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In RANP#86, a study item on support of NB-IoT and eMTC over NTN was approved [1], with the following objective related to scenarios:
This Study will evaluate and confirm solutions to address the minimum necessary specifications for NB-IoT and eMTC according to the following objectives. 
The first objective of this Study is to identify scenarios applicable to NB-IoT/eMTC [RAN1, RAN2], including:
-	Bands of interest in sub 6 GHz
-	Device type with PC3 or PC5 (LEO and GEO) 
-	Satellite constellation orbit LEO and GEO 
-	Transparent payload.
-	Link budget
NOTE 1: This first objective will be based on the scenarios documented in TR 38.821.
NOTE 2: UE mobility assumptions follow terrestrial NB-IoT/eMTC assumptions.

Scenarios for IoT-NTN were considered at RAN#103e. The agreements that were reached in RAN1#103e are listed in the appendix.

Many aspects of scenarios for IoT-NTN have been agreed, but there are still some remaining issues related to the link budget that need to be agreed, including the following:
· satellite TX EIRP
· satellite RX G/T
· cell edge losses to account for satellite antenna pattern
· link level simulation assumptions

Link budget proposal from RAN1#103e
In the email discussion in RAN1#103e [10], it was proposed by the FL to use the parameters in Table 1 for the IoT-NTN link budget. These are the Set2 parameters from  [9], which are also referred to as “Set3”. These link budget parameters have not yet been agreed and agreement on the parameters to use in the IoT-NTN link budget is needed in RAN1#104e.
[bookmark: _Ref61818445]Table 1 – Link budget parameters that were proposed to be included in TR36.763 in RAN1#103e [10]
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It was also proposed to include the following path loss modelling (TR 38.821 in Table 6.1.3.3-1) in TR36.763:
[bookmark: _Ref61853606]Table 2 – Pathloss modelling parameters proposed in [10]
	
	GEO 35786 km
	LEO 1200 km
	LEO 600 km
	

	FSPL 
	190.6
	164.5
	159.1
	dB

	Scintillation losses
	2.2
	2.2
	2.2
	dB

	atmospheric losses
	0.1
	0.1
	0.1
	dB

	polarization loss
	3
	3
	3
	dB

	shadow margin 
	3
	3
	3
	dB

	sum of all losses 
	198.9
	172.8
	167.4
	dB




Parameters to use in eMTC / NB-IoT link budget for IoT-NTN
In order to determine whether there is sufficient link budget to support eMTC and / or NB-IoT over an NTN link, firstly the available SNR at the cell edge needs to be calculated. The cell edge SNR is given by:

Where:
· PRX is the received signal power
· GRX is the receiver gain
· N is the receiver noise

The following sections consider whether current agreements include sufficient information for calculating the SNR in the uplink and downlink.
Uplink
The “GRX – N” term is defined by the RX G/T of the satellite, which depends on satellite implementation. The noise also depends on the physical channel bandwidth. Assumptions on RX G/T need to be agreed. The values proposed in Table 1 are reasonable:
	Scenario
	RX G/T

	GEO
	16.7 dBK-1

	LEO-600
	-12.8 dBK-1

	LEO-1200
	-12.8 dBK-1



The RX G/T terms in the table above are the peak RX G/T terms and do not account for the antenna beam pattern. To account for cell edge operation an additional loss of 3dB needs to be considered in the link budget. 
The PRX term depends on the transmit power in the direction of the satellite and the pathloss. The transmit power of the UE has been agreed in RAN1#103e, as the “C-IoT device max Tx power” parameter. The UE TX antenna gain has been agreed to be omnidirectional (with an antenna gain of 0 dBi).
The pathloss parameters were proposed in RAN1#103e (see Table 2), but have not yet been agreed. These pathloss modelling parameters can be agreed. 
Observation 1: The following parameters need to be agreed for the IoT-NTN UL link budget:
· RX G/T
· Pathloss modelling parameters
· Additional loss accounting for satellite RX antenna pattern

Proposal 1. The peak RX G/T values assumed in the UL link budget are:
· GEO: 16.7 dBK-1
· LEO-600 and LEO-1200: -12.8 dBK-1

Proposal 2. An additional loss of 3dB is assumed in the cell edge UL link budget to account for satellite RX antenna pattern.
Proposal 3. The following pathloss parameters are assumed in the UL and DL link budgets:
	
	GEO 35786 km
	LEO 1200 km
	LEO 600 km
	

	FSPL 
	190.6
	164.5
	159.1
	dB

	Scintillation losses
	2.2
	2.2
	2.2
	dB

	atmospheric losses
	0.1
	0.1
	0.1
	dB

	polarization loss
	3
	3
	3
	dB

	shadow margin 
	3
	3
	3
	dB

	sum of all losses 
	198.9
	172.8
	167.4
	dB



Downlink
The “GRX – N” term is defined by receive antenna gain, noise figure and noise temperature. In RAN1#103e, the parameter “C-IoT device Noise Figure” was agreed, which includes a receive antenna gain of 0dBi and a receiver noise figure of 7dB (or 9dB, depending on device implementation). The noise temperature is assumed to be 290K. These parameters lead to an RX G/T figure at the UE of -31.6dBK-1. The downlink link budget can be expressed in terms of this RX G/T figure (rather than individual link budget terms for the antenna gain, noise figure etc) since use of an RX G/T figure gives consistency between the UL and DL link budgets.
The PRX term depends on the transmit power from the satellite in the direction of the UE and the pathloss. The transmit EIRP of the satellite has been proposed in RAN1#103e to take the following values, which seem reasonable (the total power applied to a physical channel can be calculated based on the bandwidth of that physical channel):
	Scenario
	TX EIRP

	GEO
	59.8 dBW/MHz

	LEO-600
	33.7dBW/MHz

	LEO-1200
	28.3dBW/MHz



To account for cell edge operation, the link budget also needs to account for the beam pattern of the satellite transmitter. At the cell edge, an additional loss of 3dB can be assumed in the link budget to account for the satellite beam pattern.
The same pathloss terms can be assumed for both the DL and the UL.  
Observation 2: The following parameters need to be agreed for the IoT-NTN DL link budget:
· TX EIRP density
· Pathloss modelling parameters
· Additional loss accounting for satellite TX antenna pattern

Proposal 4. The peak TX EIRP densities values assumed in the DL link budget are:
· GEO: 59.8 dBW / MHz
· LEO-600: 33.7 dBW / MHz
· LEO-1200: 28.3 dBW / MHz

Proposal 5. An additional loss of 3dB is assumed in the cell edge DL link budget to account for satellite TX antenna pattern.

Link budget evaluation of available SNR
We evaluate the link budget according to the calculation of 6.1.3.1 in [3] using the parameters that were agreed in RAN1#104e and the parameters that have been proposed in the sections above. In addition to these parameters, we assume the bandwidth of the DL is 1.08MHz (eMTC) or 180kHz (NB-IoT), and the bandwidth of the UL is 15kHz (eMTC Sub-PRB PUSCH or NB-IoT) or 180kHz (eMTC full-PRB PUSCH). We consider the link budget is for cell-edge, therefore we also assume the 3dB additional losses to account for the 3dB beam width of the satellite for downlink and uplink. The link budget evaluations for eMTC with sub-PRB PUSCH, eMTC with full-PRB PUSCH and NB-IoT are provided in Table 3, Table 4 and Table 5 respectively. The yellow highlighted entries in these link budgets show where we have needed to make assumptions (as discussed above), due to incomplete agreements in RAN1#103e.

[bookmark: _Ref54298908]Table 3 - Link budget evaluation for Rel-15 eMTC (sub-PRB PUSCH)
	
	GEO
	LEO-1200
	LEO-600

	Transmission mode
	DL
	UL
	DL
	UL
	DL
	UL

	Frequency [GHz]
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00

	TX: EIRP [dBm]
	90.13

	23.00
	64.03

	23.00
	58.63

	23.00

	RX: G/T [dB/T]
	-31.62
	16.70
	-31.62
	-12.80
	-31.62
	-12.80

	Bandwidth [MHz]
	1.08
	0.015
	1.08
	0.015
	1.08
	0.015

	Free space path loss [dB]
	190.58
	190.58
	164.49
	164.49
	159.10
	159.10

	Atmospheric loss [dB]
	0.12
	0.12
	0.11
	0.11
	0.10
	0.10

	Shadow fading margin [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Scintillation Loss [dB]
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20

	Polarization loss [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Additional losses [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	CNR [dB]
	-5.124
	-5.361
	-5.120
	-8.757
	-5.123
	-3.360



[bookmark: _Ref54298996]Table 4 - Link budget evaluation for Rel-13 eMTC (full-PRB PUSCH)
	
	GEO
	LEO-1200
	LEO-600

	Transmission mode
	DL
	UL
	DL
	UL
	DL
	UL

	Frequency [GHz]
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00

	TX: EIRP [dBm]
	90.13

	23.00
	64.03

	23.00
	58.63

	23.00

	RX: G/T [dB/T]
	-31.62
	16.70
	-31.62
	-12.80
	-31.62
	-12.80

	Bandwidth [MHz]
	1.08
	0.180
	1.08
	0.180
	1.08
	0.180

	Free space path loss [dB]
	190.58
	190.58
	164.49
	164.49
	159.10
	159.10

	Atmospheric loss [dB]
	0.12
	0.12
	0.11
	0.11
	0.10
	0.10

	Shadow fading margin [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Scintillation Loss [dB]
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20

	Polarization loss [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Additional losses [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	CNR [dB]
	-5.124
	-16.153

	-5.120
	-19.549

	-5.123
	-14.152




[bookmark: _Ref54299036]Table 5 - Link budget evaluation for NB-IoT
	
	GEO
	LEO-1200
	LEO-600

	Transmission mode
	DL
	UL
	DL
	UL
	DL
	UL

	Frequency [GHz]
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00

	TX: EIRP [dBm]
	82.35

	23.00
	56.25

	23.00
	50.85

	23.00

	RX: G/T [dB/T]
	-31.62
	16.70
	-31.62
	-12.80
	-31.62
	-12.80

	Bandwidth [MHz]
	0.180
	0.015
	0.180
	0.015
	0.180
	0.015

	Free space path loss [dB]
	190.58
	190.58
	164.49
	164.49
	159.10
	159.10

	Atmospheric loss [dB]
	0.12
	0.12
	0.11
	0.11
	0.10
	0.10

	Shadow fading margin [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Scintillation Loss [dB]
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20

	Polarization loss [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Additional losses [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	CNR [dB]
	-5.124
	-5.361
	-5.120
	-8.757
	-5.123
	-3.360



The available SNR values from the above tables should be suitable for supporting eMTC and NB-IoT services given the required SNRs observed in previous eMTC and NB-IoT work.

Required SNR
The previous section has considered the available SNR at the UE or satellite. In order to determine whether the link budget is acceptable for supporting eMTC and NB-IoT traffic, it is also necessary to determine the required SNR for the different transport channels. The required SNR depends on link level assumptions, including the following factors:
· Transport channels. At least PDSCH, MPDCCH, PUSCH and PUCCH should be considered. Parameters that need to be considered include:
· Transport block size
· Physical channel parameters. These include:
· Number of repetitions
· Resource unit size / number of resource units
· Modulation and coding schemes
· Aggregation level
· Frequency hopping parameters
· Antenna configuration	s
· Number of TX and RX antennas
· Over the air channel
· E.g. ETU, EPA, CDL, TDL

While some of the link level assumptions can be according to company preferences, for example the combinations of the number of repetitions / RU size / number of RU, other link level parameters require agreement between companies. Our views on the link level parameters that should be agreed for eMTC are included in Table 6. Similar assumptions can be applied for NB-IoT.
[bookmark: _Ref61863284]Table 6 – eMTC Link level simulation assumptions
	Parameter
	Assumption

	Transport channel
	PUSCH, PUCCH, PDSCH and MPDCCH


	Transport block sizes
	To be reported in results

	Number of repetitions / RU size / number of RUs / aggregation level
	To be reported in results

	Frequency hopping
	To be reported in results. Results should include the case of no frequency hopping, to cater for limited system bandwidths being applied to eMTC

	Antenna configurations
	UE: 1RX, 1TX
Satellite: 1RX, 1TX

	Over the air channel
	ETU, EPA, AWGN. In previous eMTC study and work items, “LTE-type” channels have been considered. To simplify simulation work, it is proposed that “LTE-type” channels are used in this IoT-NTN study, even though “NR-type” channels have been studied in NR NTN [3].



Proposal 6: Link level assumptions for IoT-NTN eMTC include the following:
· Transport channels: PUSCH, PUCCH, PDSCH and MPDCCH
· Frequency hopping: {on, off}
· Antenna configurations:
· UE = {1RX, 1TX}
· Satellite = {1RX, 1TX}
· OTA channel: ETU, EPA, AWGN

RAN2 made agreements on the data rates to be considered in device density analyses, where a DL date rate of 2kbps and an UL data rate of 10kbps were agreed. It is assumed that these data rates do not necessarily apply to a deployment according to the worst case link budget that will be studied by RAN1. Provided the worst case link budget studied by RAN1 supports sufficient data rate to meet the traffic requirements in TR45.820 [7], it is assumed that the link budget is acceptable for the support of IoT-NTN services.  
Proposal 7: The IoT-NTN link budget is considered suitable if the available SNR is greater than the SNR required to support the traffic models defined in TR45.820.

Features supported by NB-IoT / eMTC devices
The study should consider NB-IoT / eMTC devices that support any of the features specified in previous 3GPP releases, from release 13 through to release 16.
There are several categories of NB-IoT and eMTC device that are supported in the specifications. In this study, it is proposed that the following NB-IoT and eMTC categories are studied:
· NB-IoT: Cat-NB2 is studied. Cat-NB2 supports up to 2 HARQ processes and we think that this feature will be helpful for increasing the data rate supported by NB-IoT.
· eMTC: Cat-M1 is studied, since this has more significant market adoption than Cat-M2. The Cat-M1 device is assumed to support Rel-15 sub-PRB transmissions. The eMTC device is assumed to support both CE mode A and CE mode B.

Proposal 8: For NB-IoT, a Cat-NB2 device is studied.
Proposal 9: For eMTC, a Cat-M1 device is studied. The Cat-M1 device supports the following features:
· Rel-15 sub-PRB transmissions
· CE Mode A and CE Mode B


[bookmark: _Hlk47387515]Conclusions
This document has considered scenarios for IoT support over NTN. The following observations and proposals are made:
Observation 1: The following parameters need to be agreed for the IoT-NTN UL link budget:
· RX G/T
· Pathloss modelling parameters
· Additional loss accounting for satellite RX antenna pattern

Observation 2: The following parameters need to be agreed for the IoT-NTN DL link budget:
· TX EIRP density
· Pathloss modelling parameters
· Additional loss accounting for satellite TX antenna pattern


Proposal 1. The peak RX G/T values assumed in the UL link budget are:
· GEO: 16.7 dBK-1
· LEO-600 and LEO-1200: -12.8 dBK-1

Proposal 2. An additional loss of 3dB is assumed in the cell edge UL link budget to account for satellite RX antenna pattern.
Proposal 3. The following pathloss parameters are assumed in the UL and DL link budgets:
	
	GEO 35786 km
	LEO 1200 km
	LEO 600 km
	

	FSPL 
	190.6
	164.5
	159.1
	dB

	Scintillation losses
	2.2
	2.2
	2.2
	dB

	atmospheric losses
	0.1
	0.1
	0.1
	dB

	polarization loss
	3
	3
	3
	dB

	shadow margin 
	3
	3
	3
	dB

	sum of all losses 
	198.9
	172.8
	167.4
	dB



Proposal 4. The peak TX EIRP densities values assumed in the DL link budget are:
· GEO: 59.8 dBW / MHz
· LEO-600: 33.7 dBW / MHz
· LEO-1200: 28.3 dBW / MHz

Proposal 5. An additional loss of 3dB is assumed in the cell edge DL link budget to account for satellite TX antenna pattern.
Proposal 6: Link level assumptions for IoT-NTN eMTC include the following:
· Transport channels: PUSCH, PUCCH, PDSCH and MPDCCH
· Frequency hopping: {on, off}
· Antenna configurations:
· UE = {1RX, 1TX}
· Satellite = {1RX, 1TX}
· OTA channel: ETU, EPA, AWGN

Proposal 7: The IoT-NTN link budget is considered suitable if the available SNR is greater than the SNR required to support the traffic models defined in TR45.820.
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Appendix: Agreements from previous meetings

Scenarios for IoT-NTN were considered at RAN#103e and the following agreements were reached:

#############################

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 RAN2#112e, it was agreed to include the following table in a TP for TR36.763:



	Usage scenarios
	Experience data rate (note 1)
	Overall UE density per km2
(note 3)
	Activity factor (note 2)
	Max UE speed
	Environment
	UE categories
	Sources

	
	DL
	UL
	
	
	
	
	
	

	IoT connectivity (low power wide area service capability)
	2 kbps
	10 kbps
	400
	1,00%
	0 km/h
	Extreme coverage
	IoT
	TR 38.821 Device density => Vodafone R2-1901404
Data rate and activity factor => derived from rel-13 TR 45.820 annex E.2 “Traffic models for Cellular IoT”



NOTE 1: As defined in TS 22.261 "Service requirements for the 5G system; Stage 1"
NOTE 2: As defined in TS 22.261"Service requirements for the 5G system; Stage 1" 
NOTE 3: The Overall UE density per km2 represents a peak value over a 40 km cell diameter. The actual value that can be achieved with a satellite will depend on the beam diameter. 

######################
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