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[bookmark: _Ref54129494]Introduction
This document provides some initial results on the available SNR for IoT-NTN, based on the assumptions that have been captured in TR36.763.
The document also provides some proposals on the parameters that should be considered in link budget evaluations, assuming essential functionality for IoT-NTN.

Link Budget Evaluations: Available SNR

Table 1, Table 2 and Table 3 provide preliminary link budgets for eMTC and NB-IoT for the Set-3 parameters defined in Table 6.2-6 of TR36.763 [2]. We assume the bandwidth of the DL is 1.08MHz (eMTC) or 180kHz (NB-IoT), and the bandwidth of the UL is 15kHz (eMTC Sub-PRB PUSCH[footnoteRef:2] or NB-IoT) or 180kHz (eMTC full-PRB PUSCH). We consider the link budget is for cell-edge, therefore we also assume the 3dB additional losses to account for the 3dB beam width of the satellite for downlink and uplink. [2:  While the 2-out-of-3 bandwidth of the eMTC sub-PRB signal is 30kHz, the nature of the modulation means that the power transmitted per active subcarrier is doubled. The increased bandwidth of the eMTC signal is balanced by the increased modulation power. For the sake of ease of comparison, without performing an LLS, we present results for a 15kHz eMTC UL signal.] 

The link budget assumes the following:
· UE power class 3 (23dBm)
· UE noise figure = 7dB

We have used these UE parameters in these link budgets as the study item is currently focused on essential functionality for the support of IoT-NTN. We hence assume “normal” UE link budget parameters. The study can consider the more extreme UE link budget parameters of 20dBm UE transmit power and 9dB noise figure as an enhancement to the study in the future.
[bookmark: _Ref54298908]Table 1 - Link budget evaluation for Rel-15 eMTC (sub-PRB PUSCH)
	
	GEO
	LEO-1200
	LEO-600

	Transmission mode
	DL
	UL
	DL
	UL
	DL
	UL

	Frequency [GHz]
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00

	TX: EIRP [dBm]
	90.13

	23.00
	64.03

	23.00
	58.63

	23.00

	RX: G/T [dB/T]
	-31.62
	16.70
	-31.62
	-12.80
	-31.62
	-12.80

	Bandwidth [MHz]
	1.08
	0.015
	1.08
	0.015
	1.08
	0.015

	Free space path loss [dB]
	190.58
	190.58
	164.49
	164.49
	159.10
	159.10

	Atmospheric loss [dB]
	0.12
	0.12
	0.11
	0.11
	0.10
	0.10

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

	Scintillation Loss [dB]
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20

	Polarization loss [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Additional losses [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	CNR [dB]
	-5.124
	-5.361
	-5.120
	-8.757
	-5.123
	-3.360



[bookmark: _Ref54298996]Table 2 - Link budget evaluation for Rel-13 eMTC (full-PRB PUSCH)
	
	GEO
	LEO-1200
	LEO-600

	Transmission mode
	DL
	UL
	DL
	UL
	DL
	UL

	Frequency [GHz]
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00

	TX: EIRP [dBm]
	90.13

	23.00
	64.03

	23.00
	58.63

	23.00

	RX: G/T [dB/T]
	-31.62
	16.70
	-31.62
	-12.80
	-31.62
	-12.80

	Bandwidth [MHz]
	1.08
	0.180
	1.08
	0.180
	1.08
	0.180

	Free space path loss [dB]
	190.58
	190.58
	164.49
	164.49
	159.10
	159.10

	Atmospheric loss [dB]
	0.12
	0.12
	0.11
	0.11
	0.10
	0.10

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

	Scintillation Loss [dB]
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20

	Polarization loss [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Additional losses [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	CNR [dB]
	-5.124
	-16.153

	-5.120
	-19.549

	-5.123
	-14.152




[bookmark: _Ref54299036]Table 3 - Link budget evaluation for NB-IoT
	
	GEO
	LEO-1200
	LEO-600

	Transmission mode
	DL
	UL
	DL
	UL
	DL
	UL

	Frequency [GHz]
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00

	TX: EIRP [dBm]
	82.35

	23.00
	56.25

	23.00
	50.85

	23.00

	RX: G/T [dB/T]
	-31.62
	16.70
	-31.62
	-12.80
	-31.62
	-12.80

	Bandwidth [MHz]
	0.180
	0.015
	0.180
	0.015
	0.180
	0.015

	Free space path loss [dB]
	190.58
	190.58
	164.49
	164.49
	159.10
	159.10

	Atmospheric loss [dB]
	0.12
	0.12
	0.11
	0.11
	0.10
	0.10

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

	Scintillation Loss [dB]
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20

	Polarization loss [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Additional losses [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	CNR [dB]
	-5.124
	-5.361
	-5.120
	-8.757
	-5.123
	-3.360



The available SNR values from the above tables should be suitable for supporting eMTC and NB-IoT services given the required SNRs observed in previous eMTC and NB-IoT work.

Proposal 1: In the current stage of the study item, link budget study for PC3 devices (23dBm) with 7dB noise figure is prioritized.

Link Budget Evaluations: required SNR

The previous section has considered the available SNR at the UE or satellite. In order to determine whether the link budget is acceptable for supporting eMTC and NB-IoT traffic, it is also necessary to determine the required SNR for the different transport channels. The required SNR depends on link level assumptions, including the following factors:
· Transport channels. At least PDSCH, MPDCCH, PUSCH and PUCCH should be considered. Parameters that need to be considered include:
· Transport block size
· Physical channel parameters. These include:
· Number of repetitions
· Resource unit size / number of resource units
· Modulation and coding schemes
· Aggregation level
· Frequency hopping parameters
· Antenna configuration	s
· Number of TX and RX antennas
· Over the air channel

Most of the parameters in the above list can be chosen by proponents in order to optimize the applied transmission format and data rate. For example, the number of repetitions can be traded off for the resource unit size and / or the transport block size.
The over the air channel to be considered for link level evaluations also needs to be considered. TR38.811 [3]section 6.1.2 proposes that an AWGN channel model is assumed in open environments. At this stage of the study item, RAN1 should be considering a narrower range of use cases and scenarios. For the sake of simplicity and considering only essential functionality, we propose that scenarios with such as open environments are considered. More complicated environments can be considered as enhancements that can be studied further at a later time.
Proposal 2: An AWGN channel model is assumed for IoT-NTN link level simulations.

[bookmark: _Hlk47387515]Conclusions
This document has provided initial link budget evaluations for IoT-NTN.
The document has also considered some parameters that should be prioritized in the study of IoT-NTN on the basis of supporting essential functionality. The following proposals are made:
Proposal 1: In the current stage of the study item, link budget study for PC3 devices (23dBm) with 7dB noise figure is prioritized.
Proposal 2: An AWGN channel model is assumed for IoT-NTN link level simulations.
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