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1. Introduction
In RAN1#104e meeting, agreements on detailed assumption for satellite and UE including typical configuration for link budget were made in [1], some of them are highlighted as following: 
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)
· 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
In this contribution, analysis of link budget results and evaluation on the overall service condition for IoT-NTN according to the assumptions above is elaborated.
1. Discussion on the coverage/link budget for IoT-NTN
For the link budget analysis, the central beam edge elevation is also used in the calculation for CNR. It should be noted that the signal from the satellite to the UE at the beam edge cannot get the maximum antenna gain of the satellite since the boresight of satellite’s antenna aims at the beam center. In general, it will lead to 3 dB loss comparing to the UE located at beam center. 
[bookmark: _GoBack]In addition, for the evaluation in NR-NTN, FRF=1, 3 and FRF=2 with 2 different polarization types are considered to evaluate the impact of interference. Similarly, in IoT-NTN, FRF can be also considered, by which inter-beam interference can be alleviated. In our contribution, FRF=1 and FRF=3 are preferred for simplicity. It should be noticed that for Set-4, beam layout with multiple beams per satellite is not feasible and no CIR is needed to be considered unless multiple satellite based assumption is preferred. Then, it’s prefer to capture the link budget results for all cases listed in Table 1 with corresponding results in Table 5~Table 12.
[bookmark: _Ref9039]Table 1 Cases for link budget analysis
	Case
	Satellite orbit
	Satellite parameter set
	Central beam center elevation (deg)
	Central beam edge elevation (deg)
	Frequency Reuse Factor

	1
	GEO
	Set 1
	12.5
	10
	1

	2
	GEO
	Set 1
	12.5
	10
	3

	3
	LEO-600
	Set 1
	30
	26.98
	1

	4
	LEO-600
	Set 1
	30
	26.98
	3

	5
	LEO-1200
	Set 1
	30
	26.27
	1

	6
	LEO-1200
	Set 1
	30
	26.27
	3

	7
	GEO
	Set 2
	20
	10.95
	1

	8
	GEO
	Set 2
	20
	10.95
	3

	9
	LEO-600
	Set 2
	30
	23.80
	1

	10
	LEO-600
	Set 2
	30
	23.80
	3

	11
	LEO-1200
	Set 2
	30
	22.16
	1

	12
	LEO-1200
	Set 2
	30
	22.16
	3

	13
	GEO
	Set 3
	20.88
	12.5
	1

	14
	GEO
	Set 3
	20.88
	12.5
	3

	15
	LEO-600
	Set 3
	43.78
	30
	1

	16
	LEO-600
	Set 3
	43.78
	30
	3

	17
	LEO-1200
	Set 3
	46.05
	30
	1

	18
	LEO-1200
	Set 3
	46.05
	30
	3

	19
	LEO-600
	Set 4
	90
	30
	1


Proposal 1: Cases listed in Table-1 within consideration on the different FR factor should be considered for link budget evaluation.
Proposal 2: Capturing the link budget results for cases listed in Table-1 into the TR.
· Coupling loss analysis based on agreed assumption
According to the aforementioned assumptions, the coupling loss is provided in Table 2. In all the cases, the coupling loss would be less than 164 dB, but in some cases of Set-3 LEO-1200 and Set-4 LEO-600, the coupling loss would be larger than 159 dB.
Observation 1: For Set-3 and Set-4, coupling loss of LOS UE in some cases will be larger than 159 dB.
[bookmark: _Ref12117]Table 2 Coupling loss of edge UE
	
	
	GEO
	LEO-600
	LEO-1200

	Set-1
	Coupling loss (dB)
	151.04
	140.99
	146.39 

	Set-2
	Coupling loss (dB)
	156.50
	147.71
	153.15

	Set-3
	Coupling loss (dB)
	156.24
	154.16 
	159.55 

	Set-4
	Coupling loss (dB)
	
	159.38
	


· CNR analysis based on agreed assumption
For performance comparing, the target 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 target SNRs for PDSCH as -19.3 dB (refer to Table 9.5.6.1-2 in [2]) 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 target 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 30 kHz, 45 kHz, 90 kHz, 180 kHz, 360 kHz and 1080 kHz bandwidth, the target SNRs for PUSCH as -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 [2]) are selected, respectively. 
It can be found that, for downlink, in the case of Set-2 GEO and Set-4 LEO-600, the CNR (yellow marked in Table 3) would be worse than -12.6 dB. And for uplink, in the case of Set-2 GEO, the CNR (red marked in Table 4) is worse than the target SNRs for eMTC. Furthermore, in the case of Set-3 LEO-1200 and Set-4 LEO-600, the CNR (grey marked in Table 4) is even worse than the target SNRs for both NB-IoT and eMTC.
[bookmark: _Ref9314]Table 3 DL CNR for NB-IoT/eMTC
	
	
	GEO
	LEO-600
	LEO-1200

	Set-1
	Minimum DL CNR (dB)
	-8.06
	-2.02 
	-1.41 

	Set-2
	Minimum DL CNR (dB)
	-13.52
	-8.73 
	-8.17 

	Set-3
	Minimum DL CNR (dB)
	-7.17 
	-7.08 
	-7.08

	Set-4
	Minimum DL CNR (dB)
	
	-13.95 
	


[bookmark: _Ref9438]Table 4 UL CNR for NB-IoT/eMTC
	
	Bandwidth 
	GEO
	LEO-600
	LEO-1200

	Set-1
	3.75 kHz
15 kHz
30 kHz
45 kHz
90 kHz
180 kHz
360 kHz
1080 kHz
	-0.18 
-6.20 
-9.21 
-10.97 
-13.98 
-16.99 
-20.00 
-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

	Set-2
	3.75 kHz
15 kHz
30 kHz
45 kHz
90 kHz
180 kHz
360 kHz
1080 kHz
	-5.14 
-11.16 
-14.17 
-15.93 
-18.94 
-21.95 
-24.96 
-29.73 
	6.25 
0.23 
-2.78 
-4.54 
-7.55 
-10.56 
-13.57 
-18.34 
	0.81 
-5.21 
-8.22 
-9.98 
-12.99 
-16.00 
-19.01 
-23.78

	Set-3
	3.75 kHz
15 kHz
30 kHz
45 kHz
90 kHz
180 kHz
360 kHz
1080 kHz
	 -2.38 
-8.40 
-11.41 
-13.17 
-16.18 
-19.20 
-22.21 
-26.98 
	 -0.30 
-6.32 
-9.33 
-11.09 
-14.10 
-17.11 
-20.12 
-24.89 
	-5.69 
-11.71 
-14.72 
-16.48 
-19.49 
-22.50 
-25.52 
-30.29

	Set-4
	3.75 kHz
15 kHz
30 kHz
45 kHz
90 kHz
180 kHz
360 kHz
1080 kHz
	
	-6.12 
-12.14 
-15.15 
-16.91 
-19.92 
-22.93 
-25.94 
-30.71
	


Observation 2: 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 target SNR.
· Distribution of CL all UEs within the coverage of serving satellite
In order to have an overall insight on the performance of IoT over NTN, the evaluation on the CL for all UEs within the coverage of serving satellite based on all parameter sets according to the parameters in rural, urban, dense urban scenarios with the LoS probability of the UEs assumed according to the Table 6.6.1-1 in [3]. 
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 1~ Figure 9 below, it can be found that: 
· In rural scenario, the CLs of about 5%~10% GEO UEs are larger than 164 dB, and the CLs of about 5% LEO-600 and LEO-1200 UEs are larger than 164 dB; 
· In urban scenario, the CLs of about 50% GEO UEs are larger than 164 dB, about 30% LEO-600 and LEO-1200 UEs are larger than 164 dB; 
· In dense urban scenario, the CLs of about 50% GEO UEs are larger than 164 dB, the CLs of about 30%~40% LEO-600 and LEO-1200 UEs are larger than 164 dB. 
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	[bookmark: _Ref68102697]Figure 1 Illustration of DL CL for GEO in rural
	Figure 2 Illustration of DL CL for LEO-600 in rural
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	Figure 3 Illustration of DL CL for LEO-1200 in rural
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	Figure 4 Illustration of DL CL for GEO in ubran
	Figure 5 Illustration of DL CL for LEO-600 in urban
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	Figure 6 Illustration of DL CL for LEO-1200 in urban
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	Figure 7 Illustration of DL CL for GEO in Dense urban
	Figure 8 Illustration of DL CL for LEO-600 in Dense urban
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	[bookmark: _Ref68102701]Figure 9 Illustration of DL CL for LEO-1200 in Dense urban
	


The reason for different performances per scenario is that the probability of LoS/NLoS varies over scenarios. It can be found that even for rural scenario, a number of NLoS UEs will be failed to be supported by existing design.
Observation 3: A large number of UEs would experience a worse coupling loss larger than 164 dB for urban and dense urban scenarios. And even for rural scenario, there are about 5% UEs which experience coupling loss larger than 164 dB.
Proposal 3: 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:
Observation 1: For Set-3 and Set-4, coupling loss of LOS UE in some cases will be larger than 159 dB.
Observation 2: 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 target SNR.
Observation 3: A large number of UEs would experience a worse coupling loss larger than 164 dB for urban and dense urban scenarios. And even for rural scenario, there are about 5% UEs which experience coupling loss larger than 164 dB.
Proposal 1: Cases listed in Table-1 within consideration on the different FR factor should be considered for link budget evaluation.
Proposal 2: Capturing the link budget results for cases listed in Table-1 into the TR.
Proposal 3: Further enhancement on the transmission may be needed to support cases with large coupling loss and/or low CNR.
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Appendix 
[bookmark: _Ref68102310][bookmark: OLE_LINK8]Table 5 Link budget results for DL with Set-1
	
	GEO
	LEO-600
	LEO-1200

	Frequency reuse factor
	1
	3
	1
	3
	1
	3

	Central beam center elevation (deg)
	12.5
	12.5
	30
	30
	30
	30

	Central beam edge elevation (deg)
	10
	10
	26.9845
	26.9845
	26.2709
	26.2709

	Central beam edge satellite-UE distance(km)
	40581.2
	[bookmark: OLE_LINK4]40581.2
	1154.2
	1154.2
	2148.2
	2148.2

	EIRP density (dBW/MHz)
	59
	59
	34
	34
	40
	40

	Max satellite antenna gain (dBi)
	51
	51
	30
	30
	30
	30

	Antenna loss at edge (dB)
	3
	3
	3
	3
	3
	3

	Satellite Tx power (dBm)
180 kHz
1080 kHz
	
78.55
86.33
	
78.55
86.33
	
53.55
61.33
	
53.55
61.33
	
59.55
67.33
	
59.55
67.33

	Max UE antenna gain (dB)
	0
	0
	0
	0
	0
	0

	[bookmark: OLE_LINK20]UE noise figure (dB)
	9
	9
	9
	9
	9
	9

	UE antenna G/T (dB/K)
	-33.62 
	-33.62 
	-33.62 
	-33.62 
	-33.62 
	-33.62 

	Free space path loss (dB)
	190.64
	190.64
	159.72
	159.72
	165.11
	165.11

	Atmosphere Loss(clear sky) (dB)
	0.20 
	0.20 
	0.08 
	0.08 
	0.08
	0.08

	Ionospheric Scintilation Loss (dB)
	2.20 
	2.20 
	2.20 
	2.20 
	2.20 
	2.20 

	Troposhperic loss (dB)
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	Shadowing Margin (dB)
	3.00 
	3.00 
	3.00 
	3.00 
	3.00 
	3.00 

	Additional Loss (dB)
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	Polarization loss (dB)
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Total loss (dB)
	199.04 
	199.04 
	167.99 
	167.99 
	173.39 
	173.39 

	[bookmark: OLE_LINK5]Coupling loss (dB)
	151.04 
	151.04 
	140.99 
	140.99 
	146.39 
	146.39 

	CNR (dB)
	-8.06 
	-8.06 
	-2.02 
	-2.02 
	-1.42 
	-1.42 

	CIR (dB)
	4.99
	13.87
	-0.64
	10.64
	-0.64
	10.64

	CINR (dB)
	-8.27 
	-8.09 
	-4.39 
	-2.25 
	-4.06 
	-1.68 

	DL repetition gain (dB)
(2048 repetition times)
	[bookmark: OLE_LINK21]26.34
	26.34
	26.34 
	26.34
	26.34
	26.34

	CINR-repetition (dB)
	18.07 
	18.25 
	21.95 
	24.09 
	22.28 
	24.66 


Table 6 Link budget results for UL with Set-1
	
	GEO
	LEO-600
	LEO-1200

	Frequenct reuse factor
	1
	3
	1
	3
	1
	3

	Central beam center elevation (deg)
	12.5
	12.5
	30
	30
	30
	30

	Central beam edge elevation (deg)
	10
	10
	26.9845
	26.9845
	26.2709
	26.2709

	Central beam edge satellite-UE distance(km)
	40581.2
	40581.2
	1154.2
	1154.2
	2148.2
	2148.2

	Max satellite antenna gain (dBi)
	51
	51
	30
	30
	30
	30

	Antenna loss at edge (dB)
	3
	3
	3
	3
	3
	3

	satellite antenna G/T (dB/K)
	19
	19
	1.1
	1.1
	1.1
	1.1

	Max UE antenna gain (dB)
	0
	0
	0
	0
	0
	0

	UE transmission power (dBm)
	20
	20
	20
	20
	20
	20

	Free space path loss (dB)
	190.64
	190.64
	159.72
	159.72
	165.11
	165.11

	Atmosphere Loss(clear sky) (dB)
	0.20 
	0.20 
	0.08 
	0.08 
	0.08
	0.08

	Ionospheric Scintilation Loss (dB)
	2.20 
	2.20 
	2.20 
	2.20 
	2.20 
	2.20 

	Troposhperic loss (dB)
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	Shadowing Margin (dB)
	3.00 
	3.00 
	3.00 
	3.00 
	3.00 
	3.00 

	Additional Loss (dB)
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	Polarization loss (dB)
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Total loss (dB)
	199.04 
	199.04 
	167.99 
	167.99 
	173.39 
	173.39 

	[bookmark: OLE_LINK15]Coupling loss (dB)
	151.04 
	151.04 
	140.99 
	140.99 
	146.39 
	146.39 

	CNR (dB)
3.75 kHz (Tx 20 dBm)
15 kHz (Tx 20 dBm)
30 kHz (Tx 20 dBm)
45 kHz (Tx 20 dBm)
90 kHz (Tx 20 dBm)
180 kHz (Tx 20 dBm)
360 kHz (Tx 20 dBm)
1080 kHz (Tx 20 dBm)
	 
-0.18 
-6.20 
-9.21 
-10.97 
-13.98 
-16.99 
-20.00 
-24.77 
	 
-0.18 
-6.20 
-9.21 
-10.97 
-13.98 
-16.99 
-20.00 
-24.77 
	 
12.97 
6.95 
3.94 
2.17 
-0.84 
-3.85 
-6.86 
-11.63 
	 
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 
	 
7.57 
1.55 
-1.46 
-3.22 
-6.23 
-9.24 
-12.25 
-17.03 

	CIR (dB)
	4.62 
	14.00 
	-0.26 
	11.72 
	-0.24 
	11.81 

	CINR (dB)
3.75 kHz (Tx 20 dBm)
15 kHz (Tx 20 dBm)
30 kHz (Tx 20 dBm)
45 kHz (Tx 20 dBm)
90 kHz (Tx 20 dBm)
180 kHz (Tx 20 dBm)
360 kHz (Tx 20 dBm)
1080 kHz (Tx 20 dBm)
	 
-1.42 
-6.55 
-9.39 
-11.09 
-14.04 
-17.02 
-20.02 
-24.78 
	 
-0.34 
-6.24 
-9.23 
-10.99 
-13.99 
-17.00 
-20.00 
-24.77 
	 
-0.46 
-1.02 
-1.66 
-2.22 
-3.57 
-5.42 
-7.72 
-11.93 
	 
9.29 
5.70 
3.27 
1.72 
-1.07 
-3.96 
-6.92 
-11.65 
	 
-0.91 
-2.45 
-3.90 
-4.99 
-7.21 
-9.76 
-12.52 
-17.12 
	 
6.18 
1.16 
-1.66 
-3.36 
-6.30 
-9.28 
-12.27 
-17.03 

	UL repetition gain (dB)
(128 repetition times)
	16.84
	16.84
	16.84
	16.84
	16.84
	16.84

	CINR-repetition (dB)
[bookmark: OLE_LINK26]3.75 kHz (Tx 20 dBm)
15 kHz (Tx 20 dBm)
30 kHz (Tx 20 dBm)
45 kHz (Tx 20 dBm)
90 kHz (Tx 20 dBm)
180 kHz (Tx 20 dBm)
360 kHz (Tx 20 dBm)
1080 kHz (Tx 20 dBm)
	 
15.42 
10.29 
7.45 
5.75 
2.80 
-0.18 
-3.18 
-7.94 
	 
16.50 
10.60 
7.61 
5.85 
2.85 
-0.16 
-3.16 
-7.93 
	 
16.38 
15.82 
15.18 
14.62 
13.27 
11.42 
9.12 
4.91 
	 
26.13 
22.54 
20.11 
18.56 
15.77 
12.88 
9.92 
5.19 
	 
15.93 
14.39 
12.94 
11.85 
9.63 
7.08 
4.32 
-0.28 
	 
23.02 
18.00 
15.18 
13.48 
10.54 
7.56 
4.57 
-0.19 


Table 7 Link budget results for DL with Set-2
	
	GEO
	LEO-600
	LEO-1200

	Frequency reuse factor
	1
	3
	1
	3
	1
	3

	Central beam center elevation (deg)
	20
	20
	30
	30
	30
	30

	Central beam edge elevation (deg)
	10.9499
	10.9499
	23.8019
	23.8019
	22.1635
	22.1635

	Central beam edge satellite-UE distance(km)
	40480.2
	40480.2
	1251.9
	1251.9
	2340.7
	2340.7

	EIRP density (dBW/MHz)
	53.5
	53.5
	28
	28
	34
	34

	Max satellite antenna gain (dBi)
	45.50
	45.50
	24
	24
	24
	24

	Antenna loss at edge (dB)
	3
	3
	3
	3
	3
	3

	Satellite Tx power (dBm)
180 kHz
1080 kHz
	
73.05
80.83
	
73.05
80.83
	
47.55
55.33
	
47.55
55.33
	
53.55
61.33
	
53.55
61.33

	Max UE antenna gain (dB)
	0
	0
	0
	0
	0
	0

	UE noise figure (dB)
	9
	9
	9
	9
	9
	9

	UE antenna G/T (dB/K)
	-33.62 
	-33.62 
	-33.62 
	-33.62 
	-33.62 
	-33.62 

	Free space path loss (dB)
	190.62 
	190.62 
	160.42 
	160.42 
	165.86 
	165.86 

	Atmosphere Loss(clear sky) (dB)
	0.19
	0.19
	0.09 
	0.09 
	0.09
	0.09

	Ionospheric Scintilation Loss (dB)
	2.20 
	2.20 
	2.20 
	2.20 
	2.20 
	2.20 

	Troposhperic loss (dB)
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	Shadowing Margin (dB)
	3.00 
	3.00 
	3.00 
	3.00 
	3.00 
	3.00 

	Additional Loss (dB)
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	Polarization loss (dB)
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Total loss (dB)
	199.00 
	199.00 
	168.71 
	168.71 
	174.15 
	174.15 

	Coupling loss (dB)
	156.50 
	156.50 
	147.71 
	147.71 
	153.15 
	153.15 

	CNR (dB)
	-13.52 
	-13.52 
	-8.73 
	-8.73 
	-8.17 
	-8.17 

	CIR (dB)
	1.48 
	13.90 
	-0.50 
	11.38 
	1.45 
	13.87 

	CINR (dB)
	-13.66 
	-13.53 
	-9.34 
	-8.77 
	-8.62 
	-8.20 

	DL repetition gain (dB)
(2048 repetition times)
	26.34
	26.34
	26.34
	26.34
	26.34
	26.34

	CINR-repetition (dB)
	12.68 
	12.81 
	17.00 
	17.57 
	17.72 
	18.14 


Table 8 Link budget results for UL with Set-2
	
	GEO
	LEO-600
	LEO-1200

	Frequenct reuse factor
	1
	3
	1
	3
	1
	3

	Central beam center elevation (deg)
	20
	20
	30
	30
	30
	30

	Central beam edge elevation (deg)
	10.9499
	10.9499
	23.8019
	23.8019
	22.1635
	22.1635

	Central beam edge satellite-UE distance(km)
	40480.2
	40480.2
	1251.9
	1251.9
	2340.7
	2340.7

	Max satellite antenna gain (dBi)
	45.50
	45.50
	24
	24
	24
	24

	Antenna loss at edge (dB)
	3
	3
	3
	3
	3
	3

	satellite antenna G/T (dB/K)
	14
	14
	-4.9
	-4.9
	-4.9
	-4.9

	Max UE antenna gain (dB)
	0
	0
	0
	0
	0
	0

	UE transmission power (dBm)
	20
	20
	20
	20
	20
	20

	Free space path loss (dB)
	190.62 
	190.62 
	160.42 
	160.42 
	165.86 
	165.86 

	Atmosphere Loss(clear sky) (dB)
	0.19
	0.19
	0.09 
	0.09 
	0.09
	0.09

	Ionospheric Scintilation Loss (dB)
	2.20 
	2.20 
	2.20 
	2.20 
	2.20 
	2.20 

	Troposhperic loss (dB)
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	Shadowing Margin (dB)
	3.00 
	3.00 
	3.00 
	3.00 
	3.00 
	3.00 

	Additional Loss (dB)
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	Polarization loss (dB)
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Total loss (dB)
	199.00 
	199.00 
	168.71 
	168.71 
	174.15 
	174.15 

	Coupling loss (dB)
	156.50 
	156.50 
	147.71 
	147.71 
	153.15 
	153.15 

	CNR (dB)
3.75 kHz (Tx 20 dBm)
15 kHz (Tx 20 dBm)
30 kHz (Tx 20 dBm)
45 kHz (Tx 20 dBm)
90 kHz (Tx 20 dBm)
180 kHz (Tx 20 dBm)
360 kHz (Tx 20 dBm)
1080 kHz (Tx 20 dBm)
	 
-5.14 
-11.16 
-14.17 
-15.93 
-18.94 
-21.95 
-24.96 
-29.73 
	 
-5.14 
-11.16 
-14.17 
-15.93 
-18.94 
-21.95 
-24.96 
-29.73 
	 
6.25 
0.23 
-2.78 
-4.54 
-7.55 
-10.56 
-13.57 
-18.34 
	 
6.25 
0.23 
-2.78 
-4.54 
-7.55 
-10.56 
-13.57 
-18.34 
	 
0.81 
-5.21 
-8.22 
-9.98 
-12.99 
-16.00 
-19.01 
-23.78 
	 
0.81 
-5.21 
-8.22 
-9.98 
-12.99 
-16.00 
-19.01 
-23.78 

	CIR (dB)
	2.36 
	14.10 
	-0.14 
	11.75 
	1.75 
	12.68 

	CINR (dB)
3.75 kHz (Tx 20 dBm)
15 kHz (Tx 20 dBm)
30 kHz (Tx 20 dBm)
45 kHz (Tx 20 dBm)
90 kHz (Tx 20 dBm)
180 kHz (Tx 20 dBm)
360 kHz (Tx 20 dBm)
1080 kHz (Tx 20 dBm)
	 
-5.85 
-11.35 
-14.27 
-16.00 
-18.98 
-21.97 
-24.97 
-29.74 
	 
-5.19 
-11.17 
-14.18 
-15.94 
-18.95 
-21.95 
-24.96 
-29.74 
	 
-1.04 
-2.97 
-4.67 
-5.89 
-8.28 
-10.94 
-13.76 
-18.41 
	 
5.17 
-0.07 
-2.93 
-4.64 
-7.60 
-10.59 
-13.58 
-18.35 
	 
-1.76 
-6.01 
-8.64 
-10.26 
-13.14 
-16.08 
-19.05 
-23.80 
	 
0.54 
-5.28 
-8.26 
-10.01 
-13.00 
-16.01 
-19.02 
-23.79 

	UL repetition gain (dB)
(128 repetition times)
	16.84
	16.84
	16.84
	16.84
	16.84
	16.84

	CINR-repetition (dB)
3.75 kHz (Tx 20 dBm)
15 kHz (Tx 20 dBm)
30 kHz (Tx 20 dBm)
45 kHz (Tx 20 dBm)
90 kHz (Tx 20 dBm)
180 kHz (Tx 20 dBm)
360 kHz (Tx 20 dBm)
1080 kHz (Tx 20 dBm)
	 
10.99 
5.49 
2.57 
0.84 
-2.14 
-5.13 
-8.13 
-12.90 
	 
11.65 
5.67 
2.66 
0.90 
-2.11 
-5.11 
-8.12 
-12.90 
	 
15.80 
13.87 
12.17 
10.95 
8.56 
5.90 
3.08 
-1.57 
	 
22.01 
16.77 
13.91 
12.20 
9.24 
6.25 
3.26 
-1.51 
	 
15.08 
10.83 
8.20 
6.58 
3.70 
0.76 
-2.21 
-6.96 
	 
17.38 
11.56 
8.58 
6.83 
3.84 
0.83 
-2.18 
-6.95 


Table 9 Link budget results for DL with Set-3
	
	GEO
	LEO-600
	LEO-1200

	Frequency reuse factor
	1
	3
	1
	3
	1
	3

	Central beam center elevation (deg)
	20.9
	20.9
	46.05
	46.05
	43.8
	43.8

	Central beam edge elevation (deg)
	12.5 
	12.5 
	30.0 
	30.0 
	30.0 
	30.0 

	Central beam edge satellite-UE distance(km)
	40316.0
	40316.0
	1074.0
	1074.0
	1998.0
	1998.0

	EIRP density (dBW/MHz)
	59.8
	59.8
	28.3
	28.3
	33.7
	33.7

	Max satellite antenna gain (dBi)
	45.70
	45.70
	16.2
	16.2
	16.2
	16.2

	Antenna loss at edge (dB)
	3
	3
	3
	3
	3
	3

	Satellite Tx power (dBm)
180 kHz
1080 kHz
	
79.35
87.13
	
79.35
87.13
	
47.85
55.63
	
47.85
55.63
	
53.25
61.03
	
53.25
61.03

	Max UE antenna gain (dB)
	0
	0
	0
	0
	0
	0

	UE noise figure (dB)
	9
	9
	9
	9
	9
	9

	UE antenna G/T (dB/K)
	-33.62 
	-33.62 
	-33.62 
	-33.62 
	-33.62 
	-33.62 

	Free space path loss (dB)
	190.58 
	190.58 
	159.09 
	159.09 
	164.48 
	164.48 

	Atmosphere Loss(clear sky) (dB)
	0.16 
	0.16 
	0.07 
	0.07 
	0.07 
	0.07 

	Ionospheric Scintilation Loss (dB)
	2.20 
	2.20 
	2.20 
	2.20 
	2.20 
	2.20 

	Troposhperic loss (dB)
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	Shadowing Margin (dB)
	3.00 
	3.00 
	3.00 
	3.00 
	3.00 
	3.00 

	Additional Loss (dB)
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	Polarization loss (dB)
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Total loss (dB)
	198.94 
	198.94 
	167.36 
	167.36 
	172.75 
	172.75 

	Coupling loss (dB)
	156.24 
	156.24 
	154.16 
	154.16 
	159.55 
	159.55 

	CNR (dB)
	-7.17 
	-7.17 
	-7.08 
	-7.08 
	-7.08 
	-7.08 

	CIR (dB)
	1.48 
	13.90 
	1.13 
	13.86 
	1.38 
	13.87 

	CINR (dB)
	-7.72 
	-7.20 
	-7.69 
	-7.12 
	-7.66 
	-7.11 

	DL repetition gain (dB)
(2048 repetition times)
	26.34
	26.34
	26.34
	26.34
	26.34
	26.34

	CINR-repetition (dB)
	18.62 
	19.14 
	18.65 
	19.22 
	18.68 
	19.23 


Table 10 Link budget results for UL with Set-3
	
	GEO
	LEO-600
	LEO-1200

	Frequenct reuse factor
	1
	3
	1
	3
	1
	3

	Central beam center elevation (deg)
	20.9
	20.9
	46.05
	46.05
	43.8
	43.8

	Central beam edge elevation (deg)
	12.5 
	12.5 
	30.0 
	30.0 
	30.0 
	30.0 

	Central beam edge satellite-UE distance(km)
	40316.0
	40316.0
	1074.0
	1074.0
	1998.0
	1998.0

	Max satellite antenna gain (dBi)
	45.70
	45.70
	16.2
	16.2
	16.2
	16.2

	Antenna loss at edge (dB)
	3
	3
	3
	3
	3
	3

	satellite antenna G/T (dB/K)
	16.7
	16.7
	-12.8
	-12.8
	-12.8
	-12.8

	Max UE antenna gain (dB)
	0
	0
	0
	0
	0
	0

	UE transmission power (dBm)
	20
	20
	20
	20
	20
	20

	Free space path loss (dB)
	190.58 
	190.58 
	159.09 
	159.09 
	164.48 
	164.48 

	Atmosphere Loss(clear sky) (dB)
	0.16 
	0.16 
	0.07 
	0.07 
	0.07 
	0.07 

	Ionospheric Scintilation Loss (dB)
	2.20 
	2.20 
	2.20 
	2.20 
	2.20 
	2.20 

	Troposhperic loss (dB)
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	Shadowing Margin (dB)
	3.00 
	3.00 
	3.00 
	3.00 
	3.00 
	3.00 

	Additional Loss (dB)
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	Polarization loss (dB)
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Total loss (dB)
	198.94 
	198.94 
	167.36 
	167.36 
	172.75 
	172.75 

	Coupling loss (dB)
	156.24 
	156.24 
	154.16 
	154.16 
	159.55 
	159.55 

	CNR (dB)
3.75 kHz (Tx 20 dBm)
15 kHz (Tx 20 dBm)
30 kHz (Tx 20 dBm)
45 kHz (Tx 20 dBm)
90 kHz (Tx 20 dBm)
180 kHz (Tx 20 dBm)
360 kHz (Tx 20 dBm)
1080 kHz (Tx 20 dBm)
	 
-2.38 
-8.40 
-11.41 
-13.17 
-16.18 
-19.20 
-22.21 
-26.98 
	 
-2.38 
-8.40 
-11.41 
-13.17 
-16.18 
-19.20 
-22.21 
-26.98 
	 
-0.30 
-6.32 
-9.33 
-11.09 
-14.10 
-17.11 
-20.12 
-24.89 
	 
-0.30 
-6.32 
-9.33 
-11.09 
-14.10 
-17.11 
-20.12 
-24.89 
	 
-5.69 
-11.71 
-14.72 
-16.48 
-19.49 
-22.50 
-25.52 
-30.29 
	 
-5.69 
-11.71 
-14.72 
-16.48 
-19.49 
-22.50 
-25.52 
-30.29 

	CIR (dB)
	2.34 
	14.44 
	2.39 
	12.44 
	1.33 
	12.62 

	CINR (dB)
3.75 kHz (Tx 20 dBm)
15 kHz (Tx 20 dBm)
30 kHz (Tx 20 dBm)
45 kHz (Tx 20 dBm)
90 kHz (Tx 20 dBm)
180 kHz (Tx 20 dBm)
360 kHz (Tx 20 dBm)
1080 kHz (Tx 20 dBm)
	 
-3.64 
-8.75 
-11.59 
-13.29 
-16.25 
-19.23 
-22.22 
-26.98 
	 
-2.47 
-8.43 
-11.42 
-13.18 
-16.19 
-19.20 
-22.21 
-26.98 
	 
-2.17 
-6.87 
-9.61 
-11.28 
-14.20 
-17.16 
-20.15 
-24.90 
	 
-0.53 
-6.38 
-9.36 
-11.11 
-14.11 
-17.12 
-20.13 
-24.90 
	 
-6.48 
-11.92 
-14.83 
-16.56 
-19.53 
-22.52 
-25.52 
-30.29 
	 
-5.76 
-11.73 
-14.73 
-16.49 
-19.50 
-22.51 
-25.52 
-30.29 

	UL repetition gain (dB)
(128 repetition times)
	16.84
	16.84
	16.84
	16.84
	16.84
	16.84

	CINR-repetition (dB)
3.75 kHz (Tx 20 dBm)
15 kHz (Tx 20 dBm)
30 kHz (Tx 20 dBm)
45 kHz (Tx 20 dBm)
90 kHz (Tx 20 dBm)
180 kHz (Tx 20 dBm)
360 kHz (Tx 20 dBm)
1080 kHz (Tx 20 dBm)
	 
13.20 
8.09 
5.25 
3.55 
0.59 
-2.39 
-5.38 
-10.14 
	 
14.37 
8.41 
5.42 
3.66 
0.65 
-2.36 
-5.37 
-10.14 
	 
14.67 
9.97 
7.23 
5.56 
2.64 
-0.32 
-3.31 
-8.06 
	 
16.31 
10.46 
7.48 
5.73 
2.73 
-0.28 
-3.29 
-8.06 
	 
10.36 
4.92 
2.01 
0.28 
-2.69 
-5.68 
-8.68 
-13.45 
	 
11.08 
5.11 
2.11 
0.35 
-2.66 
-5.67 
-8.68 
-13.45 


Table 11 Link budget results for DL with Set-4
	
	LEO-600

	Frequency reuse factor
	1

	Central beam center elevation (deg)
	90

	Central beam edge elevation (deg)
	30

	Central beam edge satellite-UE distance(km)
	1076

	EIRP density (dBW/MHz)
	21.45

	Max satellite antenna gain (dBi)
	11

	Antenna loss at edge (dB)
	3

	Satellite Tx power (dBm)
180 kHz
1080 kHz
	
41
48.78

	Max UE antenna gain (dB)
	0

	UE noise figure (dB)
	 9

	UE antenna G/T (dB/K)
	-33.62 

	Free space path loss (dB)
	159.11 

	Atmosphere Loss(clear sky) (dB)
	0.07 

	Ionospheric Scintilation Loss (dB)
	2.20 

	Troposhperic loss (dB)
	0.00 

	Shadowing Margin (dB)
	3.00 

	Additional Loss (dB)
	0.00 

	Polarization loss (dB)
	3

	[bookmark: OLE_LINK41]Total loss (dB)
	167.38 

	Coupling loss (dB)
	159.38 

	CNR (dB)
	-13.95 

	DL repetition gain (dB)
(2048 repetition times)
	26.34

	CNR-repetition (dB)
	12.39 


[bookmark: _Ref68102317]Table 12 Link budget results for UL with Set-4
	
	LEO-600

	Frequency reuse factor
	1

	Center elevation (deg)
	90

	Edge elevation (deg)
	30

	Path length
	1076

	Max satellite antenna gain (dBi)
	11

	Antenna loss at edge (dB)
	3

	satellite antenna G/T (dB/K)
	-18.6

	Max UE antenna gain (dB)
	0

	UE transmission power (dBm)
	20

	Free space path loss (dB)
	159.11 

	Atmosphere Loss(clear sky) (dB)
	0.07 

	Ionospheric Scintilation Loss (dB)
	2.20 

	Troposhperic loss (dB)
	0.00 

	Shadowing Margin (dB)
	3.00 

	Additional Loss (dB)
	0.00 

	Polarization loss (dB)
	3

	Total loss (dB)
	167.38 

	Coupling loss (dB)
	159.38 

	CNR (dB)
3.75 kHz (Tx 20 dBm)
15 kHz (Tx 20 dBm)
30 kHz (Tx 20 dBm)
45 kHz (Tx 20 dBm)
90 kHz (Tx 20 dBm)
180 kHz (Tx 20 dBm)
360 kHz (Tx 20 dBm)
1080 kHz (Tx 20 dBm)
	 
-6.12 
-12.14 
-15.15 
-16.91 
-19.92 
-22.93 
-25.94 
-30.71 

	DL repetition gain (dB)
(128 repetition times)
	16.84

	CNR-repetition (dB)
3.75 kHz (Tx 20 dBm)
15 kHz (Tx 20 dBm)
30 kHz (Tx 20 dBm)
45 kHz (Tx 20 dBm)
90 kHz (Tx 20 dBm)
180 kHz (Tx 20 dBm)
360 kHz (Tx 20 dBm)
1080 kHz (Tx 20 dBm)
	 
10.72 
4.70 
1.69 
-0.07 
-3.08 
-6.09 
-9.10 
-13.87 





第16页
	
image2.png
CDF

09

08

[ik4

06

05

04

03

02

01

SET-1LEC-600
SET-2LE0-600
SET-3LEO-600
SET-4LEO-600

120

130 140 150 160 170 180 190
CL_DL(dB)




image3.png
CDF

09

08

[ik4

06

05

04

03

02

01

SET-1LEO-1200
SET-2LE0-1200
SET-3LEO-1200

130

140 150 160 170 180 190
CL_DL(dB)




image4.png
CDF

09

08

[ik4

06

05

04

03

02

01

SET-1GEO|
SET-2GEO|
SET-3GEO|

130

140

150

160 170
CL_DL(dB)

180

190

200




image5.png
CDF

09

08

[ik4

06

05

04

03

02

01

0

SET-1LEC-600
SET-2LE0-600
SET-3LEO-600
SET-4LEO-600

110

120

130

140

150 160
CL_DL(dB)

170

180

190

200




image6.png
CDF

09

08

[ik4

06

05

04

03

02

01

SET-1LEO-1200
SET-2LE0-1200
SET-3LEO-1200

120

130

140

150 160
CL_DL(dB)

170

180

190




image7.png
CDF

09

08

[ik4

06

05

04

03

02

01

0

SET-1GEO|
SET-2GEO|
SET-3GEO|

130

140 150 160 170 180 190 200 210 220
CL_DL(dB)




image8.png
CDF

09

08

[ik4

06

05

04

03

02

01

0

SET-1LE0-600
SET-2LE0-600
SET-3LEO-600
SET-4LEO-600

120

130 140 150 160 170 180
CL_DL(dB)

19 200 210





image9.png
CDF

130

140

150

160

170
CL_DL(dB)

180

190

200

210




image1.png
CDF

09

08

[ik4

06

05

04

03

02

01

SET-1GEO|
SET-2GEO|
SET-3GEO|

140 150 160 170 180 190 200

CL_DL(dB)




