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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP TSG RAN #99 meeting, a new study item named “Study on self-evaluation towards the 3GPP submission of an IMT-2020 satellite radio interface technology” has been approved in release 18 stage [1]. This study item will 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, using the evaluation criteria defined in the report, and complete the related compliance template and description templates [2].
In RAN1#112bis-e meeting, agreements have been achieved on the self-evaluation for NTN towards the 3GPP submission of a IMT-2020 satellite radio interface technology. In the RAN1 #113 and RAN1 #114 meeting, companies further refined the simulation conditions and parameters, and reached the following agreement.
	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

Agreement
The attached template is used to collect evaluation results for eMBBs peak spectral efficiency and peak data rate.
· A single value should be captured in the TR 37.911, which is calculated based on the modulation order (Q_m) and maximum coding rate once they are agreed in 9.14.1
· There is no need to collect input for DL&UL OH in the template.
Attachment: 
1. R1-2306416 - Att eMBBs_ Peak spectral efficiency_Peak data rate v01

Agreement
Downlink peak spectral efficiency is evaluated based on analytical method. The evaluation result is provided in the following Table. 
The detailed assumptions will be captured in the TR 37.911.
NR NTN DL peak spectral efficiency (bit/s/Hz)
	SCS [kHz]
	30 MHz
	Req.

	FR1
	15
	[3.71]
	3




Based on the above, NR NTN fulfils DL peak spectral efficiency requirement.

Agreement
Uplink peak spectral efficiency is evaluated based on analytical method. The evaluation result is provided in the following Table. 
The detailed assumptions will be captured in the TR 37.911.
NR NTN UL peak spectral efficiency (bit/s/Hz)
	SCS [kHz]
	1.44 MHz
	Req.

	FR1
	15
	[1.85]
	1.5




Based on the above, NR NTN fulfils UL peak spectral efficiency requirement

Agreement
DL peak data rate for NR NTN is evaluated based on the evaluation results of NR NTN peak spectral efficiency. Using the analytical way as provided in Report ITU-R M.2514.

The evaluation result is provided in the following Table.
 
It is observed that NR fulfils the DL peak data rate requirement.

NR NTN DL peak data rate (Mbit/s)
	SCS [kHz]
	30 MHz
	Req.

	FR1
	15
	[111]
	70





Agreement
UL peak data rate for NR NTN is evaluated based on the evaluation results of NR NTN peak spectral efficiency. Using the analytical way as provided in Report ITU-R M.2514.

The evaluation result is provided in the following Table.
 
It is observed that NR fulfils the UL peak data rate requirement.
NR NTN UL peak data rate (Mbit/s)
	SCS [kHz]
	1.44 MHz
	Req.

	FR1
	15
	[2.76]
	2






Agreement
The attached text proposal for TR 37.911 is endorsed from RAN1 perspective. Note: the detailed structure of the TR is up to the TR editor.
Attachment: TP to TR37.911-Peak spectral efficiency and peak data rate-v02

Agreement
The attached template is used to collect evaluation results for eMBBs 5th percentile user spectral efficiency, average spectral efficiency, user experienced data rate and area traffic capacity
Note: OH as agreed in 9.14.1 will be removed from the template.
Attachment: 
R1-2306416 - Att eMBBs_Spectral Efficiency_User data rate_Area traffic capacity_v01

Agreement
The attached template is used to collect evaluation results for the TPR on mobility
Attachment: 
R1-2306416 Att eMBB-s_Mobility _v00

Agreement
The attached template is used to collect evaluation results for the TPR on Reliability
Attachment: 
R1-2306416  Att_ HRC-s-Reliability_v00

Agreement
The attached template is used to collect evaluation results for the TPR on connection density
Attachment: 
R1-2306416  Att_ConnectionDensity -v002

Agreement
RAN1 to provide at RAN1#114-bis evaluation results on Energy efficiency, including both network and device.

Agreement
For NR NTN Connection Density LLS:
· Agree 10% BLER as target for throughput for Full Buffer
· SINR - user spectral efficiency (SE) mapping graph for Full Buffer, where:
·  SE = nominal SE × (1-BLER)



In this document, based on working assumption of R1-2306083, we provide further simulation results for NR NTN.
Self-evaluation results
0. Geometry Calibration
In RAN1#114 meeting, the following agreement was made. Following agreed assumption, we provided the simulation result of CL, Geometry SIR and Geometry SINR on DL in this document.  

	Agreement
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]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


Figure 1 shows the calibration curves for Case9 (FRF=1), including coupling loss, geometry SIR and geometry SINR.
[image: ]
[bookmark: _Ref146266476]Figure 1 Calibration curves for Case9 (FRF=1)
Figure 2 shows the calibration curves for Case10 (FRF=3), including coupling loss, geometry SIR and geometry SINR.
[image: ]
[bookmark: _Ref146266559]Figure 2 Calibration curves for Case10 (FRF=3)
Observation 1: Calibration results of CL, Geometry SIR and Geometry SINR are highly consistent with those of Case9 and Case10 in TR 38.821. These results are to be captured in the summary of evaluation. 
0. [bookmark: _Ref146282211][bookmark: _Ref142057055]5th percentile user spectral efficiency
The 5th percentile user spectral efficiency is the 5% point of the CDF of the normalized user throughput. The normalized user throughput is defined as the number of correctly received bits, i.e. the number of bits contained in the SDUs delivered to Layer 3, over a certain period of time, divided by the channel bandwidth and is measured in bit/s/Hz.
Parameters for 5th percentile user spectral efficiency simulation are aligned with the agreements in previous meetings. It has been agreed in [2] that the overhead used for eMBB system-level simulation is same as that for peak data rate calculations, and the overhead assumptions refer to the companion contribution. Based on the above simulation assumptions, 5th percentile user spectral efficiency is evaluated. The evaluation results of 5th percentile user spectral efficiency for FRF=1/3 are given in Table 1. 5th percentile user spectral efficiency with FRF=1/3 can fulfil the ITU requirements. 
[bookmark: _Ref141196964]Table 1: Evaluation results of 5th percentile spectral efficiency
	DL/UL
	FRF
	5th percentile user
 spectral efficiency [bit/s/Hz]
	ITU Requirements

	DL
	1
	0.0323
	0.03

	
	3
	0.0477
	

	UL
	1
	0.0058
	0.003

	
	3
	0.0203
	



Observation 2: The evaluation results of 5th percentile spectral efficiency can meet the ITU-R requirements in FRF=1 and FRR=3. 

0. Average spectral efficiency
Average spectral efficiency1 is the aggregate throughput of all users (the number of correctly received bits, i.e. the number of bits contained in the SDUs delivered to Layer 3, over a certain period of time) divided by the channel bandwidth of a specific band divided by the number of TRxPs and is measured in bit/s/Hz/TRxP.
Parameters for average spectral efficiency simulation are aligned with the agreements in previous meetings. It has been agreed in [2] that the overhead used for eMBB system-level simulation is same as that for peak data rate calculations.
Based on the above simulation assumptions, average spectral efficiency is evaluated, and the evaluation results of average spectral efficiency for FRF=1/3 are given in Table 2. Average spectral efficiency with FRF=1/3 can fulfil the ITU requirements. 
[bookmark: _Ref146266104]Table 2: Evaluation results of average spectral efficiency
	DL/UL
	FRF
	average spectral efficiency [bit/s/Hz /TRxP]
	ITU Requirements

	DL
	1
	0.5049
	0.500

	
	3
	0.5446
	

	UL
	1
	0.2142
	0.100

	
	3
	0.2825
	



Observation 3: The evaluation results of average spectral efficiency can meet the ITU-R requirements in FRF=1 and FRR=3.

0. Area traffic capacity
According to section 7.2.6 of Report ITU-R M.2514 [2], Area traffic capacity is the total traffic throughput served per geographic area (in Mbit/s/km2). The throughput is the number of correctly received bits, i.e. the number of bits contained in the SDUs delivered to Layer 3, over a certain period of time. This can be derived by assuming one frequency band and one TRxP layer, based on the achievable average spectral efficiency, network deployment (e.g. TRxP (site) density) and bandwidth.
The area traffic capacity  is related to average spectral efficiency  as follows:
	(1)
[bookmark: _Hlk130561526]where W is the channel bandwidth and  is the TRxP density, which can be calculated from the area of each beam of the satellite. The area of each beam is calculated with , and the value is equal to 1415 km2.
According to the DL and UL results of average spectral efficiency in Section 2.3, and 30 MHz channel bandwidth, the DL and UL results of area traffic capacity are list in Table 3.
[bookmark: _Ref141430373]Table 3: Evaluation results of DL and UL area traffic capacity
	DL/UL
	FRF
	Area traffic capacity [kbit/s/km2]
	ITU Requirements

	DL
	1
	10.70
	8

	
	3
	11.55
	

	UL
	1
	4.54
	1.5

	
	3
	5.99
	


For DL and UL, all of the area traffic capacity evaluation results and FRF=1/ 3 can fulfil the ITU requirements. 
Observation 4: The evaluation results of DL and UL area traffic capacity can meet the ITU-R requirements in FRF=1 and FRR=3. 

0. User experienced data rate
According to section 7.2.3 of Report ITU-R M.2514 [2], user experienced data rate is the 5% point of the cumulative distribution function (CDF) of the user throughput. User throughput (during active time) is defined as the number of correctly received bits, i.e. the number of bits contained in the service data units (SDUs) delivered to Layer 3, over a certain period of time.
Assuming one frequency band and one layer of transmission reception points (TRxP), the user experienced data rate Ruser should be derived from the 5th percentile user spectral efficiency, and is given by:
[bookmark: OLE_LINK9][bookmark: _Hlk130561367]		
where W is the channel bandwidth and SEuser denote the 5th percentile user spectral efficiency.
According to the DL and UL results of 5th percentile user spectral efficiency in Section 2.2, and 30 MHz channel bandwidth, the DL and UL results of user experienced data rate are list in Table 4.
[bookmark: _Ref141277417]Table 4: Evaluation results of DL and UL user experienced data rate
	DL/UL
	FRF
	User experienced data rate [Mbit/s]
	ITU Requirements

	DL
	1
	0.969
	1

	
	3
	1.430
	

	UL
	1
	0.174
	0.1

	
	3
	0.609
	


As shown in Table 4, the evaluation results of UL user experienced data rate with FRF=1/3 can fulfil the ITU requirement. When FRF=3, the evaluation results of DL user experienced data rate can fulfil the ITU requirement, but that with FRF=1 can’t fulfil the ITU requirement.
Observation 5: The evaluation results of UL user experienced data rate can meet the ITU-R requirements in FRF=1 and FRR=3. 
Observation 6: The evaluation results of DL user experienced data rate can meet the ITU-R requirements for FRF=3. But the evaluation results of DL user experienced data rate is slightly below the ITU-R requirements for FRF=1.

0. Mobility
[bookmark: _Ref142579103]Table 5 Simulation parameters for LLS Mobility
	NR Uplink
	Case1

	Physical channel
	PUSCH

	Simulation bandwidth
	0.36MHz (2PRB)

	SCS
	15kHz

	Waveform
	DFT-S-OFDM

	Number of users in simulation
	1

	Link-level Channel model
	NTN TDL-C Rural

	Antenna configuration at Satellite
	1Rx

	Antenna configuration at UE
	1Tx

	Transmission mode
	SISO

	Transmission rank
	1

	MCS (Table 5.1.3.1-1 in TS 38.214)
	MCS 0

	TBS
	256

	Modulation order
	QPSK

	Number of repetition
	1/2/4/8

	Channel estimation
	LMMSE

	Channel coding scheme
	LDPC

	Doppler spread
	463Hz

	UL DMRS config
	2 symbol DMRS (front loaded and one additional) with configuration type 2, no FDM with data and full power utilization in DMRS symbols



For mobility evaluation, the simulation parameters are shown in Table 5, and the simulation results are shown in Table 6. The requirement of ITU-R on normalized traffic channel link data rate is 0.005 bit/s/Hz, and the residual decoded packet error ratio should be less than 1%. Our previous simulation evaluation results of Mobility without repetition can’t fulfill the requirements of ITU-R with FRF=1. Therefore, we have updated the simulation results in this document. When FRF=1/3, the simulation result of Mobility with repetition can fulfill the requirements on spectral efficiency and residual decoded packet error ratio of ITU-R.
[bookmark: _Ref142579380]Table 6 Simulation result of Mobility
	Frequency reuse factor
	SINR [dB]
	MCS index
	Repetition number
	Spectral efficiency
	BLER

	FRF=1
	-1.1
	0
	4
	0.0586
	0.01%

	FRF=3
	7.1
	0
	1
	0.2344
	0.37%


Observation 7: When FRF=1 and FRR=3, the simulation result of Mobility with repetition can fulfill the requirements on spectral efficiency and residual decoded packet error ratio of ITU-R. 

0. Connection density
For mMTC evaluations, LLS parameters for NR Uplink can be configured as Table 7. The simulation bandwidth is configured to 1 PRB, and TBS with 168 bits are used in link-level simulation.
[bookmark: _Ref134779993]Table 7 Simulation parameters for LLS mMTC
	NR Uplink
	Value

	Physical channel
	PUSCH

	Simulation bandwidth
	1 PRB

	SCS
	15kHz

	Waveform
	DFT-S-OFDM

	Number of users in simulation
	1

	Link-level Channel model
	NTN TDL-C Rural

	Antenna configuration at Satellite
	1Rx

	Antenna configuration at UE
	1Tx

	Transmission mode
	SISO

	Transmission rank
	1

	TBS
	168

	Modulation order
	QPSK

	Channel estimation
	LMMSE

	Channel coding scheme
	LPDC

	Doppler spread
	5Hz

	UL DMRS config
	2 DMRS per slot



In this contribution, evaluation results of connection density for NR NTN with full-buffer method are provided. The stringent traffic model of packet arrival rate of 1 message /day / device is chosen. According to ITU-R M.2514-0, the requirement on connection density is at least 500 devices per km2. It can be observed that the 99th percentile of the delay per user D is less than 10s and connection density for NR could fulfill the IMT-2020 requirement. The simulation results are summarized in Table 8. When FRF=1/3, the simulation result of connection density and 99th percentile delay can fulfill the requirements of ITU-R.
[bookmark: _Ref141367707]Table 8: Evaluation results of NR NTN for connection density
	Traffic model
	FRF
	TBS
	Connection density [devices/km2]
	ITU Requirements
	99th percentile delay [s]
	ITU Requirements

	1 message/day/device
	1
	168
	7974
	500
	0.037
	10

	
	3
	
	31601
	
	0.001
	

	1 message/2 hours/device
	1
	
	665
	
	0.037
	

	
	3
	
	2633
	
	0.001
	



Observation 8: When FRF=1 and FRR=3, the simulation result of connection density and 99th percentile delay can fulfill the requirements of ITU-R. 

Conclusion
In this contribution, partial evaluation results of IMT-2020 SRI technolgoy have been provided. A few of observations and proposals are made as follows:
Observation 1: Calibration results of CL, Geometry SIR and Geometry SINR are highly consistent with those of Case9 and Case10 in TR 38.821. These results are to be captured in the summary of evaluation. 
Observation 2: The evaluation results of 5th percentile spectral efficiency can meet the ITU-R requirements in FRF=1 and FRR=3. 
Observation 3: The evaluation results of average spectral efficiency can meet the ITU-R requirements in FRF=1 and FRR=3.
Observation 4: The evaluation results of DL and UL area traffic capacity can meet the ITU-R requirements in FRF=1 and FRR=3. 
Observation 5: The evaluation results of UL user experienced data rate can meet the ITU-R requirements in FRF=1 and FRR=3. 
Observation 6: The evaluation results of DL user experienced data rate can meet the ITU-R requirements for FRF=3. But the evaluation results of DL user experienced data rate is slightly below the ITU-R requirements for FRF=1.
Observation 7: When FRF=1 and FRR=3, the simulation result of Mobility with repetition can fulfill the requirements on spectral efficiency and residual decoded packet error ratio of ITU-R. 
Observation 8: When FRF=1 and FRR=3, the simulation result of connection density and 99th percentile delay can fulfill the requirements of ITU-R. 
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