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Introduction
In RAN#75 meeting, a new study item “Study on Enhanced Support for Aerial Vehicles” was approved [1].  The following were identified as part of the study item objectives:
	….

· [bookmark: OLE_LINK3]Handover: Identify if enhancements in terms of cell selection and handover efficiency as well as robustness in handover signalling can be achieved. [RAN2, RAN1]
…



In this contribution, potential mobility enhancements for drones were discussed, taking the factors of the drone mobility characteristic and corresponding possible challenge into account.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
Identifying the basic Drone mobility characteristic and analyzing existing handover procedure, then the possible challenge and enhancement are provided in this section:
0. [bookmark: _Toc311819761]Drone Mobility Characteristic Analysis
Item 1 Drone UE flying altitude increases
[bookmark: OLE_LINK142]In current specification handover can be triggered by measurement report of event A3 from a UE. Then the eNB sends a handover command to the UE to trigger the UE performs random access to target cell. As drone UE flying altitude increases handover failure will happen more frequently due to strong interference [2]. 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, and even if handover command is transmitted successfully the random access may fail either. Although some interference mitigation approaches can be introduced, handover enhancements still need to be studied.
Observation 1: handover failure happens frequently due to strong interference from neighbour cells or other UEs.
Item 2 Drone UE speed increases
Drone UE speed increases, e.g., the maximum speed of drones needed to be supported is [120km/h], as illustrated in [3]. Then the drone UE Mobility Status Evaluation is getting not accurate which bring some impact to speed factors. For example, failure handover occasion decision (too late, too early, wrong cell), short handover will occur. The possibility of RLF and Re-establishment will increase as well.
Observation 2: handover failure happens frequently due to speed increase.
Item 3 flying path can be fixed and under control
When drone flying at an altitude above eNB height the downlink interference is severe, handover failure happens frequently so it’s better to apply UE centric handover solution for drones.
A drone is a specific UE which can fly automatically or under control, it means a drone can know the flying path information, e.g. 3D flying direction, 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, these information will be called flying path information totally hearafter. 
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. 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, serving eNB will push UE context to neighbour eNB which makes UE centric handover prepared. In this way, along its flying path this drone can make UE centric handover successfully.


Fig.1. drone flying across multi-eNB
Observation 3: the characteristic of fixed flying path can be usedto enable successful handover.
[bookmark: _GoBack]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 in case 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.2. 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.
[image: ]
Fig.2 Drone flying path covered by multiple beams
As in last RAN1#88bis meeting some 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 the following table, and the other simulation parameters of UMa AV scenario follow the RAN1’s agreements [4][5].
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.3, 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.
[image: ]
Fig.3 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.
Existing handover procedure 
Figure 4 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. 4 Handover procedure among UE, source eNB and target eNB
Possible challenge and enhancement
Considering both basic Drone mobility characteristic and existing handover procedure, the possible challenge and enhancement are listed as in the follows table:
[bookmark: _Toc311796506]Table 2   Mobility Challenges and possible enhancement for Drone
	
	Characteristic
	Challenge
	Possible enhancement

	1
	Drone UE flying altitude increases ,e.g., the maximum height of drone UEs for simulation is [150m]
	· 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, and even if handover command is transmitted successfully the random access may fail either.
· More RLF and Re-establishment
· Neighbor cell relationship becomes complex which brings more handover relationship.
	1. TTT
2. Enhance the measurement report
3. Mobility control Parameters optimization (TTT, CIO etc)
4. MRO
5. RLF & re-establishment
6. Coordinated scheduling.
7. Interference control

	2
	Drone UE speed increases, e.g., the maximum speed of drones needed to be supported is [120km/h]

	· UE Mobility Status Evaluation is getting not accurate which bring some Impact to speed factors
· Handover occasion decision (too late, too early, wrong cell) 
· Short handover(short ToS, time of staying) is easy to occur due to high speed UE
· More RLF and Re-establishment
· Handover Number is Increased which brings more handover signaling to EPC/RAN, and more RRM processing.


	1. UE Mobility Status Evaluation
2. To Introduce Speed based handover strategy
3. To avoid unnecessary handover.
4. Mobility control Parameters optimization (TTT, CIO etc)
5. MRO
6. RLF & re-establishment
7. Enhanced proximity indication procedure

	3
	A drone is a specific UE which can fly automatically or under control, 

	· it means a drone can know the flying path information, e.g. 3D flying direction, critical midway location and 3D velocity.
	1. Pre-handover configuration according to drone’s fixed flying path information
2. Utilize beamforming technology to improve downlink signal quality



Proposal 1: Considering both basic Drone mobility characteristic and existing handover procedure, the possible challenge and enhancement are further studied in RAN2:
1.	Mobility control Parameters optimization (TTT, CIO etc)
2.	Enhance the measurement report	
3.	RLF & re-establishment
4.	Coordinated scheduling.
5	Interference control
6.	UE Mobility Status Evaluation
9.	Introduce Speed based handover strategy
10.	Utilize beamforming technology to improve downlink signal quality
11.	Enhanced proximity indication procedure
12.	Pre-handover configuration according to drone’s fixed flying path information
On the other hand, RAN2 had already discussed the following issues during Hetnet Mobility:
-	Identify and evaluate strategies for improved small cell discovery/identification. 
-	Identify and evaluate HetNet mobility performance under established Rel-10 eICIC features e.g., Almost Blank Subframe
-	Further study and define automatic re-establishment procedures that can help improve the mobility robustness of HetNet LTE networks. Evaluate performance benefits of enhanced UE mobility state estimation and related functionalities, and other possible mobility solutions to take different cell-sizes into account.
 -	Robust mobility functionality under various supported assumptions for the availability of UE measurements (including DRX functionality) shall be ensured/taken into account as well as UE power consumption and complexity 
Although there is no much standardization impact for this topic, the issues had been discussed and potential solutions had been provided. During the study for Drone, the solutions discussed in the Hetnet Mobility can be taken into account.
Proposal 2: During the study for Drone mobility enhancement, the solutions discussed in the Hetnet Mobility can be taken into account.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Conclusion
By analysing mobility issue and potential solutions we have the following observations:
Observation 1: handover failure happens frequently due to strong interference from neighbour cells or other UEs.
Observation 2: handover failure happens frequently due to speed increase.
Observation 3: the characteristic of fixed 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: Considering both basic Drone mobility characteristic and existing handover procedure, the possible challenge and enhancement are further studied in RAN2:
1.	Mobility control Parameters optimization (TTT, CIO etc)
2.	Enhance the measurement report	
3.	RLF & re-establishment
4.	Coordinated scheduling.
5	Interference control
6.	UE Mobility Status Evaluation
9.	Introduce Speed based handover strategy
10.	Utilize beamforming technology to improve downlink signal quality
11.	Enhanced proximity indication procedure
12.	Pre-handover configuration according to drone’s fixed flying path information
Proposal 2: During the study for Drone mobility enhancement, the solutions discussed in the Hetnet Mobility can be taken into account.
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