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1. Introduction

In RAN1#102-e, the coverage recovery for the channels affected by complexity reduction was discussed. The simulation assumption and methodology were discussed, and some agreements were made [1].
Agreements
For the channel(s) affected by complexity reduction, the following methodology can be used to determine the target performance for coverage recovery

· Step 1: Obtain the link budget performance of the channel based on link budget evaluation

· Step 2: Obtain the target performance requirement for RedCap UEs within a deployment scenario

· FFS on the target performance requirement

· Step 3: Find the coverage recovery value for the channel if the link budget performance is worse than the target performance requirement 

Agreement:

· Link budget evaluation for RedCap should include at least PDCCH/PDSCH and PUCCH/PUSCH
Agreements:

· For initial access related channels, at least Msg2, Msg3, Msg4 and PDCCH scheduling Msg2/4 are included for link budget evaluation

· Other initial access related channels are not precluded

Agreements:

· The impact of small form factor is considered for all the uplink and downlink channels

· A 3dB loss of antenna gain is included in link budget calculation for FR1

· FFS on the application to both FDD and TDD bands or only FDD bands

Agreements: Down-selection on the following options for the target performance requirement for RedCap UEs in RAN1#103-e (aim for early in the e-meeting):
· Option 1: The target performance requirement for each channel is identified by a target MCL or MIL or MPL within a reasonable deployment

· Option 3: The target performance requirement for each channel is identified by the link budget of the bottleneck channel(s) for the reference NR UE within the same deployment scenario

· Note: The “bottleneck channel(s)” are the physical channel(s) that have the lowest MCL or MIL or MPL

· The details for the target performance requirement are FFS

Agreement: For RedCap UE, adopt the following target data rates for link budget evaluation for FR1 Rural.

· 1 Mbps on DL and 100kbps in UL

Agreement: For RedCap UE, down-selection on adopt the following target data rates for link budget evaluation for FR1 Urban.
· 2 Mbps on DL and 1Mbps in UL

Note: The 2Mbps target data rate in downlink is the scaled value of the 10Mbps in the CE SI by a factor of 0.2 

Agreements: For RedCap UEs, the target data rates for link budget evaluation for FR2 are as follows:

· 25Mbps for BW 50MHz/100MHz on DL and 5Mbps in UL
· Optionally, 12.5Mbps for BW 50MHz as the target data rate for DL, assuming the same DL PSD as that of BW 100MHz

· Note: in case of 50MHz BW, the maximum supported DL data rate is half that of the 100MHz BW in DL

Agreements:
· For link budget evaluation, the antenna gain loss due to the small form factor can be applied to all the FR1 bands

· For RedCap coverage analysis, the agreements in the Rel-17 CE SI regarding link budget template and antenna array gain are reused.

· Continue to discuss and decide the performance metric in RAN1-103 e-meeting

In this contribution, the LLS results are provided to evaluate the coverage of several channels affected by the reduced capability and complexity of RedCap UE. Based on the LLS results, the channels for coverage recovery are discussed, and our views are given.
2. Discussion
The following show the simulation results based on the agreed assumptions and evaluation methodology [1]. The detail simulation assumption and results are attached in Appendix. Among the PL, MIL and MCL results shown in Appendix, we use MIL results of several DL and UL channels to analyze the coverage loss under different scenarios. The MIL of reference and RedCap UEs are compared in the following figures, to show the coverage loss of RedCap UE.
· Urban scenario @4GHz
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· Urban scenario @2.6GHz
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· Rural scenario @700MHz
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According to the MIL results of difference channels, we compare the MIL gap (Reference MIL – RedCap MIL) between RedCap and reference UE, in order to evaluate coverage loss of different channels. 

· Urban scenario @4GHz
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· Urban scenario @2.6GHz
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· Rural scenario @700MHz
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Based on the above results, we have the following observations:
Observation 1: Coverage loss of RedCap UE is higher in Urban scenario than that in Rural scenario.

Observation 2: PDCCH coverage suffers the highest loss for RedCap UE with 1RX.

Observation 3: All the channels have at least 3dB coverage loss for RedCap UE with small form factor.
Observation 4: The target performance requirement should be defined to figure out target channels for coverage recovery. 
In light of above observations, the coverage recovery of PUSCH for RedCap UE with 1RX has the highest priority, since it has the largest coverage gap compared to reference UE. The target performance requirement for RedCap UEs will be down-selected from the two options agreed in last meeting. We can refer to conclusion from coverage enhancement SI. 
Before that, we try to figure worst channel which will be most likely to be target channels for coverage recovery according to the coverage gap of different channels shown above. It is observed all the channels have at least 3dB coverage loss for RedCap UE with small form factor. DL channels suffer additional coverage loss for RedCap UE, due to reduced RX. 
Based on the evaluation results, the bottleneck channels still include PUSCH and PUCCH. For RedCap UE, the coverage of them should be recovered to at least the similar coverage as reference channel. In CE SI, the coverage of bottleneck reference channels can be further enhanced to satisfy its target performance requirement. If the target performance requirement for RedCap UE is identified, we can check further whether other target channels for coverage recovery for RedCap UE are needed. 
Proposal 1: At least PUSCH and PUCCH are target channels for coverage recovery for RedCap UE.
Proposal 2: Other target channels for coverage recovery for RedCap UE can be figured out by an identified target performance requirement. 
3. Conclusions
In this contribution, the LLS results are provided to compare the coverage of channels for RedCap and reference UE. The following are observed and proposed.

Observation 1: Coverage loss of RedCap UE is higher in Urban scenario than that in Rural scenario.

Observation 2: PDCCH coverage suffers the highest loss for RedCap UE with 1RX.

Observation 3: All the channels have at least 3dB coverage loss for RedCap UE with small form factor.

Observation 4: The target performance requirement should be defined to figure out target channels for coverage recovery. 
Proposal 1: At least PUSCH and PUCCH are target channels for coverage recovery for RedCap UE.

Proposal 2: Other target channels for coverage recovery for RedCap UE can be figured out by an identified target performance requirement. 
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Appendix
A.1 Simulation assumption
Table 1 Simulation parameters for PUSCH

	Parameters
	Values

	Scenario
	Urban
	Rural

	Duplexing scheme and frequency
	TDD: 2.6GHz、4GHz
	FDD: 700MHz  

	Target data rates for eMBB 
	1Mbps 
	100kbps 

	Frame structure
	2.6 GHz
- DDDDDDDSUU

4 GHz

- DDDSUDDSUU
	-

	Waveform
	DFT-s-OFDM
	DFT-s-OFDM

	#Reference UE BW
	100M (273 PRBs)
	20M (106PRBs)

	#RedCap UE BW
	20M (51 PRBs)
	20M (106PRBs)

	Subcarrier spacing
	30kHz
	15kHz

	BLER
	10% iBLER; 
	10% iBLER; 

	Pathloss model 
	NLoS
	NLoS

	Channel model 
	TDL-C 
	TDL-C 

	Delay Spread
	300ns
	300ns

	UE velocity
	3km/h
	3km/h 

	Antenna correlation
	Low
	Low

	PRBs
	30
	4

	MCS index
	4(DDDDDDDSUU)

3(DDDSUDDSUU)
	0(FDD)

	Duration
	14OS
	14OS

	#gNB Rx chain
	4
	2 

	#Reference UE Tx chains
	1
	1

	#RedCap 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/o 
	w/o 

	HARQ configuration and Repetitions
	w/o 
	w/o 


Table 2 Simulation parameters for PUCCH
	Parameters
	Values

	Scenario
	Urban
	Rural

	Duplexing scheme and frequency
	2.6GHz、4GHz
	700MHz  

	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

	#Reference UE BW
	100M (273 PRBs)
	20M (106PRBs)

	#RedCap UE BW
	20M (51 PRBs)
	20M (106PRBs)

	Subcarrier spacing
	30kHz
	15kHz

	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%
	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%

	Pathloss model 
	NLoS
	NLoS

	Channel model 
	TDL-C 
	TDL-C 

	Delay Spread
	300ns
	300ns

	UE velocity
	3km/h
	3km/h 

	Antenna correlation
	Low
	Low

	PRBs
	1
	1

	Duration
	14OS
	14OS

	#gNB Rx chain
	4
	2 

	#Reference UE Tx chains
	1
	1

	#RedCap 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 configuration and Repetitions
	w/o 
	w/o 


Table 3 Simulation parameters for PDSCH

	Parameters
	Values

	Scenario
	Urban
	Rural

	Duplexing scheme and frequency
	TDD: 2.6GHz、4GHz
	FDD: 700MHz 

	Target data rates for eMBB 
	2 Mbps for RedCap

10Mbps for Ref
	1Mbps 

	Frame structure
	2.6 GHz  - DDDDDDDSUU

4 GHz     - DDDSUDDSUU
	-

	Waveform
	CP-OFDM
	CP-OFDM

	#Reference UE BW
	100M (273 PRBs)
	20M (106PRBs)

	#RedCap UE BW
	20M (51 PRBs)
	20M (106PRBs)

	Subcarrier spacing
	30kHz
	15kHz

	BLER
	10% iBLER; 
	10% iBLER; 

	Pathloss model 
	NLoS
	NLoS

	Channel model 
	TDL-C 
	TDL-C 

	Delay Spread
	300ns
	300ns

	UE velocity
	3km/h
	3km/h 

	Antenna correlation
	Low
	Low

	PRBs
	200 PRBs
51PRBs(RedCap)
	40 PRBs

	MCS index
	RedCap

0(DDDDDDDSUU)
2(DDDSUDDSUU)

Ref

3(DDDDDDDSUU)
1(DDDSUDDSUU)


	0(FDD)

	Duration
	12OS
	12OS

	#gNB Tx chain
	4
	2

	#Reference UE Rx chains
	4
	2(2GHz,700MHz)

	#RedCap UE Rx chains
	1,2
	1, 2

	DMRS configuration
	Type I, 2 DMRS symbol

no multiplexing with data
	Type I, 2 DMRS symbol

no multiplexing with data

	Frequency hopping
	w/o 
	w/o 

	HARQ configuration and Repetitions
	w/o 
	w/o 


Table 4 Simulation parameters for PDCCH
	Parameters
	Values

	Scenario
	Urban
	Rural

	Duplexing scheme and frequency
	2.6GHz、4GHz
	700MHz 

	Payload
	40bit
	40bit

	Aggregation level
	16
	16

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

	Waveform
	DFT-s-OFDM
	DFT-s-OFDM

	#Reference UE BW
	100M (273 PRBs)
	20M (106PRBs)

	#RedCap UE BW
	20M (51 PRBs)
	20M (106PRBs)

	Subcarrier spacing
	30kHz
	15kHz

	BLER
	1%
	1%

	Pathloss model 
	NLoS
	NLoS

	Channel model 
	TDL-C 
	TDL-C 

	Delay Spread
	300ns
	300ns

	UE velocity
	3km/h
	3km/h 

	Antenna correlation
	Low
	Low

	PRBs
	1
	1

	Duration
	14OS
	14OS

	#gNB Tx chain
	4
	2 

	#Reference UE Rx chains
	4
	2(2GHz,700MHz)

	#RedCap UE Rx chains
	1 ,2
	1, 2

	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 configuration and Repetitions
	w/o 
	w/o 


A.2 Evaluation results
Table 1 Baseline performance of PUSCH 
	Carrier
	UE Type
	UE chains
	UE BW
	Required SNR (dB)
	Baseline performance(dB)

	
	
	
	
	
	PL
	MIL
	MCL

	4GHz
	Reference
	1
	100MHz
	-6.57
	116.28
	147.01
	138.24

	
	RedCap
	
	20MHz
	-6.53
	113.24
	143.97
	138.20

	2.6GHz
	Reference
	
	100MHz
	-4.70
	114.41
	145.14
	136.37

	
	RedCap
	
	20MHz
	-4.50
	111.21
	141.94
	136.17

	700MHz
	Reference
	
	20MHz
	-5.56
	132.39
	150.02
	136.99

	
	RedCap
	
	
	-5.56
	129.39
	147.02
	136.99


Table 2 Baseline performance of PUCCH
	Carrier
	UE Type
	UE chains
	UE BW
	Format type
	Required SNR (dB)
	Baseline performance(dB)

	
	
	
	
	
	
	PL
	MIL
	MCL

	4GHz
	Reference
	1
	100MHz
	2bits 
	-3.83
	121.23
	155.04
	146.27

	
	
	
	
	11bits
	-3.84
	121.24
	155.05
	146.28

	
	
	
	
	22bits
	-4.01
	121.41
	155.22
	146.45

	
	RedCap
	
	20MHz
	2bits 
	-3.71
	118.11
	151.92
	146.15

	
	
	
	
	11bits
	-3.76
	118.16
	151.97
	146.20

	
	
	
	
	22bits
	-3.67
	118.07
	151.88
	146.11

	2.6GHz
	Reference
	
	100MHz
	2bits 
	-3.83
	121.23
	155.04
	146.27

	
	
	
	
	11bits
	-3.86
	121.26
	155.07
	146.30

	
	
	
	
	22bits
	-3.99
	121.39
	155.20
	146.43

	
	RedCap
	
	20MHz
	2bits 
	-3.69
	118.09
	151.90
	146.13

	
	
	
	
	11bits
	-3.76
	118.16
	151.97
	146.20

	
	
	
	
	22bits
	-3.67
	118.07
	151.88
	146.11

	700MHz
	Reference
	
	20MHz
	2bits 
	1.46
	128.07
	149.02
	135.99

	
	
	
	
	11bits
	1.34
	128.19
	149.14
	136.11

	
	
	
	
	22bits
	1.53
	128.00
	148.95
	135.92

	
	RedCap
	
	
	2bits 
	1.46
	125.07
	146.02
	135.99

	
	
	
	
	11bits
	1.34
	125.19
	146.14
	136.11

	
	
	
	
	22bits
	1.53
	125.00
	145.95
	135.92


Table 3 Baseline performance of PDSCH
	Carrier
	UE Type
	UE chains
	UE BW
	Required SNR (dB)
	Baseline performance(dB)

	
	
	
	
	
	PL
	MIL
	MCL

	4GHz
	Reference
	4
	100MHz
	-9.09
	128.13
	158.86
	150.09

	
	RedCap
	2
	20MHz
	-7.74
	123.78
	154.51
	148.74

	
	
	1
	
	-5.15
	121.19
	151.92
	146.15

	2.6GHz
	Reference
	4
	100MHz
	-11.15
	139.19
	169.92
	161.15

	
	RedCap
	2
	20MHz
	-8.87
	133.91
	164.64
	158.87

	
	
	1
	
	-6.26
	131.30
	162.03
	156.26

	700MHz
	Reference
	2
	20MHz
	-7.95
	144.35
	161.98
	148.95

	
	RedCap
	2
	
	-7.95
	141.35
	158.98
	148.95

	
	
	1
	
	-4.41
	137.81
	155.44
	145.41


Table 4 Baseline performance of PDCCH 
	Carrier
	UE Type
	UE chains
	UE BW
	Required SNR (dB)
	Baseline performance(dB)

	
	
	
	
	
	PL
	MIL
	MCL

	4GHz
	Reference
	4
	100MHz
	-12.68
	128.64
	162.45
	153.68

	
	RedCap
	2
	20MHz
	-9.38
	122.34
	156.15
	150.38

	
	
	1
	
	-5.41
	118.37
	152.18
	146.41

	2.6GHz
	Reference
	4
	100MHz
	-12.69
	137.65
	171.46
	162.69

	
	RedCap
	2
	20MHz
	-9.38
	131.34
	165.15
	159.38

	
	
	1
	
	-5.42
	127.38
	161.19
	155.42

	700MHz
	Reference
	2
	20MHz
	-9.08
	142.16
	163.11
	150.08

	
	RedCap
	2
	
	-9.08
	139.16
	160.11
	150.08

	
	
	1
	
	-4.48
	134.56
	155.51
	145.48


