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1. Introduction

In RAN1 #104b-e meeting, the link budget results for the agreed satellite sets, i.e., set-1, set-2, set-3 and set-4 have been captured into TR 36.763. In addition, MEO set-5 parameters for link budget analysis are introduced for study of IoT over NTN. The detailed agreements are provided in Appendix.
In this contribution, we provide our link budget results and analysis for the agreed MEO set-5 for NB-IoT/eMTC over NTN.

2. Link budget analysis for NB-IoT/eMTC over NTN

In this section, we provide the link budget results for the MEO set-5 for NB-IoT/eMTC over NTN based on the agreed satellite parameters. 
2.1. Satellite set-5
Based on the MEO satellite Set-5 parameters in Appendix, the central beam edge DL CNR and UL CNR are calculated for link budget analysis. Thus, 3 dB additional loss due to beamwidth defined by HPBW is considered for UL CNR. Similar to the detailed link budget results for the agreed satellite sets captured in the spreadsheet [2], UE PC3 (23 dBm) and NF = 7dB are used in the UL and DL link budget analysis respectively. For UE PC5 (20 dBm) and NF = 9 dB, 3 dB and 2 dB adjustment are needed for UL CNR and DL CNR respectively.
Moreover, other losses for MEO set-5 are needed for MEO link budget calculation. Our proposal is to add other losses for MEO in table 1 into TR 36.763.

Table 1: Other losses

	Other Losses
	GEO (35786 km)
	MEO (10000 km)
	LEO (1200 km)
	LEO (600 km)

	Scintillation losses
	2.2
	2.2
	2.2
	2.2

	Atmospheric losses
	0.2
	0.1
	0.1
	0.1

	Polarization loss
	3
	3
	3
	3

	Shadow margin 
	3
	3
	3
	3


Proposal 1: To add other losses for MEO into table 6.2-1 in TR 36.763.
Table 2 and Table 3 provide the link budget results for NB-IoT and eMTC in scenario D respectively, with satellite parameter set-5. The detailed link budget results can be found in our companion contribution [3].
Table 2. Link budget results for NB-IoT in Satellite set 5
	NB-IoT
	DL
	UL

	Channel bandwidth (kHz)
	180
	180
	90
	45
	15
	3.75

	Scenario D
	CNR (dB)
	-4.42
	-16.95
	-13.94
	-10.93
	-6.16
	-0.14


Table 3. Link budget results for eMTC in Satellite set 5
	eMTC
	DL
	UL

	Channel bandwidth (kHz)
	1080
	360
	180
	90
	45
	30

	Scenario D
	CNR (dB)
	-4.42
	-19.96
	-16.95
	-13.94
	-10.93
	-9.17


Proposal 2: capture the link budget results for MEO set-5 into TR 36.763.
2.2. CNR analysis:
Based on the link budget results for NB-IoT and eMTC in table 2 and 3, we provide performance analysis with the required SNR for NB-IoT/eMTC in TN.
NB IoT:
For DL, the minimum required SNR for NPDSCH is -10.2 dB with 256 repetitions on non-anchor carrier (Table 8.12.1.1.2-2 in TS 36.101). For UL, the minimum required SNR for NPRACH is -10.2 dB (Table 8.5.3.2.1-1 in TS 36.104).
eMTC:
For DL, the minimum required SNR for PDSCH is -19.3 dB (Table 9.5.6.1-2 in TR 36.888). For UL, the minimum required SNR for PUSCH is -24.3 dB (Table 9.5.7.1-3 in TR 36.888).
Observation 1: according to the link budget results for MEO set-5, NB IoT and eMTC can support the minimum SNR requirement. 

3. Conclusion

In this contribution, we provide our link budget results for the MEO set-5 for NB-IoT/eMTC over NTN. 

Proposal 1: To add other losses for MEO into table 6.2-1 in TR 36.763.

Proposal 2: capture the link budget results for MEO set-5 into TR 36.763.
Observation 1: according to the link budget results for MEO set-5, NB IoT and eMTC can support the minimum SNR requirement.
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5. Appendix: Agreements from RAN1#104b-e

Agreement:
Capture in TR 36.763 the summary of link budget results from contributing companies in Appendix 1, Section 6.1.1
NOTE 1: The summary in Appendix 1, Section 6.1.1 can be further checked and revised during the drafting of Text Proposal as necessary.
NOTE 2: The summary of link budget results will be captured with alignment between contributing companies
 
Agreement:
Capture the detailed link budget results from contributing companies in a separate spreadsheet
Agreement:
Include MEO Set-5 parameters for link budget analysis in a new Table 6.2-8 in TR 36.763, as a representative characterization of NTN-IoT scenarios with MEO altitude and characteristics:
Table 6.2-8: Sets of satellite parameters for link budget and system level evaluations 
 
	 
	Proposed MEO Scenarios (Set 5)

	Satellite orbit
	MEO

	Satellite altitude
	10,000 km

	Payload characteristics for DL transmission

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

	Equivalent satellite antenna aperture (NOTE1)
	1.5 m

	Satellite EIRP density
	45.4 dBW/MHz

	Satellite Tx max Gain
	28.1 dBi

	3dB beamwidth
	6.5 degrees

	Satellite beam diameter (at nadir pointing)
	1140 km

	Payload characteristics for UL reception

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

	Equivalent satellite antenna aperture (NOTE1)
	1.5 m

	G/T
	3.8 dB/K

	Satellite Rx max Gain
	28.1 dBi

	NOTE 1: This value is equivalent to the antenna diameter for the parabolic reflector modelled in Sec. 6.4.1 of TR 38.811. Other antenna models can be considered.


 
Agreement:
Add MEO Set-5 satellite parameters for system level simulator calibration  in a new Table 6.2-9 in TR 36.763: 
 
Table 6.2-9: Set-5 parameters for link budget analysis
	Set 5
	MEO

	3 dB Beam width (HPBW)
	6.5 degrees

	Central beam center elevation
	90 degrees

	Central beam edge elevation
	81.6 degrees

	Central beam edge satellite-UE distance
	10042 km


