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1 Introduction
At the RAN#94-e meeting a new work item on NR NTN enhancements was endorsed [1][2]. One of the objectives is to evaluate the coverage performance and identify the candidate physical radio channels that have coverage issues specific to NTN. In this contribution, we present our views on coverage enhancement for NTN.

2 Discussion
2.1 Link budget calculation
At the RAN1#109-e meeting, the following agreements were made [4].
	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 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)





For the CNR calculations, we considered only GEO and LEO-1200 scenarios.

2.1.1 UE antenna gain
At RAN1#109-e the following agreement was made.
	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.


CNR can be calculated by the following equation as defined in 6.1.3.1 of TR38.821. The major difference from Rel-16 NTN study is the -5 dBi UE Tx/Rx antenna gain. UE antenna gain affects G/T for DL CNR and EIRP for UL CNR.






2.1.2 PFD limit
In ITU radio regulations articles [5], the following table can be found.
TABLE  21-4     (Rev.WRC‑19)
	Frequency band
	Service*
	Limit in dB(W/m2) for angles
of arrival (δ) above the horizontal plane
	Reference bandwidth

	
	
	0°-5°
	5°-25°
	25°-90°
	

	1 525-1 530 MHz  7
(Region 1, Region 3)
1 670-1 690 MHz  12
1 690-1 700 MHz
(Nos. 5.381 and 5.382)
1 700-1 710 MHz
2 025-2 110 MHz
2 200-2 300 MHz
	Meteorological-satellite
(space-to-Earth)
Space research
(space-to-Earth)
(space-to-space)
Space operation
(space-to-Earth)
(space-to-space)
Earth exploration-
satellite 
(space-to-Earth)
(space-to-space)
	0-5°
	5°-25°
	25°-90°
	4 kHz

	
	
	−154
	−154 + 0.5(δ − 5)
	−144
	


Since there are no regulations that include a carrier frequency of 2 GHz (i.e., 2000 MHz), values for the closest frequency band were used to consider power flux density (PFD). The calculation results of PFD limits are as follows. 
· GEO – set1 (elevation angle: 12.5°)
−154 + 0.5(12.5 − 5) = -150.3 dBW/m2/4kHz
· -126.3 dBW/m2/MHz
· GEO – set2 (elevation angle: 20°)
-154 + 0.5(20 – 5) = -146.5 dBW/m2/4kHz
· -122.5 dBW/m2/MHz
· LEO-1200 (elevation angle: 30°)
-144 dBW/m2/4kHz
· -120 dBW/m2/MHz

2.1.3 DL EIRP density
PFD can be calculated by the following equation, where d is the distance between the satellite and the ground terminal.

The results of the PFD calculation are as follows. The parameters for each satellite are listed in Table 6.1.1.1-1 and 6.1.1.1-2 in TR38.821.
· GEO – set1 (elevation angle: 12.5°)
· EIRP density = 59 dBW/MHz, d = 40319 km
· PFD = 59 – 163.1 = -104.1 dBW/m2/MHz
· GEO – set2 (elevation angle: 20°)
· EIRP density = 53.5 dBW/MHz, d = 39551 km
· PFD = 53.5 – 162.9 = -109.4 dBW/m2/MHz
· LEO-1200 – set1 (elevation angle: 30°)
· EIRP density = 40 dBW/MHz, d = 1999 km
· PFD = 40 – 137.0 = -97.0 dBW/m2/MHz
· LEO-1200 – set2 (elevation angle: 30°)
· EIRP density = 34 dBW/MHz, d = 1999 km
· PFD = 34 – 137.0 = -103.0 dBW/m2/MHz
Each is larger than the PFD limit calculated in the previous section. If PFD regulation is to be considered, the EIRP density would need to be reduced to the following values:
· GEO – set1: 36.8 dBW/MHz
· GEO – set2: 40.4 dBW/MHz
· LEO-1200 – set1: 17.0 dBW/MHz
· LEO-1200 – set2: 17.0 dBW/MHz

2.1.4 CNR calculation results
Table 1 shows the results of the CNR calculations based on the above considerations. The number of UE transmit antennas is set to one, and the number of UE receive antennas is set to two.
[bookmark: _Ref110951318]Table 1 CNR calculation results
	Satellite orbit
	Satellite parameter set
	Channel
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	GEO
	1
	DL channels w/o consideration of PFD
	2.0
	103.8
	-36.6
	20.0
	190.6
	0.2
	3.0
	2.2
	3.0
	0.0
	-5.0

	
	
	DL channels w/ consideration of PFD
	2.0
	81.6
	-36.6
	20.0
	190.6
	0.2
	3.0
	2.2
	3.0
	0.0
	-27.2

	
	
	PUCCH (1RB)
	2.0
	18.0
	19.0
	0.18
	190.6
	0.2
	3.0
	2.2
	3.0
	0.0
	-16.0

	
	
	PUSCH (2RB)
	2.0
	18.0
	19.0
	0.36
	190.6
	0.2
	3.0
	2.2
	3.0
	0.0
	-19.0

	
	
	PRACH format 0/2
	2.0
	18.0
	19.0
	1.08
	190.6
	0.2
	3.0
	2.2
	3.0
	0.0
	-23.7

	
	
	PRACH format B4
	2.0
	18.0
	19.0
	2.16
	190.6
	0.2
	3.0
	2.2
	3.0
	0.0
	-26.7

	
	2
	DL channels w/o consideration of PFD
	2.0
	98.3
	-36.6
	20.0
	190.4
	0.2
	3.0
	2.2
	3.0
	0.0
	-10.3

	
	
	DL channels w/ consideration of PFD
	2.0
	85.2
	-36.6
	20.0
	190.4
	0.2
	3.0
	2.2
	3.0
	0.0
	-23.4

	
	
	PUCCH (1RB)
	2.0
	18.0
	14.0
	0.18
	190.4
	0.2
	3.0
	2.2
	3.0
	0.0
	-20.8

	
	
	PUSCH (2RB)
	2.0
	18.0
	14.0
	0.36
	190.4
	0.2
	3.0
	2.2
	3.0
	0.0
	-23.8

	
	
	PRACH format 0/2
	2.0
	18.0
	14.0
	1.08
	190.4
	0.2
	3.0
	2.2
	3.0
	0.0
	-28.5

	
	
	PRACH format B4
	2.0
	18.0
	14.0
	2.16
	190.4
	0.2
	3.0
	2.2
	3.0
	0.0
	-31.5

	LEO-1200
	1
	DL channels w/o consideration of PFD
	2.0
	84.8
	-36.6
	20.0
	164.5
	0.1
	3.0
	2.2
	3.0
	0.0
	2.2

	
	
	DL channels w/ consideration of PFD
	2.0
	61.8
	-36.6
	20.0
	164.5
	0.1
	3.0
	2.2
	3.0
	0.0
	-20.8

	
	
	PUCCH (1RB)
	2.0
	18.0
	1.1
	0.18
	164.5
	0.1
	3.0
	2.2
	3.0
	0.0
	-7.7

	
	
	PUSCH (2RB)
	2.0
	18.0
	1.1
	0.36
	164.5
	0.1
	3.0
	2.2
	3.0
	0.0
	-10.7

	
	
	PRACH format 0/2
	2.0
	18.0
	1.1
	1.08
	164.5
	0.1
	3.0
	2.2
	3.0
	0.0
	-15.4

	
	
	PRACH format B4
	2.0
	18.0
	1.1
	2.16
	164.5
	0.1
	3.0
	2.2
	3.0
	0.0
	-18.4

	
	2
	DL channels w/o consideration of PFD
	2.0
	78.8
	-36.6
	20.0
	164.5
	0.1
	3.0
	2.2
	3.0
	0.0
	-3.8

	
	
	DL channels w/ consideration of PFD
	2.0
	61.8
	-36.6
	20.0
	164.5
	0.1
	3.0
	2.2
	3.0
	0.0
	-20.8

	
	
	PUCCH (1RB)
	2.0
	18.0
	-4.9
	0.18
	164.5
	0.1
	3.0
	2.2
	3.0
	0.0
	-13.7

	
	
	PUSCH (2RB)
	2.0
	18.0
	-4.9
	0.36
	164.5
	0.1
	3.0
	2.2
	3.0
	0.0
	-16.7

	
	
	PRACH format 0/2
	2.0
	18.0
	-4.9
	1.08
	164.5
	0.1
	3.0
	2.2
	3.0
	0.0
	-21.4

	
	
	PRACH format B4
	2.0
	18.0
	-4.9
	2.16
	164.5
	0.1
	3.0
	2.2
	3.0
	0.0
	-24.4



2.2 Link level simulation
Link level simulations of PUSCH, PUCCH, PRACH and PDCCH were performed based on the agreed simulation assumptions. The simulation assumptions common to all channels are listed in Table 2.
[bookmark: _Ref110951410]Table 2 Common simulation assumptions for all channels
	Parameter
	Value

	Carrier frequency
	2 GHz

	Channel model
	NTN-TDL-C (Rural)

	UE speed
	3 km/h

	BWP bandwidth
	20 MHz

	Number of UE Tx antennas
	1

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

	Frequency offset
	0.1 ppm



2.2.1 PUSCH
Simulation assumptions for PUSCH are shown in Table 3.
[bookmark: _Ref110951423]Table 3 Simulation assumptions for PUSCH
	Parameter
	Value

	Frequency hopping
	w/ inter-slot hopping
hopping offset: 1/2 BWP, interval: 4 slots

	SCS
	15 kHz

	Target BLER
	Msg3: 10% iBLER.
VoIP: 2% rBLER
Low data rate service: 10% iBLER

	DMRS configuration
	Type1, single symbol, no multiplexing with data
dmrs-AdditionalPosition: pos3

	Waveform 
	DFT-s-OFDM

	Number of PRBs
	2

	PUSCH duration
	14 OS

	Modulation
	QPSK

	TBS
	Msg3: 56 bits
VoIP: 184 bits
Low data rate service: 128 bits

	Number of repetitions
	Msg3: 16
VoIP: 20
Low data rate service: 32

	HARQ configuration
	No HARQ retransmission

	TBoMS
	Disabled

	Joint channel estimation
	Msg3, VoIP: disabled
Low data rate service: enabled (window length: 4)



PUSCH simulation results are shown in Figure 1, Figure 2 and Figure 3.
[image: ]
[bookmark: _Ref110951637]Figure 1 Simulation results of PUSCH (GEO – set1)

[image: ]
[bookmark: _Ref110951639]Figure 2 Simulation results of PUSCH (GEO – set2)

[image: ]
[bookmark: _Ref110951641]Figure 3 Simulation results of PUSCH (LEO-1200)
The gap between required SNR and CNR is shown in Table 4. In the table, scenarios with negative performance gap values are those with insufficient coverage. Coverage enhancement is needed for PUSCH except Msg.3 for LEO-1200 with parameter set 1.
[bookmark: _Ref110952098]Table 4 Gap between required SNR and CNR for PUSCH
	Channel
	Scenario
	Required SNR
	CNR
	Performance gap

	PUSCH (Msg.3)
	GEO – set1
	-14.0 dB
	-19.0 dB
	-5.0 dB

	
	GEO – set2
	-12.7 dB
	-23.8 dB
	-11.1 dB

	
	LEO-1200 – set1
	-11.3 dB
	-10.7 dB
	0.6 dB

	
	LEO-1200 – set2
	-11.3 dB
	-16.7 dB
	-5.4 dB

	PUSCH (low data rate)
	GEO – set1
	-15.0 dB
	-19.0 dB
	-4.0 dB

	
	GEO – set2
	-13.7 dB
	-23.8 dB
	-10.1 dB

	PUSCH (VoIP)
	LEO-1200 – set1
	-6.0 dB
	-10.7 dB
	-4.7 dB

	
	LEO-1200 – set2
	-6.0 dB
	-16.7 dB
	-10.7 dB



Observation 1: PUSCH coverage enhancement is needed for both GEO and LEO-1200.
Proposal 1: Specify some mechanism for PUSCH coverage enhancements.

2.2.2 PUCCH
Simulation assumptions for PUCCH are shown in Table 5.
[bookmark: _Ref110952662]Table 5 Simulation assumptions for PUCCH
	Parameter
	Value

	PUCCH format 
	Format 1

	SCS
	15 kHz

	Number of UCI bits
	Msg.4 HARQ-ACK: 1 bit
2 bits UCI: 2 bits

	Frequency hopping
	w/ inter-slot frequency hopping
startingPRB: 0,  secondHopPRB: 109
interval: 
Msg.4 HARQ-ACK: 1 slot,  2 bits UCI: 4 slots

	BLER
	DTX to ACK probability: 1%. NACK to ACK probability: 0.1%.
ACK missed detection probability: 1%.


	Number of repetitions
	8

	PUCCH duration
	14 OS

	Joint channel estimation
	Msg.4 HARQ-ACK: disabled
2 bits UCI:
    GEO: enabled,  LEO: disabled



PUCCH simulation results are shown in Figure 4, Figure 5 and Figure 6.
[image: ]
[bookmark: _Ref110953035]Figure 4 Simulation results of PUCCH (GEO – set1)

[image: ]
[bookmark: _Ref110953039]Figure 5 Simulation results of PUCCH (GEO – set2)

[image: ]
[bookmark: _Ref110953041]Figure 6 Simulation results of PUCCH (LEO-1200)
The gap between required SNR and CNR is shown in Table 6. Coverage enhancement for PUCCH format 1 is needed for GEO and LEO-1200 with parameter set 2.
[bookmark: _Ref110953146]Table 6 Gap between required SNR and CNR for PUCCH
	Channel
	Scenario
	Target
	Required SNR
	CNR
	Performance gap

	PUCCH format 1 
(Msg.4 HARQ-ACK)
	GEO – set1
	NACK-to-ACK 0.1%
	-16.1 dB
	-16.0 dB
	0.1 dB

	
	
	ACK missed detection 1%
	-16.6 dB
	-16.0 dB
	0.6 dB

	
	GEO – set2
	NACK-to-ACK 0.1%
	-14.5 dB
	-20.8 dB
	-6.3 dB

	
	
	ACK missed detection 1%
	-14.8 dB
	-20.8 dB
	-6.0 dB

	
	LEO-1200 – set1
	NACK-to-ACK 0.1%
	-11.9 dB
	-7.7 dB
	4.2 dB

	
	
	ACK missed detection 1%
	-11.9 dB
	-7.7 dB
	4.2 dB

	
	LEO-1200 – set2
	NACK-to-ACK 0.1%
	-11.9 dB
	-13.7 dB
	-1.8 dB

	
	
	ACK missed detection 1%
	-11.9 dB
	-13.7 dB
	-1.8 dB

	PUCCH format 1
(2 bits UCI)
	GEO – set1
	NACK-to-ACK 0.1%
	-12.9 dB
	-16.0 dB
	-3.1 dB

	
	
	ACK missed detection 1%
	-15.1 dB
	-16.0 dB
	-0.9 dB

	
	GEO – set2
	NACK-to-ACK 0.1%
	-11.5 dB
	-20.8 dB
	-9.3 dB

	
	
	ACK missed detection 1%
	-13.8 dB
	-20.8 dB
	-7.0 dB

	
	LEO-1200 – set1
	NACK-to-ACK 0.1%
	-8.3 dB
	-7.7 dB
	0.6 dB

	
	
	ACK missed detection 1%
	-10.9 dB
	-7.7 dB
	3.2 dB

	
	LEO-1200 – set2
	NACK-to-ACK 0.1%
	-8.3 dB
	-13.7 dB
	-5.4 dB

	
	
	ACK missed detection 1%
	-10.9 dB
	-13.7 dB
	-2.8 dB



Observation 2: Coverage enhancement for PUCCH format 1 is needed for GEO and LEO-1200 with parameter set 2.
Proposal 2: Specify some mechanism for coverage enhancements of PUCCH format 1.

2.2.3 PRACH
Simulation assumptions for PRACH are shown in Table 7.
[bookmark: _Ref110953787]Table 7 Simulation assumptions for PRACH
	Parameter
	Value

	Format
	Format 0, Format B4, Format 2

	SCS
	Format 0, Format 2: 1.25 kHz
Format B4: 15 kHz

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



PRACH simulation results are shown in Figure 7.
[image: ]
[bookmark: _Ref110953861]Figure 7 Simulation results of PRACH
The gap between required SNR and CNR is shown in Table 8. Coverage enhancement for PRACH is needed at least for GEO and LEO-1200 with parameter set 2.
[bookmark: _Ref110954120]Table 8 Gap between required SNR and CNR for PRACH
	Channel
	Scenario
	Required SNR
	CNR
	Performance gap

	PRACH format 0
	GEO – set1
	-15.1 dB
	-23.7 dB
	-8.6 dB

	
	GEO – set2
	-15.1 dB
	-28.5 dB
	-13.4 dB

	
	LEO-1200 – set1
	-15.1 dB
	-15.4 dB
	-0.3 dB

	
	LEO-1200 – set2
	-15.1 dB
	-21.4 dB
	-6.3 dB

	PRACH format 2
	GEO – set1
	-17.6 dB
	-23.7 dB
	-6.1 dB

	
	GEO – set2
	-17.8 dB
	-28.5 dB
	-10.7 dB

	
	LEO-1200 – set1
	-17.6 dB
	-15.4 dB
	2.2 dB

	
	LEO-1200 – set2
	-17.6 dB
	-21.4 dB
	-3.8 dB

	PRACH format B4
	GEO – set1
	-14.1 dB
	-26.7 dB
	-12.6 dB

	
	GEO – set2
	-14.1 dB
	-31.5 dB
	-17.4 dB

	
	LEO-1200 – set1
	-14.1 dB
	-18.4 dB
	-4.3 dB

	
	LEO-1200 – set2
	-14.1 dB
	-24.4 dB
	-10.3 dB



Observation 3: PRACH coverage enhancement is needed for both GEO and LEO-1200.
Proposal 3: Specify some mechanism for PRACH coverage enhancements.

2.2.4 PDCCH
Simulation assumptions for PDCCH are shown in Table 9.
[bookmark: _Ref110954186]Table 9 Simulation assumptions for PDCCH
	Parameter
	Value

	SCS
	15 kHz

	Aggregation level
	16

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	Target BLER
	1% BLER



PRACH simulation results are shown in Figure 8.
[image: ]
[bookmark: _Ref110954536]Figure 8 Simulation results of PDCCH
The gap between required SNR and CNR is shown in Table 10.
[bookmark: _Ref110954708]Table 10 Gap between required SNR and CNR for PDCCH
	Channel
	Scenario
	Required SNR
	CNR
	Performance gap

	PDCCH
(w/o consideration of PFD regulation)
	GEO – set1
	-10.8 dB
	2.2 dB
	13.0 dB

	
	GEO – set2
	-10.7 dB
	-10.3 dB
	0.4 dB

	
	LEO-1200 – set1
	-10.7 dB
	2.2 dB
	12.9 dB

	
	LEO-1200 – set2
	-10.7 dB
	-3.8 dB
	6.9 dB

	PDCCH
(with consideration of PFD regulation)
	GEO – set1
	-10.8 dB
	-27.2 dB
	-16.4 dB

	
	GEO – set2
	-10.7 dB
	-23.4 dB
	-12.7 dB

	
	LEO-1200 – set1
	-10.7 dB
	-20.8 dB
	-10.1 dB

	
	LEO-1200 – set2
	-10.7 dB
	-20.8 dB
	-10.1 dB


If PFD regulation are to be considered, coverage enhancements for PDCCH will be needed. However, the gap is so large that it is expected to be difficult to introduce coverage enhancements that can fill the gap. RAN1 should discuss further whether to consider PFD regulation. 
Also, the gap that needs to be filled for UL channels depends largely on the parameter set. The gap in scenarios with parameter set 2 is large and may be difficult to fill. RAN1 should discuss whether to support satellites with parameter set 2.
Observation 4: PDCCH coverage enhancement is needed for both GEO and LEO-1200 only if PFD regulation are to be considered.
Proposal 4: RAN1 should discuss further whether to consider PFD regulation.
Proposal 5: RAN1 should discuss whether to support satellites with parameter set 2.

3 Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: PUSCH coverage enhancement is needed for both GEO and LEO-1200.
Proposal 1: Specify some mechanism for PUSCH coverage enhancements.
Observation 2: Coverage enhancement for PUCCH format 1 is needed for GEO and LEO-1200 with parameter set 2.
Proposal 2: Specify some mechanism for coverage enhancements of PUCCH format 1.
Observation 3: PRACH coverage enhancement is needed for both GEO and LEO-1200.
Proposal 3: Specify some mechanism for PRACH coverage enhancements.
Observation 4: PDCCH coverage enhancement is needed for both GEO and LEO-1200 only if PFD regulation are to be considered.
Proposal 4: RAN1 should discuss further whether to consider PFD regulation.
Proposal 5: RAN1 should discuss whether to support satellites with parameter set 2.
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