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Introduction
In RAN#75, the study item on enhanced support for aerial vehicles was approved [1]. The objective of the study is to investigate the ability for aerial vehicles to be served using LTE network deployments with base station antennas targeting terrestrial coverage, supporting Release 14 functionality (i.e. including active antennas and FD-MIMO), to verify the level of performance in terms of latency, reliability, delay jitter, coverage, data rate, and UE density, positioning accuracy, etc. In SI, two objectives were listed related to inference caused by drones using LTE network as below:

· Identify potential enhancements to LTE so that it is better suited to provide connectivity and positioning services to drones in the identified deployment scenarios. The study should consider the following aspects:
· Interference mitigation solutions for improving system-level performance [RAN1]
· Solutions to detect whether UL signal from an air-borne UE increases interference in multiple neighbour cells [RAN1, RAN2]


In this contribution, we discuss the SI objectives related to the objective including RAN2 involvement.
Background
As described in [1], an air-borne UE may experience radio propagation characteristics that are likely to be different from those experienced by a UE on the ground. As long as an aerial vehicle is flying at low altitude, relative to the BS antenna height, it behaves like a conventional UE. However, once an aerial vehicle is flying well above the BS antenna height, the UL signal from the aerial vehicle becomes more visible to multiple cells due to line-of-sight propagation conditions. The UL signal from an aerial vehicle increases interference in the neighbour cells. The increased interference gives a negative impact to the UE on the ground, e.g. smartphone, IoT device, etc. This implies that the network may need to limit the admission of aerial vehicles in the network so that the perceived throughput performance of the conventional UEs is not deteriorated. Further as the BS antennas are down tilted, while on the ground or below the BS height the UE is likely served by the main lobe of the antennas. However, when drone is flying above boresight, it is likely served by the side lobes of the antennas. Figure 1 depicts the situation.
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Figure 1.  An illustration of a drone being served by the sidelobes of a base station with down-tilted antennas

Discussion 
The SI defines two objectives for tackling interference related to drones. The first objective is about interference mitigation solutions and belongs to RAN1 territory as of defining the solutions. Depending on solutions suggested, RAN2 may need to take those into account in RAN2 work. The main area seems to be power control for drones. 
The second objective that belongs to both RAN1 and RAN2 is to consider solutions to detect the interference. More specifically for RAN2:
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
One way for the network to gain knowledge on how strong a link is and therefore how strong the interference is, is RSRP/Q measurements. It is understood that RSRP measures the DL signal and in FDD system full reciprocity may not be assumed. However, the link qualities in UL and DL are not totally independent and even only RSRP values could describe the link strength to the extend it enables detecting strong interference. It should be studied if RSRP can be used for detecting both UL and DL interference.  
[bookmark: _Toc481673971][bookmark: _Toc481676098][bookmark: _Toc481785816]Study if RSRP can be used for detecting both UL interference from air-borne UE and the DL interference air-borne UE might incur.
As RSRP measurements are needed also for drone mobility, both handover related aspects as well as interference detection aspects should be considered. Possible aspects related to the RSRP are the measurement triggering conditions to ensure timely reports while considering overhead of the reports triggered. For drones there may be multiple cells that fulfill the entry condition of a measurement event consecutively. The event may be triggered multiple times within a short time initiating multiple measurement results.  
[bookmark: _Toc481676099][bookmark: _Toc481785817]For RSRP measurement reporting ensure timely report triggering while controlling the report overhead.
After RAN2 concludes on RSRP and other possible interference detection mechanisms under RAN2 scope there should be coordination with RAN1 with possible mechanisms found in RAN1 before final conclusions in the TR. This is to avoid solving the same problem twice as both WGs are assigned to study the same issue of interference detection.

[bookmark: _Toc481655077][bookmark: _Toc481673972][bookmark: _Toc481676100][bookmark: _Toc481785818]Coordinate the interference detection outcome between RAN1 and RAN2 before final conclusions are captured in the TR in order to avoid solving the same problem in two working groups.

[bookmark: _GoBack]Based on detecting the interference, network could do actions to limit the effect of the interference. Power control, which falls to RAN1 field, is one method and if the interference caused to UL is severe, network can always choose not to schedule particular aerial UEs in the UL or even drop the aerial UEs. However, as the drones have two types of traffic, command and control which has higher priority and the data which can be down prioritized or even barred with access class barring. It is however not in RAN2 scope to start studying interference mitigation schemes further. 

Conclusions
In this contribution, we discuss the requirements of connectivity services for drones and propose the following: 
[bookmark: _Toc477953422][bookmark: _Toc477953496][bookmark: _Toc477953539]
Proposal 1	Study if RSRP can be used for detecting both UL interference from air-borne UE and the DL interference air-borne UE might incur.
Proposal 2	For RSRP measurement reporting ensure timely report triggering while controlling the report overhead.
Proposal 3	Coordinate the interference detection outcome between RAN1 and RAN2 before final conclusions are captured in the TR in order to avoid solving the same problem in two working groups.
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