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Introduction
In RAN#99 meeting, a new SID on IMT-2020 satellite radio interface self-evaluation towards a submission of NR-NTN and IoT NTN to ITU-R was approved [1]. For IoT NTN, RAN1 is tasked with providing self-evaluation results at least against the technical performance requirement on connection density.
In the last three RAN1 meetings, many essential agreements and conclusions were achieved on the evaluation methodology and simulation assumptions for IMT-2020 self-evaluation for IoT NTN. In this contribution, we provide our evaluation results for IoT NTN under the agreed evaluation assumptions.

Self-evaluation results for IoT NTN
Connection density
For IoT NTN self-evaluation, the metric of connection density is defined as the total number of devices fulfilling the maximum packet transmission delay of 10s. As per the previous agreement, non-full buffer and full-buffer SLS are both allowed for connection density evaluation.
In RAN1#114 meeting, obvious difference is observed in the number of connection density for SLS to LLS metric, even if the pre-processing SINR CDFs are aligned between different companies. To aid the evaluation results alignment, it was agreed that companies are encouraged to provide the SINR-SE mapping graph with the target BLER of 10%. 
	Agreement
For IoT NTN Connection Density LLS:
· Agree 10% BLER as target for throughput for NB-IoT Full Buffer and eMTC Full Buffer
· Companies to use QPSK-π/4 as well as BPSK-π/2 in evaluations for NB-IoT Full Buffer.
· Each company to provide SINR - user spectral efficiency (SE) mapping graph for NB-IoT Full Buffer and eMTC Full Buffer, where:
·  SE = nominal SE × (1-BLER)



For SLS to LLS metric of connection density, full-buffer SLS is firstly performed to obtain the CDF of the uplink SINR over users, i.e., uplink pre-processing  for each percentile . The full-buffer SLS assumptions are listed in Table 2 in the appendix, and the CDF of pre-processing SINR is illustrated in Fig. 1.
[image: ]
Fig. 1. CDF of pre-processing UL SINR for eMTC NTN with FRF = 3
According to the procedure for evaluating the connection density based on full-buffer SLS followed by LLS in [3], the LLS is subsequently performed to determine the achievable user data rate  for the recorded  and average allocated UE bandwidth . For simplicity, we perform the LLS based on the agreed simulation bandwidth  of 1 PRB to obtain the achievable spectral efficiency () firstly, and the detailed LLS parameters are summarized in Table 3 in the appendix. As per the above agreement, the SE at given TBS, repetition number  and BLER can be calculated as:

It is apparent that the SE varies with different selected TBS and repetition number. Thus, the achievable  at a given  should be defined as the maximum SE under the restriction of 10% BLER, which can be obtained by LLS and the SE formula. Also, the SINR-SE mapping graph for the recorded  is provided in Fig. 2. 
[image: ]
Fig. 2. SINR-SE mapping graph for the recorded 
The achievable user data rate  can be derived by the product of the achievable  and the average allocated UE bandwidth , where  is observed in our full-buffer SLS. Then, the following steps mentioned in [1] are used to evaluate the connection density:
1) Calculate the packet transmission delay of a user as Di = S/Ri, where S is the packet size.
2) Calculate the traffic generated per user as T = S/Tinter-arrival, where Tinter-arrival is the inter‑packet arrival time.
3) Calculate the long-term frequency resource requested under SINRi as Bi = T/(Ri/Wuser).
4) Calculate the number of supported connections per TRxP, N = W / mean(Bi). W is the simulation bandwidth. The mean of Bi may be taken over the best 99% of the SINRi conditions.
5) Calculate the connection density as C = N / A, where the TRxP area A = 1415 km2 is used as agreed in the last meeting.
[bookmark: _Hlk146720218][bookmark: _Hlk146720278]Based on the above procedure, the evaluation results including 99th percentile delay and connection density are summarized in Table 1. It can be observed that the requirement on connection density can be fulfilled for system bandwidth of 1.08MHz, where the 99th percentile of the delay per user Di is 0.0071s and connection density is 17684 Devices/ km2.
Table 1. Evaluation results for eMTC NTN
	Parameter
	value

	1 percentile pre-processing SINR
	3.25 dB

	Traffic model
	32 bytes: 1 message/2 hours/device

	System Bandwidth (W)
	1.08 MHz

	99th Percentile Delay
	0.0071 s

	Connection Density
	17684 Devices/ km2



Observation 1: For IoT NTN self-evaluation, the connection density can meet ITU-R requirement for system bandwidth of 1.08MHz, where the connection density is 17684 Devices/ km2 and the 99th percentile of the delay is 0.0071s.

Conclusion
In this contribution, we present our self-evaluation results for IoT NTN for IMT-2020 submission based on the agreed simulation parameters. The following observations are made:
Observation 1: For IoT NTN self-evaluation, the connection density can meet ITU-R requirement for system bandwidth of 1.08MHz, where the connection density is 17684 Devices/ km2 and the 99th percentile of the delay is 0.0071s.
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Appendix
Table 2. Simulation parameters for full-buffer SLS
	Parameter
	value

	FRF
	3

	System bandwidth
	1.08 MHz

	UE antenna configuration
	(1,1,1) 

	Power control parameter
	P0=-80dBm, alpha=0.8

	UE density
	10 UEs per spot beam

	Traffic model
	Full buffer



Table 3. Simulation parameters for full-buffer SLS
	Parameter
	value

	Physical channel
	PUSCH

	Simulation bandwidth
	1 PRB

	SCS
	15kHz

	Number of users in simulation
	1

	Link-level Channel model
	NTN TDL-C Rural

	Antenna configuration at Satellite
	1Rx

	Antenna configuration at UE
	1Tx

	Transmission mode
	SISO

	Transmission rank
	1

	Modulation order
	QPSK, 16QAM

	Number of repetition
	[1,2,4,8]

	Channel estimation
	LMMSE

	Channel coding scheme
	Turbo code

	Doppler spread
	5Hz

	UL DMRS config
	2 OFDM symbols per subframe
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