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Introduction
In RAN2#99 meeting, some preliminary mobility simulation results are provided in [1], and based on latest simulation assumptions some further results are provided in [2]. With these simulation results we further analyse the reasons behind figures and propose a solution for mobility issue of drones in this paper. 
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In [2] 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]Observation1: 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.
Observation2: 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.
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Figure 5 vertical radiation pattern of eNB antenna                     Figure 6 antenna gain at 100m altitude
Observation3: the fluctuated antenna gain and frequently deep fading due to side lobes of the eNB antennas is the key reason for long interruption time.
1   Virtual Drone Cell
Base on above analysis, the fluctuated antenna gain and frequent deep fading due to side lobes of the eNB antenna is the key reason for long interruption time caused by handover and RLF. The straightforward way is to improve the aerial coverage performance of antenna side lobes. However, this may need upgrade or replace the existing hardware, such as deploying dedicated eNB for drones or Massive MIMO antenna to provide special beams pointing to aerial objects. Therefore, we prefer to focus on software update based solutions to improve aerial coverage, and usually we choose COMP technique which can fulfil the requirement of improving DL SINR by Joint Transmission and Muting, and its effectiveness has been approved before. But COMP can only be used for data channel, so it cannot help to mitigate mobility problems well. For example, the handover decision is based on the RSRP offset between cells and Joint Transmission cannot be applied for CRS, so the cell coverage fragmentation will not be improved and the handover rate cannot be reduced. For RLF, the RLF detection is based on the CRS measurement within PDCCH symbols. Since this PDCCH CRS cannot be jointly transmitted by multiple eNBs, the received CRS power cannot be raised. Conversely, the interference may be lowered down if a number of neighbour cells should be muted when ABS subframe is applied.
Following the concept of COMP, a reserved DL resource can be allocated for drones within PDSCH as illustrated in figure 7, and the corresponding downlink data and demodulation reference signal can be jointly transmitted by multiple eNBs. In addition to ePDCCH, in the reserved DL resource a drone can receive scheduling information and data simultaneously. As this reserved resource is specific for drones, it is named as Virtual Drone Cell (VDC) for convenience.  As a VDC is the composition of several neighbour cells, the VDC has a more large coverage area, so the handover rate can be declined. Since this solution changes interference from the neighbour cells into useful signals, the DL SINR can be improved obviously. Hence, the RLF rate can be reduced correspondingly. As a consequence, the total interruption time can be reduced.


Figure 7 Reserved DL resources for virtual drone cell
[bookmark: OLE_LINK24]And optionally a VDC specific synchronization signal can be introduced for VDC detection and identification, as shown in figure 8, the detailed description can be found in [3].
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[bookmark: _Ref493237489]Figure 8: Virtual Drone Cell
In Summary, VDC is a group of coordinated cells: 
· Multiple physical cells sends data in the mode of COMP+ABS
· Change interference cells to coordinated cells 
· Optionally, handover between VDCs instead of physical cells  
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]To evaluate the gain of VDC solution, the diameter of VDC is assumed as 1732m which is the ISD in the RMa simulation scenario. And the simulation results of handover and RLF for ground UEs in the RMa scenario is used to estimate the corresponding simulation results of VDC. And the maximum UPT (User Perceiving Throughput) gain can be derived due to almost zero interruption time as illustrated in Figure 9, in which we assume the code rate of data transmission keep unchanged after VDC is applied. The UPT gain formula is as follows:
UPT gain = (Total interruption time – VDC interruption time)/(1000-Total interruption time )
[bookmark: _GoBack]The unit of total interruption time is ms/sec.

  
Figure 9 UPT gain of VDC
Proposal 1: consider the virtual drone cell as a candidate option to improve interference and mobility issues for drones.
Proposal 2: capture the virtual drone cell solution in TR.
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By analysing the simulation results for drones we have the following observations:
Observation1: the biggest mobility problem is long interruption time for drones due to handover (including successful HO and failed HO) and RLF.
Observation2: Time in Qout takes up a large part of total interruption time and it contributes to a large amount of HOF and RLF.
Observation3: the fluctuated antenna gain and frequently deep fading due to side lobes of the eNB antennas is the key reason for long interruption time.
And we propose:
Proposal 1: consider the virtual drone cell as a candidate option to improve interference and mobility issues for drones.
Proposal 2: capture the virtual drone cell solution in TR.
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Time in Qout(ms/sec/UE)
3Km/h	
0m	50m	100m	300m	2.7747807017543877	32.647149122807015	69.42916666666666	178.40548245614036	30Km/h	
0m	50m	100m	300m	4.7668859649122792	76.461403508771923	126.90986842105266	219.69539473684199	60Km/h	
0m	50m	100m	300m	8.8254385964912352	105.84122807017548	166.07938596491218	252.94539473684199	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	83.020570175438436	215.1509210526319	30Km/h	
0m	50m	100m	300m	9.1735526315789606	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	248.32040935672555	340.58742690058443	448.94076023391858	



UPT Gain
3Km/h	
50m	100m	300m	3.655323810455656E-2	8.5891316221245254E-2	0.26870251454646077	30Km/h	
50m	100m	300m	9.703906681870117E-2	0.17673330283262265	0.34657719950078186	60Km/h	
50m	100m	300m	0.14211397515247068	0.25264614953842784	0.42584534524639689	160Km/h	
50m	100m	300m	0.27179188034344298	0.44974487748487846	0.73480441123862184	



handover interruption time(ms/sec/UE)
3Km/h	
0m	50m	100m	300m	2.1068859649122782	2.4267543859649132	4.0553508771929749	12.128157894736843	30Km/h	
0m	50m	100m	300m	4.254122807017537	16.707543859649103	21.181140350877186	14.916096491228076	60Km/h	
0m	50m	100m	300m	8.4823684210526196	30.252236842105209	40.848596491228044	31.591140350877186	160Km/h	
0m	50m	100m	300m	26.068830409356725	65.083567251461901	81.920350877192988	88.725087719298159	



RLF reestablishment delay(ms/sec/UE)
3Km/h	
0m	50m	100m	300m	0.1113157894736843	4.3000877192982445	9.5360526315789524	24.617280701754428	30Km/h	
0m	50m	100m	300m	0.15254385964912301	6.1429824561403441	12.22	31.609561403508796	60Km/h	
0m	50m	100m	300m	0.17728070175438596	5.5946491228070174	10.496666666666679	27.948508771929777	160Km/h	
0m	50m	100m	300m	0.10444444444444446	4.1228070175438543	7.3276023391812855	16.969473684210524	
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