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Introduction
In RAN#78 meeting, a new work item on “Enhanced LTE Support for Aerial Vehicles” was approved for Rel-15 [1], and one key enhancement is to support improved mobility performance and interference detection in the following areas:
	· Enhancements to mobility for Aerial UEs such as conditional HO and enhancements based on information such as location information, UE’s airborne status, flight path plan, etc.



In this contribution, we provide the analysis on the detail of flight path plan, and corresponding CRs is provided in [2][3]. 
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Figure 1 depicts a handover procedure among UE, source eNB and target eNB. The operation between eNB and CN is not shown here, as the main focus is on the C-plane handling related to mobility enhancement.


[bookmark: _Ref311733477][bookmark: _Toc311819704]Fig. 1 Handover procedure among UE, source eNB and target eNB
[bookmark: OLE_LINK142]As drone UE flying altitude increases handover failure will happen more frequently due to strong interference. Because the drone UE is tend to suffer from the strong interference from neighbour cells or other UEs, especially at the cell edge, measurement report and handover command to/from the source cell may not be received successfully.
Observation 1: handover failure will happen more frequently for drones.
0. The content of the flying path information
A drone is a specific UE which can fly automatically or under control, it means a drone can know the flying path information, which can include 3D flying direction, e.g. a vector located in 3D coordinate axes, critical midway location and 3D velocity. 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 flying path information and location information to eNB. 
Observation 2: the flight path information can be 3D flying directions and location information of midway points.
0. [bookmark: OLE_LINK7]The benefit of the flying path information
[bookmark: OLE_LINK6]Enabling the handover preparation
With the flying path information eNB can know where the drone is and where it is going, so the handover triggered by event A3 can be replaced by that triggered by flying path report. As illustrated in Fig.2, 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 neighbour target eNB and then send handover command to UE in good radio condition. In this way, along its flying path this drone can perform handover successfully with much less handover failure.


Fig.2. drone flying across multi-eNB
Observation 3: the flying path can be used to enable successful handover.
Facilitating the application of beamforming
If a drone can report flying path information it can also utilize beamforming technology to improve downlink signal quality, which can improve the success rate of handover command reception compared to that of current handover mechanism. The key point of application of beamforming is how to choose a suitable beam, especially for moving UEs. By this flying path information, eNB can deploy multiple beams to cover the whole route as illustrated in Fig.3. UE will try to receive downlink data transmitted by these beams. The data carried on these beams can be the same, and how to generate multiple beams along the flying path is implementation dependent.
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Fig.3 Drone flying path covered by multiple beams
As in SI phase the agreements of simulation parameters have been made, we perform a preliminary simulation in Uma AV scenario to demonstrate the effectiveness of beamforming in improving SINR. Some dedicate simulation parameters are listed in Table 1, the other simulation parameters of UMa AV scenario follow the RAN1’s agreements.
Table 1 Simulation Parameters
	Parameters
	UMa  AV

	Cell layout
	Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m);

	BS antenna height 
	25m

	BS antenna configuration
	2Tx/2Rx cross polarized;
4Tx/4Rx cross polarized;
8Tx/8Rx cross polarized(only horizontal beamforming)
8Tx/8Rx cross polarized(horizontal and vertical beamforming)

	BS antenna Down tilt
	12 degree 

	Height  (aerial)
	Uniformly distributed between 1.5 m and 150m;



The result is illustrated in Fig.4, from which it shows that when antenna numbers increases both the uplink and downlink SINR are improved, and for drones vertical beamforming can improve SINR obviously.
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Fig.4 beamforming gain 
Observation 4: in case of current handover mechanism, flying path information can be used for beam generation to improve the success rate of handover command reception.
0. How to acquire the flying path information
As the current reporting mechanism already supports to report location information separately, which was introduced by V2X topic, we can simply reuse it for flight path reporting. The flight path information can be reported periodically to eNB including 3D flying directions, e.g. a vector located in 3D coordinate axes, or location information of mid-way points. 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 proposals:
Proposal 1: reuse the current location reporting mechanism introduced by V2X for drones’ flight path reporting.
Proposal 2: the flight path information can be flying directions, e.g. a vector located in 3D coordinate axes, and location information of midway points.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Proposal 3: a dedicated UE capability for flight path reporting can be considered.
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By analysing mobility issue and flight path information of drones we have the following observations:
[bookmark: _GoBack]Observation 1: handover failure will happen more frequently for drones.
Observation 2: the flight path information can be 3D flying directions and location information of midway points.
Observation 3: the flying path can be used to enable successful handover.
Observation 4: in case of current handover mechanism, flying path information can be used for beam generation to improve the success rate of handover command reception.
And we propose:
Proposal 1: reuse the current location reporting mechanism introduced by V2X for drones’ flight path reporting.
Proposal 2: the flight path information can be flying directions, e.g. a vector located in 3D coordinate axes, and location information of midway points.
Proposal 3: a specific UE capability for flight path reporting can be considered.
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