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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 show simulation results of handover for drones, and then propose several solutions to enhance handover mechanism for drones.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Simulation results
2.1	Handover Rate
2.1.1	UMA

Figure 2-1 Handover rate for Uma
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Figure 2-2 Serving Cell distribution of UMA
2.2.1	UMI

Figure 2-3 Handover Rate (HO/UE/sec)
It can be seen that the handover rate is higher 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 can form the serving cells for the drones. If the cells are disrupt, the UE shall perform handover more frequent as the speed of the UE is high.
The serving cell distribution at different height is shown in figure 2-2. It shows that the drones UE can see more cells than the territorial UE. However, when the height is above one point, since the variance of the shadowfading declines and the side beams can’t reach the position. Thus, it can’t see so many cell and the handover rate descends.
Observation 1: The handover rate of the drones is higher than that of the territorial UE.
2.2	HOF Rate
2.2.1	UMA

Figure 2-4 Handover Failure Rate for UMA
2.2.1	UMI

Figure 2-5 Handover Failure Rate for UMI
The handover failure rate of the drone is higher than that of the ground UE. This is because drones are suffering more interferences from cells with LOS path. And the SINR of the drones are lower than that the ground UE.
Observation 2: The HOF rate of the drones is higher than that of the territorial UE. 
2.3	RLF Rate
2.3.1	UMA

Figure 2-6 RLF Rate for UMA
2.3.2	UMI

Figure 2-7 RLF Rate for UMI
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.
2.4	Time in Handoff
2.4.1	UMA

Figure 2-8 Time in Handoff for Uma
2.4.2	UMI

Figure 2-9 Time in Handoff in UMi
It can be seen that, 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 3: The time in handoff rate of the drones is higher than that of the territorial UE. 
2.5	Time in Qout

2.5.1	UMA

Figure 2-10 Time in Qout for Uma
2.5.2	UMI

Figure 2-11 Time in Qout for UMi
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 3: The time in Qout of rate of the drones is higher than that of the territorial UE. 
2.6	PingPong Rate
2.6.1	UMA

Figure 2-12 PingPong Rate for Uma
2.6.2	UMI

Figure 2-13 PingPong Rate for Umi
[bookmark: _GoBack]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.

Potential enhancements
Based on the Mobility simulation results, it has following mobility problems:
[bookmark: OLE_LINK6]Issue1: Overshoot coverage
[image: cid:image005.jpg@01D2FAF6.E4C15520]
Figure 1: Map of the Average SNR values of different cells for a moving drone UE
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, this cell may not be in the current neighbour relationship table, so it means that the drone UE needs to maintain a separate neighbour relationship in the air in order to ensure the success of the handover.
Observation4: eNB need maintain a separate neighbour relationship in the air in order to ensure the success of the handover.
[bookmark: OLE_LINK7]Issue2: handover problems
As analysis above, 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. 
Observation5: it is easier to have more handover problems in aerial coverage during drone UE moving.
Issue2: handover problems
As analysed above, 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. 
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.
[bookmark: OLE_LINK10]Observation 3: 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: 
Proposal1：handover enhancement for drone UE need to be further studied to lower down the total number of handover failure.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Conclusion
By analysing the mobility issues for drones we have the following proposals:
Observation 1: The handover rate of the drones is higher than that of the territorial UE.
Observation 2: The HOF rate of the drones is higher than that of the territorial UE. 
Observation 3: The time in handoff rate of the drones is higher than that of the territorial UE.  
Observation4: current neighbour relationship for territorial UE has not applied to the drone UE yet.
Observation 5: 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.
Proposal：handover enhancement for drone UE need to be further studied to lower down the total number of handover failure.
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Annex
In this section, the simulation assumptions are given. 
	Parameter
	Atributes

	Channel Model
	Following RAN1 agreements

	Scenario
	UMA, UMI

	RLF HOF simulation assumption
	Following RAN2 agreements in the email discussion

	Traffic Model
	Fullbuffer

	UE number
	10 UE per cell






Handover Rate(HO/UE/sec)
3Km/h	0m	50m	100m	300m	4.8095238095238108E-2	1.7142857142857147E-2	1.5714285714285722E-2	1.0158730158730159E-2	30Km/h	0m	50m	100m	300m	6.9841269841269843E-2	0.17873015873015871	0.16793650793650788	6.936507936507938E-2	60Km/h	0m	50m	100m	300m	0.13063492063492063	0.27888888888888913	0.32063492063492072	0.14111111111111116	160Km/h	0m	50m	100m	300m	0.27031746031746057	0.42238095238095258	0.55079365079365084	0.34047619047619043	



HOF rate(HOF/UE/sec)
3Km/h	0m	50m	100m	300m	3.0952380952380953E-3	2.857142857142858E-3	4.2857142857142877E-3	2.6190476190476189E-3	30Km/h	0m	50m	100m	300m	1.1666666666666671E-2	4.8095238095238108E-2	4.5000000000000012E-2	5.0952380952380971E-2	60Km/h	0m	50m	100m	300m	3.2142857142857154E-2	0.11309523809523812	0.10642857142857148	0.12452380952380956	160Km/h	0m	50m	100m	300m	0.1061904761904762	0.28500000000000014	0.27190476190476226	0.41071428571428586	



HOF Rate(HOF/UE/sec)
3Km/h	0m	50m	100m	300m	1.9047619047619063E-3	6.4285714285714302E-3	6.1904761904761924E-3	2.3809523809523812E-3	30Km/h	0m	50m	100m	300m	1.8571428571428579E-2	0.1566666666666667	0.17333333333333342	4.6190476190476192E-2	60Km/h	0m	50m	100m	300m	5.7142857142857141E-2	0.28238095238095262	0.37857142857142856	0.13404761904761903	160Km/h	0m	50m	100m	300m	0.22904761904761903	0.47452380952380963	0.64785714285714291	0.45	



RLF Rate(RLF/UE/sec
3Km/h	0m	50m	100m	300m	2.380952380952382E-4	1.428571428571429E-3	1.9047619047619063E-3	3.0952380952380953E-3	30Km/h	0m	50m	100m	300m	0	1.428571428571429E-3	0	3.333333333333334E-3	60Km/h	0m	50m	100m	300m	7.142857142857145E-4	7.142857142857145E-4	4.7619047619047641E-4	3.8095238095238108E-3	160Km/h	0m	50m	100m	300m	2.380952380952382E-4	4.7619047619047641E-4	7.142857142857145E-4	2.380952380952382E-4	



RLF Rate(RLF/UE/sec)
3Km/h	0m	50m	100m	300m	1.6666666666666674E-3	1.1904761904761908E-3	4.0476190476190482E-3	4.7619047619047641E-4	30Km/h	0m	50m	100m	300m	4.2857142857142877E-3	7.142857142857145E-4	1.428571428571429E-3	9.5238095238095314E-4	60Km/h	0m	50m	100m	300m	4.0476190476190482E-3	4.7619047619047641E-4	1.1904761904761908E-3	9.5238095238095314E-4	160Km/h	0m	50m	100m	300m	1.428571428571429E-3	0	2.380952380952382E-4	0	



Time in handoff(%)
3Km/h	0m	50m	100m	300m	1.5238095238095243E-3	3.8095238095238091E-4	2.9206349206349218E-4	1.4603174603174606E-4	30Km/h	0m	50m	100m	300m	1.3968253968253967E-3	2.9650793650793663E-3	2.9968253968253979E-3	2.6412698412698415E-3	60Km/h	0m	50m	100m	300m	2.8000000000000013E-3	5.4603174603174596E-3	5.9428571428571447E-3	5.3587301587301583E-3	160Km/h	0m	50m	100m	300m	5.9873015873015889E-3	1.0634920634920638E-2	1.1333333333333336E-2	1.3307936507936508E-2	



Time in Handoff(%)
3Km/h	0m	50m	100m	300m	1.9238095238095247E-3	6.857142857142857E-4	6.2857142857142897E-4	4.0634920634920679E-4	30Km/h	0m	50m	100m	300m	2.7936507936507943E-3	7.1492063492063504E-3	6.7174603174603191E-3	2.7746031746031744E-3	60Km/h	0m	50m	100m	300m	5.2253968253968292E-3	1.1155555555555563E-2	1.2825396825396816E-2	5.6444444444444459E-3	160Km/h	0m	50m	100m	300m	1.0812698412698411E-2	1.6895238095238102E-2	2.2031746031746041E-2	1.3619047619047621E-2	



Time in Qout(%)
3Km/h	0m	50m	100m	300m	2.6309523809523818E-3	2.761904761904764E-3	4.0880952380952379E-3	4.8499999999999993E-3	30Km/h	0m	50m	100m	300m	3.3357142857142856E-3	1.753095238095238E-2	1.1478571428571435E-2	2.2878571428571443E-2	60Km/h	0m	50m	100m	300m	9.1428571428571418E-3	3.4619047619047633E-2	3.1792857142857144E-2	4.5871428571428577E-2	160Km/h	0m	50m	100m	300m	2.8299999999999999E-2	8.9690476190476293E-2	8.489047619047628E-2	0.12785952380952376	



Time in Qout(%)
3Km/h	0m	50m	100m	300m	5.6833333333333371E-3	4.1261904761904743E-3	7.2809523809523845E-3	4.6595238095238104E-3	30Km/h	0m	50m	100m	300m	1.1042857142857151E-2	5.012619047619047E-2	5.5326190476190494E-2	1.8426190476190481E-2	60Km/h	0m	50m	100m	300m	2.4519047619047624E-2	9.5519047619047628E-2	0.12155714285714286	4.0330952380952377E-2	160Km/h	0m	50m	100m	300m	6.777619047619049E-2	0.16436666666666666	0.23418095238095238	0.13155952380952377	



PingPong rate(%)
3Km/h	0m	50m	100m	300m	0.17687074829931967	2.0833333333333343E-2	7.1428571428571425E-2	0	30Km/h	0m	50m	100m	300m	2.3391812865497082E-2	4.1509433962264149E-2	9.5406360424028266E-2	9.9009900990099098E-2	60Km/h	0m	50m	100m	300m	4.901960784313731E-2	7.7922077922077934E-2	0.10838445807770962	8.4112149532710248E-2	160Km/h	0m	50m	100m	300m	3.4205231388329996E-2	8.995815899581594E-2	0.12597200622083982	6.1994609164420483E-2	



PingPong Rate(%)
3Km/h	0m	50m	100m	300m	0.10309278350515468	0.1111111111111111	4.1095890410958895E-2	0	30Km/h	0m	50m	100m	300m	2.7624309392265192E-3	0.14316239316239329	0.12424242424242427	2.8806584362139908E-2	60Km/h	0m	50m	100m	300m	5.1457975986277894E-3	0.15761821366024525	0.10465116279069768	9.2024539877300655E-3	160Km/h	0m	50m	100m	300m	9.4466936572199772E-3	0.11676646706586827	0.16955941255006682	1.9607843137254902E-2	



Handoer Rate(HO/UE/sec)
3Km/h	0m	50m	100m	300m	4.8095238095238108E-2	1.7142857142857147E-2	1.5714285714285722E-2	1.0158730158730159E-2	30Km/h	0m	50m	100m	300m	6.9841269841269843E-2	0.17873015873015871	0.16793650793650788	6.936507936507938E-2	60Km/h	0m	50m	100m	300m	0.13063492063492063	0.27888888888888913	0.32063492063492072	0.14111111111111116	160Km/h	0m	50m	100m	300m	0.27031746031746057	0.42238095238095258	0.55079365079365084	0.34047619047619043	
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