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1. Introduction
In RAN#75 meeting, a new study item “Study on Enhanced Support for Aerial Vehicles” was approved [1].  The following were identified as part of the study item objectives:

	….
· Identify the heights, speeds and densities of lower altitude of aerial vehicles that could be catered for, taking into account the regulation viewpoints [RAN1, RAN2]

….

· In terms of LTE enhancements, the study should consider the following aspects:

· Interference mitigation solutions for improving system-level performance in both UL and DL [RAN1]

· Solutions to detect whether UL signal from an air-borne UE increases interference in multiple neighbour cells and whether an air-borne UE incurs interference from multiple cells [RAN1, RAN2]

· Identification of an air-borne UE that does not have proper certification for connecting to the cellular network while air-borne [RAN2]
…


This paper presents our initial views on the potential problems of the aerial vehicles (drone) and potential solutions for some of the identified issues.
2. Discussion
2.1. Problem statement
Offering mobile communications to a drone has been on trial. According to our field experience, radio propagation characteristics while a drone as a UE is flying in the air is utterly different from the one while a UE is on the ground. As long as the drone is wandering on the ground, it looks like a conventional UE with which the existing cellular network has been dealing. In contrast, once the drone is flying on the air above the BS antenna height, UL signal from the drone becomes much visible to multiple cells due to Line-Of-Sight environments. The UL signal from the drone skyrockets interference in the neighbour cells significantly. The interference gives a negative impact to the UE on the ground, e.g. smartphone, IoT device, etc. Their perceived throughput performance would be deteriorated. Besides that, the successful rate of RRC connection establishment would plunge.
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Figure 1:

Interference characteristics from a drone as a UE
In addition, two types of “drone UE” are observed in the field. One is a drone equipped with a cellular module. Such a drone UE has passed a certification test for aerial usage. On the other hand, there might be a drone carrying a smartphone. Since a smartphone certification is for terrestrial usage, the resulting UL signal from such UE can be regarded as jamming.
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Figure 2:

Types of Drone UE
Subsequently, the following new challenges can be observed:
Observation 1:
UL signal from a drone UE flying in the air significantly increases interference in the neighbour cells.
Observation 2:
There might be a drone carrying the UE certified for terrestrial usage. UL signal from such the UE can be regarded as jamming since it may not be permitted from the regulation standpoint.

2.2.  Potential solutions

Several potential solutions for the relevant objective in the study item description [1]:
#1:

Interference mitigation;

Solution #1-1:

Conditional Max Tx power restriction.
For a drone UE flying in the air, the maximum Tx power is restricted to the lower value than the one on the ground. This can be determined by e.g. the measured RSRP or pathloss. If the measured RSRP is above a threshold (or the pathloss is below a threshold), the maximum Tx power is restricted. The alternative way is to restrict the maximum Tx power if the measured RSRP of serving cell is above a threshold and the difference between the measured RSRP of serving cell and neighbour cells is below a threshold. These solutions can be realized by leveraging multiNS-Pmax [2] or introducing another P-Max [3] with the RSRP/Pathloss-based threshold.
Solution #1-2:

Drone specific open loop TPC parameters.

In LTE, open loop TPC parameters are cell specific and common to all UEs within the cell. For drone UE, the different TPC parameter setting can be considered so that target SIR is set to the lower value even in the small pathloss.
Solution #1-3:

UE Tx beam forming.

UL transmission from drone UE is beam formed to mitigate interference in the neighbour cells.
Overview of these potential solutions is illustrated in Fig.3 below. Solution #1-1 can be handled easily by introducing new parameters given that potential specification impacts are limited to the RAN2 specifications. Also, Solution #1-2 could be supported easily by enabling the UE specific configuration in RRC [3]. Therefore, Solution #1-2 can have no impact on RAN1 specification. Otherwise, Solution #1-3 should be discussed in RAN1 on the design how to make the beam, and may be needed to be consulted by RAN4 as the potential impacts are foreseen in the RAN4 specification. 
Proposal 1: 
Introduce conditional Max Tx power restriction based on RSRP/pathloss threshold
Proposal 2: 
Introduce the UE-specific configuration regarding Open-loop TPC parameters
Proposal 3:
Study the UE Tx beamforming to mitigate the interference considering the aerial environments suited for drone
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Figure 3:

Overview of potential solutions for interference mitigation
#2:

Detecting interference in multiple neighbour cells;

Solution #2-1:

Event triggering measurement report enhancements.
For this objective, the existing event triggered measurement can be used as the measurement report message can include multiple applicable cells for which the entering/leaving condition is fulfilled. On the other hand, the measurement reporting is triggered even though one applicable cell at least fulfils the condition. Although it is sufficient for the mobility purpose, for interference mitigation, it is desirable that the measurement reporting is triggered if multiple applicable cells fulfil the condition at the same time. It would help to reduce the number of measurement reports resulting in saving the radio resource. The number of applicable cells for event triggering can be configured by the eNB as a measurement configuration.
Solution #2-2:

Introducing a new physical signal for UL measurements.

Drone UE is configured to transmit UL signal (a)periodically so as for the eNB to measure the UL signal quality. The radio resource for UL signal is shared by multiple neighbour cells as well as the serving cell. By doing this, the neighbour cell can measure the interference level on its own. This solution is similar to the UL measurement in connected which has been discussed under the NR Study Item.
Solution #2-1 seems a simple and minor extension to the existing reporting configuration in RRC [3], so which may be handled in RAN2. On the other hand, Solution #2-2 needs to be discussed across RAN WGs as has been done for NR.
Proposal 4: Introduce the measurement report triggering extension such that the reporting is triggered if the entering/leaving condition is fulfilled for multiple applicable cells
Proposal 5: Study the necessity for introducing a new physical signal for UL measurement
3. Summary and proposal
In this paper, we presented the potential problem and some solutions.
Observation 1:
UL signal from a drone UE flying in the air significantly increases interference in the neighbour cells.

Observation 2:
There might be a drone carrying the UE certified for terrestrial usage. UL signal from such the UE can be regarded as jamming since it is not permitted from the regulation standpoint.

Proposal 1:


Introduce conditional Max Tx power restriction based on RSRP/pathloss threshold.

Proposal 2: 


Introduce the UE-specific configuration regarding Open-loop TPC parameters

Proposal 3: 
Study the UE Tx beamforming to mitigate the interference considering the aerial environments suited for drone 

Proposal 4: 
Introduce the measurement report triggering extension such that the reporting is triggered if the entering/leaving condition is fulfilled for multiple applicable cells
Proposal 5: 
Study the necessity for introducing a new physical signal for UL measurement 

Proposal 6:

Capture the Text Proposal for potential problem statement as proposed in the Annex
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ANNEX: Text Proposal for TR 
6
Potential problem statements

Editor’s note:
Potential issues to cater for aerial vehicles using the existing LTE network are to be captured will be captured in this section.

The followings are the identified issues in case aerial vehicles flying above the ground are performing communications using terrestrial LTE network:

1.  High interference to the neighbour cell from the UL signal from aerial vehicles.

Radio propagation characteristics when an aerial vehicle UE (drone)  is flying in the air is different from the one while a UE is on the ground such that UL signal from the drone becomes much visible to multiple cells due to Line-Of-Sight environments. The UL signal from the drone causes interference in the neighbour cells. 
This interference brings a negative impact to the UE on the ground, e.g. smartphone, IoT device, etc. such that their perceived throughput performance would be deteriorated, and/or the successful rate of RRC connection establishment would decrease.
2. Signal jamming from uncertified drone UE

A usage scenario in which a UE which is certified only for terrestrial usage is mounted in an aerial vehicle may be regarded as a signal jamming.
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