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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].
At the last meeting, companies discussed the simulation conditions and parameters and reached the following agreement.
	Agreement
The proposals and proposed working assumption in Section 2 of R1-2304118 are endorsed.



In this document, following the proposals and proposed working assumption in Section 2 of R1-2304118, we provide partial simulation results.
Discussion of evaluation methodology
0. Peak data rate and spectral efficiency
At the last meeting, the parameters of the peak data rate are chosen based on “ideal conditions”. The SNR is a realistic parameter that has to be considered. In the last meeting, the peak spectral efficiency is considered to be calculated as

And the peak data rate is calculated as , assuming single carrier operation. Assuming and are selected according to the maximum value in Table 5.1.3.1-1 and Table 6.1.4.1-1 in TS 38.214, the SNR should be higher than 19.2dB according to our simulation results which is difficult to implement in NTN scenario. Therefore, we believe that the relevant parameters of link budget should be clarified in this meeting to determine and in NTN scenario. 
Proposal 1: The link budget should be clarified to facilitate calculation of peak data rate with realistic parameter.
0. LLS Reliability
[bookmark: _Ref134776563]Table 1 Simulation parameters for LLS Reliability
	NR
	Updated moderator proposal

	Physical channel
	PUSCH
	PDSCH

	Simulation bandwidth
	1.44MHz (8PRB)
	1.44MHz (8PRB)

	SCS
	15kHz
	15kHz

	Waveform
	DFT-S-OFDM
	CP-OFDM

	Number of users in simulation
	1
	1

	Link-level Channel model
	NTN TDL-C Rural
	NTN TDL-C Rural

	Antenna configuration at Satellite
	1Rx
	1Tx

	Antenna configuration at UE
	1Tx
	1Rx

	Transmission mode
	SISO
	SISO

	Transmission rank
	1
	1

	TBS
	256
	256

	Modulation order
	QPSK
	QPSK

	Number of repetition
	
	

	Channel estimation
	LMMSE
	LMMSE

	Channel coding scheme
	LDPC
	LDPC

	Doppler spread
	5Hz
	5Hz

	UL DMRS config
	2 DMRS per slot
	Type 1, 2 symbol DMRS


For reliability evaluations, LLS parameters for NR can be configured as Table 1. We recommend that the uplink simulation bandwidth should be set to 1.44MHz (8PRB for SCS =15kHz). Given that both the TBS of uplink and downlink are 256bit, we recommend that the downlink simulation bandwidth should be configured to be 1.44MHz which is same as the uplink. The waveform configuration also needs to be declared in the simulation condition. DFT-S-OFDM is recommended for uplink waveform, which is a more typical configuration for uplink, and the waveform for downlink is configured as CP-OFDM. 
Proposal 2: The simulation bandwidth of uplink and downlink should be set to 1.44MHz for LLS Reliability.
Proposal 3: When configuring the simulation bandwidth, the SCS should be declared.
Proposal 4: The waveform is configured as DFT-S-OFDM for Uplink and CP-OFDM for Downlink.
0. LLS Mobility
[bookmark: _Ref134778430]Table 2 Simulation parameters for LLS Mobility
	NR Uplink
	Updated moderator proposal

	Physical channel
	PUSCH

	Simulation bandwidth
	1.44MHz (8PRB)

	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
	

	Modulation order
	QPSK

	Number of repetition
	

	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 evaluations, LLS parameters for NR can be configured as Table 2. We recommend that the uplink simulation bandwidth should be set to 1.44MHz which is same as that of reliability evaluations. At this point, the only difference between the mobility evaluation and the reliability evaluation is the Doppler spread. Such a configuration is beneficial to evaluate the impact of mobility on performance.
Proposal 5: The simulation bandwidth for mobility evaluations should be set as same as that of reliability evaluation, that is beneficial to evaluate the impact of mobility on performance.
0. LLS mMTC
[bookmark: _Ref134779993]Table 3 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
	32

	Modulation order
	QPSK

	Number of repetition
	1,2,4,8

	Channel estimation
	LMMSE

	Channel coding scheme
	LPDC

	Doppler spread
	5Hz

	UL DMRS config
	2 DMRS per slot


For mMTC evaluations, LLS parameters for NR Uplink can be configured as Table 3. When the simulation bandwidth is configured to 1 PRB, it is difficult to implement TBS of 256bit with modulation order of QPSK according to Table 6.1.4.1-1 in TS 38.214. Therefore, we think that the TBS configured as 32 is more reasonable.
Proposal 6: The TBS configured as 32 is more reasonable for mMTC NR Uplink evaluations.
Partial simulation results for NR NTN
0. LLS Reliability 
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[bookmark: _Ref134781748]Figure 1 Simulation result of Reliability NR Uplink
The simulation result of Reliability NR Uplink is shown in Figure 1, and the simulation parameters are shown in Table 1. According to our simulation results, NR Uplink requires about SNR=-3.2dB to achieve a BLER 10-1 and SNR=1dB to achieve a BLER 10-2 for LLS Reliability.
Observation 1: NR Uplink requires about SNR=-3.2dB to achieve a BLER 10-1 and SNR=1dB to achieve a BLER 10-2 for LLS Reliability.
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[bookmark: _Ref134782451]Figure 2 Simulation result of Reliability NR Downlink
The simulation result of Reliability NR Downlink is shown in Figure 2, and the simulation parameters are shown in Table 1. According to our simulation results, NR Downlink requires about SNR=-3.5dB to achieve a BLER 10-1 and SNR=-1.3dB to achieve a BLER 10-2 for LLS Reliability.
Observation 2: NR Downlink requires about SNR=-3.5dB to achieve a BLER 10-1 and SNR=-1.3dB to achieve a BLER 10-2 for LLS Reliability.
0. LLS Mobility 
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[bookmark: _Ref134791067]Figure 3 Simulation result of Mobility NR Uplink
The simulation result of Mobility NR Uplink is shown in Figure 3, and the simulation parameters are shown in Table 2. According to our simulation results, NR Uplink requires about SNR=0.5dB to achieve a BLER 10-1 and SNR=4.5dB to achieve a BLER 10-2 for LLS Mobility. The deterioration in performance due to Doppler spread caused by mobility is about 3.5dB.
Observation 3: NR Uplink requires about SNR=0.5dB to achieve a BLER 10-1 and SNR=4.5dB to achieve a BLER 10-2 for LLS Mobility. The deterioration in performance due to Doppler spread caused by mobility is about 3.5dB.

0. LLS mMTC 
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[bookmark: _Ref134791845]Figure 4 Simulation result of mMTC NR Uplink
The simulation result of mMTC NR Uplink is shown in Figure 4, and the simulation parameters are shown in Table 3. According to our simulation results, NR Uplink requires about SNR=-1.2dB to achieve a BLER 10-1 and SNR=2.8dB to achieve a BLER 10-2 for LLS mMTC without repetition. NR Uplink requires about SNR=-4.8dB to achieve a BLER 10-1 and SNR=-2.4dB to achieve a BLER 10-2 for LLS mMTC with 2 repetitions. NR Uplink requires about SNR=-8.1dB to achieve a BLER 10-1 and SNR=-6.5dB to achieve a BLER 10-2 for LLS mMTC with 4 repetitions. NR Uplink requires about SNR=-11.4.1dB to achieve a BLER 10-1 and SNR=-10dB to achieve a BLER 10-2 for LLS mMTC with 8 repetitions. 
Observation 4: NR Uplink requires about SNR=-1.2dB to achieve a BLER 10-1 and SNR=2.8dB to achieve a BLER 10-2 for LLS mMTC without repetition. NR Uplink requires about SNR=-11.4.1dB to achieve a BLER 10-1 and SNR=-10dB to achieve a BLER 10-2 for LLS mMTC with 8 repetitions.

Conclusion
In this contribution, the evaluation methodolgy of IMT-2020 SRI technolgoy has been discussed, and some simulation results are provided. A few of observations and proposals are made as follows:
Proposal 1: The link budget should be clarified to facilitate calculation of peak data rate with realistic parameter.
Proposal 2: The simulation bandwidth of uplink and downlink should be set to 1.44MHz for LLS Reliability.
Proposal 3: When configuring the simulation bandwidth, the SCS should be declared.
Proposal 4: The waveform is configured as DFT-S-OFDM for Uplink and CP-OFDM for Downlink.
Proposal 5: The simulation bandwidth for mobility evaluations should be set as same as that of reliability evaluation, that is beneficial to evaluate the impact of mobility on performance.
Proposal 6: The TBS configured as 32 is more reasonable for mMTC NR Uplink evaluations.

Observation 1: NR Uplink requires about SNR=-3.2dB to achieve a BLER 10-1 and SNR=1dB to achieve a BLER 10-2 for LLS Reliability.
Observation 2: NR Downlink requires about SNR=-3.5dB to achieve a BLER 10-1 and SNR=-1.3dB to achieve a BLER 10-2 for LLS Reliability.
Observation 3: NR Uplink requires about SNR=0.5dB to achieve a BLER 10-1 and SNR=4.5dB to achieve a BLER 10-2 for LLS Mobility. The deterioration in performance due to Doppler spread caused by mobility is about 3.5dB.
Observation 4: NR Uplink requires about SNR=-11.4.1dB to achieve a BLER 10-1 and SNR=-10dB to achieve a BLER 10-2 for LLS mMTC with 8 repetitions.
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