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Introduction
In RAN#75, the study item on enhanced LTE support for aerial vehicles was approved [1]. The objective of the study is to investigate various RAN1 and RAN2 aspects associated with using terrestrial LTE networks to provide connectivity to aerial vehicles. Evaluation assumptions have been agreed for evaluating the performance of using LTE network deployments with base station antennas targeting terrestrial coverage to serve low altitude aerial vehicles (a.k.a., drones). In [2], we have presented some reliability evaluation results for LTE networks serving aerial command and control traffic, which was agreed to be captured in the technical report. In this contribution, we reflect on the performance of LTE networks serving command and control traffic.
Discussion
In [2], we have presented reliability evaluation results for LTE networks serving aerial command and control traffic in the downlink, with a focus on UMa-AV scenario. We have studied the most challenging evaluation case agreed in RAN1: Case 5 where 5 aerial UEs exist in each cell. The main results are summarized in the Appendix for ease of reference. The results indicate that it is possible to achieve 99.9% reliability if the network uses enough dedicated frequency resources to serve aerial traffic. 
The results provided in [2] show the tradeoff between reliability performance and the number of PRBs used for aerial command and control. We find that using 15 PRBs to serve the aerial traffic can provide ~99% reliability at the height of 1.5 m, 30 m, 50 m, or 100 m, and ~90% reliability at the height of 300 m. Note that this result is under a high aerial command and control traffic demand: 5 aerial UEs per cell and each has periodic packet arrivals with a fixed packet size of 1250 bytes and a period of 100 ms. In the initial deployment of low altitude aerial vehicles, it is likely that the demand of aerial command and control traffic is much lower (e.g. Case 2 in RAN1 agreed evaluation assumption where only one aerial UE exists in every 10 cells). As a result, fewer PRBs are needed when the traffic demand is lower, especially at the stage of initial deployment of low altitude aerial vehicles. 
A general trend we observe from the resource utilization numbers in Table 1 to Table 4 in [2] (or Table 1 in the Appendix) is that as the height increases from 30 m to 300 m, the resource utilization increases for the same offered command and control traffic. Take Table 2 in [2] for example. To achieve similar reliability performance (~99%), the resource utilization is increased by ~2x when the height increases from 30 m to 50 m, and ~3x when the height increases from 30 m to 100 m. 
A key lesson we learnt from the reliability evaluation results is that when the resource utilization is low, the DL interference experienced at aerial UEs is not severe, which makes it possible to deliver a small data packet within 50 ms latency bound with a high reliability. Though this lesson is drawn from a specific interference mitigation technique, i.e., using dedicated frequency resources to serve aerial traffic, we expect that this lesson is true in a more general sense. In particular, it is expected that as long as an interference mitigation technique (not necessarily using dedicated frequency resources to serve aerial traffic) can lead to satisfactory SINR values, it is possible to deliver a small aerial command and control packet within 50 ms latency bound with a high reliability.
In [2], we have focused on a simple interference mitigation solution in which orthogonal frequency resources are used to serve aerial traffic and terrestrial traffic. The static frequency resource partition may not be efficient since the allocated frequency resources for aerial traffic may be underutilized. If supplemental data such as flight routes and positions of aerial UEs are known to network operators, such data can be utilized for more dynamic and thus more efficient radio resource management [4]. Further, other interference mitigation techniques are also needed to ensure reliable communication in LTE networks serving aerial UEs.
[bookmark: _Toc498677425]To achieve the same reliability performance, fewer number of PRBs are needed when the demand of aerial command and control traffic is lower.
[bookmark: _Toc498677426]To achieve the same reliability performance with the same number of PRBs for aerial traffic, resource utilization is generally higher at higher heights.
[bookmark: _Toc498677427]If supplemental data such as flight routes and positions of aerial UEs are known to the network operators, such data can be utilized for more dynamic and thus more efficient radio resource management.
Conclusions
In this contribution, we discuss and evaluate reliability performance of LTE networks for command and control traffic in the downlink, with a focus on UMa-AV scenario. Based on the evaluation results, we made the following observations.
Observation 1	To achieve the same reliability performance, fewer number of PRBs are needed when the demand of aerial command and control traffic is lower.
Observation 2	To achieve the same reliability performance with the same number of PRBs for aerial traffic, resource utilization is generally higher at higher heights.
Observation 3	If supplemental data such as flight routes and positions of aerial UEs are known to the network operators, such data can be utilized for more dynamic and thus more efficient radio resource management.
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Appendix
	Number of PRBs used 
to serve C2 traffic
	
	Height (m)
	1.5
	30
	50
	100
	300

	6
	
	Reliability (%)
	86.81
	76.66
	16.85
	8.49
	4.22

	
	
	RU (%)
	40.91	
	56.71
	89.92
	94.97
	96.23

	15
	
	Reliability (%)
	98.86	
	99.79
	99.64
	99.15
	91.91

	
	
	RU (%)
	11.05
	11.26
	22.54
	29.77
	47.27

	25
	
	Reliability (%)
	99.35
	99.91
	99.98
	99.89
	99.9

	
	
	RU (%)
	6.21
	5.36
	7.51
	8.98
	11.43

	50
	
	Reliability (%)
	99.62	
	99.95
	99.98
	99.99
	99.99

	
	
	RU (%)
	2.74
	2.41
	2.65
	2.78
	2.92
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[bookmark: _Ref498441488]Table 1: Reliability performance of command and control traffic: UMa-AV Case 5 where there are 5 aerial UEs per cell; each aerial UE has periodic packet arrivals with a period of 100 ms and a fixed packet size of 1250 bytes; reliability is defined as the success probability of transmitting X=1250 bytes within L=50 ms.




