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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN #103 e-meeting，the following agreements on scenarios and configuration have been reached[1]:
Agreement:
IoT NTN scenarios A, B, and C are included in the study as shown below:
	NTN Configurations 
	Transparent satellite

	GEO based non-terrestrial access network 
	Scenario A

	LEO based non-terrestrial access network generating steerable beams (altitude 1200 km and 600km)
	Scenario B

	LEO based non-terrestrial access network generating fixed beams whose footprints move with the satellite (altitude 1200 km and 600km)
	Scenario C



Agreement:
The following IoT NTN reference scenario parameters are agreed:
	Scenarios
	GEO based non-terrestrial access network - scenario A 
	LEO based non-terrestrial access network -Scenario B & C

	Orbit type
	station keeping a nominally fixed position in terms of elevation/azimuth with respect to a given earth point 
	circular orbiting at low altitude around the earth

	Altitude
	35,786 km
	600 km 
1,200 km 

	Frequency Range  (service link)
	< 6 GHz (e.g. 2 GHz in S band) 

	Device channel Bandwidth  (service link) (NOTE 7)
	· 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)

	Payload
	Transparent type
	Transparent Type

	Earth-fixed beams
	Yes
	Scenario B:  Yes (steerable beams), see NOTE 1
Scenario C: No  (the beams move with the satellite)

	Max beam foot print size (edge to edge) regardless of the elevation angle
	3500 km (NOTE 3)
	1000 km  (NOTE 2)

	Min Elevation angle for both sat-gateway and C-IoT device
	10degree for service link and 10degree for feeder link
	10degree for service link and 10degree for feeder link

	Max distance between satellite and C-IoT device at min elevation angle 
	 40,581 km 
	 1,932 km (600 km altitude) 
 3,131 km (1,200 km altitude) 

	Max Round Trip Delay (propagation delay only) 
	 541.46ms (service and feeder links)
	25.77 ms (600km) (service and feeder links)
41.77 ms (1200km) (service and feeder links)

	Max differential delay within a cell 
	10.3 ms
	3.12 ms and 3.18 ms for respectively 600km and 1200km

	Max Doppler shift (earth fixed user equipment) (NOTE 6)
	0.93 ppm
	24 ppm (600km) 
 21ppm(1200km) 
 

	Max Doppler shift variation (earth fixed user equipment)  (NOTE 6)
	0.000 045 ppm/s 
	  0.27 ppm/s  (600km) 
  0.13 ppm/s  (1200km) 

	C-IoT device motion on the earth
	Min 0 km/s (stationary device), max 120 km/h 
	Min 0 km/s (stationary device), max 120 km/h

	C-IoT device antenna types
	Omnidirectional antenna with 0 dBi TX antenna gain and 0 dBi RX antenna gain  (NOTE 4) 

	C-IoT device max Tx power
	UE power class 3 with up to 200 mW (23dBm), UE power class 5 with up to 100 mW (20 dBm) 

	C-IoT device Noise Figure
	Omnidirectional antenna: 7 dB or 9 dB  (NOTE 5)

	Service link
	3GPP defined Narrow Band IoT and eMTC


 
NOTE 1:    Each satellite has the capability to steer beams towards fixed points on earth using beamforming techniques. This is applicable for a period of time corresponding to the visibility time of the satellite.
NOTE 2:   This beam size refers to the Nadir pointing of the satellite.  
NOTE 3: The Maximum beam foot print size for GEO is based on current state of the art GEO High Throughput systems, assuming either spot beams at the edge of coverage (low elevation) or a single wide-beam.
NOTE 4: The use of a Circular polarized antenna is optional.
NOTE 5: Same Noise Figure of 7 dB as in Release 16 TR 38.821 or 9 dB as in Release 12 TR 36.888  for device can be assumed for link budget. The noise figure is device vendor implementation specific.  
NOTE 6: Max Doppler shift and Max Doppler shift variation in the absence of any device pre-compensation of satellite Doppler shift on the service link.
NOTE 7: System bandwidth is FFS 

In this contribution, we further anlayzed the related issues and prosented our views about potential application scenarios for eMTC and NB-IoT over NTN. 

Discussion 
0. Link budget
In this section, link budget under different scenarios are evaluated. According to agreed link budget parameters, we calculate the link budget in S band for related scenarios. Set-1 satellite set in TR38.321 are reused. Note that the max UL channel bandwidth can be 180 kHz for NB-IoT and 2*180 kHz for eMTC, so we use this worst assumption to check if SNR is reasonable for larger UL transmission bandwidth. Results are shown in the table 1 and table 2.
Table 1 Link budget result for eMTC NTN
	
	DL
	UL
	DL
	UL
	DL
	UL

	Satellite orbit
	GEO
	GEO
	LEO1200
	LEO1200
	LEO600
	LEO600

	Frequency (GHz)
	2
	2
	2
	2
	2
	2

	TX: EIRP [DL:dBW/MHz
UL;dBW]
	59
	-10
	40
	-10
	34
	-10

	RX: G/T [dB/K]
	-31.62
	19
	-31.62
	1.1
	-31.62
	1.1

	B(MHZ)
	1.08
	0.36
	1.08
	0.36
	1.08
	0.36

	Free space path loss [dB]
	190.64
	190.64
	168.38
	168.38
	164.19
	164.19

	Atmospheric loss [dB]
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1

	Shadow fading margin [dB]
	3
	3
	3
	3
	3
	3

	Scintillation Loss [dB]
	2.2
	2.2
	2.2
	2.2
	2.2
	2.2

	Polarization loss [dB]
	0
	0
	0
	0
	0
	0

	Additional losses [dB]
	0
	0
	0
	0
	0
	0

	Central beam elevation
	10 degree
	10 degree
	10 degree
	10 degree
	10 degree
	10 degree

	C-IoT device Noise Figure[dB]
	-7
	-7
	-7
	-7
	-7
	-7

	CNR [dB]
	0.04
	-13.90
	3.3
	-9.54
	1.49
	-5.35



Table 2 Link budget result for NB-IoT NTN
	
	DL
	UL
	DL
	UL
	DL
	UL

	Satellite orbit
	GEO
	GEO
	LEO1200
	LEO1200
	LEO600
	LEO600

	Frequency (GHz)
	2
	2
	2
	2
	2
	2

	TX: EIRP [DL:dBW/MHz
UL;dBW]
	59
	-10
	40
	-10
	34
	-10

	RX: G/T [dB/K]
	-31.62
	19
	-31.62
	1.1
	-31.62
	1.1

	B(MHZ)
	0.18
	0.18
	0.18
	0.18
	0.18
	0.18

	Free space path loss [dB]
	190.64
	190.64
	168.38
	168.38
	164.19
	164.19

	Atmospheric loss [dB]
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1

	Shadow fading margin [dB]
	3
	3
	3
	3
	3
	3

	Scintillation Loss [dB]
	2.2
	2.2
	2.2
	2.2
	2.2
	2.2

	Polarization loss [dB]
	0
	0
	0
	0
	0
	0

	Additional losses [dB]
	0
	0
	0
	0
	0
	0

	Central beam elevation
	10 degree
	10 degree
	10 degree
	10 degree
	10 degree
	10 degree

	C-IoT device Noise Figure[dB]
	-7
	-7
	-7
	-7
	-7
	-7

	CNR [dB]
	0.04
	-10.89
	3.3
	-8.53
	1.49
	-4.34



[bookmark: _GoBack]Based on the above link budget results, it can be seen that in GEO system, the CNR of UL at the beam center will reach -14dB level for eMTC. Even for NB-IoT, this situation is also worse, about -11dB level. Considering that the maximum cell radius is 1750km, the worst CNR of cell edge users in eMTC will be far less than - 14dB.

Observation 1：In GEO system, the UL CNR at the beam center will reach about -14dB when large bandwidth is configured.

Proposal 1：In view of worse SNR range in large UL bandwidth, 360khz / 180khz UL bandwidth should not be set as typical configuation for calibration and performance evaluation. 

0. Satellite related parameters configuration
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In general, MTC deployment is targeted to provide wide coverage, especially for non-terrestrial network. Then the minimal beam footprint size should not be less than 100km. In order to ensure good coverage within the beam area, the 3dB beamwidth should be carefully configured. In table 3, 3dB beamwidth angles are listed according to TR38.821.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Table 3 The 3dB beamwidth for S band in TR 38.821
	
	GEO
	LEO-1200
	LEO-600

	[bookmark: OLE_LINK3]3dB beamwidth—Set1
	0.4011 deg
	4.4127 deg
	4.4127 deg

	Satellite beam diameter—Set1
	250 km
	90 km
	50 km

	3dB beamwidth—Set2
	0.7353 deg
	8.8320 deg
	8.8320 deg

	Satellite beam diameter—Set2
	450 km
	190 km
	90 km



From the table 3, it is observed that 3dB beamwidth is a bit narrow due to limited beam footprint size when use it into IoT NTN scenario. As agreed beam size, for GEO IoT case, the beam coverage is 3500km, and for LEO IoT case, the beam coverage is 1000km. Obviously, the 3dB beamwidth for IoT NTN needs to be updated.  
Observation 2：The existing 3dB beamwidth for S band on satellite parameter configuration in TR 38.821 can’t guarantee beam coverage for IoT NTN.
 
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]Proposal 2: New 3dB beamwidth paremeter for IoT NTN needs to be defined.

According to the altitude of the satellite, the elevation angle and the radius of the earth, satellite coverage angles can be calculated. Related angle definitions are llustrated in figure 1, whereone beam is applied for one satellite,  is elevation angle of satellite,  is the angle from left edge of the beam to beam center and  is the angle from right edge of the beam to beam center. 


Figure 1 Beam coverage and angle mapping

Satellited coverage results are shown in the table 4, where the beam diameter corresponds to the steering beam case in which beam center is fixed for different elevation angle. 

Table 4 Satellite coverage result for different cases
	Use cases
	Elevation:
	the max angle of beam coverage:
	the max angle of beam coverage:
	the corresponding beam diameter assuming beamwidth angle equal to 2*

	GEO
	90 degree
	8.6922 degree
	8.6922 degree
	5429*2 km

	GEO
	45 degree
	2.5577 degree
	14.8266 degree
	1670*2 km

	GEO
	30 degree
	1.1718 degree
	16.2125 degree
	789.62*2 km

	GEO
	10 degree
	0.1331 degree
	17.2513 degree
	94.271*2 km

	LEO-1200
	90 degree
	57.2989 degree
	57.2989 degree
	1200*2 km

	LEO-1200
	45 degree
	20.7841 degree
	98.8137 degree
	573.1*2 km

	LEO-1200
	30 degree
	10.5163 degree
	104.0815 degree
	366.88*2 km

	LEO-1200
	10 degree
	1.3318 degree
	113.2660 degree
	313.09*2 km

	LEO-600
	90 degree
	[bookmark: OLE_LINK6][bookmark: OLE_LINK7]66.0541 degree
	66.0541 degree
	691.72*2 km

	LEO-600
	45 degree
	25.7950 degree
	106.3132 degree
	366.83*2 km

	LEO-600
	30 degree
	13.7295 degree
	118.3787 degree
	257.62*2 km

	LEO-600
	10 degree
	1.8902 degree
	130.2180 degree
	63.725*2 km



As agreed in agreement of RAN #103e, for GEO IoT case, the max beam coverage is 3500km, and for LEO IoT case, the max beam coverage is 1000km. Based on the above results, for GEO and LEO-600, the beam sizes in case of the elevation angle equal to 45 degree and less are less than 3500 km, and for LEO-1200 case the beam sizes in case of the elevation angle equal to 30 degree and less are less than 1000km. If taking agreed maximum beam size for GEO and LEO case as the evaluation assumption, some evaluated cases same as that of TR38.821 may not be suitable. Hence we suggest to change the maximum beam coverage or select other elevation angles for evaluation.
Based on above results, we can get the following observations:
Observation 3: For IoT NTN evaulation, due to larger beam size, mutiple tiers of beam layout may not be suitable. 
Observation 4: For steering beam case, smaller beam size is to be defined to fit different elevation angles. 

Proposal 3: For evaluation purpose, it is suggested to limited beam tier and adjust the maximum beam size to get reasonble results. 

Conclusion
In this contribution, we analzyed typical scenarions and related parameters for NB-IoT and eMTC over satellite. Observations and proposals are summarized below:
Observation 1：In GEO system, the UL CNR at the beam center will reach about -14dB when large bandwidth is configured.
Observation 2：The existing 3dB beamwidth for S band on satellite parameter configuration in TR 38.821 cannot guarantee beam coverage for IoT NTN.
Observation 3: For IoT NTN evaulation, due to larger beam size, mutiple tiers of beam layout may not be suitable. 
Observation 4: For steering beam case, smaller beam size is to be defined to fit different elevation angles. 

Proposal 1：In view of worse SNR range in large UL bandwidth, 360khz / 180khz UL bandwidth should not be set as typical configuation for calibration and performance evaluation. 
Proposal 2: New 3dB beamwidth paremeter for IoT NTN needs to be defined.
Proposal 3: For evaluation purpose, it is suggested to limited beam tier and adjust the maximum beam size to get reasonble results. 
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