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1
Introduction
During RAN2#99, some of the open issues related to the identification and certification for Aerial Vehicle were discussed [1]. As a result of such discussion, some RAN2 agreements were reached:
Agreement:

1
The license/certification related identification is necessary for UAV UE from RAN2 point of view and to consult SA2, SA3 and RAN3 on the details
Agreements:

1
The solution developed for interference detection within this SI should allow for detection of potentially air-borne UEs causing excessive interference, including UEs non-certified for aerial usage and UEs not implementing Rel-15 UAV functions.

2
Capture in the TR that the developed solution should allow for:

Identifying the potentially air-borne UE, which is a source of excessive interference

Checking whether this UE is an air-borne UE

Verify whether this UE is authorized to act as an air-borne UE
In this contribution, we mainly focus on how to identify the Aerial Vehicle types and how to certificate Aerial Vehicle. This contribution is structured as follows:
· Section 2 seeks clarifications of different types of UE, including aerial UE and ground UE.
· Section 3 discusses the potential solutions that how to certify Aerial Vehicle for legal usage, and how to identify the working mode of the flying Aerial Vehicle.
· Section 4 concludes the contribution.

2
Clarifications of Aerial Vehicle Types
In companies’ contributions, a variety of phrases for UE types were used in the aerial vehicle study, for example, drone, drone-capable UE, air-borne UE, terrestrial UE, aerial UE, non-aerial UE, etc.. In RAN2#99 discussion, we noticed that some companies give definitions for these names [2, 3]. However, companies sometimes have to explain their definitions for these names before explain their solutions and/or proposals.
A majority of companies are willing to seek the clarifications and definitions of aerial vehicle types. We believe that, with the consensus of these clarifications and definitions, potential confusions can be avoided and discussion can be more efficient. Owing to this, we encourage RAN2 to clarify the UE types and to unify the phrases used in aerial vehicle study.

Propose 1: RAN2 is encouraged to clarify the UE types and to unify the phrases used in the study on aerial vehicle.
2.1 Aerial UE v.s. Terrestrial UE
In the scope of aerial vehicle study, UEs may be divided into two different types, which are Aerial UE and Terrestrial UE (legacy UE), respectively.
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Figure 1. Aerial UE v.s. Terrestrial UE

According toRAN2#99 agreements, Aerial UE can refer to an UE that is equipped with Rel-15 UAV functions. More particularly, Aerial UE is capable of flying at a high height and a high speed, and is also allowed to access cellular network legally. Of course, Aerial UE may have some other requirements and parameters, e.g. latency, UL/DL data rate, as defined in 9.4.2. Generally, Aerial UE is a basic and typical UE in the aerial vehicle scope, as AUE1, AUE2 and AUE3 depicted in Figure 1.
By contrast, Terrestrial UE may refer to the legacy UE, as TUE1 and TUE2 depicted in Figure 1.
Proposal 2: It is suggested that Aerial UE refers to the UE equipped with Rel-15 UAV functions, while Terrestrial UE refers to the legacy UE.
2.2 Flying-mode Aerial UE v.s. Hovering-mode Aerial UE
It is observed that the Aerial UE is not always flying at a very high height and/or a very high speed.
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Figure 2. Flying-mode Aerial UE v.s. Hovering-mode Aerial UE
On one hand, when Aerial UE is flying above a certain height, e.g. higher than the BS, its UL signal becomes more visible to multiple cells due to LoS propagation conditions, causing interferences to the Terrestrial UEs on the ground. Owing to this, we suggest that Aerial UE is called Flying-mode Aerial UE in this case, as the AUE1 shown in Figure 2.
On the other hand, Aerial UE is not flying at a very high height all the time. For example, Aerial UE has to take off from the ground, or the Aerial UE just hovers at a low height. While flying below a certain height, the Aerial UE may behave more like a Terrestrial UE (legacy UE) on the ground, without strong LoS propagation or interference to other cells. Owing to this, we suggest that Aerial UE is called Hovering-mode Aerial UE in this case, as the AUE2 shown in Figure 2.

Proposal 3: It is suggested that Flying-mode Aerial UE refers to Aerial UE that is flying above a certain height, while Hovering-mode Aerial UE refers to Aerial UE that is flying below a certain height.
2.3 Aerial-borne Terrestrial UE v.s. On-ground Terrestrial UE
It is also observed that the Terrestrial UE is not necessary to be on the ground all the time.
As shown in Figure 3, a Terrestrial UE may be carried by an aerial vehicle that is not equipped with Rel-15 UAV functions, causing excessive interference when the Terrestrial UE is flying at a high height. Therefore, such usage may not be permitted from a regulatory point of view, and the UL signal from such a Terrestrial UE can be regarded as jamming. Owing to this, we suggest that Terrestrial UE is called Air-borne Terrestrial UE (Air-borne legacy UE) in this case, as the TUE1 shown in Figure 3.
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Figure 3. Air-borne Terrestrial UE v.s. On-ground Terrestrial UE
Meanwhile, Terrestrial UE (legacy UE) will be normally used on the ground, rather than carried by an aerial vehicle and fly at a high height. However, in order to distinguish from Air-borne Terrestrial UE defined in Section 2.2, we suggest that Terrestrial UE is called On-ground Terrestrial UE (On-ground legacy UE) in the study of aerial vehicle, as depicted by TUE2 in Figure 3.
Proposal 4: It is suggested that Air-borne Terrestrial UE refers to Terrestrial UE  is carried by an aerial vehicle that is not equipped with Rel-15 UAV functions, and is flying above a certain height. By contrast, On-ground Terrestrial UE refers to Terrestrial UE (legacy UE) that is used on the ground.
3 Identification and certification of Aerial UE
When we discuss the identification and certification of Aerial UE, we prefer to use the definitions given in Section 2. In the discussion of identification and certification in aerial vehicle study, it seems that the following three questions cannot be avoided:
1. Is a UE identified as an Aerial UE?

2. Is an identified Aerial UE certificated to be used?  by regulations
3. Is an identified and certified Aerial UE in flying-mode or hovering-mode?

In the following, we will study the above three questions one by one.
3.1 Is a UE identified as an Aerial UE?
In order to support aerial vehicle application in LTE, some aerial vehicle specific requirements and parameters are identified in 9.4.2, e.g. data type, height, speed, latency, DL/UL data rate, etc.. Furthermore, these requirements and parameters are the main features that can be used to distinguish an Aerial UE from a Terrestrial UE. 
Owing to this, we suggest that a new UE category can be defined specifically to Aerial UE. After an UE is identified as an Aerial UE, it is possible to apply the Aerial UE specific and enhanced technologies.
Proposal 5: In order to identify a UE as an Aerial UE, a new UE category specific to Aerial UE can be defined.
3.2 Is an identified Aerial UE certificated to be used?
After a UE is identified as an Aerial UE, it has to be certified in order to use legally. Due to regional government regulations, an identified Aerial UE may not be certificated to be used in certain regions and/or countries, as concluded in [4]. Nevertheless, if the Aerial UE can be certified to be used legally, the Aerial UE is able to successfully complete attach procedure and start communication. Otherwise, the Aerial UE may be declined in the attach procedure. 
Owing to this, we think that it would be proper and reasonable for NW to decline the attach request from Aerial UE, which is not certificated to be used.
Proposal 6: In order to certificate an identified Aerial UE, with the assistance of NW, eNB may decline attach request from Aerial UE that is not certificated to be used.
3.3 Is an identified and certified Aerial UE in flying-mode or hovering-mode?
According to our definition in Section 2, there are two different modes for an identified and certified UE, which are flying-mode and hovering-mode, respectively. For a hovering-mode aerial UE, it would be treated more like an on-ground terrestrial UE (legacy UE) by eNB, without requiring any assistance of Aerial UE specific and enhanced technologies. For a flying-mode Aerial UE, however, UAV-specific technologies including interference mitigation, resource allocation and handover management are required in order to fulfil the requirements in aerial vehicle communications. Therefore, it would be beneficial to identify which mode the Aerial UE is currently in.
From the Aerial UE’s point of view, Aerial UE should be able to recognize its flying status and decide to turn on/off flying-mode, and to report its current mode to eNB via dedicated RRC signalling. From the eNB’s point of view, eNB should be able to require Aerial UE to report its flying status and decide to turn on/off Aerial UE’s flying mode, and to indicate the Aerial UE to turn on/off flying mode via RRC signalling. Since ‘in hovering-mode’ is equivalent to ‘not in flying-mode’, some parameters, such as ‘FlyingModeOn’, can be defined.
Proposal 7: Aerial UE should be able to change and report its working mode to eNB, while eNB should be able to change and indicate the Aerial UE’s working mode.
Considering how eNB and aerial UE decide which working mode is suitable, we think that this should be depending on the flying status of the aerial UE, e.g. flying height and/or flying speed. For example, when aerial UE is flying above a particular height, aerial UE/eNB can decide to turn on flying mode, and applies aerial UE specific technologies. Otherwise, when aerial UE is flying below a particular height, aerial UE can decide to turn off flying mode, and acts like a terrestrial UE (legacy UE). 
There may be some different ways that how this height can be configured. Firstly, this height may be preconfigured. Secondly, this height may be adjusted and configured via RRC signalling according to the practical environment, such as height of eNB, cell coverage and local regulation, etc.. 
Proposal 8: The flying mode of aerial UE can be turned on/off according to a height, which may be preconfigured and/or configured via RRC signalling.
4
Conclusion
In this contribution, we discussed the. Based on discussions we propose:
Propose 1: RAN2 is encouraged to clarify the UE types and to unify the phrases used in the study on aerial vehicle.
Proposal 2: It is suggested that Aerial UE refers to the UE equipped with Rel-15 UAV functions, while Terrestrial UE refers to the legacy UE.
Proposal 3: It is suggested that Flying-mode Aerial UE refers to Aerial UE that is flying above a certain height, while Hovering-mode Aerial UE refers to Aerial UE that is flying below a certain height.
Proposal 4: It is suggested that Air-borne Terrestrial UE refers to Terrestrial UE  is carried by an aerial vehicle that is not equipped with Rel-15 UAV functions, and is flying above a certain height. By contrast, On-ground Terrestrial UE refers to Terrestrial UE (legacy UE) that is used on the ground.
Proposal 5: In order to identify a UE as an Aerial UE, a new UE category specific to Aerial UE can be defined.

Proposal 6: In order to certificate an identified Aerial UE, with the assistance of NW, eNB may decline attach request from Aerial UE that is not certificated to be used.
Proposal 7: Aerial UE should be able to change and report its working mode to eNB, while eNB should be able to change and indicate the Aerial UE’s working mode.

Proposal 8: The flying mode of aerial UE can be turn on/off according to a height, which may be preconfigured and/or configured via RRC signalling.
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