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Introduction
As described in [1], the WID for supporting UAV in NR includes an objective on enhancing measurement reports, 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.



In RAN2#119e, the following agreements are made related to enhancement for measurement reports in NR:
	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 RAN2#119bis-e, the following agreements were made:
	[bookmark: _Hlk126828526]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 RAN2#121, the following agreements were made to enhance the measurement report for mobility and interference control:
Agreements:
1. When event H1 or H2 triggers, the content of the measurement report is configurable by the network (i.e. it can contain UAV UEs height, location information and/or RSRP/RSRQ measurement results). FFS whether UAV UE’s height is mandatorily reported and which parameter/IE is used for height reporting. 
2. [bookmark: _Hlk131590702]Joint use of height-dependent condition and RSRP/RSRQ/SINR-based condition for measurement report triggering is supported in NR Rel-18 UAV.   The combination of existing events will be used
3. Height-dependent parameter scaling is not supported as a part of Rel-18 NR
4. Do not extend the Number of triggering cells mechanism to apply to the inter-RAT scenario, i.e. event B1 and B2 triggering
5. Do not restrict the applicability of Number of triggering cells mechanism to FR1 only. In other words, the Number of triggering cells mechanism is applicable to FR1 and FR2 (up to network configuration).  
6. The UE shall not ignore or bypass the Number of triggering cells mechanism, once configured.
7. Do not introduce the use of a “numberOfTriggeringBeams” mechanism.
8. Do not introduce an alternative mechanism to the Number of triggering cells mechanism. 
9. Do not introduce an additional mechanism based on Number of changed cells. 
10. For the purpose of interference control (i.e. for number of trigger cells), do not introduce a prohibit timer mechanism. 
11. Report on leave is not triggered by a cell that was not previously included in the measurement report for the number of triggering cell.  
Another agreement was made for “more than a single config, each for a specific height region” as follows:
[bookmark: OLE_LINK4]Agreements:
1. Support configuring height-dependent more-than-one configurations targeting measurement and measurement reporting enhancement. UE applies corresponding configuration based on the UE height. The proposed solutions should aim at avoiding RAN4 impacts. FFS how this would be configured (i.e. different MO configurations or different parameters. FFS Exact parameters and details.

In RAN2#121bis, the following agreements were made:

Agreements
1. Height-dependent more-than-one configurations is supported on parameter/field level (i.e. different fields/values within the same MO) where different values (or value ranges) of the parameter/field applies to different height or height range.
2. For MO configuration parameters: at least the following will have ability to be configured with height-dependent more-than-one configurations/values, each for a specific height region: SSB-ToMeasure. Details on how to specify is FFS.    FFS on UE behavior on L1 and L3 measurement.  
3.  For MR configuration parameters: at least the following will have ability to be configured with height-dependent more-than-one configurations/values, each for a specific height region: Event A4 threshold and numberoftriggeringcells.  Details on how to specify is FFS (i.e. maybe it can be achieved by combination of events).   
4. When height-dependent more-than-one configurations are provided, UE applies the new value once it moves to new height (or height range) similar to the case of RRC reconfiguration. Need Codes, field descriptions, etc. as in legacy specifications apply
5. If a height-specific value is not explicitly configured for certain height, whether to keep using the value that was used or consider the parameter as released (i.e. parameter/value not applicable at this height) should be looked into case by case, and can be clarified by need code, field description, or procedural text as needed.   FFS details

In this paper we discuss these agreements and related FFS about measurement report enhancement for UAV UE in NR. 

Support for ECC decision (22)07
Location reporting for no-transmit zone
Besides flight path reporting, in many cases it is beneficial for the network to know that a UAV is entering or leaving a certain area. For example, when a drone is to perform a mission in a certain geographical area in a certain time window according to a plan, it can be useful for the network to know that the drone is actually entering or leaving the area so that the network can optimize the connectivity for the mission of the drones. Especially, in many scenarios, the so-called no-transmit zones (NTZ) [12] (or sometimes no-fly zones) are imposed to limit the transmissions from drones, e.g., in order not to cause too much interference to a nearby radio station. Some examples from the ECC decision (22)07 on “harmonised framework on aerial UE usage in MFCN harmonised bands” are given below:
	832-837 MHz: Protection of RAS sites
Nationally determined no-transmit zones are required around RAS sites operating in 1660-1670 MHz for aerial UE operating in the 832-837 MHz frequency band, as appropriate.
2500-2570 MHz/2570-2620 MHz: Protection of RAS sites and radars
Nationally determined no-transmit zones are required around RAS sites operating in 2690-2700 MHz for aerial UE operating in the 2500-2570 MHz or 2570-2620 MHz frequency band, as appropriate;
Nationally determined no-transmit zones might be required around radars operating in 2700-2900 MHz for aerial UE operating in the 2500-2570 MHz or 2570-2620 MHz frequency band.


 
Based on these requirements, the ECC decision (22)07 stated that (see below) a mechanism is necessary to ensure that aerial UE respect no-transmit zones. 
[image: ]
[bookmark: _Toc134525443][bookmark: _Toc134751166]ECC decision (22)07 on “harmonised framework on aerial UE usage in MFCN harmonised bands” requires a mechanism to ensure that aerial UE respect no-transmit zones.
Proposal 1 [bookmark: _Toc134751174]RAN2 to study and specify mechanisms to fulfill requirements on no-transmit zone in ECC Decision (22)07

From a network perspective, it is important for the network to know when a connected drone is entering a NTZ, for the network to be prepared to maintain the connectivity with the drone (e.g., to switch to another frequency band or carrier that is allowed in the NTZ). Vice versa, knowing when the drone is leaving a NTZ enables the network to recover to a previous mode of communication with the drones. 

[bookmark: _Toc123739177][bookmark: _Toc134525444][bookmark: _Toc134751167]It is beneficial for the mobile network to know when a UAV is entering or leaving a certain area or zone, e.g., a no-transmit zone.
Proposal 2 [bookmark: _Toc123739184][bookmark: _Toc134525451][bookmark: OLE_LINK5][bookmark: _Toc134751175]Support UE reports triggered when a UAV enters or leaves a special area or zone, e.g., a no-transmit zone.
For example, for the frequency band or carrier that is restricted in the NTZ, one or more location event D1 as defined in TR 38.331 can be configured to trigger measurement report to indicate whether a drone is entering or leaving an NTZ. If the NTZ is defined in certain height range, the location event and height event can be combined to jointly trigger the subsequent procedure like preventing a drone from transmitting when entering the NTZ or retrieving transmission for a drone when leaving the NTZ.
[bookmark: _Toc134525445][bookmark: _Toc134751168]Location event and height event can be configured to indicate whether a drone is entering or leaving an NTZ.


User consent on location reporting

Another FFS from RAN2#119e is whether user consent is needed for location reporting in CONNECTED. In our view, as this topic has been discussed in NTN WI and it is a general issue which involves other WGs like SA2 and SA3, RAN2 can consider the decisions from these WGs when available.
Proposal 3 [bookmark: _Toc134525452][bookmark: _Toc134751176]RAN2 to work on signalling for location reporting and consider the decision from SA2 and SA3 on the topic of user consent-based location report once available.


Controlling the amount of measurement reporting
While a triggering condition based on multiple cells 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: _Toc134525446][bookmark: _Toc134751169]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 and also during the preparation of the Rel-18 WI [7]. 
[bookmark: _Toc134525447][bookmark: _Toc134751170]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: _Toc134525448][bookmark: _Toc134751171]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: _Toc134525449][bookmark: _Toc134751172]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 [4]. 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: _Toc134525450][bookmark: _Toc134751173]When an aerial UE flies or takes off, an event triggers consecutively due to different cells. This may lead to redundant UE measurement reports.
[bookmark: _Toc510712179]Thus, we propose that RAN2 specify mechanism to control the amount of measurement reporting. The proposed way is to limit the measurement reporting by defining 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. Just as it is proposed for regular mobility events originally, this method can enable timely reporting when the event is triggered first time for the purpose of mobility control, as well as controlling the amount of measurement reporting. For mobility events, when the UE starts to fly, same event is going to be triggered by new cell consecutively. In this case, it is difficult for RRC configuring to impact the mobility behavior as it is slow. Introducing prohibit timer would be an effective way to impact the configuration. As the idea of preventing certain measurement results can result in a worry on decreasing 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 [8], but the observations and conclusions should hold true for NR as well.
We propose to introduce a prohibit timer in NR similar to the CRs RAN2 discussed for LTE in [9][10][11]
Proposal 4 [bookmark: _Toc510712182][bookmark: _Toc134525453][bookmark: _Toc134751177]Introduce a prohibit timer in reporting configuration for the purpose of mobility control: UE is prevented from triggering the measurement report for a configurable time after the event is first triggered and first report is sent.

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.
[bookmark: OLE_LINK3]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. 
Height-dependent configuration for reporting measurements 

In RAN2-121bis, for MO configuration parameters, it was agreed that SSB-ToMeasure can be configured with height-dependent more-than-one configurations/values. How to specify it, as well as UE behavior on L1 and L3 measurement are FFS. For MR configuration parameters it was agreed that at least event A4 threshold and numberoftriggeringcells can be configured with height-dependent more-than-one configurations/values.   
For supporting SSB-ToMeasure parameter to be height dependent, RAN2 should discuss how to handle the L1 and L3 filtering for the beams to be measured. For example, UE raises above a height and some moments later comes down to the old height region. If UE was configured to measure less beams when above the height, was UE supposed to keep the old samples or always discard? If UE keeps the samples, for how long does the UE keep the samples?
Proposal 5 [bookmark: _Toc134525454][bookmark: OLE_LINK2][bookmark: _Toc134751178]For UE behavior on L1 and L3 measurement, RAN2 to discuss, for example, whether to keep/discard the old samples while UE moves to a new height region with a different SSB-ToMeasure value
For the A4 threshold to be height dependent, it seems nothing needs to be discussed separately as this seems to be automatically supported when event combinations will be supported. For example, to support height dependent A4 threshold, UE can be configured with combination between event H1 and A4 above a certain height, or combination between event H2 and A4 below a certain height.
Proposal 6 [bookmark: _Toc134525455][bookmark: _Toc134751179]Height dependent A4 threshold can be supported by the combination between event H1 and A4, or combination between event H2 and A4
For number of triggering cells to be height dependent, RAN2 needs to discuss how to define the procedure. One thing to consider is how to handle cases like: if numberoftriggeringcells exceeds the configured threshold with H1 and then UE goes to height H2 and there the configured numberoftriggeringcells is less, does UE trigger the measurement reporting again? If not, how is it avoided? Does the list length need to be configured below the new numberoftriggeringcells and then go up again to trigger the measurement reporting?
Proposal 7 [bookmark: _Toc134525456][bookmark: _Toc134751180]For height dependent numberoftriggeringcells, RAN2 to discuss how to handle the parameter update during height switching
In addition to the parameters agreed in RAN2-121bis, in the height dependent measurement report configuration, other selected parameters may also be configured with different values corresponding to the UE height. For example, report interval, report amount and maximum number of non-serving cells in the ReportConfigNR can be configured corresponding to different heights. These should not lead to issues on updating filters or other ongoing procedures that the UE might have.
Proposal 8 [bookmark: _Toc134525457][bookmark: OLE_LINK9][bookmark: _Toc134751181]Support height dependent configuration for at least the following parameters: report interval, report amount and maximum number of non-serving cells

Finally, RAN2 also discussed on how to handle certain special cases related to the height dependent parameters and agreed the following:
5. If a height-specific value is not explicitly configured for certain height, whether to keep using the value that was used or consider the parameter as released (i.e. parameter/value not applicable at this height) should be looked into case by case, and can be clarified by need code, field description, or procedural text as needed.   FFS details

In our view this is a stage-3 detail which is pending on if “If a height-specific value is not explicitly configured for certain height” is possible. Hence, RAN2 should first initiate the TS 38.331 CR for the height dependent parameter configurations after progressing on more stage-2 like aspects. During CR review, RAN2 should pay attention to how the values can be released and whether other stage-3 assumptions are needed.
Proposal 9 [bookmark: _Toc134751182]RAN2 to pay attention to how the values can be released and whether other stage-3 assumptions are needed once the RRC CR is available.
Report content on events H1 and H2
In RAN2#121, the following agreements were reached for the height event:

	1. When event H1 or H2 triggers, the content of the measurement report is configurable by the network (i.e. it can contain UAV UEs height, location information and/or RSRP/RSRQ measurement results). FFS whether UAV UE’s height is mandatorily reported and which parameter/IE is used for height reporting. 




As confirmed in RAN2#119, the event H1 (aerial UE height become higher than threshold) and H2 (aerial UE height become lower than threshold) in LTE will be the baseline for defining similar events in NR. When it comes to the details, several issues need to be discussed by RAN2. 
[bookmark: _Toc115084460][bookmark: _Toc115084492][bookmark: _Toc115084529][bookmark: _Toc115084561][bookmark: _Toc115084593][bookmark: _Toc115092422][bookmark: _Toc115092457][bookmark: _Toc115092492][bookmark: _Toc115092577][bookmark: _Toc115092611]In our view, the height information should always be in the content of H1/H2 triggered measurement report, and whether to include CommonLocationInfo and/or RSRP/RSRQ/SINR measurement results should be configurable by the network. This configurability is important for interference control as it controls the size of the measurement report. Further, it is important to have location and height configurable such that UE can still report height even UE would not report its location.
Proposal 10 [bookmark: _Toc131512687][bookmark: _Toc134525458][bookmark: _Toc134751183]The height information should be mandatory in the height triggered measurement report and RAN2 to confirm the height information can be separately configured. 

Event combinations
RAN2 agreed in RAN2#121 the following:
2. Joint use of height-dependent condition and RSRP/RSRQ/SINR-based condition for measurement report triggering is supported in NR Rel-18 UAV.   The combination of existing events will be used

RAN2 should discuss how to handle reportOnleave for combined events
Proposal 11 [bookmark: _Toc134525459][bookmark: _Toc134751184]RAN2 should discuss how to handle reportOnleave for combined events.

Conclusion
[bookmark: _In-sequence_SDU_delivery]
In the previous sections we made the following observations: 
Observation 1	ECC decision (22)07 on “harmonised framework on aerial UE usage in MFCN harmonised bands” requires a mechanism to ensure that aerial UE respect no-transmit zones.
Observation 2	It is beneficial for the mobile network to know when a UAV is entering or leaving a certain area or zone, e.g., a no-transmit zone.
Observation 3	Location event and height event can be configured to indicate whether a drone is entering or leaving an NTZ.
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	RAN2 to study and specify mechanisms to fulfill requirements on no-transmit zone in ECC Decision (22)07
Proposal 2	Support UE reports triggered when a UAV enters or leaves a special area or zone, e.g., a no-transmit zone.
Proposal 3	RAN2 to work on signalling for location reporting and consider the decision from SA2 and SA3 on the topic of user consent-based location report once available.
Proposal 4	Introduce a prohibit timer in reporting configuration for the purpose of mobility control: UE is prevented from triggering the measurement report for a configurable time after the event is first triggered and first report is sent.
Proposal 5	For UE behavior on L1 and L3 measurement, RAN2 to discuss, for example, whether to keep/discard the old samples while UE moves to a new height region with a different SSB-ToMeasure value
Proposal 6	Height dependent A4 threshold can be supported by the combination between event H1 and A4, or combination between event H2 and A4
Proposal 7	For height dependent numberoftriggeringcells, RAN2 to discuss how to handle the parameter update during height switching
Proposal 8	Support height dependent configuration for at least the following parameters: report interval, report amount and maximum number of non-serving cells
Proposal 9	RAN2 to pay attention to how the values can be released and whether other stage-3 assumptions are needed once the RRC CR is available.
Proposal 10	The height information should be mandatory in the height triggered measurement report and RAN2 to confirm the height information can be separately configured.
Proposal 11	RAN2 should discuss how to handle reportOnleave for combined events.
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n)

that a no-transmit zone in this Decision is defined as a geographical area where aerial UE are not
allowed to transmit for spectrum compatibility purposes in a given harmonised MFCN band or part of it;

that national studies are needed, as appropriate, to define no-transmit zones for spectrum compatibility
purposes, for aerial UE operating in the relevant frequency bands;

that a mechanism is necessary to ensure that aerial UE respect no-transmit zones;
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