5 – RMa scenario: Average time in Qout and percentage of served UEs
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Figure 6 – RMa scenario: Average ping-pong rate and total HO rate
It can be noticed that the HO rate, RLF rate and ping-pong rate is larger for AV UEs at 50 meters than for the terrestrial UEs. It decreases for higher altitudes (i.e. 100 m and 300 m). The reason behind could be that AV UE can detect multiple cells at the heights of 50 meters (i.e. already a LOS environment for RMa model). With sufficiently small A3 offset, the number of HOs is larger. For 100 meters and 300 meters, however, certain cells are not detectable anymore (with the terrestrial antenna tilts). 

4	Conclusions
This paper focused on UAV mobility performance in Urban and Rural Macro scenario under the evaluation assumptions agreed in RAN2 [1]. Several figures and results have been provided for the reference case (i.e. 0 AV UEs) and 100% AV UEs. Full buffer traffic setting has been considered in each of those cases. In the course of the paper, the following has been observed and proposed:
Observation 1: Full buffer downlink traffic model leads to full load and full downlink interference conditions, which result in very low SINR in all AV scenarios (i.e. 50m, 100m 300m)

Observation 2: The extremely low downlink SINR experienced by AV causes increased RLF rates and increased time in Qout

Observation 3: The differences in the antenna tilts and ISD between the UMa and RMa scenarios lead to different results and trends vs. AV height for the HO rate, RLF rate and Ping-Pong rate 
a. In the RMa scenario the HO rates, RLF rates and Ping-Pong rates for AVs are highest at 50m and decrease with increasing AV height 
b. In the UMa scenario the HO rates, RLF rates and Ping-Pong rates for AVs are highest at 300m and decrease with decreasing AV height 

Observation 4: In both UMa and RMa scenarios the HO rate and RLF rate increase with AV speed as expected.

Observation 5: In both UMa an RMa scenarios the average time in Qout increases with AV speed and AV height, and can reach up to 80%

Comparing the results in this contribution with the relevant RMa results obtained under finite buffer (FTP traffic) conditions reported in [2] we observed the following:
Observation 4: The full buffer results show similar range of HO rate, RLF rate and Ping-Pong rate, with the main difference that the maximum values are achieved at different AV heights: at 50m in full buffer case and at 100m in finite buffer case.
Observation 5: The average time in Qout is significantly higher, up to 80%, in the full buffer evaluations (due to very low SINR) at all heights above 50m; in the finite buffer results up to 50% average time in Qout was observed and only at high AV speed.
Based on the presented results we have the following proposals:
Proposal 1: [bookmark: _Hlk494291894]Use FTP traffic model evaluations (fractional load) to gain better understanding on what RAN2 mechanisms need to be optimized and when (what AV speed and what AV heights)

Proposal 2: The proposed/ targeted solution should be evaluated in both UMa and RMa scenarios 
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