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Introduction
[bookmark: _Hlk22834419]The NR coverage enhancement SI was approved in RAN#86 [1], with the following objectives:
	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.

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]

NOTE 3: 	GNSS capability in the UE is taken as a working assumption in this study for both NB-IoT and eMTC devices. With this assumption, 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.


This contribution discusses aspects related to scenarios 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 LTE-M, which are low power consumption, extended coverage and massive deployments, should be maintained while adapting these technologies to NTN deployments.

Typical scenario
The work done during the SI for MBB operation over NTN can be largely reused for NTN IoT. As a typical scenario for NTN IoT, it can be considered the NTN based on transparent payload as in [3, Sec.4.1, Figure4.1-1] and illustrated in Figure 1. The basic elements of the NTN scenarios are: 
- 	One or several sat-gateways that connect the Non-Terrestrial Network to a public data network, 
- 	A GEO satellite is fed by one or several sat-gateways which are deployed across the satellite targeted coverage,
-	A Non-GEO satellite served successively by one or several sat-gateways at a time. The system ensures service and feeder link continuity between the successive serving sat-gateways with sufficient time duration to proceed with mobility anchoring and hand-over
-	A Feeder link or radio link between a sat-gateway and the satellite (or UAS platform)
-	A service link or radio link between the user equipment and the satellite (or UAS platform).
-	A satellite (or UAS platform) which implements a transparent payload. The satellite (or UAS platform) typically generates several beams over a given service area bounded by its field of view. 
-	A transparent payload: Radio Frequency filtering, Frequency conversion and amplification. 
-	User Equipment are served by the satellite (or UAS platform) within the targeted service area.

Proposal 1: Support a reference scenario for NTN IoT including a transparent payload.

[image: ]

Figure 1 - Non-terrestrial network typical scenario based on transparent payload

GEO and LEO satellites
The GEO and LEO satellite main characteristics are summarized in Table 2. For the GEO satellite the main constraint is the large RTT due to the larger altitude of the satellite. For the service link the position of a GEO satellite appears as fixed when observed by an earth point. An inclined orbit causes a Doppler shift. A larger Doppler shift is present for a LEO satellite due to the high velocity of the satellite. The beam footprint moves and a certain area has coverage for a short time period unless the beam is adapted to cover the same area for a longer time. For NTN-IoT both GEO and LEO satellites should be considered because different applications can be used in one or the other cases. Applications that are not so sensitive to latency, such as metering, can be used with a GEO satellite, while applications that have mobility and cannot support large latency, as for example shipment tracking or wearables, would benefit of the lower latency of LEO satellite communications.  
Table 2 - LEO and GEO satellite characteristics
	Platforms
	Altitude range
	Orbit
	Typical beam footprint size

	Low-Earth Orbit (LEO) satellite
	300 – 1500 km
	Circular around the earth
	100 – 1000 km

	Geostationary Earth Orbit (GEO) satellite
	35,786 km
	fixed elevation/azimuth position with respect to a given earth point
	200 – 3500 km



Proposal 2: Support both LEO and GEO satellite platforms for NTN IoT.

Fixed or steerable beams
For a GEO satellite the position of the beam appears fixed on earth. This scenario is labelled as scenario A in [2]. A fixed beam for a LEO satellite appears as a moving beam on earth and the coverage of an area on earth depends on the satellite velocity, altitude and elevation/azimuth position. A LEO satellite has also the capability to steer beams towards fixed points on earth using beamforming techniques, applicable for a period of time corresponding to the visibility time of the satellite. As described in [3], scenario C1 is a LEO based non-terrestrial access network with steerable beams, and scenario C2 is LEO based non-terrestrial access network with fixed beams moving with the satellite   For NTN IoT both scenarios C1 and C2 should be considered to support different IoT applications. 

Proposal 3: Support scenario A for GEO satellite networks, and scenarios C1 and C2 for LEO satellite networks. 

Bands
The bands considered in [3] for the NTN study can be reused for the NTN IoT study, namely
·  S-band (i.e. 2 GHz)
· Ka-band (i.e. 20 GHz for DL, 30 GHz for UL)
Considerations of such bands during the study should be sufficient to identify aspects that need to be studied and adapted to extend the coverage of IoT to NTN operation. However, operations in the 2GHz band should be the focus in Rel-17 in order for NTN IoT services to be an extension of the existing terrestrial deployments.

[bookmark: _GoBack]Proposal 4: Support 2GHz band for NTN IoT operations in Rel-17. 

Reference scenario and evaluation
The reference scenario parameters from Table 4.2-2 in [3] should be taken as the starting point and be adapted for NTN IoT.  For link and system level simulations, and for link budget calculation, Sec.6.1 in [3] should be used as a starting point. 

Proposal 5: Discuss simulation assumptions for link/system level evaluation and link budget calculation using the evaluation done in TR 38.821 as starting point. 

Conclusion
This contribution discusses scenarios applicable to NB-IoT/eMTC over NTN. Proposals made in this contribution are summarized below.
Proposal 1: Support a reference scenario for NTN IoT including a transparent payload.
Proposal 2: Support both LEO and GEO satellite platforms for NTN IoT.
Proposal 3: Support scenario A for GEO satellite networks, and scenarios C1 and C2 for LEO satellite networks. 
Proposal 4: Support 2GHz band for NTN IoT operations in Rel-17.
Proposal 5: Discuss simulation assumptions for link/system level evaluation and link budget calculation using the evaluation done in TR 38.821 as starting point.  
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