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Introduction
In RAN#99 meeting, a new Study Item on submission of satellite radio interface of IMT-2020 was approved [1]. Based on the objective of SI, IoT NTN will at least target self-evaluation against bullets c) and e) technical requirements.
In RAN1#114bis meeting, the evaluation methodologies, evaluation configurations and some initial evaluation results for IMT-2020 satellite were discussed, and the following agreements related to IoT NTN were made [2].
	Agreement
The UE speed is updated as 3 km/h in the template for results collection for connection density.
Agreement
At least for eMBB-s spectral efficiency evaluation, a value of 0dB for scintillation loss can be optionally used (in addition to the already agreed 2.2dB) and results can be separately captured in TR 37.911.
Agreement
For eMTC evaluations, companies to report the TBS size used.


In this contribution, self-evaluation results of mMTC-s for NB-IoT are discussed.

Evaluation results
As bandwidth of 1 PRB is used in system-level simulation and scheduling unit is 1 subcarrier, UE number with 12 UEs per beam is used to make all the beams fully loaded, the scintillation loss is 2.2 dB, and the UE speed is 3 km/h. For other parameters need to be reported the corresponding values are summarized in Table 1 below.
[bookmark: _Ref141365449]Table 1: Parameters for system-level simulation of connection density
	Parameters
	Value

	FRF
	1 or 3

	Channel bandwith
	FRF=1: 180 kHz (1PRB)
FRF=3: 540 kHz (3PRB)

	One way delay
	9 ms

	Power control parameter
	Maximum power


Based on system-level simulation, UL pre-SINR for NB-IoT with FRF=1 and FRF=3 are shown in Figure 1.
[image: ]
[bookmark: _Ref141436197]Figure 1: UL pre-SINR curves of NB-IoT for connection density evaluation
It was agreed that TBS is 256 bits, modulation orders are BPSK-π/2 and QPSK-π/4, and number of resource units are 2/3/4/5/6/8/10, number of repetition are 1/2/4/8/16 in link-level simulation. The SINR-to-SE curve are shown in Figure 2.
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[bookmark: _Ref145950931]Figure 2: SINR-to-SE curve of NB-IoT for connection density evaluation

The simulation assumptions and results are summarized in Table 2. It should note that the delay calculation in full-buffer evaluation (as described in Report ITU-R M.2412 [3]) does not take the RTD (round trip delay) into account.
[bookmark: _Ref141367707]Table 2: Evaluation results of NB-IoT for connection density
	Traffic model
	FRF
	Modulation
	Connection density [devices/km2]
	99th percentile delay [s]

	ITU requirements
	500
	10

	1 message/2 hours/device
	1
	BPSK-π/2,  QPSK-π/4
	825
	0.216

	
	3
	
	2906
	0.035

	1 message/day/device
	1
	
	9905
	0.216

	
	3
	
	34870
	0.035

	Note: 99th percentile delay does not include the RTD of NTN system.


The attached excel document mMTC-s_ConnectionDensity_NB-IoT.xlsx captures the UL pre-SINR CDF curves and SINR-to-SE curve.
It is observed that the result of connection density in Table 2 can fulfil ITU requirements.
Observation 1: NB-IoT can fulfil the connection density requirements with full-buffer system-level simulation followed by link-level simulation method.
Proposal 1: Capture the evaluation assumptions in Table 1 and evaluation results in Table 2 in TR 37.911.

Conclusions
Evaluation results of NB-IoT for connection density are provided in this contribution, and our observation is as following:
Observation 1: NB-IoT can fulfil the connection density requirements with full-buffer system-level simulation followed by link-level simulation method.
Proposal 1: Capture the evaluation assumptions in Table 1 and evaluation results in Table 2 in TR 37.911.
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