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1 Introduction

In RAN1#90, for interference mitigation schemes for aerials, it is agreed that:

Following potential solutions for interference mitigation are further evaluated

· For Uplink

· Power control-based mechanisms

· Transmission beamforming (optional for evaluations)

· Note 1:  proponents are encouraged to provide results for transmission beamforming when the number of UE Tx antennas is larger than 2.

· Note 2:  proponents are encouraged to provide details of channel models.

· Network coordination

· CoMP

· Note: companies should provide their assumptions on the coordination set size.

· ICIC

· Note: companies should provide their assumptions on the coordination set size.

· Resource reservation

· Other solutions are not precluded
In this contribution, we propose a power control mechanism to alleviate the uplink interference to terrestrial UEs resulting from aerial vehicles.
2 Challenges of the coexistence of aerial and terrestrial UEs
When a drone flies at high altitude, see Figure 1, the drone will be in sight of multiple cells due to line-of-sight (LOS) propagation conditions. Thus, the UL signal from the drone becomes visible to the UL reception of multiple cells, and interference to the UL transmission of terrestrial UEs may be increased correspondingly. Thus, enhancements on interference management are needed.
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Figure 1 Uplink interference from drones to terrestrial UEs
Fig.2 shows the IoT performance for different cases in UMa scenario with 51% resource utilization. The 90%ile IoT is 4dB in case 1, while 14dB in case 5, so it is clear that IoT increases with increasing density of drones.
	
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	Aerial UT ratio in a sector
	0/15
	0.1/15
	1/15
	3/15
	5/15


Table 1 Aerial UT ratios for different cases
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Figure 2 IoT for different cases in UMa scenario with 51% resource utilization
Observation 1: IoT increases for increasing density of drones. The 90%ile IoT is 4 dB in case 1, and 14 dB in case 5 in UMa scenario with 51% resource utilization.
3 Interference aware power control 
Power control is used to allow the network to control and reduce interference. For uplink, it is desirable that the received signal energy is almost equivalent for different UEs in order to avoid near-far effects. For drones at high altitude, the fading factor is small compared to that of a terrestrial UE, and the pathloss of a drone could be lower than terrestrial UE due to LOS propagation, and no penetration losses.
Additionally, the view of the network from the aerial point of view is quite different to the terrestrial point of view, and thus the power control decisions are likely to be different. They will also need to be different depending on the altitude of a drone, and need to be able to adapt more quickly due to the UE moving across the visibility of a large number of cells (even at low drone speeds). As a result, it is necessary to improve the uplink power control for drones, as without changes the impact on terrestrial UEs is expected to be significant.
The uplink transmit power is determined by traditional power control for different uplink channel and uplink signals is summarized as follows:
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where,
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is actual transmit power, 
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is the configured maximum transmit power, 
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is a coefficient  reflecting the impact of transmission format and allocated bandwidth, 
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is the pathloss for serving cell, 
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is a cell-specific scaling factor and 
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 is the accumulated TPC command.
For terrestrial UEs located on the ground, only the pathloss for the serving cell is taken into account to control the transmit power since the resulting interference to neighbor cells is relatively small due to NLOS link. As discussed above, the power control for drones needs to be aware of a more sophisticated interference situation than for terrestrial UEs.
If the measured RSRP of the serving cell and the measured RSRP(s) of one or more neighboring cells are above a threshold, it is useful to limit the output power of drones by a new component 
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 added in the power-control equation (2) ,which takes into account the potential interference to neighboring cells. 
[image: image12.wmf]β

is determined by the gap of pathloss or RSRP between the drone and serving cell and neighbor interfering cells, respectively, and can include an essentially static network controlled scaling factor to allow management of the interference. 
[image: image13.wmf]β

can also be determined by the IoT of neighbor cells. Compared to recalculating 
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and indicating the new 
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to a drone by RRC, which usually takes much more time, it is better to introduce the adjusting parameter 
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in the power control equation so that power control responds quickly when the interference situation changes, but is still ultimately under network control. Since 
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is cell-specific, it is impossible to adjust legacy transmit power only for drones. Even if 
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can be UE-specific, it will be faced with the same challenges of recalculating
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.   Moreover, different parameter settings of 
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 and 
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can be configured for UEs at different altitude. The final choice can be determined and indicated by eNB, or UE can choose appropriate configuration of 
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 and 
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from the available choices indicated by eNB. 
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Proposal 1: Uplink power control which considers the potential interference by drones to neighbor cells is necessary to avoid creating strong interference to terrestrial UEs.
4 Conclusion
In this contribution, we discussed the issues in LTE power control for drones, relating to the much wider area over which a drone UE can cause and change interference. To handle this, an enhancement to LTE power control is proposed which takes account of the different interference caused by drones. We make the following observation and proposal:
Observation 1: IoT increases for increasing density of drones. The 90%ile IoT is 4 dB in case 1, and 14 dB in case 5 in UMa scenario with 51% resource utilization.
Proposal 1: Uplink power control which considers the potential interference by drones to neighbor cells is necessary to avoid creating strong interference to terrestrial UEs.
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