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1 Introduction

According to the progress for the SI “enhanced support for aerial vehicles” [1], it is beneficial to provide baseline evaluation results for agreed simulation cases and scenarios.
For system level evaluation purposes, the following performance metrics are considered in [2]:
· Packet throughput 
· UL and DL packet throughput statistics of all UTs Data traffic

· UL and DL packet throughput statistics of aerial UTs Data traffic
· UL and DL packet throughput statistics of terrestrial UTs Data traffic
· Interference
· UL IoT (interference over thermal) and DL wideband SINR statistics for reference

· NOTE: UL IoT above refers to effective IoT defined in clause A.2.1.8 of [6]
In [3], evaluation results for interference are presented. In this contribution, we provide our baseline evaluation results for packet throughput.
2 Packet throughput statistics
In this section, we evaluate packet throughput results of UMa-AV for UL and DL with
· Case 1: Aerial UT ratio 0% (corresponding to 
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· Case 5: Aerial UT ratio 50% (corresponding to 
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For the traffic load, RU with 20% and 50% are used. The statistics results are listed in Table 1 and Table 2 for UL and DL respectively. The percentages in Table 1 and 2 are the throughput change for case 5 compared with case 1. Detailed CDF figures are given in Figure 1 and Figure 2 for low and high traffic load respectively.
Table 1: UL packet throughput statistics
	Traffic load
	low
	high

	Aerial UT ratio
	Case 1
	Case 5
	Case 1
	Case 5

	UE type
	Terrestrial
	Terrestrial
	Aerial
	All
	Terrestrial
	Terrestrial
	Aerial
	All

	Average (Mbps)
	8.06
	6.44
	11.3
	8.17(1.4%)
	6.26
	3.58
	4.08
	3.79(-39.5%)

	5% ile (Mbps)
	0.51
	0.5
	2.78
	0.62(21.6%)
	0.41
	0.31
	0.46
	0.36(-12.2%)

	50% ile (Mbps)
	5.98
	4.69
	10.23
	6.68(11.7%)
	4.07
	2.53
	3.25
	2.82(-30.7%)

	95% ile (Mbps)
	20.83
	17.94
	23.8
	21.05(1.1%)
	18.87
	10.99
	10.44
	10.72(-43.2%)

	RU (%)
	25.11
	25.93
	58.93
	83.37


Table 2: DL packet throughput statistics
	Traffic load
	low
	high

	Aerial UT ratio
	Case 1
	Case 5
	Case 1
	Case 5

	UE type
	Terrestrial
	Terrestrial
	Aerial
	All
	Terrestrial
	Terrestrial
	Aerial
	All

	Average (Mbps)
	28.78
	17.85
	3.7
	14.14(-50.9%)
	17.05
	10.17
	2.88
	8.82(-48.3%)

	5% ile (Mbps)
	5.43
	2.39
	0.33
	0.6(-89.0%)
	2.15
	0.94
	0.26
	0.47(-78.1%)

	50% ile (Mbps)
	25.48
	13.84
	1.68
	9.28(-63.6%)
	12.54
	6.55
	1.07
	5.08(-59.5%)

	95% ile (Mbps)
	61.54
	47.62
	13.94
	45.98(-25.3%)
	48.19
	34.48
	13.25
	31.5(-34.6%)

	RU (%)
	19.23
	75.13
	58.97
	95.4
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Figure 1: CDF for UL/DL packet throughput with low traffic load
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Figure 2: CDF for UL/DL packet throughput with high traffic load
From the evaluation results, we can see that the impact for aerial UE to terrestrial UE in UL is much smaller than DL, and the performance for aerial UE in UL is better than terrestrial UE while worse in DL, especially for the low traffic load. Since the number of terrestrial UE is twice that of aerial UE, so intuitively downlink interference from terrestrial UE to aerial UE is much larger than in uplink. So the downlink packet throughput for aerial UE is severely degraded and there is a large performance gap compared with  terrestrial UE.
Observation 1: The throughput of drones is higher than terrestrial UEs in UL while worse in DL.
· The average throughput for aerial UE is about 4.86Mbps (75.5%) higher than terrestrial UE in UL for low traffic load.
· The average throughput for terrestrial UE is about 14.15Mbps (382.4%) higher than aerial UE in DL for low traffic load.
Observation 2: The throughput considering both terrestrial UE and aerial UE is general decreased for DL.
· The average throughput decreased -50.9% for low traffic load.

· The average throughput decreased -48.3% for high traffic load.

Observation 3: The throughput considering both terrestrial UE and aerial UE for UL is decreased at high traffic load while increased at low traffic load.

· The average throughput increased 1.4% for low traffic load.

· The average throughput decreased -39.5% for high traffic load.

In [4], we also present some baseline results for DL throughput impacts when PDCCH error is considered, which we summarize here for completeness.
For 5% cell edge UEs, the throughput loss is clear when in lower SINR. The impact of failed PDCCH detections is marginal for UEs with higher SINR.

Observation 4: Unsuccessful PDCCH detection will degrade DL throughput arising from inefficient resource utilization and prolonged DL transmission latency, with a bigger impact on aerial UEs due to their higher interference levels and mobility.
· 5%ile throughput for aerial UE decreased 20.3% for low traffic load.
· 5%ile throughput for aerial UE decreased 30.8% for high traffic load.

Table 3 DL packet throughput statistics with PDCCH error impact
	Traffic Load
	Low
	High

	Aerial UT ratio
	Case 5
	Case 5

	UE type
	Terrestrial
	Aerial
	All
	Terrestrial
	Aerial
	All

	Average (Mbps)
	17.78(-0.4%)
	3.54(-4.3%)
	13.92(-1.6%)
	10.02(-1.5%)
	2.73(-5.2%)
	8.66(-1.8%)

	5% ile (Mbps)
	2.27(-5%)
	0.263(-20.3%)
	0.55(-8.3%)
	0.87(-7.4%)
	0.18(-30.8%)
	0.42(-10.6%)

	50% ile (Mbps)
	13.72(-0.9%)
	1.61(-4.17%)
	9.16(-1.3%)
	6.42(-2.0%)
	0.98(-8.4%)
	4.96(-2.4%)

	95% ile (Mbps)
	47.60 (0%)
	13.93(0%)
	45.97 (0%)
	34.31(-0.5%)
	13.21(-0.3%)
	31.39(-0.3%)


Proposal: Capture the baseline evaluation results and observations above into the TR.

3 Conclusions

In this contribution, we present baseline evaluation results for DL and UL and have following observations:
Observation 1: The throughput of drones is higher than terrestrial UEs in UL while worse in DL.

· The average throughput for aerial UE is about 4.86Mbps (75.5%) higher than terrestrial UE in UL for low traffic load.

· The average throughput for terrestrial UE is about 14.15Mbps (382.4%) higher than aerial UE in DL for low traffic load.

Observation 2: The throughput considering both terrestrial UE and aerial UE is general decreased for DL.

· The average throughput decreased -50.9% for low traffic load.

· The average throughput decreased -48.3% for high traffic load.

Observation 3: The throughput considering both terrestrial UE and aerial UE for UL is decreased at high traffic load while increased at low traffic load.

· The average throughput increased 1.4% for low traffic load.

· The average throughput decreased -39.5% for high traffic load.

Observation 4: Unsuccessful PDCCH detection will degrade DL throughput arising from inefficient resource utilization and prolonged DL transmission latency, with a bigger impact on aerial UEs due to their higher interference levels and mobility.

· 5%ile throughput for aerial UE decreased 20.3% for low traffic load.

· 5%ile throughput for aerial UE decreased 30.8% for high traffic load.
Proposal: Capture the baseline evaluation results and observations above into the TR.
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Appendix: Simulation assumption
	Parameter
	Value

	Scenario
	UMa-AV

	Cell layout
	Hexagonal grid, 19 macro/micro sites

3 sectors per cell site: 30, 150 and 270 degrees

	Aerial UT ratio cases
	Case 1: 0 aerial UTs and 15 terrestrial UTs per sector

Case 5: 5 aerial UTs and 10 terrestrial UTs per sector

	Handover margin
	0 dB

	Fast fading models for aerial UEs
	Alternative 2

	System bandwidth
	10 MHz

	Power control
	Open-loop, P0 = -85, α = 0.8

	Aerial UE height distribution
	Uniformly distributed from 1.5m to 300m

	Cell association
	Based on RSRP from CRS port 0

	Wrapping method
	Geographical distance based wrapping
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