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Introduction
	According to the SID [1], one objective of the SI on enhanced support for aerial vehicles is to investigate the ability for aerial vehicles for LTE to be served using LTE network deployments with Base Station antennas targeting terrestrial coverage. At the previous RAN1 meetings [2, 3, 4], channel models and baseline evaluation assumptions were agreed for evaluation of LTE networks serving aerial vehicles.
	In this contribution we provide system level simulation results for UMa AV scenario with baseline evaluation assumptions. 
Discussion	
Evaluation results for DL
	One of the agreed metrics which reflects the interference conditions experienced by the UEs in DL is wideband SINR. To illustrate the issue of increased interference for networks serving aerial vehicles, evaluation results of the wideband SINR distribution for aerial vehicles in the UMa-AV scenario are provided below for different number of aerial UEs per sector.
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Figure 1: CDF of DL wideband SINR for different UE distributions  
	From the above evaluation results it can be observed that increasing the number of aerial UEs per cell results in lower values of SINR. This phenomenon can be explained by the fact that LTE deployments are not optimized to serve aerial vehicles: the inter-site distances are relatively low, and thus aerial vehicles in most cases experience even worse interference conditions than cell-edge terrestrial UEs.
	Another performance metric that had been agreed for the evaluations of LTE networks serving aerial vehicles is UE packet throughput. The initial evaluation results of packet throughput with non-full buffer traffic model are presented below for different traffic loads and UE distributions.
Table 1. Evaluation results of UE packet throughput for DL
	Traffic load (λ)
	low (0.04)
	high (0.07)

	UE distribution
	Case 1
	Case 5
	Case 1
	Case 5

	UE average packet throughput (Mbps)
	Average
	22.06 (0%)
	12.03 (-45%)
	12.11 (0%)
	4.98 (-59%)

	
	5% of CDF
	2.33 (0%)
	0.88 (-62%)
	0.63 (0%)
	0 (-100%)

	
	50% of CDF
	17.83 (0%)
	6.45 (-64%)
	8.21 (0%)
	1.98 (-76%)

	
	95% of CDF
	55.26 (0%)
	41.2 (-25%)
	36.73 (0%)
	20.03 (-45%)

	RU (%)
	22.53
	44.9
	54.43
	81.42



From the evaluation results provided above it can be observed that serving aerial vehicles as UEs lead to significant performance degradation for DL. Performance degradation is observed for the whole CDF range. For the system serving aerial vehicles with high traffic load, high percentage of UEs are considered as outage UEs and cannot be served. This fact is reflected by low value of cell-edge average packet throughput.
Evaluation results for UL
	Table with initial evaluation results of UL UE packet throughput is provided below for different traffic loads and UE distributions.
Table 2. Evaluation results of UE packet throughput for UL
	Traffic load (λ)
	low (0.025)
	high (0.065)

	UE distribution
	Case 1
	Case 5
	Case 1
	Case 5

	UE average packet throughput (Mbps)
	Average
	13.02 (0%)
	11.34 (-13%)
	8.17 (0%)
	3.28 (-60%)

	
	5% of CDF
	1 (0%)
	1.35 (35%)
	0 (0%)
	0 (0%)

	
	50% of CDF
	12.52 (0%)
	10.92 (-13%)
	6.59 (0%)
	2.04 (-69%)

	
	95% of CDF
	28.57 (0%)
	23.22 (-19%)
	21.3 (0%)
	10.81 (-49%)

	RU (%)
	26.78
	24.21
	63.93
	81.16



From the above evaluation results it can be concluded that the average packet throughput is lower for the system serving aerial vehicles comparing to the case of terrestrial UEs only, especially for high traffic loads. For low traffic loads, performance of cell-edge UEs improves for the case of aerial and terrestrial UEs due to better quality of link between the aerial UEs and serving eNB. For high traffic load, high percentage of UEs are considered as outage UEs and cannot be served. This fact is reflected by low value of cell-edge average packet throughput.
	Post-processing IoT metrics for high traffic load is provided below for high traffic load and different cases of UE distribution.
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Figure 2: CDF of UL post-processing IoT for different UE distributions  

From IoT results presented above it can be observed that UL interference conditions for system serving aerial vehicles are worse comparing to interference conditions for networks with terrestrial users only.
Observation: LTE networks serving terrestrial and aerial vehicles have worse DL and UL performance comparing to the case with terrestrial users only due to worse interference conditions.
Summary 
In this contribution we provided initial evaluation results for cellular systems serving aerial vehicles in UMa AV scenario. The following observation was made.
Observation: LTE networks serving terrestrial and aerial vehicles have worse DL and UL performance comparing to the case with terrestrial users only due to worse interference conditions.
References
[1] [bookmark: _Ref450569520][bookmark: _Ref465669131]RP-170779 New SID on Enhanced Support for Aerial Vehicles, 3GPP TSG RAN Meeting #75 Dubrovnik, Croatia, March 6 - 9, 2017
[2] RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #88bis, Spokane, USA, 3rd – 7th April 2017
[3] RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #89, Hangzhou, P.R. China 15th – 19th May 2017
[4] RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #90, Prague, Czech Republic, 21st – 25th August 2017
Appendix
	Parameter
	Value

	Scenario
	UMa AV

	Layout
	Single layer: Macro layer: Hex. Grid
2 Tiers

	Fast fading model for aerial vehicles
	Fast fading model defined in TR38.901 for outdoor UEs in UMa scenario with modified K-factor (15 dB)

	UE distribution
	Total number of UEs
•	15 UEs per sector
Number of aerial UEs
•	Case 1: 0 aerial UE per sector 
•	Case 5: 5 aerial UEs per sector

	UE antenna configuration
	2 Rx X-pol, slant 0/90 degrees 
1 Tx

	TRP association
	RSRP based
Handover margin = 3dB

	Elevation beamforming
	One vertical beam per TXRU electrically down-tilted to 100 degrees

	Power control
	Open-loop
P0 = -86; α = 0.9;
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