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Introduction
[bookmark: _Ref481671177]This document contains the description of a use-case of IoT-NTN over LEO small satellite, which use a single large beam pointed at nadir. It aims at showing that one can find a working point, and that this use case should be included in 3GPP studies.

IoT NTN Scenarios, Parameters, Link Budget
IoT NTN Scenario
The scenario considered here is based on scenario C described R1-2008868 [1], Agenda Item 8.15.1, untitled “Summary #4 of 8.15.1 IoT NTN Scenarios”:


Figure 1 : View of the studied scenario

· The setup is in FDD mode
· Devices have GNSS capabilities
· Transparent payload is assumed
· Frequency band of 2 GHz
· LEO based non-terrestrial access network generating fixed beams which footprint move with the satellite

IoT NTN Parameters
[bookmark: _Toc61333682]UE
We consider an IoT device, as defined in TR 38.821, clause 6.1.1.1.
[bookmark: _Ref61279752]Table 1 : UE characteristics for system level simulations
	Characteristics
	IoT device

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

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

	Polarisation
	Linear: +/-45°X-pol

	Rx Antenna gain 
	0 dBi per element

	Antenna temperature
	290 K

	Noise figure
	5 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	0 dBi per element

	Note 1: The noise figure of 5 dB is chosen because a duplexer-free UE is assumed (i.e. half-duplex)
Note 2: The uplink is assumed to be set to work with 3.75 kHz subcarrier spacing.



[bookmark: _Toc61333683]Satellite
[bookmark: _Ref61279755]Table 2: Satellite parameters for system level simulator calibration
	Parameter
	Value

	Satellite orbit
	LEO-600

	Satellite altitude
	600 km

	Satellite antenna pattern
	Elliptical pattern formed by a linear array of 3 antennas

	Payload characteristics for DL transmissions

	Satellite max EIRP density
(Note 1)
	S-band (2 GHz)
	21.4 dBW/MHz

	Satellite Tx max Gain
	
	11 dBi (Note 4)

	3 dB beamwidth
	
	104.7 deg

	Satellite beam diameter
(Note 2)
	
	1700 km

	Payload characteristics for UL transmissions

	Max G/T
(Note 1)
	S-band (2 GHz)
	-17.9 dB K-1

	Satellite Rx max Gain
	
	11 dBi

	NOTE 1: Max value available at boresight
NOTE 2: This beam size refers to the Nadir pointing of the satellite
NOTE 4 : We consider here an linear array of 3 antennas of 6.2 dB gain each. So the equation 6.1.3.1-6 of TR 38.821 applies.



[bookmark: _Toc61333684]Propagation channel
Table 3 : System Level Simulation assumptions for calibration
	Parameter
	Value

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

	Maximum Bandwidth per beam (DL + UL)
	S-band: DL 180 kHz and UL 3.75 kHz

	Satellite characteristics (G/T, EIRP density)
	See Table 1 and Table 2 

	Beam layout definition
	One single large beam (104,7 deg HPBW)

	Channel model
	AWGN

	Propagation conditions
	Base-line: Clear Sky

	UE configuration
	S-band

	UE orientation
	Random

	Handover Margin
	0 dB

	UE attachment
	RSRP

	Metrics for calibration
	Base-line: Coupling loss, Geometry
Note: Coupling loss is defined as the signal loss from the antenna port to the antenna port

	NOTE 1: Typical impairment values (additional frequency error, SNR loss) due to the feeder link except for delay can be considered to be negligible. When available, specific values can be considered in the evaluation and should be reported.
NOTE 2: For the calibration purpose, the ionospheric scintillation loss shall be considered equal to zero (i.e., the UEs are located between 20 and 60 degrees of latitude). The atmospheric absorptions loss shall be considered.



IoT NTN Link budget
The link budget is calculated for:
· An UE at the edge of the beam (at 30° of elevation angle),
· An UE at satellite’s nadir (at 90° of elevation angle)

	Case
	Transmission mode
	Frequency [GHz]
	TX: EIRP [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]
	[bookmark: _GoBack]Pointing losses [dB]
	SNR [dB]
	RSRP [dBm]

	Beam edge,
30° elev
	DL
	2,0
	44,0
	-29,6
	180
	159,1
	0,1
	3,0
	2,2
	3,0
	3,0
	-10,0
	-137,2

	
	UL
	2,0
	23,0
	-17,9
	3,75
	159,1
	0,1
	3,0
	2,2
	3,0
	3,0
	-2,5
	-136,4

	Nadir,
90° elev
	DL
	2,0
	44,0
	-29,6
	180
	154,0
	0,1
	3,0
	2,2
	3,0
	0,0
	-1,9
	-129,2

	
	UL
	2,0
	23,0
	-17,9
	3,75
	154,0
	0,1
	3,0
	2,2
	3,0
	0,0
	5,6
	-128,4


 
Simulations show that at -10 dB SNR for downlink, we can close the link budget with a number of repetition of 64 The study [2] (figure 13) also shows a setup with a MCL of 164 dB which can achieve 11 kbps in DL, and 2 kbps in UL.

	SNR
[dB]
	Datarate
[bps]
	iTBS
	nSF
	Nrep

	-10,2
	2800
	0
	10
	8

	-10,1
	2800
	2
	6
	16

	-10
	3500
	7
	2
	32

	-9,9
	3500
	1
	8
	8

	-9,8
	3500
	3
	5
	16



Agreement / Conclusion
Independent work at GateHouse and in [2] show that at -12 dB SNR, a data rate of 3.500 kbps (resp. 2 kbps in [2]) can be achieved. These figures are given in a terrestrial configuration, but provided that:
· the link budget is closed in [2] at -14 dB SNR (compared to our -10 dB),
· at UE side, optimizations can be made to better track the phase of the eNodeB,
· the link budget is given at beam edge (worst case),
one can expect the setup to be more favourable in the LEO case.

ANNEX
Void
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