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1 Introduction
[bookmark: _Ref178064866]In RAN#86, a SI was approved to determine and evaluate the minimum necessary specifications to introduce NB-IoT/eMTC support for non-terrestrial networks (NTN), The description for the SI was updated in RAN#90 [1] and it was agreed to use the existing work on NR NTN captured in TR 38.821 [2] as a baseline. The first objective of this study is as follows:  
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.


In this contribution we continue to discuss the scenarios and architecture.
2 	Background
3GPP has actively worked on MTC related improvements for LTE already since Release 8. Delay-tolerant access radio resource control (RRC) establishment was introduced in LTE Release 10. It allows the network to deprioritize connection requests from delay tolerant UEs. Release 11 specified enhanced access barring (EAB), which allows barring of delay tolerant UEs in an overload scenario. In Release 12 the power-saving mode (PSM) feature was specified. It allows a UE to remain registered to a network while powering down.  Together with the Release 13 extended DRX (eDRX) feature, PSM allows UEs to optimize their time spent in the power efficient RRC Idle mode.  
In Release 13, 3GPP specified eMTC and NB-IoT to support the massive machine type communications (mMTC) use case. The mMTC use case is characterized by requirements such as support of a massive number of UEs, low UE complexity to provide low UE cost, long UE battery life to limit the need for battery charging and replacement, and coverage enhancements to provide ubiquitous coverage. 
2.1	eMTC
3GPP Release 12 initiated the work on eMTC, also often referred to as LTE-M [3], and specified the first low-complexity UE category 0 (Cat-0). Cat-0 supports a reduced peak data rate of 1 Mbps, single antenna and half‑duplex frequency‑division duplex (HD‑FDD) operation.
In Release 13 the work accelerated with the introduction of the Cat-M1 UE category. It supports a further reduced complexity, and coverage enhanced (CE) operation. The additional cost reduction came from a reduced transmission and reception bandwidth of 1.08 MHz, equivalent to six 180 kHz physical resource blocks (PRBs). The introduction of a lower UE power class of 20 dBm, in addition to the 23 dBm power class, further facilitates a lower UE complexity.
Because of the reduction in bandwidth, a new narrowband physical downlink control channel, the MTC physical downlink control channel (MPDCCH), was introduced as a substitute for the wideband legacy physical downlink control channel (PDCCH) and the Enhanced PDCCH (EPDCCH). The Cat-M1 UEs monitor MPDCCH in a narrowband (NB), which is defined by 6 adjacent PRBs.
eMTC supports an MCL that is 20 dB larger than the normal MCL of LTE. This is achieved mainly through time repetition and a relaxed acquisition time of the physical channels and signals. The primary and secondary synchronization signals (PSS and SSS) are fully reused from LTE and extended coverage is achieved by means of increased acquisition time.
For the physical broadcast channel (PBCH), the MPDCCH, the physical uplink control channel  (PUCCH) and the data channels, that is, the physical uplink shared channel (PUSCH) and physical downlink shared channel (PDSCH), the desired coverage enhancement is achieved through so-called time repetition of a transmission block. 
In LTE Releases 14 and 15, eMTC was further enhanced to support a more diversified set of applications and services. A new UE category Cat-M2 was e.g. specified. The performance of eMTC Release 15 meets the IMT-2020 5G requirements for the massive IoT use case.
The work in 3GPP on eMTC was continued in Release 16 and is further evolved also in Release 17.
2.2	NB-IoT
The work on NB-IoT‑ started in Rel-13 [3]. Compared to eMTC the target was even lower UE complexity, and a design facilitating high deployment flexibility.
This resulted in a system design that in short can be described as a narrowband version of LTE. A NB-IoT downlink carrier is defined by 12 OFDM sub-carriers, each of 15 kHz, giving a total baseband bandwidth of 180 kHz. This design gives NB-IoT a high deployment flexibility: The system can operate standalone, in the guard band of an LTE carrier or within an LTE carrier. 
Similar to eMTC, NB-IoT makes use of increased acquisition times and time repetitions to extend the system coverage. The repetitions can be seen as a third level of retransmissions added at the physical layer as a complement to those at MAC HARQ and RLC ARQ.  
NB-IoT supports anchor and non-anchor carriers. The anchor carrier supports synchronization to the downlink frame structure, system information transmissions and mobile terminated and originated system access in addition to control and data transmissions. The system capacity may be increased through the deployment of non-anchor carriers. These support control and data transmissions and since Release 14 mobile terminated and originated system access.
To support power efficient UE operation, NB-IoT supports uplink transmissions using 1, 3, 6 or 12 sub-carriers. The single-subcarrier modulation supports a close to constant-envelope waveform which enables power efficient operation. The small scheduling granularity also supports a high uplink capacity when the system is operating in extended coverage.

3 	Scenarios for IoT NTN
3.1	Cellular IoT evolution for NTN 
Typical uses cases for eMTC include connected vehicles, wearable devices, trackers and alarm panels. Most common use cases of NB-IoT include utility meters and sensors. eMTC and NB-IoT are suitable for different applications. For example, if one has an oil tank in the basement of a building that needs a sensor to check its level from time to time, NB-IoT will be the choice. For a sensor in the elevator servicing that basement, eMTC will be a better choice. From an operator perspective, NB-IoT creates more deployment flexibility due to guard-band deployment. If the operator’s available frequency assets allow, NB-IoT can also be deployed stand-alone. 
eMTC and NB-IoT are complementary technologies that can address different types of IoT use cases based on their unique capabilities. Both are considered future-proof and viewed as 5G technologies. They can efficiently co-exist with 5G NR in the same spectrum and already fulfil all 5G massive MTC requirements.

[bookmark: _Toc52219313][bookmark: _Toc61216151]eMTC and NB-IoT are complementary technologies that can address different types of IoT use cases based on their unique capabilities.
[bookmark: _Toc61216152]NB-IoT supports ultra-low complexity devices with very narrow bandwidth, while eMTC can achieve higher data rates, more accurate device positioning, and supports voice calls and connected mode mobility.

The approved Rel-17 IoT NTN mentions LEO and GEO, but no other NTN systems such as HAPS/HIBS and A2G (which are mentioned in the Rel-17 NR NTN WI). It is our understanding that Rel-17 IoT NTN focuses on LEO and GEO systems.

[bookmark: _Toc52219314][bookmark: _Toc61216153]The approved Rel-17 IoT NTN SID is dedicated to LEO and GEO satellite communication, while HAPS/HIBS and A2G are not in the scope.

Additionally, the Rel-17 IoT NTN SI should focus on essential adaptations to minimize additional network and UE complexity and benefit from the economy of scale of the existing IoT ecosystem. This also means that the enhancements should be limited to adapting eMTC and NB-IoT to NTN, while generic enhancements motivated by non-NTN are outside the scope.

[bookmark: _Toc52219315][bookmark: _Toc61216154]Rel-17 IoT NTN study should equally treat eMTC and NB-IoT.

[bookmark: _Toc52219319][bookmark: _Toc61223569]IoT NTN study focuses on essential adaptations for NTN, while generic enhancements motivated by non-NTN are outside the scope.

3.2	Bands of interest in sub 6 GHz 
The study item description clearly indicates that the bands of interest for IoT NTN are in sub 6 GHz, which is a sensible target because both eMTC and NB-IoT have only been designed in sub 6 GHz. For bands above 6 GHz, significant changes are required for adapting eMTC and NB-IoT for NTN, which is not a desirable evolution direction and not in the scope of this study item.
Regarding which specific bands in sub 6 GHz are of interest, this will be a topic for RAN4 to discuss in a potential normative phase. For the purpose of this study item, it is sufficient to consider the nominal S band for various evaluation purposes, as was done during the Rel-16 NR NTN study item.
Additionally, the focus can be limited to FDD, as TDD is inefficient in NTN. This is consistent with the recommendation in the Rel-17 NR NTN work item.

[bookmark: _Toc61216155]Identifying specific bands of interest in sub 6 GHz can be a topic for RAN4 to discuss when a potential normative phase begins.

[bookmark: _Toc61223570]In Rel-17 IoT NTN SI, consider nominal S band (2 GHz) for evaluation purposes.
[bookmark: _Toc61223571]In Rel-17 IoT NTN SI, limit the focus to FDD only.

3.3	Architecture 
The study item description clearly indicates that the focus is transparent payload, i.e., bent-pipe architecture, which is sensible and can help time-to-market. So, the feeder link’s radio interface should be the same as the service link’s radio interface, and both would use Uu interface.

[bookmark: _Toc61216156]As transparent payload is assumed in Rel-17, both feeder link and service link use the Uu interface.

In addition, we would like to suggest focusing on earth fixed beams for IoT NTN to limit impact on specifications and implementation. As it has become evident from the discussions in both the Rel-16 NR NTN SI and the ongoing Rel-17 NR NTN WI, supporting earth moving beams is complicated and involves many challenges that are difficult for NR already, let alone the supposedly much simpler eMTC and NB-IoT devices.

[bookmark: _Toc61223572]In Rel-17 IoT NTN SI, limit the focus to earth fixed beam.

4 Conclusion
In this contribution we have discussed the scenarios and architecture. In the previous sections we made the following observations:

Observation 1	eMTC and NB-IoT are complementary technologies that can address different types of IoT use cases based on their unique capabilities.
Observation 2	NB-IoT supports ultra-low complexity devices with very narrow bandwidth, while eMTC can achieve higher data rates, more accurate device positioning, and supports voice calls and connected mode mobility.
Observation 3	The approved Rel-17 IoT NTN SID is dedicated to LEO and GEO satellite communication, while HAPS/HIBS and A2G are not in the scope.
Observation 4	Rel-17 IoT NTN study should equally treat eMTC and NB-IoT.
Observation 5	Identifying specific bands of interest in sub 6 GHz can be a topic for RAN4 to discuss when a potential normative phase begins.
Observation 6	As transparent payload is assumed in Rel-17, both feeder link and service link use the Uu interface.

Based on the discussion in the previous sections we propose the following:

Proposal 1	IoT NTN study focuses on essential adaptations for NTN, while generic enhancements motivated by non-NTN are outside the scope.
Proposal 2	In Rel-17 IoT NTN SI, consider nominal S band (2 GHz) for evaluation purposes.
Proposal 3	In Rel-17 IoT NTN SI, limit the focus to FDD only.
Proposal 4	In Rel-17 IoT NTN SI, limit the focus to earth fixed beam.
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