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1. Introduction
In RAN1#102-e meeting, some agreements have been achieved on Rel-17 CE SI and on UE complexity reduction features and coverage recovery of RedCap UEs [1]. 
	RAN1#102-e Chairman’s Notes [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 

Agreements:

· 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

Agreements: For RedCap UE, 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 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

Agreements:

· For RedCap coverage evaluation, the Rel-17 CE SI agreements on gNB antenna configuration, # gNB Tx/Rx chains, channel model and delay spread are reused with the following revision and/or addition

Parameters

FR1 values

FR2 values

Channel model

TDL-C

TDL-A

CDL-A(optional)

Delay spread

300ns

30ns

UE velocity

3 km/h

3 km/h

Antenna correlation

Low

Low

# gNB Tx chains

2 or 4

2

# gNB Rx chains

2 or 4

2

· For RedCap coverage evaluation, adopt the following table for the reference NR UE. 
Parameters

FR1 values

FR2 values

# UE Tx chains

1

1

# UE Rx chains

Urban: 4 and Rural: 2

2

UE BW

Urban: 100 MHz (273 PRBs)

Rural: 20 MHz (106 PRBs)

100 MHz (66 PRBs)

· For RedCap coverage evaluation, adopt the following table for the RedCap UE. 
· Other UE BWs are not precluded
Parameters

FR1 values

FR2 values

# UE Tx chains

1

1

# UE Rx chains

1 or 2

1 or 2

UE BW

Urban: 20 MHz (51 PRBs)

Rural: 20 MHz (106 PRBs)

50 MHz (32 PRBs) or 

100 MHz (66 PRBs)




In this contribution, coverage evaluation results of DL/UL physical channels for RedCap UEs and reference UEs at 2.6GHz are provided, and the performance gap between evaluated coverage performance and target performance requirement for RedCap UEs is analyzed. 
2. Discussion on coverage recovery for RedCap UEs
2.1 Coverage performance evaluation
Based on the simulation assumption given by the agreements on Rel-17 CE SI and coverage recovery of RedCap UEs, we evaluate the coverage performance of DL/UL physical channels for RedCap UEs and reference UEs in urban scenario at 2.6GHz. MPL is employed to measure the coverage performance of physical channels. The MPL of RedCap UEs and reference UEs is shown in Fig. 1.
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Fig. 1 MPL of RedCap UEs and reference UEs for urban scenario at 2.6GHz (dB)
Option 1. target performance requirement is identified by a target MPL
When the target performance requirement for each channel is identified by a target MPL given by TR 38.901 [2], the target MPL with ISD=400m, ISD=500m is 114dB, 118dB respectively, as shown by the red dotted line in Fig. 1. For RedCap UEs, all channels except PUSCH satisfy the coverage requirements of ISD=400m, and the performance gap of PUSCH is 7.92dB. PBCH, PDCCH, PDSCH, PUCCH 2bits, PDSCH msg2, PDSCH msg4, PUSCH msg3 and PRACH satisfy the coverage requirements of ISD=500m, and the performance gap of other channels can be checked in Table 1.
Table 1. coverage gap of DL and UL channels in urban scenario at 2.6GHz (dB)

	
	PBCH
	PDCCH USS
	PDCCH CSS
	PDSCH
	PUCCH 2bits
	PUCCH 11bits

	RedCap UE
	125.02
	128.99
	123.44
	130.37
	119.50
	117.70

	reference UE
	130.07
	134.64
	128.99
	135.97
	122.50
	120.70

	Gap for ISD=400m
	0
	0
	0
	0
	0
	0

	Gap for ISD=500m
	0
	0
	0
	0
	0
	0.30

	
	PUCCH 22bits
	PUSCH
	PDSCH msg2
	PDSCH msg4
	PUSCH msg3
	PRACH B4

	RedCap UE
	115.58
	106.08
	123.87
	127.67
	119.14
	121.86

	reference UE
	118.58
	109.08
	130.07
	133.67
	122.14
	124.86

	Gap for ISD=400m
	0
	7.92
	0
	0
	0
	0

	Gap for ISD=500m
	2.42
	11.92
	0
	0
	0
	0


Observation 1: In 2.6GHz urban scenario, if target performance requirement is identified by a target MPL with ISD=400m, the coverage of PUSCH for RedCap UEs needs to be enhanced
Observation 2: In 2.6GHz urban scenario, if target performance requirement is identified by a target MPL with ISD=500m, the coverage of PUCCH 11bits, PUCCH 22bits and PUSCH for RedCap UEs needs to be enhanced
Option 2. target performance requirement is identified by bottleneck channel
When the target performance requirement is identified by the link budget of the bottleneck channel for the reference UEs, the bottleneck channel is PUSCH and the corresponding target MPL is 109.08dB. For RedCap UEs, all channels except PUSCH satisfy the target MPL, and the performance gap of PUSCH is 3dB.
Observation 3: In 2.6GHz urban scenario, if target performance requirement is identified by bottleneck channel for reference UEs, PUSCH is the bottleneck channel and the PUSCH needs to be enhanced by 3dB for RedCap UEs.
2.2 Discussion on coverage recovery value of RedCap UEs
Based on the above analysis for coverage performance evaluation of RedCap UEs, the discussion on coverage recovery value per channel can be divided into two cases.
Case 1. For each channel, the coverage of both RedCap UEs and reference UEs is less than target coverage performance.
Given target coverage performance, the coverage enhancement solutions of CE SI can increase the coverage of reference UEs to the target value. By employing the same solutions of CE SI, the coverage of RedCap UEs is also enhanced to the same extent. If the coverage of both RedCap UEs and reference UEs is less than target coverage performance, the coverage recovery target for RedCap UEs is to compensate the coverage gap compared with reference UEs. Therefore, the solutions of CE SI need to retain coverage enhancement redundancy to make up for the coverage gap of RedCap UEs. As in Fig. 2, if target performance requirement is identified by a target MPL with ISD=500m, the coverage of PUSCH for both RedCap UEs and reference UEs is less than target performance. For PUSCH, the coverage gap between RedCap UEs and reference UEs needs to be compensated. The coverage recovery value is 3dB, which mainly results from the small form factor. 
Proposal 1: For each channel, if the coverage of both RedCap UEs and reference UEs is less than target coverage performance, the solutions of CE SI should retain coverage enhancement redundancy to make up for the coverage gap of RedCap UEs compared with reference UEs.
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Fig. 2 two cases on coverage recovery value of RedCap UEs
Case 2. For each channel, only the coverage of RedCap UEs is less than target coverage performance.
If only the coverage of RedCap UEs is less than target coverage performance, the coverage recovery target for RedCap UEs is to compensate the coverage gap towards target coverage performance. For example, if target performance requirement is identified by a target MPL with ISD=500m, the coverage of PUCCH 22bits and PUCCH 11bits for reference UEs is larger than target performance while the coverage of PUCCH 22bits and PUCCH 11bits for RedCap UEs is less than target performance. For PUCCH 22bits and PUCCH 11bits, the coverage gap of RedCap UEs towards target coverage performance needs to be compensated, and the coverage recovery values are 2.42dB and 0.30dB respectively.
Proposal 2: For each channel, if only the coverage of RedCap UEs is less than target coverage performance, the coverage gap of RedCap UEs towards target coverage performance should be compensated.
3. Conclusion
In this contribution, we evaluate coverage performance of DL/UL physical channels for RedCap UEs and reference UEs in 2.6GHz urban scenario and analyze the coverage recovery value of RedCap UEs. The observations and proposals are summarized as follows:
Observation 1: In 2.6GHz urban scenario, if target performance requirement is identified by a target MPL with ISD=400m, the coverage of PUSCH for RedCap UEs needs to be enhanced

Observation 2: In 2.6GHz urban scenario, if target performance requirement is identified by a target MPL with ISD=500m, the coverage of PUCCH 11bits, PUCCH 22bits and PUSCH for RedCap UEs needs to be enhanced

Observation 3: In 2.6GHz urban scenario, if target performance requirement is identified by bottleneck channel for reference UEs, PUSCH is the bottleneck channel and the PUSCH needs to be enhanced by 3dB for RedCap UEs.
Proposal 1: For each channel, if the coverage of both RedCap UEs and reference UEs is less than target coverage performance, the solutions of CE SI should retain coverage enhancement redundancy to make up for the coverage gap of RedCap UEs compared with reference UEs.
Proposal 2: For each channel, if only the coverage of RedCap UEs is less than target coverage performance, the coverage gap of RedCap UEs towards target coverage performance should be compensated.
4. Reference

[1] 3GPP RAN1 102-e meeting, RAN1 Chairman’s Notes.
[2] 3GPP TR 38.901, “Study on channel model for frequencies from 0.5 to 100 GHz”.
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