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1    Introduction
    In RAN#99 meeting, a new Study Item on submission of satellite radio interface of IMT-2020 was approved [1]. The aim of SI is to provide the description of the self-evaluation results towards IMT-2020 submission to ITU-R WP 4B against the technical performance requirements defined by Report ITU-R M.2514.

Detailed objectives of this study item include:
	a) Complete all required submission templates as defined in Report ITU-R M.2514 [RAN ITU-R Ad-Hoc]

b) Provide self-evaluation results against technical performance requirements for eMBB-s as defined in Report ITU-R M.2514 [RAN ITU-R Ad-Hoc, RAN1, RAN2], including
· 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
	
c) Provide self-evaluation results against technical performance requirements for mMTC-s as defined in Report ITU-R M.2514 [RAN ITU-R Ad-Hoc, RAN1, RAN2], including
· Connection density

d) Provide self-evaluation results against technical performance requirements for HRC-s as defined in Report ITU-R M.2514 [RAN ITU-R Ad-Hoc, RAN1, RAN2], including
· Reliability

e) Provide self-evaluation results for other requirements (including bandwidth) as defined in Report ITU-R M.2514 [RAN ITU-R Ad-Hoc, RAN1, RAN2, RAN4]

This study shall start with evaluating features that are supported by Rel-17 NTN (NR NTN + IoT NTN), as relevant for the above aspects.




During RAN1#112-b and RAN1#113 meetings, RAN1 gave its approval to the evaluation assumptions presented in the subsequent table regarding IMT-2020 satellite deployment for NR NTN [2].



Table 1 Characteristics for evaluation
	Reference number
	Characteristic for evaluation
	High-level assessment method
	Requirement description in ITU-R M.2514
	Usage Scenario
	Needed assumptions

	#1
	Peak data rate
	Analytical 
	§ 7.2.1
	eMBB-s
	Yes (modulation, #layers, etc) (NOTE 1)

	#2
	Peak spectral efficiency
	Analytical
	§ 7.2.2
	eMBB-s
	Yes (modulation, #layers, etc) (NOTE 1)

	#3
	User experienced data rate
	Simulation and Analytical
	§ 7.2.3
	eMBB-s
	Derived from #4

	#4
	5th percentile spectral efficiency
	Simulation
	§ 7.2.4
	eMBB-s
	Yes

	#5
	Average spectral efficiency
	Simulation
	§ 7.2.5
	eMBB-s
	Yes

	#6
	Area traffic capacity
	Simulation and Analytical
	§ 7.2.6
	eMBB-s
	Derived from #5 (May need discussion on how to compute the area)

	#7
	User plane latency
	Analytical and Inspection
	§ 7.2.7.1
	eMBB-s
	NOTE 2

	#8
	Control plane latency
	Analytical and Inspection
	§ 7.2.7.2
	eMBB-s
	NOTE 2

	#10
	Energy efficiency
	Inspection
	§ 7.2.9
	eMBB-s
	No

	#11
	Reliability
	Simulation
	§ 7.2.10
	HRC-s
	Yes

	#12
	Mobility
	Simulation
	§ 7.2.11
	eMBB-s
	Yes

	#13
	Mobility interruption time
	Analytical
	§ 7.2.12
	eMBB-s
	NOTE 2

	#14
	Bandwidth
	Inspection
	§ 7.2.13
	N/A
	No

	NOTE 1: How to determine the appropriate parameters (MCS, bandwidth, etc.) may be subject to evaluations.
NOTE 2: To be evaluated by RAN2. RAN2 may need to develop assumptions for these metrics. RAN1 can provide input on aspects such as UE and gNB processing time.



In this contribution, we provide initial results on SLS channel calibration for eMBB test environment, and for case 9 which considers the frequency reuse factor as one. In particular, we present the results for following KPIs:
· Peak spectral efficiency
· Peak data rate
· Coupling loss


2    Peak spectral efficiency and Peak data rate

    The IMT-2020 criteria encompass specifications for peak data rate and peak spectral efficiency for both the uplink and downlink. The requirements for the satellite components have been formulated with reference to the terrestrial network requirements. How to evaluate the terrestrial requirements is described in sections 7.2.1 and 7.2.2 of M.2412 [4], and the corresponding satellite requirements can be found in sections 7.2.1 and 7.2.2 of M.2514 [3]. 

The peak spectral efficiency can be calculated as:



Where,
· Rmax is the maximum coding rate
·  is the maximum number of layers
· is the maximum modulation order
·  is the scaling factor: The scaling factor can take the values 1, 0.8, 0.75, and 0.4.
·  is signaled per band 
·  is the numerology (as defined in TS 38.211)
·  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 TS 38.101-5, where is the UE supported maximum bandwidth in the given band. 
·   is the overhead calculated as the average ratio of the number of REs occupied by L1/L2 control, Synchronization Signal, PBCH and reference signals etc. 
Peak data rate is calculated as:

.

The parameters for peak spectral efficiency and peak data rate are given in following table:
[bookmark: _Ref12538]Table 2 Parameters for peak spectral efficiency and peak data rate evaluation
	Parameters 
	Values 

	Max. number of layers 
	1

	Modulation order 
	DL: 6
UL: 4

	Scaling factor of modulation 
	1

	Coding rate 
	DL: 822/1024
UL: 553/1024

	SCS corresponding  
	 (s)

	Number of PRBs 
	DL: 160PRB
UL: 8PRB

	Over Head (OH) 
	DL: 0.14
UL:0.08




The ITU requirements and the computed results on peak spectral efficiency and peak data rate are given in the table below:


[bookmark: _Ref135067265]	Table 3 The peak spectral efficiency and peak data rate
	Characteristics
	ITU requirement  
	Results

	Peak spectral efficiency (DL) [bit/s/Hz]
	3
	3.71117

	Peak spectral efficiency (UL) [bit/s/Hz]
	1.5
	1.85472

	Peak data rate (DL) [Mbps]
	70
	111.3

	Peak data rate (UL) [Mbps]
	2
	2.67




Observation 1: In the context of NR NTN self-assessment, the peak spectral efficiency and peak data rate can fulfill the ITU-R requirements.
· For the case of DL, with a bandwidth of 160 RBs, the peak spectral efficiency is 3.71 bit/s/Hz and the peak data rate is 111.3 Mbps.
· For the case of UL, with a bandwidth of 8 RBs, the peak spectral efficiency is 1.93 bit/s/Hz and the peak data rate is 2.8 Mpbs.


3    Calibration results

      A list of calibration study cases has been given in Table 6.1.1.1-9. of TR 38.821[5]. Specifically, Calibration Case 9 pertains to LEO-600 with Set-1 satellite parameters, as detailed in Table 2-1 of [5]. To establish the simulation assumptions in detail, we adhere to Table 6.1.1.1-1, Table 6.1.1.1-3, and Table 6.1.1.1-5 for satellite parameters, UE characteristics, and system-level simulation assumptions for calibration purposes, respectively.

The following agreement was made in RAN #114.
	Agreement:
The results of CL, Geometry SIR and Geometry SINR simulated on DL are to be reported within the attached template.
Attachment: R1-2306416_Calibration_results v00



3.1    Coupling loss

The figure shown below depicts the coupling loss for FRF = 1. The parameters that are considered for SLS is given in Table A.1 in Annex A. 
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Figure 3.1.1: CDF of Coupling Loss from SLS for FRF 1.

Figure 3.1.1(a) illustrates the coupling loss, while Figure 3.1.1(b) displays a comparison of the coupling loss with other companies, as specified in TR 38.821. Additionally, Figure 3.1.1(c) presents a comparison of the coupling loss with other companies based on contributions from RAN #114.

Observation 2: The calibration curves for FRF=1 is in line with the calibration results of TR 38.821.


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

Observation 1: In the context of NR NTN self-assessment, the peak spectral efficiency and peak data rate can fulfill the ITU-R requirements.
· For the case of DL, with a bandwidth of 160 RBs, the peak spectral efficiency is 3.71 bit/s/Hz and the peak data rate is 111.3 Mbps.
· For the case of UL, with a bandwidth of 8 RBs, the peak spectral efficiency is 1.93 bit/s/Hz and the peak data rate is 2.8 Mpbs.
Observation 2: The calibration curves for FRF=1 is in line with the calibration results of TR 38.821.
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Annexure A:
Table A.1: Parameters for system-level simulation
	Satellite orbit
	LEO-600

	Satellite altitude
	600 km

	Satellite antenna pattern
	Section 6.4.1 in [1]

	Satellite antenna polarization
	Circular 

	Satellite antenna number
	1 Tx / 1 Rx per beam

	3 dB beam width
	4.41 degrees

	Satellite EIRP density
	34 dBW/MHz

	Satellite antenna gain
	30 dBi

	Satellite G/T
	1.1 dB/K

	Central beam center elevation
	90 deg

	UE anntenna type
	Handheld, (1,1,2) with omni-directional antenna element

	UE antenna polarization
	Linear: +/- 45deg X-pol

	UE Rx Antenna gain 
	0 dBi

	UE antenna temperature
	290 K

	UE noise figure
	7 dB

	FRF
	1 

	Carrier frequency
	2 GHz

	SCS
	15 kHz

	Channel bandwidth
	30 MHz for FRF1

	Scenario
	Rural-eMBB-s

	UE deployment
	100% outdoor and uniformly distributed over the area

	LOS condition
	100% LOS

	Spot beam pattern and frequency reuse factor
	Hexagonal pattern, 19 inner beams,
Total beams: 61 beams for FRF=1

	UE density
	10 UEs per beam

	UE mobility 
	0 (Stationary)

	Satellite mobility
	0 (Doppler spread is assumed to be compensated)

	Large scale channel model
	 large scale model of Section 6.6 in 38.811 

	Small scale channel model
	Frequency selective fading model of Section 6.7.2 in 38.811 

	Handover margin
	0dB

	UE attachment
	RSRP

	Traffic model
	Full-buffer

	Scheduling scheme
	PF and SU-MIMO

	Receiver type
	MMSE-IRC

	Channel estimation
	Realistic

	CQI feedback
	20 ms periodicity

	Frequency offset
	0ppm

	Frequency drift
	0ppm

	DL CSI measurement
	CQI only (1 layer / 1-port CSI-RS)

	PRB bundling
	wideband

	Codeword (CW)
	SCW

	Transmission scheme
	One layer

	Frame structure
	FDD

	Overhead
	0.14 (same as for peak data rate calculation)
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