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Introduction
RAN#99 approved study on self-evaluation towards the 3GPP submission of an IMT-2020 Satellite Radio Interface Technology [1]. Main purpose of the study is to do performance evaluations based on Rel-17 NR and IoT NTN, and the evaluation results will be used for providing the information on whether or not it can meet the requirements for eMBB-s, mMTC-s and HRC-s which were specified in [1] that provides following evaluation metrics. 
· 	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
In RAN1#114, it was further discussed on evaluation assumptions for submitting self-evaluation results towards the 3GPP submission of IMT-2020 satellite radio interface technology. In this contribution, it discusses self-evaluations results for NR NTN.  

Peak spectral efficiency & Peak data rate
In [2], the minimum requirements for peak spectral efficiency and peak data rate are as follows:
	Peak data rate (DL)
	70 Mbit/s (1)

	Peak data rate (UL)
	2 Mbit/s (1)



	Peak spectral efficiency (DL)
	3 bit/s/Hz (1)

	Peak spectral efficiency (UL)
	1.5 bit/s/Hz (1)

	(1)	Requirements were derived using an assignable bandwidth of up to 30 MHz over one satellite beam.



In last RAN#114, following proposals were agreed for evaluation assumptions on peak spectral efficiency and peak data rate. 
	Agreement
For DL and UL overhead:
· DL overhead is assumed to be 0.14
· UL overhead is assumed to be 0.08

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



In order to derive peak data rate, 3GPP specified the approximate data rate for a given number of aggregated carriers in a band or band combination in [3] as follows:
	

wherein
J is the number of aggregated component carriers in a band or band combination
Rmax = 948/1024
For the j-th CC,
	[image: ] is the maximum number of supported layers given by higher layer parameter maxNumberMIMO-LayersPDSCH for downlink and maximum of higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH for uplink.

	 is the maximum supported modulation order given by higher layer parameter supportedModulationOrderDL for downlink and higher layer parameter supportedModulationOrderUL for uplink.

	is the scaling factor given by higher layer parameter scalingFactor or scalingFactor-1024QAM-FR1 and can take the values 1, 0.8, 0.75, and 0.4.

	 is the numerology (as defined in TS 38.211)



[bookmark: OLE_LINK8]	 is the average OFDM symbol duration in a subframe for numerology , i.e. . Note that normal cyclic prefix is assumed.




	 is the maximum RB allocation in bandwidth  with numerology , as defined in 5.3 TS 38.101-1 and 5.3 TS 38.101-2, where  is the UE supported maximum bandwidth in the given band or band combination.

	is the overhead and takes the following values
0.14, for frequency range FR1 for DL
0.18, for frequency range FR2 for DL
0.08, for frequency range FR1 for UL
0.10, for frequency range FR2 for UL


Regarding link budget analysis, the following table 1 shows link budget results, and the corresponding MCS value which can meet the target BLER satisfying 10% error. BLER performance of LDPC in AWGN channel for MCS index table 1 is considered. 
Table 1. Link budget analysis
	　
	Set-1 & 600km

	　
	DL
	UL

	Altitude (km)
	600
	600

	Elevation angle (degree)
	90
	90

	Distance (km)
	600.00
	600.00

	Frequency (GHz)
	2
	2

	Bandwidth (MHz)
	30
	1.44

	Transmission power (DL: dBW/MHz, UL:dBm)
	34
	23

	Tx antennga gain (dBi)
	30
	0

	TX EIRP (dBm)
	78.77
	23.00

	Rx antenna gain (dBi)
	0
	30

	Noise figure (dB)
	7
	5

	Ambient Temperature (T)
	290
	290

	RX G/T (dB/T)
	-31.62
	1.10

	Free Space Pathloss (dB)
	154.03
	154.03

	Shadowing Loss (dB)
	0
	0

	Scintillation Loss (dB)
	0
	0

	Polarization Loss (dB)
	0
	0

	SNR (dB)
	16.94
	7.08

	MCS
	25
	14


With the link budget results, the following table 2 shows calculated peak spectral efficiency and peak data rate for DL and UL, respectively, and it shows to meet the minimum requirements. 
Table 2. Analytical evaluations for peak spectral efficiency and peak data rate
	　
	DL
	UL

	Layer
	1
	1

	Modulation order
	6
	4

	Scaling factor
	1
	1

	Code rate
	822
	553

	RB
	160
	8

	Numerology
	0
	0

	Average symbol duration (us)
	71.4
	71.4

	Overhead
	0.14
	0.08

	Data rate (Mbps)
	111.34
(*Requirement: 70)
	2.67
(*Requirement: 2)

	Spectral efficiency (bps/Hz)
	3.71
(*Requirement: 3)
	1.85
(*Requirement: 1.5)


Observation 1:  3GPP Rel-17 NR NTN meets the minimum requirements for peak data rate and spectral efficiency. 
· DL peak spectral efficiency: 3.71 bps/Hz
· UL peak spectral efficiency: 1.85 bps/Hz
· DL peak data rate: 111.34 Mbps
· UL peak data rate: 2.67 Mbps

Bandwidth
In [2], the minimum requirements for bandwidth are defined as follows:
	7.2.13	Bandwidth
Bandwidth is the maximum aggregated system bandwidth. Scalable bandwidth is the ability of the candidate RIT/SRIT to operate with different bandwidth. The bandwidth capability of the RIT/SRIT is defined for the purpose of IMT-2020 evaluation.
The RIT/SRIT should support a scalable bandwidth up to 30 MHz. The support of maximum bandwidth is verified by inspection of the proposal. 
The scalability requirement is verified by demonstrating that the candidate RITs/SRITs can support different bandwidth values. These values shall include the minimum and maximum supported bandwidth of the candidate RIT/SRIT.


In Rel-17 NTN, RAN4 has specified two NTN operating bands in [4] as the following table 3. Accordingly, it is understood that Rel-17 NTN can meet the requirement for bandwidth that is defined in [2].
Table 3: NTN satellite bands in FR1
	NTN satellite operating band
	Uplink (UL) operating band
Satellite Access Node receive / UE transmit
FUL,low   –  FUL,high
	Downlink (DL) operating band
Satellite Access Node transmit / UE receive
FDL,low   –  FDL,high 
	Duplex mode

	n256
	1980MHz – 2010 MHz
	2170 MHz – 2200 MHz
	FDD

	n255
	1626.5 MHz – 1660.5 MHz
	1525 MHz – 1559 MHz
	FDD

	NOTE: 	NTN satellite bands are numbered in descending order from n256.


Observation 2:  3GPP Rel-17 NR NTN meets the requirements for bandwidth.   

Conclusions
The following observations have been made for self-evaluation results towards the 3GPP submission of an IMT-2020 Satellite Radio Interface Technology.  

Observation 1:  3GPP Rel-17 NR NTN meets the minimum requirements for peak data rate and spectral efficiency. 
· DL peak spectral efficiency: 3.71 bps/Hz
· UL peak spectral efficiency: 1.85 bps/Hz
· DL peak data rate: 111.34 Mbps
· UL peak data rate: 2.67 Mbps
Observation 2:  3GPP Rel-17 NR NTN meets the requirements for bandwidth.   
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