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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 NR NTN, RAN1 is tasked with providing self-evaluation results against the following technical performance requirements:
· Peak data rate
· Peak spectral efficiency
· User experienced data rate
· 5th percentile user spectral efficiency
· Average spectral efficiency
· Area traffic capacity
· Latency, including user plane latency and control plane latency
· Energy efficiency, including both network and device
· Mobility
· Mobility interruption time
· Connection density
· Reliability
· other requirements (including bandwidth)
Based on the guidelines for evaluation of the satellite radio interface of IMT-2020 in [2], many essential agreements and conclusions were made on the evaluation methodology and simulation assumptions for IMT-2020 satellite in the previous meetings. In this contribution, we provide our evaluation results for NR NTN under the agreed evaluation assumptions.

Self-evaluation results for NR NTN
eMBB-s SLS
[bookmark: _Hlk142469276]Average spectral efficiency and 5th percentile user spectral efficiency
Average spectral efficiency and 5th percentile user spectral efficiency are the critical requirements on throughput from gNB and UE perspective, and can be evaluated simultaneously by system-level simulation. In RAN1#114bis meeting, it was agreed that the scintillation loss of 0dB can be optionally used to obtain better spectral efficiency evaluation results:
	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.



For SLS in NTN scenario, each cell is associated with a satellite beam, and corresponds to a unique boresight direction in the satellite reference frame (i.e., zenith and azimuth angle), as shown in Fig 1. Then, the hexagonal pattern with 19 cells can be constructed by 19 spot beams, and the inter-cell distance can be computed by the 3dB beam width (HPBW) of the satellite antenna pattern. For LEO-600 Set-1 satellite, the inter-cell distance can be calculated as km. 


Fig 1. Hexagonal pattern with 19 spot beams determination in NTN
Regarding the wrap around mechanism for intra-satellite interference modelling in NTN SLS, the interference from 18 adjacent beams allocated on 2 distinct tiers should be accounted for, as described in clause 6.1.1.1 in 38.821. To have a comprehensive observation on the data rate, FRF = 1 and FRF = 3 are both considered in our evaluation, and the CDF curves of CL, geometry SINR and SIR are provided in Fig 2 for calibration. 
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Fig 2. CL, Geometry SINR and SIR for calibration
The simulation parameters to be reported by companies for SLS-eMBB are listed in Table 1. Based on the agreed beam layout, the minimum beam edge elevation is 79deg, corresponding to one way propagation delay of 2.03ms. Thus, the retransmission delay of 9ms can accommodate the RTT in case of transparent payload.
Table 1. Simulation parameters for SLS-eMBB
	Parameter
	value

	FRF
	1, 3

	Scintillation loss
	0dB, 2.2dB

	Retransmission delay
	9ms

	UE antenna configuration
	(1,1,2) 



Based on the agreed simulation parameters, average spectral efficiency and 5th percentile user spectral efficiency can be obtained by NTN SLS. The simulation results are summarized in Table 2 and Table 3 separately, which can meet ITU-R requirements with little margin.
[bookmark: _Hlk149506019]Table 2. Evaluation results on average and 5th percentile user spectral efficiency for scintillation loss of 2.2dB
	Link
	Requirement
	Results of FRF1
	Results of FRF3
	ITU requirement

	DL
	Average SE
	[bookmark: _Hlk142569636]0.56 bit/s/Hz
	0.5 bit/s/Hz
	0.5 bit/s/Hz

	
	5% SE
	0.043 bit/s/Hz
	0.043 bit/s/Hz
	0.03 bit/s/Hz

	UL
	Average SE
	[bookmark: _Hlk142569664]0.17 bit/s/Hz
	0.23 bit/s/Hz
	0.1 bit/s/Hz

	
	5% SE
	[bookmark: _Hlk142569672]0.0052 bit/s/Hz
	0.0067 bit/s/Hz
	0.003 bit/s/Hz



[bookmark: _Hlk149506481]Observation 1: For scintillation of 2.2dB, the average spectral efficiency and 5th percentile user spectral efficiency can meet the ITU-R requirements with little margin:
· [bookmark: _Hlk142571135]For DL, the average spectral efficiency is 0.56 bit/s/Hz for FRF1 and 0.5 bit/s/Hz for FRF3, and the 5th percentile user spectral efficiency is 0.043 bit/s/Hz for FRF1 and 0.043 bit/s/Hz for FRF3.
· For UL, the average spectral efficiency is 0.17 bit/s/Hz for FRF1 and 0.23 bit/s/Hz for FRF3, and the 5th percentile user spectral efficiency is 0.0052 bit/s/Hz for FRF1 and 0.0067 bit/s/Hz for FRF3.
Table 3. Evaluation results on average and 5th percentile user spectral efficiency for scintillation loss of 0dB
	Link
	Requirement
	Results of FRF1
	Results of FRF3
	ITU requirement

	DL
	Average SE
	0.57 bit/s/Hz
	0.53 bit/s/Hz
	0.5 bit/s/Hz

	
	5% SE
	0.044 bit/s/Hz
	0.046 bit/s/Hz
	0.03 bit/s/Hz

	UL
	Average SE
	0.25 bit/s/Hz
	0.27 bit/s/Hz
	0.1 bit/s/Hz

	
	5% SE
	0.0078 bit/s/Hz
	0.0113 bit/s/Hz
	0.003 bit/s/Hz



Observation 2: For scintillation of 0dB, the average spectral efficiency and 5th percentile user spectral efficiency can meet the ITU-R requirements with little margin:
· For DL, the average spectral efficiency is 0.57 bit/s/Hz for FRF1 and 0.53 bit/s/Hz for FRF3, and the 5th percentile user spectral efficiency is 0.044 bit/s/Hz for FRF1 and 0.046 bit/s/Hz for FRF3.
· For UL, the average spectral efficiency is 0.25 bit/s/Hz for FRF1 and 0.27 bit/s/Hz for FRF3, and the 5th percentile user spectral efficiency is 0.0078 bit/s/Hz for FRF1 and 0.0113 bit/s/Hz for FRF3.

User experienced data rate
User experience data rate is the 5% point of the CDF of the user throughput, where the user throughput is defined as the number of correctly received bits over a period of time. The user experience data rate can be directly collected by SLS. Or it can also be derived from 5% user spectral efficiency  through the following equation:

where the channel bandwidth  of 160 PRBs is assumed in our evaluation. Table 4 and Table 5 shows that the requirement on user experience data rate can be satisfied. 
Table 4. Evaluation results on user experienced data rate for scintillation loss of 2.2dB
	Link
	Results of FRF1
	Results of FRF3
	ITU requirement

	DL
	[bookmark: _Hlk142572551]1.24 Mbit/s
	1.23 Mbit/s
	1 Mbit/s

	UL
	149.69 kbit/s
	[bookmark: _Hlk146790990]193.22 kbit/s
	100 kbit/s



Observation 3: For scintillation of 2.2dB, the requirement on user experience data rate can be satisfied, where the DL user experience data rate is 1.24 Mbit/s for FRF = 1 and 1.23 Mbit/s for FRF = 3, and the UL user experience data rate is 149.69 kbit/s for FRF = 1 and 193.22 kbit/s for FRF = 3.
Table 5. Evaluation results on user experienced data rate for scintillation loss of 0dB
	Link
	Results of FRF1
	Results of FRF3
	ITU requirement

	DL
	1.28 Mbit/s
	1.32 Mbit/s
	1 Mbit/s

	UL
	225.81 kbit/s
	327.97 kbit/s
	100 kbit/s



Observation 4: For scintillation of 0dB, the requirement on user experience data rate can be satisfied, where the DL user experience data rate is 1.28 Mbit/s for FRF = 1 and 1.32 Mbit/s for FRF = 3, and the UL user experience data rate is 225.81 kbit/s for FRF = 1 and 327.97 kbit/s for FRF = 3.

Area traffic capacity
Area traffic capacity is defined as the total traffic throughput served per geographic area, and can be derived based on the average spectral efficiency, TRxP density and bandwidth. As per the agreement in the last meeting, For the evaluation metrics that require usage of beam area, a beam area of 1415 km2 is assumed. Then, the area traffic capacity is calculated as follows:

where  is the average spectral efficiency in Table 2 and Table 3, and the evaluation results are illustrated in Table 6 and Table 7.
Table 6. Evaluation results on area traffic capacity for scintillation loss of 2.2dB
	Link
	Results of FRF1
	Results of FRF3
	ITU requirement

	DL
	[bookmark: _Hlk142573832]11.31 kbit/s/km2
	10.15 kbit/s/km2
	8 kbit/s/km2

	UL
	3.46 kbit/s/km2
	[bookmark: _Hlk146791232]4.6 kbit/s/km2
	1.5 kbit/s/km2



Observation 5: For scintillation of 2.2dB, the area traffic capacity can meet ITU-R requirement, where the DL area traffic capacity is 11.31 kbit/s/km2 for FRF = 1 and 10.15 kbit/s/km2 for FRF = 3, and the UL area traffic capacity is 3.46 kbit/s/km2 for FRF = 1 and 4.6 kbit/s/km2 for FRF = 3.
Table 7. Evaluation results on area traffic capacity for scintillation loss of 2.2dB
	Link
	Results of FRF1
	Results of FRF3
	ITU requirement

	DL
	11.61 kbit/s/km2
	10.84 kbit/s/km2
	8 kbit/s/km2

	UL
	4.99 kbit/s/km2
	5.53 kbit/s/km2
	1.5 kbit/s/km2



Observation 6: For scintillation of 0dB, the area traffic capacity can meet ITU-R requirement, where the DL area traffic capacity is 11.61 kbit/s/km2 for FRF = 1 and 10.84 kbit/s/km2 for FRF = 3, and the UL area traffic capacity is 4.99 kbit/s/km2 for FRF = 1 and 5.53 kbit/s/km2 for FRF = 3.

Conclusion
In this contribution, we present our self-evaluation results for NR NTN for IMT-2020 submission based on the agreed simulation parameters. The following observations are made:
Observation 1: For scintillation of 2.2dB, the average spectral efficiency and 5th percentile user spectral efficiency can meet the ITU-R requirements with little margin:
· For DL, the average spectral efficiency is 0.56 bit/s/Hz for FRF1 and 0.5 bit/s/Hz for FRF3, and the 5th percentile user spectral efficiency is 0.043 bit/s/Hz for FRF1 and 0.043 bit/s/Hz for FRF3.
· For UL, the average spectral efficiency is 0.17 bit/s/Hz for FRF1 and 0.23 bit/s/Hz for FRF3, and the 5th percentile user spectral efficiency is 0.0052 bit/s/Hz for FRF1 and 0.0067 bit/s/Hz for FRF3.
Observation 2: For scintillation of 0dB, the average spectral efficiency and 5th percentile user spectral efficiency can meet the ITU-R requirements with little margin:
· For DL, the average spectral efficiency is 0.57 bit/s/Hz for FRF1 and 0.53 bit/s/Hz for FRF3, and the 5th percentile user spectral efficiency is 0.044 bit/s/Hz for FRF1 and 0.046 bit/s/Hz for FRF3.
· For UL, the average spectral efficiency is 0.25 bit/s/Hz for FRF1 and 0.27 bit/s/Hz for FRF3, and the 5th percentile user spectral efficiency is 0.0078 bit/s/Hz for FRF1 and 0.0113 bit/s/Hz for FRF3.
Observation 3: For scintillation of 2.2dB, the requirement on user experience data rate can be satisfied, where the DL user experience data rate is 1.24 Mbit/s for FRF = 1 and 1.23 Mbit/s for FRF = 3, and the UL user experience data rate is 149.69 kbit/s for FRF = 1 and 193.22 kbit/s for FRF = 3.
Observation 4: For scintillation of 0dB, the requirement on user experience data rate can be satisfied, where the DL user experience data rate is 1.28 Mbit/s for FRF = 1 and 1.32 Mbit/s for FRF = 3, and the UL user experience data rate is 225.81 kbit/s for FRF = 1 and 327.97 kbit/s for FRF = 3.
Observation 5: For scintillation of 2.2dB, the area traffic capacity can meet ITU-R requirement, where the DL area traffic capacity is 11.31 kbit/s/km2 for FRF = 1 and 10.15 kbit/s/km2 for FRF = 3, and the UL area traffic capacity is 3.46 kbit/s/km2 for FRF = 1 and 4.6 kbit/s/km2 for FRF = 3.
Observation 6: For scintillation of 0dB, the area traffic capacity can meet ITU-R requirement, where the DL area traffic capacity is 11.61 kbit/s/km2 for FRF = 1 and 10.84 kbit/s/km2 for FRF = 3, and the UL area traffic capacity is 4.99 kbit/s/km2 for FRF = 1 and 5.53 kbit/s/km2 for FRF = 3.
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