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1   Introduction
In RAN2#98 meeting, the feasibility and potential enhancements of handover mechanism have been discussed, and the following agreements have been 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, firstly we present some field trial results on handover, and then show our simulation results of handover for drones. Based on all the results, we illustrate the necessity of mobility enhancement of Drone UEs. And then we analyze the feasibility of several solutions to enhance handover mechanism for drones.
2   Field Trials
Field trials were performed to analyze handover performance via test average SNR values of different cells for a moving drone UE. 

[image: image1.jpg]



Figure 1: Map of the Average SNR values of different cells for a moving drone UE
For this trial, results were collected as shown in figure 1.As drone UE flying at a certain altitude, it can detect more neighbour cells more a territorial UE. Because the transmission channel is line of sight without obstructions at flying altitude, a drone will have LOS link to many cells, and the strongest signal may come from a cell far way. In this case, , the coverage of a given cell being fragmented, the situation of radio condition a drone UE experience is so different from that of a territorial UE.
 Observation1: the coverage of a given cell being fragmented, the situation of radio condition a drone UE experience is so different from that of a territorial UE.
3   Simulation assumptions 
The simulations were basically carried out following the agreements of simulation assumption in RAN1 and RAN2 [2]

 REF _Ref490816224 \r \h 
[3]. There are a few parameter settings deviate from the agreements as listed in the table:
	Parameter
	Attributes
	Notes

	Traffic Model
	Full buffer
	Referring the Hetnet Mobility assumption using full buffer as traffic Model, we use full buffer as traffic model to apparently embody the handover mobility performance of Drone UEs 

	UE number
	10 UE per cell
	The numbers of drone UE in listed cases are too small, lacking the sufficient samples and data to test for each case during simulation

	UE Height
	0m, 50m, 100m
	We select the most typical attitudes of Aerial UEs for simulation:
The height for the ground UE is 0 for UMa and UMi, and 1.5m for RMa. The heights for drones are 50 meters and 100 meters.


4   Maps of the serving cell seen by drone UEs at three different altitudes
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Figure 2: Serving Cell distribution seen by drone UEs at three different altitudes of UMa

We present a map of the serving cell is seen by drone UEs at three different altitudes of the simulated deployment, respectively in 1.5m, 50m and 100m. The simulation assumption is as following:

· a UMa scenario with 19 sites*3
· The ISD is set as 500m, 

· the height of eNB 25m

· a carrier frequency of 2GHz and a system bandwidth of 10 MHz,
· Bandwidth: 10MHz

· Antenna configuration ：(M, N, P) = (8, 1, 2)， 2Tx/2Rx cross polarized and down tilt angle 100

· Vertical element spacing: 0.8λ

· Number of total UTs per sector: 15 (all aerial UEs)

· Aerial UE speed of 160 km/h

In this figure, different colours denote different cells. The hole in this figure is due to the limitation of distance between the eNB and Aerial UE. For terrestrial UEs, the strongest cell is in general from the closest eNB, even though the shape is not very smooth due to the shadow fading. But for a drone UE, it is possible be served not by the main lobe of the closest eNB, but by a sidelobe of some neighbor eNB, even far away from the drone UE. Obviously, the coverage of a given cell being fragmented and the strength of the sidelobe are smaller than that of the main lobe. Therefore, the situation of radio condition is possibly degraded, results in more handover number and more HOF rates, although the UE will almost always have a LOS connection to the base station due to lack of obstructions at flying altitude .
Observation2: the coverage of a given cell being fragmented and the strength of the sidelobe are smaller than that of the main lobe. Therefore, the situation of radio condition is possibly degraded, results in more handover number and more HOF rates, although the UE will almost always have a LOS connection to the base station due to lack of obstructions at flying altitude.
5   Simulation results
5.1
Handover Rate
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Figure 3 Handover rate for UMa, UMI and RMa
It is observed from the simulation result that the handover rate is higher than that of the territorial UE when the speed of the UE exceeds 30Km/h. This is because the UE can see more side beams which forms the serving cells for the drones. If the cells are disrupted, the UE will possibly experience frequently handover when the speed of the UE is accelerated. The specific reason is illustrated in section 4. It shows that the drones UE can see more cells than the territorial UE. However, when the height is above one point, the variance of the shadowfading declines and the side beams can’t reach the position. Therefore, the drone UE can’t see so many cells and the handover rate possibly descends.

Observation3: The handover rate of the drones is higher than that of the territorial UE.
5.2
HOF Rate
[image: image8.png]HOF Rate(HOF/UE/sec)-UMa

0.50
0.45
0.40

0.35

0.30

0.25

0.20

0.15

0.10

0.05 I . I
0.00 e —_ -

100m

m3km/h m30km/h m60Km/h m160Km/h



[image: image9.png]HOF Rate(HOF/UE/sec)-UMi
0.04
0.03
0.03

0.02

0.02

0.01

- -«il 1NN I
0.00 -.

100m

2

m3km/h m30km/h m60Km/h m160Km/h




[image: image10.png]HOF Rate(HOF/UE/sec)-RMa
0.30

0.25
0.20

0.15

0.10
1 l al
000 — Hm . || ||

100m

m3km/h m30km/h m60Km/h m160Km/h




Figure 4 Handover Failure Rate for UMa, UMi, RMa
This result particularly demonstrates that for the most part, the handover failure rate of the drone is higher than that of the ground UE. This is because drones are suffering more interference from cells with LOS path. And the SINR of the drones are lower than that the ground UE due to the lower strength of side lobe than that of main lobe.

Observation 4: The HOF rate of the drones is higher than that of the territorial UE. 
5.3
RLF Rate
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Figure 5 RLF Rate forUMa, UMi and RMA
Due to the lack of randomly drop number, the RLF does not show obvious trend of both drones UE and territorial UE. Maybe, it can be further studied for RLF.
5.4
Time in Handoff
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Figure6 Time in Handoff in UMa, UMi and RMa

This result particularly demonstrates that for the most part, the time in handoff of the drone UE is higher than that of the territorial UE. This trend is similar with that of the handover rate.

Observation 5: The time in handoff rate of the drones is higher than that of the territorial UE. 
5.5
Time in Qout
5.5.1
UMA
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Figure 7 Time in Qout for UMa, UMi and RMa
It can be seen that, the time in time in Qout of the drone UE is higher than that of the territorial UE. This trend is similar with that of the handover rate.

Observation 6: The time in Qout of rate of the drones is higher than that of the territorial UE. 
5.6
PingPong Rate

5.6.1
UMA
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Figure 8 PingPong Rate for UMa, UMi and RMa
Due to the lack of randomly drop number, the PiongPong does not show obvious trend of both drones UE and territorial UE. Maybe, it can be further studied for PiongPong.
6   Potential enhancements
Based on the Mobility simulation results, the coverage of a given cell being fragmented, the situation of radio condition a drone UE experience is so different from that of a territorial UE. Hence, the handover condition configured for the territorial UEs are not suitable for the drone UEs. If the handover condition configured for the territorial UEs is still used to make decision on handover triggering, RLF will occur more than before due to too late handover, too early handover and Ping-pong handover. 
Observation7: it is easier to have more handover problems in aerial coverage during drone UE moving.

The possible solutions are listed as follows:

· Solution 1: drone UE send status indication to eNB, the status can be altitude of drone UE or altitude level or altitude range etc., the status information can be carried in the current measurement report, maybe new measurement event or periodic reporting mechanism can be applied, and eNB make mobility decision based on the status indication.  

· Solution 2: eNB send a parameter change threshold to drone UE, the threshold can be altitude threshold or altitude range etc. Once drone UE meets the threshold, and it will report a status change indication to eNB. eNB change the related mobility parameters after receiving the indication, and then send it to drone UE.
The solutions described above focus on altitude based mobility parameter configuration, e.g. time to trigger or A3 offset. They can accelerate the handover procedure or delay it more or less. And if handover is brought forward with shorter TTT or lower A3 offset RLF number may decrease but handover may happen frequently. Conversely, if handover is delayed with longer TTT or higher A3 offset handover number may decrease but RLF may happen frequently. Hence, in this case the altitude based mobility parameter cannot lower down the total number of RLF and handover, and the mobility problems are still severe and need to be studied further.
Observation 8: the altitude based mobility parameter cannot lower down the total number of RLF and handover, and the mobility problems are still severe and need to be studied further.
 Therefore, we have the following proposal: 

Proposal：handover enhancement for drone UE need to be further studied to lower down the total number of handover failure.
7   Conclusion
By analysing the mobility issues for drones we have the following proposals:
Observation1: the coverage of a given cell being fragmented, the situation of radio condition a drone UE experience is so different from that of a territorial UE.
Observation2: the coverage of a given cell being fragmented and the strength of the sidelobe are smaller than that of the main lobe. Therefore, the situation of radio condition is possibly degraded, results in more handover number and more HOF rates, although the UE will almost always have a LOS connection to the base station due to lack of obstructions at flying altitude.
Observation3: The handover rate of the drones is higher than that of the territorial UE.
Observation 4: The HOF rate of the drones is higher than that of the territorial UE.  

Observation 5: The time in handoff rate of the drones is higher than that of the territorial UE.  
Observation 6: The time in Qout of rate of the drones is higher than that of the territorial UE. 
Observation7: it is easier to have more handover problems in aerial coverage during drone UE moving.
Observation 8: the altitude based mobility parameter cannot lower down the total number of RLF and handover, and the mobility problems are still severe and need to be studied further.
Based on the above observations and discussion, we propose:
Proposal：handover enhancement for drone UE need to be further studied to lower down the total number of handover failure.
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