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1 Introduction
In this paper, we present updated system level evaluation results on DL geometry and UL throughput for Uma-AV, UMi-AV and RMa-AV scenarios. Simulation assumptions are presented in Appendix.
2 Baseline evaluation results
2.1 DL Geometry
In this section, we present our evaluation results on DL geometry for Uma-AV, UMi-AV and RMa-AV scenarios in Figure 1, Figure 2 and Figure 3 respectively. The results for different aerial UT ratio: 0 AV per sector, 1 AV per sector and 5 AV per sector are provided. 
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Figure 1 Geometry C.D.F Curves for Uma AV Scenario
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Figure 2 Geometry C.D.F Curves for Umi AV Scenario
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Figure 3 Geometry C.D.F Curves for Rma AV Scenario
For different scenarios, we can obtain the common observations that the aerial UT will degrade the downlink geometry and with the increase of the AV density, the degradation is more severe. This is due to the strong interference from neighbour eNBs for aerial UT.
2.2 UL Throughput
In this section, we present our evaluation results on UL throughput and relative gain for Uma-AV, UMi-AV and RMa-AV scenarios in Table 1, Table 2 and Table 3 respectively. The results for different aerial UT ratio: 0 AV per sector, 1 AV per sector and 5 AV per sector are provided. For traffic load, low and medium load are separately presented in sub-table (a) and (b).
For total throughput and terrestrial UT throughput, 0 AV/ sector case is used as the baseline. And for aerial UT throughput, 1 AV/ Sector case is used as the baseline.
Table 1 Uplink Throughput Statistics for UMa-AV

(a) Low Load

	Scenario
	AV Ratio
	RU
	Total Throughput[Mbits/sec]
	Aerial UT Throughput[Mbits/sec]
	Ground UT Throughput[Mbits/sec]

	
	
	
	Mean
	5%
	50%
	95%
	Mean
	5%
	50%
	95%
	Mean
	5%
	50%
	95%

	UMa-AV
	0 AV / Sector
	17.6%
	8.266 
	0.670 
	5.283 
	25.116 
	NA
	NA
	NA
	NA
	8.266 
	0.670 
	5.283 
	25.116 

	
	1 AV / Sector
	18.5%
	7.705
	0.659
	5.249
	22.795
	12.406
	5.350
	11.491
	22.192
	7.308
	0.642
	4.397
	22.192

	
	
	
	-6.8%
	-1.6%
	-0.6%
	-9.2%
	NA
	NA
	NA
	NA
	-11.6%
	-4.2%
	-16.8%
	-11.6%

	
	5 AV / Sector
	25.0%
	6.931
	0.685
	5.817
	17.623
	8.408
	3.053
	7.333
	17.549
	5.963
	0.597
	4.149
	16.913

	
	
	
	-16.2%
	2.3%
	10.1%
	-29.8%
	-32.2%
	-42.9%
	-36.2%
	-20.9%
	-27.9%
	-10.9%
	-21.5%
	-32.7%


(b) Medium Load
	Scenario
	AV Ratio
	RU
	Total Throughput[Mbits/sec]
	Aerial UT Throughput[Mbits/sec]
	Ground UT Throughput[Mbits/sec]

	
	
	
	Mean
	5%
	50%
	95%
	Mean
	5%
	50%
	95%
	Mean
	5%
	50%
	95%

	UMa-AV
	0 AV / Sector
	41.3%
	5.062
	0.575
	3.337
	15.477
	NA
	NA
	NA
	NA
	8.266 
	0.670 
	5.283 
	25.116 

	
	1 AV / Sector
	46.7%

	4.143
	0.560
	3.048
	11.782
	5.813
	1.995
	4.946
	12.945
	3.989
	0.546
	2.815
	11.586

	
	
	
	-18.2%
	-2.5%
	-8.6%
	-23.9%
	NA
	NA
	NA
	NA
	-51.7%
	-18.5%
	-46.7%
	-53.9%

	
	5 AV / Sector
	69.5%

	2.148
	0.515
	1.614
	5.699
	2.253
	0.635
	1.800
	5.497
	2.048
	0.426
	1.390
	5.941

	
	
	
	-57.6%
	-10.3%
	-51.6%
	-63.2%
	-61.2%
	-68.2%
	-63.6%
	-57.5%
	-75.2%
	-36.4%
	-73.7%
	-76.3%


Table 2 Uplink Throughput Statistics for UMi-AV

(a) Low Load

	Scenario
	AV Ratio
	RU
	Total Throughput[Mbits/sec]
	Aerial UT Throughput[Mbits/sec]
	Ground UT Throughput[Mbits/sec]

	
	
	
	Mean
	5%
	50%
	95%
	Mean
	5%
	50%
	95%
	Mean
	5%
	50%
	95%

	UMi-AV
	0 AV / Sector
	14.6%
	12.261 
	1.502 
	10.894 
	28.533 
	NA
	NA
	NA
	NA
	12.261 
	1.502 
	10.894 
	28.533 

	
	1 AV / Sector
	15.8%


	10.925
	1.346
	9.383
	25.732
	11.551
	4.900
	10.486
	21.077
	10.882
	1.324
	9.239
	26.052

	
	
	
	-10.9%
	-10.4%
	-13.9%
	-9.8%
	NA
	NA
	NA
	NA
	-11.2%
	-11.8%
	-15.2%
	-8.7%

	
	5 AV / Sector
	25.1%


	7.396
	1.055
	6.345
	17.050
	7.852
	2.923
	7.294
	14.873
	7.164
	0.889
	5.714
	18.236

	
	
	
	-39.7%
	-29.8%
	-41.8%
	-40.2%
	-32.0%
	-40.3%
	-30.4%
	-29.4%
	-41.6%
	-40.8%
	-47.5%
	-36.1%


(b) Medium Load
	Scenario
	AV Ratio
	RU
	Total Throughput[Mbits/sec]
	Aerial UT Throughput[Mbits/sec]
	Ground UT Throughput[Mbits/sec]

	
	
	
	Mean
	5%
	50%
	95%
	Mean
	5%
	50%
	95%
	Mean
	5%
	50%
	95%

	UMi-AV
	0 AV / Sector
	39.7%
	8.688
	1.184
	7.049
	21.960
	NA
	NA
	NA
	NA
	8.688
	1.184
	7.049
	21.960

	
	1 AV / Sector

	47.5%


	6.445
	0.879
	5.005
	16.981
	6.967
	2.254
	6.177
	14.769
	6.407
	0.856
	4.906
	17.120

	
	
	
	-25.8%
	-25.8%
	-29.0%
	-22.7%
	NA
	NA
	NA
	NA
	-26.3%
	-27.7%
	-30.4%
	-22.0%

	
	5 AV / Sector

	67.3%


	2.426
	0.537
	1.700
	6.732
	2.493
	0.579
	1.904
	6.443
	2.384
	0.518
	1.576
	6.991

	
	
	
	-72.1%
	-54.6%
	-75.9%
	-69.3%
	-64.2%
	-74.3%
	-69.2%
	-56.4%
	-72.6%
	-56.2%
	-77.6%
	-68.2%


Table 3 Uplink Throughput Statistics for RMa-AV

(a) Low Load

	Scenario
	AV Ratio
	RU
	Total Throughput[Mbits/sec]
	Aerial UT Throughput[Mbits/sec]
	Ground UT Throughput[Mbits/sec]

	
	
	
	Mean
	5%
	50%
	95%
	Mean
	5%
	50%
	95%
	Mean
	5%
	50%
	95%

	RMa-AV


	0 AV / Sector
	15.1%
	23.407 
	7.753 
	23.173 
	39.199 
	NA
	NA
	NA
	NA
	23.407 
	7.753 
	23.173 
	39.199 

	
	1 AV / Sector
	18.5%

	20.049
	6.026
	18.725
	35.849
	18.523
	6.493
	18.236
	31.536
	20.158
	5.983
	18.809
	36.158

	
	
	
	-14.3%
	-22.3%
	-19.2%
	-8.5%
	NA
	NA
	NA
	NA
	-13.9%
	-22.8%
	-18.8%
	-7.8%

	
	5 AV / Sector
	34.1%

	9.409
	2.379
	7.869
	21.732
	9.112
	2.987
	7.811
	20.068
	9.556
	2.176
	7.914
	22.429

	
	
	
	-59.8%
	-69.3%
	-66.0%
	-44.6%
	-50.8%
	-54.0%
	-57.2%
	-36.4%
	-59.2%
	-71.9%
	-65.8%
	-42.8%


(b) Medium Load
	Scenario
	AV Ratio
	RU
	Total Throughput[Mbits/sec]
	Aerial UT Throughput[Mbits/sec]
	Ground UT Throughput[Mbits/sec]

	
	
	
	Mean
	5%
	50%
	95%
	Mean
	5%
	50%
	95%
	Mean
	5%
	50%
	95%

	UMi-AV
	0 AV / Sector
	39.7%
	8.688
	1.184
	7.049
	21.960
	NA
	NA
	NA
	NA
	8.688
	1.184
	7.049
	21.960

	
	1 AV / Sector
	47.5%
	6.445
	0.879
	5.005
	16.981
	6.967
	2.254
	6.177
	14.769
	6.407
	0.856
	4.906
	17.120

	
	
	
	-25.8%
	-25.8%
	-29.0%
	-22.7%
	NA
	NA
	NA
	NA
	-26.3%
	-27.7%
	-30.4%
	-22.0%

	
	5 AV / Sector
	67.3%
	2.426
	0.537
	1.700
	6.732
	2.493
	0.579
	1.904
	6.443
	2.384
	0.518
	1.576
	6.991

	
	
	
	-72.1%
	-54.6%
	-75.9%
	-69.3%
	-64.2%
	-74.3%
	-69.2%
	-56.4%
	-72.6%
	-56.2%
	-77.6%
	-68.2%


For low load cases, around 10%-20% degradation on ground UT throughput can be observed for various scenarios under low AV density.  And more significant degradation (around 30% - 60%) on throughput performance for both aerial UT and terrestrial UT can be observed due to strong interference under high AV density.
For medium load cases, similar tendency with low load cases can be observed. While the degradation level is higher than low load cases and up to more than 70% decrease can be observed on ground UT throughput under high AV density.
3 Conclusion
In this paper, we present DL geometry and UL throughput for Uma-AV, UMi-AV and RMa-AV scenarios.
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Appendix
	Parameter
	Value

	Cell Layout
	19 macro sites, 3 sectors per site

	BS antenna configuration
	2Tx/2Rx cross polarized

	BS antenna pattern
	(M,N,P) = (8,1,2) according to TR 36.873
Down-tilt 100 degree for Uma, 104 degree for Umi and 96 degree for Rma

	BS antenna configuration
	2Tx/2Rx cross polarized

	UE antenna configuration
	1 Tx, 2-RX (cross polarized)

	Fast fading model
	Option 1 (CDL based)

	Handover margin
	0 dB

	Height of the Aerial UEs
	Uniformly distributed between 1.5m and 300m

	UL power control
	Open-loop power control 

P0 = -83dBm, alpha = 0.8 

	UL receiver type
	MMSE-IRC with Wishart model

	UL traffic model
	FTP model 3 with 0.5Mbytes packet size

	Others
	Follow the RAN1’s agreements
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