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1	Introduction
[bookmark: _Hlk94878371]A work item (WI) for enhancements of NR NTN was approved at RAN#94-e. The latest WID can be found in [1]. One objective of the WI is NTN-specific coverage enhancements. As a first step, a 6-month study phase will be pursued, focusing on evaluating the coverage performance and identifying the candidate physical radio channels that have coverage issues specific to NTN.
In this contribution, we present link budget calculations and link level simulation results for all agreed channels and signals.
[bookmark: _Ref178064866]2	Discussion
2.1	Assumptions for evaluation of coverage performance
2.1.1 Power flux density limitation
In RAN1#109-e, it was discussed whether and how to apply ITU regulatory limitations on power flux density (PFD) in the study on coverage enhancements for NR NTN. RAN1 did not agree on whether the EIRP values in TR 38.821 [4] can be used as is or if additional PFD limitations apply. The limitations that were discussed were ITU Radio Regulations Appendix 5 (edition 2020), table 5-2 [8].
While there are PFD limits in Appendix 5 of the Radio Regulations, it should be kept in mind that they are intended for determination of the need for coordination between administrations, not as actual requirements. When considering coexistence between terrestrial and satellite components of IMT in the 2 GHz NTN operating band (2170-2200 MHz), ITU Resolution 212 [9] can give guidance on applicable PFD levels. Resolution 212 "invites administrations […] to apply an appropriate power flux-density value to the IMT space stations in the frequency band 2 170-2 200 MHz", with reference to the Annex of the same resolution, in which bullet 2e gives an exemplary PFD value for DL (i.e., NTN satellite to TN UE) of -108.8 dBW/m2 for 1 MHz.
[bookmark: _Toc111199290][bookmark: _Toc111232738]For evaluation of DL coverage, consider the PFD limitation value of -108 dBW/m2 given in ITU Resolution 212 (Rev. WRC 19).
From this value, the TX EIRP density of the satellite can be derived as  dBW/MHz, where  is the distance between the satellite and interfered UE.
It should also be considered that in some countries, such limitation will apply, while in others it will not, depending e.g. on deployed services and negotiated agreements between administrations. If the given PFD limitation is always applied, conclusions will be pessimistic in some regions, while if it is never applied, conclusions will be optimistic in other regions. For the coverage enhancements study, it is therefore proposed to consider both the EIRP values in TR 38.821 [4] and EIRP values derived from the PFD limitation in ITU Resolution 212.
[bookmark: _Toc111199291][bookmark: _Toc111232739]For evaluation of DL coverage, consider both the EIRP values given in TR 38.821 and EIRP values derived from the PFD limitation value from ITU resolution 212 (Rev. WRC 19).
2.1.2	Assumptions for link budget calculation
Following agreements at RAN1#109-e, the assumptions summarized in Table 1, Table 2 and Table 3 have been used.
[bookmark: _Ref111036197]Table 1: Assumptions for link budget calculations.
	Parameter
	Value

	Carrier frequency
	2 GHz for DL and UL (S-band)

	Channel bandwidth
	FFS

	Satellite altitude
	600 km, 1200 km, 10000 km, 35786 km

	Target elevation angle
	See Table 3

	Atmospheric loss
	Equation (6.6-8) in [5]

	Shadowing margin
	3 dB

	Scintillation loss
	Section 6.6.6 in [5]
Ionospheric loss: = 2.2 dB (note 1)
Tropospheric loss: Table 6.6.6.2.1-1 of [5]

	Additional loss
	0 dB

	Clear sky conditions
	Yes

	Satellite antenna polarization
	Circular polarization

	Free space path loss
	Equation (6.6-2) in [5]

	Terminal RF parameters
	See Table 2

	Satellite RF parameters
	Option 1: Set-1/2 satellite parameters as in table 6.1.1.1-1/2 of [4] for GEO/LEO-1200/LEO-600 and S-band, and as in table 6.1.1.1-1/2 of [6] for MEO and S-band.
Option 2: Satellite EIRP based on ITU regulatory limitations on power flux density (see section 2.1.1). Other RF parameters same as for Option 1.

	Polarization loss
	3 dB

	Outcome
	CNR

	· NOTE 1:             Based on P3 curve for 1% of time from Figure 6.6.6.1.4-1 of [2] after frequency scaling.
· dB



[bookmark: _Ref110983334]Table 2: Terminal RF parameters.
	Parameter
	Value

	Terminal type
	Handheld

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

	Antenna type and configuration
	1TX/2RX with omni-directional antenna element
Note: companies should provide their assumption on polarization

	Polarisation
	Linear

	Rx Antenna gain 
	-5 dBi per element

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	-5 dBi per element



[bookmark: _Ref111036073]Table 3: Evaluation scenarios.
	Case
	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	Service type

	1
	GEO
	1
	12.5
	Low-data rate service

	2
	GEO
	2
	20
	Low-data rate service

	3
	LEO-1200
	1
	30
	VoIP

	4
	LEO-1200
	2
	30
	VoIP

	5 
	LEO-1200
	2
	30
	Low-data rate service

	6
	LEO-600
	1
	30
	VoIP

	7 
	LEO-600
	2
	30
	VoIP

	8
	LEO-600
	2
	30
	Low-data rate service

	9
	MEO-10000
	1
	30
	Low-data rate service

	10
	MEO-10000
	2
	30
	Low-data rate service



2.1.3	Assumptions for link level simulations
Link level simulation parameters applicable to all simulations are summarized in Table 4. Parameters specific to the respective channels are listed in section 2.2.2.
[bookmark: _Ref111198451]Table 4: LLS parameters common to all simulations.
	Parameter
	Value

	Carrier frequency
	2 GHz (S-band)

	Waveform
	DL: CP-OFDM
UL: DFT-s-OFDM

	SCS
	15 kHz

	Max channel bandwidth
	30 MHz (as in TR 38.821 [4])

	Channel model
	NTN-TDL-A (NLOS) and NTN-TDL-C (LOS) (As in Table 6.1.2-4 of TR38.821)
Evaluation scenario: Rural
Elevation angle: see Table 3

	Channel estimation
	Realistic

	UE speed
	3 km/h

	Frequency offset/drift 
	0.1 ppm offset, no drift assumed

	UE antenna type and configuration
	UL: 1TX
DL: 2RX, cross-polarized
linear polarization
omnidirectional antenna elements

	Satellite antenna type and configuration
	UL: 1RX, 2RX
DL: 1TX
circular polarization


2.2	Results
A coverage analysis is presented.
2.2.1	Link budget results
The link budget analysis can be found in Table 5 for uplink and Table 6 and Table 9 for downlink without and with PFD limitation, respectively.
[bookmark: _Ref102076288]Table 5: Link budget analysis for uplink.
	Case
	Satellite type
	Satellite RF parameter set
	Service type
	Elevation Angle
	TX: EIRP [dBm]
	RX: G/T [dB/K]
	Free space path loss (PL) [dB]
	Atmospheric loss (LA)
	Shadow fading margin (SF) [dB]
	Scintillation loss (SL) [dB]
	Polarization loss [dB]
	Additional losses (AD) [dB]
	Target SNR [dB]

	
	
	
	
	
	
	
	
	
	
	
	
	
	1 PRB
	2 PRBs
	4 PRBs
	6 PRBs
	12 PRBs
	24 PRBs

	1
	GEO
	Set-1
	Data
	12.5°
	18
	19
	190.6
	0.152
	3
	2.2
	3
	0
	-15.88
	-18.89
	-21.90
	-23.66
	-26.67
	-29.67

	2
	GEO
	Set-2
	Data
	20°
	18
	14
	190.4
	0.096
	3
	2.2
	3
	0
	-20.65
	-23.66
	-26.67
	-28.43
	-31.44
	-34.45

	3
	LEO-1200
	Set-1
	VoIP
	30°
	18
	1.1
	164.5
	0.066
	3
	2.2
	3
	0
	-7.60
	-10.60
	-13.61
	-15.38
	-18.39
	-21.39

	4
	LEO-1200
	Set-2
	VoIP
	30°
	18
	-4.9
	164.5
	0.066
	3
	2.2
	3
	0
	-13.60
	-16.60
	-19.61
	-21.38
	-24.39
	-27.39

	5
	LEO-1200
	Set-2
	Data
	30°
	18
	-4.9
	164.5
	0.066
	3
	2.2
	3
	0
	-13.60
	-16.60
	-19.61
	-21.38
	-24.39
	-27.39

	6
	LEO-600
	Set-1
	VoIP
	30°
	18
	1.1
	159.1
	0.066
	3
	2.2
	3
	0
	-2.21
	-5.22
	-8.23
	-9.99
	-13.00
	-16.01

	7
	LEO-600
	Set-2
	VoIP
	30°
	18
	-4.9
	159.1
	0.066
	3
	2.2
	3
	0
	-8.21
	-11.22
	-14.23
	-15.99
	-19.00
	-22.01

	8
	LEO-600
	Set-2
	Data
	30°
	18
	-4.9
	159.1
	0.066
	3
	2.2
	3
	0
	-8.21
	-11.22
	-14.23
	-15.99
	-19.00
	-22.01

	9
	MEO-10000
	Set-1
	Data
	30°
	18
	13
	180.2
	0.066
	3
	2.2
	3
	0
	-11.43
	-14.43
	-17.44
	-19.21
	-22.22
	-25.23

	10
	MEO-10000
	Set-2
	Data
	30°
	18
	3.8
	180.2
	0.066
	3
	2.2
	3
	0
	-20.63
	-23.63
	-26.64
	-28.41
	-31.42
	-34.43











[bookmark: _Ref104995561]Table 6: Link budget analysis for downlink, without PFD limitation.
	Case
	Satellite type
	Satellite RF parameter set
	Service type
	Elevation Angle
	TX: EIRP density [dBm/MHz]
	RX: G/T [dB/K]
	Nominal bandwidth [MHz] (Note 1)
	Free space path loss (PL) [dB]
	Atmospheric loss (LA)
	Shadow fading margin (SF) [dB]
	Scintillation loss (SL) [dB]
	Polarization loss [dB]
	Additional losses (AD) [dB]
	Target SNR [dB]

	1
	GEO
	Set-1
	Data
	12.5°
	89.0
	-36.6
	1
	190.6
	0.152
	3
	2.2
	3
	0
	-7.95

	2
	GEO
	Set-2
	Data
	20°
	83.5
	-36.6
	1
	190.4
	0.096
	3
	2.2
	3
	0
	-13.23

	3
	LEO-1200
	Set-1
	VoIP
	30°
	70.0
	-36.6
	1
	164.5
	0.066
	3
	2.2
	3
	0
	-0.77

	4
	LEO-1200
	Set-2
	VoIP
	30°
	64.0
	-36.6
	1
	164.5
	0.066
	3
	2.2
	3
	0
	-6.77

	5
	LEO-1200
	Set-2
	Data
	30°
	64.0
	-36.6
	1
	164.5
	0.066
	3
	2.2
	3
	0
	-6.77

	6
	LEO-600
	Set-1
	VoIP
	30°
	64.0
	-36.6
	1
	159.1
	0.066
	3
	2.2
	3
	0
	-1.38

	7
	LEO-600
	Set-2
	VoIP
	30°
	58.0
	-36.6
	1
	159.1
	0.066
	3
	2.2
	3
	0
	-7.38

	8
	LEO-600
	Set-2
	Data
	30°
	58.0
	-36.6
	1
	159.1
	0.066
	3
	2.2
	3
	0
	-7.38

	9
	MEO-10000
	Set-1
	Data
	30°
	81.0
	-36.6
	1
	180.2
	0.066
	3
	2.2
	3
	0
	-5.50

	10
	MEO-10000
	Set-2
	Data
	30°
	75.4
	-36.6
	1
	180.2
	0.066
	3
	2.2
	3
	0
	-11.10

	Note 1: Nominal bandwidth used for link budget calculations. Actual channel bandwidth may differ depending on configuration. This does not impact SNR since both TX power and noise power are proportional to the BW.



In section 2.1.1, a PFD limitation of -108.8 dBW/m2 is proposed for the case that a PFD limitation applies. From this value, the EIRP density of the satellite can be derived as  dBW/MHz, where  is the distance between the satellite and interfered UE. In order to match the distance used in the link budget calculations, the distance at minimum elevation angle is used. The results are shown in Table 7.
[bookmark: _Ref110979450]Table 7: EIRP density for Case 1-10 derived from the PFD limitation of -108.8 dBW/m2.
	Case
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	r [km]
	40317
	39551
	1999
	1999
	1999
	1075
	1075
	1075
	12228
	12228

	EIRP density [dBW/MHz]
	54.3
	54.1
	28.2
	28.2
	28.2
	22.8
	22.8
	22.8
	43.9
	43.9



Note that this may give slightly optimistic EIRP values since the interfered terrestrial UE may potentially be closer to the satellite than the UE considered in the link budget (which is at minimum elevation angle), in which case it might be subject to a larger PFD than -108.8 dBW/m2. However, due to the directivity of the spotbeams, it is assumed that the interfered UE is close to the NTN UE and that the difference in distance to the satellite can be disregarded.
If, on the other hand, the directivity of the spotbeams is not considered, the distance at 90° elevation angle should be used as . The resulting EIRP density values are shown in Table 8.
[bookmark: _Ref111196051]Table 8: EIRP density for Case 1-10 derived from the PFD limitation of -108.8 dBW/m2, worst case.
	Case
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	r [km]
	35786
	35786
	1200
	1200
	1200
	600
	600
	600
	10000
	10000

	EIRP density [dBW/MHz]
	53.3
	53.3
	23.8
	23.8
	23.8
	17.8
	17.8
	17.8
	42.2
	42.2



In the link budget analysis below, the values in Table 7 have been used.
[bookmark: _Ref110981184]Table 9: Link budget analysis for downlink, with PFD limitation.
	Case
	Satellite type
	Satellite RF parameter set
	Service type
	Elevation Angle
	TX: EIRP density [dBm/MHz]
	RX: G/T [dB/K]
	Nominal bandwidth [kHz] (Note 1)
	Free space path loss (PL) [dB]
	Atmospheric loss (LA)
	Shadow fading margin (SF) [dB]
	Scintillation loss (SL) [dB]
	Polarization loss [dB]
	Additional losses (AD) [dB]
	Target SNR [dB]

	1
	GEO
	Set-1
	Data
	12.5°
	84.3
	-36.6
	1
	190.2
	0.066
	3
	2.2
	3
	0
	-12.6

	2
	GEO
	Set-2
	Data
	20°
	84.1
	-36.6
	1
	190.2
	0.066
	3
	2.2
	3
	0
	-12.6 (Note 2)

	3
	LEO-1200
	Set-1
	VoIP
	30°
	58.2
	-36.6
	1
	164.5
	0.066
	3
	2.2
	3
	0
	-12.6

	4
	LEO-1200
	Set-2
	VoIP
	30°
	58.2
	-36.6
	1
	164.5
	0.066
	3
	2.2
	3
	0
	-12.6

	5
	LEO-1200
	Set-2
	Data
	30°
	58.2
	-36.6
	1
	164.5
	0.066
	3
	2.2
	3
	0
	-12.6

	6
	LEO-600
	Set-1
	VoIP
	30°
	52.8
	-36.6
	1
	159.1
	0.066
	3
	2.2
	3
	0
	-12.6

	7
	LEO-600
	Set-2
	VoIP
	30°
	52.8
	-36.6
	1
	159.1
	0.066
	3
	2.2
	3
	0
	-12.6

	8
	LEO-600
	Set-2
	Data
	30°
	52.8
	-36.6
	1
	159.1
	0.066
	3
	2.2
	3
	0
	-12.6

	9
	MEO-10000
	Set-1
	Data
	30°
	73.9
	-36.6
	1
	180.2
	0.066
	3
	2.2
	3
	0
	-12.6

	10
	MEO-10000
	Set-2
	Data
	30°
	73.9
	-36.6
	1
	180.2
	0.066
	3
	2.2
	3
	0
	-12.6

	Note 1: Nominal bandwidth used for link budget calculations. Actual channel bandwidth may differ depending on configuration. This does not impact SNR since both TX power and noise power are proportional to the BW.
Note 2: In this case, the derived EIRP is higher than the value in TR 38.821, and consequently the target SNR is also higher than without PFD limitation. This is likely not the intention with a PFD limitation but simulation results for this case are still presented for completeness.



2.2.2		Link level simulation results
Coverage performance for the channels/signals in Table 10 are evaluated.
[bookmark: _Ref110984933]Table 10: Evaluated channels/signals.
	Direction
	Channel
	Content
	Evaluated

	UL
	PUSCH
	VoIP (AMR 4.75)
	Yes

	
	
	Low data rate service
	Yes

	
	
	Msg.3
	Yes

	
	PUCCH
	Format 1 with 2 bits
	Yes

	
	
	Format 3 with 11 bits
	Yes

	
	
	Msg.4 HARQ-ACK
	Yes

	
	PRACH
	Format 0
	Yes

	
	
	Format 2
	Yes 

	
	
	Format B4
	Yes

	DL
	SSB
	
	Yes

	
	PDSCH
	VoIP (AMR 4.75)
	Yes

	
	
	Low data rate service
	Yes

	
	
	Msg.2
	Yes

	
	
	Msg.4
	Yes

	
	PDCCH
	Dedicated
	Yes

	
	
	Broadcast (PDCCH of Msg.2)
	Yes



2.2.2.1	Uplink
2.2.2.1.1	PUSCH
2.2.2.1.1.1	VoIP
In this section, we present link simulation results for VoIP on PUSCH with Type A repetitions, TBoMS and cross-slot channel estimation in S-band. Other scenarios are left for further study. Important LLS parameters are summarized in Table 4 and Table 11.
[bookmark: _Ref111048748]Table 11: Assumptions for PUSCH simulations of VoIP.
	Parameter
	Value

	Antenna configuration
	1T1R

	Modulation order
	QPSK

	Channel Model
	NTN-TDL-C Rural

	Elevation Angle
	10°, 20°, 30°

	Frequency hopping 
	No

	Channel bandwidth
	360 kHz and 720 kHz

	BLER
	2% BLER.

	DMRS configuration 
	Type I, 1 DMRS symbol, no multiplexing with data.

	PUSCH duration        
	14 OS

	Repetitions 
	16, 20
w/ type A repetition


	HARQ configuration 
	No

	PRBs/MCS
	MCSs from Table 6.1.4.1-1 of 38.214 [2] are used.
TBS=184 bits, 2 PRBs, QPSK, 
MCS depends on the considered scenarios (one example is shown below): 
TBoMS: 2-UL slots TBoMS with 8 reps  MCS=1
JCE: JCE with 16 reps                MCS=4
Type A repetitions: 16 reps            MCS=4



Link performance of 2-UL slots TBoMS with 8 repetitions and 16 type A repetitions with/without JCE is shown in Figure 1. The following observations can be made:
· 16 Type A repetitions has the same performance as 2-UL TBoMS with 8 repetitions.
· Enabling JCE for 16 type A repetitions gives 3 dB gain.

[image: ]
[bookmark: _Ref111139670][bookmark: _Ref102129253]Figure 1: PUSCH BLER Comparison for VoIP with JCE, TBoMS and Type A reps
 
To enable a fair comparison with TBoMS, only 16 repetitions were used above. However, up to 20 repetitions are possible before a new speech packet needs to be transmitted. Performance with 16 and 20 repetitions (both with JCE) are shown in Figure 2. It can be seen that with 20 repetitions and JCE, the target BLER of 2% is reached at SNR=-6.3 dB, while SNR=-5.3 dB is required with 16 repetitions and JCE.

[image: ]
[bookmark: _Ref111140008]Figure 2: PUSCH BLER for VoIP with JCE for AF=16 and 20

Table 12 summarizes the required aggregation factor for PUSCH VoIP in LEO scenarios, assuming a target residual BLER of 2%. It can be seen that of the simulated configurations, only the LEO-600 scenario with Set-1 satellite parameters is supported. For scenarios 3, 6 and 7, the performance with 20 repetitions and JCE is worse than the target SNR by 4.2 dB, 10.2 dB and 4.8 dB, respectively.
[bookmark: _Ref111048828]Table 12: Required aggregation factor for PUSCH VoIP in LEO scenarios.
	Case number
	Satellite Type
	Setting
	Elevation
angle
	BW
[kHz]
	Target SNR from Table 5 [dB]
	Required aggregation factor
	Margin assuming AF=20 [dB]

	3
	LEO-1200
	Set-1
	30°
	360
	-10.60
	-
	-4.2

	4
	LEO-1200
	Set-2
	30°
	360
	-16.60
	-
	-10.2

	6
	LEO-600
	Set-1
	30°
	360
	-5.22
	AF=16 with JCE
	1.1 

	7
	LEO-600
	Set-2
	30°
	360
	-11.22
	-
	-4.8



[bookmark: _Toc111199289][bookmark: _Toc111232732]With handheld devices with realistic assumptions on antenna gain, VoIP coverage is a challenge with the evaluated configuration (up to 20 PUSCH repetitions and cross-slot channel estimation) except in the LEO600 scenario with satellite parameter set 1.
2.3.2.1.1.2 Low data rate service
Simulation assumptions for PUSCH low data rate service (following agreements from RAN1#109-e) are summarized in Table 4 and Table 13. 

[bookmark: _Ref111048898]Table 13: Assumptions for PUSCH simulations of Low Data Rate Service
	Parameter
	Value

	Antenna configuration
	1T1R

	Modulation order
	QPSK

	Channel Model
	NTN-TDL-C Rural

	Elevation Angle
	10°, 20°, 30° 

	BLER
	10% iBLER.

	DMRS configuration 
	Type I, 1 or 2 DMRS symbols, no multiplexing with data.
For frequency hopping: Type I, 2 DMRS symbols for each hop, no multiplexing with data. 

	PUSCH duration        
	14 OS

	Repetitions 
	Type A Repetition

	HARQ configuration 
	No HARQ 

	Frequency hopping
	Inter-slot Frequency Hopping
BW=10 MHz (PRBs=52)

	PRBs/TBS/MCS
	MCSs from Table 6.1.4.1-1 of 38.214 [2] are used.
TBoMS: 
2 DMRS, MCS=2, 2 PRBs 
TBS=432, 4-UL slot TBoMS with 4 and 8 reps
TBS=888, 8-UL slot TBoMS with 2 and 4 reps
JCE: 
Setting 1: (for 100 kbps)
2 DMRS, 4 PRBs  
MCS-5, TBS=432, AF=4
MCS-11, TBS=848, AF=8
MCS-17, TBS=1608, AF=16
MCS-27, TBS=3240, AF=32
Setting 2: (for 3 kbps)
1 DMRS, 2 PRBs
MCS-2, TBS=112, AF=4, 8, 16, 32




2.3.2.1.1.2.1 Low data service with TBoMS 
BLER and throughput performance for LEO and MEO scenarios (30° elevation angle) with different TBoMS configurations with and without frequency hopping are shown in Figure 3 and Figure 4, respectively. BLER and throughput results for GEO (10° and 20° elevation angle) are shown in Figure 5 and Figure 6.
The following observations can be made:
· None of the configurations fulfil 10% BLER at the target CNR Table 5 (with 2 PRBs) for any satellite configuration.
· Frequency hopping does not give any significant gain.
 
[image: ]

[bookmark: _Ref111142243]Figure 3 PUSCH BLER for Low Data Rate Service with TBoMS and FH for LEO and MEO
[image: ]
[bookmark: _Ref111142251]Figure 4 PUSCH Throughput for Low Data Rate Service with TBoMS and FH for LEO and MEO

[image: ]
[bookmark: _Ref111142536]Figure 5 PUSCH BLER for Low Data Rate Service with TBoMS and FH for GEO


[image: ]
[bookmark: _Ref111142538]Figure 6 PUSCH Throughput for Low Data Rate Service with TBoMS and FH for GEO

2.3.2.1.1.2.2 Low data service with JCE
Below, configurations with JCE targeting a throughput of 100 kbps are evaluated. BLER and throughput performance for LEO and MEO scenarios (30° elevation angle) with JCE and different aggregation factors are shown in Figure 7 and Figure 8, respectively. As can be seen, 100 kbps cannot be met in any case at the target SNRs of Table 5.

[image: ]
[bookmark: _Ref111217277]Figure 7 PUSCH BLER for Low Data Rate Service with JCE for 30 deg
[image: ]
[bookmark: _Ref111217279]Figure 8 PUSCH Throughput for Low Data Rate Service with JCE for 30 deg

Below, configurations with JCE targeting a throughput of 3 kbps are evaluated. BLER and throughput performance with JCE and different aggregation factors and elevation angles are shown in Figure 9 and Figure 10, respectively. With AF=32, 10% BLER is reached at -12.5 dB, -11.8 dB and -10.7 dB for elevation angles 10°, 20° and 30°, respectively. 

[image: ]
[bookmark: _Ref111217684]Figure 9 PUSCH BLER for Low Data Rate Service with JCE, NTN-TDL-C Rural
[image: ]
[bookmark: _Ref111217689]Figure 10: PUSCH Throughput for Low Data Rate Service with JCE, NTN-TDL-C Rural


Target throughout of 3 kbps is not met at the target SNRs of Table 5 for any case. The results for JCE with AF=32 are summarized in Table 18. The table shows the margin to the target SNR, where a negative/red value means the target is not 	reached.


Table 14: Summary of results for PUSCH low data rate.
	
	Target CNR
(2 PRBs)

	AF=32 with JCE

	Case
	
	SNR at 10% BLER
	Margin [dB]

	1
	-18.89
	-12.5
	-6,4

	2
	-23.66
	-11.8
	-11,9

	5
	-16.60
	-10.7
	-5,9

	8
	-11.22
	-10.7
	-0,5

	9
	-14.43
	-10.7
	-3,7

	10
	-23.63
	-10.7
	-12,9



2.2.2.1.1.3 PUSCH Msg. 3
Simulation assumptions for PUSCH Msg. 3 (following agreements from RAN1#109-e) are summarized in Table 4 and Table 15. 
[bookmark: _Ref111048999]Table 15: Assumptions for PUSCH simulations of Msg. 3
	Parameter
	Value

	Antenna configuration
	1T1R

	Modulation order
	QPSK

	Channel Model
	NTN-TDL-C

	Elevation Angle
	10°, 20°, 30°

	Number of DMRS symbol
	Type I 3 DMRS symbols, no multiplexing with data.

	Frequency hopping
	No

	HARQ configuration
	No

	PUSCH duration        
	14 OS

	Number of PRBs
	2

	TBS
	56 bits

	Number of Repetitions
	4, 8, 16

	PRBs/TBS/MCS for low data rate service
	MCSs from Table 6.1.4.1-1 of 38.214 [2] are used.
2 PRBs, 3 DMRS, MCS=0



Msg.3 BLER performance for 16 repetitions with 10° elevation angle (Case 1), 20° elevation angle (Case 2) and 30° elevation angle (Cases 3 to 10) are shown in Figure 11. The target BLER of 10% is reached at -12 dB, -10.6 dB and -9.1 dB, respectively.

[image: ]
[bookmark: _Ref111145246]Figure 11: PUSCH BLER for Msg.3, NTN-TDL-C Rural 10, 20, 30 deg with AF=16 (16 reps)
Msg.3 BLER performance for 30° elevation angle (Cases 3 to 10) with 4, 8 and 16 repetitions are shown in Figure 12. The target BLER of 10% is reached at -9.1 dB, -7.6 dB and -5.9 dB, respectively.
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[bookmark: _Ref111145959]Figure 12: PUSCH BLER for Msg.3, NTN-TDL-C Rural 30 deg with different AFs
The results are summarized in Table 16. The target is met only in LEO-600 with Set-1 parameters. For other scenarios, the performance is 2.1 to 14.5 dB worse than the target.
[bookmark: _Ref111146747]Table 16: Required aggregation factor for PUSCH Msg.3 in different scenarios.
	Case
	Satellite Type
	Setting
	Elevation angle
	BW
[kHz]
	Target SNR from Table 5 [dB]
	Required aggregation factor
10% BLER
	Margin to SNR target assuming AF=16

	1
	GEO
	Set-1
	12.5° (Note 1)
	360
	-18.89
	-
	-6.9 dB

	2
	GEO
	Set-2
	20°
	360
	-23.66
	-
	-13.1 dB

	3
	LEO-1200
	Set-1
	30°
	360
	-10.60
	-
	-1.5 dB

	4/5
	LEO-1200
	Set-2
	30°
	360
	-16.60
	-
	-7.5 dB

	6
	LEO-600
	Set-1
	30°
	360
	-5.22
	AF=4,8,16
	+3.9 dB

	7/8
	LEO-600
	Set-2
	30°
	360
	-11.22
	-
	-2.1 dB

	9
	MEO-10000
	Set-1
	30°
	360
	-14.43
	-
	-5.3 dB

	10
	MEO-10000
	Set-2
	30°
	360
	-23.63
	-
	-14.5 dB

	Note 1: 10° used in link level simulation, as per agreement.



2.2.2.1.2 PRACH
For coverage evaluation of PRACH in NR NTN, the simulation assumptions in Table 4 and Table 15 are assumed.
Table 17: Assumptions for PRACH simulations.
	Parameter
	Value

	Scenario 
	Rural

	Antennas
	1T1R

	Channel model name
	NTN-TDL-C

	PRACH Format
	Format 0, Format 2, Format B4

	Carrier
	2GHz

	SCS
	1.25 kHz for Format 0/2, 15 kHz for Format B4

	Allocated PRBs
	Considering SCS=15kHz, 
6 PRBs for PRACH Format 0/2, 12 PRBs for PRACH Format B4

	Performance metric
	1% missed detection at 0.1% false alarm probability

	Ncs Value
	Ncs=0
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Figure 13: Missed-detection rate for PRACH format 0 on NTN-TDL-C rural with different elevation angles.
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Figure 14: Missed-detection rate for PRACH format 2 on NTN-TDL-C rural with different elevation angles.

[image: 图表, 折线图

描述已自动生成]
Figure 15: Missed-detection rate for PRACH format B4 on NTN-TDL-C rural with different elevation angles.

The results are summarized in Table 18. The table shows the margin to the target SNR, where positive/green value means the target is reached.
[bookmark: _Ref111202637]Table 18: Summary of performance for PRACH.
	Case
	Format 0
	Format 2
	Format B4

	
	CNR
	LLS results
(1% MD)
	Margin [dB]
	CNR
	LLS results
(1% MD)
	Margin
	CNR
	LLS results
(1% MD)
	Margin

	1
	-23.66
	-13.7
	-10.0
	-23.66
	-12.7
	-11.0
	-26.67
	-16.5
	-10.2

	2
	-28.43
	-11.5
	-16.9
	-28.43
	-10.5
	-3.9
	-31.44
	-14.5
	-16.9

	3
	-15.38
	-8
	-7.4
	-15.38
	-6.8
	-8.6
	-18.39
	-11
	-7.4

	4/5
	-21.38
	-8
	-13.4
	-21.38
	-6.8
	-14.6
	-24.39
	-11
	-13.4

	6
	-9.99
	-8
	-2.0
	-9.99
	-6.8
	-3.2
	-13.00
	-11
	-2.0

	7/8
	-15.99
	-8
	-8.0
	-15.99
	-6.8
	-9.2
	-19.00
	-11
	-8.0

	9
	-19.21
	-8
	-11.2
	-19.21
	-6.8
	-12.4
	-22.22
	-11
	-11.2

	10
	-28.41
	-8
	-20.2
	-28.41
	-6.8
	-21.6
	-31.42
	-11
	-20.4



2.2.2.1.3 PUCCH
For coverage evaluation of PUCCH in NR NTN, the simulation assumptions in Table 4 and Table 19 are assumed. 
[bookmark: _Ref111049458]Table 19: Assumptions for PUCCH simulations.
	Parameter
	Value

	Antennas
	1T2R

	Channel model
	NTN-TDL-C

	PUCCH format
	PUCCH format 1/ PUCCH format 3

	Payload
	PUCCH format 1: 1 bit for Msg 4 HARQ
PUCCH format 1: 2 bits
PUCCH format 3: 11 bits


	DMRS configuration
	1+3 DMRS for PUCCH format 3

	PRBs num per slot
	1 PRBs

	OSs num per slot
	14 OSs

	Modulation 
	BPSK for PUCCH format 1 with Msg 4 HARQ
QPSK for PUCCH format 1 with 2 bits
QPSK for PUCCH format 3 with 11bits

	Repetition num
	No reps for PUCCH format 1 with Msg 4 HARQ (1 bit)
8 reps for PUCCH format 1 with 2 bits 
8 reps for PUCCH format 3 with 11 bits

	Frequency Hopping/ FH Offset
	On / 48 PRBs

	Performance metric
	a) DTX to ACK: 1%  
b) ACK MD: 1%   
c) NACK to ACK: 0.1% 
d) BLER: 1%
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Figure 16: Performance for PUCCH format 1, Msg.4 HARQ on NTN-TDL-C rural with 10° elevation angle.
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Figure 17: Performance for PUCCH format 1, Msg.4 HARQ on NTN-TDL-C rural with 20° elevation angle.
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Figure 18: Performance for PUCCH format 1, Msg.4 HARQ on NTN-TDL-C rural with 30° elevation angle.
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Figure 19: Performance for PUCCH format 1, HARQ 2 bits on NTN-TDL-C rural with 10° elevation angle.
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Figure 20: Performance for PUCCH format 1, HARQ 2 bits on NTN-TDL-C rural with 20° elevation angle.

[image: 图表, 折线图

描述已自动生成]
Figure 21: Performance for PUCCH format 1, HARQ 2 bits on NTN-TDL-C rural with 30° elevation angle.
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Figure 22: Performance for PUCCH format 3, CSI 11 bits on NTN-TDL-C rural with different elevation angles.

	Case
	Format 1 of Msg 4 HARQ
	Format 1 of 2 bits UCI
	Format 3 of 11 bits UCI

	
	CNR
	LLS results
	Margin [dB]
	CNR
	LLS results
	Margin [dB]
	CNR
	LLS results
	Margin [dB]

	1
	-15.88
	-5
	-10.9
	-15.88
	-4
	-11.9
	-15.88
	-13.5
	-2.4

	2
	-20.65
	-4.7
	-16.0
	-20.65
	-3.9
	-16.8
	-20.65
	-12.5
	-8.2

	3
	-7.60
	-3.9
	-3.7
	-7.60
	-3
	-4.6
	-7.60
	-11
	3.4

	4/5
	-13.60
	-3.9
	-9.7
	-13.60
	-3
	-10.6
	-13.60
	-11
	-2.6

	6
	-2.21
	-3.9
	1.7
	-2.21
	-3
	0.8
	-2.21
	-11
	8.8

	7/8
	-8.21
	-3.9
	-4.3
	-8.21
	-3
	-5.2
	-8.21
	-11
	2.8

	9
	-11.43
	-3.9
	-7.5
	-11.43
	-3
	-8.4
	-11.43
	-11
	-0.4

	10
	-20.63
	-3.9
	-16.7
	-20.63
	-3
	-17.6
	-20.63
	-11
	-9.6



2.2.2.2	Downlink
The target SNRs from section 2.2.1 are summarized in Table 20. The table also indicated for which channels/signals each case applies.

[bookmark: _Ref111206275]Table 20: Target SNR for downlink channels/signals.
	Case
	Satellite type
	RF set
	Elevation angle
	Target SNR [dB]
	PDSCH
	PDCCH
	SSB

	
	
	
	
	Without PFD limitation
	With PFD limitation
	Low data rate
	VoIP
	Msg.2
	Msg.4
	Dedicated
	Broadcast
	

	1
	GEO
	Set-1
	12.5° (note 1) 
	-7.95
	-12.6
	X
	
	X
	X
	X
	X
	X

	2
	GEO
	Set-2
	20°
	-13.23
	-12.6 (note 2)
	X
	
	X
	X
	X
	X
	X

	3
	LEO-1200
	Set-1
	30°
	-0.77
	-12.6
	
	X
	X
	X
	X
	X
	X

	4
	LEO-1200
	Set-2
	30°
	-6.77
	-12.6
	
	X
	X
	X
	X
	X
	X

	5
	LEO-1200
	Set-2
	30°
	-6.77
	-12.6
	X
	
	X
	X
	X
	X
	X

	6
	LEO-600
	Set-1
	30°
	-1.38
	-12.6
	
	X
	X
	X
	X
	X
	X

	7
	LEO-600
	Set-2
	30°
	-7.38
	-12.6
	
	X
	X
	X
	X
	X
	X

	8
	LEO-600
	Set-2
	30°
	-7.38
	-12.6
	X
	
	X
	X
	X
	X
	X

	9
	MEO-10000
	Set-1
	30°
	-5.50
	-12.6
	X
	
	X
	X
	X
	X
	X

	10
	MEO-10000
	Set-2
	30°
	-11.10
	-12.6
	X
	
	X
	X
	X
	X
	X

	Note 1: 10° used in link level simulation, as per agreement.
Note 2: The PFD limitation allows a higher EIRP than configured in TR 38.821, and consequently a higher SNR. This case is shown for completeness only.



2.2.2.2.1	PDSCH
2.2.2.2.1.1	VoIP
VoIP is evaluated only for LEO scenarios 3, 4, 6 and 7. Target SNRs are found in Table 20 above. Simulation assumptions are summarized in Table 4 and Table 21.
[bookmark: _Ref111023641]Table 21: Assumptions for PDSCH simulations of VoIP.
	Parameter
	Value

	BLER
	2% rBLER

	HARQ configuration
	Disabled

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

	PDSCH duration
	12 OS

	PRBs/TBS/MCS
	MCSs from Table 5.1.3.1-3 of 38.214 [2] are used.
For NTN-TDL-A: MCS-0 with 32 PRBs and MCS-8 with 4 PRBs
For NTN-TDL-C: MCS-5 with 8 PRBs and MCS-12 with 2 PRBs

(This results in a TBS ≥184 bits without CRC in physical layer)

	Aggregation factor
	16

	Simulation length
	100000 slots



To investigate whether the target SNRs of Table 20 can be reached, configurations have been chosen to minimize resources while fulfilling the target SNR and supporting a TBS of at least 184 bits. Detailed simulation results can be found in Annex A.1. Without PFD limitation, the target of 2% rBLER can be reached at the target SNR for all cases with pre-Rel-18 functionality. With PDF limitation, for NTN-TDL-A, the performance is not met despite use of 160 PRBs (30 MHz bandwidth), while for NTN-TDL-C, the target of 2% rBLER can be reached with 64 PRBs allocation.
The configurations and results are summarized in Table 22. The table shows the margin to the target CNR in Table 20, where positive/green value means the target is reached.
[bookmark: _Ref111021492]Table 22: Summary of PDSCH VoIP results.
	
	Case
	NTN-TDL-A
	Margin [dB]
	NTN-TDL-C
	Margin [dB]

	
	
	MCS table
	MCS
	PRBs
	
	MCS table
	MCS
	PRBs
	

	Without PFD limitation
	3
	3
	8
	4
	1.0
	3
	12
	2
	1.9

	
	4
	3
	0
	32
	0.9
	3
	5
	8
	1.0

	
	6
	3
	8
	4
	0.4
	3
	12
	2
	1.3

	
	7
	3
	0
	32
	0.3
	3
	5
	8
	0.4

	With PFD limitation
	3
	3
	0
	160
	-1.2
	3
	0
	64
	0.4

	
	4
	3
	0
	160
	-1.2
	3
	0
	64
	0.4

	
	6
	3
	0
	160
	-1.2
	3
	0
	64
	0.4

	
	7
	3
	0
	160
	-1.2
	3
	0
	64
	0.4



2.2.2.2.1.2	Low data rate service
PDSCH for low data rate service is evaluated for scenarios 1, 2, 5, 8, 9 and 10. Target SNRs are found in Table 20 above. 
HARQ is enabled when the limited number of HARQ processes does not cause HARQ stalling, i.e., when the RTT is less than 32 ms. As can be seen in Table 23, HARQ can be used only for the LEO scenarios.
[bookmark: _Ref111023314]Table 23: Max RTT and HARQ configuration for low data rate service.
	Case
	Satellite type
	Elevation angle
	RTT [ms]
	HARQ

	1
	GEO
	12.5°
	538
	No

	2
	GEO
	20°
	527
	No

	5
	LEO-1200
	30°
	27
	Yes

	8
	LEO-600
	30°
	14
	Yes

	9
	MEO-10000
	30°
	163
	No

	10
	MEO-10000
	30°
	163
	No



Simulation assumptions (following agreements at RAN1#109-e for PDSCH) are summarized in Table 4 and Table 24. 
[bookmark: _Ref111023518]Table 24: Assumptions for PDSCH simulations of low data rate service
	Parameter
	Value

	BLER target
	10% iBLER

	HARQ configuration
	Enabled for LEO scenarios
Disabled for GEO/MEO scenarios

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

	PDSCH duration
	12 OS

	PRBs/TBS/MCS
	160 PRBs (30 MHz)
MCS-0 from Table 5.1.3.1-2 and Table 5.1.3.1-3 of 38.214 [2] are used. See Table 25 for details.

	Aggregation factor
	1,2,3,4,5,6,7,8,16

	Simulation length
	20000 slots



To investigate whether the target SNRs of Table 20 can be reached, configurations have been chosen to maximize throughput at the target SNR. Detailed simulation results can be found in Annex A.2. The best configurations and achieved throughput for each case are summarized in Table 25.
It can be seen that without PFD limitation, the target throughput of 1 Mbps is reached for LEO and MEO Set-1, partially reached for GEO Set-1 and not reached for GEO Set-2 and MEO Set-2. The minimum throughput is 70 kbps.
With PFD limitation, the target throughput of 3 kbps is reached in all cases. The minimum throughput is 70 kbps.
[bookmark: _Ref111029185]Table 25: Summary of results for PDSCH low data rate service.
	
	Case
	NTN-TDL-A
	NTN-TDL-C
	Target throughput [Mbps]

	
	
	MCS table
	AF
	Throughput [Mbps]
	MCS table
	MCS table
	Throughput [Mbps]
	

	Without PFD limitation
	1
	2
	7
	0.64
	2
	2
	2.4
	1

	
	2
	3
	16
	0.07
	2
	16
	0.3
	

	
	5
	2
	3
	1.5
	2
	2
	2.3
	

	
	8
	2
	4
	1.1
	2
	2
	2.3
	

	
	9
	2
	2
	2.25
	2
	1
	4.4
	

	
	10
	2
	16
	0.28
	2
	6
	0.74
	

	With PFD limitation
	1
	3
	16
	0.07
	2
	6
	0.75
	0.003

	
	2
	3
	16
	0.07
	2
	8
	0.56
	

	
	5
	3
	8
	0.14
	2
	16
	0.29
	

	
	8
	3
	8
	0.14
	2
	16
	0.29
	

	
	9
	3
	8
	0.14
	2
	16
	0.29
	

	
	10
	3
	8
	0.14
	2
	16
	0.29
	



2.2.2.2.1.3	Msg2
PDSCH Msg.2 is evaluated in all scenarios. Target SNRs are found in Table 20 above. The simulation assumptions (following agreements at RAN1#109-e for PDSCH) are summarized in Table 4 and Table 26.
[bookmark: _Ref111029652]Table 26: Assumptions for PDSCH simulations of Msg2 transmission
	Parameter
	Value

	BLER target
	10 %

	Channel model
	NTN-TDL-A and NTN-TDL-C

	HARQ configuration
	Disabled

	DMRS configuration
	3 DMRS symbols

	PDSCH duration
	12 OS (of which 3 are used for DMRS)

	PRBs/TBS/MCS
	As in TR 38.830 [3]:
12 PRBs
Payload is 8 bytes
MCS-0 from Table 5.1.3.1-1 of 38.214 [2] with TB scale factor 0.25

	Aggregation factor
	1

	Simulation length
	20000 slots



Detailed simulation results can be found in Annex A.3. The results are summarized in Table 27. The table shows the margin to the target SNR, where positive/green value means the target is reached.
[bookmark: _Ref111030883]Table 27: Summary of performance for PDSCH of Msg.2.
	
	Case
	Target CNR
	SNR at 10% BLER
	Margin [dB]

	
	
	
	NTN-TDL-A
	NTN-TDL-C
	NTN-TDL-A
	NTN-TDL-C

	Without PFD limitation
	1
	-7.95
	-6.6
	-10.5
	-1.4
	2.6

	
	2
	-13.23
	-6.6
	-10.1
	-6.6
	-3.1

	
	3
	-0.77
	-6.6
	-9.4
	5.8
	 8.6   

	
	4/5
	-6.77
	-6.6
	-9.4
	-0.2
	2.6

	
	6
	-1.38
	-6.6
	-9.4
	5.2
	8.0

	
	7/8
	-7.38
	-6.6
	-9.4
	-0.8
	2.0

	
	9
	-5.50
	-6.6
	-9.4
	1.1
	3.9

	
	10
	-11.10
	-6.6
	-9.4
	-4.5
	-1.7

	With PFD limitation
	1
	-12.6
	-6.6
	-10.5
	-6.0
	-2.1

	
	2
	-12.6
	-6.6
	-10.1
	-6.0
	-2.5

	
	3
	-12.6
	-6.6
	-9.4
	-6.0
	-3.2

	
	4/5
	-12.6
	-6.6
	-9.4
	-6.0
	-3.2

	
	6
	-12.6
	-6.6
	-9.4
	-6.0
	-3.2

	
	7/8
	-12.6
	-6.6
	-9.4
	-6.0
	-3.2

	
	9
	-12.6
	-6.6
	-9.4
	-6.0
	-3.2

	
	10
	-12.6
	-6.6
	-9.4
	-6.0
	-3.2



2.2.2.2.1.4	Msg4
PDSCH Msg.2 is evaluated in all scenarios. Target SNRs are found in Table 20 above. The simulation assumptions (following agreements at RAN1#109-e for PDSCH) are summarized in Table 4 and Table 28.
[bookmark: _Ref111199904]Table 28: Assumptions for PDSCH simulations of Msg4 transmission
	[bookmark: _Hlk111205996]Parameter
	Value

	BLER target
	10%

	Channel model
	NTN-TDL-C

	Payload
	1040 bits

	TBS
	>=1040 bits

	DMRS configuration
	1+2

	PRBs num per slot
	42 PRBs

	OSs num per slot
	12 OSs

	MCS index
	0

	MCS table
	Table 5.1.3.1-2: MCS index table 2 for PDSCH

	Aggregation factor
	1

	HARQ
	No



Msg.4 BLER performance with 10° elevation angle (Case 1), 20° elevation angle (Case 2) and 30° elevation angle (Cases 3 to 10) are shown in Figure 23. The target BLER of 10% is reached at -7.6 dB, -6.7 dB and -5.8 dB, respectively.
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[bookmark: _Ref111207156]Figure 23: BLER performance for PDSCH of Msg.4 on NTN-TDL-C with different elevation angles.
The results are summarized in Table 29. The table shows the margin to the target SNR, where positive/green value means the target is reached.
[bookmark: _Ref111207552]Table 29: Summary of performance for PDSCH of Msg.4.
	
	Case
	Target CNR
	SNR at 10% BLER
	Margin [dB]

	Without PFD limitation
	1
	-7.95
	-7.6
	-0.4

	
	2
	-13.23
	-6.7
	-6.5

	
	3
	-0.77
	-5.8
	5.0

	
	4/5
	-6.77
	-5.8
	-1.0

	
	6
	-1.38
	-5.8
	4.4

	
	7/8
	-7.38
	-5.8
	-1.5

	
	9
	-5.50
	-5.8
	0.3

	
	10
	-11.10
	-5.8
	-5.3

	With PFD limitation
	1
	-12.6
	-7.6
	-5

	
	2
	-12.6
	-6.7
	-5.9

	
	3
	-12.6
	-5.8
	-6.8

	
	4/5
	-12.6
	-5.8
	-6.8

	
	6
	-12.6
	-5.8
	-6.8

	
	7/8
	-12.6
	-5.8
	-6.8

	
	9
	-12.6
	-5.8
	-6.8

	
	10
	-12.6
	-5.8
	-6.8



2.2.2.2.2	PDCCH
Simulation assumptions are summarized in Table 4 and Table 30.
[bookmark: _Ref111205357]Table 30: Assumptions for PDCCH simulations
	Parameter
	Value

	Target BLER
	1%

	Channel model
	NTN-TDL-C

	Payloads of PDCCH
	Dedicated PDCCH: 40 bits
Broadcast PDCCH: 39 bits

	CORESET size
	Dedicated PDCCH: 48 PRBs/ 2 OS
Broadcast PDCCH: 48 PRBs/ 2 OS

	Aggregation level
	Dedicated PDCCH: 16
Broadcast PDCCH: 16

	Interleaving
	Non-interleave



2.2.2.2.2.1	Dedicated PDCCH
BLER performance of dedicated PDCCH with 10° elevation angle (Case 1), 20° elevation angle (Case 2) and 30° elevation angle (Cases 3 to 10) are shown in Figure 24. The target BLER of 10% is reached at -8.5 dB, -7.5 dB and -6.0 dB, respectively.
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[bookmark: _Ref111210589]Figure 24: BLER performance for dedicated PDCCH on NTN-TDL-C with different elevation angles.

2.2.2.2.2.1	Broadcast PDCCH (PDCCH of Msg2)
BLER performance of broadcast PDCCH with 10° elevation angle (Case 1), 20° elevation angle (Case 2) and 30° elevation angle (Cases 3 to 10) are shown in Figure 25. The target BLER of 10% is reached at -8.5 dB, -7.5 dB and -6.0 dB, respectively.
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[bookmark: _Ref111210716]Figure 25: BLER performance for broadcast PDCCH on NTN-TDL-C with different elevation angles.

The results are summarized in Table 31. The table shows the margin to the target SNR, where positive/green value means the target is reached.
[bookmark: _Ref111202108]Table 31: Summary of performance for PDCCH.
	
	
	
	Dedicated PDCCH
	Broadcast PDCCH

	
	Case
	Target CNR
	SNR at 1% BLER
	Margin [dB]
	SNR at 1% BLER
	Margin [dB]

	Without PFD limitation
	1
	-7.95
	-8.5
	0.6
	-8.5
	0.6

	
	2
	-13.23
	-7.5
	-5.7
	-7.5
	-5.7

	
	3
	-0.77
	-6.0
	5.2
	-6.0
	5.2

	
	4/5
	-6.77
	-6.0
	-0.8
	-6.0
	-0.8

	
	6
	-1.38
	-6.0
	4.6
	-6.0
	4.6

	
	7/8
	-7.38
	-6.0
	-1.4
	-6.0
	-1.4

	
	9
	-5.50
	-6.0
	0.5
	-6.0
	0.5

	
	10
	-11.10
	-6.0
	-5.1
	-6.0
	-5.1

	With PFD limitation
	1
	-12.6
	-8.5
	-4.1
	-8.5
	-4.1

	
	2
	-12.6
	-7.5
	-5.1
	-7.5
	-5.1

	
	3
	-12.6
	-6.0
	-6.6
	-6.0
	-6.6

	
	4/5
	-12.6
	-6.0
	-6.6
	-6.0
	-6.6

	
	6
	-12.6
	-6.0
	-6.6
	-6.0
	-6.6

	
	7/8
	-12.6
	-6.0
	-6.6
	-6.0
	-6.6

	
	9
	-12.6
	-6.0
	-6.6
	-6.0
	-6.6

	
	10
	-12.6
	-6.0
	-6.6
	-6.0
	-6.6





2.2.2.2.3	SSB
Simulation assumptions are summarized in Table 4 and Table 32.
[bookmark: _Ref111211271]Table 32: Assumptions for SSB simulations.
	Parameter
	Value

	BLER target
	1%

	Channel model
	NTN-TDL-C

	Periodicity
	20 ms

	Allocated RBs
	20 PRBs

	Performance metric
	Combination of 4 SSBs in 80ms.



BLER performance with combination of 4 SSB in 80 ms with 10° elevation angle (Case 1), 20° elevation angle (Case 2) and 30° elevation angle (Cases 3 to 10) is shown in Figure 26. The target BLER of 1% is reached at -11.0 dB, -10.2 dB and -9.3 dB, respectively.
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[bookmark: _Ref111211526]Figure 26: BLER performance for SSB on NTN-TDL-C with different elevation angles.

Table 33: Summary of performance for SSB.
	
	
	
	SSB

	
	Case
	Target CNR
	SNR at 1% BLER
	Margin [dB]

	Without PFD limitation
	1
	-7.95
	-11.0
	3.1

	
	2
	-13.23
	-10.2
	-3.0

	
	3
	-0.77
	-9.3
	8.5

	
	4/5
	-6.77
	-9.3
	2.5

	
	6
	-1.38
	-9.3
	7.9

	
	7/8
	-7.38
	-9.3
	1.9

	
	9
	-5.50
	-9.3
	3.8

	
	10
	-11.10
	-9.3
	-1.8

	With PFD limitation
	1
	-12.6
	-11.0
	-1.6

	
	2
	-12.6
	-10.2
	-2.4

	
	3
	-12.6
	-9.3
	-3.3

	
	4/5
	-12.6
	-9.3
	-3.3

	
	6
	-12.6
	-9.3
	-3.3

	
	7/8
	-12.6
	-9.3
	-3.3

	
	9
	-12.6
	-9.3
	-3.3

	
	10
	-12.6
	-9.3
	-3.3



2.3	Summary of findings
The uplink results are summarized in Table 34. The table shows margins to the performance target for all uplink channels, assuming LoS channel model NTN-TDL-C. 
[bookmark: _Ref111222482]Table 34: Summary of uplink results
	
	
	
	Margin [dB]

	
	
	
	PUSCH
	PRACH
	PUCCH

	Case number
	Satellite Type
	Setting
	VoIP
	low data rate (3kbps target)
	Msg3

	Format 0
	Format 2
	Format B4
	Format 1 of Msg 4 HARQ
	Format 1 of 2 bits UCI
	Format 3 of 11 bits UCI

	1
	GEO
	Set-1
	
	-6,4
	-6.9
	-10.0
	-11.0
	-10.2
	-10.9
	-11.9
	-2.4

	2
	GEO
	Set-2
	
	-11,9
	-13.1
	-16.9
	-3.9
	-16.9
	-16.0
	-16.8
	-8.2

	3
	LEO-1200
	Set-1
	-4.2
	
	-1.5
	-7.4
	-8.6
	-7.4
	-3.7
	-4.6
	3.4

	4/5
	LEO-1200
	Set-2
	-10.2
	-5,9
	-7.5
	-13.4
	-14.6
	-13.4
	-9.7
	-10.6
	-2.6

	6
	LEO-600
	Set-1
	+1.1 
	
	+3.9
	-2.0
	-3.2
	-2.0
	1.7
	0.8
	8.8

	7/8
	LEO-600
	Set-2
	-4.8
	-0,5
	-2.1
	-8.0
	-9.2
	-8.0
	-4.3
	-5.2
	2.8

	9
	MEO
	Set-1
	
	-3,7
	-5.3
	-11.2
	-12.4
	-11.2
	-7.5
	-8.4
	-0.4

	10
	MEO
	Set-2
	
	-12,9
	-14.5
	-20.2
	-21.6
	-20.4
	-16.7
	-17.6
	-9.6



[bookmark: _Toc111232733]There is no satellite configuration (GEO/MEO/LEO) for which the targets are reached for all uplink channels.
[bookmark: _Toc111232734]For LEO-600 Set-1, the performance targets for most uplink channels are reached.
[bookmark: _Toc111232735]For GEO and MEO, none of the performance targets for uplink are reached.

The downlink results on NTN-TDL-A are summarized in Table 35 and Table 36 without and with PFD limitation, respectively. The downlink results on NTN-TDL-C are summarized in Table 37 and Table 38 without and with PFD limitation, respectively. In all tables, the margins in dB are given to the target requirements, except for PDSCH low data rate, for which the achieved throughput at the target SNR is given.
.
[bookmark: _Ref111223579]Table 35: Summary of downlink results on NTN-TDL-A without PFD limitation
	
	
	
	PDSCH
	PDCCH
	SSB

	Case number
	Satellite Type
	Setting
	VoIP
	low data rate (1 Mbps target)
	Msg.2

	Msg.4
	Dedicated
	Broadcast
	

	1
	GEO
	Set-1
	
	0.64
	-1.4
	
	
	
	

	2
	GEO
	Set-2
	
	0.07
	-6.6
	
	
	
	

	3
	LEO-1200
	Set-1
	1.0
	
	5.8
	
	
	
	

	4/5
	LEO-1200
	Set-2
	0.9
	1.5
	-0.2
	
	
	
	

	6
	LEO-600
	Set-1
	0.4
	
	5.2
	
	
	
	

	7/8
	LEO-600
	Set-2
	0.3
	1.1
	-0.8
	
	
	
	

	9
	MEO
	Set-1
	
	2.25
	1.1
	
	
	
	

	10
	MEO
	Set-2
	
	0.28
	-4.5
	
	
	
	



[bookmark: _Ref111223580]Table 36: Summary of downlink results on NTN-TDL-A with PFD limitation
	
	
	
	PDSCH
	PDCCH
	SSB

	Case number
	Satellite Type
	Setting
	VoIP
	low data rate (3 kbps target)
	Msg.2

	Msg.4
	Dedicated
	Broadcast
	

	1
	GEO
	Set-1
	
	0.07
	-6.0
	
	
	
	

	2
	GEO
	Set-2
	
	0.07
	-6.0
	
	
	
	

	3
	LEO-1200
	Set-1
	-1.2
	
	-6.0
	
	
	
	

	4/5
	LEO-1200
	Set-2
	-1.2
	0.14
	-6.0
	
	
	
	

	6
	LEO-600
	Set-1
	-1.2
	
	-6.0
	
	
	
	

	7/8
	LEO-600
	Set-2
	-1.2
	0.14
	-6.0
	
	
	
	

	9
	MEO
	Set-1
	
	0.14
	-6.0
	
	
	
	

	10
	MEO
	Set-2
	
	0.14
	-6.0
	
	
	
	



[bookmark: _Ref111223582]Table 37: Summary of downlink results on NTN-TDL-C without PFD limitation
	
	
	
	PDSCH
	PDCCH
	SSB

	Case number
	Satellite Type
	Setting
	VoIP
	low data rate (1 Mbps target)
	Msg.2

	Msg.4
	Dedicated
	Broadcast
	

	1
	GEO
	Set-1
	
	2.4
	2.6
	-0.4
	0.6
	0.6
	3.1

	2
	GEO
	Set-2
	
	0.3
	-3.1
	-6.5
	-5.7
	-5.7
	-3.0

	3
	LEO-1200
	Set-1
	1.9
	
	 8.6   
	5.0
	5.2
	5.2
	8.5

	4/5
	LEO-1200
	Set-2
	1.0
	2.3
	2.6
	-1.0
	-0.8
	-0.8
	2.5

	6
	LEO-600
	Set-1
	1.3
	
	8.0
	4.4
	4.6
	4.6
	7.9

	7/8
	LEO-600
	Set-2
	0.4
	2.3
	2.0
	-1.5
	-1.4
	-1.4
	1.9

	9
	MEO
	Set-1
	
	4.4
	3.9
	0.3
	0.5
	0.5
	3.8

	10
	MEO
	Set-2
	
	0.74
	-1.7
	-5.3
	-5.1
	-5.1
	-1.8



[bookmark: _Ref111223584]Table 38: Summary of downlink results on NTN-TDL-C with PFD limitation
	
	
	
	PDSCH
	PDCCH
	SSB

	Case number
	Satellite Type
	Setting
	VoIP
	low data rate (3 kbps target)
	Msg.2

	Msg.4
	Dedicated
	Broadcast
	

	1
	GEO
	Set-1
	
	0.75
	-2.1
	-5
	-4.1
	-4.1
	-1.6

	2
	GEO
	Set-2
	
	0.56
	-2.5
	-5.9
	-5.1
	-5.1
	-2.4

	3
	LEO-1200
	Set-1
	0.4
	
	-3.2
	-6.8
	-6.6
	-6.6
	-3.3

	4/5
	LEO-1200
	Set-2
	0.4
	0.29
	-3.2
	-6.8
	-6.6
	-6.6
	-3.3

	6
	LEO-600
	Set-1
	0.4
	
	-3.2
	-6.8
	-6.6
	-6.6
	-3.3

	7/8
	LEO-600
	Set-2
	0.4
	0.29
	-3.2
	-6.8
	-6.6
	-6.6
	-3.3

	9
	MEO
	Set-1
	
	0.29
	-3.2
	-6.8
	-6.6
	-6.6
	-3.3

	10
	MEO
	Set-2
	
	0.29
	-3.2
	-6.8
	-6.6
	-6.6
	-3.3



[bookmark: _Toc111232736]There is no satellite configuration (GEO/MEO/LEO with Set-1/Set-2) for which the targets are reached for all downlink channels with PFD limitation.
[bookmark: _Toc111232737]Without PFD limitation, the performance targets are reached for all evaluated channels for LEO with Set-1 and MEO with Set-1.
3 Conclusion
In the previous sections we made the following observations: 
Observation 1	With handheld devices with realistic assumptions on antenna gain, VoIP coverage is a challenge with the evaluated configuration (up to 20 PUSCH repetitions and cross-slot channel estimation) except in the LEO600 scenario with satellite parameter set 1.
Observation 2	There is no satellite configuration (GEO/MEO/LEO) for which the targets are reached for all uplink channels.
Observation 3	For LEO-600 Set-1, the performance targets for most uplink channels are reached.
Observation 4	For GEO and MEO, none of the performance targets for uplink are reached.
Observation 5	There is no satellite configuration (GEO/MEO/LEO with Set-1/Set-2) for which the targets are reached for all downlink channels with PFD limitation.
Observation 6	Without PFD limitation, the performance targets are reached for all evaluated channels for LEO with Set-1 and MEO with Set-1.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For evaluation of DL coverage, consider the PFD limitation value of -108 dBW/m2 given in ITU Resolution 212 (Rev. WRC 19).
Proposal 2	For evaluation of DL coverage, consider both the EIRP values given in TR 38.821 and EIRP values derived from the PFD limitation value from ITU resolution 212 (Rev. WRC 19).
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Appendix A	Detailed simulation results
Some LLS results have been moved to this annex to reduce the size of the discussion part of the document.
A.1	PDSCH VoIP
Simulated PDSCH VoIP BLER without PFD limitation is shown in Figure 27 and Figure 28 for NTN-TDL-A and NTN-TDL-C, respectively. 
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[bookmark: _Ref110335328]Figure 27: PDSCH BLER for VoIP, NTN-TDL-A rural, no HARQ, without PFD limitation.
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[bookmark: _Ref110986266]Figure 28: PDSCH BLER for VoIP, NTN-TDL-C rural, no HARQ, without PFD limitation.

PDSCH BLER with PFD limitation is shown in Figure 29 and Figure 30 for NTN-TDL-A and NTN-TDL-C, respectively.
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[bookmark: _Ref110986404]Figure 29: PDSCH BLER for VoIP, NTN-TDL-A rural, no HARQ, with PFD limitation.
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[bookmark: _Ref110986413]Figure 30: PDSCH BLER for VoIP, NTN-TDL-C rural, no HARQ, with PFD limitation.

A.2	PDSCH low data rate
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Figure 31: PDSCH low data rate BLER, NTN-TDL-A, no PFD limitation, Case 1 – GEO Set-1
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Figure 32: PDSCH low data rate throughput, NTN-TDL-A, no PFD limitation, Case 1 – GEO Set-1
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Figure 33: PDSCH low data rate BLER, NTN-TDL-C, no PFD limitation, Case 1 – GEO Set-1
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Figure 34: PDSCH low data rate throughput, NTN-TDL-C, no PFD limitation, Case 1 – GEO Set-1
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Figure 35: PDSCH low data rate BLER, NTN-TDL-A, no PFD limitation, Case 2 – GEO Set-2

[image: Chart

Description automatically generated]
Figure 36: PDSCH low data rate throughput, NTN-TDL-A, no PFD limitation, Case 2 – GEO Set-2
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Figure 37: PDSCH low data rate BLER, NTN-TDL-C, no PFD limitation, Case 2 – GEO Set-2
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Figure 38: PDSCH low data rate throughput, NTN-TDL-C, no PFD limitation, Case 2 – GEO Set-2
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Figure 39: PDSCH low data rate BLER, NTN-TDL-A, no PFD limitation, Case 5 – LEO1200 Set-2
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Figure 40: PDSCH low data rate throughput, NTN-TDL-A, no PFD limitation, Case 5 – LEO1200 Set-2
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Figure 41: PDSCH low data rate BLER, NTN-TDL-C, no PFD limitation, Case 5 – LEO1200 Set-2
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Figure 42: PDSCH low data rate throughput, NTN-TDL-C, no PFD limitation, Case 5 – LEO1200 Set-2
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Figure 43: PDSCH low data rate BLER, NTN-TDL-A, no PFD limitation, Case 8 – LEO600 Set-2
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Figure 44: PDSCH low data rate throughput, NTN-TDL-A, no PFD limitation, Case 8 – LEO600 Set-2
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Figure 45: PDSCH low data rate BLER, NTN-TDL-C, no PFD limitation, Case 8 – LEO600 Set-2

[image: Chart, line chart

Description automatically generated]
Figure 46: PDSCH low data rate throughput, NTN-TDL-C, no PFD limitation, Case 8 – LEO600 Set-2
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Figure 47: PDSCH low data rate BLER, NTN-TDL-A, no PFD limitation, Case 9 – MEO Set-1
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Figure 48: PDSCH low data rate throughput, NTN-TDL-A, no PFD limitation, Case 9 – MEO Set-1
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Figure 49: PDSCH low data rate BLER, NTN-TDL-C, no PFD limitation, Case 9 – MEO Set-1
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Figure 50: PDSCH low data rate throughput, NTN-TDL-C, no PFD limitation, Case 9 – MEO Set-1
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Figure 51: PDSCH low data rate BLER, NTN-TDL-A, no PFD limitation, Case 10 – MEO Set-2

[image: Chart, scatter chart

Description automatically generated]
Figure 52: PDSCH low data rate throughput, NTN-TDL-A, no PFD limitation, Case 10 – MEO Set-2
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Figure 53: PDSCH low data rate BLER, NTN-TDL-C, no PFD limitation, Case 10 – MEO Set-2
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Figure 54: PDSCH low data rate throughput, NTN-TDL-C, no PFD limitation, Case 10 – MEO Set-2
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Figure 55: PDSCH low data rate BLER, NTN-TDL-A, with PFD limitation, Case 1 – GEO Set-1
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Figure 56: PDSCH low data rate throughput, NTN-TDL-A, with PFD limitation, Case 1 – GEO Set-1
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Figure 57: PDSCH low data rate BLER, NTN-TDL-C, with PFD limitation, Case 1 – GEO Set-1
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Figure 58: PDSCH low data rate throughput, NTN-TDL-C, with PFD limitation, Case 1 – GEO Set-1
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Figure 59: PDSCH low data rate BLER, NTN-TDL-A, with PFD limitation, Case 2 – GEO Set-2
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Figure 60: PDSCH low data rate throughput, NTN-TDL-A, with PFD limitation, Case 2 – GEO Set-2
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Figure 61: PDSCH low data rate BLER, NTN-TDL-C, with PFD limitation, Case 2 – GEO Set-2
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Figure 62: PDSCH low data rate throughput, NTN-TDL-C, with PFD limitation, Case 2 – GEO Set-2
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Figure 63: PDSCH low data rate BLER, NTN-TDL-A, with PFD limitation, Case 5/8 – LEO Set-2
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Figure 64: PDSCH low data rate throughput, NTN-TDL-A, with PFD limitation, Case 5/8 – LEO Set-2
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Figure 65: PDSCH low data rate BLER, NTN-TDL-C, with PFD limitation, Case 5/8 – LEO Set-2
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Figure 66: PDSCH low data rate throughput, NTN-TDL-C, with PFD limitation, Case 5/8 – LEO Set-2
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Figure 67: PDSCH low data rate BLER, NTN-TDL-A, with PFD limitation, Case 9/10 – MEO
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Figure 68: PDSCH low data rate throughput, NTN-TDL-A, with PFD limitation, Case 9/10 – MEO
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Figure 69: PDSCH low data rate BLER, NTN-TDL-C, with PFD limitation, Case 9/10 – MEO
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Figure 70: PDSCH low data rate throughput, NTN-TDL-C, with PFD limitation, Case 9/10 – MEO

A.3	PDSCH Msg.2
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Figure 71: PDSCH of Msg.2 BLER, NTN-TDL-A, Case 1 – GEO Set-1
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Figure 72: PDSCH of Msg.2 BLER, NTN-TDL-C, Case 1 – GEO Set-1
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Figure 73: PDSCH of Msg.2 BLER, NTN-TDL-A, Case 2 – GEO Set-2
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Figure 74: PDSCH of Msg.2 BLER, NTN-TDL-C, Case 2 – GEO Set-2
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Figure 75: PDSCH of Msg.2 BLER, NTN-TDL-A, other cases
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Figure 76: PDSCH of Msg.2 BLER, NTN-TDL-C, other cases

Appendix B	Agreements from RAN1#109-e

Agreement
For NR NTN coverage enhancement, evaluate only handset terminals as UE type.
· i.e., VSAT is not considered.

Agreement
Coverage performance in NR NTN is evaluated according to the following steps.
· Step 1: CNR is calculated as defined in 6.1.3.1 of TR38.821
· For polarization loss,
· 3 dB polarization loss is assumed as baseline, and companies are encouraged to report the value and corresponding justification if other value is used
· Step 2: Required SNR of target service is evaluated by LLS
· Step 3: The CNR and the required SNR are compared

Agreement
Coverage performance in NR NTN is evaluated for GEO/LEO-1200/LEO-600 scenarios.
· Note: Service type for each scenario is discussed separately
· Note: Parameter set (Set-1/2) is discussed separately
· Note: MEO can be evaluated optionally

Agreement
For evaluation of coverage performance in NR NTN,
· It is assumed that carrier bandwidth is sufficiently large to transmit each channel.
· Companies are encouraged to report BWP bandwidth, when necessary (e.g. for frequency hopping).
· Note: each channel bandwidth is discussed separately.

Agreement
For VoIP, AMR 4.75 kbps (TBS of 184 bits without CRC in physical layer) with 20 ms data arriving interval is used in the evaluations.
· Each packet is transmitted within 20 ms, if packet combining is not used.
· Companies are encouraged to evaluate at least packet transmission without combining
· Companies are encouraged to report how to apply packet combining, if used.
· Note: in packet combining, two packets can be combined into a single packet at TX side 
· Companies should report the impact on E2E latency
· VoIP is evaluated only in LEO scenario.
· Note 1: PRB/MCS/TBS determinations are discussed separately
· Note 2: companies should report if HARQ is used in the evaluations, and if evaluations depart from the assumption that each packet is transmitted within 20 ms

Agreement
Reuse Set-1/2 satellite parameters as in table 6.1.1.1-1/2 of TR38.821 for GEO/LEO-1200/LEO-600 and S-band, and as in table 6.1.1.1-1/2 of RP-220590 for MEO and S-band.
· In addition, evaluations assuming relevant ITU regulatory limitations on power flux density can be reported in the study phase.
· Companies should report which value of EIRP density is used and corresponding justification.

Agreement
For link budget calculation, parameters in the following table is assumed.
	Parameters
	Notes

	Carrier frequency
	2 GHz for DL and UL (S-band)

	Channel bandwidth
	FFS

	Satellite altitude
	600 km, 1200 km, 10000 km, 35786 km

	Target elevation angle
	[30° (LEO), 12.5° (GEO-Set 1) , 20° (GEO –Set 2), 30° (MEO)]

	Atmospheric loss
	Equation (6.6-8) in [2]

	Shadowing margin
	3 dB

	Scintillation loss
	Section 6.6.6 in [2]
Ionospheric loss: = 2.2 dB (note 1)
Tropospheric loss: Table 6.6.6.2.1-1 of [2]

	Additional loss
	0 dB

	Clear sky conditions
	Yes

	Satellite antenna polarization
	Circular polarization

	Terminal type
	[S band: (M, N, P) = (1,1,2)]

	Free space path loss
	Equation (6.6-2) in [2]

	Terminal RF parameters
	FFS

	Satellite RF parameters
	FFS

	Polarization loss
	As agreed separately

	Outcome
	CNR

	· NOTE 1:             Based on P3 curve for 1% of time from Figure 6.6.6.1.4-1 of [2] after frequency scaling.
· dB
· NOTE 2:             [2] in this table is 3GPP TR 38.811 v15.2.0: "Study on New Radio (NR) to support non-terrestrial networks (Release 15)"


 
Agreement
If corresponding channel (including SCS) is agreed as evaluation target channel, the following features introduced in Rel-17 Coverage enhancement WI can be applied in coverage evaluation of NR NTN.
· For VoIP, max 20 PUSCH repetitions if SCS = 15 kHz and packet combining/HARQ are not applied; otherwise, max 32 PUSCH repetitions with consideration of the impact on E2E latency
· For low-data rate service, max 32 PUSCH repetitions
· TBoMS
· Joint channel estimation (DMRS bundling)
· Companies are encouraged to report how to apply
· Max 16 Msg.3 PUSCH repetitions

Agreement
For low-data rate service, the following target data rate is assumed.
· For DL, 3 kbps if satellite EIRP density lower than values in table 6.1.1.1-1/2 of TR38.821 for GEO/LEO-1200/LEO-600 and S-band, or values in table 6.1.1.1-1/2 of RP-220590 for MEO and S-band due to ITU regulatory limitations on power flux density is considered; otherwise, 1 Mbps
· For UL, 3 kbps and 100 kbps
· FFS: which data rate applies for GEO/MEO/LEO

Agreement
For NR NTN coverage enhancement, the following channels/signals can be evaluated.
· PUSCH for VoIP
· PUSCH for low data rate service
· PUCCH format 1 with 2 bits 
· PUCCH format 3 with 11 bits 
· PRACH format 0
· PRACH format 2
· PRACH format B4 
· PUSCH Msg.3
· PUCCH for Msg.4 HARQ-ACK 
· SSB
· PDSCH for VoIP
· PDSCH for low data rate service
· PDSCH Msg.2 
· PDSCH Msg.4
· PDCCH
· Broadcast PDCCH (PDCCH of Msg.2) 

Agreement
Evaluate coverage performance for the following UE characteristics as in Table 6.1.1.1-3 of TR38.821 with update of polarization, Tx/Rx antenna gain, and antenna type and configuration.

	Characteristics
	Handheld

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

	Antenna type and configuration
	1 TX, 2TX (optional) / 2 RX with omni-directional antenna element
Note: companies should provide their assumption on polarization

	Polarisation
	Linear

	Rx Antenna gain 
	[X] dBi per element

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	[X] dBi per element


· X = -5 as working assumption
· Send an LS to RAN4 to ask whether above antenna gain is valid and if invalid, appropriate value.

Agreement
For coverage performance evaluation, the following elevation angle is assumed.
· 30 deg for LEO, 12.5 deg for GEO-Set 1, 20 deg for GEO-Set 2, as in in Table 6.1.3.2-1 of TR38.821
· Note: For GEO-Set 1, channel parameters for 10 deg is used in LLS.
· 30 deg for MEO
· Other elevation angles can be evaluated as optional
· Note: these values are elevation angles at the edge of the edge beam.

Agreement
For NR NTN coverage enhancement, evaluate the following cases.
	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 (Optional)
	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 (Optional)
	LEO-600
	1
	30
	Handset
	S-band
	VoIP

	7 
	LEO-600
	2
	30
	Handset
	S-band
	VoIP

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

	9 (Optional, with higher priority than case 10)
	MEO
	1
	30
	Handset
	S-band
	Low-data rate service

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



Agreement
For coverage performance evaluation, the following are assumed for all channels/signals
· Channel model/Delay spread
· Channel model as in Table 6.1.2-4 of TR38.821, assuming NTN-TDL-A (NLOS) and NTN-TDL-C (LOS)
· Evaluation scenario
· Rural (LOS/NLOS)
· Sub-urban (LOS/NLOS) (optional)
· Channel estimation: Realistic estimation
· Companies are encouraged to report channel estimation method.
· SCS
· 15 kHz only
· UE speed: 3 km/h
· Frequency drift: Not assumed
· Frequency offset: 0.1 ppm

Agreement
For coverage evaluation of PUSCH in NR NTN, the following table is assumed.
	Parameter
	Value

	Frequency hopping 
	w/ or w/o frequency hopping

	BLER
	For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Number of UE transmit chains 
	1, 2 (optional) 

	DMRS configuration 
	For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
For frequency hopping: Type I, 1 or 2 DMRS symbol for each hop, no multiplexing with data.
PUSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	Waveform
	DFT-s-OFDM, CP-OFDM (optional)

	PUSCH duration        
	14 OS

	Repetitions 
	w/ type A repetition, optional for type B repetition.
The actual number of repetitions is reported by companies.

	HARQ configuration 
	Whether/How HARQ is adopted is reported by companies. 

	PRBs/TBS/MCS for low data rate service
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. 
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP
	Any value of PRBs reported by companies will be considered in the discussion.
QPSK, pi/2 BPSK (optional)

	Other parameters
	Reported by companies



Agreement
For coverage evaluation of PUCCH in NR NTN, the following table is assumed.
	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%, optional for 10%.

	Number of UE transmit chains
	1 

	DMRS configuration 
	Number of DMRS symbols for PUCCH Format 3: Reported by companies

	Repetitions
	w/ repetition.
The maximum number of repetitions is 8.

	PUCCH duration        
	14 OS

	Number of PRBs
	1 PRB

	Other parameters
	Reported by companies



Agreement
For coverage evaluation of PRACH in NR NTN, the following table is assumed.
	Parameter
	Value

	Format
	Format 0, Format B4, Format 2

	SCS
	Reported by companies.

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

	Number of UE transmit chains
	1, 2 (optional)

	Other parameters
	Reported by companies.



Agreement
For coverage evaluation of PUSCH Msg.3 in NR NTN, the following table is assumed.
	Parameter
	Value

	Frequency hopping
	w/ or w/o frequency hopping

	Number of UE transmit chains
	1, 2 (optional)

	Number of DMRS symbol
	w/o frequency hopping: 3,
w/ frequency hopping: 2 for each hop

	Waveform 
	DFT-s-OFDM

	HARQ configuration
	Whether/How is adopted is reported by companies.

	PUSCH duration        
	14 OS

	Number of PRBs
	2

	TBS
	56 bits

	Other parameters
	Reported by companies.



Agreement
For coverage evaluation of SSB in NR NTN, the following table is assumed.
	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz

	Periodicity
	20ms

	Performance metric
	Combination of 4 SSBs in 80ms.
Note: UE is not assumed to know the SS/PBCH block index

	Other parameters
	Reported by companies.



Agreement
For coverage evaluation of PDSCH in NR NTN, the following table is assumed.
	Parameter
	Value

	BLER
	For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Waveform
	CP-OFDM

	Number of UE receive chains
	2 for 2GHz

	HARQ configuration
	Whether/How HARQ is adopted is reported by companies.

	DMRS configuration
	3 DMRS symbols is used for PDSCH of Msg.2.
For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
PDSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	PRBs/TBS/MCS for low data rate service
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. 
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP
	Any value of PRBs reported by companies will be considered in the discussion.
QPSK

	PDSCH duration
	12 OS

	Payload size for PDSCH of Msg.4
	1040 bits

	Other parameters
	Reported by companies.

	Other parameters
	Reported by companies



Agreement
For coverage evaluation of PDCCH in NR NTN, the following table is assumed.
	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz

	Aggregation level
	16

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	Tx Diversity
	Reported by companies

	BLER
	1% BLER
optional for 10% BLER

	Number of SSB for broadcast PDCCH of Msg.2
	Reported by companies

	Other parameters
	Reported by companies
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