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1. Introduction 
In this document, we discuss the FR1 directional antenna at UE side and potential enhancement for UE capability signaling and RRC signaling. 

The RAN1 agreements in previous meeting are: 
Agreement
RAN1 only considers potential UE UAV beamforming capabilities for FR1 with directional antennas at UE side in Rel-18 if such capabilities don’t impact RAN4 requirements.

Agreement
If new UE UAV beamforming capabilities for FR1 with directional antennas at UE side are supported, Rel-17 unified TCI framework is considered as baseline.

Agreement
Multi-TRP beamforming is not supported for UAV UEs in FR1 in Rel-18.

Agreement
UE UAV beamforming for FR1 based on beam switching among fixed directional antennas is supported in Rel-18.
· Note 1: new UE capabilities may not be necessary to support beam switching among fixed directional antennas
· Note 2: no RAN4 specification impact is assumed
· FFS: whether updating (e.g. extending to FR1) legacy UE capabilities is needed, and it is not precluded if it is needed
· FFS: whether/how specification may be impacted

2. Discussion 
2.1  UE capability reporting for UAV omni and directional antennas
During the LTE Rel-15 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. Aerial UEs would cause more UL interferences to co-channel terrestrial UEs. It was observed 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. 
The UAV can report the capability of the one or multiple antenna configurations. Whether/when to apply the omni or directional antennas may be dependent on gNB configuration based on the channel conditions and traffic load. For example, when UAV is flying low with lack of LOS, the omni antenna configuration is sufficient; but when UAV is flying high in the air, the directional antenna can be applied to control the LOS-interference. To help gNB utilize/control the beam, the UE can report the antenna configurations in terms of number of antennas/beams, beamwidth, beam direction, etc. Such UE physical beam properties are important and useful for network interference management, which is a special requirement for aerial UEs, different than the legacy terrestrial UE with beam properties transparent to network. 
	With the beam information reported by the UE, gNB can apply appropriate power control for the UAV, e.g., to increase power of the selected directional antenna with controlled interference to the terrestrial UEs in the shared spectrum. Based on the agreed simulation assumption of TR36.377, we investigate the impact of the UAV with omni and directional antennas using different power control. Both the user throughput of terrestrial UEs and latency performance of aerial UEs are compared, assuming there are 5 aerial UEs uniformly distributed at height of 100 m and 10 terrestrial UEs per cell sharing BW=10MHz. For terrestrial and aerial UEs, the FTP Model 2 with file size 0.5 Mbytes at 0.01 files/s arrival rate is used. The other detailed simulation assumptions are in Appendix. The aerial UEs can apply omni-directional antenna or directional antennas with 4 beams as shown in Table 1. The terrestrial UEs all have omni-directional antennas. 	
Table 1 UAV beam patterns
	Omni antennas
	4 directional antennas
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· Omni antenna is connected to 2 ports
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· With 4 directional antennas pointing at     beam 1
                           beam 2
                            
                           
· Each antenna is connected to 2 ports

	Note: N directional antennas or 1 antenna array with N beams are equivalent in the context of this simulation
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       (a) Impact from UAV with omni antennas                   (b) Impact from UAV with directional antennas

Figure 1 Uplink throughput of terrestrial UEs in presence of UAVs
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       (a) UAV with omni antennas                                    (b) UAV with directional antennas

Figure 2 Uplink latency of UAVs

Table 2 Comparison of uplink performance
(a) Impact of UAV with omni antennas
	 
	UAV with omni antennas

	P0 [dBm] for UAV
	-93
	-85
	-78
	-75

	95% C&C Latency of UAV [ms]
	60.86
(0%)
	35.80
(-41%)
	33.36
(-45%)
	33.91
(-44%)

	50% user throughput of Terrestrial UEs (Mbps)
	4.13
(0%)
	3.68
(-11%)
	3.30
(-20%)
	2.89
(-30%)

	Resource utilization (%)
	36.36
	23.38
	22.52
	23.38


(a) Impact of UAV with directional antennas
	 
	UAV with 4 directional antennas

	P0 [dBm] for UAV
	-93
	-85
	-78
	-75

	95% C&C Latency of UAV [ms]
	44.72
(0%)
	27.43
(-39%)
	25.14
(-44%)
	24.59
(-45%)

	50% user throughput of Terrestrial UEs (Mbps)
	4.61 (0%)
	4.91
(-6%)
	4.75
(-3%)
	4.42
(-4%)

	Resource utilization (%)
	31.49
	19.20
	18.42
	18.53




	The SLS uplink performances are compared in Fig. 1 and Fig. 2 for terrestrial UEs’ user throughput and aerial UEs’ C&C latency respectively. Omni antennas and 4 directional antennas are applied to aerial UEs with different power control parameter P0. Table 2 summarized the impact of omni and directional antennas on 50% user throughput of terrestrial UEs, 95% C&C latency of aerial UEs and the overall resource utilization, respectively. By increasing the P0, the C2C latency of UAV is reduced by 40~45%. However, the higher P0 of UAV reduces the user throughput of terrestrial UEs due to the uplink inter-cell interference. The use of directional antenna can limit the degradation of terrestrial UEs’ user throughput within 6% only, much better than 10~30% loss by using the omni antenna. It is because the selected directional antenna with concentrated power in the beam direction can significantly reduce the uplink interference to neighbor cells and reduce the overall resource utilization due to more efficient transmission for both aerial UEs and terrestrial UEs.

Observation 1: 
· With the use of directional antennas for aerial UEs, the UAV C&C traffic latency can be improved 40~45% by boosting the power while keeping terrestrial UEs’ user throughput degradation within 6% margin, much better than 10~30% loss by using omni antenna.
· If network knows the beam information of aerial UEs, gNB can set proper power control parameters for UAVs with manageable inter-cell interference.

Therefore, the UE reporting of beam information is beneficial for gNB for power control and interference management. As UE capability, the beam directions can be reported in terms of LCS (local coordinate system) via RRC signaling., e.g., to indicate the azimuth angle and elevation angle of the boresight direction. The UE orientation in terms of LCS to GCS information may be changing by time, which can be reported separately. 

Proposal 1: Support UAV UE to optionally report the capabilities of beam information via RRC signalling:
· Number of antennas/beams
· Beam direction in terms of LCS (local coordinate system), e.g., to indicate the azimuth angle and elevation angle of the boresight direction.

Proposal 2: UAV UE can report dynamic UE orientation in terms of LCS to GCS information via RRC signalling.


2.2  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) with no knowledge of the UE antenna configuration. However, for aerial UEs, gNB may select the UL beam with strong signal power but high UL interference to neighbour cells. Although UE reports the capability of one or multiple antenna configurations, gNB may not know the antenna configuration of the UL beam applied by the UE for real-time transmission/reception. 
For example, as given in Figure 3, 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, based on the reported UE capability, gNB can configure TCI-state/RS for aerial UE UL beams associated with one of the UE antenna configurations, e.g., {beam0} in resource set 1 for omni-antennas, {beam0, 1} in resource set 2 for 2 wide-beam directional antennas, and {beam 0,1,2,3} resource set 3  for 4 narrow-band directional antennas. As assistance information, gNB can also request the UE to report the association between the UE antenna configuration and the selected UL beam(s), which can be updated based on the UE orientation information. 
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Figure 3

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: If a UAV reports multiple antenna configurations, such as omni and directional antennas, following is supported:
· gNB can configure the association of the TCI-state/RS for UL beams and the UE antenna configurations. 
· As assistance information, gNB can request the UE reporting of the UE orientation to update the association between the UE antenna configuration and the UL beam(s). 

2.3  Beam correspondence for UAV with directional antenna 
In FR1 FDD band, no DL-UL channel reciprocity is assumed for legacy terrestrial UEs. However, for aerial UEs flying high in the air, it is dominated by LOS channel, the common spatial directional beam can be applied to DL reception and UL transmission for aerial UEs. It is possible to apply the beam indication assuming beam correspondence in FR1 TDD/FDD band and reuse the beam indication of legacy MIMO framework as much as possible. With beam correspondence, the tx beam is same as rx beam and additional UL beam selection based on SRS transmission can be disabled. If UE is flying low, the main channel path becomes weak and the UL beam may not be the same as DL beam any more. In this case, gNB may enable SRS transmission for uplink beam selection.
Therefore, whether there is beam correspondence between tx/rx is dependent on the channel condition, where the channel condition may change based on UE flying status and channel environment. Potential enhancement to support flexible beam correspondence for tx/rx beamforming may need to be considered, for example, whether it is height-based, dynamically configured by gNB based on the channel measurement/reporting or requested by the UE, e.g., when/which antenna port can be used for both UL transmission and DL reception. 
Here, the beam correspondence based on fixed directional antenna selection in FR1 is totally different from that of FR2. In FR2, the beam is generated based on antenna array and the generated beam shape and beam tracking requires RAN4 tests, with the corresponding requirement and verification, such as minimum peak EIRP and spherical coverage requirement and beam correspondence tolerance defined for FR2 operation bands, i.e., n257~n263, as specified in TS38.101-2. 
Those FR2 beam correspondence requirements are not needed for FR1 selected tx/rx beam among fixed directional antenna, which is just functionally using a TCI-state for UL transmission based on the DL RS measurement, e.g., RSRP/RSSI, without UL beam sweeping. It is because the beam from the fixed directional antenna has predefined beam shape and gain (including min peak EIRP, EIPR at 50%-tile CFR, and distribution of ∆EIRPBC), and the over-the-air (OTA) tests for antenna characterizations are not needed. Therefore, no UAV specific test needs to be defined in RAN4 and no RAN4 impact with new beam correspondence requirement in FR1 is expected. 

Proposal 4: Introduce UE UAV capability to indicate support of beam correspondence to select tx/rx beam among fixed directional antennas in FR1 band.
· Beam correspondence in FR1 does not need OTA test and no new beam correspondence requirement for FR1 operation bands is required in RAN4.

Proposal 5: For UE capable of beam correspondence, the beam correspondence can be configurable.
· FFS: height-based, configured by gNB based on channel condition or requested by UE

2.4  Beam application time for UAV with directional antenna 
In legacy unified TCI framework, minBeamApplicationTime is reported by UE as the required beam switching time, which is necessary for FR2 for UE to have time generating the beam based on antenna array. However, for FR1 beam switching among fixed directional antennas, such minBeamApplicationTime is not needed and the beam application latency for beam switching among fixed directional antennas is marginal, e.g., no larger than the CP. Therefore, the UAV does not need to report minBeamApplicationTime as part of the FR1 beamforming capability.

Proposal 6: The UE UAV does not need to report minBeamApplicationTime as part of FR1 beamforming capability.
· gNB can assume no beam application latency for beam switching among fixed directional antennas in FR1.


2.5 	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 4, 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 4

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 7: Send LS to RAN2 to consider measurement and reporting of interference variation due to the UAV directional antenna/beam change.

3. Conclusion
Based on the discussion, we have following observations/proposals:
Observation 1: 
· With the use of directional antennas for aerial UEs, the UAV C&C traffic latency can be improved 40~45% by boosting the power while keeping terrestrial UEs’ user throughput degradation within 6% margin, much better than 10~30% loss by using omni antenna.
· If network knows the beam information of aerial UEs, gNB can set proper power control parameters for UAVs with manageable inter-cell interference.

Proposal 1: Support UAV UE to optionally report the capabilities of beam information via RRC signalling:
· Number of antennas/beams
· Beam direction in terms of LCS (local coordinate system), e.g., to indicate the azimuth angle and elevation angle of the boresight direction.

Proposal 2: UAV UE can report dynamic UE orientation in terms of LCS to GCS information via RRC signalling.

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: If a UAV reports multiple antenna configurations, such as omni and directional antennas, following is supported:
· gNB can configure the association of the TCI-state/RS for UL beams and the UE antenna configurations. 
· As assistance information, gNB can request the UE reporting of the UE orientation to update the association between the UE antenna configuration and the UL beam(s). 

Proposal 4: Introduce UE UAV capability to indicate support of beam correspondence to select tx/rx beam among fixed directional antennas in FR1 band.
· Beam correspondence in FR1 does not need OTA test and no new beam correspondence requirement for FR1 operation bands is required in RAN4.

Proposal 5: For UE capable of beam correspondence, the beam correspondence can be configurable.
· FFS: height-based, configured by gNB based on channel condition or requested by UE

Proposal 6: The UE UAV does not need to report minBeamApplicationTime as part of FR1 beamforming capability.
· gNB can assume no beam application latency for beam switching among fixed directional antennas in FR1.


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

Proposal 7: Send LS to RAN2 to consider measurement and reporting of interference variation due to the UAV directional antenna/beam change.
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Appendix: Simulation assumptions
	Parameters
	Values

	Scenario:
	UMa-AV with ISD 500 m

	Carrier Frequency
	2 GHz

	BS Antenna configuration: 
	

	UE Antenna configuration: 
	(1,1,2)

	Aerial UE height distribution
	100m

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

	Cell association
	Based on RSRP

	Wrapping method
	Geographical distance-based wrapping

	Total number of UEs per cell
	15 including 10 terrestrial UEs and 5 aerial UEs

	Outdoor to indoor terrestrial UE ratio
	4:1

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

	Traffic model
	For terrestrial UEs, UL data with FTP model 2 with packet size 0.5Mbytes
For aerial UEs, C&C traffic data with packet size 1.25kbytes and period 100ms

	Bandwidth
	10 MHz carrier

	Duplexing scheme
	TDD

	Subcarrier spacing
	30kHz

	Noise figure (gNB, UE)
	(5dB, 9dB)

	Power control parameters

	, for all UEs 
 dBm for TUEs
 dBm for UAVs
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