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1	Introduction
In RAN#92-e, a Rel-17 Work Item (WI) on IoT NTN was approved to specify support of NB-IoT and eMTC over NTN [1]. The overall objective is as follows.
The objective of this Work Item is to specify support of NB-IoT and eMTC over NTN. Work on both NB-IoT and eMTC will start in August 2021 meetings.
Enhancements shall be specified as described hereafter with the following assumptions:
· Standalone deployment for NB-IoT / eMTC (i.e. operating in carrier(s) used only for NB-IoT NTN (resp. eMTC NTN)) for support in Rel-17 timeframe will be prioritized. 
· GNSS capability in the UE is taken as a working assumption 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.
· NB-IoT/eMTC design for terrestrial networks shall be reused as much as possible.
· Transparent payload


An overview of 3GPP non-terrestrial networks can be found in [2]. 
In this contribution, we highlight that both eMTC and NB-IoT are essential technologies for IoT NTN. We also provide simulation results for IoT NTN connection density.
[bookmark: _Ref178064866]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. Rel-11 specified enhanced access barring (EAB), which allows barring of delay tolerant UEs in an overload scenario. In Rel-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 Rel-13 extended DRX (eDRX) feature, PSM allows UEs to optimize their time spent in the power efficient RRC Idle mode.  
In Rel-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 Rel-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 Rel-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 an 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. To support power efficient UE operation, since Rel-15 eMTC supports uplink transmissions using 2-of-3, 3, 6 or 12 sub-carriers. The performance of eMTC Rel-15 meets the IMT-2020 5G requirements for the massive IoT use case.
The work in 3GPP on eMTC was continued in Rel-16 and is further evolved also in Rel-17.
2.2	NB-IoT
The work on NB-IoT‑ started in Rel-13 [4]. 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 guardband of an LTE carrier or within an LTE carrier. 
Similar to eMTC, NB-IoT also 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 Rel-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	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 (the elevator servicing that basement, however, will use eMTC). From an operator perspective, NB-IoT also creates more deployment flexibility due to guard-band deployment. If the operator’s available frequency assets allow, NB-IoT can also be deployed as stand-alone access. 
eMTC and NB-IoT are complementary technologies that can address different types of IoT NTN use cases based on their unique capabilities [5][6]. 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. 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: _Toc79168081]eMTC and NB-IoT can address different types of IoT use cases based on their unique capabilities and thus complement each other.
[bookmark: _Toc79168082]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.
[bookmark: _Toc79168083]Rel-17 IoT NTN work item should equally treat eMTC and NB-IoT, as they are both essential technologies for IoT NTN.
4	IoT NTN connection density
eMTC and NB-IoT target the massive IoT sector, which is the deployment of an immense number of low-complexity devices that do not need to communicate with great frequency. Performance does not need to be high, and low transmission latency is not a requirement. Typical use cases include low-cost sensors, meters, wearables and trackers. Many of these can be deployed in challenging radio environments, such as a basement of a building or on a moving piece of machinery, and in certain scenarios will be relied upon to send occasional signals for up to 10 years, without a change of battery. This makes power consumption and conservation critical aspects.
Note that eMTC and NB-IoT were carefully studied at the initial design stage to ensure they could meet the various design targets. One important design target is to support of a massive number of low throughput devices, i.e., a system that can support a large number of devices, each generating a small amount of data is required. The original traffic model was based on TR 36.888. In Rel-15, both eMTC and NB-IoT were further evaluated and shown to fulfil 5G device density requirement of 1,000,000 devices per square km.
In this section, we provide evaluation results for connection density in the contest of NTN.
We evaluated the connection density given the traffic assumption that the UE shall be able to deliver a 32 bytes packet in the uplink under 10 s with an outage probably of less than 1%.
We evaluated the connection density for two LEO scenarios: Case 9 and Case 14 which have similar characteristics with the difference that Case 9 is at 600 km orbital altitude whereas Case 14 is at 1200 km orbital altitude. These scenarios target handheld devices. The UE characteristics follow those of Section 6.2.1 in TR 36.763, which correspond to the IoT devices. 
We used 19 cells in our simulation with the statistics counted only for the innermost 7 cells, as shown in Figure 1. Furthermore, UEs had 20 seconds to deliver their packets before each delivery attempt was cancelled, meaning that no further re-transmissions were attempted after the lapse of 20 seconds. This should not be confused with the 10-second interval that determines the outage rate. In other words, a UE could deliver the uplink packet after 10 seconds, but this was counted as an outage based on the assumed criteria. Not being able to deliver the packet at all within 20 seconds was also counted as an outage. 
[image: ]
Figure 1: Simulating 19 cells but only accounting for the inner 7 cells. 
To observe how uplink and downlink SINR get worse with increasing load (i.e., arrival rate), the PDSCH and PUSCH SINR percentiles are plotted in Figure 2 and Figure 3, respectively. 
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Figure 2. PDSCH SINR percentiles as a function of the arrival rate. 
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Figure 3. PUSCH SINR percentiles as a function of the arrival rate. 
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Figure 4. Outage rate as a function of the arrival rate. 
We plot the outage rate as a function of the arrival rate for Cases 9 and 14 in Figure 4. We find that the maximum arrival rate where the outage rate is under 1% is 60 UE/sec/cell and 70 UE/sec/cell for Case 9 and Case 14, respectively. For the area of a cell in a satellite scenario, we do not have a specific cell size. This is because we only define the beam separation from the point of view of the satellite. However, from observing the satellite antenna pattern on the ground, we can estimate the area on the ground as ~1385 km2 and 5543 km2 for the case 9 and case 14, respectively. The connection density per narrowband can thus be computed as:
Connection density = 1st percentile arrival rate (UE/s/cell) * UE traffic pattern [s] / cell area [km2]
Table 1 presents the results for the connection density evaluation for eMTC NTN. Comparing Case 9 and Case 14, we observe that the achievable number of devices supported for Case 14 is significantly smaller than Case 9, due to the much larger cell size for satellites at 1200 km altitude versus 600 km altitude.    
[bookmark: _Ref71527801]Table 1: IoT NTN connection density.
	Scenario
	eMT NTN, Case 9 [TR 38.821]
	eMTC NTN, Case 14 [TR 38.821]

	Cell-size
	A = 1385 km2
	A = 5543 km2

	# of devices supported per km2 with 6 PRBs
	364
devices/km2
	78
devices/km2



[bookmark: _Toc71481803][bookmark: _Toc79168084]Evaluation results show that the achievable connection density for eMTC is 364 UEs/km2 in Case 9 and 78 UEs/km2 in Case 14 for a single narrowband (6 PRBs).
Conclusion
In the previous sections we made the following observations: 
Observation 1	eMTC and NB-IoT can address different types of IoT use cases based on their unique capabilities and thus complement each other.
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	Rel-17 IoT NTN work item should equally treat eMTC and NB-IoT, as they are both essential technologies for IoT NTN.
Observation 4	Evaluation results show that the achievable connection density for eMTC is 364 UEs/km2 in Case 9 and 78 UEs/km2 in Case 14 for a single narrowband (6 PRBs).
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