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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 last three meetings. In this contribution, we provide our evaluation results for NR NTN under the agreed evaluation assumptions.

Self-evaluation results for NR NTN
Analytical approach
Peak spectral efficiency and peak data rate
To aid the alignment on peak spectral efficiency and peak data rate, the following agreements were made in the last meeting:
	Agreement
For DL and UL overhead:
· DL overhead is assumed to be 0.14
· UL overhead is assumed to be 0.08

Observation:
Based on RAN1 evaluations, for peak data rate and spectral efficiency the max code rate and modulation order is:
· For DL, the modulation scheme is , and between 666/1024 and 822/1024
· For UL, the modulation scheme is , and  between 434/1024 and 553/1024

Agreement
3GPP will report peak data rate and spectral efficiency based on
· 822/1024 and  for DL
· 553/1024 for and  for UL



Based on the agreed DL and UL parameters, including overhead and modulation scheme, Table 1 provides the corresponding peak spectral efficiency and peak data. Note that for DL, the CNR does not vary with the bandwidth, so only the DL result with 30MHz bandwidth is provided to achieve the DL peak data rate. However, for UL, the CNR decreases with the increasing bandwidth due to the limited UE transmit power. In this case, 8 PRBs is assumed in our evaluation to guarantee the modulation scheme with 553/1024 and  can be selected.
Table 1. link budget results, peak spectral efficiency and peak data rate under ideal NTN conditions 
	Transmission mode
	DL-30MHz
	UL-8RBs

	Frequency [GHz]
	2.00
	2.00

	Bandwidth [MHz]
	30.00
	1.44

	TX: EIRP [dBm]
	78.77
	23.00

	RX: G/T [dB/T]
	-31.62
	1.10

	Satellite altitude [km]
	600
	600

	Target elevation angle [deg]
	90
	90

	Free space path loss [dB]
	154.03
	154.03

	Atmospheric loss [dB]
	0.00 
	0.00

	Shadow fading margin [dB]
	0.00
	0.00

	Scintillation loss [dB]
	0.00
	0.00

	Polarization loss [dB]
	0.00
	0.00

	Additional losses [dB]
	0.00
	0.00

	CNR [dB]
	16.94
	7.05

	MCS (64QAM Table)
	25
	14

	Peak spectral efficiency [bit/s/Hz]
	3.71
	1.85

	Peak data rate [Mbit/s]
	111.34
	2.67



The peak spectral efficiency can be calculated as:

According to the BLER-SNR curve with different MCS indexes obtained by LLS, the appropriate MCS can be selected based on the link budget results, as shown in Table 1, and the  and  can be determined accordingly. Regarding the overhead for peak spectral efficiency and peak data rate calculation,  for DL and  for UL are used as in the agreement. Then, the peak spectral efficiency and peak data rate for DL and UL are calculated and presented in Table 1. 
Based on the evaluation results, the following observation can be made:
· For DL, the peak spectral efficiency is 3.71 bit/s/Hz and the peak data rate is 111.34 Mbit/s, which can satisfy ITU-R requirements.
· For UL, the peak spectral efficiency is 1.85 bit/s/Hz and the peak data rate is 2.67 Mbit/s when a bandwidth of 8 RBs is used, which can satisfy ITU-R requirements
[bookmark: _Hlk146791258]Observation 1: For NR NTN self-evaluation, the peak spectral efficiency and peak data rate can meet ITU-R requirements:
· For DL, the peak spectral efficiency is 3.71 bit/s/Hz and the peak data rate is 111.34 Mbit/s.
· For UL, the peak spectral efficiency is 1.85 bit/s/Hz and the peak data rate is 2.67 Mbit/s when a bandwidth of 8 RBs is used.

System simulation procedure
[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. 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 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 2. 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 2. Simulation parameters for SLS-eMBB
	Parameter
	value

	FRF
	1 or 3

	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 3, which can meet ITU-R requirements with little margin.
Table 3. Evaluation results on average and 5th percentile user spectral efficiency
	Link
	Requirement
	Results of FRF1
	Results of FRF3
	ITU requirement

	DL
	Average SE
	[bookmark: _Hlk142569636]0.6 bit/s/Hz
	1.45 bit/s/Hz
	0.5 bit/s/Hz

	
	5% SE
	0.0409 bit/s/Hz
	0.112 bit/s/Hz
	0.03 bit/s/Hz

	UL
	Average SE
	[bookmark: _Hlk142569664]0.21 bit/s/Hz
	0.64 bit/s/Hz
	0.1 bit/s/Hz

	
	5% SE
	[bookmark: _Hlk142569672]0.01 bit/s/Hz
	0.0314 bit/s/Hz
	0.003 bit/s/Hz



Observation 2: For FRF = 1, 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 0.6 bit/s/Hz and the 5th percentile user spectral efficiency is 0.0409 bit/s/Hz.
· For UL, the average spectral efficiency is 0.21 bit/s/Hz and the 5th percentile user spectral efficiency is 0.01 bit/s/Hz.
Observation 3: For FRF = 3, 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 1.45 bit/s/Hz and the 5th percentile user spectral efficiency is 0.112 bit/s/Hz.
· For UL, the average spectral efficiency is 0.64 bit/s/Hz and the 5th percentile user spectral efficiency is 0.0314 bit/s/Hz.

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 shows that the requirement on user experience data rate can be satisfied. 
Table 4. Evaluation results on user experienced data rate
	Link
	Results of FRF1
	Results of FRF3
	ITU requirement

	DL
	[bookmark: _Hlk142572551]1.179 Mbit/s
	1.051 Mbit/s
	1 Mbit/s

	UL
	[bookmark: _Hlk146790982]288.52 kbit/s
	[bookmark: _Hlk146790990]194.01 kbit/s
	100 kbit/s



Observation 4: For NR NTN self-evaluation, the requirement on user experience data rate can be satisfied, where the DL user experience data rate is 1.179 Mbit/s for FRF = 1 and 1.051 Mbit/s for FRF = 3, and the UL user experience data rate is 288.52 kbit/s for FRF = 1 and 194.01 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 the evaluation results are illustrated in Table 5.
Table 5. Evaluation results on area traffic capacity
	Link
	Results of FRF1
	Results of FRF3
	ITU requirement

	DL
	[bookmark: _Hlk142573832]12.24 kbit/s/km2
	9.58 kbit/s/km2
	8 kbit/s/km2

	UL
	4.29 kbit/s/km2
	[bookmark: _Hlk146791232]4.22 kbit/s/km2
	1.5 kbit/s/km2



Observation 5: For NR NTN self-evaluation, the area traffic capacity can meet ITU-R requirement, where the DL area traffic capacity is 12.24 kbit/s/km2 for FRF = 1 and 9.58 kbit/s/km2 for FRF = 3, and the UL area traffic capacity is 4.29 kbit/s/km2 for FRF = 1 and 4.22 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 NR NTN self-evaluation, the peak spectral efficiency and peak data rate can meet ITU-R requirements:
· For DL, the peak spectral efficiency is 3.71 bit/s/Hz and the peak data rate is 111.34 Mbit/s.
· For UL, the peak spectral efficiency is 1.85 bit/s/Hz and the peak data rate is 2.67 Mbit/s when a bandwidth of 8 RBs is used.
Observation 2: For FRF = 1, 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 0.6 bit/s/Hz and the 5th percentile user spectral efficiency is 0.0409 bit/s/Hz.
· For UL, the average spectral efficiency is 0.21 bit/s/Hz and the 5th percentile user spectral efficiency is 0.01 bit/s/Hz.
Observation 3: For FRF = 3, 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 1.45 bit/s/Hz and the 5th percentile user spectral efficiency is 0.112 bit/s/Hz.
· For UL, the average spectral efficiency is 0.64 bit/s/Hz and the 5th percentile user spectral efficiency is 0.0314 bit/s/Hz.
Observation 4: For NR NTN self-evaluation, the requirement on user experience data rate can be satisfied, where the DL user experience data rate is 1.179 Mbit/s for FRF = 1 and 1.051 Mbit/s for FRF = 3, and the UL user experience data rate is 288.52 kbit/s for FRF = 1 and 194.01 kbit/s for FRF = 3.
Observation 5: For NR NTN self-evaluation, the area traffic capacity can meet ITU-R requirement, where the DL area traffic capacity is 12.24 kbit/s/km2 for FRF = 1 and 9.58 kbit/s/km2 for FRF = 3, and the UL area traffic capacity is 4.29 kbit/s/km2 for FRF = 1 and 4.22 kbit/s/km2 for FRF = 3.
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