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Introduction
In RAN#92e meeting, the work item [RP-221819] on NR NTN (Non-Terrestrial Networks) enhancements was approved as one of Rel-18 RAN1/2/3 package. In the previous RAN4 meeting, we reached good progress on the VSAT RF requirements, however there are still some remaining issues left for further discussions. In this contribution, we would like to share some further views on these remaining Rx requirements.
	Online agreement
Issue 1-1: Maximum TRP
Online Agreement:
· For type 1 and type 4 with mechanical steering antenna (e.g. parabolic antenna) 
· 35dBm
· For type 2,3, 5 with electronic steering antenna (e.g. phase antenna array) 
· 35dBm, 40dBm or 45dBm for further decision in this meeting.
Offline agreement:  
For maximum TRP:
· For type 2,3, 5 with electronic steering antenna (e.g. phase antenna array) 
· [43dBm] for further ACLR evaluation; if there is coexistence issue identified for 43dBm next meeting, then set 40dBm as maximum TRP power; 
· The maximum EIRP 76.2 is not changed, the antenna gain for other TRP values could further adjusted; 
Offline agreement:  
For the minimum peak EIRP requirement:
· To state in RAN4 spec to declare the supported elevation angles to comply the minimum peak EIRP requirement and leave the test for RAN5 discussion. 

Issue 1-2: Minimum output power
WF:
Not to define the transmitter Minimum controlled output power requirement; 
Issue 1-3: Transmit ON-OFF power 
· Recommended for further discussion: 
·  Option 1: reusing FR2 BS OFF power requirement  -36dBm/MHz
Online Agreement: 
· Agree on Option 1.
Issue 1-4: Transmit ON-OFF time mask
Online Agreement: 
· Transient period for FR2-NTN is 5us.
Issue 1-5:  Transmit freq error
· Recommended Agreement: 
·  Follow the agreement reached in R4-232197 with fixed doppler shift.
· Time varying doppler shift will be discussed in Rel-19 RAN4 NTN WID.
Issue 1-6:  Transmit modulation quality
· Recommended Agreement: 
·  Follow the agreement reached in R4-2317648, R4-2321974
Issue 1-7:  SEM
Online Agreement: 
· Agree on proposal 4.
· FFS on definition of P_(rated,UE)
Offline agreement for  NS indication for regional requirements 
Step 1: to make the regulatory requirement clear and applicable to which bands; 
Step 2: to further discuss how to arrange the regulatory requirement in the specification next meeting;

Issue 1-8:  Power control requirement
Online Agreement: 
· No requirement for power control for Ka band for NR-NTN UE
Issue 1-9:  MPR requirement for type 2 and type 5 to meet OFF-axis EIRP requirement
Offline agreement:  
For type 2 an type 5,  the power reduction for OFF-axis EIRP requirement might be needed and the exact value is left for the implementation; 

Issue 2-1  Minimum EIS requirement
Online Agreement:
· for type 3 UE, to specify minimum EIS as -115.6dBm for 50MHz, for the other channel bandwidth, the corresponding EIS requirement could be scaled with PRB based compared with 50MHz; 
· for type 1/2/4/5 UE, to specify minimum EIS as -122dBm for 50MHz, for the other channel bandwidth, the corresponding EIS requirement could be scaled with PRB based compared with 50MHz

Issue 2-2: Maximum input power
Online Agreement: 
· For type 3, 
· [-101]dBm as maximum input power with 64QAM
· For type 1/2/4/5:
· -109.6dBm with 16QAM or [64QAM]. 
· FFS for QPSK
· The exact MCS or coding rate for FRC of maximum input power need further discussion and confirmation.
Issue 2-5: Polarization characteristics
Online Agreement: 
· Either RHCP or LHCP is supported by Ka band VSAT in Rel-18
Open for further discussion 
Issue 1-11: Antenna performance
· Proposal 1: Specify Antenna performance requirements for band n511 and n510 based on FCC 47 CFR 25.209. [Ericsson, R4-2404939]
· Proposal 2: Antenna point accuracy should not be introduced into the spec until RAN4 fully discuss such requirements in detail.  [Huawei, R4-2405339]
Recommended WF: 
·  Further discuss the proposal 1
· To clarify anything is not clear for antenna point accuracy. 
Issue 1-7:  SEM
Online Agreement: 
· Agree on proposal 4.
· FFS on definition of P_(rated,UE)
· FFS for the boundary for SEM and spurious emission requirements.
Issue 1-7:  SEM
Online Agreement: 
· Agree on proposal 4.
· FFS on definition of P_(rated,UE)
· FFS for the boundary for SEM and spurious emission requirements.
Issue 2-2: Maximum input power
· FFS on Whether the maximum input power should be aligned with ACS interfering signal power level;
Issue 2-3: ACS 
· FFS on the test parameters for ACS requirement

Issue 2-4: Antenna off-axis performance
· Proposal 1: Specify Rx antenna off-axis performance requirements for band n512 based on ETSI EN 301 360, EN 301 459, EN 303 699, EN 303 978. [Ericsson, Thales, R4-2404940]
· Recommended WF: 
 Need further discussions online.
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2.1. The maximum input power
During the last RAN4 meeting, we reached the following consensus for maximum input power, however there are still some further issues to be further discussed. In the following section, we want to share some further analysis on the following issues based on assumption SAN Tx power as 62dBm EIRP for LEO at peak direction and 92dBm EIRP for SAN at peak direction, however the applicable MCS or modulation order need to be further checked.
	Agreement:
For type 3, for the maximum input power requirement, for Ka-band VSAT, only to define the requirement up to [16/64QAM]. 
· FFS on the coding rate when defining the FRC configuration for [16/64QAM] maximum input power.
· FFS on the value for maximum input power level.  
· Note: for 64QAM modulation order, the lower orbits compared with 600KM might be considered .

For type 1/2 capable of connecting with both GSO and LEO, for the maximum input power requirement, for Ka-band VSAT, only to define the requirement up to [16/64QAM] under the LEO assumption as maximum input power
· FFS on the coding rate when defining the FRC configuration for [16/64QAM/] maximum input power.
· FFS on the value for maximum input power level.  

For type 4/5 capable of connecting with GSO, for the maximum input power requirement, for Ka-band VSAT, only to define the requirement up to [16/64QAM/] under the GSO assumption as maximum input power 
· FFS on the coding rate when defining the FRC configuration for [16/64QAM/] maximum input power.
· FFS on the value for maximum input power level.  



	
	GSO
	LEO1200
	LEO600 (set 1)
	LEO600 (set 2)

	
	
	
	
	
	
	
	
	

	h
	35786.00 
	35786.00 
	1200.00 
	1200.00 
	600.00 
	600.00 
	600.00 
	600.00 

	B
	6378.00 
	6378.00 
	6378.00 
	6378.00 
	6378.00 
	6378.00 
	6378.00 
	6378.00 

	r
	42164.00 
	42164.00 
	7578.00 
	7578.00 
	6978.00 
	6978.00 
	6978.00 
	6978.00 

	Elevation_degree
	30.00 
	90.00 
	45.00 
	90.00 
	45.00 
	90.00 
	45.00 
	90.00 

	Elevation_radian
	0.52 
	1.57 
	0.79 
	1.57 
	0.79 
	1.57 
	0.79 
	1.57 

	D2
	38611.64 
	35786.00 
	1579.95 
	1200.00 
	814.83 
	600.00 
	814.83 
	600.00 

	f_MHz
	17000.00 
	17000.00 
	17000.00 
	17000.00 
	17000.00 
	17000.00 
	17000.00 
	17000.00 

	Pathloss_FreeSpace
	208.78 
	208.12 
	181.02 
	178.63 
	175.27 
	172.61 
	175.27 
	172.61 

	Atmosphere_loss
	2.00 
	2.00 
	2.00 
	2.00 
	2.00 
	2.00 
	2.00 
	2.00 

	NF [dB]
	2.50 
	2.50 
	2.50 
	2.50 
	2.50 
	2.50 
	6.00 
	6.00 

	BW [MHz]
	50.00 
	50.00 
	50.00 
	50.00 
	50.00 
	50.00 
	50.00 
	50.00 

	Target SNR for DL 64QAM
	6.00 
	9.50 
	6.80 
	12.00 
	12.50 
	18.00 
	9.00 
	15.00 

	IM
	2.00 
	2.00 
	2.00 
	2.00 
	2.00 
	2.00 
	2.00 
	2.00 

	SAN_AntennaGain
	55.50 
	55.50 
	55.50 
	55.50 
	55.50 
	55.50 
	55.50 
	58.50 

	SAN_TxPower [dBm]
	88.99 
	91.99 
	61.99 
	64.99 
	61.99 
	64.99 
	61.99 
	64.99 

	MaxInputPower
	-121.79 
	-118.13 
	-121.03 
	-115.64 
	-115.28 
	-109.62 
	-115.28 
	-109.62 

	Gain_element
	5.00 
	5.00 
	5.00 
	5.00 
	5.00 
	5.00 
	5.00 
	5.00 

	Rx_Antenna_size_min
	1067.42 
	1028.78 
	1076.93 
	1031.00 
	1064.22 
	1026.13 
	1064.22 
	1151.33 
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	Issue 2-2: Maximum input power
Online Agreement: 
· For type 3, 
· [-101]dBm as maximum input power with 64QAM
· For type 1/2/4/5:
· -109.6dBm with 16QAM or [64QAM]. 
· FFS for QPSK
· The exact MCS or coding rate for FRC of maximum input power need further discussion and confirmation.
Issue 2-2: Maximum input power
· FFS on Whether the maximum input power should be aligned with ACS interfering signal power level;
Issue 2-3: ACS 
· FFS on the test parameters for ACS requirement



In the last RAN4 meeting, there were some discussions whether maximum input power should be aligned with interference signal power of Case 2 ACS requirement similar as the legacy UE. From our understanding, this is not needed since the maximum input power from satellite should be much lower than the potential interference signal from the terrestrial network. To test the maximum input power with non-reasonable power level will mislead the VSAT design. Secondly, interference signal of Case 1 ACS requirement will have two test purposes which is somehow slightly different from legacy UE:
1) The adjacent channel selectivity;
2) To regulate the receiver dynamic range requirement which is similar as ACS Case 2 requirement and legacy maximum input power;
Therefore the receiver dynamic range requirement is still tested by ACS requirement and not tested by maximum input power anymore which is something new to VSAT compared with legacy specification. 
Proposal 1:
· For the type 3, to specify the maximum input power as -101dBm for all channel bandwidth and applicable modulation order as 64QAM
· For the type 1,2,4,5, to specify the maximum input power as -109.6Bm for all channel bandwidth and applicable modulation order as 16QAM and [64QAM] 
2.2. ACS
In the last RAN4 meeting, we reached the consensus for ACS requirement for VSAT UE. Accordingly, the test parameter for ACS requirement could be defined as following.  In addition, it should be noted that Case 1 has already the maximum potential interference signal, therefore the test parameters for Case 2 is not needed since the maximum input power is much lower than interfering signal power level. 
	Issue 1-1: NTN VSAT UE ACS
Agreement: 
1. The summary of co-existence study results of VSAT UE ACS will be capture in TR 38.863 Chapter 6. The suggested ACS value for UE could be different and captured in Chapter 8 with some notes elaborating reasons. 
2. NTN VSAT UE ACS value is 25dBc.



Proposal 1: to define the ACS requirement for VSAT as following without Case 2 ACS requirement defined:
Table 7.5-1: Adjacent channel selectivity
	Operating band
	Units
	Adjacent channel selectivity / Channel bandwidth

	
	
	50
MHz 
	100
MHz
	200
MHz
	400
MHz

	n512, n511, n510
	dB
	25
	25
	25
	25



Table 7.5-2: Test parameters for adjacent channel selectivity, Case 1
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	50 MHz 
	100 MHz
	200 MHz
	400 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + 14 dB

	PInterferer for band n512, n511, n510
	dBm
	REFSENS 
+ 37.5 dB
	REFSENS +37.5 dB
	REFSENS 
+37.5 dB
	REFSENS 
+37.5 dB

	BWInterferer 
	MHz
	50
	100
	200
	400

	FInterferer (offset)
	MHz
	50
/
-50
NOTE 3
	100
/
-100
NOTE 3
	200
/
-200
NOTE 3
	400
/
-400
NOTE 3

	NOTE 1:	The interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided dynamic OCNG Pattern as described in Annex A.3.2 and set-up according to Annex C.
NOTE 2:	The REFSENS power level is specified in Clause 7.3.2, which are applicable to different UE power classes.
NOTE 3:	The absolute value of the interferer offset FInterferer (offset) shall be further adjusted to (CEIL(|FInterferer|/SCS) + 0.5)*SCS MHz with SCS the sub-carrier spacing of the wanted signal in MHz. Wanted and interferer signal have same SCS.



Conclusions
In this contribution, we want to share some further views on VSAT RF requirements for NTN in Ka-band.and proposals are made as following:
Proposal 1:
· For the type 3, to specify the maximum input power as -101dBm for all channel bandwidth and applicable modulation order as 64QAM
· For the type 1,2,4,5, to specify the maximum input power as -109.6Bm for all channel bandwidth and applicable modulation order as 16QAM and [64QAM] 
Proposal 2: to define the ACS requirement for VSAT as following without Case 2 ACS requirement defined:
Table 7.5-1: Adjacent channel selectivity
	Operating band
	Units
	Adjacent channel selectivity / Channel bandwidth

	
	
	50
MHz 
	100
MHz
	200
MHz
	400
MHz

	n512, n511, n510
	dB
	25
	25
	25
	25



Table 7.5-2: Test parameters for adjacent channel selectivity, Case 1
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	50 MHz 
	100 MHz
	200 MHz
	400 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + 14 dB

	PInterferer for band n512, n511, n510
	dBm
	REFSENS 
+ 37.5 dB
	REFSENS +37.5 dB
	REFSENS 
+37.5 dB
	REFSENS 
+37.5 dB

	BWInterferer 
	MHz
	50
	100
	200
	400

	FInterferer (offset)
	MHz
	50
/
-50
NOTE 3
	100
/
-100
NOTE 3
	200
/
-200
NOTE 3
	400
/
-400
NOTE 3

	NOTE 1:	The interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided dynamic OCNG Pattern as described in Annex A.3.2 and set-up according to Annex C.
NOTE 2:	The REFSENS power level is specified in Clause 7.3.2, which are applicable to different UE power classes.
NOTE 3:	The absolute value of the interferer offset FInterferer (offset) shall be further adjusted to (CEIL(|FInterferer|/SCS) + 0.5)*SCS MHz with SCS the sub-carrier spacing of the wanted signal in MHz. Wanted and interferer signal have same SCS.
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