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1. Introduction 
In December 2021, RAN#94 has approved Rel-18 work on NR Uncrewed Aerial Vehicles (UAVs) [1] with the following objectives:
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.
2. Specify the signaling to support subscription-based aerial-UE identification [RAN3/SA2 interaction/RAN2]
· 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.
3. Study and specify, if needed, enhancements for UAV identification broadcast [RAN2, SA2].
· Applicable to both LTE and NR
· Note: This study should consider existing techniques based on Uu or non 3GPP technologies, or unlicensed band as the baseline.
· Note: This description is a placeholder for a more detailed objective to be drafted once SA2 will have concluded their study on the architectural aspects.
4. Study UE capability signaling to indicate UAV beamforming capabilities and, if necessary, RRC signaling [RAN1, RAN2]: 
· FR1 with directional antenna at UE side

In this document, we discuss the FR1 directional antenna at UE side and potential enhancement for UE capability signaling and RRC signaling. 
2. Discussion 
2.1 	Interference impact of UAV with different antenna configurations
During the LTE Rel-15 SI for UAV, it was shown that and 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. Aerial UEs would cause more UL interferences to co-channel terrestrial UEs. It was also studied that the directional antenna can be used to reduce uplink interference generated by the aerial UEs by decreasing the uplink signal power from an aerial UE in broad range of angles. 
Based on the agreed simulation assumption of TR36.377, we assume there are 5 aerial UEs distributed uniformly with height of 1.5-300 m and 10 terrestrial UEs per cell share BW=10MHz to evaluate the user throughput of terrestrial UEs and the performance of target C&C traffic reliability for aerial UEs. For terrestrial UEs, the FTP Model 2 with file size 50 kb at 0.01 files/s arrival rate is used, and for Aerial UEs, the C&C traffic with Periodic with 1.25kbytes per 100 ms is assumed. The other detailed simulation assumptions are in Appendix. The performance is compared between aerial UEs w/o and w/ directional antennas as shown in Table 1. 
Table 1 UE beam patterns
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(a) Uplink throughput of terrestrial UEs                              (b) Uplink latency of aerial UEs

Figure 1 Uplink SLS performance

The SLS uplink performance is compared in Figure 1. When directional antennas are applied on aerial UEs, the 50% uplink user throughput of terrestrial UEs is improved by 18% compared with that of omni-directional antennas. It is because the directional antenna with the selected beam targeting the direction of the serving cell can significantly reduce the uplink interference to neighbor cells and the more efficient transmission can reduce the resource utilization. By using directional antennas, Aerial UEs also achieves slightly better latency performance of C&C traffic. 

Observation 1: Directional antennas at aerial UEs can significantly reduce the interference and improve user throughput of terrestrial UEs in the shared spectrum while keeping the target reliability of aerial UEs.

2.2  UE capability of UAV with directional antenna 
In legacy NR, the spatial relations for tx/rx beamforming are only supported in FR2 band, as specified in TS38.306. In order to support aerial UAV with directional beamforming deployed in sub-6GHz, the spatial relations can be supported in FR1 band, subject to UE capability. 

	spatialRelations, spatialRelations-v1640
Indicates whether the UE supports spatial relations. The capability signalling comprises the following parameters.
-     maxNumberConfiguredSpatialRelations indicates the maximum number of configured spatial relations per CC for PUCCH and SRS. It is not applicable to FR1 and applicable to FR2 only. The UE is mandated to report 16 or higher values. maxNumberConfiguredSpatialRelations-v1640 indicates the maximum number of configured spatial relations per CC for PUCCH and SRS with UE supporting the configuration of maximum 64 PUCCH spatial relations per BWP per CC;
-     maxNumberActiveSpatialRelations indicates the maximum number of active spatial relations with regarding to PUCCH and SRS for PUSCH, per BWP per CC. It is not applicable to FR1 and applicable and mandatory to report one or higher value for FR2 only;
-     additionalActiveSpatialRelationPUCCH indicates support of one additional active spatial relation for PUCCH. It is mandatory with capability signalling if maxNumberActiveSpatialRelations is set to n1;
-     maxNumberDL-RS-QCL-TypeD indicates the maximum number of downlink RS resources used for QCL type D in the active TCI states and active spatial relation information, which is optional.
The UE is mandated to report spatialRelations for FR2. if maxNumberConfiguredSpatialRelations-v1640 is reported, UE shall report value n96 in maxNumberConfiguredSpatialRelations.
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Proposal 1: Support spatial relations for tx/rx beamforming for UAV in FR1 band.

In FR1 FDD band, no DL-UL channel reciprocity is assumed for legacy terrestrial UEs. However, for aerial UEs with LOS channel, the common spatial directional beam can be applied to DL reception and UL transmission for aerial UEs. It is possible to configure beam management with and without beam correspondence in FR1 TDD/FDD band and reuse the legacy beam management framework as much as possible. Potential enhancement if needed can be further discussed.
· Without beam correspondence, the UL beam can be is selected by gNB by configuring multiple SRS resources with usage of BM or UL TCI-states based on Rel-17 unified TCI states.
· With beam correspondence, the DL/UL beam can be selected by gNB by using L1 beam report based on DL SSB/CSI-RS or joint DL/UL TCI-states based on Rel-17 unified TCI states.

Proposal 2: Support beam management with and without beam correspondence for aerial UEs in FR1 band.


2.3  Beam selection for UAV with different antenna configurations
When the aerial UE is equipped with directional antenna and supports beamforming, the UE may cause or suffer higher interference in some directions while lower interference in other directions. Based on legacy NR beam management, gNB selects the best UL beam only based on the received signal power at serving cell (i.e., measured SRS power or DL RSRP based on serving cell’s SSB/CSI-RS). However, for aerial UEs, gNB may select the UL beam with strong signal power but high UL interference to neighbour cells, since gNB does not know the antenna configuration of the UL beam. 
For example, as given in Figure 2, an aerial UE is using omni-directional antennas in Case 1, directional antennas with wide beam in Case 2, and directional antennas with narrow beam in Case 3. The received signals in Case 1, 2, 3 may be same, but the interference to neighbour cells resulted from aerial UEs is totally different. The interference in Case 3 with UAV narrower UL beam is much smaller than Case 1 with UAV omni beam.
Compared with legacy terrestrial UEs, it is more important for gNB to schedule and select uplink beams of aerial UEs by considering the interference impact. To better enable UL beam selection, the UE can report the capability of the antenna configurations, e.g., whether UE is capable of omni or directional antennas and the related antenna configuration, such as number of antennas/beams, beam width and beam gain of main lobe, sidelobe, etc.. Based on the reported UE capability, gNB can configure TCI-state/RS for aerial UE UL beams with the association of the UE antenna configurations. In addition, gNB can request the UE to report the assistance information on the association between the UE antenna configuration and the selected UL beam(s). 
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Figure 2

Observation 2: Compared with legacy terrestrial UEs, it is more important for gNB to schedule and select uplink beams of aerial UEs by considering the interference impact.

Proposal 3: Consider the beam configuration associated with UAV antenna configuration for UL beam selection based on the UE capability and UE assistance information reporting.

2.4 	Potential impact on measurement reporting of UAV with different antenna configurations

As noted in WID [1], RAN2 can consider/discuss the height-based measurement reporting of aerial UEs and NR-specific enhancements, if needed. The height-based reporting for an aerial UE is beneficial because the network can detect interference early when an aerial UE crossed the configured height threshold and sends the height-based report. RAN2 has already agreed to introduce H1/H2 events for NR measurement reporting.
As illustrated in Figure 3, 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 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. 

Observation 3: 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 3

For aerial UEs capable of different antenna configurations, potential enhancement on the measurement reporting includes the trigger/reporting of UE’s location, speed and antenna/beam configuration when antenna/beam configuration changes. Details on signalling and procedures can be further discussed in RAN2 once RAN1 agrees on the principle.

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.

3. Conclusion
Based on the discussion, we have following observations/proposals:
Observation 1: Directional antennas at aerial UEs can significantly reduce the interference and improve user throughput of terrestrial UEs in the shared spectrum while keeping the target reliability of aerial UEs.

Observation 2: Compared with legacy terrestrial UEs, it is more important for gNB to schedule and select uplink beams of aerial UEs by considering the interference impact.

Observation 3: For aerial UEs capable of different antenna configurations, the antenna configuration change may result in significant inter-cell interference variation.

Proposal 1: Support spatial relations for tx/rx beamforming for UAV in FR1 band.

Proposal 2: Support beam management with and without beam correspondence for aerial UEs in FR1 band.

Proposal 3: Consider the beam configuration associated with UAV antenna configuration for UL beam selection based on the UE capability and UE assistance information reporting.

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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Appendix: Simulation assumptions
	Parameters
	Values

	Scenario:
	UMa-AV with ISD 500 m

	Carrier Frequency
	2 GHz

	BS Antenna configuration: 
	

	Aerial UE height distribution
	Uniformly distributed from 1.5m to 300m

	Cell association
	Based on RSRP from CRS port 0

	Wrapping method
	Geographical distance-based wrapping

	Tx power (gNB, UE)
	46 dBm, 23 dBm

	Traffic for C&C
	Periodic with 1250 bytes per 100 ms

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz carrier

	Duplexing scheme
	FDD
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