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1	Introduction
The following agreements were made during RAN2#122 [1].
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.
Based on the agreements during RAN2#122 the following discussion addresses the interaction between the multi-cell triggering mechanism based on number of triggering cells, and the SSB-ToMeasure parameter. We will also discuss the definitions of the triggering or entering conditions for Event H1 and Event H2.
2	Discussion
2.1	Functionality of NumberOfTriggeringCells and SSB-ToMeasure
It was agreed during RAN2#122 [1] that height dependency will apply to eventA4 and numberOfTriggeringCells through the creation of "new event types on the combination of event Ax and event Hx, at least for event A4 + event H1/H2 thresholds. Height-dependency will also apply to SSB-ToMeasure by “[adding] height-based list of SSB-ToMeasure with corresponding height ranges and hysteresis in MeasObjectNR”.
The motivation behind each parameter, numberOfTriggeringCells and SSB-ToMeasure, and their height-depdendent configurability have yet to be considered in combination with each other. Namely, the implication of setting SSB-ToMeasure when numberOfTriggeringCells is also configured, and how the UE should behave when numberOfTriggeringCells and SSB-ToMeasure are configured with different height ranges.
It is clear that numberOfTriggeringCells is meant to mitigate the effects of interference by reporting to the gNodeB a list of cells which are detected at a sufficiently high level that interference is likely to be caused, while SSB-ToMeasure is meant as an optimization to mobility by only having the UE report on the closest of SSBs for nearby cells. Because the two mechanisms were specified for different purposes, their behavior is not necessarily aligned.
2.1.1	Interaction between NumberOfTriggeringCells and SSB-ToMeasure
Interference Reporting and SSB-ToMeasure
When numberOfTriggeringCells and SSB-ToMeasure are both set, the UE will only measure signal strength of the SSBs listed in SSB-ToMeasure even if there are stronger SSBs than those in the list. That means that interference could be underreported. For example (see Figure 1), a cell could be configured with SSBs (0 and 1) that are tilted upward for better UAV UE operation, so SSB-ToMeasure is set to measure only SSBs 0 and 1. The remaining SSBs, shown in blue, would not be measured, even for the purpose of interference reporting.
[image: ]
[bookmark: _Ref138681618]Figure 1: UAV UE and gNodeB with SSB-ToMeasure Set
Height Range Compatibility
Although the ReportConfig is linked to MeasObjectNR(s), they are configured separately. Even based on the agreements in RAN2#122 [1], the height ranges defined for height-dependent eventAx and height-dependent SSB-ToMeasure take on different forms. Because the height ranges are specified separately, they cannot be linked with one another to ensure that they will be compatible. 
Observation 1: Based on current agreements, it is possible to configure height-dependent eventAx with a height range that only partially overlaps a height-dependent SSB-ToMeasure.
Observation 2: The behavior of a UE that switches height ranges only for one of height-dependent eventAx or SSB-ToMeasure is undefined.
For example, if it is allowed to configure an eventAx between 10m and 20m, and two SSB-ToMeasure, one between 0m and 15m, and another between 15m and 30m, then the UE would need to do something at 15m, or near 15m depending on the hysteresis setting. The lack of synchronization between the height ranges could cause undesirable behavior such as the UE needing to reset its measurements more often than is reasonable.
Proposal 1: When height-depdendent eventAx and SSB-ToMeasure are configured simultaneously, the height ranges configured for the parameter with the least height ranges must align with those of the other parameter.
2.1.2	Solutions
In a configuration-based solution, it is possible that the UAV UE could measure all SSBs when under a certain height and use SSB-ToMeasure while above. In that scenario, perhaps the UAV UE always gets the strongest signal to the SSB-ToMeasure SSBs anyway. Distant cells should not have SSB-ToMeasure set in the serving cell to avoid the issues described in the previous section.
Observation 3: A gNodeB could configure SSB-ToMeasure only for nearby cells and leave the parameter unconfigured for distant cells as not to negatively impact a UE’s ability to report potential interference. 
In a specification-based solution, SSB-ToMeasure could be ignored for interference reporting purposes, and the UE could report signal levels based on any SSB when set with numberOfTriggeringCells.
Proposal 2: Study a method which allows a UE to measure all detectable SSBs regardless of the SSB-ToMeasure configuration, for the purpose interference reporting, for events configured with numberOfTriggeringCells.
2.2 Definition of H1/H2 Entry/Leave Criteria
During RAN2#119, the following agreement was made regarding the reuse of events H1 and H2 from LTE [4].
	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 study the vertical movement and associated mobility for UAV UEs



In the LTE RRC specification [2], there are two somewhat conflicting definitions/descriptions of the triggering conditions for Events H1 and Event H2. In the headers for the sections of procedural text that define Event H1 (see Figure 2) and Event H2 (see Figure 3), it is written that Event H1 is applicable when “the aerial UE height is above a threshold” and that Event H2 is applicable when “the aerial UE height is below a threshold.” However, it is written in the section that specifies the related ASN.1 IEs, shown in Figure 4, that Event H1 and Event H2 are applicable when an “aerial UE height becomes higher than absolute threshold” and when an “aerial UE height becomes lower than absolute threshold”, respectively.
Observation 4: In the procedural text of the LTE RRC specification, the trigger for Event H1 and Event H2 is defined as the UE being above or below a threshold, respectively.
Observation 5: In the ASN.1 definition text of the LTE RRC specification, the trigger for Event H1 and Event H2 is defined as the UE crossing above or below an absolute threshold.
It needs to be decided whether Event H1 and Event H2 are triggered when the height of the aerial UE is above or below a threshold; or whether Event H1 and Event H2 are triggered when the height of the aerial UE becomes higher or lower than a threshold. 
	[bookmark: _Toc20486956][bookmark: _Toc29342248][bookmark: _Toc29343387][bookmark: _Toc36566639][bookmark: _Toc36810053][bookmark: _Toc36846417][bookmark: _Toc36939070][bookmark: _Toc37082050][bookmark: _Toc46480677][bookmark: _Toc46481911][bookmark: _Toc46483145][bookmark: _Toc115702241]5.5.4.16	Event H1 (The Aerial UE height is above a threshold)
The UE shall:
1>	consider the entering condition for this event to be satisfied when condition H1-1, as specified below, is fulfilled;
1>	consider the leaving condition for this event to be satisfied when condition H1-2, as specified below, is fulfilled;
Inequality H1-1 (Entering condition)


Inequality H1-2 (Leaving condition)




[bookmark: _Ref142512639]Figure 2: Event H1 Definition from Procedural Text [3]
	[bookmark: _Toc20486957][bookmark: _Toc29342249][bookmark: _Toc29343388][bookmark: _Toc36566640][bookmark: _Toc36810054][bookmark: _Toc36846418][bookmark: _Toc36939071][bookmark: _Toc37082051][bookmark: _Toc46480678][bookmark: _Toc46481912][bookmark: _Toc46483146][bookmark: _Toc115702242]5.5.4.17	Event H2 (The Aerial UE height is below a threshold)
The UE shall:
1>	consider the entering condition for this event to be satisfied when condition H2-1, as specified below, is fulfilled;
1>	consider the leaving condition for this event to be satisfied when condition H2-2, as specified below, is fulfilled;
Inequality H2-1 (Entering condition)


Inequality H2-2 (Leaving condition)




[bookmark: _Ref142512669]Figure 3: Event H2 Definition from Procedural Text [3]
	The E-UTRA reporting events concerning Aerial UE height are labelled HN with N equal to 1 and 2.
Event H1:	Aerial UE height becomes higher than absolute threshold;
Event H2:	Aerial UE height becomes lower than absolute threshold.


[bookmark: _Ref142512807]Figure 4:Event H1 and Event H2 Definitions from ASN.1 Definition Text 4
Observation 6: Based on the analysis above, the definitions for triggering Event H1 and Event H2 are ambiguous.
To resolve the ambiguities, triggering or entering condition(s) must first be decided for Event H1 and Event H2. Some options are listed for the purpose of discussion:
Option 1: The entering condition for Event H1 is satisfied when the UE ascends above a threshold, taking into account the hysteresis and offset parameters. Similarly, the entering condition for Event H2 is satisfied when the UE descends below a threshold, taking into account the hysteresis and offset parameters. Note that the leaving conditions for these parameters are more obvious because they only make sense in terms of crossing a threshold.
Option 2: The entering condition for Event H1 is satisfied when the UE is above a threshold at the time of applying the configuration, taking into account the hysteresis and offset parameters. Similarly, the entering condition for Event H2 is satisfied when the UE is below a threshold at the time of applying the configuration, taking into account the hysteresis and offset parameters. With this option, the UE could be triggered by Event H1 or Event H2 to send a Measurement Report immediately after being configured with either event if the UE is above the Event H1 threshold, taking into account the hysteresis and offset parameters, or if the UE is below the Event H2 threshold, taking into account the hysteresis and offset parameters.
Option 3: Allow for Option 1 and Option 2. This would allow the network to immediately know of the UE’s height if the UE’s height is above any configured Event H1, taking into account the hysteresis and offset parameters, or if the UE’s height is below any configured Event H2, taking into account the hysteresis and offset parameters.
Proposal 3: Discuss and decide between options 1, 2, and 3 regarding the triggering condition(s) for Event H1 and Event H2.
Noting the above proposal, if we select Option 2 or Option 3 from the list of possible solutions for defining the triggering or entering conditions for Event H1 and Event H2, it should be specified that at least for the case when the UE is above a threshold (Event H1) and the case when the UE is below a threshold (Event H2), that the hysteresis should not be taken into account, Hysteresis should not be considered because its purpose is to prevent ping-ponging, which cannot happen instantaneously, which would be the case when an aerial UE happens to satisfy the conditions of an Event H1 or Event H2 immediately upon being configured with one or more of these events.
Observation 7: The intent of the hysteresis parameter does not apply to the triggering or entering conditions of Event H1 and Event H2 when either event is triggered due to an aerial UE satisfying one or more Event HX condition immediately upon being configured with one or more of Event(s) HX.
Proposal 4: Do not consider the hysteresis parameter when evaluating the triggering or entering conditions of Event H1 and Event H2 when the trigger is due to an aerial UE already satisfying the triggering or entering conditions of either Event HX immediately upon being configured with one or more of Event(s) HX.
3	Conclusion
In this document we have made the following proposals and observations:
The following Proposals were made:
Proposal 1: When height-depdendendent eventAx and SSB-ToMeasure are configured simultaneously, the height ranges configured for the parameter with the least height ranges must align with those of the other parameter.
Proposal 2: Study a method which allows a UE to measure all SSBs, for the purpose interference reporting, for events configured with numberOfTriggeringCells.
Proposal 3: Discuss and decide between options 1, 2, and 3 regarding the triggering condition(s) for Event H1 and Event H2.
Proposal 4: Do not consider the hysteresis parameter when evaluating the triggering or entering conditions of Event H1 and Event H2 when the trigger is due to an aerial UE already satisfying the triggering or entering conditions of either Event HX immediately upon being configured with one or more of Event(s) HX.
The following Observations were made:
Observation 1: Based on current agreements, it is possible to configure height-dependent eventAx with a height range that only partially overlaps a height-dependent SSB-ToMeasure.
Observation 2: The behavior of a UE that switches height ranges only for one of height-dependent eventAx or SSB-ToMeasure is undefined.
Observation 3: A gNodeB could configure SSB-ToMeasure only for nearby cells and leave the parameter unconfigured for distant cells as not to negatively impact a UE’s ability to report potential interference. 
Observation 4: In the procedural text of the LTE RRC specification, the trigger for Event H1 and Event H2 is defined as the UE being above or below a threshold, respectively.
Observation 5: In the ASN.1 definition text of the LTE RRC specification, the trigger for Event H1 and Event H2 is defined as the UE crossing above or below an absolute threshold.
Observation 6: Based on the analysis above, the definitions for triggering Event H1 and Event H2 are ambiguous.
Observation 7: The intent of the hysteresis parameter does not apply to the triggering or entering conditions of Event H1 and Event H2 when either event is triggered due to an aerial UE satisfying one or more Event HX condition immediately upon being configured with one or more of Event(s) HX.
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