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1. Introduction
In RANP meeting #86, “New Study WID on NB-IoT/eTMC support for NTN” was agreed [1]. 

The first objective of this Study is to identify scenarios applicable to NB-IoT/eMTC [RAN1, RAN2], including:
-
Bands of interest in sub 6 GHz

-
Device type with PC3 or PC5 (LEO and GEO) 

-
Satellite constellation orbit LEO and GEO 

-
Transparent payload.

-
Link budget

In this contribution, we discuss and evaluate the link budgets for the scenarios for NB-IoT/eMTC over NTN.

2. Prioritized scenario for NB-IoT/eMTC over NTN
From the SID of NB-IoT/eMTC over NTN [1] and the preceding relevant studies, the main motivation of the SI is to cover the area where the terrestrial network coverage is greatly reduced or none. The typical circumstances are ocean, top mountains, and rural areas.  Moreover, the industry areas where IoT operation is aimed are given from [1], e.g.: 

· Transportation (maritime, road, rail, air) & logistics

· Solar, oil & gas harvesting

· Utilities

· Farming

· Environment monitoring

· Mining etc.

Thus, from our understanding, the typical scenario is an extreme remote area where the terrestrial network coverage is not in proximity. Moreover, in the first release of NTN-IoT, the typical application may not aim for high data rate or stringent latency. Instead, enhanced coverage for extreme remote area should be put more accent. In this sense, GEO satellite should be more suitable to address this pain point and therefore GEO could be a good starting study point. Moreover, FR1 could be a prioritized frequency band to consider for the SI. Since an extreme remote area might be a typical case, in the SI we might ignore the coexistence between NTN and TN.  Regarding the IoT cost and power consumption limits, we believe that both GNSS-capable and incapable device should be considered.  

Based on the above thinking, we have the following proposals on the scenarios:

Proposal 1: GEO satellite may be prioritized.

Proposal 2: Scenario of coexistence with TN system is not considered.

Proposal 3: GNSS-incapable device should be considered.  
3. Link budget analysis for NB-IoT/eMTC over NTN
In RAN1 meeting #103-e, the following agreements regarding scenarios for study of NB-IoT/eMTC over NTN were made.
	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 


Based on the above reference scenario parameters, we provide the link budget for the scenarios for NB-IoT/eMTC over NTN. In the evaluation, different assumptions of noise figure and different UE power classes are assumed. The details of simulation assumptions and results for link budget can be found in our companion contribution [2].
3.1. Scenario A
Table 1 and Table 2 provide the link budget results for NB-IoT and eMTC in scenario A respectively, with satellite parameter set 1.
Table 1. Link budget results for NB-IoT in scenario A (Set1)
	NB-IoT
	DL
	UL

	Channel bandwidth (kHz)
	180
	180
	90
	45
	15
	3.75

	UE PC3:  (23dBm)

9dB Noise Figure
	CNR (dB)
	-2.06
	-7.99
	-4.98
	-1.97
	2.80
	8.82

	
	CIR (dB)
	0.40
	0.80
	0.80
	0.80
	0.80
	0.80

	
	CINR (dB)
	-4.01
	-8.53
	-6.00
	-3.81
	-1.32
	0.16

	UE PC3:  (23dBm)

7dB Noise Figure
	CNR (dB)
	-0.06
	-7.99
	-4.98
	-1.97
	2.80
	8.82

	
	CIR (dB)
	0.40
	0.80
	0.80
	0.80
	0.80
	0.80

	
	CINR (dB)
	-2.85
	-8.53
	-6.00
	-3.81
	-1.32
	0.16

	UE PC5:  (20dBm)

9dB Noise Figure
	CNR (dB)
	-2.06
	-10.99
	-7.98
	-4.97
	-0.20
	5.82

	
	CIR (dB)
	0.40
	0.80
	0.80
	0.80
	0.80
	0.80

	
	CINR (dB)
	-4.01
	-11.27
	-8.52
	-5.99
	-2.74
	-0.39

	UE PC5:  (20dBm)

7dB Noise Figure
	CNR (dB)
	-0.06
	-10.99
	-7.98
	-4.97
	-0.20
	5.82

	
	CIR (dB)
	0.40
	0.80
	0.80
	0.80
	0.80
	0.80

	
	CINR (dB)
	-2.85
	-11.27
	-8.52
	-5.99
	-2.74
	-0.39


Table 2. Link budget results for eMTC in scenario A (Set1)
	eMTC
	DL
	UL

	Channel bandwidth (kHz)
	1080
	360
	180
	90
	45
	30

	UE PC3:  (23dBm)

9dB Noise Figure
	CNR (dB)
	-2.06
	-11.00
	-7.99
	-4.98
	-1.97
	-0.21

	
	CIR (dB)
	0.40
	0.80
	0.80
	0.80
	0.80
	0.80

	
	CINR (dB)
	-4.01
	-11.28
	-8.53
	-6.00
	-3.81
	-2.74

	UE PC3:  (23dBm)

7dB Noise Figure
	CNR (dB)
	-0.06
	-11.00
	-7.99
	-4.98
	-1.97
	-0.21

	
	CIR (dB)
	0.40
	0.80
	0.80
	0.80
	0.80
	0.80

	
	CINR (dB)
	-2.85
	-11.28
	-8.53
	-6.00
	-3.81
	-2.74

	UE PC5:  (20dBm)

9dB Noise Figure
	CNR (dB)
	-2.06
	-14.00
	-10.99
	-7.98
	-4.97
	-3.21

	
	CIR (dB)
	0.40
	0.80
	0.80
	0.80
	0.80
	0.80

	
	CINR (dB)
	-4.01
	-14.14
	-11.27
	-8.52
	-5.99
	-4.66

	UE PC5:  (20dBm)

7dB Noise Figure
	CNR (dB)
	-0.06
	-14.00
	-10.99
	-7.98
	-4.97
	-3.21

	
	CIR (dB)
	0.40
	0.80
	0.80
	0.80
	0.80
	0.80

	
	CINR (dB)
	-2.85
	-14.14
	-11.27
	-8.52
	-5.99
	-4.66


Table 3 and Table 4 provide the link budget results for NB-IoT and eMTC in scenario A respectively, with satellite parameter set 2.
Table 3. Link budget results for NB-IoT in scenario A (Set2)
	NB-IoT
	DL
	UL

	Channel bandwidth (kHz)
	180
	180
	90
	45
	15
	3.75

	UE PC3:  (23dBm)

9dB Noise Figure
	CNR (dB)
	-7.56
	-12.99
	-9.98
	-6.97
	-2.20
	3.82

	
	CIR (dB)
	0.40
	0.60
	0.60
	0.60
	0.60
	0.60

	
	CINR (dB)
	-8.21
	-13.18
	-10.35
	-7.67
	-4.03
	-1.09

	UE PC3:  (23dBm)

7dB Noise Figure
	CNR (dB)
	-5.56
	-12.99
	-9.98
	-6.97
	-2.20
	3.82

	
	CIR (dB)
	0.40
	0.60
	0.60
	0.60
	0.60
	0.60

	
	CINR (dB)
	-6.54
	-13.18
	-10.35
	-7.67
	-4.03
	-1.09

	UE PC5:  (20dBm)

9dB Noise Figure
	CNR (dB)
	-7.56
	-15.99
	-12.98
	-9.97
	-5.20
	0.82

	
	CIR (dB)
	0.40
	0.60
	0.60
	0.60
	0.60
	0.60

	
	CINR (dB)
	-8.21
	-16.09
	-13.17
	-10.34
	-6.21
	-2.30

	UE PC5:  (20dBm)

7dB Noise Figure
	CNR (dB)
	-5.56
	-15.99
	-12.98
	-9.97
	-5.20
	0.82

	
	CIR (dB)
	0.40
	0.60
	0.60
	0.60
	0.60
	0.60

	
	CINR (dB)
	-6.54
	-16.09
	-13.17
	-10.34
	-6.21
	-2.30


Table 4. Link budget results for eMTC in scenario A (Set2)
	eMTC
	DL
	UL

	Channel bandwidth (kHz)
	1080
	360
	180
	90
	45
	30

	UE PC3:  (23dBm)

9dB Noise Figure
	CNR (dB)
	-7.56
	-16.00
	-12.99
	-9.98
	-6.97
	-5.21

	
	CIR (dB)
	0.40
	0.60
	0.60
	0.60
	0.60
	0.60

	
	CINR (dB)
	-8.21
	-16.10
	-13.18
	-10.35
	-7.67
	-6.22

	UE PC3:  (23dBm)

7dB Noise Figure
	CNR (dB)
	-5.56
	-16.00
	-12.99
	-9.98
	-6.97
	-5.21

	
	CIR (dB)
	0.40
	0.60
	0.60
	0.60
	0.60
	0.60

	
	CINR (dB)
	-6.54
	-16.10
	-13.18
	-10.35
	-7.67
	-6.22

	UE PC5:  (20dBm)

9dB Noise Figure
	CNR (dB)
	-7.56
	-19.00
	-15.99
	-12.98
	-9.97
	-8.21

	
	CIR (dB)
	0.40
	0.60
	0.60
	0.60
	0.60
	0.60

	
	CINR (dB)
	-8.21
	-19.05
	-16.09
	-13.17
	-10.34
	-8.75

	UE PC5:  (20dBm)

7dB Noise Figure
	CNR (dB)
	-5.56
	-19.00
	-15.99
	-12.98
	-9.97
	-8.21

	
	CIR (dB)
	0.40
	0.60
	0.60
	0.60
	0.60
	0.60

	
	CINR (dB)
	-6.54
	-19.05
	-16.09
	-13.17
	-10.34
	-8.75


3.2. Scenario B&C-600km
Table 5 and Table 6 provide the link budget results for NB-IoT and eMTC respectively for scenario B&C with 600km altitude for the satellite, with satellite parameter set 1.

Table 5. Link budget results for NB-IoT in scenario B&C-600km (Set1)
	NB-IoT
	DL
	UL

	Channel bandwidth (kHz)
	180
	180
	90
	45
	15
	3.75

	UE PC3:  (23dBm)

9dB Noise Figure
	CNR (dB)
	-0.62
	0.55
	3.57
	6.58
	11.35
	17.37

	
	CIR (dB)
	-2.30
	1.70
	1.70
	1.70
	1.70
	1.70

	
	CINR (dB)
	-4.55
	-1.92
	-0.48
	0.48
	1.25
	1.58

	UE PC3:  (23dBm)

7dB Noise Figure
	CNR (dB)
	1.38
	0.55
	3.57
	6.58
	11.35
	17.37

	
	CIR (dB)
	-2.30
	1.70
	1.70
	1.70
	1.70
	1.70

	
	CINR (dB)
	-3.85
	-1.92
	-0.48
	0.48
	1.25
	1.58

	UE PC5:  (20dBm)

9dB Noise Figure
	CNR (dB)
	-0.62
	-2.45
	0.57
	3.58
	8.35
	14.37

	
	CIR (dB)
	-2.30
	1.70
	1.70
	1.70
	1.70
	1.70

	
	CINR (dB)
	-4.55
	-3.86
	-1.91
	-0.47
	0.85
	1.47

	UE PC5:  (20dBm)

7dB Noise Figure
	CNR (dB)
	1.38
	-2.45
	0.57
	3.58
	8.35
	14.37

	
	CIR (dB)
	-2.30
	1.70
	1.70
	1.70
	1.70
	1.70

	
	CINR (dB)
	-3.85
	-3.86
	-1.91
	-0.47
	0.85
	1.47


Table 6. Link budget results for eMTC in scenario B&C-600km (Set1)
	eMTC
	DL
	UL

	Channel bandwidth (kHz)
	1080
	360
	180
	90
	45
	30

	UE PC3:  (23dBm)

9dB Noise Figure
	CNR (dB)
	-0.62
	-2.46
	0.55
	3.57
	6.58
	8.34

	
	CIR (dB)
	-2.30
	1.70
	1.70
	1.70
	1.70
	1.70

	
	CINR (dB)
	-4.55
	-3.87
	-1.92
	-0.48
	0.48
	0.85

	UE PC3:  (23dBm)

7dB Noise Figure
	CNR (dB)
	1.38
	-2.46
	0.55
	3.57
	6.58
	8.34

	
	CIR (dB)
	-2.30
	1.70
	1.70
	1.70
	1.70
	1.70

	
	CINR (dB)
	-3.85
	-3.87
	-1.92
	-0.48
	0.48
	0.85

	UE PC5:  (20dBm)

9dB Noise Figure
	CNR (dB)
	-0.62
	-5.46
	-2.45
	0.57
	3.58
	5.34

	
	CIR (dB)
	-2.30
	1.70
	1.70
	1.70
	1.70
	1.70

	
	CINR (dB)
	-4.55
	-6.22
	-3.86
	-1.91
	-0.47
	0.14

	UE PC5:  (20dBm)

7dB Noise Figure
	CNR (dB)
	1.38
	-5.46
	-2.45
	0.57
	3.58
	5.34

	
	CIR (dB)
	-2.30
	1.70
	1.70
	1.70
	1.70
	1.70

	
	CINR (dB)
	-3.85
	-6.22
	-3.86
	-1.91
	-0.47
	0.14


Table 7 and Table 8 provide the link budget results for NB-IoT and eMTC respectively for scenario B&C with 600km altitude for the satellite, with satellite parameter set 2.

Table 7. Link budget results for NB-IoT in scenario B&C-600km (Set2)
	NB-IoT
	DL
	UL

	Channel bandwidth (kHz)
	180
	180
	90
	45
	15
	3.75

	UE PC3:  (23dBm)

9dB Noise Figure
	CNR (dB)
	-6.62
	-5.45
	-2.43
	0.58
	5.35
	11.37

	
	CIR (dB)
	-1.50
	1.50
	1.50
	1.50
	1.50
	1.50

	
	CINR (dB)
	-7.78
	-6.24
	-3.91
	-2.00
	0.00
	1.07

	UE PC3:  (23dBm)

7dB Noise Figure
	CNR (dB)
	-4.62
	-5.45
	-2.43
	0.58
	5.35
	11.37

	
	CIR (dB)
	-1.50
	1.50
	1.50
	1.50
	1.50
	1.50

	
	CINR (dB)
	-6.34
	-6.24
	-3.91
	-2.00
	0.00
	1.07

	UE PC5:  (20dBm)

9dB Noise Figure
	CNR (dB)
	-6.62
	-8.45
	-5.43
	-2.42
	2.35
	8.37

	
	CIR (dB)
	-1.50
	1.50
	1.50
	1.50
	1.50
	1.50

	
	CINR (dB)
	-7.78
	-8.86
	-6.24
	-3.90
	-1.11
	0.69

	UE PC5:  (20dBm)

7dB Noise Figure
	CNR (dB)
	-4.62
	-8.45
	-5.43
	-2.42
	2.35
	8.37

	
	CIR (dB)
	-1.50
	1.50
	1.50
	1.50
	1.50
	1.50

	
	CINR (dB)
	-6.34
	-8.86
	-6.24
	-3.90
	-1.11
	0.69


Table 8. Link budget results for eMTC in scenario B&C-600km (Set2)
	eMTC
	DL
	UL

	Channel bandwidth (kHz)
	1080
	360
	180
	90
	45
	30

	UE PC3:  (23dBm)

9dB Noise Figure
	CNR (dB)
	-6.62
	-8.46
	-5.45
	-2.43
	0.58
	2.34

	
	CIR (dB)
	-1.50
	1.50
	1.50
	1.50
	1.50
	1.50

	
	CINR (dB)
	-7.78
	-8.87
	-6.24
	-3.91
	-2.00
	-1.11

	UE PC3:  (23dBm)

7dB Noise Figure
	CNR (dB)
	-4.62
	-8.46
	-5.45
	-2.43
	0.58
	2.34

	
	CIR (dB)
	-1.50
	1.50
	1.50
	1.50
	1.50
	1.50

	
	CINR (dB)
	-6.34
	-8.87
	-6.24
	-3.91
	-2.00
	-1.11

	UE PC5:  (20dBm)

9dB Noise Figure
	CNR (dB)
	-6.62
	-11.46
	-8.45
	-5.43
	-2.42
	-0.66

	
	CIR (dB)
	-1.50
	1.50
	1.50
	1.50
	1.50
	1.50

	
	CINR (dB)
	-7.78
	-11.67
	-8.86
	-6.24
	-3.90
	-2.73

	UE PC5:  (20dBm)

7dB Noise Figure
	CNR (dB)
	-4.62
	-11.46
	-8.45
	-5.43
	-2.42
	-0.66

	
	CIR (dB)
	-1.50
	1.50
	1.50
	1.50
	1.50
	1.50

	
	CINR (dB)
	-6.34
	-11.67
	-8.86
	-6.24
	-3.90
	-2.73


3.3. Scenario B&C-1200km
Table 9 and Table 10 provide the link budget results for NB-IoT and eMTC respectively for scenario B&C with 600km altitude for the satellite, with satellite parameter set 1.

Table 9. Link budget results for NB-IoT in scenario B&C-1200km (Set1)
	NB-IoT
	DL
	UL

	Channel bandwidth (kHz)
	180
	180
	90
	45
	15
	3.75

	UE PC3:  (23dBm)

9dB Noise Figure
	CNR (dB)
	1.19
	-3.64
	-0.63
	2.38
	7.15
	13.17

	
	CIR (dB)
	-1.50
	0.80
	0.80
	0.80
	0.80
	0.80

	
	CINR (dB)
	-3.37
	-4.97
	-2.98
	-1.49
	-0.10
	0.56

	UE PC3:  (23dBm)

7dB Noise Figure
	CNR (dB)
	3.19
	-3.64
	-0.63
	2.38
	7.15
	13.17

	
	CIR (dB)
	-1.50
	0.80
	0.80
	0.80
	0.80
	0.80

	
	CINR (dB)
	-2.77
	-4.97
	-2.98
	-1.49
	-0.10
	0.56

	UE PC5:  (20dBm)

9dB Noise Figure
	CNR (dB)
	1.19
	-6.64
	-3.63
	-0.62
	4.15
	10.17

	
	CIR (dB)
	-1.50
	0.80
	0.80
	0.80
	0.80
	0.80

	
	CINR (dB)
	-3.37
	-7.36
	-4.97
	-2.98
	-0.85
	0.33

	UE PC5:  (20dBm)

7dB Noise Figure
	CNR (dB)
	3.19
	-6.64
	-3.63
	-0.62
	4.15
	10.17

	
	CIR (dB)
	-1.50
	0.80
	0.80
	0.80
	0.80
	0.80

	
	CINR (dB)
	-2.77
	-7.36
	-4.97
	-2.98
	-0.85
	0.33


Table 10. Link budget results for eMTC in scenario B&C-1200km (Set1)
	eMTC
	DL
	UL

	Channel bandwidth (kHz)
	1080
	360
	180
	90
	45
	30

	UE PC3:  (23dBm)

9dB Noise Figure
	CNR (dB)
	1.19
	-6.65
	-3.64
	-0.63
	2.38
	4.14

	
	CIR (dB)
	-1.50
	0.80
	0.80
	0.80
	0.80
	0.80

	
	CINR (dB)
	-3.37
	-7.37
	-4.97
	-2.98
	-1.49
	-0.85

	UE PC3:  (23dBm)

7dB Noise Figure
	CNR (dB)
	3.19
	-6.65
	-3.64
	-0.63
	2.38
	4.14

	
	CIR (dB)
	-1.50
	0.80
	0.80
	0.80
	0.80
	0.80

	
	CINR (dB)
	-2.77
	-7.37
	-4.97
	-2.98
	-1.49
	-0.85

	UE PC5:  (20dBm)

9dB Noise Figure
	CNR (dB)
	1.19
	-9.65
	-6.64
	-3.63
	-0.62
	1.14

	
	CIR (dB)
	-1.50
	0.80
	0.80
	0.80
	0.80
	0.80

	
	CINR (dB)
	-3.37
	-10.02
	-7.36
	-4.97
	-2.98
	-2.04

	UE PC5:  (20dBm)

7dB Noise Figure
	CNR (dB)
	3.19
	-9.65
	-6.64
	-3.63
	-0.62
	1.14

	
	CIR (dB)
	-1.50
	0.80
	0.80
	0.80
	0.80
	0.80

	
	CINR (dB)
	-2.77
	-10.02
	-7.36
	-4.97
	-2.98
	-2.04


Table 11 and Table 12 provide the link budget results for NB-IoT and eMTC respectively for scenario B&C with 600km altitude for the satellite, with satellite parameter set 2.

Table 11. Link budget results for NB-IoT in scenario B&C-1200km (Set2)
	NB-IoT
	DL
	UL

	Channel bandwidth (kHz)
	180
	180
	90
	45
	15
	3.75

	UE PC3:  (23dBm)

9dB Noise Figure
	CNR (dB)
	-4.81
	-9.64
	-6.63
	-3.62
	1.15
	7.17

	
	CIR (dB)
	-1.60
	0.60
	0.60
	0.60
	0.60
	0.60

	
	CINR (dB)
	-6.51
	-10.03
	-7.38
	-5.01
	-2.14
	-0.26

	UE PC3:  (23dBm)

7dB Noise Figure
	CNR (dB)
	-2.81
	-9.64
	-6.63
	-3.62
	1.15
	7.17

	
	CIR (dB)
	-1.60
	0.60
	0.60
	0.60
	0.60
	0.60

	
	CINR (dB)
	-5.26
	-10.03
	-7.38
	-5.01
	-2.14
	-0.26

	UE PC5:  (20dBm)

9dB Noise Figure
	CNR (dB)
	-4.81
	-12.64
	-9.63
	-6.62
	-1.85
	4.17

	
	CIR (dB)
	-1.60
	0.60
	0.60
	0.60
	0.60
	0.60

	
	CINR (dB)
	-6.51
	-12.84
	-10.02
	-7.37
	-3.80
	-0.98

	UE PC5:  (20dBm)

7dB Noise Figure
	CNR (dB)
	-2.81
	-12.64
	-9.63
	-6.62
	-1.85
	4.17

	
	CIR (dB)
	-1.60
	0.60
	0.60
	0.60
	0.60
	0.60

	
	CINR (dB)
	-5.26
	-12.84
	-10.02
	-7.37
	-3.80
	-0.98


Table 12. Link budget results for eMTC in scenario B&C-1200km (Set2)
	eMTC
	DL
	UL

	Channel bandwidth (kHz)
	1080
	360
	180
	90
	45
	30

	UE PC3:  (23dBm)

9dB Noise Figure
	CNR (dB)
	-4.81
	-12.65
	-9.64
	-6.63
	-3.62
	-1.86

	
	CIR (dB)
	-1.60
	0.60
	0.60
	0.60
	0.60
	0.60

	
	CINR (dB)
	-6.51
	-12.85
	-10.03
	-7.38
	-5.01
	-3.81

	UE PC3:  (23dBm)

7dB Noise Figure
	CNR (dB)
	-2.81
	-12.65
	-9.64
	-6.63
	-3.62
	-1.86

	
	CIR (dB)
	-1.60
	0.60
	0.60
	0.60
	0.60
	0.60

	
	CINR (dB)
	-5.26
	-12.85
	-10.03
	-7.38
	-5.01
	-3.81

	UE PC5:  (20dBm)

9dB Noise Figure
	CNR (dB)
	-4.81
	-15.65
	-12.64
	-9.63
	-6.62
	-4.86

	
	CIR (dB)
	-1.60
	0.60
	0.60
	0.60
	0.60
	0.60

	
	CINR (dB)
	-6.51
	-15.75
	-12.84
	-10.02
	-7.37
	-5.94

	UE PC5:  (20dBm)

7dB Noise Figure
	CNR (dB)
	-2.81
	-15.65
	-12.64
	-9.63
	-6.62
	-4.86

	
	CIR (dB)
	-1.60
	0.60
	0.60
	0.60
	0.60
	0.60

	
	CINR (dB)
	-5.26
	-15.75
	-12.84
	-10.02
	-7.37
	-5.94


Observation: The evaluated link budget results for the scenarios of NB-IoT/eMTC over NTN with different assumptions are provided in Table 1~Table 12. 
4. Conclusion

In this contribution, we discuss and evaluate the link budgets for the scenarios for NB-IoT/eMTC over NTN. The following proposals and observation are made. 
Proposal 1: GEO satellite may be prioritized.

Proposal 2: Scenario of coexistence with TN system is not considered.

Proposal 3: GNSS-incapable device should be considered.  
Observation: The evaluated link budget results for the scenarios of NB-IoT/eMTC over NTN with different assumptions are provided in Table 1~Table 12. 
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