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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 RAN2#122, the following agreements were made for enhancements to UAV measurement reports:
Agreements
1. Add height-based list of SSB-ToMeasure with corresponding height ranges and hysteresis in MeasObjectNR.  FFS on the number of height ranges 
2. As a basic principle, if no height-specific SSB-ToMeasure is configured for a specific height region, the legacy behaviour applies.  
3. For UE behavior on L1 and L3 measurement, it is left to UE implementation whether to keep/discard the old samples while UE moves to a new height region with a different SSB-ToMeasure value
4. New event types will be introduced on the combination of event Ax and event Hx, at least for event A4 + event H1/H2. FFS for other event Ax + event H1/H2. FFS on details, e.g. whether to include one height threshold (H1 or H2 threshold) or a height range (both H1 and H2 threshold) in the new event, how to configure height-dependent numberOfTriggeringCells, etc.    This will be applied to all height dependent MR parameters.  
5. Whether UE height is included when UAV specific MR is triggered is configurable by the network.
6. We will use LTE UEheight.

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
No-transmit zone
In November 2022, CEPT made Decision 22(07) on Harmonised technical conditions for the usage of aerial UE for communications based on LTE and 5G NR in several bands harmonized for MFCN. The decision assumes multiple technical conditions and requirements to support aerial UEs in mobile systems (both LTE and NR). Two notable ones are no-transmit zone (NTZ) and out-of-band emission (OOBE) requirements, as shown in the following excerpt from the Decision (further details are in the Appendix):
	In addition to the already harmonised technical conditions for MFCN bands and for spectrum compatibility purposes, there is the need to define some spectrum operational restrictions. This can be done using “no-transmit zones”, which should be defined at national level as a geographical area where aerial UE are not allowed to operate in a certain frequency band. Another measure to achieve coexistence is to define additional OOB emission limits specific to aerial UE (to avoid interference to other services in some other bands (e.g. to protect MetSat at 1675-1710 MHz) . The requirement may apply to aerial UE according to their operational frequency band, e.g. aerial UE operating in a specific band or specific channel (see no-fly zone definition set out in ECC Report 309, in this Decision referred to as “no-transmit zone”). In some cases, operation of aerial UE also requires respective cross-border coordination agreements.
…
ECC DECISION OF 18 NOVEMBER 2022 ON HARMONISED TECHNICAL CONDITIONS FOR THE USAGE OF AERIAL UE FOR COMMUNICATIONS BASED ON LTE AND 5G NR IN THE 703-733 MHZ, 832-862 MHZ, 880-915 MHZ ,1710-1785 MHZ, 1920-1980 MHZ, 2500-2570 MHZ AND 2570-2620 MHZ MFCN HARMONISED BANDS (ECC DECISION (22)07)
“The European Conference of Postal and Telecommunications Administrations,
Considering
…
l) 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;
m) 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; 
n) that a mechanism is necessary to ensure that aerial UE respect no-transmit zones;
…
DECIDES
….
that no-transmit zones as described in this Decision should be defined and implemented at national level and where necessary coordinated with neighbouring countries;



As can be seen in n) above, the ECC Decision asserts that a mechanism is necessary to ensure that aerial UE respect no-transmit zones. 
[bookmark: _Toc136871176][bookmark: _Toc142587535]As with additional OOBE requirements, no-transmit zones are important to protect incumbent radio systems from potential interference from aerial UEs.
[bookmark: _Toc136871177][bookmark: _Toc142587536]ECC decision (22)07 on “harmonised framework on aerial UE usage in MFCN harmonised bands” requires a mechanism to ensure that aerial UEs respect no-transmit zones.
This CEPT Decision was discussed in TSG RAN#100 and RAN send LS to SA2(ccSA) in [13] with the following action:
To SA2: 
ACTION:  Given the need to respond to ECC, TSG RAN respectfully asks SA2 for their view on solutions to support geographical no-transmit zones for UAVs according to the operational restrictions outlined in CEPT Decision 22(07), including whether and how SA2 intends to address this and/or whether RAN WGs should consider solutions. 

While we acknowledge that RAN2 should wait for SA2/RAN further input we still repeat our view that RAN2 should specify the needed support in Rel-18 timeframe. It is in our mind important to address this in Rel-18 (rather than to wait to a later release) to avoid ending up in a situation where Rel-18 UAVs do not support any solution for this requirement and hence become unusable where the requirement applies (i.e. in EU).

Proposal 1 [bookmark: _Toc142587547]RAN2 to study and specify mechanisms to fulfill requirements on no-transmit zone in ECC Decision (22)07 in the ongoing WI.

Mechanisms to support no-transmit zones
First thing to elaborate is what would be the impact of no-transmit zones (NTZs) on UAV communications in practice. Apparently, it would cover UL traffic from a UAV in connected mode which may include heavy user plane in UL but also UAV command and control, and control plane signaling needed to maintain the UAV in connected mode and supporting, e.g., mobility. If NTZ is to be understood in a very strict manner it would mean UE should not perform initial access to a cell in NTZ. In that case, a UAV UE may not even camp on such cell. In a less strict scenario, the UE could access the cell but is steered to another cell for further transmissions. Note that a flying UAV could see several cells and could potentially be served by a far- away cell even if the UAV itself would be in no-transmit zone or close to it.
Yet another aspect to consider is the potential interference to neighbor cells. In a case UAV is in no-transmit zone but connecting to another cell, UAV may cause unwanted interference. Also, in case UAV is close to non-transmit zone.
[bookmark: _Toc136871179][bookmark: _Toc142587537]NTZs can affect aerial UE access to a cell and interference to neighbouring cells.
Given the analysis above, we foresee two types of mechanisms for an aerial UE to respect NTZ, which will be discussed next. 
First, at cell-level granularity, given that a NTZ is a geographical area with static or semi-static location, the mobile network can be well-aware of the NTZ and knows which cells overlap with the NTZ. Therefore, the network can take certain measures to bar an aerial UE from connecting to a cell which have overlaps with the NTZ. 
[bookmark: _Toc136871180][bookmark: _Toc142587538]Cell-level mechanisms can be imposed by RAN nodes to bar aerial UEs from accessing NTZ-affected cells.
Second, at a finer granularity, signaling can be defined for a connected drone to inform RAN nodes when the drone is entering a NTZ, allowing 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. This may be needed, e.g., to monitor interference caused by UAVs near the NTZ.
[bookmark: _Toc134751167][bookmark: _Toc136871181][bookmark: _Toc142587539]Connected aerial UEs can inform RAN nodes when the UEs are entering or leaving no-transmit zones.
The above may be needed in deployments that have large cells serving the UAVs.
In our view, the first mechanism (cell-level) has several advantages:
· It is applicable to UEs in both Connected mode and Idle mode,
· It requires less work in RAN2. Specifically, only one bit in the system information broadcasted by the network is needed to bar aerial UEs from accessing the affected cells.
Given these advantages, we propose to focus on the cell-level mechanism in the Rel-18 UAV WI.
Proposal 2 [bookmark: _Toc136871183][bookmark: _Toc142587548]RAN2 to specify signalling that allows NTZ-affected cells to bar aerial UEs. FFS UE signaling
[bookmark: _Toc123739184][bookmark: _Toc134525451][bookmark: OLE_LINK5] 	Comment by Mattias: Should we not keep the "bit in SIB"-approach on the table?	Comment by Ericsson - Tuomas: Was the bit in SIB about not letting a drone UE fly in a NTZ, i.e. where the bit is transmitted? On that solution I actually have a differening opinion, i.e. I think it is not a very good idea and it is too granular for drones. 	Comment by Hieu Do: I have revised the section to align with our RAN#100 paper. We present both approaches (with different granularities) but propose to focus on the cell-barring approach for Rel-18. We can always bring back the other solution at any time since we had proposed it in previous RAN2 papers and keep it as an observation here.	Comment by L1param R1-230671 preRAN2#123: To discuss if we keep both options or elabprate preferenc more specifically, e.g. proprose one option directly	Comment by L1param R1-230671 preRAN2#123: I added FFS for the uE signaling
[bookmark: _Toc142398034][bookmark: _Toc142587549]       
Event combinations
RAN2 agreed in RAN2#121 the following:
1. 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

However, in RAN2#122 the following conflicting agreement is made which seems to be a mixture of combination of events and for height dependent parameters. This is rather confusing as these are(where) two distinct discussions.

1. New event types will be introduced on the combination of event Ax and event Hx, at least for event A4 + event H1/H2. FFS for other event Ax + event H1/H2. FFS on details, e.g. whether to include one height threshold (H1 or H2 threshold) or a height range (both H1 and H2 threshold) in the new event, how to configure height-dependent numberOfTriggeringCells, etc.    This will be applied to all height dependent MR parameters.  


If RAN2 goes with the latter agreement, there is a need to define new events for each combination H1/H2 with Ax. This seems excessive specification effort as with the reusing existing event, the specification effort looks more or less as follows:
To specify this, one option is to define a new list of measId(s) in MeasConfig named for example as measIdSimultaneusTriggeringToAddModList

MeasConfig ::=                      SEQUENCE {
    measObjectToRemoveList              MeasObjectToRemoveList                                              OPTIONAL,   -- Need N
    measObjectToAddModList              MeasObjectToAddModList                                              OPTIONAL,   -- Need N
    reportConfigToRemoveList            ReportConfigToRemoveList                                            OPTIONAL,   -- Need N
    reportConfigToAddModList            ReportConfigToAddModList                                            OPTIONAL,   -- Need N
    measIdToRemoveList                  MeasIdToRemoveList                                                  OPTIONAL,   -- Need N
    measIdToAddModList                  MeasIdToAddModList                                                  OPTIONAL,   -- Need N
    s-MeasureConfig                     CHOICE {
        ssb-RSRP                            RSRP-Range,
        csi-RSRP                            RSRP-Range
    }                                                                                                       OPTIONAL,   -- Need M
    quantityConfig                      QuantityConfig                                                      OPTIONAL,   -- Need M
    measGapConfig                       MeasGapConfig                                                       OPTIONAL,   -- Need M
    measGapSharingConfig                MeasGapSharingConfig                                                OPTIONAL,   -- Need M
    ...,
    [[
    interFrequencyConfig-NoGap-r16      ENUMERATED {true}                                                   OPTIONAL    -- Need R
    ]],
    measIdSimultaneusTriggeringToRemoveList                  MeasIdToRemoveList                                                  OPTIONAL,   -- Need N
    measIdSimultaneusTriggeringToAddModList                  MeasIdToAddModList                                                  
}

Then, specify in 5.5.4 a procedural text that requires all events associated to the listed measIDs to be fulfilled prior to reporting:
 
2>	if event(s) associated to all measId(s) within cell within measIdSimultaneusTriggeringToAddModList the stored condRRCReconfig are fulfilled:
3>	include a measurement reporting entry within the VarMeasReportList for this measId;
3>	set the numberOfReportsSent defined within the VarMeasReportList for this measId to 0;
3>	initiate the measurement reporting procedure, as specified in 5.5.5;
The operation of these two options is similar. When there is combined event, there is one TTT and both conditions need to be fulfilled simultaneously for that TTT. For the combination of existing event the operation is similar, if UE fulfils the height, the TTT for that starts running. If UE bit later fulfils Ax event a TTT for that starts running as well. Now, if height event also stays in “entered state” the combined triggering triggers after TTT, exactly same as if new event combination is specified.


[bookmark: _Toc142587540]With respect to triggering measurement result, that is for TTT, the operation of new event and combination of existing events is the same.
[bookmark: _Hlk140675639]The combination of existing events is already in use for CHO and has proven to work.


[bookmark: _Toc142587541]The combination of existing events is already in use for CHO and has proven to work.

For the option for defining new events, RAN2 needs to further discuss how to define the leaving condition. Is it when one of the conditions no longer is fulfilled or if both conditions are not fulfilled.
For combining events, RAN2 should discuss how to handle reportOnleave for combined events. This can be handled by a field description addition which ensures network to provide consisting values. If event A3 and H1 is combined, then network configures both with same value on reportOnleave. This can be added in the respective field description.
Proposal 3 [bookmark: _Toc134525459][bookmark: _Toc142587550]The reportOnleave for combined events should have ensures network to provide consisting values.

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.
In RAN2#122 the following agreement were achieved for this topic:

Agreements
7. Add height-based list of SSB-ToMeasure with corresponding height ranges and hysteresis in MeasObjectNR.  FFS on the number of height ranges 
8. As a basic principle, if no height-specific SSB-ToMeasure is configured for a specific height region, the legacy behaviour applies.  
9. For UE behavior on L1 and L3 measurement, it is left to UE implementation whether to keep/discard the old samples while UE moves to a new height region with a different SSB-ToMeasure value
10. Whether UE height is included when UAV specific MR is triggered is configurable by the network.
11. We will use LTE UEheight.

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 4 [bookmark: _Toc134525455][bookmark: _Toc142587551]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 5 [bookmark: _Toc134525456][bookmark: _Toc142587552]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 6 [bookmark: _Toc134525457][bookmark: OLE_LINK9][bookmark: _Toc142587553]Support height dependent configuration for at least the following parameters: report interval, report amount and maximum number of non-serving cells

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: _Toc142587542]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: _Toc142587543]RSRP measurement reporting for mobility can create high load in the network. Therefore, it is important 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: _Toc142587544]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: _Toc142587545]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: _Toc142587546]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 7 [bookmark: _Toc510712182][bookmark: _Toc134525453][bookmark: _Toc142587554]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. 


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 8 [bookmark: _Toc134525452][bookmark: _Toc142587555]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.



Conclusion
[bookmark: _In-sequence_SDU_delivery]
In the previous sections we made the following observations: 
Observation 1	As with additional OOBE requirements, no-transmit zones are important to protect incumbent radio systems from potential interference from aerial UEs.
Observation 2	ECC decision (22)07 on “harmonised framework on aerial UE usage in MFCN harmonised bands” requires a mechanism to ensure that aerial UEs respect no-transmit zones.
Observation 3	NTZs can affect aerial UE access to a cell and interference to neighbouring cells.
Observation 4	Cell-level mechanisms can be imposed by RAN nodes to bar aerial UEs from accessing NTZ-affected cells.
Observation 5	Connected aerial UEs can inform RAN nodes when the UEs are entering or leaving no-transmit zones.
Observation 6	With respect to triggering measurement result, that is for TTT, the operation of new event and combination of existing events is the same.
Observation 7	The combination of existing events is already in use for CHO and has proven to work.
Observation 8	For ensuring mobility performance, an aerial UE should be configured with single cell RSRP reporting with short TTT.
Observation 9	RSRP measurement reporting for mobility can create high load in the network. Therefore, it is important to control the amount of reporting.
Observation 10	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 11	Parameters reportInterval and reportAmount do not affect reporting when the event is triggered due to different cells.
Observation 12	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 in the ongoing WI.
Proposal 2	RAN2 to specify signalling that allows NTZ-affected cells to bar aerial UEs. FFS UE signaling
Proposal 3	The reportOnleave for combined events should have ensures network to provide consisting values.
Proposal 4	Height dependent A4 threshold can be supported by the combination between event H1 and A4, or combination between event H2 and A4
Proposal 5	For height dependent numberoftriggeringcells, RAN2 to discuss how to handle the parameter update during height switching
Proposal 6	Support height dependent configuration for at least the following parameters: report interval, report amount and maximum number of non-serving cells
Proposal 7	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 8	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.
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