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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 RMa scenario simulation results, focused on UAV mobility performance with finite buffer traffic model, which follows RAN1 evaluation agreements [2]. Please note that full buffer traffic model results for comparison purposes are submitted in [3].
2	Simulation assumptions 
[bookmark: _Hlk494200991]Table 1 summarizes some of the parameters used in our simulation, based on [1][2]. 
	Parameter
	Value

	Carrier frequency
	10 MHz in 700 MHz band

	ISD
	 1732 m

	BS antenna height
	 35m

	BS antenna downtilt
	 6 deg

	AV UE height
	20m, 50m, 100m, 300m

	Terrestrial UE height
	1.5 m

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

	Terrestrial UE velocity
	30 km/h

	Traffic model
	Finite buffer downlink.
Terrestrial UEs: FTP model 3 with 0.5Mb buffer and packet inter-arrival time set for approx. 40% resource utilisation (cell load).
AV UEs: Command and control traffic model with 100kbit buffer size and 50ms arrival rate.

	Number of AVs
	In average, 15 UEs per sector and:
a) Case 1: 0 AVs (all terrestrial UEs, see Section 3.1)
b) Case 5: 5 AVs per sector (see Section 3.1)

	LOS/NLOS
	Dynamic. Determined based on 2-D correlation distance and UE speed, for each UE towards each sector and subject to the RAN1 LOS probability channel model assumption [2].

	MR triggering
	A3 event

	RLF triggering
	-8dB (SINR)

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

	Resource allocation
	Terrestrial UE: Equal resources (all served UEs are scheduled)
Aerial UEs: Minimum required resources


Table 1: Mobility simulation assumptions in RMa scenario
3	Simulation results
[bookmark: _GoBack]The following statistics have been collected and are presented in Section 3.1: 
- 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.
The results in Section 3.1 are presented in the form of bar plots. The bar plot results shown for the 1.5m height correspond to the reference Case 1 (No AVs, Terrestrial UEs only), while the results shown for 20m, 50m, 100m and 300m heights correspond to Case 5 with AV UEs. Case 5 is already somewhat close to “high AV traffic conditions” with 5 AV UEs per sector. The terrestrial UEs had always 30km/h speed, while the AVs were simulated with either 30km/h or 160km/h.
The results are analyzed in 3 sets of analysis labeled: All UEs and AV UEs -only in order to disclose both the overall performance and separately the AV performance. In Case 5, the mobility performance in terms of the selected RAN2 KPIs, of the terrestrial UEs was observed not to depend on the height or speed of the AVs, hence we do no show separate plots with these results apart from the bar plots for 1.5m height (Case 1) included in the All UEs figures.

3.1	Rural Macro (RMa) scenario – Case 5 (5 AVs/ sector)
3.1.1 All UEs analysis
Fig. 1 show the achieved average downlink SINR and downlink throughputs. As expected the presence of AV degrades the average SINR and the AV speed has more impact at heights above 100m. The downlink throughput results show a drop when AVs are introduced and this is a direct result of the low offered traffic by AVs (200kbps) in comparison with the offered traffic by the terrestrial UEs (8Mbps).
Fig. 2 to Fig. 4 show the HO, RLF average time in Qout and ping-pong rate results for All UEs (terrestrial and AVs) analysis.  The results show that the average HO rate are RLF rate are very low and only change slightly with AV height or speed. The time in Qout results indicate up to 10-20% connectivity outage when AVs at 300m were evaluated. The Ping-Pong rate results indicate up to 14% probability when AVs at 100m and 160km/h were evaluated, but no significant dependency on the AV height at lower speeds was observed (same as for HO and RLF rates). In all cases, full connectivity has been achieved (100% served UEs).
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Figure 1 - RMa scenario – Case 5 – All UEs: Average SINR and Throughput
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Figure 2 - RMa scenario – Case 5 – All UEs: HO rate, RLF rate and percentage of served UEs
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Figure 3 – RMa scenario – Case 5 – All UEs: Average time in Qout and percentage of served UEs
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Figure 4 – RMa scenario – Case 5 – All UEs: Average ping-pong rate and total HO rate

3.1.2 AV UEs -only analysis
To better understand the results specific to AVs, Fig. 5 to Fig. 8 show the downlink SINR, downlink throughput, HO rate, RLF rate, average time in Qout and ping-pong rate results for AV UEs only analysis. 
Fig. 5 shows the SINR degradation for the AV UEs versus the AV height and speed. Only up to 50m height the AVs can be served with the target throughput and a severe degradation is observed at 300m height due to very low channel SINR.
In the results shown in Fig. 6 to Fig. 8, we can further identify some trends versus AV height and/or speed. The HO rate and RLF, RLF rate and Ping-Pong rate increase with AV height and speed up to 100m heights and then decrease for 300m height. This can be explained with the degraded SINR (see Fig. 5) conditions due full LOS propagation conditions at 300m height and the radio ‘visibility’ to a large number of cells, even if outside the main radiation pattern of the antenna. The time in Qout  KPI results clearly confirm this and indicate a large increase, up to 50% at high AV speed, when the AV is at 300m; when being in Qout for extended periods of time, the absolute number of RLF and HO actually decreases (during a fixed simulation time).
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Figure 5 - RMa scenario – Case 5 – AV UEs only: Average SINR and Throughput
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Figure 6 - RMa scenario – Case 5 – AV UEs only: HO rate, RLF rate and percentage of served UEs
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Figure 7 – RMa scenario – Case 5 – AV UEs only: Average time in Qout and percentage of served UEs
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Figure 8 – RMa scenario – Case 5 – AV UEs only: Average ping-pong rate and total HO rate


3.1.3 Discussion
Comparing the performance of Terrestrial UEs only (Case 1) with the performance of the AVs when 5 AVs per sector are deployed (Case 5), the main observations are:
· AVs experience up to 10 times higher HO rates and up to 50 times higher RLF rates compared to terrestrial UEs.
· AVs at 100m and 300m heights experience a significant increase of the average time in Qout, up to 50%, compared to 0.3% for terrestrial UEs.
· Ping-Pong rate for AVs with 30km/h speed are similar to the Ping-pong rates experienced by terrestrial UEs (up to 6%) and decrease slightly with the AV height; for AVs with 160km/h speed the Ping-Pong rates increase significantly up to 15% and increase with the AV height. 

4	Conclusions
This paper focused on UAV mobility performance in Rural Macro scenario under the evaluation assumptions agreed in RAN2 [1] and using finite buffer traffic model [2]. In the course of the paper, the following has been observed:
Observation 1: Regardless of the number of AV, the AV UEs experience up to 10 times higher HO rates and up to 50 times higher RLF rates compared to terrestrial UEs.
Observation 2: AVs at 100m and 300m heights experience a significant increase of the average time in Qout, up to 50% in Case 5, compared to 0.3% for terrestrial UEs.
Observation 3: Ping-Pong rate for AVs with 30km/h speed are similar to the Ping-pong rates experienced by terrestrial UEs (up to 6%) and decrease slightly with the AV height; for AVs with 160km/h speed the Ping-Pong rates increase significantly up to 15% in Case 5, and increase with the AV height.
[bookmark: _Hlk494373628]Comparing the results in this contribution with the relevant RMa results obtained under full buffer full load traffic conditions reported in [3] 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 and at 100m in finite buffer.
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.
[bookmark: _Hlk494373667]Based on the presented results we have the following proposals:
Proposal 1: 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 solutions should be evaluated in both UMa and RMa scenarios  
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