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Introduction
In RAN#94e, a new WI for NR NTN enhancement was endorsed in [1] with a first 6-month study phase focusing on the following in order to identify clear and limited scope. 
· 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

In RAN1#109e, NTN coverage performance methodology and evaluation were discussed, and related evaluation assumptions were agreed as shown in Appendix. With the assumptions, this contribution provides evaluation results. 

Performance evaluation
Since PUSCH and PUCCH are main bottleneck channels that have been identified from Rel-17 coverage enhancement study [2], we evaluate coverage performance for PUSCH and PUCCH in order to check whether current specification can meet LEO, MEO and GEO coverage requirements.  

PUCCH
Table 1 shows link budget result for PUCCH based on 6.1.3.1 of [3].  All parameters are aligned with the agreements made in RAN1#109e. 
Table 1. CNR calculation for PUCCH for LEO/MEO/GEO
	PUCCH
	Set-1
	Set-2

	
	LEO
	LEO
	MEO
	GEO
	LEO
	LEO
	MEO
	GEO

	Altitude (km)
	600
	1200
	10000
	35786
	600
	1200
	10000
	35786

	Elevation angle (degree)
	30
	30
	30
	12.5
	30
	30
	30
	20

	Distance (km)
	1075.51
	2000.00
	12235.03
	40335.49
	1075.51
	2000.00
	12235.03
	39566.19

	Frequency (GHz)
	2
	2
	2
	2
	2
	2
	2
	2

	Bandwidth (MHz)
	0.18
	0.18
	0.18
	0.18
	0.18
	0.18
	0.18
	0.18

	Transmission power (dBm)
	23
	23
	23
	23
	23
	23
	23
	23

	Tx antennga gain (dBi)
	-5
	-5
	-5
	-5
	-5
	-5
	-5
	-5

	TX EIRP (dBm)
	18.00
	18.00
	18.00
	18.00
	18.00
	18.00
	18.00
	18.00

	RX G/T (dB/T)
	1.10
	1.10
	13.00
	19.00
	-4.90
	-4.90
	3.80
	14.00

	Free Space Pathloss (dB)
	159.10
	164.49
	180.22
	190.58
	159.10
	164.49
	180.22
	190.42

	Shadowing Loss (dB)
	3
	3
	3
	3
	3
	3
	3
	3

	Scintillation Loss (dB)
	2.2
	2.2
	2.2
	2.2
	2.2
	2.2
	2.2
	2.2

	Polarization Loss (dB)
	3
	3
	3
	3
	3
	3
	3
	3

	CNR (dB)
	-2.16
	-7.54
	-11.38
	-15.74
	-8.16
	-13.54
	-20.58
	-20.57



Table 2 shows required SNR based on LLS evaluation results targeting 1% BLER. NTN-TDL-A (NLOS) is assumed for channel model. Additional one DMRS symbol is assumed for PUCCH format 3. Other detailed parameters are based on the agreements. No joint channel estimation scheme is assumed for PUCCH. 

Table 2. Required SNR for PUCCH formats
	PUCCH format 
	Required SNR (dB)

	PF1 with 2 bits
	-14.5

	PF3 with 11 bits
	-9.8



Through comparing Table 1 and Table 2, it is observed that PF1 can satisfy coverage requirement for all LEO cases and MEO (set-1), and PF3 can satisfy coverage requirement for LEO (set-1). With DM-RS bundling (not used to generate the results in this contribution), the required SNR for PUCCH formats would be further reduced in the order of between 1 and 2 dB based on the evaluation done in Rel-17 Coverage Enhancement WI. Accordingly, it is expected that PF1 with 2 bits can meet the coverage requirement for GEO (set-1). 

Observation 1: PUCCH format 1 with 2 bits can meet coverage requirement for LEO (set-1/2) and MEO (set-1), however it cannot meet coverage requirement for MEO (set-2) and GEO (set-1/2).

Observation 2: PUCCH format 3 with 11 bits can meet coverage requirement for LEO-600 (set-1/2) and LEO-1200 (set-2), however it cannot meet coverage requirement for LEO-1200 (set-2), MEO (set-1/2), GEO (set-1/2). 

Observation 3: PUCCH format 1 with 2 bits may meet the coverage requirement for GEO (set-1) when DM-RS bundling is considered.

Since it might be difficult for a handheld device to support larger antenna gain than -5dBi or antenna with a circular radiation pattern, enhancements need to be considered in order to support PUCCH transmission in cases where PUCCH format 1 or PUCCH format 3 cannot meet coverage requirements. Better coverage can be achieved by for example using more repetitions and/or satellite antennas with larger gains. It is suggested that RAN1 discusses satellite antenna gains to understand whether it is expected that a satellite would operate with receive antennas with larger gains than what considered in the evaluation. 

Proposal 1: RAN1 needs to further discuss satellite receive antenna gains and conclude on a realistic value range at least for GEO satellites in order to recommend whether or not further PUCCH enhancements are needed for NR NTN.

Proposal 2: If RAN1 concludes that PUCCH transmission should be improved to enhance coverage, consider larger numbers of repetitions for PUCCH (e.g., 16/32 repetitions).



PUSCH
[bookmark: _Hlk74145913]Table 3 shows link budget result for PUSCH based on 6.1.3.1 of [3] assuming 2 PRBs.  All parameters are aligned with agreements made in RAN1#109e. 

Table 3. CNR calculation for PUSCH VoIP for LEO/MEO/GEO
	PUSCH
	Set-1
	Set-2

	
	LEO
	LEO
	MEO
	GEO
	LEO
	LEO
	MEO
	GEO

	Altitude (km)
	600
	1200
	10000
	35786
	600
	1200
	10000
	35786

	Elevation angle (degree)
	30
	30
	30
	12.5
	30
	30
	30
	20

	Distance (km)
	1075.51
	2000.00
	12235.03
	40335.49
	1075.51
	2000.00
	12235.03
	39566.19

	Frequency (GHz)
	2
	2
	2
	2
	2
	2
	2
	2

	Bandwidth (MHz)
	0.36
	0.36
	0.36
	0.36
	0.36
	0.36
	0.36
	0.36

	Transmission power (dBm)
	23
	23
	23
	23
	23
	23
	23
	23

	Tx antennga gain (dBi)
	-5
	-5
	-5
	-5
	-5
	-5
	-5
	-5

	TX EIRP (dBm)
	18.00
	18.00
	18.00
	18.00
	18.00
	18.00
	18.00
	18.00

	RX G/T (dB/T)
	1.10
	1.10
	13.00
	19.00
	-4.90
	-4.90
	3.80
	14.00

	Free Space Pathloss (dB)
	159.10
	164.49
	180.22
	190.58
	159.10
	164.49
	180.22
	190.42

	Shadowing Loss (dB)
	3
	3
	3
	3
	3
	3
	3
	3

	Scintillation Loss (dB)
	2.2
	2.2
	2.2
	2.2
	2.2
	2.2
	2.2
	2.2

	Polarization Loss (dB)
	3
	3
	3
	3
	3
	3
	3
	3

	CNR (dB)
	-5.18
	-10.56
	-14.40
	-18.76
	-11.18
	-16.56
	-23.60
	-23.59



Table 4 shows additional assumptions for PUSCH VoIP LLS evaluation. We consider 20 receptions with no frequency hopping and no HARQ.  2 PRBs are considered for TBS of 186 bits plus 16 CRC bits. Other detailed parameters are according to the agreements.
[bookmark: _Ref111031236]Table 4. PUSCH VoIP simulation assumptions
	Parameter 
	Value

	BLER
	2% rBLER

	DMRS configuration
	Type I, 2 DMRS symbols

	Channel bandwidth
	360 kHz

	Channel Model
	NTN-TDL-A (NLOS)

	Number of PRBs
	2

	TBS for VoIP
	184 (excluding 16-bit CRC)

	Frequency hopping
	No

	HARQ
	No

	Modulation
	QPSK

	Number of Repetitions
	20



Table 5 shows required SNR based on LLS evaluation results targeting 2% rBLER for PUSCH VoIP.  

[bookmark: _Ref111031438]Table 5. Required SNR for PUSCH VoIP
	Channel Estimation
	Required SNR (dB)

	without joint CE 
	-8.3

	with joint CE
	-10.4



In RAN1#109e, it was agreed that PUSCH VoIP is evaluated only for LEO scenario. Based on Table 3 and 5, the following is observed.  

Observation 4: PUSCH VoIP can meet coverage requirement for LEO-600 set-1.  For LEO-600 set-2 and LEO-1200 set-1 the coverage requirement is marginally met.  For LEO-1200 set-2 the coverage requirement is not met.

With the above observation, if at least one of frequency hopping and TBoMS (Transport Block over Multiple Slots) is considered, it is expected that PUSCH VoIP can meet the coverage requirement for LEO-600 (set-1/2) and LEO-1200 (set-1) based on preliminary results from Rel-17 coverage enhancement. That is, SNR required for PUSCH VoIP will be additionally lower between 1 and 2 dB. However, it might be difficult to meet the coverage requirement for LEO-1200 (set-1) if frequency hopping and TBoMS  are further considered. Since VoIP is latency sensitive service, increasing PUSCH repetition number is not possible. Thus, it is recommended that LEO-1200 (set-2) is deprioritized for PUSCH VoIP.  

Observation 5: PUSCH VoIP may meet coverage requirement for LEO-600 set-2 and LEO-1200 set-1 when at least one of frequency hopping and TBoMS is considered.

Proposal 3: It is recommended that PUSCH VoIP is supported for LEO-600 (set-1/2) and LEO-1200 (set-1). 

Conclusions
[bookmark: _GoBack]The following observations and proposals have been made for coverage performance evaluation of NR NTN.  

Observation 1: PUCCH format 1 with 2 bits can meet coverage requirement for LEO (set-1/2) and MEO (set-1), however it cannot meet coverage requirement for MEO (set-2) and GEO (set-1/2).

Observation 2: PUCCH format 3 with 11 bits can meet coverage requirement for LEO-600 (set-1/2) and LEO-1200 (set-2), however it cannot meet coverage requirement for LEO-1200 (set-2), MEO (set-1/2), GEO (set-1/2). 

Observation 3: PUCCH format 1 with 2 bits may meet the coverage requirement for GEO (set-1) when DM-RS bundling is considered.

Observation 4: PUSCH VoIP can meet coverage requirement for LEO-600 set-1.  For LEO-600 set-2 and LEO-1200 set-1 the coverage requirement is marginally met.  For LEO-1200 set-2 the coverage requirement is not met.

Observation 5: PUSCH VoIP may meet coverage requirement for LEO-600 set-2 and LEO-1200 set-1 when at least one of frequency hopping and TBoMS is considered.

Proposal 1: RAN1 needs to further discuss satellite receive antenna gains and conclude on a realistic value range at least for GEO satellites in order to recommend whether or not further PUCCH enhancements are needed for NR NTN.

Proposal 2: If RAN1 concludes that PUCCH transmission should be improved to enhance coverage, consider larger numbers of repetitions for PUCCH (e.g., 16/32 repetitions).

Proposal 3: It is recommended that PUSCH VoIP is supported for LEO-600 (set-1/2) and LEO-1200 (set-1). 
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Appendix

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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