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1	Introduction
At RAN2#120 (November 2022) no proposals regarding interference-related measurement reporting for UAVs were agreed [1]. Instead, a long email discussion was triggered to discuss seven proposals to enhance the LTE baseline for multi-cell triggering.
	Key Proposals from the Post RAN#120 Email Discussion [2]:
1. P3: The UE shall not ignore or bypass the Number of triggering cells mechanism, once configured.
2. P4: Do not introduce an alternative mechanism to the Number of triggering cells mechanism. Do not introduce an additional mechanism based on Number of changed cells.
3. P6: The UE should not report a cell leaving if that cell was not reported joining previously.



In this paper we focus on UAV interference-related measurement reporting aspects that need to be designed as a part of NR Rel-18 work.
2	Discussion
2.1	Multi-cell triggering 
The set of proposals decided in [2] would essentially adopt the multi-cell triggering mechanism from LTE with an adaptation to reportOnLeave. Proposal 6, if agreed, would “not report a cell leaving if that cell was not reported joining previously,” to reduce the number of measurement reports. While the number of reports would be reduced with this option B, our simulations have shown that the multi-cell accuracy (accuracy in selection of the relevant set of cells which would experience most interference from the UAV uplink transmission) for UAVs above the roofline would be reduced compared to the LTE baseline and our preferred method to implement numberOfChangedTriggeringCells. While under the roofline, the UAV UE builds a list of triggering cells that could easily be visible after the UAV UE ascends past the roofline. That means that even though the interference scenario could change significantly just through ascension, the network would not have an accurate picture of the interference.
The email discussion, in addition to “option B, suggested an option A, which would introduce a number of leaving cells parameter to reduce the number of cells that trigger reportOnLeave. Our simulation results, shown in Figure 1, compare the probability of different numbers of missed interfering/interfered cells for the three multi-cell triggering methods: number of changed triggering cells; option A; and option B. The value of number of changed triggering cells was set to 4 and for option A, the number of leaving cells was set to 2. These were the best performing configurations. 
Our number of changed triggering cells proposal and option A perform nearly identically. The similarity is likely because in an evenly distributed network of cells, for every 2 cells that leave, 2 more will enter the condition, which would trigger both number of changed triggering cells and option A. Option B performed consistently worse compared to the other two methods in terms of the probability of missing more than 1 cell, where the probability of missing an interfering cell was more than double that of the other two options.
 [image: ]
[bookmark: _Ref126319647]Figure 1: Probability of Missing Interfering/Interfered Cells in a Multi-Cell Trigger Report Comparison
To quantify the effect of missing interfering cells, the difference in optimal SINR for 8 interfered cells was compared in Figure 2, which again shows nearly identical performance between option A and the number of changed triggering cells mechanism that we propose. Option B results in an SINR 2dB worse than with our proposal and option A.
[image: ] 
[bookmark: _Ref126320534]Figure 2: Average Difference to Optimal SINR of 8 Relevant Interfered Cells Comparison
It could be said that option A is a viable solution, but in terms of clarity of the multi-cell triggering mechanism on a whole, number of changed triggering cells has the advantage of requiring only a single configuration parameter, and its functionality is clear. It is by chance of the configuration of option A that it performed as well as our proposal due to the side effect of cells entering the condition as others leave. Therefore, we propose to adopt number of changed triggering cells as the multi-cell triggering mechanism.
Observation 1: The proposed Number of Changed Triggering Cells mechanism outperforms option B.
Observation 2: The proposed Number of Changed Triggering Cells mechanism matches in performance with option A but uses only one parameter and is clearer in purpose regarding reporting a changing interference environment. 
Proposal 1: RAN2 should adopt to the number of changed triggering cells multi-cell triggering mechanism.
There is a relationship between the number of measurement reports and the accuracy of the multi-cell triggering mechanism. The trade-off was studied in terms of total mismatch, which is the number of cells missing from the 8 cells that would experience the most interference from the UAV UE [3]. Because the goal of the mechanism is to accurately depict the interference scenario to the network, accuracy or mismatch should analysed prior to selecting the final multi-cell triggering mechanism for NR.
Observation 3: There is a trade-off between the number of measurement reports sent and the accuracy of the multi-cell triggering mechanism.
Proposal 2: If a decision on which multi-cell triggering mechanism cannot be reached during this meeting, companies should bring evaluations of the preferred methods to move toward an agreed proposal.
2.2	Height-dependent adjustments to multi-cell triggering parameters
Proposal 3 from the email discussion [2] is not to allow ignoring or bypassing the number of triggering cells mechanism. The reasoning behind ignoring or bypassing cells was to account for a stronger cell not being reported on time. One scenario where a UAV could encounter stronger cells is when the UAV transitions past the roofline and achieves LOS to cells above the roofline. To accommodate a change in cell signal strength due to ascension, a height range could be used to configure Ax events applicable only to certain heights.
The need for multi-cell triggered reporting based on height has been detailed in our Tdoc [3] from the RAN#120. When the UAV is flying below a 40m height, one A4 threshold value, the same as or slightly below the optimal value determined for LOS conditions, at around 20m-30m in height, is sufficient to be able to capture the most relevant interference-impacted cells (in LOS and NLOS conditions). When the UAV is flying above a 40m 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.
It might be said that height-dependent event reporting already exists in LTE with the H1 and H2 events. Outside of handover, however, events simply trigger once the condition is met, and possibly when the condition no longer applies, and cannot be used in combination with one another to create a combined event. To avoid mixing the concept of multi-cell triggering for interference reporting with handover, we suggest implementing a separate height threshold.
Observation 4: Height-dependent configurations for multi-cell triggered measurement reporting should use a separate mechanism from handover to combine Ax events with height dependency because the multi-cell triggering mechanism is explicitly not related to handover.
One possible implementation would add a HeightRange field, shown in Figure 3, to the EventTriggerConfig, shown in Figure 4, which would configure a minimum height, maximum height, and a hysteresis. To configure two height regions, one region would only configure heightMax, and the other would only configure heightMin. To configure more than two height regions, those height regions in between the lowest and the highest would configure both heightMax and heightMin. The conditionals related to these requirements are specified in Table 1. Hysteresis, a delta using the same units as the height, could be configured in all cases to prevent ping-ponging between height regions.
HeightRange::=                       SEQUENCE {
    heightMin                                    INTEGER (W..X)   OPTIONAL, -- Cond Height-Range-Min
    heightMax                                    INTEGER (W..X)   OPTIONAL, -- Cond Height-Range-Max
    hysteresis                                   INTEGER (Y..Z)  
}
[bookmark: _Ref126760353]Figure 3: Proposed HeightRange IE
[bookmark: _Ref126760414]Table 1: Proposed HeightRange IE Conditional Presence Definitions
	Conditional Presence
	Explanation

	Height-Range-Min
	This field is mandatory present if heightMax is not present, else optionally present.

	Height-Range-Max
	This field is mandatory present if heightMin is not present, else optionally present.



EventTriggerConfig::=                       SEQUENCE {
    eventId                                     CHOICE {
Cut for brevity
        eventA4                                     SEQUENCE {
            a4-Threshold                                MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useWhiteCellList                            BOOLEAN
        },
        ...
    },

Cut for brevity
    reportAddNeighMeas                          ENUMERATED {setup}                                             OPTIONAL,   -- Need R

    eventHeightRange                            HeightRange,

    ...
}
[bookmark: _Ref126760265]Figure 4: EventTriggerConfig Excerpt with Event Height Range IE Added

Figure 5 below shows two height ranges: one defined for above the roofline, with a minimum height of hRoofLine; and one defined with a maximum height of hRoofLine, each with a hysteresis of X. The final position of each UAV indicates the position when it has met the height threshold and hysteresis criteria. The UAV coloured in blue starts beneath the roofline and continues to use the EventTriggerConfig associated with the “Below” HeightRange until the UAV surpasses hRoofLine + X. The UAV coloured in orange starts above the roofline and continues to use the EventTriggerConfig associated with the “Above” HeightRange until the UAV descends below hRoofLine - X. Whether the hysteresis is configured in both directions depends on the particular configuration.

[image: ]
[bookmark: _Ref126761344]Figure 5: Example of HeightRange in Practice

Proposal 3: Implement a new height-dependent configuration for multi-cell triggered interference reporting, e.g., a new IE heightRange in EventTriggerConfig.
3	Conclusion
In this document we have made the following proposals and observations:
Observation 1: The proposed Number of Changed Triggering Cells mechanism outperforms option B.
Observation 2: The proposed Number of Changed Triggering Cells mechanism matches in performance with option A but uses only one parameter and is clearer in purpose regarding reporting a changing interference environment. 
Proposal 1: RAN2 should adopt to the number of changed triggering cells multi-cell triggering mechanism.
Observation 3: There is a trade-off between the number of measurement reports sent and the accuracy of the multi-cell triggering mechanism.
Proposal 2: If a decision on which multi-cell triggering mechanism cannot be reached during this meeting, companies should bring evaluations of the preferred methods to move toward an agreed proposal.
Observation 4: Height-dependent configurations for multi-cell triggered measurement reporting should use a separate mechanism from handover to combine Ax events with height dependency because the multi-cell triggering mechanism is explicitly not related to handover.
Proposal 3: Implement a new height-dependent configuration for multi-cell triggered interference reporting, e.g., a new IE heightRange in EventTriggerConfig.
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