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Introduction
RAN#94e approved a WI for NR UAV [1]. 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. The above objective is intended to adapt the LTE solutions to NR while also developing NR-specific enhancements if needed.
RAN2#119e agreed the following:
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.

In this contribution, we discuss the LTE UAV enhancements and their applicability in NR. Further, we will also discuss some potential NR specific enhancements.
Discussion
UE-triggered measurement report based on configured height thresholds
RAN2#119e agreed to adopt the height triggers H1/H2 to NR. Note that while (indefinite) periodic reporting configuration is not supported, once an event is triggered, multiple (periodic) reports based on that trigger (as configured by reportAmount >1 and corresponding reportInterval) are possible. 
However, there is no measurement object configured specifically for height reporting alone in LTE. According to existing procedure (see 5.5.4.1 copied below), triggering of H1/H2 event-based measurement reporting requires a corresponding “measID included in the measIdList within VarMeasConfig”, which requires a corresponding measObject, as well as a “measID included in the received measIdToAddModList”, as captured in 5.5.2.3. Consequently, the network should configure a measID for H1/H2 trigger conditions in ReportConfigEUTRA associating with one of the existing measObjectXX. This means height measurement alone cannot be sent without including it with other radio measurements.
 
	[bookmark: _Toc109167033]5.5.4       Measurement report triggering
[bookmark: _Toc20486940][bookmark: _Toc29342232][bookmark: _Toc29343371][bookmark: _Toc36566623][bookmark: _Toc36810037][bookmark: _Toc36846401][bookmark: _Toc36939054][bookmark: _Toc37082034][bookmark: _Toc46480661][bookmark: _Toc46481895][bookmark: _Toc46483129][bookmark: _Toc109167034]5.5.4.1            General
If security has been activated successfully, the UE shall:
1>  for each measId included in the measIdList within VarMeasConfig:
…
2>  if the triggerType is set to event and if the eventId is set to eventH1 or eventH2 and if the entering condition applicable for this event, i.e. the event corresponding with the eventId of the corresponding reportConfig within VarMeasConfig, is fulfilled during timeToTrigger defined within the VarMeasConfig for this event, while the VarMeasReportList does not include a measurement reporting entry for this measId:
3>  include a measurement reporting entry within the VarMeasReportList for this measId;
3>  set the numberOfReportsSent defined within the VarMeasReportList for this measId to 0;
3>  initiate the measurement reporting procedure, as specified in 5.5.5;
the measurement reporting entry within the VarMeasReportList for this measId;
…


[bookmark: _Toc110516155][bookmark: _Toc110532034][bookmark: _Toc110532539][bookmark: _Toc110954666][bookmark: _Toc110970722][bookmark: _Toc110972907][bookmark: _Toc115276558][bookmark: _Toc115276577][bookmark: _Toc115276726][bookmark: _Toc115338449][bookmark: _Toc115376647][bookmark: _Toc115376829]According to LTE procedure for H1/H2 triggered measurement reporting, height measurement reports cannot be sent alone without being included along with other measurements.
In some cases, the network may benefit from the ability to configure height report alone (e.g. if a big UL grant could not be provided to fit full RRM report).  However, the use cases may be limited. Therefore, RAN2 should discuss and decide whether reporting of height-alone is needed for NR UAVs or whether to stick with the LTE design (i.e. height is reported only along with other RRM report).
[bookmark: _Toc110972908][bookmark: _Toc115276559][bookmark: _Toc115276578][bookmark: _Toc115276727][bookmark: _Toc115338450][bookmark: _Toc115376648][bookmark: _Toc115376830]  There may be some use cases where reporting height without accompanying RRM report is desirable. 
[bookmark: _Toc110506067][bookmark: _Toc110516160][bookmark: _Toc110532040][bookmark: _Toc110532548][bookmark: _Toc110954673][bookmark: _Toc110970729][bookmark: _Toc110972915][bookmark: _Toc115276630][bookmark: _Toc115276734][bookmark: _Toc115338440][bookmark: _Toc115376659]Discuss whether UE height reporting (without being accompanied by other RRM report) is supported for NR UAV or to stick with the LTE design (i.e. height is reported only along with other RRM report).
Reporting of height, location and speed in measurement report
RAN2#119e agreed that “Rel-18 NR supports reporting of UAV UE’s height, location and velocity.”
During LTE UAV WI in Rel-15, the ability for the UE to report height was added where the UE includes heightUE 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;
…



Later, as TEI17, ability for the UE to report uncompensated barometric pressure was also added for LTE. Such feature already existed for NR and it was in fact ported back to LTE. 
[bookmark: _Toc110516157][bookmark: _Toc110532036][bookmark: _Toc110532541][bookmark: _Toc110954668][bookmark: _Toc110970724][bookmark: _Toc110972909][bookmark: _Toc115276561][bookmark: _Toc115276580][bookmark: _Toc115276728][bookmark: _Toc115338451][bookmark: _Toc115376649][bookmark: _Toc115376831]Uncompensated barometric pressure reporting mechanism exists in NR. LTE-like height reporting (using heightUE) does not exist for NR. RAN2 should decide whether to support only one or both of these options for NR UAVs.
[bookmark: _Toc110516161][bookmark: _Toc110532041][bookmark: _Toc110532549][bookmark: _Toc110954674][bookmark: _Toc110970730][bookmark: _Toc110972916][bookmark: _Toc115276632][bookmark: _Toc115276735][bookmark: _Toc115338441][bookmark: _Toc115376660]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.)  

Flight path reporting
RAN2#119e agreed to introduce flight path reporting mechanism for NR. However, an FFS was captured on timestamp. We think, similar to LTE, timestamp information should be optional.
[bookmark: _Toc115276633][bookmark: _Toc115276736][bookmark: _Toc115338442][bookmark: _Toc115376661]Timestamp in flight path plan information is ‘optional’ field. 
Some limitations of the current (LTE) flight path reporting include:
· No mechanisms to ‘update’ the path once reported 
· No support for propagation of this information during handover: Currently, the flightPathInfoReport is not transferred to the target cell during handover. As a result, after a handover, the new cell cannot make any UAV-specific HO optimization, e.g. preparing potential target cells for handover proactively. 
· No support of 5GC: according to current LTE specification (TS 36.331), UE does not indicate the availability of flight path information when it is connected to 5GC. The flag flightPathInfoAvailable is only included by UE connected to EPC. Consequently, an aerial UE using LTE cannot provide planned flight path when connected to 5GC.
[bookmark: _Toc110532037][bookmark: _Toc110532542][bookmark: _Toc110954669][bookmark: _Toc110970725][bookmark: _Toc110972910][bookmark: _Toc115276562][bookmark: _Toc115276581][bookmark: _Toc115276729][bookmark: _Toc115338452][bookmark: _Toc115376650][bookmark: _Toc115376832]Potential NR enhancements to flight path reporting include (i) mechanism to ‘update’ the reported flight path, (ii) propagation of flight path between gNBs during handover, (iii) enabling LTE UAVs connected to 5GC to report the flightPathInfoAvailable flag. 
[bookmark: _Toc110972918][bookmark: _Toc110532044][bookmark: _Toc110532552][bookmark: _Toc110954677][bookmark: _Toc110970733][bookmark: _Toc115276634][bookmark: _Toc115276737][bookmark: _Toc115338443][bookmark: _Toc115376662]Following enhancements to flight path reporting will be supported: (i) mechanism to ‘update’ the reported flight path, (ii) propagation of flight path between gNBs during handover, (iii) enabling LTE UAVs connected to 5GC to report the flightPathInfoAvailable flag.

Measurement reporting based on a configured number of cells fulfilling the triggering criteria simultaneously
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Figure 2 Rel-15 enhancement to reduce measurement reporting by UAVs
For LTE, new mechanism was introduced (generally known as numberofTriggeringCells) where the measurements reports are triggered only when individual (per cell) RSRP values for a configured number of cells (N) fulfil the configured event, where 2 ≤ N ≤ 8 (Note N =1 implies legacy). The general procedure is depicted in Figure above. RAN2 agreed to introduce similar mechanism for NR. 
Now, let us discuss NR-specific enhancements which are useful. In NR, the measurement reporting is on beam-level (based on SSB or CSI-RS). For an aerial UE configured with event-based measurement in NR, when the UE is flying, the triggered measurement by subsequent beams/cells can cause excessive reporting.
So, one of the important questions is how to reduce measurements and/or reporting overhead for NR UAV. However, it should be noted that reducing measurement reporting overhead is not the same as reducing measurement overhead. If number of measurements are reduced, naturally reporting overhead is expected to reduce. 
In LTE, the condition to trigger a measurement reporting for UAV is configured on cell-level, i.e., when the configured N > 1 cells fulfil the triggering criteria simultaneously. However, in NR, a measurement reporting may be triggered by any of the beam in a cell if it fulfils the configured event. Therefore, the amount of measurement reports in NR is more pronounced as there can be up to 64 beams per cell. In the following, we show some simulation results to illustrate this. 
Cells detected by Aerial UEs in NR
We previously presented some simulation results in R2-2208098 [3]. Following figure shows the number of cells detected by UAVs at different heights, compared to terrestrial UE (TUE). Simulation setup can be found in [3].
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Figure 3 Simulation results
From these plots we observe the following:
· In both cases, larger number of cells can be detected by Aerial UE compared to terrestrial UE. For the simulated scenarios, UAVs can detect up to 9 cells, whereas terrestrial UES are limited to 5 cells.
· Since larger number of cells can be detected by Aerial UEs, the amount of beam measurements required to be performed by the aerial UE is higher than terrestrial UEs.
· The number of cells detected by Aerial UE does not change significantly between 1-beam and 3-beams per cell. However, if all beam reporting is enabled, a UAV may end up measuring and reporting a large number of beam measurements (e.g. up to 9x3=27 beams by aerial UE compared to 5x3 = 15 beams by terrestrial UE in the example above). 
[bookmark: _Toc110532543][bookmark: _Toc110954670][bookmark: _Toc110970726][bookmark: _Toc110972911][bookmark: _Toc115276563][bookmark: _Toc115276582][bookmark: _Toc115276730][bookmark: _Toc115338453][bookmark: _Toc115376651][bookmark: _Toc115376833]Larger number of cells can be detected by Aerial UE compared to terrestrial UE in NR (similar to LTE).
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[bookmark: _Toc115276565][bookmark: _Toc115276584][bookmark: _Toc115276732][bookmark: _Toc115338455][bookmark: _Toc115376653][bookmark: _Toc115376835]numberofTriggeringCells can reduce the number of measurement reports, however it does not reduce the number of measurements performed by the UE.
It would be beneficial to investigate potential enhancements to reduce the number of measurements required by the aerial UEs. RAN2#119e captured the following:
FFS how to limit excessive measurements and measurement reporting 

Potential enhancements include:
· Different height thresholds for measurement of specific beams: 
· Network can configure different set(s) of beams to measure and/or report for different height ranges/thresholds. 
· Activation of measurement configurations utilizing UE’s flight path: 
· Network can preconfigure a set of measurement and/or reporting configurations which may correspond to different geographical locations, i.e. the cells/beams that are to be measured at certain locations, e.g. based on deployment information or based on historical reporting by Aerial UEs. 
· Corresponding time when the UE is expected to be in that location can be determined based on flight path plan. Based on this, a subset of the configurations can be activated by the UE based on network-configured absolute time or timer. 
· If network control is preferred, NW command e.g. based on MAC CE can be introduced to activate/ deactivate certain configuration(s). Furthermore, to reduce reporting overhead, UE can prioritize certain beams and exclude others based on time/timer or location.
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[bookmark: _Toc115276636][bookmark: _Toc115276739][bookmark: _Toc115338445][bookmark: _Toc115376664]Further study the activation of measurement configurations utilizing UE’s flight path.

Measurement reporting trigger with change in antenna configurations
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. 
As noted above, 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 height change, 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, gNB can apply further beam management to the UE. 
[bookmark: _Toc115276560][bookmark: _Toc115276579][bookmark: _Toc115276733][bookmark: _Toc115338456][bookmark: _Toc115376654][bookmark: _Toc115376836]For aerial UEs capable of different antenna configurations, the antenna configuration change may result in significant inter-cell interference variation.
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Figure 1 For UE C, H1/H2 is not triggered even though interference changes

For aerial UEs capable of different antenna configurations, potential enhancement on the measurement reporting includes 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]Introduce change in antenna/beam configuration as an optional trigger for reporting of UAV location, speed and/or antenna/beam configuration. Details FFS.

Conclusion
In this contribution, we made the following observations:
Observation 1.	According to LTE procedure for H1/H2 triggered measurement reporting, height measurement reports cannot be sent alone without being included along with other measurements.
Observation 2.	There may be some use cases where reporting height without accompanying RRM report is desirable.
Observation 3.	Uncompensated barometric pressure reporting mechanism exists in NR. LTE-like height reporting (using heightUE) does not exist for NR. RAN2 should decide whether to support only one or both of these options for NR UAVs.
Observation 4.	Potential NR enhancements to flight path reporting include (i) mechanism to ‘update’ the reported flight path, (ii) propagation of flight path between gNBs during handover, (iii) enabling LTE UAVs connected to 5GC to report the flightPathInfoAvailable flag.
Observation 5.	Larger number of cells can be detected by Aerial UE compared to terrestrial UE in NR (similar to LTE).
Observation 6.	In case of NR, this can result in need to measure and/or report a very large number of beams.
Observation 7.	numberofTriggeringCells can reduce the number of measurement reports, however it does not reduce the number of measurements performed by the UE.
Observation 8.	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.	Discuss whether UE height reporting (without being accompanied by other RRM report) is supported for NR UAV or to stick with the LTE design (i.e. height is reported only along with other RRM report).
Proposal 2.	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 3.	Timestamp in flight path plan information is ‘optional’ field.
Proposal 4.	Following enhancements to flight path reporting will be supported: (i) mechanism to ‘update’ the reported flight path, (ii) propagation of flight path between gNBs during handover, (iii) enabling LTE UAVs connected to 5GC to report the flightPathInfoAvailable flag.
Proposal 5.	To reduce the number of beam measurements (and reporting), different height thresholds for measurement of specific beams is introduced.
Proposal 6.	Further study the activation of measurement configurations utilizing UE’s flight path.
Proposal 7.	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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