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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. The following table is the starting point for defining evaluation assumptions:
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

	#9
	Connection density
	Simulation
	§ 7.2.8
	mMTC-s
	Yes

	#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.



At the RAN1 #113 meeting, companies further refined the simulation conditions and parameters, and reached the following agreement.
	Agreement
Proposal 2.1: For evaluation parameters, the following table is agreed:
	Scenario
	Parameter
	Moderator proposal

	LLS connection density mMTC
	TBS for NR
	To be reported

	SLS mMTC
	Data transmission procedure
	EDT/RRC Resume for eMTC/NBIOT, SDT/RRC Resume for NR


	LLS reliability
	Simulation bandwidth  PUSCH
	To be reported

	
	Simulation bandwidth PDSCH
	To be reported

	
	MCS PUSCH
	To be reported

	
	MCS PDSCH
	To be reported

	
	# repetitions PUSCH
	To be reported

	
	# repetitions PDSCH
	To be reported

	
	Waveform
	DFT-S-OFDM for UL, OFDM for DL.

	LLS mobility
	Simulation bandwidth
	To be reported

	
	TBS
	256

	
	# repetitions
	To be reported

	SLS eMBB
	Number of UE receive antennas
	(1,1,2) as baseline, (1,2,2) can be additionally provided






In this document, based on working assumption of R1-2306083, we provide initial simulation results for NR NTN.
Self-evaluation results
0. [bookmark: _Ref142057055]Peak data rate and Peak spectral efficiency
In RAN1#112bis-e 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. The relevant parameters of link budget have be clarified in this meeting to determine and in NTN scenario as shown in Table 2 for both ideal and realistic condition. In realistic condition, atmospheric loss, shadow fading margin and scintillation loss can’t be ignored and the value can refer to TR 38.821. 
[bookmark: _Ref135067063]Table 2 Link budget for DL and UL in Ideal and Realistic conditions
	Condition
	Ideal condition
	Realistic condition

	Transmission mode
	DL
	UL
	DL
	UL

	Carrier frequency [GHz]
	2.00
	2.00
	2.00
	2.00

	Target elevation angle [deg]
	90
	90
	90
	90

	Distance [km]
	600
	600
	600
	600

	TX: Satellite EIRP density [dBW/MHz]
	34
	-
	34
	-

	TX: UE EIRP [dBm]
	-
	23
	-
	23

	Rx: UE antenna Gain [dB]
	0
	-
	0
	-

	Rx: UE noise figure [dB]
	7
	-
	7
	-

	RX: satellite G/T [dB/T]
	-
	1.10
	-
	1.10

	Bandwidth [MHz]
	30
	1.44
	30
	1.44

	Free space path loss [dB]
	154.03
	154.03
	154.03
	154.03

	Atmospheric loss [dB]
	0.00
	0.00
	0.10
	0.10

	Shadow fading margin [dB]
	0.00
	0.00
	3.00
	3.00

	Scintillation Loss [dB]
	0.00
	0.00
	2.20
	2.20

	Polarization loss [dB]
	0.00
	0.00
	0.00
	0.00

	Additional losses [dB]
	0.00
	0.00
	0.00
	0.00

	CNR [dB]
	16.91
	7.05
	11.61
	1.75


The peak spectral efficiency can be determined according to the link budget in Table 2 and the link level simulation results for AWGN channel, and the peak rate can be calculated by combining the bandwidth as shown in Table 3.
[bookmark: _Ref142576258]Table 3 The peak data rate and peak spectral efficiency in Ideal and Realistic conditions
	Conditions
	Ideal condition
	Realistic condition

	Transmission mode
	DL
	UL
	DL
	UL

	Peak spectral efficiency [bit/s/Hz]
	3.85
	1.53
	2.42
	0.70

	Peak data rate [Mbps]
	110.880
	2.203
	69.696
	1.008


According to ITU-R, the required data rates are 70 Mbps for DL and 2 Mbps for UL respectively. In ideal condition, the ITU-R required data rate can be fulfilled. However, considering the realistic factor, the peak data rate is difficult to fulfill the requirements, especially for the uplink. 
Observation 1: In ideal condition, the peak spectral efficiency and peak data rate fulfill the ITU-R requirements.
Observation 2: In realistic condition defined in TR38.821, the peak spectral efficiency and peak data rate can’t fulfill the ITU-R requirements, especially for the uplink.

Proposal 1: Atmospheric loss, shadow fading margin and scintillation loss can’t be ignored as realistic parameters.  

0. Reliability
[bookmark: _Ref142577671]Table 4 Simulation parameters for Reliability
	NR
	

	Physical channel
	PUSCH
	PDSCH

	Simulation bandwidth
	0.36MHz
(2PRB)
	1.44MHz
(8PRB)

	SCS
	15kHz

	Waveform
	DFT-S-OFDM
	CP-OFDM

	Number of users in simulation
	1

	Link-level Channel model
	NTN TDL-C Rural

	Antenna configuration at Satellite
	1Rx
	1Tx

	Antenna configuration at UE
	1Tx
	1Rx

	Transmission mode
	SISO

	Transmission rank
	1

	MCS 
(Table 5.1.3.1-1 and Table 6.1.4.1-1 in TS 38.214)
	MCS 7
	MCS 0

	TBS
	256

	Modulation order
	QPSK

	Number of repetition
	1 2 4 8

	Channel estimation
	LMMSE

	Channel coding scheme
	LDPC

	Doppler spread
	5Hz

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


For reliability evaluation, the simulation parameters are shown in Table 4. Because of the different bandwidth of the UL and DL, choose different MCS indexes to ensure that the TBS of UL and DL are both 256. To improve link performance, a maximum of 8 replications are supported for both UL and DL.
[bookmark: _Ref142058382][bookmark: _Ref142058375]Table 5 link level simulation results for Reliability 
	Number of repetition
	Demodulation threshold (BLER=10-3)

	
	PUSCH
	PDSCH

	1
	12 dB
	0.1 dB

	2
	5.4 dB
	-3.0 dB

	4
	-0.3 dB
	-5.8 dB

	8
	-4.3 dB
	-7.8 dB



The link-level simulation results obtained according to the simulation parameters are shown in Table 5. Considering that reliability requirement for ITU is 1-10-3, the demodulation threshold is set to be based on BLER=10-3. The reliability of UL and DL can fulfill the ITU-R requirements with repetitions as shown in Table 6. 
[bookmark: _Ref142578282]Table 6 Reliability for PUSCH and PDSCH
	Physical channel
	Configuration
	SINR [dB]
@5th percentile
	BLER
	Reliability
(1-BLER)*100%

	
	FRF
	RBs
	Rep
	MCS index
	
	
	

	PUSCH
	1
	2
	8
	7
	-4.1
	0.00035
	99.965%

	
	3
	2
	8
	7
	5.2
	0
	100%

	PDSCH
	1
	8
	4
	0
	-3.1
	0
	100%

	
	3
	8
	4
	0
	7.2
	0
	100%


Observation 3: The reliability of UL and DL can fulfill the ITU-R requirements according to the simulation parameters in Table 4 with repetitions.

0. Mobility
[bookmark: _Ref142579103]Table 7 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

	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 7. We recommend that the simulation bandwidth should be set to 0.36 MHz and TBS set to 256，which is assumed as same as several other evaluations. 
The simulation results are shown in Table 8. 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%. When FRF=3, the requirement can be fulfilled. However, the residual decoded packet error ratio is much higher than 1%, when FRF=1. Since the spectral efficiency is much higher than the requirement, the method of repeated transmission can be considered to improve the link budget to fulfill the requirement.
[bookmark: _Ref142579380]Table 8 Simulation result of Mobility
	Frequency reuse factor
	SINR [dB]
	MCS index 
	Spectral efficiency 
	BLER 

	FRF=1
	-1.1
	0
	0.2344
	0.254

	FRF=3
	7.1
	0
	0.2344
	0


[bookmark: _GoBack]
Observation 4: When FRF=3, the requirements on spectral efficiency and residual decoded packet error ratio can be fulfilled.
Observation 5: When FRF=1, the requirement of the residual decoded packet error ratio can’t be fulfilled if Doppler spread is not suppressed.

Proposal 2: For mobility evaluation, the repetition can be supported to improve the link budget.

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: In ideal condition, the peak spectral efficiency and peak data rate fulfill the ITU-R requirements.
Observation 2: In realistic condition defined in TR38.821, the peak spectral efficiency and peak data rate can’t fulfill the ITU-R requirements, especially for the uplink. 
Observation 3: The reliability of UL and DL can fulfill the ITU-R requirements according to the simulation parameters in Table 4 with repetitions.
Observation 4: When FRF=3, the requirements on spectral efficiency and residual decoded packet error ratio can be fulfilled. 
Observation 5: When FRF=1, the requirement of the residual decoded packet error ratio can’t be fulfilled if Doppler spread is not suppressed. 

Proposal 1: Atmospheric loss, shadow fading margin and scintillation loss can’t be ignored as realistic parameters. 
Proposal 2: For mobility evaluation, the repetition can be supported to improve the link budget.
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