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1. [bookmark: _Ref490222521]Introduction
In RAN#99 meeting, a new SID on submission of satellite radio interface of IMT-2020 was approved [1]. The detailed objectives of this study item are captured as follows. For NR NTN, it will target self-evaluation against all technical requirements defined in bullets b) to e).
	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) [bookmark: _Hlk130455409]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]



In RAN1#112bis-e meeting to RAN1#114 meeting, most of the evaluation methodologies and evaluation configurations for IMT-2020 satellite were agreed, which could be found in Section 2 of [2], Section 2 of [3], Section 1 of [4] and [5]. In this contribution, we discuss the initial self-evaluation results of eMBB-s for NR-NTN.
2. Discussion on self-evaluation results
2 
2.1 Calibration results
In RAN1#113 meeting, the follow proposal was endorsed in [4].
	Proposal 2.3: Companies are encouraged to provide calibration curves aligned with TR 38.821 calibration case 9 or case 10 (depending on whether frequency reuse factor one or three is used) for system-level simulation. Then there is no need for additional cross-company calibration.


Figure 1 and Figure 2 illustrate the calibration curves for FRF=1 and FRF=3 (frequency reuse factor) respectively, including coupling loss, geometry SINR and geometry SIR.
	[image: ]
	[image: ]
	[image: ]

	[bookmark: _Ref146804650]Figure 1. Calibration curves of coupling loss, geometry SINR and geometry SIR for FRF=1
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	[bookmark: _Ref146804656]Figure 2. Calibration curves of coupling loss, geometry SINR and geometry SIR for FRF=3


[bookmark: _Ref146815468]Observation 1: The calibration curves for FRF=1 and FRF=3 are aligned with TR 38.821 calibration case 9 and case 10 respectively.
2.2 Peak spectral efficiency and peak data rate
In previous RAN1 meeting, the evaluation methodologies and evaluation parameters for peak spectral efficiency and peak data rate were discussed and reached the agreements.
	Agreement
For DL and UL overhead:
· DL overhead is assumed to be 0.14
· UL overhead is assumed to be 0.08
Agreement
3GPP will report peak data rate and spectral efficiency based on
· 822/1024 and  for DL
· 553/1024 for and  for UL
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: 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







And the essential evaluation parameters are listed in the following Table 1.
[bookmark: _Ref146813910]Table 1. Evaluation parameters for peak spectral efficiency and peak data rate
	Parameters
	Values

	DL
	Max. number of layers
	1

	
	Highest modulation order
	6

	
	Max. coding rate
	822/1024

	
	Scaling factor of modulation
	1

	
	Numerology
	0

	
	The maximum number of RBs
	160

	UL
	Max. number of layers
	1

	
	Highest modulation order
	4

	
	Max. coding rate
	553/1024

	
	Scaling factor of modulation
	1

	
	Numerology
	0

	
	The maximum number of RBs
	8


Based on the evaluation methodologies, the peak spectral efficiency is calculated as
,
and the peak data rate is calculated as , assuming single carrier operation. OH equals 0.14 for DL and 0.08 for UL.  
From the above, evaluation results can be found in Table 2 as follow. 
[bookmark: _Ref146813997]Table 2. Evaluation results for peak spectral efficiency and peak data rate
	Characteristics
	ITU requirements 
	Evaluation results

	DL
	Peak spectral efficiency
	3 bit/s/Hz
	3.71 bit/s/Hz

	
	Peak data rate
	70 Mbps
	111.34 Mbps

	UL
	Peak spectral efficiency
	1.5 bit/s/Hz
	1.85 bit/s/Hz

	
	Peak data rate
	2 Mbps
	2.67 Mbps



It is observed that evaluation results of peak spectral efficiency and peak data rate can meet the ITU-R requirements, and align with the peak spectral efficiency and peak data rate listed in agreements above, except UL Peak data rate 2.67 Mbps instead of 2.76 Mbps. 
[bookmark: _Ref146815678]Observation 2: NR NTN can fulfil peak spectral efficiency and peak data rate ITU-R requirement.
2.3 Average spectral efficiency and 5th percentile user spectral efficiency
The parameters for evaluating average spectral efficiency and 5th percentile user spectral efficiency simulation have come to an agreement in previous RAN1 meetings. Some parameters that need to be reported are listed in Table 3, and more detailed parameters for our system-level simulation can be found in Appendix A.
According to Table 7.1-1 in TR 38.821 [5], for LEO-600 km transparent payload without ISL, when the elevation angle of service link and feeder link is 10 degrees, the maximum propagation delay contribution to the round trip delay on the radio interface between the gNB and the UE is 25.77 ms. And the propagation round trip delay on the radio interface between the gNB and the UE reaches the minimum and is 8ms, with the elevation angle of service link and feeder link of 90 degrees. Based on the agreed beam layout, for the 19 spot beams pattern with a central beam elevation of 90 degrees, the minimum elevation angle between UE/gNB and satellite is about 79 degrees, corresponding to a one-way delay of 2.03 ms. Taking 1 ms slot length for 15 kHz SCS and other processing delays into account, the RTT of 10 ms is used in our system level simulation.
[bookmark: _Ref146806161]Table 3. The reported parameters of system level simulation
	Parameter
	value

	FRF
	FRF=1 or 3

	Number of UE antennas
(M,N,P,Mg,Ng;Mp,Np)
	DL: 2 Rx with (1,1,2,1,1;1,1) or 4 Rx with (1,2,2,1,1;1,2)
UL: 2 Tx with (1,1,2,1,1;1,1)

	RTT
	10ms for transparent payload without ISL

	Power control parameter
	UL: α=0.8, P0=-80 dBm


Based on above simulation assumptions, average spectral efficiency and 5th percentile user spectral efficiency are evaluated. For FRF=3, the 10MHz bandwidth per beam is configured for simulation and the 30MHz bandwidth is used to calculate the spectral efficiency.
The evaluation results of DL spectral efficiency for 2Rx/4Rx and FRF=1/FRF=3 are given in Table 4. For DL average spectral efficiency, both the cases with 2Rx/4Rx and FRF=1/FRF=3 can fulfil the ITU requirements. For DL 5th percentile user spectral efficiency, the cases with 2Rx/4Rx and FRF=1 cannot fulfil the ITU requirements.
[bookmark: _Ref146806172]Table 4. The evaluation results of DL spectral efficiency
	Number of UE 
antennas
	Frequency reuse factor
	ITU Requirements
	Simulation results

	2
	FRF = 1
	Average [bit/s/Hz/TRxP]
	0.500
	0.694

	
	
	5th percentile [bit/s/Hz]
	0.030
	0.021

	
	FRF = 3
	Average [bit/s/Hz/TRxP]
	0.500
	0.681

	
	
	5th percentile [bit/s/Hz]
	0.030
	0.030

	4
	FRF = 1
	Average [bit/s/Hz/TRxP]
	0.500
	0.829

	
	
	5th percentile [bit/s/Hz]
	0.030
	0.026

	
	FRF = 3
	Average [bit/s/Hz/TRxP]
	0.500
	0.853

	
	
	5th percentile [bit/s/Hz]
	0.030
	0.039


[bookmark: _Ref146815470]Observation 3: NR NTN with FRF=1 and 2Rx/4Rx can fulfil DL average spectral efficiency ITU requirement, but cannot fulfil DL 5th percentile user spectral efficiency ITU requirement.
[bookmark: _Ref146815471]Observation 4: NR NTN with FRF=3 and 2Rx/4Rx can fulfil DL average spectral efficiency and 5th percentile user spectral efficiency ITU requirements.
The evaluation results of UL spectral efficiency for FRF=1/FRF=3 are given in Table 5. Both UL average spectral efficiency and 5th percentile user spectral efficiency with FRF=1 or FRF=3 can fulfil the ITU requirements.
[bookmark: _Ref146806184]Table 5. The evaluation results of UL spectral efficiency
	Number of UE 
antennas
	Frequency reuse factor
	ITU Requirements
	Simulation results

	2
	FRF = 1
	Average [bit/s/Hz/TRxP]
	0.100
	0.149

	
	
	5th percentile [bit/s/Hz]
	0.003
	0.006

	
	FRF = 3
	Average [bit/s/Hz/TRxP]
	0.100
	0.136

	
	
	5th percentile [bit/s/Hz]
	0.003
	0.007


[bookmark: _Ref146815472]Observation 5: NR NTN with FRF=1 and FRF=3 can fulfil UL average spectral efficiency and 5th percentile user spectral efficiency ITU requirements.
2.4 User experienced data rate
[bookmark: _Hlk75726686]According to section 7.2.3 of Report ITU-R M.2514 [6], 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 should be derived from the 5th percentile user spectral efficiency through the following equation. Let W denote the channel bandwidth and SEuser denotes the 5th percentile user spectral efficiency. Then the user experienced data rate, Ruser is given by:
		
According to the DL and UL results of 5th percentile user spectral efficiency in Section 2.3, and 30 MHz channel bandwidth, the DL and UL results of user experienced data rate are listed in Table 6 and Table 7.
For DL user experienced data rate, only the case with 4Rx and FRF=3 can fulfil the ITU requirements. 
[bookmark: _Ref146806192]Table 6. The evaluation results of DL user experienced data rate
	Number of UE 
antennas
	Frequency reuse factor
	ITU Requirements
	Simulation results

	2
	FRF = 1
	User experienced data rate (Mbit/s)
	1
	0.638

	
	FRF = 3
	User experienced data rate (Mbit/s)
	1
	0.910

	4
	FRF = 1
	User experienced data rate (Mbit/s)
	1
	0.793

	
	FRF = 3
	User experienced data rate (Mbit/s)
	1
	1.176


[bookmark: _Ref146815474]Observation 6: NR NTN with 4Rx and FRF=3 can fulfil DL user experienced data rate ITU requirement, while NR NTN with 2Rx or with 4Rx and FRF=1 cannot fulfil DL user experienced data rate ITU requirement.
Both the UL user experienced data rate with FRF=1 and with FRF=3 can fulfil the ITU requirements. 
[bookmark: _Ref146806199]Table 7. The evaluation results of UL user experienced data rate
	Number of UE 
antennas
	Frequency reuse factor
	ITU Requirements
	Simulation results

	2
	FRF = 1
	User experienced data rate (Mbit/s)
	0.1
	0.173

	
	FRF = 3
	User experienced data rate (Mbit/s)
	0.1
	0.212


[bookmark: _Ref146815475]Observation 7: NR NTN with FRF=1 and with FRF=3 can fulfil UL user experienced data rate ITU requirement.
2.5 Area traffic capacity
According to section 7.2.6 of Report ITU-R M.2514 [6], 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 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 Carea is related to average spectral efficiency SEavg as follows: 

Where W denote the channel bandwidth and ρ the TRxP density (TRxP/m2). According to the agreements made in RAN1#114 meeting, a beam area of 1415 km2 is assumed for area traffic capacity evaluation.
According to the DL and UL results of average spectral efficiency provided in Section 2.3, and 30 MHz channel bandwidth, the DL and UL results of area traffic capacity are listed in Table 8 and Table 9.
For DL area traffic capacity, both the case with 2Rx/4Rx and FRF=1/FRF=3 can fulfil the ITU requirements. 
[bookmark: _Ref146806240]Table 8. The evaluation results of DL area traffic capacity
	Number of UE 
antennas
	Frequency reuse factor
	ITU Requirements
	Simulation results

	2
	FRF = 1
	Area traffic capacity (kbit/s/km2)
	8
	14.72

	
	FRF = 3
	Area traffic capacity (kbit/s/km2)
	8
	14.43

	4
	FRF = 1
	Area traffic capacity (kbit/s/km2)
	8
	17.57

	
	FRF = 3
	Area traffic capacity (kbit/s/km2)
	8
	18.08


[bookmark: _Ref146815477]Observation 8: NR NTN with 2Rx/4Rx and FRF=1/FRF=3 can fulfil DL area traffic capacity ITU requirement.
Both the UL area traffic capacity with FRF=1 or FRF=3 can fulfil the ITU requirements. 
[bookmark: _Ref146806245]Table 9. The evaluation results of UL area traffic capacity
	Number of UE 
antennas
	Frequency reuse factor
	ITU Requirements
	Simulation results

	2
	FRF = 1
	Area traffic capacity (kbit/s/km2)
	1.5
	3.15

	
	FRF = 3
	Area traffic capacity (kbit/s/km2)
	1.5
	2.88


[bookmark: _Ref146815478]Observation 9: NR NTN with FRF=1 and FRF=3 can fulfil UL area traffic capacity ITU requirement.
[bookmark: _Ref146815547]Proposal  1: Capture the evaluation results in Table 2 and Table 3~9 into the TR37.911.
3. Conclusion
In this contribution, we discuss the initial self-evaluation results of eMBB-s for NR-NTN, and have following observations and proposals: 
Observation 1: The calibration curves for FRF=1 and FRF=3 are aligned with TR 38.821 calibration case 9 and case 10 respectively.
Observation 2: NR NTN can fulfil peak spectral efficiency and peak data rate ITU-R requirement.
Observation 3: NR NTN with FRF=1 and 2Rx/4Rx can fulfil DL average spectral efficiency ITU requirement, but cannot fulfil DL 5th percentile user spectral efficiency ITU requirement.
Observation 4: NR NTN with FRF=3 and 2Rx/4Rx can fulfil DL average spectral efficiency and 5th percentile user spectral efficiency ITU requirements.
Observation 5: NR NTN with FRF=1 and FRF=3 can fulfil UL average spectral efficiency and 5th percentile user spectral efficiency ITU requirements.
Observation 6: NR NTN with 4Rx and FRF=3 can fulfil DL user experienced data rate ITU requirement, while NR NTN with 2Rx or with 4Rx and FRF=1 cannot fulfil DL user experienced data rate ITU requirement.
Observation 7: NR NTN with FRF=1 and with FRF=3 can fulfil UL user experienced data rate ITU requirement.
Observation 8: NR NTN with 2Rx/4Rx and FRF=1/FRF=3 can fulfil DL area traffic capacity ITU requirement.
Observation 9: NR NTN with FRF=1 and FRF=3 can fulfil UL area traffic capacity ITU requirement.
[bookmark: _GoBack]Proposal  1: Capture the evaluation results in Table 2 and Table 3~9 into the TR37.911.
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Appendix A
[bookmark: _Ref1208685]Table I. SLS simulation parameters of self-evaluation for NR-NTN
	Parameter
	value

	Scenarios
	Rural-eMBB-s, transparent payload without ISL

	Carrier frequency
	S-band (2GHz)

	Channel bandwidth
	30 MHz

	Simulation bandwidth
	30 MHz for FRF=1, 10 MHz for FRF=3

	Satellite orbit configuration
	LEO, 600 km altitude

	Satellite EIRP density
	34 dBW/MHz

	Satellite antenna gain
	30 dBi

	Satellite G/T
	1.1 dB/K

	3 dB beam width
	4.41 degrees

	Spot beam pattern
	Hexagonal pattern, at least 19 spot beams, Influence of adjacent beam interference on the results should be accounted for, e.g. by collecting statistics only from the inner spot beams

	Satellite antenna pattern
	Bessel function as in Section 6.4.1 in TR 38.811

	Satellite antenna configuration
	1Rx/1Tx per beam, Circular

	Central beam elevation
	90 degrees

	Beam layout definition and wrap-around
	As described in 6.1.1.1 of TR 38.821

	Propagation conditions
	LOS probability of 100%

	Large scale Channel model
	large scale model of Section 6.6 in 38.811 for LOS conditions

	Small scale
	small scale fading is modelled as in 38.821 (Table 6.1.1.1-7)

	Terminal type
	Handheld: Handset, smartphone

	Device deployment
	100% outdoor, randomly and uniformly distributed over the area

	UE density
	10 UEs per spot beam

	UE mobility model
	Stationary

	UE antenna configuration
	Omni-directional, Linear polarisation: ±45°X-pol

	UE antenna gain
	0 dBi

	UE antenna height
	1.5 m

	UE noise figure 
	7 dB

	UE Tx transmit power
	23 dBm

	Handover margin
	0 dB

	UE attachment
	RSRP

	Receiver type
	MMSE-IRC

	Channel Estimation 
	Realistic

	Polarization reuse
	Disabled

	CSI feedback
	20ms periodicity

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

	PRB bundling
	wideband

	Codeword 
	Single CW

	Transmission scheme
	One layer

	Modulation
	Up to 64QAM

	Scheduler
	PF

	Number of HARQ processes
	Up to 32

	HARQ-ACK delay
	N+4

	Frame structure
	FDD

	Overhead
	DL: 0.14, UL: 0.08

	Traffic model
	Full buffer
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