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1	Introduction
The work item for Enhanced LTE support for Aerial Vehicles was approved [1] in RAN#78 and the objectives were identified:
	The detailed objectives of this work item are as follows:
· Specify enhancements to support improved mobility performance and interference detection in the following areas [RAN2]:
· Enhancements to existing measurement reporting mechanisms such as definition of new events, enhanced triggering conditions, mechanisms to control the amount of measurement reporting.
· Enhancements to mobility for Aerial UEs such as conditional HO and enhancements based on information such as location information, UE’s airborne status, flight path plan, etc.
· Specify enhancements to support indication of UE’s airborne status and indication of the UE’s support of UAV related functions in LTE network e.g. UE radio capability [RAN2].
· Signaling support for subscription based identification [RAN2 lead, RAN3]
· Specify S1/X2 signaling to support subscription based aerial UE identification
· Specify UL power control enhancements in the following areas [RAN1, RAN2]
· UE specific fractional pathloss compensation factor
· Extending the supported range of UE specific P0 parameter



This contribution discusses the challenges facing aerial UEs when moving in vertical direction during take-off and landing in relation to the current HO procedure in LTE. 
2	Vertical vs Horizontal movement
It has previously been discussed that the handover procedures and corresponding parameters should be different for aerial UEs compared to terrestrial UEs. Furthermore, it has been proposed to have different procedures and parameters for different heights [2].
However, aerial UEs have the possibility to not only move in horizontal direction, but also in vertical direction. From a flight safety point of view especially take-off and landing are most critical and a large percentage of accidents happen during these phases [3].
At the same time the radio propagation is changing rapidly in the vertical direction and fundamentally different from horizontal movement, as antenna patterns are narrower in the vertical direction than in the horizontal direction and changes in environment happen more rapidly in the vertical domain. A good example is the clearance of the roof tops in an urban area.
Figure 1 shows the results from measurements in an urban area. A network scanner was moved from ground level to 40 meters in steps of 10 meters. The network scanner measured continuously the cells it could detect with an average measurement report rate of 7 Hz. One measurement report included all the detectable cells at that point in time. Figure 1 shows the distribution of the cells with the strongest RSRP level per height.  The distribution changes a lot with height. While cell 9 always appears at some point at the different heights, cell 81 only shows up when the height is 40 m and the radio path is free of obstructions. 

Figure 1: Distribution of cells with strongest measured RSRP value for different heights in urban environment based on measurements
The vertical speed of a drone is typically in the order of 6 m/s, but can be considerably larger than that and is likely to further increase in the future. That means that the change in radio conditions is likely to be faster changing and different in the vertical direction than in the horizontal direction. 
Observation 1: Radio conditions are likely to be changing faster and to be different in the vertical direction than in the horizontal direction.
To ensure the required high reliability during take-off and landing and to tackle the different radio conditions, different handover settings are beneficial. These settings can be triggered when the vertical speed of the UE exceeds a threshold and can be provided through SIB or RRC signaling. 
Proposal 1: RAN2 is asked to consider specifying the possibility of having separate mobility settings when moving in vertical direction, exceeding a certain vertical speed. 
[bookmark: _GoBack]For example, measurement configuration can be enhanced with a new set of “alternative parameters” which would be used by the UE only when vertical speed reaches certain threshold. Below one may find potential changes required in MeasConfig, if Proposal 1 gathers sufficient number of supporting companies:
[[ verticalSpeedDependentParameters-r15	::= SEQUENCE {
			verticalSpeed-r15		 	INTEGER (1..maxVerticalSpeed) OPTIONAL,			-- Need ON
			alternativeParameters-r15	AlternativeParameters-r15	  OPTIONAL			-- Need ON
} OPTIONAL -- Need ON 

]],

Proposal 2: RAN2 is asked to consider introducing alternative measurement parameters, e.g. in MeasConfig, used when UE reaches certain vertical speed. 
3	Summary
This contribution contains the following observation and proposals:
Observation 1: Radio conditions are likely to be changing faster and to be different in the vertical direction than in the horizontal direction.
Proposal 1: RAN2 is asked to consider specifying the possibility of having separate mobility settings when moving in vertical direction, exceeding a certain vertical speed.
Proposal 2: RAN2 is asked to consider introducing alternative measurement parameters, e.g. in MeasConfig, used when UE reaches certain vertical speed.   
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