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Introduction
In RAN#95e meeting, the work item [RP-221369] on Air-to-ground network for NR was approved as one of Rel-18 RAN4 package. During the previous RAN4 meetings, we have reached some initial progress for ATG UE in [6], however there are still lots of open issues left for further discussions. For the ACLR/SEM and ACS requirement of ATG UE, it should be dependent on the outcome of ATG coexistence study as following. In this contribution, we want to share further views on ATG UE RF requirements based on the initial evaluation results obtained so far. 
Table 6.1-1: Simulation scenarios for ATG coexistence study
	No.
	Combination
	Aggressor
	Victim
	Simulation frequency
	Notes
	Study Phase

	
	
	deployment scenario
UL/DL
	CBW
duplex mode
	deployment scenario
UL/DL
	CBW
duplex mode
	
	
	

	1
	TN with ATG
	ATG DL
	100MHz
TDD
	TN rural DL
	100MHz
/TDD
	3.5 GHz
	
	Phase 1

	2
	TN with ATG
	ATG UL
	100MHz
TDD
	TN rural UL
	100MHz
TDD
	3.5GHz
	
	Phase 1

	3
	TN with ATG
	TN rural DL
	100MHz
TDD
	ATG DL
	100MHz
TDD
	3.5GHz
	
	Phase 1

	4
	TN with ATG
	TN rural UL
	100MHz
TDD
	ATG UL
	100MHz
TDD
	3.5GHz
	
	Phase 1

	5
	TN with ATG
	ATG DL
	100MHz
TDD
	TN rural UL
	100MHz
/TDD
	3.5GHz
	
	FFS

	6
	TN with ATG
	ATG UL
	100MHz
TDD
	TN rural DL
	100MHz
TDD
	3.5GHz
	
	FFS

	7
	TN with ATG
	TN rural DL
	100MHz
TDD
	ATG UL
	100MHz
TDD
	3.5GHz
	
	FFS

	8
	TN with ATG
	TN rural UL
	100MHz
TDD
	ATG DL
	100MHz
TDD
	3.5GHz
	
	FFS

	9
	TN with ATG
	ATG DL
	20MHz FDD
	TN rural DL
	20MHz FDD
	2 GHz
	
	Phase 1

	10
	TN with ATG
	ATG UL
	20MHz FDD
	TN rural UL
	20MHz FDD
	2 GHz
	
	Phase 1

	11
	TN with ATG
	TN rural DL
	20MHz FDD
	ATG DL
	20MHz FDD
	2 GHz
	
	Phase 1

	12
	TN with ATG
	TN rural UL
	20MHz FDD
	ATG UL
	20MHz FDD
	2 GHz
	
	Phase 1

	13
	TN with ATG
	ATG UL
	20MHz FDD
	TN rural DL
	20MHz TDD
	2 GHz
	n1/n39
	FFS

	14
	TN with ATG
	TN rural DL
	20MHz TDD
	ATG UL
	20MHz FDD
	2 GHz
	n39/n1
	FFS
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2.1. ACLR requirement of ATG UE
Based on the simulation results obtained so far for Case 2 and Case 10 as shown in Figure 1 and Figure 2, ACI caused by ATG UL towards TN UL are still quite limited. In short, based on the simulation results in Case 2 and Case 10 dominating the ATG UE UL ACLR requirement, it should be sufficient to reuse the legacy FR1 UE PC3 ACLR requirement 30dBc requirement for ATG UE.
[image: ]
Figure 1a. simulation results for Case 2: ATG UL interfering TN UL @4GHz [non co-located deployment]
[image: ]

Figure 1b. simulation results for Case 2: ATG UL interfering TN UL @4GHz [co-located deployment]
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Figure 2a. simulation results for Case 10: ATG UL interfering TN UL @2GHz [co-located deployment]
[image: ]
Figure 2b. simulation results for Case 10: ATG DL interfering TN UL @2GHz [non-co-located deployment]
Observation 1: based on the initial simulation results in Case 2 and Case 10, it should be sufficient to reuse the legacy FR1 UE PC3 ACLR requirement 30dBc requirement for ATG UE.
Proposal 1: to reuse FR1 PC3 ACLR requirement for ATG CPE; .
2.2. Other Tx RF requirements for ATG UE
In the following section, some further considerations on the general topics of ATG UE are provided as following.

In addition, in the following table 1, we share some further views on the ATG UE RF requirement and its details could be found as following:
Table 1. Summary of the proposals for ATG UE requirements
	Requirement
	Band-specific
	Applicability 

	Transmitter Characteristics
	
	


	General
	No
	Generic requirements from TN should apply.


	Tx power
	Yes
	Staus: complete
Agreement: 
· The lower limit of conductive MOP or TRP of ATG UE is 23dBm
Agreement: 
· New capability can be introduced for ATG UE to indicate [the minimum of maximum output power] at maximum modulation order and full PRB configurations.
· The capability report granularity is 1dB.
Agreement:
· Upper limit for new capability for maximum conductive output power or TRP
· [40]dBm

	MPR
	No
	Staus: Completed without requirement

	A-MPR
	Yes
	Status: not discussed yet.
No A-MPR requirement defined similar IAB-MT;

	Configured Tx power
	No
	Status: not discussed yet.
No configured Tx power defined similar as IAB-MT

	Output Power Dynamics
	No
	Status: ongoing
Agreement: 
· ATG UE minimum output power can be specified as -25dBm+X/20MHz for 2GHz and -20dbm+Y/100MHz for 4GHz.
· FFS on X and Y pending on the co-existence study.

Based on the latest calibration results for ATG coexistence study obtained so far, if the minimum uplink SINR could be around -8dB, then minimum output power should be 
-174dBm/Hz+10*log10(100*10^6)+5-8+100dB=3dBm
Where 100dB refer to the minimum coupling loss extracted from the following cdf curve of coupling loss;
Considering the some implementation margins, the minimum output power could be around -3dB if 6dB implementation margin is considered.
[image: ][image: ]
Proposal 1: the minimum output power for ATG UE could be [-3dBm/100MHz] and scale with other BW.

	Transmit signal quality
	
	

	- Frequency error
	No
	Status :completed

	- Transmit modulation quality
	No
	Status :ongoing
The remaining issue is whether ATG CPE should support the uplink 256QAM or not. Based on the initial simulation results for ATG uplink with target SINR as 15dBc, its maximum output power is 31dBm at 2GHz and conducted power 26dBm at 4GHz.
For 2GHz, the assumed maximum output power is 40dBm, however in practice, its transmission power at CPE device should be lower than that. 31/33dBm per polarization is more practical assumption indeed. If the transmitted output power increased further to 36dB for dual polarization, then its achieved SINR would be 20dBc which is still challenging to support the UL 256QAM indeed. 
For 4GHz, its maximum conducted power is 26dBm indeed which is corresponding to maximum 43dBm EIRP. In other words, from the power domain level, it might be difficult to achieve much better SINR than 15dBc. From automatic ATG mechanical tilting perspective, there are still some room for further enhancement in theory, however this should be further checked in the practice.
Based on above consideration and analysis, we propose not to define UL 256QAM for ATG UE.
Proposal 2: not to define the UL 256QAM for ATG CPE. 
 

	Transmit OFF power and Transmit ON/OFF time mask

	
	Status :completed

	Output RF spectrum emissions
	
	

	- Occupied bandwidth
	No
	Status :completed

	- Out of band emission
	
	

	- SEM 
	No
	Status : ongoing.
This depends on the coexistence study and agreement for ACLR requirement.

	- Additional SEM
	Yes
	Status : not touched
Not applicable

	- ACLR
	No
	Status : ongoing.
Please see the observation in section 2.1.

	- Spurious emission
	
	

	- General
	No
	Status: completed

	- For UE coexistence
	Yes
	Status: not touched yet
Not applicable since it’s far away from TN UEs on the ground.

	Transmit intermodulation
	No
	Status: completed



2.3. Reference point for RF requirement definition
In the last RAN4 meeting, it was agreed to have the following two UE types e.g. omni antenna and phase antennary array.
For ATG UE type 1-H, since the upper TRP limit is agreed up to 40dBm per polarization, therefore from RF requirement definition perspective, the RF requirement for ATG UE type 1-H should be defined for the sum of measurement of all TAB connectors instead of single connector which is different from BS type 1-H definition. Otherwise we need to further discuss the scaling factor XdB for ATG CPE which is a bit time consuming from our understanding. 
Proposal 7: for ATG UE with phase antenna array, the RF requirement should be defined on the sum of measurement of all TAB connectors.
Agreement: 
· Introduce two UE types to distinguish the antenna types for ATG UE.
[image: C:\Users\10164284\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\4BC42716.tmp]
Figure 3. RF architecture for ATG CPE with phase antenna array or type 1-H
Conclusions
In this contribution, we shared some further views for ATG UE Tx RF requirements and proposals are made as following:
Observation 1: based on the initial simulation results in Case 2 and Case 10, it should be sufficient to reuse the legacy FR1 UE PC3 ACLR requirement 30dBc requirement for ATG UE.
Proposal 1: to reuse FR1 PC3 ACLR requirement for ATG CPE; 
Proposal 2: the minimum output power for ATG UE could be [-3dBm/100MHz] and scale with other BW.
Proposal 3: not to define the UL 256QAM for ATG CPE. 
Proposal 4: for configured output power of ATG CPE, propose not to configured Tx power defined similar as IAB-MT.
Proposal 5: for Additional SEM for ATG CPE, propose not to define it unless there are any regulatory requirement if necessary.
Proposal 6: for UE coexistence requirement for ATG CPE, propose not to define it.
Proposal 7: for ATG UE with phase antenna array, the RF requirement should be defined on the sum of measurement of all TAB connectors.
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Case 10: ATG UL interfering TN UL @2GHz, colocated
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Case 10: ATG UL interfering TN UL @2GHz, non-colocated
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