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Introduction
RAN#94e approved a WI for NR UAV [1] where one of the objectives is as follows:
	1. Specify the following enhancements on measurement reports [RAN2]:
· UE-triggered measurement report based on configured height thresholds
· [bookmark: _Hlk110502680]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.



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.
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
In LTE, event-triggered measurement reporting for two new events were added:
1. Event H1 (The Aerial UE height is above a threshold), and
2. Event H2 (The Aerial UE height is below a threshold)
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. Such events are also beneficial for NR support of UAVs. Therefore, it is proposed to adopt the height triggers to NR.
[bookmark: _Toc110506063][bookmark: _Toc110516154][bookmark: _Toc110532033][bookmark: _Toc110532538][bookmark: _Toc110954665][bookmark: _Toc110970721][bookmark: _Toc110972906]New event triggers similar to event H1 and H2 in LTE are also beneficial for NR support of UAVs. 
[bookmark: _Toc110972914]Adopt height-based event triggers H1/H2 from LTE to NR. 
Note that 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]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 by 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 case 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]  There may be some use cases where reporting height without accompanying RRM report may be desirable. 
[bookmark: _Toc110506067][bookmark: _Toc110516160][bookmark: _Toc110532040][bookmark: _Toc110532548][bookmark: _Toc110954673][bookmark: _Toc110970729][bookmark: _Toc110972915]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
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]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]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.)  
As for location and speed measurement reporting, LTE UAV WI added an option to report vertical velocity of the UE. This can be adopted to NR as well.
[bookmark: _Toc110516162][bookmark: _Toc110532042][bookmark: _Toc110532550][bookmark: _Toc110954675][bookmark: _Toc110970731][bookmark: _Toc110972917]Reporting of vertical velocity of the UE is supported. 
Flight path reporting
In LTE, intended flight path information reporting is supported based on network configuration/request using UE information request/response mechanism. 
UE (when connected to EPC) indicates availability of flight path information (include flightPathInfoAvailable in msg5), eNB may request the flight path info (include flightPathInfoReq in UEInformationRequest). If available, UE sends it using RRC signalling (include the flightPathInfoReport in UEInformationResponse and set it to include the list of waypoints along the flight path, optionally include timestamps/ETA).
Similar enhancements can be adopted for NR. However, some limitations of current flight path reporting include:
· No mechanisms to ‘update’ the path once reported 
· No support for handover propagation of this information: 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]Flight path reporting introduced in LTE can be baseline. Potential enhancements to flight path reporting include (i) mechanism to ‘update’ the reported flight path, (ii) handover propagation of flight path between gNBs, (iii) enabling LTE UAVs connected to 5GC to report the flightPathInfoAvailable flag. 
[bookmark: _Toc110532043][bookmark: _Toc110532551][bookmark: _Toc110954676][bookmark: _Toc110970732][bookmark: _Toc110972918][bookmark: _Toc110532044][bookmark: _Toc110532552][bookmark: _Toc110954677][bookmark: _Toc110970733]Flight path reporting introduced in LTE is baseline. Following enhancements to flight path reporting will be supported: (i) mechanism to ‘update’ the reported flight path, (ii) handover propagation of flight path between gNBs, (iii) enabling LTE UAVs connected to 5GC to report the flightPathInfoAvailable flag (in LTE).
Measurement reporting based on a configured number of cells fulfilling the triggering criteria simultaneously

[image: ]
Figure 1 Rel-15 enhancement to reduce meas reporting by UAVs
During LTE SI for UAV, it was shown that Aerial UEs may see large number of neighbour cells, including those from quite far, due to direct line of sight and free-space-like environment. This may result is frequent measurement reporting, resulting in network congestion and UE power consumption. New mechanism was introduced wherein the measurements reports are triggered only when individual (per cell) RSRP values for a configured number of cells (N) fulfill the configured event, where 2 ≤ N ≤ 8 (Note N =1 implies legacy). Once such condition is met and a report is sent, the list of triggered cells is updated when subsequent cell(s) fulfil the event but a new report is not sent again until the list of triggered cells becomes smaller than the configured number of cells at least once. For simplicity, this is illustrated in flow-chart shown in figure 1. 
The mechanism is applicable for the events concerning neighbor cells, i.e. eventA3, eventA4, and eventA5. The report contains RRM results and location, if configured. Additionally, network may configure report-on-leave for A4 and A5. 
It should be straightforward to adopt similar mechanism for NR. However, let us discuss whether NR-specific enhancements 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 fulfill the triggering criteria simultaneously. However, in NR, a measurement reporting may be triggered by any of the beam in a cell if it fulfills 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: Simulation Setup
To illustrate how number of cells detected by Aerial UEs depend on number of beam per cell, we present below, comparison of two cases: 1 beam per cell and 3 beams per cell.
Figure 2 shows the scenario being considered. The assumed simulation parameters are listed in the table 1.
[image: ]
Figure 2 Simulation Scenario

Table 1 Simulation parameters
	Parameters
	Values

	Scenario
	Uma with ISD 500 m

	Carrier Frequency
	2 GHz

	BS Antenna configuration: 
	 or (8,4,2)

	UE Antenna configuration: (M,N,P)
	(1,1,2) 

	Channel model
	38.901 with modifications for Aerial UEs as specified in Appendix A of TR-36.777

	Aerial UE height distribution
	Fixed height at 100, 300 m 

	Cell association
	Based on RSRP from CRS port 0

	Cell layout
	Hexagonal grid, 19 macro/micro sites
3 sectors per cell site: 30, 150 and 270 degrees

	Wrapping method
	Geographical distance-based wrapping

	Cell detection criteria
	As described in Annex B, TS 38.331



The following figures shows the gNB antenna/beam configuration.

Table 2 gNB beam patterns
	1-Beam per Cell
	3-Beams per Cell

	· gNB antenna Config: (8, 1, 2),
· one beam at ,
·   (downtilt).
[image: Chart

Description automatically generated]
	· gNB antenna Config: (8, 4, 2),
· 3 Beams at 
·  (downtilt).
[image: Chart, bar chart

Description automatically generated]


SSB configuration
For 1 beam per cell, we assume that the SSBs from different cells are transmitted in different slots.
For the case of 3 beams per cell, we have 3 SSBs transmitted over beams at -30, 0, 30 degrees. For a given cell, SSB pattern is as shown in the figure below. Note that the mapping of beam direction and SSB slot index for each cell can be randomized.
Slot #0
SSB of beam at 
Slot #1
SSB of beam at 
Slot #2
SSB of beam at 

Figure 3  One possible SSB configuration for 3-beams per cell

Simulation Results
Following figure shows the number of cells detected by UAVs at different heights, compared to terrestrial UE (TUE).
	[image: ]
1-Beam per Cell
	[image: ]
3-Beams per Cell


Figure 4 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]Larger number of cells can be detected by Aerial UE compared to terrestrial UE in NR (similar to LTE).
[bookmark: _Toc110532544][bookmark: _Toc110954671][bookmark: _Toc110970727][bookmark: _Toc110972912]In case of NR, this can result in need to measure and/or report a very large number of beams.
It would be beneficial to investigate potential enhancements to reduce the number of measurements required by the aerial UEs. Some potential enhancements may 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.
[bookmark: _Toc110532545][bookmark: _Toc110954672][bookmark: _Toc110970728][bookmark: _Toc494380813][bookmark: _Toc494380899][bookmark: _Toc494380904][bookmark: _Toc494394709][bookmark: _Toc110433573][bookmark: _Toc110506065][bookmark: _Toc110516158][bookmark: _Toc110532038][bookmark: _Toc110972913]numberOfTriggeringCells introduced in LTE can be baseline to reduce measurement reporting. However, further enhancements may be possible to reduce number of beams measurements and/or reporting. 
Based on the above observations and discussion, we propose:
[bookmark: _Toc481070579][bookmark: _Toc481070694][bookmark: _Toc481070702][bookmark: _Toc481070709][bookmark: _Toc481070726][bookmark: _Toc481071090][bookmark: _Toc481071832][bookmark: _Toc481142049][bookmark: _Toc481753175][bookmark: _Toc481753212][bookmark: _Toc481753229][bookmark: _Toc481753286][bookmark: _Toc494380817][bookmark: _Toc494380901][bookmark: _Toc494380906][bookmark: _Toc494394711][bookmark: _Toc110433575][bookmark: _Toc110506068][bookmark: _Toc110516163][bookmark: _Toc110532045][bookmark: _Toc110532553][bookmark: _Toc110954678][bookmark: _Toc110970734][bookmark: _Toc481070578][bookmark: _Toc481070693][bookmark: _Toc481070701][bookmark: _Toc481070708][bookmark: _Toc481070725][bookmark: _Toc481071089][bookmark: _Toc481071831][bookmark: _Toc481142048][bookmark: _Toc481753174][bookmark: _Toc481753211][bookmark: _Toc481753228][bookmark: _Toc481753285][bookmark: _Toc494380816][bookmark: _Toc110972919]Consider potential enhancements to reduce the number of beam measurements and/or reporting for UAV in NR.

Conclusion
In this contribution, based on the simulation results, we made the following observations on mobility performance of UAVs:
Observation 1.	New event triggers similar to event H1 and H2 in LTE are also beneficial for NR support of UAVs.
Observation 2.	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 3.	There may be some use cases where reporting height without accompanying RRM report may be desirable.
Observation 4.	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 5.	Flight path reporting introduced in LTE can be baseline. Potential enhancements to flight path reporting include (i) mechanism to ‘update’ the reported flight path, (ii) handover propagation of flight path between gNBs, (iii) enabling LTE UAVs connected to 5GC to report the flightPathInfoAvailable flag.
Observation 6.	Larger number of cells can be detected by Aerial UE compared to terrestrial UE in NR (similar to LTE).
Observation 7.	In case of NR, this can result in need to measure and/or report a very large number of beams.
Observation 8.	numberOfTriggeringCells introduced in LTE can be baseline to reduce measurement reporting. However, further enhancements may be possible to reduce number of beams measurements and/or reporting.

Based on the discussion and observations, we propose:
Proposal 1.	Adopt height-based event triggers H1/H2 from LTE to NR.
Proposal 2.	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 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.	Reporting of vertical velocity of the UE is supported.
Proposal 5.	Flight path reporting introduced in LTE is baseline. Following enhancements to flight path reporting will be supported: (i) mechanism to ‘update’ the reported flight path, (ii) handover propagation of flight path between gNBs, (iii) enabling LTE UAVs connected to 5GC to report the flightPathInfoAvailable flag (in LTE).
Proposal 6.	Consider potential enhancements to reduce the number of beam measurements and/or reporting for UAV in NR.
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