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Introduction
Cellular connectivity will be key for coordinated operation and control of Unmanned Aerial Vehicles, more commonly referred to as “Drones”, enabling a growing set of use cases within and beyond the drone operator’s visual line of sight. Therefore, RAN#78 approved a work item on Enhanced LTE Support for Aerial Vehicles [1].
One of the objectives of the study is [1]:
· Specify enhancements to support indication of UE’s airborne status and indication of the UE’s support of UAV related functions in LTE network e.g. UE radio capability [RAN2].

There are two aspects to the above objective, as illustrated by separate colours of highlighting. In the following sections, we discuss these two aspects separately.
Need for the airborne status indication 
There are various aspects why airborne status indication of an air-borne UE is important:
Service provider’s point of view
The service provider may want to differentiate air-borne UEs from regular UEs for the following reasons:
· To provide better service to the UE
· E.g. use differentiated/optimized power control methods, mobility enhancements etc.
· To protect the network
· As shown during SI phase, the air-borne UE may produce significantly higher level of interference thus effectively jamming the whole network if not properly identified and applied with optimized procedures in a timely manner.
· Service/subscription differentiation
· Service providers may want to charge different subscription fees for terrestrial vs air-borne-capable devices
· Additionally, service providers may want to charge different usage fees while the UE is air-borne vs while it is on the ground.
Regulatory point of view
Drone flights are subject to regional government regulations and these regulations can impact not only the characteristics of allowed flights, but also the related equipage and functionality of the onboard and ground systems.  
Such regulations vary by country and region. Based on the regulations, only certain vehicles may be allowed/certified to be air-borne. For example, regulations may allow that aerial vehicles meeting certain conditions may be flown without special permit for recreational purpose whereas special permits may be required for commercial use. Detection of un-authorized air-borne vehicles may enable the network and/or law enforcement agencies to take corrective actions or forced-measures.
Drone-capable UE
From RAN point of view, this one should be easier of the two aspects of the objective. UEs which are specifically designed for drone use (e.g. integrated in the drones) also need to support both types of communication (terrestrial mode while they are not flying, and in-flight or air-borne mode once they start flying.)
In either case, the UE can self-identify as a drone-capable UE during initial attach procedure using radio capability signalling. In addition, the feature should be optional for a UE to support.
[bookmark: _Toc490044974][bookmark: _Toc490045017][bookmark: _Toc510708999][bookmark: _Toc510709864]UE should be able to identify itself as a drone-capable UE.
[bookmark: _Toc490044979][bookmark: _Toc490045226][bookmark: _Toc490171300][bookmark: _Toc490171478][bookmark: _Toc490212731][bookmark: _Toc510709011][bookmark: _Toc513707383][bookmark: _Toc513707504][bookmark: _Toc510709860][bookmark: _Toc510709878][bookmark: _Toc510711138]Support of UAV related functions by a UE is optional with capability signalling. 
Air-borne UE
Another aspect is to detect a UE when it initiates air-borne mode. It is especially needed to identify air-borne UEs if they are causing interference.
This can be broken down into two cases:
1. UE informs the network that it is in flight mode 
2. Network detects that the UE is in flight mode (unauthorized use)
An authorized drone-capable UE can inform the network when it is in flight mode. Various options have been discussed in the past:
Option 1. Using dedicated RRC message, e.g. using measurement reporting by including a new parameter such as nowFlying = TRUE.
Option 2. Using measurement reporting of current position including elevation/altitude, from which the network infers that the UE is not within a certain height of the ground anymore, thus it is considered “flying”.
Given that UE itself is in the best position to decide whether it is in the flying state or not, we think reporting the inflight status using dedicated RRC message is the most straightforward way. 
[bookmark: _Toc510709865]Only the UE itself is in the best position to decide whether it is in the flying state or not.
In the previous meetings, some companies raised following concerns during online discussions:
1. How does the UE know its in-flight status?
[bookmark: _Hlk510710316]This question is surprising because if a device is intending to fly from point A to point B, it better be able to detect when it is flying and when it is not. For example, the rotors have reached a certain RPM, the device has lifted, and the altitude from ground is above a certain threshold, a UE considers itself flying. The threshold can be provided by the network, as already agreed in RAN2#101:
Agreement:
	Provide reference altitude information (including threshold) to UAV UE provided by eNB to assist UE to identify its status (i.e., airborne status). 

2. How to trust the UE’s determination that it is flying?
It is worthwhile to remind that the options under discussion are – 
a. A network “estimating” whether a UE is flying or not based on the measurement results provided by the UE.
b. A UE “determining” that it is flying and reporting to the network its status.
If the network cannot trust the UE’s reporting (e.g. a rogue UE), then both options are vulnerable. Otherwise, it should be clear that the UE’s determination of its flying status will be always more accurate that network’s estimation that a certain UE may be flying.

In addition, after extensive discussions during SI phase, RAN2 agreed to capture the following in TR 36.777:
	[bookmark: _Toc502956272]7.5.1	Airborne UE Identification
In this section, potential solutions to identify airborne UE (i.e., UE which is in a condition of flying) are presented.
[bookmark: _Toc502956273]7.5.1.1	UE-based solutions
The UE can indicate that it is airborne:
-	explicitly, e.g., by using an in-flight mode indication, altitude information or location information, or
-	implicitly by utilizing enhanced measurement reporting mechanism, e.g., introduction of new events.



Based on the agreement from RAN2#101 and the text captured in 36.777 (both shown above), it is clear that RAN2 has already discussed and came to conclusion that the most straightforward way for the network to determine that a UE is in a condition of flying is by explicit indication form the UE. Note that this does not mean NW-based solutions are precluded. 
[bookmark: _Toc510709012][bookmark: _Toc510709861][bookmark: _Toc510709879][bookmark: _Toc510711139][bookmark: _Toc513707384][bookmark: _Toc513707505]UE reports air-borne status (e.g., currently flying/not flying) using dedicated RRC signaling. This does not preclude NW based detection of UE’s air-borne status.
Conclusion
In this contribution, we made the following observations:
Observation 1.	UE should be able to identify itself as a drone-capable UE.
Observation 2.	Only the UE itself is in the best position to decide whether it is in the flying state or not.

Based on these observations, we propose:
Proposal 1.	Support of UAV related functions by a UE is optional with capability signalling.
Proposal 2.	UE reports air-borne status (e.g., currently flying/not flying) using dedicated RRC signaling. This does not preclude NW based detection of UE’s air-borne status.
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