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1 Introduction
The objective of SI on NR coverage enhancement is to identify the baseline coverage performance for specific scenarios for both FR1 and FR2 based on link-level simulation and study the potential solutions for both DL and UL. 
The link budget template based on IMT-2020 self-evaluation has been updated in the RAN1 #102e meeting [2], and several agreements regarding evaluation methodology were made as followings:
	Agreements:

· Adopt single link budget template for both FR1 and FR2 based on IMT-2020 self-evaluation with rows for MIL, MCL, MPL, and necessary revisions, including adding/removing/revising/simplifying some parameters

· [For LLS based methodology] coverage bottleneck(s) identification is performed using at least [MCL and] MIL. 

· [MCL values can also be considered to compare channels with similar antenna (and antenna array) gain]

Agreements:

· MPL can be used as supplemental information for coverage bottleneck(s) identification

· The results based on MPL are to be captured in TR

· Note: this is uself to show the achievable ISD. 

· The definition of MPL shall be determined in RAN1

· RAN1 will not further discuss on specific values for the parameters related to MPL 

· IMT-2020 values are as a starting point, but: 

· companies may use other values, and

· for the parameters that companies think IMT-2020 self-evaluation does not clearly define the values for some scenarios, it is up to companies to report
Agreements:

· RAN1 strives for satisfying appropriate targets identified by companies particularly operators

· The targets may be in the form of one or more of the following:

· 1. Scenario dependent targets, e.g., ISD/MPL

· 2. Service dependent targets, e.g., [MCL=147] dB for VoIP;

· 3. Relative difference between channels, e.g, MIL(/[MCL])

· Further values and details of such targets will be clarified at RAN1#103-e 

· Note: there is no intention in RAN1 to update the study item objectives due to the identified targets.


In this contribution, we provide our observations and analysis on the baseline coverage performance for FR1, including evaluation methodology, simulation parameter settings and link level simulation results.
2 Evaluation methodology

The target performance needs to be determined for different scenarios in coverage enhancement study based on the baseline performance. We need to identify scenario dependent targets, e.g., ISD/MPL.
We can use the expected ISD for each scenario and path loss formulas for channel model A in ITU-M.2412 [3] to calculate the target path loss for the target performance.

Table 1 Formulas for target path loss – channel model A
	Scenario
	ISD(m)
	Target range = ISD/sqrt(3)
	Target performance(dB)

	Urban
	400 
	230.94
	Formula 1

	
	500
	288.68
	

	Rural
	1732
	999.97
	Formula 2

	
	6000
	3464.10
	

	Rural with long distance
	12000
	6928.20
	

	
	30000
	17320.51
	


For urban scenario, path loss can be obtained as follows [3]:
	
	Formula 1
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For rural scenario, path loss can be obtained as follows [3]:

	
	Formula 2
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is the propagation velocity in free space.
Proposal 1: If scenario dependent targets were identified, e.g., ISD/MPL, we can reuse the path loss formulas for channel model A in ITU-M.2412.
We have 3 options on the values for the row (8) /(12)Cable, connector, combiner, body losses, etc in the updated LB as follow:
	Option 1:

   - feeder loss at BS (1dB for 700MHz, 0dB for 4GHz with AAS)

   -0dB for the loss at UE

Option 2:

   - values for IMT-2020 self evaluation.
Option 3:

   - no description on the values (i.e. companies to report)


Proposal 2: We prefer the option 2 for Cable, connector, combiner and body losses in LB template. For other rows without agreement, we can reuse the values for IMT-2020 self-evaluation.
3 Simulation assumptions
To identify the baseline performance and coverage bottleneck, we provide the detailed link level simulation assumptions to obtain the required SNR corresponding to different scenarios. The detailed values of link level simulation parameters for different scenarios are attached in the Appendix, e.g. Table 2~5.  
4 Baseline performance
Based on the link level simulation assumptions listed in Appendix A.1~4, the required SNR and baseline performance can be obtained as shown in Appendix A.5~6. Among the MPL, MIL and MCL results shown in Appendix, we use MIL results of several DL and UL channels to identify the coverage bottleneck channel.
As shown below, coverage performance based on link budget results for different scenarios are provided:
· Scenario 1-1: Urban scenario TDD @4GHz
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Observation1: For scenario 1-1, PUSCH with eMBB services has the lowest MIL, followed by PUSCH with VoIP services. 
· Scenario 1-2: Urban scenario TDD @2.6GHz
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Observation2: For scenario 1-2, PUSCH with eMBB services has the lowest MIL, followed by PUSCH with VoIP service.
· Scenario 2-1: Rural scenario TDD @4GHz
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Observation3: For scenario 2-1, PUSCH has the lowest MIL, followed by PUCCH.
· Scenario 2-2: Rural scenario TDD @2.6GHz
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Observation4: For scenario 2-2, PUSCH has the lowest MIL, followed by PUCCH.
· Scenario 2-3: Rural scenario FDD @2GHz
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Observation5: For scenario 2-3, PUSCH with eMBB services has the lowest MIL, followed by PUSCH with VoIP services. 
· Scenario 2-4: Rural scenario FDD @700MHz
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Observation6: For scenario 2-4, PUSCH with eMBB services has the lowest MIL, followed by PUSCH with VoIP services. 
· Scenario 3-1: Rural with long distance scenario TDD @4GHz
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Observation7: For scenario 3-1, PUSCH has the lowest MIL, followed by PUCCH. 
· Scenario 3-2: Rural with long distance scenario FDD @700MHz
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Observation8: For scenario 3-2, PUSCH has the lowest MIL. 

Notes: The red line is only used for analysis, and it is an intermediate target MIL value. This gives initial idea that the MIL at the bottom of the red line or on the left needs to be enhanced.
In light of above observations, we have the following proposal:

Proposal 3: PUSCH should be prioritized for coverage enhancement, and PUCCH should also be considered with high priority for FR1 coverage enhancement.
5 Conclusion

In this contribution, we discuss the baseline coverage performance for FR1, and provide the link level simulation performance for each scenario, including PUSCH, PUCCH, PDSCH, PDCCH.

Observation1: For scenario 1-1, PUSCH with eMBB services has the lowest MIL, followed by PUSCH with VoIP services. 

Observation2: For scenario 1-2, PUSCH with eMBB services has the lowest MIL, followed by PUSCH with VoIP service.
Observation3: For scenario 2-1, PUSCH has the lowest MIL, followed by PUCCH.
Observation4: For scenario 2-2, PUSCH has the lowest MIL, followed by PUCCH.
Observation5: For scenario 2-3, PUSCH with eMBB services has the lowest MIL, followed by PUSCH with VoIP services. 
Observation6: For scenario 2-4, PUSCH with eMBB services has the lowest MIL, followed by PUSCH with VoIP services. 
Observation7: For scenario 3-1, PUSCH has the lowest MIL, followed by PUCCH. 
Observation8: For scenario 3-2, PUSCH has the lowest MIL. 

Proposal 1: If scenario dependent targets were identified, e.g., ISD/MPL, we can reuse the path loss formulas for channel model A in ITU-M.2412.
Proposal 2: We prefer the option 2 for Cable, connector, combiner and body losses in LB template. For other rows without agreement, we can reuse the values for IMT-2020 self-evaluation.
Proposal 3: PUSCH should be prioritized for coverage enhancement, and PUCCH should also be considered with high priority for FR1 coverage enhancement.
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Appendix

A.1 Simulation assumption for PUSCH

Table 2 Simulation parameters for PUSCH

	Parameters
	Values

	Scenario
	Urban
	Rural
	Rural with long distance

	Duplexing scheme and frequency
	2.6GHz、4GHz
	TDD: 2.6GHz、4GHz

FDD: 700MHz、2GHz  
	TDD: 4GHz

FDD: 700MHz

	VoIP
	A packet size of 320 bits with 20ms data arriving interval

	Latency requirements for voice
	50ms
	50ms
	50ms

	Target data rates for eMBB 
	1Mbps 
	100kbps 
	100kbps 

	Frame structure
	- DDDDDDDSUU (2.6 GHz)
- DDDSU (4 GHz)
- DDDSUDDSUU (4 GHz)
	- DDDDDDDSUU (2.6 GHz)
- DDDSU (4 GHz)

- DDDSUDDSUU (4 GHz)
	- DDDSU (4 GHz)

- DDDSUDDSUU (4 GHz)

	Waveform
	DFT-s-OFDM
	DFT-s-OFDM
	DFT-s-OFDM

	Subcarrier spacing
	30kHz
	30kHz for TDD

15kHz for FDD
	30kHz for TDD

15kHz for FDD

	BLER
	For eMBB, 10% iBLER; 
For VoIP, 2% rBLER.
	For eMBB, 10% iBLER; 
For VoIP, 2% rBLER.
	For eMBB, 10% iBLER; 
For VoIP, 2% rBLER.

	Occupied channel bandwidth
	100MHz 
	100MHz (2.6GHz、4GHz)

20MHz  (700MHz、2GHz )
	100MHz (4GHz)

20MHz   (700MHz )

	Pathloss model 
	NLoS
	NLoS、 LoS
	NLoS、 LoS

	Channel model 
	TDL-C 
	TDL-C 、TDL-D
	TDL-C 、TDL-D

	Delay Spread
	300ns
	300ns
	30ns

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

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

120km/h  for outdoor

	PRBs
	30PRBs for eMBB

4PRBs for VoIP
	4PRBs for eMBB

4PRBs for VoIP
	4PRBs for eMBB

4PRBs for VoIP

	MCS index
	4(DDDDDDDSUU)
4(DDDSU)

3(DDDSUDDSUU)

4(VoIP)
	3(DDDDDDDSUU)
3(DDDSU)

1(DDDSUDDSUU)

0(FDD)

4(VoIP)
	3(DDDSU)

1(DDDSUDDSUU)

0(FDD)

4(VoIP)

	PUSCH duration
	14OS
	14OS
	14OS

	# BS Rx chains
	2
	2
	2

	# UE Tx chains
	1
	1
	1

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

	Frequency hopping
	w/o 
	w/o 
	w/o 

	HARQ configuration and Repetitions
	eMBB: w/o HARQ, w/o repetition
VoIP: actual number of repetitions

8 (DDDSU/ DDDDDDDSUU)

12 (DDDSUDDSUU)
	eMBB: w/o HARQ, w/o repetition
VoIP: actual number of repetitions

8 (DDDSU/ DDDDDDDSUU)

12 (DDDSUDDSUU)

12 (FDD)
	eMBB: w/o HARQ, w/o repetition
VoIP: actual number of repetitions

8 (DDDSU)

12 (DDDSUDDSUU)

12 (FDD) 


A.2 Simulation assumption for PUCCH

Table 3 Simulation parameters for PUCCH

	Parameters
	Values

	Scenario
	Urban
	Rural

	Duplexing scheme and frequency
	2.6GHz、4GHz
	TDD: 4GHz

FDD: 2GHz  

	Format type
	Format 1, 2bits UCI.

Format 3, 11/22bits UCI
	Format 1, 2bits UCI.

Format 3, 11/22bits UCI

	Waveform
	DFT-s-OFDM
	DFT-s-OFDM

	Subcarrier spacing
	30kHz
	30kHz for TDD

15kHz for FDD

	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%
	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%

	Occupied channel bandwidth
	100MHz 
	100MHz (2.6GHz、4GHz)

20MHz  (700MHz、2GHz )

	Pathloss model 
	NLoS
	NLoS、 LoS

	Channel model 
	TDL-C 
	TDL-C 、TDL-D

	Delay Spread
	300ns
	300ns

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

120km/h  for outdoor

	PRBs
	1
	1

	PUSCH duration
	14OS
	14OS

	# BS Rx chains
	2
	2

	# UE Tx chains
	1
	1

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

	Frequency hopping
	w/
	w/

	HARQ and Repetitions
	w/o HARQ, w/o repetition
	w/o HARQ, w/o repetition


A.3 Simulation assumption for PDSCH

Table 4 Simulation parameters for PDSCH

	Parameters
	Values

	Scenario
	Urban
	Rural
	Rural with long distance

	Duplexing scheme and frequency
	 TDD: 2.6GHz、4GHz
	TDD: 2.6GHz、4GHz

FDD: 700MHz、2GHz  
	TDD: 4GHz

FDD: 700MHz

	Target data rates for eMBB 
	10Mbps 
	1Mbps 
	1Mbps

	Frame structure
	- DDDDDDDSUU (2.6 GHz)
- DDDSU (4 GHz)

- DDDSUDDSUU (4 GHz)
	- DDDDDDDSUU (2.6 GHz)
- DDDSU (4 GHz)

- DDDSUDDSUU (4 GHz)
	- DDDDDDDSUU (2.6 GHz)
- DDDSU (4 GHz)

- DDDSUDDSUU (4 GHz)

	Waveform
	CP-OFDM
	CP-OFDM
	CP-OFDM

	Subcarrier spacing
	30kHz
	30kHz for TDD

15kHz for FDD
	30kHz for TDD

15kHz for FDD

	BLER
	For eMBB, 10% iBLER; 
For VoIP, 2% rBLER.
	For eMBB, 10% iBLER; 
For VoIP, 2% rBLER.
	For eMBB, 10% iBLER; 
For VoIP, 2% rBLER.

	Occupied channel bandwidth
	100MHz 
	100MHz (2.6GHz、4GHz)

20MHz  (700MHz、2GHz )
	100MHz (4GHz)

20MHz   (700MHz )

	Pathloss model 
	NLoS
	NLoS、 LoS
	NLoS、 LoS

	Channel model 
	TDL-C 
	TDL-C 、TDL-D
	TDL-C 、TDL-D

	Delay Spread
	300ns
	300ns
	30ns

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

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

120km/h  for outdoor

	PRBs
	100PRBs for eMBB

4PRBs for VoIP
	20PRBs for eMBB

4PRBs for VoIP
	20PRBs for eMBB

4PRBs for VoIP

	MCS index
	4(DDDDDDDSUU)
5(DDDSU)

6(DDDSUDDSUU)
	1(DDDDDDDSUU)
2(DDDSU)

3(DDDSUDDSUU)

3(FDD)
	2(DDDSU)

3(DDDSUDDSUU)

3(FDD)

	PUSCH duration
	12OS
	12OS
	12OS

	# BS Tx chains
	2
	2
	2

	# UE Rx chains
	4 
	4 for 4GHz/2.6GHz

2 for 2GHz/700MHz
	4 for 4GHz/

2 for 700MHz

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

	Frequency hopping
	w/o 
	w/o 
	w/o 

	HARQ configuration and Repetitions
	eMBB: w/o HARQ, w/o repetition
	eMBB: w/o HARQ, w/o repetition
	eMBB: w/o HARQ, w/o repetition


A.4 Simulation assumption for PDCCH

Table 5 Simulation parameters for PDCCH

	Parameters
	Values

	Scenario
	Urban
	Rural
	Rural with long distance

	Duplexing scheme and frequency
	 TDD: 2.6GHz、4GHz
	TDD: 2.6GHz、4GHz

FDD: 700MHz、2GHz  
	4GHz

	Waveform
	DFT-s-OFDM
	DFT-s-OFDM
	DFT-s-OFDM

	Payload
	40bit
	40bit
	40bit

	Aggregation level
	16
	16
	16

	CORESET size
	2 symbols, 48 PRBs
	2 symbols, 48 PRBs
	2 symbols, 48 PRBs

	Subcarrier spacing
	30kHz
	30kHz for TDD

15kHz for FDD
	30kHz 

	BLER
	1% BLER.
	1% BLER.
	1% BLER.

	Occupied channel bandwidth
	100MHz 
	100MHz (2.6GHz、4GHz)

20MHz  (700MHz、2GHz )
	100MHz

	Pathloss model 
	NLoS
	NLoS、 LoS
	NLoS、 LoS

	Channel model 
	TDL-C 
	TDL-C 、TDL-D
	TDL-C 、TDL-D

	Delay Spread
	300ns
	300ns
	30ns

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

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

120km/h  for outdoor

	PRBs
	1
	1
	1

	PDSCH duration
	14OS
	14OS
	14OS

	# BS Tx chains
	2
	2
	2

	# UE Rx chains
	4 
	4 for 4GHz/2.6GHz

2 for 2GHz/700MHz
	4 

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

	Frequency hopping
	w/
	w/
	w/

	HARQ and Repetitions
	w/o HARQ, w/o repetition
	w/o HARQ, w/o repetition
	w/o HARQ, w/o repetition


A.5 Baseline performance for PUSCH
Table 6 Baseline performance for Urban
	Carrier
	Service and data rate
	Frame slot
	The number of PRBs
	Required SNR (dB)
	Baseline performance(dB)

	
	
	
	
	
	MCL
	MIL
	MPL

	4GHz
	eMBB
	DDDSUDDSUU
	30
	-1.51
	133.18
	141.95
	111.22

	
	
	DDDSU
	
	0.76
	130.91
	139.68
	108.95

	
	VoIP
	DDDSUDDSUU

(12 transmission)
	4
	-3.95
	135.62
	144.39
	113.66

	
	
	DDDSU

(8 transmission)
	
	-2.40
	134.07
	142.84
	112.11

	2.6GHz
	eMBB
	DDDDDDDSUU
	30
	2.18
	129.49
	138.26
	107.53

	
	VoIP
	DDDDDDDSUU

(8 transmission)
	4
	-2.33
	134.00
	142.77
	112.04


Table 7 Baseline performance for Rural
	Carrier
	Service and data rate
	Frame slot
	Pathloss model
	PRBs
	Required SNR (dB)
	Baseline performance(dB)

	
	
	
	
	
	
	MCL
	MIL
	MPL

	4GHz
	eMBB
	DDDSU

DDSUU
	NLOS
	O-2-I
	4
	-1.53
	124.98
	144.03
	126.40

	
	
	
	
	O-2-O
	
	-1.03
	124.48
	143.53
	127.92

	
	
	
	LOS
	O-2-I
	
	-1.68
	125.13
	144.18
	126.66

	
	
	
	
	O-2-O
	
	-1.91
	125.36
	144.41
	130.62

	
	
	DDDSU
	NLOS
	O-2-I
	
	-1.15
	124.60
	143.65
	126.02

	
	
	
	
	O-2-O
	
	-0.48
	123.93
	142.98
	127.37

	
	
	
	LOS
	O-2-I
	
	-1.13
	124.58
	143.63
	126.11

	
	
	
	
	O-2-O
	
	-1.39
	124.84
	143.89
	130.10

	
	VoIP
	DDDSU

DDSUU

(12 Rep)
	NLOS
	O-2-I
	
	-3.95
	127.40
	146.45
	128.82

	
	
	
	
	O-2-O
	
	-11.72
	135.17
	154.22
	138.61

	
	
	
	LOS
	O-2-I
	
	-6.85
	130.30
	149.35
	131.83

	
	
	
	
	O-2-O
	
	-12.48
	135.93
	154.98
	141.19

	
	
	DDDSU

(8 Rep)
	NLOS
	O-2-I
	
	-2.40
	125.85
	144.90
	127.27

	
	
	
	
	O-2-O
	
	-8.89
	132.34
	151.39
	135.78

	
	
	
	LOS
	O-2-I
	
	-5.37
	128.82
	147.87
	130.35

	
	
	
	
	O-2-O
	
	-9.61
	133.06
	152.11
	138.32

	2.6GHz
	eMBB
	DDDDD

DDSUU
	NLOS
	O-2-I
	
	1.27
	122.18
	141.23
	123.60

	
	
	
	
	O-2-O
	
	1.35
	122.10
	141.15
	125.54

	
	
	
	LOS
	O-2-I
	
	-1.14
	124.59
	143.64
	126.12

	
	
	
	
	O-2-O
	
	0.12
	123.33
	142.38
	128.59

	
	VoIP
	DDDDD

DDSUU

(8 Rep)
	NLOS
	O-2-I
	
	-2.96
	126.41
	145.46
	127.83

	
	
	
	
	O-2-O
	
	-7.22
	130.67
	149.72
	134.11

	
	
	
	LOS
	O-2-I
	
	-5.52
	128.97
	148.02
	130.50

	
	
	
	
	O-2-O
	
	-9.85
	133.30
	152.35
	138.56

	2GHz
	eMBB
	-
	NLOS
	O-2-I
	
	-3.18
	129.64
	145.68
	128.05

	
	
	
	
	O-2-O
	
	-2.77
	129.23
	145.27
	129.66

	
	
	
	LOS
	O-2-I
	
	-5.14
	131.60
	147.64
	130.12

	
	
	
	
	O-2-O
	
	-3.61
	130.07
	146.11
	132.32

	
	VoIP
	-
(12 Rep)
	NLOS
	O-2-I
	
	-4.29
	130.75
	146.79
	129.16

	
	
	
	
	O-2-O
	
	-9.77
	136.23
	152.27
	136.66

	
	
	
	LOS
	O-2-I
	
	-6.84
	133.30
	149.34
	131.82

	
	
	
	
	O-2-O
	
	-10.18
	136.64
	152.68
	138.89

	700MHz
	eMBB
	-
	NLOS
	O-2-I
	
	-3.48
	134.91
	147.94
	130.31

	
	
	
	
	O-2-O
	
	-3.21
	134.64
	147.67
	132.06

	
	
	
	LOS
	O-2-I
	
	-4.93
	136.36
	149.39
	131.87

	
	
	
	
	O-2-O
	
	-4.25
	135.68
	148.71
	134.92

	
	VoIP
	-
(12 Rep)
	NLOS
	O-2-I
	
	-4.11
	135.54
	148.57
	130.94

	
	
	
	
	O-2-O
	
	-9.07
	140.50
	153..53
	137..92

	
	
	
	LOS
	O-2-I
	
	-6.86
	138.29
	151.32
	133.80

	
	
	
	
	O-2-O
	
	-9.61
	141.04
	154.07
	140.28


Table 8 Baseline performance for Rural with long distance
	Carrier
	Service and data rate
	Frame slot
	Pathloss model
	PRBs
	Required SNR (dB)
	Baseline performance(dB)

	
	
	
	
	
	
	MCL
	MIL
	MPL

	4GHz
	eMBB
	DDDSU

DDSUU
	NLOS
	O-2-I
	4
	-1.38
	124.83
	143.88
	126.25

	
	
	
	
	O-2-O
	
	-1.65
	125.10
	144.15
	128.54

	
	
	
	LOS
	O-2-I
	
	-1.69
	125.14
	144.19
	126.67

	
	
	
	
	O-2-O
	
	-1.90
	125.35
	144.40
	130.61

	
	
	DDDSU
	NLOS
	O-2-I
	
	-0.36
	123.81
	142.86
	125.23

	
	
	
	
	O-2-O
	
	-1.26
	124.71
	143.76
	128.15

	
	
	
	LOS
	O-2-I
	
	-0.92
	124.37
	143.42
	125.90

	
	
	
	
	O-2-O
	
	-1.51
	124.96
	144.01
	130.22

	
	VoIP
	DDDSU

DDSUU

(12 Rep)
	NLOS
	O-2-I
	
	-5.58
	129.03
	148.08
	130.45

	
	
	
	
	O-2-O
	
	-12.36
	135.81
	154.86
	139.25

	
	
	
	LOS
	O-2-I
	
	-6.88
	130.33
	149.38
	131.86

	
	
	
	
	O-2-O
	
	-12.40
	135.85
	154.90
	141.11

	
	
	DDDSU

(8 Rep)
	NLOS
	O-2-I
	
	-4.09
	127.54
	146.59
	128.96

	
	
	
	
	O-2-O
	
	-9.55
	133.00
	152.05
	136.44

	
	
	
	LOS
	O-2-I
	
	-5.34
	128.79
	147.84
	130.32

	
	
	
	
	O-2-O
	
	-9.58
	133.03
	152.08
	138.29

	700MHz
	eMBB
	-
	NLOS
	O-2-I
	
	-5.07
	136.50
	149.53
	131.90

	
	
	
	
	O-2-O
	
	-4.19
	135.62
	148.65
	133.04

	
	
	
	LOS
	O-2-I
	
	-5.18
	136.61
	149.64
	132.12

	
	
	
	
	O-2-O
	
	-4.37
	135.80
	148.83
	135.04

	
	VoIP
	-
(12Rep)
	NLOS
	O-2-I
	
	-6.34
	137.77
	150.80
	133.17

	
	
	
	
	O-2-O
	
	-9.40
	140.83
	153.86
	138.25

	
	
	
	LOS
	O-2-I
	
	-7.37
	138.80
	151.83
	134.31

	
	
	
	
	O-2-O
	
	-9.68
	141.11
	154.14
	140.35


A.6 Baseline performance for PUCCH
Table 9 Baseline performance for Urban
	Carrier
	Format type
	PRBs
	Required SNR (dB)
	Baseline performance(dB)

	
	
	
	
	MCL
	MIL
	MPL

	4GHz
	Format 1, 2bits 
	1
	-6.83
	149.27
	158.04
	124.23

	
	Format 3, 11bits
	
	-3.84
	146.28
	155.05
	121.24

	
	Format 3, 22bits
	
	-4.01
	146.45
	155.22
	121.41

	2.6GHz
	Format 1, 2bits 
	
	-6.73
	149.17
	157.94
	124.13

	
	Format 3, 11bits
	
	-3.86
	146.30
	155.07
	121.26

	
	Format 3, 22bits
	
	-3.99
	146.43
	155.20
	121.39


Table10 Baseline performance for Rural
	Carrier
	Format type
	Pathloss model
	PRBs
	Required SNR (dB)
	Baseline performance(dB)

	
	
	
	
	
	MCL
	MIL
	MPL

	4GHz
	Format 1, 2bits
	NLOS
	O-2-I
	1
	-6.58
	144.03
	157.06
	136.11

	
	
	
	O-2-O
	
	-6.69
	144.14
	157.17
	137.72

	
	Format 3, 11bits
	NLOS
	O-2-I
	
	-4.53
	141.98
	155.01
	134.06

	
	
	
	O-2-O
	
	-4.55
	142.00
	155.03
	135.58

	
	Format 3, 22bits
	NLOS
	O-2-I
	
	-3.79
	141.24
	154.27
	133.32

	
	
	
	O-2-O
	
	-3.81
	141.26
	154.29
	134.84

	2GHz
	Format 1, 2bits 
	NLOS
	O-2-I
	
	-6.97
	136.38
	152.42
	131.47

	
	
	
	O-2-O
	
	-6.97
	136.38
	152.42
	131.47

	
	Format 3, 11bits
	NLOS
	O-2-I
	
	-4.34
	133.35
	149.39
	128.44

	
	
	
	O-2-O
	
	-4.35
	133.36
	149.40
	128.45

	
	Format 3, 22bits
	NLOS
	O-2-I
	
	-3.43
	132.84
	155.96
	127.93

	
	
	
	O-2-O
	
	-3.47
	132.88
	148.92
	127.97


A.7 Baseline performance for PDSCH
Table 11 Baseline performance for Urban
	Carrier
	Frame slot
	PRBs
	Required SNR (dB)
	Baseline performance(dB)

	
	
	
	
	MCL
	MIL
	MPL

	4GHz
	DDDSUDDSUU
	100
	-4.43
	145.43
	154.20
	123.47

	
	DDDSU
	
	-5.38
	146.38
	155.15
	124.42

	2.6GHz
	DDDDDDDSUU
	100
	-6.40
	156.40
	165.17
	134.44


Table 12 Baseline performance for Rural
	Carrier
	Frame slot
	Pathloss model
	PRBs
	Required SNR (dB)
	Baseline performance(dB)

	
	
	
	
	
	MCL
	MIL
	MPL

	4GHz
	DDDSU

DDSUU
	NLOS
	O-2-I
	20
	-4.16
	145.16
	164.21
	146.58

	
	
	
	O-2-O
	
	-5.79
	146.79
	165.84
	148.21

	
	
	LOS
	O-2-I
	
	-5.32
	146.32
	165.37
	147.74

	
	
	
	O-2-O
	
	-5.38
	146.38
	165.43
	147.80

	
	DDDSU
	NLOS
	O-2-I
	
	-5.24
	146.24
	165.29
	147.66

	
	
	
	O-2-O
	
	-6.57
	147.57
	166.62
	147.57

	
	
	LOS
	O-2-I
	
	-6.13
	147.13
	166.18
	148.55

	
	
	
	O-2-O
	
	-6.94
	147.94
	166.99
	149.36

	2.6GHz
	DDDDD

DDSUU
	NLOS
	O-2-I
	20
	-5.32
	146.32
	165.37
	147.74

	
	
	
	O-2-O
	
	-5.30
	146.30
	165.35
	147.72

	
	
	LOS
	O-2-I
	
	-6.30
	147.30
	166.35
	148.72

	
	
	
	O-2-O
	
	-4.53
	145.53
	164.58
	146.95

	2GHz
	-
	NLOS
	O-2-I
	20
	-4.06
	145.06
	161.10
	143.47

	
	
	
	O-2-O
	
	-3.30
	144.30
	160.34
	142.71

	
	
	LOS
	O-2-I
	
	-4.90
	145.90
	161.94
	144.31

	
	
	
	O-2-O
	
	-2.70
	143.70
	159.74
	142.11

	700MHz
	-
	NLOS
	O-2-I
	20
	-3.68
	144.68
	157.71
	140.08

	
	
	
	O-2-O
	
	-3.67
	144.67
	157.70
	140.07

	
	
	LOS
	O-2-I
	
	-5.63
	146.63
	159.66
	142.03

	
	
	
	O-2-O
	
	-3.45
	144.45
	157.48
	139.85


Table 13 Baseline performance for Rural with long distance
	Carrier
	Frame slot
	Pathloss model
	PRBs
	Required SNR (dB)
	Baseline performance(dB)

	
	
	
	
	
	MCL
	MIL
	MPL

	4GHz
	DDDSU

DDSUU
	NLOS
	O-2-I
	20
	-4.03
	145.03
	164.08
	146.45

	
	
	
	O-2-O
	
	-5.35
	146.35
	165.40
	147.77

	
	
	LOS
	O-2-I
	
	-5.12
	146.12
	165.17
	147.54

	
	
	
	O-2-O
	
	-5.52
	146.52
	165.57
	147.94

	
	DDDSU
	NLOS
	O-2-I
	
	-4.72
	145.72
	164.77
	147.14

	
	
	
	O-2-O
	
	-5.98
	146.98
	166.03
	148.40

	
	
	LOS
	O-2-I
	
	-6.04
	147.04
	166.09
	148.46

	
	
	
	O-2-O
	
	-5.98
	146.98
	166.03
	148.40

	700MHz
	-
	NLOS
	O-2-I
	20
	-4.65
	145.65
	158.68
	141.05

	
	
	
	O-2-O
	
	-3.31
	144.31
	157.34
	139.71

	
	
	LOS
	O-2-I
	
	-5.65
	146.65
	159.68
	142.05

	
	
	
	O-2-O
	
	-3.45
	144.45
	157.48
	139.85


A.8 Baseline performance for PDCCH
Table 14 Baseline performance for Urban
	Carrier
	Pathloss model
	PRBs
	Required SNR (dB)
	Baseline performance(dB)

	
	
	
	
	MCL
	MIL
	MPL

	4GHz
	NLOS

(O-to-I)
	48
	-12.55
	153.55
	162.32
	128.51

	2.6GHz
	
	
	-12.51
	154.95
	163.72
	129.91


Table 15 Baseline performance for Rural
	Carrier
	Pathloss model
	PRBs
	Required SNR (dB)
	Baseline performance(dB)

	
	
	
	
	MCL
	MIL
	MPL

	4GHz
	NLOS
	O-2-I
	48
	-12.55
	153.55
	172.60
	151.65

	
	
	O-2-O
	
	-12.47
	153.47
	172.52
	153.07

	
	LOS
	O-2-I
	
	-11.33
	152.33
	171.38
	150.43

	
	
	O-2-O
	
	-11.23
	152.23
	171.28
	151.83

	2.6GHz
	NLOS
	O-2-I
	
	-12.51
	153.51
	172.56
	151.61

	
	
	O-2-O
	
	-12.50
	153.50
	172.55
	153.10

	
	LOS
	O-2-I
	
	-11.34
	152.34
	171.39
	150.44

	
	
	O-2-O
	
	-11.34
	152.34
	171.39
	151.94

	2GHz
	NLOS
	O-2-I
	
	-8.95
	149.95
	162.98
	142.03

	
	
	O-2-O
	
	-9.05
	150.05
	163.08
	143.63

	
	LOS
	O-2-I
	
	-3.86
	144.86
	157.89
	136.94

	
	
	O-2-O
	
	-4.07
	145.07
	158.10
	138.65

	700MHz
	NLOS
	O-2-I
	
	-8.96
	149.96
	162.99
	142.04

	
	
	O-2-O
	
	-9.02
	150.02
	163.05
	143.60

	
	LOS
	O-2-I
	
	-3.88
	144.88
	157.91
	136.96

	
	
	O-2-O
	
	-3.91
	144.91
	157.94
	138.46


Table 16 Baseline performance for Rural with long distance
	Carrier
	Pathloss model
	PRBs
	Required SNR (dB)
	Baseline performance(dB)

	
	
	
	
	MCL
	MIL
	MPL

	4GHz
	NLOS
	O-2-I
	48
	-11.76
	152.76
	171.81
	150.86

	
	
	O-2-O
	
	-11.61
	152.61
	171.66
	152.21

	
	LOS
	O-2-I
	
	-11.36
	152.36
	171.41
	150.46

	
	
	O-2-O
	
	-11.26
	152.26
	171.31
	151.86
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