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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 [1]:
	· 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.



[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this contribution, firstly we present our simulation results of mobility performance for drones according to the latest simulation assumptions [2]. Based on all the results, we illustrate the necessity of mobility enhancement of Drone UEs. Compared to the previous paper, we add the calculation and analysis of the interruption time due to handover and RLF.
Maps of the serving cell for drone UEs
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Figure 2: Serving Cell distribution for drone UEs at four different altitudes in UMa
We present a map of the serving cell which is “seen” by drone UEs at four different altitudes of the simulated deployment, respectively in 1.5m, 50m, 100m and 300m. The simulation assumption is as following Table.
Table 2 Simulation Assumptions
	Cell layout
	UMa scenario with 19 sites*3

	ISD
	500m

	height of eNB
	25m

	carrier frequency
	2GHz

	Bandwidth
	10MHz

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

	Vertical element spacing
	0.8λ

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



In Figure 2, 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 to be served by a sidelobe of some neighbour eNB far away from the drone UE instead of the main lobe of the closest eNB. Obviously, the coverage of a given cell is fragmented into several small parts but not a continuous coverage. Especially, when the height of the drones reaches 300m, the shape of the serving cell is like the ripple spreading far away. 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.
Observation 1: the aerial coverage of a given cell is fragmented, and the strength of the sidelobe is smaller than that of the main lobe. 
Simulation results
The simulation assumption for Drones mobility simulation has been agreed in [2] in RAN2. The simulation provided in this document is basically based on the agreements of simulation assumption in RAN1 and RAN2 [2] [3]. In the following sections, we present and discuss the simulation results focusing on the KPI listed in [2]. Additionally, the UE number applied in this simulation is 10 UE per cell.

5.1	Handover Rate
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Figure 3 Handover rate
The number of handover rate per second per UE is as illustrated in Figure 2. It is observed that:
· Handover rate of drone UEs is nearly 2 times higher than that of the territorial UEs.
This is because the drone UE can see more side beams which form the serving cells for the drones. As the cells are disrupted as stated in Observation 2, the UE will definitely experience frequently handover when the speed of the UE is accelerated. However, when the height is above one point, the variance of the shadow fading 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.
Observation 2: The handover rate of the drone UE is nearly 2 times higher than that of the territorial UE. Then the trend of simulation results indicated that the UE height has a significant impact on the HO performance, and the drone UE suffers higher HO rate than the territorial UE.

5.2	HOF Rate
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Figure 4 Handover Failure Rate
The handover failure rate of the drone is much higher than that of the ground UE, at most 17 times more than ground UE. This is because the DL SINR of the drones are much lower than that the ground UE, one reason is that drones are suffering more interference from many strong neighbour cells with LOS path, and the other reason is side lobe has lower gain than that of main lobe.
Observation 3: The HOF rate of the drone UE is at most 17 times than that of the territorial UE. Then the trend of simulation results indicated that the UE height has a significant impact on the HO performance, and the drone UE suffers much higher HOF rate than the territorial UE.

5.3	RLF Rate
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Figure 5 RLF Rate
From Figure 5, it is shown that the RLF rate has the following characteristics:
· The RLF rate of the drones is higher than that of the ground UE significantly;
· The trend of RLF rate increases as the UE speed grows and reach the top as the speed reaches 30Km/h;
Similar to the HOF rate, RLF rate of the drones is higher due to the more severe interference suffering from strong neighbour cells. When the drones are at high speed, handover happens earlier than that of the drones at low speed. The reason is the handover margin is 2dB as stated in the simulation assumption. During the same time duration, longer distance the UE moves at high speed, and higher changes pathloss experiences. Consequently, more handover happens while the T310 does not expire compared with the UE at low speed.
Observation 4: The RLF rate of the drone UE is higher than that of the territorial UE. Then the trend of simulation results indicated that the UE height has a significant impact on the RLF performance, and the drone UE suffers much higher RLF rate than the territorial UE.

5.4	Time in Handoff
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Figure 6 Time in Handoff
Time in handoff includes the time during handover procedure of the successful handover and the RRC reestablishment procedure after the handover failure. This result particularly demonstrates 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 5: The time in handoff of the drone UE is higher than that of the territorial UE. Then the trend of simulation results indicated that the drone UE experiences much longer time in handoff than the territorial UE.

5.5	Time in Qout
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Figure 7 Time in Qout for UMa
It can be seen that, the time in Qout of the drone UE is higher than that of the territorial UE, which trend is similar to that of the handover rate.
Observation 6: The time in Qout of the drone UE is higher than that of the territorial UE. Then the trend of simulation results indicated that the drone UE experiences much longer time in Qout than the territorial UE.
 
5.6	PingPong Rate
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Figure 8 PingPong Rate
Observations for Ping-Pong are drawn from Figure 8 is listed below:
· The trend for Ping-Pong for the drone UE increases as the speed grows and reaches the top at 30Km/h, then decreases as the speed grows up to 160Km/h.
· The Ping-Pong rate for the drone UE is slightly higher than that of the ground UE.
Observation 7: The Ping-Pong rate of the drone UE is slightly higher than that of the ground UE.
5.7	Simulation conclusion
From the observations, it can be seen that the drones experience higher handover failure rate and RLF rate. This is due to the high DL interferences suffering from many neighbour cells and less gain of antenna side lobes. 
The cell change rate including both handover and cell reselection during RRC reestablishment is provided in Figure 9. It can be seen that the cell change number increases for drones as altitude grows.
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Figure 8 Cell change number including handover and RRC reestablishment
Observation 8: More cell change occurs for drones as altitude grows.
Mobility Issues of Drones
In the above section, some KPI results of mobility issues are presented based on these preliminary numbers we further calculated the interruption time due to handover and RLF.
0. Handover interruption time
The handover interruption time includes handover success and handover failure. According to TR36.881, the typical handover interruption time is 49.5ms. And if handover failure happens the following RRC reestablishment procedure is initialled and the delay is Tre-establish_delay as described in TS36.133.
Tre-establish_delay =  TUL_grant + TUE_re-establish_delay
And TUE-re-establish_delay = 50 ms + Nfreq*Tsearch + TSI + TPRACH
In this analysis we assume to use the following typical values in Table 1 for the parameters in the formula above, and we get total 188ms delay for RRC reestablishment procedure.
Table1. Parameters of RRC reestablishment procedure
	Parameter
	Value

	Nfreq
	Nfreq = 1. intra-frequency handover scenario

	Tsearch
	Tsearch = 100ms according to TS36.133. We assume the target cell has been measured by the UE in the last 5 seconds.

	TSI
	TSI = 15ms. The average delay to derive MIB is 5ms and the average delay to derive SIB1 is 10ms.

	TPRACH
	TPRACH=10ms according to TS36.133.

	TUL_grant
	TUL_grant = 13ms, which includes 9ms waiting for RAR and 4ms to send RRCConnectionReestablishmentRequest message



Based on the simulation results we derive the following figure for handover interruption time. It shows that as a drone’s altitude increases the handover interruption time increases too, and when the altitude is 300m for the speed of 30km/h and 60km/h the handover interruption decrease a little compared to that at 100m altitude.

Figure 1 handover interruption time
RLF interruption time
And the other important element is Time in Qout, it is basically the running time if T310 which is triggered by low SINR (lower than -8dB). And we can assume the data transmission interruption happens during Time in Qout because it is hard to decode PDCCH in case of such low SINR. And if RLF is triggered the following RRC reestablishment procedure is initialled and the delay has been estimated above. Based on the simulation results we derive the following figure for Time in Qout and RLF reestablishment delay. For Time in Qout it is obvious that it becomes longer at high altitude than that on ground, and as the altitude increases the RLF rate raises too which leads to much larger reestablishment delay.

Figure 2 RLF reestablishment delay
 
Figure 3 Time in Qout
Total interruption time
And the total interruption time includes handover interruption time (handover success delay and handover failure delay), RLF reestablishment delay and Time in Qout (it has included the detection delay of HoF and RLF). We derive the following interruption time figures based on our simulation results.


Figure 4 total interruption time
The largest interruption is nearly 449ms per second which is almost half of the available time. Even in a low speed scenario (30Km/h) at the altitude of 100m the interruption time rate is approximately 16%. So we have the following observation:
[bookmark: OLE_LINK21]Observation 9: the biggest mobility problem is long interruption time for drones due to (including successful HO and failed HO) and RLF.
And we further analyse the proportion of each part, we see Time in Qout takes up the largest part of interruption time which is approximately 75%. And it also leads to a large amount of RLF and HOF according to the RLF and HOF definitions in TR36.839.
Observation 10: Time in Qout takes up a large part of total interruption time and it contributes to a large amount of HOF and RLF.
Time in Qout is produced by low DL SINR, and because the cellular network is designed for ground UEs, the main lobe of eNB antenna is pointing to ground. So only some weak side lobes serves aerial objects. And due to the unoptimized antenna radiation pattern the side lobes are usually irregular as illustrated in figure 5(a real vertical antenna pattern), the fluctuated DL RSRP can be expected and it will lead to non-continuous aerial coverage. And from figure 6 we can see that at 100m altitude as the 2D distance increases a drone will experience deep fading frequently, which may lead to high RLF rate. So the drones can only be served by side lobes of eNB antennas with fluctuated antenna gain and frequent deep fading, it is reasonable that drones will experience more handover and more HOF/RLF, and consequently long interruption time can be foreseeable as illustrated in figure 4.
[image: ]                      [image: ]
Figure 5 vertical radiation pattern of eNB antenna                     Figure 6 antenna gain at 100m altitude
Observation11: the fluctuated antenna gain and frequently deep fading due to side lobes of the eNB antennas is the key reason for long interruption time.
Based on the observations above, as the mobility KPIs are much worse that of ground UE, it is necessary to study solution for mobility issue of drones
Proposal 1: Further studies should be carried for mobility issues of the drone UE.

[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Conclusion
[bookmark: OLE_LINK82][bookmark: OLE_LINK83]Based on the analysis of the mobility issues for drones, we have the following observations:
Observation 1: the aerial coverage of a given cell is fragmented and the strength of the sidelobe is smaller than that of the main lobe.
Observation 2: The handover rate of the drone UE is nearly 2 times higher than that of the territorial UE. Then the trend of simulation results indicated that the UE height has a significant impact on the HO performance, and the drone UE suffers higher HO rate than the territorial UE.
Observation 3: The HOF rate of the drone UE is at most 17 times than that of the territorial UE. Then the trend of simulation results indicated that the UE height has a significant impact on the HO performance, and the drone UE suffers much higher HOF rate than the territorial UE.
Observation 4: The RLF rate of the drone UE is higher than that of the territorial UE. Then the trend of simulation results indicated that the UE height has a significant impact on the RLF performance, and the drone UE suffers much higher RLF rate than the territorial UE.
Observation 5: The time in handoff of the drone UE is higher than that of the territorial UE. Then the trend of simulation results indicated that the drone UE experiences much longer time in handoff than the territorial UE.
Observation 6: The time in Qout of the drone UE is higher than that of the territorial UE. Then the trend of simulation results indicated that the drone UE experiences much longer time in Qout than the territorial UE.
Observation 7: The Ping-Pong rate of the drone UE is slightly higher than that of the territorial UE.
Observation 8: More cell change occurs for a drone UE as altitude grows.
Observation 9: the biggest mobility problem is long interruption time for drones due to (including successful HO and failed HO) and RLF.
Observation 10: Time in Qout takes up a large part of total interruption time and it contributes to a large amount of HOF and RLF.
Observation11: the fluctuated antenna gain and frequently deep fading due to side lobes of the eNB antennas is the key reason for long interruption time.
Hence, we propose:
Proposal : Further studies should be carried for mobility issues of the drone UE.
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handover interruption time(ms/sec/UE)
3Km/h	
0m	50m	100m	300m	2.1068859649122778	2.4267543859649132	4.0553508771929696	12.128157894736843	30Km/h	
0m	50m	100m	300m	4.2541228070175334	16.707543859649089	21.181140350877186	14.916096491228076	60Km/h	
0m	50m	100m	300m	8.4823684210526125	30.252236842105173	40.848596491228044	31.591140350877186	160Km/h	
0m	50m	100m	300m	26.068830409356725	65.083567251461858	81.920350877192988	88.725087719298159	



RLF reestablishment delay(ms/sec/UE)
3Km/h	
0m	50m	100m	300m	0.11131578947368441	4.3000877192982445	9.5360526315789524	24.617280701754453	30Km/h	
0m	50m	100m	300m	0.15254385964912312	6.1429824561403388	12.22	31.60956140350881	60Km/h	
0m	50m	100m	300m	0.17728070175438596	5.5946491228070174	10.496666666666686	27.948508771929749	160Km/h	
0m	50m	100m	300m	0.10444444444444446	4.1228070175438498	7.3276023391812855	16.969473684210524	



Time in Qout(ms/sec/UE)
3Km/h	
0m	50m	100m	300m	2.77478070175439	32.647149122807015	69.42916666666666	178.40548245614036	30Km/h	
0m	50m	100m	300m	4.7668859649122775	76.461403508771923	126.90986842105266	219.69539473684176	60Km/h	
0m	50m	100m	300m	8.8254385964912494	105.84122807017555	166.07938596491203	252.94539473684176	160Km/h	
0m	50m	100m	300m	28.916666666666668	179.11403508771929	251.33947368421053	343.24619883040924	



total interruption time(ms/sec/UE)
3Km/h	
0m	50m	100m	300m	4.9929824561403455	39.373991228070182	83.020570175438337	215.15092105263207	30Km/h	
0m	50m	100m	300m	9.1735526315789695	99.311929824561403	160.31100877192983	266.22105263157869	60Km/h	
0m	50m	100m	300m	17.485087719298246	141.68811403508781	217.42464912280698	312.48504385964895	160Km/h	
0m	50m	100m	300m	55.089941520467825	248.32040935672583	340.58742690058415	448.94076023391887	
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