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1. Introduction 
During RAN Plenary session #89e it was decided to start email discussions for RAN1 FS-LTE-NBIOT-eMTC-NTN activities in November 2020 to proceed with the Study Item. The main assumptions are as follows:
· FDD is assumed for this study
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· Devices with GNSS capabilities are assumed.
· Transparent payload is assumed
· Frequency band below 6 GHz
To define a set of parameters for link budget calculations called hereafter the Reference sets, we have reused the approach used by document [1] and perform the following:
· Define Reference scenarios 
· Suggest 2 different Reference sets of parameters suitable for IoT NTN (NB-IoT) access technology –one of the three 3GPP Cellular IoT technologies(C-IoT) and explain the associated rationale.
· Perform link budget calculations for each Reference scenarios and check that the link budget closes.
· Prove that reusing the terrestrial NB IOT waveforms for the Non Terrestrial satellite based complementary Network provide satisfactory performance.

 Each and every 3GPP member company will have the opportunity to reuse the Reference sets to redo its own link budget if need be and adapt them to its own context.

2. [bookmark: _Hlk52966155]Discussion 
IOT NTN overview
As shown by Figure 1, a Non-Terrestrial Network, whatever its type: eMBB or C-IoT, typically includes the following elements:
- A Ground (or ‘Earth’) Station consisting of a Sat-gateway and a Telemetry, Tracking, Command and Monitoring unit (TTC). TTC link is out of the scope of the Study Item and of the 3GPP realm. 
- One or several Sat-gateways attached to a Base Station Base Band Unit (BBU) that connects the Non-Terrestrial Network to a Core Network/ Application Server. Node BBUs are close to Sat-gateways either co-located or at a few kilometers, antenna diversity may be required depending on geographical location and feeder-link frequency band.
- The satellite may be GEO or Non-GEO, and the satellite may be part of a Satellite Constellation to ensure service continuity and is served successively by one or several Sat-gateways. A Satellite Constellation Controller provides each base station with satellite system data (ephemeris, satellite position and velocity,..). This controller could be linked to the TTC unit at least to retrieve the relevant satellite information, but the link (in green) to the TTC unit is implementation dependent and out of scope of 3GPP. 
- A Feeder link, which is a radio link conveying information for a satellite mobile service between a sat-gateway and the satellite. 
	- A service link or radio link between the C-IOT device and the satellite.
- A satellite, which implements a transparent payload. A transparent payload performs: Radio Frequency filtering, Frequency conversion and amplification; Hence, the waveform signal repeated by the payload is un-changed except for Frequency translation and Transmit Power, which is set-up according to the reference scenario (GEO, LEO satellite) and associated  link budget.
The satellite typically generates several Spot-beams over a given service area bounded by its Field of View (FoV) or Footprint. The footprints of the Spot-beams are typically of elliptic shape. The Field of view of a satellites depends on the on-board antenna design /configuration and the minimum elevation angle. The beamforming may be performed on board the satellite or on the ground.
- C-IoT devices are served by the satellite within the targeted service area and are GNSS reception capable.           
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[bookmark: _Ref52965440]                                                  Figure 1: A Satellite access network based on satellite with transparent payload
Connected mobility is not supported in the legacy specification for NB-IoT. NB-IoT supports idle mobility where the device reselects a satellite cell (a Spot-beam in the satellite jargon) after a Radio Link Failure. 
IOT NTN Reference scenarios
The distance between the satellite and the earth is the key parameter for Link budget calculation, consequently it is suggested to consider the 3 scenarios in Table 1 below
	    NTN Configurations 
	Transparent satellite (NOTE 1)

	    GEO based non-terrestrial access network 
	Scenario A

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

	    LEO based non-terrestrial access network generating fixed beams which footprint move with the satellite (altitude at Nadir 1200 km and 600km)
	Scenario C


[bookmark: _Ref52964434]                                                           Table 1: IOT NTN reference scenarios
NOTE 1: Regenerative payloads are of interest but they are out of scope of release 17 IOT NTN study item.
Proposal 1: we propose to reflect on the study item the following scenarios proposed in this contribution.
IOT NTN reference parameters
Consistently with reference document [1] , we shall consider non-terrestrial networks providing access to NB-IoT devices based on table 1  reference scenarios  for the NB-IoT part of the Study Item including:
●	Circular orbiting and station keeping platforms.
●	Highest Round Trip Delay (RTD) constraint
●	Highest Doppler constraint
●	A transparent payload
●	Fixed or steerable beams resulting respectively in moving or fixed beam foot print on the ground
●	waveform technology: NB-IOT 
The scenarios are depicted in Table 2
	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) 

	Channel bandwidth  (service link)
	NB-IOT: 200kHz min (anchor carrier) or 2*200 kHz (anchor carrier, non-anchor carrier) 
NB-IOT can also consider  multiple non anchor carriers > 2 * 200 kHz 

	Payload
	Transparent type
	Transparent Type

	Inter-Satellite link
	No
	No

	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 5)
	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) 
	 0.93 ppm
	 24 ppm (600km) 
 21ppm(1200km) 
 

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

	C-IoT device motion on the earth
	120 km/h 
	120km/h 

	C-IoT device antenna types
	Omnidirectional antenna (linear polarisation), assuming 0 dBi, -3 dB polarization loss
“Circular polarized antenna” (Note 7) 

	C-IoT device max Tx power
	Omnidirectional antenna: UE power class 3 with up to 200 mW (23dBm) 

	C-IoT device Noise Figure
	Omnidirectional antenna: 7 dB

	Service link
	3GPP defined Narrow Band IoT 


                                                    
[bookmark: _Ref52964576]                                                 Table 2: The NB-IOT scenarios detailed descriptions

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:   void

NOTE 4:   void


NOTE 5: 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 6: void

NOTE 7: The use of a Circular polarized antenna is considered as a vendor dependent in the context of this study.


Reference Satellite parameters for IOT NTN scenarios
As explained in the introduction section, we follow the methodology defined by [1] . 
Compared with eMBB parameters, some key Downlink parameters such as Equivalent antenna aperture size and EIRP for the satellite have been revisited to take into account the use-cases and overall QoS performance targeted by NB-IOT.  The changes to antenna size have consequential impact on the 3dB beam-width and the beam size on the ground. As far as the Uplink side is concerned, the most wide-spread C-IoT device configurations have been selected. It is assumed the C-IoT devices will be equipped with linearly polarised antennas; the satellite antenna will be circular polarisation (as for the eMBB case).
The following tables representing two sets of satellite parameters are proposed as the baseline for link budget calculations:
Parameter Set 1 (Table 3) has been defined as providing inputs to a nominal link budget for each link budget case. It aims at proving the technical feasibility of re-using the 3GPP defined NB-IoT waveforms for satellite service links. 
· Narrowband IoT (NB-IoT) technology is an economical version of LTE cellular technology preferable when low power and resource limited sensors based applications are considered. This technology supports reliable coverage enhancement (CE) which is achieved by repeating the transmission of signals. This repeated transmission of the same signal challenges power saving in low complexity C-IoT devices. Clearly lower SINR required values have been selected compared to eMBB but keeping the Maximum Coupling Loss in the range of CE level coverage 0 (no repetition) for NB-IOT.    

· Parameter Set 2 (Table 4) has been defined as providing a worst case link budget for each Reference scenario. It proves the robustness of the solution and its flexibility to support different deployment scenarios, hence it provides technical guidance to implementers and network operators. 

· The path losses used for the calculations are included in the Annex.

      [image: ]
[bookmark: _Ref52964632][bookmark: _Ref52965800]                                                 Table 3: Satellite Parameters Set 1

[image: ]
[bookmark: _Ref52964651]                                                  Table 4: Satellite Parameters Set 2
 According to the C/N values, the link closes for the 3 scenarios of Set1 and Set2.
NOTE 1: This value is equivalent to the antenna diameter in Sec. 6.4.1 of [1].

NOTE 2: This beam size refers to the Nadir pointing of the satellite 
NOTE 3: The beam diameters quoted in Table 3 and Table 4 are based on a calculation of the beam power at a nominal -3dB down from beam centre on the surface of a spherical earth.
NOTE 4: In GEO, we do not expect a larger beam diameter to have any significant impact on the link budget as shown in Table 5. 
· At Nadir point, for GEO the beam size is 459 km (Set 2). This corresponds to latitude 0 degree over the equator
· Compare to Nadir@90 degree elevation angle with beam diameter 459 km, the path loss can degrade by about 1.1 dB at 12 degree elevation angle with beam diameter 1515 km.

	Region
	Latitude
	Beam diameter
	Elevation angle
	PL

	Equator
	0 degree
	459 km
	88 degree
	189.5 dB

	Italy
	41 degree
	715 km
	39 degree
	189.8

	UK
	55 degree
	1110 km
	21 degree
	190 dB

	Finland
	61 degree
	1515 km
	12 degree
	190.6 dB



[bookmark: _Ref53738001]                                  Table 5: Beam diameter size for GEO 

Proposal 2: The final proposal is to adopt parameter Set 2 for the Study Item FS-LTE-NBIOT-eMTC-NTN

List of Link Budget calculations addressed by this Tdoc
[bookmark: RANGE!B36]Table 6 gives the list of cases for Link budget calculations relevant for NB-IOT part of the Study Item assuming that there is no differential impact of Earth fixed beams and Earth moving beams. 
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[bookmark: _Ref52965384]                                  Table 6: the 6 relevant link budget calculations for NBIOT 

3. Conclusion
Regarding the NB- IoT NTN scenarios, we recommend the following way forward:
Proposal 1: we propose to reflect on the study item IoT NTN the following scenarios proposed in this contribution.
Among the two sets of parameters introduced in this paper, it has been proposed to use Parameter Set 2 as the baseline for the NTN NB-IoT link budget along with 6 calculation scenarios based on CIR values previously calculated for eMBB. It is shown that by using Parameter Set 2 the link budget closes.
Proposal 2: The final proposal is to adopt parameter Set 2 for the NB-IoT part of the Study Item FS-LTE-NBIoT-eMTC-NTN

4. ANNEX 
Path loss modelling is according to TR 38.821 in Table 6.1.3.3-1. As there were different views from companies on Free Space Loss, Atmospheric loss, Shadow margin, Polarisation loss, Additional losses, we used mainly worst case assumptions summarized in table below:
	
	      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
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CaseSatellite orbit Satellite parameter setCentral beam elevation Terminal Frequency Band

1 GEO Set 1 12.5 deg  NB-IOT device S band

2 GEO Set 2 12.5 deg  NB-IOT device S band

3 LEO-600 Set 1 30 deg  NB-IOT device S-band

4 LEO-600 Set 2 30 deg  NB-IOT device S-band

5 LEO-1200 Set 1 30 deg  NB-IOT device S-band

6 LEO-1200 Set 2 30 deg  NB-IOT device S-band


