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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] and updated in RAN #88e meeting [2]. 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 RAN1 #101e meeting, agreements on evaluation methodology and simulation assumptions for link-level simulation have been achieved. This contribution provides baseline performance for NR coverage enhancements for FR1.
Simulation results for PUSCH
2.1 The required SNR
Most simulation assumptions for PUSCH based on link-level simulation were agreed in RAN1 #101e meeting, while it remains some parameters to be discussed and determined in this meeting. The simulation assumptions for the required SNR calculation for PUSCH are summarized in Appendix. The simulation results of SNR for different scenarios and different services are summarized in Table 2-1 and Table 2-2.
[bookmark: _Ref31618723]Table 2-1 The required SNR for PUSCH for eMBB
	Scenario
	Channel model 
	Frame structure
	Number of receiver chains
	Required SNR (dB)

	Urban 4GHz O-to-I
	NLOS TDL-C
	DDDSUDDSUU
	2
	-1.4

	
	
	DDDSUDDSUU
	4
	-4.7

	
	
	DDDSU
	2
	0.1

	
	
	DDDSU
	4
	-3.3

	Rural 4GHz O-to-I
	NLOS TDL-C
	DDDSUDDSUU
	2
	-1.5

	
	
	DDDSUDDSUU
	4
	-4.8

	
	
	DDDSU
	2
	0.4

	
	
	DDDSU
	4
	-3.3

	Rural 4GHz O-to-O
	NLOS TDL-C
	DDDSUDDSUU
	2
	-1.3

	
	
	DDDSUDDSUU
	4
	-4.7

	
	
	DDDSU
	2
	0.4

	
	
	DDDSU
	4
	-3.7

	Rural 2GHz O-to-I
	NLOS TDL-C
	FDD(UUUUU)
	2
	-2.6

	
	
	FDD(UUUUU)
	4
	-6.3

	Rural 2GHz O-to-O
	NLOS TDL-C
	FDD(UUUUU)
	2
	-1.5

	
	
	FDD(UUUUU)
	4
	-6.1

	Rural 700M O-to-O
	LOS TDL-D
	FDD(UUUUU)
	2
	-8.9

	
	
	FDD(UUUUU)
	4
	-11.15



Table 2-2 The required SNR for PUSCH for VoIP
	Scenario
	Channel model 
	Frame structure
	Number of transmission times
	Number of receiver chains
	Required SNR (dB)

	Urban 4GHz O-to-I
	NLOS TDL-C
	DDDSUDDSUU
	1
	2
	3.9

	
	
	DDDSUDDSUU
	8(nominal)
	2
	-0.25

	
	
	DDDSU
	1
	2
	4.1

	
	
	DDDSU
	8(nominal)
	2
	1.1

	Rural 4GHz O-to-O
	NLOS TDL-C
	DDDSUDDSUU
	1
	2
	4.1

	
	
	DDDSUDDSUU
	8(nominal)
	2
	-3.2

	
	
	DDDSU
	1
	2
	3.8

	
	
	DDDSU
	8(nominal)
	2
	-0.8

	Rural 2GHz O-to-I
	NLOS TDL-C
	FDD(UUUUU)
	1
	2
	4.1

	
	
	FDD(UUUUU)
	8
	2
	-3.45

	Rural 2GHz O-to-O
	NLOS TDL-C
	FDD(UUUUU)
	1
	2
	5.5

	
	
	FDD(UUUUU)
	8
	2
	-6.8

	Rural 700M O-to-O
	LOS TDL-D
	FDD(UUUUU)
	8
	2
	-11.55



Proposal 1: Capture the required SNR for PUSCH in Table 2-1 and Table 2-2 into TR 38.830.
2.2 Link budget template
We provide a link budget template based on IMT-2020 link budget template with some necessary revisions in [3]. The detailed values for link budget template for different scenarios for PUSCH are summarized in Table 2-3.
[bookmark: _Ref31618509]Table 2-3 Link budget template for PUSCH
	Parameter
	Values

	[bookmark: _Hlk47610290]Scenario
	Urban 4G
	Rural 4G
	Rural 2G
	Rural 700M 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

	Transmitter

	(1) Number of transmit antennas.
	1
	1
	1
	1

	(2) Number of transmit TxRUs
	1
	1
	1
	1

	(2a) Number of transmit RF chains in LLS
Note: Only applicable when (2a) < (2)
	N/A
	N/A
	N/A
	N/A

	(3) Total transmit power (dBm)
	23.00
	23.00
	23.00
	23.00

	(4) Single antenna element gain at transmitter (dBi)
	0.00
	0.00
	0.00
	0.00

	(5) Transmitter array gain = (5a) + (5b) – (5c) (dB)
	0.00
	0.00
	0.00
	0.00

	(5a) Transmitter antenna gain mapping from RF chains in LLS to TxRUs (dB)
	N/A
	N/A
	N/A
	N/A

	(5b) Transmitter antenna gain mapping from TxRUs to antenna elements (dB)
	N/A
	N/A
	N/A
	N/A

	(5c) Transmitter antenna array gain loss considering realistic implementation (dB)
	N/A
	N/A
	N/A
	N/A

	(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
	192
	64
	32
	16

	(10a) Number of receive TxRUs
	64
	64
	2 or 4
	2 or 4

	(10b) Number of receive RF chains in LLS
Note: Only applicable when (10b) < (10a)
	2 or 4
	2 or 4
	2 or 4
	2 or 4

	(11) Single antenna element gain at receiver (dBi)
	8.00
	8.00
	8.00
	8.00

	(11bis) Receiver array gain = (11bis-a) + (11bis-b) – (11bis-c) (dB)
	Reported by company
	Reported by company
	Reported by company
	Reported by company

	(11bis-a) Receiver antenna gain mapping from RF chains in LLS to TxRUs (dB)
	Reported by company
	Reported by company
	Reported by company
	Reported by company

	(11bis-b) Receiver antenna gain mapping from TxRUs to antenna elements (dB)
	Reported by company
	Reported by company
	Reported by company
	Reported by company

	(11bis-c) Receiver antenna array gain loss considering realistic implementation (dB)
	Reported by company
	Reported by company
	Reported by company
	Reported by company

	(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)
Note: System bandwidth for downlink and occupied channel bandwidth for uplink
	-
	-
	-
	-

	(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)
	Refer to Appendix
	Refer to Appendix
	Refer to Appendix
	Refer to Appendix

	(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

	(21b) H-ARQ gain for data channel (dB)
Note: Only applicabale if HARQ is not considered in LLS
	0.50
	0.50
	0.50
	0.50

	(22a) Receiver sensitivity for control channel = (18a) + (19a) + (20) (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

	[bookmark: _Hlk47610277](24) Lognormal shadow fading std deviation (dB)
	7.00
	8.00
	8.00
	6.00

	(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

	Calculation of MCL

	MCL for control channel = (3) + (6) - (22a) + gNB antenna gain (dB).
Note: gNB antenna gain = (5a) for downlink, gNB antenna gain = (11bis-a) for uplink
	Reported by company
	Reported by company
	Reported by company
	Reported by company

	MCL for data channel = (3) - (7) - (22b) + gNB antenna gain (dB).
Note: gNB antenna gain = (5a) for downlink, gNB antenna gain = (11bis-a) for uplink
	Reported by company
	Reported by company
	Reported by company
	Reported by company



Proposal 2: Capture the link budget template in Table 2-3 into TR 38.830.

2.3 Target performance
As analyzed in [3], for eMBB, target MCL/MPL derived from typical ISD, e.g. 500m for urban, 1732m for rural, and 30km for rural with long distance, can be defined as the target performance. For VoIP, there may be two options. One option is that the target performance can be defined as MCL of 147dB. And the other option is the same as eMBB that MCL/MPL derived from typical ISD can be defined as the target performance.
The target path loss for the target performance can be derived based on the typical ISD for each scenario and path loss formulas in ITU-M.2412 [4].
Table 2-4 Formulas for target performance calculation
	Scenario
	ISD(m)
	Target range = ISD/sqrt(3)
	Target performance(dB)

	Urban 4GHz
	500
	288.68
	121.75Note 1

	Rural 4GHz
	1732
	999.97
	131.57Note 2

	Rural 2GHz
	1732
	999.97
	125.55Note 2

	Rural with long distance
	30000
	17320.51
	142.91Note 3



Note 1: For urban 4GHz scenario with ISD = 500m, the target performance for NLOS can be obtained as follows [4]:

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 2: For rural scenario with ISD = 1732m, the target performance for NLOS can be obtained as follows [4]:

where , , , .

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

where , ,  and , , .
 
Proposal 3: Capture the formulas for the target performance calculation in Table 2-4 into TR 38.830.

2.4 Baseline performance for PUSCH
The baseline performance for PUSCH for eMBB are summarized in Table 2-5.
Table 2-5 Baseline performance for PUSCH for eMBB
	Scenario
	Frame structure
	Number of receiver chains
	MCL (dB)
	MPL (dB)
	Target MPL (dB)
	Gap

	Urban 4GHz O-to-I
	DDDSUDDSUU
	2
	131.65
	109.69
	121.75
	12.06

	
	DDDSUDDSUU
	4
	131.94
	109.98
	
	11.77

	
	DDDSU
	2
	130.15
	108.19
	
	13.56

	
	DDDSU
	4
	130.54
	108.58
	
	13.17

	Rural 4GHz O-to-I
	DDDSUDDSUU
	2
	140.50
	126.87
	131.57
	4.7

	
	DDDSUDDSUU
	4
	140.79
	127.16
	
	4.41

	
	DDDSU
	2
	138.60
	124.97
	
	6.60

	
	DDDSU
	4
	139.29
	125.66
	
	5.91

	Rural 4GHz O-to-O
	DDDSUDDSUU
	2
	140.30
	128.69
	
	2.88

	
	DDDSUDDSUU
	4
	140.69
	129.08
	
	2.49

	
	DDDSU
	2
	138.60
	126.99
	
	4.58

	
	DDDSU
	4
	139.69
	128.08
	
	3.49

	Rural 2GHz O-to-I
	FDD(UUUUU)
	2
	129.56
	127.97
	125.55
	-2.42

	
	FDD(UUUUU)
	4
	1333.26
	128.66
	
	-3.11

	Rural 2GHz O-to-O
	FDD(UUUUU)
	2
	128.46
	128.89
	
	-3.34

	
	FDD(UUUUU)
	4
	133.06
	130.48
	
	-4.93

	Rural 700M O-to-O
	FDD(UUUUU)
	2
	135.86
	135.10
	142.91
	7.81

	
	FDD(UUUUU)
	4
	138.11
	134.34
	
	8.57



Based on the baseline performance for PUSCH for eMBB, we have the following observations and proposals:
Observation 1: For 4GHz urban scenario, with TDD configuration of DDDSUDDSUU, about 12.06 dB, 11.77 dB performance gaps are observed for PUSCH with the receiver chains of 2 and 4 respectively. 
Observation 2: For 4GHz urban scenario, with TDD configuration of DDDSU, about 13.56 dB, 13.17 dB performance gaps are observed for PUSCH with the receiver chains of 2 and 4 respectively. 
Observation 3: For 4GHz rural O-to-I scenario, with TDD configuration of DDDSUDDSUU, about 4.7 dB, 4.41 dB performance gaps are observed for PUSCH with the receiver chains of 2 and 4 respectively. 
Observation 4: For 4GHz rural O-to-I scenario, with TDD configuration of DDDSU, about 6.60 dB, 5.91 dB performance gaps are observed for PUSCH with the receiver chains of 2 and 4 respectively. 
Observation 5: For 4GHz rural O-to-O scenario, with TDD configuration of DDDSUDDSUU, about 2.88 dB, 2.49 dB performance gaps are observed for PUSCH with the receiver chains of 2 and 4 respectively. 
Observation 6: For 4GHz rural O-to-O scenario, with TDD configuration of DDDSU, about 4.58 dB, 3.49 dB performance gaps are observed for PUSCH with the receiver chains of 2 and 4 respectively. 
Observation 7: For 700MHz rural with long distance O-to-O scenario, about 7.81 dB, 8.57 dB performance gaps are observed for PUSCH with the receiver chains of 2 and 4 respectively.

Proposal 4: The coverage performance of PUSCH for 4GHz urban eMBB should be enhanced.
Proposal 5: The coverage performance of PUSCH for 4GHz rural eMBB should be enhanced.
Proposal 6: The coverage performance of PUSCH for 700MHz rural with long distance eMBB should be enhanced.

For PUSCH VoIP, there may be two options of target performance metric. If target MCL of 147 dB is adopted, the baseline performance for PUSCH for VoIP are summarized in Table 2-6. If target MCL/MPL derived from ISD is adopted, the baseline performance for PUSCH for VoIP are summarized in Table 2-7.
Table 2-6 Baseline performance for PUSCH for VoIP with target MCL of 147 dB
	Scenario
	Frame structure
	Number of transmission times
	Number of receiver chains
	MCL (dB)
	Target MCL (dB)
	Gap

	Urban 4GHz O-to-I
	DDDSUDDSUU
	1
	2
	134.60
	147
	12.4

	
	DDDSUDDSUU
	8(nominal)
	2
	138.75
	
	8.25

	
	DDDSU
	1
	2
	131.40
	
	15.6

	
	DDDSU
	8(nominal)
	2
	134.40
	
	12.6

	Rural 4GHz O-to-O
	DDDSUDDSUU
	1
	2
	134.40
	
	12.6

	
	DDDSUDDSUU
	8(nominal)
	2
	141.70
	
	5.3

	
	DDDSU
	1
	2
	134.70
	
	12.3

	
	DDDSU
	8(nominal)
	2
	139.30
	
	7.7

	Rural 2GHz O-to-I
	FDD(UUUUU)
	1
	2
	120.96
	
	26.04

	
	FDD(UUUUU)
	8
	2
	133.26
	
	13.74

	Rural 2GHz O-to-O
	FDD(UUUUU)
	1
	2
	122.36
	
	24.64

	
	FDD(UUUUU)
	8
	2
	129.91
	
	17.09

	Rural 700M O-to-O
	FDD(UUUUU)
	8
	2
	138.51
	
	8.49



If target MCL of 147 dB is adopted, we have the following observations and proposals:
Observation 8: For 4GHz urban scenario, with TDD configuration of DDDSUDDSUU, about 12.4 dB, 8.25 dB performance gaps are observed for PUSCH with the transmission times of 1 and 8 (nominal) respectively. 
Observation 9: For 4GHz urban scenario, with TDD configuration of DDDSU, about 15.6 dB, 12.6 dB performance gaps are observed for PUSCH with the transmission times of 1 and 8 (nominal) respectively. 
Observation 10: For 4GHz rural O-to-O scenario, with TDD configuration of DDDSUDDSUU, about 12.6 dB, 5.3 dB performance gaps are observed for PUSCH with the transmission times of 1 and 8 (nominal) respectively. 
Observation 11: For 4GHz rural O-to-O scenario, with TDD configuration of DDDSU, about 12.3 dB, 7.7 dB performance gaps are observed for PUSCH with the transmission times of 1 and 8 (nominal) respectively. 
Observation 12: For 2GHz rural O-to-I scenario, about 26.04 dB, 13.74 dB performance gaps are observed for PUSCH with the transmission times of 1 and 8 respectively. 
Observation 13: For 2GHz rural O-to-O scenario, about 24.64 dB, 17.09 dB performance gaps are observed for PUSCH with the transmission times of 1 and 8 respectively. 
Observation 14: For 700MHz rural with long distance O-to-O scenario, about 8.49 dB performance gaps are observed for PUSCH with the transmission times of 8. 

Proposal 7: If target MCL of 147 dB is adopted, the coverage performance of PUSCH for urban 4GHz, rural 4GHz, rural 2GHz, rural 700MHz with long distance should be enhanced.

Table 2-7 Baseline performance for PUSCH for VoIP with target MCL/MPL derived from ISD
	Scenario
	Frame structure
	Number of transmission times
	Number of receiver chains
	MPL (dB)
	Target MPL (dB)
	Gap

	Urban 4GHz O-to-I
	DDDSUDDSUU
	1
	2
	112.64
	121.75
	9.11

	
	DDDSUDDSUU
	8(nominal)
	2
	116.79
	
	4.96

	
	DDDSU
	1
	2
	109.44
	
	12.31

	
	DDDSU
	8(nominal)
	2
	112.44
	
	9.31

	Rural 4GHz O-to-O
	DDDSUDDSUU
	1
	2
	122.79
	131.57
	8.78

	
	DDDSUDDSUU
	8(nominal)
	2
	130.09
	
	1.48

	
	DDDSU
	1
	2
	123.09
	
	8.48

	
	DDDSU
	8(nominal)
	2
	127.69
	
	3.88

	Rural 2GHz O-to-I
	FDD(UUUUU)
	1
	2
	120.77
	125.55
	4.78

	
	FDD(UUUUU)
	8
	2
	128.32
	
	-2.77

	Rural 2GHz O-to-O
	FDD(UUUUU)
	1
	2
	121.39
	
	4.16

	
	FDD(UUUUU)
	8
	2
	133.69
	
	-8.14

	Rural 700M O-to-O
	FDD(UUUUU)
	8
	2
	137.75
	142.91
	5.16



If target MCL/MPL derived from ISD is adopted, we have the following observations and proposals:
Observation 15: For 4GHz urban scenario, with TDD configuration of DDDSUDDSUU, about 9.11 dB, 4.96 dB performance gaps are observed for PUSCH with the transmission times of 1 and 8 (nominal) respectively. 
Observation 16: For 4GHz urban scenario, with TDD configuration of DDDSU, about 12.31 dB, 9.31 dB performance gaps are observed for PUSCH with the transmission times of 1 and 8 (nominal) respectively. 
Observation 17: For 4GHz rural O-to-O scenario, with TDD configuration of DDDSUDDSUU, about 8.78 dB, 1.48 dB performance gaps are observed for PUSCH with the transmission times of 1 and 8 (nominal) respectively. 
Observation 18: For 4GHz rural O-to-O scenario, with TDD configuration of DDDSU, about 8.48 dB, 3.88 dB performance gaps are observed for PUSCH with the transmission times of 1 and 8 (nominal) respectively. 
Observation 19: For 700MHz rural with long distance O-to-O scenario, about 5.16 dB performance gaps are observed for PUSCH with the transmission times of 8. 

[bookmark: _GoBack]Proposal 8: If target MCL/MPL derived from ISD is adopted, the coverage performance of PUSCH for urban 4GHz, rural 4GHz, rural 700MHz with long distance should be enhanced.
Conclusion
In this contribution, we provided baseline performance for NR coverage enhancements for FR1.
Based on the baseline performance for PUSCH for eMBB, we have the following observations:
Observation 1: For 4GHz urban scenario, with TDD configuration of DDDSUDDSUU, about 12.06 dB, 11.77 dB performance gaps are observed for PUSCH with the receiver chains of 2 and 4 respectively. 
Observation 2: For 4GHz urban scenario, with TDD configuration of DDDSU, about 13.56 dB, 13.17 dB performance gaps are observed for PUSCH with the receiver chains of 2 and 4 respectively. 
Observation 3: For 4GHz rural O-to-I scenario, with TDD configuration of DDDSUDDSUU, about 4.7 dB, 4.41 dB performance gaps are observed for PUSCH with the receiver chains of 2 and 4 respectively. 
Observation 4: For 4GHz rural O-to-I scenario, with TDD configuration of DDDSU, about 6.60 dB, 5.91 dB performance gaps are observed for PUSCH with the receiver chains of 2 and 4 respectively. 
Observation 5: For 4GHz rural O-to-O scenario, with TDD configuration of DDDSUDDSUU, about 2.88 dB, 2.49 dB performance gaps are observed for PUSCH with the receiver chains of 2 and 4 respectively. 
Observation 6: For 4GHz rural O-to-O scenario, with TDD configuration of DDDSU, about 4.58 dB, 3.49 dB performance gaps are observed for PUSCH with the receiver chains of 2 and 4 respectively. 
Observation 7: For 700MHz rural with long distance O-to-O scenario, about 7.81 dB, 8.57 dB performance gaps are observed for PUSCH with the receiver chains of 2 and 4 respectively.

If target MCL of 147 dB is adopted, we have the following observations:
Observation 8: For 4GHz urban scenario, with TDD configuration of DDDSUDDSUU, about 12.4 dB, 8.25 dB performance gaps are observed for PUSCH with the transmission times of 1 and 8 (nominal) respectively. 
Observation 9: For 4GHz urban scenario, with TDD configuration of DDDSU, about 15.6 dB, 12.6 dB performance gaps are observed for PUSCH with the transmission times of 1 and 8 (nominal) respectively. 
Observation 10: For 4GHz rural O-to-O scenario, with TDD configuration of DDDSUDDSUU, about 12.6 dB, 5.3 dB performance gaps are observed for PUSCH with the transmission times of 1 and 8 (nominal) respectively. 
Observation 11: For 4GHz rural O-to-O scenario, with TDD configuration of DDDSU, about 12.3 dB, 7.7 dB performance gaps are observed for PUSCH with the transmission times of 1 and 8 (nominal) respectively. 
Observation 12: For 2GHz rural O-to-I scenario, about 26.04 dB, 13.74 dB performance gaps are observed for PUSCH with the transmission times of 1 and 8 respectively. 
Observation 13: For 2GHz rural O-to-O scenario, about 24.64 dB, 17.09 dB performance gaps are observed for PUSCH with the transmission times of 1 and 8 respectively. 
Observation 14: For 700MHz rural with long distance O-to-O scenario, about 8.49 dB performance gaps are observed for PUSCH with the transmission times of 8. 

If target MCL/MPL derived from ISD is adopted, we have the following observations:
Observation 15: For 4GHz urban scenario, with TDD configuration of DDDSUDDSUU, about 9.11 dB, 4.96 dB performance gaps are observed for PUSCH with the transmission times of 1 and 8 (nominal) respectively. 
Observation 16: For 4GHz urban scenario, with TDD configuration of DDDSU, about 12.31 dB, 9.31 dB performance gaps are observed for PUSCH with the transmission times of 1 and 8 (nominal) respectively. 
Observation 17: For 4GHz rural O-to-O scenario, with TDD configuration of DDDSUDDSUU, about 8.78 dB, 1.48 dB performance gaps are observed for PUSCH with the transmission times of 1 and 8 (nominal) respectively. 
Observation 18: For 4GHz rural O-to-O scenario, with TDD configuration of DDDSU, about 8.48 dB, 3.88 dB performance gaps are observed for PUSCH with the transmission times of 1 and 8 (nominal) respectively. 
Observation 19: For 700MHz rural with long distance O-to-O scenario, about 5.16 dB performance gaps are observed for PUSCH with the transmission times of 8. 

Based on the above observations, we have the following proposals:
Proposal 1: Capture the required SNR for PUSCH in Table 2-1 and Table 2-2 into TR 38.830.
Proposal 2: Capture the link budget template in Table 2-3 into TR 38.830.
Proposal 3: Capture the formulas for the target performance calculation in Table 2-4 into TR 38.830.
Proposal 4: The coverage performance of PUSCH for 4GHz urban eMBB should be enhanced.
Proposal 5: The coverage performance of PUSCH for 4GHz rural eMBB should be enhanced.
Proposal 6: The coverage performance of PUSCH for 700MHz rural with long distance eMBB should be enhanced.
Proposal 7: If target MCL of 147 dB is adopted, the coverage performance of PUSCH for urban 4GHz, rural 4GHz, rural 2GHz, rural 700MHz with long distance should be enhanced.
Proposal 8: If target MCL/MPL derived from ISD is adopted, the coverage performance of PUSCH for urban 4GHz, rural 4GHz, rural 700MHz with long distance should be enhanced.
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Appendix 
This subclause describes the link-level simulation assumptions for PUSCH for FR1 in Table A.1.
Table A.1: Simulation assumptions for PUSCH for FR1
	Parameter
	Value

	Scenario and frequency
	Urban: 4GHz (TDD) 
Rural: 4GHz (TDD), 2GHz (FDD)
Rural with long distance: 700MHz (FDD)

	Frame structure for TDD
	DDDSU (S: 10D:2G:2U) only for 4GHz
DDDSUDDSUU (S: 10D:2G:2U) only for 4GHz 

	Target data rates for eMBB
	Urban: UL 1Mbps
Rural: UL 100kbps
Rural with long distance: UL 100kbps

	Packet size for VoIP
	A packet size of 320 bits with 20ms data arriving interval is adopted.

	Latency requirements for VoIP
	50ms

	Pathloss model (select from LoS or NLoS)
	Urban: NLoS
Rural: NLoS and LoS

	Channel model for link-level simulation
	TDL-C for NLOS, TDL-D for LOS.

	Delay spread
	Urban: 300ns
Rural: 300ns
Rural with long distance: 30ns

	UE velocity
	Urban: 3km/h for indoor
Rural: 3km/h for indoor, 120km/h for outdoor

	Number of antenna elements for BS
	· Urban: 192 antenna elements for 4GHz 
(M,N,P,Mg,Ng) = (12,8,2,1,1)
· Rural: 64 antenna elements for 4GHz
(M,N,P,Mg,Ng) = (8,4,2,1,1)
32 antenna elements for 2GHz
(M,N,P,Mg,Ng) = (8,2,2,1,1)
16 antenna elements for 700MHz
(M,N,P,Mg,Ng) = (4,2,2,1,1)

	Number of TxRUs for BS
	gNB architectures to study:
· 2 or 4 TXRUs for 2GHz, 700 MHz 
· 64TxRUs for 4 GHz. 
gNB modeling in LLS for TDL:
· Option 1: 2 or 4 gNB receive chains in LLS. 

	Frequency hopping 
	w/ or w/o frequency hopping

	BLER
	For eMBB, w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Number of UE transmit chains 
	1

	DMRS configuration 
	For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
For 120km/h: Type I, 2 DMRS symbol, no multiplexing with data.
For frequency hopping: Type I, 1 DMRS symbol for each hop, no multiplexing with data.

	Waveform
	DFT-s-OFDM

	SCS
	30kHz for TDD, 15kHz for FDD.

	PUSCH duration	
	14 OS

	Repetitions 
	For eMBB, w/o repetition.  
For VoIP, w/ repetition. 
The actual number of repetitions is reported by companies.

	HARQ configuration 
	For eMBB, w/o HARQ. 
For VoIP, w/ HARQ.

	PRBs/TBS/MCS for eMBB
	30 PRBs for 1Mbps, 4 PRBs for 100kbps.
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP
	4 PRBs for VoIP. 
QPSK
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