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[bookmark: _Ref165266342]Introduction
A revised WID on NR support for UAV (Uncrewed Aerial Vehicles) [1] has been approved. In the WID, one objective is to enhance measurement reports, shown as below.
	1. Specify the following enhancements on measurement reports [RAN2]:
· UE-triggered measurement report based on configured height thresholds
· Reporting of height, location and speed in measurement report
· Flight path reporting
· Measurement reporting based on a configured number of cells (i.e. larger than one) fulfilling the triggering criteria simultaneously
Note: Work done in LTE is a starting point for this objective. NR-specific enhancements can be considered, if needed, while overall the LTE and NR solutions should be harmonized as much as possible.


In this contribution, we will provide our understandings for some remaining issues on measurement reporting for NR UAV. 
Discussion
1) Further clarifications for height-dependent numberOfTriggeringCells
It has been agreed that events A3, A4 and A5 can be configured with the configured number of cells (numberofTriggeringCells). And Event AxHy have been introduced for the combination of event A3/A4/A5 and event H1/H2. Hence, one numberOfTriggeringCells can be configured for the new Event AxHy to achieve the height-dependent numberOfTriggeringCells, which has been captured in the running 38.331 CR [2]. The following are extracted from the running 38.331 CR [2] for the field description of numberOfTriggeringCells:
	numberOfTriggeringCells
Indicates the number of cells detected that are required to fulfill an event for a measurement report to be triggered. This field is applicable only for the events concerning neighbor cells, i.e. eventA3, eventA4, eventA5, eventA3H1, eventA3H2, eventA4H1, eventA4H2, eventA5H1, eventA5H2.



Observation 1: As captured in the running 38.331 CR, numberOfTriggeringCells is applicable for eventA3H1, eventA3H2, eventA4H1, eventA4H2, eventA5H1, eventA5H2, which can be used to achieve the height-dependent numberOfTriggeringCells, i.e. one numberOfTriggeringCells is configured for one event (eventAxHy) and associated with one height region.
Proposal 1: RAN2 confirms that the height-dependent numberOfTriggeringCells is achieved by including numberOfTriggeringCells in the configuration of event AxHy (already captured in the running CR).
In RAN2#123 meeting, RAN2 has reached the below agreement for height-dependent numberOfTriggeringCell:
· 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
According to Observation 1, network cannot configure more than one numberOfTriggeringCells for one configured event. When the UE moves to a new height region, the UE will not fulfil the event AxHy again (i.e the UE fulfils the leaving conditions based on height). Hence, the UE shall remove all cells in cellstriggeredlist. The definition of eventAxHy and the procedure when leaving condition applicable is fulfilled has been captured in the running 38.331 CR. Current UE behaviours can cover the cases, and no extra spec change is needed.
Observation 2: Based on the definition and RRC procedure for event AxHy captured in the running 38.331 CR, when the UE moves to a new height region for a configured event AxHy, UE shall remove all cell(s) in cellstriggeredlist, whether the numberOfTriggeringCells is configured for the event AxHy or not. Because the leaving condition of the configured event AxHy is fulfilled.
Hence, the above agreement in RAN2#123 should be modified.
Proposal 2: [Modification to RAN2#123 agreement] For the event AxHy configured with one numberOfTriggeringCells, when the UE moves to a new height region for the configured event AxHy, the leaving condition of the configured event AxHy is fulfilled and the UE shall remove all cell(s) in cellstriggeredlist. (No extra spec change is needed.)

2) The content of the measurement reporting
In previous meetings, RAN2 has discussed the content of the measurement report, and following agreements have been reached:
Agreements (RAN2#119)
· 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. 
Agreements (RAN2#121) 
· 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. 
Agreements (RAN2#122) 
· Whether UE height is included when UAV specific MR is triggered is configurable by the network.
· We will use LTE UEheight.
Agreement (RAN2#123bis)
· [bookmark: OLE_LINK26][bookmark: OLE_LINK27]RSRP/RSRQ measurements will always be reported with height reporting (as currently it is mandatory)

Location and speed reporting
For location reporting of NR UAV, the existing location reporting mechanism can be reused for measurement report triggered by event H1, event H2 or event AxHy. UE location information, i.e. CommonLocationInfo shall be included in the measurement report if the includeCommonLocationInfo is configured. Horizontal and vertical speed can be included in location information.
Proposal 3: As in legacy, for measurement reporting triggered by event H1, event H2 or event AxHy, existing location reporting mechanism can be reused. If the includeCommonLocationInfo is configured by network, UE location information, i.e. CommonLocationInfo shall be included in the measurement report. 
Proposal 4: Horizontal and vertical speed can be included in location information.
Rel-16 indicator for location reporting can be reused and the following are extracted from the TS 38.331 for location and speed reporting:
	1>	if the includeCommonLocationInfo is configured in the corresponding reportConfig for this measId and detailed location information that has not been reported is available, set the content of commonLocationInfo of the locationInfo as follows:
2>	include the locationTimestamp;
2>	include the locationCoordinate, if available;
2>	include the velocityEstimate, if available;
2>	include the locationError, if available;
2>	include the locationSource, if available;
2>	if available, include the gnss-TOD-msec,

EventTriggerConfig::=                       SEQUENCE {
eventId                                     CHOICE {
……
    },
 
……
includeCommonLocationInfo-r16               ENUMERATED {true}         OPTIONAL,   -- Need R
……
}



Height reporting
In previous meetings, the height reporting has been supported and whether UE height is included when UAV specific MR is triggered is configurable by the network. And RAN2 has agreed to use LTE UEheight for height reporting. Hence a separate height reporting is supported. To support an independent height reporting, a separate indicator for UE height reporting can be introduced in the configuration of event H1/H2 and event AxHy. The following are extracted from the running 38.331 CR [2] for the new indicator:
	1>	if the includeAltitudeUE is configured in the corresponding reportConfig for this measId:
2>	set the altitudeUE to include the altitude of the UE;

        eventH1-r18                                SEQUENCE {
            h1-Threshold-r18                            Altitude-r18,
            h1-Hysteresis-r18                           HysteresisAltitude-r18,
            reportOnLeave-r18                           BOOLEAN,
            timeToTrigger-r18                           TimeToTrigger,
            includeAltitudeUE-r18                      BOOLEAN
        },

includeAltitudeUE
This field is used to request UE to report altitude information.



In [2], the includeAltitudeUE-r18 is mandatory for the configuration of eventH1/2 and event AxHy and in the procedure, the wording is “if the includeAltitudeUE is configured”, which is likely to lead to ambiguity. Whether includeAltitudeUE-r18 is set to true or false, it means the includeAltitudeUE is configured and height reporting is always triggered which is against the intention of agreement.
We can follow the similar ASN.1 design of the indicator for location reporting (includeCommonLocationInfo-r16). And includeAltitudeUE-r18 is optional and included in EventTriggerConfig rather than eventH1-r18/eventH2-r18 /eventAxHy-r18. Add a limitation that the includeAltitudeUE is applicable only for the eventA3, eventA4, eventA5, eventA3H1, eventA3H2, eventA4H1, eventA4H2, eventA5H1, eventA5H2.
Proposal 5: A new indicator (includeAltitudeUE) for UE height reporting is optionally included in EventTriggerConfig. If the includeAltitudeUE is configured in the corresponding reportConfig for this measId, the UE shall set the altitudeUE to include the altitude of the UE for measurement reporting.
Measurement reporting
In the existing RRC procedures of measurement reporting, measurement results (RSRP/RSRQ/SINR) of serving cells and neighbour cells can be included in the content of the measurement report. And RAN2 has agreed RSRP/RSRQ measurements will always be reported with height reporting.
In legacy procedure, the measurement object for SpCell is always configured and the measurement results of serving cell MO is always included in the measurement report. For neighbour cell, the RS type and quantities of measurement results in measurement report are configured by network in reportConfig. In addition, which and how many neighbour cells can be included in measurement report are also configured by network. For measurement reporting triggered by event H1/H2 or event AxHy, the existing procedures can be reused and measurement results of neighbour cells can be included in the content of the measurement report. UE reports the RSRP/RSRQ/SINR measurement results of neighbour cells based on the network configuration. 
[bookmark: OLE_LINK65][bookmark: OLE_LINK66]Proposal 6: For measurement reporting triggered by event H1/H2 or event AxHy, measurement results of PCell are mandatory and measurement results of neighbour cells can be included (optional) in the content of the measurement report based on the network configuration (Similar to legacy procedure for event Ax).
Conclusions
According to the analysis given above, we have the following observations and proposals:
[bookmark: _Toc502437832]1) Further clarifications for height-dependent numberOfTriggeringCells
Observation 1: As captured in the running 38.331 CR, numberOfTriggeringCells is applicable for eventA3H1, eventA3H2, eventA4H1, eventA4H2, eventA5H1, eventA5H2, which can be used to achieve the height-dependent numberOfTriggeringCells, i.e. one numberOfTriggeringCells is configured for one event (eventAxHy) and associated with one height region.
Proposal 1: RAN2 confirms that the height-dependent numberOfTriggeringCells is achieved by including numberOfTriggeringCells in the configuration of event AxHy (already captured in the running CR).
Observation 2: Based on the definition and RRC procedure for event AxHy captured in the running 38.331 CR, when the UE moves to a new height region for a configured event AxHy, UE shall remove all cell(s) in cellstriggeredlist, whether the numberOfTriggeringCells is configured for the event AxHy or not. Because the leaving condition of the configured event AxHy is fulfilled.
Proposal 2: [Modification to RAN2#123 agreement] For the event AxHy configured with one numberOfTriggeringCells, when the UE moves to a new height region for the configured event AxHy, the leaving condition of the configured event AxHy is fulfilled and the UE shall remove all cell(s) in cellstriggeredlist. (No extra spec change is needed.)
2) The content of the measurement reporting
Proposal 3: As in legacy, for measurement reporting triggered by event H1, event H2 or event AxHy, existing location reporting mechanism can be reused. If the includeCommonLocationInfo is configured by network, UE location information, i.e. CommonLocationInfo shall be included in the measurement report. 
Proposal 4: Horizontal and vertical speed can be included in location information.
Proposal 5: A new indicator (includeAltitudeUE) for UE height reporting is optionally included in EventTriggerConfig. If the includeAltitudeUE is configured in the corresponding reportConfig for this measId, the UE shall set the altitudeUE to include the altitude of the UE for measurement reporting.
Proposal 6: For measurement reporting triggered by event H1/H2 or event AxHy, measurement results of PCell are mandatory and measurement results of neighbour cells can be included (optional) in the content of the measurement report based on the network configuration (Similar to legacy procedure for event Ax).
[bookmark: _GoBack]Reference
[1] RP-230782, Nokia, “Revised WID: NR Support for UAV (Uncrewed Aerial Vehicles)”
[2] R2-xxxxxx “UAV RRC Running CR”


