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1
Introduction
Due to the nature of the propagation channel, aerial UEs are more prone to suffer from interference in the DL (since they observe lower pathloss from neighboring cells), and at the same time create more interference in UL. In this contribution, we present some enhancements to mitigate DL interference.
2
DL interference mitigation techniques
Due to good propagation conditions, aerial UEs are more susceptible to downlink interference than terrestrial UEs. In Figure 1 and 2 we plot the CDF of the DL geometry for different number of drone UEs, for the cases of RMa and UMa, respectively. Note that the curve labeled ’15 drones’ corresponds to the CDF seen by drone UEs, and the curve labeled as ‘0 Drones’ corresponds to the geometry seen by aerial UEs. The agreed simulation assumptions in RAN1#89 and RAN1#88b were used to produce these simulations.
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Figure 1 CDF of Geometry for RMa case for different number of drone UEs per cell.
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Figure 2 CDF of Geometry for UMa case for different number of drone UEs per cell

Table 1 contains a summary of the DL geometry for different cases. The 95% SNR is reduced approximately 5.1dB for RMa, and 5.71dB for Uma. The degradation in the median geometry is even more pronounced (~12dB for UMa, and ~9dB for RMa).

Table 1 Reduction in overall geometry (95% in dB) for different number of drones

	
	Terrestrial UE
	1 Drone per cell
	3 Drones per cell
	5 Drones per cell
	All drone UEs

	RMa
	-1.25
	-2.314
	-3.491
	-4.3
	-6.4

	UMa
	-0.98
	-2.77
	-5.18
	-6.01
	-6.69


Observation 1: Drone UEs observe worse geometry conditions than aerial UEs. The reduction in 95% geometry is as follows:

· For RMa, 5.15dB

· For UMa, 5.71dB

Note that the previous result includes ‘averaging’ the DL geometry for different UE heights, in line with the RAN1 evaluation assumptions. In a real scenario, however, depending on the use case (and also depending on how the airspace is managed) some heights may be more likely than others. In Figure 3 we show how the height affects the geometry in RMa. Although in general high altitude UEs experience worse geometry conditions, the degradation is not always increasing with heights. For the low end of the geometry, drones at 50m/100m perform ~0.5dB worse than drones at 300m, whereas at the high end of the geometry (90%) UEs at 100m perform ~5dB better than UEs at 300m/50m. In Figure 4 we show the DL geometry for UMa, where similar conclusions can be drawn in the lower end. 

[image: image5.emf]-10 -5 0 5 10 15 20 25 30

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

DL Geometry (dB)

CDF

 

 

1.5m

300m

50m

100m

[image: image6.emf]-10 -9.5 -9 -8.5 -8 -7.5 -7 -6.5 -6 -5.5

0.02

0.04

0.06

0.08

0.1

0.12

0.14

DL Geometry (dB)

CDF

 

 

1.5m

300m

50m

100m


Figure 3 DL geometry for different aerial UE altitudes, RMa
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Figure 4 DL geometry for different aerial UE altitudes, UMa
To provide good service to these airborne UEs, the network should apply some sort of coordination to avoid interference from neighboring cells to drone UEs. In general, terrestrial UEs will not see the same drop in SNR as terrestrial UEs, so the network should be able to identify the aerial UEs. Although the eNB may be able to identify which UEs are suffering from interference, it would be beneficial to add an explicit indication of height from UE to eNB.

Proposal 1: Network coordination mechanisms can be used to reduce the interference in DL. To help identify which UEs are more susceptible of suffering from interference, introducing signaling to indicate ‘aerial UE’ or ‘UE height’ should be considered. 
3
Summary
Observation 1: Drone UEs observe worse geometry conditions than aerial UEs. The reduction in 95% geometry is as follows:

· For RMa, 5.15dB

· For UMa, 5.71dB

Proposal 1: Network coordination mechanisms can be used to reduce the interference in DL. To help identify which UEs are more susceptible of suffering from interference, introducing signaling to indicate ‘aerial UE’ or ‘UE height’ should be considered. 
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