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1 Introduction
In RAN1#96b, the satellite parameters and pay load characteristics for downlink transmissions are agreed [1].

Table 3: Example of satellite parameters and payload characteristics for uplink transmissions

	Parameters/Scenarios
	GEO
	LEO-1200
	LEO-600

	Equivalent satellite antenna aperture (Note1)
	S-band
	22 m
	2 m
	2 m

	G/T
	
	19 dB K-1
	11.2 dB K-1
	11.2 dB K-1

	Equivalent satellite antenna aperture (Note1)
	Ka-band
	5 m
	0.5 m
	0.5 m

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

	Note 1: This value is equivalent to the antenna diameter to be used in Sec. 6.4.1 of TR38.811v15.0.0.


This contribution addresses the link budget for both DL/UL based on the parameters in the following cases：
· LEO 600km Ka-band
· LEO 600km S-band

· GEO Ka-band

· GEO S-band

· LEO 1200km Ka-band

· LEO 1200km S-band.
2 Discussion on the Link budget Calculation in NTN

Traditionally, for the link budget evaluation, the capacity of certain system is demonstrated by potential throughput with the available MSC (e.g., with target BLER @10% for eMBB to indicate the target throughput) as well as the link margin (indication of the robustness of target transmission). For achieving such results, the parameter, e.g., C/N, is derived by the following formula:
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Where, EIRP refers to effective isotropic radiated power, and BO is Tx power back off. G/T, PLfs , Lan , Lpol , Lcable ,k and BW represents the antenna gain to noise temperature ratio, free space path loss, antenna gain loss, polarization loss, Cable loss, Boltzmann constant and scheduling bandwidth, respectively. Moreover, Lat as the atmosphere loss in clear sky condition, can be estimated as:
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is the carrier frequency in GHz and El is the elevation angle in rad.

Based on the above analysis, the exemplified link budget for both DL and UL are provided in Table 1 and Table 2, respectively. Since the link budget is derived under the assumption of clear sky in AWGN channel with 0 km/h speed, the available data rate is an up bound for each scenario under the minimum elevation angle. Considering the potential ionospheric scintillation, tropospheric scintillation and rain loss as well as the requirement of service availability, the higher link margin may be needed. 

Table 1 Exemplified link budget for DL @ Elevation Angle= 30°
	Parameters
	Unit
	Assumptions 

	DL/UL
	 - 
	DL
	DL
	DL
	DL
	DL
	DL

	Satellite altitude
	km
	600
	600
	35786
	35786
	1200
	1200

	Band
	 - 
	Ka
	S
	Ka
	S
	Ka
	S

	UE type
	 - 
	VSAT
	3GPP class 3
	VSAT
	3GPP class 3
	VSAT
	3GPP class 3

	Frequency
	MHz
	20000
	2000
	20000
	2000
	20000
	2000

	Bandwidth
	MHz
	400
	30
	400
	30
	400
	30

	Elevation angle
	degree
	30
	30
	30
	30
	30
	30

	Distance between satellite and UE @Elevation = 30°
	km
	1075.1
	1075.1
	38608.9
	38608.9
	1998.9
	1998.9

	EIRP density
	dBw/MHz
	4.0
	34.0
	40.0
	59.0
	10.0
	40.0

	Satellite EIRP
	dBW
	30.02
	48.77
	66.02
	73.77
	36.02
	54.77

	Satellite Tx back off
	dB
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Channel model
	 - 
	AWGN
(0km/h)
	AWGN
(0km/h)
	AWGN
(0km/h)
	AWGN
(0km/h)
	AWGN
(0km/h)
	AWGN
(0km/h)

	Free-space loss
	dB
	179.09
	159.09
	210.19
	0.00
	184.48
	164.48

	Atmosphere loss(clear sky)
	dB
	0.96
	0.85
	0.96
	0.85
	0.96
	0.85

	Antenna direction loss
	dB
	0.50
	0.00
	-0.50
	0.00
	0.50
	0.00

	Polarization loss
	dB
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Cable loss
	dB
	0.50
	0.50
	-0.50
	0.50
	-0.50
	0.50

	Total loss
	dB
	181.05
	160.44
	212.16
	1.35
	186.44
	165.83

	T0 in UE
	K
	290.00
	290.00
	290.00
	290.00
	290.00
	290.00

	UE noise figure
	dB
	1.20
	6.00
	1.20
	6.00
	1.20
	6.00

	UE Ta
	K
	92.29
	864.51
	92.29
	864.51
	92.29
	864.51

	UE T0+Ta
	K
	382.29
	1154.51
	382.29
	1154.51
	382.29
	1154.51

	UE antenna G/T
	dB/K
	14.00
	-30.62
	14.00
	-30.62
	14.00
	-30.62

	UE antenna gain
	dBi
	39.82
	0.00
	39.82
	0.00
	39.82
	0.00

	UE antenna efficiency
	 - 
	0.60
	0.60
	0.60
	0.60
	0.60
	0.60

	UE antenna diameter
	m
	0.60
	-
	0.60
	-
	0.60
	-

	Terminal C/N
	dB
	5.18
	10.24
	9.40
	16.11
	5.74
	10.68

	Modulation Order
	 - 
	4
	6
	4
	6
	4
	6

	Target C/N
	dB
	3.97
	9.45
	7.79
	15.44
	3.97
	9.45

	Target Eb/No
	dB
	2.28
	5.09
	3.98
	8.89
	2.28
	5.09

	Transmission data rate
	Mbps
	590.64
	81.92
	962.52
	135.70
	590.64
	81.92

	Link margin
	dB
	1.21 
	0.79 
	1.61 
	0.66 
	1.77 
	1.24 


Table 2 Exemplified link budget for UL @ Elevation Angle= 30°
	Parameters
	Unit
	Assumptions

	DL/UL
	 - 
	UL
	UL
	UL
	UL
	UL
	UL

	Satellite altitude
	km
	600 
	600 
	35786 
	35786 
	1200 
	1200 

	Band
	 - 
	Ka
	S
	Ka
	S
	Ka
	S

	UE type
	 - 
	VSAT
	3GPP class 3
	VSAT
	3GPP class 3
	VSAT
	3GPP class 3

	Frequency
	MHz
	30000 
	2000 
	30000 
	2000 
	30000 
	2000 

	Bandwidth
	MHz
	400 
	30 
	400 
	5 
	400 
	30 

	Elevation angle
	degree
	30 
	30 
	30 
	30 
	30 
	30 

	Distance between satellite and UE @Elevation = 30°
	km
	1075.1 
	1075.1 
	38608.9 
	38608.9 
	1998.9 
	1998.9 

	UE EIRP
	dBW
	46.00 
	-7.00 
	46.00 
	-7.00 
	46.00 
	-7.00 

	UE Tx back off
	dB
	1.70 
	0.00 
	1.70 
	0.00 
	1.70 
	0.00 

	Channel model
	 - 
	AWGN
(0km/h)
	AWGN
(0km/h)
	AWGN
(0km/h)
	AWGN
(0km/h)
	AWGN
(0km/h)
	AWGN
(0km/h)

	Free-space loss
	dB
	182.61 
	159.09 
	213.72 
	-190.19 
	-188.00 
	-164.48 

	Atmosphere loss
	dB
	1.03 
	0.85 
	1.03 
	0.85 
	1.03 
	0.85 

	Antenna direction loss
	dB
	0.50 
	0.00 
	0.50 
	0.00 
	0.50 
	0.00 

	Polarization loss
	dB
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	Cable loss
	dB
	0.50 
	0.50 
	0.50 
	0.50 
	0.50 
	0.50 

	Total loss
	dB
	184.64 
	160.44 
	213.72 
	191.55 
	190.03 
	165.83 

	UE antenna gain
	dBi
	43.35 
	0.00 
	43.35 
	0.00 
	43.35 
	0.00 

	UE antenna efficiency
	 - 
	0.60 
	 - 
	0.60 
	0.60 
	0.60 
	 - 

	UE antenna diameter
	m
	0.60 
	 - 
	0.60 
	0.06 
	0.60 
	 - 

	T0 in satellite
	K
	29.00 
	29.00 
	29.00 
	29.00 
	29.00 
	29.00 

	Satellite noise figure
	dB
	14.38 
	1.40 
	22.07 
	14.42 
	14.38 
	1.40 

	Satellite Ta
	K
	766.06 
	11.03 
	4641.87 
	773.41 
	766.06 
	11.03 

	Satellite T0+Ta
	K
	795.06 
	40.03 
	4670.87 
	802.41 
	795.06 
	40.03 

	Satellite antenna G/T
	dB/K
	13.00 
	11.20 
	22.00 
	19.00 
	13.00 
	11.20 

	Satellite antenna gain
	dBi
	42.00 
	27.22 
	58.69 
	48.04 
	42.00 
	27.22 

	Satellite antenna efficiency
	 - 
	0.64 
	0.30 
	0.30 
	0.30 
	0.64 
	0.30 

	Satellite C/N
	dB
	15.05 
	-2.61 
	-6.87 
	-17.93 
	9.79 
	-7.86 

	Modulation Order
	 - 
	6 
	2 
	2
	2 
	6 
	2 

	Target C/N
	dB
	13.42 
	-4.39 
	-8.32 
	-8.32 
	9.45 
	-8.32 

	Target Eb/No
	dB
	7.51 
	-0.16 
	-0.14 
	-0.14 
	5.09 
	-0.14 

	Transmission data rate
	Mbps
	1560.92 
	11.31 
	60.92 
	0.76 
	1092.20 
	4.57 

	Link margin
	dB
	1.63 
	1.78 
	1.45 
	-9.62 
	0.35 
	0.46 


Observation 1: Less bandwidth as well as larger elevation angle may be needed due to inadequate uplink link margin for GEO-S with 3GPP class-3 UE.
Observation 2: Support of the lower MCS in UL is required for 3gpp class 3 UE.

Observation 3: Unequal bandwidth configuration may be necessary for DL/UL in some scenarios.
Proposal 1: Minimum Elevation angle and bandwidth shall be determined according to the worst case for each scenario.

Proposal 2: Unequal DL/UL bandwidth configuration should be considered the evaluation for GEO-S-band.
3 Conclusion

This contribution addresses the link budget for DL and UL in service link configured by SET1 under min EL=30° are provided with following observations and proposal.
Observation 1: Less bandwidth as well as larger elevation angle may be needed due to inadequate uplink link margin for GEO-S with 3GPP class-3 UE.
Observation 2: Support of the lower MCS in UL is required for 3gpp class 3 UE.

Observation 3: Unequal bandwidth configuration may be necessary for DL/UL in some scenarios.
Proposal 1: Minimum Elevation angle and bandwidth shall be determined according to the worst case for each scenario.

Proposal 2: Unequal DL/UL bandwidth configuration should be considered the evaluation for GEO-S-band.
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