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Introduction
This document is to summarize ad-hoc meeting notes for Rel-20 WI on enhancement of NR RF requirements for uncrewed aerial vehicle (UAV). The summary covers the contributions submitted under the following agendas:
· 7.7	Enhancement of NR RF and RRM requirements for uncrewed aerial vehicle (UAV)  	
· 7.7.1 Moderator summary and conclusions	
· 7.7.2 General aspects and work plan
· 7.7.3 Coexistence
· 7.7.4	UE RF requirements
Work plan on Rel-20 enhancements for UAV approved in R4-2513746.
Way Forward for [116bis][319] NR_UAV was approved in R4-2515159.
WF for [117][319] NR_UAV was approved in R4-2523101.
Topic #1: Coexistence
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2600282
	Ericsson
	Observation 1	The pathloss CDF in DL case shows limited dependence on UAV height, as the increase in 3D distance may offset the benefit.
Observation 2	The DL SINR CDF shows marginal SINR gains as increasing the UAV height does improve the received signal but also exposes the UAV in LoS to many interfering TN BSs.
Observation 3	In DL case, the degradation experienced by UAV users is marginal irrespective of the UAV height.
Observation 4	RAN4 to consider the above DL pre-liminary simulation results to ensure the co-existence works in both UL and DL.

	R4-2600282

	CATT
	Observation 1: For scenario 4 & 8, UAV to TN RMa is the most important scenario.
Observation 2: For scenario 3 & 7, UAV to TN UMa is the most important scenario.
[bookmark: _Hlk221027536]Proposal 1: The network layout and scenario for co-existence can be down selected to 
1.	UAV to TN RMa for scenario 4 & 8
2.	UAV to TN UMa for scenario 3 & 7
Proposal 2: It is proposed to consider the aggressive TN BS cluster with 19 sites and 57 sectors directly below the victim UAV UE as in Figure 2.
Proposal 3: RAN4 should study the antenna beam width and the angle of up tilt for UAV BS to implement continuous vertical coverage and avoid interference with traditional TN BS. After that, co-existence study with other operator TN BS can be done.

	R4-2600787
	ZTE Corporation, Sanechips
	Proposal 1: We prefer that legacy UAV BS ACS, UAV BS ACLR and UAV UE ACS requirements can be reused.

	R4-2600822
	CMCC
	Observation 1: The results obtained through the simulation approach are generally more reflective of real-world scenarios.
Proposal 1: If no consensus can be reached on the link budget approach, it is proposed that priority be accorded to the simulation approach for deriving UAV RF requirements.
Proposal 2: It is suggested to consider both the UMa and RMa scenarios.
Proposal 3: Consider setting the ISD to 6 km.
Observation 2: High-power UAVs are more essential for scenarios where UAVs operate at higher flight altitudes.
Observation 3: The mechanical uptilt angle of the UAV BS antenna described in the WID shall be above the horizontal line.
Proposal 4: The mechanical uptilt angle of 0 degrees is outside the scope of the current discussion.
Proposal 5: It is proposed that a mechanical uptilt angle of 30 degrees above the horizontal line be designated as the starting point for the study.
Proposal 6: It is proposed that the coexistence study focus on Case 2.
Proposal 7: If the uniform distribution between 50 m and 150 m is selected for UAV UE dropping, it is proposed that the re-evaluation of the reusability of the ATG propagation model be conducted.

	R4-2601140
	Ericsson
	Observation 1 Due to beamforming dynamics, aggregated LoS interference, and spatial randomness, a link-budget-only evaluation is insufficient to derive statistically reliable and comparable ACLR requirements, and system-level simulations should therefore be the baseline approach.
Observation 2 The UAV UL SNR results indicate UAV UEs are not noise or power limited.
Observation 3 The UAVs at height of 50m fixed show higher ACIR requirements as compared to UAVs at other height.
Proposal 1 RAN4 to clarify the need for higher transmit power such as 26 dBm or higher, as it would not improve coverage but only increases uplink interference.
Proposal 2 RAN4 to study UAV dropping height with uniform distribution between 50 – 600m covering both use-case along with fixed height of UAV UE to ensure the co-existence works at worst case scenarios.
Proposal 3 RAN4 to further discuss and align on the mechanical uptilt value that is sufficient to adequately cover the intended UAV altitude range.

	R4-2601491
	Qualcomm Incorporated
	Proposal 1: RAN4 to use coexistence to derive UAV RF requirements in RAN4. 
Proposal 2:  For the UAV base station antenna settings, use an uptilt angle of 3 degrees for urban delivery scenarios and an uptilt angle of 13 degrees for UAV air mobility scenarios, for calibration purposes. 
Observation 1: For 4GHz, very limited UAV antenna gain has been achieved through simulation under current settings.
Proposal 3: RAN4 to revisit the UAV antenna configuration, and consider including an omnidirectional antenna for 4GHz as the baseline.
Observation 2: The UAV system is interference-limited; increasing transmission power raises the level of intra-system interference. While higher transmission power can bring performance gains, it does not uniformly improve outcomes across all scenarios.
Proposal 4: RAN4 needs clarify the scenarios in which higher UAV transmission power is appropriate and refine the scenario assumptions accordingly.

	R4-2601792
	Nokia
	Observation 1: There is no common implementation, reference configuration, or historical validation for link budget based coexistence analysis, making its results difficult to interpret and potentially inconsistent with legacy coexistence simulation outcomes. 
Proposal 1: Use coexistence simulation as the baseline for defining requirements, and treat link budget analysis results only as supplementary comparison data. Any discrepancies between the two methods should be investigated and understood before link budget results are considered for requirement setting.

	R4-2601885
	Huawei, HiSilicon
	Proposal 1: The TN cells are repeatedly copied to the location of UAV cells when calculating the interference from TN UE to UAN gNB.


Open issues summary
Sub-topic 1-1: Coexistence study approach and scenarios
Issue 1-1-1: RAN4 to conduct coexistence simulation or link budget analysis for coexistence study

· Proposals
· Proposal 1 (CMCC): If no consensus can be reached on the link budget approach, it is proposed that priority be accorded to the simulation approach for deriving UAV RF requirements.
· Proposal 2 (Ericsson): Due to beamforming dynamics, aggregated LoS interference, and spatial randomness, a link-budget-only evaluation is insufficient to derive statistically reliable and comparable ACLR requirements, and system-level simulations should therefore be the baseline approach.
· Proposal 3 (Qualcomm): RAN4 to use coexistence to derive UAV RF requirements.
· Proposal (Nokia): Use coexistence simulation as the baseline for defining requirements, and treat link budget analysis results only as supplementary comparison data. Any discrepancies between the two methods should be investigated and understood before link budget results are considered for requirement setting.
· Recommended WF:
· RAN4 will adopt a simulation‑based approach for the UAV coexistence study.

Issue 1-1-2: How to handle coexistence study for DL Scenario 3&7 
· Proposals
· Proposal 1 (CATT): Proposal 1: The network layout and scenario for co-existence can be down selected to
· UAV to TN RMa for scenario 4 & 8
· UAV to TN UMa for scenario 3 & 7
· Proposal 2 (Ericsson): RAN4 to consider the above DL pre-liminary simulation results to ensure the co-existence works in both UL and DL.
Moderator notes: Agreements on coexistence scenario from RAN4#117
· Agreements:
· RAN4 to take Scenario 4 and Scenario 8 as the 1st priority and Scenario 3 and Scenario 7 as the 2nd priority.
· Recommended WF
· RAN4 recommends creating a new TR to document the coexistence study assumptions and results.
· The simulation results for downlink Scenarios 3 and 7 can be included in the TR for information.
· The UAV UE ACLR and BS ACS requirements should be derived based on the coexistence study for Scenarios 4 and 8.

Sub-topic 1-2: Assumptions
Issue 1-2-1: Simulation scenario

· Proposals
· Proposal 1 (CATT): UAV to TN RMa for scenario 4&8. UAV to TN Uma for scenario 3&7
· Proposal 2 (CMCC): consider both UMa and RMa scenarios

· Recommended WF
· UMa for 4GHz, RMa for 2GHz
· The selected simulation scenario for the coexistence study does not imply any restriction on deployment.
Issue 1-2-2: Network layout

· Proposals
· Proposal 1 (CATT): It is proposed to consider the aggressive TN BS cluster with 19 sites and 57 sectors directly below the victim UAV UE for Scenario 3&7 as in Figure 1.
[image: ]
Figure 1 TN BS interfering UAV UE for Scenario 3 & 7

· Propsoal 2 (Huawei): The TN cells are repeatedly copied to the location of UAV cells when calculating the interference from TN UE to UAN gNB.

· Recommended WF
· Use the following agreements from RAN4#117 for Scenario 4&8
· For both TN and UAV, assume hexagonal grid, 3 sectors per site with wrap around, 19 BS sites, 57 sectors 	Comment by Bin Han: Wrap-around is to generate the co-channel interference for TN and UAV network. As the victim, only the performance of 19 TN BSs is collected in the simulation.
· For scenario 4&8, only collect the victim UEs performance in 19 TN BS sites, 57 sectors
· No need to conclude the network layout for Scenarios 3 and 7. Companies interested in Scenario 3&7 could submit simulation results along with the corresponding simulation assumptions, including the network layout.

Issue 1-2-3: ISD assumptions

· Proposals
· Proposal 1 (CMCC): Consider setting the ISD to 6 km.
· Recommended WF
· For UMa, TN ISD=5300m, UAV BS  ISD = 46km, for 4GHz
· For RMa, TN ISD=1732m, UAV BS ISD = 46km for 2GHz

Issue 1-2-4: UAV and TN BS antenna assumptions

· Proposals
· Proposal 1(CATT): RAN4 should study the antenna beam width and the angle of up tilt for UAV BS to implement continuous vertical coverage and avoid interference with traditional TN BS. After that, co-existence study with other operator TN BS can be done.
· Proposal 2 (CMCC): The mechanical uptilt angle of 0 degrees is outside the scope of the current discussion. It is proposed that a mechanical uptilt angle of 30 degrees above the horizontal line be designated as the starting point for the study
· Proposal 3 (Qualcomm): For the UAV base station antenna settings, use an uptilt angle of 3 degrees for urban delivery scenarios and an uptilt angle of 13 degrees for UAV air mobility scenarios, for calibration purposes. 
· Proposal 4 (Ericsson): RAN4 to further discuss and align on the mechanical uptilt value that is sufficient to adequately cover the intended UAV altitude range.
· Recommended WF:
· RAN4 to consider one option 2 as mechanical uptilt angle from the following options for UAV BS antenna assumption in the coexistence studycalibration
· Option 1: 9 degrees
· Option 2: 13 degrees	Comment by Bin Han: Minimum horizontal distance: 	Comment by Bin Han: The calculation is depending on many parameters including minimum horizontal distance, 3dB beam bandwidth, while it is not critical. Option 1 or Option 2 is ok. 
· Option 3: 30 degrees
The maximum and minimum distances are provided below for reference.

	Parameters
	Values

	Minimum horizontal distance
	500m

	Maximum horizontal distance
	3000m

	Minimum vertical distance
	[300m]

	Maximum vertical distance
	1000m



[image: ]

Issue 1-2-5: UAV UE antenna assumptions

· Proposals
· Proposal 1(Qualcomm): RAN4 to revisit the UAV antenna configuration, and consider including an omnidirectional antenna for 4GHz as the baseline.
· Recommended WF:
· To discuss whether RAN4 can take omnidirectional antenna for 4G in coexistence as it could reflect the worst-case coexistence scenario. 

Issue 1-2-6: UAV UE dropping

· Proposals
· Proposal 1(CMCC): It is proposed that the coexistence study focus on Case 2, i.e., the uniform distribution between 300 m and 600 m. If the uniform distribution between 50 m and 150 m is selected for UAV UE dropping, it is proposed that the re-evaluation of the reusability of the ATG propagation model be conducted.
· Proposal 2(Ericsson): RAN4 to study UAV dropping height with uniform distribution between 50 – 600m covering both use-case along with fixed height of UAV UE to ensure the co-existence works at worst case scenarios.
· Recommended WF:
· Need more discussion
· Can RAN4 to select the uniform distribution between 300 m and 10600 m for calibration?
· Fixed value is not precluded.

Issue 1-2-7: Other aspect

· Proposals
· Proposal 1(Ericsson): RAN4 to clarify the need for higher transmit power such as 26 dBm or higher, as it would not improve coverage but only increases uplink interference.
· Propsoal 2 (Qualcomm): RAN4 needs clarify the scenarios in which higher UAV transmission power is appropriate and refine the scenario assumptions accordingly
· Recommended WF:
· Need discussion on how to refine the scenario assumptions such as power control, etc., to reflect the benefits by introducing higher transmit power for UAV such as 26dBm or higher
Topic #2: UAV UE RF requirements 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2600283
	CATT
	Proposal 1: If there is no size and power limitation for PA mounted on UAV, Alt 1 for maximum output power is proposed and no MPR & A-MPR requirement is needed. The maximum output power can be derived from co-existence simulation.
Proposal 2: it should be careful about the minimum height UAV UE activated. It should take into consideration of minimum output power in power control and maximum input level of UAV UE.
Proposal 3: ACLR/ACS requirements and In-band blocking level should base on coexistence study or analysis.

	R4-2600788
	ZTE Corporation, Sanechips
	Proposal 1: We prefer to introduce the new capability for high power UAV to indicate the rated maximum output power.
Proposal 2: If the rated maximum output power is reported by UAV, no MPR or A-MPR requirements are needed.
Proposal 3: Transmit OFF power, transmit ON/OFF time mask and power control can apply to high power UAV.
Proposal 4: RAN4 should decide the minimum UAV height to derive minimum output power requirements for UAV.
Observation 1: Transmit intermodulation requirement was not specified for either ATG UE or Rel-18 UAV.
Proposal 5: Transmit intermodulation requirement is not applicable to high power UAV.

	R4-2600821
	CMCC
	Observation 1: Since the required power level for ATG might be varying in different aircraft types and also in different frequency ranges, a new capability for ATG UE is introduced.
Observation 2: The advantage of introducing the new capability is greater flexibility in the UAV's transmit power, and there is no need to define the RF requirements for MPR and A-MPR.
Observation 3: The outcome of Rel-20 4Tx 26 dBm regarding the power class definition can be reused, subject to the progress of other relevant topics.
Observation 4：Both Option 2 and Option 3 require the definition of the RF requirements for MPR and A-MPR.
Proposal 1：each of the three options has its respective advantages and disadvantages, as detailed below:
Proposal 2: It is suggested to Introduce the new capability for high power UAV to indicate the rated maximum output power (Similar as ATG).
Proposal 3: Legacy Rx requirement for handheld UE could be used as the starting point, and postpone the discussion on ACS until the coexistence part reaches a conclusion.

	R4-2601490
	Qualcomm Incorporated
	Observation 1: With a target SNR of 15 dB in uplink power control, fewer than 5% of UEs reach the maximum output power of 23 dBm. As the target SNR increases, the UE uplink transmit power correspondingly rises.
Observation 2: The uplink SINR gain becomes limited—compared with PC3 and PC1—when the target SNR increases up to 30 dB, because the co‑channel interference also increases as uplink transmit power is raised.
Proposal 1: RAN4 should identify the specific use scenarios that require a higher uplink transmit power than the maximum output power defined for legacy UE power classes. A maximum output power greater than 31 dBm may be treated as low priority until a clear necessity is demonstrated.
Propsoal 2: The approach of defining a rated maximum transmit power (similar to ATG) should not be applied to UAV high‑power UEs. Instead, the following two alternatives may be considered for specifying UAV high‑power UE based on the target maximum transmit power:
· Alt 2: Reuse the outcome of Rel-20 4Tx 26dBm regarding the power class definition
· Alt 3: Reuse the legacy PC2/1.5/1 definition

	R4-2601838

	Ericsson
	Observation 1	Increasing maximum output power beyond 26 dBm provides no significant changes in the UAV UL power usage distribution.
Observation 2	Increasing maximum output power (i.e. > 26 dBm) does not deliver coverage gains, while unnecessarily increasing UAV power consumption, hardware cost, and risk of additional aerial interference.
Observation 3	Setting the maximum output power with legacy power classes (e.g. 26 dBm, 29 dBm, 31 dBm) would allow UAV UEs to integrate into the existing UE ecosystem, ensuring alignment with established device categories and deployment assumptions.
Observation 4	Depends on how close between UAV and other devices, the transmit intermodulation requirement may still be relevant.
Proposal 1	Based on the simulation results and observations, the maximum output power can be set as either 26, 29 or 31 dBm.
Proposal 2	Further evaluate the ACLR, SEM and spurious emissions, considering the co-existence and regulations.
Proposal 3	The OOBB requirements, maximum input level needs further investigation and the adjacent channel selectivity should be specified based on the co-existence analysis.

	R4-2601886
	Huawei, HiSilicon
	Proposal 1: The maximum output power could be decided later based on co-existence simulation results.
Proposal 2: RAN4 to study how to handle the regulatory requirements for high power UAV UE.
Proposal 3: RAN4 to study the impact on REFSENS from increased transmit power.



Open issues summary
Sub-topic 2-1: Tx RF requirements
Issue 2-2-1: Maximum output power

· Proposals
· Proposal 1 (CMCC, ZTE): Introduce the new capability for high power UAV to indicate the rated maximum output power (Similar as ATG)
· Proposal 2 (Qualcomm): RAN4 should identify the specific use scenarios that require a higher uplink transmit power than the maximum output power defined for legacy UE power classes. A maximum output power greater than 31 dBm may be treated as low priority until a clear necessity is demonstrated
· Proposal 3 (Ericsson): Based on the simulation results and observations, the maximum output power can be set as either 26, 29 or 31 dBm.
· Propsoal 4 (Huawei, CATT): The maximum output power could be decided later based on co-existence simulation results.
· RAN4 to study how to handle the regulatory requirements for high power UAV UE.
· Recommended WF:
· Need to conclude what’s upper limit for the maximum output first.
· Option 1 (CMCC, ZTE): 33dBm
· Option 2 (Qualcomm, Ericsson): 26, 29 or 31 dBm.
· Option 3 (Huawei, CATT): The maximum output power could be decided later based on co-existence simulation results
· With Option 1, how to handle the regulatory requirements for high power UAV UE accommodating legacy PC3 UAV regulatory requirements defined in 38101-1. And how to handle regulatory concerns due to lack of well‑defined RF emission limits to protect adjacent services/bands
· With Option 2, need to clarify how to reuse 1Tx and multiple Tx MPR/A-MPR values to UAV
· With Option 3, need to clarify the criteria of how to decide proper maximum output power
Issue 2-2-2: MPR and A-MPR
· Proposals
· Proposal 1 (ZTE): If the rated maximum output power is reported by UAV, no MPR or A-MPR requirements are needed.
· Proposal 2 (Qualcomm): MPR and A-MPR defined for specific UE power class for TN can be reused.
· Recommended WF:
· Depending on the Issue 2-2-1

Issue 2-2-3: Output dynamic range – Minimum output power
· Proposals
· Proposal 1 (CATT): It should be careful about the minimum height UAV UE activated. It should take into consideration of minimum output power in power control and maximum input level of UAV UE.
· Proposal 2 (ZTE): RAN4 should decide the minimum UAV height to derive minimum output power requirements for UAV.
· Recommended WF:
· Need further discussion on the minimum UAV height to derive minimum output power requirements for UAV	Comment by Bin Han: Any suggestion about minimum distance?	Comment by Bin Han: 50m?	Comment by Bin Han: Why we need to change minimum output power requirements for higher power?

Issue 2-2-4: Output dynamic range – Transmit OFF power, transmit ON/OFF time mask, power control
· Proposals
· Proposal 1 (ZTE): Transmit OFF power, transmit ON/OFF time mask and power control can apply to high power UAV.
· Recommended WF:
· Transmit OFF power, transmit ON/OFF time mask and power control can apply to high power UAV.

Issue 2-2-5: Output RF spectrum emissions – ACLR, SEM,Spurious emission and transmit intermodulation 
· Proposals
· Proposal 1 (Ericsson, CATT): Further evaluate the ACLR, SEM and spurious emissions, considering the co-existence and regulations.
· Proposal 2 (Huawei): RAN4 to study how to handle the regulatory requirements for high power UAV UE.
· Propsoal 3 (ZTE): Transmit intermodulation requirement is not applicable to high power UAV
· Recommended WF:
· ACLR, SEM and spurious emissions should be derived considering the co-existence and regulations
· RAN4 needs to discuss whether ECC Decision (22)07 is applied for Rel-20 UAV with higher power
· Are there any regulation requirements for other regions?

Sub-topic 2-3: Rx RF requirements
Issue 2-3-1: REFSENS

· Proposals
· Proposal 1 (Huawei): RAN4 to study the impact on REFSENS from increased transmit power.
· Proposal 2 (CMCC): Legacy Rx requirement for handheld UE could be used as the starting point.
· Recommended WF:
· For TDD bands, legacy Rx requirement for handheld UE could be used.
· For FDD bands, FFS the impact on REFSENS due to higher power

Issue 2-3-2: ACS

· Proposals
· Proposal 1 (CATT, Ericsson): Specify ACS based on the coexistence analysis
· Proposal 2 (CMCC): Legacy Rx requirement for handheld UE could be used as the starting point.
· Recommended WF:
· Specify ACS based on the coexistence analysis

Issue 2-3-3: Blocking requirements

· Proposals
· Proposal 1 (Ericsson): The OOBB requirements, maximum input level needs further investigation and the adjacent channel selectivity should be specified based on the co-existence analysis.
· Propsoal 2 (CATT): ACLR/ACS requirements and In-band blocking level should base on coexistence study or analysis
· Proposal 3 (CMCC): Legacy Rx requirement for handheld UE could be used as the starting point.
· Recommended WF:
· Specify Blocking requirements based on the coexistence analysis

Issue 2-3-4: Maximum input level

· Proposals
· Proposal 1 (Ericsson): The OOBB requirements, maximum input level needs further investigation and the adjacent channel selectivity should be specified based on the co-existence analysis.
· Proposal 2 (CMCC): Legacy Rx requirement for handheld UE could be used as the starting point.
· Proposal 1 (CATT): It should be careful about the minimum height UAV UE activated. It should take into consideration of minimum output power in power control and maximum input level of UAV UE.
· Recommended WF:
· Need to conclude minimum vertical and horizontal distance for UAV UE first
· Based on the minimum vertical and horizontal distance assumptions to derive maximum input level requirements	



Table 1.1.2-1: Assumptions for UAV deployment scenarios
	Parameter
	Descriptions

	UAV BS deployment
	Hexagonal grid, 3 sectors per site with wrap around, 19 BS sites, 57 sectors with wrap-around
Inter-UAV BS distance: [4km]

	Carrier frequency
	2GHz, 4GHz

	UAV CBW
	[20MHz] for 2GHz, 100MHz for 4GHz

	UAV UE UL power control
	[Yes, UL power control model in section 6.2.6.3, TR 38.876 is reused].

	Traffic model
	Full buffer

	Frequency reuse
	1

	UAV UE dropping
	See 1-2-7.
UAV UE number:
-	DL active UE: 1 UE per cell
-	UL active UE: 1/3 UE per cell

	Pathloss model
	[bookmark: _Hlk210830819][UAV BS to UE: Propagation model between TN UE and ATG UE in TR 38.876]

	UAV UE max Tx power for both antenna types
	up to 33dBm for conducted power, e.g., 33dBm, 32dBm, 31dBm.



Table 1.1.2-2: Assumptions for TN deployment scenarios
	Parameter
	Descriptions

	TN BS deployment
	Hexagonal grid, 3 sectors per site with wraparound, 19 BS sites, 57 sectors all NR BS are activated in one snapshot
BS height for RMa: 30m, BS height for Uma:25m

	Carrier frequency
	2GHz, 4GHz

	TN CBW
	[20MHz] for 2GHz, 100MHz for 4GHz

	NR UE UL power control
	[Yes, UL power control model in section 6.2.6.1, TR 38.876 is reused].

	Traffic model
	Full buffer

	Frequency reuse
	1

	UAV UE dropping
	Uniformly distributed
[bookmark: _Hlk214533937]TN UE number:
-	DL active UE: 1 UE per cell
-	UL active UE: 1/3 UE per cell

	BS Inter-site distance
	MCL of 70dB for NR BS

	Pathloss model
	NR BS to UE: NLOS and LOS UMa or RMa in TR38.901

	NR UE max Tx power 
	23dBm
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