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1	Introduction
At RAN2#123, the following agreements related to measurement reporting were made [1].
1. New event type is introduced to implement both height-dependent MR configuration and combination of events
2. The new event type includes only one of H1 or H2 thresholds.   A hysteresis for each threshold will be introduced.  A single time to trigger for the event will be introduced. Rapporteur will implement the solution and we can come back next meeting if there are technical issues.  
3. Event combination of H1/H2 with A3, A4, A5 will be support 
4. When the UE moves to a new height region with a different numberOfTriggeringCells value for one configured event, it is up to UE implementation whether the UE keeps the old measurement report or cellstriggeredlist
5. At least 300m above ground level will be supported.  FFS if higher ranges can/need to be considered.  
6. No delta signaling for updated flight path will be supported 
7. Confirm that same indication is used for both initial and updated flightpath plan
8. In this paper…
In this paper, we discuss remaining concerns related to measurement reporting, including the behaviour of the cells triggered list, the definition of Hx event behaviour, and the effect of height-dependent ssb-ToMeasure on interference reporting.
2	Discussion
2.1	Behaviour of Cells Triggered List
Here we discuss agreement 4 from RAN2#123 [1] that states that “when the UE moves to a new height region with a different numberOfTriggeringCells value for one configured event, it is up to UE implementation whether the UE keeps the old measurement report or cellstriggeredlist.” First, it should be clarified that all parameters in a ReportConfig configured with an eventAxHy are dependent on the height threshold and hysteresis of the eventAxHy, and not only the numberOfTriggeringCells value. Secondly, “one configured event” has not been agreed to support multiple height ranges, but rather unique event trigger configurations are used to configure different height ranges. Therefore, there is no explicit relationship between height-dependent event configurations, even if they share the same Ax type, e.g., two event trigger configurations: A3H1 and A3H2. Finally, the UE behaviour of the cellsTriggeredList should be defined.
Observation 1: All parameters in a ReportConfig configured with an eventAxHy are dependent on the height threshold and hysteresis of the eventAxHy.
Observation 2: Based on the agreed way forward with AxHy event types, each Event AxHy does not have any explicit relationship with other Event AxHy event trigger configurations of the same Ax type, e.g., two event trigger configurations: A3H1 and A3H2.
Each eventAxHy as defined in the draft CR to 38.331 [3] include Ax and Hx thresholds and hysteresis values. The value of a measurement quantity and the value of a UE’s height are evaluated against the Ax and Hx configurations, respectively, to determine whether the entering condition, the leaving condition, or neither have been met. If we consider that the height region has changed when the leaving condition of the Hx portion of an event AxHy has been met, and the entering condition of the Hx portion of another event AxHy has been met, then all measurements of the previous height range should be purged from the cellsTriggeredList. The behavior for the leaving condition of an Ax event would be the same as it was in LTE.
Observation 3: Upon satisfying the leaving condition of an AxHy event trigger, a measurement that has left the Ax portion or Hx portion of an AxHy event trigger shall be removed from the cellsTriggeredList.
Proposal 1: The UE behavior should be specified regarding whether the UE keeps the old measurement report or old measurements in the cellsTriggeredList when the UE moves to a new height region.
2.2	Definition of Hx Event Behaviour
This section addresses the definition of eventH1, eventH2, which will be transferred from LTE, and eventA3H1, eventA3H2, eventA4H1, eventA4H2, eventA5H1, and eventH5, which have been agreed for NR. The draft CR to 38.331 [3] provides the procedural text and ASN.1 definitions for these. In this section, eventH1 and eventH2 are discussed, but their discussion can be directly applied to the new events eventAxHy. 
In the LTE RRC specification [4], 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 1) and Event H2 (see Figure 2), 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 3, 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 1: Event H1 Definition from LTE RRC Procedural Text [4]
	[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 2: Event H2 Definition from LTE RRC Procedural Text [4]
	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 3:Event H1 and Event H2 Definitions from LTE RRC 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. Similarly, the entering condition for Event H2 is satisfied when the UE is below a threshold at the time of applying the configuration. 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, or if the UE is below the Event H2 threshold.
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.
Observation 7: The same definitions will apply to the Events AxHy.
Proposal 2: Discuss and decide between options 1, 2, and 3 regarding the triggering condition(s) for Event H1 and Event H2, and Events AxHy.
Based on the decision between the options 1, 2, and 3, the LTE specification should be clarified to match the behavior.
Proposal 3: Update the LTE specification with the option selected from 1, 2, and 3, regarding the triggering condition(s) for Event H1 and Event H2.
2.3	Effect of Height-Dependent ssb-ToMeasure on Interference Reporting
For a ReportConfig configured with numberOfTriggeringCells and ssb-ToMeasure, 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 5), 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 5: UAV UE and gNodeB with ssb-ToMeasure Configured
To mitigate the issue of incomplete interference reporting, a configuration parameter could be added that allows the UAV UE to measure all SSBs when numberOfTriggeringCells is configured.
Observation 8: The purpose of the numberOfTriggeringCells is an interference reporting mechanism and ssb-ToMeasure is for mobility.
Observation 9: When ssb-ToMeasure is configured, the quality of interference reporting from the UAV UE is diminished.
Proposal 4: Add a configuration parameter that, when enabled, and when numberOfTriggeringCells is configured, the UAV UE shall measure all SSBs, disregarding the ssb-ToMeasure parameter, if set.
3	Conclusion
This document has made the following observations and proposals:
Observation 1: All parameters in a ReportConfig configured with an eventAxHy are dependent on the height threshold and hysteresis of the eventAxHy.
Observation 2: Based on the agreed way forward with AxHy event types, each Event AxHy does not have any explicit relationship with other Event AxHy event trigger configurations of the same Ax type, e.g., two event trigger configurations: A3H1 and A3H2.
Observation 3: Upon satisfying the leaving condition of an AxHy event trigger, a measurement that has left the Ax portion or Hx portion of an AxHy event trigger shall be removed from the cellsTriggeredList.
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 same definitions will apply to the Events AxHy.
Observation 8: The purpose of the numberOfTriggeringCells is an interference reporting mechanism and ssb-ToMeasure is for mobility.
Observation 9: When ssb-ToMeasure is configured, the quality of interference reporting from the UAV UE is diminished.
The following proposals were made.
Proposal 1: The UE behavior should be specified regarding whether the UE keeps the old measurement report or old measurements in the cellsTriggeredList when the UE moves to a new height region.
Proposal 2: Discuss and decide between options 1, 2, and 3 regarding the triggering condition(s) for Event H1 and Event H2, and Events AxHy.
Proposal 3: Update the LTE specification with the option selected from 1, 2, and 3, regarding the triggering condition(s) for Event H1 and Event H2.
Proposal 4: Add a configuration parameter that, when enabled, and when numberOfTriggeringCells is configured, the UAV UE shall measure all SSBs, disregarding the ssb-ToMeasure parameter, if set.
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