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Introduction
The SI on “Study on Solutions for NR to Support Non-Terrestrial Networks” was approved in RAN#80 meeting [1] and further updated in RAN#82 meeting [2]. The RAN1 objectives have been reported below.
· Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
· Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]
In RAN1 #96bis meeting, some satellite payload parameters (from Table 2 and Table 3 in [5]) have been agreed for calibration in NTN performance evaluation. 
However, during the meeting, some questions about were raised the satellite beam diameter computation, and the request for a second set of satellite configuration was considered beneficial for alternative analysis on the NTN performance.
In this contribution, we review the beam diameter computation and clarify the values obtained in the first set [5]. In addition, another set of satellite parameters has been added, aiming at larger beam diameters.
Satellite Beam Size Computation
In [5], the satellite beam diameter have been derived from a typical approximation of the 3 dB beamwidth generated by a satellite parabolic antenna. The formula is:
		(1)
where  is the satellite carrier wavelength and D is the antenna diameter. The 3 dB beamwidth is twice the angular value .
However, since the satellite antenna gain pattern is agreed and is given in section 6.4.1 of TR 38.811, it recommended to compute the angular value  directly from the generated radiation pattern[footnoteRef:1]. [1:   The  value is the numerical solution for which the antenna gain pattern is equal to 0.5, i.e., the power drops of 3 dB with respect to the maximum value (the boresight direction).] 

Proposal 1: As far as the beam size computation is concerned, it is recommended to compute the  value directly from the generated radiation pattern.
Once derived the angular value, the satellite beam radius (or diameter) generated on-ground can be computed looking at the geometry reported in Figure 1.
[image: ]
[bookmark: _Ref7705524]Figure 1: Satellite geometry for computing the beam radius
In particular, the specific formulas for deriving the satellite beam radius on ground are given in the following.



		(2)
When choosing , the Eq. (2) provides the typical beam radius (i.e., 3dB contour).
Based on the described procedure, the updated values of the beam diameters generated by the agreed Set-1 in RAN1 #96bis meeting have been reported in the table below. It shall be noted that these diameters referred to the beam generated around the sub-satellite point (i.e., Nadir pointing of the satellite). Of course, decreasing the elevation angle, , from which the satellite is seen on-ground, the beam diameter might increase up to a factor of two (or even three times for very low elevation values).
Table 1: Satellite beam diameter on-ground (i.e., 3dB contour) generated with the Set-1 configuration.
	Frequency band
	S-band
	S-band
	S-band
	Ka-band
	Ka-band
	Ka-band

	Satellite altitude, H [km]
	35786
	1200
	600
	35786
	1200
	600

	Satellite antenna aperture [m]
	22
	2
	2
	5
	0.5
	0.5

	Carrier frequency [GHz]
	2
	2
	2
	20
	20
	20

	 [degrees]
(from the satellite antenna pattern and then equation 2)
	0.20
	2.20
	2.20
	0.09
	0.88
	0.88

	Satellite beam diameter [km]
	250
	90
	50
	110
	40
	20



Set-1 Errata Corrige
After reviewing the values reported in [5], it has been noted a typo in the G/T for LEO S-band. In fact, for both LEO-1200 and LEO-600, the correct G/T value is 1.1 dB K-1.
Proposal 2: Due to a typo, it is recommended to amend the G/T to 1.1 dB K-1 for both LEO S-band altitude.
In addition, it has been noted that the wrong antenna size has been used in the GEO Ka-band G/T computation, leading to a drop in the receiver antenna gain of 6 dB. In fact, for a 5 meter antenna aperture in Ka-band, the typical G/T is 28 dB K-1.
Proposal 3: Due to a mistake, it is recommended to amend the G/T to 28 dB K-1 for the GEO Ka-band case.

Set-2 Satellite parameters
During the RAN1 #96bis it was discussed that a second set of typical satellite payload characteristics might be useful to address different deployment scenarios and to target several use cases (from eMBB to mMTC). From this point of view, the agreed Set-1 can be associated to e-MBB services. 
In the following, another set of downlink and uplink parameters are listed in Table 2 and Table 3, respectively. The spirit followed in this design has been driven by the necessity to decrease the power on-ground in the order of 6-8 dB and to enlarge the satellite beam diameter. The straightforward result has been the reduction of the equivalent satellite antenna aperture for all configurations[footnoteRef:2]. [2:  For parabolic antennas, the following relationship is valid: reducing the antenna diameter of a factor k (i.e., D2 = D1/k), this yields to decrease of a factor 20*log10(k) the EIRP value.] 

[bookmark: _Ref2158016]Table 2: Example of satellite parameters and payload characteristics for downlink transmissions
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35’786 km
	1’200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in [3]
	Section 6.4.1 in [3]
	Section 6.4.1 in [3]

	Equivalent satellite antenna aperture (Note 1)
	S-band
	12 m
	1 m
	1 m

	Satellite EIRP density
	
	53.5 dBW/MHz
	34 dBW/MHz
	28 dBW/MHz

	Satellite beam diameter (Note 2)
	
	450 km
	190 km
	90 km

	Equivalent satellite antenna aperture (Note 1)
	Ka-band
	2 m
	0.2 m
	0.2 m

	Satellite EIRP
	
	32 dBW/MHz
	2 dBW/MHz
	-4 dBW/MHz

	Satellite beam diameter (Note 2)
	
	280 km
	90 km
	50 km

	Note 1: This value is equivalent to the antenna diameter to be used in Sec. 6.4.1 of [3].
Note 2: As reported in the previous section, this beam size refers to the Nadir pointing of the satellite


[bookmark: _Ref2177764]
[bookmark: _Ref7799099]Table 3: Example of satellite parameters and payload characteristics for uplink transmissions
	Parameters/Scenarios
	GEO
	LEO-1200
	LEO-600

	Satellite antenna pattern
	Section 6.4.1 in [3]
	Section 6.4.1 in [3]
	Section 6.4.1 in [3]

	Equivalent satellite antenna aperture (Note1)
	S-band
	12 m
	1 m
	1 m

	G/T
	
	14 dB K-1
	-4.9 dB K-1
	-4.9 dB K-1

	Equivalent satellite antenna aperture (Note1)
	Ka-band
	2 m
	0.2 m
	0.2 m

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

	Note 1: This value is equivalent to the antenna diameter to be used in Sec. 6.4.1 of [3].



Proposal 4: As far as the alternative set (i.e., Set-2) is concerned, it is recommended to adopt Table 2 and Table 3 to describe the main satellite parameters for downlink and uplink transmissions, respectively.

Satellite Payload Impairments
Since during the RAN1 #96bis meeting there was no time to discuss and to agree on the satellite impairments, these table below are reported again for completeness.
[bookmark: _Ref7800589]Table 4: Satellite downlink impairments.
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Max Satellite Doppler shift (Note 1)
	S-band
	up to 300 Hz
[ ~ 0.15 ppm]
	40 kHz
[ 20 ppm]
	48 kHz
[ 24 ppm]

	Max Satellite Doppler rate (Note 1)
	
	N/A
	180 Hz/s
[ 0.09 ppm/s]
	544 Hz/s
[ 0.27 ppm/s]

	Satellite amplifier
	
	Table 9 in Annex 2
	Table 9 in Annex 2
	Table 9 in Annex 2

	Satellite phase noise
	
	Table 6 in Annex 1
	Table 6 in Annex 1
	Table 6 in Annex 1

	Max Satellite Doppler shift
(Note 1)
	Ka-band
	Up to 3 kHz
[ ~ 0.15 ppm]
	400 kHz
[ 20 ppm]
	480 kHz
[ 24 ppm]

	Max Satellite Doppler rate
(Note 1)
	
	N/A
	1.80 kHz
[ 0.09 ppm/s]
	5.44 kHz
[ 0.27 ppm/s]

	Satellite amplifier
	
	Table 8 in Annex 2
	Table 9 in Annex 2
	Table 9 in Annex 2

	Satellite phase noise
	
	Table 7 in Annex 1
	Table 7 in Annex 1
	Table 7 in Annex 1

	Note 1: These values (Doppler shift and Doppler rate) refer to the scenario without pre-compensation at the transmitter side.



[bookmark: _Ref7800591]Table 5: Satellite uplink impairments.
	Parameters/Scenarios
	GEO
	LEO-1200
	LEO-600

	Satellite amplifier
	N/A
(linear region)
	N/A
(linear region)
	N/A
(linear region)

	Max Satellite Doppler shift
(Note 2)
	S-band
	up to 300 Hz
[ ~ 0.15 ppm]
	40 kHz
[ 20 ppm]
	48 kHz
[ 24 ppm]

	Max Satellite Doppler rate
(Note 2)
	
	N/A
	180 Hz/s
[ 0.09 ppm/s]
	544 Hz/s
[ 0.27 ppm/s]

	Max Satellite Doppler shift
(Note 2)
	Ka-band
	N/A
	600 kHz
[ 20 ppm]
	720 kHz
[ 24 ppm]

	Max Satellite Doppler rate
(Note 2)
	
	N/A
	2.7 kHz
[ 0.09 ppm/s]
	8.16 kHz
[ 0.27 ppm/s]

	Note 2: These values (Doppler shift and Doppler rate) refer to the scenario without pre-compensation at the transmitter side.



Proposal 5: As far as the satellite payload impairments are concerned, it is recommended to adopt Table 4 and Table 5 for downlink and uplink transmissions, respectively.

Conclusions
In this document, the following proposals have been presented in the context of the definition of typical satellite parameters and payload characteristics:
Proposal 1: As far as the beam size computation is concerned, it is recommended to compute the  value directly from the generated radiation pattern.
Proposal 2: Due to a typo, it is recommended to amend the G/T to 1.1 dB K-1 for both LEO S-band altitude.
Proposal 3: Due to a mistake, it is recommended to amend the G/T to 28 dB K-1 for the GEO Ka-band case.
Proposal 4: As far as the alternative set (i.e., Set-2) is concerned, it is recommended to adopt Table 2 and Table 3 to describe the main satellite parameters for downlink and uplink transmissions, respectively.
Proposal 5: As far as the satellite payload impairments are concerned, it is recommended to adopt Table 4 and Table 5 for downlink and uplink transmissions, respectively.
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Annex A.1: Satellite phase noise models
Hereafter, typical phase noise masks for satellite payloads in S- and Ka- bands are reported, respectively. The measurements have been extracted from [6] and [7]. These tables refer to downlink transmissions, however without loss of precision, these masks can be adopted also for uplink analysis.
[bookmark: _Ref7799913]Table 6: S-band satellite phase noise mask [6]
	S-Band
	10 Hz
	100 Hz
	1 kHz
	10 kHz
	100 kHz
	1 MHz
	10 MHz

	dBc/Hz
(SSB)
	-29
	-59
	-69
	-74
	-83
	-95
	-101



[bookmark: _Ref7799975]Table 7: Ka-band satellite phase noise mask [7]
	Ka-Band
	100 Hz
	1 kHz
	10 kHz
	100 kHz
	1 MHz
	10 MHz
	100 MHz

	dBc/Hz
(SSB)
	-62
	-80
	-90
	-95
	-106
	-116
	-118



Annex A.2: Satellite on-board amplifier model
In the following, typical AM/AM and AM/PM characteristics for on-board amplifiers are shown. Aiming at state-of-the-art devices, the reported characteristics belong to linearized amplifiers. In particular, the non-linear characteristics have been differentiated between Travelling Wave Tube Amplifier (TWTA) and Solid State Power Amplifier (SSPA). Both input/output measurements of the amplifier have been normalized.
[bookmark: _Ref7799941]Table 8: Typical AM/AM and AM/PM characteristics for linearized TWTA, extracted from [7].
	IBO [dB]
	OBO [dB]
	Phase [deg]

	-20
	-18
	0

	-18
	-16
	0

	-16
	-14
	-0.5

	-14
	-12
	-0.5

	-12
	-10
	-0.5

	-10
	-8
	-1

	-8
	-6
	-1

	-6
	-4
	-1

	-4
	-2
	-2.5

	-3
	-1
	-3

	-2
	-0.5
	-4

	-1
	-0.1
	-6

	0
	0
	-8

	1
	-0.1
	-7

	2
	-0.5
	-6

	3
	-1
	-4

	4
	-2
	-2





[bookmark: _Ref7799839]Table 9: Typical AM/AM and AM/PM characteristics for SSPA, extracted from [8]
	IBO [dB]
	OBO [dB]
	Phase [deg]

	-18
	-16.7
	0

	-16
	-14.7
	0.5

	-14
	-12.7
	1

	-12
	-10.7
	2.5

	-10
	-8.6
	3.5

	-8
	-6.5
	5

	-6
	-4.5
	6

	-4
	-2.6
	7

	-3
	-1.9
	7

	-2
	-1.2
	7

	-1
	-0.6
	6.5

	0
	0
	6

	1
	0.5
	5

	2
	0.9
	4

	3
	1.1
	3.5

	4
	1.3
	3
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