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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 this contribution, it will discuss evaluation assumptions and preliminary results for peak data rate and peak spectral efficiency. 

Discussion 
In [2], the minimum requirements for peak spectral efficiencies 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 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



Based on the above formula, the following table 1 shows an exemplary approximate data rate assuming that the number of carriers and layers are 1, and the max MCS level is applied using 64QAM. 
Table 1. Example of calculations on data rate and spectral efficiency
	
	DL
	UL

	Bandwidth
	30MHz
	1.44MHz

	# Carriers
	1

	# Layers
	1

	Max code rate
	948/1024

	Max modulation order
	6

	Subcarrier spacing
	15kHz

	Symbol duration
	71.4 us

	Overhead
	0.14
	0.08

	Scaling factor
	1

	max #PRB
	160
	8

	Data rate
	128 Mbps
(*Requirement: 70 Mbps) 
	6.86 MHz
(*Requirement: 2 Mbps)

	Spectral efficiency
	4.28 bps/Hz
(*Requirement: 3 bps/Hz)
	4.77 bps/Hz
(*Requirement: 1.5 bps/Hz)



Observation 1:  The minimum requirements for peak data rate and spectral efficiency can be met when assuming proper configuration(s).   

However, it might be difficult to achieve the max MCS level in NTN because the level of received SNR is not high compared to TN. Thus, the following table 2 shows data rates and spectral efficiencies according to the MCS level. To achieve both requirements, at least 22 MCS index is necessary for DL, and at least 13 MCS index is necessary for UL if 64QAM MCS table 1 is assumed. It is noted that 160 RBs and 8 RBs are assumed for DL and UL, respectively. 
[bookmark: _GoBack]Table 2. Example of data rate and spectral efficiency per MCS level based 64QAM MCS table 
	　
	DL (30 MHz: 160 RB)
	UL (1.44 MHz: 8 RB)

	MCS Index
	Data rate 
(Mbps)
	Spectral efficiency
(bps/Hz)
	Data rate
(Mbps)
	Spectral efficiency
(bps/Hz)

	12
	…
	…
	2.1
	1.46

	13
	…
	…
	2.37
	1.64

	14
	…
	…
	2.67
	1.85

	…
	…
	…
	…
	…

	21
	83.4
	2.78
	…
	…

	22
	90.2
	3
	…
	…

	23
	97.3
	3.24
	…
	…



Observation 2:  The DL minimum requirements for peak data rate and spectral efficiency can be met if at least 22 MCS level can be achieved in NTN with 30MHz when assuming that the number of carriers and layers are 1.
Observation 3:  The UL minimum requirements for peak data rate and spectral efficiency can be met if at least 13 MCS level can be achieved in NTN with 1.44MHz when assuming that the number of carriers and layers are 1.
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System level simulation is necessary for evaluating user experienced data, 5th percentile spectral efficiency, average spectral efficiency and other characteristics. Although [4] provided some results related to coupling loss and Geometry SINR for DL and UL, it needs more inputs in order to calibrate system level simulation environments. There were 30 cases considered for calibration study purpose as shown in Table 3. However, it may need to focus on more essential cases to provide the evaluation results on time. Therefore, it is preferable to prioritize cases which are indicated by “no star” and S-band because at least Rel-17 NR had specified S-band as 3GPP operation bands (i.e., n255 and n256). 
Table 3. List of calibration study cases [4]
	Case
	Satellite orbit
	Satellite parameter set
	Central beam elevation
	Terminal
	Frequency Band
	Frequency/ Polarization Reuse

	1
	GEO
	Set 1
	45 deg
	VSAT
	Ka-band
	Option 1

	2
	GEO
	Set 1
	45 deg
	VSAT
	Ka-band
	Option 2

	3*
	GEO
	Set 1
	45 deg
	VSAT
	Ka-band
	Option 3

	4*
	GEO
	Set 1
	45 deg
	Handheld
	S-band
	Option 1

	5*
	GEO
	Set 1
	45 deg
	Handheld
	S-band
	Option 2

	6
	LEO-600
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 1

	7
	LEO-600
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 2

	8*
	LEO-600
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 3

	9
	LEO-600
	Set 1
	90 deg
	Handheld
	S-band
	Option 1

	10
	LEO-600
	Set 1
	90 deg
	Handheld
	S-band
	Option 2

	11*
	LEO-1200
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 1

	12*
	LEO-1200
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 2

	13*
	LEO-1200
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 3

	14
	LEO-1200
	Set 1
	90 deg
	Handheld
	S-band
	Option 1

	15
	LEO-1200
	Set 1
	90 deg
	Handheld
	S-band
	Option 2

	16**
	GEO
	Set 2
	45 deg
	VSAT
	Ka-band
	Option 1

	17**
	GEO
	Set 2
	45 deg
	VSAT
	Ka-band
	Option 2

	18**
	GEO
	Set 2
	45 deg
	VSAT
	Ka-band
	Option 3

	19**
	GEO
	Set 2
	45 deg
	Handheld
	S-band
	Option 1

	20**
	GEO
	Set 2
	45 deg
	Handheld
	S-band
	Option 2

	21**
	LEO-600
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 1

	22**
	LEO-600
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 2

	23**
	LEO-600
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 3

	24**
	LEO-600
	Set 2
	90 deg
	Handheld
	S-band
	Option 1

	25**
	LEO-600
	Set 2
	90 deg
	Handheld
	S-band
	Option 2

	26**
	LEO-1200
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 1

	27**
	LEO-1200
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 2

	28**
	LEO-1200
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 3

	29**
	LEO-1200
	Set 2
	90 deg
	Handheld
	S-band
	Option 1

	30**
	LEO-1200
	Set 2
	90 deg
	Handheld
	S-band
	Option 2

	NOTE 1:	no star = 1st priority, * = second priority scenario, ** = third priority scenario
NOTE 2:	Only 1st priority cases will be considered for calibration phase 1



Conclusions 
In this contribution we discussed evaluation assumptions and preliminary results for peak data rate and peak spectral efficiency. We made the following observations:

Observation 1:  The minimum requirements for peak data rate and spectral efficiency can be met when assuming proper configuration(s).   
Observation 2:  The DL minimum requirements for peak data rate and spectral efficiency can be met if at least 22 MCS level can be achieved in NTN with 30MHz when assuming that the number of carriers and layers are 1.
Observation 3:  The UL minimum requirements for peak data rate and spectral efficiency can be met if at least 13 MCS level can be achieved in NTN with 1.44MHz when assuming that the number of carriers and layers are 1.
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