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Introduction
[bookmark: _Hlk22834419]One objective of the Study on NB-IoT/eMTC support for Non-Terrestrial Network approved in RAN#86 [1] is to identify scenarios applicable to NB-IoT/eMTC. A list of the agreements reached in RAN1#103e follows. 
	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 



This contribution briefly discusses aspects related to the evaluation set up and operation for NTN IoT.
Discussion
Coverage extension of IoT operations beyond terrestrial communications is beneficial for a variety of industries. As Rel-17 NTN work [2] aims at enabling MBB operations in areas where it is challenging to have coverage with terrestrial networks by supporting communications using low earth orbit (LEO) and geosynchronous orbit (GEO) satellite constellations, the Rel-17 study on IoT for NTN (non-terrestrial networks) aims at enabling IoT operations in such areas. The scenarios for IoT over NTN deployments are envisioned to be the same as for MBB over NTN, however the general principles that guided the design of NB-IoT and eMTC, which are low power consumption, extended coverage and massive deployments, should be maintained while adapting these technologies to NTN deployments.

Evaluation 
Following up to the agreements of the NTN IoT reference scenarios and parameters in RAN1#103-e, the feasibility of NB-IoT and eMTC support on NTN needs to be evaluated. Performance evaluation of NB-IoT and eMTC was done in the IMT-2020 5G performance requirements [4] and earlier in the MTC study in Rel-12 [5], and the methodologies used in these reports can be reused for the evaluation of IoT over NTN. Tables similar to the ones in in Sec.6.1 [3] for link/system evaluation and link budget calculation can be adapted and reused.
For coverage evaluation, a link budget analysis based on MCL can be used. The link budget calculation in Sec.6.1.3 in [3] can be the starting point and be adapted for NTN IoT. A template for MCL calculation including the time-frequency resources allocated for NB-IoT and eMTC needs to be agreed. 
LLS parameters as in Tables 6.1.2-1 to 6.1.2-4 [3] for DL synchronization, PRACH and data transmission performance need to be agreed for NTN IoT.
Proposal 1: Discuss simulation assumptions for link/system level evaluation and link budget analysis using Sec.6.1 in TR 38.821 as starting point. 

GNSS
This study assumes that GNSS capability in the UE is supported for both NB-IoT and eMTC devices. The UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. GNSS support is a new capability for NTN IoT devices and the impact on the device, for example power consumption and whether additional RF requirements are needed, need to be studied. 
Proposal 2: Study the impact of supporting GNSS capability in NTN IoT devices. 
 
Operation modes
NB-IoT supports three different operation modes: stand-alone as a dedicated carrier, in-band within the occupied bandwidth of a wideband LTE carrier, and within the guard-band of an existing LTE carrier. For the purpose of this study the stand-alone mode can be prioritized since there is no specific need to optimize for deployment in the existing LTE networks.
Proposal 3: Support only the stand-alone operation mode for NB-IoT. 
Conclusion
This contribution discusses scenarios applicable to NB-IoT/eMTC over NTN. Proposals made in this contribution are summarized below.
Proposal 1: Discuss simulation assumptions for link/system level evaluation and link budget analysis using Sec.6.1in TR 38.821 as starting point. 
Proposal 2: Study the impact of supporting GNSS capability in NTN IoT devices. 
Proposal 3: Support only the stand-alone operation mode for NB-IoT.
 
References
[1] RP-193235, New Study on NB-IoT/eMTC support for NTN, RAN#86, Dec. 2019.
[2] RP-193234, Solutions for NR to support non-terrestrial networks (NTN), RAN#86, Dec. 2019.
[3] 3GPP TR 38.821 V16.0.0 (2019-12), Solutions for NR to support non-terrestrial networks (NTN), Rel-16.
[4] [bookmark: _Ref522558473][bookmark: _Ref53062637][bookmark: _Ref51251630]ITU-R, Report ITU-R M.2411-0 “Requirements, evaluation criteria and submission template for the development of IMT-2020”, ITU-R.
[5] TR 36.888, Machine-Type Communications (MTC) User Equipments (UEs) based on LTE, 3GPP, V12.0.0, June 2013.




Page 1
