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1	Introduction
At RAN2#119bis (October 2022) the following UAV-related agreements have been made [1]:
	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 this paper we focus on UAV measurement reporting aspects that need to be designed as a part of NR Rel-18 work.
2	Discussion
2.1	Multi-cell triggering 
In our previous contribution [3] we have presented a detailed performance analysis of the various multi-cell triggering and reporting schemes. We have used as reference the current LTE Release 15 multi-cell A4 event, with numberOfTriggeringCells and reportOnLeave configurations. We described the evaluation results in terms of number of measurement reports, generated based on the specific A4 event configuration. We also provided proof that there is need for another metric when studying and evaluating the different measurement reporting reduction options: the ‘Total mismatch’ metric, which indicates the number of differences between the list of cells satisfying the triggering conditions at the UE side (UE list) and the list of cells which the network (gNB) can build based on the UE measurement reports (Network list). These studies lead to several observations and a proposal for a new enhanced multi-cell A4 triggering configuration, which provides a good trade-off between the number of reports and the achieved Total mismatch’ metric. The proposed multi-cell triggering configuration uses the number of changed triggering cells numberOfChangedTriggeringCells i.e., the entry and leave conditions are configured by one single parameter.
Observation 1: The enhanced multi-cell A4 event with numberOfChangedTriggeringCells=4 triggering configuration, generates 50% less number of reports compared to LTE multi-cell A4 event configuration, and has similar performance compared to LTE multi-cell A4 configuration.  
Proposal 1: Introduce an enhanced multi-cell A4 event with numberOfChangedTriggeringCells as single configuration parameter (in addition to the required A4 Thres parameter).
In Figure 1 we show the main findings presented in [3] for a UAV flight path at 50 m altitude with the note that similar results were obtained for 100m altitude (see [3] for details on evaluation assumptions).
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[bookmark: _Ref114564907]Figure 1: Average mismatch vs. number of reports for the different A4 based event triggers for UAV flight at 50m altitude. Top: average total mismatch; Middle: average number of errors (mismatch) due to unreported added cells from the UE list; Bottom: average number of errors (mismatch) due to unreported removed cells from the UE list. The average values are calculated across the 10 circular flight paths. Bars with the same color indicate the same event trigger with different configuration parameter

2.2	Height-dependent adjustments of multi-cell triggering parameters
The results in [3] have shown that with an appropriate configuration of the A4 threshold value according to the different UAV flying altitudes, it is possible to achieve very similar performance for a wide-range of altitudes. We note that the previous studies have been performed for UAV altitudes above 50 m, i.e., for altitudes in the range where the LOS channel conditions are experienced by the UAV. For UAV altitudes below 40 m, based on the LTE AV channel models in [4] the probability of NLOS is increasing, thus likely impacting the number of triggering cells. We address these aspects below. See [3] for details on general scenario evaluation assumptions. We note that the 40 m altitude threshold used in the 3GPP AV Rural macro propagation model [4] corresponds to the average roof-top and (hilly) terrain height.
In the LTE AV channel models in [4] the probability of LOS is modelled as a function of AV height and distance to the serving gNB. While this a good modelling assumption, the practical reality is that is not so straightforward to decide/estimate the LOS/NLOS condition of flying UAV. Therefore, and for the purpose of the current analysis, we use two extreme possible cases when the UAV is flying below 40m altitude: i) the UAV is assumed to be in LOS, or ii) the UAV is assumed to be in NLOS, conditions towards all detectable cells. Based on this approach, we obtained the example results in Figure 2. To estimate the A4 multi-cell triggering threshold value we use the same approach as in [3] i.e., we estimate the threshold value based on the condition to be able to include with 99% confidence the first three strongest neighbouring cell in the triggering cells list.
Figure 2 shows that the optimal A4 threshold value, according to this criterion, depends on the LOS/NLOS conditions, and as expected, the NLOS conditions provide the conservative (lowest) value for the threshold value to use, -91 dBm. Similar conclusions can be drawn for other UAV altitudes below the 40 m limit.
Observation 2: The optimal A4 Thresh values depends on the UAV LOS or NLOS radio conditions. 
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[bookmark: _Ref117854896]Figure 2: Example results for distributions of the serving and neighbouring cells RSRP for UAV at 20 m altitude, under constant LOS (left) or constant NLOS (right) conditions, towards all cells. The vertical lines indicate the corresponding estimated values for the A4 RSRP threshold value (99% confidence that the first three strongest neighbouring cell are in the triggering cells list).
The next question to answer is what the corresponding range for number of triggering cells is when the UAV is flying below 40 m altitude and the A4 threshold is set based on the assumption of knowing the LOS/NLOS conditions. Figure 3 shows example time-traces for these results corresponding to different A4 Thresholds. Compared to the same type of results presented in [3] for UAV altitudes of 50 m and 100 m, we can conclude that the number of triggering cells in LOS conditions can be in the same range, and up to 18 cells (in the given scenario). We consider this a large enough set of cells which can capture the potentially interference relevant cells in both DL and UL. The number of reported cells is assumed to be up to 8 strongest neighbours, as in the current specifications and our previous studies [3].
In practice, in real-life networks, and scenarios, it is not possible to determine the exact LOS/NLOS radio conditions of the UAV. Therefore, for practical purposes an appropriate A4 threshold configuration must be possible even without knowing the LOS/NLOS radio conditions of the UAV. Figure 3 shows that such a unique A4 threshold value is possible to be set based on LOS condition assumptions, to -80 dBm, which results in up to 14 cells or 5 cells triggered in LOS or NLOS conditions, respectively (in the given examples and scenario). In NLOS conditions the number of the potentially interference relevant cells are expected to be lower compared to LOS conditions, thus the achieved result with one A4 threshold value is considered satisfactory.
Observation 3: By estimating and setting the A4 Thresh based on the average LOS conditions for altitudes below 40m it is possible to keep the number of triggering cells is roughly in the same range as for altitudes above 40m. 
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[bookmark: _Ref117856745]Figure 3: Example traces of number of A4 triggering cells with 𝑅𝑆𝑅𝑃 ≥ 𝑇ℎ𝑟𝑒𝑠ℎ vs. simulation step for UAV flight path realisations at 20 m height. The Threshold values for each trace are indicated in the legends.



In Figure 4 we show the optimal A4 Threshold values estimated at each height based on the criterion of 99% confidence that the first three strongest neighbouring cell are in the triggering cells list. For this evaluation (similar to the previous results), here we show only the extreme cases when: i) the UAV is assumed to be in LOS, or ii) the UAV is assumed to be in NLOS, conditions towards all detectable cells.
In the evaluated AV Rural Macro scenario, for UAV heights below 40 m, the UAV can be in LOS or NLOS conditions towards the serving and neighbouring cells, depending on its height and distance to the cells, according to [4]. The results lead to the following observations:
Observation 4: When the UAV is flying below 40 m height, and is in LOS conditions, there is slight dependency of the optimal Threshold value vs. the height, ranging from -82 dBm at 10 m height to --79 dBm at 40 m height. 
Observation 5: When the UAV is flying below 40 m height, and is in NLOS conditions, the height dependency of the optimal Threshold value is much more pronounced, with threshold values ranging from -96 dBm at 10 m height to -86 dBm at 40 m height. 
When the UAV is flying below 40 m height, there is also a large offset/delta between the threshold values corresponding to LOS and NLOS, aligned to what we have presented in  Figure 2 and Figure 3. As explained before, in practice the LOS/NLOS conditions towards specific cells are not possible to determine, and we argue that the most interference impacted are the cells in LOS conditions, even for flight heights below 40 m. Furthermore, at very low heights of 10-20 m, the probability of NLOS is quite high, hence the number of potentially interference impacted cells is low.
Observation 6: When the UAV is flying below 40 m height, one A4 Threshold value, same or slightly below to the optimal value determined for LOS conditions at around 20-30 m height is sufficient to be able to capture the most relevant interference impacted cells (in LOS and NLOS conditions).
From the results with UAV flight heights above 40 m we observed that:
Observation 7: When the UAV is flying above 40 m height (and implicitly is in LOS conditions) there is insignificant dependency of the optimal Threshold value vs. the height, with a threshold value of around -79 dBm being good choice for any 40 m to 120 m height.
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[bookmark: _Ref118192920]Figure 4: Summary results for the determined A4 threshold values vs. the UAV flight height. The threshold values have been estimated at each height based on the criterion of 99% confidence that the first three strongest neighbouring cell are in the triggering cells list.
Considering the above results, we argue that there is no need for more than two A4 Threshold values to be used such to allow the UAV UE to generate multi-cell reports which include the most relevant interference impacted cells. 
Proposal 2: The height dependency of the A4 Threshold value used for multi-cell triggering can be reduced to using two different values: one for below average roof-top/terrain altitudes and one for above the average roof-top/terrain altitudes. 

2.3	Content of measurement report
The full location information reporting by the UAV UE, including 3-D location and speed, can be requested by the gNB, periodically or event-triggered, and this is assumed to be configured separately from the AV multi-cell and H1/H2 reporting. Nevertheless, it is beneficial to include the height information also in the H1/H2 reports for the purpose of allowing the gNB to take pre-emptive decisions for reconfigurations of multi-cell triggering and/or mobility configurations. 
Proposal 3: For NR Rel 18 AV adopt the LTE-like Rel 15 H1/H2 reporting mechanism, including the presence of height information in the UE measurement report.
2.4 	Other
If the conclusions on height-dependent multi-cell adjustments, as discussed in 2.2, are reached in this meeting, we suggest to address similarly the HO triggering cases.
Proposal 4: After concluding on height-dependent multi-cell adjustments, RAN2 is asked to address also the measurements for HO area.
3	Conclusion
In this documents we have made the following proposals and observations:
Observation 1: The enhanced multi-cell A4 event with numberOfChangedTriggeringCells=4 triggering configuration, generates 50% less number of reports compared to LTE multi-cell A4 event configuration, and has similar performance compared to LTE multi-cell A4 configuration.  
Proposal 1: Introduce an enhanced multi-cell A4 event with numberOfChangedTriggeringCells as single configuration parameter (in addition to the required A4 Thres parameter).
Observation 2: The optimal A4 Thresh values depends on the UAV LOS or NLOS radio conditions. 
Observation 3: By estimating and setting the A4 Thresh based on the average LOS conditions for altitudes below 40m it is possible to keep the number of triggering cells is roughly in the same range as for altitudes above 40m. 
Observation 4: When the UAV is flying below 40 m height, and is in LOS conditions, there is slight dependency of the optimal Threshold value vs. the height, ranging from -82 dBm at 10 m height to --79 dBm at 40 m height. 
Observation 5: When the UAV is flying below 40 m height, and is in NLOS conditions, the height dependency of the optimal Threshold value is much more pronounced, with threshold values ranging from -96 dBm at 10 m height to -86 dBm at 40 m height. 
Observation 6: When the UAV is flying below 40 m height, one A4 Threshold value, same or slightly below to the optimal value determined for LOS conditions at around 20-30 m height is sufficient to be able to capture the most relevant interference impacted cells (in LOS and NLOS conditions).
Observation 7: When the UAV is flying above 40 m height (and implicitly is in LOS conditions) there is insignificant dependency of the optimal Threshold value vs. the height, with a threshold value of around -79 dBm being good choice for any 40 m to 120 m height.
Proposal 2: The height dependency of the A4 Threshold value used for multi-cell triggering can be reduced to using two different values: one for below average roof-top/terrain altitudes and one for above the average roof-top/terrain altitudes. 
Proposal 3: For NR Rel 18 AV adopt the LTE-like Rel 15 H1/H2 reporting mechanism, including the presence of height information in the UE measurement report.
Proposal 4: After concluding on height-dependent multi-cell adjustments, RAN2 is asked to address also the measurements for HO area.
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