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Introduction
The work on Rel-18 UAV according to the objectives of the NR-UAV Rel-18 WID [1] started in RAN2#119. In addition to the exact scope of the WID, the need to limit UL interference was brought up. While this is a general intention, one of the main aspects is to limit measurement reporting from the UE. This is captured in the agreements in relation to event H1/H2 related discussions [2]:  


Agreements
1 Use LTE principle as a baseline, introduce similar event H1 (aerial UE height become higher than threshold) and H2 (aerial UE height become lower than threshold.  FFS if further NR enhancements are needed.  FFS study scaling of RRM parameters (e.g. which parameters and what is the purpose/benefit of the scaling and how)
FFS how to limit excessive measurements and measurement reporting 
FFS if user consent is needed for location reporting in CONNECTED
FFS study the vertical movement and associated mobility for UAV UEs
2	Rel-18 NR supports reporting of UAV UE’s height, location and velocity. It is for further study what accuracy and reporting mechanisms are required and if further enhancements are needed.  
3	As in LTE, flight path plan reporting will be introduced.  Location list of waypoints (3D location information) and timestamp is adopted as the basic content of flight path report.  FFS if timestamp is mandatory or optional for NR.  FFS if further enhancements are needed
4	Introduce similar functionality to LTE (numberofTriggeringCells).  FFS whether numberoftriggerbeams for NR is required or other enhancements.  FFS study how to avoid sending the measurement reports mainly due to reportOnLeave.


In this paper we bring up more detailed discussion on a specific WI candidate objective which was excluded during the RAN WS due to presumed lack of time in Rel-18 UAV WI [4]. We also propose details for the objective on broadcasting remote ID, which is currently just a placeholder in the WID.
Controlling the amount of measurement reporting
Due to the high mobility nature of airborne UEs and the spotty cell coverage up in the air, the number of measurements for mobility can be large. When the number of airborne UEs in the network increases, the total volume of such measurements can negatively impact the resource utilization and network performance. 
[bookmark: _Toc121139275]RSRP measurement reporting for mobility can create high load in the network. Therefore, it is beneficial to control the amount of reporting.
It is therefore important to limit the volume of UE measurement reports to a reasonable level. In [3], we provided an analysis on why the current mechanisms of limiting measurement reports are not sufficient for UAV operation. We also presented simulation results which show that certain way of limiting measurement reports does not impact mobility performance but does limit the measurement reports sent by the UE which directly results in reduced UL interference. These simulation results are provided also in the Appendix.

[bookmark: _Toc121139276]Simulations show that certain way of limiting measurement reports does not impact mobility performance but does limit the measurement reports sent by the UE which directly results in reduced UL interference.

This issue was discussed already in Rel-15 in discussion papers [5] [6]. The RAN2 discussion resulted in CRs after formal closure of Release 15 [7][8]. Therefore, even the CRs were co-signed by multiple companies that were not adopted due to lack of time. This issue was also included during the preparation of the Rel-18 WI [4] but dropped in the very last phase. 
As the issue has been already discussed in LTE, and as there are already CRs to TS 36.331, it is presumed that translating these CRs to TS 38.331 is not time consuming in RAN2 and hence it is presumed that TU allocation is not impacted due to this objective when added to the NR-UAV Rel-18 WID.
We propose to add an objective on controlling the amount of measurement reports
[bookmark: _Toc510712182][bookmark: _Toc510740576][bookmark: _Toc121139278]Add an objective on controlling the amount of measurement reports to the NR support for UAV (Uncrewed Aerial Vehicles) Rel-18 WID.

Broadcasting UAV remote ID
The current WID [1] contains a placeholder for the objective on supporting UAV ID broadcast, as follows.

	3. Study and specify, if needed, enhancements for UAV identification broadcast [RAN2, SA2].

Applicable to both LTE and NR
Note: This study should consider existing techniques based on Uu or non 3GPP technologies, or unlicensed band as the baseline.
Note: This description is a placeholder for a more detailed objective to be drafted once SA2 will have concluded their study on the architectural aspects.



Note that SA2 has completed the SI on architecture enhancements to support UAS, UAV, and UAM [9]. In the SA2 study, two types of solutions were identified for broadcasting UAV remote ID, one is based on MBS (Solution #3 in [10]) and one is based on U2X over PC5 (Solution #5 in [10]). According to the conclusions cited below in [10], RAN is expected to define necessary enhancements to support the solution over PC5. 
	8.2 	Conclusions for Key Issue #2 - Support of Broadcast Remote ID
It is proposed to progress to normative phase the following:
-	a mechanism based on PC5 leveraging U2X (UAV-to-everything) as described by the architectural enhancements identified in solution #5, applicable to both UAV UE that registers to the MNO network, and to UAVs that operate out of coverage
-	for scenarios that UAV UEs in coverage and register to the network, and to UAV-C that are 3GPP UEs, a mechanism using MBS location dependent broadcast service, based on solution #3.
It is assumed that security of the U2X solution will be addressed by SA WG3.
NOTE 1:	It is expected that SA WG3 will perform a security analysis of solution #5.
It is assumed that a combination of U2X and network-based solutions can be deployed.
NOTE 2:	It is expected that RAN will define necessary enhancements to support PC5 for NR as described in solution #5.



[bookmark: _Toc121139277]To support UAV remote ID broadcasting, SA2 concluded that the PC5-based solution potentially has RAN impacts.
Therefore, we propose that RAN focus on enhancements to PC5 for remote ID broadcasting in the RAN UAV WID.
[bookmark: _Toc121139279]Replace the high-level scope of the objective on supporting UAV ID broadcast in the current Rel-18 UAV WID with the following detailed scope: Study and specify, if needed, enhancements to NR PC5 and LTE PC5 to support UAV identification broadcast. 

Conclusion
[bookmark: _In-sequence_SDU_delivery]
In the previous sections we made the following observations: 
Observation 1	RSRP measurement reporting for mobility can create high load in the network. Therefore, it is beneficial to control the amount of reporting.
Observation 2	Simulations show that certain way of limiting measurement reports does not impact mobility performance but does limit the measurement reports sent by the UE which directly results in reduced UL interference.
Observation 3	To support UAV remote ID broadcasting, SA2 concluded that the PC5-based solution potentially has RAN impacts.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Add an objective on controlling the amount of measurement reports to the NR support for UAV (Uncrewed Aerial Vehicles) Rel-18 WID.
Proposal 2	Replace the high-level scope of the objective on supporting UAV ID broadcast in the current Rel-18 UAV WID with the following detailed scope: Study and specify, if needed, enhancements to NR PC5 and LTE PC5 to support UAV identification broadcast.
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Appendix

Simulation results
The main issue of the excessive measurement reporting lies in measurement reports that are being triggered close in time, as seen in the upper part of Figure 1 where 3 measurement reports are being sent within less than 500ms. In the lower part of Figure 1, a prohibit timer reduces the measurement reports triggered close in time. In this case the amount of measurement reports is reduced while not impacting performance.
[image: C:\Users\ezsedjo\NotebookWorkspace\Delayedevent\plots\SNAPSHOT user 10.png]
Figure 1. A RSRP-trace of a drone at 50m altitude flying with 44m/s. The yellow lines denote an A3 measurement triggering without a prohibit timer and red line with a prohibit timer.
In order to compare the prohibit timer to the baseline, we introduce two measures, double-triggering and triple-triggering. The  measurement event with a threshold of 0.5dB is used. Double-triggering is defined as two measurement reports that are triggered within x ms and triple-triggering is defined as three measurement reports being triggered within y ms.
As an example, of the flexibility, a prohibit timer of 80ms and 160ms is used. In figure 2a, the amount of  single-triggering, double-triggering and triple-triggering can be seen for different heights. It is clear that the double-triggering and triple-triggering are highly reduced and in the case of a 160ms prohibit timer the triple-triggering are completely removed. 
[image: C:\Users\ezsedjo\NotebookWorkspace\Delayedevent\plots\prohibit timer single event.png][image: C:\Users\ezsedjo\NotebookWorkspace\Delayedevent\plots\prohibit timer double event.png]
[image: C:\Users\ezsedjo\NotebookWorkspace\Delayedevent\plots\prohibit timer triple event.png]
Figure 2. a) The amount of single triggering, denoted A31, b) amount of double-triggering denoted A32 and c) triple-triggering denoted by A33 
In order to make sure that the introduced prohibit timer does not affect performance, we also measure the amount of RLFs declared, handovers initiated and handover failures which can be seen in figure 3a and 3b.  
[image: C:\Users\ezsedjo\NotebookWorkspace\Delayedevent\plots\prohibit timer rlf rate.png][image: C:\Users\ezsedjo\NotebookWorkspace\Delayedevent\plots\prohibit timer hoi hof rate.png]
Figure 3. a) The amount of RadioLinkFailures declared, b) the amount of handover initiated and handover failures.
From figure 3 we can see that the RLFs, handover initiated and handover failures remain almost constant. The reason for this can be seen in figure 1. In cases where many measurement reports are sent consecutively in time, the interference is very large and it is unclear whether the condition reported in the measurements will remain, thus delaying some of them will not hurt the performance, because if the condition is still present, then the report will eventually surface. 
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