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[bookmark: _Ref54129494]Introduction
This document considers the data rates that can be supported by the IoT-NTN link budgets by eMTC operating in CE Mode A. The document shows that eMTC can support all of the IoT-NTN scenarios using CE Mode A

Data rates supported by eMTC in CE Mode A

This document considers the following scenarios (Table 1) that have been studied in IoT-NTN:
[bookmark: _Ref71681814]Table 1 – IoT-NTN scenarios
	Case
	Satellite orbit
	Satellite parameter set
	Central beam center elevation
	Central Beam edge elevation
	Frequency Band

	1
	GEO
	Set 1
	12.5 deg
	2.3 deg
	S-band

	2
	LEO-1200
	Set 1
	30 deg
	26.3 deg
	S-band

	3
	LEO-600
	Set 1
	30 deg
	27.0 deg
	S-band

	4
	GEO
	Set 2
	20 deg
	11.0 deg
	S-band

	5
	LEO-1200
	Set 2
	30 deg
	22.2 deg
	S-band

	6
	LEO-600
	Set 2
	30 deg
	23.8 deg
	S-band

	7
	GEO
	Set 3
	20.9 deg
	12.5 deg
	S-band

	8
	LEO-1200
	Set 3
	46.05 deg
	30 deg
	S-band

	9
	LEO-600
	Set 3
	43.78 deg
	30 deg
	S-band

	10
	LEO-600
	Set 4
	90 deg
	30 deg
	S-band




The required DL SNRs and UL SNRs for these cases were calculated by various companies following  RAN1#104bis_e, leading to the following available DL and UL SNRs for the different scenarios:
[bookmark: _Ref70073970]Table 2 – Available DL SNRs and UL SNRs for different IoT-NTN cases
	Case
	Satellite orbit
	Satellite parameter set
	DL SNR (dB)
	UL SNR (dB) for full PRB 180kHz allocation
	UL SNR (dB) for 30kHz allocation

	1
	GEO
	Set 1
	-3.22
	-14.15
	-6.4

	2
	LEO-1200
	Set 1
	3.49
	-6.34
	1.4

	3
	LEO-600
	Set 1
	2.89
	-0.94
	6.84

	4
	GEO
	Set 2
	-8.51
	-18.94
	-11.16

	5
	LEO-1200
	Set 2
	-3.25
	-13.08
	-5.30

	6
	LEO-600
	Set 2
	-3.82
	-7.65
	0.13

	7
	GEO
	Set 3
	-2.18
	-16.21
	-8.43

	8
	LEO-1200
	Set 3
	-2.19
	-19.62
	-11.84

	9
	LEO-600
	Set 3
	-2.20
	-14.23
	-6.45

	10
	LEO-600
	Set 4
	-12.05
	-20.03
	-12.25



TR38.811 [1] section 6.1.2 proposes that an AWGN channel model is assumed in open environments. For the sake of simplicity and considering only essential functionality, in this document we assume open environment scenarios. The UE and satellite are assumed to both operate with 1 TX antenna and 1 RX antenna. 
The performance of the eMTC CE Mode A DL was simulated in [2], leading to the following BLER-SNR performance of eMTC in AWGN for 1TX1RX communications (Figure 1). 

[image: ]
[bookmark: _Ref71677012]Figure 1 – BLER-SNR performance of eMTC CE ModeA in AWGN for 1TX1RX

[bookmark: _GoBack]Based on the available SNRs available from the link budgets from Table 2 and the SNR-BLER performance from Figure 1, Table 3 summarises the data rates that can be supported in eMTC CE Mode A. These data rates are calculated based on the supported spectral efficiencies (from Figure 1) and do not account for signaling overhead. For the symmetrical link, these BLER-SNR curves are also applicable to the UL. For the UL UE data rate, either full PRB transmission (blue) or 3-subcarrier sub-PRB transmissions (red) are applied. The UL cell data rate is the UL data rate aggregated over multiple UEs
[bookmark: _Ref71680140]Table 3 – Supported throughputs in IoT-NTN CE Mode A
	Case
	Satellite orbit
	Satellite parameter set
	DL data rate
	UL UE data rate
	UL cell data rate

	1
	GEO
	Set 1
	144
	3.6
	130

	2
	LEO-1200
	Set 1
	900
	14.4
	86.4

	3
	LEO-600
	Set 1
	720
	43.2
	259.2

	4
	GEO
	Set 2
	45
	0.45
	16.2

	5
	LEO-1200
	Set 2
	144
	4.5
	162

	6
	LEO-600
	Set 2
	90
	7.2
	43.2

	7
	GEO
	Set 3
	144
	4.5
	162

	8
	LEO-1200
	Set 3
	144
	0.45
	16.2

	9
	LEO-600
	Set 3
	144
	3.6
	130

	10
	LEO-600
	Set 4
	8
	0.3
	10.8



Table 3 shows that all IoT-NTN scenarios are supported by eMTC CE Mode A. The LEO scenarios are particularly well suited for eMTC operation, where UE DL data rates of up to 900kbps and UE UL data rates of up to 43kbps can be supported. Note that other UL UE data rates and UL UE cell data rates can be supported through other choices of UL transmission scheme, such as the use of 2-of-3 p/2 BPSK modulation. Note also that higher data rates would be supported with less conservative satellite assumptions that are applicable to some deployments.
Observation 1: eMTC can support communication in CE Mode A in all of the scenarios studied in IoT-NTN.
Observation 2: DL data rates of up to 900kbps can be supported by eMTC in CE Mode A for the LEO-1200 set-1 scenario.
Observation 3: UL data rates of up to 43kbps can be supported by eMTC in CE Mode A for the LEO-1200 set-1 scenario.

The data rates that are supported by eMTC in CE Mode A allow for some higher value applications to be supported, beyond basic telemetry or tracking services. Support of such higher value applications increases the market size and opportunity for IoT-NTN.
In addition to CE Mode A, eMTC also supports CE Mode B. CE Mode B allows for operation at lower SNRs, allowing eMTC to also operate in more challenging coverage conditions. eMTC operating in CE Mode B allows for operation in scenarios with up to 164dB coupling loss [3], i.e. CE Mode B can operate with up to 10dB more coupling loss than CE Mode A.

[bookmark: _Hlk47387515]Conclusions
This document has considered operation of eMTC in CE Mode A for IoT-NTN. The document has shown that eMTC can support communication in CE Mode A in all of the scenarios studied in IoT-NTN.
The document makes the following observations on eMTC in IoT-NTN, which we propose are included in the IOT-NTN TR36.763 [4]:
Observation A: eMTC can support communication in CE Mode A in all of the scenarios studied in IoT-NTN.
Observation B: DL data rates of up to 900kbps can be supported by eMTC in CE Mode A for the LEO-1200 set-1 scenario.
Observation C: UL data rates of up to 43kbps can be supported by eMTC in CE Mode A for the LEO-1200 set-1 scenario.
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