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Introduction
During RAN#75, the study item for enhanced support for aerial vehicles was approved [1] with the following objective pertaining to Unmanned Aerial Vehicle (UAV) mobility:
· Handover: Identify if enhancements in terms of cell selection and handover efficiency as well as robustness in handover signalling can be achieved. [RAN2, RAN1].
Following the last RAN2#99bis meeting [2], the following agreements regarding identify certification for aerial vehicles were reached.
	Agreements:
1. Study how a UE’s “air-borne” status (e.g. altitude, speed etc.) can be efficiently indicated to RAN and used e.g. for potential HO parameters adjustment.
2. Other solutions from the papers in 9.4.4 are not excluded.



This contribution discusses the issues that arise in the context of UAV mobility, i.e. cell selection and handovers. Potential solutions that include UAV location reporting and predefined route information to enhance mobility are presented.
Key Challenges
UAV mobility presents a different set of challenges when compared to traditional terrestrial UE mobility, which ultimately affects network performance and service continuity. 
Apart from increased network interference, cell selection and handovers are key problems to be solved in order to enable efficient and reliable mobility of UAVs in a network. Minimizing radio link failures (RLFs) and handover failures (HOFs) are key aspects towards enhanced mobility. These are few of the challenges:
Cell detection and RLF:
· The number of detected cells increases with the height at which the UAVs hover or fly and as such the selection set of candidate neighbouring cells with high RSRP measurements also increases.
· The high levels of interference experienced by UAVs can result in RLF [3]. This problem is intensified with increased UAV speed [4] or height [5].
Handover:
· UAVs can experience various degrees of speeds (and acceleration) ranging from low to high speeds (up to 160km/h) and this can impact the handover (HO) performance [4, 5]. 
· UAVs may be susceptible to a large number of HO attempts in a given time [4, 5] at certain heights due to high levels of interference, which may lead to inaccurate RSRP/RSRQ measurements. The unnecessary number of HO attempts may also result in RRC Connection Reconfiguration signalling overhead when there are a large number of UAVs.

UAV mobility can be enhanced by distinguishing the status of a UE (if a UE is airborne or terrestrial) and can enable the network to optimize mobility procedures depending on the status of the UE.  The network may exploit the knowledge of a UAV’s 3D location information to identify the UE status [7, 8].
Observation 1: UAV interference increases with increasing UAV height and speed, and needs to be handled accordingly in order to improve mobility.
Observation 2: Cell selection and HO performance (including number of HO attempts) suffers with increased UAV height and speed due to higher number of candidate neighbouring cells.
Measurement Reporting
The existing measurement reporting mechanisms are triggered by a set of events, which rely on RSRP/RSRQ specific thresholds (see ReportConfigEUTRA information element (IE)) to enable the network to decide whether to perform a HO for a UE moving towards a neighbouring cell [6]. 
Extract of ReportConfigEUTRA IE [6]
-- ASN1START

ReportConfigEUTRA ::=				SEQUENCE {
	triggerType							CHOICE {
		event								SEQUENCE {
			eventId								CHOICE {
				eventA1								SEQUENCE {
					a1-Threshold						ThresholdEUTRA
				},
				eventA2								SEQUENCE {
					a2-Threshold						ThresholdEUTRA
				},
				eventA3								SEQUENCE {
					a3-Offset							INTEGER (-30..30),
					reportOnLeave						BOOLEAN
				},
				eventA4								SEQUENCE {
					a4-Threshold						ThresholdEUTRA
				},
				eventA5								SEQUENCE {
					a5-Threshold1						ThresholdEUTRA,
					a5-Threshold2						ThresholdEUTRA
				},
				...,
				eventA6-r10							SEQUENCE {
					a6-Offset-r10						INTEGER (-30..30),
					a6-ReportOnLeave-r10				BOOLEAN
				},
				eventC1-r12							SEQUENCE {
					c1-Threshold-r12					ThresholdEUTRA-v1250,
					c1-ReportOnLeave-r12				BOOLEAN
				},
				eventC2-r12							SEQUENCE {
					c2-RefCSI-RS-r12					MeasCSI-RS-Id-r12,
					c2-Offset-r12						INTEGER (-30..30),
					c2-ReportOnLeave-r12				BOOLEAN
				},
				eventV1-r14							SEQUENCE {
					v1-Threshold-r14					SL-CBR-r14
				},
				eventV2-r14							SEQUENCE {
					v2-Threshold-r14					SL-CBR-r14
				}
			},
			hysteresis							Hysteresis,
			timeToTrigger						TimeToTrigger
		},
		periodical								SEQUENCE {
			purpose									ENUMERATED {
														reportStrongestCells, reportCGI}
		}
	},
	triggerQuantity						ENUMERATED {rsrp, rsrq},
	reportQuantity						ENUMERATED {sameAsTriggerQuantity, both},
	maxReportCells						INTEGER (1..maxCellReport),
	reportInterval						ReportInterval,
	reportAmount						ENUMERATED {r1, r2, r4, r8, r16, r32, r64, infinity},
	...,
	[[	si-RequestForHO-r9					ENUMERATED {setup}		OPTIONAL,	-- Cond reportCGI
		ue-RxTxTimeDiffPeriodical-r9		ENUMERATED {setup}		OPTIONAL	-- Need OR
	]],
	[[	includeLocationInfo-r10		 		ENUMERATED {true}		OPTIONAL,	-- Need OR
		reportAddNeighMeas-r10				ENUMERATED {setup}		OPTIONAL	-- Need OR
	]],
...

-- ASN1STOP

UAVs may experience erroneous RSRP/RSRQ measurements in the presence of high interference causing unnecessary events to be triggered (especially events A1, A2, A4, A5 or B1). Therefore, additional information such as location information (see highlighted ASN.1 text above) may assist the network in performing the correct HO towards the most appropriate neighbouring cell. As reported in [7] and [8], the location information has already been specified in [6] and can also be used to indicate the status (airborne or terrestrial) of the UAV. The reporting of UAV location information to the network can assist in optimizing mobility procedures. 
Observation 3: RSRP/RSRQ measurement reporting is not sufficient to enable enhanced UAV mobility.
Proposal 1: Include the additional use of location information to enable enhanced HO decisions.
Route-based Mobility 
In the case of UAV autonomous control, the UAV will be flying based on a predefined aerial route. This predefined route is embedded into a UAV flight path to reach its destination, which applies to remote UAV operational use cases such as package/food delivery, agricultural applications, etc. The current HO procedure is divided into three key phases, viz. HO preparation, HO execution and HO completion [9], which can be enhanced for UAVs.
The number of candidate target cells for performing the UAV HO increases when compared to terrestrial UEs (due to high number RSRQ/RSRP measurements from neighbouring cells). An advantage to enable efficient HO signalling is to distribute the HO preparation to potential target cells using a priori information based on a predefined path (route) known by the UAV or network (See Figure 1). Exploiting the predefined route has several advantages:
· The list of possible candidate target cells can at least be reduced based on the knowledge of the UAV path information.
· Knowledge of the UAV flight path can enable the network to preemptively prepare resources including (HO requests and acknowledgements, UE context) for the next consecutive base station on the UAV’s flight path.
· In the event of a RLF or HO failure e.g. due to high UAV speeds or high altitude operation, the UAV can easily perform the RRC connection re-establishment procedure [6] (based on the information in the predefined route) provided that the concerned cell has already been prepared.
· If the flight path of the UAV is suddenly altered for some reason during flight mode, the prepared base stations can be notified to release the resources of the expected UAV.

Observation 4: UAV route information can assist the network to enhance mobility procedures.
Proposal 2: Consider predefined UAV path information as part of the HO decision criteria.


Figure 1: Predefined UAV route with preparation of multiple target cells
Conclusion
This contribution has highlighted a few issues which can affect the mobility performance of UAVs including corresponding potential solutions to enable efficient handovers. The following observations were noted:
Observation 1: UAV interference increases with increasing UAV height and speed, and needs to be handled accordingly in order to improve mobility.
Observation 2: Cell selection and HO performance (including number of HO attempts) suffers with increased UAV height and speed due to higher number of candidate neighbouring cells.
Observation 3: RSRP/RSRQ measurement reporting is not sufficient to enable enhanced UAV mobility.
Observation 4: UAV route information can assist the network to enhance mobility procedures.
We therefore have the following proposals:
Proposal 1: Include the additional use of location information to enable enhanced HO decisions.
Proposal 2: Consider predefined UAV path information as part of the HO decision criteria.
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