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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. 
RAN#98e approved a (revised) WI for NR UAV [1]. One of the objectives in this WI is intended to adapt the LTE solutions to NR while also developing NR-specific enhancements if needed.
In this contribution, we discuss potential NR specific enhancements for measurement and reporting, taking into account the outcome of the email discussion [Post120][312][UAV].

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]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

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]Introduce change in antenna/beam configuration as an optional trigger for reporting of UAV location, speed and/or antenna/beam configuration. Details FFS.

Reporting of height, location, and velocity
NOTE: Although this topic was briefly discussed during the email discussion [Post120][312][UAV], it is not clear what the final proposal is/would be. So, the following clarification is provided here.

RAN2#119e agreed the following:
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.
RAN2#119e also agreed to adopt the height triggers H1/H2 to NR. 
UE height
In LTE (Rel-15), the ability for the UE to report height 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;
…



Later, ability for the UE to report uncompensated barometric pressure was also added for LTE as TEI17, which already existed for NR. 
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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, there is no measurement object configured specifically for height reporting alone in LTE. According to existing procedure (see 5.5.4.1 in TS 36.331), 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 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.
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In some cases, the network may benefit from the ability to configure height, location and/or velocity report alone (e.g. if a big UL grant could not be provided to fit full RRM report).  Therefore, RAN2 should discuss and decide whether reporting of height, location or velocity alone is needed for NR UAVs or whether to stick with the LTE design (i.e. these parameters reported only along with other RRM report).
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Reducing number of measurements required
One of the FFSes from RAN2#119e is the following:
	FFS how to limit excessive measurements and measurement reporting
In our previous contribution [4], we explained 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. 
If number of measurements are reduced, naturally reporting overhead is expected to reduce. 
Then we showed the simulations results for cells detected by Aerial UEs in NR and observed the following [4]: 
· [bookmark: _Toc110532543][bookmark: _Toc110954670][bookmark: _Toc110970726][bookmark: _Toc110972911][bookmark: _Toc115276563][bookmark: _Toc115276582][bookmark: _Toc115276730][bookmark: _Toc115338453][bookmark: _Toc115376651][bookmark: _Toc115376833][bookmark: _Toc118304723]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][bookmark: _Toc115276564][bookmark: _Toc115276583][bookmark: _Toc115276731][bookmark: _Toc115338454][bookmark: _Toc115376652][bookmark: _Toc115376834][bookmark: _Toc118304724]In case of NR, this can result in need to measure and/or report a very large number of beams.
· [bookmark: _Toc115276565][bookmark: _Toc115276584][bookmark: _Toc115276732][bookmark: _Toc115338455][bookmark: _Toc115376653][bookmark: _Toc115376835][bookmark: _Toc118304725]numberofTriggeringCells can reduce the number of measurement reports, however it does not reduce the number of measurements performed by the UE.

Subset of beams to measure depending on the UAV height
In [5] we showed further simulation results (also provided in the appendix below) assuming one uptilted and one down-tilted beam and observed the following:
· For UAVs at 100m and 300m, the UEs need to measure only beam 2 (uptilted) from each cell and have 100% best cell/beam detection compared to measuring all beams, while needing only about 50% less beams to detect and track compared to full SSB scan.
· For UAVs at 50m, the UE ends up selecting the best cell and best beam (beam 2) 96% of the time by measuring only beam 2. I.e., misdetection rate is 4%.
· Terrestrial UEs end up selecting the best cell and best beam (beam 1, i.e. down-tilted) 92% of the instances.
In other words, when UAV height is close to ground, the down-tilted beam (beam 1) is the reasonable choice for measurement whereas for higher heights, measurement of beam 2 alone is sufficient. 
To reduce the number of measurements and prevent a UAV UE detecting too many beams at higher altitude, the network can configure to measure only a subset of beams or UE can autonomously choose the subset based on height without significant performance degradation.
[bookmark: _Toc118304726][bookmark: _Toc118304771][bookmark: _Toc118316908][bookmark: _Toc118317298][bookmark: _Toc118384892][bookmark: _Toc118385277]Measuring only a subset of beams based on height can save on number of measurements without significant performance degradation. 
Therefore, we propose the following:
[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: _Toc110972919][bookmark: _Toc115276635][bookmark: _Toc115276738][bookmark: _Toc115338444][bookmark: _Toc115376663][bookmark: _Toc118304809][bookmark: _Toc118316917][bookmark: _Toc118317307][bookmark: _Toc118384901][bookmark: _Toc118385286][bookmark: _Hlk127473191]To reduce the number of beam measurements (and reporting), introduce configuration of height threshold-based subset(s) of beam(s) for measurement. 
Email discussion [Post120][312][UAV] discussed aspect of height-dependent configuration briefly and draft conclusion included the following:
P4 Discuss the following aspects before enabling more than a single configuration (e.g. RRM configuration), each for a specific height region:
a) 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?
b) Is there a mismatch between what the NW is aware of and the actual configuration the UE uses?
c) The benefit of multiple configurations versus H1/H2 reporting to the NW and waiting for the new configuration
d) Can the NW know and properly configure the LOS/NLOS boundary?
With respect to the proposal, we provide following comments regarding the questions raised in the email discussion report: 
a) This mechanism would have no impact on UE’s filters, variables etc. since this relates to which beams to measure.
b) There is no issue of mismatch because UE is supposed to measure the beams and report to the network accordingly.
c) Being dependent on H1/H2 to trigger, then report, and waiting for NW to reconfigure the beams to measure is more time consuming and signalling overhead. Furthermore, potential benefits of this mechanism are not realized during this time.
d) We think LOS/NLOS boundary is irrelevant for this mechanism. 
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.
However, the exact procedure to enable this mechanism should also consider the aspects captured in the email discussion [Post120][312][UAV]. 
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Summary
In this contribution, we made the following observations:
Observation 1.	For aerial UEs capable of different antenna configurations, the antenna configuration change may result in significant inter-cell interference variation.
Observation 2.	Uncompensated barometric pressure reporting mechanism exists in NR. LTE-like height reporting (using heightUE) does not exist for NR.
Observation 3.	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 4.	  For some use cases, reporting height, location and/or velocity without accompanying RRM report is desirable.
Observation 5.	If number of measurements are reduced, naturally reporting overhead is expected to reduce.
Observation 6.	Measuring only a subset of beams based on height can save on number of measurements without significant performance degradation.

Based on the discussion and observations, we propose:
Proposal 1.	Introduce change in antenna/beam configuration as an optional trigger for reporting of UAV location, speed and/or antenna/beam configuration. Details FFS.
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.	UE height, location and/or velocity reporting without being accompanied by other RRM report is supported for NR UAV.
Proposal 4.	To reduce the number of beam measurements (and reporting), introduce configuration of height threshold-based subset(s) of beam(s) for measurement.
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Appendix A: Best-cell/beam detection based on measurement of subset of beams
A.1 Simulation setup
Figure A.1 below depicts the considered altitude and channel assumptions. The assumed simulation parameters are listed in the table A.1.
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Figure A.1 Simulation Scenario
Table A.1 Simulation parameters
	Parameters
	Values

	Scenario
	Uma-AV with ISD 500 m

	Carrier Frequency
	3.5 GHz

	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 50, 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




Additionally, following beam pattern is assumed for the base station. For simplicity, two beams per cell is considered.
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Figure 2 gNB beam pattern

A beam is detected if SSB RSRP>= -127 dBm, Es/IoT = -6 dB (per subcarrier). 
Cell selection metric is the max SS_RSRP of that cell. 
Cells with cell id i, j are collocated (i.e. different sectors of same site) if floor (i/3) = floor(j/3).
SSB pattern: Cell id = 1, 2, …, 57 for the 19 hexagonal cell layout where 3 cells are collocated at same site. We consider an SSB pattern so that that the SSBs of collocated cells don’t overlap in time. In other words, SSBs overlap for cells with mod (cell id,3) = i, as illustrated in the following figure. Beam 1 (downtilted wrt horizontal plane) corresponds to SSB1 and beam 2 (uptilted wrt horizontal plane) corresponds to SSB2.
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Figure 3 SSB pattern

Terrestrial UE height is fixed at 1.5m height, base station height is 25m, and Aerial UEs have different heights (50m, 100m, 300m). From this setting, it should be clear that when a subset of beams is configured for the UE to measure, a reasonable setting would be as follows:
· Terrestrial UE: beam 1
· Aerial UE: beam 2
A.2 Simulation Results
First, we show the results for observed RSRP for different heights of UE based on selection among all beams, vs configured beam to measure based on height.
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UE height = 1.5m (terrestrial UE)
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UAV height = 50m
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UAV height = 100m
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UAV height = 300m


Figure 4 RSRP distribution for different UE heights comparing all beams vs subset of beam measurements

Next, we show the SINR distribution:
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UE height = 1.5m (terrestrial UE)
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UAV height = 50m
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UAV height = 100m
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UAV height = 300m


Figure 5 SINR distribution for different UE heights comparing all beams vs subset of beam measurements

Further, to illustrate the reduction in number of measurements required, number of beams detected by the UE are shown:
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UE height = 1.5m (terrestrial UE)
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UAV height = 50m
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UAV height = 100m
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UAV height = 300m


Figure 6 Number of beams detected for different UE heights comparing all beams vs subset of beam configured for measurement
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