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1. Introduction 
During November 2020 email discussions for RAN1 FS-LTE-NBIOT-eMTC-NTN activities were performed in context of 3GPP TSG-RAN WG1 Meeting   #103e to get the Study Item activities started. The main assumptions are as follows:
· FDD is assumed for this study
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· Devices with GNSS capabilities are assumed.
· Transparent payload is assumed
· Frequency band below 6 GHz
Further to these discussions, 2 Tdoc have been considered as reference for link Budget calculations: 
· R12008815 [1] – “Define a set of parameters for link budget calculations” drafted by Eutelsat, Inmarsat, Mediatek. This document describes 2 different reference set of parameters namely Set 1 and Set 2. Based on feed-back received, we suggest that only Reference parameter Set 2 (referred as Eut-Set 2 in this Tdoc) shall be retained and to keep  the 3 NTN configurations described (GEO, LEO 600, LEO 1200).

· R1-2009098 [2] – “Discussion on scenarios applicable to NB-IoT NTN” drafted by Gatehouse, Sateliot. This document focusses on NB-IoT systems with micro-satellites in low density LEO constellations and proposes to design satellite solution with lower satellite EIRP and small satellite antenna. Similarly based on our analysis, we consider that  “Set-3 - Microsatellite/low density LEO scenario” reference parameters (referred Sateliot-Set 3 in this Tdoc) associated to the proposed NTN configuration - LEO satellite altitude at Nadir 600 km and Multi beam use is worth being retained for Link Budget calculations. The main technical assumptions we have used will be stated in this paper.

We suggest a template for link Budget calculations and based on the previous technical assumptions, we provide the results we have obtained for IOT-NTN. 
2. [bookmark: _Hlk52966155]Discussion 
IOT NTN overview
Please refer to document reference [3] and [4] for a contextual description of these Link Budget cases. 
IOT NTN Reference scenarios
The distance between the satellite and the earth is the key parameter for Link budget calculation, consequently it is suggested to consider the 3 scenarios in Table 1 below. 
	    NTN Configurations 
	Transparent satellite (NOTE 1)

	    GEO based non-terrestrial access network 
	Reference parameters IoT-Eut-Set 2

	    LEO based non-terrestrial access network (altitude at Nadir 600 km)
	Reference parameters IoT-Eut-Set 2
Reference parameters IoT-SatEliot-Set 3

	    LEO based non-terrestrial access network (altitude at Nadir 1200 km)
	Reference parameters IoT-Eut Set 2


[bookmark: _Ref52964434]                                                            Table 1: IOT NTN Configurations and parameters
Reusing the approach of TR38.821, we suggest to define 4 use Cases: 
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                                                        Table 2: IOT NTN reference Cases
Proposal 1: we propose to reflect on the study item the above Cases proposed in this contribution.
NB-IOT IOT NTN IoT-Eut-Set2 reference parameters
As explained in our previous Tdoc [1], compared with eMBB parameters, some key Downlink parameters such as Equivalent antenna aperture size and EIRP for the satellite were revisited to take into account the use-cases and overall QoS performance targeted by NB-IOT.  The changes to antenna size have consequential impact on the 3dB beam-width and the beam size on the ground. As far as the Uplink side is concerned, the most wide-spread C-IOT device configurations have been selected. It is assumed the C-IOT devices will be equipped with linearly polarised antennas; the satellite antenna will be circular polarisation (as for the eMBB case).
The satellite and UE parameters considered for the link budget estimation in the proposed scenario are consistent with the NTN reference parameters considered in TR 38.821 [3], except for the ones which are listed here after.
The following table the so-called IOT-Eut-Set2 of satellite parameters are as follows:  
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[bookmark: _Ref52964651]                                                  Table 3: Eut-Set 2 Satellite Parameters Set 2
Table 4 provides the assumptions on the UE side for all Cases. A unique table is valid for all Cases (Eutelsat and Sateliot UE configuration is the same).
	
	Proposed UE/NB-IoT device configuration for all cases 

	Characteristics
	NB-IoT device

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

	Antenna type and configuration
	(1, 1, 1) with omni-directional antenna element

	Polarisation
	Linear

	Rx antenna gain
	0 dBi

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	23 dBm

	Tx antenna gain
	0 dBi


                                                            Table 4: UE configuration
NB-IOT IOT NTN IoT-Sateliot-Set3 reference parameters
Sateliot and Gatehouse have suggested the use of miniaturized, microsatellites satellites - such as Cubesats - for the delivery of IoT services. Eutelsat considers that this scenario shall be studied in context of the Study item as it targets further optimization of the satellite configurations compared to the ones we have selected described in section 2.3. Each company willing to implement NTN NBIOT services will have to select its preferred level of optimization based on its targeted business objectives.  
The satellite and UE parameters considered for the link budget estimation in the proposed scenario are consistent with the NTN reference parameters considered in TR 38.821 [3], except for the ones which are listed here after.
The following table the so-called Sateliot-Set3 of satellite parameters are as follows:  
	
	PROPOSED CONFIGURATION: “Set3 - Microsatellite/low density LEO scenario”

	Satellite orbit
	LEO-600

	Satellite altitude
	600 km

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

	Satellite EIRP density
	21.45 dBW/MHz

	Satellite Tx max Gain
	11 dBi

	3dB beamwidth 
	60º

	Satellite beam diameter (at nadir pointing)
	700 km

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

	G/T
	- 17.9 dB·K-1

	Satellite Rx max Gain
	11 dBi


                                 Table 5: Sateliot-Set 3 Satellite Parameters 
Refer to Table 4 for the assumptions on the UE side. A unique table is valid for all Cases (Eutelsat and Sateliot UE configuration is the same).
The multi-beam configuration case is illustrated by Fig. 1 as defined by document [2]. In particular, this case considers a satellite able to handle a few beams, with some of them pointed so that IoT devices with elevation angles of α=30º are within the HPBW of the antennas. Link budget values are computed at the beam center position (i.e L1 location with IoT device elevation angle α=65.5º) and at beam edge (i.e. L2 location with IoT device elevation angle α =30º).
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Fig. 1. - Geometry for the multi-beam configuration case. Link budget values are provided at the locations L1 and L2.

3. Link Budget Template
The following template (Table 6) has been used for reporting results of Link Budget calculations. The different elements of this template are consistent with the ones defined by TR 38.821.The main difference is the introduction of a DownLink (DL) channel size of 180 kHz and multiple UpLink channel (UL) sizes; taking advantage of the flexibility offered by NBIOT versus 5G NTN. 
In the table, EIRP density is defined at beam centre and RX: G/T is reported at beam edge.
	Companies
	Eutelsat

	Transmission mode
	DL
	UL

	Frequency [GHz]
	　
	　

	TX: EIRP Density [dBW/MHz]
	　
	　

	TX: EIRP/Spot [dBm]
	　
	　

	RX: G/T [dB/T]
	　
	　

	Bandwidth [kHz]
	　
	　

	Free space path loss [dB]
	　
	　

	Atmospheric loss [dB]
	　
	　

	Shadow fading margin [dB]
	　
	　

	Scintillation Loss [dB]
	　
	　

	Polarization loss [dB]
	　
	　

	C/N Downlink [dB]
	　
	　

	CNR Uplink [dB] (3.75 kHz)
	　
	　

	CNR Uplink [dB] (15 kHz)
	　
	　

	CNR Uplink [dB] (3*15 kHz)
	　
	　

	CNR Uplink [dB] (6*15 kHz)
	　
	　

	CNR Uplink [dB] (12*15 kHz)
	　
	　


                          Table 6: link Budget template


4. IOT Link Budget Calculations Results
The Link budget calculation results are as follows:
Case 1: GEO Parameters set: IoT-Eut-Set2 refer to Table 7
Case 2: LEO Altitude at Nadir 600km Parameters set: IoT-Eut-Set2 refer to Table 8
Case 3: LEO Altitude at Nadir 1200km Parameters set: IoT-IOT-Eut-Set2 refer to Table 9
Case 4: LEO Altitude at Nadir 600km Parameters set: IoT-Sateliot-Set3 refer to Table 10 (positions L2 and L1)
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Table 7: LB Results Case 1
[image: ]
            Table 8: LB Results Case 2
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Table 9: LB Results Case 3 for positions L2 and L1
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                      Table 10: LB Results Case 4








5. Conclusion
The Link Budget calculation results reported in section 4 shows that Satellite NBIOT offers multiple implementation choices and therefore can be adapted to a variety of business use cases.
Proposal: Other 3GPP member companies should as well report their results to prove that there is a consensus within the technical community and provide inputs to the final study item report
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Companies

Transmission mode DL UL

Frequency [GHz] 2,0 2,0

TX: EIRP Density [dBW/MHz] 59,8 N/A

TX: EIRP/Spot [dBm] 82,4 23,0

RX: G/T [dB/T] -31,6 16,6

Bandwidth [kHz] 180,0 15,0

Free space path loss [dB] 190,6 190,6

Atmospheric loss [dB] 0,2 0,2

Shadow fading margin [dB] 3,0 3,0

Scintillation Loss [dB] 2,2 2,2

Polarization loss [dB] 3,0 3,0

C/N Downlink [dB] -2,1 N/A

CNR Uplink [dB] (3.75 kHz) N/A 0,60

CNR Uplink [dB] (15 kHz) N/A -5,40

CNR Uplink [dB] (3*15 kHz) N/A -10,20

CNR Uplink [dB] (6*15 kHz) N/A -13,20

CNR Uplink [dB] (180 kHz) N/A -16,20

Eutelsat
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Companies

Transmission mode DL UL

Frequency [GHz] 2,0 2,0

TX: EIRP Density [dBW/MHz] 28,3 N/A

TX: EIRP/Spot [dBm] 50,9 23,0

RX: G/T [dB/T] -31,6 -12,8

Bandwidth [kHz] 180,0 15,0

Free space path loss [dB] 159,10 159,1

Atmospheric loss [dB] 0,2 0,2

Shadow fading margin [dB] 3,0 3,0

Scintillation Loss [dB] 2,2 2,2

Polarization loss [dB] 3,0 3,0

C/N Downlink [dB] -2,1 N/A

CNR Uplink [dB] (3.75 kHz) N/A 2,60

CNR Uplink [dB] (15 kHz) N/A -3,50

CNR Uplink [dB] (3*15 kHz) N/A -8,20

CNR Uplink [dB] (6*15 kHz) N/A -11,20

CNR Uplink [dB] (180 kHz) N/A -14,30

Eutelsat
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Companies

Transmission mode DL UL DL UL

Frequency [GHz] 2,0 2,0 2,0 2,0

TX: EIRP Density [dBW/MHz] 21,5 N/A 18,45 N/A

TX: EIRP/Spot [dBm] 41,0 23,0 44,00 23,00

RX: G/T [dB/T] -31,62 -20,9 -31,62 -17,90

Bandwidth [kHz] 180,0 15,0 180,00 15,00

Free space path loss [dB] 159,1 159,1 154,80 154,80

Atmospheric loss [dB] 0,2 0,2 0,2 0,2

Shadow fading margin [dB] 3,0 3,0 3,0 3,0

Scintillation Loss [dB] 2,2 2,2 2,2 2,2

Polarization loss [dB] 3,0 3,0 3,0 3,0

C/N Downlink [dB] -11,97 N/A -4,67 N/A

CNR Uplink [dB] (3.75 kHz) N/A -2,40 N/A 4,90

CNR Uplink [dB] (15 kHz) N/A -8,50 N/A -1,20

CNR Uplink [dB] (3*15 kHz) N/A -13,20 N/A -5,90

CNR Uplink [dB] (6*15 kHz) N/A -16,20 N/A -8,90

CNR Uplink [dB] (180 kHz) N/A -19,30 N/A -11,90

Eutelsat (L2) Eutelsat (L1)
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Companies

Transmission mode DL UL

Frequency [GHz] 2,0 2,0

TX: EIRP Density [dBW/MHz] 33,7 N/A

TX: EIRP/Spot [dBm] 56,3 23,0

RX: G/T [dB/T] -31,6 -17,9

Bandwidth [kHz] 180,0 15,0

Free space path loss [dB] 159,1 159,1

Atmospheric loss [dB] 0,2 0,2

Shadow fading margin [dB] 3,0 3,0

Scintillation Loss [dB] 2,2 2,2

Polarization loss [dB] 3,0 3,0

C/N Downlink [dB] -2,1 N/A

CNR Uplink [dB] (3.75 kHz) N/A -2,80

CNR Uplink [dB] (15 kHz) N/A -8,80

CNR Uplink [dB] (3*15 kHz) N/A -13,60

CNR Uplink [dB] (6*15 kHz) N/A -16,60

CNR Uplink [dB] (180 kHz) N/A -19,60

Eutelsat
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Antenna characteristics:

Gain= 11 dBi B= a=UE
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