
3GPP TSG RAN WG1 #109-e		R1-2204011
e-Meeting, May 9th -May 20th, 2022

Source:	OPPO
Title:	Discussion on coverage enhancement for NR NTN
Agenda Item:	9.12.1
Document for:	Discussion and Decision

Introduction
In RAN#95-e meeting, it was decided to have a 1-TU 6-month study phase to evaluate the coverage performance for NR NTN scenario and identify candidate physical channels that have coverage issues for VoIP and low-data rate services[1]. 
	4.1.1  Coverage enhancement

The Rel-18 NTN objectives are focused on the applicability of the solutions developed by general NR coverage enhancement to NTN, and identifying potential issues and enhancements if necessary, considering the NTN characteristics including large propagation delay and satellite movement. Only NTN-specific characteristics are to be included in this coverage enhancement work, otherwise it should be part of another WI (e.g., UL enhancement of coverage). The work needs to cover the use case of voice and low-data rate services using commercial smartphones with more realistic assumptions on antenna gains instead of 0dBi currently assumed for link budget analysis for non-terrestrial networks. The specific realistic antenna gain assumption will be determined at the working group level. The evaluation should also take into account any related regulatory
requirements, e.g., ITU limitation of power flux density.

Have a 1-TU 6-month study phase focusing on the following (to derive clear & 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

[bookmark: _Hlk90207880]The following items are shown as examples of areas to consider in the next step of the study. The actual items for study will be based on the evaluation of coverage issues specific to NTN identified above.

· NTN-specific repetitions enhancements beyond techniques covered in Rel-17 CovEnh WI for the relevant channels
· NTN-specific techniques for improved diversity and/or reduced polarization loss
· Improved performance of low-rate codecs in link budget limited situation including reducing RAN protocol overhead for VoNR
· NOTE: Intent is not to introduce a new codec.

[bookmark: _Hlk86407239]RAN to determine by RAN#97 (for RAN1 items) and RAN#98 (for RAN2 items) whether the study phase has identified any need for NTN-specific coverage enhancements in Rel-18. If needed, the set of NTN-specific work item objectives will be updated.



In this contribution, we provide some observations and analysis on the coverage performance for VoIP and low-data rate services in NTN scenario, including NTN-specific simulation assumption and link-level simulation results based on coverage enhancement techniques specified in Rel-17. Besides, we provide our views on the candidate physical radio channels that have coverage issues specific to NR NTN.
Coverage performance for NR NTN
In this section, we provide the minimum performance requirement of different physical channels and link budget results with set-1 and set-2 satellite parameters firstly. Then, the gaps between required SNRs for different channels and target SNRs for different satellite parameters are calculated to identify the candidate channels with coverage issues.
Link level simulation
To evaluate the coverage performance for NR NTN, we provide our link level simulation results to obtain the required SNRs corresponding to different physical channels firstly. The detailed simulation assumptions for different channels can be found in Table 3~8 in the Appendix. 
Based on our simulation results, the minimum performance requirements of different channels are summarized as follows:
DL: 
· PBCH with required SNR = -4.38dB without combination of SSBs.
· PDCCH with required SNR = -8.49dB.
· PDSCH with required SNR = -3.54dB without repetition.
UL:
· PRACH Forma2 and PRACH Format B4 with required SNR = -16.3dB and required SNR = -12.9dB respectively.
· PUCCH Format1 (2bits UCI) and PUCCH Format 3 (22bits UCI) with required SNR = -7.38dB and required SNR = -1.12dB without repetition respectively.
· PUSCH for VoIP and PUSCH of Msg3 with required SNR = -14.21dB and required SNR = -9.1dB with 32 and 16 repetitions respectively.
The path loss can be compensated by repetition, where the repetition gain can be estimated by 10*log(number of repetition). Thus, when identifying the candidate physical channels that have coverage issues in NR NTN, the minimum performance requirement of the channel should be obtained with the maximum number of repetitions. Furthermore, with the coverage enhancement techniques covered in Rel-17, the PUSCH of Msg3, PUSCH and PUCCH can be scheduled with up to 16, 32 and 8 repetitions respectively. 
Proposal 1: The maximum number of repetitions for different channels should be used to identify the candidate physical channels with coverage issues in NR NTN.

Link budget analysis
During the SI phase of NR NTN, 2 satellite parameters, i.e., set1 and set2 are considered for link budget analysis. In Rel-18 NTN, it is assumed that both VSAT devices and handheld devices are supported in FR1 and only VSAT devices are supported in above 10GHz bands. Based on the link budget results, the VSAT devices with directive antenna typically have better target SNR performance than handheld devices. Thus, we suggest to focus on handheld devices in FR1 for coverage performance evaluation in Rel-18 NTN and the proposed study cases are listed in Table 1.
Table 1. List of study cases for coverage enhancement in R18 NTN
	Case
	Satellite orbit
	Satellite parameter set
	Central beam elevation
	Terminal
	Frequency Band
	Frequency/ Polarization Reuse

	1
	GEO
	Set 1
	12.5 deg
	Handheld
	S-band
	Option 1

	2
	GEO
	Set 1
	12.5 deg
	Handheld
	S-band
	Option 2

	3
	LEO-600
	Set 1
	30 deg
	Handheld
	S-band
	Option 1

	4
	LEO-600
	Set 1
	30 deg
	Handheld
	S-band
	Option 2

	5
	LEO-1200
	Set 1
	30 deg
	Handheld
	S-band
	Option 1

	6
	LEO-1200
	Set 1
	30 deg
	Handheld
	S-band
	Option 2

	7
	GEO
	Set 2
	20 deg
	Handheld
	S-band
	Option 1

	8
	GEO
	Set 2
	20 deg
	Handheld
	S-band
	Option 2

	9
	LEO-600
	Set 2
	30 deg
	Handheld
	S-band
	Option 1

	10
	LEO-600
	Set 2
	30 deg
	Handheld
	S-band
	Option 2

	11
	LEO-1200
	Set 2
	30 deg
	Handheld
	S-band
	Option 1

	12
	LEO-1200
	Set 2
	30 deg
	Handheld
	S-band
	Option 2



Proposal 2: Handheld terminals with set-1 and set-2 satellite parameters should be the target scenario for coverage enhancement in Rel-18 NTN.
In addition, some additional losses may be considered for NTN link budget analysis. Firstly, the central beam elevation in Table 1 is used as the target elevation angle for link budget analysis in TR38.821, but it is not clear that the angle corresponds to the central beam center or edge elevation. As shown in Fig.1, the central beam edge elevation should be used for link budget analysis in NTN. Secondly, it is also not clear that the satellite EIRP and antenna gain are defined at beam center or beam edge. If the former, the DL SNR and UL SNR should include 3dB additional loss due to beamwidth defined by HPBW at the edge of the beam. Lastly, 3dB depolarization loss should be taken into account when polarization reuse is applied.
[image: ]
Fig 1. Illustration of central beam center and central beam edge elevation for NTN
Proposal 3: RAN1 to discuss whether the following losses should be considered for NTN link budget analysis:
· Central beam edge elevation is used as the target elevation angle
· 3dB additional loss due to beamwidth defined by HPBW at the beam edge
· 3dB depolarization loss

Coverage performance
To further analyze the coverage performance in NR NTN, we provide the gaps between the required SNRs for different physical channels and target SNRs for different satellite parameters in Table 9 and Table 10 in the Appendix. However, not all channels are scheduled with the maximum number of repetitions in our simulation. To identify the candidate physical channels that have coverage issues, the required SNRs for different channels are further compensated with the maximum number of repetitions and the updated gaps are provided as follows:
Table 2. Gaps between required SNR and SNR with different satellite parameters
	Satellite
channels
	Antenna gain
	GEO-set 1
	LEO-600 set 1
	LEO-1200 set 1
	GEO-set 2
	LEO-600 set 2
	LEO-1200 set 2

	PRACH Format 2
	0dBi
	NA
	NA
	NA
	-4dB
	NA
	NA

	
	-5dBi
	-4.4dB
	NA
	NA
	-9dB
	NA
	-2dB

	PUSCH VoIP (32 rep)
	0dBi
	-3.2dB
	NA
	NA
	-8dB
	NA
	-1dB

	
	-5dBi
	-8.2dB
	NA
	NA
	-13dB
	-0.5dB
	-6dB

	Msg 3 (16 rep)
	0dBi
	-1.8dB
	NA
	NA
	-6.6dB
	NA
	NA

	
	-5dBi
	-6.8dB
	NA
	NA
	-11.6dB
	NA
	-4.5dB

	PUCCH Format3 (8 rep)
	0dBi
	NA
	NA
	NA
	-2.6dB
	NA
	NA

	
	-5dBi
	-2.8dB
	NA
	NA
	-7.6dB
	NA
	-0.5dB

	PUCCH Format1 (wo rep)
	0dBi
	-0.5dB
	NA
	NA
	-5.3dB
	NA
	NA

	
	-5dBi
	-5.5dB
	NA
	NA
	-10.3dB
	NA
	-3.2dB


To cover the use case of commercial smartphone, the antenna gains of 0dBi and -5dBi are both considered to evaluate the coverage performance in NR NTN. In addition, we note that PUCCH repetition is not supported for initial access, so the gap for PUCCH Format1 without repetition is also provided in Table 2. We observe that the candidate channels that have coverage issues include PRACH, PUSCH of Msg3, PUSCH, PUCCH and PUCCH during initial access, and enhancements on these channels should be considered. 
Proposal 4: Based on the evaluated results in NR NTN, the following channels have coverage issues, and enhancements should be considered: 
· PRACH
· PUSCH of Msg3
· PUSCH
· PUCCH
· PUCCH during initial access

Conclusion
In this contribution, we present our simulation results and link budget results to evaluate the coverage performance and identify the candidate channels with coverage issues in NR NTN. The following proposals are made:
Proposal 1: The maximum number of repetitions for different channels should be used to identify the candidate physical channels with coverage issues in NR NTN.
Proposal 2: Handheld terminals with set-1 and set-2 satellite parameters should be the target scenario for coverage enhancement in Rel-18 NTN.
Proposal 3: RAN1 to discuss whether the following losses should be considered for NTN link budget analysis:
· Central beam edge elevation is used as the target elevation angle
· 3dB additional loss due to beamwidth defined by HPBW at the beam edge
· 3dB depolarization loss
Proposal 4: Based on the evaluated results in NR NTN, the following channels have coverage issues, and enhancements should be considered: 
· PRACH
· PUSCH of Msg3
· PUSCH
· PUCCH
· PUCCH during initial access
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[2]       3GPP TR 38.821: Solutions for NR to support non-terrestrial networks (NTN)

Appendix 
simulation assumption for PBCH
Table 3. LLS parameters for PBCH
	Assumptions
	Value

	Carrier Frequency
	2 GHz

	Channel Model
	NTN-TDL-C

	Subcarrier Spacing
	15 kHz

	Carrier BW
	30 MHz

	BS Antenna Config
	2 TX

	UE Antenna Config
	(1, 1, 2) with omni-directional antenna element 

	UE Speed
	3 km/h

	Frequency Offset 
	- UE crystal accuracy: 10 ppm
- Satellite oscillator accuracy: [0.5] ppm
- Doppler shift in channel due to satellite movement: 1.05 ppm with compensation
- Doppler shift in channel due to UE movement: computed based on the UE speed and the elevation angle

	FAR Requirement
	1% false alarm ratio

	Metrics
	CDF of timing and frequency residual offset at SINR point corresponding to 90% likelihood for one-shot detection accuracy of cell ID.



simulation assumption for PDCCH
Table 4. LLS parameters for PDCCH
	Assumptions
	Value

	Carrier Frequency
	2 GHz

	System bandwidth
	30 MHz

	Channel model
	NTN-TDL-C

	Subcarrier spacing
	15 kHz

	Channel estimation
	Realistic estimation

	BS antenna configuration
	2 Tx

	UE antenna configuration
	(1,1,2) with omni-directional antenna element

	UE speed
	3 km/h

	Aggregation level
	16

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	BLER
	1% BLER



simulation assumption for PDSCH
Table 5. LLS parameters for PDSCH
	Assumptions
	Value

	Frequency
	2 GHz

	Waveform
	CP-OFDM

	Subcarrier spacing
	15kHz

	BLER
	2%

	System bandwidth
	30MHz

	Channel model 
	NTN-TDL-C

	BS antenna configuration
	2 Tx

	UE antenna configuration
	(1,1,2) with omni-directional antenna element

	UE velocity
	3km/h

	MCS
	MCS 0

	TBS
	320 bits

	PRBs
	11 PRBs

	PDSCH duration
	11 OSs

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

	Rep
	wo

	Frequency hopping
	wo



simulation assumption for PRACH
Table 6. LLS parameters for PRACH
	Assumptions
	Value

	Carrier Frequency
	2 GHz

	Channel Model
	TDL-C

	Subcarrier Spacing
	1.25 kHz (Format 2), 15kHz (Format B4)

	Carrier BW
	30 MHz

	BS antenna configuration
	2 Rx

	UE antenna configuration
	Omni-directional antenna with single linearly polarized antenna element

	UE Speed
	3 km/h

	Frequency Offset 
	200Hz 

	FAR Requirement
	0.1% false alarm ratio

	timing Offset
	0

	Format
	Format 2, Format B4

	Requirement SNR
	The probability of detection shall be equal to or exceed 99% for the SNR levels

	BW
	1.08MHz(Format2), 2.16MHz(Format B4)



simulation assumption for PUCCH
Table 7. LLS parameters for PUCCH
	Assumptions
	Value

	Carrier Frequency
	2 GHz

	System bandwidth
	30 MHz

	Channel model
	NTN-TDL-C

	Subcarrier spacing
	15 kHz

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

	Channel estimation
	Realistic estimation

	BS antenna configuration
	2 Rx

	UE antenna configuration
	(1,1,2) with omni-directional antenna element

	UE speed
	3 km/h

	PUCCH format
	PF1: 2bits
PF3: 4bits, 11bits, 22bits

	Waveform
	PF1: CP-OFDM
PF3: DFT-S-OFDM

	Frequency hopping
	Intra-slot frequency hopping

	Number of OFDM symbols
	PF0: 2 OSs
PF1/3/4: 14 OSs

	Number of PRBs
	1 PRB



simulation assumption for PUSCH
Table 8. LLS parameters for PUSCH
	Assumptions
	Value

	Scenario
	NTN

	Frequency
	2 GHz

	Waveform
	DFT-s-OFDM

	Subcarrier spacing
	15kHz

	BLER
	2%

	Occupied channel bandwidth
	30MHz

	Channel model 
	TDL-C

	BS antenna configuration
	2 Rx

	UE antenna configuration
	(1,1,2) with omni-directional antenna element

	UE velocity
	3km/h

	MCS
	MCS-0

	TBS
	320bits

	PRBs
	9 PRBs

	PUSCH duration
	12 OSs

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

	TDW for DMRS bundling
	4

	Rep
	[bookmark: _GoBack]32

	Frequency hopping
	wo



Coverage Performance 
Table 9. Coverage performance for Set-1 satellite parameter
	Case

channel
	Required SNR
	Set-1 GEO
	Set-1 LEO-600
	Set-1 LEO-1200

	
	
	CNR
	gap
	CNR
	gap
	CNR
	gap

	PBCH
	-4.38
	0.03
	4.41
	6.61
	10.99
	7.22
	11.6

	PDCCH
	-8.49
	0.03
	8.52
	6.61
	15.1
	7.22
	15.71

	PDSCH
	-3.54
	0.03
	3.57
	6.61
	10.15
	7.22
	10.76

	PRACH format2
	-16.3
	-15.68
	0.62
	-2
	14.3
	-7.39
	8.91

	PRACH format B4
	-12.9
	-18.69
	-5.79
	-5.01
	7.89
	-10.4
	2.5

	PUCCH format1
	-7.38
	-7.89
	-0.51
	5.78
	13.16
	0.39
	7.77

	PUCCH format3
	-1.12
	-7.89
	-6.77
	5.78
	6.9
	0.39
	1.51

	PUSCH for VoIP
	-14.21
	-17.44
	-3.23
	-3.76
	10.45
	-9.15
	5.06

	PUSCH of Msg3
	-9.1
	-10.91
	-1.81
	2.77
	11.87
	-2.62
	6.48



Table 10. Coverage performance for Set-2 satellite parameter
	Case

channel
	Required SNR
	Set-2 GEO
	Set-2 LEO-600
	Set-2 LEO-1200

	
	
	CNR
	gap
	CNR
	gap
	CNR
	gap

	PBCH
	-4.38
	-5.24
	-0.86
	0.61
	4.99
	1.22
	5.6

	PDCCH
	-8.49
	-5.24
	3.25
	0.61
	9.1
	1.22
	9.71

	PDSCH
	-3.54
	-5.24
	-1.7
	0.61
	4.15
	1.22
	4.76

	PRACH format2
	-16.3
	-20.45
	-4.15
	-8
	8.3
	-13.39
	2.91

	PRACH format B4
	-12.9
	-23.46
	-10.56
	-11.01
	1.89
	-16.4
	-3.5

	PUCCH format1
	-7.38
	-12.67
	-5.29
	-0.22
	7.16
	-5.61
	1.77

	PUCCH format3
	-1.12
	-12.67
	-11.55
	-0.22
	0.9
	-5.61
	-4.49

	PUSCH for VoIP
	-14.21
	-22.21
	-8
	-9.76
	4.45
	-15.15
	-0.94

	PUSCH of Msg3
	-9.1
	-15.68
	-6.58
	-3.23
	5.87
	-8.62
	0.48
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