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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 [3] (set 1 and 2) and [2] (set 3 and 4). 
In RAN1#104bis an additional satellite parameter set 5 was agreed to cover the MEO scenario D. 
Agreements:
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.​
​
[bookmark: _GoBack]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​


Furthermore, there were discussions related to the deployment modes, but no agreements were reached. 
In this contribution we provide an our link budget analysis for the MEO scenario, additional observations on the assumptions, and finally, a view on the usage of repetitions. Furthermore, deployment modes are also discussed.
Link budget analysis
In this section we provide our link budget assumptions and results for MEO based on the agreements of RAN1 #104bis.
Assumptions
The link budget analysis is performed for satellite parameter set 5, which only includes the MEO satellite orbiting at 10,000 km. The UE transmit power is set to 23 dBm (power class 3) in UL and the noise figure is 7 dB in DL. 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, but in reality does not impac the achievable CNR. 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 [3] an additional loss of 3 dB have been assumed for the basic link budget results presented in the next section.
Results
The MEO (set 5) link budget evaluation results are given for downlink and uplink for eMTC and NB-IoT in Table 1 and Table 2 below. 
Proposal 1: The link budget evaluations in Table 1 and Table 2 shall be included in the study item report.
The CNR downlink results in Table 1 are applicable to any eMTC and NB-IoT bandwidth because the EIRP and noise both scale with the bandwidth.
Table 2 shows CNR in uplink of eMTC and NB-IoT. In uplink, UE Tx power is deterministic (23 dBm according to power class 6). THerefore, the CNR is reduced as the channel bandwidth increases. 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 1: The uplink bottleneck channels are the channels with the largest bandwidth. 
[bookmark: _Ref61273406]Table 1 Downlink link budget evaluation for eMTC and NB-IoT in the MEO (set 5) scenario.
	Elevation angle
	81.6

	Frequency [GHz]
	2

	TX: EIRP [dBm]
	75.73

	RX: G/T [dB/T]
	-31.62

	Bandwidth [MHz]
	1.08

	Free space path loss [dB]
	178.51

	Atmospheric loss [dB]
	0.1

	Shadow fading margin [dB]
	3

	Scintillation Loss [dB]
	2.2

	Polarization loss [dB]
	3

	Additional losses [dB]
	0

	CNR [dB]
	-4.43



[bookmark: _Ref61273408]Table 2 Uplink link budget evaluation for eMTC and NB-IoT in the MEO (set 5) scenario.
	Transmission mode
	UL
	UL
	UL
	UL
	UL
	UL
	UL
	UL

	Elevation angle
	81.6
	81.6
	81.6
	81.6
	81.6
	81.6
	81.6
	81.6

	Frequency [GHz]
	2
	2
	2
	2
	2
	2
	2
	2

	TX: EIRP [dBm]
	23
	23
	23
	23
	23
	23
	23
	23

	RX: G/T [dB/T]
	3.8
	3.8
	3.8
	3.8
	3.8
	3.8
	3.8
	3.8

	Bandwidth [MHz]
	1.08
	0.36
	0.18
	0.09
	0.045
	0.03
	0.015
	0.00375

	Free space path loss [dB]
	178.51
	178.51
	178.51
	178.51
	178.51
	178.51
	178.51
	178.51

	Atmospheric loss [dB]
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1

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

	Scintillation Loss [dB]
	2.2
	2.2
	2.2
	2.2
	2.2
	2.2
	2.2
	2.2

	Polarization loss [dB]
	3
	3
	3
	3
	3
	3
	3
	3

	Additional losses [dB]
	3
	3
	3
	3
	3
	3
	3
	3

	CNR [dB]
	-24.74
	-19.97
	-16.96
	-13.95
	-10.94
	-9.18
	-6.17
	-0.15



Table 3, Table 4, and Table 5 summarize our link budget evaluation results for sets 1-5. The results for sets 1-4 are based on our previous contribution [5].

[bookmark: _Ref71286896]Table 3 Summary of downlink link budget evaluation.
	
	GEO
	LEO1200
	LEO600
	MEO

	Set
	1
	2
	3
	1
	2
	3
	1
	2
	3
	4
	5

	CNR [dB]
	-3.24
	-8.54
	-2.20
	3.57
	-3.18
	-2.11
	2.96
	-3.75
	-2.11
	-11.98
	-4.43



Table 4 Summary of uplink link budget evaluation for eMTC. Min. CNR for 1.08 MHz BW, max CNR for 30 kHz BW.
	
	GEO
	LEO1200
	LEO600
	MEO

	Set
	1
	2
	3
	1
	2
	3
	1
	2
	3
	4
	5

	Min. CNR [dB]
	-21.95
	-26.75
	-24.01
	-14.04
	-20.79
	-27.32
	-8.65
	-15.36
	-21.92
	-27.74
	-24.74

	Max. CNR [dB]
	-6.39
	-11.19
	-8.45
	1.52
	-5.22
	-11.75
	6.92
	0.20
	-6.36
	-12.18
	-9.18


[bookmark: _Ref67315942]Table 5 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
	MEO

	Set
	1
	2
	3
	1
	2
	3
	1
	2
	3
	4
	5

	Min. CNR [dB]
	-14.17
	-18.97
	-16.23
	-6.26
	-13.01
	-19.54
	-0.87
	-7.58
	-14.14
	-19.96
	-16.96

	Max. CNR [dB]
	2.64
	-2.16
	0.58
	10.55
	3.81
	-2.72
	15.95
	9.24
	2.67
	-3.15
	-0.15



Additional loss assumption
The SI lists industries like transportation, utilities, and environmental monitoring [1], where the user equipment in some instances may be located indoor. Similarly, vegetation may cause link budget issues for the IoT. 
Proposal 2: RAN1 to agree indoor and/or vegetation-impacted UEs are in scope of the NTN IoT study.
In our previous contribution [5] we have noted the outdoor-to-indoor penetration loss can be up to 25 dB, while the vegetation loss can be 10 dB. 
Observation 2: Outdoor-to-indoor penetration loss can be set to 25 dB for further link budget analysis.
Observation 3: Vegetation loss can be set to 10 dB for further link budget analysis.
Furthermore TR 38.811 [4] defines in section 6.6. that there is a non-zero probability of the UE being in a non-line of sight (LOS) state. 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) according to Table 6.6.2-3 of [4]. 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. 
In summary, the outdoor-to-indoor loss, vegetation loss or non-LOS loss, leads to at least 10 dB additional loss. Such additional loss will impact the link budget.
[bookmark: _Hlk71278722]Observation 4: Including outdoor-to-indoor loss, vegetation loss or non-LOS loss results in at least 10 dB additional loss, which may therefore require link budget improvements.
Proposal 3: It should be added in TR36.763 that there could be additional loss in real environment, which may cause performance degradation and require link budget improvements.
Repetitions for improved link budget
The link budget summary tables Table 3, Table 4, and Table 5, indicate that downlink CNR for LEO scenarios is in the range 4 dB to -12 dB, depending on the satellite parameter set. The uplink CNR for LEO scenarios is in the range 7 dB to -12 dB for eMTC and 16 dB to -3 dB for NB-IoT, when using the minimum bandwidths of 30 kHz and 3.75 kHz for eMTC and NB-IoT, respectively. If the maximum UL bandwidths are used, the CNR decreases an additional 15 dB to 17 dB.
The TS 36.101 [6] and TS 36.104 [7] contains dowlink and uplink performance targets, respectively, and here we provide some selected SNR values for comparison with the link budget results for NB-IoT (FDD; standalone deployment):
· NPDSCH: -3.4 dB using 32 repetitions (EPA5), -10.2 dB using 256 repetitions (ETU1)
· NPDCCH: -4.9 dB using 128 repetitions (EPA5), -11.4 dB using 1024 repetitions (ETU1)
· NPBCH: -11.5 dB (EPA1)
· NPUSCH format 1 (ETU1):
· 3.75 kHz SCS: -1.9 dB, -9.2 dB and -12.2 dB using 1, 16, and 64 repetitions.
· 15 kHz SCS: 
· 1 subcarrier: -2.1 dB, -8.8 dB and -12.6 dB using 1, 16, and 64 repetitions.
· 12 subcarriers: -0.7 dB, -6.4 dB and -10.1 dB using 2, 16, and 64 repetitions.
· NPUSCH format 2 (EPA5):
· 3.75 kHz SCS: 7.0 dB, -5.3 dB and -10.9 dB using 1, 16, and 64 repetitions.
· 15 kHz SCS: 6.3 dB, -3.9 dB and -9.5 dB using 1, 16, and 64 repetitions.
· NPRACH (AWGN)
· Preamble format 0: -2.1 dB and -6.8 dB using 8 and 32 repetitions
· Preamble format 1: -2.1 dB and -6.8 dB using 8 and 32 repetitions
· Preamble format 2: -1.0 dB and -5.1 dB using 8 and 32 repetitions

Some of the link budgets result in lower CNR than what is set as the minimum value in TS 36.101 [6] and TS 36.101 [7]. Fortunately, most of the performance targets are assuming use of repetitions and thus it is important to evaluate if the NTN link budgets can fullfil the requirements when using repetitions. 
The minimum NPDSCH value of -3.4 dB is defined for 32 repetitions. The theoretical gain of 32 repetitions is 15 dB, while terrestrial network link level simulations indicate a realistic gain in the order of 10-12 dB. However, since the minimum CNR in Table 3 is about -11 dB, it seems possible to fulfil the performance target, if the repetition gain is similar to terrestrial networks. 
Observation 5: Comparing link budget evaluations with downlink performance targets of TS 36.101 indicates the requirements can be fulfilled by use of repetitions.
The uplink scenario is more challenging, because the NPUSCH format 1 has a -1.9 dB target for 3.75 kHz SCS without repetitions. In some deployments, LEO sets 3 and 4 will not be able to meet the target (Table 5). For the other targets were 16-64 repetitions are used it seems feasible since terrestrial network repetition gains are in the order of 9-14 dB. Using 12 subcarriers with 15 kHz SCS for NPUSCH format 1 proves to very challenging without use of repetitions as all but one LEO scenario results in less than -6 dB CNR.
Thus, the network may have to rely on always using repetitions when scheduling uplink data using NPUSCH format 1.
The NPUSCH format 2 will be able to meet the requirements.
Observation 6: Comparing link budget evaluations with uplink performance targets of TS 36.104 indicates the requirements cannot be fulfilled for NPUSCH format 1 without use of repetitions.
In order to evaluate the system impact it is important to determine the required number of repetitions and the repetition gain in an NTN scenario, i.e. with high Doppler and NTN channel conditions. 
Considering the potential additional loss of 10 dB or more, discussed previously in this contribution it is of paramount importance to evaluate the repetition gain.
Observation 7: High doppler shift, NTN channel condition and additional loss may lead to additional requirement on repetition for IoT UE.
Proposal 4: RAN1 should evaluate the repetition gain for IoT UE in NTN in normative phase.
Deployments of IoT over NTN
In RAN1 104b meeting, there is discussion on deployment of NB-IoT/eMTC over NTN. Standalone mode is discussed for NB-IoT and eMTC. Guardband mode for NB-IoT and DSS case for eMTC are also discussed. As in NTN, LTE UE other than NB-IoT/eMTC may not be deployed, there will be deployment as LTE NB-IoT/eMTC alone or coexistence between LTE NB-IoT/eMTC and NR in NTN. Generally we think these modes should be OK. However, as NR and LTE IoT UE have different requirement and different design will be used for them, e.g. beam for NR, repetition for LTE IoT UE, etc. we can not make a decision whether they can be supported without any issue before detailed research work is performed. So we propose all these can be considered but whether they can be supported should depend on detailed analysis and solutions in the normative phase.
Proposal 5: All guardband, inband/DSS and standalone mode should be considered and discussed in normative phase of IoT NTN.
Conclusion
This document contains the following observations and proposals:
Observation 1: The uplink bottleneck channels are the channels with the largest bandwidth. 
Observation 2: Outdoor-to-indoor penetration loss can be set to 25 dB for further link budget analysis.
Observation 3: Vegetation loss can be set to 10 dB for further link budget analysis.
Observation 4: Including outdoor-to-indoor loss, vegetation loss or non-LOS loss results in at least 10 dB additional loss, which may therefore require link budget improvements.
Observation 5: Comparing link budget evaluations with downlink performance targets of TS 36.101 indicates the requirements can be fulfilled by use of repetitions.
Observation 6: Comparing link budget evaluations with uplink performance targets of TS 36.104 indicates the requirements cannot be fulfilled for NPUSCH format 1 without use of repetitions.
Observation 7: High doppler shift, NTN channel condition and additional loss may lead to additional requirement on repetition for IoT UE.

Proposal 1: The link budget evaluations in Table 1 and Table 2 shall be included in the study item report.
Proposal 2: RAN1 to agree indoor and/or vegetation-impacted UEs are in scope of the NTN IoT study.
Proposal 3: It should be added in TR36.763 that there could be additional loss in real environment, which may cause performance degradation and require link budget improvements.
Proposal 4: RAN1 should evaluate the repetition gain for IoT UE in NTN in normative phase.
Proposal 5: All guardband, inband/DSS and standalone mode should be considered and discussed in normative phase of IoT NTN.
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