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Introduction

The following Satellite 5G NR NTN (Non-Terrestrial Networks) technical documents have been approved at the 3GPP RAN-Plenary #96 (Budapest, 6th-9th of June 2022) for the Release-17 NTN satellite connectivity using FR1 S-band (n256) and FR1 L-band (n255):
· Technical Specification TS 38.108 (NR; Satellite Node radio transmission and reception);
· Technical Specification TS 38.101-5 (NR; User Equipment (UE) radio transmission and reception; Part 5: Satellite access Radio Frequency (RF) and performance requirements);
· Technical Report TR 38.863 (Non-terrestrial networks (NTN) related RF and co-existence aspects);

From Article 5 of the ITU Radio Regulations (RR) the mobile operation of ESIMs is also described in the following footnotes,
· 5.527A The operation of earth stations in motion communicating with the FSS is subject to Resolution 156 (WRC-15). (WRC-15)
· 5.517A The operation of earth stations in motion communicating with geostationary fixed-satellite service space stations within the frequency bands 17.7-19.7 GHz (space-to-Earth) and 27.5-29.5 GHz (Earth-to-space) shall be subject to the application of Resolution 169 (WRC-19). (WRC-19)  

Currently, the SAN requirements in above 10 GHz are defined. Please refer to R4-2309770 “WF on above 10 GHz SAN RF requirements” (CATT):
OTA reference sensitivity level
The OTA reference sensitivity level will be defined 


Where 
PkT = -174 dBm/Hz
NF will be aligned with the co-existence study assumption conclusion,
SNR FFS,
IM = 2 dB,
The following is used for the starting point for G:
G = [50.5-58.5] dBi, [30.5-38.5] dBi, and [30.5-38.5] dBi for GEO, LEO-1200, and LEO-600.
Note: The above Rx max Gain ranges are taken from Table 6.1.1.1-1 and Table 6.1.1.1-2 of TR 38.821.
Table 6.1.1.1-1: Set-1 satellite parameters for system level simulator calibration
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	Ka-band (i.e. 30 GHz for UL)
	3.33 m
	0.33 m
	0.33 m

	G/T
	
	28 dB K-1
	13 dB K-1
	13 dB K-1

	Satellite RX max Gain
	
	58.5 dBi
	38.5 dBi
	38.5 dBi



Table 6.1.1.1-2: Set-2 satellite parameters for system level simulator calibration
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]

	Equivalent satellite antenna aperture (Note1)
	Ka-band (i.e. 30 GHz for UL)
	1.33 m
	0.13 m
	0.13 m

	G/T
	
	20 dB K-1
	5 dB K-1
	5 dB K-1

	Satellite Rx max Gain
	
	50.5 dBi
	30.5 dBi
	30.5 dBi

	NOTE 1:	This value is equivalent to the antenna diameter in Sec. 6.4.1 of [2].
NOTE 2:	This beam size refers to the Nadir pointing of the satellite 
NOTE 3:	All these satellite parameters are applied per beam.
NOTE 4:	The EIRP density values are considered identical for all frequency re-use factor options.



FRC can be discussed in future meetings.

Out of band blocking
FFS if this requirement is needed. Companies are encouraged to contribution on the justification for the necessity of this requirement.

This contribution considers specific NTN SAN requirements and NTN SAN NF values to be considered for NTN in above 10 GHz.

Discussion with respect to SAN NF
In the case of coexistence scenarios there were several discussions if SAN NF should be considered 3.5 dB and/or 5.9dB. The calibration considered 5.9dB (just for the sake of comparison) but simulation is not clear so far since not in line with SAN broadband service in Ka-band. 
It was also discussed offline the possibility of 2 SAN classes to be introduced with respect to the NF value.
2.1 THALES initial proposal (R4-2302535 – Section 3.2)
“Satellite transmit and receive parameters with respect to satellite orbit are summarised in the tables below (Option 1 or Option 2 expressed above give similar results).
	SAN parameters

	GEO

	LEO-1200 km
	LEO-600 km

	Satellite altitude (km)
	35786
	1200
	600

	3 dB beamwidth (°)
	0,18
	1,76
	1,76

	Satellite beam diameter at nadir (km)
	110
	37
	18



One can notice that the values are very similar with the ones from TR 38.821: 110, 40 and 20 km beam diameter respectively.
Moreover, the following set of SAN parameters are proposed for Ka-Band in DL (Set-1 from TR 38.821):
Ka-Band DownLink (i.e. ~20 GHz for DL) for different satellite orbits
	SAN parameters

	GEO

	LEO-1200 km
	LEO-600 km

	Equivalent satellite antenna aperture (m) 
	5,0
	0,5
	0,5

	Satellite EIRP density (dBW/MHz)
	40
	10
	4

	Satellite Tx max Gain (dBi)
	58,5
	38,5
	38,5



In TR 38.821 one can find the following set of SAN parameters proposed for Ka-Band in UL:
Ka-Band UpLink from previous TR 38.821 (i.e. ~30 GHz for UL)

	SAN parameters

	GEO

	LEO-1200 km
	LEO-600 km

	Equivalent satellite antenna aperture (m)
	3,33
	0,33
	0,33

	G/T max (dB/K)
	28,0
	13,0
	13,0

	Satellite RX max Gain (dBi)
	58,5
	38,5
	38,5

	Earth temperature (K)
	290
	290
	290

	Satcom Repeater Noise Figure (dB)
	5,9
	0,9
	0,9



Recent state of the art indicates lower NF values for Ka-band compared to the ones proposed in TR 38.821. In “Ka-Band Low Noise Amplifier Sub-System Module for Communication Satellite payload” (S. K. Jain and all), a value between 2.6-2.8 dB NF is considered. Therefore, in order to have more realistic NTN-TN coexistence simulations in Ka-band, we therefore propose to consider a 3.5 dB NF value for all satellite orbits/SAN types. This will have natural implications on the G/T values which have been updated accordingly in the table below.
Therefore, the following set of SAN parameters are proposed for Ka-Band in UL:
Ka-Band UpLink (i.e. ~30 GHz for UL) – [new proposal, more realistic]

	SAN parameters

	GEO

	LEO-1200 km
	LEO-600 km

	Equivalent satellite antenna aperture (m)
	3,33
	0,33
	0,33

	G/T max (dB/K)
	30,4
	10,4
	10,4

	Satellite RX max Gain (dBi)
	58,5
	38,5
	38,5

	Earth temperature (K)
	290
	290
	290

	Satcom Repeater Noise Figure (dB)
	3,5
	3,5
	3,5


“
G/T max was computed such as G/T= Satellite RX max Gain (dBi)-10*log10(Earth temperature(K)+ Repeater temperature (K)), where Repeater temperature (K)=290*(10^(NF/10)-1) and NF=3.5 dB. Therefore, one can find the following values:
- for LEO case: G/T=38,5dBi-10*log10(290K+359,23K)=10,4 dB/K;
- for GEO case: G/T=58,5dBi-10*log10(290K+359,23K)=30,4 dB/K.
2.2 Noise Figure Analysis and Comparison with Qualcomm Contribution (R4-2309508)
Following Qualcomm methodology presented in R4-2309508 and information provided in R4-2312120 (by THALES, see also information on LNA for Ka-band) is it possible to derive a SAN NF of maximum 3.5 dB with the following parameters:The expression for overall system temperature is given by

where 
· Ta is the antenna temperature (assumed to be 290 K), 
· L is the front-end loss before the LNA (assumed to be 0,5 dB), 
· TR and GR are the noise temperature and gain of the LNA (LNA NF 2,1 dB, GR  40 dB), and f is the noise figure of the rest of the receiver beyond the LNA (assumed 6 dB).  
The system noise temperature is averaged across all LNA’s reported and then converted to an equivalent noise figure by the following equation

 


With the following explicative figure R4-2309508:

TR, GR
Ta

f
L

Reference point for NF computation



Using an LNA noise temperature = 290*(10^(0,1*NF)-1) [K] = 180,32 K for a NF of 2.1dB, the following result may be determined:
	Antenna noise (K)
	losses (dB)
	losses (lin)

	Rx Gain (dB)
	Rx Gain (lin)
	f (dB)
	f (lin)

	TS(K)

	NF(dB)

	G/T (dB/K)


	
290K

	
0,5

	1,12201845


	
40

	10000


	
6

	3,98107171


	527,8047191


	2,60075271


	
11,3 (LEO) – 31,3 (GEO) with respect to Set-1 antenna gains



Observation 1: SAN NF can be around 2.6 dB, and if we allow 1 more dB extra margin, NF 3.5 dB is more than achievable.

Using an LNA noise temperature = 290*(10^(0,1*NF)-1) [K] = 237,71 for a NF of 2.6 dB, the following result may be determined:
	Antenna noise (K)
	losses (dB)
	losses (lin)

	Rx Gain (dB)
	Rx Gain (lin)
	f (dB)
	f (lin)

	TS(K)

	NF(dB)

	G/T (dB/K)


	
290K

	0,5
	1,12201845


	60
	1000000


	6
	3,98107171


	592,1013285


	3,09998038


	
10,7 (LEO) – 30,7 (GEO) with respect to Set-1 antenna gains



For all these reasons, we provide the following proposals:
Proposal 1: RAN4 to use 1 single SAN NF of 3.5 dB in above 10 GHz.
Proposal 2: If companies do not agree with Proposal 1, RAN4 to use 2 NF values of 3.5 dB and 5.9 dB for SAN in above 10 GHz, and define 2 different satellite classes.

2.2 Proposals for Set-1/Set-2 SAN parameters
Proposal 3: RAN4 to use Set-1 for SAN parameters.

Conclusions
Observation 1: SAN NF can be around 2.6 dB, and if we allow 1 more dB extra margin, NF 3.5 dB is more than achievable.
Proposal 1: RAN4 to use 1 single SAN NF of 3.5 dB in above 10 GHz.
Proposal 2: If companies do not agree with Proposal 1, RAN4 to use 2 NF values of 3.5 dB and 5.9 dB for SAN in above 10 GHz, and define 2 satellite classes.
Proposal 3: RAN4 to use Set-1 for SAN parameters.
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