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[bookmark: OLE_LINK5][bookmark: OLE_LINK8]Introduction
In RAN #86 meeting, a new Rel-17 study item on NR coverage enhancements was approved [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.
This contribution provides evaluation methodology and preliminary baseline performance for NR coverage enhancement.
Evaluation Methodology
[bookmark: _Toc328484364]In order to identify the coverage issues and simplify the simulation task, the methodology employed in IMT-2020 self-evaluation for 3GPP submission should be reused as much as possible. Regarding the target performance, the expected ISD for each scenario (e.g. 500m for urban, e.g.1732m for rural) is used to obtain target path loss as the target performance. Detailed evaluation methodology is summarized as follows:
· Step1: Obtain the required SNR. 
Based on simulation assumptions as shown in Section 3.1, the required SNR can be calculated by link level simulation.
· Step2: Obtain the available path loss. 
Reuse the link budget methodology employed in IMT-2020 self-evaluation for 3GPP submission, as shown in Section 3.2, the available path loss and maximum range can be obtained.
· Step3: Obtain the target path loss.
Use the expected ISD for each scenario (e.g. 500m for urban, e.g.1732m for rural) and path loss formulas as shown in Section 3.3 to calculate the target path loss.
· Step4: Obtain the performance gap.
Use the available path loss and target path loss to calculate the corresponding performance gap:
Performance gap (dB) = target path loss - available path loss
[bookmark: _Toc28269461]Proposal 1: Capture the evaluation methodology in Section 2 into TR 38.830.
Simulation assumptions for FR1
Most evaluation parameters and values used in IMT-2020 self-evaluation [2] can be reused in the evaluation for this study item. Based on SID, some parameters, e.g. the target data rate need to be revised. The simulation assumptions for different scenarios can be found in ITU-M.2412 [3]. 
3.1 Simulation assumptions for SNR calculation
The simulation assumptions for the required SNR calculation in link level simulation are summarized in Table 3.1 for PUSCH and Table 3.2 for PUCCH respectively.
[bookmark: _Ref31618723]Table 3.1 Simulation assumptions 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
	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
	DDDSU,
DDDSUDDSUU,
DDDDDDDSUU
	DDDSU,
DDDSUDDSUU,
DDDDDDDSUU
	-

	Subcarrier spacing
	30kHz
	30kHz for TDD,
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;1,1)
	64
(M,N,P,Mg,Ng;Mp,Np) = (8,4,2,1,1;1,1)
	64
(M,N,P,Mg,Ng;Mp,Np) = (8,4,2,1,1;1,1)

	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



[bookmark: _Ref31620271]Table 3.2 Simulation assumptions 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,
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;1,1)
	64
(M,N,P,Mg,Ng;Mp,Np) = (8,4,2,1,1;1,1)
	64
(M,N,P,Mg,Ng;Mp,Np) = (8,4,2,1,1;1,1)

	Number of TXRU for BS
	2
	2
	2

	Number of UE antennas
	1
	1
	1

	Number of TRXU for UE
	1
	1
	1



NOTE: For rural with long distance, the parameters of channel model and pathloss model (e.g. ISD=30km) may need to be revised. 
Proposal 2: Capture the simulation assumptions for the required SNR calculation in Table 3.1 and Table 3.2 into TR 38.830.
3.2 Link budget template
Reuse the link budget template employed in IMT-2020 self-evaluation for 3GPP submission. The detailed values for link budget template for different scenarios are summarized in Table 3.3.
[bookmark: _Ref31618509]Table 3.3 Link budget template for coverage enhancement
	Parameter
	Values

	Scenario
	Urban
	Rural 4G
	Rural 2G
	Rural with long distance

	Carrier frequency (GHz)
	4
	4
	2
	0.7

	BS antenna heights (m)
	25.00
	35.00
	35.00
	35.00

	UT antenna heights (m)
	1.50
	1.50
	1.50
	1.50

	Cell area reliability for control channel
	95%
	95%
	95%
	95%

	Cell area reliability for data channel
	90%
	90%
	90%
	90%

	Transmission bit rate for control channel (bit/s)
	4000
	4000
	4000
	4000

	Transmission bit rate for data channel (bit/s)
	Reported by company
	Reported by company
	Reported by company
	Reported by company

	Target packet error rate for the required SNR in item (19a) for control channel
	1%
	1%
	1%
	1%

	Target packet error rate for the required SNR in item (19b) for data channel
	10%
	10%
	10%
	10%

	Spectral efficiency (bit/s/Hz)
	Reported by company
	Reported by company
	Reported by company
	Reported by company

	Pathloss model (select from LoS or NLoS)
	NLOS O-to-I
	NLOS O-to-I,
NLOS O-to-O
	NLOS O-to-I,
NLOS O-to-O
	LOS O-to-O

	UE speed (km/h)
	3
	3 for indoor, 120 for outdoor
	3 for indoor, 120 for outdoor
	120

	Feeder loss (dB)
	3.00
	3.00
	3.00
	3.00

	Transmitter

	(1) Number of transmit antennas. (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)
	2
	1
	1
	1

	(1bis) Number of transmit antenna ports
	2
	1
	1
	1

	(2) Maximal transmit power per antenna (dBm)
	20.00
	23.00
	23.00
	23.00

	(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)
	23.00
	23.00
	23.00
	23.00

	(4) Transmitter antenna gain (dBi)
	0.00
	0.00
	0.00
	0.00

	(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)
	0.00
	0.00
	0.00
	0.00

	(6) Control channel power boosting gain (dB)
	0.00
	0.00
	0.00
	0.00

	(7) Data channel power loss due to pilot/control boosting (dB)
	0.00
	0.00
	0.00
	0.00

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	1.00
	1.00
	1.00
	1.00

	(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) (dBm)
	Reported by company
	Reported by company
	Reported by company
	Reported by company

	(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8) (dBm)
	Reported by company
	Reported by company
	Reported by company
	Reported by company

	Receiver

	(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)
	192
	64
	64
	64

	(10bis) Number of receive antenna ports
	2
	2
	2
	2

	(11) Receiver antenna gain (dBi)
	8.00
	8.00
	8.00
	8.00

	(11bis) Receiver array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, etc.) (dB)
	19.82
	15.05
	15.05
	15.05

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	3.00
	3.00
	3.00
	3.00

	(13) Receiver noise figure (dB)
	5.00
	5.00
	5.00
	5.00

	(14) Thermal noise density (dBm/Hz)
	-174.00
	-174.00
	-174.00
	-174.00

	(15a) Receiver interference density for control channel (dBm/Hz) 
	-161.70
	-161.70
	-161.70
	-161.70

	(15b) Receiver interference density for data channel (dBm/Hz) 
	-165.70
	-165.70
	-165.70
	-165.70

	(16a) Total noise plus interference density for control channel = 10 log (10^(((13) + (14))/10) + 10^((15a)/10)) (dBm/Hz)
	Reported by company
	Reported by company
	Reported by company
	Reported by company

	(16b) Total noise plus interference density for data channel = 10 log (10^(((13) + (14))/10) + 10^((15b)/10)) (dBm/Hz)
	Reported by company
	Reported by company
	Reported by company
	Reported by company

	(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)
	Reported by company
	Reported by company
	Reported by company
	Reported by company

	(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)
	Reported by company
	Reported by company
	Reported by company
	Reported by company

	(18a) Effective noise power for control channel = (16a) + 10 log((17a)) (dBm)
	Reported by company
	Reported by company
	Reported by company
	Reported by company

	(18b) Effective noise power for data channel = (16b) + 10 log((17b)) (dBm)
	Reported by company
	Reported by company
	Reported by company
	Reported by company

	(19a) Required SNR for the control channel (dB) 
	Reported by company
	Reported by company
	Reported by company
	Reported by company

	(19b) Required SNR for the data channel (dB) 
	Reported by company
	Reported by company
	Reported by company
	Reported by company

	(20) Receiver implementation margin (dB)
	2.00
	2.00
	2.00
	2.00

	(21a) H-ARQ gain for control channel (dB)
	0.00
	0.00
	0.00
	0.00

	(21b) H-ARQ gain for data channel (dB)
	0.50
	0.50
	0.50
	0.50

	(22a) Receiver sensitivity for control channel = (18a) + (19a) + (20) – (21a) (dBm)
	Reported by company
	Reported by company
	Reported by company
	Reported by company

	(22b) Receiver sensitivity for data channel = (18b) + (19b) + (20) – (21b) (dBm)
	Reported by company
	Reported by company
	Reported by company
	Reported by company

	(23a) Hardware link budget for control channel = (9a) + (11) + (11bis) − (22a) (dB)
	Reported by company
	Reported by company
	Reported by company
	Reported by company

	(23b) Hardware link budget for data channel = (9b) + (11) + (11bis) − (22b) (dB)
	Reported by company
	Reported by company
	Reported by company
	Reported by company

	Calculation of available pathloss

	(24) Lognormal shadow fading std deviation (dB)
	7.00 for data, 6.00 for control
	8.00
	8.00
	6.00 for data, 8.00 for control

	(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)
	7.56
	8.45 for O-to-I, 10.45 for O-to-O
	8.45 for O-to-I, 10.45 for O-to-O
	8.06

	(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 
	4.48
	5.13 for O-to-I, 6.61 for O-to-O
	5.13 for O-to-I, 6.61 for O-to-O
	4.79

	(26) BS selection/macro-diversity gain (dB)
	0.00
	0.00
	0.00
	0.00

	(27) Penetration margin (dB)
	26.25
	9.00 for O-to-O, 12.50 for O-to-I
	9.00 for O-to-O, 12.50 for O-to-I
	9.00

	(28) Other gains (dB) (if any please specify)
	0.00
	0.00
	0.00
	0.00

	(29a) Available path loss for control channel = (23a) – (25a) + (26) – (27) + (28) – (12) (dB)
	Reported by company
	Reported by company
	Reported by company
	Reported by company

	(29b) Available path loss for data channel = (23b) – (25b) + (26) – (27) + (28) – (12) (dB)
	Reported by company
	Reported by company
	Reported by company
	Reported by company

	Range/coverage efficiency calculation

	(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)Note 1
	Reported by company
	Reported by company
	Reported by company
	Reported by company

	(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)
	Reported by company
	Reported by company
	Reported by company
	Reported by company



Note 1: The maximum range can be obtained based on the path loss formulas in ITU-M.2412 [3].
Proposal 3: Capture the link budget template for coverage enhancement in Table 3.3 into TR 38.830.
3.3 Target performance
Use the expected ISD for each scenario (e.g. 500m for urban, e.g.1732m for rural) and path loss formulas in ITU-M.2412 [3] to calculate the target path loss for the target performance.
Table 3.4 Formulas for target performance calculation
	Scenario
	ISD(m)
	Target range = ISD/sqrt(3)
	Target performance(dB)

	Urban
	400 (typical for China Telecom)
	230.94
	Note 2

	
	500
	288.68
	

	Rural
	1732
	999.97
	Note 3

	
	6000
	3464.10
	

	Rural with long distance
	30000
	17320.51
	Note 4



Note 2: For urban scenario with ISD = 400m/500m, the target performance for NLOS can be obtained as follows [3]:

where  is the average street width,  is the average building height,  is the BS antenna height,  is the UT antenna height,  is the carrier frequency,  is the target range.

Note 3: For rural scenario with ISD = 1732m/6000m, the target performance for NLOS can be obtained as follows [3]:

where , , , .

Note 4: For rural with long distance scenario with ISD = 30km, the target performance for LOS can be obtained as follows [3]:

where , ,  and , , .

Proposal 4: Capture the formulas for the target performance calculation in Table 3.4 into TR 38.830.
Baseline performance for NR coverage enhancement for FR1
For FR1, UL channels (including PUSCH and PUCCH) are prioritized to identify baseline coverage performance [1]. Based on the evaluation methodology and simulation assumptions in Section 2 and Section 3, this section provides the baseline performance for PUSCH and PUCCH. 
4.1 PUSCH
· Urban 
[bookmark: _Ref31710757]Table 4.1 Baseline performance of PUSCH for Urban
	Carrier
	Service and data rate
	Frame slot
	Pathloss model
	The number of PRBs
	Required SNR (dB)
	Baseline performance
(dB)
	Maximum range(m)
	Target performance (dB)

	
	
	
	
	
	
	
	
	ISD=
500m
	Gap
	ISD=
400m
	Gap

	4GHz
	1Mbps for eMBB
	DDDSU
DDSUU
	NLOS
(O-to-I)
	30
	-1.95
	110.25
	146.60
	117.97
	7.72
	121.75
	11.50

	
	
	
DDDSU
	
	30
	-0.65
	108.95
	135.79
	
	9.02
	
	12.80

	
	12.2Kbps for VoIP
	-
	
	4
	1.35
	115.70
	202.11
	
	2.27
	
	6.05



It can be observed that, for urban eMBB scenario, the maximum ranges are about 146.60m and 135.79m for TDD configuration of DDDSUDDSU and DDDSU respectively. For DDDSUDDSUU, about 7.7 dB, 11.5 dB performance gaps are observed for PUSCH with ISD=400m, and ISD=500m respectively. For DDDSU, about 9 dB, 12.8 dB performance gaps are observed for PUSCH with ISD=400m, and ISD=500m respectively.

Observation 1: For urban eMBB scenario, with TDD configuration of DDDSUDDSUU, about 7.7 dB, 11.5 dB performance gaps are observed for PUSCH with ISD=400m, and ISD=500m respectively. 
Observation 2: For urban eMBB scenario, with TDD configuration of DDDSU, about 9 dB, 12.8 dB performance gaps are observed for PUSCH with ISD=400m, and ISD=500m respectively. 
Proposal 5: The coverage performance of PUSCH for urban eMBB should be enhanced.

· Rural for 4GHz 
Table 4.2 Baseline performance of PUSCH for 4GHz Rural
	Carrier
	Service and data rate
	Frame slot
	Pathloss model
	The number of PRBs
	Required SNR (dB)
	Baseline performance
(dB)
	Maximum range(m)
	Target performance (dB)

	
	
	
	
	
	
	
	
	ISD=1732m
	Gap

	4GHz
	100Kbps for eMBB
	DDDSU
DDSUU
	NLOS
(O-to-I)
	4
	-0.75
	126.12
	722.51
	131.57
	5.45

	
	
	
	NLOS
(O-to-O)
	4
	-0.45
	127.84
	800.51
	
	3.73

	
	
	DDDSU
	NLOS
(O-to-I)
	4
	0.55
	124.82
	668.64
	
	6.75

	
	
	
	NLOS
(O-to-O)
	4
	2.10
	125.29
	687.64
	
	6.28

	
	12.2Kbps for VoIP
	-
	NLOS
(O-to-I)
	4
	1.35
	124.02
	637.51
	
	7.55

	
	
	
	NLOS
(O-to-O)
	4
	2.65
	124.74
	665.46
	
	6.83



[bookmark: _Hlk38553503]It can be observed that, for 4GHz rural eMBB scenario, with TDD configuration of DDDSUDDSUU, the maximum ranges are about 722.51m for O-to-I and 800.51m for O-to-O. And about 5.45 dB for O-to-I and 3.73 dB for O-to-O performance gaps are observed for PUSCH. With TDD configuration of DDDSU, the maximum ranges are about 668.64m for O-to-I and 687.64m for O-to-O. And about 6.75 dB for O-to-I and 6.28 dB for O-to-O performance gaps are observed for PUSCH.
For VoIP scenario, the maximum ranges are about 637.51m for O-to-I and 665.46m for O-to-O. And about 7.55 dB for O-to-I and 6.83 dB for O-to-O performance gaps are observed.

Observation 3: For 4GHz rural eMBB scenario, with TDD configuration of DDDSUDDSUU, about 5.45 dB for O-to-I and 3.73 dB for O-to-O performance gaps are observed for PUSCH. 
Observation 4: For 4GHz rural eMBB scenario, with TDD configuration of DDDSU, about 6.75 dB for O-to-I and 6.28 dB for O-to-O performance gaps are observed for PUSCH.
Observation 5: For 4GHz rural VoIP scenario, about 7.55 dB for O-to-I and 6.83 dB for O-to-O performance gaps are observed.

· Rural for 2GHz
Table 4.3 Baseline performance of PUSCH for 2GHz Rural
	Carrier
	Service and data rate
	Frame slot
	Pathloss model
	The number of PRBs
	Required SNR (dB)
	Baseline performance
(dB)
	Maximum range(m)
	Target performance (dB)

	
	
	
	
	
	
	
	
	ISD=
1732m
	Gap
	ISD=
6000m
	Gap

	2GHz
	100Kbps for eMBB
	UUUUU
	NLOS
(O-to-I)
	4
	-1.75
	130.13
	1313.67
	125.55
	-4.58
	146.40
	16.27

	
	
	
	NLOS
(O-to-O)
	4
	-1.50
	131.90
	1459.83
	
	-6.35
	
	14.50

	
	12.2Kbps for VoIP
	
	NLOS
(O-to-I)
	4
	1.75
	126.63
	1066.33
	
	-1.08
	
	19.77

	
	
	
	NLOS
(O-to-O)
	4
	2.25
	128.15
	1167.44
	
	-2.60
	
	18.25



It can be observed that, for 2GHz rural eMBB scenario, the maximum ranges are about 1313.67m for O-to-I and 1459.83m for O-to-O. And about 16.27 dB for O-to-I and 14.50 dB for O-to-O performance gaps are observed for PUSCH with ISD=6000m.
For VoIP scenario, the maximum ranges are about 1066.33m for O-to-I and 1167.44m for O-to-O. And about 19.77 dB for O-to-I and 18.25 dB for O-to-O performance gaps are observed for PUSCH with ISD=6000m.

Observation 6: For 2GHz rural eMBB scenario, about 16.27 dB for O-to-I and 14.50 dB for O-to-O performance gaps are observed for PUSCH with ISD=6000m.
Observation 7: For 2GHz rural VoIP scenario, bout 19.77 dB for O-to-I and 18.25 dB for O-to-O performance gaps are observed for PUSCH with ISD=6000m.

· Rural with long distance
Table 4.4 Baseline performance of PUSCH for Rural with long distance
	Carrier
	Service and data rate
	Frame slot
	Pathloss model
	The number of PRBs
	Required SNR (dB)
	Baseline performance
(dB)
	Maximum range(m)
	Target performance (dB)

	
	
	
	
	
	
	
	
	ISD=
30km
	Gap

	700MHz
	100Kbps for eMBB
	UUUUU
	LOS
(O-to-O)
	4
	-7.65
	139.87
	14537.70
	142.91
	3.04

	
	12.2Kbps for VoIP
	
	
	4
	-5.15
	137.37
	12589.13
	
	5.54



It can be observed that, for rural with long distance, the maximum ranges are about 14537.70m for eMBB and 12589.13m for VoIP. For both eMBB and VoIP, about 3.04 dB for eMBB and 5.54 dB for VoIP performance gaps are observed for PUSCH with ISD=30km.

Observation 8: For rural with long distance, about 3.04 dB for eMBB and 5.54 dB for VoIP performance gaps are observed for PUSCH with ISD=30km.
Proposal 6: The coverage performance of PUSCH for rural eMBB should be enhanced.
Proposal 7: The coverage performance of PUSCH for rural VoIP should be enhanced.
4.2 PUCCH
Table 4.5 Baseline performance of PUCCH
	Scenario
	Pathloss model
	Required SNR (dB)
	Baseline performance
(dB)
	Maximum range(m)
	ISD
	Target performance
(dB)
	Gap(dB)

	Urban
	NLOS
(O-to-I)
	-5.9
	122.31
	298.25
	400
	117.97
	-4.34

	
	
	
	
	
	500
	121.75
	-0.56

	Rural 4GHz TDD
	NLOS
(O-to-I)
	-5.9
	130.40
	712.25
	1732
	131.57
	1.17

	
	NLOS
(O-to-O)
	-5.8
	131.80
	774.23
	1732
	131.57
	-0.23

	Rural 2GHz FDD
	NLOS
(O-to-I)
	-5.9
	133.41
	1220.09
	1732
	125.55
	-7.86

	
	
	
	
	
	6000
	146.40
	12.99

	
	NLOS
(O-to-O)
	-5.8
	134.81
	1326.26
	1732
	125.55
	-9.26

	
	
	
	
	
	6000
	146.40
	11.59

	Rural 700MHz FDD
	LOS
(O-to-O)
	-13.8
	145.20
	19752.97
	30000
	142.91
	-2.29



It can be found that, for Rural 2GHz with ISD=6km, about 13 dB for O-to-I and 11.6 dB for O-to-O performance gaps are observed for PUCCH.
Observation 9: For Rural 2GHz with ISD=6km, about 13 dB for O-to-I and 11.6 dB for O-to-O performance gaps are observed for PUCCH.
Proposal 8: The coverage performance of PUCCH should be enhanced.
Conclusion
In this contribution, we provided evaluation methodology and preliminary baseline performance for NR coverage enhancement. Based on the simulation results, we have the following observations:
Observation 1: For urban eMBB scenario, with TDD configuration of DDDSUDDSUU, about 7.7 dB, 11.5 dB performance gaps are observed for PUSCH with ISD=400m, and ISD=500m respectively. 
Observation 2: For urban eMBB scenario, with TDD configuration of DDDSU, about 9 dB, 12.8 dB performance gaps are observed for PUSCH with ISD=400m, and ISD=500m respectively. 
Observation 3: For 4GHz rural eMBB scenario, with TDD configuration of DDDSUDDSUU, about 5.45 dB for O-to-I and 3.73 dB for O-to-O performance gaps are observed for PUSCH. 
Observation 4: For 4GHz rural eMBB scenario, with TDD configuration of DDDSU, about 6.75 dB for O-to-I and 6.28 dB for O-to-O performance gaps are observed for PUSCH.
Observation 5: For 4GHz rural VoIP scenario, about 7.55 dB for O-to-I and 6.83 dB for O-to-O performance gaps are observed.
Observation 6: For 2GHz rural eMBB scenario, about 16.27 dB for O-to-I and 14.50 dB for O-to-O performance gaps are observed for PUSCH with ISD=6000m.
Observation 7: For 2GHz rural VoIP scenario, bout 19.77 dB for O-to-I and 18.25 dB for O-to-O performance gaps are observed for PUSCH with ISD=6000m.
Observation 8: For rural with long distance, about 3.04 dB for eMBB and 5.54 dB for VoIP enhancement gaps are observed for PUSCH with ISD=30km.
Observation 9: For Rural 2GHz with ISD=6km, about 13 dB for O-to-I and 11.6 dB for O-to-O enhancement gaps are observed for PUCCH.

Regarding the evaluation methodology, we have the following proposals:
Proposal 1: Capture the evaluation methodology in Section 2 into TR 38.830.
Proposal 2: Capture the simulation assumptions for the required SNR calculation in Table 3.1 and Table 3.2 into TR 38.830.
Proposal 3: Capture the link budget template for coverage enhancement in Table 3.3 into TR 38.830.
Proposal 4: Capture the formulas for the target performance calculation in Table 3.4 into TR 38.830.

In addition, based on the simulation results and observations, we have the following proposals:
Proposal 5: The coverage performance of PUSCH for urban eMBB should be enhanced.
Proposal 6: The coverage performance of PUSCH for rural eMBB should be enhanced.
Proposal 7: The coverage performance of PUSCH for rural VoIP should be enhanced.
Proposal 8: The coverage performance of PUCCH should be enhanced.
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