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Introduction
In RANP meeting #99, a new study item [1] was agreed to provide 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 [2], which should be based on Rel-17 NTN (including both NR NTN and IoT NTN). 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) [bookmark: _Hlk131750074]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]

IoT NTN will at least target self-evaluation against bullets c) and e) technical requirements, and NR NTN will target self-evaluation against all technical requirements (in bullets b) to e)).

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




In this contribution, we provide our considerations on self-evaluation methodology for IMT-2020 satellite radio interface, including general technical features, performance requirements and evaluation assumptions/ methodology for both NR NTN and IoT NTN.
Discussion
According to the guidance in Report ITU-R M.2514, the new satellite-based service categories are reflected in the usage scenarios for the satellite component of IMT-2020 including enhanced Mobile Broadband via satellite (eMBB-s), massive Machine Type Communications via satellite (mMTC-s) and High Reliability Communications via satellite (HRC-s). The IMT-2020 satellite radio interface is mainly expected to support eMBB-s and mMTC-s services, and also expected to support HRC-s service. 
Self-evaluation of eMBB-s
[bookmark: _Hlk131776730]This section discusses general technical features, performance requirements and evaluation assumptions/ methodology for eMBB-s self-evaluation.
General technical features for eMBB-s
[bookmark: _Hlk131756443]The following features as shown in Table 1 can be considered as a starting point for eMBB-s evaluation.
Table 1. Technical features for eMBB-s
	General features
	FR1 (2 GHz)

	[bookmark: _Hlk131756355]Rel-17 NR NTN on single-band 
	Paired spectrum: FDD



The above features are based on the 3GPP Rel-17 NR NTN and are considered for Rural-eMBB-s usage scenario, i.e., an environment with large and continuous area coverage, supporting pedestrian and vehicular users with high data rates, to employ eMBB-s evaluation for IMT-2020 submission.
Proposal 1: Rel-17 NR NTN on single-band is considered as a starting point for eMBB-s evaluation towards IMT-2020 submission.
Performance requirements for eMBB-s
According to the SID and Report ITU-R M.2514, the following performance requirements and the corresponding high-level assessment method summarized in Table 2 are considered for eMBB-s evaluation.
Table 2. Performance requirements for eMBB-s
	Performance requirements 
	[bookmark: _Hlk131759944]High-level assessment method 

	Peak data rate
	Analytical

	Peak spectral efficiency 
	Analytical

	User experienced data rate
	Simulation and Analytical

	5th percentile user spectral efficiency
	Simulation

	Average spectral efficiency
	Simulation

	Area traffic capacity
	Simulation and Analytical

	Latency, including user plane latency and control plane latency
	Analytical and Inspection

	Energy efficiency, including both network and device
	Inspection

	Mobility
	Simulation

	Mobility interruption time
	Analytical



Proposal 2: Performance requirements in Table 2 should be considered for eMBB-s evaluation towards IMT-2020 submission.
[bookmark: _Hlk131755078]Evaluation assumptions/ methodology for eMBB-s
System-level simulation is considered for eMBB-s evaluation. The Set-1 satellite with satellite orbit of LEO-600 as well as handheld UE defined in TR38.821 (Table 6.1.1.1-1 and Table 6.1.1.1-3) can be considered as a starting point. The beam layout definition for single satellite simulation in TR38.821 Table 6.1.1.1-4 and Table 6.1.1.1-6 can also be considered. In addition, the following evaluation parameters in Table 3 and Table 4 for DL and UL transmissions can be considered.
Table 3. Evaluation parameters for DL eMBB-s
	DL FDD – FR1 
	Rel-17 NR NTN 

	Carrier frequency
	2 GHz

	Waveform
	OFDM based

	Multiple access 
	OFDMA 

	Modulation 
	Up to 64QAM 

	Coding on PDSCH 
	LDPC

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Simulation bandwidth 
	30 MHz 

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO 
	Transmission mode 
	Closed loop SU-MIMO adaptation

	
	Codebook 
	Detailed configuration to be reported 

	
	PRB bundling 
	4PRB, or allocated PRB; 
(It impacts DMRS channel estimation, but does not limit the scheduling unit.) 

	
	SU dimension 
	Rank adaptation up to 8 layers (depending on UE antenna elements)

	
	Codeword (CW)-to-layer mapping 
	For 1~4 layers, CW1;
For 5 layers or more, two CWs 

	
	DMRS transmission for overhead
	Up to 2 OFDM symbols per slot according to the number of layers

	
	CSI-RS transmission 
	Non-precoded/precoded according to CSI measurement (with codebook selection) and interference measurement

	
	CSI feedback 
	For slot/non-slot: PMI, CQI: every [5] slot; RI: every [5] slot, CRI: every [5] slot
Subband based 

	
	Interference measurement 
	SU-CQI

	HARQ 
	HARQ-ACK feedback
	Option 1: feedback enabled
Option 2: feedback disabled

	
	Re-transmission delay
	Companies to report the minimum delay assumed in the simulation

	PDCCH resource sharing 
	Resource sharing with PDSCH might be considered in overhead calculation

	Overhead 
	SS/PBCH block 
([1 SS/PBCH block in every 20ms])
CSI-RS, DMRS and TRS, CSI-IM (if used)
PDCCH 

Companies to report the overhead in the simulation



Table 4. Evaluation parameters for UL eMBB-s
	UL FDD – FR1 
	NR 

	Carrier frequency
	2 GHz

	Waveform 
	OFDM based 

	Multiple access 
	OFDMA 
Companies report power back-off model if used.

	Modulation 
	Up to 64QAM 

	Coding on PDSCH 
	LDPC 

	Numerology 
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Simulation bandwidth 
	30 MHz 

	Frame structure 
	Slot Format 1 (all uplink) for all slots / non-slots 

	MIMO 
	Transmission scheme 
	UL codebook based SU-MIMO

	
	UL Codebook 
	· NR 2Tx/4Tx codebook 

	
	SU dimension 
	Rank adaptation up to 4 layers depending on UE antenna

	
	Codeword (CW)-to-layer mapping 
	For 1~4 layers, CW1

	
	DMRS transmission for overhead
	Up to 2 OFDM symbols per slot according to the number of layers

	
	SRS transmission 
	Non-precoded 
1 slot is configured to up to 6 OFDM symbols for SRS transmissions. 

	HARQ 
	Re-transmission delay
	Companies to report the minimum delay assumed in the simulation

	Power control schemes
	Companies to report

	Overhead 
	DMRS and SRS
PUCCH
DL feedback 

Companies to report the overhead in the simulation



Proposal 3: Evaluation parameters in TR38.821, Table 3 and Table 4 can be considered as a starting point for eMBB-s evaluation towards IMT-2020 submission.
Self-evaluation of mMTC-s
This section discusses general technical features, performance requirements and evaluation assumptions/ methodology for mMTC-s self-evaluation.
General technical features for mMTC-s
The following features as shown in Table 5 can be considered as a starting point for mMTC-s evaluation.
Table 5. Technical features for mMTC-s
	General features
	FR1 (2 GHz)

	Rel-17 NB-IoT NTN
	Paired spectrum: FDD

	Rel-17 eMTC NTN
	Paired spectrum: FDD



The above features are based on the 3GPP Rel-17 IoT NTN and are considered for Rural-mMTC-s usage scenario, i.e., an environment targeting large and continuous coverage focusing on a high number of connected machine type devices, to employ mMTC-s evaluation for IMT-2020 submission.
Proposal 4: Rel-17 IoT NTN is considered as a starting point for mMTC-s evaluation towards IMT-2020 submission.
Performance requirements for mMTC-s
According to the SID and Report ITU-R M.2514, the following performance requirement and the corresponding high-level assessment method summarized in Table 6 are considered for mMTC-s evaluation.
Table 6. Performance requirement for mMTC-s
	Performance requirement 
	High-level assessment method 

	Connection density
	Simulation



Proposal 5: Performance requirement in Table 6 should be considered for mMTC-s evaluation towards IMT-2020 submission.
Evaluation assumptions/ methodology for mMTC-s
According to Report ITU-R M.2514, connection density is the total number of devices fulfilling a specific quality of service (QoS) per unit area (per km2). A connection density of at least 500 devices per km2 should be supported. The requirement was derived assuming up to and including a 30 MHz bandwidth. 
[bookmark: _Hlk131773178]For mMTC-s evaluation, the IoT NTN reference scenario parameters and the Set-1 satellite parameters for scenario A (GEO) defined in TR36.763 (Table 6.1-1 and Table 6.2-4) can be considered as a starting point. To evaluate mMTC-s in satellite environment, the procedure and delay modeling for NB-IoT and eMTC [5] with needed adaptions can be considered as a starting point.
Proposal 6: The procedure and delay modeling for NB-IoT and eMTC with needed adaptions can be considered as a starting point for mMTC-s evaluation towards IMT-2020 submission.
Self-evaluation of HRC-s
This section discusses general technical features, performance requirements and evaluation assumptions/ methodology for HRC-s self-evaluation.
General technical features for HRC-s
The following features as shown in Table 7 can be considered as a starting point for HRC-s evaluation.
Table 7. Technical features for HRC-s
	General features
	FR1 (2 GHz)

	Rel-17 NR NTN on single-band 
	Paired spectrum: FDD



The above features are based on the 3GPP Rel-17 NR NTN and are considered for Rural-HRC-s usage scenario, i.e., an environment targeting large and continuous coverage for highly reliable communications, to employ HRC-s evaluation for IMT-2020 submission.
Proposal 7: Rel-17 NR NTN on single-band is considered as a starting point for HRC-s evaluation towards IMT-2020 submission.
Performance requirements for HRC-s
According to the SID and Report ITU-R M.2514, the following performance requirement and the corresponding high-level assessment method summarized in Table 8 are considered for HRC-s evaluation.
Table 8. Performance requirement for HRC-s
	Performance requirement 
	High-level assessment method 

	Reliability
	Simulation



Proposal 8: Performance requirement in Table 8 should be considered for HRC-s evaluation towards IMT-2020 submission.
Evaluation assumptions/ methodology for HRC-s
As defined in Report ITU-R M.2514, reliability is the success probability of transmitting a layer 2/3 packet within a required maximum time, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface at a certain channel quality.
[bookmark: _Hlk131775684]Considering that the satellite component of IMT-2020 will not address the URLLC but will cover the HRC-s usage scenario due to the inherent distance of satellites to associated terminals or earth stations, to evaluate the reliability requirement for HRC-s, the evaluation method for URLLC reliability [6] with enhancements can be considered as a starting point. In addition, the simulation parameters for eMBB-s evaluation can be reused as much as possible for HRC-s evaluation.
Proposal 9: The evaluation method for URLLC reliability with enhancements can be considered as a starting point for HRC-s evaluation towards IMT-2020 submission.
Conclusion
In this contribution, we provide our considerations on self-evaluation methodology for IMT-2020 satellite radio interface, including general technical features, performance requirements and evaluation assumptions/ methodology for both NR NTN and IoT NTN. The following proposals are made.
Proposal 1: Rel-17 NR NTN on single-band is considered as a starting point for eMBB-s evaluation towards IMT-2020 submission.
Proposal 2: Performance requirements in Table 2 should be considered for eMBB-s evaluation towards IMT-2020 submission.
Proposal 3: Evaluation parameters in TR38.821, Table 3 and Table 4 can be considered as a starting point for eMBB-s evaluation towards IMT-2020 submission.
Proposal 4: Rel-17 IoT NTN is considered as a starting point for mMTC-s evaluation towards IMT-2020 submission.
Proposal 5: Performance requirement in Table 6 should be considered for mMTC-s evaluation towards IMT-2020 submission.
Proposal 6: The procedure and delay modeling for NB-IoT and eMTC with needed adaptions can be considered as a starting point for mMTC-s evaluation towards IMT-2020 submission.
Proposal 7: Rel-17 NR NTN on single-band is considered as a starting point for HRC-s evaluation towards IMT-2020 submission.
Proposal 8: Performance requirement in Table 8 should be considered for HRC-s evaluation towards IMT-2020 submission.
Proposal 9: The evaluation method for URLLC reliability with enhancements can be considered as a starting point for HRC-s evaluation towards IMT-2020 submission.
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