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Introduction
In RAN#99 meeting, a new Study Item on submission of satellite radio interface of IMT-2020 was approved [1]. Based on the objective of SI, NR NTN will target self-evaluation against all technical requirements (in bullets b) to e)).
In RAN1#114bis meeting, the evaluation methodologies, evaluation configurations and some initial evaluation results for IMT-2020 satellite were discussed, and the following agreements related to NR NTN were made [2].
	Agreement
The UE speed is updated as 3 km/h in the template for results collection for connection density.
Agreement
The maximum delay for reliability should be reported with at least consideration on the impact of assumed layout, number of repetitions, usage of HARQ, and feeder link delay.
Agreement
At least for eMBB-s spectral efficiency evaluation, a value of 0dB for scintillation loss can be optionally used (in addition to the already agreed 2.2dB) and results can be separately captured in TR 37.911.
Agreement
The same energy efficiency aspects from the terrestrial self-evaluation in the report TR 37.910 apply for NTN as well on network side and device side. Thereby the text on the energy efficiency requirement from TR 37.910 can be reused for TR 37.911 with changes as necessary, considering only 15 kHz subcarrier spacing.


In this contribution, the self-evaluation results of eMBB-s, mMTC-s and HRC-s for NR NTN are discussed.
Self-evaluation of eMBB-s technical performance
For self-evaluation of eMBB-s technical performance, the results of average spectral efficiency, 5th percentile user spectral efficiency, user experienced data rate and area traffic capacity are provided.
Geometry Calibration
Figure 1 illustrates the calibration curves for FRF=1 (frequency reuse factor), including coupling loss, geometry SINR and geometry SIR.
 [image: ]
[bookmark: _Ref142315244]Figure 1: Calibration curves for FRF=1
Figure 2 illustrates the calibration curves for FRF=3, including coupling loss, geometry SINR and geometry SIR.
 [image: ]
[bookmark: _Ref142315256]Figure 2: Calibration curves for FRF=3
Excel document Calibration_results.xlsx captures the coupling loss, geometry SINR and geometry SIR curves for FRF1 and FRF3.
Observation 1: Calibration curves for FRF=1 and FRF=3 are aligned with TR 38.821 calibration case 9 and case 10, respectively.

[bookmark: _Ref141275672]Average spectral efficiency and 5th percentile user spectral efficiency
Parameters for average spectral efficiency and 5th percentile user spectral efficiency simulation are aligned with the agreements, and the parameters need to be reported for system-level simulation are listed in Table 1. 

According to the agreements from last meeting, a value of 0 dB for scintillation loss can be optionally used, in addition to the already agreed 2.2 dB. According to Table 7.1-1 of TR 38.821 [3], for LEO-600 km transparent payload, the maximum Round Trip Delay (RTD) between the gNB and the UE is 25.77 ms with minimum elevation angle assumed for both feeder and service link, i.e., 10° for service link and 10° for feeder link. The corresponding one way delays of service link and feeder link are both 6.44 ms. Based on the agreed beam layout, the minimum elevation angle between UE and satellite is larger than 70°, corresponding to a one way delay of 2.12 ms. Similar to TR 38.821 [3], minimum elevation angle of 10° for feeder link is assumed, then the total one way delay between the gNB and the UE is 8.56 ms. Taking 1 ms slot length for 15 kHz SCS into account, one way delay of 9 ms is used in system-level simulation.
[bookmark: _Ref141196208]Table 1:  The reported parameters for spectral efficiency simulation
	Parameters
	DL
	UL

	Scintillation loss
	0 dB or 2.2 dB

	FRF
	1 or 3

	One way delay
	9 ms

	Number of UE antennas
	(M, N, P) = (1, 2, 2) and (1, 2, 4)
	(M, N, P) = (1, 2, 2)

	Power control parameter
	/
	α=0.8, P_0=-80 dBm 


Based on the above simulation assumptions, average spectral efficiency and 5th percentile spectral efficiency is evaluated. 
The evaluation results of DL spectral efficiency for 0/2.2 dB scintillation loss, 2Rx/4Rx and FRF=1/FRF=3 are given in Table 2. For 2Rx, none of DL average spectral efficiency and 5th percentile spectral efficiency for FRF=1 or FRF=3 can fulfil the ITU requirements. For 4Rx, both DL average spectral efficiency and 5th percentile spectral efficiency for FRF=1/FRF=3 and 0/2.2 dB scintillation loss can fulfil the ITU requirements.
[bookmark: _Ref141196964]Table 2: Evaluation results of DL spectral efficiency
	Scintillation loss
	Number of UE 
antennas
	FRF
	Average spectral 
efficiency [bit/s/Hz]
	5th percentile user
 spectral efficiency [bit/s/Hz]

	ITU Requirements
	0.5
	0.03

	0 dB
	2
	1
	0.449
	0.004

	
	
	3
	0.434
	0.019

	
	4
	1
	0.813
	0.044

	
	
	3
	0.531
	0.048

	2.2 dB
	2
	1
	0.425
	0.018

	
	
	3
	0.406
	0.029

	
	4
	1
	0.663
	0.045

	
	
	3
	0.513
	0.048


Observation 2: NR NTN with 4Rx and 0/2.2 dB scintillation loss can fulfil DL average spectral efficiency and 5th percentile spectral efficiency requirements, while NR NTN with 2Rx and 0/2.2 dB scintillation loss cannot fulfil DL average spectral efficiency and 5th percentile spectral efficiency requirements.

UL spectral efficiency evaluation results with 0/2.2 dB scintillation loss, 2Tx and FRF=3 are given in Table 3. Only the evaluation results of 0 dB scintillation loss and FRF=3 can fulfil the ITU requirements for average spectral efficiency and 5th percentile spectral efficiency.
[bookmark: _Ref141198463]Table 3: Evaluation results of UL spectral efficiency
	Scintillation loss
	Number of UE 
antennas
	FRF
	Average spectral 
efficiency [bit/s/Hz]
	5th percentile user
 spectral efficiency [bit/s/Hz]

	ITU Requirements
	0.1
	0.003

	0 dB
	2
	3
	0.237
	0.004

	2.2 dB
	2
	3
	0.173
	0.0003


Observation 3: NR NTN with FRF=3 and 0 dB scintillation loss can fulfil UL average spectral efficiency and 5th percentile spectral efficiency requirements.
Proposal 1: Capture the evaluation assumptions in Table 1 and evaluation results in Table 2/Table 3 in TR 37.911.

User experienced data rate
According to section 7.2.3 of Report ITU-R M.2514 [4], 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
	Scintillation loss
	Number of UE 
antennas
	FRF
	User experienced data rate [Mbit/s]

	DL
	ITU Requirements
	1

	
	0 dB
	2
	1
	0.133

	
	
	
	3
	0.573

	
	
	4
	1
	1.328

	
	
	
	3
	1.454

	
	2.2 dB
	2
	1
	0.531

	
	
	
	3
	0.858

	
	
	4
	1
	1.351

	
	
	
	3
	1.487

	UL
	ITU Requirement
	0.1

	
	0 dB
	2
	3
	0.126

	
	2.2 dB
	2
	3
	0.010


For 2Rx, neither the DL user experienced data rate of FRF=1 nor the DL user experienced data rate of FRF=3 can fulfil the ITU requirements. For 4Rx, both of the DL user experienced data rate of FRF=1 and FRF=3 can fulfil the ITU requirements. 
For UL, the user experienced data rate of 0 dB scintillation loss and FRF=3 can fulfil the ITU requirements.
Observation 4: NR NTN with 4Rx UE antenna elements and 0/2.2 dB scintillation loss can fulfil DL user experienced data rate requirements, while NR NTN with 2Rx UE antenna elements and 0/2.2 dB scintillation loss cannot fulfil DL user experienced data rate requirements.
Observation 5: NR NTN with FRF=3 and 0 dB scintillation loss can fulfil UL user experienced data rate requirements.
Proposal 2: Capture the evaluation results in Table 4 in TR 37.911.

Area traffic capacity
According to section 7.2.6 of Report ITU-R M.2514 [4], 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  is related to average spectral efficiency  as follows:
		
[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 agreed beam area of 1415 km2 is used in evaluation.
According to the DL and UL results of average spectral efficiency in Section 2.2, and 30 MHz channel bandwidth, the DL and UL results of area traffic capacity are list in Table 5.
[bookmark: _Ref141430373]Table 5: Evaluation results of DL and UL area traffic capacity
	DL/UL
	Scintillation loss
	Number of UE 
antennas
	FRF
	Area traffic capacity [kbit/s/km2]

	DL
	ITU Requirements
	8

	
	0 dB
	2
	1
	9.52

	
	
	
	3
	9.19

	
	
	4
	1
	17.23

	
	
	
	3
	11.26

	
	2.2 dB
	2
	1
	9.02

	
	
	
	3
	8.61

	
	
	4
	1
	14.05

	
	
	
	3
	10.87

	UL
	ITU Requirements
	1.5

	
	0 dB
	2
	3
	5.03

	
	2.2 dB
	2
	3
	3.67


For DL, all of the area traffic capacity evaluation results with 0/2.2 dB scintillation loss, 2Rx/4Rx and FRF=1/FRR=3 can fulfil the ITU requirements. For UL, the area traffic capacity of 0/2.2 dB scintillation loss, 2Tx and FRF=3 can fulfil the ITU requirements.
Observation 6: NR NTN can fulfil DL and UL area traffic capacity requirements.
Proposal 3: Capture the evaluation results in Table 5 in TR 37.911.

Mobility
According to the agreements from last meeting, a value of 2.2 dB for scintillation loss is baseline. In addition to link-level simulation for mobility, elevation angle of 90° is also used in link-level simulation for connection density and reliability.
TBS of 256 bits was agreed to be used for link-level simulation of mobility, and simulation bandwidth and number of repetition should to be reported. To satisfy the requirement of residual decoded packet error ratio less than 1%, MCS#0 can be used for link-level simulation. Owing to TBS is 256 bits, and 2 symbol DMRS no FDM with data are used in link-level simulation, the simulation bandwidth should be 1.44 MHz (8 PRB).
Then 1.44 MHz and 4.32 MHz are used in system-level simulation for FRF=1 and FRF=3, respectively. The evaluated 50th-percentile SINR are shown in Table 6. The excel document eMBB-s_Mobility.xlsx captures the UL pre-SINR CDF curves.
[bookmark: _Ref141284418]Table 6: System-level simulation results of mobility
	FRF
	Bandwidth [MHz]
	Number of PRB
	50th-percentile SINR [dB]

	1
	1.44
	8
	1.11

	3
	4.32
	24
	7.28



Based on the 50th-percentile SINR from system-level simulation, the link-level simulation results of spectral efficiency and residual decoded packet error ratio with MCS#0, 1.44 MHz bandwidth and 4 times repetition are listed in Table 7.
[bookmark: _Ref141285112]Table 7: Link-level simulation results of mobility
	FRF
	50th-percentile SINR [dB]
	MCS index
	Number of repetition
	Spectral 
efficiency [bit/s/Hz]
	residual decoded packet error ratio

	ITU requirements
	0.005
	1%

	1
	1.11
	0
	4
	0.0442
	0.47%

	3
	7.28
	0
	4
	0.0444
	0.01%



Observation 7: NR NTN can fulfil the requirements of mobility with 250km/h.
Proposal 4: Capture the evaluation assumptions in Table 6 and evaluation results in Table 7 in TR 37.911.

Self-evaluation of mMTC-s technical performance
Connection density
According to the agreements from last meeting, the scintillation loss is 2.2 dB, and the UE speed is 3 km/h. Besides, it has been agreed that non-full buffer and full-buffer evaluations are allowed for connection density evaluation. In this contribution, evaluation results of connection density for NR NTN with full-buffer method are provided. Owing to all the beams are assumed to be fully loaded, UE number with 12 UEs per beam aligned with IoT NTN evaluation is used for system-level simulation to derive SINR CDF distribution. Channel bandwidth and other parameters need to be reported are summarized in Table 8.
[bookmark: _Ref141365449]Table 8: The reported parameters for system-level simulation of connection density
	Parameters
	Value

	Scintillation loss
	2.2 dB

	FRF
	1 or 3

	Channel bandwith
	FRF=1: 180 kHz (1PRB)
FRF=3: 540 kHz (3PRB)

	One way delay
	9 ms

	Number of UE antennas
	(M, N, P) = (1, 2, 2)

	Power control parameter
	α=0.8, P_0=-80 dBm


The UL pre-SINR for NR NTN with FRF=1 and FRF=3 are shown in Figure 3.
[image: ]
[bookmark: _Ref141365627]Figure 3: UL pre-SINR curves of NR NTN for connection density evaluation
[bookmark: _Hlk145948927][bookmark: _Hlk145948915]It was agreed that TBS for NR in link-level simulation should to be reported. In this contribution, to get a smooth SINR-to-SE curve, TBS with 256/168/72 bits are used in link-level simulation. The SINR-to-SE curve are shown in Figure 4.
[image: ]
[bookmark: _Ref145945797]Figure 4: SINR-to-SE curve of NR NTN for connection density evaluation
The simulation assumptions and results are summarized in Table 9. It should note that the delay calculated in full-buffer evaluation (as described in Report ITU-R M.2412 [5]) does not take the RTD (round trip delay) into account.
[bookmark: _Ref141367707]Table 9: Evaluation results of NR NTN for connection density
	Traffic model
	FRF
	MCS index
	TBS
	Number of repetition
	RB number
	Connection density [devices/km2]
	99th percentile delay [s]

	ITU requirements
	500
	10

	1 message/2 hours/device
	1
	0
	256, 168, 72
	1, 2, 4, 8
	1
	480
	0.030

	
	1
	
	
	
	2
	960
	0.030

	
	3
	
	
	
	1
	1442
	0.003

	1 message/day/device
	1
	
	
	
	1
	5755
	0.030

	
	3
	
	
	
	1
	17302
	0.003

	
	Note: 99th percentile delay does not include the RTD of NTN system.


It is observed that the result of connection density is 480 and 960 devices/km2 when the traffic model is 1 message/2 hours/device and FRF=1 for 1 and 2 used RB, respectively. The connection density of the other cases in Table 9 can fulfil ITU requirements.
The attached excel document mMTC-s_ConnectionDensity_NR.xlsx captures the UL pre-SINR CDF curves and SINR-to-SE curves.
Observation 8: NR NTN can fulfil the connection density requirements with full-buffer system-level simulation followed by link-level simulation method.
Proposal 5: Capture the evaluation assumptions in Table 8 and evaluation results in Table 9 in TR 37.911.

Self-evaluation of HTC-s technical performance
Reliability
In RAN1#113 meeting, it was agreed that simulation bandwidth, MCS and number of repetition for PDSCH and PUSCH need to be reported in reliability link-level simulation.
To satisfy the requirement of reliability up to 99.9%, MCS#0 should be used for link-level simulation. Owing to TBS is 256 bits, and 2 symbol DMRS per slot are used in link-level simulation, the simulation bandwidth should be 1.44 MHz (8 PRB). Then 1.44 MHz and 4.32 MHz are used in system-level simulation for FRF=1 and FRF=3, respectively. The evaluated 5th-percentile SINR values are shown in Table 10. The excel document HRC-s-Reliability.xlsx captures the DL and UL pre-SINR CDF curves.
[bookmark: _Ref141377251]Table 10: System-level simulation results of reliability
	DL/UL
	FRF
	Bandwidth [MHz]
	Number of PRB
	5th-percentile SINR [dB]

	DL
	1
	1.44
	8
	-3.37

	
	3
	4.32
	24
	4.18

	UL
	1
	1.44
	8
	-1.99

	
	3
	4.32
	24
	5.48


According to the agreements from last meeting, the maximum delay for reliability should be reported with at least consideration on the impact of assumed layout, number of repetitions, usage of HARQ, and feeder link delay. According to TR 37.910 [6], the total one way user plane latency for DL or UL is given by TUP = T1 + n×THARQ, where T1 is DL or UL data transfer duration, n is the number of re-transmissions, THARQ is HARQ retransmission duration. Taking repetition into account, the delay is given by TUP = T1 + (m -1)×Tslot + n×THARQ, where m is the number of repetition, Tslot is the length of one slot. For 15 kHz SCS and 14 OS slot, the minimum one-way user plane latency with for DL and UL both are 6.39 ms (i.e., T1) based on the evaluation of user plane latency with HARQ feedback disabled from RAN2 [7], the length of one slot is 1ms (Tslot), and the HARQ retransmission duration of 32 ms (maximum 32 HARQ processed, i.e., THARQ). The link-level simulation assumptions and results for reliability are summarized in Table 11.
[bookmark: _Ref141379365]Table 11: Evaluation results of reliability
	DL/UL
	FRF
	5th-percentile SINR [dB]
	MCS index
	Number of repetition
	HARQ feedback
	Reliability
	Maximum delay (ms)

	ITU requirements
	99.9%
	/

	DL
	1
	-3.37
	0
	8
	enabled
	99.959%
	141.39

	
	3
	4.18
	0
	4
	enabled
	99.979%
	137.39

	UL
	1
	-1.99
	0
	32
	disabled
	99.947%
	37.39

	
	3
	5.48
	0
	16
	disabled
	99.978%
	[bookmark: _GoBack]21.39



Observation 9: NR NTN can fulfil DL and UL reliability requirements.
Proposal 6: Capture the evaluation assumptions in Table 10 and evaluation results in Table 11 in TR 37.911.

Conclusions
This contribution provides self-evaluation results of eMBB-s, mMTC-s and HRC-s for NR NTN, and our observations and proposals are listed as following:
Observation 1: 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 with 4Rx and 0/2.2 dB scintillation loss can fulfil DL average spectral efficiency and 5th percentile spectral efficiency requirements, while NR NTN with 2Rx and 0/2.2 dB scintillation loss cannot fulfil DL average spectral efficiency and 5th percentile spectral efficiency requirements.
Observation 3: NR NTN with FRF=3 and 0 dB scintillation loss can fulfil UL average spectral efficiency and 5th percentile spectral efficiency requirements.
Observation 4: NR NTN with 4Rx UE antenna elements and 0/2.2 dB scintillation loss can fulfil DL user experienced data rate requirements, while NR NTN with 2Rx UE antenna elements and 0/2.2 dB scintillation loss cannot fulfil DL user experienced data rate requirements.
Observation 5: NR NTN with FRF=3 and 0 dB scintillation loss can fulfil UL user experienced data rate requirements.
Observation 6: NR NTN can fulfil DL and UL area traffic capacity requirements.
Observation 7: NR NTN can fulfil the requirements of mobility with 250km/h.
Observation 8: NR NTN can fulfil the connection density requirements with full-buffer system-level simulation followed by link-level simulation method.
Observation 9: NR NTN can fulfil DL and UL reliability requirements.

Proposal 1: Capture the evaluation assumptions in Table 1 and evaluation results in Table 2/Table 3 in TR 37.911.
Proposal 2: Capture the evaluation results in Table 4 in TR 37.911.
Proposal 3: Capture the evaluation results in Table 5 in TR 37.911.
Proposal 4: Capture the evaluation assumptions in Table 6 and evaluation results in Table 7 in TR 37.911.
Proposal 5: Capture the evaluation assumptions in Table 8 and evaluation results in Table 9 in TR 37.911.
Proposal 6: Capture the evaluation assumptions in Table 10 and evaluation results in Table 11 in TR 37.911.
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