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Introduction
A RAN3-led Study Item on Rel-16 enhancements for NR-NTN was approved at RAN Plenary #80 [1]. The study item phase has identified solutions for the considered NR-NTN deployment scenarios [2, 3]. Solutions in the satellite and the UE will require adequate link budget for evaluation of NR NTN. 
This contribution aims to discuss link budget for satellite deployment.
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NR NTN Link budget C/N
According to RAN1#97 agreed TP [4], the link budget for on access link can be calculated as follows:

Where EIRP is effective isotropic radiated power (EIRP), G⁄T is antenna-gain-to-noise-temperature, k is Boltzmann constant and equals to -228.6 dBW/K/Hz,  〖PL〗_FS is free space path loss, 〖PL〗_A is atmospheric path loss due to gases and rain fades, 〖PL〗_S is shadowing margin, 〖PL〗_AD is additional loss, B is bandwidth.
Antenna-gain-to-noise-temperature  can be derived by [2]
	
	
	


where  is receive antenna gain,   is noise figure,  is ambient temperature and  is antenna temperature. EIRP figure and G/T figure from TR 38.811 are used in the calculation for the link budget as summarized in Table 1-3 for satellite deployments. 
· LEO @ 600 km, S band and Ka band
· LEO @ 1200 km, S band and Ka band
· GEO @ 35876 km, S band and Ka band
We assumed 30MHz (S band), 400MHz (Ka band) for the system bandwidth. The C/N and corresponding data rates / spectrum efficiency achievable with these parameters are shown in the tables. We used MCS Vs C/N tables from IMT2020 evaluation. We assume reuse factor 3 in the calculation. For UL in S band (handheld UE) and Ka band (VSAT), we used channel bandwidth of 1 MHz per UE. Aggregated data rates can be derived over larger bandwidth from the data rates achieved over 1 MHz. For example, the aggregate data rate over 10 MHz can be obtained by multiplying the data rate over 1 MHz by straightforward multiplication by 10. A maximum scintillation loss of up to 2.2 dB could be experienced according to TR 38.811 section 6.6.6. However this is only likely for very short period of time (a few hours) in a year. We use a scintillation loss of 0.1 dB in the calculations.
	Link parameters  

	Satellite altitude
	LEO=600 km

	Elevation angle 
	30 degrees

	Satellite-UE distance 
	1075.1 km

	DL/UL
	Downlink
	Uplink

	Frequency band
	S
	Ka
	S
	Ka

	Carrier frequency (GHz)
	2
	20
	2
	30

	Channel Bandwidth (MHz)
	10
	133
	1
	1

	Number of RBs
	55
	740
	5
	5

	SCS (kHz)
	15
	15
	15
	15

	Losses

	Free space path loss (dB)
	159.1
	179.1
	159.1
	182.6

	Atmospheric loss (dB)
	0.1
	0.1
	0.1
	0.1

	Polarisation loss (dB)
	3
	0
	3
	0

	Shadowing margin (dB)
	3
	0
	3
	0

	Satellite Parameters

	EIRP Density (dBW/MHz)
	34
	4
	-
	-

	EIRP per spot (dBW)
	43.95
	25.24
	-
	-

	Noise figure (dB)
	-
	-
	-
	-

	Satellite G/T (dB/K)
	-
	-
	1.1
	13

	Terminal Parameters

	Terminal type
	3GPP Class 3

	G/T (dB/K)
	-31.62
	13.87
	-
	-

	Antenna type
	Omni (linear)
	VSAT
	Omni (linear)
	VSAT

	Receive antenna gain (dBi)
	0
	39.7
	-
	-

	Noise figure (dB)
	7
	1.2
	-
	-

	T0 (K)
	290
	290
	-
	-

	Ta (K)
	290
	290
	-
	-

	Transmit power (dBW)
	-
	-
	-7
	3

	Link Budget

	C/N (dB)
	5.1
	7.3
	-1.9
	2.3

	HARQ BLER target
	10%
	10%
	10%
	10%

	Spectral efficiency (bps/Hz)
	1.5
	2.3
	0.62
	1.25

	Max data rates
	13.4 Mbps
	275.7 Mbps
	506 Kbps
	1.0 Mbps


Table 1 DL and UL Link budget for LEO=600 km

	Link parameters  

	Satellite altitude
	LEO=1200 km

	Elevation angle 
	30 degrees

	Satellite-UE distance 
	1998.9 km

	DL/UL
	Downlink
	Uplink

	Frequency band
	S
	Ka
	S
	Ka

	Carrier frequency (GHz)
	2
	20
	2
	30

	Channel Bandwidth (MHz)
	10
	133
	1
	1

	Number of RBs
	55
	740
	5
	740

	SCS (kHz)
	15
	15
	15
	15

	Losses

	Free space path loss (dB)
	164.5
	184.5
	164.5
	188.0

	Atmospheric loss (dB)
	0.1
	0.1
	0.1
	0.1

	Polarisation loss (dB)
	3
	0
	3
	0

	Shadowing margin (dB)
	3
	0
	3
	0

	Satellite Parameters

	EIRP Density (dBW/MHz)
	40
	10
	-
	-

	EIRP per spot (dBW)
	49.95
	31.24
	-
	-

	Noise figure (dB)
	-
	-
	-
	-

	Satellite G/T (dB/K)
	-
	-
	1.1
	13

	Terminal Parameters

	Terminal type
	3GPP Class 3

	G/T (dB/K)
	-31.62
	13.87
	-
	-

	Antenna type
	Omni (linear)
	VSAT
	Omni (linear)
	VSAT

	Receive antenna gain (dBi)
	0
	39.7
	-
	-

	Noise figure (dB)
	7
	1.2
	-
	-

	T0 (K)
	290
	290
	-
	-

	Ta (K)
	290
	290
	-
	-

	Transmit power (dBW)
	-
	-
	-7
	3

	Link Budget

	C/N (dB)
	6.4
	7.9
	-7.4
	-3.0

	HARQ BLER target
	10%
	10%
	10%
	10%

	Spectral efficiency (bps/Hz)
	2.1
	2.5
	0.62
	0.5

	Max data rates
	18.7 Mbps
	299.7 Mbps
	162.0 kbps
	405 kbps


Table 2 DL and UL Link budget for LEO=1200 km

	Link parameters  

	Satellite altitude
	GEO=35786 km

	Elevation angle 
	10 degrees

	Satellite-UE distance 
	40581 km

	DL/UL
	Downlink
	Uplink

	Frequency band
	S
	Ka
	S
	Ka

	Carrier frequency (GHz)
	2
	20
	2
	30

	Channel Bandwidth (MHz)
	10
	133
	1
	1

	Number of RBs
	55
	740
	5
	5

	SCS (kHz)
	15
	15
	15
	15

	Losses

	Free space path loss (dB)
	190.6
	210.6
	190.6
	214.2

	Atmospheric loss (dB)
	0.1
	0.1
	0.1
	0.1

	Polarisation loss (dB)
	3
	0
	3
	0

	Shadowing margin (dB)
	3
	0
	3
	0

	Satellite Parameters

	EIRP density (dBW/MHz)
	59
	40
	-
	-

	EIRP per spot (dBW)
	68.95
	61.24
	-
	-

	Noise figure (dB)
	-
	-
	-
	-

	Satellite G/T (dB/K)
	-
	-
	19
	28

	Terminal Parameters

	Terminal type
	3GPP Class 3

	G/T (dB/K)
	-31.62
	13.87
	-
	-

	Antenna type
	Omni (linear)
	VSAT
	Omni (linear)
	VSAT

	Receive antenna gain (dBi)
	0
	39.7
	-
	-

	Noise figure (dB)
	7
	1.2
	-
	-

	T0 (K)
	290
	290
	-
	-

	Ta (K)
	290
	290
	-
	-

	Transmit power (dBW)
	-
	-
	-7
	3

	Link Budget

	C/N (dB)
	-0.76
	11.7
	-15.6
	-7.2

	HARQ BLER target
	10%
	10%
	-
	10%

	Spectral efficiency (bps/Hz)
	0.8
	3.4
	-
	0.2

	Max data rates
	7.1 Mbps
	407.6 Mbps
	-
	32 kbps


Table 3 DL and UL Link budget for GEO=35786 km
Observation 1: There is unbalance between UL and DL link budget observed for LEO and GEO scenarios
Observation 2: With set 1 parameters, the UL link budget is not sufficient for GEO.

Analysis
Performance aspects
The data rates achieved on the DL and UL are consistent with NR user experience data rate requirements of up to 2 Mbps on DL and up to 60 kbps on UL for extreme coverage. The user experienced data rate according to [5] is the minimum data rate required to achieve a sufficient quality experience. The usage scenarios with activity factor and user density are summarized in Appendix from Table B.2-1 in [3]. The maximum number of UEs per beam spot and UE density per km2 can be calculated as




As an example, consider usage scenario pedestrian for extreme coverage in Appendix. The peak data rate is 2 Mbps (DL, and 60 kbps (UL). We use the activity factor defined in [5] as the percentage value of the amount of simultaneous active UEs to the total number of UEs. The activity factor is 1.5% for this scenario. As an example, consider set 1 parameters for UL in satellite deployment LEO=600 km band with beam spot diameter 50 km and carrier = 2 GHz in S band with frequency re-use 3 [2]. The maximum number of UEs per beam spot at elevation angle 30 degrees is 5622 (=5.06 Mbps / 0.015/60 Kbps). The UE density per km2 is 2.88 (=5622 / (π*252)). The UE densities achievable for the satellite deployments in set 1 for worst case elevation angle are given for DL and UL for frequency re-use 3 in Table 4. For GEO UL in Ka band, we used channel bandwidth 180 kHz which achieves 32 kbps or aggregated data rates of 23.6 Mbps in 133 MHz. 
Note 1: the link budget analysis does not take into account the inter-beam interference. Even assuming frequency re-use 3, the inter-beam interference will result in some loss of performance which needs further evaluation in system level simulator.
Note 2: The parameters used in the link budget analysis are derived from TR 38.811. They are typical in legacy satellite constellation. New satellite constellation may have improved parameters.
  
	Satellite Link 

	Satellite altitude
	LEO=600 km 

	DL/UL
	Downlink
	Uplink

	Frequency band
	S
	Ka
	S
	Ka

	Re-use factor
	3
	3
	3
	3

	System bandwidth / re-use factor
	10 MHz
	133 MHz
	10 MHz
	133 MHz

	Experience user data rate (eMBB pedestrian)
	2 Mbps
	2 Mbps
	60 Kbps
	60 Kbps

	Activity factor
	1.5%
	1.5%
	1.5%
	1.5%

	LEO=600 km, Elevation angle 30 degrees

	Data rates per beam spot
	13.4 Mbps
	275.7 Mbps
	5.1 Mbps
	133.0 Mbps

	Max UEs per beam spot
	891
	9.19 103
	5.66 103
	147.7 103

	Beam spot diameter
	50 km
	20 km
	50 km
	20 km

	UE Density per km2
	0.45
	29.25
	2.88
	470.1

	LEO=1200 km, Elevation angle 30 degrees

	Data rates per beam spot
	18.7 Mbps
	299.7 Mbps
	1.6 Mbps
	53.8 Mbps

	Max UEs per beam spot
	623
	9.99 103
	1.77 103
	59.7 103

	Beam spot diameter
	90 km
	40 km
	90 km
	40 km

	UE Density per km2
	0.10
	7.94
	0.28
	47.6

	GEO=35786 km, Elevation angle 10 degrees

	Data rates per beam spot
	7.1 Mbps
	407.6 Mbps
	-
	23.6 Mbps

	Max UEs per beam spot
	236
	13.59 103
	-
	26.22 103

	Beam spot diameter
	250 km
	110 km
	250 km
	110 km

	UE Density per km2
	0.05
	1.43
	-
	2.75


Table 4 UE density per km2 for LEO=600 km, 1200 km and GEO=35786 km

Proposal 1: Includes the formulas for max UEs per beam spot and UE density per km2 in TR 38.811




UL bandwidth aspects
The channel bandwidth may be challenge for the UL link budget [4]. The transmission power is 23 dBm for a handheld UE and 33 dBm for a VSAT UE [2]. Increasing the UL bandwidth increases the noise in gNB receiver, which degrades SNR. Table 5 shows the SNR for various channel bandwidth in LEO (S band and Ka band) and GEO deployments (Ka band). A general trend is that smaller UL BW per UE improves C/N value in all scenarios. This can be explained by the fact that the UE can use all its power (23 dBm in LEO S band with handheld and 33 dBm in GEO Ka band with VSAT). The observations would suggest that NB-IoT is a natural fit for UL transmission as it benefits from relatively better link budget. 
	LEO=600 km, S band, UL SNR

	Elevation angle
	30 degrees
	90 degrees

	180 kHz
	4.94
	10.01 

	 1 MHz 
	-2.04
	3.02

	10 MHz
	-12.45
	-7.38

	[bookmark: _GoBack]LEO=600 km, Ka band, UL

	Elevation angle
	30 degrees
	90 degrees

	180 kHz
	9.32
	14.39

	10 MHz
	2.33
	7.40

	 50 MHz
	-8.07
	-3.01

	GEO=35786 km, Ka band, UL

	Elevation angle
	10 degrees
	90 degrees

	180 kHz
	-7.21
	-6.11



Table 5 Per UE / Per beam UL Data rates for LEO=600 km, 1200 km and GEO=35786 km

Observation 3: Smaller UL BW per UE improves C/N value in all scenarios. 
Observation 4: NB-IoT radio access technology can provide relatively improved link budget in UL compare to New Radio access technology due to narrow band operations.

Conclusion
In this contribution, we discussed link budget of NR-NTN. We made the following observations and proposals.
Observation 1: There is unbalance between UL and DL link budget observed for LEO and GEO scenarios
Observation 2: With set 1 parameters, the UL link budget is not sufficient for GEO.
Proposal 1: Includes the formulas for max UEs per beam spot and UE density per km2 in TR 38.811



Observation 3: Smaller UL BW per UE improves C/N value in all scenarios. 
Observation 4: NB-IoT radio access technology can provide relatively improved link budget in UL compare to New Radio radio access technology due to narrow band operations.
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Appendix
Non-Terrestrial network target performances per usage scenarios [3]
	Usage scenarios
	Experience data rate 
	Overall UE density per km2
	Activity factor 
	Max UE speed
	Environment
	UE categories

	
	DL
	UL
	
	
	
	
	

	Pedestrian
	2 Mbps
	60 kbps
	TBD
	1,50%
	3 km/h
	Extreme coverage
	Handheld

	Vehicular connectivity
	50 Mbps
	25 Mbps
	TBD
	N.A.
	250 km/h
	Along roads in low population density areas
	Vehicular mounted

	Stationary
	50 Mbps
	25 Mbps
	TBD
	N.A.
	0 km/h
	Extreme coverage
	Building mounted

	Airplanes connectivity
	360 Mbps
	180 Mbps
	TBD
	N.A.
	1 000 km/h
	Open area
	Airplane mounted

	IoT connectivity 
	2 kbps
	10 kbps
	400
	1,00%
	0 km/h
	Extreme coverage
	IoT



Set-1 Satellite parameters for System Level Simulations [2]
Table X.1: Set-1 Satellite parameters for System Level Simulations
	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 TR 38.811
	Section 6.4.1 in TR 38.811
	Section 6.4.1 in TR 38.811

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	S-band
(i.e. 2 GHz)
	22 m
	2 m
	2 m

	Satellite EIRP density
	
	59 dBW/MHz
	40 dBW/MHz
	34 dBW/MHz

	Satellite Tx max Gain
	
	51 dBi
	30 dBi
	30 dBi

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

	Equivalent satellite antenna aperture (Note 1)
	Ka-band
(i.e. 20 GHz for DL)
	5 m
	0.5 m
	0.5 m

	Satellite EIRP density
	
	40 dBW/MHz
	10 dBW/MHz
	4 dBW/MHz

	Satellite Tx max Gain
	
	58.5 dBi
	38.5 dBi
	38.5 dBi

	Satellite beam diameter (Note 2)
	
	110 km
	40 km
	20 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band 
(i.e. 2 GHz)
	22 m
	2 m
	2 m

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

	Satellite Rx max Gain
	
	51 dBi
	30 dBi
	30 dBi

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

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

	Satellite RX max Gain
	
	62 dBi
	42 dBi
	42 dBi

	Note 1: This value is equivalent to the antenna diameter to be used in Sec. 6.4.1 of TR 38.811.
Note 2: This beam size refers to the Nadir pointing of the satellite





