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1 Introduction

In RAN#86 e-meeting, the SI of “New Study WID on NB-IoT/eTMC support for NTN” was approved and the following objectives were identified [1]: 

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.

The second objective is, for the above identified scenarios, to study and recommend necessary changes to support NB-IoT and eMTC over satellite, reusing as much as possible the conclusions of the studies performed for NR NTN in TR38.821. This objective will address the following items: 

-
Aspects related to random access procedure/signals [RAN1, RAN2]

-
Mechanisms for time/frequency adjustment including Timing Advance, and UL frequency compensation indication [RAN1, RAN2]

-
Timing offset related to scheduling and HARQ-ACK feedback [RAN1, RAN2]

-    Aspects related to HARQ operation [RAN2, RAN1]

-
General aspects related to timers (e.g. SR, DRX, etc.) [RAN2]

-
RAN2 aspects related to idle mode and connected mode mobility [RAN2]

-
RLF-based for NB-IoT

-
Handover-based for eMTC

-
System information enhancements [RAN2]

-
Tracking area enhancements [RAN2]

In this contribution, we present the discussion on scenarios applicable to the NB-IoT and eMTC over NTN.
2 Discussion
2.1.1 Scenarios
In the initial phase of the satellite deployment, the number of the in-orbit satellites may not enough to provide seamless coverage especially when inter-satellite link is not available. In this sense, the IoT related service may be the primary service that could be enabled over the NTN network. During the study on the New Radio (NR) to support non terrestrial networks, several 5G use cases wherein Non-Terrestrial Network components have a role were captured in [2], wherein the use cases related to NB-IoT and eMTC were wide area IoT service and local area IoT service. 
· Scenario 1: The wide area IoT service refers to global continuity of service for telematic applications based on a group of sensors/actuators (IoT devices, battery activated or not) scattered over or moving around a wide area and reporting information to or controlled by a central server. The satellite can provide the connectivity between the IoT devices and the terrestrial network. 
· Scenario 2: The local area IoT service refers to group of sensors that collect local information, connect to each other and report to a central point. The central point may also command a set of actuators to take local actions such as on-off activities or far more complex actions. The satellite can provide the connectivity between the gNB serving the IoT devices in a cell(s) and core network. However, this scenario may be out of the scope of this SI
Proposal 1: At least scenario 1 should be considered in this SI
2.1.2 Reference scenario
During the NTN study, non-terrestrial networks providing access to user equipment in six reference scenarios including:
●
Circular orbiting and notional station keeping platforms.

●
Highest RTD constraint

●
Highest Doppler constraint

●
A transparent and a regenerative payload

●
One ISL case and one without ISL. Regenerative payload is mandatory in the case of inter-satellite links.

●
Fixed or steerable beams resulting respectively in moving or fixed beam foot print on the ground

Six scenarios are considered as depicted in the following table.

Table 1: Reference scenarios [3]
	
	Transparent satellite
	Regenerative satellite

	GEO based non-terrestrial access network
	Scenario A
	Scenario B

	LEO based non-terrestrial access network:

steerable beams
	Scenario C1
	Scenario D1

	LEO based non-terrestrial access network:

the beams move with the satellite
	Scenario C2
	Scenario D2


In our understanding, in NB-IoT/eMTC over NTN SI, at least the transparent payload case should be considered which are scenario A，C1 and C2. The detailed parameters are illustrated in the following table.

Table 2: Reference scenario parameters for NB-IoT/eMTC NTN
	Scenarios
	GEO based non-terrestrial access network Scenario A 
	LEO based non-terrestrial access network (Scenario C1 & C2)

	Orbit type
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point 
	circular orbiting around the earth

	Altitude
	35,786 km
	600 km

1,200 km

	Spectrum (service link)
	<6 GHz (e.g. 2 GHz) such as the S, L and C bands

	Max channel bandwidth capability (service link)
	200KHz for NB-IOT;

1.4MHz for eMTC, FFS for 5MHz

	Payload
	Transparent 

	Inter-Satellite link
	No

	Earth-fixed beams
	Yes
	Scenario B: Yes (steerable beams), 

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

	Min Elevation angle for both sat-gateway and user equipment
	10° for service link and 10° for feeder link
	10° for service link and 10° for feeder link

	Max distance between satellite and user equipment 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)
	541.46 ms (service and feeder links)


	Scenario C1&C2: (transparent payload: service and feeder links)

25.77 ms (600km)

41.77 ms (1200km)



	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 
	0.27ppm/s (600km)

0.13ppm/s(1200km)

	User equipment motion on the earth
	500 km/h 
	500 km/h



	User equipment antenna types
	Omnidirectional antenna (linear polarisation), assuming 0 dBi

	User equipment Tx power
	Omnidirectional antenna: UE power class 3 with up to 200 mW

	User equipment Noise figure
	Omnidirectional antenna: 9 dB (refer to TR36.802)

	Service link
	3GPP defined NB-IoT and eMTC

	Feeder link
	3GPP Radio interface


Proposal 2: The above reference scenario and parameters should be considered in the evaluation of this SI.
3 Conclusions

In this contribution, we present the discussion on the scenarios on NB-IoT/eMTC over NTN. Based on our analysis, we have the following proposals:
Proposal 1: At least scenario 1 should be considered in this SI.
Proposal 2: The above reference scenario and parameters should be considered in the evaluation of this SI.
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