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Introduction
In SI stage some companies proposed mobility enhancements considering flying path, such as S13 and S17 [1]. And in RAN2#101 meeting, the following agreement was achieved regarding location and path information:
Agreement:
	UE location information is included in the measurement report for Aerial UE based on the existing location information IE and reporting mechanism. Any parameters for reporting can be further studied.

In this contribution, we try to provide a joint paper to elaborate the benefit of flight path information, acquisition of the flight path information and the content design of the flight path information.
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0. The benefit of the flight path information
With the flight path information eNB can know where the drone is and where it is going, so the handover can be enhanced or managed based on flight path information. As illustrated in Fig.1, the drone is flying according to a pre-configured route (red line), when the drone’s location is up to proximity of the cell edge or even before the drone reaches the cell edge, serving eNB can start to perform handover preparation with the neighbouring target eNB, e.g. selecting the target eNBs within the range of the target eNBs located in the next points of the flying path to forward the UE context in advance and pre-configure the radio resource for the UE in the target eNBs, and thereafter transmit the handover command to UE under high quality radio link conditions. In this way, along its flying path this drone can perform handover with much less handover failure. 


Fig.1 Drone flying across multi-eNB
In other companies’ papers, it is also stated that exploiting the flight path plan can bring several benefits, e.g. reducing RLF ratio and enabling rapid RRC reestablishment [2], assisting serving eNB to select suitable target eNB [3][4]. According to previous simulation results [5] [6], the air coverage is fragmented into several small parts but not a continuous coverage at altitude. Especially, when the height of the drones reaches 300m, the shape of the serving cell is like the ripple spreading far away. Hence, it will be difficult to determine an accurate target cell. Reporting flight path plan can bring the benefit that the Network can have idea of which cell to choose from the bunch of multiple candidates, which will reduce handover failure rate significantly. Fig. 2 shows the potential HO signalling impact for enabling flight plan information for UAVs (highlighted in red) in the context of HO preparation. The HO can be prepared to N target eNBs along the flight path, where N is the total number of prepared eNBs along the flight path.

Fig. 2: Potential signalling impact for multi-eNB preparation

Observation 1: The flight path information can be used to increase the ratio of successful handovers, reduce the ratio of HOFs/RLFs and enable rapid RRC reestablishment.
Facilitating the application of beamforming
If a drone can report flight path information, it can facilitate the utilization of beamforming technology to improve downlink signal quality, which can further increase the success rate of handover command reception compared to that of the existing handover mechanism. The key point of application of beamforming is how to choose a suitable beam, especially for moving UEs. Using this flight path information, the eNB can deploy multiple beams to cover the whole route as illustrated in Fig.3. The UE will try to receive downlink data transmitted by these beams. The data carried on these beams can be the same, and the generation of multiple beams along the flying path is implementation dependent.
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Fig.3 Drone flying path covered by multiple beams
Observation 2: In case of the current handover mechanism, flight path information can be used for beam generation to improve the success rate of handover command reception.
0. The content of the flight path information
[bookmark: _GoBack]If the flying path is pre-determined, the flight path information can be derived by eNB, either from core network or from the UE. And usually a drone has positioning ability and it can report location information including altitude information. It is reasonable to assume that a drone can provide flight path information and location information to an eNB. The simplest way to represent a complete flying path is the location information of take-off point and landing point as described in [3], or only a part of flying path can be reported to one eNB alongside the route which is represented by the location information of at least two way points. It is assumed that the flying path is a line between these two points, and normally this assumption is not accurate enough. If more information of flying path can be provided to the eNB, some location points along the flying path, i.e. mid-way points or imminent waypoints, the eNB can have a more detailed report about the flight path. And the distance interval or the number of mid-way points can be configured by eNB. On the other hand, when a drone is flying by remote control, the flying path varies depending on a drone operator’s command. In that case only flying direction information can be reported by UE, which represents instantaneous flight path information. As a drone is flying in high altitudes with the freedom to move in 3 dimensional spaces (3D), the flying direction must be 3D flying direction, e.g. a vector located in 3D coordinate axes. 
[bookmark: OLE_LINK12][bookmark: OLE_LINK10]Proposal 1: The flight path information contains a subset or all of the following: flying directions, e.g. a vector located in 3D coordinate axes, and location information of take-off point, landing point (if exists and different from the take-off point) and imminent waypoints along the route, and time stamp associated with imminent waypoints.
0. How to acquire the flight path information
As mentioned in [3], several possibilities exist for deriving flight path information by the eNB. One is that it can be provided directly from the drone itself, via which specific RRC message should be used for flight path plan can be further studied, another one is that the eNB can obtain it from the Core Network, which could have it from UAV Traffic Management (UTM) system. If a drone reports its flight path plan through RRC message, the information may be too excessive for the serving eNB because the flying path may cross many eNB areas. So part of the flight path information can be sent to one eNB when the drone flies near it.
Besides the pre-determined flight path plan, the potential “real time” (i.e. after the UAV has taken off) modification of the flight path plan can be considered, e. g. recommend visiting less congested cells, which is negotiated with the UTM, in order to occasionally avoid potential drones’ collisions. It becomes effective, only if the modification is approved. Hence, in that case, once the flying path plan is approved to be modified, an eNB could request the UE to report the information of real time location and flying direction to make the eNB accurately aware of the modified flight path. 
Proposal 2: A drone can report a whole or part of the pre-determined flying path plan to the eNB via RRC message. It is also required that a drone reports real time location and flying direction when it is requested by the eNB.
To provide more flexibility to the drone UE and the network, the corresponding UE capability information for reporting flying path can also be added to the exiting capability IEs. Hence, we have the following proposal:
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Proposal 3: A specific UE capability for flight path reporting can be considered.
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In summary, we observed the following benefits of flight path information:
Observation 1: The flight path information can be used to increase the ratio of successful handovers, reduce the ratio of HOFs/RLFs and enable rapid RRC reestablishment.
Observation 2: In case of the current handover mechanism, flight path information can be used for beam generation to improve the success rate of handover command reception.
In conclusion, we propose the following, based on the above observations:
Proposal 1: The flight path information contains a subset or all of the following: flying directions, e.g. a vector located in 3D coordinate axes, and location information of take-off point, landing point (if exists and different from the take-off point) and imminent waypoints along the route, and time stamp associated with imminent waypoints.
Proposal 2: A drone can report a whole or part of the pre-determined flying path plan to the eNB via RRC message. It is also required that a drone reports real time location and flying direction when it is requested by the eNB.
Proposal 3: A specific UE capability for flight path reporting can be considered.
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