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1	Introduction
The following agreements were made during RAN2#121bis-e [1]:
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
The following agreements were made during RAN2#121 [2]:
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.	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.  
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.
Based on the agreements during RAN2#121 and RAN2#121bis-e, the following discussion proposes a way to implement height dependent, multi-cell triggered, eventA4 measurement reporting. 
2	Discussion
2.1	Combination of Events
It was agreed during RAN2#121bis-e [1] that height dependency will apply to eventA4 and numberOfTriggeringCells. Whether, and how, event configurations will be combined was left FFS. 
It is our view the structure of the EventTriggerConfig does not easily support the combination of events. Firstly, each event type, e.g., eventA4, is integrated into the EventTriggerConfig IE. Secondly, each event type has its own timeToTrigger, which could cause conflict if set differently. Lastly, there are non-optional parameters outside of the eventId configuration, which could also cause conflict if set differently, and whose signalling would create excess overhead. Presumably, the motivation behind combining events is that there will be less impact to the specification because the introduction of eventH1 and eventH2 has already been agreed [3], and these events can already be used to configure height-specific reporting. However, there are some critical questions that need to be answered to determine whether two EventTriggerConfig can be combined.
Observation 1: For the purpose of configuring a height-dependency to eventA4, the specification impact of allowing the combination of event types is high.
If numberOfTriggeringCells is defined outside of each event, e.g., eventA4, then the only way to capture numberOfTriggeringCells in the approach that combines events is to combine at the eventTriggerConfig level.
1. What type of container will be used to combine event configurations? For example, will a new reportType (perhaps combinedEventTriggered) be defined to contain two eventTriggerConfig?
2. If multiple eventTriggerConfig are combined, will it simply be required that all non-optional parameters in the eventTriggerConfig shall be the same for each eventTriggerConfig that is part of combinedEventTriggerConfig?
Observation 2: Each event type, e.g., eventA4, is integrated directly into the EventTriggerConfig, which means that they cannot be separated for combination inside of a single EventTriggerConfig that otherwise shares parameters outside of the eventId.
Observation 3: In LTE, numberOfTriggeringCells is defined in the reportConfigEUTRA whose equivalent in NR would be the ReportConfigNR configured with and eventTriggerConfig.
Observation 4: The reuse of legacy events in a combination to support height-dependent configurations is deceiving since the combination of events will require at least a container, which could be considered a new event.
We should consider the impacts to the procedural text as well so that we don’t create too complex a set of procedures and rules when our main goal is to combine height-dependency with eventA4 and numberOfTriggeringCells. If the goal was to create a flexible framework of allowing different combinations of events, then the specification impact might be warranted, but since we are only considering adding height dependency to one event type and one other parameter, it seems more reasonable to add a height range parameter to the definition of eventA4 or to the eventTriggerConfig and specify for which events the height range parameter is allowed to apply.
For example, the introduction of height dependency to the numberOfTriggeringCells would have an impact on the following procedural text from LTE related to multi-cell triggering [4] if it is adopted directly.
In LTE, numberOfTriggeringCells is associated with a specific reportConfig. In NR, each ReportConfigNR only contains one EventTriggerConfig. The excerpt from 36.331 below shows that the cellsTriggeredList is unique to the eventId. For non-combined events, there would only be one eventId, which means that the procedure could be replicated in NR, with the addition of rules related to the HeightRange. If event types are to be combined, there would be multiple eventId, so it would at least need to be specified how to store the cellsTriggeredList per height-dependent configuration.  
2> if the triggerType is set to event and if the corresponding reportConfig includes numberOfTriggeringCells, and if the entry condition applicable for this event, i.e. the event corresponding with the eventId of the corresponding reportConfig within VarMeasConfig, is fulfilled for one or more applicable cells for all measurements after layer 3 filtering taken during timeToTrigger defined for this event within the VarMeasConfig:
3> else:
4> include the concerned cell(s) in the cellsTriggeredList defined within the VarMeasReportList for this measId;
Both options: combined events; and a height range imply that separate cellsTriggeredList would be maintained for each height-dependent configuration. That means that concerns about a mixing of reported cells from different height regions would be satisfied.
Observation 5: The proposed methods to adding height-dependency to numberOfTriggeringCells allow for the maintenance of separate cellsTriggeredList per height region.
Proposal 1: Study configuring a height-dependency to eventA4 through adding a height range parameter to the report configuration.
2.2	Adding Height Range to ReportConfig
In our paper [5] submitted to RAN2#121bis, we described an approach to enabling height-dependent eventA4 reporting that uses a heightRange parameter in the EventTriggerConfig, which will be reiterated here with additional details regarding its feasibility and its advantages over combined events.
Figure 1 below shows two height ranges: one defined for above the roofline, with a minimum height of hRoofLine; and another defined for below the roofline, 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 each height range, or with the same value for each height range, depends on the particular configuration (i.e., up to the NW to decide).

[image: ]
[bookmark: _Ref126761344]Figure 1: Example of HeightRange in Practice
Proposal 2: Specify a new height-dependent configuration for eventA4, by adding a new IE, heightRange, in EventTriggerConfig.
2.3 Relationship Between Height Ranges
In order for the hysteresis defined for a HeightRange to work properly, the UE would need to associate all ReportConfigNR with the same eventId so that it would not send a measurement report for each height-dependent configuration. Furthermore, the behaviour of the inactive height range needs to be defined. There are two options:
1. For each EventTriggerConfig with eventId of eventA4, maintain the cellsTriggeredList for cells that meet the threshold and height conditions, i.e., the UE would add and remove cells from the cellsTriggeredList of each HeightRange with the given A4 threshold and height within the height range +/- the hysteresis, but a MeasurementReport would only be triggered for the currently active HeightRange. 
1. For only the EventTriggerConfig with eventId of eventA4, with the HeightRange corresponding to the UAV UE’s current height +/- hysteresis, maintain the cellsTriggeredList for cells that meet the conditions. It is FFS whether the cellsTriggredList should be emptied when transitioning to a new HeightRange.

If option 1 is selected, then there would be a seamless transfer between height ranges, and we would not need to start with a stale or an empty cellsTriggeredList, since the horizontal distance travelled between transitions between UAV HeightRange could result in the cellsTriggeredList being immediately empty. Option 1 also allows for the UE to quickly indicate the new interference condition to the network.
If we were to select Option 2, the UAV would enter a new HeightRange for some time (for example, the UAV might have ascended over the roof line), and by the time the UAV switched height ranges (for example, the UAV might have descended below the roof line – hysteresis), the cells that were originally visible below the roof line are far away and would be immediately cleared from cellsTriggeredList. The UE would then collect measurements until the list had a sufficient number of cells to trigger a new MeasurementReport.
Proposal 3: Maintain the cellsTriggeredList for each height-dependent eventA4 configuration configured with multi-cell triggering for each applicable height range.
The following proposal reflects option 1 above.
Proposal 4: While a UE is inside of the absolute height range, considering the hysteresis, of an inactive height range, add and /or remove cells from the cellsTriggeredList of the inactive height range when the event-based conditions are met, but measurement reports will not be triggered based on the inactive height range.
Proposal 5: Only trigger a MeasurementReport for a single active height range when multiple height ranges are configured for an eventA4.
Because eventA4 could be configured for the purpose of handover, it should be further clarified either that any eventA4 can be configured with a height range or that only eventA4 configured with numberOfTriggeringCells can be configured with a height range. This would have implications with respect to the procedural text but should be studied once a decision is made on the applicability of the height range.
Proposal 6: Study whether the height dependency should apply only to eventA4 configured with numberOfTriggeringCells as this will have an impact on the procedural text. 
The hysteresis parameter in the HeightRange could allow for sufficient time inside a HeightRange to eliminate the need for a TTT specifically associated with the UAV UE’s height. This provides an advantage over combining Hx events with Ax events, since there would be two separate TTT values to handle.
Additionally, it could be specified that a UE shall add cells to cellsTriggeredList associated with the inactive eventA4 configured with a HeightRange as long as the UE is within the HeightRange of the inactive eventA4, considering the hysteresis value. The hysteresis would also be used to change the conditions for reporting, i.e., only one eventA4 configured with numberOfTriggeringCells could trigger a MeasurementReport. This way, when a UE is nearing a new heightRange, it could begin preparing its cellsTriggeredList.
Figure 2 shows the labelled height ranges (A-C) and transition points (arrow with a colour change) where the UAV changes height ranges. Table 1 indicates the UE’s behaviour in each location while ascending, and Table 2 indicates the UE’s behaviour in each location while descending. 
[image: ]
[bookmark: _Ref133316302]Figure 2: Height Ranges and Height Range Change Trigger Points
Consider that there is a cellsTriggeredList for two height ranges. One height range (R1) is below the roofline and the other height range (R2) is above the roofline. For each scenario: ascension and descension, the behaviour related to cellsTriggeredList, and measurement reporting when the eventA4 threshold is met is considered for each range. When it is specified to send a measurement report, assume that the conditions already agreed regarding when to trigger a measurement report have been met, i.e., the cellsTriggeredList exceeds at least numberOfTriggeringCells number of cells after having contained less than numberOfTriggeringCells number of cells, or a cell that has been previously reported leaves the condition if the event was configured with reportOnLeave [2]. When it is specified to add to the cellsTriggeredList, assume that the eventA4 threshold has been met for that height range.
When referring to the options in the table below, refer to the beginning of this section, entitled “Relationship Between Height Ranges.” Also note that for the ascending UE (Table 1), the order of locations is A-C, and for the descending UE (Table 2), the order of locations is in reverse order, C-A. Both options regarding whether to add cells to the cellsTriggeredList of an inactive height range while the UE is within the absolute height range, disregarding hysteresis, of an inactive height range are captured in the tables.
[bookmark: _Ref133317839]Table 1: Example Behaviour of cellsTriggeredList for a UAV Starting Below the Roofline and Ascending
	Location (Ascending)
	R1 (Below Roofline)
	R2 (Above Roofline)

	A
	Add to cellsTriggeredList R1
Send Measurement Report
	No action

	B
	Add to cellsTriggeredList R1
Send Measurement Report for R1
	Option 1 (P4): Add to cellsTriggeredList R2
Option 2: No action

	C
	Clear cellsTriggeredList R1
	Switch to height range R2



[bookmark: _Ref133318345]Table 2: Example Behaviour of cellsTriggeredList for a UAV Starting Below the Roofline and Ascending
	Location (Descending)
	R1 (Below Roofline)
	R2 (Above Roofline)

	C
	No action
	Add to cellsTriggeredList R2
Send Measurement Report

	B
	Option 1 (P4): Add to cellsTriggeredList R1
Option 2: No action
	Add to cellsTriggeredList R2
Send Measurement Report

	A
	Switch to height range R1
	Clear cellsTriggeredList R2



Proposal 7: To prevent ping-ponging between height-dependent configurations, specify a relationship between height-dependent EventTriggerConfig to only switch to a new height-dependent configuration once the UE surpasses the bound of the new HeightRange +/- the hysteresis of the active height-dependent configuration.
Proposal 8: Clear the cellsTriggeredList for a height-dependent eventA4 configuration configured with multi-cell triggering when the UE surpasses a bound of its height range +/- the hysteresis value. Whether this constitutes triggering a measurement report when configured with reportOnLeave is FFS.
If it is the first time that an event of a particular eventId configured with a HeightRange is triggered, the ReportConfig should be selected based only on the range defined by heightMin and heightMax, without consideration for the hysteresis value. Consider the example below, which defines two height ranges: A; and B.
A) h < hRoofLine (heightMax = hRoofLine, heightMin = None, hysteresis =X)
B) h > hRoofLine (heightMax = None, heightMin = hRoofLine, hysteresis = X)
Consider the UE at height h > hRoofLine. Both height ranges could be triggered if the following inequality is satisfied: hRoofLine – X < h < hRoofLine + X, but since this is the first time that a height-dependent eventA4 has been triggered, HeightRange B should be selected since the UE’s height is only within HeightRange B when ignoring the hysteresis parameter.
In other words, using Figure 2 as an example, the UE’s height would be inside the area labelled “B”, but above hRoofLine, and should use HeightRange B.
Proposal: When selecting the first applicable height range for reporting, only use the absolute height range, i.e., without hysteresis adjustments, to make the selection.
2.4	ASN.1 Stage 3 Details
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. Because it has been agreed to make numberOfTriggeringCells height dependent as well, it has been added to the EventTriggerConfig in Figure 4. To configure two height regions, one region could configure heightMin to 0 and heightMax to the desired value, and the other would only configure heightMax to the maximum value, indicating infinity, and heightMin to the desired value. To configure more than two height regions, those height regions in between the lowest and the highest would configure both heightMax and heightMin. Hysteresis, a delta using the same units as the height, could be configured in all cases to prevent ping-ponging between height regions.
Whether the height ranges must be contiguous, or whether gaps will be allowed should be studied.
Proposal 9: Study whether height ranges must be contiguous for height-dependent configurations of eventA4.
HeightRange::=                       SEQUENCE {
    heightMin                                    INTEGER (W..X),   
    heightMax                                    INTEGER (W..X),   
    hysteresis                                   INTEGER (Y..Z)  
}
[bookmark: _Ref126760353]Figure 3: Proposed HeightRange IE
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, -- Cond a4
    numberOfTriggeringCells                     INTEGER (2..maxCellReport) OPTIONAL, -- Cond a4

    ...
}
[bookmark: _Ref126760265]Figure 4: EventTriggerConfig Excerpt with Event Height Range and numberOfTriggeringCells IEs Added
2.5	Procedural Stage 3 Details
This section proposes some stage 3 procedural details that implement the proposals from the previous sections.
Proposal 10: For each eventA4 configured with eventHeightRange, the height-dependent eventA4 measurement report will be triggered based on the following conditions in addition to the conditions of the eventA4 (e.g., threshold), and the conditions of multi-cell triggering (e.g., if nubmerOfTriggeringCells is configured).
a. If HeightRange.heightMin is set, heightRangeLow = max(0, HeightRange.heightMin – hysteresis), else 0
b. If HeightRange.heightMax is set, heightRangeHigh = HeightRange.heightMax + hysteresis, else infinity
c. Condition: HeightRangeLow < UE height < heightRangeHigh AND TTT is satisfied
Because the height ranges are not explicitly linked to one another, the UE needs to track which height range is active for the purpose of triggering measurement reports. The following stage 3 procedural details implement the relationship between height ranges as proposed in previous sections. Note that this proposed text is written for the purpose of discussion, and it does not include all of the details related to measurement reporting for UAV UEs.
[bookmark: _Hlk134711766]Proposal 11: The procedural text below should be used as a baseline method to associate height-dependent eventA4 configurations for the purpose of setting and switching between height ranges for triggering measurement reports.
1> if the reportConfig associated with the measId that triggered the measurement reporting is set to eventTriggered and eventID is set to eventA4:
	2> if the reportConfig is configured with HeightRange
3> if eventA4-activeHeightRangeReportConfigID is set and is equal to the reportConfigID associated with the measId that triggered the measurement reporting:
	4> execute measurement reporting procedure
3> else:
4> if heightMin is set in the HeightRange associated with eventA4-activeHeightRangeReportConfigID, and the UE’s height at the time of triggering measurement reporting is greater than heightMin – hysteresis and;
4> if heightMax is set in the HeightRange associated with eventA4-activeHeightRangeReportConfigID, and the UE’s height at the time of triggering measurement reporting is less than heightMax + hysteresis:
	5> do not execute the measurement reporting procedure
4> else:
5> set eventA4-activeHeightRangeReportConfigID to the reportConfigID associated with the measurement reporting trigger.
5> execute the measurement reporting procedure as indicated in section <>
3	Conclusion
In this document we have made the following proposals and observations:
Proposal 1: Study configuring a height-dependency to eventA4 through adding a height range parameter to the report configuration.
Proposal 2: Specify a new height-dependent configuration for eventA4, by adding a new IE, heightRange, in EventTriggerConfig.
Proposal 3: Maintain the cellsTriggeredList for each height-dependent eventA4 configuration configured with multi-cell triggering for each applicable height range.
Proposal 4: While a UE is inside of the absolute height range, considering the hysteresis, of an inactive height range, add and /or remove cells from the cellsTriggeredList of the inactive height range when the event-based conditions are met, but measurement reports will not be triggered based on the inactive height range.
Proposal 5: Only trigger a MeasurementReport for a single active height range when multiple height ranges are configured for an eventA4.
Proposal 6: Study whether the height dependency should apply only to eventA4 configured with numberOfTriggeringCells as this will have an impact on the procedural text. 
Proposal 7: To prevent ping-ponging between height-dependent configurations, specify a relationship between height-dependent EventTriggerConfig to only switch to a new height-dependent configuration once the UE surpasses the bound of the new HeightRange +/- the hysteresis of the active height-dependent configuration.
Proposal 8: Clear the cellsTriggeredList for a height-dependent eventA4 configuration configured with multi-cell triggering when the UE surpasses a bound of its height range +/- the hysteresis value. Whether this constitutes triggering a measurement report when configured with reportOnLeave is FFS.
Proposal 9: Study whether height ranges must be contiguous for height-dependent configurations of eventA4.
Proposal 10: For each eventA4 configured with eventHeightRange, the height-dependent eventA4 measurement report will be triggered based on the following conditions in addition to the conditions of the eventA4 (e.g., threshold), and the conditions of multi-cell triggering (e.g., if nubmerOfTriggeringCells is configured).
a. If HeightRange.heightMin is set, heightRangeLow = max(0, HeightRange.heightMin – hysteresis), else 0
b. If HeightRange.heightMax is set, heightRangeHigh = HeightRange.heightMax + hysteresis, else infinity
c. Condition: HeightRangeLow < UE height < heightRangeHigh AND TTT is satisfied
Proposal 11: The procedural text below should be used as a baseline method to associate height-dependent eventA4 configurations for the purpose of setting and switching between height ranges for triggering measurement reports.
1> if the reportConfig associated with the measId that triggered the measurement reporting is set to eventTriggered and eventID is set to eventA4:
	2> if the reportConfig is configured with HeightRange
3> if eventA4-activeHeightRangeReportConfigID is set and is equal to the reportConfigID associated with the measId that triggered the measurement reporting:
			4> execute measurement reporting procedure
3> else:
4> if heightMin is set in the HeightRange associated with eventA4-activeHeightRangeReportConfigID, and the UE’s height at the time of triggering measurement reporting is greater than heightMin – hysteresis and;
4> if heightMax is set in the HeightRange associated with eventA4-activeHeightRangeReportConfigID, and the UE’s height at the time of triggering measurement reporting is less than heightMax + hysteresis:
				5> do not execute the measurement reporting procedure
4> else:
5> set eventA4-activeHeightRangeReportConfigID to the reportConfigID associated with the measurement reporting trigger.
5> execute the measurement reporting procedure as indicated in section <>
Observation 1: For the purpose of configuring a height-dependency to eventA4, the specification impact of allowing the combination of event types is high.
Observation 2: Each event type, e.g., eventA4, is integrated directly into the EventTriggerConfig, which means that they cannot be separated for combination inside of a single EventTriggerConfig that otherwise shares parameters outside of the eventId.
Observation 3: In LTE, numberOfTriggeringCells is defined in the reportConfigEUTRA whose equivalent in NR would be the ReportConfigNR configured with and eventTriggerConfig.
Observation 4: The reuse of legacy events in a combination to support height-dependent configurations is deceiving since the combination of events will require at least a container, which could be considered a new event.
Observation 5: The proposed methods to adding height-dependency to numberOfTriggeringCells allow for the maintenance of separate cellsTriggeredList per height region.
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