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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: OLE_LINK1]In previous RAN1#104 e-meeting [1], some assumptions for a common set and the satellite parameter sets used in link budget calculations were agreed. Based on these assumptions and parameters, we update link budget calculations and discuss the MCL(Maximum Coupling Loss) evaluation methodology in this contribution.
2. Link budget calculations
According to the link budget calculations methodology in [2] with assuming PC5 UE and 9 dB noise figure,  Table 1 and Table 2 provide the link budget results for Set-1 satellite and Set-2 satellite, respectively. Furthermore, based on these assumptions and parameters for link budget calculations in [1], Table 3 and Table 4 provide the link budget results for Set-3 satellite and Set-4 satellite. And the detailed link budget results for NB-IoT/eMTC over NTN are provided in the accompanied excel file. 
Table 1. Link budget results for Set-1 satellites and NB-IoT/eMTC devices
	Device type
	UL/DL
	Bandwidth
	GEO
	LEO-1200
	LEO-600

	
	
	
	Free space path loss[dB]
	CNR [dB]
	Free space path loss[dB]
	CNR [dB]
	Free space path loss[dB]
	CNR [dB]

	NB-IoT
	DL
	180kHz
	190.58
	-4.97
	164.49
	2.22
	159.10
	1.61

	
	UL
	12*15kHz
	190.58
	-13.89
	164.49
	-5.61
	159.10
	-0.22

	
	
	6*15kHz
	190.58
	-10.88
	164.49
	-2.60
	159.10
	2.79

	
	
	3*15kHz
	190.58
	-7.87
	164.49
	0.41
	159.10
	5.8

	
	
	1*15kHz
	190.58
	-3.10
	164.49
	5.18
	159.10
	10.57

	
	
	1*3.75kHz
	190.58
	2.92
	164.49
	11.2
	159.10
	16.59

	eMTC
	DL
	1080kHz
	190.58
	-4.97
	164.49
	2.22
	159.10
	1.61

	
	UL
	1080kHz
	190.58
	-21.68
	164.49
	-13.39
	159.10
	-8.00

	
	
	2*180kHz
	190.58
	-16.91
	164.49
	-8.62
	159.10
	-3.23

	
	
	180kHz
	190.58
	-13.89
	164.49
	-5.61
	159.10
	-0.22

	
	
	6*15kHz
	190.58
	-10.88
	164.49
	-2.60
	159.10
	2.79

	
	
	3*15kHz
	190.58
	-7.87
	164.49
	0.41
	159.10
	5.80

	
	
	2*15kHz
	190.58
	-3.10
	164.49
	5.18
	159.10
	10.57


Table 2. Link budget results for Set-2 satellites and NB-IoT/eMTC devices
	Device type
	UL/DL
	Bandwidth
	GEO
	LEO-1200
	LEO-600

	
	
	
	Free space path loss[dB]
	CNR [dB]
	Free space path loss[dB]
	CNR [dB]
	Free space path loss[dB]
	CNR [dB]

	NB-IoT
	DL
	180kHz
	190.58
	-10.47
	164.49
	-3.78
	159.10
	-4.39

	
	UL
	12*15kHz
	190.58
	-18.89
	164.49
	-11.61
	159.10
	-6.22

	
	
	6*15kHz
	190.58
	-15.88
	164.49
	-8.60
	159.10
	-3.21

	
	
	3*15kHz
	190.58
	-12.87
	164.49
	-5.59
	159.10
	-0.20

	
	
	1*15kHz
	190.58
	-8.10
	164.49
	-0.82
	159.10
	4.57

	
	
	1*3.75kHz
	190.58
	-2.08
	164.49
	5.20
	159.10
	10.59

	eMTC
	DL
	1080kHz
	190.58
	-10.47
	164.49
	-3.78
	159.10
	-4.39

	
	UL
	1080kHz
	190.58
	-26.68
	164.49
	-19.39
	159.10
	-14.00

	
	
	2*180kHz
	190.58
	-21.91
	164.49
	-14.62
	159.10
	-9.23

	
	
	180kHz
	190.58
	-18.89
	164.49
	-11.61
	159.10
	-6.22

	
	
	6*15kHz
	190.58
	-15.88
	164.49
	-8.60
	159.10
	-3.21

	
	
	3*15kHz
	190.58
	-12.87
	164.49
	-5.59
	159.10
	-0.20

	
	
	2*15kHz
	190.58
	-8.10
	164.49
	-0.82
	159.10
	4.57



Table 3. Link budget results for Set-3 satellites and NB-IoT/eMTC devices
	Device type
	UL/DL
	Bandwidth
	GEO
	LEO-1200
	LEO-600

	
	
	
	Free space path loss[dB]
	CNR [dB]
	Free space path loss[dB]
	CNR [dB]
	Free space path loss[dB]
	CNR [dB]

	NB-IoT
	DL
	180kHz
	190.58
	-4.17
	164.49
	-4.08
	159.10
	-4.09

	
	UL
	12*15kHz
	190.58
	-16.19
	164.49
	-19.51
	159.10
	-14.12

	
	
	6*15kHz
	190.58
	-13.18
	164.49
	-16.50
	159.10
	-11.11

	
	
	3*15kHz
	190.58
	-10.17
	164.49
	-13.49
	159.10
	-8.10

	
	
	1*15kHz
	190.58
	-5.40
	164.49
	-8.72
	159.10
	-3.33

	
	
	1*3.75kHz
	190.58
	0.62
	164.49
	-2.70
	159.10
	2.69

	eMTC
	DL
	1080kHz
	190.58
	-4.17
	164.49
	-4.08
	159.10
	-4.09

	
	UL
	1080kHz
	190.58
	-23.98
	164.49
	-27.29
	159.10
	-21.90

	
	
	2*180kHz
	190.58
	-19.21
	164.49
	-22.52
	159.10
	-17.13

	
	
	180kHz
	190.58
	-16.19
	164.49
	-19.51
	159.10
	-14.12

	
	
	6*15kHz
	190.58
	-13.18
	164.49
	-16.50
	159.10
	-11.11

	
	
	3*15kHz
	190.58
	-10.17
	164.49
	-13.49
	159.10
	-8.10

	
	
	2*15kHz
	190.58
	-5.40
	164.49
	-11.73
	159.10
	-6.34



Table 4. Link budget results for Set-4 satellites and NB-IoT/eMTC devices
	Device type
	UL/DL
	Bandwidth
	LEO-600

	
	
	
	Free space path loss[dB]
	CNR [dB]

	NB-IoT
	DL
	180kHz
	159.10
	-10.94

	
	UL
	12*15kHz
	159.10
	-19.92

	
	
	6*15kHz
	159.10
	-16.91

	
	
	3*15kHz
	159.10
	-13.90

	
	
	1*15kHz
	159.10
	-9.13

	
	
	1*3.75kHz
	159.10
	-3.11

	eMTC
	DL
	1080kHz
	159.10
	-10.94

	
	UL
	1080kHz
	159.10
	-27.70

	
	
	2*180kHz
	159.10
	-22.93

	
	
	180kHz
	159.10
	-19.92

	
	
	6*15kHz
	159.10
	-16.91

	
	
	3*15kHz
	159.10
	-13.90

	
	
	2*15kHz
	159.10
	-12.14


From these link budgets, it can be observed that the achievable CNRs in UL for Set-3 and Set-4 are quite low, which is a disadvantage for UL coverage. Obviously, device antenna with 0 dBi gain is optimistic to link budget calculations or practical deployment, which is hard to achieve for commercial IoT/eMTC devices. Thus, lower antenna gain can be considered for the worst case, e.g. -5dBi. 
Observation 1: Free space path losses are 190.58 dB, 164.49 dB and 159.10 dB for GEO, LEO-1200, LEO-600, respectively. 
Observation 2: Uplink channels with the largest bandwidth have the lowest CNRs. 
Observation 3: Set-3 satellites and Set-4 satellites have quite lower achievable CNRs in UL.
Proposal 1: Lower devices antenna gain should be considered for NB-IoT/eMTC over NTN, e.g. -5 dBi. 
Proposal 2: It is necessary to enhance UL coverage for NB-IoT/eMTC over NTN. 

3. Maximum Coupling Loss
In terrestrial network, the MCL  requirements are set as 164 dB and 159 dB for NB-IoT and eMTC, respectively. From the link budget results above, without the consideration of other losses, only FSPL in GEO is beyond the MCL requirements for both NB-IoT and eMTC, as the same as FSPL in LEO-1200 for eMTC.  Hence, it is roughly clear which coverage classes every scenario for NB-IoT/eMTC belongs to. There is no significant necessity to use MCL calculation methodology to evaluate link parameters. Certainly, if this is helpful to facilitate comparison and if work scheduling permits, MCL calculation methodology could be applied. For the sake of simplicity, the straightforward way is to reuse the link budget methodology used in NR NTN.
Observation 4: FSPLs exceeds the MCL requirements in some scenarios.
Proposal 3: MCL evaluation methodology in NR NTN can be reused for NB-IoT/eMTC over NTN. 

4. Conclusion
In this contribution, we provide link budget results and MCL evaluation methodology for NB-IoT/eMTC over NTNwith the following observations and proposals: 
Observation 1: Free space path losses are 190.58 dB, 164.49 dB and 159.10 dB for GEO, LEO-1200, LEO-600, respectively. 
Observation 2: Uplink channels with the largest bandwidth have the lowest CNRs. 
Observation 3: Set-3 satellites and Set-4 satellites have quite lower achievable CNRs in UL.
[bookmark: _GoBack]Observation 4: FSPLs exceeds the MCL requirements in some scenarios.
Proposal 1: Lower devices antenna gain should be considered for NB-IoT/eMTC over NTN, e.g. -5 dBi.
Proposal 2: It is necessary to enhance UL coverage for NB-IoT/eMTC over NTN.
Proposal 3: MCL evaluation methodology in NR NTN can be reused for NB-IoT/eMTC over NTN.
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