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1. Introduction

To support UAV applications with remote control and data transmission with cellular system, corresponding SI and WI has been established and finished for LTE system. With NR system, more diverse UAV applications can be enabled thanks to higher data rate and lower latency compared with LTE system. In RAN#94e meeting, a new WID [1] is approved to support UAV in NR system.
In RAN2#119bis-e meeting, the measurement report for NR UAV was discussed, and agreements are in the following
	Agreements:

1.
The time information reported as part of flight path plan is optional. UE includes time info, if configured by the network and available at the UE.  FFS on flight path details (waypoints and what is time information). 

2.
Allow the flight path to be updated.  FFS on the details. 

3.
FFS on reporting format and initial flight path reporting (i.e. what information to report and how) – next meeting 

4.
Continue to study height-depending scaling, triggering and combinations

5.
As in LTE, as a baseline, events A3, A4 and A5 can be configured with the configured number of cells (numberofTriggeringCells)


In [2] and [3], UAV measurement enhancement for interference or mobility were further discussed. And in this contribution, remaining issue of measurement enhancement for NR UAV is discussed.
2. Measurement enhancement for interference control
In RAN2#119bis-e meeting, it was agreed to introduce similar functionality to LTE (numberofTriggeringCells). And in [3], multi-cell trigger with report on leave case was further discussed with three options. During the discussion, most companies think option b) should be preferred, i.e. “the UE should not report a cell leaving if that cell was not reported joining previously”. We think this option is reasonable, and in some degree can decrease the report number. However, the signalling overhead when report on leave is enabled is still high. This is shown in following figure, take Event A3 as an example, and configured threshold for numberOfTriggeringCells is 4. If 4 cells fulfil the entry condition, the measurement report is triggered. However, if 4 cells fulfil the leaving condition, the measurement report will be triggered 4 times because these four cells are all reported in before. 
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Figure 1 Signaling overhead of measurement report is still high if report on leave is enabled
The above issue can be easily solved by extending multi-cell trigger scheme for report on leave case. For example, only when the number of cells in cellsTriggeredList becomes smaller than the threshold, UAV UE initiate the measurement report. Otherwise, UAV UE does not need to perform the measurement report when leaving condition is fulfilled. An example of specification is as following

	· If numberOfTriggeringCells included and reportonleave is enabled
· If leaving condition fulfilled for specific cell 

· If the number of cells(s) in the cellsTriggeredList is smaller than numberOfTriggeringCells
· remove the concerned cell(s) in the cellsTriggeredList
· Else

· remove the concerned cell(s) in the cellsTriggeredList 

· If the number of cells(s) in the cellsTriggeredList is smaller than numberOfTriggeringCells
· initiate the measurement reporting procedure


Proposal 1: For report on leave case, UAV UE only initiate the measurement report when the number of cells in cellsTriggeredList becomes smaller than the threshold.

3. Measurement enhancement for mobility control
It was agreed in RAN2#119bis-e meeting that to introduce similar event H1/H2 for NR UAV, which implies that UAV UE will trigger measurement report if flying height fulfil the condition of H1/H2. It was also discussed measurement enhancement in [2] for the vertical movement and associated mobility for UAV UEs. More specifically, height dependent events aspect was discussed and has draft proposal “Joint use of height-dependent condition and RSRP/RSRQ/SINR-based condition for measurement report triggering is supported in NR Rel-18 UAV”.

With joint condition, UAV UE will trigger report only when both conditions are fulfilled. In our view, such kind of joint condition is introducing the delay for the measurement report, which cannot make UAV UE switch to other cell quicker. The only benefit to our view is that the joint condition reduces the signalling overhead since only when both conditions are fulfilled, UAV UE triggers the measurement report. However, this is not the motivation for mobility control, especially during vertical movement. 

Observation: Joint use of height-dependent condition and RSRP/RSRQ/SINR-based condition will reduce the signalling overhead, but cannot make UAV UE handover or swich cell quicker.

In our understanding, to enhance the measurement report for vertical mobility case, the most important thing is to identify when the UAV UE is under vertical mobility. So that gNB can make different decision for a UAV UE under vertical movement e.g. take off duration, or gNB can configure specific configuration for UAV UE to utilize during vertical movement. It is natural to use vertical speed of UAV UE to identify vertical movement, e.g. when vertical speed is larger than a threshold, that means UAV UE is move in vertical quickly. On the other hand, this kind of identification might only useful when the height is below a threshold, e.g. during take-off period but not in the air period. So the height can be additional considered to trigger measurement report together with vertical speed.
Proposal 2: UAV UE can trigger measurement report based on vertical speed when the height is below a threshold.
Another problem for UAV UE during vertical movement is the high probability BFR or RLF. When UAV UE has vertical movement e.g. ascending or descending, UAV UE moves in vertical direction with a relative high speed. Considering existing cellular network is optimized for terrestrial UEs, and the main beams of cells are usually down-tilt, there highly possible has no continuous coverage in vertical direction. In this case, UAV UE may experience frequently beam failure or radio link failure. On the other hand, when UAV UE moves in vertical direction, UAV UE can detect more cells and will quickly switch among multiple cells. Existing procedure of measurement reporting and BFR/RLF procedure may not fast enough to adapt to such scenario. 
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Figure 2 vertical movement for UAV UE
To solve the problem, the fast failure detection and recovery can also be studied, e.g. for beam failure recovery, or radio link failure. In legacy after beam failure is detected, beam failure recovery will be performed e.g. perform RACH on Pcell if beam failure is detected on Pcell. For UAV UE which is under vertical movement and may switched to the coverage of other cells, RACH may not success. After RACH failure, RLF is declared and trigger re-establishment procedure. So in this case, perform RACH trying for recovery is not necessary and increasing the delay for RRC re-establishment. Skip RACH or beam failure recovery procedure could be considered in this scenario. 
Consider UAV UE may experience discontinued coverage during vertical movement, physical layer problem may be detected frequently and trigger RLF. In legacy procedure, T310 is used for physical layer problem recovery if N310 out-of-sync is received from lower layers. But T310 may be relative long and not suitable for vertical movement scenario. There exist T312 for early RLF declaration but T312 is configured per MO. For UAV UE which is under vertical movement can consider introducing similar timer to decrease the time for RLF declaration.
Proposal 3: suggest RAN2 to further study fast failure recovery for UAV UEs e.g. skip beam failure recovery procedure, or introduce a new timer for early RLF declaration, to solve the problem during vertical movement
4. Conclusion

In this contribution, the following observations and proposals are made:
Proposal 1: For report on leave case, UAV UE only initiate the measurement report when the number of cells in cellsTriggeredList becomes smaller than the threshold.

Observation: Joint use of height-dependent condition and RSRP/RSRQ/SINR-based condition will reduce the signalling overhead, but cannot make UAV UE handover or swich cell quicker.

Proposal 2: UAV UE can trigger measurement report based on vertical speed when the height is below a threshold.

Proposal 3: suggest RAN2 to further study fast failure recovery for UAV UEs e.g. skip beam failure recovery procedure, or introduce a new timer for early RLF declaration, to solve the problem during vertical movement
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