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Introduction
[bookmark: _Hlk510705081]The 3GPP is performing a study on NB-IoT/eMTC support for non-terrestrial networks [1]. The first objective is to identify applicable scenarios including link budget evaluations.
In RAN1#104-e several agreements related to scenarios were made for satellite parameter sets 1, 2, 3, and 4 [2]. The details on each parameter set are available in [4] (set 1 and 2) and [2] (set 3 and 4). 
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.
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 we provide an updated link budget analysis based on the agreements for the 4 parameter sets and additional observations on the assumptions.
Link budget analysis
In this section we provide our link budget assumptions and results based on the agreements of RAN1 #104-e.
Assumptions
The link budget analysis is performed for satellite parameter sets 1, 2, 3, and 4. The scenarios include GEO satellite at 35,786 km and LEO satellites at 1200 km and 600 km, respectively. The UE transmit power is set to 20 dBm (power class 5) and the noise figure is 9 dB. The frequency band is S-band, i.e., 2 GHz. Also, all permissible bandwidths in agreements of RAN1 #104-e have been considered. The device downlink channel bandwidth is 1080 kHz and 180 kHz for eMTC and NB-IoT, respectively. The device uplink bandwidths of NB-IoT include 180 kHz, 90 kHz, 45 kHz, 15 kHz, and 3.75 kHz while the bandwidths of eMTC are 1080 kHz,  360 kHz, 180 kHz, 90 kHz, 45 kHz, and 30 kHz, where the sub-PRB allocation feature of release 15 is assumed.  
In accordance with the RAN1 #104-e agreements [2] the polarization loss is assumed to be 3 dB for both DL and UL. In line with the NTN NR TR [4] an additional loss of 0 dB have been assumed for the basic link budget results presented in the next section.
The SI lists industries like transportation, utilities, and environmental monitoring [1], where the user equipment in some instances may be located indoor. From a link budget perspective this may be feasible, but the SI also provides the following assumption regarding GNSS usage: “UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission”. If the UE is indoor the GNSS performance may be severely degraded and therefore result in uplink transmissions causing significant interference and potential failure. Similarly, vegetation may cause link budget issues for the IoT and/or GNSS devices. 
Proposal 1: RAN1 to agree indoor and/or vegetation-impacted UEs are in scope of the NTN IoT study.
Proposal 2: RAN1 to discuss how to handle poor GNSS performance in indoor and vegetation-impacted scenarios.
It is worthwhile to also evaluate the impact of outdoor-to-indoor penetration loss and/or a vegetation loss on the link budget and thus achievable data rate, but first RAN1 must agree on the assumptions. In the following we provide proposals for the assumptions on additional loss.
Figure 6 in [5] demonstrates empirical outdoor-to-indoor penetration measurements in the range 800 MHz to 18 GHz. The measurements vary between 18 dB and 34 dB depending on the wall, window, door materials. Therefore, we propose to assume a penetration loss at 2 GHz of 25 dB. Note, the measurements were made in the context of a terrestrial network, i.e. the penetration angle in NTN may be different and thus affecting the actual penetration loss. The TR 38.811 provides an alternative ITU-R model in section 6.6.3. 
Proposal 3: RAN1 to define outdoor-to-indoor penetration loss of 25 dB for further link budget analysis.
As an example, Table 1 contains the link budget for eMTC and NB-IoT downlink. If the additional loss corresponding to the 25 dB penetration loss is included, the CNR will be below -20 dB and thus link budget improvements are needed, e.g. in terms of repetitions.
Observation 1: Including the proposed outdoor-to-indoor penetration loss requires link budget improvements.
The vegetation loss can e.g. be estimated using the ITU-R P.833-9 model for satellite slant paths [6]. The document contains a fit to empirical measurements as follows:
 [dB]
Where f is the frequency in MHz, d is the vegetion depth in meters, and θ is the elevation angle. As an example, the vegetation loss is 10.6 dB at 2 GHz assuming a vegetation depth of 10 meters and elevation angle of 60 degrees. Similarly, the loss is 9.7 dB at 10 degrees and 10.8 dB at 90 degrees.
Proposal 4: RAN1 to define vegetation loss of 10 dB for further link budget analysis.
If the 10 dB vegetation loss is added to the downlink results in Table 1 the CNR will be maximum -8 dB and thus link budget improvements are needed, e.g. in terms of repetitions.
Observation 2: Including the proposed vegetation loss requires link budget improvements.
Both eMTC and NB-IoT rely on repetitions to improve the link budget. However, repetitions require additional resources and therefore reduce the data rate for the individual user, but also overall system capacity. In order to evaluate the potential benefit of repetitions, RAN1 may discuss the number of repetitions to assume for the link budget analysis both with and without additional losses. 
As a starting point, it can be assumed that the repetitions lead to an ideal combining gain, because the receiver will be able to combine I and Q samples, sample by sample. Therefore, 2 repetitions lead to a 3 dB gain, 4 samples to 6 dB gain and so forth.
Proposal 5: RAN1 to define the maximum number of repetitions and corresponding gain to apply in the link budget analysis, to provide worst coverage case.
According to the study item description [1] the UEs are equipped with GNSS. This may allow the UEs to perform pre-compensation to improve receive and transmit performance. However, besides the accuracy requirements, the potential gains are not clear. For example, the combining gain of repetitions may be degraded due to the high Doppler shift in LEO scenarios, but GNSS-based pre-compensation may enable UE to mitigate the degradation. 
Proposal 6: RAN1 to discuss impact of GNSS-based pre-compensation on combining gain of repetitions. 
The satellite parameter sets define different beam widths and antenna gain, but it is also important to consider the impact of user’s position in the cell and the cell’s position relative to the satellite. For example, the elevation angle will be very different for users in the cells, which are in a satellite’s inner beams (i.e. near 90 degree) versus users in cells, which are in the outer tiers. Furthermore, whether the user is at cell center and cell edge also impacts the propagation conditions. According to TR 38.811 [8] the elevation angle between UE and satellite leads to a certain probability of line of sight (LOS). Depending on whether the UE is in LOS or non-LOS the clutter loss and shadow fading will vary. For example, at 30 degree elevation angle in a rural scenario, there is 8 % probability that the user is in non-LOS. This leads to an additional clutter loss of 18.42 dB and an increase in shadow fading standard deviation from 1.14 dB to 8.78 dB (S-band). In general, the clutter loss is in the range of 16.30 dB – 19.52 dB, while the shadow fading standard deviation is 8.93 dB – 11.52 dB for non-LOS, while only 0.72 dB – 1.79 dB for LOS in rural scenario using S-band. Therefore, the users in non-LOS will experience significant additional loss compared to LOS users, independent of the elevation angle.
Observation 3: Elevation angle smaller than agreed parameter set for outer tiers may cause more loss.
Observation 4: None-zero probability of NLOS shadow fading may impact much in link budget.
Proposal 7: Smaller elevation angle for outer tiers and NLOS shadow fading loss should also be considered in link budget for the worst coverage case.
Results
The link budget evaluation results are given for downlink and uplink for eMTC and NB-IoT in the appendix as follows:
· [bookmark: _Hlk67313314][bookmark: _Hlk67313398]Set 1: Table 4 (DL) Table 5 (eMTC UL) Table 6 (NB-IoT UL)
· Set 2: Table 7 (DL) Table 8 (eMTC UL) Table 9 (NB-IoT UL)
· Set 3: Table 10 (DL) Table 11 (eMTC UL) Table 12 (NB-IoT UL)
· Set 4: Table 13 (DL) Table 14 (eMTC UL) Table 15 (NB-IoT UL)
For convenience, the results are summarized in Table 1 and Table 2 below. 
Proposal 8: The link budget evaluations in Table 4, Table 5, Table 6, Table 7, Table 8, Table 9, Table 10, Table 11, Table 12, Table 13, Table 14, and Table 15 shall be included in the study item report.
As a summary, Table 1 shows CNR in downlink for different scenarios of GEO, LEO1200, and LEO600. GEO has the largest free space path loss compared to LEO-based scenarios in both uplink and downlink cases. Also, when observing the downlink results in Table 1, bandwidth does not affect CNR. This is due the fact that EIRP density is an initially given parameter. When deriving CNR, both EIRP and noise power increase with bandwidth. Thus, the bandwidth size does not have an impact to CNR if other parameters are the same.
Table 2 shows CNR in uplink of eMTC for GEO, LEO1200 and LEO600 for the different satellite parameter sets. Similar Table 3 provides the CNR for NB-IoT in uplink.
In uplink, UE Tx power is deterministic. In this case, CNR is reduced as the channel bandwidth increases. For instance, in Table 2, we can observe that CNR is reduced about 15.5 dB if the channel bandwidth increases from 30 kHz to 1080 kHz in uplink of eMTC. Similarly, the CNR of NB-IoT decreases about 16.8 dB when the channel bandwidth increases from 3.75 kHz to 180 kHz. Sets 1 and 2 results in positive maximum CNR (for NB-IoT), while set 3 and especially set 4 have challenging link budgets with low CNR. 
In eMTC and NB-IoT, the maximum uplink channel bandwidth is 1080 kHz for PRACH in eMTC and 180 kHz for NPUSCH Format 1 in NB-IoT. 
Observation 5: The uplink bottleneck channels are the channels with the largest bandwidth. 
[bookmark: _Ref61273406]Table 1 Summary of downlink link budget evaluation.
	
	GEO
	LEO1200
	LEO600

	Set
	1
	2
	3
	1
	2
	3
	1
	2
	3
	4

	CNR [dB]
	-5.01
	-10.34
	-4.20
	2.19
	-3.81
	-4.11
	1.58
	-4.42
	-4.11
	-10.98



[bookmark: _Ref61273408]Table 2 Summary of uplink link budget evaluation for eMTC. Min. CNR for 1.08 MHz BW, max CNR for 30 kHz BW.
	
	GEO
	LEO1200
	LEO600

	Set
	1
	2
	3
	1
	2
	3
	1
	2
	3
	4

	Min. CNR [dB]
	-21.72
	-26.55
	-24.01
	-13.42
	-19.42
	-27.32
	-8.03
	-14.03
	-21.92
	-27.74

	Max. CNR [dB]
	-6.15
	-10.99
	-8.45
	2.14
	-3.86
	-11.75
	7.53
	1.53
	-6.36
	-12.18


[bookmark: _Ref67315942]Table 3 Summary of uplink link budget evaluation for NB-IoT. Min. CNR for 180 kHz BW, max CNR for 3.75 kHz BW.
	
	GEO
	LEO1200
	LEO600

	Set
	1
	2
	3
	1
	2
	3
	1
	2
	3
	4

	Min. CNR [dB]
	-13.93
	-18.77
	-16.23
	-5.64
	-11.64
	-19.54
	-0.25
	-6.25
	-14.14
	-19.96

	Max. CNR [dB]
	2.88
	-1.95
	0.58
	11.17
	5.17
	-2.72
	16.56
	10.56
	2.67
	-3.15



Additionally, in the link budget analysis, UE power class 5 is used. If UE transmit power is increased to 23 dBm (power class 3) the CNR values in the tables are increased by 3 dB. Also, in this link budget evaluation, additional loss is assumed to be 0 dB. However, the value of the additional loss can increase if an indoor/vegetation scenario is considered, as previously noted, and therefore repetitions may be required as discussed above. 
Observation 6: The UE power class(es), which support indoor scenarios shall be identified. 
Conclusion
This document contains the following observations and proposals:
Observation 1: Including the proposed outdoor-to-indoor penetration loss requires link budget improvements.
Observation 2: Including the proposed vegetation loss requires link budget improvements.
Observation 3: Elevation angle smaller than agreed parameter set for outer tiers may cause more loss.
Observation 4: None-zero probability of NLOS shadow fading may impact much in link budget.
Observation 5: The uplink bottleneck channels are the channels with the largest bandwidth. 
Observation 6: The UE power class(es), which support indoor scenarios shall be identified. 

Proposal 1: RAN1 to agree indoor and/or vegetation-impacted UEs are in scope of the NTN IoT study.
Proposal 2: RAN1 to discuss how to handle poor GNSS performance in indoor and vegetation-impacted scenarios.
Proposal 3: RAN1 to define outdoor-to-indoor penetration loss of 25 dB for further link budget analysis.
Proposal 4: RAN1 to define vegetation loss of 10 dB for further link budget analysis.
Proposal 5: RAN1 to define the maximum number of repetitions and corresponding gain to apply in the link budget analysis, to provide worst coverage case.
Proposal 6: RAN1 to discuss impact of GNSS-based pre-compensation on combining gain of repetitions. 
Proposal 7: Smaller elevation angle for outer tiers and NLOS shadow fading loss should also be considered in link budget for the worst coverage case.
Proposal 8: The link budget evaluations in Table 4, Table 5, Table 6, Table 7, Table 8, Table 9, Table 10, Table 11, Table 12, Table 13, Table 14, and Table 15 shall be included in the study item report.
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Appendix
[bookmark: _Ref61273399]Table 4 Downlink link budget for eMTC and NB-IoT with Set 1 parameters
	Scenario
	Transmission mode
	Elevation angle
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	eMTC, GEO
	DL
	12.5
	2
	89.33
	-33.62
	1.08
	190.58
	0.2
	3
	2.2
	3
	0
	-5.01

	eMTC, LEO1200
	DL
	30
	2
	70.33
	-33.62
	1.08
	164.49
	0.1
	3
	2.2
	3
	0
	2.19

	eMTC, LEO600
	DL
	30
	2
	64.33
	-33.62
	1.08
	159.10
	0.1
	3
	2.2
	3
	0
	1.58

	NB-IoT, GEO
	DL
	12.5
	2
	81.55
	-33.62
	0.18
	190.58
	0.2
	3
	2.2
	3
	0
	-5.01

	NB-IoT, LEO1200
	DL
	30
	2
	62.55
	-33.62
	0.18
	164.49
	0.1
	3
	2.2
	3
	0
	2.19

	NB-IoT, LEO600
	DL
	30
	2
	56.55
	-33.62
	0.18
	159.10
	0.1
	3
	2.2
	3
	0
	1.58



[bookmark: _Ref61273402]Table 5 Uplink link budget for eMTC with Set 1 parameters
	Scenario
	Transmission mode
	Elevation angle
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	eMTC, GEO
	UL
	12.5
	2
	20
	19.0
	1.08
	190.58
	0.2
	3.0
	2.2
	3
	0
	-21.72

	
	UL
	12.5
	2
	20
	19.0
	0.36
	190.58
	0.2
	3.0
	2.2
	3
	0
	-16.94

	
	UL
	12.5
	2
	20
	19.0
	0.18
	190.58
	0.2
	3.0
	2.2
	3
	0
	-13.93

	
	UL
	12.5
	2
	20
	19.0
	0.09
	190.58
	0.2
	3.0
	2.2
	3
	0
	-10.92

	
	UL
	12.5
	2
	20
	19.0
	0.045
	190.58
	0.2
	3.0
	2.2
	3
	0
	-7.91

	
	UL
	12.5
	2
	20
	19.0
	0.03
	190.58
	0.2
	3.0
	2.2
	3
	0
	-6.15

	eMTC, LEO1200
	UL
	30
	2
	20
	1.1
	1.08
	164.49
	0.1
	3.0
	2.2
	3
	0
	-13.42

	
	UL
	30
	2
	20
	1.1
	0.36
	164.49
	0.1
	3.0
	2.2
	3
	0
	-8.65

	
	UL
	30
	2
	20
	1.1
	0.18
	164.49
	0.1
	3.0
	2.2
	3
	0
	-5.64

	
	UL
	30
	2
	20
	1.1
	0.09
	164.49
	0.1
	3.0
	2.2
	3
	0
	-2.63

	
	UL
	30
	2
	20
	1.1
	0.045
	164.49
	0.1
	3.0
	2.2
	3
	0
	0.38

	
	UL
	30
	2
	20
	1.1
	0.03
	164.49
	0.1
	3.0
	2.2
	3
	0
	2.14

	eMTC, LEO600
	UL
	30
	2
	20
	1.1
	1.08
	159.10
	0.1
	3.0
	2.2
	3
	0
	-8.03

	
	UL
	30
	2
	20
	1.1
	0.36
	159.10
	0.1
	3.0
	2.2
	3
	0
	-3.26

	
	UL
	30
	2
	20
	1.1
	0.18
	159.10
	0.1
	3.0
	2.2
	3
	0
	-0.25

	
	UL
	30
	2
	20
	1.1
	0.09
	159.10
	0.1
	3.0
	2.2
	3
	0
	2.76

	
	UL
	30
	2
	20
	1.1
	0.045
	159.10
	0.1
	3.0
	2.2
	3
	0
	5.77

	
	UL
	30
	2
	20
	1.1
	0.03
	159.10
	0.1
	3.0
	2.2
	3
	0
	7.53



[bookmark: _Ref61273403]Table 6 Uplink link budget for NB-IoT with Set 1 parameters

	Scenario
	Transmission mode
	Elevation angle
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	NB-IoT, GEO
	UL
	12.5
	2
	20
	19.0
	0.18
	190.58
	0.2
	3.0
	2.2
	3
	0
	-13.93

	
	UL
	12.5
	2
	20
	19.0
	0.09
	190.58
	0.2
	3.0
	2.2
	3
	0
	-10.92

	
	UL
	12.5
	2
	20
	19.0
	0.045
	190.58
	0.2
	3.0
	2.2
	3
	0
	-7.91

	
	UL
	12.5
	2
	20
	19.0
	0.015
	190.58
	0.2
	3.0
	2.2
	3
	0
	-3.14

	
	UL
	12.5
	2
	20
	19.0
	0.00375
	190.58
	0.2
	3.0
	2.2
	3
	0
	2.88

	NB-IoT, LEO1200
	UL
	30
	2
	20
	1.1
	0.18
	164.49
	0.1
	3.0
	2.2
	3
	0
	-5.64

	
	UL
	30
	2
	20
	1.1
	0.09
	164.49
	0.1
	3.0
	2.2
	3
	0
	-2.63

	
	UL
	30
	2
	20
	1.1
	0.045
	164.49
	0.1
	3.0
	2.2
	3
	0
	0.38

	
	UL
	30
	2
	20
	1.1
	0.015
	164.49
	0.1
	3.0
	2.2
	3
	0
	5.15

	
	UL
	30
	2
	20
	1.1
	0.00375
	164.49
	0.1
	3.0
	2.2
	3
	0
	11.17

	NB-IoT, LEO600
	UL
	30
	2
	20
	1.1
	0.18
	159.10
	0.1
	3.0
	2.2
	3
	0
	-0.25

	
	UL
	30
	2
	20
	1.1
	0.09
	159.10
	0.1
	3.0
	2.2
	3
	0
	2.76

	
	UL
	30
	2
	20
	1.1
	0.045
	159.10
	0.1
	3.0
	2.2
	3
	0
	5.77

	
	UL
	30
	2
	20
	1.1
	0.015
	159.10
	0.1
	3.0
	2.2
	3
	0
	10.54

	
	UL
	30
	2
	20
	1.1
	0.00375
	159.10
	0.1
	3.0
	2.2
	3
	0
	16.56




[bookmark: _Ref67313251]Table 7 Downlink link budget for eMTC and NB-IoT with Set 2 parameters.
	Scenario
	Transmission mode
	Elevation angle
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	eMTC, GEO
	DL
	20
	2
	83.83
	-33.62
	1.08
	190.41
	0.2
	3
	2.2
	3
	0
	-10.34

	eMTC, LEO1200
	DL
	30
	2
	64.33
	-33.62
	1.08
	164.49
	0.1
	3
	2.2
	3
	0
	-3.81

	eMTC, LEO600
	DL
	30
	2
	58.33
	-33.62
	1.08
	159.10
	0.1
	3
	2.2
	3
	0
	-4.42

	NB-IoT, GEO
	DL
	20
	2
	76.05
	-33.62
	0.18
	190.41
	0.2
	3
	2.2
	3
	0
	-10.34

	NB-IoT, LEO1200
	DL
	30
	2
	56.55
	-33.62
	0.18
	164.49
	0.1
	3
	2.2
	3
	0
	-3.81

	NB-IoT, LEO600
	DL
	30
	2
	50.55
	-33.62
	0.18
	159.10
	0.1
	3
	2.2
	3
	0
	-4.42



[bookmark: _Ref67313253]Table 8 Uplink link budget for eMTC with Set 2 parameters
	Scenario
	Transmission mode
	Elevation angle
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	eMTC, GEO
	UL
	20
	2
	20
	14.0
	1.08
	190.41
	0.2
	3.00
	2.2
	3
	0
	-26.55

	
	UL
	20
	2
	20
	14.0
	0.36
	190.41
	0.2
	3.00
	2.2
	3
	0
	-21.78

	
	UL
	20
	2
	20
	14.0
	0.18
	190.41
	0.2
	3.00
	2.2
	3
	0
	-18.77

	
	UL
	20
	2
	20
	14.0
	0.09
	190.41
	0.2
	3.00
	2.2
	3
	0
	-15.76

	
	UL
	20
	2
	20
	14.0
	0.045
	190.41
	0.2
	3.00
	2.2
	3
	0
	-12.75

	
	UL
	20
	2
	20
	14.0
	0.03
	190.41
	0.2
	3.00
	2.2
	3
	0
	-10.99

	eMTC, LEO1200
	UL
	30
	2
	20
	-4.9
	1.08
	164.49
	0.1
	3.00
	2.2
	3
	0
	-19.42

	
	UL
	30
	2
	20
	-4.9
	0.36
	164.49
	0.1
	3.00
	2.2
	3
	0
	-14.65

	
	UL
	30
	2
	20
	-4.9
	0.18
	164.49
	0.1
	3.00
	2.2
	3
	0
	-11.64

	
	UL
	30
	2
	20
	-4.9
	0.09
	164.49
	0.1
	3.00
	2.2
	3
	0
	-8.63

	
	UL
	30
	2
	20
	-4.9
	0.045
	164.49
	0.1
	3.00
	2.2
	3
	0
	-5.62

	
	UL
	30
	2
	20
	-4.9
	0.03
	164.49
	0.1
	3.00
	2.2
	3
	0
	-3.86

	eMTC, LEO600
	UL
	30
	2
	20
	-4.9
	1.08
	159.10
	0.1
	3.00
	2.2
	3
	0
	-14.03

	
	UL
	30
	2
	20
	-4.9
	0.36
	159.10
	0.1
	3.00
	2.2
	3
	0
	-9.26

	
	UL
	30
	2
	20
	-4.9
	0.18
	159.10
	0.1
	3.00
	2.2
	3
	0
	-6.25

	
	UL
	30
	2
	20
	-4.9
	0.09
	159.10
	0.1
	3.00
	2.2
	3
	0
	-3.24

	
	UL
	30
	2
	20
	-4.9
	0.045
	159.10
	0.1
	3.00
	2.2
	3
	0
	-0.23

	
	UL
	30
	2
	20
	-4.9
	0.03
	159.10
	0.1
	3.00
	2.2
	3
	0
	1.53



[bookmark: _Ref67313254]Table 9 Uplink link budget for NB-IoT with Set 2 parameters
	Scenario
	Transmission mode
	Elevation angle
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	NB-IoT, GEO
	UL
	20
	2
	20
	14.0
	0.18
	190.41
	0.2
	3.00
	2.2
	3
	0
	-18.77

	
	UL
	20
	2
	20
	14.0
	0.09
	190.41
	0.2
	3.00
	2.2
	3
	0
	-15.76

	
	UL
	20
	2
	20
	14.0
	0.045
	190.41
	0.2
	3.00
	2.2
	3
	0
	-12.75

	
	UL
	20
	2
	20
	14.0
	0.015
	190.41
	0.2
	3.00
	2.2
	3
	0
	-7.98

	
	UL
	20
	2
	20
	14.0
	0.00375
	190.41
	0.2
	3.00
	2.2
	3
	0
	-1.95

	NB-IoT, LEO1200
	UL
	30
	2
	20
	-4.9
	0.18
	164.49
	0.1
	3.00
	2.2
	3
	0
	-11.64

	
	UL
	30
	2
	20
	-4.9
	0.09
	164.49
	0.1
	3.00
	2.2
	3
	0
	-8.63

	
	UL
	30
	2
	20
	-4.9
	0.045
	164.49
	0.1
	3.00
	2.2
	3
	0
	-5.62

	
	UL
	30
	2
	20
	-4.9
	0.015
	164.49
	0.1
	3.00
	2.2
	3
	0
	-0.85

	
	UL
	30
	2
	20
	-4.9
	0.00375
	164.49
	0.1
	3.00
	2.2
	3
	0
	5.17

	NB-IoT, LEO600
	UL
	30
	2
	20
	-4.9
	0.18
	159.10
	0.1
	3.00
	2.2
	3
	0
	-6.25

	
	UL
	30
	2
	20
	-4.9
	0.09
	159.10
	0.1
	3.00
	2.2
	3
	0
	-3.24

	
	UL
	30
	2
	20
	-4.9
	0.045
	159.10
	0.1
	3.00
	2.2
	3
	0
	-0.23

	
	UL
	30
	2
	20
	-4.9
	0.015
	159.10
	0.1
	3.00
	2.2
	3
	0
	4.54

	
	UL
	30
	2
	20
	-4.9
	0.00375
	159.10
	0.1
	3.00
	2.2
	3
	0
	10.56




[bookmark: _Ref67313256]Table 10 Downlink link budget for eMTC and NB-IoT with Set 3 parameters.
	Scenario
	Transmission mode
	Elevation angle
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	GEO
	DL
	12.5
	2
	90.13
	-33.62
	1.08
	190.58
	0.2
	3
	2.2
	3
	0
	-4.20

	LEO1200
	DL
	30
	2
	64.03
	-33.62
	1.08
	164.48
	0.1
	3
	2.2
	3
	0
	-4.11

	LEO600
	DL
	30
	2
	58.63
	-33.62
	1.08
	159.09
	0.1
	3
	2.2
	3
	0
	-4.11

	GEO
	DL
	12.5
	2
	82.35
	-33.62
	0.18
	190.58
	0.2
	3
	2.2
	3
	0
	-4.20

	LEO1200
	DL
	30
	2
	56.25
	-33.62
	0.18
	164.48
	0.1
	3
	2.2
	3
	0
	-4.11

	LEO600
	DL
	30
	2
	50.85
	-33.62
	0.18
	159.09
	0.1
	3
	2.2
	3
	0
	-4.11



[bookmark: _Ref67313257]Table 11 Uplink link budget for eMTC with Set 3 parameters.
	Scenario
	Transmission mode
	Elevation angle
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	eMTC, GEO
	UL
	12.5
	2
	20
	16.7
	1.08
	190.58
	0.2
	3.00
	2.2
	3
	0
	-24.01

	
	UL
	12.5
	2
	20
	16.7
	0.36
	190.58
	0.2
	3.00
	2.2
	3
	0
	-19.24

	
	UL
	12.5
	2
	20
	16.7
	0.18
	190.58
	0.2
	3.00
	2.2
	3
	0
	-16.23

	
	UL
	12.5
	2
	20
	16.7
	0.09
	190.58
	0.2
	3.00
	2.2
	3
	0
	-13.22

	
	UL
	12.5
	2
	20
	16.7
	0.045
	190.58
	0.2
	3.00
	2.2
	3
	0
	-10.21

	
	UL
	12.5
	2
	20
	16.7
	0.03
	190.58
	0.2
	3.00
	2.2
	3
	0
	-8.45

	eMTC, LEO1200
	UL
	30
	2
	20
	-12.8
	1.08
	164.48
	0.1
	3.00
	2.2
	3
	0
	-27.32

	
	UL
	30
	2
	20
	-12.8
	0.36
	164.48
	0.1
	3.00
	2.2
	3
	0
	-22.55

	
	UL
	30
	2
	20
	-12.8
	0.18
	164.48
	0.1
	3.00
	2.2
	3
	0
	-19.54

	
	UL
	30
	2
	20
	-12.8
	0.09
	164.48
	0.1
	3.00
	2.2
	3
	0
	-16.52

	
	UL
	30
	2
	20
	-12.8
	0.045
	164.48
	0.1
	3.00
	2.2
	3
	0
	-13.51

	
	UL
	30
	2
	20
	-12.8
	0.03
	164.48
	0.1
	3.00
	2.2
	3
	0
	-11.75

	eMTC, LEO600
	UL
	30
	2
	20
	-12.8
	1.08
	159.09
	0.1
	3.00
	2.2
	3
	0
	-21.92

	
	UL
	30
	2
	20
	-12.8
	0.36
	159.09
	0.1
	3.00
	2.2
	3
	0
	-17.15

	
	UL
	30
	2
	20
	-12.8
	0.18
	159.09
	0.1
	3.00
	2.2
	3
	0
	-14.14

	
	UL
	30
	2
	20
	-12.8
	0.09
	159.09
	0.1
	3.00
	2.2
	3
	0
	-11.13

	
	UL
	30
	2
	20
	-12.8
	0.045
	159.09
	0.1
	3.00
	2.2
	3
	0
	-8.12

	
	UL
	30
	2
	20
	-12.8
	0.03
	159.09
	0.1
	3.00
	2.2
	3
	0
	-6.36



[bookmark: _Ref67313259]Table 12 Uplink link budget for NB-IoT with Set 3 parameters.
	Scenario
	Transmission mode
	Elevation angle
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	NB-IoT, GEO
	UL
	12.5
	2
	20
	16.7
	0.18
	190.58
	0.2
	3.00
	2.2
	3
	0
	-16.23

	
	UL
	12.5
	2
	20
	16.7
	0.09
	190.58
	0.2
	3.00
	2.2
	3
	0
	-13.22

	
	UL
	12.5
	2
	20
	16.7
	0.045
	190.58
	0.2
	3.00
	2.2
	3
	0
	-10.21

	
	UL
	12.5
	2
	20
	16.7
	0.015
	190.58
	0.2
	3.00
	2.2
	3
	0
	-5.44

	
	UL
	12.5
	2
	20
	16.7
	0.00375
	190.58
	0.2
	3.00
	2.2
	3
	0
	0.58

	NB-IoT, LEO1200
	UL
	30
	2
	20
	-12.8
	0.18
	164.48
	0.1
	3.00
	2.2
	3
	0
	-19.54

	
	UL
	30
	2
	20
	-12.8
	0.09
	164.48
	0.1
	3.00
	2.2
	3
	0
	-16.52

	
	UL
	30
	2
	20
	-12.8
	0.045
	164.48
	0.1
	3.00
	2.2
	3
	0
	-13.51

	
	UL
	30
	2
	20
	-12.8
	0.015
	164.48
	0.1
	3.00
	2.2
	3
	0
	-8.74

	
	UL
	30
	2
	20
	-12.8
	0.00375
	164.48
	0.1
	3.00
	2.2
	3
	0
	-2.72

	NB-IoT, LEO600
	UL
	30
	2
	20
	-12.8
	0.18
	159.09
	0.1
	3.00
	2.2
	3
	0
	-14.14

	
	UL
	30
	2
	20
	-12.8
	0.09
	159.09
	0.1
	3.00
	2.2
	3
	0
	-11.13

	
	UL
	30
	2
	20
	-12.8
	0.045
	159.09
	0.1
	3.00
	2.2
	3
	0
	-8.12

	
	UL
	30
	2
	20
	-12.8
	0.015
	159.09
	0.1
	3.00
	2.2
	3
	0
	-3.35

	
	UL
	30
	2
	20
	-12.8
	0.00375
	159.09
	0.1
	3.00
	2.2
	3
	0
	2.67


[bookmark: _Ref67313260]Table 13 Downlink link budget for eMTC and NB-IoT with Set 4 parameters.
	Scenario
	Transmission mode
	Elevation angle
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	LEO600
	DL
	30
	2
	51.78
	-33.62
	1.08
	159.11
	0.1
	3
	2.2
	3
	0
	-10.98

	LEO600
	DL
	30
	2
	44.00
	-33.62
	0.18
	159.11
	0.1
	3
	2.2
	3
	0
	-10.98



[bookmark: _Ref67313264]Table 14 Uplink link budget for eMTC with Set 4 parameters.
	Scenario
	Transmission mode
	Elevation angle
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	eMTC, LEO600
	UL
	30
	2
	20
	-18.6
	1.08
	159.11
	0.1
	3.00
	2.2
	3
	0
	-27.74

	
	UL
	30
	2
	20
	-18.6
	0.36
	159.11
	0.1
	3.00
	2.2
	3
	0
	-22.97

	
	UL
	30
	2
	20
	-18.6
	0.18
	159.11
	0.1
	3.00
	2.2
	3
	0
	-19.96

	
	UL
	30
	2
	20
	-18.6
	0.09
	159.11
	0.1
	3.00
	2.2
	3
	0
	-16.95

	
	UL
	30
	2
	20
	-18.6
	0.045
	159.11
	0.1
	3.00
	2.2
	3
	0
	-13.94

	
	UL
	30
	2
	20
	-18.6
	0.03
	159.11
	0.1
	3.00
	2.2
	3
	0
	-12.18



[bookmark: _Ref67313265]Table 15 Uplink link budget for NB-IoT with Set 4 parameters.
	Scenario
	Transmission mode
	Elevation angle
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	NB-IoT, LEO600
	UL
	30
	2
	20
	-18.6
	0.18
	159.11
	0.1
	3.00
	2.2
	3
	0
	-19.96

	
	UL
	30
	2
	20
	-18.6
	0.09
	159.11
	0.1
	3.00
	2.2
	3
	0
	-16.95

	
	UL
	30
	2
	20
	-18.6
	0.045
	159.11
	0.1
	3.00
	2.2
	3
	0
	-13.94

	
	UL
	30
	2
	20
	-18.6
	0.015
	159.11
	0.1
	3.00
	2.2
	3
	0
	-9.17

	
	UL
	30
	2
	20
	-18.6
	0.00375
	159.11
	0.1
	3.00
	2.2
	3
	0
	-3.15



