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1. [bookmark: _Ref18181]Introduction
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.


In this contribution, the evaluation including analytical study and simulations are presented.
1. [bookmark: _Ref54269283]Discussion on the characteristics for evaluation
1.1 Peak data rate and peak spectral efficiency (#1, #2)
1.1.1 Discussion on pending parameters
In [1], the calculation of peak data rate and peak spectral efficiency is agreed to follow the Proposals 3.1~3.3.
	Agreements
Proposal 3.1: The peak spectral efficiency is calculated as 

Proposal 3.2: The peak data rate is calculated as , assuming single carrier operation.
Proposal 3.3: When selecting the parameters for peak spectral efficiency and peak data rate, RAN1 to consider realistic values based on NTN deployment characteristics (e.g. link budget).


To calculate the peak spectral efficiency and peak data rate, the modulation order and coding rate should be determined firstly based on the achievable SINR via the calculation of link budget. According to the example parameters for Rural-eMBB-s evaluation in section 8.2.3 of [5] and the typical configurations for system level evaluation [2], the link budget is calculated as below in Table 2. 
It should be noticed that for UL link budget calculation, the bandwidth 1.44MHz is adopted with consideration on limited handheld UE EIRP, which is also aligned with the ITU requirements [5], i.e., using an assignable bandwidth of up to 30 MHz over one satellite beam. 
[bookmark: _Ref135067063]Table 2 Link budget for DL and UL with additional parameters (marked in yellow)
	Transmission mode
	DL
	UL

	Carrier frequency [GHz]
	2.00
	2.00

	Target elevation angle [deg]
	90
	90

	Distance [km]
	600
	600

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

	TX: UE EIRP [dBm]
	-
	23.00

	Rx: UE antenna Gain [dB]
	0
	-

	Rx: UE noise figure [dB]
	7
	-

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

	Bandwidth [MHz]
	30
	1.44

	Free space path loss [dB]
	154.07
	154.03

	Atmospheric loss [dB]
	0.00
	0.00

	Shadow fading margin [dB]
	0.00
	0.00

	Scintillation Loss [dB]
	0.00
	0.00

	Polarization loss [dB]
	0.00
	0.00

	Additional losses [dB]
	0.00
	0.00

	CNR [dB]
	16.91
	7.08


According to the link level simulation , the selected modulation order and coding rate based on the existing MCS table 1 (Table 5.1.3.1-1 in [4]) are listed below, and the curve of BLER v.s. SINR for corresponding MCS  is shown in Figure 1, which is obtained under AWGN channel.
Table 3 Link budget for DL and UL
	Transmission mode
	CNR [dB]
	Modulation order
	Coding rate
	Spectral efficiency 
	MCS index

	DL
	16.91
	6
	0.754
	4.5234
	24

	UL
	7.08
	4
	0.479
	1.9141
	13
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[bookmark: _Ref6064]Figure 1 Curve of BLER v.s. SINR for MCS index 13 and 24 under AWGN channel
The other parameters used for the peak spectral efficiency calculation are listed below.
[bookmark: _Ref135067220]Table 4 Other parameters for the peak spectral efficiency calculation
	Parameters 
	Values 
	Notes 

	Max. number of layers 
	1
	Pure LOS

	Scaling factor of modulation 
	1
	

	SCS corresponding 
	0
	SCS = ×15 kHz = 15 kHz

	Number of PRBs 
	DL: 160PRB
UL: 8PRB
	Based on ITU-R report M.2514, 30 MHz channel BW should be considered.

	Overhead assumptions
	0.14 for DL, 0.08 for UL 
	The value used is based on maximum supported data rate of UEs [3], which is no less than the theoretical minimum value 0.07 (=12 RE/PRB) [4].


1.1.2 Evaluation results
The peak spectral efficiency and peak data rate are obtained below using the parameters.
[bookmark: _Ref135067265]Table 5 The peak spectral efficiency and peak data rate
	Transmission mode
	DL
	UL

	Peak spectral efficiency [bit/s/Hz]
	3.486
	1.538

	Peak data rate [Mbps]
	104.58
	2.215


According to [5], for DL and UL, the required data rates are 70Mbps and 2Mbps using an assignable bandwidth of up to 30 MHz over one satellite beam, respectively. It is observed that the ITU-R required data rate can be fulfilled. 
Observation 1: The peak spectral efficiency and peak data rate fulfills the ITU-R requirements.
Proposal 1: Capturing the assumption in Table 2 and Table 4, and evaluation results in Table 5 into the TR.
1.2 Spectral efficiency – eMBB-s additional assumptions (#3, #4, #5, #6)
1.2.1  Clarification on the parameters and methodology
For user experienced data rate, 5th percentile spectral efficiency, average spectral efficiency, and area traffic capacity evaluation, only SLS with full-buffer traffic model is performed. The simulation assumptions for all these fours metrics are the same, which basically follow the agreements in [1] as listed in Table A. 1. We highlighted several assumptions in the table (marked in yellow) which were not clearly determined at the last meeting.

The TRxP density calculation for area traffic capacity should be clarified. Under the assumption of central beam elevation (90 degrees) and satellite orbit (600 km), the maximum distance of 19 beams from one side to another side  in the UV plane is calculated as 4*ABS+HPBW, which correspond to an emitting angle of 19.7 degrees, and the central angle of the maximum arc of the footprint of the inner 19 beams is calculated as 1.9 degrees, and the ratio of arc to chord is about 1.01, which means the footprint of the inner 19 beams can be approximately considered as plane.  Considering the footprint of one beam is a circle and beams overlap with each other (as shown in Figure 2), the valid area of one beam is the inscribed hexagon of the circle, and the area of each beam is approximately equal to each other, thus we can calculate the area of each beam by equation , where D is given as 50 km according to Table 6.1.1.1-1 in 38.811. The area of one beam is 1623.8 km2 and the area of 19 beams is 30852.2 km2.
[image: ]
[bookmark: _Ref9385]Figure 2 Footprint of the inner 19 beams

1.2.2  Evaluation results
Regarding the calculation of spectral efficiency when FRF=3, there is pending point on the assumption of channel bandwidth:
· The channel bandwidth is defined as the scheduling bandwidth, i.e., W=Wschedule.
· The channel bandwidth is defined as the three times of scheduling bandwidth with consideration of frequency reuse, i.e., W=3Wschedule.
If the second interpretation is used, the spectral efficiency will be 3 times worse than the first interpretation for same throughput. Therefore, which interpretation is used in the evaluation should be discussed and clarified to align the evaluation on spectral efficiency. In this contribution, the first interpretation is assumed for the evaluation.
Observation 2: For FRF=3, there are two potential understandings of channel bandwidth
· The channel bandwidth is defined as the scheduling bandwidth 
· The channel bandwidth is defined as the three times of scheduling bandwidth with consideration of frequency reuse
Proposal 2: For FRF=3, the definition of channel bandwidth should be clarified for spectral efficiency calculation.
The DL results for user experienced data rate, 5th percentile spectral efficiency, average spectral efficiency, and area traffic capacity evaluation are listed in Table 6 to Table 9. The channel bandwidth is 30 MHz and 10 MHz for FRF=1 and FRF=3, respectively, where the channel bandwidth for spectral efficiency calculation is assumed equal to channel bandwidth. According to the results, for FRF=3, only user experienced data rate cannot meet the requirement. For FRF=1, no one meets the requirement. The CDF of user spectral efficiency can be found in Figure 3;
[bookmark: _Ref134775352]  Table 6  5th percentile user spectral efficiency
	
	5th percentile user spectral efficiency [bit/s/Hz]
	Requirement [bit/s/Hz]

	
	FRF=1
	FRF=3
	

	DL
	0.00012
	0.09
	0.03


 Table 7  User experienced data rate
	
	user experienced data rate [Mbit/s]
	Requirement [Mbit/s]

	
	FRF=1
	FRF=3
	

	DL
	0.0035
	2.72
	1


  Table 8  Average spectral efficiency
	
	Average spectral efficiency [bit/s/Hz]
	Requirement [bit/s/Hz]

	
	FRF=1
	FRF=3
	

	DL
	0.34
	1.54
	0.5


[bookmark: _Ref134775390]Table 9  Area traffic capacity
	
	Area traffic capacity [kbit/s/km2]
	Requirement [kbit/s/km2]

	
	FRF=1
	FRF=3
	

	DL
	6.28
	28.26
	8
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[bookmark: _Ref5966]Figure 3 CDF curve of user spectral efficiency 
Observation 2: For FRF=3, all the four characteristics can meet the ITU-R requirements.
Observation 3: For FRF=1, all the four characteristics cannot meet the ITU-R requirements.
Proposal 2: Taking the results based on the assumption of  FRF=3 for the final submission.
Proposal 3: Capturing the assumption in Table A. 1 , and evaluation results in 6-Table 9 into the TR.
1.3 Connection density – mMTC-s (#9)
1.3.1 Discussion on pending parameters
In [1], the following proposals are agreed and further discussion is needed for the issue on how to compute the area for connection density.
	Agreements
Proposal 5.1: For connection density evaluation, non-full buffer and full-buffer evaluations (as described in M.2412) are allowed.
Proposal 5.2: For computing the area for connection density, RAN1 to discuss whether to consider:
· Only the central beam
· All the beams
Proposal 5.3: For SLS to LLS metric, use “pre-processing SNR” as described in TR 37.910.


To calculate the connection density, the number of TRxP and corresponding area should be considered firstly. Based on full-buffer system-level simulation, the SNR used in LLS evaluation can be determined by the statistical SINR distribution over users of SLS under inner 19 beams. On the other hand, the footprint of the inner 19 beams can be approximately considered as plane and the area of each beam is almost the same as mentioned previously. Thus, it is a straightforward way to use the area of only central beam for the calculation of connection density.
In RAN1#112bis-e, the initial LLS parameters for connection density were agreed as shown in Table 10 with the pending parameter, i.e., TBS. In our view, the pending parameter can be set as highlighted by yellow in Table 10. For the determination of TBS in NR, since 256 is assumed for NB-IoT, 168 bits would be the maximum value closest to 256 bits, which is limited by simulation bandwidth of 180kHz even if the maximum code rate is used with QPSK modulation.
[bookmark: _Ref134775365]Table 10 LLS parameters for connection density with additional parameters (marked in yellow)
	
	NR
	NB-IoT

	Physical channel
	PUSCH
	NPUSCH

	Simulation bandwidth
	180 kHz
	Single tone

	Subcarrier spacing
	15 kHz
	15 kHz

	Number of users in simulation
	1
	1

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

	Antenna configuration at Satellite
	1Rx
	1Rx

	Antenna configuration at UE
	1Tx
	1Tx

	Transmission mode
	SISO
	SISO

	Transmission rank
	1
	1

	TBS
	168
	256

	Modulation order
	QPSK
	BPSK-π/2,QPSK-π/4

	Number of Resource units
	\
	2,3,4,5,6,8,10

	Number of repetition
	1,2,4,8
	1,2,4,8,16

	Channel estimation
	LMMSE
	LMMSE

	Channel coding scheme
	LPDC
	Turbo code

	Doppler spread
	5Hz
	5Hz

	UL DMRS config
	2 DMRS per slot
	As per TS 36.211 (1 DMRS per slot)


1.3.2  Evaluation results
The connection density of NR and NB-IoT are evaluated using full buffer system level simulation with link level simulation as defined in Report ITU-R M.2412 [6]. By performing full buffer SLS evaluation based on simulation parameters in [1], the UL SINR distribution over users is determined and corresponding SINR curves of frequency reuse factor configurations of both FRF=1 and FRF=3 are shown in Figure 4. 
[image: ]
[bookmark: _Ref16916]Figure 4 the Uplink SINR distribution of NB-IoT and NR
By following the steps defined in [6], the 99th percentile of the delay per user D and connection density can be obtained for NR and NB-IoT for different configurations as shown in Table 11 and Table 12. Note that the stringent traffic model of packet arrival rate of 1 message / 2 hours / device is chosen and the simulation bandwidth W is assumed as 180kHz in the calculation. In LLS evaluation, 10RUs and 8RUs are selected for BPSK-π/2 with IMCS=0   and QPSK-π/4 Modulation order with IMCS=2 to determine TBS of 256 bits for NB-IoT, respectively. For MCS index in NR, IMCS=9 in MCS index table 1 (Table 5.1.3.1-1 in [4]) is selected in the evaluation, where code rate is 679/1024 = 0.6631. Moreover, no repetition is selected for NB-IoT with consideration of higher SNR and large time domain resource but no repetition and 8 repetitions are both selected for NR. 
[bookmark: _Ref134777450]Table 11 99th percentile delay (s)
	Physical channel
	Configuration
	99th percentile delay

	
	FRF
	repetitions
	Modulation order
	

	NR
	1
	1
	QPSK(IMCS=9)
	0.0015s

	
	3
	1
	QPSK(IMCS=9)
	0.0014s

	
	1
	8
	QPSK(IMCS=9)
	0.0082s

	
	3
	8
	QPSK(IMCS=9)
	0.0082s

	NB-IoT
	1
	1
	BPSK-π/2
	0.08s

	
	3
	1
	BPSK-π/2
	0.08s

	
	1
	1
	QPSK-π/4
	0.064s

	
	3
	1
	QPSK-π/4
	0.064s


[bookmark: _Ref134777457]Table 12 Connection density (devices per km2)
	Physical channel
	Configuration
	Connection density

	
	FRF
	repetitions
	Modulation order
	

	NR
	1
	1
	QPSK(IMCS=9)
	3586

	
	3
	1
	QPSK(IMCS=9)
	3612

	
	1
	8
	QPSK(IMCS=9)
	547

	
	3
	8
	QPSK(IMCS=9)
	547

	NB-IoT
	1
	1
	BPSK-π/2 
	665

	
	3
	1
	BPSK-π/2 
	665

	
	1
	1
	QPSK-π/4
	831

	
	3
	1
	QPSK-π/4
	831


According to [5], the requirement on connection density is at least 500 devices per km2. It can be observed that the 99th percentile of the delay per user D is less than 10s and connection density for both NB-IoT and NR could fulfill the IMT-2020 requirement.
Observation 4: The connection density requirement can be fulfilled for NB-IoT and NR in NTN.
Proposal 4: Capturing the assumption in Table 10, along with the evaluation results in Table 11 and Table 12 into the TR.
1.4 Reliability – HRC-s (#11)
1.4.1 Discussion on pending parameters
In [1], the evaluation methodology of reliability is agreed to follow the Proposals 6.1.
	Agreements
Proposal 6.1: For reliability evaluations, RAN1 to use “SLS followed by LLS”, using the same SLS simulation assumptions as in “average spectral efficiency”, and using pre-processing SINR as the SLS to LLS metric 
· FFS: Whether and how interruptions (e.g. due to IDC or measurements) are taken into account in the reliability evaluations.


The initial LLS parameters for reliability were agreed as shown in Table 13 with some parameters pending, i.e., bandwidth, and repetition number. In our view, the pending parameters can be set as highlighted by yellow in Table 13.  For bandwidth, at least 2 PRB, i.e., 0.36MHz with SCS=15kHz, can assumed to ensure that QPSK modulation can be achieved with TBS=256. For repetition number, at least 2 is assumed to achieve good decoding performance. Note that the MCS index table 3 is considered which is designed for high reliability scenario.
[bookmark: _Ref134778067]Table 13 Reliability simulation parameter for PUSCH and PDSCH with additional parameters (marked in yellow)
	NR Uplink/Downlink
	Value 
	Value 

	Physical channel
	PUSCH
	PDSCH

	Carrier frequency
	2 GHz
	2GHz

	Subcarrier spacing
	15kHz
	15kHz

	Simulation bandwidth
	 PRB: 2, 8
	PRB: 8, 40

	MCS
	MCS index table 3 for PDSCH
MCS:13, 7
	MCS index table 3 for PDSCH
MCS: 7, 0

	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
	8
	2,8

	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


1.4.2  Evaluation results
To evaluate the reliability, the SLS is firstly performed to obtain the 5th-percentile SINR value. Then LLS is performed to check whether the ITU-R requirement can be satisfied in such SINR. For SLS, the eMBB SLS parameters are assumed. The reliability requirement for Rural-HRC-s in [5] is 1-10-3, and the transmitting time is not limited. The evaluated SINR for PUSCH and PDSCH are shown in Table 14.
[bookmark: _Ref134778114]Table 14 5% SINR for PUSCH and PDSCH 
	Scheduling 
Bandwidth (MHz)
	 UL 5th percentile SINR (dB)
	DL 5th percentile SINR (dB)

	
	FRF=1
	FRF=3
	FRF=1
	FRF=3

	0.18
	-2.76
	4.26
	-2.95
	6.71

	0.36
	-3.34
	1.98
	-2.95
	6.71

	0.72
	-4.30
	-0.59
	-2.95
	6.71

	1.44
	-5.68
	-3.37
	-2.95
	6.71

	7.2
	-
	-
	-2.95
	6.71

	10
	-
	-11.35
	-
	6.71

	30
	-16.76
	-
	-2.95
	-


Based on above LLS parameters and SINR obtained from SLS, the evaluation results at different lgDS and configuration are provided in Table 15 ,Table 16 and Table 17. Considering that reliability requirement for Rural-HRC-s is 1-10-3, which is 99.9%, for DL and UL, it is observed that the simulated reliability is better than the ITU-R required reliability when K-factor is larger enough e.g., lgDS =-9.55 and And the simulated reliability is slightly worse than the ITU-R required reliability except for PDSCH FRF 3 when K-factor is small, e.g., lgDS=-8.46 and =8.05, lgDS =-8.19 and . 
[bookmark: _Ref134777426]Table 15 Reliability for PUSCH and PDSCH @lgDS=-9.55 and =24.72
	Physical channel
	Configuration
	SINR [dB]
@5th percentile
	BLER
	Reliability
(1-BLER)*100%

	
	FRF
	RBs
	Rep
	MCS index
	
	
	

	PDSCH
	1
	8
	2
	7
	-2.95
	0
	100%

	
	3
	8
	2
	7
	6.71
	0
	100%

	PUSCH
	1
	2
	8
	13
	-3.34
	0
	100%

	
	3
	2
	8
	13
	1.98
	0
	100%



Table 16 Reliability for PUSCH and PDSCH @lgDS=-8.46 and =8.05
	Physical channel
	Configuration
	SINR [dB]
@5th percentile
	BLER
	Reliability
(1-BLER)*100%

	
	FRF
	RBs
	Rep
	MCS index
	
	
	

	PDSCH
	1
	40
	8
	0
	-2.95
	0.0100
	99.00%

	
	3
	40
	8
	0
	6.71
	0
	100%

	PUSCH
	1
	8
	8
	7
	-5.68
	0.00709
	99.291%

	
	3
	8
	8
	7
	-3.37
	0.00167
	99.833%


[bookmark: _Ref17603] 
[bookmark: _Ref14670]Table 17 Reliability for PUSCH and PDSCH @lgDS=-8.19 and =3.59
	Physical channel
	Configuration
	SINR [dB]
@5th percentile
	BLER
	Reliability
(1-BLER)*100%

	
	FRF
	RBs
	Rep
	MCS index
	
	
	

	PDSCH
	1
	40
	8
	0
	-2.95
	0.0227
	97.73%

	
	3
	40
	8
	0
	6.71
	0.0010
	99.9%

	PUSCH
	1
	8
	8
	7
	-5.68
	0.0459
	95.41%

	
	3
	8
	8
	7
	-3.37
	0.02793
	97.207%


Observation 5: The reliability of downlink and uplink can fulfill the ITU-R requirements when K-factor is larger enough and is slightly worse than the requirement except for PDSCH FRF 3 when K-factor is small.
Proposal 5: Potential updates on the K_factor can be considered.
Proposal 6: Capturing the assumption in Table 13, and evaluation results in Table 15-Table 17 into the TR.


1.5 Mobility – eMBB-s (#12)
1.5.1  Discussion on pending parameters
In [1], the evaluation methodology of reliability is agreed to follow the Proposal 7.1.
	Agreements
Proposal 7.1: For mobility evaluations, RAN1 to use “SLS followed by LLS”, using the same SLS simulation assumptions as in “average spectral efficiency”, and using pre-processing SINR as the SLS to LLS metric.


In RAN1#112be, the initial LLS parameters for mobility were agreed as shown in Table 18 with some parameters pending, i.e., bandwidth, TBS, and repetition number. In our view, the pending parameters can be set as highlighted by yellow in Table 18. For TBS, since 256 is assumed for several other evaluations, it can also be assumed initially for mobility evaluation. For bandwidth, 2 PRB, i.e., 0.36MHz with SCS=15kHz, can assumed to ensure that QPSK modulation can be achieved with TBS=256. For repetition number, 8 is assumed to achieve good decoding performance.
[bookmark: _Ref134539523]Table 18 LLS parameters for mobility with additional parameters (marked in yellow)
	Physical channel
	PUSCH

	Simulation bandwidth
	2 PRB

	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
	256

	Modulation order
	QPSK

	Number of repetition
	8

	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


1.5.2  Evaluation results
To evaluate the mobility, the SLS is firstly performed to obtain the 50th-percentile SINR value. Then LLS is performed to check whether the ITU-R requirement can be satisfied in such SINR.
For SLS, the eMBB SLS parameters are assumed except that 250km/h UE speed is assumed. The evaluated SINR for PUSCH are as shown in following Table 19.
[bookmark: _Ref134539384]Table 19 50% SINR for PUSCH with 250km/h UE speed
	Scheduling bandwidth (MHz)
	 UL 50th percentile SINR (dB)

	
	FRF=1
	FRF=3

	0.18
	0.56
	6.02

	0.36
	-0.28
	3.65

	0.72
	-1.61
	0.95

	1.44
	-3.42
	-1.84

	10
	-
	-9.82

	30
	-14.76
	-


Based on LLS parameters shown in Table 17 and SINR obtained from SLS, the evaluation results for mobility are provided in following Table 20. Note that for MCS, IMCS=7 in MCS index table 1 (Table 5.1.3.1-1 in [4]) is selected in the evaluation, where code rate is 526/1024 = 0.5137.
[bookmark: _Ref134548969]Table 20 NR-NTN mobility with 250km/h UE speed
	Frequency reuse factor
	SINR [dB]
	MCS index 
	Spectral efficiency [bit/s/Hz]
	Packet error rate 

	FRF=1
	-0.28
	7
	0.089
	<0.1%

	FRF=3
	3.65
	7
	0.089
	<0.1%


According to [5], the requirement on normalized traffic channel link data rate is 0.005 bit/s/Hz. And according to [6], the residual decoded packet error ratio should be less than 1%. It is observed that both requirements are fulfilled.
Observation 6: NR-NTN can fulfill the mobility requirement with 250km/h.
Proposal 7: Capturing the assumption in Table 18, and evaluation results in Table 20 into the TR.

1. Conclusions
In this contribution, the evaluation including analytical study and simulations are presented with following proposals:
Observation 1: The peak spectral efficiency and peak data rate fulfills the ITU-R requirements.
Proposal 1: Capturing the assumption in Table 2 and Table 4, and evaluation results in Table 5 into the TR.
Observation 2: For FRF=3, there are two potential understandings of channel bandwidth
· The channel bandwidth is defined as the scheduling bandwidth 
· The channel bandwidth is defined as the three times of scheduling bandwidth with consideration of frequency reuse
Proposal 2: For FRF=3, the definition of channel bandwidth should be clarified for spectral efficiency calculation.
Observation 3: For FRF=3, all the four characteristics can meet the ITU-R requirements.
Observation 4: For FRF=1, all the four characteristics cannot meet the ITU-R requirements.
Proposal 2: Taking the results based on the assumption of FRF=3 for the final submission.
Proposal 3: Capturing the assumption in Table A. 1 , and evaluation results in 6-Table 9 into the TR.
Observation 5: The connection density requirement can be fulfilled for NB-IoT and NR in NTN.
Proposal 4: Capturing the assumption in Table 10, along with the evaluation results in Table 11 and Table 12 into the TR.
Observation 6: The reliability of downlink and uplink can fulfill the ITU-R requirements when K-factor is larger enough and is slightly worse than the requirement except for PDSCH FRF 3 when K-factor is small.
Proposal 5: Potential updates on the K_factor can be considered.
Proposal 6: Capturing the assumption in Table 13, and evaluation results in Table 15-Table 17 into the TR.
Observation 7: NR-NTN can fulfill the mobility requirement with 250km/h.
Proposal 7: Capturing the assumption in Table 18, and evaluation results in Table 20 into the TR.
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Annex

[bookmark: _Ref18081]Table A. 1  Parameter assumtion for system-level simulation with additional parameters (marked in yellow)
	Satellite orbit
	LEO-600

	Satellite altitude
	600 km

	Satellite antenna pattern
	Section 6.4.1 in 38.821

	Satellite antenna polarization
	Circle 

	Satellite antenna number
	1 Tx / 1 Rx per beam

	3 dB beam width
	4.41 degrees

	Satellite EIRP density
	34 dBW/MHz

	Satellite antenna gain
	30 dBi

	Satellite G/T
	1.1 dB/K

	Central beam center  elevation
	90 deg

	UE anntenna type
	Handheld, (1,1,2) with omni-directional antenna element

	UE antenna polarization
	Linear: +/- 45deg X-pol

	UE Rx Antenna gain 
	0 dBi

	UE antenna temperature
	290 K

	UE noise figure
	7 dB

	FRF
	1 or 3

	Carrier frequency
	2 GHz

	SCS
	15 kHz

	Channel bandwidth
	30 MHz

	Scenario
	Rural-eMBB-s

	UE deployment
	100% outdoor and uniformly distributed over the area

	LOS condition
	100% LOS

	Spot beam pattern and frequency reuse factor
	Hexagonal pattern, 19 inner beams,
Total beams: 61 beams for FRF=1,
            127 beams for FRF=3.

	UE density
	10 UEs per beam

	UE mobility 
	0 (Stationary)

	Satellite mobility
	0
 (Doppler spread is assumed to be compensated)

	Large scale channel model
	 large scale model of Section 6.6 in 38.811 

	Small scale channel model
	Frequency selective fading model of Section 6.7.2 in 38.811 

	Handover margin
	0dB


	UE attachment
	RSRP

	Traffic model
	Full-buffer

	Scheduling scheme
	PF and SU-MIMO

	Receiver type
	MMSE-IRC

	Channel estimation
	Realistic

	CQI feedback
	20 ms periodicity

	Frequency offset
	0ppm

	Frequency drift
	0ppm

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

	PRB bundling
	wideband

	Codeword (CW)
	SCW

	Transmission scheme
	One layer

	Number of HARQ processes
	16 (Up to 32)

	HARQ-ACK delay
	N+4 (N=1 is assumed)

	Retransmission delay
	N+8+RTT (N=1 is assumed)

	Frame structure
	FDD

	Overhead
	DL: 0.14 (same as for peak data rate calculation)
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