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1 Introduction
A new Study Item 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] with the considered scenarios of transparent GEO satellite and transparent/regenerative LEO satellite (moving beam on earth) for pedestrian UEs and on board vehicle UEs in NTN. In this contribution, we shared our views on link budget analysis for this SI.
2 Link Budget Calculation 
The carrier-to-noise-and-interference ratio (CNIR) of the transmission link between the satellite and the UE can be derived by the carrier-to-noise-plus-interference-density ratio (CNIDR) and the bandwidth  as follows 
	
	
	(1)


CNIDR can be obtained by carrier-to-noise-density ratio (CNDR) and carrier-to-interference-density ratio (CIDR), and the formula for CNDR calculation is [3]
	
	
	(2)


where EIRP is effective isotropic radiated power (EIRP),  is antenna-gain-to-noise-temperature and can be derived by receive antenna gain, noise figure, ambient temperature and antenna temperature as described in [4],  is Boltzmann constant and equals to -228.6 dBW/K/Hz,   is free space path loss,  is atmospheric path loss due to gases and rain fades,  is shadowing margin,  is additional loss, for example degradation due to feeder links in case of non-regenerative systems. CIDR can be derived by carrier-to-interference ratio (CIR) and bandwidth as follows
	
	
	(3)


EIRP can be calculated by
	
	
	(4)


where  is transmit power,  is cable loss, and  is transmit antenna gain.
3 Link Budget Analysis in NTN
3.1 GEO Satellite
The link budget analysis for GEO satellite is summarized in Table 1 with 983 Mbps as target downlink throughput and 484 Mbps as target uplink throughput in Ka band, and 9.2 Mbps as target downlink and uplink throughputs in S band. To achieve these targets with given simulation assumptions in clear sky condition, it can be observed that,
· For Ka band, the required satellite EIRP is 66.1 dBW and the required satellite G/T is 32.4 dB/K if VSAT is used as UE terminal.
· For S band, the required satellite EIRP is 66.6 dBW and the required satellite G/T is 35.7 dB/K if general handheld device is used as UE terminal.
· Compared with S band, the main gain of Ka band is from higher transmit power and transmit/receive antenna gain at the UE side due to used VSAT as terminal in Ka band. 
Observation 1: The satellite EIRP should be no less than 66.1 dBW for target downlink throughput of 983 Mbps in Ka band if using VSAT as UE terminal in GEO scenario.
Observation 2: The satellite G/T should be no less than 32.4 dB/K for target uplink throughput of 484 Mbps in Ka band if using VSAT as UE terminal in GEO scenario.
Observation 3: The satellite EIRP should be no less than 66.6 dBW, and the satellite G/T should be no less than 35.7 dB/K for target downlink/uplink throughputs of 9.2 Mbps in S band if using general handheld device as UE terminal in GEO scenario.
Observation 4: Ka band needs higher transmit power and transmit/receive antenna gain at the UE side compared to S band due to its higher propagation loss in GEO scenario.
If considering additional pathloss due to rain and cloud attenuation, for example 5 dB for 20 GHz carrier frequency and 9 dB for 30 GHz carrier frequency, then the required satellite EIRP and satellite G/T should be increased correspondingly for the same throughput targets. 
Observation 5: If considering additional pathloss due to rain and cloud attenuation, then the required satellite EIRP and satellite G/T should be increased correspondingly for the same throughput targets in GEO scenario.
Table 1 Link budget analysis for GEO satellite
	
	Ka band
	S band

	General Assumptions

	DL/UL
	Downlink
	Uplink
	Downlink
	Uplink

	Carrier frequency (GHz)
	20
	30
	2
	2

	Bandwidth (MHz)
	400
	400
	30
	30

	Satellite altitude (km)
	35786
	35786
	35786
	35786

	SCS (kHz)
	120
	120
	30
	30

	Elevation angle ()
	30
	30
	30
	30

	Distance between satellite and UE (km)
	38609
	38609
	38609
	38609

	Free space path loss (dB)
	210.2
	213.7
	190.2
	190.2

	Atmospheric loss (dB)
	1
	6
	1
	10
	0.5
	0.5

	Additional loss (dB)
	0.5
	0.5
	0.5
	0.5

	Shadowing margin (dB)
	0
	0
	3
	3

	Clear sky conditions
	Y
	N
	Y
	N
	Y
	Y

	Average CIR within a satellite beam (dB)
	16
	16
	16
	16

	Channel model
	AWGN
	AWGN
	AWGN
	AWGN

	Terminal type
	VSAT
	3GPP Class 3

	Terminal speed (km/h)
	0
	0
	0
	0

	Terminal G/T (dB/K)
	15.86
	-
	-30.62
	-

	Terminal antenna type
	60 cm equivalent aperture diameter (circular)
	Omnidirectional antenna (linear)

	Terminal receive antenna gain (dBi)
	39.7
	-
	0
	-

	Terminal noise figure (dB)
	1.2
	-
	6
	-

	Terminal ambient temperature (K)
	290
	-
	290
	-

	Terminal antenna temperature (K)
	150
	-
	290
	-

	Terminal maximal EIRP (dBW)
	-
	45.75
	-
	-7

	Terminal EIRP (dBW)
	-
	44
	-
	-7

	Terminal output back off (dB)
	-
	1.75
	-
	0

	Terminal transmit power (dBW)
	-
	3
	-
	-7

	Terminal transmit antenna gain (dBi)
	-
	43.2
	-
	0

	Terminal cable loss (dB)
	-
	0.45
	-
	0

	Link Budget Analysis

	Target throughput (Mbps)
	983
	484
	9.2
	9.2

	Required CNIR
	11.14
	3.48
	-4.43
	-4.71

	Required useful satellite EIRP per channel (dBW)
	66.1
	71.1
	-
	66.6
	-

	Required useful satellite EIRP density (dBW/MHz)
	40.1
	45.1
	-
	51.8
	-

	Required satellite G/T (dB/K)
	-
	32.4
	41.4
	-
	35.7


  
3.2 LEO Satellite 
The link budget analysis for LEO satellite is summarized in Table 2 with 983 Mbps as target downlink throughput and 484 Mbps as target uplink throughput in Ka band, and 9.2 Mbps as target downlink and uplink throughputs in S band. To achieve these targets with given simulation assumptions in clear sky condition, it can be observed that,
· For Ka band, the required satellite EIRP is 35.0 dBW and the required satellite G/T is 1.3 dB/K if VSAT is used as UE terminal.
· For S band, the required satellite EIRP is 35.5 dBW and the required satellite G/T is 4.6 dB/K if general handheld device is used as UE terminal.
· Compared with S band, the main gain of Ka band is from higher transmit power and transmit/receive antenna gain at the UE side due to used VSAT as terminal in Ka band. 
Observation 6: The satellite EIRP should be no less than 35.0 dBW for target downlink throughput of 983 Mbps in Ka band if using VSAT as UE terminal in LEO scenario.
Observation 7: The satellite G/T should be no less than 1.3 dB/K for target uplink throughput of 484 Mbps in Ka band if using VSAT as UE terminal in LEO scenario.
Observation 8: The satellite EIRP should be no less than 35.5 dBW, and the satellite G/T should be no less than 4.6 dB/K for target downlink/uplink throughputs of 9.2 Mbps in S band if using general handheld device as UE terminal in LEO scenario.
Observation 9: Ka band needs higher transmit power and transmit/receive antenna gain at the UE side compared to S band due to its higher propagation loss in LEO scenario.
If considering additional pathloss due to rain and cloud attenuation, for example 5 dB for 20 GHz carrier frequency and 9 dB for 30 GHz carrier frequency, then the required satellite EIRP and satellite G/T should be increased correspondingly for the same throughput targets. 
Observation 10: If considering additional pathloss due to rain and cloud attenuation, then the required satellite EIRP and satellite G/T should be increased correspondingly for the same throughput targets in LEO scenario.
Table 2 Link budget analysis for LEO satellite
	
	Ka band
	S band

	General Assumptions

	DL/UL
	Downlink
	Uplink
	Downlink
	Uplink

	Carrier frequency (GHz)
	20
	30
	2
	2

	Bandwidth (MHz)
	400
	400
	30
	30

	Satellite altitude (km)
	600
	600
	600
	600

	SCS (kHz)
	120
	120
	30
	30

	Elevation angle ()
	30
	30
	30
	30

	Distance between satellite and UE (km)
	1075.1
	1075.1
	1075.1
	1075.1

	Free space path loss (dB)
	179.1
	182.6
	159.1
	159.1

	Atmospheric loss (dB)
	1
	6
	1
	10
	0.5
	0.5

	Additional loss (dB)
	0.5
	0.5
	0.5
	0.5

	Shadowing margin (dB)
	0
	0
	3
	3

	Clear sky conditions
	Y
	N
	Y
	N
	Y
	Y

	Average C/I within a satellite beam (dB)
	16
	16
	16
	16

	Channel model
	AWGN
	AWGN
	AWGN
	AWGN

	Terminal type
	VSAT
	VSAT
	3GPP Class 3
	3GPP Class 3

	Terminal speed (km/h)
	0
	0
	0
	0

	Terminal G/T (dB/K)
	15.86
	-
	-30.62
	-

	Terminal antenna type
	60 cm equivalent aperture diameter (circular)
	Omnidirectional antenna (linear)

	Terminal receive antenna gain (dBi)
	39.7
	-
	0
	-

	Terminal noise figure (dB)
	1.2
	-
	6
	-

	Terminal ambient temperature (K)
	290
	-
	290
	-

	Terminal antenna temperature (K)
	150
	-
	290
	-

	Terminal maximal EIRP (dBW)
	-
	45.75
	-
	-7

	Terminal EIRP (dBW)
	-
	44
	-
	-7

	Terminal output back off (dB)
	-
	1.75
	-
	0

	Terminal transmit power (dBW)
	-
	3
	-
	-7

	Terminal transmit antenna gain (dBi)
	-
	43.2
	-
	0

	Terminal cable loss (dB)
	-
	0.45
	-
	0

	Link Budget Analysis

	Target throughput (Mbps)
	983
	484
	9.2
	9.2

	Required CNIR
	11.14
	3.48
	-4.43
	-4.71

	Required useful EIRP per channel (dBW)
	35.0
	40.0
	-
	-
	35.5
	-

	Required useful satellite EIRP density (dBW/MHz)
	9.0
	14.0
	-
	-
	20.7
	-

	Required satellite G/T (dB/K)
	[bookmark: _GoBack]-
	-
	1.3
	10.3
	-
	4.6



3.3 Summary
Table 3 provides the summary of link-budget analysis in this contribution. It can be observed that, with the same simulation assumptions and target throughputs, the minimum satellite EIRP requirement for LEO satellite at the altitude of 600 km is lower than that for GEO satellite in Ka band and S band. The difference is about 30 dB. Similar observation for satellite G/T. 
Observation 11: With the same simulation assumptions and target spectral efficiency, the minimum satellite EIRP requirement for LEO satellite at the altitude of 600 km is lower than that for GEO satellite in Ka band and S band. The difference is about 30 dB.  Similar observation for satellite G/T.
Table 3 Summary of link budget analysis in clear sky condition
	Band
	Ka Band
	S Band

	Scenario
	LEO: 600 km
	GEO: 35786km
	LEO: 600 km
	GEO: 35786km

	DL/UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL

	Target throughput (Mbps)
	983
	484
	983
	484
	9.2
	9.2
	9.2
	9.2

	Bandwidth (MHz)
	400
	400
	400
	400
	30
	30
	30
	30

	Required useful satellite EIRP per channel (dBW)
	35.0
	-
	66.1
	-
	35.5
	-
	66.6
	-

	Required satellite G/T (dB/K)
	-
	1.3
	-
	32.4
	-
	4.6
	-
	35.7



Proposal: Capture the link budget analysis results in this contribution into TR.
4 Conclusions
In this contribution, we provide our link budget analysis for NR NTN with following observations and proposal.
Observation 1: The satellite EIRP should be no less than 66.1 dBW for target downlink throughput of 983 Mbps in Ka band if using VSAT as UE terminal in GEO scenario.
Observation 2: The satellite G/T should be no less than 32.4 dB/K for target uplink throughput of 484 Mbps in Ka band if using VSAT as UE terminal in GEO scenario.
Observation 3: The satellite EIRP should be no less than 66.6 dBW, and the satellite G/T should be no less than 35.7 dB/K for target downlink/uplink throughputs of 9.2 Mbps in S band if using general handheld device as UE terminal in GEO scenario.
Observation 4: Ka band needs higher transmit power and transmit/receive antenna gain at the UE side compared to S band due to its higher propagation loss in GEO scenario.
Observation 5: If considering additional pathloss due to rain and cloud attenuation, then the required satellite EIRP and satellite G/T should be increased correspondingly for the same throughput targets in GEO scenario.
Observation 6: The satellite EIRP should be no less than 35.0 dBW for target downlink throughput of 983 Mbps in Ka band if using VSAT as UE terminal in LEO scenario.
Observation 7: The satellite G/T should be no less than 1.3 dB/K for target uplink throughput of 484 Mbps in Ka band if using VSAT as UE terminal in LEO scenario.
Observation 8: The satellite EIRP should be no less than 35.5 dBW, and the satellite G/T should be no less than 4.6 dB/K for target downlink/uplink throughputs of 9.2 Mbps in S band if using general handheld device as UE terminal in LEO scenario.
Observation 9: Ka band needs higher transmit power and transmit/receive antenna gain at the UE side compared to S band due to its higher propagation loss in LEO scenario.
Observation 10: If considering additional pathloss due to rain and cloud attenuation, then the required satellite EIRP and satellite G/T should be increased correspondingly for the same throughput targets in LEO scenario.
Observation 11: With the same simulation assumptions and target spectral efficiency, the minimum satellite EIRP requirement for LEO satellite at the altitude of 600 km is lower than that for GEO satellite in Ka band and S band. The difference is about 30 dB.  Similar observation for satellite G/T.
Proposal: Capture the link budget analysis results in this contribution into TR.
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