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Introduction
Rel.18 work item on Non-Terrestrial Network (NTN) [1] has been started. The scope is as follows. 
· Coverage enhancement
· NR-NTN deployment in above 10 GHz bands 
· Network verified UE location
· NTN-TN and NTN-NTN mobility and service continuity enhancements 
On NTN coverage enhancement, the following work is to be conducted according to the WID [1]. 
Study phase until RAN#97 (September 2022)
	· Evaluate the coverage performance and identify the candidate physical radio channels that have coverage issues specific to NTN with following target services taking into account the studies in TR38.830 where appropriate, as well as general coverage enhancement techniques specified in Rel-18 [RAN1,RAN2,RAN4]
· VoIP and low-data rate services for commercial handset terminals



Specify coverage enhancement technique if issues are identified (after RAN#97)
	The following items are shown as examples of areas to consider in the next step of the study. The actual items for study will be based on the evaluation of coverage issues specific to NTN identified above.
· NTN-specific repetitions enhancements beyond techniques covered in Rel-17 CovEnh WI for the relevant channels
· NTN-specific techniques for improved diversity and/or reduced polarization loss
· Improved performance of low-rate codecs in link budget limited situation including reducing RAN protocol overhead for VoNR
· NOTE: Intent is not to introduce a new codec.



In RAN1#109-e, the evaluation methodology and evaluation conditions were agreed. In this document, we show our evaluation results for NTN coverage. 
Evaluation methodology and conditions
As agreed in RAN1#109-e meeting, the following methodology, scenarios and parameters are used for the evaluation. 
Evaluation methodology
Coverage performance in NR NTN is evaluated according to the following steps.
· Step 1: CNR is calculated by link budget as defined in 6.1.3.1 of TR38.821
· Step 2: Required SNR of target service is evaluated by LLS
· Step 3: The CNR and the required SNR are compared

Evaluation scenarios 
Table 1 Evaluation scenarios 
	Case
	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	Terminal
	Frequency band
	Service type

	1
	GEO
	1
	12.5
	Handset
	S-band
	Low-data rate service

	2
	GEO
	2
	20
	Handset
	S-band
	Low-data rate service

	3 
	LEO-1200
	1
	30
	Handset
	S-band
	VoIP

	4
	LEO-1200
	2
	30
	Handset
	S-band
	VoIP

	5 
	LEO-1200
	2
	30
	Handset
	S-band
	Low-data rate service

	6 
	LEO-600
	1
	30
	Handset
	S-band
	VoIP

	7 
	LEO-600
	2
	30
	Handset
	S-band
	VoIP

	8 
	LEO-600
	2
	30
	Handset
	S-band
	Low-data rate service

	9 
	MEO
	1
	30
	Handset
	S-band
	Low-data rate service

	10 
	MEO
	2
	30
	Handset
	S-band
	Low-data rate service



Channel models 
· NTN-TDL-A (NLOS) and NTN-TDL-C (LOS) with Rural 
· Channel parameters (delay spread, K-factor) depending on elevation angles as in Table 6.1.2-4 of TR38.821

Satellite and UE parameters
Satellite and UE parameters are shown in Table 2, Table 3 and Table 4. Satellite parameters are based on TR38.821 section 6.1.1 (GEO and LEO) and RP-220590 (MEO). UE parameters are based on TR38.821 section 6.1.1 except UE antenna gain. Antenna gain -5dBi is assumed as agreed in RAN1#109-e.
[bookmark: _Ref110248002]Table 2 satellite parameters (Set 1)
	Satellite orbit
	GEO
	LEO-1200
	LEO-600
	MEO

	Satellite altitude
	35786 km
	1200 km
	600 km
	10000 km

	Satellite antenna pattern
	Section 6.4.1 in 38.811
	Section 6.4.1 in 38.811
	Section 6.4.1 in 38.811
	Section 6.4.1 in 38.811

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture
	S-band
(2 GHz)
	22 m
	2 m
	2 m
	5 m

	Satellite EIRP density
	
	59 dBW/MHz
	40 dBW/MHz
	34 dBW/MHz
	51 dBW/MHz

	Satellite Tx max Gain
	
	51 dBi
	30 dBi
	30 dBi
	38.6 dBi

	3dB beamwidth
	
	0.4011 deg
	4.4127 deg
	4.4127 deg
	2.1 degrees

	Satellite beam diameter 
	
	250 km
	90 km
	50 km
	150 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture 
	S-band 
(2 GHz)
	22 m
	2 m
	2 m
	5 m

	G/T
	
	19 dB K-1
	1.1 dB K-1
	1.1 dB K-1
	13 dB/K

	Satellite Rx max Gain
	
	51 dBi
	30 dBi
	30 dBi
	38.6 dBi



[bookmark: _Ref110248005]Table 3 satellite parameters (Set 2)
	Satellite orbit
	GEO
	LEO-1200
	LEO-600
	MEO

	Satellite altitude
	35786 km
	1200 km
	600 km
	10000 km

	Satellite antenna pattern
	Section 6.4.1 in 38.811
	Section 6.4.1 in 38.811
	Section 6.4.1 in 38.811
	Section 6.4.1 in 38.811

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture
	S-band
(2 GHz)
	12 m
	1 m
	1 m
	1.5 m

	Satellite EIRP density
	
	53.5 dBW/MHz
	34 dBW/MHz
	28 dBW/MHz
	45.4 dBW/MHz

	Satellite Tx max Gain
	
	45.5 dBi
	24 dBi
	24 dBi
	28.1 dBi

	3dB beamwidth
	
	0.7353 deg
	8.8320 deg
	8.8320 deg
	6.5 degrees

	Satellite beam diameter 
	
	450 km
	190 km
	90 km
	

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture 
	S-band 
(2 GHz)
	12 m
	1 m
	1 m
	1.5 m

	G/T
	
	14 dB K-1
	-4.9 dB K-1
	-4.9 dB K-1
	3.8 dB/K

	Satellite Rx max Gain
	
	45.5 dBi
	24 dBi
	24 dBi
	28.1 dBi



[bookmark: _Ref110248007]Table 4 UE parameters 
	Characteristics
	Handheld

	Frequency band
	S band (i.e. 2 GHz)

	Antenna type and configuration
	1 TX / 2 RX 


	Polarisation
	Linear

	Rx Antenna gain 
	-5 dBi 

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	-5 dBi per element



Link budget calculation
Uplink link budget
Link budget for UL 1PRB (0.18MHz bandwidth) is shown in Table 5. For other number of PRBs, the CNR is reduced by 10*log NPRB (NPRB: number of PRBs). 
[bookmark: _Ref109901442]Table 5 Link budget for UL (0.18MHz)
	
	
	Set 1
	Set 2

	Parameters
	Unit
	LEO600 
	LEO1200 
	MEO 
	GEO
	LEO600
	LEO1200
	MEO 
	GEO 

	Propagation 
	
	
	
	
	
	
	
	

	Frequency
	GHz
	2
	2
	2
	2
	2
	2
	2
	2

	Elevation angle
	degree
	30
	30
	30
	12.5
	30
	30
	30
	20

	Maximum distance
	km
	1075
	1999
	12228
	40317
	1075
	1999
	12228
	39551

	Free space path loss
	dB
	159.1
	164.5
	180.2
	190.6
	159.1
	164.5
	180.2
	190.4

	Atmospheric path loss
	dB
	0.07
	0.07
	0.07
	0.16
	0.07
	0.07
	0.07
	0.1

	Scintillation loss
	dB
	2.2
	2.2
	2.2
	2.2
	2.2
	2.2
	2.2
	2.2

	Shadowing margin
	dB
	3
	3
	3
	3
	3
	3
	3
	3

	Transmitter
	
	
	
	
	
	
	
	

	Bandwidth 
	MHz
	0.18
	0.18
	0.18
	0.18
	0.18
	0.18
	0.18
	0.18

	Tx power 
	dBm

	23
	23
	23
	23
	23
	23
	23
	23

	Antenna gain
	dBi
	-5
	-5
	-5
	-5
	-5
	-5
	-5
	-5

	EIRP
	dBm
	18
	18
	18
	18
	18
	18
	18
	18

	Receiver 
	
	
	
	
	
	
	
	

	antenna gain
	dBi
	30
	30
	38.6
	51
	24
	24
	28.1
	45.5

	number of antennas
	
	1
	1
	1
	1
	1
	1
	1
	1

	polarization loss
	dB
	3
	3
	3
	3
	3
	3
	3
	3

	G/T
	dB/K
	1.1
	1.1
	13.0
	19.0
	-4.9
	-4.9
	3.8
	14.0

	Output 
	
	
	
	
	
	
	
	

	CNR 
	dB
	-2.2
	-7.6
	-11.4
	-15.9
	-8.2
	-13.6
	-20.7
	-20.6



Downlink link budget 
Link budget for DL is shown in Table 6. Because satellite EIRP is defined as dBW/MHz for DL, CNR as the output of the link budget calculation is not impacted by the transmission bandwidth unlike UL. Note that if power boosting using a narrower bandwidth is feasible, coverage improvement would be possible. 
[bookmark: _Ref109995617]Table 6 Link budget for DL (30MHz)
	
	
	Set 1
	Set 2

	Parameters
	Unit
	LEO600 
	LEO1200 
	MEO 
	GEO
	LEO600
	LEO1200
	MEO 
	GEO 

	Propagation 
	
	
	
	
	
	
	
	

	Frequency
	GHz
	2
	2
	2
	2
	2
	2
	2
	2

	Elevation angle
	degree
	30
	30
	30
	12.5
	30
	30
	30
	20

	Maximum distance
	km
	1075
	1999
	12228
	40317
	1075
	1999
	12228
	39551

	Free space path loss
	dB
	159.1
	164.5
	180.2
	190.6
	159.1
	164.5
	180.2
	190.4

	Atmospheric path loss
	dB
	0.07
	0.07
	0.07
	0.16
	0.07
	0.07
	0.07
	0.1

	Scintillation loss
	dB
	2.2
	2.2
	2.2
	2.2
	2.2
	2.2
	2.2
	2.2

	Shadowing margin
	dB
	3
	3
	3
	3
	3
	3
	3
	3

	Transmitter
	
	
	
	
	
	
	
	

	Bandwidth 
	MHz
	30
	30
	30
	30
	30
	30
	30
	30

	Antenna gain 
	dBi
	30
	30
	38.6
	51
	24
	24
	28.1
	45.5

	EIRP density
	dBm/MHz
	64
	70
	81
	89
	58
	64
	75.4
	83.5

	EIRP
	dBm
	78.8
	84.8
	95.8
	103.8
	72.8
	78.8
	90.2
	98.3

	Receiver 
	
	
	
	
	
	
	
	

	antenna gain
	dBi
	-5
	-5
	-5
	-5
	-5
	-5
	-5
	-5

	number of antennas
	
	1
	1
	1
	1
	1
	1
	1
	1

	polarization loss
	dB
	3
	3
	3
	3
	3
	3
	3
	3

	Noise Figure
	dB
	7
	7
	7
	7
	7
	7
	7
	7

	G/T
	dB/K
	-36.6
	-36.6
	-36.6
	-36.6
	-36.6
	-36.6
	-36.6
	-36.6

	Output 
	
	
	
	
	
	
	
	

	CNR 
	dB
	-0.8
	-1.4
	-5.5
	-8.0
	-7.4
	-6.8
	-11.1
	-13.2



Link level simulation results and coverage performance gap
In this section, link level simulation (LLS) results and coverage performance gap, i.e. gap between target CNR obtained from the link budget calculation and required SNR evaluated by the LLS. Note that LLS results (BLER/mis-detection curves) are shown in Annex. 

PUSCH
VoIP (4.75kbps), low data rata service with 100kbps and 3kbps, and msg.3 are evaluated using the assumption in Table 7. 
[bookmark: _Ref110541081]Table 7 basic assumptions for PUSCH
	Parameter
	Value

	Carrier frequency 
	2 GHz

	UE speed
	3 km/h

	Subcarrier spacing 
	15 kHz

	Waveform
	DFT-s-OFDM

	PUSCH duration
	14 OS

	Frequency hopping 
	w/ frequency hopping (hopping BW 20MHz) 

	BLER
	For low data rate service, 10% BLER, For VoIP, 2% BLER.

	Antenna configuration 
	1Tx / 2Rx 

	DMRS 
	Type I, 2 DMRS symbol, no multiplexing with data.

	HARQ 
	HARQ is not modelled in LLS. 10% BLER is assumed considering HARQ for low data rate service and msg.3.  

	MCS, PRBs, repetitions
	MCS, number of PRBs and repetitions are calculated to satisfy the target data rate 



VoIP 4.75kbps
Transport block with 184 bits is transmitted per 20ms. It can be transmitted using 1PRB and MCS9. 20 repetitions are used within 20ms. Both with and without joint channel estimation (DMRS bundling) are evaluated. 

[image: ] [image: ]
[bookmark: _Ref110277280]Figure 1 BLER performance for NTN TDL-A/C with and without joint CE
Figure 1 shows BLER performance for NTN TDL-A (30 deg) and C (30 deg) with and without joint channel estimation (JCE). Channel estimation window n=1(no JCE), 2, 5 and 10 are evaluated. NTN TDL-C (LOS) shows better performance than NTN TDL-A (NLOS). The required SNR at BLER=2% can be improved by up to 2dB with joint channel estimation. 
The required SNR (dB) at BLER=2% for each evaluation scenarios are summarized in Table 8. Joint channel estimation with n=10 is assumed. Minus (red characters) means required SNR is worse than the target CNR which is calculated by the link budget. 
For LEO 1200km set 2, VoIP can not be supported even for LOS environment where performance gap with more than 5dB is seen. 
[bookmark: _Ref110279808]Table 8 coverage performance gap (dB) for PUSCH VoIP 4.75kbps
[image: ]

Low data rate service (100kbps)
MCS, number of repetitions and number of PRBs are selected to meet the target data rate similar to [4]. For 100kbps, the number of bits to be transmitted in a slot (1ms) assuming 10% BLER can be calculated as
bits.
In case of QPSK, the coding rate to transmit 111.1 bits per slot with 1PRB is 
.
Then, MCS6 (R=0.438) is selected as the minimum MCS whose coding rate is higher than the calculated coding rate (0.386). With higher number of PRBs, lower MCS and/or larger repetitions can be used, but the target CNR increases in accordance with the number of PRBs. In this paper, the following combinations of MCS, repetitions and PRBs are evaluated. 
{MCS 6, no repetitions, 1 PRB} (higher MCS/smaller repetitions with lower number of PRBs)
{MCS 3, no repetitions, 2 PRBs} 
{MCS 0, no repetitions, 4 PRB} 
{MCS 0, 2 repetitions, 8 PRB} 
{MCS 0, 4 repetitions, 16 PRB} 
{MCS 0, 8 repetitions, 32 PRB} (lower MCS/larger repetitions with higher number of PRBs) 

In addition, TBoMS (Transport block over multiple slots) instead of repetition is also evaluated. With TBoMS, larger transport block can be transmitted with less PRBs. 
{MCS 6, TBoMS 8, 1 PRB}
{MCS 6, TBoMS 16, 1 PRB}
{MCS 6, TBoMS 32, 1 PRB}
Figure 2 shows performance gap for the parameters listed above with NTN TDL-C (LOS) and satellite parameter set 1. Note that minus value of the gap means coverage is shorter than the target. From the figure, it can be seen that more repetitions with more PRBs does not improve the coverage because of the poor channel estimation caused by lower SNR operation point with large number of PRBs. 
On the other hand, 1PRB with TBoMS improves the coverage thanks to better channel estimation and time/frequency diversity. For TBoMS, the performance is not improved by joint channel estimation because the SNR is relatively high (around 0dB). 
Table 9 shows the performance gap on each deployment scenario for parameter set {MCS 6, TBoMS 32, 1 PRB}. The target CNR can not be achieved in all the deployment scenarios. Even for LEO 600km set 1 with LOS environment, around 3dB improvement is needed to support PUSCH 100kbps.
[image: ]
[bookmark: _Ref110418312]Figure 2 performance gap for various MCS/PRB/repetition
[bookmark: _Ref110419794]Table 9 performance gap (dB) for PUSCH 100kbps
[image: ]

Low data rate service (3kbps)
[bookmark: _Hlk110421624]Similar to 100kbps case, MCS, number of repetitions and number of PRBs are selected to meet the target data rate. For 3kbps, the number of bits to be transmitted in a slot (1ms) assuming 10% BLER can be calculated as
bits.
Even with the lowest MCS (i.e. MCS 0), 8 repetitions with 1PRB can transmit 3.33 bits per slot. With MCS 5 and 1 PRB, transmission with 32 repetitions is possible. The following combinations of MCS repetitions and PRBs which can achieve 3.33 bits per slot are evaluated. With and without Joint channel estimation is evaluated. 
{MCS 0, 8 repetitions, 1 PRB} 
{MCS 2, 16 repetitions, 1 PRBs} 
{MCS 5, 32 repetitions, 1 PRB} 
{MCS 0, 8 repetitions, TBoMS 4, 1 PRB} 
Figure 3 shows performance gap for above parameter sets with NTN TDL-C (LOS) and satellite parameter set 1. MCS5 with 32 repetitions shows the best performance. Because the SNR is low (< -10dB), the performance is improved by the joint channel estimation. 
[image: ]
[bookmark: _Ref110424651]Figure 3 performance gap for various MCS/PRB/repetition
Table 10 shows the performance gap on each deployment scenario for parameter set{MCS 5, 32 repetitions, 1 PRB}. 3kbps can support LEO 600/1200 set 1 and MEO set 1 for both LOS and NLOS, and almost support GEO set 1 in LOS (0.1 dB difference). 
[bookmark: _Ref110451394]Table 10 performance gap (dB) for PUSCH 3kbps
[image: ]

Msg.3 (56bits)
In RAN1#109-e agreement, the number of PRBs is two for PUSCH msg.3. On the other hand, transmission with fewer PRBs may achieve good coverage. Therefore, PUSCH msg.3 with 1PRB is also evaluated in addition to 2PRBs. The following parameter sets are evaluated.  
{MCS 0, 16 repetitions, 2 PRBs}
{MCS 3, 16 repetitions, 1 PRBs}
Table 11 and Table 12 shows the performance gap for msg.3 PUSCH with above parameter sets. The latter parameter set (i.e. 1PRB case) shows better performance by around 0.5dB.
For LOS condition, LEO 600/1200 set 1 and MEO set 1 can be supported. To support GEO set 1 with LOS, around 2dB improvement is needed.

[bookmark: _Ref110500728]Table 11 performance gap (dB) for PUSCH msg.3 (MCS 0, 16 repetitions, 2 PRBs)
[image: ]
[bookmark: _Ref110500730]Table 12 performance gap (dB) for PUSCH msg.3 (MCS 3, 16 repetitions, 1 PRBs)
[image: ]

PUCCH
PUCCH format 1 and format 3 are evaluated. LLS assumptions are listed in Table 13. 
[bookmark: _Ref110527933]Table 13 LLS assumptions for PUCCH
	Parameter
	Value

	PUCCH format 
	Format 1, 2bits UCI.
Format 3, 11 bits UCI

	Frequency hopping
	w/ frequency hopping

	BLER
	For PUCCH format 1: 
DTX to ACK probability: 1%. NACK to ACK probability: 0.1%.
ACK missed detection probability: 1%.
For PUCCH format 3: 
BLER for Ack/Nack, SR: 1%
BLER for CSI: 1%

	Antenna configuration
	1Tx / 2Rx

	DMRS configuration 
	2 DMRS symbols for PUCCH Format 3

	Repetitions
	8

	PUCCH duration
	14 OS

	Number of PRBs
	1 PRB



Table 14 and Table 15 show the performance gap for each deployment scenarios for PUCCH format 1 and 3, respectively. 
PUCCH format 1 can support LEO600/1200, MEO and GEO with satellite parameter set 1 in LOS condition. For satellite parameter set 2, LEO 600/1200 in LOS can be supported while MEO and GEO can not be supported.  
On PUCCH format 3, GEO set 1 can not be supported even in LOS condition. 1dB improvement is needed. 
[bookmark: _Ref110503933]Table 14 performance gap (dB) for PUCCH format 1 
[image: ]

[bookmark: _Ref110503935]Table 15 performance gap (dB) for PUCCH format 3 
[image: ]

PRACH
PRACH format 0, 2 and B4 are evaluated. 
Table 16 LLS assumptions for PRACH
	Parameter
	Value

	Format
	Format 0, Format B4, Format 2

	SCS
	1.25kHz for Format 0 and 2. 15kHz for format B4. 

	Performance metric
	1% missed detection at 0.1% false alarm probability
10% missed detection: reported by companies if this value is used

	Antenna configuration
	1Tx / 2Rx



Table 17, Table 18 and Table 19 show the performance gap, respectively. 
On PRACH format 0, only LEO600 LOS condition satisfy the target coverage. For other cases, format 0 would not be suitable format considering the large performance gap. 
On PRACH format 2, LEO600/1200 set 1 and MEO set 1 with LOS condition can be supported. 1.3dB improvement is needed to support GEO set 1 with LOS. Table 18(b) shows performance gap in case of 10% mis-detection rate. Only 0.1 dB performance gap is seen for GEO set 1 in LOS condition. By allowing mis-detection rate around 10% (meaning that some delay due to multiple PRACH transmissions may occur), GEO set 1 can be supported. 
On PRACH format B4, only LEO600 LOS satisfies the target coverage. For other cases, format B4 is not suitable format considering the large performance gap.
[bookmark: _Ref110506250]Table 17 performance gap (dB) for PRACH format 0
[image: ]
[bookmark: _Ref110506251]Table 18 performance gap (dB) for PRACH format 2
(a) 1% mis-detection rate
[image: ]
(b) 10% mis-detection rate
[image: ]

[bookmark: _Ref110506253]Table 19 performance gap (dB) for PRACH format B4
[image: ]

PDSCH (low data rate service 1Mbps)
PDSCH for low data rate service (1Mbps) is evaluated using the assumptions in Table 20. Power Flux Density (PFD) restriction is not considered. Assuming 30MHz system bandwidth, MCS0, 4 repetitions and 160PRBs (28.8MHz) is used as a robust transmission which satisfies 1Mbps with 10% retransmissions. 
[bookmark: _Ref110541557]Table 20 LLS assumptions for PDSCH 
	Parameter
	Value

	BLER
	10% BLER

	Waveform
	CP-OFDM

	UE speed
	3 km/h

	Antenna configuration
	1Tx / 2Rx

	HARQ configuration
	HARQ is not modelled in LLS. 10% BLER is assumed considering HARQ for low data rate service.  

	DMRS configuration
	Type I, 2 DMRS symbol, no multiplexing with data.

	PRBs/TBS/MCS 
	MCS, number of PRBs and repetitions are calculated to satisfy the target data rate. 

	PDSCH duration
	12 OS



Table 21 shows the performance gap for each deployment scenario. For LEO600/1200, MEO and GEO for satellite parameter set 1 in LOS condition can be supported. For satellite parameter set 2, LEO600/1200 can be supported.
[bookmark: _Ref110542003]Table 21 performance gap (dB) for PDSCH 1Mbps (MCS0, 4 repetition, 160 PRBs)
[image: ]

PDCCH
PDCCH is evaluated with the LLS assumptions in Table 22.
Table 23 shows the performance gap of PDCCH for each deployment scenario. LEO600/1200, MEO and GEO for satellite parameter set 1 in LOS condition can be supported. For satellite parameter set 2, all deployment scenarios can not be supported. LEO600/1200 set2 can be supported by an improvement less than 1dB. 
[bookmark: _Ref110507172]Table 22 LLS assumptions for PDCCH 
	Parameter
	Value

	Number of UE receive chains
	2 

	Aggregation level
	16

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	BLER target
	1%



[bookmark: _Ref110507202]Table 23 performance gap (dB) for PDCCH (48RBs, AL16)
[image: ]

Note that downlink PFD restriction is not considered in above evaluation results. If PFD restriction is considered, the performance gap is further increased by about 20dB (i.e. above values minus 20dB). In this case, significant coverage improvement is necessary. It would need to be discussed whether and how to support the scenarios with PFD restriction. 

Summary 
Table 24 summarizes the performance gap for different channels in each deployment scenario shown in the previous sections. 
[bookmark: _Ref110587818]Table 24 Summary of performance gap
[image: ]
Minus (red) means required SNR is lower than the target
Observations
· Coverage of NLOS (NTN TDL-A) environment is much worse than that of LOS (NTN TDL-C). 
· GEO, MEO and LEO1200 parameter set 2 would not be able to support NLOS environment due to the large performance gap. 
· PUSCH 100kbps is not feasible in any deployment scenarios. Large performance gap is observed. 

Figure 4 summarizes whether the respective deployment scenario and channel condition (LOS/NLOS) is supported. “Yes” in the figure shows at least 3kbps PUSCH, PUCCH format 1 and 3, PRACH format 2 and PDCCH are supported. Upper table shows the status with Rel.17 features and lower table shows potential coverage target with enhancement. Necessary improvement for the respective channel is shown in the right part. Note that improvement on PUSCH 3kbps may not be needed considering the small gap. 
[image: ]
[bookmark: _Ref110594277][bookmark: _Ref110594262]Figure 4 potential coverage enhancement target

Proposal 1: Clarify the deployment scenarios, satellite parameter sets and channel conditions to be supported for the respective service. Our view is as follows 
· NLOS condition and satellite parameter set 2 are low priority. 
· For GEO and MEO, UL 3kbps and DL 1Mbps should be supported at least LOS and satellite parameter set 1. 
· For LEO, UL 3kbps, DL 1Mbps and VoIP should be supported for LOS and NLOS at least parameter set 1
· PUSCH 100kbps is not supported. 
Proposal 2: Improvement for the following channels should be considered, PUSCH msg3, PUCCH format 3, PRACH format 2 and PDCCH. 

Conclusion 
In this document, we have shown our evaluation results for NTN coverage based on the agreed evaluation methodology and assumptions. The following proposals are made.
Proposal 1: Clarify the deployment scenarios, satellite parameter sets and channel conditions to be supported for the respective service. Our view is as follows 
· NLOS condition and satellite parameter set 2 are low priority. 
· For GEO and MEO, UL 3kbps and DL 1Mbps should be supported at least LOS and satellite parameter set 1. 
· For LEO, UL 3kbps, DL 1Mbps and VoIP should be supported for LOS and NLOS at least parameter set 1
· PUSCH 100kbps is not supported. 
Proposal 2: Improvement for the following channels should be considered, PUSCH msg3, PUCCH format 3, PRACH format 2 and PDCCH. 
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Annex: Link level simulation results
[image: グラフ, 折れ線グラフ
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自動的に生成された説明]
(a) NTN TDL-A (NLOS)                                 (b) NTN TDL-C (LOS)
Figure 5 PUSCH VoIP
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(a) NTN TDL-A (NLOS)                                 (b) NTN TDL-C (LOS)
Figure 6 PUSCH 100kbps
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(a) NTN TDL-A (NLOS)                                 (b) NTN TDL-C (LOS)
Figure 7 PUSCH 3kbps
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(a) NTN TDL-A (NLOS)                                 (b) NTN TDL-C (LOS)
Figure 8 PUSCH msg.3
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(a) ACK mis-detection probability                       (b) NACK to ACK error probability
Figure 9 PUCCH format 1
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(a) NTN TDL-A (NLOS)                                 (b) NTN TDL-C (LOS)
Figure 10 PUCCH format 3
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(a) mis-detection rate                                      (b) false alarm rate
Figure 11 PRACH format 0
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(a) mis-detection rate                                      (b) false alarm rate
Figure 12 PRACH format 2
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(a) mis-detection rate                                      (b) false alarm rate
Figure 13 PRACH format B4
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(a) NTN TDL-A (NLOS)                                      (b) NTN TDL-C (LOS)
Figure 14 PDSCH 1Mbps
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(a) NTN TDL-A (NLOS)                                      (b) NTN TDL-C (LOS)
Figure 15 PDCCH (48RBs, AL16)



4

6
3GPP
image1.png
BLER

NTN TDL-A (30deg)

1.0E+0

-@-n=1(no JCE)

-®-n=2
1.0E-1 —— ————|-&-n=5

--n=10

1.0E2 +———— e e

1.0E-3

-15 -10 5 0
SNR [dB]




image2.png
BLER

1.0E+0

1.0E-1

1.0E-2

1.0E-3

NTN TDL-C (30deg)

—®-n
—&-n
—-o-n
—&-n

=0(no JCE)
=2

=5

=10





image3.png
Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap
(30 deg) (10 deg)

NTN TDL-A (NLOS) -5.3 -2.2 3518 -7.6 -2.3 -11.4 -6.1 -3.4 -15.9 -12.5
NTN TDL-C (LOS) -8.4 -2.2 6.4 -7.6 1.2 -11.4 -3 -11.2 -15.9 -4.7
set2 | USresuts | lt0G00setz | L01200sez | Weosetr | Usresits | Giosetr |

Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap

(30 deg) (20 deg)
NTN TDL-A (NLOS) -5.3 -8.2 -2.9 -13.6 -8.3 -20.6 -15.3 -3.4 -20.8 -17.4
NTN TDL-C (LOS) -8.4 -8.2 0.2 -13.6 -5.2 -20.6 -12.2 -9.9 -20.8 -10.9

Note: VolIP is not target scenario for GEO and MEO




image4.png
Gap (dB)

1
2
3
-4
5
6
-7

larger MCS, less PRBs

TBoMS

MCSe6,
PRB1,
Repl

MCS3,
PRB2,
Repl

MCSO,
PRB4,
Repl

more repetitions, more PRBs

MCSO, MCSO, MCSO, MCS6, MCS6, MCS6,
PRB8, PRB16, PRB32, PRBI1, PRB1, PRB1,
Rep2 Rep4 Rep8 TBoMS8 TBoMS16 TBoMS32

LEEEfpunn

w/oJCE” it ice




image5.png
Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap

(30 deg) (10 deg)
NTN TDL-A (NLOS) 3.2 -2.2 -5.4 -7.6 -10.8 -11.4 -14.6 3.8 -15.9 -19.7
NTN TDL-C (LOS) 0.6 -2.2 -2.8 -7.6 -8.2 -11.4 -12.0 -1.4 -15.9 -17.3
Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap

(30 deg) (20 deg)
NTN TDL-A (NLOS) 3.2 -8.2 -11.4 -13.6 -16.8 -20.6 -23.8 3.8 -20.8 -24.6

NTN TDL-C (LOS) 0.6 -8.2 -8.8 -13.6 -14.2 -20.6 -21.2 -0.3 -20.8 -20.5




image6.png
Gap (dB)

12
10

oON B~ O

w/0 JCE with JCE

\ /

MCSO, PRB1, MCS2, PRB1, MCS5, PRB1, MCSO, PRB1,
Rep8 Repl16 Rep32 Rep8, TBoMS4




image7.png
Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap

(30 deg) (10 deg)
NTN TDL-A (NLOS) -12.3 -2.2 10.1 -7.6 4.7 -11.4 0.9 -11.5 -15.9 -4.4
NTN TDL-C (LOS) -14.3 -2.2 12.1 -7.6 6.7 -11.4 219) -15.8 -15.9 -0.1
Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap

(30 deg) (20 deg)
NTN TDL-A (NLOS) -12.3 -8.2 4.1 -13.6 -1.3 -20.6 -8.3 -11.5 -20.8 -9.3

NTN TDL-C (LOS) -14.3 -8.2 6.1 -13.6 0.7 -20.6 -6.3 =54l -20.8 -5.7




image8.png
Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap

(30 deg) (10 deg)
NTN TDL-A (NLOS) -13.0 -5.2 7.8 -10.6 2.4 -14.4 -1.4 -12.0 -18.9 -6.9
NTN TDL-C (LOS) -15.0 -5.2 9.8 -10.6 4.4 -14.4 0.6 -16.7 -18.9 -2.2
Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap

(30 deg) (20 deg)
NTN TDL-A (NLOS) -13.0 -11.2 1.8 -16.6 -3.6 -23.6 -10.6 -12.0 -23.8 -11.8

NTN TDL-C (LOS) -15.0 -11.2 3.8 -16.6 -1.6 -23.6 -8.6 =155 -23.8 -7.9




image9.png
Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap

(30 deg) (10 deg)
NTN TDL-A (NLOS) -10.4 -2.2 8.2 -7.6 2.8 -11.4 -1.0 9.3 -15.9 -6.6
NTN TDL-C (LOS) -12.5 -2.2 10.3 -7.6 4.9 -11.4 1.1 -14.0 -15.9 -1.9
Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap

(30 deg) (20 deg)
NTN TDL-A (NLOS) -10.4 -8.2 2.2 -13.6 -3.2 -20.6 -10.2 9.3 -20.8 -11.5

NTN TDL-C (LOS) -12.5 -8.2 4.3 -13.6 -1.1 -20.6 -8.1 -13.4 -20.8 -7.4




image10.png
Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap
(30 deg) (10 deg)
NTN TDL-A (NLOS) -12 -2.2 9.8 -7.6 4.4 -11.4 0.6 -10 -15.9 -5.9
NTN TDL-C (LOS) -15.3 -2.2 13.1 -7.6 7.7 -11.4 319 -17.2 -15.9 1.3
Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap
(30 deg) (20 deg)
NTN TDL-A (NLOS) -12 -8.2 3.8 -13.6 -1.6 -20.6 -8.6 -10 -20.8 -10.8

NTN TDL-C (LOS) =153 -8.2 7.1 -13.6 1.7 -20.6 -5.3 -16.7 -20.8 -4.1




image11.png
Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap

(30 deg) (10 deg)
NTN TDL-A (NLOS) -9.5 -2.2 7.3 -7.6 1.9 -11.4 -1.9 -7.2 -15.9 -8.7
NTN TDL-C (LOS) -12.6 -2.2 10.4 -7.6 5.0 -11.4 1.2 -14.9 -15.9 -1.0
Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap

(30 deg) (20 deg)
NTN TDL-A (NLOS) -9.5 -8.2 23 -13.6 -4.1 -20.6 -11.1 -7.2 -20.8 -13.6

NTN TDL-C (LOS) -12.6 -8.2 4.4 -13.6 -1.0 -20.6 -8.0 -14 -20.8 -6.8




image12.png
Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap

(30 deg) (10 deg)
NTN TDL-A (NLOS) 9.1 -9.9 -0.8 -15.3 -6.2 -19.1 -10.0 9.1 -23.6 -14.5
NTN TDL-C (LOS) -14.7 -9.9 4.8 -15.3 -0.6 -19.1 -4.4 -17.3 -23.6 -6.3
Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap

(30 deg) (20 deg)
NTN TDL-A (NLOS) 9.1 -15.9 -6.8 -21.3 -12.2 -28.3 -19.2 9.1 -28.4 -19.3

NTN TDL-C (LOS) -14.7 -15.9 -1.2 =23 -6.6 -28.3 -13.6 -16.5 -28.4 -11.9




image13.png
Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap

(30 deg) (10 deg)
NTN TDL-A (NLOS) -13.5 -9.9 3.6 -15.3 -1.8 -19.1 -5.6 -13.5 -23.6 -10.1
NTN TDL-C (LOS) -19.4 -9.9 9.5 -15.3 4.1 -19.1 0.3 -22.3 -23.6 -1.3
Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap

(30 deg) (20 deg)
NTN TDL-A (NLOS) -13.5 -15.9 -2.4 -21.3 -7.8 -28.3 -14.8 -13.5 -28.4 -14.9

NTN TDL-C (LOS) -19.4 -15.9 4.5 =23 -1.9 -28.3 -8.9 =24l -28.4 -7.3




image14.png
Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap

(30 deg) (10 deg)
NTN TDL-A (NLOS) -19 -9.9 Gl -15.3 3.7 -19.1 -0.1 -19 -23.6 -4.6
NTN TDL-C (LOS) -22 -9.9 12.1 -15.3 6.7 -19.1 219) -23.5 -23.6 -0.1
Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap

(30 deg) (20 deg)
NTN TDL-A (NLOS) -19 -15.9 3518 -21.3 -2.3 -28.3 -9.3 -19 -28.4 -9.4

NTN TDL-C (LOS) -22 -15.9 6.1 =23 0.7 -28.3 -6.3 =22, -28.4 -5.5




image15.png
Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap
(30 deg) (10 deg)
NTN TDL-A (NLOS) -8.4 -12.9 -4.5 -18.2 -9.8 -22 -13.6 -8.6 -26.6 -18
NTN TDL-C (LOS) -14.8 -12.9 1.9 -18.2 -3.4 -22 -7.2 -17.7 -26.6 -8.9
Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap
(30 deg) (20 deg)
NTN TDL-A (NLOS) -8.4 -18.9 -10.5 -24.2 -15.8 -31.2 -22.8 -8.6 -31.4 -22.8

NTN TDL-C (LOS) -14.8 -18.9 -4.1 -24.2 -9.4 -31.4 -16.6 -16.6 -31.4 -14.8




image16.png
Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap

(30 deg) (10 deg)
NTN TDL-A (NLOS) -8.3 -1.4 510 -0.8 7.5 -5.5 2.8 -7 -8 -1.0
NTN TDL-C (LOS) -10.3 -1.4 8.9 -0.8 9.5 -5.5 4.8 -12.3 -8 4.3
Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap

(30 deg) (20 deg)
NTN TDL-A (NLOS) -8.3 -7.4 0.9 -6.8 1.5 -11.1 -2.8 -7 -13.2 -6.2

NTN TDL-C (LOS) -10.3 -7.4 2.9 -6.8 385} =1Ll -0.8 =13 =132 -1.9




image17.png
Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap
(30 deg) (10 deg)
NTN TDL-A (NLOS) -1.6 -1.4 0.2 -0.8 0.8 -5.5 -3.9 -0.3 -8 -7.7
NTN TDL-C (LOS) -6.7 -1.4 4.7 -0.8 5 -5.5 1.2 -9.9 -8 1.9
Required SNR  Target CNR Gap Target CNR Gap Target CNR Gap Required SNR  Target CNR Gap
(30 deg) (20 deg)
NTN TDL-A (NLOS) -1.6 -7.4 -5.8 -6.8 -5.2 -11.1 -9.5 -0.3 -13.2 -12.9

NTN TDL-C (LOS) -6.7 -7.4 -0.7 -6.8 -0.1 =1Ll -4.4 -8.8 =132 -4.4




image18.png
(a) NTN TDL-A (NLOS), rural (b) NTN TDL-C (LOS), rural

Satellite parameter Setl Satellite parameter Set 2 Satellite parameter Setl Satellite parameter Set 2
LEO600 LEO1200 MEO GEO LEO600 LEO1200 MEO GEO LEO600 LEO1200 MEO GEO LEO600 LEO1200 MEO GEO

PUSCH PUSCH

VolP 3.1 -2.3 - - -2.9 -8.3 - - VolP 6.4 1.2 - - 0.2 -5.2 - -

PUSCH PUSCH

100kbps -5.4 -10.8 - - -11.4 -16.8 - - 100kbps -2.8 -8.2 - - -8.8 -14.2 - -

IAUSCl 10.1 4.7 0.9 -4.4 4.1 -1.3 -8.3 9.3 IAUSCl 121 6.7 29 -01 6.1 0.7 -6.3 -5.7

3kbps 3kbps

IAUSEE 8.2 2.8 -1.0 -6.6 2.2 -3.2 -10.2 -115 IAUSEE 10.3 4.9 11 -19 4.3 -1.1 -8.1 -7.4

Msg.3 Msg.3

AU 9.8 4.4 0.6 -5.9 3.8 -1.6 -8.6 -10.8 AU 131 7.7 3.9 13 7.1 1.7 -53 -4.1
Formatl Formatl

AU 7.3 1.9 -1.9 -8.7 23 -4.1 -11.1 -13.6 AU 104 5.0 12 -10 4.4 -1.0 -8.0 -6.8
Format3 Format3

PR -0.8 -6.2 -10 -145 -6.8 -12.2 -19.2 -193 PR 4.8 -0.6 44 -63 -1.2 -6.6 -13.6 -11.9
Format0 Format0

PR 3.6 -1.8 -56 -10.1 -2.4 -7.8 -14.8 -14.9 PR 9.5 4.1 03 -13 4.5 -1.9 -8.9 -7.3
Format2 Format2

PRACH PRACH
FormatB4 -4.5 9.8 -13.6 -18 -10.5 -15.8 -22.8 -228 FormatB4 1.9 -34 -7.2 -89 -4.1 9.4 -16.6 -14.8

PDSCH PDSCH

1Mbps 5.9 7.5 2.8 -1.0 0.9 15 -2.8 -6.2 1Mbps 8.9 9.5 4.8 43 2.9 3.5 -0.8 -1.9

PDCCH 0.2 0.8 -3.9 -7.7 -5.8 -5.2 £5 | =128 PDCCH 4.7 5.9 1.2 i1e) -0.7 -0.1 -4.4 -4.4




image19.png
Coverage with Rel.17 features
Satellite parameter Setl Satellite parameter Set 2
LEO600 LEO1200 MEO GEO LEO600 LEO1200 MEO GEO

LOS Yes Yes Yes No No No No No

NLOS Yes No No No No No No No

Coverage with enhancement (potential target)
Satellite parameter Setl Satellite parameter Set 2

LEO600 LEO1200 MEO GEO LEO600 LEO1200 MEO GEO

Yes(3)
LOS Yes Yes Yes Yes(1) Yes(2) (no Volp) No No
NLOS Yes Yes(4) No No No No No No

LEO: UL 3kbps, DL 1Mbps, VolIP 4.75kbps (LEO1200 set2 NLOS can not support VolP)
GEO, MEO: UL 3kbps, DL 1Mbps

Necessary improvement

(1)
PUSCH 3kbps: 0.1dB
PUSCH msg.3: 1.9dB
PUCCH fmt3: 1dB
PRACH fmt2: 1.3dB
2)

PDCCH: 0.7dB

@)

PUSCH msg.3: 1.1dB
PUCCH fmt3: 1dB
PRACH fmt2: 1.9dB
PDCCH: 0.1dB,

()

PRACH fmt2: 1.8dB

PUSCH 3kbps: 0.1dB
PUSCH msg.3: 1.9dB
PUCCH fmt3: 1dB
PRACH fmt2: 1.9dB
PDCCH: 0.7dB




image20.png
BLER

1.0E+0

1.0E-1

1.0E-2

1.0E-3

NTN TDL-A (NLOS)

—=—30deg
——20deg
—e—10deg [

w/ freq. hopping
1Tx/2RX

MCS9, 1PRB, 20rep

-15 -10

5
SNR [dB]




image21.png
BLER

1.0E+0

1.0E-1

1.0E-2

1.0E-3

NTN TDL-C (LOS)

—=—30deg
——20deg
—o—10deg ——

MCS9, 1PRB, 20rep

w/ freq. hopping

1Tx/2Rx

-15

-10

5
SNR [dB]

0 5




image22.png
BLER

1.0E+0

1.0E-1

1.0E-2

1.0E-3

NTN TDL-A (NLOS)

——30deg
—e—20deg
—=—10deg

MCS6, 1PRB, TBoMS32
w/ freq. hopping

1Tx/2Rx

-5

5

SNR [dB]

10

15

20




image23.png
1.0E+0

BLER

1.0E-1

1.0E-2

1.0E-3

NTN TDL-C (LOS)

—=—30deg
——20deg

—o—10deg

MCS6, 1PR]
w/ freq.hg

1Tx/2Rx

B, TBoMS32
pping

-5

5

SNR [dB]

10

15

20




image24.png
BLER

1.0E+0

1.0E-1

1.0E-2

1.0E-3

NTN TDL-A (NLOS)

—=—30deg
——20deg
=== —o—10 deg [=—]
MCSS5, 1PRB,
w/ freq. hopping
1Tx/2Rx
-20 -15 -5 0

snAfs




image25.png
BLER

1.0E-1

1.0E-2

1.0E-3

NTN TDL-C (LOS)

—=—30deg
——20 deg

————{ —*—10deg ——

MCS5| 1PRB, 32rep
w/ frelq. hopping
1Tx/2Rx

-15

-10
SNR [dB]

-5 0




image26.png
NTN TDL-A (NLOS)

1.0E+0
—=—30 deg
——20deg
1.0E-1 —=————
—e—10deg
o
W 1.0E-2 | ====
o
1.0E-3 ——— =y —_— _
MCS3, 1PRB, 16rep
w/ freq. hopping
1Tx/2Rx
1.0E-4
-20 -15 -10 0 5

SNR [dB] °




image27.png
BLER

NTN TDL-C (LOS)

1.0E+0 |
—=—30 deg
1.0E-1 + | ——20deg | ||
—e—10deg
1.0E-2 + —— —
1.0E-3 + L1 -
MICS3, 1PRB, 16rep
w/ freq. hopping
1Tx/2Rx;
1.0E-4
-20 -15 -10, 0 5

SNR [dB] S




image28.png
ACK miss detection prob.

1.0E+0

1.0E-1

1.0E-2

1.0E-3

1.0E-4

NTN-TDL-C

—=—30deg
| —4—20deg ||
——10deg

1PRB,

rep |

w/ freq
1Tx/2R

-hopping

-25 -20




image29.png
NTN-TDL-C

1.0E+0
8 —=—30deg
& 1.0E-1 - | —&—20deg ||
g —+—10deg
@
X
& 1:0E-2 4 ====E=====
<
e
5 1.0E-3 - = —"1IPRB; 8rep— — |
<Z( w/ freq. hopping
1.0E-4 1Tx/2Rx
-25 -20 -15 -10 -5 0

SNR [dB]




image30.png
1.0E+0

BLER

1.0E-1

1.0E-2

1.0E-3

NTN-TDL-A (NLOS)

—=—30deg
——20deg
—+—10deg
TaRB 8rp | R |
w/ freq. hopping
1Tx/2Rx
-25 -20 -15 -10 -5 0
SNR [dB]





image31.png
BLER

1.0E+0

1.0E-1

1.0E-2

1.0E-3

NTN-TDL-C (LOS)

I
—=—30 deg
IHREEN LN [ [[]] | | | |——20deg| |
——10deg
|aereBrep -
w/ freq.hopping
1Tx/2Rx
-25 -20 -15 -10 -5 0

SNR [dB]





image32.png
miss-detection prob.

NTN TDL-C (LOS) - mis-detection rate

—A—30deg

—4—20 deg ||
—4—10deg | |

1Tx/2Rx

PRACH format0 |

SNR [dB]

-10

-5




image33.png
false alarm rate

NTN TDL-C (LOS) - false alarm rate

1.0E+0
—A—30deg
1081 === ———— —+-20deg [
—4—10deg
1.0E-2 ——= ——=
1.0E-3 — —
PRACH format0
1.0E-4 1Tx/2Rx
-20 -15 -10 -5

SNR [dB]




image34.png
1.0E+0
1.0E-1
1.0E-2

1.0E-3

miss-detection prob.

1.0E-4

NTN TDL-C (LOS) - mis-detection rate

—4—30deg
= —— | -=20 deg H
—4—10 deg
PRACH format2 = S===
1Tx/2Rx
-30 -25 -20 -15 -10

SNR [dB]




image35.png
false alarm rate

1.0E+0

1.0E-1

NTN TDL-C (LOS) - false alarm rate

—4—30 deg
—=—-20deg

1Tx/2Rx

PRACH format2

-25

20
SNR [dB]

-15

-10




image36.png
NTN TDL-C (LOS) — mis-detection rate

1.0E+0
o —A—30 deg
2 1.0E-1 — 1
g— . —8—20 deg
2 —4—10deg
g 1.0E-2 ==
©
e
B1.0E-3 I=———— = ===
15 PRACH formalt B4, 15kHz

1Tx/2Rx
1.0E-4 + 1
-25 -20 -10 -5

-15
SNR [dB]




image37.png
1.0E40 NTN TI|3L-C (LOS) — false alarm rate

—&—30deg
| =20 deg E
| ——10deg |

PRACH format B4, 15kHz
1Tx/2Rx

-25 -20

PRACH false alarm rate

-15 -10 -5
SNR [dB]




image38.png
BLER

NTN-TDL-A (NLOS)

1.E+00
80PRBs
———+40PRBs
1.E-01 = = — =
160PRBs
1.E-02 — = —— —
30deg /
10de
1Tx/2Rx 20 deg
1.E-03 +
-15 -10 -5 0

SNR [dB]




image39.png
1.E-03

160PRBs

NTN TDL-C (LOS)

o]

PRBS
| 40PRBs

1Tx/2Rx

-15

-10

SNR [dB]




image40.png
1.E+00

BLER

1.E-01

1.E-02

1.E-03

NTN TDL-A (NLOS)

48PRBs
AL16
1Tx/2Rx

-15

SNR [dB]




image41.png
BLER

1.E+00

1.E-01

1.E-02

1.E-03

NTN TDL-C (LOS)

I

—e—30deg
—e—20deg
—o—10deg

48PRBs

AL16

1Tx/2Rx

-15 -10 5

5
SNR[dB]





