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1 Introduction

In RAN1 104e meeting [1], the common assumption for link budget analysis was discussed and the following agreements were made:
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.
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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 present the link budget analysis applicable to the NB-IoT and eMTC over NTN.
2 Discussion
2.1.1 Link budget analysis
Based on the common evaluation assumptions, the following link budget results are presented for each satellite set. Note that for the UL link budget calculation, the maximum channel bandwidth is used, e.g, 180 kHz for NB-IoT and 1080 kHz for eMTC. Meanwhile, central beam edge elevation is used in link budget calculations
Table 1. Link budgets for Set-1 satellites 
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Transmission mode
	DL
	UL
	DL
	UL
	DL
	UL

	EIRP[dBW]
	NB-IOT
	51.55
	-10
	32.55
	-10
	26.55
	-10

	
	eMTC
	59.33
	-10
	40.33
	-10
	34.33
	-10

	G/T[dB/K]
	-33.62
	19
	-33.62
	1.1
	-33.62
	1.1

	FSPL[dB]
	190.96
	190.96
	164.49
	164.49
	159.10
	159.10

	Frequency [GHz]
	2
	2
	2
	2
	2
	2

	Elevation angle[°]
	12.5
	12.5
	30
	30
	30
	30

	CNY[dB]
	NB-IOT
	-5.39
	-14.31
	2.18
	-5.64
	1.57
	-0.25

	
	eMTC
	-5.39
	-22.10
	2.18
	-13.42
	1.57
	-8.03


Table 2. Link budgets for Set-2 satellites 

	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Transmission mode
	DL
	UL
	DL
	UL
	DL
	UL

	EIRP[dBW]
	NB-IOT
	46.05
	-10
	26.55
	-10
	20.55
	-10

	
	eMTC
	53.83
	-10
	34.33
	-10
	28.33
	-10

	G/T[dB/K]
	-33.62
	14
	-33.62
	-4.9
	-33.62
	-4.9

	FSPL[dB]
	189.66
	189.66
	164.49
	164.49
	159.10
	159.10

	Frequency [GHz]
	2
	2
	2
	2
	2
	2

	Elevation angle[°]
	20
	20
	30
	30
	30
	30

	CNY[dB]
	NB-IOT
	-9.59
	-18.01
	-3.82
	-11.64
	-4.43
	-6.25

	
	eMTC
	-9.59
	-25.80
	-3.82
	-19.42
	-4.43
	-14.03


Table 3. Link budgets for Set-3 satellites 

	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Transmission mode
	DL
	UL
	DL
	UL
	DL
	UL

	EIRP[dBW]
	NB-IOT
	52.35
	-10
	26.25
	-10
	20.85
	-10

	
	eMTC
	60.13
	-10
	34.03
	-10
	28.63
	-10

	G/T[dB/K]
	-33.62
	16.7
	-33.62
	-12.8
	-33.62
	-12.8

	FSPL[dB]
	190.96
	190.96
	164.49
	164.49
	159.10
	159.10

	Frequency [GHz]
	2
	2
	2
	2
	2
	2

	Elevation angle[°]
	12.5
	12.5
	30
	30
	30
	30

	CNY[dB]
	NB-IOT
	-4.59
	-16.61
	-4.12
	-19.54
	-4.13
	-14.15

	
	eMTC
	-4.59
	-24.40
	-4.12
	-27.32
	-4.13
	-21.93


Table 4. Link budgets for Set-4 satellites 

	Satellite orbit
	LEO-600

	Transmission mode
	DL
	UL

	EIRP[dBW]
	NB-IOT
	14
	-10

	
	eMTC
	21.78
	-10

	G/T[dB/K]
	-33.62
	-18.6

	Frequency [GHz]
	2
	2

	FSPL[dB]
	159.10
	159.10

	Elevation angle[°]
	30
	30

	CNY[dB]
	NB-IOT
	-10.98
	-19.95

	
	eMTC
	-10.98
	-27.73


Observation: The CNR is quite low for some cases especially on the UL.

Based on the link budget results, it is clearly that low CNR is observed on the UL. In order to guarantee the reliable transmission, the transmission enhancement may be needed to compensate the transmission loss in NTN scenario.
Proposal 1: Transmission enhancement may be needed for NB-IoT/eMTC over NTN based on the link budget results.
3 Conclusions

In this contribution, we present the link budget analysis for NB-IoT/eMTC over NTN. Based on our analysis, we have the following observation and proposal:
Observation: The CNR is quite low for some cases especially on the UL.

Proposal 1: Transmission enhancement may be needed for NB-IoT/eMTC over NTN based on the link budget results.
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