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[bookmark: _Hlk521259925]In RAN1#104-e, agreements on the parameter assumptions for the purpose of link budget calibration were achieved for NB-IoT/eMTC application over NTN [1]:
	Agreement:
The following assumptions are agreed for a common set of link budget parameters:
· UE power class (PC5=20 dBm)
· UE Noise Figure (NF=9 dB)
· Channel Bandwidth for NB-IoT and eMTC as was included in IoT NTN reference scenario parameters agreed in RAN1#103e 
· NB-IoT 180 kHz (DL), Up to 180 kHz with all permissible smaller resource allocations 12*15 kHz, 6*15 kHz, 3*15 kHz, 1*15 kHz, 1*3.75 kHz
· eMTC: 1080 kHz (DL), Up to 1080 kHz with all permissible smaller resource allocations, including 2*180 kHz, 180 kHz, 2*15 kHz or 3*15 kHz or 6*15 kHz (UL)
· Other losses

	Other Losses
	GEO (35786 km)
	LEO (1200 km)
	LEO (600 km)

	Scintillation losses
	2.2
	2.2
	2.2

	Atmospheric losses
	0.2
	0.1
	0.1

	Polarization loss
	3
	3
	3

	Shadow margin 
	3
	3
	3



NOTE 1: With PC3 (23 dBm) there is a 3dB gain compared to the PC5 (20 dBm) assumption on UL. 
NOTE 2: With NF=7 dB, there is a 2 dB improvement compare to NF=9 dB on DL.
NOTE 3: Link budgets with other link budget parameters are not excluded from being captured in the TR.
NOTE 4: These parameters are only for the purpose of link budget calculations.
NOTE 5: Atmospheric losses are a function of elevation angle.


Agreement:
Link budget analysis assumes 3 dB polarization loss for DL and 3 dB polarization loss on UL for satellite parameters Set 1, Set 2, Set 3, and Set 4

Agreement:
Include in TR 36.763, the 3 dB beam width (HPBW), central beam center elevation and central beam edge elevation in the satellite parameter set(s) to be used in link budget calculations – (Corresponding satellite parameter Set 3 and Set 4 are given in Section 9.4)
	SET 3
	GEO 35786 km
	LEO-600 km
	LEO-1200 km

	3 dB Beam width (HPBW)
	0.735 degree
	22.0631 degree
	22.0631 degree

	Central beam center elevation 
	20.88 degree
	43.78 degree
	46.05 degree

	Central beam edge elevation
	12.5 degree
	30 degree
	30 degree

	Central beam edge satellite-UE distance
	40316 km
	1074 km
	1998 km


 
	SET 4
	LEO-600 km

	3 dB Beam width (HPBW)
	104.7 degree

	Central beam center  elevation
	90 degree

	Central beam edge elevation
	30 degree

	Central beam edge satellite-UE distance
	1076 km


NOTE 1: The 3 dB beam width (HPBW)  is already included in satellite parameter set 1 and Set 2 in TR 38.821 Table 6.1.1.1-1 and Table 6.1.1.1-2  respectively. The central beam center elevation  for Set-1 and Set-2 is defined as the target elevation angle that is included in in TR 38.821 Table 6.1.3.2-1.   The central beam edge satellite-UE distance can be derived from the central beam edge elevation and does not need to be included.
NOTE 2: Central beam center elevation is the beam center elevation of the central beam in the beam layout. 
NOTE 3: Central beam edge elevation is the minimum beam edge elevation of the central beam in the beam layout.
NOTE 4 In SLS evaluation with a multiple beam layout, the central beam is the serving beam for UEs. The outer beams have beam center elevation that is different from the central beam center elevation.  For the interference modelling, the interference due to the outer beams is determined by using their respective beam center elevations.
NOTE 5: For the multiple-beam satellite cell, the longest beam edge distance will correspond to the minimum beam edge elevation of the most outer beam as illustrated in figure below.
 
 

  
Agreement:
Include the following tables in TR 36.763:
· Set 1 satellite parameters (based on TR 38.821, Table 6.1.1.1-1)
· Set 2 satellite parameters (based on TR 38.821, Table 6.1.1.1-2)
· Set 3 satellite parameters (Eutelsat R1-2101146 with central beam edge elevation 12.5 degree for GEO, and 30 degree for LEO-600 km and 1200 km)

	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Central beam edge elevation 
	12.5 degree
	30 degree
	30 degree

	Central beam center elevation
	20.9 degree
	46.05 degree
	43.8 degree

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (NOTE 1)
	S-band
(i.e. 2 GHz)
	12 m
	0.4m
	0.4 m

	Satellite EIRP density
	
	59.8 dBW/MHz
	33.7 dBW/MHz
	28.3 dBW/MHz

	Satellite Tx max Gain
	
	45.7 dBi
	16.2 dBi
	16.2 dBi

	3dB beam width (HPBW)
	
	0.7353 degree
	22.1 degree
	22.1 degree

	Satellite beam diameter (NOTE 2)
	
	459km
	470 km
	234 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (NOTE 1)
	S-band 
(i.e. 2 GHz)
	12 m
	0.4 m
	0.4 m

	G/T
	
	16.7dB K-1
	-12.8 dB K-1
	-12.8 dB K-1

	Satellite Rx max Gain
	
	45.7 dBi
	16.2 dBi
	16.2 dBi


NOTE 1: This value is equivalent to the antenna diameter in Sec. 6.4.1 of TR 38.811 
NOTE 2: Satellite beam diameter is at Nadir point
NOTE 3: Central beam center elevation is referred to as central beam elevation in TR 38.821
NOTE 4: Central beam edge elevation is the minimum beam edge elevation of the central beam in the beam layout.

· Set 4 satellite parameters (Thales, Sateliot, Gatehouse R1-2101019)

	Satellite orbit
	LEO-600

	Satellite altitude
	600 km

	Central beam edge elevation
	30 degree

	Central beam center elevation
	90 degree

	Payload characteristics for DL transmissions

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

	Satellite EIRP density
	
	21.45 dBW/MHz

	Satellite Tx max Gain
	
	11 dBi

	3dB beam width (HPBW)
	
	104.7 degree

	Satellite beam diameter (Note 2)
	
	1700 km

	Payload characteristics for UL transmissions

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

	G/T
	
	- 18.6 dB·K-1

	Satellite Rx max Gain
	
	11 dBi


NOTE 1: This value is equivalent to the antenna diameter in Sec. 6.4.1 of TR 38.811
NOTE 2: Satellite beam diameter is at Nadir point
NOTE 3: Central beam center elevation is referred to as central beam elevation in TR 38.821
NOTE 4: Central beam edge elevation is the minimum beam edge elevation of the central beam in the beam layout.


In this contribution, we will update the link budget results based on the latest parameters for link budget calibration, and then discuss on additional impact factors for link budget analysis.
Discussion
Link budget analysis for calibration
[bookmark: _Hlk67909122]The parameters for link budget calibration are summarized in Table 1~4 [2] [3].
Table 1: Satellite parameters.
	
	Set-1
	Set 2
	Set 3
	Set 4

	Satellite orbit
	GEO
	LEO-1200
	LEO-600
	GEO
	LEO-1200
	LEO-600
	GEO
	LEO-1200
	LEO-600
	LEO-600

	Satellite altitude (km)
	35786
	1200
	600
	35786
	1200
	600
	35786
	1200
	600
	600

	Central beam center elevation (deg)
	12.5
	30
	30
	20
	30
	30
	20.88
	46.05
	43.78
	90

	Central beam edge elevation (deg)
	2.3
	26.3
	27
	11
	22.2
	23.8
	12.5
	30
	30
	30

	Satellite beam diameter (km)
	250
	90
	50
	450
	190
	90
	459
	470
	234
	104.7

	Payload characteristics for DL transmissions (S-band, 2 GHz)
	

	Equivalent satellite antenna aperture (m)
	22
	2
	2
	12
	1
	1
	12
	0.4
	0.4
	0.097

	Satellite EIRP density (dBW/MHz)
	59
	40
	34
	53.5
	34
	28
	59.8
	33.7
	28.3
	21.45

	Satellite Tx max Gain (dBi)
	51
	30
	30
	45.5
	24
	24
	45.7
	16.2
	16.2
	11

	3dB beamwidth (HPBW) (deg)
	0.4011
	4.4127
	4.4127
	0.7353
	8.832
	8.832
	0.735
	22.0631
	22.0631
	104.7

	Satellite beam diameter (km)
	250
	90
	50
	450
	190
	90
	459
	470
	234
	1700

	
	
	
	
	
	
	
	
	
	
	

	Payload characteristics for UL transmissions (S-band, 2 GHz)
	

	Equivalent satellite antenna aperture (m)
	22
	2
	2
	12
	1
	1
	12
	0.4
	0.4
	0.097

	G/T （dB/K)
	19
	1.1
	1.1
	14
	-4.9
	-4.9
	16.7
	-12.8
	-12.8
	-18.6

	Satellite Rx max Gain (dBi)
	51
	30
	30
	45.5
	24
	24
	45.7
	16.2
	16.2
	11


NOTE: Central beam center elevation is used for link budget calibration.

[bookmark: _Hlk61448551]Table 2: UE characteristics for link budget calibration.
	Characteristics
	C-IoT device

	Basic
	Frequency band
	S band (2 GHz)

	
	Antenna type and configuration
	(1, 1, 2) with omni-directional antenna element

	
	Polarisation
	Linear: +/-45°X-pol

	DL
	Channel Bandwidth
	NB-IoT: 180 kHz
eMTC: 1080 kHz

	
	Rx Antenna gain
	0 dBi

	
	Antenna temperature
	290 K

	
	UE Noise figure
	9dB

	UL
	UE transmit power
	UE power class 5: 20dBm

	
	Tx antenna gain
	0 dBi

	
	Channel Bandwidth
	· NB-IoT: 12*15 kHz, 6*15 kHz, 3*15 kHz, 1*15 kHz, 1*3.75 kHz
· eMTC: 1080kHz, 2*180 kHz, 180 kHz, 2*15 kHz or 3*15 kHz or 6*15 kHz



Table 3: Free space path loss (FSPL).
	
	Set-1
	Set 2
	Set 3
	Set 4

	Satellite orbit
	GEO
	LEO-1200
	LEO-600
	GEO
	LEO-1200
	LEO-600
	GEO
	LEO-1200
	LEO-600
	LEO-600

	Satellite altitude (km)
	35786
	1200
	600
	35786
	1200
	600
	35786
	1200
	600
	600

	Central beam center elevation (deg)
	12.5
	30
	30
	20
	30
	30
	20.88
	46.05
	43.78
	90

	FSPL (dB)
	190.6
	164.5
	159.1
	190.4
	164.5
	159.1
	190.4
	162.3
	156.9
	154.0



Table 4: Other loss for link budget calibration.
	
	GEO 35786 km
	LEO 1200 km
	LEO 600 km

	Scintillation losses (dB)
	2.2
	2.2
	2.2

	Atmospheric losses (dB)
	0.2
	0.1
	0.1

	Polarization loss (dB)
	3
	3
	3

	Shadow margin (dB)
	3
	3
	3


NOTE:	Atmospheric losses are a function of elevation angle.

A preliminary link budget is provided based on the above parameters for calibration with a selected candidates of UL channel bandwidth, with a summary in Table 5. The detailed calculation can be found in Appendix A1-A4.
· NB-IoT: 180kHz, 3.75kHz
· eMTC: 1080kHz, 30kHz

Table 5: Summary of preliminary link budget for calibration.
	　
	　
	Set-1
	Set 2
	Set 3
	Set 4

	
	Satellite orbit
	GEO
	LEO-1200
	LEO-600
	GEO
	LEO-1200
	LEO-600
	GEO
	LEO-1200
	LEO-600
	LEO-600

	
	Satellite altitude (km)
	35786
	1200
	600
	35786
	1200
	600
	35786
	1200
	600
	600

	
	Central beam center elevation (deg)
	12.5
	30
	30
	20
	30
	30
	20.88
	46.05
	43.78
	90

	
	FSPL (dB)
	190.6
	164.5
	159.1
	190.4
	164.5
	159.1
	190.4
	162.3
	156.9
	154.0

	　
	UL/DL
	BW (kHz)
	　
	　

	NB-IoT
	DL
	180
	CNR (dB)
	-5.0
	2.2
	1.6
	-10.3
	-3.8
	-4.4
	-4.0
	-2.0
	-1.9
	-5.9

	
	UL
	180
	
	-13.9
	-5.6
	-0.3
	-18.8
	-11.6
	-6.3
	-16.0
	-17.4
	-11.9
	-14.9

	
	UL
	3.75
	
	2.9
	11.2
	16.6
	-2.0
	5.2
	10.6
	0.8
	-0.6
	4.9
	1.9

	eMTC
	DL
	1080
	
	-5.0
	2.2
	1.6
	-10.3
	-3.8
	-4.4
	-4.0
	-2.0
	-1.9
	-5.9

	
	UL
	1080
	
	-21.7
	-13.4
	-8.0
	-26.5
	-19.4
	-14.0
	-23.8
	-25.2
	-19.7
	-22.7

	
	UL
	30
	
	-6.2
	2.1
	7.5
	-11.0
	-3.9
	1.5
	-8.3
	-9.6
	-4.1
	-7.1



Based on the above link budget results for the purpose of calibration, it can be seen that:
· For GEO with Set 2 satellite parameter, the UL CNR will reach -18.8dB level for NB-IoT with 180kHz BW, and reach -26.5dB level for eMTC with 1080kHz BW.
· For LEO at 1200km with Set 3 satellite parameter, the UL CNR will reach -17.4dB level for NB-IoT with 180kHz BW, and reach -25.2dB level for eMTC with 1080kHz BW.
· For LEO at 600km with Set 4 satellite parameter, the UL CNR will reach -14.9dB level for NB-IoT with 180kHz BW, and reach -22.7dB level for eMTC with 1080kHz BW.
Observation 1: Based on the latest parameters for link budget calibration, it can be observed that:
· For GEO with Set 2 satellite parameter, the UL CNR will reach -18.8dB level for NB-IoT with 180kHz BW, and reach -26.5dB level for eMTC with 1080kHz BW.
· For LEO at 1200km with Set 3 satellite parameter, the UL CNR will reach -17.4dB level for NB-IoT with 180kHz BW, and reach -25.2dB level for eMTC with 1080kHz BW.
· For LEO at 600km with Set 4 satellite parameter, the UL CNR will reach -14.9dB level for NB-IoT with 180kHz BW, and reach -22.7dB level for eMTC with 1080kHz BW.
Discussion on additional impact factors for link budget analysis
In our view, link budget analysis can be used to evaluate the basic coverage performance of IoT NTN. Then the following additional impact factors in real deployment scenario should be considered.
· Carriage and container penetration loss for logistics application.
· Vegetation loss for outdoor application.
· Additional FSPL for lower elevation angle (e.g., in the edge of the farthest beam).
Additional path losses
Regarding the additional losses, carriage and container penetration loss and vegetation loss are considered.
For logistics application, carriage and container penetration loss is non-negligible. O2I car penetration loss modeling in [4] may be reused to calculate the carriage and container penetration loss, i.e., 

, . Optionally, for metallized car windows,  can be used.

For outdoor application, a UE may be surrounded by the vegetation, e.g., woods. In this case, the vegetation loss is non-negligible. The vegetation loss () can be derived as [5]

where,  is the length of path within the tree canopy (m), and  is specific attenuation for very short vegetative paths (dB/m).
[image: ]
Figure 1: Specific attenuation due to woodland.
Figure 1 shows typical values for specific attenuation derived from various measurements over the frequency range 30 MHz to about 30 GHz in woodland [5]. According to Figure 1, at 2 GHz,  dB/m.
Figure 2 gives an example of alee-trees. In this case, the length of path within the tree canopy (m)  can be calculated as,

where,  is the elevation angle (rad),  is the height of tree canopy,  is the width of tree canopy,  is the interval distance between two trees. When the elevation angle is 10 deg, , , ,  is about 22.5 m.
Then the vegetation loss () can be calculated as



Figure 2: Example of alee-trees.
In summary, the following additional path loss needs to be considered in link budget analysis.
· Carriage and container penetration loss (9~20dB) for logistics application.
· Vegetation loss (e.g., 9dB) for outdoor application.
Observation 2: Additional path loss can be observed in some deployment scenarios.
· Carriage and container penetration loss (9~20 dB) for logistics application.
· Vegetation loss (e.g., 9 dB) for outdoor application.
Lower elevation angle
As discussed in RAN1#104-e, the central beam center elevation is used for link budget calibration [1].

Figure 3: Illustration of elevation angle.
As shown in Figure 3, 
Farthest beam edge elevation < Central beam edge elevation < Central beam center elevation
Thus, a UE in the edge of the farthest beam may suffer from much larger path loss than in the center of the central beam.
Table 6: Summary of FSPL for some other elevation angles.
	
	
	Set-1
	Set 2
	Set 3
	Set 4

	
	Satellite orbit
	GEO
	LEO-1200
	LEO-600
	GEO
	LEO-1200
	LEO-600
	GEO
	LEO-1200
	LEO-600
	LEO-600

	
	Satellite altitude (km)
	35786
	1200
	600
	35786
	1200
	600
	35786
	1200
	600
	600

	Elevation angle (deg)
	Center of a central beam
	12.5
	30
	30
	20
	30
	30
	20.88
	46.05
	43.78
	90

	
	Edge of a central beam
	2.3
	26.3
	27
	11
	22.2
	23.8
	12.5
	30
	30
	30

	
	Minimum elevation
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10

	FSPL (dB)
	Center of a central beam
	190.6
	164.5
	159.1
	190.4
	164.5
	159.1
	190.4
	162.3
	156.9
	154.0

	
	Edge of a central beam
	190.8
	165.1
	159.7
	190.6
	165.9
	160.4
	190.6
	164.5
	159.1
	159.1

	
	Maximum FSPL
	190.6
	168.4
	164.2
	190.6
	168.4
	164.2
	190.6
	168.4
	164.2
	164.2


As shown in Table 6, additional 0~10 dB FSPL can be experienced by a UE in locations other than in the center of the central beam.
Observation 3: Additional 0~10 dB FSPL can be experienced by a UE in locations other than in the center of the central beam.
Summary of additional path loss
Based on above discussion on section 2.2.1 and 2.2.2, it is noted that compare with link budget results for calibration, additional path loss should be considered for evaluating the basic coverage performance of IoT NTN in real deployment conditions.
· Carriage and container penetration loss (9~20 dB) for logistics application.
· Vegetation loss (e.g., 9 dB) for outdoor application.
· Additional FSPL (0~10 dB) for lower elevation angle.
Proposal 1: Compare with link budget results for calibration, additional path loss should be considered for evaluating the basic coverage performance of IoT NTN in real deployment conditions.
· Carriage and container penetration loss for logistics application.
· Vegetation loss for outdoor application.
· Additional FSPL for lower elevation angle.
Conclusions
In this contribution, we update the link budget results based on the latest parameters for link budget calibration, and then discuss on additional impact factors for link budget analysis. The observations and proposals are summarized as follows:
Observation 1: Based on the latest parameters for link budget calibration, it can be observed that:
· For GEO with Set 2 satellite parameter, the UL CNR will reach -18.8dB level for NB-IoT with 180kHz BW, and reach -26.5dB level for eMTC with 1080kHz BW.
· For LEO at 1200km with Set 3 satellite parameter, the UL CNR will reach -17.4dB level for NB-IoT with 180kHz BW, and reach -25.2dB level for eMTC with 1080kHz BW.
· For LEO at 600km with Set 4 satellite parameter, the UL CNR will reach -14.9dB level for NB-IoT with 180kHz BW, and reach -22.7dB level for eMTC with 1080kHz BW.
Observation 2: Additional path loss can be observed in some deployment scenarios.
· Carriage and container penetration loss (9~20 dB) for logistics application.
· Vegetation loss (e.g., 9 dB) for outdoor application.
Observation 3: Additional 0~10 dB FSPL can be experienced by a UE in locations other than in the center of the central beam.
Proposal 1: Compare with link budget results for calibration, additional path loss should be considered for evaluating the basic coverage performance of IoT NTN in real deployment conditions.
· Carriage and container penetration loss for logistics application.
· Vegetation loss for outdoor application.
· Additional FSPL for lower elevation angle.
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Appendix
Table A-1: Link budget calibration of DL transmissions (2 GHz) for NB-IoT.
	NB-IoT DL

	Satellite orbit
	Satellite parameters
	UL/DL
	TX: EIRP [dBW]
	Noise figure [dB]
	RX: G/T [dB]
	Atmospheric loss [dB]
	Free space path loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	BW (kHZ)
	CNR [dB]

	GEO
	Set-1
	DL
	51.6
	9.0
	-33.6
	0.2
	190.6
	3.0
	2.2
	3.0
	180.0
	-5.0

	GEO
	Set-2
	DL
	46.1
	9.0
	-33.6
	0.2
	190.4
	3.0
	2.2
	3.0
	180.0
	-10.3

	GEO
	Set-3
	DL
	52.4
	9.0
	-33.6
	0.2
	190.4
	3.0
	2.2
	3.0
	180.0
	-4.0

	LEO-1200
	Set-1
	DL
	32.6
	9.0
	-33.6
	0.1
	164.5
	3.0
	2.2
	3.0
	180.0
	2.2

	LEO-1200
	Set-2
	DL
	26.6
	9.0
	-33.6
	0.1
	164.5
	3.0
	2.2
	3.0
	180.0
	-3.8

	LEO-1200
	Set-3
	DL
	26.3
	9.0
	-33.6
	0.1
	162.3
	3.0
	2.2
	3.0
	180.0
	-2.0

	LEO-600
	Set-1
	DL
	26.6
	9.0
	-33.6
	0.1
	159.1
	3.0
	2.2
	3.0
	180.0
	1.6

	LEO-600
	Set-2
	DL
	20.6
	9.0
	-33.6
	0.1
	159.1
	3.0
	2.2
	3.0
	180.0
	-4.4

	LEO-600
	Set-3
	DL
	20.9
	9.0
	-33.6
	0.1
	156.9
	3.0
	2.2
	3.0
	180.0
	-1.9

	LEO-600
	Set-4
	DL
	14.0
	9.0
	-33.6
	0.1
	154.0
	3.0
	2.2
	3.0
	180.0
	-5.9



Table A-2: Link budget calibration of DL transmissions (2 GHz) for eMTC.
	eMTC DL

	Satellite orbit
	Satellite parameters
	UL/DL
	TX: EIRP [dBW]
	Noise figure [dB]
	RX: G/T [dB]
	Atmospheric loss [dB]
	Free space path loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	BW (kHZ)
	CNR [dB]

	GEO
	Set-1
	DL
	59.3
	9.0
	-33.6
	0.2
	190.6
	3.0
	2.2
	3.0
	1080.0
	-5.0

	GEO
	Set-2
	DL
	53.8
	9.0
	-33.6
	0.2
	190.4
	3.0
	2.2
	3.0
	1080.0
	-10.3

	GEO
	Set-3
	DL
	60.1
	9.0
	-33.6
	0.2
	190.4
	3.0
	2.2
	3.0
	1080.0
	-4.0

	LEO-1200
	Set-1
	DL
	40.3
	9.0
	-33.6
	0.1
	164.5
	3.0
	2.2
	3.0
	1080.0
	2.2

	LEO-1200
	Set-2
	DL
	34.3
	9.0
	-33.6
	0.1
	164.5
	3.0
	2.2
	3.0
	1080.0
	-3.8

	LEO-1200
	Set-3
	DL
	34.0
	9.0
	-33.6
	0.1
	162.3
	3.0
	2.2
	3.0
	1080.0
	-2.0

	LEO-600
	Set-1
	DL
	34.3
	9.0
	-33.6
	0.1
	159.1
	3.0
	2.2
	3.0
	1080.0
	1.6

	LEO-600
	Set-2
	DL
	28.3
	9.0
	-33.6
	0.1
	159.1
	3.0
	2.2
	3.0
	1080.0
	-4.4

	LEO-600
	Set-3
	DL
	28.6
	9.0
	-33.6
	0.1
	156.9
	3.0
	2.2
	3.0
	1080.0
	-1.9

	LEO-600
	Set-4
	DL
	21.8
	9.0
	-33.6
	0.1
	154.0
	3.0
	2.2
	3.0
	1080.0
	-5.9



Table A-3: Link budget calibration of UL transmissions (2 GHz) for NB-IoT.
	NB-IoT UL

	Satellite orbit
	Satellite parameters
	UL/DL
	UE power class
	TX: EIRP [dBm]
	RX: G/T [dB]
	Atmospheric loss [dB]
	Free space path loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	BW (kHZ)
	CNR [dB]

	GEO
	Set-1
	UL
	Class 5
	20.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	180.00
	-13.9

	
	
	
	Class 5
	20.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	3.75
	2.9

	GEO
	Set-2
	UL
	Class 5
	20.0
	14.0
	0.2
	190.4
	3.0
	2.2
	3.0
	180.00
	-18.8

	
	
	
	Class 5
	20.0
	14.0
	0.2
	190.4
	3.0
	2.2
	3.0
	3.75
	-2.0

	GEO
	Set-3
	UL
	Class 5
	20.0
	16.7
	0.2
	190.4
	3.0
	2.2
	3.0
	180.00
	-16.0

	
	
	
	Class 5
	20.0
	16.7
	0.2
	190.4
	3.0
	2.2
	3.0
	3.75
	0.8

	LEO-1200
	Set-1
	UL
	Class 5
	20.0
	1.1
	0.1
	164.5
	3.0
	2.2
	3.0
	180.00
	-5.6

	
	
	
	Class 5
	20.0
	1.1
	0.1
	164.5
	3.0
	2.2
	3.0
	3.75
	11.2

	LEO-1200
	Set-2
	UL
	Class 5
	20.0
	-4.9
	0.1
	164.5
	3.0
	2.2
	3.0
	180.00
	-11.6

	
	
	
	Class 5
	20.0
	-4.9
	0.1
	164.5
	3.0
	2.2
	3.0
	3.75
	5.2

	LEO-1200
	Set-3
	UL
	Class 5
	20.0
	-12.8
	0.1
	162.3
	3.0
	2.2
	3.0
	180.00
	-17.4

	
	
	
	Class 5
	20.0
	-12.8
	0.1
	162.3
	3.0
	2.2
	3.0
	3.75
	-0.6

	LEO-600
	Set-1
	UL
	Class 5
	20.0
	1.1
	0.1
	159.1
	3.0
	2.2
	3.0
	180.00
	-0.3

	
	
	
	Class 5
	20.0
	1.1
	0.1
	159.1
	3.0
	2.2
	3.0
	3.75
	16.6

	LEO-600
	Set-2
	UL
	Class 5
	20.0
	-4.9
	0.1
	159.1
	3.0
	2.2
	3.0
	180.00
	-6.3

	
	
	
	Class 5
	20.0
	-4.9
	0.1
	159.1
	3.0
	2.2
	3.0
	3.75
	10.6

	LEO-600
	Set-3
	UL
	Class 5
	20.0
	-12.8
	0.1
	156.9
	3.0
	2.2
	3.0
	180.00
	-11.9

	
	
	
	Class 5
	20.0
	-12.8
	0.1
	156.9
	3.0
	2.2
	3.0
	3.75
	4.9

	LEO-600
	Set-4
	UL
	Class 5
	20.0
	-18.6
	0.1
	154.0
	3.0
	2.2
	3.0
	180.00
	-14.9

	
	
	
	Class 5
	20.0
	-18.6
	0.1
	154.0
	3.0
	2.2
	3.0
	3.75
	1.9



Table A-4: Link budget calibration of UL transmissions (2 GHz) for eMTC.
	eMTC UL

	Satellite orbit
	Satellite parameters
	UL/DL
	UE power class
	TX: EIRP [dBm]
	RX: G/T [dB]
	Atmospheric loss [dB]
	Free space path loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	BW (kHZ)
	CNR [dB]

	GEO
	Set-1
	UL
	Class 5
	20.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	1080.00
	-21.7

	
	
	
	Class 5
	20.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	30.00
	-6.2

	GEO
	Set-2
	UL
	Class 5
	20.0
	14.0
	0.2
	190.4
	3.0
	2.2
	3.0
	1080.00
	-26.5

	
	
	
	Class 5
	20.0
	14.0
	0.2
	190.4
	3.0
	2.2
	3.0
	30.00
	-11.0

	GEO
	Set-3
	UL
	Class 5
	20.0
	16.7
	0.2
	190.4
	3.0
	2.2
	3.0
	1080.00
	-23.8

	
	
	
	Class 5
	20.0
	16.7
	0.2
	190.4
	3.0
	2.2
	3.0
	30.00
	-8.3

	LEO-1200
	Set-1
	UL
	Class 5
	20.0
	1.1
	0.1
	164.5
	3.0
	2.2
	3.0
	1080.00
	-13.4

	
	
	
	Class 5
	20.0
	1.1
	0.1
	164.5
	3.0
	2.2
	3.0
	30.00
	2.1

	LEO-1200
	Set-2
	UL
	Class 5
	20.0
	-4.9
	0.1
	164.5
	3.0
	2.2
	3.0
	1080.00
	-19.4

	
	
	
	Class 5
	20.0
	-4.9
	0.1
	164.5
	3.0
	2.2
	3.0
	30.00
	-3.9

	LEO-1200
	Set-3
	UL
	Class 5
	20.0
	-12.8
	0.1
	162.3
	3.0
	2.2
	3.0
	1080.00
	-25.2

	
	
	
	Class 5
	20.0
	-12.8
	0.1
	162.3
	3.0
	2.2
	3.0
	30.00
	-9.6

	LEO-600
	Set-1
	UL
	Class 5
	20.0
	1.1
	0.1
	159.1
	3.0
	2.2
	3.0
	1080.00
	-8.0

	
	
	
	Class 5
	20.0
	1.1
	0.1
	159.1
	3.0
	2.2
	3.0
	30.00
	7.5

	LEO-600
	Set-2
	UL
	Class 5
	20.0
	-4.9
	0.1
	159.1
	3.0
	2.2
	3.0
	1080.00
	-14.0

	
	
	
	Class 5
	20.0
	-4.9
	0.1
	159.1
	3.0
	2.2
	3.0
	30.00
	1.5

	LEO-600
	Set-3
	UL
	Class 5
	20.0
	-12.8
	0.1
	156.9
	3.0
	2.2
	3.0
	1080.00
	-19.7

	
	
	
	Class 5
	20.0
	-12.8
	0.1
	156.9
	3.0
	2.2
	3.0
	30.00
	-4.1

	LEO-600
	Set-4
	UL
	Class 5
	20.0
	-18.6
	0.1
	154.0
	3.0
	2.2
	3.0
	1080.00
	-22.7

	
	
	
	Class 5
	20.0
	-18.6
	0.1
	154.0
	3.0
	2.2
	3.0
	30.00
	-7.1
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