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Introduction
This agenda item will handle all contributions related to NR ATG UE RF requirements with the following sub-topics.
1. General aspects
2. Tx requirements
3. Rx requirements
The other TPs and draft CRs will be treated online for collecting comments. If companies have specific comments on these draft CRs and TPs, please prepare the comments and provided them online.
Topic #1: General aspect
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2311316
	Apple
	RAN4 has discussed the ATG UE power related requirements according to the work item objectives included in RP-230279. RAN4 would like to inform RAN2 the relevant agreements that have impact on RAN2 signaling design.
For ATG UE, it is difficult to agree one specific power class from 3GPP perspective now as the required power level is closely related to the aircraft types and operating frequency range. RAN4 has decided to introduce new capability support for ATG UE indicating its rated maximum output power to network when it comes to use. The new capability should address the following aspects:
· The lower limit of conductive MOP or TRP of ATG UE is 23 dBm
· The upper limit of conductive MOP or TRP of ATG UE is 40 dBm
· The reporting granularity is 1dB.

It is also noted that the value range for P-Max and additionalPmax of the NR-NS-PmaxList IE also need entension so that the upper power limit of 40dBm for ATG UE can be accommodated.

	R4-2311810
	CMCC
	Proposal 1: it’s suggested to use above table as baseline for feature discussion.
Proposal 2: P-max range for ATG is suggested to be updated with -21dBm lower bound and 42dBm upper bound.
Annex list LS to RAN2 about updating ATG UE RF related capability/IE.


	R4-2311814
	CMCC
	Draft CR for TS 38.101-1 to introduce transmit signal quality for ATG UE RF requirements
To add the transmit signal quality for ATG UE RF requirements.

	R4-2312963
	Huawei, HiSilicon
	Draft CR for TS 38.101-1 to introduce the framework for ATG UE RF requirements
To introduce the framework for ATG UE RF requirements.

	R4-2313501
	Apple
	TP for TR 38.876: General aspects
This contribution presents a text proposal on some foreseen definitions and abbreviations to be used for ATG specification.

	
	
	

	
	
	

	
	
	

	
	
	


Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1 ATG RF UE feature list
Sub-topic description: 
Open issues and candidate options before f2f meeting:
Issue 1-1-1: LS on signaling support for ATG UE
· Proposal: 
· Option 1: Based on contribution R4-2311316 (apple):
RAN4 has discussed the ATG UE power related requirements according to the work item objectives included in RP-230279. RAN4 would like to inform RAN2 the relevant agreements that have impact on RAN2 signaling design.
For ATG UE, it is difficult to agree one specific power class from 3GPP perspective now as the required power level is closely related to the aircraft types and operating frequency range. RAN4 has decided to introduce new capability support for ATG UE indicating its rated maximum output power to network when it comes to use. The new capability should address the following aspects:
· The lower limit of conductive MOP or TRP of ATG UE is 23 dBm
· The upper limit of conductive MOP or TRP of ATG UE is 40 dBm
· The reporting granularity is 1dB.

It is also noted that the value range for P-Max and additionalPmax of the NR-NS-PmaxList IE also need entension so that the upper power limit of 40dBm for ATG UE can be accommodated.

· Option 2: Based on contribution R4-2311316 (CMCC):

During the discussion of ATG UE RF requirements, RAN4 find following ATG specific rated maximum output power capability and P-max IE need to be added or updated for ATG.  
· ATG specific rated maximum output power capability
For the ATG UE, the rated maximum output power is declared via UE capability [RatedMOPATG] at maximum modulation order reported by ATG UE and full PRB configurations within the channel bandwidth of NR carrier unless otherwise stated. UE capability [RatedMOPATG] is an integer value in the range 23 to 40 dBm.
· ATG specific P-max
Considering rated maximum output power range has been updated, P-max range should also be updated accordingly and in the range -21 to 42dBm, i.e. both lower and upper bound should be enlarged by 9dB compared with legacy P-max definition in TS 38.331.

· Option 3: Others.

· Recommended WF
· The main difference is how to extend the P-max range. 
· In R4-2311805, it’s proposed that After updating the upper as 42 and lower bound as -21 for P-max, the current 6-bit P-max indication for ATG UE is enough.

Issue 1-1-2: UE feature list discussion
· Proposal: it’s suggested to use the table in R4-2311810 as basis for feature list discussion.
	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	X.NR_ATG-Core
	x-1
	UE supported rated max output power
	
UE supported rated maximum output power at maximum modulation order and full PRB configurations
	
	Yes
	N/A
	UE does not support ATG
	Per UE
	no
	FR1 only
	NA
	Value range from 23dBm to 40dBm with 1dB as granularity
	Mandatory with capability signalling

	X.NR_ATG-Core
	x-2
	64QAM for PUSCH
	64QAM for PUSCH
	
	Yes
	N/A
	
	Per UE
	no
	FR1 only
	NA
	
	Mandatory without capability signalling

	X.NR_ATG-Core
	x-3
	256QAM for PDSCH
	256QAM for PDSCH
	
	Yes
	N/A
	
	Per UE
	no
	FR1 only
	NA
	
	Mandatory without capability signalling

	X.NR_ATG-Core
	x-4
	256QAM for PUSCH
	256QAM for PUSCH
	
	Yes
	N/A
	UE doesn’t support 256QAM for UL
	Per UE
	no
	FR1 only
	NA
	
	Optional with capability signalling 



· Recommended WF
· Discussion and Comments are welcome.
Topic #2: Tx requirement
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2311317
	Apple
	Proposal 1: ATG UE minimum output power can be specified as -25dBm/20MHz for 2GHz and -20dbm/100MHz for 4GHz.
Proposal 2: The configured maximum output power PCMAX,f,c for ATG can be set within the following bounds:
PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with
PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  PPowerClass–∆TC,c }
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass }
Proposal 3: If channel edge filter flatness value ∆TC,c can be covered by power declaration of ATG UE, then the ATG UE just need to ensure its configured maximum output power is MIN {PEMAX,c, PPowerClass }
Proposal 4: it is proposed to define -35dBm maximum input level for 2GHz and -15dBm maximum input level for 4GHz for ATG UE.

	R4-2311805
	CMCC
	Proposal 1: The existing 256QAM transmit modulation quality requirements for TN UE in TS 38.101-1 should be reused for ATG UE.
Observation 1: As ATG network deployment in figure 1, the minimum distance for the non sub-array model is 6.7 km, and the minimum distance for the sub-array model is 15.1 km.
Proposal 2: Considering the possibility of ATG serving the aircraft directly above in the future still exists, 3km could be used as the minimum distance between ATG UE from BS.
Proposal 3: -25dBm/MHz could be used as the minimum output power for 2GHz and -20dBm/MHz could be used for 4GHz.
Proposal 4: After updating the upper as 42 and lower bound as -21 for P-max, the current 6-bit P-max indication for ATG UE is enough.

	R4-2312884
	Qualcomm Incorporated
	Proposal 1: RAN4 to adopt the following equations to configure transmitted power:

The configured maximum output power PCMAX,f,c is set within the following bounds:
PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with
PCMAX_L,f,c = MIN {PEMAX,c, PMaxOutputpower}
PCMAX_H,f,c = PEMAX,c
where
	PEMAX,c is the value given by [either the p-Max IE or the field additionalPmax of the        	NR-NS-PmaxList IE], whichever is applicable according to TS 38.331[7];
	PMaxOutputPower is the maximum UE output power at maximum modulation order and 	full PRB configurations which is indicated by ATG UE;

Proposal 2: RAN4 to clarify in the TR38.876 and TS38.101-1 that the transmit power of ATG UE should not exceed 40dBm.
Proposal 3: RAN4 to adopt the following minimum output power for ATG for 2GHz and 4GHz.
Proposal 4: RAN4 to adopt the following maximum input level for ATG for 2GHz and 4GHz.

	R4-2312905
	Ericsson
	Proposal 1	The minimum output power for ATG UE is -25 dBm for 2 GHz and -20 dBm for 4 GHz.
Proposal 2	It is proposed to define the Pcmax following the definition in TS 38101-1

	R4-2312962
	Huawei, HiSilicon
	Proposal 1: it’s proposed to define the following Pcmax,f,c. Otherwise, network signalling Pemax can’t restrain the output power of ATG UE for compliance with regulation.
The UE is allowed to set its configured maximum output power PCMAX,f,c for carrier f of serving cell c in each slot. The configured maximum output power PCMAX,f,c is set within the following bounds:
PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with
PCMAX_L,f,c = MIN {PEMAX,c, [PMaxOutputPower]}
PCMAX_H,f,c = PEMAX,c
where
	PEMAX,c is the value given by [either the p-Max IE or the field additionalPmax of the NR-NS-PmaxList IE], whichever is applicable according to TS 38.331[7];
	[PMaxOutputPower] is the maximum UE output power at maximum modulation order and full PRB configurations which is indicated by ATG UE;

Proposal 2: To specify Minimum output power for ATG UE with following requirements.
	Channel bandwidth
	(MHz)
	5,10,15,20
	25,30,35,40,45,50
	60,70,80,90,100

	REF_SCS
	(kHz)
	15
	30

	Minimum output power
	(dBm)
	-20
	-20+10log10 (BWChannel /20)
	-20+10log10 (BWChannel /20)

	Measurement bandwidth
	(MHz)
	MBW=REF_SCS*(12*NRB+1)/1000

	NOTE: The minimum output power value is rounded to the nearest number down to one decimal point.



Proposal 3: If RAN4 can’t reach an agreement on the Minimum output power requirements the following assumptions are proposed to further derive the minimum output power requirements.
	1) ATG BS antenna gain:
Referring to Table 6.2.3.1-1 of TR 38.876, we have the following assumption for ATG BS antenna model.
	
	ATG

	Base Station Antenna Characteristics

	Antenna pattern
	TR 38.921

	Element gain (dBi) (Note 2)
	7.1

	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
54º for V

	Horizontal/vertical front‑to‑back ratio (dB)
	30 for both H/V

	Antenna polarization 
	Linear ±45º

	Antenna array configuration (Row × Column) 
(Note 4)
	8 × 8 elements

	Number of supported polarizations, P
	2

	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for H, 0.9 of wavelength for V

	Array Ohmic loss (dB) (Note 2)
	2

	Conducted power (before Ohmic loss) per antenna element (dBm) (Note 3) 
	25

	Base station maximum coverage angle in the horizontal plane (degrees)
	120

	Base station vertical coverage range (degrees) (Note 1)
	25

	Mechanical uptilt (degrees)
	14 



Based on that, we can assume BS antenna gain = 10*log10(8*8) + 7.1 = 25.2dB

2) ATG BS maximum output power: (For ATG UE maximum input level evaluation)
53dBm sum of two polarizations for 4GHz
46dBm sum of two polarizations for 2GHz
3) ATG UE antenna gain
Referring to Table 6.2.3.2-1 of TR 38.876, we have the following assumption for ATG UE antenna model for 4GHz
	
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
90º for V 

	
	Element gain (dBi)
	5 dBi

	
	Horizontal/vertical front‑to‑back ratio (dB)
	30dBc

	
	Antenna polarization 
	Linear ±90º

	
	Antenna array configuration (Row × Column x Polarization) 
(Note 4)
	 (8x2x2) or  
(16x1x2) 

	
	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for H, 0.5 of wavelength for V

	
	UE antenna orientation
	Single UE panel deployed on the abdomen of the airplane facing downwards and with the longest dimension of the array aligned with the direction of the flight route. The flight route is pointed at the BS.



4GHz ATG UE phased array antenna gain = 10*log10(16) + 5 = 17dB
2GHz ATG UE Omni-direction antenna gain = 0dB 

4) Pathloss model: Free space
Pathloss ( fc_GHz, MinimumDistance_m ) = 32.5 +20log10(fc_GHz)+20log10(MinimumDistance_m)

5) The assumption of minimum distance between ATG BS and ATG UE is 3km ~ 20km.
6) Minimum output power for ATG UE + antenna gain for ATG UE + antenna gain for BS – pathloss(MinDistance, Fc) >= RESENS of BS





	R4-2312964
	Huawei, HiSilicon
	TP for TR 38.876 to introduce ATG UE Tx requirements part 1

	R4-2313165
	ZTE Corporation
	Proposal 1: the minimum output power for ATG UE could be [-3dBm/100MHz] and scale with other BW.
Proposal 2: to reuse the FR1 UE SEM requirement for ATG CPE.

	R4-2313502
	Apple
	TP for TR 38.876: ATG UE Tx requirement

	
	
	


Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1 Minimum output power
Sub-topic description: 
Open issues and candidate options before f2f meeting:
Issue 2-1-1: Minimum distance assumption between ATG BS and ATG UE
· Proposal: 
· Option 1: Considering the possibility of ATG serving the aircraft directly above in the future still exists, 3km could be used as the minimum distance between ATG UE from BS.
· Option 2: 20km referring to coexistence study.
· Option 3: Others
· Recommended WF
· Option 1?

Issue 2-1-2: Minimum output power
· Proposal: 
· Option 1: ATG UE minimum output power is specified as -25dBm/20MHz for 2GHz and -20dbm/100MHz for 4GHz. (Apple)
· Option 2: -25dBm/MHz could be used as the minimum output power for 2GHz and -20dBm/MHz could be used for 4GHz. (CMCC)
	
	Omni-direction antenna
	Antenna array

	Frequency
	2GHz
	4GHz

	Distance
	3km
	3km

	PL
	108dB
	114dB

	ATG BS antenna gain
	25dBm
	25dBm

	ATG UE antenna gain
	0dBm
	17dBm

	Thermal noise
	-114dBm/MHz
	-114dBm/MHz

	ATG BS Noise figure
	5dB
	5dB

	Minimum output power
	-13dBm/MHz
	-17dBm/MHz



· Option 3: RAN4 to adopt the following minimum output power for ATG for 2GHz and 4GHz. (Qualcomm)
	Channel bandwidth
	(MHz)
	5,10,15,20
	25,30,35,40,45,50
	60,70,80,90,100

	REF_SCS
	(kHz)
	15
	30

	Minimum output power
	(dBm)
	-15
	-15+10log10 (BWChannel /20)
	-15+10log10 (BWChannel /20)

	Measurement bandwidth
	(MHz)
	MBW=REF_SCS*(12*NRB+1)/1000

	NOTE: The minimum output power value is rounded to the nearest number down to one decimal point.



· Option 4: The minimum output power for ATG UE is -25 dBm for 2 GHz and -20 dBm for 4 GHz. (Ericsson)
· Coupling loss at 2 GHz = 108 dB (pathloss) – 24 dB (BS antenna gain). With a 20 MHz bandwidth, the noise floor of the BS is -96 dBm, leading to a required UE power of -12 dBm.
· Coupling loss at 4 GHz = 114 dB (pathloss) – 24 dB (BS antenna gain) – 17 dB (UE antenna gain). With a 100 MHz bandwidth, the BS noise floor is -89 dBm which requires a UE output power of -16 dBm.
· Option 5: To specify Minimum output power for ATG UE with following requirements. (Huawei)
	Channel bandwidth
	(MHz)
	5,10,15,20
	25,30,35,40,45,50
	60,70,80,90,100

	REF_SCS
	(kHz)
	15
	30

	Minimum output power
	(dBm)
	-20
	-20+10log10 (BWChannel /20)
	-20+10log10 (BWChannel /20)

	Measurement bandwidth
	(MHz)
	MBW=REF_SCS*(12*NRB+1)/1000

	NOTE: The minimum output power value is rounded to the nearest number down to one decimal point.



· Option 6: the minimum output power for ATG UE could be [-3dBm/100MHz] and scale with other BW. (ZTE)
· 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.
· Recommended WF
· To align the assumption firstly.
	
	Omni-direction antenna
	Antenna array

	Frequency
	2GHz
	4GHz

	Distance
	3km
	3km

	PL
	108dB
	114dB

	ATG BS antenna gain
	25dBm
	25dBm

	ATG UE antenna gain
	0dBm
	17dBm

	Thermal noise
	-114dBm/MHz
	-114dBm/MHz

	ATG BS Noise figure
	5dB
	5dB

	Minimum output power
	-13dBm/MHz  -26dBm/MHz
	-17dBm/MHz -37dBm/MHz



Sub-topic 2-2 Configured maximum output power
Sub-topic description: 
Open issues and candidate options before f2f meeting:
Issue 2-2-1: Configured maximum output power
· Proposal: 
· Option 1:  (Huawei, Qualcomm)
The UE is allowed to set its configured maximum output power PCMAX,f,c for carrier f of serving cell c in each slot. The configured maximum output power PCMAX,f,c is set within the following bounds:
PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with
PCMAX_L,f,c = MIN {PEMAX,c, PMaxOutputPower}
PCMAX_H,f,c = PEMAX,c
where
	PEMAX,c is the value given by [either the p-Max IE or the field additionalPmax of the NR-NS-PmaxList IE], whichever is applicable according to TS 38.331[7];
	PMaxOutputPower is the maximum UE output power at maximum modulation order and full PRB configurations which is indicated by ATG UE;
· Option 2: If channel edge filter flatness value ∆TC,c  should be considered, (Apple, ZTE)
The configured maximum output power PCMAX,f,c for ATG UE can be set within the following bounds
PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with
PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  PPowerClass/ Reported UE capability–∆TC,c }
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass / Reported UE capability }
· Option 3: It is proposed to define the Pcmax following the definition in TS 38101-1
· Option 4: Others
· Recommended WF
· TBA
Sub-topic 2-3 256QAM transmit modulation quality requirements
Sub-topic description: 
Open issues and candidate options before f2f meeting:
Issue 2-3-1: 256QAM transmit modulation quality requirements
· Proposal: 
· Option 1: The existing 256QAM transmit modulation quality requirements for TN UE in TS 38.101-1 should be reused for ATG UE.
· Option 2: Others
· Recommended WF
· Option 1
Sub-topic 2-4 SEM requirements
Sub-topic description: 
Open issues and candidate options before f2f meeting:
Issue 2-3-1: SEM requirements
· Proposal: 
· Option 1: to reuse the FR1 UE SEM requirement for ATG CPE.
· Option 2: Others
· Recommended WF
· Option 1


Topic #3: Rx requirement
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2311804
	CMCC
	Proposal 1: Considering the possibility of ATG serving the aircraft directly above in the future still exists, 3km could be used as the minimum distance between ATG UE from BS.
Observation 1: Max input level is -37dBm for 2GHz and -19dBm for 4GHz with minimum 3km distance assumption. 
Proposal 2: The FR1 PC3 ACS requirements in TS 38.101-1 could be reused for ATG UE.
Proposal 3: The in-band blocking requirements in TS 38.101-1 could be reused.
Proposal 4: The out of band blocking requirements in TS 38.101-1 could be reused as the baseline.

	R4-2312906
	Ericsson
	Observation 1	Whether or not to specify two requirements for maximum input level depends on whether the antenna array and deployment assumption are expected to lead to a significant difference.
Observation 2	The out-of-band blocking requirement depends on the environment of other radio transmitters and radar systems.
Observation 3	The spurious response requirement depends on the environment of other radio transmitters and radar systems.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Propose to use -56 dBm interference power level for in-band blocking.
Proposal 2	It is not necessary to consider blocking from other ATG networks when assessing the in-band blocking requirement.
Proposal 3	The RX intermodulation requirement should be considered after the maximum input level and blocking requirements are determined.


	R4-2312965
	Huawei, HiSilicon
	Proposal 1: when deriving the maximum input level for ATG scenario, the antenna gains from both BS and UE sides should be considered. 3km minimum distance between BS and UE and 2GHz centre frequency can be assumed.
Proposal 2: to use -30dBm as the maximum input level for 4GHz ATG UE.
Proposal 3: to use -40dBm as the maximum input level for 2GHz ATG UE.
Observation 1: the maximum input level for ATG UE can’t be smaller than the requirements specified for NTN UE due to the closer minimum distance.
Proposal 4: If RAN4 can’t reach an agreement on the Maximum input level requirements, the following assumptions are proposed to further derive the Maximum input level requirements.
	1) ATG BS antenna gain:
Referring to Table 6.2.3.1-1 of TR 38.876, we have the following assumption for ATG BS antenna model.
	
	ATG

	Base Station Antenna Characteristics

	Antenna pattern
	TR 38.921

	Element gain (dBi) (Note 2)
	7.1

	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
54º for V

	Horizontal/vertical front‑to‑back ratio (dB)
	30 for both H/V

	Antenna polarization 
	Linear ±45º

	Antenna array configuration (Row × Column) 
(Note 4)
	8 × 8 elements

	Number of supported polarizations, P
	2

	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for H, 0.9 of wavelength for V

	Array Ohmic loss (dB) (Note 2)
	2

	Conducted power (before Ohmic loss) per antenna element (dBm) (Note 3) 
	25

	Base station maximum coverage angle in the horizontal plane (degrees)
	120

	Base station vertical coverage range (degrees) (Note 1)
	25

	Mechanical uptilt (degrees)
	14 



Based on that, we can assume BS antenna gain = 10*log10(8*8) + 7.1 = 25.2dB

2) ATG BS maximum output power: (For ATG UE maximum input level evaluation)
53dBm sum of two polarizations for 4GHz
46dBm sum of two polarizations for 2GHz
3) ATG UE antenna gain
Referring to Table 6.2.3.2-1 of TR 38.876, we have the following assumption for ATG UE antenna model for 4GHz
	
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
90º for V 

	
	Element gain (dBi)
	5 dBi

	
	Horizontal/vertical front‑to‑back ratio (dB)
	30dBc

	
	Antenna polarization 
	Linear ±90º

	
	Antenna array configuration (Row × Column x Polarization) 
(Note 4)
	 (8x2x2) or  
(16x1x2) 

	
	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for H, 0.5 of wavelength for V

	
	UE antenna orientation
	Single UE panel deployed on the abdomen of the airplane facing downwards and with the longest dimension of the array aligned with the direction of the flight route. The flight route is pointed at the BS.



4GHz ATG UE phased array antenna gain = 10*log10(16) + 5 = 17dB
2GHz ATG UE Omni-direction antenna gain = 0dB 

4) Pathloss model: Free space
Pathloss ( fc_GHz, MinimumDistance_m ) = 32.5 +20log10(fc_GHz)+20log10(MinimumDistance_m)

5) The assumption of minimum distance between ATG BS and ATG UE is 3km ~ 20km.
6) The maximum input level = ATG BS output power + ATG BS antenna gain – FSPL(Distance, Fc) + ATG UE antenna gain.



Proposal 5: It’s proposed to reuse the existing in-band blocking requirements in TS 38.101-1 for ATG UE.
Proposal 6: Since band filter for ATG UE is even much better than the general filter for smartphone without size restriction, it’s proposed to improve the requirements for OOB blocking as -3dBm/MHz in order to suppress the interference from radio altimeters. FFS whether spurious response specified in TS 38.101-1 can be reused for ATG UE.
Proposal 7: to reuse Intermodulation characteristics requirements specified in TS 38.101-1 for ATG UE.

	R4-2313166
	ZTE Corporation
	Proposal 1: the maximum input power could be relaxed around 30dBc. 
Proposal 2: to confirm 33dBc ACS requirement for ATG CPE.

	R4-2311317
	Apple
	Proposal 1: ATG UE minimum output power can be specified as -25dBm/20MHz for 2GHz and -20dbm/100MHz for 4GHz.
Proposal 2: The configured maximum output power PCMAX,f,c for ATG can be set within the following bounds:
PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with
PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  PPowerClass–∆TC,c }
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass }
Proposal 3: If channel edge filter flatness value ∆TC,c can be covered by power declaration of ATG UE, then the ATG UE just need to ensure its configured maximum output power is MIN {PEMAX,c, PPowerClass }
Proposal 4: it is proposed to define -35dBm maximum input level for 2GHz and -15dBm maximum input level for 4GHz for ATG UE.

	R4-2312884
	Qualcomm Incorporated
	Proposal 1: RAN4 to adopt the following equations to configure transmitted power:

The configured maximum output power PCMAX,f,c is set within the following bounds:
PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with
PCMAX_L,f,c = MIN {PEMAX,c, PMaxOutputpower}
PCMAX_H,f,c = PEMAX,c
where
	PEMAX,c is the value given by [either the p-Max IE or the field additionalPmax of the        	NR-NS-PmaxList IE], whichever is applicable according to TS 38.331[7];
	PMaxOutputPower is the maximum UE output power at maximum modulation order and 	full PRB configurations which is indicated by ATG UE;

Proposal 2: RAN4 to clarify in the TR38.876 and TS38.101-1 that the transmit power of ATG UE should not exceed 40dBm.
Proposal 3: RAN4 to adopt the following minimum output power for ATG for 2GHz and 4GHz.
Proposal 4: RAN4 to adopt the following maximum input level for ATG for 2GHz and 4GHz.

	
	
	

	
	
	

	
	
	


Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 3-1 Maximum input level
Sub-topic description: 
Open issues and candidate options before f2f meeting:
Issue 3-1-1: Minimum distance assumption between ATG BS and ATG UE
· Proposal: 
· Option 1: Considering the possibility of ATG serving the aircraft directly above in the future still exists, 3km could be used as the minimum distance between ATG UE from BS.
· Option 2: 20km referring to coexistence study.
· Option 3: Others
· Recommended WF
· Follow the conclusion on Issue 3-1-1

Issue 3-1-2: Maximum input level
· Proposal: 
· Option 1: it is proposed to define -35dBm maximum input level for 2GHz and -15dBm maximum input level for 4GHz for ATG UE. (Apple)
	Frequency
	BS output power
	pathloss
	UE antenna gain
	BS antenna gain
	Maximum input level
	Proposed value

	2GHz
	46 dBm
	108
	0 dB
	25dB
	-37 dBm/MHz
	-35dBm

	4GHz
	53 dBm
	114
	17 dB
	25dB
	-19 dBm/MHz
	-15dBm



· Option 2: Max input level is -37dBm for 2GHz and -19dBm for 4GHz with minimum 3km distance assumption. (CMCC)
	[bookmark: _Hlk127431958]
	Omni-direction antenna
	Antenna array

	Carrier frequency (GHz)
	2
	4

	Distance (km)
	3
	3

	Path Loss (dB)
	108
	114

	BS output power (dBm)
	46
	53

	BS antenna gain can assume (dBi)
	25.1
	25.1

	[bookmark: _Hlk127432049]ATG UE antenna gain (dBi)
	0
	17

	Maximum input level (dBm)
	-37
	-19



· Option 3: to use -40dBm as the maximum input level for 2GHz ATG UE. to use -30dBm as the maximum input level for 4GHz ATG UE. (Huawei)
· Option 4: RAN4 to adopt the following maximum input level for ATG for 2GHz and 4GHz. (Qualcomm)
	Rx Parameter
	Units
	Channel bandwidth (MHz)

	
	
	5, 10, 15, 20
	25, 30, 35, 40, 45, 50
	60, 70, 80, 90, 100

	Power in Transmission Bandwidth Configuration4
	dBm
	02
	0 + 10log10(BWChannel /20)Note 2
	52

	
	
	-23,5
	-2 + 10log10(BWChannel /20)Note 3,5
	33,5

	NOTE 1:	The transmitter shall be set to 4 dB below PCMAX_L,f,c at the minimum uplink configuration specified in Table 7.3.2-3 and 7.3F.2-3 for shared spectrum channel access operation with PCMAX_L,f,c as defined in clause 6.2.4.
NOTE 2:	Reference measurement channel is A.3.2.3 or A.3.3.3 for 64 QAM.
NOTE 3:	Reference measurement channel is A.3.2.4 or A.3.3.4 for 256 QAM.
NOTE 4:	10log10(x) is rounded to the nearest 0.5dB value.
NOTE 5:	 Reference measurement channel is A.3.2.x for 1024 QAM.



· Option 5: the maximum input power could be relaxed around 30dBc. (ZTE)
· Option 6: Others.
· Recommended WF
· To align the assumption firstly.
	
	Omni-direction antenna
	Antenna array

	Carrier frequency (GHz)
	2
	4

	Distance (km)
	3
	3

	Path Loss (dB)
	108
	114

	BS output power (dBm)
	46
	53

	BS antenna gain can assume (dBi)
	25.1
	25.1

	ATG UE antenna gain (dBi)
	0
	17

	Maximum input level (dBm)
	-37
	-19



Sub-topic 3-2 ACS requirements
Sub-topic description: 
Open issues and candidate options before f2f meeting:
Issue 3-2-1: ACS requirements
· Proposal: 
· Option 1: to confirm 33dBc ACS requirement for ATG UE. (CMCC, ZTE)
· Option 2: Others
· Recommended WF
· Option 1

Sub-topic 3-3 In-band blocking
Sub-topic description: 
Open issues and candidate options before f2f meeting:
Issue 3-2-1: In-band blocking
· Proposal: 
· Option 1: The in-band blocking requirements in TS 38.101-1 could be reused. 
· Option 2: Propose to use -56 dBm interference power level for in-band blocking.
· It is not necessary to consider blocking from other ATG networks when assessing the in-band blocking requirement.
· Recommended WF
· Option 1

Sub-topic 3-4 Out-of-band blocking/ Spurious response
Sub-topic description: 
Open issues and candidate options before f2f meeting:
Issue 3-2-1: Out-of-band blocking/ Spurious response
· Proposal: 
· Option 1: The out of band blocking requirements in TS 38.101-1 could be reused as the baseline.
· Option 2: Since band filter for ATG UE is even much better than the general filter for smartphone without size restriction, it’s proposed to improve the requirements for OOB blocking as -3dBm/MHz in order to suppress the interference from radio altimeters. FFS whether spurious response specified in TS 38.101-1 can be reused for ATG UE.
· Observation 1: Referring to the ITU-R M.2059-0, It can be observed that the Transmitted PSD for FMCW radio altimeters is about -2.5dBm/MHz ~ 7.9dBm/MHz. And the Transmitted PSD for Pulsed radio altimeters is about 28.5dBm/MHz ~ 41dBm/MHz. As the Radio altimeters and ATG UE could be installed together on the bottom of aircraft cabin, the OOB blocking should be considered as co-collocation scenario.
· Observation 2: The out-of-band blocking requirement depends on the environment of other radio transmitters and radar systems.
· Option 3: Others
· Recommended WF
· TBA

Sub-topic 3-5 Intermodulation characteristics
Sub-topic description: 
Open issues and candidate options before f2f meeting:
Issue 3-2-1: Intermodulation characteristics
· Proposal: 
· Option 1: to reuse Intermodulation characteristics requirements specified in TS 38.101-1 for ATG UE.
· Option 2: The RX intermodulation requirement should be considered after the maximum input level and blocking requirements are determined.
· Option 3: Others
· Recommended WF
· Option 2




