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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 various RAN1 and RAN2 aspects associated with using terrestrial LTE networks to provide connectivity to low altitude aerial vehicles. In terms of LTE enhancements, the study item considers the aspects listed below.

· 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]
· Handover: Identify if enhancements in terms of cell selection and handover efficiency as well as robustness in handover signalling can be achieved. [RAN2, RAN1]
· Positioning: If time allows as the 2nd priority, assess the achievable accuracy with existing positioning techniques and identify potential enhancements [RAN1]

In this contribution, we discuss the potential enhancements that may improve the connectivity to low altitude aerial vehicles (i.e., drones) using LTE network deployments with base station antennas targeting terrestrial coverage.
[bookmark: _Ref178064866]Discussion
Using LTE network deployments with base station antennas targeting terrestrial coverage to provide connectivity to low altitude aerial vehicles shall carefully consider the associated radio propagation characteristics, which are likely to be different from those of terrestrial mobile communications. Specifically, once a low altitude aerial vehicle is flying well above the base station antenna height, thanks to line-of-sight propagation conditions the aerial vehicle may detect more cells in the downlink than a typical terrestrial UE could. This however also implies that the aerial vehicle may experience higher downlink interference due to the downlink signals received from more cells. This increased downlink interference may impact the link quality perceived by the aerial vehicle.  The impact of this increased downlink interference on the downlink throughput performance of aerial vehicles should be carefully studied via evaluations.
Similarly, the uplink signal from the aerial vehicle becomes more visible to multiple cells due to line-of-sight propagation conditions. This may increase the uplink interference in multiple neighbour cells, resulting in a negative impact on the performance of terrestrial UEs.  The level of increase in uplink interference due to transmissions from aerial vehicles may depend on the density of the aerial vehicles sharing the network and hence also should be carefully quantified via evaluations.
[bookmark: _Toc478151026]The impact of increased DL interference and the level of increase in UL interference should be carefully evaluated first for LTE network deployments with base station antennas targeting terrestrial coverage providing connectivity to low altitude aerial vehicles.
Mitigating uplink and downlink interference 
To mitigate the downlink interference perceived by the low altitude aerial vehicles flying in the sky, one may consider using inter-cell interference coordination (ICIC) and/or enhanced inter-cell interference coordination (eICIC). In other words, the low altitude aerial vehicles could be conceptually considered as terrestrial cell edge UEs that experience interference from neighbour cells. ICIC and eICIC have been introduced to mitigate the interference issues at cell-edge and in Heterogeneous Networks. They can be applied to mitigate the interference issues experienced by low altitude aerial vehicles flying in the sky. The new challenge here is that the ICIC and/or eICIC techniques may have to be performed across more neighbour cells to effectively mitigate the downlink interference.
ICIC may also be used to mitigate the uplink interference in multiple neighbour cells generated by the low altitude aerial vehicles flying in the sky. Besides, one may consider limiting the maximum output power of low altitude aerial vehicles flying in the sky. Other potential solutions may include power control in the downlink and/or uplink, beamforming techniques, etc.
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Detecting increased interference from or to an air-borne UE
There might be air-borne UEs flying in the sky that are unknown to the network. These air-borne UEs may experience high downlink interference and/or generate high uplink interference in multiple cells, resulting in degraded link quality of the air-borne UEs and/or terrestrial UEs. It is thus of importance to be able to detect whether the uplink signal from an air-borne UE increases interference in multiple neighbour cells and whether an air-borne UE incurs downlink interference from multiple cells. 
In the downlink, like terrestrial UEs, an air-borne UE may measure received signal powers from multiple neighbour cells and its serving cell and report the measurement results to the network. The network may infer from the measurement report whether the air-borne UE incurs downlink interference from multiple cells. 
By reciprocity of the channel, the network may also infer from the measurement report whether the uplink signal from an air-borne UE increases interference in multiple neighbour cells. Alternatively, the network may configure periodical or aperiodical transmission of uplink reference signals and then measure the received signal powers from the UE in multiple cells.
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Enhancing handover 
Cell selection and handover in LTE have been designed and optimized for terrestrial mobile communications. Due to the different radio propagation characteristics for air-borne UEs, it is likely that the characteristics of cell selection and handover are different for air-borne UEs compared to terrestrial UEs. It is of importance to study the impact of the different characteristics and if found necessary investigate how to optimize the cell selection and handover for air-borne UEs. This requires discussions in both RAN2 and RAN1, as stated in the study item.
Conclusions
In this contribution, we made the following observation:
Observation 1	The impact of increased DL interference and the level of increase in UL interference should be carefully evaluated first for LTE network deployments with base station antennas targeting terrestrial coverage providing connectivity to low altitude aerial vehicles.

Based on the discussion in this contribution, we propose the following:
Proposal 1	RAN1 shall study interference mitigation solutions for air-borne UEs including inter-cell interference coordination, power control, beamforming, etc.
Proposal 2	RAN1 shall study how to detect increased interference from or to an air-borne UE based on reference signals.
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