3GPP TSG RAN WG1 #104-e			R1-2101368
e-Meeting, January 25th – February 5th, 2021

Agenda Item:	8.15.1
Source:	Apple
Title:	On Link Budget of IoT NTN
Document for:	Discussion/Decision
Introduction
The study item description of NB-IoT/eMTC support for NTN was provided in [1]. One objective of this study item is to identify scenarios applicable to NB-IoT/eMTC. The following agreements have been made in RAN1 #103-e meeting [2]. 

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
	10° for service link and 10° for feeder link
	10° for service link and 10° 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 provide link budget analysis based on the agreed IoT NTN reference scenario parameters. 
Discussion
Three different IoT NTN scenarios have been agreed [2]. The reference parameters of these IoT NTN scenarios have been agreed [2]. More details can be found in [3].These parameters are used in our link budget analysis. 

The set-2 satellite parameters in [4] are used in our link budget analysis. The set-2 satellite parameters are more restrictive than the set-1 satellite parameters, which is preferrable to be used in link budget analysis. Furthermore, we assume the IoT device maximum transmit power as 23 dBm, shadowing is 3 dB, atmospheric path loss is 0.1 dB, scintillation loss is 2.2 dB and no additional loss in our analysis. 

The link budget evaluations for downlink are provided in Table 1 and the link budget evaluations for uplink is provided in Table 2. 

As mentioned in [3], the alignment of link budget analysis from different companies is preferred. Hence, we have the following proposal:

Proposal 1: RAN1 to align the link budget analysis for IoT NTN. 

[bookmark: _Ref61253473]Table 1: DL NB-IoT/eMTC link budget based on set 2 satellite parameters in [4]
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	
	NB-IoT
	eMTC
	NB-IoT
	eMTC
	NB-IoT
	eMTC

	Satellite EIRP density (dBW/MHz)
	53.5
	34
	28

	Channel bandwidth (MHz)
	0.18
	1.08
	0.18
	1.08
	0.18
	1.08

	Satellite EIRP (dBm)
	76.05
	83.83
	56.55
	64.33
	50.55
	58.33

	
	
	
	

	Max. distance between satellite and IoT device (km)
	40581
	3131
	1932

	Carrier frequency (GHz)
	2
	2
	2

	Free space path loss (dB)
	190.64
	168.38
	164.19

	Shadowing (dB)
	3
	3
	3

	Atmospheric path loss (dB)
	0.1
	0.1
	0.1

	Scintillation loss (dB)
	2.2
	2.2
	2.2

	Additional loss (dB)
	0
	0
	0

	
	
	
	

	IoT antenna temperature (K)
	290
	290
	290

	Thermal noise (dBW/Hz)
	-174
	-174
	-174

	Noise floor (dBm)
	-121.45
	-113.67
	-121.45
	-113.67
	-121.45
	-113.67

	IoT noise figure (dB)
	7
	7
	7

	IoT device antenna gain (dBi)
	0
	0
	0

	
	
	
	

	CNR (dB)
	-5.44
	-5.44
	-2.68
	-2.68
	-4.49
	-4.49




[bookmark: _Ref61253491]Table 2: UL NB-IoT/eMTC link budget based on set 2 satellite parameters in [4]
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	
	NB-IoT
	eMTC
	NB-IoT
	eMTC
	NB-IoT
	eMTC

	IoT device max Tx power (dBm)
	23
	23
	23

	IoT device antenna gain (dBi)
	0
	0
	0

	IoT device EIRP (dBm)
	23
	23
	23

	
	
	
	

	Max. distance between satellite and IoT device (km)
	40581
	3131
	1932

	Carrier frequency (GHz)
	2
	2
	2

	Free space path loss (dB)
	190.64
	168.38
	164.19

	Shadowing (dB)
	3
	3
	3

	Atmospheric path loss (dB)
	0.1
	0.1
	0.1

	Scintillation loss (dB)
	2.2
	2.2
	2.2

	Additional loss (dB)
	0
	0
	0

	
	
	
	

	Satellite Rx max gain (dBi)
	45.5
	24
	24

	Channel bandwidth (MHz)
	0.015
	0.18
	0.015
	0.18
	0.015
	0.18

	
	
	
	

	CNR (dB)
	-5.20
	-5.99
	-4.45
	-5.24
	-0.25
	-1.04



Conclusion
In this contribution, we provided our link budget analysis on IoT over NTN. Our proposal is as follows: 

Proposal 1: RAN1 to align the link budget analysis for IoT NTN.
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