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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 the device type in terms of the power class. In this contribution we provide link budget evaluation results for the UE power class 6, which has a maximum transmit power of 14 dBm. Such a power class may reduce device cost and power consumption at the cost of a worse link budget.
For basic link budget results using UE power class, with a maximum transmit power of 23 dBm, refer to R1-2101027 [4].
Link budget
In this section we provide our link budget assumptions and results based on the agreements of RAN1 #103-e.
Assumptions
In the link budget analysis, the parameters are aligned with the Set-1 satellite parameters for system level simulator calibration [2]. The scenarios include the non-terrestiral access networks based on a GEO satellite at 35,786 km and LEO satellites at 1200 km and 600 km, respectively. For UE characteristics, transmit power is set to 14 dBm, accoding to the UE power class 6 specification [3], and noise figure is 7 dB. The frequency band is S-band, i.e., 2 GHz. Also, all permissible bandwidths in agreements of RAN1 #103-e have been considered. 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.  
As part of the link budget analysis, the polarization and additional losses need to be accounted for. In line with the NTN NR TR [2] polarization and additional losses of 0 dB have been assumed for the link budget results presented in the next section.
Results
The link budget evaluation results are given for uplink for eMTC and NB-IoT in Table 1 and Table 2, respectively. 
Observation 1: Utilizing UE power class 6 reduces the CNR with 9 dB compared to power class 3.
UE power class 6 are intended for small and low power consumption devices such as wearables. To save energy consumption of such devices, the maximum Tx power is set to 14 dBm. Therefore, a power class 6 device yields a lower CNR than UE power class 3. Considering the reduced CNR of the power class 6 devices, it is required to identify the NTN scenarios that support the power class 6 devices, if any. 
Proposal 1: RAN1 to discuss if if UE power class 6 applies to any of the NTN scenarios in the study item.
In Table 1 and Table 2, the CNR in uplink increases if the pathloss is reduced. In particular, LEO600 scanerio has a higher CNR than other scenarios such as GEO and LEO1200. Also, Table 1 and Table 2 show that CNR is improved as the channel bandwidth becomes small. For instance, when the maximum CNR of eMTC is upto 4.53 dB, NB-IoT can achieve the maximum CNR of 13.56 dB. This is due to the fact that the minimum channel bandwidth of eMTC is 30 kHz while NB-IoT can use a narrow channel bandwidth of 3.75 kHz. 
Observation 2: UE power class 6 can be supported in uplink if a narrow bandwidth is used in LEO600 scenario.
Due to the low output power, a power class 6 device needs to recover from large link loss by other means. Therefore, a large number of repetition may be required for UE in power class 6. However, the small and low power consumption devices may not exploit a large number of repetitions for coverage recovery. 
Proposal 2: RAN1 to discuss the required CNR, and the related maximum number of repetitions, for UE power class 6 in NTN scenarios. 
[bookmark: _Ref61333935]Table 1 Uplink link budget with CNR for eMTC for UE power class 6.
	Scenario
	Transmission mode
	Elevation angle
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	eMTC, GEO
	UL
	12.5
	2
	14
	19
	1.08
	190.58
	0.2
	3
	2.2
	0
	0
	-24.72

	
	UL
	12.5
	2
	14
	19
	0.36
	190.58
	0.2
	3
	2.2
	0
	0
	-19.94

	
	UL
	12.5
	2
	14
	19
	0.18
	190.58
	0.2
	3
	2.2
	0
	0
	-16.93

	
	UL
	12.5
	2
	14
	19
	0.09
	190.58
	0.2
	3
	2.2
	0
	0
	-13.92

	
	UL
	12.5
	2
	14
	19
	0.045
	190.58
	0.2
	3
	2.2
	0
	0
	-10.91

	
	UL
	12.5
	2
	14
	19
	0.03
	190.58
	0.2
	3
	2.2
	0
	0
	-9.15

	eMTC, LEO1200
	UL
	30
	2
	14
	1.1
	1.08
	164.49
	0.1
	3
	2.2
	0
	0
	-16.42

	
	UL
	30
	2
	14
	1.1
	0.36
	164.49
	0.1
	3
	2.2
	0
	0
	-11.65

	
	UL
	30
	2
	14
	1.1
	0.18
	164.49
	0.1
	3
	2.2
	0
	0
	-8.64

	
	UL
	30
	2
	14
	1.1
	0.09
	164.49
	0.1
	3
	2.2
	0
	0
	-5.63

	
	UL
	30
	2
	14
	1.1
	0.045
	164.49
	0.1
	3
	2.2
	0
	0
	-2.62

	
	UL
	30
	2
	14
	1.1
	0.03
	164.49
	0.1
	3
	2.2
	0
	0
	-0.86

	eMTC, LEO600
	UL
	30
	2
	14
	1.1
	1.08
	159.10
	0.1
	3
	2.2
	0
	0
	-11.03

	
	UL
	30
	2
	14
	1.1
	0.36
	159.1
	0.1
	3
	2.2
	0
	0
	-6.26

	
	UL
	30
	2
	14
	1.1
	0.18
	159.1
	0.1
	3
	2.2
	0
	0
	-3.25

	
	UL
	30
	2
	14
	1.1
	0.09
	159.1
	0.1
	3
	2.2
	0
	0
	-0.24

	
	UL
	30
	2
	14
	1.1
	0.045
	159.1
	0.1
	3
	2.2
	0
	0
	2.77

	
	UL
	30
	2
	14
	1.1
	0.03
	159.1
	0.1
	3
	2.2
	0
	0
	4.53



[bookmark: _Ref61333937]Table 2 Uplink link budget with CNR for NB-IoT for UE power class 6.
	Scenario
	Transmission mode
	Elevation angle
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	NB-IoT, GEO
	UL
	12.5
	2
	14
	19
	0.18
	190.58
	0.2
	3
	2.2
	0
	0
	-16.93

	
	UL
	12.5
	2
	14
	19
	0.09
	190.58
	0.2
	3
	2.2
	0
	0
	-13.92

	
	UL
	12.5
	2
	14
	19
	0.045
	190.58
	0.2
	3
	2.2
	0
	0
	-10.91

	
	UL
	12.5
	2
	14
	19
	0.015
	190.58
	0.2
	3
	2.2
	0
	0
	-6.14

	
	UL
	12.5
	2
	14
	19
	0.00375
	190.58
	0.2
	3
	2.2
	0
	0
	-0.12

	NB-IoT, LEO1200
	UL
	30
	2
	14
	1.1
	0.18
	164.49
	0.1
	3
	2.2
	0
	0
	-8.64

	
	UL
	30
	2
	14
	1.1
	0.09
	164.49
	0.1
	3
	2.2
	0
	0
	-5.63

	
	UL
	30
	2
	14
	1.1
	0.045
	164.49
	0.1
	3
	2.2
	0
	0
	-2.62

	
	UL
	30
	2
	14
	1.1
	0.015
	164.49
	0.1
	3
	2.2
	0
	0
	2.15

	
	UL
	30
	2
	14
	1.1
	0.00375
	164.49
	0.1
	3
	2.2
	0
	0
	8.17

	NB-IoT, LEO600
	UL
	30
	2
	14
	1.1
	0.18
	159.1
	0.1
	3
	2.2
	0
	0
	-3.25

	
	UL
	30
	2
	14
	1.1
	0.09
	159.1
	0.1
	3
	2.2
	0
	0
	-0.24

	
	UL
	30
	2
	14
	1.1
	0.045
	159.1
	0.1
	3
	2.2
	0
	0
	2.77

	
	UL
	30
	2
	14
	1.1
	0.015
	159.1
	0.1
	3
	2.2
	0
	0
	7.54

	
	UL
	30
	2
	14
	1.1
	0.00375
	159.10
	0.1
	3
	2.2
	0
	0
	13.56


Conclusion
Based on the discussion and results we have made following observations and proposal:
Observation 1: Utilizing UE power class 6 reduces the CNR with 9 dB compared to power class 3.
Observation 2: UE power class 6 can be supported in uplink if a narrow bandwidth is used in LEO600 scenario.

Proposal 1: RAN1 to discuss if if UE power class 6 applies to any of the NTN scenarios in the study item.
Proposal 2: RAN1 to discuss the required CNR, and the related maximum number of repetitions, for UE power class 6 in NTN scenarios. 
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