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1. Introduction 
At the RAN#86 meeting, a new Study Item was approved for IoT Non Terrestrial Network (NTN) [1]. In this contribution, we discussed 8.15.2	Necessary changes to support NB-IoT and eMTC over satellite. 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:
· Satellite constellation orbit LEO and GEO 
· Transparent payload is assumed
· Device type with PC3 or PC5 (LEO and GEO)
· Devices with GNSS capabilities are assumed.
· FDD is assumed for this study
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· Frequency band below 6Ghz
The goal of this contribution is to address the IoT NTN reference scenario which is the first objective of the FS-LTE-NBIOT-eMTC-NTN study item.
Thus, we addressed the Device density models based existing SA1 requirements specification and RAN1 approved contribution during NR NTN study phase. 
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 Units (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 is connected to each Node and provides it 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 as well of 3GPP realm. 
- 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 satellite 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.                                          
[image: ]              
[bookmark: _Ref52965440]                                                  Figure 1: A Non Terrestrial Network
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
It is proposed 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 have as reference scenarios for IoT NTN, the ones described in table 1. 
1  NTN IoT device density models
The IoT device density model has been already recommended in the study phase release 16 of NR NTN TR 38.821. This recommendation is based:
· On the link budget that we are targeting (C/N is consistence with normal to deep coverage as shown in R1-2008815 contribution in RAN1 on IoT NTN scenarios ans satellite parameters/link budget). We believe that the analysis of Vodafone suggesting that the user density of 400 UEs per km² assuming extreme coverage is achievable with the current IoT NTN scenarios assumption.
 
· On the SA1 requirements specification from TS22.261 "Service requirements for the 5G system; Stage 1” release16.

· On contribution R2-1901404 submitted during the NR NTN release 16 study phase by Vodafone. It was noted in RAN2##105 that the device density figures for IoT will be captured. It was included in Table B.2-1: Non-Terrestrial network target performances per usage scenarios in Annex B.2 in TR 38.821. This contribution mentioned 400 device density per square kilometre of rural area is more reasonable considering the use scenarios and uptake of IoT in rural areas.
· 
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[bookmark: _Ref536086204]Figure 1 Satellite footprint on the ground [Source: Vodafone R2-1901404]
	Area type
	Devices per square Kilometres 

	Urban - Less Sparse  (Dense Urban) 
	26,255

	Urban – Sparse 
	3,646

	Rural - Town & Fringe - Less Sparse (Semi-Urban) 
	3,515

	Rural - Town & Fringe – Sparse
	1,340

	Rural - VHID - Less Sparse*
	1,226

	Rural - VHID - Sparse*
	394

	England
	6,628


[bookmark: _Ref536021362]Table 2 IoT Device Density Model for England [Source: Vodafone R2-1901404]

	Area type
	Devices per individual satellite coverage area**

	Urban - Less Sparse (Dense Urban) 
	32,992,569

	Urban – Sparse
	4,581,757

	Rural - Town & Fringe - Less Sparse (Semi-Urban) 
	4,417,498

	Rural - Town & Fringe – Sparse
	1,684,188

	Rural - VHID - Less Sparse*
	1,541,239

	Rural - VHID - Sparse*
	495,687

	England
	8,328,991



[bookmark: _Ref536086150][bookmark: _GoBack]Table 3 Device Density in a Satellite Footprint [Source: Vodafone R2-1901404]
Based on RAN2#105 conclusion on contribution R2-1901404 and SA1 specification requirements, the Non-Terrestrial network target performances per usage scenarios for IoT connectivity (low power wide area service capability) was recommended in TR 38.821 as shown in Table 4:
	Usage scenarios
	Experience data rate (note 2)
	Overall UE density per km2
(note 4)
	Activity factor (note 3)
	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
	Device density => Vodafone R2-191
01404
Data rate and activity factor => derived from rel-13 TR 45.820 annex E.2 "Traffic models for Cellular IoT"



Table 4 - Non-Terrestrial network target performances per usage scenarios [source: TR38.821]
NOTE 2:	As defined in TS 22.261 [3]
NOTE 3:	As defined in TS 22.261 [3]
NOTE 4: 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.  
Proposal 2:  We propose to use the figures shown in table 4 to estimate NTN IoT Device Densities with NOTE 4 included. 
3. Proposals and conclusion
In this contribution we have presented some reference scenarios for IoT NTN and also suggested to use the realistic IoT Device Density model based on geographical and statistical data obtained from the ONS for Dense-Urban to Sparsely Rural environments submitted by Vodafone in SA1 [3] and RAN1 [2]. 
Proposal 1: We propose to use the table 1 as reference scenarios for IoT NTN study item. 
Proposal 2:  We propose to use the figures shown in table 4 to estimate NTN IoT Device Densities with NOTE 4 included.
	Usage scenarios
	Experience data rate (note 2)
	Overall UE density per km2
(note 4)
	Activity factor (note 3)
	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
	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"



Table 4 - Non-Terrestrial network target performances per usage scenarios [source: TR38.821]
NOTE 2:	As defined in TS 22.261 [3]
NOTE 3:	As defined in TS 22.261 [3]
NOTE 4: 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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