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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
So far, RAN2 has made the following agreements for measurement reporting enhancement for NR UAV:
[bookmark: _Hlk112763152]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 how to limit excessive measurements and measurement reporting 
FFS if user consent is needed for location reporting in CONNECTED
FFS study the vertical movement and associated mobility for UAV UEs
2	Rel-18 NR supports reporting of UAV UE’s height, location and velocity. It is for further study what accuracy and reporting mechanisms are required and if further enhancements are needed.  
3	As in LTE, flight path plan reporting will be introduced.  Location list of waypoints (3D location information) and timestamp is adopted as the basic content of flight path report.  FFS if timestamp is mandatory or optional for NR.  FFS if further enhancements are needed
4	Introduce similar functionality to LTE (numberofTriggeringCells).  FFS whether numberoftriggerbeams for NR is required or other enhancements.  FFS study how to avoid sending the measurement reports mainly due to reportOnLeave.
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)
This contribution further discusses the remaining issues for measurement reporting enhancement for NR UAV. 
2. Discussion
2.1 Height-dependent events
Height report:
In the email discussion [Post120][312], the below proposal was given by the rapporteur:
“Proposal 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 RSRP/RSRQ measurement results). FFS whether UAV UE’s height is mandatorily reported and which parameter/IE is used for height reporting. FFS which parameters from CommonLocationInfo are needed for UAV UEs”
When the height event is triggered, the UAV UE’s height maybe any value higher than the configured threshold. The UAV UE will suffer/cause different interference level at different height. So, in most cases, the network needs to know the exact height of the UAV UE, for example, the network is able to configure proper RRM configuration to the UE. Besides, in LTE, UAV UE’s height is mandatorily reported. We see no reason to treat NR differently, if LTE works well.
Proposal 1: As in LTE, when event H1 or H2 triggers, the UAV UE’s height is mandatorily reported.
CommonLocationInfo IE contains gnss-TOD-msec, locationCoordinate, velocityEstimate, locationTimestamp, locationError and locationSource.
· gnss-TOD-msec: This field specifies the GNSS TOD for which the measurements and/or location estimate are valid. 
· locationCoordinate: This field provides a location estimate using one of the geographic shapes defined in TS 23.032 [15].
· velocityEstimate: This field provides a velocity estimate using one of the velocity shapes defined in TS 23.032 [15].
· locationTimestamp: This field provides the UTC time when the location estimate is valid. 
· locationError: The field includes information concerning the reason for the lack of location information. For example, periodicLocationMeasurementsNotAvailable.
· locationSource: This field provides the source positioning technology for the location estimate, for example, a-gnss, wlan, TBS, etc. 
In LTE UAV, gnss-TOD-msec, locationCoordinate, velocityEstimate are reported, so we think it can be the same in NR UAV. From our understanding, locationTimestamp, locationSource, locationError could be also useful for the network. These fields are all optional, so we see no reason not to include these in the MR if these are available at the UE. Currently, the RSRP results of neighboring cells and CommonLocationInfo are configurable in NR. So, the current specification already supports this. 
Observation: the RSRP results of neighboring cells and CommonLocationInfo are configurable in current NR specification. 
Proposal 2: when event H1 or H2 triggers, all the parameters in CommonLocationInfo can be included in the MR, if available at the UE. 
Besides, when the UAV is rising, the network may be interested in its flight path information to perform interference management or mobility preparation. So, when the height event is triggered, the UE can indicate the flight path availability (it can be initial flight path plan or changed flight plan) to the network if available and configured by the network. 
Proposal 3:  When the height event is triggered, the UE can indicate the flight path availability to the network if available and configured by the network. 

Combining height event with Ax event:
During the email discussion [Post120][312], there is a wide support of this direction. The motivation of this direction is for vertical mobility. The rapporteur gave the below proposal: 
Proposal 2: Joint use of height-dependent condition and RSRP/RSRQ/SINR-based condition for measurement report triggering is supported in NR Rel-18 UAV. FFS the details (e.g. whether new event or the combination of existing events is used).
But we are still confused about the gain compared to height event, as there is no more technical discussion during the email discussion. So, we think the motivation of this optimization needs to be clarified in this meeting. Besides, from our understanding, there are so many candidate solutions that solve the same issues.
Proposal 4:  RAN2 to clarify the motivation of introducing the combining height event with Ax event in NR UAV. 
If the combination of existing events is used, the procedure will be more complex. Besides, it also does not have configuration flexibility. If the network only configures the combination of H1 event and Ax event, it will delay the RRM measurement reporting for both height detection and mobility. If both the combination and standalone are configured, since the combination is based on the same standalone event, then the UE will report multiple RRM report which will increase the signalling overhead. If new event is used, this can be easily specified in the current measurement reporting procedure. So, we don’t see the clear benefit of the combination of existing events compared to defining a new event. Thus, we have the following proposal: 
Proposal 5: If the combining height event with Ax event is agreed, define new event for combining height event with Ax event in NR UAV. 

Multiple RRM configuration each for a specific height region: 
During the email discussion [Post120][312], the below proposal was given by the rapporteur. 
Proposal 4: Discuss the following aspects before enabling more than a single configuration (e.g. RRM configuration), each for a specific height region:
- What happens with UE’s filters, variables, etc. when the switch between configurations happens? Is the behavior different than the one already specified e.g. for cell change?
- Is there a mismatch between what the NW is aware of and the actual configuration the UE uses?
- The benefit of multiple configurations versus H1/H2 reporting to the NW and waiting for the new configuration
- Can the NW know and properly configure the LOS/NLOS boundary?
We have agreed to introduce height events and location/speed information reporting in NR UAV, so the network has the enough information to know the UAV’s current height and can also predict the UAV’s height. Then, the network can configure proper RRM measurement configuration via RRC reconfiguration. The legacy scheme can work well, so this is an optimization. And the UE changes its RRM configuration locally based on the fulfilled condition have more specification impact. So, we think such optimization is not necessary. Thus, we have the following proposal: 
Proposal 6: Not support more than a single configuration each for a specific height region. 
2.2 Number of changed cells
RAN2 has agreed to introduce similar numberofTriggeringCells for events A3, A4 and A5 for NR UAV. The main motivation of this scheme is to avoid frequent measurement reporting since UAV UE may detect more cells fulfill the measurement events compared to ground UEs.
1. As in LTE, as a baseline, events A3, A4 and A5 can be configured with the configured number of cells (numberofTriggeringCells)
In the previous RAN2 meetings, many companies think the LTE design has some disadvantage and can be improved in NR. For convenience, the related text in LTE is quoted below: 
	[bookmark: _Toc20486939][bookmark: _Toc29342231][bookmark: _Toc29343370][bookmark: _Toc36566622][bookmark: _Toc36810036][bookmark: _Toc36846400][bookmark: _Toc36939053][bookmark: _Toc37082033]5.5.4	Measurement report triggering
5.5.4.1	General
<Omit…>
[bookmark: _Hlk515941590]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>	If the VarMeasReportList does not include a measurement reporting entry for this measId (a first cell triggers the event):
4>	include a measurement reporting entry within the VarMeasReportList for this measId;
3>	If the number of cell(s) in the cellsTriggeredList is larger than or equal to numberOfTriggeringCells:
4>	include the concerned cell(s) in the cellsTriggeredList defined within the VarMeasReportList for this measId;
3>	else:
4>	include the concerned cell(s) in the cellsTriggeredList defined within the VarMeasReportList for this measId;
4>	If the number of cell(s) in the cellsTriggeredList is larger than or equal to numberOfTriggeringCells:
5>	set the numberOfReportsSent defined within the VarMeasReportList for this measId to 0;
5>	initiate the measurement reporting procedure, as specified in 5.5.5;
2>	if the triggerType is set to event and if the leaving condition applicable for this event is fulfilled for one or more of the cells included in the cellsTriggeredList defined within the VarMeasReportList for this measId for all measurements after layer 3 filtering taken during timeToTrigger defined within the VarMeasConfig for this event:
3>	remove the concerned cell(s) in the cellsTriggeredList defined within the VarMeasReportList for this measId;
3>	if reportOnLeave is set to TRUE for the corresponding reporting configuration or if a6-ReportOnLeave is set to TRUE or if a4-a5-ReportOnLeave is set to TRUE for the corresponding reporting configuration:
4>	initiate the measurement reporting procedure, as specified in 5.5.5;
3>	if the cellsTriggeredList defined within the VarMeasReportList for this measId is empty:
4>	remove the measurement reporting entry within the VarMeasReportList for this measId;
4>	stop the periodical reporting timer for this measId, if running;
<Omit…>


From the above text, the scheme in LTE has the below issues:
· Issue 1: When the number of triggering cells is equal to numberofTriggeringCells, the UE triggers measurement reporting. After that, the UE cannot trigger measurement reporting when new cells are added into cellsTriggeredList (highlighted in yellow) if periodic reporting is not configured. The network cannot obtain new cells timely to perform interference management and mobility management for the UAV, which may lead to RLF or HOF of the UAV. 
· Issue 2: When reportOnLeave is set to true for the event (A3 or A4 or A5), the UE will trigger measurement report if each of the cells in cellsTriggeredList fulfills the leaving condition of the event (highlighted in blue). This is also not consistent with the motivation of introducing numberofTriggeringCells. 
For issue 1, someone may argue that the network can always configure periodic reporting for UAV UE.  But it will lead to unnecessary measurement reporting when there are no new cells are added into cellsTriggeredList. And this is also not aligned with the motivation of introducing numberofTriggeringCells. For issue 2, there were some proposals that introducing similar numberofTriggeringCells for leaving condition. This is reasonable, but we would like to suggest RAN2 to discuss how to design the whole procedure to solve the above two issues jointly. From our point of view, the common part of two issues is the number of changed cells compared to the cells included in the cellsTriggeredList. So, it seems straightforward to introduce a new parameter, like the number of changed cells for triggering measurement reporting (numberofChangedCells). This new parameter can cover the below three cases.
· Case 1: When the number of triggering cells is equal to numberofTriggeringCells, the UE triggers measurement reporting. After that, if the number of newly added cells is equal to numberofChangedCells, the UE should trigger measurement.  
· Case 2: When the number of triggering cells is equal to numberofTriggeringCells, the UE triggers measurement reporting. After that, if the number of removed cells is equal to numberofChangedCells, the UE should trigger measurement. 
· Case 3: When the number of triggering cells is equal to numberofTriggeringCells, the UE triggers measurement reporting. After that, if the number of newly added cells plus the number of removed cells is equal to numberofChangedCells, the UE should trigger measurement. 
After measurement is triggered due to numberofChangedCells, the UE can re-count the number of changed cells.  Thus, we have the following proposal:  
Proposal 7: Introduce the number of changed cells for triggering measurement reporting in NR.
3. Conclusion
In this paper, the following proposal are given:
Proposal 1: As in LTE, when event H1 or H2 triggers, the UAV UE’s height is mandatorily reported.
Proposal 2: when event H1 or H2 triggers, all the parameters in CommonLocationInfo can be included in the MR, if available at the UE. 
Proposal 3:  when the height event is triggered, the UE can indicate the flight path availability to the network if available and configured by the network. 
Proposal 4:  RAN2 to clarify the motivation of introducing the combining height event with Ax event in NR UAV. 
Proposal 5: if the combining height event with Ax event is agreed, define new event for combining height event with Ax event in NR UAV. 
Proposal 6: Not support more than a single configuration each for a specific height region. 
Proposal 7: Introduce the number of changed cells for triggering measurement reporting in NR.
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