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1. Introduction

In RAN#75, the study item on enhanced support for aerial vehicles was approved [1]. The study item will investigate the ability for aerial vehicles to be served by LTE network deployments with base station antennas targeting terrestrial coverage, supporting Release 14 functionality (i.e. including active antennas and FD-MIMO). One of the aspects for potential LTE enhancement is as following:
· Handover: Identify if enhancements in terms of cell selection and handover efficiency as well as robustness in handover signaling can be achieved. [RAN2, RAN1]

In RAN2#98 meeting, mobility issues were discussed and following agreements were made:
Agreements

1
Study whether the current mobility solutions are sufficient for airborne vehicles.

2
Simulate RLF and HOF rates for airborne vehicles. Reuse the simulation assumptions in RAN1.
In this contribution, we will analyze the potential scenarios and aspects for mobility enhancement of aerial UEs.
2. Discussion
2.1. Cellular assisted geo-fencing
A. Existing regulation requirements for prohibit area and electronic geo-fencing

In the past several years, the number of aerial vehicle grows rapidly due to various applications and at mean while some regulations were published to specify the usage of aerial vehicles. One of most important regulations is the restricted or prohibited areas for aerial vehicles. For example, according to provisions of CAAC [3], aerial vehicles are not allowed to break through the airport obstacle control surface, restricted flying zone, unapproved restricted areas and dangerous areas etc. Furthermore, those category III, IV, VII and category II, V within important area and airport protected area, are required to install and use electronic geo-fencing functions. 
To follow these regulations, the main aerial vehicle manufacturer e.g. DJI has integrated with electronic geo-fencing function in their drone products. When DJI’s drone detected it is in a restricted or prohibit area based on the GPS signal, it cannot take off or will land on ground immediately. For example, in the range of 6th ring road of Beijing, DJI’s drone cannot take off at all [4]. Thus the required regulations can be followed and illegal flight could be prevented to some extent 
B. Loophole of existing electronic geo-fencing solution
However, the integrated electronic geo-fencing function cannot solve illegal flight problems thoroughly. Actually many small drones that is produced by small company are not integrated with electronic geo-fencing function at all. Even for DJI, its electronic geo-fencing function can be easily evaded. The most convenient way is to stick a tinfoil on the GPS module part, so that GPS signal cannot be received by DJI drones. Or it can be cracked by software or additional module to avoid electronic geo-fencing function, e.g. the well known crack software for DJI drone from a Russia company named CopterSafe.
All of above attempts can make electronic geo-fencing useless, which implies that regulation only relying on electronic geo-fencing function is not sufficient. In the future, if drone can connect to cellular network and cellular communication becomes the essential function for them, then cellular assisted geo-fencing can be considered.
C. Advantage of cellular assistant geo-fencing

When cellular network gets the information of restricted or prohibit area from regulations, corresponding cells in such area can prevent aerial vehicles to access or handover, or has limit functions. Because such cellular geo-fencing function is provided and realized by mobile network operator, it is hardly to be cracked or evaded. Besides, the restricted or prohibit area information can be updated timely and be flexible, so that temporary prohibit area can be realized accurately, e.g. for stadium scenario. As long as cellular communication becomes essential for aerial vehicles, cellular assisted geo-fencing can be a good complementary function for electronic geo-fencing, which will increase the risk control capability of aerial vehicle
Observation 1: electronic geo-fencing cannot solve illegal flight problem thoroughly; cellular network can assist geo-fencing efficiently and be a good complementary method for electronic geo-fencing
Proposal 1: Suggest RAN2 to study feasibility and detail solution for cellular assisted geo-fencing
2.2. Conditional handover for aerial vehicles
As flying altitude increase, aerial vehicle is easily experiencing handover failure because of the strong interference especially at cell edge [5]
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 \* MERGEFORMAT [6]. The main reason is that the strong interference from neighbouring cell at cell edge may cause handover command transmission failure. Besides, as flying speed of aerial vehicle is usually higher than terrestrial UE, which may reach up to 160km/h [7], handover failure is generally increased as UE speed increase [8]. Thus, handover delay is very important factor to be considered for UE with high speed. 
Conditional handover is currently under discussion for NR topic. Generally the procedure for conditional handover is shown in Figure 1 below [2].
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Figure 1 Procedure for conditional handover

For conditional handover shown in figure 1, the handover condition, such as neighbour cell becomes offset better than serving cell, is included in handover command configured to UE. UE is allowed to autonomously decide when to perform handover after evaluating whether the configured condition is met. 

Although conditional handover is designed target for NR system, it can be seen that it is also suitable for aerial vehicles scenarios. Firstly, since the handover command is transmitted at cell centre, it can avoid the handover command transmission failure at cell edge due to strong neighbour cell interference. Secondly, conditional handover can save the handover latency from handover signalling procedure of measurement report, handover decision, handover request, admission control, handover request ACK, handover command, so that the handover failure probability can be decreased for aerial UEs that with high flying speed. 
Observation 2: Conditional handover is also suitable for aerial vehicle scenarios
Proposal 2: Suggest RAN2 to consider conditional handover as potential mobility enhancement for aerial vehicle scenario

2.3. Location information report

Location information is essential for a drone UE that is move fast in three dimensional, which is more important than terrestrial UE and even vehicles. If the location information with sufficient accuracy is available in real time, then it can easy the drone operation with the following mechanisms:

· Mobility handling

· Location based RRM & Services etc.

· Inter-drone collisions avoidance 

· Interference handling

In current LTE system, eNB can configure UE to report location information in the measurement report. In RRCConnectionReconfiguration, eNB can use ObtainLocationConfig-r11 to request UE report location information, then UE will attempt to have detailed location information available using GNSS for any subsequent measurement report. In the measurement report, UE will include LocationInfo to report detail location information which includes three-dimensional coordinate, velocity, accuracy information etc. Looks the location information is detail enough which can be reused for drone UE.
Proposal 3: Existing LTE location report parameters can be reused for drone UE.
However, existing LTE location report mechanism may not efficient for drone UE. For example, location measurement report for drone UE may need to be decoupled from legacy RRM measurement report [9], or location information reporting may not be always needed [10]. Besides, it is also very important to avoid inter-drone collisions for drone UEs, which can be assisted definitely by the accurate location information. This is possible when location information can be broadcasted by the specific drone UE and then surrounding drone UEs can receive such information for inter-drone collision avoidance timely.
Proposal 4: Study enhancement of location report mechanism for drone UE, consider inter-drone collision avoidance scenario.
As we understand, aerial UE has two kinds of flying mode, one is autonomous flying mode, and another one is non-auto flying mode. When aerial UE is under autonomous flying mode, flying path in the following time period has been planned and determined, both location and time label can be known by aerial UE. This means aerial UE has the knowledge that at what time itself will fly to which position. 

Observation 3: Aerial UE can be in autonomous flying mode, or in manipulate flying mode. Flying path under autonomous flying mode is determined and known by aerial UE.

The flying path information of aerial UE can be reported to eNB, so that eNB can manage corresponding measurement configuration and mobility issues for aerial UE. For example, by known flying path information, eNB can configure a relative longer location report interval for aerial UE, which can be used to confirm the actual flying path, and can also save the signalling overhead and power consumption of location information reporting. On the other hand, if aerial UE is under manipulate flying mode, eNB can configure a relative shorter report interval for location information. 

Proposal 5: flying path information is introduced to serve as a factor for eNB to configure location information reporting for aerial UE

Furthermore, flying path information is helpful to assist serving eNB to select suitable target eNB during HO for aerial UE. For example, according to aerial UE’s flying path, eNB can avoid aerial UE handover to a cell that it will have a short connection period. This is depicted in the following figure
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Figure 2 Example for short duration of aerial UE
From the above figure, it can be seen that aerial UE will have short flying duration in Cell A and Cell B. Thus when doing handover, such kind of cell can be avoided by eNB so that the handover can be less frequently and can avoid unnecessary handover failure.
Proposal 6: flying path information is introduced to assist target eNB selection during handover for aerial UE
3. Conclusion

In this contribution, we analyze the potential scenarios and aspects for mobility enhancement of aerial UEs, and we have the following observations and proposals:

Observations

Observation 1: electronic geo-fencing cannot solve illegal flight problem thoroughly; cellular network can assist geo-fencing efficiently and be a good complementary method for electronic geo-fencing

Observation 2: Conditional handover is also suitable for aerial vehicle scenarios

Observation 3: Aerial UE can be in autonomous flying mode, or in manipulate flying mode. Flying path under autonomous flying mode is determined and known by aerial UE.

Proposals

Proposal 1: Suggest RAN2 to study feasibility and detail solution for cellular assisted geo-fencing

Proposal 2: Suggest RAN2 to consider conditional handover as potential mobility enhancement for aerial vehicle scenario

Proposal 3: Existing LTE location report parameters can be reused for drone UE.

Proposal 4: Study enhancement of location report mechanism for drone UE, consider inter-drone collision avoidance scenario.
Proposal 5: flying path information can serve as a factor for eNB to configure location information reporting for aerial UE

Proposal 6: flying path information is introduced to assist target eNB selection during handover for aerial UE
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