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[bookmark: _Hlk521259925]In RAN1#104b-e meeting, agreements were achieved on link budget and scenarios applicable to NB-IoT and eMTC [1].
	Agreement:
Capture in TR 36.763 the summary of link budget results from contributing companies in Appendix 1, Section 6.1.1
NOTE 1: The summary in Appendix 1, Section 6.1.1 can be further checked and revised during the drafting of Text Proposal as necessary.
NOTE 2: The summary of link budget results will be captured with alignment between contributing companies
 

Agreement:
Capture the detailed link budget results from contributing companies in a separate spreadsheet
 

Agreement:
Capture parameters associated with Set 4 for maximum beam diameter of 1700 km in a separate table in TR 36.763:

NOTE: There is no impact on Table 6.1-1 : IoT NTN reference scenario parameters in TR 36.763
	3GPP TR 36.763 V0.1.0 Table 6.1-1 parameters that could be impacted by the beam size revision:
	Current values in TR 36.763 V0.1.0 for LEO 600 km 
	Assumed and computed values under the consideration of a beam of 1700 km in diameter pointed at Nadir:
	Comment

	Min Elevation angle for both sat-gateway and C-IoT device
	10° for service link and 10° for feeder link
	30° for service link and 10° for feeder link
	Assumed value for service link is higher than value in Table 6.1-1 in TR 36.763. No revision needed.

	Max distance between satellite and C-IoT device at min elevation angle
	 1,932 km 
 
	1075.8 km
(Computed for a terminal located at the beam edge, corresponding to an elevation angle of 30 degrees)
	Computed value is lower than current value in Table 6.1-1 in TR 36.763. No revision needed.

	Max Round Trip Delay (propagation delay only)
	25.77 ms (service and feeder links)
 
	20.05 ms
(Computed for a terminal located at the beam edge, corresponding to an elevation angle of 30 degrees. Feeder link elevation angle kept at 10º)
	Computed value is lower than current value in Table 6.1-1 in TR 36.763. No revision needed.

	Max differential delay within a cell
	3.12 ms 
	1.58 ms
(Computed as the maximum differential delay between a device at beam edge and one at beam center)
	Computed value is lower than current value in Table 6.1-1 in TR 36.763. No revision needed.

	Max Doppler shift variation (earth fixed user equipment) (NOTE 6)”
	24 ppm 
 
	19,95 ppm 
(Computed for a terminal at beam edge, corresponding to an elevation angle of 30 degrees)
 
	Computed value is lower than current value in Table 6.1-1 in TR 36.763. No revision needed.


 
 

 
Agreement:
Include the following in TR36.763
Add MEO scenario D in Table 4.2-1 in TR 36.763.
 
Table 4.2-1: IoT NTN reference scenarios (TR 36.763)
	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

	MEO based non-terrestrial access network generating fixed beams whose footprints move with the satellite (altitude 10000 km)
	Scenario D


 
 
Agreement:
Add MEO IoT NTN reference scenario parameters in Table 6.1-1 in TR 36.763:
Table 6.1-1: IoT NTN reference scenario parameters (TR 36.763)
	Scenarios
	GEO based non-terrestrial access network - scenario A 
	LEO based non-terrestrial access network -Scenario B & C
	MEO based non-terrestrial access network -Scenario D

	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
	circular orbiting at medium altitude around the earth

	Altitude
	35,786 km
	600 km 
1,200 km 
	 
10,000 km

	Frequency Range 
	< 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 (UL)
-                  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
	Transparent type

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

	Max beam footprint size (edge to edge) regardless of the elevation angle
	3500 km (NOTE 3)
	1000 km (NOTE 2)
	 
  4018 km

	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
	 
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) 
	14018 km

	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)
	95.19 ms  (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
	13.4 ms

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

	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) 
	0.003 ppm/s

	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
	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 footprint 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


 
Agreement:
Include MEO Set-5 parameters for link budget analysis in a new Table 6.2-8 in TR 36.763, as a representative characterization of NTN-IoT scenarios with MEO altitude and characteristics:
Table 6.2-8: Sets of satellite parameters for link budget and system level evaluations 
 
	 
	Proposed MEO Scenarios (Set 5)

	Satellite orbit
	MEO

	Satellite altitude
	10,000 km

	Payload characteristics for DL transmission

	Frequency band
	S-band (i.e. 2 GHz)

	Equivalent satellite antenna aperture (NOTE1)
	1.5 m

	Satellite EIRP density
	45.4 dBW/MHz

	Satellite Tx max Gain
	28.1 dBi

	3dB beamwidth
	6.5 degrees

	Satellite beam diameter (at nadir pointing)
	1140 km

	Payload characteristics for UL reception

	Frequency band
	S-band (i.e. 2 GHz)

	Equivalent satellite antenna aperture (NOTE1)
	1.5 m

	G/T
	3.8 dB/K

	Satellite Rx max Gain
	28.1 dBi

	NOTE 1: This value is equivalent to the antenna diameter for the parabolic reflector modelled in Sec. 6.4.1 of TR 38.811. Other antenna models can be considered.


 

Agreement:
Add MEO Set-5 satellite parameters for system level simulator calibration   in a new Table 6.2-9 in TR 36.763: 
 
Table 6.2-9: Set-5 parameters for link budget analysis
	Set 5
	MEO

	3 dB Beam width (HPBW)
	6.5 degrees

	Central beam center elevation
	90 degrees

	Central beam edge elevation
	81.6 degrees

	Central beam edge satellite-UE distance
	10042 km


 
Agreement:
Add observation in TR 36.763: 
The doppler shift/variation and the delay variation for MEO are smaller than for LEO. The maximum delay for MEO is smaller than for GEO. The IoT-NTN enhancements for LEO and GEO should be sufficient to support MEO.
NOTE: The parameter set for MEO is only for information/reference and evaluation/enhancements are mainly considered for GEO and LEO. These enhancements can be applicable for MEO.



In this contribution, we will update the link budget results including MEO, and then discuss on additional impact factors for link budget analysis and the deployment modes for NB-IoT/eMTC over NTN.
Discussion
Updated link budget analysis for calibration
In RAN1#104b-e meeting, add MEO scenario and include MEO Set-5 satellite parameters for link budget analysis were agreed [1].
	Agreement:
Include the following in TR36.763
Add MEO scenario D in Table 4.2-1 in TR 36.763.

Agreement:
Add MEO IoT NTN reference scenario parameters in Table 6.1-1 in TR 36.763:

Agreement:
[bookmark: _Hlk71291603]Include MEO Set-5 parameters for link budget analysis in a new Table 6.2-8 in TR 36.763, as a representative characterization of NTN-IoT scenarios with MEO altitude and characteristics:

Agreement:
[bookmark: _Hlk71291512]Add MEO Set-5 satellite parameters for system level simulator calibration   in a new Table 6.2-9 in TR 36.763: 


[bookmark: _Hlk67909122]The parameters for link budget calibration including MEO Set-5 are summarized in Table 1~4 [1][2][3].
Table 1: Satellite parameters.
	[bookmark: _Hlk71293464]Satellite parameter
	Set-1
	Set 2
	Set 3
	Set 4
	Set 5

	Satellite orbit
	GEO
	LEO-1200
	LEO-600
	GEO
	LEO-1200
	LEO-600
	GEO
	LEO-1200
	LEO-600
	LEO-600
	MEO-10000

	Satellite altitude (km)
	35786
	1200
	600
	35786
	1200
	600
	35786
	1200
	600
	600
	10000

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

	Central beam edge elevation (deg)
	2.3
	26.3
	27
	11
	22.2
	23.8
	12.5
	30
	30
	30
	81.6

	Satellite beam diameter (km)
	250
	90
	50
	450
	190
	90
	459
	470
	234
	1700
	1140

	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
	1.5

	Satellite EIRP density (dBW/MHz)
	59
	40
	34
	53.5
	34
	28
	59.8
	33.7
	28.3
	21.45
	45.4

	Satellite Tx max Gain (dBi)
	51
	30
	30
	45.5
	24
	24
	45.7
	16.2
	16.2
	11
	28.1

	3dB beamwidth (HPBW) (deg)
	0.4011
	4.4127
	4.4127
	0.7353
	8.832
	8.832
	0.735
	22.0631
	22.0631
	104.7
	6.5

	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
	1.5

	G/T （dB/K)
	19
	1.1
	1.1
	14
	-4.9
	-4.9
	16.7
	-12.8
	-12.8
	-18.6
	3.8

	Satellite Rx max Gain (dBi)
	51
	30
	30
	45.5
	24
	24
	45.7
	16.2
	16.2
	11
	28.1



[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
	7dB

	UL
	UE transmit power
	UE power class 3: 23dBm

	
	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
	Set 5

	Satellite orbit
	GEO
	LEO-1200
	LEO-600
	GEO
	LEO-1200
	LEO-600
	GEO
	LEO-1200
	LEO-600
	LEO-600
	MEO-10000

	Satellite altitude (km)
	35786
	1200
	600
	35786
	1200
	600
	35786
	1200
	600
	600
	10000

	Central beam edge elevation (deg)
	2.3
	26.3
	27
	11
	22.2
	23.8
	12.5
	30
	30
	30
	81.6

	FSPL (dB)
	190.8
	165.1
	159.7
	190.6
	165.9
	160.4
	190.6
	164.5
	159.1
	159.1
	178.5


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

Table 4: Other loss for link budget calibration.
	
	GEO 35786 km
	LEO 1200 km
	LEO 600 km
	MEO 10000 km

	Scintillation losses (dB)
	2.2
	2.2
	2.2
	2.2

	Atmospheric losses (dB)
	0.2
	0.1
	0.1
	0.1

	Polarization loss (dB)
	3
	3
	3
	3

	Shadow margin (dB)
	3
	3
	3
	3


NOTE:	Atmospheric losses are a function of elevation angle.

An updated link budget including MEO Set-5 satellite parameter is provided in Table 5.
Table 5: Updated link budget results for calibration.
	Satellite parameter
	Set-1
	Set-2

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

	Transmission mode
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL

	Frequency [GHz]
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00

	TX: DL EIRP [dBm/MHz]
TX: UL [dBm]
	89.00
	23.00
	70.00
	23.00
	64.00
	23.00
	83.50
	23.00
	64.00
	23.00
	58.00
	23.00

	RX: G/T [dB/T]
	-31.62
	19.00
	-31.62
	1.10
	-31.62
	1.10
	-31.62
	14.00
	-31.62
	-4.90
	-31.62
	-4.90

	Free space path loss [dB]
	190.81
	190.81
	165.11
	165.11
	159.71
	159.71
	190.61
	190.61
	165.85
	165.85
	160.42
	160.42

	Atmospheric loss [dB]
	0.20
	0.20
	0.10
	0.10
	0.10
	0.10
	0.20
	0.20
	0.10
	0.10
	0.10
	0.10

	Shadow fading margin [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Scintillation Loss [dB]
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20

	Polarization loss [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Additional losses [dB]
	0.00
	3.00
	0.00
	3.00
	0.00
	3.00
	0.00
	3.00
	0.00
	3.00
	0.00
	3.00

	CNR [dB]-1080 kHz
	-3.24
	-21.95
	3.57
	-14.04
	2.96
	-8.65
	-8.54
	-26.75
	-3.17
	-20.78
	-3.75
	-15.36

	CNR [dB]-360 kHz
	-3.24
	-17.18
	3.57
	-9.27
	2.96
	-3.88
	-8.54
	-21.98
	-3.17
	-16.01
	-3.75
	-10.59

	CNR [dB]-180 kHz
	-3.24
	-14.17
	3.57
	-6.26
	2.96
	-0.87
	-8.54
	-18.97
	-3.17
	-13.00
	-3.75
	-7.58

	CNR [dB]-90 kHz
	-3.24
	-11.16
	3.57
	-3.25
	2.96
	2.14
	-8.54
	-15.96
	-3.17
	-9.99
	-3.75
	-4.57

	CNR [dB]-45 kHz
	-3.24
	-8.15
	3.57
	-0.24
	2.96
	5.16
	-8.54
	-12.95
	-3.17
	-6.98
	-3.75
	-1.55

	CNR [dB]-30 kHz
	-3.24
	-6.39
	3.57
	1.52
	2.96
	6.92
	-8.54
	-11.19
	-3.17
	-5.22
	-3.75
	0.21

	CNR [dB]-15 kHz
	-3.24
	-3.38
	3.57
	4.53
	2.96
	9.93
	-8.54
	-8.18
	-3.17
	-2.21
	-3.75
	3.22

	CNR [dB]-3.75 kHz
	-3.24
	2.65
	3.57
	10.55
	2.96
	15.95
	-8.54
	-2.15
	-3.17
	3.81
	-3.75
	9.24



	Satellite parameter
	Set-3
	Set-4
	Set-5

	Satellite orbit
	GEO
	LEO-1200
	LEO-600
	LEO-600
	MEO-10000

	Transmission mode
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL

	Frequency [GHz]
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00

	TX: DL EIRP [dBm/MHz]
TX: UL [dBm]
	89.80
	23.00
	63.70
	23.00
	58.30
	23.00
	51.45
	23.00
	75.40
	23.00

	RX: G/T [dB/T]
	-31.62
	16.70
	-31.62
	-12.80
	-31.62
	-12.80
	-31.62
	-18.60
	-31.62
	3.80

	Free space path loss [dB]
	190.58
	190.58
	164.49
	164.49
	159.10
	159.10
	159.10
	159.10
	178.51
	178.51

	Atmospheric loss [dB]
	0.20
	0.20
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10

	Shadow fading margin [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Scintillation Loss [dB]
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20

	Polarization loss [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Additional losses [dB]
	0.00
	3.00
	0.00
	3.00
	0.00
	3.00
	3.00
	3.00
	0.00
	3.00

	CNR [dB]-1080 kHz
	-2.20
	-24.01
	-2.11
	-27.32
	-2.12
	-21.93
	-11.97
	-27.73
	-4.43
	-24.74

	CNR [dB]-360 kHz
	-2.20
	-19.24
	-2.11
	-22.55
	-2.12
	-17.16
	-11.97
	-22.96
	-4.43
	-19.97

	CNR [dB]-180 kHz
	-2.20
	-16.23
	-2.11
	-19.54
	-2.12
	-14.15
	-11.97
	-19.95
	-4.43
	-16.96

	CNR [dB]-90 kHz
	-2.20
	-13.22
	-2.11
	-16.53
	-2.12
	-11.14
	-11.97
	-16.94
	-4.43
	-13.95

	CNR [dB]-45 kHz
	-2.20
	-10.21
	-2.11
	-13.52
	-2.12
	-8.13
	-11.97
	-13.93
	-4.43
	-10.94

	CNR [dB]-30 kHz
	-2.20
	-8.45
	-2.11
	-11.76
	-2.12
	-6.37
	-11.97
	-12.17
	-4.43
	-9.18

	CNR [dB]-15 kHz
	-2.20
	-5.44
	-2.11
	-8.75
	-2.12
	-3.36
	-11.97
	-9.16
	-4.43
	-6.17

	CNR [dB]-3.75 kHz
	-2.20
	0.58
	-2.11
	-2.73
	-2.12
	2.66
	-11.97
	-3.14
	-4.43
	-0.15


NOTE: 
UL CNR includes 3 dB additional loss due to beamwidth defined by HPBW at edge of the beam
DL EIRP density includes 3 dB additional loss due to beamwidth defined by HPBW at the edge of the beam for SET1, SET 2, SET 3, SET 5
DL EIRP density does not include 3 dB additional loss due to beamwidth defined by HPBW at the edge of the beam for SET4, SUBSTRACT 3 dB from DL SNR

Observation 1: The updated link budget including MEO Set-5 satellite parameter is provided in Table 5.
Observation 2: For MEO Set-5 satellite parameter, the DL CNR reaches -4.43dB.
Observation 3: For MEO Set-5 satellite parameter, the UL CNR for NB-IoT/eMTC with bandwidth 3.75kHz/15kHz/30kHz/45kHz/90kHz/180kHz/360kHz/1080kHz reaches -0.15dB/-6.17dB/-9.18dB/-10.94dB/-13.95dB/-16.96dB/-19.97dB/-24.74dB, respectively.

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 4: 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#104b-e, the central beam edge 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
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
	Set 5

	
	Satellite orbit
	GEO
	LEO-1200
	LEO-600
	GEO
	LEO-1200
	LEO-600
	GEO
	LEO-1200
	LEO-600
	LEO-600
	MEO-10000

	
	Satellite altitude (km)
	35786
	1200
	600
	35786
	1200
	600
	35786
	1200
	600
	600
	10000

	Elevation angle (deg)
	Edge of a central beam
	2.3
	26.3
	27
	11
	22.2
	23.8
	12.5
	30
	30
	30
	81.6

	
	Minimum elevation
	10
	10
	10
	10
	10
	10
	10
	10
	10
	30
	10

	FSPL (dB)
	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
	178.5

	
	Maximum FSPL
	190.6
	168.4
	164.2
	190.6
	168.4
	164.2
	190.6
	168.4
	164.2
	159.1
	181.4


As shown in Table 6, additional 0~5.1 dB FSPL can be experienced by a UE in locations other than in the center of the central beam.
Observation 5: Additional 0~5.1 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 (0~5.1 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.

Discussion on deployment Modes for NB-IoT/eMTC over NTN
In RAN1#104b-e meeting, Moderator suggested for more discussion on NB-IoT NTN and eMTC-NTN deployment modes in this meeting [6].
	Second round  Feature Lead recommendation - Section 3.3.1
[bookmark: _Hlk71296294]Moderator encourage companies to contribute to discuss NB-IoT NTN and eMTC-NTN deployment modes in next RAN1 meeting. 


Regarding the deployment modes for NB-IoT over NTN,
· In-band of LTE should be precluded, since there is no LTE NTN.
· Guard-band of terrestrial NR should be deprioritized, since with the large Doppler shift and propagation delay in NTN, it may be challenging for effective frequency sharing between IoT over NTN and terrestrial NR.
· [bookmark: _Hlk71300843]Guard-band of NR-NTN can be further study. Furthermore, regarding the maximum channel bandwidth capability for NR-NTN is 30MHz for band <6GHz [3], study on NB-IoT deployed in guard-band of NR-NTN with 15kHz SCS can be prioritized, if needed, to ensure subcarrier orthogonality between NB-IoT over NTN and NR-NTN.
· Standalone at least should be supported.
Proposal 2: Study on NB-IoT deployed in guard-band of terrestrial NR is to be deprioritized.
Proposal 3: Study on NB-IoT deployed in guard-band of NR-NTN with 15kHz SCS can be prioritized, if needed, to ensure subcarrier orthogonality between NB-IoT over NTN and NR-NTN.
Proposal 4: At least support standalone deployment mode for NB-IoT over NTN.

Regarding the deployment modes for eMTC over NTN,
· Coexistence with terrestrial NR should be deprioritized, since with the large Doppler shift and propagation delay in NTN, it may be challenging for effective frequency sharing between eMTC over NTN and terrestrial NR.
· Coexistence with NR-NTN can be further study.
· Standalone at least should be supported.
Proposal 5: Study on coexistence with eMTC over NTN and terrestrial NR is to be deprioritized.
Proposal 6: At least support standalone deployment mode for eMTC over NTN.
Conclusions
In this contribution, we update the link budget results including MEO, and then discuss on additional impact factors for link budget analysis and the deployment modes for NB-IoT/eMTC over NTN. The observations and proposals are summarized as follows:
Observation 1: The updated link budget including MEO Set-5 satellite parameter is provided in Table 5.
Observation 2: For MEO Set-5 satellite parameter, the DL CNR reaches -4.43dB.
Observation 3: For MEO Set-5 satellite parameter, the UL CNR for NB-IoT/eMTC with bandwidth 3.75kHz/15kHz/30kHz/45kHz/90kHz/180kHz/360kHz/1080kHz reaches -0.15dB/-6.17dB/-9.18dB/-10.94dB/-13.95dB/-16.96dB/-19.97dB/-24.74dB, respectively.
Observation 4: 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 5: Additional 0~5.1 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.
Proposal 2: Study on NB-IoT deployed in guard-band of terrestrial NR is to be deprioritized.
Proposal 3: Study on NB-IoT deployed in guard-band of NR-NTN with 15kHz SCS can be prioritized, if needed, to ensure subcarrier orthogonality between NB-IoT over NTN and NR-NTN.
Proposal 4: At least support standalone deployment mode for NB-IoT over NTN.
Proposal 5: Study on coexistence with eMTC over NTN and terrestrial NR is to be deprioritized.
Proposal 6: At least support standalone deployment mode for eMTC over NTN.
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