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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

	R4-2315190
	CMCC
	Proposal 1: max output power feature is listed in table 1.
Proposal 2: RAN4 should confirm whether MIMO is supported or not at ATG gNB side. If no support, maxNumberMIMO-LayersPDSCH capability in RAN2 and mandatory feature of “Supported maximal number of MIMO layers” in RAN1 should be updated. Otherwise, if MIMO is supported at ATG gNB side, then above two features should be updated accordingly with statement that at least 4 MIMO layer capability is not mandatory since ATG UE not mandate support 4Rx as shown in table 2.
Proposal 3: P-max range for ATG is suggested to be updated with -21dBm lower bound and 42dBm upper bound with total 6bits.
Proposal 4: unless otherwise specified, there is no need for additionalSpectrumEmission signaling.

Annex list LS to RAN2 about updating ATG UE RF related capability/IE.


	
	
	

	
	
	

	
	
	


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 updating ATG UE RF related capability/IE
Sub-topic description: 
Open issues and candidate options before f2f meeting:
Issue 1-1-1: Discussion on “maxNumberMIMO-LayersPDSCH” capability for ATG UE
· Proposal: 
· RAN4 should confirm whether MIMO is supported or not at ATG gNB side. If no support, maxNumberMIMO-LayersPDSCH capability in RAN2 and mandatory feature of “Supported maximal number of MIMO layers” in RAN1 should be updated. Otherwise, if MIMO is supported at ATG gNB side, then above two features should be updated accordingly with statement that at least 4 MIMO layer capability is not mandatory since ATG UE not mandate support 4Rx as shown in table 2.

· Recommended WF
· Based on the clause 7.1.3.2 diversity characteristics and  clause 7.1.3.3 ΔRIB,4R of TR 38.876, that means “Two DL MIMO layers” is mandatory and “four DL MIMO layers” is optional for ATG UE.
· It’s suggested to accept the way forward “The ATG UE is required to be equipped with a minimum of two Rx antenna ports in all operating bands. ATG UE is required optionally to be equipped with four Rx antenna ports”.

Issue 1-1-2: Discussion on IE “P-max” range
· Proposal: P-max range for ATG is suggested to be updated with -21dBm lower bound and 42dBm upper bound with total 6bits.

· Recommended WF
· Accept this proposal.

Issue 1-1-3: Discussion on IE “additionalSpectrumEmission”
· Proposal: unless otherwise specified, there is no need for additionalSpectrumEmission signaling.

· Recommended WF
· TBA.

Issue 1-1-4: Discussion on max output power feature
· Proposal: max output power feature is listed in table 1.
	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



· Recommended WF
· As LS R4-2314926 related to the rated MOP was sent to RAN2, it’s better to check whether additional information for this feature should be sent to RAN2 in this meeting.

Issue 1-1-5: LS to RAN2 about updating ATG UE RF related capability/IE
· Proposals: 
· Option 1: send LS to RAN2 considering the input from R4-2315190 as starting point.
· Option 2: others.
· Recommended WF
· If RAN4 can reach some agreements on issue 1-1-1 ~ 1-1-4, it could be considered to send another LS to RAN2 for capability/IE updates.


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

	R4-2315183
	CMCC
	Observation 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 1: 3km could be used as the minimum distance between ATG UE from BS.
Proposal 2: Minimum output power = PL+ Thermal noise power + BS Noise figure - BS antenna gain - UE antenna gain.
Observation 2: When ATG BS serves the aircraft directly above, the antenna gain of the sidelobes could be smaller than the BS antenna gain listed in Table 2.
Proposal 3: Based on the above analysis, the parameters of the maximum input level are shown in Table 2. Considering the antenna gain of the sidelobes, the minimum output power could be assumed larger than -13dBm for the omni-direction antenna model and -17dBm for the antenna array.
Table 2. Minimum output power for ATG UE Tx 
	
	Omni-direction antenna
	Antenna array

	Frequency
	2GHz
	4GHz

	Distance
	3km
	3km

	PL
	108dB
	114dB

	ATG BS antenna gain
	25.2dBi
	25.2dBi

	ATG UE antenna gain
	0dBi
	17dBi

	Thermal noise power density
	-114dBm/MHz
	-114dBm/MHz

	ATG BS Noise figure
	5dB
	5dB

	Minimum output power
	-13.2dBm
	-17.2dBm



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.


	R4-2315500
	Apple
	ATG UE output power dynamics and Tx signal qulity are introduce in new section 6.3J and 6.4J respectively.


	R4-2316201
	Huawei, HiSilicon
	Proposal 1: to use -20dBm/MHz to derive the minimum output power, so the minimum output power is -20+10*log10(5) = -13dBm for 5MHz channel bandwidth.

	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)
	-13
	-13+10log10 (BWChannel /20)
	-13+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.





	R4-2316202
	Huawei, HiSilicon
	It’s proposed to capture the following technical analysis for minimum output power requirements.

	R4-2316205
	Huawei, HiSilicon
	To introduce clause 2, 3, and 4 and To introduce requirements in clause 5.2J, 6.1J and 6.2J.

	R4-2316505
	Qualcomm Incorporated
	Observation 1: Assuming 3km as the minimum distance between ATG BS and ATG UE does not align with the simulation scenario conducted for co-existence study.

Proposal 1: To use minimum coupling loss (MCL) as the reference to decide the minimum output power and maximum input level requirements for ATG UE.

Proposal 2: RAN4 to adopt the following minimum output power for different ATG UE antenna types.

Table 1: Minimum output power for ATG UE with Omni-directional antenna
	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.



Table 2: Minimum output power for ATG UE with phased array antenna
	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)
	-21
	-21+10log10 (BWChannel /20)
	-21+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: RAN4 to adopt the following maximum input level for different ATG UE antenna types.
Table 3: Maximum input level ATG UE with Omni-directional antenna
	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
	-502
	-50 + 10log10(BWChannel /20)Note 2
	-452

	
	
	-523,5
	-52 + 10log10(BWChannel /20)Note 3,5
	-473,5

	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.



Table 4: Maximum input level ATG UE with phased array antenna
	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
	-442
	-44 + 10log10(BWChannel /20)Note 2
	-392

	
	
	-463,5
	-46 + 10log10(BWChannel /20)Note 3,5
	-413,5

	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.



Proposal 4: RAN4 suggests extending the p-Max range of ATG UE as (-21…42).

Proposal 5: RAN4 to reuse the legacy out-of-band blocking requirements for ATG UE.


	R4-2316516
	Ericsson
	In the previous sections, we made the following observations: 

Observation 1	The theoretical worst-case scenario when determining the minimum output power for ATG UE pertains to the co-channel performance.
Observation 2	In the worst-case co-existence scenario, the ATG UE antenna is pointing to the horizon, and it is operating in the high-power state therefore the worst-case in the co-existence scenario should not be considered as a basis for determining the minimum output power.


Based on the discussion in the previous sections we propose the following:

Proposal 1	The minimum output power for ATG UE is -20 dBm for both 2 GHz and 4 GHz and does not scale with the bandwidth.


	R4-2316523
	ZTE Corporation
	Proposal 1: the minimum output power for ATG UE could be [-3dBm/100MHz] and scale with other BW.
Proposal 2: for ATG CPE power less than or equal to 31dBm, to reuse the FR1 UE SEM mask and for ATG CPE power larger than 31dBm, the scaling factor 10*log10(Pout/31) applied on top of basic limit. 


	R4-2316525
	ZTE Corporation
	To add the output RF spectrum emission for ATG, receiver general and diversity requirement for ATG

	
	
	


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 2-1-2: Minimum output power
Link budget analysis:
	Parameters
	case 1
	case 2
	case 3
	case 4
	case 5
	case 6

	center frequency GHz
	2
	2
	2
	4
	4
	4

	Distance meter
	3000
	3000
	20000
	3000
	3000
	20000

	Pathloss dB
	108.063
	108.063
	124.5412
	114.0836
	114.0836
	130.5618

	ATG BS antenna gain
	25
	7
	25
	25
	7
	25

	ATG UE antenna gain
	0
	0
	0
	17
	5
	17

	Thermal noise power density dBm/MHz
	-114
	-114
	-114
	-114
	-114
	-114

	ATG BS Noise figure dB
	5
	5
	5
	5
	5
	5

	Minimum output power dBm/MHz
	-25.937
	-7.93697
	-9.4588
	-36.9164
	-6.91638
	-20.4382

	Minimum output power dBm/5MHz
	-18.937
	-0.93697
	-2.4588
	-29.9164
	0.1
	-13.4382

	Minimum output power dBm/10MHz
	-15.937
	2.1
	0.6
	-26.9164
	3.1
	-10.4382




· Proposal: 
· Option 1: Based on the above analysis, the parameters of the maximum input level are shown in Table 2. Considering the antenna gain of the sidelobes, the minimum output power could be assumed larger than -13dBm for the omni-direction antenna model and -17dBm for the antenna array. (CMCC)
· Option 2: to use -20dBm/MHz to derive the minimum output power, so the minimum output power is -20+10*log10(5) = -13dBm for 5MHz channel bandwidth. (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)
	-13
	-13+10log10 (BWChannel /20)
	-13+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 3: RAN4 to adopt the following minimum output power for different ATG UE antenna types. (Qualcomm)
· Table 1: Minimum output power for ATG UE with Omni-directional antenna
	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.


· 
· Table 2: Minimum output power for ATG UE with phased array antenna
	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)
	-21
	-21+10log10 (BWChannel /20)
	-21+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 could be [-3dBm/100MHz] and scale with other BW. (ZTE)
	Channel bandwidth
(MHz)
	Minimum output power
(dBm)
	Measurement bandwidth
(MHz)

	5
	-10
	4.515

	10
	-10
	9.375

	15
	-10
	14.235

	20
	-10
	19.095

	25
	-9
	23.955

	30
	-8.2
	28.815

	40
	-7
	38.895

	50
	-6
	48.615

	60
	-5.2
	58.35

	80
	-4
	78.15

	90
	-3.5
	88.23

	100
	-3
	98.31



· Option 5: The minimum output power for ATG UE is -20 dBm for both 2 GHz and 4 GHz and does not scale with the bandwidth. (Ericsson)
· Observation 1	The theoretical worst-case scenario when determining the minimum output power for ATG UE pertains to the co-channel performance.
· [bookmark: _Hlk146803848]Observation 2	In the worst-case co-existence scenario, the ATG UE antenna is pointing to the horizon, and it is operating in the high-power state therefore the worst-case in the co-existence scenario should not be considered as a basis for determining the minimum output power.

· Recommended WF
· If we take the theoretical worst case (case1 and case4), we can go with option 1 or option 5 and further discuss whether to scale the requirements with different channel bandwidths.
· If we take the worst-case co-existence scenario (case 3 and case 6), we can further trade-off the proposed value X with the following table.
	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)
	X
	X+10log10 (BWChannel /20)
	X+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 2: X = -13
· Option 3: X = -15 for Omni-directional antenna and X = -21 for phased array antenna 
· Option 4: X = -10
Sub-topic 2-2 SEM requirements
Sub-topic description: 
Open issues and candidate options before f2f meeting:
Issue 2-2-1: SEM requirements
· Proposal: 
· Option 1: for ATG CPE power less than or equal to 31dBm, to reuse the FR1 UE SEM mask and for ATG CPE power larger than 31dBm, the scaling factor 10*log10(Pout/31) applied on top of basic limit.
· Option 2: Others
· Recommended WF
· TBA


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

	R4-2316505
	Qualcomm Incorporated
	Observation 1: Assuming 3km as the minimum distance between ATG BS and ATG UE does not align with the simulation scenario conducted for co-existence study.

Proposal 1: To use minimum coupling loss (MCL) as the reference to decide the minimum output power and maximum input level requirements for ATG UE.

Proposal 2: RAN4 to adopt the following minimum output power for different ATG UE antenna types.

Table 1: Minimum output power for ATG UE with Omni-directional antenna
	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.



Table 2: Minimum output power for ATG UE with phased array antenna
	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)
	-21
	-21+10log10 (BWChannel /20)
	-21+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: RAN4 to adopt the following maximum input level for different ATG UE antenna types.
Table 3: Maximum input level ATG UE with Omni-directional antenna
	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
	-502
	-50 + 10log10(BWChannel /20)Note 2
	-452

	
	
	-523,5
	-52 + 10log10(BWChannel /20)Note 3,5
	-473,5

	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.



Table 4: Maximum input level ATG UE with phased array antenna
	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
	-442
	-44 + 10log10(BWChannel /20)Note 2
	-392

	
	
	-463,5
	-46 + 10log10(BWChannel /20)Note 3,5
	-413,5

	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.



Proposal 4: RAN4 suggests extending the p-Max range of ATG UE as (-21…42).

Proposal 5: RAN4 to reuse the legacy out-of-band blocking requirements for ATG UE.


	R4-2316525
	ZTE Corporation
	To add the output RF spectrum emission for ATG, receiver general and diversity requirement for ATG

	R4-2315184
	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: The pass loss of the omni-direction antenna model is 108dB, and the pass loss of the antenna array model is 114 dB.
Observation 2: BS output power for 2GHz (omni-direction antenna model) is 46dBm, BS output power for 2GHz (antenna array model) is 53dBm
Observation 3: For both the omni-direction antenna model and antenna array model, the BS antenna gain is 25.2dBi.
Observation 4: ATG UE antenna gain for the omni-direction antenna model is 0dBi, and ATG UE antenna gain for the antenna array model is 17dBi.
Observation 5: When ATG BS serves the aircraft directly above, the antenna gain of the sidelobes could be smaller than the BS antenna gain listed in Table 3.
Proposal 2: Based on the above analysis, the parameters of maximum input level are shown in Table 3. Considering the antenna gain of the sidelobes, the maximum input power could be assumed smaller than -37dBm for the omni-direction antenna model and -19dBm for the antenna array.    
Table 3. Table of Maximum input level
	
	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  (dBi)
	25.2
	25.2

	ATG UE antenna gain (dBi)
	0
	17

	Maximum input level (dBm)
	36.8
	18.8



Proposal 3: The out of band blocking requirements in TS 38.101-1 could be reused as the baseline, and consider other interference to improve it.


	R4-2316203
	Huawei, HiSilicon
	Proposal 1: to use -35dBm (case 6) to derive the maximum input level for 4GHz and use -50dBm (case 3) as baseline to derive the maximum input level for 2GHz.
	Rx Parameter
	Units
	ATG UE Types
	Reference measurement channel

	
	
	Receiver characteristics specified at the antenna connector(s)
	Receiver characteristics specified at transceiver array boundary (TAB) connectors
	

	Power in Transmission Bandwidth Configuration
	dBm
	-50
	-35
	A.3.2.3 or A.3.3.3 for 64 QAM

	
	
	-52
	-37
	A.3.2.4 or A.3.3.4 for 256 QAM

	The applicable channel bandwidths
	MHz
	5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100

	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] with PCMAX_L,f,c as defined in clause [6.2.4].



Proposal 2: RAN4 discuss whether the band filter for ATG UE is even much better than the general filter for smartphone without size restriction. If so, that means the OOB blocking requirements for ATG UE can be tighten than smart phone from implementation perspective.
Proposal 3: RAN4 can further trade off the following options for OOB blocking requirements.
Option 1: if 41dBm/MHz is assumed for Radio altimeters, the OOB blocking requirement is -3dBm/MHz (41dBm/MHz – 40 minimum coupling loss – 4dB body loss)
Option 2: if 29dBm/MHz is assumed for Radio altimeters, the OOB blocking requirement is -15dBm/MHz (29dBm/MHz – 40 minimum coupling loss – 4dB body loss)
Proposal 4: Spurious response requirements can be scaled based on the OOB blocking requirements.
			e.g. general UE: -15dBm OOB blocking requirements =>-44dBm Spurious response requirements
			e.g. ATG UE: -3dBm OOB blocking requirements =>-32dBm Spurious response requirements


	R4-2316204
	Huawei, HiSilicon
	It’s proposed to capture the following technical analysis for OOB blocking requirements.

	R4-2316517
	Ericsson
	In the previous sections we made the following observations: 
Observation 1	The OOB requirement depends on the environment of other radio transmitters and radar systems. The types, quantities, and transmission levels of these transmitters on the aircraft remain unclear.
Observation 2	In 3GPP, the ATG UE OOB specification is defined to ensure the telecommunication link and there may be other sources of interference and regulatory issues that need to be considered when designing ATG UE, i.e. avionic equipment.
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	It is proposed to define the maximum input level of -38 dBm for 2 GHz and -32 dBm for 4 GHz.
Proposal 2	It is proposed to use -15 dBm as the OOB requirement and capture the note in Observation 2 into specification.
Proposal 3	It is proposed to use -15 dBm as the spurious response level.
Proposal 4	The RX intermodulation requirement should be considered after the maximum input level and blocking requirements are determined.


	R4-2316518
	Ericsson
	In the last RAN4 meeting, several agreements concerning the ATG UE Rx part were approved in [1]. This paper proposed TP to TR 38.876 on the receiver in-banc blocking, i.e., 7.1.3.6.

	R4-2316519
	Ericsson
	To add the blocking characteristics for ATG UE.

	R4-2316524
	ZTE Corporation
	Proposal 1: the maximum input power for ATG CPE is proposed as following:
Table 7.4-1: Maximum input level for ATG CPE
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30 MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	90 MHz
	100
MHz

	Power in Transmission Bandwidth Configuration
	dBm
	-552
	-542
	-532
	-522
	-512
	-502

	
	
	-573
	-563
	-553
	-543
	-533
	-523

	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 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.


Proposal 2: use the existing requirements in TS 38.101-1 as baseline; if there are any regulatory requirement higher than baseline requirement, then regulatory requirement should be applicable. 
Proposal 3: use the receiver spurious response requirement in TS 38.101-1 as baseline


	R4-2316719
	Qualcomm Incorporated
	Based on the agreements of ATG ACS requirements in RAN4#108, we propose to approve the following TP.

	
	
	


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 3-1-2: Maximum input level

· Proposal: 
· Option 1: RAN4 to adopt the following maximum input level for different ATG UE antenna types. (Qualcomm)
· Table 3: Maximum input level ATG UE with Omni-directional antenna
	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
	-502
	-50 + 10log10(BWChannel /20)Note 2
	-452

	
	
	-523,5
	-52 + 10log10(BWChannel /20)Note 3,5
	-473,5

	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.


· 
· Table 4: Maximum input level ATG UE with phased array antenna
	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
	-442
	-44 + 10log10(BWChannel /20)Note 2
	-392

	
	
	-463,5
	-46 + 10log10(BWChannel /20)Note 3,5
	-413,5

	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 2: Based on the above analysis, the parameters of maximum input level are shown in Table 3. Considering the antenna gain of the sidelobes, the maximum input power could be assumed smaller than -37dBm for the omni-direction antenna model and -19dBm for the antenna array. (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)
	25.2
	25.2

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

	Maximum input level (dBm)
	36.8
	18.8



· Option 3: to use -35dBm (case 6) to derive the maximum input level for 4GHz and use -50dBm (case 3) as baseline to derive the maximum input level for 2GHz. (Huawei)
	Rx Parameter
	Units
	ATG UE Types
	Reference measurement channel

	
	
	Receiver characteristics specified at the antenna connector(s)
	Receiver characteristics specified at transceiver array boundary (TAB) connectors
	

	Power in Transmission Bandwidth Configuration
	dBm
	-50
	-35
	A.3.2.3 or A.3.3.3 for 64 QAM

	
	
	-52
	-37
	A.3.2.4 or A.3.3.4 for 256 QAM

	The applicable channel bandwidths
	MHz
	5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100

	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] with PCMAX_L,f,c as defined in clause [6.2.4].



· Option 4: It is proposed to define the maximum input level of -38 dBm for 2 GHz and -32 dBm for 4 GHz. (Ericsson)
	
	Omni-direction antenna
	Antenna array

	Carrier frequency (GHz)
	2
	4

	Distance (km)
	3
	3

	Path Loss (dB)
	108
	114

	BS output power
	46 dBm/20 MHz
	53 dBm/100 MHz

	BS antenna gain can assume (dBi)
	24
	24

	ATG UE antenna gain (dBi)
	0
	17, (element gain 5) 

	Maximum input level (dBm)
	-38
	-32



· Option 5: the maximum input power for ATG CPE is proposed as following: (ZTE)
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30 MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	90 MHz
	100
MHz

	Power in Transmission Bandwidth Configuration
	dBm
	-552
	-542
	-532
	-522
	-512
	-502

	
	
	-573
	-563
	-553
	-543
	-533
	-523

	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 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.



· Recommended WF
· Firstly, RAN4 discuss whether to specify the same maximum input level for different ATG UE types or specify different maximum input level for different ATG UE types.
· Secondly, to discuss the following way forward.
· If we take the theoretical worst case (3km minimum distance), we can go with option 2 or option 4.
· If we take the worst-case co-existence scenario (20km minimum distance), we can further trade-off the following options.
· Option 1
· Option 3
· Option 5
· Thirdly, RAN4 discuss whether to scale the maximum input level with different channel bandwidths

Sub-topic 3-2 Out-of-band blocking
Sub-topic description: 
Open issues and candidate options before f2f meeting:
Issue 3-2-1: Out-of-band blocking
· Proposal: 
· Option 1: RAN4 to reuse the legacy out-of-band blocking requirements for ATG UE.
· Option1a: use the existing requirements in TS 38.101-1 as baseline; if there are any regulatory requirement higher than baseline requirement, then regulatory requirement should be applicable.
· Option1b: The out of band blocking requirements in TS 38.101-1 could be reused as the baseline, and consider other interference to improve it.
· Option 1c: It is proposed to use -15 dBm as the OOB requirement and capture the note in Observation 2 into specification. 
· Observation 1	The OOB requirement depends on the environment of other radio transmitters and radar systems. The types, quantities, and transmission levels of these transmitters on the aircraft remain unclear.
· Observation 2	In 3GPP, the ATG UE OOB specification is defined to ensure the telecommunication link and there may be other sources of interference and regulatory issues that need to be considered when designing ATG UE, i.e. avionic equipment.
· Observation 3	The spurious response requirement depends on the environment of other radio transmitters and radar systems.
· Option 2: if 41dBm/MHz is assumed for Radio altimeters, the OOB blocking requirement is -3dBm/MHz (41dBm/MHz – 40 minimum coupling loss – 4dB body loss)
· Option 3: Others
· Recommended WF
· Use the existing out-of-band blocking requirements in TS 38.101-1 for ATG UE and capture the following note into specification.
· In 3GPP, the ATG UE OOB specification is defined to ensure the telecommunication link and there may be other sources of interference and regulatory issues that need to be considered when designing ATG UE, i.e. avionic equipment.

Sub-topic 3-3 Spurious response
Sub-topic description: 
Open issues and candidate options before f2f meeting:
Issue 3-3-1: Spurious response
· Proposal: 
· Option 1: It is proposed to use -15 dBm as the spurious response level.
· Option 2: use the receiver spurious response requirement (-44dBm) in TS 38.101-1 as baseline.
· Option 3: -44dBm or -32dBm Spurious response requirements.
· Recommended WF
· Use the existing receiver spurious response requirement (-44dBm) in TS 38.101-1 for ATG UE.


Sub-topic 3-4 Intermodulation characteristics
Sub-topic description: 
Open issues and candidate options before f2f meeting:
Issue 3-4-1: Intermodulation characteristics
· Proposal: 
· Option 1: The RX intermodulation requirement should be considered after the maximum input level and blocking requirements are determined.
· Option 2: Others
· Recommended WF
· Option 1

