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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]



[bookmark: _Hlk490157408]Related agreements from RAN2#98 meeting:

Agreements:
1	Both command and control and application data of drones using LTE connectivity are within the scope of the SI. The traffic characteristics are FFS.
2	Potential enhancements for aerial vehicles in RRC idle and connected modes will be considered.
Agreements:
1 Study if RSRP measurement report can be used for detecting both UL interference from air-borne UE and the DL interference air-borne UE might incur. Other solutions are not excluded.
Agreements
1	Study the enhancement of measurement report mechanism to address the issue of  increased number of strong neighbour cells.


In this contribution, we discuss the SI objectives related to the objective including RAN2 involvement taking into account existing agreements
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.


[image: ]
Figure 1.  An illustration of a drone being served by the sidelobes of a base station with down-tilted antennas

Discussion 
[bookmark: _Hlk489460921]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. Possible aspects for enhancement related to the measurement report mechanism are the measurement triggering conditions. It would be beneficial that measurement reports are triggered when the signal strength conditions resemble the airborne UE situation. First task would be to characterize the typical signal strength conditions for an airborne UE. Some input for this is already presented in the background section of this contribution as well as in our companion contribution on HO [4].  For example, an airborne UE would likely see more cells with similar signal strength and an airborne UE would likely see more far away cells than a ground UE due to the difference in propagation conditions. Thus, for example, UE could trigger measurement report of e.g. X number of cells have signal strength above -90dBm and below -70dBm. Another possibility is to trigger report when UE sees certain cells, e.g. certain configured far away cells. As these mentioned trigger conditions would trigger measurement results as soon as UE is airborne, these could be used by the network to identify when an “LTE capable” UE is flying

[bookmark: _Toc481678078][bookmark: _Toc481780631][bookmark: _Toc481780648][bookmark: _Toc481654358]Trigger conditions that correspond to typical signal strength conditions for an airborne UE can be used by the network to identify when an “LTE capable” UE is flying.
   
[bookmark: _Toc489459729][bookmark: _Toc489461089][bookmark: _Toc490158011]Consider capturing in TR listing possible enhancements for measurement triggering based on typical characteristics of signal strength for an airborne UE.

[bookmark: _Toc489459730][bookmark: _Toc489461090][bookmark: _Toc490158012]Capture the listing of possible measurement enhancements in the TR with possible pros and cons stated.
 


For the airborne UEs, 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. Some considerations might be needed to ensure timely reports while considering overhead of the reports triggered. 

[bookmark: _Toc481676099][bookmark: _Toc481785817][bookmark: _Toc489459731][bookmark: _Toc489461091][bookmark: _Toc490158013]For RSRP measurement reporting ensure timely report triggering while controlling the report overhead.

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	Consider capturing in TR listing possible enhancements for measurement triggering based on typical characteristics of signal strength for an airborne UE.
Proposal 2	Capture the listing of possible measurement enhancements in the TR with possible pros and cons stated.
Proposal 3	For RSRP measurement reporting ensure timely report triggering while controlling the report overhead.
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