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1. Introduction

In RAN#75, the study item “Enhanced Support for Aerial Vehicles” was approved [1] and the discussion was started from RAN1#88bis. It shows strong industry interests of using LTE cellular network for drones. This paper is about “handover efficiency” which is the objective of the study item, and the paper has two purposes, one is sharing the results of our experimental drone trial (including characteristics of the network coverage at higher altitude up to 100m) and the other is proposing some potential enhancements to improve “handover efficiency” for drone use cases.
2. Discussion

2.1. Experimental drone trial
2.1.1 Methods of drone trial
The following table1 shows the conditions of our experimental drone trial. Drone was controlled over Wi-Fi, and LTE is only used for data transmission for UE on drone, data reception from eNB. eNB network parameters are same one as a commercial operation. UE isn’t changed from commercial module either. (e.g. no special customization for both eNB and UE)

Table1: Flight route   
	Trial Location
	An airfield near a marine port (Japan)

	Drone
	Controlled over Wi-Fi  (LTE is only used for data transmission for UE on drone)

	LTE Frequency
	800MHz

	Flight route
	a square about 100 m on a side (Figure 1)

	Drone Altitude
	0m, 25m ,50m, 75m, 100m (Figure 2)



[image: image1]         
[image: image2]
Figure1: Flight route                                                       Figure2: Drone altitude
2.1.2 Result #1 Number of Handover success/ Failure
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Figure3: Handover success/failure
Results show the following points
· Near the ground (0m, 25m), thanks to good deployment design and parameter tuning, handover failure did not occur. 
· Above altitude 50m, some handover failure occurred, and it is assumed that is because of the interference from many neighbour cells

So, the following observation and proposal can be made from the above points

Observation 1: Deployment design and parameter tuning for terrestrial operation cannot be applied for drone use cases

Proposal 1: RAN WGs work on developing solutions to address handover failure

2.1.3 Result #2 Numbers of neighbour cells and connected cells
At altitude 50m, UE can detect maximum 45 neighbour cells, and UE selects 5 cells as a serving cell. Which cell UE selects as a serving cell can be seen in Figure 5. Above altitude 75m, the number of neighbour cells which UE detected decrease, because UE receives many synchronization signals from many eNBs, which lead to difficulty of correlation detection of the signals.
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Figure4: Number of Detected Cells/Serving Cells                            Figure5: Serving cells
2.2. Potential enhancement

In this section, we discuss the potential enhancement to address the handover failure. First, solution is divided into two functions, one is how to detect the altitude, and the other is how to avoid the handover failures. We will list up the solutions for these two functions as below.
2.2.1 Detect the altitude
If a drone can detect its altitude, a drone can determine whether the network parameters optimized for terrestrial operation are applicable or not depending on its altitude. Regarding how to detect altitude, the following three solutions are considered.
Solution #1-1: Using GPS or altimeter 
Usually GPS or altimeter is equipped with drones, so the easiest way to measure its altitude is using these GPS or altimeter.
Solution #1-2: Counting the number of the detected cells and its increasing ratio
From Figure4, if drone flies to higher altitude, drone detects more neighbour cells compared to the numbers of UE on the ground, so if UE counts the number of detected cells and monitoring the increasing ratio, then it can detect its altitude.
Solution #1-3: Detecting a cell which is not included in neighbour cell list
If drone flies to higher altitude, it can detect a cell which is not included in neighbour cell list form the serving cells as shown in a yellow cell figure6. So, whether detect a cell which is not included in neighbour cell lists can be criteria to detect the altitude, and it could be an easy way to detect its height.
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Figure6: Neighbour cell list model (at high altitude)
Solution#1-1 seems to be an easiest way, however GPS requires some time to measure its accurate location. Solution#1-2 and #1-3 is achieved easily by enhancing the existing cell detection/measurement mechanism. So, these three solutions have its advantages, and all three solutions could be enhancement candidates.
Proposal 2: Introduce the following three solutions to detect the drone altitude. 
· Using GPS or altimeter
· Counting the number of the detected cells and its increasing ratio
· Detecting a cell which is not included in neighbour cell list 
2.2.2 Avoid handover failure
When a drone detects its altitude, mechanisms to avoid handover failure can be activated. We will propose the following three mechanisms to reduce the number of avoid handover failure. Solution#2-1 and Solution#2-2 is aimed at reducing the number of handover events itself, and Solution#2-3 is using joint transmission scheme to improve reliability especially on the cell edge.
Solution #2-1: Change the handover related parameters (time to trigger, event threshold …etc) 
One solution to avoid handover failure is applying different handover related parameter from the one for terrestrial operation. For example, if longer time to trigger would be applied when a drone is on the sky, then the number of handover events can be reduced. Or we can use the different thresholds of the measurement events from the one used on the ground. 
Solution #2-2: Introduce handover prohibit timer mechanism

Another solution to reduce the number of handover events is to introduce handover prohibit timer mechanism. Introducing prohibit timer contributes to reduce the number of interruption caused by handover, as a result, it lead to improve the communication quality and also reduce the radio resource for handover signalling. Figure7 shows the image of the handover prohibit timer.
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Figure7: Handover prohibit timer
Solution #2-3: Activate Joint transmission
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Third solution is activating joint transmission scheme. While a drone is flying in the air, especially on the air above the BS antenna height, UE may be suffered from interference from many neighbour cells. Using joint transmission scheme, interference can be used as diversity signals to improve the communication reliability.
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Figure8: Activate Joint Transmission
We propose to introduce these three solutions as potential enhancements.
Proposal 3: Introduce the following three mechanisms to avoid handover failure
· Change the handover related parameters (time to trigger, event threshold …etc) 
· Introduce handover prohibit timer mechanism 
· Activate joint transmission 
3. Conclusion

In this paper, we presented the results of our experimental drone trial, and propose some solution to improve “handover efficiency”.
Observation 1: Deployment design and parameter tuning for terrestrial operation cannot be applied for drone use cases

Proposal 1: RAN WGs work on developing solutions to address handover failure

Proposal 2: Introduce the following three solutions to detect the drone altitude. 

· Using GPS or altimeter
· Counting the number of the detected cells and its increasing ratio
· Detecting a cell which is not included in neighbour cell list 

Proposal 3: Introduce the following three mechanisms to avoid handover failure

· Change the handover related parameters (time to trigger, event threshold …etc)
· Introduce handover prohibit timer mechanism
· Activate joint transmission  
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While a drone is flying, joint transmission/reception is activated to reduce interferences 





On the ground UE select only one serving cell
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