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[bookmark: _Ref497831218]Introduction
At RAN#86 meeting, the SID on NR Rel-17 coverage enhancement was approved [1]. 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.
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26]In this contribution, we provide preliminary simulation results of PDCCH/PDSCH/PUCCH/PUSCH for FR1. 
Discussion
As discussed in the companion contribution [2], it is proposed to reuse the simulation assumptions and link budget methodology employed in IMT-2020 self-evaluation for 3GPP submission as much as possible, performance gap is evaluated according to the methodology. The preliminary simulation results in terms of performance gap between target coverage and baseline coverage are provided as following. More detailed results for different channels can be found in Appendix and the detailed link level assumption is provided in companion contribution [3].


Figure 1: The coverage performance for different channels in urban scenario


Figure 2: The coverage performance for different channels in rural scenario with 4GHz


Figure 3: The coverage performance for different channels in rural scenario with 2GHz 
From the Figure 1-Figure 3, we have the following observations:
· For PDCCH, the coverage can meet the requirement in majority scenarios. Even in the case where ISD equals to 6000m, only 1 dB gap between the target coverage and baseline coverage. It should be noted the coverage can be further enhanced if wide-band RS is configured. 
· For PDSCH, the coverage is not the bottleneck in all the simulated scenarios.
· For PUCCH, the coverage enhancement is only necessary when large ISD, e.g. 6000m, is assumed. It can satisfy the coverage requirement with ISD=1732m without repetition.
· For PUSCH, the coverage is more challenging.
· PUSCH coverage can’t meet the requirement of target ISD=400m in Urban scenario with 4GHz
· PUSCH coverage can’t meet the requirement of target ISD=1732m in Rural scenario with 4GHz
· PUSCH coverage can’t meet the requirement of target ISD=6000m in Rural scenario with 2GHz
· PUSCH coverage can’t meet the requirement of target ISD=30 km in Rural with long distance scenario with 700MHz
Observation 1: The coverage of PDCCH and PDSCH is not the bottleneck at least in FR1. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Observation 2: The coverage of PUCCH is the bottleneck only in limited scenarios.
Observation 3: The coverage of PUSCH is bottleneck in majority scenarios.
Conclusion
[bookmark: _GoBack]This contribution discussed the preliminary simulation results for PDCCH/PDSCH/PUCCH/PUSCH in FR1, we have the following observations.
Observation 1: The coverage of PDCCH and PDSCH is not the bottleneck at least in FR1. 
Observation 2: The coverage of PUCCH is the bottleneck only in limited scenarios.
Observation 3: The coverage of PUSCH is bottleneck in majority scenarios.
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Appendix 1: Link level simulation results
Table 1: The performance gap for PDCCH in Urban with 4GHz
	Scenario and Carrier
	PDCCH length
	Payload size
	Pathloss model
	The number of PRBs
	Required SNR (dB)
	Baseline performance(dB)
	Target performance (dB)

	
	
	
	
	
	
	
	ISD=400m
	Gap
	ISD=500m
	Gap

	Urban
4GHz
	2OS
	64
	NLOS
(O-to-I)
	51
	-7.66
	135.07
	117.97
	-17.10
	121.75
	-13.31


Table 2: The performance gap for PDCCH in Rural with 4GHz
	Scenario and Carrier
	PDCCH length
	Payload size
	Pathloss model
	The number of PRBs
	Required SNR (dB)
	Baseline performance(dB)
	Target performance (dB)

	
	
	
	
	
	
	
	ISD=1732m
	Gap

	Rural
4GHz
	2OS
	64
	NLOS
(O-to-I)
	51
	-7.66
	145.17 
	131.57
	-13.60 

	
	
	
	NLOS
(O-to-O)
	
	-7.71
	146.72
	
	-15.15


Table 3: The performance gap for PDCCH in Rural with 2GHz
	Scenario and Carrier
	PDCCH length
	Payload size
	Pathloss model
	The number of PRBs
	Required SNR (dB)
	Baseline performance(dB)
	Target performance (dB)

	
	
	
	
	
	
	
	ISD=1732m
	Gap
	ISD=6000m
	Gap

	Rural
2GHz
	2OS
	64
	NLOS
(O-to-I)
	51
	-7.57
	145.08
	125.55
	-19.53 
	146.40
	1.32

	
	
	
	NLOS
(O-to-O)
	
	-7.76
	146.77
	
	-21.22
	
	-0.37 



Table 4: The performance gap for PDSCH in Urban with 4GHz
	Scenario and Carrier
	Service and data rate
	Frame structure
	Pathloss model
	The number of PRBs
	Required SNR (dB)
	Baseline performance(dB)
	Target performance (dB)

	
	
	
	
	
	
	
	ISD=400m
	Gap
	ISD=500m
	Gap

	Urban
4GHz
	10 Mbps for eMBB
	DDDSUDDSUU
	NLOS
(O-to-I)
	51
	4.9
	126.09
	117.97
	-8.12
	121.75
	-4.33

	
	12.2Kbps for VoIP
	-
	NLOS
(O-to-I)
	51
	-9.07
	140.06 
	
	-22.09
	
	-18.30



Table 5: The performance gap for PDSCH in Rural with 4GHz
	Scenario and Carrier
	Service and data rate
	Frame structure
	Pathloss model
	The number of PRBs
	Required SNR (dB)
	Baseline performance(dB)
	Target performance (dB)

	
	
	
	
	
	
	
	ISD=1732m
	Gap

	Rural
4GHz
	1 Mbps for eMBB
	DDDSUDDSUU
	NLOS
(O-to-I)
	51
	-6.6
	147.93
	131.57
	-16.36 

	
	
	
	NLOS
(O-to-O)
	51
	-5.7
	149.05
	
	-17.48 

	
	12.2Kbps for VoIP
	-
	NLOS
(O-to-I)
	51
	-8.7
	150.03 
	
	-18.46 

	
	
	
	NLOS
(O-to-O)
	51
	-8
	151.35 
	
	-19.78


Table 6: The performance gap for Rural PDSCH in with 2GHz
	Scenario and Carrier
	Service and data rate
	Frame structure
	Pathloss model
	The number of PRBs
	Required SNR (dB)
	Baseline performance(dB)
	Target performance (dB)

	
	
	
	
	
	
	
	ISD=1732m
	Gap
	ISD=6000m
	Gap

	Rural
2GHz
	1Mbps for eMBB
	DDDSUDDSUU
	NLOS
(O-to-I)
	51
	-8
	149.33
	125.55 
	-23.78 
	146.40 
	-2.93 

	
	
	
	NLOS
(O-to-O)
	51
	-8 
	151.35
	
	-25.80 
	
	-4.95 

	
	12.2Kbps for VoIP
	-
	NLOS
(O-to-I)
	51
	-9.6
	150.93 
	
	-25.38 
	
	-4.53 

	
	
	
	NLOS
(O-to-O)
	51
	-8.66
	152.01 
	
	 -26.46 
	
	-5.61 



Table 7: Performance gap for PUCCH for Urban with 4GHz
	Carrier
	Pathloss model
	Required SNR (dB)
	Baseline performance(dB)
	Target performance (dB)

	
	
	
	
	ISD = 400m
	Gap
	ISD = 500m
	Gap

	4GHz
	NLOS
(O-to-I)
	-6.9
	123.32
	118
	-5.32
	121.81
	-1.51



Table 8: Performance gap for PUCCH for Rural with 4GHz
	Carrier
	Pathloss model
	Required SNR (dB)
	Baseline performance(dB)
	Target performance (dB)

	
	
	
	
	ISD = 1732m
	Gap

	4GHz
	NLOS
(O-to-I)
	-6.9
	131.40
	131.58
	0.18

	4GHz
	NLOS
(O-to-O)
	-7
	133
	131.58
	-1.42



Table 9: Performance gap for PUSCH for Rural with 2GHz
	Carrier
	Pathloss model
	Required SNR (dB)
	Baseline performance(dB)
	Target performance (dB)

	
	
	
	
	ISD = 1732m
	Gap
	ISD = 6000m
	Gap

	2GHz
	NLOS
(O-to-I)
	-7.3
	131.80
	125.56
	-6.24
	146.40
	14.6

	2GHz
	NLOS
(O-to-O)
	-7.2
	133.2
	125.56
	-7.64
	146.40
	13.2



Table 10: Performance gap for PUSCH for Urban with 4GHz
	[bookmark: _Hlk40366833]Carrier
	Service and data rate
	Frame structure
	Pathloss model
	The number of PRBs
	Required SNR (dB)
	Baseline performance(dB)
	Target performance (dB)

	
	
	
	
	
	
	
	ISD = 400m
	Gap
	ISD = 500m
	Gap

	4GHz
	1Mbps for eMBB
	DDDSUDDSUU
	NLOS
(O-to-I)
	30
	-4.3
	112.6
	117.97
	5.37
	121.75
	9.15

	4GHz
	12.2kbps for VoIP
	-
	NLOS
(O-to-O)
	4
	0.7
	116.35
	117.97
	1.62
	121.75
	5.4



Table 11: Performance gap for PUSCH for Rural with 4GHz
	Carrier
	Service and data rate
	Frame structure
	Pathloss model
	The number of PRBs
	Required SNR (dB)
	Baseline performance(dB)
	Target performance (dB)

	
	
	
	
	
	
	
	ISD = 1732m
	Gap

	4GHz
	100kbps for eMBB
	DDDSUDDSUU
	NLOS
(O-to-I)
	4
	-0.6
	125.97
	131.57
	5.6

	4GHz
	100kbps for eMBB
	DDDSUDDSUU
	NLOS
(O-to-O)
	4
	-1.6
	128.99
	131.57
	2.58

	4GHz
	12.2kbps for VoIP
	-
	NLOS
(O-to-I)
	4
	1.2
	124.17
	131.57
	7.4

	4GHz
	12.2kbps for VoIP
	-
	NLOS
(O-to-O)
	4
	0.6
	126.79
	131.57
	4.78


Table 12: Performance gap for PUSCH for Rural with 2GHz
	Carrier
	Service and data rate
	Frame structure
	Pathloss model
	The number of PRBs
	Required SNR (dB)
	Baseline performance(dB)
	Target performance (dB)

	
	
	
	
	
	
	
	ISD = 1732m
	Gap
	ISD = 6000m
	Gap

	2GHz
	100kbps for eMBB
	UUUUU
	NLOS
(O-to-I)
	4
	-2
	130.38
	125.55
	-4.83
	146.4
	16.02

	2GHz
	100kbps for eMBB
	UUUUU
	NLOS
(O-to-O)
	4
	-2.2
	132.6
	125.55
	-7.05
	146.4
	13.8

	2GHz
	12.2kbps for VoIP
	-
	NLOS
(O-to-I)
	4
	1
	127.38
	125.55
	-1.83
	146.4
	19.02

	2GHz
	12.2kbps for VoIP
	-
	NLOS
(O-to-O)
	4
	1.1
	129.3
	125.55
	-3.75
	146.4
	17.1



[bookmark: _Ref40372458]Table 13: Performance gap for PUSCH for Rural with long distance scenario
	Carrier
	Service and data rate
	Frame structure
	Pathloss model
	The number of PRBs
	Required SNR (dB)
	Baseline performance(dB)
	Target performance (dB)

	
	
	
	
	
	
	
	ISD = 12km
	Gap
	ISD = 30km
	Gap

	700MHz
	100kbps for eMBB
	UUUUU
	LOS
(O-to-O)
	4
	-9.8
	140.20
	127
	-13.2
	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]142.91
	2.71

	700MHz
	12.2kbps for VoIP
	-
	LOS
(O-to-O)
	4
	-7.4
	137.8
	127
	-10.8
	142.91
	5.11
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