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Introduction
In RAN#94-e, a new WI for supporting UAV in NR was approved [1]. The WID includes an objective on enhancing measurement reports and an objective on signalling to support subscription-based aerial-UE (AUE) identification, as follows:

	1. Specify the following enhancements on measurement reports [RAN2]:
· UE-triggered measurement report based on configured height thresholds
· Reporting of height, location and speed in measurement report
· Flight path reporting
· Measurement reporting based on a configured number of cells (i.e. larger than one) fulfilling the triggering criteria simultaneously
Note: Work done in LTE is a starting point for this objective. NR-specific enhancements can be considered, if needed, while overall the LTE and NR solutions should be harmonized as much as possible.

2. Specify the signaling to support subscription-based aerial-UE identification [RAN3/SA2 interaction/RAN2]
Note: Work done in LTE is a starting point for this objective. NR-specific enhancements can be considered, if needed, while overall the LTE and NR solutions should be harmonized as much as possible.



In this paper we discuss various aspects of these objectives. 
[bookmark: _Ref178064866]Discussion on UE measurement reports 
The four enhancements listed above were specified in the Rel-15 for supporting UAV in LTE. As noted, those enhancements will be a starting point for the enhancements in NR. In the following, we will discuss the topics one by one. Additionally, we will also discuss a mechanism to control the amount of measurement reporting. This issue was discussed in Rel-15 in a discussion papers [6] [7] and the discussion resulted in CRs [8][9] that were not adopted due to lack of time. This issue was also included during the preparation of the Rel-18 WI [5] but dropped in the very last phase. 

Measurement report triggered by height thresholds
In Rel-15 two new events were specified for height-triggered measurement reports, namely
· Event H1: The aerial UE height is above a threshold.
· Event H2: The aerial UE height is below a threshold.
These events help the network detect that a UE is in the flying mode and thereby the network can have further actions to facilitate such operation, such as adapting the number of resources scheduled to the UE and/or having other measures to handle the interference to/from the flying UE.
In our view, both of these two events are useful in NR, and therefore should be supported:
[bookmark: _Toc110961965]For height-triggered measurement reports, RAN2 to introduce the events H1 and H2 in NR Rel-18.
Besides introducing the events H1 and H2, RAN2 needs to discuss whether the range and granularity used in the configurations related to the two events in Rel-15 can be reused. Certainly, all details, including hysteresis and report on leave need to be discussed eventually but we suggest to start with range and granularity.
[bookmark: _Toc110961966]RAN2 to discuss whether the range and granularity defined in Rel-15 for H1 and H2 can be reused.
Another important aspect to consider is what to include in the contents of UE report triggered by the events H1 and H2, e.g., whether the report contains information about location or not etc. We discuss this in the next section.
Reporting of height, location and speed in measurement report

Regarding the contents of the measurement reports, in Rel-15, information about the height, location, and speed of the UE is included. In addition to the altitude of the UE in the field heighUE, the field horizontalWithVerticalVelocityWithUncertainty,was added to the LocationInfo-r10 information element in the RRC message. 
[bookmark: _Toc110935104]In LTE Rel-15, UE measurement report for H1 and H2 includes information about altitude of the UE, location as well as velocity of the UE(vertical, horizontal)

In NR, the LocationInfo is as follows:
[bookmark: _Toc60777198][bookmark: _Toc100930086]–	CommonLocationInfo
The IE CommonLocationInfo is used to transfer detailed location information available at the UE to correlate measurements and UE position information.
CommonLocationInfo information element
-- ASN1START
-- TAG-COMMONLOCATIONINFO-START

CommonLocationInfo-r16 ::= SEQUENCE {
    gnss-TOD-msec-r16          OCTET STRING     OPTIONAL,
    locationTimestamp-r16      OCTET STRING     OPTIONAL,
    locationCoordinate-r16     OCTET STRING     OPTIONAL,
    locationError-r16          OCTET STRING     OPTIONAL,
    locationSource-r16         OCTET STRING     OPTIONAL,
    velocityEstimate-r16       OCTET STRING     OPTIONAL
}

-- TAG-COMMONLOCATIONINFO-STOP
-- ASN1STOP


	CommonLocationInfo field descriptions

	gnss-TOD-msec
Parameter type gnss-TOD-msec defined in TS 37.355 [49]. The first/leftmost bit of the first octet contains the most significant bit.

	locationTimeStamp
Parameter type DisplacementTimeStamp defined in TS 37.355 [49]. The first/leftmost bit of the first octet contains the most significant bit.

	locationCoordinate
Parameter type LocationCoordinates defined in TS 37.355 [49]. The first/leftmost bit of the first octet contains the most significant bit.

	locationError
Parameter LocationError defined in TS 37.355 [49]. The first/leftmost bit of the first octet contains the most significant bit.

	locationSource
Parameter LocationSource defined in TS 37.355 [49]. The first/leftmost bit of the first octet contains the most significant bit.

	velocityEstimate
Parameter type Velocity defined in TS 37.355 [49]. The first/leftmost bit of the first octet contains the most significant bit.



In addition, in Release-17, a coarse location reporting was specified which has granularity of 2km. It is presumed there is not really a use case for coarse location reporting for UAV. RAN2 should discuss if the CommonLocationInfo provides the needed fields for location reporting in for H1 and H2 events, or in drone operation in general.

[bookmark: _Toc110961967]RAN2 to discuss the contents of NR UE measurement report for H1 and H2 events assuming LTE report as baseline.

Additionally, RAN2 needs to clarify the meaning of this WID objective whether it was intention to discuss the report content of specifically the H1/H2 event or whether the intention was to review the content of other measurement reports for drone operation.

[bookmark: _Toc110961968]RAN2 to discuss whether other measurement report content need to be updated.



Flight path reporting
Rel-15 for UAV supports flight path reporting from the UE upon network polling. The UE will report its flight path, typically received from the UTM system, to the eNB when requested by the eNB. The reason for flight path reporting is network based in NR is simply interference control. Flight path report may be relatively large, hence if reported to the network which is not intending any use with is purely a waste of resources.

[bookmark: _Toc110935105]Reporting a flight path information to a network which does not have intention to use it is pure waste of resources and it causes unnecessary UL interference.

[bookmark: _Toc110935106]LTE Rel-15 supports network-polling flight path reporting from the AUE.
Drawback of the scheme is that the network is unaware of any change / update to the UAV flight path (e.g., changes imposed by the UTM system) which occurs in between the network polls.
In NR, the same principle should be assumed, that flight path reporting is network controlled
[bookmark: _Toc110961969]RAN2 to agree that the specified flight path reporting mechanism is network controlled in order not to cause unnecessary UL inter.


[bookmark: _Toc110961970]RAN2 to discuss the mechanism for flight path reporting in NR and assume network-polled flight path reporting mechanism as baseline.


Measurement reporting based on a configured number of cells (i.e., larger than one) fulfilling the triggering criteria simultaneously
In Rel-15, a new triggering condition for UE measurement reports was added, which was based on certain criteria being fulfilled simultaneously with respect to a configurable (larger than one) number of cells. The rationale for such triggering condition was two-fold:
· First, it helps the network detect that the reporting UE is in flying mode, which means the UE is likely to receive high downlink interference and is creating high uplink interference to other terrestrial and aerial UEs. The network thereby can take appropriate measures to mitigate the interference and guarantee QoS for the UE and other UEs.
· Second, the triggering condition helps reduce load created by UE measurement reports, which would be high if the number of cells fulfilling the criteria were only one. This reduction of report load can beneficial for the whole network performance.
In our view, this feature is generally a useful feature, and therefore can be considered for Rel-18. However, one key difference between NR and LTE is that in NR, the cell quality derivation is based on beams, which could be based on one or multiple beams. As a result, if the reporting based on a configured number of cells fulfilling the triggering criteria simultaneously is to be supported in NR, RAN2 needs to discuss the how the cell quality is evaluated, e.g., whether using one beam or multiple beams, whether there are drone/flying specific conditions that may impact in the preferred triggering configuration.
[bookmark: _Toc110961971]RAN2 to discuss whether to support measurement reporting based on a configured number of cells fulfilling the triggering criteria simultaneously.
[bookmark: _Toc110961972]If measurement reporting based on a configured number of cells fulfilling the triggering criteria simultaneously is supported, RAN2 to discuss details related to the triggering mechanism and cell quality derivation.
Controlling the amount of measurement reporting
While a triggering condition based on multiple cells (discussed in Section 2.4) reflects interference conditions while airborne, it is not a suitable measurement event configuration for mobility performance where it is crucial to report as quickly as possible since the serving cell quality may drop fast. In fact, the mobility evaluations in Rel-15 used the shortest TTT of 40ms with RSRP triggering based on single cell as the triggering based on multiple cells would be delayed.
[bookmark: _Toc510740572][bookmark: _Toc110935107]For ensuring mobility performance, an aerial UE should be configured with single cell RSRP reporting with short TTT.
Due to the high mobility nature of airborne UEs, the number of measurements for mobility as discussed above 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. This issue was discussed in Rel-15 in a discussion papers [6] [7] and the discussion resulted in CRs [8][9] that were not adopted due to lack of time. This issue was also included during the preparation of the Rel-18 WI [5] but dropped in the very last phase. 
[bookmark: _Toc110935108]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. Here we review the existing mechanisms to control the measurement reporting. The TTT and hysteresis are used to control reporting if the value for the metric goes back and forth of the threshold value potentially causing entering/leaving of the condition. This is efficient, e.g., for terrestrial UEs which move around on cell edge to prevent ping pong effect for HO. 
[bookmark: _Toc110935109]TTT and hysteresis control reporting amount when the value for the metric goes back and forth of the threshold value potentially causing entering/leaving of the condition.
For periodical reporting there are parameters reportInterval and reportAmount. The ReportInterval indicates the interval between periodical reports. The ReportInterval is applicable if the UE performs periodical reporting (i.e., when reportAmount exceeds 1), for triggerType event as well as for triggerType periodical. These parameters control reporting after event has triggered due to a cell. These parameters do not affect reporting when the event is triggered due to different cells. 
[bookmark: _Toc110935110]Parameters reportInterval and reportAmount do not affect reporting when the event is triggered due to different cells.
When an aerial UE flies or takes off, an event triggers consecutively due to different cells as observed in [2]. For example, cell A, B, C and D may exceed threshold one after another and start their respective TTT follow up. Once TTT expires for A UE sends report, then it expires for B and then for C. The report sent based on B and C are very similar and difference start to show maybe around report D. Thus, it is seen beneficial to be able to skip report based on B and possibly also C.  
[bookmark: _Toc110935111]When an aerial UE flies or takes off, an event triggers consecutively due to different cells. This may lead to redundant UE measurement reports.
Thus, we propose that RAN2 specify mechanism to control the amount of measurement reporting.
[bookmark: _Toc510712179][bookmark: _Toc510740575][bookmark: _Toc110961973]RAN2 to specify mechanism to control the amount of measurement reporting. 
The proposed way is to limit the measurement reporting is to define a prohibit timer which prevents sending the measurement reports for a configurable time after the event has been triggered and the first report has been sent. The use of prohibit timer is associated to the reporting configuration. This method can control the amount of measurement reporting, also at the same time it enables timely reporting when the event is triggered first time. As the idea of preventing certain measurement results can result in a worry on degreasing mobility performance, we present simulation results to show that this seem not to be the case for drone UEs. The results were performed under LTE UAV simulation assumptions (TR 36.777) and was first shown in [3], but the observations and conclusions should hold true for NR as well.
Simulation results
The main issue of the excessive measurement reporting lies in measurement reports that are being triggered close in time, as seen in figure 1a where up to 3 measurement reports are being sent within less than 500ms. In figure 1b, we introduce a prohibit timer to reduce 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 3. 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 introduced. 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 A3_1, b) amount of double-triggering denoted A3_2 and c) triple-triggering denoted by A3_3 
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, 3b and 3c.  
[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. 
We propose to introduce a prohibit timer in NR similar to the CRs RAN2 discussed for LTE in [8][9]
[bookmark: _Toc510712182][bookmark: _Toc510740576][bookmark: _Toc110961974]Introduce a prohibit timer in reporting configuration: UE is prevented from sending the measurement report for a configurable time after the event is first triggered and first report is sent.
Discussion on signaling to support subscription-based AUE identification 
SA2 is working on solutions to provide a mechanism for UAV controller and UAV(s) identification in the 3GPP system [4]. The issues being addressed include what identities are associated to and how are they used by an UAV and/or a UAV Controller in the 3GPP system to enable 3GPP system to provide support for UAV authorization, authentication, identification, and tracking of UAVs. Once it is stable in SA2, corresponding signalling procedures in RAN can be investigated to support such functions. In our view, RAN2 can wait for the progress in SA2 and RAN3 before starting the work on this objective.
[bookmark: _Toc110961975]RAN2 waits for more progress in SA2 and RAN3 before working on the support for subscription-based AUE identification.

Conclusion
[bookmark: _In-sequence_SDU_delivery]
In the previous sections we made the following observations: 
Observation 1	In LTE Rel-15, UE measurement report for H1 and H2 includes information about altitude of the UE, location as well as velocity of the UE(vertical, horizontal)
Observation 2	Reporting a flight path information to a network which does not have intention to use it is pure waste of resources and it causes unnecessary UL interference.
Observation 3	LTE Rel-15 supports network-polling flight path reporting from the AUE.
Observation 4	For ensuring mobility performance, an aerial UE should be configured with single cell RSRP reporting with short TTT.
Observation 5	RSRP measurement reporting for mobility can create high load in the network. Therefore, it is beneficial to control the amount of reporting.
Observation 6	TTT and hysteresis control reporting amount when the value for the metric goes back and forth of the threshold value potentially causing entering/leaving of the condition.
Observation 7	Parameters reportInterval and reportAmount do not affect reporting when the event is triggered due to different cells.
Observation 8	When an aerial UE flies or takes off, an event triggers consecutively due to different cells. This may lead to redundant UE measurement reports.


Based on the discussion in the previous sections we propose the following:
Proposal 1	For height-triggered measurement reports, RAN2 to introduce the events H1 and H2 in NR Rel-18.
Proposal 2	RAN2 to discuss whether the range and granularity defined in Rel-15 for H1 and H2 can be reused.
Proposal 3	RAN2 to discuss the contents of NR UE measurement report for H1 and H2 events assuming LTE report as baseline.
Proposal 4	RAN2 to discuss whether other measurement report content need to be updated.
Proposal 5	RAN2 to agree that the specified flight path reporting mechanism is network controlled in order not to cause unnecessary UL inter.
Proposal 6	RAN2 to discuss the mechanism for flight path reporting in NR and assume network-polled flight path reporting mechanism as baseline.
Proposal 7	RAN2 to discuss whether to support measurement reporting based on a configured number of cells fulfilling the triggering criteria simultaneously.
Proposal 8	If measurement reporting based on a configured number of cells fulfilling the triggering criteria simultaneously is supported, RAN2 to discuss details related to the triggering mechanism and cell quality derivation.
Proposal 9	RAN2 to specify mechanism to control the amount of measurement reporting.
Proposal 10	Introduce a prohibit timer in reporting configuration: UE is prevented from sending the measurement report for a configurable time after the event is first triggered and first report is sent.
Proposal 11	RAN2 waits for more progress in SA2 and RAN3 before working on the support for subscription-based AUE identification.
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