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Introduction
3GPP studied support of Aerial Vehicles during Rel-15 LTE and documented the extensive performance evaluation results in TR 36.777 [2]. Normative work was also finished in Rel-15 for LTE, where several enhancements were added for measurement and reporting taking UAV characteristics into account. 
One of the objectives in the Rel-18 WI on UAV is intended to adapt the LTE solutions to NR while also developing NR-specific enhancements if needed. In this contribution, we discuss some remaining issues on the measurement and reporting aspects.

Reporting of height, location, and velocity
RAN2#121 agreed the following:
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. 
In the following, we go through the open items from this agreement.
Standalone reporting of height, location, velocity 
Note that while (indefinite) periodic reporting for height reporting configuration is not supported in LTE, once an event is triggered, multiple (periodic) reports based on that trigger (as configured by reportAmount >1 and corresponding reportInterval) are possible. 
However, height measurement alone cannot be sent in LTE without including it with other radio measurements. Similarly, UAV’s location and velocity measurements cannot be sent alone in LTE without including it with other radio measurements.
[bookmark: _Toc110516155][bookmark: _Toc110532034][bookmark: _Toc110532539][bookmark: _Toc110954666][bookmark: _Toc110970722][bookmark: _Toc110972907][bookmark: _Toc115276558][bookmark: _Toc115276577][bookmark: _Toc115276726][bookmark: _Toc115338449][bookmark: _Toc115376647][bookmark: _Toc115376829][bookmark: _Toc118304727][bookmark: _Toc118304772][bookmark: _Toc118316909][bookmark: _Toc118317299][bookmark: _Toc118384893][bookmark: _Toc118385278][bookmark: _Toc131668783][bookmark: _Hlk127363053][bookmark: _Toc131717538]According to LTE procedure for H1/H2 triggered measurement reporting, height, location and/or velocity measurement reports cannot be sent alone without being included along with other radio measurements.
In some cases, the network may benefit from the ability to configure height, location and/or velocity report alone (e.g. if a large UL grant could not be provided to fit the full RRM report).  
[bookmark: _Toc110972908][bookmark: _Toc115276559][bookmark: _Toc115276578][bookmark: _Toc115276727][bookmark: _Toc115338450][bookmark: _Toc115376648][bookmark: _Toc115376830][bookmark: _Toc118304728][bookmark: _Toc118304773][bookmark: _Toc118316910][bookmark: _Toc118317300][bookmark: _Toc118384894][bookmark: _Toc118385279][bookmark: _Toc131668784][bookmark: _Toc131717539]  For some use cases, reporting height, location and/or velocity without accompanying RRM report is desirable. 
Therefore, reporting of height, location or velocity alone should be supported for NR UAVs. This is also in-line with the RAN2#121 agreement: 
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)
[bookmark: _Toc110506067][bookmark: _Toc110516160][bookmark: _Toc110532040][bookmark: _Toc110532548][bookmark: _Toc110954673][bookmark: _Toc110970729][bookmark: _Toc110972915][bookmark: _Toc115276630][bookmark: _Toc115276734][bookmark: _Toc115338440][bookmark: _Toc115376659][bookmark: _Toc118304811][bookmark: _Toc118316919][bookmark: _Toc118317309][bookmark: _Toc118384903][bookmark: _Toc118385288][bookmark: _Toc131668788][bookmark: _Toc131717543]UE height, location and/or velocity reporting without being accompanied by other RRM report is supported.
FFSes on UE height reporting 
[bookmark: _Hlk131666450]Optional/Mandatory UE height reporting
In LTE (Rel-15), the UE height reporting was based on a RRC field heightUE which the UE includes along with other measurement reports when eventH1 or eventH2 is configured and triggered.
From TS 36.331, section 5.5.5.1
	For the measId for which the measurement reporting procedure was triggered, the UE shall set the measResults within the MeasurementReport message as follows:
1>  set the measId to the measurement identity that triggered the measurement reporting;
…
1>  if the triggerType is set to event; and if eventId is set to eventH1 or eventH2:
2>  set the heightUE to include the altitude of the UE;
…


That is, it was mandatory to report because there was no separate network configuration for the content of the measurement report. However, unlike LTE, RAN2#121 agreed to make content of the report when H1/H2 triggers for NR to be configurable by the network. 
[bookmark: _Toc131668785][bookmark: _Toc131717540]In LTE UAV, there is no configuration on whether to report UE height upon H1/H2 trigger; however, for NR, RAN2 has agreed to make the content of the measurement report configurable.
Then we do not see a strong need to stick with the LTE principal only for the UE height. 
[bookmark: _Toc131668789][bookmark: _Toc131717544]Whether UE height is included when event H1 or H2 triggers is also configurable by the network.
Parameter/IE used for UE height reporting
As shown in previous section, in LTE (Rel-15), the UE reports height based on a RRC field heightUE which the UE includes along with other measurement reports when eventH1 or eventH2 is configured and triggered.
Later, in Rel-17, ability for the UE to report uncompensated barometric pressure was also added for LTE as TEI17, which already existed for NR. 
[bookmark: _Toc110516157][bookmark: _Toc110532036][bookmark: _Toc110532541][bookmark: _Toc110954668][bookmark: _Toc110970724][bookmark: _Toc110972909][bookmark: _Toc115276561][bookmark: _Toc115276580][bookmark: _Toc115276728][bookmark: _Toc115338451][bookmark: _Toc115376649][bookmark: _Toc115376831][bookmark: _Toc118304729][bookmark: _Toc118304774][bookmark: _Toc118316911][bookmark: _Toc118317301][bookmark: _Toc118384895][bookmark: _Toc118385280][bookmark: _Toc131668786][bookmark: _Toc131717541]Uncompensated barometric pressure reporting mechanism exists in NR. LTE-like height reporting (using heightUE) does not exist for NR.
So, it is reasonable to have a unified approach and use the framework of barometric pressure measurement reporting for UE height, instead of adding yet another method to NR.
[bookmark: _Toc110516161][bookmark: _Toc110532041][bookmark: _Toc110532549][bookmark: _Toc110954674][bookmark: _Toc110970730][bookmark: _Toc110972916][bookmark: _Toc115276632][bookmark: _Toc115276735][bookmark: _Toc115338441][bookmark: _Toc115376660][bookmark: _Toc118304812][bookmark: _Toc118316920][bookmark: _Toc118317310][bookmark: _Toc118384904][bookmark: _Toc118385289][bookmark: _Toc131668790][bookmark: _Toc131717545]H1/H2 triggered UE height reporting using uncompensated barometric pressure measurement is supported. (Height reporting using an RRC field as in LTE is not introduced.)  

New measurement reporting trigger for interference control
As noted in the WID [1], one of the objectives is the following:
	4. Study UE capability signaling to indicate UAV beamforming capabilities and, if necessary, RRC signaling [RAN1, RAN2]: 
· FR1 with directional antenna at UE side


So, potentially UAV UEs can have beamforming capabilities and the UE may be able to change its antenna configuration from, e.g. omni to directional, etc. This is being discussed in RAN1.
RAN2#119e already agreed to adopt the height triggers H1/H2 to NR. However, as illustrated in Figure below, Aerial UE A may fly from low to high and cross the height threshold, which will trigger Event H1 and Aerial UE B may fly from high to low and cross the height threshold, which will trigger Event H2 to report the location/height. On the other hand, for Aerial UE C which flies horizontally with no significant change in height, no Event H1/H2 is triggered. 
However, if the aerial UE C changes the antenna configurations, e.g., switch from omni to directional antenna, it may result in significant interference variation. If gNB knows UE current location/speed/antenna configuration when the antenna configuration changes, gNB can apply further beam management to the UE. 
[bookmark: _Toc115276560][bookmark: _Toc115276579][bookmark: _Toc115276733][bookmark: _Toc115338456][bookmark: _Toc115376654][bookmark: _Toc115376836][bookmark: _Toc118304721][bookmark: _Toc118304769][bookmark: _Toc118316907][bookmark: _Toc118317297][bookmark: _Toc118384891][bookmark: _Toc118385276][bookmark: _Toc131668787][bookmark: _Toc131717542]For aerial UEs capable of different antenna configurations, the antenna configuration change may result in significant inter-cell interference variation.
[image: ]
Figure 1 For UE C, H1/H2 is not triggered even though interference changes

Therefore, for aerial UEs capable of different antenna configurations, measurement reporting can be enhanced to include the trigger/reporting of UE’s location and antenna/beam configuration when antenna/beam configuration changes. Details can be further discussed once RAN2 agrees on the principle.
[bookmark: _Toc115276631][bookmark: _Toc115276740][bookmark: _Toc115338446][bookmark: _Toc115376665][bookmark: _Toc118304804][bookmark: _Toc118316916][bookmark: _Toc118317306][bookmark: _Toc118384900][bookmark: _Toc118385285][bookmark: _Toc131668791][bookmark: _Toc131717546]Introduce change in antenna/beam configuration as an optional trigger for reporting of UAV location, speed and/or antenna/beam configuration. Details FFS.

Summary
In this contribution, we made the following observations:
Observation 1.	According to LTE procedure for H1/H2 triggered measurement reporting, height, location and/or velocity measurement reports cannot be sent alone without being included along with other radio measurements.
Observation 2.	For some use cases, reporting height, location and/or velocity without accompanying RRM report is desirable.
Observation 3.	In LTE UAV, there is no configuration on whether to report UE height upon H1/H2 trigger; however for NR, RAN2 has agreed to make the content of the measurement report configurable.
Observation 4.	Uncompensated barometric pressure reporting mechanism exists in NR. LTE-like height reporting (using heightUE) does not exist for NR.
Observation 5.	For aerial UEs capable of different antenna configurations, the antenna configuration change may result in significant inter-cell interference variation.

Based on the discussion and observations, we propose:
Proposal 1.	UE height, location and/or velocity reporting without being accompanied by other RRM report is supported.
Proposal 2.	Whether UE height is included when event H1 or H2 triggers is also configurable by the network.
Proposal 3.	H1/H2 triggered UE height reporting using uncompensated barometric pressure measurement is supported. (Height reporting using an RRC field as in LTE is not introduced.)
Proposal 4.	Introduce change in antenna/beam configuration as an optional trigger for reporting of UAV location, speed and/or antenna/beam configuration. Details FFS.
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