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1. Introduction
[bookmark: _Hlk49429056][bookmark: _Toc54532697][bookmark: _Toc56763794]In RAN1#103e, the following agreements were achieved for the discussion on scenarios for NB-IoT/eMTC [1]:
[bookmark: _Hlk56149827]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, detailed views on scenario/assumption along preliminary results are elaborated.
1. Discussion on the scenario configuration
In NR-NTN, two satellite parameter sets are defined in [2] for performance evaluation and link budget analysis with different range of footprint coverage. According to the previous discussion, the intention of these two set are targeted to different scenario, i.e., throughput and coverage, respectively. For the study of IoT NTN, at least the Set-2 can be reused for evaluation. W.r.t the Set-1, if joint deployment of different service over same satellite is considered, such set can also be shared for IoT.
Moreover, considering the low cost requirement for IoT, more satellite parameter set can be discussed. As one example, there are two more parameter sets of satellite parameters [3] are suggested for link budget analysis, represented as Set-3 and Set-4, where Set-3 is proposed by ESA for larger footprint coverage of LEO as shown in Table 1, and Set-4 is proposed by Sateliot for low cost cube satellite as shown in Table 2. 
[bookmark: _Ref6908]Table 1 Set-3 satellite parameters
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Central beam elevation 
	12.5 deg
	30
	30 deg

	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
	
	0.7353 deg
	22.1 deg
	22.1 deg

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

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	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


[bookmark: _Ref6915]Table 2 Set-4 satellite parameters
	Satellite orbit
	LEO-600

	Satellite altitude
	600 km

	Central beam elevation 
	65.5 deg

	Payload characteristics for DL transmissions

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

	Satellite EIRP density
	
	21.45 dBW/MHz

	Satellite Tx max Gain
	
	11 dBi

	3dB beam width
	
	60º

	Satellite beam diameter (Note 2)
	
	700 km

	Payload characteristics for UL transmissions

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

	G/T
	
	- 17.9 dB·K-1

	Satellite Rx max Gain
	
	11 dBi


However, w.r.t these two sets, more consideration for the evaluation configuration are needed:
1. Total transmission power: 
As highlighted in the following note [3], there are limits for power for cube satellite. 
NOTE: Cube satellite scenarios is a special case of scenario B or C of IoT NTN, where cube satellite has the size and power limitations typically associated with microsatellites and low-density constellations
However, in current Set-4, only the EIRP with fixed Tx antenna gain is proposed for evaluation. It means that we can still scale the total transmission power to support different bandwidth (system bandwidth) for DL transmission, which is not aligned with the basic assumption for such satellite. So, in order to conduct a more realistic evaluation, corresponding limitation is needed from proponent of cube satellite.
2. Beam layout for system evaluation: 
During the study for NR-NTN, the 19-beam layout is assumed to evaluate the link quality (calibration) and throughput. By applying this assumption for newly proposed by Set-3 and Set-4, the realistic coverage is illustrated in Figure 1 and Figure 2, in which, the beams that any part of footprint is out of the earth are not plotted. It can be found that the central beam is not present since part of them is already beyond of earth and it is impossible to calculate the CIR of the central beam according to the method for NR-NTN link budget analysis. Then, central beam elevation angle of the two cases should be updated as 20°for Set-3 GEO (e.g., Figure 3) and 35°for Set-3 LEO-1200 (Figure 4), respectively.
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[bookmark: _Ref5272]Figure 1  Set-3 GEO 19-beam footprint with central beam elevation angle of 12.5°
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[bookmark: _Ref5279]Figure 2  Set-3 LEO-1200 19-beam footprint with central beam elevation angle of 30°
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[bookmark: _Ref12104]Figure 3  Set-3 GEO 19-beam footprint with central beam elevation angle of 20°
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[bookmark: _Ref12107]Figure 4  Set-3 LEO-1200 19-beam footprint with central beam elevation angle of 35°
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[bookmark: _Ref18533]Figure 5  Set-4 LEO-600 with central beam elevation angle of 90°
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[bookmark: _Ref30592]Figure 6  Set-4 LEO-600 with central beam elevation angle of 65.5°


For Set-4 LEO-600, according to the results shown in Figure 5 and 6, only single and three beams are supported once the elevation angle of central beam is set to 90 degree and 65.5, respectively. In this case, the inference among beam will be “disappear” if sparse constellation is assumed for discontinuous coverage. And the proper assumption on the beam layout may need further discussion.
Proposal 1: At least the satellite parameter Set-2 defined in 38.821 can be considered for IoT-NTN.
Proposal 2: One limitation for the cube satellite (set-4) transmission power should be defined instead of constant EIRP over all potential system bandwidth assumption.  
Proposal 3: More suitable assumption on beam layout for Set-3 and Set-4 evaluation should be considered if supported.
· Central beam elevation angle of the two cases should be updated as 20°for Set-3 GEO and 35°for Set-3 LEO-1200 
1. Discussion on the coverage/link budget for IoT-NTN
Based on the above parameter, the distribution of CL for all potential parameter sets are evaluated in rural, urban, dense urban scenarios with the LoS probability of the UE assumed according to the Table 6.6.1-1 in [4]. In terrestrial network, the MCL (Maximum Coupling Loss) requirements is set as 164 dB and 159 dB for NB-IoT and eMTC, respectively. As shown in Figure 7 and Figure 8, in urban scenario, a large number of UEs experience a CL larger than 164 dB. The CLs of about 50% GEO UEs are larger than 164 dB, and the CLs of about 30% LEO-600 UEs are larger than 164 dB. Such situation is even worse for dense urban case and improved in rural scenario (as shown in Figure B. 1~Figure B. 6 in Appendix B). The reason is that the probability of NLoS varies over scenarios and even for outdoor case, the NLoS UE is failed to be supported by existing design.
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[bookmark: _Ref13690]Figure 7  GEO_ubran
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[bookmark: _Ref13697]Figure 8  LEO-600_urban


Observation 1: The coupling loss of more than 30% UE is larger than 164 dB for LEO-600 with satellite parameters Set-1~4 in urban case. Situation is even worse in GEO scenario.
Additionally, the performance for the UE in worst case by assuming the UE with 100% LoS probability is assumed. More specifically, the definition of worst case refers to the situation that for a specific central beam elevation angle, the UE is allocated at beam edge with the maximum antenna gain loss of 3 dB. Other detailed assumption Table 7 in Appendix B. The following two cases are evaluated for each parameter set: 
1. Case-1: Refers to the cases in which the central beam elevation angle is assumed in [2] for Set-1 and Set-2, and value in Table 1 and Table 2 for Set-3 and Set-4, respectively.
2. Case-2: Refers to the cases in which the beam edge elevation angle is 10 degree for all parameter sets.
· Coupling loss for LoS UE
According to the aforementioned assumption, the coupling loss and CNR results with 3 dB polarization loss is provided in Table 3 and Table 4. It can be found that in some case of Set-3 LEO-1200 and Set-4 LEO-600 with 0 dB and 3 dB polarization loss, and the case of Set-3 LEO-600 with 3 dB polarization loss, the coupling loss would be larger than 159 dB. The worse results, i.e., larger than 164 dB, is observed in the case of Set-4 LEO-600 with 3 dB polarization loss.
Observation 2: For Set-3 and Set-4, coupling loss of LOS UE in some cases exceeds the MCL requirement for NB-IoT and eMTC.
[bookmark: _Ref21393]Table 3 Coupling loss of edge UE with 0 dB polarization loss
	
	Coupling loss (dB)
	GEO
	LEO-600
	LEO-1200

	Set-1
	Case-1
	148.04 
	137.99
	143.39 

	
	Case-2
	148.04
	142.59
	147.79

	Set-2
	Case-1
	153.5
	144.71
	150.15

	
	Case-2
	153.54
	148.59 
	152.79

	Set-3
	Case-1
	153.3
	155.74
	159.58

	
	Case-2
	153.34
	156.39
	160.59

	Set-4
	Case-1
	
	156.37
	

	
	Case-2
	
	161.59
	


[bookmark: _Ref21422]Table 4 Coupling loss of edge UE with 3 dB polarization loss
	
	Coupling loss (dB)
	GEO
	LEO-600
	LEO-1200

	Set-1
	Case-1
	151.04 
	140.99
	147.39 

	
	Case-2
	151.04
	145.59
	150.79

	Set-2
	Case-1
	156.5
	147.71
	153.15

	
	Case-2
	156.54
	151.59
	155.79

	Set-3
	Case-1
	156.3
	158.74
	162.58

	
	Case-2
	156.34
	159.39
	163.59

	Set-4
	Case-1
	
	159.37
	

	
	Case-2
	
	164.59
	


· CNR for LoS UE
According to the assumption, the minimum CNR appears in the case with larger noise figure (i.e., 9 dB) and 3 dB polarization loss as shown in Table 5 and Table 6. For performance comparing, the required SINR for NB-IoT/eMTC in terrestrial network are taken as the baseline. For example:
· W.r.t the DL:
1. For NB-IoT, -12.6 dB, which corresponds the maximal MCL in standalone mode is selected.
2. For eMTC, the minimum required SNRs for PDSCH as -19.3 dB (refer to Table 9.5.6.1-2 in [5]) is selected. 
· W.r.t the UL:
1. For NB-IoT, for 3.75 kHz, 15 kHz, 45 kHz, 90 kHz, and 180 kHz bandwidth, the minimum baseline SNRs , i.e., -5.6 dB, -11.8 dB, -16.5 dB, -19.5 dB, -22.6 dB are selected, respectively; 
2. For eMTC, for 15 kHz, 30 kHz, 45 kHz, 90 kHz, 180 kHz, 360 kHz and 1080 kHz bandwidth, the required SNRs for PUSCH as -10.50 dB, -13.50 dB, -15.27 dB, -18.28 dB, -21.29 dB, -24.3 dB, -29.07 dB (refer to Table 9.5.7.1-3 in [5]) are selected, respectively. 
It can be found that, for downlink, in the Case-1 and Case-2 of Set-2 GEO and Set-4 LEO-600, Case-2 of Set-3 LEO-600, the CNR (yellow marked in Table 5) would be worse than -12.6 dB. And for uplink, in the Case-1 and Case-2 of Set-2 GEO and Set-3 LEO-600, the CNR (red marked in Table 6) is worse than the minimum required SNRs for eMTC. Furthermore, in the Case-1 and Case-2 of Set-3 LEO-1200 and Case-2 of Set-4 LEO-600, the CNR (grey marked in Table 6) is even worse than the minimum required SNRs for both NB-IoT and eMTC.
[bookmark: _Ref9691]Table 5  DL CNR with 9 dB noise figure and 3 dB polarization loss for NB-IoT/eMTC
	
	Minimum DL CNR
	GEO
	LEO-600
	LEO-1200

	Set-1
	Case-1
	-8.06
	-2.02
	-1.41

	
	Case-2
	-8.06
	-6.62
	-4.81

	Set-2
	Case-1
	-13.52
	-8.73
	-8.17

	
	Case-2
	-13.56
	-12.62
	-10.81

	Set-3
	Case-1
	-7.22
	-11.67
	-10.11

	
	Case-2
	-7.26
	-12.32
	-11.11

	Set-4
	Case-1
	
	-13.94
	

	
	Case-2
	
	-19.17
	


[bookmark: _Ref19047]Table 6  UL CNR with 20 dBm transmission power and 3 dB polarization loss for NB-IoT/eMTC
	
	Minimum UL CNR
	GEO
	LEO-600
	LEO-1200

	Set-1
	Case-1
3.75 kHz
15 kHz
30 kHz
45 kHz
90 kHz
180 kHz
360 kHz
1080 kHz
	
-0.18
-6.2
-9.21
-10.97
-13.98
-16.99
-20
-24.77
	
12.97
6.95
3.94
2.17
-0.84
-3.85
-6.86
-11.63
	
7.57
1.55
-1.46
-3.22
-6.23
-9.24
-12.25
-17.03

	
	Case-2
3.75 kHz
15 kHz
30 kHz
45 kHz
90 kHz
180 kHz
360 kHz
1080 kHz
	
-0.18
-6.2
-9.21
-10.97
-13.98
-16.99
-20
-24.77
	
8.37
2.35
-0.66
-2.43
-5.44
-8.45
-11.46
-16.23
	
4.17
-1.85
-4.86
-6.62
-9.63
-12.64
-15.65
-20.43

	Set-2
	Case-1
3.75 kHz
15 kHz
30 kHz
45 kHz
90 kHz
180 kHz
360 kHz
1080 kHz
	
-5.16
-11.18
-14.19
-15.95
-18.96
-21.97
-24.98
-29.75
	
6.95
0.93
-2.08
-3.84
-6.85
-9.86
-12.87
-17.64
	
1.55
-4.47
-7.48
-9.24
-12.25
-15.26
-18.27
-23.05

	
	Case-2
3.75 kHz
15 kHz
30 kHz
45 kHz
90 kHz
180 kHz
360 kHz
1080 kHz
	
-5.18
-11.20
-14.21
-15.97
-18.98
-21.99
-25.00
-29.77
	
2.37
-3.65
-6.66
-8.42
-11.43
-14.44
-17.45
-22.22
	
-0.94
-7.85
-10.86
-12.62
-15.63
-18.64
-21.65
-26.43

	Set-3
	Case-1
3.75 kHz
15 kHz
30 kHz
45 kHz
90 kHz
180 kHz
360 kHz
1080 kHz
	
-2.44
-8.46
-11.47
-13.23
-16.24
-19.25
-22.26
-27.03
	
-4.88
-10.9
-13.91
-15.67
-18.68
-21.69
-24.71
-29.48
	
-8.72
-14.74
-17.75
-19.52
-22.53
-25.54
-28.55
-33.32

	
	Case-2
3.75 kHz
15 kHz
30 kHz
45 kHz
90 kHz
180 kHz
360 kHz
1080 kHz
	
-2.48
-8.5
-11.51
-13.27
-16.28
-19.29
-22.3
-27.07
	
-5.53
-11.55
-14.56
-16.32
-19.33
-22.34
-25.36
-30.13
	
-9.72
-15.76
-18.75
-20.52
-23.53
-26.54
-29.55
-34.32

	Set-4
	Case-1
3.75 kHz
15 kHz
30 kHz
45 kHz
90 kHz
180 kHz
360 kHz
1080 kHz
	

	
-2.41
-8.43
-11.44
-13.20
-16.21
-19.22
-22.23
-27.00
	


	
	Case-2
3.75 kHz
15 kHz
30 kHz
45 kHz
90 kHz
180 kHz
360 kHz
1080 kHz
	
	
-10.63
-16.65
-19.66
-21.42
-24.43
-27.44
-30.45
-35.23
	


Observation 3: In some cases for Set-2, Set-3, and Set-4, even the coupling loss is smaller than 164 dB for NB-IoT and 159 dB for eMTC, the CNR is worse than the minimum required SNR.
Proposal 4: Further enhancement on the transmission may be needed to support cases with large coupling loss and/or low CNR.
1. Conclusions
In this contribution, detailed link budget results are provided and discussed with the following observations and proposals: 
Proposal 1: At least the satellite parameter Set-2 defined in 38.821 can be considered for IoT-NTN.
Proposal 2: One limitation for the cube satellite (set-4) transmission power should be defined instead of constant EIRP over all potential system bandwidth assumption.
Proposal 3: More suitable assumption on beam layout for Set-3 and Set-4 evaluation should be considered if supported.
· Central beam elevation angle of the two cases should be updated as 20°for Set-3 GEO and 35°for Set-3 LEO-1200
Observation 1: The coupling loss of more than 30% UE is larger than 164 dB for LEO-600 with satellite parameters Set-1~4 in urban case. Situation is even worse in GEO scenario.
Observation 2: For Set-3 and Set-4, coupling loss of LOS UE in some cases exceeds the MCL requirement for NB-IoT and eMTC.
Observation 3: In some cases for Set-2, Set-3, and Set-4, even the coupling loss is smaller than 164 dB for NB-IoT and 159 dB for eMTC, the CNR is worse than the minimum required SNR.
Proposal 4: Further enhancement on the transmission may be needed to support cases with large coupling loss and/or low CNR.
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Appendix A  
Rural 
	[image: ]

	[image: ]


	[bookmark: _Ref694]Figure A.1  GEO_rural
	Figure A.2  LEO-600_rural
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	Figure A.3  LEO-1200_rural
	



Dense urban
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	Figure A.4  GEO_denseubran
	Figure A.5  LEO-600_denseubran
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	[bookmark: _Ref700]Figure A.6  LEO-1200_denseubran
	


Appendix B
[bookmark: _Ref61298247]Table 7 Assumption for link budget
	
	DL
	UL

	UE channel bandwidth (kHz)
	180, 1080
	3.75, 15, 30, 45, 60, 90, 180, 360, 1080

	UE transmission power (dBm)
	
	20, 23

	UE noise figure (dB)
	7, 9
	

	UE antenna type 
	One Linear polarized antenna (3 dB polarization loss)
Two linear polarized antennae (0 dB polarization loss)
Circular polarized antenna (0 dB polarization loss)
	One Linear polarized antenna (3 dB polarization loss)
Two linear polarized antennae (0 dB polarization loss)
Circular polarized antenna (0 dB polarization loss)
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