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1. Introduction
In RAN1 meeting #104-e, two satellite parameters, i.e., set 3 and set 4 are introduced in addition to set 1 and set 2 for study of IoT over NTN. Some parameters for link budget evaluation are also provided. The detailed agreements are provided in Appendix. 
On the other hand, based on the LS from ESOA [1] and many companies contributions to RAN#91e, there seems to be a strong desire to complete the IoT over NTN study item earlier than scheduled and accommodate a work item on IoT over NTN in the Rel-17 timeframe. To make this happen, the study item needs to be expedited and the scope on the IoT features needs to be narrowed down in a reasonable manner. 
In this contribution, we provide our link budget results for the agreed satellite sets for NB-IoT/eMTC over NTN, as well as our views on the essential features for IoT over NTN to proceed the study.
2. Link budget analysis for NB-IoT/eMTC over NTN
In this section, we provide the link budget results for the agreed satellite sets, i.e., set 1, set 2, set 3 and set 4, for NB-IoT/eMTC over NTN. The details of simulation assumptions and results for link budget analysis can be found in our companion contribution [2].
2.1. Satellite set 1
Table 1 and Table 2 provide the link budget results for NB-IoT and eMTC in scenario A, scenario B&C-600km, scenario B&C-1200km respectively, with satellite parameter set 1.
Table 1. Link budget results for NB-IoT in Satellite set 1
	NB-IoT
	DL
	UL

	Channel bandwidth (kHz)
	180
	180
	90
	45
	15
	3.75

	Scenario A
	CNR (dB)
	-5.03
	-13.95
	-10.94
	-7.93
	-3.16
	2.86

	
	CIR (dB)
	1.10
	2.20
	2.20
	2.20
	2.20
	2.20

	
	CINR (dB)
	-5.97
	-14.06
	-11.15
	-8.34
	-4.27
	-0.49

	Scenario B&C-600km
	CNR (dB)
	1.58
	-0.25
	2.76
	5.77
	10.54
	16.56

	
	CIR (dB)
	-0.20
	0.10
	0.10
	0.10
	0.10
	0.10

	
	CINR (dB)
	-2.41
	-3.09
	-1.78
	-0.94
	-0.28
	0.00

	Scenario B&C-1200km
	CNR (dB)
	2.18
	-5.65
	-2.64
	0.37
	5.14
	11.16

	
	CIR (dB)
	-0.10
	0.20
	0.20
	0.20
	0.20
	0.20

	
	CINR (dB)
	-2.12
	-6.66
	-4.46
	-2.73
	-1.01
	-0.13


Table 2. Link budget results for eMTC in Satellite set 1
	eMTC
	DL
	UL

	Channel bandwidth (kHz)
	1080
	360
	180
	90
	45
	30

	Scenario A
	CNR (dB)
	-5.03
	-16.96
	-13.95
	-10.94
	-7.93
	-6.17

	
	CIR (dB)
	1.10
	2.20
	2.20
	2.20
	2.20
	2.20

	
	CINR (dB)
	-5.97
	-17.02
	-14.06
	-11.15
	-8.34
	-6.76

	Scenario B&C-600km
	CNR (dB)
	1.58
	-3.26
	-0.25
	2.76
	5.77
	7.53

	
	CIR (dB)
	-0.20
	0.10
	0.10
	0.10
	0.10
	0.10

	
	CINR (dB)
	-2.41
	-4.91
	-3.09
	-1.78
	-0.94
	-0.62

	Scenario B&C-1200km
	CNR (dB)
	2.18
	-8.66
	-5.65
	-2.64
	0.37
	2.13

	
	CIR (dB)
	-0.10
	0.20
	0.20
	0.20
	0.20
	0.20

	
	CINR (dB)
	-2.12
	-9.19
	-6.66
	-4.46
	-2.73
	-1.95


2.2. Satellite set 2
Table 3 and Table 4 provide the link budget results for NB-IoT and eMTC in scenario A, scenario B&C-600km, scenario B&C-1200km respectively, with satellite parameter set 2.
Table 3. Link budget results for NB-IoT in Satellite set 2
	NB-IoT
	DL
	UL

	Channel bandwidth (kHz)
	180
	180
	90
	45
	15
	3.75

	Scenario A
	CNR (dB)
	-10.53
	-18.95
	-15.94
	-12.93
	-8.16
	-2.14

	
	CIR (dB)
	1.90
	2.30
	2.30
	2.30
	2.30
	2.30

	
	CINR (dB)
	-10.77
	-18.99
	-16.01
	-13.06
	-8.54
	-3.48

	Scenario B&C-600km
	CNR (dB)
	-4.42
	-6.25
	-3.24
	-0.23
	4.54
	10.56

	
	CIR (dB)
	0.00
	-0.80
	-0.80
	-0.80
	-0.80
	-0.80

	
	CINR (dB)
	-5.76
	-7.34
	-5.20
	-3.54
	-1.91
	-1.11

	Scenario B&C-1200km
	CNR (dB)
	-3.82
	-11.65
	-8.64
	-5.63
	-0.86
	5.16

	
	CIR (dB)
	0.00
	-0.50
	-0.50
	-0.50
	-0.50
	-0.50

	
	CINR (dB)
	-5.33
	-11.97
	-9.26
	-6.79
	-3.69
	-1.54


Table 4. Link budget results for eMTC in Satellite set 2
	eMTC
	DL
	UL

	Channel bandwidth (kHz)
	1080
	360
	180
	90
	45
	30

	Scenario A
	CNR (dB)
	-10.53
	-21.96
	-18.95
	-15.94
	-12.93
	-11.17

	
	CIR (dB)
	1.90
	2.30
	2.30
	2.30
	2.30
	2.30

	
	CINR (dB)
	-10.77
	-21.98
	-18.99
	-16.01
	-13.06
	-11.36

	Scenario B&C-600km
	CNR (dB)
	-4.42
	-9.26
	-6.25
	-3.24
	-0.23
	1.53

	
	CIR (dB)
	0.00
	-0.80
	-0.80
	-0.80
	-0.80
	-0.80

	
	CINR (dB)
	-5.76
	-9.84
	-7.34
	-5.20
	-3.54
	-2.80

	Scenario B&C-1200km
	CNR (dB)
	-3.82
	-14.66
	-11.65
	-8.64
	-5.63
	-3.87

	
	CIR (dB)
	0.00
	-0.50
	-0.50
	-0.50
	-0.50
	-0.50

	
	CINR (dB)
	-5.33
	-14.83
	-11.97
	-9.26
	-6.79
	-5.52


2.3. Satellite set 3
Table 5 and Table 6 provide the link budget results for NB-IoT and eMTC in scenario A, scenario B&C-600km, scenario B&C-1200km respectively, with satellite parameter set 3.
Table 5. Link budget results for NB-IoT in Satellite set 3
	NB-IoT
	DL
	UL

	Channel bandwidth (kHz)
	180
	180
	90
	45
	15
	3.75

	Scenario A
	CNR (dB)
	-4.23
	-16.25
	-13.24
	-10.23
	-5.46
	0.56

	
	CIR (dB)
	2.00
	2.40
	2.40
	2.40
	2.40
	2.40

	
	CINR (dB)
	-5.15
	-16.31
	-13.36
	-10.46
	-6.12
	-1.63

	Scenario B&C-600km
	CNR (dB)
	-4.12
	-14.15
	-11.14
	-8.13
	-3.36
	2.66

	
	CIR (dB)
	-0.80
	-2.70
	-2.70
	-2.70
	-2.70
	-2.70

	
	CINR (dB)
	-5.78
	-14.45
	-11.72
	-9.23
	-6.05
	-3.81

	Scenario B&C-1200km
	CNR (dB)
	-4.12
	-19.55
	-16.54
	-13.53
	-8.76
	-2.74

	
	CIR (dB)
	-1.00
	-2.70
	-2.70
	-2.70
	-2.70
	-2.70

	
	CINR (dB)
	-5.85
	-19.64
	-16.72
	-13.88
	-9.72
	-5.73


Table 6. Link budget results for eMTC in Satellite set 3
	eMTC
	DL
	UL

	Channel bandwidth (kHz)
	1080
	360
	180
	90
	45
	30

	Scenario A
	CNR (dB)
	-4.23
	-19.26
	-16.25
	-13.24
	-10.23
	-8.47

	
	CIR (dB)
	2.00
	2.40
	2.40
	2.40
	2.40
	2.40

	
	CINR (dB)
	-5.15
	-19.29
	-16.31
	-13.36
	-10.46
	-8.81

	Scenario B&C-600km
	CNR (dB)
	-4.12
	-17.16
	-14.15
	-11.14
	-8.13
	-6.37

	
	CIR (dB)
	-0.80
	-2.70
	-2.70
	-2.70
	-2.70
	-2.70

	
	CINR (dB)
	-5.78
	-17.32
	-14.45
	-11.72
	-9.23
	-7.92

	Scenario B&C-1200km
	CNR (dB)
	-4.12
	-22.56
	-19.55
	-16.54
	-13.53
	-11.77

	
	CIR (dB)
	-1.00
	-2.70
	-2.70
	-2.70
	-2.70
	-2.70

	
	CINR (dB)
	-5.85
	-22.61
	-19.64
	-16.72
	-13.88
	-12.28


2.4. Satellite set 4
Table 7 and Table 8 provide the link budget results for NB-IoT and eMTC in scenario B&C-600km respectively, with satellite parameter set 4.
Table 7. Link budget results for NB-IoT in Satellite set 4
	NB-IoT
	DL
	UL

	Channel bandwidth (kHz)
	180
	180
	90
	45
	15
	3.75

	Scenario B&C-600km
	CNR (dB)
	-10.97
	-19.95
	-16.94
	-13.93
	-9.16
	-3.14

	
	CINR (dB)
	-10.97
	-19.95
	-16.94
	-13.93
	-9.16
	-3.14


Table 8. Link budget results for eMTC in Satellite set 4
	eMTC
	DL
	UL

	Channel bandwidth (kHz)
	1080
	360
	180
	90
	45
	30

	Scenario B&C-600km
	CNR (dB)
	-10.97
	-22.96
	-19.95
	-16.94
	-13.93
	-12.17

	
	CINR (dB)
	-10.97
	-22.96
	-19.95
	-16.94
	-13.93
	-12.17


Observation: The evaluated link budget results for the scenarios of NB-IoT/eMTC over NTN are provided in Table 1~Table 8. 
3. Prioritized scenarios for NB-IoT/eMTC over NTN
In RAN#91e email discussion #42 [3], rapporteur summarized a few features that can be considered by the working groups as candidates for non-essential functionality in Rel-17.

· HARQ 

· Latency 

· Power consumption 

· Spectral efficiency 

· Coverage 

· Mobility 

· RLF and re-establishment handling

It is summarized in [3] that at least the use case of intermittent delay-tolerant small packet transmissions will be prioritized. To this end, we think that enhancements related to HARQ, latency, spectral efficiency, mobility and RLF are really not essential to be included in the Rel-17 IoT over NTN WI. However, coverage enhancement is an inherent feature for NB-IoT and eMTC due to the reduced bandwidth and limited link budget. In NTN scenarios, link budget may become even more challenging due to the longer transmission path, and therefore we think coverage enhancement (e.g. larger repetitions, CE levels and related RA procedures) needs to be studied to at least solve the fundamental connection issue for IoT devices.  

Proposal 1: Coverage enhancements should be studied and specified for IoT over NTN in Rel-17.

In addition to coverage enhancement, power consumption is another important feature for IoT devices. In particular, some NB-IoT devices are even intended to have 10 years’ battery life to cater for the case where they are placed in some areas with no battery maintenance. When it comes to the NTN scenarios, we think this power consumption requirement still applies and without this feature, NB-IoT devices would become less appealing in the market. Note that in the history of NB-IoT enhancement, various aspects for reducing UE’s power consumption have been introduced in different releases, e.g. eDRX, SPS, relaxed monitoring for cell reselection, WUS, etc. We believe that these deserve more study in Rel-17 for the NTN case.

Proposal 2: Power consumption enhancements should be studied and specified for IoT over NTN in Rel-17.

Other than these, the ongoing discussion in RAN1 and RAN2 on RACH procedure, UE time/frequency pre-compensation using GNSS capabilities, timing relationships between downlink reception and uplink transmission, and system information broadcasting related to RA procedure are also essential features for IoT devices to work properly in NTN. They are certainly to be specified in the Rel-17 WI phase.
On the other hand, the features which are not identified as essential in Rel-17 but beneficial to the IoT over NTN system, e.g. spectral efficiency, latency, mobility and RLF should be studied and specified in later release. 
Proposal 3: The features beneficial but not essential for IoT over NTN in Rel-17 should be studied and specified in later release.
4. Conclusion

In this contribution, we provide our link budget results for the agreed satellite sets for NB-IoT/eMTC over NTN. 

Observation: The evaluated link budget results for the scenarios of NB-IoT/eMTC over NTN are provided in Table 1~Table 8. 

In addition, we provide our views on the essential features for IoT over NTN to proceed the study, and the following proposals are made.
Proposal 1: Coverage enhancements should be studied and specified for IoT over NTN in Rel-17.

Proposal 2: Power consumption enhancements should be studied and specified for IoT over NTN in Rel-17.

Proposal 3: The features beneficial but not essential for IoT over NTN in Rel-17 should be studied and specified in later release.
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6. Appendix: Agreements from RAN1#104-e
Agreement:
The following assumptions are agreed for a common set of link budget parameters:

· UE power class (PC5=20 dBm)

· UE Noise Figure (NF=9 dB)

· Channel Bandwidth for NB-IoT and eMTC as was included in IoT NTN reference scenario parameters agreed in RAN1#103e 

· NB-IoT 180 kHz (DL), Up to 180 kHz with all permissible smaller resource allocations 12*15 kHz, 6*15 kHz, 3*15 kHz, 1*15 kHz, 1*3.75 kHz

· eMTC: 1080 kHz (DL), Up to 1080 kHz with all permissible smaller resource allocations, including 2*180 kHz, 180 kHz, 2*15 kHz or 3*15 kHz or 6*15 kHz (UL)

· Other losses

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

	Scintillation losses
	2.2
	2.2
	2.2

	Atmospheric losses
	0.2
	0.1
	0.1

	Polarization loss
	3
	3
	3

	Shadow margin 
	3
	3
	3


NOTE 1: With PC3 (23 dBm) there is a 3dB gain compared to the PC5 (20 dBm) assumption on UL. 

NOTE 2: With NF=7 dB, there is a 2 dB improvement compare to NF=9 dB on DL.

NOTE 3: Link budgets with other link budget parameters are not excluded from being captured in the TR.

NOTE 4: These parameters are only for the purpose of link budget calculations.

NOTE 5: Atmospheric losses are a function of elevation angle.

Agreement:
Link budget analysis assumes 3 dB polarization loss for DL and 3 dB polarization loss on UL for satellite parameters Set 1, Set 2, Set 3, and Set 4

Agreement:
Include in TR 36.763, the 3 dB beam width (HPBW), central beam center elevation and central beam edge elevation in the satellite parameter set(s) to be used in link budget calculations – (Corresponding satellite parameter Set 3 and Set 4 are given in Section 9.4)
	SET 3
	GEO 35786 km
	LEO-600 km
	LEO-1200 km

	3 dB Beam width (HPBW)
	0.735 degree
	22.0631 degree
	22.0631 degree

	Central beam center elevation 
	20.88 degree
	43.78 degree
	46.05 degree

	Central beam edge elevation
	12.5 degree
	30 degree
	30 degree

	Central beam edge satellite-UE distance
	40316 km
	1074 km
	1998 km


 
	SET 4
	LEO-600 km

	3 dB Beam width (HPBW)
	104.7 degree

	Central beam center  elevation
	90 degree

	Central beam edge elevation
	30 degree

	Central beam edge satellite-UE distance
	1076 km


NOTE 1: The 3 dB beam width (HPBW)  is already included in satellite parameter set 1 and Set 2 in TR 38.821 Table 6.1.1.1-1 and Table 6.1.1.1-2  respectively. The central beam center elevation  for Set-1 and Set-2 is defined as the target elevation angle that is included in in TR 38.821 Table 6.1.3.2-1.   The central beam edge satellite-UE distance can be derived from the central beam edge elevation and does not need to be included.
NOTE 2: Central beam center elevation is the beam center elevation of the central beam in the beam layout. 
NOTE 3: Central beam edge elevation is the minimum beam edge elevation of the central beam in the beam layout.
NOTE 4 In SLS evaluation with a multiple beam layout, the central beam is the serving beam for UEs. The outer beams have beam center elevation that is different from the central beam center elevation.  For the interference modelling, the interference due to the outer beams is determined by using their respective beam center elevations.
NOTE 5: For the multiple-beam satellite cell, the longest beam edge distance will correspond to the minimum beam edge elevation of the most outer beam as illustrated in figure below.
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Agreement:
Include the following tables in TR 36.763:
· Set 1 satellite parameters (based on TR 38.821, Table 6.1.1.1-1)
· Set 2 satellite parameters (based on TR 38.821, Table 6.1.1.1-2)
· Set 3 satellite parameters (Eutelsat R1-2101146 with central beam edge elevation 12.5 degree for GEO, and 30 degree for LEO-600 km and 1200 km)
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Central beam edge elevation 
	12.5 degree
	30 degree
	30 degree

	Central beam center elevation
	20.9 degree
	46.05 degree
	43.8 degree

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (NOTE 1)
	S-band
(i.e. 2 GHz)
	12 m
	0.4m
	0.4 m

	Satellite EIRP density
	
	59.8 dBW/MHz
	33.7 dBW/MHz
	28.3 dBW/MHz

	Satellite Tx max Gain
	
	45.7 dBi
	16.2 dBi
	16.2 dBi

	3dB beam width (HPBW)
	
	0.7353 degree
	22.1 degree
	22.1 degree

	Satellite beam diameter (NOTE 2)
	
	459km
	470 km
	234 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (NOTE 1)
	S-band 
(i.e. 2 GHz)
	12 m
	0.4 m
	0.4 m

	G/T
	
	16.7dB K-1
	-12.8 dB K-1
	-12.8 dB K-1

	Satellite Rx max Gain
	
	45.7 dBi
	16.2 dBi
	16.2 dBi


NOTE 1: This value is equivalent to the antenna diameter in Sec. 6.4.1 of TR 38.811 
NOTE 2: Satellite beam diameter is at Nadir point
NOTE 3: Central beam center elevation is referred to as central beam elevation in TR 38.821
NOTE 4: Central beam edge elevation is the minimum beam edge elevation of the central beam in the beam layout.
· Set 4 satellite parameters (Thales, Sateliot, Gatehouse R1-2101019)
	Satellite orbit
	LEO-600

	Satellite altitude
	600 km

	Central beam edge elevation
	30 degree

	Central beam center elevation
	90 degree

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (NOTE 1)
	S-band
(i.e. 2 GHz)
	0.097 m

	Satellite EIRP density
	
	21.45 dBW/MHz

	Satellite Tx max Gain
	
	11 dBi

	3dB beam width (HPBW)
	
	104.7 degree

	Satellite beam diameter (Note 2)
	
	1700 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band 
(i.e. 2 GHz)
	0.097 m

	G/T
	
	- 18.6 dB·K-1

	Satellite Rx max Gain
	
	11 dBi


NOTE 1: This value is equivalent to the antenna diameter in Sec. 6.4.1 of TR 38.811
NOTE 2: Satellite beam diameter is at Nadir point
NOTE 3: Central beam center elevation is referred to as central beam elevation in TR 38.821
NOTE 4: Central beam edge elevation is the minimum beam edge elevation of the central beam in the beam layout.
