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In the SID on NR coverage enhancements [1], the objective of this study item is to study potential coverage enhancement solutions for specific scenarios for both FR1 and FR2. The detailed objectives are as follows:
· The target scenarios and services include
· Urban (outdoor gNB serving indoor UEs) scenario, and rural scenario (including extreme long distance rural scenario) for FR1
· Indoor scenario (indoor gNB serving indoor UEs), and urban/suburban scenario (including outdoor gNB serving outdoor UEs and outdoor gNB serving indoor UEs) for FR2.
· TDD and FDD for FR1.
· VoIP and eMBB service for FR1.
· eMBB service as first priority and VoIP as second priority for FR2.
· LPWA services and scenarios are not included.
· Identify baseline coverage performance for both DL and UL for the above scenarios and services based on link-level simulation
· UL channels (including PUSCH and PUCCH) are prioritized for FR1.
· Both DL and UL channels for FR2.
· Identify the performance target for coverage enhancement, and study the potential solutions for coverage enhancements for the above scenarios and services
· The target channels include at least PUSCH/PUCCH 
· Study enhanced solutions, e.g., time domain/frequency domain/DM-RS enhancement (including DM-RS-less transmissions)
· Study the additional enhanced solutions for FR2 if any
· Evaluate the performance of the potential solutions based on link level simulation.
In this contribution, we provide our views on coverage enhancement issues for UL channels for FR1.

Discussion
Evaluation on coverage enhancements for PUSCH for FR1
To identify the baseline coverage performance of PUSCH, link-level simulation is performed for three scenarios for eMBB and VoIP services as defined in [1]. The simulation assumptions are listed in appendix A. Tables 1-3 provide the required SNR at 10% BLER for eMBB service and 1% BLER for VoIP service with the transmission bit rate given in the appendix A. In order to identify the coverage issues, the baseline performance and the target performance are also given in the tables calculated by reusing the link budget methodology employed in IMT-2020 self-evaluation for 3GPP submission.
Scenario 1: Urban (outdoor gNB serving indoor UEs) scenario

Table 1 Required SNR for eMBB and VoIP PUSCH in Urban Scenario
	Carrier
	Service and data rate
	Frame structure
	The number of PRBs
	Required SNR (dB)
	Baseline performance(dB)
	Target performance (dB)

	
	
	
	
	
	
	ISD = 400m
	Gap
	ISD = 500m
	Gap

	4GHz
	1Mbps for eMBB
	DDDSUDDSUU
	30

	-0.12

	108.42

	117.97
	9.55
	121.75
	13.33

	4GHz
	12.2Kbps for VoIP
	-
	4
	3.1
	113.95
	
	4.02
	
	7.8



From table 1, for eMBB service, about 9.5 dB and 13.3 dB enhancements are needed for PUSCH in urban scenario with ISD=400m and ISD=500m respectively. And for VoIP service, about 4 dB and 7.8 dB enhancements are needed identified for PUSCH with ISD=400m and ISD=500m respectively. So we have the following observation:
Observation 1: In urabn scenario, 
· For eMBB service, about 10 dB and 13 dB enhancements are needed for PUSCH with ISD=400m and ISD=500m respectively.
· For VoIP service, about 4 dB and 8 dB enhancements are needed for PUSCH with ISD=400m and ISD=500m respectively.

Scenario 2: Rural (including outdoor gNB serving outdoor UEs and outdoor gNB serving indoor UEs) scenario

Table 2 Required SNR for eMBB and VoIP PUSCH in Rural Scenario
	Carrier
	Service and data rate
	Frame structure
	Pathloss model
	Required SNR (dB)
	Baseline performance(dB)
	Target performance (dB)

	
	
	
	
	
	
	ISD = 1732m
	Gap
	ISD = 6000m
	Gap

	4GHz
	100Kbps for eMBB
	DDDSUDDSUU
	NLOS
(O-to-I)

	1.15

	124.23

	131.57
	7.34
	-
	-

	4GHz
	100Kbps for eMBB
	DDDSUDDSUU
	NLOS
(O-to-O)
	1
	126.3
	
	5.27
	
	-

	4GHz
	12.2Kbps for VoIP
	-
	NLOS
(O-to-I)
	3.1
	122.28
	
	9.29
	
	-

	4GHz
	12.2Kbps for VoIP
	-
	NLOS
(O-to-O)
	2.28
	125.12
	
	6.45
	
	-

	2GHz
	100Kbps for eMBB
	UUUUU
	NLOS
(O-to-I)
	-1
	129.39
	125.55
	-3.84
	146.4
	17.01

	2GHz
	100Kbps for eMBB
	UUUUU
	NLOS
(O-to-O)
	-1.4
	131.81
	
	-6.26
	
	14.59

	2GHz
	12.2Kbps for VoIP
	-
	NLOS
(O-to-I)
	3.2
	125.19
	
	0.36
	
	21.21

	2GHz
	12.2Kbps for VoIP
	-
	NLOS
(O-to-O)
	2.6
	127.81
	
	-2.26
	
	18.59



From table 2, for eMBB service with TDD frame structure, about 7.34 dB and 5.27 dB enhancements are needed for O-to-I and O-to-O respectively for PUSCH with ISD=1732m. For VoIP service about 9.29 dB for O-to-I and 6.45 dB for O-to-O enhancements are needed for PUSCH with ISD=1732m. For both eMBB and VoIP services with FDD frame structure no enhancement is needed for PUSCH with ISD=1732m. But for PUSCH with ISD=6000m, about 17.01 dB and 14.59 dB enhancements are needed for eMBB service for O-to-I and O-to-O respectively. And about 21.21 dB and 18.59 dB enhancements are needed for VoIP for O-to-I and O-to-O respectively. So we have the following observation:
Observation 2: For rural scenario, 
· For TDD structure, about 7dB and 5 dB enhancements are needed for O-to-I and O-to-O respectively for eMBB PUSCH with ISD=1732m; about 9 dB and 6dB enhancements are needed for O-to-I and O-to-O respectively for VoIP PUSCH with ISD=1732m.
· For FDD structure, no enhancement is needed for both eMBB and VoIP PUSCH with ISD=1732m; about 17 dB and 15 dB enhancements are needed for O-to-I and O-to-O respectively for eMBB PUSCH with ISD=6000m; about 21 dB and 19 dB enhancements are needed for O-to-I and O-to-O respectively for VoIP PUSCH with ISD=6000m.

Scenario 3: Rural with long distance (outdoor gNB serving outdoor UEs) scenario

Table 3 Required SNR for eMBB and VoIP PUSCH in Rural with Long Distance Scenario
	Carrier
	Service and data rate
	Frame structure
	Pathloss model
	Required SNR (dB)
	Baseline performance(dB)
	Target performance (dB)

	
	
	
	
	
	
	ISD = 12km
	Gap
	ISD = 30km
	Gap

	700MHz

	100Kbps for eMBB

	UUUUU

	LOS
(O-to-O)
	-5.5
	137.73
	127
	-10.73
	142.91

	5.18


	700MHz
	12.2Kbps for VoIP
	-
	LOS
(O-to-O)
	-3.86
	136.09
	
	-9.09
	
	6.82



From table 3, for both eMBB and VoIP services no enhancement is needed for PUSCH in rural with long distance scenario with ISD=12km. But for and ISD=30km, about 5.18dB and 6.82 dB enhancements are needed for eMBB and VoIP service respectively. So we have the following observation:
Observation 3: For rural with long distance scenario, 
· For both eMBB and VoIP services no enhancement is needed for PUSCH with ISD=12km
· About 5dB and 7 dB enhancements are needed for eMBB and VoIP PUSCH respectively with ISD=30km.

Evaluation on coverage enhancements for PUCCH for FR1
In this section, we evaluate the baseline coverage performance of PUCCH for the same three scenarios as above in PUSCH link-level simulation. The simulation assumptions for PUCCH are listed in appendix B. Tables 4-6 provide the required SNR at 1% BLER. In order to identify the coverage issues, the baseline performance and the target performance are also given in the tables calculated by reusing the link budget methodology employed in IMT-2020 self-evaluation for 3GPP submission.
Scenario 1: Urban (outdoor gNB serving indoor UEs) scenario

Table 4 Required SNR for PUCCH in Urban Scenario
	Carrier
	Pathloss model
	Required SNR (dB)
	Baseline performance(dB)
	Target performance (dB)

	
	
	
	
	ISD = 400m
	Gap
	ISD = 500m
	Gap

	4GHz
	NLOS
(O-to-I)

	-6.13
	122.55
	117.97
	-4.58

	121.75
	-0.8



From table 4, PUCCH design in Rel-15 could meet the coverage requirement, so no enhancement is needed for PUCCH in urban scenario with ISD=400m and ISD=500m. We have the following observation:
Observation 4: For urabn scenario, no enhancement is needed for PUCCH both for ISD=400m and ISD=500m.

Scenario 2: Rural (including outdoor gNB serving outdoor UEs and outdoor gNB serving indoor UEs) scenario

Table 5 Required SNR for PUCCH in Rural Scenario
	Carrier
	Pathloss model
	Required SNR (dB)
	Baseline performance(dB)
	Target performance (dB)

	
	
	
	
	ISD = 1732m
	Gap
	ISD = 6000m
	Gap

	4GHz
	NLOS
(O-to-I)

	-6.13
	130.63
	131.57
	0.94

	-
	-

	4GHz
	NLOS
(O-to-O)
	-6.83
	132.83
	
	-1.26
	
	-

	2GHz
	NLOS
(O-to-I)
	-5.98
	133.49
	125.55
	-7.94
	146.4
	12.91

	2GHz
	NLOS
(O-to-O)
	-6.97
	135.98
	
	-10.43
	
	10.42



From table 5, in rural scenario with ISD=1732m, no enhancement is needed for PUCCH. In rural scenario with ISD=6000m, about 12.91 dB and 10.41 dB enhancements are needed for O-to-I and O-to-O respectively for PUCCH when carrier frequency equals 2GHz. So we have the following observation:
Observation 5: For rural scenario, 
· No enhancement is needed for PUCCH with ISD=1732m.
· About 13 dB and 11 dB enhancements are needed for O-to-I and O-to-O respectively for PUCCH with ISD=6000m when carrier frequency equals 2GHz.

Scenario 3: Rural with long distance (outdoor gNB serving outdoor UEs) scenario

Table 6 Required SNR for PUCCH in Rural with Long Distance Scenario
	Carrier
	Pathloss model
	Required SNR (dB)
	Baseline performance(dB)
	Target performance (dB)

	
	
	
	
	ISD = 30km
	Gap

	700MHz
	LOS
(O-to-O)

	-11.08
	142.48
	142.91
	0.43




From table 6, PUCCH design in Rel-15 also could meet the coverage requirement, so no enhancement is needed for PUCCH in rural with long distance scenario with ISD=30km. So we have the following observation: 
[bookmark: _Hlk40199299]Observation 6: For rural with long distance scenario, no enhancement is needed for PUCCH with ISD=30km.

Conclusions
In this contribution, we provide link-level simulation results of baseline coverage performance of PUSCH and PUCCH. Based on the simulations, we have the following observations:
Observation 1: In urabn scenario, 
· For eMBB service, about 10dB and 13 dB enhancements are needed for PUSCH with ISD=400m and ISD=500m respectively.
· For VoIP service, about 4dB and 8 dB enhancements are needed for PUSCH with ISD=400m and ISD=500m respectively.
Observation 2: For rural scenario, 
· For TDD structure, about 7dB and 5 dB enhancements are needed for O-to-I and O-to-O respectively for eMBB PUSCH with ISD=1732m; about 9 dB and 6dB enhancements are needed for O-to-I and O-to-O respectively for VoIP PUSCH with ISD=1732m.
· For FDD structure, no enhancement is needed for both eMBB and VoIP PUSCH with ISD=1732m; about 17 dB and 15 dB enhancements are needed for O-to-I and O-to-O respectively for eMBB PUSCH with ISD=6000m; about 21 dB and 19 dB enhancements are needed for O-to-I and O-to-O respectively for VoIP PUSCH with ISD=6000m.
Observation 3: For rural with long distance scenario, 
· For both eMBB and VoIP services no enhancement is needed for PUSCH with ISD=12km
· About 5dB and 7 dB enhancements are needed for eMBB and VoIP PUSCH respectively with ISD=30km.
Observation 4: For urabn scenario, no enhancement is needed for PUCCH both for ISD=400m and ISD=500m.
Observation 5: For rural scenario, 
· No enhancement is needed for PUCCH with ISD=1732m.
· About 13 dB and 11 dB enhancements are needed for O-to-I and O-to-O respectively for PUCCH with ISD=6000m when carrier frequency equals 2GHz.
Observation 6: For rural with long distance scenario, no enhancement is needed for PUCCH with ISD=30km.
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Appendix A : simulation assumptions for PUSCH
Table A-1 : Simulation parameters for PUSCH
	Parameters
	Values

	Scenario
	Urban
	Rural
	Rural with long distance

	Duplexing scheme and frequency
	4GHz TDD 
	4GHz TDD/
2GHz FDD
	700MHz FDD

	Transmission bit rate for data channel (bit/s)
	1 Mbps for eMBB
12.2 kbps for VoIP
	100 kbps for eMBB
12.2 kbps for VoIP
	100 kbps for eMBB
12.2 kbps for VoIP

	Frame structure
	DDDSUDDSUU
	DDDSUDDSUU
	-

	Subcarrier spacing
	30kHz
	30kHz for TDD and 15kHz for FDD
	15kHz

	Channel model for link-level simulation
	TDL-C 
	TDL-C
	TDL-D

	Pathloss model (select from LoS or NLoS)
	NLoS
	NLoS
	LoS

	Delay Spread
	300ns
	300ns
	300ns

	UE velocity
	3 km/h
	120 km/h for outdoor
3 km/h for indoor
	120 km/h

	Occupied channel bandwidth
	30 PRBs for eMBB
4 PRBs for VoIP
	4 PRBs for eMBB
4 PRBs for VoIP
	4 PRBs for eMBB
4 PRBs for VoIP

	Number of BS antennas & antenna configuration
	192
(M,N,P,Mg,Ng;Mp,Np) = (12,8,2,1,1;1,2)
	64
(M,N,P,Mg,Ng;Mp,Np) = (8,4,2,1,1;1,2)
	64
(M,N,P,Mg,Ng;Mp,Np) = (8,4,2,1,1;1,2)

	Number of TXRU for BS
	2
	2
	2

	Number of UE antennas
	2
	1
	1

	Number of TRXU for UE
	2
	1
	1

	Overhead assumption for required SNR simulation
	DMRS: Type I, one DMRS symbol, no multiplexing with data
	DMRS:
- For 3km/h: Type I, one DMRS symbol, no multiplexing with data.

- For 120km/h: Type I, 2 DMRS symbol (one front- loaded and one additional), no multiplexing data
	
DMRS:
For 120km/h: Type I, 2 DMRS symbol (one front- loaded and one additional), no multiplexing data



Appendix B : simulation assumptions for PUCCH
Table B-1 : Simulation parameters for PUCCH
	Parameters
	Values

	Scenario
	Urban
	Rural
	Rural with long distance

	Duplexing scheme and frequency
	4GHz TDD 
	4GHz TDD/
2GHz FDD
	700MHz FDD

	Format type 
	Format 1 (long PUCCH with 14 OFDM symbols), 2bits 
	Format 1 (long PUCCH with 14 OFDM symbols), 2bits
	Format 1 (long PUCCH with 14 OFDM symbols), 2bits

	Subcarrier spacing
	30kHz
	30kHz for TDD and 15kHz for FDD
	15kHz

	Channel model for link-level simulation
	TDL-C 
	TDL-C
	TDL-D

	Pathloss model (select from LoS or NLoS)
	NLoS
	NLoS
	LoS

	Delay Spread
	300ns
	300ns
	300ns

	UE velocity
	3 km/h
	120 km/h for outdoor
3 km/h for indoor
	120 km/h

	Occupied channel bandwidth
	1 PRB
	1 PRB
	1 PRB

	Number of BS antennas & antenna configuration
	192
(M,N,P,Mg,Ng;Mp,Np) = (12,8,2,1,1;1,2)
	64
(M,N,P,Mg,Ng;Mp,Np) = (8,4,2,1,1;1,2)
	64
(M,N,P,Mg,Ng;Mp,Np) = (8,4,2,1,1;1,2)

	Number of TXRU for BS
	2
	2
	2

	Number of UE antennas
	2
	1
	1

	Number of TRXU for UE
	2
	1
	1



