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1. Introduction
In RAN4, discussions on NR NTN Ka-band are progressing, and VSAT UE has been introduced. Depending on the definition of Tx Power in VSAT UE, there may be a risk that sufficient communication performance cannot be ensured with GSO. This paper presents the link budget of the links that can be realized in communication with GSO with the currently assumed maximum Tx Power of 2W, and helps understand the importance of increasing VSAT UE Tx Power.
2. [bookmark: _Hlk126176045]Discussion
2.1 VSAT UE Tx Power Increase
2.1.1 Rel-18 status for Tx requirements of VSAT UE Class 1
In the discussions on the Tx requirements for Rel-18 NTN UE capabilities, a maximum EIRP limit of 76.2dBm has been agreed upon as the on-axis EIRP limit [1]. The value of the maximum EIRP limit of 76.2dBm assumes used in the co-existence study that the Tx Power is 2W (33dBm) and the Tx Antenna Gain is 43.2dBi [2, 3]. The Tx Antenna Gain of 43.2dBi is a value equivalent to a typical Ka-band parabolic antenna with a diameter of 60cm, which is reasonable for VSAT UE. Considering the co-existence study with TN, the Tx Power has been reduced. However, as shown in Table 1 and Table 2 below, a Tx Power requirement of 2W is imposed equally on both GSO and LEO. When the free space losses at GSO's altitude of 36,000 km and LEO's altitudes of 600 km and 1,200 km are considered, it is found that the free space loss for GSO, which has a longer propagation distance, is about 30dB greater. As a result, while a Tx Power of 2W will be sufficient for LEO, it could prove to be insufficient for GSO.

Table 1 Classification of VSAT UE Class 1 and Class 2
	  Fixed VSAT:
                            Electronic steering
                                             Class 1: 2.5 dB NF (LEO and GSO)
                                             Class 2: 6 dB NF (LEO only)
Mechanical steering
                                             Class 1: 2.5 dB NF (LEO and GSO)
 
   Mobile VSAT:
                             Electronic steering
                                             Class 1: 2.5 dB NF (GSO)
                             Mechanical steering
                                             Class 1: 2.5 dB NF (GSO)



Table 2 Tx requirement of VSAT UE Class 1
	
	Tx Power [W]
	Antenna Gain [dBi]
	NF [dB]
	UE types

	VSAT UE Class 1
	2W (33 dBm)
	Tx: 43.2 dBi
Rx: 39.7 dBi
	2.5 dB
	Type 1, Type 2


Observation 1:   Tx requirement of VSAT UE Class 1 applies the same requirement to both GSO and LEO.

Observation 2:   Due to the differences in propagation distances resulting from their respective altitudes, the free space loss of GSO is about 30dB greater than that of LEO.

2.1.2 Introduction of Ku-band NR NTN in Rel-19
In Release 18, RAN4 is actively discussing the introduction of Ka-band NR NTN. Moving forward to Release 19, there's a consideration for adopting Ku-band NR NTN, with a baseline to leverage as much as possible the methodology used in defining Ka-band NR NTN [4]. If the Tx Power of 2W is reused for VSAT UE aimed at Ku-band NR NTN, there will be a discrepancy with the use of Ku-band GSO satellite communications. Considering the free path loss, there is about a 30dB difference between GSO (altitude 36,000 km) and LEO (altitude 600 km or 1,200 km). Therefore, considering satellite communications for Ku-band GSO, a Tx Power of 2W will not be sufficient. 

One point of difference between Ku-band and Ka-band is that Ku-band do not frequency overlap with the frequency bands defined for use in TN at ITU.. Therefore, it is clear that the results of co-existence study will differ from those of Ka-band, and it is considered possible to differentiate Tx Power between Ku-band and Ka-band.

Proposal 1: We propose to study an appropriate Tx Power limit for Ku-band, which is different from that for Ka-band.

2.1.3 Link budget for VSAT UE uplink in Ku-band GSO
The table below lists the Link budget for VSAT UE uplink in Ku-band GSO. In that case, when comparing Tx Gain for antennas of the same diameter, the value for Ka-band is approximately 6dB higher than that for Ku-band. Considering this, the table below also examines antennas with diameters of 90cm and 120cm, in addition to the 60cm diameter antenna expected for Ka-band NR NTN VSAT UE. The GW station controlling the VSAT is assumed to have a 5m diameter antenna, and the satellite uses typical values for commercially used Ku-band GSO. Assuming full PRB usage and uplinking at a CBW of 50MHz, the Tx Power required to achieve a C/N margin of 1dB in the Link budget was calculated. 

For the calculations, three scenarios for the MCS were assumed: the worst-case scenario is QPSK 21/44 (spectral efficiency of 0.9bps/Hz), the normal case is QPSK 7/8 (spectral efficiency of 1.7bps/Hz), and the best-case is 16QAM 3/4 (spectral efficiency of 2.9bps/Hz).

Table 3 Link budget for VSAT UE uplink in Ku-band GSO
	　
	　
	　
	60cm 
Parabolic antenna (equivalent)
	90cm 
Parabolic antenna (equivalent)
	120cm 
Parabolic antenna (equivalent)

	Category
	Item
	Unit
	Worst: 
QPSK 21/44
	Normal: 
QPSK 7/8
	Best: 
16QAM 3/4
	Worst: 
QPSK 21/44
	Normal: 
QPSK 7/8
	Best: 
16QAM 3/4
	Worst: 
QPSK 21/44
	Normal: 
QPSK 7/8
	Best: 
16QAM 3/4

	Career
	Channel Bandwidth
	MHz
	50.0 
	50.0 
	50.0 
	50.0 
	50.0 
	50.0 
	50.0 
	50.0 
	50.0 

	
	Modulation
	　
	QPSK
	QPSK
	16QAM
	QPSK
	QPSK
	16QAM
	QPSK
	QPSK
	16QAM

	
	FEC Rate
	　
	 21/44
	  7/8 
	  3/4 
	 21/44
	  7/8 
	  3/4 
	 21/44
	  7/8 
	  3/4 

	
	Throughput
	Mbps
	45.4 
	83.3 
	142.9 
	45.4 
	83.3 
	142.9 
	45.4 
	83.3 
	142.9 

	Uplink
	Tx Antenna Diameter
	m
	0.6 
	0.6 
	0.6 
	0.9 
	0.9 
	0.9 
	1.2 
	1.2 
	1.2 

	
	Tx Antenna Gain
	dBi
	36.8 
	36.8 
	36.8 
	40.3 
	40.3 
	40.3 
	42.8 
	42.8 
	42.8 

	
	Transmit power
	dBm
	40.4 
	44.0 
	50.3 
	36.9 
	40.4 
	46.8 
	34.4 
	37.9 
	44.3 

	
	　
	W
	11.0 
	24.9 
	107.2 
	4.9 
	11.1 
	47.7 
	2.8 
	6.2 
	26.8 

	
	Uplink EIRP
	dBm
	77.2 
	80.8 
	87.1 
	77.2 
	80.8 
	87.1 
	77.3 
	80.8 
	87.1 

	
	Uplink path loss
	dB
	-207.1 
	-207.1 
	-207.1 
	-207.1 
	-207.1 
	-207.1 
	-207.1 
	-207.1 
	-207.1 

	
	Satellite G/T
	dB/K
	12.5 
	12.5 
	12.5 
	12.5 
	12.5 
	12.5 
	12.5 
	12.5 
	12.5 

	
	Bandwidth
	dBHz
	-76.8 
	-76.8 
	-76.8 
	-76.8 
	-76.8 
	-76.8 
	-76.8 
	-76.8 
	-76.8 

	
	Boltzmann Constant
	dBm/Hz･K
	-198.6 
	-198.6 
	-198.6 
	-198.6 
	-198.6 
	-198.6 
	-198.6 
	-198.6 
	-198.6 

	
	Uplink C/N
	dB
	4.5 
	8.0 
	14.4 
	4.5 
	8.0 
	14.4 
	4.5 
	8.0 
	14.4 

	Downlink
	Satellite EIRP
	dBm
	88.0 
	88.0 
	88.0 
	88.0 
	88.0 
	88.0 
	88.0 
	88.0 
	88.0 

	
	Output back-off
	dB
	22.4 
	18.9 
	12.5 
	22.4 
	18.9 
	12.5 
	22.4 
	18.9 
	12.5 

	
	Downlink path loss
	dB
	-205.8 
	-205.8 
	-205.8 
	-205.8 
	-205.8 
	-205.8 
	-205.8 
	-205.8 
	-205.8 

	
	Rx Antenna Diameter
	m
	5.0 
	5.0 
	5.0 
	5.0 
	5.0 
	5.0 
	5.0 
	5.0 
	5.0 

	
	Rx Antnna G/T
	dB/K
	33.3 
	33.3 
	33.3 
	33.3 
	33.3 
	33.3 
	33.3 
	33.3 
	33.3 

	
	Bandwidth
	dBHz
	-76.8 
	-76.8 
	-76.8 
	-76.8 
	-76.8 
	-76.8 
	-76.8 
	-76.8 
	-76.8 

	
	Boltzmann Constant
	dBm/Hz･K
	-198.6 
	-198.6 
	-198.6 
	-198.6 
	-198.6 
	-198.6 
	-198.6 
	-198.6 
	-198.6 

	
	Downlink C/N
	dB
	14.8 
	18.3 
	24.7 
	14.8 
	18.3 
	24.7 
	14.8 
	18.3 
	24.7 

	Total
	Total C/N
	dB
	4.1 
	7.6 
	14.0 
	4.1 
	7.6 
	14.0 
	4.1 
	7.6 
	14.0 

	
	Required C/N
	dB
	3.1 
	6.6 
	13.0 
	3.1 
	6.6 
	13.0 
	3.1 
	6.6 
	13.0 

	
	C/N Margin
	dB
	1.0 
	1.0 
	1.0 
	1.0 
	1.0 
	1.0 
	1.0 
	1.0 
	1.0 



 Focusing on a Tx Power of 2W, when calculating the throughput achievable during uplink to a GSO satellite at Tx Power is 2W, the results are as shown in the table below. With an antenna diameter of 60cm, the outcome in all scenarios is that it cannot reach up to 10Mbps. These results were calculated without considering interference, and it is expected that the outcomes would be even worse when taking into account interference that should be considered in satellite communications with GSO, such as adjacent satellite interference, cross-polarization interference, and inter-modulation.

Table 4 The throughput achievable for uplinking to GSO with a Tx Power of 2W
	　
	Tx Power:  2W
	

	　
	60cm
	90cm
	120cm
	

	Worst: 
QPSK 21/44
	8.2 
	18.5 
	32.9 
	

	Normal: 
QPSK 7/8
	6.7 
	15.1 
	26.8 
	

	Best: 
16QAM 3/4
	2.7 
	6.0 
	10.7 
	[Mbps]




Observation 2: In communications leveraging Ku-band GSO, a Tx Power of 2W for VSAT UE restricts the use of high spectral efficiency MCS, leading to a significant reduction in throughput when compared to traditional services utilizing GSO.

Proposal 2: To ensure the quality of communications, we propose to establish distinct Tx requirements for VSAT UE for Ku-band GSO, separate from those for LEO. 

As an example, the calculation results are shown below when the Tx Power is increased to 20W, which is commonly used in current GSO communication services. Even with the use of MCS with high spectral efficiency, the results show the ability to achieve practical communication performance.

Table 5 The throughput achievable for uplinking to GSO with a Tx Power of 20W
	　
	Tx Power:  20W
	

	　
	60cm
	90cm
	120cm
	

	Worst: 
QPSK 21/44
	45.4 
	45.4 
	45.4 
	

	Normal: 
QPSK 7/8
	66.9 
	83.3 
	83.3 
	

	Best: 
16QAM 3/4
	26.6 
	60.0 
	106.5 
	[Mbps]




Proposal 3: We propose adopting Tx Power such as 20W, which are commonly used in current GSO communication services, as examples.
3. Conclusions

Observation 1:   Tx requirement of VSAT UE Class 1 applies the same requirement to both GSO and LEO.

Observation 2:   Due to the differences in propagation distances resulting from their respective altitudes, the free space loss of GSO is about 30dB greater than that of LEO.

Proposal 1: We propose to study an appropriate Tx Power limit for Ku-band, which is different from that for Ka-band.

Observation 3: In communications leveraging Ku-band GSO, a Tx Power of 2W for VSAT UE restricts the use of high spectral efficiency MCS, leading to a significant reduction in throughput when compared to traditional services utilizing GSO.

Proposal 2: To ensure the quality of communications, we propose to establish distinct Tx requirements for VSAT UE for Ku-band GSO, separate from those for LEO. 

Proposal 3: We propose adopting Tx Power limit for Ku-band GSO such as 20W, which are commonly used in current GSO communication services, as examples.
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