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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 Tx requirements.
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2.1. Transmitter dynamic range requirement
The transmitter dynamic range requirement consist of three corresponding requirements: 1) the minimum output power; 2) the OFF power ; 3) power control related requirements. 
2.1.1 transmitter minimum output power
For the the minimum output power, considering the pathloss difference between low elevation angle (e.g. 30 degree) and high elevation angle (e.g. 90 degree), the expected pathloss difference would be around 3.65dB for GSO scenario and 8.07dB for LEO600km scenario. In addition, also considering the agreed minimum EIRP requirement 61dBm for LEO600km and 70dBm for GSO scenario, then the minimum output power should be defined as following:
· 61-9dB=52dBm for type3 UE supporting LEO 600km
· 71-4dB=67dBm for type 1/2/4/5 UE supporting other scenarios;
	Offline consensus:
For the minimum output power:
It should be calculated based on the closest distance with 90 degree elevation angle.
Agreement:
· For (type 3 UE) fixed VSAT supporting LEO only with electronical steering antenna, specify the minimum EIRP as 61 dBm under the assumption of 600km orbit.
· For  (type 1,2,4,5 UE),  specify the minimum EIRP as 70 dBm under the assumption of GSO. 



	
	GSO [type 1/2/4/5]
	LEO1200 [type 1/2/4/5]
	LEO600 [type 3]

	
	
	
	
	
	
	

	h
	35786.00 
	35786.00 
	1200.00 
	1200.00 
	600.00 
	600.00 

	R
	6378.00 
	6378.00 
	6378.00 
	6378.00 
	6378.00 
	6378.00 

	h+R.
	42164.00 
	42164.00 
	7578.00 
	7578.00 
	6978.00 
	6978.00 

	Elevation_degree
	30.00 
	90.00 
	30.00 
	90.00 
	30.00 
	90.00 

	Elevation_radian
	0.52 
	1.57 
	0.52 
	1.57 
	0.52 
	1.57 

	D2
	38611.64 
	35786.00 
	1999.15 
	1200.00 
	1075.19 
	600.00 

	f_MHz
	27000.00 
	27000.00 
	27000.00 
	27000.00 
	27000.00 
	27000.00 

	Pathloss_FreeSpace
	212.80 
	212.14 
	187.08 
	182.65 
	181.70 
	176.63 

	Atmosphere_loss
	2.00 
	2.00 
	2.00 
	2.00 
	2.00 
	2.00 

	NF [dB]
	3.50 
	3.50 
	3.50 
	3.50 
	3.50 
	3.50 

	BW [MHz]
	200.00 
	200.00 
	200.00 
	200.00 
	200.00 
	200.00 

	SNR [target SNR]
	-1.00 
	-1.00 
	-1.00 
	-1.00 
	-1.00 
	-1.00 

	IM
	2.00 
	2.00 
	2.00 
	2.00 
	2.00 
	2.00 

	SAN_AntennaGain
	55.50 
	58.50 
	35.50 
	38.50 
	35.50 
	38.50 

	EIRP_min
	72.81 
	69.15 
	67.09 
	59.66 
	61.71 
	53.64 

	Gain_element
	5.00 
	5.00 
	5.00 
	5.00 
	5.00 
	5.00 

	Tx_power_perPa
	5.00 
	5.00 
	5.00 
	5.00 
	5.00 
	5.00 

	Tx_Antenna_size_min
	1382.28 
	906.97 
	715.69 
	304.13 
	384.91 
	152.07 

	
	
	
	
	
	
	

	Tx_power
	33.00 
	33.00 
	33.00 
	33.00 
	33.00 
	33.00 

	Tx_Gain
	43.20 
	43.20 
	43.20 
	43.20 
	43.20 
	43.20 

	EIRP_max
	76.20 
	76.20 
	76.20 
	76.20 
	76.20 
	76.20 

	Tx_Antenna_size_max
	2041.74 
	2041.74 
	2041.74 
	2041.74 
	2041.74 
	2041.74 

	
	
	
	
	
	
	

	Wavelength [meter]
	0.01 
	0.01 
	0.01 
	0.01 
	0.01 
	0.01 

	Diameter [meter]
	0.36 
	0.36 
	0.36 
	0.36 
	0.36 
	0.36 



Proposal 1: to define the minimum output power as following:
· 61-9dB=52dBm for type3 UE supporting LEO 600km
· 71-4dB=67dBm for type 1/2/4/5 UE supporting other scenarios
2.1.2 transmitter minimum OFF power
Regarding the transmit OFF power for VSAT UE, the legacy OFF power is defined in order to minimize the impacts on the UE’s receiver in the vicinity, however for the VSAT device, the deployment density for VSAT device should be quite low compared with handheld UE, however considering the robustness of this requirement, it should be fine to reuse the existing FR2 UE OFF power requirements.  
1. The OFF output power 
1. Table 6.3.2-1: Transmit OFF power
	Operating band
	Channel bandwidth / Transmit OFF power (dBm) / measurement bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n512, n511, n510
	-35
	-35
	-35
	-35

	
	47.52 MHz
	95.04 MHz
	190.08 MHz
	380.16 MHz



Proposal 2: to reuse the existing FR2-1 UE OFF power requirement for VSAT UE. 
2.1.3 Transmit ON/OFF time mask
Regarding the transmit ON-OFF time mask, as clarified in [26], it is highly dependent on the PA ramping up time, PLL settling time and also some implement margins left. And VSAT is supposed to be more capable on the PA capability and might be also PLL settling time, therefore we propose to follow the existing transmit ON-OFF time mask requirements. 
In addition, it should be noted that RAN1 didn’t have any further Physical layer enhancement specific for Ka-band NTN operation, therefore the existing physical channel description in RAN4 specification should be still valid for Ka-band.


Figure 6.3.3.2-1: General ON/OFF time mask for NR UL transmission in FR2 [R4-1703046]
Proposal 3: reuse the existing FR2-1 UE transmit ON/OFF time mask power requirement for VSAT UE.
2.1.4 Power control
Power control requirements consist of absolute power control requirement and Relative and aggregated power tolerance for power control and the requirement itself serve for different purpose to ensure the network performance. 
For absolute power tolerance is used to characterize the open loop power control accuracy and will impact RACH performance, the impacts of absolute power control requirement on NTN PRACH channel under the Ka-band should be further checked.
For Relative and aggregated power tolerances are used to characterize closed loop power control accuracy and therefore will impact network throughput. 
From our understanding the deployment scenario for Ka-band NTN is quite different from TN deployment, therefore the performance under the same TN side condition will be also quite different. In other words, the existing power control requirement is also somehow not applicable for Ka-band VSAT since its intermediate power point (12db transmitter dynamic range if assuming 22.4dBm minimum EIRP requirement for PC3) is exceeding the transmit dynamic range requirement e.g.9dB for LEO600km and 4dB for GSO scenario. 
Table 6.3.4.2-1: Absolute power tolerance
	Power Range
	Tolerance

	Pint ≥ P ≥ Pmin
	± [14.0] dB

	Pmax ≥ P > Pint
	± [12.0] dB



Table 6.3.4.2-2: Intermediate power point
	Power Parameter
	Value

	Pint
	Pmax – 12.0 dB



Proposal 4: don’t reuse the existing power control requirement for NTN UE and further discuss the applicable requirement for it. 
2.2. SEM 
During the last RAN4 meeting, we agreed VSAT ACLR requirement as 14dB for both fixed VSAT and mobile VAST which is the same as Rel-17 GSO SAN ACLR requirement. In the current ITU-R SM.1541-6, the regulatory requirement is the same for earth station and space station. For the Ka-band, since its uplink spectrum is higher than 15GHz, then its reference bandwidth should be updated from 4kHz to 1MHz. During last RAN4 meeting, two proposals from the companies indeed are the same, however the final agreement was unfortunately not captured in the final WF. 
[image: ]
Proposal 5: propose to specify the VSAT SEM requirement as following:
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits
(dBm)

	Measurement bandwidth

	0 MHz  f < 2× BWUE
	0.5 MHz  f_offset < 2× BWUE + 0.5 MHz
	
	1 MHz

	NOTE 1: BWUE is in the unit of MHz.
NOTE 2: SE limit is spurious emission limit specified in spurious emission clause 6.6.5.
NOTE 3: PSD attenuation as in ITU-R SM.1541-6 [9], Annex 5 OoB domain emission limits for earth services.



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: define the minimum output power as following:
· 61-9dB=52dBm for type3 UE supporting LEO 600km
· 71-4dB=67dBm for type 1/2/4/5 UE supporting other scenarios
Proposal 2: reuse the existing FR2-1 UE OFF power requirement for VSAT UE. 
Proposal 3: reuse the existing FR2-1 UE transmit ON/OFF time mask power requirement for VSAT UE.
Proposal 4: don’t reuse the existing power control requirement for NTN UE and further discuss the applicable requirement for it. 
Proposal 5: propose to specify the VSAT SEM requirement as following:
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits
(dBm)

	Measurement bandwidth

	0 MHz  f < 2× BWUE
	0.5 MHz  f_offset < 2× BWUE + 0.5 MHz
	
	1 MHz

	NOTE 1: BWUE is in the unit of MHz.
NOTE 2: SE limit is spurious emission limit specified in spurious emission clause 6.6.5.
NOTE 3: PSD attenuation as in ITU-R SM.1541-6 [9], Annex 5 OoB domain emission limits for earth services.
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2 ‘O0B masks for fixed-satel

The OoB domain emissions of a station operating in the bands allocated to the FSS should be
attenuated below the maximum psd, in a reference bandwidth of 4 kHz (for systems operating above
15 GHz a reference bandwidth of 1 MHz may be used in place of 4 kHz) within the necessary
bandwidth, by the following:

service (FSS) earth and space stations

40l0g (EHJ aBsd
50

where F is the frequency offset from the edge of the total assigned band, expressed as a percentage
of necessary bandwidth. It is noted that the OoB emission domain starts at the edges of the total
assigned band.




