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[bookmark: _Hlk521259925]In the last RAN1 #103-e meeting, several agreements were achieved on IoT NTN scenarios and parameters [1].
	Agreement:
IoT NTN scenarios A, B, and C are included in the study as shown below:

	NTN Configurations 
	Transparent satellite

	GEO based non-terrestrial access network 
	Scenario A

	LEO based non-terrestrial access network generating steerable beams (altitude 1200 km and 600km)
	Scenario B

	LEO based non-terrestrial access network generating fixed beams whose footprints move with the satellite (altitude 1200 km and 600km)
	Scenario C



Agreement:
The following IoT NTN reference scenario parameters are agreed:
	Scenarios
	GEO based non-terrestrial access network - scenario A 
	LEO based non-terrestrial access network -Scenario B & C

	Orbit type
	station keeping a nominally fixed position in terms of elevation/azimuth with respect to a given earth point 
	circular orbiting at low altitude around the earth

	Altitude
	35,786 km
	600 km 
1,200 km 

	Frequency Range  (service link)
	< 6 GHz (e.g. 2 GHz in S band) 

	Device channel Bandwidth  (service link) (NOTE 7)
	· 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)

	Payload
	Transparent type
	Transparent Type

	Earth-fixed beams
	Yes
	Scenario B:  Yes (steerable beams), see NOTE 1
Scenario C: No  (the beams move with the satellite)

	Max beam foot print size (edge to edge) regardless of the elevation angle
	3500 km (NOTE 3)
	1000 km  (NOTE 2)

	Min Elevation angle for both sat-gateway and C-IoT device
	10° for service link and 10° for feeder link
	10° for service link and 10° for feeder link

	Max distance between satellite and C-IoT device at min elevation angle 
	 40,581 km 
	 1,932 km (600 km altitude) 
 3,131 km (1,200 km altitude) 

	Max Round Trip Delay (propagation delay only) 
	 541.46ms (service and feeder links)
	25.77 ms (600km) (service and feeder links)
41.77 ms (1200km) (service and feeder links)

	Max differential delay within a cell 
	10.3 ms
	3.12 ms and 3.18 ms for respectively 600km and 1200km

	Max Doppler shift (earth fixed user equipment) (NOTE 6)
	0.93 ppm
	24 ppm (600km) 
 21ppm(1200km) 
 

	Max Doppler shift variation (earth fixed user equipment)  (NOTE 6)
	0.000 045 ppm/s 
	  0.27 ppm/s  (600km) 
  0.13 ppm/s  (1200km) 

	C-IoT device motion on the earth
	Min 0 km/s (stationary device), max 120 km/h 
	Min 0 km/s (stationary device), max 120 km/h

	C-IoT device antenna types
	Omnidirectional antenna with 0 dBi TX antenna gain and 0 dBi RX antenna gain  (NOTE 4) 

	C-IoT device max Tx power
	UE power class 3 with up to 200 mW (23dBm), UE power class 5 with up to 100 mW (20 dBm) 

	C-IoT device Noise Figure
	Omnidirectional antenna: 7 dB or 9 dB  (NOTE 5)

	Service link
	3GPP defined Narrow Band IoT and eMTC


NOTE 1:    Each satellite has the capability to steer beams towards fixed points on earth using beamforming techniques. This is applicable for a period of time corresponding to the visibility time of the satellite.
NOTE 2:   This beam size refers to the Nadir pointing of the satellite.  
NOTE 3: The Maximum beam foot print size for GEO is based on current state of the art GEO High Throughput systems, assuming either spot beams at the edge of coverage (low elevation) or a single wide-beam.
NOTE 4: The use of a Circular polarized antenna is optional.
NOTE 5: Same Noise Figure of 7 dB as in Release 16 TR 38.821 or 9 dB as in Release 12 TR 36.888  for device can be assumed for link budget. The noise figure is device vendor implementation specific.  
NOTE 6: Max Doppler shift and Max Doppler shift variation in the absence of any device pre-compensation of satellite Doppler shift on the service link.
NOTE 7: System bandwidth is FFS 


In this contribution, we will discuss on scenarios and evaluation methodology to verify the feasibility for NB-IoT/eMTC over NTN.
Discussion
Coverage performance
A link budget analysis is needed to evaluate the coverage performance of IoT NTN. 
As shown in Table 1 and Table 2, link budget is evaluated in line with the latest satellite parameters (Set-1, Set-2, Set-3) and UE characteristics.
Table 1: Satellite parameters.
	
	Set-1
	Set 2
	Set 3

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

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

	Satellite antenna pattern
	Section 6.4.1 in TR 38.811

	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

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

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

	3dB beamwidth (deg)
	0.4011
	4.4127
	4.4127
	0.7353
	8.832
	8.832
	0.7
	22.1
	22.1

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

	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

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

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



[bookmark: _Hlk61448551]Table 2: UE characteristics.
	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

	UL
	Noise figure
	7 dB or 9dB

	
	Tx transmit power
	UE power class 3: 23dBm
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 summarizes the path loss for IoT NTN scenarios.
Table 3: Path loss for link budget.
	
	GEO 35786 km
	LEO 1200 km
	LEO 600 km

	Elevation angle (deg)
	10
	10
	10

	FSPL (dB)
	190.64
	168.38
	164.19

	Scintillation losses (dB)
	2.2
	2.2
	2.2

	Atmospheric losses (dB)
	0.2
	0.2
	0.2

	Polarization loss (dB)
	3
	3
	3

	Shadow margin (dB)
	3
	3
	3

	Additional losses [dB]
	9dB for carriage and container penetration loss or vegetation loss.


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 [2] 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 [3]

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 [3]. 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.
Proposal 1: For link budget, the following additional pathloss needs to be considered.
· Carriage and container penetration loss (9~20dB) for logistics application.
· Vegetation loss (e.g., 9dB) for outdoor application.

In Appendix A1-A4, we provide the preliminary link budget results for both LEO and GEO satellites.

Connection density
The connection density was defined as the number of devices per unit area that fulfil a target quality of service (QoS) requirement to ensure a packet drop rate of 1% for a certain packet size and packet arrival rate [4]. The terrestrial IoT is able to fulfill the requirement of IMT-2020, i.e., 1 million device/km2, by assuming the BS deployment with ISD equaling to 500 m or 1732 m in different evaluation configurations.
The cell sizes in NTN are significantly larger than those considered while evaluating eMTC/NB-IoT connection density requirement in terrestrial cellular networks. For example, as listed in Table 1, the beam diameter is up to 40~470 km even in case of nadir point.
Therefore, it is more challengeable to fulfill the connection density requirement of IMT-2020. Instead, we may need to revisit the target connection density requirement for IoT NTN.
Proposal 2: Regarding connection density for IoT NTN, revisit the target requirement is needed.

Complexity
A low device complexity was one of the key design targets for NB-IoT and eMTC devices. In NTN, GNSS is assumed as default capability of terminal to enable the pre-compensation. Therefore, the complexity and cost of IoT NTN devices need to be estimated to account for GNSS. 
Proposal 3: Regarding complexity of IoT device, investigate the impact of GNSS-assisted operation is needed.

Conclusions
In this contribution, we share our views on scenarios and evaluation methodology for IoT NTN. The observations and proposals are summarized as follows:
Proposal 1: For link budget, the following additional pathloss needs to be considered.
· Carriage and container penetration loss (9~20dB) for logistics application.
· Vegetation loss (e.g., 9dB) for outdoor application.
Proposal 2: Regarding connection density for IoT NTN, revisit the target requirement is needed.
Proposal 3: Regarding complexity of IoT device, investigate the impact of GNSS-assisted operation is needed.
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Appendix
[bookmark: _Ref54247304]A1: Link budgets for DL transmissions (2 GHz) for eMTC
[bookmark: _Hlk61462895]Table 4-1: Link budget for DL transmissions (2 GHz) for eMTC without additional loss.
	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]
	Additional losses [dB]
	BW (kHZ)
	CNR [dB]

	GEO
	Set-1
	DL
	59.3
	7.0
	-31.6
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	1080.0
	-3.1

	
	
	
	59.3
	9.0
	-33.6
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	1080.0
	-5.1

	GEO
	Set-2
	DL
	53.8
	7.0
	-31.6
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	1080.0
	-8.6

	
	
	
	53.8
	9.0
	-33.6
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	1080.0
	-10.6

	GEO
	Set-3
	DL
	60.1
	7.0
	-31.6
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	1080.0
	-2.3

	
	
	
	60.1
	9.0
	-33.6
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	1080.0
	-4.3

	LEO-1200
	Set-1
	DL
	40.3
	7.0
	-31.6
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	1080.0
	0.2

	
	
	
	40.3
	9.0
	-33.6
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	1080.0
	-1.8

	LEO-1200
	Set-2
	DL
	34.3
	7.0
	-31.6
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	1080.0
	-5.8

	
	
	
	34.3
	9.0
	-33.6
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	1080.0
	-7.8

	LEO-1200
	Set-3
	DL
	34.0
	7.0
	-31.6
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	1080.0
	-6.1

	
	
	
	34.0
	9.0
	-33.6
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	1080.0
	-8.1

	LEO-600
	Set-1
	DL
	34.3
	7.0
	-31.6
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	1080.0
	-1.6

	
	
	
	34.3
	9.0
	-33.6
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	1080.0
	-3.6

	LEO-600
	Set-2
	DL
	28.3
	7.0
	-31.6
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	1080.0
	-7.6

	
	
	
	28.3
	9.0
	-33.6
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	1080.0
	-9.6

	LEO-600
	Set-3
	DL
	28.6
	7.0
	-31.6
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	1080.0
	-7.3

	
	
	
	28.6
	9.0
	-33.6
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	1080.0
	-9.3



Table 4-2: Link budget for DL transmissions (2 GHz) for eMTC with additional loss (e.g., carriage penetration or vegetation loss).
	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]
	Additional losses [dB]
	BW (kHZ)
	CNR [dB]

	GEO
	Set-1
	DL
	59.3
	7.0
	-31.6
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	1080.0
	-12.1

	
	
	
	59.3
	9.0
	-33.6
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	1080.0
	-14.1

	GEO
	Set-2
	DL
	53.8
	7.0
	-31.6
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	1080.0
	-17.6

	
	
	
	53.8
	9.0
	-33.6
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	1080.0
	-19.6

	GEO
	Set-3
	DL
	60.1
	7.0
	-31.6
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	1080.0
	-11.3

	
	
	
	60.1
	9.0
	-33.6
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	1080.0
	-13.3

	LEO-1200
	Set-1
	DL
	40.3
	7.0
	-31.6
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	1080.0
	-8.8

	
	
	
	40.3
	9.0
	-33.6
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	1080.0
	-10.8

	LEO-1200
	Set-2
	DL
	34.3
	7.0
	-31.6
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	1080.0
	-14.8

	
	
	
	34.3
	9.0
	-33.6
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	1080.0
	-16.8

	LEO-1200
	Set-3
	DL
	34.0
	7.0
	-31.6
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	1080.0
	-15.1

	
	
	
	34.0
	9.0
	-33.6
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	1080.0
	-17.1

	LEO-600
	Set-1
	DL
	34.3
	7.0
	-31.6
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	1080.0
	-10.6

	
	
	
	34.3
	9.0
	-33.6
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	1080.0
	-12.6

	LEO-600
	Set-2
	DL
	28.3
	7.0
	-31.6
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	1080.0
	-16.6

	
	
	
	28.3
	9.0
	-33.6
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	1080.0
	-18.6

	LEO-600
	Set-3
	DL
	28.6
	7.0
	-31.6
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	1080.0
	-16.3

	
	
	
	28.6
	9.0
	-33.6
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	1080.0
	-18.3



A2: Link budgets for DL transmissions (2 GHz) for NB-IoT
Table 5-1: Link budget for DL transmissions (2 GHz) for NB-IoT without additional loss.
	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]
	Additional losses [dB]
	BW (kHZ)
	CNR [dB]

	GEO
	Set-1
	DL
	51.6
	7.0
	-31.6
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	180.0
	-3.1

	
	
	
	51.6
	9.0
	-33.6
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	180.0
	-5.1

	GEO
	Set-2
	DL
	46.1
	7.0
	-31.6
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	180.0
	-8.6

	
	
	
	46.1
	9.0
	-33.6
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	180.0
	-10.6

	GEO
	Set-3
	DL
	52.4
	7.0
	-31.6
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	180.0
	-2.3

	
	
	
	52.4
	9.0
	-33.6
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	180.0
	-4.3

	LEO-1200
	Set-1
	DL
	32.6
	7.0
	-31.6
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	180.0
	0.2

	
	
	
	32.6
	9.0
	-33.6
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	180.0
	-1.8

	LEO-1200
	Set-2
	DL
	26.6
	7.0
	-31.6
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	180.0
	-5.8

	
	
	
	26.6
	9.0
	-33.6
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	180.0
	-7.8

	LEO-1200
	Set-3
	DL
	26.3
	7.0
	-31.6
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	180.0
	-6.1

	
	
	
	26.3
	9.0
	-33.6
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	180.0
	-8.1

	LEO-600
	Set-1
	DL
	26.6
	7.0
	-31.6
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	180.0
	-1.6

	
	
	
	26.6
	9.0
	-33.6
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	180.0
	-3.6

	LEO-600
	Set-2
	DL
	20.6
	7.0
	-31.6
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	180.0
	-7.6

	
	
	
	20.6
	9.0
	-33.6
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	180.0
	-9.6

	LEO-600
	Set-3
	DL
	20.9
	7.0
	-31.6
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	180.0
	-7.3

	
	
	
	20.9
	9.0
	-33.6
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	180.0
	-9.3



Table 5-2: Link budget for DL transmissions (2 GHz) for NB-IoT with additional loss (e.g., carriage penetration or vegetation loss).
	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]
	Additional losses [dB]
	BW (kHZ)
	CNR [dB]

	GEO
	Set-1
	DL
	51.6
	7.0
	-31.6
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	180.0
	-12.1

	
	
	
	51.6
	9.0
	-33.6
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	180.0
	-14.1

	GEO
	Set-2
	DL
	46.1
	7.0
	-31.6
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	180.0
	-17.6

	
	
	
	46.1
	9.0
	-33.6
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	180.0
	-19.6

	GEO
	Set-3
	DL
	52.4
	7.0
	-31.6
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	180.0
	-11.3

	
	
	
	52.4
	9.0
	-33.6
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	180.0
	-13.3

	LEO-1200
	Set-1
	DL
	32.6
	7.0
	-31.6
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	180.0
	-8.8

	
	
	
	32.6
	9.0
	-33.6
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	180.0
	-10.8

	LEO-1200
	Set-2
	DL
	26.6
	7.0
	-31.6
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	180.0
	-14.8

	
	
	
	26.6
	9.0
	-33.6
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	180.0
	-16.8

	LEO-1200
	Set-3
	DL
	26.3
	7.0
	-31.6
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	180.0
	-15.1

	
	
	
	26.3
	9.0
	-33.6
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	180.0
	-17.1

	LEO-600
	Set-1
	DL
	26.6
	7.0
	-31.6
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	180.0
	-10.6

	
	
	
	26.6
	9.0
	-33.6
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	180.0
	-12.6

	LEO-600
	Set-2
	DL
	20.6
	7.0
	-31.6
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	180.0
	-16.6

	
	
	
	20.6
	9.0
	-33.6
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	180.0
	-18.6

	LEO-600
	Set-3
	DL
	20.9
	7.0
	-31.6
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	180.0
	-16.3

	
	
	
	20.9
	9.0
	-33.6
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	180.0
	-18.3



A3: Link budgets for UL transmissions (2 GHz) for eMTC
Table 6-1: Link budget for UL transmissions (2 GHz) for eMTC without additional loss.
	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]
	Additional losses [dB]
	BW (kHZ)
	CNR [dB]

	GEO
	Set-1
	UL
	Class 3
	23.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	1080.0
	-18.8

	
	
	
	Class 3
	23.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	180.0
	-11.0

	
	
	
	Class 3
	23.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	90.0
	-8.0

	
	
	
	Class 3
	23.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	45.0
	-5.0

	
	
	
	Class 3
	23.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	30.0
	-3.2

	GEO
	Set-1
	UL
	Class 5
	20.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	1080.0
	-21.8

	
	
	
	Class 5
	20.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	180.0
	-14.0

	
	
	
	Class 5
	20.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	90.0
	-11.0

	
	
	
	Class 5
	20.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	45.0
	-8.0

	
	
	
	Class 5
	20.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	30.0
	-6.2

	GEO
	Set-2
	UL
	Class 3
	23.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	1080.0
	-23.8

	
	
	
	Class 3
	23.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	180.0
	-16.0

	
	
	
	Class 3
	23.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	90.0
	-13.0

	
	
	
	Class 3
	23.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	45.0
	-10.0

	
	
	
	Class 3
	23.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	30.0
	-8.2

	GEO
	Set-2
	UL
	Class 5
	20.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	1080.0
	-26.8

	
	
	
	Class 5
	20.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	180.0
	-19.0

	
	
	
	Class 5
	20.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	90.0
	-16.0

	
	
	
	Class 5
	20.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	45.0
	-13.0

	
	
	
	Class 5
	20.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	30.0
	-11.2

	GEO
	Set-3
	UL
	Class 3
	23.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	1080.0
	-21.1

	
	
	
	Class 3
	23.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	180.0
	-13.3

	
	
	
	Class 3
	23.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	90.0
	-10.3

	
	
	
	Class 3
	23.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	45.0
	-7.3

	
	
	
	Class 3
	23.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	30.0
	-5.5

	GEO
	Set-3
	UL
	Class 5
	20.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	1080.0
	-24.1

	
	
	
	Class 5
	20.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	180.0
	-16.3

	
	
	
	Class 5
	20.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	90.0
	-13.3

	
	
	
	Class 5
	20.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	45.0
	-10.3

	
	
	
	Class 5
	20.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	30.0
	-8.5

	LEO-1200
	Set-1
	UL
	Class 3
	23.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	1080.0
	-14.4

	
	
	
	Class 3
	23.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	180.0
	-6.6

	
	
	
	Class 3
	23.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	90.0
	-3.6

	
	
	
	Class 3
	23.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	45.0
	-0.6

	
	
	
	Class 3
	23.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	30.0
	1.1

	LEO-1200
	Set-1
	UL
	Class 5
	20.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	1080.0
	-17.4

	
	
	
	Class 5
	20.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	180.0
	-9.6

	
	
	
	Class 5
	20.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	90.0
	-6.6

	
	
	
	Class 5
	20.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	45.0
	-3.6

	
	
	
	Class 5
	20.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	30.0
	-1.9

	LEO-1200
	Set-2
	UL
	Class 3
	23.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	1080.0
	-20.4

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	180.0
	-12.6

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	90.0
	-9.6

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	45.0
	-6.6

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	30.0
	-4.9

	LEO-1200
	Set-2
	UL
	Class 5
	20.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	1080.0
	-23.4

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	180.0
	-15.6

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	90.0
	-12.6

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	45.0
	-9.6

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	30.0
	-7.9

	LEO-1200
	Set-3
	UL
	Class 3
	23.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	1080.0
	-28.3

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	180.0
	-20.5

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	90.0
	-17.5

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	45.0
	-14.5

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	30.0
	-12.8

	LEO-1200
	Set-3
	UL
	Class 5
	20.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	1080.0
	-31.3

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	180.0
	-23.5

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	90.0
	-20.5

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	45.0
	-17.5

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	30.0
	-15.8

	LEO-600
	Set-1
	UL
	Class 3
	23.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	1080.0
	-10.2

	
	
	
	Class 3
	23.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	180.0
	-2.4

	
	
	
	Class 3
	23.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	90.0
	0.6

	
	
	
	Class 3
	23.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	45.0
	3.6

	
	
	
	Class 3
	23.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	30.0
	5.3

	LEO-600
	Set-1
	UL
	Class 5
	20.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	1080.0
	-13.2

	
	
	
	Class 5
	20.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	180.0
	-5.4

	
	
	
	Class 5
	20.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	90.0
	-2.4

	
	
	
	Class 5
	20.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	45.0
	0.6

	
	
	
	Class 5
	20.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	30.0
	2.3

	LEO-600
	Set-2
	UL
	Class 3
	23.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	1080.0
	-16.2

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	180.0
	-8.4

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	90.0
	-5.4

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	45.0
	-2.4

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	30.0
	-0.7

	LEO-600
	Set-2
	UL
	Class 5
	20.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	1080.0
	-19.2

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	180.0
	-11.4

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	90.0
	-8.4

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	45.0
	-5.4

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	30.0
	-3.7

	LEO-600
	Set-3
	UL
	Class 3
	23.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	1080.0
	-24.1

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	180.0
	-16.3

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	90.0
	-13.3

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	45.0
	-10.3

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	30.0
	-8.6

	LEO-600
	Set-3
	UL
	Class 5
	20.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	1080.0
	-27.1

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	180.0
	-19.3

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	90.0
	-16.3

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	45.0
	-13.3

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	30.0
	-11.6



Table 6-2: Link budget for UL transmissions (2 GHz) for eMTC with additional loss (e.g., carriage penetration or vegetation loss).
	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]
	Additional losses [dB]
	BW (kHZ)
	CNR [dB]

	GEO
	Set-1
	UL
	Class 3
	23.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	1080.0
	-27.8

	
	
	
	Class 3
	23.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	180.0
	-20.0

	
	
	
	Class 3
	23.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	90.0
	-17.0

	
	
	
	Class 3
	23.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	45.0
	-14.0

	
	
	
	Class 3
	23.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	30.0
	-12.2

	GEO
	Set-1
	UL
	Class 5
	20.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	1080.0
	-30.8

	
	
	
	Class 5
	20.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	180.0
	-23.0

	
	
	
	Class 5
	20.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	90.0
	-20.0

	
	
	
	Class 5
	20.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	45.0
	-17.0

	
	
	
	Class 5
	20.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	30.0
	-15.2

	GEO
	Set-2
	UL
	Class 3
	23.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	1080.0
	-32.8

	
	
	
	Class 3
	23.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	180.0
	-25.0

	
	
	
	Class 3
	23.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	90.0
	-22.0

	
	
	
	Class 3
	23.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	45.0
	-19.0

	
	
	
	Class 3
	23.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	30.0
	-17.2

	GEO
	Set-2
	UL
	Class 5
	20.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	1080.0
	-35.8

	
	
	
	Class 5
	20.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	180.0
	-28.0

	
	
	
	Class 5
	20.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	90.0
	-25.0

	
	
	
	Class 5
	20.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	45.0
	-22.0

	
	
	
	Class 5
	20.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	30.0
	-20.2

	GEO
	Set-3
	UL
	Class 3
	23.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	1080.0
	-30.1

	
	
	
	Class 3
	23.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	180.0
	-22.3

	
	
	
	Class 3
	23.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	90.0
	-19.3

	
	
	
	Class 3
	23.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	45.0
	-16.3

	
	
	
	Class 3
	23.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	30.0
	-14.5

	GEO
	Set-3
	UL
	Class 5
	20.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	1080.0
	-33.1

	
	
	
	Class 5
	20.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	180.0
	-25.3

	
	
	
	Class 5
	20.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	90.0
	-22.3

	
	
	
	Class 5
	20.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	45.0
	-19.3

	
	
	
	Class 5
	20.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	30.0
	-17.5

	LEO-1200
	Set-1
	UL
	Class 3
	23.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	1080.0
	-23.4

	
	
	
	Class 3
	23.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	180.0
	-15.6

	
	
	
	Class 3
	23.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	90.0
	-12.6

	
	
	
	Class 3
	23.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	45.0
	-9.6

	
	
	
	Class 3
	23.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	30.0
	-7.9

	LEO-1200
	Set-1
	UL
	Class 5
	20.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	1080.0
	-26.4

	
	
	
	Class 5
	20.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	180.0
	-18.6

	
	
	
	Class 5
	20.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	90.0
	-15.6

	
	
	
	Class 5
	20.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	45.0
	-12.6

	
	
	
	Class 5
	20.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	30.0
	-10.9

	LEO-1200
	Set-2
	UL
	Class 3
	23.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	1080.0
	-29.4

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	180.0
	-21.6

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	90.0
	-18.6

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	45.0
	-15.6

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	30.0
	-13.9

	LEO-1200
	Set-2
	UL
	Class 5
	20.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	1080.0
	-32.4

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	180.0
	-24.6

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	90.0
	-21.6

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	45.0
	-18.6

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	30.0
	-16.9

	LEO-1200
	Set-3
	UL
	Class 3
	23.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	1080.0
	-37.3

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	180.0
	-29.5

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	90.0
	-26.5

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	45.0
	-23.5

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	30.0
	-21.8

	LEO-1200
	Set-3
	UL
	Class 5
	20.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	1080.0
	-40.3

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	180.0
	-32.5

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	90.0
	-29.5

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	45.0
	-26.5

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	30.0
	-24.8

	LEO-600
	Set-1
	UL
	Class 3
	23.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	1080.0
	-19.2

	
	
	
	Class 3
	23.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	180.0
	-11.4

	
	
	
	Class 3
	23.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	90.0
	-8.4

	
	
	
	Class 3
	23.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	45.0
	-5.4

	
	
	
	Class 3
	23.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	30.0
	-3.7

	LEO-600
	Set-1
	UL
	Class 5
	20.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	1080.0
	-22.2

	
	
	
	Class 5
	20.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	180.0
	-14.4

	
	
	
	Class 5
	20.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	90.0
	-11.4

	
	
	
	Class 5
	20.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	45.0
	-8.4

	
	
	
	Class 5
	20.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	30.0
	-6.7

	LEO-600
	Set-2
	UL
	Class 3
	23.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	1080.0
	-25.2

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	180.0
	-17.4

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	90.0
	-14.4

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	45.0
	-11.4

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	30.0
	-9.7

	LEO-600
	Set-2
	UL
	Class 5
	20.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	1080.0
	-28.2

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	180.0
	-20.4

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	90.0
	-17.4

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	45.0
	-14.4

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	30.0
	-12.7

	LEO-600
	Set-3
	UL
	Class 3
	23.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	1080.0
	-33.1

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	180.0
	-25.3

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	90.0
	-22.3

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	45.0
	-19.3

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	30.0
	-17.6

	LEO-600
	Set-3
	UL
	Class 5
	20.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	1080.0
	-36.1

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	180.0
	-28.3

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	90.0
	-25.3

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	45.0
	-22.3

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	30.0
	-20.6



A4: Link budgets for UL transmissions (2 GHz) for NB-IoT
Table 7-1: Link budget for UL transmissions (2 GHz) for NB-IoT without additional loss.
	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]
	Additional losses [dB]
	BW (kHZ)
	CNR [dB]

	GEO
	Set-1
	UL
	Class 3
	23.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	180.00
	-11.0

	
	
	
	Class 3
	23.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	90.00
	-8.0

	
	
	
	Class 3
	23.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	45.00
	-5.0

	
	
	
	Class 3
	23.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	15.00
	-0.2

	
	
	
	Class 3
	23.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	3.75
	5.8

	GEO
	Set-1
	UL
	Class 5
	20.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	180.00
	-14.0

	
	
	
	Class 5
	20.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	90.00
	-11.0

	
	
	
	Class 5
	20.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	45.00
	-8.0

	
	
	
	Class 5
	20.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	15.00
	-3.2

	
	
	
	Class 5
	20.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	3.75
	2.8

	GEO
	Set-2
	UL
	Class 3
	23.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	180.00
	-16.0

	
	
	
	Class 3
	23.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	90.00
	-13.0

	
	
	
	Class 3
	23.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	45.00
	-10.0

	
	
	
	Class 3
	23.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	15.00
	-5.2

	
	
	
	Class 3
	23.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	3.75
	0.8

	GEO
	Set-2
	UL
	Class 5
	20.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	180.00
	-19.0

	
	
	
	Class 5
	20.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	90.00
	-16.0

	
	
	
	Class 5
	20.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	45.00
	-13.0

	
	
	
	Class 5
	20.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	15.00
	-8.2

	
	
	
	Class 5
	20.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	3.75
	-2.2

	GEO
	Set-3
	UL
	Class 3
	23.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	180.00
	-13.3

	
	
	
	Class 3
	23.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	90.00
	-10.3

	
	
	
	Class 3
	23.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	45.00
	-7.3

	
	
	
	Class 3
	23.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	15.00
	-2.5

	
	
	
	Class 3
	23.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	3.75
	3.5

	GEO
	Set-3
	UL
	Class 5
	20.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	180.00
	-16.3

	
	
	
	Class 5
	20.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	90.00
	-13.3

	
	
	
	Class 5
	20.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	45.00
	-10.3

	
	
	
	Class 5
	20.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	15.00
	-5.5

	
	
	
	Class 5
	20.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	0.0
	3.75
	0.5

	LEO-1200
	Set-1
	UL
	Class 3
	23.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	180.00
	-6.6

	
	
	
	Class 3
	23.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	90.00
	-3.6

	
	
	
	Class 3
	23.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	45.00
	-0.6

	
	
	
	Class 3
	23.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	15.00
	4.2

	
	
	
	Class 3
	23.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	3.75
	10.2

	LEO-1200
	Set-1
	UL
	Class 5
	20.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	180.00
	-9.6

	
	
	
	Class 5
	20.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	90.00
	-6.6

	
	
	
	Class 5
	20.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	45.00
	-3.6

	
	
	
	Class 5
	20.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	15.00
	1.2

	
	
	
	Class 5
	20.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	3.75
	7.2

	LEO-1200
	Set-2
	UL
	Class 3
	23.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	180.00
	-12.6

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	90.00
	-9.6

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	45.00
	-6.6

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	15.00
	-1.8

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	3.75
	4.2

	LEO-1200
	Set-2
	UL
	Class 5
	20.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	180.00
	-15.6

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	90.00
	-12.6

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	45.00
	-9.6

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	15.00
	-4.8

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	3.75
	1.2

	LEO-1200
	Set-3
	UL
	Class 3
	23.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	180.00
	-20.5

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	90.00
	-17.5

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	45.00
	-14.5

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	15.00
	-9.7

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	3.75
	-3.7

	LEO-1200
	Set-3
	UL
	Class 5
	20.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	180.00
	-23.5

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	90.00
	-20.5

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	45.00
	-17.5

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	15.00
	-12.7

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	0.0
	3.75
	-6.7

	LEO-600
	Set-1
	UL
	Class 3
	23.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	180.00
	-2.4

	
	
	
	Class 3
	23.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	90.00
	0.6

	
	
	
	Class 3
	23.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	45.00
	3.6

	
	
	
	Class 3
	23.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	15.00
	8.3

	
	
	
	Class 3
	23.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	3.75
	14.4

	LEO-600
	Set-1
	UL
	Class 5
	20.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	180.00
	-5.4

	
	
	
	Class 5
	20.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	90.00
	-2.4

	
	
	
	Class 5
	20.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	45.00
	0.6

	
	
	
	Class 5
	20.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	15.00
	5.3

	
	
	
	Class 5
	20.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	3.75
	11.4

	LEO-600
	Set-2
	UL
	Class 3
	23.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	180.00
	-8.4

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	90.00
	-5.4

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	45.00
	-2.4

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	15.00
	2.3

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	3.75
	8.4

	LEO-600
	Set-2
	UL
	Class 5
	20.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	180.00
	-11.4

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	90.00
	-8.4

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	45.00
	-5.4

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	15.00
	-0.7

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	3.75
	5.4

	LEO-600
	Set-3
	UL
	Class 3
	23.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	180.00
	-16.3

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	90.00
	-13.3

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	45.00
	-10.3

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	15.00
	-5.6

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	3.75
	0.5

	LEO-600
	Set-3
	UL
	Class 5
	20.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	180.00
	-19.3

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	90.00
	-16.3

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	45.00
	-13.3

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	15.00
	-8.6

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	0.0
	3.75
	-2.5



Table 7-2: Link budget for UL transmissions (2 GHz) for NB-IoT with additional loss (e.g., carriage penetration or vegetation loss).
	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]
	Additional losses [dB]
	BW (kHZ)
	CNR [dB]

	GEO
	Set-1
	UL
	Class 3
	23.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	180.00
	-20.0

	
	
	
	Class 3
	23.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	90.00
	-17.0

	
	
	
	Class 3
	23.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	45.00
	-14.0

	
	
	
	Class 3
	23.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	15.00
	-9.2

	
	
	
	Class 3
	23.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	3.75
	-3.2

	GEO
	Set-1
	UL
	Class 5
	20.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	180.00
	-23.0

	
	
	
	Class 5
	20.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	90.00
	-20.0

	
	
	
	Class 5
	20.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	45.00
	-17.0

	
	
	
	Class 5
	20.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	15.00
	-12.2

	
	
	
	Class 5
	20.0
	19.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	3.75
	-6.2

	GEO
	Set-2
	UL
	Class 3
	23.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	180.00
	-25.0

	
	
	
	Class 3
	23.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	90.00
	-22.0

	
	
	
	Class 3
	23.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	45.00
	-19.0

	
	
	
	Class 3
	23.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	15.00
	-14.2

	
	
	
	Class 3
	23.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	3.75
	-8.2

	GEO
	Set-2
	UL
	Class 5
	20.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	180.00
	-28.0

	
	
	
	Class 5
	20.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	90.00
	-25.0

	
	
	
	Class 5
	20.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	45.00
	-22.0

	
	
	
	Class 5
	20.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	15.00
	-17.2

	
	
	
	Class 5
	20.0
	14.0
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	3.75
	-11.2

	GEO
	Set-3
	UL
	Class 3
	23.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	180.00
	-22.3

	
	
	
	Class 3
	23.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	90.00
	-19.3

	
	
	
	Class 3
	23.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	45.00
	-16.3

	
	
	
	Class 3
	23.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	15.00
	-11.5

	
	
	
	Class 3
	23.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	3.75
	-5.5

	GEO
	Set-3
	UL
	Class 5
	20.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	180.00
	-25.3

	
	
	
	Class 5
	20.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	90.00
	-22.3

	
	
	
	Class 5
	20.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	45.00
	-19.3

	
	
	
	Class 5
	20.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	15.00
	-14.5

	
	
	
	Class 5
	20.0
	16.7
	0.2
	190.6
	3.0
	2.2
	3.0
	9.0
	3.75
	-8.5

	LEO-1200
	Set-1
	UL
	Class 3
	23.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	180.00
	-15.6

	
	
	
	Class 3
	23.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	90.00
	-12.6

	
	
	
	Class 3
	23.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	45.00
	-9.6

	
	
	
	Class 3
	23.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	15.00
	-4.8

	
	
	
	Class 3
	23.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	3.75
	1.2

	LEO-1200
	Set-1
	UL
	Class 5
	20.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	180.00
	-18.6

	
	
	
	Class 5
	20.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	90.00
	-15.6

	
	
	
	Class 5
	20.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	45.00
	-12.6

	
	
	
	Class 5
	20.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	15.00
	-7.8

	
	
	
	Class 5
	20.0
	1.1
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	3.75
	-1.8

	LEO-1200
	Set-2
	UL
	Class 3
	23.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	180.00
	-21.6

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	90.00
	-18.6

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	45.00
	-15.6

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	15.00
	-10.8

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	3.75
	-4.8

	LEO-1200
	Set-2
	UL
	Class 5
	20.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	180.00
	-24.6

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	90.00
	-21.6

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	45.00
	-18.6

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	15.00
	-13.8

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	3.75
	-7.8

	LEO-1200
	Set-3
	UL
	Class 3
	23.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	180.00
	-29.5

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	90.00
	-26.5

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	45.00
	-23.5

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	15.00
	-18.7

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	3.75
	-12.7

	LEO-1200
	Set-3
	UL
	Class 5
	20.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	180.00
	-32.5

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	90.00
	-29.5

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	45.00
	-26.5

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	15.00
	-21.7

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	168.4
	3.0
	2.2
	3.0
	9.0
	3.75
	-15.7

	LEO-600
	Set-1
	UL
	Class 3
	23.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	180.00
	-11.4

	
	
	
	Class 3
	23.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	90.00
	-8.4

	
	
	
	Class 3
	23.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	45.00
	-5.4

	
	
	
	Class 3
	23.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	15.00
	-0.7

	
	
	
	Class 3
	23.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	3.75
	5.4

	LEO-600
	Set-1
	UL
	Class 5
	20.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	180.00
	-14.4

	
	
	
	Class 5
	20.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	90.00
	-11.4

	
	
	
	Class 5
	20.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	45.00
	-8.4

	
	
	
	Class 5
	20.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	15.00
	-3.7

	
	
	
	Class 5
	20.0
	1.1
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	3.75
	2.4

	LEO-600
	Set-2
	UL
	Class 3
	23.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	180.00
	-17.4

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	90.00
	-14.4

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	45.00
	-11.4

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	15.00
	-6.7

	
	
	
	Class 3
	23.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	3.75
	-0.6

	LEO-600
	Set-2
	UL
	Class 5
	20.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	180.00
	-20.4

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	90.00
	-17.4

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	45.00
	-14.4

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	15.00
	-9.7

	
	
	
	Class 5
	20.0
	-4.9
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	3.75
	-3.6

	LEO-600
	Set-3
	UL
	Class 3
	23.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	180.00
	-25.3

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	90.00
	-22.3

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	45.00
	-19.3

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	15.00
	-14.6

	
	
	
	Class 3
	23.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	3.75
	-8.5

	LEO-600
	Set-3
	UL
	Class 5
	20.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	180.00
	-28.3

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	90.00
	-25.3

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	45.00
	-22.3

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	15.00
	-17.6

	
	
	
	Class 5
	20.0
	-12.8
	0.2
	164.2
	3.0
	2.2
	3.0
	9.0
	3.75
	-11.5
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